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NEPCNEKTUBbI NTPUMEHEHUA BUOJIOTUYECKUX CEHCOPOB HA OCHOBE TrPAOEHA
B PAHHEN AUATHOCTUKE BOJIE3HU ANIbLIFEVMMEPA (OB30P JIUTEPATYPbI)
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Cpedu naubonee 3HAUUMBIX 6bI30608, NPEOBAGIEMbIX COBPEMEHHOU MeOuyuHe, HAXOOUMCs NpodneMa KOCHUMUBHBIX paC-
cmpoticms. AKmyaibHOCHb ee UCCIe008aAHUS ONPeOeiLemcsl WUPOKUM PACNPOCMPAHEHUEM HAPYULEHU GbLCULUX KOPKOBLIX (DYHK-
Yuil, UX CyujecmeeHHbIM He2AmUSHbIM GIUAHUEM, OKA3bIBAEMbIM HA KAYECME0 HCUZHU OONbHBIX, d MAKHCe 8bICOKUMU IKOHOMU-
YeCKUMU 3ampamamu o CMOpPOHbL 20CYOapCmed U pOOCMEECHHUKO8 NAYUEHMA, HANPAGIEHHbIMU HA OP2AHU3AYUIO Te4ebHO-0Uad-
SHOCIMUYECKO20 U PeaduIumayuoHHO20 NPoyeccos. B kawecmee 0CHOBHOU NpUYUHbL KOCHUMUBHBIX HAPYUIEHUTL Y UL NOHCULO20
603pacma gvicniynaem bonesns Anvyeeiimepa. B nacmosuee epems paspabomarnsl u WUpOKO RPUMEHSIIOMCS Ha NPAKMUKe Kpume-
pUlU QUAZHOCMUKU MOt HO30102udecKkoll hopmbl. OOHAKO HEOOXOOUMO omMmemums, Ymo Hauboee 3¢hGHekmusHo ux UCNoIb306d-
HUe npu HaIUYuL y NAyUeHma paseepHymoil KIUHU4ecKoll KapmuHul, Ha cmaouu demenyuu. Kpome mozo, onu npedycmampueaiom
npoeederue 6 psode Ciyuaes UCCIe008aHUsL OUOMAPKEPO8 8 IUKEOPE Ui NPU NOMOWU NOZUMPOHHO-IMUCCUOHHOU momMogpaguu,
umo npedcmagisem cobou onpedeneHHvle mexHuyeckue cioxcHocmu. OcobeHHo cyujecmeerHble npodIeMbl BO3HUKAIOM HA NPeo-
Oemenmuvix cmaousx. Taxoe nonodxcenue Ouxkmyem HeoOXOOUMOCMb NOUCKA HOBbIX NEPCNEeKMUBHBIX Menmo008 OUAZHOCMUKU,
Komopwle 6y0ym 061a0ams 8bICOKOU 4YECMBUMENIbHOCIMbIO U CHEYUDUUHOCIBIO, A MAKIICE BO3MONCHOCMbIO NPUMEHEHUS. Ha PaH-
HUX cmaousx 6onesnu Anvyeelimepa 6 mom yucie 6 amoOyIAmMopHsIX Ycaosusx. B cmamve npusedenvl cedenusi 0 co8peMeHHbIX
Memooax KOMRbIOMEPHOU HEelPOsU3YAIU3AYUL, PACCMOMPEHbL HANPABLEHUST UCCIE008AHUsL OMOEIbHbIX OUOMAPKEPOS, A MaKdice
NOKA3aHbl NEPCNEKMUBbl UCNONb30BAHU OUASHOCMUYECKUX MeCMO8bIX NaHelell, paspabomantblX Ha 0CHOGe epagheHo8bIX buo-
CEHCOPO8, € YUemom NOCLEOHUX OOCMUNICEHUL HAHOMEXHOLO2UL U UX UHMEeZPAYUU 8 MEOUYUHCKYVIO HAYKY.
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PROSPECTS FOR THE USE OF GRAPHENE-BASED BIOLOGICAL SENSORS IN THE EARLY DIAGNOSIS
OF ALZHEIMER’S DISEASE (REVIEW OF LITERATURE)
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Among the most significant challenges presented to modern medicine is the problem of cognitive disorders. The relevance of
her research is determined by the wide spread of disorders of the higher cortical functions, their significant negative impact
on the quality of life of patients, as well as high economic costs on the part of the state and the patients relatives aimed at
organizing medical, diagnostic and rehabilitation processes. The main cause of cognitive impairment in the elderly is Alzheimer s
disease. Currently, the criteria for the diagnosis of this nosological form have been developed and are widely used in practice.
However, it should be noted that their use is most effective if the patient has a detailed clinical picture, at the stage of dementia.
In addition, they provide for the study of biomarkers in a number of cases in the cerebrospinal fluid or using positron emission
tomography, which presents certain technical difficulties. Especially significant problems arise in the pre-dement stages. This
situation dictates the need to search for new promising diagnostic methods that will have high sensitivity and specificity, as well
as the possibility of application in the early stages of Alzheimer s disease, including in outpatient settings. The article provides
information about modern methods of computer neuroimaging, discusses the research directions of individual biomarkers, and
also shows the prospects for using diagnostic test panels developed on the basis of graphene biosensors, taking into account the
latest achievements of nanotechnology and their integration into medical science.

Key words: Alzheimer’s disease; cognitive impairment,; dementia, biomarker,; grapheme; biosensor, review.
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Beeoenue. B noBceTHEBHOM KU3HH YEIOBEKY TOCTOSH-
HO TIPHUXOJUTCS 00pabaThIBaTh, aHAIN3UPOBATH, CHCTEMa-
TU3UPOBATh M 3allOMHHATH CYIIECTBEHHBIM OOBEM IOCTY-
naronieid nHGopMaIK, KOTOPYIO B MOCIEAYIONIEM MOXXHO
OyZeT NpUMEHUTH B MPAKTHUECKUX HEJsIX. B 3HaunTempHOM
CTENEHH 3TO CTAHOBHUTCS BO3MOKHBIM 3a CUET CITOCOOHOCTH
pearupoBaTh Ha MOCTYMAIOIIME CUTHANBI, TOJICPKUBATh U
KOHIIEHTPUPOBaTh YMCTBEHHYIO paborocrnocobHocTh. HTo-
TOM TaKOH JCSITETbHOCTH SIBIISIETCS] BO3MOXKHOCTD TUTAHUPO-
BaHUs U BBIOOpA IENIM, BEIPA0OTKA U PEATU3AIHSI CIIOKHBIX
JIeUCTBUN, KOHTPOJb IOBCETHEBHON MEATEIHHOCTH C €€
KOppeKIuel B ciiydae HeoOXomuMmocTu. Peanmmzarust 3Tux
HABBIKOB OCYIIECTBIISIETCS HE M30JUPOBAHHO, & B TECHOM
KOHTAaKTE C IPYTHUMH JFOABMH B paMKax CYIIECTBYIOIIETO
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ColMyMa, TIOCPEJCTBOM pPEYEeBOTO OOLICHHS, BO3MOXKHO-
CTU TIOHMMAaHUsl SMOLUUN U JIOTUKU ACHUCTBUM APYTHUX JIUII.
Bce 310 cTaHOBHTCS BO3MOXHBIM OJaromaps peatn3aliu
KOTHUTHBHBIX (BBICHIMX KOPKOBBIX) (yHKIMA. [TosToOMy 13-
MEHEHHE MX PadOThl MPUBOAWT K HAPYIICHHUSIM OBITOBOTO,
MPOEeCCUOHANBHOTO U COIHAILHOTO (PyHKIIMOHUPOBAHUS,
a B CJIy4ae TSDKEJIbIX PACCTPOMCTB MOJIHOCTBIO I€3UHTETPH-
pyeT BCIO JIEATENBHOCTh 4elnoBeka. IMEeHHO 3TOT acnekt
BBIBOJIUT MPOOJIEMY TUArHOCTHKH U TE€PAMTUN KOTHUTHBHBIX
HapyIlIEHU! B COCTaB NPHUOPHUTETHBIX 337a4 COBPEMEHHOU
MEIUIMHBI U 00I1eCTBa.

HyHO 0TMETUTB, YTO MEAUKO-COLMATIbHASI 3HAYUMOCTh
HapyIISHNH BBICIINX KOPKOBBIX (PYHKIMIT 00yCIIOBIEHA HE
TOJIBKO WX BBIPAKEHHBIM J1€33JaITUPYIOLINM BIHMSHUEM Ha
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KHU3HEACATEILHOCTD, HO TaKxkKe 00YCIIOBIICHA ITUPOKUM pac-
MIPOCTPAaHEHUEM U BBICOKHMH 3aTpaTaMH Ha Teparnulo, Aua-
THOCTHUKY U yxoJ. Tak, 0 IaHHBIM IPOTOKOJA, IPOBEIEH-
HOTO B paMKax MexJyHapogHoro koHcopuuyma COSMIC,
BKITIOUABIIET0 aHaW3 11 MOMyJSIHMOHHBIX HCCIIEIOBAHUIM,
¢ BeIOOpKOH Oosee 20 ThICSY YEJIOBEK, YMEPEHHbIE KOTHH-
tuBHble HapyieHus (YKH) obnapyxusatores y 5,0-36,7%
mur crapire 60 et B 3aBUCHMOCTH OT momyssiiuw [1]. [e-
MEHIIMS Ha CETO/IHSIIHEE BpeMs IMarHOCTUpOBaHa y 50 MITH
4yeJnoBeK, B To ke BpeMsa K 2050 . oxkugaeTcs: yBeIU4eHHe
atoit udpst 1o 152 mun [2]. IIpu aTom Ha nonro 6ojae3HU
AnsrreiiMepa npuxoaurcst 10 70 % ot o01iero Konm4ecTsa
TSDKEJIBIX HApyIICHWH BBICIINX KOPKOBBIX (QyHKUmit [3].

OOuue 3arpaTbl Ha BeJEHHE MMALUEHTOB C JAEMEHLHUEH
COCTaBISIOT exeronHo a0 | Tpnu nomrapos CLIA [2]. Cy-
[IECTBEHHBIM SIBJISICTCS M TOT (PaKT, 4T0 (PUHAHCOBEIC MOTE-
pH B 3HAYHUTEIFHON CTEIIEHHU 3aBUCST OT CTETNCHHU TSHKECTH
KOTHUTUBHBIX HApYILIEHUHA U YBETUYMBAIOTCS NMPH HUX MPO-
rpeccupoBaHud. B yacTHOCTH, Yy OOJBHBIX C PE3YJIBTaTOM
o mkajge MMSE, paBabiM 21 6amry oHH COCTaBISIOT 110
4861 pomnapos CILA, npu 20 6ayutax — 5929 nonnapos, a
ripu pe3yasrare 10 6amioB Bo3pacratoT 10 26 496 nonnapos
[4]. EcTecTBeHHO, YTO paHHsSI W TOYHAs JUArHOCTHKa 0O-
ne3nu AunplreriMepa obecriednt GopMHupoBaHne Hanbomee
palMOHAILHOTO U APPEKTUBHOIO MOAXO0/a K BEACHHUIO Ma-
LUEHTOB, OyZeT ctocOOCTBOBATh MPOJIOHTAINMH [IEPUOAA UX
npodeccuoHaIbHON aKTUBHOCTH, OBITOBON M COLMANBHON
HE3aBUCHMOCTH, ONITUMH3HPYET HArpy3Ky Ha METUIIMHCKHUE
U COLMANBHBIC OPTaHW3allMd, & TaKKe Ha POJCTBEHHHKOB
OOJIBHOTO ¥ YXa)KUBAIOIIKX JIMII, YTO B KOHEYHOM cueTe 00e-
CIEYUT 3HAYUMYIO (PMHAHCOBYIO 3KOHOMHUIO.

Cogpemennvle Kpumepuu OUAzZHOCMUKYU Oone3nu Anvp-
ycetimepa. JIns nuarHoCTHKM Ooje3HH AJblireiimMepa 1o
HACTOALIETO BPEMEHH JOCTAaTOYHO IIMPOKO HCIIOIB3YIOTCS
kputepurn NINDS-ADRDA (National Institute of Neuro-
logical Disorders and Communicative Disorders and Stroke
u Alzheimer’s Disease and Related Disorders Association).
OnHako UX MPUMEHEHHUE MO3BOIAET YCTAHOBUTH TOJIBKO BE-
POATHBIM MM BO3MOXKHBIN AnarHo3 3a0ojeBaHMs, HaXoxs-
[IETOCs Ha CTA MU BBIPAXKEHHBIX KIIMHUIECKUX MPOSIBIICHUIA.
Kpome Toro, 9yBCTBUTENBHOCTD STHX KPUTEPHEB COCTABIIS-
et 81%, a cnenuduyanocts — 70% [5]. B T0 ke Bpems s
YCTQHOBJIEHUs] JOCTOBEPHOIO JHAarHO3a HEOOXOOUMO IIpo-
BeJICHUE TATOMOP(OIOTHYECKOTO UCCIICAOBAHNS TOJIOBHOTO
MO3ra, KOTOPOE BBIMOIHACTCS TIOCMEPTHO, JIN0O0, B KpaiHe
penKux ciydasix, mocpeacTBoM Ouoncuu. EctecTBeHHO, Ta-
KOH THOPAJOK 3HAUUTEIBHO OCIOXKHAET IUAarHOCTHYECKUN
nouck. Benencreue sroro B 2011 1. rpymnmoii uccnenosare-
neit HannoHanbHOTO HHCTHUTYTA 10 TTpo0JieMaM CTapeHus ’
accolualyy Mo u3y4eHuto oone3nu Amblreiimepa — NIA-
AA (National Institute of Aging/Alzheimer’s Association)
OBLTH TIPE/IJIOKEHBI HOBBIC KPUTEPUU JUATHOCTUKH, TI03BO-
JSFOIUE Pa3TPAHUYNTh KIIMHHYECKHE ACIeKThI 3a00ieBa-
HUS ¥ €ro TaroMop(oJIoTHIeCKHe U MaTo(pU3nOIornIecKue
npusHaky. Ilpu 3TomM Obun BblAENeHB! 3 craguu 3a0oe-
BaHMs: OCCCHUMIITOMHAs JOKIMHUYECKas, MpelieMEeHTHAs
(mpakTHYeCcKH aHAJIOTHYHASL CTaJJH YMEPEHHBIX KOTHUTHB-
Hbeix Hapymenuit — YKH), nementus [6]. OcHOBHOM aKIIeHT
B JIMaTHOCTUKE OECCUMITOMHON NOKJIMHUYECKOW CTaauu
CJIeNIaH Ha UCCIIeIOBaHNH OMOMAapKepOB BCIESICTBHE 3HAYM-
TEJNILHON TPYIHOCTH OOHAPY>KEHHUS y TTAIUCHTOB KOTHUTHB-
HBIX HApYLIEHUH MOCPEICTBOM HEUPONCUXOIOTHYECKOTO
o0ce[oBaHusl U BBICOKOW BeposiTHOCTH omuoOku [7]. Jua-
THOCTHYECKHE KPUTEPHUHU MPEIEMEHTON CTalui NMEIOT JIBa
BapuaHTa: OJMH OCHOBaH Ha KIIMHMYECKUX MPU3HAKAX, BTO-

BUOXUMKA

pO¥i JTOTIONIHEH HCClieioBaHueM OmomMapkepoB. B kauecTse
MOCTIeTHUX MPEATIOKEHBI MapKepbl aMHJION103a U Helpose-
reHepaiuy. Ha ocHOBaHMH COYETAaHUS HANWYMA 3TUX KOM-
TTOHEHTOB BBIJCIISIOT MAIIMEHTOB C HU3KOM, COMHHTEIHHOM,
CpeaHEN U BBICOKOM BEPOSITHOCTBIO MPEAJEMEHTHON CTaUU
Oone3nu Anbireiimepa [8]. B 2018 r. Ta ke uccnenoBarenb-
CKasl IpyIna JJs OLIEHKU CTaJuU U MPOrPeCCUPOBaHUS 3a-
0oreBaHUs MPEUIOKMIIA OTJEIFHO BBIACISATH OMOMapKephI
aMUJION103a, TaylaTuu U HeliponereHepanuu [9, 10].
IlIpoonema uccnedosanusn duomapkepos 6 OuazHocmu-
Ke oOone3znu Anwyeeiimepa. ViccienoBanne OnoMapKepoB
TIPOU3BOIUTCS JIMOO ITOCPEICTBOM JIA00PATOPHOTO aHAIH3a
UX colepKaHUs B LepeOpOCTHHATIBHON KUAKOCTH (B 4acT-
HOCTH OTIpEJIeTICHNe CHIDKECHUS P-aMHJIONAa U HAKOIUICHHE
T-IIPOTEUHA), MO0 MOCPEICTBOM BU3yaJIH3aLlUU B CTPYKTY-
pax roJI0BHOTO MO3ra ¢ moMotibio nposenenus [19T ¢ coot-
BETCTBYIOLIMMH JINTaHAaMH (Hampumep ¢ ¢ropderanupom
(18F-AV-45) unu ITuttcOyprckoii cydctanuueii (PiB) — ns
omnpenenenus ammwionaa win SF-AV1451 — mis onpenene-
Hust 6enka tay) [11, 12]. Kpome Toro, s AmarHoCTUKY HEl-
ponerenepanuu uctonbzyercs [19T ¢ F18-ne3okcurimoko30i,
MP-mopdomerpusi, a Takke ctpykrypaas MPT ¢ nocneny-
IOLIMM [IPUMEHEHHEM CIEIHATU3UPOBAHHBIX KA, TaKUX
Kak IKajia rio0aipHOW 1epedpanbHoi atpoduu (Global
Cortical Atrophy, GCA wnu mkana Pasquier), mkana atpo-
¢uu menuanpHOl Bucounoi jomm (Medial Temporallobe
Atrophy, MTA), mxkana arpodun temenHor gonm Koedam
[13, 14]. IIpu 3TOM HEOOXOOAUMO OTMETHTH, YTO HECMOTPS
Ha 0e3yCcJIOBHOE IMOBBIIICHHE KaueCTBa TUATHOCTHYECKOTO
MIOMCKA TIOCPEACTBOM BHEAPEHHS B IPAKTHKY UCCIICIOBaHUS
YpOBHA [-aMHIIONIA U T-IIPOTE€UHA, a TAKKe MPUMEHEHHS
HOBBIX METO/IOB HEHPOBU3YATU3AINH, PEIIUTh MHOTHE TIPO-
OJIeMBl, CBSI3aHHBIC C KOPPEKTHOH U CBOSBPEMEHHOU TTOCTa-
HOBKOH Jinaruosa 0osie3Hu AJjblreiimepa, He ynanoch. Tak,
B YAaCTHOCTH, HAKOIIJICHUE B-aMHUJIONAa IPOUCXOIUT HA paH-
HUX dTanax O0JIEe3HH B BO3PAcTaET IO MEPE €€ MPOrpeccupo-
BaHUs. B TO e BpeMs HaKOIJICHHUE T-IPOTEHHA OTMEYAETCS
Ha Pa3BEepPHYTHIX CTaAusx OoNe3HU AIbIrerdMepa, a TakKe
IIpU pAAe APYTUX HO30J0THYecKux (opMm. DTOT acmekT ¢
OJIHOI CTOPOHBI CHW)KaeT CHelU(PUIHOCTh JaHHOTO TECTa,
a ¢ JAPYroil CTOPOHBI HUBEJIHPYET €ro 3HAYMMOCTh Ha paH-
HUX, JOAEMEHTHBIX, 3Tanax. Kpome Toro, ajs onpeneneHus
YPOBHA 3THX BELIECTB B LIEPeOPOCIMHAIBHON KHIKOCTH
HEOOXOIMMO MPOBEICHHUE TFOMOATLHOMN MYHKIHH, YTO MPaK-
TUYECKH JIeTaeT HEBO3MOKHBIM HCIOIb30BAHUE 3TUX METO-
JIoB Ha amOyinatopHoM stane. [Iposenenue 19T sBnsercs
BECbMa JIOPOTOCTOALIMM METOIOM, TpeOYyIOUIMM HaIW4us
CJIOKHOTO 00OPYJIOBaHHS, BCICICTBHE YEr0 MOXET IPOBO-
JIUTHCS TOJIBKO B KPYIHBIX CIICIUATU3UPOBAHHBIX [ICHTPAX,
YTO PE3KO CHIDKAET JOCTYIHOCTh K HeMy manueHToB. Kpome
Toro, B Hamei crpane [19T ¢ aurannamu kak K -aMuIoumy,
TaK U K T-TIPOTEUHY, K COKaJICHUIO, HE TTPOBOIUTCS] BOBCE.
Bemmonnenne MP-mMopdoMeTpun Takke UMeeT 3HaYNTeIb-
HBbIE TEXHUYECKHE CIIOKHOCTH U TpeOyeT Haluuus CIeLH-
AJIbHOTO IPOrPaMMHOI0 00€CledeHHs U MOATOTOBIEHHOTO
TIepCOoHasIa, TOATOMY BBITIOJHSIETCS MIPAKTHYECKH TOJIBKO B
HCCIIEIOBATEIbCKUX LEJISIX, HO HE HAXOIHUT LIMPOKOTO IPH-
MEHEHMs B KIIMHUYECKOW mpakTuke. Mcxons U3 3TuX mo3u-
LU coXpaHsAeTcs BBICOKas 11eJIeco00pa3HOCTh pa3paboTKu
MPUHIMITHATFHO HOBBIX METOJIOB JHMArHOCTHUKH, KOTOpBIC
MOKHO ITPUMEHATH KaK B aMOYJIaTOPHBIX, TaK U CTAI[HOHAP-
HBIX yclIoBUsAX. [Ipy 3TOM 3TH METOBI JOIKHBI OBITH MaJIO-
WHBA3UBHBI, JOCTATOYHO IPOCTHI TEXHUYECKU IPU IIPOBE-
JICHUH W MHTEPIPETAIH PE3yJbTaToB, O3BOJATH AUArHO-
CTHpOBaTh 0OJIE3Hh HA PAHHUX JTalax, 00JIaaTh BBICOKOU

7



RUSSIAN CLINICAL LABORATORY DIAGNOSTICS. 2022; 67(1)
https://dx.doi.org/10.51620/0869-2084-2021-67-1-5-12

BIOCHEMISTRY

YyBCTBHTEIIFHOCTHIO M CHENU(UYHOCTBIO, a TaKKe UMETh
MIPUEMIIEMYIO LIEHY.

Hcxons u3 Bhlllle cKa3aHHOIO, OJHUM U3 Haubosee nep-
CIICKTUBHBIX HAIIPABICHUH SBISCTCS U3YYCHUE THHAMHKH
M3MEHEHUsI KOHIICHTPAIMK OTJeIIbHBIX OHOMapKEepOB B OHO-
JIOTHYECKHUX CpelaX, OTPakalolIUX pa3IM4HbIe COCTaBIIA-
IOLIMEe NMAaTOXMMUYECKUX MPOLECCOB, (HOPMUPYIOIIUXCS Ha
pasHbIX craauax Ooneznu Aunbureiimepa. Cpenu HUX MOX-
HO BBIICIUTh MapKephl TIOBPEXKICHHUS TEJl HEHPOHOB U UX
OTPOCTKOB (aKCOHOB, JCHIPUTOB), MapKePbl MOBPEXKICHHS
aCTPOLIUTOB, BELIECTBA, OTPAXKAIOLINE Pa3BUTHE OKCUAAHT-
HOTO CTpecca U MUTOXOHJPUAIBHYIO JTUCQYHKIIHIO, BOC-
MaJIEHUE, aronTo3 U psia Apyrux. Ilpu aToM Takoi Mapkep
TeM Oonblie OyneT COOTBETCTBOBATH MOCTABICHHBIM AHA-
THOCTUYECKHUM LIeJISIM, YeM CHUJIbHEE OH COOTBETCTBYET Clie-
JYIOUIMM TlapameTpaM: 1) UMeeT YeTKre OHOKHHETHUCCKUE
CBOWCTBA; 2) OBICTPO OIpeAessieTCs] B JOCTYIHBIX OHOINO-
THYECKHX CpelaX; 3) UMeeT BBICOKYIO UyBCTBUTEIBHOCTD H
cneunu(pUUHOCTh B OTHOLLICHUHU TIOBPEXKICHHS BEILIECTBA I0-
JIOBHOTO M03Ta; 4) conepxanue OnoMapkepa B Onomoruye-
CKUX KHUIKOCTSAX KOPPEIUPYET C THKECTHIO TIOBPEKICHHUS;
5) obGecrnieunBaeT MHGOPMALIKIO O XapaKTepe MOBPEKICHUS
MO3IOBOTO BEILECTBA; 6) OTpa)kaeT IMHAMUKY 3a00/1eBaHUs
1 3(Q(EKTHBHOCTD JICYSHUS; 7) MPOTHO3UPYET (YHKIHMO-
HAJIBHBIN UCXOJ; 8) JIETKO HACHTU(QHIIUPYETCS H H3MEPSET-
Csl P MTOMOIIH IIMPOKO JOCTYIHBIX, HECIOKHBIX METOAUK
[15]. dnst Gonesnn AnplreiiMepa K OMoMapKkepam yCTaHOB-
JICHBI JIOTIOJTHUTEIbHBIC KPUTEPUH, KOTOPbIC BKIFOYAIOT BbI-
COKYIO UyBCTBHUTEJIBHOCTH U crieniupuaHocTh (0onee 85%),
HaJIM4Ke MPU TIOJICUETE apUOPHOTO paclpeieneH s Bepo-
SATHOCTEH, MOJOKUTEIbHOW IPOTHOCTUYECKOH LEHHOCTH
(6omee 80%) Mo OTHOMICHNIO K OOJBFHBIM M OTPHIIATEIILHON
MIPOTHOCTHUYECKOM IIEHHOCTH 0 OTHOLICHHUIO K 3I0POBBIM
mutam [16]. K coxanenuro, nogodparp BeliecTso, ooaaa-
Iollee ONTUMAJIBHBIM COYETaHHEM JaHHBIX CBOICTB Ha ce-
TOJHSIITHHUMN JICHb, HE TIPE/ICTABISACTCS BOBMOKHBIM. Y UUTHI-
Basi COBPEMEHHBIC 3HAHHA O IaToreHe3e 00e3Hn AJbIreii-
Mepa MOXKHO CKa3aTh, YTO HAKOIICHHE Kak -aMUIIona, Tak
U T-IIPOTEUHA SIBJISIETCS BTOPUYHBIM 110 OTHOIIEHHIO K Ipe-
[IECTBYIOIINM, 00Jiee PaHHUM MAaTOOMOXUMHYECKUM COOBI-
THUSIM, TIPOTEKAIONINM B KJIETKaX TOJIOBHOTO Mo3ra. [ToaTomy
oOHapyxeHHe UX B 1epeOpPOCIUHAIBHOM YKHUKOCTH MOXKET
CBUJIETENILCTBOBATh O TOM, YTO IATOJOTMYECKUH IMpolecc
yoKe MPOIIIEIT ONPEISIICHHYI0 TOUKY HEBO3BpaTa, 3a KOTOPOii
BO3MOXKHOCTH TEpallK Pe3Ko CHIXKAITCS. B Takux ycno-
BHSX OIPOMHYIO 3HAYUMOCTh MTPHOOpPETAET HEOOXOAUMOCTh
BBISIBJICHUS BELIECTB, U3MEHEHUE COAEP)KaHHUsA KOTOPHIX B
OHMONIOTHYECKHX Cpe/iaX He TOJIHKO OTPa)aeT CTENeHb MPO-
TPECCHPOBAHMS MATOJIOTUYECKOTO TPOoIecca, HO U MOXKET
MIOMOYb JWArHOCTHKE Ha paHHUX 3Tamax, A0 (HopMHpOBa-
HUS Pa3BEPHYTOHN KIMHUYECKOH KapTuHbl. [Ipu 3TOM 3Haum-
TEJIHHOM NMEePCIEKTHBON B 3TOM HalpaBICHWU O0NagaeT uc-
CJIeZIOBaHUE KPOBH, KaK OIUH M3 HanOoJiee TOCTYIHBIX IS
WCCIIe0BaHUS OUOJIOTHYECKUX CyOCTPaTOB, B TOM YUCIIE HA
YpOBHE aMOyIaTOPHOTO 3BEHA.

Cpeau MapkepoB, NPETIOKEHHBIX IS UCCICIOBAHHS
B CBHIBOPOTKE KPOBH, BBICTyHaeT T-MpoTenH. OJHaKo oKa-
3aJI0Ch, YTO caM MO cede 3TOT OeNoK JIydlle MOKa3blBaeT
0OCTpO€ MOpa)KeHHWe TOJOBHOTO MO3ra, HO oOnamaeTr mao-
CTaTOYHO HHU3KOM YYBCTBHUTEIHHOCTHIO TPU JTUATHOCTHKE
6one3nn Anbrreiimepa. IIpu 3ToM OH MIOX0 KOppenupyer
C HakoOIUIEHHEM [(-aMWiIonJa B TOJIOBHOM MO3Te M COAEp-
aHueM T-0erka B JukBope [17, 18]. C atumu xe nensimu
MPEANPUHUMAIIMCH TTOTBITKH MPOBOANUTH KOHTPOJIb YPOBHS
B-ammnonna B mia3Me kpou. OJJHAKO MOITyYSHHBIE PE3yITb-
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TaThl OKA3aJIMCh BEChMa MPOTUBOPEYHBEL, U HE BCETIA YPO-
BEHb J-aMIIIONAa B KPOBU KOPPEIUPOBAII C €T0 CONEpKaHU-
eM B 1iepeOpocmHanbHoM xuakoctu [19; 20; 21].

Eme oganM MapkepoMm, HpeasioKEHHBIM Ui UCCIENo-
BaHMS SIBIISIOTCS JieTKWe Ienu HeipodumamentoB — HOJI
(Neurofilament Light Chain, NfL). Onu npencrasisiior co-
001 OZIMH U3 OCHOBHBIX KOMIIOHEHTOB LIUTOCKEJIETA U KPO-
Me TOJIJIepKaHUsI BHYTPSHHEH CTPYKTYpPbI KJIETOK aKTHBHO
YYaCTBYIOT B TPAHCIIOPTE PA3IMYHBIX BEIIECTB B AKCOHAIIb-
Hble okoHuanus. [Tpu psje 3aboneBanuii, B TOM YuCIie, HEH-
pOAEreHepaTuBHON NMPUPOBL, YCTAHOBIEHO CYIIECTBEHHOE
MOBBIIIICHHE UX YPOBHS KaK B 1IepeOPOCITHHAIBEHON KHIKO-
CTH, TaK ¥ B KpoBH [22]. [ToMumo 3T0OT0, OBLIO OMpPEACICHO,
yTo ypoBeHh HOJI B Omojoruueckux cpejaax JTOCTOBEPHO
yBennuuBaercs 3a 10-20 et 1o pa3BUTHS CUMITOMOB IpH
ceMeifHBIX (opmam Oone3HH AJbHreiiMepa, 4To Ienmaer
9TOT OMOMapKep BEChbMa MEPCIEKTHBHBIM KaHIUIATOM JUIS
paHHel AuarHocTuku [23, 24].

Ha nam B3misa, goctarouHo 3¢ ¢EeKTHBHBIM JODKHO
OBITh UCIIOJIF30BaHHUE B KAYECTBE POTHOCTHUYECKIX (PaKTO-
POB OLICHKH Te4eHHS 3a00JICBaHMUS TaK Ha3bIBaEMbBIX aMUJIO-
UA-AETPaAupyromux 3H3uMoB. K o1o0HbIM, B YaCTHOCTH,
OTHOCUTCS LMHK-3aBHCHMas MeTaJJIONpoTea3a HeNpuiIH-
3HH. BBIIIO YCTaHOBIIEHO, YTO aKTHBHOCTh HENPUIIN3WHA JI0-
CTOBEPHO CHI)KAETCS B KOPE TOJIOBHOTO MO3Ta y MAIEHTOB,
cTpajaroimux o6one3npto Anbireiimepa [25]. [lomumo 3TorO0,
00Hapy>X€HO CHHIKEHHE €ro aKTUBHOCTHU U B IIa3Me KPOBH,
KOppeNupyrolee ¢ pe3ylbTaTaMy, IMOy9eHHBIMU MO IIKa-
nam MMSE u ADAS-cog [26]. Takxe B kauecTBe MpU3HaKa
HelipojereHepauy MpPEAIoKeHO HCIOIb30BaTh IOBBIIIE-
HHE YPOBHsS HeWporpaHuHa, KOTOPBII SBIAETCS ONHUM U3
OCHOBHBIX MOCTCHHANTHYCCKHX KaJIbMOIYJIHH-CBS3BIBAO-
mmx OenkoB. Ero moBBIIIEHHBII BBIXOJ U3 KIETKHA OTpaKa-
€T MPOILeCChl HAPYLIeHUS! CHHANITUYECKON mepenaqu, Gpop-
MUpyIomyecs npu 6osxe3nn Anbureiimepa [27, 28]. Kpome
paccMOTpEHHBIX, Ha POJIb OMOMapKEepOB IMPETEHAYET eIle
JIOCTaTOYHO OOJBIIOE KOJMYECTBO BellecTB. B wactHOCTH,
Ha caiite AnbureiiMmepoBckoro ¢opyma (alzbiomarker alz-
forum.org) npoBeaeHbI pe3yNIbTaThl METAa-aHAIN3a JaHHBIX C
oI00POM TTaHen OMOMapKepOB, UCCIIETOBAHUE KOTOPBIX B
KpPOBH SIBIISICTCS TEPCIIEKTUBHBIM C TMO3UIUN TUarHOCTHKH
Oone3nu Anbireiimepa [29]. [logpoOHbI aHamU3 TpeIIo-
JKEHHBIX K HCIIOJIb30BAaHHIO OMOMapKepOB MOXKET SBJIATHCS
TEMOW OTAEITHHOTO aHaJHN3a.

Heo0xoauMo OTMETHTS, YTO [T BHEIPEHHS B KIMHUYC-
CKYIO MPAKTUKY TECTOB, HANPABIEHHBIX Ha JAETEKIMIO TeX
WIN MHBIX BEIECTB B KPOBU B PaMKax JUArHOCTHYECKOTO
TIOVICKa TIPH HEHpOo/IereHepaTHBHON MaTOJIOTHH, HEOOX0Iu-
MO PEIIUTh JBE OCHOBHBIE MPOOIEMBI, 8 IMEHHO TIOBBICUTH
HUX YyBCTBUTEIBHOCTh M creuupuyHoctb. C 0OgHOH CTO-
POHBI, COAEp)KaHUE OIPEAETICHHBIX OMOMapKepoB B KPOBH
OIIpeJIeIIsIeTCs. HE TOJIbKO UX HelpoHanbHOH (paxuuei, HO
U nepudepruueckoil CoCTaBNsoIIeH, (popMupyroleiics 3a
cueT MX 00pa3oBaHMA B WHBIX OpraHax win TkaHsx. [Ipu
3TOM «LiepedpasibHas» 4acTb MOXKET OBITh JOCTaTOYHO He-
BEJIMKa, BCJCJCTBAE HE3HAUYUTEIBHOTO IPOHUKHOBEHHUS
JITAaHHOTO KOHKPETHOTO BEIIECTBA U3 LICHTPAJIbHOW HEPBHOU
CUCTEMBI Yepe3 reMaTodHIeannieckuii bapbep B KpoBb. C
Jpyroil CTOpOHBI, IPUMEHSIOIMECS Ha IPAKTHKE WIH B Ha-
YYHBIX IeJISIX Ta00paTOpHbIE METOABI MCCIEIOBAHNS, TAKUE
Kak WMMYHO(EPMEHTHBI aHalN3, WUMMYIPEIUTUTALHS,
(hmyopuMeTpuuecKkuid METOA M psijl APYTHX He o0najgaroT
JOCTaTOYHOM UYyBCTBUTEIBHOCTBIO, MO3BOJSIOIIEH AOCTO-
BEPHO OINpENeNIATh HU3KHE KOHIICHTPAIMH BEIIECCTB M HX
n3Menenus. Lnpokoe Mcmoap30BaHKE JKe JPYTHX METO/IOB,
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HE TPEINCTABIACTCS BO3MOXHBIM, BCIICACTBHE HEOOXOIU-
MOCTH HAJU4YUS CIOXKHOM OPOroCTOAIEH ammapaTypsl U
BBICOKOKBAJIM(UIIUPOBAHHOIO IEepcoHana Ui IMOCTaHOB-
KH TIpo0 W ydeTa pe3ylbTaToB, KaK, HalpuMep, Py Macc-
CHIEKTPOMETPHH, CHEKTPOCKOIMH OJMHOYHBIX MOJICKYII,
un(ppoBoM (PEepMEHT-CBA3aHHOM MMMYHOCOPOEHTHOM aHa-
JM3€ WM aHaJIu3e KUHETUKH PaJlOU30TOIOB, 001 a0M
MTOMHUMO TIPOYETO SIIIe U HEraTHBHBIM JIy4eBBIM BO3JICHCTBU-
eM Ha opranusMm obciemyemoro [30 - 35]. TIpu 3ToM HOBBI-
HIeHHEe CIeNU(MUIHOCTH MOXKET OBITH PEIICHO ITyTeM pa3pa-
0O0TKM TECTOBOW NaHeNH, BKIIOYaIoUled B ce0s HECKOJIBKO
OHOMapKEpOB, OTPAKAOMMX (DOPMHUPOBAHKUE pPa3THYHBIX
OMOXMMHUYECKHUX TpoLeccoB. B To ke BpeMs MOBHIIICHHE
YYBCTBHUTEJIILHOCTH BO3MOXXKHO TOCPEICTBOM pa3padOTKH
OMOJIOrMYECKUX CEHCOPOB, OCHOBAHHBIX Ha HOBBIX (pu3nye-
CKHUX TIPUHIIUTIAX.

Ipagpen u 6o3modcnocmu €20 ucnonv3oeanusn 6 Oua-
ZHOCmuKe 0one3nu Anvyzeiimepa. Ycuexu B pPa3BUTHHU
HAaHOTEXHOJIOTUH, IMPOM3OIIEALINE 3a IOCIeJHEee BpeMs,
MPOJIEMOHCTPHPOBAIA OIPOMHBIA MOTSHIIUAN HHTETPAIlUH
MEPEIOBBIX PEIICHHH B MEIUIMHCKYI0 HayKy. OmHHM H3
MEPCIEKTUBHBIX MaTepHaioB, HA OCHOBE KOTOPOT'O BO3MOXK-
HO IOCTPOCHME IaHeNu OHMOCEHCOPOB ABJISETCS rpadeH.
DTOT MaTepuall MPeACTaBIACT COOOM COCTOSIIYIO U3 aTOMOB
yriepoaa JBYMEPHYIO TeKCaroHaJbHYIO KPUCTaJUTUYECKYIO
pELIeTKY TOJIIMHON B OIMH aTOM W 00JanaeT AOCTaTOYHO
YHHUKaJIbHBIMU CBOMcTBaMH. K HUM OTHOCHTCS BBICOKas
MeXaHHYECKasl MPOYHOCTD, TEIUIO- M IEKTPOIPOBOTHOCTD,
XHUMHUYeCKasi CTaOMIBHOCTD 1 OHOCOBMECTUMOCTD, BEICOKAS
MOJBMYKHOCTh HOCHUTENEH 3apsiia, MaKCUMaJIbHOE OTHOILE-
HUE IUIOLaay K 00beMy U HU3KMH YpOBEHb LIYMOB. Takoe
COYCTAaHHWE CBOWCTB OOECIICYMBACT 3HAUMMOE H3MCHEHHE
ANIEKTPONIPOBOAMMOCTH TpadpeHa MpH OCAXKICHUM Ha HEM
Jake He3HaYUTENbHbBIX, NCUE3AI0Ie MaJIbIX KOHIICHTPALUi
TIOCTOPOHHHMX BetecTs [36, 37].

B nepsoii pabote K. HoBocemnosa u A. I'eiima [38] mo
MOJYYEeHUIO U UCCIIEOBAaHMIO TpadeHa, UCIOIb30BaJIC Me-
toj exfoliation («oTmIeNyIIMBaHUEY ), KOTOPBIA CBOIUTCS K
OT/ICJIEHUIO OT KpHUCcTaa rpadura 4enryilky, TOIIMUHON B
ofiMH aToM. JIo cHX TOp ToJydaeMble 10 3TOH TEXHOJIOTHU
00pasisl rpadeHa 00IaJarT HATYYITUM CTPYKTYPHBIM CO-
BepLIeHCTBOM. VIMEHHO Ha 3THX 00pa3iax ObUTH MOJyYEHBI
HauOojee BakKHbIE PE3yJbTaThbl, MOATBEPAUBIINE IBYMEp-
HBIW XapakTep JaHHOTO Marepuana. Ho ux manbie pa3Mepel,
HETpaBWIbHAS M 3apaHee HelpeackazyeMas IeoMeTpHue-
cKast popMa He MO3BOJIAIOT UX UCIIOJIB30BATh B IPOMBILIICH-

BMOXMMKMA

HOCTH. BTOpBIMU 11O YPOBHIO CTPYKTYPHOTO COBEPILICHCTBA
SBJISIFOTCS IUIEHKU rpad)eHa, noayvyaeMble TepMOIECTPYKLHU-
el moBepxHocTH Kapouna kpemuus (SiC). DTuM MeTomoM
MOXXHO IMOJYYaTh CTPYKTYpPHI TPOMBIIIICHHO BaKHBIX Ta-
0apuTOB, KOTOPBIC OTPAaHUYHBAIOTCS TOJIBKO pa3MepaMH UC-
xonHo# noanoxku SiC, To ecTh A0 6 Aroiimos (150 mm). B
OTU um A.D. Nodde, Hapsiny ¢ IpyriMu MUPOBBIMH HayY-
HBIMH TPYIIIaMH, ObUT OCBOCH CIOCO0 MoMydeHus rpadeHa
METOJIOM TEPMOJCCTPYKIIMH MOBEPXHOCTH MOHOKpPHUCTAJ-
mmyeckux nomnoxkek SiC. Kpome Toro, Opiia paspaborana
METOJMKa MPEAPOCTOBOro OTXKUra momioxkek SiC, M03BO-
JSTFOINAS YAYYIIUTh KA4eCTBO UCXOMHON TIOJIMPOBAHHOM TIO-
BEPXHOCTH IMOJJIOKEK, YTO B CBOIO OYEPEb MTOJIIOKHUTEIHLHO
CKa3aJIoCh Ha KayecTBe BhIpamuBaeMoro rpadena. Taxxe
corpynaukamu @TU nm A.®. HNodde amantupoBan psia
COBPEMEHHBIX METOJMK HUCCIICIOBAHHUS HAHOOOBKTOB: aTOM-
HO-cuJoBasi MUKpockonus (ACM), crieKTpoCKonHs KOMOH-
HanmoHHoro paccesHust csera (KPC), KenbBuH-30H1OBas
cunoBas mukpockorus (K3CM) noz xapakrepu3aluio rpa-
(PCHOBBIX TUICHOK.

OJHUM W3 OCHOBHBIX JIOCTOMHCTB METOJa POCTa Ipa-
¢ena Ha SiC gBnsSETCS BO3MOXKHOCTH MCIOJIB30BAHUS BBI-
COKOMHBIX IOAJIOKEK. BhIpalieHHbIi Ha TaKUX MOAJIOKKAX
rpaden He TpeOyeTcs MepeHOCUTh Ha APYTYIO TUAIIEKTPHU-
YECKYI0 MOUIOXKKY, CTPYKTypsl Tpaden/SiC moryT cpa-
3y UCIIOJIb30BAThCs IUIsl CO3JAHMS Pa3IUYHBIX TPUOOPOB.
Eie ogHUM JOCTOMHCTBOM JaHHOTO METOAA POCTa SBIIS-
eTCsl ONpeNICIICHHAsS OPHUEHTAIMs TPa@eHOBBIX JOMEHOB,
kotopas 3agaercs SiC MOAJIOKKOM, YTO MO3BOJAET IMOITY-
4arh MJIEHKU rpadeHa OoNbIION TUIONIAJN C BBLACIECHHOM
a3suMyTajJIbHOU opueHrtanueil nomeHos. Ha puc. 1, a npen-
cTaBiieHO u3o0paxenue penbeda moBepxHoctu SiC moa-
JIOKKH TIocTie pocTa rpadeHa, noixydeHHoe merogqoM ACM.
Hab6nronaembie Ha U300paXeHUH Y3KUE MPOJOJIBHBIE Tep-
pacbl, KOTOpbIE MMOKPHIBAIOTCS I'pad)eHOM BO BpeMs pocCTa,
OTIPENEIISIFOT OOIINE JICKTPUICSCKHE XapaKTCPUCTHKH BbI-
paieHHOH rpadeHoBoil ieHkd. Camu Teppachkl paszene-
HBI MEXIy COOOH CTyNeHbKaMH HaHOMETPOBOTO pazMepa
(puc. 1, 6). IlpoBogumocTh TpadeHOBOH IIEHKUA BIOJb
JAHHBIX Teppac BbIIEC, YeM €€ MPOBOIUMOCThH IOIEpPEK
teppac. Takum 00pa3om, BEIOOp HaNpaBICHUS IPOTEKAHUS
TOKa B rpa)eHOBOH IUICHKE MyTeM OPHEHTALH CTPYKTYPBI
npubopa BIOJIb Teppac MO3BOJSET YIYUIIUTh €r0 AIEKTPH-
YECKUE XapPaKTePUCTUKH.

Cpenu mepcreKTHBHBIX HalpaBlIeHHH TPUMEHEHHS Ipa-
(DeHOBBIX IUIEHOK paccMaTpUBAETCA CO3JAHUE CBEPXUYB-

-
o
-
-

- L] L]

BuicoTa CTyneHu, HM
~N

T T T

0s 10 1.5 20

.
=]

LLinpuHa Teppachbl, MKM

Puc 1. U3zo00paxkenue miueHku rpadeHa, noiaydeHHoe merogoM ACM. a — ACM kapra penbeda nosepxHoctu nomioxku SiC mocne
pocTta rpadena, 6 — mpoduIIb MOBEPXHOCTH, MONYYESHHBIH BIOJIb MYHKTUPHOMN JIMHUH.
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BIOCHEMISTRY

CTBHUTENBHBIX CEHCOPOB, MPUHIIMIT PaOOTHI KOTOPBIX OCHO-
BaH Ha M3MEHEHWH CONPOTHBICHHS TpadeHa mpu aacopo-
LIUH Ha €T0 OBEPXHOCTH MOJIEKY/ PA3IUYHBIX COETUHEHHH.
Cencop npezncrapisieT co0oi IMOJIOCKy TpadeHa, pacmoio-
KCHHYIO Ha u3onupytomied nomnoxke SiC ¢ IByMs OMU-
YeCKHMMHU KOHTaKTaMH 1o Ookam (puc. 2, a, 6). OMuyeckue
KOHTAKTbl MPEAHA3HAYECHbl JJIS CO3MAHMA DIEKTPHYECKOTO
COCJIMHEHHS MEXIy rpad)eHOM U KOHTAKTHBIMH BBIBOJIAMH
HU3MEPUTEIBHOTO 000PYIOBaHUSL.

Cama no cebe ruieHka rpadeHa B ceHcope (B 4uIie) He
SIBIISIETCS CEJIEKTUBHO-UYBCTBYIOLIMM CEHCOPOM M MOXKET
aJ1copOUpPOBaTh Ha CBOKO MOBEPXHOCTH Pa3HbIC BEIIECTBA
u Omomonekynbl. [l ucrmons30BaHust TpaeHa B KauecTBe
OHuOCeHCOopa, CEJIEKTUBHO YYBCTBYIOIIUM IPUCOEAWHEHUE
JIETEKTUPYEMbBIX MOJICKYJ, MPUMEHSIOT JOMOJHUTEIBHYIO
¢dbyukuuonanuzauio (00paboTKy) ero moBepxHocTH [39,
40]. Takas 0OpaboOTKa CO37aeT JOMOTHUTEIbHBIC KOBAJICHT-
HBIE CBS3M U1 MMMOOMIU3AINN CTIEHU(PUISCKUX aHTHTEN
Ha [TOBEPXHOCTH rpadeHa.

Kaxnoe antuteno (Ab) ummeer ompeieneHHbIH cailT
CBSI3bIBAaHMS, KOTOPBIH B3aUMOJCHCTBYET TOJIBKO CO CTPOTO
creun(pUUecKuM YHUKAJIbHBIM JIEMEHTOM OelKa — aHTHre-
Ha (Ag), 4TO MO3BOJIAET IPOU3BOIUTD JIETEKLHUIO 3TOIO Be-
niecTBa. DTOT MPHUHITUIT UMEEeT PYHIAMEHTATLHOE 3HAYCHHE
B (pyHKIIMOHUPOBAaHUM HMMYHHOH CHCTEMBI 4enoBeka [41].
B3aumopnetictBue Ab-Ag OCyLIECTBISETCS MO MPHHIIUAITY
kimou-3aMok  (key-lock) TpexmepHoii mpocTpaHCTBEHHOM
KOMIIJIEMEHTApHOCTH BHEIIHUX JICKTPOHHBIX OOJAKOB aH-
TUTENIa U MOJICKYJ aHTUTeHA. [n Vitro 3T peakUuuH JIexKar
B OCHOBE MHOTMX MMMYHOJOTHYECKHX METOIOB U LIMPOKO
HCIIONIB3YIOTCS B J1a0OPAaTOPHON MPaKTHKE.

Konnermust 6noceHcopa Ha TieHKax rpadeHa OCHOBaHA
Ha CO3JaHHUHU YCIIOBHH JJIsi KOHTPOJIHPYEMOTO MPSMOTo B3a-
umoyelictBuss Ab-Ag Ha moBepxHocTH Tpadena. MmenHo
9TO B3aUMOAEIHCTBHE NPUBOAUT K MPAKTHYECKH MIHOBEH-
HOMY HM3MEHEHHIO SJICKTPOHHOTO COCTOSHUS rpadeHa (ero
COTPOTHBJICHHS), KOTOPOE MOXET OBITh 3apEeruCTPHPOBAHO
ANIEKTPOHHBIM 00OpynoBaHHeM. Pa3pabarpiBaeMasi KOHIICTI-
11t OMOCeHCOpa YHUBepCasbHa 1 0OHAPYKEHUS OEJIKOBBIX
COCIVHEHWH pa3IMYHONM NMpHpOAbL. B peakunu B3anmmoznei-
cTBUsl Ab-Ag PUHUMAIOT y4acTHE TOJBKO KOMIDIEMEHTAp-
HbIC (POJICTBEHHBIC) aHTUTEIA U AHTUTEHBI, YTO 00ECTIeYnBa-
€T CeJIeKTUBHOCTh OroceHcopa. IlocpencTBom 310it peakuu
BO3MO)KHA Ka4eCTBEHHAs! OLICHKA HAJIMYHS TOTO HJIA WHOTO
nporerHa B o0ciemxyeMoM Ouonormdeckom cyocrpare. B

A/ T7 Brmapusarsil

Au/Ti

zpager

p—

nodnoxka SiC

Puc. 2. Cxemarnueckoe M300pa)keHHE TOIMOJIOTHMH CEHCOpa Ha
ocHOBe cTpyKTyphbI rpaden/SiC. @ — Bua cO0Ky, O — BUJ CBEPXY.

10

Cilydyae MpeABapUTENIbHON KaTMOPOBKM OMOCEHCOPOB, KOTIa
W3BECTEH OTKIIMK B BU/IC KOHKPETHOW BEIWYUHBI U3MEHEHUS
COIIPOTHBIICHUSI HA OTIPEJIeTICHHBIE KOHIIEHTPAIH NCKOMOTO
AHTUTCHA, CTAHOBUTHCS BOBMOXKHBIM KOJIMYECTBEHHOE OTIpe-
JICTICHHUE CoJiepKaHus Oerka B ipooe [42].

ABTOPCKUM KOJIJISKTHBOM IPOBOJIMIACH CEPHS DKCIIEPH-
MEHTOB C IIOATOTOBICHHBIMU U (PYHKIIMOHATH3UPOBAHHBIMH
YUIIaMH Ha OCHOBE IJIeHOK rpadena Ha SiC NoaiioxKax 1mo
HCCIIEIOBAaHUIO X YYBCTBUTEIBHOCTH IPH KOHTAKTE C pa3-
OaBJICHHBIMHU PaCTBOPAMHU aHTUTEHOB BHpyca rpunmna A u B
B docdarHo-coneBoM OypepHoM pactBope (PBS), koH1eH-
Tpanusi KOTOPBIX M3MEHSIACh Ha 5 TOPSIKOB, HAUUHAS CO
cBepxuu3koil Bemuuunel 1 fg/ml (107 r/mm) mo 100 pg/ml
(10'° r/mm) [43]. 3amerum, uto koHueHTpaiws 100 pg/ml
SIBIISIETCSI TIPEICTIBLHOM /ISl JIETEKTUPOBAHMSI BUPYCOB METO-
JIOM TTOJINMEPA3HOM LIEMHON peakLnu.

B xone npoBeaeHU# SKCIIEpUMEHTa ObLIO YCTaHOBIICHO,
YTO OTKIIMK YUNa C UMMOOWIN3UPOBAHHBIM aHTHTEIOM BH-
pyca rpumnma B Ha Bo3melcTBHE aHTUTEN BHpYca rpummna A
HE3HAYUTEIFHO MEHSETCS C M3MEHEHHUEM KOHICHTpalHueH
aHTUTEHa A OKOJIO HEKOTOpOro cpenHero 3HaueHus. [Ipu
3TOM, JIMaNa30H OTKIWKA (PaKTHUECKH YKa3bIBaeT Ha OTCYT-
CTBHE BIIMSHUS PEAKIIMU HEKOMIUIMMEHTPAHBIX aHTuTena B
Y QaHTUTEHA A Ha JJIEKTPOHHOE COCTOSHHE TUICHKH rpadeHa
B uune. B Toxe BpeMs BO3NEHCTBHE HA YHIT KOMILIEMEHTAp-
HOTO eMy aHTHreHa B 1eMOoHCTpUpyeT YeTKy 0 3aBUCHMOCTh
OTKJIMKa YWIIa OT KOHIICHTpaluu aHtureHa. Kpome Ttoro,
B JIaHHOM Cllyyae HaOIOaeTcsi BBICOKAs CIEU(PHIHOCTD
AHTUTEN-aHTHUICHHON PEeaKIUu Ha MOBEPXHOCTH TrpadeHa B
yurie (puc. 3, a, 6).

Pesynbrarsl, oTy4eHHbIE B SKCTIEPUMEHTE IO JETEKTHPO-
BaHHIO BUPYCOB I'PHIIIA YATIAMH HA OCHOBE TICHOK TpadeHa
Ha nojytoxkax SiC, mokaszaayu NPUHIUIHAIBHYIO Pa00TOCIO-
COOHOCTH KOHIIEMIINU OHOCEHCOPa, OCHOBAHHOM Ha peaKIiu
crennu(pUUECKOT0 CBSI3bIBAHUSI aHTHTENA C KOMILIEMEHTAap-
HBIM €My AHTHTCHOM HEMOCPEICTBCHHO Ha IMOBEPXHOCTH
rpadena. [Ipu 5TOM NPOIEMOHCTPUPOBAHA KAK BHICOKAs UyB-
CTBHUTEJILHOCTD, TAK U CIIEUPHUIHOCTH OTOOHBIX CEHCOPOB.

B nuTeparype nmeroTcs HeKOTopble JaHHbIe, TOATBEPIKIa-
FOIIME BO3MOXKHOCTH MCTIONB30BaHMsI OMOCEHCOPOB HA OCHOBE
rpadeHa B JMArHOCTUYECKOM TMpoliecce OONe3HU AJbIrei-
Mepa. Tak, SKCIEpUMEHTaIbHO ObLTa TMPOBEpPEHa BO3MOX-
HOCTh JIETEKIIMH [-aMHIonIa U T-OeNKa. YCTaHOBJIEHO, YTO
CENIeKTUBHOCTh MeTofa AocturaeT 98%, mokaspiBasi KpaiiHe
BBICOKHMI MOPOT YyBCTBHTEIBHOCTH, KOTOPHIA nocturan 100
(hemTOrpaMm Ha MII (J1s1 CPABHEHUS! 4yBCTBUTEIBHOCTH UMMY-
HO()EpMEHTHOTO aHaM3a He mpeBbiiaia 150 HaHorpamMM Ha
M) [44]. Ilomo6HbIe pe3ymsTaThl OBUTH MPOIEMOHCTPHPOBAHBI
U B JIPYTOM HCCJICIOBAHUH, TJIE€ TAKXKE YCTaHOBJICHA BBICOKAs
YyBCTBUTEIILHOCTH CEHCOPOB Ha OCHOBE Tpad)eHa, 3HauNTelb-
HO TIPEBBIIIAIONIAs COAEPIKAHUE B-aMUIION/Ia B TUIA3Me KPOBH.
Kpome Toro, omnpesienieHo, 4To OTBET CEHCOPOB B BHIE U3MEHE-
HUS CONPOTUBIICHHS UMEET JIMHEHHYIO KOPPEJIALIHIO C KOHIICH-
Tpauueil pactBopeHHoro ammionna [45]. [lomumo gerexiwu
0eNKOB, TIPEIIPHUHUMAIOTCS TTOTTBITKH UCIIONB30BAHUST TEXHO-
JOruH TPa)eHOBBIX CEHCOPOB B TEHETHUYECKHX HCCIICIOBAHH-
six. B wactHOCTH, ObLIa pa3paboTaHa miardopma, UCTIOIb3YI0-
mast rpad)eHOBbIE KBAHTOBBIE TOYKH, C IMMOOMIN30BaHHBIMHU
Ha Her [IHK-30Hmamu 111 onpeneneHust HOCUTENbCTBA TeHO-
trna AnoE4. B skcriepuMeHTe 0Ha MPpOJEMOHCTPHPOBAJIa BbI-
COKYIO YYBCTBUTEIBHOCTb, IIOBTOPSIEMOCTh U CEJICKTHBHOCTh
pe3ynsTatoB [46]. YuuThiBas MONy4YEHHBIE MPEABAPUTEIHEHO
JIAaHHBIE O BO3MOXKHOCTH HCIOJIL30BaHUsI OMOCEHCOPOB Ha OC-
HOBe rpadeHa ¢ Iesbio 00HAPYKEHHSI aMIIOUIO- M TayTaTHH,
B paMKaX paHHeW JMarHOCTHUKH OOJIe3HU AJIbIreiimMepa mpe-
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Puc. 3. OTkiuk ynmna ¢ MIMMOOWIIM30BaHHBIM aHTUTEIIOM BUpYyca rpuma B B 3aBUCHMOCTH OT KOHIICHTPALIMU aHTUTeHA BUpYyca A (a)
unu B (6) B pactBope PBS. [TyHkTHpHAas JTUHUS NPEICTABISLET alpOKCUMAIMIO JAHHBIX JIOTapUPMUIECKOH (DYHKIUEH C mapaMeTpoM

R?=0,97.

JI0XKEHO KCIIONb30BATh MX ISl ONPENCIICHUS 1 HHBIX BEIIECTB,
TaKUX, KaK HEWPOTPaHCMUTTEPHI, MOKA3aTEN OKCHIAHTHOTO
crpecca u apyrue [47].

3aknrwuenue. Takum o0pazoM, pa3paboTka NaHENH
orpeneeHns OMoMapKkepoB Ha OCHOBE rpa)eHOBBIX CEHCO-
POB UMeeT OOJNBIIIE MEPCICKTUBEL. JTa paboTa IMO3BOIHUT
DIyO)Ke TOHATH MAaTOOMOXUMHYECCKHE MPOIECCHl, pa3BU-
BAaIOIIMECs B paMKax JaHHOTO 3aboneBaHms. Kpome Toro,
YUUTBIBasI TOTCHLIUAIBHO BBHICOKYIO UYBCTBHTEIBHOCTH U
CrerM()UIHOCTh, MOOOHAsT MaHedh MOXKET KapJHHAIBHO
YBEIMYUTh HAIlM BO3MOXXHOCTH JHArHOCTUKU OOJEe3HH
AunplreiiMepa, 0coOOCHHO Ha PaHHUX JTarax, OyIeT crocoo-
CTBOBAaTh BBIJEJICHUIO JIUI] C MOBBIIICHHBIM PUCKOM pa3BH-
THSI KITMHUYECKHUX TPOSIBJICHUH, TIOMOXET OLICHUTH BEpPOST-
HOCTB OJNIM)KaHIIIero MporHo3a TeUeHUsl, a Takxke 3P PeKkTHB-
HOCTb IIPOBOAMMON TEPAIUU.
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ANATHOCTUYECKUE YPOBHU BUOMAPKEPOB CENCUCA Y AETEN
C OHKOJIOTMYECKUMMU 3ABOJIEBAHUAMMU
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IIpeocmasnensvi 0annvie 0 OUACHOCMUYECKUX YPOBHSX MAPKepos cencuca 6 niasme kpoeu y 117 nayuenmog ¢ oHKONO2UYeCKU-
mu 3abonesanusmu 6 gospacme om 1 200a 0o 18 nem. Iayuenmoi Ovinu pasdenensvt Ha 4 epynnvl 6 3a8UCUMOCHIU OM UCX00A
KAUHUYECKO20 MedeHUs B0CHATUMENbHO20 NPOYeccd Ui UHQEKYUOHHBIX OCNOdICHeHUll: 1-a epynna — 60nbHble ¢ omcymcmeuem
OCILOJICHEH ULl nPOMuUEoonyxone6o2o aevenus (n=13/11,1%), 2-1 epynna — naiuuue y GONbHBIX CUCMEMHO2O 60CNATUMENILHOO
omeema (n=64/54,7%), 3-a epynna — nayuenmol ¢ cencucom (n=27/23,1%), 4-1 epynna — nayuenmol ¢ cenmuyeckum uokom
(m=13/11,1%). Ilopozosviii yposens npecencuna medxcody epynnamu 1 u 2 cocmasun 202 ne/ma, 371 ne/mn mexcoy epynnamu 1 u
3, 604 ne/mn meacdy epynnamu 2 u 3 u 1500 ne/mn mexncdy epynnamu 3 u 4. [ npokaneyumoHuHa nopo2osblii ypogeHs Mexicoy
epynnamu 1 u 2 cocmasun 0,23 ne/mn, 0,48 ne/mn meswcdy epynnamu 1 u 3, 0,51 ne/mn meswcdy epynnamu 2 u 3 u 3,9 ne/mn mesxncoy
epynnamu 3 u 4. Illopozosoe 3nauenue C-peakmugno2o b6enka y nayueHmos ¢ COMUOHbIMU ONYXoaamu cocmaeuio 12,6 2/n mexncoy
epynnamu 1 u 2. Y nayuenmos ¢ onkocemamonozuieckumu 3a601esanusmu nopo2osulii yposenv C-peakmusnozo benka cocmasu
43,4 2/n mexncoy epynnamu 2 u 3 u 77,1 2/n mexncdy epynnamu 2 u 4. Ilo pesynomamam ROC-ananusa 6via61eHo npeumyujecmeo
npecencuna neped npokanbyumonunom u C-peaxmugHsim 6eIKoM npu onpeoeieHuy CmeneHu Mafcecn Cenmuieckux 0CioxcHe-
Hull y demell ¢ OHKONAMOono2uell.
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Golovnya E.G., Kharitidi T Yu., Sotnikov A.V., Somonova O.V., Kushlinskii N.E.
DIAGNOSTIC LEVELS OF SEPSIS BIOMARKERS IN CHILDREN WITH ONCOLOGICAL DISEASES
N.N. Blokhin National Medical Research Center of Oncology, 115478, Moscow, Russia;

The data on the diagnostic levels of sepsis markers in blood plasma in 117 patients with oncological diseases at the age from 1 to
18 years are presented. The patients were divided into 4 groups depending on the outcome of the clinical course of the inflammatory
process or infectious complications: group 1 - patients with no complications of anticancer treatment (n = 13/11.1%), group 2 - the
presence of a systemic inflammatory response in patients (n = 64/54.7%), group 3 - patients with sepsis (n = 27/23.1%), group
4 - patients with septic shock (n = 13/11.1%). The threshold level of presepsin between groups 1 and 2 was 202 pg/ml, 371 pg/
ml between groups 1 and 3, 604 pg/ml between groups 2 and 3 and 1500 pg/ml between groups 3 and 4. For procalcitonin, the
threshold level between groups land 2 was 0.23 ng/ml, 0.48 ng/ml between groups 1 and 3, 0.51 ng/ml between groups 2 and 3
and 3.9 ng/ml between groups 3 and 4. The threshold value of C-reactive protein in patients with solid tumors was 12.6 g/l between
groups 1 and 2. In patients with oncohematological diseases, the threshold level of C-reactive protein was 43.4 g / L between
groups 2 and 3, 77.1 g/ L between groups 2 and 4. According to the ROC analysis, presepsin was superior to procalcitonin and
C-reactive protein in the diagnosis of septic complications.
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Beeoenue. Ycuexu COBpEMEHHOW IETCKOW OHKOJIOTHH
B 3HAUUTEJHHOM CTENEeHHU CBA3AaHBI C MPUMEHEHHEM BBICO-
KOZO3HOH M BBICOKOMHTEHCHBHOW XMMHOTEpANuy, MpoBe-
JICHHE KOTOPOH COMPSIKEHO C BBHICOKHMM PUCKOM pPa3BUTHS
WH(EKIUOHHBIX OCNOKHEHHH. Cercuc ocTaeTcs OHUM U3
BEIYIIUX U TPO3HBIX OCIOKHEHUH, pa3BUBAIOLIUXCS B MIPO-
L[ecce MPOTUBOOITYXOJIEBOTO JIEYCHUS JETEeH €O 3JI0Kaye-
CTBEHHBIMH HOBOOOpa3oBaHUAMHU. [IpH 3TOM, CeNTHYESCKHHA
mok (CIL) ocraercs Beayliel NPUYMHOW THOETH MAlAEH-
TOB, @ YPOBEHb CMEPTHOCTH CPEAU 3TOW TPYyMIIbl OONBHBIX
nocturaetr 30-50% [1]. Jlnst nmpaBUIbHON OLIEHKH COCTOSI-
HUSI IAIIAEHTOB HEOOXOMMO UCTIONH30BaTh HAJICKHBIE OHO-
Mapkepbl. K coxkasnenuto, «uaeaapbHOro Ouomapkepa» Juis
paHHEll TUarHOCTHKH CeICHca B HAcTOsIIee BpeMs HE Cy-
niectByeT. MukpoOHonoruueckue mpoobl 3a4acTyio JaroT
JIO)KHOOTPHIIATEIbHBIC PE3YJIBTAThI, K TOMY € HX IpOoBeJie-
HHE — 3TO JJIUTEIbHBIN POLIECC.

B 2016 1. O6mmectBo kputHueckoi Meaununel (SCCM)
u EBporneiickoe obmiecTBo nHTeHCHBHOU Tepanuu (ESICM)
paspaboTany HOBBIE KpUTEpHH ompeneneHus cerncuca. Oc-
HOBHBIM OTJIMYMEM OBUT yXOI OT MOHATUS CHHAPOMA CH-
cTeMHoro BocnaiutensHoro oreta (CCBO) ¢ akuenToM Ha
KIMHUYECKHE IIPOSBIEHUS celicruca (OpraHHas HeoCcTaTod-
HOCTh, TUTIOTCH3HUs, 3aBUCHMOCTh OT Bazompeccopos). Ta-
KHM 00pa3oM, CEeTICUC — 3TO CUCTEMHOE KU3HEYTPOXKAoIIce
COCTOSIHME, KOTOPOE Pa3BHUBAETCsA B TOM CIIydae, €ciH OT-
BET OpraHu3Ma Ha MH(EKLUUI0 NPUBOIAUT K IOBPEXKICHUIO
COOCTBEHHBIX TKaHEeW U opraHoB. CeNTHYECKUH IOK MOXXHO
OTIPENeNTUTh KaK CTOWKYH) CENTHUKO-HHIYLHPOBAHHYIO TH-
MOTEH3HIO, HE Pa3pellarollyiocs, HeCMOTPS Ha MPOBEICHHE
nH(y3HnOHHOHU Tepanuu [2, 3].

[Marodusnonorus cerncuca BISETCS STUHBIM ISIBIM Ta-
KHX TPOIECCOB, KaK OTBET OpraHW3Ma Ha IPOHUKHOBEHHE
MaTOTeHa, UMMYHHBIH OTBET, aKTUBAIUA CHCTEMbI KOMILIe-
MEHTa M KOarylsiluH, NPOAYKIHs OenkoB ocTpoil (a3l
Cericuc SBISETCS CHHAPOMOM CHCTEMHOTO BOCIAIUTEIBHO-
ro OTBETa Ha PHIOTOKCHYeCKylo arpeccuro [4]. Ilonararor,
4T0 UH(EKIIUs 3ayCKaeT 00oee CIIOKHBINA OTBET B OpraHu3-
M€, B KOTOPOM YYacTBYIOT KaK IIPOBOCHAIUTEIbHbIE, TaK U
MIPOTUBOBOCIIAJIUTEIbHBIC MEXaHH3MbI, HaIpaBIICHHbIC Ha
yCTpaHeHHe HH(PEKIIMHA U BOCCTAHOBJICHHE TKAaHEW ¢ OJHOM
CTOPOHBI, 1 IOBPEXAEHHE OPTaHOB U MOSIBJICHUE BTOPUYHO-
ro ovara uH(peKnuu, ¢ Apyrou [5, 6].

[laroreHHBIE MUKPOOPTAaHU3MBI AKTUBHUPYIOT UMMYHO-
KOMIICTEHTHBIE KJIETKH ITOCPEICTBOM B3aUMOJICHCTBHSI C 00-
pa3-pacmno3HaOKUMHI PELENTOPAMH, a TaKKe YIaBIUBAIOT
SHJIOTEHHBIE CUTHAJIbHBIE MOJIEKYJIbI, BBICBOOOKIAIOLIHECS
13 TIOBPEKICHHBIX KJIETOK, TaK Ha3bIBAEMbIC «MOJICKYIISP-
HBIE MTATTEPHBI, ACCOLMHPOBAHHEIC C MOBPEXIeHUEM» (Oe-
ku B1, S100, Bueknerounsie PHK, THK u rucronsr). Ot
MOJIEKYJIbl TaK K€ BBICBOOOXKIAIOTCS NPU IOBPEXKICHHUSAX,
HE CBSI3aHHBIX C yYaCTHEM MAaTOTCHHBIX MUKPOOPTAaHU3MOB.
B cBsi3M ¢ 3TUM MOXKHO MPEIITONIOKHUTE, YTO OIUOPTaHHAS
HEIOCTaTOYHOCTh IpH cerncuce GyHAaMEeHTaIbHO HEe OTJIH-
YaeTcsi OT TAaKOBOM IpU HEUH(EKIIMOHHBIX KPUTHYECKUX CO-
crostHusX [7, 8].

Bromapkephl cercuca MOTYT NPENCTAaBIATH COOOH, He
TOJBKO METAaO0ONUTHI, MIPUCYTCTBYIOIIUE B KUAKOCTAX Op-
raHu3Ma, HO U OENIKM B LUPKYIUPYIOIIUX KIETKaX KPOBH.
BcenencrBue Toro, yTto Ha MaTtopU3MONOTHIO M KIUHHYE-
CKOE TEYCHHE CEeICHCa TAaKKe BIMSET BO3PACT MAIMCHTA,
YyBCTBUTEIFHOCTh U CHEUU(PUIHOCT ONPEAETICHHBIX OHO-
MapKepOB MOTYT pa3ln4aTbcsi y HOBOPOXKICHHBIX, AETEH,
B3POCIBIX U MOKWIBIX Jrozei [9, 10].

OCHOBHBIMH MapKepaMH CElCHCa B HACTOSIIEe BpeMs

14

cuutaror npokansiutoHud (IIKT), C-peaktuBHBIN 0Oenok
(CPB), npecencun (IICII). B cBs3u ¢ 3TUM mpeacTaBisuI
HHTEpEC ONpeesIeHHs MOrPaHNYHBIX 3HAaYEHUH ITUX TOKa-
3aTeneil U OLIEHKU CTENICHU TSHKECTH WH(PEKIIMOHHBIX OC-
JIO)KHEHHH, B TAHHOM CIIydae, y JIeTel ¢ OHKOJIOTHYECKUMHU
3a00J1eBaHUAMHU.

C-peaxmugnblii Oenok - MPEACTaBIseT cO00i BBHICOKO-
KOHCEPBAaTUBHBIN OEJOK IUIa3Mbl, KOTOPBIH YYacTByeT B
OCTpoii (paze cucTeMHOro BocnaiuTesibHoro oreera. CPB —
9TO MOJIEKYJIa pacro3HaBaHUsT 00pa30B, CBA3BIBAIOIIASCS C
OIIPEIETICHHBIMU MOJIEKYJIIPHBIMU KOH(UTYpalusaMu, Ko-
TOpPBIE BBIJEISIOTCS BCICSICTBHE THOSTU KIETOK WM OOHa-
PY’KHBAIOTCSl HA IOBEPXHOCTH NMATOTEHOB. BrICTpoe yBenu-
yenne cuHTe3a CPB B TeueHue HECKOJIBKHX YacoB IOCIE
HOBPEXAEHUS TKaHeH MH(EKIMOHHBIM areHTOM IpeAroa-
raet, YTO OH CIIOCOOCTBYET 3alllUTe OPTaHM3Ma W SBIISCTCS
YacThI0 BPOXKJAEHHOTO IMMYHHOTO oTBeTa [11].

Tpoxanvyumonun (IIKT) - nentua, cocrosmii uz 116
AMMHOKHCJIOTHBIX OCTaTKOB, SBJIAIOIIMICS IpeAIIeCTBEH-
HHUKOM ropMoHa kanpuutoHuHa. B Hopme IIKT cexperupy-
€TCS TOJIBKO HEHPOIHIOKPHHHBIMH KIIETKAMHU IIUTOBUIHON
xene3bl. OnHaKo, Bo BpeMs nHdekuuu, yposenb [IKT Bo3-
pacTaeT B THICSIUM Pa3 MPaKTUYECKH BO BCEX TKAHSX U THIAX
KIIETOK B OTBET Ha BBHIOPOC LIUTOKUHOB U OAKTEPUAIBHBIX
TokcuHOB [12, 13].

Ilpecencun (IICII) - monexyna CD14 sBnsieTcst peuen-
TOPOM K KOMIUIEKCY JIMIIOIONNCaXapUA-JIUIONONINCaXapua
cBsi3pIBaroInii Oenok. KapOoKCHIIbHBINA KOHEIl STOH MoJe-
KyJIbl TIOTPY’K€H B MEMOpaHy KJIETKH M MPOBOAUT CHIHAJ,
BBI3BaHHBIA 3HJOTOKCUHOM Tpu Tomoiu Toll-momo0HbIx
peuentopoB 4 tumna [14, 15]. CD14 npencrasneH aByms
(dhopmamu: memOpanHoii — mCD14 u pactBopumoii —sCD14.
ITocnennsst umeeT Beicokoe cponcTBo K JITIC, 1 B ocHOBHOM
JKCIIPECCUPYETCS] Ha TMOBEPXHOCTH MOHOLMTOB/Makpoda-
TOB, B MEHbILIEH CTENEeH! — Ha TOBEPXHOCTH HEUTPODUIIOB.
B 1utazme kpoBW NpH y4yacTHH KarerichHa D mpoucxomut
rugponu3 sCD14, N-TepMHHAIBHBIN ()parMeHT KOTOPOTO H
sasiercs TICTI [16, 17].

Mamepuan u memoowi. B wuccrnenoBaHue BKIFOYWIN
117 manmeHToB ¢ OHKOJIOTHYECKUMH 3200JICBaHUSIMH B BO3-
pacte ot 1 mo 18 net. bonpHBIX pa3nenwunu Ha 4 TPYNIIHI B
3aBUCUMOCTH OT MCXOJa KIMHUYECKOTO TEYEHHUS BOCHAIH-
TEJIFHOTO Tpolecca WiIM HHOEKIUOHHBIX OCIIOKHEHHUH: 1-5
IpymIa — OTCYTCTBUE OCIOXKHEHUH neuenus (n=13/11,1%),
2-5 TpyNIIa — HATMYUE CUCTEMHOTO BOCTIAIUTEIILHOTO OTBE-
Ta (n=64/54,7%), 3-a rpynna — cencuc (n=27/23,1%), 4-1
rpymnna — centuyeckuii mok (n=13/11,1%). ¥ GonpmmHcTBa
TAIMEHTOB TPOBOAMIIH HCCIIeIOBaHNE MapKEpOB B XOJIE ce-
PUIHBIX HAONIOICHHH.

Conepxanue IICII ompenensuyin B mjia3Me KpOBH Ha
MMMYHOXEMUITIOMUHECLIEHTHOM ~ aHanu3atope  Pathfast
(Mitsubishi Chemical Medience Corporation), UCHONB3Ys
cranfaptHeiid Habop pearentoB (PATHFAST Presepsin,
PF1201-K). Ompenenenue coaepxaHus MPOKAIBIUTO-
HUHA IPOBOAWIM B IUIa3M€ KPOBU HMMYHOXHUMHUYECKUM
METONIOM ¢ 3MekTpoxemuromuHecteniueid (Cobas €601,
Roche Diagnostics, IlIelinapust) coriacHo mpuiaracMoi
unctpykiuu. Konnentpauuro CPb onpenensinu B cbIBOpOT-
K€ KpOBUM MMMYHOTypOuaumerpudeckum meronoMm (Cobas
6000, Roche Diagnostics, IlIBeiinapus).

Cmamucmuueckuit ananu3. IlomyuyeHHbIE aHHBIE
aHaJN3MPOBAJIM C HCHOIB30BaHMEM mporpamm SPSS 21.0
(SPSS Inc, Chicago, IL) u Statistica 12 (Statsoft, CILIA).
Hccnemyemble iokazatenn oOiagaiy pacnpenelieHHeM, OT-
JMYABIIUMCS OT HOPMAJIBHOTO, M OBLIH IPEICTABICHBI B BU-
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Jie MeITUaHbl, MUHUMAaJbHOTO U MaKCUMAaJIbHOTO 3HAYCHUII.
JaHHble TpOaHAIN3UPOBAHBl HENAPAMETPUYECKHM METO-
JIOM ¢ ucnonb3oBaHueM kputepus Kpackena-Yomiuca mis
CPaBHEHHS CTATHCTHYECCKOW 3HAYMMOCTH Pa3IHYHid MeTHaH
B HCCIIeyeMbIX rpymmax. OnpeeneHne MoporoBbIX 3Haue-
Hui ipoBoawiu ¢ momoIbio ROC-ananuza. Paznuuus cuu-
Talli CTaTUCTUYECKH 3HaYUMBIMHU 11pu p<0,05.

Pesynomamul u oocyscoenue. Iz 117 obcnenoBaHHBIX
OHKOJIOTUYECKUX O0NIbHBIX y 40 pa3BuiICs cencuc, y 13 u3 ko-
TOPBIX T€UEHHE OCIOKHUIOCH cenTuueckuM Imokom (CL).
Ot cencuca u CUI ymepnu 17 pereit (42,5%). CmepTHOCTH
y nereit ot cemncuca cocraBuia 36,8% y neBouek u 47,4%
y MansaukoB (p=0,51), Bo3pacT aeTeil ¢ cencucoM He OT-
JMYaics OT TAKOBOTO y ManueHToB 6e3 cencuca (p=0,9) u, B
cpenHeM, cocTaBu 8 JieT. IIpu coIMaHbIX OIMyXOJsIX CEICHUC
pa3BUBajiCA 3HAUUTENbHO pexe (24,1%), uem mpu oHKore-
MaTOJIOTHYECKUX HOBooOpaszoBaHusx (70,8%; p=0,00011).
[NokaszaTeny CMEPTHOCTH CTaTUCTUYECKH HE OTIMYAIUCH
(»=0,22) u cocraBuiu 52,9% npu reMaTonoru4eckux HoBoO-
o0pazoBanusax NpoTus 33,3% npu COMUIHBIX OMYXOJIIX.

B xone ananu3a noxydeHbl 3HaUCHUS MEAMaH, MUHUMAJTb-
HBIE ¥ MaKCUMAaJbHbIe 3HAYEHUS UCCIeAyEeMbIX OHOXHMUYe-
CKMX MapKepoOB B KaXK/IOH TpyIe nanueHTos (tadm. 1).

Janee HamMu TIPOBEIEH pacyeT MOPOTOBBIX YPOBHEH H
aHaM3 BO3MOXXHOCTH WCIIONB30BaHUS OMOXUMHUYECKUX
MapKepOB MPU OLEHKE CTENEeHU TSKECTH CENTHYECKHX OC-
JIOKHEHUH.

Ilpecencun. Ilpu usydenuu konuenrpanuu I1CII B raz-
Me KpOBH B Tpyniax 0osbHbIX TpoBeieH ROC-ananus (puc.
1). [Ipu BeIgENEHUM TPYIIBI MAUEHTOB 0€3 OCIOKHEHHIA
(1-s rpynma) ot rpynmsl ¢ CCBO (2-5 rpymnma) onpeaenuim
noporosoe 3HaueHne [1CI1 paBroe 202 nr/Mit (4yBCTBHTEIB-
HOCTh TecTa 75,6% u cneuupuanocts 89,5%), a moporosoe

BUOXUMKA

snadenne [ICII paBroe 371 nir/mn (4yBCTBUTEIBHOCTD Te-
cta 92,6% u cneuduanocts 94,7%) BBLACIAIO TPpyMITy Ha-
LIUEHTOB 0€3 OCIOKHEHUH OT Ipymmsl ¢ cencucom. I[Toporo-
Boe 3HayeHue [ICII paBHoe 604 nr/mMi (4yBCTBUTEIBHOCTD
84% wu cneunduanocts 89,1%) MO3BOISIIO pa3ACIUTh Ia-
muenToB ¢ CCBO (2-g rpynma) u cencucom (3-s rpymima).
[Moporogerit yposens TICIT 1500 nr/mi (4yBCTBUTENEHOCTD
85,4% w crnenmuduunocte 81,9%) paznenuno OOJBHBIX C
cenicucoM (3-s rpymma) u CII (4-1 rpynma).

Takum o6pazom, onpenenenue yposus [ICII B mia3me
KpOBU M03BOJIAET AU(D(epeHIUPOoBaTh CTENEHb TSKECTH
WH(EKIMOHHBIX OCIOKHEHUH Yy JIeTeil ¢ OHKOJIOTHYECKUMHA
3a00JIEBaHUSAMM.

Ilpokanvyumonun. B xone n3ydyeHus KOHLEHTpaLUU
INIKT B mna3me KpOBH ONMpPEACTHIN MEIHAaHHBIC 3HAUCHHS
Mapkepa B UCCIEAYeMbIX TPYIIax MaleHTOB METOIOM I10-
crpoennst ROC-kpuBbix (puc. 2). Takxke BbISIBIEHO Tepe-
CeueHHe 3HAYeHUI MapKepa B IpyIax, 4To 3aTPYIHHUIIO UX
pasnenenue. K Tomy e ypoBeHb OHOMapkepa 3a4acTylo Ha-
XOIWJICS B TaK Ha3bIBaeMOW «cepoii 30He» — ot 0,5 mo 2,0
HI/MJI, YTO TaKXKe 3aTPYIHIO OJHO3HAYHYIO MHTEpIpeTa-
IIUIO TONMYYECHHBIX PE3yJbTaToOB M TPeOOBAJO MOBTOPHOTO
aHanu3a.

Ilpu pasgeneHun OOJBHBIX 0€3 KaKUX-JIMOO OCIIOXK-
Henu#t (1-s rpymma) ot manuentoB ¢ CCBO (2-s rpymma)
¢ yuetoM yposHs [IKT ompenenunu moporoBoe 3HaueHHE
Mmapkepa paBHoe 0,23 Hr/mn (uyBcTBUTENBHOCTH 70,7% 1
cnenupuaHoCTh 76,5%). [ns pasnencHus rpymn NamyueH-
TOB 0e3 ocnoxHeHui (1-s1 Tpymma) u ¢ cerncucoM (3-st rpyI-
na) nmoporosoe 3Hadenue [1KT cocraBuno 0,48 ur/mi (4yB-
ctBuTenbHOCTh 81,1% u cnenndguanocts 88,2%).

OnrumansHoe moporosoe 3Hadenne [TIKT — 0,51 ar/mi
(ayBcTBUTENBHOCTD 75,8% 1 crienuduyHocTh 67,9%) m0-

Ta6nuna 1

Pacnpeﬂeﬂe}me MeaIuaH, MUHUMAJBbHBIX © MAKCUMAJIbHBIX 3HAYEHH I 6u0MapKep03 cerncuca B 06c.11e11013amn>1x rpynmnax

I Ipecerncun, mr/min TIpoKaabLUTOHUH, HI/MJI C-peakTuBHBI O€IOK, T/71
Pymibt " Me (MuH.; Makc.) Me (MuH.; Makc.) Me (MuH.; Makc.)
1. be3 ocnoxHeHui 13 123 (61,9; 166) 0,09 (0,06; 0,54) 3(1,3;35,2)
2.CCBO 64 306 (101; 864) 0,26 (0,05; 27,6) 27,3 (3,3; 356)
3. Cencuc 27 1164 (146; 2330) 2,27 (0,16; 80) 69,7 (13,7; 311)
4. CenTHYeCKUil OK 13 2103 (909; 7741) 7,16 (4,16; 200) 146 (20,4; 555)
IIpumeuanue. n—uucno OOIBHBIX.
IIpecencuH
NEN pasaenasase ynn 1 w2 S NCTLpuagenenmerpyonind ____ (CMpemenewerpynn2ud y——TIETL panensuats cpyne I &
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Puc. 1. Pesynbrarel ROC-aHanu3a AMarHoCTHYECKOM 3PEKTUBHOCTH npecencuna: a — 6e3 ocnokuenuit vs CCBO; 6 — 6e3 ocinoxHe-
uuii vs Cencuc; 6 — CCBO vs Cerncuc; ¢ — Cencuc vs CenTHuecKuii oK.
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Puc. 2. Pesynsrarsl ROC-ananu3a auarHocTu4eckoil 3 GeKTUBHOCTH MPOKaNbIUTOHNHA. @ — 6e3 ocnokHenui vs CCBO; 6 — 6e3 oc-
noxuennit vs Cencuc; 6 — CCBO vs Cencuc; 2 — Cencuc vs CenTuyecKui oK.

C-peakTHBHEII O€JIOK

ConupaHbie onyxonu

[emaronoruyeckue onyxonwu
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~a| . 6 8
] -
i i
) .
“ AUC=0,854 | AUC=0,809 i AUC=0,912
‘ \.:c ¢ 1. ;m 5 ” : = :': 1. Cmm = . : = ) 1- -:-l‘mﬂ‘b- - v v

Puc. 3. Pesynasraret ROC-ananuza auarnocrudeckoii apdexrusHoctt CPb: a — 6e3 ocnoxnenuit vs CCBO; 6 — CCBO vs Cerncuc;

6 — CCBO vs CenTuyecKui IIOK.

3BOJISUIO BRIAENUTH rpymiy manueHtoB ¢ CCBO (2-1 rpyn-
1a) OT MalUEeHTOB C cencucoM (3-s rpymma), 4To COOTBET-
CTByeT ofOmmenpuHsaToMy kpureputo (Menee 0,5 Hr/mu mpu
orcyTcTBHH cencuca). [lpu pasaenenun rpynn OOJBHBIX C
cencucoM (3-1 rpynma) u CLL (4-1 rpynmna) onTUManbHOE
noporoBoe 3Hauenue [IKT cocrasuio 3,9 Hr/mi, a npu 3Ha-
YEHUSX MapKepa Bbllle 4 Hr/M1 y naiueHToB Bo3MoxeH CLI
(ayBcTBUTENBHOCTE 77,1% U cnieruduanoCTh 77,9%), 9TO
OTIIMYaeTCs OT paHee YCTaHOBJIECHHBIX HOpM (Oomnee 10 Hr/
mi st CII) [18, 19].

Takum obpazom, IIKT mo3BoJsT OTAETUTH MAIEHTOB
0e3 ociokHeHu# (1-1 rpymma) oT MalUeHTOB C CEICHCOM
u CII (3-1 u 4-51 Tpynmbl, COOTBETCTBEHHO), MAI[UCHTOB C
CCBO (2-s rpynma) ot nmanuentoB ¢ CIII (4-s rpymma).

C-peaxmuenstit 6enox. Jlns CPb BBIIBICHBI cTaTH-
CTHYECKH 3HAYMMBIC pas3iHyus MeIUaH YpOBHEW Mapkepa
C y4YeTOM THUIa OMYXOJH Ul MAIMEHTOB C cerncucoM (3-1
rpymma) u CHI (4-s rpynmna). Y HmalyeHToB ¢ CONUIAHBIMU
OITyXOJISIMU TIPH pa3BUTHU cericrca menuana CPb cocrau-
na 46,4 v/n,a'y geTeil ¢ OHKOreMaToJIOTHYCCKUMHE 3a00IeBa-
HusMu — 95,0 /1 (p=0,001). I1pu pazsutuu CL y naunen-
TOB C COJIMIHBIMU OITyXOJIIMH MeaHa MapKepa COCTaBUiIa
46,8 1/, mpotus 148,7 v/ B Tpymnne geTel ¢ OHKOreMaTo-
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norunyeckumu 3abonesanusmu (p=0,0000). B cBs3u ¢ atum,
1esecoo0pasHo onpenensaTh noporossie 3HaueHus CPb o
OTAENBFHOCTH JIJISl PAa3HBIX THIIOB OIyxouei (puc. 3).

[Ipu pasnmeneHuy MAMEHTOB C CONMIHBIMHU OITYXOJIs-
Mu 0e3 ocnoxseHuid (1-1 rpymma) u ¢ CCBO (2-s1 rpyn-
na) ompexeneHo mnoporoBoe 3HaueHne CPB paBhoe 12,6
r/n (4yBctBUTENbHOCTH 81,7% u cnenupuunocts 81,2%).
[Toporosoe 3nauenne CPb B chIBOpOTKE KPOBH OHKOJIOTH-
yeckux 0oibHBIX mpu cencuce (18,3 r/m) u CIL (18,6 /1)
CTaTUCTUYECKU 3HAYMMO HE Pa3IMyalIlCh, YTO HE MO3BOJIA-
€T WCIIOJIK30BaTh TAaHHBIN OnomMapkep i auddepernnais-
Hol muarHoctuk cercrca u CIII B rpymime narnueHTos ¢ co-
TUIHBIME onyxonsiMu. Takum oOpaszom, ompenenenue CPb
IpU COJMIHBIX OIYXOJSAX CJIeLyeT HCIIONb30BaTh TOJIBKO
JUTS IeMapKalyy TMalrueHToB 0e3 OCIOKHEHUIH 0T OOMBHBIX
¢ CCBO.

VY NanuueHToB ¢ OHKOTeMAaTOJIOTHYECKHUMH 3a00JIeBaHu -
MU 1pu pazaeneHuu rpynn nauuentoB ¢ CCBO u cencucom
ompeneneHo moporosoe 3HaueHne CPb — 43,4 r/x (1yBcTBH-
TenbHOCTh 84,6% u cneruduuHocts 96,5%). s ornene-
Hus rpymnnsl ¢ CCBO or nanuentoB ¢ CII ontumansHoe
noporoBoe 3Hadenne CPB cocraBuino 77,1 r/m (4yBCTBH-
TenbHOCTh 78,6% u cnemmuduunocts 82,4%). CortacHo
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HOpOFOBbIe SHAYCHUSA 6HOMapKep0B Cerncuca B HCCJIelyeMbIX rpynmnax 00JILHBIX

BUOXUMKA

Tabnuma 2

IToporosoe UyBCTBHUTEb- Crienu(puIHOCTS, IInomans nox
Iloxa3arenu Pasnensemsbie rpynmst sHAYCHHE HOCTh, % % ROC-xpusoii (AUC)

[pecencun, nr/min OTCyTCTBHE OCIOKHEHUIA / 202 75,6 89,5 0,859
CCBO

OTCyTCTBHE OCIOKHEHUI / 371 92,6 94,7 0,990
Cercuc

CCBO / cencuc 604 84 89,1 0,920

Cerncuc / cenTUYeCcKUil MoK 1500 85,4 81,9 0,946

IIpokanbUUTOHKH, HI/MII OTCyTCTBHE OCIOKHEHUIA / 0,23 70,7 76,5 0,814
CCBO

OTCyTCTBHE OCIOKHEHUI / 0,51 75,8 88,2 0,927
cerncuc

CCBO / cencuc 0,51 75,8 67,9 0,769

Cerncuc / cenTHYECKHM MIOK 3,9 77,1 77,9 0,811

C-peakTHBHBIN OeJOK, I/ OTCyTCTBHE OCIOKHEHUI / 12,2 79,7 81,8 0,853
(cpemu Bcex HO30JIOTHIA) CCBO

OTCyTCTBHE OCIOKHEHUI / 27,5 77,7 90,9 0,939
cerncuc

CCBO / cencuc 50,2 67 60,8 0,696

C-peakTuBHBIN OEJOK, I/ OTCyTCTBHE OCIOKHEHU / 12,6 81,7 81,2 0,854
(CONMAHBIE OIYXOJIH) CCBO

C-peakTHBHBIH OEJIOK, I/ CCBO / Cernicuc 43,4 84,6 96,5 0,809

(remaronorneckue onmyxom)  CCBO / Centuueckuii ok 77,1 78,6 82,4 0,811

MOJTyYEHHBIM HAMU JIAHHBIM, y MAIUEHTOB C OHKOTEMAaTOJIO-
rudeckumMu 3adoneBanusiMu onpeneienre CPb Bo3aMoxHO y
OOJILHBIX C BOCHAUTEIBHBIMUA U WHPEKIIMOHHBIMU OCIIOXK-
HEHUSIMHU.

CBOZIHBIC JIAHHBIC O TOPOTOBBIX 3HAYCHUSX, MOJYUYCH-
HbIX B Xon1e npoBeaeHHoro ROC-ananusa I1CII, IIKT u CPb
IpejcTaBiIeHbl B Ta0I. 2.

Takum 00pa3oM, HaMH TIPOBE/ICH aHAIIU3 YPOBHEH OHO-
XUMHUYECKUX MApKEPOB CEICUca B PA3JIMYHBIX IPyMmax o0-
CJIEZIOBaHHBIX JIETEH C OHKOJIOTMYECKUMHU 3a00JIEBaHUSMHU.
[ony4eHHbIe pe3ynbTaThl MOKA3adl BHICOKYHO JUATHOCTH-
yeckyio 3dpdexkruBaocts [1CII, uto cornacyercs ¢ JTaHHbI-
MU psifia aBTOpOB. [IpoaHanu3upoBaHbl ceMb 0a3 JTJAHHBIX C
o0mmM yuciom 1281 manumeHt ¢ cencucom u 1389 manu-
eHTOB 0e3 centuyeckux ocioxueHui [20]. ITo qaHHBIM aB-
TOpoB, Tokazarens mionfanu mox ROC-kpusoit mms TICIT
coctraua 0,99 (0,98; 1,00) u ObLT BbIIIE, YEM aHAJIOTHUY-
Heid mokazarens uist CPb — 0,85 (0,82; 0,88), TIKT — 0,91
(0,89; 0,94), a Taxxe xomouHarmu [IKT+CPB — 0,96 (0,93;
0,97). Uccnenosanue, rinrounBiiee 144 manuenra ¢ CCBO
(n=44), cencucom (n=44) u CUI (n=56), mokaszayo, 4TO
muarHoctuyeckas neHHocts [ICIT (AUC=0,85) npu pas-
JICJIEHUH TIAIUEHTOB C OCTPOW NbIXaTelbHON HEZO0CTaTou-
HOCTBIO, CONPOBOXKIABINEHCS MHOEKIIMOHHBIMH OCIIOXKHE-
HUSIMH ¥ B OTCYTCTBHE TaKOBBIX, Obuia BbIe, yem y ITKT
(AUC=0,79), nokazareneit mkan SAPS I (AUC=0,72) u
SOFA (AUC=0,78), u coBnaaana ¢ pe3yJbTaraMd KOMOH-
naruu [ICII u [IKT (AUC=0,84) [21]. Aranu3 moka3are-
neit 116 nmanmenToB ¢ cerncucoMm u CII B mepByro Hememio
npeobiBanusi B OPUT BBISBHI TEHIEHIMIO K MOBBIIICHUIO
yposHeii [ICII B 3aBUCUMOCTH OT TSDKECTH MH(PEKITMOHHBIX
ocnoxxaernit [22]. TlokasaHo, 4TO AUAarHOCTHYECKAs IICH-
Hocth ypoBHs [ICIT (AUC=0,80) mns auarnoctuku CIII B

1-i1 neusr B OPUT ObLna conmocraBuma ¢ Takosou g ITKT
(AUC=0,83). UyBCTBUTEIBHOCTH TOPOTOBOTO 3HAYCHUS JISI
[1CII yBenmmumBanace ¢ 80,3 no 87,8%, a cienuduaHOCTb —
¢ 78,5 no 81,4% npu BeIOOPE 00JIee BHICOKOTO [TOPOTOBOTO
3HaueHus (¢ 399 no 600 nr/mm). YUysctBurensHocTh [1CIT
(91,9%) B nmmarHocTtHke cerncuca Obuta Beiie, yeM y IIKT
(89,9%), NJI-6 (88,9%), OakTepHOIOTHYECKHX ITOCEBOB
KkpoBH (35,4%) [23]. IICII okazaiucs MOAXONSALIAM MapKe-
POM JUISI OLIEHKH TSKECTH M MPOTHO3a TeueHHs cerncuca. B
uccienoBannu ALBIOS anmanns ganueix 100 manueHTOB ¢
cencucoM u CIII noka3zain, yto Menuana yposus I[ICI1=2269
(1171-4300) nr/mi nipu moctymieann B OPUT Obuia 3Ha-
YHUTENILHO BBIILE B IPYIIIE yMEPLIUX NAUEHTOB, 10 CpaBHe-
Huto ¢ BebkUBIIHME — [ICIT=1184 (875-2113) nir/mu [24].

Hamu onpenesneHsl MenaHHbIe ¥ IOPOTOBBIE 3HAYCHHS
st TICIL, TIKT (B mmasme) nu CPB (B CBIBOpPOTKE) KpOBH
s TudQepeHnuanbHoil AUarTHOCTUKH BOCTIATHTENBHBIX
U CENTHYECKUX OCJIOXKHEHUH y JeTeil ¢ OHKOIOrHYeCKUMHU
3a0oneBanusAMU. [IJIT BCeX MapKepOB BBISBICHO MOCIENO-
BaTEJIHOE TMOBBINICHHE MX KOHIIGHTpPAIMHA OT TpymIbl 0e3
ocnoxueHui 1o rpynnsl CLI. Takum 0o6pazoM, TuarHocTtH-
yeckad 3HauuMocTh IICII okazanacek Beinie, ueM y IIKT u
CPB, 4To 1Mo3BOJNISIET MCIIONB30BaTh STOT MapKep sl KOH-
TpoJIsi HH)EKIHMOHHBIX OCIIOKHEHUH Y IeTel ¢ OHKOJIOTHYe-
CKUMH 3200JICBaHUAMH.

3axnrwuenue. Ilo pesynsraraMm ROC-ananmu3a BbISB-
neno npeumyiectso [ICII nepen IIKT u CPb npu onpe-
JICJICHUN CTENeHW TSDKECTH CENTHYECKHX OCIOKHEHUH y
Jieteil ¢ oHkonarosjoruen. OmnpenaeneHsl MOporoBsle ypoB-
uu ITICII, TIKT, CPb ans auddepeHumanum pa3mudaHOMR
CTETEHN TSHKECTH MH(EKIIMOHHBIX OCIOXHEHUH C Yy4EeTOM
KOMIUIEKCHOTO TPOTHBOOITYXOJIEBOTO JedeHus. Heobxomu-
MBI JajdbHEHIINE HCCIEOBAHUS JUATHOCTUYIECKOM IIEHHO-
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CTH MapKepoB celcrca Ha OOJbIICH BEIOOPKE MMAIlEHTOB C
Pa3JIMYHBIMH HO30JIOTUAMU [JIsI YTOUHCHHUSA ONTHUMAaJIbHBIX
MOPOTOBBIX 3HAYCHUH B IPYMIIE AETEH C OHKOJIOTMYECKUMU
3a00JICBAaHUSIMHU.
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Kontopuwukosa K.H., KazapuHa J1.H., ['ynan Y., MypcaHoBa A.E., 3axapoBsa A.P,, Kontopwmkos M.M., lywmHa O.0.

MOHUTOPUHI BUOXUMUYECKNX MOKA3ATEJIEM POTOBOW XXUAKOCTU
Y BOJIbHbIX C MPEAPAKOBbIMU 3ABOJIEBAHUAMU CJIN3UCTON OBOJIOYKU PTA,
ncnonb3yrwmx opTONEANYECKME KOHCTPYKLUUN

®OIBOY BO «[MpuBOMKCKMI nccnefoBaTenbCKUin MeAnLUHCKNIA yHuBepcuteT MuHsgpasa PO, 603950, HuxHuin Hosropop,
Poccua

Ocobyio CLoACHOCMb 8 KOMWLEKCHOU Mepanuu i peaduiumayui OONbHbIX ¢ NPEOPAKObIMU 34001e6AHUAMY CAIUZUCTION 000L0UKU
pma cocmasnsiem opmoneouiecKkoe ieyenue. B ces3u ¢ amum y nayueHmos ¢ XpOHUYecKUMU 60CNAIUMENbHO-0eCMPYKMUGHbIMU
N0BPENCOCHUAMU CUSUCTOL 0DOLOUKU PIA HEOOX0OUMO KOHMPOLUPOSAND USMEHEHUS. 6 POMOGOL NOIOCHIU C YUemOM KIUHUKO-
a6opamopHeiX OaHHbIX. B Kauecmee OUAZHOCMUYECKO2O0 MAMEPUANA 8 CHOMAMONOSUYECKUX UCCLeO08AHUSAX Yauje 8Ce20 UC-
NOMbL3YEMCs pOMOBaAsi HCUOKOCHb, COCMAB U CEBOUCMEA KOMOPOU OMpax)carom @yHKYuoHa bHvle usmenenus opeanusma. Ooua-
KO, UCCIe006aHULl, 0OOCHOBBIBAIOWUX PAYUOHATLHOE OPMONEOUUECKoe JieueHue y makux NayueHmos, KpatiHe HeOOCmamouHo:
OMCymcmeyom OaHHble O GIUAHUU OPIMONEOUUECKUX KOHCMPYKYUL HA NepeudHbli Memabonusm 6 noiocmu pma y OGONbHbIX C
npedpakosvimu 3abonesanusmu. B céasu ¢ smum yenvio 0annol pabomvl A6UAOCH UVUEHUe OGUOXUMUYECKUX RoKA3amenell po-
MOGOU HCUOKOCIU Y GONbHBIX, UCHONBIVIOUUX OPMONeouyeckue KOHCMPYKYul, 05l GblAGLEHUs NPOSHOCMUYECKUX (aKmopos
npeopaxoswix cocmoanuil. B pomoeoil scuokocmu onpedensinu yposuu obugezo Oenxa, obujezo xonecmepuna, mpueiuyepuoos,
nakmama. C60600HOPAOUKANLHOE OKUCTEHUE OYEHUBAIOCH NO UHMEHCUBHOCTNU UHOYYUPOBAHHOU OUOXeMUTIOMUHECYEHYUU U NO
VPOBHAM NPOOYKIMO8 NEPEKUCHO20 OKUCTEHUs TUNUO08. B pomoesoil scudkocmu y nayuenmos ¢ npedpakom causucmoi 060104k
7110 CPAGHEHUIO C NAYUEHMAMU KOHMPOILHOU 2PYNNbL GbIAGLEHA SHAYUMO 00NLee BbICOKAS UHMEHCUBHOCHTb C60000HOPAOUKANLHO20
OKUCTIEHUSL NPU COOMELMCMEYIOUIEM CHUINCEHUU AHMUOKCUOAHMHOU akmusHocmu. Cmamucmuuecku 3Ha4umMo nOGbIUIEH YPOGEHb
KOHEUHbIX NPOOYKMO8 NEPEKUCHO20 OKUCTeHUs TUnudo0s - ochosanuil Lllugpgha. Cpedu memabonumos pomogoii sHcudkocmu umeno
Mecmo cHudiceHue YpogHell benka u nosvlulenue Yypogueil xoiecmepuna u aakmamd. IIpu smom ycmanogiena nonodcumensHas
KOPPETAYUOHHASL 3A8UCUMOCTL MENCOY NOKA3AMeNsiMU c80O0OHOPAOUKATbHO2O OKUCTIEHUS U JIAKMAMA, c60000HOPAOUKATBHOZO
OKUCTIeHUsL U XONeCMEePUHA, HO OMPUYAMETbHASL C YPOSHAMU OelKa u mpuiuyepudos. Imo kacaemes aHmuoKCUOAHMHOU cucme-
Mbl 3auumpl, UMELA MECIO OMPUYAmenbHas KOppensyus mexcoy nokazamenem tg (-20,) u yposHem 1akmama u NONOHCUMETbHAS
¢ yposHeM mpueiuyepudos, a maxice NOLOHCUMETbHAA KOppenayus Mexcoy napamempom Z u ypognem obujezo benxa. Ilony-
yeHHble USMEHeHUs. DUOXUMUYECKUX NOKa3ameneil pomogotl HCUOKOCIU MOJICHO UCHOTb308AMb OJisi NOOMBEPAHCOCHUST OUACHO3A
npeopaka cauzucmou 06010YKU pma y NayueHmos, UMeruux opmoneoudeckie KOHCmpYKYyuu.

KnroueBble cloBa: pomosas dcuokocms, opmoneoudeckue KOHCMPYKYuu; npeoparosvie 3a001e6aHus; OUOXUMUYECKUl
ananus.
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Kontorshchikova K.N., Kazarina L.N., Gulyan U.G., Pursanova A.E., Kontorshchikov M.M., Zakharova A.R., Gushchina O.O.

MONITORING OF BIOCHEMICAL PARAMETERS OF THE ORAL FLUID IN PATIENTS WITH
PRECANCEROUS OF THE ORAL MUCOSA USING ORTHOPEDIC STRUCTURES

Federal State Budgetary Educational Institution of Higher Education “Privolzhsky Research Medical University” of the Ministry
of Health of the Russian Federation

Orthopedic treatment is of particular difficulty in the complex therapy and rehabilitation of patients with precancerous diseases of
the oral mucosa. In this regard, in patients with chronic inflammatory and destructive lesions of the oral mucosa, it is necessary to
control changes in the oral cavity, taking into account clinical and laboratory data. Oral fluid is most often used as a diagnostic
material in dental research, the composition and properties of which reflect functional changes in the body. However, the studies
that substantiate rational orthopedic treatment in such patients are extremely insufficient: there are no data on the effect of
orthopedic structures on the primary metabolism in the oral cavity in patients with precancerous diseases. In this regard, the
purpose of this work was to study the biochemical parameters of the oral fluid in patients using orthopedic structures to identify
the prognostic factors of precancerous conditions. In the oral fluid, the levels of total protein, total cholesterol, triglycerides, and
lactate were determined. Free radical oxidation was assessed by the intensity of induced biochemiluminescence and by the levels

of lipid peroxidation products. In the oral fluid of patients with mucosal precancer compared with patients in the control group,

a significantly higher intensity of free radical oxidation was revealed with a corresponding decrease in antioxidant activity. The
level of the end products of lipid peroxidation - Schiff’s bases - was statistically significantly increased. Among the metabolites of
the oral fluid, there was a decrease in protein levels and an increase in cholesterol and lactate levels. At the same time, a positive
correlation was established between the indicators of free radical oxidation and lactate, free radical oxidation and cholesterol, but
negative with the levels of protein and triglycerides. Regarding the antioxidant system, there was a negative correlation between
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the tg (-2a) value and the lactate level and positive with the triglyceride level, as well as a positive correlation between the Z
parameter and the total protein level. The obtained changes in the biochemical parameters of the oral fluid can be used to confirm
the diagnosis of precancer of the oral mucosa in patients with orthopedic structures.
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Beeoenue. B cTpyKType TpenpakoBBIX 3a00ieBaHUI
CIIM3UCTON OOONOYKH pPTa MpeoONalaloT KpacHBIH IUIO-
CKHI JMIIall (9pO3MBHAs M THIIEpKeparoTudeckas (opma)
U JeWKoIUTakus (3pO3UBHO-A3BEHHAs M BeppyKo3Has ¢op-
Ma), KoTopble BbisBItOTCA y 20-35% manuentos [1]. Op-
TOIEANYECKHE KOHCTPYKIIUU U MaTepUalibl MOTYT BBI3BIBATh
KIMHAYECKHE CUMIITOMBI HETIEPEHOCUMOCTH, a TaKKe CIIy-
XKHUTh TPUITEPHBIMH (haKTOpaMM M IPUBOAUTH K 0OoCTpe-
HUIO 3a00JICBaHUI CIM3HCTON 000IOUKH pTa [2]. Y Takux
MAIMEHTOB CIICAYET MPHUISPKHUBATECSA 0COOOTr0 MOAXOAa B
BbIOOpE METOJa JIeUEHHs, PAallMOHAJIBHBIX KOHCTPYKIHMH H
MaTepHalioB C Y4ETOM KIMHHUKO-T1a00paTOpHBIX JTaHHBIX [3].
B kauecTBe IMAarHOCTHYECKOTO MaTrepuaga B CTOMAaTONOTH-
YECKHX MCCIICAOBAHUAXK YaIlle BCETO MCIOIb3YeTCsl POTOBAs
KHUIKOCTb. OJHAKO, UCCNe0BaHMH, 000CHOBBIBAIOIIUX pa-
LMOHAJIbHOE OPTONEINYECKOE JICYEHUE Y TAKUX IallueHTOB,
KpaifHe HEe0OCTATOYHO: OTCYTCTBYIOT JAHHBIC O BIIHUSHHUH
OPTONEAMYECKIX KOHCTPYKIMHA Ha OOMEHHBIE MPOIECCH B
MOJIOCTH PTa y OOJBHBIX ¢ IPEIPaKOBBIMU 3a00I€BaHUSMU.

Ienp paboThl: U3yueHHEe OMOXMMUYECKUX ITOKa3aTesen
POTOBOM KHJKOCTH y OOJBHBEIX C IPEAPAKOBEIMHU 3a0oJie-
BaHUAMH CIIU3UCTOW OOOJIOYKH PTa, MMEIOIINX OPTOIEIH-
YecKHe KOHCTPYKIMHU, IJISl BBIABJICHUS MPOTHOCTHYECKUX
(haKTOPOB 37I0KAYECTBEHHOT'O NEPEPONKICHHUS.

Mamepuan u memoowt. Pabota npoBoaniiach Ha 6a3e Ka-
(denpbl nporeAeBTHYSCKON CTOMATOIOTHN U Kadenpbl KiH-
HU4eckoit naboparopHoii quarHoctuku OAI10 ®I'BOY BO
«I[TUMVY» MunznpaBa Poccun. O6cnenoBanst 40 uenoBek
B Bo3pacTe oT 49 1o 69 net. OCHOBHYIO IpyNIly COCTaBUIM
20 manueHToB C MPeAPaKOBBIMH 3a00JICBAHUSIMH CIIM3UCTOM
o0omnouku nonoctu pra: 10 (50%) c 3po3uBHO-A3BEHHOU
¢dopmoii mnockoro sumas 1 10 (50%) — ¢ BeppyKo3HO#
JIeHKoIIakue. Bece manyieHTsl uMenu B pOTOBOM MOJOCTH
OpTONEANYECKHe KOHCTPYKUUH. B KOHTpOJBHYIO Tpymmy
Bouutn 20 4eJOBEK, HCIOIb3YIOIUX Pa3InuHble MPOTE3bl,
HO 0e3 MMaToJIOTHH CIIM3UCTON 000JI0UKH pTa.

HccnenoBaHue MpoBEACHO B COOTBETCTBUH C XEIbCHHK-
ckoit peknapanueit (2013 1.) 1 010OpEeHO STHYECKUM KOMH-
TeToM [IpHBOIKCKOrO MCCIe0BaTENbCKOr0 MEAUIIMHCKOTO
yHuBepcuTera. OT Kak[IOro MalyeHTa MoJIydyeHO HH)Oop-
MHUpOBaHHOE comiacue. MarepuanoM A OMOXMMHUYECKUX
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aHAJIN30B SBUJIACH POTOBAS JKUIKOCTh, COOpaHHAs MallUeH-
TaMU B CTEPUIIbHBIN IJIACTUKOBBIA OTHOPA30BbIi KOHTEHHED
COIVIACHO MpaBHJIaM MOATOTOBKH U MPOLenypsl coopa [4].

OneHka nokasaresieil cBOOOIHOPAAUKAIBHOIO OKHUCIIE-
HUSL POTOBOM >KHIKOCTH IMPOBOAMIACH METOJIOM HWHIYIIU-
pOBaHHOU OMOXeMHUIIOMUHECHICHIMN Ha npudope BXJI-07
(000 «Menozoney», Poccust), conpsiykeHHBIM C KOMITBIOTE-
pom IBMPC/AT B nuanoroBom pexume. [loaydennas xemu-
JIOMHAHOTpaMMa BKJIFOUYalla CJICAYIOIIUE mapaMeTpsl: Imax
B MHJUIMBOJBTax (mV) — MakCUMajbHash WHTCHCHUBHOCTb
CBEYEHHUS; S B MIUIMBOJBTaX (mV) — CBETOCyMMa XEMH-
momuHecteHun 3a 30 cekyna; Z (oTH.eq ) — mapamerp,
XapaKTepU3YOMiA HHTCHCUBHOCTh aHTHOKCHIIAHTHOW CH-
CTeMBI 3aIIuThl; tg(-20)) (OTH.el.) — MOKa3aTelb, XapakKTe-
pHU3YIOLIUH CKOPOCTh BOCCTAHOBJICHUS AHTHOKCHJIAHTHOM
CHCTEMBI 3aIlUTHl [5]. YpOBHH HPOIYKTOB HEPEKUCHOTO
OKHCJICHUS JUMUAOB (JUEHOBBIX KoHBIOraToB — JIK, TpHe-
HOBBIX KOHBIOTaTOB — TK, ocHoBanwuii [1ludda — OILI) onpe-
JICJISIIIN B TENTaH-U30IPONAHONBHBIX (hpakiusix [6]. Pe3yib-
TaThl NMPEICTABUIM B €IMHHULAX ONTHYECKOH IUIOTHOCTH
(enm. ont. ). [l KOTMYIECTBEHHOTO OMPEICICHHS OO0TIIe-
ro Oenka (/1) OMypeTOBBIM METOIOM HCIOJIb30BaJIM HA0OD
pearentoB «Ooumwmii 6emok -UTS» (3AO «A/O IOuumMeny,
Poccus). Onpenenenye KOHIEHTPALUMK OOLIET0 XONecTepu-
Ha (XC) (B MMOJIB/1T) )epMEHTATUBHBIM METOJIOM OCYIIECT-
BJSUTH C TIOMOLIBIO Habopa peareHToB «XonectepuH-UTS»
(BAO «A/O IOummen», Poccus); onpeznencHue ypoBHEH
tpurmunepuaos (TT) (B MMob/m) pepMeHTaTHBHBIM METO-
JIOM ¢ TIOMOlLbI0 Habopa peareHToB « Tpurunepuasi-UTS»
(BAO «A/O IOuumeny», Poccus). KoHnenrpanuro nakrara
(B MMOIB/N) M3Mepsuin (epPMEHTATUBHBIM METOJIOM C WC-
nojp30BaHneM HaOopa peareHToB «Lactate FS» («DiaSys
Diagnostic Systems GmbH», ['epmanns).

Craructuieckyro 00pabOTKy IMOMYyYESHHBIX PE3ybTaTOB
IIPOBOIMIIM € TOMOLIBIO TakeTa mporpamm Statplus 6, «Ana-
lystSoft» 2018 ¢ wncnonp3oBaHMEM HeENapaMETPUIECKOTO
kputepus MaHHa- YUTHH. Pe3ynsrarhl IpeICTaBIsIN B BUE
menuanbl (Me) u nepuentuneit (25%; 75%). /e BeIOOpKH
CUUTAJIM NPUHAMJIEKAIUMH K Pa3HBIM T'€HEepaJIbHbIM COBO-
kynHoctsaM npu p<0.05. [IpoBoanIu KOppeIsLMOHHbII aHa-
3 Spearman il HelapaMeTPHUUECKUX JIAHHBIX C pacue-



KNMHWUYECKAA NTABOPATOPHAA AVATHOCTUKA. 2022; 67(1)
http://dx.doi.org/110.51620/0869-2084-2022-67-1-19-23

TOM KO3 PHUINEHTA KOPPEISIIUH U YPOBHSI €r0 3HAYUMOCTH.

Pe3ynomamut u oocysycoenue. B cOOTBETCTBUH C IIO-
CTaBJICHHOH LIEJIbIO ONPEAENIAIN HHTEHCUBHOCTh CBOOOIHO-
panrKaIbHOTO OKHUCIICHUS B POTOBOM YKUIKOCTH MAIIEHTOB
C IIPEJAPAKOBBIM COCTOSHUEM IO CPABHEHHUIO C IMALMEHTaMHU
KOHTPOJIbHON TPYTIION.

Kak cnenyer n3 nanHbIX, IpUBEIEHHBIX B Ta0M. 1, Meaua-
HBI TapaMeTpa | max ObIIM 3HAYMMO BHIIIIE IT0 CPABHEHUIO C
KOHTpOJIEM. DTO CBUICTENLCTBYET O 0OJIee BEICOKOH MHTEH-
CHUBHOCTH CBOOOJHOPAAMKAIBHOTO OKHCJICHUS B POTOBOU
KUIKOCTH MALMEHTOB C MPEIPaKOBBIMH COCTOSHHUSMH IO
CPaBHEHUIO C JINIIAMH KOHTPOJIGHOM TPYIIIBI, HMEIOUITIMHA
OpTONeINYEeCKHe KOHCTPYKIMH, HO 0€3 MOBPEKACHNN CITH-
3UCTOM 000JI0YKHM pTa. B TO e BpeMs MeuaHa rmoxkaszaress
XEMUJIIOMUHOTPaMMBI tg (-201) OKa3anach CTAaTUCTHYECKH
3HaYMMO BBIIIE TIO CPaBHEHHIO ¢ KOHTposneM. Uem Oombie
BEJIMYHMHA 3TOTO MOKA3aTellsi, TEM HUKE aKTHMBHOCTH aHTH-
OKCHUJAHTHOM CUCTEMBEIL.

Mennana yposueir OIIl crarucTuuecku 3HAYMMO BBI-
e Mo CPaBHEHUIO ¢ KOHTposieM (Tabi. 2), 4TO CBHIETEINb-
CTBOBAJIO O HAKOIIJICHUH B POTOBOM KHUIKOCTH MAIEHTOB C
MIPEAPAKOBBIMH COCTOSIHUSIMH KOHEYHBIX IPOAYKTOB Iepe-
kucHoro okucneHus mununos (ITOJT) — OIl — npoxykTos.
WzBectHo, uto OIIl SBASIOTCS KECTKUMHU TMPOAYKTaMH,
KOTOpBIEC MOBPEXKIAIOT MEMOPaHbl KIETOK M MOTYT SBHUTh-
Csl MPUYMHOM 3JI0OKaYeCTBEHHOTO IMEPEPOKICHUS KIETOK.
[loBblIeHHE NAHHBIX COEIUHEHUH B POTOBOM XKHUIKOCTH
MOXKHO OOBSICHUTH TE€M, YTO CBOOOAHO-paJMKAIBHBIE TPO-
[I€CCHI, HAUaBIINECS B TKAHSIX POTOBOH MOJIOCTH, BO3MOXKHO,
BCJIEZICTBUE MIOBPEXKACHHUS UX OPTONEIMYECKUMHU KOHCTPYK-

BMOXMMKA

[USIMHA, TIEPEXONIAT U Ha Ononorndeckue KuakocTu. OTcro-
Jia, IPOUCXOAALINE B TKAHIX CIM3HCTON 000IOUKH PeaKLUuH
HaXOJAT CBOE OTPAXKEHUE B POTOBOH HKHUIKOCTH.

Kak BuaHO 13 AaHHBIX Tadi. 3, y ManneHToOB ¢ Ipeapa-
KOBBIMH COCTOSIHUSIMH CTaTHCTUYECKH 3HAYMMO CHIDKEHA
MeMaHa ypoBHs 001ero Oeska B pOTOBO#M )KHIKOCTH, TOTIA
KaKk MeJMaHbl YPOBHS XOJIECTEPHHA U JIaKTaTa CTaTUCTHYe-
CK{ 3HAUMMO BBIIIIE TI0 CPABHEHHIO C KOHTPOJIEM.

[Ipn mpoBeneHny aHanu3a KOPPENSIIUOHHBIX 3aBUCH-
MOCTEil B KOHTPOJIBHOM TpyIIe BbISBICHA CTATUCTUYECKU
3HauMMas OTPULATENbHAs KOPPEISALMOHHAs 3aBHCHUMOCTD
MEKIy ToKaszarensaMu Imax u yposuem Genka (r, = - 0,451).
Takyro KOppEISALUI0 MOXKHO OOBSICHUTH TEM, YTO OCHOBHBIC
aHTHOKCHUIAHTHI (B YaCTHOCTH, (DEPMEHTHI) SBISIOTCS Oel-
kamu. IToaToMy, 4eM HIKe YPOBEHb OEJIKOB, TEM HHTEHCHB-
Hee OyleT MpoTeKarh CBOOOTHOPAJIHMKATBHOE OKHCIICHHE.
[TonTBepxkeHue 3TOMY SBISIETCS HATMYHME TIOJI0KUTEIBHOM
KOppeNsi MEeXIy IMOoKa3aTelsIMU aHTHOKCHAAHTHOH 3a-
wuThl tg (-200) ¥ ypoBHeM obmiero Genka (r, = 0,447. Or-
punarenbHas cBiI3b Mexay ypoBHeM K u yposaem XC
(r,= - 0,489) oGycnosnena Tem, uro XC Takxke 00IaIaET aH-
THOKCUJAHTHBIMH CBOWCTBaMH. YeM MEHbIlIE €T0 YPOBEHb,
TEM BBIILIE YPOBEHb NEPBUYHBIX NPOLYKTOB NEPEKHCHOIO
okucyenus munuaos — JIK.

KoppensimuonHsle 3aBUCUMOCTH MEXIY IOKa3aTeIsIMH
OKHCJIMTEJIFHOTO CTpecca U METa0ONUTaMHU POTOBOM JKH-
KOCTH TMAIMEHTOB C MPEAPAKOBBIMU COCTOSHUAMHU U3MEHs-
JIUCH 110 CPABHEHMIO C KOHTPONBHOH rpynmoi. IlossieHne
MOJIOKUTEIBHON 3aBUCUMOCTH MEXIy | max U ypoBHEM
JIAKTaTa MOXHO OOBSCHUTH TEM, YTO IIPH 370KAYECTBEHHOM

Ta6nuna 1
IToxa3aTesn XeMHJIIOMHHOTPAMMBI POTOBOI skHAKOCTH, Me (QMS; QOJS)
KomrporbHas rpynra , n=20 TMauuenTs! ¢ TPEAPaKOBLIMH }
cocTostHUAMH, =20 U-kpurepuii
Hoxasaremn Tpenensr; Tpenensr; ManHa-YuTHH
Med (Q25; Q75) 05% HH’ Med (Q25; Q75) 05% Z[H’

Imax, mV 630 (553; 716) 384 - 926 769 (623; 874) * 471 -1173 0,0209
S, mV/30cek 2472 (2083; 3393) 1590 - 6423 2958 (2451; 3527) 1808 — 6647 0,0761
tg(-2a), OTH.ex. -270,0 (-303,0; 231,5) -437,0 - -161,0 -355,0 (-391,5; -275,0) * -563,0 - -203,0 0,0022
Z, OTH.€fI. 4,059 (3,601; 4,767) 3,117 -7,809 3,796 (3,549; 4,183) 3,274 - 6,491 0,1439

IIpumeuanmne. 3ech 1 B Ta0I. 2, 3: * - CTAaTHCTHYECKH 3HAYMMBIC Pa3JIMYUs 110 CPAaBHEHHIO C KOHTPOJIBHOU rpymmoi npu p < 0,05; n — uncio obcie-

JIOBAHHBIX.
Tabnuma 2
ConepixaHue NPOIyKTOB MEePEKHCHOT0 OKHC/IEHHUS JIMMIUIOB POTOBOIi :KMIKOCTH, Me (Qo,zs; Q0.75)
I KonTponbHas rpynma, n=20 TauueHTs ¢ IpepaKoBBIMU COCTOSIHUSAMU, n=20 U-kputepuit
oKazarenu
Med (Q25; Q75) | Tpenesr; 95% /I Med (Q25; Q75) | TMpenensr; 95% /11 | Manna-Yuran

JK, en.onT.m. 0,2137 (0,1700; 0,2244) 0,1412 - 0,2359 0,2103 (0,1871; 0,2334) 0,1380—-0,2614 0,1048

TK, en..onr.m. 0,1240 (0,0951; 0,1735) 0,0538 - 0,3995 0,1330 (0,1026; 0,1517) 0,0607 — 0,4562 0,1543

O, orH.ex. 11,8907 (5,8847; 17,4226) 2,6883 — 25,8201 15,2499 (8,6722; 21,5110) * 1,3936 — 48,5453 0,0391
Tabnuma 3

BuoxumMuyeckne noka3aresi poToBoii ;KMIAKOCTH, Me (Qo,zs; QMS)
- KOHTpOJ'ILHa}I rpymma, =20 HaHHeHTBI C npe;{paz(;}s)};mn COCTOTHUAMU, U—KpHTCpHﬁ
oxasare & Mansna-Yurau
Med (Q25; Q75) | TIpenensr; 95% AU Med (Q25; Q75) | Tpenensr; 95% AU

OO6uiumii 6enok, r/mn 2,51 (2,07; 2,89) 1,27 -4,23 1,08 (0,60; 1,75) * 0,16 — 2,83 0,0052

OO6mImii XOIeCTeprH, MMOJIB/JT 0,08 (0,07; 0,13) 0,05 -0,24 0,12 (0,08; 0,18) * 0,05 - 0,25 0,0343

TpurIHLIEepHIbI, MMOJIB/I 0,05 (0,03; 0,09) 0,02 - 0,20 0,06 (0,03; 0,09) 0,02 -0,10 0,1491

Jlaxrat, MMoITB/IT 0,28 (0,25; 0,30) 0,20— 0,39 0,33 (0,23; 0,39) 0,13-0,71 0,01257
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BIOCHEMISTRY
TaGnuua 4 CHIDKCHHC YPOBHEH TPUIIMIICPUIOB, HO NMOBBIIICHAE YPOB-

KoppeasiuonHbie 3aBUCMMOCTH MKy MI0KA3aTeIsIMH OKUCIIUTENLHO- HEHM XOJecTeprHa M0 CPaBHEHUIO C KOHTPOJIBHOM TPYIIION.

ro cTpecca M YpOBHSIMH MeTabo0JUTOB pOTOBOﬁ JKUIKOCTH NMAIIUCHTOB
C nNpeApaKoBbIMH COCTOSAHUAMHU

MeTaboauThl
ITokazarenu —
OKUCTHTETEHOTO OGuuii OO0t Tpurnu- Monounas
XOJIECTEPHH, LEPHIbL, KHCIIOTA,
crpecca Gexox, r/a MMOJIB/JT MMOJIB/IT MMOJIB/JT
Imax. MV r,=0,316 r,=0,468* r =-0,556* r =0,541*
> p=0,025 p =0,009 p=0,008 p=0,0085
S, MV/cek r, =0,643* r, =0,374 r, =-0,408 r,=0,311
p=0,092 p=0,042 p=0,011 p=0,023
Z, OTH.eJI. r, =0,530* r,=0,039 r,=0,009 . =-0,032
p= 0,007 p=0,038 p=0,023 p=0,011
tg(-2a), ornen. 1, =-0,082  r =-0,423 r, =0,523*  r =-0,578*
p=0,031 p=0,031 p=0,0091 p=0,0091
JK, ex.onT.m. r,=-0,169 1 =-0,289 r,=0,357 r,=-0,395
p=0,010 p=0,019 p=0,017 p=0,0121
TK, ex.onT.ou. r, =-0,090 r,=-0,353 r,=-0,352 r,=-0,110
p=0,0071 p=0,023 p=0,011 p=0,034
O, en.ontmwt.  r =-0,083 r,=-0,374 r, =-0,309 r,=-0,146
p=0,010 p=0,012 p=0,043
OUI/(AK+TK), 1 =-0,019 r =-0,131 r =-0,173 r,=-0,037
OTH.CJI. p=0,012 p=0,041

Ipumeyanne. 1, — kodddunuent xoppensunn Crnupmena. JKupHbiM mpud-

TOM BBIICJIICHBI CTaTUCTHUYCCKHU 3HAYUMBIC TIOKA3aTeIIH.

MePEPOXKICHUH TKAaHEH UMEET MECTO 3aKHCIICHUE BHYTPEH-
Hel cpenbl KieTok. OTpunarenabHas KOppesIMOHHAast CBS3b
c ypoHem TI' (r,=-0,556) oGycnonena cnocobnocTeio TT
K OKHCIICHHIO: YeM MHTCHCHBHEE MPOTEKAIOT PEAKI[HH CBO-
00HOpaIUKAITEHOTO OKUCIICHUS, TeM ObICTpEe OKUCIISIOTCS
TI. TloBbllIeHHE ypOBHEW XOJIECTEpUHA MO CPAaBHEHHIO C
KOHTPOJILHOM TPYIIOA MOXXHO OOBSICHUTD, C OIHON CTOPO-
HBI, IIOBpEXIeHHeM MeMOpaH IpU CBOOOIHOPAIUKAIHLHOM
OKHCIICHUH ¥ mocTymieHneM XC B pPOTOBYIO KHIKOCTbh, C
npyroi, HakorienueM XC B MeMOpaHax Kak cyOcrtpara,
HEOOXOAMMOTO MJIsl JIeJIEHHs 3JI0KaueCTBEHHO Mepepox-
JICHHBIX KJIETOK. JlaHHBIN (hakT MOATBEPKIAETCSA HATMUUEM
MIPSIMOM KOppessInoHHoM 3aBucuMocTH (1. = 0,468) mexy
NOKa3aTeIeM WHTCHCHBHOCTH CBEUCHHs Imax u YpOBHEM
XC. OnHOBpeMEHHO OOHApYKMBAIOTCS MPSIMO TPOTHBO-
IIOJIOJKHBIE 10 3HAKY KOPPESILMU MEXIy I10Ka3aTelsiMU
AHTHOKCHUIAHTHOM CHCTEMBI 3alUTHI U AHATH3HPYSMBIMH
METa0OoIUTaMH POTOBOM KHUAKOCTH. Tak, yCTaHOBJIEHO Ha-
JMYUe MOJOKUTEIbHON KOPPeIALUN MEXIy IOKa3aTelIeM
Z u ypoereM obuero Oenka (r,_ 0,530), mexny tg (-2a) u
ypoBaem TI" ((r. = 0,523), Ho oTpumarenbHas ¢ ypoBHEM
nakrara ( r,=-0,578).

B npoBeneHHOM HaMM HCCIIEIOBAaHUU OOHAPYKEHO CHU-
JKEHHe ypOBHEH o011ero 6enka B pOTOBOM KUJIKOCTH y Hal-
€HTOB C MPENPAKOBBIMUA COCTOSHHSIMU 110 CPABHEHHUIO C Ta-
LIUEHTaMH, UMEIOIIUMH CTOMATOJIOTHYECKHe POTE3bl, HO He
HMEIOIIMMH HOBPEXACHUHN CIIM3UCTON 000JI0UKH POTOBOM MO-
nocTty. VI3BECTHO, YTO JUI OHKOJIOTHYECKUX OOJIBHBIX Xapak-
TEPHO YCKOPEHHUE MPOIECCOB TIIIOKOHEOTeHE3a, UYTO BENeT K
HCTOLICHHIO OEJIKOBBIX M KHUPOBBIX Aemo. Kpome Toro, umeer
MECTO, MOBBIIIEHHBIH KaTaboau3M OeIKoB opraHusma. Mme-
I0TCS CBEJIEHUs 00 0OHApY>K€HUH U IIPOrHOCTUYECKOM 3Haue-
HUM WHAUBUAYaJbHBIX OenkoB, Hampumep, Glut-1 n Glut-3,
naktodeppuna [7, 8] 1 OENKOBBIX MapKepoB, HaIpuUMep, P53,
Ki-67, bcl-2 [9—11] B poTOBO#1 ®HUIKOCTH MAIIMEHTOB C TIPE/I-
paxoM KpacHOM kaiimbl I'y0. B Hamem uccieoBaHuu y nanu-
€HTOB C MPEIPAKOBBIMU COCTOSTHUSIMU HAOIIOaIiCh U3MEHE-
HUS B YPOBHSX JHIUIOB. [Ipy 5TOM YCTAHOBJICHO 3HAYMMOE
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HctounnkoM psa JUIUIOB B CIIOHE SIBISIIOTCS MEMOpPaHbI
CEKpPETOPHBIX BE3UKYII, (pparMeHTsl MeMOpaH OakTepuab-
HBIX KJIETOK. 3HAYMUTENIbHAS YaCTh CIIOHHBIX JIUIHAIOB HAX0-
JIUTCSI B CBI3aHHOM COCTOSIHHH ¢ Oenkamu [12, 13]. Atunmsm
oOMeHa JMIUIOB IPU 3JI0KAYECTBEHHOM IEPEpOXKICHUU
MOXET OBITh CBSI3aH C TOBBIIICHHON yTHIIN3AIMEH KUPHBIX
KHCIIOT ¥ XOJIECTepUHA (OITyXO0JIb KaK «JIOBYIIKA JIUITHUIOB),
aKTUBAaLMel CHHTE3a JIMIHMIHBIX CTPYKTYp KJIETOK, MHTEH-
cuukanueld nporeccoB aunonepokcuaanuu. OCHOBHOE
3HAUCHHE JIUMHIOB TPH 37I0KAYECTBEHHOM IEpPEPOXKICHUN
TKaHEH — JHEPreTUYecKOe M IUIACTHYECKOe OOecIecYeHHe
YCUJICHHBIX aHAOONMYECKUX MPOLECCOB, peakuuii cuHTe3a
CTPYKTYp MHTEHCUBHO AENAIINXCS OILyXOJIEBBIX KJIETOK. Pa-
Hee OBIJIO TIOKa3aHO YBEIMYCHUE COMEPKaHUs XOIEeCTepHHA
B OITyXOJIEBBIX KJIETKaX M B HOPMAJIbHBIX TKAHSIX, OKPYKaI0-
LUX OIMyX0Jb [ 14].

VY nmanueHToB ¢ MPeAPaKOBBIMU COCTOSIHUSIMU CTaTUCTH-
YEeCKH 3HAYMMO OBLIM MOBBIIICHBI MTOKA3aTEIH XEMILTIOMH-
HOTPaMMBbI, CBUJICTEIBCTBYIONINE 00 aKTHBHOM CBOOOIHO-
pagvKaIbHOM IpOLEcce, MPU OAHOBPEMEHHOM CHIKEHHU
NoKa3areyied aHTUOKCUIAHTHON CHCTEMBI 3alUThI. FITorom
TTOBBIIIEHHON aKTUBAIMK CBOOOTHOPAIMKAIBHOTO OKHCIE-
HUSl SBWIOCH 3HAUMMOE TIOBBIINICHHE YPOBHEW KOHEYHBIX
npoaykroB [10JI — ocuoBanuii Ludda, uto ykaseBago Ha
MOBPEXKJCHUE KIIETOUHbIX MeMOpaH CIM3UCTON O00O0JIOUKU

POTOBOH MONOCTH ¥ BO3MOKHOM MPOBOKALIUY 3I0KAYECTBEH-
HOTO TIepepoXIIeHNs TKaHel. 13BecTHO, 4To CBOOO/IHBIE pa-
JHKaJIbl HHAYIUPYIOT KaHIIEPOTeHe3 U MPUHUMAIOT aKTUBHOE
y4yacTHe B IIPOLIECCE POCTa 3JI0KaYeCTBEHHBIX HOBOOOPa30Ba-
Huit [15]. B psne uccnenoBannii yCTaHOBICHO TOBBIIICHUE
TOKa3aTelnel XEeMWJIIOMUHECLICHIIUU POTOBOH KUAKOCTH H
CBIBOPOTKHU KPOBH y MALIUEHTOB C JIGHKOIUIAKHEH CIU3UCTON
000JI0UKH pTa MO CPAaBHEHHUIO C KOHTPOJIBHOM Tpymmoii [16,
17]. Imerotcst cBelleHUs O HAKOIUIEHUH BTOPUYHBIX IPOIYK-
TOB TIEPEKUCHOTO OKUCIICHHS JIMITHI0B Y MAIIMEHTOB C Tpe-
PaKoBBIMU 3a00JIeBaHHUSMU TTOJIOCTH pTa [18].

Bui600owl. Taxum 00pa3zoM, B HaIllUX MCCIEAOBAHUAX 110
M3y4YCHUI0 OMOXMMHUYECKUX TOKasaTrejeld pPOTOBOHW KHI-
KOCTH MAaIeHTOB C IPEIPAKOBHIMH COCTOSHHUSIMH M TIa-
LUEHTaMH KOHTPOJBHOM TPYIIBI, TaKkKe HCIOIb3YIOMNX
OpTONeANYEeCcKHe KOHCTPYKLUH, BBIABICHBI CTATUCTUYECKU
3HaYMMBbIEC Pa3IN4ysl B MOBBIIICHUH YPOBHEH XOJIECTEpHUHA
Y JIAKTaTa TIPU CHIKEHUH YPOBHEH 001LIero OesKa 1 TPUTITH-
nepuaoB. OJHOBPEMEHHO OTMEYAIHCh CYIIECTBEHHBIE pa3-
JUYMS B TOKa3aTeNsaX CBOOOTHOPAIUKAIbHOTO OKUCICHHS U
AHTHOKCUIAHTHON CHCTEMBI 3alUTHI, CBH/IETEIILCTBYIOIIIE
00 aKTMBHOM CBOOOTHOPAIMKATIHLHOM IMIPOIECCE, MPOTEKAI0-
IEM B CIU3UCTON 00O0JIOYKE POTOBOW IMOJIOCTH MAIEHTOB
C IPEeIPaKOBBIMU COCTOSHHUSIMH, IO BCEH BUIUMOCTH, BbI-
3BaHHBIMH TOBPEXICHUSIMHI HEYIAUHBIX OPTONEIMYECKAX
KOHCTPYKLIHM, IO CPAaBHEHUIO ¢ KOHTPOJILHOM IPYIIION.

[ony4eHHble HAMU Pe3yabTaThl YIITyONIsSIOT OHUMaHHUe
MEXaHU3Ma Pa3BUTUS NPEIPAKOBOIO COCTOSIHUA Y HallUeH-
TOB C OPTONENNIECKUMH KOHCTPYKIMSIMA B POTOBOH TOJIO-
CTH, U MOTYT OBITh HCTIOJIb30BAHBI 1T OTOOPA HOBBIX JHa-
THOCTHYECKHX U MPOTHOCTHYECKHX MapKepoB
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OLIEHKA 3PUTPOLIUTAPHbBIX MTAPAMETPOB OBLLUEIO AHAJIN3A KPOBU
Y NAUMEHTOB, NEPEHECLUMX SARS-COV-2-ACCOLIMMPOBAHHYIO MHEBMOHUIO
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Hccnedosanue ocobennocmeti u OUHAMUKY SPUMPOYUMAPHBIX NAPAMEMPOS 00Uje20 AHAIU3A KPOSU Y NAYUEHMO8 C CePOeYHO-
cocyoucmuimu 3abonesanusmu (CC3), nepenecuiux SARS-CoV-2-accoyuuposannyro nHe@MOHUI, U AHANU3 UX ACCOYUAYUU C OM-
O0eNbHLIMU MAPKEPAMU COCYOUCMOT BOCRATUMENLHOU Peakyuu npu pasHom 00beme NOPAdICeHUs 1e20YHOU MKAHU MOJICen UMensb
bonvuoe KnuHuueckoe 3HaueHue. B ucciedosanue exmouenst 106 nayuenmos, nepenecuux SARS-CoV-2-accoyuuposannyio nies-
moHuto. Tlayuenmor 6vinu pazdenenvt Ha 2 epynnel. B nepeyio epynny eéowinu 51 nayuenm 6e3 CC3, 6o emopyto epynny — 55
nayuenmos ¢ CC3. Ilayuenmanm 6 obeux zpynnax npogoounocs ucciedosawue 6uooopasya Kposu 6 MOMeHn 20CNUmanu3ayuu u
6 mouke 3 mecsaya nocie suinucky uz cmayuonapa. Oyenusanu S5pumpoyumapHsle napamempsl, u3 OUOMApKepo8 60CNALEHUL -
rkonyenmpayuro C-peaxmusrnozo 6enxa (CPB), svicoxkouyscmeumenvrozo C-peakmusroeo benxa (64-CPb) u comoyucmeuna. Bcem
nayueHmam ucxooHo Owiia nposedeHa KOMNbIOMmepHas momoepaghus opeanos epyonot kiemxu. Buiasneno, umo spumpoyumap-
Hble nokazamenu umenu paziudus no psaody napamempog: CO3, RDW-SD u RDW-CV, ¢ npegviuienuem nokasameneti 6o 2-ii epynne.
Yepes 3 mecaya nocie 6bINUCKU U3 CMAYUOHAPA Y nayuenmos obeux epynn snawumo nosvicuncs yposens HCT, MCV, MCH u
crusuncs yposeno MCHC u RDW-CV (p<0,001, coomeéemcmeenno ons écex napamempos). Konyenmpayus CPB maxcumanvhas
Ha MOMeHm 2ocnumanusayuu 6o 2-i epynne, yepes 3 mecsaya He docmuena pegepercruix snavenuil. B epynne ¢ CC3 yposens CPH
6bLI accoyuuposan ¢ nogvlueHHviMu 3navenuamu 64-CPE, comoyucmeuna, 4mo ceuoemerbcmeyem o Haauduu nPoiLoHeUPOBAHHO-
20 BOCNANUMENLHO20 COCYOUCMo20 omseema. B obwux epynnax, pazoeireHHbix no 06vemy nopaxjcenus neekux, soueouux ¢ ROC-
ananus, kodgppuyuenmor RDW-CV>13,6 u aumpoyumer/CPH<0,6 ysenuuusaiom 6epoamnHochis HAIUUUs NOPAAHCEHUs T1e20YHO
mkaru bonee 50% 6 9,3 u 5,9 paz, coomeemcmesenro. Takum 06pazom, HUMAMeNbHOEe OMHOWEHUE K Yiice U38eCMHbIM labopa-
MOPHBIM NApamMempam no3goisen pacuiupums Yucio UHOUKAMOPos, GAUAIWUX HA puck pazeumus ocroxchenut COVID-19, u
daem 603MOACHOCHIb 6ONee PAHHE20 Pea2upOBaHUsl HA COICHYIO KaiuHudeckylo cumyayuio y bonvhvix CC3.

Kniouessie cunoBa: COVID-19; sapumpoyumer; RDW-CV - koaghgpuyuenm sapuayuu wupunsl pacnpeoenenus spumpoyu-
mos,; C-peakmugHblii OENOK.

Jost unrupoBanus: [lerenuna T.W., Mycuxuna H.A., AneeBa K.C., Illepoununa A.E., Jleonosuu C.B., 3yea E.B., apanuna
B.J., I'ynersiesa E.I1., SIpocnasckas E.N., Kamtoxnas E.H., [op6arenko E.A., Kanyctuna A.A., Tanon JI.W. Ouenka sputpouu-

TapHBIX [TAPaMETPOB OOLIEro aHaM3a KPOBH Y NMAlMEHTOB, nepeHecmux SARS-CoV-2-accoupoBaHHyI0 THEBMOHUIO. Kaunuue-
ckas nabopamopras ouaznocmuxa. 2022; 67 (1): 24-30. DOLI: https://dx.doi.org/10.51620/0869-2084-2022-67-1-24-30

Jast koppecnongenumn: /lemenuna Tamvsana Heanoena, I-p MeJl. HayK, Bell. Hayd. COTpP. OTA-HUS apTepHAIbHON THIEPTOHUH U
KOPOHAPHO# HEJJOCTATOYHOCTH HAYYHOTO OT/eNa KIMHIUYeCKOH Kapanonorun; e-mail: petelina@infarkta.net

dDunancupoBaHue. Vccriedosanue He uMeno CHOHCOPCKOU NOOOEPIHCKU.
KoHpuuKT MHTEPECOB. A6mopsl 3aa61510m 06 0OMCYMCcmeuu KOHGIUKMA UHMePecos.

Iocrynuma 23.09.2021
[Ipunsra x nevaru 01.10.2021
Onyo6nukosano 00.01.2022

Petelina T.1., Musikhina N.A., Avdeeva K.S., Shcherbinina A.E., Leonovich S.V., Zueva E.V., Garanina V.D., Gultiaeva E.P,
Yaroslavskaya E I, Kalyuzhnaya E.N., Gorbatenko E.A., KapustinaA.A., Gapon L.I.

ESTIMATION OF ERYTHROCYTE PARAMETERS OF GENERAL BLOOD ANALYSIS IN PATIENTS WITH
SARS-COV-2- ASSOCIATED PNEUMONIA

Tyumen Cardiology Research Center, Tomsk National Research Medical Center, Russian Academy of Sciences, Tomsk, 625026, Russia

The study of the features and dynamics of the erythrocyte parameters of general blood analysis in patients with cardiovascular dis-
eases who underwent SARS-CoV-2 associated pneumonia is of great practical importance. That was a prospective study. The study
included 106 patients with SARS-CoV-2-associated pneumonia. All patients were divided into 2 groups. The first group included 51
patients without CVD, the second group included 55 patients with CVD .Patients in both groups underwent laboratory examination
of blood samples at the time of hospitalization and 3 months after discharge from the hospital. Parameters of the erythroid series of
the general blood test were assessed. Among inflammatory biomarkers, we examined the concentration of C-reactive protein (CRP),
high-sensitivity CRP (hs-CRP) and homocysteine. Initially all patients underwent computed tomography of the chest organs. Re-
vealed what indicators of the erythroid series in the groups of patients with and without CVD had significant differences in a number
of parameters: ESR; RDW-SD and RDW-CV with significant excess of parameters in group 2. Three months after discharge from
the hospital, patients in both groups had a significant increase in HCT, MCV, MCH. There was detected decrease in both groups in
MCHC, RDW-CV (p<0.001 for all parameters), ESR level in group 2.At baseline, CRP exceeded reference values in both groups
of patients, reaching maximum values in group 2. After 3 months CRP decreased significantly only in group 1. Increased CRP was
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associated with elevated hs-CRP in 3 months after discharge and elevated homocysteine levels in both groups, indicating the persis-
tence of prolonged inflammatory vascular reaction in patients after SARS-CoV-2 associated pneumonia, more pronounced in group 2
patients. RDW-CV over 13.6 and lymphocytes / CRP less than 0.6 increase the likelihood of having lung tissue damage over 50% by
9.3 and 5.9 times, respectively. Thus, the data obtained confirm that RDW-CV, the coefficient of variation of erythrocyte distribution
width, associated with the parameters of inflammatory response and the lymphocytes / CRP is lung volume marker and of COVID-19
severity. Careful consideration of already known laboratory parameters allows us to expand the number of indicators influencing the
risk of COVID-19 complications and enable an earlier response to a difficult situation.

Key words: COVID-19; erythrocyte; standard deviation and coefficient of variation of erythrocyte distribution width;
C-reactive protein.
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Beeoenue. AxTyalbHOCTh TPOOIEMBI HOBOTO HH(EK-
nronHoro 3aboneBanuss COVID-19, BbI3BIBAEMOTO KO-
ponaBupycom SARS-CoV-2, mo cBoeil 3HaYMMOCTH U
COITMAITbHO-OKOHOMHYECKUM  TOCIEICTBUAM MpuoOpena
ype3BbIYaiHbIN XxapakTep Bo BceM mupe. SARS-CoV-2 cBs-
3bIBAIOTCS ¢ (DYHKIMOHAJIBHBIMH PELENTOPaMU aHTMOTEH-
3uH-nipeBpamatoniero gepmenrta 2 (AIID-2), sxcrpeccus
KOTOPBIX YCTaHOBJICHA KaK B KIJIETKaX KPOBH, TaK U B COCY-
JICTON CTCHKE, KapANOMHUOIUTAX, YTO YACTHYHO OOBACHSIET
MaTOTEHETHYECKYI0 OCHOBY BO3HUKHOBEHHS W/WJIH T€UEHHS
CEepAEUHO-COCYNUCTHIX 3a00JIeBaHuUil, B YaCTHOCTH, apTepH-
anpHOM runepronnu (Al'), UBC, MuokapanToB, HapyIIeHHS
put™Ma cepauax u ap. [1].

[lo maHHBIM psina UccIeqOBaHUK K reMaToNOrHYeCKUM
MapkepaM, ONpelessoIUM IPYyIIbl PUCKA CPEIU MalueH-
ToB ¢ COVID-19, yarie oTHOCSAT ¥ ONMCHIBAIOT KJIETKH JICH-
KOLIUTAPHOTO U TPOMOOLIUTAPHOTO psifa Mepr(eprHIecKoi
kpoBu. Ho crienyer oTMETUTh, YTO SPUTPOLMTHI, HE SIBII-
SICh TIpeBANTUPYIOIIEH KieTkoi mopaxenus mpu COVID-19,
TaKXKe CIIOCOOHBI OKa3aTh BIUSHHE HAa TCYCHHUE W MPOTHO3
3a0oneBanus [2].

B HayuHBIX MyOMMKaLMsAX Yalle 0TMEeYaeTcs, YTo 3Haue-
HUS KIMHUYECKUX IeMaTOJOIMYEeCKHX IapaMeTpoB, TaKUX,
KaK KOJMYECTBO SPUTPOLUTOB, TEMATOKPHUT WIH CPEITHSS
KOHIIEHTpaLUsl reMoriioOnHa He MeHsrores [3]. OmHaxo,
HECMOTPS Ha TO, YTO Yy MAIMEHTOB C ITHEBMOHHEH, BHI3BaH-
Hoit COVID-19, Tspkenmass aHeMHsl TPU TOCHHUTAIU3AIUN
BCTpEYAETCs Pe/iKo, KOHIIeHTpanus remorioornna (Hb) nme-
€T TEHJCHIHUIO K MPOTPECCHBHOMY CHIDKCHUIO B TEUCHHE

Oosre3nn. Pa3BuBaromasicst mpu STOM THIIOKCHSI CIIOCOOHA
OKa3bIBaTh ITyOOKOE BIMSHHE Ha MOP(OIIOTHIO, PEOTOTHIO
U BBDKHBAaEMOCTb IPUTPOLIUTOB, BHOCS CBOM BKJIaJ B CIIOXK-
HEI maroreHe3 anemun COVID-19 [3 - 5].

IMomumo 3ToTO, U3BECTHO, YTO BO3OYAMTENHL COVID-19
crocoOeH HanpsAMYyI0 HHOUIMPOBATh KIETKU-IIPEIIIEeCTBEH-
HHUKH 3PUTPOLIUTOB, BIIMAA, TAKUM 00pa3oM, Ha KOJIMYECTBO
SPUTPOIUTOB, a Takke WX (QyHKIHOHUpoBaHue [6]. Tak,
SPUTPOLIUTHI, BbIENeHHbIe 0T OonbHBIXx COVID-19, xapak-
TEPU3UPYIOTCS N3MEHEHHBIM COCTOSTHHEM OEJIKOBOTO M yIJie-
BOZHOro 0oOMeHOB. IIpexxne Bcero, pUTPOLMTHI OONBHBIX
HUMEIOT TIOBBIIICHHOE COJCPIKAHUE TITHKOJIUTHYCCKUX JIH3U-
MOB H TIPOIYKTOB OKHCJICHHS Ba)KHBIX BHYTPHKICTOYHBIX
OenKoB: aHKWUpWHA, CrieKTpuHa-Oera, a takke AEl(Band 3
anion transport protein), KOppekTHOe (PyHKIIMOHUpPOBAaHUE
KOTOPBIX HE00X0AUMO 1St 3 peKTHBHOTO ra3000MeHa U cTa-
Owmzanmu Je3okcuremMoriioouna [7]. CrenoBarenbHO, MpH
HapyIIEHUH ero (GyHKLIUH BO3MOXKHO M3MeHeHHe 3(h(eKTUB-
HOCTH ITPOLIECCOB Ta3000MEeHa, YTO NPOSABIAETCS B TUIIOKCUH,
HaOmomaemoii kak ocnoxxkaeane COVID-19.

CornmacHO OIyOJIMKOBaHHBIM JaHHBIM, B BBIOOpKE Ia-
uuentoB ¢ COVID-19 noseimienne ypous COD accouuu-
POBaHO ¢ YPOBHEM NPOBOCHANUTENbHBIX MapkepoB, TNFa,
WHTEpICHKUHA-6 W, XapaKTepu3ys CTENECHb TSHKECTH BOC-
MaJIMTETIHHOTO TIPOLIECCa, CBA3aHO C YPOBHEM JIETaJIbHO-
ctu. UaTepecHo, uto COD MOXKET 0CTaBaThCsl BHICOKUM Ha
IPOTSKEHUU JUTUTENIFHOIO BPEMEHH I0CIIe TIEPEeHECEHHOTO
COVID-19. Tak, 6suto moka3ano, 4ro ypoeHs COD Obu1
MIOBBIIIEH Ha TPOTSDKEHUU JBYX HEIENb Mocie MepeHecéH-
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Horo COVID-19, B3aumMocBsi3aH C OHM)KEHHBIM YPOBHEM
reMorioOuHa, oTpaxas IOJTOCPOYHBIA XapakTep H3MeHe-
HUsl GYHKIUU SPUTPOLIUTAPHBIX TapaMeTpoB [8].

W3 pesynbTaroB Ipyroil SKCHepUMEHTATBLHOW PabOTHI
cienyeT 3aKmo4dnTh, uto npu COVID-19 Bo3MokHO m3Me-
HEHHE MOPQOJIIOTHH 3PUTPOLMTOB B BHUJE MOSBICHHS IIH-
cTOLUTOB ((hparMeHTUPOBAHHBIX SIPUTPOLIUTOB) U MAKPOLH-
TOB (3PUTPOLIUTOB C YBEIUUEHHBIM 00beMOM) [9].

B psine uccrnenoBanuii ObUIO 3aperHCTPUPOBAHO H3Me-
HEHHE NIUPUHBI pactpeaencHus sputporuroB (RDW) y na-
uueHToB ¢ COVID-19. Otmeueno, uro yBenmndenne RDW
BbIIe 3HaueHus B 14,5% TOBBIIAET PUCK CMEPTHOCTH OT
COVID-19 na 31%. ABTOpHI TaKkXKe yCTaHOBHJIH, YTO MaIU-
€HTHI C MOBBIIEHHBIM coaepkanrneM RDW ummenu yBemnu-
YEeHHBIN prcK cMepTHOCTH (B 6,12 pa3) B npenenax 48 4 mo-
CcJle OIpeiesIeHHs] IOJIOKHUTENbHBIX 3HaUeHui Mapkepa [10].
[IpeacraBieHHbIE pe3yNbTaThl MOATBEPKAAIOTCS JaHHBIMH
MIOJIOKUTEIBHOM KOPPENSIIIMOHHON B3aMMOCBS3H IIOBBIIIIE-
Hust RDW co crenensto Tspkectu Teuenus COVID-19 u
YKa3bIBaIOT Ha MOTEHINAIBHYI0 BOBMOKHOCTH NCIIOIH30Ba-
Hua RDW, kak kpaliHe TUHaMUYHOIO ITapaMeTpa B Ka4ECTBE
MIPOTHOCTHYECKOTO MapKepa TSHKECTH COCTOSHUS MalieHTa
[11]. ABropsl Apyroii cTarby yKa3bIBalOT HA TMOTEHIIUANb-
Hy!0 criocobHocTs RDW BbICTynaTh MapKepoM YCIIELIHO-
ctu neuenns COVID-19 [12].

Takum 00pazom, MpUBEACHHBIE PE3YIbTaThl HAyYHbIX HC-
CJIEIOBAaHUI CBUIETENHCTBYIOT O TOM, YTO SPUTPOLIUTAPHbIE
rapamMeTpsl KPOBH MOTYT 3aKOHOMEPHO OTPaXKaTh XapakTep
teuenuss COVID-19. Oguako HEOOXOAUMO IIOMHHTE U O TOM,
4yTO UcxoAaHoe Hanuuue y nanuenta ¢ COVID-19 cepneuno-
COCYIUCTBIX 3a00JI€BAHUM MOXKET BBI3bIBaTh M3MEHEHUS I1a-
paMeTpoB KPOBH ellle JI0 BcTpeun ¢ nHpeknueit [13].

Hcxonss W3 BBINIECKA3aHHOTO, BUMAS aKTYaJbHOCTb
OLIGHKM DPOJIN SPUTPOLUTAPHBIX MAPaMETPOB B TEUYEHHH
3aboneBanuss COVID-19, Mbl onpenenuiau 1eib JaHHOTO
WCCIICIOBAHMS: U3YYNUTh OCOOEHHOCTH M JAMHAMHUKY H3Me-
HEHHUH 3pUTPONMTAPHBIX ITAPaMETPOB KPOBU y MAIMEHTOB
C CeplIeYHO-COCYIUCTHIMU 3a00JIeBaHUAMHM, MEPEHECIINX
SARS-CoV-2-accounnpoBaHHYI0 THEBMOHHIO, MPOCIIEINB
WX acCOIMalHWIO C OTACIbHBIMH MapKepaMu COCYIUCTOMN
BOCIIAJIMUTENILHON peakiH MPU PasHOM 00beMe MOpaKEHHS
JIETOYHOM TKaHU.

Mamepuan u memoowt. Vccnenoanue IpoCIEKTHBHOE,
COOTBETCTBYIOIEE CTAHAAPTAM HAJUIEKAIIEeH KIMHUYECKON
npaktuku (Good Clinical Practice) u monokeHUsiM Xelb-
cuHCKOU Jekiapanuu. [IpoTtokon wuccienoBaHusi 0n00peH
Komuterom o 6uomenuiHcKon 3tiuke TIOMEHCKOro Kapiu-
OJIOTHYECKOTO HAYYHOTO IEeHTpa, TOMCKOTO HaIlMOHAIBFHOTO
nccieoBarenbekoro meaunuHekoro rentpa PAH (mporokon
Ne 159 ot 23.07.20 r.). Ilepen BKJIIOYEHUEM B HCCIIECAOBAHUE
y KaXJOro M3 YYaCTHHKOB HCCIIE[OBAHUS OBLIO IIOTYyYEHO
MUCEMEHHOE WH(QOPMHUPOBAHHOE COMIacHe 00 HCIOJIb30Ba-
HUH Pe3yJBTaTOB 00CIISIOBAHUS B HAYYIHBIX IIEISIX.

B nanHoe uccienosanuve ObuM BKIO4UeHb! 106 00cieno-
BaHHBIX Ha JAHHBIM MOMEHT ManueHToB u3 380, mepeHecmunx
SARS-CoV-2-accouuupopanHyto nHeBMoHu0. Vccnenona-
HHUE 3aperHCTPUPOBAHO B 0a3e MaHHBIX KIMHUYECKHX WC-
cnenoBanuii Clinical Trails.gov. Identifier: NCT04501822.
Bce nanuenTs! ObUH pa3nenensl Ha 2 Tpynmnsl. B 1-10 rpyn-
My BKIIOYIIN 51 mamumenTa 6e3 cepleyHO-COCYyANCTHIX 3a-
6oneBanuii (CC3), cpenuuit Bo3pact 36,65+13,31 roxa. Bo
2-10 rpynmny Bouuty 55 nanuentos ¢ CC3, cpenHuit Bo3pacT
56,05+11,98 ner. [pynmsl 10CTOBEPHO Pa3IN4aINCh MO BO3-
pacry, yposuto CAl, AL, UCC (p<0,001, cooTBeTCTBEH-
Ho), UMT (p<0,015), c Gosiee BBICOKUMH TMOKA3ATEIIIMU BO
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2-ii rpynme. B 1-if rpynme o0beM MOpa)KeHHsl JIETKHX 10
50% Obln BoIsiBIIEH y 71,7% manueHToB, 00beM MOopaskeHUs
nerkux 6onee 50% —y 28,3% nanuentoB. Bo 2-if rpynne
o0beM nopaxxenus jnerkux 110 50% Obu1y 54,7 % nauuen-
ToB, Oonee 50% —y 45,3% nanueHToB.

[NanuentaM 00eMX HCCIEAYEMBIX TPYIIl HPOBOIUIOCH
nabopaTopHoe HccienoBaHue OumooOpasna KpoBH B MO-
MEHT TOCIHTAIN3AIIH U B TOUKE 3 Mecslla MOCIe BBITUCKH
u3 cranuoHapa. OUEeHUBAIN SPUTPOLIUTAPHBIE TTAPAMETPHI
obiero ananu3a kpoBd (RBC — uncio spurporuros, HGB
— koHueHTpanusi remornioobuna, HCT — remarokpur, MCV
— cpennuit 00beM 3putponmra, COD — CKOPOCTh OCeNaHus
sputpouutoB, MCH — cpennee conepxanue reMorioOnHa
B spurponute, MCHC — cpenHsst KOHIIEHTpalUs FeMOIJIo-
6una B sputporure, RDW-SD — cranmapTHoe OTKIOHEHHE
IIMPUHEI pactpeneneHus 3putporuro, RDW-CV — koad-
(UIMEeHT BapuallMy IMUPUHBI pacIpelelCHUs SPHTPOLH-
TOB), TIOKa3aTeNld ONpPENeNsUId UMIIEAAHCHBIM METOAOM C
TEXHOJIOTUSIMU NIPOTOYHOM IIUTOMETpUM Ha anmnapare SDiff
anamsarop «Mindrey BC 5800» (Kuraii); u3 6nomapkepoB
BOCIIAJICHUS UCCIIEJOBAIN KOHLEHTpauuio C-peakTHBHOTO
oenka (CPB) «Cobas integra plus 400» (Mramnust), BHICOKO-
yyBcTBUTENBEHOTO C-peakTuBHOro Oernka (Bu-CPB) nmmyHo-
TYpOUJIUMETPHUSCKUM METOJIOM Ha MOITyaBTOMATHUCCKOM
aHamm3arope otkpbeiToro tuna «Clima MC-15» (Mcnanus)
u romouucrenHa Ha aHanm3atope «IMMULITE 2000»
(Siemens Diagnostics, CIIIA). Bcem manueHTaM HCXOIHO
ObUla TIPOBEICHA KOMIIBIOTEpPHAs ToMorpadus opraHoB
IpyIHON KJIEeTKU. Pa3nenus rpynmsl mo o0beMy mopakeHHs
nerouHoi TkaHu 10 50% u 6omnee 50 %, MbI IPOBENH CpaB-
HHUTENbHBIN aHAIN3 UCCIIENYeMbIX OHOMapKepoOB.

Cmamucmuueckas oopabomka oannsix. Cratucruye-
CKHI1 aHAJIN3 TIPOBOUIICS C MTOMOIIBIO MAKEeTa MPUKIAJHBIX
mporpamm IBM SPSS Statistics 21. B 3aBucumocTu ot pac-
IpezeeHus Ipy CpaBHEHUH MOKa3arelnieil B 2-X He3aBUCH-
MBIX TPYIax HCHONB30BaIU t-KpuTepuii CThIONEHTA HIIH
U-kputepuit Manna-Yutau. [Ipu HopmansHOM pacnpeene-
HUM, TaHHbIE IPEJICTABIIUIN, KaK cpeaHee M U cTaHIapTHOE
oTkioHeHue (SD), npu pacnpeneneHuu, OTIMYHOM OT HOP-
MaJIFHOTO, TAHHBIC TIPEICTABICHBI B BHJIE Mearanbl (Me) u
HWHTEPKBAPTHIILHOTO pasmaxa [25%-75%]. lns moucka ma-
paMeTpoB, CBA3aHHBIX C 00BEMOM MOpPaKEHHs JETKUX, HC-
HOJIb30BAJIU JIOTHCTUUECKUI perpecCUOHHbIN aHAIU3 METO-
JIOM TIOIIAarOBOTO 0TOOpa C BKIItOUeHHEM. [[apHBIM KpHTEepH-
em CThIO[ICHTa WM KpUTeprueM BUIIKOKCOHA pacCYUTHIBAIN
JIMHAMUKY Mexy rpynmnamu. KagectBo u 3ekTuBHOCTH
mozenu oneHuBanu ROC-ananuzoM. Touku pazaeneHus mo-
KazaTesnel KpoBU Haxoauiu ¢ nomouisio ROC-kpussbix. Pe-
3yJBTaThl OLEHUBAINCH KaK CTATUCTHYCCKH 3HAYMMBIC TIPH
JIByXCTOpOHHEM ypoBHe p <(,05.

Pezynomamel. Ha epBoMm 3Tarne paboThl Mbl IPOAHANIH-
3HPOBAJIN SPUTPOIIUTAPHBIC TAPAMETPHI B TPYIIIAX MAIHEH-
ToB, mepenecunx SARS-CoV-2-acconnnpoBaHHYIO MTHEB-
MOHHUIO, IPU OTCYTCTBHH M C HATUYUEM CEPAEYHO-COCYIH-
CTBIX 3a00JIEBaHMI Ha MCXOIHOM 3Tale U 4epe3 3 Mmecsna
TI0CJIe BBINIMCKY U3 cTanroHapa (tabm. 1).

W3 mpexacraBieHHbIX B Ta0N. 1 JaHHBIX BUAHO, YTO dPU-
TPOLMTApHBIE MOKA3aTeIH B IPYNIax MAlHEeHTOB C OTCYT-
CTBHEM U C HAJIMYUEM CEPIECUHO-COCYAUCTHIX 3a00IeBaHUN
AMEIOT pa3lInyius Mo psity mapaMeTpoB. Hamu 3apeructpu-
poBaHa 3HauMMas pa3HuIla B nokazarensx: COD; cranmapt-
HOTO OTKJIOHEHHWS IIMUPUHBI PaclpeneNeHus dPUTPOLHUTOB
(RDW-SD) u koaddunreHTa Bapualu MHPHUHBI pacipe-
nenenus spurpountoB (RDW-CV), ¢ npeBbimeHreM 3Haue-
HUI BO 2-H TpymIie.
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RDW — 510 nokasareib, ¢ TOMOILBbIO KOTOPOTO OIpEAe-
JSIFOT HATWYKE B KPOBHU Pa3HbIX M0 00BEMY 3PUTPOLIUTOB, TO
€CTb 00J1aCTh UX PAaCHpeieNeHNs 1 1Uana3oH OTIINIHS 00JIb-
[IMX W CaMbIX MaJICHBKHX KJIeTOK. ONTUMAIbHO 3HAYCHHUE
ko3 dunuenta paBHo 13%. Ilosbiienne koddduimeHTa
CBHUIIETEIHCTBYET O TOM, YTO KJIETKH CHIIBHO Pa3IHyaroTcs
10 00BEMY M UX CPOK JKU3HH PE3KO COKpAILEeH, CHIDKECHHE —
0 HapyllleHHH Mpoliecca KPOBOOOpa30BaHHS W HATHYHU
anemui. [Iporiecc KOPOTKOH KH3HH SPUTPOLMTA [TPUBOIHUT
K HapacTaHWIO KOJMYECTBA XkeJie3a U OUIpyOrHa B KPOBHU
C BTOPUYHBIM HapylIeHHueM (YHKIMH IEUEHH U CeNIe3CHKH.

UYepes 3 mecsiia nociie BBIMUCKA M3 CTAI[MOHApa Yy Tia-
[UEHTOB 00eUX TPYII 3HaYUMO TOBBIcHIICS ypoBeHb HCT,
MCV, MCH, RDW-SD (p<0,001 nms Bcex rpymi, cOOT-
BETCTBEHHO). Tarke B 00€MX IpyIIax CHU3WICA YPOBEHb
MCHC, 3nHauenme ko3¢d¢ummenra RDW-CV (p<0,001,
COOTBETCTBEHHO) 1 ypoBeHb COD - B 1-if rpynme Ha 13%,
BO 2-# rpynmne Ha 51%.

W3 mapkepoB BOCHAIUTEIbHON peakMyu B JaHHOW cTa-
The MBI pACCMAaTPHUBAJIH TOJBKO MTOKA3aTeNlb KOHIICHTPAIIUH

HEMATOLOGY

obmrero CPB, BricokouyBctBuTensHoro CPb (Bu-CPbB) u
YpOBEHb TOMOLIMCTEHHA.

B nacrosmee Bpems CPb paccmarpuBaercst kak Haubo-
Jiee YYBCTBUTEIBHBIN «3TAJIOHHBINY JTa00paTOPHBIA MapKep
CHCTEMHOTO BOCIIAJICHUS, TKAHEBOTO TIOBPEXKICHUS W WH-
(dexmonHoM ansrepanuu. KoHIleHTpalys ero B ChIBOPOTKE
KpOBH y OOJBHBIX, KAK BHEOOJIHHUYHOW, TaK U KOBHIHOM
MTHEBMOHUEH, KOPPETHPYET C TsHKeCcThio 3a0oneBanus. [la-
pametps! B4-CPB u romorncTenHa sSBISIOTCS CaMBIMU Ya-
CTO UCHOJIB3YEMBIMU TTApAMETPAMHU CHHIPOMA COCYUCTOTO
BOCHAJIMTENILHOTO OTBETA, YPOBEHBb KOTOPHIX SBISIETCS JTHa-
THOCTUYECKHUM B OTIPENIEIICHUN PUCKA BBISIBISIEMBIX COCYIU-
CTHIX OCNOKHEeHM y manuenToB ¢ CC3 [13].

CPb u3Mmepsiicst y Bcex MAIlMEeHTOB Ha UCXOIHOU TOUKE U
B TOUKE 3 Mec MOCJIe BHIMCKU U3 cTalmoHapa. Ha ucxoqHom
srarre nokasarens CPB npesbimman pedepeHcHbIe 3HaUCHUS B
00eux rpyrrax MalUeHToB, IOCTUTas MAKCUMAJIbHBIX 3Haue-
Huit Bo 2-i rpymmne — (11,20 [3,00-25,10] u 31,2 [8,7-67,6]
mr/n, p=0,004). Uepes 3 mecsinia mocie BBITUCKH MOKa3aTelb
CPb 3HauMMO CHHBHIICS, HO C COXPAaHHBIIMMCS TTOBBIIICH-

Tabnuma 1

CpaBHHUTE/IbHASI XapaKTePUCTHKA IPUTPOLHTAPHBIX IAPAMETPOB B I'PYIIAX NAlMEeHTOB, nepeHecinx SARS-CoV-2-acconnupoBaHHyio
TMHEBMOHMIO, IIPU OTCYTCTBUHU M HAJIMYHH CEPAEYHO-COCYIUCTHIX 3a00/1eBaHuil

IMoka3arenu IMepron obcnenoBanus I'pynma 6e3 CC3 (n=51) I'pynna ¢ CC3 (n=55) )4

RBC, 10'%/n Hcxonno 4,79+0,48 4,69+0,50 0,273
Yepes 3 mec 4,68+0,45 4,62+0,44 0,471

P 0,007 0,211
HGB, r/n Hcxonno 134,60+16,80 135,90+15,90 0,699
Yepes 3 mec 134,32+12,79 138,15+13,94 0,283

P 0,434 0,480
HCT, % Hcxonno 39,90+4,40 40,30+4,30 0,652
Yepes 3 mec 42,08+3,87 42,87+4,05 0,310

p <0,001 <0,001
MCYV, ¢n Hcxonno 83,10 [79,06-86,70] 85,00 [82,10-88,60] 0,109
Yepes 3 mec 92,00 [88,00-94,00] 93,00 [90,00-96,00] 0,021

p <0,001 <0,001
COD, Mm/u Hcxonno 12,990+5,90 29,30+14,90 0,007
UYepes 3 mec 11,38+6,55 14,44+8,73 0,047

p 0,950 0,176
MCH, nr HUcxomHo 28,45 [27,00-29,50] 28,79 [27,80-30,05] 0,074
Yepes 3 mec 29,00 [28,00-30,00] 30,00 [28,00-31,00] 0,128

)4 0,001 <0,001
MCHC, r/nn Hcxonno 33,50 [33,10-34,10] 33,80 [33,20-34,30] 0,152
Yepes 3 mec 32,00 [31,00-33,00] 32,00 [32,00-33,00] 0,892

p <0,001 <0,001
RDW-SD, ¢ HcxonHo 39,40 [36,70-40,60] 41,10 [38,80-44,50] 0,002
Yepes 3 mec 45,50 [43,20-47,60] 47,30 [45,00-51,20] <0,001

p <0,001 <0,001
RDW-CV, % HUcxomHo 12,90 [12,40-13,30] 13,30 [12,80-14,60] 0,056
Yepes 3 mec 12,10 [11,80-12,50] 12,30 [12,00-13,70] 0,018

p <0,001 <0,001

Ipumeuanue. 3nech U B TabM. 2: XKUPHBIM MIPUPTOM BEIIENICHO: p - JOCTOBEPHOCTh PA3IIMYUii TapaMeTPOB MO TOPU30HTAIN MEX Ty TpyHnamMu 1 u 2,
10 BEPTHKAJIN — BHYTPHU IPYIIBI B AMHAMMKE HCXOHO U yepe3 3 MecC MOCIIe BBIMUCKH U3 CTAIl[MOHApA.
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HBIM YPOBHEM I10Ka3aTessi BO 2-i rpymme maruenToB — (0,81
[0,33-2,28] u 1,93 [1,35-3,60] mr/mn, p<0,001). BeisiBnennsie
n3meHeHus obuero CPBb nmapannensHo accoluupoBauch ¢
MOBBINICHHBIMU 3HaYeHHsMH BY-CPb, n3amepeHHoro B Touke
3 mec mocne Bemmcku (1,53[0,61-3,71] u 2,14 [1,12-5,04]
mr/n, p=0,084), ¥ TOBBIIIEHHHIM YPOBHEM T'OMOIIUCTEH-
Ha (16,2846,49 u 17,59+7,10 mxmomns/n1, p=0,431) B 0benx
IpyIIax, 4YTo CBHACTEIBCTBYET O COXPAaHCHHH Y MAI[HCHTOB
SIBIICHUI ITPOJIOHTUPOBAHHON CUCTEMHOU U JIOKAJIIBHOW BOC-
MAUTENLHON COCYMCTON peakiuu, 0ojee BhIPAKEHHOW BO
2-i1 Tpymnne NanueHToB, C UMEIOLIEHCs BEPOSTHOCTBIO OTS-
TOIICHUSI CEPIICYHO-COCYAUCTHIX TPOSBICHUH Y OONBHBIX C
WIIEMAYECKOH OONE3HBIO cepila MPpH HAIUYUH aTepPOCKIIe-
POTHUYECKUX ONISIIEK B COCYTUCTHIX DacceiHax.

[pu paznenennu nampienToB ¢ CC3 (#=55) Ha rpymnrisl ¢
ropaskeHreM JierouHor Tkanu 10 50% u 6onee 50%, Hecmo-
TpS Ha 3aPETHCTPUPOBAHHOE 3HAYMMOE MTPEBBIIICHHE YPOBHSI
CPb npu nocryrmuienny, makcumansaoro CPb (26,70 [9,2-
47,91 n 42,80 [4,50-101,6] mr/n, p=0,163) u coxpaHsONIN-
s TTOBBIIIEHHBIH ypoBeHb BY-CPb (2,04 [1,22-4,12] u 2,54
[1,02-6,42] mr/n, p=0,649) uepe3 3 mMec MOCHE BBIMKUCKU U3
CTallMOHapa B TPyNIe ¢ 00bEMOM MOPAKEHHS JIETKUX OoJiee
50%, a Taxoke BBIABIECHHbIE KOPPENALMOHHBIE B3aUMOCBA3U
SPUTPOIMTAPHBIX ITAPaMETPOB C BOCHAIMTEIILHBIMU MapKe-
paMu B rpymimax ¢ pa3HbIM 00BEMOM TOPaKEHHUS JICTOYHOM
TKaHHU, HaM He YIaJI0Ch CPeH U3y4aeMbIX Ja0OpaTOpHBIX Ma-

PaMEeTPOB BBLIBUTH MPEITUKTOPEI, OMPENEIISIONIIe 00beM T0-
paxeHus jerouHol TkaHu. Ha naHHOM 3Tamne Mbl cBA3bIBaEM
9TO C HEAOCTATOYHBIM KOJIMYECTBOM BKIIIOUYEHHBIX B HCCIIE-
JIOBaHWE MANUEeHTOB. [103TOMY, HCKITIOUHMB (HaKTOP HATHYHS
CC3, MBI IIpoaHAIN3UPOBAIH JTA0OPATOPHBIE TAPaMETPHI B
oOuieli rpynme nanuentoB (#=106), pa3nenuB UX Ha IMOJ-
IpyHIIbI ¢ 00beMOM HOpakeHUs Jerkux 10 50% u 6onee 50%.

XapakTeprCcTHUKa SPUTPOIUTAPHBIX MAapaMETPOB KPOBH
B 3aBHCHUMOCTH OT 00beMa MOPaKCHHUsS JICTOYHOW TKaHU B
oO1ieii rpyre NalnueHToB NpeAcTaBIeHa B Tal. 2.

[TarMeHTH! B PeACTaBICHHBIX IPYIIax 110 KIMHUKO-/1e-
MorpadUuecKuM NapaMeTpaM 3HAYHNMO Pa3IHdYalluCh TOJb-
Ko 1o moxy (MyxuuHbl 56,5% u 32,4%, cOOTBETCTBEHHO
rpynnam, p=0,021) u mammuuro oxupenns (31,1% u 51,4%,
COOTBETCTBEHHO rpyrmmam, p=0,047).

[To npencrapneHHbIM B TaON. 2 JaHHBIM BHJHO, YTO Ha
HCXOIHOM 3Tare B Ipymmne ¢ 00beMOM MOpa)KeHHs JIETKUX
6osee 50% 3HAYMMO MOBBIMIEHHBIM OBL TOJIBKO KO3 HuIm-
enT RDW-CV (p=0,005), nokazarenu HGB (p=0,044), HCT
(»=0,011), mumporute/CPb (p=0,003) 1 MCH (p=0,043)
OBUTM 3HAYMMO BBICOKUMH B TPYIINE C TOPaKEHHUEM JIETKUX
10 50%.

Uepes 3 mecsma HaOMOAEHUST B 00EUX TpyIIax Haiu-
€HTOB OJIHOHATIPABICHHO ¥ PAaBHO3HAYHO W3MECHWINCH Ta-
pametpsl: canzuirc RDW-CV u MCHC; 3apeructpupoBa-
Ha TeHJICHIIUA K CHIKeHUIo mapamerpa COJ; MOBBICHINCH

Tabunuma 2

CpaBHUTeJbHAS XapaKTePUCTHKA IPUTPOLIUTAPHBIX IAPAMeTPOB B 0011eli rpynie nanueHToB, nepenecminx SARS-CoV-2-
aCCONMHMPOBAHHYIO MHEBMOHHIO, B 3ABHCHMOCTH OT 00beMa MOPasKeHHs JIETOYHOH TKAHH

" Mepuon adenenomamns | P ) | serounon mant ety P

RBC, 10"%/n HcxogHo 4,77+0,51 4,65+0,46 0,206
UYepes 3 mec 4,65+0,51 4,63+0,36 0,869

P 0,003 0,886
HGB, r/n Hcxomno 138,59+13,11 128,69+19,30 0,004
Yepes 3 mec 137,34+13,03 131,69+14,79 0,033

p 0,136 0,133
LYM/CPB HcxomHo 0,18 [0,07-2,11] 0,06 [0,03-0,43] 0,003
Yepes 3 mec 1,4510,63-3,53] 0,54 [0,30-1,74] 0,010

P 0,019 <0,001
COD, mm/u HUcxonno 19,56+14,59 22,80+9,96 0,668
Yepes 3 mec 12,3849,84 15,22+10,63 0,084

p 0,477 0,334
MCHC, r/mn HcxonHo 33,80 [33,30-34,20] 33,60 [32,60-34,20] 0,126
Yepes 3 mec 32,00 [32,00-33,00] 32,00 [31,00-33,00] 0,248

P <0,001 <0,001
MCYV, ¢pa HcxomHo 85,25 [82,00-88,40] 83,65 [78,95-86,60] 0,128
Yepes 3 mec 93,00 [90,00-96,00] 91,00 [88,00-93,00] 0,016

P <0,001 <0,001
RDW-SD, nr WcxomHo 39,8 [37,70-41,20] 40,50 [38,8-42,90] 0,088
Yepes 3 mec 46,80 [44,20-49,60] 45,6 [44,60-48,80] 0,450

p <0,001 <0,001
RDW-CV, % HcxomHo 12,90 [12,30-13,30] 13,60 [12,80-15,30] 0,005
Yepes 3 mec 12,30 [12,10-13,10] 12,30 [12,00-13,70] 0,280

P <0,001 <0,001
MCH, 1/ HcxomHo 28,8442.23 27,45+3,65 0,043
Yepes 3 mec 29,77+2.36 28,57+3,07 0,032

p <0,001 <0,001

Mpumeuanune. Lym/CRP — koaddunment coornomenns mumponutos k CPb.
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ypoBan MCV, MCH, RDW-SD; 3apeructpupoBaHo 3Ha4H-
Moe cHmkeHue nokaszaresns RBC B 1-#f rpymnme nanueHTos.
Bo 2-ii rpynne ¢ nopaxenueMm odbema serkux oomnee 50%
3apEerUCTPUPOBAHO 3HAYMMOE TIOBBINICHUE KOA(DPHUIIMEHTA
mamMpountsl/CPb (LYM/CPB) (p<0,001), koTopslii, onHa-
KO, OCTaJICSl JOCTOBEPHO HUXKeE, YeM B 1-i rpymrie.

s moncka He3aBHUCHMBIX IMPEIUKTOPOB MPOrHO3UPOBA-
HUS 00beMa MOPAKEHUS JIETKUX Y TAIMEHTOB OBLT UCIIONB30-
BaH MeToJ OMHAPHOM JorucTHYecKor perpeccun. [lpensapu-
TeNnbHO ¢ omonbio ROC-aHanu3a ObUTH HaliIeHBI TOPOTOBBIE
3HA4YEHUS UCXOIHBIX MTOKa3aresnei, KOTopble OMOIIH IIPECTa-
BUTH [TEpEMEHHBIEC B OMHAPHOM BHUJIE ¥ CIIETIaTh UX Oolee yao0-
HBIMH JUTS1 OIIPEICIICHUSI BEPOSITHOTO 00heMa MOPAsKESHHS JIeT-
KHUX B KIIMHMYECKOW mpaktuke. OnpeaeneHsl cIeayIoUue mo-
POTOBBIE 3HAYEHUs], 3HAUMMO Pa3eNAIoNye IPYIIIbl C Pa3HOH
CTeIEeHbI0 IopaXKeHns 00beMa JieTkuX: 3HaueHust max CPb 6o-
nee 18 mr/n (OLL 2,78 (95% AU 1,161-6,66), p=0,020); HGB
menee 132 r/n (OLL 2,95 (95% AU 1,25-6,96), p=0,012);
MCHC wenee 33 r/mn  (OLI 3,96 (95% AW 1,27-12,29),
p=0,014); RDW-CV 6onee 13,6 (OIL 8,30 (95% U 2,73-
25,20), p<0,001); LYM/CPB menee 0,6 (OLL 5,71 (95% AU
1,20-16,35), p=0,001). O1u mokazarenu, a Takxe RDW-SD
1 MCH 06bumH B35THI B MOZEIIb JIOTUCTUYECKOH PErpeccuu B
Ka4ecTBe HE3aBHCHMBIX MPEIUKTOPOB. B pesysnprare aHamisa
¢ 00bEMOM MOpAKEHH JErKUX acCOLMUPOBAHBI TTOKa3aTenn
koaddurmento RDW-CV u LYM/CPB npu nocrymnenun
B CTalliOHAp. Pe3ynsrarel JIOTMCTHYECKOTO PErpecCHOHHOTO
AHAJTN3a OTPaKCHBI B TA0NL. 3 U Ha PUCYHKE.

3nauenuss RDW-CV 6omee 13,6 u LYM/CPB menee 0,6
YBEJIMYUBAIOT BEPOSTHOCTh HAIMYMA IOPAXKEHHs JIerod-
HoW TKaHu Oomnee 50% B 9,3 u 5,9 pa3, COOTBETCTBEHHO.
UyBCTBUTENBFHOCTh U CHENU(PUYHOCTH MOJETH COCTABHIH
74,4% u 86,7%. Ilnomanp mox kpusoit (AUC) cocraBuia
0,84; p < 0,001.

Oécyacoenue. CIOXXHOCTb COCTOSIHUS, BBI3BAHHOI'O KO-
ponaBupycom SARS-CoV-2, cBsizaHa ¢ HempencKka3yeMbIM
KITMHAYECKHM TEYeHUEM 3a00JICBaHUS, KOTOPOE MOXKET
OBICTPO Pa3BHBATHCS, BBI3BIBAs TSDKENIBIE U CMEPTENbHBIC
ocloXHeHHs. BruiBneHune 3¢QQEeKTUBHBIX J1a0OpaTOPHBIX
OHOMapKEPOB, TOIYAC Y)KE U3BECTHBIX, CIOCOOHBIX KITACCH-
(¢unHMpoBaTh MAMEHTOB IO PUCKY OCIOXHEHHU U dPdek-
TUBHOCTH TEPAITUH, MOXKET OOJIErYUTh MOUCK MPEIUKTOPOB
Y MapKepoB B Pa3BUTUHU U TEUEHUU MOJIHOPTaHHOI maTosno-
I'MU Y IALUEHTOB C TsOKENbIMU ocaokHeHusamMu COVID-19.

U3 omy0OiIMKOBaHHBIX HAyYHBIX MaTepHalOB M3BECTHO,
yto 3putpouuTsl npu COVID-19 onpenensitoT TAXKECTb
TUIIOKCEMHH U aHEMMH Yy NAIMeHTOB C ITHEBMOHUEH, IpH
9TOM MOTYT M3MEHSTHCS MapaMeTphl KOJIMYEeCTBa 3PUTPO-
LUTOB, YPOBHA reMoroOuHa, oObema spurpouutoB [11,
12]. 1o oTAenbHBIM JaHHBIM K KPUTEPUSIM PUCKA CEPhe3-
HbIX ocnoxHeHuit COVID-19 6bul OoTHECeH MoKazaTelb
RDW-CV. Ortot nokasareisb MO3BOJSIT OTCIEKUBATH TPO-
ecc YXyAIEHHUs WIH YITyYIIeHHs] COCTOSHHS MAIlHeHTOB,

HEMATOLOGY

OJTHAKO MPUYMHA ACCOLMAIUM TSHKECTH COCTOSHUS TAllH-
eHToB u napamerpa RDW moka no xoHna He usydena [10].
[IpoBoauMoe HaMu HCCIENOBAHUE a0 BO3MOXKHOCTB
OIICHUTH OT/ICJIbHBIC aCTIEKThI JAHHOTO BOMpoca. MBI mpo-
BEJIM UCCIICAOBAHIE SPUTPOLUTAPHBIX TAPAMETPOB UCXO-
HO ¥ B AMHaMUKe yepe3 3 Mec MOocie BBITUCKU U3 CTallH-
OHapa, BKJIIOYas M3yuyeHHe MX acCOLMAIMM C MapKepaMmu
BOCTIAJINTENILHOW Peakui ¥ 00bEMOM MOPAXKEHHSI JIETKUX
B Ipynmnax ManueHToB ¢ HanudueM u orcyrcreuem CC3,
U B 00IIel TpyIine NaiueHToOB ¢ Pa3HbIM 00beMOM Mopa-
JKEHUS JIETKUX.

B n1aHHOM HCCIIEIOBAaHUY YYaCTBOBAIIM MAIIUCHTHI, BbI-
MMCaHHEIE U3 MOHOTOCTIUTANs ¢ iepeHeceHHor SARS-CoV-
2-acCcOMUPOBAHHON THEBMOHUEH.

[To nannbIM Hanrero uccienosanus, B rpymie ¢ CC3 uc-
XOJTHO OOJNIBIIMHCTBO SPUTPOIUTAPHBIX MAPaMETPOB HAXO-
JUIIOCH B TIpeneniax pedepeHcHbIX 3HaueHnid. Hamu Oblia
3apeTUCTPUPOBaHa Pa3HULA TOJNbKO B Mokaszareimssx COD,
RDW-SD 1 RDW-CV ¢ 10CTOBEpHBIM TPEBBIIICHUEM WX
3Ha4YeHul B cpaBHeHNH ¢ rpynmoii 6e3 CC3. Yepes 3 mecsia
y HalMeHTOB 00euX IPyII 3HAYMMO OJHOHAMPABICHHO TO-
Boicunuch yposHu HGB, HCT, MCH, u cHu3mics ypoBeHb
MCHC u RDW-CV. Hamu nanHbie comacyrorcs ¢ JaHHbI-
MU JPYTHX paboT, IJe YPOBHH OTICIBHBIX MapaMeTpoB, B
YaCcTHOCTH, reMornobuHa, rematokpurta ¥ MCHC umenn
NoA0OHYI0 JUHAMUKY, YTO CBHIETENBCTBYET O JOJITOCPOY-
HOM XapakTepe HapylleHus! QyHKLIUN SpUTPOLUTAPHBIX Ha-
pamerpos mpu COVID-19 [3, 4, 8, 14].

Kpuesie ROC
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Jannsie ROC-ananu3a npu oLieHKEe MOJAETH MPOTrHO3HPOBAHUS
o0beMa NMopakeHHs JEeTKUX.

Tabnuua 3
Pe3yabTaThl JIOrHCTHYECKOTO PErPECCHOHHOIO AHAJIN3A
95% OU o1
TP e/ HKTODEL B-rxoaddurent CrannmaptHas Craructuka oIl 0 1 A
per P KOppEsIin orubka Banbna P Hixnss Bepxusa
rpaHuLa rpaHuna
RDW-CV npu nocrymienuu 2,227 0,730 9,312 0,002 9,275 2,218 38,783
LYM/CPB nipu nocryruieHuu 1,768 0,688 6,599 0,010 5,857 1,520 22,561
Koncranra -3,202 1,082 8,757 0,003 0,041

Ipumeuanne. OlLl — oTHOIIEHUE IIAHCOB.

29



KIMHWYECKAA JTABOPATOPHAA AVATHOCTUKA. 2022;67(1)
https://dx.doi.org/10.51620/0869-2084-2022-67-1-24-30

TEMATONOINA

3nauennss RDW-CV u yposers COD B rpymme 00ib-
HbeIX ¢ CC3 uyeTko acconumpoBanuch ¢ napamerpamu CPB,
B4-CPb u roMouucTenHa, 4To MOXKET CBUAETEILCTBOBATh O
B3aWMOCBSI3U DPUTPOIUTAPHBIX MOKA3aTeNeld CO CTENECHBIO
BBIPQKEHHOCTH CHUCTEMHOTO U JIOKAJIBHOTO COCYAHCTOTO
BOCIAJIMTENILHOTO Ipoliecca, JeMOHCTPUPYS HaJIM4ue I10-
TEHIMANa Ul Pa3BUTHUS COCYIUCTBIX OCJIOXXHEHHUH y ma-
nuentoB ¢ CC3. HepaspsiBHad cBs3b CPb ¢ nmapamerpamu
JEHKOLUTAPHOTO psifa nepudepruyeckor KpoBH — JIUMPO-
LUTaMH - 3aKOHOMEPHO BBIJCIWIIA B 00IIeH rpyrie 00ib-
HbIX COVID-19 cHmXeHHBIH KOAQQHUIIMEHT UX OTHOIIIECHHUS,
koropeiid BMecte ¢ RDW-CV npruobpenu cratyc MapkepoB
MOPaKeHUS JISTOYHON TKAHH U CTETICHH TSDKECTH 3a00JieBa-
HUA ¢ accoruupoBaHHO# nmHeBMoHuen. [To ganasiM ROC-
ananmza, kodppumuentst RDW-CV > 13,6 u LYM/CPB <
0,6 yBEITMUYMBAIOT BEPOSITHOCTh HATMYHS TIOPAKECHHS JIET0Y-
Ho#t TkaHu 6osee 50% B 9,3 u 5,9 pa3, COOTBETCTBEHHO.

EcrecTBeHHO, MPUYUH I/ pa3BUTHS JAET€HEPaTUBHBIX
n3MeHeHui 3puTporuToB B pamkax COVID-19 namuoro
Oonbiie. K HUM MOTI'YT OTHOCUTBCS: HapylEHUE CO3pEBa-
HUS KIETOK B KOCTHOM MO3Te; HapylICHHE CTPYKTYPHO-
(DYHKIIOHAJILHOTO COCTOSIHHS 3PUTPOLMTAPHBIX MeMOpaH
IIPYU U3MEHEHUH JIMIUIHOTO M OENKOBOro 0OMeHa; U3MeHe-
HUE CPeIHEH KOHICHTPALUK TeMOIIOONHA C YBEINYCHUEM
CpemHero o0beMa JPHUTPOIMTOB; IOBBIIICHUE IOKA3aTels
JIe(OPMUPYEMOCTH 3PUTPOLIUTOB, YTO COMPOBOXKAACTCA
CHIDKEHHEM HX Iaccaka 4epe3 KalmuUIIpHOe pycno, o0y-
CJIOBITUBAS yCYTyOJICHNUE HAPYIICHUS KUCIOPOATPAHCIIOPT-
HOU (YHKIMH KpOBU U nepdy3un TKaHed ¢ prCcKoM o0pa-
30BaHUS KOHIJIOMEPATOB HE TOJIBKO B KalMJUIApax, HO U B
Oonee KPyIHBIX COCYHax, ONpenelsis TKECTh JIETOUHBIX U
ceplieuHo- cocyaucteix ocioxueHuit COVID-19 B ycno-
BUSIX LUTOKWHOBOTO AHcOaliaHca; BTOPUYHOE IMOpPaKECHHE
(yHKIMM BHYTPEHHUX OPTaHOB B YCIOBUSX TSKEIOTO TeUe-
HUs1 TH(PEKIIMOHHOTO Tpoliecca u psix apyrux [15 - 18]. Uc-
CJICZIOBAHUS 1O BHISBJICHUIO PHYKH JIOITOCPOYHOTO XapaK-
Tepa HapyueHus QYHKIUH KIETOK nepuepuaeckoid KpoBH
ipu COVID-19 akTuBHO POIOIKAIOTCA.

3aknouenue. Vnentudukanus 3QQeKTHBHBIX 1a00-
paTopHBIX OMOMapKepOB, CHOCOOHBIX KIACCH(PHIUPOBATH
MAIlMEHTOB HA OCHOBE PUCKA Pa3BHUTHS CEPHE3HBIX OCIIOXK-
HEHHH, SBIAETCS Ba)KHBIM MOMEHTOM MJsl oOecreueHHs
CBOEBPEMEHHO Ha4yaToll Teparuu MalueHToB. YIIyOaeHHoe
HCCIIeIOBaHNE H BHUMATEILHOE OTHOIICHUE K YK€ U3BECT-
HBIM JIAOOPATOPHBIM MMapaMeTpam, B YACTHOCTH, IPUTPOIIH-
TapHBIM, MOXET MO3BOJHUTH PACLUIMPHTH YUCIO HHIUKATO-
POB, BIMAIOLINX HAa BEPOSTHBIA PUCK Pa3BUTHSA OCIIOKHEHUH
COVID-19, u gate BO3MOXXHOCThH Oo0Jiee paHHETro pearupo-
BaHUA NP CJIOKHBIX KIIMHUYECKUX CUTYaIUsX.
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NMPUMEHEHUE ®JIIOOPECLLEHTHON UMMYHOLIUTOXUMUU B UHTPAONEPALIMOHHOW
ANATHOCTUKE METACTA30B B CTOPOXEBBIX INMMOATUYECKUX Y3N1AX
NPV PAHHEM PAKE MOJIOYHOW XENE3bl

MoOCKOBCKMIN HayYHO-UCCNefoBaTeIbCKNI OHKOTOTNYECK MHCTUTYT uM. T.A. TfepueHa — ¢ununan OI'BY «HaumoHanbHbIN
MeLVLNHCKNI NCCNeoBaTeNbCKNUIA LeHTP paguonorun» Munsgpasa PO, 125284, Mockga, Poccus

Lenv uccnedosanus - nokazamv 603MONCHOCIU DIIOOPECYEHMHOU UMMYHOYUMOXUMUU NPU CPOYHOM UHMPAONEPAYUOHHOM
UCCI008ANHUL CIOPOJICEBLIX TUMPAMUYECKUX Y3108 NPU PAHHEM paKe MONOYHOU dicenesvl. Aemopamu npoananusuposansl
OaHHble COCMOSAHUS TUMPamuieckux y3nog y 94 60nvHbIX, NPOONEPUPOBAHHBIX NO NOBOOY PAHHE20 PAKA MOLOYHOIU dicene3bl
¢ oexabpsa 2016 e. no ausapv 2018 2. 6 omoenenuu peKOHCMPYKMUBHO-NAACMUYECKOU XUPYPSUU MOLOYHOU JHCeNe3bl U KOHCU
MHHUOMH um. I1.A.I'epyena. B pesynomame ucnonvzosanus paouogapmunpenapama « Texneghum®"Tey» 6o epems onepayuu oi-
oensnu cmopodicesvie aumpamuyeckue ysnvl (J1Y), cocmosnue KOMOpuix OYeHUBAIU MENMOOOM CPOUHOLO YUMOLOSUHECKO2O
uccnedoganus. B croxcnvlx 0ns OuaeHOCMuUKU CIyuasx NPUMeHsiu Prroopecyenmuyio UMMYHOYUMOXUMUIO, YMO NO360NULO
uzbexcams euno- u eunepouaznocmuku y 30 601bHbIX ¢ OUASHO30M PAHHE20 paKka MOIOYHOU dicenesvl. HyscmeumenbHocns
CPOUHO20 YUMONOSUHECKO20 MemoOdd UCCIe008anus omnevamka cmopooicesvix JIY cocmasuna 83,3%, cneyuguunocmo —
100%, s¢hpexmusnocmo — 83%, npoenocmuueckas yeHHOCMb NOLOACUMENbHO2O pe3ynomama — 83,3%, a ompuyamenbnoeo
pesynomama — 100%. Takum obpazom, OuazHocmuieckas mo4HOCHs CPOUHO20 YUMOIOSUUECKO20 UCCIe008AHUS COPOICEB020
aumpamuueckozo ysna cocmaguna 94%.
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APPLICATION OF FLUORESCENT IMMUNOCYTOCHEMISTRY IN INTRAOPERATIVE DIAGNOSTICS OF
METASTASES IN SENTINEL LYMPH NODES IN EARLY BREAST CANCER

Moscow Scientific Research Institute of Oncology named by P.A. Herzen —branch of the Federal State Budgetary Institution
«National Medical Research Center of Radiology» of the Ministry of Health of Russia, 125284, Moscow, Russia

The aim of the study was to show the possibilities of fluorescent immunocytochemistry in urgent intraoperative examination
of sentinel lymph nodes in patients with early breast cancer. The authors analyzed the data on the state of the lymph nodes in
94 patients with early breast cancer who had been operated on since December 2016 to January 2018 in the Department of
reconstructive plastic surgery of the breast and skin of the PA. Herzen Moscow Oncological Institute. As a result of the use of the
«Tekhnefit”"Tey radiopharmaceutical during the operation, sentinel lymph nodes were isolated, the state of which was assessed
by the method of urgent intraoperative cytology. In difficult-to-diagnose cases, fluorescent immunocytochemistry was used, which
made it possible to avoid hypo- and overdiagnosis in 30 patients with early breast cancer. The sensitivity of the urgent cytological
method for examining the sentinel lymph nodes smears was 83.3%, the specificity — 100%, the efficiency —83%, the predictive
value of a positive result — 83.3%, and the predictive value of a negative result — 100%. Thus, the diagnostic accuracy of urgent
cytological examination of the sentinel lymph node was 94%.
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Beeoenue. 1utonorndeckuii MeToA JOCTATOYHO JABHO
MIPUMEHSAETCS B UHTPAONepallMOHHON TUATHOCTHKE C LIENbI0
BepU(UKAIIMA METacTa3oB B JmMdarndeckux yznax [1].
Cpo4yHOE WHTPAOTEPAMOHHOE HUTOJIOTUIECKOE HCCIIEI0-
BaHue Jumbarndeckux y3i08 (JIY) Bo MHOrOM onpezesnseT
BBIOOpP pallMOHAJIBLHOTO 00beMa M XapakTepa ONepaTHBHOTO
BMemarenscTsa [1,2].

B HacTostimee BpeMst Ha MpeIONIEPAIMOHHOM STare Mof
KOHTPOJIEM KOMIBIOTEPHOU U YIBTPa3ByKOBOH JTHArHOCTH-
KM MOXKHO ITOJTyYUTh TOHKOUTOJIbHBIE aCIUPallHOHHbBIE OHO-
NTaThl U3 OIyXOJel, HO He BCeraa BO3MOXKHO aJIeKBaTHO
OIICHUTH COCTOSIHHE JTHUMQAaTHIECKOTo KoJIeKTopa. B co-
BPEMEHHOM XMPYPTUU UMEETCS IBE OCHOBHBIC TEH/ICHIUH:
1 — mpoBeZieHNe pacIMPeHHON TUM(}aTeHIKTOMUH; 2 — CO-
XpaHeHue TUM(ATHIeCKOro KOJUIEKTOpa C yAaJeHUEeM U UC-
CJIeOBaHUEM CTOPOXKEBBIX JIY, UTO JUKTYET BaXKHOCTh TOY-
HOW OIIEHKH COCTOSIHMS TIMM(BATUIECKOro KosuiekTopa [3, 4].
Takum 00pa3oM, MOKa3aHUs K paclIMPeHHON TUM(paaeHIK-
TOMHH U YIaJICHHIO cTOpOXKeBBIX JIY ompenensercs cocto-
ssHUEeM JuM(paTnaeckoro 0apbepa, KOTOpoe aJeKBaTHO Olle-
HUTH BU3YaJIbHO HE BCETA MPECTABISETCS BOZMOKHBIM.

OTtcyTcTBHE METAcTa30B B CTOPOKeBBIX JIY npu paHHEM
paxe MOJIOUHOH >keNe3bl MO3BOJISIET IPUMEHATh OPraHOCOX-
paHsmoIIee JICYCHHE C MANAIIeH TaKTUKOW B OTHOLICHHH
TUM(}aTHYECKOTO KOJUIEKTOPA.

[IpenonepaunonHas OObEKTUBHAS OLIEHKA COCTOSHUS
30H PETMOHAPHOIO METAacTa3HMpOBaHMSA HE BCETra BO3MOXK-
Ha. B mmMdarnuecknx y3max, MaKpOCKONIMYECKH HE II0-
JIO3PUTENBHBIX II0 METAaCTaTUYECKOMY ITOPAXEHUIO TIpU
MHUKpPOCKOTIMYECKOM uccienoBannu, B 30% BBISBISIOTCSA
MeTacTa3bl, U B TAaKOM K€ IPOLEHTE HAONMIOIEeHUI B yBEIIH-
YeHHbIX MIOoTHRIX JIY Meracrassl He BhIABIsIOTCS. [lomy-
YeHHbIE JJAaHHBIE ONPEACIISIIOT He0OXOANMOCTh HHTPaoIepa-
LUOHHOTO MOP(OJIOrUYECKOro U3Y4YeHUs JTUM(PATHIECKOTO
Oapbepa. [ucronmoruyeckoe uccieqOBaHUE HEOOIBIIOTO
konmuecTBa JIY MOXKeT mpuBECTH K HEaaeKBAaTHOM OIEHKE
PacpoCTPaHEHHOCTH OITyXOJEBOTO MpoIlecca, UCCIeq0Ba-
Hue Oonpmioro yucna JIY TpeOyeT 3HaYMTENbHON 3aTpathl
BPEMEHH, YTO B MHTPAOIEPAIL[MOHHBIX YCIOBHUSAX HE BBI-
MOJTHUMO. [Ipu pyTHHHOM T'MCTOJIOTHYECKOM HCCIICAOBAHUH
JIY ommbka Moxer gocturarh 25%. DTy CUTYaIUI0 MOXHO
MIPEO0JIETh, HCIIONb3YS MHOTOCTYIIEHYAThIE CPe3bl K UMMY-
HOT'MCTOXUMHIO, HO Ha 3TO YXOJUT MHOTO BPEMEHH H ITOT
METOJI CJI0XKHO ITPIMEHHUTH B YCIIOBHUSIX CPOYHOTO HHTPAOTIe-
parmonHOTO HccnenaoBanus [5-13]. Cpounoe mHTpaorepa-
LIMOHHOE ITUTOJIOTHYECcKoe uccienoBanue JIY sBisercs ainb-
TEPHATUBOW I'MCTOJIOTMYECKOMY METOLY U TpeOyeT ropasno
MEHBIINX 3aTpaT BpeMeHHU U cpencts [14, 15,]. Ho mpu mu-
TOJIOTMYECKOM HCCIICIOBAHIMH BO3MOYKHBI OIIMOKH, KOTOPBIE
HOCAT XapakTep THIO- U TUIEPANArHOCTHKH. BO3MOXKHBI
CIIO)KHOCTH LIUTOIOTUYECKON JMAarHOCTUKHU 10 €JUHUYHBIM
omyxoneBbIM KieTkaM. OOBEKTHBHAsI OIEHKa METacTaTH-
YECKOr0 TMOpaKeHUs TMM(aTHYSCKHX Y3JI0B BO3MOXHA C
MOMOIIIbI0 UMMYHOLIUTOXUMU4EecKkoro uccienoanus (MLI-
XMW), Opnako nmmyHonepokcuaazHoe MIIXU mposogurcs
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B IUTAHOBOM TIOPSAJKE U 3aHUMAET MO BpeMeHH 2.5-3 yaca.
B otnenennu onxoruronorun MHUOU um. T1.A.Tepuena
pa3paboTaHa TEXHOJIOTUs U MOJIy4eH IIaTeHT Ha UHTpaolle-
panMoHHYI0 (IIOOPECIEHTHYI0 NWMMYHOIIUTOXHMHYECKYTO
JUAarHOCTHKY METAaCTaTHYECKOTO IOpPaKEHHs JIMMQaThye-
CKHUX Y3JI0B, TI03BOJISIONIAs HHTPAOIIEPALIMOHHO, B TEUEHHE
20 MuH 0OBbEKTUBHO OLIEHUTDH XapaKTep MOpakeHUs JIuMpa-
TUYECKHUX y3110B [16-18].

B nacrosiiiee Bpemsi Ouoricusi curHansHbix JIY npu pake
MOJIOUHOH jKeJie3bl B 3apyOeKHBIX CTpaHaX BXOAUT B KpH-
TEPUHA COBPEMEHHBIX pekoMmeHnanui, takux, kak NCCN,
ASCO, ESMO u np. [19-21]. B Poccwiickoii @enepanumy,
COITACHO MPOTOKOITY KIIMHWYECKoU arpobanuu «Mertox Ou-
OIICUU CUTHAJBHBIX (CTOPOMKEBBIX) TUM(PATHUECKUX Y3JIOB
y OONBHBIX omnepadelbHBIMU (pAaHHUMH) CTAJAMSIMU paka
MosouHOH xkene3bl ¢T1-2NOMO kak KOMIIOHEHT OpraHo-
COXPAaHSIONIETO WK (YHKIIMOHAIBHO IIAISIICTO JICUYCHUS,
yTBepxkaeHHoMy Munzapasom Poccum 19.11.16 1., moxHO
UCIIONIb30BaTh B Ka4eCTBE KJIMHUYECKUX UCTIBITAHUN paano-
n30TomHbIN Koyutoun Texuedut *"Tc. B kauecTBe CpouHOi
HHTPAONEPALMOHHON JUAarHOCTUKU CTOpOXeBBIX JIY wc-
MOJIB3YIOT, B OCHOBHOM, THCTOJIOTHYECKOE UCCIIEIOBaHHE.

Lesnp uccnenoBaHus — MOKa3aTh BO3MOXKHOCTHU (IIr0O-
PECIIEHTHOW MMMYHOIIUTOXMMHUHU TP CPOYHOM HHTPAOTIE-
PallMOHHOM HCCIICIOBAHUN CTOPOXKEBBIX JTMM(PATHICCKUX
Y3JI0B IIPU PaKe MOJIOYHOU JKeJIe3bl.

Mamepuan u memoowvt. C nexabpss 2016 r. mo sH-
Bapb 2018 T. B OTHENCHHH PEKOHCTPYKTUBHO-ILIACTHYE-
CKOM XMPYpTUU MOJOYHOH skene3bl u koxxu MHUOU um.
[T.A.Tepuena ObUTM MPOBEJCHBI KIMHUYECKHE HCCIIEI0Ba-
HUS JIJIs1 AMarHOCTUKYU cocTostHus JIY 'y 94 OonbHBIX ¢ nua-
THO30M paHHETr0 paka MOJIOYHOH xene3bl. HWnenTnduka-
LU0 CTOpOkeBOTO JIY MpoBOAMIIM B TpH dTama:

1. mpenonepanvoHHast BU3yanusanus cropoxesoro JIY ¢
UCIIONIb30BaHHEM PAJAHOU30TOIHOTO KOJUIOUA;

2. MHTpaoIepalMoHHasl JIETeKIusl cTopokeBoro JIY c
HCTIOJIb30BaHUEM TIOPTATUBHOTO raMMa-JaT4yrKa;

3. CpOYHOE MHTPAOIIEPALIMOHHOE HCCIIEIOBAaHUE CTOPO-
sxkesoro JIV.

Jis  mpenonepanvoHHON — BH3yalHM3alud  CTOPOXKe-
Boro JIY wucnonws3oBanu paguoOW3OTONHBIA IIpenapar
«Texuepur®™Tcy  mpomsBoacTBa  GupMbI  «Jlnamen
(Poccus) (peructpanumonnsiii Homep: JIC-00002365 ot
28.09.2011 ).

Jna Busyanuzanuu cropoxkeBoro JIY 3a 1,5-2 u no
MPEANOIaraeMoro XUpyprudeckoro BMeLIaTeabcTBa 00Jb-
HBIM BBOAWIH 1 M paanodapmnpenapara (POII). Beene-
HUE BBITIONHSUTN TIEPHAPEOIISIPHO, CO CTOPOHBI KBaJpaHTA,
COOTBETCTBYIOLIECTO IMPOCKIMU OIMYXOJH, BHYTPHUKOXKHO U
MOJIKOXKHO, TPEBAPUTENILHO 00paboTaB 30HY HHBEKIUU
pacTBOPOM aHTHCENTHKA.

Uepes 25-30 MuHYT 1ocie BBEJEHUS Ipenapara BCEM
OOJILHBIM TIPOBOJMIIM CUUHTUTPA(QUIO B PEXKHME OIHO-
(hOTOHHON HIMHCCHOHHOM KOMIBIOTEPHOW TOMOTpaduu
(O®DKT) m B pexume COBMEIIEHHOH OJXHO(POTOHHOM
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SMHCCHUOHHOM KOMITBIOTEPHON TOMOTrpaduu, COBMEIICHHOM
C PEHTI'€HOBCKON KOMITbIOTepHOH ToMorpadueit (ODPIKT-
KT). JIns wuccnenoBaHusi HMCIONB30BANIA OJHO(OTOHHBIHN
KOMITBIOTEPHBIH TOMOTpad), COBMEUICHHBIH C PEHTTCHOB-
CKol KomIbloTepHOI ToMorpadueit Discovery NM/CT 670
(General Electric, CLLIA).

[lony4yeHHble B XOz€ UCCIEOBAaHUS JlaHHbIE CLMHTUTO-
MOTPaMMBI TIO3BOJISUTH OTIPEACIUTH 30HY HHTEHCHBHOTO HAKO-
mieHust POII B mecTe BBEEHUS, «TIOPOXKKY» OT NIEPBUYHOIO
odara J0 CTOPOKEBOrO JUM(ATHUECKOro y3Ja U O4ard HaKo-
IUIEHU TIpenapara, COOTBETCTBYIOLIHE KOIIMYECTBY U JIOKAIIU-
3aI1X BBISIBJICHHBIX CTOPOKEBBIX JIMM(PATHIECKHX y3IIOB.

WHTpaonepalliOHHYIO JETEKIUI0 CTOPOKEBOTrO JrMa-
THUYECKOTO Y371 IPOBOAMIIH C ITIOMOIBIO TIOPTATUBHOTO TaM-
Ma-netekropa Gamma Finder® IT (W.0.M World of Medi-
cine AG., I'epmanms).

B ycnoBusix onepanoHHOR C IOMOIIBIK T'AMMAa-JETEK-
TOpa BBINOJHSIM OLEHKY JOKAIHU3AUH JIMM(aTHUECKOTO
y3J1a ¥ IOKa3aresiell ”HTeHCUBHOCTH HakoruteHust POII. ITo-
CJIEe 3TOTO BBIMTOIHSUIY BBIJIENIEHHUE U YallEHHE CTOPOKEBOTO
TUM(}ATHIECKOTO Y3114 C ITIOMOIIBIO AJIEKTPOKOATYIISIIHH.

ITocne ynanenust cropoxxeBod JIY HampaBisiid B IIUTO-
JIOTMYECKOe OTAEJICHUE Ul IPOBEICHUS CPOUYHOTO IIUTONO-
THYECKOTO UCCIIETOBAHMS.

Cpo4yHOE LMTOJIOTMYECKOE HCCIIEJOBAaHUE BKIIIOYAJIO
B ceOsi TpM 3Tama: BBHIMOJHEHUE pa3pe3a JTUMQPaTuIecKoro
y3/1a, B3SITHE COCKOOAa M MUKPOCKOIIMYECKOE 3aKJIIOUECHHE.
B cnywyae nHebompmoro pasMepa CTOPOXKEBOTO JTUMQaru-
YEeCKOro y3Jia <5 MM BBITIOJHSUIA pa3pe3 JINM(PaTHIECKOTO
y3/1a B OIHOU IUIOCKOCTH, B ciydae Ooyiee KpymHOTO pas-
Mepa JUM(}aTHUECKOTo y3l1a >5MM — B 2—3 mapasulellbHbIX
IUIOCKOCTSIX.

Janee Opanu COCKOOBI C MOBEPXHOCTEH IUIOCKOCTEH
BCEX CPE30B CTOPOXKEBOrO JTUM(ATHUECKOro y3ja ¢ mocie-
JyIoliel OKpacKoil a3yp- 303MHOBBIMH CMECSIMH C HUCIIOJb-
30BaHUEM Habopa Juid OblcTporo okpamuBaHus Jlexonud
200. Mzy4yenne marepuaia IpOBOAMIHN C IIOMOIIHI0 MHUKPO-
ckonia LEICA DMLS 2 (I'epmanus). B cnyyasx, BeI3bIBaB-
KX 3aTpyAHEHHE B IOCTAHOBKE JUArH03a, IPOBOIAMIM J10-
TIOJTHUTENFHOE ncciienoBanme — ¢moopecuentHoe ULXU.
C nespio BBISBJICHHS OIYXOJIEBBIX KJIETOK MPUMEHSUIN JIIH-
tenuanbHbll aHTureH Ber-EP4 FITC. [lanHblii aHTUTEH
HPEACTaBIAET MOJIEKYITy aAT€3HH MUTEIHATIbHBIX KJIETOK U
COCTOHT W3 JBYX INIMKOIIPOTEHMHOB MOJIEKYISIPHOW MacCOu
34 u 39 x/1, KOTOpBIE HAXOAATCS IPEUMYIIIECTBEHHO Ha I10-
BEPXHOCTH KJIETOYHOW MeMOpPaHBI TIOUTH BCEX AMUTETHAIb-
HBIX KJIETOK, 32 UCKIIIOYEHHEM HEKOTOPBIX BUAOB IIOCKOTO
SMUTENHS, TEMaTOINTOB, MIPOKCUMAJIBHBIX OTAETIOB JIIHTE-
JIUST TIOYEYHBIX KAHAJBIEB, JKEIYJOYHBIX IMApUETAIBHBIX U
MHOSIHUTENNAIBHBIX KIETOK. DJIEeMEHTHI JIMM(aTHUECKOTO
y3na Ber-EP4-orpunarensusl. Ber-EP4 sBnsiercst mapke-
POM KIIETOK DMUTENNATBHON MPHUPOABI, ETO IKCIIPECCHSI OT-
MedaeTcsl B KJIEeTKaX IMUPOKOTO CIIEKTpa HOBOOOpPA30BaHHIMA
SMUTENNAIBHOTO MPOUCXOXKACHUS, BKIIIOYAsT MEIKOKIETOY-
HbIH, HenuddepeHIMPOBaHHbIN pak U HEWPOIHIOKPHHHBIE
omyxonu. s ¢aroopecuentHoro MIIXM ucnonb3oBanu
JKUJIKOCTHBIE TIperaparbl, MPUTOTOBJIECHHBIE C ITOMOIIBIO
uenTpudyru Cytospin 3. 3TO MO3BOIMIO MOTYYUTh MOHO-
CJION KJIETOK, CKOHLIEHTPUPOBATh KJIETOUHBIE JIEMEHTHI Ha
OTPaHWYCHHOM y4YacTKe, 00ECIeunIio COXPaHHOCTh KIIETOU-
HBIX CTPYKTYP, CHH3HJIO COIEPKaHKE B rpernapare GOHOBBIX
3JIEMEHTOB, COKOHOMHTH TOPOTOCTOSIINE PEAKTHBEI.

MarepuasioM a8 HOpoBeAeHUs (PII0OPECLEHTHOro
NIXU cayXuiau KIETOYHBIE CYCIIEH3HH, ITOIyYeHHBIE TIPH
cockobax ¢ JIV.

CYTOLOGY

1. Knetounslif MaTepual, Mogy4eHHBIH MPU COCKOOE C
JIV, momemanu B cnenuanbHy0 TUTAaTeIbHYIO CPEAy HaKO-
TUICHUS, HAXOSIIyIocsi B MUKporpooupke (800 MKi), st
MOJTyYeHHS KIIETOUHOM CYCIIEH3UH.

2. Xopomio mepeMemaHHyl0 KIETOYHYIO CYyCIIEH3HIO
BHOCHIIK 110 100 MKJI Ha THO Ka)J10¥ POOUPKH, NOOABIISLIH
5 Mk moHoknoHankHOTO antutena Ber EP4 FITC u nepe-
MEIIUBAIHN 5¢ Ha BOPTEKCE.

3. KoHTponp kauecTBa MpOBOIMIN OKPAIIMBAHNEM JABYX
LUTOCIIMHOBBIX IIPENapaToB METOAOM CPOYHOM HHTpPao-
NepallMOHHON IIUTONOTMYECKON OKpacku. Ilpn Hamuuuum B
Ma3Kax JO0CTAaTOYHOTO KOJMYECTBA KJIIETOYHOTO Marepuaja
(200-300 xnerok), mpoBoaunu (uroopecuentHoe MIIXU
OCTaBIIMXCS HEOKPAIIEHHBIX UTONPENapaToB.

4. Marepuan naKyoupoBainu 30 MUH B TEMHOTE B XOJIO-
nunbHuKe (2—8°C). B mporecce MHKyOanmy mporCXouiia
peakiusi B3aMMOJICHCTBHS MOBEPXHOCTHBIX AHTHTCHOB CO
cneruduueckuM antuteniom Ber-EP4 FITC, meueHHBIM co-
OTBETCTBYIOLIUM (PIIFOOPOXPOMHBIM KpacHuTeleM ¢ 00pa3o-
BaHUEM KOMIUJIEKCOB aHTUTEH + aHTHUTEIO.

5. 3arem B3Bech KJeToK pactpenensuu o 50-100 Mk B
KoHTelHephI eHTpudyru Cytospin 3 U HEHTPUPYTUPOBATH
rpu 1000 06/MUH B TeueHUE 5 MUHYT.

6. IlomydeHHble mpemaparbl OKpAIIMBAIHN SACPHBIM
(mroopecueHTHRIM KpacutesiaeM Dapi.

7. 3aTeM OCYIIECTBISUIN MHUKPOCKONHIO IOTY4YEeHHBIX
IIpenaparos.

[Ipn nobGaBieHWMM K KIETOYHOW CYCHEH3MH MOHO-
kioHanbHbIX aHTuUTen Ber- EP4 FITC, xonpiorupoBan-
HBIX ¢ (IIOOPOXPOMaMH, MPOUCXOAMIO CBS3BIBAHUE HX
C MOBEPXHOCTHBIMU AHTUT€HAMH KIIETOK, BO30YyXAeHHE
(GIIFOOpECSHITNH U TIOCIEAYIOMAs €€ PerucTpalus npu
nnuHe BostHbl 488 HM (B ciektpe Green). [Tocnenyromryo
JUArHOCTHUKY HPOBOIWIM C UCIOJb30BaHUEM (itoopec-
neHTHoro Mukpockoma Imager M1 (Carl Zeiss, 'epma-
Hus). Peakuwrio oreHmBanu KadecTBeHHO. MemOpaHHOE
OKpallliBaHWE HAOIIONANN MPH MPOBEACHUU PEAKIHU C
snutenuanbHbiM anTurenom Ber-EP4 FITC. Ilpu ouenke
pe3yabraroB UIIXU npuHrManu BO BHUMAHUE HUHTEHCUB-
HOCTPH W TOJHOTY OKpammuBaHus. [Ipu Hamnuuu B uccie-
JIyeMOM MaTepHuajie OIyXOJEBbIX KJIETOK IPU MUKPOCKO-
NUYEeCKOW BH3yalU3allUd OTMEYalnun MeMOpaHHYIO 3JKc-
IPECCUI0 MapKepa Ha KJIEeTKaxX paka MOJOYHOH JKeJle3Hl,
MIPEACTABICHHYIO SPKUM 3€JICHBIM OKpAaIIWBaHHEM IIO
nepudepun kietok (puc. 1, a, 6).

Hamu oTmeyeHbl HEKOTOpbIe 0COOEHHOCTH IKCIIPECCUH
snurenransHoro Mapkepa Ber-EP4 FITS, Brisiisiemble ripu
(ITI00PECIIEHTHON MUKPOCKOTHU. XapaKTePHOH 0COOCHHO-
CTBIO SIBIISIETCSL XOPOIIO BBIpaXKCHHAs YeTKas MeMOpaHHast
peakuus B BHIE CEKPETOPHBIX BaKyoJleil, KOTOpBIE pacmo-
JIaraJluch Ha MOBEPXHOCTH KJIETKH, WHOTAA B BHUIE CBOEO-
OpasHoro kpy>keBa. Habmionanu Takyke OTPBIB IIUTOILIA3MBI
B BHUJIE CEKPETOPHBIX BaKyoJIeld. Takol xapakrep sKcmpec-
CHH XapaKTepeH I KIeTOK aJeHOTeHHOro paka. Hamnume
TaKUX KJIETOK HE BBI3bIBAJIO COMHEHUH B UX 3MUTEIHAIbHON
npupoze. s mpeaoTBpaIieHns THIIEpIUarHOCTUKA MeTa-
cTa3oB paka B JIY yuurtheiBaim, 4To MakpodaraibHbIE die-
MEHTBI, IPUCYTCTBYIOLIHE B TUM(ATUIECKUX Y3Jax, 3axXBa-
TBHIBAIOT YaCTUILB!I KPACUTEIS U BBIIIIAT KaK CBETSIIUECS
BKIIIOYEHUS B nuToIUIasme (puc.2, a, 6). Cpodnoe ructono-
THYECKOE MCCIIEI0BAaHHUE HE TIPOBOANIIH.

Pezynomamut. Onenka >¢dexTuBHOCTH MeToxa Ouorm-
cun cropoxkeBoro JIY ¢ ucronb30BaHHEM CPOYHOIO LIUTO-
JIOTUYECKOTO HWCCIICAOBAaHU Oblla TMpoaHaTU3WpOBaHa B
rpymme 94 GOJBHBIX C AUATHO30M PaKa MOJIOYHOM KeJe3bl.
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Puc. 1. MakpomeTacrta3 B CTOPOKEBOH JTUM(pATHUECKUN Y3eIl.

a—WNIXU ¢ BerEp4FITC; 6 — TpanuuumonHas nurosnorus. Okpacka azyp-303uHoM. YB. x40.

Puc. 2. l'uneprna3upoBaHHbIil TUM(ATHUSCKHUIA y3€ C CHHYC-THCTHOIUTO30M.
a — VXU ¢ BerEp4FITC; 6 — TpamunuonHas uronorus. Okpacka a3yp-303HHOM. YB. x40.

Hawubosee yacto y 68 6onbHbIX 13 94 (72,3%) npu Ouon-
CHU BBIABIISUIM OJUH cTopoxeBoil JIY, nBa cropoxkeBbix JIY
obnapyxeHo y 17 (18,1%) OonpHBIX ¥ TOJIBKO ¥V 9 (9,6%)
OONBHBIX OBUTH JUATHOCTHPOBAHBI TPH CTOPOKEBHIX JIY.

ITpu cpoYHOM LUTONOTMYECKOM HCCIIEN0BaHUM METacTa-
THUYECKOE ITOPAKEHUE BBIIEIICHHOIO CTOpOXkeBOro JIY Obu1o
BBIBIICHO B 25 (26,6%) HaOMrONEHHSX, B TO BpeMs KaK MpH
ITAHOBOM THCTOJIOTHUYECKOM uccienoBanuu — B 30 (32%). V
5 (5,3%) ©OJBHBIX MPU CPOYHOM HCCIIEAOBAHUU HE YAAOCh
BBISIBUTh METAaCTaTU4YeCKOe MOpakeHHe cTopoxesoro JIVY.
Takum 00pa3oM, OIIMOKA IUTOJIOTHUECKOTO HCCIICIOBAHUS
coctaBuiia 16,1% OT Bcex BBIABICHHBIX CIIy4aeB MeTacTaTu-
Yyeckoro nopaxenust cropoxkeBoro JIY. V 30 GonbHBIX TpH-
Mensui QorroopectieaTHoe MIIXU, ¢ momMomipio KOTOporo y
15 GONMBHBIX C COMHUTEIFHOM IUTOJNOTMYECKOH KapTHHOW
yIaJoch YCTaHOBUTh METAcTa3bl paka MOJIOYHOW KeJe3bl U
n30eXaTh I'MIIOANArHOCTUKH, a Y OCTAIBHBIX 15 OONIBHBIX OT-
BEPrHYTh HAJIIMUUE METAcTa3oB. TPYJIHOCTH BOZHHUKAIIU IIPH
MHUKpomeTacTasax (puc. 3, a, 6), Koraa OIyXOJIEBBIX KIJIETOK
B LUTOJIOTMYECKOM Mpemnapare ObUIO Majio, IpH MeTacTa-
3¢ JI0JIbKOBOTO paKa MOJIOYHOH JKeJie3bl, KOIla OIyXOJIeBble
KJIETKY UMM HeOOoMbIe pa3Mepbl, CpaBHUMBIE ¢ TUM}O-
LIUTaMU ¥ PAcToNIarajuch pa3po3HeHHO. [Ipy BbIpakeHHOM
CHUHYC-TMCTHOIIUTO3€ THUCTHOLIUTAPHBIE 3JIEMEHTBl MOTYT
OLIMOO0YHO OBITH IPUHATHI 32 OIyXOJIEBbIE KIETKH.

34

HmeHHO B 3THX cilydasx HeoOXoauMo (IroopecleHT-
Hoe MIIXW. AHanu3 9yBCTBUTENBHOCTH, CHEIU(PUIHOCTH,
TOYHOCTH W TPOTHOCTHYECKOH IEHHOCTH METO/Ia CPOYHOTO
LUTOJIOTHYECKOTO UCCIIeIOBaHUs ObLI MPOBEICH HA OCHOBE
OLIEHKH TOJIOKUTENbHBIX M OTPHLATEIbHBIX PE3YyJIbTaTOB
CPOYHOTO ITUTOJIOTUYECKOTO W TUIAHOBOTO THCTOJIOTHYE-
cKoro mccienoBanus cropokesoro JIY. B 64 (68%) uz 94
(100%) ciry4aeB mpu CPOYHOM LIUTOJIOTHUECKOM HCCIIEA0BA-
HUM OTIIEYATKOB C pa3pe3oB cTopoxeBoro JIY meracTasbl He
ObUIN BBISIBJIEHBI, YTO PACLIEHUBAIOCH KaK UCTUHHO OTpULla-
TeNbHBIN pesynsrar. B 25 (26,6%) n3 94 knmmHMUECcKux Ha-
OmrofieHuit 0OHApYKEHBI 3JI0KAYeCTBEHHBIE KIIETKH, YTO CO-
OTBETCTBOBAJIO MCTUHHO MOJOKUTEILHOMY pe3ynbraty. B 5
(5,3%) u3 94 cinydaeB ciy4asx IpU CPOUHOM HCCIIEJOBAaHUN
3JI0KaUECTBCHHBIE KIJICTKH HE OMNpEACISUINCh, OJHAKO, TPH
MPOBECHUN IJIAHOBOTO THCTOJIOTHYECKOTO MCCIIeTOBAHUS
ObUIM BBIABJIEHBI METACTa3bl, YTO PACLIEHUBAIIOCH KaK JIOXK-
HOOTPHLATEIbHBIA Pe3yJabTaT CPOYHOI'O LIUTOIOTHYECKOTO
nccnenoBanus. Hu oHOTO Citydast T0KHOIMTOJIOKHUTEIHHOTO
pe3ylibTaTa CpodHOTO IMTOJIOTHYECKOTO MCCIeHOBaHUS 3a-
(uKcupoBaHO He OBILJIO, YTO SABUJIOCH PE3YIBTATOM IpUMeE-
Henus (mroopecuenTHoro MIXU B CIIOXHBIX AJIS1 IUTONO-
TUYCCKOU JUATHOCTUKH HAOMIOACHUAX (CM. TabmwIry).

OCHOBBIBasICh Ha IMOJYYCHHBIX JaHHBIX aHAJM3a, TyB-
CTBHUTEJIFHOCTh CPOYHOTO IIMTOJIOTHYECKOr0 METoia HC-
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Puc. 3. MukpomMeTactas paka MOJIOUHOH KeJie3bl B CTOPOKEBOH JTMM(ATUICCKHA y3eIl.
a — VXU ¢ BerEp4FITC; 6 — Tpanuunonnas uutonorus. Okpacka a3yp-303UHOM. ¥YB. X63.

AHaau3 YYBCTBUTEJIBHOCTH M Clle[ll/l(l)l/l'-lHOCTl/l CPOYHOI0 HUTOJOIHYECCKOI'0 UCCICA0OBAHUA CTOPOKEBOT0 H"Mq)aTH‘leCKOFO y3ia

IInanoBO€ rMCTONIOTUYECKOE UCCIIEIOBAHNE CUTHANIBHBIX JIY

ITokazarenun

C M€TacTazaMu

O61ree yrcio
0e3 MeTacTa3oB

Cpo4HOE IUTOJIOTHIECKOE C MeTacrazaMu UII - 25 JII1-0 25
HCCIIeIOBAHKME CUTHAIBHBIX JIY

Bbes meracrazoB JIO-5 NO-64 69

Bcero 64 94

Mpumeuanne. JII1 — noxxHOMONOKUTENBHBIH pe3ynbraT, U1 — MCTHHHO MONOXUTENBHBIN pe3yibTar, JIO — nokHooTpunaTe bpHbIi pesynsrar, MO — nc-

TUHHO OTPHUIATEIbHBIA PE3yNbTaT.

clefoBaHus OTHedarka curHanbpHoro JIY cocrasuna 83,3%,
cnenuduyHocts — 100%, 3dpdexrusocts — 83%, nporxo-
CTHYECKas IEHHOCTD ITOJIOKUTENHHOTO pe3ynbTrara — 83,3%,
a MPOTHOCTHYECKasl IIEHHOCTh OTPHIIATEIBHOTO PEe3yabTa-
ta — 100%. Takum 00pa3oM, JUArHOCTHUYECKAs TOYHOCTH
CPOYHOTO IIMTOJIOTHYECKOTO HCCIIEOBAHHUS CTOPOKEBOTO
auMdarnveckoro y3ia Obuia paBHa 94%. Ilpu oneHke a0-
TOJIHUTENBHO YNAJCHHBIX JIMM(ATHYECKUX Y3JI0B TOCIE
BBINOJTHEHHOU pernoHapHoi mumboauccekunu y 7 (7,4%)
u3 94 G0NbHBIX OBUIO BBIABIECHO IMOPa)XEHHE CTOPOXKEBOTO
JIY B KOMOWHAIIMU C TIOPAXCHUEM JIOTIOJTHUTEIILHO BhIJIE-
nennbix JIY, a'y 6 (6,4%) u3 94 (100%) GonbHBIX OBLIO BHI-
SIBIIEHO M30JMPOBAHHOE METACTaTUYECKOE MOpPaKEHUE J0-
TIOJTHUTEIIFHO BBIJICIIEHHBIX HECTOPOXKEBBIX JIY.

3axnwouenue. CpodyHOE LUTOJOTUIECKOE HCCIEI0-
BaHUE C TOYHOCTHIO 10 94% MO3BONSET OLIEHUTH CTaTyC
cropoxeBoro nuMdarndeckoro ysna. [Tokazarenu uccie-
JIOBaHMSI BO MHOTOM 3aBHCSIT OT TEXHUKH JIUCCEKIHH M
B3ATHS IUTOJIOTMIECKOTO MaTepraia. B TpyaHBIX ciydasx
JIMaTHOCTUKH, TAKUX KaK MHKPOMETACTa3bl C HAJIUYUEM
JUIIb €MHUYHBIX OITYXOJIEBBIX KJIETOK B I[UTOJIOTYECKOM
Ma3Ke, METacTasbl JOJHKOBOTO paka, KOTJa OITyXOJIEBHIE
KJICTKH TPYAHO OTJIUYHMTH OT JIMM(OUIHBIX JIEMEHTOB,
BBIPOKEHHBIH CUHYC THCTHOIMTO3, HEOOXOIMMO IMpUMe-
HATh (proopecuentHoe NUIIXU, mo3Bonsiomiee B TeueHUE
20 MHH OOBEKTHBHO OIEHUTH ITUTOJIOTHYECKYIO KapTHUHY.
OmoopectieaTHoe UITXU mo3Bomnsier m30exaTh THUO- U
TUNEPUArHOCTUKY B MHTPAONECPAIMOHHON IMTOJIOTHYE-
CKOW OILIEHKE MOpakKeHHUs CTOpoxeBbIXx JIY mpu paHHeMm
pake MOJIOYHOM >KEJIe3Hbl.
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ABYHANPABJIEHHOE BIMAHVE MAPKEPOB BOCINAJIEHMA N CHUXEHUA CKOPOCTU
KNYBOYKOBOW ®UNLTPALIUU MPU XPOHUYECKOI BONIE3HU MOYEK

'Kblprbi3ckasa rocyfapcTBeHHas MeanLMHCKan akagemus umenn UK. AxyH6aeBa, 720020, ropog bulukek, KbiproiscTaH;
2r0Y BIMO Kblprbiacko-Poccnincknin cnaBaHckuii yausepcutet, 720000, ropog bukek, KblproisctaH

Lenv uccnedosanus — oyeHumv 63aumocensb mMexcoy yumoxkunogoim npoguaem, C-peakmusnvim derxom(CPE), ubpunozenom
Kposu u ckopocmoio kiybouxosou urempayuu(CKD) y 6onvhbix xponuueckoil 6onesHvio nouek. B ucciedosanuu npunsiu yya-
cmue auya (n=816) ¢ xponuueckoii 6onezuvio nouex (XbI1) ¢ 1-it no 5-10 cmadusimu 3abonesanus, 6 sospacme om 20 0o 76 nem.
Coommuowenue mydxncuun u gHceHwyun cocmasuno 48% u 52%, coomeemcmeenno. Bcem obcnedosanmvim auyam npogedeHo Kom-
NIEKCHOe KAUHUKO-1aD0pamopHoe Ucciedosanue ¢ oyeHkou KoHyenmpayuu unmepneuxuros (IL, IL-10, IL-6, TNFa) u 6enxos
ocmpogazosoeo eocnanenus (C-peaxmugnwiii benok, ubpunozen) kposu. Kamezopuu XBII oyenusanu no snauenuio CK®, xo-
mopas paccuumuiganace no gopmyne CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration). ¥ nuy ¢ XBII 0ocmoeep-
Ho ebicokue konyenmpayuu IL-10 u IL-6 ommeuanucy na 36 cmaduu 3aboneeanus. Benuyuna cucmonuueckoeo apmepuaibHo20
oasnenus, meouana cooepicanus TNFa, hubpunozena kposu u uucio auy c vicokum snavenuem CPB 6vinu cyuwecmseenno sviute
na 4-i cmaouu XbI1. Cmamucmuuecku 3HAUUMAs KOPPENSYUOHHAS 3AUMOCBA3b BLIAGNANACL MeNCOY NOKA3AMENeM PACYemHOU
CK® c yposnem IL-6, CPb, Qubpunoeena kposu na 2-ii cmaouu 3abonesanus u konyenmpayueti IL-10 na 36 cmaouu u TNFa na
4-11 cmaouu XBII. Ha nauanvroii cmaouu XbIT ommeuaemces 0ocmogephas 63aumocesizo medcdy cHudiceHuem pacyemuoi CK® u
ysenuuenuem yposus IL-6, IL-10, TNFo, a maxace pocmom CPB u gpubpunozena kposu, komopas cmaHo8Umcst 8blpaxceHHou Ha
36 u 4-ii cmaousix XbII.

KnrmodueBble ClOBa: XpoHUueckas 60ae3Hb NOYeK, CKOPOCMb KIyOOUK08OU (Punempayuu, yumokunl, unmepnetikun-10; un-
mepnetikun-6,; ¢hakmop Hekposza onyxonu anrvga; C-peaxmueHolii 6€10K; QuUOPUHOEH.
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Murkamilov I.T. "2

THE BI-DIRECTIONAL EFFECT OF MARKERS OF INFLAMMATION AND A DECREASE IN GLOMERULAR
FILTRATION RATE IN CHRONIC KINDEY DISEASE

'Kyrgyz State Medical Academy named after |.K. Akhunbaev, 720020, Bishkek, Kyrgyzstan;
2Kyrgyz-Russian slavic university, 720000, Bishkek, Kyrgyzstan

The aim of the study was to analyze and evaluate the relationship between the cytokine profile, C-reactive blood protein, fibrinogen,
and glomerular filtration rate in patients with chronic kidney disease. The study involved individuals (n = 816) with chronic
kidney disease (CKD) from the st to 5th stage of the disease, aged 20 to 76 years. The male to female ratio was 48% and 52%,
respectively. All examined individuals underwent a comprehensive clinical and laboratory study evaluating the concentration of
interleukins (IL, IL-10, IL-6, TNF-0) and acute phase inflammation proteins (C-reactive protein, fibrinogen) in the blood. CKD
categories were evaluated by glomerular filtration rate (GFR), which was calculated using the CKD-EPI formula (Chronic Kidney
Disease Epidemiology Collaboration). In individuals with CKD, significantly high concentrations of IL-10 and IL-6 were observed
at stage 3b of the disease. Systolic blood pressure, median TNF-a, blood fibrinogen, and the number of individuals with high CRP
were significant at stage 4 of CKD. A statistically significant correlation was found between the estimated GFR with the level of
1L-6, CRP, blood fibrinogen at the 2nd stage of the disease and the concentration of IL-10 at 3b and TNF-a. at the 4th stage of CKD.
At the initial stage of CKD, there is a significant relationship between a decrease in estimated GFR and an increase in the level of
IL-6, IL-10, TNF-a, as well as an increase in CRP and blood fibrinogen, which becomes pronounced at stages 3b and 4 of CKD.

Key words: chronic kidney disease; glomerular filtration rate; cytokines, interleukin-10; interleukin-6; tumor necrosis factor
alpha; C-reactive protein; fibrinogen.
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Beeoenue. XBI1 npencrasnser co0oii CHHAPOM, B OCHO-
BE€ KOTOPOIO JIeXaT MEXaHW3Mbl ()OpMHUPOBAHUS HEPPOCKIIe-
posa [1]. XBII moutu Bcerna mporekaeT OECCHMIITOMHO Ha
paHHUX cTaausax. B o0mel monyasuun y Kaxaoro aecsaTo-
T'0 B3pPOCIJIOrO YelOBeKa U KaKJIO0ro YeTBEPTOro MalueHTa ¢
CEpAECYHO-COCYANUCTOM MAaTOJOrUel BBIABIAIOTCS NMPH3HAKU
nuchynkunn nodek [2]. duarHoctuka XbBII ycranaBmmBa-
€TCs Ha OCHOBAHUH JJA00PATOPHBIX MAPKEPOB MOBPEXKICHUS
MOY€eK, OATBEPKICHHBIX 110 BpEMEHHU C HHTEPBaJIoM Oojiee
Tpex Mecsues. CornacHo pekomenaanusam Hayunoro oOiue-
cTBa HedponoroB Poccru, Takol MPOMEKYTOK HEOOXOIHM
JUTS IOATBEp K IeHUs1 CHIKeHUs ypoBHsI CK® menee 60 mu/
MUH B TOM cityuae, eciii CK® Hike 60 MiI/MUH BBICTYIIAET
B ponu enuHcTBeHHOTO Mapkepa XBII [3]. C mpyroii cro-
POHBI, TPEXMECIYHOE OTPAaHHYCHUE B KAYECTBE BPEMEHHOTO
napamerpa onpenenerus XbI1 6bu10 BBIOpaHO, TOTOMY YTO
B JJaHHBIE CPOKM OCTpPbIE BAPHAHTHI PA3BUTHUS AUCHYHKIHH
[I0YEK, KaK IPaBUIIO, 3aBEPILAIOTCS BbI3OPOBICHUEM HIIH
MPUBOJST K KIMHUKO-MOP(OIOTHIESCKAM MPU3HAKAM XPO-
HUYECKOTO TEUSHHMS TIOYEYHOTO0 mpolecca. Pe3ynbrarsl mpo-
BE/ICHHBIX OJHOMOMEHTHBIX, JIMHUIEMUOTOTHUECKHX HCCIIe-
JIOBaHUH MOKa3aly, 4To pacnpocTpaneHHocTh XbII B mupe
YBEIIYMBACTCSI, U COMMOCTABMMA C TAKHMMH COITUAIILHO 3HAYH-
MBIMH 3a00JICBaHISAMH, KaK TUrnepronndeckas 6omie3nb (I'B),
niemuyeckas 6onesnp cepana (MBC) u caxapHblii 1uader
(CI) 2-ro Tuma [4, 5]. B ocHOBe cOBpeMEeHHOI KOHIEMIIMU
MPOTrPECCUPOBAHUS TTOYCYHBIX 3a00JICBAaHUH, HE3aBHCHMO
OT MX 3THOJIOTHH, JIe)KaT yHHUBEpCAIbHbIE, HECTIeUU(pIye-
CKHE MEXaHHU3MBbI, KOHEYHBIM PE3YyJIbTaTOM AEUCTBHSA KOTO-
pBIX cuuTaroT Hedpockiepos [6, 7]. CTOUT OTMETUTbH, YTO
cnenupUUecKue MaTOreHeTHIECKUe MEXaHH3MBbI, 00yCIIOB-
JICHHBIC HEMIOCPEJCTBEHHO XapaKTepoM 3a00JIeBaHusl, Onpe-
JIENISAIOT €ro TeYeHue JIUIIb B Ha4aJlbHOM CTaJny, TOIa Kak,
o Mepe 3amernenus CK®, nnunuupyercs Kackaj reMoau-
HAMHYECKHX, META0OTHICCKUX H KJICTOYHO-MOJICKYIISIPHBIX
MpoleccoB, 3aBepmarmuxcs GopmupoBanueM ¢(pudposa B
noukax [8]. B cTpykrype rpynmsl GakTopoB, JeiicTBHUE KO-
TOPBIX Ha pa3HbIX craguax XbIl uHuUIMUpyeT W/wiu momu-
JIEP’KUBAET MPOrPEecCUPOBaHUE BOCHAICHUS, 0co0as pojb
OTBOJMTCS U3MEHEHUSIM DKCIIPECCUH MEIHAaTOPOB KIIETOY-
HOTO U CTPYKTYpHOTO noBpexeHus [8]. Takumu sBisttoTCs
LIUTOKHUHBI, (PaKTOPhl POCTa, MAaKpOMOJIEKyasl U T.A. [9]. B
pe3ylbTaTe MHOTOCTOPOHHHX MCCIIEIOBAHUH YCTAHOBIICHO,
YTO BaYKHBIM (haKTOPOM MEPCUCTUPOBAHMUS BOCIAIUTEIBHO-
ro nporecca mnpu XbBII sBiaseTcs runepnpoayKIus pa3ind-
HbIxX uToKnHOB ¥ CPB [10]. B HEKoTOpBIX Hccae0BaHUAX
OTMEUYEHO, YTO YCUJICHHBIH CHHTE3 IIMTOKWHOB B KITy0OUKax
MPUBOJNT K YBEIHMYCHUIO BHYTPUKJIECTOUYHOTO MAaTpPHKCA H
CHW)KEHUIO YPOBHS OYeYHOU (uuibrparuu [11].

Ienp uccnenoBaHus — OLEHUTH B3aMMOCBS3b MEXKIY
MUTOKHHOBBIM TpodiieM, C-peakTUBHBIM OenkoM, Guopu-
HOTCHOM KPOBH M CKOPOCTBIO KITyOOYKOBOW (DHIIBTPALIUH Y
OOJIBHBIX XPOHUYECKOM 00JIE3HBIO TIOUEK.
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Mamepuan u memoowvr. O6cnenoBanbl 392 MyK4HUH
(cpennuii Bo3pact 53,1£14,6 siet) u 424 xeHIUH (CpeIHUHA
Bozpact 54,6+13,8 ner) ¢ XBbII. B xagectse kpurepues XbI1
MIPUHUMAJIH 3HaY€HHE TPOTEUHYPUH, TeMaTypUH H/HIH CHU-
xenne CKO menee 60 Mi1/MHH B T€4eHHUE TpeX U Ooree Mecs-
1eB. [IpoTokosn Hallero ucciaeoBaHus 0100PEH JIOKaIbHBIM
ITHYECKHM KOMHUTETOM. Bce o0cienoBaHHbIe JIMIA JaBajy
MMMCbMEHHOE HHPOPMUPOBAHHOE COTTIACHE HA yYacTHE B UC-
cienoBanuy. KinuHuYeckas 4acTh HACTOAIIETO MCCIIEA0Ba-
HUSI BKJIIOYAJIA MOACYET YaCTOThI CepIeYHbIX COKpallleHUH
(UCC, yn/MuH), n3MepeHne CUCTOTMYECKOTO H THACTOTIHYEC-
CKOTO apTepHalibHOTO JaBJcHUs. BceM ydacTHUKAM HapsaLy
C KIIMHUYECKUM O0CIIeJOBaHHEM MPOBOAMIMCH HCCIIEA0BaA-
HUsl KoHUeHTparuu uHTepneiikuHa (IL)- 10, IL-6, daxTop
Hekpo3a onyxoiu anbpa (TNFa), C-peaktuBHOro Oenkxa
(CPB), pubpuHoTeHa 1 KpeaTHHUHA KpoBH. KoHIIeHTpannio
uutokuHOoB (IL-10, IL-6 u TNFa) B ria3me kpoBu o0ciieny-
€MBIX ONpeAeNAIN MEeToAOM TBeprodasHoro uMmyHodep-
MEHTHOTO aHaJH3a, UCIOJb3Ysl COOTBETCTBYIOIIUE HAOOPHI
pearentoB 3A0 «Bekrop-bect» (HoBocubupck, Poccus).
KonunuecrBennast ouenka coaepkanuss CPB B Ouoxumu-
YEeCKOM aHajM3e KpOBU IPOBONWIN HE paHee yeM yepes 2
HEJl TOCJIC UCYE3HOBEHUsI CUMIITOMOB JIFOOOTO OCTPOTo 3a-
OoJyieBaHUS WM O0OCTPEHHS XPOHHMYECKOTO BOCHATUTENb-
Horo nporecca. Tspkects XBII oneHuBany mo mokasaresto
CK®, pacuer xoroporo BeimonHsuicss mo ¢opmymne CKD-
EPI (Chronic Kidney Disease Epidemiology Collaboration)
[12]. Ha momeHT obcnenoBanus y 73,2% (n=598) GonbHBIX
XBIT acconuupoBaiach ¢ KOMOPOUIHBIMH COCTOSIHUSMU: Y
47,1% (n=385) mauuenToB umenacs I'b, y 24,6% (n=201) —
crabunbHbie hopmbl UBC, y 18,2% (n=149) — caxapHsIid
muadet (CII), y 6,7% (n=55) — 1iepeOpoBackyasipubie 00-
ne3nu (LIBB), y 8% (n=66) — xpoHnyeckas oOCTpyKTUBHAS
6ones3ns nerkux (XOBJI), y 2,9% (n=24) — OponxuanbpHas
actma (BA) n y 2,4% (n=20) — mouexkaMeHHast OOJIE3HD
(MKB). Y 169 (20,7%) BKIIOUEHHBIX B JaHHOE HCCIENO-
BaHHE OOJILHBIX MMENHCh NepBUYHBIE 3a00JIeBaHUs MOYEK,
TaKue Kak, XpOHMYECKHE INIOMepYyloHe(pUTHl U TyOyno-
WHTEPCTUIIMATIbHbIC HeQpUTHI. bolbHBIe, HAXOmAIIUECS Ha
MPOTPaMMHOM TEMOJIMANN3E, JIUIA C TPaHCILIAHTHPOBaH-
HOM ITOYKOH U OHKOJIOTHYECKHMU 3a001€BaHUSIMU SBIISUTUCH
KpUTEpUEM MCKIIIOUEHHs W3 HccienoBaHus. llomyueHHble
pe3yabTaThl 3aHOCHIINCH B IEKTPOHHYIO Tabnuiy Microsoft
Excel u 00pabarsiBaguch C UCTONB30BAHUEM CIICIIUATBHOMN
nporpammbl STATISTIKA 10.0. AnanusupoBaluch cpea-
HHE BBIOOPOUHBIE 3HAYEHUs, UX CPaBHEHHE MPOBOIUIIOCH
C UCIIONTb30BaHNEM HETapaMeTPUIEeCKUX METOloB MaHHa-
Yutau U-Test. UucnoBele 3HaU€HUSI B CTAThE NPEICTABICHBI
Kak MelMaHa 1 MEXKBapTHUIIbHBII pa3Max, a TakxkKe CperHee
3HauU€HME + CTaHIAPTHOE €ro OTKJIOHEHHE. J{JIs BBIABICHUS
Y OIICHKH B3aHMOCBSI3H MEXIy UCCICIYSeMBIMH ITOKa3are-
JSIMHA TUTOKHHOBOTO Tipoduiisi, koHuentpauusmu CPb, ¢pu-
opunorena u CK® ucnons3oBasics Ko3QPpUIHUEHT paHTOBOH
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koppersiun CriupMana. Pa3nugust cauTalii CTaTHCTHISCKH
3HaYuMBbIMH 1ipu p<0,05.

Pezynomamer. CoriacHO MEXAYHapOTHBIM PEKOMEH-
JIalUsAM B OOIIEBPaueOHOM MPAKTHKE HCIIONB3YeTCs S5-TH CTa-
quiiHas kiaccudukanus XbI1. B wHamem uccnenoBannu, ko-
mayectBo ymn ¢ XBII 1-i cramuu, T.e. ¢ ontumansHo CKO,
BbLBNIEHB! y 502 6051bHBIX (61,5% cityuaeB). UUCIEHHOCTS JIMILL
¢ 3a u 360 noacramusmu XbI1 Obuta cxoxedt (Tadn.1). Cpenn
OombHbIX ¢ 1-i cramueit XBI1 uncno iui sxeHcKoro nosa ObLIo
HecKosbKo Bhie. Y 185 (22,6%) yuacTHHUKOB MCCIIEIOBaHUS B
MOMEHT OOCIIE/IOBAHMS Y>KE UMEITUChH TIPU3HAKH XPOHUUECKOM
TIOYEYHON HEZOCTaTOuHOCTH. Bmecte ¢ TeM, y 7,2% OONbHBIX
TpeOOBAJIOCH MPOBE/ICHHE TTOYEYHON 3aMECTUTEIBHOM Teparun
(tabm.1).

Kak nmoxaszano B Tabi1. 2, cpeaHuil Bo3pacT y OOJIBHBIX
36 cramueid XBI1 ObUT JOCTOBEPHO BBIIIE IO CPABHEHUIO C
nanueHTamu 5-i ctaaun XbII. Cpexgnue 3HaueHus ypoBHEH
CUCTOIIMYECKOTO aprepuainbHoro nasienus (AJ]) Obum cy-
IIECTBEHHO BhIlIe y Jull ¢ 4-i ctagueid XbII mo cpaBHEHUIO
¢ 1,2 u 3a moacrangusaMu 3a0oneBanus. Toraa, Kak BeJIMYHMHA
muactoianueckoro AJl Bo Bcex craausx XbBII Obuia MeHB-
e iy paBHoU 90 MM PT. CT., U JIOCTOBEPHO HE OTINYAIACh
(tabm. 2).

Ananu3 KoHueHTpauuu nporuso-(IL-10), nposocmna-
mutenbHbIX (IL-6) NUTOKMHOB M QHOpUHOTEHA MPOIEMOH-
CTPUPOBAJ, YTO X MEIMAaHA U MEKKBAPTUIbHbIC 3HAYCHHUS
ObUIM cpaBHUTENBHO BbIle Ha 30 ctamuu XbBII (Tabmn. 3).
Coneprxanne TNFo mnasmbl, ¢puOpuHOreHa KpoBU (Meau-
aHa) W YUCII0 00CIeJOBAaHHBIX OOJBHBIX CYIIECTBEHHO BHI-
pocnu Ha 4-it craguu XbBII.

[Ipu oleHKe B3aUMOCBSI3U MEXY IOKa3aTelsiMH pac-
yetHoi CK® u mapamerpamMu LUTOKMHOBOIO HPOQUIL,
0enkoB 0cTpo(ha30BOr0 BOCHANCHUS KPOBH C IMOMOIIBIO
pacueta ko3(hduUIMEeHTa KOPPENALUU ObLIN MOJTYYCHBI Clie-
nyrorue nannbie (tabdi. 4). Ha 2-# cragun XBI1 mexny pac-
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getHo CK® wm xoHnentparmeit [L-6 (=-0,292; p<0,05),
CPBb (=-0,294; p<0,05) u ¢pudpunoresom kposu (r=-0,217;
p<0,05) cymectByeT oTpuLaTeIbHas B3aUMOCBsI3b. CxoxKast
KOPpEISIIMOHHAs B3aUMOCBS3b OTMEYAIach MEKIY pacueT-
Hoit CK® u konnenrpanueii TNFa (r=-0,347; p<0,05) Ha
4-11 craguu XBII. CtaTucTHYeCcKH 3HAYMMblE B3aUMOCBSI3U
Mexy BennunHoi pacuetHoir CK® u conepkanuem IL-10
peructpupoBanich y 0omsHbIX 36 ctaann XbII.
Oébcyyncoenue. llpemnaraemass crarbsi SIBISIETCS IIPO-
JOJDKEHHEM paHee HayaToi paboThl MO MCCIEAOBAHUIO LU~
TOKMHOBOTO MexaHu3ma mporpeccupoBanust XbIT [13,14].
BaXHBIM maroM B MOHWMaHWH MEXaHU3MOB YCKOPEHHS
He(PPOCKIIEpo3a CIYKUT H3YyYSHHE KIIETOYHO-MOJIEKYISP-
HBIX ACIIEKTOB Pa3BUTHs OOJIE3HHU, KOTOPbIE MPEICTABISAIOT
co0Olf MeCTHbIE IMOYEYHBbIE MPOSBICHUSA MAaTOJIOTHYECKUX
MeXaHU3MOB BocniasieHus u (pudposa. B cBoro ouepens, oHH
SIBJISIFOTCSL CJIEAICTBHEM JIOKAIBHOTO OajaHca MEXay SHIO-
KPUHHBIMH, TapaKpUHHBIMH U ayTOKPUHHBIMH (haKTopa-
MU, PeryJaupyolUMH Hpoiudepaluo U CHHTETHYECKYIO
¢yaxnuro ¢udpobdiacto [15, 16-18]. Kierounsie mexa-
HU3MBI TIOBPEXKACHUS TyOYTOHMHTEPCTHIHAIBHON TKaHU
MOYEK TPE/ICTABICHbI Y4acTUEM IJUMQOLUTOB, Makpoda-
TOB, CHCTEMOW KOMIUIEMEHTa W IUTOKUHOB [19]. Tepmun
«IUTOKWH» BIIEPBbIE OBUT TPEIJIOKEH HCCIeNoBaTeIeM
— ouoxumukoM S. Cohen u coast. B 1974 1. [20]. LuToku-
HBl TPEACTABISAIOT COOOM MenTHAHbIE WH(pOPMAIMOHHBIE
MOJIEKYJIbI, UMEIoIIue MoJeKylsapHyto maccy 30 kDa, onu
HNPORYIUPYIOTCS JTUMQOIMTaMH, Makpodaramu, rpaHyio-
UTaMH, PETUKYIAPHBIMUA (PUOpoOIacTaMH, SHIOTEIHAIb-
HbiMU KiieTkamu [21, 22]. Tlpu penanbHON aucyHKIMH B
KIIyOOuKaxX U MHTEPCTULMAJIBHOM TKaHU IOYEK YBEIUYUBaA-
€TCsI KOTMYECTBO MOHOLUTOB U Makpodaros [23]. Cremo-
BaTEJIbHO, YHCIIO JTAHHBIX KJIETOK yBEJTHYMBACTCS IO MEpe
PasBUTUS [IOMEPYJSPHOTO W TYOYTOHMHTEPCTHLHAIBHOTO
¢ubpo3a [24]. O4eBHIHO, YTO BOCHAIUTENHLHBIC PEAKIINU

Tabnuna 1
Kannuxo-nemorpaguyeckue nokasareju oocjieloBaHHbIX 00JbHbIX ¢ XBIT
K £T3ﬁ7$nﬁﬁg3M2 Beero, n=816 Wenmuruy/ My Kpearunun CLIB&ILOZIKS RK)pOBu, MKMOJIB/JT PacquH&ﬂe ((leédl;,)mn/mnﬂ
C1 (>90) 502 (61,5%) 289/213 68,1 (58,8;78,9) 102,0 (96,0;110,0)
C2 (60-89) 129 (16,0%) 50/79 92,0 (76,1;103,6) 74,5 (66,0;81,0)
C3a (45-59) 42 (5,1%) 21/21 117,2 (98,8;136,0) 50,0 (46,0;54,0)
C36 (30-44) 46 (5,6%) 22/24 147,0 (128,7;177,0) 37,0 (31,4;42,0)
C4 (15-29) 38 (4,6%) 15/23 253,5 (214,9;308,0) 21,0 (17,0;28,0)
C5 (<15) 59 (7,2%) 27/32 507,3 (417,3;703,7) 9,0 (7,0;11,0)
Ipumevanue. 3necs u B Tabn.3: Me — Menuana; IQR — MexXKBapTHIIBHBII HHTEpBAL.
Tabnuma 2
Kiannuyeckasi XapakTepucTHKA 00ci1e10BaHHBIX 00i1bHBIX ¢ XBII (M£SD)
e e
C1 (>90) 57,0+14,5 81+14 134£21 86+11
C2 (60-89) 59,0+14,5 82+16 135+20 88+15
C3a (45-59) 59,5+14,4 74+£15 134+16 85+8
C36 (30-44) 60,8+10,4* 75414 148428 86+12
C4 (15-29) 52,3124 82+9 150£30%* 88+16
CS5 (<15) 51,3+12.,4 83+17 145+18 90+15

Mpumeuanne. * — p<0,05 mexay 36 u 5-it cranueit XBIT; ** — p<0,05 mexnay 1, 2, 3a u 4-ii cranueit XbIT; M — cpenuee 3Hauenue; SD — cranmapTHoe

OTKIIOHCHHUCE.
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C yYacTHEM MOHOIIMTOB M Makpo(daroB HrparT BaKHYIO
poib B mporpeccupoBanu XbII BHe 3aBUCUMOCTH OT Mmpo-
ucxoxxaenus. Ilomaraercs, 4To Hapsly ¢ APyTMMH BOCHa-
JUTENFHBIMA IUTOKUHAMU [L-6 sBIsIOTCS OMOMapkepaMu
MIPOTPECCUPOBAHUS PEHATBHON AUCHYHKIMH MPH TIEPBHY-
HBIX M BTOPUYHBIX Hedpomarusix [12]. B wactHocTH, mpu
MIEPBUYHBIX He(pomaTusix HabIooaeTcsl 3HaYUTENbHOE T10-
BBIIIIEHUE DKCIIPECCHH BOCIIAIUTEIBHBIX IUTOKHHOB B KITy-
0oukax W TyOYJIOMHTEPCTUIMATIBHON TKaHU IIOYEK, Koppe-
JIUPYIOIIee CO CTENEHbI0 MaKpodaraibHON WHGUIBTPAUN
u camxennem CKO [21-23, 25].

L{MTOKMHBI aKTUBHBI B OYEHD MAJIBIX KOHIIEHTPALUSX, &
ux Ouojoruueckuil IPQPEeKT Ha KISTKH pean3yercs yepes
B3aUMOJICHCTBHE CO CHIELU(PHUECKUM PELEITOPOM, JIOKaIIH-
30BaHHBIM Ha KJIETOYHOM IIMTOILIA3MAaTHUECKOl MeMOpaHe.
OO0pazoBanue U CEeKpenus: IUTOKHHOB ITPOUCXOANT KPaTKO-
BPEMEHHO H CTPOro perynupyercsi. CriekTp OHOIOrHYecKOM
AKTUBHOCTH TPOBOCHAJHMTENbHBIX IUTOKHHOB, TaKHX, KakK
IL-6 1 TNFo0, B 3HaYUTENbHON CTENIEHH MEPEKPHIBAIOTCS, TO
€CTh, OIMH U TOT K€ IPOIECC MOXKET CTHUMYJIHPOBATHCS B
KJIeTKe OoJiee, YeM OJIHUM IUTOKUHOM [26,27]. B kiuHuue-
CKOM TpakTHKe ONpelesieHHe UX KOHIEHTpAIMU B IUIa3Me
KpoBU AaéT uHpopManuio o GyHKIHOHATBHOW aKTUBHOCTH
Pa3IMYHBIX TUTIOB KIMMYHOKOMIIETEHTHBIX KJIETOK, O TSDKE-
CTH BOCHAJINTENILHOTO MPOLIECCa U €T0 IIEPEX0/IE Ha CHCTEM-
HBII YPOBEHb, a TAKIKE O MPOrHOo3e 3aboneBanus [28,29].

B mpoBeseHHOM HaMu MCCIEIOBAHUU YCTaHOBIIEHO, YTO
Menuana koHueHTparmu IL-6 u TNFo Obutr qocToBepHO
Bbime Ha 30 u 4-it craguu XBII (cm. Tabn.3). Yposens IL-
10, xaK OPOTHBOBOCMAIUTENHHOTO IIUTOKHHA, IOBBIIICH

B IIa3Me KpoBH Takke y OonmbHbIX ¢ XBII Ha 36 cramum.
Crenyer OTMETHTb, YTO aKTHBALMA CHCTEMHOTO BOCIaje-
HUSI OBBIIIaeTcs pu nporpeccupoBanud XbII u crioco6-
cTByeT mporeccam areporenesa [30]. B uccnenoBannm A.
Recio-Mayoral u coast. [31] Obu1a mponeMOHCTPHPOBaHA
KOpPpeJISLUs MeXXAY MapKkepaMH aTepoCKIiepo3a U CTeNECHbIO
BocnaneHus y 6onpHbIX XbI1 Ha pa3HbIX cTanusax. B Hamem
WCCIIEZIOBAaHUH yCTAHOBIICHA TeCHAst B3auMocBs3b 1L-6, IL-
10 u TNFa ¢ pacuetnoit CK® nHa 30, 2-if u 4-if cragusx
XBIT (cm. Tabn. 4). Koppensiuu yka3aHHBIX [UTOKHHOB C
M0Ye4YHON (PYHKIIMEH COIIacyloTcs ¢ JaHHBIMHU O POJIU YBe-
JWYEeHUS] [IUTOKHHOB B (popMupoBanunn (HuOpo3a B MOYKaX
[32]. B Gonee paHHUX HCCISIOBAHUSAX OBLIO MTOKA3aHO, YTO
aKTHBAIMS IPOLIECCOB BOCMIANCHUS U SHAOTEIHAIbHAS TUC-
(yHKIMS TIPOUCXONAT HapajuielbHo co cHibkeHueM CKO.
[Ipu aToMm Gosee Bricokue 3HaueHus1 ypoBHs CPb xoppenu-
poBain ¢ Oonee OBICTPBHIMU TEMIITAMH Pa3BUTHS MMOYCYHON
muchynkuuu [33]. Hamu Takxke ObUIO YCTaHOBJIEHO, YTO Y
6ospHBIX ¢ XBI1 Habmonanacs oTpuLIaTeabHas KOppensy-
OHHasl CBsI3b MEXIy yBennueHueM cojepxkanus CPB, ¢u-
OpuHOTeHa KpoBU U TopMokeHreM CK® Ha 2-ii cTamuu 3a-
OoneBanus (cM. Tabmn. 4). B makpodarax u monouutax CPb
YBEJIMYUBAETCS] BBICBOOOXKICHUE MPOBOCHIATUTENbHBIX LHU-
TOKHHOB, CTUMYJIUPYET aJI'e3U0 MOHOITUTOB. B HEKOTOPHIX
HCCIIEOBAaHMSIX JTOKAa3aHO, YTO aKTUBAILUS MPOIECCOB BOC-
MaJICHNs U YBENWYeHUE IUTOKUHOB MPOUCXOIUT, HAYHHAS C
3-ii cranum XBI1 [34, 35]. B pabore B.I. Konenkoa u coasrT.
[36] oT™MeUueHO, YTO INTOKMHOBBIH MPOQIIB TIIa3Mbl KPOBH
y 6ompHBIX CJl 2-rO THIIa XapaKTepHU3yeTcs MOBBILICHUEM
KOHLEHTPALUH BOCIAJIHUTENbHBIX IUTOKHHOB, B YaCTHOCTH

TabGnuma 3

KonueHTpauus IHTOKHHOBOIO NPous U 6ejikoB ocTpodha3oBoro Bocnanenus y 6oabHbIx XBII

Craguu XBIT {_II;:/IIVI?I’ 1?;/_1\2’1 Eif;’ CPB, >5wmr/n dubpuHOTeH, T/71
2
CK®, mi/mun/1,73m Me (IQR) Me (IQR) Me (IQR) Me (IQR) Me (IQR)
C1 (>90) 3,571 (1,079;8,412) 1,638 (0,802;3,226) 1,180 (0,500;2,744) 121 3,20 (2,70;4,15)
(24,1%)
C2 (60-89) 4,036 (0,773;11,842) 2,525 (1,240;5,098) 1,017 (0,415;2,571) 36 3,30 (2,60;4,16)
(27,9%)
C3a (45-59) 3,571 (1,010;7,194) 2,326 1,311 (0,385:4,655) 15 3,90 (3,20;5,20)
(0,964;5,665) (35,7%)
C36 (30-44) 6,122% 2,626%** 1,311 (0,385;4,655) 14 4,55
(1,195;16,250) (1,203;4,981) (30,4%) (3,60;5,40)
C4 (15-29) 5,395 (1,282;14,943) 2,455 (1,846;5,128) 2,763%* 17%%* 5,10%*
(0,732;4,615) (44,7%) (3,80;6,70)
C5 (<15) 3,915 (1,453;8,333) 2,340 (0,881;4,909) 1,304 (0,545;3,193) 11 3,99 (3,50;5,10)
(18,6%)

Mpumeuanue. * — p<0,05 mexxay 1-it u 36 cramueit XBIT; ** — p<0,05 mexay 1-it u 4-it cragueit XBIT; ¥** — p<0,05 mexay 1-it u 36 cragueit XbII.

Tabununa 4
XapakTepucTHKa KOPPeJIsIIIHOHHO CBSA3H NMOKa3aTeJieil IMTOKUHOBOrO Npoduiisi U 6eJKoB 0cTpoii ¢aszpl ¢ pacueTHoii CKP
CxopocTs Kiy6oukoBoit ¢unsrparmu, Mmir/muH (CKD-EPI)
Kareropus CK®
IL-10, or/mn IL-6, nr/mn | TNFa, mor/miu | CPB, >5 mr/n | dubpuHoreH, /1
C1, BBICOKas MIIK ONITHMAJIbHAS 0,123 0,182 0,086 0,067 0,016
C2, HE3HAYMTEILHO CHIDKEHA 0,073 -0,292%* 0,012 -0,294%* -0,217*
C3a, yMEepeHHO CHIKCHA 0,206 0,394 0,173 0,251 0,140
C30, cyIIecTBEHHO CHU)KCHA -0,216* 0,090 0,114 0,008 0,162
C4, pe3ko cHIKeHa 0,120 0,053 -0,347* 0,237 0,239
C5, moyeuHast HEJOCTATOYHOCTh 0,150 0,050 0,194 0,197 0,094

IMpumeuanue. * — p<0,05.
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IL-6. [ToBbimenne conepxanus IL-6 y 6ompabx ¢ XBII npu
Hannuuu XITH ObuTO MOKa3aHO B paHee OMmyOIMKOBAHHOM
Hamu pabore [13]. B Hacrosimiee BpeMsi OTpHIATENLHOE
BJIMSIHUE TPOBOCHATUTEIBHBIX IUTOKUHOB Ha Pa3BUTHE H
nporpeccupoBanune XbBII oObsicHSETCS WHAYKIUEH aror-
TO3a ¥ HEKPO3a MOYEYHBIX KJIETOK, HapyIIeHHEM KPOBOTOKA
B COCyAax KJIyOOYKOB, CB3aHHBIX C AMCOaIaHCOM Meaua-
TOPOB ¢ Ba30KOHCTPUKTOPHBIMH HITH Ba30AMIIATHPYIOIIUMH
CBOHCTBaMHU, YBEIIMYCHHEM MTPOIYKINH KIETKAMH ME3aHT Ul
XEeMOATTPAKTAHTOB JJIsi HEUTPO(DUIIOB U MaKpOQaros, uTo, B
KOHEYHOM HUTOre, CIIOCOOCTBYET BOCHAINTEIbHON MH(UIB-
Tpammu KiIyoouxoB [37-39]. CruMymsius npomudeparin
KIIETOK ME3aHTHs KIyOOYKOB M YBEIHMYCHHE MPOAYKIUH
MOJIEKYJT MEXKJIETOYHOM aAre3uu M 3KCTPALEUTIONAPHOTO
MaTpUKCa COMPOBOXKIAIOTCA UCTOHYEHUEM 0a3aIbHOM MeM-
OpaHbl KITyOOUKOB M YBEIHMUSHUEM IKCKPEIUH ATb0yMUHA C
Mouoii. Kpome Toro, moBblmeHHOe 00pa3oBaHHE PEeaKTHB-
HBIX ()OPM KHCIIOPOIa B ME3aHTHAIBHBIX KJIETKAX, yBeJIH4e-
HHE CEKpELHH BEIECTB, 00IaJatolNX IPOKOAryIsHTHEIMU
CBOMCTBaMH, a TaK)Ke ME3aHTHANBHBIX W DHJOTEIHAIBHBIX
KIJIETOK MPHUBOJHUT K YBEJIHUYSHHIO peaObcopOLuM HATpUs H
JKUIKOCTH B MMPOKCUMAIIbHBIX KaHanmbLax [41].

Buieoovl. B xozne uccienoBanus ObLJIO BBIABIEHO, YTO
Ha HayainbHOM ctaguu XbBII ormeuaercst moctoBepHas B3a-
MMOCBSI3b MeX1y cHikeHuneM pacuetHor CK® u ysenu-
yenneM ypoBHs IL-6, IL-10, TNFo, a taxxe poctom CPb
u (ubpuHoreHa kpou. CTaTUCTHUYECKH 3HAYMMOE Hapac-
TaHUE UTOKHMHOBOTO AncOanaHca u 0eKoB 0CTpoda3zoBo-
ro BocmaueHust HaOmrogamiuch Ha 30 u 4-it craguax XBII.
Takum 00pa3om, 3aIyck mpolecca BOCHalIeHHs ¢ Y4acTHEM
muToKnHOB, a Takke CPBb u ¢ubpunorena, cocoOcTByeT
MPOTPECCUPOBAHUIO MOYCYHOW NUCPYHKIIMH, a caM Ipo-
necc 3amemiennss CK® momnepkuBaeT BOCHIAIMTEIBHBIN
KOMIIOHEHT OCHOBHOT'O 3a00J1€BaHHA.
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MeiizxaHoBa ILY.!, BonowwH C.A.", HoBukoB A.A.2, AnekcaHaposa E.H.2, Cmongosckas O.B.", Py6uHa A.lO.!

ONPEAENEHUE PEBMATOMLHOIO ®AKTOPA U BEJIKOB OCTPOW ®A3bl BOCMNAJIEHUA
HA BUOYUMNAX Y NALUUEHTOB C PEBMATOMAHbIM APTPUTOM

' OIBYH UHCTUTYT MonekynapHoi 6ronorum um. B.A. SHrenbraparta PAH, 119991, Mocksa, Poccus;
2'BY3 MOCKOBCKMIA KNMHWUYECKNI HayuHbIn LeHTp nmenn A.C. JlornHoBa [13M, 111123, Mocksa, Poccus

OO0HuM U3 buoOMapkepos, UMerwumM Hauborbulee KIUHUYECKoe 3HayeHue npu peemamoudtom apmpume (PA), sensemcs pesma-
mouodnwtii paxmop (IgM P®). Pesmamouonsiii pakmop umeem HeOOCMamounyio 4y6CmeumenibHocms u CReyuOuuHocmb, nOIMo-
MY ONlsL NOBbIUUEHUS OUASHOCIUYECKOU UHPOPMAMUBHOCY MeCmd 8 Kayecmee CONYmMCmeYIouux OUuoMapkepos Ucnonb3yomest
benku ocmpoui ¢ghazvl. C nomowplo GUOIOSUYECKUX MUKPOUUNOG npogedero usmepenue IgM P®, C-peakmusnoeo 6enxka (CPB) u
benxa coleopomounozo amunouonozo oeika A (CAA) y nayuenmog ¢ PA (n=60), anxunrozupyrowum cnonounumom (AC) (n=55),
cucmemnoul kpacroul eonyarnkoll (CKB) (n=20) u 300pogwix donopos (3/]) (n=9). Ilokaszano, umo meduanvl konyenmpayuu IgM
P suauumo sviwe (p<0,01) y nayuenmog ¢ PA no cpasnenuio ¢ nayuenmamu, cmpaoaiowumu Opy2umu UCcie008aHHbIMU 3d-
bonesanusmu, u 300posvimu oonopamu. CPE u CAA maxoice Oviau 3navumo nosviwensvt (p<0,05) y nayuenmos ¢ PA u AC no
cpasuenuto ¢ CKB u 3/].

Toxasano, umo xomniekcrhoe onpedenenue mpex buomapkepos npu ouggepenyuposanuu 6onvhwvix PA ¢ epynnoii cpagnenus o06-
nadaem 6onvuieli OUAZHOCMUYECKOU 4YECMBUMETbHOCIbIO, YeM U30auposantoe onpedenenue IgM PD, npu smom Haubonvuiuii
BKNIAO 8 YIyuuieHue OUACHOCMUYECKUX Xapakmepucmux nanenu ouomapkepog snocum oooasnenue CAA: ucnomvzosanue mooenu
noeucmuyeckou peepeccuu Ha ocnoge IgM P®D u CAA noseonsem ygenuuums OUaeHOCMUYECKYIO 4Y8CMEUMENIbHOCTb AHANU3A C
58,3% 0o 65 %.

Taxum obpasom, pazpabomanmwlii Ha OCHOBE MUKPOUUNOE MEMOO MOdicen Obinb UCNONb306aH 015l OOHAPYIICEHUS U GbIACHEHUS
ouasHocmuyeckux xapakmepucmux buomapkepos PA, oonako 0na 0anvHeliue2o ucnonb308anus mpeoyemcs 6aiuoayisi NoayyeH-
HbIX Pe3VIbManmos na pacuupeHHoll ebloopKe.

KnioueBsle cnoBa: pesuamouonsiii pakmop; CPE; cvieopomounviii amunoud A; 6uouunsi.
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Feyzkhanova G.U.', Voloshin S.A.!, Novikov A.A.?, Aleksandrova E.N.?, Smoldovskaya O.V.!, Rubina A.Yu.!

ANALYSIS OF RHEUMATOID FACTOR AND ACUTE PHASE PROTEINS USING MICROARRAYS
IN PATIENTS WITH RHEUMATOID ARTHRITIS

! FSBIS Engelhardt Institute of Molecular Biology, Russian Academy of Sciences, 119991, Moscow, Russia;
2 SBIHC Moscow Clinical Scientific Center n.a. A.S. Loginov, 111123, Moscow, Russia

One of the biomarkers of biggest clinical importance in rheumatoid arthritis (RA) is rheumatoid factor (IgM RF). The rheumatoid
factor has insufficient sensitivity and specificity, therefore, to increase the diagnostic information of the test, acute phase proteins
were used as concomitant biomarkers. Using biological microchips, we measured IgM RF, C-reactive protein (CRP) and Serum
amyloid protein A (SAA) in patients with RA (n = 60), ankylosing spondylitis (AS) (n=55), systemic lupus erythematosus (SLE)
(n=20) and healthy donors (HD) (n=9). It was shown that the medians of IgM RF concentrations are significantly higher (p<0.01)
in patients with RA compared to patients suffering from other diseases and healthy donors. CRP and SAA were also significantly
increased (p<0.05) in patients with RA and AS compared with SLE and HD. It has been shown that the complex determination of
three biomarkers in differentiating RA patients with the comparison group had a higher diagnostic sensitivity than the isolated
determination of IgM RF, while the addition of SAA makes the greatest contribution to improving the diagnostic characteristics of
the biomarker panel: the use of a logistic regression model based on IgM RF and SAA allowed to increase the diagnostic sensitivity
of the analysis from 58.3% to 65%.

Thus, the developed microarray-based method can be used to detect and elucidate the diagnostic characteristics of RA biomarkers;
however, further use requires validation of the obtained results on an expanded sampling.

Key words: rheumatoid factor, C-reactive protein; Serum amyloid A; microarrays.
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Beeoenue. Pepmarounueiii aptput (PA) sBisieTcsa ayto-
UMMYHHBIM PEBMAaTHYECKUM 3a00JIEBaHUEM, XapaKTEepH3y-
IOLIUMCS] XPOHUUECKUM 3PO3UBHBIM apTPUTOM (CHHOBHUTOM)
Y CUCTEMHBIM ITOPAXKEHNEM BHYTPEHHUX OpraHoB. J[narao-
CTHKA JaHHOIO 3a00JIEBAHUS SIBIIIETCS CIIOKHOM 3a1adyeil B
CBS3U C HEIOCTAaTOYHOW CHNEHU(PUYHOCTHIO KIMHUYECKUX
MIPU3HAKOB W HHU3KOH UYBCTBUTEILHOCTHIO KIMHHUKO-T1A00-
paropHbIX KputepueB. Cpenu OHOMapKepoB, aCCOIUHPY-
foruxcsi ¢ PA u BXOIAIIMX B IUAarHOCTHYECKUE KPUTEPUH
(ACR/EULAR 2010 r.) atoro 3aboneBanus, HauOoIbIIee
KJIMHIYECKOE 3Haue€HUe MMEIOT ayTOaHTUTENa: pEBMAaTOH/I-
HBIH (akTop Kiacca IgM (IgM P®), antutena K muKIHYe-
CKOMY IUTPYUTHHHPOBAHHOMY TENTUAY U OCTPO(a3OBbIie
nokazarenu: COD, C-peaktuBnsblii 0enok (CPB) [1-4].

IgM P® — ayroanTtutena IgM kiacca, pearupyromue ¢
Fc-dparmentom IgG [5,6]. Haubonee aHamuTHYecKun TOY-
HBIM METOJIOM H3MEPEHUs] ChIBOPOTOYHOM KOHIIEHTPAIIUH
IgM PO snsiercsa nedenomerpus [7]. OnHAKO HCIONB30-
BaHUE B PEaJbHONM KIMHUYECKOH NpaKTHKE HMMYHOTYp-
OUIMMETPUH, IMMYHO(DEPMEHTHOTO aHAM3a M JIaTeKC-ar-
DIIOTUHALUK TIPHBOIUT K CYIIECTBEHHOH BapHaOEeIbHOCTH
nony4aeMmbIx pe3ynbTatoB [8—11]. Tax agmarHoctuyeckas
4yBCTBUTENILHOCTb U3Mepenus IgM P® npu PA, o nanHbIM
pa3HBIX aBTOPOB, MOXKET Koebarbest ot 40% o 80% [12].
Kpowme 3toro, noeimeHHbId ypoBeHs IgM PO moxer npu-
CYTCTBOBATh U IPHU APYrHX 3a00JE€BaHUIX - OCTE0apTpo3e,
CUCTEMHOI1 KpacHOH BoiyaHke, cuHapome lllenrpena, rena-
tute C ¥ OHKOJIOTHYECKHUX 3a0oneBanusx [13,14].

[oBbImeHNIO AUATHOCTUYECKOH HH(POPMATUBHOCTH Te-
CTa MOXET CIIO0COOCTBOBATH OIHOBPEMEHHOE ONpeesieHHe
IgM PO Bmecte ¢ mpoBocmanutenbHbiMu Oenkamu — CPb
U CBIBOPOTOUHBIM ammiongHbiM Oenmkom A (CAA) [15].
CPb sBnsiercss HamOosiee 4yBCTBHUTENBHBIM M CTaHAAPTH-
30BaHHBIM MapKepOM BOCHAJICHHS, HHPEKIHUU U TKAaHEBOTO
noBpexaeHus [16], Taxke CyniecTByIOT IaHHBIE, 4TO OJa-
romapsi CBOMM IMPOBOCTIAIUTEIFHBIM M MPOTPOMONIECKIM
CBOMCTBaM OH MOKET UIpaTh POJIb B Pa3BUTUU KOCTHOM pe-
3op6ruu pu PA [17]. YpoBenb CAA TakKe MOBBIMIACTCS
IIpHU 3a00JI€BaHUAX, CBSI3aHHBIX C XPOHUYECKUM BOCIIAIEHH-
eM (0one3Hb AnblireiiMepa, OHKOJIOTHYECKUE 3a00JIeBaHUs,
muaber u ap.) [18,19]. IloBsimenHslii yposens CAA mpu
HopMasibHOM ypoBHe CPB wacto HaGnronaercs npu cpeHei
aKTUBHOCTH peBMaTOMAHBIX 3aboneBannii [20,21]. Mcxoxns
n3 3T0rO, OofHOBpeMeHHoe onpexaenenne IgM P®, CPb u
CAA npu muarnoctuke PA Moxer oOnangare Gosnbliei 3¢-
(DEeKTUBHOCTBIO YeM OOBIYHBII OHONIAPAMETPHUUECKUH TECT.

Panee Obu1 pazpabotan 6uouunt, MO3BOJSIONIMN OTIpeie-
JSITh TIPOBOCIATIMTENBHBIE OSIIKU B KYJNBTYpaIbHOU cpene
[22]. Pa3paborannblif MeTOA OBLIT aIaTUPOBAH IS H3MEpe-
Hud B cbiBopoTke kpoBu CPB, CAA u PO.

Ienpro paOOTHI SIBISUIACH OLIEHKA AMArHOCTHYECKOIO
3Ha4eHus1 KomIuiekcHoro ompenenenust IgM P®, CPb nu

44

CAA B cbIBOpoTKe KpoBH O0NbHBIX PA ¢ ucmonb3oBaHHEM
Ououunmna.

Mamepuan u memoowt. ViccnenoBanu oOpasipl CHIBO-
POTKH KpoBH y 60 MAallMEHTOB ¢ PEBMATOMIHBIM apTPUTOM
(PA), y 55 manueHToB ¢ aHKHJIO3UPYIOIIUM CIIOHIMINTOM
(AC), y 20 mamueHToB ¢ CHCTEMHOW KPacHOW BOJIYaHKOM
(CKB) u y 9 3nopoBbix gonopos (3/1) (tadm. 1). Obpasis
obutn mpenoctanieHbl ['BY3 MOCKOBCKHMM KIIMHUYECKUM
HayuHbIM eHTpoM (MKHL) umenn A.C. JlorunoBa JI3M.
HccnenoBanne ono0peHO JTOKAJIBHBIM 3THYECKUM KOMMTE-
toM MKHII. ¥V 15 manmenToB ¢ PA Obi10 onpezienieHo 9uciio
MPUIYXIUX U 9rciio 6ome3HeHHsx cyctaBoB (UIIC, YBC).

W3roroBneHne CKOHCTPYMPOBAHHBIX OHMOYMIOB (TIOATO-
TOBKY CTEKJISTHHBIX ITOJJIOKEK, H3TOTOBJIIEHHE CMECH I'€IEBBIX
MOHOMEPOB, IIPOLIECCHI OIUMEPU3ALUU U OIIOKUPOBKU OHO-
YUTIOB) TIPOBOIMIIN IO METOAMKAM, OITMCAHHBIM paHee [22].

Ha crxoHCTpyHpOBaHHBIX OMOYMIIAX TMPOBOIWIN aHAIN3
10 METOAMKE, AJaNTHPOBAHHOW M3 MpedplAyluX padot
[22]. Ha nepBoii craguu MpoBOIMIA HHKYOAIHIO OMOYHITOB
C aHATIM3UPYEMbBIMH 00pa3LaMu WK KaTHOPOBOYHBIMH TIPO-
0amu B Tedenue 2 4 npu 37°C ms IgM P®, 1 4 mpu 37°C
st CPB, 30 mun npu 22°C ana CAA. Tlocne 3Toro oTMBbI-
Banm Omounnbl 20 mua B OCH ¢ copepxannem Tween-20
(oT™BIBOUHBIN Oydep). 3areM WHKYOMpOBaIM OWOYHIIBI C
MPOSIBISIIOIIMMH  aHTHTENIaMH  (KOHBIOTaTaMH aHTHTEN C
onoruaoM it CPBb u CAA WM KOHBIOraTOM aHTHUTEI C
(ryopecuentHot Metkoit CyS mist [gM P®) B teuenue 1 u
npu 37°C. Ilocie mpoMeKyTOYHOH OTMBIBKH B yKa3aHHOM
BhIIIe Oydepe OMoYHIbl MHKYOUpOBaIU ¢ (IIyOpeCleHTHO-
meyeHbIM (CyS) cTpenTaBUIMHOM U IPOBOIMIIN 3aBEPLIA0-
1yt OTMBIBKY (30 MuH).

Buouniibl mocie OTMBIBKH aHAIM3UPOBAIM HA OUOYHII-
aHaJM3aTope C Ja3epHBbIM BO30YKISHUEM C UCIIOIb30BAHH-
eM mporpammHoro obecneueHust ImageAssay [22]. TTocne
MOJy4eHUs. (PIyopecLEeHTHBIX H300paXeHuil 1mo kaauopo-
BOYHBIM KPUBBIM PACCUHTHIBAIN KOHIICHTPAIHIO OTIPEIeIs-
eMBIX OCJIKOB B UCCIIEAYEMBIX 00pa3iiax.

CpaBHeHHE ypOBHEH OMOMapKepoB B IpyIIax MalueH-
TOB TIpOBOAWIHM MeTogoM Manna-Yutau (p<0,05), oueHky
JUATHOCTHYECKOW S(P(PEKTUBHOCTH TPOBOIMIN METOIAOM
ROC-ananm3a. ROC-ananus, JOrHCTUYECKYIO U JIMHEHHYIO
perpeccuu, pac4ér JOBEpUTEIbHBIX HHTEPBAJIOB U ITOCTPO-
€HMEe JuarpaMM CpaBHEHHS MPOBOAMIM C MOMOUIBIO IPO-
rpammbel MedCalc 20.010.

Pesynomamot u oocysycoenue. Pa3paboTaHHbBIN METON
Ha OCHOBE OMOYMIIOB OBUI aJalTHPOBAH M3 MPEIbLAYIINX
pabor [22]. beuio nogoOpaHo onTUMaIbHOE BpeMs HHKyOa-
UK ¢ 00pa3oM JUTs MOMYYSHUS] HAaHOOIBIIETO THHAMIYE-
CKOTO Juarna3oHa 1 0oJbIIel YyBCTBUTEIFHOCTH. XapaKTe-
PHUCTUKH pa3pabOTaHHOTO METOA ATl KaXKAO0TO OMOMapKepa
IIpUBe/IeHb B Ta0i. 2. Bocipon3BoAMMOCTh aHalu3a Haxo-
munack B ipenenax 15% muis Bcex OnomMapKepoB; AMamma3oH
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Tabnuma 1
XapakTepHucTHKa 00c/1e10BAHHBIX 00IbHBIX
Kareropuu narueHTos (1o 3a001eBaHUsIM)
[Moxka3arenu PA AC CKB 31
(n=60) (n=55) (n=20) (n=9)
Cpennnii Bo3pact 58 4 28 50
(MHUHUMYM- & . (17- o
MAKCHMyM), TOZBI (20-88) (18-65) 34 (20-65)
Hemmeriea/ 50/10 2035 1812 8/1
MY>K4HHBI
DAS28/BASDAI/
SLEDAI2k* 6 6 14
CpenHuit HHIEKC
(MHHEMYM- (3.2-7.86) (1.2-9) (231
MaKCHUMYM)
AKTHBHOCTB:
HU3Kasg - 8 - -
YMEpEHHas 24 - -
BBICOKas 36 47 - -
Cranus:
pasBepHyTast 39 - - -
TIO3/IHSIS 21 - - -

Ipumeuyanne. * — DAS28 (Disease Activity Score-28)-nHJIEKC aKTHUB-
HOCTH peBMaroumnoro aprpura, BASDAI (Bath Ankylosing Spondy-
litis Disease Activity Index)-HWHIEKC aKTUBHOCTH aHKHJIO3HMPYIOIIETO
cnonpmmra, SLEDAI2k (Systemic Lupus Erythematosus Disease
Activity Index 2000)—nHeKc aKTHBHOCTH CHCTEMHOW KPACHON BOJTYaHKH.
71 — YUCJIO MALUCHTOB.

Tabnuma 2

XapaxkTepuctuku Meroaa onpeneenus IgM P®, CPb, CAA na
0MO0I0THYeCKUX MHKPOYHIIAX

B Junanazon AHanuTu4eckKas
HoMapKep

onpeIeeHust YyBCTBUTEIBHOCTh
IgM PO 10-1000 ME/Mn 2 ME/mn
CPb 1-100 MKr/mi 0,5 MKr/Ma
CAA 1-100 MKr/mi 0,1 MKr/mMa

JMHEHHOCTH COBNAJaJ C JUANa30HOM ONpeAeIeHHs.

B uccrnenyemyro BeiOOpKy Bxoawiu nanueHTtsl ¢ PA, AC,
CKB u 310poBble JoHOpBL. Pe3ynsrarsl KoHIeHTpanuu IgM
P®, CPb u CAA, onpenenenHbie Ha OMounnax Jiist Bcex 00-
Pas31oB, IPE/ICTABICHBI Ha ITy3bIPHKOBOI inarpamme (puc. 1).

Ilo pesynpraTam aHanu3a ObLIa BBISBIEHA ciabas Kop-
pemsiust mexxny CPb u CAA — 0,327 (p<0,001) cpenu Bcex
obpazuoB. Cpenu nauueHToB ¢ PA 1 AC KOoppensiun 3THX
MapKepoB coxpaHsiack, B orinune ot CKB u 3/, roe xoppe-
nsyst orcyterBoBana. B pabore M. Kokobun u coasr. [23]
Takke Habmonanu, uto koHnenTpanuu CPb u CAA, Genkos
octpoit (a3el, KoppenupoBaiu (K03QOUIHEHT KOppesun
0,789, p<0,01) nys narrienToB ¢ PA, 1 He KOppenUpoOBaIH B
o0paslax 3710pOBbIX JTOHOPOB.

Konrenrpanust CPb taxxke koppenuposaina ¢ UIIC (koa¢-
¢unment xoppensuuu Crimpmana 0,589, p=0,0209). B pabo-
te K. Shimada u coaBr. [24] Oblia ucclieoBaHa 3aBUCUMOCTD
xoH1eHTpauuii CPb 1 cKOpoCTH oceaHusl SPUTPOLUTOB OT
KOJIMYECTBA U Pa3MepOB MPHUITYXIIUX CycTaBoB. B HameM nc-
CJIEJOBaHUU NIPU MOCTPOCHUU JIMHEMHON PErpeccur MExXAy
kxoHueHTpauueit CPb u UIIC ypaBHeHHE UMENO CIEAYIOMIHA
Bua: CPB (Mr/mi) = 5,66 + 5,22 x UIIC (95% AW niis Hakiio-
Ha perpeccunt: ot -0,07 o 10,51). ITpu 3TOM HakI0H perpec-

MMMYHORNOrnA

®PA @AC @CKB o3[

50

CPB, Mkr/mn

0.5

0.02 0.2 2 20 200
CAA, mkr/mn

Puc. 1. [ly3sippkoBas guarpamMma ONpPEIENIEHHBIX C TTOMOIIBIO
6uounna xkoHuenrpanuit IgM PO, CPb u CAA B o6pa3siax KpoBu
naruenToB ¢ PA, AC, CKB u 310poBbix noHopoB. ITo ocu a6-
cuucc — ypoBHu CAA, 1o ocu opausar — yposuu CPB, miomaau
My3bIPEKOB COOTBETCTBYIOT YpoBHAM IgM P®. 3nauenus umke
WIY BbIIIE JUHAMUYECKOIO AUANa30Ha PACCUMTaHbl METOIOM
IKCTPATIOJIALNH.

cuu (ckopocth Hapactarus CPB B 3aBUCHMOCTH OT yBemmde-
uus UIIC) coBmagaer ¢ HaKIOHOM, IpUBeAECHHBIM B [11] s
ManbIx cyctaBoB (5,6 ¢ 95% JAU ot 3,5 no 7.,7).

Mennans!l koHUeHTpauud IgM P® 3Haunmo pasznuya-
JIUCH y TanineHToB ¢ PA 1o cpaBHEHUIO ¢ MaleHTaMu, CTpa-
JAOIUMH JPYTHMH HCCICIOBAHHBIMU 3a00JI€BaHUAMHU, H
3I0POBBIMU JIOHOpaMu (puc. 2, a). Jlnama3oH KOHLEHTpa-
Ui Ui 370poBBIX ToHOPoB cocTaBmi 10-23 ME/mn. CPb
n CAA Takxe 3HaUNMO OTJIMYAIINCH y TanneHToB ¢ PA u AC
nio cpaBHenuto ¢ CKB u 3/ (puc. 2, 6, g).

Juarnoctudeckyo 3¢ GpekTHBHOCTH BhIsABIeHUs PA ompe-
nensu MmetogoMm ROC-ananwsa, mpruaeM B IpyIITy CpaBHEHUS
Bonutn nanuenTtsl ¢ CKB, AC u 3mopoBbie qoHOpEI. B nHan-
BuayansHoM ROC-ananuze IgM P® nokaspiBaeT xoporiryro
cnenr(UYHOCTh TIPU HU3KOM vyBcTBUTENbHOCTH, a CPB,
HA000POT, OTHOCHUTEIHFHO XOPOUIYIO YYBCTBUTEILHOCTD TIPH
HIBKOU criennpuaHOCTH (pHcC. 2, 2, Tadm. 3). CAA onpenens-
eT PA ¢ oaMHaKOBO OTHOCUTENBHO HU3KUMH 1yBCTBUTEIHHO-
CTBIO U CIEU(UUHOCTHIO, XOTS TOUHOCTD aHAJIN3a MIPU STOM
coorBercTByeT TouHocTH CPB. Crienu¢puuHOCTb BBIABIECHUS
PA ¢ ucnons3zoBanuem P®, ompesencHHOro Ha OHOUYHMITAX
(85%), cpaBHUMA cO creUU(pUIHOCTBIO BhIsABICHUS PA mpu
omnpeneneHny PO apyrumu Metonamu Ha moxoxeil BeIOOpKe
(86%) [12,25]. YysctBuTenpsHOCTS U criermpuanocts CAA
MOXKET 3HAYUTEIBHO BAPHUPOBATh B 3aBUCHMOCTH OT BBIOOD-
k. Tak, 1 pa3HbIX BBIOOPOK NauueHToB ¢ PA, B pabore X.
Yuan u coaBr. [26] gyyBcTBUTENBbHOCTh aHaU3a CAA paznu-
yanach oT 52% 10 96% 1o cpaBHEHHUIO C 3M0POBBIMHU JIOHO-
pamu, 9To COTIaCyeTCsl C OIyYEeHHBIMH B HAIIIEM HCCIIEI0Ba-
HUM JaHHBIMU (1yBCTBUTEIBHOCTH 62%) (Tabm. 3).

[Ipu ontumansHoM kputepu B ROC-ananuze ans IgM
P® (23,36 ME/mi, cM. Tabm. 3) 58% mamuentoB ¢ PA Obutn
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Puc. 2. lnarpaMmmsbl (<MK ¢ ycaMu») cpaBHeHHs1 OrnoMapkepoB y manuentoB ¢ PA, AC, CKB u 310poBbIX 1OHOPOB. a — IgM PO,
6 — CPb, 6 — CAA, 2— cpaBaenne ROC-kpuBbix ipu anddepeHmpoBaHUuY NAMEHTOB ¢ PA 1 KOHTPOJIBHON IPYIIIBI IS ONPEAEIeHHS
WHIUBHIYalbHO OroMapkepoB IgM P®, CPB, CAA, a Takxe IpHu MOCTPOSHHH MOJieleil joructuueckor perpeccun (LogReg), Bkito-
qatomux Tpu (IgM PO, CPB, CAA) u nsa (IgM PD, CAA) 6uomapkepa.

* — ypoBeHb 3HaunMocTH p < 0,05; ** — ypoBens 3HaunmocTh p < 0,01; *** — yposens 3naunmoctn p < 0,001.

TabGnuma 3
Jnardocruueckune xapakrepuctuku IgM P®, CPB, CAA (B cko0kax npuseiensl 95% JH)
Buomapkep | Se, % | Sp, % | Acc, % | AUC | OnTuMasnbHbIi KpUTEpHi

IgM PO 58,3 84,5 73,6 0,748 23,36 ME/Mn
(44,9-70,9) (75,0-91,5) (65,6-80,6) (0,66-0,817)

CPb 76,7 47,6 59,7 0,576 5,99 mr/mn
(64,0-86,6) (36,6-58,8) (51,2-67.8) (0,491-0,657)

CAA 61,7 58,3 59,0 0,611 0,69 Mr/mn
(48,2-73,9) (47,1-69,0) (50,5-67,1) (0,526-0,691)

LogReg 63,3 77,4 70,1 0,756 0,36*

(IgM P®, CPB, CAA) (49,9-75,4) (67,0-85,8) (62,0-77.5) (0,677-0,823)

LogReg 65,0 78,6 71,5 0,760 0,34*

(IgM P®, CAA) (51,6-76,9) (68,3-86,8) (63,4-78,7) (0,682-0,827)

Ipumeuanne. Se, % — YyBCTBUTEIBHOCTD, WU JIOJISI HCTHHHO-MIOJIOKHUTEIBHBIX CIydaes; Sp, % — crieHu(pUIHOCTh, WIIH OIS HCTHHHO-OTPHULATENb-
HBIX city4yaeB; Acc, % — TOYHOCTB, WK JI0JIs1 IPaBWIIbHO onperenieHHbIX cirydaeB; AUC — momans nox ROC-kpusoii; LogReg — komOuHanus padboTsl

Tpex/nByx GHOMapKepOB Ha OCHOBE MOZEITH JIOTHCTUYECCKON PErPECCHH.

* KpUTepuu Uit HpeL[CKaSaHHOﬁ BEPOSATHOCTH.
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CEPONO3UTUBHBIMY, a 42% ceponeraruBHbIMHU. [Ipu 3TOM BO
BCEX CEPOHEraTHBHBIX CIy4asx XOTS Obl OJMH U3 JOMOIHU-
tenbHbIX OnomapkepoB (CPb wim CAA) 6b11 osbitieH. Ec-
T YYUTHIBaTh ONTHMaNbHbIe KpuTeprn ROC-aHanu3a s
BCEX TpeX OMOMapKEPOB, TO XOT ObI OMH 13 OMOMapKepOB
6bu1 moBbIeH y 100% manuenTos ¢ PA, y 85% ¢ AC, y 35%
CKB u 33% 310pOBBIX JHII, B TO BpeMs KaK MOBBIIICHHE
BCEX TPEX MAapKepOB OJHOBPEMEHHO BCTpedanoch y 27%
narueHToB ¢ PA u 11% ¢ AC.

Ha ocHoBe monmy4yeHHBIX 3HaYeHUH KOHLEHTpalUi Tpex
OuomMapkepoB OblIa IIOCTPOEHA MOJEJNb JOTUCTUIECKON pe-
rpeccuu (cM. Tabn. 3). Vcrone3oBanue Takoil oOpabOTKH
JAHHBIX TOBBIIIACT YYBCTBUTEIBHOCTh METONA, HO TOHU-
KaeT CIEeUU(PUYHOCTh MO CPABHEHHUIO C HCIOJIb30BAHHUEM
ypoBHs IgM P® B kadecTBe €IUHCTBEHHOTO NHUAarHOCTH-
4yeckoro kpurepus. [Ipu 3ToM HaUOONBIIUA BKJIAJ B KOM-
OuHanmio Tpex omomapkepoB BHoOcAT PO u CAA, T.e. npu
MMOCTPOSHUH MOJEIH JIOTHCTHYECKOH perpecCur Ha OCHOBE
9THUX JBYX MapKepoB ITUarHOCTHYECKHE UyBCTBUTEIHHOCTD
Y cHenu(pUIHOCTh OKa3aJIHCh HE Xy)Ke aHAJIOTHYHBIX Mapa-
METPOB y MOJIETIH HA OCHOBE TPeX OMOMapKepoB.

3akniouenue. Takum 00pa3oM, C IOMOIIBIO OHOJIOTHYE-
CKUX MHUKPOYHUIIOB OBLJIO IPOBEICHO CPAaBHEHHUE TUATHOCTH-
yeckux Iokasarened ompenenenus IgM PO, CPb u CAA
pu peBMarougHoM aprpute. [Ipu nobaBneHun B KoMOHHA-
LUI0 K cTaHAapTHOMY Ouomapkepy IgM P®, manGonbuiuit
BKJIaJl B yJIy4lLIEHUE IUarHOCTUYECKUX [T0Ka3aTeel BHOCUT
Oemox octpoit pazer CAA. OmpeneneHne OXHOBPEMEHHO
IgM P® u CAA B ChIBOPOTKE KPOBH IMO3BOJISIET OBBICUTH
YyBCTBUTENBHOCTD aHAJIM3a MO CPABHEHUIO C ONpElesICHH-
eM Toibko IgM PO.
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Buinonnen cpasnumenvhuitl ananus evisenenus CagA-nonoscumenvuvix wmammos H. pylori ummynoxpomamoepaguueckum u
MOneKynspHo-eenemudeckum memooamu. Mcnonvzosanvt wimammul H. pylori, gvioenennvie om nuy ¢ 3a001e6aHUAMU HCELYOOUHO-
Kuueyno2o mpakma. MUmmyHnoxpomamozpaguyeckuii Memoo peanu3o8an ¢ nOMOwbIo paspabomanio20 IKCHePUMEHMAIbHO20
o06pasya ummyHoxpomamozpagpuueckol mecm-cucmemul 05 gvisgnenus ovenka CagA H. pylori 6 paznuunom buonoeuveckom ma-
mepuane. Onpedenenue 2ena namoeennocmu cagA H. pylori ocywecmesneno c ucnonvsoganuem mecm-cucmemul «Xenuxonon CA»
(«/Tumexy, Poccus). Oyenxy conocmagumocmu pesynvmamos gvisenenus CagA-nonoxcumenvuvix wmammos H. pylori nposoou-
JIU, UCRONB3YS cmamucmuyeckue memoowvt: Monme-Kapno, pacuem kpumepust xu-kéaopam (x°) u kosgpguyuenmog t-b Kendauia
u d Comepa. Cmamucmuyeckutl aHau3 6bINOIHEH ¢ NPUMeHeHueM npozpammubix nakemos «Microsoft Office Excely, «Statistica
10.0» u «WinBUGS 1.4.0.». Ilokazano omcymcmeue cmamucmu4ecky 3HaYuMo20 pasiuius u Hanuque npsamou CulbHoll Kop-
PeNAYUOHHOTUL C8A3U MedcOy pe3ynbmamamu gviasienus CagA-nonoicumensHbix Wmammos MOLeKyIAPHO-2eHEMUYECKUM U UM-
MYHOXPOMAMOZpAGUUECKUM Memooamu, 4mo ceudemensCmeyem o mom, Ymo mu Memoosbl NO360NAIOM NOLYYUMb OnuU3KUe No
HAYUMOCTIU PE3YILMANbL NPU UOEHMUDUKAYUY 8bICOKONAMOo2enHbix wmammos H. pylori.

KnioueBsle cnoBa: Helicobacter pylori; ummynoxpomamoepaguueckas mecm-cucmema, I1L[P-ananus; xenuxobaxmepuos,
CMamuCmMuYecKui aHauus.
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A comparative analysis of the detection of CagA-positive strains of H. pylori by immunochromatographic and molecular genetic
methods was carried out. We used H. pylori strains isolated from individuals with diseases of the gastrointestinal tract. The
immunochromatographic method was implemented using a developed experimental model of an immunochromatographic test system
for detecting the H. pylori CagA protein in various biological materials. Determination of the pathogenicity gene cagA of H. pylori
was carried out using the «Helikopol SA» test system («Litekhy, Russia). The assessment of the comparability of the results of
detecting CagA-positive strains of H. pylori was carried out using statistical methods: Monte-Carlo, calculation of the chi-square test
() and Kendall's b and Somer's d coefficients. Statistical analysis was performed using the software packages «Microsoft Office
Excely, «Statistica 10.0», « WinBUGS 1.4.0.» The study showed the absence of a statistically significant difference and the presence of
a direct strong correlation between the results of detecting CagA-positive strains by molecular genetic and immunochromatographic
methods, which indicates that these methods provide similar results in identifying highly pathogenic strains of H. pylori.
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Beeoenue. Xennkob6aKkTepros3 SIBISIETCS OJHOW W3 HaW-
Oonee pacnpocTpaH€HHbIX UHPeKIui B mupe. [1o gaHHbIM
nuteparypsl, oT 60% no 90% HaceneHHs BO BCEM MUpPE UH-
(huMpoBaHbl 3TUM MHKpOOpraHuzmMom [1].

K gucny 3aboneBaHuii, ITHOIOTUIESCKAM areHTOM KOTO-
pBIX sBisItOTCS. H. pylori, OTHOCATCA XPOHHUUESCKUH TaCcTPUT,
sI3BeHHas1 00JIe3Hb ABEHAIATUIIEPCTHON KUIIKH U JKeNyIKa,
MALT-nmumpoma, pak xemyaxa [2].

JuarHoctrka xeiaukoOakTepro3a 0a3upyercsi Ha IIHPO-
KOM CIIEKTPE METOJIOB, K YUCITy KOTOPBIX OTHOCATCS MOpdo-
JOTUYECKHUN, OaKTePHOJIOTMYECKUH, HUMMYHOJIOTHYECKUH,
OMOXMMUYECKUH, MOJIEKYJIIPHO-TEHETUIECKUH  METO/bI
[3]. PasHoOOpaseH Mmarepuan, MOUICKANIAN aHATM3Y Ha
H. pylori — GuonTarsl CIM3UCTON 00OJIOUKH JKETyIKa, JKeIy-
JIOYHAsI CIIU3b, BBIIBIXaeMbIH BO3IYX, CIIOHA, KPOBb, Kai [4].

[TosBNAIOTCS HOBBIE METOIbI TUArHOCTHKH XeJIHMKOOaK-
Tepro3a. OJJHUM U3 HUX SBIISETCS UMMYHOXpoMarorpagu-
yeckuit (MX) ananus, mo3BOJISIONIUI HE TOJILKO OMIPEICIUTh
Hanu4ue MHQEKIMOHHOTO areHTa B Mpode, HO U MPOBECTH
muddepeHuanuo MTaMMOB 110 IATOTEHHOCTH — OIpeJie-
JUTHh Halmuue crenuduieckoro anturena. Haubonee BbI-
paXeHHBIE ATOIOTUYECKUE TPOLIECCHI, CBI3aHHBIC C TIOBBI-
LICHHBIM PUCKOM OIYXOJIEBOH TpaHc(OpMAalLlUH, BBI3BIBAIOT
mrammbl H. pylori, BeipabateiBatonne MUTOTOKCHH CagA.
JIaHHBIM IUTOKWH IPHUBOAWT K HAPYIICHUIO LEIOCTHOCTH
SMUTENUS CIM3UCTON 0OONOUKH KETyIKa, K HHIYKLIUH He-
KOHTpPOJMpYeMOoi posudepannuyt TMMQPOUAHBIX U AITUTENH-
QJIBHBIX KJIETOK U CTUMYJISILIMU CEKPELUH IPOTUBOBOCIIAIIM-
TEJILHBIX MUTOKMHOB [5]. Onpenenenue dhakra WHPUIUPO-
BaHHOCTH MAal[ICHTa TAKKM ITAMMOM II03BOJISICT HA3HAYUTh
aHTHOAKTEPUANIbHYIO TEPAIUIO U NPEIOTBPAaTUTh pPa3BUTHE
OCJIO)KHEHMH, K YMCITy KOTOPBIX OTHOCUTCS PaK JKeIyaKa.

[poBectn mudpepeHINATBEHYIO THAarHOCTHKY IITAMMOB
H. pylori 1o TaTOreHHOCTH BO3MOXKHO MOJIEKYJISIpHO-TeHe-
THYCCKUM METOJIOM C ucnojb3oBaHueM [I1P, BeIIBUB ren
cagA, n UX meronom, BeisiBUB Oenok CagA. Ha poccuii-
CKOM PBIHKE OTCYTCTBYIOT 1oJJ00HBIe X TecT-CHCTEMBI.

JaHHyt0 mpo0ieMy MBI PEeLIMIIH, pa3paboTaB dKCIEpU-
MEHTaJbHBI 00pa3er; X TecT-cucTeMbl il BBISIBICHUS
6enka martorennoctu CagA H. pylori [6,7].

Lenp wccitenoBaHus — MPOBECTH aHAIIM3 COITOCTaBUMO-
CTH Pe3yNbTaToB BhIsBICHUS CagA-TION0KUTENBHBIX IITaM-
MOB H. pylori MOJEKYISPHO-TEHETHUYECKUM METOIOM H C
IIOMOLIBIO Pa3pabOTaHHOIO 3KCHEPUMEHTAIBHOro obpasua
NX tecT-cuctemsl.

Mamepuan u memoost. Pabota BbInoNHEHa Ha 0a3e Ka-
(henpsr MUKpOOHOIIOTHU BATCKOTO TOCYIapCTBEHHOTO YHH-
BepcureTa» (r. Kupos).

Jlia vccnenoBaHus MCTIONB30BANIN KYIBTYpsl H. pylori,
BBIJICJICHHBIC U3 OMONTATOB CIIM3UCTOH 0OOJIOUKH KeTyaKa,
Marepuana 3y007eCHEBBIX KapMaHOB U Kaja JoOpOBOJIbIIEB
¢ 3a00J1€BaHUAMU JKEIYIOYHO-KUIIEYHOTO TPAKTa.

JloOpoBONBIIBI, yYaCTBYIONIME B HCCIICIOBAHUM, JaJH
nHPOPMUPOBaHHOE coriackue Ha oOciemoBanue. Paborty
HPOBOJIMIN B COOTBETCTBUU C OMOMEAULIMHCKON 3THUKOM cO-
r1acHO TpeOoBaHUAM JKeHEBCKOM KOHBEHIMM O IIpaBax ye-
noBeka (1997 r.) nu XenbcuHckol nexyapanuu BecemupHoii
MeaunuHckoi accormanuu (2000 1.).

B3situe Guosioryueckoro marepuana U3 3y0OAECHEBBIX
KapMaHOB JOOPOBOJIBLEB OCYIIECTBISIM C MOMOLIBIO CTe-
PWIBHBIX 3y0OYHCTOK C BaTHBIMU KoHIIamMHu. [lepen 3a00pom
Marepuasia KakKAbli H0OpOBOJell MOJIOCKAN IOJOCTh PTa
pactBopoM (¢ypamuinHa. Marepuan oroupanu u3 3y0o-
JIECHEBBIX KapMaHOB MAJPOB M PE3LOB, 3aTeM €ro pecy-
cnenauposanu B 1,0 M 0,9 % pacTBope xsopuia HaTpusl.

Buornicuiinpiii Matepuan CIM3UCTON JKelyaKa MOMella-
T B MPEIBAPUTEIBHO MPOHYMEPOBAHHBIC MPOOUPKH THUIIA
smneHaopd ¢ TpaHCopTHOM cpenoii («buonoT», Poccus) n
JOCTaBIIsUIM B 1aboparopuro. [lepen moceBom matepual ro-
MOT'€HU3UPOBAJIH, PacTHpas B CTEpUIbHON cTynke ¢ 1,0 mi
0,9% pacTtBOpa xJI0pHUIa HATPHSL.

Kan orOupanu B crepuiibHble 6aHOUKH [T cOOpa aHAIIHU-
30B. [lepen moceBom 200 Mr mMarepuasia rOMOT€HU3UPOBAIN
B 1,8 M 0,9% pacTtBopa xsopuzna Harpus. B3secu maBanu
OTCTOATKCS TIPH KOMHATHOH Temneparype 10-15 muH, 3aTtem
0,1 M1 CyCHIeH3MH TIEPEHOCHITH B CIECAYIOILYIO0 IIPOOHPKY ¢
9,9 MJ1 PU3HOTOTHMYECKOr0 pacTBOpa, Moryyas padouee pas-
Be/IEHHE MaTepuala.

buonornyecknii mMarepual, MOATOTOBIICHHBIN BBIIIEO-
MUCaHHbIM 00pa3oM, 1o 0,1 Ml 3aceBalii HA CEJICKTUBHYIO
MUTATEIbHYIO Cpely — KOJXYMOWIUCKUN KPOBSHOW arap c
5% osputpoumramu Oapana («9xoJladb», Poccus), amdore-
PHUIIMHOM ¥ BAaHKOMUIIMHOM b C 11eJIbI0 TIOTyYeHUsT YHCTHIX
KyneTyp H. pylori. Yamxku Iletpu ¢ 3acesHHBIM Marepua-
JIOM MHKYOHMpPOBAJIM B aHA’pOCTaTe ¢ ra3oreHepaTOpHBIMU
makeramu «GAS PAK 150» («Becton Dickinson», CIIA)
11 00ecedeHusi MUKPoaspodmiIbHbIX yciosuii (5,0% O,,
5,0-10,0% CO,, 85,0-90,0% N,) npu Temneparype 37°C B
TeueHue 3 cytok. Unenruduxanuto H. pylori npoBoauiu
Ha TPEThU CYTKHU 110 XapaKTEPHBIM MOP(OIOTHUECKUM KpH-
TepHsiM — OOpa30BaHHUIO Ha IUIOTHOW NHTATEIBHOH cpere
HEIPO3pavHbIX, BBITYKIbIX KOJIOHHUH pazmepoM 0,5-2 mwm,
MOXOKMX Ha KaIlsIM POCHI, NIPU CIUIOLIHOM POCTE KOJOHHHU
CIIMBAIOTCS B TIISTHIIEBYIO TUIEHKY [8].

[MpuHamiexxkHOCTh KYNbTyp K H. pylori monTBepxaanu
0aKTEpUOIOTHYECKUM, OMOXUMUYECKUM, MOJICKYIISIPHO-Te-
HETUYECKUM METOAaMHU.

MUKpPOCKOIINIO Ma3KoOB, OKpalleHHBIX 1O Ipamy, ocy-
IIECTBISUIM Ha MUKpockone «Muxmen (Poccus). s 6uo-
XMMHUYECKOH HWACHTH(UKAIIMKA HCIONB30BaI  ypea3HbIid,
okcunasneiii «Oxi-tect» («Erba LACHEMAyY, Uexust) u
KaTaja3Hbli TecThl. 11 MOJIEKyIIpHO-TeHETHUECKOM H1eH-
TH(UKAIUK IMTaAMMOB — KOMIUIEKT pearcHToB aist [ILIP-
ammmndukanyu JHK H. pylori B pexunmMe pealbHOTO Bpe-
menu («JHK-rexnonoruny», Poccust). Omnpenenenue reHoB
naroreHHoctu H. pylori ocymecteisumm metomom 1P c
WCIOJIH30BAaHNEM KOMMEPUECKHUX TECT-CUCTEM «XEITHKOTIOIM
CA» (na Hannuue rera cagA) («Jlutex», Poccus).

NX uneHTnUKALUIO BBIICICHHBIX IITAMMOB OCYIIECT-
BJISIM C UCIIONIb30BaHMEM KoMMepueckux UX Tect-cuctem
«PDO]J] Helicobacter pylori» (Poccus), «NovaMed» (13pa-
WIb), U C TMOMOIIBIO Pa3pabOTaHHOTO HKCIIEPUMEHTAIBHO-
ro oopasua UX tecr-cucremsl [iis BbisiBiieHUs Oenka CagA
H. pylori [6, 7].

[lepen TecTpoBaHWEM KYJIBTYPY CMBIBAJIH C IMATATEIh-
HOU Cpefibl, ONpPEACIsUI OOIIYI0 KOHIEHTPAIMIO BBIPOC-
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IMMUNOLOGY

IIEH KyJIBTYpBl IIPH IOMOIIM cTaHaapra MyTHoctd OI'BY
«HLD3CMII» Munzapasa PO (OCO 42-28-85I1), mocne ue-
ro jpoBoauan 10 Kouienrpamua 1,0-10'° Mm.k.-cM™, ucmosb-
3ys Oydep pasrona (0,01 M Tpuc-6ydepe ¢ 0,1% Tween 20,
pH 7,5).

Hcnonn3oBano obopynoBanue: neHTpudyra gadoparop-
Hast «Avanti J-E» («Beckman Coulter», CIIA); neHrpu-
¢yra-Boprexc «Muxpocnun» («Biosan», JlarBus); Becs
SNEKTPOHHBIE aHanuTH4Yeckne «Adventurer» («OHAUSY,
CILA); namunapubiii mkag 11 kmacca Ouomornueckoit 3a-
muthl «BAB1-01» («Lamsystems», ['epmanus); Tepmocrar
«TCO-1/80 CIIV» (Poccust); TepMocTar TBEPAOTEIBHBIN
nporpammupyembiit «'mHom TT-1» («AHK-TexHomorum,
Poccus); ammumnukarop muis nposeaenus [11[P-ananuza 4-x
kaHanbHbI [14-TT1P-01 «Tepumk» («JIHK-TexHOmOrHNY,
Poccust); kxamepa mis anekTpodope3a TOPH30HTAIBHAS
«Mini-Sub Gell GT» («BioRad», CLIA); ammiudukarop
s Real-time TTHP «/IT-322» («JAHK-rexnonoruun», Poc-
cus); TpancumintroMuHaTop «ECX-15 M» («Vilber Lourmaty,
Opanws).

Craructuueckass 00pa0OTKa TONYYEHHBIX JaHHBIX
BKJIIOYaJla ONMCAaHWE M aHAJM3 yYETHBIX NMpu3HaKoB. Kaue-
CTBEHHBIE YUETHBIE JTaHHbBIE IPEACTaBJICHbI B BHUIE abco-
moTtHbIX (N) n otHocuTenbHbIX BenmnuuH (P, %). Onenka
CTaTUCTUYECKON 3HAUUMOCTH Pa3IHIHi MEXKIy pe3yibTrara-
MU BbIABICHUS CagA-TMONOKHUTENBHBIX ITaMMOB H. pylori
MOJIEKYJISIpHO-TeHeTHUeCKUM U VIX MeTOI0oM BBINOJIHEHA C
IIOMOIIIBIO KPUTEPHsI XH-KBapar (*) ¢ HOMPaBKOif Ha Hepe-
peiBHOCTE Metca [9]. B ciaydasix orpaHnueHus TPUMEHEHUS
KpUTEpUsT ¥*> WCIOJB30BANICSA TOYHBIH Kputepuit duriepa
[10]. Kputnyeckum ypoBHEM CTaTHCTUYECKON 3HAUMMOCTH
pasnuuuil (p) ycranosneHo 3HaueHue p<0,05. Bepuduka-
Ul CTATHCTHYECKON 3HAYMMOCTU Pa3IM4Mii BEIOOPOUHBIX
KaueCTBEHHBIX JaHHBIX BBIMOJHEHA MMyTEM CONOCTABICHHS
ux 95% noBepuTeNbHBIX HHTEPBaAJIOB. PacueTr 95% nosepu-
TENBHBIX WHTEPBAJOB BBINIONHEH MeTonoM MonTte-Kapio
(c momompro porpammbl « WinBUGS 1.4.0.») [9]. Onen-
Ka KOPPEJSILIMOHHON 3aBUCUMOCTH (IIJIOTHOCTH CBSI3U) BBI-
OOpPOYHBIX KaUeCTBEHHBIX JaHHBIX BBHIIOJIHEHA C IIOMOIBIO
kputepus 1-b Kennamna u kpurepus d Comepa [10]. Craru-
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«WinBUGS 1.4.0.».

Pezynomamut u oécyacoenue. Ha nepsom srarme, ¢ Le-
JBbE0 0TOOpA CEPOMO3UTUBHBIX JOOPOBOJIBIIEB MPOBEIH Te-
CTHPOBaHKE CHIBOPOTOK KPOBU Ha HAallMUUe aHTHUTEN K Oe-
ky CagA H. pylori c mOMOIIIbI0O KOMMEPYECKOTO Habopa Jis
JAOT-anammza «Xenuko-3kcnpece» («BEKTOP-BECT»,
Poccus).

ITo pe3ynbraram ckpuHHHTa BBIOpasn 50 cepono3uTus-
HBIX JIUI, Y KOTOPBIX BBLABJIEHbI aHTUTeNa K Oenky CagA
H. pylori. JlanapiM 100OpOBONBIAM TPEAJIOKEHO TPOUTH
(huOPOTracTPOCKOIUIO /ISl MPOBEJCHUS OMOTICHH CITM3UCTOM
JKenynka B kiuHUKax . KupoBa. Y HHUX Ha HcclieoBaHUE
B34Thl KaJ U Marepuas u3 3y0omecHEeBbIX KapMaHOB. OTo-
OpaHHBI OMOIOTHYESCKHUI MaTepral JOCTABJIsUTH B Jabopa-
TOPHIO U BBICEBAJIH Ha CEJICKTHBHYIO MUTATEIBHYIO CPEIy —
KOJlYyMOMICKHI KPOBSIHOM arap ¢ aHTUOMOTHKAMHU C LIEIBIO
BBIJIENICHUS YUCTOM KYJIBTYPHI.

Ha BTOpOM 3Tarne mpoBenu 0aKTepHOIIOTHYSCKOE HCCIIe-
JIOBaHHE KYJBTYp, BBIICICHHBIX U3 OMOTICHHHOTO MaTepH-
ana CIM3UCTON >Kenmynka, Kaja, Marepuana 3y0oIecHEBBIX
KapMaHOB IaLIMEHTOB, Ha NPUHAUIEKHOCT UX K H. pylori.
N3 50 cepomo3uTuBHBIX 00poBONbIEB oToOpanu 40 ue-
JIOBEK, y KOTOPBIX YUCTast KyabTypa H. pylori Beinenena u3
BCEX BUJIOB OMOJIOTHYECKOro Marepuana. B nccrnenoBanuu
NPUHSUIA y4dacThe 23 KEeHIIMHBI U 17 MyX4uH, CpeIHui
BO3pacT A0OpoBoIbIEeB cocTaBmi 40+5 net.

Ha crenyromiem stane paboThl KYJIBTYpHI, BBIICICHHBIC
U3 TpeX BUIOB OMOIOTHYECKOr0 Marepuaia, TeCTUPOBAIH
MOJIEKYJISIPHO-TEHETUUYECKUM METOZIOM C IIOMOIIBIO TECT-
cucremsl «Xenukonosn CA» Ha Hanuuue reHa cagd u UX
METOJIOM C HCIOJNB30BAHUEM Pa3pabOTaHHOTO SKCIIEPHMEH-
TaJbHOTO 00pa3lia TeCT-CUCTeMBI Ha Haimnuue Oenka CagA
H. pylori.

CpaBHUTEIbHBIA aHAIM3 YacTOTHl BBISBICHHS YHUCTOH
KyAeTypbl H. pylori GakTepHoIOrH4ecKMM METOAOM, I'eHa
cagA MonexynspHo-reHeTndeckuM, Oenka CagA UX wme-
TOAOM B 3aBHCHUMOCTH OT BHJa HCCIIELyeMOIr0 MaTrepHaa.
MIPEJICTABIICH HA PUCYHKE.
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ckuM, benka CagA X meTtogamMu B 3aBHCHUMOCTH OT BHJa UCCIIElyeMOTr0 MaTepHara.
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MMMYHONOruA
Tabnuma 1
IMonoxuTeabHBIE Pe3yJILTATHI MOJIEKYJISIpHO-TeHeTH4Yeckoro 1 UX ananu3a na CagA* mramMMsl
MornekyasipHO-TeHEeTHYECKUI aHaIu3 UX ananus ) .
X p
n P, % n P, %
9 25,0 7 19,4 0,08 0,78

Ipumeuanne. n — Komu4aecTBO BhIENeHHBIX CagA"™ mtaMMoB; P — 9acToTa BCTpe4aeMOCTH MOJIOKUTENBHBIX Pe3y/IbTaToB BeisiBieHHs CagA ™ mram-
MOB; X? — KpuTepHil Xu-KBajpar [Tupcona. 31ech u B Ta0N.2: p — ypOBEHb CTATHCTHYECKOM 3HAYMMOCTH MEXIY pe3yibraramu BbisiBieHUss CagA*
mramMmMoB H. pylori MonekynsipHo-reHeTnueckuM 1 MUX Meronamu; p* — KpUTHYECKUM YPOBHEM CTaTUCTHYECKOH 3HAYMMOCTH Pa3InuUid YCTAaHOBICHO
3Hauenune p<0,05.

Tabnuua 2
95% noBepuUTeIbHbIC HHTEPBAJIbI YACTOT MOJIOKHTEIBHBIX Pe3yJIbTATOB aHAJIN3A Ha BbiABJIeHHe CagA”™ mTaMMoB
MounekyasIpHO-reéHETHUECKUI aHaN3 NX anamu3 p*
P, % (C195%) P, % (C195%)
13,88-41,23 9,91-35,09 >0,05

Mpumeuanne. CI195% — 95% noBepuTEIBHBIN HHTEPBAI.

Tabnuma 3

Csi3b MeEKAY pe3yjabTaTaMy BbIfIBJICHUSA CagA* HWTAaMMOB, ITIOJTYY€eHHBIMHA MOJICKYJIAPHO-ITeHETHYECCKUM U HNX meTronamMmu

N
CTaTHCTquCK]/H/I OHCHKa IJIOTHOCTH CBS3HU MC)K,[[y peSyJIbTaTaMI/I BBISIBJICHUS CagA ITaMMOB HpI/I UCII0JIb30BAHUHU
Kputepun MoJieKyIspHO-TEeHETHYECKOTO aHaJIN3a WX ananusa
1-b Kenanna 0,85*
d Comepa 0,93* 0,77*

le/lMe'-laHHe. * — 3HayeHKe KpUTEpUst BXOAUT B JUaria3oH OT 0,70 J0 1,00, YTO CBUACTCIBLCTBYET O BBICOKOH TIJIOTHOCTH CBSI3U MEXIAYy METOAAMHU.

YcraHoBNEHO, 4TO H. pylori BBISBIEH y CEpONO3UTUB-
HBIX JOOpPOBONBIIEB, HE MPUHUMABIINX PAaHBIIEC AaHTHXEIH-
KOOAKTEPHYIO TEPaIuio, 0aKTePUOIOTHUECKUM METOJOM B
OuorcuitHoM MaTepuane CIu3ucToi emynka B 90,0% ciy-
yaeB, B kasie — B 35,0%, B MaTepuaie u3 3y001eCHEBBIX Kap-
MaHOB — B 52,5% ciy4aeB; MOJIEKYIIPHO-TEHETHYECKIM — B
25,0%, B 26,7% u B 34,8% ciyuyaeB, COOTBETCTBEHHO.

Merogom WX ananuza BeusiBHIM, 4to Oeiok CagA
H. pylori BeIIBNIEH B OMONOTMYECKOM Marepuaie 100poBOIb-
LIeB, MPU TECTHPOBaHWK OWorcHitHoro marepuana B 19,4%
CJIy4aeB, IIpU TecTHpoBaHuH Kana — B 20,0% ciryuyaes, pu Te-
CTHPOBaHUU MaTepuaja 3y0onecHeBbIX kapMaHoB — B 13,0%.

B 1abn. 1 mpeacraBieHa yacToTa MOJOXKUTENBHBIX pe-
3yJABTaTOB B3aUMOCBSA3M MEXKAY MOJIEKYISIPHO-TEHETHYe-
ckuMm u X metogamu no BeisaBieHuto CagA*™ mraMMoB B
Marepuase, BbIICTICHHOM U3 CIIM3UCTOM 000IOUKH KeTyaKa.

W3 manspix Tabn. | ciemyet, 4To MeXIy pe3yiabTaTaMu
BoIsiBIEeHNsT CagA* mTaMMOB MOJEKYISPHO-TEHETUIECKUM
u UX MeTonoM B HccieayeMoil BRIOOpKE OTCYTCTBYIOT CTa-
TUCTUYECKU 3HAYMMBIE Pa3IuuHus.

Pesynbrar OleHKH CTaTUCTHYECKON 3HAYMMOCTH Pa3iii-
YUl MEXy AaHHBIMHA MOJIEKYJSIpHO-reHeTndeckoro u NX
aHanmM3a BepUPHUUUpYeTCsl comocTaBleHueM 95% moe-
PUTEIBHBIX WHTEPBAJIOB YacCTOT MOJIOKHUTENBHBIX CIIyyaes
BeIsiBIIeHNsT CagA' mTaMMOB ¢ MOMOIIBIO 000UX METONIOB
(tabm. 2).

HaGmromaerca mnepexpeiBanue 95% 1OBEPHUTENBHBIX
MHTEPBAJIOB YacTOT ciy4aeB BbLiBiIeHHA CagA’ mraMMoB
MoJeKyJIsIpHO-TeHeTHueckuM 1 X meromamm, 4to mom-
TBEP)KIACT OTCYTCTBHE CTATHCTUYECKH 3HAYNMOTO Pa3Ji-
YK MEXAY pe3yJibTaTaMy 3TUX BHIIOB aHAJM3A.

KonnuectBeHHas oleHKa IJIOTHOCTH CBSA3U MEXIY Pe3yilb-
Taramu BeisiBiieHHs1 CagA" ItaMMOB METOAaMH MOJIEKYIISIPHO-
reHeTH4eckoro u X aHanmsa npencrasieHa B TaO. 3.

CornnacHo kpurepusm 1-b Kennamna u d Comepa, Mexay
pe3yIbTaTaMu MOJICKYJISIPHO-TEHETHYESCKOTO aHAJIN3a U 1aH-
HBIMH, TIOJTy4YeHHBIMH [IPU UCIIOIB30BaHUH Pa3pabOTaHHOTO
9KCIIEPUMEHTAIBHOTO 00pa3lia, B OCHOBE KOTOPOT'O 3aJI0KEH
WX ananms, CyliecTByeT npsmasi, CUIIbHast CBSA3b (KoppeJs-
UOHHAS 3aBUCUMOCTB). [10 pesynpraraMm MoieKysIsipHO-Te-
HETHUYECKOTO aHaJM3a MOXKHO C BBICOKOM J0JeH BEpOsTHO-
CTH MPOTHO3UPOBATh PE3YJbTaT, HOJIyUYEHHBIH C IOMOIIBIO
UX ananu3za, 1 HAOG0POT.

3akniouenue. OTCYTCTBUE CTATUCTHYECKU 3HAYUMOTO
paznuYMs U HalU4he NpSMON CHIBHOM KOPPEISLUOHHON
CBSI3U MEX[Y JaHHBIMH MOJIEKYJIIpHO-TeHeTH4eckoro u X
aHalln3a, CBUJCTEILCTBYIOT O TOM, YTO 9TH METObI TI03BO-
JSIOT MONYYHTh OJM3KHE MO0 3HAYMMOCTH PE3YJbTaThl BbI-
apnenus CagA*" mrammoB H. pylori, a UX meron ananmza
MOeT OBITh HCIIOIB30BaH ISl BBISIBICHHS BEICOKOIIATOTEH-
HBIX IITAMMOB JAHHOTO MUKPOOPTraHU3Ma, CEKPETHPYIOIIUX
oenok CagA.
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CornacHo nanHbIM EBpormeiickoro meHtpa mo mpemoT-
BPALICHUIO U KOHTpOIo 3aboneBanuii (European Centre for
Disease Prevention and Control, ECDC), B 2018 1. B Mupe
oxoi10 700 TBIC. YeIOBEK YMEpIH OT HH(PEKINiA, BRI3BAHHBIX
mTaMMaMi OakTepHUd, YCTOWYMBBIX K aHTUMUKPOOHBIM
npenaparam (AMII) [1]. B noknane BeemupHoit opranusa-
uuu 3npaBooxpanenust (BO3) 2021 . ormeuaeTcs, 4To He-
ajieKBaTHOE Hcmoib3oBaHne AMII B METUIIMHCKUX yapexk-
JICHUSIX, HApYIIEHUE CAHUTAPHBIX IPABHUI MOXKET MTPUBECTH
K TOMY, 4TO IallHEHTHl CTAHOBATCS Pe3epByapoM aHTHOHO-
TUKOPE3UCTEHTHBIX INTAMMOB C TIOBBIIIEHHOH BHPYJEHT-
HOCThIO [2]. K 2021 T. yBeJIHYCHUIO YHCIEHHOCTH MOI00-
HBIX HITAMMOB CIIOCOOCTBOBAJI HEKOHTPOJIUPYEMBIH TPUEM
AMII nmanuentamu Bo Bpems nanaemun COVID-19 [3].

I'pamorpunarensHele 6akTepun Pseudomonas aeruginosa
OTHOCSTCS K UiCIIy Hanbojiee YacThbIX BO30yAuTesel BHYTpU-
OonbHUYHBIX HHeKuiA. iMu 00ycitoBieHo okomno 16% ciry-
YaeB BHYTPUOOJIbHUYHBIX MHEeBMOHMH [4], 12% wnHpexumii
MoueBbIBOAAIMX ImyTei, 10% ciayuaeB nH(pEKIMH KPOBOTO-
Ka u 8% WHGpEKIMH XUpypruveckux pan [5]. P. aeruginosa
SIBJIAIOTCA  BO3OYIUTEISIMH THOWHO-CENITHYECKUX HH(DeK-
LUH y TalMEeHTOB 0KOTOBBIX CTAIlMOHAPOB [6], TIe cpenHsisa
4acToTa HX BCTPEYaEMOCTH COCTaBIIET NPUOIM3UTEIHHO
40% ot obmero uncna Bo3Oyaureneil. 3a 2019 . yncio BHY-
TPUOOIBHUYHBIX 3apaKEHHH TOCHHUTAIBHBIMU IITAMMAMH,
ycroitunBbiMu kK AMII pesepsa, cocraBmio 6700 yenosex,
13 HUX yucio cmepreit — 440. Jlons 3apaskeHui, BBI3BaHHBIX
mramMMmaMu P aeruginosa, cocTaBuiia MPUONU3UTENBHO 7%
oT 0011Iero uncia uapexwmii [7].

TpynHOCTH, BO3HUKAIOILHE TP JICUSHUH UH(PEKLIUIA, BBI3bI-
BaeMbIX P. aeruginosa, 00yCIIOBIIEHbI BBICOKMM a/IallTUBHBIM

Oxpyxalowan cpeaa ' 0 OoMP
Brewnns memGpana }. X \1
[Menmuaornukasx I
0
Mepunnasma Q

Lsronaaima H

MFS EmrD

MATE NorM

Cxemarndeckoe nzo0paxenue 3G GIOKCHBIX HACOCOB P. aeruginosa.

MOTEHIMATIOM OaKTepuid JaHHOTO BUa. [IoBBIICHHAs yCTOM-
unBocTh K AMI1 y P. aeruginosa obecnieunBaeTcst BO3MOXKHO-
CTBIO OBICTPO PErYIMPOBaTh META0OIN3M C IIOMOILBIO LIIHPO-
KOTO CIIeKTpa SMureHeThdeckux (akropos. Ha 6,3-6,9 muH.
rap HyKJICOTHAOB reHoma P aeruginosa, peryisiTOpHbIE 31e-
MEHTBI COCTaBIISIIOT 8,4%, UTO BhIIIE, YeM JAHHBIM TTOKa3aTeb
y APYruX NPOKAPUOTUYECKUX OpraHm3MoB. 1 cpaBHEHHS,
y Escherichia coli on cocrasmsier 5,8%, y Bacillus subtilis —
5,3% [8]. TlogoOHas opranu3aius reHoMa ooecrieyrBaeT OaK-
TepusiM P aeruginosa BO3MOXKHOCTh OBICTPOM ajanTaiyu K
MEHSIOLIMMCS YCIOBUSM OKpPY’KaroLei cpelibl, B TOM YUCie —
K HATMYHUIO B OKPY’KaIOIIEH cpejie aHTHMHUKPOOHBIX BEILIECTB.
P aeruginosa criocoOHBI CYIIECTBEHHO TIOBBIIIATH CBOIO
ycroitunBocth kK AMII ¢ nomoripio aktuBarmu 3QQIIOKCHBIX
HacocoB [9]. Ot MeMOpaHHBIE CTPYKTYpPBHI OCYIIECTBISIOT
3 deKTUBHYI0 H30HPATENIbHYI0 TPAHCIIOPTHPOBKY MOJICKYIT
JIEKapCTBEHHBIX MPENaparoB U3 OaKTepUabHOM IUTOIIIA3MBI
B [IEPHUILIA3MY WM BO BHEILIHIOIO CPeLy.

OOmenpuHATHIN MOAXON B KiaccHPUKaIK OaKkTepralib-
HBIX (P (ITFOKCHBIX HACOCOB OCHOBAH Ha OICHKE CIICITYOIINX
napameTpoB: (1) ucrounnka sHeprum; (2) MexaHu3Ma TPaHC-
nopta cyoctpara; (3) pa3mepa U TUMNA TPAHCIIOPTUPYEMBIX
mozeky: [ 10]. Ha pucyHke npuBeneHsl mecTb CynepceMencTB
a¢dumokcHbIX HacocoB [57]. [IpeacraBurenn Bcex 3TUX Cy-
TIEPCEMENCTB Onucansl y P aeruginosa, KOTOpBIE SBISIOTCA
HACAIBHBIM MOJETBHBIM OOBEKTOM AN MX H3ydeHus. Pac-
CMOTPUM XapaKTEPUCTUKH IEPEUUCIECHHbBIX CyIepceMencTB
W HAJINYME UX TUIWYHBIX NIpecTaBuTeneil y P aeruginosa.

Ocnoenoe cynepcemeiicmeo 0OaKmepuanbHblX MeM-
opannvix mpancnopmépoe — MFS (Major Facilitator
Superfamily). B cynepcemeiicteo MFS Bxomsar ThICSUn

L 4 H‘
S (hsssanrrfi d
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OMP — Outer Membrane Protein, 6eox BHewneit mem6pansl; AT® — aneHosun tpudocdar; MES — Major Facilitator Superfamily, ocHoBHOe cynepcemeiicTBo
OakTepuatbHBIX MeMOpaHHEIX TpaHcopTépoB; MATE — Multidrug and Toxic Compound Extrusion, cynepceMeiicTBO 3KCTpy3UH JICKAPCTBEHHBIX M TOKCHY-
HbIX coenunenuii; ABC Sav — ATP-Binding Cassette, cynepcemeiictBo AT®-cBs3bIBatonMX OaKTepHaibHBIX KacceTHHIX Tpancnoprepos; SMR EmrE — Small
Multidrug Resistance, cynepceMeiicTBO MalbIX TPAaHCIIOPTEPOB JiekapcTBeHHOHU ycToitunBocTr; RND AcrB - Resistance-Nodulation-Division, cynepcemeiicTBo
OakTepUaIbHBIX CBsA3bIBaIOLIC-TpaHcnopTHpyomux nporenHoB; PACE Acel — Proteobacterial Antimicrobial Compound Efflux, mporeo6akrepuansHas anTu-

MHUKpOOHas 3G QIIOKCHAsE CTPYKTYpa.
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0aKTepUaAIbHBIX OEIKOB-TPAaHCIIOPTEPOB, KOTOPHIE HMEIOT
oOmiee (HUIOTEHETHYECKOE MPOUCXOKICHUE, CXOKHE aMH-
HOKHCJIOTHBIE TIOCIIEIOBATEIbHOCTH, COBIMAJAIOLINE OCO-
OEHHOCTH BTOPUYHOM U TPETUUHOH CTpYKTYpsl. MFS BKIIIO-
yaer 74 cemeiictBa. Kaxkapiii 3()(IIIOKCHBIN HAcOC 3TOrO
cemeicTBa coCTOUT U3 12 TpaHCMEeMOpaHHBIX O-CITUpPATIEH,
COEAMHEHHBIX TuapoduibHeIMU neTaMu [11]. JIBmwxenue
MOJIEKYJ T M3 OaKTepHalbHOW KIIETKH B TEpPHUILIa3My OCY-
LIECTBIISICTCS 3a CYET HHEPTUU IIPOTOHHOTO TpaaneHTa [12].
I'en tetA(C), onun u3 npeacrasureneit MFS, y P. aeruginosa
KOAMpPYET O€JIOK, BBI3bIBAIOIIMN YCTONUMBOCTh K TETpaLy-
xmHy [13]. ¥V P aeruginosa mpucytctByeT TeH fetA(R)
3TOTO K€ CyNepceMencTBa, KOAUPYIONIUi 6eoK, TpaHCIop-
TUPYIOIIMK TpUaM(pEHHUKOI Yepe3 BHYTPEHHIOI MeMOpaHy
[14]

CynepceMeiicTBO IKCTPY3UH JIEKAPCTBEHHBIX U TOK-
cuuHbIX coequHennii — MATE (Multidrug and Toxic
Compound Extrusion). CynepcemeiictBo MATE Bxirodaer
6osiee 1000 paznuyHbIX OEIKOB-TPAHCIOPTEPOB, KOTOPHIE
JensTcs Ha Tpu cemeiictBa. benku 3¢ ¢uokcHBIX Haco-
coB MATE o6sr4a0 cocrosT u3 400-700 aMHHOKUCIIOTHBIX
OCTaTKOB, MPUYEM OOJBIIMHCTBO U3 HUX HAXOAWTCS B AUa-
na3zone 400-550. OHM OCYIIECTBISIOT TPAHCIOPT MOJEKYI
JIEKapCTB U3 IUTOIUIA3MbI OAKTEPHI C MTOMOIIBI0 MEKMEM-
OpanHoro rpaguenTa Na™ u H' (B oTimume ot 3¢ GIIoKCHBIX
HacocoB cynepceMmeiictBa MFS). B 6enkax cynepcemelicTa
MATE He BBISIBI€HO OYEBUAHON KOHCEPBAaTUBHOU MOCIEN0-
BaTEILHOCTH, OHU UMEIOT TOJIBEKO 40% roMoJIOrHio aMHHO-
KHCIIOTHOTO COCTaBa BHYTPH 3TOTO cymepcemeiicta [15].
JlaHHbIe TeHOMHOTO aHaju3a Oakrepuii P. aeruginosa noka-
3alM, 4To 3Kcrpeccus reHa PA1361, xonupytomiero 0emox
MATE PmpM, nenaet ux 6ojee yCTOHINBEIME K aKprQia-
BHHY, OCH3aJIKOHHUS XJIOPHIY, OPOMUCTOMY ITHUAHMIO, TETpa-
¢dennndochonus xaopuay. ITOT OEIOK ABIAETCS YHUKATb-
HBIM U1 3TOTO CyIIepCeMeNCTBa, TaK Kak, HECMOTPS Ha Qu-
JIOTEHETUYECKYI0 prHaanexXxHocTh K MATE, on paboraer
TOJIBKO 32 CYET MPOTOHHOTO I'PAJINCHTA, HE UCTIONB3YS HOHBI
HaTpH AJIs TPAHCTIOPTa CyOCTPAaTHBIX MOJIEKY MEXIY Kile-
TOYHOH M HApYKHOU MeMOpaHoi [16].

Cynepcemeiicmeo ATD-cenazviearouiux oOaxmepuas-
Hblx Kaccemnuwvix mpancnopmepoe — ABC (ATP-Binding
Cassette). IlpencraButenu cynepceMeiicTBa OaxTepuab-
HBIX TpaHcnopTepoB ABC cocTosT u3 paaa cyObeIuHHULL, OA-
Ha 9acTh KOTOPBIX OCYIIECTBISIET MEXXMEMOpPaHHBIN TpaHC-
TIOPT, Ipyrasi BCTPaMBaET MOJIEKYIly TPAaHCIOPTEPA B MEM-
Opany OakTepuanbHOIl KieTKH. MukpoOHble Hacockl ABC
BBIJIEIIAIOTCA B OTIEJIBHOE CYIIEpCeMENCTBO, HA OCHOBAaHUU
CXOJCTBAa B opraHu3anuu JoMeHOB AT®d-cBA3BIBAOIIMX
ydacTKoB. JlJs1 mepemenieHus MOJEKYN JIEKapCTB uepe3
MeMOpaHy JaHHbIE OEJKH HCIIOJIB3YIOT SHEPTUI0 THIPO-
mu3a AT®, 4To Mo3BOJIAET OTHECTH MX K IpyIINe MepBUY-
HO-aKTUBHBIX TPaHCHOPTEPOB. DUIOTCHETUIECKUA aHAIH3
reHoB ABC-TpancnoprepoB mokasai, 4YTO pa3Hble IPYIIIIbI
CEMEHCTB BHYTPU CYINEepCeMENCTBa HBOIOLMOHUPOBAIU
He3aBUCUMO Apyr oT apyra [17]. Hexoropsle GakTepuaib-
HbIe 3 DIIOKCHBIE HACOCHI JAHHOTO CYNepCeMenHCcTBa MOTYT
BeIoNHATH penapanuio JJHK u perynuposars sxcnpeccuio
OaKTepHaIbHBIX T€HOB, YTO OOBIYHO HECBOWCTBEHHO O€I-
kaMm-TpaHcrioprépam [18]. D¢ urokcHBIE HACOCHI 3TOTO CY-
nepcemeiictBa PA4456, PvdRT-OpmQ, PA2812 (CcmA),
ndvB, PA1874-1877, aktuBHble y P. aeruginosa, odecrneuu-
BaIOT YCTOWYMBOCTh OAKTEPHIA K IUTIPOGIIOKCAIIMHY, TEHTa-
MHLMHY, TETPalUKINHY, TOOpaMULIMHY, THOBEPIUH-METa-
JMYECKUM KOMILIEKCaM, KOHbIoTaTaM cuaepodop-MoHOOaK-
tamos [19-21].

MWKPOBMONOTA

CynepceMeiicTBO MajbIX TPAHCIIOPTEPOB JeKap-
cTBeHHOI yctoiiunBocTH — SMR (Small Multidrug Re-
sistance). CynepceMelcTBO MabIX JIEKAPCTBEHHBIX TPAaHC-
noptépoB SMR nipezncrasisier coboi rpynmy OEIKoB BHY-
TpeHHell MemOpanbl Oakrepuif, cocrosmux us 100-140
aMHUHOKHCIIOTHBIX OCTaTKOB, BKJIIOYAeT TPH CEMEHCTBa:
MaJible MHOTOKOMITOHEHTHBIe Hacockl (SMP), mapHble Mma-
Jipie MHOTOKOMIIOHeHTHBIe Hacockl (PSMR) u cympeccopsl
mytanuit GroEL (SUG). @unoreHeTndecKue UccieI0BaHus
cynepcemerictBa SMR BBISIBUIM BBICOKYIO YacTOTy TOpH-
30HTaJIBHOTO IEPEHOCA TEHOB U OBICTPYIO AUBEPTEHIHIO UX
MOCJIeJOBATENbHOCTEH, YTO MPUBEJIO K MMOBBIILICHUIO Pa3HO-
o0pa3us BHyTpH aHHOTO cynepcemeiictsa [22]. Dddmrokc-
HBIe Hacochl SMR, kak U mpeACTaBUTENH CyliepceMericTBa
MFS, ocymiecTBASIOT TPAHCIIOPT BEIMIECTB U3 IIUTOILIA3MBI
Oaxrepuii 3a C4ET IPOTOHHOI'O IPAANEHTA, HO B OTIEJIBHYIO
TPYIIy UX BBIIEISAIOT U3-32 UX HEOOJbIINX pa3MepoB. On-
HOW M3 XapaKTEePHBIX OCOOCHHOCTEH OENKOB NaHHOTO CY-
nepceMencTBa SBISIETCS 3aBUCUMOCTD BBIBEICHUS cyOCcTpa-
TOB OT TEKYLLEro YHEPreTUIECKOrO COCTOSHUA KieTKH. [le-
peMelIeHHe OJHOBAJICHTHBIX JIMMO(MUILHBIX MOJICKYIT Yepes3
MeMOpaHy OakTepuii TpeOyeT yuacTus 3JICKTPOreHHBIX HOH-
HBIX HACOCOB, B TO BpeMsI KaK TPAHCIOPT JBYXBaJICHTHBIX
JTUMO(PUIBHBIX KATHOHOB MPOUCXOIUT 0e3 X ydacTus. ITo
00BsCHSIET BapuaOeIbHOCTh YCTOHYMBOCTH K JIEKAPCTBAM
y OakTepuii, HECYIIMX BO BHYTPECHHHUX MeMOpaHax OeiKH
SMR [23]. V P. aeruginosa Oenku 3TOro cynepceMencTna
(EmrE, QacE, QacF) ciocoOHbI oCyIIecTBIISATh BBIBEICHHE
aAMHUHOTIIMKO3HUIOB, OPOMHUCTOTO 3THIUS, YeTBEPTUIHBIX aM-
MOHHUEBBIX COeTUHCHUN [24].

CynepceMeiicTBO 0aKkTepHATbHBIX CBA3BIBAIOLIE-
TpaHcnoptupyomux nporenHoB — RND (Resistance-
Nodulation-Division). CynepcemeiicTBo mpotenHoB RND
BCTpeUaeTcsi Kak y IPaMOTPULIATEIILHBIX OaKTepHid, TaK H,
B BHUJI€ MCKIIIOYECHUS, MOXKET MPHUCYTCTBOBAThH Y TPaMIIONO-
JKUTENBHBIX OaKTepui, apxel u qaxe sykapuor. OHO BKIIIO-
4aeT B ce0sl CeMb CEMEHCTB, KaX/I0€ U3 KOTOPBIX Y4acTBYET
B MOAJICPKAHUHM TOMEOCTa3a KICTKH U B yNAJICHUH JICKap-
CTBEHHBIX U TOKCUYHBIX COCTUHEHH.

Muxkpo6nble 6enku RND sBisifoTCs CaMbIMU KPYITHBIME
cpemut 3 dmrokcHBIX HacocoB. Kaxkaplii M3 HUX MpeCcTaB-
JISIET CO0OU TPEXKOMITOHCHTHYIO MOJICKYJISIPHYIO CHCTEMY.
[lepBBIii KOMIOHEHT — OEJKOBas MOJIEKyNa, oOecrednBa-
Iol1as JBMXKCHUE MOJIEKYIl JIEKapCTBa BHYTPH CTPYKTYpHI
3¢ IrOKCHOr0 Hacoca 3a CU€T MPOTOHHOIO I'PaIueHTa MEX-
Iy 1uToriasMoi u mepumiasmont (MexD, MexB, MexY,
MexF). BTopoii KOMIIOHEHT sBIsieTCsl OEJIKOM, BKIIFOYAFO-
M RND B HapyxHyto MmemOpany Oakrepuii (OprM, Opr],
OprN, OMF), TpeTuii komnoneHT BcrpausaeT RND B nepu-
wiasmy Oakrepuit (MexA, MPF, MexC, MexF). Ctpykrypa
UX MOJIEKYJ ITO3BOJISIET OeNKaM HaXOOUThCsl OHOBPEMEHHO
Ha Hapy>XHOH M Ha LUTOIIa3MaTH4Yeckod MeMOpaHe rpa-
MOTpHIATENbHBIX OakTepuid. I[logoObHass 0cOOEHHOCTD AT
BO3MOXKHOCTh 3THM HACOCaM JKCIIOPTHPOBATH JICKAPCTBEH-
HBIE CyOCTpaThl HE B MEPUIIa3MAaTHYECKOE MTPOCTPAHCTBO,
a BO BHELIHIOIO Cpefy, YTO 00ecleyrBaeT 3HAYMTENIbHOE
MPEUMYIIECTBO JUTS BBKHBAHHUS OaKTEpUI B CEICKTUBHBIX
ycnoBusix [25].

JIBmkeHue cyOcTpata BHYTpU OEIKOBOWM CTPYKTYpPbI
OaxrepuansHoro s¢dmarokcHoro Hacoca RND nmpoucxonur
3a CYET MOCTOSIHHON KOH()OPMALIMOHHOM NEPeCTPONKH 3TUX
MOJIEKYJ, BKJIIOYAIONIel B ce0s MocieaoBaresibHylo pado-
Ty JUTaHIOB. 3HAYMTENbHAs JUIMHA 3((IIIOKCHOrO Hacoca
MIO3BOJIIET BMECTUTH BHYTPU ceOs OONbIIOE KOJINYECTBO
MOJIEKYJ BEIBOIUMBIX cyOcTparoB [26]. benku storo cynep-
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CyocTparsl 3¢ darokcHbIX HacocoB cynepceMeiictBa RND y P. aeruginosa

. Ccbuikn
DddmrokcHbIit Hacoc Cybctpatsl A HOTOMHHK
MexAB-OprM AmuHoOIMKO3Ubl, OeTa-nakramubie aHTnonotiku, CHIR-090 (narundurtop LpxC), xnopamdenuxon, [28-33]
KOJIUCTHH, KapOarieHeMbl, LIePY/INH, KPUCTAJUTMYECKUI (pUONETOBBIN, OPOMUCTBIH 3TH/MM, (TOPXUHOIOHSI,
XHUHOJIOHBI, HJIOJU3HHBI, MAKPOJIMbl, HOBOOMOLIMH, Psil OPraHUYECKUX PACTBOPUTENEH, NaluIaMULIUH,
MHIHOUTOPBI KBOPYyMa, HATPUS JOACLIMICYIIb(AT, TETPALUKINH, THOIAKTOMHIMH, TPUMETOIPHM, TPUKIIO-
3aH, Macjo YaifHOro JiepeBa
MexXY-OprmA/B/D  AkpudiaBus, aMUHOTITUKO3H/IbI, LeTOOUMPOIT, OpOMUCTBIN ITH M, edennm, pTopxuHononsl, LBM415 [34-37]
(MHrUOUTOP MENTHIHOW 1eOopMHUIIashl), MAKPOIHIbL, TETPALUKINHBI U THICLIMKINH
MexCD-Opr] Asutpomunut, nedrobunpon, CHIR-090, xmopampeHnkon, KOIUCTHH, XJIIOPreKCHANH, Hedenim, Gpropxu- [38-41]
HOJIOHBI, HHTHOUTOPBI TOIIOW30MEPa3bl, OPraHUYECKUE PACTBOPUTEIIH, HAIIMAAMHUIIMH, COU YeTBEPTHYHOTO
AMMOHHMS1, XHHOJIOHBI, TETPALMKINHbI, THTELUKIMH U TPUKIIO3aH
MexEF-OprN CHIR-090, x10paMpeHuKon, tuaMuibl, GTOPXHUHOIOHBI, [42, 43]
4-rufipoKCH-2-renTUIXUHOIMH, TETPALUKIMH, TPUMETONPHM, TPUKIIO3aH
MexGHI-OpmD AxkpudnaBut, OpOMUCTBIN 3TN, DTOPXUHOIOHBI, TETPALMKINH, TeTpadeHmIPocHOHUYM XIOPUI, XUHO- [44-46]
JOHBI, Va?*
MexJK-OprM OpUTPOMULIUH, TETPALMKINH [47, 48]
MexJK-OpmH Tpuksio3an [47, 48]
MexMN-OprM XopamdeHHKOI, THOIAaKTOMHUILNH, TeTpadermidochonnym xiopua, poramus 6G [49]
MexPQ-OpmE Maxkpomu/pi, XMHOIOHBL, TeTpadeHnIGoCchHOHIE XTOPU [50]
MexVW-OprM Axpu¢aBuH, XJ10paM(pEHUKON, OPOMUCTBIH STUJHH, SPUTPOMUIINH, GTOPXUHOIOHBL, XHHOJIOHBI, TCTPALUKIIIHH [51]
MuxABC-OpmB A3TpeoHaM, KOJIMCTUH, MaKpOJIU/Ibl, HOBOOWNOILIMH, TETPALIMKINH [52]
TriABC-OpmH Tpuknoszan [53]
Czc-CBA/-S/-R Cd*, Zn* [54, 55]

ceMelcTBa KOAUPYIOTCSA HE OTAEIbHBIMU T€HaMH, a OakTe-
puanbHbiMH oriepoHamu [27]. DddarokcHble OenKu 3TOro
CylepceMencTBa, ONMCcaHHble y P aeruginosa, IpUBEIECHBI
B TabnuIie.

Hacoch cynepcemeiictea RND y P aeruginosa BbIBO-
JAT 3HAUUTENBHO OoJiblle OAaKTEpULUAHBIX BELIECTB, YEM
3¢ ¢ITIOKCHBIE HACOCHI OCTANBHBIX CynepceMencTn. JlanHoe
CBOMCTBO 3THMX MEMOpPaHHBIX OCIIKOB-TPaHCIOPTEPOB 00e-
CHeYMBaeT BBICOKUH YPOBEHb JIEKAPCTBEHHOH YCTOHYM-
BocTH P aeruginosa. dddmokcHeii Hacoc MexAB-Oprm
Ccroco0CH BBIBOAUTH U3 KIETOK OaKTEPUI MOJICKYITbI-UHTH-
OUTOPHI KBOPYMa, TEM CaMbIM YBEINYHBAs B3aUMOICHCTBHE
MeXx1y OaKkTepusMu B OMOIIIEHKAX.

Ilpomeobakmepuanvhas anmumuxkpoonas Ighghioxc-
nan cmpykmypa — PACE (Proteobacterial Antimicrobial
Compound Efflux). IlpencraBurenu GakTepHanbHOTO 3¢-
¢umrokcHoro cynepcemeiictBa PACE sBisitorcst Tpancmopt-
HBIMH MeMOpaHHBIMM O€JKaMu, KOTOpbIE OIPENeNsIoT
YCTOWYMBOCTh MHKPOOPTAaHU3MOB K DSy HH3KOMOJICKY-
JSPHBIX OWMOLMAOB. AHAaJIHM3 DKCIEPUMEHTAIBHBIX padoT
MIO3BOJISIET cHeNaTh NpeanonIokeHne o GyHKIMOHUPOBAHUH
OeTKOB-TPaHCTIOPTEPOB B onuromepHor ¢opme. Mccnemo-
BaHUs MMOKA3aJId, YTO JAHHBIN THI 3()(IFOKCHBIX HACOCOB
YBEIUUMBAET PE3UCTEHTHOCTD P. aeruginosa K XJIOpreKcu-
uHy [56].

3aknwuenue. P. aeruginosa sBisieTcsi IaTOreHOM, 0071a-
JTAFOIIIAM OJTHOM M3 CAMBIX CJIOKHO OPTaHU30BaHHBIX CHCTEM
3alIUTHI OAKTEPUATBHBIX KIETOK OT TOKCHYHBIX JUI HUX MO-
JIeKyJ, BKIIIOYAIOLIe MHOKECTBO PAa3IHUYHBIX () (IIOKCHBIX
HAacoCOB. DTU CTPYKTYpHI 0OecniednBaroT P, aeruginosa Bo3-
MOXHOCTB OBICTPO aJIalTHPOBAThCSI K BO3ICHCTBHIO HOBBIX
AMII. CnoxHast MOJIeKyJsipHast Opranu3anust 3QIOKCHBIX
HacocoB 00ecreunBaeT ux 0onplIoe (PyHKIHOHAIBHOE Pa3-
HooOpasue. [IpencraBurenu cymepcemerictsB MFS, SMR,
RND u MATE wucronbs3yioT NPOTOHHBIA TPaJHUEHT MEXIY
LUTOIJIA3MOM M MEpUILIa3MOi OaKTepHaIbHOW KIETKH IS
TpaHcnopTupoBku cyoctpara. Y MATE nonmomHuTenbHbIN

56

MEXaHM3M TPAHCIOpTa JIEKapcTB MIET 3a CYET rpajueH-
ta noHoB Na'. benku cymepcemeiictBa ABC cnocoOHBI
OCYIIECTBIATE MepeHoC cyocTpara 3a cuéT 3Heprun ATD.
W3 BhllIenepeyrcIeHHBIX CynepceMeiicTB 0co0yIo poiib B
ycroitunBoctH P. aeruginosa x AMII urparot 3 drokcHbie
Hacockl cyniepcemerictBa RND, BeiBozsie Moekysisl cyo-
CTpPAaTOB U3 IUTOILIA3MBI CPa3y BO BHEIIHIOIO CPELY.

B Oynymem >¢dhexTrBHBIE METOBI JIeUeHHU WHPEKINH,
BBI3BAHHBIX AHTHMOMOTHKOPE3UCTEHTHBIMH  OaKTEpUSIMH,
OyayT cBs3aHBI ¢ KOMOWHUPOBAHHOM Tepamuei, y4nThIBa-
IOIEH MOJIEKYJISIPHBIE MEXaHU3MBI JIEKaPCTBEHHON YCTOM-
ynBocTH. [IpeacraBnseTcs akTyanpHOU 3a1a4deil pa3paboTka
TECT-CHCTEM JJIsl OLICHKH HAJIMYHs U SKCIPECCUU TeHeTHYe-
CKUX JIeTepPMUHAHT 3(IIIOKCHBIX HACOCOB Y KIMHUUYECKUX
mTaMMOB P. aeruginosa.

NIMTEPATYPA/REFERENCES

1. European Centre for Disease Prevention and Control. Surveillance
of antimicrobial resistance in Europe 2018. Stockholm: ECDC;
2019. Stockholm, November 2019. ISBN 978-92-9498-387-9.

2. Global Antimicrobial Resistance and Use Surveillance System
(GLASS) Report [Dnexrponnstit pecypc] / World Health Orga-
nization: https://www.who.int/publications/i/item/9789240027336
nara obpamenus: 10.08.2021).

3. Preventing the COVID-19 pandemic from causing an antibiotic re-
sistance catastrophe [Electronic resource]. World Health Organiza-
tion: https://www.euro.who.int/ru/health-topics/disease-prevention/
antimicrobial-resistance/news/news/2020/11/preventing-the-covid-
19-pandemic-from-causing-an-antibiotic-resistance-catastrophe
(access date: 10.08.2021).

4. Alonso B., Fernandez-Barat L., Di Domenico E.G., Marin M., Cerce-
nado E., Merino 1. et al. Characterization of the virulence of Pseudo-
monas aeruginosa strains causing ventilator-associated pneumonia.
BMC Infect. 2020; 20(1): 909. DOI: 10.1186/s12879-020-05534-1.

5. What is Pseudomonas aeruginosa? [Electronic resource]. EHA
Consulting Group: Public Health Consulting, Epidemiology, &
Food Safety Consultants. https://www.ehagroup.com/resources/
pathogens/pseudomonas-aeruginosa/ (access date 26.04.2021).



KNMHWYECKAA JTABOPATOPHAA AVATHOCTUKA. 2022;67(1)
https://dx.doi.org/10.51620/0869-2084-2022-67-1-53-58

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

Manuel R., Gonzalez, Betty F., Leonardo L., Paris J., Lee A. A.,
Wassim R., Yok-Ai Q., Karl P. Effect of Human Burn Wound
Exudate on Pseudomonas aeruginosa Virulence. ASM Journals/
mSphere. 27 April 2016; 1 (2). DOIL: 10.1128/mSphere.00111-15.
Antibiotic resistance threats in the United States. [QnexTpoHHbIiH
pecypc] U.S. Department of Agriculture. (access date 26.04.2021).
Stover C.K., Pham X.Q., Olson M.V. Complete genome sequence
of Pseudomonas aeruginosa PAO1, an opportunistic pathogen. Na-
ture. 2000; 406:959. DOI: 10.1038/35023079.

Mulcahy L.R., Isabella V.M., Lewis K. Pseudomonas aeruginosa
Biofilms in Disease. Microb. Ecol. 2014; 68: 1-12. DOI: 10.1007/
$00248-013-0297-x.

Saier M.H. Jr. A Functional-Phylogenetic Classification System for
Transmembrane Solute Transporters. Microbiol. Mol. Biol. Rev.
2000; 64(2): 354-411. DOI: 10.1128/MMBR.64.2.354-411.2000.
Vamsee S.R., Maksim A.S., Rostislav C., Eric L.S., Milton H.,
Saier M.H. Jr. The major facilitator superfamily (MFS) revisited.
FEBS Journal. 28 March 2012; 35: 2022. DOI: 10.1111/j.1742-
4658.2012.08588.x.

Sanath K., Manjusha L., Ammini P., Manisha O., Nicholas W., Va-
rela M.F. Functional and Structural Roles of the Major Facilitator
Superfamily Bacterial Multidrug Efflux Pumps. Microorganisms.
2020; 8(2): 266. DOI: 10.3390/microorganisms8020266.
Punyawee D., Naphat S., Matthew B.A., Nisanart C., Paiboon V.,
Skorn M. Over-Expression of Hypochlorite Inducible Major Fa-
cilitator Superfamily (MFS) Pumps Reduces Antimicrobial Drug
Susceptibility by Increasing the Production of MexXY Mediated
by ArmZ in Pseudomonas aeruginosa. Front Microbiol. 2021; 11:
3376. DOIL: 10.3389/fmicb.2020.592153.

Céline C., Dominique J., Elisabeth B., Gian M.R., Benoit C.,
Sylvie N. Genetic analyses of Pseudomonas aeruginosa isolated
from healthy captive snakes: evidence of high interand intra-
site dissemination and occurrence of antibiotic resistance genes.
Environ Microbiol. 2010; 12(3): 716-29. DOI: 10.1111/j.1462-
2920.2009.02115.x.

Hiroshi O., Miki H., Takuya M., Masato O., Yoshinori M. The
MATE proteins as fundamental transporters of metabolic and xeno-
biotic organic cations. Trends Pharmacol Sci. 2006; 27 (11): 587-
93. DOI: 10.1016/j.tips.2006.09.001.

Gui-Xin H., Teruo K., Takehiko M., Yuji M., Tohru M., Tomofusa
T. An H+-Coupled Multidrug Efflux Pump, PmpM, a Member of
the MATE Family of Transporters, from Pseudomonas aeruginosa.
J. Bacteriol. 2004; 186(1): 262-5. DOI: 10.1128/JB.186.1.262-
265.2004.

Amy L.D., Elie D., Cedric O., Jue C. Structure, Function, and
Evolution of Bacterial ATP-Binding Cassette Systems. Micro-
biol. Mol. Biol. Rev. 2008 Jun; 72(2): 317-64. DOIL: 10.1128/
MMBR.00031-07.

Li Z., Thien-Fah M. Involvement of a Novel Efflux System in
Biofilm-Specific Resistance to Antibiotics. ACS Omega. 2008;
190(13): 4447-52. DOLI: 10.1128/JB.01655-07.

Lin C., Kangmin D. A PhoPQ-Regulated ABC Transporter System
Exports Tetracycline in Pseudomonas aeruginosa. Antimicrobial
Agents and Chemotherapy. 2016; 60 (5): 3016-24. DOI: https://doi.
org/10.1128/AAC.02986-15.

Andrew P.T., Jared L.C., McPherson J.C., David P.N. Potentiation
of Antibacterial Activity of the MB-1 Siderophore-Monobactam
Conjugate Using an Efflux Pump Inhibitor. Antimicrobial Agents
and Chemotherapy. 2015; 59 (4): 2439-42. DOI: https://doi.
org/10.1128/AAC.04172-14.

Mélissa H., Armelle B., Frangoise H., Pascale R., Anne B., Isabelle
J.S. The PvdRT-OpmQ efflux pump controls the metal selectivity of
the iron uptake pathway mediated by the siderophore pyoverdine in
Pseudomonas aeruginosa. Environ Microbiol. 2012; 14(7): 1696-
1708. DOI: https://doi.org/10.1111/j.1462-2920.2011.02674 x.
Denice C.B., Kenton L.R., Raymond J.T. Small multidrug resistance
proteins: A multidrug transporter family that continues to grow.
Biochimica et Biophysica Acta (BBA) — Biomembranes. September
2008; 1778(9): 1814-38. DOI: 10.1016/j.bbamem.2007.08.015.

Li X.Z., Keith P., Hiroshi N. Contributions of MexAB-OprM and
an EmrE Homolog to Intrinsic Resistance of Pseudomonas aerugi-

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

MWKPOBMONOTA

nosa to Aminoglycosides and Dyes. Antimicrob. Agents Chemother.
2003; 47(1): 27-33. DOI: 10.1128/AAC.47.1.27-33.2003.

Jae H.J., Kyeong S.S., Lee W.J., Eun J.P,, Son S.Y. Analysis of a
novel class 1 integron containing metallo-p-lactamase gene VIM-2
in Pseudomonas aeruginosa. J. Microbiology. 04 February 2010;
47:753-9. DOI: 10.1007/s12275-008-0272-2.

Nakashima R., Sakurai K., Yamasaki S., Nishino K., Yamaguchi A.
Structures of the multidrug exporter AcrB reveal a proximal multi-
site drug-binding pocket. Nature. 2011; 480: 565-569. DOI: https://
doi.org/10.1038/nature10641.

Anes J., McCusker M.P., Séamus F., Marta M. The ins and outs of
RND efflux pumps in Escherichia coli. Front. Microbiol. 2015, 6:
587. DOL: https://doi.org/10.3389/fmicb.2015.00587.

Li X.Z., Nikaido H., Poole K. Role of MexA-MexB-OprM in anti-
biotic efflux in Pseudomonas aeruginosa. Antimicrob. Agents Che-
mother. 1995; 39: 1948-53. DOI: 10.1128/aac.39.9.1948.

Masuda N., Sakagawa E., Ohya S., Gotoh N., Tsujimoto H., Nishi-
no T. Substrate specific cities of MexAB-OprM, MexCD-Oprl,
and MexXY-OprM efflux pumps in Pseudomonas aeruginosa.
Antimicrob Agents Chemother. 2000; 44: 3322-37. DOI: 10.1128/
aac.44.12.3322-3327.2000.

Poole K., Tetro K., Zhao Q., Neshat S., Heinrichs D.E., Bianco N.
Expression of the multidrug resistance operon mexA-mexB-oprM
in Pseudomonas aeruginosa: mexR encodes a regulator of operon
expression. Antimicrob. Agents Chemother. 1996; 40: 2021-8. DOI:
10.1128/AAC.40.9.2021.

Cao L., Srikumar R., Poole K. MexAB-OprM hyperexpression in
NalC-type multidrug- resistant Pseudomonas aeruginosa: iden-
tifi cation and characterization of the na/C gene encoding a re-
pressor of PA3720-PA3719. Mol. Microbiol. 2004; 53:1423-36.
DOI: 10.1111/1.1365-2958.2004.04210.x.

Caughlan E.R., Jones A.K., Delucia A.M., Woods A.L., Lili X.,
Bing M., Barnes S.W., Walker J.R., Sprague E.R., Xia Y., Dean
C.R. Mechanisms decreasing in vitro susceptibility to the LpxC
inhibitor CHIR-090 in the Gram-negative pathogen Pseudomonas
aeruginosa. Antimicrob. Agents Chemother. 2012; 56: 17-27. DOI:
10.1128/AAC.05417-11.

Muller J.F., Stevens A.M., Craig J., Love N.G. Transcriptome anal-
ysis reveals that multidrug efflux genes are upregulated to protect
Pseudomonas aeruginosa from pentachlorophenol stress. App! En-
viron Microbiol. 2007; 73: 4550-8. DOI: 10.1128/AEM.00169-07.
Aires J.R., Kohler T., Nikaido H., Plésiat P. Involvement of an ac-
tive efflux system in the natural resistance of Pseudomonas aerugi-
nosa to aminoglycosides. Antimicrob Agents Chemother. 1999; 43:
2624 — 8. DOIL: 10.1128/AAC.43.11.2624.

Mine T., Morita Y., Kataoka A., Mizushima T., Tsuchiya T. Expres-
sion in Escherichia coli of a new multidrug efflux pump, MexXY,
from Pseudomonas aeruginosa. Antimicrob. Agents Chemother.
1999; 43:415-7. DOI: https://doi.org/10.1128/AAC.43.2.415.
Murata T., Gotoh N., Nishino T. Characterization of outer mem-
brane efflux proteins OpmE, OpmD and OpmB of Pseudomonas
aeruginosa: molecular cloning and development of specific anti-
sera. FEMS Microbiol Lett. 2002; 217:57-63. DOI: 10.1111/j.1574-
6968.2002.tb11456.x.

Baum E.Z., Crespo-Carbone S.M., Morrow B.J., Davies T.A., Fole-
no B.D., He W., Queenan A.M., Bush K. Effect of MexXY overex-
pression on ceftobiprole susceptibility in Pseudomonas aeruginosa.
Antimicrob. Agents Chemother. 2009; 53:2785-90. DOI: https://doi.
org/10.1128/AAC.00018-09.

Morita Y., Gilmour C., Metcalf D., Poole K. Translational control of
the antibiotic inducibility of the PAS471 gene required for mexXY
multidrug efflux gene expression in Pseudomonas aeruginosa.
J. Bacteriol. 2009; 191:4966—75. DOI: https://doi.org/10.1128/
JB.00073-09.

Poole K., Gotoh N., Tsujimoto H., Zhao Q., Wada A., Yamasaki T., Ne-
shat S., Yamagishi J., Li X.Z., Nishino T. Overexpression of the mexC-
mexD-oprJ efflux operon in nfxB-type multidrug-resistant strains of
Pseudomonas aeruginosa. Mol. Microbiol. 2000; 21:713-24.

Masuda N., Sakagawa E., Ohya S., Gotoh N., Tsujimoto H., Nishi-
no T. Substrate specificities of MexAB-OprM, MexCD-OprJ, and
MexXY-OprM efflux pumps in Pseudomonas aeruginosa. An-

57



RUSSIAN CLINICAL LABORATORY DIAGNOSTICS. 2022; 67(1)
https://dx.doi.org/10.51620/0869-2084-2022-67-1-53-58

MICROBIOLOGY

40.

41.

42.

43.

44.

45.

46.

47.

48.

58

timicrob. Agents Chemother. 2000; 44:3322-37. DOIL: 10.1128/
aac.44.12.3322-3327.2000.

Zhang L., Li X.Z., Poole K. Fluoroquinolone susceptibilities of
efflux-mediated multidrug resistant Pseudomonas aeruginosa, Ste-
notrophomonas maltophilia and Burkholderia cepacia. J. Antimi-
crob. Chemother. 2001; 48:549-52. DOI: https://doi.org/10.1093/
jac/48.4.549.

Fraud S., Campigotto A.J., Chen Z., Poole K. MexCD-OprJ mul-
tidrug efflux system of Pseudomonas aeruginosa: involvement in
chlorhexidine resistance and induction by membrane-damaging
agents dependent upon the AlgU stress response sigma factor. An-
timicrob. Agents Chemother. 2008; 52:4478-82. DOI: 10.1128/
AAC.01072-08.

Kohler T., Michea-Hamzehpour M., Henze U., Gotoh N., Curty
LK., Pechére J.C. Characterization of MexE-MexF-OprN, a posi-
tively regulated multidrug efflux system of Pseudomonas aeru-
ginosa. Mol. Microbiol. 1997; 23:345-54. DOI: 10.1046/j.1365-
2958.1997.2281594 x.

Wang D., Seeve C., Pierson L.S., Pierson E.A. Transcriptome
profiling reveals links between ParS/ParR, MexEF-OprN, and
quorum sensing in the regulation of adaptation and virulence in
Pseudomonas aeruginosa. BMC Genomics. 2013; 14:618. DOI:
10.1186/1471-2164-14-618.

Aendekerk S., Diggle S.P., Song Z., Hoiby N., Cornelis P., Williams
P., Camara M. The MexGHI-OpmD multidrug efflux pump con-
trols growth, antibiotic susceptibility and virulence in Pseudomonas
aeruginosa via 4-quinolone-dependent cell-to-cell communication.
Microbiology. 2005; 151:1113-25. DOI: 10.1099/mic.0.27631-0.
Palma M., Zurita J., Ferreras J.A., Worgall S., Larone D.H., Shi L.,
Campagne F., Luis E.N. Quadri. Pseudomonas aeruginosa SoxR
does not conform to the archetypal paradigm for SoxR-dependent
regulation of the bacterial oxidative stress adaptive response. /n-

fect. Immun. 2005; 73:2958-66. DOI: 10.1128/IA1.73.5.2958-

2966.2005.

Lars E.P. Dietrich, Price-Whelan A., Petersen A., Whiteley M.,
Newman D.K. The phenazine pyocyanin is a terminal signaling
factor in the quorum sensing network of Pseudomonas aerugi-
nosa. Mol. Microbiol. 2006; 61:1308-21. DOI: 10.1111/j.1365-
2958.2006.05306.x.

Chuanchuen R., Narasaki C.T., Schweizer H.P. The Mex J.K. efflux
pump of Pseudomonas aeruginosa requires OprM for antibiotic ef-
flux but not for efflux of triclosan. J Bacteriol. 2002; 184:5036—44.
DOI: 10.1128/JB.184.18.5036-5044.2002.

Chuanchuen R., Gaynor J.B., Karkhoff-Schweizer R., Schweizer
H.P. Molecular characterization of MexL. The transcriptional re-

49.

50.

S1.

52.

53.

54.

55.

56.

57.

pressor of the mexJK multidrug efflux operon in Pseudomonas ae-
ruginosa. Antimicrob. Agents Chemother. 2005; 49:1844-51. DOI:
10.1128/AAC.49.5.1844-1851.2005.

Mima T., Sekiya H., Mizushima T., Kuroda T., Tsuchiya T. Gene
cloning and properties of the RND-type multidrug efflux pumps
MexPQ-OpmE and MexMN-OprM from Pseudomonas aerugino-
sa. Microbiol Immunol. 2005; 49:999-1002. DOI: 10.1111/j.1348-
0421.2005.tb03696.x.

Li Y., Mima T., Komori Y., Morita Y., Kuroda T., Mizushima T.,
Tsuchiya T. A new member of the tripartite multidrug efflux pumps,
MexVW-OprM, in Pseudomonas aeruginosa. J. Antimicrob. Che-
mother. 2011; 52:572-5. DOIL: 10.1093/jac/dkg390.

Chiang W.C., Pamp S.J., Nilsson M., Givskov M., Tolker-Nielsen T.
The metabolically active subpopulation in Pseudomonas aeruginosa
biofilms survives exposure to membrane-targeting antimicrobials
via distinct molecular mechanisms. FEMS Immunol. Med. Micro-
biol. 2019; 10: 913. DOI: 10.1111/j.1574-695X.2012.00929.x.
Yang L., Chen L., Shen L., Surette M., Duan K. Inactivation of
MuxABC-OpmB transporter system in Pseudomonas aeruginosa
leads to increased ampicillin and carbenicillin resistance and de-
creased virulence. J. Microbiol. 2011; 49:107-14.

Mima T., Kohira N., Li Y., Sekiya H., Ogawa W., Kuroda T., Tsuchi-
ya T. Gene cloning and characteristics of the RND-type multidrug
efflux pump MuxABC-OpmB possessing two RND components
in Pseudomonas aeruginosa. Microbiology. 2009 Nov; 155(Pt
11):3509-17. DOTI: 10.1099/mic.0.031260-0.

Mima T., Joshi S., Gomez-Escalada M., Schweizer HP. Identifi-
cation and characterization of TriABC-OpmH, a triclosan efflux
pump of Pseudomonas aeruginosa requiring two membrane fusion
proteins. J. Bacteriol. 2007 Nov; 189(21): 7600-9. DOI: 10.1128/
JB.00850-07.

Perron K., Caille O., Rossier C., Van Delden C., Dumas J., Kohler
T. CzcR-CzcS, a two-component system involved in heavy metal
and carbapenem resistance in Pseudomonas aeruginosa. J. Biol.
Chem. 2004; 279:8761-8. DOI: 10.1074/jbc.M312080200.

Hassan K.A., Liu Q., Elbourne L.D.H., Ahmad I., Sharples D., Nai-
duV,, Chan C.L,, Li L., Harborne S.P.D., Pokhrel A., Postis V.L.G.,
Goldman A., Henderson P.J.F., Paulsen I.T. Pacing across the mem-
brane: the novel PACE family of efflux pumps is widespread in
Gram-negative pathogens. Research in Microbiology. 2018; 169
(7-8): 450-4. DOLI: 10.1016/j.resmic.2018.01.001.

Tegos G.P., Haynes M., Strouse J.J., Khan M.M.T., Bologa C.G.,
Oprea T.I., Sklar L.A. Microbial Efflux Pump Inhibition: Tactics
and Strategies. Curr. Pharm. Des. 2011; 17(13): 1291-1302. DOI:
10.2174/138161211795703726.



KNMHWYECKAA NTABOPATOPHAA AVATHOCTUKA. 2022;67(1)
http://dx.doi.org/10.51620/0869-2084-2022-67-1-59-64

KNMHUYECKE MONEKYNAPHBIE UCCNEAOBAHNA

KNTMHUYECKUE MOJIEKYJNTAPHDBIE UCCNIEAOBAHUA

© KOJUTEKTMB ABTOPOB, 2022

OnbxoBckun N.A.'2 TopbeHko A.C."2, Komapoeckui H0.10."2, Ctonsp M.A.'?, Bacunbesa [1.11.3, EnndaHosa O.C4,
Xopos [.A.% Pypakosa C.A.%, Pypnakos H.B.>, Ockop6uH W.MN.5, ®ununeHko MJ1.6

MOANOUKALINA N3OTEPMUYECKOIO TECTA BbIAABJIEHUA AHK BO3BYAUTEJIEN
KJIELLEBOIO BOPPEJINO3A

'KpacHosapckuin pununan OrbY «HaumoHanbHbIN MeAUUMHCKU CCNefoBaTeNbCKUI LEHTP remaTonorun» Munsgpasa PO,
660036, KpacHoapck, Poccus;

2QrBHY ®epepanbHbIn nccnefoBaTebCKUn LeHTP «KpacHOAPCKMI HayuHbIN LeHTp Cubupckoro otaeneHus PAH», 660036,
KpacHosApck, Poccus;

3NHCTMTYT PyHaameHTanbHoM Gruonorum n 6rotexHonormn Cubumpckoro pefepanbHOro yHmBepcuteta, 660041, KpacHospcek,
Poccus;

“OBbY3 «LleHTp rurneHsl n anvgemuonorun B KpacHosipckom Kpae» PocnotpebHaasopa, 660100, KpacHosApck, Poccns;
SOBYH «Omckuin HAIM nprpogHo-ovarosbix nHdeKUmin» PocnotpebHaasopa, 644080, Omck, Poccus;

SUHCTUTYT XMUyeckol 6uonorumn u pyHaameHTanbHom meguumHel Cnbmpckoro otaeneHmnsa PAH, 630090, HoBocnbupck,
Poccusa

Panuss ouacnocmuka kiewegoco boppenuosa onpeoensem Nokazauus 0N SMUOMPONHOU mepanuu, a evlasieHue boppenuil 6
NpUCOCABULEMCSL KIewe CLYHCUM 000CHOBAHUEM NPOBedeHUs: anmubuomuxonpoguiakmuku. /[ns onpedenenus 6036youmeis 60p-
penuosa Hauboree WUpoKo ucnoav3yiomes memoowvt I1L[P, ymo mpebyem ocobwix ycrosuii opeanuzayuu pabomol 1abopamopuii,
ucnonvzoeanue dopozocmosiyeco obopyoosanus. Ilpoyedypa svioenenus JTHK baxmepuil u nociedyowas amniugurayus 3a-
HUMaem HecKoIbKo 4acos pabouezo epemenu. Onucanvl Memoovl Oemekyuu 6oppenuti ¢ usomepmuieckou peakyuu LAMP, ymo
10360JI5lem CYUeCMBEHHO YCKOPUMb OUASHOCIMUKY, He mpebyem CoACH020 000PYO08aHUs U 8bICOKOU KEATUDUKAYUU NEPCOHAA.
LAMP 6 pside ciyuaes no3eonsem 8ubnoIHAMb anaius 6e3 npedeapumenvHoll IKCMpaKyuu HyKieurnogwlx kuciom. Llens pabomo:
paspabomra moouguyuposarnnozo mecma uzsomepmuyeckou oemexyuu /JTHK 6030youmeneii boppenuosza 015 yCKOPEeHHO20 NOLy-
YeHUs Pe3YIbMAMaA ¢ 603MONCHOCHIBIO UCKTIOYEHUS. CIAOUU IKCIMPAKYUU HYKIeuHoeblx kuciom. Mcnonvsosanst 40 o6pasyos JJHK
ooppenuii u 11 kneweil Ixodes persulcatus. C yenvto cokpaweHus spemeHu 0emekyuu 6oppenutl ONUCAHHYIO paHee MemoouKy
LAMP moougpuyuposanu 66edenuem 0onoTHUMeNbHbIX nemiesvix npaiimepos. OyeHKy Koruyecmea Konuii 8 NO3sUmusHom oopasye
nnazmuonou JJHK boppenuii onpedensinu ¢ nomowvro yugposoti INLP. Pezynemamol peakyuu LAMP cpasrusanu c pesyibmamamu
Kommepueckoeo mecma I1I{P-PB. JJononnumensHoe ucnoib308amie nemiegblx npaimepos npUMepHo 6060e COKPAmuio epems oe-
mexyuu J{HK 6oppenutl, ne okazvléas 61usHus Ha CPAGHUMENbHYIO OUASHOCUYECKYIo d¢@exmusnocme. [lpeden ananumuyeckou
yygcmeumensHocmu Moouguyuposarno2o memooa LAMP pasen 21 monexyne 006a81eHH020 6 peakyuro niasmMuOHO20 CMAaH-
oapma. B cpasnumensnom mecmuposanuu ¢ nomowwto IIL{P-PB uyscmeumenvnocms memooa LAMP cocmasuna 90%, cney-
ughuunocmo 100%. Bnepsvie npodemoncmpuposana 603modxicHocms oemexyuu 6oppenuil 8 kiewjax 6ez smana sxempaxyuu JJHK.
Paspaboman mooupuyuposannwiii usomepmuieckuti Memoo oemeKkyuu 8030youmeineti Kieujeo2o boppenuosa, no360sI0UULL Gbl-
nonusime ananus ¢ meverue 20-30 munym, ¢ mom yucie 6 Kieujax 6e3z npeosapumenvhou sxcmpaxyuu JJHK.

KnioueBrsie cnoBa: II[[P-PB, LAMP, knewesgvie boppenuosul.

Jas mmrupoBanusi: Onbxosckuit U.A., T'opoenko A.C., Komaposckuii 10.10., Cronsip M.A., Bacunsesa /I.11., Enuganoa
O.C., Xonos JI.A., Pynaxosa C.A., Pynaxos H.B., Ockop6un W.I1., ®unmunenxo M.JI. Moxuduxanus 130TepMUYECKOro TecTa
BeisiBiieHus JJHK Bo3OyauTeneii kiemeBoro 6oppennosa. Knunuueckas rabopamopuas ouacnocmura. 2022; 67 (1):59-64.
DOL: https: //dx.doi.org/10.51620/0869-2084-2022-67-1-59-64

Jlns koppecnionaenuuu: Onvxogckuti Meopb Anexceesuy, kaun. men. Hayk, aup. Kpacnosipckoro ¢unnana ®I'BY «Hauunonans-
HBIIl MEIMIIMHCKUI HCCIIeIOBATENBCKUI LIEHTP reMaToioriuny Munsapasa P®; krashemcenter@mail.ru

dunaHcupoBaHue. Paboma gvinonnena npu unancogoi noodepoicke npoepammol « Yurnuky @I'BY «Dono cooeiicmeus
Pazeumuio Mablx opm npeonpusmuil 8 HayYHO-MexXHuYeckoll cgheper 6 pamkax npoexma «Paspabomka nabopa peazenmos
07151 IKCNPecc-OUaAsHOCMUKU Kaewesblx 6oppenio308 ¢ nomowvio peakyuu LAMPy ¢ dononnumensHuvim npugiedenuem spanma
Accoyuayuu «Dedepayuu rabopamopnou meduyurvly u noooeprcku MUIT OO0 «Dopmyna eenay. OUIT u @MJI svinonnsanu
uccnedosanue 8 pamkax npoeKma, OCyuwecmansemo2o 3a cpeocmsa ghedepanvbozo oroicema, «llouck, ouzaiin u eanuoayust
HOBbIX OEIK08 KaK (YapMaKono2udecKux MuleHell u UHCIMpYMeHmoe 05 enemudeckux mexronozuiiy Ne 121031300056-8.
KondaukTt nHTepecoB. A6mopul 3as161410m 06 0OMcymcmeuy KOHGIUKmMa uHmepecos.

IToctynuna 02.07.2021
IIpunsra x neyarn 25.08.2021
Onyonukosano 00.01.2022

59



RUSSIAN CLINICAL LABORATORY DIAGNOSTICS. 2022; 67(1)
http://dx.doi.org/10.51620/0869-2084-2022-67-1-59-64

CLINICAL MOLECULAR STUDIES

Olkhovskiy 1. A."?, Gorbenko A.S."?, Komarovskiy Yu.Yu."?, Stolyar M.A."?, Vasil’eva D.1.°, Epifanova O.S.?, Khodov D. A.%,
Rudakova S.A.°, Rudakov N.V?, Oskorbin I.P%, Filipenko M.L.5

MODIFICATION OF ISOTHERMAL TEST FOR DETECTING DNA OF PATHOGENS OF TICK-BORNE
BORRELIOSIS

'Krasnoyarsk branch of the «National Research Center for Hematology» Department of Health, 660036, Krasnoyarsk, Russia;
2Federal Research Center Krasnoyarsk Scientific Center of the Siberian Branch of the Russian Academy of Sciences, 660036,
Krasnoyarsk, Russia;

3Institute of Fundamental Biology and Biotechnology of Siberian Federal University, 660041, Krasnoyarsk, Russia;

“Federal Service for Surveillance on Consumer Rights Protection and Human Wellbeing of Center for Hygiene and
Epidemiology, 660100, Krasnoyarsk, Russia;

SFederal Service for Surveillance on Consumer Rights Protection and Human Wellbeing of Omsk Research Institute of Natural
Focal Infections, 644080, Omsk, Russia;

®Institute of Chemical Biology and Fundamental Medicine of the Siberian Branch of the Russian Academy of Sciences,
630090, Novosibirsk, Russia

Early diagnosis of tick-borne borreliosis determines the indications for etiotropic therapy, and the detection of borrelia in a tick
that has bitten you serves as the basis for antibiotic prophylaxis. To determine the causative agent of borreliosis, PCR methods are
most widely used, which requires special conditions for organizing the work of laboratories and the use of expensive equipment.
In addition, the procedure for isolating bacterial DNA and subsequent amplification takes several hours of working time. At the
same time, methods for detecting borrelia in the isothermal LAMP-reaction are described, which makes it possible to significantly
speed up the diagnosis, does not require complex equipment and highly qualified personnel. It is also known that LAMP in some
cases allows analysis without prior extraction of nucleic acids. The purpose was a development of a modified test for isothermal
detection of DNA of borreliosis pathogens for an accelerated result and the possibility of excluding the stage of nucleic acid
extraction. We used 40 samples of Borrelia DNA and 11 Ixodes persulcatus ticks. To shorten the detection time for Borrelia, the
previously described LAMP method was modified by the introduction of additional loop primers. The copy number of the positive
DNA sample of the borrelia plasmid was estimated using digital PCR. The results of the LAMP reaction were compared with those
of the commercial PRC-RT test.

The additional use of loop primers approximately halved the detection time for Borrelia DNA without affecting the comparative
diagnostic efficiency. The analytical sensitivity limit of the modified LAMP method was 4 copies/ul or 21 molecules of the plasmid
standard added to the reaction. In comparative testing with RT-PCR, the sensitivity of the LAMP method is 90%, and the specificity
is 100%. The possibility of detecting borrelia in ticks without the stage of DNA extraction has been demonstrated for the first time.
A modified isothermal method for the detection of pathogens of tick-borne borreliosis has been developed, which allows analysis
within 20-30 minutes, including in ticks without preliminary DNA extraction.
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Beeoenue.

BrsbiBaemass  cniupoxetamu  Borrelia

burgdorferi 300H03Has kiemieBas nadekuus (0onesns Jlaii-
Ma MM UKCOIOBBIN KiemeBoi 6oppenuo3 (MKB)), nepena-
IOIIasICsl YENTOBEKY TpH MpHUCcaCchIBaHUHU KJielel poaa Ixodes
— HauboJyiee pacnpoCcTpaHEHHOE TPAHCMUCCHUBHOE WH(EK-
IMOHHOE 3a00JICBaHME JTIOCH, MPOKUBAIONINX B YMEPCH-
HOM KJINMaTHYEeCKOM Tosice ceBepHoro nomymapus [1, 2]. B
Poccun UKD Haxonurcsa Ha 2-M mMecTe 110 3a00/1eBaeMOCTH
CpelH MPHUPOITHO-OYATOBBIX M 300aHTPONOHO3HBIX WH(EK-
Ui, onepexas 3a00JeBAEMOCTh KIICHIEBBIM DHIIE(DATUTOM

60

B 4,5 paza [3, 4]. Kinuanueckne nposiBiieHUs 3a00J1eBaHMs
BKITIOUAIOT KakK JIOKAJIbHOE MOPaXKEHUE KOXKU B MECTE TIPH-
CachIBaHUS KJIEIIA, TaK U XapaKTepHBIE Ul CIIUPOXETO30B
OTCPOYCHHBIE CHCTEMHBIE MOPAaKEHHsI pa3HbIX opraHoB. Co-
[JTaCHO KIMHHYECKOH KITAaCCH(HKAINH, BBIICIIOT ITEPUON
WHKYOAIUK U JalTbHEHUIIEro pa3BUTHS 10 3-M CTaIHsAM: JIO-
KaJM30BaHHAs, IUCCEMUHUPOBAaHHASA, MO3AHAS. CHMITOMBI
UHDEKIIMU MOTYT HPOSBISTHCS KaK dyepe3 HECKOJIBKO JTHEH,
TaK ¥ 4epe3 HECKOJIbKO MECAIEB Mociae WH(PHUIUPOBAHHUSL.
XoTst BBISIBIEHHE OOppenuil B MpHCOCaBIIEMCS KIEIle He
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BCeI/Ia IPUBOIUT K PA3BUTHIO KITMHUYECKOW KapTHHBI 3200-
neBaHus, UHPopManus o (pakTe KOHTAKTa C BO3OyaUTEIEM
HKB neoOxonuma 7151 CBOEBPEMEHHOTO ITPEBEHTUBHOTO UC-
MOJIb30BAHMS aHTHOAKTEPHUANBHBIX MPENapaToB U JajbHeH-
[IeT0 KOHTPOJISE HMMYHHOTO OTBETA.

Jns Bepudpukanmun HMKB B  KIMHUKO-IMArHOCTHYE-
CKUX JIa0OpaToOpUsiX B HACTOSILIEe BpeMs HCIIOIb3yeTcs
JIBA OCHOBHBIX ITOJIXOJA: OINOCPEIOBAHHBIA, OCHOBAaHHBIN
Ha BBISBIICHHU aHTUTEN K aHTUTeHaM OOppeNvii U METOJBI
MPAMON NETeKUUHU cHeun(pHUUeCKUX aHTUTCHOB WM HYKJIe-
MHOBBIX KHUCIOT B030ynutens uHpexkuuu. B mociennem
Cllyyae IIMPOKO UCIIONIB3YIOTCS METOJbl Ha OCHOBE IOJIH-
mepasHoi nenHo peakuuu (IILP). Xots mepeuncinennbie
METOJIbl UyBCTBUTENBHBI M CIIEUU(PHYHBI, OHU UMEIOT CBOH
HEJOCTaTKM, CBA3aHHBIE C IMOBBIIIEHHBIMU TPeOOBaHUAMU
K OpraHM3aluy JJAbOpaTopHid, PUCKOM B3aUMHOM KOHTaMU-
HAIMY P00 U JIUTENBHOCTHIO BBHITIONHEHHS aHAJM30B, BbI-
COKOH CTOMMOCTBIO 00OopynoBaHusA. CoBepIIEHCTBOBAHHE
OPSAMBIX MOJIEKYJISPHO-T€HETUYECKUX METOJOB BBIABICHUS
Ooppenuii Mpu3HaeTcsi HauboJee NepCIeKTHBHBIM HAlPaB-
nerueM [5]. OIUH W3 TaKUX MHOTOOOCHIAIONIMX METOOB
— M30TepMajbHas NeTeBas aMIUTM(pUKALUN HYKISHHOBBIX
kuciot (Loop-mediated isothermal amplification, LAMP),
paszpaboTaHHas AMOHCKUM yu€HEIM Llyryropu Hotomu [6].
OTcyTCTBUE TEPMOLMKIUPOBAHUS, XapaKTEPHOTO AJIS Kilac-
cuueckoii [IIIP, HuBenupyer HEOOXOJUMOCTH CIIOXHOTO
JOPOTOCTOAIIEr0 00OPYIOBaHHUS, YTO JAENAeT METOJ IKOHO-
MHUYECKH 11eJIeCO00pa3HbIM H JOCTYITHBIM B «IOJEBBIX YC-
noBusax». [lockonsky LAMP menee uyBcTBUTEIbHA K MHTHU-
OuTOpaM UCHONB3YeMbIX (PEPMEHTOB, BO3MOXKHA JETCKIIHS
JHK 6oppenuii, Munys craauto e€ skcrpakiuu [7, 8].

HcnonszoBanue LAMP ¢ npuMeHeHUEeM ONUTOHYyKIIe-
OTUOB, KOMIUIEMEHTapHBIX TeHy 16S rRNA, mns BwisBie-
uusi Borrelia burgdorferi s.l. B xiemax Dermacentor sp.,
Haemaphysalis sp., Rhipicephalus sp., Boophilus sp. omnu-
caHO KuTaiickumu kojuteramu [9]. M3BecTHO 0O pazpaboTke
metona LAMP, ocHoBaHHOTO Ha npaiiMepax k reHy Quaren-
muna (fla), nnsa nerexuuu AHK Borrelia burgdorferi sensu
stricto, Borrelia garinii, Borrelia afzelii, Borrelia valaisiana
B IIpo0ax chIBOPOTKU KpoBH naiueHTtoB [10]. CBenenus o
BO3MOKHOCTH Hicniofib3oBanuss LAMP nns BeissBienns JTHK
Bo3Oyureneit Kb B Taéxubix kiemax Ixodes persulcatus
B JIOCTYIIHOH JMTEpaType OTCYTCTBYIOT. TecT Ha Hamuuue
Ooppenuii B KIIEIaX, CHATHIX C MOCTPaJaBIINX OT HX TIpUCa-
CBIBaHHMS MAIIMEHTOB, B «IOJIEBBIX YCIOBHUIX» SBISIETCS OC-
HOBAHHEM JUII CBOEBPEMEHHOTO Ha3HaueHUs 3PPEeKTUBHOMN
npeBeHTUBHON Tepanuu MKbB.

Hens paboTsl — pa3zpaboTka MOTU(UIIMPOBAHHOTO TECTA
nzorepmuueckoil gerexiuu JHK Bo3Oymurenelr Goppenu-
03a 7151 yCKOPEHHOTO MOJIYy4YeHHsI Pe3yIbTaTa ¢ BO3ZMOXKHO-
CTBIO MCKJIIOUEHUS CTaJuM SKCTPAKIMK HYKIEHHOBBIX KHUC-
JIOT.

Mamepuan u memoowt. J1ji1 0TpabOTKN METOAUKH HC-
moJbp30BaHo 4 n3onsta Ooppenuit (B. garinii — Ne 502, B.
garinii — Ne 309, B. afzelii — 620, B. afzelii — 620), reHo-
TUIHMPOBAHHBIX C MOMOIIBbIO CEeKBEHUpOBaHUsA 16S rDNA,
n3 Komnekun MukpooprannsmMoB ®bYH «Omckoro HUN
MIPUPOJTHO-04ArOBbIX UH(eKImi», 36 oopaszuos JJHK Gop-
penuil U3 KOJIeKIMHU J1abopaTopu 0c000 ONAcHBIX UH(EK-
uuit ®bY3 «llenTp ruruensl u snunemuoiorun B Kpacuo-
SIpPCKOM Kpae», 11 oOpasuos kiemiedt [xodes persulcatus,
cOop KOTOpBIX TpoBoamiCcs B ce30H 2019 . Ha JeCHBIX H
JIeCOCTEIHBIX yyacTkax KpacHosipcka U ero OKpecTHOCTEH.

J1J1s1 KOHCTPYUPOBAHHUSI TTOJIOKUTEILHOTO KOHTPOJILHOTO
o6pazua JJHK npoBounn ammumpukanuto JJHK ¢pparmenra

KNMHUYECKE MONEKYNAPHBIE UCCNEAOBAHNA

rena fla pasmepom 189 n.H. C TOMOIIBIO OJUTOHYKJICOTH/I-
Heix npaiiMepoB F3 5°-GCTGTTGAGCTCCTTCTTG-3’ u
B3 5’-CACCAGCGTCACTTTCAG-3’ na marpune JHK
Borrelia burgdorferi s.l. TlomydeHHBIH aMIUIMQUIAPO-
BaHHBI (pparMeHT KIOHHPOBAIU C IMOMOIIBI0 Habopa Juis
knonupoBanus «Quick-TA kit» (EBporen, Poccust), 3atem
TpaHC(OPMUPOBAIHN MOMYYEHHOH cMechio KieTku E. coli
C TOCJEOYIONMM OTOOpOM KIIOHOB, HECYIIMX PEKOMOU-
HaHTHbIE TIa3Mubl. HykieoTnHyto mociae1oBaTelbHOCTh
OTOOPAaHHOTO KJIOHA MOATBEP)KIAIN CEKBEHUPOBAHUEM IO
Cenrepy. s nanpHeineld paboThI MONyYEHHYIO PEKOM-
OMHAHTHYIO TUTa3MHUJY JINHEAPU30BAIH IYTEM WHKYOAINH
¢ pecrpukrazoii MroXI (Cu63u3um, Poccus). Konuen-
Tpanmio JIHK B mony4eHHOM MO3UTHBHOM KOHTPOJIHHOM
oOpa3ie omnpeaensuid ¢ ucroiab3oBanueM nudposoit TP
Ha miardpopme QX200™ Droplet Digital™ PCR System
(Bio-Rad; CIHIA) cormacHO MHCTPYKLHMAM MHPOH3BOIUTE-
ns1. ns atoro rotounu 20 mia [MIP-cMmecu, cogepxarieit
uccnenyemyio miasmuanyo JJHK (oxono 103 xomwmii Ha 20
MKJI, OIIeHKa Ha OCHOBE CIIEKTPO(OTOMETPHUECKOTO aHAIH-
3a mpu anuHe BonHbI 260 HM), 1x TIP-cmechk (Bio-Rad;
CIIA), 300 HM onMroHyKJI€OTUAHBIE MpaiMepbl U 30HI:
Bla-F  5’-CGTCGTTTGGTATGGCTTCATTC-3’, Bla-R
5’-AGGACCGAAGGAGCTAACCG-3’ u Bla-P HEX-
CGGTTCCCAACGATCAAGGCGAG-BHQI. [na momy-
yeHus: MUKpokamnens 20 mxi npuroroBierHoi IIP-cmecu
u 70 MKJI Macna Juid TeHepaluy Kareib IepeHOCHIIH B CO-
OTBETCTBYIOIIHME JIyHKH KapTpumka DGS, momemanu Bce
B reHepartop Kamenb. 40 MKJ TMOJXYYEHHBIX MHUKpPOKAIeNb
nepeHocuiu B 96-nyHounsii [1IP-rnanmiet, 3anevarsiBanu
¢donbroii u moMeniany B aMIu@ukaTop. AMIuMQUKanuo
MPOBOJMIIM COTIIACHO cienyromeii mporpamme: 96°C — 10
MuH u nanee 45 nukinos 96°C — 15 ¢, 58°C — 40 ¢ ¢ punanb-
HbIM mporpeBoM B TeueHue 10 muH npu 98°C, ckopocTb
HarpeBa IUIaHIIeTa Jjs Bcex mmaroB pasHa 2 °C/c. Mukpo-
KaIUTA TIOIBEPTaI CYUTHIBAHUIO C TIOMOIIBIO MPOTOYHOTO
aHanM3aTopa Karelb, MOJy4YeHHbIe JaHHbIe 00padarhiBain
B iporpamme QuantaSoft (Bio-Rad, CIIIA).

Jns nerexmun JJHK wucronszoBan nabop «Peanbect
Okcrpakmust 100» (Bexrop-bect, Poccust). [{ns BeimonHe-
Hua peaknun LAMP mcnons30BaHBI ONHTOHYKICOTHIEI,
onucanHeie paHee [10] ¢ HOMOTHUTENHHBIM BKIIOUEHHUEM
OPUTMHAJIBHBIX ITOCJIEA0BATENbHOCTEH IETIIEBBIX Mpaiime-
poB (LF u LB), pazpaboTaHHBIX ¢ IPUMEHEHUEM HHTEPHET-
cepsuca PrimerExplorer V5. CuHTE3 OJMIOHYKJICOTHIOB
BeinoiHsICA B OO0 «/IHK-Cuntes», Poccus.

Jns mnocranoBkn LAMP roToBuiM peaknMOHHYIO
cMech 00bEMOM 25 MK, BKiIrodatomryio 0,8 M GerauwH, 6
mM MgSO,, 1X usorepmuueckuii Oypep (New England
Biolabs, Aurus), 1,4 mM dNTP, 0,2 mxn 1X EvaGreen
(HITO «Cuntom», Poccus), 8 exn. Bst 2.0 monmumepasbr (New
England Biolabs, Aurmus), 0,2 pM mnpaiimepoB F3 u B3,
1,6 uM mnpaitmepos FIP u BIP, 0,4 uM mnpaiimepoB LF u
LB, 5 mxn JHK. Ananu3 npoBoawiv Ha aMmruindukarope
CFX96 Touch (Bio-Rad) npu nmocrostaHoii Temneparype 63°
C. PesynbraTsl TECTHPOBAaHUS BBIPAKAIH B MUHYTaX JI0 T10-
SIBJICHUS] CTAOMIIBHOTO (pITyOpPECLIEHTHOTO CUTHAA.

LAMP 6e3 ucnonn3oBanus drana Beienenus JJHK mpo-
BOAMIIN CJIEAYIOIMM 00pa3oM: KJIella ITOMEIall B IUIaCTH-
KOBYIO TIPOOHPKY 00BEMOM 1,5 MiI, B KOTOpPYIO A00aBISIIH
rotoByto st LAMP peakumonHyro cmechk B 00bEmMe 50 MK
CTeKIITHHON CTYIKOW MPOBOJMIIM €rO TIIATENIbHOE MEePEeTH-
paHue B TeYeHUe 2-X MUH 25 MKJ IOJy4E€HHOTO TOMOreHaTa
rcnoib30Banu A nocranoBku LAMP. IlapamnensHo mpo-
BOJIMJIY CpAaBHEHHUE C pe3yasraramu peakuuu B [TLIP-PB. J{ns
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9TOrO OCTaBIIWiics 00BEM TOMOTeHaTa PacTepTHIX KIICIIEH
onHokparHo otMmbiBaiica 0,9% pactBopom NaCl ot peakuu-
onHol cMecHu U aanee Beiens JJHK u Bemonasnu TTLP-
PB xommepuyeckuM HaOOpPOM MO CTaHAAPTHOMY IPOTOKOITY
TIPOU3BOAUTEISI.

Knaccuueckuit ananuz I11{P-PB BeimonHsm ¢ ucmonb-
3oBaHueM Habopa «Peanbect IHK Borrelia burgdorferi s.1./
PHK BKD» (Bekrop-bect, Poccust) B cooTBETCTBHH C WH-
CTPYKIHUEH TPON3BOIUTES.

CraTucTUYECKUN aHAJIN3 PE3YyNIbTaTOB OCYLIECTBISIN C
noMoInkto porpammsl Statistica 12.0 (StatSoft, CIIIA). Pe-
3yJBTaTHl PEACTABISUIN B BUIE Menuanbl (Me) n MexXKBap-
TrnsHOTO AuamnaszoHa (Q25%-Q75%). Ucnonp3oBanmu MeTo-
JIbl OIIMCATEIbHOM CTaTHCTHKH, KOPPEIALUOHHOTO aHaIn3a
u ROC-ananusa.

Pezynomamul. Brusanue 00noiHumMenbHylX nemaegvix
npaiimepoé Ha eépemsa OemeKuuu NOoN0HCUMETbHBIX 00-
pazuoe. J1ns OLICHKH BIUSHUA METIEBBIX MPaltMepOB Ha X0
peaxiuu IpOBEAEHO TECTUPOBAHNE CTAHAAPTHOIO MOJI0XKHU-
TEJEHOTO 00pas3iia B 3-X MOBTOPax C HCHOJB30BAHUEM JIBYX
PEaKIMOHHBIX CMECEH: TIepBasi IPUTOTOBJIEHA C JOOABICHHU-
€M BCEX IIECTH OJMTOHYKJIETHIOB, BTOPas COOTBETCTBOBAIIA
onucaHuio B cTathe [10] 1 He UMeTa B CBOEM COCTaBe ABYX
NETIEBBIX MpaiiMepoB. Pe3ynbraTsl SKCiepuMeHTa U300pa-
JKEHBI Ha puc. 1.

JobaBienue B peakIMOHHYIO CMECh IIETIEBBIX OJUIOHY-
KJIEOTUIOB COKpATUIIO BpeMs peakuuu Ha 15 munyt. Oiyo-
PECIIEHTHBIC CUTHAIIBI OTPHIIATEIBHBIX 00pa3oB HaloIa-
JIUCh HE paHee, 4yeM uepe3 60 MuH, KaK IIPH UCIIOIH30BAHUH
WCXOJHON METOAMKH, TaK U MOAU(DUIUPOBAHHOM, YTO CBU-
JIETEIbCTBYET O JOCTATOUYHON CrIeU(pUIHOCTH TecTa.

Ouenka npedena aHAIUMUYECKOW HYECHEUMENLHO-
cmu moouguuupoeannoii peaxyuu LAMP. Pa3zsenéunrie
aJMKBOTHI pa3pab0TaHHOTO CTAHAAPTHOTO TIA3MHUIHOTO 00-
pasiia npoTecTUpoBaHbl ¢ ucnoias3oBanueM LAMP. Pe3ynb-
TaThl PeaKIUy TIOKa3aHbl B Ta0M. 1.

MakcumansHOE pa3BeneHue, IPU KOTOPOM MPOUCXOTUT
JIeTeKIus (pIyopecieHTHOro CUTrHaNa, COCTaBisieT 4 Korui/
MKJ win 21 Moiekyna 100aBIeHHONW B peakLHyIo IIa3MUI-
HoW JIHK, 4TO cpaBHMMO C JaHHBIMH O NpENENne 4yBCTBU-
TEITFHOCTH METO/Ia, OTIFCAaHHOTO B cTaThe [10].

Cpasnenue ouaznocmuueckoii Ipgexmugnocmu mo-
ouuyuposannozo memooa LAMP u kommepueckozo
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Puc. 1. Kpuble (uyopecueHIHH MOJOKHUTEIBHBIX M OTpHUIa-
tenbHbBIX 00pa3uoB JIHK Ha 6oppennos. 1 — nonoxurenbHble 06-
pas3sl Ha cMecH ¢ 6-10 mpaiiMepamu, 2 — MOJIOKUTEIbHBIE 00pa3-
LBl HA cMecH ¢ 4-M4 npalimepami, 3 — OTpuLaTesIbHbIe 00pa3Ibl
Ha cMecH ¢ 6-10 mpaiiMepamu, 4 — oTpULaTeIbHbIE 00pa3Lbl HA
cMecH ¢ 4-Ms IpaiiMepaMu.
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memooa III]P-PB. ]1j11 cpaBHEHUs 1yBCTBUTEIBHOCTH Pa3-
pabOTaHHOTO TECTa B Ka4eCTBE PeepeHCHOTO METOAa MC-
nonp3oBasn Kiaccudeckyro [IIP-PB. B kauectBe marpuiib
WCTIONB30BaJIHM paBHOE KonudecTBo (1o 5 mki) JJHK, Beige-
JICHHOM M3 Kieled. Pe3ynbraTel peaknuil, B KOTOPBIX BbI-
seieHa JIHK Goppenuii, npencrapnenst B Tad. 2.

W3 20 monoXuTensHBIX MpoO, BBIABICHHBIX C IOMO-
uisio [11[P-PB, B peakiiun LAMP oka3anuch nojgoxuTeNnb-
HbIMH 18. PacuérHas 4yBCTBUTEIHHOCTH Pa3pabOTaHHOTO
tecta cocraBuna 90%, cnenupuynocts cocraBmina 100%
(95% noseputensubiit uaTEpBan (95% AW) = 0,82-0,99,
p<0,0001, AUC=0,950) (puc. 2). ITpu 3ToM 002 HE coBnaaa-
fomux o0pasia nmenu noporosbie HukIs! IIP Gombie 32,
YTO CBUETEIBCTBYET, BEPOSITHO, O HU3KON KOHLIEHTPAIIUU
JIHK 6oppenuii B mpobe. Bee 16 oTpunatensHbix 00pa3ios
B [1IIP-PB copnanu u 8 LAMP.

Ilocmanoexa peakuyuu LAMP o6e3 evioenenusn /THK.
s mpoBepku BO3MOKHOCTH Hcmonb3oBaHusi LAMP st
JeTekiun 6oppennosa 6e3 srtana Beiienenus JJHK, ucrnons-

Tabunuma 1

BpeMﬂ ACTEKUHUH MOJIOKHTEJIBbHOI0 pe3yjabTaToB
B MMOCJICA0BATE/IbHO Pa3BEACHHBIX AJTUKBOTAaX JIa3MHUTHOMI

JHK 6oppennii
KonmnuecTBo Komnmuectso Bpewms nerexuuu moso-
KOITMH TIa3MuJI- M3MEpEeHUi (M3 HUX JKHUTEJIBLHOTO Pe3ysbTaTa,
Houi JTHK B ipobe TOJIOXKUTEIIbHBIC) muH (Me; Q25-Q75%)
2078 10 (10) 16,5; 16,1-18,6
208 21 (21) 19,4; 19,2-20,2
21 26 (26) 22,0; 20,6-22,4
2 7(2) 32,0
Tabnuuma 2

CpaBHeHHe pe3yJIbTATOB TECTHPOBAHMSA MOJIOKUTEIbHBIX 00pa3L 0B
B peakunu LAMP u IIIP-PB

O6paser TLP (5 min JHK), Ct Lﬁgﬁgfi e
KJ18221 34,0 H/I
KJI8151 32,5 15
KJI8168 32,3 23
KJI8212 32,2 14
KJ18249 32,1 H/IL
KJIS186 31,8 19
KJ13952 31,6 13
KJ18124 31,2 23
KJ18239 30,6 13
KJ18200 30,0 16
KJI8139 29,9 13
KJI3903 29,4 14
KJ13857 29,0 12
KJI8170 28,7 15
KJI8197 28,4 13
KJI8251 26,7 16
KJ18259 26,7 1
KJ18290 25,9 11
KJ18303 248 12
KJ13938 218 11

Ipumeuanue. 3nech u B Tabmn. 3: H/J] — curHan duryopecueHun He e-
TeKTUpoBajcs. JKUPHBIM HIPU(TOM BbIICIECHBI 00pa3Lbl C OTIMYHBIMU
JPYT OT Apyra pe3yJbTaTaMH TECTUPOBAHHUS Ha 000HUX METOIaX.
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Puc. 2. ROC-kpuBasi, noCTpoeHHAasI 10 pe3yJibTaraM ACTEKIINU
JHK 6oppenuii ¢ nomomipto LAMP B cpaBuenuu c [11[P-PB.

30BaJIU B KaueCTBE 00Pa3I0B PACTEPTHIX KIICIIESH MPH MX He-
MMOCPEJICTBEHHOM TOMEUICHUH B PEaKIUOHHYIO CMECh JUIS
nposenenus LAMP. TlomyueHnHble pe3yabTaThl IpecTaBie-
Hbl B TabOn. 3. M3 11 mcciaenoBaHHBIX Kieleld, B YeThIPEX
oonapyxena /IHK Bo30yaurernst IKbB, npu aToMm pe3yasTaTs
B LAMP u III{P-PB nonHOCTBIO COBIAIU. DTO CBHACTEIb-
cTByeT 00 ycroitunBoii pabore LAMP naxxe B mpucyTcTBUH
CJIOXHBIX OHMOJIOTMYECKHX CMecell, MOTeHLHAIbHO COlep-
JKalx OOJBIIOE KOJHMYECTBO MHTHOUPYIONHMX (epMeHTa-
TUBHBIE PEAKIIUU COCTMHECHHH.

Obcyrcoenue. AXTyansHOCTD pa3pabOTKHU SKCIIpecc-Me-
tonoB nerekiyu JJHK Bo30yaurTeneli kiemeBbix nHPEKIUi
HE BBI3bIBACT COMHEHHH B CBSI3H C HEOOXOAUMOCTBIO MPUHS-
THUSL MEp SKCTPEHHOW WHIUBH/YyaTbHON TPOQUITAKTUKY TIPH
MIPUCACHIBAHUN MHOUIIMPOBAHHBIX KJIELIel WiIn AJs onepa-
TUBHOIO IpoBeneHus auddepeHnaibHoro 1uardosa mnpu
MOCTYIUICHUH TTAIMEHTOB ¢ CHMIITOMaMH HEWPOUH(EKIIUH.
TexHOJIOTHH H30TEPMUYECKON aMIUTM(UKAIMK TIPENCTaB-
JSIOTCSA MACalbHBIM PELIEHHEM JaHHBIX NMPOOJIeM BBHUIY
JOCTaTOYHO OBICTPOro MONYyYEHHs pe3yjbrara ¢ BO3MOXK-
HOCTBIO €r0 BH3YaJIbHOM OLIEHKH B TOJIEBBIX YCIOBHSIX, OT-
CYTCTBHUS HEOOXOJJMMOCTH UCIIOIB30BaHUSI TOPOTOCTOSIIETO
¥ TPOMO3JIKOTO O0OPY/IOBaHUS AJIsl aMILTU(UKAIIMKA HYKIIe-
MHOBBIX KHUCJIOT. JIOTIOJHUTENFHOE MPEUMYILIECTBO UMEIOT
BapHUaHThl TEXHOJIOTUYECKUAX PEUICHUI MPSIMOH JEeTEKIUH
JIHK 6e3 HeoOX0qMMOCTH CHEIUATBLHON MPEeIBAPUTEIBHOMN
MIPOLIEAYPbI €€ BBIICICHHS.

Agtopsl Metogukn LAMP [9] ucnione3oBanu B pabore
Kremelt pona Ixodes KUTANCKOTO apeaja OOUTaHU, OTHAKO,
MIpeAcTaBUTENH BUaa Ixodes persulcatus iMy He BKITIOYCHBI
B HCCIIEIOBaHHUE, YTO OCTABJISIET OTKPBHITHIM BONPOC OIHO-
3HAYHOTO [IEPEeHOCa MOJYUYEHHBIX aBTOPaMHU Pe3yJIbTaToOB Ha
BH/IBI, OOUTAOIINE B TA&XKHBIX pernoHax Cubupu.

B ocHOBe nu3aiiHa ONUTOHYKJIEOTHUAHBIX IMPaiiMEPOB B
Halueil pa3paOoTKe MbI HCIIONB30BaIN ONMHCAHHBIC B CTAThe
niocienoBarenbHocTH [10]. XoTs MeTOm ATHX aBTOpOB HE
anpoOHpoBaH Ha KJIEIIaX, HO OH TMOKa3al CBOK BBICOKYIO
3¢ PeKTUBHOCTH Ha 0Opa3lax KpoBU ManueHToB. Hare pe-
LICHUE TO03BOJSIET HAJEATHCS, YTO pa3paboTaHHAas MOIU-
¢ukamus Oyner paBHO »ddextuBHa npu aerexkiun JJHK
Bo3Oymureneit Kb kak B kiemax, Tak 1 B OMOJOTHYECKAX
obpasnax manueHToB. C IeNbi0 MOBBIIICHUS ClIeH(DUIHO-
CTH METOJIa U TIOJIy4eHus OoJiee OBICTPOro pe3yabraTa peak-

KNMHUYECKE MONEKYNAPHBIE UCCNEAOBAHNA

TaGnuma 3

CpaBHenne pe3yabTatoB LAMP 6e3 npenBapuTeabHOro BlIeIeHHS
JTHK u pe3yabsraroB napaJuieasnoii IILP-PB

Oopaser (kJerr) | TILIP, Ct | LAMP, mun
KJ123 H/ H/
KJ124 H/ H/
KJI25 29,1 29
KJI26 26,2 45
KJ127 H/J H/J
KJ128 30 27
KJ129 H/J H/J
KJI130 33,4 33
KJI31 H/J H/J
KJI132 H/J H/J
KJI33 H/J H/O

UM MBI JOOABUIIM K OMTUCAHHBIM MpaiiMepaM OpUTHHAIEHO
CKOHCTPYHPOBaHHbIE IOCIIEI0BATEILHOCTH JONOTHUTEIb-
HBIX TemieBblx mpaiimepoB (LB, FB). Buenpenme 3tmx
npaitMepoB COKPATHIIO BPEeMsl MOTY4YCHUs (IIyOpeCIEHTHO-
TO CHTHAJIa OT MOJOKUTEIBHBIX 00pa3ioB (cM. puc. 1), mpu
9TOM MOIU(HKALUSA HE CKa3ajlachb Ha YyBCTBUTEIBHOCTH
i crieruduaHocT MeTona. Vcrons3oBaHue pa3paboTaH-
HOU MoAHM(UKAIIMKA METOJa NMPH TECTUPOBAHHH KOJUICKITH-
onHbIx 00pasnoB JIHK npomeMoHCTprpOBaIo mpuemMieMyro
COIIOCTaBUMOCTb C Pe3yJbTaTaMHt UX TECTUPOBAHUS Ha KOM-
Mepueckom Habope mis [TLP-PB.

[Ipu ucmonb30BaHUM TECTa JJIS ETEKIIUKA OOppenil B
KJIeIax, I71e OHU BBISBISIFOTCS Ja)kKe BU3yaJIbHO B CBETOBOM
MHUKPOCKOIIE, Tpeie] aHAIUTUYeCKOH 4yBCTBUTENBHOCTH
HE TaK Ba)XCH, KaK B CIly4ae aHajn3a B OMOIOTHYECKUX
JKUIKOCTAX naruenTa. s meneit HacTosmieil pa3paboTku
WCIONB30BaHUSl JUATHOCTUYECKOTO TECTa B IMOJIEBBIX yC-
J0BUAX OoJiee BayKHBIM SIBIIIETCS BpPEMs BBIIIOJHEHHS HC-
CJIEZJOBaHUS U €ro crneuu(u4yHOCTb. JlOCTUTHYTHIE 3Hade-
HUS THX MOKAa3aTeNel BIIOJIHE MPUEMIIEMbI U MTO3BOJISIIOT
HAJIEATHCS Ha peau3aliio MeToAa Ha 0a3e MOpTaTHBHBIX
YCTpOMCTB.

BaxxabIM pe3ynbratoM paboTHI SIBISIETCS AEMOHCTPAIHS
BO3MO)KHOCTH HCIIOJIb30BaHUs pa3paboTaHHOTO METo/a JUIs
BBISIBJICHUS] MH(PEKIIMOHHOTO areHTa B KJemax 0e3 mpen-
BapuTenbHoro stana Beigenenus AHK, uto 3HaumrtensHO
YMEHBIIIAeT BPeMsl BHITIONIHEHUS TecTa U JieNaeT ero ooee
YAOOHBIM JIJISl KCTIONTE30BAHMS B TIOJIEBBIX YCIIOBHSIX.

B nacrosiiieit pabore rccieoBana HeOObIAs BHIOOPKA
KJIeHIeil U BBISBIICHUE MOJIOKHUTENbHBIX pe3yiasraroB LAMP
B KJemax TpeOyeT OoJbllle BpeMEHH, YeM IPH TeCTUPOBA-
HUM IUIA3MHUJIHBIX CTaHJAPTHBIX 00pasnoB. MBI He mOy-
YUJIM TI0KAa OKOHYATENbHBIX JAHHBIX O JAMAarHOCTHYECKOU
3¢ GEKTUBHOCTH METO/Ia TP KCCIeIOBAaHUN 00pa3iioB OHO-
JIOTMYECKOro MaTepuajia IaulueHToB. TpeOyeT NONONHU-
TETbHON pPa3pabOTKH TEXHOJOTHS BHU3YaJIbHOH JETEKINU
pesynsrara LAMP, npuemsemoil uid MCHONBb30BaHUS B
«TIONIEBBIX» YCIOBUAX. YKa3aHHBIE 3a7aui OyoyT peliaTbes
B MIEPHO]] OYEPETHOTO IMHUJEMHYECKOTO CE30Ha.

Buteoowt:

1. Pa3zpaboran MOIU(pHUIMPOBAHHBIA H30TEPMHUYECKHUIA
meton nerexiun JJHK Bozoyaureneit Kb u3 npeobnanato-
mux Ha Tepputopun Poccuu kietueit Ixodes persulcatus, no-
3BOJISIIOIINI YCKOPHUTH OTyYeHHE PEe3y/IbTara TECTUPOBAHNSI.

2. Ilpenen aHaMUTUYECKOW UYBCTBUTEIBHOCTH METOIA
LAMP, onennBaemblii 10 CTaHJAPTHOW PEKOMOWHAHTHOM
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TUIa3MH/JIE, COCTaBHII COCTABISIET 21 MoJeKyiry B mpoOe Uitk
4 KOTIMH/MKJI.

3. Ilpu TecTHpOBaHMM KOJUIEKLIMOHHBIX Hpo0 paHee
BeienieHHON n3 kiremer JIHK, coBnanenue pesynsTaroB ¢
[I[P-PB nonoxuTensHbix 00pa3io coctaBuio 90% (18 u3
20 npo0), a orpunarensHbx 100% (16 u3 16 mpoob).

4. BniepBble IPOIEMOHCTPUPOBAaHA BO3MOXKHOCTbH JAETEK-
nuu THK 6oppenuit meronom LAMP B xitemmax 6e3 BbIoJ-
HEHHeE MIpeIBapuTeIbHON mporenyps! Beienenns JJHK.
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