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Journal of Siberian Medical Sciences siBsieTcst mpeeMHUKOM KypHaia « Meaununa u obpazoBanue B Cubupu» (roz usma-
HUs 2006). Perennem npesuguyma BAK PO jxypHas BKJIIOUEH B I€peYeHb [IEPUOIUIECKUX UBJaHUH, PEKOMEH/I0BAHHBIX
JUIS TyOsinKanuu paboT concKaTesiel yUeHbIX CTeleHeH.

JKypnau 3aperucrpupoBat B ®eziepanbHoi ciy»k0e 1o Hagzopy B cdepe CBA3H, HHPOPMAIMOHHBIX TEXHOJIOTHH U MACCOBBIX
koMMmyHuKaIui (PockomHai30p). PerucrparpionHoe csujereaberBo [T Ne @C 77-72398 ot 28 deBpast 2018 .

Kypuain unnekcupyercs B PUHII, 3aperucrpuposas B CrossRef ¢ 2018 1., Bce cTaThy HHAEKCUPYIOTCS € TOMOIIBIO IIUMPO-
Boro naeHTuduxaropa DOL.

Pepakuus xxypHaia co6II0/1aeT IPUHITUIIBI MEK/YHAPOAHOU opranu3anuu « Komurer o uszmarenbekoit atuke» (Committee
On Publication Ethics — COPE).

Cratby, Ipe/iCTaB/IeHHbIE K IIyOJIUKAIUY B JKypHaJle, IPOXOAAT He3aBUCHMOE PelleH3UPOBAHUE U IPOBEPAIOTCA HA OPUTH-
HasbHOCTH. [IpHu mepeneyaTke MatepuaioB u3 skypHaia Journal of Siberian Medical Sciences ccpiika Ha HCTOYHHK 065132~
TeJIbHA.

2Kypnan pacnpocrpansercs 6ecruiaTHo. Teppuropus pacnpocrpaHenus: PO, crpanst CHI, 3apyOeskHbIe CTpaHBI. JJIEK-
TpPOHHas Bepcusi (AHHOTHPOBAaHHOE COZIEPIKAHKE) TOCTYIIHA [0 afpecam: http://jsms.ngmu.ru, https://elibrary.ru

PEJAKIITMOHHBIM COBET

Brixogut 4 pasa B rof
W3naercs ¢ 2017 T.

IIPEJICEJATEJID

Mapunxun H.0., 1-p Mei. HayK, npod., 3aB. kadenpoil akymiep-
CTBa U I'MHEKOJIOTHH, peKTop, HoBocubupcKkuil rocyjapcTBeHHbIN
MenuuHckuii yausepcureT (HoBocubupcek)

IJIABHBIN PEJTAKTOP

ITocnenosa T.H., n-p Men. HayK, pod., 3aB. kKadenpoii Tepamnum,
TeMaToJIOTHH U TPAaHCQY3UOJIOTHH (BaKyIbTeTa MOBBIIIEHHUA KBa-
sudUKaUU 1 TpodeccHoHaIbHON TePENoATr0OTOBKH Bpadek, po-
pexTop 1o HayuHO# pabore, HOBOCHOUPCKUIA TOCYIapCTBEHHBIN
MenuiuHcKknii yHusepcureT (HoBocubupcek)

3AMECTUTEJIb IVTABHOTO PEJTAKTOPA

Kysneyosa B.I'., i-p Men. HayK, npod. kadenpsl HHOEKIMOHHBIX
60s1e3Hell, HoBocuOUPCKUii rOCyAapCTBEHHBIN MeIUIIMHCKUN YHU-
Bepcutet (HoBocnbupcek)

OTBETCTBEHHBII CEKPETAPD

Baxaposa K.JI., pepaxrop V3maTenbcko-noaurpaduuecKoro neH-
Tpa, HoBOCHOUPCKUI rocyjapCTBEHHBIH MEeJUIIMHCKUH YHUBED-
cureT (HoBoCHGHPCK)

Boegoda M.H., i-p Me/l. HayK, pod., rupektop PeepasbHoOro uc-
CJIeZIOBATEILCKOTO IIeHTpa hyHIaMeHTaIbHON U TPAHC/ISIITUOHHON
menunuHbl (HoBocuOUpPCK)

I'pom6 C., 1-p MequIuHbL, pod., PyKOBOAUTEND JiellapTaMeHTa
cynebHol MenunuHbl yHUBepcutera Cerases (Bopmo, ®paHmus)
Jasudosuv U.M., i-p Men. Hayk, npod. kadenps! dakyabTeT-
CKOW U TOJIMKJIMHUYECKOH Tepaluy ¢ KypcoM SHIOKPUHOJIOTHHY,

JlaTbHEBOCTOYHBIN TOCYZJaDCTBEHHBIA MEIUIUHCKUN YHUBEPCH-
TeT (XabapoBck)

2Koanoe B.B., n-p mez. Hayk, upod., aupexkrop HUU dpapmaxo-
JIOTUH U pereHepaTuBHOU Menunuuel uM. E.JI. Tonpn6epra Tom-
ckoro HarmoHabHOTO UCCIIeI0BATEIHCKOTO METUIMHCKOTO IEH-
tpa PAH (Tomck)

Jloxwun B.H., i-p MeJ. Hayk, npod., akagemuk HAH PK, npesu-
neHT KazaxcraHCKOH acconpanuyl pernpoAyKTUBHON MeIUIUHEI,
reHePAJIbHBIN IUPeKTOp MeskyHapOoAHOTO KJIMHIUYECKOT0 IIeHTpa
peupoaykronoruu PERSONA (KazaxcraH, AiMaThl)

Iy3swvipes B.I1., i-p vien. HayK, 1pod., akagemuk PAH, HaygHbIi py-
KOoBOuTE b ToMcKOro HanimoHaibHOTO MCCIIE/IOBATETbCKOTO Me-
JUIUHCKOTO neHTpa PAH, Hayunsiii pykoBogutesns HUU menu-
IIMHCKON TeHEeTHUKH, 3aB. Kadepol MeAuIMHCKON reHeTukn Cu-
OGUPCKOTO roCyapCTBEHHOTO MeANIIMHCKOTO yHuBepcuTera (ToMck)

Pyorcuuxa T., i-p MeTUIUHBL, IPOQ., pyKOBOJUTEb JlellapTaMeHTa
JIepMaTOoJIOTHHU U aJLJIEPToI0rui MIOHXEHCKOT0 YHUBEPCUTETa UMe-
Hu JlroBura u Makcumminana (MonxeH, lepmanust)

Cemenos B.M., n-p Mez. HayK, npod., 3aB. kKadenpoit HHGEKITNOH-
HBIX 60J1e3HeH, BUTeOCKMil rocy1apcTBEHHBIN MeUITMHCKAH YHU-
Bepcurer (Pecny6iika Benapycs, Bute6cek)

®@edepuro M., i-p MeAUIUHEL, TPO(., PYKOBOAUTEIH Kadephl Me-
JUITUHCKON OHKOJIOTHH, OT/IEJT JUATHOCTHUECKOU METUIIMHBI, KJTH-
HUKU ¥ 00II[€CTBEHHOTO 3/[paBOOXPaHeHs1, Y HUBepcuTeT MoieHbI
u Pemxo-Omunun (Uranus, MogeHna)

Ixypynuil B.A., 1-p Mez. Hayk, npod., akagemuk PAH, Hayd-
HbIH pykoBoguTesb PI'BHY «®enepanbHbIN HCCI€0BATETBCKII
1eHTp QyH/IaMEeHTaIbHOW U TPAHCIISAIIUOHHON Menuiuub» (Ho-
BOCHOHUPCK)

YUYPEAUTEJ/IDb

®I'BOY BO «HoBOCHOUPCKHIA TOCY/IAPCTBEHHBI MeTUIIMHCKUAN
yHuBepcuteT» Munszapasa Poccuu: 630091, r. HoBocubupck,
KpacHsrii poctr., 52. Ten./dake: +7 (383) 222-32-04.

E-mail: rector@ngmu.ru, Web: www.ngmu.ru

AJIPEC U3/JATEJIA Y PEJAKITUU

OI'BOY BO «HoBocHOUPCKHUY rOCyAapCTBEHHBIM MEeAUIIMHCKHIHI
yHHBepcuTeT» Munsapasa Poccun, 630091, Poceust, r. HoBocubupck,
Kpacubiii op., 52. Ten./daxe: +7 (383) 229-10-82.

E-mail: mos@ngmu.ru, Web: http://jsms.ngmu.ru



3.1. KINHUYECKA S MEJULIAHA

Abpamosuu C.I'., 1-p Me. HayK, Ipod., 3aB.
xadenpoii GbuU3noTEPANUU U KypOPTOJIOTUH,
VpKyTcKas rocyZjlapcTBeHHas MeIUIIMHCKAs
aKa/ieMus IOCTAUILIOMHOTO 00pa3oBaHus —
unnan Poccuiickoit MeAUIIMHCKON aKajie-
MUU HEIIPEPHIBHOTO PO ECCHOHATBHOTO 00-
pasoBanus (UpkyTck)

Bbummep H., 1-p MeIUITUHEL, Ipod. Jenapra-
MeEHTa IICUXUATPHH U IICUXOTEPAITHH, Y HUBED-
cutet 3eMMmerbBeiica (Benrpus, Bynamemrr)

Hearosa JI.A., n-p MeZi. HayK, 1pod., 3aB. Ka-
denpoii srtokpuHOIOTUH, KybaHCKUI TOCY-
JIAPCTBEHHBINA MEIUIMHCKUN YHUBEPCUTET
(KpacHomap)

Kap6vuuesa H.B., n-p Mei. HayK, Ipod., 3aB.
xadenpoit nHGEKIUOHHBIX O0Ie3HEH ¢ Kyp-
com /IT10, AstalicKuii rOCy/IapCTBEHHBIN Me-
JIUIUHCKUN yHUBepcuteT (bapHay)

Kosanenko A.B., n-p MeJl. HayK, 1pod., 3aB.
Kadepoii HEBPOJIOTUU, HEHPOXUPYPIUH, Me-
JIUIITHCKOHM T€HEeTUKU U MEIHUIIMHCKON pe-
abwinrarnuy, KeMepoBckuil rocyZiapcTBeH-
HBIM MeauIMHCKUN yHUBepcuTeT (Kemeposo)

Kynewos B.M., n-p meJ1. HayK, npod. kade-
JIpBI aKylIepcTBa U ruHekosoruu, HoBocu-
OUPCKUH rocyZapCTBEHHBIH MeIUITUHCKUN
yuusepcuret (HoBocubupck)

Kypywuna O.B., n-p MeJ. HayK, 1pod., 3aBe-
nyrornuii kadepoii HeBpostoruw, Bosrorpas-
CKHUI TOCyJapCTBEHHbIN MEeJUIIMHCKUH YHU-
BepcureT (Bosarorpanm)

Moauanosa E.E., i-p MeJl. HayK, IOLIEHT Ka-
denps! paxyapTeTCKON U NOTUKINHIYECKON
Tepanuu, AMypcKas TocyZlapcTBeHHAs Me/IH-
nuHckas akajemus (BiaarosereHck)

Momom A.Il., i-p Mef. HayK, Ipod. kadeapsl
CECTPHHCKOTO JleJ1a, AJTalicKuii rocy/ilapCTBeH-
HBIH MeUIIMHCKU yHuBepcuteT (BapHayo)

Mop0bix A.B., 1-p Me[. HayK, Ipod., 3aB. Ka-
denpoii prusmarpun, MyILMOHOJIOTHN U HH-
(exnunonubIX Gose3nelt, OMCKUU rocyzaap-
CTBEHHBIH MeTUITMHCKUH yHUuBepcuTeT (OMCK)

Huavcon I1., i-p meuiuHbl, 1pod. gemnapra-
MEHTA KJIMHUYECKUX HayK, JIyH/ICKHI yHUBED-
curer ([IBenwst, JIyHm)

Oxnonkos B.A., n-p Meq. HayK, Ipod., peKTop,
DeyepasIbHBIN HAYYHO-KJIMHUYECKUH IIEHTP pe-
aHUMATOJIOTHH ¥ peabruturosioruu (Mocksa)

Cazumosa I'.P., i-p Me1. HayK, Tpod., 3aB. Ka-
(bempoii rocnUTATEHON IETUATPHUH C KYPCOM
MTOCJIEUTITIOMHOTO 00pa3oBaHusi, ACTpaxaH-
CKUU TOCy/IapCTBEHHBIA MEJUIUHCKUN YHU-
BepcureT (AcTpaxaHb)

Censmuyxas B.I'., i-p 6uon. Hayk, npod.,
IJIABHBIA HAYYHBIH COTPYAHUK JIA00PaTOPUU
3H/I0OKpUHOIOTHH, De/tepaTbHbIN HCCIIe/[0Ba-
TeJIbCKUH LeHTP (PyHAaMeHTaIbHOM U TPAHC-
nsauoHHo MeaunuHab! (HoBocubupek)

PEJAKITMOHHAA KOJIVJIETUA

Cenvresuu O.A., 1-p MeJl. HayK, pod., 3aB.
xadenpoii neguaTpUY, HEOHATOJIOTHH U IIePU-
HATOJIOTHH € KypCOM HEOTIOKHOH MeTUIIIHE],
JlaJIbHEeBOCTOUHBIH TOCy/JapCTBEHHBIH Me/in-
nuHCKAN yHuBepcuteT (XabapoBck)

Cwmaruna U.B., 1-p mez. Hayk, npod., 3aB. Ka-
(enpoii HeBpoIOrHH 1 HEUPOXUPYPTUH C Kyp-
com IT10, AnTaiickuii rocy/ilapcTBEHHBIA Me-
IuIuHCKUN yauBepcureT (BapHay)

Tpogumenxo HU.H., n-p MeA. HAYK, JIOLEHT,
3aB. kadeApOH KINHUIECKOH ayjIeproyo-
THH U ITyJIBMOHOJIOTHH, VIpKyTCcKas rocynap-
CTBEHHAs MeJUIIMHCKAsA aKaZleMUs ITOCIIe -
IJIOMHOTO o6pasoBanus — ¢ruman Poccuii-
CKOH MeJIMIINHCKOM aKaIeMIY HEIIPEPBIBHOTO
npodeccroHansHOro 06paszoBanus (VpKyTck)

®edopos H.A., I-p MeJ1. HayK, IOIIEHT, 3aB. Kade-
nipoit pakysprerckoi nequarpun uM. H.C. Tro-
puHOH, FOKHO-YpabCKUH TocyapcTBEeHHBIA
MeUIUHCKUH yHuBepceuTeT (Yessi0nHCK)

Quauniok O.B., o-p Me[l. HayK, Ipod., 3aB. Ka-
denpoit prusuarpuu u myspbMoHosoruu, Cu-
OUPCKUH rocyZapCTBEHHBIH MeIUIIUHCKUN
yuusepcuret (Tomck)

Xapouxosa C.A., n-p Mef. HayK, Ipod., 3aB.
xadeapol IepMaTOBEHEPOJIOTHH U KOCMETO-
snoruu, CHOUPCKUH rocyJapcTBEHHBIN Meu-
nuHCKui yHuBepcuTtet (ToMck)

Xoxnosa 3.A., n-p MeJ. HayK, Ipod., 3aB. Ka-
denpoit nndexnnonusix 601e3Hell, HoBo-
KY3HEI[KUH rOCyapCTBEHHBIN HHCTHUTYT yCO-
BepIeHCTBOBAHUA Bpadel — puinan PI'BOY
JIIO «Poccuiickass MeAuLMHCKAs akaJeMUs
HEIPEPBIBHOTO PO EeCCHOHATIBHOT0 06pas3o-
Bauwusi» (HOBOKy3HEIK)

XpaHun A.A., 1-p MeJi. HayK, Ipod. kadeapbl
JlepMaToJIOTHH U KocMeTostoruu, HoBocubup-
CKUH rocy/lapcTBeHHBIH MeJUIIUHCKUN YHU-
BepcureT (HoBocu6GUpCK)

I[xaii B.b., i-p Men. HayK, npod., 3aB. Ka-
denpoil mepuHATOJIOTHH, aKYIIIEPCTBA U TH-
Hekosioruu, KpacHOsIpPCKHUE rocyiapcTBeH-
HBIA MEIUIUHCKUN YHUBEPCUTET UM. IPOD.
B.®. Boitno-fIcenernkoro (KpacHOspCK)

IIanowHux U.H., n-p MeJ. HayK, 11pod., 3aB.
xadepoil MponeIeBTUKY BHYTPEHHUX 60J1e3-
Hel, OKHO-YpanbcKuil rocyjapCTBEHHbBIN
MeAuIUHCKIH yHuBepcuTet (Uesms6uHCK)

Axoumos /I.A., 1-p MeJl. HayK, npod. kade-
JIpbI (hapMaKOJIOTUH, KIMHUYECKOH dhapma-
KOJIOTHH U [JOKa3aTeJbHOU MeAunuHsl, Ho-
BOCHOUPCKUN TOCY/IAPCTBEHHBIA MEIUI[UH-
ckuii yausepcureT (HoBocubupck)

3.3. MEJIJUKO-BHOJIOTUYECKUAE HAYKH

Ansbves @.B., 1-p Me[. HAyK, Tpod., 3aB. Ka-
dbenpoit cynebHoit menuiuuel, KpacHosp-
CKHH rOCy/IapCTBEHHBIN MeIUIIMHCKUN YHU-
BepcuteT M. Ipod. B.®. BoitHo-fcenenkoro
(KpacHosipck)

Kasauxos E.JI., i-p Mefi. HayK, Ipod., 3aB. Ka-
(benpoii marosoruueckuii aHATOMUU U Cyze0-
HOU MequIuHEl UM. ipod. B.JI. KoBanenko,
IOsxHO-YpasIbCcKUY TOCYyaPCTBEHHBIN MeIn-
nuHCKu yauBepeurteT (YeassouHCeK)

Jloegunos C.B., 1-p MeJi. HayK, Ipod., 3aB. Ka-
dempoit rucTosorNY, SMOPUOJIOTHH U IIATO-
storun, CHOUPCKUI roCy/1apCTBEHHBIN Mein-
nuHcKud yausepeureT (Tomck)

Hadees A.IN., n-p viea. HAyK, Ipod., 3aB. Ka-
denpoit maronoruueckuit anaromuu, HoBo-
CUOUPCKUH rocyJapCTBEHHBIN MeIUIIUHCKUT
yuausepcuret (HoBocubupck)

ITempex M., n-p MeaUIUHBI, IPOd., PYKOBO-
JIUTEJTb JieTlapTaMeHTa I1aTOJIOTHIecKol pu-
suosorun YuuBepcurera I[losarkoro (Ye-
xust, OJIOMOYTII)

Casonosa E.H., n-p Mei. HayK, Ipod., 3aB. Ka-
(enpoit HopMaJIIbHOH U TATOJIOTUYECKOH Pu-
3MOJIOTHH, IPOPEKTOP 110 HAY4YHOH pabore,
JlaIbHEeBOCTOUHBIH TOCY/JapCTBEHHBIH Me/in-
uHCKu yHuBepeuret (XabapoBck)

Illegena A.H., ni-p MeJ. HaykK, 1pod., 3ame-
CTHTEJIb JUPEKTOPA 10 HayYHOU paboTe, VH-
CTUTYT XUMUYECKOH Orosoruu u GbyHaaMeH-
tanpHOi MeguiuHel CO PAH (HoBocubupcek)

3.4. PAPMAITEBTUYECKHUE HAYKU

benoycos M.B., n-p apM. HayK, JIOLIEHT, 3aB.
kadepoii papmaneBTryeckoro aHaauza, Cu-
OGUPCKUI rOCyJapCTBEHHBIH MEAUIIUHCKUN
yausepcuret (Tomck)

JKapuxos A.FO., n-p 6UOJ. HayK, JOIEHT,
3aB. kadeapoi papMakosoruu um. npood.
B.M. BproxaHoBa, IPOPEKTOP 10 HAYYHOU
pabore U MHHOBAaIUAM, AJITAalCKUI TroCy-
JlapCTBEHHBIY MEJUIIUHCKUN YHUBEPCUTET
(bapnayn)

Kapaxynosa E.B., n-p dapm. HayK, npod. Ka-
enpb! yrpaBiieHNsA 1 5BKOHOMUKH papMarIiu,
CubupCKuii rocyJapCcTBEHHbIH MEAUIIMHCKUN
yuusepcuret (Tomck)

Jlaspenmvesa JI.H., n-p dbapMm. HayK, J10-
IIeHT, 3aB. Kade/[poH yIpaBJIeHnus U SKOHO-
MUKH papManud, fekaH GpapMareBTHIECKO-
ro dakysbrera, ApocIaBCKUH rocyjapCTBeH-
HBIH MeJJUIIMHCKUH yHUBepcuTeT (SIpociiasiib)

Maoonosg I1.I'., n-p Mei. HayK, Tpod., 3aB. Ka-
empoit papmaxosorun, KINHUIECKOH (ap-
MAaKOJIOTHH H ZIOKa3aTeIbHOU MeuIHbI, Ho-
BOCHUOMPCKUI TOCYAapCTBEHHBIN MeUIIHH-
ckuii yausepcurer (HoBocubupck)

Domunbvix C.I., A-p MeJ. HaAYK, IOIEHT, 3aB.
kadenpoi GapMakoJIOTUU, KINHUUIECKOH
dapmaxostoruu, OMCKUI TOCYZapCTBEHHBIN
MeauIuHCKuH yHuBepcutet (OMCK)
Illepmaesa K./]., n-p dapm. HayK, mpod., 3aB.
xadepoii OpraHu3aluy U yrpasieHus dap-
MarleBTHYecKoro jiesa, FOskno-KazaxcraHckas
menunuHckas akagemus (IIsimkenT, Ka-
3axCcTaH)

IToamnucano B mevats 13.06.2023.

Jlata BBIXO/Ia B CBET 14.06.2023.

@opmar 60x84/8. Bymara Color Copy. l'apauTypa
Georgia. Yot neu. J1. 18,24. Trpask 1000 9K3.
Wsa. Ne 8gc.

Ortrevarano B Tunorpaduu Msgareabeko-
nonurpadudeckoro nearpa HI'MY, r. HoBocu-
6upCK, yJI. 3aJ1ecCKOro, 4.

E-mail: sibmedizdat@mail.ru,

ten.: (383) 225-24-29

Koppexkrypa E.B. Ezopos
KommneiorepHas Beperka T.B. Cobonesa
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AHHOTAIIUA

BBemenue. [logsaeHne reMaTOIOTHUECKUX AHOMAJIUI € caMOTo Havasa anuaeMun BUY-uHbeKnny cBI3bIBATIN C
ITOBBIIIEHHBIM PUCKOM IIPOIPECCUPOBAHUSA 3200JI€EBAHUS U CMEPTH Y ITUX IAI[UEHTOB.

IT e 1 b . Oupenesnenue GaKTOPOB PUCKA HEOIATOIIPUATHOTO MUCX0/A y anueHToB ¢ BUY-uHdeknue u nuToneHue.
MaTepuanabs U MeTO]/ bl . IIpoBeIeH aHATN3 TEMOTPAMM U MUEJIOTPAMM Y 30 TOCHUTAIM3UPOBAHHBIX AU~
eHTOB ¢ BUYU-uHdekIuel 1 nuToneHrnen. Y Bcex NaleHTOB B TeMOrpaMMe UMeJIach JIByX- WJIM TPEXPOCTKOBAS IIUTOIIE-
Hus (aHEMUS ¥ TPOMOOIIUTOTIEHN ST, AHEMUS U JIEHKOTIEHU s, TAHI[UTONIEHUs). BBIIO BBIZIEJIEHO 2 TPYIIIBI MAIUEHTOB: ¥ 18
(60 %) rociuTanM3aIys 3aKOHUHIACH JIETATBHBIM HCXOZOM — 1-5 Tpymna (HeOJIaronpuaTHBIA UCXo]T 3a00JIeBaHusl); 12
(40 %) 6BLTH BRITMCAHBI U3 CTAIIHOHAPA — 2-51 rpynmna (61arOIpUATHBIN UCX07 3a601eBaHIM).

PesdyanbTarThl . Ilpu oneHke reMorpaMM y nanueHToB ¢ BUY-uHdeKnuel U NUTONEHUSIMH C PA3HBIM HCXOJOM
3a00s1eBaHUA CTAaTUCTUUECKU 3HAUYUMBIX PA3JIMYU He BBIABJIEHO. AHAIN3 KJIETOUYHOCTH KOCTHOI'O MO3Ta IIOKa3asl, u4To
THIOKJIETOYHBIH U HOPMOKJIETOYHBIM KOCTHBIM MO3T Yallle PErUCTPUPOBAJICS B MHeEJIOTpaMMax IMalleHTOB 1-H TPYIIIIbI;
TUIEePKJIETOYHBIN KOCTHBIM MO3T y NAI[UEHTOB 1-H TPYIIIBI HE BBIABJIAIM, y HAIUEHTOB 2-U IPYIIIBI OIPEEIIAIN B 4 CIIy-
yasx (33.3 %). KJIeTouHOCTh 3pUTPOIIUTAPHOTO POCTKA Yallle OblIa CHUYKEHA y TAIUEHTOB 2-1 TPYIIIbI, B HOPME U TOBbI-
1IeHa — y TAlMeHTOB 1-i Ipynibl. ['paHyI0IUTaPHBIN POCTOK Yalle ObLI yTHETEH Y MAI[UEHTOB 1-H TPYIIIbI, ObUI B HOPME
y HAI[MeHTOB 2-1 IPYIIIB], pa3fipakeH yallle y IaliueHToB 1-i rpynisl. MerakapuonuTapHbIH POCTOK yallle UMeJI CHUKeH-
HYI0 KJIETOYHOCTh y IAI[UEHTOB 1-H TPYIIIbI; HOPMOKJIETOYHOCTh MErakapaolUTapHOIO POCTKA ObUIA y TMAIEHTOB
2-§ IPYNIBl; TUIEePKJIETOYHOCTH MerakapruoIUTaPHOTO POCTKA 3aPETUCTPUPOBAHO B Ipymnmax He 6bu10. [Ipu cpaBHeHUH
MIPU3HAKOB MUEJIOTUCIUIA3HH Y 13 HAI[UEHTOB 1-H IPYIIHI BHIABIIM IPU3HAKY TUCII0I3A.

3akawueHUue. YnanueHToB ¢ BUU-uHDeknrel u UTONeHNEN 110 Mepe IIPOrPeCCHPOBAHUSI OCHOBHOTO 3a60J1e-
BaHWS Pa3BUBAIOTCS TSIKEJIble TEMATOJIOTHUECKIEe HapyIeHUsI, KOTOPhIe, B CBOIO OUepe/ib, MOTYT SIBJIATHCS (pakTopaMu
pucka HebaronpusaTHOro ucxoya BUY-undekmmm.

Knaoueenle caoga: aneMus, JIEUKONIEHUs, TPOMOOIIUTOIIEHU s, Muestoauciiasusd, BUYU-undexnus.

Oo0pasen nurtupoBaHusa: Kamamuukosa /l.B., Mopabik A.B., ITy3sipeBa JI.B. ®akTopsI prcka HEGJIATOIPUAT-
Horo ucxoza BUY-uHdeKnum, accoriuupoBanHoi ¢ ruTonenuer // Journal of Siberian Medical Sciences. 2023;7(2):7-
16. DOI: 10.31549/2542-1174-2023-7-2-7-16

Risk factors for an adverse outcome of HIV infection
associated with cytopenia

D.V. Kalashnikova®2, A.V. Mordyk!, L.V. Puzyreva®3
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ABSTRACT
Introduction. Theappearance of hematological abnormalities since the beginning of the HIV-infection epidemic
has been associated with an increased risk of disease progression and death in these patients.
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A im . Determination of risk factors for an adverse outcome in patients with HIV infection and cytopenia.
Materials and methods. Hemograms and myelograms were analyzed in 30 hospitalized patients with
HIV infection and cytopenia. All patients had two- or three-lineage cytopenia according to hemogram (anemia and throm-
bocytopenia, anemia and leukopenia, pancytopenia). Two groups of patients were assigned: in 18 (60%) patients the hos-
pitalization had fatal outcome — group 1 (adverse outcome of the disease); and 12 (40%) patients were discharged from the
hospital — group 2 (favorable outcome of the disease).

Results. While evaluating the hemograms in patients with HIV infection and cytopenia with different outcomes of
the disease, no statistically significant differences were found. Analysis of the bone marrow cellularity showed that the
hypocellular and normocellular bone marrow were more often recorded in myelograms of group 1 patients; hypercellular
bone marrow was not detected in group 1 patients, in group 2 patients it was determined in 4 cases (33.3%). The cellularity
of the erythroid lineage was more often decreased in patients of group 2, normal and increased — in patients of group 1. The
granulocyte lineage was more often suppressed in patients of group 1, was normal in patients of group 2, stimulated more
often in patients of group 1. The megakaryocyte lineage more often had a decreased cellularity in group 1 patients; normo-
cellularity of the megakaryocyte lineage was in group 2 patients; hypercellularity of the megakaryocyte lineage was not
registered in the study groups. When comparing the signs of myelodysplasia in 13 patients of group 1, signs of dyspoiesis

were revealed.

Conclusion. Inpatientswith HIV infection and cytopenia, as the underlying disease progresses, severe hemato-
logical disorders develop, which, in turn, may be risk factors for an adverse outcome of HIV infection.
Keywords: anemia, leukopenia, thrombocytopenia, myelodysplasia, HIV infection.
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BBEJIEHUE

IIporpeccupoBanue BUY-undeknuu cBsa3aHO He
TOJIPKO C HAPYIIEHUSIMHU B UMMYHHOU CHCTEME, HO U
C yrHeTeHHeM HOPMaJbHOTO KPOBETBODEHM:A, UTO
MPUBOAUT K PA3BUTHUIO IUTONIEHUH (aHEMUH, TPOM-
OOLUTONIEHUN W HEUTPOIEeHNHN). XOTsS CYIIEeCTBYET
onpeziesieHHasA CBA3b MEXKY TAXKEeCTbI0 LIUTOIIEHUN
u cragued BUY-undeknuu, sTa 3aBUCUMOCTh He
Beerjia inHeliHa. HapuMep, UTONEHNH, TAKHE KaK
TPOMOOITUTOIIEHNUsI, MOTYT BO3HUKATh Ha PaHHUX
cTaauAX UHQEKIUU. ITUOJIOTUA ITUX reMaTOoJIOTH-
YeCKHX AaHOMUINH CJIOKHA M MHOrodakTOpHA U
BKJIIOUAET B ce0s BRI3BAHHOE JIEKAPCTBAMU HapylIIle-
HHE KPOBETBOPEHUs, yrHeTeHHe QYHKIUU KOCTHOTO
Mo3ra wus3-3a uHQWIbTpanuu WHGEKINOHHBIMU
areHTaMyd WJIW 3JI0Ka4eCTBeHHBIMH KJIeTKaMH,
BUY-unaynupoBaHHOe HapyIlIeHUEe KPOBETBOPEHUA
U psag apyrux GpaxkTopos [1].

ITosBieHME TreMaTOJIOTHYECKUX AHOMAIUH C
caMmoro Havasa snuyeMmun BUY-uHbeKIUu CBA3bI-
BaJId C IOBBIIMIEHHBIM PHCKOM IHPOTPECCUPOBAHUA
3a060J1€BaHUA U CMEPTH Y 5TUX IanNeHToB. [Ipume-
HEHUEe aHTHUPETPOBUPYCHBIX IIPenapaToB MOKET
OKa3bIBaTh IIOJIOXKUTEJIPHOE WJIM OTPHULATEIbHOE
BJIMAHUE Ha TeMaToJIOrM4yecKue HapylleHus. AHe-
Mus, cBsizanHass ¢ BUY-undexiued, MOKeT OBITh
BbI3BaHA pa3JNYHBIMHU (aKTOpaMHu, B TOM YHCIE
OTIOPTYHUCTUYECKUMH UHOEKIIUAMY, TOOOUHBIMHU
adexkramMu XUMHUOTEPANIEBTHYECKOTO JIEUEHUH,

INTRODUCTION

The progression of HIV infection is associated not
only with immune disorders, but also with the sup-
pression of normal hematopoiesis, which leads to the
development of cytopenia (anemia, thrombocytope-
nia and neutropenia). Although there is a definite
relationship between the severity of cytopenia and
the stage of HIV infection, this relationship is not
always linear. For example, cytopenias such as
thrombocytopenia may occur in the early stages of
infection. The etiology of these hematological abnor-
malities is complex and multifactorial, and includes
drug-induced impairment of hematopoiesis, sup-
pression of bone marrow due to its infiltration by
infectious agents or malignant cells, HIV-induced
impairment of hematopoiesis, and a number of other
factors [1].

The appearance of hematological abnormalities
from the beginning of the HIV infection epidemic
was associated with an increased risk of disease pro-
gression and death in these patients. The use of anti-
retroviral drugs can have a positive or negative effect
on hematological disorders. HIV-associated anemia
can be caused by various factors, including opportu-
nistic infections, side effects of chemotherapy,
changes in cytokine expression leading to a decrease
in the development of blood cells, metabolic disor-
ders associated with HIV, and micronutrient defi-
ciency. Anemia is a hematological disorder that
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U3MEeHEeHUsAMHU B 9KCIIPECCUU LIUTOKUHOB, IIPUBOJA-
[IUMU K CHIKEHUIO Pa3BUTHSA KJIETOK KPOBU, MeTa-
60JIMYeCKMU HAPYIIEHUsIMHU, CBI3aHHBIMU ¢ BUIY,
U AepUIUTOM MUKPOHYTPUEHTOB. AHeMUs SIBJIs-
eTcsl TeMaTOJIOTHUYEeCKUM HapylleHUeM, BO3HHUKAIO-
M y 60sbHBIX BUY-nHbeKIIHelH, 11 3a4acTyIo yKa-
3bIBAa€T HA IIPOrpeccHpoBaHUe 3a00JeBaHUSI WIN
BBICOKUI puck cmeptu [2]. TpombGoruroneHus
MOKeT PEerUCTPUPOBATHCA IOUTU y 40 % MMAIlUeHTOB
¢ BUY-uHbeknuen, ee pacupoCTPaHEHHOCTh H
TSKECTh YBEJIUUUBAIOTCA 110 Mepe IIPOTrpeccHpoBa-
HUs OCHOBHOTO 3abosieBanus (BUY-unbexnun).
[ToBeIIEHHOE pa3pylleHne TPOMOOIIUTOB BBI3BIBA-
eTcs HeclenuPUUIeCKUM OTJIOKEHUEM ITUPKYJIHPY-
IOIUX UMMYHHBIX KOMIUIEKCOB Ha TPOMOOITUTAX, a
TaKKe MOXKET OBITh CBSI3AHO C HAJTMYUEM CcIeludu-
YeCKHX aHTUTPOMOOIIUTAPHBIX aHTUTEN. JIpyroi
a"HoMmasivel, KOTopas BO3HHKAaeT y IaIlMeHTOB C
BUY-unbeknuel, ABIAETCS JIEHKOEHUs, TPUYEM
HauboJIee YacTo OTMEYAETCsI CHUKEHYE YPOBHs HEH-
TpodunoB. BUY-accommmpoBaHHAs JIEHKOTIEHUS
MOXKET OBITh CBSI3aHA C HECKOJIBKUMH IIPUYNHAMH,
Brouasa camy BUY-umHbEKNHNIo, ayTOMMMYyHHBIE
HapylLIeHUs, ONIOPTYHUCTHUYEeCKHe HH(EeKIUuUu U
JIeKapCTBa, HCIOJIb3yeMble [ JiedyeHusa BHY-
uHbexun [3, 4].

ITEJIb UCCJIEJIOBAHUSA

Omnpenesnenne GakTOPOB PUCKA HEOJIATONPUAT-
HOTO McXo/1a y nanueHToB ¢ BUY-unbeknuei, acco-
IIMUPOBAHHOU C ITUTOTIEHUEN.

MATEPUWAJIbI 1 METO/IbI

[TpoBeseH aHAIN3 MUEJIOTPAMM Y 30 MAIeHTOB ¢
BUY-unpexnuelr U IUTONEHUEH, KOTOpble ObLIN
rociurayin3upoBansl B BY300 «Kimmanueckuii mpo-
THUBOTYOEPKyJIe3HbIH aucrnancep NO 4» u BY300
«ObJjtacTHaa KauHU4YecKass OospHUDA» (. OMCK).
¥ Bcex mareHToB B reMOTpaMMe UMEJIach JIByX- UJIH
TpeXJINHEHHAs UHUTONEHUSA. AHEMHEH CYHTAIOCh
CHIKEHHE TeMOTJIOONHA MeHee 130 T/J1 Y My:KUUH U
MeHee 120 T/J1y KEHIIUH; SPUTPOIUTONIEHNEN — CHU-
JKeHUEe SPUTPOILINTOB MeHee 4.0X10'2/J1 y My;KUUH U
3.9x10%2/71 y KeHIUH. JIEHKONEHUI0 OIPEeesIn
KaK CHIDKEHHEe OOIEero 4uciia JEHKOIUTOB MeHee
4.0x10°/J1 B Tpex moApsj aHanuzax KpoBu. CHIKe-
HHe abCOJIIOTHOTO KOJIMUECTBA HEUTPO(DUIOB MeHee
1000 KJIETOK (KJI.)/MKJI CUHMTAJIOCh HEUTPOIEHUEN.
TpoMOOoIUTONIEHU S ITUATHOCTUPOBAJIACH TIPU CHUXKE-
HHUH YPOBHS TPOMOOITUTOB MeHee 100x10%/1 [5].

IMoxcuer MuesorpaMM MPOBOAWIA B KIMHHUYE-
ckoii smabopatopun BY300 «Ob6sactHass KIMHUYE-
ckas 6opHUIIA» Ha 500 KIeToK. HopMoii kpacHOTO
pOCTKa CYUTAJIOCh CYMMAapHOE KOJIMYECTBO BcCeX

occurs in patients with HIV infection, and often indi-
cates the progression of the disease or a high risk of
death [2]. Thrombocytopenia can be registered in
almost 40% of patients with HIV infection, its preva-
lence and severity increase with the progression of
the underlying disease (HIV infection). Increased
destruction of platelets is caused by nonspecific
deposition of circulating immune complexes on
platelets, and may also be associated with the pres-
ence of specific antiplatelet antibodies. Another
abnormality that occurs in patients with HIV infec-
tionisleukopenia, and most often there is a decreased
neutrophil count. HIV-associated leukopenia may be
due to several causes, including HIV infection itself,
autoimmune disorders, opportunistic infections, and
medications used for HIV infection treatment [3, 4].

AIM OF THE RESEARCH

Determination of risk factors for an adverse out-
come in patients with HIV infection associated with
cytopenia.

MATERIALS AND METHODS

The analysis of myelograms was carried out in
30 patients with HIV infection and cytopenia who
were hospitalized in Clinical Tuberculosis Dispen-
sary No. 4 and Regional Clinical Hospital (Omsk). All
patients had cytopenia of two and three lineages
according to their hemogram. Anemia was consi-
dered a decrease in hemoglobin of less than 130 g/1
in men and less than 120 g/1 in women; erythrope-
nia — a decrease in red blood cell count of less than
4.0x10%/1 in men and 3.9x10%/1 in women. Leuko-
penia was defined as a decrease in total leukocyte
count less than 4.0x109/1 in three consecutive blood
tests. A decrease in absolute neutrophil count of less
than 1000 cells per ul was considered neutropenia.
Thrombocytopenia was diagnosed with a decrease in
platelet count of less than 100x109/1 [5].

Myelograms were counted in the clinical labora-
tory of Regional Clinical Hospital for 500 cells. The
reference range for the erythroid lineage was the
total number of all forms from 15.5 to 26.5%.
A decrease of less than 15.5% was taken for a reduc-
tion of the erythroid lineage, and more than 26.5% —
for an expansion. Granulocyte count was considered
normal if the total count of all forms was 52.7-68.9%.
Less than 52.7% of granulocytes were taken for a
reduction of the granulocyte lineage, and more than
68.9% — for an expansion. The normal megakaryo-
cyte count in 1 sample was considered from 20 to
100. Less than 20 megakaryocytes in 1 smear were
conditionally taken for their reduced count. The
detection of more than 100 megakaryocytes in 1 sam-
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dopwm ot 15.5 710 26.5 %. CHI>KEeHME MeHee 15.5 % —
CY?KE€HHe BSPUTPOUITHOTO POCTKA, a Oosee 26.5 % —
pacuupenue. 'paHyIoIUTapHBIN PsiJ] CIUTAIN HOP-
MaJIbHBIM, €CJIM CyMMapHOe KOJIMYecTBO BceX popm
cocTaBJIsIo 52.7—68.9 %. MeHee 52.7 % rpaHyJonu-
TOB TMPUHUMAJIA 32 Cy’KEHHE T'PaHyJIONHTAPHOTO
poctka, a 6osiee 68.9 % — 3a pacuupenue. Hopmasb-
HBIM YHCJIOM METAKapPHUOIIUTOB B 1 Ipernapare CUu-
TJIA OT 20 70 100. MeHee 20 MeETrakapuoOIUTOB B
1 Ma3Ke YCJIOBHO IPUHUMAJIN 32 UX CHHKEHHOE
kosimyecTBo. OOHapykeHHe OoJjiee 100 Merakapuo-
[IUTOB B 1 IIperapare yCJA0BHO IPUHUMAJIHU 32 YBEJIH-
YeHHOe KosindecTBO. OLIeHKY AUCIIJIa3UH DJIEMEHTOB
KOCTHOT'O MO3Ta ITPOBOJIVJIA B COOTBETCTBUU C KPH-
TepUSAMU, IPUHATHIMHU B KAUEeCTBE CTaH/apTa B KJlac-
cudukanyu BeemupHO# opraHu3anum 3paBooxpa-
HEHUs 2001 T.

ITpu Bepucdukanuu nuarfosa BUY-undexnuu
HCIIOJTb30BAIN POCCUICKYIO Kiiaccudukarnmio BITY-
uH@eKIuu.

HUccemoBanue 661710 0106PEHO JIOKAIBHBIM 3TH-
yeckuM komuretoMm ®I'BOY BO «Owmckuii rocymap-
CTBEHHBIN MEJIMITUHCKUH YHUBEpCUTET» MUH3paBa
Poccun.

CraTucTuuecKkue pacyeThbl BBIMIOJHAIU C IIOMO-
pio mporpammbl STATISTICA 12.0 (StatSoft, Inc.).
AHaJIM3UPOBAJIU MOKa3aTeIU OMUCATEIHHOU CTaTU-
CcTUKU. JlOCTOBEPHOCTh Pa3jINyUil BeJIMUUH U IIPU-
3HAKOB B TPYNIIaX OMPEEIN C ITIOMOIIBIO KpPHUTe-
pust x2. st oreHKu (GaKTOPOB pucKa HebJIarompu-
SATHOTO WCXO/a y marueHToB ¢ BUYU-undeknuen u
OHUTOIIEHUEH OIpeNessyI  OTHOIIEHHE IIIaHCOB
(OIMN) u 95% moBepuTenbHBbIN uHTEpPBaI (95% ).
Paznmuusa cuuTany JOCTOBEPHBIMY IIPH P < 0.05.

PE3YJ/IBTATDI

[Ipu ananmuse wuccaeAyeMOU TPYHIBI IO IOJIO-
BOMY IMPH3HAKY 19 4YeJIOBEK OBLIM MYyXKUYHMHAMH
(63.33 %), 11 — xxenmuHamu (36.67 %). IlanueHTHI
pacIpeiesInINCh Ha TPYIIIBI IO BO3PACTY CJEAYIO-
M obpasom: 2 yes. (6.67 %) B Bo3pacrte OT 20 710
29 JeT; 15 4es. (50 %) — ot 30 0 39 JeT; 10 Yell.
(33.34 %) — oT 40 510 49 et u 3 4en. (9.99 %) —
cTapiie 50 JieT.

[Ipu omenke cragun BUY-undexkum y 2 yes.
BpavoM-MHQEKITMOHUCTOM JIMaTHOCTHPOBAaHA CTa-
nust 3 BUU-undekiuu (6.67 %), y 5 uen. (16.67 %) —
cramgus 4A, y 13 (43.32 %) — cragus 4b u y 10 ge.
(33.34 %) — cramus 4B.

C nenbio aHanu3a GakTOPOB PUCKA HeGIarompu-
STHOTO WCXO0Jia y marnueHToB ¢ BUY-uHdeknueil u
IUTONIEHUAMU (aHEeMUs U TPOMOOIIUTOIIEHNUS, aHe-
MUS U JIEHKOIEHWs, ITaHIIUTOIIeH!s) ObLIO BBIZE-
JIEHO 2 TPYIIBI MarueHToB. 13 30 mamueHToB y 18

ple was conditionally taken as increased count. The
dysplasia of bone marrow cells was assessed in accor-
dance with the criteria of the 2001 World Health
Organization classification.

When verifying the diagnosis of HIV infection,
the Russian classification of HIV infection was used.

The study was approved by the local Ethics Com-
mittee of the Omsk State Medical University.

Statistical calculations were performed using
STATISTICA 12.0 software (StatSoft, Inc.). The indi-
cators of descriptive statistics were analyzed. The
significance of differences in values and variables in
the groups was determined using the y? test. To
assess the risk factors for an adverse outcome in
patients with HIV infection and cytopenia, the odds
ratio (OR) and 95% confidence interval (95% CI)
were determined. The differences were significant at
p < 0.05.

RESULTS

When analyzing the study group by gender, we
found that 19 people were men (63.33%), 11 were
women (36.67%). The patients were divided into age
groups as follows: 2 people (6.67%) aged 20 to
29 years; 15 people (50%) — from 30 to 39 years;
10 people (33.34%) — from 40 to 49 years and 3 peo-
ple (9.99%) — over 50 years old.

When assessing the stage of HIV infection, 2 peo-
ple were diagnosed with HIV-infection stage 3 by an
infectious disease physician (6.67%), 5 people
(16.67%) — stage 4A, 13 (43.32%) — stage 4B, and
10 people (33.34%) — stage 4.

In order to analyze the risk factors for an adverse
outcome in patients with HIV infection and cytope-
nia (anemia and thrombocytopenia, anemia and leu-
kopenia, pancytopenia), 2 groups of patients were
assigned. Of 30 patients, 18 (60%) were hospitalized
with a fatal outcome — group 1 (adverse outcome of
the disease); 12 (40%) were discharged from the hos-
pital — group 2 (favorable outcome).

The 1st group included 9 men (50%) and 9 women
(50%), the 2nd group — 10 men (83.3%) and 2 women
(16.6%). The compared groups did not differ signifi-
cantly in age. Patients aged 20 to 29 years were found
only in the 2nd group — 2 people (16.7%), patients
aged 30 to 39 years were in two groups: in the 1st —
9 patients (50%), in the 2nd — 6 (50%); patients aged
40 to 49 years also were in both groups — in the 1st
group — 7 (38.9%), in the 2nd group — 4 (33.3%);
patients over 50 years old — 3 people (19.7%) were
only in the 1st group.

There were no statistically significant differences
when comparing patients of the 1st and 2nd groups
by stages of HIV infection. In each group, there was
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(60 %) rocuuTasuzanys 3aKOHYMJIACH JIETAIbHBIM
HUCXOZIOM — 1-1 Tpymnma (¢ He6JIarompusATHBIM HUCXO0-
oM 3abosieBanua); 12 (40 %) ObLIM BHIIMCAHBI U3
crarmoHapa — 2-1 rpymma (¢ 6JarompUsATHBIM
HCXOI0M).

B 1-10 rpynmy Bonwio 9 MmykuuH (50 %) U 9 JKeH-
muH (50 %), BO 2-10 rpynIry — 10 My»kuuH (83.3 %) u
2 keHITUHBI (16.6 %). IIo Bo3pacTy cpaBHUBaeMbIe
TPYIIIBI 3HAYUMO He OTJINYAINCh. [1al[ieHThI B BO3-
pacTe oT 20 JI0 29 JIET BCTPEYAIUCH TOJIBKO BO 2-1
rpymre — 2 yei. (16.7 %), 60JbHBIE OT 30 /10 39 JIET
HMMEJINCh B JIBYX IPyIIax: B 1-i 9 manueHTos (50 %),
BO 2-i — 6 (50 %); MaIeHThI B BO3PACTE OT 40 710 49
JIET TaK)Ke BCTPEUYAJINCh B 00euX rpymnmax — B 1-U
rpymne 7 (38.9 %), Bo 2-# rpynme — 4 (33.3 %); maru-
€HTBHI cTaplire 50 JeT — 3 4yes. (19,7%) ObLIN TOJIBKO B
1-# rpymrre.

ITpu cpaBHEHUU MAIIMEHTOB 1-H U 2-H TPYII 1O
crasimam BUY-wHDeEKIUM CTaTUCTUYECKU 3HAYH-
MbBIX pasjuyuil He ObwI0. [To 1 manwmenty (5.6 u
8.3 %) co crapueit 3 BUY-unbeKIuu UMeIoch B 1-i
U BO 2-U TpyIINe, y OCTAJIbHBIX MAIIUEHTOB JUATHO-
ctupoBana crajus 4 BUY-undexnuu: y 3 (16.7 %) u
2 (16.7 %) — cragus 4A,y 8 (44.4 %) u 5 (41.7 %)
marnueHToB — cragus 4B,y 6 (33.3 %) u 4 (33.3 %)
nanueHToB — cragus 4B coorBercTtBeHHO. Ilaru-
€HTBI U3 TPYIIIbI ¢ HEOJIaTOMPUATHBIM UCXOA0M (1-51
TPYIIIa) yarle KypuIu 110 CpaBHEHHIO C MalfueHTaMH
2-11 rpynmsl: 16 (88.9 %) u 10 (83.3 %) marueHTOB
COOTBETCTBEHHO. YTIIOTPEOJISIIN HAPKOTUKHU 5 TaIu-
€HTOB 1-H rpynimsl (27.7 %) u 6 nanueHToB (50 %)
2-1 rpymnmbl. 3JI0YIIOTPEeOIISIIH aJIKOTOJIEM B 3 pasa
yalle MaryuenThl U3 2-i rpynmsl — 9 (75 %) 60JIbHBIX
10 CPaBHEHUIO C 3 anpeHTaMu (16.7 %) 1-# rpyIIIIbL.

[IpoBe/ileHa OIlEHKA AaHAJIU3UPYEMBIX TPYIMI C
TOUKU 3PEHUs IpHeMa IMpPernapaToB aHTUPETPOBU-
pycHoii Tepanuu (APBT) 70 OCTyIIEHHS B CTAIlHO-
Hap. B 1-@ rpymme [0 MOCTYIUIEHHWSA B CTaIlHOHAP
nosyuanu APBT 7 (38.9 %) ueit., Bo 2-ii rpymie — 6
(50 %) martuentoB. He mostywanu APBT 11 (61.1 %) u
6 (50 %) manyeHTOB B 1-U U 2-U TPyNIIax COOTBET-
CTBEHHO.

[Ipu olleHKe UMMYHOTPaMM YCTAHOBJIEHO, UTO Y
manueHToB 2-# rpymnnel ypoBeHb CD4+ KieTOK
yaie, 4YeM y TallMeHTOB 1-H TPYIIbI, ObLT MeHee
200 KJI./MKJI: ¥ 13 (72.2 %) u 9 (75 %) marueHTOB
cootBeTcTBeHHO. KosmmuectBo CD4+ KieTok 0Oosiee
200 KJI./MKJI pETUCTPUPOBAIIU ¥ 5 (27.7 %) manueH-
TOB 1-H rpynmsl u 3 (25 %) ManueHTOB 2-H IPYIIIIBL.

[Ipu olleHKe BUPYCHON HATPy3KU y IMMAIlUEHTOB
1-# TpynIbl MeHee 100 000 KOIIH/MJI 3aperucTpu-
poBaHo B 6 (33,3%) ciayyasx, y IaIlieHTOB 2-H
rpyumsl — B 7 (58.3 %) ciygasx. YpoBeHb BUPYCHOU
Harpy3ku 6osiee 100 001 KOIHU/MJI BBISBHJIH Y

one patient (5.6 and 8.3%) with HIV infection
stage 3, the rest patients were diagnosed with stage 4:
3 (16.7%) and 2 (16.7%) had stage 4A, 8 (44.4%) and
5 (41.7%) patients had stage 4B, 6 (33.3%), and 4
(33.3%) patients had stage 4B, respectively. Patients
from the adverse outcome group (group 1) smoked
more often compared to patients from group 2: 16
(88.9%) and 10 (83.3%) patients, respectively. Five
patients of the 1st group (27.7%) and 6 patients
(50%) of the 2nd group were drug addicts. Alcohol
was abused 3 times more often by patients from the
and group — 9 (75%) patients compared with
3 patients (16.7%) of the 1st group.

The analyzed groups were evaluated in terms of
receiving the antiretroviral therapy (ART) before the
admission to the hospital. In the 1st group, 7 (38.9%)
people received ART before the admission, in the
2nd — 6 (50%) patients. Eleven (61.1%) and six (50%)
patients in groups 1 and 2, respectively, did not
receive ART.

When assessing immunograms, it was found that
the count of CD4+ cells in group 2 patients was less
than 200 cells/ul more often than in group 1 patients:
in 13 (72.2%) and 9 (75%) patients, respectively. The
CD4+ cell count over 200 cells/ul was recorded in 5
(27.7%) patients of group 1 and 3 (25%) patients of
group 2.

When assessing the viral load in the 1st group of
patients, less than 100 000 copies/ml were registered
in 6 (33.3%) cases, in patients of the 2nd group —in 7
(58.3%) cases. The viral load of more than
100 001 copies/ml was detected in 12 patients (66.7%)
of group 1, and in 5 patients (41.7%) of group 2.

No statistically significant differences were found
when evaluating the hemograms in patients with
HIV infection and cytopenia with different outcomes
of the disease (Table 1). The combination of anemia
and thrombocytopenia was found in 6 patients
(33.3%) of group 1 and 5 (41.7%) of group 2
(x?= 0.215, p = 0.643, OR = 0.500; 95% CI 0.155—
3.166); anemia and leukopenia in 8 (44.4%) and 3
(25%) patients, respectively (x* = 1.172, p = 0.279,
OR = 0.800; 95% CI 0.483-11.931); pancytopenia —
in 4 patients in each group (22.2 and 33.3%, respec-
tively) (x® = 0.455, p = 0.501, OR = 0.286; 95% CI
0.111-2.933).

The analysis of bone marrow cellularity (Table 2)
showed that hypocellular bone marrow was regis-
tered in myelograms of 11 (61.1%) and 4 (33.3%)
patients of the 1st and 2nd groups, respectively
(¢ = 4.713, p = 0.023, OR = 1.571; 95% CI 0.681—
14.504). Normocellular bone marrow was present in
7 (38.9%) and 4 (33.3%) patients in the compared
groups, respectively (x> = 0.096, p = 0.758,
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12 manueHToB (66.7 %) 1-# TPYIIBI U Y 5 MAI[HEHTOB
(41.7 %) 2-# rpymmbl.

IIpu onmenke remorpaMm y nanueHToB ¢ BIY-
uHdeknyel U LUTONEHUSAMHU C PAa3HBIM HCXOJ0M
3a00JIeBaHUs CTATUCTHYECKH 3HAUMMBIX PA3JTUIUH
He BbIsABJIeHO (Tab1. 1). CoueTaHue aHEMUU U TPOM-
OOIIUTOTIEHUH BBISIBJIEHO y 6 TTaliueHToB (33.3 %) 1-i
rpynnel 1 5 (417 %) 2-ii rpynnbel (2 = 0.215,
P = 0.643, OIIl = 0.500; 95% I 0.155—3.166), aHe-
MU U JeHKOoneHuA y 8 (44.4 %) u 3 (25 %) 6OJIBHBIX
COOTBETCTBEHHO (¥2 = 1.172, p = 0.279, OIIl = 0.800;
95% JI1 0.483—11.931), MaHIUTOIIEHUS — Y 4 TAIH-
€HTOB B KaXKJou rpyire (22.2 u 33.3 % COOTBET-
cTBeHHO) ()= 0.455, p = 0.501, OIIl = 0.286; 95%
I 0.111—2.933).

AHaIn3 KJIETOYHOCTH KOCTHOTO Mo3ra (Tabi. 2)
IOKa3aJl, YTO TUITOKJIETOYHBIA KOCTHBIA MOBT 3ape-
TUCTPUPOBAH B MuesorpamMMmax y 11 (61.1 %) u 4
(33.3 %) marueHTOoB 1-1 U 2-1 TPy COOTBETCTBEHHO
(¢® = 4.713, p = 0.023, OIII = 1.571; 95% /I 0.681—
14.504). HOpMOKJIETOUHBIA KOCTHBIH MO3T OBLI Y 7
(38.9 %) u 4 (33.3 %) MaIMEeHTOB B CPAaBHUBAEMBIX
IPyIIIax COOTBETCTBEHHO (X2 = 0.096, p = 0.758,
OII = 0.636; 95% I 0.276—5.873). ['unepkieToy-
HBI KOCTHBIM MO3T Yy TAIUEeHTOB 1-U TPYIIIbLI HE
PErucTpUpPOBAIIH, y TTAITUEHTOB 2-H TPYIIIbI OIIpe/ie-
JISLTIN B 4 cny4asix (33.3 %). KiieTouHOoCTh 3puUTpOIn-
TapHOTO POCTKa Oblyia CHUKeHa y 11 (61.1 %) maru-
eHTOB 1-H Tpynnbl U 8 (66.7 %) manueHTOB 2-H
rpynisl (2= 0.096, p = 0.758, OIII = 1.571; 95% A1
0.170—3.626). KieToyHOCTh  SPUTPOIUTAPHOTO
poctka ObLia coxpaHeHa v 5 (27.7 %) u 3 (25 %)
MalueHToB 1-d U 2-H TPYyIIl COOTBETCTBEHHO
(x*=0.028, p = 0.867, OIII = 0.385; 95% JI1 0.218—
6.097). I'mmepkieToyHocTh uMesnach y 2 (11.1 %)
manueHToB 1 rpynmbl, 1 (8.3 %) marueHTta 2-i
rpymisl (X2 = 0.062, p = 0.804, OIIl = 0.125; 95% A1

OR = 0.636; 95% CI 0.276-5.873). Hypercellular
bone marrow was not registered in group 1 patients;
in group 2 patients, it was found in 4 cases (33.3 %).
The cellularity of the erythroid lineage was decreased
in 11 (61.1%) patients of the 1st group and 8 (66.7%)
patients of the 2nd group (x*= 0.096, p = 0.758,
OR = 1.571; 95% CI 0.170—3.626). The cellularity of
the erythroid lineage was preserved in 5 (27.7%) and
3 (25%) patients of the 1st and 2nd groups, respec-
tively (3= 0.028, p = 0.867, OR = 0.385; 95% CI
0.218-6.097). Hypercellularity was in 2 (11.1%)
patients of group 1, and 1 (8.3%) patient of group 2
(x?= 0.062, p = 0.804, OR = 0.125; 95% CI 0.111—
17.094). The granulocyte lineage was suppressed in
10 (55.6%) and 1 (8.3%) patients in the compared
groups (x® = 6.914, p = 0.009, OR = 1.250; 95% CI
1.452-130.245). The granulocyte lineage was normal
in 6 (33.3%) patients of group 1 and 10 (83.3%)
patients of group 2 (x*=7.232,p = 0.008, OR = 0.500;
95% CI 0.016—0.609). Stimulation of the granulo-
cyte cell lineage was detected in 2 (11.1%) and 1
(8.3%) patients of the 1st and 2nd groups, respec-
tively (= 0.062, p = 0.804, OR = 0.125; 95% CI
0.111-17.094). The megakaryocyte lineage had
decreased cellularity in 11 (61.1%) patients of group 1
and in 5 (41.7%) patients of group 2 (x* = 1.094,
p =0.296, OR = 1.571; 95% CI 0.497—9.745). Normo-
cellularity of the megakaryocyte lineage was observed
in 7 (38.9 and 58.3%, respectively) patients in each
group (= 1.372, p = 0.242, OR = 0.636; 95% CI
0.103—2.014). Hypercellularity of the megakaryocyte
lineage was not registered in the groups.

When comparing the signs of myelodysplasia
(Table 3), the naked cells were found in the myelo-
grams of 4 patients (22.2%) of the 1st group, and 1
(8.3%) patient of the 2nd group (x*>= 1.000, p = 0.318,
OR = 3.143; 95% CI 0.306—32.279). Signs of dys-

Ta6una 1. [TokasaTesu remorpamum y nanueHToB ¢ BUY-uHbekuel 1 qutoneHnei
Table 1. Hemogram indicators in patients with HIV infection and cytopenia

1-a rpynna 2-g rpynmna

1st group 2nd group OIII Ji1
Ilutonenuu / Cytopenia (n=18) (n=12) X p OR CI

a6e. /abs. % a6e. /abs. %
AHeMus U TPOMGOLUTONEHUS 6 333 5 41.7 0.215 0.643 0.500 0.155-3.166
Anemia and thrombocytopenia
(n=11)
AHemus U JleiKoneHUs 8 444 3 25.0 1.172 0.279 0.800 0.483-11.931
Anemia and leukopenia
(n=11)
[ManuuToneHus / Pancytopenia 4 222 4 33.3 0.455 0.501 0.286 0.111-2.933
(n=8)

Ipumevyanue. O - oTHoweHUe maHCcoB; /I - foBepUTENbHBIN UHTEPBAJL.

N o t e. OR - odds ratio; CI - confidence interval.
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Ta6smmua 2. [lokazateid MyuesiorpaMm y nairdeHToB ¢ BUU-nHbekunred u uutToneHuen
Table 2. Indicators of myelograms in patients with HIV infection and cytopenia

1-a rpynna 2-g rpynmna

1st group 2nd group
Onucanue pocTKoB (n=18) (n=12) 2 om AN
Lineage X p OR CI

ihe % ahe %

KaemouHocmb kocmHozo mo32a / Bone marrow cellularity
T'unokneTtounslit / Hypocellular (n = 15) 11 61.1 4 333 4713 0.023 1571 0.681-14.504
HopmokseTtounslii / Normocellular (n=11) 7 38.9 4 333 0.096 0.758 0.636 0-276-5.873
'nnepxietounslii / Hypercellular (n = 4) 0 0 4 333 - - - -
IpumpoyumapHslii pocmok / Erythroid lineage
T'unoksnerounsiid / Hypocellular (n = 19) 11 61.1 8 66.7 0.096 0.758 1571 0.170-3.626
HopmoxkseTtounsiii / Normocellular (n = 8) 5 27.7 3 25 0.028 0.867 0.385 0.218-6.097
'nnepxetounslii / Hypercellular (n = 3) 2 11.1 1 8.3 0.062 0.804 0.125 0.111-17.094
T'panyaoyumapnbili pocmok / Granulocyte lineage
'nnoksnerounsiéi / Hypocellular (n =11) 10 55.6 1 8.3 6914 0.009 1.250 1.452-
130.245
HopmoxkseTtounbiii / Normocellular (n=16) 6 33.3 10 83.3 7.232 0.008 0.500 0.016-0.609
'unepkJiietounslit / Hypercellular (n = 3) 2 111 1 8.3 0.062 0.804 0.125 0.111-17.094
MezakapuoyumapHuiili pocmok / Megakaryocyte lineage

['unokneTtounsiit / Hypocellular (n = 16) 11 61.1 5 41.7 1.094 0.296 1571 0.497-9.745
HopmokseTtounslit / Normocellular (n=14) 7 38.9 7 58.3 1.372 0.242 0.636 0.103-2.014
'unepxkietounslii / Hypercellular (n = 0) 0 0 0 0 - - - -

[IpuMmedvganue. Ol - orHoweHHe maHcoB; /I - foBepUTENbHBINA UHTEPBAJL.

N o t e. OR - odds ratio; CI - confidence interval.

0.111-17.094). T'paHy/JOUUTapHBIA POCTOK OBLI
yrHeTeH y 10 (55.6 %) u 1 (8.3 %) maruenTa B cpaB-
HUBaeMbIX rpynmax (x> = 6.914, p = 0.009,
Ol = 1.250; 95% AU 1.452—-130.245). ['panysionu-
TapHBIA POCTOK ObLT B HOpMe y 6 (33.3 %) marueH-
TOB 1-U rpynmsl U 10 (83.3 %) ManueHToB 2-1 IPYIIIHI
(x*=7.232, p = 0.008, OIII = 0.500; 95% /I 0.016—
0.609). PazgpaskeHue TpaHyJIOIUTAPHOTO POCTKA
BBISIBJIEHO ¥V 2 (11.1 %) n y 1 (8.3 %) marueHTa 1- u
2-# TPYII COOTBETCTBEHHO (X2 = 0.062, p = 0.804,
OIII = 0.125; 95% TN 0.111—17.094). Merakapuomu-
TapHBIHA POCTOK UMEJI CHUKEHHYIO KJIETOYHOCTD ¥ 11
(61.1 %) manureHTOB 1-1 TPYIIBI U Y 5 (41.7 %) manu-
€HTOB 2-1 rpymbl (X2 = 1.094, p = 0.296, OIIl = 1.571;
95% 1N 0.497—9.745). HOpMOKJIETOUHOCTh Meraka-
PHOIUTAPHOTO POCTKA oT™Meuasn y 7 (38.9 1 58.3 %
COOTBETCTBEHHO) TAIMEHTOB B KaXKJOH TpyIIe
(x?=1.372, p = 0.242, OIII = 0.636; 95% ]I 0.103—
2.014). T'umepKkIeTOYHOCTH MerakapHOIUTapHOTO
pOCTKa B IpymIax He 3apeTHCTPUPOBAHO.

ITpyu cpaBHEHWH IPU3HAKOB MHEJIOAUCILIA3UU
(tabJ1. 3) rosiosi/IepHbIE KIETKU OOHAPYKEHDI B MUe-
JIoTpaMMax 4 TManueHToB (22.2 %) 1-1 TPyIms U 1
(8.3 %) manmenTa 2-# rpynmsl (X2 = 1.000, p = 0.318,

erythropoiesis were determined in 3 (16.6%) patients
of group 1 and 1 (8.3%) patient of group 2 (x*= 0.433,
p = 0.511, OR = 2.200; 95% CI 0.201-24.087). Dys-
granulopoiesis was found in myelograms of 4 (22.2%)
patients of the 1st group, and 1 (8.3%) patient of the
2nd group (¥*=1.000, p = 0.318, OR = 3.143; 95% CI
0.306—32.279). Dysmegakariocytopoiesis was found
onlyin 2 (11.1%) patients of group 1. There were signs
of dyspoiesis in 13 (72.2%) patients of group 1, and 3
(25.0%) patients of group 2 (¥*= 6.451, p = 0.012,
OR = 7.800; 95% CI 1.476—41.216).

Among the revealed signs, the bone marrow
hypocellularity turned out to be the most significant
(x? = 4.713, p = 0.023, OR = 1.571; 95% CI 0.681—
14.504), as well as the presence of dyspoesis signs in
the bone marrow (}*>= 6.451, p = 0.012, OR = 7.800;
95% CI 1.476—41.216), and hypocellularity of the
granulocyte lineage (y* = 6.914, p = 0.009, OR =
=1.250; 95% CI 1.452-130.245).

DISCUSSION

Patients with HIV infection who were diagnosed
with cytopenia, most often did not receive ART, and
the severity of changes in hemograms was associated
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Ta6una 3. [[pu3Haku JMCno33a B KOCTHOM Mo3Te y nauneHToB ¢ BUU-nHdekrel U IUTONEHUSIMU
Table 3. Signs of dyspoiesis in the bone marrow in patients with HIV infection and cytopenia

1-4 rpynna 2-g rpynmna
IIpu3Haku Aucnoasa lst_gi'gup 2n(_i glgoup 2 om AN
Signs of dyspoesis -y L2y X p OR CI
a6ce. /abs. % a6e. /abs. %
lonosimepHble KIETKU 4 22.2 1 8.3 1.000 0.318 3.143 0.306 - 32.279
Naked cells
(n=5)
Jlu33puTponos3 3 16.6 1 8.3 0,433 0,511 2,200 0.201- 24.087
Dyserythropoiesis
(n=4)
JlusrpaHy/0mnoss 4 22.2 1 8,3 1.000 0.318 3.143 0.306 - 32.279
Dysgranulopoiesis
(n=5)
JlusmMerakapuoLuTONO033 2 11.1 0 0 0 0 - -
Dysmegakariocytopoiesis
(n=2)
EcTph npusHaku Aucnossa 13 72.2 3 25.0 6.451 0.012 7.800 1.476-41.216
With signs of dyspoiesis
(n=16)

IIpumeyanue. O - oTHoweHHe maHCcoB; IV - foBepUTeNbHBINA UHTEPBAJL.

N o t e. OR - odds ratio; CI - confidence interval.

OlI = 3.143; 95% I 0.306—32.279). IIpusHaku
JIM33PUTPOTI033a onpeaessin y 3 (16.6 %) manueH-
TOB 1-U Tpynmsl U 1 (8.3 %) manueHTa 2-# TPYIIIBI
(x?= 0.433, p = 0.511, OIIl = 2.200; 95% /11 0.201—
24.087). JIM3TpaHyI0m033 HUMEJT MECTO B MHEJIO-
rpamMmax y 4 (22.2 %) nmanpeHToB 1-H TpyIIbl U 1
(8.3 %) nanmenTa 2-# rpynisl (X2 = 1.000, p = 0.318,
OIll = 3.143; 95% AW 0.306—32.279). JIu3meraka-
PUOILMTOII033 OIIPEIEIISIIA TOJIBKO Y 2 (11.1 %) maru-
€HTOB 1-# Tpynibl. FiMesuch MpU3HAKU JINCII033a Y
13 (72.2 %) mainueHTOB 1-# Tpymnbl U 3 (25.0 %)
MMarnueHToB 2-d rpynmbl (X2 = 6.451, p = 0.012,
OIII = 7.800; 95% AU 1.476—41.216).

Cpenu BBIABJIEHHBIX IIPU3HAKOB Haubosiee 3Ha-
YUMBIMH OKa3aJUCh THIIOKJIETOUYHOCTbh KOCTHOTO
mo3sra (2 = 4.713, p = 0.023, Ol = 1.571; 95% A1
0.681-14.504), HajMu4yue NPU3HAKOB JUCIIOD3a B
KOCTHOM Mo3Te (¥ = 6.451, p = 0.012, OIII = 7.800;
95% JI1 1.476—41.216) U TUIOKJIETOYHOCTh TPaHY-
JonuTapHoro poctka (¥* = 6.914, p = 0.0009,
OIlI = 1.250; 95% /AU 1.452—130.245).

OBCYXKJIEHUE

[Manuentsl ¢ BUY-uHbekiued, y KOTOPBIX
BBISIBJISIJIM [IUTOTIEHUH, Yallle BCETO He IOJIyJayTn
APBT, a cremeHb BBIPAa)KEHHOCTU W3MEHEHHU B
reMorpamMMax KOppeJrupoBajia Co CTENEeHbIO TsKe-
CTU UMMYHOCYIIpeccuu [6—9], UTO corsiacyercs u ¢
JIAaHHBIMH HAaIllero HccJieloBaHusa. MHOrue mcciie-
JIOBaHUS JIOKAa3aay 3HAUYUMYIO IeHHOCTb Pa3jnd-

with the severity of immunosuppression [6—9],
which is consistent with the data of our study. Many
studies have proved the significant value of various
cytopenias in predicting the survival of patients with
HIV infection [3, 10, 11]. We were unable to establish
the presence of cytopenia of two cell lineage or pan-
cytopenia as factors of an adverse outcome; perhaps,
with a larger sample, our results would have been
somewhat different. Few studies describing changes
in the bone marrow of patients with HIV infection
and cytopenia have shown the relationship of
changes in the peripheral blood with changes in the
bone marrow [1]. When assessing myelograms, we
also showed the presence of numerous changes in
the bone marrow in these patients.

CONCLUSION

Based on the results of the assessment of the
hemograms and myelograms, it can be concluded
that patients with HIV infection and cytopenia
develop severe hematological disorders as the under-
lying disease progresses, which, in turn, may be risk
factors for an adverse outcome of HIV infection. First
of all, such factors include bone marrow hypocellu-
larity, suppression of the granulocyte lineage and the
presence of dyspoiesis signs in the bone marrow.
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HBIX [IUTOIIEHUY TPU TPOTHO3UPOBAHUY BhIKHUBae-
MocTH manueHToB ¢ BUY-undeknuen [3, 10, 11].
Ham He yzmanoch KOHCTaTUPOBATh HAIUYUE JIBYX-
POCTKOBBIX LUTONEHUU WU TMAHIUTOIIEHUN Kak
(axToOpoB HEGJIATONPHUATHOTO HCX071a; BO3MOXKHO,
Ipu HaIUYUU OOJIbIIeld BHIOOPKU HAIIU PE3YIb-
TaThl OBIIM OBl HECKOJIBKO MHBIMHU. HeMHOroumc-
JIEHHBIE HCCJIEJIOBAHMUs, OIIMCHIBAIOIINE H3MEHe-
HUA KOCTHOrO Mo3ra y mnamueHToB ¢ BHUY-
nHpEKIuen U IUTOMEHNEN, MMOKAa3aJil B3aUMOC-
BSI3b HM3MEHEHWU B aHaIu3e IepudepuIecKon
KPOBU C U3MEHEHUSMHU B KOCTHOM Mo3re [1]. MbI
IIPU OT[eHKE MUEJIOTPaMM TaK:Ke MOKa3aau HaJH-
yye MHOTOUYMCJIEHHBIX H3MEHEHHH B KOCTHOM
MO3T€e YV TaHHBIX aI[HEHTOB.
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Onenka 3¢ppeKTUBHOCTH TPETHETO STara peadoujinTamun
IaIueHTOB nmocie nepeHseceHHoro COVID-19
B YCJIOBUAX JHEBHOI'O CTallMOHAapa

B.A. Ipo6rimeB!, JI.A. Illmaruua’, C.A. Kapmanosckas', H.A. Cyxarepuna?, E.A. 3aukuHa?

'@I'BEOY BO «Hogocubupckuil 2ocydapcmeeHHblil MeduyuHckuil yHusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccun

2I'Y3 HCO «I'opodckas kaunuueckas 6oavHuya N 2», Hosocubupck, Poccus

AHHOTAIIUA

BBeeHue. Ilanuerram c nocuenctsusamMmu COVID-19 moka3aHo MpoBezieHHEe peaduINTAllMOHHOTO KOMILIEK A
JUIA BOCCTAHOBJIEHUA QYHKIIMU BHEITHETO JbIXaHUsA, YTUIN3allu1 TKAaHAMU KUCJI0PO/ia, IOBBIIIEHUA TOJePAaHTHOCTU
K bu3uvYecKoll Harpy3ke U Ap. PeaOUIUTAIIMOHHBIE MEPONPHUATHA BKJIOYAIOT a3pOOHBIE HATPY3KU, a/IEKBaTHBIE
COCTOAHMIO U GUBUYECKUM BO3MOKHOCTAM ITAIlMEHTA, IbIXaTeJIbHYI0 THMHACTUKY U (pU3HOTEpAlIEeBTUYECKIE TEXHO-
JIOTHH.

IT e 1 b . OueHuThb 5PHEKTUBHOCTH TPETHETO HTATIA PEAOIIUTAIIUN IIAIIUEHTOB B BO3pacTe 18—45 JIET C OCIIE/ICTBUAMHU
COVID-19 (U07.1) B yCJIOBHUSX JTHEBHOTO CTAIITHOHAPA MHOTONPOQHUIHLHOTO JIEYEOHOTO yUPEKIEHUS.

MaTepuaJabsl U MeTOJBbl . BycroBusax JHEBHOIO cTallHOHAPA MHOTOIIPO(UIBHOTO J1e4eOHOT0 yupexK/ie-
Hus 06C/Ie/TOBAHO 139 MAMEHTOB B Bo3pacTte 18—45 JieT ¢ BepubUITMPOBAaHHBIM JHATHO30M: [ITHEBMOHMS, aCCOIUUPO-
BauHasa ¢ COVID-19 (U07.1). [TanueHTs! OBLIA pacpe/ie/ieHbl Ha 2 TPYIIIbL: 107 MallieHTaM 1-i TPYIIIbI IPOBEJIEH Tpe-
THH 3Tal peabmwINTauy; 32 Yes., COCTABUBIINE 2-10 TPYIITY, OTKA3JINCh OT IPOBEIEHNS peabUINTAIlHOHHBIX MEPO-
NpUATUH. BBIpa’KeHHOCTh OZBIIIKU OIleHHBaiach 1o Imkage MRC; GyHKIMOHAJIbHBIE HAPYIIEHUS B BBIIIOJHEHUH
IIOBCE/THEBHBIX 3a71au — 1o mkajaaMm BDI u TDI; TosepaHTHOCTh K (PUBUUYECKON HATPy3Ke — IO TECTY 6-MHUHYTHOU
X0 BOBI ¢ OIIEeHKOH ITepeHoCuMOoCTH GU3NUEeCKUX HarPy30K 110 MOANGUIIMIPOBaHHOH 1TKaie bopra; BEIpaKeHHOCTD Tpe-
BOTH U JlenIpeccuu — 1o onpocHuKy HADS; HHTEHCUBHOCTH 60JIH — 110 BU3yaJIbHO-aHaI0ToBOM mKase (BAIIl); kauecTBO
JKM3HU — 110 EBpomefickoMy OnpoCcHUKY KauecTBa xxu3Hu EQ-5D. IIpoBeieHa ctaTucTHYecKass 06paboTKa MOy IeHHbIX
pe3yJIbTaToB.

PesynbTarsl . Brpynmne nanueHToB, HOMYIUBIINX PeabINTAIOHHbIE MEPOIPHUATUSA B IIOJTHOM 00BbEMeE, IIPU
IIOBTOPHOM OCMOTpE OTMEYEeHO 3HAaUUTeJbHOEe YMeHbIeHHe OOIINX KajI00, HOpMaIN3anus pAza IreMOJIUHAMIYECKUX
IapaMeTpoB, yJIydllleHHue IIoKazaTesel TecTa IIeCTUMUHYTHOU XOJbObI, CHUKEHUE BBIPAXKEHHOCTH OJBIIIKY IO IIKaje
MRC B 1.8 pasa, CHUKEHHE YPOBHS TPEBOTH 110 onpocHUKY HADS B 2.1 paza, yMeHbIeHHe 60JIEBBIX OIIyIeHuH 110 BAIIT
B 3.2 pa3a, yJIy4llleHne IepeHoCHMOCTH GU3UIeCcKON Harpy3Ky 1o MoauduinpoBanHou mkasie bopra B 1.8 pasa u kaue-
CTBA »KU3HU COTJIacHO onpocHUKY EQ-5D B 1.4 pasa. B rpymnie nanueHToB, OTKa3aBIINUXCS OT peabMINTAllUY, H3MEeHEeHHe
STHUX [TOKa3aTesield He HOCHUJIO 3HAUMMOTr'0 XapaKTepa.

3akJiuoueHHue . [lanueHTam, IepeHeCIINM THEBMOHUIO, accontuupoBanHyo ¢ COVID-19, niesiecoo6pa3Ho mpoBe-
JileHUe TPeThero dTana peabWINTAIlu B YCJIOBUAX JHEBHOTO CTAIlMOHAPA C LIeJIbI0 BOCCTAHOBIEHUA GYHKIIMH pecriupa-
TOPHOU CHUCTEMBI, IIOBBIIIEHUS TOJIEPAHTHOCTH K (DUBUIECKON HATPy3Ke, CHIKEHUA YPOBHA TPEBOKHOCTH U YJIyUIIIEHU
KauecTBA XKU3HU.

Knaouessle crosa: peabuinranysi, THEBMOHUsI, HOBasl KOpoHaBupycHas uHoekiusa, COVID-19, mkaia peabrInTanu-
OHHOU MapIIPYTH3ALNH, CATYPAIHA, ONPOCHUKY, KAUECTBO KU3HH.
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Evaluation of the effectiveness of the third stage rehabilitation
in patients after COVID-19 in a day hospital

V.A. Drobyshev!, L.A. Shpagina’, S.A. Karmanovskaya’, N.A. Sukhaterina?, E.A. Zaikina?

Novosibirsk State Medical University, Novosibirsk, Russia

2City Clinical Hospital No. 2, Novosibirsk, Russia

ABSTRACT

Introduction. Forpatients with the consequences of COVID-19 it seems relevant to undergo a rehabilitation
program to restore the respiratory function, oxygen uptake by tissues, increase exercise tolerance, etc. Rehabilitation
includes aerobic-based exercises adequate to the patient’s state and physical capabilities, breathing exercises and physio-
therapy modalities.

A i m . To evaluate the effectiveness of the third stage rehabilitation in patients aged 18—45 years with the consequences
of COVID-19 (Uo07.1) in a day hospital of multispecialty hospital.

Materials and methods. Onehundred and thirty-nine patients aged 18—45 years with a verified diag-
nosis of pneumonia associated with COVID-19 (U07.1) were examined in a day hospital of multispecialty hospital. The
patients were divided into 2 groups: 107 patients of the 1st group underwent the third stage rehabilitation; 32 people from
who made up the 2nd group refused rehabilitation. The severity of dyspnea was assessed using the Medical Research Coun-
cil (MRC) Dyspnea Scale; functional impairment in the performance of activities of daily living — according to the Baseline
Dyspnea Index and Transitional Dyspnea Index scales; exercise tolerance — according to the 6-minute walk test and the
modified Borg Scale; the severity of anxiety and depression — according to the Hospital Anxiety and Depression Scale
(HADS); pain intensity — according to the Visual Analogue Scale (VAS); quality of life — according to the EuroQoL Five-
Dimension Questionnaire (EQ-5D). Statistical processing of the obtained results was carried out.

R esults. Inthegroup of patients who completed rehabilitation, upon follow-up examination, there was a significant
decrease in complaints, normalization of a number of hemodynamic parameters, an improvement in the 6-minute walk
test scores, a decrease in the severity of dyspnea according to the MRC Dyspnea Scale by 1.8 times, a decrease in anxiety
according to the HADS by 2.1 times, a decrease in pain according to the VAS by 3.2 times, an improvement in exercise
tolerance according to the modified Borg Scale by 1.8 times and quality of life — according to the EQ-5D by 1.4 times. In the
group of patients who refused rehabilitation, the change in these indicators was not significant.

Conclusion. Forpatients who have had pneumonia associated with SARS-CoV-2, it is advisable to go through the
third stage rehabilitation in a day hospital in order to restore the respiratory functions, increase exercise tolerance, reduce
anxiety and improve quality of life.

Keywords: rehabilitation, pneumonia, novel coronavirus infection, COVID-19, Rehabilitation Routing Scale, saturation,
questionnaires, quality of life.

Citation example: DrobyshevV.A., Shpagina L.A., Karmanovskaya S.A., Sukhaterina N.A., Zaikina E.A. Evalua-
tion of the effectiveness of the third stage rehabilitation in patients after COVID-19 in a day hospital. Journal of Siberian
Medical Sciences. 2023;7(2):17-28. DOI: 10.31549/2542-1174-2022-7-2-17-28

BBEJAEHHNE

HoBas koponaBupycHasa uHpexnus COVID-19,
nepefaBaeMasi BO3/IyIITHO-KaIleJIbHBIM, BO3JIYIITHO-
MIPLJIEBBIM Ml KOHTAKTHBIM IyTAMU, IIOCTABUJIA TIEPE]
CrenraJIrCcTaMu 3IpaBOOXPAaHEHUs 33/1a4H, CBA3aH-
Hble C JUATHOCTHKOH, OKa3aHUEM MeJHI[HHCKOI
ITOMOIITH, a TAaK)Ke peabryIuTanyel maueHTos [1, 2].

HavaspHBIM 3TanioM 3apakeHUsl ABJISIETCS MIPO-
HuKHOBeHHEe SARS-CoV-2 B KJIETKU-MUIIIEHU, UMe-
IOI[HE PENENTOPHl AaHTUOTEH3UH-TIPEBPAIIAIOIIETO
¢epmenta I Tumna, uTo onpesiesiseT pa3BUTHe JUP-
(¢y3HOTO anbBEOJSIPHOTO TMOBpeXaAeHus [3-8].
JIJisi manueHTOB ¢ KOPOHABUPYCHOW WHEKIHen
XapaKTEPHO pa3BHUTHE CHUHIPOMA CHUCTEMHOU BOC-

INTRODUCTION

A novel coronavirus infection (COVID-19), trans-
mitted by airborne droplets and dust routes and
through direct contact, has set challenges for health-
care professionals related to diagnosis, medical care,
and rehabilitation of patients [1, 2].

The initial stage of infection is the penetration
of SARS-CoV-2 into target cells that have angio-
tensin-converting enzyme type II receptors, which
determines the development of diffuse alveolar
damage [3—8]. Patients with coronavirus infection
are characterized by the development of a sys-
temic inflammatory response syndrome, damage
to the microcirculatory bed, activation of the coag-
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[TATUTEJIFHON peakI[uy, MopaKeHne MUKPOLPKY-
JIATOPHOTO PycJjia, aKTUBUPOBAHUE CBEPTHIBAIOIIEH
U 1nojaaBieHue (PUOPUHOIUTUUECKOH CHCTEMBI
KpoBH [9, 10].

ITanmentam ¢ nocaeacteussmu COVID-19 moka-
3aHO MPOBeJIeHNe PeAOMIUTAIIMOHHOTO KOMILIEKCA
JUIsT BOCCTAHOBJIEHUSI (PYHKIIUM BHEIIHEro JIbIXa-
HUS, YTWIN3AIUA TKAHAMH KHCJIOPOJa, TOBBIIIE-
HHA TOJIEPAHTHOCTHU K (pU3UYeCKON HArpys3Ke U T.J.
[11—14]. JramHOCTh peabWIUTAIIUU OIPEEIISIETCS
MIOKA3aTeJISIMH IIKAJIbl PeabuINTaIliOHHON Mapii-
pytusanuu (IIITPM), coryiacHO KOTOPOU 3HAYEHUS B
2 1 3 6aJjuta JUKTYIOT HEOOXOIMMOCTh HaIlPaBJIEHHS
ManueHTa Ha TPETUH ATall, peain3yeMblil B aMOyia-
TOPHBIX YCJIOBUSAX U B YCJIOBHUAX JHEBHOTO CTAIIVIO-
Hapa NPU YYaCTUH CIENHATUCTOB MYJIbTHAUCIIU-
IUIMHAPHOH peabumnTarinonHoi komauabl (M/IPK)
[1]. PeabuwiuTamiioHHBIE MEPOIPUATHSA, COTJIACHO
[1], BIIOUAIOT aspoOHBIE HATPY3KH, a/ieKBaTHBIE
COCTOSIHUIO ¥ (DUBUYECKUM BO3MOIKHOCTSIM IaIu-
€HTa, JIPIXaTeJIbHYI0 THMHACTUKY U (PU3HUOTepares-
THUYecKHe TexHoJsioruu [7, 8, 12]. MeromaMu KOH-
TpoJisi 3PGHEKTUBHOCTH peabuINTaIlid Ha TPETHEM
oTame CiayxaT IokazaTeau carypanuu (SpO,) B
II0OKOe U IpHU (QU3UIECKON HArpy3Ke; BBIPAKEHHO-
ctu oxbiiku o mrase Medical Research Council
Dyspnea Scale — MRC; mepeHocumoctu ¢busmde-
CKOM Harpys3Kd IO IIKaje bopra; HHTEHCHBHOCTH
TPEBOTH U IETIPECCUU 10 TOCITUTAILHOH IIIKAJIE TPe-
Boru u fgenpeccun (Hospital Anxiety and Depression
Scale — HADS); GyHKIHOHAJIBHBIX HapyIIeHHH,
TPYZAHOCTENl B BBIIIOJIHEHHUU IOBCEIHEBHBIX 3a/1ad,
CTeNleHN HeOOXOAUMBIX ycmiui mo mxkanam BDI
(Baseline Dyspnea Index — WCXOZHBIH WHIEKC
onpimiku) u TDI (Transition Dyspnea Index — nunHa-
MHYECKUU WHJIEKC OZBIIIKH). KauecTBO KU3HU O11€e-
HUBAJIOCh C TOMOIIBI0 EBpomelickoro ompocHuKa
kauectsa xusHu EQ-5D [1].

ITEJIb UCCJIEJIOBAHUSA

OneHUTb 5GP PEKTUBHOCTD TPETHETO FTATIA PEAbU-
JIMTAIUU NanueHToB ¢ nocaeactsusamu COVID-19 B
YCJIOBUAX JHEBHOTO CTalllOHApa MHOTIONPO(UIIb-
HOTO JIEYeOHOTO yUPEKIeHUS.

MATEPUAJIBI 1 METO/bI

Ha 06aze KJIMHUKO-AUATHOCTHYECKOTO IIEHTpa
I'BY3 HCO «Topojckasi KJIMHUYECKass OOJIbHUIIA
No 2» r. HoBocubupcka (ryaBHBIE Bpad — mpod.
JILA. IImaruna) cnenuanucramu MJIPK ob6cieno-
BaHO 139 mMaIrueHToB 18—45 JieT (cpeaHuil BO3pacT
44.5 % 5.5 ro/1a) ¢ BepU(PUIIMPOBAHHBIM JTHATHO30M:
[THeBMoOHUsA, accoruupoBantas ¢ COVID-19 (Bupyc
uneaTudunupoan) (U07.1). Bpems: ot pa3BuTus

ulation system and suppression of the fibrinolytic
system [9, 10].

Patients with the consequences of COVID-19
have indications to undergo a rehabilitation pro-
gram to restore the respiratory function, oxygen
uptake by tissues, increase exercise tolerance, etc.
[11—14]. The stages of rehabilitation are deter-
mined by the Rehabilitation Routing Scale (RRS)
scores, according to which values of 2 and 3 points
indicate the need to refer a patient to the third
stage, implemented on an outpatient basis and in a
day hospital with the participation of specialists
from a multidisciplinary rehabilitation team
(MDRT) [1]. Rehabilitation, according to [1],
includes aerobic-based exercises, adequate to the
state and physical capabilities of a patient, breath-
ing exercises and physiotherapy modalities [7, 8,
12]. Monitoring the effectiveness of rehabilitation
at the third stage comprises assessment of oxygen
saturation (SpO,) at rest and during exercise; dys-
pnea — according to the Medical Research Council
(MRC) Dyspnea Scale; exercise tolerance — accord-
ing to the Borg Scale; anxiety and depression —
according to the Hospital Anxiety and Depression
Scale (HADS); functional impairment, difficulties
in daily living activities, and changes in magnitude
of task and magnitude of effort according to the
Baseline Dyspnea Index (BDI) and Transitional
Dyspnea Index (TDI). Quality of life was assessed
using the EuroQoL Five-Dimension Questionnaire

(EQ-5D) [1].

AIM OF THE RESEARCH

To evaluate the effectiveness of the third stage
rehabilitation in patients with the consequences of
COVID-19 in a day hospital of multispecialty hos-
pital.

MATERIALS AND METHODS

On the basis of the Clinical Diagnostic Center of
the City Clinical Hospital No. 2, Novosibirsk (Chief
Physician — Prof. L.A. Shpagina), MDRT specialists
examined 139 patients aged 18—45 years (mean age
44.5 + 5.5 years) with a verified diagnosis of pneu-
monia associated with COVID-19 (virus comfirmed)
(U07.1). The time from the development of pneumo-
nia to inclusion into the study for all patients was
4—6 weeks, the period after discharge from the hos-
pital was within 12—14 days. During the initial exam-
ination, patients complained of shortness of breath
at rest and during exercise (83.3%), weakness, rapid
fatigability (77.8%). According to the results of the
clinical and functional examination, the patients
revealed a residual interstitial lung process (52.2%),
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ITHEBMOHHWH 70 MOMEHTA BKJIIOUEHUs B HUCC/IEI0Ba-
HHE Y BCEX MMAI[UEHTOB COCTABJISIO 4—6 HEJl, IEPUOJ
IIOCJIEe BBIMUCKY U3 CTAllHOHApa BApbUPOBAJ B IIpe-
Jleyiax 12—14 aHed. [Ipy mepBUYHOM OCMOTpE TaIu-
€HTBI IIPETBABISIIN KTOOBI HA OJIBIIIKY B ITOKOE U
npu ¢usnueckoin Harpyske (83.3 %), ciabocts,
ObICTpyIO yTOoMIIsieMOcTs (77.8 %). Ilo pesyabTaTam
KJIMHUKO-(YHKIIMOHAJIBHOTO 00CJIe/TOBAHMS Y TIALIH-
€HTOB BBISABJISIA OCTATOYHBIE SIBJIEHUS UHTEPCTH-
[MAJIBHOTO TTOPakeHusI JIETKUX (52.2 %), IbIXaTeb-
HYIO HEIOCTATOYHOCTD (46.7 %), aCTEHUYECKUH CUH-
ipoM (72.2 %), TOBBIIIIEHHYIO TPEBOXKHOCTb (85.5 % ).

Kpurepuu BrIIIOUEHU: 1) BBICOKUUA U CPEIHUHN
peabwINTallMOHHBIA  IMTOTEHIHAJ, COOTBETCTBYIO-
muii [IIPM 2—3 6ajia; 2) coxpaHeHUe OZBIIIKY TTPH
(usmueckoit Harpyske — 1—3 6ayia no mkane MRC;
3) SpO, > 95 %; 4) TeCT IECTUMUHYTHOU XOABOBI
(TIIX) — 301—425 M; 5) OTpUIIATEIbHbIE PE3YJIb-
TaThl TecTUpoBaHus MeroaoM TP (rmosmmepaszHast
[leTHasi peakusa) opodapUHTeTbHBIX Ma3KOB Ha
PHK SARS-CoV-2.

Kputepun WCKIOUEHHA: 1) OTpPHUIATEIbHAs
JIMHAMHUKa JIaHHBIX KOMIBIOTEDHOU TOMOTpaduu
JIETKUX U/WJIA MapKepOB BOCHIAJIEHUs; 2) BBICOKHE
KapauoJiorudeckue pucku; 3) SpO, < 95 %; 4) xpo-
HHUYeCKas cepyiedHas HenmoctaTouHocTh (XCH) IIT
(mo NYHA); 5) xpoHuueckue 3a0071€eBaHUS TIEUEeHH,
MMOYEK, CEPAIIA, JIETKUX B CTAUU JIEKOMIIEHCATIHH.

Bce mamueHTHI s coIyiacMe HA ydJacTHE B
WCC/IeTOBAHUM, B COOTBETCTBUM C MEXKAYHAPOJ-
HBIMHU dTHYecKuMHU TpeboBanusmMu BO3. Ha BbImos-
HeHHe paboThI MOJIyYeHO pa3pelieHue JOKAIbHOTO
STUYECKOTO KOMUTETA.

OO6citesToBaHME MTAIIEHTOB BKJIIOYAJIO: OCMOTPHI
TepareBTa, IyJIbMOHOJIOTa, HEBPOJIOTa, GU3noTEpa-
[eBTa, KapJH0JIOTa, Bpayua JieueGHON PUBKYIBTYPhI
(JI®K), snextpokapauorpaduio, KIUHUYECKUH U
OMOXUMUUYECKUU aHAIN3 KPOBH.

BhIpaskeHHOCTD OJIBIIIIKY OIIEHUBAJIACH I10 IITKAJIE
MRC [15]; dyHKIIOHATBHBIE HAPYIIEHUS B BBITIOJ-
HEHUU MOBCETHEBHBIX 3a7au — mo mkanam BDI u
TDI [1]; TonepanTHOCTH K GU3NUECKON HATPY3Ke —
10 TeCTy 6-MUHYTHOH X0AB0bI [16] C OIleHKOI Tepe-
HOCUMOCTH (pU3NUECKUX HATPY30K M0 MOAUDUILIU-
poBaHHOI 1Kase Bopra [17]; BbIpaskeHHOCTb Tpe-
BOTH W Jempeccun — 1o ompocHuky HADS [18];
WHTEHCHUBHOCTh OOJIM — TI0 BU3yaIbHO-aHAJIOTOBOH
mkane (BAIIT); xayecTBO KuU3HU — O EBpomei-
CKOMY OIIPOCHUKY KauecTBa :kusHu EQ-5D [19].

MeToj1oM crydaiiHON BRIOOPKHU BCE 0OC/IEIOBAH-
Hble ObLIN pas/ieJIeHbl HA J[BE TPYIIIIbI, COTOCTABU-
MbI€ 10 TeHJIEPHBIM U BO3PACTHBIM XapaKTEPUCTH-
KaM: B 1-U rpyimme (OCHOBHOW), BKJIFOUABIIEH 107
ManueHToB (62 JKeHIIUHBI U 45 MY>KYMH), Ha IPOTS-

respiratory failure (46.7%), fatigue (72.2%), and a
high level of anxiety (85.5%).

Inclusion criteria: 1) high and medium rehabilita-
tion potential, corresponding to 2—3 points by the
RRS; 2) persistence of shortness of breath during
physical exertion — 1—3 grade by the MRC Dyspnea
Scale; 3) SpO, > 95%; 4) 6-minute walk test
(6MWT) — 301—425 m; 5) negative polymerase chain
reaction testing of oropharyngeal swabs for SARS-
CoV-2 RNA.

Exclusion criteria: 1) negative dynamics accord-
ing to computed tomography (CT) of the lungs
and/or markers of inflammation; 2) high cardiac
risks; 3) SpO, < 95%; 4) chronic heart failure (CHF)
(NYHA class III); 5) chronic diseases of the liver, kid-
neys, heart, lungs in the decompensation stage.

All patients gave consent to participate in the
study, in accordance with international ethical
requirements of the WHO. The study was approved
by the Local Ethics Committee.

Examination of patients included: examinations
by a general practitioner, pulmonologist, neurolo-
gist, physiatrist, cardiologist, physical medicine and
rehabilitation physician, electrocardiography, com-
plete blood count and blood chemistry.

The severity of dyspnea was assessed using the
MRC Dyspnea Scale [15]; functional impairment— by
daily living activity performance according to the
BDI and TDI [1]; exercise tolerance — according to
the 6-minute walk test [16] and the modified Borg
Scale [17]; the severity of anxiety and depression —
according to the HADS [18]; pain intensity — accor-
ding to the Visual Analogue Scale (VAS); quality of
life — according to the EQ-5D [19].

All participants of the study were randomised
into two groups comparable in gender and age char-
acteristics: in the 1st group (main), which included
107 patients (62 women and 45 men), the rehabilita-
tion was carried out for 12—14 days, according to [1].
Patients of the 2nd group (comparison) — 32 people
(18 women and 14 men) — for various reasons,
refused to participate in rehabilitation.

Statistical processing of the results obtained was
carried out on a personal computer using the statisti-
cal software package Statistica 6.0 (StatSoft). Varia-
tion statistics was used to determine the arithmetic
mean (M), its error (+m), and the Student’s t-test at
different significance levels (p), and significance of
difference was at p < 0.05. Data analysis was also
carried out using SPSS 15.0 software.

RESULTS AND DISCUSSION

According to the data of computed tomography of
the lungs at baseline, in both groups, more than 1/2
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JKEHUH 12—14 JHEH MPOBOAWJIACH peabHINTAIUA,
corsacHo [1]. [TarueHTHI 2-1 rpymIis! (CpaBHEHUS) —
32 ueJt. (18 JKeHIIUH U 14 My>KUUH) — [10 PA3JIUIHBIM
MIPUYHHAM OTKa3aJIMCh OT YYaCTHs B peabrInuTamu-
OHHBIX MEPOIIPUATHAX.

Cratuctuueckass 00paboTKa IOJIyUYeHHBIX
pEe3yJIbTAaTOB OCYIIECTBJIsIaCh HA IEPCOHATBHOM
KOMIIBIOTEPE C KCIIOJIb30BAHUEM IIaKeTa CTATHUCTHU-
yeckux mporpamm Statistica 6.0 (StatSoft). C momo-
IO METO/Ia BAPUAITMOHHOU CTATUCTUKH OIIPE/IeIsi-
gach cpenHsas apudmerudeckas (M), ee ommubka
(+#m), xpurepuii CrblofieHTa () TpPHU PABIUUHBIX
VPOBHSX 3HAUUMOCTU (p), TOCTOBEPHOCTH IIpU
P < 0.05. AHaJIu3 JaHHBIX TaK)Ke MPOBOAWICA C
IIOMOIIIbI0 CTATUCTUYECKOTO IIaKeTa IPOTPaMM
SPSS 15.0.

PE3YJIBTATDBI 1 OBCY KAEHUE

CorslacHO WCXOJIHBIM JIJaHHBIM KOMIIBIOTEPHOM
tomorpaduu (KT) nerkux, B 06eux rpymnmax 6osee
1/2 coCTaBWJIM MANMEHTHl C HOpPaKEHHEM MeHee
25 % JIETOYHOHM TKaHW; MOPaJKEHHE 2-U CTeleHH
(25—50 %) BBIABISIOCH y 1/3 00C/I€/TOBAHHBIX, ITOPA-
JKeHUe 3-U creneHu (50—75 %) — 4y Th OOJIBIIE YEM Y
1/10 u IOpaskeHue 4-H cremneHu — y 1/50 (Tab. 1).

B xozie mepBuYHOTO OCMOTpPA OBLIO YCTAHOBJIEHO,
YTO HAIMEHTHl 00EUX TPYII Yallle BCErO KaJIOBa-
JIMCh Ha 001IYI0 ¢1ab0CTh, O/IBIIIKY, FTOJIOBHYIO 6OJIb,
MIOBBIIIEHHYIO ITOTJIMBOCTD U TPEBOXKHOCTD (Ta0JI. 2).

IIpy TOBTOPHOM OCMOTpE y TMAIHMEeHTOB 1-H
TPYIIBl  OTMEYEHO JIOCTOBEPHOE YMEHbIIEHUE
YacTOTHI 3aJsiod, B TOM 4yHciIe o0Ien ¢1abocTu — B
1.7pasa(p=0.032), OABIIIKH — B 1.9 pa3a (p = 0.029),
Kamuisa — B 2.5 paza (p = 0.026), TOJIOBOKPYKEHUs —
B 1.6 paza (p = 0.036), IIyma B yIax — B 2.7 pasa
(p = 0.025), ronoBHOM 601K — B 1.8 pasza (p = 0.034),
yJaleHHoro cep/nebrenus — B 1.4 pasa (p = 0.037),
MMOTJIMBOCTH — B 2.2 pasa (p = 0.030), TPEBOKHOCTH
u 60JTU B TPYTHOM KJIETKE — B 2.3 U 3.3 Pa3a COOTBET-
CTBEHHO (p = 0.028 U 0.022 COOTBETCTBEHHO).

B T0 ke Bpemsi BO 2-ii rpyIine u3MeHeHUsI HOCUIH
MeHee 3HAaUMMbIH XapaKTep: 4acToTa kaso0 Ha IIyM

were patients with lesions of less than 25% of the
lung tissue; 2nd degree lesion (25—-50%) was detected
in 1/3 of the examined, 3rd degree lung lesion (50—
75%) — slightly more than in 1/10, and 4th degree
lung lesion — in 1/50 (Table 1).

During the initial examination, it was found that
patients in both groups most often complained of
fatigue, shortness of breath, headache, excessive
sweating, and anxiety (Table 2).

During the follow-up examination, patients of the
1st group showed a significant decrease in the fre-
quency of complaints, including fatigue — by 1.7 times
(p = 0.032), dyspnea — by 1.9 times (p = 0.029),
cough — by 2.5 times (p = 0.026 ), dizziness — by 1.6
times (p = 0.036), tinnitus — by 2.7 times (p = 0.025),
headache — by 1.8 times (p = 0.034), tachycardia —
by 1.4 times (p = 0.037), excessive sweating — by 2.2
times (p = 0.030), anxiety and chest pain — by 2.3
and 3.3 times, respectively (p = 0.028 and 0.022,
respectively).

At the same time, in the 2nd group, the changes
were less significant: the frequency of complaints of
tinnitus, headache and excessive sweating decreased
by 1.5 times (p = 0.034), and chest pain — by 3 times
(p = 0.027). Attention was drawn to the fact that the
decrease in complaints in the 1st group was signifi-
cantly greater than in the 2nd one, despite a similar
degree of lung lesions according to CT data.

The final examination of patients confirmed the
effectiveness and safety of medical modalities used
on the basis of [1] (Table 3): patients in group 1
showed a decrease in the severity of dyspnea accor-
ding to the MRC Dyspnea Scale by 1.8 times com-
pared with baseline values (p = 0.029); with com-
parison of the Baseline Dyspnea Index and Transi-
tional Dyspnoea Index scores, functional impairment
decreased by 1.3 times (p = 0.036); there was a sig-
nificant decrease in the severity of anxiety according
to the HADS by 2.1 times (p = 0.021) and a decrease
in pain according to the VAS by 3.2 times (p = 0.022),
as well as an improvement in exercise tolerance
according to the Borg Scale by 1.8 times (p = 0.031).

Ta6una 1. PacripesiesieHre nauueHToB ¢ nociaefctBusiMu COVID-19 B cpaBHUBaeMbIX TPyINax 10 CTENEHU MOPaAXKEHUS

JIETKHUX

Table 1. Distribution of patients with the consequences of COVID-19 in the compared groups according to the degree

of the lung lesion

CreneHb NOPAXKEHUs JIETOYHOH TKAaHU

1-a rpynna / 1st group (n = 107)

2-arpynna / 2nd group (n = 32)

Degree of lung tissue lesion

a6c. / abs. % a6c. / abs. %
1 (<25%) 58 54.2 17 53.1
2 (25-50%) 34 31.8 10 31.3
3 (50-75%) 13 12.1 4 12.5
4 (>75%) 2 1.9 1 3.1
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Ta6smmua 2. YacToTa BbIsIBJEHUS Kayl06 y ManueHToB ¢ nocaenctBussMu COVID-19 B cpaBHUBaeMbIX TPyINax 0 U MOC/e

JIedeHust
Table 2. The frequency of complaints in patients with the consequences of COVID-19 in the compared groups at baseline and
after treatment
1-a rpynna / 1st group (n = 107) 2-a rpynna / 2nd group (n = 32)
Iloka3aTesb Jl0 JIeYeHHU s nocJie Jje4eHus J0 JIeYeHUs nocJie Jie4YeHus
Indicator baseline after treatment baseline after treatment

a6e. /abs. %

a6e. /abs. %

a6c. /abs. % a6¢c. /abs. %

O6uas cnabocrs / Fatigue 107 100 62
Oppinika / Dyspnea 97 90.7 51
Kawresb / Cough 32 29.9 13
TosnoBokpyxeHue / Dizziness 16 15 10
Illym B roJioBe, yiax 8 7.5% 3
Head noises, tinnitus

[osoBHas 6o / Headache 54 50.5 30
Y4auieHHoe cep/iLiebreHne 27 25.2 19
Tachycardia

[ToBbllIeHHAA NOTJIUBOCTD 50 46.7* 22
Excessive sweating

[ToBpIlIEHHAs TPEBOXKHOCTD 28 26.2 12
Increased anxiety

Bosib B rpyiHOM KJ1eTKe 10 9.3 3

Chest pain

57.9% 32 100 30 93.8
47.7%~ 28 87.5 25 78.1
12.6*~ 9 28.1 8 25
9.3%n 5 15.6 5 15.6
2.8%A 3 9.3 2 6.3"
28*n 16 50 11 344"
17.8*~ 8 25 7 21.9
20.6*~ 18 56.3 12 37.5%
11.2*~ 8 25 7 21.9
2.3%A 3 9.4 1 3.1”

* KpuTepuil JOCTOBEPHOCTU MEXIPYNINOBbIX OTJIWYMH (p < 0.05).
Significance of difference between groups (p < 0.05).

" KpuTepuil JOCTOBEPHOCTH BHYTPUTPYIIIIOBBIX pasinyuii (p < 0.05).
Significance of intragroup difference (p < 0.05).

B TOJIOBE, YIIaX, OJIOBHYIO 0OJIb M ITOBBIIIEHHYIO
MMOTJIMBOCTh YMEHBIIIIIACH B 1.5 pasda (p = 0.034), a
Ha 60JIb B TPYAHOM KJIETKe — B 3 paza (p = 0.027).
Ob6pamasn Ha cebs1 BHUMaHUE TOT (QAKT, YTO CHIXKe-
HHe Kajo0 B 1-H TpyIIle OKa3ajaoch JOCTOBEPHO
OOJIBIIIM, YEeM B 2-H TPyIIIe, HECMOTPsI Ha CXOXKYI0
CTEeleHb IOPAYKEHUA JIETOYHOH TKaHH, COIJIACHO
nanabpiM KT.

3akII0unTeNIbHOE  00Cie/loBaHUE IAI[HEeHTOB
MOATBEPAWIIO 3(PGEKTUBHOCT, M 0E30IacCHOCTh
MEUIMHCKUX MEpPOIPHUATHH, MPOBOAUMBIX Ha
ocHoBaHMHU [1] (Tabs1. 3): y HAlEHTOB B 1-U TPyIITe
OBLIIO BBISIBJIEHO CHIYKEHIE BHIPAYKEHHOCTU OJIBIIIIKH
mo mkae MRC B 1.8 paza OT UCXOAHBIX 3HAUEHUH
(p = 0.029), npu cpaBHeHuwu ucxoxHoro (BDI) u
nuHamuyeckoro (TDI) mHeKkca OABIIIKH QYHKITHO-
HaJIbHbIE HapYyIIeHUs YMEHbIIWJINCh B 1.3 pasa
(p = 0.036); OTMEUYEHO J[JOCTOBEPHOE CHIUIKEHUE
BBIPAXKEHHOCTU TPEeBOTH MO omnpocHuky HADS B
2.1 paza (p = 0.021) u yMeHblIleHHe O0JIEBBIX OIIIy-
menuit mo BAIIl B 3.2 pasa (p = 0.022), a Takke
yJIydllleHre IIEPEeHOCUMOCTY (PUBUUECKON HArPYy3KU
mo moaudunpoBaHHON mKaie Bopra B 1.8 pasa
(p = 0.031). KauecTBO *KM3HU y MAaI[UEHTOB 1-U
IPYIIIIBI IIOC/IE Kypca peabrIuTaI[HOHHBIX MEPOIIPH-
SITAH 1O pesysbraTaM onpocHuka EQ-5D yayumum-

According to the EQ-5D, the quality of life in patients
of the 1st group improved by 1.4 times after a course
of rehabilitation (p = 0.034). Whereas, in patients of
the 2nd group, the changes were not significant, and
made it possible to speak only of a trend towards
improvement.

When comparing the results of the final examina-
tion, it turned out that the exercise tolerance accor-
ding to the Borg Scale in patients of the 1st group
exceeded that of the 2nd group by 1.7 times
(p = 0.031). The severity of the pain syndrome
according to the VAS, on the contrary, was 2.9 times
higher in patients of group 2 than in group 1
(p = 0.028). In addition, patients of the 2nd group
had more severe dyspnea according to the MRC Dys-
pnea Scale than patients of the 1st group, by 1.5 times
(p = 0.034). With a comparable Baseline Dyspnea
Index (BDI), by the end of the follow-up period, the
patients of the 1st group had fewer functional disor-
ders than patients of the 2nd group, by 1.6 times
(p = 0.037); and the anxiety level indicator according
to the HADS was 1.8 times lower (p = 0.032), respec-
tively, while the quality of life indicator according to
the EQ-5D questionnaire, on the contrary, exceeded
the similar value in the 2nd group by 1.2 times
(p = 0.042).
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Ta6smmua 3. Pe3ysnbTaThl 06C/1€/10BaHUs MalieHTOB ¢ nocyieacTBusAMH COVID-19 B cpaBHMBaeMbIX IpyNnax Zo U mMocje

JledeHus, 6aJIbl

Table 3. The results of the examination of patients with the consequences of COVID-19 at baseline and after treatment,

points
1-a rpynna / 1st group (n = 107) 2-arpynna / 2nd group (n = 32)
Illkasa/onNpoCHUK
Tool /10 JIeYeHHU s nocJjie je4eHus J0 JTeYeHus nocJjie je4eHus
baseline after treatment baseline after treatment
Bopra / Borg Scale 6.5 [6.4; 6.6] 3.6 [2.0; 5.2]*~ 6.4 [5.2;7.6] 6.0 [4.7;7.3]
BAIII / VAS 3.8[1.5;6.1] 1.2 [0.8; 1.6]*~ 3.6 [6.0; 1.2] 3.5[1.1; 5.9]
MRC Dyspnea Scale 2.4 [1.8; 3.0] 1.3 [0.7; 1.9]*~ 2.5[1.9; 3.1] 1.9[1.1; 2.7]~
BDI 2.5[2.0; 3.0] 2.5[2.1;2.9]
TDI - 3.2 [2.9; 3.5]** - 2.0 [1.6; 2.4]
EQ-5D 5.5[3.2;7.8] 7.6 [6.0; 9.2]*~ 5.4[3.2;7.6] 6.4 [4.0; 8.8]*
HADS:
TpeBora / anxiety 5.5[3.0; 7.0] 2.6 [1.4;3.8]** 5.3[2.8;7.8] 4.81[2.3;7.3]
nenpeccusi / depression 2.2 [1.0; 3.4] 2.0 [0.9; 3.1] 2.110.8; 3.4] 1.910.6; 3.2]

* KpuTepuil JOCTOBEPHOCTU MEXIPYNINOBbIX OTIWYUH (p < 0.05).
Significance of difference between groups (p < 0.05).

~ Significance of intragroup difference (p < 0.05).

KpuTepuii 10CTOBEpHOCTH BHYTPUTPYNIOBLIX pa3anyui (p < 0.05).

JIOCh B 1.4 paza (p = 0.034). B To ke Bpems y ocMoO-
TPEHHBIX BO 2-H IpyIIe U3MeHeH!s He HOCHJIH 3Ha-
YHUMOTO XapakTepa U MO3BOJISIM TOBOPUTH JIUIIb O
TeHJIEHIIUH K YJIy4IIeHUIO.

[Tpu conocTaBeHUN PE3YJIBTATOB 3aKJIIOUNTEITb-
HOTO OCMOTpa OKa3ajioch, YTO IE€PEHOCHMOCTH
(usmueckux Harpysok 1o nikaue bopra y mamueH-
TOB 1-1 I'pyNIIBI IIPeBbINIAIa TOKa3aTe b 2-1 IPYIIIbI
B 1.7 pa3a (p = 0.031). BeipaskeHHOCTH 00JIEBOTO
cuHzpoMa 1o BAIIl, HanpoTuB, okasajaach y maru-
€HTOB 2-W Tpynmbl BbIIIE, YeM B 1-H, B 2.9 pasa
(p = 0.028). Kpome 3TOrO, MalMEHTHI 2-1 TPYIIIIBI
vMesn 0Gojiee BBIPDAKEHHYIO OJIBIIIKY IO IIKaJIe
MRC, uem manmeHTHl 1-W TpPymOIbl, — B 1.5 pasa
(p = 0.034). Ilpu comocTaBUMOM HCXOJTHOM JIUHA-
MuUeckoM uHzeKce oabiiiku (BDI) k 3aBepIiieHHIo
repro/ia HabJII0IeH Y TAIUEeHTHI 1-1 TPYTIIThI UMeJTH
MeHbIIle PYHKI[MOHAIbHBIX HAPYIIEHNH, YeM Iaru-
€HTBI 2-1 TPyIIEL, B 1.6 pa3a (p = 0.037), a IoKaza-
TeJIM YPOBHS TpeBokHOocTH 110 HADS 6bLIH HUKE B
1.8 paza (p = 0.032) COOTBETCTBEHHO, TOT/Ia KaK
IIoKa3aTeJsib KauecTBa XKU3HU 110 ollpocHUKy EQ-5D,
HaIPOTUB, MPEBBINIAJT AHAJOTUYHOE 3HAUEHHE BO
2-1 rpy1re B 1.2 pasa (p = 0.042).

V3yueHue mmokasareseil caTypauy KUCJI0poja B
IIOKOe U IpU (PU3UUECKOU Harpy3Ke CBUETEIbCTBO-
Bajio 00 yJydlieHUHW (PYHKIHU PpeCIHPaTOPHOU
CHCTEMBI K 3aBEPIIEHUI0 PEaOUIUTAIITIOHHOTO Kypca
(puc. 1). Tak, y manueHTOB B 1-# rpymie 66110 3apuk-
CHPOBAHO yBEJIMUEHNE HACBHIIIIEHHOCTH JIETKUX KHC-
JIOPOJIOM, B TO BpeMs KaK BO 2-H rpyIilie aHaJIOTHY-
HbIE MI0KA3aTeIN He U3MEHIWINCh.

Indicators of oxygen saturation at rest and during
exercise indicated an improvement in the respiratory
function by the end of the course of rehabilitation
(Fig. 1). So, in patients in the 1st group, an increase in
oxygen saturation was recorded, while in the 2nd
group, similar indicators did not change.

The effectiveness of rehabilitation was confirmed
by an increase in exercise tolerance of patients in the
1st group (Fig. 2): the results of the 6-minute walk
test by the end of the follow-up period exceeded the
baseline values by 1.2 times (p = 0.038), whereas in
patients of the 2nd group, the changes in similar
indicators were not noted.

When studying hemodynamic parameters, the fol-
lowing was found (Fig. 3): in patients of the 1st group,
by the end of the course of rehabilitation, a more
marked improvement in systolic blood pressure (SBP)
and diastolic blood pressure (DBP) parameters was
noted than in the 2nd group (p > 0.005).

So, if during the baseline examination, the aver-
age levels of SBP exceeded the reference values, then
by the end of the course of rehabilitation in patients
of the 1st group, their decrease to the level of high
normal blood pressure was noted, while in the
2nd group, the SBP indicators continued to exceed
the reference values.

Unidirectional changes were revealed for DBP,
which, from the baseline high normal pressure values,
decreased by the end of the follow-up in patients of
the 1st group to fit the reference DBP values
(<85 mm Hg). At the same time, in patients of the 2nd
group, DBP indicators remained at the baseline level.
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CocTosinue nokos / At rest

[Tocse narpysku / During exercise
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Puc. 1. Ilokaszarenu caTypaniiy B IOKOe U TIOCJIe HarPy3KH y MaryenToB ¢ nociencrsusamu COVID-19
B CPAaBHUBAEMBIX TPYIIIAX /I0 U [IOCJIE JIEYEHUS
Fig. 1. Oxygen saturation at rest and after exercises in patients with the consequences of COVID-19
at baseline and after treatment

IMonTep:xaeHneM 3¢GEKTUBHOCTH peabuinTa-
[MOHHBIX MEPOIPUSITHH SIBUJIOCH YBEJIUYEHHE
(pu3UUIECKOl BBIHOCUBOCTY NAIMEHTOB 1-1 TPYIIIIBI
(puc. 2): pe3ysIbTaThl TECTA IIECTUMUHYTHOHN XO/IbOBI
K 3aBEPIIEHUIO eprozia HaOJII0/IEHNS TTPEBBIIIATN
WCXOJTHbIe 3HaUYeHUs B 1.2 pas3a (p = 0.038), Toraa
KakK y o0cjIe/JOBaHHBIX BO 2-H TpyIIle W3MeHEeHUN
AQHAJIOTHYHBIX [TOKa3aTesiel He 0TMEYasIOoCh.

IIpu m3yueHUM TreMOJAMHAMUYECKUX IOKa3are-
Jiel ObLIO YCTaHOBJIEHO cieytotee (puc. 3): y maiu-
€HTOB B 1-U TPYIIIIe K 3aBEPIIEHUIO Kypca peaduin-
TaIIOHHBIX MEPOIIPUATHUH OTMeuaach 6oJiee BbIpa-
JKeHHas KOPPEKIHsA YPOBHEH CHCTOJINYECKOTO apTe-
puasibHoro napienus (CAJZl) M auacToIMuecKoro
aprepuanabHOTO f1aBienus (JJA/l), uem Bo 2-1 rpymie
(p > 0.005).
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Thus, for patients who had COVID-19 and an RRS
score of 3 points, it is advisable to go through the
third stage rehabilitation in a day hospital with the
participation of MDRT specialists, which will con-
tribute to restoration of the respiratory function, to
an increase in the exercise tolerance, and, as a result,
to daily living activities enhancement, as well as
reducing the anxiety level and improving the quality
of life.

Monitoring the overall activity in patients with the
consequences of COVID-19 and the evaluation of the
effectiveness of medical assistance should be carried
out in accordance with the interim guidelines “Medi-
cal Rehabilitation for Novel Coronavirus Infection
(COVID-19), version 2 (31.07.2020),” and include the
assessment of oxygen saturation at rest and during

O o sneyenus
Baseline
M Tlocne neyenus

415.2 After treatment

401.7

2-a rpynna / 2nd group

Puc. 2. [Tokazaresu TecTa IMECTHMUHYTHON X0Ab0BI y MarueHToB ¢ moctencTeusimu COVID-19 B cpaBHIBAEMBIX TPYIIIAX
JI0 ¥ TiocJie JieueHus (¥ Kpurepuii 0CTOBEPHOCTH BHYTPUTPYIIIIOBBIX PA3Inuuii (p < 0.05))
Fig. 2. The results of the six-minute walk test in patients with the consequences of COVID-19 in the compared groups
at baseline and after treatment (*significance of intragroup difference (p < 0.05))
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Puc. 3. [TokazaTesu CHCTEMHOU reMOIUHAMUKH Y AIUeHToB ¢ mocteacTBusiMu COVID-19 B CpaBHUBAEMBIX IPYIIIAX
10 u ocie siedenwst (CAJL — crcTosnueckoe aprepuaibHoe Jasiienue; JIAJ] — [uacTonueckoe apTepruaibHOe JaBJICHUE)
Fig. 3. Indicators of systemic hemodynamics in patients with the consequences of COVID-19 at baseline
and after treatment (SBP — systolic blood pressure; DBP — diastolic blood pressure)

Tak, ecy Hpy IEPBUYHOM OCMOTpPE CpefHue
ypoBHU CAJl mipeBbIlIaayd HOPMaTHUBHbIE 3HAUEHUS,
TO K 3aBepIIeHHUI0 PeabWIUTAI[MOHHOTO Kypca y
MMAIEHTOB 1-U TPYIIIBI OTMEYAJIOCh UX CHIDKEHHE
JI0 YPOBHS BBICOKOTO HOPMAaJIBHOTO JIABJIEHUS, B TO
BpeMs Kak BO 2-1 rpynie nokasatesau CAJl mpojion-
JKQUIH TIPEBBINIATh HOPMATUBHbIE 3HAUEHUS.

OnHOHANpaBIeHHbIE U3MEHEHU KacaIuCh ITOKa-
3aresnen JIA/l, KOTOpble OT MCXOHBIX UQP, COOT-
BETCTBYIOIINX BHICOKOMY HOPMAaJIbHOMY JIaBJIEHHIO,
K 3aBepIIeHNI0 HAOJIIOIeHUsI CHU3WINCH Y TTalieH-
TOB B 1-H TpyHIe J0 BEJIHYHH, MOAXOSAIIUX IO
KPUTEPUH HOPMAJIBHOTO apTEPUAIIBHOTO JTABIEHUS
(<85 MM pr. cT.). B TO K€ BpeMs y MaIeHTOB 2-U
rpynnsl nokasarenu J{AJl ocTtaBasiuch Ha epBOHA-
YaJIbHBIX YPOBHSX.

Takum o0pasoM, nanUeHTaM, IepeHeCIInM
COVID-19 u umeromuM nokasaress IIIPM 3 6aia,
nestecoobpasHo MPOBEZIEHNE TPETHETO TAIA peabu-
JINTAIU B YCJIOBHUAX JTHEBHOTO CTalllOHapa amoOy-
JIATOPHO-TIOJINKJIMHUYECKOTO MOApas/ie/ieHus, Ipu
yuyactuu cnenuanuctoB MJIPK, uro cmocobceTByer
BOCCTAaHOBJIEHUIO (YHKIUA peCIUpaTOPHOU CHC-
TEMBbI, TIOBBIIIEHUIO TOJIEPAHTHOCTU K (PU3UUECKOH
HATDy3Ke, M, KAaK CJIE[ICTBHE, — IOBCEJHEBHOMH
AKTUBHOCTH, CHIIKEHUIO YPOBHSA TPEBOKHOCTH U
VIIYYIIEHUIO KaUueCTBA KU3HU.

KoHTposib Harpy3ok nanueHTaMm C IIOCJIe/ICTBH-
samu COVID-19 u onjenka 3p(peKTUBHOCTU pPeajinsy-
€MbIX MEIUITMHCKUX MEPOIPUATHN JOJI?KHBI ITPOBO-
JIUTHCS B COOTBETCTBUU C BPEMEHHBIMU METOJIAYe-
CKAMHM PEKOMEHIanusIMu « MeuInHCKas: peabuIn-
Talys [PU HOBOU KOPOHABUPYCHOU WHGEKINHU
(COVID-19), Bepcusi 2 (31.07.2020)» W BKJIOYATh
ompejieJieHNe caTypalul KHCJIOpPOoZa B IIOKOE U
1mocje Harpy3kKd, KOHTPOJIb TeMOJUHAMHYECKUX
IoKa3areJiel, IPOBeJIEHNe TeCcTa IIeCTUMIHYTHOMN

exercise, hemodynamic parameters, exercise tolerance
(according to the 6-minute walk test and Borg Scales),
severity of dyspnea (BDI, TDI), quality of life
(EQ-5D), anxiety level (HADS), and RRS score.

CONCLUSION

The study allows us to draw the following conclu-
sions:

1. For patients with the consequences of COVID-
19, in the presence of 3 points according to the Reha-
bilitation Routing Scale, rehabilitation in a day hos-
pital contributes to the improvement of clinical
symptoms, including a decrease in the frequency of
complaints of fatigue — by 1.7 times, dyspnea — by
1.9 times, cough — by 2.5 times, dizziness — by
1.6 times, and anxiety — by 2.3 times.

2. Carrying out the third stage rehabilitation for
patients with the consequences of COVID-19 in a day
hospital improves functional parameters, including a
decrease in dyspnea according to the MRC Dyspnea
Scale and BDI by 1.8 and 1.3 times, respectively, a
decrease in pain according to the VAS by 3.2 times,
and an improvement of exercise tolerance according
to the modified Borg Scale by 1.8 times, a decrease in
the severity of anxiety according to the HADS by
2.1 times, and an improvement in the quality of life
by 1.4 times according to the EQ-5D.

3. Rehabilitation programs for patients with the
consequences of COVID-19 in a day hospital increase
oxygen saturation, improve systemic hemodyna-
mics, which determines an increase in exercise toler-
ance according to the 6-minute walk test by the end
of the follow-up by 1.2 times compared to baseline
values.
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X0ZIbOBbI, aHAJIU3 pe3yJIbTaTOB IO InKasaM bopra,
BDI, TDI, onpocaukam EQ-5D, HADS u onpezee-
HUe nokasaresid mo IITPM.

3AK/IOYEHUE

[TpoBeneHHOE UCCIIEZIOBAHNE TIO3BOJISAET CIEJIATh
cJIeslytolye BEIBO/IBL:

1. [TaumenTtam ¢ nocneacrteuamu COVID-19, npu
HAJIMYUM TI0Ka3aTesIel 10 IIKaJie peabrInTanuoH-
HOHM MapmipyTusanuu 3 6aia, npoBe/ieHue peabu-
JINTAIIUU B YCJIOBUSAX JHEBHOTO CTAIIIOHApa MHOTO-
MpOoUIIBHOTO JIedeOHOTO YUYPEKIEHHUS CII0CO0-
CTBYeT KOPPEKINH KJINHUYECKONH CHMIITOMATUKU, B
TOM YHCJI€ CHUKEHUIO YacTOTHI K00 Ha OOIIyI0
c1aboCTh — B 1.7 pasa, OABIIIKY — B 1.9 pa3a, KaIuis —
B 2.5 pa3a, TOJIOBOKPY>KeHHUA — B 1.6 pasa, TpeBOXK-
HOCTH — B 2.3 pasa.

2. IlpoBeneHne mHanueHTaM C IIOCJIEJCTBUSMU
COVID-19 TpeTrbero sTama peabWJINTAIIMU B yCJIO-
BUSIX JIHEBHOTO CTallIOHapa MHOTOIPO(UILHOTO
JIedeOHOTO  VUPEXIEHUs II03BOJISAET YJIyYIIHUTh
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1. MeaunuHcKass peabWIUTAIisA IIPH HOBOM KOPO-
HapupycHod wuHpexknuu (COVID-19). Bepcusa 2
(31.07.2020). BpemeHHBIE METO/IUUECKHE PEKOMEH-
maiuui.  2020. URL:  https://edu.rosminzdrav.ru/
fileadmin/user_upload/specialists/COVID-19/dop-
materials/VMR_medreabilitacija_ COVID_versija2.
pdf (mata o6pamenus: 06.12.2022).

2. Brann D.H., Tsukahara T., Weinreb C. et al. Non-neu-
ronal expression of SARS-CoV-2 entry genes in the
olfactory system mechanisms underlying COVID-19-
associated anosmia // bioRyiv. 2020;6(31):1-19. DOI:
10.1101/2020.03.25.009084.

3. Li Y.C., Bai W.Z., Hashikawa T. The neuroinvasive
potential of SARS-CoV2 may play a role in the respi-
ratory failure of COVID-19 patients // Med. Virol.
2020;92(6):552-555. DOI: 10.1002/jmv.25728.

4. Wu Y., Xu X., Chen Z. et al. Nervous system involve-
ment after infection with COVID-19 and other corona-
viruses // Brain Behav. Immun. 2020;87:18-22. DOI:
10.1016/j.bbi.2020.03.031.

5. Yang X., Yu Y., Xu J. et al. Clinical course and out-
comes of critically ill patients with SARS-CoV-2
pneumonia in Wuhan, China: a single-centered, ret-
rospective, observational study // Lancet Respir.
Med. 2020;8(5):475-481. DOI: 10.1016/S2213-
2600(20)30079-5.

6. Handbook of COVID-19. Prevention and Treatment /
T. Liang, Cai H., Chen Y. et al. 2020. URL: https://
www.researchgate.net/publication/339998871_
Handbook_of COVID-19_Prevention_and_Treat-
ment (gaTa obpamieHus: 11.05.2020).

7. Vitacca M., Carone M., Clini E.M. et al. Joint
statement on the role of respiratory rehabilita-
tion in the COVID-19 crisis: the Italian position
paper // Respiration. 2020;99(6):493-499. DOI:
10.1159/000508399.

(pYHKIIMOHAJIbHBIE ITOKA3aTEJH, BKIIIOUAS YMEHbBIIIEe-
HUe oAbIKU 1o AaHubIM mKajgd MRC u BDI B 1.8 u
1.3 pasza COOTBETCTBEHHO, yMeHbIIIeHHEe OO0JIEBBIX
omrymenui mo BAIII B 3.2 pasa, yy4iieHue nepeHo-
CUMOCTH (DUBUUECKOH HATPY3KU IO MOAUDUITUPO-
BaHHOU mKasie bopra B 1.8 pasa, CHU)KeHHe BbIpa-
JKEHHOCTH TpeBoTHU 110 ontpocHuKy HADS B 2.1 pazau
yIydIlleHre KauvecTBa JKU3HU B 1.4 pasa IO OIPO-
cHUKy EQ-5.

3. PeabwiuTaniuoHHBIE MEPOIPUATUS TAIHEH-
Tam ¢ nocueacTBusimMu COVID-19 B ycI0BUAX THEB-
HOTO CTaIlMoOHapa MHOTOMPOGUIBHOU OOJHHUIIBI
VBEJIMYUBAIOT CaTypalui) KHUCJIOPOJIa, KOPPUTH-
PYIOT mapaMeTpbl CUCTEMHOM TIeMOJUHAMHKH, YTO
ompeziesifeT MOBbIIIEHNE TOJIEPAHTHOCTU K pusnye-
CKOU Harpyske I10 TECTY IIECTUMHHYTHOU XOJIHOBI K
3aBepIIEHNI0 MTePHo/ia HAOII0eHUsA B 1.2 pasa OT
HCXOIHBIX 3HAUECHUH.

KoHduKT HHTEpEecoB. ABTODHI 3aABJIAIOT 00
OTCYTCTBUHU KOH(IMKTA HHTEPECOB.
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DaKkTOPHBIN AHAJIU3 BJAUAHUA MUKPOHYTPHEHTHOTO
craryca Ha pu3ndecKoe U KOrHUTUBHOE pa3BUTHE
MJIQAUIUX HIKOJIbHUKOB

M.A. Yebapruna, O.A. CenbkeBuu, [0.I'. KoBasbckuii

@I'BOY BO «/[anvHegocmouHblil 20cydapcmeerHblil meduyuHckull yHusepcumem» Munsdpasa Poccuu, Xabaposck,
Poccus

AHHOTAIIUA

BBenenue. ObecrieueHre a[eKBATHOTO MUKPOHYTPUEHTHOTO CTATyCa SIBJISETCS OHOM U3 COCTABJISIONIUX 3/I0PO-
Bbs JIETCKOTO HaceseHus ¢ GOPMUPOBAHUEM HOPMAUIBHBIX IOKa3aTesel (GU3NUeCKOW KOHCTUTYIUH U MHTEJIEKTYalIb-
HOTO Pa3BUTHUS.

Il e 1 b . OueHUTH BIKMSHHE YPOBHs 00ECIIEUEHHOCTH JIEMEHTaMU U BUTaMUHOM D siereii 7—8 JieT, POKUBAIOIIUX B
XabapoBCKOM Kpae, Ha X (U3UUECKOe ¥ KOTHUTUBHOE Pa3BUTHE.

MaTepuans U MeTO/Jbl . IIpoBeneHo o6cepBallUOHHOE, AaHAJTUTUUECKOE, ITOTIEPEYHOE HCCIEOBAHME
C aHAJIM30M PACIPOCTPAHEHHOCTH OTKJIOHEHUM MHKPOHYTPHUEHTHOI'O CTaTyca YCJIOBHO 370POBBIX JeTel 7—8 JieT,
MPOKUBAONKUX HA TeppUTOpun XabapoBckoro kpas (n = 60). Pusnveckoe pa3BUTHE JieTel OIEHUBAIHN IIyTEM pac-
yeTa MokasaTesel Z-scores Macchl TeJia, pocTa U nHAekca Mmaccsl Tesa (MMT). Ananu3 chopMUPOBAaHHOCTHA KOTHHU-
THUBHBIX CITIOCOOHOCTEN ZleTel OCYyIIEeCTBIISIICS C UCIIOJIb30BAHUEM CTaHIAPTHBIX MeTOINK. KoJTnueCcTBEHHbIN aHATU3
asnemeHToB (Mg, Zn, Ca, Se, Cu, Fe, Mn, Cr) B BojJlocax U CHIBOPOTKE KPOBH JI€T€H MPOBOJUJICS METOJIOM Macc-
CIIEKTPOMETPHU C UHYKTUBHO CBA3AHHOU IyIadMou. O6GecredyeHHOCTh OpraHu3Ma JleTell HOA0M OIIpe/esisach o
€ro CoJIep:KaHUuI0 B Pa30BOU MOPIUU YTPEHHEH MOYU aPCEHUTHO-IIEPUEBBIM MeToIoM. OmnpeziesieHne 25-TH/IPOKCH-
putamuHa D (25(0OH)D) B CBIBOPOTKE KPOBH JIeTE€H MPOBOJUJIN METOAOM TBepA0(daszHOro UMMYHODEPMEHTHOTO
aHaJIn3a.

Pe3ynbTarTbl . BeisABiIeHO CHU)KEHUE TEMIIOB POCTa IPU YMeHbIleHnH cogep:kanus Ca, Cu, Se, Zn u yBesnueHNnU
KoHIeHTpaluu Fe B opranusme pebeHka, ymeHsbleHue mnokasareyneid UMT npu gedunure Ca, Cu, Zn, Cr u yBesnueHne
pHu HerocTaTouHOoM obecnieuennoctd I u 25(0OH)D. OTMeueHO CHIKEHUE TOKa3aTesiell KOTHUTUBHOTO POQUIIA ¥ JieTei
npu aedpunute Mg, Ca, I, Cu, Buramuna D u uzbbIiTouHOM cosiep:kanuu Fe. IIpu npoBeieHnn (haKTOPHOTO aHAIN3a METO-
JIOM MHO>KECTBEHHOU KOPPEJISIIUY BBISIBJIEHO coueTaHHOe BiausHue Ca, Zn u Fe B paBHOU CTENEHH KaK Ha MOKa3aTen
pocra, Tak u Ha napamerpbl UMT (p < 0.05). [lokazaHo cOBOKyITHOe Biusinue KoHIreHTparuu Cu, Ca, I u Buramuna D B
CBIBOPOTKE KPOBU MJI/IIIIUX IIKOJIBHUKOB Ha (POPMHUPOBAHUE KPATKOBPEMEHHOU maMATH (p < 0.01). BrisiBiieHa B3auMO-
CBAI3b MEK/Ty YDOBHEM Pa3BUTHS CJIOBECHO-JIOTHUECKOTO MBIILJIEHUA U KoHIleHTparuamu Mg u Ca (p < 0.05), a Takke Fe
u Ca (p < 0.05), pu 3T0M coueTaHue 37eMeHTOB ¢ 25(0OH)D B CIBOPOTKE KPOBH MOBBIIIAIO IOCTOBEPHOCTh B3aMMOCBSI-
3eii (p < 0.01).

3akJyoueHUe . [IpoBeIeHHOE UCCIIEOBAaHUE JIEMOHCTPUPYET HEOOXOUMOCTh KOMILJIEKCHOTO ITO/IX0/a K OIIEHKE
obecrieyeHHOCTU OpraHu3Ma JieTel BJIEMEHTaMU M BUTAMUHOM D B CBSI3U ¢ HUIMYHEM KOMOPOUAHOCTHU JIe(PUIUTHBIX U
U30BITOYHBIX COCTOSHUH, COUETAHHBIM BIUSHHEM Ha QU3NUECKOEe U KOTHUTUBHOE PAa3BUTHE C IIJIbI0 MPEIOTBPAIeHHUs
Pa3BUTHs aITUMEHTapHO-3aBUCUMbIX 3a00JIeBaHUH.

Kaoueenble cao8a: MUKPOHYTPUEHTHBIH CTATyC, MJIAJIIIINE IIKOJbHUKN, KOTHUTHBHOE pa3BUTHE, (GU3NUECKOEe Pas-
BUTHE.
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Factor analysis of the impact of micronutrient status on the
physical and cognitive development of younger schoolchildren

M.A. Chebargina, O.A. Senkevich, Yu.G. Kovalsky

Far-Eastern State Medical University, Khabarovsk, Russia

ABSTRACT

Introduction. Maintenance of an adequate micronutrient status is one of the components of the children’s
health with the formation of normal indicators of the physical and intellectual development.

A im . To evaluate the influence of the microelement and vitamin D adequacy of 7—8-year-old children living in the
Khabarovsk Territory on their physical and cognitive development.

Materials and methods. An observational, analytical, cross-sectional study was performed with an
analysis of the prevalence of micronutrient imbalances among apparently healthy children aged 7—8 years living in the
Khabarovsk Territory (n = 60). The physical development of children was assessed by calculating the Z-scores of body
weight, height and body mass index (BMI). The assessment of the children’s cognitive abilities was carried out using con-
ventional methods. Quantification of elements (Mg, Zn, Ca, Se, Cu, Fe, Mn, Cr) in the hair and blood serum of children was
carried out by inductively coupled plasma mass spectrometry. The iodine adequacy in children was determined by its con-
tent in the first-morning urine using the cerium arsenite method. Determination of 25-hydroxyvitamin D (25(OH)D) in the
blood serum of children was carried out by the enzyme-linked immunosorbent assay.

Results. Aslowing down in growth rates was revealed with a decrease in the content of Ca, Cu, Se, Zn, and an
increase in the concentration of Fe; a decrease in BMI with deficiency of Ca, Cu, Zn, Cr, and an increase with an I and
25(OH)D intake inadequacy. A decrease in cognitive profile indicators was noted in children with deficiency of Mg, Ca, I,
Cu, vitamin D, and an excess of Fe. The factor analysis using the multiple correlation method revealed a combined effect of
Ca, Zn, and Fe equally on both indicators of growth and BMI parameters (p < 0.05). The cumulative effect of concentra-
tions of Cu, Ca, I, and vitamin D in the blood serum of younger schoolchildren on the formation of short-term memory was
shown (p < 0.01). A relationship was found between the level of development of verbal-logical reasoning and the concen-
tration of Mg and Ca (p < 0.05), as well as Fe and Ca (p < 0.05), while the combination of elements with 25(0OH)D in the
blood serum increased the significance of correlations (p < 0.01).

Conclusion. The study demonstrates the need for an integrated approach to evaluate the microelement and
vitamin D adequacy in children, in connection with the presence of comorbidity of deficient and excess conditions, a
combined effect on physical and cognitive development in order to prevent the development of nutritional diseases.
Keywords: micronutrient status, younger schoolchildren, cognitive development, physical development.
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BBEJIEHUE

B HacTosIlee BpeMs MUJLTMOHBI JIeTell BO BCEM
MUpe He JOCTUTAIOT ONTUMAJIBLHOTO POCTA U PA3BU-
THS, U €CTh JJOKa3aTeJIbCTBA TOTO, YTO PACIIPOCTpA-
HEHHOCTh 3a/Iep’KKH B KOTHUTHUBHOM Pa3BUTHUH
TTOBBIIIIAETCS TIOYUTH ITOBCEMECTHO [1, 2]. 3710pOBbe U
Ka4yecTBO KU3HU JIeTeH, Kak HamOoJiee yA3BUMOU
TPYIIbI HaCceJIEHUsI, BBUAY OTHOCUTEBHO BBICOKHX
(pusnonornueckux NOTpeGHOCTEH, BO MHOTOM 3aBH-
CAT OT NHUTAHUA C obecleyeHHeM a/IeKBaTHOTO
BUTAMHHHO-3JIEMEHTHOTO cTaTyca [3—6].

OnHOW U3 TPUYUH PAa3BUTHS IeDUITUTHBIX COCTO-
STHUU Y JIETeH sIBJISIETCA HeaJIeKBaTHOE TIOCTYIIEHHE
HYTPHUEHTOB B pe3yJbTaTe HecOaJIaHCUPOBAHHOTO
nuTanus [6]. [TuieBas n3bupaTesTbHOCTD, HEJTOCTA-
TOK pa3zHOOOpa3us B paIoOHe, MOTpeOIeHne orpa-

INTRODUCTION

Currently, millions of children around the world
do not achieve optimal growth and development,
and there is evidence that the prevalence of cogni-
tive delay is increasing almost universally [1, 2].
The health and quality of children life, as the most
vulnerable group of the population, due to rela-
tively high physiological needs, largely depend on
nutrition providing vitamin and microelement ade-
quacy [3-6].

One of the reasons for the development of defi-
ciencies in children is inadequate intake of nutrients
as a result of unbalanced diet [6]. Food selectivity,
lack of dietary diversity, consumption of a limited
number of foods, non-traditional dietary patterns
often lead to the fact that children have very low lev-
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HUYEHHOTO KOJIMYECTBA IIPOJYKTOB, HETPAJUIIUOH-
HbIe TUIBI MUTAHUS YACTO MPUBOAAT K TOMY, UTO
JIETH UMEIOT OYeHb HU3KHE YPOBHU BAKHBIX HYTPHU-
eHTOB B opraHusaMme [7—9]. Kpome Ttoro, anamms
boJsiee 23 000 YIIaKOBAHHBIX MHINEBHIX TPOAYKTOB B
pasHBIX CTpaHaX, IPUBEJEHHBIH B [J106aIBHOM
OoTUeTe IO IIMTAaHUIO, IMOKasaj, 4yTo 69 % U3 HHuX
UMEIN OTHOCUTEbHO HU3KOE KAuecTBO ITUTATEhb-
HBIX BeIlecTs [10].

Eme ogHOW mpuyMHOU AucOaaHca HYTPUTHB-
HOTO cTaTyca sIBJISIETCS HaJMuyue OMOoreoxuMuye-
CKHUX IIPOBUHITUY ¢ 00e/THEHUEM HJIN U30BITOYHBIM
oboramieHrueM OOBEKTOB OKPYKAIOIIEH Cpeabl dye-
MEHTAaMH W UX MOCTOSIHHO TMPOTEKaIolel GHoreH-
HOU MUTpalyied, 4To BIUAET Ha XUMUYECKUH cocTaB
MIPOYKTOB MECTHOT'O ITPOU3BO/ICTBA, UCIIOJIb3yEMbIX
JUIST TIPOJIOBOJIBCTBEHHOTO OOeclieueHus KUTeIek
STUX TEPPUTOPUH, U BIIOCJIIEICTBUN OTPAXKAETCSA Ha
COCTOSTHUH UX 37I0POBbS [11].

OTcyTCTBHE MOHUTOPHUHTA MUKDPOHYTPUEHTHOTO
crarycay JieTed ¢ ocaeAyoIel OpraHnu3aIuen mpe-
BEHTHUBHBIX MEPOIPHUATHU C IEJbIO IIPEyIPeERIe-
HUA JePUIUTHBIX U/WId U30BITOUYHBIX COCTOSHUH
MOJKET TPUBECTH K IITHPOKOMACIITAOHBIM Hera-
THUBHBIM IIOCJIEJICTBUAM JJIs 3/I0POBbsl JleTEU C
dopmupoBaHUeM 3a7€PKKN (HUBHIECKOTO U HEPB-
HO-TICUXUYECKOTO PA3BUTHUS, POCTOM KaK MH(PEKIIU-
OHHBIX, TaK ¥ HEWH(EKIHNOHHBIX ATUMEHTapHO-
3aBUCHUMbBIX 3a00JI€BaHUM, ITOBBIMIAIOIINX ITOKa3a-
TeJIN JIETCKON WHBAJIUTHOCTH U CMEPTHOCTH [12, 13].

ITEJIb UCCJIEJIOBAHUSA

O11eHUTh BIIUSHUE YPOBHSA 00€CTIEYEHHOCTH BJIe-
MeEHTaMu ¥ BUTaMuHOM D sieteii 7—8 Jiet, IpoKuBa-
omux B XabapoBCKOM Kpae, Ha uX (GU3UYECKOe U
KOTHUTUBHOE Pa3BUTHE.

MATEPUAJIBI 1 METO/IbI

ITpoBezieHO 00OCEpBAMOHHOE, AHAIIUTUYECKOE,
[IOTIEpEYHOEe HCC/IEZIOBAHUE C aHAJINU30M PacIpo-
CTPAaHEHHOCTH OTKJIOHEHUH MHUKPOHYTPHUEHTHOTO
cTaryca yCJIOBHO 37I0POBBIX JieTeli 7—8 JieT, MpOKuU-
BaIOIUX HA TEPPUTOPUH HUKHETO TEUEHUsS DPEKU
Amyp XabapoBckoro kpas (n = 60), oToOpaHHBIX
METO/IOM CJIyJYaifHOU BBIOOpKHU. Il ompezneneHus
BJIUAHUSA OTKJIOHEHUU BUTAMUHHO-3JIEMEHTHOTO
cTaTyca Ha KOTHUTHUBHOE U (U3UUECKOe PA3BUTHE
MJIAZIIIIAX IIKOJIFHUKOB BBIIIOJIHEH AHAJIN3 B3au-
MOCBS3H IIOKa3aTeJsiel Z-scores, MHTEJUIEKTYaIbHBIX
CIIoCOOHOCTEN U COZEp:KaHUs BJIEMEHTOB U BUTA-
MuHa D B opranmuame sietei.

Kpurepuu BKIIOUEHUA: OPraHU30BAHHbIE JIETH B
Bo3pacre 7—8 JeT, mpokuBaoye B XabapoBCKOM
Kpae C POK/IeHUsI, [IOHOIIIEHHbIE, IPAKTUYECKH 3/10-

els of essential nutrients in the body [7—9]. In addi-
tion, an analysis of more than 23 000 packaged food
products in different countries, given in the Global
Nutrition Report, showed that 69% of them had rela-
tively poor nutrient quality [10].

Another reason for nutritional imbalance is the
presence of biogeochemical provinces with depletion
or excessive enrichment of environmental objects
with elements and their constant biogenic migration,
which affects the chemical composition of local prod-
ucts used to provide food to the inhabitants of these
territories, and subsequently affects their health [11].

The lack of monitoring of micronutrient status in
children with the subsequent organization of preven-
tive measures to avoid deficiency and excess of
microelements, can lead to large-scale negative con-
sequences for the health of children with the forma-
tion of a delay in physical and neuropsychic develop-
ment, an increase in both infectious and non-infec-
tious nutritional diseases that increase the rates of
childhood disability and mortality [12, 13].

AIM OF THE RESEARCH

To evaluate the influence of the level of microele-
ments and vitamin D adequacy among 7—8-year-old
children living in the Khabarovsk Territory on their
physical and cognitive development.

MATERIALS AND METHODS

An observational, analytical, cross-sectional
study was performed with an analysis of the preva-
lence of micronutrient imbalances among apparently
healthy children aged 7-8 years living in the Lower
Amur River in the Khabarovsk Territory (n = 60),
selected by random sampling. To determine the
impact of micronutrient imbalance on the cognitive
and physical development of younger schoolchil-
dren, an analysis was made of the correlation
between Z-scores, intellectual abilities, and the con-
tent of microelements and vitamin D in the body of
children.

Inclusion criteria: 7—8-year-old schoolchildren
living in the Khabarovsk Territory from birth, full-
term, apparently healthy (health group 1—-2 con-
firmed by a pediatrician during the current health
examination), whose parents or legal representatives
gave a written voluntary informed consent to partici-
pate in the study.

Exclusion criteria: 7—8-year-old out-of-school
children the presence of congenital malformations
and/or chronic diseases, clinical and laboratory
manifestations of infection at the time of the study.

The physical development of children was
assessed by calculating the Z-scores of body weight,
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poBble (1—2-f rpymnma 37I0pOBbs, YCTAHOBJIEHHAS
[IeZINaTPOM B XOJle TEKYIIETO MPOPIIAKTUIECKOTO
0CMOTpA), POAUTEU U 3aKOHHBIE ITPECTABUTETH
KOTOPBIX JIJIN MTUCbMEHHOE JI00pOBOJIbHOE HHDOP-
MUPOBaHHOE COIJIacHe Ha yYacTHe B UCCIIeT0BAHNUN.

Kputepuu HeBKIIOUEHHUs: HEOPraHW30BaHHbBIE
JIETU HUCCJIEAYEMOTO BO3PACTa, HATHMYHE BPOXKIEH-
HBIX IIOPOKOB Pa3BUTHS H/WJIU XPOHUYECKUX 3200-
JIEBaHUM, KJIUHUKO-JIA00PATOPHBIX TMPOSBIEHUN
WHGEKITUA HA MOMEHT IIPOBEAEHUS UCCIIeIOBAHMUS.

dusnyeckoe pa3BUTHE JleTEN OLIEHUBAIU ITyTeM
pacuera mokazaTesiell Z-scores Macchl TeJjia, pocTa u
uHAekca mMaccol Testa (MMT) ¢ mompaBkoil Ha BO3-
pacTt u oz pebeHKa ¢ IpuMeHeHNeM IIPOrPAMMHOTO
obecnieuenuss BO3 AnthroPlus 1.0.4. Ananus chop-
MHPOBAaHHOCTA KOTHUTHBHBIX CIIOCOOHOCTEN JieTeH
OCYIIECTBJIAJICA C HCIOJIB30BAHHEM CTAaHZAPTHBIX
Meronuk: Tecta Jlypus (3amoMuHaHUS 10 CJIOB) C
[IeJIBI0 MICCIIEZIOBAHUS KPAaTKOBPEMEHHON IaMATH,
Meronuku «Purypusie Tabsiuiel» [Ipepona-Pysepa
IUTs OTIpe/iesIeHusT 06'beMa U KOHI[EHTPAIIUH TTPOU3-
BOJIBHOTO BHUMaHUsA, TecToB «IlociemoBaTeabHbIe
KapTUHKH», «IleplIenTuBHOE MOZEJTHPOBAHUE»
JI.A. Benrepa 1 MeTOJUKHU OLleHKU (POPMUPOBAHUA
YMO3aKJIIOUeHUs JJIs aHAJINU3a YPOBHS Pa3BUTHA
CJIOBECHO-JIOTHYECKOTO MBIIIUIEHUsI, TAKXKE IIPOBO-
JIIach JUATHOCTHUKA MEJTKOH MOTOPUKH U YMEHHUS
paboTaTh o obpasiy [14].

KosimuecTBEHHBIA aHAIN3 3JIEMEHTOB (KaJIbI[ysa
(Ca), maruus (Mg), uaka (Zn), meau (Cu), keresa
(Fe), mapranma (Mn), xpoma (Cr), cenena (Se)) B
BOJIOCAX U CBIBOPOTKE KPOBH JleTel (n = 60) MPOBO-
JIJICS METOIOM MAacCC-CIIEKTPOMETPUU € WHAYK-
TUBHO cBsA3aHHOU Iwiaszmol (MICII-MC), KoTOphIi
peryiaMeHTHPOBAaH METOAUYECKUMHU YKA3aHUAMU
(MY) 4.1.1483-03 A omnpezieseHUss XUMUYECKUX
9JIEMEHTOB B OHOJIOTHYECKUX cyOcTpaTaX. Bbun
HCII0JIb30BAaH MAaCC-CIEKTPOMETP C MHAYKTHUBHO CBA-
dagnoi 1wtasmoii ELAN DRC II (PerkinElmer,
CHIA), nmnsa xaauOpOBKU KOTOPOTO IIPUMEHSIH
CTaH/IAPTHBIE TOJIU- ¥ MOHO3JIEMEHTHBIE PACTBOPBI
(PerkinElmer). ITogroroBky npob K aHaIu3y IpoBO-
IUWJIN COTJIaCHO TpeboBaHUAM MexayHapOoaIHOTO
areHTcTBa M0 aToMHOU sHepruu (1988), EBpasuii-
CKOTO DKOHOMMYECKOTO cOio3a, Poccuiickoii depe-
parmuu (2003).

OOGecrieueHHOCTh OpraHu3Ma Jieredl (n = 60)
tionom (I) ompenesnsiach MO €ro COAEPIKAHUIO B
pasoBodl MOpPIUM YTPEHHEH MOYM apCEHUTHO-
[IepUEBBIM METOZIOM, KOTODBIM perjlaMeHTHPOBAH
MY 2.3.7.1064-01. B cBsA3U ¢ TeM, 4TO U3BECTHA POJIb
Woma g OWOCHMHTE3a TOPMOHOB IUTOBUIHOM
JKeJie3bl, OBLIO MPOBEJIeHO (H3UKAJIBHOE 00C/Ien0-
BaHUE IIUTOBUIHOMN JKeJIe3bl U UCCIE0BAH THPEO-

height and body mass index (BMI) adjusted for age
and sex of the child using WHO AnthroPlus 1.0.4
software. The analysis of the formation of children’s
cognitive abilities was carried out using standard
methods: the A.R. Luria Memory Words Test (mem-
orizing a series of 10 words) for assessment of short-
term memory; the Method of Pieron-Ruzer to deter-
mine the volume and concentration of voluntary
attention, the Successive Pictures Test, the Percep-
tual Modeling (L.A. Wenger) and methods for assess-
ing the inference formation to analyze the level of
development of verbal and logical reasoning. Diag-
nostics of fine motor skills and the ability to perform
according to a model were also carried out [14].

Quantification of elements (calcium (Ca), magne-
sium (Mg), zinc (Zn), copper (Cu), iron (Fe), manga-
nese (Mn), chromium (Cr), selenium (Se)) in the hair
and blood serum of children (n = 60) was carried out
by inductively coupled plasma mass spectrometry
(ICP-MS), which is regulated by Guidelines 4.1.1483-
03 for the determination of chemical elements in
biological substrates. An ELAN DRC II mass spec-
trometer (PerkinElmer, USA) was used, for calibra-
tion of which standard multi- and mono-element
solutions (PerkinElmer) were used. Sample prepara-
tion for analysis was carried out in accordance with
the requirements of the International Atomic Energy
Agency (1988), the Eurasian Economic Union, the
Russian Federation (2003).

The iodine (I) adequacy in children (n = 60) was
determined by its content in the first-morning urine
by cerium arsenite method, which is regulated by
Guidelines 2.3.7.1064-01. Due to the fact that the
role of iodine for biosynthesis of thyroid hormones is
known, a physical examination of the thyroid gland
was performed and the thyroid status was assessed:
the concentration of free thyroxine fraction (T4),
thyroid-stimulating hormone (TSH), and anti-thyro-
peroxidase antibodies (anti-TPO) in the blood serum
by enzyme immunoassay using a kit from JSC Vec-
tor-Best (Russia).

Quantification of 25-hydroxyvitamin D (25(OH)
D) in the blood serum of children was performed by
the enzyme-linked immunosorbent assay using an
ELISA kit (DRG Instruments GmbH, Germany).
Laboratory diagnostics was performed on the basis
of the Immunological Laboratory of the Central
Research Laboratory of the Far-Eastern State Medi-
cal University using a BIO-RAD Model 680 micro-
plate reader (USA).

The study was approved by the Local Ethics Com-
mittee at the Far-Eastern State Medical University
(protocol No. 10 dated June 10, 2020), conducted in
accordance with the ethical principles for medical
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WJTHBIN CTaTyC: KOHIIEHTPAIH CBOOOTHOM (ppaKIuu
tupokcuHa (T4), Tupeorponroro ropmona (TTI) u
aHTUTeN K THpeonepokcunase (autu-TIIO) B cbIBO-
POTKe KpOBHU JieTell MeToZ0M UMMYyHO(bEepMEHTHOTO
aHaJgM3a ¢ TIOMOINbID Habopa peareHToB AO
«BexTop-BECT» (Poccus).

KosmuecTBeHHOE OlpezieieHne 25-TUAPOKCUBU-
tamuHa D (25(0OH)D) B CBHIBOpOTKE KpOBU JeTeH
MIPOBOJIMJIM METOZIOM TBepaodazHoro uMMyHObEP-
MEHTHOTO aHajan3a, OCHOBAHHOTO HA IPUHIIHIE
KOHKYPEHTHOTO CBSI3bIBaHUsS, C WCIIOJIb30BAaHUEM
Habopa pearentoB 25-OH-Vitamin D ELISA (DRG
Instruments GmbH, I'epmanus). JlabopaTopHast
JIMaTHOCTHKA BBHITIOJIHEHA Ha 0a3e MMMYyHOJIOTHYe-
ckoii sabopatopuu I[eHTpayJbHON HAyYHO-HUCCIIE-
JmoBaresibckol srabopatopun ®I'BOY BO «/lanbHe-
BOCTOUHBIH TOCYZJapCTBEHHBI MEIUITUHCKUN YHH-
BepcureT» Ha ¢oromerpe BIO-RAD Model 680
(C1IA).

UcenenoBanne 0100pPEHO JIOKAJIBHBIM 3THYE-
ckuM komuteroM npu ®I'bOY BO «JlanbHeBOCTOY-
HBIH TOCY/IAaPCTBEHHBIH MEIUIMHCKUN YVHUBEDPCH-
TeT» (IIPOTOKOJI OT 10.06.2020 N2 10), IPOBE/ZIEHO
COTJIACHO STUYECKUM IPUHIUANIAM, YCTAaHOBJIEHHBIM
Ul MEIUIIMHCKUX FWCCIENOBAHUN C y4YacTHEM
JTofiell B KadecTBe cyObeKTOB (XeabCHHKHU, 1964;
nepecmotp — IlloTangus, oKTA6ps 2000).

[TosyueHHbIE pPE3yAbTATHI OBLIN ITOJABEPTHYTHI
CTaTHCTUYECKOU 00paboTKe. Brauciisiin: Meuany
(Me), 25-11 1 75-1 TPOLIEHTUIIN; PE3YJIbTAThI IIPU-
BoZiATCA B (OpMe «OTHOCUTEJIbHAS BEJIMYHMHA +
+ omubKa». J[Jis OlleHKW B3aMMOCBSI3H IIOKa3aTe-
Jell GUBNYECKOTO M KOTHUTHUBHOTO Pa3BUTHUI C
HccyiefyeMbIMU (paKTOpaMu, HMpeACTaBJIeHHBIMU B
BHUJle OTKJIOHEHHH BHTAaMHUHHO-3JIEMEHTHOTO CTa-
Tyca, a TAaKXKe C IeJIbI0 YCTAaHOBJIEHUSA COBOKYITHOTO
BJIUSIHUsI (PAaKTOPOB HA pe3yJIbTaTUBHbBIE ITIEpEMEH-
HbIE WCIIOJIb30BAJIM KOPPEJIAIHMOHHBIA aHAJIN3
CnupMeHa ¥ MeTOJ, MHOXKECTBEHHOH KOPPEeJIAIHH.
CraTuctuueckas 3HAYUMOCTh OIEHHUBAJIACH IIPU
niomo1nu t-kpurepus CteooaeHTa (p < 0.05). Cratu-
CTUYECKUH aHaJIu3 Pe3yJIbTaTOB MCCIIeIOBAHUSI
IPpOBOAWIN C  HCIOJB30BAHHEM  IPOTPAMM
Microsoft Office Excel 2019 mna Windows XP,
STATISTICA, Bepcus 12.0 (StatSoft Inc., CIIIA).

PE3YJ/IBTATDBI 1 OBCY KAEHUE

B pesysibraTe IpOBEIEHHOTO UCCIIEOBAHUA
OBLJIO YCTAHOBJIEHO, YTO BUTAMHHHO-3JIEMEHTHBIN
cratyc OOCJIeTOBAHHBIX MJIQJIIINX IIKOJBHHUKOB,
IIPOKUBAIOIINX HAa TeppUTOpUH XabapoBCKOT0 Kpas,
xapakTepusoBaica gepuiurom Mg, Zn, Ca, Se, Cu, I
u BuTamuHa D, a Takxe uzbbitkoMm Fe, Mn u Cr. [Ipu
aHaim3e 00eCIeYeHHOCTH MUKPOHYTPHUEHTaMU

research involving human subjects (Helsinki, 1964;
revised: Scotland, October 2000).

The results obtained were statistically processed.
Median (Me), 25th and 75th percentiles were calcu-
lated; the results are given as “relative value + error.”
The Spearman’s correlation analysis and multiple
correlation method were used to assess the correla-
tion between indicators of physical and cognitive
development with the studied factors, presented as
micronutrient imbalances, and also to reveal the
cumulative effect of factors on the resulting vari-
ables. Statistical significance was assessed using the
Student’s t-test (p < 0.05). Statistical analysis of the
study results was performed using Microsoft Office
Excel 2019 for Windows XP, STATISTICA v. 12.0
(StatSoft Inc., USA).

RESULTS AND DISCUSSION

As a result of the study, it was found that micro-
nutrient status of the younger schoolchildren living
in the Khabarovsk Territory was characterized by the
deficiency of Mg, Zn, Ca, Se, Cu, I and vitamin D, as
well as the excess of Fe, Mn and Cr. When analyzing
the micronutrient adequacy, it was revealed that all
participants of the study were in a state of hidden
hunger and had at least two deficiencies. A high
prevalence of element multi-deficiency was revealed:
more than 2/3 of schoolchildren suffered from defi-
ciency of four or more micronutrients. At the same
time, 80.0 + 5.2% of children had an excess of one or
more elements in the body (Table 1).

During the study, the elements were identified,
the adequacy of which was observed in 100% of chil-
dren aged 7-8 years living in the Khabarovsk Terri-
tory, and the lowest adequacy in comparison with
other micronutrients was characteristic of Se, while
an excessive level was determined for Fe (see Table 1).
At the same time, the median of Se in the hair of chil-
dren was 0.09 mg/kg, and was 7 times lower than the
reference value, 0.65 mg/kg [15], while the median
of Fe concentration in the blood serum was
1403.9 pg/dl and exceeded 11 times the upper limit
of the reference range (120 pg/dl) [16] (Table 2).

The median values of Ca, Cu, I and vitamin D
were also below the reference values: serum Ca con-
centration was below 8800 ng/dl [16]; Cu content in
children’s hair, ioduria levels and vitamin D values
were less than 10 mg/kg [17], 100 pg/1 [18], and 30
ng/ml [19], respectively (see Table 2). The upper lim-
its of the reference range of Mn and Cr in the hair of
children were 0.93 and 0.70 mg/kg, respectively
[15]; i.e. in our study, the excess of the established
reference values by 3 and 1.7 times, respectively, was
found (see Table 2).
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OBLIO OIpE/IeJIEHO, YTO BCE YYACTHUKH HCC/IeI0Ba-
HUS HAXOIUJIUCh B COCTOSTHIH «CKPBITOTO TOJI0a» U
MMeJN KaKk MUHUMYM JIBa 1e(PUIUTHBIX COCTOSHHUS.
BhIsiBJIEHAa BBICOKAS PACIPOCTPAHEHHOCTDH IOJIH7IE-
(umTa s51eMeHTOB: OoJiee 2/3 MITAIIINX IIIKOJIbHH-
KOB CTpajlajii HeIOCTaTOYHOU 06eCcIeueHHOCTHIO
YeThIpbMS W 00Jiee MUKPOHyTpHEHTaMu. B To ke
BpeMs y 80.0 + 5.2 % JieTel BbISABIEHO U30BITOYHOE
cofiepyKaHue OJHOTO MJIU HECKOJIbKHUX BJIEMEHTOB B
opranusme (TabJ. 1).

B xome wucciemoBaHUS BBISBJIEHBI 2JIEMEHTHI,
0becreueHHOCTh KOTOPhIMU HabJII0[aIach v 100 %
JleTell 7—8-JIeTHEro BO3pacTa, MPOXKUBAOIIUX Ha
TeppuTopur XabapoBCKOTO Kpasi, IpuyeM Hanbosee
HU3Kasi 00eCreYeHHOCTh M0 CPAaBHEHUIO C OCTaJIb-
HBIMU MHUKPOHYTPHUEHTaMHU ObLIa XapakTepHa st
Se, a U3OBITOYHOE COZEPIKAHNE HAOJII0AJIOCh TIPH
ompeesneHun KoHneHTpanuu Fe (cm. Tabu. 1). IIpu
9TOM MeJBiaHa Se B BOJIOCAaX JeTel COCTaBJsIa
0.09 MT/KT 1 ObLJIa B 7 pa3 HUKe pepepeHCcHOro 3Ha-
yeHUs — 0.65 MT/KT [15], B TO BpeMs Kak MeAnaHa
KoHIleHTpaluu Fe B CHIBOPOTKE KPOBU ObLIa paBHA
1403.9 MKT//IJ1 ¥ TIPEBBIIIIAJIA B 11 pa3 BEPXHIO0 rpa-

An analysis of the deviation degree of the median
values for the content of micronutrients in the bodies
of children [15—19] showed the decreased concentra-
tion levels of Ca, Cu, Se, I and vitamin D, that is
below the lower reference limit by —10.9%, —43.5%,
—86.2%, —28.0%, —46.1%, respectively, as well as an
exceeding of the upper reference limits for Fe, Mn,
and Cr by 1069.9%, 201.1%, and 72.9%, respectively
(Fig. 1).

Severe deficiency of Se in the population is prob-
ably associated with a low content of the trace ele-
ment in the soil, in plant and animal food of the
region, as a result of the influence of the biogeo-
chemical province [20], which is also characterized
by deficit and imbalance of I, F, Ca, Mg, Cu in objects
of the environment [21]. In turn, an excess of Fe in
children is due to its high content in the waters of the
Amur River which has been determined over the
long period since 2006 [22]. In addition, an increase
in the content of Mn in the water resources of the
region over the past decade has been noted [22].

Vitamin D deficiency was revealed in 56.7 + 6.4%
of younger schoolchildren (see Table 1), of which

Ta6auna 1. PacipocTpaHeHHOCTb e pUIIUTHBIX U U30BITOYHBIX COCTOSSHUN BUTAMUHHO-3/IEMEHTHOI'0 CTaTyca y MJIaILNAX

IIKOJIbHUKOB Xa6apoBCKOT0 Kpast

Table 1. The prevalence of deficiency and excess of micronutrients among younger schoolchildren of the Khabarovsk

Territory
CocTossHue JnemeHT/Ko/1M4ecTBO MUKPOHYTPHEHTOB Yacrora (%)
State Element/Number of micronutrients Rate (%)
JebuuuT asleMeHTOB U BUTaMUHa D Mg 23355
Element and vitamin D deficiency Ca 75.0 + 5.6
Cu 81.7+5.0
Zn 26.7 £5.7
Se 100.0
I 83.3+48
Butamuu D / Vitamin D 56.7 + 6.4
N36bITOK 3/1eMEHTOB Fe 100.0
Excess of elements Mn 817 +5.0
Cr 88.3+4.2
JledunuTHBIE COCTOSIHUS 1 0.0
Deficiency 2 33+23
3 183 +5.0
4 333=+6.1
5 36.7+6.2
6 83+3.6
U36bITOYHBIE COCTOSTHUS 0 20.0x5,2
Excess 1 35.0 6,1
2 283+58
3 16.7 4,8
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Ta6una 2. CogepkaHre U3y4aeMbIX 3JIEMEHTOB U BUTaMuHa D B opranusme Jieteil 7-8 siet, Me (25 %; 75 %)
Table 2. The content of the studied elements and vitamin D in children aged 7-8 years, Me (25%; 75%)

JdnemeHT / Element

Bouiocsl (Mr/kr) / Hair (mg/kg)

CoiBopoTKka KpoBHu (Mkr/au) / Blood serum (ng/dl)

Mg 40.4 (16.7; 76.1)

Ca 242.7 (147.7; 517.0)
Cu 5.65 (3.52; 8.84)

Zn 96.8 (68.4; 162.7)
Se 0.09 (0.03; 0.14)

Fe 50.6 (32.3; 72.7)

Mn 2.80 (1.39; 7.47)

Cr 1.21 (1.02; 1.49)

I*

Butamun D / Vitamin D** -

2220.7 (2005.0; 2516.3)
7842.6 (6132.5; 8921.9)
242.3 (158.8; 294.5)
202.1 (127.2; 256.2)
5.85 (4.55; 6.96)

1403.9 (683.2; 2282.6)
415 (15.3; 84.1)

17.6 (14.8; 39.4)

72.0 (54.5; 91.5)

16.7 (13.5; 29.5)

* Copepxxanue Mopa (1) onpezensisioch B pa3oBoi NOPLUU YTPEeHHENH MOYH (MKT/J1).
The content of iodine (I) was measured in the first-morning urine (pg/1).

** ENMHULbI M3MepeHUst BUTaMUHa D B CbIBOPOTKe KPOBH — HI'/MJI.
Units of measurement of vitamin D in blood serum are ng/ml.

HUIy HOPMAaJIBHOTO AuamnasoHa (120 Mkr/mr) [16]
(Tabi. 2).

Takke HIKE YCTAaHOBJIEHHBIX pedepeHCHBIX
TokasaTesjiell HaxXOJAWJINCh MeJAWaHHbIe 3HaYeHUs
Ca, Cu, I u BuTramuna D: koHnenTpanusa Ca B ChIBO-
poTke KpoBH ObLIa HIKe 8800 MKr/a [16], conep-
skaHue Cu B BoJIocax JieTel, IToKa3aTeIu HOAypUH U
BuTamMuHa D — MeHee 10 Mr/Kr [17], 100 MK/ [18]
u 30 Hr/MJI [19] cooTBeTcTBEHHO (cM. TabII. 2). Bepx-
HHe rpaHuIlbl pedpepeHcHoro quanaszona Mn u Cr B
BOJIOCAX JIETEH COCTABJISIIN 0.93 U 0.70 MT/KT COOT-
BETCTBEHHO [15], B HAIlIEM MCCJI€IOBAHUY BBIABJIEHO
MIPEBBIIIEHNE YCTAHOBJIEHHBIX IMOKa3aTejied B 3 U
1.7 pa3a COOTBETCTBEHHO (cM. TabJ1. 2).

AHayiu3 cTeleHd OTKJIOHEHUH MeaUaHHBIX 3Ha-
YeHUU COJiepKaHUs MHUKDOHYTPHEHTOB B oOpra-
HU3Me JieTed oT pedepeHCHBbIX 3HaYeHU# [15-19]
IOKa3aJl OTPUIATEJIbHOE OTKJIOHEHHWE KOHIEHTpPa-
nuii Ca, Cu, Se, I u BuTamuna D oT HUKHEHN TPaHUITBI
HOPMAaJIbHOTO [Aualna3oHa Ha —10.9 %, —43.5 %,
-86.2 %, —28.0 %, —46.1 % COOTBETCTBEHHO, a TAK}KE
MpEBBIIIIEHUE BepxHEW TpaHUIBl pedepecHOro
uHTepBasa ;i Fe, Mn u Cr Ha 1069.9 %, 201.1 % u
72.9 % COOTBETCTBEHHO (pHLC. 1).

BoiparkeHHBI TOMYJIAIUMOHHBIN aebunur Se,
BEPOSITHO, CBSI3aH ¢ HU3KUM COJIEp:KaHUEM MUKPO-
9JIEMEHTA B IIOYBE, B PACTUTEIBHBIX U KUBOTHBIX
MPOAYKTaX MUTAHUA PETHOHA, KaK Pe3yJIbTaT BIUA-
HUsA OMOTEOXUMUUYECKOH MPOBUHIUY [20], KoTopast
TaK}Ke XapaKTEPUBYETCS HEJIOCTATOUHBIM COZEPIKa-
HueM u aucbamancom I, F, Ca, Mg, Cu B o6bekTax
OKpy>Kalolen cpeibl [21]. B ¢Boio ouepen, H30BITOK
Fe B opranusme jereli 00yCJIOBJIEH €ro BBICOKUM
coJiep;KaHUEM B BOJIax PEKU AMYP, OIpe/eIieMbIM

11.7 + 4.1% had severe deficiency; vitamin D defi-
ciency was in 20.0 * 5.2% of cases. A low vitamin D
status is associated with low insolation in setting of
relatively high latitudes (>35 degrees north latitude,
especially in winter) [23], which leads to a decrease
in cutaneous synthesis of endogenous vitamin D3,
and the inability to compensate for the need for vita-
min D with diet [19].

As aresult of the study, physical development dis-
orders were revealed in the form of short stature,
underweight and overweight or obesity, and a cogni-
tive profile below the average reference value was
noted in 46.7 + 6.4% of children.

To determine the impact of micronutrient status
on the anthropometric parameters of children, a cor-
relation analysis was carried out which showed the
correlation between the content of Ca, Zn, Se, Cu, I,
Crin younger schoolchildren and the values of height
and BMI (p < 0.05).

When assessing the associations between the
concentration of Ca in the blood serum of children
and the level of physical development, according to
the data of the correlation analysis, the positive cor-
relations were obtained indicating a decrease in
height and BMI with Ca deficiency (r = 0.316,
r = 0.302, respectively, p < 0.05). Thus, we have con-
firmed that Ca deficiency increases the risk of short
stature and malnutrition in children.

When performing a correlation analysis to deter-
mine the role of I in the physical development of
younger schoolchildren, a negative correlation was
revealed between the iodine concentration and body
weight indices and BMI (r = —0.426, r = —0.520,
respectively, p < 0.01). Consequently, iodine defi-
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Puc. 1. [IporieHTHOE OTKJIOHEHHE COAEPKaHNs MUKPOHYTPHUEHTOB OT pedepeHCHOro Anana3ona (HOpMaJIbHbBIN JUATIa30H
pedepeHCHbIX 3HAYEeHUH GBI IPUHAT 32 100 %; pacueT IPOIEHTHOTO OTKJIOHEHUsI Ie(PUIIUTOB MUKPOHYTPUEHTOB IIPOBO-
JIAJICS OT HYZKHEHN TPaHuIlbl pepepeHCHOro uana3oHa, n30bITOYHBIX COCTOSHUN MUKPOHYTPUEHTOB — OT BEPXHE)
Fig. 1. Relative deviation of micronutrient content from the reference range (the normal range of reference values was
taken as 100%; the calculation of the relative deviation of micronutrient deficiencies was carried out from the lower
reference limit, and micronutrient excess — from the upper one)

B TeueHHe MHOTOJIETHErO0 IepHuo/ia, HauuHas C
2006 r. [22]. Kpome TOro, OTMEYEHO HapacTaHUE
cojiep>kaHus Mn B BOJITHBIX pecypcax Kpas 3a Moce/-
Hee mecaTwiaeTue [22].

Hedunur Buramuaa D GbLI BBIABIIEH y 56.7 +
+ 6.4 % MuIagIINX IIKOJABHUKOB (cM. Tabs. 1), u3s
KOTOPBIX 11.7 + 4.1 % uMesu 1eUIUT TAXKeI0H cTe-
IIeHU, HeJ0CTaTOYHOCTh BUTaMuHa D HabJrofasiach
B 20.0 % 5.2 % ciy4yaeB. Huskuii ctatyc ButamuHa D
CBA3AH C HEJIOCTATOYHOU WHCOJIAIUEN IPU IMPOXKU-
BaHUHW B OTHOCUTEJIbHO BBICOKUX IIHUpPOTax (>35°
CEeBEPHOU MIMPOTHI, 0COOEHHO 3UMOIi) [23], mpuBO-
JISIIEeN K CHUKEHHIO KOXKHOTO CUHTEe3a SHI0T€HHOTO
BUTaMHHA D3, ¥ HEBO3MOXKHOCTHI) KOMIIEHCHUPO-
BaTh MOTPeOHOCTh B BUTaMUHE D ajMMeHTapHBIM
myTeMm [19].

B pesysbrare ucciie/loBaHUs BhIsIBJIEHBI HAPYIIIE-
HUA GU3UUECKOTO PA3BUTHA B BUIE HU3KOPOCJIOCTH,
HEeOCTATOYHON W H30BITOYHOM MAacChl Teja WA

ciency can lead to overweight and obesity in children,
which is probably associated with the participation
of Iin the biosynthesis of thyroid hormones and, as a
result, ensuring metabolic processes in the body [18].
The high prevalence of iodine deficiency is associ-
ated with the risk of endemic goiter, which served as
the basis for assessment of thyroid status in younger
schoolchildren and physical examination of the thy-
roid gland. Laboratory tests showed an elevated TSH
level in 16.7 + 4.8% of children (with normal values
of free thyroxine fraction and size of the thyroid
gland on palpation), which indicates the presence of
subclinical hypothyroidism. Further analysis con-
firmed the already available data on an increase in
body weight with an elevated TSH concentration
(r = 0.406, p < 0.01) and decreased free thyroxine
fraction (r = —0.441, p < 0.01) in the blood serum.
During the study, a number of correlations were
determined between the content of micronutrients
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OJKUPEHUsI, a TAK)Ke YCTAHOBJIEH KOTHUTHUBHBIN IIPO-
(b HUKE CPETHETO PA3BUTHUA Y 46.7 + 6.4 % eTeil.

Jls1 ompenesieHUsl BJIMSIHUS MHUKPOHYTPUEHT-
HOTO CTaTyca Ha aHTPOIIOMETPUYECKUE MapaMeTphl
JleTeid OB MPOBeJIeH (DAKTOPHBIA KOPPEJIAIAOH-
HBIM aHAJINU3, KOTOPHIUA MTOKa3aJl HAJUYKMe B3auMOC-
BA3U Mexay cozep:kanuem Ca, Zn, Se, Cu, I, Cr B
OpraHu3Me MJAJIINX IIKOJBHUKOB U 3HAYEHUSIMU
pocra u UMT (p < 0.05).

IIpu ycTaHOBJIEHHM B3aMMOCBSI3U KOHIIEHTpA-
iy Ca B CBIBOPOTKE KPOBH JIETEH U YPOBHS hU3HUe-
CKOTO pAa3BUTHSA II0 MAAHHBIM KOPPEJISAIIUOHHBIX
OTHOIIIEHUH OBLIIN MOJTyYEeHbI IPSIMBIE CBSI3U, CBUIE-
TeJIbCTBYIOIINE O CHIDKEHUH IIOKasareyied pocTra U
UMT npu gedunure Ca (r = 0.316, r = 0.302 COOT-
BETCTBEHHO, P < 0.05). Takum 06pazom, HaMU IOy~
YeHO IOJITBEPK/EHIEe TOTO, YTO HeJIOCTaTOuHAsA 00e-
crieueHHOCTh oprann3ma Ca yBesimuuBaeT pUck Gpop-
MUPOBAaHUSA HU3KOPOCJIOCTH U HEIOCTATOUHOCTH
MMUTAHUA Y JIETEH.

[Tpu mpoBeeHNN KOPPESAIMOHHOTO aHAIN3A C
LeJIbI0 ompeziesieHus posu [ B pusnueckoM pas3Bu-
TUM MJIQJIIINX IIKOJBHUKOB ObLIAa BBISABJIEHA OTPU-
IaresibHas B3AUMOCBS3b MKy KOHIleHTpanuei I u
nokasaresssMu Maccel Tesia 1 UMT (r = —0.426,
r = —0.520 COOTBETCTBEHHO, p < 0.01). CiemoBa-
TeJIbHO, AeUITUT I MOXKET IPUBOJUTH K PA3BUTHUIO
U30BITOYHOM MacCChl TeJIa ¥ O’KUPEHUS Y IeTeH, UTo,
BEpOSITHO, CBA3AHO ¢ yuacTueM I B GmocuHTese rop-
MOHOB IIIUTOBUIHOM 2KeJIe3bl U, KaK CJIEJICTBUE, 00e-
CreYeHn MeTabOoJIMYecKUx IIPOIECCOB B oOpra-
HuszMme [18].

Bricokass pacnpocTpaHeHHOCTh HOJHOU Hemo-
CTATOYHOCTH CBA3aHA C PUCKOM PAa3BUTHUS SHIEMHU-
yeckoro 3006a, YTO MOCIY>KWJIO OCHOBAaHUEM JJIS
HCCIEIOBAaHUS THUPEOUTHOTO CTaTyca MJIAMIIINX
IIKOJIPHUKOB ¥ (PU3HKAIBHOTO 00CJIeIOBAHUS
IUTOBUJTHOHN >Kese3bl. B pesysbpTaTe sabopaTop-
HOTO HCCIe0OBAaHUS OBbLI BBISBJIEH IOBBIIIEHHBIN
ypoBenb TTT' y 16.7 + 4.8 % nereii (ipu HOpMaJIH-
HbBIX 3HAUEHUAX CBOOOHOU (DPAKIIUK THPOKCHHA U
MaIBIIATOPHBIX pa3Mepax HIUTOBUIHOU KeJie3bl),
YTO CBUJIETEJIBCTBYET O HAJIMINU CYyOKITNHIIECKOTO
rumnotupeosa. JlaJbHEUIIUA aHAIU3 TOATBEP/IHI
yoKe UMeIoIIuecs JaHHble 00 YBEeJMYeHUH MacChl
TeJla TIPU MOBBIINIeHUU KoHIeHTparuu TTT (r =
= 0.406, p < 0.01) U YMeHbIIEHUU CBOOOTHOU
dpaknuu TnpokcuHa (rr = —0.441, p < 0.01) B CBIBO-
POTKe KpOBH.

B xone nccsetoBaHus ObLI OIIPEieieH PAJL B3aU-
MOCBSI3€l MEXK/Y COZIePKAaHNEM MUKPOHYTPUEHTOB
u nokazaresamu UMT y nereil: oTMeYEHO CHILKe-
HUe MAaccChl Tesia IPH YMEeHbIIeHUH KOHIIeHTPAIIUi
Cu, Zn, Cr (r = 0.355, r = 0.289, r = 0.325 COOTBET-

and BMI in children: a decrease in body weight was
noted with a decrease in the concentrations of Cu, Zn
and Cr (r = 0.355, r = 0.289, r = 0.325, respectively,
p < 0.05) and an increase in the content of vitamin D
in the body (r = —0.331, p < 0.05). A positive correla-
tion was found between the Cu concentration and
the growth rates of younger schoolchildren
(r = 0.289, p < 0.05), indicating a potential risk of
short stature in case of Cu deficiency. Also, tenden-
cies of growth retardation were revealed in children
with Fe excess (r = —0.209, p > 0.05) and Se and Zn
deficiency (r = 0.267, r = 0.253, respectively,
p > 0.05).

Factor analysis using the multiple correlations
revealed a combined effect of Ca, Zn, and Fe equally
on both growth rates and BMI indices (p < 0.05).
With regard to the cognitive development of chil-
dren, the conventional analysis (carried out on the
basis of a general linear model) showed a significant
effect of the serum concentration of Cu (p < 0.05), Ca
(p < 0.05) and I (p < 0.05) of younger schoolchild-
ren, as well as their combined effect in conjunction
with the concentration of vitamin D (p < 0.01) on the
formation of short-term memory. The dependence
between the level of Mg and Ca adequacy in children
and the indicators of the formation of the conceptual
and categorical framework was confirmed (p < 0.05),
while the combination of trace elements with the
concentration of vitamin D increased significance of
this correlation (p < 0.01). In addition, a significant
effect of the combination of Fe and Ca concentra-
tions on the level of development of verbal and logi-
cal reasoning was found (p < 0.01).

When considering the correlation between the
content of micronutrients in children’s bodies and
cognitive abilities, a decrease in the level of develop-
ment of verbal and logical reasoning was noted with
iodine deficiency and Fe excess (r = 0.408, p < 0.01;
r = —0.314, p < 0.05). It was also found that the
higher iodine and vitamin D adequacy, the better
their mnestic functioning (r = 0.351, r = 0.308,
respectively, p < 0.05).

When comparing the serum vitamin D content of
children and the child’s ability to establish logical
links and relations between concepts, a positive cor-
relation was revealed (r = 0.407, p < 0.01), indicat-
ing a decrease in the child’s ability to reasoning as a
result of vitamin D deficiency. In addition, it was
noted that that a deficient vitamin D status results in
reduced development of fine motor skills (r = 0.295,
p < 0.05).

The ensuring of micronutrient adequacy is one of
the components of the normal central nervous sys-
tem development [6, 12, 13, 19]. Iodine deficiency is
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CTBEHHO, P < 0.05) W YBEJIUYEHUU COJEPKAHUSI
Butamuua D B opranusme (r = —0.331, p < 0.05).
YcraHOBIEHA TIOJIOXKHUTEbHAS KOPPEIAIHOHHAS
CBA3b MeXIy KoHIeHTpanued Cu U ImokasaTessiMu
pocTa MJIaIInX MKOJIBHUKOB (1 = 0.289, p < 0.05),
yKa3bIBaloIIasi Ha MOTEHITUAIBHBIN PUCK (DOPMUPO-
BaHHUs HU3KOPOCJIOCTH B ciaydae jedbunura Cu.
Taxoxe BBISIBJIEHBI TEH/IEHIIUHU 3aMe/IJIEHUsI TEMIIOB
pocra mpu U3OBITOYHOU OOECIIEYeHHOCTH Opra-
Hu3Ma Jieter Fe (r = —0.209, p > 0.05) u gedunure
Se u Zn (r = 0.267, r = 0.253 COOTBETCTBEHHO,
p > 0.05).

[Tpu nmpoBeeHUH (PaKTOPHOTO AaHAJIM3A METOIOM
MHOKECTBEHHOU KOPPEIAIUN BBHIABIEHO COYETaH-
Hoe BiuAHUe Ca, Zn u Fe B paBHOU cTeneHU Kak Ha
IoKas3aTeJu pocra, Tak U Ha napamerpel UMT
(p < 0.05). B oTHOIIIEHNH KOTHUTUBHOTO Pa3BUTHSA
JleTel TpaJUIMOHHAsI cxeMa aHau3a (OCyIecTBIIsI-
€MOTr0 Ha OCHOBe 00IIel JIMHEeHHON MO/JEeJIN) IIOKa-
3aj1a 3HAYMMOE BIUSHHE Ha (OPMHUPOBAHHE KpaT-
KOBpPEMEeHHOH mamMsATH KoHIleHTpanuu Cu (p < 0.05),
Ca (p < 0.05), I (p < 0.05) B CBIBOPOTKE KPOBH MJI/I-
[IUX [IKOJIPHUKOB, a TAKKE X COUETAHHOE BIUSHIE
B COBOKYITHOCTH C KOHIIEHTpanueid BHUTaMuHA D
(p < 0.01). IloaTBep:K/iIeHA 3aBUCUMOCTD MEXKIY
ypoBHEM 00ecIIeueHHOCTH OpraHuzMa gereir Mg u
Ca u mokasaTesAMU pPa3BUTUA NOHATUHHO-KaTe-
ropuajbHOro amnmapara (p < 0.05), IIPH 3TOM code-
TaHHE 2JIEMEHTOB C KOHIIEHTpaluelr BUTaMuHa D
MOBBIIIAJIO JIOCTOBEPHOCTh JaHHOW B3aWMOCBSI3H
(p < 0.01). Kpome TOrO0, OBLIIO YCTAHOBJIEHO 3HAYH-
MOe BJIUSTHUE COBOKYIIHOCTH KOHIleHTparuil Fe u Ca
Ha yPOBEHb PA3BUTHUS CJIOBECHO-JIOTMYECKOTO MBIIII-
sgenus (p < 0.01).

[Ipu paccMOTpeHUH KOPPEJSAIUOHHBIX OTHOIIIE-
HUHA MEXAY COZepKaHHEM MUKPOHYTPHUEHTOB B
OpraHu3Me JIETEH U KOTHUTUBHBIMH CITIOCOOHOCTSIMHE
OTMEUEHO CHIKEHUE YPOBHA Pa3BUTHUS CIIOBECHO-
JIOTUYECKOTO MbINUIeHUs npu aeduiure [ u usowi-
TOYHOM cojiepkanuu Fe (r = 0.408, p < 0.01;
r = —0.314, p < 0.05). Tak’ke yCTaHOBJIEHO, YTO YeM
BBIIIIE 00ecIieyeHHOCTh JieTed I u Butamuaom D, Tem
JIydIlle UX MHECTHYECKHe IokKazatenu (r = 0.351,
r = 0.308 COOTBETCTBEHHO, P < 0.05).

[Ipu comocTaBeHUH cofiep:kaHusA BUTaMuHa D B
CBIBOPOTKE KDOBH JIeTE U CIOCOOHOCTH pebeHKa
yCTaHAB/JINBATh JIOTHYECKUE CBSA3M M OTHOIIEHUS
MEKAy IIOHATHUSIMH BBISIBJIEHA TMpsMas CBA3b
(r = 0.407, p < 0.01), CBUJIETETIBCTBYOIIAS O CHUIKE-
HUH CIIOCOOHOCTH pebeHKa K yMOBaKJIIOUeHUSIM B
pesynbrate nedunura BurtamuHa D. Kpowme Toro,
OTMEYEHO, UTO HU3KUU cTaTyc BUTaMuHA D mpuso-
JINT K CHIKEHUIO YPOBHS Pa3BUTHSA MEIKOH MOTO-
puxHu (r = 0.295, p < 0.05).

the world’s leading cause of preventable mental
impairments [24]. A causal relationship of iodine
deficiency with impaired brain development and
learning disabilities has been proven, which aggra-
vates the development of human resources and the
country as a whole [25]. Vitamin D deficiency is also
associated with decline in cognitive abilities, a high
incidence of externalized behavior problems and
attention deficit in children and adolescents [26—
28]. Previous cohort studies of children and experi-
mental studies in vivo indicate impaired cognitive
and motor development as a result of Fe overload in
the body [29].

CONCLUSION

In the present study, children aged 7-8 years
living in the Lower Amur River of the Khabarovsk
Territory revealed the micronutrient imbalances in
the form of iron, manganese and chromium excess
and a high frequency of multiple micronutrient defi-
ciency represented by selenium, iodine, copper,
magnesium, zinc, calcium and vitamin D deficiency.

Our study demonstrates the need for an inte-
grated approach to assessing the provision of chil-
dren with trace elements and vitamin D due to the
presence of comorbidity of deficient and excess con-
ditions, the combined effect on physical and cogni-
tive development in order to prevent the develop-
ment of nutritional diseases.
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ObGecmieueHue aIeKBATHOTO MUKPOHYTPHUEHTHOTO
craTyca SIBJISIETCS OJJHOH W3 COCTABJISIOIIUX HOP-
MaJIbHOTO  Pa3BUTHUS  I€HTPAJIBLHOH  HEPBHOU
cucTeMsbl [6, 12, 13, 19]. Jledurur foma — BeAyIas
MHPOBasi IPUYMHA IPEIOTBPATHMOIO IICHXUYE-
CKOro pacctporictBa [24]. J/lokazaHa TPUUYMHHO-
CJIe/ICTBEHHAS CBA3b HOA0edUITUTA C HAPYIIEHHEM
Pa3BUTHA TOJOBHOTO MO3ra W HECIHOCOOHOCTHIO K
00y4YEeHUI0, UTO YXYAIIAeT Pa3BUTHE UYEIOBEUECKUX
pecypcoB u cTpaHbl B 1esioM [25]. Huskas obecrre-
YEeHHOCTh BUTAMUHOM D Tak:ke CBsA3aHA CO CHUKEH-
HBIMH KOTHUTHBHBIMH CITOCOOHOCTSIMH, BBICOKOM
YaCcTOTOH SKCTEPHATU3UPOBAHHBIX MTOBEAEHUYECKUX
mpo6JsieM U JepUIIUTOM BHUMAHUS Y J€TeH U MO/~
poctkoB [26—28]. Panee mpoBeeHHbIE KOTOPTHBIE
HCCJIeTOBAHUS IeTel U 9KCIIEPUMEHTAJIbHbBIE HCCITe-
JIOBAHUS IN VIVO CBUIETEJIBCTBYIOT O HAPYIIEHUU
KOTHUTHUBHOTO U MOTOPHOTO Pa3BUTHA B PE3YJIbTATE
neperpy3ku opranusma Fe [29].
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3AKVIIOYEHUWE

B Hacroamem uccnenoBaHuu y feTeidl 7-8 ier,
MIPOKUBAIOIINX HA TEPPUTOPUMN HUKHETO TeUeHUs
peku Amyp XabapoBCKOTO Kpasi, BBIIBJIEHBI OTKJIO-
HEHUsI MUKPOHYTPUEHTHOTO CTaTyca B BUAE U30bI-
TOYHOTO COJlep:KaHuA KeJjle3a, MapraHa u Xxpoma u
BBICOKOU YaCTOTHI MHOXXECTBEHHOM MHUKDOHYTPH-
€HTHOU HeJIOCTaTOYHOCTH, IIpe/icTaBJIeHHON Jtedu-
LIUTOM CeJIeHa, Hoja, Meau, MarHusA, IUHKA, Kaab-
oA U BuTamMuHa D.
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Kauauko-mopdosiornuyeckoe 000CHOBaAaHHUE UCIIOJIb30BaAHUSA
AO00yTaMUHA IIPU 02KOTOBOM LIOKE

E.N. Bepemaruu!, 1.10. Camartos* 2, H.T'. Omenkosa’, /[.H. Boctpukos?, B.U. [lynunz,
J.I1. KonoBasnogr?, P.1. Cenuepcton?, C.B. CaBueHKO'

@I'BOY BO «Hogocubupckuil 2ocydapcmeeHHblil meouyuHckuil ynusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccus

2I'bY3 HCO «I'ocydapcmeenrnas Hosocubupckas obaacmuasn kaunuveckas 6oaviuya», Hogocubupck, Poccus

AHHOTAIIMA

BBemeHnue. DPbeKTUBHBIM CIIOCOOOM CHUBHUTH 00beM MHGY3UHU (PECTPUKTUBHAS CTPATETHs) IPU TUIIOBOJIEMUYe-
CKOM, B YaCTHOCTU IPU OKOTOBOM, IIIOKE SIBJISIIOTCS WHBA3UBHBIA MOHHUTOPUHT IIEHTPAJIBHOU T€MOJUHAMUKU U BBHIOOD
ONTHMAJIBHON CXeMbI HCIOJIb30BAHUS WHOTPOIHBIX areHTOB C YYETOM IIOJIyYeHHBIX JaHHBIX. OJIHAKO HCIOJIb30BAHHE
MHOTPOITHBIX IIPENapaToB IIPU TUIIOBOJIEMIYECKOM IIIOKE ITO-IIPEKHEMY BBI3bIBAET AUCKyccHIo. Hanbosee ocTpbIM ABIIS-
eTcsl BOIPoc BbIOopa 3¢ HeKTUBHBIX 103 HHOTPOITHBIX IIPEIapaToB.

IT e 1 5. OBocHOBaHKE HEOOXOAUMOCTY Ha3HAUeHNA MHOTPOIIHBIX IIPENapaToB U olleHKa 6e30macHOCTH U 3 PEKTUBHO-
CTH UCTIOJIb30BaHUS OOYTAMITHA ITPH 0KOTOBOM IIIOKeE.

MaTepuanab M MeTO/Bbl. BOWIOTHOE KIMHHYECKOE UCCIIEIOBAaHUE, TPOBO/IUBIIIEECS B 2021—2022 IT., OBLIO
BKJIIOUEHO Q TMAIIUEHTOB B BO3pAcCTe 15—70 JIET, TOCIUTAIN3UPOBAHHBIX B OT/I€JIEHNE PeaHUMAIU 1 HHTEHCUBHOH Tepa-
nuu (OPUT) oxorosoii TpaBmel I'BY3 HCO «T'ocymaperBenHas HoBocubupckas obiacTHasA KIMHUYECKas OOJIBHULA» C
001I1el TIOMIA/IBI0 03KOTOB > 40 % (II-III cT.), B OOJIBIIMHCTBE CIyIaeB — TEDMOUHTAJIAIIUOHHAS TPAaBMa, HAXOAUBIIIUXCS
B OPUT Gosee 3 cyT. IHTeHCHUBHAA TepaIys 02KOTOBOM TPaBMBI B OCTDPBIH [T€PHOJ, IPOBOJUIACH COIVIACHO IPUHATHIM KJIH-
HUYECKUM PEKOMEHIAIHSIM.

O6pasupl MUOKap/a AJ1s1 MOPGOJIOTHUECKOTO U UMMYHOTHCTOXUMUYECKOTO UCCIIeIOBAaHUS OBLIIN TOJIYIEHbI OT 34 IMallu-
€HTOB, YMEPIIUX OT 0KOTOBOTO IIOKA (27 MYKYHH H 7 )KEHIINH, BO3PACT — OT 21 JI0 51 rOZia) B IEPHOJ, C 2015 0 2019 T.
3a60p 06pa3noB OCYIIECTBIIAIN POSst mortem Ipu MUHUMAIBHBIX aT€POCKIEPOTHIECKIX U3MEHEHUAX BEHEUHbIX apTe-
puii (creHO3UpOBaHUE He Oosiee 20—25 %). KOHTPOJIBHYIO TPYIIITY A1 MOPGOJIOTHYECKOTO U UMMYHOTHCTOXHMUYECKOTO
HCCIIeIOBAHUA COCTABUIIM 00Pa3Iibl, IIOJIyYeHHbIE OT 25 JIUII, yMePIINX BC/IeJICTBYE BHE3AITHON OCTAHOBKH KPOBooOpalle-
Hus (19 My>K4YHH, 6 JKEHIITUH).

PesaynabTartThl. IIpoBeeHHbIE HCCIIENOBAHUS IMOKA3aJN CHIKEHHE COKDATUTEJIBHON CIIOCOOHOCTH MHOKapAa y
GOJIBHBIX € 03KOTOBBIM IIIOKOM. MOpGh0I0rnuecKoe NcciieJ0BaHNe BhIBIIIO PA3JIMIHON CTEITEHN KOHTPAKTYPHbIE TIOBPEXK-
JIEHUS OT/IeJIbHBIX KapIHOMHOIIUTOB, & TAKXKE OUard IEPBUYHOTO IVIBIOYATOr0 PACIIa/ia MBIIIEYHBIX BOJIOKOH M MUOIUTO-
ausuca. IIpy UMMyHOTHCTOXHUMHIYECKOM HCC/IeJJOBAHIYU CPE30B MHOKAap/a OTMeYasu CHIDKEHHe SKCIPECCHH aKTHHA B
2.4 paza (p < 0.05) 1 iecMHUHA B 2 paza (p < 0.05) B CPaBHEHHUH C IPYIIIONH KOHTPOJIA. Pe3yIbTaThl KIIMHUYECKOTO HCCIe-
JIOBaHUSA MOKA3aJH, YTO J0OYyTaMUH, Ha3HAYaeMblid CO CKOPOCTHIO 710 5.0 MKI/KT/MUH, HE BBI3BIBAET apUTMOTEHHOTO
addexra u/wau JTaKTOAIH03a.

3aknwueHUe. IlomyyeHHbIe JaHHBIE O CTPYKTYPHBIX U3MEHEHHUAX MHOKApZA IOATBEPKAAIOT HEOOXOJUMOCTh
HCI0JIb30BAHMUS IIPENapaToB HHOTPOITHOTO JEHCTBUS IIPU 02KOTOBOM IIIOKe. Jlo0yTaMUH, Ha3HAYaeMbIH CO CKOPOCTHIO 10
5.0 MKT/KI'/MUH, II03BOJISIET 00€CTIEYNTh PECTPUKTUBHYIO CTPATETHIO HH(PY3UOHHOH TEPAIIUU M YCKOPEHHOE BBIBE/IEHHE
13 0’KOTOBOTO IIIOKA.

Knaoueswble caoea: 03k0T0Bast TpaBMa, 03KOTOBBIN 10K, MHTEHCHBHASI Teparivsi, HHOTPOIHbIE IpenapaThl, J00yTaMUH,
nHQY3UOHHAA Tepamus.
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Konosanos /I.I1., CenusepcroB P.U., CaBuenko C.B. Kiuuuko-mopdosorniyeckoe 060CHOBaHME UCIIOIb30BAHUSA J10-
OGyTamuHa mpu oxkoroBoM 1oke // Journal of Siberian Medical Sciences. 2023;7(2):42-53. DOI: 10.31549/2542-1174-
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Clinical and morphological justification of dobutamine use
in burn shock

E.I. Vereshchagin', I.Yu. Samatov* 2, N.G. Oshchepkova?, D.N. Vostrikov?, V.I. Dudin?,
D.P. Konovalov?, R.I. Seliverstov?, S.V. Savchenko!

Novosibirsk State Medical University, Novosibirsk, Russia

2Novosibirsk State Regional Clinical Hospital, Novosibirsk, Russia

ABSTRACT

Introduction. An effective way to reduce the volume of infusion (restrictive strategy) in hypovolemic shock, in
particular in burn shock, is invasive hemodynamic monitoring and choosing the appropriate regimen for the use of inotro-
pic agents, considering the data obtained. However, the use of inotropic agents in hypovolemic shock is still controversial.
The most cutting issue is the choice of effective doses of inotropic agents.

A im . Justification of the need to use inotropic agents and assessment of the safety and effectiveness of dobutamine use
in burn shock.

Materials and methods. The pilot clinical study conducted in 2021-2022 included 9 patients aged
15—70 years who were admitted to the intensive care unit (ICU) of the Burn Center of the Novosibirsk State Regional
Clinical Hospital with a total body surface area burned > 40% (II-III degree), in most cases — thermal inhalation injury,
who were in the ICU for over 3 days. Intensive care of burn injury in the acute phase was performed according to conven-
tional clinical recommendations.

Myocardial samples for morphological and immunohistochemical studies were taken from 34 patients who died from burn
shock (27 men and 7 women, aged from 21 to 51 years) from 2015 to 2019. The samples were taken post mortem, and with
minimal atherosclerotic changes of the coronary arteries (lesions no more than 20—25%). The control group for morpho-
logical and immunohistochemical studies comprised samples which were taken from 25 individuals who died because of
sudden circulatory arrest (19 men, 6 women).

Results. Studies have shown a decrease in myocardial contractility in patients with burn shock. Morphological
examination revealed contraction lesions of individual cardiomyocytes of varying degree, as well as foci of primary clump-
ing of myofibrils’ cytoplasm and myocytolysis. The immunohistochemical study of myocardial sections showed a decrease
in the actin expression by 2.4 times (p < 0.05) and desmin — by 2 times (p < 0.05) in comparison with the control group.
The results of the clinical study showed that dobutamine at a rate of up to 5.0 pg/kg/min does not cause an arrhythmogenic
effect and/or lactic acidosis.

Conclusion. Thedataobtained on structural changes of the myocardium confirm the need for the use of inotropic
agent in burn shock. Dobutamine at a rate of up to 5.0 ug/kg/min allows for a restrictive strategy of fluid resuscitation and
rapid recovery from burn shock.

Keywords: burn injury, burn shock, intensive care, inotropic agents, dobutamine, fluid resuscitation.
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BBEJAEHUE

Bompockl oTHOCHTENBPHO 00BEMA, TEMITA U Kade-
CTBEHHOTO COCTaBa perujpaTalyy IPU O0KOTOBOM
moke (OIII) ABAAIOTCA TPEIMETOM JIUCKYCCUU: MHO-
rouyucaeHHble (POPMYJIBI HE YIUTHIBAIOT UHANBUIY-
ajibHble OCOOEHHOCTH IallMeHTa, NPEeMOPOUIHBIN
(boH, KOMOWMHUPOBAHHOCTH TPABMBI, IPOIOJIKHU-
TeJIbHOCTh IMOKa. MHOTrMe WCCIeOBAaTENN OTMe-
YaIoT, YTO PeabHBIN 00'beM HH(PY3NOHHOU TEPATIIU
(T) y manueHToB C TSKEJIOW 0KOTOBOH TpaBMOU
IIPEBHIIIAET PACCUUTAHHBIHN 10 KJIacCHIecKou (op-
myste Parkland [1, 2]. Tepanusa OIIl tpeGyer 6071b-
X 06beMOB UH(Y3UH TAKXKe BCIIEACTBHUE HCIIOJb-

INTRODUCTION

Questions regarding the volume, rate and agents
used for rehydration in burn shock (BSh) are a mat-
ter of debate: numerous formulas do not consider
the individual characteristics of a patient, premor-
bidity, the combined nature of injury, and the dura-
tion of shock. Various researchers note that the
actual volume of resuscitation fluid in patients with
severe burn injury exceeds that calculated according
to the classic Parkland formula [1, 2]. Burn care
requires high volumes of resuscitation fluid, also
because of the use of narcotic analgesic drugs and
benzodiazepines [3].
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30BaHUs HADKOTHYECKHUX aHAJBIETHKOB U OEH30/1H-
asenuHOB [3].

BMmecTe ¢ TeM /iesaeTcsl akIeHT Ha HeTaTUBHBIX
adderTax 60JIBIIUX 00BEMOB JKUJKOCTHU: IIPOJIOH-
TUPOBAHHBIN MTEPHOJ] 3aBUCUMOCTH OT UCKYCCTBEH-
HOW BEHTWISAINU JIETKUX, IOBBIIIEHHBIE PUCKH
pas3BUTHUA ab/IOMUHAIBHOT'O KOMITapTMEHT-
CUHAPOMa, OCTPOrO PECHUPATOPHOIO IUCTPECC-
CUHpPOMa, THEBMOHUH, MOJMOPTAaHHON HeaocTa-
TOYHOCTH W VBEJUYEHHUE JIETAJIbHOCTH [4, 5].
OaHUM U3 CII0c000B cHU3UTH 00beM UT asisgercsa
WHBAa3UBHBIM MOHUTOPUHT I[€HTPAJIbHOU reMOJU-
HAMHWKHU U BHIOOP ONTHUMAJIbHON CXEMBI UCIIOJIH30-
BaHWsI WHOTPOMHBIX areHTOB C YYETOM IOJIy4YeH-
HBIX JJaHHBIX [6]. B skcnepuMeHTe MMOKa3aHO, YTO
coBMecTHOe wucronb3oBanne UT u mobyrammHa
006s1a71aeT TOCTOBEPHBIM ITO3UTHBHBIM 3(h(HEKTOM
pu OIII o cpaBHEHUIO C IIPOCTHIM BOCIIOJTHEHHEM
rumoBosieMur. OHAKO UCIIOJIb30BAHUE WHOTPOII-
HBIX MpEenapaToB MPHU THUIIOBOJEMHYECKOM HJIH
CENITUYECKOM IIIOKe IO-ITPEKHEMY BBI3BIBAET JIHIC-
KYCCHIO.

Uccnenosanue E. Rivers et al. [7] mokasaio, uto
HCIIOJIb30BaHUE TOOyTaMHUHA OJTHOBPEMEHHO C HOP-
aJIpeHaJIMHOM 3HAUHUTEJIBHO YIIYUIIaa0 Pe3yIbTaThl
Tepanuu y OOJBHBIX € CENTHYECKHM IIIOKOM.
CorstacHO TOJIYYEHHBIM pe3yJIibTaTaM, B TPYIIIE C
06J1arONIPHUATHBIM HCXOZIOM JIOOYyTaMHH HCIOJIb30-
BaJICA B 15 pas yallle, YeM B TPYIIIEe C HEraTUBHBIMH
pesysibTatamu JiedeHus [7]. OlHAKO MOMBITKH 00hb-
SICHUTD TTO3UTHBHbBIE 3G HEKTHI J0OyTaMUHA TOJTHKO
WHOTPOIIHBIM JIEHCTBHEM He Jalu yOeauTeIbHBIX
p€e3yJIbTaTOB, IIO3TOMY STH JITaHHBIE MOKHO CUUTATh
HEJIOOIleHEHHBIMU. bBosiee TOTO, TOAJIEpIKaHuE C
MIOMOIIbIO JTOOyTaMHHA CyIIPaHOPMAaJIbHOTO Cep-
neudoro wuHAexkca (CH) u ¢paknuu H3THAHUS
saesoro xkenynouka (PMJIK) B npenenax 35—-50 %
HE COMPOBOK/IATIOCH MTOBBIIIEHUEM BBIKUBAEMOCTH
IpH cenTu4yeckoMm Ioke [8]. B apyrom wucciemosa-
HUU HKCIOJIb30BaHUE JIOOyTaMHUHA IPU TSKEJIOHU
cepAeuHoi HemocratrouHoctd u Huskom CU (1.7-
2.5 J1/MUH/M?) TaK:Ke He CHUKAJIO0 JIETAIbHOCTh IIPU
CENITUYECKOM IIoKe [9].

Xots1 mobyramuH 3¢ dexTuBHO nosbimaer CU u
CIUITAaHXHUYECKUH KPOBOTOK [10], mOTpebieHne MUo-
Kap/JIoM KHCJIOPO/ia, PUCK TaXUAPUTMUH U HIIEMUH
MHOKapZla TaKKe J[OCTOBEPHO TMOBbIIaercs [11].
HawubGostee ormacHa GuUOPUILISAIUS IPeICEPAUH, YBe-
JIMYUBAIONIAs PUCK JIETATBHOTO MCXO[a IIPHU CETICHCE
[12]. Ha ocHOBe MOIy4eHHBIX TAHHBIX OBLIH C/I€JTAHbBI
cyienyroIe BeIBO/IbI. [To10kuTeIbHAS TUMHAMUKA CO
CTOPOHBI FeMOIMTHAMUYECKHX TTapaMeTPOB KOHTPaK-
tunbHOCTH (CU, ®UJIK) He Bcerga CBUIETETbCTBYET
O TIOJIO}KUTEJIPHBIX CJIBUTaX MAaKPOKINHUYECKHUX

At the same time, emphasis is placed on the
adverse effects of large fluid volumes: prolonged
period of dependence on mechanical ventilation,
increased risks of abdominal compartment syn-
drome, acute respiratory distress syndrome, pneu-
monia, multiple organ failure and increased mortal-
ity [4, 5]. One way to reduce the resuscitation fluid
volume is the invasive hemodynamic monitoring
and the choice of the optimal regimen for the use of
inotropic agents, considering the data obtained [6].
The experiment showed that the combined use of
infusion therapy and dobutamine has a significant
positive effect in BSh compared with simple correc-
tion of hypovolemia. However, the use of inotropic
agents in hypovolemic or septic shock is still contro-
versial.

A study by Rivers et al. [7] showed that the use of
dobutamine with norepinephrine improved the
results of therapy in patients with septic shock.
According to the results obtained, in the group with a
favorable outcome, dobutamine was used 15 times
more often than in the group with adverse outcomes
[7]. However, attempts to explain the positive effects
of dobutamine only by inotropic action have not
yielded convincing results, so this data can be con-
sidered underestimated. Moreover, the maintenance
of the supranormal cardiac index (CI) and left ven-
tricular ejection fraction (LVEF) with dobutamine
within the range of 35—50% was not accompanied by
an increase in survival in septic shock [8]. In another
study, the use of dobutamine in severe heart failure
and low CI (1.7—2.5 1/min/m?) also did not reduce
mortality in septic shock [9].

Although dobutamine effectively increases the CI
and splanchnic tissue perfusion [10], myocardial
oxygen consumption, the risk of tachyarrhythmia
and myocardial ischemia also significantly increases
[11]. The most dangerous is the atrial fibrillation
which increases the risk of death in sepsis [12].
Based on the data obtained, the following conclu-
sions were made. Positive changes in hemodynamic
parameters of contractility (CI, LVEF) do not always
indicate an improvement in clinical indicators on
the macro-level, such as mortality, for example. On
the contrary, there is an evidence of worsening of the
disease prognosis, despite the improvement on the
part of surrogate markers [13]. Over the past decade,
dobutamine has become the most used inotropic
agent and is recognized as a first-line drug for circu-
latory shock treatment by the absolute majority of
respondents. The most complete study on the use of
inotropic agents, and dobutamine in particular, was
published in 2021 [14]. The study involved 839 phy-
sicians from 82 countries. Experts agreed on 11
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IoKa3aresell, TaKUuX, HaIpUMep, KaK JIETAIbHOCTb.
Harmpotus, CyIIiecTBYIOT OKa3aTeIbCTBA YXYAIIEHUS
MpOTHO3a 3a00JIeBaHNs, HECMOTPS Ha YJIyUIlleHUE CO
CTOPOHBI CyppPOTAaTHBIX MapKepoB [13]. BMmecre ¢ Tem
B TeUEHHE IIOCJIeTHETO JeCATIIETHS T00yTaMUH CTas
HaunboJiee KUCIIOJIH3yeMbIM MHOTPOITHBIM areHTOM H
MIpU3HAH [IPENapaToM IEPBOU JIUHUY IIPU [IUPKYJISI-
TOPHOM IIIOKE aOCOTIOTHBIM OOJIBIITHHCTBOM PECITOH-
nmenToB. HanboJtee moTHOE UCCIieIOBAHIE IO UCITIOJTb-
30BAHUIO0 WHOTPOIHBIX IIPENApaToOB, U B YACTHOCTH
JlobyTaMuHA, OIyOJIMKOBAHO B 2021 T. [14]. B uccire-
JIOBAaHUU IPUHUMAIIH yuacTue 839 CIenuaanucToB U3
82 cTpaH. DKCHepTHI OMpeeTuIn 11 CTPOTUX PEKO-
MEH/IAIUA, KOTOpble 0OA3WMpPOBAJIMCh HA COTJIACHH
80—-100 % pecnoHeHTOB. [laHHOE WHCCIIelOBaHUE
MIOITBEPANJIO, UTO THUIIOBOJIEMUYECKUH IIOK, KaK
[IPAaBUJIO, He SBJIAETCSA MOKAa3aHWEM /ISl MCIIOJIb30-
BaHUs WHOTPOIHBIX areHToB. OMHAKO IOKa3aHUs
JUISL FICTIOJTh30BAHUS JOOyTaMITHA 3HAUUTEJIBHO pac-
IIUPUINCh U CETO/HS He OTPAHUYHUBAIOTCS CHIDKE-
HHUEM CepIEeYHOT0 BHIOpOCA TPU KapAUOTEHHOM
moke. B wactHocTH, HanbosIEe CTPOTUMU PEKOMEH-
JAUAMU SBJIAIOTCA: KJIMHUYECKNe IIPU3HAKU THIIO-
nepdy3un TKaHel, COXpaHSIOIINeCs, HECMOTPs Ha
aZIeKBaTHYI0, B TOM YHCJIE MaKCHMAaJIbHYIO, Ba30-
IIPECCOPHYIO0 U BOJIEMHUYECKYIO KOPPEKIIMIO; HU3KAs
BEHO3HAs caTypanus TeMOTJIOOMHA U CHIDKEHHe
apTepruOBEHO3HOM pasHULEI 110 O, ; coXpaHAIOmAsIca
apTepuasbHAsA TUMIOTeH3Us; Opagukapaus. B nemom
JIBE TPETHU PECIIOHIEHTOB OATBEP/IUIN UCIIOIH30Ba-
HUe WHOTPOIHBIX IIPENapaToB IIPHU IEPCUCTUPYIO-
IIUX IPU3HAKaX TKAaHEBOH rumnonep@ysun u rurmep-
JIaKTaTEMUU, HECMOTPSI Ha UCIOJIb30BAHHUE a/IEKBAT-
HBIX 00'beMOB NH(Y3MOHHOU TEPAITUH U Ba30IIPECCO-
POB, IIPU 3TOM TOJIBKO 44 % HCCIeI0BaTEIeH YINTHI-
BaioT Hu3kyio ®UJIK. Taxkxke MeHee IOJOBUHBI
PECIIOHZIEHTOB CTABSAT LIEJIBIO IOCTIKEHE HOPMAaJTh-
HOTO CepZIeuHoro BrIOpoca. Bmecre ¢ TeM B MCHOJBb-
30BaHUU J0OyTaMHUHA TMO-TIPEKHEMY OCTAIOTCS
BOIIPOCHI. YUHUTBIBAsi apUTMOTEeHHBIN 3P deKT 100y-
TaMHHA, OOBIYHO ITPOSBJISIONTUNCS ITPH HCII0JIH30Ba-
HUM PEKOMEHIOBAaHHBIX TEPATIEBTUUYECKUX /103 TIpe-
mapara (5—10 MKT/Kr/MUH), ¥ pa3BUTHE JIAKTOAIU-
J103a, HeoOXoIMMa O1leHKa 3G (PEKTHBHOCTH CybapuUT-
MOT€HHBIX /103 100yTaMIHa, MTOCKOJIBKY IIPU CKOPO-
cTsX nHQY3UU MeHee 5.0 MKI/KI/MUH 9acTOTa cep-
JIEUYHBIX COKpAIleHUN BO3pacTaeT He3HAYNUTEIHHO.
JlobyTaMuH, Kak M3BECTHO, BBI3HIBAET IOBBIIIEHNE
CEepZIETHOTO BHIOPOCA, HO IPUBOJIUT K POCTY OOIIETO
neprudepuueckoro  COCYAHCTOTO  COIPOTUBJIEHUS.
KoHCTpUKTOpHOE BO3/EHCTBHE HA apTEPUU 3HAUM-
TEJILHO YCTYIIAeT AEHUCTBUIO HOPAIPEHAINHA U B Pa3-
JIMYHBIX /032X He IIPeBbIIaeT 7 % (IIpU UCI0JIb30Ba-
HUM MaJbIX 103), 25 % (cpennux) u 45 % (Makcu-

strong recommendations all of which were based on
excellent or good (80—100%) agreement. This study
confirmed that hypovolemic shock, as a rule, is not a
argument for the use of inotropic agents. However,
the indications for the use of dobutamine have sig-
nificantly expanded and today are not limited to a
decrease in cardiac output in cardiogenic shock. In
particular, the most strongest recommendations are
clinical signs of tissue hypoperfusion that persist
despite an adequate, including maximum, correc-
tion of hypotension and volemic status; low venous
hemoglobin saturation and a decrease in arteriove-
nous oxygen difference; persistent arterial hypoten-
sion; bradycardia. In general, two-thirds of the
respondents confirmed the use of inotropic agents
with persistent tissue hypoperfusion and hyperlacta-
temia, despite the use of adequate volumes of resus-
citation fluid and vasopressors, while only 44% of
researchers take account of low LVEF. Also, less
than half of the respondents aim to achieve a normal
cardiac output. However, there are still questions
about the use of dobutamine. Considering the
arrhythmogenic effect of dobutamine, usually mani-
fested when using the standard doses of the drug
(5—10 pg/kg/min) and the development of lactic aci-
dosis, it is necessary to evaluate the effectiveness of
dobutamine doses below the arrhythmia threshold,
since at infusion rate less than 5.0 pg/kg/min, heart
rate increases slightly. Dobutamine is known to
cause an increase in cardiac output, but leads to an
elevation of total peripheral vascular resistance. The
vasopressor effect on the arteries is significantly
inferior to the action of norepinephrine and at vari-
ous doses does not exceed 7% (when using low
doses), 25% (moderate doses) and 45% (maximum
doses) of the effectiveness of norepinephrine. This
once again confirms that dobutamine has a stimulat-
ing effect on vascular a-adrenergic receptors. How-
ever, the most significant effect is the effect on
venous tone. Dobutamine in experimental in vitro
models of isolated blood vessels also demonstrated a
selective vasoconstrictive action on the veins (selec-
tive venotonic effect). In addition, the venous return
under dobutamine increased by more than 3 times
compared with norepinephrine (49 + 10 mlvs 14 + 6
ml, respectively) [15]. The venotonic effect of dobu-
tamine in acute and chronic heart failure is undesir-
able and, as a rule, ignored. However, in case of burn
or septic shock, the venous tone recovery can signifi-
cantly reduce the need for fluid therapy, which cor-
responds to the modern concept of restrictive tactics
of fluid resuscitation. Apparently, it is the venotonic
action of dobutamine that explains the positive effect
of this drug in septic shock [7]. Thus, the use of
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MaJIBHBIX) OT 3G (PEKTUBHOCTH HOPAZpPEeHATHHA. ITO
ele pa3 MOATBEPIKAAET, UTO AOOYTaAMIH OKa3bIBAaeT
CTUMYJIUPYIOIIee BJIUSHUE Ha COCY/IUCThIE 0-aPEeHO-
petterrropel. OfHaKo HambosIee 3HAYUMBIM 3 dek-
TOM SIBJISIETCA JIEWCTBHE HA BEHO3HBIN TOHYC. /100y-
TaMWH B 9KCIIEPUMEHTAX In vitro Ha N30JIMPOBAHHbIX
COCYZIax TaKKe IPOJAEMOHCTPUPOBAJ CEJIEKTUBHOE
Ba30KOHCTPUKTOPHOE JIeHICTBHE HWMEHHO HA BEHBI
(BeHOCeIEKTMBHOE BO3netictBue). Kpome Toro,
BEHO3HBIA BO3BPAT IIpU JIeUCTBUU T0OyTaMUHA yBe-
JnauBascs 6ojiee 4eM B 3 pasa IO CPaBHEHUIO C
HOPAJIPEHATIUHOM (49 + 10 MJI VS 14 + 6 MJI COOTBET-
cTBeHHO) [15]. BeHoTOHMYeckuil sddext mobyTa-
MHHA IIPU OCTPOU U XPOHHUYECKOH CEpPJIEYHOH HEJ0-
CTaTOUYHOCTH SIBJISIETCS HEXKeJIaTeJIbHBIM U, KaK Ipa-
BWIO, urHOpupyeTrcs. OHAKO MPU OKOTOBOM FLITH
CENTUYECKOM IIIOKEe BOCCTAHOBJIEHHE BEHO3HOTO
TOHyCa I03BOJIET 3HAUHUTENIBHO CHU3UTH IMOTPED-
HOCTHh B UH(MY3UOHHOU Tepanuu, 4TO COOTBETCTBYET
COBPEMEHHOU KOHIIEMIIUU O PECTPUKTHUBHOM TaK-
THKe WH(QPY3UOHHOH Tepamuu. I[lo-BUAUMOMY,
MMEHHO BEHOTOHHYECKHUM JIeHCTBUEM JOOyTaMIHA 1
00'BsACHSIETCA MO3UTUBHBIN 3 EKT ATOTO IMpernapaTa
mpu cenTudeckoM 1ioke [7]. Takum ob6pasom,
HCIIOJIb30BaHUeE 00yTaMIHA IPHU OKOTOBOM IIIOKE
[oJIydaeT JIOTIOJIHUTEJIbHOE TeopeTuueckoe o6oc-
HOBaHUe.

HOEJb NCCJIEJOBAHUA

O6ocHOBaHVE Ha3HAUEHHS WHOTPOITHBIX ITpera-
parToB, a Tak:Ke olleHKa 0e30MmacHOCTU U 3(PpdeKTHB-
HOCTH UCIIOJIb30BaHusA AobyTamuna mpu OIII.

MATEPUAJIBI 1 METO/bI

B nmu0THOE KJIMHHMYECKOE KCC/IeIOBaHUE ObLIO
BKJTIOUEHO Q TTAI[MEHTOB C TSHYKEJIOU 0’KOTOBOM TPaB-
MOMU, TOCITUTAJIM3UPOBAHHBIX B OT/EJIEHHE PEaHU-
MAaIlU¥ ¥ UHTEHCUBHOU TEpAIIN 03KOTOBOH TPaBMBI
I'bBY3 HCO «TlocymapcrBenHass HoBocubupckas
obJylacTHasA KJIMHUYECKass OOJIbHUIIA» B TIEPHOJ C
2021110 2022 T.

HccenenoBanre 0f00peHO JIOKAJIBHBIM 3THYE-
ckum komuterom OI'BOY BO «HoBocubupckuit
rOCyZJapCTBEHHBI MEJIUIIUHCKUN  YHUBEPCUTET»
MunsgpaBa Poccun u coorBercrByer IIpaBuiam
KJIMHUYeCKOH mpakTuku B PO (mpukasz M3 PO or
19.06.2003 N© 266).

Kpurepun BKJIIOYEHUA: MAlUEHTHI B BO3-
pacre ot 15 /10 70 JIeT ¢ O0Iel TIOMA/IbI0 0KOTOB
> 40 % (II-1II cT.) + HaJIMYKWe TEPMOUHTAIAIIOH-
HOU TpaBMbI, KOTOpPble HAXOJWJINCh B OT/AEIEHUUN
peaHuManuy U UHTEHCUBHOU Tepanuu 6oJiee 3 CyT.

HTeHCUBHAs Tepamus OXKOTOBOU TpPaBMBI B
OCTPBIA U TOJOCTPBHIA IEPHOJ, OCYIIECTBIISIIACh

dobutamine in burn shock receives additional theo-
retical justification.

AIM OF THE RESEARCH

Justification of the use of inotropic agents, as well
as an assessment of the safety and effectiveness of
the use of dobutamine in BSh.

MATERIALS AND METHODS

The pilot clinical study included 9 patients with
severe burn injury admitted to the Intensive Care
Unit of the Burn Center of the Novosibirsk State
Regional Clinical Hospital from 2021 to 2022.

The study was approved by the Local Ethics Com-
mittee of the Novosibirsk State Medical University
and conforms with the Rules of Clinical Practice in
the Russian Federation (Order of the Ministry of
Health of the Russian Federation No. 266 dated
19.06.2003).

Inclusion criteria: patients aged 15 to 70 years
with a total body surface area burned > 40% (II-III
degree) + the presence of thermal inhalation injury,
who stayed in the Intensive Care Unit for more than
3 days.

Intensive care of burn injury in the acute and sub-
acute phase was carried out according to conven-
tional clinical recommendations [16]. PiCCO moni-
toring was used for additional evaluation of central
hemodynamics, volemic status and fluid accumula-
tion in the extravascular space of the lungs. All
patients, taking into account the hemodynamic pro-
file in burn shock, were administered dobutamine
for correction of cardiac dysfunction following the
emergency fluid replacement. In order to avoid
arrhythmogenic effects and lactic acidosis increase,
the infusion of dobutamine was started at a mini-
mum rate of 1.5—2.5 ug/kg/min, which gradually, for
30 minutes, increased to the arrhythmogenic thresh-
old and did not exceed 5.0 ug/kg/min. Fluid resusci-
tation was carried out with balanced crystalloid solu-
tions with a hypooncotic 5% albumin solution (up to
600—800 ml/day) from the second half of the first
day after injury. The difference between the esti-
mated volume of infusion according to the Parkland
formula and the actual volume of infused fluid was
taken into account:

AV (%) = (V,

est

-V.)/V, x100.

Morphological study. Myocardial samples
were taken from 34 patients who died of the burn
shock: 27 men and 7 women aged 21 to 51 years
(2015—2019). Myocardial samples were taken with
minimal (lesions no more 20-25%) atherosclerotic
changes in the coronary arteries.
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COTJIACHO TPUHATHIM KJIMHUYECKUM pPEKOMEeHa-
nusaMm [16]. 115 JOTOJTHUTETBHOTO KOHTPOJIA I[eH-
TPaJIbHOW reMOJIMHAMUKH, COCTOSTHUS BOJIEMUYe-
CKOTO CTaTyca U OIIEHKH HAKOIJIEHUS JKUIKOCTH
BO BHECOCYZUCTOM IIPOCTPAHCTBE JIETKUX UCIIOJIb-
3oBajicsi PiCCO-monutopuHr. Becem marueHTam,
VYUTBIBas TeMOJAWHAMUYECKUH npoduap npu
0’KOTOBOM IIIOKE, C IEeJIbI0 KapAUOTOHHYECKOH
MO IEPKKHU MOCJIE TPOBEIEHUS SKCTPEHHOHN peru-
JipaTalnuy HazHavasicsa Jo0yraMmuH. Bo nuzbekanue
apUTMOTEHHBIX 3(PPEKTOB U YCUIIEHU JaKTOAIU-
1032 BBeleHUe NA00OyTaMHHA HAaYHMHAIA C MUHH-
MaJIbHOHM CKOPOCTHU 1.5—2.5 MKT/KI'/MUH, KOTOpas
[IOCTENIEHHO, B TeueHue 30 MUH, YBEJIHNIUBAIACH
JI0 «KAPUTMOTEHHOI0 IIOPOTa» U He MPEBbIIIaa 5.0
MKr/Kr/mMuH. HQY3HMOHHAA Tepamus MPOBOIH-
jack cOATaHCUPOBAHHBIMU KPUCTAIOUHBIMU
pacTBopaMu ¢ BKJIIDUEHHEM B €€ COCTaB THIIOOH-
KOTHUYECKOTO 5% pacTtBopa ajibbymuHa (10 600—
800 MJ1/CyT) CO BTOPOU IMOJIOBUHBI IIEPBBIX CYTOK
OT MOMEHTAa TpaBMbl. YUHWTHIBaJach pas3HUIIA
MeXAy paccuutanHbIM 1o ¢dopmysae Parkland 065-
eMoM HUHOQY3uH U akTuuecku HUHGPY3UPyEMBIM
ob6bpeMoM:

AV(%)=(V. -V )V

paca peas pacy

X 100.

Mopdosroruueckue HCCIEeJOBAHUA.
O06pas1ipl MHOKap/1a 11 MOPGOJIOTHYECKOTO UCCIe-
JIOBaHUsI ObLIU IIOJIyYeHBI OT 34 MAI[UeHTOB, yMep-
IIUX OT 03KOTOBOTO IIOKA: 27 MY>KUYUH U 7 )KEHIIUH B
Bo3pacte OT 21 70 51 roxa (2015—2019 rr.). 3a6op
00pa3IoB MHOKapZia OCYIIEeCTBIsUIM TPU MHUHU-
MaJIbHBIX (CTEHO3UPOBaHHE He OoJiee 20—25 %) aTe-
POCKJIEPOTHYECKIX M3MEHEHUAX BEHEYHBIX
aprepuil.

CBeroBasgs U NOAPUBANUOHHAS MHUKPO-
cKonmuA MUOKap/a. VceienoBaHrue MUKpPOIIpena-
paToB MpPOBOAWIM HAa MHUKpOCKole Axio Scope.A1l
(Zeiss, I'epmanusi), cHaOKEHHOTO aHAJIU3aTOPOM U
nosisspu3aropom, ¢ ¢poroxkamepor AxioCam MRc 5
(Zeiss, TepmMaHusa) ¢ KUCIOJIH30BAHHEM IMPOTPAMM-
Horo obecreuenust Zen Blue (Zeiss, I'epmanus).

NMMyHOTHCTOXHUMHUYECKOE HCCIETOBaAHUE
muokapaa. OKkpalBaHie CPe30B MUOKap/Ia Ipo-
BOAWIN B COOTBETCTBHUH C PEKOMEH/IAIHIMU
(UpPMBI-TTPON3BOIUTEIST AHTUTEN U COTJIACHO CTAH-
JapTtaMm, mpejacTaBieHHBIM B [17]. OmpeneeHue
00BbEMHON IUIOTHOCTH MHOGUOPUILI MPU OIEHKE
SKCIIPECCHU aKTUHA M JIECMHHA IPOBOJMIN METO-
JIOM TIOZICU€eTa YKCJIa MOIaJaHui Touek (mepeceve-
HUH TECTOBBIX JIMHUM) TECTOBOH PEIIETKH HA IIPO-
unn uccienyeMbIx CTPYKTYP B T'HCTOJIOTHYECKOM
cpese. Kaxnaplli mapaMeTrp IIPOCUUTHIBUIM 10
25 N300pKEHUAM C YBEJIMYEHHEM 40X 10.

Polarized light microscopy of the myocar-
dium. The study of microslides was carried out on
an Axio Scope.A1 microscope (Zeiss, Germany)
equipped with an analyzer and polarizer, with an
AxioCam MRc 5 camera (Zeiss, Germany) and Zen
Blue software (Zeiss, Germany).

Immunohistochemical study of the myo-
cardium. The staining of the myocardial sections
was carried out under the recommendations of the
antibody’s manufacturer and according to [17]. The
determination of volume density of myofibrils in
assessing the expression of actin and desmin was
performed by counting the number of points, that hit
intersections of the test grid lines, on the profiles of
the studied structures of the histological section.
Each parameter was calculated from 25 images at a
magnification of 40x10.

Characteristics of the morphological con-
trol group. The control group for pathomorpho-
logical study of the myocardium and biomolecular
analysis of the heart muscle and blood plasma
included samples which were taken from 25 individ-
uals of both sexes (19 men and 6 women) who died of
a sudden circulatory arrest, aged 21 to 45 years. Post-
mortem changes in the coronary arteries were pre-
sented by a stage of lipidosis or liposclerosis without
significant stenosis.

The need for morphological study. Most
researchers refers BSh to the hypovolemic type of
circulatory shock. Thus, myocardial lesion is mostly
not considered in therapy, and a decrease in the car-
diac index is associated with a decrease in cardiac
preload. The morphological studies of the myocar-
dium in burn shock are few and mainly experimental
[18]. This shows the need to study changes in myo-
cardial morphology in the acute phase of burn injury
to clarify the indications for the use of inotropic
agents.

The pathomorphological and immunohis-
tochemical assessment of the myocardial
changes in burn shock. When assessing the state
of the myocardium, a combination of fragmentation
of muscle fibers and their wavelike deformity was
revealed. Polarized microscopy revealed various
degrees of contraction-induced damage to individual
cardiomyocytes, as well as foci of primary clumpy
degeneration of myofibrils and myocytolysis.

Immunohistochemical study of myocardial sec-
tions showed a decrease in the expression of actin by
2.4 times (p < 0.05) and desmin by 2 times (p < 0.05)
in comparison with the control group (Fig. 1). The
data obtained indicate the presence of acute myocar-
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XapakrepucTuka MOp@0I10rHIecKoil KOH-
TPOJIBHOM TPYIIIbI. B KOHTPOJIBHYIO TPYIIITY AJIS
maToMopQOJIOTHUECKOTO HCCIEZOBAaHUS MHOKapza
U MOJIEKYJISIPHO-OMOJIOTHYECKOTO  HCCIIEZOBAHUS
MBI CEP/IIIA U TJIa3Mbl KDOBU BOIITH 00pasIhl,
MOJIydeHHBIEe OT 25 JuI 0060ero moja (19 My:KUnuH 1
6 KeHIIIH), YMEPIITNX BCJIEJICTBHE BHE3AITHON OCTa-
HOBKH KpOBOOOpAIIIEHUsI, B BO3PACTE OT 21 JI0 45 JIET.
V3MeHeHUs BEHEYHBIX apTEPUI HA ayTOIICUU OBLITH
MIPE/ICTABJIEHbl CTAAUAMU JIUIOWI03a WJIM JIUIIO-
cxyepo3a 0e3 3HAYMMbBIX CTEHO3UPYIOIIUX H3Me-
HEHUU.

PE3YJ/IBTATDI

Heo0GxoaumocTh MOpP(OJIOTUIECKOTO
ucciaenoBanusa. Ol GOJBIIMHCTBOM HCCIIEZOBA-
TeJIell OTHOCUTCS K TUIIOBOJIEMUYECKOMY THILY I[UP-
KyJIATOpPHOTrO mIOKa. TakuMm o6pas3oM, IOpa’keHHe
MMOKap/ia B OCHOBHOM B TepaIlluy He YIUTBhIBAETCA, a
CHIDKEHHE CEP/IEYHOTO HH/IEKCA CBA3BIBAETCS CO
CHIDKEHHEM IpeqHarpy3ku. CyIecTBYIOIINE MOP-
(osoruueckue nccaeoBaHUA MUOKAp/ia MIPU OKO-
TOBOM IITOKE€ HEMHOTOUUCIIEHHBI U IIPOBEIEHHI TTpe-
UMYyIIEeCTBEHHO B dKciepuMente [18]. OTo ykasbl-
BaeT Ha HeOOXO/IMMOCTD HCCJIEI0BAHUSA N3MEHEHUH
MOPGOJIOTUN MUOKAp/ia B OCTPOM IIEPHOJIE O3KOTO-
BOU TPaBMBI JIUISI YTOUHEHUS TIOKA3aHUH K HCIIOJIb-
30BaHUIO NHOTPOIIHBIX IIPENapaToB.

Ounenka matoMop(OJIOTUIECKUX U UMMY-
HOTHCTOXUMHUYECKHUX U3MEHEHHUIl MHUOKapaa
IIPH OKOTOBOM IIIOKe. IIpu olleHKe COCTOSHUS
MHOKap/a BBIABIISUIM COYeTaHue (GparMeHTaIllnu
MBIIIIEYHBIX BOJIOKOH ¥ UX BOJIHOOOpa3HOU jiedop-
Manuu. [Ipy MHUKPOCKOIIUYECKOM HCCIe0BAHUN B
MOJISIPU3ANMOHHOM CBETe ObLTH BBISIBJIEHBI Pa3JINy-
HOM CTelleH! KOHTPAKTYPHBIE TOBPEXKIEHIS OTIEb-
HBIX KapZINOMHUOIIUTOB, a TAKXKe 0Yaru IepBUYHOTO
[JIBIOYATOTO paclajZia MBIIIEYHBIX BOJIOKOH M MHUO-
[IUTOJIU3HUCA.

ITp MMMYHOTMCTOXMMUYECKOM KCCJIeT0BAHUU
CPe30B MHUOKap/la OTMEYATH CHIDKEHUE JKCIIPECCHH
aKTHHA B 2.4 pasa (p < 0.05) U JecMHHA B 2 pasa
(p < 0.05) B cpaBHEHUH C TPYIIIIOH KOHTPOJIA (pHC. 1).
[TosryueHHBIE TAHHBIE CBU/IETETHCTBYIOT O HAJTUYUU
OCTpPOH HMIIIEMUH MUOKap/a, IPU KOTOPOH MPOUCXO-
JIUT aKTUBAIlUA IIPOTea3, pa3pyllalux Oeaku
IIUTOCKEJIETa, O0ECIIEUNBAIOIINX CTPYKTYPHYIO U
MEXaHUYECKYI0 IIeJIOCTHOCTh KapAUOMUOIIUTA B
Iporiecce COKpaIieHus.

Kianaunueckue pe3yabTaTbl. IPPeKTHBHOCTD
IIPOTUBOIIOKOBOM Tepanuy OIeHUBAIACh 10 JUHA-
MUKe I0Ka3aTeslell reMaTOKPUTa, CKOPOCTU CHUXKe-
HUs JakTaTa, pH u fedunura ociopauunii (BE) apte-
PpHUIBHOU KPOBH, TEMITY MOUYEOT/ETEHU. YUUTHIBA-

dial ischemia, in which proteases are activated, that
destroy cytoskeletal proteins ensuring the structural
and mechanical integrity of the cardiomyocyte dur-
ing contraction.

Clinical results. The effectiveness of resuscita-
tion was assessed by the dynamics of hematocrit, the
rate of decrease in lactate, pH and base deficit in
arterial blood, as well as the rate of urine secretion-
The difference between the calculated volume of
infusion according to the Parkland formula and the
actual volume, expressed as a percentage, on the first
day after injury was considered.

The use of dobutamine in the comprehensive
intensive care strategy, which allows patients to be
resuscitated from shock in an average of 48 hours,
with the drug infusion at a rate of 2.5—5.0 ug/kg/
min, was not accompanied by an arrhythmogenic
effect and an increase in lactic acidosis. Normaliza-
tion of the main parameters was considered as a
resuscitation from shock: achievement of hemodilu-
tion, plasma lactate level (<2.0 mmol/l), reference
indicators of pH and BE, rate of urine secretion
(>1 ml/kg/h). The need for vasopressor support
arose only in 30% of patients. Using dobutamine,
among other things, made it possible to ensure, as
far as possible, the restrictive strategy of fluid resus-
citation in all patients included in the study and to
reduce the volume of resuscitation fluid calculated
according to the Parkland formula by an average of
20-25%, which amounted to 3.0—3.5 1/day.

Clinical case study. Patient N., 47 years old:
Flame burn (I-III degree) of the head, neck, trunk,
upper and lower extremities. The body surface area
burned is 65% (deep burns — 55%). Thermal inhala-
tion injury. Burn shock, III degree.

Vasopressor support from the end of the first day
was by norepinephrine (up to 0.4 pg/kg/min), ino-
tropic support — by dobutamine (2.5 pg/kg/min).

Fluid balance: intravenous infusion (V,_) on the
ist day was 11 200 ml. The estimated volume (V_)
according to the Parkland formula (4 x 75 kg x 50%)
was 15 000 ml. Thus, the difference V, -V, was
3.8 L. Intravenous infusion on the 2nd day was
8800 ml, on the 3rd — 5430 ml. Enterally: 1st day —
250 ml, 2nd day — 1200 ml, 3rd day — 2100 ml.

Clinical dynamics: Blood pressure on the 1st day
was 110/65-130/75 mm Hg in the setting of vaso-
pressor and inotropic support. By the end of the 1st
day after injury, there was a critical decrease in con-
tractility (CI — 1.71 1/min/m?) and an increase in the
extravascular lung water index (ELWI) to 10 ml/kg.
Normalization of these parameters was noted by the
end of the 2nd day: CI — 3.8 I/min/m?, ELWI —
6 ml/kg. Diuresis on the 1st day was 1300 ml, on the
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A
100 100 -
80 80 -
N 60 60 -
> 40 * 40
201 20
0 0

O>X0rOBBIH IIOK
Burn shock

H KoHTposibHasa rpynmna
Control group

Puc. 1. CpaBHUTE/IbHAS OIIEHKA SKCIIpeccuu ecMuHa (A) v akTrHa (B) KapHOMHUOIUTAMU JIEBOTO JKEJIY[0UKA
IIPH 03KOTOBOM IIIOKE U B TPYIIIE KOHTPOJIsI (¥ OT/IMYMSI OT COOTBETCTBYIOIIVMX 3HAUYEHUH B KOHTPOJIE P < 0.05;
V, — 06beMHas II0THOCTD)

Fig. 1. Comparative evaluation of the expression of desmin (A) and actin (B) by cardiomyocytes of the left ventricle
in burn shock and in the control group (* differences from the corresponding values of the control group p < 0.05;
V, — volume density)

Jlach PpAa3HUIA MEXKJIY PpAaCCUUTAHHBIM O00beMOM
nHbysun no dopmysne Parkland u dakruueckrm
00beMOM, BBIpa’KEHHas B IPOILIEHTaX, B IIEPBbBIE
CYTKU TI0CJIE TPABMBIL.

Hcnonp3oBanue n00yTaMUHA B KOMILJIEKCHOU
MIPOTHBOIIIOKOBOH TEPAIU¥, IO3BOJIAIONIEH BbIBE-
CTU TAIEHTOB U3 COCTOSIHUS IIOKAa B CPEHEM 3a
48 4, O CKOPOCTBIO 2.5—5.0 MKI'/KI'/ MHUH HE COTIPO-
BOXK/IAJIOCh apUTMOTeHHBIM 3(pdeKToM U HapacTa-
HUEM JIAaKTOAIu03a. BrIBeZileHNeM U3 IIOKA CUH-
Tajach HOPMAJIM3AIUsl OCHOBHBIX KPHUTEPHUEB:
JIOCTHJKEHUE TeMOJWJIIONNY, YPOBHA JIaKTaTa
wia3mel (<2.0 mmosib/ ), pH u BE, Temmia quypesa
(>1 mua/kr/u). HeobxomumocTh B Ha3HAUYEeHUH
Ba30IPECCOPHON IO//IEP’KKU BO3HHUKJIA TOJIBKO Y
30 % manueHTOB. Vcnosib3oBaHue q0oOyTaMUHA B
TOM YHCJIE TI03BOJIUIIO 00ECIIeUUTh, HACKOJIBKO 3TO
OBLJI0O BO3MOXKHO, PECTPUKTHUBHYIO CTPaTEruio
nH}Y3UOHHON Tepaluu y BCeX BKIIOYEHHBIX B
KJIMHHUYECKOE HCCIIe/IOBAaHUE NAllMeHTOB U CHU-
3UTHh paccyuTaHHbIl 0 popmysie Parkland o6bpem
peruzparanuu B cpeZlHeM Ha 20—25 %, 4TO B abco-
JIIOTHBIX [dPax COCTaBUIO 3.0—3.5 JI/CYT.

Kinanueckuii npumep. Ilamuent H., 47 sret:
Oxor mwramenem (I-III cT.) TOJIOBBI, IIEH, TYJIO-
BHUIIA, BEPXHUX M HUKHUX KOHeuHocTel. Iliomanb
03K0TOB — 65 % (Ty1y60oKUx — 55 %). TepMOUHTAIAIIH-
OHHas TpaBMa. OKOTOBBIH IIOK 3-H CT.

BazonpeccopHasi TOAZEPIKKA C KOHIIA IIEPBBIX
CYTOK IIPOBO/IAJIACH HOPAIPEHAIMHOM (70 0.4 MKT/KT/
MUH), THOTPOITHAS — I00yTaMUHOM (2.5 MKT/KT'/ MUH).

I'udpobananc: B/Bennas undysus (V) B 1-e
CYTKH COCTaBWJIa 11 200 MJ. PacuyeTHbII 00BEM
(V_ ) mo ¢dopmyne Parkland (4 x 75 kr x 50 %) —

pacy

15 000 mi. Takum obpasom, pazuuma V. — V

pacu pean

cocraBuia 3.8 s1. B/BenHas uH}y3usa BO 2-e CyTKH
cocraBuia 8800 M1, B 3-€ — 5430 MJI. DHTEPATbHO:

2nd day — 2000 ml, on the 3rd — 2750 ml. Acid-base
balance (ABB) of arterial blood at admission: pH —
7.25, oxygen partial pressure (PO,) — 114 mm Hg,
partial pressure of carbon dioxide (PCO,) — 21.3 mm
Hg, SBE — 16 mmol/l, lactate — 3.5 mmol/l. On day
after: pH - 7.36, PO, — 85 mm Hg, PCO, — 42.1 mm
Hg, SBE — 1.4 mmol/], lactate — 2.1 mmol/l. Norma-
lization of pH and BE was noted by the end of the
first day, and 48 hours after normalization of arterial
blood lactate concentration (1.2 mmol/l) occurred.
Thus, already during the first day, it was possible to
compensate for hemodynamic disorders, which was
evidenced by normalization of the ABB parameters
and urinary flow rate. The vasopressor agent was
canceled, the dobutamine at doses below arrhythmia
threshold had been continued. Within 48 hours,
almost all parameters of central hemodynamics,
ABB and urine secretion corresponded to the refer-
ence values.

The resuscitation of the patient from burn shock
was recorded, full enteral nutrition was started, and
the volume of infusion therapy was reduced.

DISCUSSION

The data obtained on structural myocardial
lesions in burn shock confirm the need for the use of
inotropic agents in this pathology. Thus, BSh should
be considered not only as a classic hypovolemic
shock, in which a decrease in cardiac output is only a
consequence of a decrease in preload. It is obvious
that myocardial lesions also plays a significant role.

However, a significant problem with the use of
inotropic agents, in particular dobutamine, is a
marked arrhythmogenic effect, which manifests
itself in an increase in tachycardia when using the
recommended doses (5—-10 pg/kg/min). Since the
blood supply to the myocardium is performed dur-
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1-€ CyTKH — 250 MJI, 2-€ CYTKH — 1200 MJI, 3-U CyTKH —
2100 ML

Kaunuuecxas dunamuxa: AJl B 1-e cyTKH 110/65—
130/75 MM PT. cT. Ha ¢OHE Ba30IPECCOPHON U HHO-
TPOIIHOH ToA/epKKHU. K KOHIly 1-X CYTOK TocCse
TPaBMbI OTMEYAJIOCh KPUTHUECKOE CHIKEHHE ITOKa-
3aresiei KOHTpakTwiIbHOCTU (CU — 1.71 1/ MUH/M?) B
HapacTaHUe WH/IEKCa BHECOCY/IUCTOH BOMBI B JIETKUX
(ELWI) 1o 10 mut/kr. Hopmasiuzaiys JaHHBIX MTOKa-
3arejied OTMeueHa K KOHIy 2-X cyrok: CU -
3.8 i/mun/m2, ELWI — 6 mii/kr. [luypes B 1-€ CyTKH
COCTaBWJI 1300 MJI, BO 2-€ CYTKH — 2000 MJI, B 3-€ —
2750 mi. KucnorHo-menounoe cocrosuue (KIIIC)
apTepuabHON KpOBU NMPU HocTyiienuu: pH — 7.25,
napnuanbHoe AaBiaenue kucaopoga (PO,) — 114 Mm
PT. CT., TIapIiHaJIbHOE JaBJIeHUE YIJIEKHCJIOrO rasa
(PCO,) - 21.3 MM pT. cT., SBE — 16 MMob/J1, 1aK-
Tar — 3.5 MMoJib/. Yepes 24 4: pH — 7.36, PO, —
85 mm pr. cr.,, PCO, — 42.1 Mmm pr. cr.,, SBE —
1.4 MMOJIb/JI, TAKTAT — 2.1 MMOJIb/J1. HopMauzanus
pH u BE oTMeueHa k KOHITy IIepBBIX CyTOK, a 4epe3
48 9 Tpou30IIlJIa HOPMATH3AIHA 3HAUEHUH JIAKTaTa
apTepuasbHOM KpoBH (1.2 MMosib/i). Takum obpa-
30M, Y?K€ B TeUeHHeE MEPBBIX CYTOK y/IAIOCh JOOUTHCS
KOMITEHCAIIU HAapYyIIeHUHA TeMOJMHAMHUKH, YTO
oTpasuyjoch B HopMasiuzanuu napamerpos KIIC u
TeMIla MOYeOT/IeJIeHUsl. Ba3ompeccopHbIi mpenapar
ObUT OTMEHEH, IIPOJIOJIKAJIOCh BBEJEHHE 100yTa-
MHWHA B cyOApUTMOTEHHBIX J[03aX. B TeueHue 48 u
MMPAaKTUYECKH BCe MapaMeTphl IEHTPaTbHON reMO/IH-
namuku, KIIIC u Temnl Auype3a COOTBETCTBOBAJIU
HOpMaJIbHBIM pedepeHCHbIM 3HaueHusM. Komcra-
TUPOBAHO BBIBEJIEHHE IIAllEHTAa W3 OKOTOBOTO
[IIOKa, HAYaTO ITOJITHOI[EHHOE SHTEPATTbHOE ITUTAHHUE,
CHIKEHBI 00beMbI HH(PY3HOHHOM TEPATIHH.

OBCYXKJIEHUNE

[TosryueHHBIE JAHHBIE O CTPYKTYPHBIX IOpake-
HUAX MHOKapjia IPH 0XKOTOBOM IIIOKe IIOJTBEP: K-
JTAI0T HeOOXOAUMOCTh MCIOJIB30BAHUS MPENapaToB
WHOTPOITHOTO JIEHCTBUS TPH JAHHOW IaTOJIOTHH.
Taxum obpazom, OI ciemyer paccMaTpuBaTh He
TOJIBKO KaK KJIAaCCHYECKUI THIIOBOJIEMUYECKHH 10K,
IIPY KOTOPOM CHIKEHUE CEPJIEIHOTO BhIOpOCa sIBJIA-
€TCsI TOJIBKO CJIeZICTBUEM CHUKEHUS MpeIHarPy3KHU.
OueBUAHO, YTO TOBPEXEHHE MHOKap/Aa TaKxKe
WUTpaeT 3HAYNMYIO POJIb.

OJTHaKO CyIIeCTBEHHOU TPO6JIEMOH HCII0JIb30Ba-
HUS TIPENapaToB HHOTPOITHOTO IEHCTBUSA, B YACTHO-
cTU JIoOyTaMUHA, SIBJISIETCS BBIPA’KEHHBIH apUTMO-
reHHBIH 3¢ddeKT, YTO NMposABIsAeTCA B HapacTaHUU
TaxXUKapAUU IPHU HCIIOJIH30BAHUHU PEKOMEH]TyEeMbIX
7103 (5—10 MKr/Kr/MuH). II0CKOJIBKY KpOBOCHAOMKe-
HUe MHOKap/ia OCYIIECTBIIAETCS B IUACTOILY, a IOBBI-

ing diastole, and an increase in heart rate is accom-
panied by a decrease in myocardial perfusion,
already at a heart rate > 90 bpm, the risk of death in
heart failure significantly increases. The develop-
ment of tachycardia should be considered as a dam-
aging factor causing myocardial ischemia/hypoxia
in the setting of increased O, consumption. In addi-
tion, a natural disadvantage of the use of adreno-
ceptor agonists is an increase in lactic acidosis,
which is a serious limitation for their use in circula-
tory shock.

Thus, the task of the study was not only to justify
the use of dobutamine in BSh, but also to choose a
safe and effective rate of its administration.

Individual doses at the threshold of tachyar-
rhythmia were selected as a goal for dobutamine. In
this study, the infusion rate is in the range of 2.5—
5.0 ug/kg/min. Based on the results obtained, it
can be concluded that the use of dobutamine doses
that are at the lower end of recommended range
made it possible to compensate for hemodynamic
disorders and implement a restrictive strategy of
fluid resuscitation. In particular, the difference
between the estimated volume of infusion therapy
and the actual volume (V_, -V, ) on the first day
after injury was up to 3.0—3.5 L. In all the studied
cases, despite the severity of burn injury, rapid nor-
malization of central hemodynamics, restoration of
tissue perfusion and, ultimately, the resuscitation
of patients from the burn shock in an average of
48 hours was noted.

CONCLUSION

The research allows us to draw the following con-
clusions:

1. A decrease in myocardial contractility in burn
patients with shock is associated, among other
things, with the formation of acute focal myocardial
lesions, a decrease in the expression of cardiomyo-
cyte marker — actin (2.4 times, p < 0.05) and desmin
(2 times, p < 0.05) and is accompanied by a decrease
in the cardiac index, stroke volume and ejection frac-
tion. The data obtained on structural changes of the
myocardium in burn shock confirm the need for the
use of inotropic agents.

2. Dobutamine at a rate of up to 5.0 ug/kg/min
does not cause arrhythmia and/or lactic acidosis, but
contributes as part of comprehensive resuscitation
measures to ensure the maximum restrictive strat-
egy of fluid resuscitation and elimination of burn
shock manifestations.
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IIEHNe ITyJIbCA COITPOBOXKIAAETCS CHIKEHEM Tepdy-
3U1 MHOKapP/Ia, yKe IPHU YacTOTe CEPAEYHBIX COKpa-
IEHUH >90 Y./MUH JIOCTOBEPHO MOBBIIIAETCS PUCK
JIETAJIBHOTO HCXO/a TIPU CepAEeTHON He0CTaTOYHO-
ctu. Pa3BuTHE TaXUKapAUU CIeyeT pacCMaTpUBaTh
KakK MOBpeXAAMui (HaKkTOp, BHI3BIBAIOIINN HIIIEe-
MUIO/TUIIOKCUIO MUOKap/ia Ha (OHEe IOBBIIIEHHOTO
norpebaenus O,. Kpome Toro, ecrecTBeHHBIN HeZO-
CTaTOK WCIIOJIb30BAHUSA aJPEHOCTUMYJISATOPOB —
HapacTaHUe JIAKTOAIN/I03a, UTO SIBJISETCS Cepbe3-
HBIM OTPAaHUYEHUEM B HCIIOJIB30BAHUU IIPHU IUPKY-
JIITOPHOM IIIOKE.

Takum oOpaszoM, 33/1auell UCC/IeIOBAHUS CTAJIO
He TOJIbKO OOOCHOBaHUE HCIIOJIB30BAHUA 00OyTa-
muHa rpu OIIl, HO u BBIOGOP Oe3omacHON U 3¢ dek-
TUBHOU CKOPOCTH €TI0 BBEJIEHU .

B xauecTBe OpueHTHpa IPU Ha3HAYEHUU T100yTa-
MUHA BbIOpAHBI MHAUBHU/IyJIHBIE O3Bl HAa IIOPOTE
TaxuapuTMUU. B JaHHOM HCCIeI0BaHIT — CKOPOCTh
BBEJIEHUS B [UaNa3oHe 2.5—5.0 MKT/Kr/MuH. OCHO-
BBHIBASICh HA IIOJIyUYEHHBIX PE3YIbTATAX, MOKHO
3aKJIIOYHUTH, UTO HCIIOJIb30BaHNE CYOAPUTMOTE€HHBIX
J103 10O6yTaMuHA TI03BOJIUIIO 00ECIIEUNTh KOMITEHCa-
OUI0 HApYIIEHUW TEeMOAMHAMUKH U Ppeajlu3aIiiio
PECTPUKTHUBHON CTpaTerny WHQY3UOHHON TEPaITHH.
B uacTHOCTH, pa3HUIA MEXKAY PACIETHBIM 00HEMOM
WHGY3UOHHOH Tepanu U (PaKTHIECKUM 00BEMOM
(Viaex = Viear) B TIEPBBIE CYTKH IIOCJIE TPABMBI COCTa-
BWJIa 70 3.0—3.5 J. Bo Bcex uccieJOBaHHBIX CIIy-
Yasgx, HECMOTPS Ha TXKECTh 0XKOTOBOTO MOBPEK/Ie-
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1. CHIXXeHHE COKpPAaTUTEJhHOH CIOCOOHOCTU
MHOKap/ia Y 03KOTOBBIX OOJIBHBIX C IIIOKOM CBSI3aHO,
B TOM 4YHCJIEe, ¢ 0Opa30BaHUEM OCTPBIX OYArOBBIX
MOBPEXKIEHUM MHOKAp/la, CHUKEHHUEM HKCIIPECCUH
0eIKOB-MapKepoB KapAHNOMHOIMTOB — AaKTHHA
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WHJIEKCa, YAAPHOTO 00beMa U IVI00IPHOM (PpaKIiiu
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KoH@aukT nHTEpECOB. ABTOPHI 3aABJISIOT 00
OTCYTCTBUH KOH(INKTA HHTEPECOB.

REFERENCES

1. Cancio L.C., Chavez S., Alvarado-Ortega M. et al.
Predicting increased fluid requirements during
the resuscitation of thermally injured patients.
J. Trauma. 2004;56(2):404-413. DOI: 10.1097/01.
TA.0000075341.43956.E4.

2. Friedrich J.B., Sullivan S.R., Engrav L.H. et al. Is supra-
Baxter resuscitation in burn patients a new phenom-
enon? Burns. 2004;30(5):464-466. DOIL: 10.1016/j.
burns.2004.01.021.

3. Cochran A., Morris S.E., Edelman L.S., Saffle J.K. Burn
patient characteristics and outcomes following resusci-
tation with albumin. Burns. 2007;33(1):25-30.

4. Ivy ML.E., Atweh N.A., Palmer J. et al. Intra-abdominal
hypertension and abdominal compartment syndrome
in burn patients. J. Trauma. 2000;49(3):387-391.
DOLI: 10.1097/00005373-200009000-00001.

5. Sullivan S.R., Friedrich J.B., Engrav L.H. et al. “Opi-
oid creep” is real and may be the cause of “fluid
creep”. Burns. 2004;30(6):583-590. DOI: 10.1016/j.
burns.2004.03.002.

6. Kuzkov V.V., Kirov M.Yu. (2015). Invasive Hemody-
namic Monitoring in Intensive Care and Anesthesiol-
ogy. Arkhangelsk. 392 p. (In Russ.)

7. Rivers E., Nguyen B., Havstad S. et al. Early goal-
directed therapy in the treatment of severe sepsis and

Journal homepage: http://jsms.ngmu.ru

51



Bepewaeun E.1. udp. / Journal of Siberian Medical Sciences T. 7, N° 2 (2023)

10.

11.

12,

13.

14.

15.

16.

17.

18.

septic shock // N. Engl. J. Med. 2001;345(19):1368-
1377. DOI: 10.1056/NEJMo0a010307.

Hayes M.A., Timmins A.C., Yau E.H. et al. Elevation of
systemic oxygen delivery in the treatment of critically
ill patients // N. Engl. J. Med. 1994;330(24):1717-1722.
DOI: 10.1056/NEJM199406163302404.

Tacon C.L., McCaffrey J., Delaney A. Dobutamine
for patients with severe heart failure: a systematic
review and meta-analysis of randomized controlled
trials // Intensive Care Med. 2012;38(3):359-367.
DOI: 10.1007/s00134-011-2435-6.

Reyad A.R., Elkharboutly W., Wahba A., Elmor-
shedi M., Hasaneen N.A. Effect of intraoperative dobu-
tamine on splanchnic tissue perfusion and outcome
after Whipple surgery // J. Crit. Care. 2013;28(4):531.
e7-531.e15. DOI: 10.1016/j.jcrec.2013.02.017.
Triposkiadis F., Parissis J.T., Starling R.C., Skou-
larigis J., Louridas G. Current drugs and medi-
cal treatment algorithms in the management
of acute decompensated heart failure // Expert
Opin. Investig. Drugs. 2009;18(6):695-707. DOI:
10.1517/13543780902922660.

Morelli A., Ertmer C., Westphal M. et al. Effect of heart
rate control with esmolol on hemodynamic and clini-
cal outcomes in patients with septic shock: a random-
ized clinical trial // JAMA. 2013;310(16):1683-1691.
DOI: 10.1001/jama.2013.278477.

Sato R., Nasu M. Time to re-think the use of dobuta-
mine in sepsis // J. Intensive Care. 2017;5:65. DOI:
10.1186/540560-017-0264-6.

Scheeren T.W.L., Bakker J., Kaufmann T. et al. Cur-
rent use of inotropes in circulatory shock // Ann.
Intensive Care. 2021;11(1):21. DOI: 10.1186/s13613-
021-00806-8.

Pollock G.D., Bowling N., Tuttle R.R., Hayes J.S.
Effects of S-dobutamine on venous blood return and
organ nutrient blood flow // J. Cardiovasc. Pharmacol.
1992;20(5):742-749.

Okoru TepMHUecKne U Xumuueckue. OKOTH COJI-
Heunble. OOTM JBIXaTeIbHBIX IyTed. KinHuueckue
pexomenaanuu. M., 2021. 179 c.

Buchwalow 1., Bocker W. Immunohistochemistry.
Basics and Methods. Heidelberg: Springer, 2010. 153 p.
Casuenko C.B., Omenkosa H.T'., HoBocesnos B.II. u zip.
VIbTpacTpyKTypa KapAUOMHOLUTOB IIPHU TSKETIOM
oxxoroBoM 1110ke // CoBpeMeHHBIE MPOOJIEMBI HAYKH
u obpasoBanusa. 2021. No 2. C. 130. DOI: 10.17513/
Spno.30615.

CBEAEHHNA Ob ABTOPAX
Bepemarun EBrenuii IBaHOBUY — [1-p Mea. Hayk,

npodeccop, 3aBenyoIui kKadeapord aHeCTE3UO0JIO-
ruu U peaHumaronoruu um. mpod. M.II. Bepemra-
rua ®I'BOY BO «HoBocHOUPCKUH rocy1apcTBeHHBIN
MeJIUIIMHCKUE yHUBepcuTer» MuH3npaBa Poccun,
Hosocubupck, Poccus. ORCID: 0000-0003-1366-
3420.

CamaroB Urops IOpseBuY — KaH/I. MeJl. HAYK, IOLEHT

xadeapbl aHECTE3UOJIOTHH U DPEAaHNMATOJIOTHH HM.
mpod. W.II. Bepemaruna ®I'BOY BO «HoBocubup-
CKHUH rocyZJapCTBEHHBIN MEIUITUHCKUN YHUBEPCUTET»
Munsgpasa Poccum; Bpau — aHeCTE3HOJIOT-DeaHU-
MAaToJIOT, 3aBeAyIONIUN OT/AeJeHUEM peaHUManuu U

10.

11.

12.

13.

14.

15.

16.

17.

18.

septic shock. N. Engl. J. Med. 2001;345(19):1368-1377.
DOI: 10.1056/NEJMo0a010307.

Hayes M.A., Timmins A.C., Yau E.H. et al. Elevation of
systemic oxygen delivery in the treatment of critically
ill patients. N. Engl. J. Med. 1994;330(24):1717-1722.
DOI: 10.1056/NEJM199406163302404.

Tacon C.L., McCaffrey J., Delaney A. Dobutamine
for patients with severe heart failure: a systematic
review and meta-analysis of randomized controlled
trials. Intensive Care Med. 2012;38(3):359-367.
DOI: 10.1007/s00134-011-2435-6.

Reyad A.R., Elkharboutly W., Wahba A., Elmor-
shedi M., Hasaneen N.A. Effect of intraoperative dobu-
tamine on splanchnic tissue perfusion and outcome
after Whipple surgery. J. Crit. Care. 2013;28(4):531.
e7-531.e15. DOI: 10.1016/j.jcrc.2013.02.017.
Triposkiadis F., Parissis J.T., Starling R.C., Skou-
larigis J., Louridas G. Current drugs and medi-
cal treatment algorithms in the management of
acute decompensated heart failure. Expert Opin.
Investig. Drugs. 2009;18(6):695-707. DOI:
10.1517/13543780902922660.

Morelli A., Ertmer C., Westphal M. et al. Effect of heart
rate control with esmolol on hemodynamic and clini-
cal outcomes in patients with septic shock: a rando-
mized clinical trial. JAMA. 2013;310(16):1683-1601.
DOI: 10.1001/jama.2013.278477.

Sato R., Nasu M. Time to re-think the use of dobuta-
mine in sepsis. J. Intensive Care. 2017;5:65. DOI:
10.1186/540560-017-0264-6.

Scheeren T.W.L., Bakker J., Kaufmann T. et al. Cur-
rent use of inotropes in circulatory shock. Ann. Inten-
stve Care. 2021;11(1):21. DOI: 10.1186/s13613-021-
00806-8.

Pollock G.D., Bowling N., Tuttle R.R., Hayes J.S.
Effects of S-dobutamine on venous blood return and
organ nutrient blood flow. J. Cardiovasc. Pharmacol.
1992;20(5):742-749.

Burns: Thermal and Chemical. Sunburns. Inhalation
Burns. Clinical Recommendations (2021). Moscow.
179 p. (In Russ.)

Buchwalow 1., Bocker W. Immunohistochemistry.
Basics and Methods. Heidelberg: Springer, 2010.
153 p-

Savchenko S.V., Oshchepkova N.G., Novoselov V.P.
et al. (2021). Pathomorphological and ultrastructural
assessment of the myocardium in burn shock. Mod-
ern Problems of Science and Education. 2021;2:130.
DOI: 10.17513/spno.30615. (In Russ.)

ABOUT THE AUTHORS
Evgeny I. Vereshchagin — Dr. Sci. (Med.), Professor,

Head, Department of Anesthesiology and Resuscita-
tion named after Prof. I.P. Vereshchagin, Novosibirsk
State Medical University, Novosibirsk, Russia. ORCID:
0000-0003-1366-3420.

Igor Y. Samatov — Cand. Sci. (Med.), Associate Profes-

sor, Department of Anesthesiology and Resuscitation
named after Prof. I.P. Vereshchagin, Novosibirsk State
Medical University; Anesthesiologist and Emergency
Physician, Head, Burn Intensive Care Unit, Novosi-

52

Journal homepage: http://jsms.ngmu.ru



Vereshchagin E.I et al. / Journal of Siberian Medical Sciences Vol. 7, No. 2 (2023)

WHTEHCUBHOH Tepanuu o:korosoii Tpasmel 'BY3 HCO
«TocynapcrBennas HoBocubupckas obsacTHas KiIu-
HHU4Yeckas 6oapHUIA», HoBocubupck, Poccust.

OumenkoBa Haranba I'eHHagbeBHA — KaH/. MeJl. HAyK,
accucreHT kadenpsl cysebHoi Menuiuabsl @I'E0Y BO
«HoBOCHOMPCKUI TOCY/IapCTBEHHBIH MeIUITMHCKUH
yHuBepcuteT» Munznpasa Poccun, HoBocubupck,
Poccus.

Bocrpukos /Imutpuii Hukos1aeBuu — Bpau — aHec-
TE3UO0JIOT-PEAHUMATOJIOT OT/eJIEHUs peaHuMaluu U
WHTEHCUBHOU Tepanuu o:xorooii Tpasmel 'BY3 HCO
«TocynapcrBenHass HoBocubupckasi obacTHasT KJIU-
Huueckas 6osipHUIA», HoBocubupck, Poceuns.

AyanH Bagum VIBaHOBUY — Bpay — aHECTE3HO0JIOT-Pea-
HHUMAaTOJIOT OT/EJIeHUs PeaHWMAaIlid U WHTEHCUBHOU
Tepanuu 0xoroBod TpaBMbl I'BY3 HCO «T'ocymap-
crBeHHasA HoBocubupckas obsacTHasdA KIMHUYeCKas
6onpHUIA», HoBOoCcHOUpCK, Poccust.

KonoBasios /lenuc IleTrpoBu4 — Bpau — aHeCTe3U0JI0T-
PeaHNMAaToJIOT OT/eJIEHUs peaHUMAaluu U WHTEHCHUB-
HOU Tepanuu oxkoroBoil TpaBmMbl I'BY3 HCO «Tocy-
nmapcrBeHHass HoBocubupckass obJsiacTHas KIUHUYe-
ckast 6GopHUIA», HoBOocuOUpCk, Poceust.

CesnBepcroB Poman MropeBud — Bpad — aHECTe3UO-
JIOT-peaHuMAaTOJIOT OT/eJIEeHUs peaHUMallul U UHTEH-
cuBHOM Tepanuu oxkorooii TpasMbl 'BY3 HCO «T'ocy-
napcrBeHHass HoBocubupckass obJsiacTHas KIMHUYe-
ckas 6opHULIA», HoBocuOUpCK, Poccus.

CaBuenko Cepreii BjaaiuMupoBu4 — JI-p MeJl. HayK,
npocdeccop kadenpsl cyne6HON MemunuHbsl OI'BOY
BO «HOBOCHOWPCKHU TOCYZapCTBEHHBIA MeIUIIMH-
ckuii yHuBepcuter» MunsapaBa Poccun, HoBocu-
6upck, Poccus.

birsk State Regional Clinical Hospital, Novosibirsk,
Russia.

Natalia G. Oshchepkova — Cand. Sci. (Med.), Assistant,
Department of Forensic Medicine, Novosibirsk State
Medical University, Novosibirsk, Russia.

Dmitry N. Vostrikov — Anesthesiologist and Emergency
Physician, Burn Intensive Care Unit, Novosibirsk State
Regional Clinical Hospital, Novosibirsk, Russia.

Vadim I. Dudin - Anesthesiologist and Emergency Phy-
sician, Burn Intensive Care Unit, Novosibirsk State
Regional Clinical Hospital, Novosibirsk, Russia.

Denis P. Konovalov — Anesthesiologist and Emergency
Physician, Burn Intensive Care Unit, Novosibirsk State
Regional Clinical Hospital, Novosibirsk, Russia.

Roman I. Seliverstov — Anesthesiologist and Emer-
gency Physician, Burn Intensive Care Unit, Novosibirsk
State Regional Clinical Hospital, Novosibirsk, Russia.

Sergey V. Savchenko - Dr. Sci. (Med.), Professor,
Department of Forensic Medicine, Novosibirsk State
Medical University, Novosibirsk, Russia.

53



V]IIK 611.814.53:615.373]-092.9 DOLI: 10.31549/2542-1174-2023-7-2-54-61

Oco6eHHOCTH cTpoeHuA 3nudu3a IKCIIePUMEHTAIbHBIX dKUBOTHBIX
IPU UMMYHOCTUMYJIAIUU

A.A. 3axapos, A.A. Jlukas

I'Y JIHP «JIyeaHckuil 2ocyoapcmeeHHblil MeduyuHckuil ynusepcumem um. Cesmumens Jlyku», Jlyearck, JIyeaxckas
Hapoouas Pecnybauka

AHHOTAIIHUA

BBeeHue. BrociegHee BpeMsa perucTpupyercs 60JIbIIOE KOJIMYECTBO 3a001€eBaHIH, CBA3AHHBIX ¢ HAPYIIIEHUAMU
(yHKIMOHMPOBAaHUA HEUPOSHIOKPUHHO-UMMYHHON CHCTEMBI, BBI3BAHHBIMU POCTOM IICUX03MOIMOHATIBHBIX HAIPY30K U
PEe3KUM YXyALIEHUEM DKOJIOTHIECKOH 00CTAaHOBKH. DNN(DU3 3aHUMAET [EHTPATbHOE MECTO B SHIOKPUHHON 1 UMMYHHOM
CHCTEMaX.

IHenp mccaenoBaHUs. V3yuyeHHe CTPYKTYPHBIX TPe0Opa30BaHUH snudu3a MIPU KMMYHOCTHUMYJIAIUN.
MaTepuans u MeToOJBbl . MceaernoBaHue MpoBeZieHO HA 60 KPbICAX-CaMIIaX 3PEJIOr0 BO3PACTa PETPOAYKTHB-
HOTO [IEPHO0/Ia Maccoi 240—280 1. JKUBOTHBIM SKCIIEPUMEHTAIBHOU TPYIIIHI (1 = 30) BBOJMJIM UMyHO(]aH IIATHKPATHO HA
1,7, 15, 30 U 60-€ CyTKHU B JI03€ 0.7 MKI/KI Macchl Tesa. 2KUBOTHBIE KOHTPOJIBHOM I'PYIIIEI (n = 30) HOJIydatd 0.9% p-p
NaCl B 5kBUBaJIeHTHOM 00'bEME H TI0 TOH K€ cxeMe. Y KUBOTHBIX 00€HX IPYII ONPEAEIIsIN aOCOTIOTHYIO B OTHOCUTEIb-
HyI0 Maccy anudu3a, ero 60JIBIINH U MEHBIINN AUaMETP, 00beM, a TaK}Ke KOJIMUeCTBEHHOE COOTHOIIIEHHE KJIETOK, 60JIb-
U/ MEHBIINH AUaMeTP U 00beM ITHHEAIOIUTOB, OOJIBIINMI/ MEHBITUH TUaMeTP U 00beM siiep THHEATOIUTOB.
Pe3dynbpTaThl HCCJHUEOBAaHUA. VI3MeHeHHs TapaMeTpoOB snudu3a HaOII0JAIUCh HA 15, 30 U 60-€ CyTKH
HaboaeHus. Tak, B 9KCIIEPUMEHTATIBHOU TPYIIe OOJIBIINH U MEHBIIUHA HAMETP TUHEAJONUTOB YBEJIUIUIICA Ha 3.93,
8.24, 13.15 U 7.04, 9.37, 10.54 % COOTBETCTBEHHO II0 CPABHEHHUIO C aHAJIOTUYHBIMH [TOKa3aTeJIsIMU B TPYIIe KOHTPOJIA.
AHaJIOTUYHbIE U3MEHEHUSI OTMEYAIUCh JJIs1 OOJIBIIIEr0 U MEHBIIIETo TUaMeTpa Apa, Kak MmokasaTess QyHKIMOHATbHON
AKTUBHOCTHU KJIETKH, — Ha 4.48, 7.23, 4.45 1 4.05, 7.66, 10.16 % COOTBETCTBEHHO.

3aknueHUe. IlogydeHHbIE PE3YIbTATHI TO3BOJISIOT CYAUTH 00 AaKTUBHOM PEaKIUU CO CTOPOHBI dIM(dH3a KPBIC
3PEeJIOTO BO3pAcTa B OTBET HA UMMYHOCTHUMYJIALIHIO, BBI3BAHHYIO IIPUMEHEeHHeM UMyHOMbaHa.

Kmouesste caoea: snudus, KpbIChl peIPOoIyKTUBHOTO ITepuozia, UMyHodaH, MOPHOMETPHs, UMMYHOCTUMYJIAIIVA.

O6Opasen murtupoBaHusa: 3axapoB A.A., Jlukas A.A. Oco6eHHOCTH CTPOeHUs SMU(]PH3a SKCIIEPUMEHTATBHBIX
JKMBOTHBIX P uMMyHOcTuMyJIsitiuu // Journal of Siberian Medical Sciences. 2023;7(2):54-61. DOI: 10.31549/2542-
1174-2023-7-2-54-61

Features of the epiphysis structure of experimental animals
during immunostimulation
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ABSTRACT

Introduction. Recently, a large number of diseases associated with an impairment of the neuroendocrine-
immune system caused by an increase in psycho-emotional stress and a severe environmental deterioration has been reg-
istered. The epiphysis is central to the endocrine and immune systems.

A im . To study of structural transformations of the epiphysis during immunostimulation.
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Materials and methods. The study was carried out on 60 mature male rats of the reproductive period
weighing 240—280 g. Animals of the experimental group (n = 30) were injected with imunofan fivefold on the 1st, 7th, 15th,
3oth and 60th day at a dose of 0.7 pug/kg of body weight. Animals of the control group (n = 30) received 0.9% NacCl in an
equivalent volume and the same regimen. In animals of both groups, the absolute and relative weight of the epiphysis, its
maximal and minimal diameter, volume, as well as the cell ratio, maximal/minimal diameter and volume of pinealocytes,
the maximal/minimal diameter and volume of pinealocyte nuclei were determined.

Results. Changesin the parameters of the epiphysis were observed on the 15th, 30th, and 60th day the experiment.
So, in the experimental group, the maximal and minimal diameter of pinealocytes increased by 3.93, 8.24, 13.15 and 7.04,
9.37, 10.54%, respectively, compared with the same indicators in the control group. Similar changes were noted for the
maximal and minimal diameters of cell nuclei as an indicator of functional activity by 4.48, 7.23, 4.45 and 4.05, 7.66 and
10.16%, respectively.

Conclusion. Theresults obtained make it possible to judge the active reaction of the epiphysis of mature rats in
response to imunofan-induced immunostimulation.

Keywords: epiphysis, rats of the reproductive period, imunofan, morphometry, immunostimulation.

Citation example: Zakharov A.A., Dikaya A.A. Features of the epiphysis structure of experimental animals
during immunostimulation. Journal of Siberian Medical Sciences. 2023;7(2):54-61. DOL: 10.31549/2542-1174-2022-

7-2-54-61

BBEJAEHHNE

B mociiesHee BpeMs peructpupyercs 60JIbIIOE
KOJINYECTBO 3a00JI€BAHUH, CBA3aHHBIX C HAPYIIIEHU-
AMH  (QYHKIUOHUPOBAHUS  HEHPOIHTOKPUHHO-
MMMYHHOH CHCTEMBI, BEI3BAHHBIMH POCTOM IICHXO-
SMOITMOHAJIbHBIX HArPY30K U PE3KUM YXYAIIEHHEM
SKOJIOTUYECKOTO COCTOSIHHSI OKPY?KAIOIIeld CpeJIbl.
Ocoboe MecTO B3aHMMAIOT UMMYHOJAe(DHUIUTHBIE
COCTOSTHU S, PA3BUTHE KOTOPHIX CBA3aHO C HHTEHCHB-
HBIM BJIUSIHUEM HeOJIarOIPUATHBIX aHTPOIIOTEHHBIX
daxropos [1]. K HacrosIeMy BpeMeHU IIPOBEZEHO
HeMaJIo KJIMHUYECKUX UCCIIe/IOBAHUH 110 ATOU TEME,
O/THAKO Ppe3yJbTaThl WU3YYeHUs MOP(OIOTHUECKIX
0CcOOEHHOCTEH OpraHOB M CHUCTEM B JIAHHBIX YCJIO-
BUSIX HEMHOTOYHCJIEHHBI [2]. Duudwus 3aHuMaeT
[IEHTPAJIbHOE MECTO B DHIOKPUHHON U MMMYHHOM
cucTeMax, OJHAKO JIaHHAsA B3aWMOCBS3b H3yUeHa
HEZIOCTaTOYHO M CBEJEHUA O MOP(QOJIOTHIECKON
U3MEHUYNBOCTU OpraHa B OHTOreHe3e TPeOYIOT aKTy-
ajM3aIuu ¥ CUCTeMAaTH3auy Ha OHE HAKOIUIEHU
0OJIBIIIOTO KOJIMUECTBA HKCIIEPUMEHTAIBHBIX U KITU-
HUYECKUX AaHHbIX. Hapsmy ¢ 5TuM cBezieHUs 0 Kaue-
CTBEHHBIX M KOJIMYECTBEHHBIX M3MEHEHUSX CTpOe-
HUS OpPTaHa IPU U3MEeHEHUAX COCTOSHUS UMMYHHOM
CUCTEMBI IPAKTHYECKH OTCYTCTBYIOT B JOCTYITHOM
JIUTEpaType.

IOEJIb NCCJIEJOBAHUA

H3ydeHre CTPYKTYPHBIX MPeoOpasoBaHUU SITH-
(uza mpu UMMYHOCTUMYJIAIIAH.

MATEPUAJIBI 1 METO/IbI

OKCIEPUMEHT IMPOBOAWIICS B OCEHHE-3UMHUU
mepuos Ha 60 KpbIcax-caMIlaX 3PeJIoTo BO3pacTa

INTRODUCTION

Recently, a large number of diseases associated
with an impairment of the neuroendocrine-immune
system caused by an increase in psycho-emotional
stress and a severe environmental deterioration has
been registered. A special place is occupied by immu-
nodeficiency states, the development of which is
associated with the strong influence of unfavorable
anthropogenic factors [1]. To date, many clinical
studies were carried out on this subject but the
results of studying the morphological features of
organs and systems under these conditions are few
[2]. The epiphysis is central to the endocrine and
immune systems, however, this relationship has not
been investigated enough and the information on its
morphological variability in ontogenesis requires
updating and classification in the setting of the accu-
mulation of a large amount of experimental and clin-
ical data. Along with that, the information concern-
ing qualitative and quantitative changes in the struc-
ture of the organ with changes in the immune system
state is virtually absent in the literature.

AIM OF THE RESEARCH

To study of structural transformations of the
epiphysis during immunostimulation.

MATERIALS AND METHODS

The experiment was carried out in autumn-win-
ter period on 60 mature male rats of the reproduc-
tive period weighing 240—-280 g, obtained from the
vivarium of the St. Luka Lugansk State Medical Uni-
versity. The experimental group included 30 ani-
mals (6 for each follow-up period), the control group
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PEenpoAyKTUBHOIO IEPHOZA Maccod 240-280 T,
noyiyaeHHbIX u3 BuBapusa 'Y JIHP «Jlyranckuit
roCyJapCTBEHHBIM MeJUIIMHCKUN YHUBEPCUTET
uM. Caarurtensa Jlyku». OIKclepuMeHTaJIbHAs
TpyIIa BKJI0Yaaa 30 )KUBOTHBIX (110 6 Ha KaXKIBIH
CPOK HAOJII0ZIeHN ), aHAJIOTUYHO ObLI1a cHOpMUpO-
BaHAa KOHTDPOJIbHASA Tpymnna u3 30 Kpbic. IMMyHO-
AKTUBHOE COCTOSTHUE MOJIETUPOBAJIH IIyTEM BBeJIe-
HUSA UMyHO(MaHA BHYTPUMBIIIEUHO MATUKPATHO B
Jlo3e 0.7 MKI/Kr mMaccel Tena [1]. KuUBOTHBIE
TPYIIIBI KOHTPOJIA TosIydaiu 0.9% pactBop NaCl B
SKBUBAJIEHTHOM 00'beMe IO TOU ke cxeMe. JKuBoT-
HBIX BBIBOJWJIN U3 HKCIIEPHUMEHTA IyTEM JeKallu-
taruu noxa 3GUPHBIM HAPKO30M Ha 1, 7, 15, 30 U
60-e CyTKH HaOJIIOIEHUs B OJHO U TO K€ BpeMs
CcyTOK. 3abop opraHa OCYLIECTBJISAJICA C YIETOM
nosoxkeHuit TupextuBbl 2010/63/EU EBpormeii-
ckoro Ilapnamenta u CoBera Espomneiickoro
Cor3a, a Takke TpeOOBAaHUH M pPEKOMEHAIUH
«PyKOBO/ICTBA IO CO/IEPKAHUIO U UCIOJIb30BAHUIO
J1ab0PaTOPHBIX KUBOTHBIX» [3—5]. ¥ KpbIC U3BIIE-
KaJ 3nudU3 ¢ MOCIenyolel ero Gukcanuei B
10% pacTBOpe HEUTpaJbHOro (popMaavHa U TOJ-
Bepraju CTaHJapTHONH THUCTOJIOTUYECKON Ipo-
Bogke. Cpes3pl TOJIMIMHON 5—7 MKM OKpaIIWBaH
reMaTOKCUJIMHOM U DO3UHOM.

AGBCOJIOTHYIO MacCy OpraHa U3MepsUId C ITOMO-
B0 aHAJTUTHYECKUX BecoB BJIA-200, OTHOCUTE -
HYI0 — PAacCYUTBHIBAJIN IIyTEM OTHOIIEHUS yKa3aH-
HOTO TapaMeTpa K Macce Tesa KUBOTHOTO. O0beM
snudu3a OIpeiessiId METOI0M BBITECHEHUS BO/IBI B
rpalyipOBAaHHOM HMJIHHApPE. JIMHEHHbIe pa3Mephl
opraHa M3MepsUTH C IOMOIIBI0 aBTOMATH3UPOBAH-
HOro MopdomeTpuyeckoro komiviekca. Ha mopgo-
METPUUYECKOM YPOBHE H3YyUJINCh OOJIBIINNA U MEHB-
NN AuaMeTpbl, 00'beM KJIETKHU U AIPa, KOJIMIECTBO
CBETJIBIX ¥ TEMHBIX ITTHEAJIOIIUTOB C TOMOIIBIO aBTO-
MaTU3UPOBAHHOTO KOMILJIEKCA, BKJIFOUABIIIETO MUK-
pockonr Olympus CX41 ¢ doroaganrepoM (GUPMBI
«Apcrek» (MockBa), ¢ BO3MOKHOCTBIO ITepeHOca
MOJIy4YeHHBIX [HUMPOBBIX H300paKEeHUH B TIPO-
rpammy «Kommac-3D» («Ackon», Caukt-Ilerep-
Oypr) JJ1s OCIIEAYIOIIX MOP(QOMETPUUECKIX U3Me-
PEeHHI C UCII0/Ib30BAHNEM KATMOPOBOUYHBIX (haKIOB.
KosraecTBO OTZETPHBIX KJIETOK PACCYUTHIBATIOCH HA
CTaHJIAPTHYIO €MHUIY IUIomaau (2025 MKM?) ¢
IIOMOIIIbI0 TOTO K€ TPOTPAMMHOTO OOecleueHus.
ITonyueHHbIe JaHHBIE 06PA0ATHIBATIUCH C UCIIOJIH30-
BanueM mnporpammbl STATISTICA v.6.0 (StatSoft
Inc., USA). IIpoBepka HOPMAaJIbHOCTUA Pacipeeie-
HUS JAHHBIX MTPOBOJMIIACH C IIOMOIIBIO KPUTEPHUS
corsacud [lManupo — Yuika. JlocTOBEepHOCTh pa3Jiu-
YUH MKy MOKA3aTessIMU OIpeAessiiach ¢ IOMO-
ipio Kputepues CroiofenTa u dumepa (p < 0.05).

(n = 30) was similarly formed. The immunoactive
state was modeled by intramuscular administering
imunofan fivefold at a dose of 0.7 ug/kg of body
weight [1]. Animals of the control group received
0.9% NaCl in an equivalent volume and the same
regimen. The animals were decapitated under ether
anesthesia on the 1st, 7th, 15th, 3oth, and 6oth day
of the experiment at the same time of a day. Organ
sampling was carried out taking into account the
provisions of Directive 2010/63/EU of the European
Parliament and of the European Union Council, as
well as the appropriate requirements and recom-
mendations of Guide for the Care and Use of Labora-
tory Animals [3—5]. The epiphysis was removed
from rats with its subsequent fixation in 10% neutral
formalin and standard histological processing. Sec-
tions of 5—7 um thick were stained with hematoxylin
and eosin.

The absolute weight of the organ was measured
using a VLA-200 analytical balance, the relative
weight was calculated using the ratio of the absolute
organ weight to the body weight of an animal. The
volume of the epiphysis was determined by the
method of water displacement in a graduated cylin-
der. The linear dimensions of the organ were mea-
sured using an automated morphometric tool. With
morphometric technique, we have analyzed the max-
imal and minimal diameters, the volume of a cell and
nucleus, light and dark pinealocyte count using a
hardware and software system that included an
Olympus CX41 microscope with a photo adapter
(Arstek, Moscow), with the possibility of transferring
the digital images obtained to Compass-3D software
(Ascon, St. Petersburg) for the subsequent morpho-
metric analysis using calibration files. The number of
individual cells was calculated per standard area unit
(2025 pm?) using the same software. The data
obtained were processed using STATISTICA v.6.0
software (StatSoft Inc., USA). Checking the normal-
ity of data distribution was carried out using the Sha-
piro-Wilk test. The significance of difference between
the variables was determined using the Student’s test
and Fisher’s test (p < 0.05).

RESULTS

The structural features of the epiphysis of mature
rats in the control group, including its organometric
parameters, were described in detail earlier [6].

On light microscopy the animals of the control
groups showed changes in the studied parameters
corresponding to the age characteristics of the organ
(Table 1). Data on the experimental group of animals
treated with imunofan are presented in Table 2.
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PE3YJ/IBTATDI

OcobeHHOCTH CTpOeHUs AT (H3a TOJIOBO3PETBIX
KPBIC KOHTPOJIBHOU I'PYIIIBI, B TOM YKCJIE €r0 Opra-
HOMETPHUYECKHUE IT0Ka3aTeH, ObUTH ITOAPOOHO O~
caHbI paHee [6].

Ha cBeToonTH4ecKoM ypOBHE y KMBOTHBIX KOH-
TPOJIBHBIX TPYII OTMEUYAINCh U3MEHEHUS] U3ydeH-
HBIX ITOKa3arejiel, COOTBETCTBYIOIINE BO3PACTHBIM
ocobeHHOCTSIM opraHa (TabJ. 1). /laHHBIE IO DKCIIe-
PUMEHTAJILHON TPYyIIle >KUBOTHBIX, ITOJIYYABIIUX
uMyHodaH, IPeICTaBIeHbI B Ta0J. 2.

JlocTOoBEpHBIE OTJIUYHS 110 CPABHEHUIO C JIaH-
HBIMU KOHTPOJIBHOU T'PYIIIBI HAOJIIOIAINCH HA 15,
30 U 60-e CyTKU HAOJIIONeHUs: TaK, OOJIBIIUN U
MEHBIIUH JHaMeTpPhl KJIETKH yBEJIUYMBAIMCh Ha
3.93, 8.24, 13.15 u 7.04, 9.37, 10.54 % COOTBET-
CTBEHHO, AHAJIOTUYHbIE H3MEHEHUS OTMEeuYasInCh
JUisi OOJIBIIIET0 W MEHBINEro AuaMerpa sAapa,
Kak ImoKazaresas (YHKIUOHAJIHHON AKTUBHOCTH

Significant differences in comparison with the
data of the control group were observed on the 15th,
3oth and 60th day of the experiment: for example,
the maximal and minimal diameter of cells increased
by 3.93, 8.24, 13.15 and 7.04, 9.37, 10.54%, respec-
tively; similar changes were noted for the maximal
and minimal diameter of a cell nucleus, as an indica-
tor of functional activity of cells, by 4.48, 7.23, 4.45
and 4.05, 7.66, 10.16%, respectively. The volumetric
parameters of cells and its nuclei increased by 19.13,
20.44, 38.31 and 13.11, 24.28, 33.18% compared to
parameters of the control groups of animals. At the
same time, on the 1st and 7th day, the parameters did
not differ significantly. After the administration of
imunofan, the light pinealocyte count at the same
time points decreased significantly by 15.79, 22.28,
39.01%.

The epiphysis of experimental animals through-
out the experiment retained typical morphological

Ta6/mua 1. OpraHoMeTpHyecKre ToKasaTe M ANUdHU3a U pe3ybTaTbl MOPHOMETPHUYECKOTr0 UCC/IeJ0OBAaHUA MMHEANOLUTOB
anudur3a KUBOTHBIX KOHTPOJIbHOU IPyIIbl B pa3/IMYHble CPOKHU HabogeHus (M + m)
Table 1. Organometric parameters of the epiphysis and the results of morphometric analysis of pinealocytes in control

animals at different time points of the experiment (M + m)

Iloka3aTe b 1-e cyTKH 7-e CyTKHU 15-e cyTKH 30-e cyTku 60-e cyTKH
Parameter 1st day 7th day 15th day 30th day 60th day
Opzanomempus (3nugus) / Organometry (epiphysis)

A6contoTHast Macca, Mr 4.70 £ 0.01 4.90+0.02 4.90 £ 0.03 4.80 £ 0.04 4.90 £ 0.02
Absolute weight, mg
OTHOCUTeJIbHAs Macca, Mr/r 0.018+0,03 0.020 £ 0.02 0.020 £0.02 0.021 £0.01 0.022 £0.01
Relative weight, mg/g
06beM, Mmm? 13853620.29 + 16067264.34+ 16713899.62+ 18620653.52+ 19589636.05 *
Volume, mm? 203829.65 489922.35 357655.22 188354.65 253969.22
Bosbinii fuaMeTp, MKM 348.06 +3.11 341.04+4.57 339.07+3.54 347.05+586 342.05+6.88
Maximal diameter, pm
MeHbLIMHI AaMeTp, MKM 254.10+3.53 261.10+3.54 264.08+3.67 264.28+4.37 264.10+8.64
Minimal diameter, pm

Mopgomempus (nuneasroyumst) / Morphometry (pinealocytes)
JloJ1s1 CBETJIBIX TUHEAJTOIUTOB, % 14.61+£0.73 13.79 £ 0.61 17.81+0.34 13.16 + 0.45 11.85 + 0.64
Proportion of light pinealocytes, %
Jlo/1s1 TeMHBIX TMHEea 0L UTOB, % 85.39+0.87 86.21+0.43 82.19 + 0.46 86.84 + 0.68 88.15+1.08
Proportion of dark pinealocytes, %
Bosibinit juaMeTp KJAeTKU, MKM 2212 +0.61 21.89+0.52 28.13+0.14 30.33x0.29 3146 +£0.14
Maximal diameter of cell, pm
MeHbIIN# JUaMeTp KIeTKH, MKM 20.37 +0.28 19.48 + 0.27 22.67 £ 0.44 23.81+£0.37 26.08 + 0.49
Minimal diameter of cell, um
06beM KJIeTKH, MM? 5218.67 + 4887.41 7569.57 + 9003.05 * 11203.98 +
Volume of cell, mm3 237.52 228.23 257.22 229.57 27493
Bosibiinit fuaMeTp siipa, MKM 9.47 £ 0.08 9.67 £ 0.08 9.72 £0.11 9.94 +0.16 10.16 £ 0.15
Maximal diameter of cell nucleus, um
MeHbLINH AUAMETP SA/Ipa, MKM 7.58 £ 0.08 7.72 £ 0.04 7.74 £ 0.03 8.03 +0.05 8.12+0.14
Minimal diameter of cell nucleus, um
06bem sapa, Mm® 284.90+4.22 301.76 +2.87 304.89+1.49 335.60+0.77 350.76+0.38

Volume of cell nucleus, mm?3
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Ta6smmua 2. OpraHoMeTpUUYecKre oKa3aTe Iy 3N1UpHU3a U pe3ybTaTbl MOPHOMETPHUIECKOTI0 UCCIeJ0BAaHUS TMHEAN0OLUTOB
anr$u3a }KUBOTHBIX IKCIIEPUMEHTATbHOM IPYNIbI B pa3/IMYHble CPOKU Hab1oeHus (M = m)
Table 2. Organometric parameters of the epiphysis and the results of morphometric analysis of pinealocytes in experimental

animals at different time points of the experiment (M *+ m)

Iloka3aTesb 1-e cyTkH 7-e cyTKu 15-e cyTKH 30-e cyTku 60-e cyTKu

Parameter 1st day 7th day 15th day 30th day 60th day
Opzanomempus (3nugpus) / Organometry (epiphysis)

A6contoTHast Macca, MT 2.8+0.05 2.76 £0.12 3.05+0.01* 3.14+0.01* 3.12+0.01*

Absolute weight, mg

OTHocUTe/IbHAas Macca, Mr/T 0.018 + 0.0006

Relative weight, mg/g

0.031 +0.0008

0.031+0.0001* 0.035+0.0001* 0.034 +0.0009*

06beM, MM® 13988623.96 + 17573614.52+ 21247077.78+ 24334906.58+ 26148399.26 +
Volume, mm? 270709.44 512187.11 368576.09* 173413.19* 244243.28*
Bosbmuit juamMmeTp, MKM 318.86 + 3.66 351.97 £5.26 374.78 £+ 6.26% 391.11 +1.95* 397.21 +0.75%*
Maximal diameter, um

MeHnbInii fuaMeTp, MKM 289.43+241  308.63+2.42  329.06+£1.72* 344.73 +1.66* 354.56 +1.59*

Minimal diameter, um

Mopgomempus (nuneanoyumvt) / Morphometry (pinealocytes)

JloJ1s1 CBETJIBIX NUHEANoIUTOB, % 15.65 + 0.28 1491+ 0.5 15 + 0.34* 10.23 + 0.44* 7.23+0.19*
Proportion of light pinealocytes, %

JloJisi TEMHBIX TUHEAJNOIUTOB, % 84.35+0.28 85.09+0.5 85.00 + 0.34* 89.77 + 0.44* 92.77 + 0.19*
Proportion of dark pinealocytes, %

Bosibinit juaMeTp KJAeTKU, MKM 20.05 £ 0.54 19.77 £ 0.57 29.24 + 0.32* 32.83+0.51* 35.6 £ 0.4*
Maximal diameter of cell, um

Menbiuui JuameTp KieTkd, Mkm  23.08 + 0.29 22.22 +0.62 24.27 £ 0.31* 26.04 £ 0.21* 28.83 + 0.34*
Minimal diameter of cell, um

006beM KJIETKH, MM? 5600.8 + 244.46 5111.76 + 9018 +227.06* 11653.54 + 15495.08 +
Volume of cell, mm3 246.68 174.71* 347.89*
Bosibiinii uaMmeTp si/ipa, MKM 9.63 £ 0.06 9.88 £ 0.06 10.16 £ 0.01* 10.66 + 0.01* 11.15+0.01*
Maximal diameter of cell nucleus, pm

MeHbIIM# fuaMeTp A/ipa, MKM 7.64 +0.03 7.65 +0.02 8.05+0.01* 8.65+0.01* 8.95+0.01*
Minimal diameter of cell mucleus, pum

061beM saapa, Mmm3 294.46 +4.51  302.38+2.18  344.86 +1.28* 417.08+0.75* 467.13+0.7*

Volume of cell nucleus, mm?3

* CTaTUCTUYECKHU 3HAYMMOE OTVIMYHE OT 3HaYeHUH KOHTPOJIbHOU rpynmsl (p < 0.05).
Statistically significant difference from the values of the control group (p < 0.05).

KJIETKH, — Ha 4.48, 7.23, 4.45 U 4.05, 7.66, 10.16 %
cootBeTcTBeHHO. OO'bEMHBIE ITAPAMETPHI KJIIETKU U
ee fA/pa BO3POCJIHM Ha 19.13, 29.44, 38.31 u 13.11,
24.28, 33.18 % OTHOCHUTEJLHO JAaHHBIX KOHTPOJIb-
HBIX T'PYIII KUBOTHBIX, B TO K€ BpeMs Ha 1 U 7-€
CYTKHU ITapaMeTPhI CTATUCTUYECKH 3HAUYNMO HE pas3-
auvanuck. [locae npumenenusa uMmyHodaHa KOJIU-
YEeCTBO CBETJIBIX ITUHEAJIONUTOB B YIOMSHYTbIE
paHee CPOKH JOCTOBEDHO CHUBWJIOCH HaA 15.79,
22.28, 39.01 %.

Amudus JKUBOTHBIX SKCIIEPUMEHTATHBHON
TPYIIIbI HA MPOTSI’KEHUM BCETO CPOKA HAOJIOZEHUS
COXpaHAJ THUIHUYHBIE MOpP(QOJIOTHYEeCKHe YepThl:
JIOJIbYATOCTh, CIEKTP OCHOBHBIX KJIETOUHBIX ITOILY-
aAanuid. B To ke BpemMs NMpPU UMMYHOCTUMYJIAITUU
HA0JTIOAATNCh U3MEHEHUsI €T0 OPTaHOMETPUUECKIX
ImapaMeTpoB.

features: lobulation, the spectrum of the main cell
populations. At the same time, changes in its organo-
metric parameters were observed during immunos-
timulation.

During morphometric analysis changes in the
studied parameters were also observed after the
administration of imunofan (Fig. 1).

DISCUSSION

In the literature, there are data on changes in the
structure of the epiphysis caused by exogenous and
endogenous influences. Some authors identify a num-
ber of factors that cause immunosuppression: patho-
gens, chronic stress, feeding disorders, genetic back-
ground, etc. [7]. Thus, pinealectomy leads to an
impairment of immunogenesis and a change in the
tissue architectonics of white pulp of the spleen, as
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Puc. 1. Yuactok snudusa KpbIChl Ha 15-€ CYyTKU HaOJIIOEeHUs: A — KOHTPOJIbHAS IPyIIa; B — sKcliepuMeHTa IbHAs Py
(1 — TEeMHBIN TUHEAIONUT; 2 — S/[PO TEMHOTO [THHEAJIONUTA; 3 — CBETJIBII IUHEAIOUT; 4 — SAPO CBETJIOTO THHEAIOI[UTA;
5 — MO3roBoii 1ecok). OKpacka: reMaTOKCHJINH-3031H. YBeJIHUeHre x40
Fig. 1. The site of the rat epiphysis on the 15th day of the experiment: A — control group; B — experimental group
(1 — dark pinealocyte; 2 — dark pinealocyte nucleus; 3 — light pinealocyte; 4 — light pinealocyte nucleus; 5 — acervulus).
Hematoxylin-eosin staining. Magnification x40

Ha mopdomeTrpuueckoM ypoBHe Takxke HabJIIO-
JATNCh M3MEHEHHsT U3YUYeHHBIX [T0Ka3aTesel mociie
puMeHeHUs nuMmyHodana (puc. 1).

OBCYKIEHME

B suTepaType BCTpeualoTcsa AaHHbIE 00 U3MeHe-
HUSX CTPOEHU SN U3a B pe3yJIbTaTe 9K30- U DHJI0-
TEeHHBIX BO3JIEUCTBHUUA. HeKoTOpble aBTOPHI BhIZE-
JISIOT PAJL GAKTOPOB, BBI3BIBAIOIINX HUMMYHOCYTIPEC-
CHIO: TATOTEHbI, XPOHUYECKUH CTpecC, HapyIIeHHUs
KOPMJIEHU S, TeHETHYECKHE acIeKThl U T.J. [7]. Tax,
SMUMU3IKTOMUSA TPUBOJUT K HAPYIIIEHUIO HMMYHO-
reHe3a W U3MEHEHUIO TMCTOAPXUTEKTOHUKU OesloH
IyJIBIIBI CEJIE3EHKH, a TAKJKe IOBBIIIEHUIO YHCIA
C-KJIETOK IMUTOBUAHON 3Kese3bl. [lenTuHble mpe-
rmapaThl SUdU3a SITUTATAMUH U STIUTAJIOH B DKCIIEe-
pUMEHTEe  BOCCTAaHABJIMBAJIN  THCTOJIOTHUYECKYIO
CTPYKTYPY CeJIE3EHKU MMOcIe SMU(PU3IKTOMUHU U CII0-
COOCTBOBAJIM HOPMAJIU3alNU €€ UMMYHHOH (bYHK-
nuu. [Ipu sToMm B ocHOBe 3ddekTa smuUTaIoHa
JIeKaJI0 U3MEHEHHE MUTOTUYECKOH aKTHBHOCTH
UMGOIUTOB GeJTON MyJIBIIBI, TOT/Ia KaK IO, JIeh-
CTBHEM SIIUTaJIAMUHA BCE UCCIIEAyEMbIE [TOKAa3aTeIN
HMMYyHOT€HE3a BOCCTAHABJIUBAJIUCH JI0 KOHTPOJIb-
HOTO YPOBHS 3a CUEeT BJIUSHHA Kak Ha mposmdepa-
THBHYIO aKTUBHOCTD JINMQOIUTOB, TAK U HA WHTEH-
cuBHOCTD anorrro3a [8]. B.II. Bosikos (2014), B m1oz-
TBEP)KJEHUE JJAaHHbIX 00 HW3MEHEHHSIX CTPOEHUS
snudu3a B pe3yJIbTaTe 3K30- U SHJIOTEHHBIX BO3/IEH-
CTBUH, TIOKa3aj, 4TO0 MOp(oMeTpus, KOTOpas IMpH-
MeHsIeTCsl Ha Pa3HbBIX CTPYKTYPHBIX YPOBHSIX MOPGhO-
JIOTUYECKOW OpraHu3alud OpraHu3Ma, OTBEYaeT

well as an increase in the C-cell count of the thyroid
gland. The peptide preparations, epithalamin and
epithalon in the experiment recovered the histologi-
cal structure of the spleen following pinealectomy
and contributed to the normalization of its immune
function. At the same time, the effect of epithalon was
based on a change in the mitotic activity of lympho-
cytes of the white pulp, while under epithalamin, all
the studied parameters of immunogenesis were
restored to the control level due to the influence both
on the proliferative activity of lymphocytes and on the
intensity of apoptosis [8]. Volkov (2014), in confirma-
tion of data on changes in the structure of the epiphy-
sis as a result of exogenous and endogenous influ-
ences, showed that morphometry which is used at
different levels of structural organization of the body,
meets the requirements of modern evidence-based
medicine and allows to objectify the results obtained,
great importance is also attached to the ratio and total
count of both light and dark pineal cells, the latter
being considered as the most functionally active cel-
lular elements [9]. With regard to the immune func-
tion, it was found that in adult and old mice, under
the action of the epiphysis peptide drug, T and B cell
immunity is activated, the titer of thymic serum fac-
tor, the titer of thymosin components, as well as the
colony-stimulating activity of splenocytes in pinealec-
tomized rats increase in the serum [10].

CONCLUSION

The study allows us to draw the following conclu-
sions:
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TpeOOBAaHUAM COBPEMEHHOH J0Ka3aTeJIbHONH MeIu-
[IFHBI ¥ TO3BOJISIET 0ObEKTUBU3UPOBATH IOJTyUEH-
HbIE PE3YJIbTAThI, TAKIKE IIPHUIAETCs O0JIBIIIOE 3HAYE-
HHE COOTHOIIIEHUIO U OOIIEeMY KOJIMYECTBY U CBET-
JIBIX U TEMHBIX ITUHEAJIbHBIX KJIETOK, IIPUYEM BTO-
pble paccMaTpUBAIOTCsA Kak Haubosiee (YHKIIHO-
HAJIbHO AaKTHBHBIE KJIETOYHBIE 3JEeMEHTHI [9].
B oTHomeHMN MMMYHHOU (DYHKIIUU yCTAHOBJIEHO,
YTO y B3POCJIBIX U CTAPBIX MBIIIEH MO/ AeHCTBHEM
MENTHHOTO MpenapaTa snudusa crumyaupyercs T-
U B-KJIETOUHBII UMMYHHUTET, B CHIBOPOTKE PACTET
TUTP THUMHYECKOTO CHIBOPOTOYHOTO (HaKTOpa, TUTP
TUMO3HHOBBIX KOMIIOHEHTOB, a TAK:KE KOJIOHUECTH-
MYJIUPYIOIAsi aKTHBHOCTH CIUIEHOIIUTOB y ITHHEa-
JI9KTOMHUPOBAHHBIX KPBbIC [10].

3AK/IOYEHUE

[TpoBezieHHOE HCCIIEIOBAHIE [TO3BOJISIET C/IEJIATh
CJIEYIOIIHE BBIBOIBL:

1. [TosryueHHBIE PE3YJIBTATHI CBUAETEIHCTBYIOT 00
aKTUBHOU PEAKI[UHU CO CTOPOHBI U(U3A KPHIC 3pe-
JIOTO BO3pacTa B OTBeT Ha HMMMYHOCTHMYJIAIHIO,
BBI3BAHHYIO IpUMeHEHNeM UMyHOMbaHa.

2. BBe/ieHuE TIpenapara BbhI3bIBAJIO CTATUCTUIECKH
3HAYMMOE YBeJIMUEHHE OPraHOMETPUYECKHX ITapame-
TpOB snHduU3a Ha 15, 30 U 60-e CyTKU HaOJIIO/IEHNH,
TOT/Ia KaK HA pAHHUX CPOKax (1 ¥ 7-€ CyTKH) JIOCTOBEP-
HBIX OTJIMYHMH OT JAHHBIX KOHTPOJIBHOM TPYIIIIBI yCTa-
HOBJIEHO He ObLIO, YTO MOXKHO OOBSCHUTH (papMaKo-
MUHAMUYECKIMU 0COOEHHOCTSIMU IIpenapaTa.

3. JlauHble MOP(OMETPUUECKOTO HCCIIEAOBAHUA
[TOKa3aJIl O HOHAIIPABJIEHHYIO PEaKINI0 smudusa
Ha KJIETOYHOM U OPraHHOM YPOBHE B II€JIOM, YTO
II03BOJISIET TOBOPHUTH O €r0 KOMILJIEKCHOM OTBETE Ha
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1. The results obtained indicate an active reaction
from the epiphysis of mature rats in response to
immunostimulation caused by the use of imunofan.

2. The drug administration caused a statistically
significant increase in the organometric parameters
of the epiphysis on the 15th, 30th and 60th day of the
experiment, while in the early periods (1st and 7th
days) there were no significant differences from the
data of the control group which can be explained by
the pharmacodynamic features of the drug.

3. The data of the morphometric study showed
the unidirectional reaction of the epiphysis at the cel-
lular and organ levels as a whole, which allows us to
speak of its comprehensive response in the setting of
the immune system activation which apparently
causes the proliferation of pinealocytes and a change
in their functional activity.

4. The results obtained are of interest in terms of
further study of the epiphysis structure under immu-
nosuppression.

Conflict of interest. The authors declare no
conflict of interest.

¢ oHe aKTUBU3AINY UMMYHHOU CUCTEMBI, BHI3BIBAIO-
e, mo-BUAMMOMY, IpOJudepanuo MUHEeATO -
TOB U U3MEHEHHE UX (PYHKIIMOHATbHOU aKTUBHOCTH.

4. TlosydyeHHBIE PE3YJBTATHl IPEJCTABIISIOT
WHTEepEC B IJIaHE JTAJIbHENIIIETO U3yUEHU CTPOEHUS
snudu3sa B yCIOBUAX UMMYHOCYITPECCUH.

KoH@IUKT HHTEPECOB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUU KOH(DJINKTA UHTEPECOB.
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Muxkpocare/L/INTHasA HECTA0OM/IBbHOCTh U THIEPILIACTUYECKHE
MPOIECCHI CINBUCTON 000JI0OUKU MATKH

E.JI. Kazaukos, A.B. 3atBopHuiikas, 3.A. Kazaukosa, E.E. Bopormaesa

@I'BOY BO «FOcHo-Ypaavekuil 2ocydapecmeeHHblil MeouyuHcKull yHusepcumemys, Yeasburck, Poccus

AHHOTAITUA

BBengeHnwue. MukpocareJuTNTHas HECTAOWJIBHOCTh HCTOPUYECKH TECHO CBS3aHA C PAa3BUTHUEM OHKOJIOTHYECKHX
mporieccoB. MIHTepec BBI3bIBAET PAHHAA JUAlHOCTUKA MUKPOCATEJUTUTHON HEeCTaOMIBHOCTH KaK IIPEJOIyX0JIeBOT0 Map-
Kepa, B TOM YHCJIe U B cIydae TUIlepIUIa3uu sH10MeTpusd (I'9), mpusHaHHOH IpeIoNyX0sIeBbIM NporieccoM. VnenTuduka-
U MYTAITMOHHOTO PO, XapaKTEPHOTO /IS 37I0KAUEeCTBEHHBIX OIYXOJIeH, IPpH J06poKauecTBeHHOM 3a60JI€eBaHUH
II03BOJISIET COBEPIIIEHCTBOBATDH IIPOIHOCTUYECKUE MOJIENIA U TEPATIEBTUYECKYIO TAKTUKY.

IT e 1 b . OmnpefneneHre KINHUKO-aHAMHECTUUECKUX 0COOEHHOCTEH MAIUEeHTOK ¢ I'D ¥ SH0OMETPUOU/THOH a/IeHOKapITH-
HOMOH B CDAaBHUTEJILHOM acCIIeKTe, & TAKIKe CTPYKTYPHBIX 0COOEHHOCTEN MUKPOCATEIUTHON HECTAOUIIBHOCTH B BHJIOME-
TPUH Y TAIUEHTOK C JJAHHOH MaTOJIOTUEH.

MaTepuanb ¥ MeTOJBl . BuccaenoBaHuy IPUHAIU y9acTHe 120 KeHIIUH, KOTOpble OBLIN pacipese-
JIEHBI B 4 rpymnnsl: I rpynna — nanueHTky ¢ I'D 6e3 atunuu (n = 30); II rpynna — nanueHTky ¢ aTunndeckoi I'D (n = 30);
III rpynma — marueHTKU ¢ SHAOMETPUOUIHON aZleHOKapiuHOMO#H (n = 30); IV rpymnma — coMaTHYeCKU U THHEKOJIOTHYe-
CKU 3710POBBIE *KeHIIUHBI (n = 30). [IpoBoAMIIN cCpaBHUTEIFHOE MOPGOIOTHYECKOE UCCIIe0BAHNE 0OPA3I[0B SH/IOMETPUS
U OLEHUBAJIN YPOBHU KcIpeccuu Komiuiekca 6ekoB MLH-1, MSH-2, MSH-6 u PMS-2.

Pes3ynbTarbl . BolaBieHO, YTO OOJBITHHCTBO MAMEHTOK ¢ I'D 6e3 aTunuu, aTunndeckoi I'D, 3HI0MeTPUOUTHOMN
aZleHOKapLIMHOMOM NpebsBIIAIOT 5kaI00bl HA aHOMAaJIbHBIE MAaTOYHbIE KDOBOTEUEHHUsI; COMAaTUUeCKUN aHaMHe3 IallieH-
TOK JIAHHBIX TPYIII OTJINYAETCS IPUCYTCTBUEM 3a00JI€BaHUI CEPAEUHO-COCYAUCTON U SHTOKPUHHOM CUCTEM, A JIJIsI THHE-
KOJIOTHYECKOTO aHAMHe3a XapaKTepHO HaJIU4re MHOMBI MaTKH, I00POKAUYECTBEHHbBIX 3a00IeBAHII MOJIOUHBIX KEJIe3 U
BOCITJINTETHHBIX 3200JI€BAHUI OPTaHOB MAJIOTO Ta3a. 3apETUCTPUPOBAHO CHIKEHHUE YPOBH:A sKcnpeccun MLH-1, PMS-2,
MSH-2 u MSH-6 B GuonTarax 3HOMETPHUS KeHIIUH ¢ ['D.

3aknwueHnue. CHmkeHue ypoBHs skcrpeccuun MLH-1, PMS-2, MSH-2 u MSH-6 B GuonTarax SHOMETPUS,
BEPOSATHO, MOKHO pPacCMaTPUBATh B KaueCTBe IIPeJUKTOPA IIPeOIyX0eBol TpaHchopMaIuy, 4To TpebyeT AalbHeNIIero
U3YUEHS C 11eJIbI0 pa3paboTKU MPOrpaMMbl OIIEHKH PHUCKA MAJTUTHU3AIAN.

Kaoueswvte c1068a: MUKpOCATeJUIUTAHAS HECTAOWILHOCTD, THITEPILIA3HS SHAOMETPHS, SHIOMETPUOU/THAS a/IEHOKAPIIMHOMA.

Oo0pasen nurtupoBaHusa: Kazaukos E.JI., BatBopauiikas A.B., Kazaukosa 9.A., Boponaesa E.E. MukpocareJi-
JINTHASI HECTAOWILHOCTD U TUTIIEPIIACTHYECKUE TIPOIIECCHI CITU3UCTOH 06010uku MaTku // Journal of Siberian Medical
Sciences. 2023;7(2):62-76. DOI: 10.31549/2542-1174-2023-7-2-62-76

Microsatellite instability and hyperplastic processes of the uterine
mucosa

E.L. Kazachkov, A.V. Zatvornitskaya, E.A. Kazachkova, E.E. Voropaeva
South Ural State Medical University, Chelyabinsk, Russia
ABSTRACT

Introduction. Microsatellite instability is historically closely associated with the development of oncological
processes. Early diagnosis of microsatellite instability as a marker for premalignancy, including in the case of endometrial
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hyperplasia (EH), which is recognized as a premalignancy lesion, is of interest. Identification of the mutational profile
characteristic of malignant tumors in benign disease makes it possible to improve prognostic models and therapeutic tac-
tics.

A i m . Determination of clinical and anamnestic features of patients with EH and endometrioid adenocarcinoma in a
comparative aspect, as well as structural features of microsatellite instability in the endometrium in patients with this
pathology.

Materials and methods. Thestudyinvolved 120 women who were divided into 4 groups: group I — EH
patients without atypia (n = 30); group II — patients with atypical EH (n = 30); group III — patients with endometrioid
adenocarcinoma (n = 30); group IV — healthy women without somatic and gynecological pathology (n = 30). A comparative
morphological study of endometrial samples was performed and levels of MLH-1, MSH-2, MSH-6 and PMS-2 expression
were assessed.

Results. Itwasrevealed that most EH patients without atypia, patients with atypical EH, endometrioid adenocarci-
noma complained of abnormal uterine bleeding; the history of patients of these groups is characterized by the presence of
cardiovascular and endocrine diseases, and the gynecological history is characterized by the presence of uterine fibroids,
benign breast diseases and pelvic inflammatory diseases. There was found a decrease in the MLH-1, PMS-2, MSH-2 and
MSH-6 expression in endometrial biopsies of women with EH.

Conclusion. Decreasedexpression of MLH-1, PMS-2, MSH-2 and MSH-6 in endometrial biopsies can probably
be considered as a predictor of premalignant transformation, which requires further study in order to develop a program
of malignancy risk assessment.

Keywords: microsatellite instability, endometrial hyperplasia, endometrioid adenocarcinoma.
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BBEJAEHUE

CorslacHO akTyaJbHOMY CTAaTHCTUYECKOMY aHa-
3y 3a60J1€BaEMOCTH HacesieHusl Poccun 310Kave-
CTBEHHBIMHU HOBOOOPA30BaHUSAMHU U CMEPTHOCTH OT
HHX B 2020 TI., 3JIOKAaYeCTBEHHbIe 3a00JIeBaHUsI
SHJIOMETPUS B CTPYKTYpPE OHKOIATOJIOTHH Y >KEH-
CKOTO HaceJeHUsI 3aHUMAIOT TpeThbe MecTo (8 %),
ycTynasi JIMAUPYIONINE TO3UIUKA PaKy MOJIOYHOU
JkeJessl (21.7 %) U 3JI0KaYeCTBEHHBIM HOBOOOPa30-
BaHUAM KOXH (12.5 %), UTO OOBSCHSIET aKTyaslb-
HOCTH MPOOIEMBI OHKOITPODUIAKTAKN paKa CIIU3U-
CTOI 000JIOUKU MAaTKH [1].

1o 3 % reHoMa ueJyIOBEKa COCTaBJISAET MHUKpOCa-
tesuuTHasg JJHK — ydJacTku moBTOPAIOMIUXCA ZPYT
3a IPyTOM OJTUHAKOBBIX OJIUTOHYKJIEOTHTHBIX MOTH-
BOB, WU TaH/IEMHBIX IOBTOPOB. MyTammu MUKpOca-
tesutuTHOHN JIHK uyaiiie Bcero ObIBAIOT BRIPAKEHBI B
W3MEHEHUU KOJIMYECTBA IIOBTOPOB, YTO HOCHUT
Ha3BaHUWE MUKPOCATEJUINTHOW HEeCTaOWIbHOCTH
(microsatellite instability, MSI).

[Mpuumna MSI 3akimouaercs B GyHKITMOHATIBHOU
HEJIOCTATOYHOCTH CHCTEMBI pelapaiiu HecliapeH-
HBIX HYKJIeoTHA0B (mismatch repair, MMR) — kom-
mwiekca 6enxos (MLH-1, PMS-2, MSH-2, MSH-6),
HaIIpaBJIEHHOTO Ha y3HABaHHWE U BOCCTAHOBJIEHHE
KOPOTKHX (parMeHTOB HEKOMILJIEMEHTapHOCTH
JTHK. JIro60#1 u3 4yeThIpeX BO3MOXKHBIX BapPHUAHTOB
OTCYTCTBHS HKCIIPECCUH JAHHBIX T€HOB CBHU/IETEh-

INTRODUCTION

According to the up-to-date statistical analysis of
the cancer morbidity and mortality of the Russian
population in 2020, malignant diseases of the endo-
metrium in the structure of female oncopathology
occupy the third place (8%), yielding leading positions
to breast cancer (21.7%) and malignant neoplasms of
the skin (12.5%), which explains the urgency of the
problem of uterine cancer prevention [1].

Up to 3% of the human genome comprises micro-
satellite DNA — the sites of identical oligonucleotide
motifs repeating one after another, or tandem
repeats. Microsatellite DNA mutations are most
often expressed in a change in the number of repeats,
which is called microsatellite instability (MSI).

The reason for MSI is the functional insufficiency
of the mismatch repair (MMR) system, a complex of
proteins (MLH-1, PMS-2, MSH-2, MSH-6) aimed at
recognizing and repairing short DNA mismatch frag-
ments. Any of the four possible variants of the lack of
expression of these genes indicates a deficiency of
the MMR system, and therefore allows us to talk
about the MSI presence [2, 3].

Since its discovery, the understanding of MSI has
been closely related to tumor transformation [4].
MSI are changes in microsatellite sequences of tumor
cells accompanied by deletions or insertions of one
or more repeats [2—4].
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ctByeT o iedunute cucrembl MMR, a 3HaUUT, 103BO-
JIsSIeT TOBOPUTH 0 Hammuun MSI [2, 3].

C MoMeHTa OTKpbITUA NoHHMaHue MSI okasa-
JIOCh TECHO CBA3AHHBIM C OITyX0JIeBOH TpaHcdopMma-
nuen [4]. MSI — usMeHeHHUsI B MUKPOCATEITTUTHBIX
[10CJIeI0BATEILHOCTAX KJIETOK OILyXOJIel, COIPOBO-
JKIaonyecs JeeusaMy WiId WHCEPIIUAMU OTHOTO
WJIN HECKOJIBKUX IIOBTOPOB [2—4].

Yacrora MSI cymecTBeHHO pa3indyaeTcsa B 3aBU-
CUMOCTU OT BH/A OIYXOJIU M CTaANHN: Hambosee
yacto MSI o6Hapy:KUBaeTcsi IPU SHIOMETPHUOU/I-
HOM pakKe TeJjia MaTKu [5], pake xkesyaka [6—8], ToJ-
CTOM KHUIIKK [9—11], IMHUTOBUIHOM »Keye3bl [12],
MOJIOYHOM 2eJjie3snl [13].

B cBasu ¢ Tem, yto MSI ucropruuecku TeCHO CBA-
3aHa C pa3BUTHEM OHKOJIOTUUECKUX IIPOIECCOB,
HECOMHEHHBI WHTEPEC IIO-TIPEKHEMY BBI3BIBAET
paHHsAsA auarHoctuka MSI kak IpemomnmyxoJieBOTo
Mapkepa, B TOM YNCJIe U B CJydyae TUIEPILIa3Uu
supoMetpus (I'9), TPU3HAHHOU IIPEIOIYXOJIEBBIM
mpoiieccoMm [14, 15].

Unentudukanys  MyTallMOHHOTO  Hpodusd,
XapaKTEPHOTO JJIs 3JI0KAYECTBEHHBIX OIIyXOJeH,
pu 100pOKAvYeCTBEHHOM 3a00JI€BAHUH II03BOJISIET
COBEPIIEHCTBOBATh IPOTHOCTHYECKHE MOJEIN U
TepareBTUYECKYIO TAKTHKY [16].

ITEJIb UCCJIEJIOBAHUSA

OnpenenuTh KJIWHUKO-aHAMHECTHYECKHE OCO-
OEHHOCTH TMAaIUEHTOK ¢ I'D W 3HAOMETPUOUIHOMN
aZLeHOKapHHHOMOﬁ B CpaBHUTE/JIBHOM AacCIEKTe, a
TaKKe CTPYKTYPHbIE OCOOEHHOCTH MHKPOCATEJLJIAT-
HOH HeCcTaOWIHHOCTHU B DH/IOMETPHUU y MAI[UEHTOK C
JAHHOI MaTOJIOTHEH.

MATEPUAJIBI 1 METO/bI

HcenenoBanue TpoBOIMIIN Ha Oa3e THHEKOJIOTH-
yeckoro otaenenus I'BY3 «O6sacTHOM mepuHa-
TaIbHBIN IIeHTp» (YensbuHck), Ha kKadeape maToio-
TUYECKOU AaHATOMHUM U CyAeOHOM MemuIUHBI
®I'bOY BO «IOxkHO-YpanbCKUl TocyapCTBEHHBIN
MeIUITUHCKUN yHuBepcuTeT» (YensabuHCck) U ee
KJIMHU4Yeckon 0ase — I'BY3 «Yensabunckoe obact-
HOe TaToJoroaHaToMuyeckoe Oopo». B I rpymmy
BOIILTH 30 MAITUEHTOK, Y KOTOPBIX P T'UCTOJIOTHYEe-
CKOM H3y4eHUHM OUOITATOB CIUBUCTONU OOOJIOYKH
MaTKH BbIABIeHa ['D 6e3 atumnuw; II rpynmy cocra-
BIWIN 30 KeHIIWH ¢ atunudeckou I'9; III rpymmy —
30 JKEeHIIUH C YHJOMETPHUOUIHON aJIEeHOKAPIIMHO-
Motii; IV rpymmy — 30 cOMaTHYECKH ¥ THHEKOJIOTHYe-
CKH 3JIOPOBBIX JKEHIUH, OOPATHBIIUXCSA C IIEJIHIO
IUIAHUPOBAaHUS OEepeMEHHOCTH, THCTOJIOTHYECKOE
uccaezioBaHre 00pasioB 3HAOMETPHUS KOTOPBIX
BBISIBUJIO HOPMAaJIbHYIO CTU3UCTYIO0 000JI0UKY MATKH.

The incidence of MSI varies significantly depen-
ding on the type of tumor and stage: often MSI is
found in uterine corpus cancer [5], stomach cancer
[6—8], colon cancer [9—11], thyroid cancer [12], and
breast cancer [13].

Due to the fact that MSI has historically been
closely associated with the development of oncologi-
cal processes, the early diagnosis of MSI as a marker
for malignancy is still of great interest, including
endometrial hyperplasia (EH), recognized as a pre-
malignant lesion [14, 15].

Identification of the mutational profile character-
istic of malignant tumors in benign disease makes it
possible to improve prognostic models and thera-
peutic tactics [16].

AIM OF THE RESEARCH

To determine the clinical and anamnestic fea-
tures of patients with EH and endometrioid adeno-
carcinoma in a comparative aspect, as well as struc-
tural features of microsatellite instability in the
endometrium in patients with this pathology.

MATERIALS AND METHODS

The study was conducted on the basis of the
Gynecological Department of the Regional Perinatal
Center (Chelyabinsk), the Department of Pathologi-
cal Anatomy and Forensic Medicine of the South
Ural State Medical University (Chelyabinsk) and its
clinical base, the Chelyabinsk Regional Pathology
Bureau. Group I included 30 patients whose histo-
logical examination of uterine biopsy samples
revealed EH without atypia; group II consisted of
30 women with atypical EH; group III — of 30 women
with endometrioid adenocarcinoma; group IV —
of 30 women without somatic and gynecological
pathology who applied for pregnancy planning, his-
tological examination of endometrial samples of
which revealed a normal uterine mucosa. Inclusion
criteria: informed consent to participate in the study,
the age of patients older than 18 years. Exclusion cri-
teria: adenomyosis, uterine fibroid which is eligible
for surgical treatment, concomitant oncopathology
of other organs.

Study design: single-stage non-randomized ret-
rospective. Histological, immunohistochemical stud-
ies and statistical analysis were used.

Endometrial samples were taken on the 18—22nd
day of the menstrual cycle by hysteroscopy-guided
manual vacuum aspiration (in groups I, II, III) or by
pipelle biopsy (in group IV). A comparative morpho-
logical study of uterine samples was carried out,
interpreting the morphology in accordance with the
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Kpurepuu BKIIOUEHUS B UCC/IeIOBAaHUE: HHPOPMU-
pOBaHHOE coIJIacHe Ha y4YacTHe B HCCIIEZIOBAHUH,
BO3pacT IallMeHTOK crapiue 18 ser. Kpurepun
HEBKJIIOUEHUS: aIeHOMIO3, MHOMa MAaTKH, IOJIjIe-
JKaIas XuPypruoueckoMy JIEYeHHUIO, COITYTCTBYIOIIAs
OHKOIIATOJIOTHS IPYTUX OPTAHOB.

Jlu3aliH nccieIoBaHusA: OTHOMOMEHTHOE HEPaH-
JIOMH3UPOBAaHHOE DPETPOCIEKTHBHOE. VICIIoIb30Ba-
JIUCHh TUCTOJIOTUYECKHE, UMMYHOTHUCTOXUMUYECKIIE,
CTAaTUCTUYECKVIE METO/IBI.

OOpa3snpl 2HAOMETPHUs IMOJydan Ha 18—22-i
JIeHb MEHCTPYaJIbHOTO IIUKJIA C IIOMOIIIHI0 MaHyaJTb-
HOU BaKyyMHOH acUUpaIiu I0J, KOHTPOJIEM THCTe-
pockormu (B I, I, III rpynmax) win myTeM nanmnesb-
6uorncuu (B IV rpynne). IIpoBoawIy cpaBHUTEIFHOE
MOPGOJIOTHYECKOE UCCIIeZI0BaHNEe 00Pa3Il0B CITU3U-
CTOW 00OJIOUKH MAaTKH, TPAKTYSI MOP(MOJIOTHUYECKHE
KapTUHBI B COOTBETCTBUU C OOIIENPUHATHIMUA KPHU-
TepuaMU. ['MCTOJIOTUYECKHE TpernapaTshl TOTOBUIU
10 CTAaH/IAPTHBIM MeToAuKaM [17]. BuomraTsl 3HJ10-
MeTpHUs TOMEeIIN B 10% PacTBOp HEUTPAJIbHOTO
dopmannHa Ha 24 4, 3aTeM 00€3BOKUBAIH, 00€33KU-
pyBa U napaUHU3UPOBAIA B TUCTOJIOTUYECKOM
aBToMare o OOILIENPUHATON MeToauke [18], usro-
TaBJIUBAJIU CPE3bI TOJIIIUHON 5 MKM. /lenapaduau-
3UPOBAHHbBIE CPE3bI OKPAIIUBAIA T€MAaTOKCHJIMHOM
U 903UHOM, MTUKPOPYKCUHOM 110 BaH ['m30HYy. ['ucto-
JIOTHYECKOE HKCCIeOBaHNE 00Pa3IOB BBIMOJIHSIN
IIyTEM CBETOBOH MUKPOCKOIIMH TIPU YBEJIMYEHUHU OT
X70 10 X1000.

YpoBennb skcmpeccun MLH-1 B sHAOMETpUU
OTIPEIEJISTH C TIOMOIIBIO MBIIIIMHBIX MOHOKJIOHAIb-
weix antuten (MKAT) k MLH-1 (k1o G168-728,
Cell Marque, CIIIA); a1 aHamW3a BKCIPECCUH
MSH-2 ncnosb30Baiu crenupuIecKyio CbBIBOPOTKY
k 6enky MSH-2 (ko G219-1129, Cell Marque,
CIIIA), oneHky ypoBHs skcrpeccunn MSH-6 ocy-
mecTB/sIn ¢ ucnosabp3oBaHuem MKAT xk MSH-6
(xtoH 44, Cell Marque, CIITA), a BeJTUUMHY SKCIIPEC-
cuu PMS-2 oneruBasnu ¢ momomipbio MKAT k PMS-2
(xwror MRQ-28, Cell Marque, CIIIA). H3syueHue
VPOBHSI 9KCIIPECCHH UMMYHOTHCTOXUMUYECKUX Map-
KepoB ObLIO OCHOBAHO Ha OIIEHKE IUIOMIAJAN KOPHUY-
HEBOTO OKpAIMBaHUSA fAJIEP U IUTOIIA3MbI I1OpPA-
JKeHHBIX KJIETOK Ha BCel IIomaau cpesa. st aBro-
MAaTHYECKOTO IIO/ICYeTa ITO3UTHBHO OKpPAIIEHHBIX
KJIETOK OBLJIM BBIIIOJIHEHBI 3JIEKTPOHHBIE KOMUU
(ckaHBI) MMKpPOIIPENapaToB C IIOMOIINBIO CKaHepa
THUCTOJIOTHYECKUX IpemapaToB Pannoramic 250
(3DHISTECH Ltd., Beurpus). ITosiyueHHbIE CKaHbBI
MPOaHAJIN3UPOBAHbI C IIOMOIIBIO IIPOrPAMMHOTO
obecneuenus QuPath (c6opka milestone 4) c mpume-
HeHHeM HelpocereBoro asiroputma Pixel Classifier
IIpY IOMOIITY MOAyJIsA pacueta Positive cell detection

current criteria. Histological samples were prepared
according to standard methods [17]. Endometrial
biopsies were placed in a 10% neutral formalin solu-
tion for 24 hours, then dehydrated, cleared and
embedded in paraffin with a tissue processor in
accordance with the conventional method [18], sec-
tions 5 um thick were made. The deparaffinized sec-
tions were stained with hematoxylin and eosin, with
van Gieson’s picrofuchsin. Histological examination
of the samples was performed by light microscopy at
magnification from x70 to x1000.

The level of MLH-1 expression in the endome-
trium was determined using mouse monoclonal anti-
bodies (MoAbs) against MLH-1 (clone G168-728,
Cell Marque, USA); to analyze the expression of
MSH-2, a specific serum for MSH-2 protein (clone
G219-1129, Cell Marque, USA) was used, the expres-
sion of MSH-6 was evaluated using MoAbs against
MSH-6 (clone 44, Cell Marque, USA), and the expres-
sion of PMS-2 was evaluated using MoAbs against
PMS-2 (clone of MRQ-28, Cell Marque, USA). The
study of the expression level of immunohistochemi-
cal markers was based on the assessment of the area
of brown staining of the nuclei and cytoplasm of the
damaged cells over the entire area of the slice. For
automated counting of positively stained cells, elec-
tronic copies (scans) of stained slides were per-
formed wusing a Pannoramic 250 scanner
(3DHISTECH Ltd., Hungary). The scans obtained
were analyzed using QuPath software (milestone 4)
using the Pixel Classifier neural network algorithm
and the Positive Cell Detection (PCD) calculation
module over the entire area of the scanned image
(Fig. 1).

The comparison between the two groups was car-
ried out by nonparametric statistical methods using
the Mann-Whitney test; for comparison in more
than 2 independent groups, the Kruskal-Wallis test
was used. When evaluting qualitative variables, the
actual and percentage frequencies of observations
(n, %) were calculated. The probability of error was
set at a level equal to 0.05. Calculations were per-
formed using STATISTICA 13 software (StatSoft,
Inc., USA).

RESULTS AND DISCUSSION

The average age of EH patients without atypia
(group I) was 39.5 (34; 46.8) years, with atypical EH
(group II) — 52.2 (48.7; 59.8) years, with endometri-
oid adenocarcinoma (group III) — 62 (61; 63) years;
the average age of women who applied for pregnancy

planning (group IV) was equal to 39 (35.5; 42.5)
years.
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(PCD) Ha Bce#l ILIOIIAZAX OTCKAHHMPOBAHHOTO H30-
O6paskenus (puc. 1).

CpaBHeHHe MKy ABYMSI TPYTIIIaMHU ITPOBOUIIN C
IIOMOIIBI0  HEIAaPaMETPUUYECKUX CTATHCTUUYECKUX
METOJIOB C HCIOJIb30BaHMEM Kpurepusi MaHHa —
YutHU; 4151 cpaBHEHUS B O0JIee YeM 2 He3aBUCHUMBIX
rpymmnax mpuMmeHsuin kputepuii Kpackema — Yoi-
guca. IIpu oOIeHKe KaueCTBEHHBIX ITOKa3aTeJsel
BBIUUCSUTH (PAaKTHYECKHE M IPOIEHTHBIE YaCTOTHI
Habsoennti (n, %). BeinuuHy BepOATHOCTH OIIHOKHI
yCTaHABJIMBAJIM HA YPOBHE, paBHOM 0.05. PacueTsr
BBIIIOJIHEHBI C HCIOJIb30BAHUEM CTATHCTUYECKOTO
makera STATISTICA 13 (StatSoft, Inc., CITIA).

PE3YJ/IBTATBI 1 OBCYKIEHUE

CpenHull BO3pacT ManueHToK ¢ ['D 6e3 aTtumuu
(I rpynma) cocraBui 39.5 (34; 46.8) roga, ¢ aru-
nuueckoit I'D (II rpymma) — 52.2 (48.7; 59.8) roaa, ¢
SH/IOMETPUOUTHOMU asieHoKapuuHoMo# (111 rpymma) —
62 (61; 63) Toma; cpeHUN BO3PACT JKEHIIUH, 0Opa-
TUBIIUXCSA C IIeJIbI0 IUIAHUPOBAHUS OepeMeHHOCTH
(IV rpynma), pasHsuics 39 (35.5; 42.5) TofaMm.

Kaxkass BTOpas mMamueHTKa C TUIepIIa3uen
supoMeTpus 6e3 arunuu (I rpynma) mpemabsaBisia
’ka7100bI Ha HApYIIEeHUs] MEHCTPYaJIbHOTO ITUKJIA 110
TUIly AHOMAJIBHBIX MAaTOUYHBIX KpOBOTeueHHH (14
(46.7 %)), xaxxgas yerBepras (7 (23.3 %)) obpaia-

Every second patient with endometrial hyperpla-
sia without atypia (group I) complained of menstrual
irregularities of the abnormal uterine bleeding type
(14 (46.7%)), every fourth (7 (23.3%)) sought medi-
cal help for oligomenorrhea, 12 (40%) women were
examined for infertility, every tenth patient (3 (10%))
reported dysmenorrhea, one woman (3.3%) suffered
from recurrent miscarriage. Patients with atypical
endometrial hyperplasia (group II) and endometrial
adenocarcinoma (group III) in 100% of cases sought
medical help for menstrual irregularities of the
abnormal uterine bleeding type, from scanty men-
struation to heavy menstrual bleeding, leading to
anemia. Women who applied for pregnancy plan-
ning (group IV) did not present any active com-
plaints.

The analysis of somatic comorbidities showed
that the pathology of the endocrine system pre-
vailed in group I, which was observed in the abso-
lute majority of patients in this group: every second
patient (15 (50%)) suffered obesity, every fourth (8
(26.7%)) had thyroid disorders. In addition, pathol-
ogy of the cardiovascular system was often encoun-
tered: in 9 (30%) cases — hypertension, in 5
(16.7%) — varicose veins of lower extremities, in
1 case (3.3%) — reticular veins. A similar pattern
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JIach 32 MEAUIMHCKOH ITOMOIIBI0 BBU/IY OJTUTOMEHO-
peu, 12 (40 %) sKeHIUH 00CIIEI0OBAJINCH IO ITIOBOY
OecIuiofns, Kaxmad gecsaras manrednTka (3 (10 %))
oTMeUasia JUCMEHOpew, B OJlHOM ciaydae (3.3 %)
JKEHIIUHA CTPajlajla MPUBBIYHBIM HEBBIHAIIMBA-
HHeM OepeMeHHOCTH. IIaIMEHTKU C aTHUIIUYECKOH
runepiiasueil supomerpusa (II rpynma) u azmeHo-
kapuuHOMOU sH70MeTpus (111 rpynma) B 100 % ciy-
yaeB 0oOpallaJuch 3a MEJUIIMHCKON ITOMOIIBIO C
HapyIIeHHeM MEHCTPYaJIbHOTO IIUKJIA 10 TUITY aHO-
MaJIbHBIX MATOYHBIX KDOBOTEUYEHHH OT CKY/IHBIX
BBIZIeJIEHU /10 OOMJIbHBIX MEHCTPYAJIbHBIX KPOBOTE-
YeHUU, MPUBOAAINNX K aHeMHU3anuu. JKeHIIUHBI,
obpaTuBIIKECs ¢ IEJbI0 IJIAHUPOBaHUSA OepeMeH-
Hoctu (IV rpymma), akTUBHBIX Kajo0 He Tperb-
SIBJISUTH.

AHaJIN3 COITYTCTBYIOIIEH COMAaTHUYECKOH MAaTOJIO-
TUH MOKa3as, uro B I rpymme mpeobsazaia maTosio-
TUsl SHIOKPUHHOU CHCTEMBI, KOTOpas OTMeuanach y
a6CcoIIOTHOrO OOJIBIIMHCTBA MAIMEHTOK JaHHON
TPYNIbL: KaXkhas Bropas mamueHTka (15 (50 %))
cTpajZiajia  OKUpeHueM, Kaxkaas uerBepTas (8
(26.7 %)) — maroJsioTHEH IIUTOBUJHOH >KeJIe3BI.
Kpome TOro, Hepeako BCTpevyayiach IaTOJIOTHA
CEpAeYHO-COCYTUCTOU cucTeMbl: B 9 (30 %) ciy-
yasgx — THIEpPTOHUYecKas 0oJe3Hb, B 5 (16.7 %) —
BapuKO3Has1 00JIe3Hh HUKHUX KOHEYHOCTEH, B 1 CITy-
yae (3.3 %) — peTUKYJIIPHBIN BapuKko3. Cxoxkas Kap-
THHA HaOJII0/jaJIach B TPYIIIIaX MAIUEHTOK C aTHITH-
veckoii I'D (II rpymma) 1 aZleHOKaPIIMHOMOM JH7O-
metpus (III rpymma): B CTPYKType COITYTCTBYIOIIEH
COMaTUYECKOH MATOJIOTUH y JAHHBIX JKEHIITUH BEY-
Ie TO3WUIHNHU TaKXKe B3aHUMAIU JHIOKPUHHBIE
3abosieanus (18 (60 %) nanuenTok Bo II rpymie u
17 (56.7 %) xenmuH B III rpynme) u Gosie3HU
CepJIeYHO-COCYIUCTOMU cucTeMbl (8 (26.7 %) ciryuaeB
Bo II rpymme u 10 (33.3 % rpynmne) — B 111 rpymme).
AHaJIN3 COMaTUYECKOTO aHAMHE3a Yy JKEHIIWH, 00pa-
TUBIIUXCA C IeJIbI0 IVIAHUPOBAHUs OepeMeHHOCTH
(IV rpymma), mokasaj, 4To coMaTuuyeckue 3aboseBa-
HUSA Y TAIIUEHTOK JJAHHOU IPYIIIBI BCTPEYAIIUCH CTa-
TUCTUYECKU 3HAUUMO PeKe B CDABHEHUH C TAI[UEHT-
kamu I, II u III rpymnm, B ToM uwmciie 60Jie3HH
cepAieaHo-cocyucToi - cucremsl  (p, | = 0.03;
Py = 0.03; Py, ;= 0.02) U 9HAOKPHHHAA TATOJIO-
rust (pw,1= 0.01; pp, ;= 0.0L;, Py 1/ = 0.02).

BoJIBIIMHCTBO JKEHIITUH BCEX TPYIII UMeEJIH Oepe-
MEHHOCTH B aHamHe3se: 26 (86.7 %) mamueHTOK B
I rpymnre, 24 (80 %) — Bo 11, 22 (73.3 %) — B Il u 21
(70 %) nanmenTka B IV rpymme (p > 0.05). Xupypru-
yeckrie ab0PTHI CTATUCTUYECKU 3HAUMMO Yallle PETH-
crpupoBanuck y nanueHTok I, IT u III rpynn. Tak, B
I rpynme kaxxnas Bropas (15 (50 %)) umesia B aHam-
He3e xupypruueckue aboptel, Bo Il rpymme — 17

was observed in the groups of patients with atypical
EH (group II) and endometrial adenocarcinoma
(group III): endocrine diseases (18 (60%) of patients
in group II and 17 (56.7%) of women in group III)
and cardiovascular diseases (8 (26.7%) cases in
group II and 10 (33.3% group) in group III). The
analysis of the somatic anamnesis in women who
applied for pregnancy planning (group IV) showed
that somatic diseases in patients of this group were
significantly less common in comparison with
patients of groups I, II and III, including cardio-
vascular diseases (pIV’ | = 0.03; p, ;= 0.03;
Py, = 0.02) and endocrine disorders (p;, ;= 0.01;
Py, = 0:01 Py 1 = 0.02).

The majority of women in all groups had a history
of pregnancy: 26 (86.7%) patients in group I, 24
(80%) in group II, 22 (73.3%) in group III and 21
(70%) patients in group IV (p > 0.05). Surgical abor-
tions were significantly more often in patients of
groups I, IT and III. Thus, in group I, every second (15
(50%)) had a history of surgical abortions, in
group II — 17 (56.7%) patients, in group III — 16
(53.3%) women. In group IV, surgical abortions were
significantly less common (p = 0.04) — in 9 (30%)
patients.

The evaluation of the gynecological history
showed that there were no statistically significant
differences in gynecological diseases between EH
patients without atypia, patients with atypical EH
and endometrioid adenocarcinoma. All patients had
comorbidities — benign breast diseases, uterine
fibroids, pelvic inflammatory diseases (PID). Thus,
among group I patients, in every fifth patient (6
(20%)), uterine fibroids or benign breast diseases
were registered, and 5 (16.7%) women had PID. In
group II, 7 (23.3%) patients had uterine fibroids, 5
(16.7%) patients had benign breast diseases, 5
(16.7%) women had PID. In group III, in 7 (23.3%)
cases, there was a history of PID, in 6 (20%) — of
uterine fibroids, and in 6 (20%) — of benign breast
diseases (p > 0.05).

Histological examination of the uterine mucosa
samples in EH patients without atypia showed an
increase in the number of irregularly shaped endo-
metrial glands, an increase in the glandular-stromal
ratio, thinning of the inter-acinar septa. The indica-
tor of the average area of immunopositive structures
for MLH-1 in endometrial samples of patients of this
group is 70.0 (34.5; 77.3) % (Fig. 2, A), for PMS-2 —
41.8 (24.9; 62.1) % (Fig. 2, B). In accordance with
evaluation of the MSH-2 expression, the average
area of immunopositive structures is 67.4 (54.0;
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(56.7 %) nmanuenTok, B III — 16 (53.3 %) >KeHIIUH.
B IV rpynmne xupyprudeckre aboOpTbl OTMEYAJIUCh
CTaTUCTHYECKU 3HAYUMO pexe (p = 0.04) — y 9
(30 %) marMeHTOoK.

OlleHKa T'MHEKOJIOTMYeCKOro aHaMHe3a IOKa-
3aJia, YTO CTATUCTUYECKHU 3HAUNMBIX PA3JIUUHH 10
THHEKOJIOTHUUYECKUM 3a00JIeBAaHUAM MEXKy Ialu-
eHTKamMu ¢ I'D 0e3 arumnuu, atunuuyeckod I'D u
SHIOMETPUOUTHON aZIeHOKAPIIMHOMOU He ObLIO.
Bcex 3THX MaIlMEHTOK OTJIWYaia KOMOPOUIHOCTH
Mo M00pOKadYecTBEHHBIM 3a00JIEBAHUSAM MOJIOY-
HBIX JKejae3, MHOME MAaTKU, BOCIAJIUTEIbHBIM
3aboJsieBaHUAM OpraHoB Masioro Tasa (B3OMT).
Tak, cpeau manueHTOK 1 IPymnbl y KaskJa0u MATOU
nanueHTKu (6 (20 %)) perucrpupoBajach MUOMa
MaTKH WJIH J00pOKauyecTBEHHBbIE 3a00JieBaHUsI
MOJIOYHBIX JKeJjie3, a y 5 (16.7 %) *KeHIUH —
B3OMT. Bo II rpynme ruHEKOJIOTHYECKUN aHAM-
He3 7 (23.3 %) ManMeHTOK OT/IHUYaJiCs IMPHUCYT-
CTBHEM MHOMBI MaTKH, s 5 (16.7 %) nmaimueHToK
OBLIIO XapaKTepHO Hajmuuue A0OpOKaueCTBEHHBIX
3a00J1eBaHUH MOJIOUHBIX »keye3, a1 5 (16.7 %)
skeHIMUH — BBOMT. B III rpymme B 7 (23.3 %) ciiy-
gyasgx B aHaMHe3e umeaun mecto B3OMT, B 6
(20 %) — MuOMa MaTKH, Takke B 6 (20 %) — mo6po-
KauyecTBeHHble 3a00JIeBaHUSA MOJIOYHBIX JKeJIe3
(p > 0.05).

[Ipu THCTOJIOTUYECKOM HCCIE0BAaHUN 00pa3IoB
CIU3UCTON OOOJIOUKU MATKHU y MaIrueHToK ¢ I'D 6e3
aTUnUKU OBLIO OTMEUEHO YBEJTHUYEHME YKCia DHJO0-
MeTPUAJIbHBIX KeJie3 HeIIPABUJIBHOU (DOPMBI, TIOBBI-
[IIeHUE YPOBHS JKEJIE3UCTO-CTPOMAIIBHOTO COOTHO-
IIEHUs], ICTOHYEHNE MeXKaIlMHAPHBIX [TEPETOPOIOK.
ITokasarenp cpefHeldl IUIOMAAU HUMMYHOIIO3UTHB-
HBIX CTPYKTyp B oTHomeHun MLH-1 B o6pasmax
SHZIOMETPUS MAIEHTOK TaHHOU IPYTIITHI PABHIETCS
70.0 (34.5; 77.3) % (puc. 2, A), miss PMS-2 — 41.8
(24.9; 62.1) % (puc. 2, B). ITo pesyspTaTam OIEeHKU
skcrpeccun MSH-2 cpenHsAsa miiomasp UMMYHOIIO-
3UTHBHBIX CTPYKTYpP cocTaBiseT 67.4 (54.0; 75.9) %
(puc. 2, C), mo orHommenuo kK MSH-6 — 87.2 (61.3;
92.9) % (puc. 2, D).

I[Ipu rucrosorMUYecKOM aHaIu3e 00Opa3IOoB
SHJOMETPHUS B CJIy4ae aTUITHIECKOU TUIEPIIIa3uu
CIU3UCTON 0060JI0YKU MaTKU obpamano Ha cebs
BHUMaHUeE, YTO Ha (HOHE YBEJIUUEHUSA JKEJTE3UCTO-
CTPOMAJIBHOTO COOTHOIIIEHUS U U3MEHEHUS apXU-
TEKTOHUKHU JKeJie3 PEeTHCTPUPYeTCs KJIeTOUHas
aTUIHUs, a UMEHHO yTpaTra IMOJIIPHOCTUA PAaCIoJIO-
JKEeHUs U HeoObIuHast ¢dopma sjep, U3pe3aHHas
silepHass MeMOpaHa, IJIOTHBIN, TJIBIOYATHIN WU
MIPOCBEeTJIEHHBI! XpoMaTUH. fAapa moaumMop@HHI,
B HHUX HEpPeIKo OOHApYKUBAIOTCA KpYIHbBIE
SITPBIIIKH.

75.9) % (Fig. 2, C), for MSH-6 — 87.2 (61.3; 92.9) %
(Fig. 2, D).

During histological examination of endometrial
samples for atypical hyperplasia of the uterine
mucosa, an attention was drawn to the fact that with
an increase in the glandular-stromal ratio and
changes in the glandular architectonics with cellular
atypia is recorded, namely the loss of localization
polarity and unusual shape of the nuclei, rugged
nuclear membrane, dense, clumpy or cleared chro-
matin. The nuclei are polymorphic, with large nucle-
oli often found in them.

When evaluating the expression of MLH-1 in the
endometrium of patients with atypical EH, it was
found that the average area of immunopositive struc-
tures for this marker is 44.6 (19.5; 55.3) % (Fig. 3, A),
the average area of immunopositive structures for
PMS-2 is 38.5 (27.0; 49.3)% (Fig. 3, B). The expres-
sion of MSH-2 in patients of this group showed that
the average area of immunopositive structures for
this marker reaches 39.2 (31.8; 43.1)% (Fig. 3, C), for
MSH-6 — 54.9 (50.5; 59.1) % (Fig. 3, D).

In endometrioid adenocarcinoma (group III),
proliferation of rounded-oval glands was recorded,
in most cases branched, irregular in shape, low or
moderate cellular atypia was noted.

In accordance with the results of an immunohis-
tochemical study, the average area of immunoposi-
tive structures for MLH-1 is 2.3 (0.0; 22.3) %
(Fig. 4, A), for PMS-2 — 15.6 (0.0; 21.6) % (Fig. 4, B).
The average area of immunopositive structures for
MSH-2 in endometrial samples of patients of this
group is 7.8 (0.0; 13.6) % (Fig. 4, C), for MSH-6 —
11.2 (0.0; 21.6) % (Fig. 4, D).

The uterine mucosa of women who applied for
pregnancy planning (group IV) corresponded to the
mid-secretory phase.

The immunohistochemical study revealed that the
average area of immunopositive structures for MLH-1
is 86.5 (81.0; 92.0) % (Fig. 5, A), for PMS-2 — 83.5
(78.0; 87.0) % (Fig. 5, B). When evaluating the aver-
age area of immunopositive structures for MSH-2,
this indicator is 82.3 (66.3; 97.0) % (Fig. 5, C), for
MSH-6 - 92.5 (89.8; 97.0) % (Fig. 5, D).

Table 1 presents the results of the immunohisto-
chemical study of the expression of MLH-1, MSH-2,
MSH-6 and PMS-2 in endometrial samples of
patients of the studied groups.

As seen from Table 1, a statistically significant
decrease in the expression level of the studied mark-
ers (MLH-1, PMS-2, MSH-2, MSH-6) was recorded
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Puc. 2. dxcnpeccrs penentopos k 6eskaM cucreMsl MMR npu runepryiasuy 3HZOMETPHA 6e3 aTUITHH.
I/IMMyHOI‘I/ICTOXI/IMI/I‘—IeCKI/Iﬁ MeTOA C IPUMEHEHHEM MOHOK/JIOHAJIbHBIX aHTUTEJ IIPOTUB!
A — MLH-1 (x100); B — PMS-2 (x100); C — MSH-2 (x200); D — MSH-6 (x200)
Fig. 2. Expression of receptors to MMR system proteins in endometrial hyperplasia without atypia.
Immunohistochemical method using monoclonal antibodies against:
A — MLH-1 (x100); B — PMS-2 (x100); C — MSH-2 (x200); D — MSH-6 (x200)

IIpu onenke sxcupeccun MLH-1 B sH0MeTpHUU
MMAIUEeHTOK C aTHUIHUYECKOH ['D ycTaHOBJIEHO, UTO
cpeAHAA IJIOIIAAh UMMYHOIIO3UTHBHBIX CTPYKTYP B
OTHOIIIEHUHY IAHHOTO MapKepa paBHsAETCA 44.6 (19.5;
55.3) % (puc. 3, A), cpeiHsA IIOMIAAh UMMYHOIIO3HU-
TUBHBIX CTPYKTYDP B oTHoueHuu PMS-2 cocrapiser
38.5 (27.0; 49.3) % (puc. 3, B). Ananus skcrpeccuu
MSH-2 y naneHTOK JaHHOH TPYIIIBI IIOKA3aJ, YTO
cpeAHAA IJIONIAAh UMMYHOIIO3UTHBHBIX CTPYKTYP B
OTHOIIIEHUH 3TOTO MapKepa mocturaer 39.2 (31.8;
43.1) % (puc. 3, C), B orHomennu MSH-6 — 54.9
(50.5; 59.1) % (puc. 3, D).

IIpu 5HIOMETPHOUTHOU aJieHOKapuuHOME (B
III rpynme) peructpupoBaiu Mposudepauno Ok-
PYTIJIO-OBaJIbHBIX 3KeJie3, B OOJIBIITMHCTBE CIIyYaeB
Pa3BETBJIEHHBIX, HEIPABUWIBHON (HOPMBI, OTMEUIN
KJIETOYHYI0 aTUIUI0 HHU3KOW WJIH YMepeHHOU
CTEIeHHU.

in endometrial samples of the EH patients without
atypia and patients with atypical EH compared with
endometrial samples of the middle stage of the
secretion phase. At the same time, the average area
of immunopositive structures in the endometrium
for studied markers in endometrioid adenocarci-
noma is significantly lower than in the endome-
trium in EH without atypia, atypical EH, as well as
in the normal endometrium of the mid-secretory
phase. In addition, with atypical EH, there was a
statistically significant decrease in the endometrial
expression level of MLH-1, MSH-2 and MSH-6 in
comparison with the endometrium of EH patients
without atypia.

Thus, based on the results of the study, a com-
parative clinical and anamnestic characteristic of
patients with EH and endometrioid adenocarcinoma
is presented, which makes it possible to draw up a
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Puc. 3. dxcnpeccus penentopos K 6esikam cucreMbl MMR npu TUTIEpILIa3ud SHAOMETPUS € aTUITHEH.
VIMMyHOTHCTOXMMHUYECKUHA METO/L C IPUMEHEHUEM MOHOKJIOHAIBHBIX aHTUTEJN IPOTHB:
A — MLH-1 (x100); B — PMS-2 (x100); C — MSH-2 (x200); D — MSH-6 (x200)
Fig. 3. Expression of receptors to MMR system proteins in endometrial hyperplasia with atypia.
Immunohistochemical method using monoclonal antibodies against:
A — MLH-1 (x100); B — PMS-2 (x100); C — MSH-2 (x200); D — MSH-6 (x200)

Ilo pesyapraTaMm HMMYHOTUCTOXUMHUYECKOTO
HCC/IeTOBAHUS YCTAHOBJIEHO, UTO CPEIHSAS IUIOIIAIb
UMMYHOIIO3UTHUBHBIX CTPYKTYP B oTHOIeHnu MLH-1
paBHsietcs 2.3 (0.0; 22.3) % (puc. 4, A), njist PMS-2 —
15.6 (0.0; 21.6) % (puc. 4, B). Cpennsisi wiommanb
MMMYHOIIO3UTUBHBIX CTPYKTYp B  OTHOIIEHUH
MSH-2 B 06pasiax sHA0METPUS MAIUEHTOK JAHHON
rpymisl cocrasiseT 7.8 (0.0; 13.6) % (puc. 4, C), mo
otHoIeHuo kK MSH-6 — 11.2 (0.0; 21.6) % (puc. 4, D).

Cnmaucras 060709Ka MAaTKH KEHIUH, 00paTHB-
IIUXCA C [EeJbl0 IUIAHUPOBAaHUS OepeMeHHOCTH
(IV rpymma), COOTBETCTBOBAJIA CpEQHEN CTaguu
(aspl cexperum.

Ilpy UMMYHOTHCTOXHMHYECKOM HCCII€OBAHUU
BBISIBJIEHO, UTO CPE/THSSA IJIOMA[b KMMYHOITO3UTHB-
HBIX CTPYKTYP B oTHOIIeHnu MLH-1 cocrasiser 86.5

portrait of women with this pathology. Thus, patients
with EH and endometrioid adenocarcinoma are
characterized by cardiovascular and endocrine
comorbidity, as well as by uterine fibroids, benign
breast diseases and PID. This is consistent with the
data of a number of domestic and foreign studies
[19—23].

The described morphological features of the uter-
ine mucosa in patients with EH, endometrioid ade-
nocarcinoma, namely, a decrease in the expression
of MMR proteins, are consistent with the results of
studies by many authors. In the literature there are
data about the structural features of MSI in prema-
lignancies and tumor processes in gastrointestinal
pathology, respiratory system diseases [24—26].
Experience has been gained with respect to the type
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Puc. 4. dxcupeccus penentopos K 6esikam cucteMbl MMR nipu 9HI0METPHOUAHOHN a/IeHOKapIITHOME.
I/IMMyHOFI/ICTOXI/IMI/I‘-IECKI/Iﬁ MeTOA C IPUMEHEHHEM MOHOK/JIOHAJIbHBIX aHTUTEJ IIPDOTUB!
A — MLH-1 (x200); B — PMS-2 (x100); C — MSH-2 (x200); D — MSH-6 (x200)
Fig. 4. Expression of receptors to MMR system proteins in endometrioid adenocarcinoma. Immunohistochemical method
using monoclonal antibodies against: A — MLH-1 (x200); B — PMS-2 (x100); C — MSH-2 (x200); D — MSH-6 (x200)

(81.0; 92.0) % (puc. 5, A), B oTHomeHun PMS-2 —
83.5(78.0; 87.0) % (puc. 5, B). [Ipu orieHKe cpeHe
IUIOA/Id UMMYHOIIO3UTHUBHBIX CTPYKTYP IO OTHO-
meHuio kK MSH-2 naHHbIi mOKasaTeab paBHAETCS
82.3 (66.3; 97.0) % (puc. 5, C), m1a MSH-6 — 92.5
(89.8; 97.0) % (pwuc. 5, D).

B TabJ1. 1 mpejicTaBIeHbl pe3yJIbTaThl UMMYHOTH-
CTOXUMHYECKOTO HCC/IEIOBAHUSA YPOBHEH 3KCITpec-
cuu MLH-1, MSH-2, MSH-6 u PMS-2 B o6pasmax
SHJIOMETPUS MTAITUEHTOK U3YIaeMbIX IPYIIIL.

Kax BuzmHO 13 TabJ. 1, 3apEeTUCTPUPOBAHO CTa-
THUCTUYECKH 3HAUYMMOE CHI)KEHUE YPOBHSA BKC-
nmpeccuu usydaeMbix mMapkepoB (MLH-1, PMS-2,
MSH-2, MSH-6) B 06pasiiax 3H0MeTPUs MallheH-
ToK ¢ ['D 6e3 aTunuu u arunudeckoit I'D mo cpas-
HEHUIO ¢ 00pa3aMu S9HJOMETPHUS CPETHEH CTaTuN
dasel cekpenuu. BmecTe ¢ TeM cpemHss IIOMATH
UMMYHOIIO3UTHUBHBIX CTPYKTYP B 3HJIOMETPHUHU B
OTHOIIIEHUU H3y4YaeMbIX MapKepOB IIPHU dHIOMe-
TPUOUTHOU aJIeHOKAPIIUHOME CTATUCTHYECKH 3HA-

of MSI for therapy of endometrioid adenocarcinoma
[27—29]. At the same time, there are no data about
the change of MSI in EH as a premalignancy of the
endometrium in either domestic or foreign litera-
ture. The structural features of MSI revealed by us in
EH, both without and with atypia, provide opportu-
nities for further study of the problem of endometrial
premalignancies.

CONCLUSION

The majority of EH patients without atypia,
patients with atypical EH, endometrioid adenocarci-
noma complain of abnormal uterine bleeding, the
history of patients of these groups is characterized by
cardiovascular and endocrine diseases, and the gyne-
cological history is characterized by uterine fibroids,
benign breast diseases and PID.

Samples of the uterine mucosa with atypical
hyperplasia and hyperplasia without atypia differ
significantly in lower levels of MLH-1, PMS-2,
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Puc. 5. Jxcnpeccust pernentopos K 6eskam cucrembl MMR B 06pasiax aHAOMETPHUS CPEHEN CTafuu (Has3bl CEKPEIIH.
VIMMyHOTUCTOXUMUYECKH METO/| C IPUMEHEHNEM MOHOKJIOHATIBHBIX AHTUTE IIPOTHB:
A — MLH-1 (x100); B — PMS-2 (x100); C — MSH-2 (x100); D — MSH-6 (x100)
Fig. 5. Expression of receptors to MMR system proteins in endometrial samples of the mid-secretory phase (group IV).
Immunohistochemical method using monoclonal antibodies against:
A — MLH-1 (x100); B — PMS-2 (x100); C — MSH-2 (x100); D — MSH-6 (x100)

YUMO HUIKE, YeM B dHZOMeTpuU npu I'D 6e3 atu-
o, aTunudeckod I'D, a Taxkike B HOPMaJIbHOM
SH/IOMETPUU cpenHel cTaguu (as3bl CeKperuw.
Kpowme Toro, npu atunudyeckot ['9 ormeueHo cra-
THUCTUYECKU 3HAYMMOE CHIKeHHUE YPOBHA BKC-
npeccuu B aHgoMerpuu MLH-1, MSH-2 u MSH-6
B CPAaBHEHUH C 3H/IOMETPHUEM IanueHTok ¢ ['D 6e3
aTUIUH.

Takum o6pasoM, Ha OCHOBAHUH Pe3yJIbTATOB
HCCIeIOBAHUA IpeJcTaBjeHa CpaBHUTeJbHAs
KJIMHUKO-aHaMHeCcTU4YecKas XapaKTepUCTUKa
manueHToK ¢ ['D u 3HAOMeTPUOUTHON aZleHoKap-
IIMHOMOH, TMO3BOJIAIOINIAA COCTaBUTH IOPTPET
JKeHIMH C JaHHOM maroJiorvei. Tak, ajs manu-
eHTOK ¢ ['D u 3HAOMeTPHUOUTHON aZleHOKAPIUHO-
MO XapakTepHa KOMOPOUJIHOCTb IO CepJIeUHO-
COCYAUCTHIMU 3a001€BAaHUAM U HMATOJIOTUH DHIO0-

MSH-2 and MSH-6 expression in comparison with
the samples of normal endometrium of the mid-
secretory phase, and higher expression — in compar-
ison with the endometrioid adenocarcinoma sam-
ples. In addition, with atypical EH, a significantly
lower level of MLH-1, MSH-2 and MSH-6 expression
in the endometrium is recorded compared to hyper-
plasia of the uterine mucosa without atypia. It is
likely that a decrease in the expression of MLH-1,
PMS-2, MSH-2 and MSH-6 in endometrial biopsies
in EH can be considered as the predictor of prema-
lignant transformation. The above trends require
further study in order to develop a program of malig-
nancy risk assessment.
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Ta6suna 1. Pe3ysbTaThl NMMYyHOTHCTOXMMHUYECKOT0 aHa/IN3a ypoBHS akcnpeccud MLH-1, MSH-2, MSH-6 u PMS-2 (%) B

o6pasuax SHAOMETPHUA NAUEHTOK U3yYaeMbIX I'PyII

Table 1. Results of the immunohistochemical study of the level of MLH-1, MSH-2, MSH-6 and PMS-2 expression (%) in

endometrial samples of patients of the studied groups

Benok / Protein Irpynmna / Group I II rpynna / Group II Il rpynna / Group III IV rpynna / Group IV
MLH-1 70.0 (34.5; 77.3) 44.6 (19.5; 55.3) 2.3(0.0; 22.3) 86.5 (81.0; 92.0)
pI,II = 0'03 pll,III < 0'01 p[[l, lV< 0'01
pI,III < 001 pII,IV < 001
P,y <0.01
MSH-2 67.4(54.0; 75.9) 39.2 (31.8;43.1) 7.8 (0.0; 13.6) 82.3 (66.3; 97.0)
pI,II = 003 pII,III = 001 pIII, v < 001
pI,I[[ < 001 p]],IV < 001
p,y<0.01
MSH-6 87.2 (61.3; 92.9) 54.9 (50.5; 59.1) 11.2 (0.0; 21.6) 92.5 (89.8; 97.0)
pI,II = 004 pII,III < 001 pIII, I\ < 001
pI,III < 001 pII,IV < 001
P,y <0.01
PMS-2 41.8 (24.9; 62.1) 38.5 (27.0; 49.3) 15.6 (0.0; 21.6) 83.5 (78.0; 87.0)
pI,II > 005 pII,III < 001 pIII, v < 001
pI,III = 001 pII,IV < 001
P,y <001

KPUHHBIX OPraHOB, a TakXe 10 MHOMe MAaTKH,
I00pOKaYeCTBEHHBIM 3a00JIEBAHUAM MOJIOYHBIX
)kesne3 u B3BOMT. 3to corsnacyerca ¢ JaHHBIMHU
psZa OTeYeCTBEHHBIX U 3apyDOeKHBIX HCCIIeIOBa-
Hui [19—23].

OnucanHuble MOPGOJIOTUUECKHE O0COOEHHOCTH
CIU3UCTON 00O0JIOUKM MATKH y HMAIUeHTOK ¢ I'D,
SH/IOMETPUOUTHON a/IeHOKAPIIMHOMOM, a UMEHHO
CHHIKeHUe YPOBHS 3KCIpeccHuu OeIKOB CHUCTEMbI
MMR, corsacyiorca ¢ pe3yabTaTaMU HUCCIef0Ba-
HUU MHOTHUX aBTOPOB. B simTepaType ecTh cBene-
HUsS O CTPYKTYpPHBIX ocobeHHocTsx MSI mpu
MIpeJIoIyX0JeBbIX U OIyXO0JIeBBIX IIpolieccax B
cjydyae — IIaTOJIOTHUU  JKeJIyA0YHO-KHUIIEeYHOTO
TpaKTa, JIbIXaTeJbHOU cucTeMbl [24—26]. Haxko-
IJIeH OUBIT B OTHOIeHuH Tuna MSI npu mianu-
POBaHUU Tepaluu 3H/IOMETPUONUIHON aZleHOKap-
IUHOMBI [27—29]. B TO ke Bpems cBefeHUH 00
usmeneHun MSI npu I'D kak npezomyxojgeBoM
Iporiecce 3H/I0MeTPUs HU B OT€UEeCTBEHHOU, HU B
3apybeXHOU JuTepaType He HalJleHO. 3aperu-
CTPUPOBAHHBIE HAMHU CTPYKTYpHBbIe 0COOEHHOCTH
MSI npu I'9 kak 6€3 aTUNNH, TAaK U aTUITAYECKOH
MIPeJI0CTaBJIAI0T BO3MOXKHOCTH JJIA JlaJIbHENIIIEr0
U3y4eHUs1 mpoOJIeMBbl IPEIOIYX0JIEBBIX IPOIEC-
COB 3H/IOMEeTpHUA.

3AK/IOYEHUE

BospIInHCTBO manueHToK ¢ I'D 6e3 arumuu, c
atunuueckod I'D, sHAOMETPUOUIHON aJIEHOKAPIIHU-
HOMOU TIPEIBSBIISIOT >Kajao0bl Ha aHOMAaJIbHBIE

MAaTOYHbIE KPOBOTEUEHUs, COMAaTHUECKUI aHaMHe3
MMallMEHTOK JAHHBIX TPYIIN OTJIMYAETCS IIPUCYT-
cTBHEM 3200JIeBaHUH CEPIEUHO-COCY/IUCTON U DH/I0-
KPUHHOH CHCTEM, a JIJIsI THHEKOJIOTUYECKOTO aHaM-
He3a XapaKTepPHO HaJIMUre MHUOMBI MaTKH, I0OpOKa-
YeCTBEHHBIX 3a00JIEBAHUN MOJIOUHBIX JKejle3 U
B3OMT.

OO6pasmpl CAU3UCTOU OOOJIOYKH MATKU IIPHU
aTunuueckou I'D u rumnepniasuu CJIU3UCTON 060-
JIOUYKU MATKU 0e3 aTUIUU OTIUYAIOTCS CTAaTUCTHU-
YecKU 3HAYMMO OoJiee HU3KUM YPOBHEM 3KCIIpec-
cuu MLH-1, PMS-2, MSH-2 u MSH-6 B cpaBHe-
HHUU ¢ o0pasmaMu HOPMAaJIBHOTO SHIOMETPUS
cpenHell craauu ¢aspl cekpenuu U 6ojiee BBICO-
KM yPOBHEM DKCIIPECCUHU — B CPAaBHEHUU C 00pa3-
OaMH  DHAOMETPUOUAHON  aleHOKAPIMHOMEI.
Kpome Toro, mpu arunudeckoil I'D perucrpupy-
eTcsl CTATUCTUYECKU 3HAaUNMO 60jiee HU3KUH ypo-
BeHb dKcIIpeccuu B aHAoMerpuu MLH-1, MSH-2 u
MSH-6 1o cpaBHEHUIO C TUIlepIIazueld CAu3u-
cToil 0060I0UKM MaTKu 0Oe3 atunuu. BeposTHO,
CHUKeHHe YpoBHA sKcmpeccuu MLH-1, PMS-2,
MSH-2 u MSH-6 B 6uonTarax 3HJOMETPUs IIPHU
' Mmo2KkHO paccMaTpUBaTh B KAUECTBE IIPEAUKTOPA
IIpeIoyX0aeBoi Tpanchopmanuu. Beimeykasan-
Hble TeHJIeHIIUU TPeOYyIOT fanbHeNIero n3ydyeHns
¢ mesbi0 pa3paboTKU MPOrpaMMBbI OLIEHKU PHCKa
MAaJIUTHU3AIUH.

KoH@IuKT HHTEpECOB. ABTOPHI 3asIBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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AHHOTAIIUA

BBepgenue. HecMOoTpsa Ha 3HAUUTENbHBIE YCIIEXH B TePAIUU OOJBHBIX XPOHUYECKHUM Muesioseriko3dom (XMJI),
yJIydIlleHHe TO0Ka3aTesiell BIKMBAEMOCTH, PA3BUTHE PE3HCTEHTHOCTH K MHruburopam tuposunkuHasd (UTK) ocraercs
AKTyaJIbHOU IPOOJIEMOH.

Il e 1 b . M3yuuTh B3aUMOCBS3b YPOBHS HKCIIPECCUU Ha KJIETKaX KOCTHOTO MO3Ta PEryJsiTOPHBIX OEJKOB P53, c-myc,
ki-67 1 xacnmaspl-3 U KOHIEHTPAIIMH OT/EJbHBIX MPO- U MPOTHBOBOCIAIIMTEIBHBIX ITUTOKMHOB B CHIBOPOTKE KPOBH C
s dexTrBHOCTHIO Tepanuu 6071bHBIX XMJI.

MaTtepuanbs u MerTons . ObcaenoBano 74 nanuenta ¢ XMJI B xpoHndeckol ¢dase 3a0601eBaHus, TOIyYa-
roux Tepanuio UTK. Y Bcex o6cIie/JToOBaHHBIX MMAITUEHTOB IIPOBEJIEHO OTIPeZie/IeHe KOHIIEHTPAIIUU OT/IEJIbHBIX IIUTOKU-
HOB U PocTOBBIX pakTopoB (TNF-q, IL-10, IL-2, IL-4, IL-6, IL-10, IL-17, IL-18, IFN-a u VEGF-A) B CIBOPOTKE KPOBH METO-
JIOM HIMMYHO(EPMEHTHOTO aHAIN3a U UMMYHOITUTOXUMUUYECKOE HCCIE0BAHNE MAa3KOB KOCTHOTO MO3Ta ¢ MOHOKJIOHAJIb-
HBIMHU aHTUTEJIAMU NIPOTUB AHTUTEHOB PETYJIATOPHBIX MOJIEKY Ki-67, p53, c-myc 1 Kacnasbl-3. [IJ1s1 onpeiesieHust poyiu
M3y4aeMbIX OMOMapKepOB B IPOTHO3UPOBAHUU 3 deKTa OT Tepauy NPOBE/IEH CPABHUTEbHBIN aHAIN3 X 3HAUYEHU B
rpymmnax 60JbHBIX, JOCTUTIIHX (N = 50) U He JOCTUTIIHX (N = 24) 60JIbIIIOT0 MOJIEKyIsipHOTO 0TBeTa (BMO).
PesdynbTart bl . CpaBHUTEIHHBIN aHAJIN3 YPOBHS SKCIIPECCHH HA KJIETKAX KOCTHOTO MO3Ta PETYJISITOPHBIX MOJIEKYJT
Y KOHI[EHTPAIIMH I[UTOKWMHOB, POCTOBBIX (PAKTOPOB B CBIBOPOTKE KPOBH 001bHBIX XMJI B 3aBUCUMOCTH OT IJIyOHUHBI OTBETA
Ha tepanuio UTK nokasast, 4To y HaIriueHToB, He AocTurirux BMO, oTMeuaeTcst J0CTOBEPHO 60Jiee BBICOKUI YPOBEHD HKC-
MIPECCHH Kaclasbl-3 ¥ KOHIEHTPAIMH TPOBOCIATUTETBHBIX IIUTOKUHOB IL-1p, IL-2, IL-6 u IL-17, a Takxe pocToBoro ¢ak-
Topa VEGF-A 10 cpaBHEHUIO C TAKOBBIM Y MAIIEHTOB C JIOCTUTHYTHIM OTBeTOM Ha Tepanuio (BMO). B cBoro ouepesp,
noctkeHrne BMO xapakTepu30Bajioch 00jiee BHICOKUM YPOBHEM 3KCIIPECCHU PETYJISTOPHBIX MOJIEKYJI P53 U C-myc, a
Tak)Ke yBeJIMYeHHEM KOHIleHTpanuu [L-10 u cHmkeHneM KoHenTpanun 1L-103, IL-2, IL-6 u IL-17. AHaIn3 KOppesAIoH-
HBIX B3aWMOCBA3EH MEX/Ty YPOBHEM OHKCIIPECCHH H3YYAeMBIX PEryJIATOPHBIX MOJIEKYJ U KOHIIEHTPAITUEH OTAETbHBIX
IIUTOKHUHOB MTOKA3aJl HAJTUYHeE CTATUCTUYECKH 3HAYNMOM OTPHUIATEIbHON B3aUMOCBA3H c-myc u p53 ¢ IL-2, IL-1B, IL-17 u
MIOJIOXKUTENILHOH (MIPSAMOI) B3aUMOCBSI3HU c-myc U p53 ¢ IL-10, MPpsAMOH B3aMMOCBA3U MEX/Iy YPOBHEM Kacnasbl-3 u IL-2,
IL-1f, IL-6, IL-17 u 06paTHON B3aUMOCBA3H MeXKAy Kacnazou-3 u IL-10. Takum ob6pasom, goctmkernre BMO y 607bHBIX
XMJI BeposiTHee TIpHU 6oJiee BBICOKOM SKCIIPECCUU HA KJIETKaX KOCTHOTO MO3Ta PETYJIATOPHBIX MOJIEKYJI C-MYC U P53, HU3-
KOU DKCIPECCUU Kaclasbl-3, a TAKyKe HU3KOM KOHI[EHTPAIUK B CHIBOPOTKE KpoBH IL-2, IL-13, IL-17, IL-6 1 BBICOKOU KOH-
neHTpanuu 11-10, 4TO yKa3bIBa€T HA CHHEPTHU3M B yUaCTUU U3y4aeMbIX OoMapkepoB B matoreHe3e XMJI u ero omyxoJe-
Bol mporpeccun. PesynpraTel ROC-aHamM3a moKa3aayu BBICOKOE Ka4eCTBO MPOTHOCTUYECKUX MOJIENIEH, XapaKTePU3YIo-
mux gpocrrxkenre BMO nipu ypoBHe 5KCIpeccu B KOCTHOM MO3re ¢c-myc > 6%, p53 > 4%, KOPPeJIUPYIeM ¢ HU3KUMU
KOHIIEHTPAIUsAMU B ChIBOPOTKE KpoBu I1L-2, IL-1P3, IL-17 u BbICOKOH KOHIeHTparuei 1L-10, 4TO yKa3pIBae€T Ha BO3MOXK-
HOCTb UCIIOJIb30BaHUS JJAHHBIX TIOKa3aTesIed B KaUueCTBe MOTEHITHAIbHBIX OnoMapkepoB 3¢ dextuBHOCTH Tepanuu XMJI u
nocrukenuss BMO.
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3axkJ04eHHUe . Pe3yspraTsl HccaeT0BAHUS TOKA3AIH, YTO KOHIIEHTPALNA IUTOKUHOB B CBIBOPOTKE KPOBU 00JIb-
HbIX XMJI KOppeupyeT ¢ HHTEHCUBHOCTBIO SKCIIPECCUU OEJIKOB c-myc, P53, KACIla3bl-3 U NMeeT 3HAUeHHE B IIPOTHO3UPO-
BaHUU 3O GEKTUBHOCTH TEPATIUH.

Knaoueewvle cnao6a: XpoOHUUECKUN MUeEJI0IeNK03, O0JIBIION MOJIEKYIAPHBIN OTBET, UHTUOUTOPHI THPO3UHKUHAS, IUTO-
KHUHBI, aIIONTO3, KJIETOYHBIHA ITUKIL.
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The role of cytokines and cell cycle regulators in predicting
of therapy response in patients with chronic myeloid leukemia
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ABSTRACT

Introduction. Despite significant advances in therapy of patients with chronic myeloid leukemia (CML),
improved survival rates, development of resistance to tyrosine kinase inhibitors (TKIs) remains an urgent problem.

A i m . To study the correlation between the level of expression of regulatory proteins p53, c-myc, ki-67 and caspase-3 on
the bone marrow cells and the concentration of certain pro- and anti-inflammatory cytokines in blood serum with the
effectiveness of therapy in patients with CML.

Materials and methods. Seventy-four CML patients with chronic phase of the disease receiving TKI
therapy were examined. In all patients, the concentration of certain cytokines and growth factors (TNF-q, IL-1p, IL-2, IL-4,
IL-6, IL-10, IL-17, IL-18, IFN-a, and VEGF-A) was determined in blood serum by enzyme immunoassay and immunocyto-
chemical study of bone marrow smears with monoclonal antibodies against antigens of regulatory molecules ki-67, p53,
c-myc, and caspase-3. To determine the role of the biomarkers in predicting the therapy effectiveness, a comparative
analysis of their values in groups of patients with a major molecular response (MMR) (n = 50) and without MMR (n = 24)
was performed.

Results. Acomparative analysis of the expression of regulatory molecules on the bone marrow cells and the blood
serum concentration of cytokines and growth factors of CML patients, depending on depth of the response to TKI therapy,
showed that patients who did not achieve MMR had a significantly higher level of caspase-3 expression and concentration
of pro-inflammatory cytokines IL-1f3, IL-2, IL-6 and IL-17, as well as growth factor VEGF-A compared with those in patients
with MMR. In turn, the achievement of MMR was characterized by a higher level of expression of regulatory molecules p53
and c-myec, as well as an increase in the IL-10 concentration and a decrease in the IL-1f, IL-2, IL-6 and IL-17 concentration.
Analysis of the correlation between the level of expression of regulatory molecules and the single cytokine concentration
showed a negative correlation between c-myc and p53 with IL-2, IL-1f, IL-17 and a positive (direct) correlation between
c-myc and p53 with IL-10, a positive correlation between caspase-3 and IL-2, IL-1f3, IL-6, IL-17 and a negative correlation
between caspase-3 and IL-10. Thus, the achievement of MMR in patients with CML is more likely with a higher expression
of regulatory molecules c-myc and p53 on the bone marrow cells, low expression of caspase-3, and low serum concentra-
tions of IL-2, IL-1P, IL-17, IL-6 and a high concentration of IL-10, which indicates synergism of the biomarkers in the
pathogenesis of CML and its tumor progression. The ROC analysis results showed the high quality of predictive models
characterizing the achievement of MMR at the level of expression of c-myc > 6%, p53 > 4% in the bone marrow, which cor-
relates with a low serum concentrations of IL-2, IL-1f, IL-17 and a high concentration of IL-10, and indicates the possibil-
ity of using these indicators as potential biomarkers of effectiveness of CML therapy and achievement of MMR.
Conclusion. The results of the study showed that the concentration of cytokines in the blood serum of CML
patients correlates with the intensity of expression of c-myc, p53 and caspase-3 proteins and is important in predicting the
effectiveness of therapy.

Keywords: chronic myeloid leukemia, major molecular response, tyrosine kinase inhibitors, cytokines, apoptosis, cell cycle.
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BBEJIEHUE

B Hacrosee Bpems mapagurma JedeHus 60JIb-
HBIX XPOHUYECKUM Muetoseliko3om (XMJI) nperep-
IeBaeT u3MeHeHus. Pacimiperue apceHaaa WHTHOU-
TopoB Tupo3uHknHa3 (UTK) u HaKoIUIeHNe KJIMHU-
YeCKOTO OIIBITA UX IIPUMEHEHUs TO3BOJIMIIA paccMa-
TPHBATh BO3MOKHOCTb OTMEHBI Tepaluy y 4YacTU
MaIeHTOB TPHU JOCTHXKEHUH CTaOWIHLHOTO TUIyDOo-
Koro MoviekyssipHoro otBera (I'MO). Opjnako
vacroTa pocrikenus 'MO Ha ¢oHe HelpepbIBHON
natuneTHedl Tepanuu WTK mepBoro moxoseHUs
(MMaTHHUOOM) COCTaBJISIET TOJBKO 30 %, a IIPH MPU-
meHenuu Tepanuu UTK Broporo nmoxosnenus (HuiIo-
TUHUO, 1a3aTUHUO, 603yTUHUO) — 30—55 % [1].

IMockosibky M'TK He cHOCOGHBI K 3pafuKaIiuu
JIEHKEMHUYECKUX CTBOJIOBBIX KJIeTOK (JICK), koTopbie
SABJIAIOTCA CyOCTPATOM MOJIEKYJISIDHOTO DPENV/INBA
IIpY TOIBITKE OTMEHBI TePAIUY, U3yIeHUe OO~
HUTEJIBHBIX MEXaHU3MOB, PeryJIUPYIONIUX TIyOuHY
SpaJIuKAIK OILyX0JIEBOT'O KJIOHA, IIpeJICTaBJIfAeT
60JIBIIYI0 aKTyaJbHOCTh. Ha OCHOBaHWM pe3ysbTa-
TOB MHOTOYHCJIEHHBIX HCCIEIOBAHUH OBLIO ITOKa-
3aHO, YTO BeZyIIas PoOJb B Pa3BUTHUU JIEKAPCTBEH-
HOU Pe3UCTEHTHOCTU K Tepallu U IPOrpeccupoBa-
HUH 3JI0KQYeCTBEHHOTO IpoIiecca MpYU MHOTHUX OILy-
X0JIAIX, B TOM yuncsie npu XMJI, mpuHaJIe:KuT Hapy-
IIEHNUI0 TPONdepaTUBHON AKTUBHOCTH OIIyXOJie-
BBIX KJIETOK U IIPOIIECCOB aIomnTo3a [2].

Vcnonp3oBaHue OHOMapKEPOB, KOPPEJIUPYIO-
IIUX C YPOBHEM DKCIPECCUU PETYJIATOPHBIX MOJIE-
KYyJI KJIETOYHOTO ITUKJIA U ATIOIITO03a, MOXKET SABJISTHCS
JIOTIOJTHUTEJIbHBIM UHCTPYMEHTOM JIJIsI IPOTHO3UPO-
BaHUA 3G PEKTUBHOCTH U YIIyULIeHUS UCXO/I0B Tepa-
muu O0osbHBIX XMJI. Tak, B KadyecTBe OJHOIO M3
TaKUX MOTEHI[UAJIBHBIX OMOMapKEPOB MOXKET pac-
CMaTpPUBAThCA KOHIIEHTPAIUS ITUTOKUHOB B CHIBO-
pOoTKe KpoBU. VI3BECTHO, UTO IUTOKUHBI PETYJIH-
pyioT B3aumooTHoueHue JICK ¢ ux MUKpPOOKpYy»Ke-
HUeM, CIIOCOOCTBYIOT MX BBIKMBAHUIO U Pa3BUTHIO
PE3UCTEHTHOCTH K TapreTHOU Tepamuu [3]. OiHaKO
MeXaHU3MBbI B3aHMOCBSA3M MapKepoB Ipoiudepa-
TUBHOHM aKTUBHOCTHU U aIlONTO3a C KOHIIEHTpAIuen
IIUTOKUHOB B CHIBOPOTKE KPOBU 60J1bHBIX XMJI uzy-
YeHbI HeZIOCTATOUHO. He ompezieieHo X MpOrHOCTH-
yecKkoe 3HaueHUe B OTHOIIIEHUH JIOCTYKEHUS U TIIy-
6unbl orBera Ha UTK y 60mpubIx XMJI. B cBs3u ¢
BBIIIIECKA3aHHBIM IIPOBeZIeHNEe HACTOSIIETO HCCIIe-
JTOBAHUS IIPEJICTABJISETCS BEChMa aKTyJIbHBIM.

HOEJIb NCCJIEAOBAHUA

N3yueHre B3aWMOCBSI3U VPOBHs OKCIIPECCUH
PeryisTOpHBIX 6EJIKOB P53, c-myc, Ki-67 1 Kactassi-3
Ha KJIeTKaX KOCTHOTO MO3Ta ¥ KOHIIEHTPAIUuHu

INTRODUCTION

Currently, the paradigm of the treatment of
patients with chronic myeloid leukemia (CML) is
changing. The expansion of the tyrosine kinase
inhibitors (TKIs) range and the accumulation of clin-
ical experience in their use made it possible to con-
sider the possibility of withdrawal of therapy in some
patients which achieved a deep molecular response
(DMR). However, the rate of achieving DMR during
permanent five-year therapy with first-generation
TKIs (imatinib) is only 30%, while with second-gen-
eration TKIs (nilotinib, dasatinib, bosutinib) it is
30-55% [1].

Since TKIs are not capable of eradication of leu-
kemic stem cells (LSCs), which are the substrate of
molecular recurrence when trying to withdraw ther-
apy, the study of additional mechanisms that regu-
late the depth of eradication of a tumor clone is of
great relevance. Based on the results of numerous
studies, it has been shown that a key role in the
development of drug resistance and tumor progres-
sion in many tumors, including CML, belongs to an
impairment of proliferative activity of tumor cells
and apoptosis [2].

The use of biomarkers that correlate with the
level of expression of cell cycle and apoptosis regula-
tors can be an additional tool for predicting the effec-
tiveness and improving therapy outcomes in patients
with CML. Thus, the concentration of cytokines in
blood serum can be considered as one of these poten-
tial biomarkers. It is known that cytokines regulate
the relationship between LSCs and their microenvi-
ronment, promote their survival and the develop-
ment of resistance to targeted therapy [3]. However,
the mechanisms of the relationship between markers
of proliferative activity and apoptosis with concen-
tration of cytokines in the blood serum of patients
with CML have not been studied enough. Their prog-
nostic value in relation to the achievement and depth
of response to TKIs in patients with CML has not
been determined. Thus, the present study seems to
be very relevant.

AIM OF THE RESEARCH

Study of the correlation between the level of
expression of regulatory proteins p53, c-myc, ki-67
and caspase-3 on the bone marrow cells and the con-
centration of certain cytokines in blood serum with
the effectiveness of therapy in patients with CML.

MATERIALS AND METHODS

The study included 74 CML patients with
chronic phase of the disease receiving TKIs. The
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OT/IEJIPHBIX [IUTOKUHOB B CBIBOPOTKE KPOBU € 3(pek-
THBHOCTBIO Tepanuu 60bHbIX XMJI.

MATEPUAJIBI 1 METO/IbI

B uccienoBanue ObLIO BKIIOYEHO 74 MAITHEHTA C
XMJI B XxpoHHUeCcKOH daze 3a60J1€BaHUsI, TIOJIyIaI0-
mux tepanuio UTK. Cpexnnuii Bo3pact obcierye-
MBIX COCTaBWI 54 + 14 roza (95% JOBepUTEIbHBIN
uaTepBas (JIM11) 50-57). IIpeobiaasm mamueHThbI
JKeHckoro mosa (26 (35.1 %) — MyKYUHBI U 48
(64.9 %) — >xeHnmuHbI). Menuana BpeMeHH HaOJIIO-
genus — 4 roga (1—9). Ha MOMEHT BKJIIOUEHHS B
uccnenoBanue tepanusa UTK 1-ro mokoseHus (uma-
THUO) mpoBoamIack 48 (64.9 %) 6onbHbIM, UTK
2-T0 TmoKoJieHuss — 26 (35.1 %) GosbHBIM. Cpenu
UTK 2-ro nokosienusa B 11 (14.9 %) ciydasx ObLT
HasHa4YeH HUJIOTHHUO, B 11 (14.9 %) — mazatuHub U B
4 (5.3 %) — O6o3yrunu6b. I[IpoBommMmasi Tepamnus
nospoymia 50 (67.6 %) OOJBHBIM JOCTUYDL 0OJIb-
moro mosiekysisipaoro oreeta (BMO). Onpezienerue
dasp1 3a601eBaHUA U TITyOUHBI OTBETA IPOBOUIIOCH
cormacHo kputepusim European Leukemia Net
2020 T. [4]. Joctuxxkenne BMO koHcTaTHpoBaIu
npu ypoBHe BCR/ABL < 0.1 %.

BceMm uccieryeMbiM GOJIBHBIM IIPOBEZIEHO OIIPe-
JleJIeHHuEe KOHIIEHTPAIIUU OTAEJTbHBIX ITUTOKUHOB U
pocroBeix pakropos (TNF-q, IL-1B, IL-2, IL-4, IL-6,
IL-10, IL-17, IL-18, IFN-a u VEGF-A) B chIBOpOTKE
KPOBH C ITIOMOIIbI0 UMMYHO(DEPMEHTHOTO aHAIN3a ¢
HCIIOIb30BaHNEM Habopa peareHToB V®DA-BECT
(AO «Bexktop-Bect», Poccusi), a Takke YPOBH:A IKC-
MPECCUU  PETYJIAITOPHBIX MOJIEKYJT KJIETOUHOTO
nukia u anomnrosa (ki-67, 6eJ1KoB p53, Kacmasbi-3 U
c-myc) B IIUTOJIOTHYECKUX Ma3KaX KOCTHOTO MO3Ta,
MTOJIyYeHHBIX IIyTeM acIUpaIriuoOHHON 6uoricuu. st
HCCIIeTIOBAHUA UMMYHOJIOTHYECKOTO (DEHOTHIIA OILy-
XOJIEBBIX KJIETOK HKCIIOJIb30BAJICS HUMMYHOITUTOXH-
MUYECKHII METOJ, C MOHOKJIOHAJIbHBIMH aHTHTE-
JlaM{d TIPOTHUB AaHTUTEHOB Ki-67, p53, c-myc u
Kacmasbl-3. B KaKloM I10Jie TOACUYUTHIBATIOCh HE
MeHee 100 KJIEeTOK. YMCJIO TMO3UTHBHBIX KJIETOK
OIIPEIEIIAIIOCH 110 CJIEAYIOIIUM KPUTEPUSIM: O [TO3H-
TUBHBIX KJIETOK — OTCYTCTBHE 3KCIIPECCHUU; MeHee
25 % — HU3Kasl KCIIPECCUS; 25—50 % — CpeTHAS DKC-
npeccust; 60s1ee 50 % — BBICOKAsA HKCIIPECCHS.

CraTuCcTUYeCKUH aHAIN3 TPOBOJAUIICS C UCIIOJIb-
3oBaHueM mporpammbl  StatTech v. 3.0.6
(000 «Crarrex», Poccus). KosmnyecTBeHHBIE ITOKA-
3aTeJI OIEHUBAJIUCh HA IPEIMET COOTBETCTBUS
HOPMAaJIbHOMY PaCIIPEIEJIEHUIO C ITOMOIIBI0 KPUTe-
pus Kosmoroposa — CmupHoBa. ITockosbKy pacipe-
JleJIeHHe KOJWYECTBEHHBIX IIOKa3aTejiel oT/Imya-
JIOCh OT HOPMAaJIPHOTO, CPaBHEHHE ABYX TPYIIN IO
KOJINYECTBEHHOMY II0KA3aTe0 BBIMOJIHIIOCH C

mean age of the subjects was 54 + 14 years (95%
confidence interval (CI) 50—57). Female patients
predominated (26 (35.1%) men and 48 (64.9%)
women). Median follow-up is 4 years (1—9). At the
time of inclusion in the study, first-generation TKIs
(imatinib) were administered to 48 (64.9%)
patients, second-generation TKIs were adminis-
tered to 26 (35.1%) patients. Among second gener-
ation TKIs, nilotinib was prescribed in 11 (14.9%)
cases, dasatinib — in 11 (14.9%), and bosutinib — in
4 (5.3%) cases. The therapy allowed 50 (67.6%)
patients to achieve a major molecular response
(MMR). Determination of the disease phase and
the depth of the response was carried out in accor-
dance with the criteria of the European Leukemia
Net 2020 [4]. Achievement of MMR was stated at
BCR/ABL < 0.1%.

We determined the concentration of certain
cytokines and growth factors (TNF-a, IL-1f, IL-2,
IL-4, IL-6, IL-10, IL-17, IL-18, IFN-a and VEGF- A)
in blood serum using enzyme immunoassay (BEST
ELISA diagnostic kit, JSC Vector-Best, Russia), as
well as the level of expression of cell cycle and
apoptosis regulatory molecules (ki-67, p53 pro-
teins, caspase-3 and c-myc) in cytological smears of
the bone marrow obtained during aspiration
biopsy. To study the immunological phenotype of
tumor cells, an immunocytochemical method was
used with monoclonal antibodies against ki-67,
p53, c-myc, and caspase-3 antigens. At least
100 cells were counted in each field. The positive
cell count was determined according to the follow-
ing criteria: 0 positive cells — no expression;
<25% — low expression; 25—50% — average expres-
sion; >50% — high expression.

Statistical analysis was carried out using StatTech
v. 3.0.6 (Stattech LLC, Russia). Quantitative indica-
tors were evaluated for normal distribution using the
Kolmogorov-Smirnov test. Since the quantitative
indicators were not normally distributed, the com-
parison of two groups was performed using the
Mann-Whitney U-test. Correlation analysis between
two quantitative indicators was carried out using the
Spearman’s rank correlation coefficient.

To calculate the threshold value of the concen-
tration of cytokines, as well as the level of expres-
sion of regulatory molecules, which were used to
determine the group of favorable and unfavorable
prognosis in relation to the probability of achieving
MMR, the receiver operating characteristic (ROC)
analysis was used. The criterion for choosing the
cut-off threshold is the requirement of the maxi-
mum total sensitivity (Se) and specificity (Sp) of the
model: Cut-off = max (Se + Sp). The separating
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nomotipsio U-kputepus ManHa — YutHu. Koppensa-
[IMOHHBIN aHAJIU3 MEXK/TY JIBYMsI KOJTMY€ECTBEHHBIMHU
[IOKA3aTeJIsIMUA MPOBOJIUIICA C MOMOIIbI0 K03 du-
[IHEeHTa PAaHTOBOH Koppearuu CriupMeHa.

I BBIYMCIIEHUs] TOPOTOBOTO 3HAYEHUs KOH-
[IEHTPallMi [IUTOKHUHOB, a TAKKe YPOBHS DKCIIpec-
CHU PETryJIATOPHBIX MOJIEKYJI, C TIOMOIIbI0 KOTOPBIX
ONpeIesIsUTN TPYIIy OJIarOIPUATHOTO W HebJaro-
MPUATHOTO TMPOTHO3a B OTHOIIEHWH BEPOSTHOCTH
noctkenuss BMO, ucmosp30Bajii METO/] IIOCTpOe-
Hus ROC-kpuBbix. Kpureprem BbIOOpA mopora orce-
yenus (cut-off) B3sTo TpeboBaHME MaKCHMAaJIbHON
CyMMapHOU 4yBCTBUTEJIHHOCTH (Se) U crienuduIHo-
ctu (Sp) mozmenu: Cut-off = max (Se + Sp). Paznessi-
Iolllee 3HAYEHUWE KOJIMYECTBEHHOTO IIpU3HAKa B
Touke cut-off onmpesesnsanIoch Mo HauBBICIIIEMY 3HAUE-
Huio nHekca IOmena. KauecTBo IIKajibl OIeHUBAJIN
¢ momotpio wiomanu mox ROC-kpusoit (AUC),
BeJIMYMHA KOTOPOW B WJI€aJIbHOW MO PaBHsA-
eres 1.

PE3YJ/IBTATBI UCCJIEJOBAHUA

CpaBHUTEJIBHBIN aHAJIU3 YPOBHA SKCIPECCUU Ha
KJIeTKaX KOCTHOTO MO3Tra PEeryJIATOPHBIX MOJIEKYJI
ki-67, p53, c-myc, Kacmaspl-3 W KOHIIEHTPAIUH
OT/IeJIbHBIX IIUTOKUHOB U POCTOBBIX (pakTopoB TNF-
a, IL-1B, IL-2, IL-4, IL-6, IL-10, IL-17, IL-18, IFN-a u
VEGF-A B cpiBOpoTKe KpoBH 60s1bHBIX XMJI B 3aBU-
CHUMOCTH OT IJTyOMHBI 0TBeTa Ha Tepanuio ' TK moka-
3aJ1, YTO y TTAIUEHTOB, He Aocturmmx bBMO, otmeua-
€TCs JIOCTOBEPHO 060Jiee BBICOKUU YPOBEHbD 3KCIIPEC-
CHM Kaclasbl-3 U KOHIEHTPAIIUU ITPOBOCIATIUTEIb-
HbIX IUTOKUHOB IL-1P, IL-2, IL-6 u IL-17, a Takxe
pocroBoro daktopa VEGF-A 1o cpaBHeHUIO ¢ Tako-
BBIMHU IIOKa3aTeJIsIMU IAI[UEHTOB C JOCTUTHYTHIM
orBetoM Ha Tepanuio (BMO). B cBow ouepenp,
nocrikeHre BMO xapakTepr3oBasoch 60siee BbICO-
KAM YPOBHEM 3KCIPECCUM PEeTYJIATOPHBIX MOJIEKYJI
P53 U c-myc, a TakKe yBeJIndyeHueM KOHIIeHTpaluu
IL-10 u cHuKeHneM KoHlleHTpanuu IL-1f, IL-2, IL-6
u IL-17 (Tabu. 1).

AHan3 KOPPEIANNOHHBIX B3aUMOCBA3EH MEXIY
YPOBHEM OSKCIPECCHUU H3y4aeMbIX PeryJIATOPHBIX
MOJIEKYJI U KOHI[eHTpaIel OT/IeJIbHBIX IUTOKUHOB
[I0KA3aJI HAINYKE CTATUCTHYECKH 3HAYMMOU OTpHU-
1aTeJbHON B3aMMOCBs3H c-myc u p53 ¢ IL-2, IL-1f,
IL-17 u monoxwurenbHOU (MPAMOI) B3aWMOCBSI3HU
c-myc u p53 ¢ IL-10, a Tak:ke IpsAMOI B3aNUMOCBS3HU
MeKTy ypOBHEM Kacnaswl-3 u IL-2, IL-1f, IL-6, IL-17
U 00paTHOH B3aMMOCBS3U MEXKAY Kacmazou-3 u
IL-10 (Tabs. 2).

Taxkum obpasom, poctmkenrne BMO y 6G0IbHBIX
XMJI MOKHO ITPOTHO3UPOBATH MIPHU O0Jiee BHICOKOM
SKCIIPECCUU Ha KJIeTKaxX KOCTHOI'O MO3Ta PeryaaTop-

value of a quantitative variable at the cut-off point
was determined by the highest Youden’s index. The
quality of the scale was assessed using the area
under the ROC curve (AUC), the value of which in
the ideal model is 1.

RESULTS OF THE RESEARCH

A comparative analysis of the expression of regu-
latory molecules ki-67, p53, c-myc, caspase-3 on the
bone marrow cells and the concentration of certain
cytokines and growth factors TNF-a, IL-1f, IL-2,
IL-4, IL-6, IL-10, IL-17, IL-18, IFN-a, and VEGF-A
in the blood serum of CML patients, depending on
the depth of response to TKIs, showed that patients
who did not achieve MMR had a significantly higher
level of caspase-3 expression and concentration of
pro-inflammatory cytokines IL-1f3, IL-2, IL-6, and
IL-17, as well as growth factor VEGF-A compared
with those of patients with MMR. In turn, the
achievement of MMR was characterized by a higher
level of expression of p53 and c-myc, as well as an
increase in concentration of IL-10 and a decrease in
the concentration of IL-1p, IL-2, IL-6, and IL-17
(Table 1).

Analysis of correlation between the level of
expression of the regulatory molecules and the con-
centration of certain cytokines showed the presence
of the statistically significant negative correlation
between c-myc and p53 with IL-2, IL-1f, IL-17 and
positive (direct) correlation between c-myc and p53
with IL-10, as well as the direct correlation between
the level of caspase-3 and IL-2, IL-1f3, IL-6, IL-17 and
negative correlation between caspase-3 and IL-10
(Table 2).

Thus, the achievement of MMR in patients with
CML can be predicted with the higher expression of
regulatory molecules c-myc and p53 on the bone
marrow cells, low expression of caspase-3, and low
blood serum concentrations of IL-2, IL-1B, IL-17,
IL-6, and high concentration of IL-10, which indi-
cates the synergism of biomarkers in the pathogene-
sis of CML and its tumor progression (Table 2).

To calculate the threshold value of the cytokine
concentration, as well as the level of expression of
regulatory molecules, with the help of which the
group of favorable and unfavorable prognosis for
achieving MMR was determined, the ROC analysis
was used. Based on the results of the ROC analysis, it
was shown that the highest quality diagnostic mod-
els that predict the lack of response to TKI therapy
were obtained for cytokines IL-1p and IL-17 (Table 3).
Thus, the cut-off value for concentration of IL-1
with the highest sensitivity (86%) and specificity
(75%) was 2.5 pg/ml (AUC = 0.831, 95% CI 0.788—
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Ta6smmna 1. KoHLeHTpalus OT/Ae/IbHbIX IUTOKWUHOB B CbIBOPOTKE KPOBH U YPOBEHb 3KCIIPECCHH PETYJIATOPHBIX 6EJIKOB Ha
KJIETKaX KOCTHOTO Mo3ra y 6osbHbIX XMJI ¢ BMO u 6e3 BMO, Me (Q,-Q,)

Table 1. The concentration of certain cytokines in the blood serum and the level of expression of regulatory proteins on the
bone marrow cells in CML patients with and without MMR, Me (Q,-Q,)

BosibHbie c BMO

BosbHbIe 6e3 BMO

ShuxeRlindieaton Patients with MMR Patients without MMR p

ki-67 (%) 58 (33-63) 50 (42-56) 0.260
Kacnasa-3 / Caspase-3 (%) 18 (15-24) 28 (20-46) <0.001*
p53 (%) 7 (5-8) 2 (2-3) <0.001*
c-myc (%) 9 (6-11) 2 (1-5) <0.001*
TNF-a (ir/ma) | (pg/ml) 2.30 (1.50-4.88) 1.55 (1.00-2.93) 0.133
IL-2 (ur/ma) | (pg/ml) 0.78 (0.78-0.78) 2.00 (2.00-2.00) <0.001*
IL-1B (nr/mn) | (pg/ml) 0.88 (0.88-2.10) 4.45 (2.41-6.60) <0.001*
IL-6 (rir/mu) | (pg/ml) 2.80 (1.75-4.28) 4.75 (2.88-12.35) 0.006*
IL-18 (ur/ma) | (pg/ml) 294.25 (213.70-399.43) 252.90 (173.85-346.18) 0.265
IL-10 (ur/ma) | (pg/ml) 4.85 (2.28-6.40) 2.65 (1.82-4.75) 0.039
IL-4 (rir/ma) | (pg/ml) 3.67 (2.88-4.69) 3.80 (3.38-4.72) 0.161
IFN-o (rir/ma) | (pg/ml) 5.60 (4.00-9.80) 5.00 (5.00-10.10) 0.947
IL-17 (ur/ma) | (pg/ml) 0.70 (0.30-2.00) 4.90 (2.45-5.90) <0.001*
VEGF-A (nr/mu) | (pg/ml) 81.80 (45.20-265.40) 295.25 (205.55-442.93) 0,004*

IpumMmeuyaHnwusd.
* Pagsinuus nokasaTeJsieil CTaTUCTHYECKU 3HaYuMBlI (p < 0.05).
Note.
* Differences are statistically significant (p < 0.05).

HBIX MOJIEKYJI C-MyC U P53, HU3KOHU JKCIIpeccuu
KacIa3bl-3, a TAKXKE HU3KON KOHI[EHTPAIIUU B CHIBO-
potke kpoBu IL-2, IL-1f, IL-17, IL-6 1 BbICOKOH KOH-
neHTpanuu I1L-10, 94TO ykasplBaeT Ha CUHEPIU3M
n3yJaeMbIX OmoMapkepoB B marorenese XMJI u ero
OIIyX0JIeBOI porpeccuu (cm. TabI. 2).

JI71A BBIYKCIJIEHUSA TOPOTOBOTO 3HAYEHUA KOH-
LIeHTpallUy LUTOKUHOB, a TaKXKe YPOBHA 3KCIIpec-
CUU PeryJATOPHBIX MOJIEKYJI, C IIOMOIIBI0 KOTOPBIX
OTIPEeJIEJIsUTH TPYHILy OJIarONpUATHOrO W Hebsaro-
NIPUATHOTO IIPOTHO30B B OTHOIIEHUU BEPOATHOCTU
nocrmxeHnsa bMO, ucnosp3oBaau MeTOZ, IIOCTPOe-
Hua ROC-kpussbix. Ilo pesysbraTaM IpoBeieHHOTO
ROC-ananusa 6bUI0 OKa3aHO, UTO HauboJjiee Kaue-
CTBEHHBbIE JAMArHOCTHUYEeCKHe MOJEsH, II03BOJIAIO-

XMA - xpoHHYeCcKUH MuesoJieiiko3; BMO - 60J1bII0N MOJIEKY/ISIPHBIN OTBET.

CML - chronic myeloid leukemia; MMR - major molecular response.

0.952, p < 0.001), the cut-off for IL-17 concentration
with the highest sensitivity (82.4%) and specificity
(78.9%) was 2.3 pg/ml (AUC = 0.879, 95% CI 0.836—
0.995, p < 0.001). Determination of the prognostic
value of IL-2 concentration, despite a high quality of
the model and high sensitivity, was characterized by
a low specificity. Among regulatory molecules, the
level of p53 and c-myc expression showed the high-
est prognostic value. The cut-off level of p53 expres-
sion with the highest sensitivity (90%) and specific-
ity (95%) was 4% (AUC = 0.947, 95% CI 0.898-
0.997, p < 0.001). The cut-off for the c-myc expression
with the highest sensitivity (84%) and specificity
(85%) was 6.0% (AUC = 0.920,95% CI 0.858—0.983,
P < 0.001) (see Table 3).

Ta6smmna 2. KoppesisiiioHHbIE B3aUMOCBSI3U MEX/y YPOBHEM 3KCIIPECCUU PETYISTOPHBIX OEJIKOB Ha KJIeTKaX
KOCTHOT'0 MO3Ta U KOHI|eHTpaliel IUTOKUHOB B CIBOPOTKE KPOBU 60JIbHBIX XPOHHUYECKIM MUEJI0eHK030M

Table 2. Correlations between the expression level of regulatory proteins on the bone marrow cells and the blood serum
concentration of cytokines in patients with chronic myeloid leukemia

IL-1B IL-2 IL-6 IL-10 IL-17

ki-67 rs=0.262 - rs=0.241 rs =-0.164 -
p=0.029 p<0.001 p<0.001

c-myc rs =-0.555 rs =-0.660 rs =-0,241 rs =0.626 rs =-0.623
p<0.001 p<0.001 p=0.045 p<0.001 p<0.001

p53 rs =-0.575 rs =-0,705 rs =-0.254 rs =0.651 rs =-0.742
p<0.001 p<0.001 p=0.034 p<0.001 p<0.001

Kacmaza-3 rs = 0.546 rs=0.474 rs =0.407 rs =-0.623 rs=0.563

Caspase-3 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
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Taﬁjmua 3. MO,ELeJII/IpOBaHl/Ie BEPOATHOCTH AOCTUXKEHUA 60JIbIIOTO MOJIEKYJIAPDHOI'O OTBETA B 3aBUCUMOCTH OT YPOBHA
SKCIIPECCHUH PETryJIATOPHBIX 0eJIKOB Ha KJIeTKaX KOCTHOI'0 MO3ra u KOHUEHTPpAalU TUTOKUHOB B CbIBOPOTKE KPOBHU Y

GOJIbHBIX XpOHHU4YECKUM MUEJI0JIeHKO30M

Table 3. Modeling the probability of achieving a major molecular response depending on the level of expression of regulatory
proteins on the bone marrow cells and the blood serum concentration of cytokines in patients with chronic myeloid leukemia

LIMTOKHMHBI, Inomaab

Iloporossie

- o YyBcTBU-
pery/isiTopHble MOJIEKY/Ibl N0 KPUBOM 3Ha4YeHHA TeLHOCT / CnenuduyHOCTh/
Cytokines, regulatory Areaunder the P Threshold Sensitivity (%) Specificity (%)
molecules curve values* ty (%o
IL-2 0.803 <0.001 2.0 98.0 62.5
IL-18 0.831 <0.001 2.5 86.0 75.0
IL-17 0.879 <0.001 2.3 82.4 78.9
Kacnaza-3 / Caspase-3 0.802 <0.001 22.0 68.0 70.0
p53 0.947 <0.001 4.0 90.0 95.0
c-myc 0.920 <0.001 6.0 84.0 85.0

IpumMmedyaHnwusd.

3HaveHus mowaAu noj Kpupoi: 0.9-1 - otinyHoe KadecTBO Mogeu; 0.8-0.9 - o4eHb Xopoliee Ka4eCTBO MOJIeH;

0.7-0.8 - xopouee kauectBo Mogeny; 0.6-0.7 - cpeiHee kKadecTBO Mogesy; 0.5-0.6 — HeyJOBIETBOPUTENBHOE KAYEeCTBO MOJEJIH.
* EauHunbl usmepenus ans IL-2, IL-1f, IL-17 - nr/mut; Ans kacnassl-3, p53, c-myc - %.

Note.

Area under the curve values: 0.9-1 - excellent quality of a model; 0.8-0.9 - highest quality of a model; 0.7-0.8 - high quality of a

model; 0.6-0.7 - moderate quality of a model; 0.5-0.6 - unsatisfactory quality of a model.

* Units for IL-2, IL-1B, IL-17 - pg/ml; for caspase-3, p53, c-myc - %.

e MPOTHO3UPOBATh OTCYTCTBHE OTBETA Ha Tepa-
nuto UTK, 6bUTH HOJIy4Y€eHbl 111 TUTOKUHOB IL-1 u
IL-17 (Tab:. 3). Tak, onTHMAaJIbHASA TOUKA OTCEYEHUS
(cut-off) m1st 3HaUeHUst KOHIeHTpauu IL-1P ¢ Hau-
BBICIIIEA YYBCTBUTEJIHLHOCTHIO (86 %) u cnenumpuy-
HoCThIO (75 %) cocraBuia 2.5 rr/mia (AUC = 0.831,
95% 11 0.788-0.952, p < 0.001), cut-off 111 3HAUE-
HUA KOHIeHTpanuu [L-17 ¢ HaWBBICIIEH YyBCTBH-
TeJIbHOCThIO (82.4 %) u crenududHOCTHIO (78.9 %)
cocrapua 2.3 rr/mi (AUC = 0.879, 95% /111 0.836—
0.995, p < 0.001). Ompe/iesieHNEe TPOTHOCTUYECKOTO
3HAYeHUs KOHIleHTparuu IL-2, HecMOTps Ha OYeHb
XOpoIllee KayecTBO MOJIEJIM U BBICOKYIO UyBCTBU-
TEJIbHOCTbh, XapaKTEPU30BAJIOCh HU3KOU cIieruduy-
HocThbi0. Cpefii PETYJIATOPHBIX MOJIEKYJ HaubOJIb-
Y0 MPOTHOCTUYECKYIO 3HAUMMOCTbD ITOKA3aJIk ypO-
BeHb 2KcIpeccuu p53 u c-myc. Cut-off mis 3Haue-
HUA CTEIEeHU SKCIPECCHU P53 C HAWBBICIIEH UyB-
CTBUTEJILHOCTHIO (90 %) U crieruuaHOCThIO (95 %)
cocraBuia 4 % (AUC = 0.947, 95% /111 0.898-0.997,
P < 0.001). Cut-off 1151 3HaUEeHU SKCIIPECCUH C-MYC
¢ HaWBBICIIEH YyBCTBUTEIBHOCTBIO (84 %) U crienu-
¢uunOCTEIO (85 %) cocraBuia 6.0 % (AUC = 0.920,
95% U 0.858-0.983, p < 0.001) (cMm. TabI1. 3).

Takum obpazom, pocrmkenue BMO Gosee
BEPOSITHO TPU JOCTHKEHUM KOHIeHTparui IL-10
< 2.5 nr/ma u IL-17 < 2.3 1Ir/MJI ¥ yPOBHS DKCIIpec-
cum p53 > 4 % u c-myc > 6 % COOTBETCTBEHHO.

OBCYXXJIEHHNE

B paszButum pesucrentHoctu k UTK ydacTtByer
MHO>KeCTBO MEXaHU3MOB, CBA3aHHBIX KaK ¢ MyTaIll-

Thus, the achievement of MMR is more likely at
the concentration of IL-1f < 2.5 pg/ml and
IL-17 < 2.3 pg/ml, and the level of p53 expression
> 4% and c-myc > 6%, respectively.

DISCUSSION

Many mechanisms are involved in the develop-
ment of resistance to TKIs, both associated with
mutations in the chimeric BCR/ABL gene and inde-
pendent of BCR/ABL mutations [4].

Currently, it is now known that regulatory signals
coming from microenvironment cells play an impor-
tant role in the survival of cancer progenitor cells.
Cytokines, which are a key link in signaling between
cells, act at all stages of leukemogenesis and also
allow CML leukemic stem cells to persist in the set-
ting of long-term targeted therapy [2].

It is known that at the onset of the disease, an
increase in secretion of pro-inflammatory cytokines
contributes to tumor progression, creating favorable
conditions for proliferation of tumor cells. Later,
during the course of the disease, the contribution of
cytokines to the development of resistance to ther-
apy increases [5].

The results of this study showed that the lack of
an adequate response to therapy and failure to
achieve MMR is characterized by a statistically sig-
nificant increase in the blood serum concentration of
certain pro-inflammatory cytokines and growth fac-
tors (IL-1p, IL-2, IL-17, IL-6 and VEGF- A) compared
with those in patients with MMR which indicates the
prognostic value of these biomarkers in predicting
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sAMu xuMepHoro reHa BCR/ABL, Tak U He3aBUCH-
MbIX oT myTtanuit BCR/ABL [4].

B Hacros1Iee BpeMs U3BECTHO, UTO BAXKHYIO POJIb
B BBDKHBAHHUU OILYXOJIEBBIX KJIETOK-IIPEAIIECTBEH-
HHUKOB UTPAIOT PETYJISITOPHBIE CUTHAJIBI, TIOCTYIIAI0-
mue OT KJIEeTOK MUKPOOKpy>KeHusA. IIUTOKUHBI,
SIBJIAIONINECS KII0UEBbIM 3B€HOM B [Iepe/iave CUTHA-
JIOB MEXy KJIETKaMU, JEHCTBYIOT Ha BCEX JTamax
JlelikeMOreHe3a, a TakXKe IMI03BOJIAIOT IIEPCUCTUPO-
BaTh JIEHKEMUYECKUM CTBOJIOBHIM KyieTkaM XMJI Ha
(oHe MHOTOJIETHEH TapreTHOU Tepamnuu [2].

N3BecTHO, uTO B /1e610Te 3200JI€BAaHMUS TTOBBIIIIE-
HHUE CEeKpelWH IIPOBOCIINTENBHBIX IUTOKHHOB
CII0COOCTBYET MPOTPECCUU 3JI0KAUECTBEHHOTO IIPO-
mecca, cos/iaBasi 6JIarONPUATHBIE YCJIOBHSA JIJIS TIPO-
sudepanun OIyxoJeBhIX KIETOK. B mangpHelinem, B
XO7le €CTECTBEHHOTO TeueHus 3a60JieBaHUsI BO3pac-
TaeT BKJIa/] HIUTOKUMHOB B Pa3BUTHE PE3UCTEHTHOCTU
K Tepanuu [5].

PesysibTaTaMu HACTOSIIIIETO HCCJIEIOBAHUSA OBLIO
IIOKAa3aHO, YTO OTCYTCTBHE ONTHUMAJIBHOI'O OTBeTa Ha
Tepanuio u He jocTikeHre BMO xapakrepusyetcs
CTATUCTUYECKH 3HAYMMBIM YBEJIMYEHUEM B CHIBO-
POTKe KpOBU OOJIBHBIX KOHIIEHTPAIIUU OTAEJIbHBIX
IIPOBOCIIAJIUTETHHBIX IIUTOKIMHOB B POCTOBBIX (DAKTO-
pos (IL-1B, IL-2, IL-17, IL-6 u VEGF-A) no cpasue-
HUIO C TAKOBBIM y mareHToB ¢ BMO, uTo yka3biBaeT
Ha IIPOTHOCTHYECKOE 3HAaUeHHe JAaHHBIX OHOMapke-
POB B IPOTHO3UPOBAHHUH JIOCTIKEHHUS OTBETa Ha
tepanuio UTK. IlosydeHHBIE pe3ysbTaThl COTJIACY-
I0TCS € JAHHBIMU JINTEPATYPBI, CBUJETEIHCTBYIO-
MU 00 YBEJIMUEHUU KOHI[EHTPAIMK ITUTOKUHOB
MIPOBOCIIAJINTEJIBHOTO CIIEKTPA U OT/AEJIBHBIX POCTO-
BbIX hakTopoB (IL-10, IL-6, VEGF-A) cpenu 60/IbHBIX,
pesucteHTHBIX K Tepanuu UTK [6—8]. B emnHUUHBIX
paboTax omricaHa HeGJIATOIPUATHAS POJIb BBICOKOTO
ypoBHs I1.-17 v GOJIBHBIX C JIEHKO3aMH, KOPPEJIUPYIO-
mas ¢ XyAIIMMU T0Ka3aTeIsIMU BbIKHUBAEMOCTH [9].
[Ipu coMMAHBIX OIyXOJIsIX OBLIO MOKa3aHo, uTo IL-17
unaynupyet cunte3 VEGF, koHIIeHTpaIus KOTOPOTo
Takke ObLIA TIOBBIIIEHA y peppakTepHbIX GOTBHBIX, U
YCHUJIMBAEeT aHTHOTeHe3 OIyX0JIH [10].

Konnenrpamusa IL-10, Haobopor, ObLIa 0OCTO-
BEPHO BHIIIE cpean O0bHBIX, octurinux bBMO. Ha
OCHOBAHUMU Pe3yJIbTATOB MHOTOUUCIIEHHBIX HCCIIEI0-
BaHUH, TOCBSAIIEHHBIX U3YYeHUIO pou I11-10 B KaH-
I[eporeHese, K HACTOAIIEMY BPEMEHH U3BECTHO, UTO
IL-10 nipu pasInYHBIX BAPDUAHTAX 3JI0KAYE€CTBEHHBIX
HOBOOOpa30BaHHUI MOKET ITPOSIBJIATD KaK IIPO-, TAK U
aHTUOHKOTeHHbIe cBoMcrBa [11]. Tak, B mcciaemoBa-
uuu G. Gerlini et al. 66110 TOKa3aHo, uTo IL-10, ABJIS-
SICh CaMBIM MOIIHBIM ITPOTHBOBOCIIINTEIbHBIM
[IIUTOKUHOM, MOXKET HHTHMOUPOBATH CEKPEIHIO IIPO-
BOCHAJIUTEJIBHBIX IIUTOKMHOB U CHIKATh DJKCIIpec-

the achievement of response to TKI therapy. The
results obtained are consistent with the literature
data indicating an increase in the pro-inflammatory
cytokine concentration and certain growth factors
(IL-1B, IL-6, VEGF-A) among patients resistant to
TKI therapy [6—8]. A few studies describe the unfa-
vorable influence of IL-17 high levels in patients with
leukemia, which correlates with the worse survival
rates [9]. In solid tumors, it was shown that IL-17
induces the synthesis of VEGF, concentration of
which was also increased in patients who are refrac-
tory to therapy, and enhances tumor angioge-
nesis [10].

The concentration of IL-10, on the contrary,
was significantly higher among patients who
achieved MMR. Based on the results of numerous
studies on the role of IL-10 in carcinogenesis, it is
now known that IL-10 can exhibit both pro- and
anti-oncogenic properties in various types of
malignant neoplasms [11]. So, in the study by Ger-
lini et al. it was shown that IL-10, being the most
powerful anti-inflammatory cytokine, can inhibit
secretion of pro-inflammatory cytokines and
reduce expression of the major histocompatibility
complex (MHC) class I proteins by tumor cells,
thereby increasing their sensitivity to the cytotoxic
effect of natural killers and slowing down the
growth of a tumor clone [12].

In the present study, the increased concentration
of IL-10 in patients with MMR can be considered as
a compensatory reaction, which indicates an anti-
oncogenic effect and allows it to be used as a bio-
marker for achieving an objective tumor response to
TKI therapy.

When evaluating the level of the bone marrow
expression of proteins that regulate cell cycle, it was
shown that the CML patients who did not achieve
MMR are characterized by a significantly low
expression of p53 and c-myc proteins on the bone
marrow cells, but have a higher level of caspase-3
expression compared to patients who achieved
MMR. This fact may be explained by the literature
data according to which CML patients with consti-
tutionally active BCR/ABL tyrosine kinase are char-
acterized by activation of MDM2 protein, which is a
p53 antagonist. Suppression of the p53 activity by
MDM2 protein leads to a blockade of apoptosis and
excessive proliferation of tumor cells [13]. The
results of other studies confirm that the suppres-
sion of functional activity of p53 is associated with
the progression of CML, as well as the development
of resistance to TKIs [14]. In addition, it was shown
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cuio OeJIKOB IJIaBHOTO KOMILIEKCA THCTOCOBMECTH-
moctu (MHC) I kacca omyxoJieBbIMU KJIETKAMH, 32
CUET Yero MOBBIIIAETCS UX UYBCTBUTEIHHOCTD K ITUTO-
TOKCHYECKOMY BJIMSTHUIO HATYPAJIbHBIX KUJLJIEPOB U
3aMeJIJIsIETCS POCT OIyXOJIEBOTO KJIOHA [12].

B HacrosiieM HCCIeOBAaHUN YBEJIUYEHHE KOH-
nenTtparuu [L-10 y marueHToB ¢ goctmxrenrneMm bBMO
MOXKHO paccMaTPUBATh KaK KOMIIEHCATOPHYIO peakK-
[IUI0, YTO CBUETEJbCTBYET 00 aHTHUOHKOTEHHOM
BJIMSTHUH U TIO3BOJISIET UCIIOJIB30BATh €70 B KAUECTBE
OroMapKepa JOCTHKEeHUsI 00OBEKTHBHOIO OTBETA HA
tepanuio UTK.

ITpu o11eHKe YPOBHSA KCIPECCUN B KOCTHOM MO3Te
OEJIKOB, PEryJUPYIONINX KJIETOYHBIH ITUKJ, IOKa-
3aHO, uTo 601pHBIEe XMJI, He nocturirie BMO, xapak-
TEPUBYIOTCSI CTATHCTUYECKH 3HAUYMMO HU3KOH DKC-
Ipeccrer Ha KJIETKAaX KOCTHOTO MO3ra 0eska p53
c-myc, HO 06ojiee BBICOKMM YPOBHEM SKCIIPECCHH
KacIia3pl-3 [0 CPAaBHEHUIO C IAIMEHTaMH, J[OCTHT-
IIUMU HawIydinero oreera Ha Tepamnuio UTK (BMO).
O0bsicHeHHEM JAaHHOTO GaKTa MOTYT OBITH JIAHHbBIE
JINTEpaTyphl, COTJIACHO KOTOPBIM OGosibHbIe XMJI ¢
KOHCTUTYITUOHAJIbHO akTuBHOU BCR/ABL-THpO3WH-
KHUHA30M XapaKTEepPU3yIOTCS aKTHUBaluel OeJsika
MDM2, asismomnierocsa antaronucroM p53. [lozgasite-
HHE aKTUBHOCTH p53 Oenxom MDM2 mpuBoauT K
6JIOKY amorTo3a U U30BITOUHOH TposTHdepaIuu oIry-
XOJIEBBIX KJIETOK [13]. Pe3ysibTaThl APYTHX KCCIIET0BA-
HUU IOATBEPIK/IAIOT, UTO HOZaBIeHIe QYHKITNOHAb-
HOH aKTHUBHOCTH P53 COMPSIKEHO C IPOTPECCHPOBA-
HueM XMJI, a Tak:ke pa3BUTHEM DPE3UCTEHTHOCTH K
NTK [14]. Kpome Toro, 6HI0 TOKa3aHO, YTO OJIOKA/IA
MDMz2, npuBojAias K IOBBIIIEHUIO AKTUBHOCTU
P53, IOBBIIIAET YYBCTBUTEILHOCTD KYJIBTYD KJIETOK K
UTK u crocobeTByeT 6ojtee TIyOOKOU SpajuKaIiuu
JIEMKEMUYECKIX CTBOJIOBBIX Ky1eTok XMJI [15].

C-myc — TpaHCKPHUIIIIMOHHBIA (HaKTOP, KOTOPBIH
CTHUMYJIUPYeT MpoiudepaTUBHYI0 aKTUBHOCTD OILy-
XOJIEBBIX KJIETOK, MHTUOUPYET UX aIlONTO3, PETYIIU-
pyer Merabou3M, CIOCOOCTBYeT AHTHOTEHe3y U
(opMUPOBAaHUIO KJIETOK-IIPEIECTBEHHUKOB OILy-
X071 [16]. MHOTHE pabOThI CBUETENTHCTBYIOT O TOM,
YTO BBICOKUH YPOBEHb HKCIIPECCHH C-MYC aCCOIUU-
POBaH € XyAIINM IIPOTHO30M IIPH 3JI0KaYeCTBEHHBIX
HOBoOOpazoBanusx. [Ipu XMJI takxke ObLIO TOKa-
3aHO, YTO THUIEPIKCIPECCUS C-MYC CONpsDKEHA C
nporpeccupoBanreM XMJI B GJIaCTHBIN KPH3 U Xy~
KM OTBeTOM Ha uMaTuHuO [17]. OgHako Hamu
[IOJTyYeHbl TTPOTUBOPEUNBBIE JTAHHBIE, CBUJIETEIb-
CTBYIOIIIIE O CTATUCTUYECKH 3HAYMMO HHU3KOM
VPOBHE DSKCIIPECCUU C-MyC cpenu OOJIBHBIX, He
mocrurmux BMO, uro, BepoATHO, 06YCIOBJIEHO
OOJIPIITUM KOJIMYECTBOM ITOKOAIIUXCS KJIETOK BHE
KJIETOYHOTO INKJIA, IJIs1 KOTOPBIX XapaKTepeH MUHU-

that the blockade of MDM2, which leads to the p53
activation, increases the sensitivity of cell lines to
TKIs and favors deeper eradication of CML leuke-
mic stem cells [15].

C-myc is a transcription factor that stimulates
the proliferative activity of tumor cells, inhibits
their apoptosis, regulates metabolism, promotes
angiogenesis and the formation of tumor progeni-
tor cells [16]. Many works indicate that a high level
of c-myc expression is associated with a worse
prognosis in malignant neoplasms. In CML, c-myc
overexpression has also been shown to be associ-
ated with CML progression during blast crisis and
worse response to imatinib [17]. However, we have
obtained contradictory results indicating a signifi-
cantly low level of the c-myc expression among
patients who did not achieve MMR, which is prob-
ably due to a large number of out-of-cycle quies-
cent cells which are characterized by a minimum
level of c-myc nuclear expression [18]. The para-
doxical pro-oncogenic potential for decreased
c-myc expression has been described in several
studies which showed that a low level of protein
maintains the proliferative activity of tumor cells,
and when its expression thresholds levels are
reached, pro-apoptotic molecules that trigger cell
death are activated [19, 20]. Ji et al. showed that a
low level of c-myc expression in hepatocellular car-
cinoma was associated with the worse survival
rates compared to patients with a high level of
expression [21].

In our study, the level of expression of caspase-3,
the executioner caspase, that combines both intrin-
sic and extrinsic apoptotic pathways, turned out to
be significantly higher among patients without
MMR, which is consistent with the literature data
and indicates a predominantly pro-oncogenic effect
of this regulatory protein in CML [22].

In the literature, the opinions on the prognostic
role of caspase-3 expression are contradictory. Pre-
viously, it was believed that a high level of caspase-3
in malignant neoplasms is an indicator of the effec-
tiveness of anticancer therapy, demonstrating an
increase in apoptosis of tumor cells. However, some
studies indicate that in some variants of malignant
neoplasms, a high level of procaspase-3 or its active
form, caspase-3 is associated with an unfavorable
prognosis of the disease [22, 23]. The definite
mechanism of the pro-oncogenic effect of caspase
remains unclear. It is assumed that a high level of
caspase-3 enhances tumor angiogenesis in response
to apoptosis, and also promotes genomic rear-
rangements and, thus, promotes the tumor pro-
gression [22].
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MaJTBHBIH YPOBEHb SAEPHOU dKcIpeccuu c-myc [18].
ITapasioKkcaJIbHBI  TPOOHKOTEHHBIA  IOTEHITHA
CHIKEHHUS SKCIIPECCUH C-MYC OMKUCAH B HECKOJIBKHIX
paborax, pe3ysIbTaThl KOTOPBIX TOKA3aJIH, UTO HU3-
KUU ypOBEHD OeJIKA MMOJIEPKUBAET ITPOTHU(EPATHB-
HYI0 aKTUBHOCTbH OITyXOJIEBBIX KJIETOK, a IPHU JOCTH-
JKEHHUU IOPOTOBBIX 3HAUEHUH €ro 9KCIIPECCUH aKTHU-
BUPYIOTCSA [IPOATIONTUYECKIE MOJIEKYJIBI, 3aITyCKAl0-
e rubesib KieTok [19, 20]. B pa6ore F. Ji et al.
HU3KUH YPOBEHB HKCIIPECCUU C-MYC IIPU TelaToIe-
JTIIOJIAPHON KapIMHOME OBLJI acCOIMUPOBAH C XY/I-
UMM TTOKA3aTeIsIMU BBIKHUBAEMOCTH IO CpaBHe-
HUIO ¢ GOJIBHBIMH C BBICOKMM YPOBHEM BSKCIIpec-
cuu [21].

VpoBeHb BKCIpeccuu Kacmasbl-3, 3GhdeKTOpHOH
Kacrasbl, OObeIUHSAIONIEN BHYTPEHHUN W BHEITHHI
IyTH alloNTo3a, B HAIlEM HCCJIEZOBAHUN OKA3aJICs
CTaTHUCTUYECKU 3HAYUMO BBIIIE Cpeu OOJIBHBIX 6e3
BMO, uTo corsacyeTcs ¢ JaHHBIMY JIATEPATYPhI U yKa-
3pIBa€T HA IPEUMYILECTBEHHO ITPOOHKOTE€HHBIH
addeKT AaHHOTO pery iaTopHoro Oeska mpu XMJI [22].

B siuTepartype MHEHUS O MPOTHOCTUYECKON POJIH
SKCIIPECCHH Kaclasbl-3 IPOTHUBOPEUYUBHL. PaHee
CUHUTAJIOCh, YTO BBHICOKUI YPOBEHb Kaclasbl-3 IIPHU
3JI0KAYECTBEHHBIX HOBOOODPA30BAHUAX  SIBJISETCS
uHAUKaTOpoM 5GGEKTUBHOCTH IIPOTUBOOITyX0JIe-
BOH Tepamnuu, JeMOHCTPUPYIOIINM YCUJIEHHE IIPO-
Ilecca amoITo3a OMyX0JIEBBIX KJIeTOK. OHAKO YacTh
HCCIIeIOBAHUH CBUJIETETBCTBYET O TOM, UTO IIPHU
HEKOTOPBIX BapUaHTaxX 3JI0KAUeCTBEHHBIX HOBOOO-
pa3oBaHUM BBICOKUU YPOBEHb IPOKACIAa3bl-3 WIH
€ro axTUBHOU (OPMBI Kacmasbl-3 COIpsDKEH C
HeOJIaTONPUATHBIM IPOTHO30M 3aboJieBaHusA [22,
23]. TouHbIl MeXaHU3M IIPOOHKOTEHHOTO 3 deKrTa
Kacmassl ocTaeTrcsi HesscHbIM. [Ipezmosiaraercs, 4To
BBICOKUII YPOBEHBb KacIasbl-3 YCHJIUBAET aHTHOTe-
He3 OITyXOJIM B OTBET HA aIlONTO3, 4 TAKXKe CIOCo0-
CTByeT FeHOMHBIM IEPECTPOHKaM U, TaKUM 00pa-
30M, CIIOCOOCTBYET IPOTPECCUPOBAHUIO OITyXOJIe-
BOTO IIpoIiecca [22].

Takum 06pazoM, ITUTOXUMUYECKOE HCCIIeI0Ba-
HUE DKCIPECCHU PETYJISSTOPHBIX MOJIEKYJT P53,
c-myCc ¥ Kacmasbl-3 SBJAETCSI IOTEHI[UATHHO
[IOJIE3HBIM HHCTPYMEHTOM, IIO3BOJISIONIUM IIpO-
rHO3UpPOBaTh 3G(PEKTUBHOCTD Tepanmuu OOJIbHBIX
XMJI. Haubosiblliee TPOTHOCTUYECKOE 3HAUEHHE B
OTHOIIIEHUU TMpeJicka3aHus JocTukeHus BMO
MMeeT UCCIJIe/IOBAHNE YPOBHS DKCIIPECCUH HA KJIET-
KaX KOCTHOTO MO3Ta PETryIATOPHBIX MOJIEKYTI P53 U
c-myc, obJrafaoImux HauboIbIIEeH YyBCTBUTEIHHO-
cThio U cnenuduyHocThio B ROC-ananuze. OpHaKo
B peaJIbHOM KJIMHUYECKOHN IpaKTUKe IIpOBe/leHUe
IATOXUMHUYECKUX HCCaeA0BaHuNl 00sIbHBIM XMJI
He BCer/ia BO3MOKHO.

Thus, a cytochemical study of expression of regu-
latory molecules p53, c-myc, and caspase-3 is a
potentially useful tool to predict the effectiveness of
therapy in patients with CML. The greatest prognos-
tic value for the achievement of MMR has a study of
the expression level of regulatory molecules p53 and
c-myc, which have the highest sensitivity and speci-
ficity in ROC analysis, on the bone marrow cells.
However, in real-life clinical practice, it is not always
possible to conduct cytochemical studies in patients
with CML.

The literature data indicate the impact of cyto-
kine imbalance on the level of expression of regula-
tory proteins. Thus, it was shown that enhanced
secretion of IL-1p and IL-17 in patients with malig-
nant neoplasms suppresses the p53 expression and,
thus, promotes the tumor progression and develop-
ment of resistance to therapy [24, 25]. Liu et al. it
has been shown that pro-inflammatory signals
inhibit the c-myc expression, although other works
indicate that a number of cytokines, on the contrary,
stimulate the expression of c-myc [26]. The results
of our study revealed the presence of a statistically
significant negative correlation between the level of
expression of p53 and c-myc proteins in the bone
marrow and the blood serum concentration of IL-13
and IL-17 in CML patients, which confirms the abil-
ity of these pro-inflammatory cytokines to down-
regulate the expression of p53 and c-myc in tumor
cells and thereby contribute to their long-term per-
sistence even in the setting of years-long targeted
therapy.

CONCLUSION

The search for new prognostic biomarkers of
treatment failure is important to improve under-
standing of the molecular mechanisms of resis-
tance to TKIs. The study demonstrated that CML
patients who did not achieve MMR are character-
ized by a significantly lower level of p53 and c-myc
expression in the bone marrow but a higher level of
caspase-3 which probably reflects the inhibition of
the TKI-induced apoptosis of tumor cells. In addi-
tion, the level of expression of regulatory molecules
correlated with the blood serum concentration of
pro-inflammatory cytokines, which, in our opin-
ion, has diagnostic and prognostic value. Deter-
mining the concentration of IL-1 and IL-17 in
CML patients may be a useful tool for the early
identification of individuals not responding to TKI
therapy.
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JlureparypHble JaHHBIE CBUAETEIBCTBYIOT O BJIH-
SHUY IIUTOKWMHOBOTO JucOasaHCca HA YPOBEHb DKC-
[IPECCUU DEryJIATOPHBIX OeskoB. Tak, ObUIO IOKa-
3aHO, uTO rurnepcekpenus 1L-1 u IL-17 y 6071pHbIX
3JI0KAYECTBEHHBIMI HOBOOODA30BaHUAMH IIOZA-
BJISIET DKCIIPECCUIO P53 U, TAKUM 00pa3oM, Crocob-
CTBYeT IIPOIPECCHPOBAHUIO 3JI0KAYECTBEHHOTO IIPO-
Ilecca ¥ pa3BUTHIO PE3UCTEHTHOCTH K Tepanuu [24,
25]. B pa6ote L. Liu et al. mokasano, yTo nmpoBocma-
JINTENbHBIE CHUTHAJIBl IIOJIABJIAIOT  HKCIIPECCHIO
c-myc, XOTs APyTHEe pabOThI CBHIETEIHCTBYIOT O TOM,
YTO P UTOKUHOB, HA00OPOT, CTUMYJIUPYIOT HKC-
mpeccuro c-myc [26]. PesynbpraThl HACTOSIIETO
HCC/IeIOBAaHUSA BBIABWIN HAJIWYNE CTATHCTUYECKH
3HAYUMOU OOpaTHOM KOPPEJIAIHUOHHOW B3aMMOC-
BA3H MEKy YPOBHEM KCIIPECCUH B KOCTHOM MO3Te
6esIKOB P53, c-myc u KoHreHTparueii IL-10 u IL-17 B
CBIBOPOTKE KPOBU OOBHBIX XMJI, UTO IOJITBEPIK-
ZlaeT criocOOHOCTh YKa3aHHBIX ITPOBOCIIAIUTETHHBIX
IUTOKMHOB IOJABJIATH HKCIIPECCUIO P53 U c-MyC Ha
OIIyXOJIEBBIX KJIETKAX U TEM CaMBIM CIIOCOOCTBOBATH
VX JITUTEIPHOMY IIEPCHCTHPOBAHUIO JlaXKe Ha QoHe
MHOTOJIETHEH TapTETHOUN TepaInH.
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SAK/IIOYUEHWE

ITorck HOBBIX HPOTHOCTHUYECKUX MapKepoB
HeaDDEKTUBHOCTH TEPAIUU ABJIAETCH BRKHBIM JIJI
YJIydIlIeHUs ITOHUMaHUs MOJIEKYJIIDHBIX MEXaHU3-
MoB passutusa peszucreHTHocTH K UTK. IIpoBenen-
HOE UCCIIeZI0BaHUE TPOJIEMOHCTPUPOBAIIO, UTO OOJTb-
Hbele XMJI, He mocturmrie bMO, xapakTepusyoTrcs
JIOCTOBEPHO 00JIee HU3KUM YPOBHEM 3KCIPECCHUH B
KOCTHOM MO3Te P53 U c-myc, HO Oojiee BBICOKMM
YPOBHEM Kacmnasbl-3, YTO, BEPOATHO, OTpaXKaeT
nHrubupoBanue UTK-uHAynIMpOBaHHOTO amonTo3a
OITyX0JIEBBIX KJIETOK. KpoMe TOrO, ypoBeHB 3KcIpec-
CHM PEryJIATOPHBIX MOJIEKYJI KOPPEJIUPOBaJ ¢ KOH-
LleHTpanuel B CbIBOPOTKe KPOBU ITPOBOCHATIUTENb-
HBIX [IUTOKWHOB, UTO, [0 HalleMy MHEHHIO, NMeeT
JIMarHOCTUYECKYI0 U IIPOTHOCTUYECKYIO II€HHOCTb.
Ounpenenenve koHrentpamnuii I1L-13 u IL-17 y 6016~
HBIX XMJI MOKeT ABJATHCA MOJEe3HBIM HUHCTPYMEH-
TOM /IJIs1 PAHHETO BBISBJIEHUS JIUIL C HEyZauel Tepa-
muu UTK.

KoH@uaukT mHTEpECOB. ABTOPHI 3agBJISIOT 00
OTCYTCTBUU KOH(JINKTA HHTEPECOB.
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AP PexkTUBHOCTH TEPANIUU JAPATYMyMaOoOM
B peaJIbHOU KJIMHUYECKOU MPaKTUKe y MallueHTOB
C penuauBHUpYyIOIen/pedpakTepHOl MHOKECTBEHHON MHUEJIOMOM

H.B. Cksopiioal, E.B. Bopon1ioBa?, 1.H. Heuynaesas3, E.H. Boponaesa?, 1.b. KoBbiHes!,
T.N. Ilocnesosat

@I'BOY BO «Hogocubupckuil 2ocydapcmeeHHblil meduyuHckuil yHusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccun

2I'bY3 HCO «I'ocydapcmeentas Hosocubupckas obaacmuasn kauHuveckas 6oavHuua», Hosocubupck, Poccus
3I'bY3 HCO «I'opodckas kaunuveckas 6oaviuya N 2», Hosocubupck, Poccus
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AHHOTAIIUA

BBeneHnwue. HecMoTps Ha IOCTYITHOCTH U BBICOKYIO 3 (PEKTUBHOCTD COBPEMEHHBIX ITPOTHBOOITYX0JIEBBIX IIPeapa-
TOB, MCIIOJIb3YEMBIX JIJIsl TEPANMH OOJBHBIX MHOKECTBEHHOH Muesmomoi (MM), y GOJIBIITUHCTBA TAI[UEHTOB HEN30EKHO
Pa3BUBAIOTCA PENUAMBEI 3a60s1eBaHus U PedPAKTEPHOCTH K IIPOBOAUMON Tepanun. IIpOrHo3 y MarfueHToR C PEUUBUDY-
fomeit MM u pedpakTEPHOCTHI0 K OCHOBHBIM KJIACCAM HCITOJIb3YEMBIX ITPOTUBOOIYXOJIEBBIX MIPENapaToB (MHTHOUTOPOB
IIPOTEACOM M UMMYHOMOZYJ/IITOPOB) OCTAeTCs HeOGIaronpuATHBIM, a MeAnaHa obmieil BppkuBaemoctu (OB) cocrasiser
TOJIBKO 8 Mec. JlapaTymymab — mepBoe IMOJTHOCThIO YeJIOBEUECKOE MOHOKJIOHAJIbHOE aHTUTEJIO 1gG1-K, KOTOPOE C BBICOKOH
adpuHHOCTBIO cBsA3BIBaeTcs ¢ 6eakoM CD38 Ha MOBEPXHOCTH MUEJIOMHBIX KJIETOK, OKa3bIBAET MPSIMOE BO3/IEHICTBHE HA
OTIyXO0JIb, 4 TAaK:Ke 00J1a/1aeT UMMYHOMOIYTUPYIONITAM MEXaHU3MOM JIEHCTBUA. B KITMHUYECKUX UCCIEI0OBAHUAX TAPATyMY-
Mab oKa3asl BBICOKYIO 3(P(HEKTUBHOCTH M 6€30MMaCHOCTh IIPH UCIOJIb30BAHUKM B MOHOPEKUME Y MAI[UEHTOB C PEIUTUBU-
pytomerr MM u 1BOHHOH peppaKkTepHOCTHIO.

IT e 1 b . OneHuTh 3bHEKTUBHOCTD U 6E30IIACHOCTH JapaTyMyMaba B MOHOPEKUMe Y O0JIBHBIX PeliIuBUpYoei/ped-
PaKTeEpPHO MHOKeCTBEHHOH Muesomoit (PPMM) B yciOBUSAX peaIbHOU KJIMHUYECKOHN MPAKTUKU.

Martepuanab U MEeTOJBbl . BuccaegoBanue 6butH BKIOUYEHBI 32 nanueHTa ¢ PPMM (14 My»K4uH U 18 KeH-
IIIUH) B BO3pacTe 41—76 jeT (MeanaHa — 65 JIeT), IPOXOUBIINX JieUeHNE B IByX reMaTOJIOTHYECKUX IeHTpax r. HoBocu-
6upcka. Y 65.6 % 60bHBIX ObL1a AuarHocTupoBaHa IITA cragus 3aboseBanus mo Durie-Salmon, I-11 cragus mo Kiaccu-
dukaruu ISS (y 65.6 u 28.1 % 60abHBIX cOOTBETCTBEHHO) U cratyc 0—1 1m0 ECOG (y 37.5 u 43.7 % GOJIBHBIX COOTBET-
CTBEHHO). Y 56.3 % ManreHTOB PETUCTPHUPOBAIUCH OCCATIbHBIE MATKOTKAaHHbIE TUIA3MOIIUTOMBI, y 12 (37.5 %) oTMeuasach
BBICOKasi aKTUBHOCTH JIAKTAT/ETU/IPOTeHA3bl. MeraHa yucsia JIMHUN PEAIIeCTBYIONEN Tepanuu OblIa paBHA 2 (Juarma-
30H 2—4). Bce manueHTh paHee MmoJIydaii HHTHOUTOPHI TpoTeacoM (60pTe30Mub) U MPOTHUBOOITYX0JIEBBIE HMMYHOMOZIY-
JISITOPBI (JIEHATTUZOMU/T). AyTOJIOTUYHAs TPAHCIUIAHTAITNSA TeMOTIOATUUECKUX CTBOJIOBBIX KJIETOK ObLIa poBezieHa 34.4 %
6osibHBIX. JIBOiHAsE pedpakTepHOCTh ObLIa 3aperucTpupoBaHa y 24 (75 %) u3 32 mamueHToB. MeauaHa BpeMEHH OT
MOMEHTa IOCTaHOBKH AuarHo3a MM /10 Havasia Tepanuu AapatymyMaboM coctaBuia 73.1 Mec (iuana3oH 18—144 mec).
Japatymymab Ha3Hayajaud B MOHODEKHMEe BHYTPUBEHHO B JI03€ 16 MTI/KT eXeHesleJabHO (LHKJIBI 1-2), Yepe3 Helesio
(mKIBI 3—6) U 3aTEM €3KEMECAYHO.

PesyanbrTartsbl . CpeaHss IpoAOIKUTETLHOCTb TEPAITIY IapaTyMyMaboM COCTaBHIIa 12.2 Mec (Inana30H 4—22 Mec).
YacroTa 06111ero oTBeTa (MOTHAst PEMHUCCHs + OYeHb Xopolias yactuunast pemuccus (0xUP) + wactuunas pemuccus (UP))
cocraBuiia 67.7 %, ox4P —y 9 (29 %) 6oabHbIX, UP — y 12 (38.7 %), crabunuzanus 3abosieBanus (C3) 3aperucrpupoBaHa y
19.4 % manMeHTOB COOTBETCTBEHHO. Me/naHa BpeMeHH /10 HACTYIIEHHS OoTBeTa — 3.5 Mec (uamasoH 2.5—6). CpeaHsis
MIPOJIOJIKUTETFHOCTh OTBeTa — 7.9 Mec (95% moBepurtenbHbIi nHTEpBa (M) 4.7—11.5). Meuana BbIKHBaeMOCTH 6e3
nporpeccupoBanusi (BBII) cocraBuiia 19.1 mec (95% AU 15.3—23.6), a 12- u 18-MmecssuHas BBII 6p1u Ha ypOBHE 91 U 50 %
cooTBeTcTBeHHO. Mennana OB He ObL1a JOCTUTHYTA, a 3HaUeHH 12- U 18-Mecssunon OB cocraBuiu 100 1 96.3% coOTBET-
cTBeHHO. I'yIyOrHa OTBETa OKa3bIBajla CTATUCTUYECKH 3HAaUNMOe BinssHue Ha BBII (18-mecsunas BBII — 100 % B moarpym-
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nax ox4YP u YP u 81 % — B noarpynne C3 cooTBeTcTBEHHO (X = 19.207, p < 0.001)). Tepanus gapatymymaboM cOIIPOBO-
JKJ1ay1ach 6JIaroNpUATHBIM TPOGUIEM TOKCUYHOCTU. Y 37.5 % MaIlUEHTOB OTMEYAINCh HH(PY3UOHHBIE PEAKITUN 1-U U 2-1
CTEIEHU TSKECTH, Y 6.2 % > 3-H CTelNeHU TSKECTH, Y OJTHOTO MAI[MEHTa Tepanus ObUia MpeKpalieHa n3-3a nHPpy3noHHOH
peakuu 3-i creneHu. Y 15.6 % IaIMEHTOB PETHUCTPUPOBAIACH YCTAIOCTh, HHMEKINI BEPXHUX U HUKHUX /IbIXaTeJIbHBIX
myTei (15.6 u 12.5 % COOTBETCTBEHHO), aHemus (15.6 %), TpombonuTonienus (6.2 %) u Heltponenus (6.2 %).
3akiawueHue . Tepanusagapatymymabom sipysieTcs 3¢ PeKTUBHBIM U 6€30I1aCHBIM METO0/IOM JieueHus ipu PPMM.
Knaoueente caoea: napatymymad, MHOKeCTBEeHHasA MHesIoMa, 3G(eKTUBHOCTb, BBIKUBAEMOCTb, ABOWHAA pedpak-
TepHOCTb.

O6pasen nuruposBaHua: Ckeopuosa H.B., Boporriosa E.B., Heuynaesa 1.H., Bopomaesa E.H., KoBbites 1.B.,
ITocmenosa T.W. 3¢ deKTUBHOCTD TEpANINU IapaTyMyMaboM B peajlbHOH KJIMHUYECKOH ITPAKTHKE Y MAIEHTOB C PeIy-
JUBUpYOLIeii/ pedpakrepHOi MHOKeCTBeHHOI Muesiomoii // Journal of Siberian Medical Sciences. 2023;7(2):90-113.
DOI: 10.31549/2542-1174-2023-7-2-90-113

Effectiveness of daratumumab therapy in real-life clinical practice
in patients with relapsed/refractory multiple myeloma

N.V. Skvortsova', E.V. Vorontsova?, I.N. Nechunaevas3, Voropayeva E.N.4, I.B. Kovynev',
T.I. Pospelova!

'Novosibirsk State Medical University, Novosibirsk, Russia
2State Novosibirsk Regional Clinical Hospital, Novosibirsk, Russia
sCity Clinical Hospital N° 2, Novosibirsk, Russia

4Research Institute of Internal and Preventive Medicine — Branch of the Federal Research Center Institute of Cytology
and Genetics, Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russia

ABSTRACT

Introduction. Despitethe availability and high effectiveness of modern anticancer drugs used to treat patients
with multiple myeloma (MM), most patients inevitably develop disease relapses and refractoriness to the ongoing therapy.
The prognosis in patients with relapsed MM and refractoriness to the main classes of anticancer drugs (proteasome inhib-
itors and immunomodulators) remains poor, and the median overall survival (OS) is only 8 months. Daratumumab is the
first fully human IgG1-x monoclonal antibody that binds with high affinity to the CD38 protein on the surface of myeloma
cells, has a direct effect on the tumor, and also has an immunomodulatory mechanism of action. In clinical trials, daratu-
mumab has been shown high effective and safety when used as monotherapy in patients with relapsed and double refrac-
tory MM.

A im . To evaluate the effectiveness and safety of daratumumab monotherapy in patients with relapsed/refractory mul-
tiple myeloma (RRMM) in real-life clinical practice.

Materials and methods. Weanalyzed 32 patients with RRMM (14 men and 18 women) aged 41—76
years (median 65 years) from two hematological centers in the city of Novosibirsk. In 65.6% of patients, stage IIIA accord-
ing to Durie-Salmon, stage I-II according to the ISS (in 65.6 and 28.1% of patients, respectively), ECOG performance sta-
tus 0—1 (in 37.5 and 43.7% of patients, respectively) were diagnosed. Bone-related soft tissue plasmacytomas were recorded
in 56.3% of patients, high lactate dehydrogenase activity was noted in 12 (37.5%) patients. The median number of prior
lines of therapy was 2 (range 2—4). All patients had previously received proteasome inhibitors (bortezomib) and immuno-
modulatory agents (lenalidomide). Autologous hematopoietic stem cells transplantation was performed in 34.4% of
patients. Double refractory MM was registered in 24 (75%) of 32 patients. The median time from diagnosis of MM to ini-
tiation of daratumumab therapy was 73.1 months (range 18—144 months). Daratumumab was administered as monother-
apy at a dose of 16 mg/kg intravenously weekly (cycles 1—2), every other week (cycles 3—6), and then monthly.
Results. The median duration of therapy with daratumumab was 12.2 months (range 4—22 months). The overall
response rate (complete response + very good partial response (vgPR) + partial response (PR)) was 67.7%; vgPR — in 9
(29%) patients, PR — in 12 (38.7%), stable disease (SD) was registered in 19.4% of patients, respectively. The median time
to response was 3.5 months (range 2.5—6). The median duration of response was 7.9 months (95% confidence interval (CI)
4.7—-11.5). The median progression-free survival (PFS) was 19.1 months (95% CI 15.3—23.6), and the 12- and 18-month PFS
were 91% and 50%, respectively. The median OS was not reached, and the 12- and 18-month OS values were 100% and
96.3%, respectively. The depth of the response had a statistically significant effect on the PFS (18-month PFS was 100% in
the vgPR and PR subgroups and 81% in the SD subgroup, respectively (x> = 19.207, p < 0.001)). Therapy with daratu-
mumab was accompanied with a favorable toxicity profile. In 37.5% of patients, grade 1 and 2 infusion reactions were
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noted, in 6.2% grade > 3, in one patient, therapy was discontinued due to an infusion reaction of the 3rd degree. Fatigue,
upper and lower respiratory tract infections (15.6% and 12.5%, respectively), anemia (15.6%), thrombocytopenia (6.2%),

and neutropenia (6.2%) were recorded in 15.6% of patients.

Conclusion. Therapy with daratumumab is an effective and safe treatment for RRMM.
Keywords: daratumumab, multiple myeloma, effectiveness, survival, double refractoriness.
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BBEJAEHUE

MmuoxxectBennad muesioma (MM) — HensednMoe
3JI0KayecTBEeHHOE JINMQOIpoaudepaTuBHOE 3a001e-
BaHHe, XapaKTEePHU3YIOIIeecs PeIruAUBUPYIOIINM
TeueHueM [1]. 3a mocjaesHNEe ABa JECATUIETHS BHE-
IpeHre HHrubuTopoB mpoteacoM (MI1) u mpoTHUBOO-
IyX0JIEBbIX UMMyHOMOZAysaTopoB (MMU/T) 3naun-
TeJIbHO YBEJIUYNIIO 5- U 10-JIETHIOIO BBIXKUBAEMOCTD
nanuenTos ¢ MM [2]. OxHako HECMOTPS Ha JIOCTYTI-
HOCTb U BBICOKYIO 3(h()EeKTUBHOCTh 3THX KJIACCOB
rpernapaToB, y OOJBIIMHCTBA HalueHTOB ¢ MM
Hen30eKHO Pa3BUBAIOTCA PEIUANBBI 3a00JI€BaHUA
u pedpakTepHOCTh K NMPOBOAUMOM Tepanuu. IIpo-
THO3 y MAIMEeHTOB C DPENUANBUPYIONed MHOXKe-
CTBEHHOH MuesoMOH U peppakTepHOCTHIO K OCHOB-
HBIM KJIACCaM HCIOJIb3YEMBIX ITPOTHBOOITYXOJIEBBIX
npenapatoB (MUIT u UMU/T) ocraercs Hebaromnpu-
ATHBIM [1, 3, 4], ¢ MeAUaHOM O0IIEl BHIKHUBAEMOCTH
(OB) okoJto 8 mec [5]. IToaTomy pazpaboTka mpemna-
paTtoB, 3(P@eKTUBHBIX TPU PENUAUBUPYIONIUX U
pedpakrepHbix ¢opmax MM, sBAAeTca BecbMa
aAKTyaJIbHOMH.

Hapatymymab — IepBoe IOJIHOCTBIO UesioBede-
CKOe MOHOKJIOHaJIbHOe aHTuTeso IgG1-k, KoTopoe ¢
BBICOKOH a((UHHOCTBIO CBS3BIBAETCA C OEIKOM
CD38, akTUBHO dKCIIPeCCUPYIOIIMCS Ha I0BEPXHO-
CTH PA3JIMYHBIX THUIIOB KJIETOK, BKJIIOYAs MHUEJIOM-
Hble kiaeTku. bemok CD38 ob6iamaeT MHOKECTBOM
(pyHKIUH, BKITIOYAA OIIOCPETOBAHHYIO PEIEITOPAMI
are3ui0, CUTHAJIBHYI0 U (pepMEHTATUBHYIO aKTUB-
HOCTb, YTO 0OYCJIOBJIMBAET KIMHUYECKOE 000CHOBA-
HUEe €r0 HCIIOJIb30BAHUA B KAayecTBe TepaleBTUUe-
cKoli mulienu npu MM [1, 6, 71.

Pe3ynpTaThl  TOKJIMHUYECKUX  HCCJIETOBAHUHN
[IOKa3aJIy, YTO CBA3BIBaHUE maparymymaba ¢ CD38
BBI3BIBAET I'MOEJIb OIIYyXOJIEBBIX KJIETOK IIOCPEICTBOM
HECKOJIBKIMX HMMYHOOIIOCPEZIOBAaHHBIX MeXaHU3-
MOB, BKJIIOYAas KOMILIEMEHT-3aBHCHUMYIO IIUTOTOK-
CUYHOCTD, aHTUTEJIO3aBUCUMBIA KJIETOUHBIN ¢aro-
[IUTO3, AHTUTEJIO3aBUCUMYIO KJIETOYHYIO IITUTOTOK-
CUYHOCTb, HWHAYKIIMIO AaIlloNTO3a U MOZYJIALHIO
akTuBHOCTH 3KTOdepmenta CD38 [8—10]. B gomo-

INTRODUCTION

Multiple myeloma (MM) is an incurable malig-
nant lymphoproliferative disease characterized by a
relapsing course [1]. Over the past two decades, the
introduction of proteasome inhibitors (PIs) and
immunomodulatory drugs (IMiDs) has significantly
increased the 5- and 10-year survival rates of patients
with MM [2]. However, despite the availability and
high efficacy of these classes of drugs, the majority of
patients with MM inevitably develop relapses of the
disease and become refractory to therapy. The prog-
nosis in patients with relapsed multiple myeloma and
resistence to the main classes of used anticancer drugs
(PIs and IMiDs) remains poor [1, 3, 4], with a median
overall survival (OS) of about 8 months [5]. There-
fore, the development of drugs effective in relapsed
and refractory forms of MM is very important.

Daratumumab is the first fully human IgGi-k
monoclonal antibody that binds with high affinity to
the CD38 protein, which is actively expressed on the
surface of various cell types, including myeloma
cells. The CD38 protein has many functions, inclu-
ding receptor-mediated adhesion, signaling and
enzymatic activity, which determines the clinical
rationale for its use as a therapeutic target in MM
[1, 6, 7].

The results of preclinical trials have shown that
binding of daratumumab to CD38 causes tumor
cell death through several immune-mediated
mechanisms, including complement-dependent
cytotoxicity, antibody-dependent cellular phagocy-
tosis, antibody-dependent -cellular cytotoxicity,
induction of apoptosis, and modulation of CD38
ectoenzyme function [8—10]. In addition to the
immune-mediated mechanisms listed above, dara-
tumumab may also have an immunomodulatory
effect through the activation and expansion of
T cells, as well as reducing immunosuppression in
patients with MM [11].

The clinical effectiveness and safety of daratu-
mumab monotherapy in patients with relapsed/
refractory MM (RRMM) was first studied in two
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HEHHE K IIePeYHCIeHHBIM HMMYHOOIIOCPEIOBaH-
HBIM MeXaHU3MaM JapaTymyMab MOKET TaKKe
OKa3bIBaTh HMMYHOMOZYJIUPYIOIlee BO3EHCTBHE
ITOCPEICTBOM aKTUBAIIUU U SKCHAHCHU T-KJIETOK, a
TaK)Ke YMEHBIIIEHUs UMMYHOCYIIPECCUH Y TAIHEH-
TOB ¢ MM [11].

Knuanueckas sddekTuBHOCT, U 6€3011aCHOCTD
Tepauu JapaTyMmyMaboM B MOHOPEKHUME y TaIHeH-
TOB ¢ pedpakTepHOil/penuauBupyomeir MM
(PPMM) BmepBble ObLIa U3yUYeHA B ABYX OTKPBITHIX
ucciaenoBanuax 2-i ¢aszsl GEN501 u SIRIUS [12,
13]. Bcero B 0OBeAWHEHHBIH aHANIN3 3THX BYX
KCCJIEOBAHUM OBLIM BKJIIOYEHBI 148 MaIeHTOB,
TIOJTy4YaBIINX JJapaTyMyMab B J1o3e 16 Mr/Kr (B ucce-
moBauuu GEN501 (n = 42) u SIRIUS (n = 106) coot-
BeTCTBEHHO). CpeiHsisl IPOJIOJI?KUTETHHOCTh HAOJTI0-
JIeHHs COCTaBHIa 20.7 Mec (auanasoH 0.5—27.1 Mec).
[TarueHThl, BKIIOUEHHBIE B 00beIMHEHHBIN aHATN3,
MPOIILIN MHTEHCUBHOE IIPEJBAPUTEIBLHOE JIEUEHHE,
B CpeIHEM 5 IPEAINIECTBYIONIUX JHUHUU Tepanuu
(muamazon 2-14); 76.4 % HalMEHTOB IOJIyYaIU
OoJiee Tpex MPEAIIECTBYIONUX JIMHUH Teparv.
BospimHCeTBO marueHToB (86.5 %) UMeTu IBOMHYIO
pedpakrepHocTh Kak k UII, Tak u k UMHI/L; 39.2 %
MAIMEHTOB yKe ObLIn pedpaKTepHBI K KaphuiI3o-
MHOY ¥ 55.4 % — K IOMaTuoMuty. /[Be udydaemole
MONyJIANUU ObUTH XOpOIIO cOaJaHCUPOBAHBI 10
KJIUHUKO-/IeMOTrpapUuecKUM  XapaKTepUCTHKAM.
CorslacHO pesyJsibTaTaM OOBEJUHEHHOTO aHAJIM3a
uccaenoBanuii GEN501 u SIRIUS, wacrora o61iero
orBera (HOO) cocraBuia 31.1 % ¥ MHOTHE U3 OTHUX
OTBETOB CO BPEMEHEM YIVIYOWJIUCh U CTAJIH BKJIIO-
YaTh IOJIHbIE PEMUCCUU U CTPOTHE TIOJIHbIE PEMIC-
CUY, MeaHa BbIXKUBAEMOCTH 0e3 IIpOorpeccrupoBa-
Hus (BBII) cooTBercTBOBajia 4.0 MecC, a MeAuaHa
obmenn BpxkuBaemoctu (OB) — 20.1 mec coorBer-
cTBeHHO. Tepanus japatyMmyMaboM XapaKkTepu3oBa-
JIach YIIPaBJsSEMbBIM MPO(UIEM TOKCUYHOCTH, HU3-
KOH 4acToTod MHOY3nOHHBIX peakuwii (1IP) > 3-i
CTEIleHW ¥ HEOOJIBIIINM YHCIOM CIydaeB IpeKparie-
HUSA JIeYEHUS B pe3yJIbTaTe HeXKeJIaTeJbHbBIX SBJIe-
mui (HA) [2].

Ha ocHOBaHWU MOJIy4EHHBIX PE3yJIbTATOB, yKa-
3pIBAOIUX Ha 3(P@eKTUBHOCTP U 06€30I1acHOCTh
MOHOTEpPAIHHU AapaTyMyMaboM, B 2015 T. YIIpaBJe-
HHEM II0 CAaHHUTAapHOMY HAaJ30py 3a KayecTBOM
MUIIEBBIX TPOAYKTOB U MenukameHToB CIIIA, a B
2016 r. — EBpomeiickuM areHTCTBOM IO JeKap-
CTBEHHBIM CpEJCTBAM JapaTymyMad OBLI yCKO-
PeHHO 0/100peH Ui MOHOTEPANHuU IMAllEHTOB C
PPMM, KOTOpBIE NOJIYYHJIH 3 UK OOJIee IPebITy-
IIUX Kypca jJedyeHus, Bxaovanmux UIT u UMU/,
U pedpaKTEPHBIX K 3TUM JIByM KJIaccaM Ipernapa-
TOB [3, 14].

open-label phase 2 trials GEN501 and SIRIUS [12,
13]. A total of 148 patients treated with daratumumab
16 mg/kg (in study GEN501 (n = 42) and SIRIUS
(n = 106), respectively) were included in the pooled
analysis of these two trials. The median follow-up
was 20.7 months (range 0.5—27.1 months). Patients
included in the pooled analysis received heavy pre-
treatment, with a median of 5 previous lines of ther-
apy (range 2—14); 76.4% of patients received more
than three previous lines of therapy. The majority of
patients (86.5%) were double refractory to both PIs
and IMiDS; 39.2% of patients were already refrac-
tory to carfilzomib and 55.4% to pomalidomide. The
two studied populations were well balanced in terms
of clinical and demographic characteristics. A pooled
analysis of the GEN501 and SIRIUS trials showed an
overall response rate (ORR) of 31.1% and many of
these responses deepened over time to include com-
plete response and stringent complete response,
with a median progression-free survival (PFS) of
4.0 months and a median overall survival (OS) —
20.1 months, respectively. Therapy with daratu-
mumab was characterized by a manageable toxicity
profile, alow rate of infusion reactions (IR) > grade 3,
and a small number of treatment discontinuation
due to adverse events (AEs) [2].

Based on the findings indicating the efficacy and
safety of daratumumab monotherapy, by decision of
the US Food and Drug Administration in 2015 and
the European Medicines Agency in 2016, daratu-
mumab got rapid approval for monotherapy in
patients with RRMM, who received 3 or more prior
lines of treatment, including PIs and IMiDS, and
were refractory to these two classes of drugs [3, 14].

Subsequently, the efficacy and favorable tolera-
bility of daratumumab monotherapy in patients with
RRMM has also been reported in real-life clinical tri-
als in countries such as the USA, Korea, Poland,
Spain, Italy, Russia, the UK, Hungary, and Japan, in
which ORR varied from 23 to 56.3%, the median
PFS — from 2.7 to 17 months, and the median OS
from — 9.3 to 19.3 months, depending on the charac-
teristics of the studied population [15—21].

In addition, over the past few years, successful
results from completed clinical trials of daratu-
mumab in patients with newly diagnosed MM as well
as RRMM without double refractoriness led to the
approval of daratumumab in combination with bort-
ezomib, thalidomide, and prednisolone (ALCYONE
trial) [22] or lenalidomide and dexamethasone
(MAIA and POLLUX studies) [23, 24], bortezomib
and dexamethasone (CASTOR trial) [25], as well as
with carfilzomib and dexamethasone (CANDOR
study) [26].
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B naspHeiimem 06 3¢ dexTrBHOCTH U O1aromnpu-
SATHOU MEPEHOCHUMOCTH MOHOTEPAITHH JapaTyMyMa-
6om y maruenTtoB ¢ PPMM Takske coobiasioch B
HCCIIEZIOBAaHUAX, TPOBEIEHHBIX B YCJIOBUSX peasib-
HOU KJIMHUYECKOU MPAKTUKU B TAaKUX CTPaHAX, KaK
CIIA, Kopes, Ilonpuia, Ucnanusa, Utanus, Poccus,
Benukobpuranus, Benrpusa u fnoHus, B KOTOPBIX
YOO BapsupoBaia ot 23 710 56.3 %, mesinana BBII —
OT 2.7 10 17 Mec, a Mmeauana OB — ot 9.3 10 19.3 Mec,
YTO 3aBUCEJIO OT XapPaKTEPUCTUK U3y4aeMOH IIOMy-
JIAIMY HarueHToB [15—21].

Kpome Toro, B TeueHUeE MOCIEAHUX HECKOJIBKUX
JIET yCIIENIHbIe Pe3yJIbTaThl 3aBEPIIEHHBIX KJIMHU-
YEeCKUX HCCIeOBAaHHUU JapaTyMmyMaba y ManueHTOB
C BIIEPBblEe AMATHOCTHpOBaHHOH MM, a Takike ¢
PPMM, He OTSATOIEHHON JIBOWHOU pedpaKkTepHO-
CTBIO, IPUBEJIH K 0I00PEHUI0 JapatymyMaba B code-
TaHUU ¢ 60PTE30MUOOM, TATUOMUIOM U IIPETHU30-
aouoMm (ucceimemosanre ALCYONE) [22] mwau jeHa-
JIUJIOMUJIOM H JIeKcaMeTa30HOM (HccieoBaHUA
MAIA u POLLUX) [23, 24], 60opTe3oMub0M U fiekca-
mertaszonoM (ucciemoBanme CASTOR) [25], a Takske
¢ kapdmwr3oMubOM U JleKcaMeTa3oHOM (¥ccienoBa-
"ue CANDOR) [26].

B Poccutiickoit ®enepanuu (P®) mapatymymab
B HacTOsAIIee BpeMs 0/100peH B KauecTBe MOHOTe-
panuu A1 JedeHus PEUANBOB U pedpaKTepHBIX
dopm MM, B koMOUHAIIUH ¢ 6OPTE30MHUOOM, TATH-
JIOMUJIOM U JIEKCAMETa30HOM — JUIS Tepaluu
MaIUeHTOB C BIEPBBIE JUATHOCTHPOBAHHOU MM,
SABJISIONINXCA KaHAUJATaMU JJIsT  [POBEJeHUs
ayTOJIOTUYHON TPAHCIUIAHTAIIUHM CTBOJIOBBIX KJIe-
TOK; B KOMOuHamuu ¢ 6oprezomuboM, mesdana-
HOM ¥ MPEJHU30JIOHOM WJIU B KOMOWHAIUU C
JIEHAJIUJOMHUIOM H JIEKCAaMeTa30HOM — JUISI Tepa-
WU MAI[MEHTOB C BIEPBbIE JTHUATHOCTUPOBAHHOM
MM, He ABnA0IIUXCA KAaHAUAATAMHU AJI IPOBee-
HUS ayTOJIOTUYHOU TPAHCIUIAHTAIIUH CTBOJIOBBIX
KJIETOK; B KOMOMHAIINY C JIEHATUAOMHUIOM U JIEK-
caMeTa30HOM WJIH B KOMOWHAIuu ¢ 60pTe3oMu-
00OM U JleKcaMeTa30HOM — JIJIsl TepaIlluy IMalheH-
ToB ¢ MM, MOJIyYUBIIUX IO KpalHeW Mepe OIHY
MIPEIIEeCTBYIONIYI0 JIUHUI0 Tepanu, 1 B KoMOu-
Hanuu ¢ Kappui3oMubOM U JeKCcaMeTa30HOM —
JUid Tepanuu nanueHtoB ¢ PPMM, paHee mosy-
YUBIIUX OT OJHOU 10 TPEX JINHUU IMPEIIECTBYIO-
meu Tepanuu [27].

OpHAaKO HECMOTPSI HA PACIHIMPHUBIIHNECH MTOKa3a-
HUsA, B OOJIBIIMHCTBE CTPaH, BKJIouas PO, mapaty-
Mmymab ocraeTcsi Haubosiee JOCTYIIEH B PEXXUME
moHoTtepannuu PPMM. B cBaA3u ¢ 3TUM u3ydeHue
3¢ dekTuBHOCTH U OE30IMACHOCTH JJAHHOTO PesKuMa
TEepAIUU B YCJIOBUAX PEAUTHHON KJIMHHUYECKOH ITPaK-
TUKH OCTAETCS aKTyaJIbHBIM.

In the Russian Federation (RF), daratumumab is
currently approved as monotherapy for the treat-
ment of relapsed and refractory forms of MM, in
combination with bortezomib, thalidomide and
dexamethasone for the treatment of patients with
newly diagnosed MM who are eligible for autologous
stem cell transplantation; in combination with bort-
ezomib, melphalan and prednisolone or in combina-
tion with lenalidomide and dexamethasone — for the
treatment of patients with newly diagnosed MM who
are not elegible for autologous stem cell transplanta-
tion; in combination with lenalidomide and dexa-
methasone, or in combination with bortezomib and
dexamethasone — for the treatment of patients with
MM who have received at least one prior line of ther-
apy, and in combination with carfilzomib and dexa-
methasone — for the treatment of patients with
RRMM who have previously received one to three
lines of therapy [27].

However, despite the expanded indications, in
most countries, including the RF, daratumumab
remains the most available as the RRMM monothe-
rapy. In this regard, the study of the effectiveness
and safety of this therapy regimen in real-life clinical
practice remains relevant.

AIM OF THE RESEARCH

To evaluate the effectiveness and safety of daratu-
mumab monotherapy in patients with relapsed/
refractory multiple myeloma in real-life clinical
practice.

MATERIALS AND METHODS

The study included 32 patients with RRMM
(14 men and 18 women) hospitalized in the Depart-
ment of Hematology of the City Clinical Hospital
No. 2 and the Novosibirsk Regional Clinical Hospi-
tal in Novosibirsk from March 2020 to April 2022.
MM was diagnosed based on the criteria of the
International Myeloma Working Group (IMWG
2014) [28]. Characteristics of patients are presented
in Table 1.

The median age of patients included in the study
was 65 years (range 41—76), with patients > 65 years
predominating (56.2% of patients). Most patients
were diagnosed with stage ITIA according to Durie-
Salmon (65.6%), stages III according to the ISS (in
65.6 and 28.1% of patients, respectively), ECOG per-
formance status 0o—1 (in 37.5 and 43.7% of patients,
respectively). In 18 (56.3%) patients, bone-related
soft tissue plasmacytomas were diagnosed at the
time of daratumumab administration, in 12 (37.5%)
patients, the high level of lactate dehydrogenase was
noted (see Table 1).
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ITEJIb UCCJIEJIOBAHUSA

OrneHuTh 3P PEKTUBHOCTD U HE30MIACHOCTH Japa-
TymyMaba B MOHOpPeXKHMe Y OOJIBHBIX C PEIUINBU-
pymomeii/pedpakTepHON MHOKECTBEHHOU MHEJIO-
MOU B YCJIOBUSAX PEUTHHON KJIMHUYECKOH MPAKTHKH.

MATEPUAJIBI 1 METO/IbI

B uccnenoBanue ObUTH BKJIFOUEHBI 32 MAI[UEHTa ¢
PPMM (14 My>k4uH 1 18 KEHIIHH), TOCTUTATU3UPO-
BaHHBIX B oTaeneHue remarosioruu I'bBY3 HCO
«Topopckas kauHuYeckass 6bospHUIA NO 2» u 'BY3
HCO «T'ocynmapcrBennas HoBocubupckas obGsact-
Has KIuHWUYeckas OonbHHIla» T. HoBOCHMOWpCKa B
MEPHO/T ¢ MapTa 2020 IO anpesib 2022 T. Jluaruos
MM ycraHaBiauBajCcsi Ha OCHOBAaHUU KpPUTEpUEB
MEX/IYHAapOAHOU paboueil TPyNIbl 1O H3YUEHHIO
muesnoMbl (IMWG 2014) [28]. Xapaktepuctuka
0OJIBHBIX IIPE/ICTaBJIEHA B TA0J. 1.

Menuana Bo3pacra IMaI[ieHTOB, BKJIIOUEHHBIX B
HCCIeJOBaHIe, COCTaBUIa 65 j1eT (Iuamnas3oH 41—76),
mpeobsiazianu ManueHThl > 65 Jjer (56.2 % 60yb-
HBIX). Y OOJIBIITUHCTBA OOJIBHBIX ObLIA IMAaTHOCTUPO-
Bana IITA cragusa 3aboseBanus 1o Durie-Salmon
(65.6 %), I-11 craguu cortacHo Kinaccudukamnuu ISS
(y 65.6 1 28.1 % GOJIBHBIX COOTBETCTBEHHO), CTATYC
0—1 o ECOG (y 37.5 1 43.7 % OOJIbHBIX COOTBET-
crBeHHO). Y 18 (56.3 %) mamueHTOB HAa MOMEHT
HazHaueHHUs JapaTymymaba perucTpHpOBAIUCH
occaJibHbIe MSATKOTKAHHbIE ILJIA3MOI[UTOMBI, V 12
(37.5 %) O0JIbHBIX OTMEYAIACh BHICOKASA aKTUBHOCTH
JIaKTaTAEeTuiporeHassl (M. Tab. 1).

HauGosiee pacmpocTpaHEHHBIMU —COIYTCTBYIO-
MU 3a601€BaHUAME ObLIH epudepruyeckas ceH-
copHas MoJIMHeWpomaTus 1-2-U craguu 6e3 0oy
(37.5 %), runeproHnyeckasi 60J1€3Hb 2—3-U CTaAUU
(15.6 %) u xpoHuueckass 6one3Hb mouek (XBII)
2—3-i craguu (31.2 %), npuueM y 12.5 % OOJTBHBIX
KJIUPEHC KpeaTHHWHA COCTaBJsI OT = 30 [0
< 60 wi/muH/1.73 m? (mo CKD-EPI), uto cooTBeT-
crBoBasio 3a u 30 craguu XBII (mo KDIGO) (cm.
TabII. 1).

Menunana yucsia JUHUN IIPEJIIIeCTBYIONIEN Tepa-
uu O6bLIa paBHA 2 (AuanasoH 2—4). Bee ananusupy-
eMble ManueHTs! (100 %) paHee MOJTYIHIN UHTUOU-
TOpBI TIpoTeacoMm (60pTe3oMub WM MKCA30MubO) U
MIPOTHBOOIIYXO0JIEBbIE UMMYHOMOMAYJIATOPHI (JIeHa-
JUAOMUT). AyTOJIOTUYHAs TPaHCIUIAHTAIUS TeMO-
MMOSTUYECKUX CTBOJIOBBIX KIeToK (ayTo-TI'CK) B
KauyecTBe Tepaluy MepBOH JUHUK ObLIa MIPOBEIeHA
34.4 % 6opHBIM. Ha MOMEHT POBEIEHUs TEPATTIH
mapatymymaboM ABOMHasA pedpakTepHOCTh ObLIa
3aperucTpUpoBaHa y 24 (75 %) u3 32 mMarueHTos, a
peuuauB Iocie TMocaeaHel JUHUNU 0e3 JABOHHON
pedpakTepHOCTH HabIIOaICA Y 25 % OOJIBHBIX (CM.

The most common comorbidities were grade 1—2
peripheral neuropathy without pain (37.5%), hyper-
tension of stage 2—3 (15.6%), and chronic kidney dis-
ease (CKD) of grade 2—3 (31.2%), moreover in 12.5%
of patients, creatinine clearance was from > 30 to
< 60 ml/min/1.73 m? (according to CKD-EPI), which
corresponded to stages 3a and 3b of CKD (according
to KDIGO) (see Table 1).

The median prior lines of therapy was 2
(range 2—4). All patients (100%) had previously
received proteasome inhibitors (bortezomib or ixa-
zomib) and immunomodulatory drugs (lenalido-
mide). Autologous hematopoietic stem cell trans-
plantation (auto-HSCT) was performed as first-line
therapy in 34.4% of patients. At the time of daratu-
mumab therapy, 24 (75%) of 32 patients were
reported double refractory, and in 25% of patients, a
relapse after the last line without developing double
refractoriness was observed (see Table 1). The
median time from MM diagnosis to the start of dara-
tumumab therapy was 73.1 months (range
18—144 months) (see Table 1).

Patients included in the study were administered
monotherapy daratumumab at a dose of 16 mg/kg as
an intravenous infusion once a week for the first and
second 28-day cycles, once every 2 weeks for the
third to sixth cycles and then (from the seventh cycle)
once a month until progression or unacceptable
toxicity.

All patients received paracetamol 1000 mg per os
(p/o), diphenhydramine 50 mg intravenously (i/v)
or p/o, and dexamethasone 20 mg i/v or p/o as a
standard premedication one hour prior to daratu-
mumab infusion to reduce the risk of infusion reac-
tions. In order to prevent delayed infusion reactions,
all patients on the first and second days after the
infusion of daratumumab received 20 mg of methyl-
prednisolone p/o as a postmedication.

In order to prevent positive CD38-specific agglu-
tination during the individual compatibility of the
blood of the recipient and the donor in MM patients
receiving daratumumab, if it is necessary to trans-
fuse donor blood components to correct anemia;
before using the drug, all patients were determined
the blood group and Rh status, performed an indi-
rect Coombs’ test, and also performed extended phe-
notyping for clinically significant erythrocyte anti-
gens (Kell, MNS, Dufty, Kidd) [29].

Response to treatment was assessed using the cri-
teria of the International Myeloma Working Group
(IMWG), 2006 [30]: complete response (CR), strin-
gent complete response (SCR), very good partial
response (vgPR), partial response (PR), stable
disease (SD) and disease progression (DP).

Journal homepage: http://jsms.ngmu.ru

95



Cxeopuosa H.B. u dp. / Journal of Siberian Medical Sciences T. 7, N° 2 (2023)

Ta6mua 1. KnuHuko-gemorpadpuyeckas XxapakTepyuCcTHKa NALMEHTOB ¢ peppakTepHOH /penuauBupyounei MM,
MOJTy4aBIINX AapaTyMyMab B MoHopexxuMe (n = 32), a6e. (%)

Table 1. Clinical and demographic characteristics of patients with refractory/relapsed MM received daratumumab
monotherapy (n = 32, abs. (%)

IloxasaTesnb / Parameter 3HayeHue / Value
Meauana Bospacra (sieT) / Median age (years): 65 (41-76)

MoJioke 65 Jiet / under 65 years old (41-65) 14 (43.8)

crapiue 65 et / over 65 years old (66-76) 18 (56.2)
[Tos / Sex:

»keHcKu# / female 18 (56.2)

MY>KCKOH / male 14 (43.8)
Cratyc no ECOG / ECOG score:

0 12 (37.5)

1 14 (43.7)

2 6 (18.8)
Crazus no Durie-Salmon / Stage according to Durie-Salmon:

[IA 9(28.1)

[I1A 21 (65.6)

[11B 2(6.3)
Crazus o ISS / Stage according to ISS:

I 21 (65.6)

11 9(28.1)

1 2 (6.3)
MsrkoTKaHHbI€e IJIa3MOLUTOMBI (0ccasibHbIE) / Soft tissue plasmacytomas (bone-related):

ecTb / yes 18 (56.3)

HeT / no 14 (43.7)
AxtuBnoctb JIAT' / LDH activity:

HopMa (125-220 Ex/mu) | normal (125-220 U/ml) 20 (62.5)

MOBBIIIEeHA (Bbllle BepXHel IpaHUL[bl HOPMBbI) 12 (37.5)

increased (above the upper limit of normal)

Tun napanportenna (ceiBopoTka) / Type of paraprotein (serum):

IgG kanna / IgG kappa 14 (43.8)
IgG nam6baa / IgG lambda 10 (31.3)
IgA xanmna / IgA kappa 4(12.5)
CJIL iam6aa / FLC lambda 2(6.2)
IgG 2(6.2)

ComyTcTBytomue 3a6osieBanust / Comorbidities:

o CeHCcopHas nosinHekpomnatus / Sensory polyneuropathy: 12 (37.5)
1-s1 cTeneHsb / grade 1 7 (21.9)
2-51 cTeneHb (6e3 6os1u) / grade 2 (without pain) 5(15.6)

¢ Cep/ieyHO-COCYANCTBIE 3a60/1eBaHUs (TUIIepTOHUYeCKas 60J1e3Hb, HAPYIIEHNUS pUTMa 7 (21.9)

(mapokcusmanbHas Taxukapaus), UbC)
Cardiovascular diseases (hypertension, cardiac rhythm disorders (paroxysmal tachycardia), CAD):

runepToHudeckas 6os1e3Hb (2-3-a cragus) / hypertension (stage 2-3) 5(15.6)
* XpoHnyeckas 6o0Jsie3Hb noyek / Chronic kidney disease: 10 (31.2)
CK® / GFR < 30 0
CK®=230p10<60/GFR=230to<60 4 (12.5)
CK® / GFR > 60 6 (18.7)
¢ XpoHUYeCKUHM Heo6CTPYKTUBHBIN 6poHxUT / Chronic non-obstructive bronchitis 2(6.2)
o OxxupeHue / Obesity: 5(15.6)
1-2-s1 crenensb / degree 1-2 4 (12.5)
3-s creneHb / degree 3 1(3.1)
* TpoM603 riiy60KkuX BeH rosieHel B aHaMHe3e / Deep vein thrombosis in a history 2(6.2)
» 3a60JieBaHUs LIUTOBU/IHOM keJe3bl (AUT, runotupeos) 4 (12.5)
Thyroid diseases (AIT, hypothyroidism)
JuvtensHoCTh 3a6osieBaHus (MM) Ha Havyasio Tepanuu gapatyMmymabom (Mec) 73.1 (znanasoH /
Duration of disease (MM) at the start of daratumumab therapy (months) range 18-144)
Mepnana 1MHUM npeaecTByomei Tepanuu / Median value of prior lines of therapy 2 (nuanasoH / range 2-4)
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OkonuaHue Ta6s1. 1 / Ending of Table 1

IlokasaTesb / Parameter 3HayeHue / Value

JIMHUS Tepanuy Ha MOMEHT Hayajla Tepanuu AapaTyMyMaboM
Number of therapy line at the time of initiation of daratumumab treatment:

4-a / 4th 1(3.1)

3-a / 3rd 7 (21.9)

2-s/ 2nd 24 (75)
[Ipenmectytomas Tepanus UII / Prior Pls therapy:

6opte3omMub / bortezomib (VCD, PAD, Vd, VMP) 32 (100)
[Ipenwectytomas Tepanuss UMW/ / Prior IMiDs therapy:

seHanuaomuz / lenalidomide (Rd, VRd) 32 (100)
Jlpyrue BapuaHThbI npeALecTByomel Tepanuu / Other variants of prior therapy:

6eHjilamycTyH / bendamustine (BP) 1(3.1)

nKcazomu6 / ixazomib (IxaRd) (3.1)

JIBoiiHas pedpaktepnocTs (k U1 u UMW) / Double refractory MM (to Pls and IMiDs) 24 (75)
Penuaus nocsie nocjieaHed JUHUM Tepanuu 6e3 ABOHHONU pedpaKTEPHOCTH 8 (25)
Relapse after the last line of therapy without double refractoriness

[Ipemwectsytomas ayto-TI'CK / Prior auto-HSCT 11 (34.4)

[Ipumeyanue. ECOG - Eastern Cooperative Oncology Group; ISS - International Scoring System; JIAI' - nakTaTAeruaporeHasa;
CJILI - cBoGozHble erkue nenu; UBC - nmemunyeckas 6ose3Hb cepana; CK® - ckopocTs kiy6oukoBoi ¢uabTpanun; AUT - ayTOUMMYHHBIH
TUpeouauT; MM - MHOXecTBeHHass MuesioMa; MII - unrubutopsl nporeacom; UMU/| - npoTrHBoonyxosieBble UMMyHOMOAYAATOPbI; VCD -
60pTe30Mub + [uKaA0pochamMuz + fekcameTasoH; PAD - 6opTe3oMu6 + LOKCOPYOUIMH + JlekcaMeTa3oH; Vd - 60pTe30MHb + JeKcaMeTa3oH;
VMP - 6opTe3omMub6 + Mesidasan + npeHU30J10H; Rd - eHanuiomu] + fekcametasoH; VRd - 6opTe3oMub + JieHaIuOMU/L, + JleKCaMeTa30H;
ayTo-TI'CK - ayTosiorn4yHas TpaHCIJIaHTaLUsA FeMON03TUYeCKUX CTBOJIOBBIX KJIETOK.

N o t e . ECOG - Eastern Cooperative Oncology Group; ISS - International Scoring System; LDH - lactate dehydrogenase; FLC - free light
chains; CAD - coronary artery disease; GFR - glomerular filtration rate; AIT - autoimmune thyroiditis; MM - multiple myeloma; PIs - proteasome
inhibitors; IMiDs - immunomodulatory drugs; VCD - bortezomib + cyclophosphamide + dexamethasone; PAD - bortezomib + doxorubicin +
dexamethasone; Vd - bortezomib + dexamethasone; VMP - bortezomib + melphalan + prednisolone; Rd - lenalidomide + dexamethasone;

VRd - bortezomib + lenalidomide + dexamethasone; auto-HSCT - autologous hematopoietic stem cell transplantation.

tabs. 1). Meamana BpeMeHH OT MOMEHTAa IIOCTa-
HOBKU JinarHo3a MM o Hauasia Tepanuu JapaTyMy-
MaboM cocraBuia 73.1 Mec (auamna3oH 18—144 mec)
(cm. Tabut. 1).

[TanmeHnTaM, BKJIIOYEHHBIM B HCCJIE/IOBAHUE,
naparymymab ObLT Ha3HAUEH B PEKUMe MOHOTepa-
IUH B JI03€ 16 MT'/KT B BU/I€ B/B UH(DY3UHU C YACTOTOH
OJIMH Pa3 B HEJIEJIIO V1A IIEPBOTO U BTOPOTO 28-/THEB-
HOTO IIUKJIOB, OAWH pa3 B 2 HeHA I TPeTbero-
IIIECTOTO ITUKJIOB U 3aTeM (C ceJIbMOro ITUKJIa) — 1 pas
B MECSIII 10 TPOTPECCUPOBAHUS WJIM HEIPUEMJIEMOM
TOKCUYHOCTU.

Bce manueHTsI 32 OUH Yac 10 HHQY3UU gapary-
Mymaba B KayecTBe CTaHAAPTHOU IpeMeIUKAIUN
MIOJIyYa/Iu IaparneTaMosi 1000 MT BHYTPb, UG eHTH-
JIpaMUH 50 MT' B/B WJIHU BHYTPb U JIeKCAMETA30H
20 MT B/B WIH BHYTPb JJIs1 YMEHbBIIIEHUS PUCKA BO3-
HUKHOBEHW: NHPY3UOHHBIX peakiuil. C IesIbio Ipo-
(rrakTUKH OTCPOYEHHBIX WH(GY3UOHHBIX PEaKITUN
BCEM IalliEHTaM B IIEPBBIH U BTOPOU HU TIOCTIE
nHby3un naparymymaba B KadecTBe ITOCTMEIUKA-
I[UY Ha3HAYaJId 20 MT METIJIIPEIHU30JI0HA BHYTPb.

C nesnpio mpopUIaKTUKH ITOJI0KuTeIbHOU CD38-
creru@UIecKo arryIIOTUHAIUN MPU IPOBENEHUN
poObI Ha UHANBUJIYATBHYI0 COBMECTUMOCTD KDOBHU
pelunueHTa u A0HOpa y 60osbHBIX MM, mosydaio-
UX JapatyMmyMmab, mpu HeoOXoAuMOCTH TpaHCdy-

Complete response was diagnosed in patients
with MM, in whom the number of plasma cells of
normal morphology in bone marrow aspirates was
less than 5%, monoclonal immunoglobulin and light
chains in the urine were not detected. To clarify the
depth of complete response, immunofixation was
used, which made it possible, with a negative result,
to verify CR in patients, and with a positive one —
close to complete response (cCR). Stringent com-
plete response was determined in patients with CR
with a normal ratio of free light chains (FLC) and the
absence of clonal plasma cells in the bone marrow
according to immunohistochemical or immunophe-
notypic analysis. A very good partial response was
identified when M-protein in the blood serum and
urine was detected only during immunofixation, but
not during electrophoresis, or there was a decrease
in the level of M-protein in the serum by 90% or
more, and M-protein in the urine — to less than
100 mg/day. For a disease assessed by FLC alone, a
reduction in the difference between involved and
uninvolved FLC by 90% or more is required. With
partial response, the level of M-gradient in the serum
should decrease by 50% or more, and in the urine —
by 90% or more, while the absolute M-protein count
in the urine should be less than 200 mg/day. The size
of bone and extramedullar plasmacytomas should
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3U1 KOMIIOHEHTOB JJOHOPCKOH KPOBH C II€JIBIO KOP-
peKIuy aHeMUH, BCEM HAIlMeHTaM Iepe]i HauyajioM
WCIIOJIb30BAHUSA IIperapaTa OIpPeNessid TPYIILY
KPOBH U Ppe3yC-IPUHAJJIEKHOCTb, BBIITOTHSIIN
HenpsiMo# Tect KymOca, a Tak:ke MpOBOAWIU pac-
mupeHHoe GeHOTHITNPOBAHUE 10 KJIMHUYECKHU 3Ha-
YuMBbIM aHTHUTeHaM spurtporutoB (Kemr, MNS,
Hadbdu, Kunn) [29].

OneHka OTBeTa Ha JieUeHUE IPOBOJMUIACH C
HCIIOJIb30BAHUEM YHU(DUIIIPOBAHHBIX KPUTEPUEB
MEKIYHAPOAHON paboyedl TPyl [0 H3YYEHUIO
muenoMbl (International Myeloma Working Group
(IMWG), 2006) [30], corsiacHO KOTOPBIM BBIJIEJISLIIN
nosHy1o pemuccuto (I1P), cTporyio mosHyo peMmuc-
cuio (cIIP), oueHb XOPOIIYIO YACTUUHYIO PEMUCCHIO
(oxYP), vactrunyto pemuccuto (UP), crabunuszaruio
3abosieBanusa (C3) u mporpeccupoBaHue 3ab0J1eBa-
nus (113).

[TosHYI0 PEMUCCHUIO AMATHOCTUPOBAIH Y 0OJIb-
HbIX MM, y KOTOpPBIX B IIyHKTaTe€ KOCTHOTO MO3ra
YUCJIO IUIA3MaTUYECKUX KJIETOK HOPMAaJIbHOM MOp-
(dostoruu 66110 MeHee 5 %, MOHOKJIOHATbHBIA HMMY-
HOTIJIOOYJIUH U JIETKUE I[N B MOYe He OOHAPYKUBa-
JIUCh. JIJIs1 YTOYHEHUs TUIyOUHBI MTOJTHOM PEMUCCUU
HCITOJIB30BAJIM TECT UMMYHO(MUKCAIIUN, UYTO TO3BO-
JISITIO, TIPY OTPUIIATEIFHOM pe3yJIbTaTe TeCTa, Bepu-
dunuposath y 60sbHBIX 1P, a IpU MOJIOKUTETD-
HOM — 6s1u3Kyto K mosHou (nlIP). Ctporast mosrHast
peMuccus omnpesesisiyiack y 60bHbBIX ¢ [TP ipu HOp-
MaJIPHOM COOTHOIIIEHUU CBOOOJHBIX JIETKUX IIemei
(CJIIT) 1 OTCYTCTBUU KJIOHAJIBHBIX IIJIA3MaTUUECKUX
KJIETOK B KOCTHOM MO3T€ I10 JAHHBIM HMMYHOTHCTO-
XUMUYECKOTO I UMMYHO(DEHOTUITNYECKOTO METO-
0B aHaynn3a. OUeHb XOPOIIYI0 YACTUYHYI0 PEMHUC-
CHUIO OIpesiesIsain, Korga M-IpoTerH B CHIBOPOTKE
KPOBH U MOYE€ BBISBJISLJICS TOJIBKO IPU UMMYHO(DHUK-
canuu, HO He IPH 3JIeKTpodOopese I OTMEYAIOCHh
CHIDKeHMe YpOBHS M-IpoTemHa B CHIBOPOTKE Ha
90 % u 6Gosiee, a M-TIpoTerHa B MOYe — JIO YPOBHS
MeHee 100 mr/cyT. s GoJjie3HH, «U3MepsIeMOI»
TOJIbKO 110 ypoBHIO CJIII, Tpebyercs CHUKEHNE pas-
HUIIBI yPOBHS BOBJIEUEHHBIX U HeBOBJIeueHHbIX CJI1]
Ha 90 % u 6ostee. [Ipu YaCTUYHON PEMUCCUH B CHIBO-
PpOTKe ypoBeHb M-TpajsiieHTa T0KEH YMEHBITUTHCS
Ha 50 % u Gosiee, a B MOue — Ha 90 % u 6osiee, Ipu
5TOM abCOJIIOTHOE KOJIMUECTBO M-TIpoTerHa B MOUe
JIOJI’KHO OBITH MeHee 200 MT/cyT. PazMepbl KOCTHBIX
U BHEKOCTHBIX IIJIA3MOITUTOM JIOJI’KHBI yMeHb-
IIUThCS Ha 50 % u 6ostee. [Ipu Muenome, «u3mepsie-
MOW» TOJIBKO 110 ypoBHI0 CJILI, YP ycranaBimBaercs
IpU CHUPKEHWH PA3HUII YPOBHS BOBJIEUEHHBIX H
HeBoByieueHHbIX CJII] HA 50 %. IIporpeccupoBanue
60s1e3HN UKCUPOBATIOCH IIPU YBEJIUYEHUN YPOBHS
(0T MUHUMAJIBPHO JOCTUTHYTOTO) MOHOKJIOHAJIBHOTO

decrease by 50% or more. In myeloma, assessed by
only the level of FLC, PR is established when the dif-
ference in the level of involved and uninvolved FLC
decreases by 50%. Disease progression was recorded
with the increase in the level (from the minimum) of
monoclonal immunoglobulin by 25% (in the serum —
by 5 g/1, in the urine — by 200 mg/day); the detection
of new sites in skeleton bones or an increase in previ-
ously detected ones; the appearance of soft tissue
plasmacytomas or increase in their size, hypercalce-
mia (>11.5 mg/dl, or 2.65 mmol/l). Stable disease
was established when the indicators did not meet the
criteria for CR, vgPR, PR, and myeloma progression.
The overall response rate was defined as the total
number of patients who achieved partial response,
very good partial response, or complete response as a
result of therapy [30].

The safety of daratumumab was assessed in
patients after each course of therapy or during the
course, depending on the clinical situation, based on
all developing adverse events (AEs) (AEs > 3 grade,
which occurred during treatment; severe AEs (SAEs);
infusion-related reactions) using the National Can-
cer Institute — Common Toxicity Criteria (NCI-CTC)
(National Cancer Institute Common Terminology
Criteria for Adverse Events — NCI-CICAE v5.0.).

Statistical analysis was performed using STA-
TISTICA 10.0 software (StatSoft Inc., USA) and
SPSS Statistics (version 23.0). Normal data distri-
bution was determined using the Kolmogorov-
Smirnov test. With non-normal data distribution,
the results are presented as a median and an inter-
quartile range Me (Q1; Q3), where Me is the
median, Q1 is 25%, Q3 is 75%. Descriptive statis-
tics for nominal indicators in tables and text are
presented as absolute and relative values (n, %).
To compare qualitative features, the Pearson test
(x?) was used if the total number of observations
was at least 50 and the number of observations of
each variant of values was at least 5, or the two-
tailed Fisher’s exact test if the conditions for apply-
ing the ¥ criterion were not met. The criterion of
statistical significance was p < 0.05 when compar-
ing two groups and p < 0.01 when comparing three
or more groups. Overall survival was calculated
according to the Kaplan-Meier analysis, defined as
the time interval from the date of inclusion in the
protocol of patients until death from any cause
(completed observation) or until the date of the
last appearance of the patient (censored observa-
tion), with graphical plotting of survival curves.
The median OS was understood as the period of
time that half of the patients with a certain diagno-
sis will survive. Progression-free survival was
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UMMYHOTJIO0yJIMHA Ha 25 % (B CBIBOPOTKE — Ha 5T/ 1,
B MOYe — Ha 200 MTI/CyT), BBIABJIEHHH HOBBIX 0UaroB
B KOCTfIX CKeJIeTa WJIU YBEJIMUEeHUH paHee oOHapy-
JKEHHBIX, ITOSIBJIEHUH MATKOTKAHHBIX IJIA3MOIIUTOM
WIA YBEJIMUEHUU UX Pa3MepOB, TUIIEPKATBIIUEMUH
(>11.5 mr/an, unu 2.65 MMosb/i1). Crabunuzanus
3ab0JieBaHUsI yCTaHaBJIWBAJach IIPH HECOOTBET-
cTBUM Nokasaresnedl kpurepusMm I[P, oxUP, YP u
MIPOTPECCUPOBaHUs MHEJIOMBI. YactoTa 0O6IIero
OTBETA OIIPEeJIeJIsIach Kak 00Iee KOJIMYECTBO Talu-
€HTOB, V KOTOPBIX ObLIa JOCTHUTHYTAa YaCTHYHAS
peMuccusi, OYeHb XOpOIlas YaCTUYHAs PEMUCCHS
WIN TIOJIHASI peMuccusi 3a00JIeBaHUs B pe3yJIbTaTe
MIPOBOJIMMOM Tepamuu [30].

Onenka 6e30macHOCTU AapaTymyMaba mpOBOIH-
Jlach y TAIMEeHTOB IOCJEe KayKIOro Kypca Teparuu
WIN B IIEPUOJ] TPOBEIEHUS Kypca, B 3aBUCUMOCTHU OT
KJIMHUYECKOU CUTyaIliy, Ha OCHOBAHWH yUeTa BCEX
pa3BUBAIONIUXCSA HeKesaTeNbHbIX siBieHuin (HA)
(HA = 3 cr., Bo3HUKIIKX HA (HOHE JIEUYEHHS; CEPhE3-
ubix HS (CHS); peaxiiuii, cBsi3aHHBIX ¢ UHOY3HEL) ¢
ucnosb3oBaHueM mkasbl National Cancer Institute —
Common Toxicity Criteria (NCI-CTC) (National
Cancer Institute Common Teminology Criteria for
Adverse Events — NCI-CICAE v5.0.).

JIJisT CTAaTHMCTUYECKOTO aHaaMn3a HCIOJIb30BaIU
CTAaHJAPTHBIA TAKeT WPHUKJIAHBIX MPOrpaMm
Statistica 10.0 (StatSoft, CIITA) u SPSS Statistics
(Bepcus 23.0). CooTBeTCTBUE JAHHBIX HOPMAaJlb-
HOMY pacIpeJieJIeHUI0 OIPeAEsAIoCh MEeTOJ0M
Konmoroposa — CmupHoBa. IIpu HeHOpManbHOM
pacrpeaeseHUH MOKa3aTesis MOJIyIeHHbIE PE3YIb-
TaThI IPE/ICTABJIEHBI B BUJle MeAUAHBI U MEXKKBap-
THJIbHOTO pasmaxa Me (Q ; QB), riae Me — menuaHa,
Q, -25%,Q s~ 75 %. OnucateapHasg CTaTUCTHUKA
JUIA HOMUHAJBHBIX IOKasaTeJed B Tabaumax u
TEKCTe MpPeJCTaBIeHa KaK aOCOJIIOTHBIE U OTHOCH-
TeJbHBIE BEJIMYUHBI (11, %). [IJ1s1 cpaBHEHUS Kave-
CTBEHHBIX MPU3HAKOB NPUMeHsICA MeToyn Ilup-
coHa (¥2), ecyin 00Iee KOJUUECTBO HAOJIIOEHUH
OBLJIO HEe MeHee 50 M KOJIMYECTBO HaOJIIOJeHUMH
KaXK/IOTO BapuaHTa 3HAUeHUH He MeHee 5, WJIH
TOYHBIN JBYCTOPOHHUI KpuTepuil Ouiiepa, ecau
He BBIMOJHSJINCh YCJIOBUs TMPUMEHEHUS KpHUTe-
pus 2. KputepueMm CTaTUCTUYECKOH JOCTOBEPHO-
¢ty OBLT YPOBEHB P < 0.05 — IIPU CPaBHEHUU JIBYX
TPYIII U p < 0.01 — IPU CPAaBHEHUH TpeX U Gosiee
rpymm. OOy BBIXKHBAEMOCTh PACCUHUTHIBAIN I10
metony Kaplan — Meier, ompenenisieMyio Kak mpo-
MEKYTOK BPEMEHHU OT JaThl BKJIIOUEHHUS B IIPOTO-
KoJ OOJIbHBIX /O CMEPTH OT JIIOOOW IPUUMHBI
(3aBepieHHOE HAOJIIOZIEHIE) UJTH 10 JTaThI ITOCIIE -
Hel SIBKU OO0JILHOTO (IleH3ypHUpOBaHHOE HaOJII0/Ie-
HHE), ¢ TpadUYEeCKUM IIOCTPOEHUEM KPHUBBIX

defined as the time from initial diagnosis to the
date of progression, relapse, or death, with graph-
ing of the survival curves. The significance of sur-
vival differences in the study groups was calcu-
lated using the log-rank test, the differences were
deemed significant at p < 0.05. All calculations of
the results obtained for this study were carried out
in May 2022. The median follow-up of patients
was 13.1 months (95% confidence interval (CI)
9.0—17.5) (range 5—28 months).

RESULTS

The median duration of daratumumab treatment
was 12.2 months (95% CI 8.6-15.9) (range
4—22 months). The median number of infusions was
18 (range 2—43). The average duration of infusions
was 7.1, 4.4 and 3.5 hours for the first, second and all
subsequent infusions, respectively.

The effectiveness of therapy was evaluated in 31
of 32 patients treated with daratumumab since one
patient developed the grade 3 infusion reaction
(bronchospasm) associated with the administration
of the drug which was the reason for discontinuation
of therapy.

ORR (CR + vgPR + PR) was 67.7% (n = 21), while
9 (29%) patients had vgPR, 12 (38.7%) had PR, and 6
(19.4%) had no responses to therapy but disease was
stable, disease progression was recorded in 12.9% of
patients (Table 2). The median time to response was
3.5 months (range 2.5—6 months). The median dura-
tion of response was 7.9 months (95% CI 4.7—11.5).
The main reasons for discontinuation of treatment
included disease progression (6 people — 19.3%) and
a severe infusion related reaction (3.1%). At the time
of analysis of the results, 25 patients continued to
receive therapy with daratumumab.

The median PFS in our study was 19.1 months
(95% CI 15.3—23.6), while the 12- and 18-month PFS
were 91% and 50%, respectively (Fig. 1).

The median OS was not achieved, and the 12- and
18-month overall survival values were 100% and
96.3%, respectively (Fig. 2).

In a subgroup analysis of PFS values depending
on the number of prior lines of therapy, there were
no statistically significant differences in PFS between
groups who received two, or three, or more lines of
therapy (the median PFS in patients who received
2 previous lines of therapy was 21 months versus
19.1 months in patients who received 3—4 lines of
therapy, log-rank p = 0.115), which confirms the
rather high and long-term effectiveness of daratu-
mumab monotherapy not only in earlier lines of
therapy, but also in heavily pretreated patients with
RRMM (Fig. 3).
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BbDKHUBaeMocTu. Ilox memuanor OB mouHmmaiu
MepHoJ; BpeMeHH, KOTOPBIN MepPeKUBET MTOJIOBUHA
MAIEHTOB C OIMpPEJIeJIEeHHBIM JIHarHO30M. BbhIKH-
BaeMoOCTh 0€3 MPOTPECCUPOBAHUS OIIPEEIISIIN KaK
BpeMsi OT IIEPBOHAYAJILHOTO JAUarHo3a /0 JaThbl
MIPOTPECCUPOBAHUS, PENU/INBA UJIM CMEPTH, C Tpa-
(puUecKuM MOCTPOEHWEM KPHUBBIX BHIXKHBAE€MOCTH.
JlocTOBEpHOCTh Pa3IWyYUil  BBDKUBAEMOCTU B
WCCJIeTyEMbIX TPYyIIax PacCUYUTHIBAJIACh C MTOMO-
mpio Jor-panroporo kpurepus (log-rank test),
pas3JInuus CYUTAJIUCh IOCTOBEPHBIMH ITPU P < 0.05.
Bce pacueTsl MOJIydeHHBIX PE3YJIbTATOB JJIsI TaH-
HOU paboThl MPOBEEHBI B Mae 2022 r. MeauaHa
HabJiroZeHnsa 3a OOJBHBIMHM COCTaBHJIA 13.1 Mec
(95% noseputenbHbIE uHTEpBan (M) 9.0-17.5)
(mmamaszon 5—28 mec).

PE3YJ/IBTATDBI

MenuaHa po/I0JKUTETFHOCTY JIEUEHUS TapaTy-
Mmymabom cocraBmia 12.2 mec (95% /I 8.6—15.9)
(mnamazon 4—22 mec). Cpe/iHee KOJTHMYECTBO [IPOBe-
JIEHHBIX MHOY3UH cocTaBuio 18 (nmama3oH 2—43).
CpenHsaA TPOJOJIKUTEIBHOCTh NHQPY3UN COCTaBIIIA
7.1, 4.4 U 3.5 4 JUIs IEPBOH, BTOPOI U BCeX MOCIIEy-
IOIIUX UHQY3UH COOTBETCTBEHHO.

dddeKTHBHOCTD Tepanuu ObLIA OIlEHEHA V 31 U3
32 MManueHTOoB, MOJIyYaBIINX TePaUIo JapaTyMyMa-
060M, BBH/Iy TOTO, YTO y OFHOTO OOJIBHOTO Ha (poHe
[IePBOTO BBEZIEHMU JapaTyMyMada pa3Bmwiach HHPY-
3UOHHAs peakuusA 3-U cTemneHH TsKecTH (OpPOHXO-
cmasM), CBsI3aHHAs C BBEJAEHUEM IIperapara, uTo
SIBIJIOCH IPUYNHON ITPEKPAIIEHUS TEPAIIHH.

YOO (ITP + oxYP + YP) cocraBunma 67.7 %
(n = 21), mpu aTOM y 9 (29 %) GOIBLHBIX ObLIA yCTA-
HoBJsieHa oxYP, y 12 (38.7 %) — UP, y 6 (19.4 %) 006b-
eKTUBHOTO OTBeTa Ha Tepaluio MoJIy4eHo He ObLIO,
HO OTMeuasach crabuiausanus 3a00JeBaHUsA, Y
12.9 % OoJIbHBIX Ha (poHE Tepanmuu OBLJIO 3apery-
CTPHPOBAHO IporpeccupoBanue (Tads. 2). Mequana

With an increase in the follow-up period, the 12-
and 18-month PFS values remained quite high in
both analyzed subgroups, however, there was a sta-
tistically significant decrease in the proportion of
patients who maintained the ability to respond to
daratumumab therapy in the subgroup of more pre-
treated patients (12-month PFS values were 88% in
the group of patients who received 2 lines of chemo-
therapy (CT) and 92% in the group of patients who
received 3—4 lines of CT (x> = 0.88, p = 0.346);
18-month PFS values were 65 and 92%, respectively
(x2 = 20.37, p < 0.001)) (see Fig. 3).

When analyzing PFS values depending on age, a
statistically significantly lower PFS value was
recorded in patients over 65 years of age which most
likely may be associated with a greater susceptibility
of elderly patients to side effects of CT in the pres-
ence of concomitant diseases that cause an increase
in the intervals between courses and a decrease in
the therapy effectiveness (Fig. 4).

However, despite this, the PFS values in both
analyzed subgroups were quite high (the median PFS
in patients > 65 years was 19.1 months, while in the
group of patients younger than 65 years the median
PFS was not reached; 12-month PFS values were
100% in the group of patients younger than 65 years
and 86% in the group of patients > 65 years
(x> = 12.180, p < 0.001); 18-month PFS values were
100% and 72%, respectively (x* = 29.401, p < 0.001)),
which confirms high effectiveness and duration of
daratumumab monotherapy in patients of any age
group (see Fig. 4).

In a subgroup analysis of PFS values depending
on the depth of the achieved response to daratu-
mumab therapy, it was found that during 12 months
of follow-up, 100% of patients with any variant of the
achieved response (vgPR, PR, SD) showed no signs
of disease progression. With an increase in the fol-
low-up period to 18 months, the proportion of

Ta6una 2. 3¢ HeKTUBHOCTD TePANHH JapaTyMyMab0oM B MOHOPEXHUMe Y TAIlMeHTOB C PelUANBUpYoLieli/pedpakTepHOH

MHOXXeCTBEeHHO! MuesioMoH (n = 31)

Table 2. Effectiveness of daratumumab monotherapy in patients with relapsed/refractory multiple myeloma (n = 31)

OtBeTt / Response

Yucao nanueHToB, aéce. (%) / Number of patients, abs. (%)

O6utas yactora otBeTa (I1P + ox4P) 21 (67.7)
Overall response rate (CR + vgPR)

P/ CR 0

ox4P / vgPR 9 (29)
4P /PR 12 (38.7)
Crabunuzanus / Stabilization 6 (19.4)
[IporpeccupoBaHue / Progression 4(12.9)

[Ipumeyanue. [IP-nonHaa pemuccus; ox4P - oueHb xopoias yacTuyHas pemuccus; YP - yacTuyHas pemMuccus.

Note

. CR - complete response; vgPR - very good partial response; PR - partial response.
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Puc. 1. BerkuBaemocTs 6€3 IpOrpecCupOBaHMs AIMEHTOR C PEUAUBUPYOIIEN/ pedpakTepHOI
MHO?KECTBEHHOU MUeJIOMOU Ha (GOHE Tepauy 1apaTyMyMaboM B MOHOPEKHUME
Fig. 1. Progression-free survival in patients with relapsed/refractory multiple myeloma who received
daratumumab monotherapy

BpPEMEHU JI0 HACTYIJIEHUsI OTBETA COCTABMIIA 3.5 MeC
(mnanazon 2.5—-6 mec). CpefHss MPOIOJIKUTETD-
HOCTB OTBeTa cocraBuiia 7.9 mec (95% U 4.7—11.5).
OcHOBHbBIE TPUYHHBI TPEKpAIlEeHUs JIeUeHUsT BKITIO-
Yajii mporpeccrupoBanue 3abosieBanus (6 yen. —
19.3 %) U pa3BUTHE TIKEIOU MHDY3UMOHHOU peak-
MY, CBSI3aHHOU ¢ mpenapartoMm (3.1 %). Ha MomeHT
aHa/JIN3a pe3ysbTATOB 25 MAIUEHTOB IIPOJIOJIKAIIN
MOJIy4YaTh TEPAIHIO JapaTyMyMaboMm.

Mepunana BBII B HalmeM mcciiefoBaHHH COCTa-
Bwia 19.1 mec (95% U 15.3—23.6), Ipu 3TOM 12- U
18-mecaunasa BBII cocraBuia 91 u 50 % COOTBET-
CTBeHHO (puc. 1).

Menuana OB He O6bLIa JOCTUTHYTA, a 3HAYEHUA
12- U 18-MecsSYHOH OOIIed BBI?)KMBAEMOCTH COCTa-
BWIH 100 U 96.3 % COOTBETCTBEHHO (pHC. 2).

[Ipu moarpynmoBoM aHayu3se mokazaTtesneid BBII
B 3aBUCUMOCTH OT KOJIMUECTBA JINHUU ITPEIIECTBY-
IOIIEd Tepamuy CTAaTUCTUYECKH 3HAYMMBIX Pa3JIH-
yuii BBII mex 1y rpyrimamMu, HOoJTyIHBIINMH JIBE WU
Tpu U 60JIee JIMHUY Tepanuu, 0OHAPYKEHO He ObLIO0
(memuana BBII y manueHTOB, MOJYYUBIINX 2 TPE/-
IIeCTBYIOIIIMEe JIMHUM Tepamuy, COCTaBUIa 21 Mec
MPOTHB 19.1 MeC Yy TalUeHTOB, IOJYIUBIINX
3—4 JWHUU Tepanuu, log-rank p = 0.115), 94TO WO~
TBEP2K/IAeT JOCTATOUHO BBICOKYIO U IIPOAOJIKUTEb-

patients maintaining a response to daratumumab
therapy decreased statistically significantly only in
the subgroup of patients with signs of stable disease,
but remained to be quite high (12-month PFS was
100% in the vgPR, PR, SD subgroup; 18-month
PFS — 100% in the vgPR and PR subgroups and
81% — in the SD subgroup, respectively (x* = 19.207,
P <0.001)), which indicates the possibility of improv-
ing the survival of patients with RRMM in the setting
of long-term daratumumab monotherapy at any
depth of response (Fig. 5).

Analysis of the safety of the therapy showed a
rather favorable toxicity profile of daratumumab.
The main types of toxicity including infusion reac-
tions are given in Table 3.

Among the non-hematological adverse events
that occurred during daratumumab therapy, in our
patients there were registered upper and lower respi-
ratory tract infections (in 15.6 and 12.5% of patients,
respectively) and fatigue (15.6%), mainly grade 1—2
degrees of severity, were most often reported in our
patients (= 10%), which did not require interruption
of therapy or an increase in the intervals between the
drug administration (see Table 3). Hematological
toxicity was characterized by anemia (15.6%), neu-
tropenia (6.2%) and thrombocytopenia (6.2%) and
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Fig. 2. Overall survival in patients with relapsed/refractory multiple myeloma who received daratumumab monotherapy

HyI0 5G@eKTUBHOCTh MOHOTEpAlUU JaparyMmyMa-
OOM He TOJIPKO B 60J1e€e paHHUX JIMHUSX TEPATTUH, HO
U Y UHT€HCUBHO IIpe/ijIedeHHbIX nanueHTos ¢ PPMM
(puc. 3).

C yBestmueHHEM BpeMeHHU HaOJIIO/IeHHs MTOKa3a-
Tesiu 12- U 18-mecssunoi BBII coxpaHsuiuch gocra-
TOYHO BBICOKUMH B O0EUX AHATHU3UPYEMBIX IIOJI-
IpylIax, o4HaKO0 OTMeYayJoCh CTAaTUCTUYECKU 3Ha-
YUMO€e CHUKEHHUE JIOJIU TMAI[EeHTOB, COXPAaHAIOIINX
OTBET Ha TEPalUIo JAapaTyMyMaboM, B MOJATPYIIIE
OoJiee mpe/iyIedeHHBIX O0JIPHBIX (12-MecsYHbIE ITOKa-
3atesu BBII cocraBuwiu 88 % B rpymme GOJIbHBIX,
MTOJIyYUBIIUX 2 JUHUU xumuorepanuu (XT), u 92 %
B I'pyIlIle NaleHTOB, IIOJIYYUBIIUX 3—4 JUHUUA XT
(x* = 0.88, p = 0.346), 18-MecssuHbBIE TOKA3ATEIU
BBIT cocraBumm 65 um 92 % COOTBETCTBEHHO
(2= 20.37, p < 0.001)) (cm. puc. 3).

[Ipu ananmse nokasaresieit BBII B 3aBucumoctTu
OT BO3pacTa CTaTUCTUYECKU 3HAYMMO MeHbIIIee 3Ha-
yenue BBII ObUTIO 3aperucTpupoBaHO y MAHEHTOB
crapiie 65 JIET, YTO, BEPOSATHEE BCETO, MOXKET OBITh
CBA3AHO ¢ 60JIbIIIEN BOCIIPUUMYHBOCTBIO TAI[UEHTOB
MMOKHIJIOTO BO3pacTa K MoOOUHBIM siBieHussM XT Ha
(oHe HaTUYUS COMYTCTBYIOIIUX 3a001€BaHU, 00Y-
CJIOBJIMBAIOIINX yBeJIWUYEHHE IPOMEKYTKOB MEXKIY
KypcamMu U CcHUXeHHe 3(P@eKTUBHOCTH Tepanuu
(puc. 4).

corresponded to the grade 1—2 of severity, and there-
fore there was no need for the exchange blood trans-
fusion or use of colony-stimulating factors (see
Table 3).

Infusion reactions associated with the adminis-
tration of daratumumab occurred in 43.7% of
patients, including 2 patients, they corresponded to
grade 3 (1 — dyspnea and 1 — bronchospasm, respec-
tively), which led to discontinuation of therapy in
one patient. In the majority of patients (37.5%),
infusion reactions (nasal congestion, dyspnea,
cough, hyperthermia, allergic rhinitis, irritation in
the throat) corresponded to grade 1—2, developed
mainly during the first administration of the drug,
were easily reversed by antihistamines, glucocorti-
costeroids, paracetamol and were not the reason for
discontinuation of daratumumab therapy (see
Table 3).

With the development of an infusion reaction,
daratumumab infusion was temporarily suspended
and patients were administered antihistamines
(diphenhydramine 50 mg i/v), paracetamol 500 mg,
and glucocorticosteroid hormones. After reversing
the reaction, infusion of daratumumab was resumed,
but at a slower rate (25—50 ml/h). In the absence of
repeated infusion reactions, infusions of the drug
were performed in the standard regimen.
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Puc. 3. BeokuBaeMocTb 6e3 [IporpecCupoBaHus MAIMEHTOB ¢ PEUANBUPYIOLIEl/ pedpakTepHOT
MHO?KEeCTBEHHOU MHEJIOMOM, TIOJIyYaBIIUX TEPAITHIO JapaTyMyMaOOM B MOHODEIKHME,
B 3aBUCHMOCTH OT KOJIMYECTBA JIMHUI IPEAIECTBYIOIIEH TePATTHHI
Fig. 3. Progression-free survival in patients with relapsed/refractory multiple myeloma who received
daratumumab monotherapy, depending on the number of prior lines of therapy

OpHako, HECMOTpPS Ha 3TO, mokaszaresu BBII B
00erx aHAJIM3UPYEMBIX IOATPYNIAX OKa3aJIUCh
JIOCTaTOYHO BbIcOKUMU (MeauaHa BBII y manueHTOB
> 65 JIET COCTABIJIA 19.1 MEC, B TO BpeMsI KaK B IPYIIIIE
0OJIBHBIX MOJIOKe 65 Jier menuana BBII Obuia He
JIOCTUTHYTA; 12-MecsauHble oka3aTteau BBII cocra-
BIWIN 100 % B rpymnne OOJbHBIX MOJIOXKE 65 JIeT U
86 % B rpymniie manueHToB = 65 Jer (}* = 12.180,
p < 0.001), 18-Mecssunble TTokazaTeau BBII cocra-
BIWJIM 100 U 72 % COOTBETCTBEHHO (X* = 29.401,
P < 0.001)), UTO MOATBEPKIAET BHICOKYIO d(Pdek-
TUBHOCTH U IPOJIOJIKUTEIFHOCTDh TEPAllUU Japary-
MyMaboM B MOHOPEKHME Y MaIlUEeHTOB JI000H BO3-
pacTHO# rpymmnsl (CM. puc. 4).

[Ipu moarpynnoBoM aHanuse mokazatesneid BBII
B 3aBUCUMOCTH OT IVIyOUHBI JIOCTUTHYTOTO OTBETA HA
Tepanui AaparymymMaboM OBLIO OTMEYEHO, UTO B
TeueHUe 12 MecC HAaOII0AeHUsA ¥ 100 % MalueHToB C
JII0OBIM BapUaHTOM IJIyOWHBI JJOCTUTHYTOTO OTBETA
(ox4P, YP, C3) He 6BLIO 3apETrUCTPUPOBAHO TIPHU-

DISCUSSION

In Novosibirsk and the Novosibirsk region, the
possibility of using daratumumab monotherapy in
patients with refractory/relapsed MM has appeared
since March 2020 as a part of the Federal Program
for the Treatment of 14 High-Cost Entities. From
March 2020 to February 2022, 32 patients with
RRMM received this therapy.

The results of our analysis of the effectiveness and
safety of daratumumab therapy in real-life clinical
practice showed high and long-term effectiveness, as
well as a fairly favorable safety profile of daratu-
mumab monotherapy in patients with double refrac-
tory RRMM.

Despite the fact that our study cohort included
patients with poor prognostic factors (56.2% of
patients aged > 65 years, 56.3% with bone-related
soft tissue plasmacytomas at the start of daratu-
mumab therapy, 37.5% with high LDH activity,
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Puc. 4. BeokuBaeMocTtb 6€3 MporpeccCupoBaHus MAIMEHTOB ¢ PEIUIUBUPYIOIel/ pedpakTepHO
MHO?KECTBEHHOU MUEJIOMOM, TI0JIy4aBIINUX TEPAITHIO JapATyMyMaOOM B MOHOPEIKHME,
B 3aBHCHMOCTH OT BO3PACTa NAI[HEHTOB
Fig. 4. Progression-free survival in patients with relapsed/refractory multiple myeloma who received
daratumumab monotherapy, depending on the age of patients

3HAKOB IporpeccupoBanus 3aboseanus. [Ipu yBe-
JIMYEHUU BpeMeHU HabJoJieHus 70 18 mec 1o
MAIEHTOB, COXPAHAIONIUX OTBET HA TEPAIIHIO Jlapa-
TyMyMaboM, CTATUCTUYECKH 3HAUNMO YMEHBIITHIACh
TOJIBKO B IIOJITPYIIIIE TTAIMEHTOB C MIPU3HAKAMU CTa-
Ownusanuu 3a00j1€BaHUs, HO IPOJIOJIKAJIa OCTa-
BaThCA JOCTATOYHO BBICOKOHN (12-mecsuHas BBII
cocraBuina 100 % B moxrpymnme ox4P, UP, C3;
18-mecsiunaa BBII — 100 % B moarpymnnax oxUP u
YP u 81 % — B moxarpymnmne C3 COOTBETCTBEHHO
(x?=19.207, p < 0.001)), YTO YKa3bIBAET HA BO3MOK-
HOCTbH IIPOJIOHTUPOBAHUS BBIKHMBAEMOCTU IaI[HeH-
ToB ¢ PPMM Ha ¢oHe JJIUTETbHOU Tepanuu JaparTy-
MyMaboM B MOHOPEKUMeE TP JIIDOOM BapHUaHTE IITy-
OWHBI JOCTUTHYTOTO OTBeTa (pHUC. 5).

Ananmu3 0e30MacHOCTH NPOBOAMMOM Teparuu
[OKA3aJI JOCTATOYHO OJIATONPUATHBIA NIPODIIIH
TOKCHYHOCTH JapatymyMaba. OCHOBHBIE BH/IbI TOK-
CUYHOCTH, BKJIIOYAs WH(GY3UOHHBIE PEaKI[UH, IIPU-
BEIeHHbI B Ta0JI. 3.

Cpenn HEreMaTOJIOTHYECKUX HEKeJaTeTbHbIX
SIBJIGHUH, BO3HUKINNX Ha (DOHE TepAINH JIapaTyMy-
MaboM, y HaIIKX IMAaIlMeHTOB Haubojee dYacro
(=10 %) perucTpupoBaINCH HH(MPEKITUN BEPXHUX U

31.2% with grade 2—3 CKD, and in 12.5% of patients
creatinine clearance was from > 30 to < 60 ml/
min/1.73 m? (according to CKD-EPI), 34.4% of
patients previously underwent auto-HSCT, 75%
were double refractory), most of the patients had
comorbidities and a long history of MM (the median
time from diagnosis of MM to the start of treatment
with daratumumab was 73.1 months (range
18—144 months)); response to daratumumab ther-
apy occurred fairly quickly and was prolonged in
the majority patients (the median time to response
was 3.5 months (range 2.5—-6 months), and the
median duration of response was 7.9 months (95%
CI 4.7-11.5).

In 67.7% of patients, a deep clinical response was
achieved (vgPR in 29%, PR in 38.7%), and in 19.4%
of patients during therapy there were no signs of
progression and the disease was stabilized. The
results obtained indicate that the use of daratu-
mumab in most cases allows to overcome double
refractoriness, as well as the negative impact of
unfavorable prognostic factors, and even as a mono-
therapy can be an effective treatment option for
patients with RRMM.
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Puc. 5. BepxuBaeMocTb 6€3 IporpecCHpOBaH MAIIMEHTOB C PEUANBUPYIONIEH/ pedpakTepHOH
MHO?KECTBEHHOU MUEJIOMOM, TIOJIyYaBIINUX TEPAITHIO JaPaTyMyMaOOM B MOHOPEIKHIME,
B 3aBUCHMOCTH OT IJTyOMHBI OTBETA Ha TEPAIIUIO
Fig. 5. Progression-free survival in patients with relapsed/refractory multiple myeloma who received
daratumumab monotherapy, depending on the depth of response to therapy

HIDKHUX JIbIXaTeJIbHBIX TMyTel (Y 15.6 u 12.5 % maru-
€HTOB COOTBETCTBEHHO) U yCTaI0CTh (15.6 %), Mpeu-
MYIIIECTBEHHO 1—2-1 CTEIIEHU TSKECTH, KOTOPHIE HE
TpeboBai MPEePhIBAHUS TEPATIUU WIN YBETMUEHUS
MIPOMEKYTKOB MEXKy BBEIEHUSIMH Iperaparta (cMm.
TabJI. 3).

T'emaTosioruyeckas TOKCHYHOCTh XapaKTEPHU30-
Basiach aHemuel (15.6 %), HeliTponenuen (6.2 %) u
TpoMboruTonieHuel (6.2 %) W COOTBETCTBOBAJIA
1—2-% CTeNEeHU TSKECTH, B CBSI3U C YeM HeoOX0o/u-
MOCTH B IIPOBEJIEHUM 3aMECTUTEJIbHON reMOTpaHC-
(py3HOHHOU Tepanuy WK Ha3HAYEHU N KOJIOHUECTH-
MyJIUPYIOIKX GakTOPoB He 66110 (cM. TabJI. 3).

NHpy3HOHHBIE pEaKIuU, CBSI3aHHBIE C BBEZE-
HHEM JapaTyMmyMaba, HMeJI MeCTO y 43.7 % marmu-
€HTOB, B TOM YHCJIE y 2 OOJIbHBIX OHU COOTBETCTBO-
BaJIU 3-U CTENEHHU TSKECTH (1 — OZIBIIIKA U 1 — OPOH-

Despite the pretreatment, presence of double
refractoriness in the majority of patients (75%), the
daratumumab therapy provided a significant sur-
vival advantage for patients with RRMM. Thus, the
median PFS in our study was 19.1 months (95% CI
15.3—23.6), and the 12- and 18-month PFS were at
the level of 91 and 50%, respectively. The median OS
was not achieved, and 12- and 18-month overall sur-
vival were 100% and 96.3%, respectively.

In a subgroup analysis, we showed that unfavor-
able factors that have a statistically significant
effect on PFS are the inadequate depth of the
achieved response to daratumumab therapy, as
well as the age of patients > 65 years, while the
number of prior lines of therapy did not affect sur-
vival rates which confirms the possibility of effec-
tive use of daratumumab monotherapy in patients
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Ta6smmua 3. HexxeslaTesibHbI€e sIBJIEHUA Y TALMEHTOB € peppakTepHON /peluAMBUpPYIOLeil MHOXKeCTBEHHOH MUEeJIOMOH,

MOJIy4aBIIMX JapaTyMyMab B MoHopexxuMe (n = 32), aée. (%)

Table 3. Adverse events in patients with refractory/relapsed multiple myeloma treated with daratumumab as monotherapy

(n=32), abs. (%)

HexxesiaTe/IbHbIE SIBJIEHUS, CBSI3aHHbIE C TEpanuei
Adverse events associated with therapy

CreneHs = 3
Severity grade = 3

JIo6as creneHb THKECTH
Any level of severity

HHgysuoHHble peakyuu / Infusion reactions

Bponxocnasm / Bronchospasm

3anoxeHHOCTb Hoca (1-1 CT.), mepBoe BBeZieHHE
Nasal congestion (grade 1), first administration

Kauesb (1-# cT.), mepBoe BBeJieHUE
Cough (grade 1), first administration

Annepruyeckust punut (1-# cT.), nepBoe BBeJeHUE
Allergic rhinitis (grade 1), first administration

03H06, nepBoe BBegeHue / Chills, first administration

[lepmeHue B ropsie (1-# CT.), mepBoe BBeJleHUE
Throat irritation (grade 1), first administration

Oppiika / Dyspnea
I'uneprepmus / Hyperthermia
TomHoTa / Nausea

0 1(3.1) (3-sact) / (grade 3)
5(15.6) 0
4 (12.5) 0
5(15.6) 0
3(94) 0
6 (18.7) 0
3(9.3) 1(3.1) (3-act.) / (grade 3)
5 (15.6) 0
1(3.1) 0

Hezemamonozauyeckasi mokcuuHocms / Non-hematological toxicity

NHeK MY BepXHUX ABbIXaTeJIbHbIX Iy TeN
Upper respiratory tract infections

NHbeK Y HUKHUX JibIXaTeJIbHbIX MyTel
Low respiratory tract infections

Bosu B kocTsix / Bone pain
Ycranocts / Fatigue

5(15.6) 0
4 (12.5) 1(3.1) (3-a ct.) / (grade 3)
2(6.2) 0
5 (15.6) 0

lemamoozuveckas mokcuuHocms / Hematological toxicity

Anemus / Anemia
HeliTponenus / Neutropenia
Tpom6onutonenus / Thrombocytopenia

5 (15.6) 0
2(6.2) 0
2(6.2) 0

XOCIIa3M COOTBETCTBEHHO), UTO MPHUBEJIO K IpPeKpa-
IIEHUIO0 TEPATIUU Y OJTHOTO HAIlMeHTa. Y OOJIBIIIH-
cTBa MmanueHToB (37.5 %) MHGY3HNOHHBIE PeaKIUu
(3aJ103K€HHOCTh HOCA, OJIBIIIKA, KallleJIh, THIIEPTEP-
MU, JUIEPTUYECKUN PUHUT, IepIIeHre B TOpJe)
COOTBETCTBOBAJIU 1-U U 2-H CTENEHU TSKECTH, Pas-
BUBJINCH NPEUMYIIIECTBEHHO IIPU IEPBOM BBEJIE-
HUH MIPEeInapara, JIETKO KyITHPOBAIICh Ha3HAUYEHUEM
AHTUTUCTAMUHHBIX [TPENIAPaTOB, TJIIOKOKOPTUKOCTE-
pOHJIOB, HaparneraMosia U He SBJISJIUCH MPUIHHOU
OTKa3a OT Tepanuu gapatymymabom (cm. tabi. 3).
[Tpu pasButum WHOPY3UOHHON PEAKIINU BBeJe-
HUe JapatymyMaba BpeMEHHO IpHUOCTaHABJINBA-
JIOCh, TAI[MEHTaM BBOJWJINCh AHTUTHCTAMUHHBIE
mpemnaparsl (IudeHrupaMuH 50 MT B/B), mapare-
TaMoJI 500 MT U IJIIOKOKOPTHKOCTEPOHUIHBIE TOP-
MoHBI. Ilocie KymupoBaHUs peaknuu WHQY3UI
mapatymymaba BO300OHOBIISIaCh, HO B Ooyiee Meql-
JeHHOM pexume (25—-50 mui/4). Ilpu orcyrcTBUU

with RRMM who received more than 2—3 lines of
therapy.

It should be noted that, despite the fact that the
depth of response had a statistically significant effect
on the PFS parameters, patients who achieved only
stabilization of the disease during long-term therapy
with daratumumab also had a significant advantage
in PFS over the patients with signs of disease pro-
gression. Thus, the results of a subgroup analysis of
PFS depending on the depth of response to therapy
showed that within 12 months follow-up observa-
tion, 100% of patients with any variant of the depth
of the achieved response to treatment (vgPR, PR,
SD) showed no signs of disease progression. With an
increase in the follow-up period, 18-month PFS val-
ues decreased statistically significantly in the sub-
group of patients with signs of stable disease, but
remained quite high (18-month PFS was 100% in the
vgPR and PR subgroups and 81% in the SD subgroup,
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MIOBTOPHBIX UH(QY3MOHHBIX peakIuil B JaJibHENIIIeM
nHGY3UH IpenapaTa BBIIOJIHSINCh B CTAHJAPTHOM
pexume.

OBCYXJIEHUNE

B r. HoBocubupcke u HoBocubupckoi obsractu
BO3MOJKHOCTH IIPUMEHEHUs AapaTyMmyMaba B MOHO-
pexuMe y ManueHToB ¢ pedpakTepHON/peruauBy-
pytomeir MM mosiBujIach ¢ MapTa 2020 T. B paMKax
denepasIbHOM ITPOTPAMMBI 10 JIEUEHUIO 14 BBICOKO-
3arpaTHBIX HO300THH. C MapTa 2020 1o ¢eBpaib
2022 T. JAHHYIO TEPAITHIO MTOJIYYIH 32 IMalieHTa ¢
PPMM.

Pe3ysipTaThl NPOBEJIEGHHOTO HaMM aHaJIU3a
3¢ dekTUBHOCTH B GE30IIACHOCTH TEpAIUU JIapaTy-
MyMaboM B yCJIOBHUAX PeIbHOU KJTMHUUECKOU MPaK-
TUKUA TIOKA3IM BBICOKYI0O U TPOAOIKUTEIHHYIO
3¢ PEKTUBHOCTD, a TAKXKE JIOCTATOYHO OJIATOTIPUSIT-
HBII TpOGIH 6€30IMaCHOCTH MOHOPEXKUMA JIapaTy-
myMmaba y nanueHToB ¢ PPMM c aBoiiHOU pedpak-
TEPHOCTBIO.

HecmoTps Ha TO, YTO KOrOpTa HAIIIETO HCCIIENIO-
BaHUsA BKJIIOYAJIA OOJIBHBIX, UMEIOIUX (HAKTOPHI
He6JIaTOIPUATHOTO MPOTrHO3a (56.2 % MalueHToB B
Bo3pacTe > 65 jieT, 56.3 % — ¢ 0CCaIbHBIMU MATKO-
TKAQHHBIMH IIA3MOIIUTOMAaMH HAa MOMEHT Havasa
Tepanuu Japarymymabom, 37.5 % — ¢ BBICOKOH
aktuBHOCcThIO JI/T, 31.2 % — ¢ XBII 2—3-i1 craguu,
npuueM y 12.5 % OOJBHBIX KJIMPEHC KpeaTHHWHA
cocTaBysI = 30 710 < 60 mu1/muH/1.73 M2 (mo CKD-
EPI), 34.4 % 6osbHBIM paHee npoBezieHa ayTo-TT'CK,
y 75 % OblIa 3aperucTpupoBaHa JIBOWHasi pedpak-
TEPHOCTD), y OOJIbIIIEH YaCTH IAIIUEHTOB WMEJUCH
COIIYTCTBYIOIIHE 3200JIEBaHUA U JIJIUTEIbHBINA aHAM-
He3 TeueHuss MM (MenuaHa BpeMeHH OT MOMEHTa
IOCTAaHOBKMU amarHo3da MM 710 Havasa JiedeHHSa
JapatymymaboMm coctaBuwia 73.1 Mec (quamas3oH
18-144 Mec)), OTBET Ha TEPANHUIO JapaTyMyMaboM
HACTyHaJ JIOCTaTOYHO OBICTPO U OBLI IMPOJOJIKH-
TeJIbHBIM y GOJIBIIMHCTBA OOJIBHBIX (MearaHa Bpe-
MEHHU JI0 HACTYIUIEHUS OTBeTa COCTaBWIa 3.5 Mec
(mmamaszoH 2.5—-6 mec), a CpeaHssA TPOJIOIKUTEIb-
HOCTBh oTBeTa — 7.9 mec (95% AU 4.7—11.5)).

VY 67.7 % manueHTOB yAaI0Ch JOCTUYD TJIYOOKOTO
kInHIYeckoro orBera (oxYP — y 29 %, UP — y
38.7 %), a ete y 19.4 % 601bHBIX HA (OHE Teparuu
OTCYTCTBOBJIM TIPU3HAKU IPOTPECCUPOBAHUSA U
COXpaHsJICA KOHTDPOJIb Haj 3a00JIeBAaHHEM B BHJE
CTaOMIU3AIUK OIyX0JIEBOTO Iporiecca. [losyueH-
HbIe Pe3y/IbTaThl YKA3bIBAIOT HA TO, YTO IpPUMeEHE-
HHe JapatymyMaba B OOJIBIIIMHCTBE CIIyYaeB IMO3BO-
JIIeT TIPeO/IOJIETh JBOUHYI0 pedpakTEPHOCTh, a
TaKKe HeraTUBHOE BJIUsHUE (AKTOpOB HebJaro-
MPUSATHOTO ITPOTHO3A U TIa’KE B MOHOPEIKIME MOYKET

respectively (x* = 19.207, p < 0.001), which indicates
the possibility of improvement in the survival of
patients with MM during long-term monotherapy
with daratumumab, even in the absence of a deep
clinical response. In the literature, this fact of
increasing survival of MM patients in long-term
therapy with daratumumab is explained by the influ-
ence of additional immune-mediated and immuno-
modulatory mechanisms of the drug. Thus, in a study
by Krejcik et al. it has been suggested that additional
immunomodulatory effects mediated by T cell acti-
vation and expansion due to the elimination of regu-
latory T and B cells and myeloid-derived suppressor
cells, that express CD38, may contribute to a deeper
and longer response [11].

In our study, the analysis of adverse events of the
therapy did not record new manifestations of toxicity
and showed a rather favorable safety profile of dara-
tumumab, similar to previously published data [12,
13, 15—21]. No infusion reactions or adverse events
that occurred during therapy did not lead to death of
patients. Only in one patient (out of 32) therapy was
discontinued as a result of grade 3 infusion reaction
(bronchospasm) on the first administration of the
drug. In most cases (37.5% of patients), infusion
reactions (nasal congestion, shortness of breath,
cough, hyperthermia, allergic rhinitis, throat irrita-
tion) corresponded to grade 1 and 2, developed
mainly during the first infusion, were easily reversed
by administration of antihistamines, glucocortico-
steroids, paracetamol, and were not the reason for
discontinuation of daratumumab therapy. Decreased
infusion rate and adequate premedication prior to
the daratumumab administration, resulted in a
decrease in the frequency and severity of these reac-
tions during subsequent infusions.

Manifestations of hematological toxicity were
characterized by anemia (15.6%), neutropenia (6.2%)
and thrombocytopenia (6.2%), predominantly of
grade 1—2 and did not require exchange blood trans-
fusion or use of colony-stimulating factors in the set-
ting of therapy with daratumumab.

The likelihood of grade > 3 adverse events (mainly
pneumonia) and severe AEs (dyspnea, hypotension)
was low, confirming the favorable tolerability and
safety profile of daratumumab monotherapy in
patients with RRMM.

It should be noted that, when compared with lit-
erature data, the results of our study showed similar
effectiveness of daratumumab monotherapy to those
of the registration trials GEN501 [12] and SIRIUS
[13] [2]. Thus, the results of a pooled analysis of the
trials GEN501 and SIRIUS, which included 148
patients who received an average of 5 prior lines of
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ABJATHCS 3P PEKTUBHBIM BAPUAHTOM TEPATTUH 00JTb-
HBIX PPMM.

HecmoTps Ha mpezjie4eHHOCTh, HAINYHE JIBOU-
HOU pedpakTepHOCTH Yy OOJIBITMHCTBA IMMAIUEHTOB
(75 %), Tepamus mapaTymymaboM mdaBaja Cylle-
CTBEHHOE IIPEUMYIIECTBO B BBIKHBAEMOCTH 0OOJIb-
HbiM PPMM. Tak, mequana BBII B Halem ucciezno-
BaHHHU cocraBmia 19.1 mec (95% U 15.3—23.6), a
12- 1 18-MecssuHast BBII 6p1H Ha ypoBHE 91 1 50 %
cooTBeTcTBeHHO. Menmana OB He ObL1a IOCTUTHYTA,
a 3HAYEeHUs 12- U 18-MeCsaIHOM 00I1el BBIKUBAEMO-
CTHU COCTaBWIHN 100 U 96.3 % COOTBETCTBEHHO.

[Ipu moArpynIoBoM aHajau3e HaMU ObLIO MTOKa-
3aHO, UTO HEOJIATOIPUATHBIMH (PAKTOPaMU, OKA3bI-
BAIOI[UMU CTAaTUCTUYECKH 3HAYUMOE BJIUAHUE Ha
nokaszarenu BBII, aBidArTca HemocraToyHasd IULy-
OWHA JOCTUTHYTOTO OTBETa HA TEPAIHUIO JAapaTyMy-
MaboM, a TakKe BO3PACT HMAIEHTOB > 65 JIET, B TO
BpeMs KaK KOJIMYECTBO JIMHUU IIPEIIECTBYIONIEH
Tepanuu He BIUAIO Ha TOKa3aTe TN BBIXKUBAEMOCTH,
YTO TIOATBEPKAAET BO3MOXKHOCTH 3(h(HEKTHBHOTO
WCIIOJIb30BAaHUS MOHOPEXKHMMA Jlapatymymaba y
marueHToB ¢ PPMM, mosyuuBimx 6osiee 2—3 IMHUH
Tepamuu.

Crnenyer OTMETHTH, UTO, HECMOTPS Ha TO, YTO
IyOMHA OTBETa OKa3bIBajia CTATHUCTUYECKH 3HAUH-
Moe BUsSHME Ha mokazateau BBII, manmeHTsI,
JIOCTUTTIINE TOJIbKO cTabman3anuu 3aboieBaHus Ha
(oHe IIUTEIPHO Tepaluu JapaTyMyMaboM, TaKKe
HMeJIN CyIeCTBeHHOoe IpeuMyinectso B BBII mo
CpPaBHEHUIO € OOJIBHBIMH, HUMEIOIUMHU ITPU3HAKH
mporpeccupoBanus 3aboseBanusi. Tak, pe3ybTaThl
noArpynnosoro asanmusa BBII B 3aBucummocTté oT
[JIyOMHBI OTBETA Ha TEPAITHIO TIOKA3a/IH, UTO B TEYe-
HHUe 12 Mec HAOIIONEHUsA y 100 % ManueHTOB C
JIIOOBIM BapUAHTOM IVIYOWHBI JOCTUTHYTOTO OTBETA
Ha sieuenue (ox4P, YP, C3) He ObLII0 3aperucTpupo-
BaHO MPU3HAKOB IIPOTPECCUPOBAHUS 3a00I€BAHMUS.
IIpu yBesimueHNY BpeMeHH HaOJIIOeHNs 18-MecsTd-
Hble nokasaTesu BBII cratucruuecku 3HAYUMO
YMEHBIIIWJIUCH B MOATPYIINE MAIUEHTOB C IMPU3HA-
KaMu crabmau3anuu 3a00JIeBaHUA, HO OCTABAJIUCH
JoctaToyHo BbIcOKUMH (18-mecssunasa BBII cocra-
BUJIa 100 % B noxarpynmnax oxUP u UP u 81 % — B
moarpynme C3 coorBeTcTBeHHO (X2 = 19.207,
p < 0.001)), YTO yKa3bIBaeT Ha BO3MOKHOCTD IPO-
JIOHTUPOBAaHU BBDKHUBAEMOCTH marueHToB ¢ MM Ha
doHe pUTENHEHON Tepammu mapaTymMyMaboM B
MOHOPEKHME JIa’Ke ITPU OTCYTCTBUH TJIyOOKOTO KJIH-
HHUYECKOTO OTBeTa. B siuTeparype naHHbBIHN (QakT yBe-
JIMYeHUsI BbDKUBaeMocTu 0oJyibHBIX MM mpu miu-
TEJIbHOM BO3JIEUCTBUU JapaTtymyMaba oObsacHsAETCS
BJIMSTHUEM JIOTIOJTHUTEIFHBIX UMMYHOOIIOCPE/IOBaH-
HBIX 1 UMMYHOMO/Iy/IUPYIOIIUX MeXaHU3MOB IIpera-

therapy (range 2—14), showed ORR of 31.1% (CR —
4.7%) with the median response duration of 7.6
months. With the median follow-up of 20.7 months
(range 0.5—27.1 months), the median PFS was 4.0
months and the median OS was 20.1 months, respec-
tively [2].

Our data were also comparable with the results of
studies of daratumumab monotherapy in real-life
clinical practice carried out in other countries and
showed a steady clinical effectiveness and safety of
daratumumab in patients with RRMM [15-21, 31]
(Table 4).

The peculiarities of our study include the fact that
the largest number of patients in the analyzed cohort
received daratumumab in the early stages, mainly as
a third-line therapy (75%), which probably could
contribute to a longer overall and progression-free
survival, as well as longer duration of response to
treatment.

CONCLUSION

The study’s results of the use of monotherapy
with daratumumab in real-life clinical practice con-
firmed its effectiveness and safety in patients with
RRMM. Third-line therapy with daratumumab,
including double refractory patients, allows to
achieve tumor control in 75% of patients, is safe and
satisfactorily tolerated. The depth of response to
daratumumab therapy has a significant effect on the
prolongation of PFS, regardless of the number of
prior lines of therapy.

Conflict of interest. The authors declare no
conflict of interest.

para. Tak, B uccienoanuu J. Krejcik et al. 6p110
BBICKA3aHO TIPEJIIOIOKEHHE, UTO JOMOJTHUTETbHbIE
uMMyHoOMoayaupymomue 3G¢eKTbl, OIoCpeloBaH-
HbIE aKTHBAaIEeN U SKcaHcued T-KIeToK, KOTophble
00yC/IOBJIEHBI DJIUMHUHAIUEH BKCIIPECCUPYIOIINX
CD38 perymsitopabix T- U B-KJIETOK W KJIE€TOK-
CYIIPECCOPOB MHUEJIOUTHOTO TPOUCXOKIAEHUS, MOTYT
criocoOCTBOBAaTh OoJiee TIyOOKOMY U TIPOMIOJIKHU-
TeJIbHOMY OTBeTY [11].

B Haiem vcciie[oBaHUY aHATN3 HEXKeJTaTeJIbHbIX
ABJIEHUY NPOBOAUMON Tepanuu He 3apUKCUPOBAI
HOBBIX ITPOSIBJIEHUN TOKCUYHOCTHU U ITOKA3AJT JIOCTa-
TOYHO OJIATONPUATHBIA TPOGIIL OE30MacHOCTH
nmapatymyMmaba, aHaJIOTUYHBIN paHee OIMyOJIMKOBaH-
HBIM JIAaHHBIM [12, 13, 15—21]. Hukakue uH}py3n0H-
Hble DEeaKI[UU WIN HeXKeJIaTeJbHbIE SIBJIEHUS, BO3-
HUKIIHE Ha (QOHEe Tepamuu, He IPUBEIU K CMEPTH
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marueHToB. TobKo y o71H0T0 601bHOTO (U3 32) Tepa-
mus ObLIa 3aBepleHa B Pe3yJibTaTe BOSHUKHOBEHUS
WHPY3UOHHOU peakIny 3-HU cTereHu TskecTH (OpoH-
XOCIIa3M) Ha IepBoe BBeZleHUe Ipenapara. B 60J1b-
IIMHCTBE Ke caydaes (37.5 % manueHToB) UHQPY3H-
OHHBIE peaknuu (3a03KEeHHOCTh HOCA, OBIIIKA,
KallleJib, TUIIEPTEPMUSI, AJJIEPTUUECKUH PUHUT, IIep-
IIIEHVE B TOPJIe) COOTBETCTBOBAIH 1-1 U 2-H CTEIIEHHN
TSKECTH, PA3BUBAJIUCH TPEUMYIIIECTBEHHO IIPH TIep-
BOM BBEJIEHUH IIpelapara, JIETKO KyIMHPOBAJIUCH
Ha3HAUYe€HWeM aHTUTHCTAMUHHBIX ITPENapaToB, TJII0-
KOKOPTHKOCTEPOU/IOB, Iapaljeramosia U He SBJIs-
JINCh TIPUYUHOM JIJIA OTKa3a OT TePAluU JapaTyMy-
Mabom. CHIKEHNE CKOPOCTH HMH(MY3UH U a/IeKBaTHAS
peMeuKalusa Iepe] BBEAEHHEM JapaTymymada
MPUBOYIIN K CHUKEHUIO YACTOTHI U TSKECTU JaH-
HBIX peaKIUi IPU MTOCIIEAYIOMINX BBE/IEHUAX.

[TposiBJIeHWST TE€MAaTOJIOTHYECKOH TOKCHYHOCTHU
XapakTepusoBajach aHemuen (15.6 %), HeHTpoIe-
Huel (6.2 %) u TpoMmboruTonieHuel (6.2 %) mpeumy-
[IECTBEHHO 1—2-H CTENEeHH TSKECTH U He TpeboBaIn
MPOBE/IEHUsI 3aMECTHTEJIbHON TeMOTpaHCchy3UOH-
HOH Tepanuy NI Ha3HAUeHUsI KOJIOHUECTUMYJIUPY-
omux (pakTopoB Ha (GoHE MPOBEJIEHUA aKTUBHOU
Tepanuu JapaTyMmyMaboM.

BepoATHOCTh HEXKEIATETbHBIX ABJIEHUN > 3 CTe-
IIEHU TSKeCTU (B OCHOBHOM ITHEBMOHWUS) U CEPHE3-
ueix HA (ompliika, rTMIoTOHKA) Oblia HU3KOH, YTO
MIOATBEPKAAET 0JIaTONMPUATHBIN MPOMIIIL IepeHo-
cuMocTd U 6e30IaCHOCTH MOHOTEPAIUU AapaTyMy-
MaboM y manueHToB ¢ PPMM.

CrnenmyeT OTMETUTBH, UTO IPHU COIOCTABIEHUU C
JIAHHBIMHU JIUTEPATYPhl PE3YJIHTATHl HACTOSAIIETO
HCCJIeTOBAHUS TTOKA3aJIM AHAJIOTUYHYIO C PETUCTpPa-
OUOHHBIMH ucciaenoBanuavMu  GEN5o1 [12] u
SIRIUS [13] a3ddeKTUBHOCTH MOHOTEPATIUH JTAPATY-
mymabom [2]. Tak, pe3synbTaThl OOBEAMHEHHOTO
aHaJIM3a PETUCTPAIMOHHBIX HccieoBanut GEN501
u SIRIUS, B KOTOpPBIX IPUHUMAJIH yUacTue 148 nanu-
€HTOB, ITOJIYUUBIIINX B CPETHEM 5 IIPE/IIIIECTBYIOIIIX

CIITMCOK JINUTEPATYPBI

1. Morandi F., Horenstein A.L., Costa F. et al. CD38:
a target for immunotherapeutic approaches in mul-
tiple myeloma // Front. Immunol. 2018;9:2722. DOI:
10.3389/fimmu.2018.02722.

2. Usmani S.Z., Weiss B.M., Plesner T. et al. Clinical effi-
cacy of daratumumab monotherapy in patients with
heavily pretreated relapsed or refractory multiple
myeloma // Blood. 2016;128(1):37-44. DOI: 10.1182/
blood-2016-03-705210.

3. van de Donk N.W.C.J., Richardson P.G., Malavasi F.
CD38 antibodies in multiple myeloma: back to the
future // Blood. 2018;131(1):13-29. DOI: 10.1182/
blood-2017-06-740944.

JIMHUH Tepanuu (AuamnasoH 2—14), mokazaau YOO —
31.1 % (ITP — 4.7 %) ¢ MeIaHOM TTPOIOJIKUTETLHO-
¢ty oTBeTa 7.6 Mec. [Ipu cpeiHel TpOIOJKUTETLHO-
cTH HaOJII0IeHns 20.7 Mec (AuamnasoH 0.5—27.1 Mec)
menmnana BBII cocraBuia 4.0 mec, a meanana OB —
20.1 MeC COOTBETCTBEHHO [2].

ITonyueHHble HAMU JlaHHBIE OBLIN TaK:Ke COIO-
CTaBUMBI C pe3ysbTaTaMH HCCIEOBAaHUN MOHOpPE-
JKUMa JapatrymymMaba B pealbHOU KJIMHUYECKOU
MpaKTHUKe, POBEIEHHBIX B APYTUX CTPAHAX U MTOKa-
3aBIINX YCTONYNBYIO KIIMHUYECKYTO 9 (PEKTUBHOCTD
u Oe3omacHOCTh Japatymymaba y 6osbHbIXx PPMM
[15—21, 31] (Tabu. 4).

K ocobGeHHOCTSIM HAIIIEro HCCJIEIOBAHUS MOYKHO
OTHECTU TOT (PaKT, YTO HAMOOJIbIIIEE KOJTUUECTBO
MaIleHTOB AaHAJIU3UPYEMOH KOTOPTHI ITOJIYYasio
JlapaTyMmyMa0 B paHHHE CPOKH, ITPEUMYIIECTBEHHO B
KauyecTBe TpeThel JJUHUU Tepanuu (775 %), 9To, Bepo-
SITHO, MOTJIO CITOCOOCTBOBATD O0JIee ITUTETBHOM KaK
0011eH, Tak ¥ 6ECIIPOrPECCUBHON BBIXKUBAEMOCTH, a
Takke OOJIbIIEN TPOJOJLKUTEILHOCTH OTBETA Ha
JIeueHue.

3AK/IIOYEHUWE

3axoueHue. Pe3ysibTaThl HACTOSAIIETO UCCIIE-
JIOBaHUSA MPUMEHEHUs] MOHOTEpANU JapaTyMyMa-
OOM B yCJIOBHSX PeaTbHOM KJIMHUYECKOHN MPAKTHKHU
MOATBePAWIIH ero 3P (PEKTUBHOCTD U 6€3011aCHOCTH
It maruenToB ¢ PPMM. Tepanus maparymyma6om
B TpeThel JINHUU, B TOM YHUCJIE V TAI[UeHTOB C IBOU-
HOU pedpPaKTEPHOCTHIO, IO3BOJISIET JOCTUYDh KOH-
TPOJIA HaJ| OIYXOJIBIO V 75 % TAIUEeHTOB, ABJIAETCS
06e30macHON ¥ Y/IOBJIETBOPUTEIBHO IEPEHOCUTCS.
I'mybuHa oTBeTa Ha Tepamnuio JaparymymaboMm 3Ha-
4uTEeJIFHO BJIUAET Ha IposioHruposanue BBII, Hesa-
BUCHUMO OT KOJIMYECTBA JIMHUU IIPEAIIECTBYIONIEN
Teparnuu.

KoH@uuKT HHTEPECOB. ABTOPHI 3aBJIAIOT 00
OTCYTCTBUY KOH(JIMKTA UHTEPECOB.
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AHHOTAIIUA

BBepgeHue. 'mamyporngaza — GepMeHTHBIH Ipenapar, MIXPOKO HCIOIB3YIOIIUNACT B MEAMIIMHE, B TOM YHCIIE U
odrampmosnoruu. ['nanypoHnaasa, uMes 6eJIKOBYIO CTPYKTYPY, HECET TOTEHIIMAIBHYIO OIIACHOCTD B BH/IE HEXKEIaTEIbHBIX
aJUIeprHYecKuX peaknuil. UYToOb! n3bekaTh a/uiepru3upyomux 3pGeKToB, 6eJIKOBbIE CTPYKTYPhI MOAUMUIIUPYIOT IyTeEM
COeIMHEHMUSI C TIOJTUMEPHBIM HOCUTEJIEM, HATIPUMED TTOJTUATHIIEHIJIMKOJIEM.

Ienp mcciamenqoBaHUs. V3yueHHe BO3BMOXKHOTO JIJIEPTOTEHHOTO JIEUCTBUS THMATyPOHHUIA3bI, ITETHIHPO-
BAaHHOH I10 TEXHOJIOTUH 3JIEKTPOHHO-IyY€BOTO CHHTE3a, IPH PA3/IMYHbIX ITyTSX BBEJEHU.

Matepuanab u MeTo bl . OObEKT UCCIEIOBAHNSA — ETHINPOBaHHAs rHaiyponuiasa (IIDT-T'uai). Jkcrre-
pUMeEHTAaIbHBIE XKIUBOTHbBIE — MBIIIH-THOPH/IBI 1 MOPCKHE CBUHKU. BbUIO IIPOBEZIEHO 7 TUIIOB SKCIIEPUMEHTOB: aHadUIaK-
TOTeHHasi aKTHBHOCTh; KOHBIOHKTHUBAJIbHAA IIP00a; HAKOXKHBIE ANIIUIMKAIIH; PEAKIINA IMIIEPUYBCTBUTEIBHOCTH 3aMe/l-
snennoro tuna (I'3T); akTHBHAs KOKHAs aHAbUIAKCHS; HETTPSAMAsI PEaKIUs IeTPAHYJISITUN TYYHBIX KJIETOK; PEAKIIHS BOC-
najyieHus Ha KoHkaHaBaanH A (KoHA).

PesyunbrTarsbl . [IpuusydyeHnn aHabUIaKTOTeHHOH aKTUBHOCTY aHADUIAKTHYECKOH PEaKIINY Y MOPCKUX CBHHOK
He Haboaa10ch. KOHBIOHKTUBAIBHBIN TECT TAK)KE He BBISBIJI IPU3HAKOB [TOBBIIIEHHOU UyBCTBUTEJIBHOCTH K IIpera-
paty. IIpu ucc/ieoBaHUH CEHCUOMIN3UPYIOIIEro AeUCTBYs He HaOII0/]aioch PA3BUTUS MECTHBIX aJVIEPIHUECKHX Peak-
1ui. B skcnepuMenTax mo uzydenuro peaknuu ['3T Ha MbIlIaX He BBIABIEHO JOCTOBEPHBIX Pa3IMUNI HH/IEKCA PEAKITUH
I'3T B ONBITHON M KOHTPOJIBHOM Ipymnax. B aKkcneprMeHTe 1O OIleHKe aKTUBHOU KOXKHOHM aHadMWIAKCHH TOKa3aHO, UTO
JIUaMeTp OKPAIIIEHHOTO MATHA IOCTOBEPHO He OTJINYAJICS B 00EHX OIBITHBIX IPYIIIIaX OT KOHTPOJIBHOU. B aKcriepuMeHTax
10 HEIPSIMOU PeaKIUU JIeTPaHyJIALNH TYYHBIX KJIETOK YCTAHOBJIEHO, YTO CTATHCTUIECKH 3HAUMMOTO N3MeHEeH!s [T0Ka3a-
TeJIsl AerPaHyJ/SIUHU TYYHBIX KJIETOK He Habmoaanock. OieHKa ajuieprusupyoiero aericrsus [I9T-I'vas B peakuuu Boc-
naseHus Ha KOHA mokasasa, 9YTo HeT CTATUCTUYECKU ZIOCTOBEPHON PA3HUIbI MEK/Y OIBITHBIMU U KOHTPOJIBHOM IPyII-
aMu.

3axknwueHHUe. Ha ocHOBAaHUU pe3ybTATOB MIPOBEJEHHBIX DKCIIEPUMEHTOB MOXKHO C/I€JIaTh BBIBOJ] O TOM, UTO
II9T-T'rasn He 06J1aaeT aJUIEPTU3UPYIOINM JIEHCTBUEM IIPU PA3JIMYHBIX IYTAX BBEJIEHUS, UTO CYIIIECTBEHHO PACIIHPIET
BO3MOXKHOCTH €€ KIIMHUIECKOTO TPUMEHEHUs.

Knaroueenvle caoea: ruaiypoHniasa, MerwjdpOBaHHAS MAIyPOHH/a3a, aJUIeprUu3upyollee JAelCTBre, CeHCuOmin3a-
(U1, PEAKIUS THIEPUYBCTBUTEILHOCTH 3aMe/[JIEHHOTO THUIIA.
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Experimental study of the allergenic potential of a drug based
on hyaluronidase PEGylated using the technology of electron
beam synthesis
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ABSTRACT

Introduction. Hyaluronidase is an enzyme preparation widely used in medicine, including ophthalmology.
Hyaluronidase, having a protein structure, carries a potential danger in the form of undesirable allergic reactions. To avoid
allergenic effects, protein structures are modified by combining with a polymer carrier, for example, by polyethylene glycol
(PEG).

A im . To study the possible allergenic potential of hyaluronidase, PEGylated using the technology of electron beam
synthesis, with various routes of administration.

Materials and methods. Theobjectof the study is PEGylated hyaluronidase (PEG-Hyal). Experimen-
tal animals are hybrid mice and guinea pigs. Seven types of experiments were carried out: anaphylactogenic activity; con-
junctival challenge test; cutaneous applications; delayed-type hypersensitivity (DTH); active cutaneous anaphylaxis; indi-
rect mast cell degranulation; inflammatory response to concanavalin A (ConA).

Results. Whenstudying anaphylactogenic activity, an anaphylactic reaction was not observed in guinea pigs. The
conjunctival challenge test also revealed no signs of hypersensitivity to the drug. In the study of sensitization, no develop-
ment of local allergic reactions was observed. In experiments to the study DTH in mice, there were no significant differ-
ences for the DTH index in the experimental and control groups. The assessment of active skin anaphylaxis has been
showed that the diameter of the stained spot did not significantly differ in both experimental groups from the control one.
In indirect mast cell degranulation experiments, it was found that there was no statistically significant change in the mast
cell degranulation index. Evaluation of the allergenic potential of PEG-Hyal in the inflammatory response to ConA showed
that there is no statistically significant difference between the experimental and control groups.

Conclusion. Basedon theresults of the experiments, it can be concluded that PEG-Hyal does not have an aller-
genic potential in various routes of administration, which significantly expands the possibilities of its clinical use.
Keywords: hyaluronidase, PEGylated hyaluronidase, allergenic potential, sensitization, delayed-type hypersensi-
tivity.

Citation example: Zabanova V.E., Ershov K.I., Shvetsova A.M., Sherstoboev E.Yu., Zhdanov V.V., Fursova A.Zh.,
Madonov P.G. Experimental study of the allergenic potential of a drug based on hyaluronidase PEGylated using the
technology of electron beam synthesis. Journal of Siberian Medical Sciences. 2023;7(2):114-127. DOI: 10.31549/2542-
1174-2022-7-2-114-127

BBEJIAEHUE

T'nanypoHnziasa IIHUPOKO HCIOIB3YETCsI B Pas-
JINYHBIX 00J1aCTAX MeJHUINMHbI, BKJIIOYasd aHeCTE3Hu0-
JIOTHIO, Kap/INOJIOTHIO, PeHTreHorpaduio, OHKOJIO-
TU0, O(PTATBMOJIOTHIO, TJIACTUYECKYI0 XUPYPTHIO,
acTeTHYecKyr0 MeaunuHy. OHA UMeeT IIUPOKUI
CIEKTp KIWHUYECKUX TNpPUMeHeHu# OGiaromaps
CBOEH YHUKAJIBHOU CIOCOOGHOCTU 06JIer4aTh pacceu-
BaHUE U/WJIN BCAChIBAaHHE PA3JIMIHBIX JIEKAPCTBEH-
HBIX [IPernapaToB. ATOT (HEPMEHT TaKKe HCIOIb3Y-
€TCA IJId JIeHEHHA KEJIOMOHBIX pY6HOB B KadyecCTBe
AJIbTEPHATUBBI CTEPOUIAM, JJIA JIEUHEHUA reMaToOM U

INTRODUCTION

Hyaluronidase is used in various fields of medi-
cine, including anesthesiology, cardiology, radiogra-
phy, oncology, ophthalmology, plastic surgery, aes-
thetic medicine. It has a wide range of clinical appli-
cations because of its unique ability to facilitate the
dispersion and/or absorption of various drugs. This
enzyme is also used to treat keloid scars as an alter-
native to steroids, to treat hematomas and lymph-
edema. Hyaluronidase can also be used to eliminate
persistent edema, given its ability to increase the
permeability of capillaries and tissues.

Journal homepage: http://jsms.ngmu.ru
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nuMpenemsbl. Takke MOXKHO HCIIOJIH30BAaTh THAILY-
pOHUZA3Y [Tl yCTPAHEHUsI CTOMKHUX OTEKOB, YUUTbHI-
Bas ee CIOCOOHOCTH YBEJIMUMBATH IIPOHUIIAEMOCTH
KallIJUIAPOB U TKaHEH.

Onnaxko, nMesi 6€JIKOBYIO CTPYKTYPY, 9TOT HATHB-
HBIM (epMeHT HeceT NOTEHI[UAJIBHYI0 OIACHOCTH
JIJIs OpraHU3Ma B BU/I€ BBICOKOH NIMMYHOT€HHOCTH U
aJIJIEPTUYECKOro MoTeHIuasna. [Ipu ucnoib30BaHuu
THAJIyPOHHU/Ia3bl B OCHOBHOM BO3HUKAIOT MECTHBIE
ayrepruueckue peakiuu. Coo0IaeTces, 4To 4acToTa
QJJIEPTUYECKUX PEeaKIUi COCTaBJIsIET OT 0.05 10
0.69 % [1, 2]. AyuteprudecKre peakIiiu Ha THATIYPO-
HU/Ia3y IPEJICTABJIAIOT COOOU peaKIU TUIlepUYyB-
CTBUTEJILHOCTA HeMeJ[JIEHHOTO naedctBus (tum I,
OTIOCPeI0BAaHHBIM MMMYHOTI00y1HOM E), Betpeya-
IOTCSI MeHee 4eM B 0.1 % cjIydaeB, TaKyKe MOTYT BO3-
HUKATh PEeaKIU{ TUIEPUYBCTBUTEIHHOCTU 3aMe]l-
genHoro Ttmna (tun IV, omocpeoBaHHBIN
T-xierkamu) [3, 4]. B 2016 1. 66110 OIYOJTMKOBAHO
COOOIIeHNe O PpeaKIUH THUIEPUyBCTBUTEIHHOCTH
HeMeJIJIEHHOTO THUIIA IIPYU UCIOJIb30BAaHUH THATYPO-
HUJIa3bl B COUETAHUU C MECTHBIMH aHAJIbIeTUKAMU
IpU OIEPATUBHBIX BMEIIATEJbCTBAX Ha IJIa3aX,
KOI7Ia B PpaHHEM IIOCJIEOTIEPAIIMOHHOM IIEPUOZE
Ha0II0/1a7ICs OTEK BEK F XeEMO03 KOHBIOHKTHUBBI, KOTO-
pbIii OBLT KyIUPOBAaH MCIOJb30BAaHUEM AHTUTHCTA-
MUHHBIX IIPENapaToB U TJIIOKOKOPTUKOCTEPOUIOB
[5]. Peakiius 3amMeIJIEHHOIO THUIIA B OTBET Ha BBEJlE-
HUe THAJyPOHHA3bl OTMeYasjach B BHJE IEJUIIO-
JUTa OpPOUTAJIBPHON KJIETYATKH C IOC/IEeAYIoNIen
HeoOpaTUMOU roTepel 3peHus [6, 7].

[TpenmnosiaraeTcsi CyIleCTBOBAaHUE CBSI3U MEXKIY
c1ocoO0M BBeZIEHUS U JIO3UPOBKOMU, YTO MOKET OBITH
(akTopoM TsIKECTH aJIJIEPTUYECKON  PEeaKIINU.
B 1esioM TIpH MECTHOM BBEIEHUU THATYPOHU/Ia3bI B
Jo3ax MeHee 1500 ME HaO07amoTcss JOKaJbHbIE
ajUlepruueckie peaknuu (HampuMep, OTeK, 3PH-
TeMa, KparuBHUIIA) B 06J1aCTH UHBEKITUY 6e3 00IIuX
cumnTomoB [8]. Korja 10361 BAPHUPYIOT OT 1500 10
200 000 ME u/wiu BBOAATCA BHYTPUBEHHO, Y 60JTh-
IIMHCTBA TAIUEHTOB C aJIeprueil HaGJII0AaIoTCs
OoJiee obIIIME CHUMIITOMEI [8, 9].

TecTrpoBaHNe Ha KOXKHYIO JIEPTHIO ITUPOKO
pacmpocTpaHeHO B MPAKTUKE SCTETHUECKOU M-
OUHBI I TPeAOTBpAIleHUs aHA(PUIAKTUIECKON
peaxiuu, oJHaKO Hanbosiee eHHON nHMOopManuen
IUTs Bpaya sIBJIsIeTCsI UCTOPHUs O0JIe3HU MallhueHTa —
IIpUeM JIEKapCTB, aJUIEPTUM U Jiobas peakius Ha
IIpe/ilIecTByIoONee BO3/IeHCTBHE T'HAIypPOHHU/IA3HI.
CylIIecTBYIOT OIpe/ie/IeHHbIE TPYIIbI MAlMEeHTOB, Y
KOTOPBIX IIPY BO3HUKHOBEHUU peakiuu I Tuma Ha
KaKOW-71M00 TIperapaT Win ajuiepreH Oyzer 6osiee
BBIDOKEHHBIN aHadmIakTuueckuii oteer. IIpume-
paMu TaKUX MAIMEHTOB SBJITIOTCS JIIOAY, IPUHIMA-

However, having a protein structure, this native
enzyme carries a potential danger to the body as
high immunogenicity and allergenic potential.
When using hyaluronidase, local allergic reactions
occur. It is reported that the frequency of allergic
reactions ranges from 0.05 to 0.69% [1, 2]. Allergic
reactions to hyaluronidase are immediate hypersen-
sitivity reactions (type I, mediated by immunoglob-
ulin E), occur in less than 0.1% of cases, delayed-
type hypersensitivity reactions may also occur (type
IV, mediated by T cells) [3, 4]. In 2016, a report was
published on an immediate hypersensitivity reac-
tion to hyaluronidase in combination with local
anesthetics during eye phacoemulsification, when in
the early postoperative period there were lid edema
and conjunctival chemosis, which were managed
with antihistamines and glucocorticosteroids [5].
Delayed hypersensitivity reaction in response to
introducing hyaluronidase was noted in the form of
orbital cellulitis with subsequent irreversible loss of
vision [6, 7].

It is assumed that there is a relationship between
the route of administration and dose strength, which
may be a factor in the severity of allergic reaction. In
general, with topical administration of hyalu-
ronidase at doses less than 1500 IU, local allergic
reactions (for example, edema, erythema, urticaria)
are observed in the injection site without general
symptoms [8]. When doses range from 1500 to
200 000 IU and/or are administered intravenously,
most patients with allergy experience more general
symptoms [8, 9].

Skin testing is widespread in the practice of
aesthetic medicine to prevent anaphylactic reac-
tion, but the most valuable information for a doc-
tor is the patient’s medical history — taking medi-
cations, allergies and any response to hyaluroni-
dase. There are certain groups of patients who,
when a type I reaction to a drug or allergen occurs,
will have a more pronounced anaphylactic
response. Examples of such patients are people
taking angiotensin converting enzyme inhibitors,
beta-blockers, patients with mast cell activation
and high trypsin levels, susceptibility to allergic
reactions, with Ci-esterase deficiency, hereditary
angioedema [10].

To increase the effectiveness, reduce the sensiti-
zation and toxicity of protein-based drugs, their
modification is used — physico-chemical transfor-
mation via the conjugation of a protein molecule
with a polymer carrier. At the moment, a lot of
attention is paid to polyethylene glycols (PEG) of
various molecular weights. Conjugation of a poly-
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I0II[Ie UHTUOUTOPBI AHTHOTEH3WHITPEBPAIIAIOIIETO
depmenTa, Gera-6JI0KaTOPHI, MAIUEHTHI C TOPaAXKe-
HHUEM TYYHBIX KJIETOK U BBICOKUM YPOBHEM TPHII-
CHHA, NIPeAPaCIOIO)KEHHOCThI0 K aJIeprUYecKUM
peaknusam, c¢ aebunurom Cil-scTepasbl, Hacen-
CTBEHHBIM aHTMOHEBPOTUYECKUM OTEKOM [10].

Hna nospimeHus 3¢G@eKTUBHOCTU, CHUKEHUA
QJUIEPTOTEHHOCTH W TOKCUYHOCTU JIEKAPCTBEHHBIX
IpernaparoB 0eJIKOBOH IPUPOJbI HCIOIB3YETCS HX
Mopuduranusa — GU3NKo-xuMudeckass TpaHcdop-
MaIUs 3a CUET COeIMHEHUs OEJTKOBOU MOJIEKYJIBI C
MMOJIUMEPHBIM HOcuTeJaeM. Ha JaHHBIA MOMEHT
MHOTO BHUMAaHUA yJleJIseTcA MOTUITUIEHITIUKOIAM
(I13T) pasuyHOU MOJIEKYIAPHON Macchl. [Tporecc
MIPUCOEUHEHUS MOJIEKYJIBI TTOJTUITUIEHTJIUKOIIA K
JIpYTrOo¥ MoJieKyJie HOCUT Ha3BaHUe MeTWIANUA WIN
neruupoBanue. dPDeKTh METUIUPOBAHHBIX TIpe-
mapaToB MOAUMUIMPYIOTCA 32 CUET IIOBBIIIEHUS
PacTBOPUMOCTH B BOJI€; YCTOMYUBOCTH K JIEHCTBUIO
(epMeHTOB, TMOJHOCTHI0 WX Pa3pylIAIIUX HIJIN
YAaCTUYHO CHIDKAIONIUX KOHIIEHTPAIUI0 B TKAHIX
rpemnapara; aJpecHO JOCTaBKH JIEKAPCTBEHHOTO
rpernapara Jio MuIeHu. [IoMumMo 3Toro, NeruIupo-
BaHUE IMPOJJIEBAET IEPUOJ €ro IOJyBBIBEJIEHUA U
CIIOCOOHO CHUKATh UMMYHOT€HHOCTH [11].

B Hamem wucciieJToBaHUM MbI U3YUYaIH aJlIEPTH-
3UPYIOIINE CBOMCTBA METHJIUPOBAHHONU THAJypPO-
HU/Aa3bl C IeJIbI0 PACHIMPEHUs IOTEeHIINAIbHBIX
HaIpaBJIEeHUH NPUMEHEHUs JJAaHHOTO Ipernapara, B
TOM YHCJIEe U B 0pTaTIBMOJIOTHH. [JaHHOE HceenoBa-
HUE BBITTOJIHEHO B TPEX YUPEIK/IEHUAX, YKa3aHHBIX B
abpwmanuu. Ilybnukanus JJAHHOW CTaTbH OJI0-
6pena JIOKaJIbHBIM SKCIIEPTHBIM KOMUTETOM VHCTH-
TyTa KJIUHUYECKOU U SKCIIepUMEHTAIBHON JUMO-
gorun  (HoBocubupck) (mporokon NO 179 or
23.03.2023).

IIEJIb NCCJIEJOBAHUA

V3yueHre BO3MOIKHOTO aJIJIEPTOT€HHOTO JieH-
CTBUA THAJIYPOHU/A3bl, IIETHIIUPOBAHHOH 110 TEXHO-
JIOTUH 3JIEKTPOHHO-JIy9e€BOTO CHHTE3a, DU Pa3JIny-
HBIX IyTSX BBEIECHMUS.

MATEPUAJIBI 1 METO/bI

O0beKkT muccaegoBaHuA. llermwinpoBaHHAs
ruasyponuiaza (I190-I'man) wmsrotoieHa B AO
«Cubupckuil eHTp GpapMakoIOTHU U OUOTEXHOJIO-
run» (r. HoBocubupck) u a00e3H0 MpelocTaBIeHa
JUISL DKCIIEPUMEHTAJIBHBIX HCCIEIOBAHUI B PaMKax
Hay4yHOTo coTpyaHudectBa. 1I9T-T'man mnpepcras-
JIsieT coOOU TeCTHKYJISPHYIO THaaypoHuaasy H2o0,
KOTopasi Oblaa MOABEPTHYTA 3JIEKTPOHHO-JIYIEBOM
HMMOOMIN3alNy Ha MOJIUSTHIeHOKeuze (Makpo-
roJ-1500) B IIOTOKE YCKOPEHHBIX 3JIEKTPOHOB B /103€

ethylene glycol molecule with another molecule is
called PEGylation. The effects of PEGylated drugs
are modified by increasing solubility in water; resis-
tance to enzymes that completely destroy them or
partially reduce the tissue concentration of the drug;
by targeted delivery of the drug. In addition,
PEGylation prolongs its half-life and can reduce
immunogenicity [11].

In our study, we investigated the allergenic prop-
erties of PEGylated hyaluronidase in order to
expand the potential uses of this drug, including
ophthalmology. This study was carried out in three
institutions specified in the affiliation. The publica-
tion of this article was approved by the Local Expert
Committee of the Institute of Clinical and Experi-
mental Lymphology (Novosibirsk) (No. 179 dated
2023-03-23).

AIM OF THE RESEARCH

To study the possible allergenic potential of hyal-
uronidase PEGylated using the technology of elec-
tron beam synthesis with various routes of adminis-
tration.

MATERIALS AND METHODS

Object of study. Pegylated hyaluronidase (PEG-
Hyal) was manufactured by Siberian Center of Phar-
macology and Biotechnology, JSC (Novosibirsk) and
kindly provided for experimental research within the
scientific cooperation. PEG-Hyal is a testicular hyal-
uronidase H20, which was subjected to electron
beam immobilization on polyethylene oxide (Macro-
gol-1500) in accelerated electron flux at a dose of
1.5 Mrad generated by a pulsed linear accelerator
ILU-10 (manufactured by the Budker Institute of
Nuclear Physics, Novosibirsk). PEG-Hyal used in the
experiments is a lyophilized powder of light gray
color with an enzymatic activity of 2800 IU per 1 g of
dry matter, easily soluble in crystalloid and colloidal
solutions.

Currently, there are no approved PEG-Hyal-
based medications to treat degenerative diseases.
Meanwhile, there is a long-term research experi-
ence in determining the specific regenerative activ-
ity of PEG-Hyal [12—16]. This circumstance pro-
vides for the positioning of this drug as a medication
for regenerative medicine not for bolus injection,
but for long-term use. Where, the most compliant is
topical and oral administration of PEG-Hyal medi-
cations.

Experimental animals. Fi1(CBA/C57Bl/6),
Balb/c hybrid mice of both sexes aged 6—8 weeks
weighing 18—20 g. Guinea pigs of both sexes weigh-
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1.5 Mpag, co3ziaBaeMbIM HUMITYJIBCHBIM JIMHEWHBIM
yckopuresem NJIY-10 (mpousBojictBo — MHCTUTYT
sanepHoit pusuku um. I'1. Byaxepa CO PAH, Hoso-
cubupck). Mcnonp3oBanHas B 9kcriepuMenTtax [191-
T'man mnpejcraBisier cobod JTMODUIU3UPOBAHHBIA
IIOPOIIOK CBETJIO-CEPOTO IiBeTa ¢ hepMeHTATUBHOH
axkTuBHOCTHIO 2800 E/I B 1 T CyX0T0 BeIecTBa, JIETKO
pacTBOpAIONIUNCA B KPUCTAUIOUIHBIX U KOJIJIOUI-
HBIX PacTBOpax.

B Hacrosimee BpemsA HeT 3aperduCTPUPOBAHHBIX
JIEKapCTBEHHBIX IIpernaparoB Ha ocHoBe II3I-I'mai
JULS JIEUEHUs JleTeHepaTUBHBIX 3ab0sieBaHuil. Mexky
TeM eCThb MHOTOJIETHUH OIBIT UCCIIE0BAHUIM T1I0 OIIpe-
JIEJIEHUIO CIIEIT(PUIECKON PereHEPAaTUBHOW aKTHUBHO-
cru [13T-T'man [12—16]. 3T0 06CTOATENHCTBO TIPETIO-
JlaraeT NO3WIMOHMPOBAHUE JAHHOTO IIpelapaTa Kak
CpezicTBa [Isl PereHePaTUBHOM MeIUITHEL, IIPeycMa-
TPHUBAIOIIET0 He GOJIIOCHOE, a KYPCOBOE JIJTUTEIHHOE
IIprMeHeHMe. B 3ToM cIydyae MakCUMaIbHO KOMILIA-
€HTHBIM SIBJIIETCSI MECTHBIA W TIEPOPAIHbHBIA IPUEM
JIEeKapCTBEHHBIX ITperapaToB Ha ocHoBe [19-T'nast.

JKcrlepUMeHTAJIbHbIE KUBOTHBIE. MbIm-
rubpusbl oboero mosia F1(CBA/Cs7Bl/6), Balb/c
6—8-HeneILHOTO BO3pacTa Maccod Tena 18—20 T.
Mopckre CBUHKH 000€ero moJjia Maccou 250—270 T.
Cozep:kaHue JKUBOTHBIX OCYIIECTBJISITIOCh B COOT-
BETCTBUU C MPABWIAMU, IPUHATHIME EBpomeiickoit
KOHBEHITEN I10 3aIlUTe MMO3BOHOYHBIX KUBOTHBIX
(Crpacbypr, 1986); 'OCT 33216-2014 «PykoBOACTBO
IO COZIEP?KAHMIO U YXOTY 32 JJaO0OPaTOPHBIMU JKUBOT-
HbeiMu. [IpaBmiia copep:kaHus U yxoza 3a Jabopa-
TOPHBIMU I'PHI3YHAMH U KPOJIUKAMU » OT 01.07.2016;
TI'OCT 33215-2014 «PyKOBOACTBO IO COZIEPKAHUIO U
yxony 3a J1abopaTOpPHBIMU KUBOTHBIMHU. IIpaBmiia
000pyZI0BaHUS IOMEIEHUH U OPraHU3aIUH IPOIIe-
Zlyp» OT 01.07.2016. BpIBe/ieHUE )KUBOTHBIX U3 BKC-
IepUMeHTa OCYIIEeCTBJIAJIOCh Yepe3 24 4 B COOTBET-
CTBUU C COBPEMEHHBIMU MeTO/IaMH SBTaHA3UH J1a60-
paTOpHBIX  KUBOTHBIX (corsiacHO JupekTuBe
2010/63/EU 1o oxpaHe >XKUBOTHBIX, UCIIOJIb3YEMBIX
B HAyYHBIX IeJisaX, EBpomneiickoro IlapyiameHntra u
CoBera EBporrelickoro coiosa).

MeToapl u3yuyeHUs a/LIEePru3vupyrouiero
aelictBusa. l3zyueHue aJIEPTU3UPYIONIETO JIeH-
crBus I[I9T-Tmanm mpoBOAWIOCH COTJIACHO [17] u
COCTOSJIO U3 7 DKCIIEPUMEHTOB:

1. Vizyuenune aHapMIaKTOTEHHON aKTUBHOCTHU Ha
MOPCKHX CBHHKaX camiax (d) u camkax (). Cencu-
OMIM3AIUIO JKUBOTHBIX OCYIIECTBJISUIM BHYTPHIKeE-
JIyIOYHBIM BBejieHueM [19T-I'uan B TeueHue 5 CyTOK
B 1o3ax 20.83 EJ[/kr (1 TepaneBTuueckas mo3a (T1))
u 208.3 E/I/xr (10 T/I). AHaduIakTOreHHbIE CBOM-
crtBa [I9I-T'van BBIABISIN IyTeM BHYTPUBEHHOTO
BBEJIEHUS PacTBOpa IIperapara Ha 14-e CyTKH MOocyIe

ing 250—270 g. The animals were kept in accor-
dance with the rules adopted by the European Con-
vention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Pur-
poses (Strasbourg, 1986); GOST 33216-2014 Guide-
lines for the Management and Care of Laboratory
Animals. Rules for the Management and Care of
Laboratory Rodents and Rabbits dated 2016-07-01;
GOST 33215-2014 Guidelines for Accommodation
and Care of Animals. Environment, Housing and
Management dated 2016-07-01. The animals were
removed from the experiment after 24 hours in
accordance with modern methods of euthanasia of
laboratory animals (according to EU-Directive
2010/63/ on the use of animals for scientific pur-
poses, the European Parliament and the Council of
the European Union).

Methods of studying the allergenic poten-
tial. The study of the allergenic potential of PEG-
Hyal was carried out according to [17] and consisted
of 7 experiments:

1. Study of anaphylactogenic activity on male (&)
and female (9) guinea pigs.

Animals were sensitized by intragastric admin-
istration of PEG-Hyal for 5 days at doses of
20.83 IU/kg (1 curative dose (CD)) and 208.3 U/kg
(10 CD). The anaphylactogenic properties of PEG-
Hyal were detected by intravenous administration
of the drug solution on the 14th day following the
last sensitizing application. Challenge test with
intravenous administration of the studied drug was
carried out at a dose of 208.3 IU/kg, which was ten-
fold curative dose for guinea pigs. This dose was
used both in guinea pigs with the administration of
1 CD and 10 CD. The control was non-sensitized
guinea pigs, to which the drug was administered
intravenously. The intensity of the anaphylactic
reaction was evaluated by the Weigle method [18]
using the formula

Al=(4-n+3-n+2-n,+1-n,/N,

Al — anaphylactic index;

n — number of animals whose anaphylactic reac-
tion resulted in death;

n, — number of animals with intense manifesta-
tions of anaphylactic reaction;

n, — number of animals with moderate anaphy-
lactic reaction;

n, — number of animals with mild anaphylactic
reaction;

N - total number of animals in the group.

With an Al value of < 1.0, the anaphylactic reac-
tion was considered negative.
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IIOCJIETHETO CEHCUOMIN3UPYIONIET0 ITPUMEHEHUS.
Pazperaroiiiee TecTupyolee BHyTpPUBEHHOE BBeJle-
HUe HccselyeMOoro Ipenapara IpoBOJUIOCH B J103€
208.3 EJI/xr, KoTOpas cocTapJsyia JIECATHKPATHYIO
TepareBTUYECKYIO /103y /JI CBUHOK. JTa /103a MPU-
MeHsJIach KaK Y MOPCKHX CBUHOK € BBeJleHUeM 1 T/1,
tak u 10 T/I. KoHTpoJieM CiTy>KIIn HeCeHCUOMTU3 -
poBaHHBIE MOpCKHE CBUHKH, KOTODBIM IIperapar
BBOJIMJTM BHYTPUBEHHO. VIHTEHCUBHOCTh aHA(DUIIAK-
THYECKON peaknuu oneHuBam 1o meroxmy W.O.
Weigle [18] ¢ ucnioip3oBanuem GopMyJibi

AI/I=(4-n+3-n1+2-n2+1-n3)/N,

rae AVl — anapuIakTHYeCKUH UHJIEKC;

N — YUCJIO JKUBOTHBIX, aHA(DUIaKTUUECKAS peaK-
¥ KOTOPBIX 3aKaHYMBAJIACh CMEPTEJIbHBIM HCXO-
ZIOM;

N, — YUCJIO KUBOTHBIX CO 3HAUYUTEIbHBIMH IIPO-
SIBJIEHUSIMH aHA(PUIAKTHIECKON PEAKIUH;

n, — YHUCJIO 3KUBOTHBIX CO CPEJTHUMH IPOSABJIEHHU-
SIMU PEaKIUy;

N, — YUCJIO KUBOTHBIX €O CIAOBIMU MPOSIBJIEHHU-
SIMU PeakIiy;

N — ob111ee YHCII0 JKUBOTHBIX B TPYIIIIE.

I[Ipu BenmuumHe AWM < 1.0 aHaduIaKTHUecKas
peaxkuus cyruTasach OTPUIATETHHOM.

2. KoHbIOHKTHUBaIbHAS ITp06a HA MOPCKUX CBUH-
Kax. Yepes 24 4 mocjie 3aBepIIeHUs 5-HEBHOTO
IUKJIa CeHCUOMMU3upyomux Beegenuii [13-I'uan
BHYTPIDKEJYJIOUHO B go3ax 20.83 E//kr u
208.3 EJI/kr mnpoBOIMIOCh KOHBIOHKTHBAJIHHOE
TecTHpoBaHUe. TecT 3aKI0Uaics B 3aKalbIBAHUU B
JIEBBIU TJIa3 Ka’KJIOTO JKUBOTHOTO 20 MKJI pacTBOpa
[I3T-T'man c kounenrparnueit 167 EJ/mn (mo3a, He
BBI3BIBAIOIIAS PA3/IPAKAIOIIETO JEUCTBUSA Y MHTAKT-
HBIX JKMBOTHBIX), B IIPaBbId I71a3 — 2% pacteop 1191
B TOM ke o0beMe. OTeHKa COCTOSHUA KOHBIOHKTUBBI
rJ1a3a IPOBOJIMJIACH Uepes 15 MUH, 24 U 48 4 110 cie-
JIyro1nei 1mkase (B 6ayrax): 1 — JIerkoe IOKpacHeHue
CJIE3HOTO IIPOTOKA; 2 — IIOKPAaCHEHME CJIE3HOTO IIPO-
TOKa M CKJIepbl B HalpaBJIeHHWU K POTOBHIIE; 3 —
IMOKpacHEHHE BCEH KOHBIOHKTUBHI U CKJIEPHI.

3. MeTo/1 HaKOKHBIX AMIUIMKAIUNA HA MOPCKHUX
cBUHKax. lccezoBaHue CeHCUOWIU3UPYIOIIETO
neticteus [19T-I'uan mpoBoAMIN ITyTEM 20 IIOBTOP-
HBIX HAKOKHBIX allIUTUKAIMH Ha yJ4acTOK OOKOBOU
IIOBEPXHOCTHU TYJIOBHUIIA Pa3MEPOM 2X2 CM IO 5 pa3
B Hezaenmo. Hanocwin no 3 xarumm pactBopa I[19T-
I'man c koHneHnTpanuei 167 EJI/mi (1o3a, He BBI3bI-
BaIOIasl MeCTHOpAa3Apakaromiero ericreus). KoH-
TPOJILHBIM TPYyIIIaM MOPCKHX CBHHOK (5 CaMIIOB U
5 CaMOK) HAHOCWJIM PacTBOPHUTENb — 2% pacTBOpP
[19I'-1500. I1lepBoe TecTUpPOBaHME TPOBOAMIIH ITOCTIE
10 aNIUIMKaNUH, BTOPOe — IocJie 20. PeakIuio KoxKu

2. Conjunctival challenge test on guinea pigs.
Twenty-four hours after the completion of the
5-day cycle of sensitizing injections of PEG-Hyal
intragastrically at doses of 20.83 IU/kg and
208.3 IU/kg, conjunctival testing was performed.
The test consisted in instilling of 20 ml of PEG-
Hyal solution at a concentration of 167 IU/ml
(a dose that does not cause irritating effects in
intact animals) into the left eye of each animal, and
2% PEG solution in the same volume — into the
right eye. The assessment of the conjunctiva was
carried out after 15 min, 24 and 48 hours using the
following scale (in points): 1 — mild redness of the
lacrimal duct; 2 — redness of the lacrimal duct and
sclera in the direction of the cornea; 3 — redness of
the entire conjunctiva and sclera.

3. Cutaneous applications on guinea pigs. The
study of the sensitizing effect of PEG-Hyal was car-
ried out by 20 repeated cutaneous applications to a
2x2 cm area of the lateral surface of the trunk 5 times
a week. Three drops of PEG-Hyal solution were
applied at a concentration of 167 IU/ml (a dose that
does not cause local irritant effect). Control groups of
guinea pigs (5 males and 5 females) were applied a
solvent — a 2% PEG-1500 solution. The first test was
performed after 10 applications, the second -
after 20. The skin reaction was assessed according to
the following criteria: if the skin in the area of drug
application remains unchanged, the reaction is nega-
tive (—); if erythema appears at the site of applica-
tion, the mild positive reaction (+) is registered; the
presence of erythema and edema is evaluated as the
positive reaction (++); when erythema and edema go
beyond the limits of the drug’s contact with the skin,
the reaction is assessed as the strong positive (+++);
when hyperergia is characterized by an extensive
peripheral edema, erythema, vesiculation and ulcer-
ation of the skin, then the reaction is of the highest
degree (++++).

4. Delayed-type hypersensitivity (DTH) in mice.
Outbred albino mice were sensitized with a single
intradermal injection of 60 ul of an emulsion con-
sisting of 30 pl of PEG-Hyal solution at a concentra-
tion of 167 IU/ml and 30 pl of complete Freund’s
adjuvant (CFA) into the base of a tail. To detect sen-
sitization 5 days later, 40 ml PEG-Hyal solution at a
concentration of 167 IU/ml was injected into the pad
of the hind paw of mice. Following six and twenty-
four hours after the sensitizing injection, the inten-
sity of DTH was evaluated by the reaction index (RI),
which was calculated individually for each animal
according to the formula
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VYUTBHIBAIH 110 CIIEAYIOIINM KPUTEPUSIM: €CJTH KOXKa
B 00OJIacTH HaHECEHHWs IIperapaTa OCTaeTCs HeH3-
MEHHOMU — peakIus oTpulaTesabHas (—); mpu ciaabo-
TTOJIO’KUTEJIPHOUM peaknuu (+) Ha MecTe HaHECEHUs
TOSIBJISIETCS DPUTEMA; HAJIMYHE DSPUTEMBI U OTEKA
KOJKM OIIEHHBAaeTCsd KaK IOJIOKHUTEIbHASA pPeaKIus
(++); TpU PE3KOIOJIOKUTETHPHOU peakiuu (+++)
SPUTEMA U OTEK BBIXOJIAT 32 IIPEJIeJIbl KOHTAKTA IIpe-
mapata ¢ KOXKeH; BBICIIAsA CTENeHb peaKIuu
(++++) — runmepeprus — BBIpAXKAETCSA B OOIIMPHOM
nepudepruIECcKOM OTEKE, SPUTEME, BE3UKYJISAIUU U
HU3BA3BJIEHUH KOXKHU.

4. Peaknus THIIEpUYYBCTBUTEIBHOCTH 3aMe-
aendoro tuna (I'3T) Ha mbimax. becmoposHbIX
MBIIIEeH-aTb0MHOCOB CEHCUOWIU3UPOBATIN OHO-
KpPaTHbIM BHYTPHUKOKHBIM BBE€JIEeHHEM B OCHOBa-
HHE XBOCTa 60 MKJ 3MYJIbCUH, COCTOSIIEH U3
30 My pactBopa II9T-T'man ¢ KOHIEHTpamuel
167 EJI/MJ1 11 30 MKJI TTOJTHOTO a/ibloBaHTa ®peitHia
(ITA®). Jlyiss BBISBJIEHUS CEHCHOWJIM3AIUHN Yepes
5 CyT MBIIIIaM B ITOYIIEYKY 3a/{HEM JTallbl BBOJAHIHN
40 Mka pacrtBopa II9T-T'man ¢ KoHIeHTparuen
167 EJ1/mn. Yepes 6 u 24 4 11ocjie CEHCUOUTU3UPY-
Ollell WHBEKIIUU WHTEHCUBHOCTHh peakiuu ['3T
OIleHUBAJIN 110 uHJAeKkcy peakiuu (MP), koTopbii
BBIYHCIISIITH UHAUBUTYAJIBHO I KaKJIOTO JKUBOT-
HOro 1o ¢popmyJie

WP (%)=M, _-M)/M -100 %,

rae M — Macca J1ansl )KMBOTHOTO OTIBITHOM IPYTIIIBI;

M_ - Macca Jsambl >XHBOTHOTO KOHTPOJIBHOM
TPYIIIIBL.

KOHTpOIPHBIX JKUBOTHBIX CEHCUOMIN3UPOBATIU
smyabcuend ITA® c pactBopom XeHKca IO TOH Ke
cXeMe, YTO U B OIIBITE.

5. AKTUBHad KO)XKHasg aHadmIakcUsA Ha MBbIIIax.
Mpermeti iunun Balb/c ceHcubuinsupoBaiu myrem
BBesieHusA I19T-I'nan B TeyeHue 5 CyTOK BHYTpHIKe-
aynouso B s103e 50 EJI/kr (1 TZ) B 0.2 Mmu1 2% pac-
tBOpa I19I-1500 (1-s rpynmna) u B 703€ 500 MKT/KT
(10 TO) B 0.2 M 2% pacrBopa IIDI-1500 (2-a
rpynma). Paspemaromee BBenmenue I130-T'man ocy-
IIECTBJISUIN Yepe3 1 HeJlesIIo IocyIe OCIeTHEro CeH-
CUOWIM3UPYIOIIETO TPUMEHEHHUS B IBYKPATHBIX pas-
Be/leHUAX npenapara B f1o3ax 0.5 E/l u 1 EJl BHyTpH-
KOKHO B 00beMe 0.03 M. Uepe3 20 MUH MbIIIIaM
BHYTPUBEHHO BBOAWIN 0.5 MJI 1% pacTBOpa CUHETO
JBaHca. Yepe3 30 MUH IIPOBOJMJIM 3BTAHA3UIO
JKMBOTHBIX U OIIPEJIeJIsUIN Pa3Mephl CHHETO IIATHA Ha
BHYTPEHHeH CTOpOHE KOKU B MeCTe BBeJIeHU Ipera-
para. Pazpemaroniue nabekiun [191-I'nan u cuaero
JBaHca BBOAWIN TaK)Ke KOHTPOJIBHBIM JKHUBOTHBIM,
KOTOPBIM B JHU CEHCHUOWJIM3AIMH OIBITHBIX TPYIII
BBO/IWJIU TOJIBKO pacTBOpUTEb — 2% pactsop 13T

RI (%) = (Mexp -M) /M, -100 %,

M,,, — weight of the paw of the experimental ani-
mal;

M, — weight of the paw of the control animal.

Control animals were sensitized using CFA emul-
sion with Hanks’ solution according to the same
scheme as in the experiment.

5. Active cutaneous anaphylaxis in mice. Balb/c
mice were sensitized by administration of PEG-Hyal
for 5 days intragastrically at a dose of 50 IU/kg
(1 CD) in 0.2 ml of a 2% solution of PEG-1500
(group 1), and at a dose of 500 pg/kg (10 CD) in
0.2 ml of a 2% solution of PEG-1500 (group 2). The
challenge injection of PEG-Hyal was performed
1 week after the last sensitizing procedure in twofold
dilutions of the drug at doses of 0.5 IU and 1 IU
intradermally in a volume of 0.03 ml. Twenty min-
utes after, 0.5 ml of a 1% Evans blue solution was
intravenously administered to mice. Thirty minutes
later, the animals were euthanized and the size of
the blue spot on the inside of the skin at the injection
site was determined. The challenge injections of
PEG-Hyal and Evans blue were also administered to
control animals, which were injected with a solvent
only — 2% PEG solution on the days of sensitization
of the experimental groups.

6. Indirect mast cell degranulation in mice. At
the end of the 5-day administration of PEG-Hyal to
CBA/C57Bl/6 mice at doses of 50 IU/kg and 500
IU/kg, the animals were euthanized and blood
serum was obtained, which was then tested for the
ability to cause mast cell degranulation in the pres-
ence of a specific PEG-Hyal antigen. To obtain mast
cells, intact CBA/C57Bl/6 mice were euthanized,
4—5 ml of Hanks solution without phenol red was
injected intraperitoneally, after a light massage of
the abdominal wall for 1—1.5 min, an incision was
made with scissors along the midline and the exu-
date was collected into a silicone tube. The speci-
mens were prepared on cleared slides stained with
0.3% alcohol solution of neutral red and dried at
room temperature. On one side of the slide, 0.03 ml
of mast cell suspension, 0.03 ml of experimental
animal serum and 0.03 ml of PEG-Hyal solution at a
concentration of 0.15 IU/ml were mixed (the dose of
the drug was selected in advance so that the index of
mast cell degranulation during incubation with the
test substance did not exceed 5%), this area was
experimental; on the other side of the slide, 0.03 ml
of mast cell suspension, 0.03 ml of experimental
animal serum and 0.03 ml of Hanks’ solution were
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6. Hempsamas peaxnus JerpaHy/IAlNN TYyYHBIX
KJIETOK Ha MbIIIax. I[lo OKOHUYaHUHU 5-THEBHOTO Kypca
BBezenus mbimam iuauu CBA/C57Bl/6 I[19I-T'uan B
nozax 50 EJI/kr u 500 EJ]/Kr mpoBO UM 9BTAaHAZHIO
SKUBOTHBIX U TTOJIYYaJIH CHIBOPOTKY KPOBH, KOTOPYIO
3aTeM TECTUPOBAJIM HAa CIIOCOOHOCTh BBI3BIBATH
JIeTPAHYJIAIIUIO TYIHBIX KJIETOK B IPUCYTCTBUH CIIEII-
nduueckoro antureHa I[19I-T'masn. nsa noydeHus
TYYHBIX KJIETOK IIPOBOJIMJIM SBTAHA3HIO MHTAKTHBIX
wmoiieit inauu CBA/C57Bl/6, BBoguIn BHYTPUOPIO-
IIIUHHO 4—5 MJI pacTBopa XeHKca 6e3 (heHOJIOBOTO
KPaCHOTO, IIOCJIE JIETKOTO Maccaka OPIONTHOHN CTEHKHU
B TeUeHUe 1—1.5 MUH JIeJIajIi HOXKHUIIAMU Pa3pes 110
CpefHel JIUHUYU U COOHMPAIN DKCCY/IaT B CHIMKOHM-
3UpPOBaHHYI0 MpoOUpKy. [IpemapaTsl TOTOBWIM HA
00e3:KUPEHHBIX [TPEIMETHBIX CTEK/IAX, OKPAIIIEHHBIX
0.3% CIUPTOBBIM PACTBOPOM HEUTPaJIbHOTO Kpac-
HOTO U BBICYIIIEHHBIX TP KOMHATHOH TeMIeparype.
C oHOU CTOPOHBI IPEIMETHOTO CTEKJIA CMEITHNBAIN
0.03 MJI B3BECH TYYHBIX KJIETOK, 0.03 MJI CHIBOPOTKHU
HOAONBITHOTO )KMBOTHOTO U 0.03 MJI pactBopa [13T-
l'uan ¢ xonnenTpanued 0.15 EJ[/mu (mo3y npemna-
pata mombupanu 3apaHee, TaK YTOOBI ITOKa3aTesb
JIETPAHYJISIIUY TYYIHBIX KJIETOK IIPH WHKYOAIruu C
HccyelyeMbIM BeEIIeCTBOM He IPEeBBIMIAN 5 %) —
OTIBIT; C APYTOH CTOPOHBI — 0.03 MJI B3BECU TYUHBIX
KJIETOK, 0.03 MJI CBIBOPDOTKU HOJOIBITHOTO >KHUBOT-
HOTO ¥ 0.03 MJI pacTBOpa XeHKca — KOHTPOJIb. [lanee
mpenapaThl MOKPHIBAJIM IOKPOBHBIMHU CTEKJIAMH,
3aTeM WHKYOMpPOBJIU 15 MUH B TepPMOCTaTe IIPHU
370 °C. [IpenapaTsl u3yvdaau Mpu yBeTUUEHUN X20.
O1leHKyY pe3yIbTaTOB IMPOBOAWIIN UM PEPEHITUATD-
HBIM CIT0COOOM, TOACUUTHIBAJIA IIOKA3ATEJb JeTpa-
Hy11ud TYIHbIX KieTok ([TJITK) mo ¢popmyne

IIJATK = (1a + 2b + 3¢ + 3d )/ 100,

rae a, b, ¢, d — KOJIMUeCTBO JIerPaHyIUPOBAHHBIX
KJIETOK COOTBETCTBEHHO CTEIEHU JIeTPAHYJIAINI
(c1abo BBIpaKeHHOH, yMEPEHHOMU, PE3KOH U IIOJTHOU
JIETPaHYJIAINY KIETOK).

7. OTleHKa aJJIEPTU3UPYIOIIEr0 IeUCTBUS B PEaK-
UK BocIajieHnss Ha KoHkaHaBaimH A (KoHA).
OMBITHI MPOBOIMIIN HA 6ECTIOPOAHBIX OEJIBIX MBIIIIAX
maccor 18—20 r. II9T-T'man BBOAMIN KHUBOTHBIM
epopayIbHO B ABYX mo3ax — 50 EJI/kr (1 T/]) u 500
EJI/xr (10 T/I) oguokpaTHO. MBIIIaM KOHTPOJIbHOM
TPYIIBI AHAJIOTHYHBIM 00pa3oM BBOAIIIN 2% pac-
TBOp I19T-1500. Uepes 3 u 1mocjie BBeJleHUs Iperna-
para WiIN pacTBOPHUTEJIS MBIIIAM OIBITHBIX M KOH-
TPOJIBHOU TPYHI CyOIUIaHTapHO BBOAWIN KOHA B
Jto3e 100 MKT/20 T Macchl Tesia (20 MKJI pacTBOpa B
KOHIIEHTPAIIUU 5 MT/MJI), B KOHTPJIATEPAJIbHYIO
KOHEUHOCTh — TOT ke 00BeM (HU3MOJIOTUUECKOTO
pactBopa. Uepes 1 4 IPOBOAMIIN HBTaHABUIO, OIIPe-

mixed, and this part was control. Next, the speci-
mens were covered with cover slips, and then incu-
bated for 15 minutes in a thermostat at 370°C. The
specimens were studied at magnification x20. The
results were evaluated in a differential way, the mast
cell degranulation index (MCDI) was calculated
according to the formula

MCDI = (1a + 2b + 3¢ + 3d ) / 100,

a, b, ¢, d — number of degranulated cells corre-
sponds to the degree of degranulation (mild, moder-
ate, strong and complete degranulation of cells).

7. Inflammatory response to concanavalin
A (ConA). Experiments were carried out on out-
bred albino mice weighing 18—20 g. PEG-Hyal was
administered orally to animals in two doses —
50 IU/kg (1 CD) and 500 IU/kg (10 CD) once. The
control mice were similarly administered the 2%
PEG-1500 solution. Three hours after the adminis-
tration of the drug or solvent, the mice of the
experimental and control groups were injected
subplantarly with ConA at a dose of 100 pg/20 g of
body weight (20 pl of solution at a concentration of
5 mg/ml), the same volume of saline solution was
injected into the contralateral limb. One hour later,
euthanasia was performed, the weight of the hind
paws was determined and the inflammatory
response index (IRI) was calculated according to
the formula

IRI = (Mexp -M) /M, 100 %,
M,,, — mass of the hind paw foot, into the pad of

which the ConA was injected;
M, — mass of the hind paw foot, into the pad of

which the saline solution was injected.

RESULTS AND DISCUSSION

In experiments to study the anaphylactogenic
activity, it was shown that the intravenous adminis-
tration of PEG-Hyal did not lead to the development
of an anaphylactic reaction in guinea pigs (Table 1).
The anaphylactic index in both control and experi-
mental groups of animals was less than 1.0.

The conjunctival challenge test revealed no signs
of redness of the conjunctiva or lacrimal duct in
guinea pigs, which indicates the absence of hyper-
sensitivity to the PEG-Hyal drug (Table 2).

When assessing the sensitizing effect of PEG-
Hyal, no development of redness or skin edema at
the site of application of the studied drug follow-
ing both 10 and 20 applications was found. The
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Ta6una 1. Ouenka BiausHus [130-I'man Ha peakiyio o61iel aHapUIaKCUU
Table 1. Evaluation of the effect of PEG-Hyal on the anaphylactic reaction

I'pynmna
Group

AHapuIaKTHYECKU NHAEKC
Anaphylactic index (X £ m)

Kontpounb 1 (2% pactsop I13T") / Control 1 (2% PEG solution) & (n =5)
[13T-T'uau, gosa 20.83 EJl/kr | PEG-Hyal, dose 20.83 1U/kg & (n=5)
[13T-T'uaJ, gosa 208.3 EJl/kr | PEG-Hyal, dose 208.3 IU/kg & (n=5)
KonTpoJib 2 (2% pactsop I13T') / Control 2 (2% PEG solution) ¢ (n =5)
[13T-Tuan, go3a 20.83 E/l/xr | PEG-Hyal, dose 20.83 [U/kg @ (n=5)
[13T-Tuan, no3a 208.3 E/l/kr | PEG-Hyal, dose 208.3 [U/kg @ (n=5)

0.60 £ 0.24
0.80 £0.20
0.80 +0.20
0.60 + 0.24
0.60 + 0.24
0.80 £0.20

JIEJISUTA Maccy JIall U MOZCYUTHIBAIN MHAEKC Peak-
nuu Bocnianenus (MP) mo dopmyie

nP=M_-M)/M, -100 %,

rae M — macca CTOIbI 3a/JHEH JIallbl, B MOAYIIEYKy
KoTOpo# BBoAMIIN KOHA;

M_ - macca CTONbI 3a/IHEH JIAIIbI, B IOAYIIEUKY
KOTOPO¥ BBOAWIN (PU3UOJOTHIECKUHA PACTBOP.

PE3YJIBTATBI 1 OBCYXKJAEHNE

B skcrmepuMeHTax MO WU3y4YeHUIO aHADUIAKTO-
TeHHOW aKTHUBHOCTH ITOKAa3aHO, YTO TECTUPYIOIIee
BHyTpuBeHHOe BBejleHUe [I9I-I'nan He nmpuBOUIO
K Pa3BUTHIO aHADWIAKTUYECKOH peaKIuud y MOp-
CKHUX CBHHOK (TabJ1. 1). AHapUIIaKTUUECKUH UHJIEKC
KaKk B KOHTPOJIPHOHW, TaK W B ONIBITHBIX TI'PYyIIax
JKUBOTHBIX OBLT MeHee 1.0.

KOHBIOHKTHBAJIIBHBIN TECT HE BBISIBHJI IIPHU3HA-
KOB IOKpPaCHEHUsl KOHBIOHKTHBBI WA CJIE3HOTO
MPOTOKA IJIa3 MOPCKHUX CBUHOK, YTO CBHJIETEJIb-
cTByeT 00 OTCYTCTBHH ITOBBIIIEHHOW YyBCTBUTEJIb-
HOCTH K nipenapaty [19T-I'nas (Tabs. 2).

IIpu oIeHKe CEeHCUOHUIU3UPYIOIIEro AeHCTBUS
[13I-T'nasn He HAOIIOATIOCH PA3BUTHS OKPACHEHUS
I OTEKA KOJKU HA MeCTe HaHEeCEHUs UCCIIENYEMOTO
mpernapara Kak 1mocJie 10, Tak U Iocje 20 anIIuKa-

skin reaction in the experimental group did not
differ from the reaction in the control group
(Table 3).

In the experiments studying the delayed hyper-
sensitivity reaction in mice, we have found no sig-
nificant differences in the reaction index in the
experimental group of mice which received PEG-
Hyal with Freund’s adjuvant, compared with the
control group which received Freund’s adjuvant
alone, following 6 and 24 hours after administration
(Table 4).

When studying active cutaneous anaphylaxis, it
was shown that after an intradermal challenge PEG-
Hyal injection, the diameter of the stained spot did
not significantly differ in both experimental groups
(50 IU/kg and 500 IU/kg) from the control one
(Table 5).

In experiments evaluating the indirect mast cell
degranulation, it was found that the serum of ani-
mals which received PEG-Hyal at doses of 50 and
500 IU/kg did not cause a statistically significant
change in the MCDI compared with the control group
(Table 6), and the MCDI did not significantly change
either in the absence or in the presence of PEG-Hyal.
The MCDI in the presence of PEG-Hyal but without
the addition of mouse serum was 0.04.

Ta6smua 2. OueHKa BJUSHUS HHCTHUIALUE [13T-T'uas Ha coCTosIHHE KOHBIOHKTUBBI [J1a3a
Table 2. Assessment of the effect of PEG-Hyal instillations on the state of the conjunctiva

Bpelvm nmocjie UHCTU/JIAIUHA

I'pynna Time after instillation
Group
15muH /min 244 /h 484 /h

KonTposib 1 (2% pactsop I13T) / Control 1 (2% PEG solution) & (n = 5) H.M. / n.ch. H.U. / n.ch. H.H. / n.ch.
T13T-Tuaun, gosa 20.83 EJ/xr | PEG-Hyal, dose 20.83 IU/kg & (n=5) H.U. / n.ch. H.U. / n.ch. H.U. / n.ch.
T13T-Tuan, mosa 208.3 EJ/xr | PEG-Hyal, dose 208.3 IU/kg & (n=5) H.U. / n.ch. H.HU. / n.ch. H.U. / n.ch.
KonTpoJib 2 (2% pactsop I13T') / Control 2 (2% PEG solution) ¢ (n=15) H.U. / n.ch. H.M. / n.ch. H.M. / n.ch.
[13T-Tuaun, no3a 20.83 EJ/kr | PEG-Hyal, dose 20.83 [U/kg @ (n=5) H.HU. / n.ch. H.HU. / n.ch. H.U. / n.ch.
[13T-Tuaun, goza 208.3 E/l/xr | PEG-Hyal, dose 208.3 1U/kg @ (n=5) H.M. / n.ch. H.M. / n.ch. H.U. / n.ch.

[IpuMeyaHUue. HU - HET U3MEHEHH.
N o t e . n.ch.-no changes.
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Ta6smmua 3. OLeHKa BJUSIHUS HAKOXKHBIX aninKaui [137-T'uaj Ha cOCTOsIHUE KOXKHBIX TOKPOBOB MOPCKUX CBUHOK
Table 3. Evaluation of the effect of PEG-Hyal skin applications on the state of the guinea pigs’ skin

I'pynmna
Group

KosinyecTBO anmjinKamui
Number of applications

10 20

KonTtposnb 1 & (2% pactsop I13T) / Control 1 & (2% PEG solution) (n = 5) - -

M3r-Tuan / PEG-Hyal & (n = 5)

KouTpoJib 2 @ (2% pactsop I13T') / Control 2 @ (2% PEG solution) (n = 5)

[137-T'uan / PEG-Hyal @ (n=5)

[IpuMedaHUue. «»-OTpULATe/]bHAsA PeaKIHs.
N o t e. «»-negative reaction.

nui. Peaknys KOXKU B OIBITHOH TPYIIIIe HE OTJIMYA-
JIach OT PEAKIIMH B KOHTPOJIBHOU rpytre (Tabi. 3).

B skcneprMeHTax 1Mo U3yYEeHUIO PeaKINU TUIEP-
YyBCTBUTEJIBHOCTU 3aMeJ[JIEHHOTO THUIIA Ha MBIIIaxX
YCTaHOBJIEHO, UTO JIOCTOBEPHBIX PA3INUMNI MHEKCA
peakuyu I'3T B ONBITHOM I'PYyIITIe MBIIIEH, OTyJIaB-
mux [19-T'uan ¢ agproBanToM DpeiHza, MO CpaB-
HEHUI0O C KOHTPOJIbHOH TPYIIIIOH, TIOJyJIaBIINX
TOJIBKO aTbI0BAaHT Ppeiinia, He HAOJII0/IAIOCH Yepe3
6 u 24 4 ocjie BBeAeHus (Tabil. 4).

[Ipu n3ydyeHNH aKTUBHOU KOXKHOU aHaA(PHIIAaKCUH
MOKa3aHO, YTO IIOCJe BHYTPUKOXKHOTO BBEJIEHUSA
paspematoreid uHbeKIUH [I9[-T'nan guamerp
OKpAaIlleHHOTO IATHA JIOCTOBEPHO HE OTJINYAJICS B
obeunx ombITHBIX rpynnax (50 EI/xr u 500 EJI/xr)
OT KOHTPOJIbHOHU (TabJI. 5).

B sxcnepuMeHTax 110 U3YUEeHHIO HEIIPSMOU peak-
WU JIETPAHYJISAINN TYYHBIX KJIETOK YCTaHOBJIEHO,
YTO CHIBOPOTKA JKUBOTHBIX, ITosry4yaBiux [191-T'uan
B 103ax 50 u 500 EJI/kr, He BbI3bIBajla CTaTUCTAYE-
cku 3HaunMmoro udMmenenus II/ITK o cpaBHeHUIO €
KOHTPOJIPHOU Tpymmou (tabs. 6), mpuuem IIJITK
JIOCTOBEPHO He U3MEHSICSA KaK B OTCYTCTBUU, TaK U B
npucyrcereuu I19T-T'man. IIATK B npucyrcrBun
[I3T-T'uan 6e3 nobaBjeHUs] CHIBOPOTKH MBbIIIEN
COCTaBUJI 0.04.

Onenka ajuieprusupymoiiero gevcrsus I[19T-
I'man B peaknun BOCIIaJieHWsI HAa KOHKAHAaBAJINH A

Evaluation of the allergenic potential of PEG-
Hyal in the inflammatory response to concanavalin A
showed that the course administration of the drug
both at a dose of 50 IU/kg and at a dose of 500 IU/kg
did not lead to a statistically significant difference in
the IRI in the experimental and control groups
(Table 7).

CONCLUSION

When studying the allergenic properties of PEG-
Hyal in various experiments (anaphylactogenic
activity, conjunctival challenge testing and cutane-
ous applications on guinea pigs; active cutaneous
anaphylaxis, delayed-type hypersensitivity, indirect
mast cell degranulation, cutaneous and inflamma-
tory response to concanavalin A in mice), no signifi-
cant differences were found between the control and
experimental groups. Thus, PEG-Hyal does not have
an allergenic potential in various routes of adminis-
tration. This, firstly, significantly expands the possi-
bilities of clinical use of PEG-Hyal, and, secondly,
once again confirms that electron beam PEGylation
of enzymes allows to achieve the effect of eluding of
proteins from allergic response of immunocompe-
tent cells.

Conflict of interest. The authors declare no
conflict of interest.

Ta6smmua 4. Ouenka BaussHus [1937-I'man Ha UHTEHCUBHOCTD peakiuu ['3T
Table 4. Evaluation of the effect of PEG-Hyal on the intensity of the DTH

Unaexc peakuuu I'3T / DTH index (X + m)

I'pynmna

Group yepe3 6 4 / after 6 h yepe3 24 4 / after 24 h
KonTposb (p-p XeHkca + agbloBaHT OpeliHza) 1.66 £ 0.53 2.42 +0.64

Control (Hanks’ solution + Freund’s adjuvant) (n = 5)

OnbrT ([13r-T'nan + agboBanT PpeitHaa) 7.58+2.71 496 £1.19

Experiment (PEG-Hyal + Freund’s adjuvant) (n = 5)

[IpumMevyaHue.
N o t e . DTH - delayed-type hypersensitivity.

I'3T - runepyyBCTBUTENBHOCTb 3aMe/IJIEHHOI'O THIIA.
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Ta6suna 5. BiusHue BBeenus [137-I'nas Ha aKTUBHYIO KOXKHYI0 aHaQUIaKCUIO
Table 5. Effect of PEG-Hyal administration on active cutaneous anaphylaxis

JMuameTtp natHa (Mm?2) (X £ m) npu paspelaniieM BBeAeHUI
II3I'-I'man B xo3e

I'pynna Spot diameter (mm?) (X + m) in challenge administration
Group of PEG-Hyal at a dose of
0.5EA /IU 1.0EA /IU
KonTpoub (2% p-p 13T 0.75 £ 0.19
Control (2% PEG solution) (n =5) 1.06+0.33
OnerT 1 (T13T-T'man, gosza 50 EJJ/xr) 0.88+0.18 219 + 0.60
Experiment 1 (PEG-Hyal, dose 50 IU/kg) (n =5) oo
Onert 2 (T13T-T'uan, fosa 500 E/l/xr) 1.29+0.26 20+0.61

Experiment 2 (PEG-Hyal, dose 500 IU/kg) (n = 5)

Ta6smna 6. Bausinue BBeeHus [191-I'wan Ha peakUUIo AeTPaHy/ISLMU TyYHBIX KJIETOK
Table 6. Effect of PEG-Hyal administration on the mast cell degranulation

I'pynna (50HOPBI CLIBOPOTKH)

M/JTK (X + m) B npucyTctBum / MCDI (X £ m)

Group (serum donors) CHIBOPOTKH cbIBOpOTKH U I13r-T'nan
for serum for serum and PEG-Hyal

®on / Background (n =5) 0.048 + 0.005 0.046 + 0.009

KonTposb (2% p-p [13T) / Control (2% solution PEG) (n =5) 0.044 + 0.008 0.050 £ 0.015

Onert 1 (TI13T-T'man, gosza 50 EJ/xr) 0.052 £0.010 0.060 + 0.005

Experiment 1 (PEG-Hyal, dose 50 IU/kg) (n =5)

Omnert 2 (T13T-T'uan, fosa 500 E/l/xr) 0.048 £ 0.010 0.046 + 0.007

Experiment 2 (PEG-Hyal, dose 500 [U/kg) (n =5)

[IpumevyaHnue.

N o t e . MCDI - mast cell degranulation index.

[ATK - nokasaTeJ/ib erpaHy My TYYHbIX KJIETOK.

Ta6smmna 7. Bausinue BBesenus [197-I'wan Ha unaekc peakyuu (MP) BocnasieHrss Ha KOHKaHaBaJuH A
Table 7. Effect of PEG-Hyal administration on the inflammatory response index (IRI) to concanavalin A

I'pynna / Group

WP /IRI (X + m)

KonTtpouss (2% p-p [13I") / Control (2% solution PEG) (n = 5)

Onerr 1 (T113T-T'man, gosa 50 E/|/xr) | Experiment 1 (PEG-Hyal, dose 50 IU/kg) (n=15)
Onert 2 (T13T-T'uan, gos3a 500 E/l/xr) | Experiment 2 (PEG-Hyal, dose 500 1U/kg) (n =5)

3.09£0.59
3.25+£0.74
3.69 £ 0.87

[MOKasaJia, YTO KypCOBO€E BBEJIEHME Mpernapara Kak B
noze 50 EJI/xr, Tak u B 1o3e 500 EJ[/kr He mpuBO-
JIAJIO K CTaTUCTUYECKH JIOCTOBEPHOU pazHule mo NP
B OTIBITHBIX U KOHTPOJIBHOU Tpynmax (tab. 7).

3AKJIIOYEHUE

[Tpn wusydyeHUHN AaJIepPrU3UPYIOIIUX CBOUCTB
[I3r-T'man B pa3jIuyHBIX dKcIepuMeHTax (aHadu-
JIAKTOTeHHas AaKTHUBHOCTb, KOHBIOHKTHUBAJIBHOE
TeCTUPOBAHUE U HAKOXKHbIE alIIMKallud Ha MOp-
CKUX CBUHKAX; aKTHUBHad KOXKHAsA aHadUIaKCcusd,
peakuus TUIIepYyBCTBUTEJIBHOCTU 3aMe/IJIeHHOIO
TUIA, Peaknusa HeNmpsAMON JerpaHyIAlNN TYIHBIX
KJIETOK M PeakIus BOCIAJIeHUA Ha KOHKaHaBaJIuH A

Ha MBIIIax) He ObLIO BBISBJIEHO IOCTOBEPHBIX OTJIH-
YHH MEXJy KOHTPOJBHBIMH K OIBITHBIMH TPYII-
mamu. Taxkum ob6paszom, II9T-Tman He obsamaer
QIIEPTU3UPYIONIUM JeUCTBUEM TIPU Pa3JIMYHBIX
IyTSIX BBelEeHUs. ITO 0OCTOSATENIHCTBO, BO-IIEPBBIX,
CYIIIECTBEHHO PACIIUPSET BO3MOKHOCTH KJIUHHYE-
ckoro npuMmeHeHus II9T-T'man, a BO-BTOPBIX, elle
pa3 MOATBEPIK/AET, UTO 3JIEKTPOHHO-IyIEBOE MEeTH-
supoBanue  ¢GEepMEHTOB  TO3BOJISIET  JIOCTUYb
adderTa «yckoab3aHUs» OEJKOB OT aslIepruye-
CKOTO OTBETAa UMMYHOKOMIIETEHTHBIX KJIETOK.

KoH@uuKT HHTEPECOB. ABTOPHI 3aBJIAIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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HccaegoBaHue MOJIEKYJIAPHO-KJIETOUYHBIX MEXaHU3MOB
¢pudpo3upoBaHUA NMEeUEHU KPbIC MPU MOCTTOKCUYECKOM rernarose
CMEUIaHHOU 3THOJIOTUHU U IMPU IIPUMEHEHUH OKHUCJIEHHOTO
AEKCTpaHa

M.A. Kapmios* 2, A.Il. Hagees® 2, B./l. Kimouun®, B.A. llIkypynuit', C.B. ITo3nusakoBa?

!HayuHo-uccaedo8amenbckuil UHCMumym 3KCnepumMeHmansHotl u kauHuveckoil meouyunst @I'GHY «DedepanvHulil
uccaedosamenvekuil yeHmp GyHoamMeHmanbHoll U MPaHCASYUOHHOU meduyuHbl», Hosocubupck, Poccus

2@I'6OY BO «Hogocubupckuil 2ocydapcmeeHtbiil MeduyuHckuil yHusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccus

AHHOTAITUA

BBegeHnue. BocHOBe pa3BuTus OUpPpO3a IeYEHU, BHE 3aBUCHMOCTH OT STHOJIOTUH, JIEXKUT Ipouecc ¢dpubposa u
CTPYKTYPHOU IIePeCTPOMKH OpraHa. Peryssius 3Toro mporecca CBsi3aHa ¢ BBICOKUM ypoBHeM 3kcipeccuu TGF-f u noza-
BJIGHHEM arlorTo3a B renaronurax. OkucyieHHsri Aekcrpat (O/1) o61aaeT BBICOKOM MPOTUBOGUOpOTHUECKOU 3 PEKTUB-
HOCTBIO, crIocO0eH U3MeHATh QYHKIIMOHAIBHOE COCTOsIHUE (aronuTUpyIomiel KJIeTKY, IPeNATCTBY TaKUM 00pa3oM pas-
BUTHIO GUOPO3a, CTUMYJIUPYS pellapaTUBHBIE IIPOIECCH B OpPTraHaX MPU MOCTTOKCHUECKUX TelaTo3axX v IUPPo3e MeYeH .
Il e nbp. V3yuyeHHe MOJIEKYJSIDHO-KJIETOUHBIX MeXaHU3MOB BiausHusA OJ] Ha sKcOpeccHio OETKOB 3MUTETHAIBHO-
Me3eHXUMAaJIbHOU TPAaH3UIUU B mpoliecce GUOpo3UpoBaHUs U HOPMHUPOBAHUS IUPPO3a IEUEHU IIPU ITOCTTOKCUYECKOM
rernarose y Kphbic.

MaTtepuaab WU METO/ bl. B3KCIepuMeEHTe UCIIOIH30BAJIH 30 KPhIC-CAMIIOB ITOPO/IbI Brictap ¢ maccoii Tena
280—-320 r. JKHBOTHBIX pa3/e N Ha 2 rpymnnsl. Kpbicam 1-ii rpynimsl (renaro3) MOCTTOKCHYECKHH TeraTo3 MOJEeIUPO-
BaJIM IyTeM BBeZieHus pactsopa CCl, 1 9Ti10B0rO0 cipta. JKUBOTHBIM 2-i IPYIIIIBI HOCTTOKCHYECKUH TellaTo3 MOZeINPO-
BaJIM aHAJIOTUIHBIM CIIOCOOOM, YTO U KpbIcaM 1-¥ rpymnnsl, U BBoauiu O/1. [TocunThIBaIN YUCIEHHYTO IIOTHOCTD (Nai)
HellapeHXNMaTO3HbIX KJIETOK IeyeHu, skcnpeccupyomux TGF-f (kierox Kyndepa, sunorenuonutos, GpubpodiacTos).
Akcnpeccuto E-kanrepuna, BumenTrHa, SNAIL + SLUG oneHuBaiu B pubpobIacTax u rernatoruTax.
Pes3ynbTartbl . YnucaenHas mioTHocTh (Nai) rernaronuToB, 3KCIPECCUPYONIUX BUMEHTHH, ITpeobJiajiaa B IIeUeHI
KpbIC 1-U Tpynmsl (Ternaros), B CPaBHEHUH C TAKOBOH y »KUBOTHBIX 2-H rpymimsl (remato3 + O/]) Ha 30-e u 60-€ CyTKH.
VY JKUBOTHBIX 1-# (remnaros) rpymmbl Ha 60-e CYTKYA OTMeUasTd B 3 pa3a MEHbIIYI0 YUCJIEHHYIO IJIOTHOCTD TE€MIATOIUTOB, SKC-
npeccupyoonux E-kaarepus, B cpaBHEHHUH € TAKOBOH y KpbIC, nosydaBiux O/ (2-s rpymima). Y ;KUBOTHBIX 1-1 (TemnaTos)
TPYIIIBI HA 30-€ U 60-€ CyTKH OTMEeYasIy B 2 pa3a U 5 pa3 G0JIbIIYI0 YHUCIEHHYIO IVIOTHOCTh FeaTOIUTOB, SKCIIPECCUPYIO-
mux SNAIL + SLUG, B cpaBHEHUU € TAKOBOH Y KPBIC 2-1 TPyIIbl. YncieHHAas IIIOTHOCTh GUOPO6IACTOB, SKCIIPECCUPYIO-
IUX BUMEHTUH, NpeobJiajiajia B MeueHu KpbIc 2-U rpynmsbl (renato3 + O/), B CPaBHEHHH C TAKOBOM y JKMBOTHBIX 1-H
rpyIisl (rermaTos) Ha 30-€ CyTKU. Y XKUBOTHBIX 1-1 (TernaTos) Ipymniibl Ha 60-e CyTKH OTMEYaId B 6 pa3 GOJIBIIYIO YHCIeH-
HYIO IJIOTHOCTH (GU6GPO6IIACTOB, SKCIpecCUpyIIuX E-kafireprH, B CpaBHEHUHU € TAKOBOH Y KpbIc, mosty4yaBmux O/l (2-s
rpymmna). Y ;KUBOTHBIX 1-H (Ternaros) rpymnsl Ha 30-€ U 60-e CyTKH OTMEeYaIH B 6 U 7 pa3 GOJIBIIIYI0 YHCIEHHYIO ITIOTHOCTD
¢dubpobnacros, sxcrnpeccupyomux SNAIL + SLUG, B cpaBHEHHH C TaKOBOH y KpbIC, moaydaBmux O] (2-s1 rpymma).
B neueHu KUBOTHBIX 2-# rpymisl (rematos + O/I) urceHHast IVIOTHOCTH KJIETOK, SKcpeccupyomux TGF-, 6puta MeHb-
IIed B CPABHEHUH C TAKOBOH y KMBOTHBIX 1-U IpymIibl (remnaTos) B 2.5 pa3a — Ha 30-€ CYyTKH U B 3.6 pa3a — Ha 60-e CyTKH
SKCIIEPUMEHTA.

BaxknwueHHe. IIpuIOCTTOKCHIECKOM TeNaTO3€ B TAPEHXUMATO3HBIX U HETAPEHXUMATO3HBIX KJIETKAX MeYeHH
Bospacraer skcipeccusi 6eaxkoB TGF-f3, SNAIL + SLUG 1 BUMEHTHHA, CIIOCOOCTBYSI 0OPETEHHIO KJIETKAMU ME3EHXUMAaIb-
HOT0 UMMYHOGbEHOTHUIIA, YTO IPUBOAUT K YCHIEHUIO TPodUOpoTHUecKuX 3 GeKTOB ¥ GOPMUPOBAHUIO INPPO3a IIEYEHH.
ITpumenenue O/l Ipy IMOCTTOKCHYECKOM Trelaro3e CHIIKAET dKcrnpeccuio BuMeHTHHa, TGF-f u 6eKoB snuTennanibHO-
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Me3eXUMaJIbHOU TPAaH3UIUY B MAPEHXUMATO3HBIX U HellapeHXMMATO3HBIX KJIETKAX IIeYeHU, UTO YMEHBIIAeT BhIpaKeH-
HOCTH (PpUOPOIIIACTHYECKUX IIPOLIECCOB U IIPEMATCTBYET PA3BUTHIO IMPPO3a IT€YEHH.

Knaoueevle caoea: TOKCUUECKUU TrernaTo3, LUPPO3 IIeYeHW, KpBICHI, OKHUCJIEHHBIH JeKCTpaH, 3NUTeIHaIbHO-
Me3eHxuMasbHasa Tpausunys, TGF-f.
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Investigation of molecular and cellular mechanisms of liver
fibrosis in rats with post-toxic hepatosis of various etiologies
and with the use of oxidized dextran

M.A. Karpov* 2, A.P. Nadeev* 2, V.D. Klochin?, V.A. Shkurupiy*, S.V. Pozdnyakova?

'Research Institute of Experimental and Clinical Medicine, Federal Research Center for Fundamental
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2Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. Thedevelopment of liver cirrhosis, regardless of etiology, is based on the process of fibrosis and
structural alteration of the organ. Regulation of this process is associated with a high level of TGF-f expression and sup-
pression of apoptosis in hepatocytes. Oxidized dextran (OD) has a high antifibrotic activity and is able to change the func-
tional state of the phagocytic cell, thus preventing the development of fibrosis and stimulating reparative processes in
organs with post-toxic hepatosis and liver cirrhosis.

Aim . Tostudy the molecular and cellular mechanisms of the effect of OD on the expression of epithelial-mesenchymal
transition (EMT)-associated proteins during fibrosis and the development of liver cirrhosis in rats with post-toxic hepatosis.
Materials and methods. Intheexperiment, 30 male Wistar rats weighing 280—320 g were used. The ani-
mals were divided into 2 groups. In group 1 rats (hepatosis), the post-toxic hepatosis was modeled by administration of a solu-
tion of CCl and ethyl alcohol. In rats from group 2, the post-toxic hepatosis was modeled in the same way, and OD was admin-
istered. The numerical density (Nai) of liver nonparenchymal cells expressing TGF-f (Kupffer cells, endothelial cells, fibro-
blasts) was calculated. The expression of E-cadherin, vimentin, SNAIL + SLUG by fibroblasts and hepatocytes was evaluated.
Results. The numerical density (Nai) of hepatocytes expressing vimentin prevailed in the liver of group 1 rats
(hepatosis), compared with that of group 2 animals (hepatosis + OD) on the 30th and 6oth days. In animals of the 1st
(hepatosis) group on the 60th day, a 3-fold lower numerical density of hepatocytes expressing E-cadherin was noted in
comparison with that in rats treated with OD (group 2). In animals of the 1st (hepatosis) group on the 3oth and 6oth days,
a 2-fold and 5-fold higher numerical density of hepatocytes expressing SNAIL + SLUG was noted in comparison with that
in rats of the 2nd group. The numerical density of fibroblasts expressing vimentin prevailed in the liver of group 2 rats
(hepatosis + OD), compared with that of group 1 animals (hepatosis) on day 30. In animals of the 1st (hepatosis) group on
the 60th day, a 6-fold higher numerical density of fibroblasts expressing E-cadherin was noted in comparison with that in
rats treated with OD (group 2). In animals of the 1st (hepatosis) group on the 30th and 60th days, the numerical density of
fibroblasts expressing SNAIL + SLUG was 6 and 7 times higher than in rats treated with OD (group 2). In the liver of ani-
mals of the 2nd group (hepatosis + OD), the numerical density of cells expressing TGF-[f was lower in comparison with that
of animals of the 1st group (hepatosis) by 2.5 times on the 30th day and 3.6 times on the 60th day of the experiment.
Conclusion. Inpost-toxichepatosis, the expression of TGF-f, SNAIL + SLUG and vimentin proteins increases
in liver parenchymal and nonparenchymal cells, contributing to the acquisition of a mesenchymal immunophenotype by
cells, which leads to increased profibrotic activity and the development of liver cirrhosis. The use of OD in post-toxic hepa-
tosis reduces the expression of vimentin, TGF-3 and EMT-associated proteins in liver parenchymal and nonparenchymal
cells, which decreases the severity of fibroplastic processes and prevents the development of liver cirrhosis.

Keywords: toxic hepatosis, liver cirrhosis, rats, oxidized dextran, epithelial-mesenchymal transition, TGF-f3.
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BBEJIEHUE

Ha coBpemeHHOM 3Tame i IUpPpPO3a IEYEeHU
XapaKTepHbI BBICOKAsg YacToTa 3a00JIeBAEMOCTH U
JeTanbHOCTH [1, 2]. IIpu aTOM JsieueHue pubposa u
[MPPO3a IeYeHN HOCUT CUMIITOMAaTHIECKUH XapaK-
Tep U HANPAaBJIEHO HA KOPPEKINIO BO3HUKAIOIIUX Y
MAIEeHTOB OCJIOXKHEHHH, a B psAJie CIydaeB IIpUMe-
HSIETCS TPAHCIUIAHTAIUSA ITedeHu [3].

B ocHOBe pa3BuTHA IIUPpPO3a IIEUEHU, BHE 3aBU-
CHUMOCTHU OT 3THOJIOTHH, JIEXKUT Iporiecc hpubposa u
CTPYKTYPHOU TIIEpECTPOWKH oOpraHa. Perynanus
STOTO IIPOIECCA CBS3aHA C BBICOKUM YPOBHEM 3KC-
npeccuu TGF-3 u o/1aByieHreM arnomnTosa B rernaro-
nuTax [3]. B xauecTBe OCHOBHOTO MCTOYHHKA IPO-
nykuun TGF-B paccmarpuBaror mMakpodaru, yda-
CTBYIOIIIE B PETyJIAIUM TpolieccoB ¢ubposa [4].
Kpome Toro, B npouecce ¢Gbubpo3upoBaHUs ITeYeHH
U Pa3BUTHA [HUPPO3A 33/IEHCTBOBAHBI MEXaHU3MbI
SIUTENTHATBHO-ME3eHXUMaTbHON TPaH3UIUU
(BMT). OToT mpoIecC COMPOBOKIAETCS BDKCIIPec-
cueit 6es1koB SNAIL u SLUG 1 umeeT cBs3b C YBeJIH-
yenuem skcrpeccuu TGF-B [5]. [Ipu sTom cHuka-
€TCsI YPOBEHb HKCIIPECCHH KOMIIOHEHTOB, 0Oecreun-
BAIOIINX KJIETOUHbIE COEAWHEHWS, B YACTHOCTH
E-kasrepuHa, HO BO3pAcTaeT SKCIPECCHS BHUMEH-
THHA B SIUTEJIUAIbHBIX KJIETKaX IIeueHu [6, 7].

PaHee O6bL1a IPO/IEMOHCTPUPOBAHA BBICOKAS ITPO-
tuBoubpoTnueckas 3G@PEKTUBHOCTh JIU30COMO-
TPOITHOTO BEIIIECTBA — OKUCIEHHOTO fiekcTpaHa (O/1),
CIIOCOOHOTO JTUTEIPHO HAXOIUTHCSA B BAKYOSIPHOM
amnmnapare Makpodara u U3BMeHATh QYHKIMOHAJIbHOE
cocTosiHue (HaroIUTUPYIOIIEH KJIETKH, CLIOCOOCTBYsI
HaKOIUIEHUIO JIN30COMAJIbHBIX (PEPMEHTOB M 3DKC-
IIpecCUy MAaTPUKCHBIX MeTasuionporennas (MMPs),
ux uHrHOuTOpOB (TIMP), OTBETCTBEHHBIX 3a Jlerpa-
A0 BHEKJIETOYHOTO MATPHUKCA, IPEMSATCTBYS
TakuM 00pa3oM pasBuTHIO (GUOP03a, CTUMYJIUPYA
perapaTuBHbIE ITPOLIECCHI B OPTaHAX IIPY PA3TUYHBIX
SKCIEPUMEHTAIbHBIX YCJIOBUAX, B TOM YHCJIE IIPU
ITOCTTOKCUYECKHUX TellaTo3ax U MUppo3e rneueHu [8].
O/1HAaKO B XOJle IPOBOJUMBIX HCCJIEIOBAHUN BBIS-
BUJIH, 4TO 3Kcnpecensa MMPs u TIMP nipu nocTTok-
CHYECKUX TelaTo3axX U IUPpO3e MEeUYeHU BhIPaKeHa
c1abo u He OOBSACHSET B IIOJTHOH Mepe MOTyIeHHBIH
npotTuBoduOpoTrueckuit addext O/.

ITEJIb UCCJIEJIOBAHUSA

VzyueHrie MOJIEKYJIAPHO-KJIETOUHBIX MEXaHU3-
MoB BiusHus O] Ha skcrpeccuto 6enxkoB OMT B
mporiecce GUOPO3UPOBAHUA U POPMHUPOBAHUS IIHUP-
po3a TMEeYeHW MPU MOCTTOKCHUYECKOM TemaTo3e y
KpBIC.

INTRODUCTION

Currently, liver cirrhosis is characterized by high
incidence and mortality [1, 2]. At the same time, the
treatment of fibrosis and liver cirrhosis is symptom-
atic and aimed at correction of complications, and in
some cases, liver transplantation is used [3].

The development of liver cirrhosis, regardless
of etiology, is based on the process of fibrosis and
structural alteration of the organ. Regulation of
this process is associated with a high level of TGF-[3
expression and suppression of apoptosis in hepato-
cytes [3]. Macrophages involved in the regulation
of fibrosis are considered the main source of TGF-3
production [4]. In addition, the mechanisms of the
epithelial-mesenchymal transition (EMT) are
involved in the process of liver fibrosis and the
development of cirrhosis. This process is accompa-
nied by the expression of SNAIL and SLUG pro-
teins and is associated with increased TGF-f3
expression [5]. At the same time, the level of
expression of components providing cellular junc-
tions, in particular E-cadherin, decreases, but the
expression of vimentin in liver epithelial cells
increases [6, 7].

Previously, a high antifibrotic activity of a lysoso-
motropic substance, oxidized dextran (OD) was dem-
onstrated of being capable to stay in the vacuolar
apparatus of the macrophage for a long time and
change the functional state of the phagocytic cell, con-
tributing to the accumulation of lysosomal enzymes
and expression of matrix metalloproteinases (MMPs),
their inhibitors (TIMP) responsible for the degrada-
tion of the extracellular matrix, thus preventing the
development of fibrosis, stimulating reparative pro-
cesses in organs under various experimental condi-
tions, including post-toxic hepatoses and liver cirrho-
sis [8]. However, the studies conducted showed that
the expression of MMPs and TIMP in post-toxic hep-
atosis and liver cirrhosis is poorly and does not fully
explain the antifibrotic activity of OD.

AIM OF THE RESEARCH

To study the molecular and cellular mechanisms
of the effect of OD on the expression of EMT-associ-
ated proteins during fibrosis and the development of
liver cirrhosis in rats with post-toxic hepatosis.

MATERIALS AND METHODS

In the experiment, 30 male Wistar rats weighing
280—-320 g were used. The experiment was carried
out in accordance with the Directive 2010/63/EU of
the European Parliament and the Council on the pro-
tection of animals used for scientific purposes, the
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MATEPUAJIBI 1 METO/IbI

B skcriepuMeHTe UCIIOIb30BaJIH 30 KPhIC-CAMIIOB
mopozbl Bucrap ¢ maccoit Tena 280—320 1. JKcie-
PHUMEHT BBITIOJIHEH B COOTBETCTBUH C ITOJIOKEHUSAMHU
HdupektuBel 2010/63/EU EBpomelickoro mapJa-
menTa u CoBerta EBponelickoro Coro3a 1o oxpaHe
JKUBOTHBIX, UCIIOJIb3YEMBIX B HAYIHBIX IEJIsAX, MerK-
rOCYZIJapCTBEHHBIM CTaHJIAPTOM II0 COJIEPKAHUI0 U
VX0 3 JIabOPAaTOPHBIMU KUBOTHBIMH (7-€ TIEPen3-
JaHue, 2019 T.).

JKuBOTHBIX pa3aeauiiu Ha 2 rpynibl. Kpeicam 1-t
rpynnsl (renaTo3) MOCTTOKCUYECKUH TelaTo3 Mojie-
JIMPOBAJIH ITyTEM UHTPAIIEPUTOHEATTLHOTO BBEIEHUS
1 pa3 B KaXJple 4 CyTOK 50% MacJssHOTO pacTBopa
CCl4 B 7103e 1 MJI/KT Macchl Tesa. Ilocme Kaxkaoro
TAaKOTO BBEJIEHUs Ha CJIEyIOIINe CYTKH uYepes
TIOWJIKY BBOJWJIH 6.5% BOJIHBIN PAcTBOP 3THJIOBOTO
ciupra (B cpeiHeM 40 MJI Ha Kpbicy). Beenenne CCl,
M BOJHOTO PACTBOpPA STHUJIOBOTO CIHUPTA IIPOJIOJ-
JKaJId B TeYEHHE 60 CyT, 10 GOPMHUPOBAHUA ITUPPO3a
IMeUYeHd C XapaKTEPHbBIMHU MPHU3HAKAMH B BHJE
acnuTa, THAPOTOPAKCa, TeMOpPpParuyecKkoro CHH-
JIpOMa | JIOKHBIMHU JIOJIbKaMH B TleueHHu. ;KHUBOT-
HBIM 2-# Tpynisl (remaTto3 + OJI) TOCTTOKCHYECKUH
rernaro3 MOJIEJIUPOBAIN TaK K€, KaK U JKUBOTHBIM
1-U TPyNIIBI, HO, HAYMHAA C 1-X CYTOK HKCIIEPUMEHTA,
1 pa3 B KaKk/ble 4 JHsS WHTPAIlEPUTOHEATBHO BBO-
JUATH TI0 2 M1 5% BogHoro pactBopa O/l (40 x/la).
Beenenune O]] xpricam 2-# rpymmsl (remaros + OJT)
MPOZIOJDKATU 10 60-X CYTOK. JKHMBOTHBIX BO BCEX
TPYIIIax Ha TPOTSI?)KEHUU SKCIIEPUMEHTA COIEPIKAIIH
B CTAH/IAPTHBIX YCJIOBUAX BUBAPUs HA CTAHIAPTHOU
J1ab0PATOPHOM AVieTe U BBIBOIVJIU M3 DKCIIEPHUMEHTA
Ha 30-€ 1 60-€ CyTKHU OT Hauajla BBEeJIEHUs TOKCHYe-
ckuX (haKTOPOB IyTEM JIEKAIUTAINH 107 HAPKO30M
M3 cMecH TiieTaMuHa (50 Mr) v 3o1a3enaMa (50 Mr)
10 0.1 MJI Ha 100 T Macchl TeJia.

Insa ucciemoBanus 3abupanu OOJIBIIYIO JIOJO
neuenu. [locie dpukcanuu o6pa3IoB neYeHu B 10%
3a0ydepeHHOM HEUTpasbHOM (OpMAaINHE UX IOJ-
BEprayii JJAJIbHENIIIEH CTAaHJIAPTHOU THUCTOJIOTHYE-
CKOI 06paboTKe: TPOBOAMIIN Yepe3 CEPUI0 CITUPTOB
BO3pacTaIled KOHIIEHTPAIlNH, 3aKJII0YaJIN B ITapa-
dun. Ha muxporome Microm HM355S (Thermo
Scientific, CIIIA) M3roTaBJauBaJInd I'MCTOJIOTHYECKHE
cpe3bl TOJIMUHON 5—6 MKM. IlosiyueHHbBIE Cpe3bl
OKpAIlIMBaIM TEMAaTOKCHJIMHOM M 503WUHOM. MMMy~
HOTHCTOXMMHUUECKOE OKDPAIIMBAHUE CPE30B IIPOBO-
JIJTN  CTaHJAPTHBIM IEPOKCUIA3HBIM METOJIOM,
MPUMEHSJIM MOHOKJIOHaIbHBbIe aHTutesna Kk TGF-f,
E-kanrepuny, sumentuny, SNAIL + SLUG B passe-
JICHUU,  PEKOMEHJIOBAHHOM  IIPOU3BOJIUTEJIEM
(Abcam, BesnmkobpuTaHus), ¥ JOKPAIINBAJINA TeMa-
TOKCHJIMHOM. KOJTMUeCTBEHHYIO OI€HKY SKCIIPECCHHU

Interstate Standard for the Care of Laboratory Ani-
mals (7th reissue, 2019).

The animals were divided into 2 groups. In group 1
rats, the post-toxic hepatosis was modeled by intra-
peritoneal administration of a 50% CCl, oil solution at
a dose of 1 ml/kg of body weight once every 4 days.
After each administration, on the following day, a
6.5% aqueous solution of ethyl alcohol (on average,
40 ml per 1 rat) was administered using a drinker. The
administration of CCl, and an aqueous solution of
ethyl alcohol was continued for 60 days until the for-
mation of liver cirrhosis with characteristic signs such
as ascites, hydrothorax, hemorrhage, and pseudo-lob-
ules in the liver. In group 2 animals (hepatosis + OD),
the post-toxic hepatosis was modeled in the same way
as in group 1, but since the 1st day of the experiment,
2 ml of a 5% aqueous solution of OD (40 kDa) was
administered intraperitoneally once every 4 days. The
administration of OD to group 2 rats (hepatosis + OD)
was continued for 60 days. Animals in all groups
throughout the experiment were kept in standard
vivarium conditions on a standard laboratory diet,
and were decapitated under tiletamine (50 mg) and
zolazepam (50 mg) at a dose of 0.1 ml per 100 g of
body weight on the 30th and 60oth days from the start
of the administration of toxicant solutions.

The large hepatic lobe was taken for the study.
After fixation of the liver samples in 10% neutral for-
malin solution, they were subjected to further con-
ventional tissue processing through ethanol of
increasing concentrations, and embedded in paraf-
fin. Serial sections of 5—6 um were made using a
Microm HM355S microtome (Thermo Scientific,
USA). Sections were stained with hematoxylin and
eosin. Immunohistochemical staining of sections
was carried out by the conventional peroxidase
method, monoclonal antibodies to TGF-, E-cad-
herin, vimentin, SNAIL + SLUG were used in the
dilution recommended by the manufacturer (Abcam,
Great Britain), and were counterstained with hema-
toxylin. The quantitative assessment of the expres-
sion of the above markers was performed using an
AxioStar microscope (Carl Zeiss, Germany) at mag-
nification x400 using a morphometric grid with a
test area of 1600 um?. The numerical density (Nai) of
liver nonparenchymal cells expressing TGF-f3
(Kupffer cells, endothelial cells, fibroblasts) was cal-
culated due to the ability of these cells to produce
this marker, their participation in the process of liver
fibrosis, inflammation [4]. The expression of E-cad-
herin, vimentin, SNAIL + SLUG was evaluated in
fibroblasts and hepatocytes [9].

Statistical analysis was performed using licensed
Microsoft software. The probability of significance of
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BBIIIIEYKA3aHHBIX (PAKTOPOB MPOBOAUIIU C HCIOJIb-
30BaHMEM CBETOBOTO MuKpockoma AxioStar (Carl
Zeiss, T'epMmaHus) mpu yBeJIMYEeHUU B 400 pas C
HCIIOJIb30BaHUEM MOP(MOMETPUYECKONH CeTKU ¢
TECTOBOH ILIOIIAABI0 1600 MKM2. IlomcuuThIBAIN
YUCJIEHHYI0 IUIOTHOCTH (Nai) HemapeHXMMaTO3HbIX
KJIETOK Ie4YeHH, skcupeccupyomux TGF-f (kiaerok
Kyndepa, sHpoTeauonuroB, ¢GuOpoOIacTOB), B
CBS3H CO CIIOCOOHOCTHIO BTUX KJIETOK IMPOJYIIHPO-
BaTh YKa3aHHBIN (aKTOp, yyacTueM HUX B IIpoliecce
(pubpo3upoBaHus TEeYeHU, BOCIAJIEHUH [4]. DKc-
npeccuio E-kaarepuna, sumentuna, SNAIL + SLUG
oleHuBaH B pubpobiracTax v rematonurax [9].
Crartuctuueckuil aHaIN3 IPOBOAIN C HCIOJIb-
30BaHUEM JIUIIEH3UPOBAHHOTO MPOTPaMMHOTO 00e-
crieueHuss Microsoft. BepoATHOCTD JTOCTOBEPHOCTH
pasyuuuil CpefHUX BEJIUYUH MEXJy CpaBHHBae-
MBIMH TPU3HAKAMH OIEHHUBAJIM TIPU MOMOIIH
t-xpurtepus CTbIOIEHTA, IPU YCJIOBUN HOPMAJIBHOTO
pacmpesesieHus BeJIMYNH B BADUAIIIOHHOM DSZY.

PE3YJ/IBTATDBI

3a BpeMs S5KCIEepUMEHTa JIETAJIBHBIX HCXO0B
CpeIu JKUBOTHBIX 1-H U 2-U IPyNIIbI He HAOJII0TaTH.
MaxkpoCKOIHYeCKH ITeYeHb KPbIC 1-H rpymnsl (remna-
TO3) ObLJIa IJIOTHOH, ¢ OYTPHUCTOM y3JI0BATOM IOBEPX-
HOCTBIO, TYCKJIOTO KpacHOro 1seTa. [Ipu MUKPOCKO-
MIIYECKOM HCCJIE/IOBAaHUU IeYeHU KpbIC 1-H (rema-
TO3) TpyIIbl OOHapyKuBaysu ¢Gubpo3 B 00JaCTH
MOPTAJIbHBIX TPAKTOB, MEX/y JIOJIEK U B TOJIIIE
J0JIeK K 30-M cyTkaM. QOpMHpOBaHUE JIOKHBIX
JIOJIEK PA3JIMYHOTO pas3Mepa Habaomaaun Ha 60-e
CYTKH BKCIEpPHUMeHTa. Y KpbIC 2-U Tpymmsl (rema-
T03 + O/]) Ha 30-e U 60-e CyTKH IIeUeHb MaKPOCKO-
MUYeCKN ObLIAa TJIAJIKOW, TEeMHO-KPAcHOTO IIBETA,
IJIOTHO-3JIACTUYECKOW  KOHCHUCTEHIIMHM, a IpHU
MUKDOCKOIIMUYECKOM ~ HCCJIEIOBAaHUU  HAOJII0/1an
OTJIOXKEHUE KOJIJIaTeHA BOKPYT IMOPTAJIbHBIX TPaK-
TOB, O/THAKO B MHBIX JIOKATU3AIUAX OTHOCUTEIIHHO
CTPYKTYPBI IIeU€HOUHBIX JI0JIEK, a TaK:ke popMUPO-
BaHUA JIOJKHBIX JI0JIEK He HAOJTI0TITH.

YucsieHHAs [JIOTHOCTH TEMIATOIUTOB, SKCIIPECCU-
PYIOIIMX BUMEHTHH, IpeobsiaJiajia B IEeYeHH KPbIC
1-U rpynmbl (Trernaros), B CpaBHEHUU C TaKOBOU Y
JKUBOTHBIX 2-U rpynnsl (remato3 + O/) Ha 30-e u
60-e cyTku (TabJr. 1, puc. 1, A).

VY )KUBOTHBIX 1-# (renaTos) rpymnmsl Ha 60-e CyTKH
OTMEeYaJd B 3 pa3a MEHBIIYI0 YHCJIEHHYIO ILIOT-
HOCTB I'el1aTOIIUTOB, SKCIIpeccupylomux E-kaireprH,
B CPaBHEHUM C TAaKOBOU y KpbIC, mosyuaBmux O/]
(2-s rpynma) (cm. Taba. 1, puc. 1, B).

VY KUBOTHBIX 1-H (rematos) IpyIIbl Ha 30-€ U
60-e CYTKU OTMeYayid B 2 pasa U 5 pa3 OOJIBIIYIO
YHCJIEHHYO TUIOTHOCTD TeNaTOI[UTOB, SKCIIPECCUPY-

differences between the compared mean values was
determined using the Student’s t-test, provided that the
values were distributed normally in the variation series.

RESULTS

During the experiment, fatal outcomes were not
observed among animals of the 1st and 2nd groups.
Macroscopically, the liver of group 1 rats (hepatosis)
was dense, with a lumpy, nodose surface, dull red in
color. Microscopic examination of the liver of rats
with hepatosis (group 1) revealed fibrosis at the por-
tal tracts, between the lobules and within the lobules
by the 30th day. The formation of pseudo-lobules of
various sizes was observed on the 60oth day of the
experiment. In group 2 rats (hepatosis + OD) on the
3oth and 60th days, macroscopically the liver was
smooth, dark red in color, solid and elastic, and dur-
ing microscopic examination the deposition of colla-
gen around the portal tracts was observed, however,
in other localizations, with respect to the hepatic lob-
ule structure, it was not found, as well as the forma-
tion of pseudo-lobules.

The numerical density of hepatocytes expressing
vimentin prevailed in the liver of group 1 rats (hepa-
tosis), in comparison with that of group 2 animals
(hepatosis + OD) on the 30th and 60th days (Table 1,
Fig. 1, A).

In animals of the 1st (hepatosis) group on the
60th day, a 3-fold lower numerical density of hepato-
cytes expressing E-cadherin was observed in com-
parison with that in rats receiving OD (group 2)
(Table 1, Fig. 1, B).

In animals of the 1st (hepatosis) group on the
3oth and 60th days, a 2-fold and 5-fold higher
numerical density of hepatocytes expressing SNAIL +
SLUG was noted in comparison with that in rats
treated with OD (group 2) (Table 1, Fig. 1, C).

The numerical density of fibroblasts expressing
vimentin prevailed in the liver of group 2 rats (hepa-
tosis + OD), compared with that of group 1 animals
(hepatosis) on day 30 (Table 2).

In animals of the 1st (hepatosis) group on the
60th day, a 6-fold higher numerical density of fibro-
blasts expressing E-cadherin was noted in compari-
son with that in rats treated with OD (group 2)
(Table 2).

In animals of the 1st (hepatosis) group on the
3oth and 60th days, a 6 and 7 times greater numeri-
cal density of fibroblasts expressing SNAIL + SLUG
was observed in comparison with that in rats treated
with OD (group 2) (Table 2).

It is known that SNAIL + SLUG proteins are
involved in disruprion of the assembly of cytoskele-
ton filaments of the epithelial cells, thus contributing
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Ta6suna 1. YucnenHas niaoTHOCcTh (Nai) renaTouuToB, IKCIPECCUPYIOLIUX MapKEPbI AU TeNIHaTbHO-Me3eHXUMaIbHON
TPaH3ULMH B Ie4eHHU KPbIC IPU TIOCTTOKCHYECKOM I'ellaTo3€ U B YCJIOBHUAX KOPPEKLUH OKUCJIEHHBIM AieKcTpaHoM (M + m)
Table 1. Numerical density (Nai) of hepatocytes expressing epithelial-mesenchymal transition markers in the liver of rats
with post-toxic hepatosis and treated with oxidized dextran (M + m)

Iloka3aTesib Ilepuoa Ha6 0geHNs (CyT) 1-a rpynna 2-g rpynna
Marker Follow-up (day) 1st group 2nd group
E-kaarepun 30 2.2+0.19 2.9+0.28
E-kadherin 60 1.9+0.15 5.9 +0.41*
BuMeHTHH 30 0.4+0.12 0.14 £ 0.07*
Vimentin 60 0.77 £ 0.19 0.03 + 0.03*
SNAIL + SLUG 30 3.7+0.26 1.9+0.28
60 59+0.45 0.1 +0.05*

* JlocTOBepHbIE pa3INYus CPeHUX BeJIMIUH Mexy 1-# u 2-i rpynnamu (p < 0.05).
* Differences of average values between the 1st and 2nd groups are significant (p < 0.05).

Puc. 1. DKCIIPECCHUs UCCIIEyEMbIX OEIKOB HEMAapEHXMMATO3HBIMU U [IAPEHXUMATO3HBIMY KJIETKAMU II€Y€HU KPbIC
1-i1 rpymmsl (remnaros) Ha 60-€ CyTKH 9KCIIEpUMEHTa: A — BUMEHTHHA B renaronurax; B — E-kajreprna B rermatorurax
u bubpobiacrax; C — SNAIL + SLUG B dubpobaacrax u renarorurax; D — TGF- B dubpobiacrax.
JloKpaluBaHyie reMaTOKCHIMHOM. YBeJIHUeHHE X400
Fig. 1. Expression of the studied proteins by liver nonparenchymal and parenchymal cells of group 1 rats (hepatosis) on
the 60th day of the experiment: A — vimentin in hepatocytes; B — E-cadherin in hepatocytes and fibroblasts; C — SNAIL +
SLUG in fibroblasts and hepatocytes; D — TGF-f in fibroblasts. Counterstaining with hematoxylin. Magnification x400
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Ta6smua 2. YucnenHas miotHocTb (Nai) pubpo6s1acToB, aKCIIPeCCUPYIOLIMX MapKepbl AU Te/IMalbHO-Me3eHXUMaIbHOM
TPAH3UIMY B TeYeHHU KPBIC C TOCTTOKCUYECKUM I'ellaTO30M U B YCJIOBHUAX KOPPEKIIMHU OKUCJIEHHBIM JieKcTpaHoM (M + m)
Table 2. Numerical density (Nai) of fibroblasts expressing epithelial-mesenchymal transition markers in the liver of rats
with post-toxic hepatosis and treated with oxidized dextran (M * m)

IToxasaTeJsib Ilepnoa Ha6/mogeHNs (CyT) 1-a rpynna 2-g rpynmna
Marker Follow-up (day) 1st group 2nd group
E-kaprepun 30 0.5+0.17 0.2 +0.09
E-kadherin 60 1.2+0.27 0.2 + 0.06*
BuMmeHTHH 30 0.4+0.14 1.5+0.33*
Vimentin 60 1.5 +0.37 1.3+0.38
SNAIL + SLUG 30 0.6 +0.16 0.1+0.08*
60 0.7 +0.19 0.1+0.07*

* JlocTOBepHbIe Pa3INYMs CPeHUX BeJUYHNH Mexay 1-1 u 2-i rpynnamu (p < 0.05).
* Differences of average values between the 1st and 2nd groups are significant (p < 0.05).

omux SNAIL + SLUG, B cpaBHEHHH C TaKOBOHU Y
Kkphic, noayuaBmux OJ] (2-s1 rpynma) (cm. Tabi. 1,
puc. 1, C).

YucsieHHas IWIOTHOCTh GUOPOOIACTOB, SKCIIPEC-
CUPYIOIINX BUMEHTUH, IIPe00Jiaiayia B IeUeH KPbIC
2-i1 rpynmsl (renato3 + O/]), B cpaBHEHUH € TAKOBOU
y JKHBOTHBIX 1-H rpynmsl (remnato3) Ha 30-€ CYyTKH
(Tabi. 2).

VY )KUBOTHBIX 1-# (renaTos) rpynisl Ha 60-e CyTKU
OoTMeYasu B 6 pa3 OOJIBIIYIO YHCIEHHYIO IVIOTHOCTD
¢pubpobiactos, sKcIpeccupyomux E-kajrepuH, B
CPaBHEHUH C TAKOBOH Y KpbIC, mosryuasmux O] (2-1
rpymma) (cM. Tabu. 2).

VY JKUBOTHBIX 1-U (remaTo3) TPYIIBI Ha 30-€ U
60-€e CyTKH OTMeYaTH B 6 1 7 pa3 OO0JIBIIYIO YHCIEH-
HYIO IUIOTHOCTb (bUOPOBIIACTOB, SKCIIPECCUPYIONIUX
SNAIL + SLUG, B cpaBHEHHHU C TaKOBOU y KpBIC,
nosyuyaBiiux O/ (2-s rpymma) (em. Tabs. 2).

N3BectHO, uTo 6esiku SNAIL + SLUG yuacTByOT
B HapylleHUUu cOOPKH (PHUIaMEHTOB IIMTOCKEJIEeTa
SIIUTEJINAJIBHBIX KJIETOK, TAKUM 00pa3oM Crocob-
CTBYs1 OOpeTeHUI0 KJIETKOU Me3eHXUMAaJIBHOTO WJIN
Me30ZiepMaIbHOTO UMMyHOdeHoTHIa [10]. Mcce-
JIOBaHUE YHCIIEHHON IUIOTHOCTH KJIETOK, 9KCIIPECCHU-
pyrorux SNAIL + SLUG, nokasaso, 4To y KpbIC 1-H
Ipymisl (Ternaro3) BeJIMYUHA UCCIeIyeMOoro oKa3a-
TeJis ¢ 30-X 1o 60-e CyTKU Bo3pocia Ha 35 %, Toraa
KaK y »KUBOTHBIX 2-U rpynmsl (renato3 + OJ) dwuc-
JIeHHasd IUIOTHOCTh KJIETOK, OSKCIPECCUPYIOIUX
SNAIL + SLUG, ymMeHBIITUI0Ch HAa Q0 % B aHAJIOTHY-
HBIU IIepuoJi sKcliepruMeHTa. [Ipy 3TOM unciaeHHas
IUIOTHOCTh KJIETOK, SKcIpeccupyomux SNAIL +
SLUG, Ha 30-e 1 60-€ CyTKH B II€YEHU KPbIC 1-i
rpynmsl (renato3) 6buia Ha 53 U 97 % Gosiblielr B
CPaBHEHHHM C TAaKOBOH B I€YEHU >KUBOTHBIX 2-H
rpymisl (rematos3 + O/]) (cm. Taba. 1, puc. 1, C).

to the acquisition by the cell of a mesenchymal or
mesodermal immunophenotype [10]. A study of the
numerical density of cells expressing SNAIL + SLUG
showed that in rats of group 1 (hepatosis), the indica-
tor increased by 35% from the 30th to the 60th day,
whereas in animals of group 2 (hepatosis + OD), the
numerical density of cells expressing SNAIL + SLUG
decreased by 90% in the same time period. At the
same time, the numerical density of cells expressing
SNAIL + SLUG on the 30th and 60th days in the liver
of group 1 rats (hepatosis) was 53 and 97% higher
compared to that in the liver of group 2 animals
(hepatosis + OD) (Table 1, Fig. 1, C).

In the liver of animals of the 2nd group (hepatosis
+ OD), a lower numerical density of cells expressing
SNAIL + SLUG, in comparison with that of animals
of the 1st group (hepatosis), was combined with a
less pronounced (2.5 times — on the 3oth day and
3.6 times — on the 60th day) expression of TGF-§
(Table 3, Fig. 1, D).

DISCUSSION

The results obtained indicate the predominance of
cells expressing vimentin in the liver of rats with post-
toxic hepatosis (group 1), which is probably associ-
ated with the expression of SNAIL + SLUG and TGF-f3
and contributes to the mesenchymal transformation
of liver cells and the progression of fibrosis with the
formation of pseudo-lobules [11, 12]. At the same
time, the OD has the ability to mediate less active pro-
duction of TGF-f by liver cells, to prevent the forma-
tion of a mesenchymal trend in cell differentiation
and the development of liver fibrosis and cirrhosis.

The result of the study demonstrates the involve-
ment of EMT markers in the antifibrotic activity of
OD, which is realized in a lower production of TGF-3
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Ta6una 3. YucsienHas mioTHocTh (Nai) HelmapeHXMMATO3HbBIX KJIETOK NeYeHU KPbIC, IKcpeccupyoomux TGF-f3,
NPU NOCTTOKCUYECKOM renaTo3e U B YCI0BUSAX KOPPEKIMU OKHCJIEHHBIM JleKcTpaHoM (M + m)
Table 3. Numerical density (Nai) of liver nonparenchymal cells of rats expressing TGF-f in post-toxic hepatosis

and treated with oxidized dextran (M * m)

IlokasaTeJ/ib Ilepuoa Ha6m0aeHMs (CyT) 1-a rpynna 2-1 rpynmna
Indicator Follow-up (day) 1st group 2nd group
Knetky, akcnpeccupytomue TGF-3 30 3.8+0.33 1.5 +0.22*
Cells expressing TGF- 60 6.5 + 0.47 1.8 +0.18*

* JlocTOBepHbIE OTJIMYHS TPU CPAaBHEHHUH BeJIUYHH 1-U 1 2-1 rpynmsl (p < 0.05).
Differences of average values between the 1st and 2nd groups are significant (p < 0.05).

B meuenu >kUBOTHBIX 2-1 rpynmsl (rernaros + O/])
MEeHbIIIas YHCJIeHHASA IJIOTHOCTh KJIETOK, DKCIIPec-
cupyomux SNAIL + SLUG, B cpaBHEHHUU € TAKOBOU
y JKHBOTHBIX 1-H TPyIIbI (Ternaro3), coyeTaaach C
MeHee BhIpaKeHHOH (B 2.5 pa3a — Ha 30-€ CYyTKH U B
3.6 paza — Ha 60-e CyTKH HKCIEPUMEHTA) SKCIIPEC-
cueit TGF-f (tabu. 3, puc. 1, D).

OBCYK/IEHUE

[TosiyuyeHHBIE pE3YJIbTATHI YKa3bIBAIOT Ha IIPE0D-
JIalaHNe KJIETOK, SKCIIPEeCCHUPYIOIINX BUMEHTHUH, B
IeYeHU KPBIC C IOCTTOKCUYECKHM Ternaro3oM (1-s
IpymIa), 4To, BEPOSTHO, CBA3aHO C SKCIIpeccuel
SNAIL + SLUG u TGF-P u ciocobCTByeT «Me3eHXH-
MaJTBHOM» TpaHChOPMALUH KJIETOK ITeYEeHU U IIPO-
rpeccupoBaHuio Gpubpo3a ¢ 06pa3oBaHUEM JIOKHBIX
nmoJek [11, 12]. Bmecre ¢ tem O/ obJ1azaer criocobHo-
CTBIO OIIOCPEJIOBATh MeHee aKTHUBHYIO NPOAYKIIHIO
wietkamu neuenn TGF-f, npensarcrBoBarh Gpopmu-
pOBaHUIO «ME3€HXHMAaJbHOW» HAIPaBJIEHHOCTH
nuddepeHITIPOBKY KIETOK U pa3BUTHIO Gubposa u
UPPO3a IIeYeHHU.

PesysibTaT IPOBEZIEHHOTO UCCIIEIOBAHUSA IEMOH-
crpupyert yuactue MmapkepoB OMT B mpotuBodubpo-
truaeckoil addexruBroctn O/, KOTOpas peaynsy-
eTcsi B MeHbIed npoaykuuu TGF-f u ero uuaykro-
poB SNAIL + SLUG, uTo, BEpPOSAITHO, CBSI3aHO C JIN30-
COMOTDOITHOCTBIO U MeJJIeHHOH fierpasanveii O/l B
BAaKyOJIADHOM aIlmapaTe MakpodaroB, y4acTBYIO-
X B OTBETHOU peaKI[UU Ha IOBPEXK/EHNE ITeUeHN
IIPH IIOCTTOKCUYECKOM TrelaTo3e U IOoCceAyroIei
pelnapanuu opraHa.

OueBuHO, YTO IPH GUOPO3€E U IUPPO3€ MEUEHU
Makpodaru nedeHU HMMeEIOT ABHbIE YepThl KJIETOK
tuna M2 [12, 13]. IIpu 3TOM BbICOKasT SKCIIPECCHUs
TGF-f B HemapeHXWMATO3HBIX KJIETKAX IMEYeHH
coueTajlach CO CHUKeHUeM dKcupeccuu E-kazre-
pUHa, yBeJIUYEHHEM HKCIIPECCUU BUMEHTHHA, OTpa-
skad npoAsiaeHua OMT kak B NapeHXUMAaTO3HBIX,
TaKk W HeNapeHXMMAaTO3HBbIX KJIeTKaxX IedeHu [9].
Mo2xkHO TIpeinoIoKUTh, YTO puMeHeHue O/] mipu-
BOJUT K HaKOIUIEHUIO ero B Makpodarax, B TOM

and its inducers SNAIL + SLUG, which is probably
due to lysosomotropic activity and slow degradation
of OD in the vacuolar apparatus of macrophages
involved in the response to liver damage in post-
toxic hepatosis and subsequent organ repair.

It is obvious that in liver fibrosis and cirrhosis,
liver macrophages have distinct features of M2 cells
[12, 13]. At the same time, the high expression of
TGF-f in liver nonparenchymal cells was combined
with a decrease in the expression of E-cadherin, an
increase in the expression of vimentin, reflecting the
manifestations of EMT in both liver parenchymal
and nonparenchymal cells [9]. It can be assumed that
the use of OD leads to its accumulation in macro-
phages, including in Kupffer cells, which prevents
their expression of TGF-§ and its inducers SNAIL +
SLUG. In addition, the OD may interfere with the
assembly of collagen from tropocollagen by forming
strong bonds with aldehyde groups [8]. The decrease
in fibroplastic complications in the liver may also be
due to a decrease in the expression of TGF-3, SNAIL
+ SLUG, vimentin in fibroblasts.

CONCLUSION

The study conducted allows us to draw the follow-
ing conclusions:

1. In post-toxic hepatosis, the expression of TGF-3,
SNAIL + SLUG, and vimentin proteins increases in
liver parenchymal and nonparenchymal cells, con-
tributing to the acquisition of a mesenchymal immu-
nophenotype by cells, which leads to an increased pro-
fibrotic activity and formation of liver cirrhosis.

2. The use of the OD in post-toxic hepatosis
reduces the expression of vimentin, TGF-3 and epi-
thelial-mesenchymal transition-associated proteins
in liver parenchymal and nonparenchymal cells,
which decrease the severity of fibroplastic processes
and prevents the liver cirrhosis development.
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yuciie B KieTkax Kymdepa, 4To mpensTcTByeT 3KC-
npeccur umu TGF-f u ero waaykropoB SNAIL +
SLUG. Kpome Toro, O/I, BO3MOKHO, IIPEMATCTBYET
cOOpKe KoJUIareHa U3 TPOIOKoJIIareHa IryTeM o0pa-
30BaHUs MMPOYHBIX CBA3EH C aJIB/IETUTHBIMU TPYTI-
namu [8]. CHmkeHre GUOPOILIACTUYECKUX OCJIONK-
HEHUU B MEUYeHU MOJKET OBITh TaK:Ke OOYCJIOBJIEHO
ymenblieHrem skcrpeccun TGF-f, SNAIL + SLUG,
BUMEHTHHA B pubpobacrax.

3AK/IOYEHUE

[TpoBeneHHOE HCCTe0BAHIE TI03BOJISAET CIEIaTh
CJIeMTyIOIIHe BHIBOIBI:

1. IIpu TOCTTOKCUYECKOM TeltaTo3e B HapeHxuMa-
TO3HBIX U HEMAPEHXHMMATO3HBIX KJIETKaX IeYeHU
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K panHeu muarHocruke Ky-iuxopaaku (0030p iurepaTrypsbl)
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AHHOTAITUA

B 0630pe Ha OCHOBAHUU JIAHHBIX JINTEPATYPHI IPEJICTABIEHBI COBPEMEHHBIE CBEZIEHHS O IIUPOKOM CIIEKTPE KIIMHIUIECKUX
nposiBiaeHui Ky-iuxopasku, a Takke 0 JIabOpaTOPHBIX MeTOJ|aX JAMATHOCTUKH 3aboseBaHus. Ky-auxopaska sBIIseTC
MIPUPOHO-0YArOBBIM 3a00JIEBAHIEM ¢ MHOTOOGpa3HeM IyTel mepeaayn ee Bo30yauresss — Coxiella burnetii. OCHOBHBIMHA
[IEPEeHOCUYUKAMHU KOKCHEJIT SABJIAITCS UKCOJIOBBIE KJIEIH, B AaHTPOIyPIMUECKUX 09araX UX IMPOKOPMHUTEJIAMHU SABJISAIOTCS
JIOMalIlIHHE U CeJIbCKOX03sAHcTBeHHbIe )kuBoTHbIe. Hanmuune oyaros Ky-nuxopagku B HoBocu6upckoi 061acTH yCTaHOB-
JIEHO ellle B 9O-X rofiax IMPOILIOro BeKa, OHAKO JabopaTOpHAas AUATHOCTUKA B TEUEHIE JIBYX ITOCIIEHIX IeCATHIETHH He
IIPOBO/IMJIACK. B CBsI3U ¢ MOTMMOPGU3MOM KIMHUIECKOH CUMIITOMATHKYU 60JI€3Hb HE NMeeT TATOTHOMOHUYHBIX TPU3HA-
k0B. OCHOBHBIMU IIPOSIBJIEHUSIMU OCTPO# Ky-JTMXopazky ABISAIOTCA JINXOPAZKa, MUAJITHH, THEBMOHUA. II0ATBepKIeHIE
JINarHO3a BO3MOKHO TOJIBKO ITPH BBISABJIEHUH T€HETHUECKUX U CEPOJIOTHYECKUX MapKepoB Bo30yautestst Coxiella burnetii,
4uTO 1O03BOJIAET AUpdepeHInpoBaTh Ky-IMXopajiky OT APYyrux MH(QEKIUH U CBOEBPEMEHHO HA3HAUUTH HEOOXOIHMYIO
TepaInuio.

Kaouesvle crosa: Ky-nuxopazka, KOKCHeIIIes3, SIIU/IEMUOJIOTHA, KIMHUYecKas KapTHHA, AUArHOCTHUKA.

Oo6pasen murTupoBaHnusna: Bmomkesuu A.H., Kpacaosa E.U., Xoxnosa H.U., I[IpoBopoBa B.B., Ky3suerosa B.T.,
IMosgusakosa JI.JI., Boumgapenko E.U., Yassauosa f.C., Konnakosa T.A., Ilonay6nas JI.B. K panne# nuarHoctuke Ky-
smxopanku (063o0p aurepatypsl) // Journal of Siberian Medical Sciences. 2023;7(2):138-149. DOI: 10.31549/2542-
1174-2023-7-2-138-149

Revisiting the early diagnosis of Q fever (literature review)

A.N. Vyazhevich* 2, E.I. Krasnova', N.I. Khokhlova!, V.V. Provorova!, V.G. Kuznetsova!,
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ABSTRACT

Based on literature data, the review presents current information on a wide range of clinical manifestations of Q fever, as well
as on laboratory methods for diagnosing the disease. Q fever is a zoonotic disease with a variety of transmission routes of its
pathogen — Coxiella burnetii. The main carriers of coxiellas are ixodid ticks; in anthropogenic foci their hosts are domestic
and livestock animals. The Q fever foci in the Novosibirsk region were found back in the 9os of the last century, however,
laboratory diagnostics was not performed over the past two decades. Due to the polymorphism of clinical symptoms, the
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disease has no pathognomonic signs. The main manifestations of acute Q fever are fever, myalgias, pneumonia. Confirmation
of the diagnosis is possible only if genetic and serological markers of the causative agent Coxiella burnetii are identified,
which makes it possible to differentiate Q fever from other infections and prescribe appropriate therapy in a timely manner.
Keywords: Q fever, coxiellosis, epidemiology, clinical picture, diagnosis.
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Ky-nmuxopaznka — ocrpas TPHUPOHO-OYaroBas
300HO3HAsA NHPEKIIMOHHASA 060JIe3Hb ¢ pa3HOOOpa3-
HBIMH MeXaHU3MaMH{ Iepefiaudl  BO3OyAHTEA,
XapaKTepPU3YIOIIascs Pa3BUTHEM PpAaCIPOCTPAHEH-
HOTO DPETHUKYJIO3H/IOTEIN03a. 3a00JIeBaHUI0 CBOM-
CTBEHHBI JINXOPAJIKa, MHTOKCUKAIIUA, IOPa’KEeHUe
OpPraHOB JIbIXaHUS W APYTUX CHCTEM, B OTAETHHBIX
CJIyyasix — CKJIOHHOCTh K 3aTSIPKHOMY M XPOHHYe-
CKOMY TE€UEeHHIO [1, 2].

Bosoyaurens Ky-nmuxopagku — Coxiella (C.) bur-
netii. J1o 90-X roZ{0B IIPOIILJIOTO BeKa 3TOT HHQEKITU-
OHHBIN areHT OTHOCHJIM K PUKKETCHUAM H3-32 TPAHC-
MUCCHUBHOU TIepefauu BO3OYAUTENS UIEHUCTO-
HOTUMU U BHYTPUKJIETOUHOTO DPa3MHOKEHUSA B
opraHax-MuileHsx [3]. B Hacrosiee Bpemsa mociie
pacmindpoBku reHoma C. burnetii ompeaesnsieTcs
KaK IpeJcTaBUTeNb Kiaacca Gammaproteobacteria,
cemerictBa Coxiellaceae, mnopsinka Legionellales
(IT rpynma naToreHHOCTH), B KOTOPBIH BXOJAT JIETH-
oHesutbl. Kokcne sl 001aal0T BBICOKON MHBA3UB-
HOCTBIO, IPOHUKAIOT Yepe3 HEMOBPEXK/EHHbIE CJIH-
3UCThIe OOOJIOUKH M MHUKPOTPaBMBI KOXKH. OHH
BBICOKO BUPYJIEHTHBI /IJIs YeJIOBeKa, UHPHUIUPYIO-
I1as 1032 MOKET COCTABJIATH MeHee 10 KJIETOK [2].

[TepBOe B MHpe KJIMHHUYECKOE OMHCAHNE HH]EK-
MY cJIeJTast B 1937 T. 3. JleppuK, KOTOPBIH COOOIIHIT
o C. burnetii mpu paccyieZlOBaHUHM BCIIBIIIKA
(ebprIbHBIX 3a00JI€BaHUH cpefy paboyux CKOTO-
6oeH B bpucbene (KBuHcieH 1, ABCTpasIvs) U IIpes-
Jgoxun HazBaHue «Ky-nmxopaaka» [4]. IlepBoiii B
CIHIA cyuaii Ky-ynmxopaiku BBISBJIEH Y COTPYIHUKA
MHCTUTYTa, KYJIBTUBUPOBABIIEr0 HH(MEKIMOHHBIN
areHT, BblZiesieHHBIN X.P. KOXOM y MOPCKUX CBUHOK,
3apaskeHHbIX oOpasnoM kKieima [5]. B 40-x romax
XX B. omucanbl Bcublky B CeBepHoyt u IOxHOI
Awmepuke [6] u EBpome cpeay COM3HBIX BOHCK BO
BpeMsi Bropoii mupoBoii BoiiHsbI [7]. Ky-nmxopamaka
CUMTAJIACH OCTPHIM 3a00JIEBaHUEM, BBI3BIBAIOIIUM
BCIBIIIKY JIUXOPAJIKU U THEBMOHUH.

B 50—70-e roas1 XX B. Ky-muxopajsika onuchiBa-
JIach U KaK XPOHUYECKAsl IEPCUCTUPYIOIAast HHDEK-
OHsA C JUINTEJIBHON Jimxopaakod [8], momocTpsiM

Q fever is an acute zoonotic infectious disease
with a variety of pathogen transmission mechanisms,
characterized by the development of extensive retic-
ulosis. The disease is characterized by fever, intoxi-
cation, the respiratory tract and other systems’
lesions, and in some cases, a tendency to a protracted
and chronic course [1, 2].

The causative agent of Q fever is Coxiella (C.)
burnetii. Until the 9os of the last century, this infec-
tious agent was referred to as Rickettsia due to the
vector-borne transmission of the pathogen by arthro-
pods and intracellular growth in target organs [3]. At
present, after sequencing the genome of C. burnetii,
it is defined as a representative of the Gammapro-
teobacteria class, Coxiellaceae family, Legionellales
order (risk group 2), which includes legionellas.
Coxiellas are highly invasive, penetrating through
intact mucous membranes and microtraumas of the
skin. They are highly virulent for humans, the infec-
tive dose can be less than 10 cells [2].

The world’s first clinical description of the infec-
tion was given in 1937 by E. Derrick, who reported on
C. burnetii while investigating an outbreak of febrile
diseases among slaughterhouse workers in Brisbane
(Queensland, Australia) and proposed the name
“query fever,” or Q fever [4]. The first case of Q fever
in the United States was in an employee of the insti-
tute which was involved in the cultivation of an
infectious agent, isolated by H.R. Koch from guinea
pigs infected with a tick [5]. In the 40s of the XX cen-
tury, the outbreaks were described in North and
South America [6], and Europe among allied forces
during World War II [7]. Q fever was considered an
acute illness that caused outbreaks of fever and
pneumonia.

In the 50—70s of the XX century, Q fever has also
been described as a chronic persistent infection with
prolonged fever [8], subacute endocarditis with neg-
ative blood cultures and high titers of antibodies
against C. burnetii phase I antigens, bacteria were
isolated from the aortic valve of guinea pigs [9]. The
presence of phase I antibodies in the absence of clin-
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SHZIOKApZUTOM C OTPHUILATEIbHBIM PEe3yJIbTaTOM
IoceBa KPOBU U BHICOKMM YPOBHEM aHTUTET K aHTH-
renam Bo30OyauTens Ky-muxopanku dassr I; 6axre-
puu BbIesIeHBl U3 00paslia a0pTaJIbHOTO KJIarmaHa
MOpPCKUX CBUHOK [9]. Hanmuuue antuten ¢assl I mpu
OTCYTCTBUU KJIUHUYECKUX IIPU3HAKOB SIBJISAETCS
IIPU3HAKOM «IIEPCUCTUPYIOIIeH HHMEKIUH B IIPO-
nutom» [10]. I'pymma BceemupHOi opranusaiiuu
3apaBooxpanenus (BO3) Mo pukkeTcrosam ycTaHO-
BIJIA CEPOJIOTHYECKOE TIOPOTOBOE 3HAUEHUE TUTPOB
antutesn Gaspl I HA ypoBHe 1:200 s IHAarHO3a
«29HAOKAPAUT Ky-uxopagku» W €ro CHHOHHMA
«xpoHunyeckas Ky-nmuxopazka».

ITo manapiM BO3 Ky-n1uxopajika BbIABIAETCA
noBceMecTHO. B CIITA exeromHo permucrpupyercs
OKOJIO 200 cJiyyaeB 3a00JIeBaHUA C TEH/IEHINEH K
[IOCTOSIHHOMY YBeJIMUEeHUI0 UX umciaa. Iloxokas
cuTyanus otMedaercs B bosrapuu, @pannuu u I'ep-
Manuu. Bo Bpems Bcubeimku B Huzjepianmax B
2007-2011 I'T. YUCJI0 3aPETUCTPUPOBAHHBIX CIIyUaeB
nepBUYHOU Ky-tmxopajku cpenu el JOCTUTIIO
4108 [11].

B P® Ky-nuxopajzika peructpupyercs ¢ 1957 T.
ITo nanubpIM PeepasIbHOTO IeHTPA TUTUEHBI U S1IH-
JIEMHOJIOTUHU B 1957—2019 rojiax BepupUIIPOBAHO
13 836 ciyuaeB mpu mokazaTesie 3a00J€BaEMOCTU
0.1 Ha 100 THIC. HACEJIEHUsI, UTO TOBOPUT O CIOpa-
nudeckodl cutyarnuu. /[aHHYI0 HHQEKIUIO peru-
CTpUpPYIOT Oojiee UeM B 50 aMUHHUCTPATUBHBIX
OoKkpyrax. B 2000—-2019 rogax Ky-i1nxopasaka BbIAB-
JIsiIach IpeuMylnecTBeHHO B IOxkHOM demepasib-
HOM OKpYTe, IIPeXK/ie BCEro — B AcTpaxaHCKOH 00J1a-
ctu [8]. Hanuuwme aHTPOIYPTrUYECKHX OUYATOB
Ky-nmuxopanku B HoBocubupckoil obiactu ycra-
HOBJIEHO ellle B 90-X T'0jax MIPOILJIOro CTOJIETU, HO
JIOJDKHOTO BHUMAaHUA ee J1abOpaTOPHOM MarHo-
CTHKE He yJIeJIsIIoCh [12].

Hawubosee gyacTo 3apaskeHue JI0IeH IPOUCXOIUT
MIPSIMO WJIM OMTOCPEAOBAHHO OT CEIBCKOXO3SAHCTBEH-
HBIX JKUBOTHBIX. Benyiiee 3HaueHHe HMEIOT
BOBMIYIIHO-TIBUIEBOM IYTh TIepefayu HHOEKINH
BCJIE/ICTBHE BBICOKOH YCTOHYHUBOCTH BO30OYAUTEIISI BO
BHEIIIHEH cpejie M KOHTAKTHBIH, MEHBIIIee — aJINMeH-
TapHbId. TPaHCMUCCUBHBIN IyTh TepeNayudl SBJISA-
eTcs peaxkum [2].

MHOI'OOBPA3SUE KJIMHNYECKUX
IPOABJIEHUM KY-IUXOPAJTKU

KimHnueckasa kaptuHa Ky-mxopajku 3aBUCHAT
OT BHUDPYJIEHTHOCTH HWHQEKIIMOHHOTO IITaMMa
C. burnetii u GaxTOpOB pUCKA Y UHGUITTPOBAHHOTO
manueHTa. boyie3Hb mpoTekaeTr B OCTpoi dhopme B
40-60 % ciydaeB Jsub0 OeccumnToMHO [13].
C ocrpoii (popMO¥M TOCHUTATUZUPYIOT OT 2 710 20 %

ical signs is an indication of past persistent infection
[10]. The Consultation on the Laboratory Diagnosis
of Rickettsial Diseases of the World Health Organi-
zation (WHO) has established a serologic cut-off for
phase I antibodies titers at 1:200 for the diagnosis of
Q fever endocarditis and its synonym, chronic Q
fever.

According to WHO, Q fever is detected every-
where. In the United States, about 200 cases of the
disease are registered annually with a tendency to a
constant increase in their number. A similar situa-
tion is observed in Bulgaria, France and Germany.
During the outbreak in 2007-2011 in the Nether-
lands, the number of reported cases of primary Q
fever among humans has reached 4108 [11].

Q fever has been registered in the Russian Feder-
ation since 1957. According to the Federal Hygiene
and Epidemiology Center, 13 836 cases were verified
in 1957-2019 with an incidence rate of 0.1 per 100
000 population, which indicates a sporadic situa-
tion. This infection is registered in more than
50 administrative districts. In 2000—2019, Q fever
was detected mainly in the Southern Federal Dis-
trict, primarily in the Astrakhan region [8]. The
anthropogenic foci of Q fever in the Novosibirsk
region were revealed as early as the 9os of the last
century, but due attention was not paid to its labora-
tory diagnostics [12].

Most often, the infection of humans occurs
directly or indirectly from livestock animals. The
leading role is played by air-dust transmission due to
the high resistance of the pathogen in the external
environment, as well as percutaneous transmission,
less one — alimentary transmission. Vector-borne
transmission is rare [2].

VARIETY OF CLINICAL MANIFESTATIONS
OF Q FEVER

The clinical picture of Q fever depends on the
virulence of a C. burnetii strain and the risk factors
of an infected patient. The disease proceeds in an
acute form in 40-60% of cases or is asymptomatic
[13]. With an acute form, from 2 to 20% of patients
are hospitalized [14]. In 0.5-10% of immunocom-
promised individuals, a chronic form develops,
often bypassing the acute stage of the disease, in the
form of endocarditis with the lesions of the heart
valves [15].

The latency period lasts from 2 to 60 days, aver-
aging 19—21 days [16]. The most common acute
form of infection occurs in the form of a flu-like syn-
drome: it begins acutely, with the fever rising up to
39—40°C, with chills, diffuse headache, dry cough,
weakness, low appetite and sleep disturbances.
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3aboseBmIvx [14]. ¥ 0.5-10 % UMMYHOKOMIIPOMETH-
POBaHHBIX JIUI[ Pa3BUBAETCs XpOHHMUYecKas hopma,
HEpeZKO MUHYsSI OCTPYIO CTaJui0 OOJIe3HU, B BUIE
SHJIOKAp/UTA C TOpakeHueM KJIamaHoB cep/na [15].

MHKYyOAITMOHHBIA IIEPHUOT AJTUTCS OT 2 710 60 CYT,
B cpexHeM — 19—21 cyT [16]. Haubosee gyacto octpast
(bopma nHbEKIUY IPOTEKAET B BUE TPUIIIONON00-
HOT'O CHH/IPOMA: HAUMHAETCS OCTPO, C [TOIbeMa TEM-
mmepatypsl Teja 10 39—40 °C, ¢ 03H060M, auddys-
HOU TOJIOBHOH 0OJIbIO, CyXHUM KalllJIeM, CJIabOCThIO,
CHIDKEHHMEM allleTHTa U HapylileHueM cHa. Ilaru-
EHTBHI KAJIYIOTCsS Ha MUAITHH, OOJIb B CycTaBax W
IJ1a3HBIX 1010Kax. OTMEUAIOT TaK:Ke TOJIOBOKPYKe-
HUe, TOIITHOTY, PesKe — PBOTY, HOCOBbIE KPOBOTEUE-
Hus. Bemyle cUMNOTOMBI — JIMXOPaKa, TOJIOBHAS
0oJib, MuanTusa. Pexxe 00jie3Hb pa3BUBAETCS Me-
JIEHHO ¢ OIIyIIeHHeM AUCKOM(OpPTa, JIETKOro HeJ0-
MOTQHMS; TOSBJSIOTCA IOTJIUBOCTh, CJ1ab0OCTB,
rojioBHass 00Jib, TeMIIEpaTypa IIOBBINIAETCS 10
37.5—-38.5 °C. B oTcyTcTBUU JieueHUs JIMXOpAaKa
IaTes: 8—14 CyT, Y TPETH HAIUEHTOB — 3—7 CYT,
MOKET COXPAHATHCS 10 3 HeJl, HOCUT PEMUTTUPYIO-
mui xapakrep. CHIDKeHNEe TeEMITEpATyPhI TeJia Ipo-
XOZUT IO TUIy YCKOPEHHOTO JIM3WCa B TeUYeHUe
2-4 CyT, peKe KpUTHYIECKH.

B mocieayrore nHu 6osie3HU K Hecrenuduye-
CKMM CHMIITOMaM [PUCOEIUHSIOTCI MPU3HAKH
MOpa’keHusl Pa3JIUYHBIX OPTaHOB, B YAaCTHOCTH, B
8-32 % ciyuaeB — mHeBMOHUA [17]. IlamueHTHI
JKQIYIOTCs Ha 0OJIb M YyBCTBO CTECHEHUS B TPY/IU,
KallleJIb, yallle CyX0H, HHOT/Ia O/bIIIKY. OO'bEKTUBHO
OTMevaeTcss MPUTYIUIEHHE IEePKYTOPHOTO 3BYKa,
IIPU ayCKYJIbTAIUH — JKECTKOE JbIXaHUe, CyXUe WJIH
BJIQKHBIE XPHUIIbI. PEHTreHOJIoTHYeCcKasi KapTUHA B
JIETKUX BapbUPYeT U He MMeeT KaKUX-JIu00 ocobeH-
HOCTEH, MO3BOJISIONUX YCTAHOBUTH €€ KOKCHELIe3-
HO€e TIPOUCXOKJEHHE U OTJIUYUTh OT IOpa’keHHus
JIETKUX JIPYTOH STHOJIOTHH, UTO [TO3BOJISIET OTHOCHUTD
TaKoe MOPAKEHHE JIETKUX K ATUMTUYHON THEBMOHUHU
[14]. CHmKaeTcss MPO3pavYHOCTD AJIHBEOJI, YCUJIHUBA-
eTcsl IPUKOPHEBOU OPOHXUAIBHBIA PUCYHOK, TTOSB-
JITFOTCSL 3aTeMHEHHS B BHJE OT/JEJbHBIX OYaroB
OKPYTJI0H (DOPMBI C HEPE3KUMHU KOHTYPaMU Pa3ind-
HOU IJTOTHOCTH. BO3MOK€EH CyXOH B BKCCY/TaTHBHBIA
wieBput. IloJIHOE PEHTTEHOJIOTHYECKOe paspeliie-
HHE TIpoIlecca YacTo HACTyIaeT JIUIIbh Yepe3 6 mec
mocsie Havasia Gosie3nu. Kak mpaBuiio, ITHEBMOHUS
yaile BO3HUKAET y TOKUIBIX JIFO/IeH IPU HAJTUIUH Y
HUX UMMYHOZeDHUIINTa U COIYTCTBYIOIIMUX 3abosie-
BaHui [18].

[TporHo3 mpu mMHEBMOHUH, Bbi3BaHHOU C. bur-
netii, oOOBIYHO OJIATONIPUATHBIN, C UCUYE3HOBEHHEM
CHMIITOMOB B TeueHHe 30 JHel. B kauecTBe ocox-
HEeHUS B 1 % CJIy4yaeB, YTO YCTAHOBJIEHO BO BpeMs

Patients complain of myalgias, pain in joints and
eyeballs. Dizziness, nausea, less often — vomiting,
nosebleed are also noted. Leading symptoms are
fever, headache, myalgia. Less commonly, the dis-
ease develops slowly with a general feeling of mal-
aise, being unwell; sweating, weakness, headache
appear, bodytemperatureisgoing upto37.5-38.5°C.
In the absence of treatment, fever lasts 8—14 days, in
a third of patients it lasts for 3—7 days, persisting for
up to 3 weeks, and has remitting character.
A decrease in body temperature proceeds by the
type of accelerated lysis within 2—4 days, less often
the defervescence occurs by crisis.

In the following days of illness, nonspecific symp-
toms are accompanied by signs of damage to various
organs, in particular, pneumonia in 8—32% of cases
[17]. Patients complain of pain and tightness in the
chest, cough, often dry, sometimes shortness of
breath. Objectively, dullness of percussion sound is
noted, lung auscultation reveals harsh breathing, dry
or fine moist rales. The X-ray picture of the lungs
varies and does not have any features that make it
possible to establish its relation to Coxiella and dis-
tinguish it from lung damage of another origin,
which makes it possible to attribute such lung dam-
age to atypical pneumonia [14]. The X-ray translu-
cency of the alveoli decreases, the accentuated hilar
bronchovascular ~ pattern is observed, haziness
appears in the form of solitary foci of a rounded
shape with blurred contours, and of various density.
Dry and exudative pleurisy is possible. Complete
radiological resolution of the process often occurs
only 6 months following the onset of the disease. As
a rule, pneumonia develops more often in older peo-
ple with immunodeficiency and concomitant dis-
eases [18].

The prognosis for C. burnetii pneumonia is usu-
ally favorable, with disappearing of symptoms within
30 days. As a complication, in 1% of cases, which was
revealed during an outbreak in the Netherlands, the
respiratory distress syndrome may develop [19].
Fatal outcome was more common in patients with
comorbidities.

Often, patients have hepato- and splenomegaly.
Hepatitis is also characteristic of acute Q fever. It is
more common than pneumonia in endemic coun-
tries, such as Spain [20], Taiwan [21], etc. Cytolysis
is accompanied by fever, chills and headache,
anorexia, vomiting, sometimes diarrhea and pain on
palpation of the liver. Jaundice in severe hepatitis in
Taiwan occurred in 37% of cases. Patients with jaun-
dice experienced a longer duration of fever after ini-
tiation of antibiotic therapy compared with patients
without jaundice. Liver biopsy reveals granuloma-
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BembIkyu wHbeknun B Hugepiangax, Moxker pas-
BUTBHCS PECHUPATOPHBIA JUCTPECC-CUHAPOM [19].
JleTasIbHBIN UCXOJ] Yallle OTMEYAJICS y TAIUeHTOB C
COITyTCTBYIOITUMHU 3200I€BAHUSMU.

Hepenko y 6onbHBIX HAOJIIO/IaeTCs TremaTro- |
crieHOMerausi. 'emaTuT TakyKe XapaKTepeH JJist
octpoit Ky-nmuxopaaku. OH uaile, yeM MTHEBMOHUS,
BCTpeuaeTcss B SHAEMUUYHBIX CTpPaHAX, TaKUX Kak
Wcnanus [20], TatiBans [21] u ap. CUHIAPOM LIHTO-
JIN3a COIPOBOXK/AETCA JIMXOPAAKOH, O03HOOOM U
TOJIOBHOU 60JIBbI0, aHOPEKCHEH, PBOTOW, HHOT/IA JTAA-
peeii u 6oJibl0 TIpU TIbIAUU TeueHu. JKesryxa
IIpU TSKEJIOM remaTuTe Ha TaiiBaHe BCTpeuasach B
37 % ciiydaeB. Y TAIIMEHTOB C KEJITyXOW HabJIIo/1a-
Jlach 6oJsiee AJIUTeNIbHAS JIUXOPAJIKa MOC/Ie Havyasa
aHTHOAKTEpUATBbHON Tepamuu, 0 CPaBHEHUIO C
manueHTaMu 6e3 kentyxu. [Ipu OuUoIcUHM TIeYeHH
OOHApYKMBAIOT TPAHyJEeMATO3HBIA TEMaTUT |
OCTPBIN XOJAHTUT 0e3 rpanysiemsbl [22]. I[IporHo3
[IpU OCTPOM TemaTtuTe, Bei3BanuoM C. burnetii, 61a-
TONPUATHBIN, CMePTeTbHbIE CIyYau U3-3a MeUeH0Y-
HOU HEZIOCTATOYHOCTU PEIKU.

OcCTpbI¥ IEPUKAPUT BCTpEUaeTcs B 1 % cirydaen
Ky-nmuxopanku [23]. TsxkecTs cylyuaeB mepUKapanTa
passinyHa, BO3MOXKHA OTACHAs ISl )KU3HU TaMIIO-
Haza. OcTpbId MUOKAPAUT IIPEJCTABIISIET COO0H pej-
Kyto ¢hopMy nepBUYHOM nHpeKIuu [24], cocraBiser
OT 0.5 710 1 % Bcex ciyuaeB Ky-nuxopaaku. Jletanb-
HBIA UCXOJT OTMEUEH y 7 U3 23 60IbHBIX (30 %), 4TO
CBUJIETEIBCTBYET O HeOJIATOIPHUATHOM IPOTHO3€
KOKcHeiesHoro muokapauta [25]. Ocrpas Ky-yiu-
XOpaZiKa JOJDKHA YUUTHIBATHCS IIPH JIUATHOCTHUKE
OCTPOTO MHOKAPUTA, TOCKOJIbKY aHTHOAKTEPHUAIh-
Hasl Tepamus MOXXET 3HAUUTEJIHHO YJIYUIIUTDH IIPO-
THO3 IIPU TAHHOU MOTEHITUATBHO (paTaybHOH JIOKa-
JIN3AIUH.

IHIOKapAuT, BbI3BaHHbIH C. burnetii, 10 CUX IOP
CUHTaeTCs NPOsBIEHNEM XpoHHUuYeckoi Ky-mmxo-
pazku, KoTopas BO3HUKAET B 2—10 % cJIyyaeB mociie
octpoii craauu [26]. B 60-70 % ciayuaeB KOKcue-
JIE3HBIN SHJIOKAPIUT 3aTparvBajl aOPTaJIbHBIA WU
MUTDPJIbHBIM KJIATlaHbl, HHOT/A 00a, C pPa3BUTHEM
COOTBETCTBYIOIUX CHUMIITOMOB U CEPAEYHON HeNo-
CTaTOYHOCTHU. VIMeroTesl cOOOIIe N 0 CIyIanx H/I0-
Kap/IUTa y 9 MaIllueHTOB, Y KOTOPHIX BETe€TAIlUH JIOKA-
JIN30BAINCh HA QOPTaJIbHOM KiiamaHe. Ilommmo
CUMIITOMOB 5HJIOKApAUTA, ¥ HUX OTMEYEHBI JIUXO-
pazka, THEBMOHUSA WU TeNaTUT. B kaTamHese oguH
ManueHT yMep CIyCTs 15 MecC IIOCJIe YCIIEITHOTO
JedeHus nepBuuHOU Ky-ymxopaaku oT mHapkTa
OpbIXKEUKH, Y 6 Pa3BUJICSA MEPCUCTUPYIOIIUHI DH/IO-
kapaut, BbeI3BaHHBIA C. burnetii. Ilpemuxropamu
Ky-nmmxopaznku ¢ nmopakeHHeM KJIAIlaHOB cepjla y
JTAHHBIX OOJIBHBIX OKA3aJIUCh UMMYHOCYIIPECCHUS U

tous hepatitis and acute cholangitis without granu-
loma [22]. The prognosis in acute C. burnetii hepati-
tis is favorable, and deaths due to liver failure
are rare.

Acute pericarditis occurs in 1% of cases of Q fever
[23]. The severity of cases of pericarditis varies, and
life-threatening tamponade is possible. Acute myo-
carditis is a rare form of primary infection [24],
accounting for 0.5 to 1% of all cases of Q fever. Fatal
outcome was noted in 7 out of 23 patients (30%),
which indicates an unfavorable prognosis of myocar-
ditis caused by Coxiella [25]. Acute Q fever should be
considered in the diagnosis of acute myocarditis, as
antibiotic therapy can significantly improve the
prognosis for this potentially fatal localization.

Endocarditis caused by C. burnetii is still consid-
ered a manifestation of chronic Q fever, which occurs
in 2—10% of cases after the acute stage [26]. In
60—70% of cases, C. burnetii endocarditis affected
the aortic or mitral valves, sometimes both, with the
development of corresponding symptoms and heart
failure. There are reports of cases of endocarditis in
9 patients with aortic valve vegetations. In addition
to symptoms of endocarditis, they had fever, pneu-
monia or hepatitis. During the follow-up, one patient
died 15 months after successful treatment of primary
Q fever from mesenteric infarction, and in 6 patients
the persistent endocarditis caused by C. burnetii
developed. Immunosuppression and high IgG aCL
levels (>100 IgG phospholipid units) were Q fever
predictors with lesions of the heart valves in these
patients. The pathophysiological mechanisms of this
process are that the primary C. burnetii infection
causes an increased production of autoantibodies,
including IgG aCL, which leads to autoimmune dam-
age to the heart valves [27]. The prognosis for C. bur-
netii endocarditis has improved significantly due to
earlier diagnosis and appropriate antibiotic combi-
nation therapy.

Neurological involvement in acute Q fever is
observed alone or in combination with other organs
affection. Meningoencephalitis (1%) is a severe and
sometimes the only manifestation of the disease fol-
lowed by meningitis (0.8%) and peripheral myelitis
[28]. The treatment included fluoroquinolones that
cross the blood-brain barrier. Post-infectious neuro-
logical symptoms associated with immune disorders,
such as peripheral sensory neuropathy, or Guillain-
Barré syndrome [29], have been described, for which
corticosteroid treatment is effective.

Skin lesions are rare clinical manifestations in
patients with acute Q fever. The incidence of exan-
thema has been reported from 1% in the Netherlands
[19] to 9% in Israel [30]. Rash is mainly represented
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BbIcokue ypoBHH IgG aCL (>100 dochonmunuaHbix
equaun IgG). IlaTodusnosornuyeckue MeXaHU3MbI
JTAaHHOTO IIpoliecca 3aKJIYAIOTCSI B TOM, UTO Iep-
BuuHast wuHbeknus C. burnetii BbI3BIBaeT PE3KO
BBIPDAQKEHHYIO CEKDEIUI0 ayTOAHTHUTEN, BKJIIOYas
IgG aCL, uyTo IPUBOJAUT K ayTOUMMYHHBIM ITOpake-
HUAM KJIamaHoB cepana [27]. IIporHo3 sHpokap-
nuta, BeizBanHoro C. burnetil, 3HAUUTEIBHO YJIyU-
muscsa Gsaromaps Oosiee paHHEH JUATHOCTUKE H
COOTBETCTBYIOIEd KOMOWHUDOBAHHOH Teparuu
AHTUOMOTHUKAMH.

HeBpoJsiornueckne mNOpaskeHUsT IPU OCTPOH
Ky-nmuxopanke HaOJIIOAAIOTCA OTNENBHO WJIH B
COUEeTaHUU C TOpaKEHUEeM JpPYIuX OpraHoB.
Menunrosunebanut (1 %) ABIAETCS TSIKEJIBIM H
WHOTZA €JUHCTBEHHBIM IPOSIBJIeHHEM 3aboJieBa-
HUSA, 32 KOTOPBIM II0 YacTOTe CJIEAYIOT CEPO3HBIHN
MeHUHTUT (0.8 %) u mepudepuuecKuid MHUETUT
[28]. B neueHun UCHIONMB3YIOTCA (PTOPXUHOIOHBI,
[IPOHUKAIOIINE dYepe3 TeMaTodHIledaTnIeCcKuil
6aprep. Omnucanbl TOCTUH(GEKIIMOHHBIE HEBPOJIO-
TUYECKHe CUMIITOMBI, CBA3aHHBIE ¢ MMMYHHBIMH
HapyIIeHUAMH, TaKhe Kak lepudepuveckas ceH-
COpHasl HeBpoOIaTus, Winu cuHapoMm ['uiieHa-Bappe
[29], mpu KoTOpOM 3D HEKTUBHO JIeUeHNE KOPTUKO-
CTEPOU/IAMU.

[MopaskeHne KOKU OTHOCUTCS K PEIKUM KIHUHU-
YeCKHMM NPOSBJIEHUSIM Y TMAanWueHTOB € OCTPOH
Ky-nmuxopankoii. CoobIaioch 0 4acTOTe MOSBIEHUS
sk3aHTeMBbI OoT 1 % B Hugepnanaax [19] mo 9 % B
Nspaune [30]. Cbillb B OCHOBHOM IIpeJCTaBJIeHA
MaKyJIO-TIAIyJIE3HBIMU WJIN Be3UKYJIE3HBIMHU 3JIe-
MEHTaMH, a WHOrZa W mmypmypou [31]. MmeroTcs
COOOIIEHHUS O CITyJastX y3JI0BaTOH SpUTEMEI [32].

OnucaHbl eIUHUYHBIE ciTydan ocTpoit Ky-muxo-
pPaAKu Cc HOpaKeHUeM IIeHHBIX, MOAMBIIIEUHBIX,
MeINAaCTUHAIBHBIX, OPIOITHBIX WU MaXOBBIX JIUM-
(aTuyeckux ys3JyI0B, ACCOLIUHUPOBAHHBIM C JIMXO-
paaxoii, roJIOBHOH 60JIbI0, THEBMOHUEH WU Tera-
TUTOM. Y OZHOTO HAaIlMeHTa ¢ OCTPhIM JumMdaze-
HUTOM BIIOCJEJCTBUU JIMATHOCTUPOBAHA JIUM-
doma [33].

Buosornueckue Mapkepbl aHTUT€HHOM MUMH-
KPHU 4YacTO NPHUCYTCTBYIOT mnpu Ky-immxopanke.
AHTHTeNIa TPOTHB TJIAZIKUX MBIIII, AHTHUHEUTPO-
¢mrpHBIE UTOILIa3MaTHYecKre anTuTenaa (ANCA),
a Tak)ke aHTUHYKJIeapHble U aHTU(OCHOTUITHTHBIE
aHTUTeNa OOHApY:KeHbI BO BpeMsi OCTpOM hasbl
6osiesnu [34]. M. Lefebvre et al. [35] coobmmau o
cepuu u3 cemu cinyuaeB uudeknuu C. burnetii, KOTo-
pble TpU HAYAJIbHBIX HPOSBIEHUIX MOMKHO OBLIO
coytaTh ¢ cuHgpoMoM [yamacuepa, 60s€3HBIO
Kpona, 6osiesnpio CTHIa, peBMAaTHYECKON IOJIH-
MUAJITHEH, Y3eJIKOBBIM MOJIMAPTEPUUTOM, SCCEHITU-

by maculopapular or vesicular elements, and some-
times purpura [31]. There are reports about cases of
erythema nodosum [32].

Some cases of acute Q fever with involvement of
the cervical, axillary, mediastinal, abdominal or
inguinal lymph nodes associated with fever, head-
ache, pneumonia, or hepatitis have been described.
One patient with acute lymphadenitis was subse-
quently diagnosed with lymphoma [33].

Biological markers of antigenic mimicry are often
present in Q fever. Anti-smooth muscle antibodies,
antineutrophil cytoplasmic antibodies (ANCA), as
well as antinuclear and antiphospholipid antibodies
have been revealed during the acute phase of the dis-
ease [34]. M. Lefebvre et al. [35] reported a series of
seven cases of C. burnetii infection, the initial pre-
sentation of which could be confused with Goodpas-
ture’s syndrome, Crohn’s disease, Still’s disease,
polymyalgia rheumatica, polyarteritis nodosa, essen-
tial type II cryoglobulinemia, and giant cell arteritis.
The literature presents data on cases of Q fever both
mimicking exacerbations of systemic lupus erythe-
matosus, and complicated by thrombophlebitis with
positive antiphospholipid antibodies in blood tests
[27, 36].

The most common sequela of the acute stage of
coxiellosis is post-infectious fatigue which is mani-
fested by increased tiredness, sleep disturbances,
headache, hyperesthesia, irritability, excessive
sweating, dizziness, persisting from 1to 6—12 months,
less often up to 2 years [13].

Thus, Q fever is not characterized by a typical
form of the disease that distinguishes it from other
disorders, and there are no pathognomonic signs. It
has a wide range of clinical manifestations, which is
characteristic of many infectious diseases of various
etiologies.

DIAGNOSTICS OF Q FEVER

Due to the polymorphism, the clinical diagnosis
of Q fever is difficult and is possible only in endemic
foci when there is unfavorable epidemiological situa-
tion. Differential diagnosis is carried out with influ-
enza, typhus and typhoid fever, brucellosis, ornitho-
sis, anicteric leptospirosis, sepsis, pneumonia of
various etiologies. According to the guidelines, the
diagnosis of Q fever can be confirmed by any of the
following methods: serological, molecular genetic,
microbiological [37].

The main methods for diagnosis of coxiellosis
are the enzyme-linked immunosorbent assay
(ELISA) and polymerase chain reaction (PCR).
There are few laboratories able to confirm the dis-
ease serologically. Most often, seroconversion
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aJIbHOU KpHuoriaobyauuemueii 11 Tuna u ruranToxe-
TOYHBIM aPTEPUUTOM. B siuTepatype nmpescTaBieHbl
JlaHHbIe O caydaax Ky-aumxopasiku, UMUTUPYIOIIUX
000CTpeHNs] CHCTEMHOU KpacHOW BOJYAHKHU, 00
OCJIO})KHEHHBIX TpoMOodieburom ¢dopmax ¢ IOJo-
JKUTEJIbHBIMHU aHTUDOCHOTUTIUTHBIMYU AaHTUTEIAMU
B aHAJIN3axX KPOBH [27, 36].

HawuboJtee gacThIM IIOCIIE/ICTBUEM OCTPOH CTa UK
KOKCHeJlIe3a SIBJISIeTCs MOCTUH(EKIIMOHHAA acTe-
Hus. Ee cUMOTOMBI TIPOSIBJISIOTCS TTOBBIIIEHHOM
YTOMJISIEMOCTBIO, HApYIIEHHEM CHA, TOJIOBHOU
00JIbI0, THIEpecTe3uell, pa3apakUTeTbHOCTHIO,
MOBBIIIIEHHON TOTIUBOCTBIO, TOJIOBOKDYKEHHEM,
COXPAHSAIOTCA OT 1 710 6—12 Mec, pexe /1o 2 JieT [13].

Taxum obpazom, ajisa Ky-muxopagku He Xapak-
TepHA THUIHWYHASA, OTJHYAIOIas €e OT JIPYTUX,
¢opma 3abosieBaHUSA, OTCYTCTBYIOT IaTOTHOMO-
HUYHbIE TpU3HaKu. Ef mpucymy mupoKuii CekTp
KJINHUYECKUX IIPOABJIEHUM, KOTOPHIA XapaKTepeH
JUIT MHOTUX WHGQEKIIMOHHBIX 00JIe3HEH pa3HOU
STHUOJIOTUH.

JUNATHOCTHUKA KY-/INXOPAJIKUN

B cBs3u ¢ mostmmMopdrU3MOM CHUMIITOMOB KJIMHU-
yeckas /AWArHOCTHKA Ky-yiuxopagxu 3aTpyaHU-
TeJIbHA U BO3MOXKHA TOJIBKO B DHJIEMHUYHBIX OUarax
[IpU HAJIUYUH SIHIEMIYECKOTO HEOJIArOMOIydHs.
JuddepeHnnanpHy0 AUATHOCTUKY IPOBOAAT C
TPUIIIIOM, CBITHBIM U OPIOITHBIM TH(HOM, OpyIiesie-
30M, OPHUTO30M, 0€33KeJITYIIHBIM JIEITOCIIIPO30M,
CercucoM, ITHEBMOHHENW pa3JInyHOH STHOJIOTHH.
CorytacHO HOPMAaTUBHOM JIOKyMEHTAIlNU, TIOJITBEP-
IUTh AuarHo3 Ky-imxopagku MOKHO JIIOOBIM U3

CyII€CTBYIOIUX METOAO0B: CEpOJIOTUYECKUM,
MOJIEKYJIADHO-TEHETHYECKHUM, MI/IKpOGI/IOJIOI‘I/I‘-Ie-
ckuM [37].

OCHOBHBIMH METOJIAMH CIIEITUPUIECKON JTHa-
THOCTHKH KOKCHeJIe3a SIBJAIOTCA HUMMyHOep-
MeHTHBIN aHamu3 (MIPA) u nmosmmepasHasi IelrHast
peaknus (ITIP). JlabopaTtopuu, crocoOHBIE CEPO-
JIOTUYECKH TOATBEPKAaTh 00e3Hb, HEMHOTOYKC-
JIeHHBI. Yalre BCero cepOKOHBEPCUS ITPOUCXOIUT K
7—15-M CyTKaM IIOCcJie 3apakeHus. Peaknus arriiro-
tuHaruu (PA) ucmoab3oBaiach B mepBbie 30—40 JIeT
IOCJIe OTKPBITHS KOKCHEJIe3a Kak HOBOTO 3aboJie-
BaHMUA, 3aTeM PA B cOUueTaHUU ¢ peaKIuel cBA3bIBa-
nus xomiuiementa (PCK). C 80-x romo XX B.
MOABHJICS 0OJiee UyBCTBUTEJBHBIA METOJ HUMMY-
Hodryopeciienniuu  (MeTos  IIyOPECIIUPYIOIINX
anTures — M®A) B HenpsimoMm Bapuante (HM®A),
umMmMmyHOopepmenTHBIH aHamm3 (MPA, ELISA) [13].
B 3aBUCHMOCTH OT TOTO, K aHTUT€HAM Kako! (hasbl
(I um IT) onpenensitorest B DA anTtuTena, mesa-
IOTCS BBIBOJIBI OTHOCHTEIBHO OCTPOU MJIH XPOHUYE-

occurs by the 7—15th day after infection. The agglu-
tination test (AT) was used in the first 30—40 years
after the discovery of coxiellosis as a new disease,
then the AT was used in combination with the com-
plement fixation test (CFT). In the 80s of the XX
century, a more sensitive indirect immunofluores-
cence assay (fluorescent antibody test, FAT)
appeared in its indirect version (indirect FAT), and
enzyme immunoassay (EIA, ELISA) [13] came into
use. Depending on the fact, to antigens of which
phase (I or II) the antibodies are determined using
ELISA, conclusions are drawn regarding the acute
or chronic form of the disease. Acute Q fever is
characterized by an increased IgG antibodies
against phase II antigens of C. burnetii at a titer of
1:100 to 1:800. IgM have less diagnostic value in
both acute (at a titer of 1:25-1:50) and chronic Q
fever, since they have low specificity. If IgG anti-
bodies against phase I antigens appear at a titer of
1:800-1:1600 and IgA antibodies against phase I
antigens at a titer of 1:50, they are considered as
evidence of chronicity. The IgG antibodies level at a
titer of 1:50 is a sign of past C. burnetii infection, 6
months — 5 years before testing. As for the enzyme
immunoassay (EIA), the IgM antibodies at a titer of
1:400 and IgG antibodies at a titer 1:200 are taken
as the minimum cut-off levels for antibodies in
human blood serum [38]. Due to the similarity of
the antigenic structure of C. burnetii with bacteria
of the genera Legionella and Bartonella in serodi-
agnosis, nonspecific serological cross-reactions are
possible, while PCR allows to promptly perform a
test with a high level of reliability of the results to
identify the pathogen in various bioassays.

Amplification methods are aimed at the detection
of C. burnetii DNA; genes encoding various bacterial
proteins and promoters (non-transcribed regions)
are used as targets, regardless of viability of the
pathogen. The most widely used methods are PCR
and real-time PCR (RT-PCR). Detection of C. bur-
netii is carried out by using various biological speci-
mens from heart valves, vascular aneurysm, liver,
breast milk, placenta, fetal tissues and amniotic fluid,
blood; and for sanitary and hygienic control — speci-
mens of food, water, etc. [12].

The RT-PCR method has the advantages of simul-
taneous detection and quantitative assessment of the
pathogen in a sample, as well as higher sensitivity
and specificity, and a short period of obtaining the
result. Currently, for various scientific and practical
tasks related to the detection of C. burnetii by using
RT-PCR, various genes are used as targets for prim-
ers, while the IS1111 transposase gene remains the
most frequently used diagnostic target [12, 38].

144

Journal homepage: http://jsms.ngmu.ru



Vyazhevich A.N. et al. / Journal of Siberian Medical Sciences Vol. 7, No. 2 (2023)

ckoil dopmbl 3abosieBaHus. [[yisi ocTpor (HOpPMBI
Ky-nmxopajiku XapaKTepHO MTOBBIIIIEHHOE COZlePKa-
Hue IgG k anTuresam II ¢assl B TUTpe OT 1:100 10
1:800. IgM nMel0T MeHblIlee JUATHOCTUYECKOe 3Ha-
YyeHUe KaK IPU OCTPOU (B TUTpe 1:25 — 1:50), TaK U
IIpU XpOHUUYECKOH (popMe 3a00IeBaHUSA, IIOCKOJIBKY
00JIa1aI0T HUBKOU CIeruGpUIHOCTHIO. Eciii mosiB-
ssaroTes antureda [gG k anturenam I ¢passl B TUTpax
1:800 — 1:1600 u anTuTesa IgA k anTUTeHaM (assl |
B TUTpE 1:50, UX PACIEHUBAIOT KaK CBU/IETEIHCTBO
XpOHHM3aIuu. YpoBeHb 1gG-aHTUTEN B TUTpPE 1:50
SIBJISIETCS IPU3HAKOM «BCTPEUH» C BO30yAUTEIEM B
MIPOILIOM, 32 6 MecC — 5 JIET 10 MOMEHTA HCCIIeZ[0Ba-
HuA. B UPA 3a MUHUMAJIBHBINA JUATHOCTHYECKUH
VPOBEHb AHTHUTEJI B CHIBOPOTKE KPOBU YeJIOBEKa
MPUHAT TATP 1:400 IgM u 1:200 IgG-anTuTen [38].
W3-3a cxokecTn aHTUTeHHOU cTpyKTypHhI C. burnetit
¢ 6akTepusimu poyoB Legionella u Bartonella tipu
CEPOJIOTUYECKUX  HCCJIEJOBAHUAX  BO3MOKHBI
HecreruduyecKkre NepeKpecTHbIe peakIuu, TOT/ia
kak metoz IIIIP mo3BoJsisieT onlepaTUBHO IIPOBECTU
HCCIe0BAHUE C BBICOKUM YPOBHEM JIOCTOBEPHOCTH
pe3yJIbTaTOB IO BBHIABJIEHUIO BO30OYAUTENsSI B pas-
JINYHBIX OHOMpobax.

AvninduKaoHHbIe MeTO/bl HalpaBJeHbl Ha
nereknuio JJTHK C. burnetili, B KauecTBe MUIIEHEN
HCIIOIB3YIOTCS T€HBI, KOAUPYIOIINE Pa3InIHbIe OaK-
TepUabHble OEJIKU U MPOMOTOPHI (HETPAHCKPUOU-
pyeMble PErHOHbI) BHE 3aBUCUMOCTU OT JKU3HECIIO-
cobHocTu Bo3bynuTensa. Hamubosee mumpoko nmpume-
gawrea Metoas! IITIP u I[P B peaibHOM BpeMeHU
(ITIIP-PB). Herexius C. burnetii oCyIecTBIISIETCS B
Pa3JIMYHBIX OMOJIOTUYECKHX 00paslax: mMarepuase
U3 Cep/IEUHBIX KJIAIIAaHOB, COCYAUCTON aHEBPU3MBI,
6uornTare meyeHu, MOJIOKE, IJIAI[EHTE, TKAHAX II0AA
U IUIOJHOU KUJIKOCTH, KPOBU U JJI CAHUTAPHO-
TUTHEHUYECKOTO KOHTPOJIA — B 00pasiax mpoayKToOB
MUTaHUsA, Tpobax BOALI U Ap. [12].

Meton IIIIP-PB o6samaer mpeuMyIecTBAaMU
OTHOBPEMEHHOH JIETEKIIMH W KOJHMYECTBEHHOU
OIleHKN BO30yAuTesst B oOpasile, a Takke OoJiee
BBICOKOU YyBCTBUTEJIBHOCTBIO U CIENU(DUIHOCTBHIO,
KOPOTKUM IIEPUO/IOM ITOJIyUEeHUsI PE3YIbTATa HCCIIe-
JloBaHUsA. B HacTosAIee BpeM JJ1d Pa3/IMUHbIX HAyU-
HBIX U IPAKTUYECKUX 33Jla4, CBA3AHHBIX C OIpeze-
seanem C. burnetii B Marepuajie ¢ IIOMOIIBIO
III[P-PB, B KauecTBe MHUIIEHU /i1 HParMepPOB
HCIIOJIB3YIOTCA pa3jIMuHble TeHBbI, DU 3TOM TIeH
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Since the 2000s, the Q fever laboratory diagnos-
tics has not been performed in the Novosibirsk
region for 18 years due to the lack of diagnostic kits.
Thanks to the use of a comprehensive approach
with the use of RT-PCR and EIA in the detection of
clinical samples obtained from 9 patients with fever
and suspected tick-borne infections, Bondarenko et
al. in 2018 managed to confirm the diagnosis of Q
fever, and also, taking into account the vector-borne
route of transmission, to suggest, in addition to
anthropogenic, the presence of natural foci of coxi-
ellosis in the Novosibirsk region [12]. Further
research in this direction is necessary to differenti-
ate Q fever from other infections and timely ade-
quate therapy, which will avoid chronic disease and
disability of patients.
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TpaHcII03a3sl [S1111 HEN3MEHHO OocTaeTcsi Haubosiee
YacTo HCIOJIb3yeMOU JAUArHOCTUYECKON MUIIEHBIO
[12, 38].

Hauunas ¢ 2000-x rogoB B HoBocubupckou
obJylacTH Ha TPOTKEHUU 18 JieT JAMArHOCTHKA
Ky-nuxopaaku He IpOBOAMIIACH M3-3a OTCYTCTBUS
JUarHoCTUKyMOB. biarosapsa  HCIOJIb30BaHUIO
KOMIUIEKCHOTO mnozxoza ¢ npuMmenenueMm [I111P-PB
u V®A B aHAM3e KIUNHUYECKUX 00pasIloB, MOJIY-
YEeHHBIX OT 9 OOJIBHBIX C JIUXOPAJKOUA U IOZ03pe-
HUeM Ha kiemnieBble nHpexknuu, E.V. bounapenko
U COaBT. B 2018 T. y/ajI0Ch NOATBEPAUTH UATHO3
Ky-n1uxopaaku, a Takke ¢ y4eTOM TPaHCMHCCHUB-
HOrO IIyTH IlepeJlayd IIPeJIIOJIOKUTh, IIOMHUMO
QHTPOIYPrUUeCcKUX, HaJW4he MPUPOAHBIX OUaroB
kokcuesie3a B HoBocubupckoii o6aactu [12]. IIpo-
BeJleHUe JaJIbHEeMINX MCC/IeIOBAaHUM B JJaHHOM
HampaBJieHUH He0OX0AuMO i1 quddepeHnrnannu
Ky-nmuxopaznku ot npyrux MHQEKIUH U CBOeBpe-
MEHHOU aJIeKBaTHOU TEPAIUH, UTO ITO3BOJIUT U30e-
JKaTh XPOHHU3AUWU OOJIe3HH W WHBUTHAU3ANUU
ManeHTOoB.

KoH@uaukT HHTEPECOB. ABTOPHI 3aBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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CBEJEHUA NJId ABTOPOB

TPEBOBAHMWA K ITPEJOCTABJIEHUIO
MATEPHUAJIOB VI ITYBJIMKAIITNN
B JOURNAL OF SIBERTAN MEDICAL
SCIENCES

B Journal of Siberian Medical Sciences (mayee —
JSMS) ny6auKyI0TCs HayIHbIe 0030pPHI U CTATHH 10
MEIUIMHCKUM HayKaM, IMOATOTOBJIEHHbIE TI0 MaTe-
puajiaM OpUTHHAJIBHBIX HAYYHBIX KCCIIEAOBAHUMU.
JSMS BBIXOJIUT 4 pasa B rof.

TpeboBanmus, mpeabABIsIeMble K ITyOIUKaIu-
sam B JSMS, chopMmynupoBaHbI ¢ yueToM TpeboBa-
HUH, IPEbABISIEMBIX K PEIEH3UPYEMBIM HAYUHBIM
WU3JIAaHUSAM, B KOTOPBIX JIOJI?KHBI OBITH OITyOJIMKOBa-
HBI OCHOBHBIE HAyYHbIE PE3YJIBTAThI JUCCEPTAIIAH
Ha COMCKaHWE YUEeHOU CTENeHHM KaHAuaaTa U JOK-
TOpa HaYK.

CraTbu, OTIIpABJIEHHBIE AaBTOPAMU B JIPyTHE W3-
JIaHUs U/WJIU HalledyaTaHHbIE PaHee B HUX, K OIIy0-
JINKOBAHUIO HE MTPUHUMAIOTCS.

I[Ipu omucaHUM HAYUYHO-UCCIIETOBATEIbCKUX
KJIMHUYECKUX pabOT ¢ NIpHUBJIEYEHHEM YeJIOBEKA
B KauecTBe O0BEKTA HCCJIEOBAHUSA aBTOPHI JIOJIK-
HBI YKa3aTh, COOTBETCTBOBAJIN JIU OHU MeEKIyHa-
POIHBIM U POCCHHCKMM 3aKOHOJIATEJIbHBIM aKTaM
0 IOPUJINYECKUX U STUUECKUX IIPUHITUIIAX METUKO-
OMOJIOTUUECKUX UCCIIEIOBAHUE Takoro poja. He j1o-
IyCKaeTcsI WCIOJIb30BaHUE (DaMUIUHN, WHUIHNAJIOB
OOJIBHBIX U HOMEPOB HCTOpUH Oose3nu. IIpu omu-
CAaHWUM SKCIEPUMEHTOB Ha >KUBOTHBIX HEOOXOmU-
MO yKa3aTh, COOTBETCTBOBAJIO JIX COJIEPKAHUE U UC-
MTOJIb30BaHUeE JIAOOPATOPHBIX JKUBOTHBIX ITPABUJIAM,
MPUHATHIM B YUPEXKASHUU, PEKOMEHJAIUAM HaIU-
OHAJILHOT'O COBETA I10 MCCJIEIOBAHUSIM, HAIIMOHAIb-
HBIM 3aKOHAM.

ABTOpCKHeE IIpaBa coOI0a0TCS B COOTBETCTBUH
¢ I'paxxkganckum kogekcoMm Poccutickont Oenepariuu
(4. 4) 1 ApyTUMH TEUCTBYIONTUMH HOPMATHBHBIMU
JIOKYMeHTaMU. ABTOPBI HECYT IOJTHYIO OTBETCTBEH-
HOCTb 32 COJIepKaHKe CTaTewn.

B penakuuo JSMS aBTOpBI OJI:KHBI IIpeOCTa-
BUTb:

1) 9/1eKMpPOHHYI0 8epcurd Cmamvu, IMOJITOTOB-
JIEHHYIO B COOTBETCTBUH C TPEOOBAHUAMHU K 0(pOpM-
JIEHHIO CTaTeH, M3JI0KEHHBIMU HUKE;

2) opu2uHa/n cmamsu B TIEYaTHOM BHUJIE C YKa3a-
HHUEM Topojia, AaThl, GaMHUJINHU C TOAIIHUCHI0 KaXK/I0-
ro aBTopa (Ha MocJie/THEH cTpaHuIle), BU3ou «B me-
YyaTh» U MOAIUCHIO (HA IIePBOH CTpPaHUIlE) 3aBey-
omero kageapoi MM WHOTO JOJIKHOCTHOTO JIUIIA
opraHu3aIiuy, Ha 6a3e KOTOPOU BBIIIOJIHEHO HCCJIe-

JIoBaHUE. ABTOPBI IIPEIOCTABJISIOT CTAThU B pelak-
IO JIMYHO HJIH 110 TIOYUTE;

3) coenacue Ha TyOJMKaAmuoO cratbu B JSMS
1 00pabOTKy MepCOHAJIBHBIX TAHHBIX aBTOPOB (3a-
TIOJTHSIETCS KaXKbIM aBTopoM) (cM. Ha catite HTMY:
https://jsms.ngmu.ru/zayavlenie_ jsms.doc);

4) nasa corpynaukop ®I'BOY BO HI'MY MuH-
a3apaBa Poccuu (mamee — HI'MY) — axcnepmuoe
3axarveHue OTAesa KOOpAWUHAIMU (eaepabHbIX
MIporpaMM, KOHKYPCHBIX ITPOEKTOB ¥ MHHOBAI[HOH-
HOTO Pa3BUTHsA YIpPaBjeHUSA IO HayKe, MHHOBAIIU-
ssM 1 mHpopMaTusanuu HI'MY (cm. www.ngmu.ru);
JUIs CTOPOHHUX aBTOPOB — HANpas./ieHue Ha onyo-
AuxkoeaHue Ha (GpUPMEHHOM OJIaHKEe OpraHH3aIlUH,
Ha 6a3e KOTOPOU BBIIIOJTHEHO OPUTHHAJIPHOE HAYY-
HO€ HCCJIeIOBAHHUE, 3a MOJIUCHI0 OTBETCTBEHHOIO
JOJI?KHOCTHOTO JIMIIA.

IIPABIJIA O®OPMJIEHHU A PYKOITUCEA

1. TexcT crarpu HAOUpPaeTcsA B TEKCTOBOM PeIaK-
tope Microsoft Word, Open Office u ap., Bce mosis
2 cM, mpudt Times New Roman, kersip 12, Mex-
CTPOUHBIN UHTepBaJ 1,5. TekeT cTaThul HEOOXOAMMO
HaAmpaBuTh B pefaknui JSMS B Bujie OT/eTbHOTO
¢daiina ¢ ykazanuem ®1O nepBoro aBropa — MBa-
HoB UM.U. Teker.doc. Jlomyckaercs: oTmpaBka dari-
Jj10B B popmarax doc, docx.

2. ®110 aBTOpPOB HAOUPAETCS CTPOYHBIMH OYK-
BaMHU KypCHBOM Ha DYCCKOM sA3bIKe. VHMIMabl
omermaoTes nepexn damuinei aBropa. [lopanoxk,
B KOTOPOM OYAYT YKa3aHbI aBTOPHI, ONPe/IeISIeTCs
HUX COBMECTHBIM pellleHUeM.

3. Topon m mHazBanme MecT pabOTHI ABTOPOB
0OPMJIAIOTCSI CTPOUYHBIMU OyKBaMU KypPCHBOM
Ha PyCCKOM fA3BIKe.

4. CraTbs [OJ/DKHA co/ep:KaTh aHHOTAILUIO
Ha PYCCKOM sI3bIKe. B aHHOTAI[UM JIOJKHBI OBITH U3-
JIO}KeHBbl IIeJId KCCJIe[IOBaHUs, OCHOBHBIE IIpOlie-
IIypPbI, pe3yJIbTAaThl OPUTHHAJIBHBIX HCCIIETOBAHUI
u BBIBOABL. IloJ1 aHHOTAI[MEN TToMelaeTcs mo/A3aro-
JI0BOK «KUTioueBble cj10Ba», IIOCJIE HErO A0 10 KJI0-
YeBBIX CJIOB WJIN KOPOTKHUX (pas, KOTOpble OyayT
CII0COOCTBOBATh MPABUJIBHOMY HWHJIEKCHPOBAHUIO
CTaThbU B IIOMCKOBBIX CHCTeMax U CUCTeMax [IUTHUPO-
BaHUsA. AHHOTAIIMIO HEOOXOAUMO HAIIPABUTH B pe-
gaknuio JSMS BMecTe ¢ TEKCTOM CTaTbU B BHUJIE OT-
nesibHOTO haiiia ¢ ykazanuem @O mepBoro aBTo-
pa — WBanoB WU.U. auHorarus.doc. Takske mpemo-
CTaBJIAIOTCA CBEJEHUA O KOKI0M U3 aBTOPOB: (paMu-
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JIUS, UM, OTYECTBO (IIOJTHOCTBHIO HA PYCCKOM SI3bIKE
U B TPAHCJIUTEPALINH), YUeHble 3BAHUA U YUeHAas CTe-
IIeHb, I0JKHOCTh, MECTO paboThl, pabounii TesiehoH
U a/Ipec BJIEKTPOHHOU mouThI (e-mail). CBesieHus He-
00X0TUMBI JIJIs1 0OpabOTKU IMyOIUKAIUK B Oase JTaH-
HbIX PoccHiicKOro WHAEKCa HAYYHOTO ITUTUPOBAHUS
U PYTHUX CUCTEMAX IUTHPOBAHUA. AHHOTAIUS, KJTIO-
yeBble ¢JI0Ba, nHGopManusa 06 aBTopax U Ha3BaHUe
VUPEKIEHUH JAOJI’KHBI OBITh TaK)Ke IIPeIOCTABIEHbI
Ha aHIJINHACKOM f3bIKeE.

5. TabuIbl MOMEINIAIOTCS B TEKCT cTaTbu. Ta-
OJIUIIBI TOJIKHBI OBITH ITPOHYMEPOBAHBI TIOCJIENI0-
BaTeJIbHO B COOTBETCTBUU C MOPAAKOM, B KOTOPOM
OHH VIIOMHHAIOTCA B TeKcTe (Hampumep, Tabu. 1,
TabJ. 2 U T. 71.).

6. PucyHKHU BCTaBJIAIOTCA B TEKCT CTATBHH, a TaK-
JKe IIPeJIOCTABJIAIOTCS B BHJIE OT/AEIbHBIX IPOHYMe-
poBaHHBIX ¢ailoB ¢opmara .jpg niu .gif ¢ paspe-
meHueM He MeHee 300 dpi. PUcyHKU OJKHBI OBITH
KOHTPACTHBIMU U YETKUMHU, OYKBBI, HUGPBI U CHM-
BOJIBI HA HUX JIOJI’KHBI OBITh PA3JIMUUMBI. PHUCYHKa-
MU CYUTAIOTCA I'padUKy, peHTreHorpaMMbl, GHOTo-
rpaduu wau Jro0ble Jpyrue rpaduueckue 00beK-
Th1. ®oTOrpadun el He TOJIKHBI ObITH Y3HaBae-
MBIMH, JTUOO K HUM JIOJKHO OBITH ITPUJIOZKEHO ITHCh-
MEeHHOe paspellleHre Ha UX IMyOauKauo. PucyHkn
JIOJKHBI OBITh MPOHYMEPOBAHbI IMOCJIEI0OBATETHHO
B COOTBETCTBUU C MOPSIKOM, B KOTOPOM OHH BIIED-
BbI€ YIIOMHUHAIOTCSI B TEKCTE — PHUC. 1, PUC. 2 U T. [I.
[Moamucu pasMenialTcs B TEKCTE IO PUCYHKAMHU.
B nmoamucax k mukpodororpadusaM ykKasblBaeTcsA
CTEIeHb YBeJTMYEHU U CII0COO OKPACKHU.

7. B TeKcTe cTaThU UCIOJIB3YIOTCS CIIETYIOIIHE 3a-
TOJIOBKHU: BBeJIEHUE, IIeJIh MCCJIEZIOBAHUS, MaTepra-
JIBI 1 METOJIbI, PE3YJIBTATHI U 00CYK/IeH1e, 3aKITI0Ue-
HUeE, CIIUCOK JINTEPATYPHI.

8. Hcmonb3yoTes TOJIBKO CTaHZAPTHBIE OOIIIe-
MpUHATHIE coKpaleHus (abbpesuarypsl). He mpu-
MEHSIOTCS COKpAIlleHusI B Ha3BaHUU cTaThu. I[loji-
HBI TEPMUH, BMECTO KOTOPOT'O BBOAUTCS COKpAIIe-
HUe, J0JKEH IIPEAIIeCTBOBATh IIEPBOMY UCIIOJIH30-
BaHUIO TOTO COKPAIIEHUS B TEKCTE.

9. O06s13aTeIPHO HAJIMYUE CITHCKA JIUTEPATYPHI.
Bubnnorpaduyueckue CCbIKM B TEKCTE CTATbU Ja-
I0TCsA apabckuMu 1udpaMu B KBaJpaTHBIX CKOO-
KaX, B IIOJTHOM COOTBETCTBUU C HyMepaIuel crrcka
suTeparypsl. CCUIKY B TeKCTe CTAaThU JIOJIKHBI /1a-
BaThCs MOCJIEIOBATEIBHO IO Bo3pacTanuio: [1]...[2]...
[3]... u T.1. Pa3BepHyTOE OMMCaHUE UCTOUHUKA B CITH-
cke ymutepaTypsl npegoctasisoTesa mo 'OCT 7.0.5-
2008. Crucok JuTepaTypshl A0JKEH COZlep:KaTh IIy-
OGmKaIuu 3a MocJIeIHueE 5 JIeT. B crimcke siurepary-
pbI Bce MH(POPMAIMOHHbBIE UCTOYHUKU IT€PEIUCIIA-
IOTCs B MOPSIZIKE UX ITUTHPOBAHUS.

10. Pegaxnus JSMS Gepet Ha cebss mprcBOeHUE
KaXk/Iol mybsinKyeMo# cratbe HoMepa Y/IK u ocy-
IIECTBJIEHUE TIOJTHOTO TIepeBO/ia CTAaThU HA aHIVIMHU-
CKUU A3BIK.

11. CTaTbH, HE COOTBETCTBYIOIIHE YKA3aHHBIM pe-
JlakIend TpebOBaHUAM, K OITyOJIMKOBAHUIO HE TIPHU-
HUMAIOTCA.

IMOPAAOK PEITEH3MMPOBAHUA
PYKOIIUCEN, TIPUHUMAEMBIX
AJIA ITYBJINKAIIN N

1. Pykomucu crared, HOCTYIIHUBIINX B PEJAKITHIO,
HAIPABJISAIOTCA ISl PEIEH3UPOBAHUS UIeHAM pe-
JIAKIIMOHHOTO COBETA C IEJIbI0 UX DKCIIEPTHOU OIleH-
K{ Ha IpeJMeT COOTBeTCTBHUsA TpeboBaHuAM JSMS
u Bricimeii arTecTallMOHHOM KoMuccuu Iipu MuHU-
crepcTBe oOpa3oBaHus u HayKu PO.

PerieH3eHTBI YBEIOMJIAIOTCA O TOM, UTO B IIEJISAX
obecrievueHNsI aBTOPCKUX U APYTUX HEHMMYIIECTBEH-
HBIX IIPaB IPHUCJIAHHbIE PYKOIIUCH He ITOJIJIEXKAT pas-
IANIEHUI0, KOTUPOBAHUIO, PACIIPOCTpaHEHUI0. Pe-
[IEH3UPOBAHUE ITPOBOIUTCSI AHOHUMHO.

ITpu oTKa3e B HAIIpABJIEHNHU Ha PelleH3UPOBaHUE
IIpe/ICTaBJIEHHON aBTOPOM PYKOITHCH PEJIaKIvs Ha-
IIpaBJIsieT aBTOPY MOTUBHUPOBAHHBIN OTBET B DJIEK-
TPOHHOM BUJIE.

Pepaknusa »KypHasia IO MHCHBMEHHOMY 3aIlpOCy
HaIpaBJIsIeT aBTOPAM peIEeH3UN HA IOCTYIUBIINE
MaTepuasibl B 3JIEKTPOHHOM BHJIe. ABTOPBI 00sI3aHbI
Y4eCcTh 3aMeYaHUs PENEH3EHTOB H BHECTH B CTaThIO
COOTBETCTBYIOIIIHE UCIIPABJIEHUS UJIU IIPEIOCTABUTH
MOTHUBHUPOBAHHBIN OTBET O HECOIVIACUHU C 3aMeYaHU-
sIMU pelleH3€eHTa.

PemakmyonHas KoJUIETHsi IPUHUMAET DPellleHue
0 BO3MOXKHOCTHU IYOJIMKAIIUU CTAThU UJIM OTKJIOHS-
€T ee IO pe3yJIbTaTaM PelleH3NPOBAHHUA.

Penensun XpaHATCS B peIaKIINU JKypHAJIA B Te-
YyeHUe 5 JIET C MOMEHTA Iy INKaIIH.

2. Pepaknipielt He IOMTyCKAIOTCA K Iy OJIMKAT[AH:

— CTaTbhHU, TEMATHKA KOTOPBIX HE COOTBETCTBYET
HAayYHOMY HAIIPaBJIEHUIO KYyPHAJIA;

— CTaThH, aBTOPHI KOTOPBIX OTKA3BIBAIOTCSA OT
TEXHHYECKOH JOpaOOTKU CTaTew;

— CTaTbhH, aBTOPBI KOTOPHIX HE BHECIIN KOHCTPYK-
TUBHBIE 3aMEUaHUs PEIeH3eHTa B TEKCT CTaThbU
U He IIPEJI0CTaBUIIN MOTHUBHUPOBAHHBIN OTBET O HECO-
IVIACHU C 3aMEYAHUSIMHU PEIleH3eHTA.

B ciryyae OTKJIOHEHU S CTaThH PEJAKIINS HATIPaB-
JISIET aBTOPY MOTHBHPOBAHHBIA OTKa3. Pemakius
JSMS He XpaHUT PYKOIIUCU, HE IPUHATHIE K IeUa-
TH. Pykonucu, mpuHATHIE K ITyOJINKAN, He BO3Bpa-
IAI0TCA.
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