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AHHoTanus. AKmyanbHOCMb. B N3yueHNH HCTOPUY MeJULUHCKHUX M OMOIOrYeCKUX AUCLUIIMH BaKHYHO YacTh COCTaB-
JIsieT BBISIBIEHHE 3TarloB MX CTAHOB/IEHWS U PasBUTHS. B CBS3M C 3TUM Mpe/CTaBsieTcsi B&XKHBIM C/e/1aTh HCTOPUKO-HAYYHBIN
aHa/IMTAYe CKUI 0030p Pa3BUTHS MPE/ICTAB/IEHHM 00 aBUALIMOHHOM (PH3H0/IOT UM, OXBATHIBAIOIIMI pa3HbIe 3Tarlbl ICTOPUU HAYKU
Y OTPayKAIOILUI BKJIaJ| UCC/Ie0BaTeNel pasHbIX perMOHOB, KOTOPBIH Oy/eT oJie3HbIM /1Sl TIPeToJaBaHusl NCTOPUKO-HAYYHBIX
U CTeUanbHBIX JUCLIUTTUIAH, a TAKXKe JI/1s UCCIlefjoBaTenel, 3aHIMArOLIXCsl M3yueHneM aBUaljuOHHON ¢u3uoorun. HeobxoguMocTb
TIOHUMAaHWS TOTO, KaK (PyHKI[IOHUPYET OpPraHh3M ue/ioBeKa B M0/1eTe, BO3HMKJIA BMeCTe C Pa3BUTHEM BO3ZyXoriaBaHusi. CtaTbsi
TIOCBsIII[eHa aHa/IM3y OCHOBHBIX 3TAllOB Pa3BUTHS aBUALMOHHOMN ¢u3nonorun. Lleab uccnedosaHus — aTh XapaKTepPUCTHKY
JTariaM CTaHOBJIEHUsI ¥ Pa3BUTHsI aBUALIMOHHOMW prsrosorun. Memoob! ucciaedogaHusi. [Ipy oAroToBKe HacTosiilel myOnuKa-
LY WCTIO/TB30BAJIMCh MTPEMMYIIeCTBeHHO CTaThH B U3JAHUSIX, BKMoueHHbIX B PUHLI, PubMed, Scopus. [Tpeamnourenue Ob110
OT[JaHO MaTepuasaM, OrmyOIMKOBaHHBIM B rocjefiHue 15 yieT. OCHOBHble pe3yabmambl 3aK/TF0YatoTCsl B TIPe/ICTaB/IeHUH TaroB
Pa3BUTHS aBUALIMOHHOW (DU3HOIOTHH C ONTUCAaHWEM BKJIaZia OCHOBHBIX UCC/IefioBaTenel B 3Tol obnacty. IIpoaHanu3upoBaHbl
JOCTW)KeHHsI OTeueCTBeHHBIX YUEHBIX, Bpaueld, ¢pu3nonoro .M. CeueHoBa, JI.A. Opbeny, I.M. 3apakoBCKOro, Mpe/iCTaB/IeHbl
YX HayuHble IPUOPUTETH] B Pa3BUTHH JAHHOTO HAyUHOTr'0 HarpaB/ieHus. B 3aKkiroueHNM npefcTaBiieH BBIBOZ, O TIpoLjecce
CTaHOBJIEHUS W Pa3BUTHS aBUAL[MOHHOW (U3HOIOTHY KaK HarlpaBlIeHUs] MeJUKO-0MOoIornyeCcKiuX 3HaHUM. 10 TIOSIBlIeHUsT
aBuaruu (XIX Bek) NpoUCXOAMIIO UCCIIefloBaHWe TMITOKCUY TIPY M3yUYeHNH TI0/IeTOB Ha BO3AYIIHLIX mapax. C rosiBjieHreM
CKOPOCTHBIX ¥ MaHEBPEHHBIX CaMOJIETOB aBHal[OHHAasi M3HOIOTHs Hauasla “3yuaTh peakijiio OpraHiu3Ma Ha Neperpysky,
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BbI3BAHHbIE BBICOKOMdHEBPEHHBIMU I10J/IeTAMMU. Bbieoobl. B pa3sBUTUN aBI/IaL[I/IOHHOI\/JI Cl)I/IBI/IOJ'[OI‘I/II/I MO>XHO yCJ/JIOBHO BBIJA€/IUTH
/iBa 3Tarla. 1. ,[[OEIBI/IEIL[I/IOHHBII‘/JI, B paMKaX KOTOPOI'o IMpOMUCXOAUT 3apOoXKaeHue 9TOM 06/1aCTH ME,E[I/IKO-GI/IOJ'[OI‘I/ILIECKI/IX 3HAHUMN.
2. ABHauHOHHbIﬁ, Ha JaHHOM 3Talle y YUYeHBIX ITOSIBHU/IaCb BO3MO>XHOCTb MCC/I€EA0BAaTh MHOXXeCTBEHHbIE Y Da3HOHAIIPAB/I€HHbIE
Tieperpys3Ku U BjIMsiHHWE WX Ha OpTaHM3M 4e/IOBeKd. B HacTos1ee BpeMs aBUallMOHHAA (1)I/I3I/IOJ'IOI‘I/IH ABIAETCA OHWM K3 Ba>KHBIX
pa3zfenoB Cl)I/I3I/IOJ'IOI“I/II/I, d TaKXKe aBI/IaL[I/IOHHOI‘/JI Y KOCMHUECKOU MeOWIUHBI.

KioueBsbie cji0Ba: HCTOPUS HAYKH, UCTOPUA MeJULINHBI, UCTOPUA Cl)I/I3I/IOIIOFI/II/I, dBHAIJMOHHasd CIZ)I/IBI/IO]IOI‘I/IH

Hudopmanys o hpuHAHCHPOBAaHUH. ABTOPSHI 3asIB/ISIIOT 00 OTCYTCTBUM (PUHAHCUPOBAHUS.

Bxknap aBropoB. I'pebennnkoB E.K., I'pe6ennukoa U.H., Cy6orsiioBa A.M., Cy6oTtsanoB M.A. — fu3aiiH UCC/IeI0BaHus,
cbop 1 obpaboTka MaTepuasa, 0630p 1o TeMe IMyOIMKAL[M, HanMcaHUe PaboThbl, OKOHUATebHOE YTBEpXKeHHe BePCUU /ISt
nybnuKauuy. Bee aBTOpBI BHECM CyITleCTBEHHBIHN BK/IaZ B pa3pab0TKy KOHLIEMLIMK U TIOATOTOBKY CTaThH, IIPOYIM U 0f006puin
¢buHaMBHYI0 BepCHI0 Tiepef; Ty 0/MKaryei.

KondyuKT HHTEpecoB. ABTOPHI 3asB/ISIIOT 00 OTCYTCTBUM KOHGJIMKTA UHTEPECOB.
JTHYeCcKoe yTBep)KAeHHe — HelIpUMeHHMO.

BiaropapHoCcTH — HelpUMeHUMO.

HudopmupoBaHHoe coryiacue Ha my0/IMKaHI0 — HETPYMeHNMO.
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doi: 10.22363/2313-0245-2023-27-4-411-418

History of aviation physiology

Egor K. Grebennikov ', Inna N. Grebennikova ',

Anna M. Subetyalova =, Mikhail A. Subotyalov =

Novosibirsk State Pedagogical University, Novosibirsk, Russian Federation
< subotyalov@yandex.ru

Abstract. Relevance. In studying the history of medical and biological disciplines, an important part is the identification
of the stages of their formation and development. In this regard, it seems important to make a historical and scientific analytical
review of the development of ideas about aviation physiology, covering different stages of the history of science and reflecting the
contribution of researchers from different regions. It will be useful for teaching historical and scientific and special disciplines,
as well as for researchers involved in the study of aviation physiology. The need to understand how the human body functions in
flight arose along with the development of aeronautics. The study is devoted to the analysis of the main stages in the development
of aviation physiology. The purpose of the study — to characterize the stages of formation and development of aviation physiology.
Research methods. In preparing this publication, articles in publications included in the RSCI, PubMed, and Scopus were mainly
used. Preference was given to materials published in the last 15 years. The main results present the stages of development of
aviation physiology with a description of the contribution of the main researchers in this field. The achievements of domestic
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scientists, doctors, physiologists I.M. Sechenov, L.A. Orbeli, G.M. Zarakovsky are analyzed, their scientific priorities in the
development of this scientific direction are presented. The process of formation and development of aviation physiology as
a direction of biomedical knowledge is presented. Before the advent of aviation (19th century), hypoxia was studied in the study of
balloon flights. With the advent of high-speed and maneuverable aircraft, aviation physiology began to study the body’s response
to overloads caused by highly maneuverable flights. Conclusion. The development of aviation physiology can be divided into
two stages. 1. Pre-aviation, within which the emergence of this area of medico-biological knowledge takes place. 2. Aviation,
at this stage scientists have the opportunity to study different multidirectional overloads and their effect on the human body.

Currently, aviation physiology is one of the important branches of physiology, aviation and space medicine.
Keywords: history of science, history of medicine, history of physiology, aviation physiology
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BBepeHue

Heo6XxoMOCTB TOHUMAaHUSI TOTO, KaK yHKLIHO-
HHUPYyeT OPraHu3M ueJioBeKa B 10/1eTe, BO3HHUK/IA BMeCTe
C pa3BUTHEM BO3/yXOIl/laBaHus. B u3yuenun ucropuu
MeJULIMHCKUX 1 OUO/I0ryeCKUX JUCLUTIAH BaXKHYIO
YacTb COCTAaBJIsIeT BbIsIB/IEHNE 3TallOB UX CTAHOB/IEHUS
Y pa3BUTHs. B CBSI3U C 3TUM TIPe/ICTaB/ISIeTCS BaKHBIM
CZlesiaTb UCTOPUKO-HAYUYHBINA aHA/TUTHYeCKHi 0630p
Pa3BUTHS MpeCTaBIeHni 00 aBUalMOHHOM (hr3H0I0-
I'MH, OXBaThIBAIOLMI pa3Hble 3Tarlbl UCTOPUK HayKU
U OTPa’Karol[ii BK/IaJ, UCC/iefijoBaTes/iei pa3HbIX pe-
THOHOB, KOTODGIi OyZeT mosie3HbIM /151 ITperiojjaBaHus
WCTOPUKO-HAYYHBIX U CIIeLAa/IbHBIX AUCLIUITIVH, a TaK-
Ke [1s1 MCCliefioBaTesiel, 3aHMMaroLLUXCsl U3yueHHueM
aBUALMOHHOU (PU3UONOTUH.

Ilenb uccie0BaHUA — JaTh XapaKTePUCTHKY 3Ta-
TlaM CTAHOBJ/IEHUSI 1 Pa3BUTHSI aBUALIMOHHOM (PU3HO/IOTHM.

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

MeTopabl uccnepoBaHus

[Tpu moAroToBKe HacTOsIel MyOIUKaLUK UC-
TI0/Tb30BaJIMCh MPEUMYIIIeCTBEHHO CTaTbU B U3aHUSIX,
BK/ItoueHHbIX B PUHL], PubMed, Scopus. I1pesro-
yTeHHe ObI/IO OTJaHO MaTepHuasiaMm, OIy0TMKOBaHHBIM
B mocsieqHue 15 jier.

Pe3yn bTraTbl UCCieaoBaHUA

®panuy3ckuii pusuonor ITons Bep (Paul Bert,
1833-1886) Hamnucan paboTy, B KOTOPOH yCTaHOBU/
TIOHSITHE TapL{UaJbHOTO JaBAeHusl KUCI0poJa Kak
(1310 I0rHYeCKOro apaMeTpa, BIIUSIOIIEro Ha Op-
raHu3M. 3alluTa uesioBeKa, HaXO/sIIerocsi BO BpeMsi
riosieTa Ha OOJIBIIION BBICOTE, YUMTHIBAET 3TO TIOHSTHE,
u3MeHsisi b0 /1aByieHe, OKpYy»Karolee Teso, 160
JTOJII0 KUCIOpPO/ia BO BAIbIXaeMbIX rasax [1].
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B 1862 r. anrumiicKre BO3/lyXoriaBaresib XeHpHr
Tpeticu Kokcysnn (Henry Tracey Coxwell, 1819-1900)
1 aspoHaBT [Ixeiimc I'neiep (James Glaisher,
1809-1903) coBepiumiM NogbEM Ha BO3/YLLIHOM Llape
Ha BbIcOTy 6osiee 8800 M. Ob6a UCITbITaI BPEMEHHBIH
rapasny KOHeYHOCTeM, a Takxke cienorty. [To3aHee
HeKOTOpbIe UCC/IeoBaTe/H MbITAIUCh OObSICHUTD
3TO JleKomIpeccruoHHoM 6one3nsio (IKB). [pyrue
Trpeziriosiara/iu, YTo napaavy KoHeyHocTel [eliepa
1 Kokcyana v n3MeHeHust 3peHus (C/ienoTa) Bpsig, Jiu
6b11 BbI3BaHb! [IKB, mockonbky «IKB criiHHOTO
MO3ra KpaliHe peZlkO BCTPeUyaeTcsl y JIeTUMKOB (eCu
3TO BOOOIIIe TPOUCXOUT)» U «BU3ya/IbHbIE U3MEHEHHS,
CKOpee BCero, ObIIM CBsi3aHbI C TUTIOKCEMUEN W/Uiu
TUTIOTeH3uen» [2].

HecmoTpst Ha 0MacHOCTB KU3HSIM YUYEHBIX, 3TOT
T0JIeT CII0COOCTBOBA POCTY MCC/Ie0BaTebCKOr0
WHTepeca K rpobsieMe BUSTHUSI U3MeHEeHUs BICOTHI
Y TIeperazioB [jaB/IeHusl Ha OpraHusM 4YesioBeKa.

PaboThI Be/IMKOTO 0TeYeCTBeHHOTO yueHoro VBaHa
MuxatinoBuua CeuenoBa (1829-1905) ro razoobmeHy
Y PaCTBOPEHMUIO ra30B B JKUJKOCTIX 3a7I0’KUIU OC-
HOBBI Oy/iyIIleli aBUAIIMOHHOM, a 3aTéM KOCMHUYeCKOU
¢busronoruu u MmeguuuHeL. Ero ¢gyHzaMeHTanbHbie
TPYZbI [IOCBSLLEHb]l U3yUeHHNI0 B3aUMOZeNCTBUN CUCTEM
aHa/M3aToOPOB MPH pelleHrH 33/ja4d MPOCTPAHCTBEHHOM
OpHeHTALMH YesioBeKa B YCJIOBHSIX 11071eTa, pa3paboTke
HelporeHHOU Teopuu yromienus [3]. Ero nusyuenue
aJIbBEOJIIPHOIO BO3/lyXa UMeJI0 UCK/IIOUNUTEeIbHOe
3HaueHue /1Ji1 BOSHUKHOBEHUS U Pa3BUTUSI JIETHOTO
1 Bofjoa3Horo Jiena [4]. aen CeueHOBa MMeH BaXKHOE
3HAueHue 151 JaJTbHEeHIINX UCC/IeJOBaHM I10 TTI0BbI-
11eHuo 3¢ ¢heKTUBHOCTY BBINOMHEeHNs U 6e30macHOCTH
aBUAL[MOHHBIX U KOCMHUYECKHUX T10J/IeTOB.

PaboTe! Hemerkoro ¢u3uosora Harana LlyHiia
(Zuntz Nathan, 1847-1920) oxBaTbIBa/y LLIUPOKUI
crieKTp obsiacTeil ucciej0BaHUM; OCHOBHBIMU Ha-
NipaB/eHUsIMU ObLT MeTabo/MM3M, TUTaHue, IbIXaHue,
rasbl KpOBY, (U3nuecKue yrpaKHeHUs! U (U3HOJIOT ST
BBICOKOTOPBSI. LlyHI] ObUT IepBbIM, KTO OITHCA Pa3HULLY
MKy 1Ta00paTOPHBIMH JIaHHBIMH, MO/TyYeHHbIMU B TH-
robapuueckoit Kamepe, ¥ U3MePEeHUsIMUA Ha OOJTbIIION
BoicoTe. B 1902 r. 0H BMecTe CO CBOMM YUEHUKOM,
aBCTpuUckuM ¢usnosiorom AHToHOM IIpéTrTepom
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(Anton Hermann Victor Thomas Schrotter, 1870-1928),
TIPOBeJI /IBe SKCIIeIMLIMY Ha BO3AYIIIHOM L1ape, KOTOpble
03HaMeHOBasH coboii Tiepexoy OT 3eMHOM (HU3UOTOTHH
K aBUAl[MOHHOUM Me/TuIIHe. ABUAIIMOHHBINA COF03, apMHUSI
Y Hay4HbIe Be/JOMCTBA ObUTH TECHO CBSI3aHbI IPYT C ApY-
roM. B coTpygHuyecTBe € 3STUMU yupexxaeHusaMHU LIyHI
u HIpéTTep NoCTpoUIM CUCTEMY MOZAAYM KHC/IOpOJa
Y CIIPOEKTUPOBAJIM TePMeTHUHYO KabuHY /1/1s1 TI0/IeTOB
Ha BbIcoTax bosiee 10000 M [5].

B CCCP B 1930 r. Ha 6a3e LleHTpanbsHOM ncUxo-
¢busmnonoruueckoit taboparopuu (LI1DIT) 6611 co3aaH
aBMAL[MOHHBIN cekTop HayuHo-1cciei0BaTenbCKoro ca-
HutapHoro nHcTuTyTa PKKA. B 1935 I. CekTop rpeo6-
pa3oBav B ABUAIIMOHHBIN HAYYHO-UCC/I0BATETLCKUN
CaHUTaPHBIM UHCTUTYT, lepeMMeHOBaHHbIN 11037Hee
B MHCcTUTYT aBualioHHoi MegutivHel (MAM) BBC um
W.I1. TTaBnoBa. LIeHTp 3aHUMaICS pelleHreM pobiem,
CBSI3aHHBIX C 00ecreueHreM XU3HeAes TeTbHOCTH,
paboTocriocobHOCTH 1 6e30MacHOCTH UesioBeKa BO Bpe-
Mst nojsieta. Kpyr gaHHbIX ipo6siem ObLT JOBOJIBHO
IIMPOK: KUC/IOPOJHOE roJioflaHye OpraHu3Ma uyesioBeka
1 criocoObl ero Mpo¢UIaKTUKU U 3al[UThI JIeTHOTO
COCTaBa; epeHOCUMOCTb YCKOPeHU B 3aBUCHMOCTHU
OT HarpaB/eHUs UX [1eNCTBUS; BIUgHUE (aKTOPOB
nosieta Ha (YHKLIMM aHa/IW3aTOPCKUX CHUCTEM U T. .
OTH Ucc/ie0BaHus TIOMOTJIN TIOJTYUYUTh U 0000IIUTD
JlaHHbIe 0 TICUX0(U3MONIOrMYeCKUX BO3MOXKHOCTSIX JIeT-
YKMKOB U pa3paboTaTh METO/bI UX afaNTaliH K BBICOT-
HBIM TI07IeTaM U TeperiaZiaM JlaBieHusl, UTo 0COOeHHO
ObLI0 BaXKHO B TIOC/IEBOEHHbBIE TOZBI, KOT/[a ITO/TyuusIa
pa3BUTHE peaKkTHBHAas aBualus. B HacTos1iee Bpemst
LleHTp MpoAO/KAaeT UCCae[0BaHUs ICUX0(U3HO0II0-
rUueckux rpobieM CrieliajyucToB B aBUAL[MOHHON
cdepe c Lenbio obecrieueHNst UX MPodeCcCUOHaTbHOU
HaJle)kKHOCTH [6].

B nauane 1930-x rr. oTeuecTBeHHbIN (HU3UOIOT
Jleon Abraposuu Op6emu (1882—-1958) u ero cotpy-
HUKH TIPOBOZIW/IA MCC/Ie0BaHus B 00/1aCTH (DU3U0MOTHUN
BBICOTHOT'O 11071€Ta, UTO B Jla/IbHelIl1eM [103BOJIU/IO CTpa-
TOHaBTaM COBepILIXTh B 1933 roay noabeM Ha BBICOTY
18600 m. Bo Bpemst Benvkoii OTeueCTBeHHOW BOWHBI
npu Kadezape dusnonorun BoeHHO-MeJULIMHCKON
aKajieMuu Obiia co3zaHa Jlaboparopusi aBUallMOHHON
MeJULIMHBI, 0011iee pyKOBOJCTBO KOTOPO# B3si/T Ha Cedst
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Op6enu. B 3T0# 1abopaTtopuu ObUTHA OCYIIeCTB/IEHBI
Ba)KHbIe UCC/IeJOBaHUS TI0 M3YUYEeHUIO B/IMSIHUSL YCKO-
peHui ¥ pe3KrX U3MeHeHU aTMoC(epHOro /iaBieHus
Ha yejioBeueCKHUil opranusm [7].

Hopgeesxckuii Bpau Kaps Busbrenism CeM-5ko0ceH
(Carl Wilhelm Sem-Jacobsen, 1912—-1991) ctan nuo-
HEepOM HCCe[j0BaHuH IyOOKOM CTUMYSLIUK MO3Ta
Y @9pOKOCMUYECKOW Helipodun3nonoruv. OH CKOHCTPY-
MPOBAJI CBOM COOCTBEHHbIE MEAUIIMHCKIE TEXHIUeCKIe
YCTPOMCTBA, OJHUM U3 TIepBbIX pa3paboTas rimyooKyro
CTUMYJISILIMIO MO3Ta M CO3/ja CaMble MUHHUATIOpHbIe
13 KOTIa-TM00 CyIIieCTBOBABIIMX paHee CHCTeM 3aIich
93T u KT B 171aBHOM NCUXUATPUUECKON OO/TbHULIE
Ocio Cem-IkobceH opraHr30Ban COOCTBeHHBIN Hel-
pour310I0rNYeCKUI UHCTUTYT /151 UCCJIeZlOBaHUI
B 00/1aCTU HEMPOXUPYPrUH, ITyOOKHUX 3arvceli Mo3ra
U T1yOOKOH CTUMY/ISILIMKM Mo3ra. B coTpyaHUuecTBe
¢ onbITHEIMU Helipoxupypramu Ociio CeMm-SkobceH
TIPOBeJT CaMble TepBble UCTILITaHUs ITyOOKOW CTUMY-
JISILIAY MO3ra y TlaleHToB ¢ 6ose3Hbio [1apkuHCOHa.
[To-BuguMomy, eije B 1950-x IT. OH y>ke rpoboBait
TIPUMEHSITh CyOTalaMUUYeCcKyro CTUMYJISILEO [8].

Vcropusi TpoUIaKTUKU TUTIOKCUY TECHO CBSI3aHa
C aBMaloHHOM dusrosnorveit. Korya camoneTsl ctamm
JIeTaTh Bblllle 3 KM, TUIIOKCHS TTU/I0TOB, BIUAOLLAS
Ha UX TIPOU3BOJUTETFHOCTD, CTAHOBHU/IACh BCe Ooiee
cepbe3Hoi ripobnemMoii. Hezagonro no Bropoit Mupo-
BOI BOITHBI aMepUKaHCKHe Bpaun Yostep M. Bytou
(Walter M Boothby, 1880-1953) u Yunbsam PaHgonbd
JlaBneiic II (William Randolph Lovelace II, 1907-
1965) u amepukaHckuit xupypr Aptyp X. bynOymnsH
(Arthur H. Bulbulian, 1900-1996) pa3pabotanmm
CreL{MabHYI0 MacKy, KOTopasi Jo/bKHa Obla ToMoub
TIPeoZi0/IeTh HU3KOe MapLipa/ibHOe /laB/ieHre KUCI0poja
BO BJ[bIXaeMOM Bo3ayxe [9].

Bo Bpemsi Bropoii MUpPOBOU BOWHBI MUJIOTHI
pas3HbIX CTPaH MPOA0JIKaJIU CTATKUBAThCS C TIPO-
6/ieMaMu, CBSI3aHHBIMU C OBICTPBIM M3MeHeHUeM
BBICOTHI U TepernazaMu AaByieHusi. ONucbIBaOTCs
c/lyuau npexogsiei ciaenotsl. OUH U3 TUJIOTOB
1OCJ/ie TUTIOKCUU ObUT MOAHSAT Ha BhIcOTy 11582 M.
«Y Hero MnosiBUINCHL HeOOJIbIINE U3rUOLI B I/IeYax, OH
CTaJl HeBOCTIPUMMUMBLIM U HECKOOPJUHUPOBAHHBIM.
Cryck npou3BOJW/ICS B TeYeHHe CEMU MUHYT, U OH

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

ObL1 COUT ¢ TONKY. [IpUMepHO uepe3 MATh-AeCATh MU-
HYT OH IpHILIe/ B CO3HAHKE, HO ’Kai0BasICs Ha MOTHYI0
C/IeTnoTy, KOTOpasi MOTHOCTBIO TIPOLLLIa B CeIyoLye
NATHaLUATb-TPUALATh MUHYT. PyHjaMeHTaTbHbIX
V3MeHeHH 00Hapy>KeHO He ObLI0...» [Ipyroi muioT
nipeOBIBa/I MPUMEPHO Ha TOH ’Ke BBICOTe U «T10-BUJH-
MOMY, HaXOJUJ/ICs Oe3 CO3HAHUS B TeUeHUe ABaALIATH
MHHYT. Y Hero ObIT KpaiiHe TsKeJIbIH IIOK. .. ¥ OH ObLT
c/ien B TeUeHWe JHs, C TOCTeNeHHbIM BO3BpallleHheM
3peHusi B TeueHHe CJieIyIoIIMX YeThlpex cyTok. Ha mo-
JISIX er0 CeTUaTKU 0TMeuasoCh 3aMeTHOe apTepruaabHOe
cyxeHue» [2].

[ToTepsi CO3HaHUs y MTUJIOTOB BO BpeMsi OBICTPO-
ro Habopa BBICOTHI OblsIa OZHOW U3 CEePbe3HEeUIITHNX
npo6siem. K BesinkoMy coxkaneHuto, B 1941-1942 rr.
TIPOBOJIM/IMCH SKCTIEPUMEHTHI Ha/l MaljieHTaMu, 00/1b-
HbIMU IM30(peHrel C 1e/ibi0 U3yueHUs TPUUUHBI
3TOTO SIBJIEHHSI C TIOMOIL[bI0 pa3paboTaHHOTO IIeHHOTO
ycrpoiictBa KRA-Cuff, koTopoe npu HayBaHUM MOT/IO
NepeKpbITh PUTOK KPOBU K Mo3ry. [Ipu npekparieHnu
KpoBoToKa /10 100 ceKyHz ucceqoBated Haboaammu
MOC/Ie[J0BaTeIbHOCTD PeakKlivii, BK/IOUasi IOTEePH0 CO-
3HaHWs1, 3a KOTOPOH CJ/1efl0Ba/iv paclliipeHHbIe 3paukHy,
TOHWYeCKHUe/KJIOHNYeCKUe /IBWKEeHUs, TOTepsi KOHTPO-
JISl HaJ, MOUEBbIM y3bIPDEM U, B UTOTE, OTIOPO’KHEHUE
KMIIIeYHHKA, a TAK)Ke MOsIBJIeHUe MaT0J/IorhueCcKUX
pediekcos [10].

B roger Bropoii MupoBoii BoiiHbl Teomop XaHHeC
bensunrep (Theodor Hannes Benzinger, 1905-1999),
aMepUKaHCKU (hM3H0/I0T HEMEI[KOTO TTPOUCXOXK/IeHUS,
TIPOBOAM/T (PU3HOIOTUUeCKHe UCCIeJoBaHus (HepeaKo
C cOOCTBEHHBIM Y4YaCTHeM) BIUSTHUSL ObICTPOM /1€KOM-
TIPECCHH U CBSI3aHHOTO C HElM KUCIOPOAHOro 06opy-
JIOBaHUsI BO BPeMsI ITOJIETOB Ha OOJIBIINX BBICOTaX.
C 1934 no 1944 r. oH BO3I/1aB/IsI/T aBUaMeJULUHCKYIO
naboparoputo «EMed» B PexmuHe, rjie cbIrpas BaKHYIO
pOJIb B TIPOBEZIEHUM UCC/eJOBaHWM, CBSA3aHHBIX C M0-
JleTaMu B cTpatocdepe U 3KCIIeEPUMEHTBI C ObICTPOM
JIekomripeccueid Ha BeicoTe 10 19000 M. (yacTo c ero
JIMYHBIM y4YacTHeM). OTH SKCTIePUMEHThI BHEC/U Cy1Lje-
CTBEHHBIN BKJIa/l B TOHMMaHKe (PU3M0/IOTHY uesioBeKa
1 TpebOBaHMI >XU3HeobecrieueHus B chepe BLICOTHOM
aBHWaLIMH, a TI03JHee U Jisi paboT B yC/IOBUSIX, SKBHBa-
JIPHTHBLIX KOCMUYecKuM [11].
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AwmepukaHckuii ¢usnonor 3pa Xosapy Byx (Earl
Howard Wood, 1912-2009), uccieioBaBiimii pakTopsl
N0Tepy CO3HaHUs, BbI3BAHHOM YCKOPeHUeM, C KOTOPOH
CTaJIKUBAIOTCSI MUIOTHI BICOKOTIPOU3BOAUTETbHBIX
CaMosieToB, pa3paboTas mprbOpkI A7k U3MePeHus U pe-
TUCTPALIMM apTePUa/IbHOTO JaB/IeHUs U COZlepKaHUs
KPOBH B TKaHsX. ODTH JIaHHbIe TIPHBEJH K pa3paboTke
YCHEeLIHbIX Mep NPOTUBOZAENCTBUS MOTEPe CO3HAHUS,
BbI3BaHHOM YCKOpPeHHeM, C [IOMOLLIBI0 HalyBHOIO «G-Ko-
CTIOMa» U MaHeBpa 3aiepXKKu bixaHus «M1». [Tocne
BTopoii MUpOBOIA BOMHBI OH MCIOTb30BaT U MOJU(HULIM-
POBAaJT 3TM MHCTPYMEHTHI U UCI0/Ib30Ba MEeTO/bI pa3Be-
JleHUsI MTHAMKAaTopa IyTeM HelpephIBHOTO 3ab0pa BHY-
TPUCEPJEeYHOI KPOBU, UTOOBI 3HAUNTE/TLHO TIOBBICUTh
Crelu(pUIHOCTb ¥ YyBCTBUTEBHOCTb JUAarHOCTUKU
BHYTPHUCEpP/IeUHbIX aHATOMAYECKUX 1 (DYHKLIMOHA/IBHBIX
aHOMaJIM{ y MaL¥eHTOB C BPOXKAEeHHbIMU [TOPOKaMH
cepzua. OTo criocobCTBOBA/IO 3HAUUTE/ILHOMY YBe-
JIMYEHUIO YMCJIa yCIellHbIX Orepaljiii Ha OTKPBITOM
cepate B 1950-e rr. [12].

Yxe ynomuHaBwuiics Y.P. JlaBnetic II BMecTe
C BOEHHBIM JIETHBIM XUpyproM loHom [I3Brcom
®nukuHrepom (Don Davis Flickinger, 1907—1997)
MPeIOJ0KUIN, UTO C UHXXEHEPHOU TOUKH 3peHUs
661710 ObI G0JIee MPAaKTUYHO OTIPAB/ISATH B KOCMOC
He MY>KUMH, a )KeHIIIMH BBH/ly MX MeHbIlIell MacChl Tena
1 noTpebHOCTH B Kuciopoge. B 1960 T. mokrop JlaBnelic
B3s1/T Ha ce0si pyKOBOJCTBO MPOrpaMMoit «>KeHI[uHa
B KOCMOCEe» 1 Hauasl MeJULIMHCKNe U (PU3MO0/I0THUeCKHe
WICTIBITAHUS PSiZja OTIBITHBIX XKEeHILMH-/IeTYUKOB. TeCThl,
KOTOPBIM TTO/IBEPIJIUCE 3TH YKeHLWHBI, ObIN WAeHTHY-
HBI TE€M, KOTOpbIe UCI0J/Ib30BaUCh A1J151 TeCTUPOBaHUS
TMepBbIX aCTPOHABTOB MPOrpaMMel «MepKypuii», € 0-
OaByieHHeM T'MHEKOJIOTHYeCKUX 0CMOTpPOB. 13 u3 19
NIPOTeCTUPOBAHHBIX JKEHIVH CLA/IU 3TU HallpsDKeHHbIe
(ur3ronornueckrie SK3aMeHsl (/151 CpaBHEHUSs1, Cpeau
MPOTEeCTUPOBAHHBIX MY>KUMH canu 18 us 32); uactb
3TUX MUJIOTOB ObLIA ZOTIOJTHUTETBHO TTPOTeCTHUPOBA-
Ha Ha CepUM MCUXO0/I0TMYeCKUX 3K3aMeHOB, KOTOpbIe
ObLTH aHA/IOTUYHBI WK, B HEKOTOPBIX C/Tyuasix, Oosee
TpebGoBaTe/IbHbI, UeM Te, KOTOpPbIe ITPOBOJMIUCH IS
MY>KUMH-KaHAUJaToOB Ha «MepKypuii». Hecmotps
Ha 3TH MHOTOO00eIIafoII1e pPe3y/bTaThl, JalbHeHe
WCTIbITaHYsI ObUTH OCTaHOB/eHsI [13].
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B 1989 r. 6111 paccMoTpeHb! 133 cyuasi BbI-
cotHoi [1KB Tuna Il (MHOXXeCTBEHHbIE CHCTEMHBIE
CUMIITOMBI, BK/IFOUasl HeBPOJIOrHUeCKKe NPOsIB/IEHNs),
xpansiiuecs B aiinax [11kosbl a9poKoCMUUeCKoi MeIu-
el BBC CIIIA, 60/BIIMHCTBO U3 KOTOPBIX (94,7 %)
rocsiezioBasio 3a obyueHreM B bapokamepe. Hanbosee
YacTo IMPOsIB/IsieMbIM CUMITTOMOM OBbIZI0 HapylleHe
3peHust. b u3yuens! 143 ciydast HeBpPOJIOTMUECKOM
HOKB Ttuna II, Takxke 3apeructpupoBaHHbIX B [lIkosne
aspokocmuygeckoit Meauuael BBC CIIIA. CHoBa
ObII0 BBISICHEHO, UTO HanuboJsiee pacripoCTpaHeHHBIMU
HEBPOJIOTMYEeCKMMU CUMITTOMaMH Y TIPU3HAKaMH BbI-
cokoropHot [IKB GbL1H BU3yasibHble W3MeHeHus [2].

OTeueCTBeHHBIN CTeLUANUCT B 006/1aCTH BOEH-
HOM MeguLMHbI ['eopruii MuxaiisioBuu 3apakoBCKUU
(1925-2014) B 1965—1987 rT. BO3I/IaB/Isi/T OT I TICUX0-
(usronornueckux uccaenoBanuii B [ocyjapctBeHHOM
HAy4YHO-UCCJIe[J0BaTeTbCKOM HCIIbITaTe/TbHOM UHCTUTYTE
aBHAaLIMOHHOW U KOCMHYeCKOU MeJuLMHbI. KauecTBO
peleHus 3a/iau, KOTOpble CTAaBU/INCH Nepe] IeTUYNKaMU,
OLIeHMBAJINCh B 3aBUCUMOCTH OT 0COOEHHOCTel BHIUMa-
HUS1, MAMATH U MBILLJIEHUS], ICUXWYECKOTO COCTOSIHUS
¥ Npo¢eCCUOHAIBHO Ba)KHBIX KayeCTB YyesioBeKa ore-
paropa. Pe3ynbTaThl TeOpeTUYECKHX U MPAKTUUe CKUX
MCCTIeZloBaHui 1o 06ecrieueHH0 TpogeCcCrOHaMbHON
HaJIe>KHOCTH JIETHOTO COCTaBa, KOCMOHABTOB U aBHa-
LIMOHHBIX CITeL{1a/IMCTOB, IPOBOAUMBIX 3apakKOBCKUM,
JIeTJId B OCHOBY €r0 JJOKTOPCKOW JAUCCepTaLuy, 3a-
ujvieHHon B 1974 r. OH cTas aBTOPOM KOHLIEMLUU
yIipaB/ieHUs ICUX0(U3U0IOTUUECKUM COCTOSIHUEM
KOCMOHABTOB B TI0JieTe, pa3paboTast MpUHLIUIIbLI, METO-
JIbI ¥ CTTOCOOBI TIOZI/IeP>KaHUs UX pab0TOCIIOCOOHOCTH
Y IPOUIaKTUKU yTOMIIeHus [14].

C Haua/I0M KOCMHUEeCKHX T0JIeTOB nepej Uc-
cJ/iefloBaTesIsIMU BCTa/lU HOBbIe BOonpockl. K HUM
OTHOCSITCS HelipoBecTUOy/sipHBIE TIPOOJIEMBI,
BK/IFOYAOLMe yKauMBaHKe B IIPOCTPAHCTBe U fle30-
pHEHTAaLMI0 BO BpeMs 110JIeTa, a TaKXKe HapylleHue
6asaHca ¥ HePBHO-MBIILIEUHOM KOOPAWHALIUU TT0C/Ie
TIpU3eMJIeHHST; CepJleUHO-COCYAUCThIE U XKUAKOCTHbIE
npo6eMbl OPTOCTAaTHUeCKOW TMITOTeH3UH Cpa3y Mocie
KOCMHYECKOT0 TI0/1eTa; U3MeHeHHe CepieuyHOi BOCTIPU-
VIMUYMBOCTH K >Ke/y/l0UKOBbIM apUTMUSM; CHIDKEHHE
MacCChl Cep/ieYHOMN MBIl U CHUYKEHUE Cep/leuHOM
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GbyHKLUIY; TIPOG/IeMBbl aTpOUK MBILIL], BK/TIOUAsi TIOTEPI0
MBIIIEUHON MacChl, CUJIbI ¥ BBIHOC/TUBOCTH; CHIDKEHHE
MUHepabHOW MJIOTHOCTU KOCTel; pobieMbl, CBsi3aH-
HbIe CO CHOM, ITPOM3BOJUTETbHOCTBIO U LIUPKAJHBIMHU
puTMaMu; ripobeMsl, CBs3aHHbIe C ociabieHreM
UMMYHUTETA.

BbiBOAbI U fanbHellumne nepcnekTusbl
nccnepgosaHusa

Taxkum 06pa3oM, B pa3BUTHM aBUALMOHHOM (pu-
3M0JIOTMM MOXKHO YCJIOBHO BbIZI€IUTH [IBa 3Tama. 1.
JoaBuallMOHHBINM, B paMKaxX KOTOPOTO IIPOMCXOAUT
3apoXK/IeHHe 3TOM 00/1aCTh MeIUKO-OMOIoThyue CKUX
3HaHu#. 2. ABMalMOHHBIM. Ha BTOpOM 3Tarie y yueHbIX
TOSIBU/IACh BO3MO)KHOCTb HMCC/Ie[J0BaTh MHOYKE CTBEH-
Hble U pa3HOHAIpaB/ieHHbIe [leperpy3Ky U BIUsHUE UX
Ha OpraHv3M YeJioBeKa.

MarepuaJibl HaCTOSILLEUN CTaTbU AOMOJHSIOT CyLLle-
CTBYIOIIIIE€ KCTOPUKO-OMO/IOTHYeCKIe UCC/IeOBaHus,
TIOCBSIIIIeHHbIe Pa3BUTHIO TIpe/iCTaB/ieHHi 06 aBua-
IMOHHOM (hu3roorur. OHU MOTYT OBITH MCIIO/TH30-
BaHbI [1pY Jla/IbHelIIeM UCC/IeJOBaHUU CTaHOB/IEHUS]
Y pa3BUTHUS aBUALMOHHOW (PU3HOJIOTUH, a TAKXKe
KakK yueOHO-MeTouueCKUii MaTeprat Jisi U3y4eHus
B paMKax JUCHUTUTHH «VlcTopust buonorum», «Vcropust
MeUIUHBI», «DPU3H0IOTHS».
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Blood pressure status in patients with metabolic syndrome
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Abstract. Relevance. Metabolic syndrome (MetS) is existence of many abnormalities, such as abdominal obesity, hypertension,
dyslipidemia, and glucose intolerance. The occurrence of MetS in hypertensive people is linked to poorly managed hypertension.
One of the parameters for the diagnosis of the syndrome is the presence of increased blood pressure; nevertheless, research shows
that MetS patients are likely to experience hypertension often. Materials and Methods. 300 metabolic subjects were selected
from the medicine OPD as study participants based on the joint interim statement’s 2009 definition of the metabolic syndrome.
They were divided into three groups (normotensive, pre-hypertensive, and hypertensive) based on blood pressure readings
that met the American Heart Association’s (AHA) Asian blood pressure criteria. The following parameters were recorded for
data collection: anthropometric (Weight, Height, Body Mass Index Waist Hip Ratio), Blood pressure, biochemical (Fasting
blood glucose, Lipid profile parameters). Results and Discussion. According to the resting blood pressure readings, out of 300
metabolic syndrome participants, 37 were normotensive [male (40.54 %); female (59.45 %)], 115 were pre-hypertensive [male
(58.26 %); female (41.74 %), and 148 were hypertensive [male (52.7 %); female (47.3 %)]. In several parameters, there was no
such significant difference between male and female participants across all groups. However, the levels of blood total cholesterol,
triglycerides, and low-density lipoprotein were considerably greater in hypertensive and pre-hypertensive metabolic participants
than in normotensive subjects, while the levels of high-density lipoprotein were lower. Conclusion. Study findings suggest,
hypertension and pre-hypertension were more prevalent in the group with metabolic syndrome. Additionally, hypertensives
have a higher chance of manifesting dyslipidemia.
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Introduction
Metabolic syndrome (MetS) is a cluster of

several disorders, which together raise the risk of an
individual developing atherosclerotic cardiovascular
disease, insulin resistance, and diabetes mellitus,
and vascular and neurological complications such
as a cerebrovascular accident. MetS is a much larger
problem among south Asian populations, including India,
has incited plenty of interest over the past 3 decades [1].
There is an escalating age-related prevalence in both
men and women [2]. In an international study which
had estimated that approximately 13—15 % of the adult
population in India is having MetS, with females being
more affected (approximately 8-9 % among adult males
and 18-19 % among adult females) [3]. Metabolic
syndrome (MetS) is characterized by the simultaneous
presence of specific abnormalities, including abdominal
obesity, hypertension, dyslipidemia and glucose
intolerance, leading to increased risk for cardiovascular
events. Person having metabolic syndrome had to have
three or more of the following cardiometabolic risk
factors to meet the diagnosis of MetS as defined by
joint interim statement, 2009 [4]:
I. Waist circumference more than 40 inches in men and

35 inches in women.
II. Elevated triglycerides 150 milligrams per deciliter

of blood (mg/dL) or greater.
III. Reduced high-density lipoprotein cholesterol (HDL)

less than 40 mg/dL in men or less than 50 mg/dL

in women.
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IV. Elevated fasting glucose of 100 mg/dL or greater.
V. Blood pressure values of systolic 130 mmHg
or higher and/or diastolic 85 mmHg or higher.

Metabolic syndrome is associated with development
of cardiovascular disease. It is associated with four-
fold increase in risk of fatal coronary heart disease and
two-fold greater risk of cardiovascular disease and all
causes of mortality among men; even after adjusting
for age, LDL—C, diabetes, smoking and family history
of coronary heart disease (CHD). It is also an important
predictor of type 2 diabetes. Patients with MS have 5
to 9-fold increase risk of developing type 2 diabetes
[5]. In hypertensive individuals, the presence of MetS
is associated with poorly controlled hypertension [6].
The presence of elevated blood pressure is one of the
required criteria for the diagnosis of the syndrome, while
evidence suggests that hypertension is encountered
very often in people with MetS [7].Insulin resistance
activates the sympathetic nervous system, upregulates
angiotensin II receptors and reduces the synthesis of
nitric oxide, leading to increases in heart rate and blood
pressure [8, 9].

Materials and Methods

Design of the study
The present observational study was conducted in
the Physiology Department of the RUHS College of
Medical Sciences and associated hospital, Jaipur. The
RUHS College of Medical Sciences, Jaipur, institutional
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ethics committee granted the study its ethical approval.
The study’s estimated sample size was 282, with
a margin of error of +/-10 %, a sample percentage
of 50 %, and a confidence level of 95 %. The sample
size of the study was 300 individuals due to dropouts
or non-responding subjects [10]. After analyzing the
inclusion and exclusion criteria, all subjects were
recruited from the RDBP Jaipuria hospital’s medicine
OPD, and a written informed consent was acquired
from each participant.

In accordance with the Joint Interim Statement from
20009, subjects were diagnosed with metabolic syndrome
if they exhibited three or more of the following cardio-
metabolic risk factors [1].

(1) Waist circumference more than 40 inches in men
and 35 inches in women.

(2) Triglycerides (TG) >150mg/dL.

(3) Reduced HDL-C <40mg/dL in males; <50 mg/dL
in females.

(4) Elevated systolic blood pressure (SBP) >130 and/or
diastolic blood pressure (DBP) >85mmHg.

(5) Elevated fasting plasma glucose (FPG) >100 mg/dL)
between 18—60 years age group of either sex.

The study excluded patients with cardiac
conditions (myocardial ischemia, cardiomyopathy,
and atherosclerosis), respiratory, musculoskeletal,
and renal problems, as well as pregnant and lactating
women. Additionally, those with significant impairments
including kyphosis, scoliosis, and osteoarthritis were
also disqualified, as were those with a recent history of
hospitalization within the past three months.

In accordance with the NHANES recommendations,
the height (cm) and weight (kg) were measured
using stadiometers and calibrated weighing scales,
respectively [11].The formula weight (kg)/ height (m?)
was used to determine BMI. Using a linen measuring
tape, the circumferences of the waist and hips were
measured while the subjects were standing with their
heels together, at the level of the umbilicus and the
maximal protrusion of the hip, respectively [11].
Following a 15-30 minute period of sitting still,
the Sphygmomanometer will be used to measure
both SBP and DBP [12].All research subjects had
their biochemical data (fasting blood glucose, total

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

cholesterol, LDL, VLDL, triglyceride, and HDL
cholesterol levels)gathered [13—15]. For the biochemical
testing, they were instructed to arrive after an overnight
fast of 8 to 10 hours. We separated these individuals
into three groups (normal, pre-hypertensive, and
hypertensive) based on their blood pressure (mmHg)
readings and the criteria established by the American
Heart Association (AHA) for Asians [16].

Statistical analysis
Microsoft Excel was used to organize the collected
data. For data that was normally distributed, mean + SD
was computed. Using SPSS software, an unpaired
student t-test was used to determine the level of
statistical significance. Differences were considered
statistically significant when p <0.05.

Results and Discussion

We grouped 300 metabolic syndrome subjects into
normotensive (37) [male (40.54 %); female (59.45 %)],
pre-hypertensive (115) [male (58.26 %); female (41.74 %)],
hypertensive (148) [male (52.7 %); female (47.3 %)]
according to their resting blood pressure values (Fig. 1).

Figure 2 depicts the distribution of total metabolic
syndrome population on the basis of their inclusion
criteria for metabolic syndrome. There were 95.71 %
females had waist circumference more 35 inches and
31.25 % males had waist circumference more than 35
inches. There were 77.86 % females had triglyceride
level equal to or more than 150 mg/dl and 76.87 %
males had triglyceride level equal to or more than 150
mg/dl. There were 84.28 % females had HDL level
less than 50 mg/dl and 60 % males had HDL level less
than 40 mg/dl. There were 77.86 % females had fasting
blood glucose (FBG) level equal to and more than 100
mg/dl and 71.25 % males had fasting blood glucose
(FBG) level equal to and more than 100 mg/dl. There
were 72.86 % females had systolic blood pressure equal
to and more than 130 mmHg and/or diastolic blood
pressure equal to and more than 85 mmHg. But 81.25 %
females had systolic blood pressure equal to and more
than 130 mmHg and/or diastolic blood pressure equal
to and more than 85 mmHg.
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Percentage distribution

59,46 58,26
52,7
47,3
40,54 41,74
Male Female Male Female Male Female
Normotensive Pre-hypertensive Hypertensive
Fig. 1. Distribution of male and female subjects in different groups
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B Male (%) ™ Female (%)

Fig. 2. Distribution of subjects on the basis of their inclusion criteria for metabolic syndrome

Table 1 depicts mean + SD distribution of various waist- hip ratio of male and female normotensive
parameters in normotensive male and female subjects. metabolic subjects.
Significant difference was seen in mean values of height,
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Distribution of Anthropometric and Biochemical Parameters of Normotensive Group

Table 1

Parameters Male (N = 15) Female(N = 22) P value
Mean = SD Mean = SD

Age 35.57 + 10.23 39.09 + 11.22 0.279
Weight 77.33 + 12.27 70.23 + 9.8 0.058
Height 1.66 = 0.07 1.56 = 0.06 0.000
BMI 28.2 + 4.21 28.83 + 4.06 0.648
Waist 39.34 + 3.76 40.37 + 297 0.360
Hip 38.76 + 4.37 41.48 + 4.36 0.071
WHR 1.01 = 0.06 0.98 + 0.05 0.031
SBP 115.07 £+ 5 114.45 + 6.70 0.710
DBP 78.80 + 5.49 76.45 + 5.89 0.230
FBG 129 + 45.29 135.43 + 54.97 0.071
Total Cholesterol 234.47 + 71.06 199.05 + 35.55 0.190
HDL 43.62 = 15.36 38.30 + 13.24 0.268
LDL 12419 + 34.84 122.47 + 34.09 0.882
VLDL 35.22 + 1295 41.19 = 15.19 0.221
TG 177.29 + 30.57 179.01 + 42.97 0.895

Note: BMI — Body Mass Index; WHR — Waist Hip Ratio; SBP- Systolic Blood Pressure; DBP — Diastolic Blood Pressure; HDL — High
Density Lipoprotein; LDL—Low Density Lipoprotein; VLDL—Very Low-Density Lipoprotein; Significant, p < 0.05.

Table 2 depicts mean + SD distribution of various
parameters in pre-hypertensive male and female

of age, weight, height, BMI, waist-hip circumference,
and HDL of male and female pre-hypertensivemetabolic

subjects. Significant difference was seen in mean values subjects.
Table 2
Distribution of Anthropometric and Biochemical Parameters Pre-hypertensive Group
Parameters Male (N = 67) Female(N = 48) P value
Mean + SD Mean + SD

Age 36.4 + 10.58 4575 + 10.11 0.000
Weight 75.84 + 10.08 70.13 + 11.65 0.006
Height 1.67 + 0.80 1.54 + 0.08 0.000
BMI 27.2 + 3.57 29.50 + 4.67 0.003
Waist 38.96 + 8.77 4588 + 17.94 0.007
Hip 39.14 + 8.45 4592 + 9.05 0.015
WHR 1 + 0.06 1.008 + 0.053 0.296
SBP 132.6 + 4.95 13217 + 475 0.641
DBP 86.18 + 4.99 86.96 + 5.17 0.418
FBG 114.78 + 35.85 123.04 + 31.2 0.201
Total Cholesterol 193.15 = 39.59 20532 + 41.12 0.193
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End of the table 2
Male (N = 67) Female(N = 48)
Parameters P value
Mean + SD Mean + SD
HDL 39.73 + 10.7 4434 + 12.37 0.035
LDL 113.3 + 34.62 117.26 + 33.77 0.542
VLDL 36.11 + 16.3 35.88 + 14.84 0.940
TG 168.52 + 52.33 160.5 + 40.32 0.376

Table 3 depicts mean + SD distribution of various of male and female hypertensive metabolic subjects.
parameters in hypertensive male and female subjects. However, both male and female participants in this study
There was significant difference of mean values of had higher anthropometric and biochemical markers.
weight, height, BMI, and waist- hip circumference

Distribution of Anthropometric and Biochemical Parameters of Hypertensive Group able:3
Male (N = 78) Female(N = 70)
Parameters P value
Mean + SD Mean + SD
Age 4536 + 10.87 47.37 + 11 0.265
Weight 77 £ 12.27 70.7 £ 12.86 0.003
Height 1.68 + 0.07 1.56 = 0.07 0.000
BMI 27.24 + 3.96 29.1 + 5.62 0.021
Waist 40.72 = 11.08 4593 + 16.49 0.024
Hip 41.03 + 10.51 46.27 + 17.24 0.025
WHR 0.99 + 0.06 1 + 0.053 0.593
SBP 155.72 + 18.39 154.66 + 17.34 0.719
DBP 96.9 + 13.12 946 t 6.8 0.191
FBG 145.73 + 55.79 143.14 + 52.64 0.773
Total Cholesterol 207.85 + 37.27 206.9 * 39.07 0.899
HDL 39.34 + 11.95 39.34 + 11.62 0.999
LDL 122.87 = 29.91 121.53 + 32.28 0.793
VLDL 40.02 + 18.74 38.95 + 14.35 0.699
TG 181.33 + 62.52 168.38 + 43.57 0.150

In this observational study, we evaluated patients for (52.7 %); female (47.3 %)] (figure 1). Based on the criteria
metabolic syndrome who attended Government RDBP  established by the American Heart Association (AHA) for
Jaipuria Hospital in Jaipur’s Medicine department’s Asians [16].The emergence of cardiovascular disease is
outdoor patient’s department (OPD). These people were  linked to metabolic syndrome. There is a two-fold increase
divided into three groups: normotensive (37) [male in the risk of cardiovascular disease and a four-fold increase
(40.54 %); female (59.45 %)], pre-hypertensive (115) [male in the risk of fatal coronary heart disease. In India and
(58.26 %); female (41.74 %)], hypertensive (148) [male other South Asian nations, the prevalence of obesity and
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metabolic syndrome is rising rapidly, increasing mortality
and morbidity from CVD and T2DM [17, 18].In the
current study, there were no such significant differences
between male and female participants across all groups
in several parameters. According to the findings of our
study, metabolic hypertensive patients were aged than
pre-hypertensive and normotensive patients. The mortality
rate attributable to the metabolic syndrome and its risk
factors differ by gender and age. Our findings show that
the prevalence of MetS rises with age and is more common
in men than in women. Multiple studies have also shown
that «modernization» causes the change in physical activity
levels, adiposity, dietary, and psychosocial stress, which
raise blood pressure and exacerbate age-related elevations
in blood pressure. The waist-hip ratio and body mass
index were nearly same across all BP groups. According
to the acceptable body mass index provided by the WHO
for Asian populations, body mass index indicates that all
participants were obese [19].And WHR was also more
than cut-off points for Asians used (0.95 in men and
0.80 in women) [20].In our study, the hypertension and
prehypertensive groups had higher fasting blood glucose
levels than the normotensive group. FBG was shown to be
positively associated with BP, according to Lu Y et al. In
males and females, BP and FBG had different associations
[21].The renin — angiotensin aldosterone system (RAAS),
which affects blood pressure, may be altered if the FBG
level rises as a result of metabolic diseases, obesity, and
hyperglycemia with insulin resistance [22].In the current
study, all groups had raised levels of total cholesterol,
LDL, VLDL, and TG, although hypertensive and pre-
hypertensive had greater levels than normotensive. This
exceeded the criteria for cholesterol targets for South
Asians provided by the ATP III study from the National
Cholesterol Education Program in the United States
[23].However, in the current investigation, metabolic
individuals with hypertension and pre-hypertension had
low HDL levels. The findings of the Choudhury KN et al.
research support our findings that hypertension individuals
had considerably higher mean serum TC, TG, and LDL
levels than normotensive patients [24].Additionally, the
mean HDL level was statistically significantly lower in
hypertensives compared to normotensives. Because insulin
influences TG and HDL—C metabolism, the occurrence

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

of hypertriglyceridemia and low HDL concentrations
generally never occurred as independent illnesses and
were almost usually associated to insulin resistance [25].
In this present study hypertension and pre-hypertension
were more prevalent in the population with metabolic
syndrome.

Limitations

Large-scale prospective studies might demonstrate
a significant association between the prevalence of
hypertension and the risk of metabolic syndrome in
both genders.

Conclusion

The above study’s findings suggest that
hypertension and pre-hypertension were more
prevalent in the population with metabolic syndrome.
Additionally, hypertensives have a higher chance
than pre-hypertensive and normotensive individuals
of manifesting dyslipidemia, which includes raised
TC, LDL, and TG values as well as decreased
HDL cholesterol. But as they become older, these
normotensive and pre-hypertensive individuals become
more likely to develop hypertension. Findings of this
study indicate that more than one metabolic risk factor
is responsible metabolic syndrome, it is cumulative.
Findings of this study sought that knowledge of factors
involved will be helpful for making treatment plan.
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CocTosiHue apTepuasibHOro aaeJsieHmAa y naymueHToB
C MeTabonnmyeckum CUHAPOMOM

1. CopoyT ~, C. Kakep ', H. Caby g’ M. Kymap

KoJuie/k MeMIMHCKKMX HayK Pa/pkacTaHCKOTO yHUBEPCUTeTa MeJULIMHCKUX Hayk, 2. [ocatinyp, Padscacman, Undus
< nehasaboo8@gmail.com

AnHoTanus. AkmyaibHocmb. MeTabomueckuii cuapoM (MeTC) — 3To Ha/IuKe MHOXXECTBA OTKJIOHEHUM, TaKUX Kak
abIoMHHaIBHOE OKUPEHVe, TUTIePTOHMSL, AUCTUIUAEMHIS M HellepeHOCHMOCTD [VIFOKO3blL. Bo3HrKHOBeHre MetC y mogeii ¢ rumnep-
TOHHUUYECKO} 00/1e3HBI0 CBSI3aHO C I/IOX0 YIIpaB/isieMoi rurneproHyeld. OJHUM U3 [lapaMeTpoB AMarHOCTUKY CHH/POMA SIBJISIeTCS
Ha/TM4yie MOBBILLIEHHOTO apTepHaIbHOIO [JAB/IEHNST; TEM He MeHee, MCC/Ie[Jl0BaHusI ITOKa3bIBAOT, UTo NaryeHTsb! ¢ MeTC yacTo cTpajatoT
runepronueil. Mamepuanbt u Memoobl. 300 CyObeKTOB, CTPa/IAatoIMX 0OMEHOM BelleCTB, ObLTU BbIOpaHbl 13 MeauLiuHCKoro OPD
B KaueCTBe YYaCTHUKOB UCC/IeI0BaHMs Ha OCHOBe orpeiesieHyst MeTC, coziepykallierocsi B COBMeCTHOM IIPOMEKYTOYHOM 3asiB/IeHUU
2009 . Onm ObUH pa3/ie/yieHbI Ha TPH TPYTIIBI (HOPMOTEH3UBHEIE, TIPeITMIIePTeH3UBHbIE 1 TUTIEPTOHNYECKIiEe) Ha OCHOBAaHHH TIOKA3aHUI
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apTepHasibHOTO JJAB/IEHHs, COOTBETCTBYIOIMX a3UaTCKUM KPUTEPHSIM apTepHaJTbHOTO JaB/ieHns1 AMEPHKaHCKOM KapAHOIOTHueCKOr
accoupaumy (AHA). [lyist cbopa JaHHBIX 3aIChIBa/IMCh C/IeAYHOLLMe TTapaMeTphl: aHTPOTIOMeTpUuecKre (Bec, POCT, NUHIEKC MacChl
Tesla, COOTHOILIEHHe Taluy U befiep), KpoBsiHOe AaBiieHue, OuoxumMudeckye (III0K03a B KPOBY HATOLAK, apaMeTphbl JIMIUAHOTO
ripocusist). Pe3ynsmamat u obcysicoeHue. CornacHO TIOKa3aHHsIM apTepHaibHOTO JiaByieHus B rokoe, u3 300 yuactaukoB MetC 37
VMeJI HOPMOTEH3UBHOE flaBiieHue [My»xxunHbi (40,54 %); xeHiuHbl (59,45 %)], 115 ObUIM B MperANepTEH3UBHOM COCTOSTHUN
[My>kunHbI (58,26 %); >keHupHbI (41,74 %), 148 uenoBek CTpajamy rUNepTOHNUECKOH Oomme3HbI0 [MyunHbI (52,7 %); JKEeHIIUHBI
(47,3 %)]. Tlo HECKOLKKM TIapaMeTpaM He ObIJIO CTOJTb CYLLeCTBEHHOM Pa3HHULIBI MEXK/Y YYaCTHUKAMK MY>KCKOTO U YKEHCKOTO TI0/a
BO BCex rpymmax. OfHako ypOBHH 0OILero XomecTeprHa, TPUIJTULIEPUOB 1 JIMIIONPOTEMHOB HU3KOW IIIOTHOCTH B KPOBH ObLIN
3HaUYMTeIHHO BBIIIE Y TUIIEPTOHNUYECKUX U NPe/rUIePTOHIYECKIX YIaCTHUKOB MeTab0/IMuecKoro IpoLiecca, YeM y HOPMOTEH3HUBHBIX
CyOBEKTOB, TOT/Ia KAK YPOBHH JIATIONPOTEMHOB BBICOKOM TJIOTHOCTH ObITH HUDKe. BbigoObl. Pe3y/bTaThl MCC/IeJ0BaHus MOKA3bIBALOT,
YTO I'MIIePTOHMS 1 TIpeJrvIiepTeHsusi bosiee pacripoCTpaHeHs! B TPyIITe C MeTaboMuecKuM CHHAPoMoM. KpoMe Toro, y T IepTOHUKOB
BbILlIe BEPOSITHOCTb NPOSIB/IEHUS] JUC/TUITH,EMUU.

KiroueBbIe j10Ba: apTepranbHOe JjaBieHre, apTepyuaabHasi TUIepTeH3us, MeTabonyeckuii CHHPOM, TUTIePTOHUS,
(hakTopbl prcKa

Hudopmaryst o puHaHCHpOBaHUHU. ABTODBI He 1o/Ty4yany (GHHAHCOBOH MOAJEPIKKH JIJIs NCC/IeJOBaHUS U ITyOTMKaLV JAHHOM CTaTby.

Bkuiag aropa. CopyT [[)K. — KOHIeMNLus UcciefjoBaHusl, cOOp JaHHBIX, TIOATOTOBKa pykormcy; Kakep C. — AHa/mu3 No/y4eHHbIX
JaHHBIX, KpUTHUECKUH aHam3; Caby H. — BBOZ MOTyUYeHHBIX JaHHBIX, AHA/IM3 MOMTYYeHHBIX JaHHBIX; Kymap M. — HarnvcaHve
TekcTa. Kaxk/ipiii aBTOp JIMUHO yuaCcTBOBA/ B UHTEPIIPETALMH JaHHBIX U HAallMCaHWU PYKOMUCH. Bce aBTOpBI pounTany u of00puim
OKOHYATe/IbHY0 PYKOIHUCh.

HNudopmanys o KOH(IUKTE HHTEPECOB. ABTOPbI 3asIB/ISIFOT 00 OTCYTCTBUU KOH(IUKTA UHTEPECOB.
OTuyeckoe yTBepxaeHue. [Tepes Haya0M McCie[oBaHKs ObIIO MOTyUeHo pa3pelieHre ITUYeCKoro Komureta MeJULIMHCKOTO
kosnemka RUHS B Ixatinype, PagkactxaH, Haus.

BaarogapHocTH. MBI OUeHb 1[eHUM COTPYAHUUYECTBO KaXK0T0 yuacTHUKA. MBI Tak)Ke XOTHUM BbIPa3UTh 071arojapHOCThb
MeJULIMHCKOW KOMaH/Ie ¥ TeXHUYeCKUM COTPYJHUKaM rocygapcTBeHHoi 6onsuuiibl RDBP Jaipuria, cBsa3anHo# ¢ Konnemkem
MeauiHCKnx Hayk RUHS B [[xkatinype, Pamkactxan, UHgus.

JTHueckoe yTBepxAeHue. [Tepesi HauaIoM HCC/Ie[0BaHKs OBUIO MOTyUeHO pa3pellieHre 3THYeCcKoro KoMuTeTa MeuIuHCKOro
kosutemka RUHS B Ikaiinype, MHaust

HNudopmupoBaHHoe coracue Ha myoamkanuio. OT NaLyeHTOB ObIJI0 MOMYYeHO IMCbMEHHOE COrVIacHe Ha MCCIeJOBaHUe
Y y6/IMKAL[UI0 COOTBETCTBYIOLeN MeAULIMHCKOM UH(OpMaliy B COOTBETCTBUU C Xe/IbCUHKCKOH Jieknapauyeit WMA — J3tu-
YyeCKue MPUHLUITEI MeJULIMHCKUX UCC/Ie0OBAHUM ¢ yuacTueMm mofel, 2013 1.
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Monitoring of Neuromuscular block during
emergency abdominal surgery

Neelam Dhunputh 8], Marina V. Petrova ~, Victor V. Moroz ,
Andrey V. Butrov ~, Marat A. Magomedov

RUDN University, Moscow, Russian Federation
< dhunputhneelam@gmail.com

Abstract. Relevance. Sixty percent of cases of residual neuromuscular block (rNMB) were recorded globally, yet this
issue of INMB in critically ill patients remains taboo. To predict any leftover NMB, a train-of-four stimulation (TOF) Watch
SX was utilized to track the depth of muscle relaxant in emergency patients both during and after surgery, even when they
were transported to the intensive care unit. This study aimed to investigate differences in the variability of neuromuscular
block between two distinct surgical procedures: laparoscopic cholecystectomy (the control group) and emergency abdominal
surgery (the investigation group). Materials and Methods. Using two different muscle relaxants and assessing their depth using
accelerometry notably the TOF Watch SX. A total of 140 patients, aged 18-60 years with a BMI of 18-30 kg/m?, participated in
the study. Group I underwent planned cholecystectomy (control group), while Group II underwent emergency abdominal surgery
(investigation group). The muscle relaxants Ridelat-C, generic of atracurium benzilate (Verofarm OOO, Harabovsk, Russia)
and Kruaron, generic of rocuronium bromide (Verofarm OOO, Harabovsk, Russia) were administered, with various monitoring
methods, including Drager Fabius, ECG, and lab results, Microsoft Office Professional Plus 2021 advanced with graphs and
ANOVA. Results and Discussion. The results demonstrated profound skeletal muscle relaxation for planned cholecystectomy,
with TOF 0 achieved at 165.9 + 95 seconds for Kruaron and 183.3+ 90 seconds for Ridelat-C. In emergency abdominal surgery,
it took 207.1 + 120 seconds with Kruaron and 255.5 +109.5 seconds with Ridelat-C at TOF0. Notably, Kruaron exhibited
prolonged effects in Group 1I, leading to residual neuromuscular block in critically ills even 2.5 hours post-surgery. Conclusion.
Neuromuscular blocking agents modestly exacerbated neuromuscular dysfunction, potentially contributing to acquired critical
illness polyneuropathy/myopathy, severe sepsis/septic shock, and massive blood loss/haemorrhagic shock. In critically ills,
a minimal calculated dose of Kruaron is recommended, while Ridelat-C, which metabolized within the blood plasma without
involving the kidneys or liver, might be a better choice. Suggamadex was suggested for reversing Kruaron effects due to its
rapid effect as compared to proserine.
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Introduction

Neuromuscular block anesthetics NMBA by
definition are anesthetic drugs causing skeletal muscle
paralysis initially by making a decrease response to
acetylcholine at the neuro-muscular junction of skeletal
muscle [1]. During surgery NMBA enhance endotracheal
intubation by protecting patients from vocal cord injury
thus improving the task of the surgeons by stopping
involuntary reflex skeletal muscle movements [2].
Neuromuscular block in a sense after a surgery can be
rapidly and effectively stopped. Seemingly, it was being
identified that NMBAs proceed to act further in the
post anesthesia care unit despite the administration of
acetyl cholinesterase inhibitor. Residual neuro-muscular
block is characterized by a bunch of muscle weakness
in the post-operative period after NMBAs which is
a matter of concern [3] Also, in critically ill patients,
residual NMB is presently a very alarming problem
in PACU unfortunately 60 % of the world’s patients
undergoing massive open abdominal emergency surgery
have been reported with residual neuromuscular block
[4-7] Many cases of residual neuromuscular block had

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

been reported without the use of antidotes notably:
«Proserine or Sugammadex» for their reversal [8]. For
the betterment of the patient’s health and to lose less
time in operation theatre the proper monitoring of NMB
using a train-of-four stimulation (TOF) Watch SX is
a plus [9]. Massive blood loss, hypovolemia, severe
sepsis, peritonitis, pancreatic necrosis, dysfunction of
liver or kidneys are the underlying pathologies affecting
the time of action, duration, excretion and the speed of
recovery of muscle relaxants in emergency patients.

Material and Methods

140 patients undergoing planned laparoscopic
cholecystectomy and emergency abdominal surgeries
notably (laparotomy appendectomy, resection of
a part of the intestines, relaparotomy, lavage and
drainage of the abdominal cavity, pancreatectomy,
endoscopic suturing of internal GIT bleeding organs,
laparoscopic pyloroplasty) whereby TOF watch SX
Organon (Dublin Ireland Serial no.14-2007058) was
used for monitoring the depth of muscle relaxant.
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Kruaron the generic of rocuronium bromide (Verofarm
00O, Harabovsk, Russia) and Ridelat-C the generic of
atracurium benzilate (Sotex, Deco company, Moscow,
Russia) were intravenously administered. Proserine
was also used as antidote together with the mechanical
ventilation apparatus-Drager Fabius. Written voluntary
consent was obtained from the patients for the
investigation and publication of relevant medical
information according to WMA Declaration of
Helsinki — Ethical Principles for Medical Research
Involving Human Subjects, 2013.

Inclusion Criteria:

— adult male and female patients aged 18 to 60;

— planned for a patient surgical intervention of medium
duration (60—-90mins);

— the severity of the condition before surgery
according to the ASA classification (American
Society of Anesthesiologists) — ASA Class I-1V;

— patients with body mass index 18 < BMI < 30 kg/m?;
Patients who have agreed to participate in the study,
have read the patient information sheet and signed
the informed consent of the Patient, and are willing
to cooperate in the course of the study;

— patients who are scheduled to undergo surgery
using total intravenous anesthesia or combined
endotracheal anesthesia (propofol, fentanyl,
midazolam, etc.) with an estimated duration of
surgery of 30-120 minutes.

Exclusion Criteria:

— patients with significant disorders of neuro-muscular
conduction, neuromuscular diseases (including
myasthenia gravis, Eaton-Lambert syndrome,
a history of poliomyelitis, etc.);

— use in the perioperative period of drugs related to
prohibited therapy in the study;

— patients who have contraindications to the use of
the TOF Watch device (including Pacemaker, etc.).

— patients with [I-IV-degree burns;

— patients with a history of hypersensitivity to drugs
of the class used (atracurium benzilate, rocuronium
bromide, cisatracurium benzilate, pancuronium
bromide, vecuronium bromide etc.);
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— patients with burdened allergic history (serious
systemic manifestations of allergic reactions in
history);

— patients who participated in other clinical studies
within the last 6 months. or currently participating
in other clinical trials;

— any other disease or condition that, in the opinion
of the investigator, may confound the results of
the study.

Methods to implement

1. Determine the effect of muscle relaxants
(aminosteroid and benzylisoquinoline composition)
on neuromuscular conduction including emergency
abdominal surgeries using TOF watch sx.

2. Intravenous administration of Kruaron
«rocuronium bromide», Ridelat-C «atracurium
benzilate» in planned cholecystectomy (research-
groupl) and in emergency abdominal surgery by
conducting a study according to the following criteria:
TOF 0, TOF 25 %, TOF 75 % and TOF 90 %

3. After administration of the 1st dose and compile
statistics on the result obtained with atracurium benzilate
and rocuronium bromide in emergency abdominal
surgery (research group2) to see how they differ from
laparoscopic cholecystectomy (control group1)

4. Proserine was given for reversal and the time
of reversal of Kruaron and Ridelat-C were analysed.

A research work was being carried out on
140 patients in the City Clinical Hospital named
after V.V. Vinogradova of the Moscow Healthcare
Department» (City Clinical Hospital No.64 of
Moscow Department of Healthcare), Russia to
assess the variability of muscle relaxants during
emergency abdominal surgery in comparison to
planned cholecystectomy (the control group). They
were being classified into two different groups; the
first group of patients n = 61 (group 1) who underwent
planned laparoscopic cholecystectomy and the other
group n = 79 (group 2) who underwent emergency
abdominal surgeries notably patients with such
diagnosis: pancreatitis/pancreanecrosis, peritonitis,
severe blood loss and sepsis.

ONBMOMOMNA. SKCTTEPUMEHTATTBEHASA OU3INO0NO0T A



Dhunputh N. et al. RUDN Journal of Medicine. 2023;27(4)

The TOF —-reading demonstrates four levels of
blockade:

1.Complete blockade

2. Deep blockade

3. Moderate blockade

4. Phase of recovery of NMB

Immediately, after IV administration of muscle
relaxant on induction for endotracheal intubation, the
TOF watch SX was switched on, at 50mA a small
electrical current generated by the later stimulates
the ulnar nerve at the site of the connected anode and
cathode to create a slight «twitch» a movement of the

Number of patients
= N N w w H H wv
wv o wv o wv o wv o

[N
o

thumb where a result was reflected on the screen of
the TOF watch. The time for the TOF watch to show
zero representing complete muscle relaxation after
iv administration of a first dose of muscle relaxant is
recorded and further TOF results like 25 %, 75 % and
90 % were recorded. From 60 to 89 % it represents
that the effect of muscle relaxant is slowly fading away
and from 90 % —100 % it means that the patient can
be extubated. The time was meticulously recorded in
accordance to the results presented by the TOF watch
sx (Fig. 1, 2).
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Fig. 1. The effects of different factors on muscle relaxants administered to the patients

Fig. 2. A comparison of train-of-four stimulation (TOF) 0/sec results of group 1 and 2 patients after administration
of an additional supporting dose of Ridelat-C (p-value = 0.036) by ANOVA
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Statistical analysis

The statistical analysis of the results was processed
in the one-way analysis of variance calculator ANOVA
followed by Bonferroni post-hoc tests to determine
significance. Differences were considered statistically
significant when p value was less than 0.05 (p <0.05),
protocol of pre-surgical patient’s examination, protocol
of combined endotracheal anesthesia, protocol of clinical
research, laboratory results, control group1 laparoscopic
cholecystectomy [10] and research group emergency
abdominal surgery group 2 were used.

Results and Discussion

The selection of the proper muscle relaxant and
dosage for induction in emergency abdominal surgery
patients was needed. Kruaron, the generic form of
rocuronium bromide an amino steroid drug by definition
is a rapid acting non- depolarizing intermediate muscle
relaxant having all pharmacological effects characteristic

. Cepust: Megunyna. 2023. T. 27. Ne 4

of this class of drugs. It is concurrently blocking
N-cholino receptors of the end plate motor neurone.
At a dose of 0.60mg/kg for intubation it takes 60seconds
to total relaxation of skeletal muscle that is TOF 0. Its
clinical duration 0.60 mg/kg is 30 to 40mins at TOF
25 % and around 50mins at TOF 90 %. The middle
duration between TOF 25 % to TOF 75 % is 14mins.
For a small dose of 0.30-0.45mg/kg for intubation,
it takes 90seconds to reach TOF 0 (very deep muscle
relaxation). In relation to the pharmacokinetics, after
bolus IV administration of a starting dose its plasmatic
concentration undergo through three exponential phases.
For healthy adults its half-length of elimination is 66—
80mins and its clearances through plasma is estimated
to be 3.5-3.9ml/kg/min. Kruaron is eliminated from
the human body through urine or bile.

The tables 1-3 show how the two muscle relaxants
varied for the planned cholecystectomy and emergency
abdominal surgeries registered throughout the research
work.

Control group | and emergency group Il using Kruaron and Ridelat-C for a first intubating dose Table 1
Types of surgeries Group | Group Il
Kruaron R Ridelat C Kruaron R Ridelat C
First intubating Dose 0.5 mg/kg 0.5 mg/kg 0.5 mg/kg 0.5 mg/kg
N =17 N =16 N =15 N = 23
TOF O 165.9+ 95 183.3+ 90 207.1+ 120 255.5+109.5
TOF 25 % 437 £ 9.2 473+ 94 37.7+ 8.2 47.6+ 12.4
TOF 75 % 64.5+13 63.7+ 13.1 69.4+ 23.1 66.5% 15.1
TOF 90 % 75.6+ 15.4 77.5+ 10.3 941+ 29.3 81.5+ 16.1

Note: The time of action of Ridelat-C is more as compared to that of Kruaron at train-of-four stimulation (TOF) 0/secs for a first

intubating dose.

Table 2
Control group | and emergency group Il using Kruaron and Ridelat-C for a first intubating dose and an additional supporting dose
Types of surgeries Group | Group Il
Kruaron R Ridelat C Kruaron R Ridelat C
First Intubating Dose 0.5 mg/kg 0.5 mg/kg 0.5 mg/kg 0.5 mg/kg
N =15 N =13 N =22 N =19
TOF 0 194.6+ 132 175.3+ 96 327.9+ 193.8 296.8+ 108.5
TOF 25 % 34.8+ 10.7 372+ 148 38.3+ 11.9 35+ 10.3
Additional Supporting dose 0.2 mg/kg 0.2mg/kg 0.2mg/kg 0.2mg/kg
TOF 0 184+ 97 126.6 = 46 141+ 59.5 173.1% 93.5
TOF 25 % 438+ 123 329+ 15.5 35.6% 15.5 354+ 10.2
TOF75% 62.2+ 14.5 432+ 17.6 59.9+ 309 51.6+ 122
TOF 90 % 74+ 17.3 51.6+ 18.4 79.9+ 304 60+13.1

Note: The time of action of Ridelat-C is more as compared to that of Kruaron at train-of-four stimulation (TOF) 0/secs for a first

intubating dose and an additional supporting dose at TOF0/secs and higher as compared to Table 1.
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Table 3
Groups | and Il extubation with proserine
Surgeries Planned Laparoscopic Cholecystectomy Emergency Abdominal Surgery
Group | Group Il
Muscle relaxants/N Kruaron Ridelat-C Kruaron Ridelat-C
N=5 N=7 N=5 N=6
TOF 90 % with 3+ 08 4 + 29 6 + 45 316
Proserine/min
Extubation with Proserine/min 65 117.6 72 79.2
Extubation without Proserine/min 73 122 88.2 100.3

Note: For group Il patients more time is taken for Kruaron to be reversed by proserine.

Basically, during the course of the research work
being carried out in anesthesiological block where
planned laparoscopic cholecystectomy (control group)
and emergency abdominal surgeries (experimental
group) where the TOF watch SX showed that for
planned cholecystectomy of Kruaron on induction at
a first intubating dose of 0.50 mg/kg for TOF to reach

120
100
80

60

time/mins

40

20

zero it took 165.9 + 95 seconds and for emergency
abdominal surgery it took 207.1+ 120 secs (Table 2).
Structural differences for cases of first administration
of Kruaron to adults aged 1860 for TOF readings
in minutes showing the variation in percentage are
represented on figure 3.

1

TOF results for group 1 kruaronR

W TOF 25%/min M TOF 75%/min [ TOF 90%/min

Fig. 3. Structural differences for cases of first administration of Kruaron to adults aged 18—-60 for TOF readings in minutes
showing the variation in percentage; TOF- train-of-four stimulation

It was problematic for the anesthesiologist because it took longer time to reach TOF 0 and the fact that he had to intubate the
patient and the latter was not fully relaxed is highly disturbing. Many incidences of vocal cord injury were registered on intubation.
Intra operation and post-surgery during both planned and emergency surgeries all patients were viewed with hypothermia of
a body temperature of 34 + 0.5 degrees celsius. Mostly on elderly patients aged 65 and above, residual NMB with Kruaron was
recorded three hours post-surgery for emergency abdominal surgery patients with sepsis, hypovolemia and massive blood loss
TOF showed 50-55 % (Fig. 4).
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Fig. 4. Structural differences for cases of first administration of Kruaron to adults aged 18-60 for TOF readings in minutes
showing the variation in percentage for emergency abdominal surgery, TOF- train-of-four stimulation.

The duration of planned laparoscopic
cholecystectomy is one hour and that of emergency
abdominal surgery is from 2.5 to 3 hours respectively.
For extubation on many instances proserine was used
to reverse Kruaron however for emergency patients’
reversal was attained at 6 + 4.5 mins and planned surgery
patients at 3 + 0.8 mins (refer to Table 4). Most of the
time during emergency abdominal surgeries extubation
cannot be performed because of residual Kruaron in the
patient’s body hence the later did not react to any stimuli
notably: holding the doctor’s wrist firmly, extending
his head up, confirming whether the intubation tube
is disturbing him; and had to be transferred to ICU for
prolonged mechanical ventilation support [11]. It is
being debated whether or not for emergency abdominal
surgeries on critically ill patients with sepsis, kidneys
/liver dysfunction, hypovolemic, massive bleeding
whether Kruaron is reliable to use or not. Furthermore,
if we used Ridelat-C to stop residual NMB this will ease
the work of the anesthesiologist in surgical block and
extubation also will be quicker without the use of any
reversal antidote. Ridelat-C is the generic of atracurium
benzilate a non- depolarizing muscle relaxant with
peripheral action. It reduces the sensitivity of skeletal
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muscle N cholinergic receptors to acetylcholine, inhibiting
neuromuscular trans-mission and causing transient
skeletal muscle relaxation. It has a rapid onset of action
of 2-2.5 minutes, allowing for endotracheal intubation
in 90 seconds at an initial dose of 0.5-0.6 mg/kg. At
TOF 95 percent, spontaneous recovery after a beginning
dose of 0.2—0.6 mg/kg takes about 20—35 minutes. In
blood plasma, it takes 1.7—-10 minutes to attain plasma
Cmax. The duration of the neuromuscular blocking
activity is unaffected by the degree of hepatic metabolism
or the pace of kidney excretion. It decomposes at
physiological blood pH and body temperature without
the involvement of enzymes it is hydrolyzed to a limited
extent to butyrylcholinesterese (Hoffman elimination)
to laudanosine and quaternary mono-acrylate, thus the
duration of action is not dependent on the kidneys or
the liver. Pharmacologically, metabolites are inactive.
The duration of action is unaffected by physiological
variations in blood pH. The rate of inactivation slows
down under hypothermia (25-26 degrees Celsius). It does
not build up in the body and does not reach clinically
significant amounts through the placental barrier. T1/2 is
20 minutes and half-life are 2—3.4 minutes. The kidneys
and the intestines excrete Ridelat-C.
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In planned laparoscopic cholecystectomy for TOF
to be zero Ridelat-C took 183.3 + 90 secs Table2 which
was normal at a dose of 0.4 mg/kg and for emergency
abdominal surgery 255.5 + 109.5 secs (Table 2).
A recovery period for planned cholecystectomy
patients at TOF 90 % was recorded at 77.5 + 10.3

mins (Table 2) and with a maintenance dose of 0.20mg/
kg where TOF 90 % was recorded at 51.6 + 18.4
mins (Table 3). For patients undergoing emergency
abdominal surgery TOF 90 % was recorded at 81.5+
16.1 (Table 2, Fig. 5, 6).

Fig. 5. Structural differences for cases of first administration of Ridelat-C to adults aged 18—-60 for TOF readings
in minutes for the variation in percentage, TOF- train-of-four stimulation

Fig. 6. Structural differences for cases of first administration of Ridelat-C to adults aged 18—60 for TOF readings
in minutes showing the variation in percentage for emergency abdominal surgery, TOF- train-of-four stimulation
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With a maintenance dose of 0.20mg/kg the
recovery time at TOF 90 % was 60+ 13.1 mins
(Table 3). A standard dose can be administered to
patients with end stage renal failure or end stage liver
failure. Most appropriately Ridelat-C is considered to
be more appropriate to use for critically ill emergency
abdominal surgery patients with sepsis and massive
blood loss, renal and liver failure as compared to
Kruaron which has residual NMB effect which is
detrimental to human health.

The effect of different drugs, physical and metabolic
factors during myoplegy intravenous anesthetics
Amaki Y. and co- authors described that on research
on mouses where ketamine was administered, not
only increased the effect of MR but also increased
the presynaptic excretion of acetylcholine. During
total intravenous anesthesia whereby propofol was
used in a time interval more than 20 mins it was
estimated that propofol can prolong the duration of
non-depolarizing MR Hemmerling T.M. et al, they acted
on the central and peripheral hemodynamics changing
the pharmacodynamics of MR.

Inhalational anesthetics

Desflurane and sevoflurane enter the synapse
quickly because they are less soluble in blood and
tissues than other volatile anesthetics supported
by Yasuda N. et al. [12]. Non-depolarizing MR’s
effect is amplified by inhalation anesthesia; as
a result, during anesthesia, the frequency and
dose of MR are reduced in order to maintain
NMConduction, and the duration and recovery time
of NMB are extended Cannon J.E., et al.; Saitoh K.
et al.; Suzuki T., et al. Desflurane>Sevoflurane>
Isoflurane> Halothane> Nitrous Oxide>
Barbiturates>Opioids >Propofol> Ketamine are all
anesthetics, including intravenous ones, in order of
the degree of NMB potentiation. Among others, in
the presence of inhalation anesthetics, it is advised
to reduce the maintenance dose of muscle relaxant
by 20 % of the main dose [13].

Local anesthetics

Despite the sparseness of parenterally administered

local anesthetic (LA) overdoses in clinical practice,
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anesthesiologists must be aware of how LA might alter
the pre and postsynaptic regions of the neuromuscular
conduction as well as the activity of the muscle cell.
When LA is administered intravenously at doses that are
significantly beyond therapeutic levels, neuromuscular
conduction without MR is clinically inhibited, and
depolarizing and non-depolarizing NM conduction are
both boosted at standard doses [14].

Antibiotics

In the absence of MR, most antibiotics are
able to inhibit NMC. Antibiotics have a noticeably
more significant myoplegic impact when MR is
present. For example, aminoglycosides, polymyxins
and lincosamides given parenterally in the pre and
intraoperative period inhibit the presynaptic release of
ACh, lower the sensitivity of receptors to ACh, thereby
prolonging the action of MR for many hours [15]. When
combined with MR, tetracycline medications enhance
NMB, which is then removed by AChP Lee C. et al.
Tetracycline medications only have a postsynaptic effect.
An antibiotic injected into the pleural and abdominal
cavities and then absorbed into the systemic circulation
can have a clinically significant myoplegic impact.

Intake of electrolytes

Magnesium sulfate prolongs NMC therefore the
dosage of MR has to be minimum [16]. According to
certain findings, magnesium sulfate at a dose of 60, 90
mg/kg can function as an antagonist of succinylcholine.
If hypercalcemia (2—3 mmol/l) is not treated before
surgery, it may be possible to shorten NMB while
necessitating more MR. There is an expansion of both
depolarizing and non-depolarizing NMC in patients
receiving pre- and intraoperative lithium preparations,
primarily for mental illness [17].

Other medications
The quinidine series of antiarrhythmic medications
work at the level of presynaptic transmission,
extending non-depolarizing NMB [18].Tamoxifen
and other anti-estrogen medications have been shown
to enhance the effects of non-depolarizing. Mannitol,
an osmotic diuretic, has no impact on the depth or
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duration of NMB. The strength and duration of both
depolarizing and non-depolarizing NMB are increased
when furosemide is administered intravenously to
individuals with renal impairment at a dose of
1 mg/kg Azar I. et al. Long-term anticonvulsant
medication may cause patients to become resistant to
non-depolarizing MR, whereas depolarizing MR may
cause depolarizing hyper-sensitivity. Prednisolone,
dexamethasone, and other steroid medications reduce
non-depolarizing MR’s effects on people [19]. It is
further supported by T. Magorian, K.B. Flanerry et al.
that succinylcholine may be replaced by rocuronium,
a brand-new nondepolarizing muscle relaxant with
a fast onset of action but no side effects come
with succinylcholine [20]. The authors compared
rocuronium, succinylcholine, and vecuronium for
rapid sequence anesthetic induction in order to evaluate
this theory.

Patients undergoing neurosurgery, aortic surgery,
or procedures involving motor-evoked potential (MEP)
monitoring face the risk of postoperative mobility
issues due to surgical damage. To secure endotracheal
tubes during general anesthesia, muscle relaxants like
rocuronium are often used but can significantly reduce
MEP. Therefore, caution is needed when using muscle
relaxants during MEP-monitored procedures.

In Japanese patients undergoing spine surgery,
a study explored the impact of neuromuscular blockade
(NMB) on MEP [21-23]. The research included adults
receiving propofol/remifentanil anesthesia, rocuronium
for intubation, and myogenic MEP monitoring after
transcranial stimulation. Sugammadex was administered
when MEP configuration was complete, achieving
a TOF ratio of 0.7. Factors influencing the TOF ratio
included age, blood pressure, hepatic impairment, and
rocuronium dose. Higher TOF ratios (0.75) correlated
with improved MEP detection success rates.

Out of 373 cases, 221 (59.2 %) received
sugammadex. Sugammadex treated patients had
a significantly shorter interval between NMB recovery
and the start of MEP monitoring compared to control
patients (P < 0.0001). Patients with a TOF ratio closer
to 1 had a higher success rate in MEP detection.

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

Conclusion

The dosage of Kruaron in emergency abdominal
surgery, especially for critically ill patients, required
reconsideration due to significant delays in achieving
complete muscle relaxation for combined endotracheal
anesthesia. It was suggested that an additional dose
of 0.1-0.2 mg/kg might be necessary in such cases.
Critically ill patients transported to the intensive care
unit immediately after emergency abdominal surgery
showed residual neuromuscular block with a TOF result
of <60 % 2.5 hours later.

Kruaron’s elimination was reduced in patients
with sepsis, hypovolemic shock, and massive blood
loss, either through urine or bile. In contrast, Ridelat-C
proved to be effective for endotracheal intubation in
patients with sepsis, peritonitis, or massive blood loss
due to its elimination mechanism and less of physical
counter reactions, it did not depend on the liver of the
kidneys to be excreted. However, a calculated dose
of Kruaron was needed for patients with stomach
regurgitation. Ridelat-C’s duration was shorter by
30-35 minutes compared to Kruaron and was quickly
eliminated from the body at a TOF 90 %-95 %.

Proserine was used to facilitate extubation and
reverse neuromuscular blockade. Reversal of Ridelat-C
was significantly faster than Kruaron. Group 2 patients
required more time for proserine to be neutralized
compared to group 1 patients.

Re-evaluation of a lesser appropriate dosage of
Kruaron was essential for group 2 emergency abdominal
surgery patients. Also, factors like high temperatures,
hormonal drugs (e.g. prednisolone), smoking, obesity,
and circadian time with melatonin, could affect the
efficacy and duration of muscle relaxants.

This study highlighted the modest connection
between neuromuscular blocking agents and
neuromuscular dysfunction, as well as their association
with acquired critical illness polyneuropathy/myopathy,
severe sepsis/septic shock, and massive blood loss/
hemorrhagic shock. For emergency critically ill
patients, administering a minimal calculated dose of
Kruaron or opting for Ridelat-C appeared to be a safer
choice. To expedite extubation and save operation time,
sugammadex should be used for Kruaron reversal,
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given the delayed action of proserine. A new protocol
of combined endotracheal intubation for critically ill
patients should be introduced.
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MOHUTOPUHI HENPO-MbILLEYHOro 610Ka
Npu 3KCTPEHHON ab0MUHaANbHOWU XUPYPrum

H. JannyT g, M.B. IlerpoBa , B.B. Mopo3 ', A.B. byrpos ~, M.®. Maromepaos

Poccuiickuii yHuBepcHTeT JpYy>KObI HApOJoB, T. Mockea, Poccutickas ®edepayus
< dhunputhneelam@gmail.com

AHHoTanus. AkmyaabHocmb. Bo BceM Mupe 3aperucTpUpoBaHO OKOJIO IIeCTHU/IeCATH IPOLIEHTOB C/lyuyaeB 0CTaTOYHOM
HepBHO-MbILIeuHOH 610Kazbl (PHMB), Ho Bonpoc 0 pHMB y naieHToB B KPUTHUECKOM COCTOSTHUM OCTAeTCsl He UCC/IeJ0BaHHBIM.
[ns mporHo3upoBadust Hanuuus octatouHoro HMB ucnons3oBancst TOF Watch SX asist oripeienieHust riiyOuHBI BBeIeHUsT
MHOpe/aKCaHTa y NMaleHTOB, HYKAAIOIMXCsl B 3KCTPEHHOM XHUPYPruueckoM BMelllaTenbCTBe BO BpeMs U [10C/Ie ornepariy,
Jlake KOTZla OHU OBLIM TPAaHCTIOPTUPOBAHbBI B OT/le/ieHre MHTeHCUBHOM Tepamnuu. [eqb JaHHOTO UCCIeJOBaHUS COCTOsIIa
B TOM, YTOOBI CPAaBHUTh BapUaHTHl HEPBHO-MBIILIEUHOH 010Ka/Ibl MEX/Y TUIAHOBOM J1arapoCKOIIMUeCKOM XOIeIIUCTIKTOMUeH
Y 9KCTPeHHOU ab/joMUHaNbHON XUpypruei. B uccnegoBanuy npunsy yuactie 140 marpeHToB B Bo3pacte 18-60 et ¢ UMT
18-30 kr/m2. B I rpymrie Oblia BBITIOJHEHA [/IAHOBAsT XOIELIUCTIKTOMUS (KOHTPOJIbHAs Tpymnma), Bo II rpyrme — sKcTpeHHast
abpoMyHaBHast XUpyprus (MccieioBaTebCcKast rpyra). [y6rHy MUOpenakcalui KOHTPOIMPOBAIH € TIoMolpio yacoB TOF
SX. Ha3Hauanmuich /1Ba MuopesnakcanTa: Punenar-C, arpakypust 6e3unar (Cotekc, Komranus «/leko», Mocksa, Poccust) u KpyapoH,
pokyponusi 6pomug, (Bepodapm OO0, Xapabosck, Poccust). Beiny ucosnib30BaHbl pa3MuHble METO/IbI, B TOM urcie Drager
Fabius, mpoToko:n rpej-aHecTe3uu, MTPOTOKO/ UCC/IeJOBaHUSsI, IPOTOKOJI KOMOMHUPOBAHHOW 3H/I0TpaxeanbHON aHeCTe3N!,
MoHUTOpHHT ArHaMuky, DKI, pe3ynbrarsl 1abopaTopHbIX ucciaenoBanui, Microsoft Excel Advanced, ANOVA. Pe3yabmambi
u obcyicoeHue. Pe3ynbrarsl MPOAEMOHCTPUPOBA/IH ITyOOKYHO peslaKCalii0 CKeeTHBIX MBI TTPY MJIAHOBOM XO/ELIMCTIKTOMUK:
TOF 0 gocturancs 3a 165,9 +95 cexyng st Kruaron u 183,3 + 90 cekyHp asst Ridelat-C. Ipu skcTpeHol abpoMuHanbsHON
XUpyprum 370 3anso 207,1 + 120 cexyHp ass Kruaron u 255,5+ 109,5 cekyng, g4 Ridelat-C npu TOFOQ. ITpumeuarensHo, uTo
KpyapoH® niposieMOHCTpHpPOBa/ NPOJIOHTMPOBAaHHOE JeiicTBUe B rpyire 11, mpuBozAs K 0CTaTOUHOMY HEPBHO-MBILIIEUHOMY
610Ky y OOMBHBIX B KDUTHUECKOM COCTOSTHUM Jlake uepe3 2,5 yaca rocJie orneparyu. Boigoost. HepBHO-MblIILIeUHbIe 610KaTOPBbI
YMEpPEeHHO yCyTryOIstoT HEPBHO-MBIIIEUHYO TUCHYHKIIMIO, TOTeHLMAIBHO CIIOCOOCTBYs TPUOOpPEeTEeHHBIM KPUTHUECKUM 3a0oiie-
BaHMSM: TI0JIMHEBPOTIaTHH/MUOIIATUH, TSHDKETIOMY CeIICUCY/CeNTUYeCKOMY II0KY M MaCCUBHOM KpPOBOMOTepe/reMopparuueckomy
IOKY. 1151 KpUTHUeCKUX OOIbHBIX PEKOMEHyeTCsl MUHUMaJlbHast pacueTHast o3a KpyapoH®, Torza kak Puzenar C, KOTOpbId
MeTaboM3UpyeTCs B M1a3Me KPOBH, He 3aTparvBasi MOYKHU UM TeueHb, MOXKeT ObITh JIyUuInuM Bei0opoM. Cyrrama/ieKc Obit
TIpe/I/IoXKeH /1711 ycrpaHeHust 3ddektoB KpyapoH® u3-3a ero ObicTporo 3¢dekra o CpaBHEHHIO C IPO3ePUHOM.

KiroueBble c/10Ba: MOHUTOPYHT HEHPOMBIIIEUHOTo 0J10Ka, TIaHOBast XOJIELIUCTIKTOMMUSI, IKCTPeHHas1 abfioMUHabHast
xupyprusi, KpyapoH, Puzienar-C, oCcTaTOuHBIN HeMPO-MBbIIIeUHbIN O/I0K.

Nudopmanus o puHaHcHpoBaHUU. VIcciieoBaHMe BBIIOIHEHO TPU o Aepskke [IporpaMMbl cTpaTernyeckoro akaZeMHUueckoro
nugepctBa PYIIH.

Bknap aBropoB. [lannyt H. — koHLenus ucciefoBanusi, cobop ganHbix; [letpoBa M., launyt H. — aHanu3 nomyueHHbIX
Jansblx; MaunyTt H., Mopo3 B., MaromezjoB M. — BBOJ, IIOJIyYeHHbIX JaHHbIX, aHa/INU3 MI0JIyYeHHbIX AaHHbIX; Jannyt H.,
ByTpoB A.— HanMcaHue TekcTa. Kak/blil aBTOp BHEC JIMUHBIN BK/IaJ, B MHTePIpeTaLMIo JaHHbIX U HalKicaHue pykonucu. Bee
aBTOPBI MPOUNTA/IA U 0JJ0OPHITM OKOHYATE IbHBIN BAPUAHT PYKOITUCH.

HNudopmanys o KOHQIUKTe HHTEPeCoB. ABTOPHI 3asIB/ISTFOT 00 OTCYTCTBUU KOH(IMKTA MHTEPECOB.

JTHUYecKoe yTBepxaeHue. [lepes HauanoM vccsie[oBaHUs ObIIO TIOMyUYeHO pa3pelieHre 3THUeCKOro KOMUTEeTa MeIUIIMHCKOTO
uHcrturyta PYIH, MockBa, Poccutickas eneparys.

Bnaronapﬂocnl. I/ICKPEHHHH 6JIaFO,ELapHOCTb BCEM YUdCTHHKaM U TeEXHUUYECKOMY II€PCOHAJTY 3a UX IIOALEPXKKY.
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Macrophage population state and proliferative activity
of spleen cells under liver regeneration conditions
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Abstract. Relevance. Currently, the participation of immune system cells in the regulation of reparative processes is attracting
more and more attention of researchers. There is an anatomical connection between the liver and spleen by means of portal vein.
Thus, cytokines and other biologically active substances can enter the liver from the spleen through the portal vein, as well as cells
can migrate to the liver. However, the specific mechanisms of mutual influence of the mentioned organs, including in reparative
processes, remain poorly studied. The aim of our work was to study the state of spleen monocyte-macrophage population after liver
resection, as well as the proliferative activity of spleen cells during liver regeneration. Materials and Methods. The model of liver
regeneration after 70 % resection in mouse was reproduced in this work. The animals were taken out of the experiment after 1, 3
and 7 days. The marker of cell proliferation Ki67 was immunohistochemically detected, the state of spleen monocyte-macrophage
population was evaluated by markers CD68, CD115, CD206, F4/80 by methods of immunohistochemistry and flow cytometry.
Results and Discussion. The liver regeneration had a pronounced effect on the cytoarchitectonics of the spleen. In 1 day after liver
resection in the spleen there was observed a decrease in the share of Ki67+cells, according to the flow cytometry data there was
a decrease in the number of CD115+cells, in 3 and 7 days there was a decrease in the number of F4/80+ macrophages. Conclusion.
Liver resection causes changes in the state of cell populations of the spleen as well. First of all, to the decrease in the activity of
proliferative processes in it, as well as to the changes in the state of the monocyte-macrophage system. A decrease in the content of
CD115+ and F4/80+ cells in the spleen was found, which indirectly indicates the migration of monocytes/macrophages after liver
resection, which can also influence the course of reparative processes in the liver.
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Introduction

The immune system together with the nervous
and endocrine systems belongs to the regulatory
systems of the mammalian organism. Nowadays, the
participation of immune system cells in the regulation
of reparative processes is attracting more and more
attention of researchers. There is a direct anatomical
connection between some immune and non-immune
organs. Therefore, mutual influence and coordinated
changes in the development of pathological and
reparative processes often attract attention. First of all,
we are talking about the interaction between the spleen
and the liver within the framework of the so-called
hepatic-spleen axis [1]. The basis of this interaction
is the portal circulation linking the spleen and liver,
as well as the presence of common barrier and
immune functions [1]. Despite the direct connection
of the liver and spleen, the specific mechanisms of
mutual influence of these organs, including reparative
processes, remain poorly understood [2].
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Most studies of the hepatic-spleen axis have been
performed in patients with liver cirrhosis of various
etiologies or on appropriate models in laboratory
animals. In this regard, special attention was paid
to the factors of liver Ito cell activation, which are
responsible for the excessive production of intercellular
substance components [3]. It has been found that during
the development of hepatitis and cirrhosis both in
experiment [4] and in patients [5] there is an activation
of TGFb1 synthesis by macrophages of the red pulp
of the spleen, which reaches the liver through the
portal vein, where it activates Ito cells (hepatic stellate
cells). In other works, on the contrary, the potential
possibility of favorable influence of spleen on reparative
processes in the liver is shown. Thus, it was found that
in the spleen there is an increase in gene expression of
a number of interleukins, as well as hepatocyte growth
factor HGF after liver resection [6, 7]. Probably, the
spectrum of biologically active substances synthesized
in the spleen is much wider in the spleen after liver
resection; however, this issue remains poorly studied.
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In addition to being a source of synthesis of
cytokines and growth factors regulating inflammation
and reparative processes, the spleen can also serve as
a source of migrating cells. Currently, there is evidence
that the spleen deposits monocytes, from where they
migrate to the focus of damage, which was shown in the
model of ischemic myocardial and brain damage [8, 9].

It is well known that monocytes/macrophages as
well as other leukocytes migrate to the liver after it
has been damaged by toxic substances or resection
[10—-12]. There are no data on the role of the spleen in
this process, as well as there are no studies on the state
of the monocyte/macrophage population of the spleen
during liver regeneration. Purpose of research: based
on the given data, the interaction between the spleen
and the liver after its resection remains poorly studied.
Thus, the aim of our work was to study the state of
spleen monocyte-macrophage population after liver
resection, as well as the proliferative activity of spleen
cells during liver regeneration.

Materials and methods

Animals

Male mice of the C57Bl line, weight 20-22 g,
obtained from the animal nursery «Stolbovaya»
(Chekhov, Moscow region, Russia) of the Federal State
Budgetary Institution of Science «Scientific Center
for Biomedical Technologies of the Federal Medical
and Biological Agency» were used. Animals were kept
in plastic cages at 22 + 1 °C under natural light with
free access to standard food for laboratory rodents and
water. The conditions of laboratory animals were in
accordance with the USSR Ministry of Health Order No.
755 of 12.08.1977 and the European Convention for the
Protection of Vertebrate Animals Used for Experiments or
Other Scientific Purposes (Strasbourg, March 18, 1986).

Experimental model
In male C57bl/10 mice (n = 18), a 70 % resection
was performed under general isoflurane anesthesia
according to the method of Higgins and Anderson [13].
The operation was performed from 10.00 p.m. to 11.00
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p.m.p.m. Animals were removed from the experiment
after 24h, 72h and 7 days using CO2-chamber. Intact
(n = 6) as well as falsely operated animals (n = 15) were
used as controls. All experiments were performed in
accordance with the Geneva Convention «Internetional
Guiding Principals for Biomedical Involving Animals»
(Geneva, 1990), as well as the Helsinki Declaration of
the World Medical Association on Humane Treatment
of Animals (edition of 2000) The study was approved
by the Bioethics Commission of the FGBNU Research
Institute of Human Morphology (Protocol no. 29 (5),
dated 08.11.2021).

Immunohistochemical study

Spleen fragments were rapidly frozen in liquid
nitrogen, then cryosections were prepared and incubated
with the first antibodies for 12 h, then for 1 h with
the corresponding second antibodies conjugated with
fluorophores (FITC or PE) (1:200, Abcam, UK).
Antibodies against Ki67 (1:100, Abcam, UK) were
used to examine cell proliferation, and antibodies against
CD68 (1:100, Abcam, UK), against CD163 (1:100,
Abcam, UK), and against CD206 (1:100, Abcam, UK)
were used to detect the macrophage population. nuclei
were dock-stained with 4',6-diamidino-2-phenylindole
(DAPI, Sigma-Aldrich Co LLC). On cryosections
stained with one or another antibody, an index of the
corresponding positively stained cells was determined
as the ratio of labeled cells to the total number of cells
studied. For each index at least 3000 cells were studied,
the index value was expressed in %.

Flow cytofluorimetry analysis

In animals removed from the experiment, the
spleen was removed and placed in Hanks’ solution
(PanEco, Russia). The organ was washed twice with
Hanks’ solution. The leukocyte fraction was separated
from the stromal fraction using a 40 pm nylon filter
(SPL LifeScience, South Korea). Spleen tissues were
mechanically disaggregated, minced and incubated in
0.05 % solution of collagenase cocktail of types 1 and
4 (PanEco, Russia) for 25 min at 37 °C on an orbital
shaker. The resulting cell suspension was passed through
a 100 pm nylon filter (SPL LifeScience, South Korea)
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and was washed twice from enzymes in Hanks’ solution
containing 10 % fetal calf serum (PAA Lab., Austria)
(500g, 10 min, 20 °C). Erythrocytes were then lysed
with Red Blood Cell Lysis Solution (Miltenyi Biotec,
Germany) according to the manufacturer’s protocol.

Immunophenotyping of the obtained cells was
performed according to the following markers: Ly6C,
F4/80, CD115. Cells were incubated with antibodies
according to the manufacturer’s protocol. Cells were
then washed in PBS, resuspended in 0.3 ml PBS and
transferred to flow cytometry tubes for analysis on a BD
FACSAria III instrument (Becton Dickinson, USA). At
least 10,000 cells were analyzed in each measurement.

For immunophenotyping of macrophages,
a number of markers reflecting one or another of their
functions have been selected. Ly6C, a protein thought
to be essential for monocyte migration, CD115 is
a receptor for M—CSF. CD68 (macrosialin) is a key
protein involved in endocytosis, recognizes lectins
and selectins, which allows the macrophage to move
on selectin-containing surfaces, including the surface
of other cells [14]. CD163 scavenger receptor of
hemoglobin-haptoglobin complexes, is also able to bind
to bacteria [15]. CD206 receptor recognizes terminal
residues of mannose, N-acetylglucosamine and fucose
on glycans attached to proteins of some microorganisms,
anti-inflammatory function includes binding and
removal from the bloodstream of glycoproteins released
during inflammation (hydrolases, tissue plasminogen
activator, neutrophil myeloperoxidase) [16].

Statistical analysis. The obtained data were
analyzed using SigmaStat 3.5 software (Systat Software
Inc., USA). Comparison of two samples was performed
using the Mann-Whitney (U) criterion. For comparison
of more than two groups, a ranked one-factor analysis
of variance was used. Differences were considered
statistically significant at p <0.05.

Results and Discussion

The hepatic-spleen axis of interorgan interaction
was first discovered and studied in developing liver
fibrosis. In such conditions, removal of the spleen, as
arule, had a favorable effect on the liver — a decrease
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in the severity of fibrotic changes was noted [1, 17].
The following mechanism was supposed. During the
development of hepatitis of various etiologies and
subsequent fibrosis there is a permanent death of
hepatocytes. Their decay products get into the systemic
bloodstream and reach the spleen, where they stimulate
the secretion of various cytokines and growth factors,
primarily those that support a high level of inflammation
and excessive formation of connective tissue in the
liver [4, 5]. Cytokines synthesized in the spleen reach
the liver through the portal vein and cause a new wave
of cell death of hepatocytes. Thus, the circle is closed.
Splenectomy removes the source of cytokines damaging
the liver, thus breaking the vicious circle [2].

However, the effect of the spleen on the liver
is not so unambiguously negative. Liver resection
led to changes in cytoarchitectonics of the spleen.
First of all, liver resection led to a statistically
significant decrease in the proliferative activity of
spleen cells. The decrease in the number of Ki67+
cells was observed both in the red and white pulp.
The proliferative activity in the red pulp significantly
decreased 1 day after liver resection, 3 and 7 days after
the operation did not differ from the control values
(Figure 1). In white pulp there was a longer decrease
in the number of Ki67+cells, proliferative activity
returned to control values only by 7 days (Figure 1).
Probably, liver resection has a depressing effect on
hematopoiesis in the spleen, in connection with which
defense mechanisms are activated in it [18].

Liver resection resulted in changes in the
monocyte-macrophage population in the spleen. When
analyzing histological preparations, it can be noted
that CD68 + cells are localized in the red pulp, as well
as CD163 + cells, while CD206+ cells are associated
mainly with lymphoid nodules. This distribution of
macrophages is characteristic of both the spleens of
control and experimental animals. Liver resection did not
significantly affect the topography of the indicated types
of macrophages. Only 1 day after liver resection, one
can note an increase in the number of CD206+deprived
lymphoid nodules. In case of CD163+cells, 1 day after
liver resection, staining with appropriate antibodies
gave brighter glowing.
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Fig. 1. Cell proliferation activity in the spleen during liver regeneration after 70 % resection. IS — intact spleen,
SO — sham-operated control, RP — spleen of animals in which liver resection was performed, scale bars — 50 um, diagrams show
average values + st. deviation, * — statistically significant difference compared to sham-operated control (p < 0.05),
# — statistically significant difference compared to intact control (p < 0.05)

The study using flow cytometry revealed significant Similar data were obtained in those studies showing
changes in the population of spleen macrophages in migration of deposited monocytes from the spleen into
response to liver resection. It was found that in the total damaged organs [8, 9]. Thus, it can be assumed that
spleen cell population the number of CD115+ cells was  during liver regeneration the monocytes migrating to
significantly lower compared to the control only after the liver were also deposited initially in the spleen.

1 day, Ly6C + cells throughout the study period, and
F4/80+ cells at 3 and 7 after liver resection (Figure 2).

Fig. 2. The state of the monocyte-macrophage system in the spleen during liver regeneration after 70 % resection. IS — intact
spleen, SO — sham-operated control, RP — spleen of animals in which liver resection was performed, scale bars — 50 pm,
diagrams show average values + st. deviation, * — statistically significant difference compared to sham-operated control
(b < 0.05), #— statistically significant difference compared to intact control (p < 0.05).
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The very fact of monocyte migration into the
regenerating liver can be considered as a positive effect
of the spleen. Block of monocyte/macrophage migration
into the liver after its resection leads to a slowdown of
regenerative processes in it [19].

Thus, the accumulated data indicate both possible
positive and negative effects of the spleen on reparative
processes in the liver. What are such contradictions
connected with? In our opinion, with the nature of those
injuries, in which reparative processes in the liver and
their interrelation with the spleen were studied. In those
cases, when there is a pronounced death of hepatocytes,
such as in hepatitis, liver fibrosis, the spleen becomes an
additional source of synthesis of damaging cytokines,
its removal stimulates reparative processes in the
liver. In case of liver resection the level of cell death
of hepatocytes is minimal [20], no products of their
death enter the spleen through the systemic blood flow,
and there is no excessive production of proinflammatory
cytokines in the spleen. At the same time, if the spleen is
removed under conditions of liver resection, it can lead
to impaired migration of monocytes or any biologically
active substances and, as a consequence, to impaired
reparative processes. Probably, this partly explains the
results of those works, in which the negative effect
of splenectomy on the state of the liver in norm and
regeneration after 70 % resection was shown [21-23].

Conclusion

Liver resection causes changes in the
cytoarchitectonics of cell populations of the spleen. First
of all, there is a decrease in the activity of proliferative
processes in it, as well as changes in the state of the
monocyte-macrophage system. A decrease in the content
of CD115+ and F4/80 + cells in the spleen was found,
which indirectly indicates the migration of monocytes/
macrophages after liver resection.
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AnHoTanus. AkmyaabHocmb. B HacTosiiiee BpeMsi Bce OoJblilee BHUMaHVe HCCIle/[oBaTesel pUB/eKaeT yuacTHe KIeTOK
MMMYHHOW CHCTEeMBI B PeryJIsILiMU perapaTUBHBIX MPOLlecCOB. MeXxy MeyeHb0 U Cejle3eHKOM CyleCcTByeT aHaTOMUYeCKast
CBSI3b MTOCPEZACTBOM MOpPTaJbHOM BeHbI. Takum 06pa3om, yepe3 MOPTaJbHYIO BeHY B TIeUeHb U3 Cejle3eHKH MOTYT MOCTYIIaTh
LIUTOKWHBI U APYTUX OMOMOrnuecKy akTUBHBIX BeIleCTB, a TAaK)Ke MUTPHUPOBATh K/IeTKH. OfHAaKO KOHKPeTHbIe MeXaHU3Mbl
B3aMMHOTI'0 B/IMSIHUS YKa3aHHbIX OPraHOB, B TOM YKCJIe NIPY perapaTUBHBIX MIPOLjeccax, OCTArTCs Malo U3yyeHHbIMU. Llesbro
Hacrosieli paboTbl 65110 U3YUUTH COCTOSHYE MOHOLIUTAPHO-MaKpodaraibHOH NOMYJIALUY Cele3eHKH I10C/Ie pe3eKLIMY IeYeHH,
a Takxke MposMdepaTUBHAas aKTUBHOCTDb K/IETOK Ce/ie3eHKH MPH pereHepaluy rneueHd. Marepuasbl U MeToAbl. B pabote Gblia
BOCIpOU3BeJieHa Mofie/Tb pereHeparuu neueHy nocse 70 % pe3eKiyy y MbIM. JKUBOTHBIX BBIBOJWIN U3 SKCIIePUMeEHTa yepe3
1 cyt., 3 cyT. ¥ 7 cyT. UMMYHOTMCTOXMMHUECKH BBISIB/ISUTA MapKep Ki1eTouyHoM nponudeparum Ki67, cocTossHie MOHOLIMTapHO-
MakpodaransHOU MOMY/ISIUK cele3eHKH oLleHuBaiy 1o Mapkepam Ly6C, CD115, CD68, CD163, CD206 u F4/80 meTtogamu
MMMYHOTHMCTOXUMHUU 1 IPOTOYHON LIUTOMETPUH. Pe3ynbmamst u obcyxcoeHue. PereHepaljyisi IleueHH OKasblBasa BEIDKEHHOMH
B/IMSIHHE Ha [JUTOApXUTEKTOHUKY cene3eHKH. Uepes 1 cyTKU [OC/Ie pe3eK1Uy NeueHH B cesie3eHKe HabsIrofiaiy CHIKeHHe [J0TU
Ki67+kmeTok, Mo JaHHBIM ITPOTOYHOM [IUTOMETpHH 0OHapyKeHO ymeHbIleHue yncyia CD115+KmeTok, uepe3 3 ¥ 7 CyTOK YMeHb-
medvie urcia F4/80+ MakpodaroB. Bbigoobl. Pe3eKiis TieueHr BhI3bIBaeT U3MEHEHUS U B COCTOSTHUM KJIETOUHBIX TIOMYJISIIIAN
cesie3eHKY. B niepByto ouepe/ib, K CHIDKEHHIO aKTUBHOCTH ITPO/H(epaTUBHBIX ITPOLIECCOB B HEM, a TAKKe K U3MEeHEeHHIO COCTOSTHUS
MOHOILIUTapHO-MaKpodaraabHON CUCTeMbL. YCTaHOBJIEHO CHIDKeHHe cofiep)kanust CD115+ u F4/80+k/eTok B cene3eHKe, UTO
KOCBEHHO CBH/IeTe/IbCTBYET O MUTPALiui MOHOLIMTOB/MaKpodaros 1oc/e pe3eKIiu TIeUeHy, UTO TaKKe MOXKeT OKa3bIBaTh BIIMSHUE
Ha TeyeHHe perapaTuBHbIX IIPOLIECCOB B [TeUeHHU.

KiroueBble cj10Ba: pereHepaiysi, TiedeHb, Pe3eKiusl, cesie3eHKa, Makpodaru
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Migration, proliferation and cell death of regenerating liver
macrophages in an experimental model

Maria V. Grinberg' =, Anastasia V. Lokhonina®? =, Polina A. Vishnyakova® ",
Andrey V. Makarov® ', Eugenia Yu. Kananykhina* ', Irina Z. Eremina' ",

Valeria V. Glinkina® =, Andrey V. Elchaninov* 8,Timur Kh. Fatkhudinov*

! RUDN University, Moscow, Russian Federation
“National Medical Research Center for Obstetrics, Gynecology and Perinatology Named After Academician V.I. Kulakov
of Ministry of Healthcare of Russian Federation, Moscow, Russian Federation
3Pirogov Russian National Research Medical University, Ministry of Healthcare of the Russian Federation, Moscow,
Russian Federation
“Avtsyn Research Institute of Human Morphology of Federal state budgetary scientific institution
«Petrovsky National Research Centre of Surgery», Moscow, Russian Federation
> elchandrey@yandex.ru

Abstract. Relevance. Macrophages are the leading regulatory cell-lineage taking part in reparative processes in mammals,
and the liver is no exception. The ratio of monocyte migration, proliferation and death of macrophages during liver regeneration
requires further studies. The aim was to quantify the intensity of monocyte migration, cell proliferation and apoptosis of resident
liver macrophages after its 70 % resection in a mouse model. Materials and Methods. We performed 70 % liver resection in sexually
mature male BalbC mice. Cells of liver monocyte-macrophage system were obtained by magnetic sorting by marker F4/80. The
immunophenotype of the isolated cells was further studied by cytofluorimetry, the level of proliferation and cell death, the content
of cyclins and P53 was determined by western blot. Results and Discussion. It was found that after partial hepatectomy there is
a marked migration of monocytes/macrophages positive for Ly6C and CD11b markers to the liver, the migration process starts already
in the first day after the operation. On the same terms there is a rise in proliferative activity of macrophages, established by Ki67
marker, the peak of proliferation — 3 days after partial hepatectomy. A significant increase in the number of dying macrophages was
found early after liver resection. Conclusion. The obtained data indicate that liver regeneration in mammals on the model in mice is
accompanied by proliferation migration and cell death of macrophages. Taking into account the immunophenotype of macrophages,
we can conclude that Ly6C+ blood monocytes migrate to the liver, and resident macrophages participate in proliferation. The
obtained data confirm the universality of the course of reparative processes in mammals.
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Introduction

Regeneration is an inherent property of all living
organisms. Considering the regenerative ability of
animals, it is possible to pay attention to the fact that
it acquires the most diverse forms in the course of
phylogenesis. However, despite the differences in the
course of the regenerative process in different animals,
many similar features are also identified: activation
of similar signaling pathways, the presence of cell
dedifferentiation/transdifferentiation, proliferation
and cell death [1]. An integral part of the regeneration
process in highly organized multicellular animals is
the involvement of macrophages [2—4]. Given the
large number of similarities, many researchers have
suggested that the regenerative capacity in animals is
homologous [1, 5].

The liver is characterized by a significant capacity
for regeneration. At the same time, the reparative process
in the liver is characterized by the same features as
regeneration in other classes of animals: activation of
signaling pathways regulating the processes of liver
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development and growth, activation of cell death, cell
proliferation, and, in case of viral or toxic damage, cell
transdifferentiation processes [6].

A huge role in the regulation of liver regeneration
is attributed to macrophages, which is the subject of
many studies [7]. Two types of models are usually
used to study liver regeneration: after parenchyma
resection and after toxic damage. The population of
liver macrophages has been characterized in the most
detail in the reparative process after toxic damage
[8, 9]. It has been shown that monocytes migrate to
the liver during toxic damage, and both migrating
monocytes and macrophages formed from them and
resident macrophages (Kupffer cells) are necessary for
reparative processes [8, 9].

Data on the role of macrophages of medullary
origin in mammalian liver regeneration after resection
are contradictory [10]. Some studies indicate the absence
of migration of medullary macrophages in the liver
after removal of part of the parenchyma [11-13], while
others show such a possibility [14, 15].
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The aim of this work was to quantify the intensity
of monocyte migration, proliferation and cell death of
resident liver macrophages after its 70 % resection in
a mouse model.

Materials and methods

Animals

Male mice of the BalbC line, weight 20-22 g,
obtained from the «Stolbovaya» animal nursery
(Chekhov, Moscow region, Russia) were used. The
animals were kept in standard vivarium conditions. The
conditions of laboratory animals were in accordance
with the «International recommendations for conducting
biomedical research using animals» of 1985, the rules
of laboratory practice (Order of the Ministry of Health
of Russian Federation 16.06.2003 Ne . 267), the Geneva
Convention «Internetional Guiding Principals for
Biomedical Involving Animals» (Geneva, 1990), as
well as the European Convention for the Protection of
Vertebrate Animals Used for Experimental or Other
Scientific Purposes (Strasbourg, 1986).

Experimental model
In mice (n=76), a 70 % resection was performed
under general isoflurane anesthesia according to the
method of Higgins and Anderson [16]. The surgery was
performed from 10.00 p.m. to 11.00 p.m.p.m. Animals

were removed from the experiment after Oh, 24h, 72h
and 7 days. Intact (n = 25) as well as falsely operated
animals (n = 27) were used as controls. The study was
approved by the bioethics commission of the FGBNU
Research Institute of Human Morphology (Protocol
no. 3, dated 01.02.2019).

Kupffer cell isolation
Kupffer cells were isolated on a MidiMACS™
Separator magnetic sorter using LS Columns (Miltenyi
Biotec, Germany) and Anti-F4/80 MicroBeadsUltraPure
magnetic microparticles (Miltenyi Biotec, Germany)
according to the manufacturer’s recommendations.

Flow cytofluorimetry analysis

The isolated macrophages were prepared for
staining using InsideStainKit (Miltenyi Biotec,
Germany). The antibodies used and the corresponding
serotypic controls are summarized in Table 1. Antibodies
were selected to assess the purity of the cells obtained
by cell sorting — pan-macrophage marker F4/80 (cell
adhesion protein) was used, as well as monocytic (bone
marrow origin) macrophage markers — CD11b (integrin
alpha-M involved in adhesion and endocytosis), Ly6C —
a protein thought to be essential for monocyte migration.
The analysis was performed on a Cytomics FC 500
cytofluorimeter (BeckmanCoulter, USA).

Table 1

Antibodies for flow cytofluorimetry

Antibodies

Isotypic control Isotypic control

CD11b-VioBright FITC, mouse (clone: REA592)

REA Control-VioBright FITC Miltenyi Biotec

Ly-6C-PE, mouse

Rat 1IgG2a-PE Miltenyi Biotec

Anti-F4/80-PerCP-Vio700, mouse

REA Control-PerCP-Vio700 Miltenyi Biotec

Ki67-PE, anti-human/mouse, REAfinity™

REA Control Antibody (1), human IgG1, PE, REAfinity™

Miltenyi Biotec

Proliferative activity of macrophages
Proliferation activity was determined using Ki67
marker. Appropriate antibodies and isotypic control for
flow cytometry are listed in Table 1.

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

Cell death activity
The level of cell death was examined by flow
cytometry using the ANNEXIN V — FITC Kit—
Apoptosis Detection Kit (Beckman Coulter, USA).
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Western blot analysis

The amount of protein was determined by
Western blotting according to the previously
described method [11]. Proteins were isolated using
MicroRotoforCellLysiskit (Bio-Rad Laboratories, Inc.,
USA). Proteins were transferred to membranes using
Trans-Blot® Turbo™ RTA Mini LF PVDF TransferKit
(Bio-Rad Laboratories, Inc., USA). Membranes were
stained with first antibodies at a dilution of 1:100
(Abcam, UK). Then with second antibodies conjugated
to horseradish peroxidase Immun-StarGoatAnti-Rabbit
(GAR)-HRP Conjugate (Bio-Rad Laboratories, Inc.,
USA). The stained membranes were analyzed using
ImageLab (Bio-Rad Laboratories, Inc., USA).

Statistical analysis
The results were analysed in SigmaStat 3.5 software
(Systat Software Inc., USA), using ranked one-factor
analysis of variance with post-hoc analysis. Differences
were considered statistically significant at p<0.05.

Results and Discussion

Immunophenotype of macrophages
of regenerating liver

The phenotype of isolated macrophages from both
intact and resected liver was studied, and it was found
that 88.6 + 6.2 % of cells carried the F4/80+ marker,
approximately 4.7 £ 0.96 % of cells expressed Ly6C,
5.4 + 1.0 % of cells were CD11b+(Fig.1 A, B). These
results indicate that under normal conditions, the mouse
liver macrophage population is represented almost
exclusively by resident macrophages, Kupffer cells.

Liver resection markedly affected the
immunophenotype of its macrophages. The greatest
changes concerned the cells expressing CD11b and
Ly6C. The number of Ly6C+ cells in the liver significantly
increased 1 day after resection (11.7 + 1.2 %) and increased
up to 7 days after the operation (22.25 + 1.3 %). Similar
dynamics was observed in CD11b+ cells: there was a sharp
increase by 3 days after resection (74,5 + 1,1 %), by 7
days the number of CD11b+ cells decreased, but remained
above the control value (Fig.1 A, B). The participation of
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macrophages in regeneration is a highly conserved cellular
mechanism of reparative processes, which is indicated
by comparative studies conducted on representatives of
several classes of vertebrates [4, 17].

As a rule, many macrophages of monocytic
(medullary) origin migrate to the damaged organ during
regeneration [4]. However, under normal conditions, the
mammalian liver contains the most numerous population
of macrophages, including those leading their origin
from erythro-myeloid precursors of the yolk sac wall.
At the same time, different authors in the study of liver
regeneration have used markers that are expressed to
a greater or lesser extent by both resident macrophages
and those of bone marrow origin [14], or markers that are
present not only in monocytes but also in other cells of
the myeloid lineage [15]. In this regard, for a long time,
due to the lack of specific markers reflecting the origin
of macrophages, it was problematic to reliably estimate
the extent of macrophage migration to the liver.

A great number of studies on mammalian liver
regeneration have been performed on the model of 70 %
liver resection. Due to the absence of a pronounced
alteration phase in such damage, the question of the
participation of macrophages of medullary origin in
liver regeneration after resection remains debatable
and poorly studied [11-14].

Based on the dynamics of Ly6C+ cells established
in our study, we can conclude that a large number of
monocytes/macrophages of medullary origin migrate into
the regenerating liver after 70 % resection. The findings
are in general agreement with those of Nishiyama et al.
(2015), in which bone marrow-derived macrophages were
detected using the marker CD11b [14]. At the same time,
we found that the proportion of CD11b+ cells out of the
total number of isolated F4/80+ cells on the 3rd day after
resection reached 70 %, which exceeds the number of
Ly6C+macrophages on the 3rd day. One of the reasons
for this phenomenon may be the change in the level of
CD11b expression in resident liver macrophages under the
influence of LPS [14,19]. The migration of granulocytes
(eosinophils and neutrophils) into the regenerating liver
together with monocytes/macrophages of bone origin
cannot be excluded, which is important for mammalian
liver regeneration [19].
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Fig. 1. Immunophenotype of macrophages in the regenerating liver according to flow cytometry. The abscissa axis shows
the timing of liver regeneration (days); the ordinate axis shows the proportion of macrophages expressing the marker under

study (%). Data are presented as mean values +

standard deviation, * —p < 0.05 statistically significant differences relative

to intact control (Int)

Proliferation dynamics

When studying the level of proliferation dynamics
using Ki 67 marker in the liver after 70 % resection it
was found that statistically significant increase of Ki67+
macrophages was observed 1 day after resection, the
highest value of this index was reached 3 days after the
operation (36,9 + 5,9 %), significantly increased number
of Ki67+ macrophages remained till 7 days after the
operation (Fig. 2 A). At the same time, the content of
Cyclin D1 protein in macrophages of regenerating liver
did not change, and the level of Cyclin E protein was
statistically significantly increased 7 days after liver
resection (Fig. 2B).

In addition to migration, the number of
macrophages in the reparative process depends on
the level of their proliferation and cell death. The
model of Th2-inflammation of the peritoneum
caused by the nematode Litomosoides sigmodontis
invasion is an example of the extreme expression
of the proliferation contribution to the increase in
the number of macrophages [20]. In the same study,

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

it was noted that even under physiologic normal
conditions, a significant proportion of resident
peritoneal macrophages are in the mitotic cycle [20].
Macrophage proliferation plays a significant role
in reparative processes in the liver as well. On the
model of mice liver damage by paracetamol it was also
established that exactly resident macrophages were
characterized by the expressed proliferative ability in
comparison with monocyte-derived macrophages, and
the peak of macrophage proliferation in the conditions
of this model is noted on the 3rd day [8]. It is believed
that in rats after 70 % resection the peak proliferation
of resident macrophages is noted after 2 days [21],
similar data were obtained in conditions of liver
resection of more than 80 % [11]. It is known that in
mice hepatocyte proliferation during liver regeneration
after resection starts later compared to other laboratory
animals [22]. Our data are in agreement with this: the
peak of macrophage proliferation is observed on the
3rd day after liver resection [8].
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Fig. 2. Proliferation activity (A), relative content of factors regulating the proliferation of macrophages in the regenerating liver (B).
On the abscissa axis is the timing of liver regeneration (days), on the ordinate axis is the proportion of macrophages expressing
the marker under study (%) or the relative level of protein. Data are presented as mean values * standard deviation, * —p <
0.05 statistically significant differences relative to the intact liver (Int)

Cell death of macrophages of regenerating liver
Macrophages dying by apoptosis are found in the
liver mainly only 1 day after surgery, the number of PI+
AnnexinV+ was about 11 %, and then sharply decreased
(Fig.3A). Meanwhile, a decrease in pS3 protein levels
in macrophages was observed after liver resection in
mice (Fig.3B).
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The timing of the increase in the apoptosis activity
of liver macrophages after 70 % resection is consistent
with toxic models of liver injury [8], indicating, first
of all, that it is the resident liver macrophages that die
after liver resection.
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Fig. 3. Cell death activity (A), relative content of factors regulating cell death of macrophages in the regenerating liver (B).
On the abscissa axis is the timing of liver regeneration (days), on the ordinate axis is the proportion of macrophages expressing
the marker under study (%) or the relative level of protein. Data are presented as mean values + standard deviation,
*—p < 0.05 statistically significant differences relative to the intact liver (Int)

Conclusion

The obtained data testify to the universality of the
course of reparative processes in mammals regardless
of their localization, as it was found that liver resection
causes migration of Ly6C+CD11b+monocytes into the
damaged organ, activation of proliferation and death of
resident macrophages. The loss of resident macrophages
is restored by their proliferation.
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AnHoTanusa. AkmyaibHocmb. Makpodaru — Befy1uii KjaeTouHbli AuddepoH, MPpUHUMAOLLKN yuacTHe B Perysiyuu
perapaTUBHBIX MTPOLIECCOB Y MJIEKOTIUTAIOI[MX, He SIB/ISIeTCS UCK/II0UeHreM U redeHb. COOTHOLIIeHe MUTPAaLiid MOHOLIUTOB,
niposiidepanuy ¥ rubeny Makpodaros Ipu pereHepanyy riedeHd TpedyeT JanbHerIX uccaeqoBadHuid. Llenb nccienosa-
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HU$1 — KOJTMUEeCTBEHHO OLIeHUTh NHTEHCHBHOCTb MUIPALIMM MOHOLIUTOB, KJIETOUHOTO Pa3MHOXKEHHS U arorTo3a pe3ujeHTHBIX
Makpocaro rieuenu rocsie ee 70 % pesekijuu Ha MoJie/ld y MbIu. Mamepuanb! u memoOdsbl. Bemonssm 70 % pesexijuio
TIeyeHH y M0JI0BO3peJbIX caMIioB Mblieit muHuK Balb C. KneTkn MoHoLMTapHO-MakpodaraabHON CHCTeMBbI IeueHH IoIyvay
C TIOMOIIIbI0 MarHUTHOTO COPTHHTA 110 Mapkepy F4/80. [lanee mu3yuany UMMYHO(GEHOTHUII Bblle/IeHHBIX K/IeTOK C TIOMOILIBIO
LIUTO(IyOPUMETPHH, YPOBeHb Npondepaluy U KJIeTOUHOM rubesiy, coZiep>kaHue LIUKIMHOB U P53 onpeensiu MeTosomM
BeCTepH-0/10T. Pe3yibmambt u 06CyscOeHue. YCTaHOBIEHO, UTO IIOC/Ie YACTUUHOM renaTsKToMUY Hab/IiofaeTcst BbIpasKeHHast
MUTpaLyisi MOHOLIITOB/Makpo(daroBs MooKuTensHbIX 110 Mapkepam Ly6C u CD11b B reuens, nporjecc MUTpaliii HAUMHAETCS
y’Ke B TIepBble CyTKH I10C/Ie oriepanjuy. Ha 3Tux >ke cpokax OTMeuaeTcs IIobeM MposrdepaTHBHON aKTUBHOCTH Makpo(daros,
yCTaHOBJIEHHBIH € NoMolLpt0 MapKepa Ki67, muk nposmudeparyy — 3 CyTKH I0C/Ie YaCTUYHOM rernatsKToMUU. B paHHUe cpoky
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Abstract. Soft tissue sarcomas are rare tumors (about 1 % of all malignant neoplasms) and include more than 70 histological
subtypes, the pathogenetic features of which remain unclear. This is largely due to both quantity and volume of clinical material
and high heterogeneity of the disease. Given the rarity and heterogeneity of each individual subtype of soft tissue sarcoma, there
is an urgent need to develop universal model systems to understand the molecular changes that determine tumor biology. Such
systems include CDX models (cell line-derived xenograft), created from cell lines, PDX (patient-derived xenograft), obtained
from primary tumor/metastasis cells, both a whole fragment of surgical material and from a cell suspension; humanized animals
containing various human immune cells, and GEM (genetically engineered mouse) models, which are created through transfection
of genetic changes characteristic of different subtypes of soft tissue sarcomas. To create these systems, not only widely available
mouse models are used, but also other animals, such as fish (Danio rerio), rats, pigs, and dogs. Another important goal of using
animal models is to screen the effectiveness of modern drugs. To date, treatment of various subtypes of soft tissue sarcomas is
based on standard protocols of chemotherapy (doxorubicin, epirubicin, dacarbazine, ifosfamide) and surgical resection. In the
case of inoperable forms or late stages of soft tissue sarcomas, animal models are a potential tool in predicting the effectiveness
of therapy and personalized selection of treatment regimens. In this regard, studies of the mechanisms of targeted action on
specific molecules and the use of humanized animals for the development of new approaches to immunotherapy are of particular
relevance. The current review discusses animal model systems of the three most common types of soft tissue sarcomas:
liposarcomas, undifferentiated pleomorphic and synovial sarcomas, as well as the use of these models to find new therapeutic
solutions. Conclusion. Currently, PDX and GEM models are widely used to identify molecules and signaling pathways involved
in the development of sarcomas, identify tumor-initiating cells, and assess the chemoresistance of known drugs and new drugs
at the level of the entire tumor ecosystem. However, the key problems of animal models of soft tissue sarcomas remain changes
in their composition and phenotype compared to the original tumor, poor survival of surgical material, and lack of cellular
immunity in immunocompetent models, high cost, and the length of time it takes to create and maintain the model. A solution
to one of the problems may be the use of humanized animals with PDX, which implies the presence in the model of immune,
stromal and tumor components that are as close as possible to the human body.

Keywords: soft tissue sarcomas, in vivo models, therapy

© Tretyakova M.S., Bokova U.A., Korobeynikova A.A., Denisov E.V., 2023
This work is licensed under a Creative Commons Attribution 4.0 International License
https://creativecommons.org/licenses/by-nc/4.0/legalcode

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY 459


https://orcid.org/0000-0002-5040-931X
mailto:trremar%40mail.ru?subject=%D0%A2%D1%80%D0%B5%D1%82%D1%8C%D1%8F%D0%BA%D0%BE%D0%B2%D0%B0%20%D0%9C%D0%B0%D1%80%D0%B8%D1%8F%20%D0%A1%D0%B5%D1%80%D0%B3%D0%B5%D0%B5%D0%B2%D0%BD%D0%B0
https://orcid.org/0000-0003-2179-5685
https://orcid.org/0000-0002-2633-9884
https://orcid.org/0000-0003-2923-9755
mailto:trremar%40mail.ru?subject=%D0%A2%D1%80%D0%B5%D1%82%D1%8C%D1%8F%D0%BA%D0%BE%D0%B2%D0%B0%20%D0%9C%D0%B0%D1%80%D0%B8%D1%8F%20%D0%A1%D0%B5%D1%80%D0%B3%D0%B5%D0%B5%D0%B2%D0%BD%D0%B0

Tretyakova M.S. et al. Bectuuk PYITH. Cepust: Megyuuuna. 2023. T. 27. Ne 4

Funding. This study was supported by the Russian Science Foundation (grant 23-65-00003).

Author contributions. All authors have made significant contributions to the concepts, manuscript preparation, read and

approved final version before publication.

Conflicts of interest statement. The authors declare no conflict of interest.

Acknowledgements — not applicable.
Ethics approval — not applicable.
Consent for publication — not applicable.

Received 12.10.2023. Accepted 14.11.2023.

For citation: Tretyakova MS, Bokova UA, Korobeynikova AA, Denisov EV. Experimental models of tumor growth in soft
tissue sarcomas. RUDN Journal of Medicine. 2023;27(4):459—-469. doi: 10.22363/2313-0245-2023-27—-4-459-469

Introduction

Sarcoma is a rare tissue disease of mesenchymal
origin that forms in bones, adipose tissue, joints and
muscles and is divided into two main groups: soft
tissue sarcomas (STS) (more than 70 types) and bone
sarcomas (osteosarcoma, chondrosarcoma and Ewing
sarcoma) [1]. The biology of sarcomas remains poorly
understood due to high heterogeneity, different origins
and histology, but a common feature is a poor prognosis
in patients with advanced disease [2].

Given the rarity of each individual subtype of
STS and the heterogeneity of the disease, there is an
urgent need to develop model systems to understand
the molecular changes that determine tumor biology,
diagnosis, prognosis and the effectiveness of disease
therapy. However, the limited number of model systems
available in oncology makes the selection of suitable
models even more challenging. Well-known mouse
models are successfully used in preclinical studies of
new therapeutic agents and selection of therapy for
various oncological diseases [3—9]. Therefore, it is
advisable to use these models to study various subtypes
of sarcomas as well. In addition to the widely available
mouse models, other animals, such as Danio rerio
fish, rats, pigs and dogs, can serve as platforms for
testing hypotheses about genetic factors contributing
to the initiation and/or progression of cancer and, to
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a sufficient extent, reflect intertumor heterogeneity
[10—-13]. Thus, despite high heterogeneity and low
incidence of STS, in recent decades various biological
systems have been developed to model the disease in
order to identify pathogenetically significant signaling
pathways, mutations and markers and to develop new
methods of antitumor therapy.

STS in vivo models

Information on the population composition of
STS is mainly obtained from in vitro studies [14, 15],
which use various cell lines: primary, immortalized and
3D cultures [16—-18]. However, it is well known that
when cells adapt to artificial culture conditions, they
proliferate faster than parental tumor cells, acquiring
new phenotypic characteristics that change their
characteristics and therapeutic response [14]. Therefore,
it is more expedient to study tumor cells biology and
evaluate treatment effectiveness in a living organism.

Modeling a tumor disease in vivo involves methods
of engrafting tumor cells into laboratory animals. Such
models are divided into 2 types: «cell line-derived
xenograft» (CDX)— a xenograft obtained from a cell
line, and «patient-derived xenograft» (PDX) —a model
obtained from primary tumor/metastasis cells. Both
models are representative and predictive for basic and
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translational research [19, 20]. Although CDX is still the
most commonly used model due to its wide availability
and ease of use, PDX is the most effective in terms of
translational potential.

Another approach to modeling sarcomas in vivo,
when tumor cell transplantation is not necessary, is to
induce de novo sarcomagenesis in immunocompetent
mice. Such environmentally induced (EIM) and
genetically engineered mouse (GEM) models are
applicable to specific subtypes of STS, but their
development is complex and time-consuming. EIM
models are obtained by exposure to various physical
factors (for example, intramuscular injection of
cardiotoxin and barium chloride), while GEM models
are created through transfection of genetic changes
characteristic of sarcomas [21, 22]. These model
systems have made it possible to expand knowledge
about oncogenic, tumor suppressor and other signaling
pathways associated with the development of sarcomas.

Experimental models of liposarcomas

Liposarcomas are tumors of adipose tissue and are
divided into several subtypes, among which the common
ones are well-differentiated and dedifferentiated
liposarcomas. The diagnosis of each subtype is based
on anatomical location, clinical presentation and
histology, and is characterized by a distinctive set of
genetic features [23, 24]. However, well-differentiated
and dedifferentiated liposarcoma may represent the same
subtype, since both are associated with amplification
in the chromosomal region 12q13-15, which causes
overexpression of the MDM?2 and CDK4 genes [25].

A well-differentiated liposarcoma has a low
incidence of metastasis and indolent course and can be
considered a low-grade tumor, while other subtypes of
liposarcoma demonstrate a high metastatic potential [25].
Liposarcomas vary in location, but most often they are
observed in the retroperitoneum. This pattern facilitates
modeling in vivo, since the introduction of tumor cells into
the abdominal cavity is a routine method for obtaining
intraperitoneal tumors [26].

Typically, when modeling liposarcomas from
the primary tumor, samples are dissociated into
a homogeneous cell suspension for the purpose
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of injection into immunocompromised mice [27].
The immunocompetent mouse model (nonobese
diabetic/severe combined immunodeficiency,
NOD/SCID) has a weakened immune system and is
considered the most effective for xenotransplantation.
The tumor suspension can be administered
subcutaneously (ectopic xenograft) or into a specific
organ (heterotopic model). Several cases of obtaining
PDX models have been described, including for
selecting individual treatment for patients with
liposarcoma. The development of such models usually
takes a long time, up to six months, and up to 75 % of
implanted tumors successfully assimilate in animal
organisms [28]. PDX models of liposarcomas make
it possible to select personalized therapy, achieving
high efficiency [28]. In addition, there are works where
CDX models of liposarcomas were used to test the
effectiveness of doxorubicin and cisplatin to predict
therapeutic response in cancer patients [25].

However, the limited number of suitable animal
systems, high heterogeneity and low incidence of
liposarcomas are the main obstacles to obtaining highly
effective in vivo models of this disease.

Experimental models of undifferentiated
pleomorphic sarcomas

Undifferentiated pleomorphic sarcomas are the
most common type and are classified as tumors of
indeterminate differentiation, predominantly located
in the upper and lower extremities of the body [29].
Surgical intervention leading to disability remains
the only radical treatment method for this category
of patients due to low incidence of subtypes of
undifferentiated pleomorphic sarcoma and lack of large
clinical trials. However, disorders of the TP53, RB1,
PTEN, CDKN2A and ATRX genes have been described
as associated with the development of this type of
sarcoma and can be considered potential therapeutic
targets [30—-32].

The development of animal models of
undifferentiated pleomorphic sarcomas is complicated
by problems with the availability and quantity of
clinical material [33]. However, in recent decades,
primary undifferentiated pleomorphic sarcoma cell
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lines and corresponding ectopic mouse models
have been obtained [34, 35]. These model systems
allowed establishing differences in the effectiveness of
doxorubicin in vivo and in vitro, thereby emphasizing
the need to test chemotherapeutic agents not only in
cell lines, but also in laboratory animals [34].

Another study showed that models of
undifferentiated pleomorphic sarcoma obtained in
immunodeficient mice from primary lines were similar
in histological characteristics and protein expression
of Ki-67 and CD31 to patients’ tumor tissues [36].
However, the clonal composition of tumors in vivo and
patients, as well as their transcriptomic features were
different, which caused differences in the effectiveness
of doxorubicin, gemcitabine and cisplatin [36].

In addition to the use of tumor cells and primary cell
lines, there are examples of subcutaneous implantation
of an intact tumor fragment and the formation of viable
xenografts that are similar to the original tumors in
terms of the content of necrotic cells [37]. Such models
are easily reproducible, in contrast to injection of a cell
suspension of the primary tumor.

GEM models with pathogenetically significant
molecular abnormalities make it possible to evaluate
the growth and development of tumors under natural
conditions in the body of an experimental animal. For
instance, a model of undifferentiated pleomorphic
sarcoma using GEM (red fluorescent protein, RFP+)
and the introduction of a surgical tumor fragment has
become a platform for non-invasive imaging of tumor
growth, migration, cell invasion and screening of
drug efficacy [38]. A mouse model of undifferentiated
pleomorphic sarcoma has also been obtained using
the Cre-loxP and CRISPR-Cas9 genome editing
systems. The introduction of adenoviral vectors led
to the spontaneous formation of tumors similar in
histology, morphology and mutational profile [39]. The
development of such models is less expensive both time
and money-wise compared to traditional GEM models.

Thus, experimental models of undifferentiated
pleomorphic sarcoma, mainly GEM, have allowed the
development of new therapeutic strategies, including
organ-preserving treatments to improve the quality of
life of patients.
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Experimental models of synovial sarcoma

Synovial sarcoma accounts for 5 % to 10 %
of all STS, is characterized by aggressive growth
and is associated with the t(X,18) chromosomal
translocation encoding the chimeric SS18-SSX gene
[40, 41]. Although some synovial sarcomas develop
near joints, the tumor cells are morphologically
dissimilar to the synovium, and the tumor precursor
cell remains unknown to date [42]. Surgical resection
with or without radiation and/or doxorubicin-based
chemotherapy is the mainstay of treatment for patients
with synovial sarcoma [43]. The insufficiency of
treatment options justifies the relevance of studying
the molecular mechanisms of this type of sarcoma and
developing new therapeutic solutions.

Major studies of the pathogenesis of synovial
sarcoma, like most other tumors, are based on
the analysis of cell lines, primary tumor cells and
xenografts. A CDX model of synovial sarcoma has
been developed using the SW-982 cell line, which
is similar to the primary tumor in histological and
immunohistochemical terms [44]. There are PDX
models of synovial sarcoma, including those used to
test the effectiveness of new treatment methods [45—
47]. Recently developed GEM models have
significantly expanded the scope of preclinical studies
of synovial sarcoma (Fig.). Although labor-intensive
and expensive, GEM models based on site-specific
recombination technology are fundamental tools
for understanding the pathogenesis and molecular
biology of cancer [48]. Thus, it has been shown that
high expression of the chimeric gene SYT-SSX2 is
associated with the development of synovial sarcoma,
and myoblasts are potential precursors of tumor cells
[49, 50]. In another GEM model, after injection of
the TAT-CRE protein (Cre-loxP genetic engineering
system), the role of PTEN gene alterations in
enhancing tumor growth and metastasis of synovial
sarcoma was proven [51], which is associated with
low patient survival rates [52]. However, despite these
advances, the high heterogeneity of synovial sarcoma
is the main obstacle to the creation of a universal
model system (Fig.).
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Fig. Different methods for modeling synovial sarcoma in vivo

Application of in vivo models in therapy

One of the primary objectives of animal models
is to screen for the effectiveness of drugs. To date,
treatment of various subtypes of STS is based on
standard protocols of chemotherapy (doxorubicin,
epirubicin, dacarbazine, ifosfamide), a combination
of anthracyclines with ifosfamide and/or dacarbazine,
and surgical resection [53, 54].

Through in vivo models, drug efficacy is screened
and new therapeutic approaches are actively developed.
Among such approaches, targeted drugs occupy a special
place. PDX models of undifferentiated pleomorphic
sarcoma allow testing potential agents aimed at different
targets, as the xenograft mimics the disease pattern,
including invasive growth into surrounding tissues,
metastasis, and relapse formation after surgery [55]. The
targeted drug temozolomide demonstrated high efficacy in
orthotopic PDX models of undifferentiated pleomorphic
sarcoma. The combination of gemcitabine/docetaxel and
pazopanib was effective in three of the orthotopic PDX
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models. At the same time, the sensitivity of each subtype
of undifferentiated pleomorphic sarcoma to drugs was
individual for each of the models. In other words, each
subtype of sarcoma was characterized by its own pattern
of drug sensitivity [56, 57].

An orthotopic PDX model, derived from a primary
tumor in athymic nude mice and mimicking doxorubicin
resistance, has also been developed for dedifferentiated
liposarcoma. This model shows that metabolic exposure
to recombinant methioninase (rMETase) in combination
with palbociclib (a CDK4 inhibitor) leads to tumor
regression [57]. In addition, in synovial sarcoma,
palbociclib inhibits Rb phosphorylation, causing cell
cycle arrest in the G1 phase and blocking proliferation.
Targeting synovial sarcoma at molecular level is
especially relevant, since, unlike most sarcomas that
recur and metastasize to lymph nodes, synovial sarcomas
are characterized by early distant metastasis to the lungs
[58]. For instance, in models of synovial sarcoma, it
has been shown that deficiency of INI-1 (integrase
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interactor 1) causes the EZH2 protein (enhancer of zeste
homolog 2) to acquire oncogenic driver properties and
the ability to specifically bind to the chimeric gene SS18-
SSX1 [47]. Thus, targeting EZH2, for example with the
drug tazemetostat, is effective in treating patients with
synovial sarcoma and other types of cancer [47, 59].

The development of advanced humanized animal
models is necessary to study the cellular and molecular
factors involved in the immune antitumor response and
to develop new immunotherapeutic tools [60]. One of
the main directions in immunotherapy is the blockade
of immune checkpoints for programmed cell death:
PD-1 (programmed cell death protein 1) and PD-L1
(programmed cell death ligand 1) [61]. Dedifferentiated
liposarcoma xenografted NOD mice treated with
pembrolizumab (anti-PD-1) demonstrated immune
cell infiltration and subsequent tumor regression [60].
Pembrolizumab was also effective in clinical trials
in the treatment of synovial sarcoma, DDL and
undifferentiated pleomorphic sarcoma [62]. Another
example of immunotherapy for synovial sarcoma is the
use of ipilimumab, which targets the NY-ESO-1 protein
(CTAG1B, cancer/testis antigen 1B) [63]. However,
the immunological features of the microenvironment
of various types of STS remain poorly understood, and
further studies, including in vivo models, will identify
new immunotherapeutic targets.

When discussing the development of new
approaches to STS treatment, one cannot ignore
physical methods of influencing the tumor. One of
them is the ablation method, a non-invasive option
based on high-intensity focused ultrasound that allows
tissue to be destroyed thermally or mechanically into an
acellular homogenate [64]. The safety and effectiveness
of one ablative method (histotripsy) for the removal
of superficial STS tumors has been demonstrated in
large animal models including cats and dogs [64, 65].
Treatment and subsequent tumor resection showed that
histotripsy was well tolerated and very effective in dogs
with spontaneous STS. It is assumed that histotripsy, in
addition to physical destruction, can change the tumor
microenvironment, releasing tumor antigens and leading
to tumor infiltration by immune cells, thereby causing
a local and systemic immune response [65]. Another
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method is cryoablation, where the pain is reduced
through the use of low temperatures [66].

Despite the wide capabilities of in vivo models,
they have serious disadvantages, including difficulty of
obtaining, high cost, and the impossibility of recreating
the structure and cellular composition of the original
tumor. The latter likely explains the discrepancies in drug
efficacy obtained between in vivo models and patients.
For example, the drug olaratumab (a monoclonal antibody
against PDGF receptor alpha) showed antitumor activity
in PDX models, but was low effective in clinical trials
for metastatic sarcoma [67, 68].

Thus, studies of therapeutic approaches in in vivo
models expand the possibilities for finding new methods
of treating aggressive and heterogeneous forms of
STS. Given the low effectiveness of monochemotherapy
in cases of inoperable forms or late stages of STS,
animal models are a potential tool in predicting the
effectiveness of therapy and selecting other treatment
methods.

Conclusion

Various animal models are indispensable tools
in oncology, allowing for research to identify the
molecular and cellular mechanisms of the formation
and progression of malignancies, identify targets,
develop drugs and therapeutic tools and test their
effectiveness. Especially, these models are relevant
for STS, characterized by high aggressiveness and
heterogeneity, as well as low frequency of occurrence,
which complicates the collection of a representative
amount of clinical material. Currently, PDX and GEM
models are widely used to identify molecules and
signaling pathways involved in the development of
sarcomas, identify tumor-initiating cells, and assess
the chemoresistance of known drugs and new drugs at
the level of the entire tumor ecosystem. However, the
key problems of STS animal models remain changes
in their composition and phenotype compared to the
original tumor, poor survival of surgical material, lack
of cellular immunity in immunocompetent models,
high cost, and the length of time it takes to create and
maintain the model. A solution to one of the problems
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may be the use of humanized animals with PDX, which
implies the presence in the model of immune, stromal
and tumor components that are as close as possible to
the human body. However, developing such models
is an even more expensive and time-consuming task.
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3KCﬂepMMeHTaﬂbele MoAesin onyxosieBoro pocrta
npu cCapKoMax MArkux TKaHeM

M.C. TperbsikoBa®? g, Y.A. BokoBa®? ",

A.A. KopobeiinukoBa®? ', E.B. /leaucoB’?

! HayuHo-1cceioBaTeIbCKU MHCTUTYT MOJIEKYJISIPHON U KJIETOUHON Me/IUIMHBI, POCCUIICKUI yHUBEPCUTET APY>KObI
HapoJIoB, 2. Mockea, Pocculickas @edepayus
2 HayuHO-MCC/Ie/]OBaTeNbCKUI MHCTUTYT OHKOIOTMH, TOMCKHI HallMOHA/IbHBIN UCC/IeI0BATeIbCKUI METUIIMHCKHUIM TIEHTP,
2. Tomck, Poccutickas ®edepayus
P trremar@mail.ru

AnHoTtanusa. CapkoMbl MSTKHX TKaHeH MpeJiCTaB/sItoT coboit pekue oryxonu (0koso 1 % oT Bcex 3/10KaueCcTBeHHBIX
HOB00Opa30BaHuii) ¥ BK/IIOUalOT 6osiee 70 TMCTOIOTHUECKUX TIOTHUIIOB, TIATOTeHeTHUeCKHe 0COOEHHOCTH KOTOPBIX OCTAkOTCs
10 KOHIIa HEeBBISICHEHHBIMU. BO MHOTOM 3TO CBf13aHO Kak C KOJIMUeCTBOM M 00beMOM K/IMHUYECKOTO MaTepHara, Tak U C BbICOKOU
reTeporeHHOCThIO 3a00/1eBaHus. YUUTHIBAsK PEKOCTh K&XK/OTO OTAEILHOTO TIOATHIIA CAPKOM MSITKUX TKaHEeH U reTeporeHHOCTb,
OCTPO CTOWT BOTIPOC O HEOOXOAUMOCTH pa3pabOTKU YHUBePCATbHBIX MO/E/IbHBIX CHCTeM /IJIsl TOHUMaHUs MOJIEKY/ISIPHBIX
V3MeHeHUH, onpeessitoux ouonoruto onyxosnu. K rakum cucremam otHocsit CDX-mogenu (cell line-derived xenograft),
CO3/1aHHbBIe U3 KJ1eTouHbIX iMHUH, PDX (patient-derived xenograft), nmomyueHHble U3 KIIeTOK MEPBUYHON OMyXO0JIM/MeTacTasa Kak
Liesioro ¢parMeHTa OrepaLOHHOT0 MaTepyasa, Tak ¥ U3 KJIETOUHOM CyCIieH3UH; T'YMaHU3MPOBaHHbIe )KUBOTHbIE, COZlepiKalliyie
pas/iuuHble YeaoBeueckrie IMMYHHbIe K1eTKd, 1 GEM (reHHO-MoAW(HULIMPOBaHHbIE MOZeNN), KOTOphIe CO3[at0TCsl T0CPEeCTBOM
TpaHceKI[UU reHeTUYeCKUX U3MeHeHUH, XapaKTepHBIX /71 Pa3/IMUHbIX TIOATUIIOB CApKOM MSTKUX TKaHel. [l co3faHus Tect
CHCTEM HCIIONB3YIOTCS He TOJTBKO ITUPOKO/IOCTYTIHBIE MBILIMHBIE MOJIEJH, HO U /IPYTHe KUBOTHBIE, TaKWe Kak pbIObl Danio rerio,
KPBICBI, CBUHBY M cO0aKu. JIpyroii Ba)KHOU 3a/jaueii IpUMeHeHUs! )KUBOTHBIX MOJieJiel SIBJISIeTCsl CKPUHUHT 3 QeKTHBHOCTH
COBPEMEHHBIX JIeKapCTBEHHBIX NpernapaToB. Ha cerofHsAIHNI feHb JieueHre Pa3IUyHbIX MOATUIIOB CApKOM MSTKUX TKaHeu
OCHOBAaHO Ha CTaH/IapPTHBIX MMPOTOKOJIAX XMMHUOTeparuu (JoKcopyOuryH, srupyounvH, aakapbas3vH, udocdamu) u XUpypru-
YyecKol pe3ekiuu. B ciyuae HeorlepabenbHBIX YOPM UK TO3HUX CTa/IVH CAPKOM MSATKHMX TKaHel )KMBOTHbIE MO/Ie/! SIBJISTFOTCS
TOTeHLMaIbHbIM MHCTPYMEHTOM B TNpeZCcKa3aHry 3Q(eKTUBHOCTH Tepanuy U MepCoHaTU3UPOBaHHOTO TI0/100pa CXeM JIeueHusl.
B 3TOM 1/1aHe 0C00y10 aKTyaIbHOCTh MPE/ICTAB/ISIFOT UCC/Ie[OBAaHNST MEXaHU3MOB TapreTHOTO BO3/IECTBYS Ha CrieluduryecKue
MOJIeKy/ISIpHbIe MUILIEHU U MPUMeHeHHe T'YMaHW3MPOBAHHBIX KMBOTHBIX [171s1 Pa3pabOTKH HOBBIX TIOZIX0/J0B UMMYHOTEDAITHH.
B manHOM 0030pe 00Cy/[af0TCsl )KUBOTHBIE MOZIe/TbHbIe CHCTEMBI TPeX Harboree pacripoCTpaHeHHBIX TUIIOB CAaPKOM MSTKHX
TKaHel: IUII0CapKoM, He/iu(epeHL[POBaHHBIX [71eOMOP(HBIX ¥ CHHOBUAIBHBIX CAPKOM, a TaK)Ke IIpUMeHeHNe JaHHbIX Mofernei
JIJIs1 TIOMCKa HOBBIX TepareBTUUeCKUX pellieHui. Bbigoobl. B HacTosiilee BpeMsi HaxoAsT 1iMpokoe npuMeHeHre PDX u GEM
MOZIeJH, TI03BOJISIIOLIME H/IeHTU(ULIPOBaTh MOIEKY/Ibl M CUTHa/bHbIe Iy TH, BOB/IEYeHHbIe B Pa3BUTHE CApPKOM, BBISB/ISITh OITyXO0/Ib-
VHULIMMPYIOLIME K/IeTKH, OL|eHUBAaTh XMMHOPE3UCTEHTHOCTh M3BECTHBIX IpPerapaTtoB U HOBBIX JIeKapCTBEHHBIX CPe/ICTB Ha YPOBHE
L[eJIOCTHOH OIyX0JIeBOH SKocucTeMbl. TeM He MeHee, K/TFOUeBBIMU TIPO0JIeMaMU >)KUBOTHBIX MO/ie/iell CapKOMbl MATKUX TKaHel
OCTal0TCs U3MEeHeHHe UX COCTaBa M (heHOTHIIA 110 CPABHEHUIO C UCXOHOW OIMYyX0JIbI0, T/I0Xast IPM)KMBAaeMOCThb OIepaLjiOHHOTO
Marepuasa, OTCyTCTBHE KJIeTOYHOT0O UIMMYHUTETa B IMMYHOKOMIIETeHTHBIX MOJIe/IsIX, IOPOrOBU3HA, J/IUTEIbHOCTb CO3/laHus
Y Toj/iepyKaHus Mogiey. PelieHrieM ofHOM 13 Ipo6/1eM MOKeT CTaTh UCIO/Ib30BaHHE I'YMaHU3UPOBaHHBIX XKUBOTHBIX € PDX,
YTO M0ZIpa3yMeBaeT HaJIM4Ye B MO/Ie/T IMMYHHOT'O, CTPOMAJIbHOTO U OITyXO0JIEBOTO KOMITOHEHTOB, MAKCUMaJIbHO TIPUO/IM)KEHHBIX
K Ye/IoBeyeCKOMY OpraHU3My.

KiroueBble c/10Ba: CapKOMbI MITKUX TKaHew, in vivo Mofieny, Tepanus
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Abstract: Relevance. The increase in allergic and autoimmune diseases observed in recent decades highlights the need for
therapy and prevention, which requires detailed research into the mechanisms of their occurrence. The onset and progression of
allergic and autoimmune diseases are influenced by genetic predisposition, lifestyle, environmental factors, and disruptions in
the coordinated operation of the immune system, and as a consequence of immune homeostasis. Treatment of these diseases is
primarily symptomatic and often accompanied by undesirable side effects. Immune system disorders in various pathologies have
their own characteristics for each type of disease, and at the same time have common mechanisms. Considering the presence of
a large number of various microorganisms in the human body, taking their influence into account is of paramount importance.
Microorganisms are a source of biologically active molecules, the action of which can either prevent and reduce the severity of
the disease or exacerbate it. The aim of this study was to analyze the cytokine profile of the effects of fragments of cell walls
of Gram-negative and Gram-positive bacteria— lipopolysaccharide (LPS) and muramyl peptide (MP), as well as nisin — an
antimicrobial peptide of bacterial origin on human mononuclear cells. Materials and Methods. Mononuclear cells were obtained
from peripheral blood of healthy volunteers using Cell separation media Lympholyte CL 5015, and were cultured in the presence
of LPS, GMDP and bacteriocin nisin. The cytokine activity of LPS, GMDP and bacteriocin nisin was examined using the multiplex
cytokine analysis; the analysis of surface markers was determined flow cytometry. Results and Discussion. It was shown that
bacterial cell wall fragments to a much greater extent than nisin induce the production of cytokines, chemokines, and growth
factors. It was established that LPS and MP increase the expression of CD11c on dendritic cells, while bacteriocin nisin does
not affect the increase of CD11c+ DCs. LPS and MP in the conducted ex vivo studies did not affect the emergence of CCR?7.
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Conclusion. Bacterial origin bioregulators trigger a negative feedback mechanism by inducing the synthesis of anti-inflammatory
factors, that can prevent the inflammatory process. Understanding the molecular mechanisms of the influence of bacterial origin
bioregulators on the human body opens new approaches in the prevention and development of personalized therapy strategies.
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Introduction

Allergic and autoimmune diseases represent
two main categories of immune dis-orders affecting
a significant number of people worldwide. These
diseases are characterized by abnormal immune
responses, but differ in their mechanisms and impact
on the body [1, 2]. Allergic and autoimmune diseases
have reached epidemic proportions and currently affect
more than one billion people [3].

Allergic diseases are characterized by the immune
system’s hyperreactivity to external allergens such
as pollen, dust, animals, and certain foods. The most
common forms of allergic diseases are asthma, atopic
dermatitis (AD), allergic rhinitis, and food allergy [4].
Currently, 10 % of children suffer from food allergy,
and 20-25 % of adults have at least one allergic disease
[5, 6]. According to the 2019 Global Burden of Disease
study, there were 262 million cases of asthma and 171
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million cases of AD worldwide in 2019; the 3416 and
2277 per 100,000 population, respectively, for asthma
and AD [7-9]. A sharp increase in prevalence has been
noted in developed countries over the past few decades,
and an increase in incidence is expected in developing
countries [6].

Autoimmune diseases occur when the immune
system mistakenly attacks the body’s own cells and
tissues. This includes diseases such as rheumatoid
arthritis, systemic lupus erythematosus, celiac disease,
and many others [10]. The prevalence of autoimmune
diseases is increasing and is estimated at 10.2 %
based on the study of electronic medical records
of more than 22 million people [11]. The annual
growth of the overall morbidity and prevalence of
autoimmune diseases worldwide is 19.1 % and 12.5 %
respectively [12], with 63.9 % of these diagnosed
individuals being women and 36.1 % men [11]. The
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predominance of women with autoimmune diseases
is also noted in other studies [10]. The mechanisms
of autoimmune reactions are divided into two
fundamental pathological processes — autoimmunity
and autoinflammation, which can potentiate each
other [13]. Autoimmunity is associated with the
disruption of immunological tolerance to normal
tissue proteins (autoantigens), is associated with
the predominance of acquired (adaptive) immunity
activation, and is manifested by hyperproduction
of autoantibodies. Autoinflammation, in turn, is
considered as a pathological process based on the
genetically determined (or induced) activation of
innate immunity [13-17].

Allergic and autoimmune diseases are of global
significance, as they affect the health of millions
of people. Each category has its unique challenges
in the field of management and treatment. Allergic
diseases most often require symptom management and
prevention of allergen exposure, while autoimmune
diseases often require a more complex approach
to treatment, including suppression of the immune
system and identification of underlying causes.
Existing management and treatment strategies
significantly improve the quality of life of patients, but
often do not achieve the goal of long-term remission
without appropriate therapy [18]. An important
aspect of managing these diseases is early diagnosis,
which allows for treatment to begin at the most
effective time and minimizes the risk of long-term
complications [19]. In the context of allergic diseases,
key strategies include avoiding allergens and using
medications such as antihistamines, corticosteroids,
and inhalers to control symptoms [4, 20—22]. In some
cases, immunotherapy aimed at reducing sensitivity
to allergens may be recommended [1, 2]. In the case
of autoimmune diseases, the treatment approach
often includes immunosuppressive drugs to reduce
immune system activity and inflammation [2].
Individual treatment plans may include the use of
nonsteroidal anti-inflammatory drugs (NSAIDs),
biological agents, and immune response modifiers,
which can have local and systemic side effects
[2, 23]. Side effects of antihistamines can include
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drowsiness, blurred vision, dry mouth, constipation
or difficulty urinating, headache, and fatigue.
Nasal corticosteroids can include nose irritation,
nosebleeds, headache, and sometimes perforation
of the nasal septum with prolonged use. Long-term
use of oral corticosteroids can cause side effects
including weight gain, increased risk of infections,
osteoporosis, increased blood pressure, and sleep
disturbances. Decongestants used to relieve nasal
congestion can cause insomnia, headache, increased
blood pressure, and irritability. Immunotherapy
(allergen-specific immunotherapy) can lead to allergic
reactions, including skin reactions at the injection
site, nasal congestion, throat itching, or, in rare cases,
anaphylaxis. Side effects of biological drugs used
to treat severe allergic diseases such as asthma can
include headache, injection site reactions, increased
risk of infections, renal failure, and slowed growth
in children [24-28]. In severe cases, an anaphylactic
reaction with serious consequences can develop [29].

Among the mechanisms and risk factors for
the pathophysiology of allergic and autoimmune
diseases, the presence of various and common
factors is identified, including genetic, environmental
factors, lifestyle, and response to the microbiome [3,
10, 30]. The microbiome is assigned a key role in
the development and evolution of these diseases [3,
31]. A significant part of the human microbiome is
concentrated in the gut, mostly in the colon and the
proximal part of the small intestine [32, 33]. Bacteria
residing in the gut are a source of biologically active
substances, and they also help the host digest complex
foods and synthesize necessary metabolites, such as
vitamins B and K [34, 35]. Metabolites and bacterial
components regulate the host’s immune response by
affecting the proliferation, migration, differentiation,
and effector functions of immune cells and influence
the development of allergic diseases [36, 37]. Key
mechanisms of action of bacterial origin bioregulators
(BOBs) affect their impact on humoral and cellular
factors, modulating both links of immunity — innate
and adaptive. BOBs modulate the reactivity of the
immune system: they can stimulate the immune
system to a higher or lower than normal response to
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allergens. For example, lipopolysaccharide (LPS),
the main component of the outer surface membrane
of gram-negative bacteria [38], increases the level
of inflammatory cytokines [39—-41], which in turn
can enhance allergic and autoimmune reactions [42,
43]. It is important to note the complex mechanism
of regulation of inflammatory reactions by
lipopolysaccharide: prolonged exposure to LPS induces
the production of anti-inflammatory cytokines and
transcription factors that limit inflammation [40, 44,
45]. Muramyl peptide (MP), a component of the cell
walls of gram-positive bacteria, also has a dual effect;
the primary impact of MP stimulates pro-inflammatory
reactions, while with prolonged exposure MP generates
anti-inflammatory factors [44]. Dysregulation of the
adequate immune response to BOBs exacerbates the
course of allergic and autoimmune diseases [46, 47].

Mechanisms of action of bacterial origin
bioregulators can be carried out through corresponding
receptors of innate immunity or directly, affecting
cell membranes. For example, LPS exerts its activity
through TLR4, muramyl peptides activate NLRs,
while antimicrobial peptides produced by bacteria and
called bacteriocins can have a nonspecific effect due
to amphiphilicity and electrostatic interaction with the
eukaryotic membranes [48-51]. Conflicting results
of the effects of bacterial origin bioregulators require
further research to accurately predict their effects and
influence on the initiation and progression of allergic and
autoimmune diseases. The aim of the current study was
to determine the influence of LPS, MP, and bacteriocin
nisin on humoral factors — cytokine production, as
well as on the change in phenotype of dendritic cells,
which take an active part in innate immunity and the
formation of tolerance.

Materials and Methods

Isolation of mononuclear cells
Blood was collected with the written informed
consent of healthy donors aged 20-22 years. The
experiment protocol was approved by the University’s
Ethical Commission, N 21 from 11.10.2021. Peripheral
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blood was collected in tubes (Vacuette, Greiner Bio-One,
Austria) with anticoagulant (0.1 ml of 2.7 % EDTA
solution; pH 7.2-7.4 per 1 ml of blood). Whole blood
was diluted in a 1:3 ratio with phosphate-buffered
saline (PBS, PanEco, Moscow, Russia), layered
onto Cell separation media Lympholyte CL 5015
(Cedarlane Laboratories Limited, Ontario, Canada),
and centrifuged for 40 min at 400 G. Mononuclear
cells (MNCs) were washed twice (10 min; 1000 rpm)
by centrifugation in excess PBS and resuspended in
complete RPMI 1640 medium (Gibco, Waltham, MA,
USA), containing 10 % fetal bovine serum, 100 U/ml
penicillin, 100 pg/ml streptomycin, and 10 mM Hepes
buffer (pH 7.2) (PanEco, Moscow, Russia). Cell viability
was determined by trypan blue staining.

Cultivation of human mononuclear cells
in the presence of LPS, MP, and bacteriocin nisin
to determine cytokine activity

Mononuclear cells were added to the
wells of a 96-well round-bottom plate (Costar,
Washington, WA, USA), at 0.2 x106 per well, and
glucosaminylmuramyldipeptide (MP, GMDP) was
added at a final concentration of 5 pg/ml, with
lipopolysaccharide (LPS) (1 pg/ml), bacteriocin nisin
(1 ng/ml), and an equal volume of medium to control
wells. Concentrations were determined by preceding
experiments and corresponded to the maximum plateau
values [52]. The plates were incubated for 4 hours at
37 °Cin a 5 % CO, atmosphere, the supernatant was
collected, and cytokines were tested.

Multiplex cytokine analysis
Multiplex cytokine analysis was performed using
magnetic beads with antibodies for the determination
of human cytokines/chemokines using the Luminex
200, Merck (Millipore) equipment, and software
(Burlington, Massachusetts, USA). For this purpose,
supernatants of mononuclear cells, previously
cultured with LPS, MP, nisin, and phosphate buffer
as a control, were collected and analyzed according
to the manufacturer’s instructions. Assays included
a bead-based fluorescence MILLIPLEX® assay/

Luminex fluorescence platform (LMX).
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Cultivation of human blood cells in the presence
of LPS, MP, and bacteriocin nisin to determine
surface markers

Peripheral blood was collected in tubes (Vacuette,
Greiner Bio-One, Austria) with anticoagulant (0.1 ml
of 2.7 % EDTA solution; pH 7.2-7.4 per 1 ml of blood)
and MP was added at a final concentration of 5 pg/ml,
with LPS (1 pg/ml), bacteriocin nisin (1 ng/ml), and an
equal volume of medium to control samples.

Flow cytometry

For the analysis of surface markers, blood samples
were incubated with 2 pM of LPS, MP, and nisin for 1 h at
+36 °C and then with specific antibodies for 1 h at +4 °C,
washed, and measured on a CytoFLEX device (Beckman
Coulter LS, Indianapolis, USA), data was analyzed by
CytExpert software. Phenotyping was performed using
markers HLA-DR PE-Cy5, CD11c APC, CD123 APC-
eFluor780, CCR7 PE-Cy?7 against CD3, CD20, CD56,
CD14; CD80, CD83 markers. MDC populations were
determined by HLADR+ CD3- CD14- CD20- CD56-
CD11c+ CD123-, PDC was determined by markers
HLA-DR+ CD3- CD14- CD20- CD56- CD11c + CD123+
FITC (BD Biosciences, USA).

Statistics

Statistical analysis was conducted using MS Excel
software. Data are presented as the mean + SEM of at least
two independent experiments or as one representative
experiment of two. For determining intergroup differences
of independent samples and assessing their statistical
significance with a normal distribution, an unpaired
Student’s t-test was applied. Significance levels of p<0.05
were considered statistically reliable.

Results and Discussion

The influence of LPS, MP, and bacteriocin nisin
on cytokine production
Allergic and autoimmune diseases develop as a result
of an aberrant body reaction to harmless antigens or
antigens of one’s own tissues with direct regulation by
cytokines and chemokines. The study of the influence
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of LPS, MP, and bacteriocin nisin on the production of
cytokines by mononuclear cells from healthy donors
using a fluorescent method showed significant differences
in their ability to stimulate the production of cytokines,
chemokines, and growth factors. The analysis of the
levels of production of cytokines, chemokines, and
growth factors under the influence of bacterial origin
bioregulators has established that muramylpeptide and
lipopolysaccharide have the most active influence (Fig. 1).

LPS and MP increased almost all pro-inflammatory
and anti-inflammatory cytokines, chemokines and
growth factors, with the exception of IL-13 and PDGF-
AA, on which LPS had a slight effect.

Muramyl peptide increased all levels of the
substances studied except for IL-13. Interestingly, LPS,
MP, and bacteriocin nisin lowered the level of IL-13
by more than three orders of magnitude. I1.-13 plays
a critical role in the regulation of allergic reactions by
participating in B cell maturation and IgE production.
On the other hand, IL-13 can suppress macrophage
activity, reducing inflammation and tissue damage.

Nisin showed the least pronounced activity in
increasing the substances studied, PDGF-AA was
decreased by half compared to the unstimulated sample.
Platelet-derived growth factor (PDGF)-AA, -AB, and
-BB has multiple functions including the ability to
stimulate cell growth and proliferation. (PDGF)-AA,
-AB, and -BB play a key role in angiogenesis and blood
vessel formation, induce and differential chemotaxis of
early-passage rat lung fibroblasts in vitro [53].

In the study, LPS and MP increased the production
of IL-10 by 42 and 22 times, respectively, while nisin
also increased its level, but to a much lesser extent;
the increase was three times compared to the control
value. Our results are consistent with the data of other
researchers who noted an increase in IL-10 under
the influence of nisin in experimental animal models
[54, 55]. IL-10 is an anti-inflammatory cytokine that
regulates the balance of the immune response in
maintaining immune homeostasis. IL-10 reduces the
expression of Th1, Th17 cytokines, and together with
MHC class II antigens and costimulatory molecules
on macrophages, may also suppress the activity of
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Fig.1. The influence of LPS, MP, and bacteriocin nisin on the production of cytokines, chemokines, and growth factors;
1 — samples with nisin; 2 — samples with lipopolysaccharide; 3 —samples with muramylpeptide; 4 — control samples

macrophages and dendritic cells, maintaining immune
homeostasis. The experimentally discovered ability of
BOBs to significantly increase the production of I1.-10
is an important confirmation of the regulatory role of
BOBs on all populations of immunocompetent cells.

The influence of LPS, MP, and bacteriocin nisin
on the surface markers of DCs
A study was conducted on the influence of MP,
as well as LPS, adrenaline, and noradrenaline in

an ex vivo system. For this, whole blood samples
from volunteers were incubated for with MP, LPS
and bacteriocin nisin. The studies have established
that the ex vivo introduction of MP and LPS into the
peripheral blood of healthy donors does not affect the
gene expression of the chemokine receptor CCR?7,
while LPS, MP contributed to an increase in the
number of CD11c+ DCs (Fig. 2-5).

Fig. 2. Expression of dendritic cell markers in the control sample

IMMUNOLOGY
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Fig. 3. Expression of dendritic cell markers in the PBMC sample in the presence of MP
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Fig.4. Expression of dendritic cell markers in the PBMC sample in the presence of LPS

Fig.5. Expression of dendritic cell markers in the PBMC sample in the presence of nisin
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It is important to note that the membrane protein
CD11c is the alpha subunit of integrin aXf32, as well
as the complement receptor 4 (CR4) and integrin
CD11c/CD18 interacts with various ligands, including
iC3b of the complement system, fibrinogen, with
intercellular adhesion molecules (ICAM) or LPS, and
ensures the participation of DCs in the remodeling
of the extracellular matrix, phagocytosis, migration,
and cell adhesion [56]. Furthermore, DCs deprived of
CD11c are unable to respond to chemokines induced by
inflammatory stimuli, such as MCP, MIP1, MIP3 [57].
According to the study results, MP and LPS increased
the number of CD11c+ DCs by 29 %, 31 %, respectively,
whereas bacteriocin nisin did not have a statistically
significant effect on the studied DC markers (Table).

Change in CD11c expression under the influence of LPS, MP,
and nisin, Me (Q0, 25-Q0, 75)

Control MP LPS Nisin
100 % * 129 % * 131 % * 105 %
(91-107) (119-139) (119-142) (95-116)

Note: * — significance of differences compared to control values,
p <0.05.

It is known that bacterial bioregulators through
interaction with epithelial cells, antigen-presenting
cells (such as dendritic cells (DCs)), and through
the production of signaling metabolites can induce
the production of not only pro-inflammatory but
also antiinflammatory cytokines. For example,
exopolysaccharides from Bifidobacterium breve promote
immune tolerance, reducing the production of pro-
inflammatory cytokines and preventing the response
of B-cells [58]. Early exposure of the immune system
to certain bacterial agents may promote tolerance to
allergens, preventing allergic diseases [3, 52]. MPs from
Gram-positive bacteria can shift the Th1/Th2 balance,
providing a therapeutic effect in allergopathologies
and have prophylactic effect in prevention of
seasonal diseases [59—-62]. At the same time, bacterial
bioregulators can affect the integrity and function of
epithelial barriers, such as the intestinal and respiratory
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barriers. Disruptions of these barriers can in-crease the
likelihood of developing allergic reactions [37]. Some
bioregulators have the ability to modulate immune
responses, for example, by exerting an adjuvant effect
[63], or by enhancing regulatory T cells, which can
suppress allergic reactions by enhancing regulatory
T-cells, suppressing allergic reactions. In particular, the
short-chain fatty acid (SCFA) butyrate, produced by
commensal microorganisms during starch fermentation,
promotes the extrathymic generation of regulatory
T-cells (Treg cells) [64, 65].

Some bacteria may promote the production of anti-
inflammatory cytokines such as IL-10, which may be
useful in the context of autoimmune diseases [66, 67].
Bacterial origin bioregulators can help maintain peripheral
tolerance in preventing the development of allergic and
auto-immune reactions against one’s own tissues, including
by changing the phenotype of DCs, the mature variants of
which are involved in ensuring tolerance [68].

The treatment approach often requires long-term
monitoring and adjustments based on patient response.
Research in the field of allergic and autoimmune
diseases continues, aimed at better understanding the
etiology and mechanisms of diseases. This makes
it possible to develop new therapeutic approaches
and improve existing treatments. For example, in
the field of autoimmune diseases, new biologics and
cell therapies are being explored that may offer more
precise and less toxic treatments. This large-scale study
highlights the increasing incidence of these diseases
and their impact on public health. These studies
highlight the importance of global efforts to improve
the understanding, diagnosis, treatment and prevention
of autoimmune diseases, highlighting their growing
importance as a public health problem. Allergic and
autoimmune diseases require a comprehensive approach
to management and treatment using modern systems
biomedicine approaches [69, 70].

Conclusion

Bacterial origin bioregulators — LPS, GMDP, and
nisin modulate the response of immune cells, influencing
the production of cytokines, chemokines, growth
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factors, and adhesion. The ability of BOBs to reduce the
secretion of IL-13 by mononuclear cells by thousands of
times and increase IL-10 by tens of times indicates the
significant potential of these compounds in maintaining
immune homeostasis and in the prevention and treatment
of allergic and autoimmune diseases. Bacterial origin
bioregulators trigger a negative feedback mechanism
by inducing the synthesis of anti-inflammatory factors,
that can prevent the inflammatory process.

Cytometric studies of the effect of BOBs on DC
differentiation markers showed that not all bacterial
origin bioregulators can change the phenotype of DCs:
LPS and GMDP increase the expression of CD11c
on DCs, while the bacteriocin nisin does not affect
the increase in CD11c+ of DCs involved in homing
and ensuring tolerance in allergic and autoimmune
pathologies.

Thus, bacterial cell wall fragments, realizing
their activity through innate immunity receptors, to
a much greater extent than nisin, induce the production
of cytokines, chemokines, and growth factors. The
increase in CD11c expression on dendritic cells under
the influence of MP and LPS shows their participation
in ensuring the remodeling of the extracellular matrix,
phagocytosis, migration, and cell adhesion of DCs.
In the conducted ex vivo experiments, no influence of
LPS, MP, and nisin was found on the appearance of
differentiation markers CCR?7.

Understanding the molecular mechanisms of the
influence of bioregulators of bacterial origin on the
human body opens up new approaches to the regulation
of immune homeostasis, the development of preventive
and personalized therapy strategies.
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AnHoOTanmA. AkmyaabHocmb. POCT annepruueckrx ¥ ayTOMMMYHHBIX 3a00/1eBaHUM, Habmrofaomuyics B oC/iefHHe
JeCATH/IeTHS, aKTya/lIU3UpyeT 3a/auy Tepariu U MpoQrIakKTHKN UX BO3HUKHOBEHUs, UTO TpeOyeT JeTalbHbIX UCC/IeS0BaHUN
MeXaHH3MOB HX TosiBlieHrs. Ha BO3HUKHOBeHHe ¥ MPOrpecCcUpOBaHue alyIepriyeCKiX U ayTOMMMYHHBIX 3a00/1eBaHUN BIUSIFOT
reHeTHYeCKast peApacIioioKeHHOCTb, 00pa3 )KU3HH, (PaKTOPBI OKPY’KaroIlel cpe/ibl, HapyLleH!sl COracoBaHHOU paboTkl
MMMYHHOM CHUCTeMBI U, KaK CJ/Ie[CTBHe, IMMYHHOTO roMeocTasa. JledeHne 3Tux 3ab0eBaHU TIPEMIMYIIIeCTBEHHO CHMIITO-
MaTHYeCKOe U YacCTO COTIPOBOK/AAETCS HeXesaTelbHbIMK o60YHbIMU 3¢ dekramu. HapyiieHnsi IMMyHHOW CHUCTeMBI TIPH
PAa3/MYHBIX [aTOJIOTHSIX UMEIOT CBOM 0COOEHHOCTH /ISt KaXKI0T0 Br/ia 3a60/1eBaHUs U B TO JKe BpeMsl UMEIOT 001Ire MeXaHU3MBL.
YuuThiBasi HalMM4Ye B OpraHU3Me uejioBeKa OOJIBIIOro KOJIMYeCTBa Pa3/IMuHbIX MUKPOOPTaHHU3MOB, YUeT UX B/IUSHUS UMeeT
TepBOCTeTIeHHOe 3HaueHHe. MUKPOOPraHW3MBbI SIBJISIFOTCS HCTOYHUKOM OMOIOTHUYeCKH aKTUBHBIX MOJIEKY/T, IediCTBHe KOTOPBIX
MOXKET KaK MpPeJOTBPATUTb U YMEHBIIUTh TSDKECTh 3a00/IeBaHus, TaK U YCYTYOUTH ero. Llesibro HaCTOSIIero NCCIe0BaHuUs
OBLT aHa/T|3 LIUTOKUHOBOTO NIPOGUJIS IeCTBYS HYParMeHTOB K/IeTOUHBIX CTEHOK IPaMOTPHLIaTeNbHbIX U IPAMIIO/IOKUTETBHBIX
6akrepuii — nunononucaxapuza (JITIC) u mypamunnentuzga (MIT), a Takke HU3MHA — aHTUMUKPOOHOTO TenTH/a bakTepu-
aJIbHOM TPUPO/BL. TPOUCXO’K/IeHMST HA MOHOHYKJ/IeapHBIX K/IeTKax yerioBeka. Mamepuanb! u MemoObl. MOHOHYK/IeapHble K/IeTKU
TO/TyYasiu U3 nepudepruueckoit KpoBU 3/[0POBbIX JOOPOBOJIBIEB C UCIIOIL30BaHUEM CPe/ibl [IJis pa3zeneHus KieTok Lympholyte
CL 5015 u kynerrBUpoBand B ipucytctun JITIC, T'M/IT u 6akTepronyHa Hu3uHa. LIuTokrHOBYO akTiBHOCTE JITIC, TMIT
Y OaKTepHOLIMHHHU3HHA UCCIIe0Ba/IH C TOMOLLBI0 MY/ILTUIIEKCHOTO LIUTOKWMHOBOTO aHa/IH3a; aHa/Ii3 TIOBEPXHOCTHBIX MapKepOB
oTpe/iesisi/Iv MPOTOYHOM [UTOMeTpreid. Pe3yabmamnt u 06cysicoeHue. [oka3aHo, UTo GparMeHThI K/IETOUHOM CTeHKU GaKTepuit
B 3HAUMTE/ILHO OOJBIIIEH CTerneHy, ueM HU3WH, MHAYLUPYIOT MPOAYKLHIO LIUTOKWHOB, XeMOKHWHOB U ()aKTOPOB POCTa. YCTa-
HOB/eHO, uto JITIC u MIT noBeiiaioT 3xkcrpeccuto CD11c Ha IeHJPUTHBIX K/IeTKaX, TOr/ja Kak 6aKTepUOI[UH HU3UH He B/IUSeT
Ha yBenmueHre CD11c+ K. JITIC u MII B ripoBefieHHBIX UCCIe0BaHMSX eX Vivo He Biusiiu Ha riosiesieHrne CCR7. Bbigoobl.
Buoperynstopbl 6aKTepHaIbHOTO TIPOMCXOXK/IeHHS 3aITy CKaloT MeXaHW3M OTpHLIaTe/TbHOM 06paTHOM CBSA3HU, MHAYLUPYS CHHTE3
TIPOTHBOBOCTIA/INTENBHBIX ()aKTOPOB, CTIOCOOHBIX TIPeJOTBPAaTUTh BOCHATUTENbHBIN rporjecc. [IoHMMaHe MOMTeKYISIPHBIX
MeXaHU3MOB BJIUSTHUSI OMOpery/siTopoB OakTeprabHOTO MPOMCXOXK/EHHSI Ha OPraHK3M uesioBeKa OTKPHIBaeT HOBBIE TIOAXO/bI
B TIPOGU/IAKTHKe U pa3paboTKe CTpaTeryii epcoHaTM3UPOBaHHON Tepartii.

KiroueBble c/10Ba: BpOKJeHHbII UMMYHHTET, IMMYHHBI/ TOMe0CTa3, ajyleprus, ayTOMMMYHUTET, TOJIepaHTHOCTb, JITIC,
JIVITIOTIONMCaXapuy/, TIOKO3aMUHUIMYPaMU/IUTIENTH]], MypPaMUIIENTH, HI3KH, Pery/sLys BOCaieHu s, GHOpery/siTopbl
OaKTepHaIbHOTO POUCXOKAEHUS

HNudopmanus o puHaHcupoBaHuu. PaboTa BhITIONIHEHA TIPY TIoA1ep>KKe [IporpaMMbl CTpaTernueckoro akajeMruuecKoro
nugepcrBa PYIIH.

Bxknap aBropoB: C.B. I'ypesiHoBa — pa3pabotka au3aiina uccienoBanus; C.B. T'ypesiHoBa, U.A. Curmarynus, O.0. T'uranuy,
C.A. JlunkvHa — HUCCJIefloBaHUs MeTolaMi UMMYHOGEepPMEeHTHOI0 aHalu3a U LuToMeTpruueckue ucciaenosanust; C.B. I'y-
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pbsaHOBa, U.A. CurmarysnuH, O.0. I'uranm, C.A. JIMNKyvHa — NMOJATOTOBKAa PYKONUCH. Bce aBTOPBI MpOUNTAIN U COTTIACUIUCH
C OKOHYaTe/IbHOW BepCUel PYKOITUCH.

HNudopmanysa 0 KOH(IMKTE HHTEPECOB. ABTOPbI 3asIB/ISIFOT 00 OTCYTCTBUM KOH(IMKTA HHTEPECOB.
baarogapHocTH — HeNIpUMEHUMO.
ITHYecKoe yTBep)KAeHUe. [IpOTOKO UCC/ieIoBaHNs 0fo0peH DTHuecknuM KomutTeToM PYITH.

HNudopmupoBaHHoe cornacue Ha myGiuMKanuio. OT BCeX YUaCTHUKOB MCC/IeZ[0BaHNs GbII0 MOMydeHo 0OPOBOEHOE ITHCEMEHHOe
MH(OPMUPOBAHHOE COTVIaCHe Ha YUacTHe B UCC/Ie[JOBaHUH, 00PabOTKY MepCOHATBHBIX JAHHBIX U MyOIUKALMIO JAHHOU CTaThH.
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AnupaemMuonorus LepebpoBacKynsipHbix 60ne3Hen y cenbCKux
»Xutenein CTaBponosibCKOro Kpasi B KOHTEKCTe peanu3alumn Kpaesoun
nporpammbl «bopb6a ¢ cepaeyHo-cocyaucTbIMMU 3a601eBaHUAMM
B CTaBpoOnosbCKOM Kpae»

A.FO. A6pamos' ', A.A. MypaBseBa®’ ~, FO.B. MuxaiisioBa® ™ c.A. Crepinkos®

! Poccuiickuil yHUBepCHUTET IpyKObI HApoJoB, 2. Mockea, Pocculickas ®edepayus
2 CTaBpOIO/ILCKUI TOCYapCTBeHHBI MeAMIIMHCKUN YHUBepcHTeT, 2. Cmaspononb, Pocculickas ®edepayus
3 IlenrpansHblii HVW opranu3aiuiy 1 nHGOpMaTH3aLun 3paBooxpaHenus, 2. Mockea, Pocculickasi @edepayusi
<] Muravyeva81@mail.ru

AnHoTanusa. AkmyaibHocmb. B Xozie peanv3anuy IporpamMMel 1o 60pb0e ¢ cepZieuHO-COCYAUCTBIMU 3a00/1eBaHHsAMU
B CTaBpOII0JILCKOM Kpae ObLIM IIPOBe/ieHbl MEePOTIPUATHS 110 PO UIaKTHKe reMOpparuueckux 1 UIeMUUeCKUX HHCYJ/IBTOB,
00y4eHHI0 MeIULIMHCKOIO [1epCoHasia MeTozjaM CBOEBPEMEHHOTO BhIsiB/IeHUs LiepeOpoBacKy/sipHbIX OosesHeli (LIBB), pacriosHa-
BaHus (B TOM UMC/ie — MyTEM 00yUeHHs LIIMPOKUX CIOEB HACEIeHHsT) ¥ MapLUIPYTHU3aLMK MALMEHTOB C OCTPBIMU HAPYLIEHUAMU
MO3rOBOTO KpOBOOOpaIIeH!sl, B TIEPHOZ, TTaH|eMUY — OTKDPBITHE CIIelMaTM3UPOBaHHBIX OT/e/leHHH. [laHHbIA OpraHi3ariOHHbINA
9KCIIePUMEHT TpeOOBasI OL|eHKH eT0 BO3/elCTBHUS Ha CaMYI0 CIOXKHYIO B MeAWIIMHCKOM TIJIaHe TPYTITY HacelneH!sI — CeTbCKUX
>xuteneit. [leab: B AMHAMUKe W3YUYUTh STIMAEMUUECKYI0 cuTyauuto 1o LIBB cpeay cenbckoro HaceseHust B CTaBpOIIOIbCKOM Kpae
110 cpaBHeHu1o ¢ Poccuiickoit @epepariueii. Mamepuanbl u Memoodbt. VI3yueHsbl cBefieHHst OPM CTaTUCTUUeCKOro Hab/roieH s
Ne 12-ceno B nepuog ¢ 2010 ro 2022 rr., C51 B nepuog ¢ 2014 nio 2022 rr. Pe3yabmams! u obcyxcdeHue. B nepuog c 2010
o 2022 IT. oTMeYascs pocT nepBUUHOM 3abosieBaeMoctr LIBE cenbckoro Hacenenus ¢ 464,6 no 1045,1 Ha 100000 cenbckoro
HaceJieHus1, KOTOPbIM YaCTUUHO 00yC/IOB/IEH CTapeHHeM HaCe/ieHu s, a YaCTUUHO — yjyuiiienueM aAuardoctuku 1IBB. Obiias
3abomneBaemocth LIBE BeIpocsa ¢ 1275,5 o 3416,1, 4to no3BosnsieT cAenath BBIBOZ, 00 y/IydllieHUH BEDKABaeMOCTH MaLieHTOB.
3abosieBaeMOCTb MHCY/IETAMH BCEX BUZIOB MeJla TeHJEHLMIO K CHIDKEHHIO, UTO CBUZETE/bCTBYET O Pe3y/IETaTUBHOCTH BO3JEHCTBUS
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Ha (paKTOPbI PHCKA UX Pa3BUTHSL. 3HAUMTEJIEHO CHIDKaIACh 3a60/1eBaeMOCTh HEYTOUHEHHBIMU UHCY/TETAMU, UTO TIPUBEJIO K POCTY
MepPBUYHOM 3a00/1eBaeMOCTH uH(papKTaMu Mo3ra (KOTOpbIH, 0/jHaKo, B CTaBPOMO/ILCKOM Kpae poC Me/ijIeHHee, UeM B 1[e/I0M
1o P®; ko3¢ duiiMeHThl ypaBHEHUI perpeccuu coctaBuiu 2,5 u 4,3, cooTBeTcTBeHHO). B mepuog ¢ 2015 no 2022 rr. 6sIcTpo
(oTHOCUTENBEHO T0Ka3aTess o Poccuiickoii Pefjepaliui) CHDKAIUCE M0Ka3aTenu cMepTHocTH (¢ 208,4 o 161,1) u neTanbHOCTH
(c 5,8 no 2,8) ot LIBB. Bbigoob!. TIpeaiaraeMbiii KOMIJIEKC MEPONIPUSITHI TI0 H0pb0e € 1jepeOpoBacKy/ISIPHBIMU O0Ie3HSIMHY,
BKJTHOYAIOIL[MI MPOQUIaKTUYeCKHe MePOTIPUSTHSL, CUCTEMY COLMa/IbHON Mobum3armu, FAST-Tecta, ccTeMbl MapIpyTH3aLin
TIAIeHTOB C /I0CTaBKOM IMO//IeXKaIlMX JIUL] B COCYIUCThIE [IeHTPhI B TedeHHe Yaca, CBOeBPeMEHHOTI0 pearipoBaHusl Ha HOBbIe
(bakTopnl pricka pa3sutus LIBB Obl1 pe3y/bTaTUBEH U MOXET ObITh PEKOMEH/IOBaH K BHEJ[PEHHUIO B CXOJJHBIX TEPPUTOPUSIX
C BBICOKOM JI0/IeM CeTbCKOTO Hace/IeHusl.

KiroueBbie cj10Ba: 11epeOpOBacKy/IsipHbIe O0JIe3HU; CeTbCKOe HAaCceIeHUe; CHIDKEHHUE MOTepPhb OT 1iepebpoBacKy/IspPHbIX
6ose3Held; OLleHKa MPOrpaMm

HNudopmanys o puHaHCHPOBaHUM. ABTODEHI 3asIB/ISIIOT 00 OTCYTCTBUY BHEIIHEro (GMHAHCHPOBAHUS.

Bkuiajg aBTopoB. AbpamoB A.FHO. — KoHIemnums U qu3aiid uccieoBanust; Muxaiinosa FO.B. — peJlakTMPOBaHUE UCC/IE0OBAHMS;
MypasbeBa A.A. — cbop 1 06paboTka MaTepuasoB, HarmicaHue TekcTa; CtepnukoB C.A. — aHanu3 TOyUeHHBIX JaHHbIX, Hallk-
CaHMe TeKCTa. Bce aBTOpBI BHEC/H CyLleCTBeHHBIN BK/IaZ B pa3paboTKy KOHLIETIL{Y, IPOBe/ieHHe UCC/ef0BaHus U MOATOTOBKY
CTaThy, IIPOWIHN U 0f00puIN HHHANBHYIO BepcHIo Nepe IyOmMKaryei.

Hudopmanus 0 KOHGIMKTEe HHTEPECOB. ABTOPHI 3asB/ISIIOT 00 OTCYTCTBUY KOH(IMKTA HHTEPECOB.
JTuuyeckoe yTBep)KJeHue — HeNPUMeHUMO.
BiarogapHocTH — HE[IPUMEHUMO.
HudopMupoBaHHoe coryiacue Ha My0/IMKaLHI0 — HENPUMEHHUMO.
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Cerebrovascular diseases epidemiology in the Stavropol region rural
residents in the implementation context of the regional program
«Fighting mediavascular diseases in the Stavropol region»

Alexei Y. Abramov' ', Alla A. Muravyeva® ~, Julia V. Mikhaylova® > Sergey A. Sterlikov?

! RUDN University, Moscow, Russian Federation
2 Stavropol State Medical University, Stavropol, Russian Federation
3 Russian Research Institute of Health, Moscow, Russian Federation
>< Muravyeva81@mail.ru

Abstract. Relevance. During the implementation of the program for the prevention and treatment of cardiovascular
diseases in the Stavropol Territory, measures were taken to prevent hemorrhagic and ischemic strokes, train medical
personnel in methods of timely detection of cerebrovascular diseases (CVD), recognition (including through training of
the general population) and routing patients with acute cerebrovascular accidents; during a pandemic, opening specialized
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departments. This organizational experiment required an assessment of its impact on the most medically complex group
of the population — rural residents. The aim was to study in dynamics the epidemic situation of CVD among the rural
population in the Stavropol Territory in comparison with the Russian Federation. Materials and Methods. Information from
official statistical observation forms on the incidence of CVD and mortality from them was studied. Results and Discussion.
In the period from 2010 to 2022, there was an increase in the incidence of CVD in the rural population from 464.6 to 1045.1
per 100,000 rural population, which is partly due to the aging of the population, and partly due to improved diagnosis of
CVD. The overall incidence of CVD increased from 1275.5 to 3416.1, which suggests an improvement in patient survival.
The incidence of strokes of all types tended to decrease, which indicates the effectiveness of the impact on the risk factors
for their development. The incidence of unspecified strokes decreased significantly, which led to an increase in the primary
incidence of cerebral infarctions (which, however, grew more slowly in the Stavropol Territory than in the Russian Federation
as a whole; the coefficients of the regression equations were 2.5 and 4.3, respectively). Between 2015 and 2022. the mortality
rates (from 208.4 to 161.1) and mortality (from 5.8 to 2.8) from CVD decreased rapidly (relative to mortality from CVD
in the Russian Federation). Conclusion. The proposed set of measures for the prevention and treatment of CVD, including
preventive measures, a system of social mobilization, FAST-test, patient routing systems with the delivery of eligible persons
to vascular centers within an hour, timely response to new risk factors for the development of CVD, was effective and can
be recommended for implementation in similar areas with a high proportion of rural population.

Keywords: cerebrovascular diseases, rural population, reduction of losses from cerebrovascular diseases, program evaluation
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BesepneHue

LlepeOpoBacKy/sipHbIe UTPAIOT CYIIeCTBEHHYIO
posb B 3a00/1€eBa€MOCTH U CMEPTHOCTH HacCeseHus,
0C00eHHO — CTapIlle TPYZI0CIIOCOOHOro Bo3pacrTa.
CuTtyanus c 60me3HIMU CUCTeMbI KPOBOOOpaIlieHust
(BCK), B ToM umciie — c 1iepeOpoBacKyIsipHbIMH 60-
ne3nsivu (LIBB) B CtaBporonbCkoM Kpae elié B IepBom
necstunetun XXI Beka Obl1a mpru3HaHa Hebaronpu-
ATHOM: fomsi 6ome3Hel cucTeMbl KPOBOOOpalljeHus
B 00111el1 CTPYKType CMepTHOCTH HaceJieHusl COCTaBu/Ia
61,2 %, a B CTPyKType IoTepb TPYAOBOI0 MOTeHL[1a-
Jna— 23,7 %. B nepuop nepep nangemun COVID-19

HEALTH POLICY AND PUBLIC HEALTH

1iepeGpoBacKysisipabie 6os1e3nu (LIBB) 3aHMManu Tpethe
MeCTO B CTPYKType 60/ie3Hel cucTeMbl KpoBooOpariie-
Hust — 18,7 % [1].

Cy1ecTBeHHYO posb B passutud LIBb urpator
(akTOpbI pHCKa, pacrpoCTPaHEHHOCTb KOTOPBIX
B TOPO/ICKOU U Ce/IbCKOW MeCTHOCTH MOXKET CyIile-
CTBEHHO pa3nuuatbcs. Tak, Mo AaHHBIM 17100aTbHOU
OLIeHKH PaCIPOCTPaHEHHOCTH CaxapHOTo AuabeTa
OTMeYaeTCsl, YTO B TOPOZICKOM MECTHOCTH OHa BhILIIe,
yeM B cesibCKoM [2]. Cpesiy ceNbCKUX JKUTeJIe BhIIIe
ypOBeHb (Pr3nueCcKUX Harpy3oK, UTo TMpersTCTByeT
passutuio psza LIBb. B nepByro ouepesb — UHCYJIb-
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TOB. OUOPUISALINS TTPeICepAri KaK STUOIOTHYUe CKHI
(akTop MH(papKTOB MO3ra npeBaaupyeT y TOPOJCKUX
>xuresneit [3]. B To ke BpeMsi, apTepuanbHasi TUIIepTeH-
31s KaK 3TUOJIOrMYeCKUd (PakTop remopparuueckux
VHCYJIBTOB yYallle BCTpe4yaeTcsl y Ce/IbCKUX JKuTesen
[3]. BaxxubiM (hakTOpPOM TpefoTBpallieHus CMepTH
SIB/ISIeTCS MOTUBALIYS CeJIbCKUX JKUTeJeH K 3,0pOBOMY
o0pa3y »KU3HH, BKJTFOUast 3[0POBOe MHUTaHUe U OTKa3
OT BPeJHBIX NPUBBIUEK [4]; 0c06eHHO BaXKHYIO POJTb
B IpejoTBpallieHuu cMepty ot LIBB urpaet ycunenue
Mep 1o 6opbbe co 3710ynoTpebsieHreM aKorosem [5].
[MToCKOMbKY ZI0CTYITHOCTb MEAUIIMHCKOMN MOMOIITH U (hak-
TOpBI PHCKa pa3BUTHs O0s1e3Hel crcTeMbl KpOBOOOpa-
LeHUs y JKUTeJlel TOPOACKUX U CeJTbCKUX MOCeTeHn
He OfIMHAKOBHI, Ijeiecoobpa3eH pa3/e/bHbli aHaIu3
1x 3a060/1eBa€MOCTH U CMEPTHOCTH [5].

B 006111eMrpoBoii pakTHKe KPYIHBIX Pa3BUTHIX
ctpan Wu S. el al [6] Takke oTMedarOT HepaBHOMeD-
HOCTb JJOCTYITHOCTH CIleLiia/i3upOBaHHOM ITIOMOLLU
TIPU UHCY/bTe, 0COOEHHO BHIPA)KEHHYIO B CETbCKOU
MecTHOCTH. S.M. Jackson et al. oTMeuaroT, UTO BLIKHB-
1111e M0CJIe UHCY/bTA, BbI3[J0PaBIMBAIOIIME B CETbCKUX
Y OT[la/IeHHBIX palioHaxX, 4aCTO UMEIOT OrpaHUYeHHbIN
JIOCTYT K peabUIMTallMOHHBIM YCIyTaM WiId BooO1Le
He umeror ero [7]. E.C. Leira et al. ormeuaroT He-
ONTUMAaJIbHOCTh MPAaKTUKU OKa3aHUsl MeJULIMHCKOMN
TOMOILIY TIPY UHCY/BTaX B cebcKoi MecTHOCTH CIHIA,
yBeJIMUMBAIOLLMICS Pa3pbIB KAUeCTBa OKa3aHUs Me-
JULMHCKOM MOMOLLY TIPY UHCY/IbTaX B TOPOJCKOM
1 CeJIbCKOM MeCTHOCTH; TIPY TOM UMEROTCST TTPO0/IeMBI
Ha JJOrOCIUTAa/IbHOM 3Tare, IOMOLLY B OT/|e/IeHUU He-
OTJIO’KHOM TIOMOIIM CeJTbCKOM YUaCTKOBOM OO/TLHUITBI,
¥ MeXXOOJILHUYHOM TIepeBo/ie MaLyeHToB [8].

ONu/IeMU0NIOorYeCcKre NCC/Ie0BaHus, KacatoLyecs
HMHOEKLMOHHBIX U HeMH(eKIIMOHHBIX 3ab0/1eBaHUM,
TMO3BOJISIIOT KaK OTpe/le/IMTh OCHOBHbIE HalpaB/eHUs
MPOrpaMMHBIX MepPOIpUATUM 110 Npel0TBpalleHHUI0
3ab0/1eBaeMOCTH, CMEPTHOCTU WK yilepba OT HUX,
TaK Y OLIEHUTD XOZ pean3aliiy y>Ke UMerOLIHXCs ITPo-
rpamm [9]. O.A. KntourxyHa U COaBT. TIPU aHa/In3e
3ab0/1eBaeMOCTH UHCY/IBTOM U CMEPTHOCTU OT Hero
B pernoHax Poccum Ha TeppUTOPUSX, BOLIEAIINX
B (e/iepanbHYI0 IPOrpaMMy peopraHu3aliii OMOLIU
nareHTaMm ¢ uHCyasToM ¢ 2009 mo 2016 r. BeIssBUIH,
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yTO 3a060/1€Ba€MOCTh UHCY/IBTOM 3aBHUCUT OT Kade-
cTBa U 3¢(HeKTUBHOCTU MEPBUUHON NPO(UIAKTUKHI
CepJieuHO-COCYAUCTHIX 3a00/1eBaHMM, a IoKa3aTesin
CMEPTHOCTH 3aBUCAT B MEPBYI0 OYepe]b OT KaueCTBa
[JUAarHOCTUKHU U CIleLjuaIu3upOBaHHON MeJULMHCKON
TOMOII[M, OKa3bIBaeMOM TalfeHTaM C uHCy/sToM [10].

Crapornonbckuii Kpaii B mepuof, ¢ 2009 mo 2016 rr.
TaK)Xe BXOJWI B (pefiepaibHyI0 IPOrpaMMy peopraHu-
3aL{|Y TIOMOIIIH TIallieHTaM C UHCY/ITOM; B HEM ObLT 3a-
PErvucTpUPOBaH CPefIHNY YPOBEHb CPe/HEMHOTO/IETHEM
3aboneBaemoctH: 3,33-3,81 Ha 1000 Hace/ieHus], OJHAKO
B HEM OTMeuasICsl BbICOKUI YPOBEHb CPeJHEMHOTOJ1eT-
Hell cMepTHOCTH OT UHCysbTa [10]. Cnenyet OTMETUTS,
4TO, B CU/Ty reorpaduuecKux 1 KIIMMaTideCcKUx 0cobeH-
HOCTeH, B 5KOHOMUKe CTaBpOII0/IbCKOTO Kpast BaXKHOe
3HaueHWe MMeeT arpapHOe MPOU3BO/CTBO, Omarogaps
yeMy OH siB/isieTcsi cyorekToM Poccuiickoit ®epepatiyin
C BBICOKOU Jj0/1ei1 cesibCcKoro HaceneHus (B 2018 r. —
41,6 %, B TO BpeMs1 Kak B LjesioM 110 Poccuu — 25,4 %).

Tem He MeHee, B paMKax (efiepabHOM MPOrpaMMbl
Ob110 co3ano 10 1{eHTPOB 370pOBbs, 6 KAOMHETOB U 32
OTZie/IeHUsT MeTUITMHCKOW MPO(UIaKTUKA, aKTHBHU3UPO-
Baslack paboTa 1o CoLManbHOM peKiaMe U MporiaraHzie
3m0poBoro obpasa xu3Hu B CMU, 6buia paspaboraHa
CHCTeMa MapIIpyTU3aLiK TalMeHToB U obecrieueHus
TPeeMCTBEHHOCTH OKa3aHUs MeJULIMHCKON TTOMOLIN
Ha BCeX JTarax.

YuutsiBasi pe3ynbrarhl yuactusi B PesiepaabHoOM
TporpaMmMe U pervoHabHble 0COOEHHOCTH paccesyieHus],
B CTaBpOMoOILCKOM Kpae Obl1 pa3paboTaH KOMILIEKC
MEPOTIPUATHH 0 CHIKeHHIO 3abosieBaemocTH LIBB
Y CMEPTHOCTH OT HHUX, BOLLEJIIMX B KPaeBYIO MPOrpam-
My 110 60prbe C cepAeuHO-COCYAMCTBIMU 3a00/IeBaHus-
mu B CtaBpornosibckoM Kpae [11] (manee — I[Iporpamma).
B pamkax [Iporpammsl 0Cy1Lie CTB/IS/IMCh MePONPUATHAN
10 BO3/IEMCTBUIO Ha (DAaKTOPHI PUCKA:

— mnpoduaakTUKa reMopparuuecKux UHCY/IbTOB
MyTEM BO3ZeiCTBUS Ha (PAKTOPbI PHCKa: PACLIMPEHUs
OKa3aHUs HaCceJIeHUIO NTOMOILLU I10 OTKa3y OT yIoTpe-
OsieHust aIKOTOJ1s1, YCUIeHHe KOHTPOJIS 3@ apTeprabHON
TUIepTeH3yel, B TOM YKC/le — IyTéM CO3/IaHuS LLKOJI
MalyeHTOB, yBeJIMYEHWEM OXBaTa JUCIIaHCEePHBbIM
Habro/[eHreM UL C BLICOKUM U OUeHb BBICOKUM
CepJieuHO-COCYIUCTbIM PUCKOM;
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— npodunakTrka UH(apKTOB MO3ra MyTéM BO3-
JeticTBUsI Ha (DAaKTOPBI PUCKA: OpraHU3alvsl COI[ab-
HOM peK/iaMbl 37,0poBoro obpasa »KU3HH, PUHLUTIOB
3[Jl0POBOTr0O MUTAHKS1, METO/0B ITePBUYHOM Y BTOPUUHOMN
PO UIAKTHUKH CepAeYHO-COCYAUCTHIX 3a00/1eBaHuM,
JVICTIaHCEePU3aLiK U PO uIaKTHUeCcKoro o0cie[oBa-
HU, IOMOLLb B OTKase OT KypeHus;

— yJIydllleHUs] CBOeBpeMeHHOI0 BblsiB/ieHus 1IBb
MyTEM TpoBe/jeHus1 00yuaroIx CeMUHapoB C Bpa-
YyaMH [MepBUYHOTO 3BeHa Y CPeJHUM MeJULIMHCKUM
TiepCOHAJIOM I10 BOIPOCaM paHHero BoeisgB/ieHus LIBb
Y MapIIpyTHU3al[1y NaljMeHTOB, YTBEP)KIeHHe TI/IaHOB
npousakTHYeCKUX OCMOTPOB U IWCIIaHCepU3aLiu
B3pPOCJIOTO HaceeHus], BHeJJpeHe BHYTPEHHEer0 KOH-
TPOJIS KaueCTBa MeJULIMHCKOW MOMOLLY NalyeHTaM
¢ 6ome3HsiMU cucTeMbl KpoBOOOpaiteHusi. [IpoBeieHbI
MepOMPUSTHS 110 COLMAaTbHOM Mobvr3aryu (00yueHue
LIMPOKUX (70 1/3 HacesieHuUs Kpasi) CJIOEB HaCe/IeHUs
MeTOZlaM CBOeBPEMEHHOI'0 BbISIB/IEHHsI OCTPbLIX Hapy-
1eHni Mo3roBoro kpooo6partienus (OHMK) u anro-
PUTMY [IeHCTBUS B 3TOM CJlyuae), CpeJy JUCTIeTYepoB
CTaHI[UM CKOPOU MeJUITMHCKOM MMOMOIIN BHEeAPEH
FAST-TecT, npoBOAUMBIM MYyTEM UHTEPBbIOMPOBAHUS
1o Tese)OHY U HarpaB/aeHUsl B 3aBUCUMOCTU OT ero
pe3y/nbTaToB 6puraz pasHoro npouis;

— COBepIIeHCTBOBAHME OKa3aHUs MeIULIMHCKOW
nomoiu 6ombHEIM ¢ OHMK: pa3BépTeiBaHue 6 riep-
BUYHBIX U 2 perMOHAIbHBIX COCYAUCTBIX L[eHTPOB,
TIO3BOJIMBILIMX CHU3WUTb BpeMsl OCTaBKU MalleHTOB,
B IIepBUYHOE COCYZUCTOe OTZAeneHre 10 1 yaca.

Kpome Toro, yuutsiBas yBejuueHue pUcCKa
TPOMOOTHYECKUX OCJIOKHEHUH B TIePUOJ, TTaHJeMUH
COVID-19 [12-14], 6B1710 CO3AAHO TPH CIEIMATU3U-
POBaHHbBIX OT/Ie/IeHUs JJis JieueH!sl MalyeHToB ¢ 60-
NIe3HSIMM CHCTeMbI KpOBOOOpallleHHs], COUeTaHHBIMU
¢ COVID-19.

ITpoBesjéHHBIN HAMU OpraHU3aL[MOHHbBIN SKCIIepy-
MeHT Tpe0OOoBaJsI OL[eHKH, TOTO KaKoe BIUsHUE JaHHOe
BO3/IEMCTBUE OKa3aso Ha snuaeMmuonoruto LIBB cpeau
CeJIbCKOT0 HaceieHus; JaHHbI BOMPOC MbI [J0 HACTOSI-
11ler0 BpeMeHU He U3yJaiyd. AHaJIOTUYHBIX UCCIIe/ioBa-
HUM (PaBHO Kak Y UCC/eJ0BaHUIA, paCCMaTpPUBAIOIINX
snugemuosioruto LIBB cpeny cenbckoro HacesieHuUs )
HaM TaK >Ke HaliTH He y[aiocCh.
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enb ucciefoBaHus: B JUHAMUKE U3YUUTh TU-
JeMuueckKyro cutyauuto o LIBb cpeau cenbckoro
HacesneHusi B CTaBpPOIOJIbCKOM Kpae M0 CPaBHEHUIO
¢ Poccwuiickoii Pepepariyeii.

MaTepMaHbI n MeToabl

W3yuensl cBesienns popmMbl DesiepaabHOrO CTa-
TUCTUYeCKOro HabmomeHus Ne 12-cesno «CBeeHust
0 umrcsie 3a60eBaHUM, 3aperUCTPUPOBAHHBIX Y Ta-
L[MEHTOB, MPOKUBAIOIINX B pailoHe 00C/TyKUBaHUs
MeINIIMHCKOM opranu3aiun» 3a 2010-2022 rr., pa3pe3
10 CeIbCKOMY HacesieHUIO (fanee — ¢. 12-ceno).
CpaBHeHHe IUHAaMUKH [0Ka3aTresieid, OTpa’karoIiux
3a0osieBaemMocThb LIBB mpoBoAW/IM TI0 CpaBHEHUIO
C JMHAMHUKOW aHa/JIOTUUHBIX OKa3aTesei B LJeJIoM
no Poccuiickoii ®Pepepatiyieid, OCKOIbKY BO3pacTHast
CTpyKTypa HaceneHusi CTaBpOIIO/ILCKOTO Kpasi Oiivke
K TaKOBOH B LiesIoM 1o Poccuu, ueM K 0CTa/ibHbIM
cyobekTaMm, BxoasmuM B coctaB CK®O (Cesepo-
KaBka3ckuii dhegepanbhbiii okpyT) [15].

B xope crathcTrueckoit 06paboTku nH(opmMaLu
C L{eJIbI0 MaKCHMAaJIbHOTO HUBe/IMPOBaHHUsI BO3PACTHBIX
(hakTOpPOB (B AMHAMHUKe TIPOUCXO/IM/IO KaK CTapeHue
HacesieHus1 Poccuy, Tak 1 cTapeHue HaceneHus Cras-
POTIO/IBCKOTO Kpasi, UTO B/IMsieT Ha 3a00/1eBaeMOCTb
LIBB) npoBoauiu npoLefypy cTaHapTU3alyiy MoKa-
3aresieli 3a00/1eBa€MOCTH, aHAJIOTUYHOM OIMUCAHHOH
Hamu paHee [1].

INoka3aremnu repBUYHOM U 00111l 3a60/1eBaeMOCTH
LBB (B T.u. 10 OT/je/IbHbIM HO30I0TMYeCKUM eUHULaM
Y UX FPyIaM) PaCCUUTBIBA/IU MO JaHHBIM ¢. 12-ceno
Kak yMHOXeHHOe Ha 100 000 oTHoleHHe uncia 3a-
pPerucTpHUpOBaHHBIX CTydaeB 3ab0eBaHUM (B TOM
yucJie — BIIepBble) K CPe/IHeroZloBOM UMCIeHHOCTU
CebCKOrO HacCeJIeHus.

CMepTHOCTB CeJIbCKOro HacesieHud oT LIBb u3-
yuanu no gaHHbiM popmel Ne C51 «Pacnipesenenue
YMePpLLMX I10 I10J1y, BO3PacTHbIM IPYyIIIaM ¥ IpUYrHaM
cmeptu» (manee — ¢. C51) ¢ 2015 no 2022 rr. [Toka-
3are/ib CMEPTHOCTU paCCUUTBHIBA/IA KaK YMHOXXEHHOE
Ha 100000 oTHOILIEeHME YHC/IA CeTbCKUX JKUTeJIeH,
yMepimux ot LIBb kK cpefgHeromsoBoi 4Mc/ieHHOCTH
CebCKOTO HaCeJIeHus.
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[Tokazarenb ieTabHOCTH HacesieHus1 Poccriickoi
®enepauyy 1 CtaBpononbckoro Kpas ot LIBB paccuu-
ThIBa/IM Kak yMHOKeHHOe Ha 100 oTHomeHue yrcia
ymepiuux ot LIBb o ganaev ¢p. C51 K ob1riemy uncity
00paTUBIIMXCS B MEIULIMHCKHE OPTaHU3allyiH 110 TIOBOAY
BB 1o ganubM ¢. 12-cerno.

B xope craTucTrueckoit 06paboTku MH(OpMaLu
PaCCUMTHIBA/IN IKCTEHCUBHbIE, UTHTEHCUBHBIE U CTaH-
JlapTU30BaHHbIe MOKa3aTeau, UX CpeJHue 3HaUeHUs
ITPOBO/IW/IM KOPPE/SIIMOHHBIN U perpeCCUOHHBIN
aHa/iu3 MeTOJOM HauMeHbIIMX KBaApaToB. [Ipes-
BapUTe/bHO Nepe] IpUMEHEeHUeM METO/0B aHaJIu-
3UpOBaJ/IM TUI pacrpeieieHUeM C UCM0J/Ib30BaHUEM
tecta [Tlaripo-Yuka (Bo Bcex cydasix MPOBOAUMOTO
aHa/M3a MoJATBepANUJICS HOpMabHbIN TUII pacripefie-
JIeHUs1 [JaHHBIX).

Pesynbratbl 1 obcyxaeHue

Hons LIBB B ctpyktype BCK y cenbckux xurenei
CTaBpoI10/IbCKOT0 Kpas Bblllle, UeM Cpeju OCTa/IbHbIX
cyobekToB, Bxozsiux B CK®O u B rjesiom 1o Pd:
27,9+0,2 (0,9), 15,8 + 1,0 (3,5) n 22,0+ 0,2 (0,9), coor-
BeTcTBeHHO; p<0,0001. B CTaBpOmo/ibCKOM Kpae 10/
6onbHBIX [IBB cpeau BCK cpeu cembCKUX KUTeIen
He3HAYMTe/IbHO OT/INYaiach OT TAKOBOM CpeJu BCEro
Hacesnenwus (25,2+1,1 (3,9); p=0,05).

JvHamyiKa roKa3aresisi TepBUYHOM 3ab0/1eBaeMOCTH
BB cenbckux >kuTesieid npeicTaBieHa Ha puc. 1.

B CraBpononbsckom Kpae B 2011 r. oTMeyasics
ckaukoobpa3HsIii poct 3aboneBaemoctH LIPB cenbckix
JKUTeJIel, KOTOPbIH OB/ CBSI3aH CO CTaTUCTHUECKUMH
IIPUYMHAMU: [I0BBILLIEHUEeM YuéTa 0CTaTOUHBIX U3MeHe-
Huii mocsie [1BB. Tem He MeHee, Ha TIPOTSDKEHUH BCETO
nepro/a HabJTrOZIeH st COXpaHsiIach TeH/eHIUS K POCTY
repBUYHOM 3a0osieBaemocty LIBB. [laHHast TeH/jeHITHs
Obl1a Majio BeIPa)KeHa B 11e1oM 1o PO.

Puc. 1. lnHamumka nokasaTens nepBuYHo 3a6onesaemocty LIBB cenbckux xutenen B uenom no PO
1 no CTaBpononbCKoMy Kpato B 2010-2022 rr.

Fig. 1. Dynamics of the primary incidence of CVD among rural residents in the Russian Federation as a whole
and in the Stavropol Territory in 2010-2022
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B xozie noucka NpyUYKH 1aHHOTO SIB/IEHUS CleflyeT
YTOYHUTB, He 00yC/IOB/IEHa /I OHA B TIEPBYI0 0Yepeb
BO3PACTHBIMU 0COOEHHOCTAMH 3ab0meBaeMOCTH. B cBsi3u
C 3TUM MbI PAaCCMOTPEJU IMHAMHUKY CTaHJapTU30BaHHOTO
TIOKa3areJist IepBUYHOM 3aboseBaeMoctH LIBB (puc. 2).

B oTnmuure oT HeCTaHapTH30BaHHOTO MOKa3are-
7151, poCTa TIoKa3aTeJisl IepBUYHOI 3a00/1eBaeMOCTH
He Obu10. KoadduimeHnT ypaBHeHUs1 TUHEWHON pe-
rpeccuu ObIT OTpULIaTe/IbHBIM: —2,5 (TIPH yjameHun
aHOMaJ/IbHOT'O 3HaueHwUs roka3sarens B 2011 rogy —
MOJIOKUTEbHBIM: +6,9). Takum 00pa3om, Bo3pacT
SIBJISIETCSI O/THOM U3 COCTAaBJISAIOIIEN POCTa ToKasaresst
nepBUYHOI 3abonieBaemMocTy LIBB cenbckoro HaceneHust
CTaBpomnoJILCKOro Kpasl.

Takske B CTaBpOIIO/ILCKOM Kpae, B 0Tyinuue ot PO,
OTMeuaJsicsi POCT TMoKa3artess o01ei 3abomeBaeMoCTr
BB (puc. 3).

CraH/JapTU30BaHHbBIN 10 BO3pacCTy I0OKa3areb
ob1eit 3ab6oseBaemoctu LIBB cenbcKux >kutenei
B CTaBpOIIO/IBCKOM Kpae, B OT/IMUKe OT CTaHAapTH30-
BaHHOT0 I10Ka3aTe/s B LiesioM 110 PD, Takyke 1okasbiBaj
TeH/IeHLUIO K POCTY, 0COOeHHO BbIPO)KEHHYIO B [1€PHO/]
€ 2015 mo 2022 rr. (2010 . — 1275,5; 2011 . — 2005,0;
2012 1.—1954,8; 2013 . — 1845,8; 2014 . — 1765,3;
20151.—2123,3; 2016 r.— 2360,2; 2017 r. — 2388,6;
2018 r.—2627,9; 2019 . — 2970,7; 2020 r.— 2908, 7;
2021 r.—3119,3; 2022 . — 3416,1).

Puc. 2. InHamuka cTaHAapTM30BaHHbIX MO BO3PacTy NokasaTenei NnepBnYHoin 3atoneBaeMocTu LIBB cenbCkux xxutenein
B Lenom no P® 1 no Ctasponosnbeckomy kparo B 2010-2022 rr.

Fig. 2. Dynamics of age-standardized indicators of primary incidence of CVD in rural residents in the Russian Federation
as a whole and in the Stavropol Territory in 2010-2022
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Puc. 3. [InHammka nokasatens obLern 3adonesaemoctu LIBB cenbckumx xuTenei B uenom no PO
1 no CtaBpononbckomy kpato 8 2010-2022 rr.
Fig. 3. Dynamics of the overall incidence of CVD among rural residents in the Russian Federation as a whole
and in the Stavropol Territory in 2010—-2022

Cpeau Bcex LIBb HaubosbIIIee 10 CBOUM TOC/IE]]-
CTBUSIM 3HaUeHHe UMEeIOT BHYTpUUepernHble, BHyTPU-
MO3roBble KDOBOM3/IUSHUS U WH(MAPKTHI Mo3ra. [1pu
3TOM CJIelyeT yuecTb, UTO Ha 3a00/1eBaeMOCTb UMU
CyllleCTBEHHO€ B/IUSTHUE OKa3bIBaeT BO3pPAcT Hacese-
HUSL, B CBSI3U C YeM C/leflyeT pacCMaTpyBaTh JUHAMUKY
ToKa3are/isi IepBUYHOM 3a00/1€eBa€MOCTH UMM, TIpe/I-
CTaB/IEHHYIO Ha PUCYHKe 4.

ITepBuuHast 3a60/1eBaeMOCTb UHCY/TBTAMU CeJTb-
cKoro HacesneHus1 CTaBpOIIO/IBCKOTO Kpasi CHUKalach
HECKOJIBKO ObICTpee, ueM B 11eJ1oM 110 PD (koahdurmeHT
perpeccuu coctaBui—2,8 u —0,1, COOTBETCTBEHHO).
JTO KOCBEHHO YKa3bIBaeT Ha pe3yJbTaTUBHOCTh TIPO-
(1aKTUKY BCeX BUJOB MHCYJIBTOB: KaK MH(apKTOB
MO3ra, Tak ¥ TeMOpparu4eCckux UHCY/IbTOB.

[vHamuKa rokasaressi 3a60/ieBaeMOCTH reMoppa-
ruyeCcKUM, HeyTOUHEHHBIM UHCY/IbTaMU U UH(APKTOM
MO3ra Ipe/icTaB/ieHa Ha puC. 5.

CHwxeHHe 3a00/1eBa€MOCTH HEYyTOUHEHHBIMHU
uHCynbTaMu B CTaBPOMOIBCKOM Kpae 1o ObIcTpee,

490

yeM B 1iesioM 110 P® (ko3dduiieHTh ypaBHeHUM
perpeccuu coctaBuau —4,4 u —3,9, COOTBETCTBEH-
HO). 3a60/1eBaeMOCTb HEYTOUHEHHBIMU UHCY/IETaMHU
repepacripefesssiacb Mex1y MHpapKTaMu Mo3ra
Y reMopparuyeCcKMMU UHCY/IBTaMU, YTO CYLL|eCTBEHHO
B/IMSIIO HU UX JUHAMUKY, UTO, B YACTHOCTH, TTPUBEJIO
K POCTY TepBUYHO 3ab0/ieBaeMOCTH MH(papKTaMu
MO3ra, KOTOPhIH, oflHaKo, B CTaBpPOIIOILCKOM Kpae
poc MeJijieHHee, yeM B LiesioM 110 P® (ko3¢ duiiieHTbI
ypaBHEHUM perpeccuu cocraBuiu 2,5 u 4,3, cooT-
BeTCTBEHHO). 3a00/1eBaeMOCTh reMopparnyecKiMu
WHCy/IbTaMU B CTaBpOIOJIBCKOM Kpae MpoAo/Kana
CHIDKATbCS1, TPUYEM Oosiee OBICTPBIMU TeMIIaMH, YeM
B 11esioM o P® (ko3¢ puiieHTs! ypaBHEHUI perpeccun
cocraBuau —1,4 u —0,5, COOTBETCTBEHHO).

Ba)KHbIMM MTOKa3aTe1siMH, OTPa)KaroILMMU OpraHu-
3auuto nomotiuy nipu LIBB (B Tom umciie — cenbcKoMy
HaceJIeHUI), sIB/IsSIeTCs1 CMepTHOCTh OT LIBB 1 ietanb-
HocTb oT LIBB (pucyHoK 6).
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Puc. 4. InHamunka nokasaTens NepBnYHOI 3a601eBaeMOCTH CebCKOro HaceIeHna MHCYIbTamMu (reMopparnyecKmnmum,
MHbapKTaMM MO3ra 1 HEYTOUHEHHBIMM Kak KPOBOU3USAHWE WK MHDAPKT) B LiesioM no PO
1 CtaBponosibckoMy Kpato B 2010-2022 rr.

Fig. 4. Dynamics of the rate of primary incidence of strokes in the rural population (hemorrhagic, cerebral infarctions and
unspecified as hemorrhage or heart attack) in the whole of the Russian Federation and the Stavropol Territory in 2010-2022

Puc. 5. lnHamuka nokasaTens 3a601eBaeMOCTH CETIbCKOrO HAaCeIEHNS reMOpParnyeCcKnM, HEYTOYHEHHbBIM MHCYNbTaMK
1 MHMapPKTOM Mo3ra B Lienom no PO n CtaBpononbckomy kparo B 2010—-2022 rr.

Fig. 5. Dynamics of the incidence of hemorrhagic, unspecified strokes and cerebral infarction in the rural population
as a whole in the Russian Federation and the Stavropol Territory in 2010—-2022
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Puc. 6. CMmepTHOCTb 0T LIBB (Ha 100 000 HaceneHus) u netanbHocTb oT LIBE (Ha 100 o6paTuBLUMXCS B MEANULIMHCKNE
OpraHMsaLmMm B TeYeHWe rofia) CenbCcKoro Hacenexwuns Poccuiickoin ®efepaumm n CTaBpononbekoro kpasi ¢ 2015 no 2022 rr.

Fig. 6. Mortality from CVD (per 100,000 population) and mortality from CVD (per 100 people who applied to medical
organizations during the year) of the rural population of the Russian Federation and Stavropol Territory from 2015 to 2022

B 2020-2021 rr. oTMeuaeTcs CyL[eCTBEHHOE CHU-
>xeHre cMepTHOCTH 0T LIBB B CTaBpononsckoM Kpae,
B TO BpeMs KaK B LiesioM 110 P® rokasare/b ocTaBascs
OTHOCUTENTbHO MOCTOSIHHBIM (KO3((ULIMEeHThI YpaBHe-
Husi perpeccuu —7,5 u —2,0, cooTBeTCTBeHHO). [Tokasa-
TeJib JieTa/ibHOCTH OT LIBB B 11e710M 110 P® He meHsiics,
B TO BpeMs], Kak B CTaBpOIO/IbCKOM Kpae OH, HauuHasi
¢ 2018 roga, cHKancsa. Mexxay mokasare/ieM JieTaJabHO-
CTU U [TOKa3aresieM CMEePTHOCTH CeJIbCKOI'0 Hace/IeHUsI
OT 11epeOpOoBaCKY/ISIPHON 00/Ie3HN UMeeTCs CHIbHAst
KoppensiuoHHas cBsizb (r=0,9; p=0,002).

Hawubornee cyiiecTBeHHO CHU3U/IACh JIETA/IbHOCTh
cesIbCKOro HacesieHUs: CTaBpOIIO/IbCKOTO Kpasi OT BHY-
TPHUMO3TOBbIX U IPyTUX BHYTPUYEPEIHbIX KPOBOU3/IHS-
Huti (c 292,4 B 2015 . go 125,8 B 2021 r). JleTa/ibHOCTh
oT cybapaxHOHW/JaTbHBIX KPOBOM3/USHUMN 1 MH(ApKTa
MO3ra U3MeHs/1ach CTaTUCTUYeCKH MaI03HauuMOo.

C ofHOM CTOPOHBI, 3a00/1€Ba€MOCTh XapaKTepu-
3yeT pacrpoCTPaHEHHOCTH 3ab0eBaHUi B MOMYIsi-
LU, C PYTOM CTOPOHBI — JOCTYITHOCTh OKa3aHUs

492

MeJULIMHCKOW MOMOLIY, B TOM YMC/le — podusiak-
THUYecKou [16].

TeHJeHLIMA K POCTY NOKa3aresiel epBUYHOM U, 0CO-
6enHo, o61meti 3aboneBaemoctu LIBb cBsizana ¢ ymyu-
1LIIeHreM BhIsiBIeHUd cinydaeB LIBB cpenu cenbckoro
HaceJieHUs1, @ TaK)Ke POCTOM KOHTUHTeHTOB OOJTbHBIX.
Hapsipy ¢ 3TvM, jaHHOe siB/IeHre B 3HaYUTe/IbHOM Mepe
CBSI3aHO C TIporieccaMu cTapeHus HacesieHust Kpasi [17].
O[iHaKo poCT CTaHAAPTU30BAaHHOTO TTOKa3aresisi 001ei
3aboneBaemocty LIBb cBUzeTE/IBCTBYET O TOM, UTO Hapsi-
Ay C polLieccamyl cTapeHust HacesieHust CTaBpOITO/IbCKOTO
Kpasi, UJET HAKOTI/IeHUe KOHTUHT€HTOB MaljieHTOB, Bbl-
JKUBLIMX T1ocjie [IBB, 4To COOTHOCUTCS CO CHUKeHUeM
roka3sareisi cMmepTHocTH OT LIBB (cm. Hibke).

beicTpoe CHWKeHHe HeyTOUHEHHBIX UHCY/IbTOB
Cpey CenbCKOro HacesieHHs: CTaBpOIIOIbCKOTO Kpast
CBSI3aHO C OCHallleHueM MeJULIMHCKUX OpraHu3aLii
KOMIBIOTEPHBIMY TOMOrpadaMu (B TOM UHC/Ie — B paMKax
TTporpammbl) 1 06yueHHeM CTieLMaIiCToB. AHAIOTUUHbIe
TpOLieCChbl OTMEYA/IUCh U B LieioM 110 Poccry, ofHako ro-
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paszo MeziieHHee; AOCTYITHOCTb COBDeMEHHOM KaueCTBeH-
HOM JJUarHOCTHKH [I7Isl HUX yBeJTMUMBaiach Me/jieHHee,
yeM B CTaBpOIO/ILCKOM Kpae. JTO MPUBEJIO K TOMY, UTO
B CTaBpOITO/IbCKOM Kpae TIPO/IO/IKHIIICS POCT 3ab0seBae-
MOCTH Ce/TbCKOr0 Hace/ieHusi MH(apKTaMy MO3ra, OfHaKoO
TEeMII ero ObLT HYDKe, ueM B 11e/1oM 110 PD. Bo MHOroM 3T0
CBSI3aHO C TeM, UTO TIporpamma 1o 6opsbe ¢ hakTopamu
PHCKa UITIeMUUeCKUX UHCY/IBTOB (KaK COCTaBHasi yacCTh
MepOTpUSITHIA KpaeBok IporpamMMbl «boprba ¢ cepzieuHo-
coCynvcThIMU 3a0071eBaHHsIMU B CTaBPOTIO/IBCKOM Kpae»)
OKa3asiach Oosiee pe3y/IbTaTUBHOM, YeM aHa/IOTMYHBIE ITPo-
TPaMMBI B 11e71oM 110 P®. Taxoke ObICTPO CHYDKAIUCh U Te-
MOpparmueckue UHCYJIBThI, UTO CBSI3aHO C BO3/IeHCTBUEM
Ha (aKTOphI MX Pa3BUTHS, B ITEPBYIO OUepe/ib — KOHTPOJTh
HaJl apTepraibHOM TMIepTeH31el U CO CHKeHUEM YTIO-
Tpebnenus ankorons [18]. Ecm B 2008 r ncuxoTrueckvie
PaCCTPOKCTBA, CBsI3aHHBIE C YTIOTPeO/IeHeM aKoroJist
(a/IKOrO/bHBIE MCHX03bl), CAHAPOM 3aBUCUMOCTH OT a/TKO-
rossi coctapasimi 55,6 Ha 100000 Hacenenust, To K 2016 1.
OHM CHM3UIUCH 110 34,2, a K 2021 r.— 10 16,4 Ha 100000
HaceneHus [19-21].

Pa3ButHe 370poBhecOeperaronix TeXHOIOTHH,
COBepIIIeHCTBOBaHUe MPO(UIaKTUKA U CUCTEMBI OKa-
3aHUS MeIUITMHCKOM TIOMOIIY Y MeJIUKO-COI[aTbHOM
peabuuraiuu 60bHbIX ¢ IIBB Harpap/ieHo Ha CHU-
>KeHUe MpeXXIeBpeMeHHOW CMePTHOCTH U yBeIMueHue
OXKUZIaeMOH TIPOZI0/DKUTETBHOCTH u3HU [16]. Hanbo-
Jiee BBIp@)KEHHOE BJIMSTHUE Pean3al[du MporpaMMbl
B CTaBpOIO/JbCKOM Kpae OTMeUYeHO Ha TMoKa3aTeJsib
JietranbHOCTU OT LIBB. He B moc/iefHIO0 ouepenb 3TO
CBSI3aHO CO CHW)KeHUEeM CMEePTHOCTU U JIeTaJbHOCTU
OT BHYTPHUMO3TOBBIX U [IPYTUX BHYTPUUEDEITHbIX
KPOBOM3IUsIHUIM; N0 AaHHbIM A.H. I'ypoBa u coaBT.
[21], rocrivTanbHas eTanbHOCTh OT HUX CPeU BCero
HaceyieHUsT MOCKOBCKOH o0Osactu cocrasisiia 53,3 %.
JleTanbHOCTB CenbCKOTro HaceneHus: CTaBpOMOJIbLCKOTO
Kpasi OT BHYTPUMO3TOBBIX U APYTUX BHyTpUYepen-
HBIX KPOBOU3JUSTHUM CHU3WMACh oT 292,4 no 127,6
Ha 100 o6paTHBILKXCS 10 TTOBOAY JAHHOM MaTo/I0THU
B OTUETHOM TOAYy (IaHHas rudpa BKIIOYaeT B cedst
TaK>XXe U He TOCMUTaTM3UPOBaHHBIX MaLeHTOB B T.U.
BBISIB/IEHHBIX TT0CMEPTHO).

CnenyeT Tak)Xe OTMeTUTb, UTO MaHAEeMMUS
COVID-19 He nipuBesna B CTaBpOIOJIBCKOM Kpae K pOCTy

HEALTH POLICY AND PUBLIC HEALTH

JIeTaNbHOCTH OT LiepebpoBacKy/sipHbIX Oosie3Heil. Ml
CBSI3bIBAEM 3TO C IIPeAYIIPeXXJeHreM JaHHOTO SIB/IEHNs
MyTEM OTKPBITHS CrleLyaJIu3upOBaHHbIX OT/JeleHu
JUTsL IedeHUst TIAal[ieHTOB C 00JIe3HsIMHU CUCTEMBI KPO-
BooOpareHus1, couetTaHHbIMU ¢ COVID-19, B KOTOPBIX
nauueHTam ¢ COVID-19 Ha3Havanack afieKBaTHas
Teparys, NpejoTBpallaroLas MoC/IeyLe 0CI0X-
HEeHWUsI, CBS3aHHbIE C TUTEPKOAry/IsLien.

BbiBOAbI

Peanu3aifusi mporpaMMel o 60ps0e ¢ cepeuHo-
COCyMCTBIMU 3a00/1eBaHUsIMU B CTaBPOIIOIBLCKOM Kpae
TIpHBeJIa K POCTY BBISIB/IEHUS 11e€peOpOBacKy/ISIpHBIX 00-
JIe3Hel cpeJiu CebCKOro HacesieHHs1 CTaBpOIIOIbCKOrO
Kpasi, UTO COMPOBOXK/AI0Ch CHI)KEHHEM CMEPTHOCTU
Y JIeTaJIbHOCTH OT HUX (TIpesKZie BCero OT BHYTPUMO3I0-
BBIX U IPyTHUX BHYTPHUYEPeIHbIX KpOBOU3MUSIHUMN). Co-
3/laHue CreLaJIu3UpOBaHHbIX OT/e/IeHNH [JIS1 JIeeHUst
MaleHToB ¢ 00/Ie3HSIMU CUCTeMbI KDOBOOOpAIlleHus,
couetaHHbIMU ¢ COVID-19 mo3B0oJn/iI0 NpesoTBpaTruTh
POCT CMEPTHOCTH OT 1jepebpoBacKy/ispHbIX Oose3Hel
B niepuoz nangemun COVID-19. Ilpeasaraembiii KoM-
TIJIEKC MepOnpUsiTHi 110 60pb0e C 1jepeOpoBacKyisp-
HBIMU 0071e3HAMU, BK/TFOUAROLIMI TPOGUIaKTHUeCKIe
MepOTIPUSITHSL, CUCTEMY COLIMATILHON MOOUIU3aIiH,
FAST-tecrta, cucTemMbl MaplIpyTHA3aLiMy MaljUeHTOB
C JOCTaBKOM TO/JIe)KallX JIML] B COCYJUCTbIe LieH-
TPbI B TeUeHUe Yyaca, CBOeBPeMeHHOI0 pearvipoBaHus
Ha HOBBbIe (PaKkTOpbI prcKa pa3BuTHs LIBB MoxeT ObITh
PeKOMeH/J0BaH K [I0BCEMeCTHOMY BHeJIDEHUIO B TeppU-
TOPUSIX CO CXOJHOM CTPYKTYPOU HacesneHus.
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OPUT'MHAJIBHOE UCCJIELOBAHUNE
ORIGINAL RESEARCH

Bbl60p napamMeTpoB “ rnokKasaTesiel KJIMHNYEeCKUxX LLeHTpOoB
npu NnporHo3nposaHuu |-|a60pa nauueHToB
ANnA KIMHN4YeCKUux MCCHEAOBaHMﬁ

C.C. MuysioBaHoB

MoCKOBCKHUH roCy/japCTBeHHbIH YHUBepcuTeT nMeHu M.B. JToMmoHOCOBa, 2. Mockaa, Poccutickas ®edepayus
< milovanovss@gmail.com

AnHoTanmsa. AkmyaabHocmb. Habop naiyieHToB ¥ ero COOTBETCTBHE TIPOTOKOTY KJIMHUUECKOTO UCC/IeI0BAHUS SBSETCS
O/IHOM U3 OCHOBHBIX 11eJIel MPOBeAE€HUs UCC/Ie0BAHKS OCYIL|eCTBUMOCTH TI€Pe/] CTapTOM JIF000r0 KJIMHUUECKOTO CC/IeJOBAHMYS.
OtieHka GU3MOUIBLHOCTH UCC/IE[I0BAHUS SB/ISETCS 00s13aTe/IbHBIM TIEPE; CTAPTOM JTF000T0 MEXK/[yHAPOHOTO MHOTOL[EHTPOBOTO
KJIMHUYeCKOTO UCCJIeIoBaHMs], U OJJHA U3 OCHOBHBIX ee 1ieJiell — 3TO MOUCK KJIMHUUeCKUX LIEHTPOB C MOAXOASILMM MyJ/IOM HaLy-
€HTOB /1151 OC/IEYIOLIEro UX 0TOOPa U NPOrHO3MPOBaHKsI Habopa MaLUeHTOB COIaCHO TpebGoBaHUsIM MPOTOKo/ia. KauecTBeHHO
TIpOBeZieHHas1 GU3NOUITBHOCTb — 3TO K/IMHIYeCKUe [IeHTPbI, HabUparolye Ba/IMJHBIX TIALMEHTOB C COOMI0IeHeM paMOK TIPOTOKO/Ia
Y TIpeJlyIOKeHHBIX LieHTpaMu 1udp Habopa. TTocie MpoBeieHuUs OLIeHKH (PU3UOMIBHOCTH MTPOrHO3 Habopa MaleHToB JJ0/KeH
COBIIAZIaTh C TIpe/iyKa3zaHreM Habopa naiueHToB NpoTokosa. OiHako, 60/ee MOIOBUHBI MEX/1yHAPOAHBIX MHOTOLIEHTPOBBIX
K/IMHUUeCKUX UCC/IeIOBAHUM 3aBepIlatoTCs Heyjauell U3-3a HeyCIelHoro Habopa naiueHToB. [IIUpoko mpuMeHsieMbiii MeTO/,
TpU OLjeHKe (HU3UOUIBHOCTH — OTPOCHBIN, U MPUUMHAMU MTOC/IEAYIOUUX Heylau B KTMHAYECKOM UCC/IeI0BAHUH, MOXKET
SIBJIITBCSA, KaK HEZI0OLIeHKa MpeJ0CTaB/IeHHOW HH(POPMAI[UH B OTIPOCHUKAX, TaK U OTCYTCTBHE COOTBETCTBYIOIIUX ITapaMeTPOB
W TI0Ka3aTesnel, 1, KaK CJie[ICTBHe, 0TOOD HEMOAXOASAIINX KITMHUYeCKUX LIeHTPOB. [To1Bep>KeHHOCTh K CyObeKTUBHOCTH MHEHUS
B CeJIeKIUM CAalTOB TaK)Ke TIPUBOAUT K HEKaUueCTBEHHOMY OTOOPY CAaMTOB U, C/IelOBaTebHO, aKTyalbHOCTh B 0ObeKTUBHOM
Y He3aBUCHMOM OlieHKe coxpansieTcs. Lleab ucciedogaHus: IpoaHaIM3upOBaTh HAOOP MAlUEHTOB B OTOOPAHHBIX KIMHUUECKUX
WCCJIe/IOBAHUSX; BBISIBUTh CBSI3aHHBIE C HAOOPOM MAPAaMeTPhbI U MOKA3aTe/Id; HAWTH CTaTUCTUUYECKU JJOCTOBEPHYIO CBSI3b C YCIIEIIHbIM
HabOpOM y TIpoaHaMM3UPOBAHHBIX MTAPaMETPOB U TIoOKa3aTeneidl. Mamepuanb! u Memoobi. [IpoBesieH peTpOCIeKTHBHBIN aHaIn3
4 MeXIyHapOJHbIX MY/IbTHULIEHTPOBBIX KIUHUUeCKUX uccienosanuii II-111 da3 o Habopy maienToB. Kpurepuem s orbopa
SIBJISITICS YCTIeLTHbINM Habop naryeHToB. CTaTMCTHYeCKWI aHa/Iu3: ONKcaTesibHask CTaTUCTHKA, MHOTO(haKTOPHBIN aHa/IN3, Koppe-
JSIUOHHBIN aHam3. Pesynbmambi u 0b6cyscoeHue. HalizieHbl apaMeTphl U MOKa3aTesiu, MOKa3aBliie CUIbHYH CTaTUCTHUYECKYH0
KOPPEJISLIMOHHYIO CBSI3b C YCIEIHbIM HaOOpOM MAlMeHTOB B KJIMHUUECKUX 1IeHTpax. B pe3ysibrare UCc/ieI0BaHUS Clie/1aHbl
BBIBO/IbI O HEOOXOJUMOCTH PACIIUPEHUSI UCTI0/Tb30BAHUS MMTAPAMETPOB U COOTHOILLIEHUs TTapaMeTPOB: BMECTO TOKa3aTe/ el 0[HOro
rapaMeTpa — Mpe/oJiaraeMblii HabOp MalUeHTOB A0 BK/IOUEHUs B 00513aTe/TbHYIO OIIeHKY CAaTOB PacUueTHbIN rapaMeTp,
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HEeoOXOAUMO JIOTOTHUTETBHO YUUTBHIBATh TAKXKe CIeAYOLINe TTapaMeTphl: TUII CaiiTa U BpeMs TIEPBUYHOIO OTK/TUKA B JAHSX.
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Parameters and indicators selection of clinical centers in predicting
the patients enrollment for clinical trials

Svyatoslav S. Milovanov

Lomonosov Moscow State University, Moscow, Russian Federation
D] milovanovss@gmail.com

Abstract. Relevance. Recruitment of patients and its compliance with the clinical trial protocol is one of the main goals
of conducting a feasibility study before starting any clinical trial. Study feasibility is a must before starting any international
multicentre clinical trial, and one of the main goals of feasibility is to find clinical centers with a suitable pool of patients for their
subsequent selection and prediction of patient recruitment according to protocol requirements. Well-conducted fitness is clinical
centers that recruit eligible patients in compliance with the protocol framework and the recruitment numbers proposed by the
centers. After conducting fability, the patient recruitment prediction coincides with the protocol patient recruitment prediction.
However, more than half of international multicenter clinical trials fail due to unsuccessful patient recruitment. A widely used
method in the study of feasibility is a questionnaire and the reasons for subsequent failures in a clinical trial can be both an
underestimation of the information provided in the questionnaires, and the lack of appropriate parameters and indicators, and, as
a result, the selection of inappropriate clinical centers. Exposure to the subjectivity of opinion in the selection of sites also leads to
poor selection of sites and, therefore, relevance in an objective and independent assessment remains. The aim of the study was to
analyze the set of patients in selected clinical trials, identify set-related parameters and measures, and find a statistically significant
relationship with a successful set of analyzed parameters and measures. Materials and Methods: A retrospective analysis of 4
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international multicenter clinical trials of II-III phases was carried out for the recruitment of patients. The selection criterion is
a successful recruitment of patients. Statistical analysis: descriptive statistics, multivariate analysis, correlation analysis. Results
and Discussion. Parameters and indicators were found that showed a strong statistical correlation with successful recruitment of
patients in clinical centers. As a result of the study, conclusions were drawn about the need to expand the use of parameters and
the ratio of parameters: instead of indicators of one parameter — the expected set of patients before inclusion in the mandatory
assessment of sites is a calculated parameter, it is also necessary to additionally take into account the following parameters: type
of site and initial response time in days. Conclusions. Using the proposed parameters and metrics will reduce the likelihood of
failure in patient recruitment. These parameters will make it possible to evaluate clinical centers with a prediction of the number

of patients and to select more qualitative clinical centers.

Keywords: site selection, patient recruitment, successful recruitment, clinical trials
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BeepneHue

30/10TOM CTaHAapT KIMHUYeCKUX UCC/Ie0BaHUMN
[I-IIT ¢pa3 — 3TO paHOMU3UPOBaHHbIE KJIMHUYECKHE
uccnenosanus [1-4]. Takke obrenpyHsTas MPaKTHKA
B KJIMHUYECKUX MCCIeI0BaHUSX — MPOBeZeHUe OLIeHKH
¢bu3nbMIEHOCTY TIepe/ CTapTOM Habopa MarlyueHToB
Y OJJHOM 13 OCHOBHBIX Iie/ield Pu3nOUIbLHOCTY SIB/ISIeT-
Cs1 BbIsIB/IeHWe HeoOX0AMMOro IMy/ia MarjeHTosB [5, 6]
1, B CBOIO ouepe/ib, bapbep B Habope MarjeHTOB — 3TO
HeKaueCTBEHHO MPOBe/ieHHasi oLleHKa pu3nOMIbHOCTD
[7]. Tonpko /1Ba U3 TPUHA/LIATH KJIMHAYECKUX UCCIIe-
JIOBaHUH BBITTOJIHSIOT HAabOp MaljieHToB B 3arlaHU-
POBaHHbII MO MPOTOKOJTy CPOK M aBTOPaMH BbISIB/IeHA
TaK>ke Oo/blIIasi HepaBHOMEPHOCTh B pacIipe/ie/ieH|n
PaHJOMH3UPOBAHHbBIX MALIMEHTOB M0 KJIMHUYECKUM
LIeHTpaM, Y4aCTBYIOILIMMHU B UCC/ieZiloBaHuH [5, 8, 9].

498

D. Hunninghake c Kossileramu mpsiMo yKasbIBarOT Ha Ha-
Oop MalueHToB, KaK Hauboiee TPYHOBBITIOJTHUMYO
3a/jauy JIF000T0 KJIMHUYEeCKOTO UCCeoBaHus [8].

W3 cy1ecTBYOIIMX MTapaMeTpPOB, MpeAoCTaB/Isi-
e€MbIX KJIMHUUeCKUM 1[eHTPOM B OTHOIIIEHHH Habopa
TIaLIMeHTOB, IVIaBHbIN KCC/Ie[0BaTe b Ha Tare OLeHK!
(b13UOMITLHOCTH TIPeIOCTAB/ISIeT KOJTMUeCTBO TTPe/IIIo-
JlaraemMoro Habopa MalMeHTOB, COT/IaCHO TpebOBaHUSIM
GCP [10,11]. TTocsie poBezieHMs O1{eHKH (GU3UOUTBHO-
CTU CeJIeKIUsI KTMHUYECKHX LIEHTPOB B OOJIBIIIMHCTBE
CBOEM, OCHOBBIBAeTCsI Ha CyObeKTUBHOM (aktope [12].
[Tourck ¥ pacilipeHue TTapaMeTpPOB, TT03BOJISIOIIUX
CTIPOTHO3UPOBaTh HAOOP MAL[MEHTOB MPU BbIOOpE KITH-
HUUECKHX L[eHTPOB, OCTAETCS aKTyaIbHOU TIPO0/IeMbI
B KJIMHUYECKUX HUCC/IeZIOBAaHUSIX.

OPTAHVBALIMA 3APABOOXPAHEHMA M OBLLECTBEHHOE SAOPOBBLE
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Matepuanbl n metogbl

[laHHbBIE /17151 aHa/IM3a CTeHePUPOBAHBI B 4 MEX/Y-
HapO/HBIX MHOTOLIEHTPOBBIX K/IMHUUYEeCKUX UCC/Ief0-
BaHusix (MMKN):

1. Paka ronossl u meu — I1I dazpl —
(EudraCT — 2010-019952-35)
2. Paka nerkux — (EudraCT — 2011-001084-42)
3. KonopekraneHOro paka —
(EudraCT — 2006-004214-41)
4. I jyonatryeckoi nypiype. —
(EudraCT — 2009-014842-28)

Bce HabnmropaBIIMeCst KIMHAYECKHe UCC/IeJOBaHUS
3aBepIlleHbl YCIeIIHO 110 Habopy MalueHToB, U 3TO
SIBUIOCh KpuTepueM oToopa BeiOpaHHbIX MMKMU asist
n3yueHust (HakTOpPOB.

Pe3ynbrarhl Habopa MaLMeHTOB U CBsi3aHHBIE C Ha-
6opoM iaHHBIe MO/TyueHbI U3 KITMHUYEeCKUX [JeHTPOB
Poccuny, Ykpaunsl u benopyccuy, a Takxe /1J1 aHa/v3a
BKJIIOUeHbI OCHOBHBIE pe3y/bTaThl Habopa 1o BceM
TPUHYMABILLIEM y4acTHe KJIMHAYeCKUM LIeHTpaM.

Bcero HabpaHo 622 manuedTa U3 70 KJIUHU-
YeCKUX LIEHTPOB, PacnojIoKeHHBIX B 59 ropogax
pervoHa Poccuu, Ykpaunsl, benopyccun. Obigee
KOJIMYeCTBO BOBJIEUEHHBIX ITALIMEHTOB 110 BCEMY
mupy — 1919.

CrarucTuueckuii AHa/m3
Vicnionb30BaHbl METO/[bI OTMCATeTbHOM CTaTUCTH-

KU — pacuuTaHbl MUHUMYM U MakKCUMYM 3HaueHUH,

CTaH/apTHOEe OTKJIOHEHWe, Cpe/IHHe 3HaueHusl, Me/Iu-

aHa, Mo/ia, K03 dUIMEeHT BapUaliiy, 10BepUTeTbHbIN

VIHTepBaJj [ TapaMeTpoB U MoKa3aresei 0 U 1ocjie

3aBeplieHyst Habopa IMalueHToB:

1. Tun caifta, Ipe/I/IOXKeHHBIN /1711 O1IeHKHW Habopa:
ITo hakTHUECKOlH CKOPOCTH HaOpaHHBIX MaIeHTOB

MbI TIPOBEJTU TUTIMPOBAHKE U BbIIEIUIH 4 TPYMITbI (TUMbI

CalToB):

* «MOJTYAL[e» CAUTBI — CO CKOPOCThIO Habopa — 0
PaH/IOMU3UPOBAHHBIX Mal[MeHTOB (CKDUHUHT BO3MO-
JKeH) B MecsL (tur 1);

* HU3KOPEKPYTUHIOBbIe — CKOPOCTh Habopa ot 0,01
1o 0,19 maumneHTOB B MeCsll, TO €CTb 1 marjhueHT
3a NATh MecsileB (T 2);

HEALTH POLICY AND PUBLIC HEALTH

* CpeJHepeKPYTHHIOBble — CKOPOCTh Habopa ot 0,20
no 0,89 maumeHTOB B MeCsll, TO €CTb 1 MaljueHT
3a 5-1,4 Mecsia (tun 3);

* BBICOKOPEKPYTHHIOBbIe — CKOPOCTb Habopa ot 0,90
10 3 malMeHTOB B MeCsiL], TO eCTh 1 rmarueHrT 3a 1,1—
0,3 mecsua (tun 4).

2.[TapameTp BpeMeHH OTBeTa KJIMHUUYECKOI'O LieH-
Tpa Ha OTOCJIAaHHbBIN T10 3/1IEKTPOHHOM MOYTe ajipec
I7IaBHOT'O UCCJIefioBaTes (B JHAX).

3.[lapameTp — nylaHWpyeMOoe KOJIMYeCTBO MaljfeH-

TOB — 3TO TI/IaH Habopa CIIpOrHO3UPOBAHHBIH TJIABHBIM

WCC/IeloBaTeseM Ha STarle [MOMCKa KJIMHAYEeCKUX LeH-

TPOB [1s NPOBeieHUs] KIIMHUYeCKOT0 UCC/1e/JOBaHMUs.

4.TlapameTp — repuoz peKpyTMeHTa (B JHSIX) —

Nepyuoz, BpeMeHH OT aKTUBAaLMY caiTa Jj0 IIoC/IeIHero

HabpaHHOTO TMalyeHTa.

5.ITapameTp — ¢rHa/MbHasi CKOPOCTb Habopa
TMaLyeHTOoB.

6.ITapameTp — HabpaHHOE KOJIMYECTBO MAL[IeHTOB
B KJINHUUYECKOM LIeHTpe.

7.1lapameTp — BpeMmsi [IepBOT0 CKPUHUHTA.

8.IlapameTp — OMBIT UCCIef0BaTesNs B KIIMHAYe-

CKUX UCC/Ie[J0BaHUAX B IOfax.

9.Iloka3arenb — OTHOLIEHUS [TapaMeTPOB — OTHO-
I1IeHre BpeMeHH OTK/IMKA K Tpe/jriosiaraeMoMy Habopy
TMaLyeHTOB.

10.TIoka3aresb OTHOLLIEHKE TTapaMeTpa BpeMeHU

MepBOr0 CKPUHHWHTA KO BDEMEeHH MepBOro OTKJ/IMKA.

11.Iloka3aTesib OTHOLLIEHWE MpeAroaaraeMoro

Habopa MaiueHToB/TapreTHbIM Habop MaLeHTOoB.

12.TlapameTphI BIiepBbIe BhISIBJIEHHOH 3a00/1eBae-

MOCTH Y pacrpocTpaHeHHOCTH bosie3Hu. [yis pacueta

TroKasaresield paclipoCTPaHeHHOCTH MCII0/Ib30BajIMCh

JaHHble PoccTaTa 0 cpegHero0Boil YMC/JIeHHOCTH

HaceneHus cybbekToB Poccuiickoii denepanuu

3a 2010-2020 .

Pe3ynbraTtbl M 06Cy)XAeHMe

[IpoaHanu3upoBaHbl 00I[He CTaTUCTHYECKUE
3HaYeHUs!: YMC/IeHHOCTh HaceJIeH!sI ¥ pacueTHOe 3Ha-
YyeHMe pacIpocTpaHeHHOCTH 3abosieBaHueM B Poccuy,
Ykpaune, benopyccuu (Tabmuma 1, 2) [13, 14].
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Tabnuya 1
Hacenenune Poccum, YkpauHbl, Benopyccuu B 2000-2020 rr.
Ne CtpaHa HaceneHue
1 Poccus 145690635,5
2 YkpauHa 44955750
3 Benopyccus 9474000
Table 1
Total number of residents in in Russia, Ukraine, Belarus in 2000-2020
N2 Country Number of residents
1 Russia 145690635.5
2 Ukraine 44955750
3 Belorussia 9474000
Tabnuya 2

A6conoTHas 3a6oneBaeMocTb B Poccun, YKpauHe n BEHOPVCCMM (Ha OCHOBaHUM 3a60N1€BaeMOCTH Ha CTO TbiCAIY HaceneHusl B FOA)

Mo paKy rofioBbl 1 e, paKy NIerkux, KofopeKTanbHOMY paKy U aMonaTUYecKon nypnype

Ne CtpaHa Pak ronoebl v wen | Pak nerkux | KonopekTanbHbli pak Wavonatudeckas nypnypa ¢ AarHosom —
XpOoHU4yeckasn nepcuctupyrowiasa UTM

1 Poccus 13500 62000 29918 100

2 YKpauHa 3000 19330 8500 100

3 Benopyccus 1514 2430 3400 50

lNpumedarme: * MpoTokon no T BkAOYan NaumMeHToB ¢ AMarHO30M XpoHuYeckas nepcuctupytoaa T n Takmx naumeHToB
6b1110 YMeHblUEHHOe KonnyecTBo; UTI — namonatnyeckast TpoMéouMTONEHNYeckas nypnypa.

Table 2

Absolute Incidence in Russia, Ukraine and Belarus (based on incidence per hundred thousand population per year)
for head and neck cancer, lung cancer, colorectal cancer and idiopathic purpura

Ne Country Head and neck Lung cancer Colorectal cancer Idiopathic purpura vs_nth a diagnosis
cancer of chronic persistent ITP*

1 Russia 13500 62000 29918 100

2 Ukraine 3000 19330 8500 100

3 Belorussia 1514 2430 3400 50

Note: * The ITP protocol included patients diagnosed with chronic persistent ITP and there were a reduced number of such patients;
ITP — idiopathic thrombocytopenic purpura.

JOoCTyITHOCTb 11e/iIeBOM MOMYJISIUM TTal[eHTOB
oripe/ie/isijiach IO PacIpoOCTPaHEeHHOCTH 3a00IeBaHuUs

B Tab/uiie 3.

B JIOKa/TM3aIiy OTKPBITHS 1jeHTpa [6, 9, 15, 16]. Pacuer-
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Ta6bnmya 3
06Lu,ee KONUYECTBO NPOXKMBAIOLLLMX B rOPOAEe OTKPbITUS KIMHUYECKOTrOo LLIeHTPa Mo YPOBHIO pacnpocTpaHEHHOCTH HO30/10TUN
Mo pervoHam U ropoaam OTKpbITUS LieHTpa

3aboneBaeMoCTb HO30J10rVEN
lopoa Koa CtpaHa Hosonorus Hacenenue NpOTOKOSIa B rOf, Ha CTO ThiCAY
nccnegoBaHns B 2010 rogy HaceneHus
1 CaHkT-MNeTepbypr CS001P3 Poccus Pak ronosbl u weun 5391203 500
2 MockBa CS001P3 Poccus Pak ronosbl u weun 10430000 1018
3 Coun CS001P3 Poccus Pak ronosbl u wen 364171 34
4 Kypck CS001P3 Poccus Pak ronosbl 1 weun 1100248 102
5 BuTebck CS001P3 Benopyccus Pak ronosbl 1 weu 347900 57
6 MuHck CS001P3 Benopyccus Pak ronosbl u wewn 1836800 305
7 CaHkT-NeTepbypr CS001P3 Poccus Pak ronosbl u weun 5391203 500
8 ExkaTepuH6ypr CS001P3 Poccus Pak ronosbl 1 weu 4300374 398
9 Omck CS001P3 Poccus Pak ronosbi u weun 1915170 177
10 Nyuk STA9090 YkpaunHa Pak nerkux 213950 92
11 Tyna STA9090 Poccus Pak nerkmx 496656 202
12 BnapguBocTok STA9090 Poccus Pak nerkux 598927 255
13 [oHeuk STA9090 Poccusa Pak nerkunx 987000 411
14 MeHsa STA9090 Poccus Pak nerkumx 519948 221
16 Knes STA9090 YKpauHa Pak nerkmx 2758000 1199
17 YenabuHck STA9090 Poccus Pak nerkumx 1150000 489
18 CaHkT-lNeTepbypr STA9090 Poccus Pak nerkmx 5391203 2294
19 MockBsa STA9090 Poccus Pak nerkumx 10430000 4914
20 3anopoxbe STA9090 Poccus Pak nerkmx 746749 321
21 CaHkT-lNeTepbypr STA9090 Poccus Pak nerkmx 5391203 2294
22 Coun STA9090 Poccus Pak nerkumx 364171 155
23 HuxHuin Hosropop STA9090 Poccus Pak nerkux 1257000 541
24 CyMbl STA9090 YKkpauHa Pak nerkmx 292139 123
25 BopoHex STA9090 Poccus Pak nerkmx 843531 385
26 Bonrorpap, STA9090 Poccus Pak nerkunx 1019000 434
27 CtaBpononb STA9090 Poccus Pak nerkmx 355914 164
28 Knes STA9090 YKpaunHa Pak nerkmx 2758000 1199
29 MaTuropck STA9090 Poccusa Pak nerxkumx 144603 62
30 KpuBoin Por STA9090 YkpauHa Pak nerkmx 695168 292
31 Camapa STA9090 Poccus Pak nerkmx 1141000 490
32 KasaHb STA9090 Poccus Pak nerxkumx 1169000 496
33 XapbkoB STA9090 YkpauHa Pak nerkmx 1419000 610
34 MockBa STA9090 Poccus Pak nerkumx 10430000 4914
35 [ HenponeTpoBCK STA9090 YkpauHa Pak nerkmx 966400 416
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OkoHYaHue Tabn. 3

3a6o1eBaeMOCTb HO30J10r1el
lopoa Ko CTpaHa Hosonorusa Hacenenue NpOTOKONa B rof Ha CTO TbICAY
nccnenoBaHus B 2010 rogy HaceneHus

36 MockBa LSO-OL006 Poccus KonopekTanbHbIf pak 10430000 2371
37 CaHkT-MeTepbypr LSO-OL006 Poccus KonopekTanbHbIf pak 5391203 1107
38 CaHkT-MeTepbypr LSO-0OL006 Poccus KonopekTanbHbI pak 5391203 1107
39 LoHeuk LSO-OL006 Poccus KonopekTanbHbIf pak 987000 181
40 BapHayn LSO-OL006 Poccus KonopekTanbHbIf pak 625679 128
41 Yepkacchbl LSO-0OL006 YKkpaunHa KonopekTanbHbI pak 279074 53
42 ExaTtepuH6ypr LSO-0L006 Poccus KonopekTtanbHblii pak 4300 374 883
43 fipocnasnb LSO-OL006 Poccus KonopekTanbHbIf pak 597161 123
44 [HenponeTpoBckK LSO-0OL006 YKkpaunHa KonopekTanbHbI pak 966 400 183
45 MockBa LSO-0L006 Poccus KonopekTtanbHblii pak 10430000 2257
46 MockBa LSO-OL006 Poccus KonopekTanbHbIf pak 10430000 2371
47 3anopoxbe LSO-0OL006 Poccus KonopekTanbHbI pak 746749 141
48 CaHkT-MNeTepbypr LSO-OL006 Poccus KonopekTanbHbIf pak 5391203 1107
49 Tam60B LSO-OL006 Poccus KonopekTanbHbIf pak 281348 58
50 CaHkT-MeTepbypr LSO-0OL006 Poccus KonopekTanbHbI pak 5391203 1107
51 Knes LSO-0L006 YKpavHa KonopekTtanbHbl pak 2758000 527
52 XapbkoB LSO-OL006 YkpavHa KonopekTanbHbIf pak 1419000 268
53 MockBa LSO-0OL006 Poccus KonopekTanbHbI pak 10430000 2371
54 HwxHuin Hosropopa LSO-0L006 Poccus KonopekTtanbHbl pak 1257000 261
55 WMxeBcK SM101-201 Poccus ntn 631182 0
56 Opecca SM101-201 YKpaunHa ntn 993120 2
57 Tyna SM101-201 Poccus ntn 501629 0
58 CaHkT-MNeTepbypr SM101-201 Poccus ntn 5391203 4
59 [OHenponeTpoBCcK SM101-201 YkpaunHa ntTn 966400 2
60 Knes SM101-201 YKkpaunHa nTn 2758000 6
61 PsasaHb SM101-201 Poccus ntn 526919 0
62 KpacHogap SM101-201 Poccus ntTn 715417 1
63 AnekTpocTanb SM101-201 Poccusa nTn 156 136 0
64 ExkaTepuH6ypr SM101-201 Poccus ntn 4300374 3
65 HwxHuin Hosropopg SM101-201 Poccus nTn 1257000 1
66 XapbkoB SM101-201 YKpaunHa nTn 1419000 3
67 Coun SM101-201 Poccus nTn 364171 0
68 MockBa SM101-201 Poccus nTn 10430000 8
69 CapatoB SM101-201 Poccusa nTn 838 321 1
70 YepHoBUbI STA9090 YKkpaunHa Pak nerxkumx 241235 108

[pumeyanmne: T — nanonatnyeckas TpPOMOOLMTONEHNYECKas Nypnypa.
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Table 3
Total number of people living in the city of opening of the clinical center, by the level of prevalence of nosology by regions
and cities of the opening of the center

' Population The incidence of protocol
City Study Country Nosology in 2010 nosology per year per hundred
thousand population
1 Saint Petersburg CS001P3 Russia Head and neck cancer 5391203 500
2 Moscow CS001P3 Russia Head and neck cancer 10430000 1018
3 Sochi CS001P3 Russia Head and neck cancer 364171 34
4 Kursk CS001P3 Russia Head and neck cancer 1100 248 102
5 Vitebsk CS001P3 Belorussia Head and neck cancer 347900 57
6 Minsk CS001P3 Belorussia Head and neck cancer 1836800 305
7 Saint Petersburg CS001P3 Russia Head and neck cancer 5391203 500
8 Ekaterinburg CS001P3 Russia Head and neck cancer 4300374 398
9 Omsk CS001P3 Russia Head and neck cancer 1915170 177
10 Lutsk STA9090 Ukraine Lungs’ cancer 213950 92
11 Tula STA9090 Russia Lungs’ cancer 496656 202
12 Vladivostok STA9090 Russia Lungs’ cancer 598927 255
13 Donetsk STA9090 Russia Lungs’ cancer 987000 411
14 Penza STA9090 Russia Lungs’ cancer 519948 221
16 Kyiv STA9090 Ukraine Lungs’ cancer 2758000 1199
17 Chelyabinsk STA9090 Russia Lungs’ cancer 1150000 489
18 Saint Petersburg STA9090 Russia Lungs’ cancer 5391203 2294
19 Moscow STA9090 Russia Lungs’ cancer 10430000 4914
20 Zaporozhye STA9090 Russia Lungs’ cancer 746749 321
21 Saint Petersburg STA9090 Russia Lungs’ cancer 5391203 2294
22 Sochi STA9090 Russia Lungs’ cancer 364171 155
23 Nizhny Novgorod STA9090 Russia Lungs’ cancer 1257000 541
24 Sumy STA9090 Ukraine Lungs’ cancer 292139 123
25 Voronezh STA9090 Russia Lungs’ cancer 843531 385
26 Volgograd STA9090 Russia Lungs’ cancer 1019000 434
27 Stavropol STA9090 Russia Lungs’ cancer 355914 164
28 Kyiv STA9090 Ukraine Lungs’ cancer 2758000 1199
29 Pyatigorsk STA9090 Russia Lungs’ cancer 144603 62
30 Krivoy Rog STA9090 Ukraine Lungs’ cancer 695168 292
31 Samara STA9090 Russia Lungs’ cancer 1141000 490
32 Kazan STA9090 Russia Lungs’ cancer 1169000 496
33 Kharkiv STA9090 Ukraine Lungs’ cancer 1419000 610
34 Moscow STA9090 Russia Lungs’ cancer 10430000 4914
35 Dnepropetrovsk STA9090 Ukraine Lungs’ cancer 966400 416
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End of the table 3
. Population The incidence of protocol
City Study Country Nosology in 2010 nosology per year per hundred
thousand population

36 Moscow LSO-0L006 Russia Colorectal cancer 10430000 2371

37 Saint Petersburg LSO-0L006 Russia Colorectal cancer 5391203 1107

38 Saint Petersburg LSO-0L006 Russia Colorectal cancer 5391203 1107

39 Donetsk LS0O-0L006 Russia Colorectal cancer 987000 181

40 Barnaul LSO-0L006 Russia Colorectal cancer 625679 128

41 Cherkasy LSO-0L006 Ukraine Colorectal cancer 279074 53

42 Ekaterinburg LSO-0L006 Russia Colorectal cancer 4300374 883

43 Yaroslavl LS0O-0L006 Russia Colorectal cancer 597161 123

44 Dnepropetrovsk LSO-0L006 Ukraine Colorectal cancer 966 400 183

45 Moscow LSO-OL006 Russia Colorectal cancer 10430000 2257

46 Moscow LSO-0L006 Russia Colorectal cancer 10430000 2371

47 Zaporozhye LSO-0L006 Ukraine Colorectal cancer 746749 141

48 Saint Petersburg LSO-0L006 Russia Colorectal cancer 5391203 1107

49 Tambov LSO-0L006 Russia Colorectal cancer 281348 58

50 Saint Petersburg LSO-0L006 Russia Colorectal cancer 5391203 1107

51 Kyiv LSO-0L006 Ukraine Colorectal cancer 2758000 527

52 Kharkiv LS0O-0L006 Ukraine Colorectal cancer 1419000 268

53 Moscow LSO-0L006 Russia Colorectal cancer 10430000 2371

54 Nizhny Novgorod LSO-0L006 Russia Colorectal cancer 1257000 261

55 Izhevsk SM101-201 Russia ITP 631182 0

56 Odessa SM101-201 Ukraine ITP 993120 2

57 Tula SM101-201 Russia ITP 501629 0

58 Saint Petersburg SM101-201 Russia ITP 5391203 4

59 Dnepropetrovsk SM101-201 Ukraine ITP 966400 2

60 Kyiv SM101-201 Ukraine ITP 2758000 6

61 Ryazan SM101-201 Russia ITP 526919 0

62 Krasnodar SM101-201 Russia ITP 715417 1

63 Elektrostal SM101-201 Russia ITP 156 136 0

64 Ekaterinburg SM101-201 Russia ITP 4300374 3

65 Nizhny Novgorod SM101-201 Russia ITP 1257000 1

66 Kharkiv SM101-201 Ukraine ITP 1419000 3

67 Sochi SM101-201 Russia ITP 364171 0

68 Moscow SM101-201 Russia ITP 10430000 8

69 Saratov SM101-201 Russia ITP 838321 1

70 Chernivtsi STA9090 Ukraine Lungs’ cancer 241235 108

Note: ITP —idiopathic thrombocytopenic purpura.
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KPbITHE K/IMHUYECKOTO LIEHTPa U MpeXX/Jae BCEro 3To

JIALUSA MalJUEHTOB MOXXET OTCYTCTBOBAThL B HEKOTOPBIX HpEﬂHOHaFHEMLIﬁ Ha6op IMaljieHTOoB, Hp@,[[]'[O)KEHHbIFI

ropogax, B KOTOPBIX OTKPBLIThI KIIMHUYE€CKWE LIEHTPbI.

BeposiTHO, CyObeKTHBHBIE IPUUMHBI TTOBJUSUIA Ha OT-

Ha 3Tarie oLeHKU Gu3nbmIbHOCTH (Tabnmiia 4).

Ta6nunya 4
MporHo3 Ha6opa NauUeHTOB Ha 3Tane Havyasa uccnefoBaHus (NpeanonaraeMblii Ha6op NaLUeHTOB)
Ne lopoa Kop uccnegosaHus CTpaHa Hosonorus ﬂnaHl:lsﬁzslTi:aéop
1 MockBa CS001P3 Poccus Pak ronosbl u weun 5
2 Coun CS001P3 Poccusa Pak ronosbl u weun 5
3 Cn6 CS001P3 Poccus Pak ronosbl u weun 5
4 Kypck CS001P3 Poccusa Pak ronosbl u weun 5
5 BuTebck CS001P3 Benopyccus Pak ronosbl 1 weu 12
6 MuHck CS001P3 Benopyccusa Pak ronosbl u wen 12
7 CaHkT-TNeTepbypr CS001P3 Poccus Pak ronosbl 1 weu 5
8 Omck CS001P3 Poccus Pak ronosbl u weun 5
9 ExaTepuH6ypr CS001P3 Poccus Pak ronosbl 1 weu 5
10 YensabuHck STA9090 Poccus Pak nerkux 12
11 MeH3a STA9090 Poccus Pak nerkumx 6
12 Tyna STA9090 Poccusa Pak nerkux 15
13 CaHkT-TNeTepbypr STA9090 Poccus Pak nerkmx 12
14 Mocksa STA9090 Poccus Pak nerkmx 10
15 Coun STA9090 Poccus Pak nerkumx 10
16 CaHkT-MNeTepbypr STA9090 Poccus Pak nerkmx 12
17 BnagmnBocTok STA9090 Poccus Pak nerkux 5
18 [oHeuk STA9090 Poccus Pak nerkmnx 14
19 YepHoBUpbI STA9090 YkpauHa Pak nerkmx 15
20 Nyuk STA9090 YKpauHa Pak nerkux 15
21 3anopoxbe STA9090 Poccus Pak nerkmx 12
22 Knes STA9090 YkpauHa Pak nerkmx 13
23 Knes STA9090 YkpauHa Pak nerkmx 12
24 Bonrorpapg STA9090 Poccus Pak nerkux 18
25 MaTuropck STA9090 Poccus Pak nerkmx 12
26 Camapa STA9090 Poccusa Pak nerkumx 8
27 HwuHuin HoBropog STA9090 Poccus Pak nerkux 24
28 BopoHex STA9090 Poccus Pak nerkmx 14
29 CtaBpononb STA9090 Poccus Pak nerkmx 10
30 Kpuson Por STA9090 YkpavHa Pak nerkumx 12
31 CyMbl STA9090 YkpauHa Pak nerkmx 25
32 Knes STA9090 YkpauHa Pak nerkmx 15

HEALTH POLICY AND PUBLIC HEALTH

505



Munosanos C.C. Bectuuk PYJITH. Cepus: Megununa. 2023. T. 27. Ne 4

OkoHyYaHue Tabn. 4

Ne lopoa Kop uccnepoBaHus CtpaHa Hosonorusa ﬂnaHgsﬂihéI:_lrﬁé:a@p
33 KasaHb STA9090 Poccus Pak nerkumx 7
34 XapbkoB STA9090 YkpauHa Pak nerkmx 14
35 MockBa STA9090 Poccus Pak nerkumx 10
36 [HenponeTpoBCK STA9090 YkpauHa Pak nerkmx 12
37 CaHkT-lNeTepbypr LSO-OL006 Poccus KonopekTanbHbIf pak 15
38 CaHkT-NeTepbypr LSO-0OL006 Poccus KonopekTanbHbI pak 15
39 MockBa LSO-OL006 Poccus KonopekTanbHbIf pak 15
40 BapHayn LSO-0OL006 Poccus KonopekTanbHbI pak 10
41 fipocnaBnb LSO-OL006 Poccus KonopekTanbHbIf pak 10
42 EkaTepuH6Yypr LSO-0OL006 Poccus KonopekTanbHbI pak 15
43 LoHeuk LSO-OL006 Poccus KonopekTanbHbIf pak 6
44 Yepkaccbl LSO-0OL006 YkpauHa KonopekTanbHbI pak 10
45 [HenponeTpoBCcK LSO-OL006 YkpauHa KonopekTanbHbIf pak 10
46 MockBa LSO-0OL006 Poccus KonopekTanbHbI pak 15
47 CaHkT-lNeTepbypr LSO-OL006 Poccus KonopekTanbHbIf pak 15
48 MockBa LSO-0OL006 Poccus KonopekTanbHbI pak 15
49 CaHkT-lNeTepbypr LSO-OL006 Poccus KonopekTanbHbIf pak 15
50 Tam6oB LSO-0OL006 Poccus KonopekTanbHbI pak 15
51 3anopoxbe LSO-OL006 Poccus KonopekTanbHbIf pak 10
52 HwxHuin HoBropog, LSO-0OL006 Poccus KonopekTanbHbI pak 15
53 MockBa LSO-OL006 Poccus KonopekTanbHbIf pak 15
54 Knes LSO-0OL006 YkpauHa KonopekTanbHbI pak 8
55 XapbkoB LSO-OL006 YkpauHa KonopekTanbHbIf pak 12
56 Tyna SM101-201 Poccus ntn 4
57 MxxeBcK SM101-201 Poccus ntn 2
58 CaHkT-NeTepbypr SM101-201 Poccus ntn 4
59 Knes SM101-201 YKpauHa ntn 9
60 [lHenponeTpoBCK SM101-201 YkpauHa ntn 5
61 Opecca SM101-201 YKpauHa nTn 2
62 QnekTpocTanb SM101-201 Poccus ntn 8
63 ExkaTepuH6ypr SM101-201 Poccus ntn 9
64 HwxHuin HoBropog, SM101-201 Poccus nTn 6
65 PasaHb SM101-201 Poccus ntn 4
66 KpacHogap SM101-201 Poccus ntn 5
67 Coun SM101-201 Poccus ntn 8
68 XapbkoB SM101-201 YkpauHa ntn 9
69 CapatoB SM101-201 Poccus ntn 8
70 MockBa SM101-201 Poccus ntn 15

Mpumeyvarue: NTI — namonaTnyeckas TpoMoboLMToNeHYecKas nypnypa.
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Prognosis of enroliment at the start of the study (estimated enroliment) able 4

Ne City Study N Country Nosology F;rr?rpcfl)lsn? gnc;f
1 Moscow CS001P3 Russia Head and neck cancer 5
2 Sochi CS001P3 Russia Head and neck cancer 5
3 St. Petersburg CS001P3 Russia Head and neck cancer 5
4 Kursk CS001P3 Russia Head and neck cancer 5
5 Vitebsk CS001P3 Belarus Head and neck cancer 12
6 Minsk CS001P3 Belarus Head and neck cancer 12
7 Saint Petersburg CS001P3 Russia Head and neck cancer 5
8 Omsk CS001P3 Russia Head and neck cancer 5
9 Ekaterinburg CS001P3 Russia Head and neck cancer 5
10 Chelyabinsk STA9090 Russia Lungs’ cancer 12
11 Penza STA9090 Russia Lungs’ cancer 6
12 Tula STA9090 Russia Lungs’ cancer 15
13 Saint Petersburg STA9090 Russia Lungs’ cancer 12
14 Moscow STA9090 Russia Lungs’ cancer 10
15 Sochi STA9090 Russia Lungs’ cancer 10
16 Saint Petersburg STA9090 Russia Lungs’ cancer 12
17 Vladivostok STA9090 Russia Lungs’ cancer 5
18 Donetsk STA9090 Russia Lungs’ cancer 14
19 Chernivtsi STA9090 Ukraine Lungs’ cancer 15
20 Lutsk STA9090 Ukraine Lungs’ cancer 15
21 Zaporozhye STA9090 Ukraine Lungs’ cancer 12
22 Kyiv STA9090 Ukraine Lungs’ cancer 13
23 Kyiv STA9090 Ukraine Lungs’ cancer 12
24 Volgograd STA9090 Russia Lungs’ cancer 18
25 Pyatigorsk STA9090 Russia Lungs’ cancer 12
26 Samara STA9090 Russia Lungs’ cancer 8
27 Nizhny Novgorod STA9090 Russia Lungs’ cancer 24
28 Voronezh STA9090 Russia Lungs’ cancer 14
29 Stavropol STA9090 Russia Lungs’ cancer 10
30 Krivoy Rog STA9090 Ukraine Lungs’ cancer 12
31 Sumy STA9090 Ukraine Lungs’ cancer 25
32 Kyiv STA9090 Ukraine Lungs’ cancer 15
33 Kazan STA9090 Russia Lungs’ cancer 7
34 Kharkiv STA9090 Ukraine Lungs’ cancer 14
35 Moscow STA9090 Russia Lungs’ cancer 10
36 Dnepropetrovsk STA9090 Ukraine Lungs’ cancer 12
37 Saint Petersburg LSO-0L006 Russia colorectal cancer 15
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End of the table 4

Ne City Study N Country Nosology Tr?ﬁjfne]gnﬁf
38 Saint Petersburg LS0-0L006 Russia colorectal cancer 15
39 Moscow LS0O-0L006 Russia colorectal cancer 15
40 Barnaul LS0-0L006 Russia colorectal cancer 10
41 Yaroslavl LS0O-0L006 Russia colorectal cancer 10
42 Ekaterinburg LS0-0L006 Russia colorectal cancer 15
43 Donetsk LS0O-0L006 Ukraine colorectal cancer 6
44 Cherkasy LS0-0L006 Ukraine colorectal cancer 10
45 Dnepropetrovsk LS0-0L006 Ukraine colorectal cancer 10
46 Moscow LS0-0L006 Russia colorectal cancer 15
47 Saint Petersburg LS0-0L006 Russia colorectal cancer 15
48 Moscow LS0-0L006 Russia colorectal cancer 15
49 Saint Petersburg LS0-0L006 Russia colorectal cancer 15
50 Tambov LS0-0L006 Russia colorectal cancer 15
51 Zaporozhye LS0-0L006 Ukraine colorectal cancer 10
52 Nizhny Novgorod LS0-0L006 Russia colorectal cancer 15
53 Moscow LS0O-0L006 Russia colorectal cancer 15
54 Kyiv LS0-0L006 Ukraine colorectal cancer 8
55 Kharkiv LS0-0L006 Ukraine colorectal cancer 12
56 Tula SM101-201 Russia ITP 4
57 Izhevsk SM101-201 Russia ITP 2
58 Saint Petersburg SM101-201 Russia ITP 4
59 Kyiv SM101-201 Ukraine ITP 9
60 Dnepropetrovsk SM101-201 Ukraine ITP 5
61 Odessa SM101-201 Ukraine ITP 2
62 Elektrostal SM101-201 Russia ITP 8
63 Ekaterinburg SM101-201 Russia ITP 9
64 Nizhny Novgorod SM101-201 Russia ITP 6
65 Ryazan SM101-201 Russia ITP 4
66 Krasnodar SM101-201 Russia ITP 5
67 Sochi SM101-201 Russia ITP 8
68 Kharkiv SM101-201 Ukraine ITP 9
69 Saratov SM101-201 Russia ITP 8
70 Moscow SM101-201 Russia ITP 15

Note: ITP —idiopathic thrombocytopenic purpura

CooTHolieHre GpuHaIBLHOTO Habopa MarjueHToB, MpeAro/araeMoro Habopa nalueHToB U 3a6071eBaeMOCTH
TPe/ICTaB/IeHO Ha PUCYHKe 1.
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SOCHI
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Saint-Petersburg
Saint-Petersburg
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[TapameTpel, MoAaroLecs: CTaTUCTUYeCKol 06paboTKe Tipe/iCTaBeHbl B Tabmnuile 5.

Tabnuya 5
3HauyeHuss NnapaMeTpoOB CO CTAaTUCTUYECKMMU 3HAYEHUAMMN
CTaTucTmnyeckme nokasatenm
N=70
Ne [MapameTpbl G,
MuH-Makc | foBepUTeNbHbIN X+m CV, % MeguaHa | Moga
MHTEpBan
1 Twn caiiTa no Habopy NaLMeHTOB 1-4 0,1 2,1+0,05 50,9 2 1
2 | Bpemsa nepBMYHOro OTBETA B AHSAX 1-120 19 24,16 +0,97 90,3 15 7
3 | Npeanonaraemblit Ha6op NauUeHTOB 2-25 0,4 10,6 £0,2 44,4 12 15
4 | ®GuHanbHbIN Nepuog Habopa NauneHToB B AHAX 728-1092 13,3 806,3 + 6,65 18,6 728 728
5 ®duHanbHasi cKopocTb Habopa NnauMeHToB B MecsiLl, 0-2,89 01 0,33+0,03 187.1 0,077 0
pts per month
duHanbHoe KonnyecTBO HabpaHHbIX NaLUeHTOB 0-75 1,4 8,80+0,72 182,6
OnbIT uccnepgoBaTtens B rogax 0-12 0,2 5,69+0,09 36,6
BpeMs nepBoro CKpuHuHra B fHAX 0-480 9,5 76,33 +4,7 140,3 20
Table 5
Parameter values with statistical values
Statistical values
N=70
N2 Parameters i
Min-max o, contidence X+m CV, % Mediana Moda
interval
1 | Site type for recruitment of patients 1-4 0.1 2.1+0.05 50.9 2 1
2 | Initial response time in days 1-120 1.9 2416+0.97 90.3 15 7
3 | Estimated patient enrollment 2-25 0.4 10.6+0.2 44.4 12 15
4 | Final recruitment period in days 728-1092 13.3 806.316.65 18.6 728 728
5 Final patient recruitment rate per month, 0-2.89 0.1 0.33+0.03 187.1 0.077 0
pts per month
Final number of recruited patients 0-75 1.4 8.89+0.72 182.6 2
Researcher experience in years 0-12 0.2 5.69£0.09 36.6
Time of first screening in days 0-480 9.5 76.33+4.7 140.3 20 0
CoOoTHOILIIeHUs ITapaMeTpOB IIpe/iCTaB/IeHbI B Ta6J'II/ILle 6.
Ta6nunya 6
3HaueHus noKasaTesnen Co CTaTUCTUYECKUMMU NMOoKa3aTeNnsiMu
CTaTucTMyecKme nokasatenu
N2 Mokasatenu .
Mun-makc | & AOBEPUTE/IbHBIN X+m CV, % MeanaHa | Mopa
MHTEpBan
1 OTHOLUEHWEe BPeMEHM MePBUYHOrO OTBETA 02-225 03 209017 | 1286 2 0,58
B AH/NpeanonaraeMoMy Habopy naumMeHToB
9 OTHOLLEeHWe BPeMeHU NepBOro CKPUHUHIa 0-38,57 07 5184033 1456 21 0
B [IHSAX/BpPEMSs MEPBUYHOMO OTBETA B iHAX
3 OTHOLeHne npeAnonaraemoro Habopa 0,51-21.74 03 4324017 86,4 31 31
nauMeHTOB/TapreTHbli Habop NauueHToB
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Table 6
Values of indicators
Statistical values
N =70
Ne Indicators -
Min-maxc o gonfldence X+m CV, % Mediana Moda
interval

Ratio of Primary Response Time in _
1 Days/Estimated Patient Enrollment 0.2-22.5 03 299+0.17 1286 2 0.58
p | Ratio of First Screening Time in 0-38.57 0.7 5.18+0.33 145.6 2.1 0

days/Initial Response Time in days
3 Intended EnroII.ment/Targeted 0.51-2174 03 4324017 86.4 31 31

Enrollment Ratio

[Hanee 6b11 MpoBeZieH KOPPeJIALMOHHBIN aHamm3 ¢ GrHaIbHBIM HAOOPOM TALMeHTOB C IOMOIL[BI0 TTaKeT

Excel 2016 (Tabnmua 7).

Ta6nuya 7
KoppensiuoHHble CBA3M NapamMeTpoB U NoKa3aTenew, r
HabpaHHoe ¢uHanbHasn dakTnyeckas OnbIT UccnepoBaTens
HasBaHue napameTpa KOJIMYECTBO MaLUMEHTOB | CKOpPOCTb Habopa MPOLOMKUTENBHOCTb B K/TMHUYECKUX
B KJIMHUYECKOM LieHTpe nauueHToB Habopa NaLMEHTOB B HAX | MCCNefoBaHMsAX B rogax
Tun canta 0,81 0,81 0,21 -
Bpems nepBMYHOro OTKIMKa B AHAX -0,26 0,27 -0,03 -
OTHOLUeHWe NpearnonaraemMoro
Habopa nauneHTOoB /TapreTHOMy 0,5 - 0,51 -0,27
Ha6opy nauueHToB
OTHOLIeHWe BpeMsi NepBUYHOTO
oTBeTa B AH/npeanonaraeMomy - -0,23 0,45 -
Habopy nauueHToB

Correlations of parameters and indicators, r

Table 7

Number of patients . Actual duration of . .
. L Final . . . Investigator experience
Parameters recruited at the clinical . patient recruitment in L Lo
. recruitment rate in clinical trials in years
site days

Site Type 0.81 0.81 0.21 -
Initial response time in days 0.26 027 -0.03 )
Intended Enrollment/Targeted
Enrollment Ratio 0.5 - 0.51 -0.27
Ratio of Primary Response Time in
Days/Estimated Patient Enrollment - -0.23 0.45 -

He3HaumnTennbHOE YMC/IO TapaMeTPOB UMEIOT CTa-
TUCTUUECKYIO KOPPEJISIUOHHYIO CBSI3b C (PMHATbHBIM
YKC/IOM HabpaHHBIX MALMeHTOB, YTO TpebyeT Jab-
HeMNIIero n3y4eHus.

ITpoTOKON KIMHNYECKOT0 UCC/Ie/l0BaHUsl BK/IO-
yaeT B cebst mporHo3 Habopa maLMeHTOB B BHU/Ie
Tripe/iyKa3aHusi, ¥ 00s3aHHOCTh C/IeZl0BaTh MPOTOKOITY
3akperuieHa GCP, mosTomy 3aziep>kka B Habope ma-

512

L[MEeHTOB WM He/I0CTH)KeHHe TapreHTHOro Habopa,
TaK>Xe SIB/ISIETCSI OTK/IOHEeHWeM OT TIpoTokofa [15, 17,
18]. CaBateeB A.B. c coaBTOpamu, a Takxe Jpyrve
WCC/Ie[I0BaTe/I CUNATAOT, UTO [IPU NTPOBE/IeHNUH OLIeHKU
¢bu3MOUITEHOCTH 00si3aTe/TbHBIM SIB/ISIeTCS U3yUeHHe
3MH/IeMHUOJIOTUe CKUX TIapaMeTPOB 3a00/1eBaeMOCTH
U pacripoctpaneHHoCTH Oose3Heit u GCP B pa3gerne
[l0 ¥icC/leioBaHusI TpebyeT OT caifTa MoKa3aTb KOJIU-
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YeCTBO MaLMeHTOB JOCTaTOYHYIO [JIsl JOCTHKeHUSs
TapreTHOro Habopa ¥ paccuyuTaTh CKOPOCTh Habopa
NaLjMeHTOoB, YTO Ha MPaKTHKe OrpaHUUUBAETCs TOIbKO
Tipe/irio/iaraéMbIM HabOpOM TMALeHTOB U HAILIM IaHHbBIe
NIOATBEPKAAI0T 3TO — B KJIMHUYeCKUe UCC/Iel0BaHUs
BKJ/THOUA/IUCh LIEHTPBI, KOTOPbIE MPU MPOBEAEHUH OLIEHKH
(bU3MOUTBHOCTH 3asB/IS/IM HAOOP MaIeHTOB OOoJIbIIe
HyJ1s1, XOTs1 3a00/1€BaeMOCTb U PaCPOCTPAHEHHOCTh
Oome3HU MPOTOKO/Ia He JiaBasia MpeAnoCchbUIOK K Habopy
TAI[eHTOB B JIOKALIUK OT 0TOOPAHHOTO KJTMHUYECKO-
ro LieHTpa [6, 16]. AHa/OruUHbIe BBIBOABI 110 OTOOPY
KJIMHAYECKUX LIeHTPOB npuBogAT L. Wynn, a Takxke
D. Gross, Korjja B KJIMHAYeCKOe MCCIefloBaHHe 0TOM-
pasTuCh CalThl HA OCHOBAaHUU CYOBEKTHBHOTO MHEHUSI
CTeLMa/IMCTOB KIMHUUEeCKUX HccaeqoBanuii [12, 19].
[yisi 06BeKTUBU3ALMYA BO3MOXKHOCTEH KITMHAYECKOTO
LieHTpa o Habopy MalyeHToB /IO CTapTa PeKPYTHHIO-
BOI'0 [TePUO/ia aBTOPHI NIPEJIararoT pacyeTHbIE METO/bI
[20, 21], MBI TIpea/1araemM paciiMPUTDb UCTIOb30BaHKE
rapaMeTpOB U COOTHOIIIEHUS TTapaMeTPOB — I10Ka3a-
Tesieli ¢ OHOTO MapaMeTpa — IpeJio/iaraeMblii Habop
TMalMeHTOB /10 BK/IIOUeHUs B 00sI3aTe/IbHYI0 OL[eHKY
CalTOB pacyeTHBIM TTapaMeTp — TUIl CallTa U BpeMs
TePBUYHOI0 OTK/MKA B JHSX.

BbiBOAbI

Ha ocHOBaHMM MHOTO/IETHUX HaO/IOeHUH U TI0-
Clle[y1oIero peTpoCIeKTUBHOTO aHa/H3a YeThIPEX
MeXXIYHapOJHBIX MY/IbTUL[EHTPOBBIX K/IMHAYECKUX
WCCeJOBaHUH, yCIeIHbIX 110 Habopy MaleHToB,
ObLTU BBISIB/IEHBI, U3yUeHbI U BIIePBbIe Mpe/JIoyKeHbl
00beKTHBHBIe ITapaMeTphl 1 TI0Ka3aTeslH, MO3BOJISIOLLHe
CTIPOTHO3UPOBaTh HAabOp MaLMeHTOB Ha 3Tare 0Tbopa
K/IMHUYeCKUX LIeHTPOB. B pe3ysbTare vcciefoBaHus
C/leflaHbl BBIBO/bI O HEOOXOAUMOCTH PacIIUPeHUs UC-
TI0/Ib30BaHMSI TIapaMeTPOB U COOTHOLIIEHHs [TapaMeTpOB:
BMeCTO TI0Ka3areJieii OfIHOTO rapamMeTpa — Ipe/rosiara-
eMbIif Habop TTalMeHTOB /10 BK/IFOUeHHs B 00s13aTebHY 0
OII€HKY CAalTOB PacUeTHBIM MapameTp, HeoOXoAuMO
JIOTIOJIHUTE/IbHO YUUTHIBATh TAK)Ke CIeAYIOLIHe Ta-
paMeTpbl: TUII CalTa U BpeMsi IEPBUYHOTO OTK/IMKA
B HsX. VIcronb30BaHKe Mpe/Ji0yKeHHbIX TapaMeTpoB

HEALTH POLICY AND PUBLIC HEALTH

U TI0Ka3are/ieli yMeHbIIUT BePOsITHOCTh Hey/jauu B Ha-
Oope MaIMeHTOoB.
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HapyweHusa metunuposaHusa reHoe PRDM16 v PTPRN2
B BOPCUHAX XOPMOHA NpU HeBblHALLMBAHUN 6epeMeHHOCTHU

C.A. BacunneB'’? g’ O.10. BacunweBa' ', B. Onnonr-Ilenpax?,
B.B. lemeneBa' , A.C. 3yeB' ', E.A. CaxeHoBa' ,

T.B. Hukutuna' —, E.H. ToimaueBa'

! HayuHo-uCC/ie/[oBaTeIbCKUM UHCTUTYT MEAULIMHCKOM reHeTuKy, TOMCKUI Hal[MOHA/IbHBIN UCC/Ie/[0BAaTeNbCKUM
MeIULIMHCKUN 1[eHTp, 2. Tomck, Pocculickas ®@edepayus
2 HanuoHa/bHBIN UCCTeioBaTe/TbCKUi TOMCKII rocyapCcTBeHHbIN yHUBepcHTeT, 2. Tomck, Pocculickas dedepayus
D stanislav.vasilyev@medgenetics.ru

AnHoTanmsa. AkKmyaibHocmb. HapylieHVst SrMreHeTHYeCKON perysisiliu TeHOB, OTBETCTBEHHBIX 3a pa3BUTHe SMOpHOHa
Y TJIaLIeHThI, aCCOLIMMPOBAHbI CO MHOTUMHU TaTo/IOTHsIMU OepeMeHHOCTHU. L]eab. Llenbro HacTosiel paboThl cTan aHanu3
PacrpoCTpaHeHHOCTH HapyIIeHU MeTUIMpoBaHusi reHoB PRDM16 u PTPRN2 B BOpCHMHAX XOPHOHA CIIOHTAHHBIX aDOPTYCOB
C HOpMaJIbHBIM KapPUOTHUIIOM U C HauboJiee YacTbIMU aHeyTIonausMu (Tprcomust 16 1 MoHocomusi X). Mamepuasbl u Memoobi.
OrjeHKa npodusist MeTUIMPOBaHUs Oblla MPOBe/jeHa C MOMOIIBI0 TapreTHOTO OUCYIb(GUTHOTO MacCOBOTO TapasieTbHOTO
CeKBEHHPOBaHUs B BODCUHAX XOPUOHA MeJULIMHCKKX abopTycoB (n= 10), CIOHTaHHBIX abOPTYCOB C HOPMAaJIbHBIM KAPUOTHIIOM
(n=39), Tpucomueti 16 (n=17) u moHocomuert X (n = 20) u MMMOOIMTOR reprdepruUecKor KPOBH 30POBBIX JOOPOBO/IBIIER
(n=6). Pe3yribmamnl u obcyxcoeHue. buio obHapy»xeHo auddepeHIaIbHOe METHTMPOBaHUe OT/enbHbIX CpG-CaiiTOB B M3yUeHHBIX
reHax B BOPCHHAX XOPMOHA CIIOHTaHHBIX abopTycoB. HecMOTpst Ha OTCYTCTBHE 3HAUMMBIX OT/IMUUI MEXy TPYIIIaMH TI0 CPeTHEMY
YPOBHIO METH/IMPOBAHUS B U3yU€HHBIX PETHOHAX TeHOB, OTKIIOHEHHS yPOBHS MeTU/IMpoBaHusi reHoB PRDM16 u PTPRN2 Gbiu
BbIsiB/IEHbI 151 33 % u 5 % CroHTaHHBIX aO0PTYCOB, COOTBETCTBEHHO, UTO YKAa3bIBAaeT Ha BBICOKYHO YaCTOTY PaclpoCTpaHEeH!s!
3MUTeHeTHYe CKUX aHOMAJTHH 10 STUM IeHaM B BOPCHHAX XOPHOHA CIIOHTaHHBIX abOpTYCOB. YpoBeHb MeTWIMPOBaHus reHa PRDM16
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3HaUMMO KOppe/IMpoBasl C ypOBHEM MeTH/IMpOBaHUs peTpoTrpaHcrio3oHa LINE-1, yTo ykasbiBaeT Ha reHepa/M30BaHHbIN XapakTep
HapyLIeHW METUIMPOBAHUSI Y CIIOHTAHHBIX ab0pTyCcoB. HakoHel, ypoBeHb MeTHIUPOBaHust TeHa PTPRNZ2 3aBucen OT Bo3pacTa
Marepeli CIIOHTaHHBIX abOPTYCOB C MOHOCOMUEH X, UTO MOAHUMAET BOTIPOC O BJMSHUN MaTepPUHCKUX (PaKTOPOB Ha Mpoduib
METH/IMPOBAHUS B 3TOM TPYIIIe CIIOHTaHHBIX abopTyCOB. Bbigodb!. [ToyueHHbIe pe3y/IbTaThl YKa3bIBAKOT, UTO ATUTEHETHYECKIEe
Hapy1ieHusi reHa PRDM16 MoryT ObITh CBSI3aHBI CO CTIOHTAHHBIM MPephIBaHiEM 6epeMEeHHOCTH B TIEPBOM TPUMECTPE.

KroueBbie ciioBa: PRDM16, PTPRN2, metunupoBadue [JJHK, BOpCHHBI XOpHOHA, HEBBIHAILIMBAaHHEe GepeMeHHOCTH,
aHeyIJIoNus1, OUCyIbQUTHOE CeKBeHUPOBAaHHe, CTIOHTaHHbIe abOpTYChI
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Abnormal methylation of PRDM16 and PTPRN2 genes
in chorionic villi in miscarriage
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Victoria V. Demeneva' ', Andrey S. Zuev' ', Elena A. Sazhenova' ',
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1 Research Institute of Medical Genetics, Tomsk National Research Medical Center, Tomsk, Russian Federation
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Abstract. Relevance. Abnormal epigenetic regulation of genes responsible for the development of the embryo and
placenta is associated with many pregnancy pathologies. Aim. The aim of this work was to analyze the prevalence of abnormal
methylation of the PRDM16 and PTPRN2 genes in chorionic villi of spontaneous abortions with normal karyotype and with
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the most frequent aneuploidies (trisomy 16 and monosomy X). Materials and Methods. The methylation profile was evaluated
using targeted bisulfite massive parallel sequencing in chorionic villi of induced abortions (n=10), spontaneous abortions with
normal karyotype (n=39), trisomy 16 (n=17) and monosomy X (n=20) and peripheral blood lymphocytes of healthy volunteers
(n=6). Results and Discussion. In analyzed genes, differential methylation of individual CpG sites was found in chorionic villi
of spontaneous abortions. Despite the absence of significant differences between the groups in the average level of methylation
in analyzed gene regions, abnormal methylation of the PRDM16 and PTPRN2 genes were detected for 33 % and 5 % of
spontaneous abortions, respectively, indicating a high incidence of epigenetic abnormalities in these genes in the chorionic villi
of spontaneous abortions. The level of methylation of the PRDM16 gene significantly correlated with the level of methylation of
the retrotransposon LINE-1, which indicates the generalized nature of methylation disorders in spontaneous abortions. Finally,
the level of methylation of the PTPRN2 gene depended on the age of mothers of spontaneous abortions with monosomy X,
which raises the question of the influence of maternal factors on the methylation profile in this group of spontaneous abortions.
Conclusion. The results indicate that epigenetic disorders of the PRDM16 gene may be associated with spontaneous termination
of pregnancy in the first trimester.

Keywords: PRDM16, PTPRN2, DNA methylation, chorionic villi, miscarriage, aneuploidy, bisulfite sequencing, spontaneous
abortions
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BeepeHue

PenposyKTHBHBIe TTI0TepH Y UesloBeKa SB/ISIOT-
CsI KpaiiHe 4acTbIM coObITHEM. [leMorpaduueckue
YICC/IelOBaHUS MI0KAa3aly, YTO LIaHChI IPOHU3BECTU
JKA3HECI0COOHOe TTIOTOMCTBO Y JKeHIL[UHbI CPe/IHero
penpoyKTUBHOIO BO3pacTa B IIpefesiax OfHOTO MeH-
CTPya/IbHOTO LIMKJ/1a He npeBbIatoT 25 % [1]. I1pu sTom
0K0J10 15 % K/IMHUYeCKH paclio3HaBaeMbIX GepeMeH-
HOCTEl CIIOHTAHHO MpPephIBAeTCs B TeUEHUE MePBOro

MEDICAL GENETICS

TpuMecTpa [2]. Pannsist sMmOproHanbHast rubenb siBiisi-
eTcst HanboJiee TSHKEJTBIM TIPOSIB/IEHHEM reHeTHUe CKIX
HapyIIeH!H, Cpeii KOTOPBIX HAaOOJIBIIMMU T10 pa3Mepy
SIBJISTFOTCS] HApYLLIeHUs1 Y1iC/la XPOMOCOM — aHeyIl/Io-
unus. JletictBurtenbHo, oT 50 10 60 % CrIOHTAaHHBIX
abopTycoB repBoro TpuMecTpa 6epeMeHHOCTH UMEeFOT
aHeyIJIOUANU N0 pa3/IMUHbBIM XpoMocomam [3-5].
TspkecTb eHOTHIIA paHHeH SMOpHOHATBHOM T'H-
6enmu 00yCOBMMBaeT BO3MOKHOCTH CYIIleCTBOBaHUS
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B 9TOM IepHo/ie ¥ MacCIITabHbIX MHUTeHeTUUe CKUX
HapylleHWH. [1eiiCTBUTE/bHO, 3HAYUTE/IbHbIEe Hapyllle-
HUSI METHJIOMA BbISIB/IEHBI B I/1aL{eHTe MPY pa3/InyuHbIX
naTosiorusix 6epeMeHHOCTH Ha MO3AHUX CPOKax: Tpe-
5K/IaMIICUH, 3a/lep)KKe POoCTa I1710/ja, reCTaliOHHOM
nuabete [6]. OcoOblit MHTEpeC Mpe/CTaB/ISIOT TeHbl,
HapyILeHUs] MeTU/IMPOBAHUS KOTOPLIX 0OHApyKUBAKOTCS
TIPY pa3/IMYHbIX MaTOIOTHsIX GepeMeHHOCTH. OZHUMEI
13 HUX ABIA0TCA TeHbl PRDM16 v PTPRNZ, nvetorye
6osnbioe urcsio CpG-0CTPOBKOB.

Kpowme Toro, B Halliux rpeziBapUTe/IbHbIX UCCIe/0-
BaHUSIX MOKa3aHbl MacIITabHble HApYILIeHWs] MeTUIOMa
Y B XOpHOHEe CIIOHTAHHBLIX abOPTYCOB MepPBOr0O TPU-
MeCTpa Kak C aHeyTUIOUJHbIM, TaK U C HOPMaJIbHbIM
KapyoTHIIOM [7, 8]. 3T0 MOXXeT 00bsICHATL rrbestb 60Tb-
11eid yacT SMOPUOHOB B MePHOJ, TIEPBOTO TPUMECTPa,
KOT/la IPOMCXO/IUT peMo/ie/IMPOBaHUe CIIMPa/IbHbIX
apTepuii MaTKu, O1aroziapsi KOTOpOMy 00eCIieurnBaeTCst
Ja/IbHeNIHi ObICTPBIM POCT U pa3BuTHe 3MOpHoHa. Of-
HaKO, HesICHO, HACKOJIbKO pacripoCTpaHeHbl aHOMa/Iuu
MeTH/IMPOBAHUSI TeHOB CPe/ii CTIOHTaHHBIX ab0PTYyCOB
I TpumecTpa. [To3TOMY 1i€/IbI0 UCCIIeIOBAHUS SIBISLICS
aHaJIM3 paclipoCTpPaHeHHOCTH HapyllleHUH MeTHU/IMpO-
BaHus reHoB PRDM16 v PTPRNZ2 B BOpCHHAaX XOPUOHA
CTIOHTaHHBIX a00PTYCOB C HOPMa/IbHBIM KapHOTUIIOM
Y Hauborsee YaCTBIMU AHEYTUIOUAUSIMU (TprcoMusi 16
1 MOHOCOMHUS X).

MaTepVIaan n MeTopabl

B kauecTBe uccie[yeMoro Marepuasia Ucroib30Ba-
JINCh BOPCHHBI XOPUOHA CITIOHTAHHBIX aDOPTYCOB C TPU-
comueit 16 (n=17, recrauyoHHsIi Bo3pact 8,6 + 1,4 He-
Jem), ¢ MoHocomuer X (n= 20, recTalldOHHbIN BO3pacT
10,5+ 1,7 Hefienu), c HOpMabHBIM KapuoTuroM (n= 39,
recTalfMoOHHbBIM Bo3pacT 9,9 + 2,3 Hefle/in), a TaKKe
MeJUITUHCKUX abopTycoB (n =10, recTalfuOHHbIN
Bo3pact 8,3+ 1,2 Hemenmu). Kpome Toro, 6611 mpoBe-
JleH aHa/iu3 00pas1oB TMMGOLIMTOB TIeprudeprueCKoi
KpPOBH 6 B3pOC/BIX 100poBO/bIeB. OOpasiibl, B3SIThIE
13 6uokosieKinK «buobaHk HaceneHust CeBepHOM
Aszum» HUU mequimHckoi redetriky Tomckoro HUMIJ,
ObuTM TI0/TyueHsI B iepuog, ¢ 1993 mo 2022 roa. s
BCex 00pa3roB 13 6ruobaHka ObIIO TIOTyUeHO UHGMOpP-
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MHPOBaHHOE COI/IacKe poAuTesel Ha UCIOIb30BaHUe
bromatepuana 151 6M06aHKHUPOBAHKS U POBEZEHKS
uccregoBanuil. Takxke ObLTH MoMyUeHb UHHOPMHUPO-
BaHHBIE COTVIACHS OT 3[0POBBIX JOOPOBOJIBLIEB.

5151 onipefiesieHysl KApUOTUIIA Cpa3y MocJie Mojy-
YyeHHs CBEXXero Marepuasa [0 3aMOpaKUBaHUs ObLT
TIpOBe/IeH CTaHJapTHbIN [JUTOreHeTHUYeCKU aHaIu3
Ha TNPsIMBIX Mperaparax BOPCUH XOPHOHA U B Ky/bTypax
(ubpo6s1acToB 3KCTPa3MOPUOHAILHOM Me30epMbi [9].
Pe3ynbTaThl KAPUOTUITUPOBAHUS BCEX CIIOHTAHHBIX
abopTycoB c aHeyriouguel ObLTH MOATBePKAeHbI
MeTozZoM (yopeclieHTHOU rubpuau3anuu in situ
(FISH). Ins aHaiyM3a MOHOCOMMM T10 X XpOMOCOMe
OBLIM MCITOIb30BaHbI L[eHTPOMepPO-Creu(pUUHbIe
JHK-30H4b1 Ha XpoMOCOMY X, a /IJIsl aHa/Ii3a TPUCOMUU
1o 16 xpoMocoMe OBI/IM UCITO/Ib30BaHbI CyOTeomep-
Hble [JHK-30Ha861 (169 1 16p). AHanu3 NpoBOgUJICS
I10 OIMMCAHHOM MeTouKe [10].

OG6pa3upl TKaHel XpaHUIUCH DU TeMIepa-
Type —80 °C. Pa3geneHue TKaHell IPOBOAMUJIOCH
MOP(0/I0ruYecKy CTepUbHbIMU UHCTPYMEHTaMH,
rocJsie 4ero KjieTku obpabaTeiBaivCh MPOTENHA30M
K u uHkyb6upoBaauck Houb nipu 37 °C. Brigesne-
Hue [THK npoBoauiocs C OMOLbI0 CTaHAaPTHOTO
teHon-xnopodopmHoro metoga. KoHujeHTpauuu
OHK u3mepsiiucek ¢ mOMOIbI0 cIeKTpodoToMe-
tpa NanoDrop ND-1000 (CIIIA). BucynsdutHas
moaudukanusa JHK npoBoauiace ¢ uCrnoab3o-
BaHueM Habopa EZ DNA Methylation-Direct Kit
(Zymo Research, CIITA) coriacHO TTPOTOKONY
npousBoauTess. B xome 6ucynsUTHON KOHBEp-
CUM HEMEeTUJIMPOBaHHBIN LIUTO3WH METU/IUPYeTCS
B 5'-M0/10)KEHUU U MoAu(pULIMpyeTCs B ypaLuJ,
KOTOPBINM npu fanbHelei TP cuuTbiBaeTcs Kak
TUMMH. MeTUIMPOBaHHbIN LIUTO3UH He MOJBepraeTcs
KaKoH-1160 Mogudukaryu.

AHanu3 npo@usis MeTUIMPOBAHUS POBOJUICS
C TIOMOLI[bI0 TapPreTHOT0 OUCYNIb(GUTHOTO MacCOBOTO
rapa’siesbHOTr0 CeKBeHUpPOBaHUs. [1/1s1 moyueHus
6ubmoTeK OBIIM UCTIOTB30BaHbl pa3paboTaHHbIe
OJIMTOHYKJ/IeOTU/HbIe TpaliMephl, T03BOJISIOLINe
amMIIMUIMPOBaTh C OUCYNb()UT-KOHBEPTUPOBAHHOU
IOHK yuactku reHoB PRDM16 u PTPRN2 (Taba. 1).
Awmmnndukanus 1eneBoro ¢gparmMeHTa npoBoJuIach
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¢ momoibio Habopa buoMactep HS-Taq TTLIP (2x%)
(bronabmukc, Poccust) 1o nMpoTOKOMy MPOX3BOAU-
tens. [TLP npoBoguiack B CeyHOLUX YCIOBUSX:
95 °C 5 muH; 40 nuknoB: 95 °C 30 c, 60 °C 45 c,
72 °C 45 c. KoHueHTpaLuio 1ieieBbix (pparMeHToOB

ompeJe/isisiu C TioMolibio dhayopumerpa Qubit 4.0
(Thermo, CIIIA). [IpoayKTbl peakLMy OYHILlaIN
OT TIpUMecei C MoMoIIbio pacTBopa cedazekca G50
(Sigma, CIIIA).

Ta6nuya 1

MocnepoBaTenbHOCTH OJIUTOHYK/1€OTUAHDbIX npaﬁmepoa, UCNoJib30BaHHbIX ANs nony4yeHua 6ubnmortek ANA TapreTHoro 6ucynbdw|THoro
MaccoBOro napasnjiesnbHOro ceKkeeHuMpoBaHusi

Table 1
Sequences of oligonucleotide primers used to obtain libraries for targeted bisulfite massive parallel sequencing
HaumeHoBaHwue / MpoaykT, n.H. / KoopawuHatbl (hg38) /
Name Mocneposarenbrocts / Sequence Product, bp Coordinates (hg38)
F | 5-ATTGGTTATGTTTGGTAATTGTTA-3’
PTPRN2_m2 268 chr7:157542717-157542984
R | 5-CCACAAAACTTAAATACTACATCC-3’
F | 5-TAAGATTTATATTGAGTAAATTAGGTTGTA-3’
PTPRN2_m4 310 chr7:158019641-158019950
R | 5-AAATCTAAAATCCAAAAATATCTAAC-3’
F | 5-TGTTTTAGAGAGTTTGTGAGGTGTAT-3'
PRDM16_m1 358 chr1:3117444-3117801
R | 5-CTATAATCCCATAAAAAACCAACAC-3’
F | 5-GAAGGTAGGGTGGGTTTTATTTATT-3'
PRDM16_m3 373 chr1:3237449-3237821
R | 5-CAAAACCTTAAAAACCCAAAATCTA-3'
F | 5-GTTTAGTTTTGTTGGAGTTTATA-3'
PRDM16_m4 350 chr1:3238668-3239017
R | 5-ACATATAAAAAACCTATCCCAAACAC-3'
F | 5-GTGGTGTTTTTAATTGTTTAGG-3’
PRDM16_m5 381 chr1:3241142-3241522
R | 5-AACCAAAAAAACCCAATCATAC-3’
F | 5-AAGGAGGTGGATGTAGAAGTTGTTAT-3’
PRDM16_m6 598 chr1:3279081-3279678
R | 5-TCCTACAACACAAACTCTCCCTAAC-3

TapretHoe 6ucynb(UTHOE MacCOBOe Tlapa’iieNb-
HOe CeKBeHMpOBaHHe ObIIIO TIPOBe/ieHO Ha rpubope
MiSeq (Illumina, CIIIA) c ucnosnb3oBaHreM Habopa
Micro Kit (2 x 150). OueHka KauecTBa MpOYTeHUM
Obu1a BeIMoTHeHa ¢ oMorbio FastQC v0.11.8, moce
yero ObUT ITPOBe/IeH TPUMMUHT OCTaBLLIMXCS [10C/Ie0-
BaTe/IbHOCTEN aZlanTepoB U HU3KUX 0 KaueCTBY IPO-
yTeHU ¢ moMoInbio Trim-Galore. 3aTem npouTeHUs
OBl KAPTUPOBAHBI Ha OUCYTB(PUT-KOHBEPTUPOBAHHbIE
TapreTHbIe NI0C/1e0BaTeTbHOCTH C TIOMOILbI0 UHCTPY-
MeHTa bwa-meth v0.2.2 c mapameTpamu 110 ymoii-
YyaHHUI0. JlaHHbIe 110 METUIMPOBAHHUIO B KOHTEKCTe
CpG 6butn U3B/IEUEHBI U3 TIOMyUeHHbIX ¢aitioB BAM
¢ rnomoInbo uHcTpyMeHTa MethylDackel. Pe3ynbraThbi
MpeCTaB/S/INCh B BUZIE YPOBHSI METHU/IMPOBAaHUS,

MEDICAL GENETICS

TIpe/ICTaBJISAIONIero co00¥ OTHOIIeHWe UKC/Ia LUTO-
3MHOB K CYMMapHOMY YMC/1y LIUTO3MHOB U TUMUHOB
B oTgesnbHOM CpG-caiite. Kpome Toro, Ob11 BEIUKC/IEH
CpeJHWi ypoBeHb METU/IMPOBAHKs B0/ BCell obnactu
uHTepeca. CTaTUCTUUeCKUI aHaMu3 ObI BHITIOTHEH
C MIOMOIIIbI0 TIPOrPaMMHOI0 faketa Statistica 10.0
(StatSoft, CIIIA). PanroBeiit Kputepuii MaHHa- YUTHU
ObLT UCITI0/Ib30BaH /Jisi CpaBHEHUS] YPOBHSI METHIIN-
pOBaHUs MeXy Tpynrnamu obpasios. [1s orpeze-
JIeHUWsl TPaHUL] BEIOPOCOB B I'PYyIINe MeAULIMHCKUX
abopTycos ucnonp30Bamuch popmynel Q — 1,5xIQR
1 Q,+1,5x1IQR, rae Q, u Q, — MepBblIi U TPETHUH
KBapTW/b, COOTBETCTBEHHO, IQR — MeXXKBapTU/IbHOE
paccrosinve. OTIMYMSA CUATAIUCh 3HAYUMBIMU TIPU
p<0,05.
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Pesynbratbl 1 06cyXxaeHune
B Hacrosiem ncciiefjoBaHuy ObLT ITPOBE/IEH aHa/IN3

nipo¢uns MetTunupoBanus reHoB PTPRN2 v PRDM16
B BOPCHHAX XOPUOHA CIIOHTaHHBIX abOPTYCOB C pa3/inu-
HBIM KapUOTHIIOM: Hanubosiee YaCThIMU aHeYTUIOUIUSIMU
(Tpucomueit 16, MoHOCOMUEl X) U HOPMaJTbHBIM Kapu-
OTUIOM. B KauecTBe KOHTPOJ/IbHBIX Py CPaBHEHUS
HCIT0/Th30Ba/IMCh MeIULIMHCKHE abopTyChl TIEPBOTO
TpuMecTpa 6epeMeHHOCTH U TMM(OLIUTBI Tiepudepu-
YyeCKoW KPOBU UX pOJUTEIel.

I'en PTPRN2 HaxoquTCs B CyOTeJIOMEPHOM Peru-
OHe JIMHHOTIO IljIeya XpoMOCOoMblI 7. IIpoaHamu3upo-
BaHHas 00/1aCTh reHa BK/TFOUAeT OT/[e/TbHbIe YUaCTKH
B 11-21 3K30HaX U COOTBETCTBYIOIIUX UHTPOHAX
(puc. 1). Briio o6Hapy>KeHO 3HAYMMOe TIOBbIIIeHHe
YPOBHSI METHUJIUPOBAHMUsI B IPYIITIe CIIOHTAaHHBIX abop-
TYCOB C TpUCOMHEHN 16 Mo CpaBHEHUIO C TPYMMOMN
MeAULUHCKUX abopTycoB mo 8 u3 24 mpoaHau-
3upoBaHHbIX CpG-caiiToB, a oguH CpG-calT 611
runiomeTtunupoBaH (p<0,05) (puc. 1). ¥ ciOHTaHHBIX
abopTycoB c MoHOCOMHeH X He OblJI0 0OHAPYKEeHO
3HAYMMBbIX OT/JIMUYWN M0 YPOBHIO MEeTU/IMPOBaHUS,
a y CTIOHTaHHBIX a00PTYCOB C HOPMaJ/IbHBIM KapUOTH-
MoM ObLT 3HAUMMO CHU)KEH YPOBEHb MeTU/TUPOBaHMUS
TonbKO ofHOTO CpG-caiTa (TOro e, UTO U y CIOH-
TaHHBIX abopTycoB ¢ Tpucomueii 16) (p <0,05).

I'en PRDM16 pacrionokeH B cybTenomepHOM
00/1aCTH KOPOTKOTO Tijieya Xpomocomel 1. ITpoa-
Ha/M3UpPOBaHHas 00/1aCTh TreHa BK/OUaeT 2—3 3K-
30HbI U 1-3 UHTpPOHBI (puC. 2). Bb10 0OHApyKeHO
3HaUMMOe€ MOBBILLIEHNE YPOBHS MeTUIHUPOBaHUS
B IpYyIINe CIIOHTaHHBIX abopTyCOB C Tpucomuei 16
10 CPaBHEHHUIO C TPYMIION MeJULMHCKUX abopTyCOoB
no 11 u3 94 npoananusupoBaHHbix CpG-calToB
(p<0,05) (puc. 2). Y crioHTaHHbIX abOPTYCOB C MO-
Hocomuel X Ob1710 0OHApy>KeHO 2 rurepMeTU/In-
poBaHHBIX CpG-caliTa, a y ClIOHTaHHBIX abopTyCOB
C HOpPMaJIbHbIM KapUOTHUIIOM ObI/1 3HAYMMO TOBBILIEH
yPOBeHb METUIMPOBaHUs TObKO ofHoro CpG-caiiTa
(p< 0,05).

HecMmoTps Ha 0T/IMUKsl B YPOBHE METU/IMPOBaHUS
otzenbHbIX CpG-CcalToB, CpefiHVe YPOBHU MeTU/IAPO-
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BaHMS MCC/Ie[lyeMbIX FeHOB BJI0JIb BCeil IpoaHanu3u-
POBaHHOM 0071aCTH 3HAUMMO He OT/INYaIUCh MEXIY
rpyrnnamu aboptycos. I1pu 3Tom Ob1y 06HapYKeHbI
3HaUMMble pa3nuus JJisi yPOBHeN MeTUIUPOBaHUs
BCeX F'eHOB 110 CPAaBHEHMIO C JIMMQPOIIUTAMHU TI€PU-
(heprueckoit KpoBU B3pOC/bIX UHAUBHUAOB (p<0,05),
B KOTOPBIX YPOBEeHb METUIMPOBAHUS UCC/IeyeMbIX
reHoB cocTaBssii okosio 90 % (puc. 3). DTo MoXeT
yKa3bIBaTh Ha TPAHCKPUITL[MOHHYIO aKTUBHOCTh JlaH-
HBIX T€HOB B KJIeTKaX BOPCHH XOPHOHA B OT/INUKE
oT uM(}OLUTOB TIeprdepruecKoii KpOBU B3POC/IOTO
OpraHusma.

['pymnIibl CTIOHTaHHBIX aOOPTYCOB C pa3/IuYHbIM
KapUOTHUIIOM XapaKTepPHU30BaIuCh 3HAUUTEITbHO
Oosiblilel Bapualell YpOBHSI METUTUPOBAHUS UC-
C/ie/JOBaHHBIX T€HOB 110 CPABHEHUIO C MeIULMHCKHU-
MU abopTycaMu. ITO COOTBETCTBYET pe3y/abTaTaM
HalllUX MpeABIAYIUX paboT, re y CIOHTaHHbBIX
abopTtycoB ObIIO 0OHapy)XeHO Kak CHuKeHue [11],
TaK U IoBbllIeHue [8] ypOBHS MeTUIMPOBAaHUS pe-
tTpotpaHcrio3oHa LINE-1. Habntogaembie mmpokue
rpaHUILIbl BapUaLlUX YPOBHSI METU/IUPOBAHUS pa3-
JIMYHBIX TeHOB B TPYIIIaX CIIOHTAaHHBIX abopTyCoB
MOT'YT O0BSICHITBCSI MacIITabHOM pa3banaHCHPOBKOM
MeTH/iOMa B BOPCMHAaX XOpPUOHA. Y YUThIBasi, UTO
TIpY 3TOM B OOJIBIIIMHCTBE CTyuaeB He HabromaeTcst
3HAUMMBIX OT/TMUMIA TI0 YPOBHIO METUTMPOBAHHUS TIPO-
aHaM3UPOBAaHHBIX TEHOB y CIIOHTaHHBIX ab0OpPTyCOB
10 CPAaBHEHUIO C TPYIINON MeAULIMHCKUX aboOpTYCOB,
Takasi pa3basaHCHpPOBKa MPOMCXOUT TOMBKO Y YaCTH
CTIOHTAaHHBIX abOPTYCOB.

[TosToMy OB IPOBE/IeH aHa/M3 HapyLIeHUH
YPOBHSI METU/INPOBAHUS Y OT/le/TbHBIX CITOHTAaHHBIX
abopTyCOB OTHOCUTETLHO TPYIIIbI MeIUITUHCKUX
aboptycoB. st 3TOro ObUTH BBIUMC/IEHBI TTIOPOTOBbIE
3HaueHUs BapUal[iyd YPOBHS MeTUIMPOBAHUS [IJIsI
Ka)KZIoro reHa B IpyIINe MeJULIMHCKUX abopTyCOB.
Bce 3HaueHus B rpyIinax ClIOHTaHHBIX abOPTYCOB,
BBIXO/SIIME 3@ TPaHUIIbI HOPMa/TbHOM BapyUalliM B TPYTI-
e MeJUIIMHCKUX abopTyCOB, pacCMaTPUBA/IMCh KaK
TUIO- Y TUTIepMeTHU/IMPOBaHHbIe (Tab. 2).
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Puc. 1. Mpodunb MeTunmposaHna CpG-caliiToB B aHaIM3MPyeEMOM pPernoHe (0603HaYeH KPacHbIMM BEPTUKAbHBIMM NMOM0CaMM
Ha cxeme) reHa PTPRN2 B rpynnax CroHTaHHbIX abopTycoB ¢ Tpucomumein 16 (CA Tpnl6), ¢ MoHocoMmein X (CA MoHoX)
1 C HopMasbHbIM KapuoTunom (CA HK) no cpaBHEHWIO C Fpynnoi MeanUMHCKUX abopTycos (MA).
MYHKTUPHBIMW IMHUAMM MOKa3aHo CTaHAapTHOE OTKIOHEeHWE NPodUIsa METUAMPOBaHKSA* —p < 0,05

Fig. 1. The methylation profile of CpG sites in the analyzed region (indicated by red vertical stripes in the diagram) of the PTPRN2
gene in the groups of spontaneous abortions with trisomy 16 (SA Tri16), with monosomy X (SA MonoX)
and with normal karyotype (SA NK) compared with the group of induced abortions (IA).
Dotted lines show standard deviation of the methylation profile;* —p < 0.05
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Puc. 2. Mpodunb MeTunnpoBaHua CpG-caiiToB B aHanM3MpyeMoMm pernoHe (0603HaueH KpacHbIMM BEPTUKANbHBIMUI NMoOocamMm
Ha cxeme) reHa PRDM16 B CoHTaHHbIX abopTycoB ¢ Tpucomumein 16 (Tpu 16), ¢ MoHocomuelt X (MoHo X) 1 ¢ HopMasbHbIM
kapuoTunom (CA HK) no cpaBHeHWIo ¢ rpynmnoi MeanumnHeKnx aéoptycos (MA).

MYHKTVPHBIMU IMHUAMM NOKa3aHo CTaHAapTHOE OTKIIOHEHKWe Npoduna METUINPOBaHUS; * —p < 0,05
Fig. 2. The methylation profile of CpG sites in the analyzed region (indicated by red vertical stripes in the diagram) of the PRDM16
gene in the groups of spontaneous abortions with trisomy 16 (SA Tri16), with monosomy X (SA MonoX) and with normal
karyotype (SA NK) compared with the group of induced abortions (IA).

Dotted lines show standard deviation of the methylation profile;* — p < 0.05

522 MEOAVUNHCKAA TEHETNKA



Vasilyev SA et al. RUDN Journal of Medicine. 2023;27(4)

Puc. 3. CpegHuin ypoBEHDb METUNMPOBaHKS NpoaHannM3npoBaHHbix CpG-cantos reHoB PTPRN2 n PRDM16 B BopcuHax
XOPWOHa B rpynnax CnoHTaHHbIX abopTyCOB C TPUCOMMEN 16, C MOHOCOMMEN X, C HOPMasbHbIM KapMOTMIOM MO CPaBHEHWIO
C MeAMUMHCKMMM abopTycamu 1 nuMmdoLmTamMmn nepmbepruyeckoin KpoBm B3poCbiX MHAMBWMAOB. Tpy 16 — CNOHTaHHble
abopTycbl ¢ TpMcommein 16, MoHO X — ClOHTaHHble abopTYCbl C MOHOCOMMER X, HK — cnoHTaHHble abopTyCbl C HOPMasbHbIM
KapuoTunom, Jiumd. — inMdoUnTbl B3POCAbIX MHANBMAOB, MA — MeanUMHCKME abopTycbl. KBaapaT B LIEeHTpe NPSMOYrofibHMKa
0603HavaeT MegmnaHy. bokcbl 0603Ha4atoT 25-1 1 75- NPOLEHTUAN. YCbl OTMEYatoT rpaHuLbl BbIBPOCOB, roNyobIMy IMHUAMM
OTMeYeHbl rpaHuLbl BbIGPOCOB B rpynne MA

Fig. 3. The average level of methylation of the analyzed CpG sites of the PTPRN2 and PRDM16 genes in chorionic villi in groups
of spontaneous abortions with trisomy 16, with monosomy X, with normal karyotype compared with induced abortions and
peripheral blood lymphocytes of adult individuals. Tri16 — spontaneous abortions with trisomy 16, MonoX — spontaneous
abortions with monosomy X, NK — spontaneous abortions with normal karyotype, Lymph — lymphocytes of adult individuals,
IA —induced abortions. The square in the center of the box represents the median. The boxes represent the 25th and 75th
percentiles. Whiskers mark the outlier thresholds; blue lines mark the outlier thresholds in the IA group

Tabnuya 2
Yucno o6pasL,oB ¢ runep- Iy rMNOMeTUIUPOBaHUEM UCCieAyeMbIX FeHOB, BbIXOASLLUM 3a Npefenbl Bapualum
B rpynne MeAULMHCKUX abopTyCcoB
Table 2
The number of samples with hyper- or hypomethylation of the studied genes beyond the limits of variation in the group of induced abortions
eHbl/CTeneHb METUNMPOBAHUSA Mopor B rpynne MA (%) / CATpu16/SA CA MoHo X / SA
Genes/methylation degree Threshold in IA group Tri16 Mono X CAHK/SANK Beero
vno- / Hypo- 44,5 0/17 0/20 1/39 59
PTPRN2 @ /706)
lnep- / Hyper- 72,5 2/17 0/20 1/39
vno- / Hypo- 37,375 3/17 3/20 7/39 9
33%
PRDM16 25/76
MMnep- / Hyper- 50,375 7/17 1/20 4/39 (25/76)

[pymeydaHme; NPeACTaBAEHO KONMYECTBO W A0St aBOPTYCOB C YPOBHEM METUIMPOBAHUSA BbILLE, YeM BEPXHAA rpaHmua (runep), 1 HxKe,
YyeM HKHSAS rpaHnLa (rvino), AnanasoHa Bapuauum B rpynne MeamMuUMHCKMX abopTycoB. MA — MeaMUMHCKMe abopTychl, CA HK —
CMOHTaHHble abopTyCbl C HOPMasbHbIM KapuoTunom, CA MoHo X — CnoHTaHHble abopTyCbl C MOHOCOMMEN MO X-XPOMOCOME,
CA Tpu 16 — cnoHTaHHble abopTyCbl C TPMCOMMEN NO 16 XPOMOCOME.

Note: the number and proportion of abortions with a methylation level higher than the upper threshold (hyper-) and lower than the
lower threshold (hypo-) of the range of variation in the group of induced abortions are presented. IA —induced abortions, SA Tri
16 — spontaneous abortions with trisomy on the 16 chromosome, SA Mono X — spontaneous abortions with monosomy on the
X chromosome, SA NK — spontaneous abortions with normal karyotype.
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Bbu10o 06Hapy»xeHo, uTo 33 % BCeX CIIOHTAHHBIX
abopTyCOB UMeJIo HapyIeH!sl YPOBHSI METU/TUPOBAHUS
o reHy PRDM16 1 5 % CHIOHTaHHBIX abOPTYCOB UMEIO
HapyLLIeHUs] YPOBHS MEeTWIMPOBaHUs o reHy PTPRNZ.
I1pu 5TOM HapyeHus: MeTUIUpoBanus reHa PRDM16
Ha0/TI0/1a/TCh He TOTBKO B TPYTITe CIIOHTAHHBIX abopTy-
COB C TpUCOMUeH 16, [/1 KOTOPBIX XapaKTepHO TUrep-
MEeTU/IMPOBAaHHOE COCTOSIHKE FeHOMa B K/IeTKaX BOPCHUH
XOpHOHa [7], HO ¥ B IpyTIre CIIOHTaHHBIX abOpPTYCOB
C HOPMaJIbHbIM KapuoTunoM (28 %).

[MapannenbHO € aHaNM30M NpoduUIs MeTUINPOBa-
HUSL KICCJIelyeMbIX TeHOB, [IJIs TeX ke 00pa3joB BOPCHH
XOPHOHA CIIOHTAHHBIX U MeJIULIMHCKHUX abopTyCOB
ObU1 TIPOBe/IeH aHa/u3 TIPOIIIS METUTUPOBAHUS pe-
TpoTtpaHcro3oHa LINE-1 Takxke ¢ TOMOLL[bIO TAPreTHOTO
OHCyIb(GUTHOrO MacCOBOTO Mapasule/lbHOTO CEKBEHUPO-
BaHus. Petporpancrio3on LINE-1 3anumaet okoso 21 %
reHoMa YeJsioBeKa U I03TOMY YPOBEeHb METU/TMPOBAHUS
ero IpoMoTOpa 4yacTo pacCMaTpUBaeTCs B KauecTse
MapKepa r7100a/IbHOT0 MeTUTMPOBaHUsI BCEro reHoMa
yesioBeka. PaHee B paboTtax Halteli rpyrmribl 651710 110-
Ka3aHo, UTO CIIOHTAHHbIe abOPTYChI C aHEYTUIOU el
I10 pa3/MYHbIM XPOMOCOMaM XapaKTepy3yHTCS I10BbI-
IIeHHBIM ypoBHeM MeTunupoBanus LINE-1; a cpenu

CTIOHTaHHBIX a00PTYCOB C HOPMaJIbHBIM KapHUOTUIIOM
YacTb CIIOHTAHHBIX a0OPTYCOB MMeeT MOBBILLIEeHHbIH,
a 4aCTb — CHWXeHHBIH ypOBeHb MeTU/IUPOBaHUS
LINE-1 [8]. TTo3TOMY, B HACTOsILIEM UCC/IEA0BAaHAH ObLT
TIpOBeZleH KOppeJIsILIMOHHBIN aHa/lnu3 MeXXy YPOBHEM
mMeTtunvpoBanus LINE-1 1 cpegHrM ypoBHEM MeTHIIH-
pOBaHus UCCIeSyeMbIX FeHOB B IPyNIiax CIIOHTaHHBIX
abopTyCOB C pa3/TUYHBIM KapUOTUTIOM.

Bbuio 06Hapy’keHO, YTO B PYIITe CIIOHTaHHBIX
abopTyCcoOB C HOpMaIbHBIM KaPUOTHUIIOM C YPOBHEM
MeTrspoBaHusi LINE-1 3HaurMo KoppesvpyeT ypOBeHb
MeTuMpoBanusi reHa PRDM16 (R=0,36, p=0,03)
(puc. 4). [Insi ApyTryX TPyYIII CIIOHTAHHBIX abOpPTyCOB
3HAYMMBIX KOppeJsiiiii BbIsiB/IeHO He Ob110. Takum
o0pa3oM, y CTIOHTaHHBIX ab0PTYCOB C HOPMAaJTbHBIM
KapHUOTHUIIOM CO CHW)KEHHBIM U MIOBBILLIEHHBIM YDOBHEM
MeTUIUpoBaHus reHa PRDM16 HapylieHns MeTU/IN-
pPOBaHMs 3aTParuBarOT He TOJIBKO 3TOT T'€H, & HOCAT
Oonee r106a/TBLHBIN XapakTep B MaciuTabax reHoMa.
Takue HapylieHHUs1 YPOBHSI METUIMPOBAHUS MOTYT
OBbITH CBsI3aHbI C HEJJOCTATOYHBIM WK M30BITOUYHBIM
(byHKI[MOHHUpPOBaHHEM 0a30BbIX MeXaHU3MOB METH/TH-
poBanus JJHK, He3aBUCHMBIX WK €/1a00 3aBUCUMBIX
OT JIOKa/IbHOTO TEHOMHOI'O KOHTEKCTa.

Puc. 4. 3aBUCUMOCTb CpeiHero YpoBHSA METUNMPOBAaHMS NpoaHaaM3npoBaHHbix CpG-cantos reHos PTPRN2 1 PRDM16
B BOpPCMHax XOop1oHa B rpynrne CroHTaHHbIX abopTyCcOB C HOPMasibHbIM KapuoTMIOM OT CPeHErO YPOBHSI METUIMPOBAHNS
petpoTtpaHcnodoHa LINE-1

Fig. 4. Dependence of the average methylation level of the analyzed CpG sites of the PTPRN2 and PRDM16 genes in chorionic
villi in the group of spontaneous abortions with normal karyotype on the average methylation level of the retrotransposon LINE-1
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YposeHb MeTuMpoBaHusl reHa PTPRNZ2 3Haunmo
CHIKAJICS C TOBBILIEHEeM BO3pacTa MaTepy B TpyMIie
CTIOHTAHHBIX aOOPTYCOB C MOHOCOMHEHN XPOMOCOMBI
X (R=-0,53, p=0,016) (puc. 5). B gpyrux rpymnmnax

CITOHTaHHBIX a00OPTYCOB 3HAYMMBIX KOPPEJISILIUM C BO3-
pactoMm MaTepu He Habsoganock. C BO3pacToM OTLa
TaK)Ke 3HAUYMMBbIX KOpPPe/ISIHii 00Hapy>KeHO He ObLIo
HU B O/THOM U3 TPyTII.

Puc. 5. 3aBUCMMOCTb CpefiHero YpoBHA METUNNMPOBAHNS NpoaHanmM3npoBaHHbix CpG-cantoB reHoB PTPRN2 v PRDM16
B BOPCMHaxX XOpWOHa B rpynne CroHTaHHbIX abopTycoB C MOHOCOMMER X OT BO3pacTa MaTepu

Fig. 5. Dependence of the average methylation level of the analyzed CpG sites of the PTPRN2 and PRDM16 genes in chorionic
villi in the group of spontaneous abortions with monosomy X on the maternal age

l'en PRDM16 3aHMMaeT OYeHb MPOTSXKEHHBIN
yyacTok B reHome (369,419 n.H.) ¥ COLEP)KUT B CBO-
em cocrtaBe 33 CpG-octpoBka. PRDM16 siBnsgeTcs
Y/IeHOM ceMelicTBa OesikoB, cofepykaux fqomeH PR,
Y CBsI3aH C pa3/IMuHbIMU 3a00/1eBaHUSIMU, BK/TFOUAst
MUeJIOAMCIIaCTUYe CKUM CUHZPOM U T-K/1eTOUHBIN
Jiefiko3 B3pocCibixX [12, 13], a Takke aHOMaTUSIMHU
pa3BUTHUS, TAKUMH KaK BO/TUbs MacTh [14]. MI3BecTHO
TaK>Xe, UTO OH JIeHCTBYeT KaK PeryyisiTop KJIeTOUHOH
i depenmpoBku [15]. B pa3uBaroiieMcst sMOproHe
MbIIU 3Kcripeccust PRDM16 obHapyxuBaeTcst Ha E9.5
B OrpaHWYEHHOM uHcJie TKaHel, a K E14.5 PRDM16
9KCIPECCUPYETCS B LIMPOKOM CIIEKTPe Pa3BUBaIOIUXCS
TKaHeW, BK/II0Uasi TKaHU TOJIOBHOI'O MO3ra, JIerKUX,
TOYEeK U >KeTylT0YHO-KUIIIeYHOro TpakTa [16].

OuddepenunanbHoe MeTuivpoBanie PRDM16
ripy 6epeMeHHOCTH CBSI3aHO C pa3/IMUHbIMUA MeTabo-
JIMYeCKUMHU HapylleHHUssMU y MaTepeli. B HeCKo/IbKHUX
HCC/IeJlOBAHKAX NTOKa3aHa CBsI3b C MaTePUHCKUM Jj1a-
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6etom muddepeniaTbHOTO MeTHIMpoBaHust PRDM16
B KpOBH ZieTeit [17—19], B TKanu myrnoBuHs [20] v ria-
1ieHThI [21]. I3BecTHO, uTo PRDM 16 yrpaeT BaXkHYIO
pOJIb B pa3BUTHM TO/PKeTy0UHOMN >Kere3bl [22].
Kpowme Toro, ren PRDM16 BMecCcTe C TeHOM
PTPRNZ2 6bln rUrepMeTU/IMPOBaH B KPOBU HOBOPO-
JKJE€HHBIX OT Marepel ¢ oxxupenueM [23]. PRDM16
yMeeT pelliatolliee 3HaueHue J/1s1 AudepeHLPOBKU
Oypot#i >kupoBo# TKaHu [15], KoTopast uUrpaeT BaKHYIO
pOJIb B yZlep’KaHWU TeIula U pacxXof0BaHUM SHepPruu
Ha TIEPBOM Toj1y »Ku3HH [24] 1 ocTaeTcs MeTabomiyeCKu
aKTHBHOM BO B3pocsioM Bo3pacte. JuddepeniianbsHoe
MeTrupoBaHre PRDM 16 Habmoanoch mepest xesy-
[OYHBIM LIIYHTHPOBaHUEM U I0Tepel Beca B )KUPOBOU
TKaHH, YTO TTO3BOJISIET TIPEANOI0XKUTh, YTO YPOBEHb
MeTUIMPOBaHUsI MOAUULIpYeTCs ToTepeli Beca [25].
bb11o Takke obHapykeHO, uTo MeTunvpoBanue JJTHK
B PRDM16 obpaTtumo Npy HeoHaTabHOM BBeZIeHUU
pecBeparpoJia MbliiiaM-camiiam [26]. Hamuuue nud-
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(hbepeHLIMaIbLHOTO METH/IMPOBaHUs B KPOBH, a TaKXe
B MIEPBUUHBIX TKaHSAX B 3THUX UCCIEe[0BAHUSX MMOJUYEp-
KuBaeT rnoteHian PRDM16 B KauecTBe OromMapkepa
JJIs CKpUHUHTA, a TaKXKe ero MoTeHL[1asl B KaueCTBe
KJTFOUEBOTO YYaCTHUKA MeTaboIMueCKUX perymisTop-
HBIX MEXaHW3MOB, Ha KOTOPbIE BIUSIET MaTepHUHCKOe
OXKUpeHuUe.

PRDM16 Bmecte c PTPRNZ2 yyacTByeT B pa3BUTHA
HepBHOM TKaHH [ 16, 27]. JuddepeHipaisHOe METUIN-
poBanue reHoB PRDM16 u PTPRNZ2 B ynciie pourx
Ob1710 06HapY>KeHO B KPOBH IMAL{MEeHTOB C paCCTPOM-
CTBaMH ayTHCTHUUECKOTo criekTpa [28]. B ucciienoBanum
10Ka3aHo, YTO METHU/IOM MO3ra MaLeHTOB C ayTU3MOM
HMeeT CXOZCTBO C METH/IOMOM SMOPHOHAIBHOTO MO3Ta.
ABTODBI BBICKA3bIBAIOT TUIOTe3y 00 MUreHeTHYe CKOM
3afiepkke B MmetwivpoBanuu [IHK B xoze pa3sButus
Mo3ra Ipy pacCTPOMCTBAX ayTUCTUYECKOrO CIIeKTpa,
UTO MOJKeT MPUBECTH K HapyLIEeHUsM Ha YPOBHe
TpaHckpunToma [28]. TToteps PRDM16 y Danio rerio
Y MBILLIY TIPUBOAUT K HApPYLIEHUIO SMOPHOHA/IBHOTO
pa3BUTHS U UepertHo-/IuLeBbIM Aedektam [29]. ITo
MO/ITBEPXKaeTcs U accoipanment reHa PRDM16 c
aHOMaJIUSIMU Pa3BUTHSI, TAKUMH KaK BO/TUbs MacTh [14].

I'en PRDM16 siBnsieTCA UMIIPUHTAPOBAHHBIM
C 3Kcmpeccueit ¢ oToBckoro amens [30]. dudde-
peHI[Ma/bHOe MeTWIMpOBaHue reHa PRDM16 6b110
oOHapy>keHO B obpasijax [|eljilyaJbHOTO STUTesTHs
MaTKH, TIOJTyUeHHOTO TTyTeM BbICKaO/IMBAHYS, Y YKeHIIMH
C TIPUBLIYHBIM HeBbIHAIIMBaHMEM 6epeMeHHOCTH [31].
Bce 310 yKa3sbpiBaeT Ha BO3MOKHOE BIMSIHUE YPOBHS
MeTWIMpoBaHus reHa PRDM16 y MaTepy Ha HOpMaJib-
HOe pa3BuTHe noToMcTBa. HejaBHO OKa3anock, uTo reH
PRDM16 akTUBHO U CTieLu()MUHO IKCTPeCCHUPYETCs B 00-
LIUTax MbIIIeH 1 ero 5KCIpeCccHs MOBBIIAeTCs MPH CTa-
penuu [32]. 3TO COOTBETCTBYET HEKOTOPOMY CHMYKEHHIO
ypoBHsI MeTwMpoBaHust PRDM16 ¢ Bo3pacToM mMarepu
B HallleM HCCJIeJOBaHNH, XOTs KOPPeJIsLiis C BO3pacToOM
MaTepH U Oblsla He3HaUMMOoW. PaHee ObIIO TTOKa3aHO
rUurepMeTUIMpoBaHue reHa PRDM16 B ooLMTax MBbILLEH,
TMOJTyYeHHBIX M0C/e Ky/bTUBUPOBaHKUS (QOIUKY/IOB in
vitro [33]. TIpu ABOMHOM OOLMT-CIieLIi(UUHOM HOKayTe
reHoB PRDM3 1 PRDM16 He Habmoa/10Ch MpeHaTab-
HOM rrbeny, ofHaKO OOMBIITMHCTBO MBbILIeH yMUpam
B TiepBble 2 MecsLa XKu3Hu [32].
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Bri10 BBICKa3aHO Ipe/nosioxKeHre, uto abeppaHT-
HOe MeTuMpoBaHre PRDM16 BbI3bIBaeT My>KCKOe
6ecruionue [34], u ero runomMeTUIMpPOBaHue ObLIO
oOHapy>keHO B 00pas3ijax CriepMaTo30H/I0B C HU3KOU
noziB>XHOCTRIO [35]. Kpome Toro, 6b110 00HApy»keHO,
yto PRDM 16 nuddepeHiansHO METHIMPOBAH B CIiep-
MaTro301/jax B3pOC/bIX, [O[BEPrIINXCS KeCTOKOMY
obpartijenuto B geTcTBe [36], U runepMeTUIMPOBaH
B CIlepMaTo30M/jax noTpebuTteseii kaHHabuca [37]. Ha-
KOHell, Ha Cpe/JHUI YpOBeHb MeTuiMpoBanusi PRDM16
B/IUSIET TTPOTOKOJT TTO/TyUeHHs M 0TOOpa CliepMaTo30H/[0B.
J10TIO/THUTE/IbHBIN 3Tal OYUCTKU OT allONTOTHYUEe CKUX
CIIepMaTO30M/I0B C TIOMOLLIbIO MArHUTHOM CerapaLyn
TPUBOJUT K TMOBBIILIEHUIO YPOBHS METU/IMPOBaHUS
PRDM16 B nony4yeHHbIX criepMaTo3ouzax [38].

Takum oOpa3oM, ypoBeHb METH/IMPOBAHUS reHa
PRDM16 B roHajjax BapuabesieH U MOXXeT U3MEHSTh-
Cs1 TIOJ, BAWSIHWEM Pa3/IMUHbIX ()aKTOPOB BHYTPEHHEMN
Y BHellIHe| cpe/ibl, BK/IIOUasi ypPOBeHb IVIFOKO3bI B KPOBHY,
oxxupeHue U cTpecc. [luddepenipanbsHoe MeTUIN-
poBanre PRDM16 noTeHLMAa/IbHO MOXKET HacJies0-
BaTbCsl TPAHCTeHEePALMOHHO Y BIMATH Ha MPOL{eCChI
B OpraHusMe 1oToMkoB. B cocraBe PRDM16 nmeeTtcs
nomeH SET, oTBeuaroIyii 3a METU/IMPOBAHHE TUCTOHOB.
[HelicTBUTENBHO, MOKa3aHo, uT0 PRDM16 perynupyeT
xpomaruH 6marozapst koHtpomo H3K9me3 u H3K4me3
B 3MOpuoreHese Danio rerio [29]. 3a cueT BiusiHUSA
Ha PeryssiLifi0 MeTHIMPOBAaHUs TUCTOHOB Hab/oaemMoe
B HacToselt pabote auddepeHLaIbEHOE METHTMPOBA-
Hrie PRDM16 MOXeT ObITh CBSI3aHO C MHOYKe CTBeHHBIMHU
aHOMa/IMsIMU TPAHCKPUIITOMA B X0Zie UHUBH/YaIbHOIO
Pa3BUTHUS U PUBOAUTH K rubesii sMOpHoHa.

I'en PTPRNZ2 3aHuMaer elije 6osiee MpOTsHKeHHbIH
yudacTok B reHome (1,048,768 1.H.) ¥ COIEp)KUT B CBO-
eM cocrtaBe 63 CpG-ocTtpoBka. UHTepeCcHO, UTo, Kak
U B ciyvae ¢ reHoM PRDM16, pernoH rena PTPRN2
(7936.3) yacTo noABepraeTcs nepecTpolkam Npu
nevikemuu [39].

I'en PTPRNZ2 kogupyet GesioK, KOTOPbIH (yHKIIMO-
HUpYeT KakK OCHOBHOW OCTPOBKOBBIM ayTOAHTUT€H MPU
muabete I Tura [40-42]. Kak u B ciiyuae ¢ PRDM16,
mvddepeHLManbHOe MeTUIMpoBaHre reHa PTPRN2
YyacTo 060HapyKMBaeTCs Py pa3/TMUHbIX MeTabosuue-
CKUX HapyILLeHUsX, CBSI3aHHBIX C MOBBILLIEHHON MacCcoi
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Tena [43]. Hapyiuenue MeTunupoBanusi reHa PTPRN2
B OCTPOBKax JlaHrepraHnca nokeays04yHON »Keje3bl
OBIIO CBSI3aHO C TIOBBIILIEHHBIM PUCKOM pPa3BUTHS TUa-
Geta Il Tma [44]. JuddepenianrbsHOe METHTUPOBaHE
reHa PTPRNZ2 Habmoanoch B TUIALEHTE U IMyTTOBUHHOM
KpOBH 1pu ivabete 6epemeHHbIX [21, 45-47] u kop-
peIMpoBaso C ypOBHEM IVIIOKO3bI B I/la3Me HaToLaK
y MOHO3UTOTHBIX O/m3Her[oB [48]. [IuddepennyansHoe
MeTu/iMpoBaHue reHa PTPRN2 6b110 oOHapy>KeHO
y MHJWBU/OB, POXKJEHHBIX B Mepuof, Benukoro Ku-
Taiickoro rozga B 1959-1961 rogax [49]. IIpu sTom
I depeHLanbHOe METUIMPOBAHKE 3TOTO FeHa TaKKe
OBIIO CBSI3aHO M C IeTCKUM okupeHueM [47, 50]. Kpome
TOrO0, BMecTe ¢ reHoM PRDM16, red PTPRN?2 Obli1
muddepeHaTbHO METU/IMPOBAH B KDOBH HOBOPO-
JKIEHHBIX OT MaTepeii ¢ oxupeHueM [23]. B HegaBHeM
WCC/IeJOBaHUU yPOBeHb MeTUIMpoBaHus reHa PTPRN2
B TIOIKO’KHOM >KUPOBOM K/IeTUaTKe TakKXKe aCCOI[MMPOBaH
C YPOBHEM TPUTMLEPUAOB B KpoBH [51]. HakoHerlj,
mvddepeHLManbHOe MeTUIMpoBaHre reHa PTPRN2
aCCOLMMPOBAHO CO CTeacTO30M U HeasKOr0JIbHOM JKU-
poBoii 6one3HbI0 TeueHn [52].

OTH pe3y/bTarhl SB/SIOTCS yOe uTe/TbHBIM [J0Ka3a-
TEeJILCTBOM TOT0, UTO JIOKYyChl B PTPRNZ 11710713, BEPOSITHO,
TMOZJAF0TCS MOAU(UKALIMY B 3aBUCHMOCTH OT ITUTaHUs
Marepy U (paKTOpOB, BIUSBIIMX Ha Hee B TeueHre Oepe-
MeHHOCTH. JuddepeHiabHOe METH/IMPOBaHe TeHa
PTPRNZ2 B Ha3a/IbHOM 3ITUTe/IUH AeTeli ObLIO CBA3aHO
C HaCW/IMeM U CTPeCCOM, MepeXXUThIM UX MaTepsMHu
[53]. Kpome Toro, ren PTPRNZ 6b11 arichdepeHLIMaIbHO
METU/IMPOBaH B ITyTIOBUHHOW KPOBU HOBOPOXK/I€HHBIX
C 3a/Iep>KKoi pocTa 1wioza [54, 55]. [Mo-BuanMomy, Ma-
TepHHCKOe B/IMSIHUe Ha YPOBeHb MeTW/IMPOBaHUs I'eHa
PTPRN2 moxeT ObITh CBSI3aHO Y C TPaHCTeHePaLIOHHBIM
SMUreHeTUYeCKUM Hac/leloBaHHeM YPOBHS METU/IUPO-
BaHus B reHe PTPRNZ2 ot MaTepeii K TOTOMCTBY [56].
O[fHaKO BayKeH He TOJIbKO YPOBeHb MeTU/IMPOBAaHUs FeHa
PTPRN?2 y matepu. HefjaBHO Oblyia 0OHapy»keHa CBSI3b
mbdepeHLMaTIbLHOTO MeTUIUpOBaHus reHa PTPRN2
€ My>XCcKuM Gecriioguem [57].

OuddepeHuranbHOe MeTHU/IMPOBaHUE TeHa
PTPRNZ2 uacTto 0OHapy>KUBaeTCs U TIPU APYTUX 3a00-
JIeBaHUSIX, B TOM UKMCJ/Ie UILIeMUUeCKol Ooe3Hu cepALa
[58, 59] u cunpome Mapdana [60]. MeTunupoBaHue
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u sKcripeccust PTPRNZ2 Gb1M cBsi3aHbI C 60J1€3HBIO
ITapkuHcoHa [61-64]. ¥ opHositilleBbIX OJIM3HEII0B
muddepeHraibHoe MeTHIMpoBaHre PTPRN2 Gbu10
CBSI3aHO C Jenpeccueii [65]. YpoBeHb MeTUIMPOBaHUS
PTPRN2 B KpoBH OB CBSI3aH C U3MEHEHUEM YPOBHS
I[JIFOKO3bl U1 HACTPOEHWEM Y YUaCTHUKOB KCIIePUMEH-
Ta I10 ZJ0/ITOBPeMEeHHOW U30/ISIL{MY B paMKaxX MUCCUU
Mapc-500 [66]. MeTa-aHau3 JaHHBIX TI0 BCEMY 3TTH-
reHOMY T10Ka3aJj, uTo AuddepeHLiaIbHO METUIUPO-
BaHHbIN yuyacToK B PTPRNZ2 Obin CBsi3aH C AeTCKOU
acTmotli [67], a runometunvpoBaHHbiii PTPRN2 OblLn
CBsi3aH C OBICTPBIM CHIKeHHeM (DYHKLIWY JIETKUX TIPU
acTMe ¥ XpOHUYeCKOM 00CTpYKTHBHOM OpoHxuTe [68].
JuddepeHimanbHoe MeTunpoBanre reHoB PTPRN2
1 PRDM16 cpeay Ipourx B BUCLIEpaIbHOU )KUPOBOU
TKaHH T103BOJIS/IO BBIJE/IUTH TPYTINY NAaLMEeHTOB C PAKOM
nipsiMoii KUIiku [69].

BbiBOAbI

Takum obpasom, reisi PRDM16 u PTPRN2,
b depeHIIMaILHO-MEeTUTMPOBaHHbIE y YaCTH CIIOH-
TaHHBIX aDOPTYCOB 10 CPAaBHEHUIO C MeJULIMHCKUMU
abopTycamu ¥ CBsi3aHHbIE C yDOBHEM MEeTUTMPOBaHMUS
petpotpancno3oHa LINE-1, 06/1a/jatoT psiioM CXOAHBIX
TIPU3HAKOB. JTO OUYeHb MPOTSDKEeHHBIE TeHbI C O0/IbIINM
yrcioM CpG-0CTPOBKOB B COCTaBe, UTO OTKPbIBAeT
IIIMPOKHE BO3MOKHOCTH ZJIS1 PETY/ISALIMN X aKTUBHOCTH
c nomoriibto MetumpoBanus JTHK. JuddepenipansHoe
METW/INPOBAHUE B JJaHHBIX TeHaX BCTpeuaeTcs Mpu
IIMPOKOM CrieKTpe 3abosieBaHUM, B TIepBYIO ouepesb
CBSI3aHHBIX C HapyLIeHHeM MeTabomi3Ma. Kpome Toro,
IuddepeHLabHOE METUIMPOBaHUE 3TUX T'eHOB Ha-
OnromaeTcs y riofia B 3aBUCUMOCTH OT MeTabomiueCcKrx
npo6sieM y Matepy. HakoHell, Hapy1ieH!si MEeTH/IUPO-
BaHMsI 000MX FeHOB CBSI3aHBI C MY>KCKUM OeCTIofieM.
st 060Mx TeHOB TTOKa3aHa TpaHCTeHepaLMoOHHas
SMUreHeTHYeCcKas HaceyeMoCTb. OZfHAaKO B HallleM
WCCIeJOBAHUH CPe/Ii CIIOHTaHHBIX aOOPTYCOB I1epBOTo
TPUMeCTpa HapylleHusl 0 YPOBHIO MeTU/INPOBaHUS
Ha0JII0aTMCh TOTBKO /11 reHa PRDM 16, KOTOPBIA
TPU 3TOM KOPPeJIMpOBa C YpOBHEM METHU/INPOBaHUS
LINE-1. ITonyyeHHble pe3ynbTaThl YKa3bIBatOT, UTO
MUreHeTUYeCKYe HapylleHusi reHa PRDM16, moMumMo
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HapylLleHii Ha 6osiee MO3AHUX CPOKaxX OepeMeHHOCTH,
MOTYT OBITh CBsI3aHBI CO CIIOHTAHHBIM TTPEepPbIBAHHUEM
bepeMeHHOCTH B TIEPBOM TPUMECTDE.

Buénuorpaduuecknin cnucok/ References

1. Edmonds DK, Lindsay KS, Miller JF, Williamson E, Wood PJ.
Early embryonic mortality in women. Fertil Steril. 1982;38(4): 447-53.

2. Ford HB, Schust DJ. Recurrent pregnancy loss: etiology,
diagnosis, and therapy. Rev Obstet Gynecol. 2009;2(2):76-83.

3. Eiben B, Bartels I, Bahr-Porsch S, Borgmann S, Gatz G,
Gellert G, Goebel R, Hammans W, Hentemann M, Osmers R. Cytogenetic
analysis of 750 spontaneous abortions with the direct-preparation method
of chorionic villi and its implications for studying genetic causes of
pregnancy wastage. Am J Hum Genet. 1990;47(4):656-63.

4. Menasha J, Levy B, Hirschhorn K, Kardon NB. Incidence and
spectrum of chromosome abnormalities in spontaneous abortions:
new insights from a 12-year study. Genet Med. 2005;7(4): 251-63.
doi: 00125817-200504000-00005

5. Baranov VS, Kuznetsova TV. Cytogenetics of human embryonic
development. 2007. Saint-Petersburs. Russia. 639 p. [bapanos BC,
Ky3Herjoa TB, LluToreHetrika SMOpHOHANBHOTO Pa3BUTHS Ue/IOBEKa.
2007. CI16 U3a-8o H-JI. 639 c.]. (In Russian).

6. Vlahos A, Mansell T, Saffery R, Novakovic B. Human placental
methylome in the interplay of adverse placental health, environmental
exposure, and pregnancy outcome. PLoS Genet. 2019;15(8): e1008236.
doi: 10.1371/journal.pgen.1008236

7. Tolmacheva EN, Vasilyev SA, Nikitina TV, Lytkina ES,
Sazhenova EA, Zhigalina DI, Vasilyeva OY, Markov AV, Demeneva VV,
Tashireva LA, Kashevarova AA, Lebedev IN. Identification of
differentially methylated genes in first-trimester placentas with trisomy
16. Sci Rep. 2022;12(1):1166. doi: 10.1038/s41598-021-04107-9

8. Vasilyev SA, Tolmacheva EN, Vasilyeva OY, Markov AV,
Zhigalina DI, Zatula LA, Lee VA, Serdyukova ES, Sazhenova EA,
Nikitina TV, Kashevarova AA, Lebedev IN. LINE-1 retrotransposon
methylation in chorionic villi of first trimester miscarriages with
aneuploidy. J Assist Reprod Genet. 2021;38(1):139-149. doi: 10.1007/
$10815-020-02003-1

9. Lebedev IN, Ostroverkhova NV, Nikitina TV, Sukhanova NN,
Nazarenko SA. Features of chromosomal abnormalities in spontaneous
abortion cell culture failures detected by interphase FISH analysis.
Eur J Hum Genet. 2004;12(7):513-20. doi: 10.1038/sj.ejhg.5201178

10. Vasilyev SA, Timoshevsky VA, Lebedev IN. Cytogenetic
mechanisms of aneuploidy in somatic cells of chemonuclear industry
professionals with incorporated plutonium-239. Russian Journal of
Genetics. 2010;46(11):1381-1385. doi: 10.1134/51022795410110141

11. Vasilyev SA, Tolmacheva EN, Kashevarova AA, Sazhenova EA,
Lebedev IN. Methylation status of LINE-1 retrotransposon in
chromosomal mosaicism during the early stages of human embryonic
development. Molecular Biology (Moscow). 2015;49(1):144-152.
doi: 10.1134/S0026893314060193 [Bacunber C.A., Toamauega E.H.,
Kaweeaposa A.A., Cadicenosa E.A., Jlebedes M.H. Craryc MeTHIu-
poBaHnus perporpaHcnosoHa LINE-1 npu xpoMocoMHOM Mo3auL3Me
Ha PaHHHUX CTa[UsX SMOPHOHAIBLHOTO Pa3BUTHS YesioBeKa // Mouie-

528

KynsipHast 6uosorust. 2015. T. 49. Ne 1. C. 165-174. doi: 10.7868/
S0026898414060196 V]. (In Russian).

12. Nishikata I, Sasaki H, Iga M, Tateno Y, Imayoshi S, Asou N,
Nakamura T, Morishita K. A novel EVI1 gene family, MEL1, lacking
a PR domain (MEL1S) is expressed mainly in t(1;3)(p36; g21)-positive
AML and blocks G-CSF-induced myeloid differentiation. Blood.
2003;102(9):3323-32. doi: 10.1182/blood-2002-12-3944

13. Mochizuki N, Shimizu S, Nagasawa T, Tanaka H, Taniwaki M,
Yokota J, Morishita K. A novel gene, MEL1, mapped to 1p36.3 is highly
homologous to the MDS1/EVI1 gene and is transcriptionally activated
in t(1;3)(p36; q21)-positive leukemia cells. Blood. 2000;96(9):3209-14.

14. Bjork B, Vieira A, Faust S, Camper S, Murray J,
Beier D. Phenotypic, genetic, and developmental characterization
of CPO1, a recessive ENU-induced mouse model of cleft palate.
Mouse Molecular Genetics. Cold Spring Harbor Press, Woodbury,
NY. 2006. 149 p.

15. Kajimura S, Seale P, Tomaru T, Erdjument-Bromage H,
Cooper MP, Ruas JL, Chin S, Tempst P, Lazar MA, Spiegelman BM.
Regulation of the brown and white fat gene programs through
a PRDM16/CtBP transcriptional complex. Genes Dev.
2008;22(10):1397-409. doi: 10.1101/gad.1666108

16. Horn KH, Warner DR, Pisano M, Greene RM. PRDM16
expression in the developing mouse embryo. Acta Histochem.
2011;113(2):150-5. doi: 10.1016/j.acthis.2009.09.006

17. Chen P, Piaggi P, Traurig M, Bogardus C, Knowler WC,
Baier LJ, Hanson RL. Differential methylation of genes in individuals
exposed to maternal diabetes in utero. Diabetologia. 2017; 60(4):
645-655. doi: 10.1007/s00125-016-4203-1

18. Taschereau A, Thibeault K, Allard C, Juvinao-Quintero D,
Perron P, Lutz SM, Bouchard L, Hivert MF. Maternal glycemia in
pregnancy is longitudinally associated with blood DNAm variation
at the FSD1L gene from birth to 5 years of age. Clin Epigenetics.
2023;15(1):107. doi: 10.1186/s13148-023-01524-7

19. Cote S, Gagne-Ouellet V, Guay SP, Allard C, Houde AA,
Perron P, Baillargeon JP, Gaudet D, Guerin R, Brisson D, Hivert MF,
Bouchard L. PPARGC1alpha gene DNA methylation variations in
human placenta mediate the link between maternal hyperglycemia and
leptin levels in newborns. Clin Epigenetics. 2016;8:72. doi: 10.1186/
s13148-016-0239-9

20. Lim IY, Lin X, Teh AL, Wu Y, Chen L, He M, Chan
SY, Maclsaac JL, Chan JKY, Tan KH, Chong MFF, Kobor MS,
Godfrey KM, Meaney MJ, Lee YS, Eriksson JG, Gluckman PD,
Chong Y, Karnani N. Dichotomy in the Impact of Elevated Maternal
Glucose Levels on Neonatal Epigenome. J Clin Endocrinol Metab.
2022;107(3): e1277-e1292. doi: 10.1210/clinem/dgab710

21. Wang WJ, Huang R, Zheng T, Du Q, Yang MN, Xu YJ, Liu X,
Tao MY, He H, Fang F, Li F, Fan JG, Zhang J, Briollais L, Ouyang F,
Luo ZC. Genome-Wide Placental Gene Methylations in Gestational
Diabetes Mellitus, Fetal Growth and Metabolic Health Biomarkers
in Cord Blood. Front Endocrinol (Lausanne). 2022;13:875180.
doi: 10.3389/fendo.2022.875180

22. Sugiyama T, Benitez CM, Ghodasara A, Liu L, McLean GW,
Lee J, Blauwkamp TA, Nusse R, Wright CV, Gu G, Kim SK.
Reconstituting pancreas development from purified progenitor cells
reveals genes essential for islet differentiation. Proc Natl Acad Sci
USA. 2013;110(31):12691-6. doi: 10.1073/pnas.1304507110

MEOAVUNHCKAA TEHETNKA



Vasilyev SA et al. RUDN Journal of Medicine. 2023;27(4)

23. Sasaki A, Murphy KE, Briollais L, McGowan PO, Matthews SG.
DNA methylation profiles in the blood of newborn term infants born to
mothers with obesity. PLoS One. 2022;17(5): e0267946. doi: 10.1371/
journal.pone.0267946

24. Seale P, Conroe HM, Estall J, Kajimura S, Frontini A,
Ishibashi J, Cohen P, Cinti S, Spiegelman BM. Prdm16 determines
the thermogenic program of subcutaneous white adipose tissue in mice.
J Clin Invest. 2011;121(1):96-105. doi: 10.1172/JCI44271

25. Benton MC, Johnstone A, Eccles D, Harmon B, Hayes MT,
Lea RA, Griffiths L, Hoffman EP, Stubbs RS, Macartney-Coxson D. An
analysis of DNA methylation in human adipose tissue reveals
differential modification of obesity genes before and after gastric
bypass and weight loss. Genome Biol. 2015;16(1):8. doi: 10.1186/
$13059-014-0569-x

26. Serrano A, Asnani-Kishnani M, Couturier C, Astier J, Palou A,
Landrier JF, Ribot J, Bonet ML. DNA Methylation Changes are
Associated with the Programming of White Adipose Tissue Browning
Features by Resveratrol and Nicotinamide Riboside Neonatal
Supplementations in Mice. Nutrients. 2020; 12(2). doi: 10.3390/
nul2020461

27. Willi-Monnerat S, Migliavacca E, Surdez D, Delorenzi M,
Luthi-Carter R, Terskikh AV. Comprehensive spatiotemporal
transcriptomic analyses of the ganglionic eminences demonstrate
the uniqueness of its caudal subdivision. Mol Cell Neurosci.
2008;37(4):845-56. doi: 10.1016/j.mcn.2008.01.009

28. Corley MJ, Vargas-Maya N, Pang APS, Lum-Jones A, Li D,
Khadka V, Sultana R, Blanchard DC, Maunakea AK. Epigenetic Delay
in the Neurodevelopmental Trajectory of DNA Methylation States in
Autism Spectrum Disorders. Front Genet. 2019;10:907. doi: 10.3389/
fgene.2019.00907

29. Shull LC, Sen R, Menzel J, Goyama S, Kurokawa M,
Artinger KB. The conserved and divergent roles of Prdm3 and
Prdm16 in zebrafish and mouse craniofacial development. Dev Biol.
2020;461(2):132—144. doi: 10.1016/j.ydbio.2020.02.006

30. Luedi PP, Dietrich FS, Weidman JR, Bosko JM, Jirtle RL,
Hartemink AJ. Computational and experimental identification of
novel human imprinted genes. Genome Res. 2007;17(12):1723-30.
doi: 10.1101/gr.6584707

31. PiL, Zhang Z, Gu 'Y, Wang X, Wang J, Xu J, Liu J, Zhang X,
Du J. DNA methylation profiling in recurrent miscarriage. Peer J.
2020;8: e8196. doi: 10.7717/peerj.8196

32. Nishimura H, Ikawa Y, Kajikawa E, Shimizu-Mizuno N,
Hiver S, Tabata-Okamoto N, Mori M, Kitajima T, Hayashi T,
Yoshimura M, Umeda M, Nikaido I, Kurokawa M, Watanabe T,
Hamada H. Maternal epigenetic factors in embryonic and postnatal
development. Genes Cells. 2023;28(6):422-432. doi: 10.1111/gtc.13024

33. Saenz-de-Juano MD, Ivanova E, Billooye K, Herta AC, Smitz J,
Kelsey G, Anckaert E. Genome-wide assessment of DNA methylation
in mouse oocytes reveals effects associated with in vitro growth,
superovulation, and sexual maturity. Clin Epigenetics. 2019;11(1):197.
doi: 10.1186/s13148-019-0794-y

34. Qin L, Luo X-Q, Wei J-X, Wei Y-X, Wang J-L, Zhang L-L,
Huang H-B, Wei X-C. Genome-wide DNA methylation analysis of
oligospermia and asthenozoospermia in a Chinese population. Int J
Clin Exp Med. 2019;12(4):3168-3184.

35. Pacheco SE, Houseman EA, Christensen BC, Marsit CJ,
Kelsey KT, Sigman M, Boekelheide K. Integrative DNA methylation

MEDICAL GENETICS

and gene expression analyses identify DNA packaging and epigenetic
regulatory genes associated with low motility sperm. PLoS One.
2011;6(6): €20280. doi: 10.1371/journal.pone.0020280

36. Roberts AL, Gladish N, Gatev E, Jones MJ, Chen Y,
Maclsaac JL, Tworoger SS, Austin SB, Tanrikut C, Chavarro JE,
Baccarelli AA, Kobor MS. Exposure to childhood abuse is associated
with human sperm DNA methylation. Transl Psychiatry. 2018;8(1):194.
doi: 10.1038/s41398-018-0252-1

37. Murphy SK, Itchon-Ramos N, Visco Z, Huang Z, Grenier
C, Schrott R, Acharya K, Boudreau MH, Price TM, Raburn DJ,
Corcoran DL, Lucas JE, Mitchell JT, McClernon FJ, Cauley M,
Hall BJ, Levin ED, Kollins SH. Cannabinoid exposure and altered DNA
methylation in rat and human sperm. Epigenetics. 2018;13(12):1208-
1221. doi: 10.1080/15592294.2018.1554521

38. Stimpfel M, Vrtacnik-Bokal E. Minor DNA methylation
changes are observed in spermatozoa prepared using different protocols.
Andrology. 2020; 8(5): 1312-1323. doi: 10.1111/andr.12832

39. Gulino GM, Bruno F, Sturiale V, Brancato D, Ragusa D, Tosi S,
Saccone S, Federico C. From FISH to Hi-C: The Chromatin Architecture
of the Chromosomal Region 7q36.3, Frequently Rearranged in
Leukemic Cells, Is Evolutionary Conserved. Int J Mol Sci. 2021;22(5).
doi: 10.3390/ijms22052338

40. Lan MS, Wasserfall C, Maclaren NK, Notkins AL. IA-2,
a transmembrane protein of the protein tyrosine phosphatase family,
is a major autoantigen in insulin-dependent diabetes mellitus. Proc Natl
Acad Sci U S A. 1996;93(13):6367-70. doi: 10.1073/pnas.93.13.6367

41. LuJ, Li Q, Xie H, Chen ZJ, Borovitskaya AE, Maclaren NK,
Notkins AL, Lan MS. Identification of a second transmembrane protein
tyrosine phosphatase, IA-2beta, as an autoantigen in insulin-dependent
diabetes mellitus: precursor of the 37-kDa tryptic fragment. Proc Natl
Acad Sci U S A. 1996;93(6):2307-11. doi: 10.1073/pnas.93.6.2307

42. Wasmeier C, Hutton JC. Molecular cloning of phogrin,
a protein-tyrosine phosphatase homologue localized to insulin
secretory granule membranes. J Biol Chem. 1996;271(30):18161-70.
doi: 10.1074/jbc.271.30.18161

43. Dragic D, Ennour-Idrissi K, Michaud A, Chang SL, Durocher F,
Diorio C. Association Between BMI and DNA Methylation in Blood
or Normal Adult Breast Tissue: A Systematic Review. Anticancer Res.
2020;40(4):1797-1808. doi: 10.21873/anticanres.14134

44, Ouni M, Saussenthaler S, Eichelmann F, Jahnert M, Stadion M,
Wittenbecher C, Ronn T, Zellner L, Gottmann P, Ling C, Schulze MB,
Schurmann A. Epigenetic Changes in Islets of Langerhans Preceding
the Onset of Diabetes. Diabetes. 2020;69(11):2503-2517. doi: 10.2337/
db20-0204

45. Weng X, Liu F, Zhang H, Kan M, Wang T, Dong M,
Liu Y. Genome-wide DNA methylation profiling in infants born to
gestational diabetes mellitus. Diabetes Res Clin Pract. 2018;142:10-18.
doi: 10.1016/j.diabres.2018.03.016

46. Awamleh Z, Butcher DT, Hanley A, Retnakaran R, Haertle L,
Haaf T, Hamilton J, Weksberg R. Exposure to Gestational Diabetes
Mellitus (GDM) alters DNA methylation in placenta and fetal cord
blood. Diabetes Res Clin Pract. 2021; 174: 108690. doi: 10.1016/j.
diabres.2021.108690

47. Yang IV, Zhang W, Davidson EJ, Fingerlin TE, Kechris K,
Dabelea D. Epigenetic marks of in utero exposure to gestational diabetes
and childhood adiposity outcomes: the EPOCH study. Diabet Med.
2018;35(5):612—620. doi: 10.1111/dme.13604

529



Bacunves C.A. u 0p. Bectuux PYJH. Cepusa: Meguumna. 2023. T. 27. Ne 4

48. Wang W, Yao W, Tan Q, Li S, Duan H, Tian X, Xu C,
Zhang D. Identification of key DNA methylation changes on fasting
plasma glucose: a genome-wide DNA methylation analysis in
Chinese monozygotic twins. Diabetol Metab Syndr. 2023;15(1):159.
doi: 10.1186/s13098-023-01136-4

49. Li S, Wang W, Zhang D, Li W, Lund J, Kruse T, Mengel-From J,
Christensen K, Tan Q. Differential regulation of the DNA methylome in
adults born during the Great Chinese Famine in 1959-1961. Genomics.
2021;113(6):3907-3918. doi: 10.1016/j.ygeno.2021.09.018

50. Lee S. The association of genetically controlled CpG
methylation (cg158269415) of protein tyrosine phosphatase, receptor
type N2 (PTPRN2) with childhood obesity. Sci Rep. 2019;9(1):4855.
doi: 10.1038/s41598-019-40486-w

51. Ronn T, Perfilyev A, Jonsson J, Eriksson KF, Jorgensen SW,
Brons C, Gillberg L, Vaag A, Stener-Victorin E, Ling C. Circulating
triglycerides are associated with human adipose tissue DNA
methylation of genes linked to metabolic disease. Hum Mol Genet.
2023;32(11):1875-1887. doi: 10.1093/hmg/ddad024

52. Melton PE, Burton MA, Lillycrop KA, Godfrey KM,
Rauschert S, Anderson D, Burdge GC, Mori TA, Beilin LJ, Ayonrinde
OT, Craig JM, Olynyk JK, Holbrook JD, Pennell CE, Oddy WH,
Moses EK, Adams LA, Huang RC. Differential DNA methylation of
steatosis and non-alcoholic fatty liver disease in adolescence. Hepatol
Int. 2023;17(3):584-594. doi: 10.1007/s12072-022-10469-7

53. Yan Q, Forno E, Cardenas A, Qi C, Han Y'Y, Acosta-Perez E,
Kim S, Zhang R, Boutaoui N, Canino G, Vonk JM, Xu CJ, Chen W,
Marsland A, Oken E, Gold DR, Koppelman GH, Celedon JC. Exposure
to violence, chronic stress, nasal DNA methylation, and atopic asthma
in children. Pediatr Pulmonol. 2021;56(7):1896-1905. doi: 10.1002/
ppul.25372

54. Krishna RG, Vishnu Bhat B, Bobby Z, Papa D, Badhe B,
Kalidoss VK, Karli S. Identification of differentially methylated
candidate genes and their biological significance in [IUGR neonates
by methylation EPIC array. J Matern Fetal Neonatal Med. 2022; 35(3):
525-533. doi: 10.1080/14767058.2020.1727881

55. Williams L, Seki Y, Delahaye F, Cheng A, Fuloria M, Hughes
Einstein F, Charron MJ. DNA hypermethylation of CD3(+) T cells
from cord blood of infants exposed to intrauterine growth restriction.
Diabetologia. 2016;59(8):1714-23. doi: 10.1007/s00125-016-3983-7

56. Garcia E, Wiemels J, Marconett C, Corona K, Howe C, Foley H,
Lerner D, Lurvey N, Farzan S, Bastain T, Breton C, Mohazzab-
Hosseinian S. Effect of Parental Adverse Childhood Experiences
on Intergenerational DNA Methylation Signatures. Res Sq. 2023.
doi: 10.21203/rs.3.rs-2977515/v1

57. Sarkar S, Sujit KM, Singh V, Pandey R, Trivedi S, Singh K,
Gupta G, Rajender S. Array-based DNA methylation profiling reveals
peripheral blood differential methylation in male infertility. Fertil
Steril. 2019;112(1):61-72 el. doi: 10.1016/j.fertnstert.2019.03.020

58. Agha G, Mendelson MM, Ward-Caviness CK, Joehanes R,
Huan T, Gondalia R, Salfati E, Brody JA, Fiorito G, Bressler J,
Chen BH, Ligthart S, Guarrera S, Colicino E, Just AC, Wahl S, Gieger C,
Vandiver AR, Tanaka T, Hernandez DG, Pilling LC, Singleton AB,
Sacerdote C, Krogh V, Panico S, Tumino R, Li Y, Zhang G, Stewart JD,
Floyd JS, Wiggins KL, Rotter JI, Multhaup M, Bakulski K, Horvath S,
Tsao PS, Absher DM, Vokonas P, Hirschhorn J, Fallin MD, Liu C,
Bandinelli S, Boerwinkle E, Dehghan A, Schwartz JD, Psaty BM,
Feinberg AP, Hou L, Ferrucci L, Sotoodehnia N, Matullo G, Peters A,

530

Fornage M, Assimes TL, Whitsel EA, Levy D, Baccarelli AA. Blood
Leukocyte DNA Methylation Predicts Risk of Future Myocardial
Infarction and Coronary Heart Disease. Circulation. 2019;140(8):645—
657. doi: 10.1161/CIRCULATIONAHA.118.039357

59. Krolevets M, Cate VT, Prochaska JH, Schulz A, Rapp S,
Tenzer S, Andrade-Navarro MA, Horvath S, Niehrs C, Wild PS. DNA
methylation and cardiovascular disease in humans: a systematic review
and database of known CpG methylation sites. Clin Epigenetics.
2023;15(1):56. doi: 10.1186/s13148-023-01468-y

60. van Andel MM, Groenink M, van den Berg MP, Timmermans J,
Scholte A, Mulder BJM, Zwinderman AH, de Waard V. Genome-
wide methylation patterns in Marfan syndrome. Clin Epigenetics.
2021;13(1):217. doi: 10.1186/s13148-021-01204-4

61. Chuang YH, Lu AT, Paul KC, Folle AD, Bronstein JM,
Bordelon Y, Horvath S, Ritz B. Longitudinal Epigenome-Wide
Methylation Study of Cognitive Decline and Motor Progression
in Parkinson’s Disease. J Parkinsons Dis. 2019;9(2):389—-400.
doi: 10.3233/JPD-181549

62. Grunblatt E, Mandel S, Jacob-Hirsch J, Zeligson S, Amariglo N,
Rechavi G, Li J, Ravid R, Roggendorf W, Riederer P, Youdim
MB. Gene expression profiling of parkinsonian substantia nigra pars
compacta; alterations in ubiquitin-proteasome, heat shock protein,
iron and oxidative stress regulated proteins, cell adhesion/cellular
matrix and vesicle trafficking genes. J Neural Transm (Vienna).
2004;111(12):1543-73. doi: 10.1007/s00702-004-0212-1

63. Sandor C, Robertson P, Lang C, Heger A, Booth H,
Vowles J, Witty L, Bowden R, Hu M, Cowley SA, Wade-Martins R,
Webber C. Transcriptomic profiling of purified patient-derived
dopamine neurons identifies convergent perturbations and therapeutics
for Parkinson’s disease. Hum Mol Genet. 2017;26(3):552-566.
doi: 10.1093/hmg/ddw412

64. Kochmanski J, Kuhn NC, Bernstein Al Parkinson’s disease-
associated, sex-specific changes in DNA methylation at PARK7 (DJ-1),
SLC17A6 (VGLUT2), PTPRN2 (IA-2beta), and NR4A2 (NURR1) in
cortical neurons. NPJ Parkinsons Dis. 2022;8(1):120. doi: 10.1038/
s41531-022-00355-2

65. Wang W, Li W, Wu Y, Tian X, Duan H, Li S, Tan Q, Zhang D.
Genome-wide DNA methylation and gene expression analyses in
monozygotic twins identify potential biomarkers of depression. Transl
Psychiatry. 2021;11(1):416. doi: 10.1038/s41398-021-01536-y

66. Liang F, Lv K, Wang Y, Yuan Y, Lu L, Feng Q, Jing X, Wang H,
Liu C, Rayner S, Ling S, Chen H, Wan Y, Zhou W, He L, Wu B,
Qu L, Chen S, Xiong J, Li Y. Personalized Epigenome Remodeling
Under Biochemical and Psychological Changes During Long-Term
Isolation Environment. Front Physiol. 2019;10:932. doi: 10.3389/
fphys.2019.00932

67. den Dekker HT, Burrows K, Felix JF, Salas LA, Nedeljkovic I,
Yao J, Rifas-Shiman SL, Ruiz-Arenas C, Amin N, Bustamante M,
DeMeo DL, Henderson AJ, Howe CG, Hivert MF, Ikram MA, de
Jongste JC, Lahousse L, Mandaviya PR, van Meurs JB, Pinart M,
Sharp GC, Stolk L, Uitterlinden AG, Anto JM, Litonjua AA, Breton
CV, Brusselle GG, Sunyer J, Smith GD, Relton CL, Jaddoe VWYV,
Duijts L. Newborn DNA-methylation, childhood lung function, and
the risks of asthma and COPD across the life course. Eur Respir J.
2019;53(4). doi: 10.1183/13993003.01795-2018

68. Chen YC, Tsai YH, Wang CC, Liu SF, Chen TW, Fang WF,
Lee CP, Hsu PY, Chao TY, Wu CC, Wei YF, Chang HC, Tsen CC,

MEOAVUNHCKAA TEHETNKA



Vasilyev SA et al. RUDN Journal of Medicine. 2023;27(4)

Chang YP, Lin MC. Epigenome-wide association study on asthma and Crujeiras AB. DNA methylome in visceral adipose tissue can
chronic obstructive pulmonary disease overlap reveals aberrant DNA  discriminate patients with and without colorectal cancer. Epigenetics.
methylations related to clinical phenotypes. Sci Rep. 2021;11(1):5022.  2022;17(6):665-676. doi: 10.1080/15592294.2021.1950991
doi: 10.1038/s41598-021-83185-1

69. Izquierdo AG, Boughanem H, Diaz-Lagares A, Arranz-Salas I,
Esteller M, Tinahones FJ, Casanueva FF, Macias-Gonzalez M,

OmeemcmeeHHblil 3a nepenucky: BacuibeB CTaHuC/IaB AHaTO/ILEBUY — JOKTOP OHO/IOrMueCKUX HayK, PyKOBOAUTEJTh Jia-
6opaTopuu UHCTPyMeHTaIbHOH reHoMyuku HVW MequiiuHCKON reHeTky TOMCKOTO Hal[MOHAILHOIO UCC/Ie[0BaTeIbCKOTO
MEeJULIMHCKOTO LIeHTPa, podeccop Kadeapbl FeHETUKH ¥ K/IETOUHOW Oroioruy HalMoHa bHOTO MCCIIe[0BaTeNbCKOro TOMCKOTo
rocyapCTBeHHOro YHUBepcuTeTa, Poccuiickas ®enepauusi, 634050, . Tomck, ya. HabepexxHast peku Yinaiiku f. 10. E-mail:
stanislav.vasilyev@medgenetics.ru

Bacunbses C.A. SPIN 8087-5222; ORCID 0000-0002-5301-070X

Bacunbsesa O.1O. SPIN 3582-1273; ORCID 0000-0001-5797-0014

Hemenesa B.B. SPIN 3631-0953; ORCID 0000-0002-5315-4914

3yeB A.C. SPIN 3235-1754; ORCID 0000-0001-9474-9335

CaxenoBa E.A. SPIN 8788-4112; ORCID 0000-0003-3875-3932

Hukutnna T.B. SPIN 8941-1605; ORCID 0000-0002-4230-6855

Tonmauesa E.H. SPIN 7837-4073; ORCID 0000-0001-6427-3276

Corresponding author: Stanislav A. Vasilyev, PhD, Dr.Sc., Head of Laboratory of Genomic Tools, Research Institute of Medical
Genetics, Tomsk National Research Medical Center, Professor of Department of Genetics and Cell Biology of National Research
Tomsk State University, 634050, Tomsk, Nab. Ushaiki, 10, Russian Federation. E-mail: stanislav.vasilyev@medgenetics.ru
Vasilyev S.A. ORCID 0000-0002-5301-070X

Vasilyeva O. Yu. ORCID 0000-0001-5797-0014

Demeneva V.V. ORCID 0000-0002-5315-4914

Zuev A.S. ORCID 0000-0001-9474-9335

Sazhenova E.A. ORCID 0000-0003-3875-3932

Nikitina T.V. ORCID 0000-0002—-4230-6855

Tolmacheva E.N. ORCID 0000-0001-6427-3276

MEDICAL GENETICS 531






	Содержание
	Contents
	ФИЗИОЛОГИЯ. ЭКСПЕРИМЕНТАЛЬНАЯ ФИЗИОЛОГИЯ
	PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY
	ИММУНОЛОГИЯ
	IMMUNOLOGY
	ОРГАНИЗАЦИЯ ЗДРАВООХРАНЕНИЯ И ОБЩЕСТВЕННОЕ ЗДОРОВЬЕ
	HEALTH POLICY AND PUBLIC HEALTH
	МЕДИЦИНСКАЯ ГЕНЕТИКА
	MEDICAL GENETICS

