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BCTyI'II/ITeJ'IbHoe cnoBo

YBakaemble yntatenu!

MpencraBneHHbIN BallemMy BHMMAHMIO O4epefHOn HO-
Mep MeXAYHapOOHOro HayuyHO-MPaKTUYeCKoro »KypHana
«JlabopaTopHas anarHocTuka BoctouHasa EBpona» Tpagu-
LIMOHHO BKJtoyaeT B ceba 15 ctaTell. MHorve mn3 stmx ny-
6MKauMii NOCBALLEHbI HOBOV MHpOPMaLM, KacaloLlencs
UCMOMb30BaHWA MOJIEKYNAPHO-OMONOrMYeckX MeToLoB
NCcCnefoBaHnA B KIMHUYECKON NabopaTOPHON MpaKTUKe.
Ecnn B npegbigywem BbiNycke CTaTby NO peanusaunm 3Tmx
BMAOB McCnefoBaHUA umenn 6onee dyHAaMeHTanbHbIN
XapaKTep, OPUEHTUPOBAHHDIV FMaBHbIM 06pa3oM Ha pas-
paboTKy HOBbIX U flafibHelilIee yCOBEPLUEHCTBOBaHME pa-
Hee 13BECTHbIX TEXHONIOMNIN MONEKYNAPHO-TEHETUYECKOTO
nccnefoBaHUsA, TO B 3TOM OHV UMET B OCHOBHOM Hayu-
HO-MPaKTNYECKNIA XapaKTep, OTPaXKaloLWMN HAKOMIEHHBI
aBTOpPaMM [OCTAaTOYHO GOJbLUON OMbIT NMPUMEHEHUS TEX-
HOMOrMI MONEKYNAPHO-TEHETUYECKOrO UCCNefoBaHNA B
KNMHMYECKOW NpaKThKe.

Bce cTaTby pacnpepeneHbl No WwWecTtn pyopukam: «Knu-
HMYecKkasa MUKpobuonorusay, «KnuHmyeckasa LUTONOrMAY,
«MonekynspHo-6uonornyeckue nccneaoBaHnsy», «<KnmHmKo-
nabopatopHaa snugemuonorus», «KnuHuko-nabopatop-
Hasa UWHbOpPMaTMKa», «IKCrMeprMEHTaNIbHble WCCeaoBa-
HKA». OCO6eHHOCTb UX CoAePKaHNA — OTPaXKeHKe HOBU3HbI
NCCNeaoBaHNi, KacaloLencs B TOM yncie 1 npobnem aHTu-
OGMOTMKOPE3NCTEHTHOCTY, AMArHOCTUKMA OHKOJIOTMYECKMX
3a6oneBaHNi, HedppPOoMNaTUii, NOPaKEHNI KNLLEYHMKA, GOop-
MUPOBaHUA BUCLIEPASIBHOTO OXUPEHUA U APYrUX NaTono-
rMYeCKNX COCTOAHWIA.

[lBe CTaTby MOCBALEHbI NCMOMb30BaHNIO MONIEKYNAP-
HO-reHeTNYeCKMX MEeTOAOB NCCNefoBaHNA B KIIMHWKO-Na-
6opaTopHOI NpakTKke. ABTOpaMy OAHON U3 HUX B Kaue-
CTBe 6MOMApPKEPOB NOYEYHO-KJIETOYHOW MEeNaHOMbI, paka
MOJIOYHOIN >Kene3bl 1M paKka JIerkoro MpeasioxeH HOBbIN
NnabopaTOPHbI TECT, OCHOBAHHbIN Ha OLIEHKe SKCrpeccum
MUKPOPHK B MMKpoBe3nKynax Tpomb6ouuTOB, aBTOpamMu
Zpyroi ycTaHoBJEHa posb nonrMopdmr3mMa reHoB NPOBOC-
NanuUTeNbHbIX LIMTOKMHOB B CTAaHOBJIEHUWN NEKAaPCTBEHHO-
WHAYUMPOBaHHOIO CUHAPOMA YAJIMHEHHOTO MHTepBana QT.

MaTb cTaTeit monafalT B 06MacTb UHTEPECOB Crie-
LManbHOCTU «KNUHMYeCcKaa MukKpobuonoruna». CoBmecT-
Hoe uccnegoBaHne 6enopyccKMx U POCCUNCKUX YUYEHbIX
MoKasasio 4acToTy pPacrnpoOCTPaHEHHOCTU TFeHeTUYeCKux
MyTaLuii, BINAKOLWMUX Ha GOPMMpPOBaHNE YCTONUMBOCTU K
¢dTopxrHonoHam Mycoplasma genitalium.

He moryT He npuBneyYb BHUMaHWA pe3ynbTaTbl anpoba-
LMY peannsyemMoro C 1Croib30BaHMEM COOTBETCTBYIOLLE-
ro Habopa peareHTOB KBaHTM(HEPOHOBOIO TecTa fAMarHo-
CTVIKN NaTeHTHO MpoTeKatowen y BUY-nHprumpoBaHHbIX
nauuneHToB Tyb6epKynesHo nHeKLnn.
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MATb cTaTel NOCBALLEHbI KIMHMKO-NabopaTopHOW MH-
dopmaTuKe. B HIX OTpakeHbl HOBble HanpaBfieHNA U CXeMbl
nabopatopHON AUArHOCTVKN 3aboneBaHWii BHYTPEHHNX
OpraHoB. 3acny»uBaeT 0co60ro BHUMaHWA NpeacTaBneH-
HbI y4aCTHYKaMun 6e10pycCKoii HayYHOW WKONbI KNUHMYe-
CKoW 61moxMmmny 0630p COBCTBEHHbBIX U APYrMX U3BECTHbIX
U3 NuUTepaTypbl AaHHbIX O OMOXMMUYECKUX CUHAPOMAX,
COMpPOBOXAAILMNX KaK 3aypAAHble, Tak 1 SKCTPeMasibHble
NPOABNEHUs OTAENbHbIX GOPM NaTonornu, Npu 3Tom yae-
JIEHO BHUMaHME 1 HOBbIM METOLOMIOrMYECKMM acneKTam ux
MOZENNPOBaHUSA, B TOM Ymncsie Ha 6€Cro3BOHOYHbIX.

B py6puke «KnuHmnyeckasa umtonormsa» NpounioCcTpu-
poBaH pefKkui ciyvaii, oTpaxawowmii eHoMeH smnepu-
nonesa, To €CTb MOMOLEHNA MerakaproLmnTamm KOCTHOro
MO3ra ApYruX KNeTok («KNneTka B KIEeTKe»), KOTopbIi Obl
obHapyxeH y pebeHKa, C poxaeHus cTpagatolero nHobek-
LMOHHbIMK 3aboneBaHMAMU BcieacTBre ANCOYHKLMN UM-
MYHHOW CUCTEMBI.

XoueTcA HapeATbCA, UTO BCA NpeAcTaBfieHHasA B AaH-
HOM HOMepe XypHana UHbOPMaLMA OKaXKeTcAa BOCTpebo-
BaHHOW B MPAKTUYECKOW AeATeNbHOCTY Kak CreLuanmcToB
KNUHNYECKOIN NabopaTopHOI AMarHoCTMKY, Tak 1 Bpayein-
KIMHULUWCTOB, YAENALWNX JOIKHOE BHUMaHWe BOnpocam
nabopaTopHo MeguUVHbI.

MmaBHbIN pepakTop B benapycu
Bnagumunp CemeHoBMY KaMbILWWHNKOB
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Pesiome

Lenb. V3yunTb pacnpocTpaHeHHOCTb U CMEKTP MAPKEPOB PE3UCTEHTHOCTU K TOpXU-
HonoHam y Mycoplasma genitalium, BbizeneHHo OT NaureHToB 3 06NACTHbIX LEHTPOB
(BpecT, Butebck, MuHck) Pecnybnuku benapycb, 06paTvBLIMXCA 32 MEAULIMHCKOW MOMO-
Lblo B neyebHO-NpodurnakTnyeckre yupexaeHus 3a neprog ¢ Mapta 2022 no mapt 2024 r.
Martepuanbl u merogpbl. 322 obpasua [JHK Mycoplasma genitalium, npeactaBneHHbix 13
3 obnacTHbIx ueHTpoB (bpecT, Butebck, MuHck) Pecnybnukn benapycb, aHanusmposanucb
Ha HanMume MapKepoB PE3NCTEHTHOCTU K GTOPXMHONOHAM. BbiABneHne myTaLuii, Bbi3blBa-
IOLLUX N3MEHEHNA aMUHOKMCNOT (aa) B obnactax QRDR parC (nonoxeHus aa 79-84) n gyrA
(nonoxeHwna aa 83-87), ocyLLeCTBAANM C UCMONb30BaHNEM MOANGULMPOBAHHOIO METOAa Mo-
NMMepPasHON LEMHOM PeaKkLun B peXume peanbHoro BpeMeHu ¢ 3dpdeKTom raweHms Gnioo-
pecueHuMM 30HI4a nNpanmepoM. [InA NOATBEpPXKAEHMA XapakTepa HYKNeOoTUOHOW 3aMeHbl
MCNonb30Bascsa MeTO CEKBEHMPOBaHMsA No CaHrepy COOTBETCTBYOLMX GpparMeHTOB reHa.

Pe3synbraTbl. 3a nepuop ¢ mapta 2022 no mapt 2024 r. no Pecny6nvke benapycb yactoTa
pacnpocTpaHeHUs MyTaLuUii Pe3UCTEHTHOCTM K dTopxmHonoHam y M. genitalium cocta-
Buna 18,63% (60/322). B xoge aHanu3a Ha Hanuuve MapKepoB Pe3NCTEHTHOCTU K GpTop-
XVIHOJIOHaM ObIIO YCTAaHOBNEHO OTCYTCTBUE MyTauuii B reHe gyrA. BoisiBneHo 7 BapuaH-
TOB MyTauuii B reHe parC. [loMmHupyoLlme no3muun B obLien CTPYKTYpe BblABIIEHHbIX
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BapUaHTOB aMUHOKMCIIOTHbIX 3aMeH B reHe parC 3aHmMMatoT: S80I (Ser-80-lle) - 8,7%, D84N
(Asp-84-Asn) — 5,9%, SBON (Ser80-Asn) — 2,79%. PacnpocTpaHeHHOCTb Pe3NCTEHTHOCTM
K pTOopxmHonoHam y M. genitalium no obnactHbiM ropofam coctaBuna: B MuHcke — 26%
(49/199), bpecte - 5% (5/90), Butebcke — 18% (6/33). B bpecte n MuHcke npeobnagan
OAWHAKOBbIN BapMaHT aMMHOKMCNOTHO 3ameHbl S80I (Ser-80-lle) parC, B Butebcke — SSON
(Ser80-Asn) parC. Pe3ynbTtaTbl 1eNMOHMPOBaHbI U NMMNOPTUPOBAHbI Ha OHMaNH-NnaThop-
My OnA aHanu3a 1 obmeHa JaHHbIMU aHTUOMoTMKope3sucteHTHocTM AMRcloud (https://
amrcloud.net/ru/project/demares/).

3akniouyeHne. BbiABNEHHbI  ypoOBEHb  PE3NCTEHTHOCTM K GTOPXMHOMOHAM
y M. genitalium geMoHcTpupyeT akTyanbHOCTb 3TO npobnembl aAna Pecnybnuku bena-
pycb. [poBefeHe MOHUTOPMHIA PE3UCTEHTHOCTM K MPOTUBOMMUKPOOHbLIM NpenapaTtam 1
[aHHble, MonyYeHHble B Xofe Takux UCCNefoBaHUi, JOMKHbI UCMONb30BaTbCA ANA pery-
NAPHOro 06HOBNEHMA HaLMOHalbHbIX PyKOBOACTB.

KnioueBble cnoBa: Mycoplasma genitalium, $pTOpXMHONOHbI, pe3UCTEHTHOCTb, aHTUOAK-
TepuanbHble npenapatbl, MyTaumm, QRDR parC
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Abstract

Purpose. To investigate the prevalence and spectrum of fluoroquinolone resistance
markers in M. genitalium isolated from patients in three regional centers (Brest, Vitebsk,
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and Minsk) of the Republic of Belarus addressed for medical care in healthcare facilities
between March 2022 and March 2024.

Materials and methods. A total of 322 DNA samples of Mycoplasma genitalium from
three regional centers (Brest, Vitebsk, and Minsk) of the Republic of Belarus were tested
for fluoroquinolone resistance markers. The identification of mutations causing amino
acid (aa) changes in the QRDR regions of parC (aa 79-84) and gyrA (aa 83-87) was carried
out using a modified real-time polymerase chain reaction method with primer-quenching
of probe fluorescence. To confirm the nature of nucleotide substitutions, the Sanger
sequencing method was used to sequence the corresponding gene fragments.

Results. For the period from March 2022 to March 2024 in the Republic of Belarus, the
incidence of fluoroquinolone resistance mutations in M. genitalium was 18.63% (60/322).
During the analysis for fluoroquinolone resistance markers presence, no mutations were
found in the gyrA gene. 7 variants of mutations were identified in the parC gene. The
dominant positions in the overall structure of the identified amino acid substitutions
variants in the parC gene belong to: S80I (Ser-80-lle) with 8.7%, D84N (Asp-84-Asn)
with 5.9%, and S80N (Ser-80-Asn) with 2.79%. The prevalence of resistance against
fluoroquinolones in M. genitalium in regional cities was as follows: in Minsk 26% (49/199),
in Brest 5% (5/90), and in Vitebsk 18% (6/33). In Brest and Minsk, the same amino acid
substitution S80I (Ser-80-lle) parC prevails, while in Vitebsk, SSON (Ser80-Asn) parC is
prevalent. The results were deposited and imported into the AMRcloud online platform
for the analysis and exchange of antibiotic resistance data (https://amrcloud.net/ru/
project/demares/).

Conclusion. The identified level of resistance against fluoroquinolones in M. genitalium
demonstrates the relevance of this issue for the Republic of Belarus. Antimicrobial
resistance monitoring and the data obtained from such studies should be used for regular
updates of the national guidelines.

Keywords: Mycoplasma genitalium, fluoroquinolones, resistance, antibacterial drugs,
mutations, QRDR parC

m BBEJEHUE

Mycoplasma genitalium (MGE) - 310 obnuratHbIli natoreH [1], ABnAOWMIACA 3TUONO-
rmyeckum GpakTopom Takmx 3aboneBaHUn, Kak ypeTput y nuu oboero nona [1], uepsuyunt
1 BoCnanuTenbHble 3aboneBaHna opraHoB Manoro Tasa (B3OMT) y XeHLUMH, K TOMy e
CMOCOGHbI BbI3bIBaTb OC/IOXKHEHUE TeUeHNA bepemMeHHOCTU 1 Poaos [2, 3].

OTcyTcTBMe KneToyHoW cTeHKn Y MGE npegonpegensaeT orpaHn4yeHHOe NpUMeHeHne
rpynn aHTMOaKTepManbHbIX NpPernapaToB B NOJb3y TETPALUKIVHOB, MaKpONAoB 1 ¢Top-
XWHOJOHOB, Yell MeXaHN3M AeNCTBUA HanpaBieH Ha UHrMObupoBaHune pennnkauyumn JHK
(ne3okcmpunboHyKknenHoBas KUcsioTa) 1 cuHTe3a benka. Tem He MeHee CMOCOBHOCTb K Obl-
CcTpomy GpopMMUPOBAHNIO YCTOMUYMBOCTU K MpenapaTtam, NPUMEHAEMbIM 418 SMMUHALNN
BO36yauTens, obyc/oBMBaET aKTyallbHYIO K HacToALLEeMY BpeMeHn npobnemy ctpemu-
TeSIbHOro POCTa YPOBHSA pe3ncTeHTHOCTM y M. genitalium [4-6].

Cneuunanuctamm BcemnpHonm opraHusaumm 3gpaBooxpaHeHua (BO3) B pamkax mno-
6anbHON CTpaTerny CeKTopa 34pPaBOOXpPaHEHMA MO UHGEKUMAM, nepefaBaemMbiM NoJo-
BbIM nyTem, Ha 2022-2030 rr. M. genitalium nprcBoeH ctatyc Bo36yauTensa uHdbekuui,

«JlabopaTtopHas anarHoctuka BoctouHas Espona, 2026, Tom 15, N2 2 185

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO


https://amrcloud.net/ru/project/demares/
https://amrcloud.net/ru/project/demares/

CocTosAHMe YyCTONUMBOCTU K GTOPXUHOSIOHAM KIIMHNYECKNX U30NATOB
Mycoplasma genitalium nauueHToB Pecny6nvku benapycb
no pesynbTaTam 3NNAEMUONOTMYECKOro UCCefoBaHNA 3a nepuog ¢ MapTa 2022 no mapt 2024 r.

nepefaBaembiX NOIOBbIM MyTeM, C MOTEHLUANbHOW YCTOMUYMBOCTBIO K MPOTUBOMUKPO6-
HbIM Npenapatam [7].

MocnepHue pepakumm 2021 roga MexayHapoOAHbIX PYKOBOACTB, MOCBALLEHHbIX Aua-
rHocTuke n Tepanum M. genitalium-nHbekunm, nepecMoTpeHbl C y4eTOM HOBbIX TeHAEH-
un B npobneme Bo3pacTtatoLen peucteHTHocTH Y MGE [8, 9]. SkcnepTamu npepgoxe-
Hbl CXeMbl MPUMEHEHMA aHTMBaKTepranbHbIX NPenapaToB, YUUTbIBaOLWMe BEPOATHOCTb
nepBoHayvanbHOro nHGMUMpoBaHUA NaumeHTta wrammamm MGE, obnapatowmmmn nekap-
CTBEHHOW ycTonumBocTbio. OfHOM U3 cTpaTernyeckux uenen B tepanum M. genitalium-
HdeKUMN Hapagdy C AOCTVMEHUEM KOMMJIEKCHOro oTBeTa (KMMHMYeCKoe nsnedyeHue u
MUKpoburonornyeckaa spafukauma) ABNAETCA CAePXKMBaHME PacnpoCTPaHeHNa aHTU-
6UOTUKOPE3NCTEHTHOCTU.

(DTOPXMHOMOHbBI — 3TO rpynna aHTMbaKTepuasbHbIX NPenapaTos, LeneBor MULLEHbIO
KOTOPbIX ABNAOTCA 6enkn-GepmeHTbl, yyacTtsylowme B pennnkauyum OHK: JHK-rupasa un
Tonousomepasa IV. HK-rupasa — TeTpamepHbit depmeHT (coctouTt 13 2 gyrA- n 2 gyrB-
cy6beaunHuL), obecneyrBaloLmin NPOABUXKEHNE PenMKaLMOHHOM BUKK 3a CYeT yCTpa-
HeHuA cynepckyyeHHocTu uenen IHK. Tonon3somepasa IV (coctont us 2 parC- n 2 parE-
cy6beauHnL) — bepMeHT, y4aCTBYIOLLNIA B PAaCXOXKAEHUMN foYepHMX Xpomocom [10].

Takum obpa3om, mexaHn3m JencTBuA GTOPXMHONOHOB OKa3biBaeT HaKTeprnocTaTuye-
cknii 3pdeKT NnocpeacTBOM OCTaHOBKM pennvkauumn HK n 6aktepuumgHbii — 3a cYeT 06-
pa3oBaHUA 1 HaKoMneHNA ABOMHbIX pa3pbiBoB ee Lenu [11].

B 3papuKaLMOHHbIX cxemax 3apybeXkHbIX pyKOBOACTB, NocBALeHHbIX MGE, akcnepTa-
MU NpeanoKeH MoKcMbnoKcaLmnH — aHTMbaKTepranbHbIi Npenapat rpynnbl $TOpXMHONO-
HoB IV noKoneHua, 0Ka3blBatoLLNN COMPAMKEHHYO MHIMOMPYIOLLYIO aKTUBHOCTb B OTHOLLE-
Hum OHK-rnpasbl n Tononsomepasol IV [12].

CornacHo EBponenckoMmy pyKoBOACTBY MO BeAeHWMo WHGbEKUMIA, Bbl3BaHHbIX
Mycoplasma genitalium, 2021 r., npenapatbl rpynnbl $TOPXMHONOHOB OTHOCATCA KO
BTOPOW NMHWM Tepanuu, Ha3HavyaemMol B Clyyae Heyfay Tepanuu asnuTpOMULIMHOM
nrMbo Npwu BbIABNEHUN FreHETUYECKUX AeTEPMNHAHT Pe3MCTEHTHOCTU K Makponngam y
MGE [8]. Cneuunannctamm LleHTpa no KOHTposto 1 npodunaktnke 3abonesaHuin CLUA
B PykoBoacTBe no neueHuto 3aboneBaHnin, nepegaBaembix nososbim nytem, 2021 r.
Tak)Ke npepfnaraeTcsa NpUMeHeHNe TeCTUPOBaHUA MO BbIABIEHUIO YyBCTBUTENbHOCTHU
M. genitalium K makponugam, No UtToram KOTOporo onpeaenaeTca TakTuUKa Ha3Have-
HUA CTapTOBOW rpynnbl aHTUOaKTepmanbHbIX NpenapaToB. B cnyyae oTcyTcTBmA fO-
CTYMHOCTUN Takoro BuAa TeCTUPOBaHWA, BpayaM-cneLmanictaM pekoMeHA0BaHO Ha-
unHaTb Tepanuio M. genitalium-nHdekynn ¢ GTOPXMHONOHOB B KOMOUHALINN C [LOKCH-
uUnKnuHom [9].

K HacToALemy BpeMeHW B MeXAyHapOoAHbIX My6nrKaumax nokasaHo, YTo B OCHOBE pe-
3UCTEHTHOCTU K PTOPXMHONIOHAM nexat reHeTuyeckne mexaHu3mbl. BosHMKkHoBeHMe of-
HoHyKneoTuaHbix 3ameH SNP (Single Nucleotide Polymorphism) B onpegeneHHbIx yyacT-
Kax reHoB gyrA, gyrB, parC n parE QRDR (aHrn. Quinolone Resistance Determining Region)
Bneyet 3a cobon obpa3oBaHMe aMNHOKUCIIOTHBIX 3aMeH, obycnoBnunaaowmnx Gopmmpo-
BaHMe YCTONYMBOCTY BO3OYAMTENA K AENCTBUIO aHTMOaKTepranbHbIX NpenapaTos rpynnbl
dTOpPXMHONOHOB [3, 13, 14].

CornacHo nocnegHUM JaHHbIM MeTaaHanmsa 2020 r. (Machalek D.A. et al.), o6-
WasA pacnpoCTpaHEeHHOCTb MyTaLui, CBA3aHHbIX C YCTOMYMBOCTbIO K GTOPXMHONOHAM
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y M. genitalium, coctasuna 7,7% (95% AW 4,5-11,4%) [15]. ABTopamn OTMeYeHO, YTo
3a aHanM3upyemblii Nepuof BpemMeHN PacnpoCTPaHEHHOCTb YPOBHA PEe3UCTEHTHOCTU
CYLLECTBEHHO He n3meHunacb. CpaBHUTENbHbBIM aHaNM3 MeXpernoHanbHbIX NoKasaTenen
BbISIBUJI 3HaUMTeNIbHOE ee MpeBbllleHne B CTPaHax 3anagHoi YacTy Tuxoro okeaHa no ot-
HOLLUEHMIO K eBPOMNencKomy permony [15].

B Pecny6nuke benapycb anroputm Tepanuu nauymeHTos ¢ M. genitalium-uHdekunen
onpepenaeTca KNMHMYeCKM NPOTOKOIOM ANAarHOCTVKM Y NleUeHrs NauneHToB C UHdek-
umAmMK, nepefasaeMbiMuy NoNoBbIM NyTem, ot 29.10.2009 N2 1020, B KOTOpOM Npefycmo-
TPEeHO NpuUMeHeHKe 2 rpynn aHTMbaKTepmanbHbIX NpenapaToBs: TeTPaLUKINHOBOIO paja
1 Makponugos [16].

HecmoTps Ha faHHbIN GaKT, BBUAY CXOXECTN KIIMHUYECKON KapTUHbI MUKOMIa3Mo3a C
Apyrimu 3aboneBaHnAMN yPOreHNTaIbHOro TPaKTa, He MCKIoueHa BO3MOXHOCTb Ha3Ha-
yeHnA GTOPXMHOMOHOB B KaueCTBe SMMNMPUUYECKO Tepanum B MpakTUKe Bpayei — cneuu-
anuncToB YPOJIOrMyecKoro 1 rmHekonornyeckoro npodwuns [17, 18].

Taknm 06pa3om, HM3KMI YPOBEHb OCBELOMIIEHHOCTW O Npobrieme aHTUOUOTUKOPE3N-
cTeHTHOCTM Y MGE, Tepanus 6e3 yueta sTnonorunyeckoro daktopa UMMM (nHbekunn, ne-
pefaBaemble NONOBbLIM NYTEM), @ TaKXKe UTHOPUPOBaHUE TeCTUPOBAHUA KOHTPONA n3ne-
yeHnA MOryT NPUBOAUTL K POPMUPOBAHIIO 1 PaCNPOCTPAHEHWNIO YCTONYMBBIX LUTAMMOB.
Jkcneptamu BO3 B Lenax npefoTBpaLleHnsa pacnpocTpaHeHUa nekapCTBEHHOW YCTONYK-
BOCTM Npu UHdeKUuaAX, NnepeaBaemMblxX NONOBLIM NyTEM, PEKOMEH0BaHO NPOBOANTbL MO-
HUTOPWHI PEe3VNCTEHTHOCTM K MPOTMBOMUKPOOHBIM NpenapaTam, a iaHHble, NoJTlyYeHHble
B XOfe Takux UCCNefoBaHWI, AOMKHbI NCMONb30BaTbCA ANA PerynapHoro o6HoBeHNA
HaLMOHanbHbIX pykoBoacTs [19, 20].

CornacHo nocnegHVM fAaHHbIM, YPOBEHb PEe3UCTEHTHOCTM K (GTOPXMHONOHAM
M. genitalium y nayneHToB Pecnyb6nukn benapycb coctaBun 5,88% cpefam »eHCKoro Ha-
cenenus 3a 2013 r. [21]. C yueTom HOBbIX peanuii B npobneme yCTONUMBOCTU K aHTMOAK-
TepuanbHbIM NpenapaTtam y M. genitalium r3yyeHure ypoBHA 1 CNeKTpa MapKepoB pe3u-
CTEHTHOCTU K GTOPXMHONOHaM B Henopycckon nonynauum npnobpetaer HECOMHEHHYIO
aKTyasnlbHOCTb.

[JaHHOe nccnefoBaHMe OCYLWEeCTBIEHO B paMKax COBMECTHOrO HayuyHo-uccnefoBa-
TeNIbCKOro COTPYAHMYECTBa B chepe MeANLMHCKON HayKn MeXay yupexpaeHnem obpa-
30BaHUA «CMONEHCKUI FOCYAapCTBEHHbIA MeULMHCKNIA YHUBepcUTeT» MnHMCTepcTBa
3apaBooxpaHeHna Poccuinckon Qegepaunn (CFMY) 1 rocyfnapcTBeHHbIM yUupexaeHnem
«PecnybnukaHCKUn KNMHUYECKNIA MeULMHCKNIA LeHTp» YnpasneHua genamu lMpe3ngex-
Ta Pecny6nukn benapycb (I'Y «<PKML|»). Bce pe3ynbTaTbhl TECTUPOBaHWA BKIIOYEHbI B OT-
KpbITbIn npoekT DeMaRes (Detection of Macrolide Resistance — Mycoplasma genitalium)
«AHann3 pacnpocTpaHeHHOCT MyTaLui Pe3NCTEHTHOCTU K Makponupam u $Topxu-
HonoHam y Mycoplasma genitalium» n pa3mewyeHbl Ha nnatpopme AMRcloud B Poccum
(https://amrcloud.net/ru/project/demares/).

B LIEJTb NCCJIEOOBAHUA

M3yumnTb pacnpocTpaHeHHOCTb 1 CMEKTP MapKepOB Pe3UCTEHTHOCTM K GTOPXUHOMO-
Ham y Mycoplasma genitalium, BbigeneHHol oT nayneHToB 3 ob6nacTHbIX LeHTpoB (bpecT,
Bute6ck, MuHcK) Pecny6nmkm benapycb, 06paTBLINXCA 38 MEAULIMHCKON NMOMOLLbIO B Jie-
yebHO-NpoduUnakTUUecKme yupexaeHnsa 3a nepmog c mapta 2022 no mapt 2024 r.

«JlabopaTtopHas anarHoctuka BoctouHas Espona, 2026, Tom 15, N2 2 187

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO




CocTosAHMe YyCTONUMBOCTU K GTOPXUHOSIOHAM KIIMHNYECKNX U30NATOB
Mycoplasma genitalium nauueHToB Pecny6nvku benapycb
no pesynbTaTam 3NNAEMUONOTMYECKOro UCCefoBaHNA 3a nepuog ¢ MapTa 2022 no mapt 2024 r.

B MATEPWAJIbI U METObI

WccnepoBaHue ycToMumBoCcTM K GTOPXMHONOHaM Oblfio BbINOIHEHO Ha ob6pa3uax
M. genitalium, cobpaHHbIX 3a nepuop ¢ mapta 2022 no mapt 2024 r. Konnekuma n3
322 nonoxuTenbHbix 06pa3LoB KMHMYecKux u3onatoB M. genitalium npeacrtasne-
Ha M3 LieHTpann3oBaHHbIX nabopatopuin 3 obnacTHbIX LeHTpoB Pecny6nukn benapych:
Y3 «MWHCKMIN rOPOACKON KNMHUYECKMIA LIEeHTP AepmaToBeHeponorumy» u 'Y «Pecny6nu-
KaHCKUIN KNUHUYECKMIA MeVLIMHCKUIA LeHTP» YnpasneHua genamu MpesupeHta Pecny-
6nukn benapycb (n=199), ¥3 «bpecTckuini 06MacTHOM KOXKHO-BEHEPONOIrMYECKUI ANC-
naHcep» (n=90), ¥3 «Butebcknin 0611acTHOM KNMHNYECKMIA LEHTP AepMaToOBEHEPONOrnn
n Kocmetonormm» (n=33). buonornuecknin matepmran, NpPeacTaBNeHHbI cockobamm Co
CNIN3UCTbIX 060NI0UEK YPETPbI U LIePBUKASIbHOTO KaHana, 6bil monyyeH oT NaumneHTos, 06-
PaTUBLUMXCA 3@ Me[IKO-KOHCYNbTaTUBHOW MOMOLLbIO K CreluanmcTam: aepMaToBeHepo-
noram, rMHeKos1Ioram 1 yposoram creumnanm3npoBaHHbIX U MHOFONPOQUAbHbIX MEANLINH-
CKNX YUPEXAEHUN 06NacTHbIX M PafiOHHbIX LIEHTPOB.

B nabopatopusax ykasaHHbIX yupexaeHuii 30paBoOXpaHeHns KINnMHUYecKuin obpasew
6b11 KnaccndrLMPOBaH Kak NMONOXUTENbHbIA Ha OCHOBaHWUY NEPBUYHONO PYTUHHOIO Te-
CTUPOBAHKA C UCMONb30BaHNEM HabOPOB, 3aperncTPUPOBaHHBIX Ha TeppuTopun Pecny-
6nukun benapycsb.

Ona soigenenna OHK M. genitalium ncnonb3oBanu Habopbl peareHToB «[JHK-cop6-
AM>» («AmnnuCeHc» OBYH UHWW, Poccusa), «Mpoba-HK-Mnoc n Mpoba-Panng» («AHK-
TexHonoruay, Poccna), «Peanbect skctpakuma 100» (AO «Bektop-bect», Poccus).

BoissneHue [HK M. genitalium ocywectenanm Ha ocHoBe TexHonoruu MNUP ¢ rubpum-
[AN3aLMOHHO-GNI0OPECLUEHTHON AeTeKUNen B pexume peanbHoro BpemeHu (MLP-PB),
AR Yero npumMeHanmcb Habopsbl peareHToB «[MJTA3MOIEH-Mr. Mycoplasma genitalium»
(«AHK-TexHonoruma», Poccnn), «Peanbect OHK Chlamydia trachomatis / Mycoplasma
genitalium» (AO «Bektop-bect», Poccua) n «<AMIMNIMCEHC® C. trachomatis / Ureplasma
spp./ M. genitalium / M. Hominis-Mynbtunpaiim-FL» (OBYH LIHWW, Poccnna) B MoHoMnekc-
HOM 1 MynbTUMNNEKCHOM dopmaTe, NpefHa3HayeHHble AnA obcnefoBaHUA NauveHToB
Ha M. genitalium, a Takxe Ana nccnefoBaHA MUKPOGIOPbl YPOreHUTabHOro TpaKTa
Y KEHLWMH 1 MyXuunH (Demodnop®16, GDemodnop®8, ®emodnop® CkpuH, AHgpodnop®,
Angpodnop® CkpuH («AHK-TexHonoruax», Poccus)). Micnonb3oBanuncb pernctpupyolyme
amnnunoukatopbl AT-96 n AT-lite («AHK-TexHonorus», Poccua), Rotor-Gene Q (QIAGEN,
lepmaHua) n CFX96 Touch (Bio-Rad, CLLA).

Mpu obHapyxeHnn OHK M. genitalium o6pa3ubl xpaHunucb npu Temnepatype
-20 °C n nepepfaBanncb B LieHTpaNibHyl0 NnabopaTopuio MONeKynApHOW AUArHOCTUKM
(HUW aHTUMUKpO6HOMN XxumuoTtepanumn Gre0Y BO CIMY MuH3sgpasa Poccum, CMoneHckK)
ONA fanbHenLwero nx TeCTMPOBaHNA Ha HaNnume reHeTUYeCKNX MapKepoB Pe3NCTEHTHO-
CTU K GTOPXNHONIOHAM.

BbisBneHne myTauuin  GTOPXMHONOHPE3NCTEHTHOCTY, BbI3bIBAKOWMNX M3MEHeHUA
aMuHokucnoT (aa) B obnactax QRDR parC (nonoxeHus aa 79-84) u gyrA (nonoxeHus
aa 83-87), ocyLiecTBAAnoCh C MCNonb3oBaHUeM moauduumposaHHoro metoga MLP-PB ¢
3¢ dekToM raweHna dpnoopecUeHL MM 30HAa NPANMEPOM.

Bo Bcex obpasuax JHK M. genitalium, Hecywmx mMyTauum, B Lensax NoATBEpKAeHNUA
XapakTepa HyKNeoTMAHON 3aMeHbl NCMONb30Bany MeTOA CeKBeHUpoBaHuMA no CaHrepy
COOTBETCTBYIOLWMX GParMeHTOB reHa C MCronb3oBaHWem Habopos BigDye® Terminator
v3.1 Cycle Sequencing Kit n reHeTnyeckoro aHanusatopa Applied Biosystems 3500
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(Life Technologies, CLLIA). Bce sTanbl aHanm3a NpoBOANANCH B COOTBETCTBUM C UHCTPYKLU-
el K Habopy peareHTOB 1 060PYAOBaHNIO.

Cratnctnueckana obpaboTka 1 BU3yanu3auma AaHHbIX BbIMOAHEHa NPY NOMOLW WH-
CTPYMEHTOB OHJaiH-NnaTdopmbl AnA aHanm3a n obMeHa JaHHbIMWU aHTUOMOTMKOpe3U-
cteHTHOCT AMRCcloud (https://amrcloud.net/), nporpammbl MS Office Excel 2013.

B PE3YJIbTATDI

3a nepuog ¢ maprta 2022 no mapt 2024 r. 6610 NONYYEHO M MPOaHaNM3MpPOBaHO
322 knuHMYeckux obpasua OT MaumeHToB M3 3 obnacTHbIx UeHTpoB (BbpecTt, Butebck,
MuHck) Pecny6nukn Bbenapycbh. [loneBoe cOOTHOLWIeHWe B KonneKkuuu obpasulos pac-
npegenunochb cnegyolwmm obpasom (B nopagke yboiBaHmA): MuHck — 61,8% (199/332),
BbpecT - 27,95% (90/322) n Butebck — 10,25% (33/322).

B cTpykType Guonoruyeckoro matepriana npeobnagatolian Jona NPUHAANEXUT nc-
CNnefoBaHNAM YPOreHUTaNbHOro TPaKkTa MeHWWH — 69% (225/322), a ponAa uccnepo-
BaHW ypOreHMTaNIbHOro TpakTa MyX4umH coctaBuna 31% (97/322). Bo3pacTtHon pua-
na3oH nauneHToB — oT 17 net o 56 net. MegmaHa Bo3pacTta XeHLWWH cocTaBuna 28 net
(18-56 neT), MegmaHa Bo3pacTta MyuuH — 28 net (17-54 roga). AHanu3 nofyYeHHbIX AaH-
HbIX No obnactam benapycun He ycTaHOBMA 3HaUVIMbIX BO3PaCTHbIX Pa3nnunii cpeam nauu-
€HTOB, CpefHUN Bo3pacT coctasun 30 feT.

B xofle aHanu3a Ha Hanuume MapKepoB PE3UCTEHTHOCTM K GTOpPXMHOMNOHaM 6bl1o
YCTaHOBNEHO OTCyTCTBME MyTaumi B reHe gyrA (JHK-rupasa). Bce BbiAsBNeHHbIe cnyyan

dx_reHotun_sir (N=322)
AMRcloud.net ©

~5

Puc. 1. CTpyKTypa BbIGOPKU BCceX NonoxurenbHbix o6pasuos (N=322) c IHK M. genitalium Ha
HaNnuyne mapKkepoB Pe3nCTEeHTHOCTU K ¢pTopxnHonoHam: S - o6pasubl IHK M. genitalium (81,37%),

B KOTOPbIX MyTaLu He Gbinu BbifABNEeHbl (B036yaAnTeNb, YyBCTBUTENbHbDIN K NpenapaTam rpynnbl
¢TopxuHonoHoB); R - o6pasubl IHK M. genitalium (18,63%), B KoTOpbIX 6b1n1 BbiABA€HbI MyTaLumn

B reHe parC (tonousomepasa IV), M. genitalium (Bo36yautenb, ycToitumBbIii K npenapaTtam rpynnbi
$TOPXNHONOHOB)

Fig. 1. Sample structure of all positive samples (N=322) with M. genitalium DNA for markers

of resistance to fluoroquinolones: S - M. genitalium DNA samples (81.37%) in which no mutations were
detected (pathogen sensitive to fluoroquinolone antibiotics); R - M. genitalium DNA samples (18.63%)
in which mutations were detected in the parC gene (topoisomerase IV); M. genitalium (pathogen
resistant to fluoroquinolones)
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CocTosAHMe YyCTONUMBOCTU K GTOPXUHOSIOHAM KIIMHNYECKNX U30NATOB
Mycoplasma genitalium nauueHToB Pecny6nvku benapycb
no pesynbTaTam 3NNAEMUONOTMYECKOro UCCefoBaHNA 3a nepuog ¢ MapTa 2022 no mapt 2024 r.

MyTauuin npnxoamnncb Ha reH parC (rononsomepasa V), uto coctasmno 18,63% (60/322)
(95% OW 14,76-23,25%) obpasuos., y octaBwmxca 81,37% (262/322) (95% AW 76,75-
85,24%) ob6pa3LoB MyTauuu He 6binu BbiaBneHbl — wild type (puc. 1).

M3yueHmne xapakTepa HyKneoTUaHbIX 3amMmeH Ha 60 o6pa3uax No3BoAMIIO ONpeaennTb
UX MYTaLMOHHbIV Npodunb, KOTOPbIA NpeAcTaBneH 7 BapyaHTaMy aMAHOKUCIIOTHbBIX 3a-
MeH B reHe parC Tornonsomepasbl IV (tabn. 1).

Kak BngHo 13 Tabn. 1, npeobnagatoLyio no3numio B obLet CTPYKType BbIABNEHHbIX
BapriaHTOB aMMHOKMCNOTHbIX 3aMeH 3aHunmMaet S80I (Ser-80-lle) — 8,7% cnyuaes. Bropyto
No 3HAYMMOCTU No3uULUKIo 3aHMMaeT BapuaHT D84N (Asp-84-Asn) — 5,9%. TpeTuir no pac-
npoctpaHeHHoCTH BapuaHT — SBON (Ser80-Asn) — 2,79%. OcTanbHble BapyaHTbl NpeacTaB-
NeHbl B eIMHNYHbIX CNTyYasax 06pa3sLoB C MMHVMasbHbIM OAUHAKOBbIM ONIEBbIM yYacTreM
B obLuel BbIbOpKeE.

YpoBeHb pe3ncTeHTHOCTU K dTopxmHoNoHam y M. genitalium B pasnuuHbix reHaep-
HbIX Fpynnax cocTaBun: B XeHCKon nonynaummn — 20% (45/225), B MyXcKoin nonynauumn —
15,46% (15/97) (puc. 2). Konnuectso 06pa3uLoB C BbIABIEHHbIMM MyTaLUAMY B >KEHCKOW
nonynAunM NPeBbILLIAET MYXKCKYI0 B 3 pa3a.

B T1abn. 2 npepacTaBneH CNeKTp BCEX BbIAABNEHHbIX MyTaLuii B 06enx reHgepHbIX rpyn-
nax. *KeHckas nonynaumaA xapakTepusyeTca 6onee pa3HoobpazHbIM CNEKTPOM MapKepoB
aHTUOBUOTUKOPE3INCTEHTHOCTU K GTOPXMHOMNOHAM (7 BapUaHTOB) MO CPABHEHMIO C MY»-
CKOW 1 NpeBbIWaeT ero B 2 pa3a. Pa3nuumin B JOMUHUPYOLWLNX TUNaX 3aMeH aMUHOKUCIOT
B reHe parC y M. genitalium, BblgeneHHOM OT XEHLWMH 1 MY>XUWH, He BbiAB/eHo. B obe-
UX rpynnax npeob6nagaet ofuH 1 TOT »e BapraHT B no3uumm parC S80I ¢ conocTtaByMbIM
YPOBHEM pacnpocTpaHeHus (tabn. 2).

B xope mnccnegoBaHus Gbina onpeaeneHa PacnpoCTPaHEHHOCTb PE3NCTEHTHOCTU K
bTOpXMHONOHAM U MyTaLMOHHbI Npodunb y M. genitalium no obnactHbiM ropogam be-
napycu (taén. 3). B MuHcke pacnpocTpaHeHHOCTb Pe3UCTEHTHOCTU K GTOPXMHONOHAM
cocTaBuna 26% (49/199) c gpoMMHMpPYIOLLEN aMUHOKUCIOTHOW 3aMeHOoM B reHe parC B no-
3uyum S80I (Ser-80-lle) (8,89%), B bpecTe PTOPXUHONOHPEINCTEHTHOCTL COCTaBUNa 5%

Ta6bnuua 1

Tvun n pacnpocTpaHeHHOCTb MyTauuii K $TopxuHonoHam y M. genitalium B Pecny6nuke benapycb
3a nepuop c mapta 2022 no mapt 2024 .

Table 1

Type and prevalence of mutations to fluoroquinolones in M. genitalium in the Republic of Belarus
for the period from March 2022 to March 2024

Tun myTauun ‘ KonunuecrBo o6pasuos ‘ OTHOCUTeNbHOE 3HaYeHne
AHK-rupasa
GyrA <avikuii > 1322 | 100%
Tonomnsomepasa IV
ParC «guKkuii Tun» 262 81,37%
ParC S80I 28 8,7%
ParC D84N 19 5,9%
ParC S8ON 9 2,79%
ParC D79N 1 0,31%
ParC D84G 1 0,31%
ParC D84Y 1 0,31%
ParC S80R 1 0,31%
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Puc. 2. PacnpocTpaHeHHOCTb MapKepoB Pe3nNCTEeHTHOCTU K pTopxuHonoHam y M. genitalium

B pasfnNyHbIX reHAepHbIX rpynnax (N=322): S - o6pasubl IHK M. genitalium, B koTopbix MyTauun

He 6bIM BbiAiBNIEHbI (BO36yANTENDb, YYBCTBUTENbHDII K NpenapaTtam rpynnbi ¢TOpXMHONOHOB);

R - o6pasubi IHK M. genitalium, B KoTopbix 66111 BbiAiBNEHbl MyTauum B reHe parC (tononsomepasa IV),
M. genitalium (Bo36yauTennb, ycToiiuMBbIN K NpenapaTtam rpynnbl $TOPXNHONOHOB)

Fig. 2. Prevalence of fluoroquinolone resistance markers in M. genitalium in various gender groups
(N=322): S - M. genitalium DNA samples in which no mutations were detected (pathogen sensitive

to fluoroquinolone antibiotics); R - M. genitalium DNA samples in which mutations were detected

in the parC gene (topoisomerase IV); M. genitalium (pathogen resistant to fluoroquinolone drugs)

Ta6bnuuya 2

CneKTp BbIAAB/IEHHbIX MapKepPOB Pe3NCTEHTHOCTY K pTopxnHonoHam y M. genitalium B pasnnuHbix
reHaepHbix rpynnax (N=322)

;::Icetrzum of identified fluoroquinolone resistance markers in M. genitalium in various gender groups
(N=322)
Konunuecteo OTHOCUTeNIbHOE Konunuecteo OTHOCUTeNbHOE
Tun mytayma | 96pasuos 3HauyeHune o6pasuyosB 3HayeHune
MeHckun non (n=225) My>xckom non (n=97)
AHK-rupasa
TG;’:)\ CAUKAR 55 100% 97 100%
Tonounsomepasa IV
f;;g <AmKMI 180 80% 82 84,54%
ParC S80I 20 8,89% 8 8,25%
ParC D84N 15 6,67% 4 4,12%
ParC S80ON 6 2,66% 3 3,09%
ParC D79N 1 0,44% . .
ParC D84G 1 0,44% . .
ParC D84Y 1 0,44% - -
ParC S80R 1 0,44% - -
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CocTosAHMe YyCTONUMBOCTM K GTOPXUHOSTOHAM KIIMHNYECKNX U30NATOB
Mycoplasma genitalium nauueHToB Pecny6nvkn benapycb
no pesynbraTam 3NNAEMUONOTNYECKOro UCCef0BaHNA 3a nepuog ¢ MapTa 2022 no mapt 2024 r.

Ta6bnuua 3

PacnpocTpaHeHHOCTb YCTONYMBOCTY K GTOPXMHONIOHAM U MyTaLMOHHbI npodunb y M. genitalium
no o6nactHbiM ropofam Pecny6nuku benapycb

Table 3

Prevalence of fluoroquinolone resistance and mutation profile in M. genitalium in regional cities
of Republic of Belarus

Topop O6uan yacToTa MyTaumin BapuaHT myTauun PacnpocTtpaHeHHOCTb

ParC S80I 4/90 (4%)
()

Bpect 5/90 (5%) ParC D84N 1/90 (1%)
ParC S80I 1/33 (3%)

Butebck 6/33 (18%) ParC D84N 1/33 (3%)
ParC S80ON 4/33 (12%)
ParC S80I 23/199 (12%)
ParC D84N 17/199 (9%)
ParC S80N 5/199 (3%)

MwuHck 49/199 (26%) ParC D79N 1/199 (0,5%)
ParC D84G 1/199 (0,5%)
ParC D84Y 1/199 (0,5%)
ParC S80R 1/199 (0,5%)

(5/90) c poMUHMpYIOLLEN aMUHOKUCIIOTHOW 3ameHo B reHe parC B no3umumm S80I (Ser-80-
lle) (4%), B Butebcke — 18% (6/33) ¢ BOMUHUPYIOLLEN aMUHOKUCIIOTHOWN 3aMeHON B reHe
parC B no3uuun S8ON (12%).

AHanu3 nonyyeHHbIX CBEAEHUI O PACNPOCTPAHEHHOCTU MAaPKEPOB PE3UCTEHTHOCTM K
¢dTOpxuHonoHam no obnactam Pecny6nvkn benapycb B pa3nmnyHbIX reHAepPHbIX Fpynnax
BbISABWJ1, UTO B BpecTe Bce nonoxmtenbHble cnyyan myTtaumii B QRDR 6biiv onpegeneHbl B
XeHcKow nonynauum — 5% (5/90). B Butebcke 6% (2/33) npuiunocb Ha My>CKyto nonyns-
LMI0 C eAUHCTBEHHbIM BapMaHTOM aMUHOKNCSIOTHbBIX 3aMeH B parC S8ON (Ser80-Asn) n 12%
(4/33) — Ha XeHCKYI0 C aHaNOTMYHbIM AOMUHMPYIOLWNM BapraHToM. B MuHcke 7% (13/199)
CnyyYaeB MPULLNOCh Ha MYXKCKyto nonynauuio n 18% (36/199) — Ha >KeHCKYI0 C OQMHAKOBbIM
JOMUHMPYIOLLUM BAPUAHTOM aMMHOKUCTIOTHBIX 3ameH B parC S80I (Ser-80-lle).

CpaBHUTENbHBIM aHANN3 MEXXO6MACTHbIX NMOKa3aTesiel MO3BOJW YCTAHOBUTb, YTO rO-
poa MVHCK 3aHMMaeT JOMUHMPYIOLLYIO MO3ULMIO MO YPOBHIO PE3UCTEHTHOCTM K GTOPXU-
HomoHam y M. genitalium cpean gpyrux o6nacTHbIX LEHTPOB 1 MPEBbIIAET CpeHepec-
nybnunkKaHckoe ero 3HayeHue B 1,4 pa3a. B bpecte u MuHcke npeobnagaeT oguHaKoOBbIN
BapWaHT aMUHOKUCIIOTHOW 3ameHbl B reHe ParC B nosuuun S80I (Ser-80-lle). B Butebcke
JOMVHVPYIOLLYIO No3uuuio 3aHumaeT BapumaHT S8ON (Ser80-Asn).

B OBCYXIOEHWE

YCTaHOBNEHO, YTO BO3PACTHAs KaTeropus 1UCCieqoBaHHOM BbIOOPKM NaLUEHTOB pac-
npegenunacb B Npegenax 17-56 net ¢ megnaHon 28 net. [JaHHbIN NoOKa3aTeNlb OTParkaer,
yto MGE BbIfABASIETCA B NONYNAUUN HaceneHns ¢ 6naronpuATHbIMI PENPOAYKTUBHbLIMU
BO3MOXXHOCTAMU M CEKCYallbHOW aKTMBHOCTbIO. [JOMVHVIPYIOLLYIO NO3KMLMIO B BbIOOPKE 3a-
HUMAaIOT 06pa3Lbl, MOMYyYEHHbIE OT XKeHLWUH, — 69%. [eHOEepPHbIN NepeBec B CTOPOHY XeH-
cKon nonynAunm o6bACHAETCA 0COOEHHOCTAMY AUArHOCTUYECKMX afiFOPUTMOB B aKyLUlep-
CKO-TMHEKONIOTMYECKOW MPAKTUKE, BKIIUYAKLWMUX OOLUNPHBIA CNEKTP NMOKa3aHui ansa o6-
cnepoBaHua Ha UMMM, a Takxke 06s3aTeNbHbIN CKPUHMHT 6epeMeHHbIX Ha M. genitalium
npu noctaHoBKe Ha yueT [17]. Myxckaa nonynauumn npeactaBieHa B MEHbLUMHCTBE —

192

HA NEPBYIO

"Laboratory Diagnostics Eastern Europe", 2026, volume 15, No. 2

HA CIEQYIOLLYIO

HA NPEABIAYILYIO

K COAEPXAHUIO




KnuHnyeckas mukpobuonorus /
MonekynapHo-reHeTu4YecKme NccefoBaHNA aHTONOTUKOPE3NCTEHTHOCTH P,
Clinical Microbiology / Molecular Genetic Research of Antibiotic Resistance =3

31% BBUMAY TOrO, YTO MY>KUMHbI KaK NaumeHTbl 0b6pallaloTca 3a MeanLMHCKOM MOMOLLbIO B
yupeaeHna 3qpaBooXpaHeHna TONbKO NMLWb B CllyYae BblPaXKeHHbIX KNMHMUYECKMX Npo-
ABNEHWI CO CTOPOHbI yPOreHMTaNbHOro TpakTa.

MNocnepHwme akTyanbHble SNMAEMUONONMYECKNE faHHbIE, OTPaXkaloLLme yPOBEHb pe3un-
CTEHTHOCTU K dpTOopxmHoNoHam y M. genitalium, oTcyTcTBYIOT. 3TOMY NpeawecTByeT pAg
B3aUMOCBA3aHHbIX MPUYMH, B TOM YMCSIe HU3KMIA YPOBEHb HayYHOW NY6MKALMOHHOM aK-
TUBHOCTU, NOBYXJaoWNA nHTepec K npobneme pesncteHTHocT MGE (nocnenHuve gaH-
Hble onybnukoBaHbl B 2013 1. - 5,88%) [21], OTCYTCTBME OMMCAHHbIX KNMHUYECKNX ClyYaeB
Heyzau B Tepanuy MUKOMAa3mMeHHON MHPeKLUK, OTCYTCTBME perfnaMmeHTUPOBaHHOro Npu-
MEHEHMA B PyTMHHOWN NabopaTopHOI NpaKTUKe KOMMePUYECKNX TeCT-CUCTEM MO AMarHo-
CTUKE MapKEPOB PE3UCTEHTHOCTU K GTOPXMHOSIOHAM.

K HacToAwweMy BpemeHU ypoBeHb GTOPXMHOOHpe3ncTeHTHOCTM Y M. genitalium no
Pecny6nuke benapycb coctaBnset 18,63%. Takum o6pa3om, MO cpaBHEHWIO C pe3ynbTaTa-
Mmn 2013 . (5,88%) [21] oH Bbipoc B 3 pa3a. ConoctaBnAa NonyYeHHble AaHHble ¢ nocnes-
HUMUW faHHbIMK MeTaaHanm3a 2020 r. (Machalek D.A. et al.) [15], cnegyeT oTMeTUTb NpeBbI-
WweHne nokasatena (7,7%) B 2,4 pa3a. PacnpocTpaHeHHOCTb MapKepoB Pe3NCTEHTHOCTM
K ¢TOpXMHONIOHAaM No cTpaHaMm pernoHos BO3 pacnpepeneHa HepaBHOMEPHO. [JaHHble
no Pecny6nuke benapycb npeBbiWwaloT NoKasaTenm No Takum cTpaHam, Kak CkaHanHaBuA
(JaHwnsa, Hopserna un Wseuns) - 6,6% (4,1-10,2%) [3], AHrnua — 3,3% [22], icnaHuAa - 8%
[23], TepmaHua — 13% [24], CLLUA - 11,5% [25], AscTpanua — 15% [26]. OH1 conocTaBUMbI
C AaHHbIMY TaKmnX CTpaH, kak Ntanua — 21,3% [27], Poccus (CaHkT-MNeTepbypr n Mocksa) —
25 1 21% [28], HO 3HaUUTENIbHO YCTYNaloT CTPaHaM perroHa 3anagHon YacTu Txoro oke-
aHa: AinoHua - 53,1% [29], Kutan — 53% [30] n CuHranyp - 37,5% [31].

YcTaHOBNEHO, YTO MPUYMHON YCTONYMBOCTU K dTopxuHonoHam y MGE asnsAtoTca
aMUHOKUCNOTHble 3ameHbl B QRDR-o6nactn ¢opmupoBaHms ycTonumBocT Bo3byauTe-
nA K AencTBuio aHTMbGaKTepuanbHbIX NpenapaToB gaHHow rpynnbl. Hanbonee yactbimu
BapviaHTamu B 6enopycckoi nonynauumn 6oinn S80I (Ser-80-lle) n D84N (Asp-84-Asn) B
reHe parC. MpeobnagaHne JaHHOrO CNeKTpa MapKepoB oTMeueHo B MuHcke 1 bpecre.
B Butebcke JOMMHUPYIOLLYIO NO3MLMIO 3aHUMaeT BapuaHT S80N (Ser80-Asn), koTopblii, B
CBOIO ouepefb, ABNAETCA TPETbMM MO PaCNpPOCTPAHEHHOCTY B 00LLel BbIGOPKE MO CTpaHe.
ConocTaBuMbIi NPOGUIb rEHETUYECKMX MAaPKEPOB PE3UCTEHTHOCTM K GTOPXMHOSIOHAM
6bl1 OTMEYEH B cocefiHel ¢ Hamu cTpaHe — Poccnn (CaHkT-TNeTepbypr n Mocksa). Bengy
TOrO, UTO A0 CEFOAHALIHEr0 MOMEHTa NPOGUSIb FrEHETUYECKNX AETEPMUHAHT PE3UCTEHT-
HocTu K ¢TopxmHonoHam y MGE B Pecnybnuke Benapycb He 6bin ycTaHOBNEH, Henb3A
WCKNIOUNTb BEPOATHOCTb PaCcnpOCTPaHEHMA PE3NCTEHTHbIX LUITAMMOB N3 COCEHEro rocy-
JapcTea. OTOMy CNocobCTBYIOT eANHOEe TaMOXeHHOe MPOCTPaHCTBO, pa3BUTasa TpPyaoBas
MUrpauma n TypucTmyeckme HanpasneHus.

CornacHo 3apy6exHblM AaHHbIM, MyTaLMK, 3aTparusatroLume cepyiH B NOIoXeHMn 83
(Hanpumep, S83I, S83R) n acnaparnHoByto KUCNoTy B nonoxkeHuu 87 (Hanpumep, D87N,
D87Y), B reHe parC ABNAOTCA OQHMMN U3 CaMblX PacnpoCTPaHEHHbIX BApUaHTOB C NoA-
TBEPXKAEHHON KNNHNYECKOW 3HaUMMOocCTbio [29, 32, 33]. Cnyuau BbiasneHna MGE c nogo6-
HbIM MYTaLMOHHbIM Npodurnem CoNnpoBOXAalTCA GEeHOTUNMNYECKON Pe3UCTEHTHOCTbIO K
npenapaTtam GTOPXMHONOHOBOTO pPAAda, NPUBOAA K CyYaam Heyaauu B Tepanuu [34].

MpuUunHbI pocTa U pacnpocTpaHeHMs YyCTONUUBbIX K dTopxmHonoHam M. genitalium
CBA3aHbl C YCTPOWCTBOM FeHeTMYecKoro anmnapata MUKPOOpraHm3ma u ocobeHHoCTA-
MW NpoBefeHnA AMarHOCTUKM 1 Tepanun Bo3byauTtena. OCHOBHaA MULLEHb LeACTBUA
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CocTosAHMe YyCTONUMBOCTU K GTOPXUHOSIOHAM KIIMHNYECKNX U30NATOB
Mycoplasma genitalium nauueHToB Pecny6nvku benapycb
no pesynbTaTam 3NNAEMUONOTMYECKOro UCCefoBaHNA 3a nepuog ¢ MapTa 2022 no mapt 2024 r.

bTOPXMHONOHOB y MUKOMAa3M — Tonousomepasa IV. MprnunHoii o6pasoBaHUA 1 Hakone-
HMA MyTaLMI B 3To obnacTu aBnsAeTca yTpata 3'-5'3K30HyKneasHom akTnBHocTv nx JHK-
nonumepassl [35].

B Pecny6nuke benapycb Tepanua M. genitalium-uHdekuymmn perynupyetca KnuHuue-
CKUM NPOTOKONIOM ANArHOCTUKN 1 NeYeHUA NaLMeHToB C MHbeKLMAMM, NnepefaBaembiMu
MonoBbIM MyTeM, U OrPaHUYMBAETCA MPUMEHeHNeM aHTMbGaKTepuasbHbIX MpenapaToB
2 rpynn (TeTpaynKInHbl 1 Makponuabl). PyTMHHOe TeCTpOBaHMe Ha BbiABIEHNE FreHeTu-
YeCKMX eTePMUHAHT Pe3NCTEHTHOCTY He pernameHTMPOBaHO 1 He nposoaunTcsa. o sTon
NPUYNHE OTCYTCTBYIOT [aHHble, MO3BOJAKLMNE YCTaHOBUTb MPUYMHHO-CIELCTBEHHbIE
CBA3M MeXJy reHetTnyeckum npodunem n GeHOTUNUYECKON Pe3nNCTEHTHOCTbIO MUKPO-
opraHu3ma, npusopALleln K Heygayam B Tepanuu. CneacTBrem 3TOro ABAAETCA HU3KUN
YPOBeHb OCBEOMJIEHHOCTM O Npobneme pe3ncTeHTHocTn y MGE cpeaun Bpaueli-cnewu-
anuncToB 1 NaLMeHTOoB.

SMnupuyeckoe HazHauyeHne GTOPXUHONOHOB NPOUCXOANUT Ha GOHe OTCYTCTBUA CBOE-
BpemMeHHoI nabopaTtopHoi anarHoctikn UMMM npu auddepeHumanbHom gmarHoctuke
3aboneBaHnin yporeHuTanbHoro TpakTa. [oaTBep)KAeHMeM 3TOMY ABMAETCA LIMPOKOe
npumeHeHne GTOPXMHONOHOB B YPOJIOrMYECKOW 1 TMHEKONOrMYeckon npakTrke. Yaue
Bcero 37o npenapartbl || nokoneHus — odnokcauuH, unnpodnokcalmH, HopdnokcauuH u
Ill nokoneHuns — neBoGpNOKCALUH C HU3KOW NN HEMOATBEPXKAEHHON 3PPEKTUBHOCTLIO B
oTHoweHun M. genitalium [17, 18]. Ana ¢TopxuHonoHos Il, [l nokoneHus nepBuYHON Mn-
WweHblo aBnAeTca reH parC (tonomnsomepasa V), uto cnocobcTByeT OGbICTPOMY Pa3BUTUIO
YCTONYMBOCTM 1 cenekumm nsonatos MGE [36, 37].

B 3AKJTIOMEHUE

BblABNEHHbIN ypOBEHb PEe3NCTEHTHOCTU K GpTopxmMHOoNoHam y M. genitalium gemoH-
CTPUPYET aKTyanlbHOCTb 3aTPOHYTON Npobnembl ana Pecnybnuku benapyck. NposeneHne
MOHWTOPWHIa PE3UCTEHTHOCTM K MPOTUBOMUKPOOHBIM NpenapaTam U faHHble, NosTyyYeH-
Hble B Xofle TakuX MccrefoBaHuiA, JOMXKHbI NCMONb30BaTbCA ANA PerynsapHoro obHoBe-
HMA HaLMOHaNbHbIX PYKOBOACTB.
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Pesiome

BBepeHue. MOBbILEHNIO YYBCTBUTENIBHOCTY PE3NCTEHTHbIX WTammoB Staphylococcus
aureus K aHTUMMKPOOHbIM CpeficTBaM CMOCOOCTBYET CUHeprusi ¢aroB U aHTUOVOTMKOB
(PAS-3ddekT).

Lienb. V3yunTb BNvAHME cTapnnoKOKKOBOro 6aktepuodara Ha NOBbILLEHWE YYBCTBUTESb-
HOCTM S. aureus K aHTMOMOTMKaM.

Marepuanbl n metopbl. Ha »kenTouHO-CcoNeBOM arape BblAeNAnu S. aureus y KOHTMH-
reHTa CTygeHToB-MeAuKoB (163 uyenoBeka), onpefenany 4YyBCTBUTENIbHOCTb OakTe-
pUIA K aHTMOUOTUKAM AUCKO-ANdDY3MOHHBIM MeTOAOM Ha arape Mionnepa — XMHTOHa,
a K ¢aram - MeToAoM CMnoT-TeCcTa Ha MACO-NENTOHHOM arape. M3yyanu ¢eHomeH cu-
Heprun ¢daroB n aHTM6UMOTUKOB (Phage-Antibiotic Synergy, PAS) ¢ ncnonb3soBaHvem
B3Becu S. aureus B KoHueHTpauum 10° KOE, onpefensaBluencs No cTaHAapTy MyTHO-
¢t MacFarland Ha peHcutomeTpe DEN-1 Biosan, n 6aktepriodara B KOHLEHTpaLuu
108 BOE (meTogom pauua).

PesynbTaTtbl. /13 nonoctn Hoca u 3eBa y 69,945,5% (114 u3 163) yenoBek BbigeneH
S. aureus. IHTEHCMBHOCTb KONIOHM3aLUK CM3KCTbIX 06010YeK BapbrpoBana ot 6-11 fo
350-700 KOE Ha TamnoH. KnuHrnyeckne nsonAtbl S. aureus NpoABUIM pe3nCTEHTHOCTb
K asntpomuumHy B 95,7£3,9% cnyyaes, reHTamuunHy — B 59,1+6,1%, TeTpauuknmHy —
B 64,5+6,7%, amoKcmnknaBy - B 61,316,4%, uedpoTtakcumy — B 57,045,9%, cTapnnoKokKo-
Bomy dary — B 17,2+1,8% cnyyaeB. Y 27 us 114 Hocutenen S. aureus (23,7+2,2%) BbisiBNe-
Hbl MOJINPE3NCTEHTHDBIE K aHTUONOTUKAM LITAaMMbI, Y 6 U3 27 YenoBeK U30MATbI MPOSIBUIN
YCTOMUYMBOCTb U K 6akTepuodary. Nocne cOBMeCTHOro KynbTMBUPOBaHUSA S. aureus ¢ ¢a-
rOM YMCJI0 YCTOMUMBDIX K a3UTPOMULVHY N30SIATOB COKPATUNOCh A0 73,117,6%, reHTamn-
UMHY — 0o 37,6%3,9%, TeTpaumknuny — go 40,9+4,2%. KonnyecTBo yCTONUYMBbIX K aMOK-
CMKNaBy ¥ LepOoTaKCMMy LITAMMOB NPAKTUYECKN HE N3MEHUIIOCb, cocTaBmB 60,2+6,2%
n 58,14£6,0% crnyyaeB COOTBETCTBEHHO. YCTOMUMBbIE K haram LWTaMMbl COXPaHUIN pe3u-
CTEHTHOCTb K aHTUOMOTMKAM.
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3aknioueHune. CpaBHUTENbHaA OLeHKa PE3UCTEHTHOCTM LUTaAMMOB S. aureus, BblieNIeHHbIX
y HocuTenem, B OTHOLLIEHUMN aHTUONOTUKOB NoKasasa CTaTUCTUYeckn 3Hauumoe (p=0,015)
yBeIYeHne KoNMyecTBa YyBCTBUTENbHbBIX K a3UTPOMULINHY, FeHTaMULMHY U TeTPaLnKIu-
HY M30NIATOB MMWKPOOPraHW3MOB MOC/ie B3aMMOAENCTBUA CO CTadUIIOKOKKOBbIM HaKTe-
prodarom.
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Abstract

Introduction. The synergy between phages and antibiotics contributes to an increased
sensitivity of resistant strains of Staphylococcus aureus to antimicrobial agents
(PAS effect).

Purpose. To investigate the effect of staphylococcal bacteriophage on increasing the
sensitivity of S. aureus to antibiotics.

Materials and methods. S. aureus was isolated from medical students (n=163) on yolk-
salt agar; the sensitivity of bacteria to antibiotics was determined by the disco-diffusion
method on Muller-Hinton agar and that to phages by the spot test method on meat-
peptone agar. The phenomenon of synergy of phages and antibiotics (Phage-Antibiotic
Synergy, PAS) was investigated using S. aureus suspension in concentration of 109 CFU
according to the MacFarland turbidity standard (determination using a DEN-1 Biosan
densitometer), and bacteriophage suspension in concentration of 108 BOE (Grazia
method).

Results. S. aureus was isolated from the nasal cavity and pharynx in 69.9+5.5% (114 of
163) subjects. The intensity of colonization of the mucous membranes varied from 6-11
to 350-700 CFU per tampon. Clinical isolates of S. aureus showed resistance against
azithromycin in 95.74+3.9% of cases, against gentamicin in 59.1+6.1%, against tetracycline
in 64.5+6.7%, againstamoxiclavin 61.3+6.4%, against cefotaxime in 57.0+5.9%, and against
staphylococcal phage in 17.2+1.8%. In 27 of 114 S. aureus carriers (23.7+2.2%), antibiotic-
resistant strains were identified, and isolates showed resistance against bacteriophage in
6 of 27 subjects. After co-cultivation of S. aureus with phage, the number of azithromycin-
resistant isolates decreased to 73.1+7.6%, those of gentamicin-resistant to 37.6+3.9%,
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and those of tetracycline-resistant to 40.9+4.2%. The number of strains resistant against
amoxiclav and cefotaxime remained virtually unchanged: 60.2+6.2% and 58.1+6.0%,
respectively. Phage-resistant strains remained resistant against antibiotics.

Conclusion. A comparative assessment of antibiotic resistance among S. aureus strains
isolated from carriers revealed a statistically significant (p=0.015) increase in the number
of isolates sensitive to azithromycin, gentamicin, and tetracycline following interaction
with staphylococcal bacteriophage.

Keywords: S. aureus carrier, antibiotic sensitivity, staphylococcal bacteriophage,
polyresistant strains, PAS phenomenon

B BBEJAEHWE

Mpobnema ycTonumBoCTy KNMHMYeckux nonatos Staphylococcus aureus K aHTMOaK-
TepuanbHbIM CPeaCcTBaM ABNAETCA OJHOWN M3 Hanbosnee akTyanbHbIX N1 COBPEMEHHOW
MeAULMHDBI. Pe3ncTeHTHbIE LWTaMMbl LUIMPOKO PacnpoCTpaHeHbl B YCIIOBUAX MEAVNLIMHCKIX
yupexzeHuin cpefu Bpayen, MeLMHCKOro NepcoHana v naumeHToB, BbiABAATCA B MO-
MeLLEeHUAX Pa3HOro Kflacca uymctoTbl [1].

[na npeofoneHns pe3ncTeHTHOCTM cTadUIIOKOKKOB pa3pabaTbiBaloTcA HOBbIEe MOKO-
NEeHNA aHTUOUOTUKOB, HO 3TOT NOAXOA He pellaeT Npobnemy, a NMLb paclnpaeT CNeKTp
YCTOMUMBOCTU HaKTepUii.

AnbTepHaTUBONM aHTUOMOTUKOTEPANUN ABNSETCS NPUMEHeHWe crneundunyeckux da-
ros. OfgHaKko 1 B OTHOLWeHWN 6akTeprodaroB CTadpuIOKOKKUN Tak»Ke BblpabaTbiBaloT pas-
JINYHblE MeXaHM3Mbl yCTonYmMBoCTH [2, 3].

Cnoco6om NOBbLIWEHMA YYBCTBUTENBHOCTU PE3NCTEHTHbIX GaKTepuii K aHTUMUKPO6-
HbIM CpPeACTBam ABNAETCA CUHeprua ¢aros 1 aHTMGMoTnKoB (PAS-addekT). Mpun coveTtan-
HOM WX NPUMEHeHUN YCUNMBaeTcsa bakTepuumMaHoe AeNcTBME NPenapaToB 1 TemM caMbiM
obecneunBaeTcsa HauNyylLNn pe3ynbTaT STUOTPOMNHOM Tepanun [4-7].

B LIE/1Ib NCCNEOOBAHNA
MN3yumntb BRnaHme ctadumnokokkoBoro 6aktepuodara Ha NOBbILLEHME YYBCTBUTENBHO-
CTK S. aureus K aHTMOMOTUKaM.

B MATEPWAJIbI U METObI

WccnepoBaHua BbinonHeHbl B 2020-2025 rr. Ha 6a3e kadegpbl mukpobuonorun Ore0y
BO PaslMY MwuHucTepcTBa 34paBOOXpaHeHUsas Poccum COBMECTHO C UCMbITaTeNbHbIM
nabopatopHbiMm LeHTpom OBY3 «LleHTp rurveHsl 1 snugemuonorun B PasaHckon obna-
cTu». MaTtepuan oTbupanu TamnoHOM K3 NMONOCTY 3eBa Y HOCA Y KNUHUYECKN 340POBbIX
163 cTyneHTOB-f106pOBONbLEB, MOANUCABLUMX UHGOPMMPOBAHHOE COrNacKe; NpoBeeHne
nccneaoBaHuin ogobpeHo NoKasbHbIM STUYECKUM KomuTeToM (NpoTokon N2 2 o107.10.2020).

MepBUYHBIA NOCEB NPOBOAWAN Ha XeNITOYHO-CoNeBOM arape. [1o neuuTMHasHoOM ak-
TUBHOCTU BbIAENANM KOMOHWK S. aureus, onpeaensany nx 4yBCTBUTENIbHOCTb K aHTUOWo-
TKam aucko-andody3noHHbIM MeToaoM Ha arape Mionnepa — XuHTOHa, K 6akTteproda-
ram — metogom crnot-Tecta Ha MIMA. M3yuanu deHomeH cmHeprum ¢aroB n aHTUOMOTUKOB
(Phage-Antibiotic Synergy, PAS).
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[na onpefeneHns 4yBCTBUTENbHOCTM K aHTUOMOTMKaM OblNN MCNONb30BaHbl AUCKM C
pasHbIM/ NpenapaTamy aHTUOMOTUKOB, B YMC/Ie KOTOPbIX: a3UTPOMULMH (15 MKr), reHTa-
MULMH (10 MKr), TeTpaumknuH (30 MKr), aMoKcMKNas (amokcnumnanH 20 MKr + KnaBynaHo-
Bas kucnota 10 mkr), uedotakecum (30 mkr) (HULO, r. CaHkT-MNeTepbypr).

MNpwn npoBegeHNn cnoT-TecTa Ha NoBepxHocTb [PM arapa «ra3oHoM» MHOKYyNMpoBanu
CYTOUHYI0 BYNIbOHHYI0 KynbTypy S. aureus, HAaHOCUM ToueyHOo 20 MKN CTadUNOKOKKOBOrO
6akTepuodara (Oryrn HMO «MukporeH», r. Yoa).

Mpn unsyyeHun PAS-deHOMeHa mcnonb3oBany B3BeCb S. aureus B KOHLEHTpauuu
10°KOE no ctaHpapty myTHocTtu MacFarland (onpepeneHue npy nomolym feHcuTomeTpa
DEN-1 Biosan) n 6aktepuodar B koHueHTpaumm 108 BOE (onpepensnun metogom lpauma B
®OBY3 «LleHTp rurveHsl 1 anugemmonorim B PasaHckoi obnactny).

CTaTUCTUYECKMIN aHaNW3 Pe3ynbTaToB BbIMOJHAAN C MCMONb30BaHMEM MPOrpaMMbl
Microsoft Office Excel 7.0 n uHtepHeT-pecypca http://medstatistic.ru. 1na cpaBHeHuA 3a-
BMCUMbIX NepeMeHHbIX MPUMEHANN NapHbIn t-kpuTepuin CtblogeHTa. CTaTncTuyeckan go-
CTOBEPHOCTb rMnoTesbl NPUHMManacb Npu ypoBHe 3HaunmocTun p<0,05.

B PE3YJIbTATbI

MNpun noceBe KNMHNYECKOrO MaTepmana 13 NOS0CTU HOCA U 3eBa Ha »KeNTOYHO-CONEBON
arap S. aureus BblgeneH y 69,9+5,5% (114 n3 163) nobposonbLeB. MIHTEHCUMBHOCTb Kono-
HU3aLUumn cCNn3ncTbix obosoyek BapbrpoBana oT 6—11 go 350-700 KOE Ha TamnoH.

Mpu cbope aHamHe3a ycTaHOBMEeHbl GaKTopbl, CNocoOCTBYyOLME HOCUTENLCTBY
S. aureus y KIMHWYECKN 300POBbIX CTYAEHTOB: MOCTOAHHbIA KOHTAKT C Ntoabmu, beccmc-
TEMHO MPUHUMAKLMMN aHTUONOTUKY; XPOHNYECKUIA FaiMOPUT, TOH3UANUT B Nepuoge
pemMmnccumn ¢ perynapHoi aHTMbnoTnkoTepanuen npu oboctpeHnn 3abonesaHus; annep-
rMYecknii PUHNT Ha GoHe NPUMEHEHMA TNIIOKOKOPTUKOCTEPOMAOB, MOHUXKEHHbBIN UMMYH-
HblI CTaTyC (N0 pe3ynbTaTam MHOrONETHUX NCCefOBaHUI), aTONNYECKNIA AePMaTUT, akHe;
B @aHaMHe3e TOH3UINIKTOMUA.

BblieneHHble WTamMMbl MPOTECTUPOBaHbl Ha YYBCTBUTENbHOCTb K aHTMOMOTMKaM 13
pasHbIX UX rpyM, a TakxKe K cTadpunokokkoBomy baktepmodary.

MakcrManbHasa yCTONUMBOCTb KIUHUYECKUX M30JIATOB 30J/I0TUCTOro CTadrnoKoKKa
YCTaHOBNEHA K a3UTPOMULUHY — B 95,7+9,9% cnyvaes. K apyrum aHTubrnoTrkam 6onb-
LUINHCTBO BblfefIeHHbIX LTaMMOB TaKXe 0Ka3anocCb Pe3nCTEHTHO, HO X KONIMYeCTBO Ba-
pbupoBano B npegenax 57,0+5,9-64,5+6,7%.

K ctadunokokkoBomy 6aktepuodary 4yBCTBUTENbHOCTb NpoaBun 82,8+8,6% mn3onsa-
TOB (pnc. 1).

Y 27 n3 114 Hocutenen S. aureus (23,7+2,2%) BblABNEHbl NOANPE3NCTEHTHbIE LUTAMMbI,
YCTOYVBbIE KO BCEM UCMOJIb30BaHHbIM aHTNOMOTUKaM. [pryem y 6 U3 27 yenosek Bbige-
NEeHHble WTamMmMbl CTadUTOKOKKOB MPOABUIN YCTONUMBOCTb 1 K bakTepuodary.

MNocne onpepeneHna UYyBCTBUTENbHOCTU BbIAENEHHbIX KINHUYECKUX W30NATOB
S. aureus K aHTUOMOTMKaM BbINONHUAM oueHKy PAS-peHomeHa. MNpoBenn coBmecTHOe
KyNbTUBMPOBaHMe BYNbOHHbIX KynbTyp S. aureus ¢ 6aktepmodarom B MIb 24 vaca npu
Temnepatype 37 °C. 3aTem nHokynmposanu no 100 MK B3BeCK S. aureus Ha MOBEPXHOCTb
NMTaTENbHOTO arapa C Lefbio BbIABNEHMWA XN3HECNOCOOHbIX OaKTepuii NOCsie COBMECTHO-
ro KynbTUBMpOoBaHMsA ¢ hbarom, nepeceany N30/IMpPOBaHHbIE KONIOHUUN Ha CKOLIEHHbI Nu-
TaTesbHbIN arap € nocieayoLMm NoslydeHnem CyTOUHOM ByIbOHHOM KyNbTypbl 1 BbINOJ-
HUN NOBTOPHOE onpeaeneHne YyBCTBUTENIbHOCTM M30MATOB S. aureus K aHTMOMOTUKAM.
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Puc. 1. Pe3ynbraTbl OLLeHKW YYBCTBUTE/IBHOCTY KIMHNYECKNX U3ONIATOB S. aureus K aHTU6MoTnkam
n 6aKkTtepuodary

Fig. 1. Results of the assessment of S. aureus clinical isolates sensitivity against antibiotics

and bacteriophages

OueHka pe3ynbraToB Aucko-anddy3nMoOHHOro MeTofa MOKasana, UTo KonmuyecTBO
YCTOMYMBBIX K aHTUOUOTMKAM LUTaMMOB YMEHbLUUIOCh NOC/e B3anMOZeNncTByA ¢ bakTe-
prodarom (puc. 2).

Yncno ycTonumBbIX K a3uTPOMULNHY M30MIATOB COKpaTUnoch Jo 73,1+7,6%, K reHTa-
MULMHY — A0 37,6%3,9%, TeTpaunknuHy — go 40,9+4,2%. YyBCTBUTENIbHOCTb K aMOKCU-
KnaBy M LedbOoTakCUMy NpaKTUYeCKM He M3MeHunacb, coctaBus 39,8+4,1% u 41,9+4,3%
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Puc. 2. Pe3ynbTaThbl OLl@HKU YYBCTBUTEIbHOCTN M3OMIATOB S. aureus K aHTUGMOTKaM nocne COBMeCTHOro
KynbTMBUpOBaHUA ¢ 6akTepnodarom

Fig. 2. Results of the assessment of S. aureus clinical isolates sensitivity against antibiotics

after co-cultivation with a bacteriophage
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COOTBeTCTBEHHO. KpnTuueckoe 3HaueHue t-kputepua CTblogeHTa coctasuno 2,101 npwu
ypoBHe 3HaunmocTn p=0,015.

YcToumBble K 6akTeprodaram LWTaMMbl COXPaHWIM MONNPE3UCTEHTHOCTb K aHTUOWO-
TUKaM.

B ObCYXIOEHWE

CpaBHuTeNbHAA OLEHKa Pe3VCTEHTHOCTM LITaMMOB S. aureus, BblLeNeHHbIX Y HO-
cuTenen, B OTHOLWIEHWUW PasfNYHbIX Fpynn aHTMOaKTepranbHbIX NpenapaToB Nnokasana
CTaTUCTUYECKM 3HaUMMOe YBeNMUYeHMe KONMYecTBa YyBCTBUTENbHbLIX K a3UTPOMULNHY,
reHTaMULUHY 1 TeTPaUMKINHY U30ATOB NOC/ie B3aUMOAENCTBANA CO CTadUTOKOKKOBbLIM
6akTeprodarom.

Pe3ynbraT cuHeprum 6akTepuodaros n aHTUOMOTUKOB OOBACHAETCA PALOM aBTOPOB
He MPOCTbIM CYMMUpPOBaHMeM GaKkTepuLMAHOrO AENCTBUA 3TUX MpernapaTos, a MHbIMU
MexaHv3mamu [8]. [MoBblleHne YyBCTBUTENBHOCTM K aHTUOMOTMKaM cpefini YCTOMUMBbIX
[0 B3aumogenctauma co cneuynbunyeckum dbarom n3onAaToB 3010TUCTOrO CTaPpUTOKOKKa
6b110 0OBACHEHO BbITECHEHWEM FEHOB YCTOMYMBOCTU K3 Mnasmug 6aktepuid. AHano-
rMuHbIN 3 deKT Habnogancsa Npu NPUMEHEHNN aHTMOMOTMKOB 13 rPYNn B-NakTaMmoB 1
¢dTopxuHonoHos npotus E. coli n Yersinia spp. [9], ganToMmumMHa 1 BaHKOMULUHA B OT-
HOLUEHUN MEeTULMIIMHPE3NCTeHTHOro S. aureus [10]. PAgom aBTOpPOB yCTaHOB/IEHO MO-
TeHUManbHoe BnvAHWe dara Ha nogasneHrie 06pa3oBaHMA BHEKIIETOYHbIX MeMOpPaHHbIX
BE3VKY/.

BakTepun 6bICTPO NprobpeTaloT YCTONUMBOCTb K OakTeprodaram 3a cuet MmyTaLui B
reHax, JI0KasiM30BaHHbIX B nnasmugax. OfHaKo yCTaHOB/IEHO, YTO fiake HEBbICOKAsA KOH-
LeHTpauma MeporneHema 1 LmnpodnokcaumHa npenaTtcTsyeT GopMUpoBaHnIo MyTaLUii,
KOTOpble obecneymBaloT pe3ncTeHTHOCTb P. aeruginosa K param [11].

KynbTuBmpoBaHme S. aureus B »KWAKOW NUTaTENbHOWN cpefie C KNapUTPOMULIHOM,
NuHe3onuaoM, LepoTakCMoMm, TeTPaLUKINHOM, LMNPopnoKcaLumMHOM B KOHLIEHTpaLuu,
npu KoTopown H6akTepuny He NornbalT, 3HAUUTENBHO YBENIMYMBAET CKOPOCTb Pa3MHOXe-
HUA cTadpmnokokkoBoro ¢ara [10].

B page cnyyaes Bo3gencTBme aHTUOVOTUKOB NPUBOAUT K rnameHTauumn 6akTepuin u
WCTOHYEHMIO KNETOYHOWN CTEHKMU, UTO Takke obneryaet B3aumMoaencTemne nutnyecknx dea-
ros ¢ Humnu [12].

Takum obpa3om, cuHepruyeckoe fencrame aHTMOMOTUKOB U 6akTepuodaros no3so-
nAet npeogonetb cbopMUPOBaHHble BAKTEPUAMM MeXaHK3Mbl YCTONUMBOCTA U BOCCTa-
HOBUTb MX YYBCTBUTENbHOCTb K Pa3/inyHbIM aHT1baKTepuanbHbiM npenapatam. icnonb-
30BaHMe KOMOUHaL I cneunduuecknx ¢aros n aHTUONOTUKOB ABNAETCA 3PPEKTUBHON 1
nepcneKkTBHON cTpaTervei 60pbObl C NOANPE3NCTEHTHBIMY MUKPOOPTraHU3MaMMm.

B BbIBO/bl

1. S.aureus Ha cnM3MCTbIX 060N0UYKax NONOCTY HOCa Y 3eBa BblAABNIEeH Y 69,9+5,5% (114 u3
163) cTyaeHToB-MeaAnKoB. MIHTEHCMBHOCTb KOTOHM3aL MM CIN3NCTbIX BapbupoBana ot
6-11 po 350-700 KOE Ha TaMnoH.

2. KnuHuyeckne m3onATbl S. aureus NPOABUAW PE3NCTEHTHOCTb K asUTPOMULMHY B
95,7+3,9% cnyyvaes, reHTaMnuunHy — B 59,1+6,1%, TeTpaumknnHy — B 64,5x+6,7%, amok-
cuknasy - B 61,3+6,4%, uedoTtakcumy — B 57,0+5,9%, ctadmnokokkosomy dary —

«JlabopaTopHas anarHocTrka Boctouras EBpona», 2026, Tom 15, N2 2 201

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO




CTpaTeFI/Iﬂ npeogoneHna yCTOIZLII/IBOCTI/I Staphylococcus aureus K aHTI/I6aKTepI/IaJ'IbeIM
cpencTBam Ha OCHOBE UCNOJIb30BaHNA ¢eHomeHa ¢aFOaHTM6MOTMHeCKOI7I CcuHeprum

B 17,2+1,8% cnyuaeB. Y 23,7£2,2% (27 n3 114 yenosek) Hocutenein S. aureus BblAB-
neHbl NONMPEe3NCTEHTHbIE KO BCEM UCMOMIb30BaHHbIM aHTUONOTUKAM LWTamMMbl, y 6 13
27 YenoBeK 1301ATbl NPOABUAN YCTONUMBOCTb U K 6aKkTepuodary.

3. TNocne coBMeCTHOro KynbTMBUPOBaHKA S. aureus ¢ $arom YMC/IO YCTONYMBBIX K a3u-
TPOMULNHY M30NATOB COoKpaTtunocb Ao 73,1+£7,6%, reHTammuuHy — o 37,6+3,9%,
TeTpauuknuHy — go 40,9+4,2% cnydaes. KonnyecTBo YCTOMUMBBIX K aMOKCUKIIaBY Y
uedoTakCUMy LUITaMMOB MUKPOOPraHN3MOB MPAKTUYECKN He N3MEHUTOCh, COCTaBUB
60,2+6,2% 1 58,1£6,0% COOTBETCTBEHHO. YCTOMUMBbIE K daram LUTaMMbl COXPaHWUIN
PEe3MCTEHTHOCTb K aHTUOBMOTMKaM.
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Abstract

Introduction. Antibiotic-resistant strains of numerous bacteria, including E. coli, the
primary cause of urinary tract infections, have arisen as a result of the indiscriminate
use of antibiotics, which affects individuals of all ages and cultures. Tamarix aphyllaa has
antibacterial, antifungal, antiviral, antioxidant, and anti-inflammatory qualities and is
common in the Iragi environment.

Purpose. To determine the effects of Tamarix aphylla phenolic compounds on E. coli
carrying the fim-H gene isolated from patients with urinary tract infections.

Materials and methods. An economical and low-cost approach was used to separate
phenolic chemicals from the plant’s leaves and stems; concentrations ranging from 100%
t0 5% (75%, 50%, 25%, 10%, and 5%) were created. Eosin-methylblue-Api-20E and 16srRNA
were used to describe the E. coli bacteria that were recovered from patients with urinary
tract infections. The criterion for the extract’s antibacterial activity was the assessment
of the zone of inhibition growth of bacteria cultured on Mueller-Hinton agar. The fim-H
gene, one of the most well-known virulence factors in E. coli bacteria, was the focus of the
genetic analysis of the bacteria. Genomic DNA was extracted using the Geneaid Kit.
Results. With the highest average inhibition zone of 17.8+£3.4 at a 100% concentration
and the lowest average concentration of 1.2+1.8 at a 5% concentration, tamarix aphylla
displayed exceptional efficiency against E. coli bacteria. The study demonstrated that
an increase in concentration is necessary for an increase in the inhibition zone. With the
greatest effect (17.8) at 100% and the lowest at 5% (1.2), inhibition rose as concentration
increased. The fim-H resistance gene was present in every isolate used in the investigation.
Conclusion. Tamarix aphylla possesses significant antibacterial activity against
Escherichia coli isolated from urinary tract infections. The phenolic extracts showed a
clear concentration-dependent inhibitory effect, with the highest antibacterial activity
observed at the maximum concentration. The presence of the fim-H virulence gene in
all isolates highlights the pathogenic potential of the studied strains and emphasizes the
importance of identifying effective alternative antimicrobial agents.

Keywords: E. coli, tamarix aphylla, UTI, fim-H, phenol
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Pesiome

BBepeHmne. B pe3synbrate 6€CKOHTPOSIbHOrO MPYMEHEHNA aHTUOUOTUKOB MOABUIUCH
YCTOMYVMBbIE K HUM LUTaMMbl MHOXecTBa H6akTepuii, B Tom uncne E. coli — ocHoBHOWM npu-
UVHbI UHOEKLMI MOYEBBIBOAALLMX NyTe, OT KOTOPbLIX CTPadatoT JloAN BCEX BO3PACTOB
1 pac. PacteHue Tamarix aphylla (tamapukc 6e3n1cTHbIN), MOBCEMECTHO BCTpeUvatoLLeecs
B Mpake, obnagaet aHTMb6aKTepManbHbIMU, NMPOTUBOTPUOKOBLIMIK, MPOTUBOBUPYCHBIMU,
AHTVOKCUAAHTHBIMY 1 MPOTUBOBOCMANIUTENbHBIMY CBOMCTBAMM.

Llenb. Onpegenutb 3bbeKT Bo3aeicTBUA GeHoNbHbIX coeanHeHnin Tamarix aphylla Ha
6akTepun E. coli, Hecywme reH fim-H, BbiieneHHble y naymMeHToB C MHPEKLUAMN MOYEBDI-
BOAALWMX NyTeNn.

Marepuanbi n merogbl. ViccnenosaHo 74 npobbl MOUM Ha NPEAMET M3YUYEHUs BIUSAHUSA
($EHONBHOrO 3KCTPaKTa 13 NINCTbEB U CTebNEl pacTeHMA TaMapyKe 6e3nncTHbIn (Tamarix
aphylla) Ha Hecywwe reH fim-H 6akTepun E. coli, BbiaeneHHble y NauneHToB ¢ UHdeKuns-
MU MOYeBbIBOAALLMX NyTel. icnonb3oBaH He Tpebyownin 6onbimx GprHaHCOBLIX 3aTpaT
NPOCTOW B MCMOSTHEHWM METO[, SKCTPaKLUKN GeHONbHbIX CoelHEHWIA C NOoNyYeHeM pac-
TBOPOB C KOHLeHTpaumen ot 100% po 5% (75%, 50%, 25%, 10% u 5%). ina onncaHusa
6akTepuii E. coli, BbiaeneHHbIX Y NauneHToB ¢ MHGEKUUAMY MOYEBBIBOASALLMX NyTel, Oblno
NPUMEHEHO OKpPaALUVBaHME 303UH-METUIIEHOBbIM cCHUM — Api-20E ¢ nocnegyowmm aHa-
NN30M HYKNeOTUAHBIX NocnefoBaTenbHocTel reHoB 16srRNA. Kputeprem aHTubaktepu-
anbHOWM aKTUBHOCTM SKCTPaKTa CNy»KUia oLeHKa 30Hbl UHIM6UpoBaHMA pocTa bakTepui,
BblAeneHHbIXx Ha arape Mueller-Hinton. B ueHTpe BHMMaHUA reHeTUYECKOro aHanvsa
6akTepuin Haxoamnca reH fim-H — oguH 13 Hanbonee n3BecTHbIX GaKTOPOB BUPYNEHT-
HocTu 6akTepuii E. coli. SkcTpakuyus reHomHon [HK ocyulectBnsinach ¢ ncnonb3oBaHuem
Geneaid kit.

Pesynbrarbl. Cyada no nokasatenam cpefHen nnowagm 30Hbl MHrMbrnposaHua, Hanbosnb-
wun 3¢pdekT BO3aENCTBMA GEHONbHBIX COEAMHEHNI Ha BakTepun Habnoagancsa Npu mc-
nonb3oBaHun 100%-HOro pacTBOpa SKCTPaKTa U3 pacTeHMA TaMapuKC 6e3NnNCTHBIN (MaK-
CUManbHasa CpeaHssa NAowWaab 30Hbl MHIMOMpPoBaHUS coctaBua 17,8+3,4), HaMeHbLUNIA —
NPU KOHUEHTpauuu 5% 3KCTPaKTa, NPy KOTOPOW OTMEYeHa MUHMMasibHas CpepHsAs
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nnowagb 30Hbl UHrM6UpoBaHua — 1,2+1,8. UHrmbrposaHme ycunmeanocb no mMmepe yBe-
NNYEHUA KOHLEHTPaLUMM pacTBopa 3KCTpakTa. [eH yctonunsocTtu fim-H 6bin BbiABIEH BO
BCEX M30MIATaX, MCMONb30BaHHbIX B UCCeOBaHNN.

3aknioueHune. TamapurKc 6e3NUCTHBIM 06NafaeT BblpaXKeHHONM aHTMOAKTepUanbHON aK-
TUBHOCTbIO B oTHOWeHMK Escherichia coli, BblgeneHHom n3 o6pasuoB Moun nNpu MHbEK-
LMAx MoyeBbiBoAALMX NyTen. DeHoNbHble SKCTPaKTbl MPOABUAN ABHBIA NHIMOUPYIOLL A
3bdeKT, 3aBMCALLMIN OT KOHLLEHTPaL MKW pacTBOpa, NpuyemM Hanbonbluasa aHTnbakTepuasnb-
HasA aKTMBHOCTb ero Habnioganacb NpyY MakcMMarnbHOW KOHUeHTpauun. Hanmuve reHa
BUpyneHTHocTM fim-H Bo Bcex n3onsaTtax CBUAETENbCTBYET O NAaTOreHHOM MOTEHLMaNe Uc-
cneflyembix LUITAMMOB U NMOAYEPKUBAET BaXXHOCTb NMoncka 3GdeKTUBHbIX anbTepHaTUBHbIX
aHTUMUKPOOHbIX MpenapaTos.

KnioueBble cnoBa: E. coli, Tamarix aphylla (tamapukc 6e3nnctHbin), nHbekunmn moyeBbl-
BogAwwmx nyten (UTI), reH BupyneHTHocTn fim-H, deHon

B INTRODUCTION

Phenolic Substances "Polyphenols" and "plant phenolics" are secondary natural
metabolites that originate biogenetically from either the shikimate/phenylpropanoid
pathway, which directly creates phenylpropanoids, or the "polyketide" acetate/malonate
system, which can produce simple phenols. These metabolites can generate polyphenols
and monomeric and polymeric phenols, which have a wide range of physiological uses in
plants [1].

Because they are presentin the vacuole in mixed forms with sugars as heterosides, they
are typically soluble in water. They both have an aromatic ring, but at least one hydroxyl
group has taken the place of at least one aromatic compound ring [2].

Fruits, vegetables, cereals, bark, roots, stems, flowers, tea, and wine all contain phenolic
structures. The positive effects of these natural items on health and endeavors are widely
recognized [3]. Phenolic compound classification Simple and polyphenolic compounds
are the two main categories of phenolic compounds simple phenol compounds with a
basic skeleton consisting of at least one hydroxyl group joined to an aromatic ring [4].

Polyphenols: Phenolic compounds that contain more than one phenol unit are
considered "polyphenol". Polyphenolic compounds have a C15 general skeleton
representation. Plant foods are rich sources of phenolics, which are molecules that can
act as antioxidants to prevent heart disease, reduce inflammation lower the incidence of
cancers and diabetes as well as reduce rates of mutagenesis in human cells anti bacteria,
antiviral and antifungal [2].

Tamarix aphylla Popular habitats include sand dunes, canals, riverbanks, wadi beds,
salty deserts, salt marshes and coastal plains. The tree is drought, heat, salt and frost
tolerant [3].

It is used as a carminative diuretic in tuberculosis, leprosy, and hepatitis. Various
pharmacological properties have been shown by T. aphylla, such as antidiabetic, anti-
inflammatory, antibacterial, antifungal, anticholinesterase, and wound-healing activity [5].

E. coli Straight, cylindrical rods that range in size from 1.1 to 1.5 to 2.0 to 6.0
microns can be found alone or in pairs as E. coli. Meet the general requirements of the
Enterobacteriaceae family. Gram-negative, according to [6] either nonmotile or motile via
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peritrichous flagella. Respiratory system that is both facultatively anaerobic and aerobic.
Voges-Proskauer negative, methyl red positive, and glucose fermentation via the mixed
acid route [7].

Strains of Escherichia coli (STEC) that produce the enterotoxin verotoxin, which is
comparable to Shiga toxin [8].

E. coli strains, including urinary tract infection, septicemia, newborn meningitis,
central nervous system and respiratory system infections. Several bacterial agents can
cause diarrheal and urinary tract infections, among these E. coli strains are detected as
an important cause of morbidity and mortality of diarrhea and UTI throughout the world
[9]. The fim-H protein is produced as a precursor of 300 amino acids and is processed
into a mature form of 279 amino acids. The fim-H gene is 903bp long and DNA sequence
variations were common among commensal E. coli, intestinal pathogenic strains and
extraintestinal pathogens. However, genetic variations were more common in intestinal
pathogens and extraintestinal pathogens because stressful environment make these
isolates adaptable by genotypic changes and consequently phenotypic variants were
prevalent among these groups [10].

One of the serious risk factors for CKD is UTls, which may also be the most common
infectious disease associated with CKD patients [11].

UTl is an infection that occurs in any part of the urinary system, including the urethra,
bladder, ureters, and kidneys. UTI was classified as either uncomplicated infections such as
cystitis and pyelonephritis in people without any structural or neurological abnormalities
of the urinary tract or complicated urinary tract infection include factors [12].

B PURPOSE OF THE STUDY
To determine the effects of Tamarix aphylla phenolic compounds on E. coli carrying
the fim-H gene isolated from patients with urinary tract infections.

B MATERIALS AND METHODS

Pathogenic Bacteria Collection

At the Al-Hussein Teaching Hospital in the Thi-Qar Governorate, 74 urine samples from
patients with UTIs were taken.

Midstream Clean-Catch: After the first portion of the urine is emptied, collect a
midstream specimen into a sterile container. Bacteria culture on MacConkey [13].

Collection Plant Samples

The leaves and stems of the plant utilized in the study were obtained in the spring in
the Nasiriyah region of southern Iraq during the beginning of March 2024. After drying,
they were ground.

Separation of Polyphenols from Tamarix aphylla by Ultrasound-assisted
Extraction

Phenolic chemicals were extracted from Tamarix aphylla using ultrasound and
a 30 : 70 ml water — ethanol combination. The extraction’s outcomes at 45 °C, 250 volts,
24 hours, and 50/Hz UAE is based on the principle of acoustic cavitation ultrasound that
induced via a series of compression and rarefaction waves in the molecules of the medium
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through which it is capable of damaging the cell walls of plant matrix as well as favoring
the release of bioactive compounds [14, 15].

Each 50 g of Corymbia citriodora was crushed and added to 500 mL of 70% ethanol
in 1000 ml brown bottles. The mixture was subjected to the previously mentioned
ultrasonic therapy while in an ultrasonic bath. The extraction sample was separated using
a centrifuge, and Whatmann No. 1T was employed for treatment.

The diluted liquid was gathered and put in a separatory funnel in a rotating evaporator
under vacuum at 45 °C. To lower solvent quantities to one-third of their initial levels, the
filtered liquid was separated five times using half volume chloroform to create two layers
(aqueous and chloroform layers). After the aqueous layer was extracted four times with
half volume using athyle acetate, the ethyl acetate layer was separated and evaporated
under decreased pressure at a temperature of no more than 45 °C, resulting in a yellow/
brown residue. After that, the extract is allowed to dry for a full day at room temperature
[16].

Stock Solution Preparation

To make a 100% concentration solution, dissolve 1 g of extracted material in 10 ml
of dimethyle sulfoxide (DMSQ). Sterilize the concentrated solution for each extract using
a Millipore microfiltration filter with a diameter of 0.22 mm, and then repeat the 5%
concentration [17].

Determination of Minimum Bactericidal Concentration (MBC)

On Mueller-Hinton agar, the bacteria were punched into wells with a diameter
of 6 mm. The wells were then filled with 100 pl of plant extracts, with DMSO serving as the
negative control. After the plates were incubated at 37 °C for 18 to 24 hours, the diameter
of the inhibition zones (mm) was used to estimate the antimicrobial activity. Every test
was conducted three times, and the average of the outcomes was calculated. Negative
controls were evaluated using the extraction solvents [18].

Genomic DNA Extraction

Genomic DNA was extracted from overnight bacterial cultures using the Geneaid kit.
After centrifugation, cells were lysed with GST buffer and Proteinase K at 60 °C, followed
by GSB buffer at 70 °C. Ethanol was added, and the lysate was applied to a GD column. The
column was washed with W1 and Wash buffers, then dried. Pure DNA was eluted with pre-
heated elution buffer. The primers of gene [18, 19] were listed in Table 1.

Table 1
Gene primer16Srna, fim-H estB
- Annealing Product Size
Gene name | Primer sequences
Temperature (bp)
CGAGTGGCGGACGGGTGAGT
JOSTANA 50°C 727 bp
-coli TCGACATCGTTTACGGCGTGGA

AACAGCGATGATTTCCAGTTTGTGTG
Fim-H 63 °C 465 bp

TTGCGTACCAGCATTAGCAATGTCC
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B RESULTS

41 (56%) of the 74 urine samples that were cultivated on blood and MacConkey agar
media had no culture. Staph. aureus 3 (4%), E. coli 21 (28%), M. catarrhalis 0%, P. aeruginosa
5 (7%), Kleb. pneumoniae 1 (1%), Ent. cloacae 3 (4%). Eosin-methyl blue medium, API
20E, and 16Srna were used to diagnosis E. coli bacteria, as shown in Figure 1. All isolates
contain fim-H gene see Figure 2.

Bioactive Phenolic Compounds
Minimum Bacterial Concentration (MBC). A very strong relationship emerged
between increasing concentration and the inhibition zone, with the highest average

Urine 74 sample

Kleb. pneumoniae,
1%

Ent. cloacae,

. 4%
P. aeruginosa,

7%

No growth
Staph. aureus

E. coli

E. coli,
28% No growth,

56% m Kleb. pneumoniae

M P. aeruginosa

M Ent. cloacae

Staph. aureus,
4%

Fig. 1. Result of urine culture

Fig. 2. Result of fim-H gene in E. coli
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Table 2
Statistical analysis of the MBC areas of the extraction of Phenolic compounds of tamarix aphyla
in bacteria, E. coli (At a probability level of <0.05)

No. Concentration MeanzSD (mm) p-value
E. coli 21 100% 17.8+3.4 <0.001
E. coli 21 75% 15.0+3.7 0.002
E. coli 21 50% 11.6+3.6 <0.001
E. coli 21 5% 7.9+3.0 <0.001
E. coli 21 10% 4.7+3.0 <0.001
E. coli 21 5% 1.241.8 <0.001

inhibition zones appearing at 100% concentration (17.8+3.4). These zones then gradually
decreased with decreasing concentration, reaching their lowest value (1.2+1.8) at 5%
concentration, result as shown in Table 2.

B DISCUSSION

Seventy-four urine samples were cultured on blood agar and MacConkey agar, and
bacteria were identified using various methods. E. coli was identified using eosin-methyl
blue medium, with a detection rate of 21% (28%), which is consistent with what was
reported with [20] E. coli formed of the total sample 21 (23.3%) in urine.

According to the information given, the Tamarix aphylla extract has strong, dose-
dependent, and statistically significant (p<0.001) antibacterial activity against Escherichia
coli. The mean zone of inhibition, which dropped from 17.8 mm at the highest
concentration to 1.2 mm at the lowest, clearly showed an inverse connection with extract
concentration This agrees with what was mentioned [21-23] earlier, where they showed
that the excitability increases with increasing concentration, and as the concentration
decreases, the effect decreases and the diameter of the inhibitory zones decreases.

The difference in response is due to the ability of the extract molecules to penetrate
the cell wall and produce an effect that increases with the number of extract molecules.
Increasing the concentration means increasing the number of molecules. Additionally,
Tamarix aphylla possesses several pharmacological properties, such as antibacterial and
anti-inflammatory effects. This is consistent with what he mentioned [24]. This activity is
pharmacologically supported by the rich phytochemical makeup of Tamarix species and
is consistent with their historic therapeutic usage.

B CONCLUSION

Tamarix aphylla possesses significant antibacterial activity against Escherichia coli
isolated from urinary tract infections. The phenolic extracts showed a clear concentration-
dependent inhibitory effect, with the highest antibacterial activity observed at the
maximum concentration. The presence of the fim-H virulence gene in all isolates highlights
the pathogenic potential of the studied strains and emphasizes the importance of
identifying effective alternative antimicrobial agents. Overall, Tamarix aphylla represents
a promising natural source of antibacterial compounds that may contribute to the
development of alternative treatments for antibiotic-resistant E. coli infections.
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Pesiome

BBepeHue. Tyb6epkynesHas uHoekumsa (TW) npeactasnaetr coboli rnobanbHylo MUPO-
Bylo npobnemy. Bosbyautenamm TU asnaiotca Mycobacterium tuberculosis complex
(M. tuberculosis, M. bovis, M. africanum) nnn Kucnotoyctonumsble Mukobaktepum (KYM).
Hannune mukobaktepunin TybepKynesa B opraHusMe YenoBeKa NpuBoanT NMbo K akTuB-
Ho ¢opme TB, Npu KOTOPOM MHKYBALMOHHDBIV Nepuof COCTaBAeT OT HECKONbKUX He-
[enb 10 HEeCKOMbKMX MecALeB U neT (y 60nbWNHCTBA MHOULMPOBAHHDBIX AL, B aKTUBHYHO
dopmy 6onesHb He nepexoauTt), NMMbo K nateHTHoN dopme TybepKynesHon nHbekunm
(JTTBWN) - cocToAHMIO NepcncTNpyIoLero MMMYHHOIO OTBETa Ha CTUMYAALMIO aHTUreHamm
(AT') M. tuberculosis 6e3 knMHMUYeCcKKx NpusHakos Tb. MNpu 3ToM YenoBek ABNAETCA bec-
CUMMTOMHbIM HOCKTenem Bo36yauTens Th.

Lienb. OLeHNTb BO3MOXHOCTb MCMONb30BaHUA KBaHTM(HEPOHOBOIO TeCTa B ANArHOCTUKE
naTeHTHoU Ty6epKynesHom nHobekumm y BUY-uHrLMpoBaHHbIX NaLMeHTOB.
Marepuanbl n metoabl. 3a nepuog 2019 — man 2025 r. B Y3 «fopofckaa KanHuyeckas
MHpEKUMOHHAn 60nbHMLA» UCCeoBaHo 2578 06pa3L0B KPOBM NaLMEHTOB Ha NpeameT
anarHoctukm JITBU, ana uvero BbinosiHeHO 10 312 MMMYHOPEPMEHTHbBIX UCCIeA0BaHNIA
Nno nocTaHoBKe KBaHTUdepoHoBoro Tecta (KOT), peannsyeMoro ¢ NpMMEHEHNEM TeCT-
cuctembl QuantiFERON-TB Gold Plus. A6contoTHoe 60MbLLINHCTBO NPO6 KPOBY ObIIO NOsy-
yeHo oT BUY-nHmumpoBaHHbIX nuL — 2367 0bpa3uos (91,8%). Mpn 3TOM NoNoXnTeNb-
Hble pe3ynbTaTbl NOfyYeHbl y 194 naumeHToB, 4YTo cocTaBuo 7,5%.

PesynbraTbl. AHanM3 NonoXxutenbHbIX pesynbraToB Ha JITBU, nonyyeHHbIX ¢ noMoLbio
KOT y BUY-uHpmumpoBaHHbIx nuL (159 pesynbTaToB), noKasan, uto npeobnaganu obpas-
Libl KPOBW MaLMEHTOB, Y KOTOPbIX YPOBEHb ramma-uHtepdepoHa (y-IFN) npesbicin nopo-
roBble 3HaUeHMsA B 06eunx TecToBbIX Npobax (Mpobrpkax — TB1 n TB2): 116 0bpa3uos —
73,0%, B 26 npobax no3uTuBHbIN pesynbtat KOT 6611 3adrKCMpPOoBaH TONbKO B MPObUpKe
TB2, B 17 KoHUeHTpauwusa y-IFN 6bi51a Bbilwe noporoeoro ypoBHA no TB1-npobupke. Kpome
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TOro, ypoBeHb no3uTreHocTY B KOT nccnefoBaHHbIX 06pa3LioB KPOBY 3HAUNTENIbHO OT-
nuyanca B uenom 1 B npodburpkax ¢ TB1- n TB2-aHTureHamu Ty6epKynmHa.

3akniouyeHune. Ha 0CHOBaHMM OLIEHKW MOyYEHHbIX 3@ aHaNnM3npyembli NEPUOA AaHHbIX
cunTaem 6onee MHPOPMaTUBHBIM NpeAcTaBnATb pesynbraTt KOT-nnoc ¢ yueTom ypoBHA
NO3UTMBHOCTY (B KONIMYECTBEHHOM BbIpaXkeHunM).

KnioueBble cnoBa: nateHTHaa TybepkynesHaa nHébekumsa, Mycobacterium tuberculosis
complex, kBaHTudepoHoBbIN TecT, y-IFN, Ty6epKkynes
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Abstract

Introduction.Tuberculosisinfection (TB), the causative agents of which are Mycobacterium
tuberculosis complex (M. tuberculosis, M. bovis, M. africanum) or acid-resistant
mycobacteria (KUM), is a global issue. The presence of mycobacterium tuberculosis in the
human body leads either to an active form of TB, in which the incubation period ranges
from several weeks to several months and years (in most infected individuals, the disease
does not become active), or to a latent form of tuberculosis infection (LTBI): a state of
persistent immune response to the stimulation by antigens (AH) M. tuberculosis with
no clinical signs of TB. At the same time, a person is an asymptomatic carrier of the TB
pathogen.

Purpose. To evaluate possibilities of using QFT for diagnosing LTBI in HIV-infected patients.
Materials and methods. During the period 2019 - May 2025, a total of 2,578 blood
samples were tested at the Municipal Clinical Infectious Diseases Hospital and 10,312
ELISA were performed. Of these, the absolute majority of blood samples were obtained
from HIV-infected individuals: 2,367 samples (91.8%). Positive results were obtained in
194 patients (7.5%).

Results. An analysis of the positive LTBI results obtained by QFT in HIV-infected subjects
(159 results) showed that the samples in whose blood y-IFN exceeded the threshold values
in both test tubes, TV1 and TV2 (116 samples (73.0%)), prevailed; in 26 samples a positive
QFT result was recorded only in the TV2 tube, and in 17 samples y-IFN concentration was
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above the threshold level for the TV1 tube. In addition, the level of positivity in the QFT of
the blood samples tested differed significantly in general as well as in tubes with TB1 and
TB2 tuberculin antigens.

Conclusion. Based on the data obtained for the analyzed period, we consider it more
informative to present QFT-plus results taking into account the level of positivity
(quantitative test).

Keywords: latent tuberculosis infection, Mycobacterium tiberculosis complex, quantiferon
test, y-IFN, tuberculosis

B BBEOEHWE

Ty6epKynes — ogHO M3 AABHO M3BECTHbIX YeNioBeYecTBY 3aboneBaHUi, cBeeHUs O
KOTOPOM MprBOAATCA elle B Begax (AKWwMa — 605e3Hb NCTOLWEHWA), APeBHErpeYecKkoi,
KUTaNCKoN 1 apabckol nuTtepaTtype. Apxeonornyeckne CBUAETENbCTBA (MOPaxeHus no-
3BOHKOB), OOHapy»KeHHble y MyMUIA ermneTcKon npeaanHacTUyYeckon 1 nepyaHCcKon fo-
KOnym60BOW 310X, CBUAETENbCTBYIOT O CyllecTBOBaHUM Mycobacterium Ha 3emne 6onee
150 MUNNNOHOB fieT.

3aboneBaHuA, Bbl3BaHHble TyO6epKynesHon nHoekuuen, npeactaBnaT cobon rno-
6anbHyto MUpoBYLo Npobnemy. Bo3byanTtenamm nx asnsatotca Mycobacterium tyberculosis
complex (M. tuberculosis, M. bovis, M. africanum) unu Kucnotoyctonureble MUKobaKTe-
pun (KYM). Mo paHHbIM BcemnpHon opraHmsaumn 3gpaBooxpaHeHms (BO3), B 2017 r. B
Mupe 6b110 3apernctpuposaHo 10,4 MunnroHa ciydaes Ty6epkynesa (Tb), aoBe TpeTn n3
KOTOPbIX MPUXOAUNNCH Ha 8 cTpaH: NHguio (27%), Kntan (9%), iugoHesuio (8%), Gunun-
NuHbI (6%), MakuctaH (5%), Hureputo (4%), banrnagew (4%) n lOxHyo Abpurky (3%). 3a-
6oneBaHNe 0CO6eHHO PacnpPOCTPaHEHO CPEAN FPYNMN HaceneHNsa C HU3KUM COLManbHO-
3KOHOMMYECKMM CTaTyCOM ¥ MapriMHann3mpoBaHHbIX CIOEB O6LLeCTBa.

Hanuune mukobaktepuin Ty6epKynesa B opraHu3me yenoseka NPUBOAUT NGO K aK-
TBHOM popme Th, Npm KOTOPOI MHKYOALMOHHbIN NEepPrOL COCTABIIAET OT HECKOSbKMX He-
[efib 4O HECKONbKMX MecALeB U NeT (y 60NblMHCTBA MHPMLUPOBAHHbIX UL, B aKTUBHYIO
¢dopmy 6onesHb He nepexoauT), NMMbo K naTeHTHON dopme TybepKynesHon nHdeKunn
(JTTBU) - cocTosHMIO MepCcUCTUPYIOLLEro MIMMYHHOIO OTBETa Ha CTUMYTALMIO aHTUIeHaMu
(AT) M. tuberculosis 6e3 KnMHMYecKux nNpusHakos Tb. Mpy 3ToM YenoBek ABNAETCS Oec-
CUMMTOMHbIM HOoCcKTeNlem Bo36yauTens Tb [1].

Mo paHHbiM BO3, okono 30% HaceneHua mupa umetoT JITBU, n3 Hnx B 5-10% cnyyaes
npv BO34eNCTBMU HEGNAronpuATHbIX GaKTOPOB (CHUXXEHUN UMMYHUTETA) TAaTEHTHAA WH-
deKumA MmoxeT nepenTn B akTMBHbIN Tb (c BbigeneHnem KYM).

B HacToAllee BpemA UMeeTCA yTBEPXKAEHHasA AOKyMeHTauud, Kacalowaaca Tpebo-
BaHU 1 peKkoMeHAauuin 3KcnepTHOro Komuteta BO3 no BbiABneHWto, HabnogeHuo,
nabopatopHoi anarHoctuke JITBY, paspaboTaHbl anropuTMbl and NpodunakTmkmy pas-
BUTMA akTuBHoro Tb. O6uwenpu3HaHo, uto Ansa 3ddekTnBHON 60pbbbl ¢ TH rnaBHbIM
CTaHOBUTCA paHHee BbiAB/IeHMEe U npodunakTnyeckoe neverHne JITBU. CornacHo peko-
MeHAaumnAaMm, CKpuHuHry Ha JITBU nognexat getm n nogpocTky, MeauunHCKUN nepco-
Han, MU, UMeloLme KOHTaKT ¢ 605bHbIM Th, monyvalowme LUTocTaTnyeckyio, nyyeByto
Tepanuio, UIMMYHOCYNpPeCCUBHbIE 1 APyrue npenaparbl, HAXoAALWMECA Ha reMoananmse,
MmeloLLe MHEBMOKOHMO3, CONYTCTBYIOWME 3aboneBaHuNA, CNOCOBCTBYIOLWME CHUMXEHNIO
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UMMyHWTeTa (oHKonaTonorus, nMmmyHogedbuuntol, BUY-uHdnumnpoBaHHble 1 gpyrue),
MUIPaHTbl U3 CTPaH C LWMPOKUM pacnpocTpaHeHnem Tb, notpebutenn HapKOTUKOB,
nvua, NpuobbIBLLME U3 MECT NMLLIEHUA cBOGOAbI.

OCHOBHbIM CKPVMHMWHIOBbIM TECTOM AJ1s1 BbliBNEHNA UHGUUnposaHna KYM B Hawel
CTpaHe ABnAeTCA KoxHasA npoba Ha Ty6epkynuH (TKIM munu TST) unn npoba MaHTy, KoTo-
pas ucrnonb3yetca 6onee 100 net Bo Bcem Mupe (in vivo). [poba MaHTy nmeet pag Hepo-
CTaTKOB, OCHOBHbIMU U3 KOTOPbIX SABNAIOTCA:

B HM3KaA gmarHoctuyeckasa cneunduyHoCTb Tecta (NprubnmnsmtenbHo 59%), Npu KoTo-
pom Habniogaetca 60/blIOe KONMYECTBO JIOXKHOMOMOXKUTENbHbIX pe3ynbTaToB, Bbl-
3BaHHbIX pAAoM NpuunH (Bcneacteme bLIMK-BakumHaumm, anneprum, UMMyHHOW peak-
TUBHOCTU K HETYOepKyne3HbIM 6aKkTepusam 1 ap.);

B Hy3KaA AMarHoCTMYeckas YyBCTBUTENIbHOCTb (0kono 70%) mn3-3a NoxHooTpuLaTesNb-
HbIX Pe3ynbTaToB Y NN C aKTMBHbIM TB 1 uMMmyHocynpeccuein.

Kpome Toro, ana HazHauyeHua Npobbl MaHTy umeeTca pag NPOTMBONOKas3aHWiA: OCTpble
N HeKoTopble XpoHMYecKkmne NHOEKLUNOHHbIE 3ab0N1eBaHNA, COMaTUUeCKme, KOXKHble 60-
ne3Hn Npu nx 060CTPeHNI, SNUNENcus, anneprmyeckne CoOCTOAHNA, MHANBUAYaNbHasA He-
nepeHoCnMocTb TybepKynrHa u gpyrue.

OcobeHHOCTbI0 MPOTMBOTYOEPKYNE3HOrO MMMYHUTETa ABNAETCA TO, UTO OH HeCcTepu-
neH 1 o6ycNIoBNEH rNaBHbIM 06Pa3oM KNeTOUYHbIM 3BEHOM.

Cy6nonynauun numdounTto CD4 n CD8 pacnosHatoT aHTUreHbl (Al) MmukobakTepuii
1 OTBEYaloT 3aLUTHOWM MMMYHHOI peakuueit. Mpuyem cybnonynauma numdoumntos CD4
UrpaeT OCHOBHYIO POfb B MMMYHONOIMYeCKOM OTBeTe Ha pa3suTue TbW 6naropaps ce-
Kpeunm mmn UMTOKMHOB, ramma-nHTepdepoHa (y-IFN). CD8-numdounTbl TakKe cekpeTu-
pytoT y-IFN 1 gpyrue pactBoprMble dpakTopbl, KOTOPble aKTUBUPYIOT Makpodaru, yHUUTo-
Xatowme Knetku, nHdrumposaHHble KYM, a Takxke oCyLecTBAAT NN3MC MUKObaKTepuii
HenocpeacTBEHHO B KneTke [2].

HekoTopble aBTOpbl OTMeYaloT, UYTO WMMYHHbIA OTBET, OMOCPEeAOBaHHbIN
CD8-nnmdountamm, o6Hapy>KMBaeTCA yalle y NnL C akTMBHbIM Tb, ueM y naLmMeHToB ¢
JITBA [3].

CornacHo pekomeHgaumam BO3, pnsa BoisineHus JITbM Bce 6onbliee 3HaYeHre npu-
obpeTaeT Tak Ha3blBaeMblll aHanu3 BbICBOOOXAEHUA Y-UHTepdepoHa, nnm meton IGRA
(interferon-gamma release assay) nm6o QuantiFERON-TB (QFT), - kBaHTdepPOHOBBIN TECT,
KOTOPbIN NCMONb3yoT KOHTponupytowwue opraHbl CLUA (FDA), EBpocoto3a (EMA), npodec-
CMOHanbHble accouymaumm no ¢tnsmatpmm Poccumn. Metop IGRA BHeceH B HauMoOHasbHble
pekomMeHpauun mHorux (6onee 17) KpynHenwmx ctpaH mupa. B 2019 r. KOT BHegpeH B
Pecny6nuke benapycb.

B HacTosALee Bpema NPMMEHAETCA YCOBEPLUEHCTBOBaHHAA BepCcua AaHHOro MeTofa —
QuantiFERON-TB Gold Plus, unu kBaHTudpepoHoBbIn TecT-nntoc (KOT+).

KOT npeactaBnsaet coboli JOCTaTOUHO NPOCTOM METO UCCNejOBaHNA KPOBU YenoBe-
Ka AnAa yctaHosneHna dpakTa nHouumnposaHHocty M. tuberculosis complex npu akTBHOM
TB, a Take BbiABNeHwA JITBI.

Mpeumywectesamn KOT nepepn BHYTPUKOXHbIMK NpobaMun ABAAIOTCA: BbICOKasA Aua-
rHocTuuyeckas cneundruUHoOCTb (98%) 1 AnarHoCTUYECKan YyBCTBUTENbHOCTb (95%) TecTa,
KOHTPOJSIMPYEMOCTb €ro pe3ynbTaToB (BK/OUaeT cepurto KOHTPOoNen Ans Kaxaoro obpasua
1 UccnefoBaHuMA B Lienom). BaxHbiMm npeactaBnaeTca 1 To, YTo BakumHauma BLXK He Bnu-
AeT Ha pe3ynbTaTtbl KOT [4].
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B LIE/1Ib NCCNEOAOBAHNA
OLEeHUTb BO3MOXXHOCTb UCMONb30BaHWA KBaHT1$EPOHOBOIO TECTA B AUArHOCTHKeE Jla-
TeHTHOW Ty6epKyne3sHo nHbekumnm y BUY-mHPrLmMpoBaHHbIX NaLMeHTOB.

B MATEPWAJIbI U METObI

B uccnepoBaHve BKAOYeHbl 2578 nauueHToB, M3 KOTOpbIX 2367 6binn nuuammn ¢
B/Y-no3nTtmBHbIM cTaTycom (91,8%). [Ins oLeHKn nMmMyHHOro ctatyca K M. tuberculosis
ncnonb3oBanacb  MeToAonorvsA, peanusyemad C  NPUMEHEHUeM  TeCT-CUCTEMbI
QuantiFERON-TB Gold Plus npounssoactea QIAGEN, CLLUA. Xoa aHanutTuyeckoro nccneno-
BaHMA C ee NPYIMEHEHVEM OCHOBaH Ha onpegfeneHun yposHs Y-IFN B npobax nccnenye-
MO KPOBW C UCMONb30BaHNeM TBepA0da3HOIro HENPAMOro UMMYHOdEPMEHTHOrO aHaNu-
3a (T® HADA) nyTem ouLeHKM MMMYHHOTO KneToyHoro oteeTa (CD4, CD8) Ha nenTtuaHble
aHTureHol ESAT-6, CFP-10 TB7.7(p4), accounnpytowmeca ¢ uHpekumen M. tuberculosis.
CMecb peKOMOVHaHTHBIX, CUHTETUYECKU Moy4yeHHbIX nentuaos (ESAT-6, CFP-10), cop-
6UPOBaHHbIX Ha BHYTPEHHEWN NMOBEPXHOCTU TeCT-NPOOMPOK, UMUTUPYeET npoTenHbl MBT
(ESAT-6 1 CFP-10), 0cO6eHHOCTbIO KOTOPbIX NMPU VX HANMuUK B KPOBU ABMAETCA CTMMY-
nuposaHue cybnonynauun CD4 n CD8, B oTBeT Ha uTo Te npoayunpytot y-IFN B npobax
nccneayemon KpoBsu.

BarkHO, uTOo NpoTerHbl MUKobakTepuii ESAT-6 n CFP-10 oTCyTCTBYIOT BO BCEX LUTAMMAX,
Bxoaawmx B coctaB BCG-BaKUUHbI, B 60NbWIMHCTBE HeTybepKynesHbIXx MUKOOaKTepui
(3a nckntoueHnem M. kansasii, M. szulgai, M. marinum).

CnepyeT OTMETUTD, UTO NS NOSTYYEHUA KOPPEKTHBIX 1 JOCTOBEPHbIX pe3yrbtatoB KOT
HeobxoANMO CTPOro cobrnofaTe TPe6OBAHMA NPEAHANIMTUYECKOTO 3Tana NCcCiefoBaHns,
npuyemM Kak BHeNabopaTopHOro, Tak U BHYTPUIabopaTopHOro.

KpoBb ansa uccneposaHusa metogom KOT 3abupanach B 4 cneumanbHble BakKyyMHble
NPOOMPKM, COREPKMMOE KOTOPbIX TLLATENBHO NEPEMELLNBANIOCh CPa3y e nocsie B3ATUA
6uonornyeckoro matepuana, 4tobbl BCA BHYTPEHHAA NMOBEPXHOCTb MPOBUPOK MNOKPbI-
nacb nccneayemol KpoBblo (ANnA pacTBOPEHWA aHTUIEeHOB, COPOUPOBAHHBIX Ha CTEHKax
TecT-npoburpok). insa aHanusa TpebyeTca 4 M LiefibHOWM KPOBU, BHOCUMMBbIX MO 1 M/ B KaK-
AY10 U3 4 TeCTOBbIX MPOOUPOK.

[na nonyyeHus HapeXHbIX Pe3y/nbTaToB MCCNefoBaHUA TpebyeTca cobnogate pag
ycnosuii. Tak, Temnepatypa Npobupok nNpu B3ATUM KPOBU JomkHa 6bitb 17-25 °C. Xpa-
HeHWe 1 TPAHCMOPTMPOBKA 0OPA3LOB KPOBM TaKKe AOSIKHbI OCYLLECTBNATLCA MPU KOM-
HaTHon Temnepatype. NMpobrpkn QFT-Plus B KpaTuanwime cCpokm MHKYGMpPOBanncb npu
37410 °C (He no3gHee 16 YacoB Noce B3ATUA KPOBU) B TeueHne 16-24 vacos npu 37 °C.
Mpu HeobxoaMMOCTU 06pa3Lbl OTOBPAHHO Ma3Mbl KPOBY NOCSIE MHKYBALMU XpaHUIUCH
[0 28 cyTok npu TemnepaTtype 2-8 °C (gonyckaeTca OAHOKpPaTHOe 3aMOpaXnBaHme OTo-
6paHHbIX anKBOT KpoBu Npu —20 °C u HUXe).

Mpwu BbinonHeHnn NOA obpasubl nnasmbl U3 COOTBETCTBYOLWMNX 4 NPOOUPOK C KPO-
BblO OT OHOTrO0 NaLMeHTa BHOCKIN B CTPOTO onpefesieHHble pAabl IYHOK MUKPOMIaHLWeTa
TecT-cuctembl QFT-Plus ELISA. Mpwu Kaxxpoi noctaHoBke MDA 06a3aTenbHO NCNosb3yloTca
2 cTaHfAapTa B 4 pa3BefeHusAx. [Ina Kaxkgoro obpasua uccnegyemoi ninasmbl KPoBU npea-
YCMOTpPEHbI:

B Be TeCToBble NPOOMPKK, B KOTOPbIX onpefenseTca KonmyecTteo Y-IFN: npoburpka TB1
copepxut nentuabl ESAT-6 n CFP-10 MBT (Ty6epKynuvH 1), KOTopble ciy»aT Ana cTumy-

NMPOBAHMA IMMYHHOTO OTBETa CO CTOPOHbI CD4+-nmdounTos; npoburpka TB2 umeet
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Habop nentupoB — Te xe ESAT-6, CFP-10 1 gononHutenbHble nentugbl MBT (Tybepky-

nvH 2) gna nugykumn y-IFN CD4- n CD8-knetkamu;

oTpuLUaTenbHbIA KOHTponb (K-) nnu Hynesas npobupka (Nil);

NOSIOXKNTENbHbIN KOHTPOsb (K+) nan npobupka ¢ MUTOreHOM.

[na aHann3a u pacuyeta pesynsrato VMDA 66110 NpriMmeHeHO NporpammHoe obecneve-
Hue QFT-Plus Analysis Software, KoTopoe nNpefycMaTprBaeT KOHTPOJIb KayecTsa BbIMos-
HeHHoro NIOA - no 2 ctaHgapTam, K- 1 K+ ana Kaxkaon npobbl, 3HaYeHUs KOTOPbIX JOSK-
Hbl BXOAUTb B AOMYCTUMBbIN AMnana3oH; pacyeT konudectsa Y-IFN (B ME/mn) B nccnegyemonm
nnasme no TB1- n TB2-npobupkam.

WHTepnpeTauna KonmyectBeHHbIx pe3ynbtatoB KOT Ha JITBU (B IU/ml) npoBogunTca no
cnefyoLWwmum KpUTeprsam:

1) nonoxuTenbHbI pe3ynbraT Tecta QFT-Plus — ecnn yposeHb oTBeTa y-IFN B nto6oii u3
npobupok c Al ty6epkynuHa (TB1 nnun TB2) nnn B o6enx npesbiwaeT 3HaveHmne y-IFN
B HYJIeBOW KOHTposibHOM Npobrpke (K-) naHHoro obpasua 6onee yem Ha 0,35 onTuue-
ckomn eguHunupbl (OE);

2) otpuuaTenbHbii pesynstat QFT-Plus — otcyTctBue otBeta y-IFN B 0beunx TecToBbix
npobupkax c Al Ty6epkynuHa (TB1, TB2) (meHee 0,35 OE);

3) comHuTenbHbIN pe3ynbtat KOT HabnopaeTca npu cnabom MMMYHHOM OTBETE Ha MUTO-
reH (K+) — meHee 0,5 IU/ml. Takaa cutyauma moxeT HabnogaTbca Npu MasoM Konuye-
cTBEe NUMOLMTOB B KPOBU, HEBO3MOXXHOCTU NMMGOLMTOB NaUMeHTa NpoayLMpoBaTh
Y-IEN, cHMXeHnn akTMBHOCTM NMMOLMTOB U3-3a HeMpaBuUnbHON 06paboTky 06pasLa,
HenpaBWIbHOTO 3aMoJIHEHMA UKW NepeMeLlBaHNA KPOBY B NPOOMPKe C MUTOTEHOM.
Mo gaHHbIM NUTepaTypbl, He UCKIOYEHbI NOXHOOTpULaTeNnbHble pe3ynbTatbl KOT, Ko-

Topble MOryT ObITb 06YCNOBIEHDI:

B cTagmen nepBuYHoro nHouympoBaHma KYM (Hanprmep, Koraa KpoBb Ans NccnefoBa-
HMA B3ATa 1O TOTO, KaK pa3Bunach KNeTouHasa MMMyHHasa peakuus);

HapyLeHUAMU B UMMYHHOW CCTeMe opraHu3ma (npu gpyrmux 3aboneeaHuax);

HapyLeHNAMU NpeaHannTUYecKx TpeboBaHU NOAroToBKM NPOBMPOK Nocse B3ATUA

KpoBWu;

B HecobnogeHVemM UHCTPYKLUUM NO NPOBEeAEHNI0 TeCTa U APYrMMU NPUYMHaMMN.
HyneBas koHTponbHaa npobupka (K-) ncnonbsyetca ana Koppekumn GoHOBbIX peak-

uun (ON meHee 0,15 OE B HOpMe), KOHTPOJIbHaA NPo6a MOXET MMETb BbICOKME 3HAUYEHMA

Orl B cnegytoWwmx cnyyasax: Npyu HanMumm NCXO[HOro BbICOKOro YpoBHA Y-IFN B nccnegy-

emon npobe nnn 1n3-3a NPUCyTCTBMA B Npobe retepodunbHbIX, NepekpecTHO pearnpyto-

wux aHtuten. MpoteunHsl ESAT-6 n CFP-10 oTcyTcTBYytOT BO BCex WwTtammax BCG v B 60nb-

LUMHCTBE HeTybepKyne3HbIX MUKOOaKTepUIA, OAHAKO NONOXMTENbHbIN pe3ynbTaT QFT-Plus

MOeT ObITb 06ycnosneH Hanuurem nHdekumn M. kansasii, M. szulgai, M. marinum.

B PE3YJIbTATbl M OBCYXAEHUE

3a nepuog 2019 — man 2025 r. B Y3 «[opoackaa KnMHUYeckaa MH$EKUMOHHas 60sb-
Hu1ua» nccnegoBaHo 2578 obpa3uoB KpoBW, BbinosHeHo 10 312 nMMyHOpepMeEHTHbIX
nccnepgoBaHuin. V13 HMx abcontoTHoe 60NbLUIMHCTBO NPO6 KPoBU 6bino NonyyeHo ot BUY-
MHOMLMPOBaHHbIX N1, — 2367 06pa3LoB (91,8%). NMonoxuTenbHble pe3ynbTaTtbl Nonyye-
Hbl y 194 naymeHTOB, 4YTo cocTaBuno 7,5%.

AHanu3 nonoxuTenbHbIx pe3ynbrato Ha JITBU, nonyyeHHbix ¢ nomolypio KOT y BNY-
HMLMpOoBaHHbIX N1y (159 pe3ynbraToB), Nokasan, uto npeobnaganu Npobbl KPOBU
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naumeHToB, y KoTopbix Y-IFN npeBbicin noporoBble 3HaueHWA B 06enx TeCToBbIX Mpobup-
kax - TB1un TB2 (116 ob6pa3uos — 73,0%), B 26 npobax no3uTnBHbIN pe3ynbtat KOT 6bin 3a-
dMKcMpoBaH TonbKo B Npobupke TB2, B 17 KoHUeHTpauus y-IFN 6bina Bbile NOporoBoro
ypoBHsa no TB1-npobupke (tabn. 1).

Kak yxe 6bino otmeueHo, pesynbtatbl KOT (cornacHo MHCTPYKUMM MO NPUMEHEHNI0
TecTa U NporpaMmmHoMy obecneyeHunto), HOCUN KaueCTBEHHbIN XapakTep: oTpuuaTenb-
HbI, MONOXNTENbHbIA, COMHUTENbHbIA. OfHaKo cnepgyeT OTMETUTb, UTO YPOBEHb MO3U-
TMBHOCTU B KT nccnegoBaHHbIX 06pa3sLioB KPOBY 3HAUUTESIbHO OTNMYasCA B LIENIOM 1 B
npobupkax c TB1- n TB2-aHTureHamu Ty6epkynmHa. Tak, HU3Kas KoHueHTpauma y-IFN - ot
0,36 go 0,6 lU/ml — nonyueHa B 37 o6pasuax, No3mTnBHbIX Ha JITBU B KOT (23,3%). Cpep-
HWIA YPOBEHb NO3UTMBHOCTM No nHaykumn y-IFN (0,61-2,5 IU/ml) Habnogancsa B 6onblumnH-
cTBE 06pasuoB niasmbl — B 84 npobax, uto coctaBuio 52,8%. Boicokue 3HauyeHua y-IFN
(2,6-9,0 1U/ml) BbiABneHbl B 26 cnyuyasax. B HekoTopbix Npobax KpoBM KOHLIEHTpauua

Ta6nuua 1

KonunuyecrBeHHasA xapaKTepucTiika nonoXurtenbHbix pesynbratoB KOT Ha JITBU

y BUM-nHdpunumpoBaHHbIX Ny

Table 1

Quantitative characteristics of the positive results of QFT on LTBI in HIV-infected subjects

KonuuectBo npo6
Auanazox O, IU/ml

TB1+ TB2+ TB1+ TB2- TB1- TB2+
0,33-0,6 22 6 9
0,61-2,5 60 8 16
2,51-9,0 24 2 0
Bonee 10 10 1 1
BCETO (159) 116 17 26

Ta6bnuya 2

CopepxaHue CD4- n CD8-numdpouuToB B 06pasuax Kposn BUY-nHpnympoBaHHbIX nuy,
nonoxutenbHbix no KOT Ha JITBU

Table 2
CD4 and CD8 lymphocytes levels in blood samples of HIV-infected subjects having positive QFT results
for LTBI
KonunuectBo npo6 Kposun
KonuuectBo numdouuTtos, x10%/n
cCD4 cCD8
MeHee 100 2 0
101-200 8 0
201-300 9 3
301-400 15 6
401-500 22 14
501-699 18 27
700-1000 35 38
1001-1260 1 14
1261-1600 0 11
1601-2000 0 5
Bonee 2000 0 2
BCETO 120 120
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CoBpeMeHHble BO3MOXXHOCTV ANArHOCTUKI NIAaTEHTHON Ty6epKyne3Hom nHdeKumn
y BUY-uH$UUmMpoBaHHbIX NaLMEeHTOB C 1CMOb30BaHMeM KBaHTU$EPOHOBOrO TecTa,
peanryemoro ¢ npuMeHeHneM nabopaTopHo-ArarHocTnyeckor cuctembl QuantiFERON-TB Gold Plus

g-U®, onocpepoBaHHas aHTUreHaMK, accoummpoBaHHbiMK ¢ MBT, 6blna oYeHb BbICOKOW —
6onee 10,0 IU/ml — B 12 o6pa3uax (okono 7,5% oT obLiero Konmyectsa NOAOKUTENbHbIX
B KOT npob).

AHanus konuyectsa cyénonynauun numoountos CD4 n CD8 B No3nTUBHbIX 06pa3Lax
Kposu Ha JITBW B KOT, nonyuyeHHbix oT BUY-nHbULMpPOBaHHbIX NuL, NOKasan, YTo Konu-
yecTtBO CD8-KNeToK KPOBU B flAHHOI KaTeropumn naumneHToB 6bii10 6onble, yem CDA4. Tak,
HopManbHoe Konndyectso CD4 (710-1600x108/n) BbisiBNeHO B 46 06pa3Lax, B TO BpeMs
kak CD8-numdouunToB (B Hopme 400-1600x10%/n) — B 111 obpasuax. Kpome Toro, manoe
KonmyectBo cybrnonynaumm CD4-numdpounToB perncTpmpoBanocb noutu B 8 pas uvailie
(B 74 cnyuasx), yuem CD8 — Tonbko B 9 06pa3Lax ot 06Lero Konmyectsa NO3NTUBHbBIX NPO6
Kposwu Ha JITBU B KOT (tabn. 2).

CnepyeT OTMETUTD, UTO M3 O6LLEro KoNnyecTsa UccnefoBaHHbIX Npob Kposu B KOT B
18 o6pasuax 6bin nonyyeH COMHUTENbHbIN pe3ynbTat (0,7%). B 60nblIMHCTBE cilyyaes 310
66111 NPOo6bI C OTPULATENIbHBIMU 3HAYEHNAMM B MPO6MpPKax ¢ mutoreHom (K+). M3 gaHHom
KaTeropuu npo6 yalle BCero COMHUTENbHbIV pe3ynbTaT Obi1 06ycnoBneH HA3KUMM 3Hauye-
Huamn K+ — 13 npo6, B 5 clyyasnx — BbICOKMM pe3ynibTaToM B Mpobupke ¢ oTpruaTenbHbIM
KoHTposnieM (K-). Mpruem npu nonoxutenbHbix yposHax y-IFN B npobupkax TB1 n TB2
(BblLlLE NOPOroBbIX 3HAUYEHMI) U HMU3KNX 3HaUYeHuAX K+ (meHee 0,5 OE) BbigaBanca nosu-
TUBHbIV pe3ynbTar.

Mo faHHbIM NUTePaTypbl, MPUUUHBI HA3KUX 3HaYeHU K+ MOryT 6biTb Kak 06beKT/B-
HOro XapaKkTepa — BC/IeiCTBME HU3KOTro MMMYHHOIO CTaTyca NauueHTa, Tak U CyobeKTuB-
HOrO: MOrPELLIHOCTY NPeaHaNNTUYEeCKoro 3Tana B3ATUA KPOBU, NOAFOTOBKM 00pasLoB K
nccneposaHuio, NnposeaeHuio NOA. HarnagHbiM JOoKa3aTenbCTBOM CJlyXKaT pe3y/bTaThl
ofHol 13 Npo6: CD4 - 25 knetok B 1 MK Kposu, CD8 — 170 numdounTtos/MKn npu obLiem
KonnuecTse nenkoumntos 2,25x10%/n, n3 HUx 8,4% numdounTtos. [JaHHbIM NaLieHTaM Ha-
3HayaTb uccnegoBaHue Ha JITBU ¢ nomoubio KOT He onpaBaaHo.

HekoTopble aBTOPbI TakKe YKa3blBaloT, YTO NPU HA3KOM YPOBHE cofleprKaHusa cybrnony-
naumm numobountos CD4 — meHee 200 KNeToK B 1 MK — UIMMYHHbI OTBET Ha CTUMYNALMIO
aHTUreHaMn MUKODBaKTepUIA MOXKET ObITb CHUXKeH. Cpeaun o6cnenoBaHHbIX MNALMEHTOB C
BUY-uHdpekymen n konnuectsom CD4 meHee 200 66110 10 NONOXKUTENBHBIX NPO6 KPOoBMK,
13 HYX B 5 o6pa3uax yposeHb y-IFN npeBbicvn noporosblie 3HaueHUs B 06enx npobupkax
(TB1 n TB2), B 1 obpasue - Tonbko TB1, B 3 ob6pasuax — TB2. Cnegyet oTMETUTb, YTO B NO-
cnegHem cnyyae obe Npobbl KPOBY copepanu camoe manoe konudectso CD4-knetok
(88 n 140).

AHanus nonoxutenbHbix pesynbrato KOT no ogHowm u3 2 npobupok (néo TB1, nnbo
TB2) nokasan, uto yatle ypoBeHb Y-IFN 6bin Bbile noporosoro B npobupke TB2, Kak n
YPOBEHb NO3UTUBHOCTY B LIe/IOM. TO BMOJIHE O6BbACHUMO HaNnumemM B HUX JONOSTHUTENb-
HbIX Al, CTUMYNMPYIOLWMX UMMYHHBI OTBET CO CTOPOHbI CD8-numdounTos.

Mo gaHHbIM NUTepaTypbl, NONOXMTENbHbIN pe3ynbTaT KOT no npobupkam TB2 cBuge-
TeNbCTBYET O BEPOATHOCTU HaNMuMA aKTUBHOTO TyGepKynesHoro npouecca, B To Bpems
KaK TonbKo no TB1 — o naTeHTHoW Ty6epKynesHol nHbekumm [5].

B 3AK/TKOYEHNE

Pe3ynbTaThbl, NonyyYeHHble MeToAOM NlabopaToOpHON AMArHOCTUKM NaTeHTHOWM Tybep-
Kyne3Hon MHpeKLun ¢ ucnosib3oBaHnem Habopa peareHtoB QuantiFERON-TB Gold Plus
(QFT-Plus, unn KOT+) npomnssogctea QIAGEN, CLUA, TpebytoT fanbHewero ocMbicieHuUs
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N COMOCTaBNEHMUA C KIUHUYECKUMW JaHHbIMU MO AanbHelwemy HabnogeHuto 3a BUY-
HOMLMPOBaHHBIMU NaLMEeHTaMK B NiaHe NPOPUNaKTUKN Yrpo3bl pa3BuTUA TybepKynesa.
Cumntaem, uto pesynbrat KOT+ cnepyeT He TONbKO BblaBaTb Kak KaueCTBEHHbIN: No-
NOXMWTENbHbIN, OTpMLATENbHbIN, HeONpPeaeNeHHbIN, HO U CONPOBOXAaTb ero ApYruMin Xa-
paKkTePUCTMKAMM TECTa, B TOM YMCe KONMYECTBEHHbIMU.
B uncne Takosbix:

B ypoBeHb MO3UTUBHOCTU, MPW STOM BO3MOXEH BapMaHT UCMONb30BaHNA KO3bduLMeH-
Ta NMO3UTMBHOCTM (OTHOLWEHNe KOoHUeHTpauun y-IFN B nccnegyemon npobupke K no-
pPOroBOMy ypOBHI0);

"= yHGOPMUPOBaAHUE O TOM, MO Kako NpobrpKe 6bi1 NONyYeH NONOXKUTENbHBbIN pe3ynb-
TaT - no TB1, TB2 unu obeunwm;

" lenecoobpa3HOCTb NMOBTOPHOrO UCCefoBaHMA 06pa3LoB (HanprMep, NPU BbICOKUX
3HayeHwusx Ol B «0» npobupke K—;

® [Py COMHUTEIbHOM pe3ybTaTe aHanmn3a — HU3Kom 3HaveHuun Ol npobupkn c muTore-
HoMm (K+) — pekomeHZauma K NOBTOPHOMY MCCreoBaHUIO (Yepe3 HEKOTOpOoe Bpems).
Mpun otpuuatenbHom pesynbtate KOT 1 HUM3KOM cofepxaHun B KpoBu CD4- u

CD8-nnmdountos (meHee 200 KneToK B 1 MKN) NccneloBaHe peKOMEHAYeTCA NOBTOPUTb

nocsie BOCCTaHOBNEHMWA KONNYecTBa T-KNeTok.

[na ncknioyeHna BepoATHOCTN IOMKHOMONOXKMTENIbHOTO pe3yfibTaTa MOBTOPHO MUcChe-
oBaTb 06pa3Libl C HU3KUM YPOBHEM NO3UTUBHOCTY (Mo KparHen mepe ¢ 0,35-0,40 ME/mn)

XKenatenbHO Yepes BMosHe onpeaeneHHbI NPOMeXyTOK BpemeHun (Hanpumep, mecau).
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Abstract

Introduction.Pseudomonasaeruginosaisanopportunisticgram-negative microorganism
that can cause infections requiring medical attention and is characterized by pronounced
resistance to antibiotics.

Purpose. To evaluate genetic diversity with the gene expression of the pvcABCD operon
in clinical P. aeruginosa isolates obtained in Baghdad, Irag.

Materials and methods. A total of 137 clinical samples were collected from various
sources, from which (26) P. aeruginosa isolates were confirmed by PCR targeting the 16S
rRNA and gyrB genes. Expression of pvcA - pvcD was assessed by RT-gPCR using rpoD as
a reference gene and the 222 method. Genetic relatedness and sequence variation were
evaluated using ERIC-PCR and Sanger sequencing of pvcA and pvcC.

Results. This study demonstrates that clinical P. aeruginosa isolates exhibit differential
regulation of the pvcABCD operon, characterized by down-regulation of pvcA and up-
regulation of pvcB, pvcC, and pvcD. The limited silent and missense mutations identified
in pvcA and pvcC suggest that bacterial adaptation relies primarily on compensatory
regulatory mechanisms that fine — tune gene expression under clinical stress conditions.
In parallel, the observed genetic diversity and clustering of multidrug-resistant isolates,
particularly from burn and diabetic foot ulcer sources, support the potential for
hospital-associated transmission of adapted strains and highlight their epidemiological
significance.

Conclusion. Clinical P. aeruginosa isolates showed differential regulation of the pvcABCD
operon, with down-regulation of pvcA and up-regulation of pvcB, pvcC, and pvcD. ERIC-
PCR revealed genetic diversity with clustering of burn and diabetic foot ulcer isolates
sharing similar resistance profiles, while pvcA and pvcC sequencing indicated high
conservation with limited mutations linked to increased gene expression.

Keywords: Pseudomonas aeruginosa, pvc genes, Sequencing, Antibiotic susceptibility,
RT-gPCR, ERIC-PCR
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[eHeTMYeckoe pa3Hoobpasue onepoHa PvcABCD
B Pa3NINYHbIX KNNHNYeCKNX nsonatax P. aeruginosa

KoHpnuKT nHTepecos: He 3asBeH.

Bknap aBTopoB: 3eHa Jloat A6ayn [xa66ap — KoHLenuus, NpoBefeHre NCCIefoBaHNi, MeTOLONOIUA, BeAeHWe NPOeKTa, pe-
Cypchbl, MporpamMmMHoe obecrneyeHrie, NpoBepka AOCTOBEPHOCTH MOMYYEHHbIX PE3Y/bTaToB, BU3yann3aLus, HanmcaHme YepHo-
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YepHOBOrO BapraHTa CTaTby, pefakTMpoBaHme.

3TnyecKoe 3aAB/IeHNe: NCCNeoBaHMe 6bio 0f06peHo Kadeapoii Gruonornyecknx Hayk HayyHoro Konnepka ans »eHwyH
barpaackoro yHuBepcuteta (2024).

CraTbsl ony6/MKOBaHa B aBTOPCKOW PeAaKLmu.

MNopaHa: 26.01.2026

MpuHaATa: 28.04.2026
KoHTakTbl: asmaams_bio@csw.uobaghdad.edu.iq

Pesiome

BBepeHume. Pseudomonas aeruginosa — yCNIOBHO-NATOreHHbIN rpaMoTpuLaTenbHbIA MU-
KpoopraHu3m, CnocobHbIl Bbi3BaTb MHbeKLMK, TpebyioLire oKka3aHUsa MeauLMHCKOW Nno-
MOLLM 1 OTNINYAIOLLMIACA BblIPaXX€HHOWN YCTONYMBOCTbBIO K aHTUOMOTHKaM.

Llenb. MpoBecTn aHanu3 reHeTMYeCKOro pasHoobpasna Mo SKCNpeccun reHa onepoHa
pvcABCD B knuHnueckux nsonstax P. aeruginosa, nonyyeHHbix B bargage, Mpak.
Matepuanbi n metoapl. B obuiein cnoxHocTy 66110 oTo6paHo 137 KNMHUYecKnx obpas-
LOB U3 Pa3fnYHbIX UCTOYHUKOB, N3 KOTOPbIX B 26 M30nATax Gbiflo NoaTBepAeHO Hanu-
une P. aeruginosa meTtogom MNUP ¢ ncnonbsosaHnem reHos 16S pPHK 1 gyrB B KauecTBe
MuLeHeln. dkcnpeccuio pvcA — pveD oueHuanu metogom MNUP B peanbHom BpemeHn ¢
ncnonb3oBaHnem rpoD B KauecTBe pedepeHCHOro reHa, a Takxke metogom 2-AACt. le-
HeTnyecKoe poACTBO U BapuabenbHOCTb NOoCeloBaTeIbHOCTEN OLEeHMBaNMN C MOMOLLbIO
NOBTOPAIOLLENCA MeXreHHOW KoHceHcycHon MLUP sHTepobakTepuin 1 ceKBeHUPOBaHUA
no CaHrepy reHos pvcA un pvcC.

Pesynbratbl. COrnacHo noslyueHHbIM aHHbIM, KNMHUYecKme nsonatol P. aeruginosa npo-
AsnAT guddepeHumanbHyio perynaumo onepoHa pvcABCD, xapakTepu3yioLLyoca CHU-
XeHVeM 3KCMpeccun reHa pvcA u NoBblleHUeM 3Kcnpeccun reHos pvceB, pvcC u pvceD.
OrpaHnyeHHOE KONMYeCTBO MONTUALLMX U MUCCEHC-MYTaLMIA, BbIABNEHHbIX B pvcA u pvcC,
npegnonaraer, YTo aganTauus 6aktepumn 6a3npyeTca B OCHOBHOM Ha KOMMEHCATOPHBbIX pe-
rYyNATOPHbIX MeXaHN3Max, KOTOpble «TOHKO» HAaCTPauBalOT SKCNPECCHIO FeHOB B YCNIOBUAX
KnnHmyeckoro ctpecca. MapannenbHo Habnofaemoe reHeTMyeckoe pasHoobpasue 1 Kna-
cTepur3auma MynbTUPE3NCTEHTHBIX N30/IATOB, 0COOEHHO 13 OXKOTOBbIX PaH U AnabeTnye-
CKUX AA3B CTOMbI, MOATBEPXKAAIOT NOTEHLMaNbHY0 BO3MOXHOCTb BHYTPUOONIbHUYHON Nepe-
[aun ajanTMPOBaHHBIX LUTAMMOB 1 MOAYEPKMBAIOT X SNNAEMMNONIONNYECKOE 3HaYeHMe.
3aknioueHune. ViccnegoBaHue npogemoHcTpupoBano anddepeHumnanbHyo perynauuio
onepoHa pvcABCD B KnuHuuyecknx msonsaTtax P. aeruginosa C MOHMXeHMEM 3Kcnpec-
CUK reHa pvcA 1 NoBbllLeHneM 3Kcnpeccun reHos pveB, pvcC u pveD. MNosTopstowanca
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MeXreHHasa KoHceHcycHas [LP sHTepobakTepuin BbisiBUNa reHeTMYecKoe pa3Hoobpasme
C Knactepm3aumen B M301ATax, NONYUYEHHbIX 13 OXKOToBbIX PaH 1 AnabeTnyeckmx A3B CTo-
Mbl, UMEIOLLMX CXOXKMNE NPOPUNN Pe3NCTEHTHOCTU. B TO ke BpemMa ceKBeHMpoBaHMe pvcA
1 pvcC NokKasano BblCOKY KOHCEPBATMBHOCTb C OFPaHNUYEHHbIM KONMUYECTBOM MyTaLUiA,
CBA3aHHbIX C MOBbILEHHON 3KCNPeCccUert reHoB.

KnioueBble cnoBa: Pseudomonas aeruginosa, reHbl pvc, CEKBeHNPOBaHWe, YyBCTBUTESb-
HOCTb K aHTUbmoTnKam, KMLIP B peanbHom BpemeHu (RT-qPCR), noBTopAioLwanca mexreH-
Has KoHceHcycHaa MNUP sHTepobakTepuin (ERIC-PCR)

B INTRODUCTION

Pseudomonas aeruginosa is a Gram-negative, rod shaped bacterium belonging to
the family Pseudomonadaceae and is recognized as an opportunistic human pathogen
capable of causing a wide spectrum of infections involving the bloodstream, skin,
respiratory tract, and urinary tract [1, 2]. These infections may be acute or chronic
and occur predominantly in immunocompromised patients, posing a major clinical
challenge due to the organism’s pronounced antibiotic resistance and virulence
potential [3]. The pathogenicity of P. aeruginosa is mediated by numerous virulence
factors, including lipopolysaccharide, outer membrane proteins, flagella, pili, and
exopolysaccharides, which facilitate adhesion, immune evasion, and biofilm formation.
In addition, the bacterium secretes a variety of effectors through specialized secretion
systems [4, 5]. Biofilm formation represents a key pathogenic strategy, as it enhances
bacterial adherence and confers protection against antimicrobial agents and host
immune responses, thereby contributing to chronic and difficult to treat infections [6, 7]
Moreover, P.aeruginosa exhibits high genomic plasticity that enables rapid adaptation to
diverse clinical environments and favors the emergence of high risk antibiotic-resistant
clones, a capacity supported by its large genome of approximately 6.3 Mb [8]. Operons
represent a major gene regulatory mechanism in prokaryotes, allowing coordinated
gene expression and efficient metabolic adaptation, with nearly half of bacterial protein
coding genes organized in multigene operons [9]. The pvcABCD operon in P. aeruginosa
consists of four genes clustered between 2,482,045 and 2,486,118 bp on the (PAO1)
chromosome and was initially associated with pyoverdine chromophore biosynthesis
[10-12]. Later studies demonstrated that this operon has broader metabolic roles, as PvcA
and PvcB catalyze key reactions leading to the production of the secondary metabolite
paerucumarin, with PvcC and PvcD completing the biosynthetic pathway [13, 14]. The
instability of isonitrile containing metabolites and variability among pvc clusters explain
earlier difficulties in detecting paerucumarin [13], operon expression is negatively
regulated by iron and positively controlled by PvdS and the transcriptional regulator
PtxR [10]. Furthermore, local gene expression studies revealed a strong association
between pvcABCD expression and biofilm formation, where pvcA and pvcB are up-
regulated in biofilm producing isolates, whereas pvcC and pvcD are down-regulated,
supporting both enhanced adhesion and the presence of two distinct operons within
this gene cluster [11, 15].
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B PURPOSE OF THE STUDY
To evaluate genetic diversity with the gene expression of the pvcABCD operon in
clinical P. aeruginosa isolates obtained in Baghdad, Iraq.

B MATERIALS AND METHODS

Sample Collection

A total of 137 clinical samples were collected from various age groups and sexes,
including (48 burn swabs, 40 wound swabs, 22 diabetic foot ulcers, and 27 urine) samples,
between November 2024 and February 2025.

Bacterial Isolates Identification

Molecular identification of the bacterial isolates was performed using the 16S rRNA
and gyrB genes, which were considered reliable diagnostic genes for confirming the
identity of P. aeruginosa. Out of 137 clinical swabs collected, PCR results confirmed 26
isolates as belonging to P. aeruginosa, genomic DNA was extracted by using the EasyPure®
Bacteria Genomic DNA Kit (TransGen Biotech, China), according to the manufacturer’s
instructions. The bacterial cultures were grown overnight, harvested by centrifugation,
and the resulting pellets were processed for DNA purification and elution as described in
the kit protocol.

Conventional PCR amplification was carried out using specific primers targeting the
16S rRNA and gyrB genes gene in the table 1. Each 25 pL reaction mixture contained
12.5 pL of 2x EasyTag® PCR SuperMix, 1 uL of each primer (10 pmol), 3 uL of DNA template,
and 7.5 pL of nuclease-free water. PCR cycling program was optimized as follows: an initial
denaturation at 94 °C for 1-9 minutes, followed by 40 cycles of denaturation at 94 °C
for 30 seconds, annealing at 63 °C for 30 seconds, and extension at 72 °C for 30 seconds.
A final extension step was carried out at 72 °C for 5-15 minutes to ensure complete
elongation of all amplicons. PCR products were subsequently separated by agarose gel
electrophoresis and visualized to confirm the presence of the expected amplification
bands for the 16S rRNA and gyrB genes.

Checking for Antibiotic Resistance

We used the Kirby — Bauer disc diffusion method to ascertain if they were resistant
to antibiotics [16]. say that this was done in line with the rules specified by the Clinical
and Laboratory Standards Institute [17]. We collected some colonies from a culture that
had been growing overnight and put them in 2 cc of saline solution. This lowered the
concentration to the 0.5 McFarland standard. A sterile cotton swab was used to evenly
spread the bacterial suspension across the surfaces of all the Mueller - Hinton agar plates
in three directions (about 60° each time) to make sure that all of them were infected. The
dishes were left out at room temperature for 30 minutes to soak up any extra moisture.
After that, sterile forceps were used to put antibiotic discs on the agar surface. The plates
were then stored at 37 °C for 24 hours. We used a ruler to measure the diameter of the
inhibitory zones surrounding each disc. Then we put the isolates into three groups:
susceptible, intermediate, or resistant.
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Primers Design

The primers used in this study are listed in Table 1. All primers were synthesized in
lyophilized form by Macrogen (Korea). Upon arrival, they were spun down and dissolved
in DNase- and RNase-free water according to the manufacturer’s instructions to prepare a
stock solution (100 uM). A working solution (10 uM) was then prepared by diluting 10 uL
of the stock solution in 90 pL of nuclease-free water. Both stock and working solutions
were gently mixed and stored at -23 °C until use.

RT-qPCR Quantification of Pvc Operon Genes

The expression levels of the pvcA, pvcB, pvcC, and pvcD genes belonging to the pvcABCD
operon, along with the housekeeping gene rpoD, were evaluated in P. aeruginosa clinical
isolates using real-time quantitative PCR (RT-gPCR). Total RNA was extracted from the
bacterial pellets using the TransZol Up Plus RNA Extraction Kit (TransGen Biotech, China)
following the manufacturer’s recommendations. To avoid genomic DNA contamination,
the extracted RNA was treated with DNase enzyme and immediately stored at —20 °C

Table 1
A list of primers used during this study
. . Templet
Primers Pr!m,er sequence Itnnealmg, 1 length, Reference
(5°-3) (°C) b
p

Housekeeping primers

rpoD RNA F-ACAAGATCCGCAAGGTACTGAA

polymerase 60 180 [18]

A R-ATCGCCCAGGTGCGAAT
sigma factor

RT-qPCR primers

F-CCTGTCGCTGTCGTTCCT
PvcA R-CCTGGTAGGCGCTGATGT 59 143 (

F-ATTCCCCATCCTGCGTT
PvcB R-CGTGCAACAGGGTCAGG 57 212 Second author

F-AAGGCGATCCACGAGATG
PvcC R-CGAAGAACACAACAGCGA 56 187 Second author

F-CCTCTCGGCCCTGCTT
PvcD RTCGGGTAGCTGCGGTTC >8 158 [

Detection primers

F-GCACTTTAAGTTGGGAGGAA
1651 RNA R-CTTTACGCCCARTRAWTCCG >8 144 (1]

F-CCTGACCATCCGTCGCCACAAC
Gyr8 R-CGCAGCAGGATGCCGACGCC 66 220 (201

Sequencing primers

PycA F-AGCGCATCCAGCTGTTCTAT 56 978 Second author
R-ATCATGTGGATGCCGAACTT

F-GTCGCCAGGTCTACCTCAAC
PvcC R-AGCGGATAGTCGAAGGGACT 58 1499 Second author

ERIC-PCR primers

F-CACTTAGGGGTCCTCGAATGTA .
ERIC R-AAGTAAGTGACTGGGGTGAGCG 60 Variable | [21]
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until use. The purified RNA was then reverse-transcribed into complementary DNA
(cDNA) using the EasyScript® One-Step gDNA Removal and cDNA Synthesis Super Mix
Kit (TransGen Biotech, China) according to the manufacturer’s protocol. Each RT-qPCR
reaction was prepared in a final volume of 20 pL, consisting of 10 uL of TransStart® Top
Green gPCR Super Mix, 2 uL of cDNA template, 2 pL of primer mix (1 pL forward + 1 L
reverse), and 6 L of nuclease-free water.

The thermal profile consisted of an initial denaturation at 95 °C for 30 s, followed
by 40 cycles of denaturation at 95 °C for 10 s, annealing at gene-specific temperatures
(60 °C for pvcA, pvcB, pvcD, and rpoD; 56 °C for pvcC), and extension at 72 °C for 20 s.
Each reaction was carried out in triplicate to ensure accuracy. The rpoD gene, encoding
the RNA polymerase sigma factor, served as the internal control for normalization of
gene expression levels. Relative expression for each target gene was calculated using the
comparative AACt method, based on the mean cycle threshold (Ct) values of the target
and reference genes.

Genotyping of Pseudomonas aeruginosa Isolates by ERIC-PCR Technique

Genotyping of P. aeruginosa isolates was performed using ERIC-PCR to assess the
genetic relationships among 19 clinical isolates. Amplification was performed using
specific ERIC primers under defined amplification conditions. The PCR products were then
separated by agarose gel electrophoresis and visualized under UV light. Banding patterns
were scored as present or absent and analyzed using (UPGMA clustering) to generate
dendrograms describing the genetic relationships among the isolates.

DNA Sequencing

Sangersequencing was carried out on the PCR-amplified fragments usingan ABI3730XL
automated DNA sequencer (Macrogen Corporation, Korea). The extracted DNA from 17
P. aeruginosa isolates was subjected to direct sequencing, And the obtained nucleotide
sequences were analyzed and compared with reference sequences using BLAST (Basic
Local Alignment Search Tool) in the National Center for Biotechnology Information (NCBI)
website (www.ncbi.nlm.nih.gov).

Analysis of Data

Data analysis involved processing results from Rotor-Gene Q Series Software,
including Ct value recording, amplification plots, dissociation curves, and consolidated
reports. Gene expression was quantified using the ACt method by subtracting the Ct of
the housekeeping gene from the target gene for both control and patient samples. The
normalized expression ratio was calculated as 2"22%, The AACt method was then used
to compare patient and control groups by subtracting the control ACt from the patient
ACt, with relative fold change determined as 2"22%, reflecting gene expression changes
normalized to the housekeeping gene and relative to controls.

Statistical Analysis

ERIC-PCR data were analyzed using Dice and Jaccard coefficients, and clustered by the
UPGMA method to generate dendrograms for genetic relatedness.
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B RESULTS

Bacterial Isolates and Identification

The presence of 26 bacterial isolates was confirmed by Molecular detection was
achieved using the 16S rRNA (144 bp) and gyrB (220 bp) genes, as in Figure 1, 2.

Gene Expression Analysis

Expression levels of pvcABCD operon genes were assessed in (26) clinical isolates of
P. aeruginosa using RT-qPCR and analyzed using the Livak method (2A-AACt), with rpoD
serving as the internal reference gene for normalization. According to the standard
criterion, genes with a fold change value greater than one (>1) were considered up-
regulated, while genes with a fold change value less than one (<1) were considered
down-regulated [22]. The pvcABCD operon showed a differential gene expression
pattern, with pvcA expression decreasing to (0.49), while pvc B, pvcC, and pvcD

9 87 6 5 4 3 2 1M

144bp
16SrRNA

Fig. 1. Amplified 16S rRNA products of P. aeruginosa isolates. Electrophoresed on 1% agarose for 60 min
at 70 volt. The product size was 144 bp. M: DNA Ladder (100 bp)

9 8 7 6 5 45SECESlEhi

Fig. 2. Amplified Gyr B products of P. aeruginosa. isolates. Electrophoresed on 1% agarose for 60 min
at 70 volt. The product size was 220 bp. M: DNA Ladder (100 bp)
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Table 2
Fold of pvcABCD expression depending on 2"22“ method
group  pvcet ofctrpop  Meamofact Meansnct U CRCSCe
PvcA 28.38 23.14 5.24 -1.87 13.71 0.49
PvcB 22.82 23.14 -0.32 0.28 242 244
PvcC 27.15 23.14 4.01 -0.17 6.10 5.49
PvcD 26.44 23.14 3.30 -0.64 3.18 3.08

expression increased to 2.44, 5.49, and 3.08, respectively, particularly the pvcC and pvcD
genes, as shown in Table 2.

ERIC-PCR Genotypes and Antibiotic Resistance Patterns

ERIC-PCR analysis of 19 clinical P. aeruginosa isolates revealed considerable genetic
diversity, asindicated by distinct banding patterns on agarose gels Figure 3. Cluster analysis
using UPGMA generated a dendrogram showing several genetic clusters at intermediate
dissimilarity levels (=25-30 units), alongside genetically distinct isolates Figure 4. Notably,
certain clustered isolates exhibited similar antibiotic resistance profiles. Isolates 2 and
5 clustered at a distance of =14 and shared resistance to (TCC, IPM, CAZ), while isolates
20 and 12 clustered at =17 and showed multidrug resistance to (TCC, IPM, CAZ, PRL, ATM,
AK). Similarly, isolates 17 and 14 clustered at =19 with comparable resistance patterns.
ERIC-PCR analysis also showed genetic similarity between isolates 8 and 15 despite the
difference in clinical source, with similarity in resistance patterns. In contrast, isolates
6 and 11 appeared as separate branches, indicating marked genetic divergence. These
results demonstrate a relationship between ERIC-PCR genotypes and antibiotic resistance
profiles among the studied isolates Table 3.

201918171615141312M11 g sebad 3 2 1

1500bp

Fig. 3. ERIC-PCR banding patterns of P. aeruginosa isolates showing variability that reflects genetic
diversity
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Fig. 4. ERIC-PCR dendrogram of 19 P. aeruginosa isolates

Table 3

Genetic distance, source of isolation, and antibiotic resistance types of P. aeruginosa
:::ia()tfe g?;::::e =) Source Antibiotic resistance type
2 burns TCC, IPM, CAZ, LEV, PRL, ATM, AK
4 =14 DFU TCC, IPM, LEV, ATM
5 Burns TCC, IPM, CAZ
8 35 Burns TCC, IPM, LEV
15 DFU TCC, IPM, CAZ, LEV, PRL, ATM
12 17 Burns TCC, IPM, CAZ, LEV, PRL, ATM, AK
20 Burns TCC, IPM, CAZ, PRL, ATM, AK
14 <20 Burns TCC, IPM, CAZ, LEV, PRL, ATM, AK
17 Burns TCC, IPM, CAZ, LEV, ATM, AK

Notes: DFU - Diabetic Foot Ulcer; AK - Amikacin; ATM - Aztreonam; PRL - Piperacillin; CAZ - Ceftazidime; IPM - Imipenem;
LEV - Levofloxacin; TCC - Ticarcillin / Clavulanic acid.

DNA Sequencing with Gene Folding for the PvcA and PvcC Genes
This study integrated gene expression data with sequence analysis by selecting the
pvc A and pvcC genes. sequence analysis was performed on 13 isolates for pvcA and
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Fig. 5. Alignment of the pvcA gene sequence of P. aeruginosa isolates with the reference strain A31628
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Fig. 6. Alignment of the pvcC gene sequence of P. aeruginosa isolates with the reference strain by using
Geneious Prime software

9 isolates for pvcC. The amplified products were subjected to Sanger sequencing, and the
resulting sequences were compared with reference sequences deposited in the (NCBI)
GenBank database to assess potential sequence variations in relation to gene expression
patterns, as in Figures 5 and 6 and Tables 4 and 5.

B DISCUSSION

The 16S rRNA gene is considered the gold standard for bacterial identification because
it is present in all bacteria and contains conserved and variable regions that enable
genus-level discrimination using PCR [23, 24]. A previous study demonstrated the high
efficiency of the 16S rRNA gene in identifying P. aeruginosa and distinguishing it from
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Table 4
Sequence variation with gene folding for the pvcA gene
No.Of Fold | Type 9f . Location Nucleotide | Codon Amino acid change Predicted
sample | pvcA | substitution change change effect
14 ?;:; Transversion | 2482503 | G—C GCC—CCC | Alanine—Proline Missense
12 25.99 . .
4004780 [ T—-C CGT—CGC | Arginine—Arginine
16 19.16
24 36.76 | Transition Silent
25 22.94 4004828 | T—C ACT—ACC | Threonine—Threonine
26 29.65
4 17.15
6 16.22
7 0.03
13 11.39
17 0.04
23 27.47
Table 5
Sequence variation with gene folding for the pvcC gene
No. Of sample fold pvcC Sequence
2 0.16
3 0.90
4 1.00
5 492
6 43.71
7 0.24
9 293
10 1.32
1 6.11 Mutant

other Pseudomonas species, with most isolates yielding positive results [25, 26]. A local
Iragi study conducted in 2019 reported a high sensitivity of (96%) for the molecular
detection of P. aeruginosa bacteria using the 16S rRNA gene [27]. In contrast, the gyrB
gene exhibits greater sequence diversity than 16S rRNA, allowing more accurate species —
level discrimination, particularly among closely related species [28-30]. Recent studies
further confirmed that the combined use of 16S rRNA and gyrB genes provides high
reliability for the molecular diagnosis of P. aeruginosa by PCR, as each gene complements
the other in precise bacterial identification [31].

The pvcABCD operon is considered one of the major secondary metabolic pathways in
P. aeruginosa, as it participates in the biosynthesis of paerucumarin through a sequential
series of enzymatic reactions involving PvcA, PvcB, PvcC, and PvcD [13, 32]. Paerucumarin
has been reported to play multiple roles associated with bacterial virulence, including
enhancement of adhesion via regulation of cup genes, contribution to iron homeostasis,
and indirect effects on antibiotic resistance mechanisms [11, 32, 33].
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Local study has shown that increased expression of pvcB is associated with enhanced
biofilm development and adaptation to clinical environments [15, 34]. Furthermore,
suggest that the pvcAB and pvcCD gene clusters may be regulated as independent
transcriptional units, which may explain the pronounced expression of pvcC and pvcD
observed in clinical isolates [15].

The ERIC-PCR analysis revealed the presence of distinct genetic clusters among
P.aeruginosaisolates, where genetic relatedness among certain isolates was accompanied
by clear similarities in antibiotic resistance patterns, particularly among burn isolates,
indicating the possible dissemination of epidemic strains within the same clinical
environment [35]. In addition, clustering of isolates originating from different clinical
sources within the same genetic group was observed, suggesting that some resistant
strains are capable of spreading throughout the hospital environment rather than being
confined to a single clinical source [36]. In contrast, several isolates appeared as genetically
distant, independent branches, reflecting the high genetic diversity of this pathogen and
the presence of distinct strains not linked to direct epidemiological transmission chains
[37, 38]. The findings of this study are consistent with previous research demonstrating
clear genetic relatedness among multidrug-resistant P. aeruginosa isolates, particularly
those recovered from burns and wounds, indicating the circulation of epidemic strains
within the same clinical environment [39]. Recent reports have further indicated
that identical genotypes detected among isolates from different patients provide
strong evidence of in hospital transmission through patients or healthcare associated
environmental sources rather than random similarity [40, 41]. Hospital acquired outbreaks
caused by multidrug-resistant P. aeruginosa therefore represent a serious epidemiological
challenge, particularly in high-risk units such as burn wards, underscoring the importance
of molecular surveillance to support infection control programs and identify transmission
routes [9, 42, 43]. Although ERIC-PCR is a rapid, cost effective, and practical method for
assessing genetic relatedness in molecular epidemiological studies, its limitations in
discriminating closely related strains highlight the need to complement it with higher-
resolution approaches, such as whole genome sequencing, for a more comprehensive
interpretation of genetic diversity [44].

Gene sequencing and expression analyses of pvcA and pvcC in P. aeruginosa isolates
revealed elevated transcript levels, particularly in isolates harboring the G—C mutation
in pvcA at position 2,482,503, resulting in an Ala to Pro substitution predicted to affect
protein folding. This pattern is consistent with stress induced mutagenesis models, in
which environmental stress triggers transcriptional reprogramming that up-regulates
survival related genes despite the presence of structurally detrimental mutations, serving
as a compensatory mechanism to maintain pathway function [45-47]. Sequencing
analysis identified recurrent silent mutations in the pvcA gene among five Pseudomonas
aeruginosa clinical isolates, characterized by synonymous T—C substitutions that did not
alter the encoded amino acids but were associated with marked up regulation of pvcA.
This pattern supports evidence that silent mutations can influence gene expression
through effects on mRNA structure, stability, and translation efficiency [48]. In contrast,
isolates lacking mutations in pvcA or pvcC showed variable expression levels, reflecting
the complex regulation of the pvcABCD operon by iron availability, regulatory factors
such as PvdS and PtxR, and environmental stress signals, as well as intrinsic transcriptional
and post transcriptional heterogeneity within bacterial operons [11, 15, 49].
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B CONCLUSION

Clinical P. aeruginosa isolates exhibited differential regulation of the pvcABCD operon,
characterized by down-regulation of pvcA and up-regulation of pvcB, pvcC, and pvcD,
reflecting transcriptional adaptation to clinical stress. Mutations in pvcA and pvcC were
associated with increased gene expression, suggesting compensatory regulatory
mechanisms, while ERIC-PCR analysis revealed genetic diversity with clustering of
burn and diabetic foot ulcer isolates, supporting the possibility of hospital — acquired
transmission of multidrug-resistant strains.
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Pesiome

BBegeHwue. DMnepunosnes — 3To0 peakuin GeHoMeH, CBA3AHHDbIN C HaNNYMeM MHTaKTHOW
KNeTKy B LUTOMNNasme Apyrol, oOycsIOBNEHHbIN NaTONOrMueckummn 1 Gusnonornyecku-
MU GakTopamu. STUONOIUA 3TOrO ABNEHMA A0 KOHLLA He N3YYeHa, TaK Xe KaK 1 ero ponb.
B naHHoW cTaTbe npencTaBieHbl MOpdonornyeckme 0CobeHHOCTY KETOK KOCTHOMO MO3-
ray pebeHka co cnabbiM UMMYHUTETOM, NPOABAAOLLMECA B OOHAPYKEHMIN BbICOKOIO NPO-
LileHTa MerakapuounToB C SMMNepUNone3om.

Lienb. MNpoaemMoHCTppoOBaTh pefKyl LUTONIOrMYECKylo KapTUHY B MyHKTaTe KOCTHOro
MO3ra, NPoaHanM3npPoBaThb 1 OLEHWUTb NPOLEHT MerakaproLuTOB, MOpPaMeHHbIX SmMnepu-
nosne3om, 3aymMmaTbCa O BO3MOMHbIX NPUYNHAX AaHHOTO COBbITHA.

Matepuanbl n metoabl. /3yueHbl npenapatbl, NPUrOTOBMIEHHbIE M3 MyHKTaTa KOCTHOrO
MO3ra, B3ATOro 13 2 no3unuuii (nepegHnx BepxHUX ocTeln NoAB3AO0LWHbIX KOCTelN cnpaBa 1
cneBa) y pebeHKa 2 NeT, C poXKAeHNA CTpaJatoLlero oT YacTbiX MHPeKUMOHHbIX 3aboneBa-
HUNA.

PesynbraTbl. [1py nccnefoBaHv Ma3koB KOCTHOTMO MO3ra BbIIBNEH COXPaHEHHbIN Mera-
KapuvoLmMTapHbIA POCTOK, 3NaTUPOBaHHbIN Ha 82% 3Mnepunosie3om.

3aknoueHne. Ha doHe vMmyHonornmueckmx AnCcOYHKUWIA, BbiI3BaHHbIX BO3AeNCTBMEM
pasfMyYHbIX BUPYCOB M NPeAPacrnonoXeHHOCTbIO K YaCTbiM MHbEKLMAM, BO3HUKaeT peHo-
MEH «KJleTKa-B-KNeTKe».

KnioueBble cnoBa: smnepunones, MerakapmouuTbl, ociabneHHbIi UMMYHUTET, fetu, dpe-
HOMEeH «KNneTKa-B-K/eTke»
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Abstract

Introduction. Emperipolesis is a rare phenomenon associated with the presence of an
intact cell within the cytoplasm of another, caused by pathological and physiological
factors. The etiology of this phenomenon, as well as its role, remains unclear. This article
presents the morphological features of bone marrow cells in a child with a weakened
immune system, manifested by the detection of a high percentage of megakaryocytes
with emperipolesis.

Purpose. To demonstrate a rare cytological pattern in bone marrow aspirate, analyze and
assess the percentage of megakaryocytes affected by emperipolesis, and explore possible
causes of this condition.

Materials and methods. We studied preparations from bone marrow aspirates collected
from two sites (right and left anterior superior iliac spines) in a 2-year-old child with a
history of frequent infectious diseases.

Results. Bone marrow smear analysis revealed a preserved megakaryocytic lineage, 82%
effaced by emperiopolysis.

Conclusion. A"cell-in-cell" phenomenon occurs against the background ofimmunological
dysfunctions caused by exposure to various viruses and a predisposition to frequent
infections.

Keywords: emperipolesis, megakaryocytes, weakened immunity, children, "cell-in-cell"
phenomenon

B BBEJEHWE

MNMepBoe ynomuHaHve o GeHOMeHe «KNeTKa-B-KneTke» oTHocuTcA K 1862 . OH xapak-
Tepun3yeTca NoroLeHneM OgHOM NN HECKONBbKNX KNIETOK LIUTOMNa3MON ApYron KNeTkn —
TaK Ha3blBaeMOW KNeTKn-xo3saurHa. CyliecTByeT HeCKONIbKO NOA0OHbIX ABNeHWI. K HUM OT-
HocCAT paroumTos, SMNEpPUNoses, S3HTO3, KNETOUHbIV KaHHUOanu3m [1, 2]. ina Toro yTo6sl
MOHATb CYTb U OTNINYMA NPUBEAEHHbBIX TEPMUHOB, JOCTAaTOUHO O6PATUTHCA K TPAKTOBKE
3TUX NOHATUN.
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KnuHunueckun cnyqa|7| TOTa/lbHOro aMnepunnonesa B nenmanquCKoﬁ NpaKTnKe

(MarounTo3 — 3T0 CNOCOBHOCTL OMnpeAeNneHHbIX KEeTOK yaepKMBaTb U NepeBapmBaTh
NNOTHblE YaCTWLbl, @ TaKXKe Lesble KNeTKW, B pe3ynbTaTe yero KjeTka-roctb nornbaer
nog fencTeuem nn3ocomanbHbix depmeHToB (puc. 1A). Npu amneprnonese NOrnoLleH-
HasA KneTKa OCTaeTcA CTPYKTYPHO U GYHKLMNOHANbHO HEBPeaVMOWN BHYTPY APYroi U MO-
XeT BbINTK 13 Hee B Ntoboe Bpema (puc. 1B). CywecTByeT TakKe TEPMUH «NepPUNoancy,
npeacTaBnAwWNA coboi NpuKpenneHne ogHoN Knetkn K apyron. C MOHATAEM «3IHTO3»
accoummpyeTca ABNeHUe, MPU KOTOPOM HabniofaeTca BHYTPUKNETOUHOE BTOPXKEHUE U
rmbenb KNeToK; NPy 3TOM 3axBayeHHas KNeTKa U3HauyanbHO XMBa Y MOXET LenuTbcA U1
[axe nHorga BbICBO60XAATbCA KNETKON-XO3AMHOM, HO Yallie B KOHEYHOM Utore norvbaet
(puc. 1C). CumtaeTca, UTO OH CBA3aH C BO3MOXHbIM KaHLIepOreHe3oM 1 NporpeccnpoBa-
Huvem onyxonu [2]. KneTouHbli KaHHM6anM3M BCTpeyaeTCa CKNOUNTENIbHO NPU NaTono-
rMYeCcKnX COCTOAHUAX, XapaKTepusyloLWnXca NornoLeHnem ogHoOM OMyxOneBon KNeTKn
apyrow [3]. [lo3ToMy BaXHO pa3fnnyaTb AaHHble NPoLecchl.

TepMuH «amnepunones» 6oin NpegnoxeH B 1956 r. Xambnom. A camo ABfieHne 6bino
onucaHo Ouwepom n JonbwaHckum B 1929 r. [4]. B oTnnume ot gpyrux TMNoB noriotue-
HMA, ero PaccMaTpPMBalOT Kak CBOEro pofia KNeTouHbln cmbuo3s [1]. TouHas kay3anbHOCTb
aMnepunosiesa Hen3BeCTHa, HO ANA 06bACHeHMA 3Toro deHomeHa BbiBMHYTa Teopus
yyacTua nyTu NM30COManbHOM Aerpagauunmn, CTUMYIMPOBaHHOW NPOBOCMANMTeNIbHbIMU

Puc. 1. KocTHblih mo3r. DeHOMeH «KNneTKa-B-Knetke»: A - paroyutos. YeenuueHue x1000;

B - amnepunones. YBenuueHune x1000; C - 3HTO3. YBenuueHue x1000; D - KneTouHbli1 KAHHU6aNU3M
Npu OCTPOM MNENOUAHOM neliKose. YBenuueHue x1000

Fig. 1. Bone marrow. The "cell-in-a-cell" phenomenon: A - phagocytosis. Magnification x1000;

B - emperipoleisis. Magnification x1000; C - entosis. Magnification x1000; D - cellular cannibalism
in acute myeloid leukemia. Magnification x1000
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LUUTOKMHAMM 1 OMNOCPEeAOBAHHONM eCTeCTBEHHbIMU Kunnepamm [1, 3]. DMnepunosnes noa-
pa3genstoT Ha 2 TMNa: roMOTUMNYECKUIA U reTePOTUMNNYECKNIA, B 3aBUCUMOCTM OT BMAa No-
rMOLWEHHOW KNEeTKN-MULLEHW: TN60 aHaNorMYyHoON, NM60 NHON. K KneTKam-oByLLKaM valle
OTHOCAT MerakaproLuTbl U TMCTUOLUTDI, pexe — ornyxosieBble KneTku. B amnepunonese 8
KauecTBe 3axBaUeHHbIX KNETOK BbICTYMaT MUENOWAHble KNeTKU, HeNTpodunbl, 3pUtpo-
6nactbl, numdoumnTbl, NNasmaTnyeckne knetku [3]. CywecTsyet 2 BMaa faHHOro deHome-
Ha: TMCTUOLMUTAPHbIA 3MMepUnosnes, Npy KOTOPOM Makpodaru 3axBaTbiBatoT numoona-
Hble KNeTKW, U MerakaproLuTapHbIi SMMIepunoses, XxapakTepusyoLwmincsa nornoweHmem
reMorno3TUYECKNX KNETOK KNeTKaMuy — NpeALlecTBEHHKaMM TpoMbounTos. MNornolleHne
KNeToK rmctmoumTamm Habnogaetca npu 6onesHn Posan — [lopdmaHa, uto ABASAETCA OT-
NNYNTENbHON YepTo faHHOTO 3aboneBaHNA, a Tak»Ke NpU ayTOMMMYHHOM renatute [5, 6].
Mo BpemMeHM NPOX0oXKAEHWNA NOTMOLEHHON KNETKWN TaKXKe BblaenaAtoT ObIcTpbIf (4o 10 MUH)
1 MegneHHbIN (1o 60 MUH) SMNepuUMnones, YTo NpeanosiaraeT Hannuyme pasindHbix Grusmo-
nornyeckux GyHkuumn [7].

MerakapviouuTapHblii 3Mnepunones — JOBONbHO pefKoe ABNeHKe, HanpAMyIo CBA-
3aHHOe C Muccmen merakapuoumTtos (MLU). [lo HacToAwero BpemeHn cYnTanoch, YTo OC-
HoBHasA PpyHKLMA ML, — npor3BoacTBO TPOMOOLUTOB, HO NOCNeAHME faHHble CBUAEeTESb-
CTBYIOT B MOJIb3Y TOrO, YTO OHU ABAAIOTCA aKTMBHbIMM YYaCcTHUKaMM afanTUBHOIO UMMY-
HuTeTa [8-10]. B pe3ynbtaTe nccnefoBaHWi, NOMYYEHHbIX C MOMOLLbIO CEKBEHNPOBaHUA
OTAENbHbIX KNETOK Y MbIlel 1 He3aBUCMMO OT daKTa Hannuma obLmMx MapKepoB, AoKa-
3aHO CyLLeCcTBOBaHMe pa3fMyHbIX TUMOB 3penblX MerakapuoumTos: ML, npogyuupytowme
TPoOMO6OLMTbI, MOAJAEPKUBaIOLLME HULLY U UMMYHHbIe MerakaprouuTbl. K coxaneHuio, me-
XaHW3Mmbl, onpegenstowme GyHKLMOHanbHbIA Npodunb cybnonynaumin npeawecTBeHHW-
KOB TPOMOOLIMTOB, OCTAKOTCA B 3HAUUTENIbHOW CTENEHU HensyuyeHHbiMu [11, 12].

3axBaT reMono3TUYECKNX KNETOK B KOCTHOM MO3re Merakapuouutammn Habntopaetcs
npu 3aboneBaHUAX OPraHOB CUCTEMbl KPOBU: HEXOAXKUHCKON 1 XOOXKKMHCKON numdo-
Max, NPW PasNNYHbIX BUAAX OCTPbIX JIENKO30B M CBA3AHHOWM C HUMUK Tepanun, XpoHnve-
CKOM NMdonenKose, XPOHNYECKOM MUENIOMAHOM Nelko3se, Mnenodnbpose, mmenogunc-
NIacTUYECKOM CUMHAPOME, ene3oaedUUNTHON aHEMUWN, XPOHUYECKOW HEWTPOMeHUN,
nanonaTnyeckon TpomooLMTONEHNYECKON Mypnype, KPOBOTEUEHUAX U AaKe BO Bpemsa
BBeJeHNA PEKOMOVMHAHTHOIO YeNnoBEYeCKOro rpaHynoUMTapHOro KOIOHNECTUMYNNPYHO-
wero pakTopa [12-19].

B LIEJIb NCCJTIEAQOBAHNA

rlpOJJ,EMOHCTpI/IPOBaTb PeaKyr UMToNornyeckyo KapTuHy B NyHKTaTeé KOCTHOIO MO3-
ra, NpoaHann3npoBaTb N OUEHUTb NMPOLUEHT MErakapmnoumnToB, NOpPa*KeHHbIX amMnepunno-
J1e30M, 3aAymMmaTbCA O BO3MOKHbIX MPUYHaX AaHHOIo cobbITHA.

B MATEPWAJbI U METOAbI

WccnepoBaHwvio mopnexanu npenapatbl, MPUIOTOBAIEHHbIE U3 MyHKTaTa KOCTHOTO
MO3ra, B3ATOrO 13 2 NO3uLMI — NEPEAHNX BEPXHIX OCTel NOAB3AOLHbIX KOCTEN cripaBa
1 cneBa y peGeHKa 2 NeT, C POXAEHA CTPAAAIOLLEro OT YaCTbIX MHGEKLMOHHbIX 3abone-
BaHUI.
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KnnHnuecknin cnyqalh TOTanbHOro 3Mnepunonesa B negnaTpuYeckomn NpakTuke

B PE3YJIbTATDI

B nmmyHonorunyeckoe otaeneHne PecnybnmKaHCKOro LieHTpa AeTCKOM OHKOoru
M remaTtonormm PecnybnmKaHCKON AETCKOW KAMHWYECKOW 6ONbHULbI Ha MiaHoBOe
obcnenoBaHMe NocTynun pebeHok 2 neT ¢ anobamm Ha YacTble MHOEKLNOHHbIE 3a-
6oneBaHUsA. B aHaMmHe3e NapuUHroTpaxenTbl, 0OCTPYKTUBHbIA BPOHXUT, papUHIUT, OTUT.
Boneet KpyrnoroguuHo, fo 2 Hegenb. MNpu NoctaHoBKe obLlero aHannsa KPoBW Bbl-
ABNEHa N30NNPOBaHHasA HenTponeHusa go 1,0x10°%n; B xoge MonekynapHo-6monoru-
yeckoro uccnefgoBaHns obHapy»xeH BMpyc SniwiTeiHa — bapp B 6onbLlom KonvyecTse,
KOHCTaTUPOBaHO HOCUTENbCTBO LIUTOMEranoBmpyca 1 BUpyca npocToro repneca. [py-
rve meToAbl UCCNefOBaHNA, B TOM YNC/Ie UHCTPYMEHTallbHble, MaTONOrMn He BbIABUMN,
3a UCKJIIOYEHNEM OTKPbITOro OBasibHOro OKHa. BbicTaBneH npeaBapuTenbHbI AUarHo3
«arpaHynoumnTos».

C uenbio yrny6neHHOro nccnefoBaHus BbiNOHEHA KOCTHOMO3roBas nyHKuumsa. Mpu
MUWKPOCKOMWIM KOCTHOIO MO3ra o6paTtusia Ha ce6si BHYMaHMe NoBbILeHHasA KIeTOYHOCTb
MaTepurana 3a cyeT paclMpeHNs rPaHyNoLUTapHOro pocTka, Npu 3tom anddepeHum-
pOBKa M co3peBaHUe HeNTPOodUNOB He HapyLUEHbl, SPUTPOULHBIA POCTOK COXPAHEH,
MerakapuounTapHaa ¢paKkuma cnerka pacwmpeHa. MerakapvounTbl pacronaralTcs
KakK OQUHOYHO, TaK 1 HEOONbLUMMM KNacTepamy, Yallle BCTpeyarTca 3penble nx Gopmsl
(okcndunbHble), pexe — ronosigepHblie U 06PbIBKM LUTOMIa3Mbl. Bo Bcex KneTkax aaH-
HOro pAfa, 3a UCKNIOYEHMEM NMPOMerakapmouuToB, BU3Yanu3npyloTca NornoLweHHble
rpaHynouutbl: oT 1 KneTkm go 14 (puc. 2). KonnuecTBo nopakeHHbIX SMNepunonesom
MerakapuoumnToB coctaBuiio 82%. Cpeaun MoOrnoweHHbIX 3penbix ¢opm HelTpodu-
noB 6oniee YacTo BCTPEUAIOTCA CEerMeHTOAAEPHbIE 1 NanoYKoALepHble, pexe — Hble
1 MUENOLMTI.

B OBCYXIEHWUE

MNpeactaBneHHoe B cTaTbe HabniogeHMe LEMOHCTPUPYET peayalillylo UMUTONoru-
YecKylo KapTuHY OMMcaHHOWM naTtonornu. PasnuuHble natoreHbl Npy B3avMOAENCTBUM
C MerakapvoumTaMmm MoryT moauduumposatb nx oyHKUMo, nponudepauumio, co3pea-
Hue 1 anonto3. MerakapuouuTbl, B CBOIO ouepefb, KOOPAVHUPYIOT Pa3BUTUE U BbIXOL,
HeNTPoOdUNOB 13 KOCTHOIO MO3ra NyTeM NPOAYKUMM 1N CEKPELN LINTOKMHOB U XEMOKMU-
HOB, TEM CaMblM ABAAACb MMMYHHbIMM 3aWmnTHUKamu [20]. Bo3mMoXHO, 4TO amnepunones
ABNAETCA 3aWUTHON peakumenn ML, B oTBET Ha BO3aeNCTBUE UHPeKUMIA. Takoe siBNeHne
MOeT NpoTeKaTb C rmnepnnasuen rpaHynoumntapHoro poctka [1]. Heobxoaumbl fanb-
Helwue yrnybneHHble nccnefoBaHNA faHHOro GeHOMEHa, B TOM YMCIie C UCMONb30BaHU-
eM MoNeKynapHoro aHanmsa. Ho n3-3a pegkoctu cnyyaes BCTpeyaeMocTu 3aboneBaHus
KNoUeBON GU3NONMOrMUYECKNA MEXaHU3M BO3HUKHOBEHWS 3MNepunonesa 4O CMX nop
ocCTaeTcA 3arafkon ana Hayku. CTOWT 3aAymaTbCs O MPUUYMHAX, CNOCOBHbIX BbI3BaTb AaH-
HbI NpoLecc. BepoaTHee BCero To, YTO OHU CBA3aHbl C UIMMYHOOMMYECKM 3aMyCKOM OT-
BeTa Ha BHefpeHWe aHTUreHa B opraHy3m pebeHKa. [oCTynmBLIMIA B KNUHWKY NauueHT
HY>KAaeTcA B TLATeNbHOM AOMOMHUTENIbHOM 06C/IeJoBaHNM B UMMYHONOMMYECKOM OTae-
NEHMN ANA UCKNIYEHNA NePBUYHOrO MMMyHoaedbuUUUTa 1 NOCTOAHHOM MOHUTOPUWHIE B
TeUeHne HECKONbKUX NET, BeAb XPOHNYECKas HEUTPOMNEHNA MOXET MPUBECTU U K TsxKe-
NbIM MOCNeACTBUAM, BNIOTb [0 NIeTaNbHOro UCXoaa.
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A B

Puc. 2. KocTHbIil mo3r. MerakapnouuTbl: A - nonnxpomatopunbHbiii MerakapuouuT c SMnepunosesom.
YBenuueHune x1000; B - okcdpunbHbIii MerakapuoLuuT € NOrNOLWEeHHbIMU CErMeHTOAAEPHbIMU
HenTpodpunamm. YeennueHune x1000; C - o6pbIBKU LUTONNA3Mbl MerakapuoLuTa ¢ NOrfoWeHHbIMU

B Hell rpaHynoynTamu. Ysennyexme x1000

Fig. 2. Bone marrow. Megakaryocytes: A - polychromatophilic megakaryocyte with emperipoleisis.
Magnification x1000; B - oxyphilic megakaryocyte with engulfed segmented neutrophils. Magnification
%x1000; C - fragments of megakaryocyte cytoplasm with engulfed granulocytes. Magnification x1000

B 3AK/TKOYEHNE

Ha BO3HVKHOBEHME ABNEHMS SMMEepPUNosiesa B MerakaproumTax KOCTHOrO Mo3ra oKa-
3bIBAlOT BAUAHME VMMYHOIOTMYECKME HapyLWweHUs, nponcxogaiume Ha GoHe BUPYCHbIX
NHbEKUMN, TaKnX Kak BUPYC dnwTeiHa — bapp, uMToMeranoBupyc v BUpYyc NpocToro rep-
neca. Takum 06pasom, GyHKLMOHaNbHAsA 0COBEHHOCTb MEraKaproLMTOB MOXET OTKPbITb
HOBble TepaneBTUYeCcKMe NoAxXoLbl B GyayLiem.
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Pesiome

Lienb. YcTaHOBWTb accoumaumm nonumopdHbix BapmnaHToB C3872T reHa CPB, G308A reHa
®HO-a n G174C reHa W1-6 ¢ pa3Butuem nekapCTBEHHO-UHAYLUPOBAHHOIO CMHAPOMA
yanvHeHHoro nHtepsana QT (CYW QT) y naumeHToB poaHeHckon obnactu Pecnybnuku
benapycb.

Marepwmanbl n metogbl. O6cnefoBaHbl 129 NaLMEHTOB C HapyLWeHWAMU pUTMa cepaua,
NPVHUMABLIMX aHTMapuTMmnyeckme npenapatol |l knacca (amvogapoH nmMb6o coTtanon).
B 3aBMcMMOCTI OT HannumA MM OTCYTCTBUA NeKapCTBeHHO-nHAyuposaHHoro CYW QT,
nauueHTbl 6binn pasgeneHbl Ha 2 rpynnbl: QT+ (n=64) n QT- (n=65). Mpynny KoHTponA
cocTtaBunm obcnefoBaHHble 40 yenosek 6e3 aHaMHe3a HapyLleHWIn pUTMa cepgua. Bcem
nauneHTam NpoBoAnNOCk onpeaeneHne nonnmopdunamos C3872T reHa CPB, G308A reHa
®HO-a n G174C reHa WJ1-6 c npumeHeHneM NonnMepasHoOn LienHom peakuuun. CtaTucTu-
YeCKMiA aHanm3 oCyLLeCTBAANCA C UCNONb30BaHWeEM Nporpammbl Statistica 12.0.
PesynbraTbl. YcTaHOBMEHO, UTO B rpynne nauyueHtoB QT+ AOCTOBEPHO Yallie BCTpeuva-
nucb reHoTn GG nonumopdusma G174C reHa U-6 n reHotnn GA G308A reHa OHO-a no
CPaBHEHMIO C ApyrMuy rpynnamim naumeHTos (p<0,05). Y nayneHToB ¢ reHoTunamm GA n
AA no nonumopdursmy G308A reHa OHO-a 6binu BbIABNEHbBI 3HaUMMble pa3nnums (p<0,05)
B pAAe NoKasaTesieil, XxapakTepur3yoLmX NPOAOIKUTENbHOCTb penonapusaumm Mnokap-
na (koppuruposaHHble nHTepBanbl QT u JT), a TakXKe CcTeneHb ee reTeporeHHoOCTU (gurc-
nepcua nHtepeana QT) No cpaBHEHUIO C NaLeHTaMm ¢ reHoTunom GG. MNpurcyTcTBme B re-
HOTMNE NaLlmeHTa peLeccrBHom annenun A nonumopoHoro sapraHta G308A reHa OHO-a
6blI0 CBA3AHO C yBeNMYEHNEM pUCKa Pa3BUTUA NeKapCTBEHHO-MHAYLUMpoBaHHoro CYU
QT B 2,53 pa3a (p=0,003), npucytctene annenu G nonumopdrsma G174C reHa W1-6 6bino
accounmpoBaHo C yBenmyeHrem prcka passutua CYW QT B 1,58 pasa (p=0,011), a reHoTu-
na GG - c yBennueHmem prcka B 3,81 pasa (p<0,001).

3akntoueHue. lonyyeHHble fJaHHble CBUAETENbCTBYIOT O BO3MOXHOW BOBEUYEHHOCTU CU-
CTeMbl FeHeTUYECKOro nonnmopdunsma NpoBocnanmTeNibHbIX LUToKMHOB (PHO-a n UJ1-6)
B perynauunio pasBuTuA nekapcTBeHHo-nHayumnposaHHoro CYW QT. MpeanonoxuTenbHbiM
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MEXaHM3MOM 3TOWN CBA3WN MOXHO CUMUTaTb Pa3/IMUYHYO CTeMeHb akTMBaUWUW KanueBbIX U
KanbLMeBbIX MOHHbIX KaHalOB B OTBET Ha B3aVMOAENCTBME C MPUYMHHBIM JIeKapCTBEH-
HbIM NpenapaToMm, 3aBUCALLYI0 B TOM Yncie oT KoHueHTpaunn OHO-a n UJ1-6 B KpoBu na-
LMeHTa.

KnioueBble cnoBa: cHAPOM yaiHeHHOro uHtepsana QT, aHTMapuTMMYeckne npena-
patbl Il Knacca, C-peakTBHbIN 6eN0oK, MHTEPNENKUH-6, GakTop Hekpo3a onyxonu-anbda,
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Abstract

Purpose. To establish associations of polymorphic variants C3872T of the CRP gene,
G308A of the TNF-a gene and G174C of the IL-6 gene with drug-induced long QT syndrome
(LQTS) in patients of the Grodno region of Republic of Belarus.

Materials and methods. A total of 129 patients with cardiac arrhythmias who received
class lll antiarrhythmic drugs were examined. Depending on the presence or absence of
drug-induced LQTS, the patients were divided into 2 groups: QT+ (n=64) and QT- (n=65).
The control group included 40 subjects with no history of cardiac arrhythmias. All patients
underwent genotyping for C3872T CRP gene, G308A TNF-a gene and G174C IL-6 gene
polymorphisms using polymerase chain reaction. A statistical analysis was performed
using Statistica 12.0.

Results. It was found that in the QT+ group of patients, the GG genotype of the G174CIL-6
gene polymorphism and the GA genotype of the G308A TNF-a gene were significantly
more common than in other groups of patients (p<0.05). In patients with the GA and
AA genotypes, significant differences (p<0.05) were found in the G308A polymorphism
of the TNF-a gene in a number of parameters characterizing the duration of myocardial
repolarization (corrected QT and JT intervals), as well as the degree of its heterogeneity
(QT interval dispersion) compared to patients with the GG genotype. The presence of the
recessive allele A of the polymorphic variant G308A of the TNF-a gene in the patient’s
genotype was associated with an increase in the risk of drug-induced LQTS by 2.53 times
(p=0.003), the presence of the allele G of the polymorphism G174C of the IL-6 gene was
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associated with an increase in the risk of LQTS by 1.58 times (p=0.011), and the presence
of the GG genotype with an increase in the risk of LQTS by 3.81 times (p<0.001).
Conclusion. The data obtained suggest that genetic polymorphisms system of pro-
inflammatory cytokines (TNF-a and IL-6) may be involved in the regulation of drug-
induced LQTS. A putative mechanism underlying this association may be varying degrees
of activation of potassium and calcium ion channels in response to interaction with the
causative drug, depending, among other factors, on TNF-a and IL-6 levels in patients’
blood.

Keywords: long QT syndrome, class Il antiarrhythmic drugs, C-reactive protein, interleukin 6,
tumor necrosis factor alpha, genetic polymorphism

B BBEJEHWE

B HacTosllee Bpems ceplieuyHO-COCYAUCTbIE 3ab0eBaHUsA yalle APYrnx NpUBOAAT K
CMEPTHOCTM U MHBANNAHOCTW B 6OJIbLUMHCTBE CTPAH MUpPa. [MaBHble NPUYMHBI CMEPTU OT
CepAeYHO-COCYANCTbIX 3a6051eBaHUN — MPOrPeccMpoOBaHME XPOHNYECKOW CepaeYHON He-
poctatoyHocTh (XCH) (okono nonoBuHbI BCEX NETabHbIX MCXOA0B) M BHE3aMHas cephey-
Hasi cmepTb (BCC) (apyras nonosuHa) [1]. B nogaBnstowem 6onbwnHcTBe Ciydaes (85%)
MexaHu3Mamn passuTna BCC ABNAIOTCA »KeNyAouKoBble TaxMapUTMUW: KeflyaouyKoBas
Taxukapgua (KT) n ¢nbpunnsauums xenygoukos (OXK) ¢ nocnepyowyiMm pa3ButMem acu-
ctonun [2, 3].

YonuHeHune nHtepBana QT cunTaeTca o6WenprHATLIM GAaKTOPOM pUCKa N He3aBUCK-
MbIM MPeANKTOPOM Pa3BUTUA Xun3Heyrpoxatowwmx KT n BCCy naumeHToB Kak C Hanmyrem
CTPYKTYpHOI1 MaTonorny cepaua, Tak n 6e3 Hee [2, 4, 5]. CozpaBan ¢yHKLUMOHaNbHbIN Cy6-
CTpaT A1 BO3HMKHOBEHMA TPaHCMYpPasibHOrO MexaH13Ma re-entry, yanmHeHne uHTepBeana
QT MOXeT MHMLMMPOBATL Pa3BUTUE 3N13080B nonumopdHon KT, koTopas B 20% criyyaes
TpaHchopmumpyeTcs B OXK [4, 5. 9To 0bycnaBnmBaeT BCe BO3PACTAOLUA UHTEPEC K Pa3HO-
06pa3HbIM acneKkTam CMHApPOMa yasiMHeHHoro nHTepsana QT (CYU QT), metopam ero gua-
FHOCTUKW, NeYEHNs 1 CTpaTUdUKALUN PUCKA Y OTAENbHbBIX KaTEropuriA NaLMeHToB.

Pe3ynbTaTbl pa3HOCTOPOHHMX MCCeqoBaHWI NO3BONAT nNpegnosaraTb, YTO B MaTo-
JIOTMYECKNI MPOLIECC MOXET OblTb BOB/IEUEHA CUCTEMA MAPKEPOB BOCMANEHWA, OOHUM
13 3¢pdeKTOB KOTOPOI ABMAETCA yYacTe B PETYALMMN XKeNyLoUYKOBOW penonspu3aLmm
[6-11]. B yaCcTHOCTW, MHOTNE SKCNEPUMEHTANIbHBIE NCCIeA0BaHMA NOKa3anu, YTo Bocna-
NUTENbHbIE LIMTOKMHBI (pakTop HeKpo3a onyxonu-anbda (DHO-a), uHtepnenkun-1 (UJ1-1),
UHTepnenkuH-6 (MJ1-6)) BbI3biBalOT N3MEeHeHUs1 B GYHKLMOHMPOBAHMM KalIMeBbIX U Kaslb-
LMeBbIX MOHHbIX KaHANIOB, YTO MPUBOAUT K YBEIMYEHWIO MPOLOIKUTENIbHOCTU NOTEHLMa-
na JencTBUA KapguoMUoLUTOB U, CNefoBaTeNbHO, yanuHeHno nHtepsana QT Ha noBepx-
HocTHowm JKT [9].

NHAYLMpPOBaHHbIN LUTOKUHAMV apUTMOreHe3 NpefCcTaBaseT CoO0M CIOKHOE B3aMMOo-
LOENCTBUE CTPYKTYPHOIO PEMOLENVNPOBAHUSA MUOKApPAa, 3NeKTPodM3NONOrMYecKmX Ha-
PYLEHUI 1 SKCTpaKapauanbHbix 3pdekToB. MoneKkynsapHble MexaHy3Mbl, MOCPeACTBOM
KOTOPbIX IUTOKMHbI CNOCOOCTBYIOT PAa3BUTUIO aPUTMUIA, MHOTOFPAHHbI 1 BKITIOYAIOT B Ce61
pasnnyHble CUrHasnbHbIe NYTY, BANAIOLWME KaK Ha SNEKTPUYECKME, TaK U Ha CTPYKTYPHble
CBOWCTBa MMOKapga [6].
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OpuH 13 Hambonee XOPOLLO U3YUYeHHbIX MyTel BKIOYaeT akTnBaLUmio AaepHoro dak-
Topa Kanna B (NF-kB), knioueBoro daktopa TpaHCKpUMLMKW, KOTOPbLIN perynupyert 3Kc-
Npeccuio HECKONbKMX MPOBOCMANNTENbHbIX LIUTOKUHOB, XEMOKWHOB 1 MONEKYN afre3uu.
Mpwu akTMBaUMK UMTOKMHamMK, Taknumm kak OHO-a n UJ1-1, NF-kB nHayumpyet skcnpeccuio
[ONOSTHUTENbHbBIX BOCMANUTENbHBIX MEAMaTOPOB, KOTOPble CNOCOOCTBYIOT BOCMANEHMIO
TKaHel n dpnbposy [11]. B cepaue pnutenbHasa akTneauma NF-kB npusognt K HakonneHuio
KOMMOHEHTOB BHEKJIETOUHOIO MaTPUKCa, YTO Bbi3blBaeT ¢pnbpo3 mmnokapaa. PnbposHoe
pemoaenvpoBaHVie UrpaeT BaXHYK pPOfib B apuTMOreHese, NMocKonbKy OHO HapyLluaet
HOPManbHY NPOBOAUMOCTb B MUOKapAe 1 cnocobcTByeT GOpMUPOBaHUIO LNPKYNPYIO-
LMX Lienen, KoTopble MMEIOT peLuatoLLee 3HaUYeHne a1 BO3HMKHOBEHUSA 1 NePCUCTMPOBa-
HuA apuTMnia. Dnbpo3Haa TKaHb HapyLLaeT PacnpoCTpaHeHVe 3NIeKTPUYECKOro CUrHana,
yBennunBasa BEPOATHOCTb SKTOMUUYECKNX COKpaLLeHNN 1 GOPMUPOBAHUA apUTMUYECKNX
ouaros [12].

MNMomrmo Grbpo3a BaxKHYIO Posib B LUTOKUH-UHAYLIMPOBAHHOM apuUTMOreHe3e urpaet
oKMcnuTenbHbIN cTpecc [7]. Takme LmToKMHbI, Kak ®HO-a n UJ1-6, 3anyckatoT BbICBOGOX-
[eHne akTUBHbIX GOpPM KUCIOpoaa B KapanomMumoLumTax. Kpome Toro, akTuBHble GpopMbl
Kuciopoga MoryT cnocobCcTBoBaTh ferpafaLmm 6ekoB LeseBbiX KOHTAKTOB, TakMX Kak
KOHHEKCVHbI, KOTOPble HEOOXOAMMbI AN CUHXPOHM3ALMN SNEKTPUUYECKNX CUTHANIOB MEX-
oy KapgamomuoumTamu [13]. PaspylueHue LweneBbiX KOHTAaKTOB NPUBOANT K /1EKTPUYECKO-
My pa3obLueHunIo 1 ABNAeTCA 0bLenpu3HaHHbIM GakTopoM, CMOCOBCTBYOLUM apuUTMOre-
He3y, ocobeHHo npu OM n KT [9, 11, 13].

MoBbiweHHbIN ypoBeHb CPB, OHO-a n UJ1-6 MOXeT N3MeHATb SKCNPECCUIo U aKTUB-
HOCTb MOHHbIX KaHaNoB, TakMX Kak NoTeHLMan3aBmMcMmble HaTpuesble (NaV) KaHanbl, Ka-
nuesble (K*) n kanbumesble (Ca®*) kaHanbl [7]. Bbi3aBaHHbIE LUTOKMHAMU M3MEHEHMWA GYHK-
LMW MOHHbIX KaHANOoB MOTYT YKOpaunBaTb UK YANUHATb NOTeHLMan AeNcTBMA, HapyLwaTb
penonapm3aumio 1 NoBbiWaTb BEPOATHOCTb IKTOMMUYECKON NeNCMEKEPHON aKTUBHOCTU.
Tak, B nccnepoBaHmaAx in vitro 66110 nokasaHo, yto HO-a CHMXKAET 3KCNpPeccuto HeKOTo-
pbIX KanneBbIX KaHanoB, YTO NPUBOANT K YAJIMHEHMIO NOTEHUMaNoB AeACTBUA 1 MOBbILLe-
HUIO BOCMPUMMUMBOCTU K apuTmuam [10]. Kpome Toro, npoBocnanuTesibHble LUTOKMHbI
MOTYT BIMATb Ha TPAHCMOPT KanbLUuA B KNeTKax MUOKapaa, YTo elle 6onblie NoBbiwaeTt
PUCK apUTMUYECKUX COBBITUI.

B cOBOKYNMHOCTW 3TV flaHHble NO3BONAIOT MPEANONIOKMNTb, UTO CBA3b MEXAY BOCManu-
TeNbHbIMK Mapkepamm 1 BCC MoXKeT 6bITb NO KpalHel Mepe YacTUUYHO o6bsAcHeHa 6onee
BbICOKOW CKJIOHHOCTbIO K Pa3BUTUIO 3/10KaYeCTBEHHbIX apUTMUI, CBA3AHHbIX C YASIMHEHU-
em nHtepsana QT, ocobeHHo nonumopdHoi XKT.

OfHaKo, HeCMOTPA Ha Hannumne 60NbLIOro KONMMYECTBa NCCIeAOBaHNIA, MPOBEAEHHDIX
Ha >KMBOTHbIX Mofensax, K HacTosAleMy BpeMeHU KIIMHUYECKUX MCCneloBaHui, NocBa-
LLEHHbIX B3aUMOCBA3M MeXAY NleKapcTBeHHO-nHAYUnposaHHbIM CYW QT, »enyao4koBbl-
MW HapyLLUEHVAMMW pUTMa 1 nonnMmopdr3mMamMm reHoB NPOBOCMNANNTENbHbIX LUTOKMHOB, B
OOCTYMHOWN nuTepaTtype He NMeeTcs, YeM 1 0ByC/IoBNEHa aKTyaNlbHOCTb HaCTOALLEero uc-
cnenoBaHus.

B LIEJTb NCCJIEOOBAHUA

YcTaHOBUTBL accoumaumm nonmmopdHbix BapuaHtoB C3872T reHa CPB, G308A reHa
®HO-a n G174C reHa WUJ1-6 c pa3sutuem nekapcteeHHO-MHAyunposaHHoro CYU QT y na-
uneHToB [pogHeHcKol obnactn Pecnybnukmn benapychb.
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B MATEPWAJIbl U METObI

WccnepoBaHune npoBoaunock B IpoHEHCKOM 061aCTHOM KNMHUYECKOM Kapamnonoru-
yeckoM LeHTpe (lpoaHo, benapycb) ¢ mapTta 2023 roga no aHBapb 2025 roga. O6cnenosa-
Hbl 129 nauneHToB (65 (50,4%) MyxuuH, 64 (49,6%) XeHLMHbI B BO3pacTe 56,6+9,4 roga)
C HapyleHVAMN pUTMa cepAua, NPUHUMaBLLIMX aHTUapuTMMyeckmne npenapatbl (AAIT)
Il knacca (ammopapoH nmMbo cotanon). B 3aBUCMMOCTM OT HaNUUUA UNK OTCYTCTBUA Ne-
KapCcTBeHHO-mHayuupoBaHHoro CYW QT, naumeHTbl pasgeneHsbl Ha 2 rpynnbl: QT+ (n=64)
n QT- (n=65). [pynny KoHTpona coctaBunn obcnenoBaHHble 40 yenoBek 6e3 aHaMHe3a
HapyLeHUn puTma.

KputepusiMn NCKNOUYeHUsA U3 NccnefoBaHus obinu: npuem nobbix JIC, kpome AAM
Ill Knacca (@mMrMoAaPOH UK COTaNoN), C NOATBEPXKAEHHBIM NTMOO BEPOSTHbIM puUckom KT
Tna «nupyaTt»; Nnpuem AAT Ill knacca Ha ambynaTtopHom 3Tane (MeHee 1 mecAua [0 ro-
cnuUTanv3auum B CTaLMOHap); HelaBHO NepeHeCceHHbIN OCTPbIN UHGAPKT MMOKapaa unu
aOpPTOKOPOHapHOE LYHTUPOBaHMe (MeHee YyeMm 3a 3 MecAla JO BKNIOYEHNA B MCCefoBa-
HUe); reMoANHaMMNYECKM 3HaUMMOe NoparkeHre KOPOHAPHbIX apTepuii 6e3 3dpdeKTMBHOM
peBacKynapmsauny; yBenmuyeHme npogomkmTenbHocTn komnnekca QRS =100 mc; nocto-
AHHAA 1 AnMTenbHO nepcuctmpyowas dopma Or; HapyweHUs aTPUOBEHTPUKYIAPHOIO
nposeneHus (AB-6n1okaga 2-1 1 3-i cTeneHn); akTVBHbIA BOCNaNUTENbHbIN Npouecc (MH-
bEKLMOHHOM, ayTOMMMYHHOW 1AW APYroi 3TMonorum) nioboi nokanusaumm.

MNpu npoBegeHMM MONEKYNAPHO-TeHeTUYECKMX METOAOB UCCedoBaHMA B KayecTBe
6Uonornyeckoro MaTepuasna UCnonb3oBany LefibHYy BEHO3HYIO KpoBb. 3abop MaTepua-
na OCyLLeCcTBAANCA B CTepUSIbHbIE OHOPa30Bble NPOOUPKY, CoAepKaLle aHTUKOArynAaHT
STUNeHANaMUHTETPaaLEeTUIIOBYIO KUCNOTY. BoigeneHne reHomHon [JHK yenoseka npoBo-
Annocb Habopom peareHToB «OHK-dkcTpaH-1» («CuHTONY», PD), NnpeaHa3HaYeHHbIM Ana
BblaenieHnsi reHomHon HK n3 nenkouuntos Kposu. NMonnmopdHble BapuaHTbl C3872T reHa
CPB, G308A reHa ®HO-a 1 G174C reHa WUJ1-6 BbIABAANN C MOMOLLbIO COOTBETCTBYHOLLMX Ha-
60poB peakTBOB Npomn3soacTBa «/lntex» (PD). Pabouyto peakLMOHHYO CMeCb roToBUNIY
COrNacHO MHCTPYKLUMM NPON3BOAUTENA, UCXOAA U3 KONUYeCTBa Uccneayembix ob6pasLos,
a TakXe 3 NoNIoXKUTENbHbIX 1 OTPULIATENIBHOTO KOHTposen. AMnnndrKauumo nccnegyemo-
ro nokyca [1HK ocywectenanu Ha amnnudukaTope Rotor Gene-Q (Qiagen, lepmaHus).

CTaTncTnyeckuin aHanms NpPoBOAWIICA C UCNOJSIb30BaHMEM NporpamMmbl Statistica 12.0.
MockonbKy 60MbLWNHCTBO KONMUYECTBEHHBIX MPU3HAKOB He MOAUYMHANOCH 3aKOHY HOp-
ManbHOro pacrnpegeneHus, NPy CpaBHEHUM MCNONb30BaNNCh HenapameTpuyeckne me-
Toabl. CpaBHEHMe YMCNEeHHbIX MOoKa3aTeNien Mexay 2 He3aBMCUMbIMUX Fpynnammn nNpoBo-
ANNOCb C UCMONb30BaHMeEM HenapameTpuyeckoro U-kputepua MaHHa — YUTHu. Ctatnctm-
YeCKYIo 3HaUMMOCTb PasNMUNA MeXKAY KauyeCTBEHHbIMW XapaKTepuUCTUKaMu oueHMBanm
npw nomoly TouHoro Kputepua Ouiiepa n kputepus X MupcoHa. B KauecTse konuue-
CTBEHHOW Mepbl 3bdeKTa Npy CpaBHEHNM OTHOCUTESIbHBIX NOKa3aTeneln UCnosb3oBancs
nokasateNb OTHocuTenlbHoro pucka (OP), onpeaensembll Kak OTHOLIEHNE BEPOATHOCTM
HacTyneHna cobbITUA B rpynne, NoABEPrHyTON BO3AENCTBUIO paKTopa PUCKa, K BEpOAT-
HOCTU HaCTynneHus cobblTuA B KOHTpoNbHOW rpynne. C Lenblo NpoeLnpoBaHus nony-
YeHHbIX 3HayeHnn OP Ha reHepanbHyK COBOKYMHOCTb PacCUUTbIBANNCL rpaHuubl 95%
foBepuTenbHoro nHtepsana (ON). icxopa ns nonyyeHHbIX AaHHbIX, 3HAYMMOCTb B3anMO-
CBA3M ncxofa 1 GpakTopa cunTanach JoKasaHHOW B CJlyyae HaxoXAeHWA JOBePUTENIbHOMO
WHTepBana 3a npeaenamu rpaHuLbl oTcyTcTeumA 3¢ deKkTa, nprHUMaemoi 3a 1. Moporoeoe
3HauyeHMe YPOBHA CTaTUCTUYECKOIN 3HAUYMMOCTU HbIIO NPUHATO PaBHbIM 0,05.
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B PE3YJIbTATDI

MauneHTbl UCccnegyemMbix rpymnn Ha MOMEHT BKITIOUEHMSA B UCCeloBaHMe Obinn cono-
CTaBMMbl NO MOAY, BO3PACTy U KIMHUKO-HO30M1I0MMYECKOW XapaKTepucTuke (Hannuumio mn
cteneHun Al, dopme VBC, Hannumio B aHaMHe3e UHdapKTa MUOoKapaa, GyHKLMOHaNbHOMY
knaccy (OK) XCH no knaccudumkaumm NYHA). [locToBepHble pa3nnums B YacToTe BCTpeya-
€MOCTU 1 CTPYKTYpPe HapyLeHW pUTMa MeXKay nepBbiMU 2 rpynnaMmm nauueHToB 1 KOH-
TPONbHOW rpynnom obycnoBNEHbl KPUTEPUAMU BKIOUYEHNA NALMEHTOB B AaHHbIE FPYMrbl.
JaHHble npefcTaBneHbl B Tabn 1.

MauneHTbl GbINN conocTaBUMbl Mexay cobol Mo obLiemy KOnMyecTBy NpUHMMae-
Mmbix JIC (7,39+2,22 B rpynne QT+ npotus 6,89+1,65 B rpynne QT- (p=0,121) n 7,0+1,68
B KOHTposbHoW rpynne (p=0,126)). Obwwaa npogonxuTtenbHocTb nprema AAM Il knacca
B 1-1 rpynne coctasmna 3,58+ 1,3 CyTOK, UTO 3HAUMMO OT/INYANIOCh OT NaLMEHTOB 2-1 rpyn-
nbl (7,82+1,6 cyTok, p<0,001), UTO MOXXHO O6BACHNTL OTMEHOI MPUUYNHHOIO JIeKapCTBEH-
HOro npenapata Npu perucTpauun yannHeHusa nHtepsana QT Ha JKT.

PacnpepgeneHve 4yacToT reHOTUNOB 1 annenen nccnegyembix nonumopdrmos npea-
CTaBneHo B Tabn. 2. CnefyeT OTMETUTb, UTO PacnpefenieHre YacToT reHOTMMNOB BO BCeX
rpynnax naumeHTOB COOTBETCTBOBASIO TEOPETUYECKM OXKMAAEMOMY paBHOBECUIO Xapaun —
BanH6epra.

Kak cnenyet u3 tabn. 2, 8 rpynne nauyneHtos QT+ JOCTOBEPHO Yallie BCTpeYascs reHo-
TN GA nonumopdHoro BapraHTa G308A reHa ®HO-a no cpaBHeHMIO C APYrMM Fpynna-
MM NaumeHToB (p<0,001). Mpun a3Tom reHoTn AA BCTpeyanca TONbKO B rpynne naumeHToB

Ta6bnuuya 1
KnnHuko-Ho3onornyeckas xapakrepncrika nccieflyembix rpynn nayneHTos
Table 1
Clinical and nosological characteristics of the studied patient groups
pynna QT+ pynna QT- KoHTponbHasa
Mapametpbi Kputepun (n=64) (n=65) rpynna (n=40)
My>umHbl, n (%) 27 (42,1) 38(58,5) 21(52,5)
Bospacr, net (M+SD) 57,2+9,4 56,1+9,2 55,2+7,7
WMT, kr/m? (M£SD) 29,8+4,6 29,5+4,8 28,9+4,6
HeT AT, n (%) 8(12,5) 6(9,2) 2(5)
lct, n (% 10 (15,6 18 (30,8 10 (25
AT 1 (%) T, n (%) (15,6) (30,8) (25)
Il cT, n (%) 44 (68,8) 38(58,5) 26 (65)
Il cT., n (%) 2(3,1) 3(4,6) 2(5)
Het UBC, n (%) 9(14,1) 8(12,3) 4(1)
MBC: kapanocknepos, n (%) | 8 (14,5) 5(7,7) 2(5)
BasocnacTtnueckas cTeHo- 6(109) 8(12,3) 6(15)
Kapans
0,
VbC, n (%) OK 1, n (%) 14 (25,4) 18(27,8) 9(22,5)
CCH OK I, n (%) 26 (47, 23(35,4) 14 (35)
OK I, n (%) 3(54) 3(4,6) 3(45)
MM B aHamHe3e, n (%) 10(15,6) 7 (15,2) 8(20)
OK O, n (%) 3(54) 8(12,3) 3(7,5)
OKI1, n (% 35 (54,7 28 (431 21(52,5
OKXCH, n (%) n (%) (54.7) (43,1) (52,5)
OKII, n (%) 21(32) 23(35,4) 14 (35)
OK I, n (%) 5(7,8) 6(9,.2) 2(5)
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Ta6bnuua 2

PacnpepeneHune 4acToT reHOTUNOB U anneneih nonumopdusmos C3872T reHa CPB, G308A reHa ®HO-a
1n G174C reHa Wi1-6 no rpynnam nauneHToB

Table 2

Distribution of genotype and allele frequencies of the C3872T polymorphism of the CRP gene, G308A
polymorphism of the TNF gene and G174C polymorphism of the IL-6 gene by patient groups

YactoTa
Mapametp QT+ QT- bes AAT p1-2 p1-3 p2-3
abc. ‘ % a6c. ‘ % abc. %

Monumopdusm C3872T reHa CPB
lfeHoTMN
CcC 24 37,5 27 41,5 14 35 >0,05 | >0,05 >0,05
cT 31 48,4 32 49,2 22 55 >0,05 | >0,05 >0,05
1T 9 14,1 6 9,3 4 10 >0,05 |>0,05 >0,05
Annenb
C 79 61,7 86 66,2 50 62,5

>0,05 |>0,05 >0,05
T 49 383 44 33,8 30 37,5
CooTBeTcTBUE
paBHoBecuto Xapam — | x*=0,14, p=0,84 | x*=0,64, p=0,42 | x?>=1,20,p=0,27 |- - -
BaitH6epra
Monumop¢dusm G308A rena ®DHO-a
FeHoTun
GG 30 46,9 53 81,5 33 82,5 <0,001 | <0,001 >0,05
GA 30 46,9 12 18,5 7 17,5 <0,001 |<0,001 >0,05
AA 4 6,2 0 0,0 0 0,0 0,041 |>0,05 >0,05
Annenb
G 90 70,3 118 90,8 73 91,3

<0,001 | <0,001 >0,05
A 38 29,7 12 9,2 7 8,7
CootBeTcTBUE
paBHoBecuio Xapam — | x*=0,96, p=0,33 | x>=0,67, p=0,41 | x*=0,37,p=0,54 |- - -
BanH6epra
Monumopédusm G174C rena U1-6
lFeHoTMN
GG 15 23,4 4 6,2 2 5,0 0,006 |0,014 >0,05
GC 37 57,9 35 53,8 20 50,0 >0,05 |>0,05 >0,05
CcC 12 18,7 26 40,0 18 45,0 0,018 | 0,004 >0,05
Annenb
G 67 52,3 43 33,2 24 30,0

0,002 | 0,002 >0,05
C 61 47,7 87 66,8 56 70,0
CooTBeTcTBUE
paBHoBecuio Xapamn — | x>=1,61,p=0,20 | x?>=2,03,p=0,18 | x°=1,45,p=0,23 |- - -
BaiiHb6epra

QT+, B TO BpemaA Kak B ApYyrunx rpynnax nauMeHToB OH OoTCyTcTBOBar. [pn aHanuse pac-
npegeneHnii annesen BbiiBAeH 60MbLIMIA NPOLEHT BCTPEYAEeMOCT! MyTaHTHOM annenu A
nonumopdHoro BapraHta G308A reHa OHO-a y nayuentoB ¢ CYW QT (29,7%) no cpas-
HeHwuto ¢ nayuneHTamu 6e3 CYU QT (9,2%) (p<0,001) 1 naymeHTamMy KOHTPONbLHON Fpynnbl
(8,7%) (p<0,001).
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Ta6bnuua 3
OueHKa OTHOCMTENbHOIO PNUCKa pasBUTUA Y NaLMEeHTOB NNIeKapCcTBEHHO-NHAYyLuposaHHoro CYU QT
Ha ¢poHe npuema AAT Il knacca

Table 3

Assessment of the relative risk of drug-induced QT syndrome in patients taking class Ill antiarrhythmic

drugs
Napamerp g;;o(;.lll-lTeanblln puckpassutua | o, v p
Monumopéusm C3872T reHa CPb
leHotun CC 0,90 0,59-1,38 >0,05
leHoTun CG 0,98 0,69-1,40 >0,05
leHoTn GG 1,52 0,57-4,03 >0,05
Annenb C 0,93 0,77-1,12 >0,05
Annenb G 1,13 0,82-1,57 >0,05
Monumopdusm G308A reHa ®HO-a
leHotnn GG 0,57 0,43-0,76 0,001
leHoTnn GA 2,54 1,43-4,51 0,002
leHotun AA 9,13 0,51-16,35 >0,05
Annenb A 2,53 1,36-4,73 0,003
Annenb G 0,84 0,75-0,94 0,002
Monumopdusm G174C rena U1-6
leHoTnn GG 3,81 1,33-10,85 <0,001
leHotun GC 1,07 0,79-1,46 >0,05
leHotun CC 0,48 0,25-0,84 0,011
Annenb G 1,58 1,17-2,12 0,002
Annenb C 0,71 0,57-0,88 0,002

Mpu aHanu3e pacnpegeneHnii reHoTunoB nonumopdusma G174C reHa UII-6 mexay
rpynnamm ycTaHOBMEHO, UTo B rpynne nauymeHtos QT+ fOCTOBEpPHO Yalle BCTpeyancs re-
HoTMn GG No cpaBHeHMWIO C ApyrMuy rpynnamu naumeHTos (p=0,006 n p=0,014 cooTtBeT-
CTBeHHO). [pu aHann3e pacnpegeneHun annenen BbiABNeH 6ONbLUMI NPOLIEHT BCTpeyae-
MOCTW MyTaHTHoOW annenu G y naumeHtos ¢ CYU QT (52,3%) no cpaBHeHMIO C NaumueHTamm
6e3 CYM QT (33,2%) (p=0,002) 1 naumeHTamun KOHTpONbHOM rpynnbl (30%) (p=0,002).

Ta6bnuuya 4

CpaBHUTeNIbHaA XapaKTepucTuKa aneKTpokapanorpadpuyecknx napameTpos NayneHToB
B 3aBMCMMOCTY OT reHoTUNa no nonumop¢usmy G308A reHa PHO-a

Table 4

Comparative characteristics of the electrocardiographic parameters of patients depending
on the genotype of the G308A polymorphism of the TNF gene

HA NEPBYIO

Napamerp leHoTnn GG lFeHotnn GA+AA p
(n=83) (n=46)

MpogonxuTtenbHocTb MHTepBana QTc (Bazett), Mc 424 [346; 478] 477 [450; 516] 0,004
MpogonxnTtenbHocTb MHTepBana JTc (Bazett), mc 333[270; 350] 382 [350; 420] 0,036
[ncnepcna nHtepsana QT, mc 48 [33; 60] 66 [53; 79] 0,038
MpoponXnTenbHOCTb MHTEPBana Tpeak—Ten o MC 80[72; 94] 84 [75;99] >0,05
MpocTtpaHcTBeHHbIN yron QRS-T, rpaa. 76 [37;106] 68 [30; 92] >0,05
Matonornyeckas anstepHauma 3ybua T, % 25[12;37] 30[12,5;50] >0,05

Mpumeyanua: QTc — koppurnpoBaHHbI nHTepsan QT; JTc — KoppurnposaHHbIN UHTepsan JT.
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CnepyeT OTMeTUTb, YTO B pacnpefeneHun annenen n reHoTUNoB nonumopodusma
C3872T reHa CPb mexpgy BceMn nccnegyeMbiMy rpynnamm NauMeHToB 3HaYMMbIX pasfivi-
UniA YCTaHOBNEHO He Oblno.

Pe3ynbTaTbl OLIEHKN OTHOCUTENIbHOFO pUCKa Pa3BUTMA Y NaLUEHTOB JieKapCTBEHHO-
nHgyumposaHHoro CYW QT Ha doHe nprema AAT Ill knacca npepcTasneHbl B Tabn. 3.

Kak cnepyet 13 1abn. 3, npucyTcTBre B reHOTUMNE NauueHTa peLeccBHon annenu A
nonumopdHoro BapuaHta G308A reHa ®HO-a B reHoTMNE 6bINO CBA3AHO C yBENNYEHNEM
pucKa pa3BuUTUA nekapcTBeHHo-uHAyumposaHHoro CYW QT B 2,53 pasa (p=0,003). AHa-
NOrMYHaA 3aBUCUMOCTb Oblna NPoAeMOHCTpUPOBaHa 1 gnsa reHotuna GA (OP=2,54, 95%
AW 1,43-4,51, p=0,002). B 1o e BpemA NpUCyTCTBME B reHoTUne annenu G, HanpoTus.,
CHUXKano pUCK pa3BUTUA NleKapCcTBeHHO-UHAyunposaHHoro CYW QT (OP=0,84, 95% AU
0,75-0,94, p=0,003), kKak 1 Hannuue reHoTmna GG (OP=0,57, 95% 11 0,43-0,76, p=0,001).

MNopguepkHem, UYTO NpUCYTCTBME B reHOTMNe nauueHTa amnenn G nonumopdus-
Mma G174C reHa WJ1-6 6b110 accoummnpoBaHo C yBenuueHrem pucka passutua CYU QT B
1,58 pasa (p=0,011), a reHotuna GG - ¢ yBennuyeHnem pucka B 3,81 pa3sa (p<0,001).
lenotmn CC v annenb C, HaNpPOTUB, ObiNK aCCOLMMPOBAHbI CO CHKEHNEM PUCKA Pa3BUTUA
yanvHeHus nHtepeana QT npy npriemMe aHTUAaPUTMUUYECKUX NpenapaTos.

CpaBHuTeNbHaA XapaKTepucTuKa 3NeKTpokapanorpaduyeckmx nokasatenen nauu-
eHToB rpynn QT+ u QT- B 3aBUCMMOCTX OT UX FreHOTMMNA Mo NONMMOPOHbIM BapraHTam
G308A reHa OHO-a n C174G reHa W1-6 nprBeaeHa B Tabn. 4 n 5.

Tak, mexgy naumeHTamu ¢ reHotunamm GG n GC+CC no nonumopousmy C174G reHa
WJ1-6 He 6bino BbIABNEHO JOCTOBEPHbIX Pa3NNUniA HA B OQHOM 13 NCCIIefyeMbIX SNeKTPO-
Kapauorpaduueckmx nokasarenen (p>0,05). B To xe Bpema y nalneHTOB C reHOTUMNamMu
GA n AA no nonmmopdunsmy G308A reHa OHO-a 6b11n BbIABNEHDBI 3HaYMMble Pa3nnynA
(p<0,05) B pAge Nokasatesie, XxapakTepusyoLwmx NPoJoIKUTENIbHOCTb penonapmn3aLmm
MroKapgaa (KoppurnposaHHble nHTepsasbl QT u JT), a Tak)Ke CTeneHb ee reTeporeHHoOCTn
(ancnepcua nutepsana QT), N0 CpaBHEHUIO C NaumMeHTaMu € reHoTunom GG.

Ta6bnuuya 5

CpaBHUTeNbHaA XapaKTepUCTMKa deKTpoKapanorpadpuyecknx napameTpos NauneHToB

B 3aBMCMMOCTU OT reHoTuna no nonumopdusmy G174C rena U1-6

Table 5

Comparative characteristics of electrocardiographic parameters of patients depending on the genotype
of the G174C polymorphism of the IL-6 gene

Napamerp Fenotun CC FeHotun GG+GC p
(n=40) (n=89)

MNpogonxuTtenbHocTb MHTepBana QTc (Bazett), Mc 444 [366; 480] 463 [430; 502] >0,05
MpogonxntenbHocTb HTepBana JTc (Bazett), mc 358[288; 390] 374 (344, 418] >0,05
Iuncnepcna nHtepeana QT, mc 50 [28; 64] 56 [37;77] >0,05
MpoponxnMTenbHOCTb MHTEpPBana Tpeak—Ten o MC 751[72;87] 80[75;99] >0,05
MpocTtpaHcTBeHHbIN yron QRS-T, rpaga. 70([32;110] 79 [44; 98] >0,05
Matonoruyeckas anstepHauma 3ybua T, % 30[12,5;50] 281[12,5; 50] >0,05

Mpumeyanua: QTc — koppurnpoBaHHbI nHTepsan QT; JTc — KoppurnposBaHHbIN UHTepBan JT.
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B ObCYXIOEHWE

B HacToAwee BpeMa M3yUyeHUIO CBA3M MeXAy YPOBHAMU MPOBOCMAIUTENbHbIX LIUTO-
KWHOB, a TaKXKe UX reHeTnyeckumm nonmmopdriamamm n passutrnem sabonesaHuin cep-
LEYHO-COCYANCTON CUCTEMbI yaenseTca 6onbLioe BHUMaHKe. [poapuUTMoreHHbIn apdekT
BOCManUTENbHbIX LUTOKMHOB MMEET KIIMHNYECKOe 3HayeHue He TONbKO MPU aKTUBHbIX
BOCMaNMTENbHbIX NpoLeccax, HO 1 NPY HannYMmn claboBblipaXKeHHOro XPOHNYECKOTO BOC-
naneHus, KoTopoe HabnoaaeTca NPy CTPYKTYPHbIX 3aboneBaHmAx cepaua, Takux Kak MbC
n XCH.

B aKcneprmeHTanbHbIX MOAENAX Y TPaHCreHHbIX Mbllwen co cBepxakcnpeccuen PHO-a
Habniofanocb CHXXeHre TPaH3UTOPHOrO KanmeBoro Toka (Ito) n cooTBeTcTBYtOWErO 6en-
Ka KanuneBblX KaHaIOB, a TaKKe MPONIOHIMPOBaHWe NoTeHUnana 4ercTBmA U NoBbIeHHas
BOCMPUMMUYNBOCTb K Pa3BUTUIO KENYAOUYKOBbIX HapyLleHUn putma [14].

WHKyb6auma in vitro KapanoMmoumnToB »enyfoukoB Kpbicbl ¢ OHO-a npusogmna K
3HaUMTENBHOMY UHIMOMPOBAHKIO TPAH3UTOPHOrO Kanuesoro Toka. J. Wang u coasT. npo-
neMoHcTpuposanu, yto OHO-a nogasnseT in vitro 6bICTPbIi KOMAOHEHT KanneBoro Toka
3amefJIeHHOrO BbINPAMIEHUs, HapyLwaa GyHKLMIO KanneBoro KaHana hERG, kotopas Tak-
Xe yanuHaeT noteHuman genctena [15]. 3Tn gaHHble cornacyoTca ¢ pesynbratamy Kiu-
Huueckoro nccnegosanua CARLA (Cardiovascular Disease, Living and Ageing in Halle),
nokasasLuero, Uto B Koropte 13 1716 yyacTHUKoB ypoBeHb ®HO-a He3aBncMO Koppenu-
poBas C NPOJOMKUTENIbHOCTbIO MHTepBana QTc y nauneHTOB XxeHcKoro nona [16].

Hamu He BCTpeueHO B OCTYNHOW NTepaType AaHHbIX O CBA3W MeXay nonnmopdus-
MoM G308A reHa ®HO-a n pa3Butmem »KenygoukoBbIX apUTMUI, XOTA accoumnalmm gaH-
Horo nonumopdursma msyyanuce npu UBC, nHdapkrte Mmokapga, caxapHom fuabeTe,
HebnaronpuaTHom TedeHun XCH [17]. ABTopbl 60nbLIMHCTBA paboT yKa3blBaloT Ha acco-
umnaumio HocutenbcTea annenn A n reHotuna AA c nosblweHHbIM ypoBHeM OHO-a B CbiBO-
POTKe KPOBMU, a TakKe C PUCKOM Pa3BUTUA KOPOHapHOro aTtepocknepo3sa u MbC [17, 18].
B BbIMONHEHHOM HamMKn MCCNeqoOBaHWW NPUCYTCTBUE B FeHOTMMNE NaumMeHTa peLecCMBHOM
annenu A nonumopdHoro BapraHta G308A reHa ®HO-a 6bino cBsA3aHO C yBeNUYeHnem
pucKa pa3BuUTUA NleKapcTBeHHo-uHayumposaHHoro CYW QT B 2,53 pasa, a npucytcTBue
reHotuna GA — c yBeninyeHnem purcka B 2,54 pasa, UTo MoXKeT 0O BACHATLCA MNOBbILLIEHHON
akcnpeccnen ®HO-a y naumMeHTOB 1 ero BANAHNEM Ha GYHKLIMOHMPOBAHWE KaNMeBbIX Ka-
HaNoB y NaLMEHTOB C «pe3epBOM PenonspuaLnmy.

JKCNepuUMeHTanbHOM YacTblo paboT nokasaHo, uto WJ/1-6 ysennumsaeT NpopomKu-
TeNIbHOCTb NOTeHLMana 4encTBIMA, NOBbILWAA TOK KanbLuA Yyepes KaHanbl L-Tvna. B yactHo-
CTW, NONTyYEHHblE AaHHble YKa3blBalOT Ha To, uto WJ1-6 nHayumpyet pocdopunmposaHme
ocCTaTKa cepviHa B nonoxeHumn 1829 cybbemHuUubl KanbLmesoro KaHana Cav1.2 nog gen-
CTBUEM KMHa3bl, PEryNMpyeMON BHEKNETOUHbIM CUTHANIOM, U 4TO 3T0 pocdopunmpoBaHme
yBenuuumsaeT Tok ICaL [6, 7, 10].

B nccnepgosaHum K. Safranow 1 coaBr. B koropTe 13 167 nauneHToB ¢ MBC KOHUEHTpa-
umnsa W1-6 B nnasme KpoBu Obinia Npr3HaHa He3aBUCMMbIM NPEAVKTOPOM Pa3BUTUA XKe-
NYAOYKOBbIX HapyLlleHUn puTtma, BKntoyasa yctonumeyto KT n OX [19]. B nuccnegosaHunm
PROSe-ICD (npocnekTuBHoe obcepBaLMOHHOE UCCeOBaHNE MMMAAHTAPYEMbIX Kapano-
BepTepoB-AednOPUNNATOPOB), B KOTOPOM NpuHAnM yyactue 1189 naumeHtoB ¢ XCH ¢
UMMJTAHTUPOBAHHBIMU KapaunosepTepamu-gednbpunnatopamu (MKO) ona nepsuyHoOm
npodunakTrkn BCC, 6onee Bbicokue yposHu WJ1-6 conpoBoXganucb yBenmyeHnem pu-
cKka paspagos VK] [20]. Bonee Toro, cpeam 382 naumeHTos ¢ K[ unpkynupytowun UJ1-6
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6b11 OCHOBHbIM NpeauKkTopom paspagos MK n BCC, HapAagy ¢ rocnutanu3auuen no no-
Bogy XCH [20].

Monnmopdunsm C174G reHa WJ1-6 Bnepsbie 6bi1 onuncaH B 1998 rogy, korga D. Fishman u
COaBT. 6bINI0 NOKa3aHo, UTO Y NaLMEHTOB C PEBMATOUAHBIM apTPUTOM, MMetoLmx annenb C
B reHoTune, npogyumnpyetca meHblue WJ1-6, uem y nauneHTos, umetrowwmx annenb G [21].
WccnepoBaHua gaHHoro nonmopdusmMa B HacTosLLee BpeMs BKIOUaoT NOTEHLWANbHY0
CBA3b C CepAeYHO-COCYANCTbIMI 3a60NeBaHNAMM, CaXxapHbIM ArabeTom 2-ro Tuna, WH-
CYNbTOM, OXMPEHNEM N OCIOMKHEHNAMY, BO3HUKAOLWMMUK NOCAe TpaHCnnaHTaumnm opra-
HOoB [21-23].

B nccnegosaHum J. Majewski 1 coaBrT.,, BKAtoyaBlieM 136 nNauyneHTOB, KOTOPbIM 6bin
mmnnaHTupoBsaH VK[ B kKauectse nepsuyHon (106 naymeHToB) unm sropuyHomn (30 na-
umneHToB) npodunakTnku BCC, Hannumne reHotuna GC nonumopousma G174C reHa U1-6
6b1510 cBA3aHO ¢ 6bonee Bblicokol YacToTon KT 1 ®X no cpaBHeHwMto ¢ reHoTUnamm GG n CC
(p=0,02) [22]. Npw nccnepoBarnn nonumopdHoro BapuaHta G174C reHa WI-6 y naumen-
ToB ¢ MIBC, yuacTBoBaBLmx B Heart and Soul Study, onpefeneHo, uto HocuTeny reHoTUNa
GG umenn yBenunueHune prcka passutua @I Ha doHe NBC B 2,35 pa3a no cpaBHeEHUIO C
HocuTtensmu reHotunos CG n CC [23]. B Hawem nccnegoBaHum reHotun GG oka3anca ac-
COLMUNPOBaH C yBeNMUYeHEM pUCKa Pa3BUTMA NleKapCTBEHHO-MHAYLMpoBaHHoro CYN QT
B 3,81 pa3a no cpaBHeHMIO C NaLMeHTaMu C ApYrMmu reHotunamu nonnmopodusma G174C,
YTO KoppenupyeT C pesynbTaTamn NpuUBEAEeHHbIX SKCNEPUMEHTANbHbIX U KIVHUYECKUX
nccnenqoBaHun.

BbinonHeHHOe HamMM ccnefoBaHMe MENo HeKoTopble orpaHnyeHus. Pasmep Bbibop-
KN 6bln HEBENMK, YTO MOFIO CNOCOOCTBOBATL MepeoLeHKe U HeJoOLEeHKe BENNYMHDI
O6HapyXeHHbIX accoLmaLlmni, a TakKe MOBAUATb Ha OTCYTCTBME CTAaTUCTUYECKOWN 3Hauu-
MOCTW MONYYEHHbIX MEXTPYNMNOBbIX Pa3nuunin. B cBA3M ¢ 3TUM nonyyeHHble pesynbTaTbl
TpebytoT yTOUHEHMA 1 NPOBEPKM Ha 6onlee MHOrOUNCIIEHHON 1 Pa3HOPOHON rpynne na-
LMEeHTOB.

B 3AKJTIOMEHUE

MonyyeHHble HaMW JaHHble CBUAETENbCTBYIOT B MOJIb3Y BO3MOMHOI BOBJIEYEHHOCTU
C1CTeMbl reHeTYeckoro nonmmopdusma nposocnanuTenbHbix uutokuHos (PHO-a n UI-6)
B perynauunio pasBuUTUA NekapcTBeHHo-nHAyunposaHHoro CYW QT. MpegnonoxuTenb-
HbIM MeXaHU3MOM 3TOIN CBA3M MOXXHO CUMTaTb Pa3fINYHYI0 CTENEHb aKTBaLMK KanneBbixX
N KanbLMeBbIX MOHHbIX KaHaNoB B OTBET Ha B3aMMOZENCTBME C MPUYMHHbBIM NIeKapCTBEH-
HbIM NpenapaToM, 3aBUCALLYI0 B TOM umcne oT KoHueHTpauun OHO-a n WUIT-6 B Kposu
nauuneHTa. Taknm obpasom, ncnonbsobaHme reHotnnos CC nonumopdunsma G174C reHa
WJ1-6 n GA nonumopdnsma G308A reHa DHO-a BO3MOXKHO B CTpaTUdMKaLmUmM prucka pas-
BUTUA NprobpeTeHHoro CYU QT n ero NnoTeHUManbHO »KU3HEYrPOoXKaloLMX OCIIOKHEHWIA Y
NnaumeHToB, MPUHUMAIOLMX aHTapUTMnYeckme npenaparsl Il knacca.
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Abstract

Introduction. MicroRNAs are a class of small non-coding RNAs that play crucial role
in gene expression control. Numerous studies indicate that abnormal expression of
microRNAs contributes to the development and progression of various malignancies.
In recent years, microRNAs found in platelets and platelet-derived microvesicles have
attracted considerable attention. Increased circulating platelet microvesicles and modified
expression of their microRNAs have been reported in individuals with solid tumors.
Purpose. To study the expression state of microRNA-103a, microRNA-223a, microRNA-
27a and microRNA-24 in platelet microvesicles in patients with breast cancer, lung cancer,
renal cell carcinoma and skin melanoma.

Materials and methods. The study involved 70 patients, including 20 with breast cancer,
20 - lung cancer, 20 - renal cell carcinoma, 10 - melanoma and 10 clinically healthy
individuals were involved in the study. PMVs were isolated from washed thrombin-
stimulated platelets by sequential centrifugation. MicroRNA expression was studied
using PCR analysis. Differences were considered statistically significant at p<0.05 and
were assessed using the Mann - Whitney U test. The optimal cutoff value of miRNA-
103a, miRNA-27a and miRNA-24 expression was determined using Receiver Operating
Characteristic (ROC) analysis.

Results. A significant reduction in the expression levels of platelet-derived microRNA-
103a (2.2- and 4.1-fold, respectively), microRNA-27a (2.6- and 7.9-fold, respectively),
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and microRNA-24 (4-fold in both pathologies) was observed in patients with renal cell
carcinoma and melanoma. Moreover, reduced levels of platelet-derived microRNA-27a
were identified in patients with breast (6.9-fold) and lung cancers (3.3-fold).

Conclusion. The obtained results indicate the potential use of the test for determining
the expression of microRNA in platelet microvesicles as biomarkers for a number of
oncological diseases: renal cell carcinoma, melanoma, breast cancer and lung cancer.
Keywords: platelet-derived microvesicles, microRNA, breast cancer, lung cancer, renal cell
carcinoma, skin melanoma
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Pesiome

BBepeHune. MnkpoPHK - knacc manbix Hekogupytowmx PHK, nrpatoowmx knouesyto ponb
B perynaumm sKkcnpeccum reHoB. MHorouncieHHble NcciefoBaHnA NOKasblBaloT, YTO aHO-
MaJibHas aKcnpeccns MUKpoPHK cnocobcTByeT pa3BUTUIO 11 TPOrPeccUpOoBaHMI0 pasiny-
HbIX 3JT0KQYeCTBEHHbIX HOBOOOpa3oBaHui. B nocnepgHue rogbl MukpoPHK, obHapyxeH-
Hble B TPOMOOLUUTaX 1 TPOMOOLMTAPHBIX MUKPOBE3VKY/aX, MPUBEKAIOT 3HAUUTENIbHOE
BHMMaHMe. Y NauyneHToB C CONUAHbIMM OMYyXONAMM OTMEUYEHO yBelnYyeHne KonmyecTsa
LUUPKYSIMPYIOWNX TPOMOOLIMTAPHBIX MUKPOBE3VKYS U U3MEHEHNe SKCMPEeCcCun X mu-
KpoPHK.
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Lenb. V3yuntb coctoaHue skcnpeccun MnkpoPHK-103a, mukpoPHK-223a, mnkpoPHK-
27a n MuKpoPHK-24 B TpombouMTapHbIX MUKPOBE3MKYaxX Y NaLuneHTOB C pakoM MOOY-
HOW »efie3bl, PakoM JIerkoro, MoYeYHO-KNEeTOYHbIM PaKOM Y MENaHOMOWN KOXN.
Marepuanbl n meroapl. B nccnegosaHum npunHanu yyactne 70 naumeHToB, U3 Hux 20
CTpafaloT pakoM MOSIOYHON Xene3bl, 20 — pakom nerkoro, 20 — MoYeUYHO-KNeTOUHbIM pa-
KoM, 10 — MenaHomol, 1 10 KNMHUYeckn 300poBbIX L. PMV 6b111 BbigeneHbl 13 OTMbITbIX
TPOMOUH-CTMMYNIMPOBAHHbIX TPOMOOLIMTOB METOLOM NOC/ef0BaTeNIbHOro LieHTpudyru-
poBaHuA. IKcnpeccuio MUKPOoPHK n3yyanu ¢ nomouwpbto MLP-aHanu3a. Pasnuuna cunta-
NINCb CTaTUCTUYECKM 3HauMmbiMK npy p<0,05 1 oueHmBanucb ¢ nomoubio U-kputepua
MaHHa - YutHn. OntnmanbHoe noporosoe 3HadyeHue skcnpeccun miRNA-103a, miRNA-
27a n miRNA-24 onpegensanu c nomouwbto ROC-aHanumsa.

PesynbraTbl. Y NauneHToOB C NOYEYHO-KNETOUYHbIM PAaKOM U MeNnaHOMOW Habnoganocb
3HaunTeNbHOE CHMXKeHMe YPOBHA aKkcnpeccun MmkpoPHK-103a (B 2,2 n 4,1 pa3a cooTBeT-
CcTBEeHHO), MUKpoPHK-27a (8 2,6 1 7,9 pa3a cooTBeTCTBEHHO) U MUKPOPHK-24 (B 4 pa3a npun
ob6eunx natonorusx). Kpome Toro, cHmxeHne ypoBHA TpombouuTapHon MukpoPHK-27a
6b110 BbIAB/IEHO Y MALMEHTOB C PaKOM MOOYHOW Xene3bl (B 6,9 pa3a) 1 pakoMm Nierkoro
(B 3,3 paza).

3aknioueHune. onyyeHHble pe3ynbTaTbhl YKa3blBaloT Ha MOTEHLUMANbHYIO BO3MOKHOCTb
MCMosb30BaHNA TecTa onpegeneHns skcnpeccmm MukpoPHK B MrkpoBesnkynax Tpom6o-
LMUTOB B KauecTBe 6MOMapKepoB psAfa OHKONOMMUYeCKMX 3aboneBaHUin: MoYeYHO-KIeTou-
HOro paKa, MeflaHOMbI, paka MOJTIOUYHOW »Kene3bl 1 paka Nerkoro.

KnioueBble cnoBa: MUKPOBE3MKY/bl TpoMbOOLMTapHOro npouncxoxgeHus, MnkpoPHK,
paK MOJIOUHOW ene3bl, PaK JIerkoro, NoYeYHO-KJIETOUHbIN PaK, MenaHoMa KoK

B INTRODUCTION

Platelets are anuclear blood cells of 2-3 pm in diameter, derived from megakaryocytes
in the bone marrow [1]. For many years, platelets were considered only as key participants
in hemostasis, facilitating primary blood clotting and stopping bleeding [2], however
accumulated research data over the past decade have demonstrated the pivotal role of
platelets in modulating immune responses, that includes involvement in inflammation,
regulation of innate and adaptive immunity, and interactions with immune cells and
endothelium [2, 3]. Platelets play an active role in the development, progression and
metastasis of oncological diseases by regulating proliferative activity and epithelial-
mesenchymal transition [4], stimulating of angiogenesis and vascular remodeling, and
protecting circulating tumor cells from immune surveillance [2, 5.

Platelets constitute the main source of microvesicles in the peripheral bloodstream [6].
The number of circulating platelet microvesicles (PMVs) increases in numerous diseases,
such as thrombocytopenia [7], arterial thrombosis [8], sepsis [9], malignant neoplasms
[10]. It has been shown that PMVs facilitate the delivery of RNA into tumor cells and that
platelet-associated microRNAs play a crucial role in cancer progression [11]. MicroRNAs
are short sequences of 18-25 nucleotides which influence various aspects of cellular
function by regulating gene expression, interfering with protein translation, or facilitating
mRNA degradation through binding to the untranslated regions (UTRs) of target mRNA
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[12]. TMBs may promote angiogenesis and enhance vascular permeability by transferring
microRNAs to endothelial cells, thereby fostering a vascular microenvironment favorable
to tumor growth and metastasis [13, 14]. Conversely, TMBs can directly transfer microRNAs
into tumor cells, thereby regulating gene expression and tumor progression [13].

MicroRNAs are classified as tumor suppressors or oncogenes based on their role in
tumor development. Suppressor microRNAs inhibit the expression of oncogenes or pro-
apoptotic genes, while oncogenic microRNAs promote carcinogenesis or downregulate
tumor suppressor genes [15]. Several platelet-derived microRNAs, including microRNA-
27a, microRNA-24, microRNA-155, microRNA-195, let-7a/b, and microRNA-223, target
both tumor suppressor genes and oncogenes across various cancer types, and are
currently being considered as diagnostic and prognostic markers for malignancies [16-
19]. Specifically, miR-24 and miR-223 are linked to several types of cancer and target
both tumor suppressors and oncogenes, with ongoing identification of new targets and
mechanisms of action [16, 19]. It is obvious that platelet microRNAs play an important
role in cancer, however, the mechanisms underlying their involvement in this pathological
process are far from being fully understood.

B PURPOSE OF THE STUDY

To study the expression state of microRNA-103a, microRNA-223a, microRNA-27a and
microRNA-24 in platelet microvesicles in patients with breast cancer, lung cancer, renal
cell carcinoma and skin melanoma.

B MATERIALS AND METHODS

Research Subjects

The study was carried out on PMVs from 70 individuals with resectable stages of
malignant neoplasms. The control group consisted of 10 conditionally healthy individuals
(without oncological diseases). The characteristics of the study participants are presented
in Table 1.

Preparation of PMVs

Peripheral venous blood stabilized with sodium citrate (3.8%, in a ratio of 9 : 1 by
volume) was centrifuged for 10 min at 190xg at room temperature. Subsequently, the
platelet-rich plasma (PRP) was carefully collected, ensuring that the mononuclear cell

Table 1
Characteristics of study participants and pathomorphological features of the tumor

Pathomorphological features of the tumor, TNM

Localization n |Average o) N (%) Stage (%)
age, years

T T2 T3 NoO N+ 1 1} n
Lung cancer 20 58.0+12.7 50 40 10 55 45 30 35 35
Breast cancer 20 61.417.2 70 30 0 45 55 40 50 10
Renal cell carcinoma 20 62.2+6.7 70 25 5 65 35 60 5 35
Melanoma of the skin 10 434+11.3 50 40 10 70 30 50 20 30

Notes: T (Tumor): Describes the size of the primary tumor and the extent of its spread into nearby tissue. Numbers from 1 to 3
indicate increasing tumor size and spread. N (Nodus): Indicates how much cancer has spread to nearby lymph nodes. NO means
no cancer cells are found in the lymph nodes. N+ means the number of affected lymph nodes is unknown.
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and erythrocyte layers remained undisturbed. PRP was then mixed with sodium citrate
(pH 5.5) and Tyrode’s buffer (TB, 137 mmol/L NaCl, 2.7 mmol/L KCl, 11.9 mmol/L NaHCO3,
0.43 mmol/L NaH2PO4, 5 mmol/L HEPES, 5.5 mmol/L D-glucose, 1 mmol/L MgCl2, 3.5 g/L
BSA, pH 7.35)ina 1:1:2 volume ratio and centrifuged at 400xg for 5 min at room
temperature. The supernatant was removed and the pellet was resuspended in TB to a
final concentration of 3x108 platelets/mL CaCl2 (1.5 mM) and thrombin (0.1 U/ml) were
added to the washed platelet suspension, followed by incubation at 37 °C for 90 minutes.
The activated platelet suspension was centrifuged at 3160xg for 15 minutes at 4 °C to
pellet the cells. The resulting supernatant was collected and centrifuged again at 2500xg
for 15 minutes at 4 °C to ensure complete sedimentation of residual cells. The supernatant
was transferred to 1 mL Eppendorf tubes and centrifuged at 20 000xg for 90 minutes at
4 °C. The final supernatant was discarded, and the resulting pellet was washed with TB
at one-tenth of the original volume, transferred to clean Eppendorf tubes, and stored at
-80 °C. In this way, platelet-derived microvesicles were isolated from washed platelets at
a concentration of 3x10° platelets/mL and concentrated into a volume reduced tenfold
compared to the original suspension of washed platelets.

RNA Extraction and Quantitative RT-PCR of microRNA

Total RNA was extracted from platelet microvesicle samples using the phenol-
chloroform method [20]. For this purpose, 1 ml of RNA extraction reagent was added to
200 pul of microvesicles. The resulting mixture was incubated at room temperature for 5
minutes and then centrifuged at 12 000xg for 10 minutes, after which the supernatant
was transferred to new tubes. To remove proteins, DNA and other contaminants, 0.2 ml
of chloroform was added, mixed thoroughly, and centrifuged at 12000 x g for 15
minutes. The RNA-containing upper aqueous phase was collected. Subsequently, 0.5 ml
of isopropanol was added, centrifuged at 12 000 g for 10 minutes, after which the
supernatant was carefully discarded. The RNA pellet was washed with 1 mL of 75%
ethanol and centrifuged at 8000xg for 5 minutes. The ethanol was carefully removed,
and the RNA pellet was air-dried before being dissolved in 50 uL of nuclease-free water.
RNA concentration and purity were determined spectrophotometrically. Complementary
DNA (cDNA) synthesis and PCR analysis were performed using the miRCURY LNA miRNA
PCR Starter Kit (Qiagen) according to the manufacturer’s protocol. For cDNA synthesis
(Table 2), the RNA concentration was adjusted to 20 ng/ul in all samples.

For PCR analysis (Table 3), commercial primers optimized using LNA technology were
used, which provide sensitive and specific quantification of the studied microRNAs [21].

Melting curve analysis was performed in the temperature range of 60-95 °C. Detection
of PCR products and initial data processing were carried out using Bio-Rad CFX Maestro
software. Further data processing and statistical analysis were performed using MS Excel
and Origin 2021.

Table 2
Reverse transcription temperature cycling protocol
Stage Time Temperature
Reverse transcription 60 min 42 °C
Inactivation reaction 5 min 95 °C
Cooling Continuous 4°C
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Table 3

PCR cycling conditions (40 cycles in total)
Stage Time Temperature Rate of change
Initial heat activation 2 min 95 °C Maximum / fast mode
Denaturation 10 sec 95 °C Maximum / fast mode
Annealing 60 sec 56 °C Maximum / fast mode

For each sample, the threshold cycle (Cq) value was determined, reflecting the point
at which the amplification curve intersects the baseline. To eliminate the normalization
issue for microRNA expression in the platelet microvesicles, depending on the absence of
stable microRNA, we used the means normalization method [22]. The relative expression
level (R) of microRNA was calculated using the equation: R=22%, where ACq = anvemge -
e anverage refers to the average Cq value of the control group (donors), and
CAmpte 15 the Cq value of the individual sample. Differences were considered statistically
significant at p<0.05 and were assessed using the Mann - Whitney U test. The optimal
cutoff value of miRNA-103a, miRNA-27a and miRNA-24 expression was determined using
Receiver Operating Characteristic (ROC) analysis.

B RESULTS

In our preliminary study, we examined those microRNAs that are highly expressed in
platelet microvesicles. Using PCR analysis, we examined the expression levels of microRNA-
103a, microRNA-223a, microRNA-27a, and microRNA-24 in platelet microvesicles from
patients with BC, LC, RCC, and melanoma. Our results revealed a significant decrease in
the median expression level of microRNA-103a compared to the control group in RCC
(2.2-fold, p=0.0019) and melanoma (4.1-fold, p=0.002). In addition, we observed a trend
toward increased expression in BC (1.5-fold) and decreased expression in LC (1.3-fold),
although these changes did not reach statistical significance (Fig. 1).
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Fig. 1. Relative expression (R) of microRNA-103a in platelet microvesicles from donors and patients
with breast cancer (BC), lung cancer (LC), renal cell carcinoma (RCC), and melanoma (M). Data are
presented as median values with interquartile ranges [25th percentile; 75th percentile] and standard
deviation. * p<0.05 (Mann - Whitney test)
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One of the most abundant platelet microRNAs is microRNA-223a [23, 24], whose
expression is also deregulated in many types of cancer [6, 23]. Our results showed that
in all the malignancies we examined, the expression of microRNA-223a did not differ
significantly from that in the control group (Fig. 2).

In our study, we found a significant decrease in the median expression levels of platelet-
derived microRNA-27a compared to the control group across all cancer types examined:
in BC by 6.9-fold (p=0.0003), in LC by 3.3-fold (p=0.0006), in RCC by 2.6-fold (p=0.0022),
in melanoma by 7.9-fold (p=0.0013) (Fig. 3).
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Fig. 2. Relative expression (R) of microRNA-223a in platelet microvesicles from donors and patients
with breast cancer (BC), lung cancer (LC), renal cell carcinoma (RCC), and melanoma (M). Data are
presented as median values with interquartile ranges [25th percentile; 75th percentile] and standard
deviation. * p<0.05 (Mann - Whitney test)
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Fig. 3. Relative expression (R) of microRNA-27a in platelet microvesicles from donors and patients with
breast cancer (BC), lung cancer (LC), renal cell carcinoma (RCC), and melanoma (M). Data are presented
as median values with interquartile ranges [25th percentile; 75th percentile] and standard deviation.
* p<0.05 (Mann - Whitney test)
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Another important member of the microRNA family is microRNA-24. The results of
our study demonstrated a significant decrease in the median expression levels of platelet
microRNA-24 compared to the control group in RCC (4-fold, p=0.032) and in melanoma (4-
fold, p=0.0035). A trend towards decreased expression of microRNA-24 was also observed
in BC (1.7-fold) and in LC (2.3-fold) (Fig. 4).

Table 4 summerizes data we obtained in our study.

We conducted receiver operating characteristic (ROC) curve analysis to determine the
optimal threshold (cutoff) expression levels of miRNA-103a and miRNA-24 for RCC and
melanoma, as well as miRNA-27a for the entire group of malignancies analyzed. These
cutoff values were selected based on the maximal Youden index, providing the greatest
discrimination between pathological and non-pathological conditions.The corresponding
ROC curves and performance metrics are shown in Fig. 5 and summarized in Table 5.
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Fig. 4. Relative expression (R) of microRNA-24 in platelet microvesicles from donors and patients
with breast cancer (BC), lung cancer (LC), renal cell carcinoma (RCC), and melanoma (M). Data are
presented as median values with interquartile ranges [25th percentile; 75th percentile] and standard
deviation. * p<0.05 (Mann - Whitney test)

Table 4
Changes in microRNA expression in PMVs of cancer patients
microRNA-103a microRNA-223a microRNA-27a microRNA-24
_ B 16.9-fold, B
BC p=0.0003
LC - - 13.3-fold, p=0.0006 -
RCC 12.2-fold, _ 12.6-fold, 14.0-fold,
p=0.0019 p=0.0022 p=0.0032
Melanoma 14.1-fold, B 17.9-fold, 14.0-fold,
p=0.0020 p=0.0013 p=0.0035
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Table 5
Results of ROC curve analysis of microRNA-103a, microRNA-27a, and microRNA-24 expression
in patients with various types of cancer

Study groups microRNA AUC p Sensitivity Specificity ?u'::::fn;:aloint
103a 0.76 0.020 50% 100% 0.39
RCC and donors 24 0.74 0.003 70% 70% 0.54
27a 0.96 0.0005 90% 100% 0.29
103a 0.89 0.003 80% 100% 0.40
xe(:a;::;?s 24 078 003 70% 80% 030
27a 0.84 0.03 80% 70% 0.55
BC and donors 27a 0.89 0.0007 75% 100% 0.26
LC and donors 27a 0.92 0.0002 95% 80% 0.49

Notes: area under the curve (AUC) values: 0.9-1 - excellent model performance; 0.8-0.9 - very good; 0.7-0.8 - good; 0.6-0.7 - fair
(average); 0.5-0.6 — poor.

B DISCUSSION

MicroRNA-103a has been shown to act as both an oncogene and a tumor suppressor
in cancer development. In particular, Hu X. et al. [25] demonstrated that overexpression
of microRNA-103a caused stimulation of cell proliferation in gastric cancer. Xia W. et al.
[26] found that microRNA-103a promoted the growth of hepatocellular carcinoma by
targeting AKAP12 (A-kinase anchoring protein 12). In addition, microRNA-103a has been
shown to promote cell proliferation and migration in colorectal cancer cells by targeting
the tumor suppressor genes DICER and PTEN [27].

However, some studies have reported that microRNA-103a functions as a tumor
suppressor in several human cancers. In prostate cancer (PC) cells, elevated microRNA-
103a expression was shown to inhibit cell migration and invasion through regulation of
the oncogenic protein TPD52 [28]. Moreover, microRNA-103a inhibited the malignant
progression of glioma by binding to FEZF1 at the 3'-UTR [29]. These conflicting findings
indicate that microRNA-103a expression is tissue specific and may serve as a potential
diagnostic and prognostic marker in various human cancers.

Our study showed that the expression of platelet microRNA-103a was significantly
reduced in RCC and melanoma compared to the donor group, suggesting a possible
tumor-suppressive role of microRNA-103ain these cancer types. However, the mechanisms
underlying its function remain to be elucidated.

Increased expression of microRNA-223a has been associated with poor prognosis and
drug resistance in non-small cell LC [30] and stomach cancer [31]. In contrast, microRNA-
223a plays a tumor suppressor role in human PC [32], bladder cancer [33], cervical cancer
[34] n hepatocellular carcinoma [35]. Liang H. et al. showed that miR-223a expression in
platelet-derived microvesicles from patients with metastatic lung cancer was significantly
elevated compared to that in donors and may promote lung cancer cell invasion via
targeting the tumor suppressor EPB41L3 [6]. However, we did not observe such an
increase in our results. A possible explanation is that the patients enrolled in our study
were at early, resectable stages of malignancy.
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Fig. 5. ROC curves based on the expression levels of microRNA-103a, microRNA-24, and microRNA-27a
in patients with RCC (A, C, G) and melanoma (B, D, H), as well as microRNA-27a expression in patients
with BC (E) and LC (F)
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MicroRNA-27a also plays a dual role in cancer development. This microRNA is
upregulated and promotes proliferation and invasion, while inhibiting apoptosis in
osteosarcoma cells through TET1 regulation, indicating an oncogenic role for microRNA-
27a [36].

In contrast, microRNA-27a has been found to be downregulated in hepatocellular
carcinoma, where it suppresses tumor metastasis and vasculogenic mimicry by targeting
Twist-1 [37]. In recent years, circulating microRNA-27a has emerged as a predictive and
prognostic biomarker in gastrointestinal tumors, as it can be secreted by exosomes into
the serum circulation in gastric cancer [38]. Circulating exosomal microRNA-27a has also
been reported as a novel diagnostic and prognostic biomarker in colorectal cancer [39].
In our study, we found a significant reduction in median miRNA-27a expression levels
compared to the control group in all cancer types studied, which allows us to consider
this miRNA as a potential biomarker.

Studies have shown that microRNA-24 is involved in tumor cell proliferation,
differentiation, invasion, and metastasis by regulating numerous genes, including PTEN,
TRIM11, SOX7, PRKCH, and P16 [40]. Platelet-derived microRNA-24 has also been shown
to target mitochondrial mt-Nd2 and Snora75 in tumor cells [14]. Circulating microRNA-24
has been identified as a promising prognostic marker in various types of cancer,
including gastric, lung, and colorectal cancers, as well as acute lymphoblastic leukemia
and others [40, 41]. However, microRNA-24 exhibits variable expression across different
cancers and may function as either an oncogene or a tumor suppressor. In particular,
increased microRNA-24 expression has been reported in lung, breast, bladder and gastric
cancers, as well as in acute leukemia, and Hodgkin’s lymphoma [42]. On the other hand,
microRNA-24 has been shown to be downregulated in nasopharyngeal and colorectal
cancers, laryngeal squamous cell carcinoma, and lung adenocarcinoma compared to
normal tissues [42]. The results of our study demonstrated a significant decrease in the
median expression levels of platelet microRNA-24 compared to the control group in RCC
and in melanoma, which also allows us to consider microRNA-24 as a potential biomarker
for these types of cancer.

The ROC analysis enabled an objective evaluation of the diagnostic performance of
the studied microRNAs and facilitated the identification of threshold expression levels
distinguishing between the presence and absence of pathology. Expression values equal
to or exceeding the determined cutoff points were associated with a higher probability of
malignancy in the respective comparisons.

Consequently, our results allowed us to identify three microRNAs (microRNA-103a,
microRNA-27a, and microRNA-24) whose expression is suppressed in patients PMVs,
suggesting their potential function as tumor suppressors. These microRNAs may serve as
possible cancer biomarkers in patients with solid tumors: microRNA-27a in BCand LC, and
microRNA-103a, microRNA-27a, and microRNA-24 in RCC and melanoma.

It's also worth noting that the wide variation in the obtained microRNA expression
levels is primarily due to the fact that the sample included patients with different cancer
subtypes within a single pathology. Future studies should take this into account and
conduct a similar study disaggregated by subtype.
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B CONCLUSION

Accumulating evidence suggests that numerous microRNAs are abnormally
expressed in tumor tissues, blood, and cells, and that dysregulation of these microRNAs
is associated with tumor initiation, progression, and prognosis. Some microRNAs have
oncogenic functions and their expression increases in cancer patients; while others are
downregulated and act as tumor suppressors. In addition, the same microRNA can act as
both an oncogene and an oncosuppressor, depending on the tumor type and location.

In recent years, platelet microRNAs have attracted considerable attention, as they
may offer higher sensitivity and specificity in tumor diagnosis compared to circulating
microRNAs. In this study, we found decreased expression levels of platelet microRNA-
103a, microRNA-27a, and microRNA-24 in patients with RCC and melanoma, as well as
decreased expression of platelet-derived microRNA-27a in patients with BC and LC,
suggesting that these microRNAs may serve as potential biomarkers.

However, several limitations should be considered in the present study. First, our
results are based on a relatively small sample size of donors and patients with different
types of cancer, which may limit statistical power. Second, the underlying mechanisms
by which these microRNAs contribute to the development of the studied malignancies
remain unclear and require further investigation. Nevertheless, our results may serve as a
basis for the development of a diagnostic panel of microRNA-based biomarkers, at least
for patients with RCC and melanoma.
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Pesiome

Lenb. M3yuntb pacnpocTpaHeHHOCTb O4HOHYKIEOTUAHbIX NoNMMOopP$rn3MoB B reHax ATM
1 DIS3 y nayneHToB CO MHOXeCTBEHHOWN MUETOMOW U MOHOKJIOHaIbHOW raMManaTuen He-
YCTaHOBNEHHOIO 3HaYeHUs.

Marepwmanbl n merogpbl. B nccneposaHue 6biny BKNtoyeHbl 157 nMauMeHToB C Niasmo-
K/1eTOYHBIMU HOBOOGpPa3oBaHMAMM (97 CO MHOMXECTBEHHOW MeNomMoi, 60 — C MOHOKO-
HafIbHOW raMManaTtuel HeycTaHOBMIEHHOTO 3HavyeHuA). JHK Bbiaenanu n3 KOCTHOro mosra
nauneHToB. Micnonb3oBanu metog MLP ¢ aHan“3om AnvHbl GparMeHTOB PecTPUKLUN 1
meTog MNUP ¢ aHann3om KpuBbIX NnaBneHus gna BbiaBneHus B reHe ATM nonumopdus-
MOB rs189037 (c.—111G>A); rs228590 (c.49238C>T); rs1801516 (c.5557G>A) n B reHe DIS3
nonumopdnsmos rs1160840972 (c.1490A>G); rs2138206374 (c.1463C>T); rs2138153318
(c.2338T>Q).

PesynbraTtbl. Cpeii NaUWeHTOB C Ma3MOK/IETOYHbIMY HOBOOOPa30BaHUAMY YCTaHOB-
NEeH BbICOKNI YPOBEHb PacnpoCTpaHeHHOCTM nonmopdunamos B reHe ATM (Bbiwe 80%
B Kaxkgown rpynne). ns reHa DIS3 cpeau o6cnepgoBaHHbIX rpynn MaLMEHTOB YCTaHOB-
NeHa pacnpoCTPaHeHHOCTb NoNMMOPGM3MOB Ha ypoBHe 10-12%. na nonumopdrsma
rs228590 (c.49238C>T) B reHe ATM cpefu o6cnefoBaHHbIX MaUMEHTOB Obliv 3aperu-
CTPUPOBaHbI Hanbonee BbICOKME 3HAYEHUA PACNPOCTPAHEHHOCTU MyTaHTHOW annenun T
(43,81-45,00%), a Takxe retepo3urotHoro CT- (52,58-56,67%) n mytaHTHoro TT- (16,67-
17,53%) reHoTmnoB. B reHe DIS3 HX g1l OAHOIO 13 U3YUYeHHbIX NONUMOPdM3MOB He 6blo
BbIABNEHO MPUCYTCTBUA FOMO3UTOTHOIO reHOTMMa No MyTaHTHOW annenu. [lona reteposu-
rOTHbIX FeHOTUMNOB cocTaBuna ot 1,67 o 5,15%. [loctoBepHbIX OTANYNIA NO YAaCTOTE Bbl-
ABNEHUA OQHOHYKNeOoTUAHbIX 3aMeH B reHax ATM u DIS3 mexgy rpynnamm nauneHToB CO
MHO>XE€CTBEHHOW MMUENOMOI N MOHOKOHaNIbHOWM ramMManaTie HeyCTaHOBAEHHOIO 3Ha-
yeHwus BbiABJIEHO He Obl1o (p>0,05).
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3aknioueHune. Y naureHToB C M1a3MOKNeTOUYHbIMM HOBOOOpPa3oBaHMAMY YCTaHOBNEHA
LIMPOKAsA PacnpoCTPaHEHHOCTb HYKNIEOTUAHbIX 3amMeH B reHe ATM ¢ 4aCTOTOM MyTaHTHbIX
annenen ot 17,01 po 45,00%. PacnpocTpaHeHHOCTb HYKNeOTMAHbIX 3ameH B reHe DIS3
cpeaun obcnefoBaHHbIX rPynmn NauueHToB Obina SKBMBaNIEHTHa CPeAHMM MoKa3aTenam
pacnpocTpaHeHHOCTU NOAOOHbIX rEHETUYECKMX M3MEHEHUI Cpean NaLMEHTOB C NIa3Mo-
KNeToYyHbIMU HOBOODOPa3oBaHMAMY B €BPOMENCKNX NOMYNALUMAX C YaCTOTOM MYTaHTHbIX
annenen ot 0,83 no 2,58%.

KnioueBble cnoBa: nna3smMokneTouyHble HOBOOOPa30BaHMA, MHOXECTBEHHAA MUENOMa,
MOHOKJIOHaNIbHaA raMmManaTis HeyCTaHOBJIEHHOTO 3HaueHus, nonumopsdmnsm, ATM, DIS3
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Abstract

Purpose. To investigate the prevalence of single nucleotide polymorphisms in the ATM
and DIS3 genes in patients with multiple myeloma and monoclonal gammopathy of
undetermined significance.

Materials and methods. The study included 157 patients with plasma cell neoplasms
(97 with multiple myeloma and 60 with monoclonal gammopathy of undetermined
significance). DNA was isolated from the patients’ bone marrow. The PCR method with
restriction fragment length analysis and the PCR method with melting curve analysis were
used to detect the following polymorphisms in the ATM gene: rs189037 (c.-111G>A);
rs228590 (c.49238C>T); rs1801516 (c.5557G>A) and in the DIS3 gene: rs1160840972
(c.1490A>G); rs2138206374 (c.1463C>T); and rs2138153318 (¢.2338T>C).

Results. A high prevalence of polymorphisms in the ATM gene (above 80% in each group)
was established among patients with plasma cell neoplasms. For the DIS3 gene, the
prevalence of polymorphisms among the examined patient groups was established at
the level of 10-12%. For the rs228590 (c.49238C>T) polymorphism in the ATM gene, the
highest prevalence values of the mutant T allele (43.81-45.00%), as well as heterozygous
CT (52.58-56.67%) and mutant TT (16.67-17.53%) genotypes were recorded among the
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PacnpoctpaHeHHOCTb OAHOHYKNEOTUAHBIX MONNMOPPN3IMOB
B reHax ATM 1 DIS3 y naLueHTOB ¢ N1a3mMOKNETOYHbIMI HOBOOOPA30BaHMAMM

examined patients. In the DIS3 gene, the presence of a homozygous genotype for the
mutant allele was not detected for any of the studied polymorphisms. The prevalence
of heterozygous genotypes ranged from 1.67% to 5.15%. No significant differences in
the frequency of single nucleotide substitutions detection in the ATM and DIS3 genes
were found between the groups of patients with multiple myeloma and monoclonal
gammopathy of undetermined significance (p>0.05).

Conclusion. In patients with multiple myeloma and monoclonal gammopathy of
undetermined significance, a high prevalence of nucleotide substitutions in the ATM
gene was established, with a frequency of mutant alleles from 17.01% to 45.00%. The
prevalence of nucleotide substitutions in the DIS3 gene among the examined patient
groups was equivalent to the average prevalence of similar genetic changes among
patients with plasma cell neoplasms in European populations, with a frequency of mutant
alleles from 0.83% to 2.58%.

Keywords: plasma cell neoplasms, multiple myeloma, monoclonal gammopathy of
undetermined significance, polymorphism, ATM, DIS3

W BBEJEHWE

Mna3mokeTouyHble HOBOOOPa3oBaHMA NPEACTaBAAT COOOM KAMHUYECKU U reHe-
TUYECKMN reTeporeHHyto rpynny 3aboneBaHui, K KOTOPbIM OTHOCAT NPeApakoByd MOHO-
KNOHaJIbHYI0 ramMManaTuio HeyCTaHOBMIEHHOro 3HaueHusa (MIH3), MHoXeCTBeHHyo Mue-
nomy (MM), nepBUYHBIN CUCTEMHBIN aMUIONAO03 Nerkux Lenen, 6onesHb BanbaeHcTpema,
POEMS-cungpom (Polyneuropathy, Organomegaly, Endocrinopathy, M-protein, and Skin
Changes), akcTpamegynnspHyto nnasmouutTomy 1 ap. HeogHOPOAHOCTb reHeTUYECKUX Xa-
PaKTepUCTUK OMNyXONeBbIX KNETOK, laxe BHYTPU Kax 0N U3 HO3010rnyeckmnx Gpopm, Asna-
€TCA 3HaUMTeNIbHbIM NPENATCTBUEM NPU NOUCKE HAfEXHbIX MOJIEKYNAPHO-TeHETUYECKNX
KpuTtepureB ana auddepeHumnanbHON ANarHOCTMKA U onpedeneHna NporHo3a TeueHus
3abonesaHuA [1].

Benok ATM (ataxia telangiectasia mutated) aBnaeTca NpoTeMHKMHA30MM, KoTopas nep-
BOHauyanbHO 6blia BblAeneHa 1 oxapakTepun3oBaHa y NalLMeHTOB C PefKAM ayTOCOMHO-
peueccnBHbIM 3a60/1eBaHMEM — aTaKCUel-TeneaHrnaktasmen (AT). Kpome TUNMYHBIX Ans
aTaKCUN-TeNeaHrM3KTa3nN KINHMYECKUX NPOABEHUI, TaKNX KaK MO3>KeUKOBas aTakCcus,
HelipofereHepauns, xopeoaTeTos, OKYJIOMOTOPHAA anpaKkcua, TeneaHrnaKTasmm KOoHb-
IOHKTUBbI, UMMYyHOAEeDULNT, PafrOUYyBCTBUTENIBHOCTb, Y AAaHHOTO KOHTUMHIEHTa nauuneH-
TOB TakKXe MOBbIWEH PUCK PA3BUTMA MHPEKUMOHHBIX 3a60NeBaHNI N 3/T0KaYeCTBEHHbIX
HoBOOGpa3zoBaHui [2, 3].

[ByxuenoyeyHble pa3pbiBbl B Mosniekyne JHK, npyn KoTopbix NoBpexaeHne 3atparu-
BaeT 06e HUTU ABOMHOWN CNMpanu, NPeacTaBnAOT CEPbe3HY0 Yrpo3y AnA LeNoCTHOCTU
3YKapmMOTNYECKOro reHOMa, MO3TOMY B KJleTKax SyKapuoT CyLLeCTBYIOT CCTeMbl OenKos,
KOTOpble aKTVBUPYIOTCA NPU NOBPEXAEHUN reHeTUUECKOro Matepuana n obecrneumsatot
BOCCTAHOBJIEHME TeHETUYECKON UHPOPMaLKM, NOAAEPKNBAA TEM CaMbiM LIeTOCTHOCTb
reHoma, YCTpaHAsA HaKoM/eHWe 1 nepeaayvy owWnboK Npu AeneHUn KNeToK, UTo ABNAeT-
cA ofHUM 13 GaKTopOB, NPefoTBPALLAOLLMX 3/I0KaueCcTBeHHY TpaHcpopmauuio. MNo-
cne nospexaeHua [JHK B KneTkax MponCcxXoauT 3anyck Kackaga peakuuii, HanpaBneHHbIX

268 "Laboratory Diagnostics Eastern Europe", 2026, volume 15, No. 2

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO




KnnHuko-nabopatopHas snugemuonorus / MonekynapHo-reHeTryeckue nccnefoBaHnsa B OHKONOMM P,
Clinical and Laboratory Epidemiology / Molecular Genetic Research in Oncology =3

Ha pacrno3HaBaHMe noBpexaeHHoro yyactka uenu JHK, nprueneyeHne penapaumoOHHbIX
6enKoB, Nepefayvy CUrHanoB KOHTPOMbHbIM TOUKaM K/IETOYHOTO LMKNA, Perynaumio 1 ak-
TMBaUuio anonTo3a [4, 5].

Bbenok ATM maccown 350 k[la, coctoswmn n3 3056 aMMHOKUCNOT, ABNAETCA YNIeHOM ce-
MenCTBa CepUH/TPeOoHMNHOBbIX NPoTenHKnHa3 ((P1)3/Pl4-KnHas) n nrpaet Kn4yesyto posb
npu oteeTe Ha noBpexaeHve [HK, B Tom uncne npm AByxuenoyeyHbixX paspbiBax cnmnpa-
nu. MNocne nosasneHus gedekta B monekyne JHK MRN-komnnekc, coctoawwmn n3 6enkos
Mre11, RAD50 n NBST, 3anyckaeT KaHOHMYeCKUin nyTb aktuBaumm 6enka ATM, cnoco6-
CTBYA nepexopy HeakTuBHbIX dopm ATM (aMmepbl Unnu MynbTUMEPHbIE KOMIMAEKChI) No-
cpencTBoM ayTodochopunmpoBaHna B BbICOKOAKTUBHbIE MOHOMEPDI, U fanee onocpe-
OyeT B3aumopfencTene akTuBMpoBaHHbIX MOHOMepoB ATM ¢ KOHUEeBbIMX yYacTKamu no-
BpexgeHHon [HK v ¢ monekynamu, npusnekaemMbiMy Ana penapaumy NoOBpPeXaeHHOro
¢dparmenTa [5-7].

leH ATM pacnonoxeH Ha 11-n xpomocome (11922-23) n nmeet gnmuy 150 000 n. o.
OnuHa KogumpytoLen nociiefoBaTefIbHOCTM FreHa 3HaUYNTEeNIbHO MeHblUe, OHa COCTaBnAeT
9168 n. 0. 1 BKOYAET 66 3K30HOB, KOTOPble pacnpefeneHbl NO BCer MPOTAKEHHOCTU
reHa, U3 HMX 62 3K30Ha KOAUPYIT aMUHOKUCIOTHYIO nocniefqoBaTenbHoCTb 6enka ATM.
N3meHeHwnA, KOTOpble OKa3blBaloT BAMAHME Ha CTPYKTYpY 1 dyHKumn 6enka ATM, moryT
NPONCXOANTb Kak B TPaHC/IMpPyeMol 0651acTu reHa, Tak U B MHTPOHHbIX 1 HETpaHCanpye-
MbIX yyacTKax [2, 5, 8].

B reHe ATM c nprvMeHeHMeM COBPEMEHHbIX MONEKYNAPHO-TeHeTUYeCKNX MeToAoB
aHanm3a (NGS - next generation sequencing — TEXHONOMMM CEKBEHUPOBAHNA HOBOIO
nokoneHus) naeHTnoéuumnposaHo 6onee 10 000 OAHOHYKNEOTUAHbBIX 3aMeH, U3 KOTOPbIX
6onee 1900 oTHeceHbl K MATOreHHbIM UAW MOTEHUMANIbHO KAWHMYECKN 3HAUYMMbIM U3-
MeHeHUAM. bosiblie NONOBMHbI N3YyYEHHbIX NAaTOreHHbIX reHeTUYEeCKMX BapMaHTOB acco-
LUMMpoBaHO C obpa3oBaHNEM yYKOpPOUeHHOro 6enka 3a cueT NOABNEHUA CTOM-KOAOHOB B
Hauyane WnKn cepefiviHe KoAupyoLwen nocnefoBaTesibHOCTU reHa. [ledekTbl CTPyKTypbl
6enka ATM npuBoAAT K HapyLLEHMWIO ero CnocobHOCTM pacno3HaBaTh ABYXLENOYeYHble
pa3pbiBbl cnupanu JHK, B pe3ynbraTte Yero KneTku TepaloT BO3MOXKHOCTb BOCCTaHaBNM-
BaTb MOBPEXAEHHble yyacTKu monekynbl IHK, uto npmBoauT K ocnabneHuio penapaTtus-
HbIX CBOWCTB, CHMXKEHMWIO CTabUNbHOCTM reHOMa W YBENIMUYEHWUIO PUCKa ManurHmu3auuu.
K Apyrum pacnpocTpaHeHHbIM HapyleHuam B reHe ATM OTHOCAT MUCCEHC-MyTauuu,
CABUMM PaMK/ CYMTbIBAHWA, HApYyLIeHMA CNIancuHra, KOTopble TakXKe OKa3blBaloT BAUA-
Hue Ha CTPYKTYpY 1 GyHKLmmM 6enka ATM [2, 5,9-11].

[lokasaHa accoumauma Kak repmMrHasnbHbIX, Tak M COMaTUYECKMX MyTaunin B reHe ATM
C LUMPOKUM CMEKTPOM 3/I0KaueCTBEHHbIX HOBOOOPa3oBaHUI. Y HocuTenen psaga MyTauui
3aperncTpmpoBaHO 3HauuTeslbHOe YBesinyeHre OTHOCUTENBHOrO pUCKa pas3BUTKA paka
MOJIOUHOW »Kenesbl, ANYHUKOB, MOAKENYAOUHON »Kenesbl, XeflyaKka, NpocTaTbl, YTO Noa-
TBepkaaeT ponb ATM Kak reHa — cynpeccopa onyxonesoro pocta [2, 5, 10, 11].

Pe3ynbrathl nccnenoBaHmin, NPOBEAEHHbIX B Pa3fIMUHbIX CTPaHaX U HaMpaBieHHbIX Ha
n3yyeHue BapuaLnin HyKNeoTMaHON NocnefoBaTenbHOCTN B reHe ATM npu pasinyHbIX
NaToNorMyecKnx npoLeccax, 3a4acTylo OTIMYAIOTCA, Tak Kak aHanm3 NpoBOAWTCA B pas-
JINYHBIX PACOBbIX, STHUYECKMX 1 NONYAALNOHHbIX Fpymnnax, B KOTOPbIX YacToTa MOAUMOp-
$13MOB 3HauUNTeNbHO BapbupyeT. B eBponelickmx nonynaumax pacnpocTpaHeHHOCTb Na-
TONOrMyeckn 3HauMMbIX MyTaumin B reHe ATM oueHnBaeTca Ha ypoBsHe ot 0,5 fo 10%, oa-
HaKO rOMO3MroTHOCTb MO AaHHbIM MyTaumaM BCTpeyvaeTca peako (0,005-0,1%) [5, 9-111.
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leH DIS3, pacnonoxeHHbI Ha 13- xpomocome (13qg22.1), kognpyeT 6enok Katanu-
TUYECKON CybbefVHULbI MEePBUYHOIO 3YKapUOTUYECKOro AfepHOro prboHYyKeasHo-
ro 3K30COMHOro KOMMEKCa, yyacTBylolWero B MeTabonmsme pasnuuHbix Bugos PHK.
MpoayKT gaHHoro reHa — 6enok DIS3 - npepctaBnAeT cob6oli MHOroAOMeHHbIN 6enokK ¢
2 Pa3NNYHBIMU KaTalIUTUUYECKMMUN LIeHTPaMK, KoTopble obecneumnBaloT 2 BUAa €ro ak-
TUBHOCTU: 3'-5'-3K30HYK/I€a3HyI0 aKTMBHOCTb, KOoTopylo onocpeayeTt gomeH PHKasbl II/R
(RNB-gomeH), M 3HOOHYKMea3Hyl0 aKTMBHOCTb, KOTOpasA peanusyeTca uyepes [OMeH
N-koHua PilT (PIN-gomeH). Hannune 3T1Mx 2 foMeHOB nogaepxmBaeT GyHKLUMOHaNbHY0
aKTUBHOCTb KaTanuTuyeckol cybbeanHuLbl 3K30COMbI, B cOCTaBe KoTopoi 6enok DIS3
yuyacTtsyeT B co3peBaHun monekyn PHK, 3'-5-pepgaktuposanun PHK, gerpagaumnm PHK Kak
B AApe, Tak U B LMTONNa3Me KNeTok, KoHTposne Kavectsa MPHK, perynauum skcnpeccunn
reHoB, npoueccuHre manbix PHK, a Takke cerperaynm xpomocom, NporpeccnpoBaHum
KNeTOYHOro LmKna, cbopke BepeTeHa generna [12-15].

HecmoTps Ha 6onbluon o6bem paboT No XxapaKTepuUCTMKe CTPYKTYPHbIX U Groxmmunye-
cKunx ocobeHHocTel 6enka DIS3, Bkntouas feTanbHoOe M3yyeHune ero ponm Kak apdekTtopa
npoueccuHra v gerpagaunmn PHK, noka HeT YeTKoro noHMmMaHmA mexaHu3ma, nocpeacTBOM
KOTOPOro n3meHeHus B reHe DIS3 moryT npuBoaunTb K 3N10KauecTBEHHON TpaHcpopmaLmm
KneTtok. CuntaeTcs, UTo K/oUeBbIMU ABAAIOTCA U3MEHEHUA, NMPoucxogawmne npenmylle-
CTBEHHO B TeX yyacTKaxX HYKNeoTMAHOWN nocnegoBaTenbHOCTH reHa DIS3, KoTopble KOH-
TponupytoT cTpyKTypy RNB-gomMeHa, UTo NprBOAUT K MHIMOMPOBAHMIO 3K30HYKNea3How
aKkTuBHoctu depmeHTa. Ele ogHMM MexaHn3mom yuyacTtua reHa DIS3 B oHKoreHese cuu-
TaeTcA HapyleHne NPorpamMmm NOCTTPAHCKPUNLMOHHON Perynaumnm 3KCnpeccumn reHos,
yTo cnocobcTByeT ycuneHuto nponudepaumn KneTok. Ana paga nonmmopdrnsmos B reHe
DIS3 ycTtaHoBneHa accoumauma ¢ BOSHMKHOBEHMEM TPAHCIOKaLMii, KOTOPble BbICTYNaloT
LpariBepamu Ans 310KayecTBeHHOW TpaHCchopmaumm Knetok. HapyweHne HopMmanbHoro
byHKUMoHMpoBaHuA 6enka DIS3 npuBoanT K HakonneHuo aedpeKkTHbIx monekyn PHK, ns-
MeHeHMI0 Npodunen 3KCNPeccMmn reHoB B KNeTKax, CMoCO6CTBYET HaKOMEHMIO FreHeTnYe-
cKunx abeppauui, yBennumaasa puck 3nokauyectseHHom TpaHchopmaumm [15-18].

N3meHeHne cTpyKTypbl U dyHKLMI 6enka DIS3 Bneuet 3a cobon popmumpoBaHme fe-
beKToB B Npoueccax cnHTe3a u gerpagaumy PHK, Hapylwasa HopmanbHoe GyHKLUOHMPO-
BaHMe KIeTOK, 3a CYeT HaKOMJIeHNA eCTeCTBEHHbIX CyOCTPaTOB 3K30COM B KneTKax. ITo, C
O[HOW CTOPOHbI, CNOCOBCTBYET 3/10KaUeCTBEHHON TpaHCGOpMaLMK KIETOK, a C Apyromn —
oTpuuaTesibHO BAUAET Ha BbIPKMBAEMOCTb KNIETOK, YTO MPUBOAUT K CHUXKEHMWIO UX MPOSN-
depaunm 1 Bbixogy B MMHOPHble Cy6KNOHbI. Takum obpa3om, reH DIS3, n3meHeHus B KOTo-
pPOM NpUBOJAT K HapyLueHMnio meTabonm3ama PHK, aBnaeTca HeknaccuuyecknMm OHKOreHoM,
KOTOPbIN CNOCOBCTBYET MPOrpeccMpoBaHNi0 OHKOreHe3a Ha PaHHMX CTaauAax, HO B UTore
M3-3a cepbe3HbIX HapylleHnn meTabonmama PHK Bbi3biBaeT oTpuUaTenbHy0 cenexkumio
KneToK-HocuTenewn, BbICTynas B KayecTBe cynpeccopa [12, 16, 19].

MNpoTrBOpeunBble AaHHbIe NOMyYeHbl U NPU OLlEHKe CTaJun OHKOreHe3a, Ha KOTopoWn
n3meHeHua B reHe DIS3 oKa3biBalOT KPUTUYECKOE BANAHME U UTPaloT KAOUYEBYIO POSib.
CumTaetca, UTo N3MEHEHUA B FreHax, KOANPYLWUX 6eNKN-perynatopbl, ABAATCA BTOPUY-
HbIMW reHeTUYeCcKUMM cobbiTuAaMK. OfHaKo y NaLuMeHTOoB C JO6pOoKaYeCTBEHHbIMM HOBO-
06pa3oBaHNAMM, B TOM YMCIE HA PAHHWX CTaaUsAX, NPU NePBUYHON TpaHchoOpMaLnn Kne-
TOK Obl/10 MOKa3aHo Hannyme nameHeHun B reHe DIS3 [12, 15, 16].

Ycnnua MHOrmMxX nccnepoBaTeniell B pasHbiX CTpaHaX, HampaBfieHHble Ha M3yyeHune
MOJIEKYNAPHO-TEHETUYECKUX MapKepoB, accoumnmnpoBaHHbix ¢ MM 1 MIH3, nossonunn
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BbIABUTb OOJbLUIOW NepeyeHb FreHOB, KOTOPble HECYT HYK/IeOTUHblE 3aMeHbl MPY JaHHbIX
3aboneBaHuAx. OgHaKo YacToTa GONbLUMHCTBA BbIABMIEHHbIX FEHETUYECKUX COObITUN He
npesbiwaet 10%. M3yueHne n3meHeHWn B reHax, perynmpyowmx npoLeccs penapaymm
OHK (ATM) n metabonuama PHK (DIS3) B KneTkax, ABNAETCA O4HMM 13 NePCNeKTUBHbIX Ha-
npaBneHNn MONCKa ANArHOCTUYECKUX U MPOrHOCTUYECKNX Mapkepos npu MM n MIH3.
BmecTe C TeM HYXHO yunTbIBaTb, UTO HEOOXOAUMO NPOBEAEHNE feTalNbHbIX NCCefoBa-
HWU B M3yyaeMOl NOMNyNALMKN, NOCKONbKY YacToTa N CMEKTP M3MEHEHWUI HYKNeOTULHbIX
nocnefgoBaTeNnbHOCTEN FEHOB MOTYT MMETb CyLeCTBEHHbIe pPa3nnuusa nNpu NpoBeaeHUN
nccnegoBaHUn Ha PasNnyHbIX BbIGOpKax NaLmMeHTOB B 3aBUCKMOCTM OT PaCOBOW U 3THU-
yecKol NPUHaANIEXHOCTN.

B LEJTb NCCNEOQOBAHKA

M3yunTb 4acToTy BCTpeYaemMoCcT y MaLMeHTOB CO MHOXXECTBEHHOW MWeNIoMON U
MOHOKJIOHaNbHOW raMmanaTtuell HeyCTaHOBNIEHHOrO 3HaYeHUsA OAHOHYKNEeOTUAHbIX No-
numopodunsmoB B reHax ATM (rs189037; rs228590; rs1801516) n DIS3 (rs1160840972;
rs2138206374;rs2138153318).

B MATEPWAJIbl U METObI

B ocHoBHyto rpynny mnccnefoBaHua Gbiny BKAYeHbl 157 NauMeHTOB C nyia3mokre-
TOYHbIMM HOBOOOPA30BAHUAMM: U3 HUX 97 — C AMAFHO30M «MHOXECTBEHHaA MuesioMa»
(MM) 1 60 - ¢ AMarHO30M «MOHOK/OHaNbHaA rammanaTusa» HeYCTaHOBJIEHHOIO 3HaYeHnA
(MrH3), npoxoauswunx obcnegosaHue B 'Y «PHIL PM n 34» (r. fomenb). MegnaHa Bo3-
pacta naumeHToB ¢ MM coctaBuna 64 roga (53,0-76,0), nauneHTtoB ¢ MIH3 - 61,0 roga
(55,0-66,0). [locToBepHbIX OTAMUNIA MO BO3pacTy MexAay rpynnamu nauyneHtos ¢ MM n
MI'H3 He 6bino ycTaHoBREHO (p=0,303).

OCHOBHbIMW KpUTEPUAMM BKITIOUYEHMA NAaLMEHTOB B UCCNefOoBaHMe ABANMCH: BO3pacT
nauuneHToB; gnarHo3 C90.0 unn D47.2, ycTaHOBNEHHbIN COrNacHO MeXAYHapOAHbIM Kpu-
Tepuam IMWG (2014 r.).

B xopne obcnefoBaHMA NaLMeHTOB NPUMEHANNCH KITMHUKO-UHCTPYMEHTaNIbHble MeTo-
[bl: OCMOTP MauMeHTOB, COOP aHaMHECTUYECKUX AaHHbIX, TabopaTopHble 1 NHCTPYMEH-
TaJIbHble MeToAbl NCCNefoBaHNsA. B KauecTBe 6Guoniornyeckoro matepuana ansa BbinosiHe-
HUA MONEKYNAPHO-TeHeTUYeCKNX NCCNefOBaHUN Y NaLMeHTOB NPOBOAUAN B3ATUE 2-3 MN
KOCTHOIO MO3ra MeTOAOM acnmpaunoHHom Groncum.

[HK 13 KOCTHOro Mo3ra BblAensan ¢ UCNoNIb30BaHNEM KOMMEPUYECKOro Habopa pe-
areHToB «ApTCnunH Skcnept» («<ApTtbroTex», PB). BbigeneHnyo HK ncnonb3osanu ana
amnnuéukaumm dparmeHTos reHoB ATM u DIS3, B KOTOPbIX BbIABAANN HanuuMe OgHOHY-
KNeoTUAHbIX 3aMeH.

B reHe ATM BobiaBnsanu nonumopdusmbl: rs189037 (c.—111G>A); rs228590 (¢.49238C>T);
rs1801516 (c.5557G>A).

B reHe DIS3 BbisBnanu nonumopounsmsbl: rs1160840972 (c.1490A>G); rs2138206374
(c.1463C>T); rs2138153318 (c.2338T>C).

Ona amnnmnoukauumm Bcex nsyyaembix GparMeHTOB reHoB 6b11 nofobpaH yHUBepcanb-
HblA coCcTaB amnndurKaumoHHom cmecn: 12,5 mkn «ArtMix OHK-nonmmepasa» («Aptbuo-
Tex», PB); 0,2 MKN cMecK 3KBMBaNEHTHbIX KOHLIEHTPALMIA NPAMOro 1 06paTHOro npanme-
poB (100 Mkmonb/n); 0,6 MKkn Kpacutensa ZubrGreen gns MLUP-PB («MpanmTtex», PB); 8,7 MKn
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PacnpocTpaHeHHOCTb O4HOHYKIEOTUAHBIX NOANMOPGU3MOB
B reHax ATM 1 DIS3 y naLueHTOB ¢ N1a3mMOKNETOYHbIMY HOBOOOPA30BaHUAMM

Ta6nuua 1
MocnepoBaTenbHOCTY NpaliiMepoB 1 MeToabl aHanusa ¢pparmeHTos reHos ATM n DIS3
Table 1
Primer sequences and methods for analyzing ATM and DIS3 genes fragments
ri"’ 3ameHa MocnepoBaTtenbHOCTb Nparimepa LCAIG LY R | LS
Ners oTXKura aHanm3a
F-GCTGCTTGGCGTTGCTTC
ATM, rs189037 | c.-111G>A 64 Pectpukuna
R-CATGAGATTGGCGGTCTGG
F-CAGAGCGAGACTGTCTCAAAACA
ATM, rs228590 | ¢.49238C>T 63 Pectpukuna
R-AAGTCAGAAGAACCACCAGTGAATTT
ATM F-AGATGGCTCTGATTCTCTTCTCCT
! c.5557G>A 57 Mnaenexune
rs1801516 R-GCGGAAGTTGTAATAGTGTTGGG
DIS3 F-GCGGAGTAACTGAGAGATGAAAG
. c.1490A>G 60 MnaBneHune
rs1160840972 R-CAGGTAGATCAAAACACAAATAGATG
DIS3 F-TATGTTGTAGTTGTGCTTTGGAAAT
: c.1463C>T 57 MnasneHune
rs2138206374 R-CAATATGCTTGACTGGGTAAATGTA
DIS3 F-GCCGAATCTCCTACTTTTCCA
: €.2338T>C 55 MnaeneHune
rs2138153318 R-CCAAAAGCCGATGAACAATGA

[eMOHN3NPOBAHHON BoAbl; 3 MKN BblaeneHHon [JHK. O6wuii o6bem amnnndukaLmoHHom
CcMecn coCcTaBun 25 MKn.

Amnnunéukauuio IHK npoBoamnu ¢ npuMmeHeHnem cneyueuyeckmx nap npariMepos
(npamoro (F - forward) n o6paTtHoro (R - reverse)) [2, 20-22] MeTogamn pecTprKLMOHHOTO
aHanm3a v aHanm3a KpyBbIX NNaBneHnA BbICOKOTo paspelueHus (tabn. 1). AMnandukaumio
BbIMOJIHANN C UCNonb3oBaHUeM npubopa QuantStudio™ (Thermo Fisher Scientific).

Mocne stana amnnuéourKauum gnsa aHanusa nonumopdusmos rs189037 n rs228590 B
reHe ATM npoBoannm aTan pPecTpuKkumum ¢ ncnonbsobaHmem ¢epmeHToB Mscl (rs189037)
1 Dral (rs228590) («<Cn63H31M», PD), a 3aTeM aHanmn3 pe3ynbTaToB MeTOAOM 3N1eKTpodo-
pe3a aMnIMKOHOB B 3%-M arapo3HoMm rene. [1na oisiBneHUs nonumopdusmos rs1801516,
rs1160840972, rs2138206374, rs2138153318 npoBoaunu aHan13 KpuBbIX NaBleHNA Bbl-
COKOro pa3spelleHus.

Cratnctnueckyto 06paboTKy NonyyYeHHbIX pe3ybTaToB OCYLECTBAANIM C UCMOMb30Ba-
HVeMm KoMMbloTepHOM nporpammbl Statistica 10. JnA KaTeropmanbHbIX NPU3HAKOB CTaTU-
CTUYECKUI aHanM3 NPOBOAWAN C MOMOLLbIo KpuTepua X2 MupcoHa. MNpu ypoBHe 3HauMo-
¢t p<0,05 pasnuuma cuMTanuCb CTaTUCTUUYECKM JOCTOBEPHbIMU. [InA onncaHuA 4acToTbl
BbIABNEHNA NPU3HaKa NPMBOAMAN abcontoTHble (N) 1 OTHocUTeNbHble (%) 3HaueHus. [o-
BEPUTENbHbBIV MHTEPBAN BblUMCNANN nNo MeTogy YuncoHa (Wilson Cl for proportion).

B PE3YJIbTATblI M OBCYXOEHUE

B xope MonekynAapHo-reHeTMYeCcKnx nccieaoBaHnii Gbuinm nydeHbl obpasLbl 61ono-
rmyeckoro matepmana 157 naumeHToB C NNa3MoOKNETOUYHbIMM HOBOOOpa3oBaHuAMU (MM
1 MIH3). MonyueHHble pe3ynbTaTbl, XapaKkTepusyoLyue obLLyo YacTOTy BbIABIEHNA OfHO-
HyKneoTuaHbIX 3ameH B reHax ATM u DIS3 y o6cnepoBaHHbIX naymeHToB ¢ MM n MITH3,
npepcTaBneHbl B Tabn. 2.

Ona rena ATM ycTaHOBIEH BbICOKUIA YPOBEHb pacnpoCTpaHeHHOCTV NoNMopdu3Mos
cpean nauymeHtoB ¢ MM n MIH3 - Bbiwe 80% B Kaxkgon rpynne. [ina reHa DIS3 cpean
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Ta6bnuua 2

YacToTa BbiiBNEeHUA OAHOHYKNEOTUAHbIX 3ameH B reHax ATM v DIS3 y nayneHToB

C NNa3MoKJIeTOYHbIMU HOBOOGpasoBaHNAMHU (n=157)

Table 2

Frequency of single nucleotide substitutions in the ATM and DIS3 genes in patients with plasma cell
neoplasms (n=157)

PacnpocTpaHeHHOCTb NonMMop¢unsmos

leH, N2 rs MauymeHTbl c MM (n=97) NaumeHTbl c MIFH3 (n=60) ;2" :t;)euvm
n % (95% AN) n % (95% AN)

ATM

rs189037; . . ¥>=0,53;

1$228590: 81 83,51 (75,19; 89,86) 51 85,00 (74,41;92,31) 0=0,72

rs1801516

DIS3

rs1160840972; . . ¥>=0,76;

12138206374 12 12,37 (4,22;23,11) 6 10,00 (1,21; 23,10) b=0,61

rs2138153318

06cnefoBaHHbIX FPyNM NaLUEeHTOB YCTaHOBJIEHA PacNpPOCTPaHEHHOCTb NONMMOPGU3MOB
Ha ypoBHe 10-12%. [locTOBepPHbIX OTINYMIA MO YACTOTE BbIABIIEHNA OQHOHYKIEOTUAHbIX
3ameH B reHax ATM v DIS3 mex gy rpynnamu naumneHToB ¢ MM 1 MI'H3 BbisBneHo He 6bino
(p>0,05).

Pe3ynbraTbl, XapakTepusyloLymne 4acToTy BbiABNEHWNA Pa3fIMYHbIX FfeHOBAapWaHTOB U arn-
nenen BreHe ATM (rs189037 (c.—111G>A); rs228590 (c.49238C>T); rs1801516 (c.5557G>A))
cpean nauyneHToB ¢ MM 1 MIH3, npeacrtaBneHbl B Tabn. 3.

B xoge aHanm3a pe3ynbraToB, NONYYEHHbIX NPW U3YYeHNN YaCcTOTbl BbIABIEHUA MNONK-
mopdmsma rs189037 (c.-111G>A) B reHe ATM, B rpynnax naumeHtos ¢ MM n MIH3 go-
MUHUPYIOLUMI OKa3anucb KU GG- 1 reTepo3nrotHbll GA-reHotunbl. B 06eunx rpyn-
nax pacnpocTpaHeHHOCTb FOMO3UroTHoro GG-reHoBapuraHTa cocTaBuna bonee 50%. [AnsA
reTepo3nroTHoro reHotuna GA pacnpocTpaHeHHOCTb cocTaBuna 43,33-45,36%, gna my-
TaHTHoro reHotuna AA - 1,03-3,33% cnydaeB. Obwan gons myTaHTHOW annenu A B Co-
CTaBe reTepo3UroTHbIX M MYTaHTHbIX FeHOTUMNOB cocTaBuna 23,71% y nauymeHToB ¢ MM n
25,00% y nauyuneHToB ¢ MI'H3. [JoCTOBEPHbIX OTANYUIA NO YacTOTe BbIABAEHWA NOIMMOP-
¢dun3ma rs189037 (c.-111G>A) B reHe ATM, a TakKe MO YacToTe BbIABNEHMA MyTaHTHON ar-
nenu A mexpgy rpynnamu nauueHtos ¢ MM 1 MIH3 BbisiBneHo He 6bi1o (p>0,05).

Cpegnu obcnefoBaHHbIX NAaLUEHTOB NPY OLEHKE PacnpOCTPAHEHHOCTY NoAuMopdur3-
Ma rs228590 (c.49238C>T) B reHe ATM JOMUHUPYIOLW MM Obl reTepo3uroTHbIin reHoTun CT,
yacToTa KOToporo B 06eux rpynnax naumeHToB 6bina Boiwe 50%. Ans gukoro reHotmna CC
pacnpoCTpaHEHHOCTb B rpynmnax 06CcnefoBaHHbIX MNALMEHTOB cocTaBuna 26,67-29,90%.
YacToTa BbifABIEHNA MyTaHTHOro reHotna TT Gbina Beicokon (6onee 15%) B 06enx rpyn-
nax naumeHToB 1 coctaBuna 16,67-17,53% cnyyaes. O6Lwwas fona mytaHTHon annenn T B
COCTaBe reTepo3nroTHbIX N MyTaHTHbIX FeHOTUNOB cocTaBuna 43,81% y nauneHtos ¢ MM
1 45,00% y nauymeHToB ¢ MIH3. [locTOBEpHbIX OTAMYUI NO YaCTOTE BbIABIEHUA MOAUMOP-
du3ma rs228590 (c.49238C>T) B reHe ATM, a TakxKe MO YacTOTe BbIABAEHNA MyTaHTHOM
annenu T mexgy rpynnamu nauyeHtos ¢ MM 1 MIH3 BbisiBfieHO He 6b110 (p>0,05).

MN3yueHne pacnpocTtpaHeHHOCTN nonumopdumama rs1801516 (c.5557G>A) B reHe
ATM y 06cnefoBaHHbIX MaLVEHTOB MO3BOJSIMIO YCTaHOBUTb, YTO AOMUHMPYIOWNM Obif
ankni reHotvn GG, YyacToTa KOTOpOro B obenx rpynnax nauyueHToB Obiia Bbiwe 60%.
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Ta6bnuua 3

Pe3ynbraTbl BbiABNEHNA NonMMopHbIX BapuaHToB reHa ATM y naLneHToB € N1a3MOK/IETOUHbIMM
HOBoOGpa3oBaHuAMU (N=157)

Table 3

Results of the ATM gene polymorphic variants detection in patients with plasma cell neoplasms (n=157)

PacnpocTtpaHeHHOCTb nonumopdunsma
gz::'nmo"_ :euorvml NaymeHTbl c MM (n=97) MaumeHTbl ¢ MFH3 (N=60) 32" :qeuvm
n % (95% AW) n % xap

leHoTnn

GG 52 53,61 (43,70; 63,30) 32 53,33 (40,80; 65,55) ,
15189037 GA 44 45,36 (35,71; 55,28) 26 43,33 (31,35; 55,94) )p():O(,)7289
C—111G>A AA 1 1,03(0,18;5,61) 2 3,33(0,92;11,36)

Annenb n=194 n=120

G 148 76,29 (69,83;81,73) 90 75,00 (66,56; 81,89) x2=0,41

A 46 23,71 (18,27;30,17) 30 25,00(18,11;33,44) | p=0,67

leHoTnn

CcC 29 29,90 (18,62; 41,85) 16 26,67 (14,51; 38,45) ,
15228590 cT 51 52,58 (42,69; 62,32) 34 56,67 (44,06; 68,25) )p():O(,)6719
C49238C>T TT 17 17,53 (8,26;30,11) 10 16,67 (5,22; 28,34)

Annenb n=194 n=120

C 109 56,19 (49,15; 62,98) 66 55,00 (46,08; 63,61) x2=0,42

T 85 43,81 (37,02; 50,85) 54 45,00 (36,39;53,92) | p=0,91

leHoTnn

GG 65 67,01 (56,91; 78,25) 39 65,00 (53,61; 74,53) .

GA 31 31,96 (19,27; 43,52) 20 33,33 (21,18;45,51) X:00'8353
el PY 1 1,03 (0,56; 4,24) 1 1,67 (0,22; 5,02) =

Annenb n=194 n=120

G 161 82,99 (77,07; 87,62) 98 81,67 (73,80; 87,57) X2=0,17

A 33 17,01 (12,38;22,93) 22 18,33 (12,43; 26,20) p=0,87

[na retepo3nrotHoro reHotna GA pacnpocTpaHeHHOCTb coctaBuna 31,96-33,33% cny-
yaeB. MyTaHTHbI reHoTUN AA 6bin BbisiBReH B 1,03-1,67% cnyuaes. O6Liasn fona MyTaHT-
HOW annenn A B COCTaBe reTepo3uUroTHbIX M MYTaHTHbIX FreHOTUNOB cocTasuna 43,81% y
nauueHtos ¢ MM 1 45,00% y nauneHToB ¢ MIM'H3. locToBEPHbIX OTANUYUIA MO YaCTOTE Bbl-
aBneHna nonumopomrsma rs1801516 (c.5557G>A) B reHe ATM, a Takke No YacToTe obHa-
py>XeHUA MyTaHTHOW annenu A mexkay rpynnamu naumeHto ¢ MM n MIH3 BbiaBneHo He
6b110 (p>0,05).

Monumopdnam rs189037 (c.-111G>A) npuBognT K 06pa3oBaHnI0 AONOAHUTENBHOIO
caliTa CBA3bIBaHWNA TPAHCKPUMNLMOHHOIO MHIMGMUTOpa B NpomMoTope reHa ATM 1 Takum
ob6pa3zom BnuseT Ha akcnpeccuio MPHK. Monnmopdusm rs1801516 (c.5557G>A) pacno-
noxeH B 39-m 3K30He reHa ATM un BneyeT n3MeHeHne aMMHOKUCNOTbI B no3uumn 1853
(Asp1853Asn, D1853N) 6enka ATM. 3ToT nonmmopdursm Obial ONMCaH Kak BAUAIOWMIA Ha
3K30HHbIN SHXAHCEP CMANCUMHIA, YTO NPeanosaraeT BO3MOXKHOE U3MEHEHEe HOPMasib-
HOro crifacrHra 39-ro ak3oHa reHa ATM u, cnepoBaTtenbHO, BbipaboTKy 6enika ¢ n3me-
HEHHOW CTPYKTYpon 1 dyHKUMAMU. Nonmmopdnam rs228590C>T nokanmsyeTcsa B UHTPO-
He 1-ro reHa ATM 1, NO COBpeMEeHHbIM NpeAcTaBNeHNAM, BINAET Ha CBA3bIBAaHNE HEKO-
TopbIX GaKTOPOB TpaHCKPMNUUW, 3aTpyaHAA cnHTe3 MPHK, cHMXaa ypoBeHb aKkcnpeccum
reHa 1 B KOHEYHOM UTOre CHUXas akTUBHOCTb 6enka ATM [20, 23-25].
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Mo AaHHbIM Pa3fNUHbIX UccefoBaHui, ana nonmmopodnsmos rs189037 (c.-111G>A),
rs228590 (c.49238C>T) nrs1801516 (c.5557G>A) B reHe ATM cpefHAA YyacToTa MUHOPHOM
annenu cpepmn npeacraButeneit eBponenckmx nonynaumm coctasnaet 0,5-10%. AHanus
OaHHbIX, NOyYeHHbIX B XOAe NPOBeAeHHOro NccnefoBaHNsA, NO3BOMWI YCTaHOBUTb BbICO-
KU ypoBeHb YacToTbl nonumopdunsamos (rs189037 (c.—111G>A); rs228590 (c.49238C>T);
rs1801516 (c.5557G>A)) B reHe ATM (go 20% B cocTaBe MyTaHTHbIX reHOTUMOB U A0 70% B
COCTaBe reTepo3nroTHbIX reHOTUMOB), @ TakXe BbICOKYIO YacTOTY MyTaHTHbIX annenemn (ot
17,01 no 45,00%) B reHe ATM cpepm naymeHToB ¢ MM 1 MI'H3. Hanbonee BbicoKasA YacToTa
KaK Aana myTaHTHon annenu (43,81-45,00%), Tak 1 AnA reTepo3nrotHoro (52,58-56,67%) n
MyTaHTHOro (16,67-17,53%) reHoTMnoB y o6cnefoBaHHbIX NauMeHTOB Obina 3aperncrpu-
poBaHa ana nonumopdusma rs228590 (c.49238C>T).

Pe3ynbrathl, xapakTepusyioLmne YacToTy BblABIEHNA Pa3fINYHbIX FeHOBAapPUAHTOB U as-
nenen B reHe DIS3 (rs1160840972 (c.1490A>G); rs2138206374 (c.1463C>T); rs2138153318
(c.2338T>C)) y nayueHtoB c MM n MI'H3, npeacrasneHbl B Tabn. 4.

Hw pna ogHoro 13 nsyuyeHHbix nonumopdusmos B reHe DIS3 (rs1160840972 (c.1490A>G);
rs2138206374 (c.1463C>T); rs2138153318 (c.2338T>C)) He 6bII0 BbIABIEHO NPUCYTCTBUA
rOMO3UrOTHOrO reHOTUMA MO MYTaHTHOW annenu. ina Bcex n3yyeHHbIX nonmmopdprnmos

Ta6bnuua 4

PesynbraTbl BbiABNEHNA NONMMOPHbIX BapUaHTOB reHa DIS3 y nayneHTOB ¢ N1a3sMOKNEeTOYHbIMU
HOBoOGpa3oBaHuAMU (n=157)

Table 4

Results of the DIS3 gene polymorphic variants detection in patients with plasma cell neoplasms (n=157)

leHo- PacnpocTpaHeHHOCTb nonumopdusma
gzgrnMOp' Tun/an- MaymeHnTbl c MM (n=97) MauymneHTbl ¢ MITH3 (n=60) 3;' :ueuvm
nenb 9 (95% AM) n % (95% AM) xap
[eHOTUN
AA 94 96,91 (91,98;99,12) 59 98,33 (90,78; 99,25)
0840972 AG 3 3,09 (0,88;7,02) 1 1,67 (0,18;7,53) )§:=00,6489
e oo 72 | 66 0 000 0 0,00
Annenb | n=194 n=120
A 191 | 98,45 (95,55; 99,47) 119 99,17 (95,43; 99,85) X2=0,41
G 3 1,55 (0,53; 4,45) 1 0,83 (0,15; 4,57) p=0,85
[eHoTMN
cC 93 | 95,88(90,77;99,18) 58 96,67 (90,14; 99,17)
138206374 cT 4 4,12(0,96; 10,27) 2 3,33(0,42; 9,37) )5:00'9619
21 46301 T 0 000 0 0,00
Annenb | n=194 n=120
C 190 | 97,94 (94,82; 99,20) 118 | 98,33(94,13;99,54) x2=0,32
T 4 2,06 (0,80; 5,18) 2 1,67 (0,46; 5,87) p=0,77
[eHoTUN
T 92 | 94,85 (89,64; 99,04) 57 95,00 (88,47;99,01)
Jississzng 1 5 515(09810,71) 350000721107 )ézzzoo,gzs
223 38Tac cc 0 000 0 0,00
Annenb | n=194 n=120
T 189 | 97,42 (94,11;98,89) 117 97,50(92,91;99,15) x2=0,17
C 5 2,58 (1,11; 5,89) 3 2,50 (0,85; 7,09) p=0,94
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JOMUHMPYOLWUMI 6bIIN IVKME FreHOTUMbI, PacNpPOCTPaHEHHOCTb KOTOPbIX B 06eunx rpyn-
nax naumeHToB cocTaBusa 6onee 90%. [lons reTepo3nroTHbIX FeHOTMMNOB COCTaBUa OT
1,67 8o 5,15%. [lona MyTaHTHbIX annenen B COCTaBe reTepo3nroTHbIX reHOTUMNOB COCTa-
Buna ot 0,83 fo 2,58%. [1oCTOBEPHbIX OTANYMIA MO YACTOTE BbIsBIEHNS NONMMOPGM3IMOB
rs1160840972 (c.1490A>G); rs2138206374 (c.1463C>T); rs2138153318 (c.2338T>C) B reHe
DIS3, a TakXe Mo YacToTe BbiABNEHMA MyTaHTHbIX afnener MexKay rpynnamm nauymMeHToB C
MM n MI'H3 BbisiBneHo He 6bino (p>0,05).

MNpepnonaraeTca, YTo Y NaLMEHTOB C NIa3MOK/IETOYHbIMU HOBOOOPa30BaHMAMM, KPO-
Me TPaHCNOKaLUi NOKyCa TAXeNbIX Lenen MMMYHOrobynunHa, KoTopble CUMTalOTCA paH-
HUMW JpanBepamun NpU BO3HNKHOBeHUN MM, n3meHeHnA NPONCXOaAT NpenMyLiecTBeH-
HO B TeX yYacCTKaxX HyKneoTuaHoW nocnegosatenbHoCcT reHa DIS3, KoTopble KOHTponupy-
10T CTPYKTYPY RNB-fOMeHa, UTo NprBOAWT K MHIMOUPOBaHWMIO 3K30HYKNea3HOWM akTUBHO-
cTn depmeHTa. HapyLueHre nporpaMm NoCTTPaHCKPUMNLMOHHOWN perynaunm sKcnpeccum
reHa DIS3 cnocob6ctByeT ycuneHuto nponubepaumm Knetok, ocobeHHo B-numbouunTos,
BbI3blBasA NporpeccupoBaHme 3aboneaHma [15-18].

K ropaunm Toukam B reHe DIS3 0THOCAT yyacTKM HYKNeoTUAHOW NocnefoBaTenbHOCTH,
KOHTpOnuMpytoLme 3KCNpeccnio Camoro reHa, a Takxke npuBogsallme K aMMHOKUCNOTHbIM
3aMeHaM B BbICOKOKOHCEPBATUBHbIX permoHax: apruHnHa B nosmuum 780 (rs2138153318,
€.2338T>C; p.Arg780Gly; R780K) aMMHOKMCNOTHOW MocnefoBaTenbHOCTU, acnaparvHo-
BOW K1cnoTbl B no3uumm 488 (rs2138206374, c.1463C>T; p.Asp488Gly; D488N) 1 acnapa-
rvHa B nosuumm 479 (rs1160840972, c.1490A>G; p.Asn479Ser; D479H). Bce 3Tn KOQOHbI
HaxogATcA B Npegenax gomeHa RNB. JaHHble annenn, Kak NpaBunio, reTepo3nroTHbl 1
NPUCYTCTBYIOT MPENMYLLECTBEHHO B MUHOPHbIX CyOKIIOHaxX OnyxoneBbix KneTok [12, 14,
16, 17].

Mo gaHHbIM NUTEpaTypbl, U3MEHEHMA HYKNeoTNAHOM NocnefoBaTenbHOCTH reHa DIS3,
Bnekywme 3a cobor notepto pyHKumm 6enka DIS3, npucytcTBytoT B reHome 2-10% na-
uneHTtoB ¢ MIH3 1 MM [13, 14, 19]. AHann3 AaHHbIX, NONYYEHHbIX B XO4e NPOBefeHHOro
nccnegoBaHuUsA, NO3BOJIM YCTaHOBUTL, YTO Y 0b6cniejoBaHHbIX NaumeHTos ¢ MM n MIH3
YPOBEeHb YacToTbl U3MeHeHuN B reHe DIS3 coctaBnan 10,00-12,37%. Hanbonee Bbicokas
YyacToTa Kak ajia MyTaHTHOM annenu (2,50-2,58%), Tak u ana reTepo3nroTHOro reHoTuna
(5,00-5,15%) B reHe DIS3 6bina 3apernctpupoBaHa ana nonnmopousma rs2138153318
(c.2338T>Q).

B 3AK/THOYEHUE

B xope nposefeHHoro nccnegosaHva y nayneHtos ¢ MM n MIH3 yctaHoBneHa Bbli-
COKaA YacCToTa HyKNneoTuAHbIX 3aMeH B reHe ATM (rs189037, rs228590 1 rs1801516) Kak
B COCTaBe MyTaHTHbIX reHOTUNoB (Ao 20%), Tak 1 B COCTaBe reTepo3nUroTHbIX FEHOTMNOB
(3o 70%), yacToTa MyTaHTHbIX annienel y obcnefoBaHHbIX NaLneHToB coctaBuna ot 17,01
[0 45,00%. YacToTa BbiABNIeHNA MyTaHTHbIX annenen B reHe ATM y ob6cneoBaHHbIX Ma-
uneHToB ¢ MM 1 MI'H3 6bina 3HauMTeNbHO Bbile NMoKa3aTeNiel, XapakTepHbIX ANia npea-
CTaBuTenen esponenckmx nonynauyun (5-10%), uto NnoaTBepKAAET BOBNEYEHHOCTb reHa
ATM B dopmMmMpoBaHME U Pa3BUTME NATONOMMYECKOro NpoLecca Npu NiasmMoKIeTOUHbIX
HOBOOOGPA30BaAHNAX.

YactoTa HyKneotuaHbix 3ameH B reHe DIS3 (rs1160840972; rs2138206374;
rs2138153318) cpean obcnenoBaHHbIX NaumeHTo ¢ MM n MITH3 coctasuna 10,00-12,37%
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1 Oblna 3KBUBANIEHTHa CPeAHNM NMoKasaTeNAM PacnpPOCTPaHEHHOCTU NOAOOHbIX reHeTu-
YyecKnX U3MEeHEHWI cpean NaLMeHTOB C NIa3MOKNETOYHbIMM HOBOOOPA30BaHUSAMM B €B-
ponenckunx nonynauuax (2—10%). MyTaHTHble annenu 66111 BbisBNEHbI TONIbKO B COCTaBe
reTepo3nroTHbIX FeHOTUMOB, Y NX PAcMPOCTPAHEHHOCTb Y 06CNeloBaHHbIX NaLNEHTOB C
MM n MI'H3 coctasuna ot 0,83 go 2,58%. OTCyTCTBME FOMO3UTOTHbIX MyTaHTHbIX reHO-
TnoB B reHe DIS3, BepoATHO, 06ycnoBnieHo Tem, UTo NoAoOHbIe U3MEHEeHNA NPUBOAAT
K reHOMHOW HecTabnnbHOCTM 1 CNOCcO6CTBYIOT BbICTPON r1Mbenn 1 SANMUHALMKN KIETOK C
TaKNMW FreHETUYECKUMUN N3MEHEHUSIMUA.
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Pesiome

Lenb. OueHnTb COCTOAHME Y OCOBEHHOCTU COAPYXECTBEHHOIO BAUAHUA MeTabonmye-
CKUX paKTOPOB perynayum obmMeHa »xenesa npu ero pyHKLMOHaNbHOM AeduuuTe y naym-
€HTOB C TEPMMHAJIbHOW CTafMeN XPOHMNUECKOI BGOME3HN NMoYekK.

Martepmansbi n metopabl. ViccnegoBaHuve BKAYano 46 nayMeHToB C TePMUHANbHONM CTa-
Ve XpOHUYECKo 60ne3HN Noyek (24 XeHLWUHbI 1 22 My>KUVHbI, CPEAHUNIA BO3PACT KO-
TOpbIX cocTaBun 60,8+2,2 roga) u 20 NpakTUYECKN 300POBbIX JINL, KOHTPOJIbHOW Fpynmbl.
AHanv3npoBanncb NMokKasaTeNv CoOAep»KaHusA remMornoburHa, xenesa, GeppuTnHA, TPAHC-
beppyriHa, HacbIWeHNA TpaHChepPpPrHa XKene3oMm, ranTorfobmHa, SPUTPONO3TUHA, LUCTa-
TuHa C, naktodeppriHa, bepponopTrHa 1 rencMamnHa B CbiIBOPOTKE KPOBU.

Pesynbratbl. Y nauneHTos ¢ TXbI1 oTMeuanock 3HaunTenbHOE NoBbILLEHUE YPOBHA Kpea-
TUHVHA U UnicTaTuHa C, CHUXKEHMeE KOHLUEeHTpaLumn reMoriobuHa, xeresa, TpaHcheppuHa
W MokKasaTena HacblweHWA TpaHCcheppUuHa »Kenesom, YTo OTpaXkaeT Hanune aHemMun mn
byHKUMOHanbHoro gedurumTa Kenesa. KoHCTaTMpoBaHO 3HaUMTeNIbHOE BO3pacTaHUe KOH-
ueHTpauum peppntuHa, NnaktodepprHa, GepponopTrHa 1 rencManHa, YTo yKasbiBaeT Ha
3afepKKy XKenesa B ero 1 akTUBHOCTb BOCNanUTeIbHOro npouecca. YpoBeHb 3pUTPono-
3THA YyMeHbLWCA 6onee Yyem B 2 pasa, YTO CBUAETENIbCTBYET O HAPYLUEHNN €r0 CUHTe-
3a. KoppenAunoHHbIN aHanm3 nokasan oTpuuaTenbHYl0 CBA3b codepXKaHuA KpeaTMHMHA
C YPOBHEM remMornobuHa, »enesa, TpaHCcheppuHa 1 SPUTPOMNOITUHA, @ TAKXKE MONOXKU-
TesIbHYI0 KOpPenALumMIo C Nnokasatenem KoHueHTpaummn unctatnHa C, deppuTrHa, nakro-
beppuHa, pepponopTtuHa n rencmauHa. CunbHble B3aMOCBA3N MeXAY NakTopepprHOM,
bepponopTMHOM 1 renCMANHOM AEMOHCTPUPYIOT NapasnsiefibHble U3MEHeHNA Npu yaep-
MaHWM Xerne3a 1 orpaHMyYeHnn ero NCNosib30BaHNA.

3aknioyeHue. [onyyeHHble pe3ynbTaTbl CBUAETENbCTBYIOT O TOM, YTO HAapyLUeHMe 0bme-
Ha »Kene3a, BoCnaneHne N CHUXeHne 3pUTponoa3a B3auMOCBA3aHbl 1 ABMAIOTCA Klove-
BbIMW MeXaHu13Mamun GopmupoBaHua aHemun npu TXBIN. KomnneKkcHbIN MOHUTOPUHT 3TUX
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Abstract

Purpose. To evaluate the status and specific features of the combined influence of
metabolic factors regulating iron metabolism in functional iron deficiency among patients
with end-stage chronic kidney disease.

Materials and methods. The study included 46 ESCKD patients (24 women, 22 men; mean
age 60.8+2.2 years) and 20 healthy controls. Laboratory analyses assessed hemoglobin,
serum iron, ferritin, transferrin, transferrin saturation (TSAT), haptoglobin, erythropoietin,
cystatin C, lactoferrin, ferroportin, and hepcidin.

Results. ESCKD patients exhibited significantly increased creatinine and cystatin C,
decreased hemoglobin, serumiron, transferrin,and TSAT, indicating anemia and functional
iron deficiency. A significant increase in ferritin, lactoferrin, ferroportin, and hepcidin
levels was revealed, indicating iron retention in storage depots and active inflammatory
process. Erythropoietin decreased over twofold, suggesting impaired synthesis.
A correlation analysis revealed negative associations between creatinine and hemoglobin,
iron, transferrin, and erythropoietin, and positive correlations with cystatin C, ferritin,
lactoferrin, ferroportin, and hepcidin. Strong interrelations among lactoferrin, ferroportin,
and hepcidin indicate parallel changes in iron retention and restricted utilization.
Conclusion. Iron metabolism dysregulation, inflammation, and reduced erythropoiesis
interactively contribute to anemia in CKD. Comprehensive monitoring of these biomarkers
may facilitate early diagnosis and individualized treatment strategies.

Keywords: chronic kidney disease, iron, ferritin, lactoferrin, ferroportin, hepcidin
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CocTonAHne MeTabonnyeckunx GpakTopos perynaumnm obmeHa xenesa
npw ero ¢yHKLMOHaNbHOM fedrunTe Y NaLMeHTOB C TEPMUHANbHOW CTafuel XPOHNYECKO 60Ne3HN Noyek

B BBEAEHUE

CoBpemeHHasn MeflMLMHa CTaNIKMBAETCA C pacTyLlel NpobneMon JMarHoCTUKN 1 Kop-
peKkummn byHKUMOHanbHoro feduumTa Xenesa y naumeHToB C TePMUHANbHOWN CTaguen
XpOHMUeckon 6onesHn novek (XbIM), Haxoaawmxcs Ha remogmanuse [1, 2]. Hekotopble
daKTopbl, Takne Kak Kak CHUXKeHWe BCacbiBaHWUA enesa, KPOBOMOTepU, XPOHUYECKoe
BOCManeHne, rmnepnapaTupeos, NprMeHeHve eKapCTBEHHbIX MPenapaTos (MHFMGUTopSI
AMN®, 6nokaTopbl peLenTopoB aHrMOTeH3MHa I, aueTuncanuumnosas Kucnota) n gepuunt
3PUTPONO3TMHA NMNOO CHUXKEHUE YYBCTBUTENIbHOCTU K HEMY, MOTYT NPUBECTM K Pa3BUTUIO
nedurumnTa xenesay naumeHTos ¢ XBI. Mo gaHHbIM pa3nuyHbIX aBTOPOB, PacNpOCTPaHEH-
HocTb feduruuTa Xenesa BapbupyeT oT 24 1o 85%, B 3aBMcMMOCTU OoT ctaguu XBI [2].

Hednunt xenesa sBnaeTca pacnpocTpaHeHHbIM cocTosaHneM npu XBI 1 nrpaet Kinto-
yeBylo POSib B NaToreHese aHemMun. AHEMUS, B CBOKO ouepefb, ABNAETCA OfHUM U3 Hanbo-
Jlee YyacTbIX U KNMHUYECKN 3HAaUUMbIX oCiioxkHeHun XBI1 [4].

HecmoTps Ha BbICOKYI0 pacnpoCTpaHEHHOCTb »Kene3oaedrLUTHbIX COCTOSHUIN B 3TON
rpynne nawumneHToB, TPaAnLMOHHbIe TabopaTopHble TECTb, TakUe Kak onpefenieHre ypoB-
HA CbIBOPOTOYHOTO ene3a, beppuTUHA U HACbILLEHNA Xene3oM TpaHcheppuHa, oTpaxa-
foLive 3anachl Xefie3a B opraHv3me, XoTa U 06nafatoT BbICOKOW AMAarHOCTUYECKOW LieH-
HOCTbIO, HO He Bcerga No3BOMIAT afleKBaTHO OLEHUTb COCTOAHME OOMeHa xenesa. ITo
CBA3AHO C HaNlMYMeM BOCManeHUs, KOTOPOeE BNMAET Ha NoKasaTtesnn NabopaTopHbIX TECTOB
BblABNeHNA GyHKLMOHanbHOro fAeduunTa xenesa [3, 4]. Mpu dyHKUMOHanbHOM aeduunTte
Xese3a ypoBeHb CbIBOPOTOYHOIO »esle3a U GeppuTUHA MOXKET OCTaBaTbCA HOPMasibHbIM
WS NOBbILLEHHbIM, OJHAKO NPW 3TOM B TKaHAX OoTMevaeTca aeduuuT xenesa, uto cylle-
CTBEHHO yXyALaeT NPOorHo3 neveHna naumeHTos ¢ TXBI. BknioueHne B guarHoctnyeckni
npouecc AOMNONTHNTESIbHbIX OOMaPKePOB, TaKMX KaK ranTornoouH, rencuaunH, epponop-
TUH 1 NTAaKTOdEpPPUH, NO3BONAET H6oslee TOYHO OLIEHMBATb COCTOSIHME OOMEHA »Kenes3a U
CBOEBPEMEHHO BbIABMATb ero GYHKLUMOHaNbHbIN AeduunT.

QeppuTrH ABNAETCA OCHOBHbIM MOKa3aTenemM 3anacoB XeJjle3a B OpraHu3me, ogHa-
Ko, 6yayum 6enkom octpoii dasbl, OH He OTpaKaeT UCTUHHOE COCTOsIHME [ero enesa
npu XpoHMYeCKoM BocnaneHun, B Tom yncne npu XbI1 [5]. B 3Tux ycnosusax 6onee 06b-
EKTUBHbIM KpUTEPUEM MOXKET CNY>KUTb N1abopaTopHbIN TECT onpefeneHns HacbleHus
TpaHcheppuHa xenesom (HTXK). CHuxkeHne HTX oTpakaeT ymeHblueHue KonuyecTBa
LOCTYIMHOrO Xefe3a ANA SpUTPono33a U cBUAeTeNbCcTBYET O GYHKLMOHaNbHOM AeduLim-
Te. TpaHchepprH TPaHCMOPTMPYET Xene30 B Mila3Me KPOBY, a YPOBEHb ero HacblLeH A
CNYXUT MapkepoMm GYHKLIMOHaNbHOro cTaTyca xenesa. Bmecte ¢ tem HTXK Takxe moxet
N3MEHATbCA NPU BOCMANUTENbHbBIX COCTOAHUAX, TaK Kak YpoBeHb TpaHCheppuHa CHU-
»aeTca npu ocTpoi dase BocnaneHus. CnenoBatenbHO, ANA NPaBUIbHOM OLEHKM Aua-
FHOCTUYECKOWN 3HAUMMOCTM TeCTOB onpefeneHus pepputrHa u HTXK y naumentos ¢ XBIN
LieniecoobpasHo OCyLLEeCTBAATb aHaNoOrMyYHble UCCNeAoBaHUsA U Y NauneHToB 6e3 XpoHu-
yeckon natonoruu nouek. Y nauymeHTtoB ¢ Xbl1, He monyyalowmx aAnanus, BCTpeyarTca
2 Tna geduunTa xenesa — abcontoTHbIN 1 GYHKLUMOHANbHBIN, KOTOPble OLIEHMBAOTCA MO
ypoBHIo pepputuHa 1 HTXK. A6contoTHbIn fedburumnt onpenensaeTca Kak pesko CHUXKEH-
Hble UM OTCYTCTBYIOLLME 3anachl »Kenesa, Toraa Kak GyHKUMOHanbHbI edbnumnt xapak-
TepusyeTca JOCTaTOUYHbIMY 3anacamum Xenesa npu ero HefoCTaToYHON 6MOAOCTYNHOCTH
LA SPUTPOUIHbBIX NpeaLwecTBeHHNKOB [6]. MenesogedpuunTHaa aHemMuUa AMArHOCTUPY-
eTca y naymeHToB ¢ XbI npu yposHe depputuHa HuxKe 100 mkr/n. Mpr KoHUeHTpauum
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o,

depprTrHa Bbiwe 100 MKr/N 1 cofepaHnm rMnoxXpoMHbIX SpuTpouutos 6onee 6% nubo
npu HT?K<20% anarHocTupyetca GyHKUMOHanbHbIA AedpuumnT xenesa [7].

lanTornobuH cBA3biBaeT CBOOOAHbIV reMOrnoOuH, CHMXKas BblPa’keHHOCTb OKCuUAa-
TUBHOIO CTpecca Npu remonuse 1 nNpefoTBpaLlas TOKCUYECKoe AeicTBme cBob6ogHOro
xene3a. Mpwn XBI1 ero ypoBeHb MOXeT M3MEHATbCA B 3aBUCMMOCTU OT BbIPaXKEHHOCTU
BOCMaJsieHMA 1 reMosn3a, YTO PpacCMaTPUBAETCA Kak BTOPUYHBIN 3alUTHbIN MexaHun3m [8].
CHVXeHMe KOHUEeHTpauum rantornobrHa npuv XpOHNYECKOM BOCNanieHnmn 1 remonmse Mo-
XeT cnocobcTBOBaTb HaKoMEHN0 CBOOOAHOrO »enesa, yCUneHuio BoCcnaneHns 1 nosbl-
LEeHWUIo CUHTe3a rencugmnHa [9].

lencrauH — OCHOBHOW FOPMOH perynauny obMeH »kenesa, CMHTE3UPYEMbI B NEYEHU.
Ha ero npogyKkumio 3HaunTenbHOE BANAHME OKa3blBaeT 3PUTPOMOITUH, KOTOPbIA CTUMY-
nupyeT obpa3oBaHMe 3pUTPOLMTOB, MOBbILWAET CUHTE3 3PUTPOdPeppOoHa B 3puTpobna-
CTax, OKa3blBaeT BANAHME Ha CHXKEeHMe SKCNpeccnn rencuamnHa. B HopmasnbHbIX yCnoBrAX
3TO cnocobCTBYeT MOOGMNM3aLIMM Xene3a U3 Jerno 1 ero UCNonb3oBaHWUIo ANA SpUTPONOo3-
3a. [Mpwn XBI cHWXXeHne cnMHTe3a 3pUTPOMNO3TUHA BeAeT K YMEHbLUEHNIO NPOAYKL MM 3pu-
TpodeppoHa, UTO Bbi3bIBaET NOBbILLEHWE YPOBHA rencuimnHa, orpaH1MyrBaloLLEero 4OCTYn-
HOCTb »ene3a [10]. lencnanH cBs3biBaeT peppPOnOPTUH — OCHOBHOI BENOK — SKCMOpTEpP
Xenesa, MHOyUMpya ero gerpagaumio. B pesynbraTe pe3ko cHuKaeTcsa abcopbums xenesa
B KMLWWEYHWKe 1 BbIXOJ XeJle3a U3 Makpodaros u renatountos [10-12]. B gononHeHwme K
3TOMy BOCNanuTenbHble LIUTOKUHDI, TaKNe KakK MHTepnenknH-6 (IL-6), ycunneaioT cuHTe3
rencupmnHa, ycyrybnas natonormueckui npouecc [3, 4, 13].

NaktodeppuH — 3TO rMMUKoNpoTenH, obnagatownin BbiIcokor abdGUHHOCTbIO K Xxenesy,
KOTOPbIN cekpeTnpyeTca HenTpodunamm 1 snutennanbHbiMM Knetkamu. OH cnocobeH
CBA3bIBATb »KeNe30, perynupoBaTb BOCMaNUTeSIbHble MPOLIECChl, CHUXKaTb IKCNPeccuio
rencupuHa, CTMMynMpoBaTb Mobmunusauumio »efnesa 13 Aeno 1 ycunmeatb SpUTPONO33.
KnnHnueckne nccnenoBaHna nokasanu, YTo nepopanbHoe NpumeHeHe naktodpeppriHa
NPUBOAMNT K 3HAUNTENIbHOMY CHUXXEHWMIO YPOBHA rencuariHa 1 noBbllEeHNI0 KOHLEeHTpa-
unm remornobuHa [14]. Kpome Toro, naktodeppurH cnocobeH Hanpamyo CTUMYMPOBaTh
TpaHcdepprHOBbIE peLienTopbl, YCKOPAA NOCTYMNIEHNE Xene3a B KNeTKU.

Ncxons 13 M3NI0XKEeHHOTO, BbIMOIHEHHOE UCCejoBaHMe OblI0 HAaMpPaB/eHO Ha OLEH-
Ky NnoKa3saTesiein n1abopaTopHbIX TECTOB, XapaKTepU3YIOLLMX COCTOAHKE 0OMeHa Xene3a y
naumeHToB C TepMmuHanbHon ctagren XbIN n dyHKUunoHanbHbiM edprmMTOM Xenesa, 4to
MOET CNoCco6CTBOBaTb COBEPLUEHCTBOBAHNIO ANArHOCTMKM 1 NOBbILLEHWNIO 3$PEKTUBHO-
CTU UX NIeYeHus.

B LIEJIb NCCNEAOBAHUA

OueHntb cocToAHNE 1” 0CobeHHOCTH CoOapy»ecTBeHHOro BJNAHNA MeTaboNInyecKmx
d)aKTOpOB perynaumn obmeHa »enesa npunero (I)yHKU,I/IOHaﬂbHOM p,edwlume Yy nayneHToB
C TepMVIHaJ'IbHOIZ cTagmen XpOHI/ILIECKOI7I 605e3HM Noyek.

B MATEPWAJIbl U METObI

Wccneposanuio nognexanu 46 nauyneHtos ¢ TXBIM u dyHKUMOHanbHbIM AednumTom
Xenesa. Bospact nauneHTtoB coctasnan 19-77 net (60,8+2,2 ropa). Cpean HUX — 24 XeHwu-
Hbl (62,4+2,8 rofa) 1 22 myunHbl (59,043,4 roga). KoHTponbHas rpynna Bkntovana B ceba
20 npakTnyecKkmn 30poBbIX NnL B Bo3pacte 20-75 net (62,5+1,9 roga). B nccnegosaHue
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OblIV BKNIOUEHbI NaLUMeHTbl, COOTBETCTBYIOLIME CNeayoWUM KpUTepuam: oTcyTcTaue Te-
panuu npenapatamm »efnesa B TeUeHne nociegHnx 2 Hefenb (BKoYaloLWwmnx B TOM ynucie
TMIIOKOHAT Kese3a, CopoMToNaT »enesa, AeKCTPaH enesa, KapboKCUManbTo3aT »enesa);
OTCYTCTBUE NMEPeNvBaHni KPOBU B TeueHue 4 Hefesb; YPOBeHb TpaHCheppuHa CbiBO-
poTkmn Kposu >100 mr/gn. OT6op NaumeHToB NPOBOAMICA Ha OCHOBAHMMN 3NEKTPOHHbIX
MEAVLMHCKMX 3anmceit 1 1abopaTopHbIX AaHHbIX. MICKNoYanucb naumeHTbl C akTVBHOM
nHdeKUmMen uny noaBeprHyTble aHTMGaKTepuanbHo Tepanuu, ¢ HegaBHUMU (<2 Heaesb)
XVPYPrmyecknumy BMellaTenbCTBaMM UMM akKTUBHBIM KPOBOTeUeHreM, bepeMeHHble, Na-
LUMeHTbl, NoslyyaloLle akTUBHYI0 XUMWO- UK PafmoTepanuio No noBofy OHKosormye-
CKMX 3ab0neBaHn, a TakXKe NnLa, He AaBLUVE COTacksA Ha yyacTue B UCCNIE[OBAHUMN.

B3ATWe KpoBM NPOBOAMIIOCH YTPOM HaToLlaK. JlabopaTopHble NCCEefOBAaHMA BKIOYA-
nn onpepeneHue remornobrHa (Hb), cblBOpoTOUHOrO »Kenesa, KpeaTuHMHA, PeppUTUHa,
TpaHcheppUHa, HacbiweHnA TpaHcheppuHa xenesom (HTXK), rantornobuHa, rencuanHa,
naktopeppuHa n pepponopTtuHa. Bce nccnenoBaHma BbINOAHANNCD COMMACHO CTaHZapT-
HbIM MPOTOKO/aM C UCMOMNb30BaHNEM aKKPeAUTOBaHHbIX aHaNINM3aTopoB.

YpoBeHb remornobrHa B CbIBOPOTKE KPOBU onpefenssca Ha NOfHOCTbIo aBToMaTu-
yeckoM aHanm3zaTtope Gpupmbl Sysmex. KoHLeHTpauny CbIBOPOTOUHOrO »enesa, obuian
Xesne3ocBA3biBaoWan cnocobHocTb cbiBopoTkM (OMKCC) 1 KpeaTMHUHa onpeaensanncb
BUOXUMNYECKUMU METOAMI C UCMOJIb30BaHEM HabopoB dpupmbl Human (fepmaxus).

Mocne onpegenenna OMKCC 1 KOHUEHTPAUUW »Kenle3a NlaTeHTHaA Xene3oCBA3bliBato-
Wwas cnocobHocTb cbiBopoTKY (JTXKCC) paccuutbiBanacb no dopmyne:

JIKCC = OXKCC - cbIBOpOTOYHOE Xene3o.

[nsa onpepeneHnsa cTeneHy HacblleHVs TpaHChePPrHa KeNe3oM B CbIBOPOTKE KPOBM
ncnonb3oBanacb ciegyiowas popmyna:

TCHX = xene3o / OKCC x 100%.

KoHueHTpauua uuctatrHa C, 3puTponosTnHa, GeppuTrHa, rantornobrHa, rencrguHa,
depponopTrHa 1 nakTodeppurHa B CbIBOPOTKE KPOBU onpeaensanacb MeTogaMmm MMMYHO-
dbepmeHTHOro aHanm3a c ncnonb3oBaHueM Habopos peareHToB ¢dupmbl BT LAB Bioassay
Technology Laboratory (Shanghai, China), a koHUeHTpaLuA TpaHcdeppUuHa — C MOMOLLbIO
peareHTHbIx Habopos dupmbl Cormay (Monblua). 3mepeHua nposogmnmcs Ha nprubope
Stat Fax 303+.

Mpw cpaBHeHUn 2 rpynn npumeHanu kputepun CrbiogeHTta unu U-kputepun MaHHa —
YUTHW; npu cpaBHeHUK 6onee Yem 2 rpynn — gucnepcrmoHHbi aHanus (ANOVA) nnm Kpu-
Tepun Kpyckana — Yonnuca. KateropvanbHble nepeMeHHble OLeHNBaNNCh C UCMNOb30Ba-
HUEM X’-KpUTepHA UK TOUHOro KpuTepusa Ouinepa. [1ByCTOPOHHUI YPOBEHb 3HAUNMOCTH
p<0,05 NnprHMUManNca CTaTUCTUYECKN 3HAYVMbIM.

Bce cTtaTuCTMUeCKMe pacyeTbl BbINOAHANMCL B NporpammMax MS Excel-2019 un IBM SPSS
Statistics 26. HyneBas runoTesa oTKNoHANacb npu 3HadeHnn p<0,050.

B PE3YJIbTATbHI

OcyLecTBneH CPaBHUTENbHBIN aHanm3 paga KIMHUYECKMX M N1abopaTopHbIX NoKasa-
Tenen y naumeHToB 2 rpynn: KOHTPOJSIbHOW U FPYMMbl NALUEHTOB C TEPMUHANIbHOWN CTagun-
en Xbr1.
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Y My>UUWH KOHLEHTpaUuWA KpeaTMHUHA B TePMUHaNbHOM cTagnu 3aboneBaHnA oKasa-
nacb 3HaunTeNIbHO yBenuyeHHon. MegraHa ee coctaBmna 618,5 Mkmonb/n, uto B 7,6 pa3a
BblLLe aHaNIOrMYHOrO NoKasaTtena y 1L KOHTPonbHOM rpynnbl — 81,0 Mkmonb/n (p<0,001).
MNMokasaTtenb copgepxaHuA yuctatmHa C 4eMOHCTPUPOBAN aHaNOrMYHyl TEHAEHLUMIO: B
TePMUHANbHOW CTagum OH goctur 5,12 mkr/n, uto B 3,3 pasa (p<0,001) npeBbiwano ero
YPOBEHb Y NaLUMeHTOB KOHTPOJIbHOM rpynnbl (1,55 mkr/n).

Y KeHWWH KOHUEeHTpauua KpeaTUHUWHa B TepMWHaNbHOW CTaguu cocTaBuna
585,0 mkmonb/n, uto B 8,3 pa3a (p<0,001) Bbile aHAaNOrMYHOro NoKasaTensa B KOHTPOSIb-
Hon rpynne (71,0 mkmonb/n). YpoBeHb umctatuHa C yBennuunca go 4,81 mkr/n, T. e.
B 2,57 pa3a (p<0,001) no cpaBHEHNIO C TAKOBbIM B KOHTPONbHOM rpynne (1,87 MKr/n), 4to
TaKXKe OTpaXkaeT HapyLlueHne GyHKLUK nodek (cM. Tabnuuy).

KoHueHTpauma remornobuHa (Hb) y my»xkunH, npebbiBaoLiyx B TepMUHANbHON CTa-
ann 3aboneBaHuA, cHM3mnachb ¢ 14,5 r/n Ha 52,6% (p<0,001) n coctaBuna 9,5 r/n; y xeH-
WwmH — ¢ 12,3 r/n Ha 64% (p<0,001), gocTUrHyBs 7,5 r/n. 310 CONPOBOXAAN0OCh NOCTENEH-
HbIM CHMXEHMEM YPOBHSA CbIBOPOTOUYHOTO Xene3a (Fe). Y MyumH nokasaTenb ero cogep-
XaHua cHusmnca ¢ 20,0 (koHTponb) fo 9,8 MKMonb/n, T. e. B 2 pa3a (p<0,001). ¥ KeHWwuH
KOHLEHTpaLuma xefnesa yMmeHblmnacb ¢ 14,0 go 6,5 MKkmonb/n, uto B 2,2 pasa (p<0,001)
HUXKe KOHTponA.

Y My>K4nH nccnegyemoin rpynnbl nokasatenb OMCC coctasun 50,3 MKMOnb/n (B KOH-
TponbHON — 66,0 Mkmonb/n), a JIZKCC — 47,0 mkmonb/n (B KOHTponbHOW — 41,1 MKMonb/n):
M3MeHeHMA B NoKasaTensax TectoB coctaBuam 31,2 (p<0,001) n 14,3% (p=0,073) cooTBeT-
CTBEHHO. Y »KEHLUMH JaHHble NOKa3aTenm CyLeCcTBEHHO He U3MEHWUCD.

KoHueHTpauua depputrHa y My»UrH KOHTPOJIbHOW rpynnbl coctaBuna 95,0 mKr/n,
B TepMuHanbHOM ctagum — 158,0 MKr/n, 4To COOTBETCTBYET BO3pacTaHWIO ero ypoB-
HA Ha 66,3%. Y KeHLNH OTMeUYEHO MOBbIWEHNEe KOHUeHTpauun ¢epputuHa ¢ 91,0 go
139,0 MKr/n (Ha 52,7%). YBenuueHve ypoBHs GeppuTUHa OTpaxKaeT akTUBHOCTb BOCMNanu-
TeNIbHOro npouecca 1 Hanuune GyHKUMOHANbHOro feduumnTa Kenesa.

KoHueHTpauua TpaHcpepprHa, HaANPOTMB, CHU3WMAACh: Yy MyXumH - c 231,0
£o 181,0 mkmonb/n (Ha 27,6%, p=0,001); y »keHWwmH - ¢ 253,0 o 147,5 MKMO#b/N, YTO COOT-
BETCTBYET CHVXeHuIo Ha 71,5% (p<0,001).

CreneHb HacblleHUa TpaHchepprHa xene3om (HTXK) y My»UnH B KOHTPONBbHON rpyn-
ne cocrasnana 46,0%, Torga Kak B TepMrHaNbHOW CTagMm CHM3unacb Ao 23,5% (ymeHb-
weHne Ha 95,7%, p<0,001). Y »eHWnH 3TOT nokasaTenb ymeHbwwnnca ¢ 32,7 o 15,8%
(B 2,1 pasa, p<0,001). JaHHble N3MEHEHUA CBUAETENLCTBYIOT O GpYHKLMOHANbHOM Aedu-
uuTe xenesa.

YpoBeHb rantorno6uHa Takxxe yMeHbLWWACA: Y My>KUrH — Ao 103,0 Mr/gn no cpaBHeHNIO
C TaKOBbIM Y UL, KOHTPORbHOM rpynnbl (166,0 Mr/an) — cHukeHne Ha 61,1% (p<0,001); y
MeHLWMH — 0o 69,0 Mr/an No cpaBHEHWIO C coAepXaHNeM ero y naunueHTOB KOHTPOJSIbHOM
rpynnbi (110,0 Mr/gn), UTO COOTBETCTBYET CHIXKEHMIO Ha 59,4% (p<0,001).

KoHUeHTpaumua 3puTPOMO3TUHA Y MYXXUMH B KOHTPOJIbHOW rpyrnne cocTaBuia
2320 mME/mMn, B TepMUHanbHoM ctaguu — 797 mMME/mn (cHuxeHue B 2,9 pasa, p<0,001).
Y eHLMH YpoBeHb 3pUTPONO3TUHA cHM3KNCA ¢ 1925 go 821 mMME/mn, uto B 2,3 pasa
HU>Ke 3HaUeHNA aHaIorMYHOro NoKasaTena B KOHTponbHoW rpynne (p<0,001). 9To MmoxeT
pacueHMBaTbCA KaK HapyLLeHre ero CUHTe3a 1 pa3BuTUeE aHeMUN.

3HaunTeNbHbIN POCT OTMEYEH B YPOBHe naktodeppuHa: y my>kurH — ¢ 0,970 po 2,500
MKr/n (yBenuueHue B 2,6 pa3sa, p<0,001); y xeHwuH - ¢ 0,960 go 2,700 mkr/n (yBennyeHme
B 2,8 pasa, p<0,001).
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MokasaTenu n1a6opaTopHbIX TECTOB, OTpaXaiolne GyHKLMOHaNbHOE COCTOAHME NOYEK Y NaLeHToB
€ XpOoHUUYecKoi 6onesHbIo nouek
Laboratory test indicators reflecting the functional state of the kidneys in patients with chronic kidney

disease

WccnepoBaHHble rpynnbl any
Na6opartop- My>KunHbI KeHWwmHbI
Hble TecTbl KoHTponbHas XBH KoHTponbHas XBH

Me Q Q3 Me Q1 Q3 Me Q Q3 Me Q1 Q3
Kpeatnmn, 81,0 (71,0 940 6185 4720 7890|710 61,0 890 |5850 5060 |799,5
MKMOb/n
p <0,001 <0,001
Huctatun C, 155 1095 1,87 |512 453 665 1,87 165 194 481 434 516
MKr/n
p <0,001 <0,001
femornobum, i/n | 145 129 165 95 (80 (112 (123 115 132 75 68 86
P <0,001 <0,001
Keneso, 200 |170 230 (98 |85 |123 |140 130 (160 65 56 80
MKMOJb/N
p <0,001 <0,001
OXCC, 660 |570 730 (503 (427 |536 |520 490 (650 483 432 547
MKMOb/N
p <0,001 0,106
JIKCC, 470 1370 500 411 (31,7 460 400 330 490 (431 (380 | 475
MKMOJIb/N
p 0,073 0,467
353?’”"'”' 950 |82,0 |1180 |1580 1380 181,0 91,0 |820 |950 |139,0 1215 1605
p <0,001 <0,001
TPaHCOePPUR, | 5310 12240 2740 181,0 1270 2070 2530 2430 2630 1475 1340 1840
MKMOb/N
P 0,001 <0,001
HT, % 460 326 525 235 180 |347 327 (300 515 153 128 180
p <0,001 <0,001
Arfr”/zzr““y“"‘”' 1660 | 1480 (1700 1030 760 1130 1100 1060 1200 690 620 |86,0
p <0,001 <0,001
SPUTPONOSTVH, | 350 5010 2404 (797 491 871 1925 1889 2072 821 716 | 941
MME/mn
p <0,001 <0,001
ﬂi‘gﬁd’epp”“' 0,970 0,720 1,090 2,500 |2,000 3,100 0,960 |0,780 1,200 | 2,700 2,100 |3,150
p <0,001 <0,001
3:3ﬂ°”°pm”' 030 027 035 (084 (072 (1,13 036 034 (038 076 068 093
p <0,001 <0,001
Fenunanw, mkr/n | 1650 | 159,0 2040 3500 317,0 4440 1650 1570 1760 2955 2585 |330,5
p <0,001 <0,001

I'Ipmmeanvm: P — N0 CPaBHEHMIO C aHANIOTNYHbIMK MOKasaTenaAMn y nmy KOHTpOJ‘IbHOIZ rpynnol; Me - megnaHa; Q - KBapTU/b.
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MNokasatenn ¢depponopTHa TakKe BO3poCAN: Y My>KuMH — € 0,30 (KOHTpOsb)
1o 0,84 mkr/n (B 2,8 pa3sa, p<0,001); y XeHwmH - c 0,36 go 0,76 mkr/n (B 2,1 pasa, p<0,001).
3T U3MEHEHWA OTPaXKaloT yCuNieHre MoOMIn3aLmnm xxenesa BHYyTPU KNeTOK.

YpoBeHb rencufrHa y MyxuuH ysennumnnca ¢ 165,0 oo 317,0 MKr/n, YUTo COOTBETCTBY-
eT POCTY KOHLUeHTpaumm Ha 92,1% (p<0,001). Y XKeHLMH noKasaTeslb 3TOro Tecta JOCTUM
295,5 mKr/n, uto Ha 79,0% Bbllle aHANOrMYHOMO 3HAYeHNA Y NaLMEHTOB KOHTPOJIbHOWM
rpynnbl (p<0,001). 310, NO BCeli BEPOATHOCTY, YKa3biBaeT Ha yrHeTeHne abcopbuum xene-
3a B KNLLEYHMKE U ero BbIXO[a U3 KIETOK.

Takum 06pa3om, pesynbTaTbl BbINOIHEHHOTO UCCeOBaHNA NMOKa3blBaloT, UTO Y XKeH-
WMH NpY NPOrpeccupoBaHnN XPOHMNYECKON MOYEYHOW He[OCTAaTOYHOCTU MPOWCXOAAT
aHanorMyHble OTMEUYEHHbIM Y MY>KUMH M3MEHEHUsA MOKa3aTenel labopaTopHbIX TECTOB,
XapakTepur3yioLx 06MeH xenesa.

Ha ocHoBaHuMK pe3ynbTaToB NPOBEAEHHOIO KOPPENALMOHHOrO aHanmns3a y naunmeHToB
C TepMurHanbHol ctaguein XBIN 66111 BbiABNEHbI 3HaUMMble CBA3U MeXXAY NoKasaTenamu
OUOXMMUNYECKNX U FeMaToNorMYeckmx TeCTOB, XapaKTepu3yloLwmx GyHKLMOHaNbHOe Co-
CTOAHME NOYeEK, 1 BUOXUMNYECKUMU NOKa3aTeNnAMU, creumdryeckn oTpakaoLwmm CBO-
CTBEHHOE KOHTWMHIEHTY MCCiefoBaHHbIX NUL, COCTOAHNE obMeHa enesa. Tak, ypoBeHb
KpeaTUHVHA NPOAEMOHCTPMPOBaN OTpULIATENIbHYO KOPPENALMIO C TaKOBbIM reMornobu-
Ha (p=-0,546; p<0,001), cbiBOpoTOUHOrO *enesa (p=-0,508; p<0,001), obLen kene3oc-
BA3bIBatoLen cnocobHocTblo (OXMKCC) (p=-0,395; p<0,001), naTeHTHOI »KeNe30CBA3bIBatO-
wen cnocobHocTbto (JIKCC) (p=-0,226; p=0,032), cTeneHblo HacbIWeHNA TpaHcpepprHa
(HTX) (p=-0,302; p=0,004), ypoBHeM TpaHcdeppuHa (p=-0,393; p<0,001) 1 3pnTponos-
TnHa (p=-0,859; p<0,001). 3TK pe3ynbTaThl CBUAETENLCTBYIOT O TOM, UTO yXyaLleHne GyHK-
UMM NoYeK TeCHO CBA3AHO C yrnybneHmem aHemMnu, HapyLueHem MmeTabonm3ma »enesa u,
BEPOATHO, CHMMEHNEM CUHTE3a SHAOrE€HHOrO 3PUTPONO3TUHA.

HanpoTuB, 0TMeueHa cuiibHasA NONOXKNTENbHAA KOPPEeNALNA YPOBHA KpeaTUHMHA C Ta-
KoBbIM UncTatnHa C (p=0,762; p<0,001), pepputnHa (p=0,722; p<0,001), naktodpepprHa
(p=0,682; p<0,001), pepponopTnHa (p=0,763; p<0,001) n rencugnHa (p=0,767; p<0,001).
3T0 MOXeT ObITb 0O6BACHEHO yBENNYEHMEM MOKa3aTesiel MapKepoB BOCManeHna 1 noka-
3aTenen, oTparkaloLLMX 3afep»KKy Xefesa B Aeno, Mo Mepe NporpeccupoBaHnA NOYEUYHON
HefoCTaToOuYHOCTU. Kpome TOro, NonoxntenbHaa Koppenauna mexay ypoBHAMN KpeaTtu-
HWHa 1 uuctaTrHa C noaTBepPXKAaeT BaXXHYI0 pofb NOCnefHero B oleHKe GyHKLOoHab-
HOrO COCTOAHUA NOYEK.

MNpwv aHann3e nokasaTtenen xene3a yCTaHOBMEHbl NONOXKNTENbHbIE KOPPENALUN YPOB-
HA CbIBOPOTOYHOTO »ene3a ¢ TakoBbiM OPKCC (p=0,268; p=0,011), HTK (p=0,858; p<0,001),
rantorno6uHom (p=0,233; p=0,027), aputponostnHom (p=0,327; p=0,002) n TpaHcdeppu-
Hom (p=0,268; p=0,011), a TakxKe oTpuLUaTeNbHble — C ypoBHem uucTatuHa C (p=-0,513;
p<0,001), pepputunHa (p=-0,321; p=0,002), nakTodeppuHa (p=-0,425; p<0,001), deppo-
noptuHa (p=-0,408; p<0,001) n rencngmHa (p=-0,407; p<0,001). NonyyeHHble AaHHble No-
KasbiBaloT, uto npu XbI1 xene3o HakannneBaeTcA B Aeno (B N0Ab3y Yero CBUAETENbCTBYIOT
BbICOKMe 3HauyeHna dbeppuTrHa U rencuanHa) Ha GoHe KOHCTaTUPOBAHHOIO Y NaLMeHTOB
CHUXKEHNA YPOBHA LMPKYNNPYIOLLEro B KPOBU Xeresa.

WHTepec npepfcTaBnAeT Takke B3aMMOCBA3b YPOBHA dpepputuHa C apyrumm 6uo-
Mapkepamu. Mexgy 3HayeHUAMU KoHLUeHTpauum depputrHa n TpaHcbepprHa BbiAB-
neHa otpuuatenbHaa Koppenauna (p=-0,277; p=0,008), Torga Kak mexgy cogepxaHu-
em deppuTnHa, naktodpeppuHa (p=0,691; p<0,001), pepponoptuHa (p=0,631; p<0,001)
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n rencngmHa (p=0,714; p<0,001) ycTaHOBEHbI CUJIbHbBIE NONIOXKUTENbHbIE KOPPENALMOH-
Hble cBA3N. Kpome Toro, 3apukcnpoBaHa oTpuLaTeNibHasa CBA3b peppuTUHa C SpUTPONo-
3TnHOM (p=-0,608; p<0,001), YTO MOXHO OODBACHUTb CHUXEHNEM CUHTE3A SHAOFEHHOTO
3pMTPONO3TUHA NpK yXyaleHun GYHKUUM noyek 1 6onee BbipaXeHHbIM BOCManuUTenb-
HbIM NpoABAeHeM 3aboneBaHuA.

Mexgy nokKasaTenamu copepxaHua naktobeppuHa n depponoptuHa (p=0,566;
p<0,001), naktodpeppuHa n rencugmHa (p=0,603; p<0,001), a TaKxe Mexgy YPOBHAMU
depponopTrHa 1 rencuamHa (p=0,678; p<0,001) BbiABMEHbI CUbHbIE NOJIOXKUTESbHbIE
Koppenauun. 3T pesynbraThl YKasblBaloT Ha To, uto npu XBI1 yaepxaHue »kenesa B cu-
cTeme GaroUMTHPYIOLNX MOHOHYKII€apoB (pPeTUKyNo3HAOoTeNManbHoOM cMcTeme) u orpa-
HVYeHMe ero NCnonb30BaHNA CONPOBOXKAAIOTCA NapaiesibHbIMN N3MEHEHUAMN JaHHbIX
6uomapKepoB.

B OBCYXIOEHWUE

Kak cnepyet 13 nonyyeHHbIX pe3ynbTaTos, 3HaUNTENIbHOE MOBbILEHNE KOHLeHTpaLmu
KpeaTuHuHa 1 unctatuHa C y naumeHToB, NONyYaloLWmX reMoananns, CBUAETENbCTBYET O
cepbe3HbIX HapyLLeHMAX GyHKLUMOHaNbHOW AeATeNlbHOCTY Novek. OnpeaeneHune UncTaTu-
Ha C HapAgy C KpeaTUHNHOM ABMAETCA BaXKHbIM TECTOM, OTpaXaLum GyHKUMOHaNbHoe
COCTOAHME Noyek. YpoBeHb UncTaTHa C MOXET BbIAIBNATb NOBPEXAEHNE NOYEK Ha paH-
HUX CTaguAax 3aboneBaHUsA, MOCKOJbKY, B OTNIUME OT KpeaTUHMHA, OH He 3aBUCUT OT BO3-
pacTa, nona v MblLEYHOW MacCbl, YTO COracyeTca C AaHHbIMK nuTepaTypsbl [15].

Pe3ynbTaTbl MCCnefoBaHUA NOKasasnu, YTO NPY NPOrpeccupyioLlen XpoHnyeckom 6o-
ne3Hu noyek (XBI) HabniopgaeTcA aHemuA, CBA3aHHasA C HapylleHneM obmeHa enesa,
npu 3TOM KItoueBble NapameTpbl, OTPaXatolue ero CoCToAHNe, — YPOBEHb CbIBOPOTOY-
HOrO ’Kenesa, a3pMTPONo3TUHA, deppUTUNHa, TpaHCPepprHa, ranTornobuHa, bepponop-
TUHa, NakTodeppmrHa 1 rencManHa — NPeTepPneBaoT 3HaUVIMble U3MEHEHNA B Pa3fINUHbIX
HanpaeneHNAX. TN N3MEHEHUA UTPAIOT BaXKHYIO POb B 3TronaToreHese 3abonesaHnA u
Pa3BUTUN AHEMUN.

TaK, 3HaUMTENbHOE CHMKEHME KOHLEHTPaLUKN CbIBOPOTOUYHOrO Xese3a y NauneHToB
C TepMUHaNbHON cTagren 3aboneBaHnA oTpaxaeT GYHKLMOHaNbHbIA AeduunT xenesa.
MakTopamu, cnocobcTByOWMMY GYHKLMOHAaNbHOMY AiedULUTY Xenesa, ABNATCA XPOHU-
yecKkoe BOCMNasnieHne N HU3KUIN KIMPEHC rencruanHa, Habntogaemblii npu XbI1. 3T gaHHble
noATBEPKAEHbI TAKXXe MHOrOUNCNIEHHbIMU nccnepoBaHnammu Ganz n Nemeth, Gaweda A.E.
W p., NOKa3blBaoLWMMK, YTO NPU XPOHNYECKOM BOCMaNeHNN NOBbILIEHKE YPOBHSA rencu-
[VIHa orpaHnyYMBaeT NCNoNb30BaHMe »efesa 1 cnocobcTayeT pa3sBuTuio aHemuu [16]. MNo-
BbILLEHHbIN YPOBEHb rencuiriHa npenAaTcTByeT BbICBOOOXKAEHMNIO 3aNaceHHOro Xesne3a 13
abcopObumpyioLKX ero anuTenmanbHbIX KNeTok ABEHaALaTUNePCTHON KNLWKK, Makpodaros
W renaTouunTOB, CHUXKaa AOCTYMHOCTb Xene3a AfAa 3puTponos3a. B BbinonHeHHOM Hamu
nccneaoBaHUM POCT YPOBHA rencuiviHa Ha TepMUHaNbHOM CTaum TakKe AeMOHCTpUpyeT
3TOT MeXaHM3M. ITO MOXET NPUBOANTb K BbICOKOI KOHLEHTpaLmn ¢eppuTriHa B niasme
(CbIBOPOTKE) KPOBU 1 HN3KOMY HacbILeHM0 TpaHCheppyrHa, YTO XapaKTepHo Ana OyHK-
LMOHaNbHOM XenesogedpuuntTHom aHemum [17].

PocT ypoBHA pepputrHa XOTA 1M OTpaXKaeT 3amnachl xenesa, Ho Npexiae BCcero cauge-
TeNbCTBYET O HaNMUMKU BOCNanunTeNbHOro npouecca, byayum 6enkom octpoit dassbl. Mo-
3TOMY BaXXHO YUMTbIBaTb, YTO NPU BOCMANEHUN KOHLIEHTPaLMA GeppuTHa OTpaxaeT He
TONbKO CTaTyC »enes3a, Ho U cucteMHoe BocnaneHue [17]. UccneposaHuamm Jelkmann W.,
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Gaweda AE., Hashmi MF n gp. noguepKuBaeTca 3HaUMMOCTb onpeaeneHna GbepputmHa
Kak Mapkepa npu BOCMaNUTENbHbIX COCTOAHMAX U aHEMUN XPOHUYECKMX 3aboneBaHunn
[18-20]. MoBbiweHne deppuTUHa Ha TEPMIMHaNbHON CTaaun 3aboneBaHna paccmaTpuBa-
€TCA KaK KNMHNYeCKNiA MoKa3aTenb pyHKLMOoHanbHoro aebuynTa xenesa.

CHMXeHMe KOHLeHTpauum TpaHcheppmrHa 1 CTeNEHN HacbIWeHWA TpaHCheppurHa xe-
ne3som (HTX) Takxe cBA3aHO C NporpeccrpoBaHriem 3aboneBaHmnsA. YMeHbLUIEeHV e YPOBHA
TpaHcdepprHa MOXeT ObiTb 00yCNOBIEHO Pa3NUYHbIMU dakTopamK, BKMUasa NosblLle-
HMe YPOBHSA rencuimnHa, 4to NpuBoOAnT K Aerpagaumm ¢bepponopTiiHa N CHUKEHMIO BbIXO-
[a »Kenesa B Nna3my KpoBWU, Bbi3biBasA GyHKLMOHaNbHbIA AedpnumnT Kenesa. B aTom cnyuae
YMeHbLLAETCA KONMYeCTBO CBOOOLHOrO Xesle3a, CNoCOBHOro CBA3bIBaTbCA C TpaHCheppu-
HOM, UTO NPUBOAUT K CHMKeHMIo HTXK. MexaHn3m rencngmiH — GepponopTiH, 06bACHAL0-
LKA HapyLleHne romeocTasa enesa, onucaH Nemeth n Ganz [21]. Y nauneHToB ¢ XbI1
1 GyHKUMOHanbHbIM feduumTom xene3za HTXK moxeT 6biTb <20,0%, NOCKONbKY KOCTHbIN
MO3r noTpebnaeT Xeneso 13 LUpKynmpytoLero TpaHcbepprHa bbiCcTpee, YeM OHO MO-
XeT BOCMONMHUTBLCA M3 3aMacoB enesa. B Hawem nccneposaHnn HTXK coctasun 23,5% y
MY>KUMH 1 15,3% y XeHLMH; Npu 3TOM ypoBeHb deppurTrHa B 0benx rpynnax npesbiwan
100 mKr/n.

MHoroumncneHHble nccnefoBaHMA NokasbiatoT, 4To Npu XbINyposeHb xenesa n OKCC
CHUXAeTCA UM OCTaeTCA B Npefeniax HOPMbI, B TO BPeMsA Kak KOHLeHTpauma deppuTrHa
1 CTeneHb HacblLWeHUa TpaHcheppmrHa ymeHbluatoTcA [22, 23]. O6bluHO nosbiweHme JIXCC
HabniopaeTca npu gedurumnte xenesa, Tak Kak TpaHcheppuH ceobopeH AnsA CBA3bIBaHUA
xene3a [19]. MNoBblweHNe YpOBHA rencranHa orpaHNYMBaET BbIXOA »Kenesa U3 cucTembl
darounTUpyOLLMX MOHOHYKII€apOoB (PeTUKYNO3HAOTENNANIbHON CUCTEMbI) U BCacbiBaHWE
B KMLLUEYHUKE, CHUXKaA CofiepKaHue CbiIBOPOTOUHOro xene3a 1 HTXK, B To Bpemsa Kak feno
Xenesa (peppuTUH) OCTaeTcAa HOPMasbHbIM UK NOBbIWeHHbIM. OMCC MOXEeT HECKONbKO
MOBbILIATLCA N3-3a KOMMEHCAaTOPHOIO YBENUYEHWA CHTe3a TpaHcdepprHa B neyeHr npu
dedurymTe xenesa, HO NPY XPOHNYECKOM BOCNaneHnn cMHTe3 TpaHcheppriHa orpaHuyeH,
uTto npenaTcTByeT pocTy OMCC. B3anmopeinctame 3Tmx GakTopoB MPUBOAUT K 3aMETHbIM
n3meHeHuam OXKCC, Torga Kak nokasatenb JIPKCC moxeT ocTaBaTbCA CTaTUCTUYECKN He-
3HauumbIM. Kpome TOro, Habnogaetca BbicOKasa BapnabenbHOCTb CbIBOPOTOYHOTO Xe-
nesa n HT?K B 3aBMCMMOCTUN OT CeaHCa reMofuann3a, Yto Takxke oObACHAET OTCYTCTBUE
CTaTUCTUYECKN 3HAUMMbIX pPa3nnumin B nokasatene JIXKCC. Takum ob6pa3om, onpegeneHme
OXKCC un JIXKCC umeeT orpaHUYEHHYI0 LLeHHOCTb AnA BblABNEeHWA GYHKLMOHANbHOIOo Ae-
duumTa Xenesa y naumeHToB Ha remogvanuse [24]. Raoof |.B. u coaBT. nokasanu Hanuune
nosioxunTenbHon Koppenaumun mexgy ypoBHaMu OXKCC n JIKCC y remoamnanmsHbix nauu-
€HTOB MpPW CTaTUCTUYECKN HE3HAUUMOM pa3Huue [25].

YMmeHbLIeHne ypoBHsA rantornobuHa npu XbIN cHuxaeT HelTpanmsaunio ceobogHoro
remorno6uHa, YTo NPUBOAUT K JONOSHUTENBHOWN reMOTOKCUYHOCTU 1 HeahPeKTBHOMY
NCNONb30BaHWIO »kenes3a [26].

HapyweHue dyHKuun novek npu XBIMT MoXeT NpUBECTU K CH/MXEHUIO MPOoAYyKLNK 3pn-
TPOMO3TMHA Y 3PUTPOLUTOB. DPUTPOMOITUH CUHTE3MPYETCA B KOPKOBOM CJI0€ MOYeK U
Hapy>KHOM CJI0e MO3rOBOro BellecTBa B UHTEPCTULMANbHbIX NPETYOYNApPHbIX KieTKax
| Tna n obecneunBaet guddepeHLMaLO0 SPUTPOULHBIX KNETOK [22].

CHMXeHMe YPOBHA 3pUTPONO3TUHA Ha TEPMUHANbLHON CTaguu 3aboneBaHnA Ha 66,4%
CBA3aHO C HapyLUeHNEeM ero CMHTe3a BcieacTane GyHKLMOHaNbHOW HeOCTaTOYHOCTHY No-
yek 1 HanpAMyio BNMAET Ha nNaToreHe3 aHemuw. Babitt n Lin nogpo6Ho nccnegosanu stot
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npouecc 1 NoKasanu, YTo CHUXKEHWE YPOBHSA 3pUTPONO3THHA ABNAETCA KntoueBbiM dak-
Topom pa3sutuA aHemun npu XbBI1 [27]. TfencmauH-HayuupoBaHHasa 6nokaga »enesa
[JOMONHUTENBHO OrPaHMYMBAET YYBCTBUTENBHOCTb K SPUTPOMNO3TUHY, TaK Kak anddde-
peHUMpPOBKa 3pUTPOGNACTOB B PETUKYIOLNTLI ABNAETCA »Kene303aBUCMMbIM MpoLec-
com [28, 29].

®epponopTnH Makpodaros, OTBETCTBEHHbIN 3a SKCMOPT Kenesa, UrpaeT KoyeByo
posb B romeocTase Xxesne3sa. Ero akcnpeccna nogaBnaeTca BOCNanuTebHbIMN LIUTOKNHA-
MW, CMOCOBCTBYIOLMMIN CEKBECTPALIMM »Kerle3a, a TPAHCALUA KOHTPONMPYETCA Kenesom
W rencarMHOM Ha NocTTpaHCcALnoHHOM ypoBHe [30]. MNoBbiweHne ypoBHA depponoptu-
Ha, HECMOTPA Ha NapagoKCanbHOCTb, pacCMaTPUBAETCA Kak KOMMeHcaTopHasa peakuua Ha
BbICOKOE cofiepaHune rencuiivHa, Korga opraHn3m nbiTaeTcsa yBennunTb Mobunmsaumio
Xene3a, Ho BbICOKMIA ypOBEHb rencruanHa 6nokupyet s1oT sdpdekT.

Mpun xpoHnyecknx 3aboneBaHunsax (ocobeHHo npu XBIM 1 BocnanutenbHO-CONpPoBO-
XJaeMblX aHeMUAX) BO3MOXHO OJHOBPEMEHHOE NOBbILLEHWE YPOBHEN rencrgmnHa u dep-
ponopTuHa. 3Ta cuTyaumna obycsioBieHa KOMMNEHCATOPHbIMU MeXaHU3MaMW, BAUAHUEM
BOCMaNMTENbHbIX LIUTOKMHOB, TKaHecneumdnyeckumm ocobeHHOCTAMN U HapylleHnem
bunbTpaunoHHo-KnnpeHcoso GyHKumum [31, 32].

MNoBblweHne yposHel naktodeppuHa 1 GpepponopTriHa MOXKHO paccMaTpuBaTb Kak
afanTUBHbLIN OTBET OpraHv3Ma AnsA nogaeprkaHusa romeocTtasa xenesa. JlaktobeppuH 06-
napaeT nNpoTnBOBOCMaNUTeNbHbIM 3PdEKTOM 1 CNocobeH CHUXKaTb YPOBEHb rencuanHa,
cnoco6cTByA BbicBOOOXAeHMIO Xene3a. 06 atom ynommnHanun Mohammad G., Kell D.B,,
Rascon-Cruz Q. n gp. B cBomx muccnegoBaHuax [12, 33, 34]. MNoBbiweHre KOHLEHTpauum
naktodeppuHa npu XbIN ABnAeTca KOMNEHCaTOPHbIM OTBETOM Ha CHUXKEHUE YPOBHSA Xe-
nesa B CbIBOPOTKe 1 NporpeccMpoBaHme BOCNanuTenbHoro npouecca [35].

Pe3ynbTatbl BbINTONHEHHOrO MCCAEAOBaHMA N JaHHble COBPEMEHHOW NUTepaTypbl No-
3BONAIOT CyAWUTb O TOM, UTO NMPU XPOHUYECKON Bone3Hn noyek HabnAATCA CIOXKHble
1 B3aMMOCBS3aHHble M3MEHEHUA MeXay MeTabonuueckummn dbaktopamu perynaumm ob-
MeHa »kene3a. TOUHbI MOHUTOPWHT 3TX BMOMapKepPOB BaXeH ANA paHHel ANarHOCTUKN
aHeMum 1 pa3paboTKM NHAUBUAYaNbHbIX CTpaTerin neyeHns. HapyleHve obmeHa xene-
3a npwu XBI1 cBA3aHoO ¢ AnchyHKUMen ocn rencnguH — epponopTuH. HecMoTps Ha NoBbl-
LIeHWe YPOBHA rerncuanHa, opraH1M3m yCunuBaeT crHTe3 pepponopTrHa A yaoBneTso-
peHusA NoTpebHOCTN B Xenese, UTo 06bACHAETCA aKTMBaLMEN BHYTPUKNETOUHbIX MyTen
nog BNusAHMeM LMTOKMHOB. Kpome Toro, npu XbIN HabniogaeTca cCHXKeHre KnnpeHca ren-
CMANHA 13 NaasmMbl (HapyLlweHne NoOYeYHON SMMMMHALMK), YTO NOAAEPKUBAET BbICOKNIA
YPOBeHb ero 61Monormyecky akTuBHom Gopmbl B Nniasme, Bbi3biBasA OKasibHble U TKaHe-
cneundryeckme N3mMeHeHNa sKcnpeccnn pepponopTrHa [36-38].

JononHutenbHo B uccnegosaHmn Kamal N.M. n coaBTopoB y remoananmsHbIx nawu-
€HTOB BbIfIB/IEHa CUIbHAA NOMOXUTENbHAA KOPPenAuma Mmexay ypoBHEeM rencuavHa u
beppurTrHa, a TakXKe oTpULlaTesibHasA KOpPenALMA C reMorIobMHOM U CKOPOCTbIO Kiy6ou-
koo unbTpauum [39]. B KpynHom KoropTHom nccnegosaHum Mercadal L. v coaBTopoB y
199 naumeHToB c XBI1 ctaguin 1-5 ypoBeHb rencupanHa 6bin Bbille y NaLneHToB C Bocnane-
H1em 1 GyHKLUMOHanbHbIM AebuumnToM Xenesa, Npu 3Tom Habnoganacb oTpuLaTenbHasn
Koppenauusa c remornobuHom [40]. 3Tu AaHHble NOATBEPXKAAIOT 3HAUNMOCTb MOHUTOPUH-
ra 6uomapkepoB obMeHa »enesa A OLEHKM TAXKEeCTU aHeMUM 1 ONTUMM3aL N NHANBU-
OyanbHbIX cTpaTernn Tepanum npm XbI1.
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B,

B 3AKJTIOMEHUE

Mpwu XBI HapylweHne obMeHa kenesa, akTMBaLnA MapKepoB BocnaneHns 1 ocnabne-
HMe 3pUTPONO33a ABMAIOTCA OCHOBHbIMU MATOreHETUYECKUMU MexaH3Mamu, KoTopble
B3aUMOCBA3aHHO YUacTBYIOT B GOpMUpPOBaHUU aHemuw. lMonyyeHHble B fJaHHOM UCCeao-
BaHWW pe3ysbTaTbl NOKa3anu, YTo, C OQHOW CTOPOHbI, y nauneHToB ¢ XbIypoBeHb xenesa,
3PUTPOMNO3TMHA, FranTornobuHa u TpaHcdepprHa Obin 3HAUNTENBHO CHUXEH, a C APYron —
Habniopanocb nosbileHUe YpoBHA beppuTnHa, bepponopTrHa, naktodbepprHa 1 rencu-
[IVHa B CbIBOPOTKE KPOBU. CHUXKEHME CTEMNEHWN HaCbILeHUA TpaHcheppriHa 1 NOBbILWEHKe
YPOBHA deppuUTUHa ABNAIOTCA TUMMYHBIMU NOKa3aTenaMm GyHKLMOHaNbHOIO »efe3ofe-
duuuTa BocnanuTenbHoro reHesa. MNosblleHWe YpoBHA NakTodeppurHa 1 depponopTriHa
paccMaTpuBaeTCcA Kak afanTyBHbIA MexaHW3M, HanpaBfieHHbI Ha Noadep)KaHue rome-
ocTa3a xenesa B opraHumMe. COBMeCTHbIN aHanu3 Takux 6rioMapkepoB, Kak deppuTuH,
HTX, rencngun n naktopeppuH, npu XbIN moxeT no3Bonutb 6onee TOUHO onpenennTb
TN Y NPUYUHY aHEMUMK, A TaKXKe CMaHUPOBaTb LiefieHanpaBfieHHY0 TepaneBTUYeCKyio
cTpareruio.
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Pesiome

BBegeHue. CunTaeTca, YTo MoYa ABNAETCA CTEPUITBHOM KNUAKOCTbIO, KOTOpaa CTaHOBUTCA
HeCTepUNbHONM TONbKO Nocse 3apaxeHus. Mpn nccnegoBaHMy NoceHeln YCTaHOBIEHO,
UTO B HeWl CyLLECTBYIOT onpefeneHHble coobLecTBa MUKPOOPraHM3MOB — Tak Ha3biBae-
Mbli1 ypobuom. MNMoKaszaHo, UTo NpU PasNNUHbIX 0O6CTPYKTMBHbIX 3a60/IeBaHUAX Y AeTeN,
B YaCTHOCTW MpK Ny3bIpHO-MOYeTOUHNKOBOM pedniokce (MMP), MoxKeT MeHATbCA CcoCTaB
ypobuoma ¢ NoTeHUMasbHbIM Pa3BUTUEM MHPEKLMOHHOTO npouecca. [JaHHbIn npouecc
MOXET TaKXe COMPOBOXAATbCA ONpefeNeHHbIMA MeTaboNMyeckumMm M3MEHEHUAMMN B
Moue. [1o3ToMy BbifiBlIeHNE MapKepPHbIX MeTaboNMNTOB, aCCOLMNPOBaHHbIX C OOCTPYKTUB-
HbIMW 3aboneBaHUAMU y ieTel, NPeACTaBNAETCA Ype3BbIUaliHO aKTyaslbHbIM.

Lienb. BbiaBiTb MeTabONOMHbIE MapKepbl, aCCOLUUPOBAHHbIE C MY3blPHO-MOYETOYHU-
KOBbIM pedIloKCOM 1 APYTUMU 06CTPYKTUBHBIMY 3a601€BaHNAMN MOYEBbIAENNTENBbHOM
cucTembl y fieTen.

Martepuanbl n metoapl. bbin NpoBefeH XpPOMaTo-MaCC-CNEKTPOMETPMUYECKMIA aHanus
60 opraHMyecKmx KMcnoT B Mode y 10 aeTeit ¢ Ny3blPHO-MOYETOYHMKOBbBIM PedItoKCOM 1
HeKOTOPbIMU APYTrMMU 3a6051eBaHUAMUN MOYEBbIAENUTENIbHOWM CUCTEMbI C OOCTPYKTUBHBIM
CMHAPOMOM, a TaKkxe y 17 300pOBbIX AeTeN, COCTaBMBLUUX KOHTPOSIbHYIO rpynny.
Pesynbrartbl. CTaTUCTUUECKN AOCTOBEPHas CBA3b C OOCTPYKTUBHbIMK 3aboneBaHUAMM
MOYEBbIAENNTENIbHON CUCTEMbI AeTel Oblia nonyyeHa Ana NUPOBUHOMPAZHOW, IMMOH-
HOW, AHTAapPHON N pymapoBOM opraHmMyeckmx KUcnot. Mpu aHanuse ROC-KpuUBbIX MaKkCu-
manbHbIn AUC (0,84) nokasan KOMOUHUPOBaHHbIN Npodusb Mo AaHHbIM MeTabonuTam.
3aknueHue. YCTaHOBJIEHbl 0COOEHHOCTM METaboNMYeCcKoro Npoduna Mouu, Xxapakrep-
Hble 41A 0O6CTPYKTUBHBIX 3a00/1€BaHNIN MOUYEBbBIBOAALLEN CUCTEMDI Y AETEN, B YaCTHOCTU
MNMMP. Ina pa3paboTkni B fanbHelwem nabopaToOpHOro AMarHOCTUYECKOro anroputMa
paHHero BblABNEHNA NHOEKLNOHHbBIX OCIOXXHEHNIA NPW fJaHHOW popme NaToNornm Heob-
XOAUM aHann3 accoumaumm metabonomMHoOro Nnpodunsa MoUumn C U3MeHeHeM nokasaTenen
YypOo61oMma, BbIMOMHEHHbIV HA paclIMPeHHON BbIOOPKE NaLMeHTOB.
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Abstract

Introduction. Urine has long been considered a sterile fluid that becomes non-sterile
only after infection. Studies of urine have revealed the presence of specific microorganism
communities: the so-called urobiome. It was shown that in various obstructive diseases in
children, particularly in vesicoureteral reflux (VUR), the composition of the urobiome may
change, potentially leading to the onset of an infectious process. This process may also
be accompanied by certain metabolic changes in urine. Therefore, the identification of
marker metabolites associated with obstructive diseases in children is extremely relevant.
Purpose. To identify metabolomic markers associated with vesicoureteral reflux and
other obstructive diseases of the urinary tract in children.

Materials and methods. An analysis of 60 organic acids in urine from 10 children with
vesicoureteral reflux and certain other urinary tract disorders involving obstructive
syndrome, as well as from 17 healthy children who represented the control group, was
conducted using chromatography-mass spectrometry.

Results. A statistically significant association with obstructive urinary tract diseases in
children was found for pyruvic, citric, succinic, and fumaric organic acids. When analyzing
ROC curves, the highest AUC (0.84) was observed for the combined profile of these
metabolites.

Conclusion. Thus, features of urine metabolic profile specific to obstructive diseases of
the urinary tract in children, particularly, VUR, were established. To create a laboratory
diagnostic algorithm for the early detection of infectious complications of this pathology,
an analysis of the association between urine metabolomic profile and changes in
urobiome indicators is required, with an expanded sample of patients.

Keywords: organic acids, chromatography-mass spectrometry, vesicoureteral reflux,
urobiome, urinary tract
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B BBEAEHUE

MHorune rofgbl CUMTanNoChb, YTo Moya ABAAETCA CTEPUSIBHON XMAKOCTbIO, KOTOpas CTa-
HOBUWTCA HECTEPWUIIbHOW TOMbKO Mocre 3apaxeHus [1]. [lokasaTenbCcTBa MUKPOOHbIX CO-
06L1ecTB B MOYEBbIBOAALLMX NYTAX (MUKPOOMOM MOUU 1N YPOOBUOM) NOABUAUCH MeHee
10 net ToMy Ha3ag [2, 3]. B ganbHeliwem 6bina nokasaHa KnouyeBas posib U3MEHEHUI MU-
KPOBGMOMHOro coobLecTBa MOUYEBLIAENUTENBHOIO TPakTa B Pa3BUTMM MHOEKLMOHHOIO
npouecca y fgeteit [3, 4]. Ho ecnn coctaB ypobroma y B3pOCsibIX N3yYyaeTcsi 4OCTaTOUYHO
aKTUBHO, TO ero 0cobeHHOCTN Yy AieTell pacCMaTpUBAIOTCA NULb B HECKOJSIbKUX paboTax
[5, 6]. CocTaB ypobroma y feTeit MOXeT U3MEHATLCA NPY Pa3fINUYHbIX 0OCTPYKTMBHbIX 3a-
60oneBaHNAX MOYEBbIBOAALLMX MYyTEN, B YaCTHOCTM NPU My3blPHO-MOYETOUHNKOBOM ped-
nokce y geten (MMP) [6, 7]. ViccnegoBaHMAMM NOKa3aHo, UTO Y feTell C O6CTPYKTUBHbIMMA
3aboneBaHVAMY MOYEBbIBOAALLErO TPaKTa MOBbILIAETCA BEPOATHOCTb BO3HUKHOBEHUSA
pasnnyHbIX UHEKLUMIA MOYEBBIAENNTENBHON CUCTEMDI, TPUYEM ANIA HMX XapaKTepHbI Ya-
CTble peumgmesl [8].

WccnepoBaHmsaMmM nocniefHUX fIeT MOKa3aHo, YTo YacToe UHPMLIMPOBaHVE MOYEBbIBO-
aAwmx nyten y geten ¢ NMMP cBfA3aHO He TONbKO C M3MeHeHMeM ypobrioma, HO 1 C onpe-
LeneHHbIMU MeTabonnyecknumm nsmeHeHuAMu [9]. B yacTHoCTH, BbifiBNEHbI HApyLLIEHWA B
MeTabosIn3me KeNYHbIX KUCIIOT, MeTUIILMTPATHOM LUKIe 1 B NyTU Aerpajaummn rnytama-
Ta [9]. TakXXe YCTaHOBNEHO, UTO Y 340POBbLIX UHAMBUAOB METaboIOMHBIN Npodunb Mmoun
ABNAETCA [OCTAaTOYHO CTabWbHLIM B TeueHue Bcel xu3Hu [10]. MosTomy nsyyeHue oco-
6eHHoCcTel MeTabonoMHOro Npoduns y aeTen ¢ 06CTPYKTUBHBIMK 3a60NIeBaHUAMU MO-
YeBbIBOAALLMX NyTeW MO3BOSINT NyyLle NOHATb STMOMNATOreHe3 Pa3BUTUA MHOEKLMOHHOTO
npotiecca y Takmx naLeHToB.

W LIE/Ib NCCNEJOBAHUA

BbIABUTb MeTabONOMHble MapKepbl, aCCOLMMPOBAHHbIE C MY3bIPHO-MOYETOYHNKOBbIM
pedoKcoM 1 ApYrMU OBCTPYKTMBHbIMY 3ab0eBaHAMM MOYEBbIAENTENIbHON CUCTe-
Mbl y geTen.

B MATEPWAJIbI U METObI

B nccnepnosaHue 6b1510 BKtoUueHo 10 feTel ¢ pa3nnyHbiMU 06CTPYKTUBHBIMY 3abone-
BaHNAMU MOYEBbIBOAALLMX NyTel, B ocCHOBHOM NMP. Kputepun BkntoueHna: Bo3pacT ge-
Tel BapbupoBanca ot 2 Ao 9 net. Y 6 feteit 6bin BoiasneH NMMP 2-ii cteneHy, y 1 pebeHka —
NMan03KTasus, y 1 — MeraypeTtep BepXHero cermeHTa yBOEHHOWN NPaBoi NOYKM C ee He-
MOMHbIM yaBOeHVEeM, Y 1 — pednioKcupyioLmii meraypeTtep crnpasa. Kputepum ncknoye-
HUA: N3 UCCNeAOoBaHUA UCKNIOYaNMCh AeTU C MPM3HaKaMU akTMBHOFO MHGEKLMOHHOro
npoLiecca MoUeBbIBOAALLMX MyTel. B KOHTPOosbHY0 rpynny Bowy 17 npakTuyeckux 3ao-
poBbIX feTel B Bo3pacTe oT 3 fo 15 neT 6e3 npr3HakoB 06CTPYKTUBHbIX 3aboneBaHMN
MOUYEBbIAENNTENBHON CUCTEMBI.

MeTop onpefeneHus opraHMYecknx KMCNOT B MOYe: KONIMYECTBEHHOE onpeaerneHne
60 opraHMYecKnx KACNOT B MOYe NPOBOAUIIOCH B 2 3Tana. AHanm3 KeTOKNCOT (aLeToykK-
CYCHOW, 3-rnapoKCUMacnsaHON) BKAoYan B ceba pa3BefeHne Moun AenOoHM3NPOBaHHOM
BOAOV B COOTHOLWeHMM 50:50 v/v 1 nocneayoLLyto AeprBaTusaumio: fobasneHue 50 Mkn
6ydepa (cmecb MeTUNTMAPOKCMAAMUHA FTMAPOXSIOPMAA B METaHOEe C NUPULMHOM (2:8 v/V)
K 1 M pa3BefieHHON Mouun. [1na onpefeneHns ocTasibHbIX OpPraHNYecKnx KUCcnoT obpasupl

«JlabopaTtopHas anarHoctuka BoctouHas Espona, 2026, Tom 15, N2 2 293

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO




MeTabonomHble MapKepbl 06CTPYKTUBHbIX 3a60/1€BaHMII MOYEBbIBOAALLMX NyTEN y AeTel

MOUM Pa3BOAUNINCH AENOHMU3UPOBaHHOW BOAONW B cOOTHoWweHun 50:50 v/v n panee 6e3
JepviBaTM3aumn BBOQUNUCH B XpomaTtorpaduueckyio cuctemy. MiamepeHre cogepaHus
OpraHNYecKknx KUCoT MU NX NPON3BOAHbIX NPOBOAMIIOCH C MCnonb3oBaHmem BIXX-MC/
MC-cuctembl, 060pyfoBaHHON Macc-cnekTpomeTpom SciexQtrap 5500 ¢ xpomaTorpadom
Waters Acquity Premier, ¢ npensapuTenbHbIM pa3feneHnemM Ha xpomatorpaduueckon
KOJIOHKe C copbeHToM ¢ obpaTtHoi ¢a3oi Phenomenex silica core ¢ pasmepom vacTuy
copbeHTa 2,6 MKM, 100A, C18 Kinetex© (50%2.10 mm) (Phenomenex, USA). PepepeHTHble
WHTepBanbl AnA KaXAoro 13 nokasartesiein 6bUIM paccunTaHbl aHaNM30M KOHTPOJbHOM
BbIGOPKU, KOTOPas cocTosana 13 443 NpakTUUeCcKn 30OPOBbIX JeTel pa3HbIX BO3PaACTHbIX
rpynn [11].

[na yctaHOBNEeHNA pa3nnuui B NOKasaTenax CpeiHero 3HaueHna coaepaHuns opra-
HUYECKMX KUCSIOT B Moue Y naumeHToB ¢ INMMP 1 y nauneHToB rpynnbl KOHTPONA paccuu-
TbiBanca t-kputepuin CTblogeHTa Ana HeCBA3aHHbIX COBOKYMHOCTEW C rpaHuLIen 3HaunMo-
ctn P=0,05 n kKputepnin MaHHa — YUTHM C TaKOM e rpaHuuen 3HauymMmoctu. ina goka-
3aTenbCTBa AMarHOCTMYECKOW 3HAaUYMMOCTI NabopaTopHOro TecTa NCNOb30BaNcA MeTos
noctpoeHua ROC-Kkpusbix. CTaTUCTUUECKe pacyeTbl Obliv BbIMONHEHbI B Nporpamme
Statistica 10.0.

B PE3YJNIbTATbl U OBCYXOAEHNE

OcHoBHble MeTabonnueckme 0co6eHHOCTM OpraHNYecKrX KMCOT B MOYe Y NaLneHToB
¢ MMP npepacTtaBneHbl B Tabn. 1.

YpoBeHb ¢dymapoBoi Kucnotbl y 1 nauyueHTa NpeBbiCMN MOPOroBoe 3HauyeHue
2,0 MMosb/MONb KpeaTuHMHA (MMosb/Monb Cr), UTO MOXET ObiTb acCOLMMPOBAHO C Ha-
pylweHnemM MUTOXOHAPMANbHOrO 06MeHa, NoKanbHbIMW TMNOKCUYECKUMN ABJIEHUAMU U
HapyLweHnem peabcopbunn B NOYEUHbIX KaHanbLax npy 06CTPYKLUMM MOYEBbIBOAALLMX
nyteri [12, 13]. Y 6onblInMHCTBA NaLMeHTOB Obin NOBbIWEH YPOBEHb JIMMOHHOW KACNOTbI
(MakcMManbHoe 3HaueHue 6bin1o >1700 mmonb/monb Cr), UTo, BEPOATHO, aCCOLMNPOBAHO
C KOMMEHCATOPHbIM ycuneHnem meTabonmnyeckux NpoLeccoB B LMKNe TPUKapOOHOBbIX
kucnot (UTK) [14]. KoHueHTpauua AHTapHOW KMCNOTbl Y 60MblINHCTBA NaumMeHToB Obina
B Npefenax HopMbl, HO 3HaUeHUsA ee y OTAesbHbIX NMaLMEeHTOB NPEBbILLANN BEPXHIOO pe-
depeHcHyo rpaHuuy. CopepkaHne NUPOBUHOMPAAHON KMUCNOTbI Obino y 6onbLUMHCTBA
naumeHToB Ha BepxHel pedepeHCHON rpaHuLe, HO Y 1 nauueHTa NpeBbIWano 3HayeHne
4,0 mmonb/monsb Cr.

Ta6bnuua 1
OCHOBHbIe 3MeHeHUsA meTabonnueckoro npoduna opraHNYECKNX KUCIOT B MoYe y feTell
€ 06CTPYKTUBHBIMY 3a60/1€BaHMAMMN MOYEBbIBOAALMX NYTeEN

Table 1
Main changes in the metabolic profile of organic acids in urine in children with obstructive urinary tract
diseases
CpepHee 3HaueHne | MuH. - MaKc. PedepeHcHble
MokasaTtenb + SD (Mmonb/monb 3HauyeHue (Mmonb/ 3HauyeHmsa (Mmmonb/
KpeaTuWHWUHA) MOJIb KpeaTMHUHA) | MOJIb KpeaTUHMNHA)
MNMupoBuHorpapHasa Kucnota 1,16+1,16 0,32-4,16 0,1-1,5
JINMOHHas Kncnota 444,45+543,75 11,29-1742,45 150-300
flHTapHaA Kucnota 14,59+19,8 0,26-63,24 3-30
OymapoBas KucnoTa 0,51+0,79 0,04-2,67 <2,0
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Ta6bnuua 2

CpaBHUTeNbHDbIN aHanu3 NnoKasarenein 4 opraHNYeCcKuUxX KUCnoT Yy naymeHToB C 06CprKTVIBHbIMIII
3aboneBaHnAMMN MoYeBbiAennTenbHON CUCTEMbI N npeACTanrreneﬁl KOHTPOHbHOI?’I rpynnbi no metoay

MaHHa - YutHmn
Table 2

Comparative analysis of the indicators of 4 organic acids in the group of patients with obstructive

diseases of the urinary system and in the control group using the Mann - Whitney U test

CpepHee 3HaueHue CpepHee 3HaueHue
MNMokasarenb y NaLeHToB (koHTpOND) p

(Mmonb/monb Cr) (Mmonb/monb Cr)
MNuposnHorpagHasa Kucnota 1,19 0,89 0,39
JInMOHHas Kucnota 440,49 230,45 0,19
flHTapHaA Kucnota 17,11 6,13 0,07
(OymapoBas Kucnota 0,63 0,24 0,12

HA NEPBYIO

OcyuiecTBneH CTaTUCTMYECKNUIA aHanM3 noka3saTenien 4 opraHNyecKknx KACIoT B MoYe,
HOPMMPOBAHHbIX MO KPeaTMHUHY, Y UCCefoBaHHbIX NaLMeHTOB 1 NpeAcTaBuTenel KoH-
TPONbLHOW rpynmnbl No MmeTogy MaHHa — YutHu (tabn. 2). Paznnuusa no U-TecTy nokasatenem
JIMMOHHOW, AHTAPHON 1 GYMapPOBON KMCNOT CTaTUCTUYECKUN 3HAUMMbI, UTO MOXKET YKa3bl-
BaTb Ha WX AMArHOCTUYECKYI0 LleHHOCTb MpU My3blPpHO-MOYETOUYHNKOBOM pedritokce y
fetel. [laHHble N3MEHEHMA MOTYT OTpa<aTb JIOKaJibHble FTMMOKCUYECKEe Y MUTOXOHAPU-
anbHble MeTabonmyeckmne HapyLleHrs, KOTopble CBA3aHbl C My3blPHO-MOYETOUYHNKOBbIM
pedniokcom [14].

MoctpoeHbl ROC-KpurBble Nokasatenen cogepkaHna 4 opraHNYeCcKknx KUCIOT MOuYM,
HOPMMPOBAHHbIX MO KPeaTUHUHY (CM. PUCYHOK).

ROC-aHanu3 opraHu4yecknx KNcnoT

True Positive Rate

v —— MupoenHorpaaHasn (AUC = 0.60)
0.2 v ~—— JlumoHHas (AUC = 0.78)
-~ —— HAHTapHas (AUC = 0.80)
o —— ®ymaposas (AUC = 0.80)
- -=-- KombuHauwa scex (AUC = 0.84)

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

ROC-KpuBble 4 noKasaTtesnell HOPMUPOBAHHbIX MO KpeaTUHNHY OPraHN4YecKnX KUCoT,
accouMpoBaHHbIX C 06CTPYKTUBHbIMM 3a60/1€eBaHNAMN MOYEBbIAENUTENbHOI CMCTEMBI Y fieTell

ROC curves of 4 creatinine-normalized organic acids associated with obstructive urinary tract diseases
in children
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Mo paHHbIM ROC-aHanu3a, HanbonbLyto 13 4 NccnefoBaHHbIX OPraHNYeCKNX KACIOT
OMarHoOCTMYeCKyto cneundpryHOCTb U AMarHOCTUYECKYy YyBCTBUTENbHOCTb npu MNMMP y
JeTell NPOABMNN TeCTbl onpefeneHnsa AHTapHon n pymaposoii kucnot (AUC - 0,80). Ho
MaKCUMasbHY0 ANAarHOCTUYECKYHO cneundUUYHOCTb 1 YyBCTBUTENbHOCTb NOKa3an komou-
HUPOBaHHbBIN aHaNn3 BCeX 4 OpraHNYeCcKMX KUCIOT B Moye (MMPOBUHOTrPagHON, IMMOH-
HoW, AHTapHOW 1 dymapoBsol). Taknm 06pa3om, AaHHbIN MeTabonuuecknii npodunb Mo-
XeT oTpaxaTb onpefeneHHble HapylleHA obMeHa BellecTB, KOTOpble MPOUCXOAAT Npwu
06CTPYKTMBHbBIX MpOLieccax MOYEBbIBOAALLMX NyTen y aeTeir. CnegyeT OTMETUTD, YTO faH-
Hble opraHMyecKne KNCcnoTbl acCOLMMPOBaHbI C Pa3NnNYHbIMU MUTOXOHAPWUANbHBIMK ANC-
byHKumaAmK [15, 16]. K ToMy e n3mMeHeHNA faHHbIX MeTabonmuecknx nokasaTenen MoryTt
OTpaxaTb FMMNOKCUYECKME N3MEHEHMSA, YTO NOBbILLAET BEPOATHOCTb MHOULMPOBAHUA MO-
YeBbIAENNTENIbHOIO TPaKTa faxe YC/IOBHO-NAaTOreHHbIMY MUKPOOPraHW3Mamu, KoTopble
NpUCYTCTBYIOT B ypobrnome, Hanpumep E. coli [17].

B 3AKJTIOMEHUE

YcTaHOBNEHO, UTO NPU 06CTPYKTUBHBIX 3a60/1eBaHUAX MOYEBbIAENUTENIbHON CUCTEMbI
y eTell pa3BMBalOTCA onpefeneHHble meTabonuyeckre N3MeHeH s, KOTopble NOoTeHLM-
anbHO MOryT 6bITb aCCOLMNPOBaHbI C YPOOUOMHBIMU HaPYLLUEHMAMMN U PELUANBUPYIOLLN-
Mn nHdekuuamu. MNpepcraBnaetca LenecoobpasHbIM NpoaHanu3nMpoBaTb Ha 6onbLiol
BbIGOpPKe accoumaLnio M3MeHeHUA Npoduna opraHNYeckux KUCIOT B MOYe C M3MeHeHNA-
MK ypoburoma. MNoaTeepkaeHne ponm metabonmyecknx nsmeHeHuin y geteii ¢ NMMP ¢ pe-
LUNOVMBUPYIOWUMA MHOEKLMAMN MOYEBbIAENUTENIbHOW CUCTEMbI MO3BOAUT pa3paboTaTb
HOBBI ANArHOCTUYECKUI anropuTM PaHHEe JMarHOCTUKN OCSIOXKHEHUI 0OCTPYKTMBHOM
NaTosIorMn MoYeBbIBOAALLErO TPaKTa y AeTel.
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Abstract

Introduction. Obesity represents a multifactorial metabolic disorder linked to chronic
inflammation and oxidative stress.

Purpose. To establish gender differences in the indicators of the combined assessment of
the metabolic manifestation of oxidative stress and inflammation with different degrees
of excess body weight in men and women.

Materials and methods. A cross-sectional study was conducted at Nineveh General
Hospital, affiliated with the Medical Research Unit of Al-Nahrain University, including
234 participants divided equally among three BMI-based categories: normal weight (18.5-
24.9 kg/m?), overweight (25-29.9 kg/m?), and obese (>30 kg/m?). Each group comprised
26 control and 52 patient subjects. Blood samples were collected under aseptic conditions
for measurement of CRP, superoxide dismutase (SOD), glutathione peroxidase (GPx),
catalase (CAT), and malondialdehyde (MDA) using ELISA techniques. Data were analyzed
using SPSS 27 and GraphPad Prism with a significant threshold of p<0.05.

Results. The study included 78 subjects, with 26 assigned to the control subgroup and
52 to the patient subgroup. In the normal-weight category, serum CRP increased from
0.34+0.40 mg/dL in controls to 0.46+0.07 mg/dL in patients, while SOD activity rose from
1.2+0.07 to 2.6+£0.05 U/mL and reached 6.39+0.10 U/mL in obese patients, indicating
a marked oxidative imbalance. BMI in the normal-weight group showed a positive
correlation with MDA (r=0.294, p=0.035), and GSH correlated strongly with CAT (r=0.693,
p<0.001) and MDA (r=0.608, p<0.001). In contrast, the overweight group displayed weaker
associations, with only a modest correlation between age and BMI (r=0.295, p=0.034).
Conclusion. The findings highlight obesity’s strong association with inflammation and
oxidative imbalance, underscoring the need for weight-management initiatives and
regular biochemical screening to prevent chronic disease progression.

Keywords: oxidative stress, C-Reactive Protein, obesity, type 2 diabetes, cardiometabolic
risk
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Pesiome

BeepeHue. OxuvpeHune npeactaBnseT cobon mynstrdakTtopHoe mMeTabonmuyeckoe pac-
CTPOWCTBO, CBA3AHHOE C XPOHUYECKMM BOCNaNeHNeM 1 OKCUAATUBHbBIM CTPECCOM.

Llenb. YcTaHOBUTL reHAepHble pa3nnyms B NMoKasaTeNnAax COYeTaHHOWN OLEHKN MeTabonu-
UeCKoro NposAB/IeHNA OKCUAATMBHOMO CTPecca U BOCManeHna nNpv pasHom cTeneHn nsbbl-
TOYHOW MAcCChl TENA Y MY>KUUH 1 KEHLLMH.

Marepumanbl n metogbl. ViccnegosaHve ocylectsineHo Ha 6ase bonbHuubl HuHeBnm
B TECHOM COTpyfAHM4YecTBe C MpefcTaButenamu HayuHo-mccnefoBaTesibCKOro meau-
UMHCKOro noppa3sgeneHms YHusepcuteta Anb-Haxpau. O6cnepoBaHuMio nognexanu
234 naymeHTa, KoTopble 6bin pa3feneHbl Ha TPY FPYNbl N0 MHAEKCY Macchl Tena (MMT):
C HOpManbHbIMK ero nokasatenamu (18,5-24,9 kr/m), C M3BbLITOYHON Maccol Tena
(25-29,9 kr/m?) u oxupeHuem (>30 kr/m). Kaxpgas rpynna Bkloyana 78 yyaCTHIUKOB, 13
HUX 26 NPaKTUYECKN 300POBbIX UL, COCTaBUBLLMX NOAFPYNMNY KOHTPONA, U 52 naumeHTa
C NOBBbILIEHHOW Maccol Tena. Broxnmuueckunin aHanus KpoBuW BKNtoYan B ceba onpegene-
Hue copgepxaHusa C-peakTuBHoro 6enka (CRP), akTMBHOCTU cynepokcmaancmyTasbl (SOD),
rnyTaTmoHnepokcmaassl (GPx), katanasbl (CAT), ypoBHA ManoHoBoOro guanbgernga (MDA)
n rnyTatnoHa (GSH) metogamun ummyHopepmeHTHOro aHanmsa (MOA, ELISA). MonyyeHHble
JaHHble aHanusnpoBanucb B SPSS 27 n GraphPad Prism co cTatucTnyeckom 3HauMmMoCTblo
p<0,05.

PesynbraTbl. YpoBeHb cbiBopoTouHoro CRP yBennumsanca c 0,34+0,40 mr/an (y nuu noa-
rpynnbl KoOHTponaA) Ao 0,4620,07 Mr/gn y NaLeHTOB C OXKUPEHMEM, B TO BPEMA KaK akTuB-
HocTb SOD Bo3pacTana ¢ 1,2+0,07 go 2,6+0,05 Ea/Mn y naymeHToB C N36bITOYHON Maccoi
Tena w gocturana 6,39+0,10 Ea/mn y nny C oXXnpeHmnem, 4To yKasblBaeT Ha MPUYaCTHOCTb
K ero ¢opmMrpoBaHu1Io BOCManuTeslbHOro npoLiecca v okcnpaTnBHOro cTpecca. B nogrpyn-
ne N1y C HOPMasibHOM Maccol Tena nokasarteny UMT geMOHCTp1pOoBanu NONOKUTENbHYIO
koppenauuio c yposHem MDA (r=0,294, p=0,035), a ypoBeHb GSH 3HaunTenbHO Koppenu-
poBsan c TakoBbiMu CAT (r=0,693, p<0,001) n MDA (r=0,608, p<0,001). HanpoTus, B rpynne
MaLMEHTOB C M36bITOYHOI MaCcCOW Tefa CBA3M OKa3anucb MeHee BblPaXXeHHbIMK, BblAiBIe-
Ha Wb yMepeHHasa Koppenauna mexgy Bo3pactom n IMT (r=0,295, p=0,034).
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Criteria for Gender Differences in Assessing the Indicators of the Metabolic Relationship
Between the Formation of Obesity and the Severity of Oxidative Stress and Inflammation

3aknioueHue. [onyyeHHble JaHHble UINOCTPUPYIOT TECHYIO CBA3b OXMPEHWA C BOCna-
NEHNEM N COCTOAHMEM OKCUIAATMBHOIO CTPECCa, UTO CNYXKMT OCHOBaHMEM K peanv3sauum
NPOrpamMm Mo CHVKEHMIO MacCbl Tea 1 OCYLLECTBIEHNIO PErYNIAPHOro BUOXMUYECKOTro
MOHWTOPWHIA C Lienblo NpeaoTBpalLeHna NPOorpeccmpoBaHma B OpraHnu3me HapyLieHui
nunugHoro o6meHa, BnekyLuero 3a cobon dopmupoBaHue caxapHoro agunabeta 2-ro Tuna
N KapauanbHOM naTonoruu.

KnioueBble cnoBa: OKUCAUTENbHDIN (OKCMAATUBHBIN) cTpecc, C-peakTUBHbIV OeNOK, OXKK-
peHue, caxapHbli AnabeT 2-ro Tna, KapAMoMeTabonUyecknii puck

B INTRODUCTION

Obesity has become one of the most critical global health challenges of the twenty-first
century, affecting individuals across all age groups and socioeconomic backgrounds. It is
a complex, multifactorial condition characterized by excessive accumulation of adipose
tissue that results from an imbalance between caloric intake and energy expenditure.
According to the World Health Organization (2024), the global prevalence of obesity has
tripled since 1975, with more than 1.9 billion adults classified as overweight and over 650
million as obese. In Iraq, a rapid growing of obesity percentage became a great disaster
that may threaten the community health status. This growing epidemic is strongly
associated with numerous metabolic disturbances, including insulin resistance, type 2
diabetes mellitus, hypertension, dyslipidemia, and cardiovascular diseases. However,
recent evidence suggests that the biological mechanisms underlying these complications
may also involve chronic low-grade inflammation and increased oxidative stress, both of
which play central roles in the pathogenesis of obesity-related disorders [1-5].

C-Reactive Protein (CRP) is a key biomarker of systemic inflammation synthesized
primarily by hepatocytes in response to interleukin-6 and other pro-inflammatory
cytokines. Elevated CRP concentrations are consistently linked to obesity and metabolic
syndrome, reflecting the inflammatory burden imposed by adipose tissue dysfunction.
Adipocytes, particularly in visceral fat depots, secrete cytokines such as tumor necrosis
factor-a and interleukin-1p, which stimulate hepatic CRP production [6-8].

As well, the oxidative stress defined as an imbalance between reactive oxygen species
(ROS) generation and antioxidant defense mechanisms exacerbates cellular damage and
contributes to lipid peroxidation, protein modification, and DNA injury. The interplay
between oxidative stress with different oxidative markers and inflammation forms a
vicious cycle that amplifies metabolic disturbances, making their combined evaluation
essential in understanding the biochemical landscape of obesity [9-13].

Gender differences play a significant role in modulating obesity-related metabolic
pathways. Men and women exhibit distinct fat distribution patterns, hormonal profiles,
and immune responses that can influence inflammatory and oxidative stress markers
differently. Estrogen, for instance, possesses antioxidant properties and modulates lipid
metabolism, potentially offering some protection to premenopausal women against
oxidative damage. Conversely, the decline in estrogen after menopause is associated with
increased adiposity and inflammation. Males, on the other hand, tend to accumulate more
visceral fat, which is metabolically active and strongly linked to higher CRP levels and
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oxidative stress indices. Therefore, investigating gender-specific biochemical variations
provides deeper insight into the mechanisms linking obesity with systemic inflammation
and oxidative imbalance [14-21].

Understanding comprehensive biochemical analysis that explores how obesity
correlates with CRP levels and oxidative stress parameters across genders may reveal
critical pathways underlying metabolic risk. Such data could guide clinicians in tailoring
prevention and management programs based on gender-specific vulnerabilities,
improving outcomes in obesity-related diseases [22-24].

B PURPOSE OF THE STUDY

To establish gender differences in the indicators of the combined assessment of the
metabolic manifestation of oxidative stress and inflammation with different degrees of
excess body weight in men and women.

B MATERIALS AND METHODS

Population and Setting of the Study

The study was carried out at Nineveh General Hospital, affiliated with the Medical
Research Unit of Al-Nahrain University. The study included a total of 234 participants. The
inclusion criteria was individuals who did not have Type 2 diabetes (T2DM) or any other
chronic diseases. While subjects were removed if their waist and neck measurements
could not be obtained by the researchers.

Body Mass Index Measurement and Interpretation

Each group consisted of 78 participants with different ages. There were three primary
categories: the Normal Weight Group (BMI 18.5-24.9), the Overweight Group (BMI
25-29.9), and the Obese Group [BMI >30]. Participants in each BMI category were then
classified into two subgroups: control and patients. The control subgroups consisted of
26 people each, whereas the patients’ subgroups consisted of 52 persons of each group.

Antioxidant Assessment

The subjects’ blood samples were obtained using aseptic syringes. The samples were
extracted from the individuals’ veins, usually from the arm. Every blood sample was
obtained and placed into a properly labeled sterile tube. Following collection, blood
samples were promptly stored in a refrigerator at a temperature of 4 °C.

The plate has been pre-coated with Malondialdehyde (MDA) protein. Samples are
introduced into the suitable wells of a microtiter plate. Subsequently, Avidin is attached
to HRP. Then TMB Solution was added. The resulting change in color is then quantitatively
assessed using spectrophotometry at a specific wavelength of 532 nm + 10 nm.

The Human SOD ELISA Kit functions based on the premise of a sandwich enzyme
immunoassay. This technique utilizes a plate that has been previously coated with an
antibody that specifically targets SOD. Subsequently, a biotin-conjugated antibody that
targets SOD is introduced to create a complex between the antibody and the antigen.
Subsequently, HRP conjugated to Avidin is introduced. Following incubation with the
TMB Solution. The process is stopped using a stop solution, and the intensity of the color
measured at 450 nm. The plate included in this kit was pre-coated with Human GPX
protein. Standards or samples were introduced into the suitable wells, together with a
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biotin-conjugated antibody that is specific to Human GPX. Subsequently, HRP conjugate
was introduced. Then TMB Solution was added. The resulting change in color was then
detected at 450 nm £ 10 nm.

The plate included in the kit was already coated with an antibody that specifically
targets CAT. CAT-specific biotin-conjugated antibodies were introduced to the relevant
wells. Subsequently, HRP conjugate was introduced. Upon the addition of the TMB
Solution. The enzyme-substrate reaction was stopped, and the alteration in color was
quantified using spectrophotometry at 450 nm=10 nm.

C-reactive Protein Assay

The CRP was evaluated by Human CRP [C-Reactive Protein] ELISA Kit (Cat: ELK1040),
ELK Biotechnology CO., Ltd (Chian). The Human C-Reactive Protein ELISA Kit (Cat:
ELK1040) is specifically developed for the precise and quantitative determination of CRP
levels in humans. This kit employs a sandwich enzyme immunoassay method, in which a
microtiter plate is coated in advance with an antibody that specifically targets human CRP.
Additionally, a biotin-conjugated antibody is introduced, and the magnitude of the color
is quantified at 450 nm.

It was calculated the average of the readings that were taken more than once for
each Standard, Control, and Sample. The CRP content was plotted on the y-axis, and the
absorption was plotted on the x-axis to make a standard curve (Fig. 1).

Statistical Analysis

The statistical analyses were performed utilizing SPSS (Statistical Package for the
Social Sciences) version 27.0nd GraphPad Prism. A significant threshold of p<0.05 was set
for all statistical tests. ANOVA tests were employed to find the correlations between and
in groups.

B RESULTS
From a total of 78 subjects for each weight group, divided into 62 for controls and 52
for patients. And upon assessing the obesity degrees, the BMI was measured (Fig. 2).
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Fig. 1. The CRP standard curve
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Fig. 2. The distribution of BMI among the weight-based groups

The gender and BMI correlation was investigated and set in the Table 1. The weight
groups (normal, overweight and obesity) presented that there are a significant difference
in their BMI (p<0.05). There are significant differences in gender variability between each
group (p>0.05) while there is no significant difference between normal, overweight, and
obesity groups (p<0.05).

CRP as Inflammatory Marker

Within the normal weight category, there is a notable and meaningful positive
relationship between age and CRP. This suggests that as individuals get older, their CRP
levels tend to increase, indicating a rise in inflammation. There is no significant correlation
between age and other parameters in the normal weight group. Gender exhibits notable
inverse connections with many factors among different weight categories. Within the
normal weight group,

BMI exhibits strong positive relationships with several indicators, indicating its crucial
significance in cardiovascular well-being. Within the normal weight category, there is

Table 1
Comparison of gender and BMI among three weight-based groups (n=78 for each, Controls=62 and
Patients=52)

Normal weight group Overweight group Obesity group
Control, Patient, Control, Patient, Control, Patient,
n=26 n=52 n=26 n=52 n=26 n=52
nM;I/Oe], 14 (53.8%)* | 27 (51.9%) 14 (53.8%)* | 27 (51.9%) 14 (53.8%)* | 27 (51,9%)
Gender F |
ne[[}/l‘]"‘ © 12(462%)  25(48.1%) | 12(462%) | 25(48.1%) | 12(46.2%) | 25 (48,1%)
BMI [kg/m?] 22.18+0.35 | 21.75+0.25 | 27.51+0.29 | 27.09+0.19 |33.35+0.28 | 32.93+0.21
Notes: * p<0,05 compared of patients and control groups for each weight group using two-way ANOVA test.
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Table 2
The correlation between CRP as marker and gender variability among different weight-based groups
Normal weight group Overweight group Obesity group
Control Patient Control Patient Control Patient
nM;f]’ 14 (53.8%) 27 (51.9%) |14(53.8%) | 27(51.9%) 14 (53.8%) | 27(51,9%)
Gender Fermal
ne[[)‘/li’ € 112(462%)  25(48.1%) | 12(462%) | 25(48.1%) | 12(46.2%) | 25(48,1%)
CRP [mg/dl] 0.34+0.4 0.46+0.07 0.34+0.04# | 0.59+0.11*# | 0.42+0.06* 0.72+0.16*#

Notes: * p<0.05 compared of patients and control groups for each weight group using two-way ANOVA test; # p<0.05 compared
of patients groups across the weight-based groups using two-way ANOVA test.

a positive correlation between BMI and CRP. This suggests that higher BMI is linked to
heightened inflammation, cardiac strain, and an elevated risk of heart failure. Within the
overweight group, there is a positive association between BMI and CRP. This suggests
that greater BMl is linked to increased inflammation and cardiac stress. Within the obesity
group, there are notable positive associations between BMI and CRP. These findings
suggest that greater BMI in obese individuals is closely linked to heightened levels of
inflammation, cardiac strain, and an elevated risk of heart failure.

CRP, a marker of inflammation, exhibits strong positive associations with several
parameters. The higher levels of inflammation are linked to increased cardiac stress and a
greater risk of heart failure. Within the overweight cohort, the increased inflammation is
linked to heightened cardiac stress (Table 2).

Oxidative Stress Markers

In the normal weight control group, when comparing the biochemical parameters,
we noticed that the most significant biochemical parameters is GPx. While in the normal
weight Patient group, when comparing the biochemical parameters, we noticed that
the most significant biochemical parameters is GPx and CAT. There may be a priority
in importance and influence of GPx more than CAT by a small margin. The rest of the
biochemical parameters were less significant, indicating that their influence was less
compared to GPx and CAT (Table 3).

So, in the Overweight control group, when comparing the biochemical parameters,
we noticed that the most significant correlations of biochemical parameters is GPx and
CAT. There may be a priority in importance and influence of GPx more than CAT by a small
margin. The rest of the biochemical parameters were less significant, indicating that their
influence was less compared to GPx and CAT. While in the Overweight Patient group, when
comparing the biochemical parameters, we noticed that the most significant biochemical
parameters were GPx and CAT. There may be a priority in importance and influence of
GPx more than CAT by a small margin. The rest of the biochemical parameters were less
significant, indicating that their influence was less compared to GPx and CAT.

In the Obesity control group, when comparing the biochemical parameters, we
noticed that the most significant biochemical parameters is GPx. While in the Obesity
Patient group, when comparing the biochemical parameters, we noticed that the most
significant biochemical parameters is GPx. An increase in the level of oxidative stress in
patients with diabetes with an increase in body mass index was proven, as indicated by
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Table 3
The correlation between oxidative stress markers marker and gender variability among different
weight-based groups

Normal weight group Overweight group Obesity group
Control Patient Control Patient Control Patient
’r\IAFOL)e], 14 (53.8%) 27 (51.9%) | 14 (53.8%) 27 (51.9%) 14 (53.8%) 27 (51,9%)
Gender = |
ne[ﬂ/z? S 12(462%) | 25(48.1%) | 12(462%) | 25(48.1%) | 12[46.2%] | 25 (48,1%)
SOD [U/mL] 1.2+0,07 2.6+0.05 1.34+0.08# 4.1910.04%# | 1.9+0.42# 6.39+0.10%#
GPx [nmol/mL] 22,5+£0,54 35.5£0.42 24.1+0.26# 49.6+0.36%# | 42.1£0.08*# | 68.5+0.28*#
CAT [U/mL] 42.42+9.6 57.71£1.4 35.75£2.73%# | 32.7+1.35%# | 25.7£31*# 14.9+9.1%*#
MDA [uM] 1.43+0.28 1.7£0.11 1.100.04*# 1.90+0.05%# | 2.58+0.26*# | 3.4+0.94*#

Notes: * p<0.05 compared of patients and control groups for each weight group using two-way ANOVA test; # p<0.05 compared
of patients groups across the weight-based groups using two-way ANOVA test.

an increase in the content of lipid peroxidation products, superoxide dismutase activity,
glutathione peroxidase.

It has been noted that there were no significant relationships between age and
oxidative stress indicators GSH, SOD, CAT, or MDA. This implies that age may not exert a
significant influence on oxidative stress measures in persons with normal weight. There
was a strong negative relationship between gender and BMI, with a correlation coefficient
of -0.431. The BMI exhibited a notable positive connection with the CAT, indicating
that higher BMl is linked to elevated levels of CAT. The BMI exhibited a non-significant
but positive connection with GSH and MDA, suggesting a possible inclination towards
elevated oxidative stress as BMl increases. GSH exhibited strong positive associations with
CAT and MDA, and a notable negative connection with SOD. The SOD enzyme showed
strong negative associations with GSH and MDA, and a substantial positive connection
with CAT. This suggests that elevated SOD levels are linked to decreased levels of GSH and

Table 4
Correlation between all oxidative stress parameters in normal wright group

Normal weight group
Age BMI GSH SOoD CAT MDA
Age Pearson Correlation 1 0.27 0.136 -0.003 0.154 0.153
Sig. (2-tailed) 0.053 |0.335 0.981 0.277 0.278
BMI Pearson Correlation 0.27 1 0.172 -0.057 0.294* 0.205
Sig. (2-tailed) 0.053 0.224 0.69 0.035 0.145
GSH Pearson Correlation 0.136 0.172 |1 -0.431** | 0.693** 0.608**
Sig. (2-tailed) 0.335 0.224 0.001 0 0
<OD Pearson Correlation -0.003 | -0.057  -0.431** 1 -0.287* -0.390**
Sig. (2-tailed) 0.981 0.69 0.001 0.039 0.004
CAT Pearson Correlation 0.154 0.294* | 0.693** -0.287* |1 0.636**
Sig. (2-tailed) 0.277 0.035 |0 0.039 0
MDA Pearson Correlation 0.153 0.205 | 0.608** -0.390** | 0.636** 1
Sig. (2-tailed) 0.278 0.145 |0 0.004 0
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MDA, as well as reduced levels of CAT. CAT enzyme exhibited strong positive associations
with GSH and MDA, as well as a notable negative connection with SOD. The level of MDA
showed strong positive associations with GSH and CAT, and a notable negative association
with SOD (Table 4).

There was a clear and meaningful connection between age and BMI, with a positive
correlation coefficient of 0.295 and a significant level of p<0.05. Gender demonstrated a
significant inverse association with BMI, but did not exhibit significant relationships with
GSH, SOD, CAT, or MDA. The overweight group did not exhibit any significant relationships
between BMI and GSH, SOD, CAT, or MDA. This suggests that BMI may not be a reliable

Table 5
Correlation between all oxidative stress parameters in normal wright group

Overweight group

Age  BMI 'GSH | soD CAT MDA
Age Pearson Correlation 1 0.295* -0.1 0.081 -0.021 0.074
Sig. (2-tailed) 0.034 0.64  0.568 0.885 0.602
BMI Pearson Correlation 0.295* 1 005 0.1 0.014 -0.004
Sig. [2-tailed] 0.034 072 048 0.923 0.979
GSH Pearson Correlation -0.07 0.05 1 0.204 -0.254 0.056
Sig. (2-tailed) 0.644 0724 0.146 0.069 0.694
SOD Pearson Correlation 0.081 0.1 0.2 1 -0.183 -0.077
Sig. (2-tailed) 0.568 | 0.48 0.15 0.193 0.587
CAT Pearson Correlation -0.02 0014 -03  -0.183 1 0.01
Sig. (2-tailed) 0.885 | 0.923 0.07  0.193 0.946
MDA Pearson Correlation 0.074 -0.004 0.06 -0.077 0.01 1
Sig. (2-tailed) 0.602 | 0.979 0.69  0.587 0.946
Table 6
Correlation between all oxidative stress parameters in normal wright group
Obesity group
Age BMI GSH SOoD CAT MDA
Age Pearson Correlation 1 0.131 -0.3 0.163 -0.137 -0.16
Sig. (2-tailed) 0.356 0.05 0.247 0.334 0.257
BMI Pearson Correlation 0.131 1 0.15 -0.004 0.059 -0.179
Sig. (2-tailed) 0.356 0.29 0.979 0.677 0.205
GSH Pearson Correlation -0.27 |0.151 1 -0.262 0.289* -0.06
Sig. (2-tailed) 0.054 |0.287 0.061 0.038 0.67
oD Pearson Correlation 0.163 | -0.004 -0.3 1 0.087 -0.049
Sig. (2-tailed) 0.247 |0.979 0.06 0.539 0.728
CAT Pearson Correlation -0.14 | 0.059 0.289* | 0.087 1 -0.066
Sig. (2-tailed) 0334 0677 0.04 0.539 0.64
MDA Pearson Correlation -0.16 | -0.179 -0.1 -0.049 -0.066 1
Sig. (2-tailed) 0.257 |0.205 0.67 0.728 0.64

Notes: * a significant correlation at p<0.05; ** a significant correlation at p<0.01.
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predictor of oxidative stress in overweight persons. No significant associations were seen
between the levels of GSH, SOD, CAT, or MDA in the overweight group. The obesity group
did not exhibit significant associations between BMl and GSH, SOD, CAT, or MDA.The study
found a strong positive association between GSH and CAT, indicating that higher levels of
GSH are linked to higher levels of CAT. No significant associations were seen between the
levels of SOD, CAT, or MDA in the obese group (Table 5, 6).

B DISCUSSION

Obesity is increasingly recognized as a chronic inflammatory and oxidative disorder
contributing to metabolic and cardiovascular diseases. The present study aimed to analyze
biochemical variations between males and females in the correlation among obesity
indices, C-reactive protein concentrations, and oxidative stress markers. The findings
demonstrate that elevated body mass index was positively associated with higher CRP
concentrations and increased oxidative stress markers such as superoxide dismutase,
glutathione peroxidase, catalase, and malondialdehyde. These outcomes support the
concept that excessive adiposity exacerbates both inflammation and oxidative imbalance
regardless of gender.

In this study, it has been observed that CRP levels rose significantly with BMI agrees
with several investigations linking obesity with chronic low-grade inflammation [1-4].
Adipocytes release tumor necrosis factor-a and interleukin-6 that stimulate hepatic CRP
synthesis [5-7]. Mohamed-Ali et al. first described adipose tissue as a major cytokine
source [8]. Visser et al. found a positive trend between CRP and adiposity even among
healthy adults [9]. Similar relationships were demonstrated by Park et al. in Korean adults
[10]. Ridker et al. N observed that inflammatory biomarkers predict cardiovascular risk
independently of lipid profile [11].

The lack of marked gender differences in CRP within our data corresponds with results
from Thorand et al. who reported that gender variance diminishes after adjusting for
adiposity [12]. Khera et al. similarly found minimal sex-based differences in inflammatory
response once fat distribution was considered [13]. These findings imply that obesity per
se, rather than sex hormones, drives systemic inflammation.

The positive correlations between CRP observed in overweight and obese subjects
in the present study underscore the cardiometabolic burden of obesity. Danesh et al.
demonstrated a direct relation between CRP and vascular injury markers [14]. Bahrami et
al. linked obesity-associated inflammation with subclinical myocardial dysfunction [15].

Elevated oxidative stress indices in our cohort agree with evidence that obesity
enhances reactive oxygen species generation and reduces antioxidant reserves [16—19].
Furukawa et al. reported increased lipid peroxidation with higher BMI [20]. Marseglia et
al. emphasized GPx activation as a compensatory antioxidant response [21]. Vincent et
al. confirmed that chronic oxidative load in obesity elevates GPx while impairing SOD
activity [22]. The reciprocal patterns of GPx and CAT observed here are consistent with the
adaptive antioxidant cycle described by Dandona et al. wherein oxidative stress stimulates
both enzymatic and inflammatory cascades [23].

The interrelation between CRP and oxidative stress in this study reflects the feedback
loop highlighted by Roberts and Sindhu who proposed that reactive oxygen speciesinduce
cytokine expression, perpetuating inflammation [24]. Positive associations between CRP
in obese individuals reinforce the cardiac oxidative-inflammatory hypothesis supported
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by Wang et al. [25]. Our data therefore confirm that BMI is a principal determinant of both
inflammatory and oxidative status.

Comparable biochemical disruptions have been reported regionally. Al-Zubaidi HJ, Al-
Badr AA, Al-Hilli MA, Al-Zubaidi MJ and Al-Hamdani AA showed elevated MDA and reduced
antioxidant enzymes in Iragi adults with obesity [26]. Al-Fartosi et al. documented similar
findings in Basrah populations [27]. These outcomes parallel international results by Khan
et al. [28] and El-Shahat et al. [29]. Collectively, these studies affirm that oxidative stress
and inflammation are universal consequences of adiposity.

B CONCLUSIONS

1. Obesity in both genders was associated with higher inflammatory and oxidative
indices, while gender had a minor influence compared with BMI.

2. Theintegration of CRP and antioxidant markers offers a valuable biochemical approach
to assess cardiometabolic risk.

3. There was a strong and positive relationship between CRP levels and getting older in
age and higher body mass index (BMI).

4. Glutathione peroxidase (GPx), as an oxidative stress marker, is the highest and most
significant marker among normal weight groups.

5. Age was only correlated with GPx, not correlated with any of the oxidative stress
markers (GSH, SOD, catalase, and MDA.

Future national initiatives in Iraq should emphasize large-scale awareness programs on
the health hazards of obesity, promote weight-loss interventions, and encourage routine
biochemical screening for CRP and oxidative markers to enable early detection of chronic
disease risk. More health campaigns in Iraq is crucial to be conducted to declare about
importance of weight loss and regular screening for population about their biochemical
markers related to chronic diseases.
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Abstract

Introduction. The cause of ulcerative colitis, also known as colitis ulcerosa, is unclear.
It is non-specific inflammatory bowels illness. The critical component that connects the
processes of hemostasis, inflammation, and tissue healing is blood platelets.

Purpose. To determine whether changes in ulcerative colitis patients were associated
with an increase in blood platelets, alterations in blood platelet shape and activation are
associated with elevated platelet counts.

Materials and methods. A total of 65 healthy individuals (as controls) and 35 individuals
with UC were included in the study. Using an ADVIA 123 a hematology analyzer, the
mean platelet count, MPC, and platelet morphological characteristics were measured.
Immunoassay was used to measure the concentrations of Interleukin-6 and soluble
P-selectin in serum (ELISA). Subjects with UC had considerably greater MPC, soluble
P-selectin, and Interleukin-6 concentrations than those in the healthy group. Venous blood
samples for biochemical testing were collected using vacuum tubes, which increased the
reliability of the results obtained during the preclinical phase of the study.

Results. Patients with UC had a statistically significant reduction in mean platelet
count (MPV). An increase in leukocyte and blood platelet counts, a rise in Interleukin-6
concentrations, and anemia are the symptoms that are seen during UC obtained. Thus,
the mean platelet count (MPC) in patients with ulcerative colitis was 301.56+111.95 g/L,
whereas in the group of apparently healthy individuals it was 245+44.74 g/L (p<0.01),
and the mean platelet volume (MPV) was 8.08+1.86 (FL); in the group of essentially
healthy individuals, it was 9.34+0.67 (FL), p<0.05. The IL-6 level in ulcerative colitis was
7.05+5.37 [pg/ml, g/l], and in apparently healthy individuals 8.26+7.59 [pg/ml], p<0.001;
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and the concentration of soluble P-selectin (sP-selectin) was 23.44+21.83 and 8.26+
7.59 [ng/ml], respectively (p<0.001). High levels of soluble P-selectin are considered
an indicator of inflammatory activation and a marker of platelet activation. A positive
correlation between increased interleukin-6 concentrations and increased soluble
P-selectin levels may be interpreted as an indicator of pathological process activation in
ulcerative colitis.

Conclusion. Patients with UC who have chronic inflammation have higher blood platelet
counts, altered a modification in their stimulation and morphology. A lower MPV number
indicates stimulate and the part blood platelets play in the colon’s mucous membrane
inflammatory process. High ranks of soluble P-selectin indicate their involvement in the
inflammatory process.

Keywords: blood platelet, soluble P-selectin, Interleukin -6, mean platelet volume, UC
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Pesiome

BBeaeHwme. A3BeHHbIN KonuT (colitis ulcerosa) — Hecneunduueckoe BocnanuTesibHoe 3a-
6oneBaHNe KMLIEYHVKA, NPUYMHA BO3HVKHOBEHMA KOTOPOro A0 KOHUa He sicHa. Kntoye-
BbIM MOP)OSTOrMUeCKM KOMMOHEHTOM, OKa3blBaloLWVIM COUYETaHHOE BINAHME Ha NpoLec-
Cbl reMOCTa3a, BOCMANEHUsA 1 3aXKMNBJIEHWA TKAHE, ABNAIOTCA TPOMOOLNTDI.

Llenb. YcTaHOBUTb OCOBEHHOCTY M3MEHEHUSA KONMUECTBa, GYHKLMOHANIbHOO COCTOSHUA
1 Mmopdonormyeckol CTPYKTypbl TPOMOOLMTOB, a TakKe Broxummnyeckmx GakTopos BOC-
naneHuns y nauneHToB, CTPaSaoLWMX A3BEHHBIM KOJIUTOM.
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Matepuanbl 1 metoabl. B nccnegoBaHme 6bIn10 BKAOYEHO 65 NpaKTUYECKU 340POBbIX
ntogen (CoCTaBMBLUNX KOHTPOMNbHYIO rpynny) 1 35 nauneHToB € A3BEHHbIM KOIMTOM B BO3-
pacte ot 17 go 65 net (U3 HMx 16 My»umH, 19 xeHwuH). C ncnonb3oBaHMEM aBTOMaTU-
yeckoro remaTonorunyeckoro aHanmsaropa ADVIA 123 onpepenann cpegHee KOnNnMyecTso
TpombountoB (MPC) 1 nx mopdonornyeckne xapakTepuctukin. [na oueHKn BblpaxXeHHo-
CTV BOCManMTeNIbHOro nNpoLecca ycTaHaBAMBaNu KOHUEHTpauUnio nHTepnenknHa-6 (IL-6)
1 pacTBopuUmoro P-ceneKkTrHa B CbIBOPOTKE KPOBY MeToaMn UMMYyHOdEPMEHTHOTO aHa-
nu3a (ELISA). B3ATne BEHO3HOWM KPOBM AJ1A BbIMNOSHEHMA BMOXMMMNYECKMX UCCIefoBaHNI
OCYLLEeCTBAANN C NPUMEHEHNEM BaKyTEHEPOB, UTO CMOCOOCTBOBASIO MOBbIWEHNIO Ha-
OEXHOCTW NonyyYaeMbIX Pe3ynbTaToB Ha AOKVHUYECKOM 3Tane nccnefoBaHus.
Pesynbrartbl. [10Ka3aHO, UTO y NALMEHTOB C A3BEHHbIM KOMIMTOM CpefHee KONM4ecTBO
TpombountoB (MPC), pacTBopuMOro P-cenekTMHa W WHTepNenKnHa-6 3HauyUTeNbHO
Bbllle, YeM y npefcTaBUTeNe KOHTPONbHOW rpynnbl, Ha GoHe CHWXeHnA npu 3abone-
BaHMM cpefHero obbema TpombounToB (MPV). Tak, MPC y nauueHTOB C A3BEHHbIM KO-
nuTtom coctasmno 301,56£111,95 r/n, Toraa Kak B rpynne NpakTUyeckn 340pOBbIX UL, —
245+44,74 r/n (p<0,01), a MPV - 8,08+1,86 (FL), B rpynne npaktuyeckun 340pOBbIX KL, —
9,34+0,67 (FL), p<0,05. YpoBeHb IL-6 npu A3BeHHOM KonuTte coctasun 7,05£537 r/n, a 'y
npaKkTnyecKmn 340poBbix nnuy — 8,26+7,59 r/n, p<0,001; copepx*aHune pacTBOPUMOrO cenek-
TuHa (sP-selectin) — 23,44+21,83 1 8,26+7,59 Hr/n cootBeTcTBEHHO (p<0,001). BbicOKMI ypO-
BeHb sP-selectin pacueHMBaeTcs Kak MHAMKATOP aKTUBAL MK BOCMANUTENBHOMO NpoLecca
U Kak MapKep aKTuBauum TpomOoLmUToB KpoBu. MonoxutenbHaa Koppenaunua mexay yse-
nuueHnem KoHueHTpauun IL-6 n yBenmueHmem cofepxaHua sP-selectin moxet pacueHu-
BaTbCA KaK MHAUKATOP aKTMBaLUKM NAaTONOrM4YecKkoro npouecca npu A3BeHHOM KonuTe.,
3aknioyeHune. Y MauyneHToB C A3BEHHbIM KOJIMTOM, COMPOBOMAAEMbIM XPOHUYECKNM
BOCNaneHneMm, yCTaHOBNEHO CTaTUCTUYECKN 3Haummoe ysenmyeHne MPC n cHuXeHue
MPV Ha doHe yBennueHus KoHLeHTpauny brnoxmmmnueckmx Gaktopos BocrnaneHus IL-6 n
P-cenekTuHa, UTO OTpaxaeT MX yyacTue B naTtoreHe3e 3aboneBaHus.

KnioueBble cnoBa: TpoMOOLMTbI, PaCTBOPUMBIV P-CeNneKkTUH, MHTePNENKNH-6, cpefHee Ko-
nuyecteo TpombéounTos (MPC), cpeaHnii 06bem TpomboumToB (MPV), A3BEHHbIN KonuT (AK)

B INTRODUCTION

Colitis ulcerosa, often known as ulcerative colitis, is a chronic, incurable illness that
has flare-ups and remissions. In addition to bacterial, environmental, and genetic factors,
abnormalities of the intestinal immune system can also be responsible for ulcerative colitis.
Due to a disparity between pro- and anti-inflammatory cytokines, immunological problems
play a major role in the pathogenesis of UC [1, 2]. Increased numbers of macrophages and
T and B lymphocytes are found in the mucosal membrane in non-specific inflammatory
bowel disease that is active. Additionally, granulocytes are activated, and IgGis produced in
addition to the local excretion of cytokines (such as Interleukin-8, Interleukin-6, Interleukin-1,
and tumor necrotic factor-a) [3, 4]. The features of inflammation that are observed in
laboratory studies include elevated CRP concentrations, faster erythrocyte sedimentation
rates (ESRs), higher platelet counts (PLTs), leukocytosis, sideropenic anemia along with
hipoalbumin, electrolytic disruptors, and (pANCA) [5, 6]. IL-6, a pro-inflammatory cytokine
with multidirectional action, may also serve as a marker of the inflammatory process [7].
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Previous research has demonstrated that ulcerative colitis is associated with elevated
concentrations of IL-6, which is involved in initiating, intensifying, and maintaining the
inflammatory process in the colon’s inflamed mucous membrane [8-10]. Blood platelets
are activated by cytokines and interactions between blood cells [1, 11].

The tiniest (diameter: 2.5-4.5 mm), discoid-shaped, non-nucleated blood cells are
called platelets. They play a crucial role in tying together the processes of inflammation,
hemostasis, and tissue healing. Blood platelets take role in the production of blood clots
as well as the intricate processes that halt bleeding when damage to a blood vessel wall
occurs. The release of various biologically active substances from their granules, such as
platelet activation factor (PAF), (PDGF), (PF4), (b-TG), (IL-1), leukotriens, and (PNG), is how
platelets start and sustain inflammatory processes [12-16].

sP-selectin is acknowledged as a common indicator of blood platelet activation and
the response to cell granule release [17]. sP-selectin is also soluble in plasma. Selected P
(sP)-selectin is the Sely Levis subdivision X-CD 15s and the sulfur-containing series tyrosine
of P-selectin glycoprotein ligand-1 (PSGL-1), which is always present on the surface of
phagocytes and neutrophils, are ligands for these two sP-selectin forms. The production
of tissue factor is one of the proinflamatory, prothrombogenic, and monocyte responses
that are triggered by the interaction of CD 62P and PSGL-1. P-selectin contributes to white
blood cell migration during the inflammatory process, which causes the cells to adhere
to endothelial cells in blood arteries and "roll" [1]. It has been observed that sP-selectin
concentrations rise during inflammatory and malignant processes [16-19].

B PURPOSE OF THE STUDY

To determine whether changes in ulcerative colitis patients were associated with
an increase in blood platelets, alterations in blood platelet shape and activation are
associated with elevated platelet counts.

B MATERIALS AND METHODS

Subjects

Thirty-five patients, ages 17 to 65, were the study’s subjects; 16 of them were male
and 19 were female. The individuals were admitted to the Al Zahraa teaching Hospital
in Wasit province. Ulcerative colitis was identified in all of the individuals. Their clinical
state was deemed critical and their condition was in aggravation at the time of blood
collection for examination. Using Truelove and Witts’ criteria for UC, the disease’s activity
was categorized as mild, moderate, or severe. Nine of the research group’s participants
had severe UC (hemoglobin attentiveness less than 10 g/dl; seven or more daily bowel
activities with significant rectal bleeding), whereas the remaining ten participants had
minor aggravation of the condition. Conversely, in the remaining 26 patients, there was
minimal rectal bleeding, no fever or anemia, and a minor worsening of the illness.

The control group consisted of thirty well-being subjects - ten men and twenty
women - who visited Al Zahraa teaching Hospital for the periodic physicals mandated by
their managers under the current Labor Code. These patient didn’t belong in a hospital.

Tools
Every exam was administered concurrently to a control group and the study groups.
Venous blood was drawn directly into BD Vacustainer vacuum test tubes, and the material
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for analysis included clotting blood (to measure the concentrations of IL-6 and soluble
P-selectin) and anticoagulant K2EDTA (to ascertain Platelets and their morphological
parameters, in addition to MPC).

Procedures

Using a Bayer Advia 123 hemogram analyzer, the quantity of blood PLT and their
morphological properties (MPV and LPLT) in addition to MPC were ascertained. Using
the R&D Systems ELISA Kit Human sP-selectin and ELISA Quantikine hs Human IL-6, the
immunoassay approach was used to measure the amounts of sP-selectin and IL-6.

The quantitative sandwich immune assay technique, which ELISA (enzyme-linked
immunosorbent test) uses, involves pre-coating a microplate with monoclonal antibodies
specific for sP-selectin, which then binds sP-selectin found in blood samples. The
immunology complex, a MNAC specific to soluble P-selectin conjugation, is formed after
incubation with soluble P-selectin conjugate (second antibody to soluble P-selectin linked
with horseradish peroxidase). A spectrophotometer is used to measure the color reaction’s
intensity after the substrate is added and the reaction is stopped with Stop Solution. The
amountof sP-selectin in the plasma directly correlates with the colorintensity. R&D Systems
ELISA Quantikine hs Human IL-6 was used to quantitatively determine the concentration
of human IL-6 in serum. The quantitative sandwich immunoassay technique serves as
the foundation for this test. Pre-coated microplates containing MAS for IL-6 bind the
IL-6 found in blood samples. A conjugating is added after any unbound antibodies have
been cleaned. A "sand-wich structure" is formed during incubation, in which a layer of
antigen is sandwiched between two antibodies. A color change results from the addition
of a substrate (alkaline phosphate) to the enzyme attached to the anti-body. The wells are
filled with an amplifier solution after they have been left to incubate. This allows the color
to evolve according to the quantity of bound IL-6, in the initial step. Color change is then
stationary and the strength of the color measured.

Statistical Analysis

Statistica 9.0 PL was used to statistically assess the study’s findings. Both the control
group and the ulcerative colitis individuals had their arithmetic means and standard
deviations computed. The parametric Student t-test was used for statistical comparison
between the study of group (B) and the control group (C) fortwo independent determinants
with a normal distribution. At p<0.05, the results were deemed statistically significant.
The activation of blood platelets and the inflammatory process were correlated, and this
was found by a correlation test that used Pearson’s coefficient and normal distribution
determinants [20].

B RESULTS

The mean of platelet count in the control group (C) was 245+44.74 g/L; in contrast,
the number of (PLT) in patients with ulcerative colitis (B) was 301.57+111.95 g/L,
which was substantially highest (p<0. 01) (Table 1). The study group B’s mean platelet
volume (MPV) was 8.08+1.86 fl, considerably lower (p<0.05) than the control group
C’s mean value (9.34+0.67 fl). (Table 1). Table 1 displays the statistically insignificant
number of large blood plate-lets (LPLT) in both groups, with 5.75+3.25 g/L in group B
and 6.34+1.81 G/L in group C. When the MPC values in groups B and C were compared,
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Table 1
N?:afl platelet count (MPC) and their morphological parameters in groups B and C
Subjects (B) Control group (C)
n=17 n=30 p. value
X+SD X+SD
Mean platelet count [g/L] 301.56+111.95 245+44.74 <0.01*
Mean platelet volume [FL] 8.08+1.86 9.34+0.67 <0.05*
Large blood platelets [g/L] 5.75+3.25 6.34+1.81 0.4
niac’;gt':tel'g; ?;’;zﬁone”t 27.47+1.48 26.70+137 08

Notes: n - No. of cases; X — mean; SD; Novice's t-test; * p<0.05 - statistically significant differences.

Table 2
Concentrations of soluble P-selectin and Interleukin-6 in both groups (B and C)
Subjects (B) Control group (C)
N=15 N=24 p. value
X+SD X+SD
sP-selectin [ng/ml] 23.44+21.83 8.26+7.59 0.001*
IL-6 [pg/ml] 7.05+5.37 3.48+2.46 0.001*

Notes: n — No. of cases; X — mean; SD; t-test; * p<0.05 - statistically significant differences.

it was found that patients with UC had an average MPC of 26.70+1.37 g/dl, which was
marginally higher than the MPC values in the control group (27.47+1.38 g/dl). Table 1
shows that there was no statistically significant difference (0.7<p<0.8) between groups
c and b. It was shown that, in comparison to the healthy participants, patients with
ulcerative colitis had a considerably higher (p<0.01) concentration of sP-selectin. The
average sP-selectin concentrations in group B were 23.44+21.83 ng/ml.) as showed in
Table 2.

The mean concentration of IL-6 (7.05+5.37 pg/ml) in ulcerative colitis patients (B) was
twice that of the control group (C), where the mean concentration was 3.48+2.46 pg/ml.
According to Table 2, this difference is significant statistically (p<0.01). Although there
was a positive correlation (r=0.34) between the sP-selectin and IL-6 concentrations, the
relationship was not significant statistically (p<0.5).

B DISCUSSION

Inflammatory bowel illness that is chronic and non-specific is known as ulcerative
colitis (colitis ulcerosa). The etio pathogene-sis of UC is caused by a variety of reasons,
including environmental, bacterial, viral, and genetic factors; dietary allergies; and genetic
conditioning.

They damage the colon’s mucosal barrier and cause problems with the intestinal
immune system. IL-6 can increase up to 100-fold in blood plasma concentration during
inflammation, suggesting that it is a sensitive yet non-specific marker of the inflammatory
process in the human body. According to research by Wedry-chowicz et al., individuals
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with active ulcerative colitis had higher blood plasma concentrations of IL-6, whereas
patients who are experiencing remission have lower concentrations [21].

In biopsy samples of inflamed mucosa and (PBMNC) from individuals with non-
specific inflammatory enteric disorders, Raddatz et al., investigated the expression of IL-
6-mRNA [22]. It was shown that in individuals with pancolitis ulcerosa, elevated levels of
CRP and IL-6 expression were correlated with the severity of the disease process in the
colon’s inflamed of mucous membrane. The results of our investigation showed that the
participants with ulcerative colitis had an almost three-fold greater concentration of
Interleukin-6 than the healthy group. This indicates that in patients with UC with inflamed
mucosa, Interleukin-6 may be a useful measure of the inflammatory activity of the
disease. Nonetheless, separating CD from UC may be made easier by the measurement of
Interleukin-6 concentration in mucosal biopsies.

Numerous biological effects, including the stimulation of blood platelet activity, are
induced by IL-6. P-selectin, a receptor protein that is surface-exposed during activation
of blood platelets, has a role in the pathophysiology of thrombosis and inflammation [1].
The current investigation demonstrates that there was a significant statistically (p<0.01)
increase in the concentration of sP-selectin in the UC participants related to the control
group. These rises in sP-selectin concentrations demonstrate how blood platelets are
activated and how they contribute to the inflammatory process.

Arise in IL-6 content in the colon’s mucous membrane is indicative of an inflammatory
condition. The stimulation of blood platelets and their involvement in the inflammatory
process are indicated by a rise in the concentration of sP-selectin. Although not statistically
significant, the current study’s subjects with ulcerative colitis showed favorable
associations between concentrations of Interleukin-6 and sP-selectin. Throughout the
course of chronicinflammatory bowelillness, a rise in blood platelets has been noted [5, 6].
The morphological properties of platelets (MPV, LPLT) were also examined in the current
study. These parameters may vary depending on how they operate, and measuring them
may provide an indirect indication of the quantity of blood platelets activation [23, 24].

This research showed a statistically significant increase in PLT between the ulcerative
colitis participants (B) and the control group (C). According to earlier research, patients
with active colitis ulcerosa had higher blood platelet counts than either inactive colitis
ulcerosa patients or healthy individuals. Here, there was a statistically significant difference
between the research groups [25]. The quantity of metabolically active immature big blood
platelets was determined in the current investigation. It was shown that, as compared to
the control group, the number of participants with ulcerative colitis was somewhat lower,
although this difference was not statistically significant.

These findings support the theory that smaller blood platelets contribute to a reduction
in MPV while active big blood platelets are depleted throughout the inflammatory process.
Additional research has also demonstrated that reticulated platelets were less common in
people with active ulcerative colitis as compared to those with inactive colitis and healthy
individuals [25]. It is important to keep in mind that participants with active ulcerative
colitis may have lower MPV in response to higher blood platelet stimulation. According to
the results of previous research [6, 26], MPV was considerably lower in the UC group (B) of
the current investigation as compared to the control group (C).

Yuksel et al., study [6] sought to ascertain if mean PLT volume would be a helpful
indicator of UC and to assess the measure’s overall accuracy in assessing disease activity
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relative to other inflammatory indicators (leukocytosis, ESR, and CRP concentration). In
comparison to the control group, the study demonstrated that MPV was lower in the CU
group and that this difference was statistically significant. The MPV levels of active UC
(8.06%0.67 fl) Colitis ulcerosa (8.34+0.86 fl) and inactive colitis (1.18 fl) were contrasted.
It was demonstrated that the differences were statistically significant. Leukocytosis, ESR,
and CRP were not correlated with MPV in UC.

Based on the findings, it seems that in colitis ulcerosa patients, lower MPV might
be a sign of higher disease activity. In the study by Kayahan et al. [25], parall-lel
dependencies between mean platelet volume and ulcerative colitis activity were noted.
38 healthy individuals, 66 patients with (CD), and 93 patients with (CU) were the subjects of
a 2001 study by Kapsoritakis et al. on inflammatory bowel disease [26]. For colitis ulcerosa
patients, the Clinical Colitis Activity Index was used to define the illness’s activity, and for
Crohn’s disease patients, the Crohn’s illness Activity Index. Blood platelet counts and their
morphological characteristics were assessed in each group.

B CONCLUSIONS

Patients with ulcerative colitis have elevated blood platelet counts as well as altered
activation and morphological properties due to a chronic inflammatory process. The
decreased LPLT value in the subjects would suggest that the colon’s inflammatory process
involves big, metabolically active blood platelets. Because a reduction in MPV indicates
that blood platelets are active and participating in the mucosal inflammatory process,
MPV can be a valuable indicator of active UC. A high level of soluble P-selectin indicates
its involvement in the inflammatory process and is a marker of blood platelet activation.
Because of the positive correlation between the rise in IL-6 concentration and the rise in
soluble P-selectin concentration may be a useful indicator of active UC.
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Pesiome

MaToreHe3 3aboneBaHniA, Kak 1 0COBEHHOCTU X KIIMHWYECKOrO NPOABNIEHNA, BO MHOFOM
XapakTepr3yloTca onpeaeneHHbIMU BUOXMMUYECKMN CUHAPOMaMU C BO3MOXHbIM pas-
BUTEM MoandrKaumii NabopaTopHbIX NOKasaTesen no Mepe ycyryoneHus TsKecT Teue-
HMA NaTONOrMYeCcKnx NpPoLeCcCos.

K HacTosLlemMy BpemMeHV U3BECTHbI SKCMePUMEHTalIbHbIe NOAXOAb! K UCCeA0BaHUI0 pac-
NpoCTpaHeHHbIX 3ab0eBaHWi, 6a3UPYIOLLMXCA Ha NCMNOTb30BAHUN MOJENbHbIX OPraHm3-
MOB C YYETOM 3TUYECKMX NPaBU paboTbl C Ta6OPaTOPHLIMU XMBOTHBIMU, NPEXe BCEro
MJ1IEKOMUTAOLLMMU, U PYTMMU, MEHEE BbICOKOOPraHM30BaHHbIMM opraHm3mamu. Ha oc-
HOBe aHasM3a aHHbIX IMTepaTypbl U Pe3ynbTaToB COOCTBEHHbBIX MHOIONETHUX UCCNea0-
BaHMWI BbleNeHbl Y ONMCaHbl TUMWYHbIE BUOXUMUYECKME CUHAPOMbI, XapaKTepHble A
3aboneBaHNl, a TakKe NoKa3aHo Pa3BUTUE BUOXUMUYECKX U3MEHEHWIA MO NyTH K dop-
MUPOBAHUIO SKCTpeMasibHbIX GOPM MATONOrii, B TOM YMCiie NPU MOAENMPOBAHUMN STUX
COCTOAHUI Y PA3SINYHBIX XXNBOTHbIX.

BnepBsble NpoBeeH KOMMIEKCHbI aHan3 FOMONornMmn 1 cxoacTea 6onee 200 pepmeHTOB
B pAfy: 6€Cno3BOHOUHbIE, MJIEKOMUTAIOLME, YENOBEK — KaK CNOcob 0T6opa MofenbHbIX
OpraHU3MoB A5 AOKIIMHNYECKUX NCCIIefOBaHNIA.

MokasaHo, YTo MaToreHe3 MHOIMMX 3aboneBaHUI BKIOYaeT B cebs cneunduyeckne 6mo-
XVIMUYECK/E CUHAPOMbI, MO Pa3BUTUID KOTOPbIX MOXHO NUMH0 cyauTb o 6naronpraTHOM
TeueHnn 3aboneBaHui, NMMGO NPOrHO3MPOBaTb UX MEPEXOA B FPyMMny SKCTPEMasibHbIX
¢dopm natonorun. BeickazaHo npefcTaBneHne O TOM, YTO HAa OCHOBE OLIEHKU FrOMOJIOru
N CXOACTBA KIOUEBLIX GPEepMEHTOB YrneBOAHOro, NMNUAHOro, 6esIKOBOro 1 ApYyrux BU-
[10B 06MeHa BeLLeCcTB MOXET CTPOUTLCA OTOOP MOAENIbHbIX OPraHU3MOB U UX CTPYKTYp-
HbIX KOMMOHEHTOB (KaKOBbIMY ABMIAOTCSA OPraHbl, TKaHW, KNETKU, XULKOCTU BHYTPEHHEN
cpefbl opraHn3ama) ans nsyyeHna 6UOXMMMYECKNX OCHOB 3aboneBaHnil U nepexoaa nx B
yrpoXatoLLme 300POBbI0 U KU3HW SKCTPEMasIbHbIe NaToNoru.
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Abstract

The pathogenesis of diseases, as well as features of their clinical manifestations, are
largely characterized by specific biochemical syndromes with potential modifications in
laboratory parameters as the severity of pathological processes worsens.

To date, experimental approaches to investigating common diseases are known, based
on the use of model organisms in accordance with ethical guidelines for working with
laboratory animals, primarily mammals, and other, less highly organized organisms.
Based on an analysis of the literature and the results of own long-term investigations,
typical biochemical syndromes characteristic to diseases are identified and described;
the progression of biochemical changes leading to extreme forms of pathology is also
demonstrated, including through the modeling of these conditions in various animals. For
the first time, a comprehensive analysis of homology and similarity among more than 200
enzymes in a series of invertebrates, mammals, and humans was conducted as a way for
selecting model organisms for preclinical studies.

It was shown that the pathogenesis of many diseases involved specific biochemical
syndromes, the progression of which can either indicate a favorable course of the disease
or predict its transition to extreme forms of pathology.

It was suggested that, basing on an evaluation of homology and similarity of key enzymes
involved in carbohydrate, lipid, protein, and other metabolic pathways, a selection of
model organisms and their structural components (such as organs, tissues, cells, and
body fluids) could be carried out to explore biochemical grounds of diseases and their
progression into life-threatening extreme pathologies.

Keywords: biochemical syndromes, extreme forms of pathology, biochemical tests,
biochemical characteristics of healthy organism and pathological forms, modeling of
pathological processes, comparative enzymology
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B BBEAEHUE

Broxrmuyeckrie CMHAPOMbI, BKIIOYaloLiMe YCTONYMBbIE M3MEHEHMSA NMOKa3aTenen 06-
MEHA BELLECTB, NIEXAT B OCHOBE ANArHOCTVKM PAcipOCTPaHEHHbIX 3aboneBaHuii. Ha npo-
Ts>keHWM 30 1eT aBTOPbI CTaTbM Y4aCTBOBAJIM B YCTAHOBNEHMM U 0606LEHUN pe3ynbTaToB
BUOXMMUYECKX NCCNe[0BaHUN Y NPAKTMYECKN 3[0POBbIX U CTpafaloLwmnx OTAeNbHbIMY
dopmamn natonorum npepcraBuTenelt Hacenenna Pecnybnukn benapycbh, B ToM uncne
NIMKBUAATOPOB aBapun Ha YepHobbinbckorn ASC (HADC), BOMHOB-UHTEPHALMOHANINCTOB,
CNOPTCMEHOB Ny6epTaTHOro BO3pacTa, O YeM CBUAETENbCTBYET pAf Ny6nvKaumii, BKIo-
YA CNPABOYHUKM, yHebHble MOcobus, yuebHukm [1].

Mo pe3ynbTaTaM MHTEPNPETALUN KIIMHUKO-NAabopaTOPHbIX UCCefoBaHMI Obla ony-
6nmkoBaHa nHbopmauma o pedepeHTHbIX 3HaUeHUAX Mokasatenen nabopaTopHbIX Te-
CTOB, YCTaHOBJIEHHbIX Npy obcnegoBaHnn 21 754 xuTenen ceBepo-BOCTOUHON obnacTu
Pecny6nukun benapycb. Boibop faHHOro pervioHa 6bin1 onpefeneH TemM, YTo OH ABNAETCA
TUMYHBIM MO COCTABY MOYBbI, BOAbI, BO3ayXa, diopbl 1 GpayHbl ana Pecnybnuku benapyce,
HO OKa3asicA HanmeHee nocTpagaswum ot aBapum Ha YASC [2]. B cnpaBoyHuke «Knu-
HUYECKMIA aHANU3 abopaToOPHbIX AaHHbIX» NMPUBEAEHbl ANArHOCTUYECKUE aNroOPUTMBbI,
npegHa3HauyeHHble 41 OKa3aHWA NOMOLLM Bpayam Npu pasinyHbIX KNMHNUYECKMX CUTYa-
umax [3]. Ha ocHoBe pe3ynbTaToB 3TUX MHOTONETHUX KIMHMKO-6UMOXUMNYECKNX UCCNeao-
BaHMIN 6bIM 0TO6PaHbl 10 BapraHTOB YCTOMUUBBIX XapaKTEPUCTUK HapyLIeHNA obMeHa
BELLUECTB, CBA3AHHbIX C Pa3BUTMEM COMaTMYECKUX 3aboneBaHUN, CBeleHNs O KOTOPbIX
npefcTaBneHbl B JaHHON CTaTbe.

Monck HayuyHOW NTepaTypbl BbIMOJIHEH B AEKTPOHHbIX bubnnorpapuueckmx 6asax
[aHHbIX Ha pycckom (eLibrary, CyberLeninka) n anrnuiickom (Web of Science, Scopus,
PubMed) asbikax. Kputepuamn sknoueHnsa nHbopmaumy B cTaTbio ObiNo Hanuune aaH-
HbIX O pe3ynbTaTax PaHLOMU3MPOBAHHbIX KOHTPONUPYEMbIX UCCNIeJOBAHWIA, B TOM Yncie
[aHHbIX AOKJIMHNYECKNX UCCefoBaHUN. B pe3ynbtate novcka Obiny BbiABMEHbI Killove-
Bble TpeHAbl B uccnepnoBaHusix (2018-2024 rr.) — oCHOBHble NlabopaTopHble KpUTepuu,
XapakTepu3yloLive YyCTOMUMBbIE HAPYLLEHMA OTAENbHbIX BUAOB 0bMeHa BelwecTB. O6pa-
LLLeHO BHUMaHWe Ha KOMMIEKCHOCTb 1eNCTBUA CTPECCOPOB (AneTa + TOKCUH, TAXesble Me-
Tannbl + rMNoKcma u ap.). MynbTMomMmnKcHble nofaxoabl Obiny OPYEHTUPOBaHbI Ha LIMPOKOe
BHeJpeHVe METOLO0B TPAHCKPUMTOMUKK, NPOTEOMUKU, METABOIOMUKU U AP. B MOAENUPO-
BaHMM OTAENbHbIX GOPM NMaTONIOrMU YenioBeKa Y XKMBOTHbIX. CyaA MO AaHHbIM NUTepaTy-
pbl [3], B nocnegHue rogbl HAMETUNCA CYLLECTBEHHbIN NPOrpecc B MOAENMPOBaHUM U NO-
HUMaHVM NPOLIECCOB HapyLLeHUs 0OMeHa BELLECTB Ha pPa3HbIX YPOBHAX OUMONOrMYeCKOn
opraHu3aumm — oT MONEKYNAPHbIX MEXaHM3MOB [10 LIeNOCTHOrO OpraHM3ma B ero cpefge
obuTaHmA. Ha ocHoBe co6CcTBeHHbIX nccneoBaHui [4, 51 Hamy BbligeneHo 10 TUMNOB Ha-
pyLweHun obMeHa BeLLecTs.

B KJTIOYEBbIE TUMbl HAPYLWEHWI METABOJTN3MA, ONPEAENAKOLLME
MATOTEHETUYECKUE MEXAHWN3Mbl ©OPMNPOBAHWMA HANBOJIEE
PACIMPOCTPAHEHHbIX TMMOB COMATUYECKOW NATONOT W

1. HapyuweHusa yrnesogHoro obmeHa. CaxapHbiin guabet 2-ro tuna (C[ 2-ro Tvna) — Hau-
6onee pacnpoCTPaHeHHbI, XapaKTepmn3yeTca rmMnepriiukeMnen, MHCYIMHOPE3NCTEHT-
HOCTbIO 1 OTHOCUTESIbHOW HEA,OCTAaTOYHOCTBIO UHCYNINHA.

CJl 1-ro Tina Bo3HUKaeT nNpu abconioTHOM AeduunTe MHCYNMHA (Yalle HauyMHaAeTCA B

MOJI0OM BO3pacTe, HO BCTPeYaeTCA U Y B3POCSIbIX).
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MNpepavabeT (HapyLeHHas MKeMMUA HaTOLLaK, HapyLUeHHasA TONePaHTHOCTb K MTHOKO-
3e) — NorpaHNYHOE COCTOAHME C BbICOKUM puckom pa3sutma C 2-ro tmna.
lMnornnkemmna MoxeT ObITb CBA3aHa C AnabeTom, MHCYTMHOMOMW, MeYEeHOYHON Hefo-

CTaTOYHOCTbIO U Ap. [6-9].

2. HapyweHua nunugHoro (kmposoro) obmeHa (gucnunuaemun). K oCHOBHbIM TUNam
ANCAUNNOEMUN OTHOCAT: TMNEPXONeCTEPUHEMUIO (MOBBILLEHNE CofeprkaHMA obLe-
ro xoflecTepmHa B KpoBM); rmnepTpurnmuepnaemmnio (MoBblleHne YPOBHA Tpuramue-
PVAOB); ANCANMNONPOTENHEMMIO (MOBbILLEHNE YPOBHA XONecTepuHa MMnonpoTenHoB
Hu3kon nnoTHocTy (XC JIMHIM) n cHMXeHne KOHUeHTpauun xonectepmrHa anMnonpo-
TeUHoB Bbicokow nnotHoctu (XC JIMBIM)). KombuHMpoBaHHbIe AucAMNMAEMUN ycTa-
HaBNMBAIOTCA NPU COYETaHUN HECKOSIbKUX MepeuncsieHHbiX HapyweHuin. OCHoBHasnA
OMacHOCTb TaKMX HapyLLUeHW 06MeHa BeLLeCcTB CBA3aHa C pa3BUTUEM aTEPOCKNEpOo3a,
nwemnyeckon bonesHun cepgua, MHcynbta [10-12].

3. HapyweHua 6enkoBoro obmeHa. Habniogaetca npu oTpuUaTeNibHOM a3oTUCTOM 6Ga-
naHce: perncTpupyeTcsa B CUTyauuax, Korga pacnag 6enkoB npesblaeT UX CUHTE3
(Nnpu TAXenbIx 3aboneBaHNAX, OXorax, TpaBMax, ronogaHuu). K stTomy Tuny Hapylue-
HUA 6enKoBOro 06MeHa OTHOCAT BpOXeHHble (GeHMNKeTOHypuA) 1 NpuobpeTeHHble
(Hanpumep, Npy Pa3BUTMM NEeYEHOYHOWN HEAOCTAaTOYHOCTY U MOBbILWEHW YPOBHA am-
MUakKa) natonormnyeckune coctoaHus [1, 3].

4. HapyweHunsa obmeHa HyKNIeMHOBbIX KACNOT (NyprHOB). BcTpeuaeTca npu nopgarpe -
NOBbILEHUN YPOBHA MOYEBOW KMUCNOTbl B KPOBU (TMNepypuKemMuns) C OTIOXKEHNEM
KPWCTannoB ypaToB B CyCTaBax v Apyrux TkaHax [7, 13].

5. HapyweHua mnHepanbHoro obmeHa. HapyleHne obmeHa Kanbuma u docdopa npo-
ABNAETCA OCTEONOPO30M (CHUXKEHUE MUHEpPanbHOWM MAOTHOCTM KOCTN) U OCTeoMans-
uunen (pasmaryeHne KocTen y B3pocCibix). XapakTepusyloTca runepkanbumemmen (no-
BblLLEHWE YPOBHA KanbLmMA B KPOBW, HanprmMep npu runepnapaTnpeose, MmeTactasax
B KOCTMW) 1 rMnokanbumnemmen (CHUXeHne Kanbuusa B KPOBU NpU rmrnonapatupeose,
peduuunte ButammHa D) [1, 3].

6. HapylweHuna obmeHa HaTpus, Kanus, Xxnopa (3NeKTponnTHble HapyLleHna). K HUM oTHO-
CATCA runepHaTpruemua/TMNoOHaTPUEMUA N runepkKanneMma/rmnokannemMmsa. Tm co-
CTOAHUA BO3HMKAIOT NPKW 3ab0NeBaHNAX NoYek, cepaeyHol HeJoCTaTOUHOCTY, Npue-
Me AuypeTunkoB, obessoxuaHum [1, 3].

7. HapyweHus obmeHa xenesa: xenesogepnumTHasa aHemus (camasa pacnpocTpaHeHHasn
¢dopma natonorunm) 1 remoxpomatos (M36bITouHoe HakonneHue xenesa) [1, 31.

8. Metabonnuecknin cnHgpom (MC) — KOMMMEKC B3aMMOCBA3aHHbIX MeTabonmnyeckmnx
pPaccTPONCTB, MOBbIWAKLNX PUCK CephAeYHO-COCYANCTbIX 3abonesaHun n CI 2-ro
Trna. KnioueBbIMN KOMMOHEHTaMKM 3TOFO COCTOAHUA ABNAIOTCA abJOMUHANbHOE OXN-
peHve (yBennuyeHne OKPYXKHOCTM Tanuu), apTepuanbHaa rmnepreH3uns, noBbllueHne
YPOBHA TpUrnuuepnaos, cHuxeHne yposHA XC JITBIM, runepravkemns (NOBbILLEHHbIN
YPOBEHb FMIOKO3bl KPOBWU HATOLLAK MW HapyLlLeHWe TONepaHTHOCTU K roKo3e). Ha-
nnume 3 13 5 nepeuncneHHbIX KpuTepres No3sonAeT guarHoctuposatb MC 1, 6, 10].

9. OXwnpeHune — xpoHuUYeckoe 3aboneBaHue, XxapakTepumsytlieeca U3BbITOUHbIM HaKo-
NAeHNEM XMPOBOWN TKaHM B OpraHusme. ABNAETCA OCHOBHbIM GaKTOPOM puUCKa AnA
MHOTMX Apyrux metabonunueckux HapyweHun (C[l 2-ro Tvna, gucnunuaemmnn) n cep-
LeyHo-cocyancTbix 3abonesaHuii [10, 13].
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10. HapyweHna obmeHa BWTaMMHOB. [MNOBUTaMUHO3bI (HEAOCTAaTOUYHOCTb BUTAMUHOB)
CBA3aHbl C HAPYLIEHNAMU COCTaBa NULLW. [MNepBUTaMUHO3bI BO3HUKAIOT Yallle Npu 13-
ObITOYHOM NOCTYNIEHNN BUTaMUHOB, B YaCTHOCTU XKMPOPaCTBOPUMbIX, Hanprmep A 1
DI[1,3l.

OnucaHHble HapyLLIeHWA YacTo B3anMOoCBA3aHbl (Hanpumep, oxupenue, C1 2-ro tTuna,
ONCINMUAEMUA 1 TUNEePTEH3UA cocTaBnaloT ocHoBy MC) n TpebyloT KOMMAEKCHOro nog-
XOAa K AMArHOCTUKeE U neyeHunto. [lnarHo3 CTaBuUTCA BpavyaMiy Ha OCHOBaHUM KITMHNYECKON
KapTUHbI 1 TaBOPATOPHbIX NCCNEROBAHNIA.

Takum 06pa3oM, Ha OCHOBAHMW BbINOJIHEHHbIX UCCNIEAOBaHUI HamMK OblNn BblAeNEHbI
10 KNtoYeBbIX MATONOMMUYECKNX COCTOAHUN, KaXKAo0e 13 KOTOPbIX MEET CBO XapaKTePHbIN
H6roxmmuyecknii Npodunb, UM BUOXUMNYECKUI CUHAPOM (KaK COBOKYMHOCTb 6UOXMM-
YeCcKux TecToB oLeHKn natonorun) [1, 31.

B B/IOXVIMUYECK NPOOUIb OTAESIbHbIX ®OPM
MATOJTOTMYECKMX COCTOAHKN

1. Atepocknepo3s u gucnunugemuun, o6ycnoBnuBarLLme KapanometTabonmyeckun puck.
KnioueBbIM/ NOKa3aTenAMmn 3TUX CUHAPOMOB ABAAIOTCA: 06wWmiA xonectepuH (OXC),
XC NINHMA, XC NNBIM, Tpurnuuepwuabl (TT), anonnnonpotenH B (ApoB), nunonpoTtenH
(a) - Lp(a). TunnyHble n3meHeHNA, CBONCTBEHHbIE STOMY CUHAPOMY: NOBbILIEHWE CO-
fdepkaHna OXC, XC JIMNHN, TT n cHnxeHune yposHA XC JIMNBI. ApoB — nHterpanbHbiin
nokasaTtenb aTeporeHHbIX YacTuu. Lp(a) paccmatpurBaeTca Kak He3aBUCUMMbIN GakTop
purcKa. C-peakTuBHbI 6enok (CPB) ABNsAeTCA MapKepoM BOCMANeHNs U MOBPEXAEHNA
TKaHel, B TOM Uncine CBA3aHHOIO C HannumemM HeCcTabunbHbIX aTePOCKIEPOTUYECKNX
onawek.

2. Metabonuyeckuin cuHgpom. KnioueBble MoKasaTenu: rnioKo3a KPoBU HaTolWak unu
rMUKNPOBAHHbIN remornobuH HbATc, npeactaBnalowmin cobon KOMMIEKC roKo3bl 1
remorno6uHa B 3puUTpoLMTax. JTOT NOKa3aTesib MO3BOJIAET OLEHUTb CPeAHNIA YPOBEHb
rMIOKO3bl B KPOBM 3a NocnefHune 2-3 mecaAua, Yto NpUMEHAETCA ANA ANarHOCTUKM ca-
XapHoro guabeta 1 KOHTPoNA ero neyeHus. Kpome Toro, Ana AnMarHOCTUKK 3TOFO CUH-
ApPOMa nmeeT 3HaueHune onpegeneHne yposHa TI, XC JIMNBI1, nsamepeHne okpyXHOCTH
TannMm 1 apTepranbHOro AaBneHus (He GUoXMMMYeckre nokasatenu, Ho obsA3aTenb-
Hble KpuTepun). TUNUUHbIE M3MEHEHUSA, XapaKTepu3ylolme MeTabonnuuyecknini CUH-
LPOM: NOBbILIEHVE YPOBHA rMioKo3bl (i HbA1c) n TI npy CHUXeHW KOHLeHTpauum
XC JINBIM. AnarHo3 ctaBuTCA Npu Hannumn 3 n3 5 Kputepures (BKOYasa OXUPEHUe U
apTepuasnbHoe faBneHue).

3. CaxapHbiii gnabeT 2-ro Tmna (1 npepanabeT). KnoueBble Nokasatenu nabopaTopHbIX
TECTOB: YPOBEHb FMIOKO3bl HAaTOLLaK, COAepaHue roKo3bl Yepes 2 yaca nocne MITT
(nepopanbHOro rIKO30TONEPaHTHOrO TecTa), KOHLEHTPaUUA MUKNPOBAHHOTO re-
morno6uHa (HbA1c), nHcynuHa (ansa oueHkn pesucteHTHocTn), C-nentuga. TunmuyHble
M3MEHEHUA: KOHLeHTPaUMA rMoKo3bl KPOBM HaTowak >7,0 mmonb/n, uepe3 2 4 MNIMTT
KOHLeHTpauusa rmokosbl >11,1 Mmonb/n), cogepkaHune HbA1c >6,5%. MNpu npegama-
6eTe GUKCMPYIOTCA 3HAUEHMA HIMXKE, HO Bbille HOPMbI. YacTo coueTaeTca ¢ ANCIunu-
nemmnen MC.

4. [NeyeHOYHbIN UMTONKM3 (NOBpeEXAEHME renaTounToB). Kntouesble Nokasatenu nabopa-
TOPHbIX TECTOB: ypoBeHb akTuBHOCTM AJ1T (anaHnHammHoTpaHcdepasbl) n ACT (acnap-
TaTaMUHOTpPaHcepasbl). TUNMUHbIE M3MEHEHNWA: NOBbIWeHNe akTuBHOCTU AJIT n ACT.
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CooTHoweHune ACT/AJIT <1 xapaKTepHO ANA BUPYCHbIX renaTUTOB, a A1 alIKOrobHO-
ro nopaeHua neyeHn yacto >2. MoxeT nosbiwatbca akTuBHocTb JIAIN (nakTatgeru-
AporeHasa) v InAl (ryTtamatgerngporeHasa).

5. Xonecrtas (HapylweHne 06pa3oBaHKA/OTTOKa »enun). XapakTepHble Noka3aTenuv: BO3-
pacTaHue akTMBHOCTM LenoyHon docdaTtasbl (WD), ramma-rnyTammntpaHchepasbl
(TTT), npAmoro (KoHblorMpoBaHHOIO) 6UNNPYOVIHA, XKeNUHbIX KUCNOT. TUNNYHbIE N3Me-
HeHuA: noBblweHne akTneHocTy WO, ITT 1 copgepkaHua npamoro 6unupybmHa.

6. lNeyeHOUHO-KNETOUYHAA HeAOCTaTOUYHOCTb (CMHTeTMYecKasa AncdyHKums). Kniouesble
nokasaTenu: TecTbl onpegeneHns anbbyMmHa, obuero 6enka, akTMBHOCTU XONMHICTe-
pasbl (X3), bunupybuHa obuyero, a Takke npoTpombuHosoro BpemeHu (MTB) 1 MHO
(MexxgyHapoHoe HopMann3oBaHHOe oTHoleHue). MNocnegHme 2 nabopaTopHbIX NO-
Ka3saTensa UCronb3yTca ANA OLUeHKN cBepTbiBaeMocTu Kposu. MNTB onpenenset Bpe-
Msi, Heobxogumoe ansa obpa3oBaHMA CrycTka KpoBu nocne gobasneHnsa B obpasel
nnasmbl TpombonnacTnHa n Kanobuma. MHO sBnaeTca ctaHAapTU3NPOBaHHbBIM CMOCO-
60om npepacTaBneHus pesynbraTtos [1TB, ncnonb3yembiM AN KOHTPONA Tepanuu aHTUu-
KoarynaHtamu (BapdapuH). TunnuHble M3MeHeHNsA Npu NeYeHOUYHO-KIETOYHOW Hefo-
CTaTOUYHOCTU: CHUXeHMe YPOBHA anbbyMuHa, obwero 6enka npu nosbiweHun MNTB n
MHO. OukcupyeTtca H13Kaa KoppeKuma BUTaMUHOM K, CHUMKeHne akTUBHOCTY XONUH-
3CTepasbl 1 NOBbILEeHNe YPOoBHA brnnpyburHa (Mpamas + Henpamas dpakuymm).

7. XpoHuueckasa 6onesHb nouek (XBI) / ypemus. Knouesble nokasaTenu: ypoBeHb Kpe-
aTVHVHa CbIBOPOTKM, MOYEBUHbI (30T MOYEBUHbI), CKOPOCTb KiyboukoBon ¢usb-
Tpaummn (CKO, pacyeTHbll NokasaTtenb), kanui (K¥), pocoarol (PO43*), Kanbuuii (Ca?),
napatropmoH (MTI), o6wmin 6enok / anbbyMuH (Mpu HedbpoTMueckom cuHapome). Tn-
MUYHBIMW N3MEHEHUAMM ABNAIOTCA NOBbILLEHWE YPOBHEW KpeaTMHUHA Y1 MOUYEBMHbI Ha
doHe cHmxeHna CKO, noBbiweHne cofepxaHua K*n dochatos npu cHmxeHnn Ca.
OTmeuaeTca maccuBHaa npoTtenHypua (Bbiwe 50 Mr/Kr/cyT nnm Bbiwe 3,5 r/cyT), ru-
nonpoTtenHemusa 1 runoanbsbymmHemusa (meHee 20 r/n), rmnepnunugemmsa (ypoBeHb
XOnecTepuH Bbiwe 6,5 mmonb/n).

8. Tunotupeos. KnioueBble nabopaTopHble TeCTbl: ypoBeHb TTI (TMPEOTPOMHbIN FOPMOH),
cBobogHoro T4 (TpoKcuH), ceobogHOro T3 (TPWNOATUPOHNH), KpeaTuHKUHa3bl (KK),
nmnngos (OXC n XC JIMNHTM). TunnyHble n3meHeHuA: noBbiweHne cogepxaHua TTI n
CHUKeHne cBo60AHOrO T,; YaCTO MOBbIWEHA AKTUBHOCTb KPEATUHKINHA3bI (13-33 CHI-
YKeHHoro metabosM3ma B MblLLIAX), @ TakxKe cogeprkaHme OXC v XC JIMNHM.

9. TunepkopTnumsm (cnHapom KywwmHra). Kniouesble nabopaTopHble TeCTbl: onpeaene-
HUe YPOBHA KOPTM30Na (CYyTOUHbIN PUTM, AeKcameTa3oHoBble TecTbl), AKTT, rnokosbl
(HaTowak 1 nocTnpaHananbHas). TuNMUHbIe N3MEHEHUA: HapyLLeHWe CYTOUHOro pUT-
Ma KOpTM30/1a, NOBbIEHME COAePKaHNA KOPTM30/a B MOYe, OTCYTCTBME NOAABNEHsA
ero pekcametasoHoM. KoHCTaTupyeTcsa MoBbllUEHWE YPOBHA MIOKO3bl Y CHUMXEHUe
KOHUeHTpauun K* (rmunokannemmyeckun ankanos).

10. AnabeTtnuecknin ketoaumpos (AKA). KnioueBble nabopaTopHble TECTbI: onpeaeneHne
YPOBHSA IMOKO3bl KPOBU, KETOHOBBIX TEN B KPOBU 1 Moue (6eTa-rugpokcnbytmnpar), pH
KpOBW, r’MapoKapboHaT-MoHOB (HCO;), AHNOHHOM pa3HuLbl Kanua (K*) n HaTpua (Nat).
TUNMYHbBIE N3MEHEHMA: KOHLEHTPaLMA MOKO3bl >13,9 MMONb/N, NOBbILLEHNE KOHLIEH-
Tpauun KeTOHOB Npu cHmXeHun pH (<7,3) n HCO; (<18 mMmonb/n) Ha ¢oHe Bo3pac-
TaHMA aHNOHHOM Pa3HULbl. YacTo NoBbIWweHa KOHLUeHTpauuma K* B cbiIBOpoTKe (Mna3me)
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KpoBU (HeCMOTpA Ha obWwunin ero aedrumnT) N CHUXKEHa KoHUeHTpauua Na*t (ocmoTuye-

CKnIA 9P PeKT roKo3bl).

Ana Groxmmmnueckon AnarHOCTMKM 3aboneBaHWA XxapaKTepHbI: OTCYTCTBME abCONIOTHO
cneynduUHbIX NoKasaTenel, 4To TpebyeT KOMMNNEKCHOW OLLEHKN KNMHUKO-NabopaTopHbIX
[aHHbIX. Heobxoamnmo yunTbiBaTh «nepeceyeHne» metabonuyeckux npodunen npu pas-
NUYHBbIX PopMax NaTonormm; ANarHOCTUYECKYI0 3HaUMMOCTb HabnloaeHnA 3a nokasate-
NAMN B AMHAMUKKe M UX nocnefyiollee CONOCTaBfieHNe C KNNHNYECKOW KapTUHOWN, a He
pa3oBble n3mepeHus. BoigeneHHble 10 6UOXMMUUYECKUX CUHAPOMOB, OXBaTbIBaOLLMNX KITHO-
yeBble MaTonornyeckme n3meHeHusa Metabonmama, xapakTepHbl 4j1A LNPOKOro CNeKTpa
3aboneBaHui, BKNOYas TAXesble 1 SKCTpeManbHble opmbl [14-19].

B >BONOUNA BUOXUMUNYECKX CUHOPOMOB
JnHamunKa pa3BuTUA HapyLleHWI oOMeHa BELLEeCTB ABMAETCA KNOYeBOW Npu aHanmnse

pasBUTKA, MPOrpeccupoBaHus, B3aMMOCBA3N 1 KIUHUYECKUX NpoasneHnid. B nybnuka-

umsax [1-3] paccmoTpeHa TMnuyHas asonouma 10 6GOXMMUUYECKUX CUHAPOMOB, KOTOpble

npu pasBUTUN BUOXMMUYECKMX N3MEHEHWI BellyT K SKCTpeMasbHbIM natonoruam [1, 3].

1. MeTabonnueckumn CMHAPOM — «CTapToBas NioLaaKa» Afig MHOrMX HapyLleHni obmeHa
BELLECTB, a TaKXKe A1 Pa3BUTKA SKCTPEMAbHbIX U 0OblYHbIX GOPM NATONOTMN.
Hauanom pa3Butna ABnAeTcA NposBfieHne NHCynmHopesncTteHTHocTU (MIP) Kak Knio-

YeBOro NMyCKOBOro MexaH13ma NnocneayoLmx HapyLweHnin. KneTkn nepecTatoT afgekBaTHO

pearnpoBaTb Ha UHCYIH.

PaHHAA OvHaMMKa CBOAUTCA K KOMMNEHCATOPHOW MMNepUHCYIMHeMUN (MOBbILEHNIO
YPOBHA UHcynnHa 1 C-nentuga), HapylweHuo NMnmMaHoro obmeHa (NoBbieHHOe copep-
XaHwve TI Ha poHe cHmKeHMA KoHueHTpauuu XC JTTBI; ysennyeHne yposHa XC JIMHIM).
AKTMBaALUMA CMMMNATUYECKOW HEPBHOW CUCTEMbI MPUBOAUT K MOBBILEHUIO apTepuanbHo-
ro gaBneHus. 3atem crnefyeT aboMUHaNbHOE OXUpPeHWe (HakomaeHne BUCLepasnbHOro
Xwnpa), yeunumsatotca VP n BocnaneHue (nosbiweH yposeHb CPB).

MporpeccupoBaHme: NOCTOAHHAA TUNEPUHCYNIMHEMUS UCTOLWAET [B-KNeTKM nopxe-
NYAOYHOW »Kenesbl, YTO BeAeT K rMneprinkeMmm HaTolak ¢ nocsieyoLwmm HapyLueHu -
eM TonepaHTHOCTU K rntoko3se (HTT). B utore sto cnocob6ctayeT passutuio CLl 2-ro Tmna.
WNcxop — npAmoi nyTb K aTepocknepo3sy 1 Cll 2-ro Tuna.

2. CaxapHbli gnabet 2-ro Tuna. Mpwn ero pa3BUTUN NPOUCXOAUT SCKanaLma YrieBogHbIX
W NUNUAHBIX HapyLweHniA. Hauanom dopmMupoBaHuA ABNAETCA CTaHOBMIEHM e MeTabo-
nuueckoro cmHgpoma. VP + nporpeccrpyiolian auchyHKLmUa B-KneTok BedyT K cyLue-
CTBEHHOMY MOBbILLIEHWIO YPOBHSA FIOKO3bl HAaTOLWaK U NOCTNPaHAMANbHO, T. €. nocse
enbl (cnepcteme — nosblweHne HbA1c).

JInnnaHble HapylweHna: nosbliweHne ypoBHA TI, cHukeHne XC JIMBIM n nossneHne
menkux NaoTHoIx JIMHI (gucnmnngemuna ateporeHHOro Tmna).

Mo3gHne ocnoxHeHa MoryT 6biTb 2 TUNOB. Bo-nepBblX, MMKPOCOCYANCTbIE: TUnep-
rMUKeMUA — FIMKMPOBaHWE GENKOB, OKCMAATMBHBIN CTPeCcC — MOBPEXAeHMEe dHAOTe-
nua — anabetnyeckan Hedponatus (anbOyMUHYpUA, MOBbILLIEHNE YPOBHA KpeaTUHWHA U
yMmeHbLleHne CKO), peTnHonatusaA, Herponatusa. Bo-BTopblX, MaKpocoCcymucTbie: yckope-
Hue pa3BuTUA aTepocknepos3a — WBC, nHCyNbT, pa3BUTME XPOHUYECKOW NOYEYHON He-
[ocTaTouHoCTU. OCTPOoe OCNIOXKHEHUE: NP feKOMMEHCaL MK, CTpecce, NHPeKLn — prcK
anabetnyeckoro Ketoaumgosa (JKA) nam runepocmMonapHoOro COCToAHUA.
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3. Atepocknepo3s u gucnmnuaemun. Hauano pa3sutna CMHLPOMa CONpPoBOXKAaeTCA ANC-
nunugemuen (nosbiweHnem yposHa XCJIMHIM, TT, ApoB, Lp(a) n cHukeHnem XC JNBIM) +
3HpoTenmanbHom ancoyHkumen (yacto Ha poHe UP, MC, KypeHus, runepToHnn).
PaHHAA gnHaMmKa: NpoHUKHoBeHre u mogudukauma XC JIMNHM B cocygax — 3axBat

MaKpodaramm — obpasoBaHue NEHUCTbIX KETOK — GOPMUPOBaHUE KUPOBbIX MONOCOK

(HayanbHoe noparkeHune); nosbiweHne ypoBHA CPB (BocnaneHme).

MporpeccnpoBaHme: pocT GUBPO3HON BNALLKMN.

HecTtabunbHocTb GnAWKM (BOCNaneHne, NCTOHUYEHWE MOKPbIWKN) — PUCK pa3pbiBa.
KnnHnueckne nposeneHns: ctabunbHaa cteHokapama n XMM (xpoHunueckas nwemmye-
cKas 6onesHb cepaua). JanbHeliwee pa3BuUTre — OCTPbIA KOPOHAPHBIN cMHApPOM (Mpwu
pa3pbiBe 6nAWKN 1 TPoM603e), MHCYNBT, Uwemna KoHeyHocTeln. PakTopbl yckopeHus: MC,
C[ 2-ro Tmna (rmneprankeMmna NoBpexgaeT sHAOTENNN), TMNEPTOHMA (MexaHnYeckoe no-
BpexaeHue), kypeHue, XbI (xpoHunueckas 6one3Hb noyek).

4. TleyeHOYHbIV LUTONN3 — OCTPOE NN XPOHNYECKOe MOBPEXKAEHNE NeYeHuU.

Hauano: Bo3geicTterne nopexpatllero gpaxkropa (BUPYC, ankoronb, TOKCUHbI, XUP
Npwv HeankorosibHoOM XnpoBol 6one3Hn neveHn — HAMBI (HeankoronbHana Xnposas 60-
ne3Hb NeYeHu), NnekapcTea, Nwemuns).

OcTpas da3a: bbicTpoe BbicBOOOXKAeHMEe GepMEHTOB U3 MOBPEXKAEHHbIX renaToLuToB,
Beayllee K pe3koMy nosbiweHunto aktnsHocT AJIT>ACT (Mpy BUPYCHbIX renatutax, ToK-
CMHax) nnu nosblweHnto akTnsHoct ACT>AJTT (Mpu ankoronbHOM NOpPaKeHNN) N aKTUB-
HocTn 1T

XpoHuueckas dasa: ymepeHHo noBsbiweHo oTHolweHue AJIT/ACT. Pa3BmBaeTca XpoHu-
yeckoe BocnaneHue neyeHu (renatut, HACT). MNporpeccnpoBaHne BefeT K dprbpo3y (oue-
HuBaeTcA anactorpadurien unm 6uoncmein) N NeYeHOUHO-KNIETOYHON HeJOCTaTOYHOCTU.
Mpu TAXeNnom NoBpexaeHNn NeyeHn OTMeYaTCA: MaCCUBHBIN HEKPO3 — OCTpas neve-
HOYHaA HeJOCTaTOUYHOCTb (BbICOKME 3HaueHusa 6unupybuHa n MHO, cCH/XeHne KOHLeH-
Tpauun anbObyMuHa).

5. Xonectas — HapylueHMe OTTOKa XeNnuun.

Hauano: obcTpyKuma NPOTOKOB (KaMeHb, CTPUKTYypa NuLieBoAa, OMNyxosNb) WU BHY-
TpUNeyeHOUYHOEe HapylueHue cekpeuun (BNvAHME NeKkapcTs, ayTOMMMYyHHble 3aboneBa-
HuA MNBL - nepBnYHbIN 6unmapHbIn uuppo3, MCX - NepBUYHbBIA CKNEPO3UPYIOLLNIA XONaH-
T, renaTur).

PaHHAA gMHamuKa: XapaKTepusyeTca nosbiweHnem aktuBHocTh WO (ocobeHHO ero
neyeHouHoro usodepmeHTa) 1 ITT — Hanbonee uyBCTBUTENbHbIE MapKepbl. HakonneHne
KOMIMOHEHTOB »Kenuu B renatoLmTax — BTOPUUYHOE NoBpeXaeHre KNeToK (MoXeT yBenu-
ymBaTbcs oTHoweHme AJTT/ACT).

MporpeccrpoBaHKe: NoBbILLEHWE YPOBHA NPAMOro 6unupybriHa 1 pa3BuTre XenTyxXu.

HakonneHune »enuHbIX KACNOT BbI3bIBAET KOXHbIN 3yA. XonecTa3 cKa3blBaeTCA Ha Ha-
PYLLUEHMIW BCACbIBAHWA XXMPOB 1 XKNPOPacTBOPUMbIX BUTaMnHOB (A, D, E, K).

JonrocpouHble nocneacTsua aebuunta ButaMuHa K BeyT K NOBbILWEHWIO BENIMUNH
MHO (HecmoTpsA Ha coxpaHHYI0 CUHTeTUYeCcKytlo dyHKUuo neveHn). deduuut ButammHa D
3anyckaeT npouleccbl ocTeonopo3a/octeomanaummn. bunmapHbein UMppPO3 Npu anuTenb-
HOM TeuyeHUN BefeT K NeYEeHOYHO-KNEeTOYHON He[OCTaTOYHOCTM.

6. lNeyeHOUHO-KNETOUYHaA HeJOCTaTOYHOCTb — GUHaNbHasA CTanA XPOHMYECKOro nopa-
XeHna neuyeHu. [JuHamumKa: nporpeccrpytowlas notepsa GyHKUUOHMPYIOLWKX renaTo-
unToB (UMpPPO3, renatut). bBrioxmMmuueckne MapKepbl: CHUXKEHME YPOBHSA anbOyMuHa
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(anuTenbHbIN Npouecc, nonypacnag ~20 cyTok). MosblweHne BennunH MTB n MHO

(HapyweHune crHTe3a GpaKTOpPOB CBEPTbIBaHUA) — BLICTPO pearvpylowme MapKepbl.

OTmeyaeTca noBblleHMe cofeprkaHua obuiero 6unnpyburHa. YpoBeHb rnmkemmu no-

HWXKeH (HapyleHne ravMKoreHesa/rnKoHeoreHesa). YBennmuyeHa KoHUeHTpauma am-

MMWaka (HapylleHne LMKNa MOYEBMHbI), YTO BefEeT K MeyeHOoUHol 3Huedanonatuu.

B pe3synbrate pa3BuBaeTCcA TepMuHanbHasA NeyeHOUYHas HeJOCTaTOYHOCTb, NopTasib-

HadA rmnepTeH3ns, renaTopeHanbHbIi CUHLPOM.

7. XpoHuueckasa 6onesHb nouek (XBIT).

Hauano: noepexaeHune novek (caxapHblii anabeT, apTepranbHas rmnepTeH3mns, rnome-
pynoHedbpuTbl 1 Ap.) BegeT K cHukeHnio CKO. PaHHMe cTagum (1-3): KomneHcaums, NoBbl-
LUEeHbl KpeaTUHUH 1 MOYeBMHA. BO3MOXHa MUKPOanboyMUHYpUA/NpoTenHYpus.

MporpeccrpoBaHue (cTagun 4-5): HaKoNMIeHe a3oTUCTbIX LUIAKOB C CYLLIeCTBEHHbIM
NOBbILIEHNEM COAEPKAHNA KPeaTUHMHA U MOYEBUHbI. INEKTPONUTHbIE HapyLUeHUA CBA-
3aHbl C YMEPEHHbIM MOBbILEHMEM YPOBHA Kanua (runepkanvemus), docdatos (runep-
docdatemua) n cHUXKeHEeM Kanbuua (rMnokanbumemus). MMHepanbHO-KOCTHble Hapy-
LWeHUA: noBbllweHne cogepxaHuna MTI (BTopnYHbIN runepnapaTtnpeos) BefeT K NoYeyHom
ocTeoanctpodmm. Pa3BrBaeTcs aHeMUsA N3-3a CHUXKEHUA SPUTPONOSTUHA, UTO BeAeT K na-
[eHVIo YPOBHA remornobuHa. OTMevaeTca HapyLlleHne KUCIOTHO-OCHOBHOIO COCTOAHMA:
BO3HVKaeT MeTabo/IMyecKknii aumno3s 13-3a CHUXKeHUA ypoBHA BukapboHaTtos. MNocTenex-
HO HapacTaeT gucnMnuaemms 3a cuet nosbiweHusA ypoHeit TI, XC (ocobeHHo npu Hedpo-
TUYeCcKom cuHapome). B pesynbraTe passmsaetca TepMmuHanbHaa XbI1 (ypemus).

8. MnoTnpeos - megneHHoe CHKeHMe meTabonmama. Hauanom ero ¢popmmpoBaHus as-
NATCA aQyTOUMMYHHbIN TUpeouanT (XawrmMoTo), NocneAcTBUA IeUeHWA rmnepTmpeo-
3a, Aedununt noga.

Cy6KnnHnyeckas cTagma: nosbiweHre TTI npy HOpMasnbHbIX BeNMUYMHAX OTHOLLEHUSA
cBo6oaHbIX T,/T..

MaHundecTHana cTagua: 3HauMTeNbHOE MoBbILWeHNe KOHUeHTpauun TTI, ymeHblleHne
cBobOHOIO T, (nyacro cBoboHOrO T,). 3amepneHne Bcex MeTaboIMUYeCKMX NPOLIeCCOB U
NoBblLIEHNE aKTUBHOCTY KpeaTUHKMHa3bl. [apannenbHO yBeNnMumMBaloTCA KOHLEHTpaLmm
XC v XC JINMHTM 3a cyeT CHUXeHUs MHTEHCMBHOCTU KaTtabonnsma nunnaos. Bo3amoxkHa ru-
NnoHaTpMemMus No NpuunHe nosblweHna A 1 HOPMOXPOMHaA HOPMOLMTapHaa aHeMUS.
JunHamuka: pa3BrBaeTca MmednieHHO (MecAubl, rogbl). TpebyeT 3amecTuTeNbHON Tepanum
L-TupokcnHom.

9. TunepkopTMumM3m (cMHAPOM KylinHra) — cocTosHMe, CBA3aHHOE C U36bITKOM KOPTK30-
na B OpraHusme.

Hauano ¢popmmpoBaHmsa cuHgpoma: ageHoma runodusa (bonesHb KylinHra), sktonu-
yeckasa npoaykumna AKTT, onyxonb HaAnoYeUYHNKa, ATPOreHHbIN MexaH3M (Mprem roKo-
KOPTUKOCTEPONIOB).

JnHamunKa HapylieHWn CO CTOPOHbl YrNeBOAHOro obMeHa: KOHTPUHCYNApHoe Aen-
CTBME KOPTM30/1a, NMPUBOASALLEE K FTMMEPIIINKEMUN C PAa3BUTMEM CTepouaHOro amnabeta
(noBblWweHbl BeNYMHBI KOHUEeHTpaumn riokosbl U HbATc). Ycunneaetca kKatabonusm
6enKoB, KOTOPbIN BEAET K MbILUEYHOWN CNaboCTh, ICTOHUYEHMIO KOXWU 1 BO3HWKHOBEHUIO
pacTsxek. MNoBblLeHO coaepaHne MoyeBUHbI. CO CTOPOHbI IMNUAHOTO 06MeHa — nepe-
pacnpegeneHne xupa (KyWMHroMgHoe OXUpeHue). YMepeHHOoe MOoBbllleHne cofep-
XaHua Tl n xonecteprHa. MnHepanokopTuKouaHbli 3pdeKkT — 3agepxka Nat n Boabl,
yTO BeEeT K apTepuranbHOM rMnepTeH3nn. YcuneHme skckpeumm Kt npoasnaertca B Buae
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runokanmemmmn. Hapacraet metabonunueckuin ankano3. KocTHbin 06MeH xapaktepusyet-

CA NOBbILEHHON pe3opbuymen KOCTHON TKaHM — OCTEONOPO30M, YTO BELET K NOBbILIEHWIO

pucka nepenomMoB. BbipaxkeHO nofaBneHrie UMMyHWTETa — NlelkounTo3 (HenTpodunes),

numdoneHuns, 303nHoNeHUA. [lnarHoCTrKa: HapyLeHne CYyTOYHOro pUTMa KopTM30na, oT-
cyTtcTBue a3dpdeKTa nofaBneHna pasiMyHbIML O03aMM ieKCaMeTa30Ha.

10. AnabeTtnyeckuin ketoauunaos (AKA) — octpaa «meTabonnueckasa Katactpoda». Nycko-
BbIM PpakTopom ABnaeTca aedbununt nHcynmHa (yacto npu CA 1-ro Tmna, pexe npu CJ
2-ro T!na Ha $poHe TAXeNoro crpecca / UHPeKUMN) + NOBbILLEHNE COAEPKAHUA KOH-
TPUHCYNAPHbBIX TOPMOHOB (FII0KaroH, KOPTM30/, KaTexonaMuHbl). Kackag HapyLueHuiA:
rmnepravkemMms (KoOHUeHTpauma rnoko3bl >13,9 mmonb/n) GopmMmnpyet 0CMOTUYECKIIA
LOnypes, KOTOpbI BefeT K 06e3BOXMBaHMIO (NMOBbILWEHbI reMaTOKPUT 1 reMornobuH);
BHayasne MoBblEHO cofepaHne HaTpuA, KOTOpoe CMEHAETCA ero yMeHbLUeHneMm.
JInnonns BegeT K NOBbILEHNIO COAEPXaHMA CBOOOAHBIX XUPHbIX KACNOT U KeTore-
He3y B neyeHw. B pesynbrate B KPOBU yBENNUMBAETCA COAEp)KaHMNE KETOHOBbIX Ten
(auetoaueTar, B-rmapoKcnbyTMpaT, aLeTOH), UTO MPOABAETCA B BULE KETOHEMUU U
KeToHypuun. HakonneHme KeTOKNCNOT Bbi3blBaeT MeTabonmuecknii aumao3s (pH kposu
<7,3, bukapboHaT <18 MMOJIb/11, NOBbLILAETCA aHWOHHaA pa3HuLa). ALMA03 + OCMOTU-
yeckuii anypes BeflyT K NOBbILLEHWIO Kanuemun (K* BbIXOAUT N3 KNETOK) HECMOTPA Ha
obwmn gepuunt K+ B opraHmnsme. Motepm K+ ¢ movol co3patoT runokannemmto nocie
Hayana MHCynMHoTepanuu.

[vHaMmyKa pa3BuUTUA MeTabonnMyeckmx n BMOXMMMYECKX CUHAPOMOB obnagaeT ps-
[IOM XapaKTEPUCTUK, BaXKHbIX AS1A MOHMMaHMA KX NaToreHesa u NoCTPOeHUs cTpaTerni
BMeLaTenbcTea. CUHAPOMBI, Kak NPaBro, He CyLLIeCcTBYIOT n3onuposaHHo: MC 3aH1maeT
LeHTpanbHoe MecTo, cnocobcteysa popmmposaHmio CJl 2-ro Tvna 1 aTepockneposa, a ne-
YeHOYHaA 1 NoYeyHana He[OCTaTOYHOCTb YCYrybnaloT HapyLleHWa, 3aTparmBsatoLme apy-
rne cuctembl. Pa3Butume 3101 Gopmbl NAaTONOMMMN YacTo HAUNHAETCA C CYyOKNMHNYECKNX N3-
MeHeHUN, Takmx Kak VP, ymepeHHoe nosbiweHne cogepxaHuna XCJIMHIM, TTI, aktmBHocTH
AJTT 1 gp. 3TM CABUMM MOTYT OCTaBaTbCA HE3aMeUYEHHbIMK, HO CO BPeMeHeM NepexoasT B
Bblpa)KeHHble KINHNYECKNE COCTOSHMA C MHOXKECTBEHHbBIMU OTKITOHEHUAMMN BMOXMMMYe-
CKUNX MoKa3aTenemn C XPOHNYECKUM M OCTPbIM TeUeHreM HapyLleHUi. [ToHnMaHre 3Tux
NpoLeccoB MMeeT NPUHLMMNNANIbHOE 3HaUYeHWe A1 PaHHEN ANarHOCTUKN, NPOPUNAKTUKN
N CBOEBPEMEHHOTO NleyeHnsa MeTabonmnuyeckmnx 1 6UOXNMMUYECKNX HapyLIEHNIA.

B MOAENMMNPOBAHWE NATOJIOTMHYECKMX MPOLIECCOB
JKCcnepumeHTanbHoOe BOCMpoOn3BeAeHNe MeTabonnueckrx HapyLleHniA ABNAETCA OC-

HOBOW JOKNUHMYECKUX nccnepgoBaHuin. K ctaHgapTHbIM, Havbonee BOCNPOM3BOAMMBIM

MoZensAM OTHOCATCA criegytoLme:

1. Oxupenue, IP/MC. ina Bocnpon3BefeHna 3TOro MeTabonnueckoro paccTpomncTea
yallle NCNoMb3yIOTCA MbILUW U KPbICb, pexe — MpUMaThl U CBUHbU. MHAYKUMA BKIoYa-
€T BbICOKOXMpoBble aneTtbl (HFD), aneTbl ¢ n36bITkom GpyKTO3bl/Caxapo3bl, «kadeTe-
puiiHble» gneTbl (MMrTauma dact-dyna). leHeTnueckme mogenu: ob/ob mbiwn (nedu-
unt nentuHa), db/db mbiwn (gedekT ero peuentopa), KK-Ay, NZO mbiwn (cnoHTaHHOe
oxupeHue n P / C[1 2-ro Tvna), a Tak»Ke MbILIN C HOKAyTOM peLenTopoB NHCYNNHA
B Pa3/iNyHbIX TKaHAX. KombrHauma HFD ¢ HU3Kumn gosamm ctpento3oToumHa (STZ)
mogzenupyeT nosgHue ctagum Cll 2-ro Tvna. TUNUYHBIMU U3MEHEHUAMN ABRAIOTCA:
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aboMUHanbHOe OXMpeHue, TMNePUHCYNIMHEMUA, TUNEPITIMKEMUA, ANCIUNUAEMNA,

CTeaTo3 NeyYeHn U XpoHNYeCKoe BOCnaneHme,

2. CaxapHbli gnabet 2-ro Tuna. Pa3smBaertca y rpbidyHoB Ha ¢oHe MC. OcHOBHble Me-
Toabl uHgykummu: HFD + Hu3kne gosbl STZ, reHeTnyeckue mogenu (db/db, KK-Ay). Ha-
pYyLIEHUA BKIIOYAKOT CTONKYIO TMMEePrIMKeMUIO, CHUMEHUE TONePaHTHOCTY K I0KOo3e,
nosbiweHne ypoBHA HbA1c, nporpeccupytouyto aucdyHKLmio B-KNeTok 1 MUKPOCO-
CYANCTblE OCIIOXKHEHWA.

3. CaxapHbii gnabet 1-ro Tmna. Micnonb3ytotca cnoHTtaHHble (NOD mbiwm, BB Kpbicbl) 1
WHAYLMPOBaHHble mogenu. STZ B BbICOKUX A03aX Bbi3blBAeT CENIEKTUBHYIO AeCTPYK-
uno MHCynuHouutoB. OCHOBHbIE MPU3HAKW: TUMNEPTNUKEMUA, TUMOUHCYINHEMNSA,
KeTo3, notepsA Maccbl Tena. Mofenn NpUMEHAIOTCA ANA U3yYeHUa TpaHCnnaHTaumm
OCTPOBKOB U UMMYHOTepanuu.

4. OncnvnuaeMmm n atepockniepos. [1nsa BocnpomrsseneHus 3ton Gopmbl NATONOrMm Uc-
nosb3yTca Kponukn ApoE-/— n LDLR—/-, Mbiwn, XomMAKKM, CBUHbU. MeTOoAbI: BbICOKO-
xonectepuHoBble aneTbl (HCD) n reHeTuyeckne myTauumu, HapyLlaowme AMnngHbIA
KnupeHc. Bocnponseoaatca runepxonectepuHemms, nosbiweHue XCJIMHM n TT, dop-
MUPOBaHNeE aTepPOCKIIepOTUYECKIMX BNALLeK, COCyanCToe BOCNaneHme.

5. HeankoronbHas xupoas 6one3Hb neveHn (HAXKBI) / cteatorenatut (HACT). Mpbi3y-
Hbl Ha MCD-greTe AeMOHCTPUPYIOT BblpaXkeHHbIN cTeaTo3 1 ¢pnbpos, Ho TepPAT Maccy
Tena, HFD n Western Diet (upbl + caxapo3a/dpyKTo3a) UMATUPYIOT MeTabonmueckui
¢doH HACT. Ineta GAN (Gubra Amylin NASH) — Hanbonee 6nu13Kkasn K KNMHUYECKOW Kap-
TUHe. Bocnpounseoaatca cteatos, BocnaneHus, 6annoHHas gereHepauus, ¢pnubpos.

6. XvMmuuyeckoe nHayLmpoBaHue Grnbpo3a neyeHu. CCI4 n Tnoauetamupg (TAA) Bbi3biBalOT
NnoJsIHoe ToKCuYeckoe noBpexaeHune n ¢pnobpos, 6e3 metabonmyeckmx CABMUroB, 4YacTo
couetatotca ¢ HFD. leHeTnueckne mopenn (ob/ob, db/db) B kombuHauun ¢ gnetamm
BbI3bIBAOT CTEATO3 U BOCMNaseHne, HO cnabbin dnbpo3. Moaenb xapakTepur3yeTcs no-
BbilweHnem cooTHolweHnsa AJIT/ACT, ructonornyecku BbIABIAEMbIM BOCMANEHNEM,
KONINareHoBbIMU OTNOXeHUAMK (OKpalwwmBaHue Sirius Red), NOBbILWEHHbIM YpPOBHEM
PIIINP — mapkepa meTabonmama Konnarena lll Tuna.

7. OcTpas neyeHoUHas HeJOCTaTOYHOCTb. MoaennpyeTca y rpbi3yHOB C MOMOLLbIO aLieTa-
MUHOdeHa («3010ToM cTaHAapT»), CCl » TANAKTO3aMVIHa, D-ranosamuHa, Tnoauetamuga
(TAA). OTmeuvaeTcs peskoe noBblweHne cootHoweHua AJTT/ACT, conepaHua 6unu-
py6uHa, nosbiweHne MHO, cHMXeHMe NPOTPOMOUHOBOrO MHAEKCA, TMCTONOMNYECKIIA
HeKpo3; BO3HMKAeT pUCK NeyeHouHol sHuedbanonatnm n cmepTu. MicnonblyeTca ana
TEeCTUPOBAHMA renaTonpPOTEKTOPOB.

8. Moparpa v runepypukemus. UHayLmpyeTca BbICOKONYPUHOBLIMY AVEeTaMU U UHIOU-
Topamu ypuKasbl (OKCOHaTa Kanwus). BeegeHue Kprctannos MoHoypata Hatpua (MSU)
BHYTPMCYCTaBHO MMUTUPYET NoJarpruyeckyio ataky. XapakTepHbl NOBbIEHWE COfep-
»aHnA MOYEBOW KNCNIOTbI B CbIBOPOTKE KPOBWU, BOCNasieHne CyCTaBoB, OTeK 1 LIUTOKM-
HoBbIl oTBeT (IL-1[3, TNF-a).

KntoueBbiM NPUHLMNIOM MOAENNPOBAHNA ABNAETCA BbIOOP afeKBAaTHOW MOAenu, co-
OTBETCTBYIOLEN 3ajayaM uccnefoBaHuaA. [eHeTnueckme mopenn UHGOPMATMBHBI AN
N3yYeHUA MONEKYIAPHbIX MEXaHU3MOB, ANET-MHAYLNPOBaHHbIE — ANA aHanu3a BANAHNA
BHELHNX GAaKTOPOB U TepaneBTUYECKNX BMELIATENbCTB.

Hanbonee nepcneKkTVBHBIMU CUMTAOTCA KOMOWHMPOBAHHbIE MOAXOAbl, 06beanHA-
olme reHeTnyeckme 1 ANEToNornyeckmne KOMMOHEHTbI, YTO MO3BOJIAET MaKCMMasbHO
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I'IpVI6J'II/I3I/ITb JKCNepunMmeHTalibHble YyCNOBUA K KIMHNYEeCKomn peanbHOCTN N MOBbLICUTb
AOCTOBEPHOCTb U LLEHHOCTb nccnefoBaHum.

B KPUTEPUWN OTBOPA MOJEJIbHbIX OPTAHN3MOB
N METOAONOIMNMYECKUE ACMEKTbI JOKNTMHUYECKKX
NCCNEQOBAHUM

Bbibop MofenbHbIX OpraHM3MoB A GroMefULNHCKIX NccefoBaHui TpebyeT KoM-
NneKkcHoro nopxopaa, obbeanHALEro HGroXMMUYecKre, MONeKYNAPHO-reHeTUYeCKue 1
6rornHbopMaLMOHHbIE acneKTbl. KnoueBbiM KpUTepuem ClymUT BO3MOXHOCTb BOCNPO-
N3BOAMUTb He TONbKO KIIMHUYeCKMe NposaBneHuns 3abonesaHnsa B MOLENbHOM OpraHu3Mme,
HO 1 MaToreHeTUYecKre MexaHu3Mbl, CONocTaBUMble ¢ yenoeyeckummn [20]. OcobeHHO
BaXHO, YTO MeTabonuueckre MNyTM COXPAHAIOTCA HEW3MEHHbIMY, BKIOYasA MMMKONNU3,
[B-oKncneHre XUPHBIX KACTOT, UMKIbl HENTPaNU3aLumn peakTMBHbIX GOPM KMCiopoaa 1
cucTtembl penapaummn HK [21]. CoBpeMeHHble MeToAbl CPaBHUTENbHOrO aHanusa ¢ep-
MEHTATMBHbIX CUCTEM OPraHM3Ma XMBOTHbIX Pa3HbIX BULOB OCHOBbIBAOTCA Ha MHTerpa-
LMK AaHHbIX U3 cneyunann3npoBaHHbix 6a3 gaHHbix UniProt, KEGG, Ensembl n STRING.

Mpwu BbIGOPE MOAENBHOIO OpPraHM3Ma KiloueByio POJib UrPaeT KOHLENLMA NPOrHOCTU-
yecKol fOCTOBEPHOCTM — CMOCOBHOCTb MOZENU aieKBaTHO NpefCKasblBaTb KIMHUYECKNe
abdeKkTbl dapmakonormyecknx BmellaTenbCcTs [22]. [Ana ee oueHKU HeO6xoAMMO KOM-
NneKcHoe n3yyeHre SKCNPeccuyt MONeKyApPHbIX MULLEHEN, ANHAMUKN GepMeHTaTUBHON
aKTUBHOCTU, N3MEHEHUI MeTabonunueckux npoduneinn n GpapmakogmHammyeckmx oTee-
TOB. TpaAULMOHHbIE MOAENbHbIE OPraHN3Mbl B OKIMHUYECKUX UCCNeA0BAaHUAX — MbILLW,
KPbICbl, KPONNKW 1 CBUHbY — MPOJOKAIOT 0CTaBaTbCA OCHOBHLIMU 06 beKTaMy U3yyeHns
[23]. OgHako B nocnefHee gecaTuneTve HabnoJaeTca pacTyWmin UHTEpeC K anbTepHa-
TUBHbBIM MOAENAM, Cpefiu KOTOPbIX 0COO0ro BHUMaHMA 3aCNy>KUBALOT JIEFOYHbIe MPeCHO-
BOAHbIe MOMTIOCKK, HanpuMep Lymnaea stagnalis, Planorbarius corneus n Biomphalaria
glabrata [24]. 9T opraH13Mbl NMeIOT BbICOKYIO YyBCTBUTENBHOCTb K Pa3fiMyHbIM TOKCU-
KaHTam 1 0651afatoT BbICOKOKOHCEPBATVBHOWM CUCTEMOI aHTUOKCUAAHTHOM 3alymTbl [25].
WX HeposHAOKpMHHAA cucteMa obecneumBaeT CIIOXKHYIO perynaunio Metabonnueckmx
npoLeccoB, YTo Aenaer 3TV MoAeny MepcrneKkTUBHbIMU ANA MOAENMPOBaHUA CTpecc-
WHAYLMPOBaHHbIX HapylweHnin. OfHaKo BaXXHO YUUTbIBATb 1 OrPaHNYeHUs Takmx Moge-
nen — OTCYTCTBME afanTUBHOIMO UMMYHUTETA, pasnnuma B cucTeme uutoxpomos P450,
MeTabonn3npyLLMX KCeHOOMOTMKI, 1N Apyrie BULOBble 0COOEHHOCTN, KOTopble MOryT
BNUATb Ha NEPEHOC pPe3ynbTaToB Ha Yenoseka [26, 27]. bonblmnmy npakTUYeckummn npe-
MMyLLeCTBaMM MOJIIIOCKOB ABMAIOTCA NPOCTOTa COAepXaHWA B NabopaTopHbIX YCNOBU-
AX N COOTBETCTBME COBPEMEHHbIM 3TYeckuM npuHumnam 3R (Replacement, Reduction,
Refinement) [28]. CoBpeMeHHble MyNbTOMUKCHbIE TEXHONMOTMM OTKPbIBAIOT HOBblE BO3-
MOKHOCTW [J1A CPaBHUTEIbHOMO aHanm3a MeTabonnuyeckux nyTen y pasnnyHbiX MOaenb-
HbIX opraHu3moB. MeTabonuueckre nccnefoBaHWA C WCMNONb30OBaHUEM MUOKOCTHON
XpomaTorpadum ¢ TaHaeMHow macc-cnektpometpuein (LC-MS/MS) no3sonsAtoT MaeHTu-
duumMpoBaTb 1 KONMYECTBEHHO ONPeAenaTb COTHU HU3KOMONEKYNAPHbIX COeMHEHNN B
6uonornyecknx obpasuax [29]. NpoteomHble Noaxoabl, Takue Kak iTRAQ n SWATH, patot
KOMMNEKCHYIO XapaKTepUCTKY 6eNKoBOro cocTaBa KneTok 1 TKaHel [30]. TpaHcKprnTom-
HbIn aHanu3 metogom RNA-seq obecneurBaeT NoONHOreHOMHOE NPOPUINPOBAHNE IKC-
npeccuu reHoB [31]. IHTerpauus sTux gaHHbIX C UCNOJIb30BaHMEM 61MONHGOPMaLIMOHHbIX
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nnatdopm (Cytoscape, MetaboAnalyst, STRING) no3sonseT BbiABNATL BUgocneunduuHbie
N KOHCepBaTMBHbIe GBrIOMapKepbl 3a60N1eBaHNIA, OLEHMBATb CTEMEHb COOTBETCTBMA MoJe-
NN YenoBeYecKon NaTonormm 1 NPOrHO3MpPOoBaTb BO3MOXKHbIE PACXOXKAEHUS B Tepanes-
Tyeckom oteete [32-34]. Hobenesckre npemumun 2024 r., NOCBALEHHbIE HEKOAVPYIOLNM
PHK, B uactHocT MMKpoPHK, a Takxe co3pgaHuto nporpamm AlphaFold 1, 2, 3, KoTopble He
YCTYMNatoT N0 BO3MOMXHOCTAM AOPOrOCTOALLMM 3KCNEePYMEHTaNbHbIM MeToaM PeHTreHo-
CTPYKTYPHOrO aHanu3a, AlepHOro MarHNUTHOrO pe30HaHCca, KPMO3NEKTPOHHON MUKPOCKO-
nNUn 1 ap., OTKPbIBAIOT HOBblE BO3MOXXHOCTU AJ1A aHanu3a NpoABieHnA OBUOXMUYECKNX
CMHAPOMOB, MPUBOAALLMX K SIKCTPEMAJIbHBIM MATONIOrMAM YenoBekKa [35, 36]. Nprumepom
Takoro anroputma sisnsetca PentUnFOLD (cepsep http://pent-un-fold/dddsmu/by/pent-
un-fold), KoTopbIn NO3BONAET ONpefenATb HaMume HecTabubHbIX (HEYNOPsAAOUYEHHbIX)
dparmeHTOB B CTPYKTYpe 6enkoBbix monekyn [37].

B 3AKJ/TIOYEHWE

brnoxnmnueckmne CUHOPOMDI C/ly>KaT Ko4vYeBbiIMW NaToOreHeTu4eCKMMn 3BeHbAMU B
Pa3BUTUN KaK PaCcnpoCTpaHEHHbIX, TaK N 3KCTPeMallbHbIX ¢OpM natonorun. Mix BOCnpouns-
BeAeHMNEe Ha ajleKBaTHbIX MOAENIbHbIX OPpraHN3MaXx ABNAETCA OCHOBOW ANA AOKNNHNYECKNX
nccnefoBaHum. MHTerpaLl,I/IFI [aHHbIX CpaBHI/ITeanOVI SH3MONOTN N MyNbTUOMUKCHDbIX
TEXHONOrMn no3sonsaet onTMMmn3npoBaTb Bbl60p mogenen, NoBblwas TOYHOCTb MPOrHo-
3pPOBaHNA TepaneBTUYECKUX CTpaTeer|7|. Mcnonb3oBaHune anbTePHATUBHbIX mogenen,
BKJIl0Yass 6eCno3BOHOYHbIX, B COYETAHUU C COBpeEMEHHBbIMN OMUKCHbIMN TEXHOJTOTMAMUN
npeacrtaBnAeT coboi nepcnekTMBHOE HamnpaBneHne, No3BosiA0WEee COYETAaTb BbICOKYIO
Hay4HYI LEHHOCTb nccnefoBaHnin € STUYECKUMI Y SKOHOMUYECKMU npenmyliecTtsamin.
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3Tnyeckoe 3anaBneHue. iccnegoBaHve BbIMONHEHO C COONOAEHNEM NONOXKEHNI EBponenckon KOHBEHLMM O 3aLyuTe NO3Bo-
HOUHbIX XMBOTHbIX, NCMONb3YeMbIX 1A SKCMEPUMEHTOB UM B MHbIX HayuHbIX Lensax (ETS N 123). Bce maHunynauum 6binu co-
rnacoBaHbl 1 0f06peHbl KOMMTETOM MO 61o3THKe NHCTUTYTa drsmonorum HaumoHanbHom akagemun Hayk Benapycu (npotokon
Ne 1 ot 24.01.2024).

®uHaHcMpoBaHue: paboTa BbinosHeHa Ha 6a3e MHcTuTyTa dusmnonorum HaumoHanbHol akagemun Hayk benapycy B pamkax
locynapcTBEHHON NPOrpamMmmMbl HayuHbIX ccnefoBaHWin HaumoHanbHoM akagemun Hayk benapycm N@ 2.3.13.

MopaHa: 10.09.2025

MpuHaTa: 18.02.2026
KoHtakTbl: mityukovat@gmail.com

Pesiome

BBepeHme. POCT pacnpoCTpaHEHHOCTU OXMPEHWSA BbI3blBAaeT HEOOXOAMMOCTb MOUCKa
OGUONOIrMYECKN aKTUBHbBIX CYOCTaHLUI, NpeaynpeXKaatowmx nmbo HABENMPYHIOLLNX ero He-
6raronpusTHble NOCIeACTBUA.

Lenb. OueHnTb NOKasaTenn nepekUCHOro OKNCIeHNA MMNNLOB N aHTUOKCUAAHTHOW CU-
CTeMbl B COBOKYMHOCTU C HEKOTOPbIMU METAaboNMYeCcKnMmn npoLeccaMmm mMo3ra y Kpbic-
CaMUOB NMpU ANET-UHAYLMPOBAHHOM BUCLEPASIbHOM OXMPEHUM U anpobupoBaTbh BO3-
MOXHOCTWN KOPPEKLMM BbIABAEHHbIX HAPYLUEHN C NCMOb30BaHNEM NakTOPpepprHOB —
PEKOMOMHAHTHOIO YeJIOBEYECKOTO M KOPOBBETO.

Martepuanbi n metoppbl. JKCNepUMeHTabHbIe NCCNIeOBaHUA NPOBOAMINCD Ha KpblCax-
camuax BUCTap W BKOYaNW Fpynmbl >KMBOTHbIX, MONYyYaBLUMX CTaHOAAPTHYO AVETY BMBa-
pus (Ct) n BbicokoKanopuinHyto guety (BK) B TeueHue 16 Hepenb. B TeueHre nocnegHmx
8 Heflenb KpbiCam COOTBETCTBYHOLLUX Py BBOAMIN NEPOPANbHO NakTopeppyriHbI: KOPO-
Bui (K1) n peKomMOMHAHTHbIN YenoBeuecknin (pull®), a Takke AnsA CpaBHEHUA — OblUNiA
CbIBOPOTOYHbIN anbbymumH (BCA) B fo3ax 100 Mr / Kr Maccbl Tena. Y »KUBOTHbIX BCEX rPymmn
PEerncTpMpoOBany Maccy Tefla 1 BUCLEPANIbHOMO XMNpa, onpeaensanu broxummyeckume no-
KasaTenu KpoBu. B TKaHM rofloBHOro Mmo3ra onpegensany cCogepkaHme MHCYNNHa 1 TpaHC-
noptepa rnoko3bl GLUT3, a Takxke nokasaTtenn Npo- 1 aHTMOKCMAAHTHOrO cTaTyca.
PesynbraTtbl. [l0ka3aHo, uto BK[] Bbi3biBaeT CTaTUCTUYECKN 3HAUMMOE NOBbILLEHNE NOKa-
3aTesiel NEPEKMCHOro OKMNCNEHMA IMMMAOB B TKAHU MO3ra KPbIC, MPY 3TOM KYpPCOBOE BBe-
deHrie BCA Huenupyet 31oT npouecc; puJI® okasbiBaeT NO3UTMBHOE MeTabonmyeckoe
B/IMAHME HA TPAHCNOPT rN0KO3bl B Mo3re npu BKA.
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3aknioueHue. MpoBefeHHble NCCNefoBaHUA BbIABMIM GnaronpusaTHble 3pdeKTbl Kyp-
coBoro BBefeHua bCA n puJl®, cnocobcTytowWwe ONTUMM3ALMN METAaBOINYECKMX NPO-
LiecCoB B MO3re Npuv AVET-MHAYLMPOBAHHOM BUCLIEPANIbHOM OXUPEHUN Y KPblC-CaMLIOB
BUCTap.

KnioueBble C/ioBa: KpbICbl, BMCLEPAIbHOE OXMPEHUE, NAKTOGEeppPUHbI, NepekncHoe
OKWMC/IEHME IMMNAO0B, AHTUOKCUAAHTHAA 3alLMUTa OpraHn3mMa, TPaHCNOPT F0KO3bl, MO3T
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Abstract

Introduction. The increasing prevalence of obesity necessitates searching for biologically
active substances that prevent or neutralize its adverse effects.

Purpose. To evaluate markers of lipid peroxidation and the antioxidant system in
combination with some metabolic processes in the brain of male rats with diet-induced
visceral obesity and to test the possibilities of correcting the identified disorders using
lactoferrins — recombinant human and bovine.

Materials and methods. Experimental studies were conducted on male Wistar rats and
included groups of animals fed a standard vivarium diet (StD) and a high-calorie diet (HCD)
for 16 weeks. During the last 8 weeks, the rats of the corresponding groups were orally
administered lactoferrins: bovine (bLF) and recombinant human (rhLF), and bovine serum
albumin (BSA) for comparison at doses of 100 mg/kg/body weight. Body weight and
visceral fat content were recorded in all groups, and blood biochemistry parameters were
determined. The content of insulin and glucose transporter GLUT3, as well as indicators of
pro- and antioxidant status, were determined in the brain tissue.

Results. It was shown that HCD caused a statistically significant increase in lipid
peroxidation in rat brain tissue, while a course of BSA neutralized this process; rhLF had a
positive metabolic effect on glucose transport to the brain during HCD.
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Conclusion. The studies conducted revealed the beneficial effects of BSA and rhLF
administration, contributing to the optimization of metabolic processes in the brain
during diet-induced visceral obesity in male Wistar rats.

Keywords: rats, visceral obesity, lactoferrins, lipid peroxidation, antioxidant defense,
glucose transport, brain

B BBEJEHWE

B HacTosLlee BpemA OXMpeHMe paccmaTpmBaeTca Kak rnobanbHasa npobnema 3gpa-
BOOXPaHeHUA, MOCKOJbKY ero pacnpocTpaHeHHOCTb fgocTuraeT 30-40% BO Bcex CTpaHax
mupa [1, 2]. bonee Toro, oXmpeHue nprsHaHo GakTopoM pUcCKa AnsA MHOrMx 3abonesaHuni,
TaKUX Kak cepfieYHO-COCYANCTas NaToNOr s, XNPOBOW renaTos, caxapHblii AnabeT v oHKo-
nornyeckue 3abonesaHusa [3]. lMoKa3aHo, UTO OXKMpPEHKE Bbl3bIBAaET HAapaCcTaHNE aKTUBHbIX
dopm Kucnopopa, Npryem He ToNbKO B Neprdeprnyeckix TKaHaX, HO 1 B LepebpokopTu-
KanbHOW TKaHW. 3TO HapylwaeT GYHKUUN MO3ra, T. e. yBEIMYMBAET PUCK HEMPOHaNbHbIX
anchyHKUMI, BOoCNanuTeNbHbIX NPOLECCOB 1 HelpoaereHepaTuBHbIX 3abonesaHnin [4].
OKMCNUTENbHBIN CTPECC CBA3aH C YBEIMYEHUEM KONMYECTBA PafMKanoB, pa3pyLuatoLmx
COCYAUCTbIE U HElPOHasibHble KNEeTKU LeHTPanbHOM HEPBHOWM cucTembl, obpa3ys ancba-
naHc mexpay cBO6OHbIMU pajrKanaMu KUCnopofa U aHTUOKCUAHTHON 3aLMTHON Cu-
cTemoli. [o3ToMy BaxeH NOMCK BeLecTB C BblpaXeHHbIMU aHTUOKCUAAHTHBIMU 1 HENPO-
NPOTEKTOPHbIMU CBOMCTBaMU. B HacTosLlee BpeMA Hanbonee N3yyeHHbIMU BELLeCTBAMU
C aHTMOKCUIAHTHLIM AeNCTBMEM ABNAIOTCA 6rodnaBoHOMAbl PACTUTENIBHOTO NMPOMCXOX-
neHns [5]. OgHako cnefyeT yunTbiBaTb, UTO Ha pOHe HapacTaHMA CBOGOAHOPaANKaANbHbIX
peakuuii MOryT nopaMaTbca MHOTMe Apyrue BaxHble MeTabonnyeckne npoueccsbl Mo3ra,
Hanpumep NOCTynneHne rKo3bl B MO3r [6]. B HacToALee Bpems yCTaHOB/IEHO, YTO Ha-
pyLeHUA TpaHCNopTa roKo3bl B MO3T 1, COOTBETCTBEHHO, SHEPreTUYECKOro roMeocTasa
HEepPBHOW TKaHW PermcTpupyoTCaA NpU caxapHom ArabeTe 2-ro Tuna u MoryT NpuBOAUTb K
pa3BuTuio 6onesHm Anburenmepa [6].

YunTbiBan TECHYIO CBA3b OXMPEHUSA C MATONIOrMYeCKMU NpoLieccamm B TKaHM MO3ra,
aKTyanbHOWM Npobnemoi ABNAETCA NMOUCK BUONOrMYECKN aKTUBHBIX MONEKY, CrNoco6-
HbIX MOAaBNATb CBOOOLHOPAAVKANIbHOE OKNCIEHNE Y HOPMAaNN30BaTb OCHOBHblE MeTa-
6onnyeckre Npoueccbl B HEPBHOWM TKaHW. B 3TomM nnaHe npuBnekaeT BHUMaHWe 6enok
naktobeppuH (JIM), NpncyTCTBYIOLNIA B MONOKE MAEKOMUTAIOLNX 1 UMEIOLLNIA BUAOBYIO
cneyndrUHOCTb. ABNASACH OCHOBHBIM Xene3ocBA3biBaloWmnmM 6enkom, oOHapy»KeHHbIM
B MOJIOKe 1 ApYyrux 6uonornyecknx xmgkoctax, JIO okasbiBaeT aHTMOaKTepuranbHoe,
NPOTMBOBMPYCHOE, NPOTNBOBOCNANUTENBHOE, UMMYHOMOAYNMPYIOLLEe N aHTUKaHLe-
poreHHoe fielicTBre. bnarogapa ero cnocobHOCTM NPOHMKaTb Yepe3 reMaTosHLUedbanu-
yeckun 6apbep, ObUIM NoNyYeHbl faHHble 06 NCNONb30BaHUMN 3K30reHHOro YenoBeye-
ckoro J1O B KauecTBe TepaneBTUYECKOro CPeACTBa [iNA NeveHns HelpoaereHepaTUBHbIX
1 uepebpoBacKynApHbIX 3aboneBaHUN, 3afep ek Pa3BUTUA Y AeTel, Onyxonen rosios-
HOro Mo3ra 1 Apyrmx HeBpoNornyecknx 3abonesannii [7]. JoknuHUYeCcKne ncnbitTaHnaA
nokasbiBatoT, uTo JIQ 3awmiiaeT pa3BMBaOLWNIACA MO3I OT MOBPEXKAEHUA HEWPOHOB,
YyCUNNBAET MEXKNETOUHble CBA3U U NPOAYKUMIO HEMPOTPODUHOB, a TakXKe YMeHbLua-
eT BoCManeHve B MoJenAX NepuHaTanbHOro BOCMANUTENIbHOrO MPOBOKALMOHHOIO
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BO3[eNCTBUA, 33ePXKKN BHYTPUYTPOOHOro pa3BMTUA U HEOHaTaNbHYIO FTMMOKCMIO-MLLIe-
Muto [8]. DKCneprMeHTanbHble NCCeoBaHUA C UCNOSIb3oBaHUeM KopoBbero JIO (KJ10)
[EeMOHCTPUPYIOT ero HeMPONPOTEKTOPHOE AENCTBUE Y XKUBOTHbIX. bepemeHHble KpbICbl
BMCTap nonyyanu gvety, gononHeHnyio KO (1 r/kr) B TeueHne 6epemeHHOCTH, Koraa
YyacTb caMOK nogsepranacb 60-MWHYTHOW runokcun. JlaktodeppurH npegoTBpalyan
OKUCNUTENbHbIN CTPeCC 1 BOCCTaHaBNUBaM MUTOXOHAPUAaNbHYO GYHKLUMIO rnnokaMmna
Y KpbICAT, NOABEPraBLLMXCA HeOHaTanbHow rmnokcmu [9]. pyrne nccnefgoBaHna Takxe
NOATBEPKAAKT HEMPOMNPOTEKLMIO NPY MOBPEXAEHUAX FOIOBHOrO MO3ra y HOBOPOXK-
[eHHbIX KpbIcAT ¢ npumeHeHnem K10 B nepurog rpyaHoro BckapmnusaHua [10]. B skcne-
PVIMeHTax Ha KpblCax C CMOJIb30BaHMEM anodpopMbl PEKOMOMHAHTHOTO YeloBEYEeCKOro
JI® (puJ1®) o6HapyKeHbl 3aLMTHbIe CBOWCTBA NpenapaTa NPOoTMB SKCNepMMEHTaIbHOMO
ayTOUMMYHHOro 3HUedbanomuenuta Npu OKKMK3UN MefuanbHOW MO3roBOW apTepuu
(MHCYNbT), a TakXKe NpKW 3KcnepumeHTanbHow 6one3Hun MNMapknHcoHa [11]. B HacToAwwee
BpemMa nonyyeHbl AaHHble, NoATBEPXKAAloWME NAEHTUYHOCTb YeToBeYeCKoro Npupoa-
HOro 1 pekoMb6uHaHTHoro 6enkos JID, uto no3BonAeT paccmaTpuBatb pu/1O B KauecTse
nepcneKkTMBHOM GUONOrMUYeCcKn akTMBHOM NULLEBON A06aBKM NMO0 dpapMaleBTUYECKO-
ro npenapara [12].

Hapspgy ¢ 6onblunm CneKTpoMm 3KCNeprMeHTaslbHbIX PaboT, AeMOHCTPUPYIOWNX Hell-
ponpoTekTrBHble cBoncTa KO 1 puJIO npm runokcmMm n Apyrux HEBPONOrMYECKMX NaTo-
NOruAx, NPakTNYeCcKn OTCYTCTBYIOT CBELEHMA O BO3MOXHOCTM KoppeKLmn mopdodyHKUNK-
OHaNbHOro COCTOAHNA MO3ra Npu oXxmpeHun. CnegyeT OTMETUTb, UTO HaLK NpeablayLme
nccnefoBaHuA BbIABUAN NPU3HAKU HEPOBOCMANIEHNSA N HeMpoaereHepauum B npedppoH-
TaJIbHON Kope Mo3ra 1 6onblUMHCTBEe obnacTein rmnnokamna y camuoB U CaMOK KpbIC C
OVeT-MHAYLMPOBaHHbIM BUCLIEpanbHbIM oxKnupeHunem [13, 14].

B LIEJIb NCCNEOAOBAHNA

OueHWTb NoKasaTeny NepeKknCcHOro OKNCIEHUA NMNNUAOB 1 aHTUOKCMAAHTHOMN cucTe-
Mbl B COBOKYMHOCTU C HEKOTOPbIMM METAaBOIMYECKMI NPOLIECCAaMMN MO3ra Y KPblC-CaMLIOB
npv AUEeT-MHAYLUMPOBAHHOM BUCLIEPANIbHOM OXMPEHUU 1 anpobupoBaTb BO3MOXHOCTM
KOpPEeKLUMM BbIABNEHHbIX HAPYLUEHWI C NCMOIb30BaHNEM NaKTOEepPPUHOB — peKombu-
HaHTHOIO YEeNOBEYECKOro U KOPOBbLETO.

B MATEPWAJIbl U METObI

NccnepgoBaHme BbINOSIHEHO C COGMOAEHMEM NONOXKEHWIA EBpONENCKOM KOHBEHLMM O
3aLmTe NO3BOHOYHbIX XMBOTHbIX, UCMOJIb3yeMbIX A1 SKCMNEPUMEHTOB UM B MHbIX Hayu-
Hbix uenax (ETS No. 123). Bce maHunynauum 6binm cornacoBaHbl U ofobpeHbl KOMUTETOM
no 6rostnke NHctutyTta dusmonorum HAH benapycu (npotokon N2 1 ot 24.01.2024).

Mposoannock nsyueHme BnnaHua pulld n kJ1O B conoctaBneHUn C OTHOCUTENBHO Hell-
TpanbHbIM 6eIKOM — HbIUbMIM CbIBOPOTOUHbIM anbbymrHom (BCA) — Ha Macc-meTpuryecKue,
OUOXUMUNYECKNE N FTOPMOHAJIbHblE NMOKa3aTeNn CaMLOB KPbIC BUCTap NPV CTaHAAPTHOWM
(Cr) v BbicokokanopuitHon (BK) anetax. O6waa npoaomKUTeslbHOCTb SKCNepPUMEH-
Ta cocTaBuna 16 Hefienb, B Te4eHUe nocsiefHUX 8 HefleNb XNBOTHbIM COOTBETCTBYHOLLNX
rpynn BBoauaun nepopanbHo pacteopbl puJi®, kNO unu BCA B go3e 100 mr / Kr maccl
Tena, a KuBoTHbIM 13 rpynn Ct[l n BKL - pactBopuTenb (anuporeHHbin Gpusnonornyeckuin
pactBop) B o6beme 500 MK / Kr Mmaccbl Tena (puc. 1).
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Puc. 1. Cxema aKcnepumeHTa
Fig. 1. Experimental design

B paboTe 6b11 1cnosnib3oBaHbl Npenapatbl puJ1® n KO nponsBogcTBa PecnybnvkaH-
CKOro YHUTapHOro npeanpuatna «HayyHo-npakTnyeckmin ueHTp HaunoHanbHom akage-
MUK HayK benapycu no >KMBOTHOBOACTBY», . MOAUHO.

Mopgenb BK[ Bkntoyana BBegeHve B CTaHAAPTHbIV PaLnoH BUBAapUA [ONONHUTENbHO-
ro KONMyecTBa XUPOB KMBOTHOMO MPOUNCXOXKAEHNA B BUAE CBUHOMO cana (45% [ononHu-
TenbHo K C1[]) 1 yrneBofoB (MMTbeBas BoAa 3amellanacb Ha 10% pactBop ¢pyKTO3bl CO
CBOOOAHbBIM AOCTYMNOM K nownkam) [15].

BbiBeieHMe XKMBOTHbIX 13 SKCNEPUMEHTA OCYLLECTBAANAN NOA TUOMNEHTANOBbIM HAPKO-
30M, NPOBOAWAN B3ATUE KPOBU C NOCNEAYOLWMM OTAENEHNEM CbIBOPOTKM 1 BbIMOHANN
ANCCEKLUMIO BUCLEpanbHOM XNPOBOW TKaHW (NapaHedpanbHble 1 SNMANANMANbHbIE XKK-
poBble O0TNOXeHWA). Maccy Tena KpbiC oLeHMBaNM NpmunsHeHHo Ha Becax SATURN (Ku-
Talt), Maccy BUCLEPanibHOro »Ku1pa (Nocsie BbiBeAeHNA 13 SKCMEPMMEHTa) — Ha labopatop-
HbIx Becax Scout Pro (Knutan). MaccoBbiii koapduuymeHT (MK) paccuntbiBanm no ¢opmyne
MK = (macca BrcLepanbHO X1PoBO TKaHu / Macca Tena) X 100%.

OnpepeneHne KoHUeHTpauun Tpurnuuepupos (TT), obwero xonectepuna (OX), xone-
CTepurHa NMNonNpPoTeNHOB BblcoKon nioTHocTh (XC-JIMBIM), xonectepuHa NMNONpoTeNHOB
Hu3kom nnotHoctn (XC-JIMHIM), rnioko3bl, anbda-amunasbl B CbIBOPOTKE KPOBW U 06LLero
6efika B roMoreHaTax Mo3ra NpOBOAWUN C UCMONb30BaHNEM HabOPOB peareHTOB GUPMbI
«[naceHc» (Pecnybnuka benapycb) Ha aBTOMaTMYECKOM BUMOXMMMYECKOM aHanu3aTope
Mindray BS-200 (Kutai1) ¢ nporpammHbiM obecneueHnem BS-330. CogepxaHne nHCynu-
Ha M IKo3HOro TpaHcnoptepa 3 GLUT3 B romoreHaTtax mo3sra onpefaenany ¢ Ucnosnb-
3oBaHnem MIOA-HabopoBs Pupmel Fine test (KuTain) Ha MmyHodpepMEHTHOM aHanusaTope
Chem Well (CLLA) v Bbipaxanu B Hr / I 6efka. PaccumtbiBany Ko3pOULMEHT, oTpaxalo-
WMIA COOTHOWeHUe KoHueHTpauum GLUT3 K KOHUEeHTpauuu WHCYnuHa, no ¢bopmyne
K = [GLUT3], Hr / r 6enkKa, / [MHcynuH], Hr / T 6enka. OnpeaeneHvrie MasoHOBOIO Anasbae-
rnga (MJA), akTnBHOCTM cynepokcupaucmyTasbl (COL) 1 KaTanasbl B roMoreHatax mMos-
ra NnpoBoauan cnekTpopoTomeTpuyeckummn metogamm [16-18] cooTBeTcTBEHHO. Pacyet
copgepkaHna MA 1 akTBHOCTU KaTanasbl B TKaHW FOJIOBHOrO MO3ra NPOBOAMUIICA Ha T
CbIpOV TKAHWN.

CraTncTuyeckyto o6paboTKy AaHHbIX MPOBOAWM C MOMOLIbI0 Nporpammbl Statistica
12.0. Pe3ynbTaTbl Bblpa)kanu B BUAE CPefHEl BENIMUNHBI U CpeHen CTaHAAPTHON OLMOKN
(M£SEM). CTaTUCTNYECKYIO 3HAUMMOCTb MEXIPYMMOBbIX OTANYMIA OLLEHUBANM C TOMOLLbIO
ancnepcroHHoro aHanmsa ANOVA ¢ nocnegyowmm post-hoc-aHanusom no F-kputepuio
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(DI/ILUEpa. Otnnumnsa MeXxay rpynnamm cHmTann oCToBepPHbIMU NMpu ypoBHE 3HAYMMOCTU
p<0,05.

B PE3YJIbTATblI N OBCYXAEHUE

Kak BMAHO 13 faHHbIX, NPeACcTaBAEHHbIX Ha PUC. 2, Macca Tena KpbiC BCeX SKCNepuMeH-
TaNbHbIX FPYNM HapacTana B Xxofe 3KCNeprMeHTa B COOTBETCTBUNM C UX B3POC/IEHNEM, HO
He 3aBuCena oT XxapakTepa NUTaHus.

Y Kpbic Bcex rpynn, nonyvaslwmx BK/, 3apernctpnpoBaHo cTaTUCTMYECKN 3HauYMoe
yBenuyeHue maccbl 1 MK BucuepanbHoro xupa (puc. 3). lMepopanbHoe KypcoBoe BBe-
deHrie puJ1® cTaTUCTUUECKU 3HAUYMMO yMeHbLuano maccy 1 MK BrcLepanbHOM XnpoBoi
TKaHW Y XMBOTHbIX, NONYYaBLINX CTaHAAPTHYIO AMETY BUBapUsA.

OnpepgeneHne 6MOXMMMYECKUX NOKa3aTenen Kposu (Tabn. 1) BbIABUIO CTaTUCTUYECKN
3Hauumoe nosbiweHme yposHen OX, XC-JIMNBI, XC-JIMHIM, rnoko3bl 1 anbda-amunasbl B
CbIBOPOTKE KPOBW KMBOTHbIX, NoflyyasLunx BK]], He3aBMCMMO OT BapraHTOB KOppeKLmK,
UTO CBMAETENbCTBYET O HapyLIeHWAX COCTOAHMA NUMUAHONO U YrneBogHOro obmeHa, a
Takxe GyHKUMM noaxenyaouHow xenesbl. Kypcosoe Bo3gelicteue pul/ld Bbi3biBano cra-
TUCTUYECKM 3HAUMMOE CHIXeHMe copepaHuna Tl B CbIBOPOTKE KPOBW KPbIC, MOMyYaBLUNX
CTaHAapTHyto aveTy. BeegeHme k1O npuBoamno K nosbieHnio ypoBHA OX B CbIBOPOTKeE
KpOBWU 3a cyeT HapacTaHus ¢pakuumn XC-JMBM npn CTM, 4To MOXHO paccmaTpurBaTb Kak
KOMMEHCMPOBaHHbIN BapyaHT NoBbieHna cogepxaHna OX B CbIBOPOTKE KPOBU »UBOT-
HbIX. KOHLIEHTpaLMA MHCYNIMHA B CbIBOPOTKE KPOBW 3KCMEPUMEHTASIbHbIX MUBOTHbIX CY-
LLeCTBEHHO He MeHANach B 3aBUCMOCTM OT AMETbl M BBOAMUMbIX MPenapaTos.
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300 —% 1BKA
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Puc. 2. ilnHammnKa Maccbl Tena KpbiC-CaMLOB B TeUeHUE SIKCNepuMeHTa
Fig. 2. Changes in body weight of male rats over time during the experiment
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Puc. 3. Macca (A) n maccoBbliit Ko3¢pduumeHT (B) BucuepanbHolii xKuposoii TKaHu (BXKT) y Kpbic-camuoB
BCeX dKCNepuMeHTanbHbIX Fpynn

MprmeyYaHna: CTaTUCTUYECKU 3HaUMMble pasnunums npu p<0,05: * ot Ct, * ot CTA+6CA, 2 ot CTA+pull®, & ot CTO+K®, * o1 BKA,
$ ot BKA+BCA.

Fig. 3. Mass (A) and mass coefficient (B) of visceral adipose tissue in male rats of all experimental groups

OnpepeneHvie NokasaTtenen NepeKknCcHOro OKUCIeHNA NMNUAOB B TKaHW FONOBHOIO
MO3ra KpbIC NPW BbICOKOKANIOPUNHOW fMeTe BbIABUIO CTaTUCTUYECKM 3HaUMMOe MOBblI-
weHuve yposHA MIA 6e3 n3meHeHUA akTUBHOCT GepMeEHTOB aHTUOKCUAAHTHON 3aLu-
Tbl — CO[l n KaTana3sbl (Tabn. 2). AHanornyHoe nosbiweHne yposHAa MIA 6bino 3aperu-
CTPUPOBAHO MpPW BUCLEPANIBHOM OXKUPEHUN Ha dOHe MprIMeHeHuA NakTobeppuHoB,
opHako BeegeHuve puJl® XnBOTHbIM, Nonyyaswum BKI, npuBoauno K ctaTucTnyeckm
3HauMMoMy HapacTaHuto akTmBHocTu COJl Ha 20,3% no cpaBHeHUIO C TaKOBOW B rpyn-
ne Ct[; npu stom KJ1O He oKka3biBan BAMAHNA Ha GepMeHTbl aHTUOKCUOAHTHOW 3aLnThl
(Tabn. 2). O6bpaLyaeT Ha ceba BHMMaHMe TOT paKT, UTo KOHUeHTpauuna MIA B TKaHM Mo3ra
oCTaBanacb B npefeniax KOHTPOJIbHbIX BEIMYMH B FPYMIe XNBOTHbIX, KOTOPbIM BBOAUIN
pactBop BCA Ha PpoHe BbICOKOKanopuinHon ametsbl. Mi3secTHo, uto BCA — TpaHCMOPTHbIN
6enokK KpoBU, KOTOPbIV NFPaeT BaxHYIO POJb B 3aLiMTe OpraHu3ma oT BpefHOro Bo3aen-
CTBUA CBOOOAHBIX pagnKanoB. ITOT 6eNoK oCyLecTBAAET CBA3bIBaHME METANNIOB Nepe-
MEHHOV BaneHTHOCTU, a TaKkKe COAEPKUT BOCCTaHOBEHHbIE CyNnbGrapunbHble rpyn-
MNbl B COCTaBe CBOE MONEKYJIbl, UTO obecneumBaeT obe3BpekmBaHne CBOOOAHbBIX paau-
Kanos, NpUCYTCTBYOLWMX B KpoBu [19, 20]. MNonyyeHHble AaHHble AeMOHCTPUPYIOT, UTO
BCA npoTrBOaencTByeT NpoLeccam NepeknCcHOro OKNCIEHNA NUNNLOB B TKaHW MO3ra.

YumnTbiBas, UTO OCHOBHbIM SHEPreTUYecKMmM cybcTpaToM Ana LeHTPanbHON HePBHOM
cucTeMbl ABNIAETCA TNOKO3a, NPeACTaB/ANIO MHTEPeC onpefenuts cogepxaHue GLUTS3,
KOTOPbIN paccMaTpUBAETCA Kak OCHOBHOW TpaHCMopTep MioKO3bl B HEMPOHBI. 13BecTHO,
uto GLUT3 cBA3bIBaeT MNIOKO3Y C BbICOKMM CPOACTBOM U HONbLIOW TPAaHCMOPTHON eMKO-
CTbl0, UTO BaXKHO JJ1A SHepreTuyeckoro Metabonmnsma HempoHos [21, 22]. Bonpoc o ponu
WHCYNNHa B perynaumm norsoweHna rioKo3bl KneTkaMu Mo3ra ABAAETCA [0 CUMX nop
npeamMeToM HayuHbIX AucKyccuii. OfHaKo CyLIeCcTBYIOT OpurMHasibHble McciefoBaHus,
[eMOHCTpUpYIoLLMe, YTO UHCYNUH cnocobcTyeT nepemeleHnto GLUT3 13 uutonnasmbl
KNeTKn K nnasmaTnyeckon membpaHe HelpoHoB [23]. [laHHble BU3yanu3aummn rnioKo3bl
YKasblBaloT Ha TO, UTO 3KCMpeccusa peLenTopoB K MHCynuHy (IRB) B HelpoHax npmsoanT
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Puc. 4. CopepxaHue nicynusa (A), GLUT3 (B) n nx cootHoweHune (C) B romoreHatax Mo3sra Kpbic-caMLiOB
BCEeX 3KCMepUMeHTaNbHbIX Fpynn

MprmeyYaHna: CTaTUCTUYECKN 3HaUUMble pas3nuumsa npu p<0,05: * ot CTA, ¥ ot CTA+BCA, 2 ot CtO+pu/1®, & ot CTA+K/1D, * oT BKA,
$ ot BKO+BCA, A ot BKO+KIO.

Fig. 4. Content of insulin (A), GLUT3 (B) and their ratio (C) in brain homogenates of male rats of all
experimental groups

K 3HaUNTENIbHOMY MOBbILIEHWNIO NOFNOLWEHUA U CKOPOCTU YTUAN3ALMK TIHOKO3bl NO CpaB-
HEHWIO C HEMPOHaMI C H13KoW aKkcnpeccuen IRB [24]. bonee Toro, Hannuue IRP accouyunu-
pyeTcs € CyLecTBEHHbIM NOBbILWeHreM 3kcnpeccun GLUT3, oco6eHHO B obLeli MeMOpaH-
HoW cybKkneTouHowm ppakuun [24].

OnpepeneHne cofepKaHnA UHCYNMHA B TKaHW MO3ra BblABUJIO TEHAEHLMIO K ero no-
BbILLEHWIO B rpynne BbICOKOKaNopuMHoro nutaHua (puc. 4A). Npu 3ToM KOHLeHTpauuma
WHCYNNHA B MO3re KpbIC, MOMyYaBLUNX BbICOKOKaNOpPUNHOE NUTaHKe 1 KypcoBoe BBeje-
Hue puJl® (BKA+pu/lD), 6bina CTaTUCTUYECKM 3HAUMMO HUXE NO CPABHEHMIO C FPYNMon
BKA (puc. 4A). Takum obpazom, BBefieHre pulld Kpbicam C BUCLEpanbHbIM OXKUPEHUEM
CNoco6CTBOBANO HOPMAaNM3aLUuUn YPOBHS MHCYMHA B TKaHU Mo3ra. IHTepecHo, uTo co-
fepxanHue GLUT3 B LIHC 3Tux »*uBoTHbIX (BKO+pu/1®) 66110 3HaUMMO BbilLE, YEM B psAje
apyrux rpynn (Ct[, CrA+BCA, Cra+pull®, CrA+k1O n BKO+BCA) (puc. 4B).

C yueTom faHHbIx nuTepatypbl [24] 6bina NpoBefeHa oLeHKa CoAepKaHnA NHCYNHA
n akcnpeccmm GLUT3 B TKaHM Mo3ra. PaccumnTbiBany ko3¢ GMLMEHT COOTHOLLEHNA KOHLEH-
Tpauuu GLUT3 Ha egnHmuy nHcynuHa (K GLUT3/MHCY‘W). Kak BugHo 13 puc. 4C, 3ToT Koadpdu-
LMeHT Obll 3HAYMMO MOBBILLEH B MO3re KpbIC C BUCLLEPabHbIM OXKUPEHUEM, MOyYaBLIMX
puJ1®, oTHOCUTENBHO BCEX APYIUX SKCNEPUMEHTaNbHbIX rpynn. lNocneaHee noaTeepxaa-
eT No3uTrBHoe BAnAHMe puJId Ha TPaHCNOPT FNIOKO3bl B MO3T.
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Bnuaxne naKTod)epleHos Ha COCTOAHME NMPO- N aHTUOKCUAAHTHOIO CTaTyCa N SHepreTnyeckmne MeTabonuyeckume
npoueccbl B TKaAHW roJIOBHOIo Mo3ra KpbiC Npuv ANeT-nHAayLnpoBaHHOM BUCLIEPalibHOM OXNPEHUN

B 3AKJTIOMEHUE
Pe3ynbTaThbl BbIMOSIHEHHOMO SKCMEPUMEHTANIbHOIO MCCefoBaHWA NOKa3anu, Yto aam-
TenibHaA 16-HefeNbHaA BbICOKOKaNoOpUHaa AreTa NpMBOANT K CyLLEeCTBEHHOMY HaKome-
HUIO BUCLIePaNibHON »KUPOBOW TKaHN 1 MeTaboNMYeCKM CABUIaM B CbIBOPOTKE KPOBWU,
XapaKTepHbIM ANA OXNPEHMUSA, @ TaKXKe K HapaCTaHMIo BblPaXKeHHOCTU MePEKNCHOrO OKNC-
NeHnA NUNNAOB B TKAHN MO3ra Y KpPblC-CaMLIOB BUCTap.
MNepopanbHoe KypcoBOe BBeAEeHMEe 3yUYaeMblX NpenapaToB Kpbicam-camuam B go3e
100 mr / Kr Maccobl Tena Bbi3bIBaeT criegytone 3bpeKTbl:
®  npu CTaHZApTHOW AneTe npumMeHeHue pu/l® NprBOANT K CHVKEHMIO HaKOMIeHUA
BMCLIePasIbHOrO XMUpa U yPOBHA TPUIMMMLIEPUAOB B CbIBOPOTKE KPOBU; MPUMEHEHNE
KJ/1® nprBOAUT K MOBbILWEHNIO YPOBHA obLero xonecteprHa 1 ¢paxunm XC-JIMNBIM B
CbIBOPOTKE KPOBW, UTO COOTBETCTBYET COXpaHeHWIo BanaHca B cucTeme TpaHCnopTa
XonectepuviHa;
= npu BK/ Ha doHe kypcoBoro BBefeHuA puJId oTMeyaeTcs HapacTaHMe aHTUOKCUAAHT-
Hou akTnBHOCTK COJl 1 NoBbiWeHMe TPaHCNOopPTa MOKO3bl B TKaHW Mo3ra; bCA HuBenu-
pyeT HapacTaHVe NPOLECcCOB NEPEKNCHOMO OKMCIEHNA TNMAOB B TKAHM MO3ra KpbIC.
MonyuyeHHble pe3ynbTaTbl CBMAETENbCTBYIOT O MEPCNEKTMBHOCTU WCMONb30BaHUA
pu/1® B KauecTBe BA[l Kak Npu cbanaHCMpPOBaHHOM, TaK U NPU N3BLITOYHOM NUTAHUM.
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