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IIpeAKTOPHI HAYAJIBHOM CTAUV XPOHUUYECKOU CEPAEUYHOU
HeJOCTATOYHOCTHU IIPU caXapHOM auadere 2-ro TUIa

J.B. I'paxxnankuna, A.A. JIéemun, M.A. Borgaps

@I'bOY BO «Hogocubupckuil 2ocydapcmeettblit meduyuHckuil yHugepcumem» Munadpaea Poccuu

AHHOTAIIUA

BBenenue. Caxapubiii iuaber 2-ro tumna (C/I2) cyuTaeTcs S5KBUBAJIEHTOM CEPJIEYHO-COCY/TUCTHIX 3a00JIEBAHUM, TaK
KaK €ro OCJIOKHEHHS SABJIAIOTCSA MHKDPO- M MaKpPOBACKYJIIPDHBIMH. MHCYJMHOPE3UCTEHTHOCTh U THUIIEPUHCYJIMHEMUS,
HapyllleHre TOJIEPAHTHOCTH K IVIIOKO3€ U IVIMKEMUU HATOLAK U UX IOC/IeAYIOINe Ae3aJalTHBHbIE PEaKIIUN [IPUBOJIAT K
JuchYHKIIMN MHUOKap/a 3a HeCKOJIbKO JieT 1o MaHudecranuu C/12. ITaTosornueckre n3MeHEHUs CEP/IeIHO-COCYAUCTON
cucremsl 1pu C/12 MOTYT AJIUTeIbHOE BPeMs IPOrPecCUpOBaTh O€CCUMITOMHO.

I ens. BplaBUTH KIMHUYECKHUE, Tab0paTOpHBIE, sX0Kapaunorpaduueckue (IxoKI') mpeanKTOphl HAaYaIbHBIX IIPOSIBIIE-
HUM XPOHUYECKOU cepeuHoi HepoctatouHoctd (XCH) y 601pHBIX CL12.

MaTtepuaysbl U MeTO/bI. B uccienopanme BKIOUEHO 94 60bHBIX CII2 ¢ HauanbHbIMU cumnToMamu XCH u 6e3
TaKOBBIX B BO3PACTE OT 40 /0 65 JieT. Bce 60bHbIE MMETH OXKUPEHNE WU U30BITOK MAacChl TeJIa U apTEPUATBHYIO THIIED-
Tensuio (ATl'), 37 60IbHBIX — cTaOWIBHYIO HIleMuuecKyo 6oses3Hb cepana (CUBC). BosbHBIM MTPOBOAUINA KJIMHUKO-
snabopaTopHoe 0b6cefoBanue, TectT 6-MuHYTHOU X01b0bI (TIIX), 9x0KT', onrpeesisiiu KOHIeHTpaIuio N-KOHI[EBOTO IPO-
IeNTH/Ia HaTpHuilypeTnyeckoro ropmona B-tuma (NT-npoBNP). BosibHBIX pa3zaenmiu Ha 2 rpynnsl: 6e3 cumnromoB XCH
(1-s1 rpynma, n = 54) u ¢ HaganpHBIMU cuMrtomamu XCH (2-1 rpymnma, n = 40) ¥ IPOBEJIN X CPABHEHHE.
PesynbTaThl. BpIABIEHBI pa3ndusa MeXXAy BTOPOU M IEPBOH Irpynnamu o jurenasHocta C2 (10.5 vs 7.5 rofa,
p =0.01) u AT (15 Vs 10 JieT, p = 0.009); yactote Bcrpedaemoctu CUBC (70 vs 16.7 %, p < 0.0001); AUCTAHIIUH, IPOHIEH-
Hou Bo Bpems THIX (375 vs 425 M, p < 0.0001); meauane ypoBHs NT-npoBNP (38.5 vs 27.2 nir/mi1, p = 0.031); pazmepy
snesoro npexacepaus (JIII) (4.4 vs 4.2 cM, p = 0.044); TOJIUHE 33/IHEN cTeHKH JeBoTo Kemyaouka (3CJIK) (1.05 cm vs
0.95 €M, p = 0.02); YPOBHIO TPUTJIUIIEPUIOB (2.3 VS 1.6 MMOJIb/JI, p = 0.03) U CKOPOCTH KI1y60ukoBoit dhuibrpariuu (CKD)
(74.1 vs 79.1 M/MuH/1.73 M%, p = 0.04). MeTOAOM AMCKPUMHUHAHTHOTO aHAJIN3a BBISBJIEHA COBOKYIHOCTH (PAaKTOPOB,
XapaKTepHBIX /ISl HadaJabHBIX mposiBieHuit XCH: mmurensHocTh MBC (mpuHHMaemas 3a O MPU €€ OTCYTCTBUH,
p < 0.00001), Toniunaa 3CJIK (p = 0.000007), CK® (p = 0.0009), pazmep JIII (p = 0.005), ypOBEHDb TPUTTIUIIEPUIOB
(p = 0.03), pmurenbHOCTH C/12 (P = 0.046). YpoBeHb NT-nipoBNP > 125 1ir/ Mt BbisiBJIeH v 16 % GosibHBIX C/I2 11 B3auMoc-
BSI3aH C JUTUTEILHOCTHIO irnabeta 6ostee 10 jieT (p = 0.0085), HanuuneMm CUBC (p < 0.0001), HHAEKCOM MacChl MHOKap/a
seBoro xkerynouka (JIK) (p = 0.0005) u dpaknueii Beiopoca JIK (p < 0.0001).

3aknwueHue. IIpeUKTOpaMH HAYAIBHBIX IIPOSBIEHUH XPOHUYECKOU CEPAEYHON HETOCTATOYHOCTH Y OOJIBHBIX
caxapHbIM JI1abeToM 2-T0 TUIIA ABJISIINCH Hannure u ayuTteabHocth CUBC, yBenmuenue tommuabl 3CJDK, pazmepa JIII,
YPOBHS TPUTJIUIIEPUIOB, IVIUTEIBHOCTH Auabera. IlopbinieHHbIN ypoBeHb NT-ipoBNP (60s1ee 125 nir/mut) y 60s1bHBIX C/12
ompesesisiyics B 16 % ciyyaeB u ObUT aCCOIMUPOBAH ¢ yntesbHOCThIO C/ Gostee 10 set, Hamuuem CUBC, HauaibHBIME
cumnromamu XCH, runeprpodueit muokapza JIXK u 6osiee Huskoi ppaknreit Boiopoca JIXK o ganapiM OxoKT'.
Karoueenle caoea: caxapHblii AnabeT 2-ro THIIA, XPOHUYECKas cep/ieuHas HeI0CTaTOUHOCTb, CTaONIbHAS UIIEMUYecKast
60J1e3HB Cep/IIa, UATHOCTHKA, N-KOHIIEBOH MIPONENTH HATPHIypeTHnueckoro ropMona B-tuna (NT-npoBNP), axoxap-
nuorpadus.

Oo0pasen murupoBaHusAa: 'paxgankuna [I.B., [lémun A.A., Borgaps 1.A. ITpefUKTOPHI HAYAJIBHOHU CTaguu
XPOHHUYECKOH Cep/IeTHOI HEI0CTATOUHOCTH IIPU caXapHOM /inabere 2-ro Tumna // Journal of Siberian Medical Sciences.
2021. N2 4. C. 4-16. doi: 10.31549/2542-1174-2021-4-4-16
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The chronic heart failure early stage predictors in type 2 diabetes
mellitus

D.V. Grazhdankina, A.A. Demin, I.A. Bondar

‘Novosibirsk State Medical University

ABSTRACT

Introduction. Type 2 diabetes mellitus (T2DM) is considered to be the equivalent of cardiovascular disease due to its
micro- and macrovascular complications. Insulin resistance and hyperinsulinemia, impaired glucose tolerance and fasting
glucose, and their subsequent maladaptive responses lead to myocardial dysfunction several years before the onset of
T2DM. Pathological changes in the cardiovascular system in T2DM can progress without any symptoms for a long time.
Aim. To identify clinical, laboratory, echocardiographic predictors of the early manifestations of chronic heart failure
(CHF) in patients with T2DM.

Materials and methods. The study included 94 patients with T2DM with and without initial symptoms of CHF
at the age of 40 to 65 years. All patients had obesity or excess body weight and arterial hypertension (AH), 37 patients had
stable coronary heart disease (CHD). Patients underwent general clinical and laboratory examination, a 6-minute walk test
(6MWT), echocardiography. The concentration of N-terminal pro-B-type natriuretic peptide (NT-proBNP ) was also
determined. The patients were divided into 2 groups: without CHF symptoms (group 1, n = 54) and with initial symptoms
of CHF (group 2, n = 40) and then these groups were compared.

Results. Differences were revealed between the second and first groups in the duration of T2DM (10.5 vs
7.5 years, p = 0.02) and AH (15 vs 10 years, p = 0.009); the incidence of stable CHD (70 vs 16.7%, p < 0.0001); distance
covered during 6MWT (375 Vs 425 m, p < 0.0001); the median level of NT-proBNP (38.5 vs 27.2 pg/ml, p = 0.031); the left
atrium (LA) size (4.4 vs 4.2 cm, p = 0.044); the left ventricular posterior wall thickness (PWT) (1.05 vs 0.95 cm, p = 0.02);
the level of triglycerides (2.3 vs 1.6 mmol/l, p = 0.03) and the glomerular filtration rate (GFR) (74.1 vs 79.1 ml/min/1.73 m?,
r = 0.04). The discriminant analysis revealed combination of factors associated with initial symptoms of CHF: the duration
of CHD (taken as 0, if absent, p < 0.00001), PWT of the LV (p = 0.000007), GFR (p = 0.0009), the LA size (p = 0.005), the
level of triglycerides (p = 0.03), the duration of T2DM (p = 0.046). The NT-proBNP level > 125 pg/ml was detected in 16%
of patients with T2DM and correlated with the duration of diabetes over 10 years (p = 0.0085), the presence of stable CHD
(p < 0.0001), and left ventricular mass index (p = 0.0005) and the ejection fraction of the LV (p < 0.0001).
Conclusion. Predictors of the initial manifestations of chronic heart failure in patients with type 2 diabetes mellitus
were the presence and duration of stable CHD, an increase in the PWT of the LV, the LA size, the level of triglycerides, and
the duration of diabetes. An elevated level of NT-proBNP (more than 125 pg/ml) in patients with T2DM was detected in
16% of cases and was associated with the duration of diabetes for more than 10 years, presence of stable CHD, initial symp-
toms of CHF, left ventricular myocardial hypertrophy, and a lower left ventricular ejection fraction according to echocar-
diography.

Keywords: type 2 diabetes mellitus, chronic heart failure, stable coronary heart disease, diagnosis, N-terminal pro-B-
type natriuretic peptide (NT-proBNP), echocardiography.
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BBEJEHUE

Caxapnbiii imaber 2-ro tumna (C/I2) cumraercs
SKBUBAJIEHTOM CEP/IEUHO-COCYTUCTIX 3a00I€BaHUI
(CC3), TaK KaK ero o0CJI0KHEHHUS ABJISIOTCSI MUKPO- U
MaKpOBACKYJIAPHBIMU. MHCYTHHOPE3UCTEHTHOCTD U
TUIIEPUHCYJIUHEMHUS, HAPYIIIEHUE TOJIEPAHTHOCTH K
[JIIOKO3€ W TJINKEMHH HATOINAK U WX ITOCIEAYIOIIHe
Jle3a[alITHBHBIE PEAKIIUY TIPUBOIAT K TUCHYHKITUU
MHOKap/aa 3a HECKOJIBKO JIeT /0 MaHudecTamuu
CH2. Ilatonmoruueckue W3MEHEHUS CepJIedHO-
cocyaucroi cucrembl pu CII2 MOIyT AJIUTEIbHOE
BpeMsI IIPOTPECCUPOBATh HeCCUMIITOMHO [1].

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is considered to
be the equivalent of cardiovascular disease (CVD) due
to its micro- and macrovascular complications. Insu-
lin resistance and hyperinsulinemia, impaired glucose
tolerance and fasting glucose and their subsequent
maladaptive responses lead to myocardial dysfunc-
tion several years before the onset of T2DM. Patho-
logical changes in the cardiovascular system in T2DM
can progress without symptoms for a long time [1].

Approximately 75% of T2DM patients develop
chronic heart failure (CHF) during their life-
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[IpumepHo y 75 % OGonpHbix C/I2 B TeueHHe
JKU3HU PA3BUBAETCS XPOHUYECKAs cep/leuHasi HeJlo-
cratounocth (XCH). OxoJi0 II0JIOBUHBI OOJIBHBIX
C/l2 nmeror XCH ¢ coxpaHHOU (ppakiuel BriOpoca
(XCHc®B), KOTOPYIO TPYHO AUATHOCTUPOBATD, TAK
KaK XapaKTepHbI€ CHUMIITOMBI CEPJIEUHOU HEIO0CTa-
TOYHOCTH BO3HHKAIOT TOJIBKO IPH (PUBHIECKON
Harpyske [2]. B KpymHOM MeXyHapOJIHOM HCCIIe-
JIOBAaHUHU TI0Ka3aHO, uTo y 60bHBIX C/2 Ge3 ycra-
HoBieHHbIX CC3 uaiie Bcero B KayecTBe IEPBBIX
ocsiokHeHUM suar"Hoctupyores XCH u xponmue-
ckas Oosie3Hpb nouek (XBII), koTopble accomuupo-
BaHBI C MOBBIIIIEHHBIM PUCKOM CMEPTH, OCOOEHHO B
koMmOuHaruu Apyr ¢ apyrom [3]. B Poccun XCH
SIBJISIETCS BEeYIIEN IPUYIHON cMepTH Kak mpu C/12,
tak u npu CJI 1-ro Tumna [4]. YBenuueHue 3abosieBa-
emoctu XCH nMeeT TeCHYIO CBA3b € MOKUJIBIM BO3-
pactom. Kpome Toro, pazsutuio XCHc®B crocob-
CTBYIOT 3a00JIEBaHU A, YaCTO commyTeTByoomue C/I2 —
aprepuanbHas runeprensus (Al), oKupeHHe, cTa-
O6unbHas wuinemuueckass 6osie3Hb cepama (CHUBC).
CUBC yacto He COMPOBOXKAAETCA HATUUNEM TUITNY-
HBIX KJIMHHYECKUX cuMIIToMoB rpu C/12 BeyieAcTBHE
aBTOHOMHOU HEHPONAaTHH, YTO YCJIOXKHSIET ee JIha-
THOCTHKY [1, 5].

CorytacHO KJIMHUYECKUM PEeKOMEeHIAIUsIM, Aua-
rHo3 XCHc®B ycranaBiauBaercss Ha OCHOBAaHUH
HAJIMYUS XapaKTEPHBIX CUMIITOMOB U IIPU3HAKOB B
COYETAHUH C MOBBINIIEHUEM YPOBHS HATPUAYypETUUE-
CKUX TIENTU/IOB U HAJIUIUEM CTPYKTYPHO-(QYHKIINO-
HaJIbHBIX U3MEHEHUU cep/lia 10 pe3yJibTaTaM 3XO0-
kapauorpaduu (runeptpodus JIEBOTO KeTyAoduKa
(JIK), yBenuueHue JyieBoro npeacepaus (JIIT), qua-
crosmmyeckas quchyuknusa JIXK). B xraccudukanun
XCH mo craguaM Ha HaYyaJbHOM 3Talle Pa3BUTHUA
CEpAIeYHON HEIOCTATOYHOCTH TeMOJIMHAMHUKA He
HapyIIeHa, T03TOMY CHMIITOMOB H IIPU3HAKOB 3200~
neBanus Het [5]. Ho Hasmuune CTpyKTYpHBIX U QyHK-
[IMOHAJIBHBIX U3MEHEHHH CepIa Jlaske MPU OTCYT-
CTBUHM CHMIITOMOB MOKET IPHUBOJUTH K PA3BUTHIO
kmHuuecku sABHOH XCH B TeueHHe HECKOJIBKUX
ner [6].

OcraTcsi HEAOCTAaTOUHO U3yUYeHHBIMU ak-
TOPBI, ACCOIIMUPOBAHHBIE C TTOSABJIEHUEM HaYaIbHBIX
cumntomoB XCH y Gonpubix C/I2 cpemaHero Bo3-
pacra. Ix paHHee BBISABJIEHHE TTO3BOJIUT YJIYIIIUTh
quarHoctuky XCH v mOB/IHsIET HA UCXO/AbI OOTHHBIX
C/12, yTo 0COOEHHO Ba’XHO B CBSI3H C IOSIBJIEHHEM
HOBOT'O KJIacCa aHTUTUIIEPIIMKEMIYECKHX ITperapa-
TOB — MHTHOUTOPOB HATPUHIJIIOKO3HOTO KO-TPaHC-
mopTepa, KOTOPHIE IMOKA3aJIU CHUKEHUE YaCTOTHI
TOCIIUTAIN3AIMHA B CBA3U ¢ Aekommencanuein XCH
Kak Ipu Hanuuuu comyrerBytomux CC3, Tak u npu
UX OTCYTCTBHU [7].

time. About half of patients with T2DM have CHF
with preserved ejection fraction (PEF), which is dif-
ficult to diagnose since the characteristic symptoms
of heart failure occur only during exercise [2]. A large
international study has shown that CHF and chronic
kidney disease (CKD) are diagnosed as the first com-
plications in T2DM patients without established
CVD, which are associated with an increased risk of
death, especially when combined with each other [3].
In Russia, CHF is the leading cause of death in both
T2DM and T1iDM [4]. The increase in the incidence
of CHF is closely correlated with old age. In addition,
the development of CHF with PEF is promoted by
diseases that are often concomitant with T2DM —
hypertension (AH), obesity, stable coronary heart
disease (CHD). Stable CHD is often not accompanied
by typical clinical symptoms in T2DM due to auto-
nomic neuropathy, which complicates the DM diag-
nosis [1, 5].

According to clinical guidelines, the diagnosis of
CHF with PEF is made in the presence of character-
istic symptoms and signs in combination with an
increase in the level of natriuretic peptides and the
presence of echocardiographic structural and func-
tional changes in the heart (left ventricular hypertro-
phy, left atrial enlargement, left ventricular diastolic
dysfunction). At the early stage of heart failure,
hemodynamics is not impaired, therefore there are
no symptoms and signs of the disease [5]. But the
presence of structural and functional changes in the
heart, even in the absence of symptoms, can lead to
the development of clinically overt CHF over several
years [6].

The factors associated with the onset of the initial
symptoms of CHF in middle-aged T2DM patients
remain insufficiently studied. Their early detection
will improve the diagnosis of CHF and affect the out-
comes of patients with T2DM, which is especially
important in connection with the emergence of a
new class of hypoglycemic drugs, sodium-glucose co-
transporter 2 inhibitors, which have shown a
decrease in the frequency of hospitalizations for CHF
both in the presence of concomitant CVD and in its
absence [7].

AIM OF THE RESEARCH
Identification of clinical, laboratory, echocardio-

graphic predictors of the early stage of CHF in
patients with T2DM.

MATERIALS AND METHODS

We conducted a single-centre cross-sectional
comparative study on the basis of endocrinology and
cardiology departments of the State Novosibirsk
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IIEJIb UCCJIEJIOBAHUSA

BrlsfAB/IeHNE KIMHUYECKUX, JIA00OPATOPHBIX, HXO0-
kapauorpadudecknx (IxoKI) mpenwkTopoB Ha-
vanpHOU craguu XCH y 60pHbIX C/2.

MATEPUAJIBI 1 METO/IbI

[TpoBeieHO OHOIIEHTPOBOE OAHOMOMEHTHOE
CPaBHHUTEJIPHOE HCCIIeZIOBaHUE Ha 6a3e SHJOKPUHO-
JIOTUYECKOTO U KapJHOJIOTUYECKOTO OT/IeJIEeHUU
I'BY3 HCO «T'ocymapcrBennass HoBocubupckas
obsylacTHasA KJIMHUYECKas OOJIBHUIIA», B KOTOPOE
OBLIO BKJIIOYEHO 94 6osbHBIX C/I2. Bce GosbHBIE
umenu Al', u30BITOK Macchl Tejla WIH OKHUPEHHE.
Y 37 6onbabix — CUBC (18 wu3 HUX mepeHecau
nHGAPKT MUOKapza), y 9 — 3abojieBaHUs apTepuil
HKHUX KoHeuHocTeld (BAHK), y 6 — octpoe Hapy-
ImeHue Mo3roBoro KposoobOpamenuss (OHMK) B
aHaMHe3e.

Kpurepruu BKIIIOUEHUS B HCCIEOBAHHE: HATH-
une C/]2, pakTOpOB pHUCKA CEPJ/IETHO-COCY/IUCTHIX
3abosieBaHul (apTepuaibHasi TUIIEPTEH3UA, TUCTH-
nuaeMusi, OXupenne) win yxe umetomuxcsa CUBC,
OHMK B anamuese, 3BAHK, Bo3pacr oT 40 /10 65 JeT,
HavasbHble cuMnToMbl XCH mim ux oTcyTcTBHE.

Kpurtepun HCK/IIOUeHUs: YMepPEHHbIE U BBIpA-
JKeHHbIe KInHnJeckue nposieiaenuss XCH Ha ypoBHe
III-1IV  QyHKIHOHAJIBHOTO KJlacca, IOCTOSHHAs
dopma ubpmwAnMM Tpencepauwii, dpakua
BbIOpOCa JieBoro keyaouka (@B JDK) < 50 % mo
pesyabratam IxoKI, mepuos meHee 6 Mec Iocie
IIEPEHECEHHOTO OCTPOr0 KOPOHAPHOTO CHUHAPOMA,
JIbIXaTeJabHAsT  HEIOCTAaTOYHOCTh,  XPOHUYECKAs
0oJie3Hb TOYEK 3—5-H CTAUH, OHKOJIOTHUECKHE
3a00J1€BaHUsA, CHHAPOM INabeTUYECKOH CTOIIBI.

Bcem GOJIBHBIM TPOBOJHJIN IIOJTHOE KJIMHHUKO-
saboparopHoe obcieoBanue. K HauaapHBIM IIPO-
spiaennsiMm XCH oTHocwiu kamo0bl GOJBHBIX Ha
OJIBIIIIKY, YTOMJISIEMOCTb, y4YallleHHOe cep/iebue-
HHE, KOTOPbIE BOSHUKAJIU IIPU IPUBBIYHON pHU3mye-
ckoii Harpy3ke. C IeJIbI0 BBIABIEHUS CTPYKTYPHBIX U
(DYHKITMOHATFHBIX U3MEHEHUH CcepAla IIPOBOAIIN
IxoKI' ma ammaparte Sonoline G50 (Siemens) B
M-MOIaIbHOM U IByXMEPHOM PEKHUMaxX B CTaHapT-
HBIX OXOKT' MO3UIUSAX C UCIOTb30BAHUEM UMITYJIhC-
HOU U TIOCTOSSHHO-BOJIHOBOHM Joiuieporpadpuu u
[IBETHOTO JIOIJIEPOBCKOTO KaPTUPOBAHUS.

Konnenrpanuio  N-KOHIIEBOTO  IIPOIENTH/IA
HaTtpuilypermdeckoro ropmona B-tumna (NT-npoBNP)
OTIPEIeJIsUIA B KJTMHUKO-TUAarHOCTUYECKOH JTabopaTo-
puu OI'BY «HoBOoCHOMPCKHI HAyYHO-UCCIIEI0BA-
TeJIbCKUI WHCTUTYT TyOepKysesza» Mwuuanpasa Poc-
CUU MEeTOJIOM (PEpMEHTHOTO MMMYHOXEMUJIIOMUHEC-
IIEHTHOTO aHa/Jin3a Ha a”Hajauzatope Immulait 2000
(Siemens) c mprIMeHEHNEM PEAKTHBOB TOM JKe (PUPMBL.

Regional Clinical Hospital. 94 patients with T2DM
were included. All patients had AH, overweight or
obesity. 37 patients had a history of stable CHD
(18 of them had myocardial infarction), 9 had the
peripheral arterial disease (PAD) of lower extremi-
ties, 6 — a history of acute cerebrovascular accident
(ACA).

Criteria for inclusion in the study: presence of
T2DM, risk factors for cardiovascular diseases (AH,
dyslipidemia, obesity) or already existing stable
CHD, history of ACA, PAD, age from 40 to 65 years,
initial symptoms of CHF or their absence.

Exclusion criteria: moderate and severe clinical
manifestations of CHF (class III-IV), permanent
atrial fibrillation, left ventricular ejection fraction
(LVEF) < 50% assessed by echocardiography, a
period of less than 6 months after acute coronary
syndrome, respiratory failure, chronic kidney dis-
ease of stage 3—5, oncological diseases, diabetic foot
disease.

All patients underwent general clinical and labo-
ratory examination. The initial manifestations of
CHF included shortness of breath, fatigue, palpita-
tions during habitual exercise. To identify structural
and functional changes in the heart, echocardiogra-
phy was performed on a Sonoline G50 (Siemens)
apparatus in M-mode and two-dimensional methods
in standard echocardiographic views using pulsed
and continuous-wave Doppler imaging and Doppler
color flow mapping.

The concentration of the N-terminal pro-B-type
natriuretic peptide (NT-proBNP) was determined in
the clinical diagnostic laboratory of the Novosibirsk
Research Institute of Tuberculosis by chemilumines-
cence enzyme immunoassay on an Immulait 2000
analyzer (Siemens) using reagents of the same com-
pany. NT-proBNP level > 125 pg/ml was assessed as
a marker of CHF.

To assess exercise tolerance, patients with T2DM
underwent a 6-minute walk test (6MWT) along a
pre-marked corridor.

Based on clinical examination, patients with
T2DM were divided into 2 groups: the 1st group con-
sisted of T2DM patients with no symptoms of CHF
(n = 54); the 2nd included patients with T2DM with
initial manifestations of CHF (n = 40).

The study was approved by the local ethics com-
mittee of the Novosibirsk State Medical University.
All patients signed informed consent to participate
in the study.

Statistical data analysis was performed at the
Biostatistics Centre using the SAS 9.4, STATIS-
TICA 13 and SPSS-26 software packages. The null
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Yposenb NT-ipoBNP > 125 nir/Mut paciieHuBasics Kak
mapkep XCH.

JI11 OTIeHKM TOJIEPAaHTHOCTU K HAarpyske 00JIb-
veiM CJ/I2 mpoBOAWIM TECT 6-MHHYTHOH XOABOBI
(TIIIX) no 3apaHee pa3Me4eHHOMY KOPHUIOPY.

Ha ocHOBaHUM KJIWHHUYECKOTO OOC/IeIOBAaHUSI
6ospHBIX C/12 paszmenuiiu HA 2 TPYIIBL: 1-10 TPYIILY
coctaBuiu 60spHBIE C/12 ¢ OTCYyTCTBHEM CUMIITOMOB
XCH (n = 54); 2-10 — 6oapabIe C/I2 ¢ HaYaIbHBIMHI
nposieiernussmu XCH (n = 40).

[IpoBesienne wcciieloBaHus ObLUIO  000PEHO
JIOKJIBHBIM 3TUYeckuM komuterom @®I'bBOY BO
«HoBocubupCKuil rocyZJapCcTBEHHBIN MEAUIIMHCKUN
yHuBepcuteT» MunszpaBa Poccuu. Bce 6osbHBIE
noAmucad UHGOPMUPOBAHHOE COTJIacHe Ha yda-
CTHE B UCCJIEZIOBAaHUM.

CTaTuCTHYECKUH aHAIN3 JAHHBIX BHITTOTHSIN B
neHTtpe «buocratucruka» € IIOMOIIBIO ITAKETOB
SAS 9.4, STATISTICA 13 u SPSS-26. HyneBas runo-
Te3a OTBEprajiach Nnpu p < 0.05. KosmyecTBeHHbBIE
JTAaHHBIE TIPEJICTABJIEHBI B BUIe MeIUAHbI U KBAPTHU-
nei (Me [25; 75]) ¢ yueTom HebGosbIIOTO 00bEMa
BBIOOpKHU. KauecTBeHHBIE TPU3HAKHY IIPE/ICTABIEHBI
B BHUJIe IPOIIeHTOB. [IpOBepKY TUIIOTE3 O PABEHCTBE
TPYIIOBBIX CPEJHUX U JAHUCIEPCUH BCEX KOJIMYe-
CTBEHHBIX IPU3HAKOB IIPOBOJVIIN C TIOMOIIBIO JIHC-
IIepCUOHHOTO aHanu3a, kputepus Kruskal-Wallis u
Van der Waerden. VcciemoBaHue B3anMOCBS3H
MeJK/ly IapaMH KayeCTBEHHBIX IPU3HAKOB IIPOBO-
JIAJIM C UCIIOJIb30BAHMEM aHAJIN3a MAPHBIX TaOJIHUIT
COIIPSI’KEHHOCTH. MeTo/IoM AMCKPUMHUHAHTHOTO
aHAIM3a BBIABJISJIM COBOKYITHOCTH KOJIHMYECTBEH-
HBIX TepeMeHHBbIX, Hanubojee TOYHO OIPEeJEesIIo-
X pasjaudyue Mexay rpynmnamu 6ospHBIX C2 ¢
OTCYTCTBHEM U HaJIWYNeM Ha4YaJIbHBIX IPOSBIEHUH
XCH.

PE3YJIBTATDBI 1 OBCY2KJIEHWE

OO6e rpymmbl OBLTH CONIOCTABHMBI II0 BO3PACTY,
oy, uHAeKkcy maccol Tesa (IMT), gactoTe MUKpPO-
COCYAUCTBIX OCJIOXKHEHUH nauabera, IOKa3aTessaM
yIJIEBOJTHOTO oOMeHa (Tabut. 1). Cpeau 60IBHBIX 2-U
rpynnsl yame Berpeuasace CUBC u 3AHK. [Inu-
tesbHOCTh C/I2 m AT' GbUTH BBINIE BO 2-H TpyIIIe
6osbHBIX C/[2. Bce 60obHBIE 2-11 rpyIImbl uMenu Al
3-1 crenenn. He oOHapy:keHO pasjauyuii mo ¢pak-
IUAM XOJIecTepHHA MeXy TpyIIaMu, HO YPOBEHb
TPUTJIAIEPU/IOB OBLT BBIIIIE BO 2-U TPYIIIE OOJIHHBIX.
BospHBIE 2-11 rpynmibl umenu 3Hauenne CK® Hiuke,
yeM B 1-U rpynme. [Tokasarenau cyTOUHOHN albOyMu-
HypUH He OTJINYAINCH MKy rpynmnamu. [1o pesyss-
taram TIIX TonepaunTHOCTb 6G0sbHBIX C/I2 K dusu-
YecKOH Harpy3ke ObLIa HIDKE BO 2-H TpyIINe, UeM B
1-# (375 VS 425 M, p < 0.0001).

hypothesis was rejected at p < 0.05. Considering the
small sample size, quantitative data are presented
as the median and quartiles (Me [25; 75]). Qualita-
tive characteristics are presented as percentages.
Hypotheses about the equality of group means and
variances of all quantitative traits were tested using
analysis of variance, the Kruskal-Wallis and Van der
Waerden test. The study of the relationship between
pairs of qualitative features was carried out using
the analysis of paired contingency tables. The
method of discriminant analysis identified a set of
quantitative variables that determine the difference
between the groups of T2DM patients with and
without the initial manifestations of CHF most
accurately.

RESULTS AND DISCUSSION

Both groups were comparable in terms of age,
gender, body mass index (BMI), the incidence of
microvascular complications of diabetes, and indi-
cators of carbohydrate metabolism (Table 1).
Among patients of the 2nd group, the stable CHD
and PAD of lower extremities were more common.
The duration of T2DM and AH was higher in the
2nd group of patients with T2DM. All patients in
group 2 had grade 3 AH. There were no differences
in cholesterol fractions between the groups, but the
level of triglycerides was higher in the 2nd group.
Patients in group 2 had a GFR value lower than in
group 1. Daily albuminuria values did not differ
between the groups. According to the 6MWT
results, the exercise tolerance of T2DM patients
was lower in group 2 than in group 1 (375 vs 425 m,
P < 0.0001).

Treatment for T2DM was similar in both groups.
Insulin therapy received 67.5 and 50% of patients in
groups 2 and 1 respectively (p = 0.091), metformin —
80 and 85.1% (p = 0.532), sulfonylureas — 20 and
33.3% respectively (p = 0.154). All study participants
took angiotensin-converting enzyme (ACE) inhibi-
tors or angiotensin II receptor antagonists (ARA II).
Thiazide or thiazide-like diuretics were received by
52.5 and 61.1% of patients in groups 2 and 1 respec-
tively (p = 0.516), calcium antagonists — 40 and
24.1% (p = 0.123). Patients in group 2 were more
likely to receive therapy with [-blockers (85 vs
48.2%, p = 0.0002) and statins (55 vs 24.1%,
P = 0.0002), which may be due to the prevalence of
patients with stable CHD among them.

Table 1 shows that the median of the NT-proBNP
level was higher in group 2 (27.2 vs 38.5 pg/ml,
p = 0.031). NT-proBNP values above 125 pg/ml
were recorded in 15 (16%) individuals. When ana-
lyzing T2DM patients with the NT-proBNP level
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Jleuenne C/I2 GBLIO CXOHBIM B O0€HX TpYIIaX.
WHCyTMHOTEPATIHIO TIOJTydaIu 67.5 U 50 % O0JIbHBIX
2-# ¥ 1-¥ TPyl COOTBETCTBEHHO (P = 0.091), MeT-
dopmur — 80 u 85.1 % (p = 0.532), mpemapaTbl
cysbOHMIMOUYEBUHBI — 20 U 33.3 % COOTBET-
cTBeHHO (p = 0.154). Bce yuacTHUKY HcCIeIOBaHUS
MPUHUMAJIM WHTUOUTOPHI aHTHOTEH3UHITPEBpAIla-
forero gepmenTa (MATI®) mTu aHTarOHUCTBI pelen-
TopoB anruotrersuna II (APA II). TuazumoBbie WIn
THA3U/IONIOIO0HBIE JUYPETHKH TMOJIYYaIdn 52.5 U
61.1 % OOJIBHBIX 2-U W 1-U T'PYIIT COOTBETCTBEHHO
(p = 0.516), aHTaTOHUCTHI KAIbIUA — 40 U 24.1 %
(p = 0.123). BosbHBIE 2-11 TPYIIIBI Yallle TOJTyYaTn
Tepanuio [(-aapenobsiokatopamu (85 vs 48.2 %,
P = 0.0002) 1 ctaTuHamu (55 Vs 24.1 %, p = 0.0002),
YTO, BO3MOKHO, CBSI3aHO C IpeobsiaJlaHueM Cpemu
Hux nanuenToB ¢ CUBC.

B Tabn. 1 mokazaHO, YTO MeJUaHA YPOBHS
NT-npoBNP 6b1n1a BbIlle y OOJIBHBIX 2-H TPYIIIIBI
(27.2 vs 38.5 mnr/mu, p = 0.031). 3HaYeHHA
NT-tipoBNP Beillie 125 1r/mi O6bLTH 3aUKCHPO-
BaHHbI y 15 (16 %) uesn. [Ipu ananmuze 60abHBIX C/12 ¢
ypoBHeM NT-mipoBNP > 125 nr/mi BBIABIIEHO, UTO
12 U3 15 YeJI. OTHOCHUJIMCH KO 2-H I'PyIIIle, 3 U3 15 — K
1-11 rpynme (p < 0.0001). IIpu cpaBHeHUU GOIHHBIX
C/l2 c ypoBaeM NT-mpoBNP > 125 nr/mu ¢ temu
manueHTaMy, y KOTOPBIX STOT OHOMapKep Haxo-
JIWJICS B TIpefiesiax pedpepeHCHOro Juamna3ona, ooHa-
py’keHa 0oJiee BBICOKAs 4YacTOTa BCTPEYAEMOCTHU
CUBC (86.7 vs 30.4 %, p < 0.0001), IJIUTETHHOCTH
nuabera 6osiee 10 jet (60 vs 29.1 %, p = 0.042), a
Tak)ke OoJiee BBICOKHE 3HAUEHHsS HWHIAEKCA MAacChl
muokapaa JIOK (112.4 vs 94.5 r/M2%, p = 0.0005) U
bosiee Hu3KkHe mnokazareau OB JIXK (58 vs 70 %,
p < 0.0001). IBoe GoispHBIX C/[2 U3 1-U TPyNIIBI ¢
ypoBHeM NT-mpoBNP > 125 nr/mi mepeHeciu
uHOapKT MUOKap/la B aHaMHe3e, OJUH U3 JaHHBIX
nanueHToB uMmen 3AHK, nmpu 3ToM JIJIMTEIBHOCTH
nuabera He TpeBbINIAa 10 JET U OOJbHBIE TOJY-
Y TabJIETHPOBAHHYI0 CaXapOCHUIKAIOIIYIO Tepa-
nvo. Enie y ojiHOM 60JIbHOM 1-¥ TPYIIIBI ¢ YDOBHEM
NT-npoBNP > 125 nr/mi orcyrerBoBana CUBC, HO
HabJII01a/I0Ch JINTENIbHOE TeueHne auabera u AT,
JacThle TUIOTJINKEMUY B aHaMHe3e Ha (pOHEe MPOBO-
JuMOHN wuHcynuHoTepanuu, 1o IxoKI BeisgBieHA
runieprpodusa muokapaa JIK.

IIpu cpaBHeHnu mokazatesneid IXOKI' (tabi. 2)
0OHAPY?KEeHbBI PA3IUUUS MEXK/IY 2-H U 1-H TpynmnaMu
6ospHBIX C/I2 mo pasmepy JIII (4.4 vs 4.2 cwm,
P = 0.044), TOJIIIFHE 3a/THEH CTEHKH JIEBOTO JKEJy-
nmouka (3CJIXK) (1.05 vs 0.95 cM, p = 0.022), BeJIU-
YiHE MUKa A, OTPAKAIOIIEro I'PaJINEHT JABJIEHUS
MESK/Ty JIEBBIM IIPEJICEP/IUEM U JIEBBIM KEJTyIOYKOM
B IIO3/1HIOI0 /iractoiy (0.78 vs 0.85 cm/c, p = 0.042).

above 125 pg/ml, we found that 12 out of 15 indi-
viduals were from the 2nd group, 3 out of 15 — from
the 1st group (p < 0.0001). When comparing T2DM
patients with the NT-proBNP level > 125 pg/ml with
those patients in whom this biomarker was within
the reference range, we revealed a higher incidence
of stable CHD (86.7 vs 30.4%, p < 0.0001), the dura-
tion of diabetes over 10 years (60 vs 29.1%,
p = 0.042), as well as the higher values of left ven-
tricular mass index (112.4 vs 94.5 g/m?, p = 0.0005)
and lower values of LVEF (58 vs 70%, p < 0.0001).
Two T2DM patients from group 1 with the NT-
proBNP level > 125 pg/ml had a history of myocar-
dial infarction, one of these patients had PAD of
lower extremities, while the duration of diabetes did
not exceed 10 years, and both patients received oral
hypoglycemic agents. Another patient in group 1
with the level of NT-proBNP > 125 pg/ml, did not
have stable CHD but had suffered from diabetes and
AH for a long time, with frequent hypoglycemic epi-
sodes while receiving insulin therapy, as well as left
ventricular hypertrophy assessed by echocardio-
graphy.

When comparing echocardiographic parameters
(Table 2), we detected differences between the 2nd
and 1st groups in the left atrium (LA) size (4.4 vs
4.2 cm, p = 0.044), the posterior wall thickness
(PWT) of the left ventricle (LV) (1.05 vs 0.95 cm,
p = 0.022), the magnitude of peak A reflecting the
pressure gradient between the left atrium and the
left ventricle during late diastole (0.78 vs 0.85 cm/s,
P = 0.042). There was a high incidence of impaired
LV diastolic filling in both groups with a predomi-
nance of type I diastolic dysfunction. No relationship
was found between LV diastolic dysfunction and the
presence of CHF symptoms.

To identify indicators that affect the onset of the
initial symptoms of CHF in patients with T2DM, a
discriminant analysis was performed. The depen-
dent variable was the presence or absence of initial
manifestations of CHF in T2DM patients; indepen-
dent variables were quantitative clinical, laboratory
and echocardiographic indicators presented in
Tables 1 and 2. The following combination of signs
was determined: the duration of CHD (taken as o0 in
its absence, p < 0.00001), the PWT of the LV
(p = 0.000007), the glomerular filtration rate
(p = 0.0009), the LA size (p = 0.005), the level tri-
glycerides (p = 0.031), the duration of T2DM
(p = 0.046). The percentage of correctly classified
observations was 84.04. Almost all patients (90.7%)
with T2DM without CHF symptoms were correctly
classified into their group; only 5 patients were
included in the 2nd group. Ten patients of the
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Ta6auna 1. Kiinanko-iaboparopHas xapakrepucTuka 60bHbIX C/12 ¢ OTCYyTCTBUEM M HAIMYHEM paHHUX Ipu3HakoB XCH
Table 1. Clinical and laboratory characteristics of T2DM patients with the absence and presence of initial symptoms of CHF

Boababie C/I2 6e3
cumnTomoB XCH

boasnbie C/I2 ¢
HAYaJIbHBIMHA CUMIITOMAaMMN

IToxa3aTesb (n =54) — 1-a rpynmna XCH (n = 40) — 2-a rpynmna
Indicator T2DM patients without T2DM patients with initial p
CHF symptoms symptoms of CHF (n = 40) —
(n = 54) — 1st group 2nd group
Bospacr, sier / Age, years 54 [51; 59] 56.5[53; 59.5] 0.072
My2xckoi o, % / Male, % 38.9 27.5 0.253
CUBC, % / Stable CHD, % 16.7 70.0 <0.0001
OHMEK B anamuese, % / History of ACA, % 3.7 15.0 0.061
3AHK, % / PAD of lower extremities, % 3.7 17.5 0.023
ABTOHOMHAs Hewponartus, % 71.4 69.2 0.832
Autonomic neuropathy, %
ITepudepuueckas nosuHeponarus, % 53.7 65.0 0.276
Peripheral polyneuropathy, %
JluabeTuyeckasi peTUHONATHUS, % 20.4 35.0 0.135
Diabetic retinopathy, %
AT 3-i1 crenienu, % | AH stage 3, % 72.2 100.0 0.001
JlurensHOCTh CJ12, JTET 7.5 [4; 10] 10.5 [6; 14] 0.021
Duration of T2DM, years
JlurensHocThb AT, et 10 [4; 20] 15 [10; 24] 0.009
Duration of AH, years
WMT, kr/m* | BML kg/m? 34 [29.7; 36] 33.4[30.4; 39.1] 0.348
T'iuKeMust HATOIIAK, MMOJIb/JT 7.5 [6.6; 9.2] 8.1[6.6; 9.4] 0.426
Fasting glucose, mmol/1
ITocrnpanauanbHas riIukemMus, MMoJib/a1 8.8 [6.6; 9.7] 8.8 [7.6; 10.5] 0.231
Postprandial glycemia, mmol/1
HbA1C, % 9.6 [7.9; 11.2] 10.3 [9.1; 11.5] 0.232
OO61uii X0IeCTEPUH, MMOJIb/JT 4.9 [4.2; 6.1] 5.2 [4.8; 6.2] 0.315
Total cholesterol, mmol/1
TpUrIHIEPUIBI, MMOJIb/JI 1.6 [1.3; 2.4] 2.3[1.8; 3.3] 0.032
Triglycerides, mmol/1
XC JITTHII, mMouib/ 1 2.8[2.2; 3.8] 2.8[2.5; 3.3] 0.647
LDL cholesterol, mmol/1
XC JITIBII, MMoOb/ 71 0.9 [0.7; 1.1] 0.9 [0.7; 1.0] 0.214
HDL cholesterol, mmol/1
KpeaTnHuH, MKMOJIb/ T 78 [72.5; 92.0] 81 [71; 94.0] 0.637
Creatinine, pmol/1
CK®, my1/MuH/1.73 M? 76 [73; 87.0] 74.1[65.5; 82.5] 0.041
GFR, ml/min/1.73 m?
MoueBast KHCJIOTa, MKMOJIb/JT 306 [258; 345] 341[263; 377] 0.225
Uric acid, umol/1
AnpOyMUHYpUS, MT/CyT 29.4 [14.0; 136.5] 28 [12; 150] 0.937
Albuminuria, mg/day
THIX, M | 6GMWT, m 425 [400; 475] 375 [320; 400] <0.0001
NT-mpoBNP, nir/mn | NT-proBNP, pg/ml  27.2 [20; 71.1] 38.5[23.2; 125.5] 0.031

IIpumeuanue. C/I2 — caxapubiii aumaber 2-ro tumna; CUBC — crabunbHas umieMuueckas 6ose3Hb cepana; OHMK — ocrpoe
HapyIIIeHe MO3roBoro kpoBoobparienus; SAHK — 3a0osieBanus apTepuil HU3KHUX KOHeuHocrel; Al — aprepuasibHas TUIIEPTEH3U;
HUMT — unpekc macenol Tena; HbA1C — rmukupoBauubiii remoriobus; XC JITTHIT — XosiecTepyrH JIMITONPOTEU/I0B HU3KOU IIJIOTHOCTH;
XC JITIBII — xoJiecTepuH JUIIOIPOTEUI0B BBICOKOH m10THOCTH; CKD — ckopocTh Kiry60ukoBoit duasrpanun; TIIX — TecT 6-MHUHYTHOH
x06061; NT-ipoBNP — N-KOHI€BOY TPONIENTH/T HATPUIYPETHUIECKOTO TOPMOHA B-THma.

Note. T2DM — type 2 diabetes mellitus; CHD — coronary heart disease; ACA — acute cerebrovascular accident; PAD — peripheral
arterial disease; AH — arterial hypertension; BMI — body mass index; HbA1C — glycated hemoglobin; LDL cholesterol — low-density
lipoprotein cholesterol; HDL cholesterol — high-density lipoprotein cholesterol; GFR — glomerular filtration rate; 6MWT — 6-minute
walk test; NT-proBNP — N-terminal pro-B-type natriuretic peptide.
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Ta6uuna 2. dxokapauorpaduueckre nmokasareau 60apHbIX C/[2 ¢ OTCYTCTBUEM U HAJIMUKMEM paHHUX npusHakoB XCH
Table 2. Echocardiographic parameters of T2DM patients with the absence and presence of early signs of CHF

Bouabubie C/I2 6e3
cumnromoB XCH (n = 54) —

boababIe C/I2 ¢ HAYATbHBIMHA
cuvnromavu XCH (n = 40) —

ITapameTrps1 AxoKI' 1-4 rpynmna 2-f TpyIIa
Parameters T2DM patients without CHF Patients T2DM with initial p
symptoms (n = 54) — symptoms of CHF (n = 40) —
1st group 2nd group
Aopra, cm / Aorta, cm 3.3[3.1; 3.6] 3.4 [3.1; 3.7] 0.321
JIIL, cm / LA, cm 4.2 [3.9; 4.5] 4.4 [4.05; 4.90] 0.044
KIP JIXK, cm / LV EDD, cm 4.9 [4.7; 5.3] 5.0 [4.6; 5.3] 0.915
KCP JI)K, cm / LV ESD, cm 3.0 [2.7; 3.3] 3.1[2.8; 3.4] 0.326
®BJIK, % / LVEF, % 70 [67;75] 67[62,5; 72,5] 0.062
MXKII, cm / IVS, cm 1.1[1.0; 1.15] 1.2 [1.0; 1.3] 0.081
3CJIK, cm / LPWT, cm 0.95 [0.85; 1.05] 1.05 [0.95; 1.10] 0.022
IVRT, mc (ms) 92 [80; 100] 92 [72; 104] 0.648
DT, mc / DT, ms 192 [176; 236] 204 [172; 236] 0.817
ITuk E, cm/c | Peak E, cm/s 0.7[0.6; 0.8] 0.7[0.5; 0.8] 0.951
TTuk A, cm/c | Peak A, cm/s 0.78 [0.6; 0.9] 0.85[0.7; 1.0] 0.042
E/A 0.86 [0.73; 1.10] 0.78 [0.67; 0.89] 0.181
NMMJIXK, r/m? | LVMI, g/m? 92.9 [81.0; 107.6] 101.1 [86.2; 115.9] 0.063
Juacronuueckas nuchynknusa JOK, % 75.9 90.0 0.082
Diastolic dysfunction,%
CreneHb IMaCTOINYECKON 25.9/70.4/3.7 10/80/10 0.091

muchyHKIUM 0/1/2, %
Diastolic dysfunction degree 0/1/2,%

Ilpumeuanue. JIII — neBoe mpexacepaue; KJIP — xoHeuHO-muacrommdeckuii pazmep; JOK — nesbiit sxenynouek; KCP — xoneuHo-
cucrosmueckuii pazmep; ®B — dpakuus Beibpoca; MIKII — mexskenyzmoukoBas neperoposka; 3CJIXK — 3aaHsis cTeHKa JIEBOTO
JKeJymouka, TomuHa; [VRT — BpeMst H30BOJIIOMETPUYECKOTO pacciiabiienusi; DT — BpeMmsi 3aMe/[JIeHUsI PAHHETO JHACTOJIMYECKOTO
HanosHeHus; E/A — OTHOIlIEHNEe MMKOB PAHHETO U IO3/{HET0 JMACTOJINYECKOTO HATIOJTHEHU JIEBOTO Kesynouka; UMMJIDK — unzekc
Macchbl MUOKAap/a JIEBOTO KeIyA0UKa.

Note. LA — the left atrium; EDD — end-diastolic dimension; LV — the left ventricle; ESD — end-systolic dimension; LVEF — left
ventricular ejection fraction; IVS — the interventricular septum; LVPWT —  the left ventricular posterior wall thickness; IVRT —
isovolumetric relaxation time; DT — deceleration time of early diastolic filling; E/A — the ratio of peak early to late diastolic filling velocity

of the left ventricle; LVMI — left ventricular mass index.

OTMedeHa BbICOKasi YaCTOTA HapPYIIIEHUs JUACTOJIH-
yeckoro HanosHeHu: JIXK B 06enx rpymmax ¢ mpeob-
snaganueM I Tuna quacronuueckoit guchyuknuu. He
0OHAPY?KEHO B3aUMOCBSI3U MEXKIY JUACTOTUIECKON
nuchyukrueit JIK n Hanmanem cumnromos XCH.

C 1IeJ1bI0 BBIABJIEHUS ITIOKAa3aTeIel, BIUAIONIUX Ha
MOSIBJIEHNE HAaYaTbHBIX cUMIITOMOB XCH y GOBHBIX
C/I2, BBINIOJIHEH JUCKPUMHWHAHTHBINA aHAIU3. 3aBU-
CUMOH IepeMeHHOU fABJISAJIOCh HAJUYUE TN OTCYT-
ctBue y 60s1bHBIX C/I2 HauambHbIX posiiaeHuii XCH;
HE3aBHCUMbBIMU T€PEMEHHBIMH ObLTH KOJIMYECTBEH-
Hble KJIMHHUKO-JTa00paTOpHbIE U 3XOKapuorpadmuye-
CKMe TIOKa3aTesH, TPeJICTaBIeHHble B Tabld. 1 U 2.
OmnpesiesieHa ciieayronas KOMOWHAIUSA MTPU3HAKOB:
nutesibHocTh BC (TpuHIMaeMast 3a O TIPU €€ OTCYT-
CTBHH, P < 0.00001), TosmmuHa 3CJIK (p = 0.000007),
CKOPOCTh KJIyOOUKOBOU (ruibTpanuu (p = 0.0009),
pasmep JIII (p = 0.005), yPOBEHb TPUTJIUIIEPUJIOB

2nd group with initial symptoms of CHF were classi-
fied into the 1st group. Thus, the percentage of cor-
rect classification was 75 for patients of the 2nd
group, which may explain the greater specificity than
the sensitivity of the presented set of discriminating
signs.

This study shows that the initial symptoms of
CHF in middle-aged T2DM patients are determined
by a set of predictors including an increase in the
duration of diabetes, the presence and duration of
CHD, an increase in the LA size, an increase in the
level of triglycerides, and an increase in the posterior
wall thickness of the left ventricle. These parameters
were established by discriminant analysis, and the
redistribution of T2DM patients into groups when
using them showed that in 25% of cases the assump-
tion of the presence of CHF based on complaints of
shortness of breath, fatigue, palpitations could be
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(p = 0.031), mmurenbHOCTH C/12 (P = 0.046). [TponieHT
BEPHO KJIACCUDUIIMPOBAHHBIX HAOJIOZEHUH CcocTa-
B 84.04. IIpaktuuecku Bce 60bHBIE (90.7 %) ClI2
6e3 cumnromoB XCH ObutH BEPHO KjacCU(pHUIHPO-
BaHbBI B CBOIO TPYIIIY; TOJBKO 5 GOJILHBIX BOIILUIM BO
2-10 rpymiy. JlecAaTb 60JIbHBIX 2-1 TPYIIIBI C HAYAIIb-
HhIMH cuMrToMaMu XCH Obutn KitaccubUIITPOBaHbI
B 1-10 Tpymiy. Takum 06pa3oM, MPOIEHT MPABUIbHOM
KJIaccu(pUKAIUA COCTAaBWI 75 JUIA OOJIBHBIX 2-H
TPYIIIIbL, UTO MOXKET O0bsICHUTH OOJIBIIYIO crieruduy-
HOCTb, UeM UyBCTBUTETHHOCTD ITPEJICTABJIEHHOM COBO-
KYIIHOCTU IUCKPUMUHUPYIOIIUX TPU3HAKOB.

B npezicTaBieHHOM HCCI€I0BAHUY IIOKA3aHO, UYTO
HauanpHble cuMnToMbl XCH y 6ompHBIX C/I2 cpen-
Hero BO3pacTa oIpeziesiseT COBOKYIIHOCTb IIPEUKTO-
POB, BKJIIOUAIOITUX YBeJIUYeHNe JJTUTEIbHOCTH JIHa-
Oera, Hanmuuue u AnuTenbHocth MIBC, yBenuueHnue
pasmepa JIII, noBblllIeHNEe YPOBHA TPUIVIULIEPUOB,
yYBeJIMUEeHHE TOJIIIUHBI 3a/{Hel CTEHKH JIEBOTO KeJTy-
mouka. JlaHHbIE MapaMeTphbl YCTAHOBJIEHBI METO/IOM
JUCKPUMHMHAHTHOTO aHa/IN3a, U Iepepaclpejesie-
Hue 60pHBIX C/]2 HA IPyNmbl IPH UX UCIOJIH30BA-
HHUY IIOKA3aJI0, UYTO B 25 % CJIyyasax MpeAIoIoKeHne
o Haymunu XCH Ha ocHOBaHMM ka0 HA OJIBIIIKY,
YTOMJIIEMOCTh, YYaIlleHHOe cepueOneHrne MOTJIO
OBITH OITUOOUYHBIM. B TO 3K€ BpeMsl y 5 U3 54 OOJIBHBIX
C/I2 6e3 cUMIITOMOB IIpe/iCTaBJIeHHAs] KOMOWHAITUS
¢axropos npezmnosnaraia Hanuamue XCH.

CHI)KEHHE TOJIEDAHTHOCTH K  (U3NYECKOU
Harpyske MOKeT BO3HUKATh npu C/[2 mazke B OTCYyT-
ctBue CC3 0CTaTOYHO PAHO U IIPU XOPOIIIeM TJINKe-
MHYECKOM KOHTposie. OHO IPOUCXOAUT B PE3YJIb-
Tare CJIOKHOTO B3aMMOJEHCTBUS MEXKIY CHCTEM-
HBIMHU (OKMpeHHe, aBTOHOMHAA U DH/IOTeTHAIbHASL
MUCOYHKINA, CApPKOIEHU, WHCYJIMHOPE3UCTEHT-
HOCTh, XPOHHYECKOE BOCHAJIEHWE) U CEPAEYHO-
cocyaucTeIMu (dakTopaMu (CHIDKEHUE CEP/IeYHOTO
pes3epBa BCJIEACTBUE CUCTOJIMIECKON U JUACTOINYe-
cxout muchynknun JOK, nuchyukiuu JIII, Hapye-
HUe DSHEpPreTUKU MHOKap/Aa, JIUIOTOKCUIHOCTS,
KOpOHapHasi MUKpococyaucrtas nucynkius). Pas-
BHUBAIOTCS aHOMAJIUU B PAOOTE MBIIIEYHON CHCTEMBI
BCJIE/ICTBUE CHIDKEHHUs MBIIIEYHON Iepdysum,
noTpebyIeHUsT KUCIOPO/ia, IVIOTHOCTU KAITUJLISPOB,
MIOBBIIIEHUS BHYTPUMBIIIIETHOTO KUPA, U3MEHEHUS
TUNA MBIIIEYHBIX BOJIOKOH. CyIecTBYIOT JIMTepa-
TYpHBIE JJaHHbIE, TOKA3bIBAIOII[IE€ B3AUMOCBS3b CHU-
JKeHHUsS EPEHOCHMOCTH HArpy30K CO CMEPTHIO KaK
OT CEP/IEUHO-COCY/IUCTBIX, TAK U OT JPYTUX IIPUYINH,
a Taxoke ¢ pazsutueMm XCH [2].

THIX sBysieTcs SKBUBAIEHTOM CyOMaKCHMAasIb-
HOU HAarpy3kd H IIO3BOJIIET OLIEHUTHh YPOBEHBb
IIOBCE/THEBHON aKTHUBHOCTU OOJIBHBIX, TIOSTOMY €TO
MOXKHO HCIIOJIb30BaTh B PYTHHHOHM KJIMHHUYECKOH

erroneous. At the same time, in 5 of 54 T2DM
patients without symptoms, the presented combina-
tion of factors suggested the presence of CHF.

Decreased exercise tolerance can occur in T2DM
even in the absence of CVD early enough and with
good glycemic control. It occurs because of a com-
plex interaction between systemic (obesity, auto-
nomic and endothelial dysfunction, sarcopenia,
insulin resistance, chronic inflammation) and car-
diovascular factors (decreased cardiac reserve due to
LV systolic and diastolic dysfunction, LA dysfunc-
tion, impaired myocardial energy, lipotoxicity, coro-
nary microvascular dysfunction). Abnormalities in
the work of the muscular system develop due to a
decrease in muscle perfusion, oxygen consumption,
capillary density, an increase in intramuscular fat,
and a change in the type of muscle fibres. Research
data show the relationship between reduced exercise
tolerance and death from both cardiovascular and
other causes, including CHF [2].

The 6MWT is the equivalent of a submaximal
exercise and allows to assess the level of daily activ-
ity of patients, therefore, it can be used in clinical
routine to identify symptoms associated with CHF.
In this study, the 6-minute walk distance was shorter
in T2DM patients with initial symptoms of CHF.
This test is significantly important due to its prog-
nostic value, especially for elderly patients with
severe CHF [8]. C. Zotter-Tufaro et al. showed that
in elderly patients with PEF and pulmonary hyper-
tension confirmed by invasive diagnostics, the dis-
tance of 6MWT is a strong independent predictor of
mortality and readmission rates, correlating with
the amount of extracellular matrix detected by myo-
cardial biopsy. In addition, the study noted that
patients with a poor prognosis were more likely to
have T2DM, with a multifactorial decrease in exer-
cise tolerance in CHF with PEF [9]. However, the
use of 6MWT in assessing exercise tolerance in
T2DM with or without initial symptoms of CHF has
not been adequately studied.

The researchers are discussing the relationship
between decreased exercise tolerance and the dura-
tion of T2DM. G.S. Gulsin et al. revealed an inverse
correlation between peak oxygen consumption dur-
ing cardiopulmonary tests and the duration of
T2DM [10]. The duration of T2DM and AH may
increase the risk of CHF due to the formation of left
ventricular hypertrophy. Though our study found
higher values of the left ventricular mass index in
T2DM patients with initial symptoms of CHF com-
pared with patients without symptoms of CHF, the
level of statistical significance was not reached,
which may be due to the small sample size. In this

12
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MPAKTHUKE JUIS BBIABJIEHUS CHMIITOMOB, XapakKTep-
HeIx 1711 XCH. B npoBesieHHOM HaMU MCCJIET0OBAHUU
JIUCTAHITUS 6-MUHYTHOU XO0OBI ObLIa MEHBIIE Y
oonpHBIX C/2 ¢ HavaabHbIMu cuMmirromaMu XCH.
BaxHOCTH TAaHHOTO METO]a 3aK/II0YAETCs B €Tr0 IIPO-
THOCTHYECKOM 3HAaueHHH, 0COOEHHO /IJIsl TTallEHTOB
no:xmIoro Bospacra ¢ Tsokeson XCH [8]. C. Zotter-
Tufaro et al. mokazanu, YTO y MOKUIBIX OOJIBHBIX C
coxpanaol ®B JI)K u sierouHo runepTeH3ue, moz-
TBEPKIEHHON WHBa3WBHOU JIMATHOCTUKOU, JUCTaH-
nusa THIX saBseTca CUJIBHBIM HE3aBUCHUMBIM IIPO-
THOCTUYECKUM (hPaKTOPOM B OTHOIIIEHUH CMEPTHOCTH
Y TIOBTOPHBIX TOCITUTATIU3AIAN, KOPPEJIUPYS C KOJIH-
YEeCTBOM BHEKJIETOYHOTO MATPHUKCA, BBISBJIEHHOTO
pu 6uorncuu MuoKapya. Kpome toro, B uccieoBa-
HHUH OTMEUYEHO, UYTO Y OOJIbHBIX C IIJIOXUM ITPOTHO30M
vamie 6pu1 C/I2, ¢ MHOTOMAKTOPHBIM CHIKEHUEM
TosiepaHTHOCTH K Harpyske npu XCHc®B [9]. Ho
ucniosib3oBanue THIX 11 OLeHKU TOJIEPAaHTHOCTU K
Harpyske npu C/I2 ¢ HavYaJabHBIMH CHMIITOMAMH
XCH wu 6e3 TaKOBBIX HEJIOCTATOYHO U3yUEHO.

B nuteparype oOcy:kmaeTcsi B3aUMOCBSI3b CHIDKE-
HUS TOJIEPAHTHOCTH K HArpy3Ke C JJIUTETbHOCTHIO
Cll2. B pabore G.S. Gulsin et al. mokazana o6paTHas
KOPPEJIAUA MEXKY ITUKOBBIM IOTPeOJIEHHEM KHC-
JIOpOjia TIPU TPOBEJAEHUN KapAUOIYIbMOHAJIHBHOTO
Tecta u AjautenbHoctbio C/I2 [10]. JliuTenbHOCTD
C2 u AT moryT yBennuuBaTh puck passutus XCH
Gnarosapsi GOPMHUPOBAHHUIO TUIEPTPOGUU MHUO-
kapzga JIK. B Hamem ucciaeoBaHUM MMesiach TEH-
JIeHIIUsI K 0OoJiee BBHICOKMM 3HAYEHUSAM HWHJIEKCA
maccbl Muokapaa JIOK y GospabIX C/[2 ¢ Havadb-
veiMu cumrnromamu XCH mo cpaBHeHUIO ¢ 60JIB-
HeiMu 0e3 cumnTomoB XCH, He pgocruramoIas
YPOBHSI CTaTHUCTUYECKON 3HAYUMOCTH, YTO MOYKET
OBITH CBA3aHO C MaJbIM 00BEMOM BHIOOpKH. IIpu
3TOM HHJIEKC Macchl Muokapya JIZK 6611 B3auMocBs-
3aH ¢ ypoBHeM NT-npoBNP — mapkepom mMuoxap-
JIMAJIBHOTO HATIPSKEHUS.

B nmanHOU paboTe MOKa3aHO, YTO YBEJTWYEHHE
pasmepa JIII B3BauMocBA3aHO ¢ MOsIBJIEHUEM HauasIb-
vbIX cuMTtoMoB XCH y 6ospHbIx C/12. YBenmuenmne
pasmepa JIII nmpu oTcyTcTBUU QUOPUIUIAIUY TIPET-
cepiuii MOJKET Pa3BUBATHCS BCJIEACTBUE ITOBBIIIE-
HUs HAIPsDKEHUS €r0 CTEHOK KaK Pe3ysIbTaT JJIH-
TEJIPHOTO TIOBBIINIEHUsI KOHEYHO-THACTOJIHYECKOTO
nasienus JOK, T.e. B3aUMOCBSI3aHO C JUACTOJIHYE-
ckout muchynkiuert JOK [11]. Bsaumocssss yBeu-
uenus JIII co cHMKeHHUEM TTIePEHOCUMOCTH (pr3nye-
CKOM HArpy3KH ITOKazaHa B HeOOJIBIIIOM HCCIeI0Ba-
uuu N. Ratanasit et al., BkarouaBieM OGOJIBHBIX C
OJIBIIIIKOM, YacTh U3 KOTOphIX uMesia CJ/12 [12].

B mHacrosimem wucciieloBaHUM Oblla MMOKa3aHa
accoruanus HadaabHbBIX posiiaeHnit XCH ¢ 6osee

case, the left ventricular mass index was correlated
with the level of NT-proBNP, a marker of myocar-
dial tension.

The findings presented indicate an increase in the
LA size is interrelated with the onset of the initial
symptoms of CHF in patients with T2DM. An
increase in the LA size in the absence of atrial fibril-
lation can develop due to an increase in tension of its
walls as a result of a prolonged increase in LV end-
diastolic pressure, i.e. interrelated with LV diastolic
dysfunction [11]. The relationship between an
increase in the LA with a decrease in exercise toler-
ance was shown in a small study by N. Ratanasit et
al., which included patients with dyspnea, some of
whom had T2DM [12].

In the present study, an association of initial
manifestations of CHF with lower GFR values was
shown (patients with stage 3—5 CKD were not
included in the study). It has been established that
CKD is one of the risk factors contributing to the pro-
gression of LV diastolic dysfunction in patients with
CHF and PEF through chronic systemic inflamma-
tion, dysregulation of the natriuretic peptide system,
and sympathetic nervous system hyperactivation
[13]. Y.T. Hsieh et al. have detected the association of
subnormal GFR with unfavorable cardiovascular
outcomes (myocardial infarction, ACA) but not over-
all and cardiovascular mortality over 4 years of fol-
low-up in a population of 1291 T2DM patients with
normoalbuminuria [14]. The data indicate a higher
cardiovascular risk in T2DM patients within GFR
61—90 ml/min/1.73 m? and are of interest for further
study.

The NT-proBNP level > 125 pg/ml in the presence
of symptoms indicates a high probability of CHF and
the need for echocardiography to confirm the diag-
nosis, including the cases of T2DM [5]. This study
revealed that the median of the NT-proBNP level was
higher in T2DM patients with initial symptoms of
CHF. Only in 16% of cases, the biomarker level was
higher than 125 pg/ml. Patients with a biomarker
level exceeding the reference values were older, more
often had stable CHD and a duration of diabetes
more than 10 years. The research of K. Hamano et al.
has shown that even a small increase in NT-proBNP
values (including within the reference range) was
associated with systemic atherosclerosis, micro- and
macrovascular complications of T2DM, which is
consistent with our data [15].

RESEARCH LIMITATIONS

A small sample of patients could have influenced
the statistical significance of the results obtained.
The assessment of the presence or absence of the ini-
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Huskumu 3HauenussMu CK® (bosbubie ¢ XBII 3—5-1
CT. B HCCJIEJIOBAHUE He BKJIIOYAJINCH). Y CTAHOBJIEHO,
uto XBII siBnsercsa oquuM u3 ¢pakTOpOB PUCKA, CIIO-
CcOOCTBYIOIIHUX TPOTPECCHPOBAHUIO TUACTOJTNUECKOHN
muchynknuu JOK y 6ompabix XCHe®B uepes xpo-
HUYECKOe CHUCTEMHOE BOCIIIIEHUE, AUCPETYJIAIIIIO
CHUCTEMBI HATPUUYPETHUYECKHX IENTHOB, THIIEPAK-
TUBAIUIO0 CHMIIATUYECKON HepBHOH cucTeMbl [13].
B uccienosauuu Y.T. Hsieh et al. mokazana accoru-
amus cyoHopMasibHON CK® ¢ HebGaronmpusTHBIME
CepAeYHO-COCYAUCTBIMU HCXOoaMu (MHMAPKT MUO-
kapza, OHMK), HO He o00med u cepaeyHO-
COCY/THCTON CMEPTHOCTBHIO 32 4 To/1a HAOJIIOEHUs B
MOMYJIAINHN, COCTOSABINENH U3 1291 6osibHOTO C/I2 ¢
HOpMoaybOyMuHypuen [14]. IlosyyeHHBIE JaHHBIE
CBUJIETEJIBCTBYIOT O 0O0Jiee BBICOKOM CEpEYHO-
cocyucToM pucke v 6osbHbIX C/I2 ¢ CK® B mpezie-
Jax 61-90 MJI/MUH/1.73 M U NIPEACTABJIAIOT HHTe-
pec Ui TaabHEUIIIETO N3YYEHHU .

Yposeub NT-ipoBNP > 125 nir/mi1 ipu HATUYUH
CHMIITOMOB YKa3bIBaeT Ha BBICOKYI) BEPOSITHOCTH
XCH u HeoOxomuMoCTh TipoBesieHus IXOKI' mist
MTOATBEPIK/IEHUs AUarHo3a, B Tom uuciae npu ClI2
[5]. B maHHOM HCCI€IOBAHUY IIOKA3aHO, YTO MEIM-
aga ypoBHsA NT-npoBNP Obuta Beilie y GOJIBHBIX
Cl2 ¢ mavanpHbiMu cuminrTomaMu XCH. Toabpko B
16 % ciyyaeB ypoBeHb OHMOMapkepa OBLI BBIIIE
125 nr/mii. BosibHBIE ¢ YpOBHEM OMOMapKepa, Ipe-
BBINIAIOIIEM  pedepeHcHble 3HAUeHWsA, ObLIH
crapire, gaiie umenu CUBC u mymmTepHOCTD AUa-
Gera GoJtee 10 Jiet. B pabote K. Hamano et al. 65110
IIOKa3aHO, YTO Jake HEOOJIBIIIOE YBEeJIMUEHIe TIOKa-
3ateneii NT-nmpoBNP (B Tom umcie B mpezenax
pedepeHCHOro auana3oHa) ObIJIO aCCOIUUPOBAHO C
CUCTEMHBIM aT€POCKIEPO30M, MUKDPO- U MAKPOCOCY-
JIUCTBIMU ocoskHeHussMu CJ[2, 4To corsacyercs c
IOJTyYeHHbIMHA HAMHU JAHHBIMH [15].

OI'PAHUYEHUA NCCIIEJOBAHUA

Hebospinas BrIOOpKa IAIIMEHTOB MOTJIA OKa3aTh
BJIMSTHUE Ha CTATUCTUYECKYIO 3HAUMMOCTD ITOJIyIeH-
HBIX pe3yabTaToB. OlleHKa HAJTUYUUSI UJIU OTCYTCTBUS
HaYaJIBHBIX KJIMHIYeCcKuX posiByiennit XCH y 6051b-
HbIX C/]2 ObUIa CyOBEKTHBHOMU, TaK KaK IOJIABJIAIO-
mee OOJBIIUHCTBO YYACTHUKOB HCCJIEZOBAHUS
UMeJd OKUpeHHe, JIeKOMIIeHCAIUI0 YIJIEBOJHOTO
obmeHa.

3AK/IOYEHUE

ITpoBesieHHOE HICCIEZIOBAHIE ITO3BOJIAET C/I€IATh
CJIEIYIOIIHE BBIBOJIBL:

1. I[TpeuKTOpaMHU HaYaIbHBIX [IPOABIEHUH XPO-
HUYECKOU CepZIeTHON HeIOCTATOUHOCTH Y GOJIBHBIX
caxapHbBIM I1abEeTOM 2-TO TUIA SIBJISUINCH HAJIMULE

tial clinical manifestations of CHF in patients with
T2DM was subjective since most of the study partici-
pants had obesity, decompensation of carbohydrate
metabolism.

CONCLUSION

The conducted research allows us to draw the fol-
lowing conclusions:

1. The predictors of the early stage of chronic
heart failure in patients with T2DM were the pres-
ence and duration of stable CHD, an increase in the
posterior wall thickness of the left ventricle, the size
of the left atrium, the level of triglycerides, and the
duration of diabetes.

2. An increased level of NT-proBNP (more than
125 pg/ml) in patients with T2DM was detected in
16% of cases and was associated with the duration of
diabetes for more than 10 years, the presence of sta-
ble CHD, initial manifestations of CHF, left ventric-
ular myocardial hypertrophy and a lower left ven-
tricular ejection fraction assessed by echocardio-

graphy.
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u aautenbHocth CUBC, yBenyeHre TOIIUHBI 3a]1-
Hel CTEHKH JIEBOTO KeJIyZo4YKa, pa3Mepa JIEBOTO
npezicepAyisi, YPOBHA TPUIVIUIIEPH/IOB, /JIUTEIBHO-
ctu tuabera.

2. IoBbimenHbi ypoBeHb NT-mpoBNP (6osee
125 rir/mun) y 60s1bHBIX C/I2 onipezessiics B 16 % city-
JaeB U OBLI acCOIMUPOBAH C JIJIUTEILHOCTHIO /THA-
Oera OoJiee 10 Jet, HamureM CUBC, HaYaIbHBIMHA
npossiaenuaMu  XCH, runeprpodueit mMumoxapza
JIEBOTO JKeJIyJIouka M 0Oojlee HUBKON Qpakiuein
BBIOpOCA JIEBOTO JKeJIyZ0UKa 1o aHHbIM JX0KT'.

KoHduKT nHTEpEeCcOoB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUU KOH(JINKTA HHTEPECOB.
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CnekrpodoromMmerpuueckoe onpeaejeHne A-BUTAMUHHON
AKTUBHOCTU KapPOTHHOUAOCOAEPHKAILETO ChIPbS

B.B. Besnuuko, /I.C. Kpyrios

®OI'bOY BO «Hosgocubupckuil 2ocydapcmeeHHblil meduyuHekull yHusepcumem» Munadpasea Poccuu

AHHOTAIIUS

KapoTrHOU/BI [IPECTABISIIOT HHTEPEC KAK IPE/NIECTBEHHUKHI BUTAMUHA A, UMEIOIETO [INPOKUH [1ana3oH hapMaKosIo-
TMYECKON aKTUBHOCTH — aHTUOKCUZAHTHOM, IMMYHOMO/IYJIPYIOIIEH, yuacTre B (DOTOPEIENnIUi U JIP.

Lenpio paboTHI ABJISAIACH PA3pabOTKA METOUKY CIEKTPO(GOTOMETPHUECKOTO OIPEesIeHIs A-BUTAMIHHON aKTHBHOCTH
JIEKAapCTBEHHOTO pacTUTeNbHOrO chipbs (JIPC), Goratoro xapoTuHOuAaMu. B KauecTBe 0O'bEKTOB HCCIIEZOBAHUS OBLIN
BBIOpAHBI TPAJUIIMOHHBIE NCTOYHUKH KapOTHHOUZIOB — 00JIenuxa, MOPKOBbB, THIKBA U IIMIOBHUK. [Ipe/jiokeHa MeTo-
JIUKa OTIpe/ieJIeHNs CO/IEPKAaHUA NHUBU/IyaIbHBIX KADOTHHON/IOB B JIPC 110 BeTMYMHE ONTHYECKOH ITIOTHOCTH IIPHU JJTH-
Hax BOJIH, COOTBETCTBYIOIINX XapaKTePHBIM MaKCHUMyMaM O-KapOTHHA, J-KapoTHHA 1 JUKOMHHA. [loka3aHo, YTO IpeArno-
YTHUTEJIHHO UCIIOJIb30BATh M30IPOMUIIOBBIN CIIUPT Kak Haubosiee 3HEKTUBHBIN PACTBOPUTEIT.

VueT coziep:kaHus KOHKPETHBIX KAPOTUHOU/IOB TIO3BOJISET ONPEAEATh A-BUTAMHUHHYIO aKTUBHOCTb CYMMBI KADOTHHOM-
JIOB, U3BJIEKAEMBIX M3 PACTUTEIHHOTO ChIPbsI, U COOTBETCTBEHHO MOBBICUTH 3(PGHEKTUBHOCTD TPUMeEHEHHs HUTOIpenapa-
TOB U OMOJIOTUYECKU AKTUBHBIX J00ABOK JJIs1 03/I0POBJIEHUS.

Kaoueanble ca08a: KapOTHUHOUIBI, A-KapOTHH, [3-KapOTUH, JIUKOIIH, 9KBUBAJIEHT PETUHOJIA, CIEKTPOGOTOMETPHS.
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Carotenoids are of interest as precursors of vitamin A, which has a wide range of pharmacological effects — antioxidant,
immunomodulatory, participating in photoreception, etc.

The aim of the research was to develop a technique for the spectrophotometric determination of the A-vitamin activity of
carotenoids-rich medicinal plant raw materials (MPRM). The objects of research were the traditional sources of carot-
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and lycopene. It has been shown that it is preferable to use isopropyl alcohol as the most effective solvent.

Taking into account the content of specific carotenoids makes it possible to determine the A-vitamin activity of the sum of
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and biologically active additives for health improvement.

Keywords: carotenoids, a-carotene, [3-carotene, lycopene, retinol equivalent, spectrophotometry.

Citation example: Velichko V.V., Kruglov D.S. (2021). The spectrophotometric determination of A-vitamin
activity of carotenoid-containing raw material. Journal of Siberian Medical Sciences, 4, 17—26. doi: 10.31549/2542-
1174-2021-4-17-26

TlocTynuia B pejlakiiuio 26.05.2021 Received 26.05.2021

IIporwia perneH3upoBanue 10.06.2021 Revised 10.06.2021

ITpunaATa K My6IuKanum 24.06.2021 Accepted 24.06.2021

Aemop, omeemcmeeHHbLil 3a nepenucky Corresponding author

Besnuko Bukropus Biaagumuposna: ®I'BOY BO «HoBocubGupcekuii rocy- Victoria V. Velichko: Novosibirsk State Medical University, 52, Krasny
JlapCTBEHHBIH MeIUIIMHCKUN yHUBepcuTeT» MuH3zipasa Poccun. 630091, Prospect, Novosibirsk, 630091, Russia.

r. HoBocubupck, Kpacusiii mpoctr., 52. E-mail: velichkvik@rambler.ru

E-mail: velichkvik@rambler.ru

Journal homepage: http://jsms.ngmu.ru 17



Beauuxko B.B., Kpyenos /I.C. / Journal of Siberian Medical Sciences 4 (2021) 17-26

BBE/IEHUE

KapotuHousibl — 3TO Tpymmna OHOJOTHYECKU
akTUBHBIX coenHeHu (BAC), koTopast OTHOCHUTCS K
ITOJIMEHOBBIM H3OIPEHOUAM TEPIIEHOBOTO psiia,
MIPENMYIIECTBEHHO — TeTpaTepreHamM. KapoTuHo-
UJIBI 00JIATAI0T IITUPOKUM CIIEKTPOM (hapMaKOJIOTH-
YEeCKOW aKTUBHOCTH — IIPOBUTAMHHHOW, AaHTHOKCH-
JTAaHTHON, UMMYHOMO/IyJIUPYIOIIEeH, yuacTue B pOTO-
petieniiuu u Ap. B opranusmMe yesoBeka KapOTHHO-
UJIbl HE CUHTE3HPYIOTCS, BOCIIOJIHEHHE TOTPEeOHO-
CTel BO3MOXKHO TOJIPKO IIyTEM IIOCTYILUIEHUS C
MHIIeH, OMOJIOrHUYEeCKH aKTUBHBIMY 100aBKaMH HJIN
JIeKapCTBEHHBIMU cpezicTBaMu. HaumbOoJsiee vacto B
COCTaBe PACTUTEJILHOTO CHIPbsl IPUCYTCTBYIOT CJie-
JIYIOIIIHE KapOTHHOUBI: JIUKOIWH, KaK OMOTeHEeTH-
YeCKUU IIPEIIECTBEHHUK BCeX KAPOTHHOU/IOB [1, 2],
UMEIOIUH JIMHEWHYIO CTPYKTYPY, 8 TAKKe A-KapOTUH
U [}-KapOTHH, OTJIMYAIOIIHUECS APYT OT JIpyra CTPYK-
TypOH 3aMBIKAIOIUX HOHOHOBBIX ITUKJIOB. KapoTu-
HOUJIBl TIPECTABJIAIOT MHTEPEC KaK IPeIIecTBeH-
HUKH (IIPOBUTAMHWHBI) BUTAMUHA A, HEOOXOIUMOTO
JUIsT HOPMAJIBHOU 3KUBHEJEATETbHOCTH KUBOTHOTO
opranusMma. [I[poBuTaMUHHBIE CBOMCTBA [J-KapOTHHA
0a3UpyIOTCS HA TOM, YTO ITPOCTHIM JIeJIEHUEM OTHOH
ero MOJIEKYJIBI Ha JIBE PaBHbIE YACTH MOTYT OBITh
MTOJIyYeHbI 1B MOJIEKYJIBI PETUHOJIA (BUTaMHUHA A).
Bmecre ¢ TeM peasbHBIN MeTab0IU3M [-KapoTHHA
ropasJio cyIoxkHee [3] u BKIIOYAeT OKHCITUTETBHYIO
JIECTPYKIIUIO, HAUMHAIONIYIOCA C OJTHOTO U3 KOHI[OB
MOJIEKYJIbI 4epe3 oOpa3oBaHHEe arnoKapOTHHAJIEH.
ITOCKOJIBKY OKHCJIUTEJIbHBIE MPOIECCHI, ITPOTEKAIO-
IHEe B C/JIU3UCTONM TOHKOTO OT/leJla KHUIIEYHHKA,
Heu30eKHO COTPSI?KEHBI C TOOOUHBIMU PEAKITUSIMH,
TO A-BUTaMUHHAsA aKTUBHOCTH MOJIEKYJIBI [3-Kapo-
THHA HE BBIIIIE, a B /IBA Pa3a HUKe aKTUBHOCTH MOJIe-
KyJIbl YKHCTOTO PETHHOJIAa. IMIIUPUYECKH YCTaHOB-
JjieHo [1], 4uro 1 Mr [-KapoTHHAa COOTBETCTBYET
1667 ME (MexxayHapomHas eIUHHUIAa aKTHBHOCTU
BUTaMHHA A), B TO BpeMs KaK 1 MT 0-KapOTHHA COOT-
BetcTByeT 883 ME. JIuKONINH, HECMOTPS HA TO, YTO
OH sBJIsETCS OUOTEHETUYECKUM IIPEIIeCTBeHHU-
KOM KapoTHHa, caM 1o cebe He obsayiaer A-BHUTa-
MHWHHOU aKTHBHOCTBHIO [4]. B 3TOH cBA3M Jekap-
CTBEHHBIE PACTUTEJIbHBIE IIperapaThl, HCIOJIb3ye-
Mble KaK MCTOUHHUKHM KapOTHHOWOB, MOTYT 00Jia-
JlaTh pa3HOU A-BUTAaMHHHOW SKBUBAJIEHTHOCTHIO, U
B BTOM CJIy4ae HeoOXOAMMO CTaHJaPTU30BATh UCXO0-
JTHOE JIeKapCTBEHHOE pacTUTebHOoe chipbe (JIPC) He
TOJIBKO I10 CyMMe KapOTHHOU/IOB, HO U IIPEK/IE BCETO
10 ero A-BUTAMUHHOMY SKBUBJIEHTY. TeM He MeHee
B HACTOAINUNA MOMEHT CTaHJAPTU3ALHA TaKOTO
CBHIPBS IPOU3BOIUTCS TOJIBKO II0 CyMMe KapOTHHOU-
JIOB B IlepecueTe Ha [-KapoTwH, 06e3 ydera ero
A-BUTAaMUHHON SKBHBAJIEHTHOCTH.

INTRODUCTION

Karotenoids are a group of biologically active
compounds (BAC) that belongs to polyene isopren-
oids of the terpene series, mainly tetraterpenes.
Carotenoids have a wide range of pharmacological
activities, among which are generally recognized
provitamin, antioxidant, immunomodulatory, par-
ticipating in photoreception, etc. Carotenoids are not
synthesized in the human body; the needs can be
replenished only through intake with food, biologi-
cally active additives or drugs. Most often, the fol-
lowing carotenoids are present in the plant material:
lycopene, as a biogenetic precursor of all carotenoids
[1, 2], with a linear structure, as well as a-carotene
and [-carotene differing from each other in the
structure of terminal ionone cycles. Carotenoids are
of interest as precursors (provitamins) of vitamin A,
which is necessary for the normal functioning of an
animal organism. The provitamin properties of
[-carotene are based on the fact that by simply divid-
ing one of its molecules into two equal parts, two
retinol (vitamin A) molecules can be obtained. At the
same time, the real metabolism of [(-carotene is
much more complicated [3] and includes oxidative
destruction, starting from one of the ends of the mol-
ecule through the formation of apocarotenals. Since
the oxidative processes occurring in the mucous
membrane of the small intestine are inevitably asso-
ciated with side reactions, the A-vitamin activity of
the B-carotene molecule is not higher, but two times
lower than the activity of the pure retinol molecule.
It has been empirically established [1] that 1 mg of
[-carotene corresponds to 1667 IU (the international
unit of activity for vitamin A), while 1 mg of a-carotene
corresponds to 883 IU. Lycopene, despite being a
biogenetic precursor of carotene, does not possess
A-vitamin activity itself [4]. In this regard, herbal
medicinal preparations used as sources of carot-
enoids may have different A-vitamin equivalence,
and in this case, it is necessary to standardize the
starting medicinal plant raw material (MPRM) not
only in terms of the sum of carotenoids, but also pri-
marily in terms of its A-vitamin equivalent. Never-
theless, at the moment, the standardization of such
raw material is based on the sum of carotenoids in
terms of B-carotene, without taking into account its
A-vitamin equivalence.

Most often, for the standardization and quantita-
tive determination of carotenoids in MPRM, spec-
trophotometry is used [5] as the simplest, fastest,
and most cost-effective method. In this method,
carotenoids are identified by the positions of light
absorption peaks, which vary depending on the
length of the polyene fragment, the presence of cycle
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HauboJsiee yacTo /i IPOBEJEHUs CTaHAAPTH3A-
MU U KOJIMYECTBEHHOTO OTpeZiesIeHUs] KapOTHHOU-
noB B JIPC wWCHOJB3YIOT METOJ, CIEKTPOdOTOME-
TpuH [5] Kak HauboJiee MPOCTOH, OBICTPHIM U MaI03a-
TpaTHBIA. B 3TOM MeTo/ie KapOTUHOUIbI UIeHTUDU-
OUPYIOT 110 THOJIOKEHUSAM MAKCHMYMOB CBETOIIOTJIO-
IIIeHNUs, KOTOpPbIe BAapbUPYIOT B 3aBUCHMOCTH OT
JUTUHBI TTOJINEHOBOTO ()parMeHTa, HAJTUIUSA B CTPYK-
Type IUKJINYECKUX KOHIIEBBIX TDYII, CTEPUUECKUX
53¢ deKToB, TPUPOABI UCIIOIB3yEMOTO0 PACTBOPUTEIS
u nap. [losmreHoBasgs CTPYKTypa KapOTUHOHIOB 00y-
CJIOBJIMBAET MHTEHCUBHOE IIOTJIONIEHUE 3JIEKTPOMAr-
HUTHOTO U3JIyYeHUs B UHTEPBAJIE OT 400 710 500 HM.
B TocymapcrBennoit ¢apmakonee XIV wusnanud
(I'd XIV) pns ompeneneHuss CyMMBI KapOTHHOUZOB
MpUBeJieHa cIeKTpodOTOMETPIUYECKas METO/TUKA [6],
B KOTODOHM B KayecTBe HKCTPAreHTa IIpeJIaraeTcs
HCIOJIb30BATh TeKCcaH. BMecTe ¢ TeM ITPOAYKT OKHUCITe-
HUs H-TeKCaHa, [T0T1a/[asi B OPTaHU3M UeJIOBEKA, OKHC-
JISleTCsl ¢ BBIZIEJIEHHEM 2,5-TeKCAHAMOHA, KOTOPBIH
criocobeH B3aMMO/IEHCTBOBATD C JIM3MHOM U 00paso-
BBIBATh IIEPEKPECTHBIE CIIMBKU B O€IKaX HEPBHBIX
BOJIOKOH U T€M CaMbIM NPUBOAUTH K HAPYIIEHHUIO
(yHKINY TIOC/TIETHUX, BRI3BIBAS TOPAYKEHNIE HEPBHOM
cucrembl [7]. KpoMme Toro, rekcaH — JieTyuee CoeInHe-
Hue (Temmeparypa kumenus 68 °C), crroco6Hoe 06pa-
30BBIBATh B paboueli 30He B3PBIBOOIIACHBIE cMecH [8].

IIEJTb UCCJIEIOBAHUSA

Mopaudukanus MeTOAUKH CIEeKTPO(pOTOMETpH-
YEeCKOTO OmpeJie/IeHUus COJIEPKaHUA KapPOTUHOUJOB
B JIPC u onpenenenre A-BUTaMHUHHOU aKTUBHOCTH
pasnunusbix Bua0B JIPC, 60raToro KapoTHHOUIAMH.

MATEPUAJIBI 1 METO/IbI

B kauecrBe OOBEKTOB WCCIENOBAHUA ObLINA
BBIOpaHBI TPAJUIMOHHBIE HCTOYHUKUA KapOTHHOMU-
JIOB: MSKOTB IUIOIOB THIKBBI KPYITHOIUIOHON copTa
JleuebGHast 1 KOPHEILIObI MOPKOBH copta HaHTCKas,
BBIpaIlleHHble Ha OINBITHOM YYacTKe B OKPECTHOCTH
moc. Mouwuiie HoBocubupckoit obsactu (HCO);
ILTOZIBI 00JIENTUX Y KPYIIMHOBHAHOM copTta Friesdorfer
Orange, BbIpallleHHble Ha OIBITHOM yYacTKe B
OKpecTHOCTsIX craHIiuu FOHOocTh 3amagHo-Cubup-
CKOU 3KeJIE3HOU JIOPOTH, & TaKKe ILJIO/IBI JJUKOPACTY-
Iero IIMIOBHUKA HIJIMCTOrO — Rosa acicularis
Lindl.,, coOpanHOTO B OKpecTHOCTH cejia bapsak
Mormkosckoro paiiona HCO B ¢dasy miomoHomeHNs
B 2019 T. 3aroToBJIEHHOE ChIpbe IOCjIe MTEPBUYHOHN
OUYHCTKH OT IIOCTOPOHHUX IPUMeceH TOBOAWIN /10
BOB/IYIITHO-CYXOTO COCTOSIHUS IIPH KOMHATHOU TEM-
IepaType B 3alUIeHHOM OT cBeTa Mecre. ITocie
BBICYIIIMBAHUS ChIPbE U3METBYIH JI0 YACTHUII, IIPO-
XOZSAIINX CKBO3b CUTO C PA3MEPOM STUEHKH 2 MM.

terminated groups in the structure, steric effects,
type of the solvent used, etc. The polyene structure
of carotenoids causes intense absorption of electro-
magnetic radiation in the range of 400 to 500 nm.
In the State Pharmacopoeia of the XIV edition (SPh
XIV), a spectrophotometric method is given for
determining the sum of carotenoids [6], in which it
is proposed to use hexane as an extractant. At the
same time, the oxidation product of n-hexane,
entering the human body, is oxidized with the
release of 2,5-hexanedione, which can interact with
lysine and form cross-links in the proteins of nerve
fibres and, thereby, lead to a dysfunction of the lat-
ter, causing damage to the nervous system [7]. In
addition, hexane is a volatile compound (boiling
point 68°C) capable of forming explosive mixtures
in the working area [8].

AIM OF THE RESEARCH

To modify the method of spectrophotometric
determination of the carotenoid content in MPRM
and the A-vitamin activity of various types of carot-
enoids-rich MPRM.

MATERIALS AND METHODS

Traditional sources of carotenoids were selected
as objects of research: the pulp of the large-fruited
pumpkin of Lechebnaya variety and carrot of the
Nantskaya variety grown on a test plot in the vicinity
of Mochishche, village in Novosibirsk Region; fruits
of the sea buckthorn of Friesdorfer Orange variety,
grown on a test plot in the vicinity of the Yunost sta-
tion of the West Siberian Railway, as well as the fruits
of wild rose — Rosa acicularis Lindl., collected in the
vicinity of Barlak village, Moshkovsky district, Novo-
sibirsk Region at the fruiting stage in 2019. After pri-
mary cleaning from impurities, the crude material
was brought to an air-dry state at room temperature
in a dark place. After drying, the raw material was
crushed to particles passing through a sieve with a
mesh size of 2 mm.

To obtain the extraction, a sample weight of raw
material was placed in a glass-stoppered flask, pro-
tected from direct exposure to light, and filled with
an extractant at the ratio of 1:30. The hermetically
sealed flask was kept at room temperature for 24 h
with constant shaking on a shaker. The resulting
extract was filtered, and the UV absorption spec-
trum of the filtrate was determined using an SF-56
spectrophotometer in the range of 350-550 nm
(the characteristic range of peaks of the spectra of
carotenoids). The extractants used were hexane,
toluene, petroleum ether, isopropanol, and 95%
ethanol.
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I ToJIyuyeHUs W3BJIEUEHHUS HABECKY CBIPbS
IIOMEINaI B KOJIOY € MPUTEPTOU MTPOOKOM, 3aImu-
IIEHHYI0 OT IPSIMOTO JEHCTBUS CBETA, U 3aJIUBAIH
SKCTPareHTOM B COOTHOIIEHWH 1:30. 'epmeTnyHO
3aKpBITYI0 KOJIOYy BBIAEPIKHUBAIA IPU KOMHATHOU
TeMIIepaType B TeUeHHe 24 U TPU IOCTOSHHOM
BCTPSIXMBAHUM HA Ieiikepe. [lomydueHHOe n3BIeue-
HUe (PUIBTPOBAIHU, U C IOMOIIBIO cIeKTpodOoTOME-
Tpa C®-56 omnpenenanu YO-CIeKTp MNOTJIONIEHU
dunpTpaTa B guamazoHe 350—550 HM (Xapakrep-
HBIU IUana30H 5KCTPEMYMOB CIIEKTPOB KAPOTUHOU-
II0B). B xauecTBe SKCTpPareHTOB UCIOJIb30BAJIU: TEK-
CaH, TOJIYOJI, TIETPOJIEHHBIN 3(UP, U30MPOIAHO U
95% 5TaHOJI.

PE3YJIBTATBI 1 OBCYXK/IEHUE

Ha nepBom stare uccienoBanus ObLUT IPOBEAEH
BBIOOD ONITHMAJILHOTO U HanboJiee 6€30I1acCHOTO DKC-
TpareHTa. B kauecTBe ChIPbs UCIOJIH30BAIA MAKOTD
THIKBBL. [lOJlyueHHBIE CIIEKTPHl TPHUBEAEHBI Ha

puc. 1.
CrnexTpasibHbIe XapAKTEPUCTUKU JIJIsI PA3JIMUHBIX
9KCTPareHTOB

HCII0JIb30BAHHBIX
TabJI. 1.

IpUBEJEHbI B

Onruyeckas IJIOTHOCTH D
Optical density D

RESULTS AND DISCUSSION

At the first stage of the experiment, the choice of
the optimal and safest extractant was made. Pump-
kin pulp was used as a raw material. The obtained
spectra are shown in Fig. 1.

The spectral characteristics for the various
extractants used are given in Table 1.

Differences in the positions of peaks can be asso-
ciated with the sum of carotenoids in the raw mate-
rial and their different solubility in the extractant.
The quantitative ratio of carotenoids can vary and,
therefore, change the resulting spectrum.

The most common in plants are a- and
[-carotenes, as well as lycopene, the spectral charac-
teristics of which are given in Table 2.

Since the closest spectral characteristics of the
extracts were obtained using hexane and isopropa-
nol, further isopropyl alcohol was used as an
extractant. The spectra of extracts with isopropyl
alcohol from the plant material are shown in
Fig. 2—5.

Taking into account the additivity of the Bouguer-
Lambert-Beer law, the total optical density measured
at any wavelength can be represented as the sum of

N3zomnpomnanon / Isopropanol
Tekcan / Hexane

Tomyon / Toluene
Aranoi / Ethanol

460 480 500 520 540

JlivHa BOJIHBI, HM
Wavelength, nm

[etponeiinbiii a¢up / Petroleum ether

Puc. 1. CrieKTpbl MOTJIONEHNsI I3BIEYEHH 13 THIKBBI, OJyYE€HHBIX C HCIIOJIH30BAHIEM PA3IMYHbIX SKCTPATEHTOB
Fig. 1. Absorption spectra of pumpkin extracts obtained using various extractants
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Taﬁmzma 1. CHeKTpaJIbHBIe XapaKTEePUCTUKHU U3BJIEUEHU U3 TBIKBBI, IIOJIy4Y€HHBIX C UCIIOJIb3OBAHUEM PA3ITMIHBIX

9KCTPAareHToB

Table 1. Spectral characteristics of absorption of pumpkin extracts obtained using various extractants

Maxkcumymbl, HM / Peaks, nm

gi.n/ . Axcrparent / Extractant

A A, A,
1 N3zomnpomnanon / Isopropanol 423 444 471
2 Tekcan / Hexane 421 443 470
3 Tomyos / Toluene 430 454 482
4 IMetponeitnsiii adup / Petroleum ether 420 443 470
5 Aranon / Ethanol 424 444 471

Paznyuuusa B HOJIOKEHUAX HKCTPEMYMOB MOKET
OBITH CBA3aHO C IPUCYTCTBUEM B CHIPbE CYMMBI Kapo-
TUHOU/IOB U UX PA3JINYHOU PACTBOPUMOCTHIO B DKC-
TparenTe. KosimuecTBeHHOE COOTHOIIIEHHE KapOTHU-
HOHUZIOB MOJKET BapbHpPOBATh U, KaK CJIEJICTBUE,
MEHSTb Pe3yJIbTUPYIOITUN CIIEKTP.

Hawubosee wacto BCTpeuyaoTcs B PACTEHUAX A- U
[-KapoTUHBI, a TaKXKe JIUKOIWH, CIEKTPAIbHBIE
XapaKTEPUCTUKU KOTOPHIX IPUBEZEHBI B TA0JIL. 2.

ITockosibky Haubosiee 6JIU3KHE CIEKTPAJIBHBIE
XapaKTEPUCTUKHU W3BJIEYEHUH OBLIN IOJTyUeHbI
IIPU UCIOJIb30BAHUM I'eKCAaHA U U30IPOIAHO0JIA, B
JlaJIbHEUIIeM B KauecTBe HKCTPareHTa NCIO0JIb30-
BaJIiCsl CIUPT U30MPONMIIOBBIHA. CIEKTPHI U3BJIE-
YeHUH H30MPONUJIOBBIM CIHUPTOM U3 HCCIIEnye-
MOTO pACTHUTEJIBHOTO CBIPbS IPHUBEJEHBI Ha
puc. 2—5.

C yueToM afuTUBHOCTH 3akoHa byrepa — Jlam-
6epra — Bepa, usmepeHHy0 Ha JI060 IJIMHE BOJTHBI
CYMMAapHYIO ONITHYECKYIO IJIOTHOCTh MOKHO IIpeZ-
CTaBUTh B BHUJE CYMMbI OITHYECKHX IUIOTHOCTEH
[IPUCYTCTBYIOIINX B U3BJIEYEHUN WHIUBUAYATbHbIX
KOMIIOHEHTOB (-KapOTHHA, [-KapOTHHA U JIUKO-
nuHa. TakuM 0o6pa3oM, MOKeT OBbITh COCTaBJIeHA
cucreMa W3 TpexX ypaBHEHUH (1) /Ui ONTHYECKOU
IUIOTHOCTH, U3MEPEHHOH IIPU JJTUHE BOJHBI 445, 451
U 474 HM (XapakTepHble MAaKCUMyMBbl JUJIS
0-KapOTHWHA, [(-KapoTHHA W JIMKOIIMHA COOTBET-
CTBEHHO):

the optical densities of the individual components of
a-carotene, B-carotene and lycopene present in
absorption. Thus, a system of three equations (1) can
be proposed for the optical density measured at
wavelengths of 445, 451 and 474 nm (characteristic
peaks for a-carotene, [-carotene, and lycopene
respectively):

= F@45) . (445) . 445) . O -
D445 =E! C +E C,+ E3 (,‘3,

— (451 ., (451) , (451) ,
D451—E1 C +Ef (,‘2+E3 C

3’
D474 = E1(474) . C1 + E2(474) . C2 + E§474) . CS’
where E , E, and E ,are the percent extinction (%) of
a-carotene, f-carotene and lycopene at wavelengths
of 445, 451 and 474 nm respectively;

C, C, and C3 are concentration of a-carotene,
[-carotene and lycopene in the test solution (%).

The dependence of the extinction of a-carotene,
B-carotene and lycopene on the UV absorption spec-
trum has been studied quite well and is given in the
research literature [9, 10]. Taking into account the
values of the percentage extinction, the system of
equations (1) can be represented in the form

D445 =2710 - C + 2218 - C, + 2096 - C3;
D, =2384-C +2550-C,+1996 - Cs;
=2202-C +2789-C, + 3740 CS.

(1)

(2)

45

D

474

The resulting system of linear equations (2) con-
cerning three variables is trivially solved by Cramer’s
Rule.

TaGauna 2. CrieKTpasbHbIe XapAKTEPUCTHKHU HAMb0JIee YaCTO BCTPEUAIOIIIXCS B PACTEHUAX KAPOTHHOU/IOB
Table 2. Spectral characteristics of the most common carotenoids in plants

gi'n/ I Kaporunoug* / Carotenoid* rakchyMH’ o/ Pe;: ks, nm A

1 Q-KapoTuH / a-carotene 420 445 475
2 B-xapotun / B-carotene 425 451 482
3 JlukonuH / Lycopene 446 474 506

* DKCTpareHT — TeKCaH.
Extractant is hexane.
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rne E, E, u E3 — TPOIEHTHAsA SKCTUHKIUA (%)
0-KapoTHHA, (-KapoTHHA U JIMKOIMHA MPU JJTHHAX
BOJIH 445, 451 ¥ 474 HM COOTBETCTBEHHO;

C, C, n C, — KOHUEHTpauysl Q-KapoTuHa, -Ka-
pPOTHHA U JINKOIIMHA B KiccaeayeMoM pacTBope (%).

3aBUCHUMOCTh SKCTUHKIIUN O-KapOTHHA, B-Kapo-
THHA U JIMKOIIMHA OT JIJIMHBI BOJIHBI IIOIJIOIIAEMOT0
M3JIy4eHUs U3yUeHa JOCTATOUYHO XOPOIIIO U IPUBe-
JIeHa B JINTepaTyPHBIX HCTOYHHKAX [9, 10]. C yueTom
BEJIMYMH MPOIEHTHON SKCTUHKIIUN CHCTEMY ypaB-
HeHUH (1) MOXKHO IIPEICTABUTH B BU/IE

D445 =2710 - C, + 2218 - C, + 2096 - CS;
D451 =2384-C +2550-C, +1996 C3;
D , = 2202 - C, +2789-C, + 3740 - CS.

47

(2)

[TonyueHHasi cucTeMa JIMHEWHBIX YpaBHEHUH (2)
OTHOCUTEJIPHO TpeX HEU3BECTHBIX pa3pelraercs
TPUBUATBFHBIM 06pa3oM 1o Metozy Kpamepa.

Jns  cpaBHEHHs TIPOBOJIWIJIOCH OIpe/esIeHHe
coziep:KaHue CyMMbI KADOTUHOU/IOB B IIepecueTe Ha
B-kapoTWH O MeTOZMKe, MpeJIokeHHOH B Tocy-
JapcrBeHHOl ¢apmakonee XIV wusmanus [6] mo
BEJINUYMHE ONTHYECKON IUIOTHOCTU WCCIIEAYEMBIX
PacTBOPOB IPH JIJINHE BOJIHBI 450 HM U BEJIMUMHE
IPOIEHTHOM SKCTUHKIMY B-KapoTtuHa E™ = 25092,

[TosyueHHBIE B pe3YJIbTATHI PACUETOB JJAHHBIE TI0
CO/IEP’KAaHUIO KADOTUHOW/IOB IIPUBEZIEHBI B TA0JI. 3.

Kak cienyer u3 mpuBe/IeHHBIX Pe3YJITATOB (CM.
TabJy. 3), CyMMapHOe COZEpP:KaHHE KAapPOTHHOH/IOB,
OllpefieJIeHHOe JIBYyMs METOZIaMH, IPAKTHUECKU
COBIIQJIA€T /IS BCEX BUJIOB CHIPhsS, KpOME ILIOZIOB
munoBHUKA. CpaBHUBAs CIIEKTPHI W3BJIEUYEHUN U3
CBIPHs IIIUIIOBHUKA U JIPYTUX HCCJIE/IOBAHHBIX BU/IOB
CBIPbsI, MBI BUIUM, UTO CIIEKTpP IIIMIIOBHUKA UMEET
6aTOXPOMHBIN CIIBUT, KOTOPBIH MOKET OBITh 00BsIC-
HEH TIpeo0JialaHeM B COCTaBe KapPOTHHOUIOB

For comparison, the content of the sum of carot-
enoids calculated to [-carotene was determined
according to the method proposed in the State Phar-
macopoeia of the XIV edition [6] by the optical den-
sity of the test solutions at the wavelength of 450 nm
and value of the percentage extinction of B-carotene
E¥ =25092.

The calculated data on the content of carotenoids
are given in Table 3.

As follows from the above results (see Table 3),
the total content of carotenoids, determined by
two methods, practically coincides for all types of
raw material, except for wild rose hips. Comparing
the absorption spectra of wild rose and other stud-
ied raw material, we see that the spectrum of wild
rose has a bathochromic shift, which can be
explained by the predominance of lycopene in the
composition of wild rose carotenoids that has
peaks at longer wavelength. At the same time, as
mentioned above, all considered carotenoids have
different A-vitamin activity. Considering that
a-carotene is broken down only into one retinol
molecule, i.e., is equivalent to 53% of [-carotene,
and lycopene has no A-vitamin activity, the results
are given in Table 3, can be recalculated to the
equivalent of retinol in IU% (the number of inter-
national units of action of retinol in 100 g of raw
material). The recalculation results are shown in
Table 4.

The closest results obtained using both methods
are for carrot and pumpkin because the absorption
spectra of them are as close as possible to the spec-
trum of B-carotene, and their A-vitamin activity is
lower than that determined by the pharmacopoeial
method by 17-19%; for sea buckthorn, in which
a-carotene dominates, the equivalent of retinol is
32% lower; for wild rose, in which lycopene pre-
vails, the A-vitamin activity is almost three times
lower. Such a difference in A-vitamin activity must

Ta6auna 3. ConeprkaHue KapOTHHOUIOB B Pa3JIMYHBIX BUAAX CHIPbS, MT%
Table 3. The content of carotenoids in various types of raw material, mg%

Ne Cymma Cymma kapoTH-

_ CoIipbe a-kapotuH [j-kapoTtuH JIMKOIIMH KapOTHHOWJAOB HOUAOB 0 I'® XIV
n/o q .
No Raw material a-carotene [3-carotene Lycopene Sum of . Sum of: carotenoids

’ carotenoids according to SPh XTIV
1 Mopxkoss / Carrot 0.59 1.45 0.16 2.20 2.16
2 O6Jenuxa 1.55 0.99 0.11 2.65 2.57
Sea buckthorn
3 TrixBa / Pumpkin 0.14 3.50 0.65 4.29 4.28
4 [IIunoBHUK 0.41 0.95 2.62 3.98 3.32
Wild rose
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Tab6suna 4. CosieprkaHre SKBUBAJIEHTa PETUHOJIA B pa3audHbIX Buzax JIPC, ME%

Ne ChIDBE OnpezaeseHue MO MPeaI0KEHHOMY Onpenenenue mo meroxy I'd XIV
n/no Ra ‘E material METOxy Determination by the SPh XTIV
No. Determination by the proposed method method
1 Mopxkoss / Carrot 2938 3601
2 O6enuxa 2037 4284

Sea buckthorn
3 TrikBa / Pumpkin 5958 7135

[IMTunoBHUK 1946 5534

Wild rose

IIMIIOBHUKA JINKOIIMHA, UMEIOIIETr0 OoJiee JITTMHHO-
BOJIHOBBIE JKCTPEMyMBI. BMecTe ¢ TeM, Kak ObLIO
VKa3aHO BBIIE, BCE PACCMATPUBAEMBbIE KapOTHHO-
ARl UMEIOT pa3IuyHyl0 A-BUTAMUHHYIO AKTHB-
HOCTh. YUUTBIBasA, YTO O-KAPOTHH PACIIaZaeTcst
TOJIBKO HAa OJHY MOJIEKYJIy PETHHOJIA, T.€. DKBUBa-
JIEHTEH 53 % OT $-KapOTHHA, a JINKOIUH He 00J13/1aeT
A-BUTAaMUHHOH aKTHUBHOCTBIO, Pe3yJIbTAThl, IPUBeE-
JleHHBIE B TabJI. 3, MOTYT OBITh ITEPECYNUTAHBI HA SKBU-
BasieHT peTrHoIa B ME% (KOJIM4eCcTBO MEXK/IyHapO/I-
HBIX €IMHUI] JIEUCTBUS PETHUHOJIA B 100 T CHIPHS).
Pesysprathl mepepacueTa MpuBeAEHBI B TA0I. 4.

Haubosee O6iM3KKH pe3yJbTaThl, IOJyUYeHHBIE
MIPU UCIOJIB30BAaHUU O0OUX METOJIOB, JJIs MOPKOBH
U TBIKBBI — CIIEKTPBI U3BJIEYEHUH U3 HUX MaKCH-
MaJIbHO OJIM3KM K CHEKTPY [-KapoTHHa, a uX
A-BUTaMUHHAs1 aKTUBHOCTH MEHBIIIE, YeM OIpeie-
JsieMast (papMaKoOIeHHBIM METO/IOM Ha 17—19 %; i
obsienuxu, B KOTOPOW MpeobJaflaeT O-KapOTHH,
SKBUBAJIEHT PETHHOJIA HIDKE Ha 32 %; JJIs IIUIIOB-
HUKA, B KOTOPOM IIPe00IalaeT JINKOIUH, A-BUTa-
MUHHas1 aKTUBHOCTH HIDKeE ITOYTH B TPHU pasa. Takoe
pasyiuuve B A-BUTAMHHHOM aKTHUBHOCTH HEOOXO-
JIUMO YYUTBIBATh IIPHU JO3UPOBAHUU JIEKAPCTBEH-
HOTO PaCTUTEJIBHOTO CBHIPbs, COZIEPIKAIIero KapoTH-
HOUJIBI B perjiaMeHTe GUTO0370POBJIEHUS.

SAK/IIOYEHUE

ITpoBezieHHOE HCCIe/IOBAHHUE ITO3BOJISET C/IETIATH
CJIE/TYIOIIHIE BBIBO/IBI:

1) B X0Jle CPAaBHUTEJIBHOTO aHAIN3A MIPEIJIOKEH-
HOU ¥ (apMaKOIeHHONH METOJUKH YCTaHOBJIEHO,
YTO MPEANOYTUTETHHO UCIIOIb30BATh U30IPOIIHIIO-
BBIU CIUPT Kak Hambosiee 9 HEeKTUBHBIN pacTBOPH-
TEJIb;

2) IpejyIOKEeHa METOZIMKA OIpe/ieJIeHUus Co/iep-
JKaHUSA UHIUBUAYATbHBIX KapoTuHOUu10B B JIPC mo
BEJIMYMHE OINTUYECKOH IUUIOTHOCTH IIPHU JIJTUHAX
BOJIH, COOTBETCTBYIOIIIMX XapaKTEPHBIM MaKCHMY-
MaM Q-KapOTHHA, J-KapOTHHA U JTUKOIIHNHA;

be taken into account when dosing medicinal plant
material containing carotenoids in the herbalism
regulations.

CONCLUSION

The conducted research allows us to draw the fol-
lowing conclusions:

1) the comparative analysis of the proposed and
pharmacopoeial methods determines that it is pref-
erable to use isopropyl alcohol as the most effective
solvent;

2) the method is proposed for determining the
content of individual carotenoids in MPRM by opti-
cal density at wavelengths corresponding to the
characteristic maximums of a-carotene, -carotene
and lycopene;

3) taking into account the content of specific
carotenoids makes it possible to determine the
A-vitamin activity of the sum of carotenoids extracted
from plant material used in the production of herbal
preparations and biologically active additives, and,
accordingly, to increase the effectiveness of the latter
for health improvement.

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

3) y4eT copmepKaHus KOHKDETHBIX KapOTHHOU-
JIOB TO3BOJISAET ONPEAEATh A-BUTAMUHYIO AKTHB-
HOCTb CyMMBI KADOTUHOU/IOB, U3BJIEKaeMbIX U3 pac-
TUTEJIBHOTO CHIPbS, UCIOJIb3YEMOTO IIPU ITPOU3BO/I-
cTBe (puTONpenapaToB U OMOJIOTHYECKH AKTUBHBIX
100aBOK, U COOTBETCTBEHHO IOBBICUTH 3(PGHEKTUB-
HOCTb IPUMEHEHUS MOCIIEAHUX /IJIS 03/I0POBJIEHUA.

Kondaukr nuHTEepecoB. ABTOPHI 3a5IBJIAIOT 00
OTCYTCTBUU KOH(IINKTA UHTEPECOB.
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CyneOHO-MeJUITMHCKAas OIEeHKA KIMHUYECKUX MMPOABJIE€HUN
IpU IpUEeMe 3TaHoJIa ¢ ra3anuen

A.A. MaprembsaHoBa, A.JI. Kouosn, P.A. Kanéxun, A.M. Opsosa, A.A. Bosikosa

®I'BY «Poccutickuil yenmp cydebHo-meduyuHckoll axcnepmuswvl» Munadpasa Poccuu (Mockea)

AHHOTAIIUA

ABTOpaMU M3y4Y€eHBI PA3INYN KIMHUYECKUX IIPOSBJIEHUH IIPY EPOPAIBHOM IIpHeMe 40% 3TaHosa (BOAKHU) ¢ rasanuen
110 CPaBHEHUIO ¢ OOBIYHOU (6e3 razaiuu) BOAKONH. YCTAaHOBJIEHO, UTO IIPHU IIPUEME 3TAHOJIA C Ta3aluel MOSBIISIOTCA KaK
cyOBEKTUBHEIE, TAK U OOBEKTUBHBIE CUMIITOMEBI, OTCYTCTBYIOIKE IIPU IIpHeMe dTaHosIa 6e3 razanuu. CUMITOMBI OIlbsHe-
HUs, XapaKTepHbIe JJ1A IpreMa 3TaHoJIa, KaK ¢ ra3aruel, Tak 1 6e3 ra3amum, J0JIbllle COXPAHAIOTCA IPU IIPHeMe 3TaHOoIa
c raganuel. MakcuMasbHble IOKa3aTe Iy YacTOThl CepAEeUHbIX COKpAIlleHUH Ipy IIpueMe 3TaHoJIa ¢ razanuet, 3adukcu-
POBaHHBIE Yepe3 4 U Iocje IpueMa, ObUTH BBIIIE OTHOCUTEIBHO MCXOHOTO YPOBHA (MOMEHT npueMa) Ha 18.4 %, a npu
rpueMe 3TaHosa 6e3 raza — Ha 9.6 %. CylecTBeHHOU pa3HUIBI B U3MEHEHUH [T0Ka3aTeJIed apTepUaIbHOTO JIaBJIEHUS IIPU
IIpHeMe 3TaHOJIA C ra3aluel u 6e3 ra3alnuu He yCTAaHOBJIEHO.

Knaouessle caoea: ra3upoBaHHast BOJIKA, 9TAHOJ, KJIMHUYECKHE TPU3HAKH.

Oo0paszen murupoBaHua: MaprembsaHoBa A.A., Kouosn AJIL, Kamékun P.A., OpsoBa A.M., BoskoBa A.A.
CynmebHO-MeTUIIMHCKAs OIleHKA KJIIMHUYECKUX TPOSBJIEHUH IPH MpHeMe dTaHosia ¢ razanueii // Journal of Siberian
Medical Sciences. 2021. N2 4. C. 27—39. doi: 10.31549/2542-1174-2021-4-27-39

Forensic assessment of clinical manifestations
when taking ethanol with carbonation

A.A. Martemyanova, A.L. Kochoyan, R.A. Kalyokin, A.M. Orlova, A.A. Volkova

Russian Center of Forensic Medical Expertise (Moscow)

ABSTRACT

The differences in clinical manifestations of oral administration of 40% ethanol (vodka) with carbonation compared with
neat (non-carbonated) vodka were studied. It was found that when taking carbonated ethanol, both subjective and objec-
tive symptoms appear, which are absent when taking ethanol without carbonation. The symptoms of alcohol intoxication
characteristic of ethanol, both with and without carbonation, persist longer when carbonated ethanol is ingested. The
maximum heart rate values when taking ethanol with carbonation, recorded 4 hours after ingestion, were 18.4% higher
relative to the baseline (the time of intake), and when taking ethanol without carbonation — by 9.6%. There was no sig-
nificant difference in the change in blood pressure indicators when taking ethanol with and without carbonation.
Keywords: carbonated vodka, ethanol, clinical features.
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BBE/IEHHME

KostruecTBO OCTPHIX M XPOHUYECKUX OTPABIIEHUH
STUJIOBBIM QJIKOTOJIEM OCTA€TCsI BBICOKMM B 0OJIb-
IIIUHCTBE cTpaH Mupa. TsKecTb pa3IudHbIX 3ab0s1e-
BaHUM, JUATHOCTHPYEMbBIX V JIIOJIEH CpPETHEro H
[TOKIJIOTO BO3pacTa, HEPEAKO 00yCIOBIIEHA TPO0JI-
JKUTETHHBIM YIIOTpebieHreM ayikorosisi. Kpome aToro,
cyneOHO-MEeTUITMHCKAS TTPAKTHKA CBHU/IETEIBCTBYET O
3HAYUTEIHHOM YHCIE CJIyY4aeB CKOPOIOCTHKHOM
CMepTH, HACTYIIUBIIIEH TIPH SBJIEHUSX OCTPOH U XPO-
HUYECKOHN aJIKOTOJIbHOM MHTOKCUKAIAH [1].

V3yyeHre KIMHUYECKUX MPU3HAKOB AJKOTOJIb-
HOTO OIIbSTHEHHUS U €T0 MTOCJIEZICTBUI, KOTOPbIE MOTYT
BJIMATH Ha JIEKOMIIEHCAIINIO TeYeHUs 3a00IeBaHUH,
[TOJIyYeHHEe TPAaBMbl WJIU JIETAJIBHBIM KUCXOJ, SIBJISI-
eTCs aKTyaJIbHOH 3amavueil. OnpeziesieHne KIMHUYE-
CKHUX IIPU3HAKOB MPHEMa aJIKOTOJIS MTPOBOJIUTCS II0
psly mapaMeTpoB, XapaKTePU3YIOIIUX HEraTHBHOE
BJIMSTHHE BTAHOJIA.

B nacrosiee Bpemsa B Poccuu BeIllycKaeTcsl Tak
Ha3bIBaeMas rasuMpOBaHHAs BOZKA, KOTOpas HMe-
eTcsi B cBOOOIHON mpojake. OHA XapaKTepU3yeTCst
60J1ee OBICTPBHIM BCACBIBAHUEM U IPOIATaHAUPYETCS
KakK HauOoJiee SKOHOMUYHBIA BapUAHT 110 CpaBHE-
HUIO C OOBIYHOH BOAKOH s mosydeHus sddexra
onbsaHeHusd [2].

HecmoTpsi Ha HEKOTOPOE CHHIKEHUE ITOCMEPT-
HOTO BBISIBJIEHUS 3TAHOJA MPU CyAeOHO-MeTUITIH-
CKUX WCCIIEIOBAHUAX TPYIOB [3], IO JaHHBIM
N.A. IllukamoBO# ¢ COABT., 3HAYNUTEJIHHO BO3pOCJIA
JIOJIsT TIAIIMEHTOB C OTPABJIEHUAMHU STAHOJOM: B
CaHkT-IleTepOypre UX KOJMYECTBO YBEJTMUUIIOCH B
2.5 pa3a, B HoBocubupcke — B 3 pasa, B Kazanu — Ha
30 % [4]. Ilo maHHBIM 3THUX JKe aBTOPOB, O0JIee YeM B
2 pasa BBIPOCJIO YHCIO OOJIBHBIX B aJKOTOJIBHOM
onbssHeHHH, noctymnarnux B HUU ckopoit momornu
M. U.U. Jxxanenmunse (Caukr-Ilerepbypr); 70 %
MaI[EeHTOB, MOCTYIIAIOIINX B HOBOCUOUPCKUH TOKCH-
KOJIOTHYECKHH IIEHTP, OB B COCTOSTHUH aJIKOTOJIh-
HOTO ONIbsSHEHUs, IIPU 3TOM CIIelHaTU3UPOBAHHAS
MEeIUITMHCKAs TIOMOIIb UM He TpeOoBasach.

B 2007 1. C. Roberts u S.P. Robinson omy6sinko-
BaJIM PE3YJIbTAaThl UCCIIEZ0BAHUs, B KOTOPOM IpyIIIa
u3 21 Yes. (12 My>KYUH U Q JKEHIIWH) TPUHUMAIH
STAHOJI B PA3JIMYHBIX KOHIEHTPALUAX B TEUEHHE
Tpex AHeH [5]. ABTOpBI YCTAaHOBWIIH, UTO NIPU MPHU-
eMe ATaHOJIa B KOHIleHTpaIuu 18.75 00.% CKOpoCTh
BCAChIBAaHUs ITAHOJIA C ra30M OKasajach Ha 25 %
60JIbIlle, YeM CKOPOCTh BCACHIBAHHSA STaHOIA Oe3
raza. OJTHAKO KOHIIEHTPAIUIO AJIKOTOJIS OIpeze-
JISIJTA TOJIBKO B BBIZIBIXa€MOM BO3/yX€ C ITOMOIIbIO
aJIKOTECTepa, a KIMHUYECKHE IIPOSIBJIEHUS OIbsHe-
HUSA B 3aBUCHMOCTH OT BH/Ia HATIUTKA HE yCTaHABJIU-
BaJINCh.

INTRODUCTION

The number of acute and chronic alcohol poison-
ing remains high in most countries of the world. The
severity of various diseases diagnosed in middle-
aged and elderly people is often due to prolonged
alcohol consumption. In addition, forensic medical
practice indicates a significant number of sudden
death cases that occurred during the acute and
chronic alcohol intoxication [1].

The study of clinical signs of alcohol intoxication
and its consequences, which can affect the decom-
pensation of the course of diseases, injury or death,
is a relevant objective. Determination of clinical
signs of alcohol intake is carried out according to a
number of parameters characterizing the negative
effect of ethanol.

Currently, the so-called carbonated vodka is pro-
duced in Russia, and is available for free sale. It is
characterized by faster absorption and is promoted
as the most frugal option compared to neat vodka to
obtain the effect of intoxication [2].

Despite a slight decrease in the postmortem
detection of ethanol during forensic medical exami-
nations [3], according to I.A. Shikalova et al., the
proportion of patients with ethanol poisoning has
increased significantly: in St. Petersburg their num-
ber has increased 2.5 times, in Novosibirsk —
3 times, in Kazan — by 30% [4]. According to the
same authors, the number of intoxicated patients
admitted to the I.I. Dzhanelidze Research Institute
of Emergency Medicine (St. Petersburg) has
increased by more than 2 times; 70% of patients
admitted to the Novosibirsk Toxicological Center
were intoxicated, while they did not require special-
ized medical care.

In 2007, C. Roberts and S.R. Robinson published
the results of a study in which a group of 21 people
(12 men and 9 women) took ethanol in various con-
centrations for three days [5]. The authors found
that when taking the carbonated ethanol at a concen-
tration of 18.75 vol.%, the rate of its absorption was
25% higher than the rate of absorption of ethanol
without carbonation. However, the alcohol concen-
tration was determined only in the exhaled air using
a breathalyzer, and clinical manifestations of intoxi-
cation depending on the type of drink were not estab-
lished.

The works of V.P. Nuzhny et al. are devoted to the
issues of psychophysiological effects depending on
the type of alcoholic beverage [6, 7]. In one study, the
authors compared disorders of the function of organs
and systems when taking vodka (without carbon-
ation), beer and gin and tonic, and in another — the
physiological effects of combined consumption of
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Bompocam ncuxodusnosorndeckux 3¢ ¢peKToB B
3aBUCHMOCTH OT BH/Aa aJKOTOJIBHOTO HAIUTKA
nocBsnieHs! pabotsl B.I1. HyxxHoro u coasr. [6, 7].
B oiHOM HCCIeZIOBaHUYM aBTOPHI CPABHUBAJIM HAPY-
meHus: (PYHKIIUU OPTAaHOB U CHUCTEM IIpU NpHEME
BojikY (6€3 razanuu), MUBa U JPKUH-TOHUKA, a B JIPY-
roMm — ¢usuonornyeckre 3PQdEKTb COUETAHHOTO
yIOTpeOJIeHus] «DHEPreTHYeCKUX» HAIMUTKOB U
aykorosig. BpUIO yCTaHOBIEHO, UTO HPU NpHEME
Bozaxku (0e3 razamnuu), IUBa U JXKUH-TOHUKA KJIMHU-
YecKHe MPOSIBJIEHUS ONbSIHEHUS U MMOCTHHTOKCHKA-
OMOHHOTO COCTOSIHHS, DPa3BUBAIOIIETOCA HAYTPO
rocJie yroTpebyieH!s YKa3aHHBIX HAITUTKOB B 9KBH-
BQJIEHTHBIX I10 3TAHOJIY /I03aX, B IIEJIOM OBLIA CXOXKH.
HexkoTopble OT/IMUHUTE T HbIE TPU3HAKH ObLIH BBISB-
JIEHBI B IOCTUHTOKCUKAIIIOHHOM II€PUO/IE, BHIPA3H-
BIIIMECs HAJIMUMEM HEe3HAUUTEJIbHBIX HapYIIeHU! B
pery/isiiuy COCYAMCTOTO TOHyCa M PUTMA CEpAla,
BBISIBJIEHHBIX ITPU IIPOBEJIEHUN aKTUBHOW OpTOCTa-
TUYECKOU NPOOBI, KOTOpble OBUIH MaKCUMAIHHO
BBIPQJKEHBI IIOCJIE TIpHeMa J»KUH-TOHHUKA, MUHH-
MaJIbHO BBIPaXKEeHBI — II0CJIE ITPUeMa IIHBa.

OTHOCUTENTLHO  BJIUSHUS — «DHEPTETHUYECKUX»
HAaIIUTKOB IIPH OJTHOBPEMEHHOM IIpHEME CO CIIUPT-
HBIMH HAIIUTKAMH aBTOPHI MPHUILIN K CIEAYIONTAM
BBIBO/IAM:

e N00OaBJIEHNE «DHEPTETUYECKHUX» HAIUTKOB K
BOJIKE CIIOCOOCTBYET MOBBIIIIEHHIO HACTPOEHHUS, IIPHU-
JIUBY CHJI, CTUMYJIUPYET OOIUTEIbHOCTh, a TaKXKe
CHIKAET YHCJIO 3KaJ100 Ha YKaK/ly W TOJIOBHYIO 60JIb
B IIOCTHHTOKCHKAI[MIOHHOM COCTOSTHUU HAa CJIENYIO-
LU JIEHb IOC/Ie YIOTPEOIEHNS AJIKOTOJIS, T.€. Coue-
TAHHBIM IPHEM 3THX HAIIUTKOB CIOCOOCTBYIOT yCH-
JIEHUIO 3U(OPHUBUPYIOIIET0 U YMEHBIIIEHUIO aBep-
CUBHOTO JIEWCTBUS QJIKOTOJIS;

* «DHEpPreTUYeCKHe» HAMUTKA He OKa3bIBAIOT
CYIIECTBEHHOTO BJIMSHUSA HA IOKA3aTeJIN COCTOSHUSA
JIeATEIBHOCTH CEP/IEYHO-COCY/IUCTOM CUCTEMBI B
COCTOSTHUM QJIKOTOJIBHOTO OIbSIHEHUS, HO CyIIe-
CTBEHHBIM 00pa30oM MOJAUMDUIIMPYIOT BIUSHUE AJTKO-
TOJIsl HA BEPTUKAIHHYIO YCTOMUHBOCTb;

e BOAKA YXy/[ILIAeT CTabMIOMETPHYECKHE Iapa-
MeTpbl B TecTe Pombepra ¢ OTKPBITBIMH TJIa3aMH
0oJIbIlle, YEM C 3aKPBITHIMH, & CMECh BOJIKU C «9HEP-
FeTUYECKUMH» HAaIIUTKaMH — HAa000pOoT, 6oJblie ¢
3aKPBITBIMH TJIA3aMH M MEHBIIIE C OTKPBITHIMH;
aBTOpaMU KOHCTaTUPYETCs, YTO MPUPOJIA JAHHOTO
(eHOoMeHA HesACHA W HYXKJAETCSA B CIIENHAIBHOM
U3yYEeHUH.

OnHaKO caMU HCCIIE0BATENN PE3IOMUPYIOT, UTO
[IOJTy9eHHbIE UMY JAHHBIE B I[€JIOM SABJISIOTCS IIPO-
THBOPEYUBBIMU U C TPYAOM IOAI0TCA TPAKTOBKE.

Taxkum o6pa3oM, B HACTOSIINE BPeMs CBeIEHUs
OTHOCUTEIPHO KJIWHUYECKUX IIPOSIBJIEHUH aJIKO-

energy drinks and alcohol. It was found that when
taking vodka (without carbonation), beer and gin
and tonic, the clinical manifestations of alcohol
intoxication and post-intoxication developing the
morning after drinking, these beverages in ethanol-
equivalent doses were generally similar. Some dis-
tinctive signs were revealed in the post-intoxication
period, expressed by the presence of disorders in the
regulation of vascular tone and heart rhythm detected
during an active orthostatic test, which were maxi-
mally pronounced after taking gin and tonic, and
minimally — after taking beer.

Regarding the effect of energy drinks when taken
simultaneously with alcoholic beverages, the authors
came to the following conclusions:

« the addition of energy drinks to vodka helps to
put in a good mood, boost strength, stimulate socia-
bility, and also reduces the number of complaints of
thirst and headache during post-intoxication the day
after drinking alcohol, i.e., the combined intake of
these drinks contributes to the strengthening of the
euphoric and reducing the aversive effect of alcohol;

« energy drinks do not significantly affect the indi-
cators of the cardiovascular system activity in a state
of alcoholic intoxication, but significantly modify the
effect of alcohol on vertical stability;

« vodka worsens the stabilometric parameters in
the Romberg test with open eyes more than with
closed ones, while the mixture of vodka and energy
drinks — on the contrary, more with closed eyes and
less with open; the authors state that the nature of
this phenomenon is unclear and needs special study.

However, the researchers themselves summarize
that the data they have obtained are generally con-
tradictory and difficult to interpret.

Thus, at the present time, there is a little informa-
tion about the clinical manifestations of alcoholic
intoxication, depending on the type of alcoholic bev-
erage, and there is no information about vodka with
carbonation, although questions about the time of
intake of alcoholic beverages, their quantity and pos-
sible clinical manifestations are often put to the reso-
lution of judicial and investigative authorities. This
study is devoted to filling this gap.

AIM OF THE RESEARCH

To study the features of clinical manifestations
after intake of ethanol with carbonation for the pur-
poses and objectives of forensic and chemical-toxico-
logical studies.

MATERIALS AND METHODS

The objects of research are Alpha alcohol, 40%
strength, 0.35% carbon dioxide carbonation degree;
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TOJTBHOTO OIbSTHEHUSI B 3aBUCUMOCTH OT BU/IA aJIKO-
TOJIPHOTO HAINIMTKAa HEMHOTOUMCJIEHHBI, a OTHOCU-
TeJIbHO BOJKU C Trasanueld OTCYTCTBYIOT, XOTs
BOMPOCHI OTHOCHUTEJIPHO BpPEMEHU IMpHeMa aJIKO-
TOJIbHBIX HAMMUTKOB, UX KOJIMYECTBA U BO3MOKHBIX
KJIMHUYECKUX ITIPOSIBJIEHUH HEPEJIKO CTaBATCA Ha
pasperenue cyneOHO-CI€ICTBEHHBIMU OPTaHAMU.
BocriostHeHUIO 3TOTO TPO6ETIa U IMMOCBAIIEHO HACTOS-
1[ee UCCIeIOBaHUE.

IIEJIb UCCJIEJIOBAHUS

N3ydeHne ocobeHHOCTEW KJIMHUYECKUX ITPOSIB-
JIEHWH I0CJIe ITPUEeMa 3TaHOJIa C Ta3aliuen JJIs Iesien
U 33/1a4 CyeOHO-MEeTUIMHCKOTO U XUMHUKO-TOKCH-
KOJIOTMYECKOTO HCCIEOBAHMI.

MATEPUAJIBI 1 METO/IbI

OO6BeKTHI UCCIIEAOBAHUSA — CITUPT «Asibdha», Kpe-
IIOCTb 40 %, CTelleHb ra3anuu JUOKCUIOM yIaepoza
0.35 %; STWIOBHIN cnupT 40%. l'ocyAapcTBeHHBIN
CTaHAAPTHBIA 0Opasel] COCTaBa BOAHBIX PACTBOPOB
sranosa (komiuiekt BP9-1) — I'CO 7969-2001.

B wuccienoBaHUM TPUHSAIM ydacTHe 3 J106po-
BOJIBIIA, TIPE/IBAPUTEJIBHO JaBIINE ITHUCHhMEHHOE
corsylacue Ha ydactvue B HeM. JJoOpOBOJIBIIbI ObLTH B
BO3PACTHOM JIUaIna3oHe 35—45 JieT, 6e3 poHa cucre-
MAaTHYECKOTO YIOTPeOJIeHUsT aJIKOTOJISI U C OTCYT-
CTBHEM XPOHUYECKHUX U OCTPBIX 3a00I€BAHUH ITOYEK
U nedeHH. /171 MOJIydeHUs JOCTOBEPHBIX pe3ysIbTa-
TOB HCCJIEIOBAHNUE IIPOBOAMIOCH IBAXK/IBI C IIPOMeE-
JKyTKOM B 2 Heyl. CpeZfHUH Bec HCIBITYEMBIX COCTa-
BWJI 78 + 11 KT, apTepPHAIbHOE /IaBJIeHHE 116/74 MM
PT. CT., 9aCTOTa CEP/IEYHBIX COKPAIIEHN — 77 + 6 B
1 muH. Cocras rpynnsl GOpMHUPOBAJICA 10 CXOAHBIM
(usmonornUueckuM XapaKTEPUCTHKAM J10OPOBOJIb-
1eB U 0e3 HaM4us 3a00JIeBaHUH, KOTOPbIE MOTJIH
MIOBJIUATh HAa MeTaboIM3M 5TaHOJA B OpraHU3ME.
Tpex y4acTHHKOB MCXOJHOTO 3KCIIepUMEHTa CUH-
TaJIN IIEPBOU T'PYIIIION, TeX Ke YIACTHUKOB, ¢ KOTO-
pBIMHU ITPOBOAMIIOCH HCCJIEZIOBAHUE UePe3 2 HeZ, —
BTOpOH rpymmoii. [Ipuem mUIU IPOUCXOANII 32 1 U
[0 TpreMa STaHosa. Bce JMOOPOBOJIBIBI YIIOTpE-
OJISUTH TIHIIY, COOTBETCTBYIOIIYIO MHINEBON IEHHO-
CTH: OeJIKU 15.64 T, JKUPHI 46.07 T, YTJIEBOMIBI 7.14 T, a
SHEepreTUYecKast IEHHOCTh IPUHATON MUIIUA COCTAB-
Js71a 505.75 KKa (2117.52 k1K),

Cnupt «Anbda» KpemocTbio 40 % BBOAUICA
[IEPOPAIBHO OJHOKPATHBIM mpueMoM. IlepBas
rpyma IpUHUMAaJIA 5TAHOJ THEM — B 12 4 + 15 MUH
II0 MOCKOBCKOMY BpeMeHU, BTOpasi TpyIlna NpUHU-
MaJia yTPOM — B Q U + 15 MUH 10 MOCKOBCKOMY Bpe-
MeHH, OZHOMOMEHTHO B 00beMe 150 M1 6e3 mociie-
ZIYIOIIEero ynoTpebieHus MUIU U KUAKOoCTH. Yepes
TPO€E CYTOK DKCIIEPUMEHT IOBTOPSJICA C MEPOPAIIb-

40% ethyl alcohol. The State Standard Sample of the
composition of aqueous ethanol solutions (set
AES-1 - SSS 7969-2001).

The study involved 3 volunteers who had previ-
ously given written consent to participate in it. The
volunteers were in the age range of 35—45 years,
who did not consume alcohol on a regular base and
did not have chronic and acute kidney and liver
diseases. To obtain reliable results, the study was
conducted twice with an interval of 2 weeks. The
average body weight of the subjects was 78 + 11 kg,
blood pressure — 116/74 mmHg, heart rate —
77 + 6 per minute. The group was formed accord-
ing to similar physiological characteristics of vol-
unteers and without the presence of diseases that
could affect the metabolism of ethanol in the body.
Three participants at the baseline were considered
the first group, the same participants with whom
the study was conducted 2 weeks later were con-
sidered the second group. The meal took place
1 hour before the ethanol intake. All volunteers ate
food corresponding to nutritional value: proteins
15.64 g, fats 46.07 g, carbohydrates 7.14 g, and the
energy value of the food taken was 505.75 kcal
(2117.52 kJ).

Alpha alcohol with a strength of 40% was admin-
istered orally in a single dose. The first group took
ethanol in the afternoon — at 12 h + 15 min by Mos-
cow time, the second group took it in the morn-
ing — at 9 h + 15 min by Moscow time, simultane-
ously in a volume of 150 ml without subsequent
consumption of food and liquid. Three days later,
the experiment was repeated with oral administra-
tion of 40% ethyl alcohol. The study was conducted
at an indoor temperature of 25 + 3°C, during the
study the subjects did not leave the room. Ventila-
tion of the room was carried out by air conditioning.
During the experiment, the subjects did not increase
physical activity, cognitive actions were performed.
The average daily activity of the subjects on the day
of the experiment was in the range of 6800-
8100 steps per day, with an energy expenditure of
360—410 kcal. There were 6 observations (n = 6)
carried out in the study [8].

The assessment of clinical manifestations was
performed according to the following parameters:

« sensations at the time of ingestion in the larynx
and pharynx;

» the presence of lacrimation;

« alcohol odor from the mouth;

« euphoria;

« dizziness;

« feeling of warmth in the head;

« sweating;
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HBIM BBeJIEHHEM 3THJIOBOTO cIIUpTa 40 %. Mceneno-
BaHUE MIPOBOJMIIOCH MMPY KOMHATHOH TeMIIepaType
25 + 3 °C, BO BpeMsI UCCIIeZIOBAHUs UCIBITYEMbIE HE
BBIXOJIMJIM U3 TOMeIleHus. [[poBeTpuBaHue mome-
IEHUS [TPOBOJUIIOCH MyTeM KOHAUI[MOHUPOBAHUS.
Bo BpemsI sKcIieprMeHTa UCIBITYEMbIE He YBETUYUN-
BasIi (PUBUUECKYI0 aKTUBHOCTD, BBITTOJIHSIJIUCH KOT-
HUTHBHBIE AeicTBusa. CpefHecyToUHasi aKTUBHOCTD
HCIIBITYEMBIX B JIEHb DKCIIEPUMEHTAa HAXOAHJIACh B
JuarnaszoHe 6800—8100 HIaroB B CyTKHU, C pacxoZoM
360—410 KKaj. B wucceieoBaHWM MPOBOAWIM 10
6 nabaronenui (n = 6) [8].

OlleHKa KJIMHUYECKUX IIPOSIBJIEHUH IPOBOIH-
J1ach IO CJIEYIOUIAM [TapaMeTpaMm:

* ONIYIIEHUsI B MOMEHT IpueMa B 00JIacTU rop-
TaHU U [JIOTKH;

« HUINYKE CIe30TeUeHN;

e 3aI1ax aJIKOTOJIs U30 PTa;

* stidopus;

* TOJIOBOKPYKEHUE;

* OIIYIIIEHHE TEIIA B TOJIOBE;

* IOTOOT/IEJIEHUIE;

e peakIuy Ha OOBIYHbIE JIEHCTBUS;

e TAPECTE3MH JINIIA;

« mo3a PombGepra (B mpoCTON U YCIOKHEHHOU
dbopmax);

 yacToTa cepaeunbix cokpamienuii (HCC);

e apTepuanabHOe AaBienue (Al).

JIJ11 OIIEHKU UCCIeAyEMbIMU KIMHUYECKUX IIPO-
SIBJIGHUH WCIO0JIb30BAJIACh BU3YaJIbHO-aHAJIOTOBAS
mkana (BAIII) [9, 10]. BAIIl (Visual Analogue
Scale — VAS) (E.C. Huskisson, 1974) u3Ha4ajabHO
Opl1a paspaboTaHa AJIsT OIEHKW HWHTEHCHBHOCTH
00JIu y TTAaIUEHTOB C XPOHUYECKHUM MMaHKPEATHUTOM.
B HapKoJIOTHU IIKaja HCIOJIb3YeTCsA JIsi U3Mepe-
HUS CyO'beKTUBHOU OIeHKHU OO0JIbHOTO CTEIEHU BIe-
YEeHUs K aJIKOTOJII0 WU HApKOTUKY. [lamueHT camo-
CTOSATEJIHO OTMEYaeT Ha 10-CAaHTUMETPOBOM
OTpe3Ke CTeNeHb >KeJaHWs BBIUTh WJIH YIIOTpe-
OUTH.

ITpu poBeIeHNH JJAHHOTO HCCIIEZ0OBAHUS aJIr0O-
PUTM IPOBEEHUS UCCIIEIOBAHUS OB CIIETYIOIIIM:
HCIBITYEMBIM IIpeJjIarajiach JIMHEHKa JJIMHOMN
10 cM, Ha KOTOPOH OH JIOJKEH IOCTaBUTH TOUKY.
Heob6xonumo 6bLI0 yKa3aTh Ha TOT YYacCTOK, KOTO-
PBbIii, IO MHEHUIO UCIIBITYEMOTO, COOTBETCTBYET CTe-
[IeHY UHTEHCUBHOCTH IIPOSIBJIEHUS cuMIToMa. I1pu
5TOM JIeBas CTOPOHA JIMHEWKU (Hayajio — O €M)
03HayYaJsIa MOJTHOE OTCYTCTBHE CUMIITOMA, a IIpaBasd,
COOTBETCTBEHHO, €r0 HAJUYHE MPU MaKCUMyMe 10
10 cM. CaHTUMETPOBBIE JIeJIEHUsT HaHEeCeHBI ¢ 0OpaT-
HOU CTOPOHBI uszeus (puc. 1).

WHutepriperaiiiss pe3yabTaTOB MPOBOAMUIIACH TIO
CJIETYIOIUM KPUTEPUSIM:

« reactions to routine actions;

« facial paresthesia;

« the Romberg test (standard and sharpened);

« heart rate (HR);

« blood pressure (BP).

A Visual Analogue Scale (VAS) was used to evalu-
ate the clinical manifestations of the subjects [9, 10].
VAS (E.S. Huskisson, 1974) was originally developed
to assess the intensity of pain in patients with chronic
pancreatitis. In narcology, the scale is used to mea-
sure a patient’s subjective assessment of the degree
of alcohol or drugs craving. The patient himself
marks on a 10-centimeter segment the degree of
desire to have a drink or consume alcohol.

When conducting this study, the algorithm was as
follows: the subject was offered a ruler 10 cm long,
on which he should put a point. It was necessary to
indicate the area that in the subject’s opinion, corre-
sponds to the degree or intensity of a symptom. At
the same time, the left side of the ruler (beginning,
0 cm) meant the complete absence of the symptom,
and the right, respectively, its presence at a maxi-
mum of up to 10 cm. Centimeter divisions were made
on the reverse side of the ruler (Fig. 1).

The interpretation of the results was carried out
according to the following criteria:

0. The absence of a symptom, the person does not
feel it at all.

1. Uncomfortable sensations are extremely mild.
A person practically does not think about them. The
presence of mild symptoms does not affect the qual-
ity of life in any way.

2. Unpleasant sensations are weakly expressed,
but at the same time the symptom appears periodi-
cally as a paroxysm, and sometimes increase. A per-
son experiencing unpleasant sensations mostly gets
irritated.

3. The symptom worries regularly, the subject is
constantly distracted by it, but at the same time eas-
ily gets used to it and is able to carry out any kind of
activity.

4. The symptom is moderate. If the subject is
deeply immersed in any activity, he may not notice it
for a while. However, the rest of the time it bothers
him, it is quite difficult to distract from it.

5. The symptom is moderately severe. You can
ignore it for a maximum of a few minutes. Uncom-
fortable sensations are constantly bothering. How-
ever, if a person makes an effort, he will be able to do
some work or take part in a mass event.

6. The symptom is still moderately severe, but it is
already greatly interfering with normal daily activi-
ties. It becomes extremely difficult to focus on any-
thing.
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Puc. 1. JIuHelKa i onpe/iesieHus nokasaresei BAIIT
Fig. 1. The ruler for determining VAS indicators

0. OTCcyTCTBHE CHMIITOMA, YEJIOBEK COBCEM €TO He
YyBCTBYET.

1. /Iluckom@opTHbIe OILIylIeHUus HOCAT KpanHe
c1abyio BBIPAKEHHOCTh. UesIOBeK NIPAKTUYECKH O
HUX He aymaeT. Hanmuue c1aboil CHMITOMATHKU
HUKAaK He BJIMAET Ha KaueCTBO KU3HU.

2. HempuATHBIE ONIyIIEHUs BBIPKEHBI CJI1a00,
HO IIPDU 3TOM CHUMITOM I€PUOJUYECKU HOCUT IPU-
CTymOOOpa3HbIN XapaKTep U WHOTZA MOXKeT YCHJIU-
BaTbhes. Ues0BeK, UCIBIThIBAS HEPHUATHBIE OIIyIIe-
HUS, 4Jallle BCero paspakaercs.

3. CumMIToM O6eCIOKOUT PEeryJspHO, HUCIBITye-
MBIU ITIOCTOSTHHO Ha HETO OTBJIEKAETCS, HO IIPU 3TOM
JIETKO K HeMy IIPHUBBIKAET U B COCTOSHUM OCYIeCT-
BJISITH KAKOU-JTOO0 BUJT I€SATETHHOCTH.

4. CuMIITOM yMepeHHOTro XapakTepa. Ecytu ncnsr-
TYEMBIH CHJIBHO IOTPYKEH B KaKoe-TUO0 3aHATHE,
OH MOXKET HEKOTOpoe BpeM:s €ero He 3aMeydaTh.
OnHAKO B OCTQJIbHOE BPEMs OH ero OecIIOKOUT,
OTBJIEUbCSI OT HETO JIOBOJIBHO CJIOKHO.

5. CHMIOTOM HOCUT yMEPEHHO CHJIBHBIA Xapak-
Tep. ITHOPpHPOBATh €ro MOKHO MaKCUMyM B Teue-
HUe HeCKOJIbKUX MUHYT. /[uckoMdOpTHBIE OlLIyIIe-
HUSL 6eCOKOAT MOCTOSTHHO. OJTHAKO €C/IN YeIOBEK
IIPUJIOXKUT YCUJINSI, OH CMOXKET BBITTOJTHUTD KaKyIO-
smnbo paboTy WM IPHUHATH YYacTHE B MacCOBOM
MEpOIPUATUH.

6. CUMIITOM TO-IIPEKHEMY HOCUT YMEPEHHO
CUJIBHBIN XapakTep, HO OH YXe CHUIBHO MeIlaeT
BBITIOJTHATH OOBIYHYIO ITIOBCETHEBHYIO €S TETLHOCTb.
CocpeoTOYUThCS HAa YeM-JTU00 CTAHOBUTCS KpalHe
TPYAHO.

7. CumrroMm Tskestbiid. OH GYKBaJIbHO MOTIUHSIET
cebe Bce ocTasibHBIE oulyleHUs. Kpome Toro, oH
3HAYUTEIFHO MeIIaeT OOIEHUIO C IPYTUMH JIFOJIbMU
U BBITIOJTHEHUIO IIOBCEJIHEBHOH JI€ATEIbHOCTH.

8. OmymeHns HOCAT WHTEHCUBHBIU XapakTep.
dusnyeckas aKTUBHOCTh KpaliHe orpaHuueHa. s
TOTO YTOOBI TO/JIEP;KUBATH OOIIEHNE, HEOOXOTUMO
[IpUJIaraTh 3HAUYUTEIbHBIE YCIIIHA.

9. CUMIITOM HOCUT MYUYUTEJbHBIM XapakTep.
WcnpiTyeMBbIli HE B COCTOSSHUH JJa’Ke Pa3TOBapPUBATh.
VHOTr/1a OH U3/1a€T HEKOHTPOJIUPYEMbIE CTOHBI.

7. The symptom is severe. It literally subdues all
other sensations. In addition, it significantly inter-
feres with communication with other people and the
performance of daily activities.

8. The sensations are intense. Physical activity is
extremely limited. In order to maintain communica-
tion, it is necessary to make significant efforts.

9. The symptom is excruciating. The subject is not
even able to talk. Sometimes he makes uncontrolla-
ble moans.

10. The symptom is unbearable. The patient is
bedridden, often he is delirious. A symptom of such
intensity is practically incompatible with life.

The study of parameters that can be assessed
objectively using medical equipment:

« heart rate, per 1 min;

« arterial blood pressure level, mm Hg.

According to Appendix No. 2 of the Order of the
Ministry of Health of the Russian Federation dated
December 18, 2015 No. 933n [11], the following clini-
cal signs of intoxication were evaluated:

I. Changes in mental activity.

1. Inadequacy of behavior, including those accom-
panied by violation of social norms, demonstrative
reactions, attempts at dissimulation.

2. Stupefaction, drowsiness or excitement.

3. Emotional instability.

4. Acceleration or deceleration of thinking.

II. Changes in the autonomic nervous system
reactions.

5. Hyperemia or pallor, mottled skin, acrocyano-
sis.

6. Scleral congestion, hyperemia or pallor of visi-
ble mucosae.

7. Dryness of the skin, mucosae or hyperhidrosis.

8. Tachypnea or bradypnea.

9. Tachycardia or bradycardia.

10. Constriction or dilation of pupils.

11. Sluggish pupil reflex.

III. Disorders of the motor sphere.

12. Motor excitement or slowness.

13. Staggering when walking with fast turns.

14. Unstable in the Romberg stance.
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10. CumnToM HeBbIHOCHM. [lameHT TPUKOBaH K
mocTesid, Hepenako OH Opeautr. CHMITOM TaKOTO
XapakKTepa MPaKTUYeCKU HECOBMECTHUM C JKH3HBIO.

UccnemoBaHue mapaMeTpoB, KOTOPbIE BO3MOXKHO
OIIEHUTh OOBEKTHUBHO C UCIIOJIb30BAHNEM MeIUITIH-
CKOT0 0060PyIOBAHUA:

* JACTOTA CEPAEYHBIX COKPAIEHUH, B 1 MUH;

* YPOBEHB apTEPHAIIBHOTO JIaBJIEHUA, MM PT. CT.

CorsacHo npuioxkeHuto N2 2 npukaza MunHu-
cTepcTBa 37paBooxpanenust Poccuiickoit ®enepa-
onuu  or 18.12.2015 N2 933H [11], OlleHHUBAINCD
cenyonre KJINHUYECKHe NPU3HAKU OIbsIHe-
HUSA:

1. I3sMeHeHUA ICUXUYECKOH AesATeIbHOCTH.

1. HeasieKBaTHOCTh TIOBEJIEHUsI, B TOM UHCJIE
COTIPOBOK/IAIOIIASICSA HAPYIIEHHEM OOIIEeCTBEHHBIX
HOPM, /I€MOHCTPAaTHUBHBIMH DPEAKIUSAMH, IIOIBIT-
KaMHU JUCCUMYJISAIIHH.

2. 3aTOPMOKEHHOCTh, COHJIIBOCTb MJIN BO30Y K-
JleHue.

3. OMOIMOHAIbHAS HEYCTONYUBOCTD.

4. YcKopeHue WK 3aMe7lyIeHYe TEMITA MbIITUTEHMS.

I1. I3ameHeH s BETETATUBHO-COCY/IUCTBIX PEAKITAN.

5.Tunepemuss win 6JiIeTHOCTh, MPaMOPHOCTb
KOKHBIX ITOKPOBOB, aKPOI[UAHO3.

6. IHpelIpOBAaHHOCTL CKJIED, TUIEPEMUSA WU
6J1eTHOCTDh BUJTUMBIX CTU3UCTHIX 000JIOUEK.

7. CyXOCTb KOJKHBIX ITOKPOBOB, CJIHU3UCTBIX 000-
JIOUEK WJIU TUIIEePTUAPO3.

8. TaxuIHOD WK OPaUITHOD.

9. Taxukapausa win 6paguKapaus.

10. CykeHHe WIN pacIIupeHue 3payKoB.

11. Bsiyast peakiusi 3paykoB Ha CBeET.

II1. HapymieHus ABUTaTEIbHOU ChEPHI.

12. /IBuraTesibHOE BO30Y:K/IEHUE WIH 3aTOPMO-
JKEHHOCTb.

13. [lomaTeiBanve npu xompbe ¢ OBICTPHIMU
IIOBOPOTaMU.

14. HeycroitunBocTs B o3e PombGepra.

15. OmuOKY TpU BBITIOJIHEHUN KOOPAMHATOPHBIX
po0.

16. Tpemop Bek u (WIK) A3bIKA, PYK.

17. HapyIeHnus peuu B BU/ie AU3APTPUH.

PE3YJ/IBTATDBI 1 OBCYKIEHNE

CyObeKTHUBHbIE U OODBEKTHBHBIE KIMHUYECKHE
NIPOSAIBJIEHMs], BOZHUKAIOIIME HA Pa3JIMYHBIX 3TAllax
HCC/IeIOBAHUSA, a TAaKJKe pe3ysIbTaThl OIEHKU CYyOb-
eKTHUBHBIX KJIIMHUYECKUX WposABjaeHuil mo BAIII
IIpeZiCTaBJIeHbI B TA0JI. 1 1 HA PUC. 2.

CorslacHO NOJIydeHHBIM JaHHBIM, CpefHUe 3Ha-
4eHUs N0 10 KIUHUYECKUM IPOSABJIEHUSAM IIpueMa
STaHOJIA ¢ Ta3anuel u 6e3 ra3anuu paBHAIOTCA 4.5 U
2.6 COOTBETCTBEHHO, a MeJAWaHa JaHHBIX 3Haue-

15. Errors when performing coordination tests.
16. Tremor of the eyelids and (or) tongue, hands.
17. Speech disorders in the form of dysarthria.

RESULTS AND DISCUSSION

Subjective and objective clinical manifestations
that occur at various stages of the experiment, as well
as the results of the assessment of subjective clinical
manifestations according to VAS are presented in
Table 1 and in Fig. 2.

According to the data obtained, the mean values
for 10 clinical manifestations of ethanol with and
without carbonation intake are 4.5 and 2.6 respec-
tively, and the median of these values is 4 for car-
bonated ethanol and 3 for ethanol without carbon-
ation.

Thus, negative clinical manifestations are
1.7 times stronger when taking ethanol with carbon-
ation than when taking ethanol without carbonation,
as evidenced by a higher value VAS in the assessment
of the general condition. In addition, a comparison
was made between the groups. Only correlations sig-
nificant at the level of p < 0.05 were taken into
account. There were no significant differences in the
signs of “Alcohol odor from the mouth”, “Feeling of
warmth in the head”, “Sweating” and “the Romberg
test” (traditional and sharpened).

The results of measuring heart rate and blood
pressure in the given time range are presented in
Table 2. The Table 2 shows that the maximum heart
rate when taking ethanol with carbonation is by
18.4% higher relative to the baseline, and when tak-
ing ethanol without carbonation — by 9.6%. In both
cases, blood pressure decreased by an average of
20.1 + 2.3%, which did not reveal a significant differ-
ence between taking ethanol with and without car-
bonation.

The results of a comparative analysis of heart
rate when taking ethanol with and without carbon-
ation are graphically presented in Fig. 3. As can be
seen from Fig. 3, when taking ethanol without car-
bonation, the heart rate has peak values after an
hour; then, slightly decreasing, it stays in the range
of elevated values; while after taking carbonated
ethanol, the heart rate increase is prolonged for two
hours from the moment of ingestion, thus the max-
imum values are maintained throughout the second
hour, and reach the peak indicator after two hours
from the moment of intake. These data may indi-
cate a more pronounced effect on cardiac activity of
ethanol with carbonation due to a higher absorp-
tion rate (by 17.1%), established by us earlier [2],
namely: the peak concentration of ethanol in the
blood is reached 2 hours after ingestion, and the
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Taﬁnnua 1. Cy6’]:-eKTI/IBHBIe U 00'bEKTUBHbBIE KITHHUYECKHUE IIPOABJICHUA IIpUEMa 3TaHOJIa 40% C rasauneﬁ u 6e3

razamuu (n =

6)

Table 1. Subjective and objective clinical manifestations of 40% ethanol intake with and without carbonation (n = 6)

Bpemsa

mocJjie .

Hpieha dTaHoJI ¢ raganped ATaHOI 6e_3 rasamyuu .

. Ethanol with carbonation Ethanol without carbonation

Time after

intake

0 MHH B MOMEHT nprieMa — «3acToi» ra3a B 06J1aCTU TOPTAHU U OTCyTCTBHUE IPOSABIEHUI

(mpuem) IJIOTKH, CJIe30TEUYEHHEe Absence of manifestations

0 min At the time of reception — retention of gas in the larynx and

(intake) pharynx, lacrimation

20 MUH BbIpaskeHHBIN 3a11ax aJIKOTOJIsl U30 PTA, OULYIEHUE FKIKEHU, 3armax ayKoroJisi M30 pra, Jierkas sudopus,

20 min auckom@opra B 06,1aCTH TOPTAHOIJIOTKH, JIeTKasi 9Udopusi,  OIIyIIEHHE TeIa B TOJI0BE, HEKOTOPOE
HEBBIPa}KEHHOE IOJIOBOKPY:KEHHUE, OlIyIIEeHNE TeIIa B MOBBIIIIEHNE TIOTOOT/E/IEHHSI, HEKOTOPOE
rOJIOBE, IOBBILIEHHOE MTOTOOTAEIEHIE, HEKOTOPOE 3aMe/IJIEHNE 3aMe/JIEHUe peakiny (HalpuMep, TEMIT
peaxiuu (Hampumep, TEMII IleYaTaHusI Ha KJIaBUAType HECKOJIBKO — [leYaTaHWs Ha KJIaBUATyPe HECKOJIbKO MeJIJIEHHEe,
MezJIeHHee, yeM 0ObIYHO) yeM 00BIYHO)

Pronounced alcohol odor from the mouth, burning sensation, The alcohol odor from the mouth, mild euphoria,
discomfort in the larynx, mild euphoria, unpronounced a feeling of warmth in the head, some increase in
dizziness, a feeling of warmth in the head, increased sweating, sweating, some slowing down of the reaction (for
some slowing of the reaction (for example, the pace of typing on the example, the pace of typing on the keyboard is
keyboard is somewhat slower than usual) somewhat slower than usual)

35 MUH Jlerkas mapecre3us Juna (Cy0beKTHBHO — aHeCTe3Hs, ITapecreswuii HeT, 60JI€Bast UyBCTBUTETLHOCTD

35 min HO GoJieBas YyBCTBUTEIbHOCTH IIPH YKOJIAX UIJIOHU coxpaHeHa, B 1103e Pombepra (B mpocToii u
coxpaHeHa), 31 opHUA CMEHIJIACh HA AeIIPECCUBHOE YCII0KHEHHOM (hopMax) — MMOKAaUMBAHUE;
cocrosiHue, B 1103e¢ Pombepra (B IpocToii U yC/I0KHEHHON MaJTIbI[EHOCOBAst MP0o6a — MUMOIIOTIA/IaHYE
¢opmax) — nmokaurBaHe; MaableHOCOBast Mpoba — No paresthesia, pain sensitivity is preserved, the
MHMOIIOTIAIaHKE Romberg test (traditional and sharpened) with
Mild facial paresthesia (subjectively — anesthesia, but swaying; past-pointing in the finger-nose test
pain sensitivity during needle injections is preserved),
euphoria has been replaced by a depressive state, the
Romberg test (traditional and sharpened) with swaying; past-
pointing in the finger-nose test

45 MUH 3arpy:KeHHOCTh, peakus elle 6oJiee 3aMe/IHIach, CyO'beKTHBHBIE OLIYIIEHN HOPMaTH3aIUN

45 min roJI0BHasA 60JIb HEMHTEHCHUBHAA, HE3HAYNUTEIbHOE COCTOSTHUSI — JIETKas SUGbOPHsI OTCTYIIAET,
HapylIeHHe apTUKYJIAIUHA, COHIMBOCTD, HEBBIPAKEHHBIN  peakiys BO3BPAINaeTcs K 00BIYHON; B 1103
TpeMOp NaJIbIeB KUCTH; B 103e Pombepra (B mpocToii u Pombepra (B IpoCTOH U YCIIOKHEHHOH opmax) —
YCI0KHEHHOU (hopMax) — MOKauYMBaHUE; aJIblleHOCOBasi poba —  [MOKauYMBaHUE; MAJIbIIeHOCOBast Ipoba —
MUMOTIOTIaJJaHKe MHUMOIIONIaZIaHKe
Stupefaction, reaction slowed down even more, headache Subjective sensations of normalization of the
is not intense, mild disorders of articulation, drowsiness, state — the mild euphoria recedes, reaction
unpronounced finger tremor; the Romberg test (traditional returns to normal; the Romberg test (traditional
and sharpened) with swaying; past-pointing in the finger-nose test  and sharpened) with swaying; past-pointing in the

finger-nose test

24 HeunrencusHas quddysHas ronoBHas 60,b, CyOGBEKTUBHO — HOPMAaJIU3AIUS COCTOSIHYIS, B

2h 3aTOPMOKEHHOCTH, COHJIMBOCTH COXPAHAKOTCA; B 1103€ no3e PomGepra — oObIYHAS U YCJIOKHEHHASA —
PombGepra — o0ObIYHAs U YCIOKHEHHAS — [TOKaYMBaHUeE, 3arax [MOKaYMBaHUe, 3aax aJIKOTOJIsI — €CTh
QJIKOTOJISI — €CTh Subjectively — normalization of the state, the
Diffuse non-intense headache, stupefaction, drowsiness Romberg test (traditional and sharpened) with
persist; the Romberg test (traditional and sharpened) with swaying, the alcohol breath
swaying; the alcohol breath

349 HeszHauuTeabHas rOJI0OBHaA 00JIb, 3aTOPMOKEHHOCTb, CyObeKTUBHO — HOpMAJIM3aI[Us COCTOSHUSA, B

3h COHJIMBOCTH COXPAHSAIOTCA; B mo3e PomGepra — oGbruHas mo3e Pombepra — o6bIuHASI U YCIIOKHEHHAS —
U YCI0KHEHHAsI — IMOKAaYMBaHUE, AJIbIIEHOCOBAs PO0a — HOpMa;  [TOKAYHMBaHUE, 3aIaX aJIKOTOJIsI — €CTh
3aIax aJIKOTOJIsI — eCTh Subjectively — normalization of the state, the
Minor headache, stupefaction, drowsiness persist; the Romberg test (traditional and sharpened) with
Romberg test (traditional and sharpened) with swaying; normal  swaying; the alcohol breath
finger-nose test; the alcohol breath

44 CyObeKTHBHO — HOpMAaJIM3aI[is COCTOSHUS; B 103e PombGepra CyO'beKTUBHO — HOPMAJIM3aI[Us COCTOSIHUS; B

4h B OOBIYHOM — HOPMa, B YCJIOKHEHHOM — [TOKauYUBaHUe, mo3e PomGepra B 060¥X BapuaHTax — HOPMa,

najbplieHocoBast Mpoba — HOpPMa, 3amaxa ajIKoroJisi — ecTh
Subjectively — normalization of the state; the traditional Romberg
test is normal, the sharpened variant — with swaying; the finger-
nose test is normal, the alcohol odor is present

3arax aJKoroJist — ecTh
Subjectively — normalization of the state; the
Romberg test in both variants is normal; the
alcohol breath

IIpumeuanue. JKupHsIM HIpudTOM BBIAETEHBI PA3JIHNYUA B UCCIEAYEMbBIX KIMHUYECKUX IPOSABIEHUAX.
Note. The differences in the studied clinical manifestations are highlighted in bold type.
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0 T T T T T
I 11 111 v \%

ATaHOJI 40% C ra3zom
40% ethanol with carbonation

I I I I I
VI VII VIII IX X

AraHois 40% 6e3 raza
40% ethanol without carbonation

Puc. 2. Pe3ysnbraTs! orjeHKU 110 BAII cyO'beKTHBHBIX KJIMHIYECKUX ITPOSIBJIEHUH IIPHieMa 3TAHOoJIA C Ta3aruei u 6e3 raza-

ruu (I — omyIieHrie Ha MOMEHT IpreMa B 00J1acTH TOpTaHu U T10TKH; [T — cire3oTeuenue; 11 — 3amax aqKoross U30 PTa;

IV — siidopust; V — ronoBokpyskenue; VI — oriyiieHue Teria B rosose; VII — morooraenenue; VIII — peakius Ha 00bIu-
Hble JieficTBust; [X — mapecre3us juna; X — mo3a Pombepra)

Fig. 2. The results of the assessment of subjective clinical manifestations of ethanol with and without carbonation
intake according to VAS (I — sensation at the time of ingestion in the larynx and pharynx; IT — lacrimation; III — the odor
of alcohol from the mouth; IV — euphoria; V — dizziness; VI — a feeling of warmth in the head; VII — sweating;

VIII — reaction to routine actions; IX — facial paresthesia; X — the Romberg test)

HUH — 4 1 TIpUeMa 3TaHoJIa ¢ ra3amued u 3 s
sTaHos1a 6e3 razaruu.

Takum o0pa3oM, HeraTUBHBbIE KJIMHUUYECKHE
MpOSABJIEHUS B 1.7 pa3a CUJIbHee MpPH MpUeMe 3Ta-
HOJIA C rasalnued, ueM IpU IpHeMe 3TaHoJa 6e3
razanuu, O 4eM CBUJETEJIbCTBYET OOJiee BBICOKOE
3Hauenue 1o BAIIl B omeHke OOILIEro COCTOSHUA.
I[ToMmuMoO 3TOro, MPOBOAWJIN CpPaBHEHUE MEXKIY
rpyIIaMu. YUUTHIBAIUCH TOJIBKO KOPPEJIAIINH, 3Ha-
JuMble Ha YPOBHE P < 0.05. [To mpu3Hakam «3amax
JIKOTOJISI M30 PTa», «OUIyIIEeHUE TeIljla B TOJIOBE»,
«IIOTOOT/IEJIEHNEe» U «1mo3a Pombepra» (B mpocrou
U YCJIOXKHEHHOH ()opMax) JIOCTOBEPHBIX Pa3IudIUi
He HabJII0aJI0Ch.

PesynbraTter usmepenuss YCC u A/l Bo BpeMmeH-
HOM JThaTia30He IpeiCTaBIe bl B Tab1. 2. 113 TabJ1. 2
BH/IHO, YTO MaKCUMaJIbHble IIOKa3aTeJId YacTOTHI
CEp/IeYHBIX COKpAIleHU{ IIpU IMpHeMe 3TAaHOJA C
razanyeld BBIIIE OTHOCHUTEJIBHO HCXOJHOTO Ha
18.4 %, a ipu IpueMe 3TaHoJ1a 6e3 ra3a — Ha 9.6 %.
AprepuasbHOe J]aBjIeHHe B 00OUX CJIydasX CHU3U-
JIOCh B CpEJTHEM Ha 20.1 + 2.3 %, UTO He IM03BOJIUIO

most sharp increase in the ethanol concentration is
observed after taking the carbonated alcohol. The
stage of absorption occurs faster when taking etha-
nol with carbonation than without it. The elimina-
tion stage occurs faster also when taking carbon-
ated ethanol — 2 hours after intake, while the same
stage in case of ethanol without carbonation begins
after 3 hours.

These data suggest that frequent (chronic)
intake of ethanol with carbonation may lead to ear-
lier and/or more pronounced changes in the organs
of the circulatory system. It is possible that the dif-
ference in the obtained heart rate data when taking
ethanol 40% with and without carbonation could
also be due to the fact that the study was not blind,
but a control study, and the volunteers who took
ethanol with carbonation may have experienced
anxiety due to the underexplored object under
investigation.

After taking the ethanol with carbonation, a clinic
of mild alcohol intoxication was observed in 10 min
(i.e., 10—15 min earlier than when taking alcohol
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Ta6ouna 2. 3uauenus YCC (B 1 MmuH) u AT (MM pT. CT.) TIOCJIE IPHieMa 3TAHOJIA C Ta3amuel (B YUCIUTeIE)

1 6e3 rasanuu (B 3HaMeHarese)

Table 2. The values of heart rate (in 1 min) and blood pressure (mmHg) after taking ethanol with carbonation
(in the numerator) and without carbonation (in the denominator)

Bpems nmocie mpuema, a YCC (n=6) Al (n = 6)
Time after intake, h Heart rate (n = 6) Blood pressure (n = 6)
0 (npuem) / o (intake) 76 119/75
73 122/73
0.5 82 117/69
76 127/67
2 88 100/65
80 118/65
4 90 106/64
79 103/61
5 85 100/61
80 103/61

BBISIBUTH JIOCTOBEPHYIO Da3HUIly MeXJy IIpHeMOM
STaHOJIA C ra30M U 6e3 raza.

PesynpraTel cpaBHuTEeAbHOTO aHaiu3a YCC opu
IIpreMe STaHOJA C Ta3oM U 6e3 rasa rpadudecku
npeJicTaBjeHbl Ha puc. 3. Kax BugHoO u3 puc. 3, npu
npueMe 3TaHosa 6e3 razanuu UYCC nMeer MUKOBbIE
3HAUYeHUs: yepes yac, jajiee, HE3HAUYUTEJIbHO CHUKA-
SICh, OCTAETCS B MHTEPBAJIe TOBBIIIIEHHBIX 3HAUEHUH,
a Ha (QoHe mpHeMa 3TAaHOJIA C ra30M IOBBIIIEHUE
YCC nposIOHTMPOBaHO [0 JBYX 4YacoB C MOMEHTa
IIpreMa ¢ cCoXpaHeHHeM MaKCUMaJIbHBIX 3HAaUeHUH B
TedeHHe BCero BTOPOTo yaca U IOCTHKEHNEM IIHKO-
BOrO IIOKa3aTeJsid yepe3 /iBa yaca OT MOMEHTa IIpU-

95 -
90 —|
85 —
80 —
75 —

70 —

YCC / Heart rate

65 —
60 —
55 —

without carbonation); but there were some symp-
toms not determined when taking alcohol without
carbonation — headache, depression, impaired sen-
sitivity in the facial area, and during the first hour —
an increase in these symptoms. By the third hour, the
regression of neurological symptoms started, but the
staggering on performing the sharpened Romberg
test persisted. The alcohol breath, a decrease in blood
pressure and an increase in heart rate compared to
the baseline values persisted until the end of the
experiment. In addition, there was a local manifesta-
tion in the form of burning in the hypopharynx (per-
sisted for about 10 min).

50 I I I

ATaHOJ 40% C ra3zom
40% ethanol with carbonation

[ [ [

2 3 4
Bpewms nociie npuema, 4
Time after intake, h

AtaHos 40% 6e3 raza
40% ethanol without carbonation

Puc. 3. zmenenne YCC (B 1 MUH) BO BpeMEHHOM IIPOMEKYTKE B ABYX I'PYIIIAX UCIBITYEMBIX
Fig. 3. Change in heart rate (in 1 min) in a time interval in two groups of subjects
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eMa. ITU TaHHbIE MOTYT CBU/IETEJILCTBOBATH O O0JjIee
BBIPOKEHHOM JIEUCTBUU HA CEPAEYHYIO JeATesTb-
HOCTb TaHOJIa C Ta30M 32 CUeT OoJiee BHICOKOU CKO-
poctu BcacbiBaHus (Ha 17.1 %), yCTaHOBJIEHHOH
HaMHU paHee [2], a UMEHHO: ITUK KOHIIEHTPAINH 3Ta-
HOJIa B KPOBH JIOCTUTAETCS Uepes 2 U MocjIe IpHeMa,
a HanboJiee PE3KO KOHIIEHTPAIUS STAHOJIA BO3pac-
TaeT MOCJIe IpHeMa 3TaHosia ¢ razamued. Cragus
BCAChIBaHUS HACTyIaeT ObICTpee IpU MpPUEME BTa-
HOJIA ¢ razalnued, 4eM IIpU IpueMe 3TaHosa 6e3
razaiuu. Cragua osiauMuHanuy — (BbIBeIeHUA)
ObICTpee HACTyIaeT IPHU IpUEMe 3TAaHOJIA C rasa-
nuerd — yepes3 2 4 IMOCJIe IpUeMa, B TO BpeMs Kak
CTaJvs SJIIMMUHAIINY [IPY IIpHEeMe 3TaHos1a Oe3 raza-
MY HAaYMHAETCs uyepes 3 U Mocjie IpruemMa.

AT JJaHHBIE ITO3BOJISIOT IPEAIIONIOKHUTD, YTO
YacThId (XPOHUYECKUI) IIPUEM 3TAHOJIA C Ta3anuen
MOKET ITPUBECTH K O0JIee paHHUM U/WIH BhIpasKeH-
HBIM U3MEHEHUSIM OPTaHOB CHCTEMbI KPOBOOOpaIe-
HUA. He WCK/II0YEHO, YTO pa3HUIA IOJYYEHHBIX
nanuabix 1o YCC npu npueme sTaHoaa 40% C ra3om
u 6e3 raza morsa ObITh OOYCJIOBJIEHA W TEM, YTO
rccieIoBaHre ObLIO «He CIIEN0e», a KOHTPOJIbHOE, U
JIOOPOBOJIBIIBI, TPUHUMABIIIME STAHOJI C Ta3aluei,
BO3MOKHO, UCITBITHIBAJIN TPEBOKHOCTD BBUJTy MaIOH
U3YYEHHOCTH O0BEKTA.

ITocne mpuema 3TaHONIA € Tra3anuedl uepes
10 MuH HaOJOAaIach KIWHUKA AJTKOTOJBHOTO
ONbSAHEHUs JIETKOHN crermeHu (T.e. Ha 10—15 MUH
paHbIlle, UeM MpU MpHeMe aJKoroJis 6e3 rasza), HO
OBLIM CUMIITOMBI, KOTOPBIE HE OIPEJIEJISIIUCH TIPHU
IpueMe aJIkoroJisi 0e3 rasa — TOJIOBHas 0o0JIb,
JIETIPECCUBHOE COCTOSTHWE, HapyIIEeHUEe YyBCTBU-
TEJILHOCTA B 00JIaCTH JIMIIA; B TE€YEHHUE IEPBOTO
Jaca — yCWJIEHHWE YKa3aHHBIX cUMITOMOB. K Tpe-
ThEeMY Yacy HaUWHAETCs PErpecc HEBPOJIOTHYECKOH
CHMIITOMATHUKH, HO TIOKaYHMBaHUeE B 1mo3e Pombepra
B YCJIO)KHEHHOU hopMe COXpaHAIOCH. 3ammax aJiko-
TOJIsI, CHUKEHUE apTEPUAIbHOTO JaBJIEHUA U yBe-
smuenne YCC mo cpaBHEHUIO C UCXOJTHBIMU MOKa-
3aTeJIAMU COXPAHSAIUCH JI0 KOHIIA SKCIEPHUMEHTA.
KpomMe »TOro, mMenoch MeCTHOE MPOSIBJIEHHE B
BH/IE XKKEeHUA B 00J1aCTH TOPTAHOTJIOTKH (COXpaHs-
JIOCHh OKOJIO 10 MHUH).

ITocsie mpuema sraHosna 6e3 rasanmuu depes
20—25 MUH Ha0OJII0/1a1aCh KJIMHUKA IIPOCTOTO aJIKO-
TOJIPHOTO OITbsTHEHUS JIETKOW CTEIEHH C COOTBET-
CTBYIOIIE  HEBPOJIOTMYECKOH CHMIITOMATHKOM.
Uepes /1Ba yaca HAYMHAJICA perpecc HEBPOJIOTHYE-
CKOU CHUMIITOMATHKH, OJHAKO IIOKAYNBAHUE B I103€
PombGepra (B MpOCTOH ¥ YCIOKHEHHOH ¢opMax)
COXPaHSIOCh 70 4 4. CHIIKEHUE apTepHabHOTO
JIaBJIEHUS U 3a11aX aJIKOTOJIA COXPAHUJIHCH /IO KOHIA
HKCIIEPHUMEHTA.

After intake of ethanol without carbonation, a
clinic of mild alcohol intoxication with correspond-
ing neurological symptoms was observed after
20-25 min. In two hours, the regression of neuro-
logical symptoms began, but swaying on performing
the Romberg test (traditional and sharpened) per-
sisted until 4 hours. The decrease in blood pressure
and the odor of alcohol remained until the end of the
experiment.

CONCLUSION

The conducted research allows us to draw the fol-
lowing conclusions:

1. The clinical picture of intoxication caused by
ethanol with and without carbonation, differs by
stronger negative effects in carbonated ethanol con-
sumption, namely:

« presence of symptoms, missing when taken eth-
anol without carbonation: gas burning in the region
of the hypopharynx, lacrimation, dizziness, head-
ache, stupefaction, drowsiness, paresthesia of the
face, euphoria alternating with depression, articula-
tion disorders, mild finger tremor;

«a longer duration of neurological disorders:
minor headache, stupefaction, drowsiness persist for
up to 3 hours, swaying during the sharpened Rom-
berg test — up to 4 hours;

2. The heart rate when taking ethanol with car-
bonation had a maximum value 4 hours after inges-
tion, and it was 18.4% higher relative to the baseline
level, while the intake of ethanol without carbon-
ation, increased the heart rate by only 9.6%.

3. When assessing the clinical manifestations of
alcohol intoxication, as well as resolving issues
regarding the amount and time of ethanol intake
during forensic medical examinations, it is necessary
to take into account the possibility of carbonated
ethanol consumption.

Conflict of interest. The authors declare no
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SAK/IIOYEHUE

ITpoBeneHHOE HCCIeIOBAHUE TTO3BOJISIET CIEIaTh
CJIE/YIOIIME BBIBOJIBI:

1. KnuHnueckas kapThHA IIPU IIPUEME 3TAaHOJIa C
razanued U 0e3 rasamuyd OTINYAETCA yCHJIEHUEM
HETaTUBHBIX TNPOSIBJIEHU NPHU IpPHEMe 3TaHOJa C
rasanyeii, a UMeHHO:

* HUIMYHEM CHMIITOMOB, OTCYTCTBYIOIIMX IIPH
mpueMe 3TaHoJa 6e3 raza: JKKeHue B 00J1acTh Top-
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TAHOTJIOTKH,  CJIe30T€YeHHe, TOJIOBOKPYKEHHE,
rojioBHasg 00Jib, 3aTOPMOXKEHHOCTb, COHJIMBOCTbD,
[apecTe3wH JIUIA, 31 hOopHs, CMEHSIoImasAC eTpec-
cUel, HapylleHHe apTUKYJIAINH, HEBBIPAKEHHBIN
TPEMOD MAJIbIIEB KUCTH;

« fosiee  JUINTENIBHOU  TMPOJOJIKUTEIHLHOCTBHIO
HEBPOJIOTUYECKUX HAPYIIEHUH: He3HAYNTEeTbHAS
rojoBHasg 00JIb, 3aTOPMOKEHHOCTb, COHJINBOCTD
COXPAHSIOTCA JI0 3 4, IOKaYuBaHue B mo3e Pombepra
B YCJIOKHEHHOU hopMe — J10 4 9.

2. YacroTa cepZieUHBIX COKPAIlEHUH IpU IIpueMe
STaHOJIA C Ta30M HMeJa MaKCHMaJIbHOe 3HAYeHHe
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HoBbIe BO3MOKHOCTH IIN(PPOBOTO 3IPABOOXPAHEHUA
(MmoOuaIBHOE mpuiao:keHue) B npodpuiaaxkruke NI
1 BUY-undexnmuu cpeay MOJI0Ae KU

A.A. Xpanus, M.B. Pycckux, T.B. Kucenesa

@I'BOY BO «Hosocubupckuil 2ocyoapcmeaerHblil meduyuHckuil yHugepcumem» Munsdpasa Poccuu

AHHOTAIIUA

BBenenue. lHTepHeT ABIAETCA HCTOUHUKOM MHGOPMALMH B BOIIPOCAX II0JI0BOM XKU3HU 71711 OOJIBIIIMHCTBA I10IPOCT-
KOB U MOJIOABIX ytofiell. OfHaKko He Bcerza sTa nHGopManusa KOppeKTHA U 1ocToBepHA. VIcnosib30BaHue COBPEMEHHBIX,
aKTyaJIbHBIX U NPOJIOJDKAIOIINX HAOUPATh MOIYJIAPHOCTD TEXHOJIOTUH (MOOMIBHBIE IPUJIOKEHUA U COIHAIbHBIE CETH)
JIOJDKHO CIIOCOOCTBOBATH JIy4IlIeMy BOCIIPHATHIO IPOGMIAKTHUECKOH HH(POPMAUK B OTHOLIIEHUH HHEKINH, ITepeaBa-
eMbIX MoJIOBBIM TyTeM (MIIIIIT), 1 BUY-uHGbEKITNN cpeii MOJIOBIX JIIOIEH.

ITenw. CoBepuieHcTBOBaHHE MeTO/0B IepBuuHOU mnpodunaktuku WUIITIIT u BUY-uHbeknum cpenu MOJIOAEKU C
HCI0JIb30BaHNEM MOOUIBHOTO IPUJIOKEHUS.

MaTepuanbsl U MeTO/bl. MobuibHoe mpunoxkenue (Personal Sexual Health) pazpaboTaHo ¢ yueTom paHee mpo-
B€/IEHHBIX HAYYHBIX (COIIMOIOTUYECKUX) UCCIIEIOBAHUM, B X0/Ie KOTOPBIX OLIEHUBAJICA YPOBEHb HH(GOPMUPOBAHHOCTH 110
Bompocam WIIIIIT u BUY-undexnuu cpenu mosoaexu r. HoBocubupceka. PazpaboTka MOOGUIBHOTO MPHIOKEHHUA OCY-
IIIeCTBJIAJIach 10 MeTozosioruu Agile (rubkas pazpaboTka IporpaMMHOTO o0ecIeueHus).

PesynbTaThl. YCTAHOBJIEHO, UYTO MOJIOZIbIE JIIO/IU IOBEPAIOT OHJIAUH-UHGOPMAaIlUK ¥ paccMaTpUBaloT VIHTepHeT Kak
Ha/Ie’KHBIM MCTOYHUK PEKOMEHJAINI 110 BOIIPOCAM CEKCYaJIbHOTO 3/10pOBbsA. KoHIeNnus MOGHJIBHOTO IPUJIOKEHUS
Personal Sexual Health nogpasymeBaer noBsliieHne ypoBHS HH(GOPMUPOBAHHOCTH MOJIOJIEXKHU 10 BOIIPOCAM ITPOdUIaK-
tuxu UIIIIIT u BUY-undexuu. MaopMainoHHas cocTaBsioIas MoouapHoro npuiokenus Personal Sexual Health
paspaboTaHa ¢ yueTOM Pe3yJIbTaTOB, II0JydeHHBIX B X0/le IIPOBEIEHUS COLIMOJIOIMYECKOT0 OIIPOca MOJIOZBIX JIIOJIEH.
3aknioueHue. Personal Sexual Health — BriepBhie co3nanHoe MOGMIIBHOE IPUIIOZKEHHE B POCCHE, KOTOPOE ITOCBAIIEHO
CEeKCyaIbHOMY 3710POBbIO U tepBuYHOU npodrnaktrke UITIIIT u BUY-uHbeKIuY cpesi MOJIOAEKU. YUUTHIBAsA 3HAUUTEITb-
HYIO POJIb COBPEMEHHBIX IIM(POBBIX TEXHOJIOTHH B ITOMcKe MHGOPMAIUH Y MOJIOJIEXKH, JlellapTaMeHT 110 COIIMaIbHOM II0JIH-
THKe Mapuu I. HoBocubupcka peKoMeHyeT JaHHOe MOOWIBHOE MIPIJIOXKEHUE I IIUPOKOTO BHEZPEHHA B COI[HAIBHYIO
cdepy ropoza u, B 4aCTHOCTH, B pabOTY IIEHTPOB JJIA A€TeNH-CUPOT U JIeTeH, OCTaBIINXCs 6e3 MoIeueHNs POTUTENeN.
Kmoueenste caosa: BUY-undexuusa, UIIIII, nepBuuHas npodriakThuKa, MOOWIBHOE 37[paBOOXpaHeHue, nH(popMa-
IIMOHHO-KOMMYHUKAITUOHHBIE TeXHOJIOTHUH, MOJIOZIbIe JIIOJYU, MOOUJIbHOE IIPUJIOJKEHUE.

OoO0pasen mUTUPOBaHUA: XpaHuH A.A., Pycckux M.B., Kucenesa T.B. HoBble BO3MOKHOCTHY (P POBOTO 37pa-
BOOXpaHeHUs (MoOUIbHOE mpriokeHue) B npodmnakruke UIIIIT u BUY-undeknuu cpeau mosozesxu // Journal of
Siberian Medical Sciences. 2021. N2 4. C. 40—52. doi: 10.31549/2542-1174-2021-4-40-52

New opportunities of digital healthcare (mobile app)
in the prevention of STIs and HIV infection among young people

A.A. Khryanin, M.V. Russkikh, T.V. Kiseleva
Novosibirsk State Medical University
ABSTRACT

Introduction. The Internet is a source of information on the sexual life for most adolescents and young people.
However, the information is not always correct and reliable. The use of modern, relevant and continuing to gain popularity
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technologies (mobile applications and social networks) should contribute to a better perception of preventive information
regarding sexually transmitted infections (STIs) and HIV infection among young people.

Aim of the research. Improving methods of primary prevention of STIs and HIV infection among young people
using a mobile application.

Materials and methods. The mobile application (Personal Sexual Health) was developed taking into account
previously conducted scientific (sociological) research, during which the level of awareness on STIs and HIV infection
among the youth of Novosibirsk was assessed. The development of the mobile application was carried out using the Agile
methodology (agile software development).

Results. It was found that young people trust online information and consider the Internet as a reliable source of sex-
ual health advice. The concept of the Personal Sexual Health mobile application implies raising awareness among young
people on the prevention of STIs and HIV infection. The information component of the Personal Sexual Health mobile
application has been developed taking into account the previously obtained results from a sociological survey of young
people.

Conclusion. Personal Sexual Health is the first mobile application created in Russia, which is dedicated to sexual
health and primary prevention of STIs and HIV infection among young people. Given the significant role of modern digital
technologies in the search for information among young people, the Department of Social Policy of the Mayor’s Office of
Novosibirsk recommends this mobile application for widespread implementation in the social sphere of the city and, in
particular, in the work of institutions for orphans and abandoned children.

Keywords: HIV infection, STIs, primary prevention, digital healthcare, information and communication technologies,
young people, mobile application.
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BBEJIEHUE

B Poccum mHbekInu, nepesiaBaeMbie MTOJIOBBIM
mytem (UIIIIT), u BUY-uHbeKnus OTHOCATCA K
COIMA/IbHO 3HAYMMBIM 3a00JI€BaHUAM, COTJIACHO
nocraHoBjeHuto NO 715 IIpaBurtenbcrBa P® ot
171eKabps 2004 T. [1]. Ha cerofHAIHUN JIEHb MEKTY
UIIIIIT u BUY-undekiuei cymecTByeT 00beKTHUB-
Has B3aMMOCBS3b. VIMesi CXOXKHUHM MeXaHHU3M pac-
MPOCTPAaHEHUSI U CONHAJIbHYI0 0O0YCIJIOBJIEHHOCTD,
JlaHHble WH(EKIINH OKa3bhIBAIOT BIAUSHHE JPYr Ha
JIpyTa, XOTs U3HAYAJIPHO PACCMaTPUBAIUCh HE3ABU-
cumo [2]. TIlocmemerBusa ot WIIIIII u BUY-
uHpeKIUU KpaiiHe HeOJIarOmPHUSITHBI AJIS PEmpo-
JIYKTUBHOTO TOTeHI[Masa o0IecTBa, a 9KOHOMHUYe-
CKHUe 3aTpaThl Ha JIeUeHUe 3TUX UHGPEKIHUH J0cTa-
TOYHO BBICOKH [3—6].

B HacTosiliiee BpeMs CYIIECTBYIOT Pa3IMUHbIE
OIIpeZIeJIEHUs] IOHSATHA «MOJIOJEXb». COryiacHO
JlaHHBIM BceMUpHOM OopraHu3amuu 3ApaBoOXpaHe-
Hus (BO3) Mo104bIMU JIIOABMU SIBJISIOTCS JIMIIA B
BO3pacTe OT 10 JI0 24 JIET, a MOJPOCTKAMHU — JIUIA B
BO3pacre OT 10 /10 19 JjieT. MI3BECTHO, UTO KasKAbIH
IIIeCTOH YeJIOBEK B MHpPe — IOJPOCTOK. IIpu saTOM
CUUTAETCs, YTO PAHHUH IIOJIDOCTKOBBIA BO3PaCT
MIPOIOJIZKAETCS € 10 710 14 JIET, a TO3AHUK — C 15 JI0
19 set [6]. B Poccuiickoii ®enepariuu K KaTeropuu
MOJIOZIEXKU JI0 HEJJABHETO BPEMEHH OTHOCHJIHCH
JIMIIa B BO3pacTe oT 14 /10 30 jeT. OiHaKo B 2020 T.

INTRODUCTION

In Russia, sexually transmitted infections (STIs)
and HIV infection are socially significant diseases,
according to the Russian Federation Government
Decree No. 715 of December 1, 2004 [1]. To date,
there is an objective relationship between STIs and
HIVinfection. Having a similar mechanism of spread
and social conditioning, these infections affect each
other, although they were initially considered inde-
pendently [2]. The consequences of STIs and HIV
infection are extremely unfavorable for the repro-
ductive potential of society, and the economic costs
of treating these infections are quite high [3—6].

Currently, there are various definitions of the
concept of “youth”. According to the World Health
Organization (WHO), young people are people aged
10 to 24 years, and adolescents are people aged 10 to
19 years. It is known that every sixth person in the
world is an adolescent. At the same time, it is believed
that early adolescence lasts from 10 to 14 years, and
late — from 15 to 19 years [6]. In the Russian Federa-
tion, the category of youth included persons aged 14
to 30 years. However, in 2020 The State Duma of the
Russian Federation has approved a bill according to
which the age of young people has been increased to
35 years [7].

In the Russian Federation, the incidence of HIV
infection in 2020 among adolescents and youth aged
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T'ocymapcrBenHass nqyma P® ojobpmia 3aKOHOIPO-
€KT, B COOTBETCTBUU C KOTOPBIM BO3PACT MOJIOAEIKH
yBeJIMYeH JI0 35 JieT [7].

B P® 3aboneBaemoctp BUY-uHbeknmein B
2020 T. CpeJiy MOAPOCTKOB U MOJIOJIEXKU B BO3PACTe
15—20 JIeT CHU3UJIACH 710 0.9 %. J{JIsa cpaBHEHUA: B
2000 T. Ha IaHHYIO I'PYTILY HaCeJIeHUs IPUXO0/IUIOCH
24.7 % BHOBb 3apPETUCTPHUPOBAHHBIX ciaydyaeB BITU-
uHpexnuu. OpHako B CubupckoMm deneparbHOM
OKpyTe 3IHJIEMUOJIOTHYecKass 0OCTAaHOBKA IO 3260~
neBaemoctu BUY-nHbekued cpeay mered U mo-
pocTkoB ocraercs HebaromomyyHoi. Tak, B HoBo-
CUOHPCKOU 00J1aCTH B 2019 T. 3a00JIEBAEMOCTD CPEJTH
JleTell B BO3PACTHOU TPYyIIlle O—17 JIET COCTABJISAIA
6.9 Ha 100 THIC. HAaceJIEHUs, MIPEBHIIasa 00IIepoc-
CUUMCKUH TIOKazaTes b B 2.6 pasa [8]. Curyanusa B
otHotmtenuu UIIIIIT B PO xapakTepusyeTcs Kak cTa-
6mnpHas. Tem He MeHee 6oJiee TOJIOBUHBI BeeX 0pu-
IMaJIbHO 3aperucTpupoBaHHbIX ciaydaeB HIIIIII B
2016 T. TPUXOAUTCS HA BO3PACTHYIO TPYIINY OT
15—29 et [9].

ITompocTKy ¥ MOJIOZbIE JIIOAU SIBJISIOTCS OJTHOM
13 HauboJiee YSI3BUMBIX TPYIIIT PUCKA B OTHOIIIEHUH
UTITIIT u BUY-undexuu. [1ogpocTKOBBIH BO3pacT
XapaKTepusyeTcs psAoM KauecTBeHHBIX N3MeHeHUH
B opraHu3Me. VIHTEHCHBHOE II0JIOBOE CO3DEBAHUE,
poOyKJeHNEe CEKCyaIbHOTO WHTEpeca K JAPYyroMy
TI0JTy, TIEPBBIA CEKCYaJIbHBIN ONBIT — JIAaHHBIE MIPO-
IIECCHl COTPSI?KEHBI C PUCKOBAHHBIM CEKCYyaIbHBIM
nosesenueM [10, 11]. ITomoOHOE moBeeHE BKJIIO-
yaeT B ce0s: YACTyI0 CMeHy IIOJIOBOTO IapTHepA,
paHee HAYAJIO MTOJIOBOM JKU3HU, YIIOTPeOIeHNE UHD-
€KITMOHHBIX HAPKOTHYECKUX CPENCTB, AJIKOTOJIA,
HU3KYI0 NHQOPMUPOBAHHOCTH B OTHOIIIEHUH CEKCY-
JIBHOTO 3JI0POBbsI, MpeHebpexeHne OapbepHBIMHU
MEeTO/IaMU KOHTPAIEIIHH.

B 2019 r. BO3 BhIycTHIIA TPOEKT TJI00AJIBHOU
cTpareruu B obsactu 1u¢pPOBOTO 3/[PABOOXPAHEHUS
Ha 2020—2025 1T. OCHOBHASA KOHIIETITUS 3TOTO IIPO-
eKTa 3aKJII0YaeTcsl B YIIYUIIEHUU 3/I0POBbS BCEX U
Be3ie, IOCPEICTBOM Pa3paboTKU TOCTYITHBIX, HETO-
porux, MacmrabupyeMbIX ¥ HAJIE?KHBIX ITU(PPOBBIX
peleHuii B 06J1aCTH 3/[paBOOXPAHEHHUA B IEJISAX IIPO-
GUIAKTUKH BIUAEMUN U TaHAEeMHUU Pa3IMIHbIX
3a0oseBannii. COIJIaCHO MPOEKTYy TaKHe TEXHOJIO-
ruy, Kak VIHTepHeT, AUCTAHIIMOHHAA MeJUIIHCKAs
IIOMOIIlb, YAAJI€HHBI MOHUTOPUHT, UCKYCCTBEHHBIH
WHTEJUIEKT, TOATBEPAIN CBOW IIOTEHIIHMAIbHBIE
BO3MOXKHOCTU B IIaHE NOBbINIeHUsI 3PEKTUBHO-
CTH MeJIUKO-CAHUTAPHBIX MEPONIPUATHH [12].

B Hacrosamee BpeMa MHTepHET urpaetr HeMasio-
BOKHYIO pOJIb B MHGOPMHUPOBAHUM II0 BOIIPOCAM
cexkcyaspHoro nosesienus, WUIITIIT u BUY-undek-
nun. COIVIACHO MHOTOYHCJIEHHBIM 3apyOesKHBIM

15—20 years decreased to 0.9%. For reference, in
2000, this population group accounted for 24.7% of
newly registered cases of HIV infection. However, in
the Siberian Federal District, the situation in regard
to the incidence of HIV infection among children and
adolescents remains unfavorable. So, in the Novosi-
birsk Region in 2019, the incidence among children
in the age group of 0—17 years was 6.9 per 100 thou-
sand population, exceeding the all-Russian indicator
by 2.6 times [8]. The situation in regard to STIs in
the Russian Federation is characterized as stable.
Nevertheless, more than half of all officially regis-
tered STI cases in 2016 were in the age group of
15—29 years[9].

Adolescents and young people are one of the most
vulnerable risk groups for STIs and HIV infection.
Adolescence is characterized by a number of qualita-
tive changes in the body. Intense puberty, the awak-
ening of sexual interest in the opposite sex, the first
sexual experience — these processes are associated
with risky sexual behavior [10, 11]. Such behavior
includes frequent change of sexual partner, early
onset of sexual activity, use of injectable drugs, alco-
hol, low awareness of sexual health, neglect of bar-
rier contraception.

In 2019, WHO has released a draft global digital
health strategy for 2020—2025. The main concept of
this project is to improve the health of everyone and
everywhere, through the development of affordable,
inexpensive, scalable and reliable digital health solu-
tions for the prevention of epidemics and pandemics
of various diseases. According to the project, tech-
nologies such as the Internet, remote medical care,
remote monitoring, artificial intelligence have con-
firmed their potential for improving the effectiveness
of health measures [12].

Currently, the Internet plays an important role in
informing about sexual behavior, STIs and HIV
infection. According to numerous foreign studies,
young people often use the Internet as a source on
sexual health issues. The most common search que-
ries are: safe sex, STIs/HIV symptoms, as well as the
search for medical centers that offer HIV/STIs test-
ing and available care [13—15].

Taking into account the above, primary preven-
tion is currently important when working with young
people. The development of primary prevention pro-
grams for STIs and HIV infection is economically
beneficial for the healthcare system. First of all, this
is due to the fact that the costs of improving primary
prevention programs are lower than the economic
damage associated with the costs of treating STIs
and HIV infection.
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uceseJ0BaHUAM, MOJIOZBIE JIIOJIU YaCTO UCIOIb3YIOT
VHTepHeT B KauecTBe NCTOYHUKA II0 BOIIPOCAM CeK-
CyaJIbHOTO 3710poBbsi. Hawnbosiee pacmpocTpaHeH-
HBIMH 3alpOCaMU IOWCKA SIBJISIOTCS: 0OEe30IacHBIHI
cekc, cumnrombl UIIIIII/BUY, a Takke IIOMCK
MEIUIUHCKUX II€HTPOB, KOTOpble IIpeAjIaraioT
TectupoBanme ©Ha BUY/UIIIIII wu pgocTynHyio
nomob [13—15].

C ydeToM BBIIIIECKA3aHHOTO B HACTOsAIIEe BpeEM:I
Ba)KHA IE€pPBUYHASA NPOQIIAKTUKA Ipu pabore ¢
MOJIOZIEXKbI0. Pa3zpaboTKa IMmporpaMM 1o IEPBUYHOUN
npodunaktuke B oTHomeHuw WIITIII u BUY-
MHGEKIIUN SKOHOMHYECKH BBITOJHA VI CHCTEMBI
3apaBooxpaHeHus. IIpexkzie Bcero, 3TO CBSA3AHO C
TeM, YTO 3aTpaThl HA COBEPIIEHCTBOBAHUE IIPO-
rpaMM IO MEPBUYHOU NPODPUIAKTHKE HIDKE, YeM
SKOHOMHUYECKUH yIep0, CBA3aHHBIH C 3aTpaTaMu Ha
sneuenue UIIIIIT u BUY-undexumnu.

IIEJIb UCCJIEJIOBAHUSA

CoBepIIIEHCTBOBAaHUE METOJOB IEPBUYHOU ITPO-
dunakruku UIIIII u BUY-undekuu cpeau Mojo-
JIE3KH C UCTI0JIb30BaHUEM MOOVJTLHOTO TTPUJIOKEHHUS.

MATEPUAJIbI 1 METO/AbI

JI7is1 olleHKH ypOBHSA WH(POPMUPOBAHHOCTH IIO
BormpocaM TPOGUWIAKTUKH U PHUCKOBAHHOTO II0JIO-
Boro mnosegeHusd B oTHomienuu MIIIIIT u BUY-
uHpeKIu ObUTM HCIOJIH30BaHbl 0a3bl JAHHBIX
paHee TPOBEJEHHOTO COITMOJIOTHYECKOTO OIIPOca
MoJtofexu (2016—2020 1T.) B T. HoBocubupcke [16,
17]. Bcero B oripoce MPUHSIN yUacTHE 2711 MOJIOABIX
mofen (ygamuecss BY30B M KoJutemkei) [18, 19].
PaspaboTka MOOHMJIPHOTO TPHJIOKEHUS OCYIIECT-
BJISLIach 110 MeTozostoruu Agile (rubkast paspaboTka
nmporpaMMHoro obecrneuenusi) [20]. Mob6uibHOe
nputokenue (Personal Sexual Health) 65110 paspa-
0oTaHO B paMKax peaju3aluy rpanta B popme cyo-
cuun B cdepe HAyYHONH M WHHOBAIIMOHHOH Jies-
TeJIbHOCTH, TIPEIOCTABIEHHOM IerlapTaMeHTOM IIPO-
MBIIJIEHHOCTA, WHHOBAIUHA W IIPEIIPUHUMATEb-
cTBa Mapuu r. HoBocubupcka B 2020 T.

PE3YJ/IBTATBI 1 OBCY2KAEHUE

Panee npoBoguMble COIMOIOTAYECKUE HUCCIIEI0-
BaHUA IIOKA3bIBAIOT, YTO 3HAHUA y CTYZ€HTOB BY30B
" Kosuiemken . HoBocubupceka mo Bompocam Ipo-
uwraktukn BUY-undexnun u UIIIIIT HegocraToy-
Hble. Tak, MOJIO/ible JIIOIU CKJIOHHBI K PHUCKOBaH-
HOMY I10JIOBOMY I10BE/IEHII0, pAaHHEMY Hadasly I10J10-
BOM JKU3HU, MMEIOT HeIOJIHOe IIPeJCTaBIeHue O
nyTsax nepenaun WUIITIIT/BUY-undexnun u rpym-
nax pucka. I[Ipu 3ToM MoJsiozable JIIOAM IIOKa3alu
HU3KYI0 HACTOPO’KEHHOCTD B OTHOIIIEHHH CBOEH CO0-

AIM OF THE RESEARCH

Improving methods of primary prevention of
STIs and HIV infection among young people using a
mobile application.

MATERIALS AND METHODS

To assess the level of awareness on prevention
and risky sexual behavior in relation to STIs and HIV
infection, databases of a previously conducted socio-
logical survey of young people (2016—2020) in Novo-
sibirsk were used [16, 17]. A total of 2711 young peo-
ple (university and college students) took part in the
survey [18, 19]. The development of a mobile appli-
cation was carried out according to the Agile meth-
odology (agile software development) [20]. The
mobile application (Personal Sexual Health) was
developed as part of the implementation of a grant in
the field of scientific and innovative activities pro-
vided by the Department of Industry, Innovations
and Entrepreneurship of the Mayor’s Office of Novo-
sibirsk in 2020.

RESULTS AND DISCUSSION

Previously conducted sociological researches
show that the knowledge of students of universities
and colleges in Novosibirsk on the prevention of HIV
infection and STIs is insufficient. Thus, young people
are prone to risky sexual behavior, early onset of sex-
ual activity, have an incomplete understanding of the
transmission routes of STIs/HIV infection and risk
groups. At the same time, young people showed low
alertness about their own safety. The majority of
respondents reported that they received about 80%
of information about sexual behavior from the Inter-
net [16—19].

According to a Pew Research Center study, 92%
of adolescents report daily access to the Internet
via mobile devices [21]. In Russia, by the begin-
ning of 2019, the part of Internet users on mobile
devices reached 61%, and a year earlier this figure
was 56% [22]. The main advantage of the World
Wide Web is the provision of easy and quick access
to the necessary information to the user [23].
According to the authors, an information obtained
from media sources influences how people form
their attitude to health and illness [24]. This is
especially true for young people, as they recognize
social networks as useful sources of information
that complement the one received during visits to
the doctor [25].

The results of various studies show that a signifi-
cant percentage of young people used the Internet in
search of medical information [15, 26—29]. A study
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CTBEHHOU 0e30MMacHOCTH. BOJIBIITMHCTBO PECTIOH/IEH-
TOB COOOIIMIN, YTO OKOJI0O 80 % wmHopManuu o
IT0JIOBOM TIOBEIEHUH OHU TOJIy4YuIu U3 VIHTepHeTa
[16—19].

CoryiacHO TIPOBEIEHHOMY WCC/IEIOBAHUI0 Pew
Research Center, 92 % moapoCTKOB COOOIIAIOT O e3Ke-
JTHEBHOM BBIXO7le B HTepHeT uepe3 MOOHIbHbIE
ycrporictBa [21]. B Poccun k¥ Havamy 2019 T. 10714
mosib30oBaTesiedl MIHTepHeTa HA MOOMIBHBIX YCTPOH-
cTBax gocruryia 61 %, a TOAOM paHee 3TOT MOKa3a-
TEeJIb COCTABJISII 56 % [22]. OCHOBHOE TPEUMYIIIECTBO
BCEMUPHOH CETH — BTO MPEAOCTaBIEHUE JIETKOTO 1
OBICTPOTO JIOCTYIIA IOJIB30BATENI0 K HEOOXOIMMOU
nHbopmaruu [23]. [To MEHEHUIO aBTOPOB, HH(pOpMa-
[Ms, TOJydeHHasI U3 MeIMauCTOUYHUKOB, BIUSIET HA
TO, KaK JII0A1 (OPMHUPYIOT CBO€ OTHOIIIEHUE K 3/T0PO-
BbIO U 60J1€3HU [24]. ITO 0cOGEHHO BEPHO B OTHOIIIE-
HUW MOJIOJIBIX JIIOZIEH, MOCKOJIPKY OHU IIPU3HAIOT
COITAJIbHBIE CETU B KAUECTBE MTOJIE3HBIX HICTOUYHUKOB
nHGOPMAIIUH, OTOIHAIINX CBEAEHHUs, T0IydeH-
HbIE BO BpeMs BU3UTOB K Bpauy [25].

PesysibTaThl pPas/IMUHBIX HCCIIEIOBAHUN ITOKA3bI-
BAIOT, UTO 3HAYUTEIHHBIA MMPOIIEHT MOJIOABIX JIFOAEH
WCIIOJIb30BaI VIHTEpHET B TOMCKax HHMOpMauu
MEJTUIIMHCKOTO Xapakrepa [15, 26—29]. Hccaemosa-
HUe, MPOBeZeHHOe cpefu (PAHIY3CKOH MOJIOAEIKH,
MMOKAa3aJ10, YTO HPUMEPHO 80 % MOJIOABIX JIIOJEH,
KOTOpBIE HCITOJIh30BaIN VIHTEPHET B KAUECTBE pecypca
MEUIMHCKOW WH(pOpPMAIIMH, CUYUTAIOT HAWJIEHHYIO
uHopmalio B UuTepHere HaseskHOH [30]. [Ipyrue
HCCJIEZIOBAHUS TAKKE MTOATBEPIKAAIOT BBICOKUM YPO-
BEHb JIOBEPU S CPETH MOJIOJIBIX JTFO/IEN K METUITTHCKOM
uHboOpMaIuu, cofep:kaietics B arepuerte [31].

OfHUM U3 TEPCIEeKTUBHBIX HAIPABJIEHUU DJIEK-
TpoHHOTO 31paBooxpanenus (eHealth), B uactHOCTH
B 00J1acTH TEPBUYHON MPODUIAKTUKU, SBJISETCS
pasBuTHe MOOUIBHOTO 3/ipaBooxpaHeHus (mHealth)
[32]. B CIIIA B kauecTBe KaHaIa UHGOPMHUPOBAHHUA
II0 BOIPOCAM CEKCYaJIbHOTO 37I0POBbSI AKTUBHO
HCIIOJIB3YIOT CIIYKOY KOPOTKHX coobmeHuit (SMS).
[Tomo6Has crucTeMa OMOBEIEHUs ABJISAETCA HEZ0PO-
rol m pgocrarouHo 3dderTuBHON. OAHAKO pAf
HCCJIEZIOBAHUH TTOKA3bIBAET, YTO IMOJPOCTKU HCITBI-
THIBAIOT OECIIOKOHCTBO B OTHOIIEHHUH TOIO, YTO
poauTeNnu yBUAAT AaHHBIE coobmenus [33]. [Tomumo
HCIIOJIb30BAHUS TEKCTOBBIX SMS-coo0IeHuii B
KayecTBe CPEICTB MOOHJIBHOIO 3/paBOOXPaHEHUS,
HaOWpaeT MOMyJISIPHOCTb UCIIOIb30BAHIE METUITH-
CKHX MOOMJIbHBIX IpuitokeHui. [1o cocrossHMIO Ha
HIOHB 2020 T. TIos1b30BaTeu Android nmesu gocTym
K 3arpyske 2.87 MJTH npwioxeHui [34].

[To maHHBIM psfa 3apyOeKHBIX HCCIIETOBAHUH
HCIIOJIb30BaHHE MOOWJILHBIX IIPUJIOKEHUH, CBA3aH-
HBIX CO 3/IOPOBBEM, B YaCTHOCTH ¢ HH(POPMUPOBaH-

conducted among French youth showed that approx-
imately 80% of young people who used the Internet
as a medical information resource consider the
knowledge gained from the Internet to be reliable
[30]. Other studies also confirm the high level of
trust in medical information contained on the Inter-
net among young people [31].

One of the promising areas of eHealth, in particu-
lar in the field of primary prevention, is the develop-
ment of mobile healthcare (mHealth) [32]. In the
USA, the short message service (SMS) is actively
used as a channel for information on sexual health
issues. Such a notification system is inexpensive and
quite effective. However, a number of studies show
that adolescents are worried that parents will see
these messages [33]. In addition to using text SMS
messages as a means of mobile healthcare, the use of
medical mobile applications is gaining popularity. As
of June 2020, Android users had access to download
2.87 million apps [34].

According to a number of foreign studies, the use
of mobile applications related to health, with aware-
ness of STIs/HIV infection in particular, has shown
its effectiveness [35, 36].

The popularity of foreign medical mobile applica-
tions is very high, which explains their large number
in app stores. However, not all foreign mobile appli-
cations dedicated to sexual education are meaningful
and useful [37, 38].

Thus, the goal of the British National Health Ser-
vice (NHS) strategy is to develop a library of approved
medical mobile applications that provide the user
with confidence in their quality and content [39].

One of the NHS-approved mobile sex education
apps is My Sex Doctor, which is only available to
English-speaking audiences. This resource was cre-
ated specifically to raise awareness among young
people about sexual behavior, STIs/HIV, in order to
prevent dangerous infections.

Currently, Russia has an experience in using
mobile applications dedicated to the problems of
HIV infection. For example, a Life4me mobile appli-
cation is functioning successfully. This mobile appli-
cation was developed by Dr. Alex Schneider in 2017,
directly for HIV-positive people (available for down-
load in 156 countries). This mobile application helps
to maintain treatment compliance in people with
HIV-positive status [40].

In Novosibirsk, activists of the Humanitarian
Project organization also created a Guide mobile
application for HIV-positive people. This application
is available for download on i0OS and Android [41].

Such applications contribute to the social, psy-
chological and medical rehabilitation of patients
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HocThio 06 UIITIIT/BUY-uHbeKknny, MOKa3aIn
¢BOI0 3 HEKTUBHOCTH [35, 36].
[MonynsipHOCTh  3apyOEXKHBIX  MEIUIMHCKUX

MOOHJIPHBIX MPUJIOKEHUH OYEHb BBICOKA, STHUM H
00bsACHsIETCA UX OOJIBIIIOE KOJIMYECTBO B Mara3mHax
npuioxkeHui. OHAKO TaJIeKO He Bce 3apyDeskHbIe
MOOHJIbHBIE TTPUJIOKEHUSI, TOCBAIIEHHBIE BOIIPOCAM
CEKCYyaJIbHOTO ITPOCBEIIEHUS, COJEPIKATEIHHBI U
moJiesusl [37, 38].

Tak, 1espt0 cTpareruu HarmmoHaIBHOU CITyKOBI
3npaBooxpanenus (NHS) BenukobOpuranum sBiis-
ercsa paszpaboTka OHUOJTHOTEKH OJ0OPEHHBIX Meau-
OMHCKUX MOOWJIBHBIX IPIJIOXKEHHH, KOTOpble 0be-
CIIEYHUBAIOT MTOJIH30BATEII0 YBEPEHHOCTh B UX Kade-
CTBe U coZiep KaHuu [39].

OnauM u3 o106peHHbIx NHS MOOMIIBHBIX MTPHIIO-
JKEHHH T10 CEKCYaIbPHOMY IPOCBEIEHUIO sIBJIsgeTcs My
Sex Doctor, KOTOpoe AOCTYIIHO TOJIBKO JIJI AHIJIO-
SI3BIYHON ayIUTOpUM. JIaHHBIA pecypc CO3/aBasICsA
HMMEHHO JUIA ITOBBIIEHH s THGOPMHUPOBAHHOCTH MOJIO-
JIEXKU TI0 BOIIpOcaM IoJyioBoro mosenenust, WIITITI/
BI1Y, ¢ nespio mpodHIaKTUKY OMTACHBIX MHOEKIIHH.

B mHacrosamee Bpema B Poccuu umeercsa OIbIT
HCIIOIb30BAHNA MOOHIBHBIX TPHUJIOKEHHUH, TOCBSIIEH-
HbIX mpoOsieMam BUY-uHbexnun. Tak, HampuMep,
VCIIENTHO (YHKIIMOHUPYET MOOWJIbHOE IIPIJIOMKEHHE
Lifegme. JlanHOe MOOGHIBHOE MPHJIOKEHHE pazpabo-
tas1 Dr. Alex Schneider B 2017 T., HEIIOCPEICTBEHHO /IS
BNY-1103UTHBHBIX JIFO/IEN (JIOCTYITHO JIJIA CKAYMBAHUSA
B 156 cTpaHax). /laHHOe MOOWIBHOE TPHUJIOKEHHE
TTOMOT'a€eT HOJIEPKUBATD ITPUBEPKEHHOCTD K JIEUEHHUIO
JIEOJTSIM C ITOJIOKUTENTbHBIM BITY-craTycom [40].

B HoBocubupcke aKTHBHUCTAMH OpraHU3AIUA
«'yMaHUTApHBIA MPOEKT» TaKKe ObLIO CO3/IaHO
MOGHIIbHOE TIpHIIokeHre « ClipaBOYHUK» st BUY-
MO3UTUBHBIX  JIfoflel.  JlaHHOe  IPHUJIOXKEHHE
JIOCTYITHO JiyIst cKkaunBauus Ha 10S u Android [41].

[Togo0OHBIE MPUIOKEHUS CIOCOOCTBYIOT COIH-
aJIbHOH, MICUXOJIOTUYECKOH U MEIUITMHCKON peabu-
JuTanuu nanueHTop ¢ BUY-undeknuein. OgHako B
Poccuu  OTCYTCTBYIOT MOOWJIBHBIE TIPHUJIOMKEHUS,
TTOCBSIIEHHBIE CEKCyaJTbHOMY 3/0POBBIO U TPODU-
snaxtuke UIIIIT u BUY-undeknuu.

HecoMHEeHHO, pas3jIUYHbIE HWHTEPHET-PECYPCHI
OKa3bIBAIOT CYII[ECTBEHHOE BJIMUSIHHE Ha 3710POBbE
MoJIoAbIX Jroier [32]. Ilpu sTOM MeauITMHCKast
uHOpManusa, IpeocTaBisgeMas  Pa3THIHBIMH
pecypcamu, He Bcersia KoppekTHa [27, 42]. IMeHHO
IMO3TOMY OJTHOU U3 BaKHEUIIINX 3371a4 B pa3pabOTKe
npodUIAKTUIECKUX TPOTPaMM 10 UHQOPMUPOBAH-
Hoctu oTHocuTenpHo WIIIIT u BUY-undexnun
yepe3 pas3jIMUHble WHTEPHET-PECYPCHl SBJISAETCS
JIOCTYITHOCTh KaUeCTBEHHOH U J0CTOBEPHOU UHMOP-
MAIUH O 3/T0POBBE, KOTOPOI MOYKHO JIOBEPSITh.

with HIV infection. However, in Russia there are no
mobile applications dedicated to sexual health and
prevention of STIs and HIV infection.

Undoubtedly, various internet resources have a
significant impact on the health of young people
[32]. At the same time, the medical information pro-
vided by various resources is not always correct [27,
42]. That is why one of the most important tasks in
the development of prevention programs for STIs
and HIV infection awareness through various inter-
net resources is the availability of high-quality and
reliable health information that can be trusted.

In 2020, as a part of the grant’s implementation
[43], a Personal Sexual Health mobile application
[20] based on Android was developed. This mobile
application is available for download on Google Play
(Fig. 1).

The concept of the Personal Sexual Health mobile
application implies raising awareness among young
people on the prevention of STIs and HIV infection
(Fig. 2).

The information component of the Personal Sex-
ual Health mobile application was developed taking
into account the results of a sociological survey con-
ducted among young people [18, 19]. Fig. 3 shows the
main information sections of the Personal Sexual
Health mobile application.

Thus, the “Sexual infections” section contains
reliable information about STIs and HIV infection.
This section includes the following information: a
brief history of STIs and HIV infection, the concepts
of STIs and HIV infection, transmission routes, clini-
cal symptoms, possible complications of these infec-
tions, doctor’s recommendations, as well as what
needs to be done to avoid infection. The next section,
“Protect yourself,” provides detailed information
about methods of contraception and opportunities
(in some cases) to reduce the risks of STIs and HIV
contamination. The “Frequently asked questions”
section contains topical questions regarding STIs
and HIV infection. There is a professional answer to
each of the questions, and advice to young people.
One of the most important sections in the mobile app
is “Get help.” In this section, any resident of our
country gets the opportunity to directly contact a
dermatovenereologist for questions concerning the
prevention of STIs and HIV infection. At the same
time, you can contact the doctor both by email and
via social networks (Instagram, Facebook, VKon-
takte) for free and confidentially. In addition, this
section contains contact details and addresses of
medical institutions of the dermatovenereological
profile of Novosibirsk. Instagram, Facebook and
VKontakte social media content plan was also pre-
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B 2020 1. B pamKax peanusaruu rpadTa [43] pas-
paborano mobuibHOE TIpuIokenue Personal Sexual
Health [20] ma 6a3e Android. JlanHoe MOOUIBHOE
MIPUJIOXKEHHE IOCTYITHO IS cKaunBaHusa B Google
Play (puc. 1).

Konneniuss MOOMIBHOTO MpuokeHus: Personal
Sexual Health mospasymeBaer moBbIllIeHHE YPOBHS
nHGOPMUPOBAHHOCTY MOJIOIEKH T10 BOITPOCAM IIPO-
drwraktrku UIIIIIT u BUY-undexiuu (puc. 2).

HNHadopMaIiuoHHas COCTaBJISAOMAS MOOMIIHBHOTO
nputoxkenus Personal Sexual Health pazpa6orana ¢
V4ETOM Pe3yJIbTAaTOB COIHOJIOTHYECKOTO OIIpoca,
MPOBEJIEHHOTO CpPeIN MOJIOZBIX JioAed [18, 19].
Ha puc. 3 mpe/cTaBieHbl OCHOBHbIE HH(POPMAITHOH-
HbIe paszzesibl MOOMJIBHOTO TpHIOKeHus Personal
Sexual Health.

Tax, paszgen «IlosioBble UHMDEKIUN» COAEPIKUT
nocroBepuble cBegenns WIIIIT u BUY-undexmum.
JlaHHBIN pasjiesl BKJIIOUAET CJEAYyHIny HH(opMa-
nuto: kpaTtkywo ucroputo MIIIIIT u BUY-uadeknuu,
nousatus UIIIII u BUY-undeknuy, nyTa nepeavy,
KJIMHUYECKHE CHMIITOMBI, BO3MOKHbBIE OCJIOKHEHUS
9TUX UH(QEKIUH, peKOMEH/IAINK Bpaya, a TAaK:Ke UTO
HEeOoOXOIMMO J1eIaTh, YTOOBI N30€KATh UHPUITUPOBA-
HUA. B ciemytomem paszernie «3amniuTa cebs cam»
mpeicTaBieHa moApobHass uHGOpMAaNKsI O MeTofax
KOHTPAIIEIIIUN U BO3MOXKHOCTSX (B HEKOTOPBIX CIIy-
yasfx) CHU3UTHh pucku 3apakenws WIITIIT u BUY-

pared and implemented, which includes various
headings (HIV transmission routes, STI overview,
myths about STIs and HIV infection, etc.).

Thus, social networks are used to reach the target
audience more and attract attention to the project of
young people. During the four months (January —
April 2021) of the Personal Sexual Health mobile
application, it was downloaded by more than
200 users who left more than 9o positive reviews. The
main geolocation of users of the Personal Sexual
Health mobile application is the Russian Federation,
as well as the Republic of Kazakhstan, Ukraine and
the Republic of Belarus (Fig. 4). In the future, it is
planned to evaluate the effectiveness of the Personal
Sexual Health mobile application and social networks.

CONCLUSION

The use of digital platforms and new social media
is becoming increasingly popular in the field of
healthcare, especially among adolescents and young
people. Digital opportunities in the field of health-
care should complement and improve the existing
healthcare system, and not be an independent solu-
tion. Personal Sexual Health is a mobile application
created for the first time in Russia, which is dedi-
cated to sexual health and primary prevention among
young people, developed directly by specialists in the
field of STIs and HIV infection. The Department of
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Personal Sexual Health

Cexc) Y3/IbHOE 3[40pP0BbLE ~ JINYHASAA OTBETCTBEHHOCTb

<

Monosbie nudexumn

Personal Sexual Health

ConOyatnMOR JA0PONE = AMNIA OTBRTCTRENNOCTY

00"

Puc. 2. CkpuHIIOTH MOOWIbHOTO npuioxkenus Personal Sexual Health
Fig. 2. Personal Sexual Health mobile app screenshots
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Fig. 3. The main information sections of the Personal Sexual Health mobile app

Journal homepage: http://jsms.ngmu.ru 47



Xpsinun A.A. u dp. / Journal of Siberian Medical Sciences 4 (2021) 40—52

Yxpanna  Bemapych
K Ukraine  Republic of Belarus
(azaxcra % 1%
Republic of Kazakhstan 77
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82%

Puc. 4. OcHOBHAs Te0JIOKALUA TOIb30BaTeIed MOGUIbHOTO Iprtoxkenus Personal Sexual Health
Fig. 4. The main geolocation of users of the Personal Sexual Health mobile app

uHbekuen. Paznen «Yacro 3aaBaemMble BOIIPOCHI»
COZIEPKUT aKTyaslbHbIE BOIPOCHI B OTHOIIEHHH
UTITIIT u BUY-undexuu. Ha kaxxaplii 13 BOIIPOCOB
nMeeTcss TPOGECCHOHATIBHBIA OTBET U COBET MOJIO-
neIM JtioasM. OIWH M3 caMbIX BaJKHBIX Pas/ieioB B
MOOMIBHOM MPHIOKEHUH — «[10JIyuuTh oMoIIb». B
JTAHHOM paszeiie JI000H JKUTeIh HaIled CTPaHbI
MMeeT BO3MOKHOCTD HAMIPSMYIO O0OPaTUThCA K Bpady-
JIEPMATOBEHEPOJIOTY C BOIPOCAMHU O MPO(PUIAKTHKE
WIIIIIT u BNY-undexuuu. Ilpu sTom cBa3aThed C
JTOKTOPOM MOKHO KaK IO 9JIEKTPOHHOU T0YTe, TaK U
yepe3 coruaabble cetH (Instagram, Facebook, BKoHn-
TakTe) OecIiaTHO U KoH(puaeHuanibHo. Kpome Toro,
B JAHHOM pasjiejie pa3MellleHbl KOHTAKTHbIE TaHHbIE
U aJipeca MeAUIIMHCKUX YUPEKIEHUN JiepMaToBeHe-
posioruueckoro mpodwis r. HoBocubupcka. Takske
OBLIT TIOATOTOBJIEH W PeaTN30BaH KOHTEHT-IUIAH JJIs
coruabHbIX ceTelr B Instagram, Facebook u BKon-
TaKTe, KOTOPBIN BKJIIOYAET PA3JINIHbIEe PYyOPUKH (IIyTH
nepemaun BIY, o630p WUIIIIII, mudsr 06 UIIIIIT u
BUY-undexiuu u zip.).

Takum 006pa3oM, COLMAIBHBIE CETH HCIIOJIb3Y-
I0TCs 7711 OOJIBIIIETO OXBaTa IeJIEBOM ayJUTOPUU U
MIPUBJIEYEHU T BHUMAHUA K TPOEKTY MOJIO/IBIX JIIO/IEH.
3a ueThIpe Mecsa (THBAPH — allpesTh 2021 T.) paboThI
mobuibHOTO TIpHyoKeHust Personal Sexual Health
ero ckauaymu 6osiee 200 IOJIH30BATeNIEH, KOTOPbIE
octaBwiIn 0Ooylee QO TIOJOXKUTETHHBIX OT3BIBOB.
OCHOBHOM TeoJIOKaliel I10JIb30BaTesieli MOOWJIb-
Horo npuioxkeHus Personal Sexual Health siBsteTcs
Poccuiickas ®enepanus, a Takxke Pecnyosinka Kazax-
craH, Ykpanna u Pecrybsinka Bemapych (puc. 4). B
JAJIbHEHIIIEM IUTaHUPYETCS OIeHUTD 3P (PEKTUBHOCTD
paboTsel MOGHIBHOTO THprIoKeHus Personal Sexual
Health u coruanbHBIX ceTel.

Social Policy of the Mayor’s Office of Novosibirsk
recommends this mobile application for wide imple-
mentation in the social sphere of the city and, in par-
ticular, in the work of institutions for orphans and
abandoned children.

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

3AK/IIOYEHUE

Hcnosnp3oBanue udpoBhIX I1aTHOPM U HOBBIX
COLMJIBHBIX MeJ[ia CTaHOBUTCA Bce (oJiee MOILy-
JIAPHBIM B 00JIACTH 3/IpaBOOXpPAHEHUs, 0COOEHHO
cpeZu IOAPOCTKOB U Mosioziexku. 1lucdposeie Bo3-
MOXKHOCTH B 00JIACTH 37[paBOOXPaHEHUs JIOJLKHBI
JIOTIOJIHATD W YJy4lIaTh YKe CYIIEeCTBYIOIIYIO
CHCTEMY 3/IpaBOOXPAaHEHM:, a He OBITh CaMOCTOSA-
TesbHBIM pemntenreM. Personal Sexual Health — aTo
BIIEPBBIE CO3/JaHHOE MOOWIBHOE HPUJIOXKEHUE B
Poccuu, KOTOpOe MOCBAIIEHO CEKCYaTbHOMY 3/10PO-
BbIO U IEPBUYHOHN MPOPUIAKTUKE CPEJU MOJIO-
JleXKU, pa3paboTaHHOe HEIOCPE/ICTBEHHO CIIeIHa-
sucramu B obsnactu UIIIIT u BUY-undexmuu.
JlemapraMeHT O COLMAJIBHOH IOJIUTUKE M3PUH
r. HoBocnbmpcka peKoMeH/IyeT JaHHOe MOOUIIBbHOE
MIPWIOKEHUE JIJIsI IIUPOKOTO BHEIPEHUSA B COLMATTb-
Hyo cdepy roposa U, B YaCTHOCTH, B PaboTy IieH-
TPOB JUIA JIETEH-CUPOT U JeTel, ocTaBIINXCA 6e3
TIOTI€YEHUS] POAUTENEH.

KoHduKT nHTEepEeCcoB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUU KOH(JINKTA HHTEPECOB.
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Mopdosoruyeckas XapakTepUCTHKA KOPOHABUPYCHOUM HH@PEKIITNU
IepBOU U BTOPOU BOJIH NMaHAEMUU

A.I1. Hazeen!, /1.B. Mopo3sos?, M.A. Tpasusr', K.A. Husosnes!, K.H. Mapsan?, O.H. Ciio6onuHaz,
M.C. Urasakosaz, K.A. Konutnua!, M.C. Censakopa® 2, T.B. Kucenesa!, E.B. OBcsaako!

'@I'OY BO «Hogocubupckuil 2ocydapcmeeHHblil meduyuHckuil yHusepcumem» Munadpasa Poccuu

2I'bY3 HCO «I'opodckas kaunuueckasn 6oavruya NO 1» (Hosocubupck)

AHHOTAIIUA

BeBengenue. OcOGEHHOCTHIO MEPBBIX /IBYX BOJH 3IUIEMHH HOBOH KOPOHABUPYCHOU MH(EKINH SBWJIOCH TO, UTO B
[IEPUOJ, UX Pa3BUTHUS TOJIBKO Pa3pabaThIBAINCh METOIBI IUATHOCTUKY, CXeMBI JIEYEHH U IIPOTHBOIIIUEMUIECKIE MEDHI,
OTCYTCTBOBAJIM BaKIIMHBI U HE POBO/IMJIACH MACCOBAs BAaKIIMHAIIVS HACeIeHUs1. B 9TOM CBsI3U /71 MaH/IEMUH HOBOH KOPO-
HaBUPYCHOU MH(MEKIUH IIePBHIX IBYX BOJIH XapaKTEPHO CIIOHTAHHOE Pa3BUTHE 3a00IeBaHUA.

Il e 1p. CpaBHUTeIBHOE U3y4YeHHE MOPHOTIOTHUECKUX U KIMHUYECKHX 0COOeHHOCTel HOBOY KOPDOHABUPYCHOH HHOeEK-
[IUU B 1-10 ¥ 2-10 BOJIHY SIHU/IEMUH B 2020 T.

MaTepuansl U MeTOJBbl. IIpoaHATH3UPOBAHBI IPOTOKOJIBI IATOJIOT0-aHATOMUYECKUX UCCIE0OBAHUN YMEPIINX
manuenToB B IBY3 HCO «Topojckas kiuHuueckas 6opbHuna NO 1» (HoBocuOUpCK) Bo Bpems 1-i (Mai — UI0OHB 2020 T.)
(1-s rpynma) u 2-i (OKTAOph — ekabpb 2020 T.) (2-5 rpyIa) BOJIH MaHAEMUU. B 1-10 TPyIITy BKIIOYEHBI 30 CIyYaeB, U3
HUX 14 *KeHIIHH (46.7 %) 1 16 Mmy>kunH (53.3 %), BO 2-10 — 110 HAOJIIOIEHUH, U3 HUX 43 KeHIIUHbI (39.1 %) 1 67 My:KUNH
(60.9 %). Bo Bcex ciryuasx y manueHToB 06110 noaTBepkAeHo Hammure PHK Bupyca SARS-CoV-2 mertozowm ITIP B Ha30-
(apuHrea IpHBIX Ma3Kax.

PesyanbTaTbl. HoByio kopoHaBupychHyw nHbekiuo (U07.1) Kak 0CHOBHOe 3ab0JieBaHUE U B 1-10, K BO 2-10 BOJIHY
perucrpupoBaiu B 6osiee uem 66 % HabmroneHni. Cpeut KOMOPOUAHON maToI0TuH 1peobiazanu 3a60IeBaHUs OPTaHOB
KpOBOOOpAIIeH s, S9HIOKPUHHBIX OPraHOB (IIPek/ie BCEro CaxapHbIN AuabeT U OKUPEHUE), TOUEeK U MOUEBBIBOMSIINX
myTel, B OCHOBHOM XpoHu4eckuil nuenoHnedpur. COVID-ITHEBMOHUSA HOCHJIA IPENMYIIECTBEHHO JBYCTOPOHHUH ITOJIH-
cerMeHTapHBIN CepO3HO-reMOpparudeckuii XxapakTep, OJ{HAKO B 1-10 BOJIHY IIaHAE€MUH YacTOTa CyOTOTAIBHBIX U CEPO3HO-
THOWHBIX THEBMOHUM ObLIa OOJIBIIEl, UeM Y MalleHTOB, TOCIIUTATU3UPOBAHHBIX BO 2-10 BOJIHY. Tuddy3Hoe abBeossip-
HOE TIOBPEJK/IEHHE JIETKHX B 1-10 BOJHY 3TIUEMUN XapaKTePU30BaIOCh ITpeobiiajaHieM paHHeH (KkccyiaTuBHOM) daskl,
B OTJINYHE OT 2-U BOJIHBI, IJIsI KOTOPOH OBLIO XapaKTepHO NpeobJiaiaHre y MalUeHTOB MOo3/{HeN (TPOAYKTHUBHOM) (asbl.
Cpezy THCTOJIOTHYECKUX IIPU3HAKOB B JIETKUX Y AIMEHTOB 1-H BOJIHBI IPe00J1a/1aIi IPU3HAKH YKCCYAATUBHOTO BOCIIase-
HUA ¥ TeMOPParunvecKux pacCTpOUCTB (HEHTPOMIIBI B aIbBeosIaX, HHGAPKTHI, 00yCI0BIEHHbIE TPOMO030M U TPOMO03M-
60JIMel JIETOUHBIX apTEPH, HAJTUIHNEM 'HAJIMHOBBIX MeMOpaH). Bo 2-10 BOJIHY B JIETKHX Yallle BCTPEUAJINCH IPU3HAKH
IIPOAYKTHBHOTIO BocaneHus (mpeobsiaianre Makpodaros B ajIbBeosIax, OPraHU3yIomasacsa MHeBMOHUA (THeBMOGUOPO3),
IJTIOCKOKJIETOYHAS METAIIA3Hs).

3aknodeHUe. Pa3auunsa TeueHNUs HOBOM KOPOHABUPYCHOU MH(MEKIINY B 1-10 U 2-10 BOJIHY SIIUJEMUH 2020 T. Kaca-
JIUCH TIPEXK/IEe BCETO YACTOTHI U CTPYKTYPhI KOMOPOUIHOMN MTATOJIOTUH U YPOBHSA MOJUMOPOUIHOCTH, KOTOPbIE OBLIN BBIIIIE
y IaIEeHTOB, 3a00JIEBIINX BO 2-10 BOJIHY. TsKeCTh MOPA’KEeHNUs JIETKUX Y IAI[UEHTOB 2-H BOJIHBI ObLIA BEIPDAJKEHA B MEHb-
el cTelleHU: peXke BCTPEUYAINCh CyOTOTalbHBIE IByCTODOHHUE ITHEBMOHUH, O0Jiee 4acTO — HUIKHEZ0JIEBbIe CEPO3HO-
rHOVHBbIe THeBMOHUH. [{rbdy3HOe anbBe0sIPHOE MTOBPEKEHIE JIETKUX B 1-10 BOJIHY SIIHIEMUH XapaKTepHU30BaJIOCh ITpe-
obJiajjlanrieM paHHel (Kccy1aTUBHOM) Ga3bl, B OTJIMYHE OT 2-H BOJIHBI, JJIs1 KOTOPOH OBLIO XapaKTepHO MpeobiaaHue y
MMaI[HEHTOB MO3/IHeH (MPOAYKTUBHOM) (Dasbl.

Kmouesste cnroga: COVID-19, ayrorcus, maTojorudeckas aHaTOMUsI, THEBMOHUA, AU Py3HOE ATbBEOISIPHOE TTOBPEXK-
JIeHUE JIETKUX.

Oo0paszen mutupoBaunusna: Hazees A.Il., Moposos /I.B., TpaBur M.A., Huzosues K.A., Mapzan K.H., Cito60/11-
Ha O.H., Urasakosa M.C., Konummu K.A., CensxoBa M.C., Kucesnesa T.B., Ocanko E.B. Mopdosioruueckas xapakrepu-
CTHKa KOPOHABUPYCHOHN MHMEKIUU epBOi 1 BTOpoi BosH mangemun // Journal of Siberian Medical Sciences. 2021.
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Morphological characteristic of coronavirus infection
of the first and second waves of the pandemic

A.P. Nadeev', D.V. Morozov?, M.A. Travin', K.A. Nizovtsev', K.N. Marzan?, O.N. Slobodinaz,
M.S. Ignyakova?, K.A. Koshlich', M.S. Selyakova*2, T.V. Kiseleva', E.V. Ovsyanko*

'Novosibirsk State Medical University
2City Clinical Hospital No. 1 (Novosibirsk)

ABSTRACT

Introduction. A peculiarity of the first two waves of the epidemic of a novel coronavirus infection was that during
their development only diagnostic methods, treatment regimens and anti-epidemic measures were only being developed,
there were no vaccines and no mass vaccination was carried out. In this regard, the pandemic of the novel coronavirus
infection of the first two waves is characterized by spontaneous progression of the disease.

Aim of the research. Comparative study of morphological and clinical features of the novel coronavirus infec-
tion in the 1st and 2nd waves of the pandemic in 2020.

Materials and methods. The autopsy protocols of deceased patients at the City Clinical Hospital No. 1 (Novo-
sibirsk) during the 1st (May — June 2020) (1st group) and 2nd (October — December 2020) (2nd group) waves of the
epidemic were analyzed. The 1st group included 30 cases, that is 14 women (46.7%) and 16 men (53.3%), in the 2nd —
110 cases, of which 43 were women (39.1%) and 67 — men (60.9%). In all cases, the presence of SARS-CoV-2 RNA in naso-
pharyngeal swabs from the patients was confirmed by polymerase chain reaction.

Results. The novel coronavirus infection (coronavirus disease 2019 (COVID-19), ICD-10 code: U07.1) as the principal
diagnosis in both the 1st and 2nd waves was recorded in more than 66% of observations. Among the comorbidities, the
circulatory and endocrine disorders (primarily diabetes mellitus and obesity), kidneys and urinary tract diseases, mainly
chronic pyelonephritis, prevailed. The COVID-19 pneumonia was predominantly bilateral polysegmental serohemorrhagic
in nature, however, in the 1st wave of the pandemic, the frequency of subtotal and seropurulent pneumonias was higher
than in patients hospitalized during the 2nd wave. Diffuse alveolar damage in the 1st wave of the epidemic was character-
ized by the predominance of the early (exudative) phase of inflammation, in contrast to the 2nd wave, which was character-
ized by the predominance of the late (productive) phase in patients. Histologically, in patients of the 1st wave, the signs of
exudative inflammation and hemorrhagic phenomena (with neutrophils and hyaline membranes in the alveoli, infarctions
caused by thrombosis and pulmonary thromboembolism) prevailed. In the 2nd wave, signs of productive inflammation
were more common in the lungs (predominance of macrophages in the alveoli, organizing pneumonia (pneumofibrosis),
squamous cell metaplasia).

Conclusion. The differences in the course of the novel coronavirus infection in the 1st and 2nd waves of the 2020
epidemic concerned primarily the frequency and structure of comorbidities and the level of polymorbidity, which were
higher in patients during the 2nd wave. The severity of lung damage in patients of the 2nd wave was less pronounced: sub-
total bilateral pneumonias were less common, lower lobe seropurulent pneumonias were more common. Diffuse alveolar
damage in the 1st wave of the epidemic was characterized by the predominance of the early (exudative) phase, in contrast
to the 2nd wave, which was characterized by the predominance of the late, productive phase of inflammation.
Keywords: COVID-19, autopsy, pathological anatomy, pneumonia, diffuse alveolar damage.
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BBE/IEHHME

Bopwba ¢ HOBOM KOPOHABUPYCHOU MHMEKINEH B
COBPEMEHHOM MHpE CTajla OCHOBOIIOJIAraoIuM
aCIIEKTOM KaK KJIMHUYECKOU MEeTUIIMHBI, TaK U QyH-
JlAMEHTAJIbHBIX JUCIUIVIMH. 3a TepHoa 2019—
2021 IT. B MUpe 3aUKCUPOBAHO YEThIPE BOJTHBI ITaH-
JleMUH KOpOHaBHpPYycHOW mHekmuu. HecmoTps Ha
OCBEIOMJIEHHOCTD U ITPUOOpPETEHHBIH 3a BpeMs MMaH-
JeMHU KJIMHUYECKHU OIIBIT, KOJIMYECTBO 3a00JIeB-
[ITUX ¥ YMEPIIHUX OT HOBOM KOPOHABUPYCHON MH(GEK-

INTRODUCTION

The fight against a novel coronavirus infection
(coronavirus disease 2019 (COVID-2019)) in the
modern world has become a fundamental aspect of
both clinical medicine and fundamental disciplines.
During the period 2019—2021, four waves of the
coronavirus pandemic were recorded in the world.
Despite the awareness and clinical experience gained
during the pandemic, the incidence and mortality
from the novel coronavirus infection remain at a
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MY OCTAeTCs Ha JOCTATOYHO BBHICOKOM ypoBHe. Tax,
yncso 3aboseBmux B Poccuu mo AaHHBIM pecypea
«CTOIIKOPOHABUPYC.pd» 32 BeCh MEPUO] MAHAEMUN
Ha KOHEI[ CEHTAOPS 2021 I'. COCTABHIIO 7 464 708 uer.,
a KOJTMYECTBO YMEPIITUX — 205 531 YeJl.

C MoMeHTa Hayaja MaHAEMUU KOPOHABUPYCHOU
WHQEKIIUN HaKOIUIEHO JIOCTaTOUHOe KOJIMYECTBO
CBeZIEHUI KaK O caMOM BO30y/iuTesie, TaK U O MOP-
(ostornuecknx N3MEHEHUIX B PA3IMIHBIX OPraHaX
U CHCTEMAax OpraHu3Ma, OOYCJIOBJIEHHBIX JAHHOU
marosioruedi. OMHAKO C TOUKU 3PEHUST CTPYKTYPhI
HOB0JIOTUH B PaMKaXx JIJTUTEILHOTO IIEPUOIA €€ Pas-
BUTHSA, ABYX BOJH 3IINJIEMUH, KaXKJas U3 KOTOPBIX
XapaKTepPU30BaJach CBOUMU OCOOEHHOCTSAMU Teue-
HUSA 3a00JIeBaHUA, A TAKXKE BAPUATHBHOCTHIO MOP-
(osrornueckoil KApTUHBI, YPOBEHb HAYYHBIX HCCIIE-
JTOBAaHUH OCTAETCS HEAOCTATOYHBIM.

SARS-CoV-2 aenserca PHK-cozep:xamum BUpy-
com cemerictBa Coronaviridae. Bupyc npoHUKaeT B
KJIETKU 4Yepe3 PerenTop aHTHOTeH3WHIIPEBpaIaio-
mrero ¢pepmenTa 2 (ACE2), Haxosiuiics Ha MOBepX-
HOCTU KJIETOK, M PELleNITOP-CBA3BIBAIOIIETO JOMEHA
munoBoro Oeska (spike protein) BupycHoro arenra
[1—3]. Takke B mpoliecce MPOHUKHOBEHUS B KJIETKY
MpUHUMaeT  ydacThe  MeMOpaHHBIA  OeJyioK
TMPRSS2 — cepunoBas mporeasa [4, 5].

Bospiioe kosuyecTBO BUPYCHBIX yactul SARS-
CoV-2 ObUI0 00HApYKEHO B 3HJIOIJIA3MAaTHYECKOM
peTuKyaymMe anabBeosionuToB II THHA ¢ IOMOIIBIO
IIPOCBEUMBAIOIIEN  3JIEKTPOHHOU MHKPOCKOIIHH.
Kpome ToOro, merozamMu WMMYHOTHCTOXHMUU U
ruOpuAU3auu in situ O6bpLT OOHAPY?KEHBI OEJTKU U
PHK SARS-CoV-2 B snuTesny NullleBapuTeIbHOTO
TpakTa U Touykax. benok Hyksieokamncuya u PHK-
noanMepa3a SARS-CoV-2 umMmesnu MoJIoXUTETbHYIO
SKCIIPECCHIO B SIIUTEJINH IPOTOKOB U KJIETKAX ITOTO-
BBIX JKeJle3 KOXKHM, YTO YKa3bIBaeT HAa BO3MOXKHBIE
nytu nepenaun SARS-CoV-2 (KOHTaKTHBIM IIyTh).
Kpowme Toro, 661710 06HAPYKEHO, UTO KJIETKH SHJIO-
KPUHHBIX JKeyie3 (IapalluTOBU/HBIE JKeJIe3bl U
runodus, KJIETKU KOPbI HAATIOUYEYHUKOB, Iapue-
TaJIbHBIE KJIETKU JKEJIyAKA) U K30KPUHHBIX JKeJie3
(moToBBIe 3KeJie3bl KOJKH, Tpaxes U ee JKeJie3bl, ally-
HapHbIE KJIETKH [TO/IXKeJTy/TOUHOM JKeIe3bl) DKCIpec-
cupyrot SARS-CoV-2 [2].

Jlerkuie ABJIAIOTCS OCHOBHBIM OpPraHOM-MU-
mrenbio 11t COVID-19, mpudeM y marieHToB HabJTi0-
JTAI0TCSI CUMIITOMBI, BAPBUPYIOIIHE OT JIETKHUX TPUII-
MOIT0J00HBIX CHMIITOMOB /10 QyJIbMUHAHTHOU ITHEB-
MOHUM W TOTEHI[HAJIBHO CMEpPTEJIBLHOTO pecrupa-
TOPHOTO INCTPeCC-CHHApPOMA [6, 7].

B pazButnu atunnyHou mHeBMOHUU pu COVID-
19 BBIJIEJIAIOT ABE CTaAnu quddy3HOrO aabBeOJIsp-
HOTO TIOBPEXXEHUS: PAaHHIO (710 7—8 JaHel) aKecy-

fairly high level. So, according to the stopcoronavi-
rus.rf the number of cases in Russia for the entire
period of the pandemic by the end of September
2021 was 7 464 708 people, and the number of the
deceased was 205 531 people.

Since the beginning of the coronavirus pandemic,
a sufficient amount of information has been accumu-
lated both concerning the pathogen itself and mor-
phological changes in various organs and body sys-
tems caused by this pathology. However, from the
nosology structure point of view, within a long period
of its development, and the two waves of the pan-
demic, each characterized by its own features of the
course of the disease, as well as by variability of the
morphological picture, the achieved level of scientific
research remains insufficient.

SARS-CoV-2 is an RNA virus of the Coronaviri-
dae family. The virus penetrates the cell through
the angiotensin converting enzyme 2 (ACE2) recep-
tor located on the cell surface, and the spike pro-
tein receptor-binding domain of the viral agent
[1—3]. Also, the transmembrane serine protease
TMPRSS2 participates in the process of its entry
into the cell [4, 5].

A large number of SARS-CoV-2 particles were
detected in the endoplasmic reticulum of type II
alveolocytes using transmission electron micros-
copy. In addition, SARS-CoV-2 proteins and RNA
were detected by immunohistochemistry and in situ
hybridization in the epithelium of the digestive tract
and kidneys. The nucleocapsid protein and RNA
polymerase of SARS-CoV-2 had positive expression
in the epithelium of the ducts and cells of the sweat
glands of the skin, which indicates possible SARS-
CoV-2 transmission (contact routes). In addition, it
was found that the cells of the endocrine glands
(parathyroid glands and pituitary gland, adrenal cor-
tex cells, parietal cells of the stomach) and the exo-
crine glands (sweat glands of the skin, trachea and its
glands, acinar cells of the pancreas) express SARS-
CoV-2[2].

The lungs are the main target for COVID-19, and
patients have symptoms varying from mild flu-like
conditions to fulminant pneumonia and potentially
fatal respiratory distress syndrome [6, 7].

In the development of atypical pneumonia in
COVID-19, two stages of diffuse alveolar damage are
distinguished: early (up to 7—8 days), exudative and
late (from 8 days to a month), productive. The early,
exudative stage is characterized by changes associ-
ated with cytopathic action of the virus; circulatory
disorders caused by the viral damage to endothelio-
cytes; inflammatory changes — perivascular and
peribronchial lymphoplasmocytic and macrophage
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JIATUBHYIO U TIO3/THION0 (OT 8 JIHEH U /10 MecsI1ia) mpo-
JNYKTUBHYWO. [[J11 paHHEW SKCCYJaTMBHOW CTaJINU
XapaKTepPHbI U3MeHeHUs1, 00YCIIOBJIEHHbIE: IIUTOMA-
TUYECKHUM JIEHCTBUEM BUPYCa; PACCTPONCTBAMU KPO-
BoOOpaIeHusl, CBA3aHHBIMU C IOBPEK/IEHIEM BUPY-
caMU 9H/IOTEJIMOINTOB; BOCTIAIUTEIbHBIMU U3MeEHe-
HUSIMHU — IE€PUBACKYJIIPHAS U NTePUOPOHXHUATbHAS
AUM@OIIa3MOKIeTOYHass U MakpodarayibHas
MHGWIBTPALIMSA, & TaKXKe WHQOIBTPAUI MeXKab-
BEOJIAPHBIX Ieperoposiok [6, 8]. i mosgHen
(8—14 mHe# u Gosee) MPOAYKTUBHOU CTaAuU JTHQ-
(y3HOrO ayIbBEOJIIPHOTO TOBPEKIEHUS JIETKUX
XapaKTepPHbI IOCJIEA0BATebHOE (POPMUPOBAHUE U
pasButne ¢ubPo3a, CBA3AHHOTO B TOM YHCJIE C JIJTH-
TeJILHBIM HaxoskJieHrueM narueHToB ¢ COVID-19 Ha
VIBJI, ctuBHBIE TIOJI 06JIMTEpUPYIONIEro OPOHXUO-
JINTa ¥ OpPTaHU3YIoleiics MHEBMOHUN WJIN YIACTKU
prixsioro ¢ubposa ¢ IeIeBUHBIMUA CTPYKTYPaMU,
BBICTJIAHHBIMU METAIIACTHYECKUM IUIOCKUM JIUTE-
smeM. IIpu 5TOM BOCHAIUTETBHBIN MIPOIECC MOKET
MIPOJIOJIKATHCS, UTO CO3/IAET B JIETKUX « MO3AUTHYIO»
KapTHHY: OOHApY>KHBAIOTCS BBIPAKEHHOE WHTEP-
CTHITHAJIBHOE BOCIAJIEHNUE C YTOJIIEHNEM U OTEKOM
MEKTbBEOJISIPHBIX TIEPETOPO/IOK, OTEKOM M MUKCO-
MAaTO30M TIEPUBACKYJISIDHOM CTPOMBI; HEPEIKO
HMeeT MECTO IIPOrPecCHPOBAHNE MUKPOAHTHOTIATHH
1 TpoMbO03a MUKPOIUPKYJIATOPHOTO PyCJsia, BETBEH
JIETOYHBIX aPTEpUH U BEH Pa3HOTo Katubpa [4, 6, 9].

Bo BHyTpeHHUX OpraHax U3MeHEeHUs IIPX HOBOH
KOPOHABUPYCHOH HMHQEKIINHU C COOTBETCTBYIOIMHU
KJIUHUYECKUMU IPOSIBJIEHUSIMHU II03BOJIAIOT TOBO-
puth 0 «Mackax» COVID-19 (cepaeuHOM, MO3TOBOH,
KUIIIEYHOM, II0YEYHOH, MEeYeHOYHOH, auabernde-
CKOH, TpoMO03MO0IHIecKOH (ITpu TpoMO03IMO0IHH
JIETOYHOU apTepHH), CENTUUECKOH (TP OTCYTCTBUU
0aKTEPUAIIPHOTO WM MUKOTHUYECKOTO CeIlCuca),
MHKDPOQHTHOIIATHYECKOU (C CHCTEMHON MUKPOAHTH-
omnaTtuen), KoKHOH [6, 10—12]) wiu, yIuThIBasi, 4TO
BUpPYCHbIE YAaCTHUIIBI U OeJIKM ObLIU BBIABIEHBI B
KJIETKaX MHOTHUX OPTaHOB U TKaHEH, CBU/IETETBCTBO-
BaTh O TeHEPAIIN30BAHHOM XapakTepe NHQPEKINOH-
HOTO 3a00JieBaHUS U, BO3MOXKHO, €€ KJIMHHKO-
Mopdosioruyeckux Gopmax.

OcobeHHOCTHI0 TIEPBBIX JIBYX BOJH SIBWJIOCH TO,
YTO B IIEPUOJ, UX PA3BUTHUS TOJIHKO pa3pabaThIBAINCh
METO/Ibl IMATHOCTUKU, CXEMBI JIEUeHHsI U ITPOTUBO-
SIIUJIEMUYECKHe MePH! B OTHOIIIEHNN KOPOHABUPYC-
HOH MH(EKIINU, OTCYTCTBOBAIN BAKI[UHbBI U HE TIPO-
BOJIIACH MAcCOBasl BAaKI[MHAINS HACeJIeHH. B aToit
CBABU IS TIAH/EMHUU HOBOM KODPOHABUPYCHOU
MHQEKITNHU TEPBBIX IBYX BOJIH XapaKTEPHO CIIOHTaH-
HOe pasBuTHe 3abosneBaHus. Kpome Toro, ocraTod-
Hble TMpPOsABJIEHUs TMocyie nepeHeceHHOH COVID-
UHQEKITUN COXPAHSIOTCA B TeUeHUE JJITUTEIBHOTO

infiltration, as well as infiltration of the interalveolar
septa [6, 8]. The late (8—14 days or more), produc-
tive stage of diffuse alveolar damage is characterized
by the consistent formation and development of
fibrosis associated, among other things, with pro-
longed invasive mechanical ventilation in patients
with COVID-19, coalesced fields of bronchiolitis
obliterans and organizing pneumonia, or areas of
loose fibrous tissue with slit-like structures lined
with metaplastic squamous epithelium.

At the same time, the inflammatory process can
continue, which creates a “mosaic” picture in the
lungs with the pronounced interstitial inflammation
with thickening and edema of the interalveolar septa,
edema and myxomatous degeneration of the perivas-
cular stroma; often with the progression of microan-
giopathy and thrombosis of the microcirculatory
bed, branches of the pulmonary arteries and veins of
different caliber [4, 6, 9].

As for visceral organs, the changes in the novel
coronavirus infection with the corresponding clinical
manifestations allow us to talk about COVID-19
“masks” (cardiac, cerebral, intestinal, renal, hepatic,
diabetic, thromboembolic (in pulmonary embolism),
septic (in the absence of bacterial or mycotic sepsis),
microangiopathic (with systemic microangiopathy),
cutaneous [6, 10—12]) or, given that viral particles
and proteins were detected in the cells of many
organs and tissues, indicate the generalized charac-
ter and, possibly, clinical and morphological forms of
the infectious disease.

The peculiarity of the first two waves was that
during their development, diagnostic methods, treat-
ment regimens and anti-epidemic measures against
coronavirus infection were only being developed,
there were no vaccines and mass vaccination. In this
regard, the pandemic of the novel coronavirus infec-
tion of the first two waves is characterized by sponta-
neous development of the disease. In addition, resid-
ual manifestations after COVID-19 infection persist
for a long time (post-COVID-19 syndrome) and can
affect the clinical picture and morphological changes
during repeated infection, or favor the development
of comorbid disease.

At the same time, the results of autopsy of
deceased patients with the novel coronavirus infec-
tion are still few, which makes it difficult to study the
pathogenesis, therapeutic tactics and preventive
measures of this disease [13, 14].

AIM OF THE RESEARCH

Comparative study of morphological and clinical
features of the novel coronavirus infection in the 1st
and 2nd waves of the pandemic in 2020.
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BpeMeHH («IIOCTKOBUIHBIA CHHAPOM») U MOTYT BJIU-
ATh Ha KIMHUYECKYI0 KapTUHY U MOP(OJIOTHYECKe
W3MEHEHUs PU MOBTOPHOM WHQHUIUPOBAHUU WU
Ha Pa3BUTHE KOMOPOUIHBIX COCTOSHU.

Bmecte ¢ TeM pe3ysibTaThl IATOJIOT0-aHATOMUYE-
CKOTO MICCJIEIOBAHUS YMEPIITUX GOTBHBIX IIPU HOBOH
KOPOHABHUPYCHOH MHQEKIINN OCTAIOTCA 0 CUX IIOD
HEMHOTOUYUCJIEHHBIMH, UYTO 3aTPyJHSET H3yUYeHHe
rmaToreHesa, JieueOHOU TaKTUKU M Mep MpoduIaK-
THKHU 3TOr0 3a0osieBanuu [13, 14].

IOEJb NCC/IEJOBAHUA

CpaBHUTE/IPHOE U3y4YeHHE MOP(HOJIOTHUECKUX U
KJIMHUYECKUX 0COOEHHOCTEH HOBOH KOPOHABUPYCHOM
UHQEKITUH B 1-10 U 2-10 BOJIHY [TAHAEMUU B 2020 T.

MATEPUAJIBI 1 METO/IbI

Hamu mnpoaHaiu3upoBaHbl 140 IPOTOKOJIOB
MMaTOJIOTO-aHATOMUYECKHUX HCCIIEIOBAHUNA YMEPIIIHX
nanueHToB B 'BY3 HCO «T'opoackas kiMHUYecKas
6ospHuIa NO 1» (r. HoBocMOUpPCK) BO BpeMs 1-i
(Ma#t — uoHb 2020 T.) (1-5 Tpy1IIa) U 2-1 (OKTAOPH —
Jlekabpb 2020 T.) (2-1 rpymnma) BOJIH MMaHJEMHU.
B 1-10 rpyIIITy BKJIIOUEHBI 30 CIy4YaeB, U3 HUX 14 *KeH-
uH (46.7 %) u 16 mykuuH (53.3 %). Bo 2-10 rpynmy
BOIIJIM 110 HAOJJIOMEHWN, M3 HUX 43 >KEHIIUHBI
(39.1 %) u 67 myxuwnH (60.9 %). Bo Bcex cayuyasx y
ManueHToB ObLIO TMOATBep:KAeHo Hamumuue PHK
Bupyca SARS-CoV-2 metonom I111P B Ha3odapunre-
aJIbHBIX Ma3Kax [2, 6].

YcraHaBIMBAIM CPETHUN BO3pacT TMAIlMEHTOB,
KOJIMYECTBO KOWKO-ZTHEH, MPOBEIEHHBIX B CTAI[HO-
Hape, BpeMs HaxoxkaeHus Ha UBJI (cyTok), JaHHbIE
KoimpoBaHusA (HOBasg KOpPOHABUpPyCHas WHOEKIUs
KaK OCHOBHOE, COIIYTCTBYIOIllee 3a00JIEBaHUS WJIN
KOMOPOU/THOE COCTOSIHUE), HO30JIOTUUECKYIO CTPYK-
Typy KOMOPOHWAHOW MATOJIOTMH. AHAJIU3UPOBATIU
pe3ysIbTaThl MOP(OJIOTHUECKOTO MAKPO- U MHKPO-
CKOIIMYECKOT0 KCCJIEAOBAHUS JIETKUX, OTAEIbHO —
THUCTOJIOTHYECKHE TpU3Haku Auddy3HOrO aabBeo-
JIAPHOTO TOBPEXK/EHUA U THEBMOHUU, XapaKTeP U
JIOKJIM3AIAIO THEBMOHUH, YACTOTY U BHJIBI OCJIOK-
HEHHUH I[pPU KOPOHABUPYCHON nHbeknuu. Paccum-
THIBAJIA TTOJTUMOPOUHOCTD, T.€. CpPegHee KOauue-
CTBO 3a00JIeBaHUH, NPHUXOJUBIINXCA HA OJHOTO
nanuenTta (M + m).

PE3YJIBTATBI 1 OBCY2K/IEHUE

Bospact nanmeHTOB U3 1-U I'PYHIBL Y JKEHIUH
COCTaBUJI 70.4 + 2.74 TO/1a, Y My:KYUH — 64.9 + 4.71
roJia; BO 2-H IpyIIIe y JKeHIIUH — 74.7 + 1.75 TOJa, ¥
MYX4UH — 69.4 + 1.61 roja. Takum ob6pasom, cpes-
HUU BO3PACT NAIIEHTOB y KEHIIIH U MY>KIHH CPAB-
HHUBAEMBIX TPYIII HE PA3IHYAIICA.

MATERIALS AND METHODS

We analyzed 140 autopsy protocols of deceased
patients at the City Clinical Hospital No. 1 (Novosi-
birsk) during the 1st (May — June 2020) (1st group)
and 2nd (October — December 2020) (2nd group)
waves of the pandemic. Group 1 included 30 cases,
i.e. 14 women (46.7%) and 16 men (53.3%). The 2nd
group included 110 observations, of which 43 were
women (39.1%) and 67 were men (60.9%). In all
cases, the presence of SARS-CoV-2 virus RNA in
nasopharyngeal swabs was confirmed by polymerase
chain reaction [2, 6].

The mean age of patients, the number of inpatient
days, the time spent on a ventilator (days), the cod-
ing data (novel coronavirus infection as the princi-
pal, concomitant disease or comorbid condition), the
nosological structure of comorbid diseases were
established. We analyzed the results of morphologi-
cal macro- and microscopic examination of the lungs,
separately, histological signs of diffuse alveolar dam-
age and pneumonia, the nature and localization of
pneumonia, the frequency and types of complica-
tions in coronavirus infection. The polymorbidity
was estimated, i.e. the mean number of diseases per
patient (M + m).

RESULTS AND DISCUSSION

The age of patients in group 1 was 70.4 + 2.74
years for women, and 64.9 + 4.71 years for men; in
group 2 — 74.7 + 1.75 and 69.4 + 1.61 years respec-
tively. Thus, the mean age of patients in women and
men of the compared groups did not differ.

The number of bed days by gender had differ-
ences in group 1: women had more bed days
(16.14 + 2.22) compared to men (9.75 = 2.52); in
group 2, the number of bed days in women
(13.27 + 1.44) and men (12.31 + 1.01), as well as in
comparison with those of group 1, did not differ.

In group 1 66.7% (n = 20) of patients were put on
a ventilator, 20% (n = 22) in group 2, which indi-
cated a more frequent transfer of patients on
mechanical ventilation during the 1st wave of the
pandemic, possibly due to their more severe condi-
tion.

The novel coronavirus infection (ICD-10 code:
Uo07.1) was registered as the principal diagnosis in
20 people (66.7%) in group 1, and 78 people (70.9%)
in group 2; as a comorbid condition (concomitant,
competetive and pre-existing diseases) in group 1 in
6 cases (20%), in group 2 — in 28 cases (25.5%); as a
comorbid disease (SARS-CoV-2 infection, without
pneumonias) in group 1 it occurred in 4 cases
(13.3%), and in group 2 in 4 cases (3.64%) as well.
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KosruecTBO MpOBEIEHHBIX B CTAIIIOHAPE KOHKO-
JTHel 110 TeHZIEPHOMY IIPU3HAKY UMEeJIO Pa3jindue B
1-U Tpymme: »KEHIIUHBI IPOBeJH OOJIbIlle KOWKO-
nHel (16.14 + 2.22 ¢yT) B CpPaBHEHUU C MY>KUYNHAMU
(9.75 + 2.52 ¢cyT), BO 2-# rpyIIIe KOJUIECTBO IIPOBE-
JIEHHBIX KOUKO-THEN y JKEeHIUH (13.27 + 1.44 CyT) U
MY>KYHH (12.31 £ 1.01 CyTOK), a TAK?K€ B CDAaBHEHUH C
1-# TPYIIION HE Pa3INYaIOCh.

Ha VBJI B 1-1 rpy1ie HaxoquIuch 66.7 % (n = 20)
MaIieHTOoB, BO 2-U rpymie — 20 % (n = 22), 4To CBU-
JIETETHCTBOBAJIO O O0JIee YacTOM IIepeBO/ie HaleH-
ToB Ha VIBJI BO Bpems 1-i BOJIHBI ITaHJIEMUH, BO3-
MOKHO, B CBA3H C UX 0O0JI€€ TSIKEIJIBIM COCTOSTHHEM.

HoBas xoponaBupycHass wuHbekus (kKox 10
MKB-10 — U07.1) KaK 0OCHOBHOE 3a007IeBaHIE 3aperi-
CTpUpOBaHay 20 4eJl. (66.7 %) B 1-# rpytie n y 78 4eJr.
(70.9 %) — BO 2-1 TpyIIIIE; KAK KOMOPOHUTHOE COCTOSI-
Hue (coueTaHHOe, KOHKypHUpYyolee U (OHOBOE 3a00-
JIeBaHUsA) B 1-U TpyIie — B 6 ciydasx (20 %), Bo 2-U
rpyrie — B 28 crydasx (25.5 %); Kak COITYyTCTBYIOIIEE
3aboneBanve (uHUIEpoBaHue BUpycoM SARS-
CoV-2, 6e3 pa3BUTHUs THEBMOHUH) B 1-U TPYIIIIE BCTpe-
JaJIoch B 4 cirydasx (13.3 %) ¥ Bo 2-U IPyTIIE TAaKXKe B
4 cayuasx (3.64 %). Takum obGpaszoM, KOAHUPOBaHHUE
HOBOH KOPOHABUPYCHOU HHGMEKINHU KAK OCHOBHOTO
3a00s1eBaHUSA ¥ KOMOPOUIHOTO COCTOSTHHUS B 1-10 U 2-10
BOJIHY TIPAKTUYECKU HE Pa3INYaIoch, C HE3HAYNUTEIb-
HBIM TPeoOJIaJJaHUEM €ro PErucTpanuy KaK OCHOB-
Horo 3abosieBannsa. B ucciaenoBanuu C. Edler et al.,
OCHOBAaHHOM Ha pe3yJIbTaTax I1aTOJIOTO-aHATOMUYE-
CKOTO WCCTIETOBAHMA 80 yMEpPIIUX OT KOPOHABUPYC-
HOH MH(EKIUH, MTOCTIEAHAS KaKk OCHOBHOE 3a00J1eBa-
Hue PUKCUPOBAIOCH B 95 % cirydaes [15].

Hozomorunueckas cTpykTypa KOMOpOUAHOM aTO-
JIOTUM TIpU HOBOW KOPOHABHUPYCHOW WHQMEKIUU
mpejicTaBjeHa B Tabs. 1. Bemymed komMopOumHOMN
MMaTOJIOTHEN SIBUJIUCH 3a00JIEBAHUSI OPTAHOB KPOBO-
obpatenusi, kotopble Brirodanu UBC, B Tom uuncie
nHGAPKTHI MHOKap/ia, TeMOPParuyecKue U UIleMu-
YecKre WHCYJIbThI, IPHUOOPETEeHHBIE TIOPOKH CEepPAIa
u np. KonwuectBo 3aboJieBaHUII OpPraHOB KpPOBO-
obpatreHus ObLI0 GOJIBIIUM B 3 pas3a y MalfueHTOB
2-# TPYIIIbI B CPABHEHUH C TAIIIEHTAMU 1-H TPYIIIIHL.
Ha BTOpOM MecTe cpenyi KOMOPOUHBIX COCTOSHUN
OKa3ayinuch 3a00JIEBAHUS JHAOKPUHHBIX OPTaHOB,
IIpEeK/Ie BCETO CaXapHBINA ANA0ET U 0:KUPEHNE, KOTO-
Ppble BCTpeuasics BO 2-H TpyIIlie B 3 pa3a yaille B cpaB-
HEeHUU ¢ 1-1 rpynnoi. Ha TpeTbe MecTe cpeivt KOMOP-
OUIHBIX COCTOSAHUNI BBHINLIA 3a00JI€eBaHUS IIOYEK U
MOUYEBBIBOJISINIUX ITyTeH, OOJIBIIYI0 YacTh M3 KOTO-
PBIX COCTAaBWJI XPOHHYECKUU mHueaoHedpHUT (B TOM
YHCJIE U B CTaUK 000CTPEHMS), TAaKKe ¢ IIpeobiaa-
HHEM 5TOH TPYNIIBI KOMOPOW/IHBIX COCTOSHHUH Y
MaIUeHToB 2-# Tpymnmbl. K ocTasbHBIM KOMOPOUI-

Thus, the coding of the novel coronavirus infection
as the principal diagnosis and the comorbid condi-
tion in the 1st and 2nd waves practically did not dif-
fer, with a slight predominance of its registration as
the principal diagnosis. In a study by C. Edler et al.,
based on the results of postmortem examination of
80 people who died from coronavirus infection, the
latter as the main disease was recorded in 95% of
cases [15].

The nosological structure of comorbidities in
the novel coronavirus infection is presented in
Table 1. The leading comorbid pathology was dis-
eases of the circulatory system, which included
coronary heart disease, among others myocardial
infarctions, hemorrhagic and ischemic strokes,
acquired valvular heart desease, etc. The number of
diseases of the circulatory system was 3 times
higher in patients of the 2nd group, than of the 1st
one. In the second place among comorbid condi-
tions were diseases of endocrine organs, primarily
diabetes mellitus and obesity, which occurred in
the 2nd group 3 times more often than in the 1st
group. Kidney and urinary tract diseases took the
third place among the comorbid conditions, most
of which were chronic pyelonephritis (including
the acute stage), also with the predominance of this
type of comorbidities in patients of group 2. The
rest comorbid conditions include malignant neo-
plasms, diseases of the respiratory system, gastro-
intestinal tract, liver and bile ducts, central ner-
vous system (CNS), diseases of hematopoietic and
lymphatic organs (leukemia, lymphoma, anemia),
infectious diseases, for which no differences were
noted between the groups. In general, for patients
of group 2, the number of comorbid conditions per
one patient was 2 times higher compared to the
same indicator in patients of group 1. The studies
of a number of authors have also shown the preva-
lence of cardiovascular system pathology (coronary
heart disease), chronic obstructive pulmonary dis-
ease, bronchial asthma among the comorbid condi-
tions [9, 11, 15].

COVID-19 pneumonia was mainly bilateral and
polysegmental: 21 cases in group 1 (70%) and
72 cases (65.5%) in group 2; subtotal pneumonia
was more often noted in group 1 — 4 cases (13.3%)
than in group 2 — 3 cases (2.7%). In the rest of
observations, the lower lobe polysegmental pneu-
monias were noted frequently: in group 1 — 5 cases
(16.7%), in group 2 — 33 cases (30%). At the same
time, the morphological picture of the lungs was
characteristic of coronavirus infection: the lungs
were solid, of cherry-red color, the surface was
smooth, shiny, and as if varnished on the section.
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Ta6uuna 1. Ho3zosornueckasi cTpykTypa KOMOPOUIHOH naTosioru (n) u mouMopouiHocTs (M + m) mpu HOBOU

KOPOHABUPYCHOH NHDeKIIH

Table 1. Nosological structure of comorbid pathology (n) and polymorbidity (M + m) in the novel coronavirus infection

KomMopGuaHbIe COCTOTHUS I'pynna 1 / Group 1 I'pynma 2 / Group 2
Comorbidities n M+m n M+m
3aboseBaHusA OPraHOB KPOBOOOpAIIEHUS 38 1.88 £+ 0.54 175 7.36 £ 2.43
Diseases of the circulatory system

3abosieBaHNsA SHAOKPUHHBIX OPTaHOB 12 1.0 + 0.63 34 2.83 +1.64
Endocrine diseases

3abosieBaHUs TIOUEK U MOYEBBIBOJISIIINX ITyTEH 17 0.77 £ 0.27 60 2.86 £ 1.92
Diseases of the kidneys and urinary tract

HNHbeknnoHHbIe 3a60/1€BaHMS 1 - 1 —
Infectious diseases

3j10kauecTBeHHbIE HOBOOOPA30BaHUS 2 0.17 £ 0.09 10 1.07 £ 0.61
Malignant neoplasms

3aboJieBaHUs IT€YEHU U KETIYEBBIBOSAIINX ITyTeH 6 — 7 —
Diseases of the liver and bile ducts

3abos1eBaHKS OPTAaHOB JIbIXaHUS 2 — 8 —
Respiratory diseases

3abosieBaHNS OPTAaHOB MHIIEBAPEHUs 10 — 3 —

Diseases of the digestive system

3abonesanus [THC o — 8 —
Diseases of the central nervous system

3aboJsieBaHMs KPOBETBOPHBIX U IMMGbATHIECKIX OPTaHOB 8 — 8 -

Diseases of hematopoietic and lymphatic organs

Ipyrue / Others 0 — 5 —

Ntoro / Total 96 0.71+£0.13 319 2.38 + 0.61

HBIM COCTOSIHHSIM OTHECEHBI 3JI0KaYeCTBEHHBIE
HOBOOOpa30BaHUA, 3a00JIeBaHMUsI OPTAHOB JIbIXaHUS,
JKEeJTIYZIOUHO-KUIIIEYHOTO TpaKTa, MeYeHu U JKeJrue-
BBIBOJISIIIUX IIyTEN, [IEHTPAJIBHOU HEPBHOU CHCTEMBI
(ITHC), 3abosieBaHMsT KDOBETBOPHBIX U IUM(paTHUe-
CKHUX OpraHoB (J1eiKo3bl, JUMGOMBI, AHEMHH),
nHGEKIHOHHbIE 3a00I€EBAHUA, TI0 KOTOPHIM Pa3jIu-
YUH MeXAy TpylIiaMu He oTMedaad. B memom ais
MaIeHTOB 2-# TPYMIbl KOJTUYECTBO KOMOPOUTHBIX
COCTOSIHMM Ha 1-TO IalyeHTa ObLIO OOJIBIINM B
2 pasza B CpaBHEHHU C aHAJIOTUYHBIM ITOKA3aTeJIEM Y
ManueHToB 1-H Tpynmbl. B ucciemoBaHusAx psiia
aBTOPOB Tak)ke IIOKA3aHO IpeobsialaHre Cpeau
KOMOPOUIHBIX COCTOSIHUM 3a00JIeBaHUM CEPAEUHO-
COCYJTUCTOH cucTeMbl (HMIleMuueckass 0OJIe3Hb
cepana), XpPOHUYECKOH OOCTPYKTHBHOU O0JIe3HHU
JIETKUX, OpOHXUAJIBHOU acTMBI [9, 11, 15].

ITo pacnpocrpanenHoctu COVID-ntHeBMOHUA
HOCHJIA [TPEUMYIIECTBEHHO ABYCTOPOHHUH ITOJIHUCET-
MeHTapHBIA XapaKkTep: 21 HabJII0/IeHUe B 1-H TPyIIIe
(70 %) u 72 Habmwomenus (65.5 %) Bo 2-i TpyIIIe;
cyOTOTaNIbHAsI TTHEBMOHHS dYallle OTMeYeHa B 1-HU
rpymne — 4 ciaydas (13.3 %), ueMm BO 2-# rpymie —
3 cay4as (2.7 %). B octasmbHBIX HAOTIOAEHUSIX OTME-
YaJIi YacThle CIydau HUKHEOJIEBBIX ITOJTUCErMEeH-

Serohemorrhagic pneumonia prevailed in both
groups: in group 1 — 20 observations (66.7%), in
group 2 — 85 (77.2%); the second most frequent was
seropurulent pneumonia — 1 observation in group 1
(0.03%), 10 observations in group 2 (9.01%). There
were also purulent, serofibrinous, desquamative
interstitial pneumonia.

The morphological picture of diffuse alveolar
damage, despite its nonspecific nature [16], had dif-
ferences in patients of the studied groups. Thus, in
group 1, the exudative phase of diffuse alveolar dam-
age was observed in 23 cases (776.7%), in group 2 — in
58 cases (52.7%); the productive phase of diffuse
alveolar damage was represented in group 1 by
6 observations (20.0%), in group 2 — by 49 observa-
tions (44.5%). A mixed (exudative and productive)
form of diffuse alveolar damage in group 1 was noted
in 1 case (3.3%), in group 2 — in 5 cases (4.5%). Thus,
the exudative phase prevailed in group 1, while, on
the contrary, the productive phase prevailed in
group 2, which is probably due to the severity and the
duration of the disease.

Microscopic examination of the lungs with dif-
fuse alveolar damage in the exudative phase
revealed: congestion of the interalveolar septal cap-
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TApHBIX ITHEBMOHUU: B 1-U TpylIe — 5 CIydaeB
(16.7 %), Bo 2-#1 Tpynme — 33 caydas (30 %). Ilpu
3TOM MOpQOJIOTHYeCcKas KapTUHA JIETKUX ObL1a
XapaKTEPHOU s KOPOHABUPYCHON MH(MEKITNU: JIET-
KHe IUVIOTHBIE, BUIITHEBOTO I[BETA, HAa pa3pese MOBEPX-
HOCTb IVIaj{Kasi, OJIecTsIIas, JaKOBOro Buaa. B obenx
rpynmnax mnpeobsazasa cepo3HO-TeMOpparnyecKkas
MHEBMOHUS: B 1-H rpynme — 20 HaOJII0qeHnH
(66.7 %), BO 2-11 Tpy1ie — 85 HabOAeHUH (77.2 %);
BTOPOM 110 YacToTe Oblla cCEpO3HO-THOMHASA ITHEBMO-
HUSI — B 1-# Tpymnme 1 Habsoenne (0.03 %), Bo 2-i
rpynne — 10 Habmogenui (9.01 %). Berpeuanucs
TaKXKe THOMHAa, cepo3HO-(pUOPHUHO3HAA,
MHTEPCTUITUAJIbHO-/IECKBAMATUBHAsI THEBMOHHUS.
Mopdonornueckasn kaptuHa 1uddy3HOTro ajabBe-
OJIIPHOTO IIOBPEKJIEHUs JIETKUX, HECMOTPS Ha ee
HecTeluPUIHBIA XapakTep [16], umesna pasauuus y
MMaIEHTOB UCCJIeAyeMbIX rpynm. Tak, B 1-i rpymie
sKccyzatuBHasa ¢asza auddy3HOTO aabBEOJIIPHOTO
MOBPEK/IEHUsT JIETKUX HaAOJII0/Iayiach B 23 CIIydasx
(76.7 %), BO 2-Ui rpynme — B 58 HaOJIIO/IEHUAX
(52.7 %); mpoxykTuBHasA daza nudGy3HOro aITHBEO-
JIIPHOTO TIOBPEXKEHUs MIPEICTABIEHA B 1-H TpyIIIe
6 HabmomeHusMu (20.0 %), BO 2-W rpymmne —
49 HabmoeHuAMY (44.5 %). CmemanHas (kccyaa-
TUBHO-TIPOAYKTUBHAsA) popma auddy3HOTo abBeo-
JIIPHOTO TIOBPEXJEHUSA B 1-U rpymnmne Oblaa BBIAB-
JieHa B 1 cydae (3.3 %), BO 2-H rpyIIie — B 5 cIydasx
(4.5 %) (Tabma. 2). Takum 006pa3oM, y TAIIMEHTOB 1-i
rpynnsl mpeobiazjaya dKccyAaTuBHAsg dasa, B TO
BpeMs KaK y HallEHTOB 2-H IPyMIIbI, HA000POT, IIPo-
IyKTUBHAsA $aza, YTo 00yCIIOBIIEHO, BEPOSITHO, TsKe-
CTBIO COCTOSTHUSA U JIJTUTEILHOCTBIO 3200JIEBAHUA.
IIpy MUKPOCKOIITYECKOM HCC/IEJIOBAHUU JIETKUX
npu auddy3HOM ajrbBeOJISIPHOM TOBPEXKIAEHUH B
9KCCYZATUBHYIO a3y BBIABIEHO: IIOJIHOKPOBHUE
KaIWIAPOB MEXKAIBBEOJAPHBIX IIEPETOPOJIOK U
COCY/IOB MHTEPCTUIUSI, YTOJIIIEHNE MEeKaIbBEOJIsIP-
HBIX CeNT 3a cueT WUHOUIbTpauu JUMQOIUTAMY,
Makpodaramu ¢ HuUTHIHeM HEUTPODUIIOB, B IIPOCBE-
TaX YacTU aJIbBEOJI — PO30Bas TOMOTEHHAs KHJI-
KOCTb C JIECKBAMIPOBAHHBIM QJIHBEOJIIPHBIM SITUTE-
JiieM, ¢ HAINYUeM CHMIUIACTOB, B YaCTU aJIbBEOJI —
HEKHOTO (PUOPUHA U HEUTPODIIBHBIX JIEHKOIUTOB

illaries and interstitial vessels; thickening of the
interalveolar septa due to infiltration with lympho-
cytes, macrophages and a number of neutrophils; in
the lumina of some alveoli — pink homogeneous
fluid with desquamated alveolar epithelium and
symplasts, in other alveoli — delicate fibrin fibers
with neutrophils (Fig. 1), blood clots in small ves-
sels. Microscopic examination of the lungs with dif-
fuse alveolar damage in the productive phase
revealed: alternation of sites of atelectasis with sites
of emphysema, foci of extensive hemorrhages, peri-
vascular and peribronchial sclerosis, desquamated
epithelium in the bronchial lumina, macrophages,
lymphocytes in the lumina of the alveoli, hyaline
membranes in part of them, pulmonary vascular
thrombosis (Fig. 2).

Histologically, in diffuse alveolar damage
(Table 3) in deceased during the 1st wave of the pan-
demic (group 1), pulmonary infarctions due to
thrombosis and pulmonary thromboembolism pre-
vailed, desquamation of mainly bronchiolar epithe-
lium, hyaline membranes formed more often in the
alveoli, neutrophils prevailed in the lumina of alve-
oli, which is consistent with the more frequent devel-
opment of the exudative phase of diffuse alveolar
damage in this category of patients and a large num-
ber of patients put on invasive mechanical ventila-
tion. In patients of group 2 (the 2nd wave of the pan-
demic), macrophages prevailed in the lumina of the
alveoli, desquamation of alveolocytes, organization
of pneumonia with the development of fibrosis, pres-
ence of erythrocytes in the alveoli, and squamous
metaplasia in them were more often noted, which
indicated the predominance of productive pulmo-
nary inflammation and pronounced hemorrhagic
disorders in COVID-19.

There were no differences in the frequency and
localization of complications in the novel coronavi-
rus infection between the groups (Table 4). The most
common complications developed were associated
with the kidneys (acute renal necrosis), liver (cen-
trolobular necrosis), brain (edema and swelling).
Lesion of the pancreas (necrosis) was detected only
in group 1 patients. Multiple organ failure syndrome

Ta6smumna 2. Crpykrypa qud@y3HOro aapBeoIsIpPHOTO MOBPEKIEHUS JIETKUX IIPU HOBOM KOPOHABUPYCHON MH(EKITUU
Table 2. Structure of diffuse alveolar damage in the novel coronavirus infection

I'pynna 1 / Group 1 I'pynmna 2 / Group 2
®a3za noBpe:kaeHusn / Phase

n % n %
AxccymatusHas / Exudative 23 76.7 58 52.7
IponykruBHas / Productive 6 20.0 49 44.5
AkceymaTuBHO-IpoayKTBHAs / Exudative and productive 1 3.3 5 4.5
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Puc. 1. luddysHoe anpBeossspHOe noBpesxeHue erkux npu COVID-19, skecynaruBHasa dasza:
B IIPOCBeTE aIbBeos (puOpPHH, TecKBaManys aJbBe0JIOIUTOB, HEUTPODUIIBI, IOJTHOKPOBHUE COCYZOB.
OKpacka reMaTOKCHJIMHOM U 903MHOM. YBeJIHUeHue (yB.) X100
Fig. 1. Diffuse alveolar damage in COVID-19, exudative phase: fibrin in the lumina of alveoli, desquamation of alveolar
epithelial cells, neutrophils, vascular congestion. Stained with hematoxylin and eosin. Magnification (magn.) x100

(puc. 1), TPOMOBI B MeJIKUX cocynax. IIpu MUKpocko-
[MMYECKOM HCCIIEIOBAHUU JIETKUX NpU uddy3sHOM
aJIbBEOJISIPHOM IIOBPEKIEHIH B TPOAYKTUBHYIO a3y
0OHapyKEHO: YepeZIOBAHNE YIACTKOB aTeJIEKTa30B C
ydJacTkamMu 5M(QHU3eMbl, 04aru OOIIMPHBIX KPOBOU3-
JIUSTHUH, TIEPUBACKYJISIPHBIA U epUOPOHXUATHHBINA
CKJIEPO3, B ITPOCBETE OPOHXOB — JI€CKBAMUPOBAHHBIH
SIUTEJINH, B IIPOCBETE aJIbBE0J — MaKpodaru, JIMM-
douuThl, B YaCcTH aJIbBEOJ] — THAJIUHOBBIE MeEM-
Opanbl, TPOMOO3 COCYZOB JIETKUX (pHC. 2).

and shock were noted only in patients of group 2,
which can be associated with the length of inpatient
period, the predominance of the late (productive)
phase of diffuse alveolar damage, viral multiple
organ lesion [17, 18]. The predominance of kidney
damage is probably due to both the direct cytotoxic
effect of SARS-CoV-2 on the epithelial cells of the
renal tubules [19], and the fact that the most com-
mon comorbid pathology in our study was kidney
disease, chronic pyelonephritis in particular.

Puc. 2. [TuddysHoe anpeossspHoe noBpexaenue jgerkux npu COVID-19, mpoayktuBHas dasa:
TMAJTMHOBbIE MEMOPAHbI, BBIPAXKEHHBIN MHEBMOGMUOPO3, IECKBAMAIUS AJIbBEOJIOIIUTOB, MAaKpOdar, TuMOOIUTHL,
TpoM603 cocyza (oKa3aHo CTpesikoil). OKpacka reMaTOKCHIMHOM U 303UHOM. YB. X100
Fig. 2. Diffuse alveolar damage in COVID-19, productive phase: hyaline membranes, pronounced pneumofibrosis,
desquamation of alveolar epithelial cells, macrophages, lymphocytes, thrombosis of the vessel (shown by the arrow).
Stained with hematoxylin and eosin. Magn. x100
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ITpu wmccneoBaHUN YaCTOTHI THCTOJIOTUYECKUX
NpU3HAKOB Tpu AUDGY3HOM  aJbBEOJIIPHOM
MOBpEXAEHUN Jierkux (Tabs. 3) y yMepImx BO
BpeMs 1-1 BOJIHBI ITaHAeMUH (1-1 rpymma) mpeobsia-
Janu WHOAPKTHI JIETKUX, 00yCI0BIeHHbIE TPOMOO-
30M u TpoMO03MOOINEeH JIETOYHBIX apTepHi,
JleCKBaMaIus IpeuMyIecTBeHHO OPOHXUOIIPHOTO
SIUTENNsA, dYaile GOPMUPOBAIUCH TUATHHOBBIE
MeMOpaHbl B ajbBeoJiaX, MpPeobJajlaii HEUTpOo-
(usTpI B IpoCcBeTe aIbBEOJI, UTO coriacyercs ¢ bosee
YacThIM Pa3BUTHEM Y 3TOH KAaTErOPUH IAI[HEeHTOB
SKCCYZAaTUBHOU (dasbl Audpdy3HOTO ATHBEOISIPHOTO
IIOBPEXKJEHUS JIETKUX U OOJBIIUM KOJIUYECTBOM
nanueHToB, HaxoauBIIuxcd Ha MBJI. ¥V nanueHTOB
2-# rpynnsl (2-51 BOJIHA MAHAEMUN) B IIPOCBETE AJTh-
Beosn Ipeobiyazjanu Makpodaru, dJaiie OTMedayTn
JIeCKBAaMAaITUIO0  aJIbBEOJIOIUTOB,  OPTaHU3AIUIO
IIHEBMOHUHU C pa3BuTHEM (pudpo3a, HAJIMINE SPU-
TPOIIUTOB B aJbBeOJIaX, IUIOCKOKJIETOYHON MeTa-
IUIa3WU B aJIbBEOJIaX, YTO CBUJIETEJICTBOBAJIO O
mpeobJialaHuy MIPOAYKTHUBHOTO BOCHAJIEHUS JIEeT-
KUX, BBIPAXKEHHBIX TeMOPpPAruyecKuxX paccTpoii-
ctBax nnpu COVID-19.

Pazsinuuii 1o yacToTe 1 OpraHHOMY pacIpesesie-
HUIO OCJIO)KHEHWUU TP HOBOW KOPOHABHUPYCHOU
VHGEKIUU MeXKIy TpynrnaMu He OTMedaioch
(Tabus1. 4). Hanbosee yacTo pa3BUBAIUCh OCJIOKHE-
HHUSA CO CTOPOHBI IOYeK (OcTphIi HEKpPOHe(DPO3),
neyeHu (1eHTPOJIOOY IApHbIE HEKPO3HI), TOJIOBHOTO

Thus, the results of the study show that the
differences in the course of the novel coronavirus
infection in the 1st and 2nd waves of the 2020
pandemic concerned primarily the frequency and
structure of comorbid pathology, which was more
often detected in patients of the 2nd wave. Dis-
eases of the circulatory system, including myocar-
dial infarctions and strokes, as well as endocrine
and kidneys diseases prevailed in the structure of
comorbidities. It is known that diabetes mellitus
and obesity, the most common disorders among
endocrinopathies, are the risk factors for the
novel coronavirus infection. At the same time, a
significant proportion of kidney diseases in the
structure of comorbid pathology should be con-
sidered a novel feature identified during our
study, which should be taken into account when
managing the COVID-19 patients. COVID-19 can
often manifest through clinical symptoms of renal
pathology, given that the virus damages the epi-
thelial cells of the renal tubules. In addition, the
severity of lung damage in patients of the 2nd
wave was less pronounced: subtotal bilateral
pneumonias were less common, and lower lobe
seropurulent pneumonias were more common.
Despite the fact that, in general, the morphologi-
cal picture of diffuse alveolar damage did not dif-
fer between the two groups, the productive phase
and the corresponding histological signs were

Ta6smuia 3. Yacrora rucTo/IOTHUECKUX IPU3HAKOB B JIEMKUX [IPY HOBOM KOPOHABUPYCHOM HHGEKIUN
Table 3. Frequency of histological signs in the lungs with novel coronavirus infection

. I'pynma 1 / Group 1 I'pynmna 2 / Group 2

IIpusHaku / Signs
n % n %

®ubpuH B asmbBeosax / Fibrin in the alveoli 6 20.0 23 20.9
WNuTtepcruninanbHoe Bocnasienue / Interstitial inflammation 23 76.7 76 69.1
WNudapxrer / Infarctions 16 53.3 48 43.6
Maxkpodaru B asibBeosiax / Macrophages in the alveoli 4 13.3 46 41.8
Mertaria3us SIUTENS AJTbBEOJT — 0.0 2 1.8
Metaplasia of the alveolar epithelium
JleckBamariys sMUTEINS aJIbBEOJ 6 20.0 64 58.2
Desquamation of the alveolar epithelium
JleckBaMariusi SMUTETHSA OGPOHXOB 22 73.3 55 50.0
Desquamation of the bronchial epithelium
Opranusyomasicsa maeBMorusA / Organizing pneumonia 16.7 48 43.6
Cuzepodaru B anbBeosiax / Siderophages in the alveoli 16.7 16 14.5
AputponuTsl B anbBeosiax / Red blood cells in the alveoli 16.7 46 41.8
Hetitpodrsl B anbBeosnax / Neutrophils in the alveoli 10 33.3 24 21.8
T'manuHoBble MeMOpaHbl / Hyaline membranes 21 70.0 51 46.4
Orek / Edema 28 93.3 92 83.6
Tpom603 cocymos / Vascular thrombosis 8 26.7 25 22.7
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Tab6iuna 4. YacTora OC/I0’KHEHUH IIPU HOBOM KOPOHABUPYCHOU MH(EKITUU
Table 4. Frequency of complications in the novel coronavirus infection

.. I'pynma 1 / Group 1 I'pynma 2 / Group 2
OcaoxxHaenus /| Complications
n % n %
B orzmenpHbIX opranax / In separate organs:
mouku / kidneys 7 23.3 28 25.5
reueHsb / liver 3 10.0 15 13.6
rOJIOBHOH Mo3r / brain 4 13.3 11 10.0
OpromuHa / peritoneum 1 3.33 1 0.9
cepane / heart 1 3.33 1 0.9
meBpa / pleura 1 3.33 3 2.7
ToHKas kumka / small intestine 0] — 2 1.8
TO/IKEJTyTOUHasI sKkesesa / pancreatic gland 4 13.3 0 0.0
CucremHusie / Systemic:
TpoMO03MOOJIHS JIETOUHOU apTEPUH 0] 0 1 1.8
pulmonary thromboembolism
TPOMOO3 COCY/IOB KOHETHOCTEMH o} 0 1 1.8
thrombosis of extremities
CHH/IPOM ITOJINOPTaHHOW HEZIOCTATOYHOCTH 0 0 3 2.7
multiple organ failure syndrome
mok / shock o) o) 4 3.63

mosra (orex u Habyxanwue). [lopakeHre TOKEITy-
JIOYHO! Keyie3bl (IIAHKPEOHEKPO3)  BBISBJIEHBI
TOJIBKO Y MTAITUEHTOB 1- rpynibl. CHHAPOM ITOJTHOP-
TaHHON HEIOCTAaTOYHOCTH K IIOKOBOE COCTOSHHE
OTMeYeHbl TOJIBKO Yy IMaIlHEHTOB 2-U TPYIIIbI, YTO
MOXKHO CBSI3aTh C JIJIUTEJIBHOCTBIO TpeObIBaHUS
MaIeHTOB B CTallHOHApPE, TPeobIalaHueM MO3THEH
(mponmyxtuBHOU) (a3bl AUDGY3HOTO ATHBEOJIAP-
HOTO TMOBPEXK/IEHUs JIETKUX, BUPYCHBIM MYJIBTHOP-
TaHHBIM ITOpakeHueM [17, 18]. [Ipeobaaganue mopa-
JKeHUA TI0YeK 00YCI0BIEHO, BEPOSITHO, KAK MIPSIMbIM
IIUTOTOKCHYECKUM JleiicTBueM Bupyca SARS-CoV-2
Ha 3IIMTEJIMOLUTEI KAHAIBIEB II0YEK [19], TaK U TeM,
uT0 HanboJsiee YacTo KOMOPOU/THOU ITaTOJIOTHEN B
HallleM WCCJIeJIOBAaHUM sBWINCh 3a00JieBaHUS
[I0YEK, B YACTHOCTHU, XPOHUYECKUH ITHeIOHEePPUT.
Takum o06pa3oMm, pe3yJbTaThl IMIPOBEIEHHOTO
HCCIeIOBAHUSA TOKA3BIBAIOT, YTO PA3JIUYUMS B T€Ue-
HUU HOBOH KOPOHABUPYCHON WH(MEKIWH B 1-10 U
2-10 BOJIHY MaHAEMUH 2020 T. KaCAJIHUCh MPEKIE
BCEr0 YacTOTHI U CTPYKTYPHI COIYTCTBYIOIIEHN 1TaTO-
JIOTHHU, KOTOpAas dYallle BBISABJISJIACH Y MAIIUEHTOB,
3ab0JIeBIIIUX BO 2-10 BOJIHY. B CTPyKType KOMOp-
OuAHON mMmaToJIOTHMU Tpeobsananu 3aboseBaHUs
CEpAIla U COCYZOB, B TOM UHCJIe WH(DAPKTHI MUO-
KapZla U WHCYJBTBHI, a Takyke 3a00JIeBaHUSI DHJIO-
KPUHHBIX OPTaHOB U MOYeK. VI3BECTHO, UTO caxap-
HBIN nabeT U OKUpeHUe, HauboJsiee pacupocTpa-
HEeHHble 3a00JIeBaHUsS Cpenu 3SHIAOKPUHOIATHH,
SABJIAIOTCS (PaKTOPAMU PUCKA JIJIsI HOBOW KOPOHABH-

more common in patients of the 2nd wave, which
may be due to the severity of the coronavirus
infection course, possible previous SARS-CoV-2
infection, and duration of the stay of patients on
mechanical ventilation.

CONCLUSION

The conducted study allows us to draw the follow-
ing conclusions:

1. The novel coronavirus infection (ICD-10 code:
U07.1) as the principal diagnosis in both the 1st and
2nd waves was recorded in more than 66% of obser-
vations. Among the comorbidities, circulatory and
endocrine diseases (primarily diabetes mellitus and
obesity) and kidney and urinary tract diseases, in
particular chronic pyelonephritis, prevailed.

2. COVID-19 pneumonia was predominantly
bilateral polysegmental and serohemorrhagic, how-
ever, in the 1st wave of the pandemic, the frequency
of subtotal seropurulent pneumonias was higher
than in patients hospitalized during the 2nd wave.

3. Diffuse alveolar damage in the 1st wave of the
epidemic was characterized by the predominance of
the early (exudative) phase, in contrast to the 2nd
wave, which was characterized by the predominance
of the late (productive) phase.

4. Among the histological signs in the lungs of
patients of the 1st wave, signs of exudative inflamma-
tion and hemorrhagic disorders (neutrophils in the
alveoli, infarctions caused by pulmonary thrombo-
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pycHoO# mHGeKuH. B TO ke BpemMs 3HAYUTETbHYIO
JTOJTI0 3a00JIeBaHUH TTOYEK B CTPYKType KOMOPOU/I-
HOU MATOJIOTHU CJIEAYET CUUTATh HOBOH OCOOEHHO-
CTBIO, BBISIBJIEHHOU B XOJI€ IMIPOBEJEHHOTO HUCCIIE0-
BaHMs, YTO HEOOXOIMMO YUHUTHIBATH IIPHU BEJIEHUH
6ospHBIX COVID-19. Hepenko COVID-19 mMosket
MaHHU(ECTUPOBATh KJIMHUYECKUMH CHMIITOMAaMHU
MMOYEeYHOH MMaTOJIOTUH, YUUTHIBAS, UTO BUPYC MOpa-
JKaeT SIUTEJHUONHThI KaHAJIbIEB IouyeKk. Kpome
TOTO, TSXKECTD OPAKEHU S JIETKHUX Y MMAIIHEHTOB 2-1
BOJIHBI ObL/Ta BhIpaskeHa B MEHbIIIEH CTEIIeHU: peke
BCTpEYaJINCh CyOTOTAJIbHBIE JIBYyCTOPOHHHE ITHEB-
MOHUH, OOJIee YacTo — HIKHENIOJIEBbIE CEPO3HO-
THOIHBIE MHEBMOHMHU. HecMoTpss Ha TO, YTO B
nesoMm Mopdosornueckas kaptuHa augdy3HOro
JTbBEOJISIDHOTO TIOBPEXK/EHUs JIETKUX HE HMeJia
pazauuuii MeKAy JAByMS TPYIIaMH, y MalieHTOB
2-11 BOJIHBI Yallle BCTPEYaIuCh TPOAYKTUBHAS (aza
U COOTBETCTBYIOIME €U THCTOJOTHYECKUE IIpH-
3HAKHU, YTO MOKET OBITh CBSI3aHO C TSXKECThIO Teue-
HUsI KOPOHABUPYCHOUW WHMEKIHHU, BO3MOKHBIM
MPEAIIECTBYIOIIAM HHQGUIUPOBAHUEM BHUPYCOM
SARS-CoV-2, muTeIbHOCTBI0 HAXOXKIEHUS MaIy-
eHToB Ha VIBJI.

ITpoBezieHHOE HCCIE/IOBAHIE [TO3BOJIAET C/IEJIATh
CJIEYIOIINE BBIBOZIBL:

1. HoByro koponaBupycHyo uHpeknuo (U07.1)
KaK OCHOBHOe 3a00JIeBaHNE U B 1-10, U BO 2-10 BOJIHY
MaH/IEMUU PETUCTPUPOBIN B Oosiee ueM 66 %
HabsroneHn. Cpe KoMOpOUTHOU TaTOJIOTHH TIpe-
o6s1atanu 3a60J1eBaHMA OPTaHOB KPOBOOOPAIIEHHUA,
SHIIOKPUHHBIX OPTaHOB (IIpeX7e BCEro CaxapHBII
JrabeT U OKUPEHUE), a TAKIKE ITOYEK U MOYEBHIBO-
JSAIIUX TyTel, B YACTHOCTH XPOHUYECKUU ITHEJIO-
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Biaunsaaue nouMop@HBIX MAPKEPOB reHOB 0€JIKOB — YYaCTHUKOB
¢dos1aTHOTO MeTab0/IM3Ma HA TEUEHHE U UCXO0AbI BUPYCHOTO
IMMOoOpaAKECHHUA JICTKHNX, CBA3AHHOIO C I/IH(l)I/IIII/IpOBaHI/IeM
KopoHaBupycoM SARS-CoV-2
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AHHOTAIIMA

BBenenue. HpunupoBaHue 4eja0BeKa aCCOIUUPOBAHHBIM C TAKEJIBIM OCTPBIM PECIIPATOPHBIM CHHPOMOM KOPO-
HaBupycoM 2 (SARS-CoV-2) dopmupyer nmosnmopdHyIo kKapTuHy HHOeKIHOHHOr0 3aboneBanusa (COVID-19) B auama-
30HE OT JIerKuX ()OPM OCTPOH pecrnupaTopHOU MHGMEKIUU JIO0 TAKEJBIX U YIPOXKAIOIIUX KU3HU BAPUAHTOB TEYEHUS
CHCTEMHOU MH(EKINY C BOBJIEUEHHEM /IBIXaTeJIbHBIX ITyTel. Cpe/ii 3HaYNMBIX IIPEJIUKTOPOB TAKEJIOT0 TEUeHU U JIeTaIb-
HOTO UCX0/]a ¥ GOJIbHBIX ¢ IOPaXKEHUEM JIETKUX, aCCOLMUPOBAHHBIM ¢ HH(DeKIMOHHBIM 3a601eBanreM COVID-19, Bbize-
JIAIOT yBeJIMYeHHe IUIa3MEeHHOro cojiep:kaHus D-1umepoB, roMonMCcTerHa, HEKOTOPbIE OJHOHYKJIEOTUIHBIE IIOJIMOP-
dusmsl (single nucleotide polymorphisms — SNP) reHoB 6€71KOB — yJaCTHHKOB (DOJIATHOTO [IUKJIA.

I enb. OueHUTH POJIb TEHETHYECKUX MapKepPOB HapyIIeHNH MeTaboin3Ma HOoTHeBON KUCIOThI B PA3BUTUH CUMIITOMOB
U UCXOJI0B aCCOIMHUPOBAHHOTO ¢ KopoHaBupycoMm SARS-CoV-2 moparkeHus JIETKUX Y TOCHUTATN3UPOBAHHBIX ITAIUEHTOB.
MaTepuasbsl U MeTOJbl. B OTKDHITOM IPOCIIEKTUBHOM CPAaBHUTEJIBHOM HCCIEJOBAHUY 117 OOJIBHBIX € IIOpaXe-
HMeM JIETKHX, aCCOLIMUPOBaHHBIM ¢ HHGUIIpoBaHueM KopoHaBUupycoM SARS-CoV-2, nmpoBezieH aHaIu3 UCXO/I0B B 3aBU-
CHMOCTH OT HOJTUMOP(HBIX MapKepoB IeHOB 6eIKoB (OJIATHOTO ITUKJIA U IPUMEHEHHA B KOMIUIEKCHOU Tepanuu GUKCH-
POBaHHOH KoMOUHAIMK (HOIHeBOl KUCTIOTHI ¢ BUTaMuHamu B, B .

PesynbTaThl. Y MalMeHTOB HAOJIONAJICA TMOBBIIIEHHBIA OTHOCUTEIBHBIH PUCK TeTEPO3UTOTHOTO HOCHUTEJIHCTBA
MHUHOPHOTO aiyiesisi G OJTHOHYKJIEOTHIHOTO MoinMopdr3Ma reHa MeETHOHHHCUHTa3bIpeayKTasdsl (MTRR) 66AG. F'omo3u-
rotubii reHoTunt MTRR 66GG acconuupoBasics ¢ MoKa3aTeisiIMi aHEMUU U TPOMOOI[UTOTIEHUN. Y CTAaHOBJIEHO CTaTUCTH-
YeCKU 3HAUMMOE CHIKeHUe oTHoueHus maHcoB (OIII) 1ocTKeHNs K 14-My JTHIO Tepalliy OTPUIIATEIHHOTO pe3yJibTaTa
omnpezesnenuss PHK SARS-CoV-2 y manueHTOB ¢ reTepo3uroTHbIM reHoTuIioMm 677CT u ToM0o3uroTHbIM reHoTuriom 677TT
resa MeTwieHterparuapodonarpenykrassl (MTHFR).

3akniouenue. [lopaxkeHue Jjierkux, BeI3BaHHOEe KOpoHaBupycoM SARS-CoV-2, accormumpyercs ¢ IOBBIIIEHHBIM
PHCKOM TeHeTH4ecku 00yc/I0BIEHHOTO HapyIlleHus MetaboiusMa dojiata ¥ BUTaMuHa B .

Kmouesnte caoea: oqHOHYKIIeOTUAHBIe TonnMopdusmbl reHoB, MTRR 66AG, MTHFR 677CT, MTHFR 677TT, donue-
Bad KucjoTa, koponaBupyc SARS-CoV-2, BupycHoe nopakeHue Jerkux.
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The effect of polymorphic markers of genes of proteins involved
in the folate metabolism on the course and outcomes of the viral
lung damage associated with SARS-CoV-2 infection

I.Ya. Tseimakh!, G.I. Kostuchenko?, D.E. Bogachev', O.A. Zubova3, T.A. Kornilova+, A.G. Harlova3,
I.P. Kramar4, A.E. Tseimakh!, Ya.N. Shoyhet"

'Altai State Medical University (Barnaul)

2Regional Clinical Hospital (Barnaul)
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ABSTRACT

Introduction. Infection with human coronavirus 2 (SARS-CoV-2) associated with severe acute respiratory syndrome,
forms polymorphous pattern of the infectious disease (COVID-19) in the range from mild acute respiratory infection to
severe and life-threatening variations of systemic infection with respiratory tract involvement. Among significant predic-
tors of the severe course and lethal outcome in the individuals with lung affection associated with COVID-19 infection, the
increase of plasma levels of D-dimer, homocysteine, and some single-nucleotide polymorphisms (SNPs) of genes of the
folate cycle proteins are singled out.

Aim. To assess the role of genetic markers of folic acid metabolic disorders in the development of symptoms and the
outcomes of viral lung damage associated with SARS-CoV-2 infection in the hospitalized patients.

Materials and methods. In an open prospective comparative study the assessment of outcomes depending on
polymorphic markers of protein genes of the folate cycle and the use of fixed combination of folic acid and vitamins B, B ,
in comprehensive therapy was performed in 117 patients with lung damage associated with SARS-CoV-2 infection.
Results. Patients showed an increased relative risk of the heterozygous minor G-allele carriage of 66AG SNP of the
methionine synthase reductase gene (MTRR). The homozygous MTRR G66G genotype was associated with indicators of
anemia and thrombocytopenia. A statistically significant decrease in the odds ratio in achieving negative results for SARS-
CoV-2 RNA detection by the 14th day of therapy in patients with the heterozygous 677CT genotype and the homozygous
677TT genotype of the MTHFR (methylenetetrahydrofalate reductase) gene was established.

Conclusion. Lung damage caused by SARS-CoV-2 infection is associated with an increased risk of genetic metabolic
disorder of folate and vitamin B .

Keywords: single-nucleotide polymorphisms of genes, MTRR 66AG, MTHFR 677CT, MTHFR 677T1T, folic acid, SARS-
CoV-2, viral lung damage.

Citation example: Tseimakh I.Ya., Kostuchenko G.I., Bogachev D.E., Zubova O.A., Kornilova T.A., Harlova
A.G., Kramar I.P., Tseimakh A.E., Shoyhet Ya.N. (2021). The effect of polymorphic markers of genes of proteins in-
volved in the folate metabolism on the course and outcomes of the viral lung damage associated with SARS-CoV-2
infection. Journal of Siberian Medical Sciences, 4, 67—79. doi: 10.31549/2542-1174-2021-4-67-79

BBE/IEHUVE INTRODUCTION

WNuadunmupoBaHie 4eJI0BEKa aCCOIMHPOBAHHBIM C
TSDKEJIBIM  OCTPBIM  PECHHUPATOPHBIM  CHHJIPOMOM
kopoHaBupycoM 2 (SARS-CoV-2) dpopmupyer mostu-
MopdHYI0 KapTuHy HHGEKIIMOHHOTO 3a00J1€BaHUs
(COVID-19) B nmmama3oHe OT JIETKUX (HOPM OCTpPOU
pecrupaTopHOi MH(MEKIIIH 0 TSKEIIBIX U YTPOXKaI0-
[IUX KU3HU BADUAHTOB TEUEHUS CUCTEMHOMN HHGEK-
MU C BOBJIEYEHUEM JbIXaTeJbHbIX IyTed [1, 2].
Cpenu 3HAYUMbBIX IPEAUKTOPOB TSKEJIOTO TEUEHUs
U JIETAJILHOTO UCX0/1a Y OOJIBHBIX € IOPa’KEHUEM JIET-
KHUX, aCCOI[MMUPOBAHHBIM € WHMEKIIMOHHBIM 32001~
BaunueM COVID-19, BbIZIEJIAIOT yBeJIMYEHUE ILIa3-
MEHHOTO Cojiep:KaHusi D-IuMepoB, TOMOIMCTENHA,

Infection with human coronavirus 2 (SARS-
CoV-2) associated with severe acute respiratory syn-
drome, forms polymorphous pattern of the infec-
tious disease (COVID-19) in the range from mild
acute respiratory infection to severe and life-threat-
ening variations of systemic infection with respira-
tory tract involvement [1, 2]. Among significant pre-
dictors of the severe course and lethal outcome in the
individuals with lung affection associated with
COVID-19 infection the increase of plasma levels of
D-dimer, homocysteine, and some single-nucleotide
polymorphisms (SNP) of protein genes — partici-
pants of the folate cycle are singled out [3, 4].
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HEKOTOpble OJIHOHYKJIEOTHJIHBIE ITOJTUMOP(U3MBI
(single nucleotide polymorphisms — SNP) renos 6e-
KOB — YYAaCTHHUKOB (DOJIATHOTO ITUKJIA [3, 4].

C'uneproMoIcTenHEMUST BOSHUKAET BCJIE/ICTBIE
HapylleHuss  MeTabosM3Ma  OZHOYIJIEPOJHOTO
¢onara ipu yuactuu psajga ¢epMeHTOB U BUTAMUHOB
rpyunsl B [5, 6]. YBennueHue coziepxaHus B KPOBU
TOMOITUCTENHA MOJKET OBITh 00YCJIOBJIEHO Jeduiiu-
TOM Ko(gaKTOpHOro MeTabosusMma ¢oneBoi Kuc-
JIOThI W BUTamMuHa B . T'eHeTMyeckuidl MmOIMMOp-
dusm psaga 6eakoB GOSATHOTO IUKIA CBA3AH C
MIOBBIIIIEHHBIM PHUCKOM TUIIEPTOMOIIMCTENHEMIH,
[IPOTPECCUPOBAHUS  aTePOCKJIEPO3a, BEHO3HBIX
TpOMOO3MOOJIMYECKUX OCIOKHEHHUH, JTePUITUTOM
akTHBHOHI (opMbI BuTaMHHA B , u anemueit [7, 8].
[ToTeHruanbHasl POJb TUIEPTOMOIUCTENHEMUH,
reHeTHYeCKUX U OK30TeHHBIX (HAKTOPOB pHUCKA
nedunura GONMEBON KUCIOTHI U BUTaMHHA By
[MaeHTOB ¢ WHGEKIUOHHBIM 3aboJeBaHueM
COVID-19 nmpuBeKaeT BHUMaHUE UCCIIE0BATENEN.

B noctynHOl HaMm JuTEpaType Mbl He BCTPETUIN
HCCIIEIOBAHUN KIIMHUUECKOH 3(pPEKTHBHOCTH MpH-
MeHeHUs1 (GOJMEBON KHCJIOTHI BO B3aMMOCBS3U C
TeHEeTHYEeCKUMU OJIUMOP(U3MaMu TeHOB OeTKOB —
YYaCTHUKOB (POJIATHOTO MeTaboIu3Ma.

IOEJIb NCC/JIEJOBAHUNA

O1eHUTD POJIb TeHETUUECKIX MapPKEPOB HapyIIIe-
HU MeTabosm3Ma (PoIMeBON KUCIOTH B PA3BUTUH
CUMIITOMOB ¥ HCXOJIOB aCCOIMUPOBAHHOTO C KOPO-
HaBupycoM SARS-CoV-2 mnopakeHUA JIETKUX Y
TOCIUTAIN3UPOBAHHBIX IAIIEHTOB, ITOIYYAIOIINX
JTOTIOJTHUTEJIBHO K CTAH/IAPTHOH Tepanuu (hOJTHEBYIO
KHUCJIOTY B QUKCUPOBAHHOW KOMOWHAITUY C BUTAMU-
Hamu B, B .

MATEPUAJIbI 1 METO/IbI

B OTKpBITOE TPOCHEKTUBHOE CPaBHUTEIHHOE
HCcIe0BaHue ObUIO BKJIFOYEHO 117 OOJIPHBIX € TTOpa-
JKEHUEM JIETKUX, aCCOIMUPOBAHHBIM € WHOHUIIHPO-
BaHUeM KopoHaBupycoM SARS-CoV-2. [IpoBezeHue
HCCIIe0OBaHUA OBLIIO 0I0OPEHO KOMHUTETOM IO STHUKE
mpu AJITaCKOM TOCy/IapCTBEHHOM MEAUIIUHCKOM
yHuBepcuteTe (IpoTokos N2 7 ot 03.07.2020). Kpu-
TepUsIMHU BKJIIOUEHUS SBUJIOCH COOJTIOZIEHUE CIIETY-
FOIMX YCIOBUN: PEIOCTaBIEHE Tal[HeHTOM ITHCh-
MEHHOTO HMH(OPMHPOBAHHOTO COTJIACHS HA yJaCTHE
B HCCJIEZIOBAHUHU; BO3pACT = 18 JIeT; MOJITBEPKIEH-
a1l BoigeaenrueM PHK SARS-CoV-2 guar1os HOBOM
KOPOHOBHUPYCHOW WHQEKIINH, yCTAaHOBJIEHHBIH B
COOTBETCTBHU C JIEUCTBYIOIIUMHU CTaHJIapTamMu [9];
VTOUYHEHHOE TII0 pe3yJbTaTaM IPOBEAEHHOH 0
Havasia jieyeHus1 KoMbioTepHoi Tomorpadun (KT)
BUPYCHOE TTOpaKEHHUeE JIETKUX. Kpurepun uckIoye-

Hyperhomocysteinemia occurs due to one-car-
bon folate metabolism disorder involving a series of
enzymes and B vitamins [5, 6]. Hyperhomocystein-
emia may be caused by the folic acid and vitamin B,
cofactor metabolism deficiency. Genetic polymor-
phism of a number of proteins of the folate cycle is
related to the increased risk of hyperhomocystein-
emia, atherosclerosis progression, venous thrombo-
embolic complications, vitamin B  active form defi-
ciency and anemia [7, 8]. The potential role of hyper-
homocysteinemia, genetic and exogenic risk factors
of folic acid and vitamin B, deficiency in patients
with COVID-19 infection draws attention of the
researchers.

We have not found any studies on the clinical effi-
cacy of folic acid use in relation to genetic polymor-
phisms of genes, encoding proteins involved in the
folate metabolism, in the available literature.

AIM OF THE RESEARCH

To assess the role of genetic markers of metabolic
disorders of folic acid in the development of symp-
toms and outcomes of the viral lung damage associ-
ated with SARS-CoV-2 infection in the hospitalized
patients receiving folic acid in the fixed combination
with B, B , vitamins in addition to the conventional
therapy.

MATERIALS AND METHODS

In an open prospective comparative study
117 individuals with lung damage associated with
SARS-CoV-2 infection were included. The study was
approved by the Ethics Committee of Altai State
Medical University (Protocol No. 7 by June 3, 2020).
Inclusion criteria specified as follows: the patient’s
written informed consent for study participation;
age > 18 years; the diagnosis of a novel coronavirus
infection confirmed by SARS-CoV-2 RNA isolation,
made according to current standards [9]; the viral
lung involvement specified by results of computer
tomography (CT) prior to therapy initiation. Exclu-
sion criteria were specified as follows: impaired con-
siousness; unstable hemodynamics (systolic blood
pressure less than 9o mm Hg, or diastolic blood
pressure less than 60 mm Hg, diuresis less than
20 ml/h); the volume of viral lung lesion > 50%
according to CT; the need for mechanical ventilation
of the lungs.

The study group included 78 patients who pro-
vided additional consent to receive the folic acid at a
daily dose of 15 mg as a part of combined prepara-
tion, containing 5 mg of folic acid, 4 mg of pyridoxine
hydrochloride, 6 pg of cyanocobalamin. The control
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HUs: HapyllleHUue CO3HAHUs, HECTAOMIbHAS TEMOTHU-
Hamuka (cucrosmyeckoe AJ] MeHee QO MM PT. CT.
Wi auacroandeckoe AJl meHee 60 MM PT. CT., THY-
pe3 MeHee 20 MJI/4), 00BEM BUPYCHOTO IOPAKEHMUS
Jerkux = 50 % mno gauabiM KT, HeoO6XoauMoCTh
MeXaHUYEeCKOH BEHTUJIAIUN JIETKUX.

B ocHOBHyI0 rpyIminy ObLIM BKJIFOUEHBI 78 maIu-
€HTOB, IPEIOCTAaBUBIIUX JIOTIOJIHUTEIBHOE COTJIACHE
Ha IIPUEM B paMKaX KOMILIEKCHOTO JieueHus (osue-
BOU KHCJIOTBI B CyTOYHOH /JI03€ 15 MT B COCTaBe KOM-
OWHUPOBAHHOTO IIPEIapara, COAEPIKAaIIEro B OTHOU
TabsieTke 5 MT (DOJIMEBO KHCJIOTHI, 4 MT TUPHUIOK-
CHHA TUJIPOXJIOPH/IA, 6 MKI IIHAaHOKOOaJaMuHA.
B rpynmny cpaBHeHUs BOLILIM 39 MAIUEHTOB, IOJIY-
YaBIIUX KOMILIEKCHOE JieueHue 6e3 GoneBoii Kuc-
JIOTHI B KOMOMHALUY C BUTaMuHamu B, B .

Bospact 60JIbHBIX OCHOBHOU TPYNIBI U TPYIIIIBI
CpaBHEHUS He WMeJs Pa3jIuduii, COCTABUB COOTBET-
ctBeHHO 57.8 + 13.5 (59.5 (50.0—67.0)) roma u
57.2 = 12.0 (57.0 (51.0-63.0)) roga (p = 0.833).
B o6eux rpymmax GOJIBHBIX COIIOCTAaBUMO IpeobJia-
JIaJTH >KEHIITUHBI — 46 (59.0 %) B OCHOBHO T'PYIIIE U
26 (66.7 %; p = 0.545) B rpy1Ie cpaBHeHUs. OIeHKa
CTEIIEHW TsKEeCTH HHGEKIIMOHHOTO 3abosieBaHus
COVID-19 npoBoamtach 1o mkaie NEWS (National
Early Warning Score — HarnoHasibHas cucreMa
panHero npeaynpexaenus) [10]. Taxxects 3aboJte-
BaHuA no mkajie NEWS BapprpoBasia B Auamna3oHe
oT 1 10 6 6ay10B, IpeobJaiaia oreHkKa 1—4 6amma —
y 65 ues. (83.3 %) B OCHOBHOU TpyIIle U 35 UeJl.
(89.7 %; p = 0.518) B rpymme cpaBHeHus. [Ipu aHa-
sm3e obbeMa nopaskeHus Jerkux 1o ganabM KT c
WCIIOJIb30BAHUEM «OMIIUPUUECKON» BUBYATbHOH
IIIKAJIbl BOBJIEUEHUS MMAPEHXUMBI JIETKUX B IATOJIO-
TUYECKHUH Tporiecc [9] B OCHOBHOU TPYIIIE U TPYIIIE
CpaBHEHUS B COMOCTABHMBIX COOTHOIIEHHSAX OIpe-
nensimich Masble (<25 %, KT-1) u ymepeHHbIe (25—
49 %, KT-2) 06beMbI BUPYCHOT'O IIOPAXKEHU S JIETKHX.
B oCcHOBHOW TpyIllie U TPyIie CPaBHEHUSI OTMeua-
JIach TUIIOKCEMHYECKAs JbIXaTeJbHas HeI0CTaTOY-
HOCTh — 33 (42.3 %) u1 17 (43.6 %; p = 0.949) nanu-
€HTOB coOoTBeTcTBeHHO. COIyTCTBYyOIME 3200 1€Ba-
HUS MMeJH 57 mnanueHToB (73.1 %) B OCHOBHOM
rpyure u 29 60JbHBIX (74.4 %; p = 0.943) B TpyIIIe
cpaBHEHHUS. B rpymmax manueHTOB OTCYTCTBOBAIH
BaKI[MHUPOBAHHBIE OT T'PUIINA U ITHEBMOKOKKOBOH
uH@peKnuu.

Bce marueHThI MOJIydaiu JieueHrne HHPEKITUOH-
Horo 3abosieBanuss COVID-19 u COIMyTCTBYIOIIHIX
3a00JIEBAaHUN B COOTBETCTBUU C aKTYaJIbHBIMU KJIM-
HUYECKUMHU pekoMeHzanuamu [9]. ComoctaBumoe
KOJIMYECTBO MAITMEHTOB OCHOBHOMU TPYIIIIBI ¥ TPYTIIIBI
CpaBHEHHUS IIOJIyJaJI0 IPOTUBOBUPYCHBIE, AHTH-
TpoMOOTHYECKHE, TPOTUBOBOCIIATUTEIbHBIE TTPeMa-

group included 39 patients receiving the comprehen-
sive therapy without folic acid in the combination
with B, B , vitamins.

Patients’ age in the main group and the control
one had no differences being respectively 57.8 + 13.5
(59.5 (50.0-67.0)) and 57.2 + 12.0 (57.0 (51.0—
63.0)) (p = 0.833) years of age. Females consis-
tently prevailed in both groups — 46 (59.0%) in the
main group and 26 (66.7%; p = 0.545) in the control
one. The COVID-19 infection severity was assessed
according to NEWS (National Early Warning Score)
[10]. The severity of disease according to NEWS
varied in the range of 1—6 scores, the score of
1—4 prevailed in 65 patients (83.3%) in the main
group and 35 patients (89.7%; p = 0.518) in the con-
trol group. When analyzing the volume of lung
damage according to CT scan data with the applica-
tion of “empiric” visual scale of the pulmonary
parenchyma involvement in the pathologic process
[9], in the main group and the control one the low
(<25%, CT-1) and moderate (25—49%, CT-2) vol-
umes of lung damage were defined in comparable
proportions. In the main group and the control one
hypoxemic respiratory failure was noted in 33
(42.3%) and 17 (43.6%; p = 0.949) patients respec-
tively. 57 patients (773.1%) in the main group and 29
patients (74.4%; p = 0.943) in the control group had
concomitant diseases. There were no patients vac-
cinated against influenza and pneumococcus in the
groups.

All the patients received the therapy for
COVID-19 infection and concomitant disease accord-
ing to current clinical guidelines [9]. The comparable
number of patients from the main group and the
control one received antiviral, antithrombotic, and
anti-inflammatory drugs, systemic glucocorticoste-
roids, and oxygen insufflation.

Standard methods of clinical laboratory and
instrumental diagnostics were applied for patients’
examination. BC-5800, BC-5300 hemoanalyzers
(Shenzhen Mindray Bio-Medical Electronics Co.,
Ltd., China) were used. Highly sensitive C-reactive
protein was determined by latex immunoturbidimet-
ric assay using Roche Diagnostics test-kits (Ger-
many). Solid-phase immunoturbidimetric assay
using Siemens Healthcare Diagnostics test-kits (Ger-
many) was used to detect the plasma D-dimer level.
The fibrinogen concentration in plasma was deter-
mined with the application of Sysmex CS-2000i (Sie-
mens Healthcare Diagnostics, Japan) and AK-37
(Astra Lab, Russia) automatic coagulation analyzers.

The study of allelic polymorphism of genes of
the folate cycle proteins was carried out using the
real-time polymerase chain reaction (RT-PCR).
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paThl, CUCTEMHBIE IVTIOKOKOPTHKOCTEPOU/IBI, HHCY (-
¢rAanuo Kucaopoza.

s obceoBaHus TMANMEHTOB IPUMEHSIIHUCH
CTaHAAPTHBIE METO/IbI KJIIMHUYIECKOH J1ab0paTOPHOI
U HHCTPYMEHTAJIbHOW AUATHOCTHUKH. VICIOJIb30Ba-
auck remoaHanuszatopel  BC-5800, BC-5300
(Shenzhen Mindray Bio-Medical Electronics Co.,
Ltd., Kurait). OnpejenieHre BbICOKOUYBCTBUTEb-
Horo C-peaktuBHoro 6eska (CPB) BBIMOJHAIOCH €
IIpUMeHEeHUEeM JIaTEKCHOTO UMMYHOTYpOUANMETPHU-
YeCKOro MeTOZla C HCIIOJIb30BAHHEM TECT-CUCTEM
dupmb Roche Diagnostics (Fepmanust). 17151 O1leHKH
IUIa3MEHHOTO COZIepKaHusA D-IUMepOB HCIIOIh30-
Basicsi TBepA0Gha3HBI WMMYHOTYPOUIUMETPHYE-
CKHH METOJ] ¢ IPUMEHEHHEM TeCT-CHCTeM (PUPMBI
Siemens Healthcare Diagnostics (Fepmanwst). Ompe-
JleJieHre KoHIeHTparuu ¢GubpuHOTeHa B ILIa3Me
BBITIOJTHSJIOCHh Ha aBTOMATHUYECKHX KOaryJIOMeTpax
Sysmex CS-2000i (Siemens Healthcare Diagnostics,
Anonus) u AK-37 («Actpa JIab», Poccus).

UccnemoBanue  ayUlesIbHOTO — TOJUMOpdu3amMa
reHOB 0eJIKOB — yYaCTHUKOB (OIATHOTO IIMKJIA TIPO-
BOZWJIOCH C IIPUMEHEHHEM MeTO/a IOJTUMEePa3HOMN
LIEITHON pEeakIUM B PeKUMe PeaylbHOTO BPEMeHH.
Brizenenre HyKJIEMHOBBIX KHCJIOT BBITIOJTHSJIOCH C
nmoMompl0  HabopoB  «IIpoba-Panun-I'eneTmka»
(«/THK-Texuomnorusi», Poccust). AMIIndukanusa c
IIOCJIEYIOIIUM AHAIN30M KPHUBBIX IUIABJIEHUS OCY-
mecTBisiach Ha ammutugukarope DTprime («JHK-
Texuosiorusi», Poccrsi) ¢ IpUMeHEHHEM PEareHTOB
«Kapnuno-T'enetuka Tpombodummusa» u «I'eHeTnka
Merabonmmama ®osatoB» 1pousBozcrtBa  «JHK-
Texuosorusi» (Poccust). B xauectBe pedepeHCHBIX
IIpeZIeIOB YaCTOT OJHOHYKJIEOTHUJIHBIX aJLIETbHBIX
mosiuMopbU3MOB T€HOB OEJIKOB — YYaCTHUKOB
(dosatHOTO MeTab0IM3MAa UCITOTH30BAIUCH, C COTJIA-
CUs aBTOPA, PE3YJIbTAThI HCCIEAOBAHUSA 370POBBIX
sat, npoBeaeHHoro JI.A. CtposeHko [11].

Cratuctuueckuii aHajau3 U rpadpuyueckoe Mpe-
CTaBJIEHUE JAHHBIX BBITIOJIHEHBI C IOMOIIBIO ITAKETA
cratuctuueckux nporpamm SigmaPlot 11.0 (Systat
Software, CIITA), nakera Microsoft Excel (Microsoft
Corporation, CIITA). Xapaxrep pacupenesieHus usy-
YaeMbIX IIOKa3aTesel OIeHUBAIHU C TOMOIIbI0 KPHU-
Tepua lanupo — VYwmuka. [l XapakTepHUCTUKU
BBIOOPOYHBIX JIAHHBIX HCIOJIb30BAJIUCH METO/IbI
OIHCATEIbHOM CTATUCTUKU: PACCUUTHIBAINCH MEHU-
a"a (Me), amkuauii (Q1) u Bepxuuii (Q3) KBapTUIIH;
OTIPEJIEJISTUCH CpesiHee apu(pMeTHIecKoe BHIOOPKHU
(M) u cragmaptHOe oTkJIOHeHHe (SD). JlaHHBIE
npescraBaensl B Buge M + SD u Me (Q1-Q3). IIpu
CpPaBHEHHH JBYX IPYIII ¢ HOPMAJIbHBIMH PacIIpesie-
JIEHUsAMHU [IJaHHBIX HCIIOJIb30BAJICA t-KPpUTEPUH
CThIofIeHTa MJIsi CBS3aHHBIX BBIOOPOK. B ciyuae,

Nucleic acids were extracted with the use of PREP-
RAPID GENETICS kit (DNA-Technology, Russia).
Amplification with the subsequent analysis of melt-
ing curves using DTprime amplifier (DNA-Technol-
ogy, Russia) with the use of Cardio Genetics Trom-
bophilia and Genetics of Folate Metabolism kits
(DNA-Technology, Russia). As reference limits of
frequency of single-nucleotide allelic polymor-
phisms of genes of proteins participating in the
folate metabolism were used, with author’s con-
sent, the results of healthy individuals’ study car-
ried out by L.A. Strozenko [11].

Statistical analysis and graphic imaging of the
data were made with the use of SigmaPlot 11.0 sta-
tistical software package (Systat Software, USA),
Microsoft Excel software package (Microsoft Corpo-
ration, USA). The distribution pattern was estimated
using the Shapiro-Wilk test. To characterize the
sample data the methods of descriptive statistics
were used: median (Me), lower quartile (Q1) and
upper quartile (Q3) were calculated; the arithmetic
mean of the sample (M) and standard deviation
(SD) were determined. Data are presented as M + SD
and Me (Q1—Q3). When comparing two groups with
normal data distributions, the Student’s t-test for
related samples was used. In the case when at least
in one of the two compared groups the data did not
obey the law of normal distribution, nonparametric
methods were applied. The Mann-Whitney U-test
was used as a nonparametric test to compare two
unrelated groups. To assess the degree of probabil-
ity of conjugation of qualitative phenotypic or geno-
typic signs with the probability of the disease devel-
opment, methods of relative risk analysis using
four-field tables were applied. Data were repre-
sented as relative risk (RR) and 95% confidence
interval (95% CI).

To predict the probability of a causal relationship
of quantitative and qualitative independent variables
with binary trait or binary disease outcome, logistic
regression models were constructed using the proce-
dure for including and excluding predictors by evalu-
ating Wald statistic. The likelihood ratio test was
used to assess the quality of the model: the higher
likelihood ratio, the better is the consistency of the
model with the sampled data.

When testing null statistical hypotheses, the criti-
cal value of the statistical significance level was
assumed to be 0.05.

RESULTS AND DISCUSSION

A duration of the novel coronavirus infection
from the onset of the disease to the moment of hospi-
talization was similar both in the main group and
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KOI/Ia XOTsI OBl B OJHOHM W3 JBYX CPAaBHUBAEMBIX
IPyNI JaHHbIE He MOAYNHSJINCH 3aKOHY HOPMAasb-
HOTO pacIpefieieHus], IPUMEHsITICh HellapaMeTpH-
YecKkre MeTONbl. B KauecTBe HemapamMeTpHYeCcKuX
TECTOB HCIOJIb30BAIA KpUTEpUd MaHHAa — YWUTHU
JUIs CpaBHEHUs JBYX HECBSI3aHHBIX Tpymi. s
OIIEHKU CTEIleHH BEPOATHOCTH COIPSDKEHUA Kaue-
CTBEHHBIX (DEHOTUIIMYECKUX WJIN T€HOTUIINYECKUX
MIPU3HAKOB C BEPOATHOCTHIO PAa3BUTHSI 3a00JIeBaHUS
HCITOJTh30BAJINCH METOBI aHAJIN3a OTHOCUTEIBHOTO
pUCcKa IO YeTHIPeXIOJBHBIM Tabsumam. [laHHBIE
MPE/ICTABJISIIUCh B BHJIE OTHOCHUTEJIBHOTO pHCKA
(OP) u 95% noeepuTesnbHOTO HHTEpBaia (95% ).
I TIpOTHO3UPOBAHUSA BEPOATHOCTU IPUYNHHO-
CJIE/ICTBEHHOH CBSA3U KOJTMYECTBEHHBIX 1 KAUECTBEH-
HBIX HE3aBUCUMBIX IIEpEMEHHBIX ¢ OMHAPHBIM IIPU-
3HAKOM WJIU OMTHAPHBIM HCXO7I0M 3a00J1€BaHUS IIPO-
BOAWJIOCH TIOCTPOEHUE MOJeJIed JIOTHUCTUYECKOM
perpeccuu ¢ UCIOJIb30BAHUEM ITPOLIEYPhI BKJIIOUE-
HUS ¥ HCKJIIOYEHUS IIPEJUKTOPOB IIOCPENICTBOM
OIIeHKH CTaTUCTUKH Basbzia. MeTos OTHOIIEHUS
IIPaBIONOI00MS HCIIOIB30BAJICS JIJISI OIEHKH Kaue-
CTBa MOJIEJIH, IIPU OOJIBIIIEM OTHOIIIEHUH IIPaB/OII0-
06U ompezesAsach JIydllasg COIJIACOBAHHOCTD
MO/IEJIH C BBIOOPOYHBIMY JIAHHBIMU.

ITpu npoBepke HyJEBBIX CTATHUCTUYECKUX THIIO-
Te3 KPUTUUYECKOe 3HAUeHUE YPOBHS CTATUCTUYECKOH
3HAYNMOCTH IPUHUMAJIOCh PABHBIM 0.05.

PE3YJ/IBTATBI 1 OBCYKJIEHNE

IIpoo/KUTETHHOCT, HOBOH KOPOHABUPYCHOM
vHDeKIUU OT Hayasia 3aboJieBaHUS /10 MOMEHTa
TOCIIUTAJIN3AIMKA OblIa OJMUHAKOBOM B OCHOBHOH
TPyIlle W TPYIIle CPaBHEHHs, COCTABHB COOTBET-
CTBEHHO 6.6 * 4.8 (5.0 (3.0-9.0)) u 6.5 + 4.0 (4.0
(3.0-9.8)) s (p = 0.979). JIJIUTETBHOCTD CTAIHO-
HAPHOTO JIEUEHUSI BHPYCHOIO IMOPA’KEHUs JIETKUX,
accorimupoBanHoro ¢ COVID-19, cocraBmia
17.2 £ 6.1 (15.5 (13.0—20.0)) JJHA B OCHOBHO¥ I'pYIIIIe
1 15.8 + 5.0 (16.0 (12.0—18.8)) ;s B TpyIIIIEe CpaBHE-
HusA (p = 0.417).

Mexy TallieHTaMH OCHOBHOM TPYIIBI U
TPYIIBl CPaBHEHWA [0 Hayajia Tepamuu He ObLIo
BBISIBJIEHO PAa3JIUYMHM 110 TIOKA3aTesIsIM KpPacHOH
KPOBH, KOJIMYECTBY JIEHKOIIUTOB U UX CyOIOIYJIsi-
M, KOJIMYECTBY TPOMOOITUTOB, MHANKATOPaM BOC-
nasennsi — C-peakTuBHOMY OeJiKy, (pubOpuHOTEHY
(Tabs1. 1). B ocHOBHO¥ TpymIe OBIO B OOJIBINIEH CTeE-
IIeHd TOBBIIIEHO  IIJIA3MEHHOE  CO/iep:KaHKe
D-pgumepos.

I m3y4yeHuss MEXaHU3MOB CHHTPOIIUH aCCOIH-
UpoBaHHOTO ¢ KopoHaBupycoM SARS-CoV-2 mopa-
JKEHUsI JIETKUX U TTOBBINIEHHOTO PUCKA TPOMOOTHYE-
CKUX OCJIOKHEHHH, MHKPOAHTHOIATHH H3yuyeHa

control one, having constituted 6.6 + 4.8 (5.0 (3.0—
9.0)) and 6.5 + 4.0 (4.0 (3.0—9.8)) days (p = 0.979)
respectively. A duration of in-patient treatment of
viral lung disease associated with COVID-19 was
17.2 £ 6.1 (15.5 (13.0—20.0)) days in the main group
and 15.8 + 5.0 (16.0 (12.0—18.8)) days in the control
group (p = 0.417).

Before the start of therapy, there were no differ-
ences between the patients of the main group and
comparison group in terms of red blood counts,
number of leucocytes and their subpopulations,
number of platelets, inflammatory parameters —
C-reactive protein, fibrinogen (Table 1). In the main
group the plasma content of D-dimer was increased
to a greater extent.

To study the syntrophic mechanisms of lung
damage associated with SARS-CoV-2, the increased
risk of thrombotic complications and microangiopa-
thy, the prevalence of minor allele of single-nucleo-
tide polymorphisms of genes of proteins involved in
the folate metabolism in patients with coronavirus
infection was studied (Fig. 1).

In patients with lung disease caused by SARS-
CoV-2 infection the odds ratio (OR) of heterozygous
minor G-allele carriage of methionine synthase
reductase gene (MTRR) 66AG (p < 0.001) SNP is sig-
nificantly increased, as compared to its incidence in
the group of healthy individuals. A tendency to an
increase of the OR heterozygous minor G-allele car-
riage of methionine synthase gene (MTR) 2756AG
SNP (p = 0.059) was noted.

To assess the effect of RBC and PLT indices on the
probability of minor G-allele carriage of MTRR 66GG
SNP in patients with lung damage caused by SARS-
CoV-2 infection the logistic regression analysis was
used (Table 2).

The statistically significant relationship between
the MCH decrease and prognostic probability of
homozygous carriage of minor G-allele SNP of the
MTRR 66GG gene. The RBC count decrease in the
peripheral blood was associated with OR increase of
homozygous carriage of minor G-allele of the MTRR
66GG gene SNP being nearly statistically significant
(p = 0.052). When the indices of hemoglobin,
hematocrit, MCV, RDW-CV, PLT count being
included additionally, the high quality of the model
consistency with the sampled data was obtained.
The established causal relationship allows consid-
ering the indices of anemia and thrombocytopenia,
primarily the mean corpuscular hemoglobin
(MCH), as indicators of probability of the MTRR
66GG gene SNP.

To make a prognosis of the effect of genetic poly-
morphisms of genes of the folate cycle proteins and
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Ta6uuma 1. [emaTosIorHUecKue oKa3aTel, WH/IMKATOPhI BOCIIAJIEHHUS U TPOMOOTE€HHOTO PUCKA Y OOJIbHBIX HOBOH
kopoHaBupycHol uHpeknueit (COVID-19) no neueHus
Table 1. Blood values, inflammatory parameters and thrombogenic risk in patients with the novel coronavirus infection
(COVID-19) before treatment

OcHOBHasA rpynmna

I'pynna cpaBHeHUA

Mokxazarers Majn gsgroup Con:trol group

TG (o (n=78) (n=39) p
Me (Q1—Q3) M + SD Me (Q1—Q3) M + SD

C3 (x10®KJ1./1) 4.59 (4.27-4.86) 4.56 £ 0.57 4.72 (4.32—-5.07) 4.70 £ 0.50 0.173

RBC (x102¢/1)

Hb (r/n) | (g/1) 135.5 (127.0—145.0) 135.8 £ 16.1 140.0 (128.3-146.5) 138.6 £ 16.4 0.276

Ht (%) 40.6 (37.4—42.7) 40.2 £ 5.1 42.0 (38.1-43.0) 411+ 5.1 0.296

MCH, ur / MCH, pg 29.4 (28.0—-30.8) 30.8 £ 9.7 29.3 (27.9—30.1) 28.9 + 1.7 0.512

MCV, ¢/ fl 87.6 (84.7—91.5) 86.9 £ 9.6 88.1(85.9-89.4) 87.7+ 4.6 0.839

RDW-CV, % 13.2 (12.5-14.1) 13.6 £ 1.7 12.7 (12.2-13.9) 13.1+ 1.2 0.409

CJI (x10° xu1./71) 6.72 (4.70—8.50) 6.91 + 2.97 6.35 (4.53-7.42) 6.23 £ 2.61 0.247

WBC (x10° ¢/1)

CT (x109 k1./71) 198.50 (171.00—241.00) 215.62 + 79.02 196.00 (170.75—263.00) 220.92 + 88.39 0.849

PLT (x109 ¢/1)

CPB (mr/i) 41.2 (14.6-73.8) 52.7 £ 50.1 25.6 (13.8-57.5) 50.3 + 56.0 0.451

CRP (mg/1)

D-numep (mr/) 0.84 (0.40-1.08) 0.92 £ 0.74 0.40 (0.24-0.78) 0.76 + 1.14 0.028

D-dimer (mg/1)

®ubpuHoreH (r/71) 5.4 (4.4-6.3) 5.4 + 1.6 4.3 (3.7-5.6) 4.9 £ 1.9 0.111

Fibrinogen (g/1)

IIpumeuanue. 31ech U B TabI. 2: C — cozieprKaHue S3pUTPOUUTOB B KpoBu, Hb — remorsio6busn, Ht — remarokpur, MCH — cpeznnee
cozieprkaHue remorsiobuHa B spurponutax, MCV — cpennuii 06beM sputponutoB, RDW-CV — mupuHa pacupe/iesieHus SpUTPOIUTOB,
CJI — coneprkanue JedkoruToB B KpoBH, CT — cozepskanue TpoM601iuToB B KpoBU, CPB — C-peakTHBHBIIH GeJIOK.

Note. Here and in Table 2: RBC — red blood cell count; Hb — hemoglobin; Ht — hematocrit; MCH — mean corpuscular hemoglobin;
MCV — mean corpuscular volume; RDW-CV — red cell distribution width; WBC — white blood cell count; PLT — platelet count; CRP —

C-reactive protein.

pacrpocTpaHEeHHOCTh MIUHOPHBIX aJlyIeJIed OJTHOHY-
KJIEOTUJHBIX TOJIUMOP(U3MOB TeHOB OeIKOB —
YUYACTHUKOB MeTabosu3Ma ¢osiata y MaIlueHToB C
KOpPOHABUPYCHOH mHeKnuel (puc. 1).

Y mamueHTOB ¢ HMOpa’KeHHEM JIETKUX, BBI3BAH-
HBIM KopoHaBupycoM SARS-CoV-2, omnpezneneHo
3HAYMMO IIOBBIIIEHHOE OoTHomeHue maHcos (OIII)
reTepo3UTrOTHOTO HOCHTEJIHCTBA MHUHOPHOTO
amnensa G SNP reHa MeTHOHUHCHUHTa3bIPEyKTa3hl
(MTRR) 66AG (p < 0.001) IO CpaBHEHHUIO C PACIIPO-
CTPAHEHHOCTHIO B TPYIIIIE 3/I0POBBIX Jfoziel. OTme-
yeHa TeHJeHNMsA K yBenaudeHuto OIIl rerepo3uror-
HOI'0 HOCUTeJIbcTBA MUHOpPHOTO ayuiessa G SNP rena
meTnoHUHCHHTAa3bI (MTR) 2756AG (p = 0.059).

151 ompeiesieHUsT BJIUSHUS TIOKa3aTesed Kpac-
HOH KPOBH U COJIEPKAHUSA TPOMOOIINTOB B KPOBU HA
BEPOSAATHOCTh HOCUTEJIBCTBA MUHOpHOTO amnensa G
SNP rena MTRR 66GG y GOJIBHBIX C MOpaXKeHUEM
JIETKUX, BBI3BaHHBIM KopoHaBupycoMm SARS-CoV-2,
OBLJI HCIIOIB30BAH METO/I IIOCTPOEHNS MO/IEIH JIOTH-
CTHYECKOTO PErPECCUOHHOTO aHamu3a (Tabst. 2).

folic acid administration on the outcomes of viral
lung disease associated with SARS-CoV-2 infection,
modeling was performed with the use of logistic
regression analysis of the probability of achieving
negative results of twofold studies of biological mate-
rial for the SARS-CoV-2 RNA detection during the
first 14 days of hospitalization (Table 3). A statisti-
cally significant OR reduction in the probability of
achieving the first of two negative results of SARS-
CoV-2 RNA detection in the biomaterial from the
respiratory tract of patients with homozygous car-
riage of the minor T-allele of MTHFR 677CT gene
SNP was found. There was a tendency to a significant
OR decrease of obtaining the first negative result of
SARS-CoV-2 RNA detection by 14% day of in-patient
treatment in patients with the homozygous MTHFR
1298CC genotype. In the created regression model,
the relationship between the folic acid administra-
tion and the timing of a negative result of SARS-
CoV-2 RNA detection was not statistically signifi-
cant; however, the inclusion of this parameter
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Beimre yactota HocUTeNIbCTBA — Bhlllle yacTOTa HOCUTEILCTBA
T'eH, retepo-/roMo3uroTsl, peskuii amnens; OP (95% [U; p) TeHOB Y 3/I0POBBIX JII0/iell  TeHOB y 601pHBIX COVID-19
Gene, hetero-/homozygotes, minor allele, OR (95% CI; p) Higher the carriage rate of genes  Higher the carriage rate of genes
in healthy individuals in the patients with COVID-19

MTHFR, rereposurotsl, 677CT; 0.878 (0.673—-1.147; 0.377) P
heterozygotes
MTHFR, romosurotsl, 677TT; 1.916 (1.217—3.016; 0.10) —|—
homozygotes
MTHFR, retepo3urotsl, 1298AC; 1.056 (0.814—1.370; 0.769) —-|—
heterozygotes
MTHFR, romo3urotsl, 1298CC; 0.882 (0.464—1.680; 0.882) I
homozygotes
MTR, reTepo3uroTsl, 2756AG; 1.425 (1.021-1.988; 0.059) —|—
heterozygotes
MTR, romo3urorsl, 2756GG; 0.406 (0.149—1.109; 0.097) }
homozygotes
MTRR, reTepo3uroThl, 66AG; 1.605 (1.257—2.049; 0.001) —_—t—
heterozygotes
MTRR, roMo3uroTsl, 66GG; 0.794 (0.590—1.068; 0.137) _]
homozygotes
T T T 1
0.25 0.50 1.00 2.00 4.00
OP (95% 1), norapudmuyeckas mKaia
OR (95% CI), logarithmic scale

Puc. 1. PacripesiesieHre peZikux ajiiesied TeHOB 0eJIKOB — YIaCTHHKOB MeTab0JIn3Ma METHOHIHA Y TAI[UEHTOB
¢ nHpeKIuoHHBIM 3a00sieBanreM COVID-19 B cpaBHEHUH €O 3/J0POBBIMH JIIOZIbMHI
(OP — otHOCHTENBbHBIN PUCK; [TV — T0BEPUTEBHBIH HHTEPBAI)
Fig. 1. Distribution of minor alleles of genes of protein involved in methionine metabolism in the patients with COVID-19
infection compared to healthy individuals (OR — odds ratio; CI — confidence interval)

Ta6suna 2. [lapaMeTpsl 1 XapaKTEPHCTHKA MOJIEIN PETPECCHH /IJIst OLEHKHU CBSI3H [TOKa3aTesiel KPaCHOH KPOBH

C BEPOSITHOCTHIO OTHOHYKJIEOTU/IHOTO TIouMopdusma rera MTRR 66GG y GOJIbHBIX € TOPAYKEHUEM JIETKUX,
accoruupoBaHHbIM ¢ COVID-19

Table 2. Parameters and characteristics of a regression model for assessing the relationship of red blood indices with the
probability of MTRR 66GG gene SNP in the patients with lung disease, associated with COVID-19

Koadpunuenr perpeccuut + OTHONIEHUE NIAHCOB

IToxa3arean CTaH/. OIIHOKa (95% A1) x> Baasna p Baaspa

Index Regression coefficient + Odds ratio Wald x2 Wald p
standard error (95% CI)

C3 (x10™ KJ1./71) —5.317 + 2.742 0.00491 (0.0000227; 1.058) 3.761 0.052

RBC (x10™ ¢/1)

Hb (r/n) / (g/1) 0.247 £ 0.176 1.280 (0.906; 1.807) 1.61 0.161

MCV, ¢ / fl 0.300 + 0.256 1.349 (0.818; 2.227) 1.374 0.241

MCH, ur / pg -1.853 £ 0.932 0.157 (0.0252; 0.974) 3.951 0.047

Ht, % —-0.367 £ 0.502 0.693 (0.259; 1.853) 0.534 0.465

RDW-CV, % —0.0613 + 0.271 0.941 (0.553; 1.600) 0.0511 0.821

CT (x10° KJ1./71) 0.00149 + 0.00440 1.001 (0.993; 1.010) 0.115 0.735

PLT (x10° ¢/1)

Const 33.738 £ 16.885 4.49 (1.059; 1.904) 3.992 0.046

Mogess nonHocThio: Logit P = 33.738 — (5.317 x C3) + (0.247 x Hb) + (0.300 x MCV) — (1.853 x MCH) — (0.367 x Ht) —
— (0.0613 x RDW-CV) + (0.00149 x CT).
Tect oTHOIIEHUs ITpaBonoiobus: 13.383 (p = 0.063).
—2 x Log (Likelihood) = 57.522

Complete model: Logit P = 33.738 — (5.317 x RBC) + (0.247 x Hb) + (0.300 x MCV) — (1.853 x MCH) — (0.367 x Ht) —
—(0.0613 x RDW-CV) + (0.00149 x PLT).
Likelihood ratio test: 13.383 (p = 0.063).

—2 x Log (Likelihood) = 57.522
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BrigBileHa CTATUCTHYECKH 3HAUMMasi CBA3b
mesxay cHrokeHrneM MCH 1 mporHocTuyeckou Bepo-
ATHOCTBI0O TOMO3UTOTHOTO HOCHUTEJIHCTBA MUHOP-
Horo ayuiesnisi G SNP rena MTRR 66GG. Ymenbiie-
HUe KOJUYEeCTBa SPUTPOLUTOB B NeprudepuIecKoi
KPOBH aCCOIMUPOBAIOCH € OJIU3KUM K CTaTHCTHUYE-
cku 3HaunMoMmy yBesudeHuio OIIl romo3urorHoro
HocuTesabcTBa MUHOpHOTO ayuienss G SNP rena
MTRR 66GG (p = 0.052). IIpu AONOJTHUTEILHOM
BKJIIOUEHNH IIOKaszaTesjiell reMoryjiobnHa, reMarto-
kputa, MCV, RDW-CV, kosmmyecTBa TPOMOOIIUTOB
KPOBH TOJIYYEHO BBICOKOE KAueCTBO COTJIACOBAHHO-
CTH MOJENH C BBIOOPOYHBIMH JAHHBIMH. YCTAHOB-
JIeHHasl IPUYNHHO-CJIE/ICTBEHHAA CBA3D II03BOJIAET
paccMaTpuBaTh MOKa3aTeJ I aHEMUH U TPOMOOITUTO-
IeHUH, IIpeXJie BCero cpejiHee co/iep:KaHUe reMo-
r7100MHA B SPUTPOIUTE, KAK WH/IUKATOPHI BHICOKOU
BeposATHOCTH SNP rena MTRR 66GG.

J1711 IpOTHO3UPOBAHUS BJIMSHUS T€HETUIECKUX
oJIMMOPGU3MOB TeHOB O€JIKOB — YYaCTHUKOB
domatHOTO IUKIIA U TTpreMa (hOJIMEBOU KUCJIOTHI HA
HCXO/IBl BUPYCHOTO OPAXKEHMUS JIETKUX, CBA3aHHOTO
¢ nHpunupoBanuem Bupycom SARS-CoV-2, 6bL10
BBIIIOJIHEHO MOJIEJIMPOBAHHE C TOMOIIBI0 METO/Aa
JIOTUCTUYECKOI'0 PerpecCUOHHOI0 aHaINn3a BepOosAT-
HOCTHU JIOCTHDKEHUS B TeUeHUe IEePBBIX 14 JHEH
TOCIIUTAIN3AIUYA OTPHUIIATEIFHOTO pe3yJibTaTa JIBY-
KPaTHBIX HCCJIEOBAHUN OMOJIOTUYECKOTO MaTepH-
ana Ha BbigBieHHe PHK SARS-CoV-2 (taba. 3).
YcTaHOBIEHO CTATUCTUYECKH 3HAYUMOE CHIKEHUE
OII gocTmKeHUs MEPBOTO U3 ABYX OTPHUIATETbHBIX
pesysbraToB onpeaenenuss PHK SARS-CoV-2 B 6uo-
JIOTUYECKOM MaTrepuajie U3 JIbIXaTeJbHBIX IyTel
[IAIIIEHTOB C TETEPO3UTOTHBIM HOCHUTEIBCTBOM
muHOpHOTO ayutesst T SNP MTHFR 677CT. Hab6uo-
Jlajiach TEHZEHIIUA K JIOCTHKEHUI0 3HAYUMOTO CHU-
skernsa OlIIl mosryyeHUs! MePBOTO OTPUIIATEIHHOTO
pesyabrata BbisiBieHuss PHK SARS-CoV-2 k 14-my
JIHIO CTAI[MOHAPHOTO JIeYEeHUs y TAlHEHTOB € TOMO-
3urotHbiM reHoturiom MTHFR 1298CC. B co3maH-
HOU PETPECCHOHHOU MOJIETN CBSA3b MEXKTy IPUEMOM
(osireBoO KUCJIOTHI U CPOKAMHU JIOCTHUKEHUST OTPHU-
naTespHOrO pesyibrara BbiABiaeHuss PHK SARS-
CoV-2 He OblIa CTATUCTUYECKH 3HAYMMOM, OJHAKO
BKJIIOUEHHE HTOr0 IapameTpa IMO3BOJIHJIO JOCTHUT-
HYTh BBICOKOTO OTHOIIEHWS IIPABAOIONOOUA I
YPaBHEHUS JIOTUCTUYECKON perpeccuu.

PacnpocrpanenHocts fedunura GoaIueBou Kuc-
JIOTHI Y OOJIPHBIX ¢ MH(EKINOHHBIM 3a00JIEBAHIEM
COVID-19 niocturaert 11 %, He UMeeT 3HAYUTEILHOTO
OT/INYUA OT NOMYJIAIMOHHBIX IOKa3aTeyied y 3710po-
BBIX JIIOJIeH [12, 13]. Psimom aBTOpOB 00OpaiieHo BHU-
MaHWe Ha CBS3b HApPYIIEHUH MeTabosmsma Qosme-
BOH KHCJIOTBI, BUTAMUHA B , ¢ MUKPOAHTHONIATUAMH,

allowed us to achieve the high likelihood ratio for the
logistic regression equation.

The prevalence of folic acid deficiency in patient
with COVID-19 infection reaches as high as 11% and
does not differ significantly from population rates in
healthy individuals [12, 13]. A number of authors
take note of the association between the folic acid
and vitamin B , metabolism disorders, and microan-
giopathy, symptoms of anemia and thrombocytope-
nia [14, 15]. Genetically determined disorders of the
methionine synthase functioning, including the
MTR 2756AG, MTRR 66AG genotypes, are related
to methylcobalamin deficiency (one of vitamin B
forms), leading to disturbances in the synthesis of
methionine from homocysteine, as well as associ-
ated with the increased risk of anemia [5]. In a num-
ber of clinical studies [5—7], the homozygous car-
riage of minor MTHFR alleles (677TT, 1298CC
genotypes) is associated with a high risk of angiopa-
thy, venous thrombosis and pulmonary thrombo-
embolism.

Our study demonstrated the increased OR of
genetically determined disorders of vitamin B,
metabolism and homocysteine transformation. The
significance of a number of anemia indices as indica-
tors of genetically determined folate cycle disorders
has been established. The significant reduction of the
OR of achieving a negative result of SARS-CoV-2
RNA detection in biological material in patients with
heterozygous and homozygous carriage of minor
allele T SNP of MTHFR gene (genotypes 677CT,
677TT) by the 14th day of hospitalization was shown,
which allows to suggest a relationship between lon-
ger SARS-CoV-2 virus persistence and an increased
risk of thrombosis and angiopathy. Insufficient sta-
tistical significance of the effect on the studied out-
come of the disease of the homozygous MTHFR
1298CC genotype may be associated with the limited
number of sample observations of patients in our
study, and low frequency of these single-nucleotide
polymorphisms of genes.

CONCLUSION

The obtained results allow us to draw the follo-
wing conclusions:

1. The increased relative risk of heterozygous car-
riage of the minor G-allele of the single-nucleotide
polymorphism of the folate cycle enzyme gene MTRR
66AG is observed in patients with the lung disease
associated with COVID-19, which may be responsi-
ble for the methylcobalamin deficiency.

There is an increase in the odds ratio of homo-
zygous carriage of the G-allele of the MTRR 66GG
single-nucleotide polymorphism in patients with

Journal homepage: http://jsms.ngmu.ru
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Taoauma 3. [TapamMeTpsl 1 XapaKTePUCTHKA MOJEJIH JIOTHCTUIECKON PErPeCCUH /ISl IPOTHO3UPOBAHMS BIMSAHUSA
dosaTHOrO cTaTyca Ha IOCTUKEeHNeE K 14-My JIHIO TOCIUTIN3AIH OTPUIIATeIbHOTO pe3yabTaTta BbliapieHns PHK SARS-
CoV-2 y GOJIBHBIX C BUPYCHBIM [TOPAXKEHUEM JIETKUX, CBI3aHHBIM C KOpOHaBUPYycoM SARS-CoV-2

Table 3. Parameters and characteristics of a logistic regression model for predicting the effect of folate status on
achieving a negative result of SARS-CoV-2 RNA detection by the 14" day of hospitalization in patients with viral lung
damage associated with SARS-CoV-2 infection

Kosdppunuenr

perpeccuu + OTHOIIIEHME IIIAHCOB

ITokaszarean (95% ) ¥? Baapaa p Baabga
Index CTAHL, OIM 10K q 0Odds ratio Wald x? Wald p
Regression coefficient + (95% CI)
standard error 957
TIpueM posIreBOM KUCTOTHI —0.455 £ 0.539 0.634 (0.220; 1.826) 0.712 0.399
Folic acid administration
MTHEFR 677CT T€TepO3UroThl -1.508 + 0.612 0.221 (0.0667; 0.734) 6.073 0.014
heterozygotes
MTHFR 677TT roM0O3UTOTHI -1.572 + 0.593 0.208 (0.0439; 0.983) 3.926 0.048
homozygotes
MTHFR 1298AC reTepo3uroTsl —-0.317 + 0.586 0.728 (0.231; 2.295) 0.294 0.588
heterozygotes
MTHFR 1298CC romo3uroTsl -1.668 + 0.927 0.189 (0.0307; 1.161) 3.236 0.072
homozygotes
MTRR 66AG reTepo3uroThl 0.565 + 0.606 1.759 (0.536; 5.773) 0.868 0.351
heterozygotes
MTRR 66GG roMo3UroThl 0.205 + 0.640 1.227 (0.350; 4.305) 0.102 0.749
homozygotes
Const 2.493 + 0.734 12.099 (2.872; 50.964) 11.547 <0.001

Mopesnb nonHocThio: Logit P = 2.493 — (0.455 x [Ipuem ¢onneBoit kucyiorsl) — (1.508 x MTHFR 677CT) —
— (1.572 x MTHFR 677TT) — (0.317 x MTHFR 1298AC) — (1.668 x MTHFR 1298CC) + (0.565 x MTRR 66AG) +
+ (0.205 x MTRR 66GG).
TecT OTHOIIIEHHs TPaBIONO00Us: 9.127 (p = 0.244).
—2 x Log (Likelihood) = 109.612
Complete model: Logit P = 2.493 — (0.455 x Folic acid administration) — (1.508 x MTHFR 677CT) — (1.572 x MTHFR
677TT) — (0.317 x MTHFR 1298AC) — (1.668 x MTHFR 1298CC) + (0.565 x MTRR 66AG) + (0.205 x MTRR 66GG).

Likelihood ratio test: 9.127 (p = 0.244).
—2 x Log (Likelihood) = 109.612

CHMIITOMaMHU aHEMUHU U TPOMOOLIUTOIIEHUH [14, 15].
l'enetnuecku 00yC/IOBIEHHBIE HAPYIIIEHUs (PYHKITU-
OHUPOBAHUS SH3UMAa METHUOHHHCHUHTA3BI, BKIIOUAs
resotunbl MTR 2756AG, MTRR 66AG, cBsi3aHEI C
nebunuToM MeTwiIKoOantamMuHa (omgHOU U3 GopMm
BUTaMHHA B ), BelyliuM K HapyIleHHIo 00pa3oBa-
HHUS METHOHHHA U3 TOMOIIMCTENHA, YacTO aCCOIUH-
PYIOIIIUMCS ¢ TIOBBIIIEHHBIM PHUCKOM aHeMHH [5].
T'OMOBUTOTHOE HOCUTEIBCTBO MHUHOPHBIX aJlyiesield
MTHEFR (renoturnsl 677TT, 1298CC) acconmupyercs
B psjie KIMHUYECKUX HCCIIEOBAHUN C IMOBBIIIEH-
HBIM PUCKOM aHTHOIIATHU, BEHO3HBIX TPOMOO30OB U
JIErOYHOU TpoMboaMbonu [5—7].

B HameM ucciieZJOBaHUM MPOJIEMOHCTPUPOBAHO
noBbiieHHOe OIIl reHeTHYecKH OOYCIOBIEHHBIX
HapyleHud MerabosusaMa BUTaMHHA B, u TpaHc-
¢opmanmy ToMONKICTENHA. YCTAHOBJIEHO 3HAUEHHE
psifia MmoKasarejiell aHEMUH KaK WHIMKATOPOB TeHe-
THYECKU JIETEPMUHUPOBAHHBIX HAPYIIEHUH (dosiat-
Horo merabosuama. IlokazaHo 3HAUNMOE YMEHbBIIIEe-

the detected anemia and thrombocytopenia
markers.

2. The heterozygous 677CT single-nucleotide
polymorphism and the homozygous 677TT polymor-
phism of the MTHFR gene are associated with the
OR decrease of achieving by the 14th day of hospital-
ization the first of two negative results of SARS-
CoV-2 RNA detection in biological material from the
respiratory tract in the hospitalized patients with
lung damage associated with the COVID-19 infec-
tion.

3. The use of prediction and correction methods
of folic acid and vitamin B , metabolism disorders in
patients with lung damage associated with SARS-
CoV-2 infection, has a potential to develop a strategy
of personalized therapy and early rehabilitation of
this category of patients.
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Hue Ol focTuKeHUsA OTPUIATEILHOTO pe3ysbTaTa
BoissBeHuss PHK Bupyca SARS-CoV-2 B 6uosoruue-
CKOM MaTepuajie K 14-My JHIO TOCHUTIN3ALUU Y
MMAllUEHTOB C TeTePO3UTOTHBIM M TOMO3UTOTHBIM
HOCUTEJIbCTBOM MuHOpHOro asnensas T SNP rena
MTHFR (renotuns! 677CT, 677TT), urto mo3Bojser
MIPEJIIOJIOKUTh CBA3H 00Jiee JUIMTETHLHOTO IEPCH-
ctupoBanus Bupyca SARS-CoV-2 ¢ moBbIIIIEHHBIM
puckoM TpoM6030B u aHrHonatuii. HemocraTounas
CTaTUCTUYeCKasl 3HAUYUMOCTDh BJIMSAHUS Ha H3yuae-
MBI HCXOZA 3a00JIeBaHUS TeHOTHUIIA TOMO3UTOT
MTHFR 1298CC MO3KeT OBITh CBsI3aHA C OTPAHUYEH-
HBIM KOJIMYECTBOM BBIOODOYHBIX HAOJIIOAEHUN
naruenToB ¢ COVID-19 1 HUBKUMHU YaCTOTAMHM 3TUX
O/THOHYKJIEOTU/THBIX IIOJIUMOP(U3MOB I'eHOB.

3AK/JITIOYEHUE

[TosiygeHHBIE PE3YJIBTATHI TO3BOJISIOT C/EIaTh
CJIEJTyTOIIE BBIBOJBI:

1. Y arieHToB ¢ MOpa’keHueM JIETKUX, aCCOITHH-
poBanubiM ¢ COVID-19, Habsio/iaeTcsi MOBBIIIEH-
HBI OTHOCUTEJbHBIN PUCK TE€TEPO3UTOTHOTO HOCH-
TEJIbCTBA MHUHOPHOTO ajuiens G OJIHOHYKJIEOTHU/I-
HOro mosmMopdusMa reHa ¢epmeHTa (pogaTHOTO
nmukia MTRR 66AG, yto MOKeT 0O0YyCJIOBJIUBATH
JleUITUT METHIIKOOAIaMITHA.

CIINCOK JINTEPATYPbI

1. Woolf S.H., Chapman D.A., Lee J.H. COVID-19 as
the leading cause of death in the United States //
JAMA. 2021. Vol. 325 (2). P. 123—124. doi: 10.1001/
jama.2020.24865.

2. Piroth L., Cottenet J., Mariet A.S. et al. Comparison
of the characteristics, morbidity, and mortality of
COVID-19 and seasonal influenza: a nationwide, popu-
lation-based retrospective cohort study // Lancet. Res-
pirat. Med. 2021. Vol. 9 (3). P. 251—259. doi: 10.1016/
S2213-2600(20)30527-0.

3. Tang N., Li D., Wang X., Sun Z. Abnormal coagula-
tion parameters are associated with poor progno-
sis in patients with novel coronavirus pneumonia //
J. Thromb. Haemost. 2020. Vol. 18 (4). P. 844—-847.
doi: 10.1111/jth.14768.

4. Yang Z., Shi J., He Z. et al. Predictors for imaging
progression on chest CT from coronavirus disease
2019 (COVID-19) patients // Aging. 2020. Vol. 12 (7).
P. 6037-6048. doi: 10.18632/aging.102999.

5. Carr D.F., Whiteley G., Alfirevic A., Pirmohamed M.
Investigation of inter-individual variability of the one-
carbon folate pathway: a bioinformatic and genetic
review // Pharmacogenomics J. 2009. Vol. 9. P. 291—
305. doi: 10.1038/tpj.2009.29.

6. Lupi-Herrera E., Soto-Lopez M.E., Lugo-Dimas A.J.
et al. Polymorphisms C677T and A1298C of MTHFR
gene: homocysteine levels and prothrombotic bio-
markers in coronary and pulmonary thromboembolic
disease // Clin. Appl. Thromb. Hemost. 2019. Vol. 25:
1076029618780344. doi: 10.1177/1076029618780344.

Hab6mnromaeTces yBesnueHre OTHOIIEHUSA IIAHCOB
TOMO3HUTOTHOTO HOCUTEJIbCTBA asuiens G OJHOHY-
kaeoTuAHOTO nosmMopdusma MTRR 66GG y nanu-
€HTOB IIPH BBISIBJIEHUU MapKepoB aHEMHU U TPOM-
OOILIUTOIIEHUH.

2. OJTHOHYKJIEOTH/THBIA T€TEPO3UTOTHBIN ITOJTU-
mopdusm 677CT M TOMOBHTOTHBIA MHOJIUMOPDHU3M
677TT rena MTHFR acconuupyroTcs ¢ yMeHbIIIEHIEeM
OTHOIIIEHU IIIAaHCOB JJOCTHKEHUA K 14-My JTHIO TOCIIU-
TaJIN3AIIH IIEPBOTO U3 IBYKPATHO IOJIyIeHHBIX OTPU-
I[aTeJIbHBIX Pe3yJIbTaTOB OIpeZesIeHUs B OHoornye-
CKOM MaTtepuajie u3 apixareabHbix myteii PHK kopo-
HaBupyca SARS-CoV-2 y rocnutajm3mpoBaHHBIX
MAIEHTOB C MOpaKeHWEeM JIETKUX, acCOIIMUPOBAH-
HBIM ¢ UHQEKITNOHHBIM 3a00eBanneM COVID-19.

3. [IpuMeHeHre METOZOB NPOTHO3UPOBAHUA U
KODPEKIIMH HapylieHuii Mmerabosusma ¢oIHeBOn
KHUCJIOTBI ¥ BUTaMuHa By mManueHTtoB ¢ mopase-
HHUEM JIeTKUX, CBA3AaHHBIM C HHQPUIIMPOBAHUEM
kopoHaBupycoM SARS-CoV-2, umeeT noTeHIuaI
JUIsT pa3paboOTKU CTpaTeruy IepCOHUMUIIMPOBAH-
HOU TepaIuy U paHHEN peabrIuTaIly 9TOU KaTero-
pUH TAIUEHTOB.

KoH@IUKT MHTEpPEeCOB. ABTOPHI 3asIBJISIOT 00
OTCYTCTBUM KOH(MJINKTA UHTEPECOB.

REFERENCES

1. Woolf S.H., Chapman D.A., Lee J.H. (2021). COVID-19
astheleading cause of death in the United States. JAMA,
325 (2), 123—124. doi: 10.1001/jama.2020.24865.

2. Piroth L., Cottenet J., Mariet A.S. et al. (2021). Com-
parison of the characteristics, morbidity, and mortal-
ity of COVID-19 and seasonal influenza: a nationwide,
population-based retrospective cohort study. Lancet.
Respirat. Med., 9 (3), 251-259. doi: 10.1016/S2213-
2600(20)30527-0.

3. Tang N., Li D., Wang X., Sun Z. (2020). Abnormal
coagulation parameters are associated with poor prog-
nosis in patients with novel coronavirus pneumonia.
J. Thromb. Haemost., 18 (4), 844—847. doi: 10.1111/
jth.14768.

4. YangZ., ShiJ., He Z. et al. (2020). Predictors for imag-
ing progression on chest CT from coronavirus disease
2019 (COVID-19) patients. Aging, 12 (7), 6037—-6048.
doi: 10.18632/aging.102999.

5. Carr D.F., Whiteley G., Alfirevic A., Pirmohamed M.
(2009). Investigation of inter-individual variability of
the one-carbon folate pathway: a bioinformatic and
genetic review. Pharmacogenomics J., 9, 291—-305.
doi: 10.1038/tpj.2009.29.

6. Lupi-Herrera E., Soto-Lopez M.E., Lugo-Dimas A.J.
et al. (2019). Polymorphisms C677T and A1298C of
MTHFR gene: homocysteine levels and prothrom-
botic biomarkers in coronary and pulmonary throm-
boembolic disease. Clin. Appl. Thromb. Hemost., 25,
1076029618780344. doi: 10.1177/1076029618780344.

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

77



Ieiimax U.A. u dp. / Journal of Siberian Medical Sciences 4 (2021) 67-79

7. Abu-Farha M., Al-Sabah S., Hammad M.M. et al. Prog-
nostic genetic markers for thrombosis in COVID-19
patients: a focused analysis on D-dimer, homocyste-
ine and thromboembolism // Front. Pharmacol. 2020.
Vol. 11: 587451. doi: 10.3389/fphar.2020.587451.

8. Dehghani-Samani A., Kamali M., Hoseinzadeh-Chah-
kandak F. The role of vitamins on the prevention and/
or treatment of COVID-19 infection; a systematic
review // Mod. Care J. 2020. Vol. 17 (3): €e104740. doi:
10.5812/modernc.104740.

9. BpemenHble MerojuuecKue pekoMeHaanuu. IIpodu-
JIAKTHKA, JTUATHOCTHKA U JIeYeHHe HOBOU KOPOHABH-
pycuoii uadexnuu (COVID-19). MUHUCTEPCTBO 37pa-
BooxpaHeHuss Poccuiickoii ®enepanun. Bepcus 7
(03.06.2020). URL: https://static-0.rosminzdrav.
ru/system/attachments/attaches/000/050/584/
original/03062020_%D0%9CR_COVID-19_v7.pdf
(mara obpareHus: 24.04.2021).

10. AcradreBa M.H., barun B.A., MosizoBanoB A.B. u ap.
Cpasuenue mxkan qSOFA, NEWS u kputepues SIRS B
MIPOTHO3€ WCXO/IOB y MAIEeHTOB MPUEMHOTO OT/eIe-
HUS B 3aBUCHMOCTH OT HATUYUsA WHGPEKIINH: PE3YJIb-
TaThl MPOCIEKTUBHOTO HAOJII0ATEIFHOTO HCCIIENO0-
Bauus // KiMH. MHUKPOOHMOJIOTHS U aHTUMHUKPOOHAS
xumuoTepanus. 2019. T. 21, N2 1. C. 18-25.

11. Crpozenko JI.A. IlepBuyHas TpoMOOIIPOGUIAKTUKA Y
IIOZIPOCTKOB Ha OCHOBE BBISIBJIEHUsI ¥ MOAUMDUKAIIUN
IIOCTOSTHHBIX U BPEMEHHBIX (haKTOPOB TPOMOOTEHHOTO
pHucKa: ucC. ... I-pa MeJl. HayK: 14.01.08; 14.01.21. Bap-
HayJ, 2014. 269 c.

12. Meisel E., Efros O., Bleier J. et al. Folate levels in
patients hospitalized with coronavirus disease 2019 //
Nutrients. 2021. Vol. 13 (3): 812. doi: 10.3390/
nui3030812.

13. Im J.H., Je Y.S., Baek J. et al. Nutritional status of
patients with COVID-19 // Int. J. Infect. Dis. 2020.
Vol. 100. P. 390—-393.

14. Lee K.T., Teoh C.S., Chew T.K., Goh A.S. Microangio-
pathic haemolytic anaemia and thrombocytopenia due
to combined vitamin B12 and folate deficiency mas-
querading as thrombotic thrombocytopenic purpura //
J. R. Coll. Physic. Edinb. 2020. Vol. 50 (2). P. 144—147.
doi: 10.4997/jrcpe.2020.213.

15. Zhang Q., Shan K.S., Ogunnaike B.A., Amewuame-
Kpehor A., Nace T. An exceedingly rare presentation
of severe folate deficiency-induced non-immune hemo-
lytic anemia // Cureus. 2020. Vol. 12 (6): e8570. doi:
10.7759/cureus.8570.

CBEJEHMHA Ob ABTOPAX

Heiimax UpuHa AkoBJIeBHA — J-p Me/l. HayK, podec-
COp, JIOIEHT, 3aBeNyOIUA Kadenpol IyJIbMOHOJIO-
run u ¢rusnarpun ®I'BOY BO «Asraiickuii rocyzap-
CTBEHHBI MEIUIMHCKUN yHUBepcuTeT» MUH3/IpaBa
Poccun.

Koctiouenko 'ennaguii IBaHOBUY — JI-p MeJl. HAyK,
npodeccop, 3aBeAyOIUN OT/IeJIOM J1abopaTOPHOM
nuarnoctrku KI'BY3 «KpaeBas kimHUUYeckas 0OJIb-
Huna» (bapuayun).

BoraueB /Imurpuii EBreHpeBHMY — KJINHUYECKHUH
opaunatop ®I'BOY BO «Anraiickuil rocyapcrBeH-
HBIA MEJUIMHCKUN yHUBepcuteT» MwuHazapasa Poc-
CHUH.

7. Abu-Farha M., Al-Sabah S., Hammad M.M. et al.
(2020). Prognostic genetic markers for thrombosis in
COVID-19 patients: a focused analysis on D-dimer,
homocysteine and thromboembolism. Front. Pharma-
col., 11: 587451. doi: 10.3389/fphar.2020.587451.

8. Dehghani-Samani A., Kamali M., Hoseinzadeh-Chah-
kandak F. (2020). The role of vitamins on the pre-
vention and/or treatment of COVID-19 infection; a
systematic review. Mod. Care J., 17 (3), €104740. doi:
10.5812/modernc.104740.

9. Temporary methodological recommendations. Pre-
vention, diagnostics and treatment of novel corona-
virus infection (COVID-19). Ministry of Health of
the Russian Federation. Version 7 (2020). Retrieved
on April 24, 2021 from https://statico.rosminzdrav.
ru/system/attachments/attaches/000/050/584/
original/03062020_%D0%9CR_COVID-19_v7.pdf.
(In Russ.)

10. Astafyeva M.N., Bagin V.A., Moldovanov A.V. et al.
(2019). Comparison of the gSOFA, NEWS scores and
the SIRS criteria in predicting outcomes in emer-
gency department patients with and without infection:
results from a prospective observantional study. Clini-
cal Microbiology and Antimicrobial Chemotherapy,
21,1,18-25.

11. Strozenko L.A. (2014). Primary thromboprophylaxis
in adolescents based on the reveal and modification of
constant and temporary factors of thrombogenic risk.
Dr. Sci. (Med.) Thesis. Barnaul, 269 p. (In Russ.)

12. Meisel E., Efros O., Bleier J. et al. (2021). Folate levels
in patients hospitalized with coronavirus disease 2019.
Nutrients, 13 (3), 812. doi: 10.3390/nu13030812.

13. Im J.H., Je Y.S., Baek J. et al. (2020). Nutritional sta-
tus of patients with COVID-19. Int. J. Infect. Dis., 100,
390-393.

14. Lee K.T., Teoh C.S., Chew T.K.,, Goh A.S. (2020).
Microangiopathic haemolytic anaemia and thrombocy-
topenia due to combined vitamin B12 and folate defi-
ciency masquerading as thrombotic thrombocytopenic
purpura. J. R. Coll. Physic. Edinb., 50 (2), 144—147.
doi: 10.4997/jrcpe.2020.213.

15. Zhang Q., Shan K.S., Ogunnaike B.A., Amewuame-
Kpehor A., Nace T. (2020). An exceedingly rare presen-
tation of severe folate deficiency-induced non-immune
hemolytic anemia. Cureus, 12 (6), e8570. doi: 10.7759/
cureus.8570.

ABOUT THE AUTHORS

Irina Ya. Tseimakh — Dr. Sci. (Med.), Professor, Asso-
ciate Professor, Head, Department of Pulmonology and
Phthisiology, Altai State Medical University (Barnaul).

Gennady I. Kostuchenko — Dr. Sci. (Med.), Professor,
Head, Department of Laboratory Diagnostics, Regional
Clinical Hospital (Barnaul).

Dmitry E. Bogachev — Clinical Resident, Altai State
Medical University (Barnaul).

Olga A. Zubova — Chief, Altai Regional Hospital for War
Veterans (Barnaul).

Tatyana A. Kornilova — Head, Department of Pulmon-
ology, City Hospital No. 5 (Barnaul).

Alena G. Harlova — Medical Deputy Chief, Altai
Regional Hospital For War Veterans (Barnaul).

78

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



Tseimakh I.Ya. et al. / Journal of Siberian Medical Sciences 4 (2021) 67—79

3yooBa Oubra AsiekcaHapoBHa — HauasibHUK KIBY3
«ANTaiCKUA KpaeBOM TOCIUTAJIb /I BETEPAHOB
BoiiH» (Bapnay).

KopauioBa TarbsiHa AJleKCaHAPOBHA — 3aBeyio-
mui otnesenueM mysbMoHosorun KI'BY3 «Topog-
ckas 6onpHUIA NO 5, 1. BapHayi».

XapaoBa Asnena I'emHagbeBHa — 3aMeCTUTENb
HayaJgpbHUKA TOCIUTANIA II0 MEJUIIMHCKOH dYacTu
KI'BY3 «AnTaiickuii KpaeBOH TOCIIUTAJIb JIJIs1 BETEPA-
HOB BoMH» (Bapnayur).

Kpamaps Hpuna IlerpoBHa — Bpad-IIyJIbMOHOJIOT
KI'BY3 «T'opoackas 6osbHUIA N2 5, 1. BapHayn».
Ieiimax AJsexkcaHap EBreHbeBHY — KaHI. Meq.
HayK, acCUCTeHT Kadenpsl GaKkyJIbTETCKOU XUPYPTUHU
OTBOY BO «AnTalicKu# rocy/IapCTBEHHBIN MeUITH-

ckuii yauBepcureT» (bapHayn).

Ilotixer fIxkoB HaxmMaHOBUY — J-p Mel. HAayK, IIPO-
deccop, wieH-koppectonzeHnT PAH, 3aBemyrommii
kadenpoit dakynprerckoii xupypruun OI'BOY BO
«AJITAMCKUU TOCY/IApCTBEHHBIA MEAUIUHCKUU YHU-
BepcuteT» (bapHayn).

Irina P. Kramar — Pulmonologist, City Hospital No. 5
(Barnaul).

Alexandr E. Tseimakh — Cand. Sci. (Med.), Assistant,
Department of Surgery, Altai State Medical University
(Barnaul).

Yakov N. Shoyhet — Dr. Sci. (Med.), Professor, Cor-
responding Member, Academy of Sciences of Russia,
Head, Department of Surgery, Altai State Medical Uni-
versity (Barnaul).

79



YJIK 616.351-006.6-037 doi: 10.31549/2542-1174-2021-4-80-96

IIpormo3upoBaHre OMOJIOTHYECKOTIO IMMOBEAEHUS OIyX0JIeH
(Ha MpuMepe KOJIOPEKTATIHHOTO PaKa): peTpocleKTHBa
M B3IJIAL B Oyaylee

A.C. Korcrauntunon® 2, K.B. IllenexoBa'™3

TBY3 «Canxm-ITemepbypackuil kauHu4eckuil Hay4¥HO-NpaKmu1eckuil yeHmp cneyuaau3upoO8aHHbIX 6U008
MeduyuHcKoll nomowu (OHKON02UHeCKUTL)»

240y BO «Canxm-ITlemepbypackuil MeoUuUKO-COYUANBHBLIL UHCTIUMYM»

3@I'6EBOY BO «BoenHo-meduyuHrckas axademus umeru C.M. Kuposa» Muxucmepcmaa o60potst PO
(Canxm-Ilemepbype)

AHHOTAIIUA

TTOIIBITKY OTIPEETUTh OHOJIOTHYECKOE TIOBE/IEHIE OITyX0JIel ObLITH HEOTHEMJIEMOH YaCThIO UCCIIEIOBAHUIN B OHKOJIOTHH B
TeYeHUe MTOUTH 100 JIEeT. 3a ATOT MePHo7, OBLIO POBEJEHO MHOKECTBO PAbOT 10 OIeHKe IEHHOCTH OT/IeJIbHBIX (DAKTOPOB,
BKJTIOUAOIIUX KaK KJIMHUYECKYI0 HHGOPMAIHIO O MaI[ieHTe, TaK U MaToMop¢oIornyecKre 0COOEHHOCTH CTPOEHUS OILy-
X0U. BpUTH TIpe/yioskeHbl M MOAUGbUIIMPOBAHBl PA3IHMUYHbIE CUCTEMbI, KOMOMHUPYIOIINE BCEBO3MOKHBIE COUETAHUS
XapaKTePUCTUK HOBOOOPA30BaHUS U AIIUEMUOIOTHYECKIX TapaMeTpoB. Takum 06pa3oM, MOIX0/IbI K IPOTHO3UPOBAHUIO
OMOJIOTHYECKOTO TIOBEJIEHUS OIyX0JIel MOXKHO YCJIOBHO Pa3/IeJIUTh Ha /{BAa THIA: TIEPBBIH — aHAJTUTUYECKUH MOXOM —
OCHOBAaH Ha BBISIBJIEHUH OT/EIbHBIX MOP(OIOTUUECKHUX WU KINHUYECKUX (PaKTOPOB, BIUSIONINX HA TEUEHHE OIyX0JIe-
BOT'O ITPOIIeCca, ¥ BTOPOH — CHCTEMHBIH ITO/IX0/T, 3aKTFOYAIOIIHUICA B 00be/ITUHEHUN HECKOJIBKUX CBSI3aHHBIX M B3AaUMOJIEH-
CTBYIOIIUX MEK/y COOOU MPU3HAKOB B €UHYI0 MPOTHOCTHYECKYIO MOjiesb. CyIlIecTBYIOIIHEe CUCTEMBI KaaccupUKaIuu
OTyX0JieH Mayieku OT coBepliiieHcTBAa. TeM He MeHee 00lllee MHEHUE MATOJIOTOB, XUPYProB U KIUHUYECKUX OHKOJIOTOB
COCTOUT B TOM, UTO MapaMeTPhl, XapaKTEPU3YIOIie MPOTHO3, 3aC/Iy>KUBAIOT TOTO, YTOOBI OBITH YACTHIO CTAHIAAPTHOTO
1aToMOp¢OJIOTHYECKOTO OTUETA JIJIsi GOJIBIIMHCTBA OIYXOJIEH.

Kmoueeble ca08a: KONOPEKTATIHHBIH PaK, TPOTHO3UPOBAHKE, MOJIEJTh, IPOTHBOOIYXO0JIEBHIN IMMYHHUTET, MUKPOOKDY KEHHE.
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Prediction of the biological behavior of tumors: colorectal cancer
case study. Retrospective and future outlook
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ABSTRACT

Attempts to determine the biological behavior of tumors have been an integral part of research in oncology for nearly
100 years. During this period, many works have been carried out to assess the value of individual factors, including both
clinical information about the patient and the pathomorphological features of the tumor. Various systems have been pro-
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posed and modified, combining all possible combinations of neoplasm characteristics and epidemiological parameters.
Thus, approaches to predicting the biological behavior of tumors can be conditionally divided into two types: the first, an
analytical approach, is based on revealing individual morphological or clinical factors that affect the course of the tumor
process, and the second, a systemic approach, which consists in combining several related and interacting constitute signs
into a unified predictive model. Existing tumor classification systems are far from perfect. Nevertheless, the general con-
sensus among pathologists, surgeons, and clinical oncologists is that prognosis parameters deserve to be a part of the
standard pathology report for most tumors.

Keywords: colorectal cancer, prognosis, model, antitumor immunity, microenvironment.
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BBEJIEHUE

OpHO 13 OCHOBHBIX 337]a4 Bpaya, COIVIaCHO y4e-
HUIO MeJUITMHCKOU IIKOIBI ['Mnmokpata, sBiseTcs
JIOCTHKEeHUEe MacTepcTBa B UCKYCCTBE IIPOTHO3UPO-
BaHWA JlaJIbHEHINEro TedeHus 3abosieBaHusa [1].
CambIM Ba:KHBIM (PAKTOPOM, OIPEAESIONINM IPO-
THO3 IallieHTa C COJIMAHBIMHU OILyXOJIIMH IIOC/Ie
MIOTEHI[UATIPHO KypabeabHON PEe3eKINU, SBIISIETCS
pacnpocTpaHeHHOCTh OIIyXO0JIM, KOTOpas CBA3aHa C
BO3HUKHOBEHUEM OTZaJIeHHBIX MeTacTa30B.
Xopomio M3BECTHO, YTO CKPBITHIE (OKKYJIBTHBIE,
JIDEMJTIOIIFIE) METACTa3bl MOTYT OBITH JIaXKe Y TaI-
€HTOB IIOCJIe IIOJIHOTO XHUPYPIUYEeCKOro yZAajieHus
IIepBUYHOM OIyX0u, U 3TOT (eHOMEeH fABJIseTcs
[IPUYMHOY Pa3BUTHUS yKe ABHBIX MeTacTa3oB. [Ipu-
6JIMBUTETIBHO 20 % IMalEeHTOB C KOJIOPEKTAIBHBIM
PakoM UMeIOT CHHXPOHHBIE OT/JaJIeHHbIe MeTaCTa3bl
Ha MOMEHT o0palneHus. Penuins omyxoau B Teue-
HHe 5 JIeT IIocjie Ollepallud B BHJI€ OTJaJIeHHBIX
MeTaXpOHHBIX METAacTa30B oTMedaeTcs B 25 % CiIy-
4JaeB KOJOpeKTaIbHOro paka Il craguu u B 50—60 %
— III craguu [2]. BeposATHOCTh HATUYUS CKPBITOH
JIUCCEMUHAIIUU OITyXOJIN JIEKUT B OCHOBE HCIIOJIb-
30BaHUS CUCTEMHOU aIbIOBAHTHOU XMMHOTEPATTUH
y aI[UEHTOB, KOTOPBIM OBLIO ITPOBEJIEHO PAJIUKAIb-
HOe JieueHue IepBUYHOU ommyXoau. Db GeKTUBHOCTD
aJIPIOBAHTHON XHUMUOTEpAINY, Ha3HAYaeMoOu ¢
LeJIBI0 IIOJABJIEHUA OTJAJeHHBIX MeTacTa3oB U
yIIy4llleHUs BBIXKUBAEMOCTH, IEMOHCTPUPYETCA IpU
III craguu KOJIOPEKTaJBbHOTO paKa, HO OCTaeTcs
HeomHo3HauHOU mipu II craguu [3]. Ilamuentam c
BBICOKMM PHUCKOM CKDBITBIX METacTa30B pPeKOMeH-
JIOBAHO HA3HAYATh KyPC IIUTOTOKCHYECKON XUMIO-
Tepalluy B TedeHue 6 Mec. I'pymiia BBICOKOTO prcKa
Ha IpaKTUKe olpesesdeTcs 0 HAJIMIUI0 MeTacTa-
30B B JuM@aTuuecKux yajaax mo cucreme TNM.
ITprMeHeHUe MOCIeoNepaiOHHON XUMUOTEpAINU
YCHEINTHO CHIKAET JIETAJIBHOCTD JI0 30 U 1axe 50 %.
OpHaKO UCIIOJIb30BAHUE IOJIOKHUTEIbHBIX JuMda-
TUYECKUX Y3JI0B KaK eINHCTBEHHOH /leTepMUHAHTHI

INTRODUCTION

One of the main tasks of a doctor, according to
the teachings of Hippocrates’ medical school, is to
achieve mastery in the art of predicting the further
course of the disease [1]. The most important fac-
tor determining the prognosis of a patient with
solid tumors after a potentially curable resection is
the extent of the tumor, which is associated with
the occurrence of distant metastases. It is well
known that latent (occult) metastases can occur
even in patients after complete surgical removal of
the primary tumor, and this phenomenon is the
reason for the development of already obvious
metastases. Approximately 20% of patients with
colorectal cancer have distant synchronous metas-
tases at the time of presentation. Tumor recur-
rence within 5 years after surgery in the form of
distant metachronous metastases is observed in
25% of cases of stage II colorectal cancer and in
50—60% of stage III [2]. The likelihood of latent
tumor dissemination underlies the use of adjuvant
systemic chemotherapy in patients who have
undergone radical treatment of the primary tumor.
The effectiveness of adjuvant chemotherapy, pre-
scribed to suppress distant metastases and
improve survival, has been demonstrated in stage
III colorectal cancer, but remains controversial in
stage II [3]. Patients with a high risk of latent
metastases are recommended to prescribe a course
of cytotoxic chemotherapy for 6 months. In prac-
tice, the high-risk group is determined by the pres-
ence of metastases in the lymph nodes according
to the TNM system. The use of postoperative che-
motherapy has successfully reduced mortality by
up to 30 and even 50%. However, the use of posi-
tive lymph nodes as the sole determinant of adju-
vant therapy ignores the fact that 25% of patients
who have not had lymph node metastases never-
theless develop relapses [2]. In contrast, an unfa-
vorable outcome is not observed in all cases with
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aJIbIOBAHTHOU TEPAIITMH UTHOPHUPYET TOT (PAKT, UTO Y
25 % manueHTOB, He HMEBIIHX METAaCTa30B B JIMM-
daruuecknx ysyiax, TEM HE MeHee Pa3BUBAIOTCS
peuuguBbl  [2]. HamporuB, He6JIarONpUATHBIN
HCXOJT HAOJTIOAETCsA HE BO BCEX CITyUasaX C MOJIOKH-
TeJIbHBIMU JUM(PATAUYECKUMU y3aaMmu. [Ipumene-
HUE WH/UBUJIyaTU3NPOBAHHON OIIEHKU pHCKa
MeTacTa3uPOBAHUS MOTIJIO ObI IOMOYb PAITHOHAIH-
3UPOBATh CXeMy IIOCJIEONIEPAIlMOHHOIO BeJEHUA
maruenToB. CorracHo pekoMmeHzaanusm National
Comprehensive Cancer Network (NCCN), exxeroz-
HO€ TMPOXOXKJIEHHE KOMIIBIOTEPHOU ToMorpaduu
TOKA3aHO MaIfeHTaM M3 T'PYIIbl BHICOKOTO pUCKA
peuuanBoB. Kak oTMeuasioch BbIIIe, ONpeAeieHNe
rpynnsl pucka mno cucreMe TNM mMeeT 3HaUUTEIIb-
Hble OTPAaHUYEHU; Y HEKOTOPBIX MMAIleHTOB € KOJIO-
pexranbubIM pakoM 11 ctaguu 3a6oeBanme mpoTe-
KaeTr OJlarompusiTHee, yeM y manueHToB co I cra-
nued, u He Bce ciaydyau III crajium MMeEOT OJ(HO-
THITHO He0JIarOIPUSITHBIH MTPOTHO3.

B cBsI3u ¢ BHINIECKA3aHHBIM 3HAUUTEIHHOE KOJIH-
YeCTBO yCHJINH OBLIIO IPEJIIIPUHATO JIJIs1 pa3paboTKU
YyBCTBUTEJIbHBIX METOJUK BBISABJIEHUS CKPBITHIX
PETHUOHAPHBIX U CHUCTEMHBIX METACTA30B Y TMAI[UEeH-
TOB C KOJIOPEKTAJIbHBIM pakoM. IIporHocruueckue
MapKepbl, KOTOPbIE TTO3BOJISIOT UIeHTU(DUITTPOBATH
MMAIMEHTOB C BBICOKUM WJIM HU3KUM PHUCKOM OT/Ia-
JIEHHBIX METacTa30B, MOTYT UMETh OOJIbIIOE BIIHSA-
HUEe Ha KJIWHUYECKYI0 TAaKTHKY BeJeHUs JaHHBIX
ManueHToB, BKJIIOUasd BO3MOKHOe Ha3HAYeHUE ab-
IOBAaHTHOTIO JIeUeHUs.

AHAJINTUYECKHUI ITOIXO/T,

Ceasp Mexay Mopdosoruedl M KINHUYECKUM
IIOBEJIEHNEM OIyXOJIed U3BeCcTHa OoJjiee 4eM croJie-
THe, a BBIABJIEHHE TAaKUX KJIMHUKO-TIATOJIOTHYECKUX
KOppeIANui MOXKHO OOHapy:kuTh B paboTax
Pynonnsda Bupxosa. BriepBbie commoctaBuTh MUKPO-
CKOITUYEeCKre OCOOEHHOCTH OIYXOJIM C MX OHOJIO-
rHefl W KJIWHUYECKUM IIOBEJIEHUEM ITOIBITAJICS
Hasup Ilayns ¢dou Xauzeman (David Paul von
Hansemann) B cBoeii pabote 1897 I. « MUKPOCKOITH-
YecKas JUATHOCTHKA 3JI0KAYECTBEHHBIX OITyXOJIEH».
OJlHaKO MPOTHO3UPOBAHUE IIOBEJIEHUS OIyXOJeh
OJTHOU U TOM ’Ke JIOKAJTHU3AIUU U TUCTOJIOTUYECKOTO
THIIA OCTABAIOCH SMITUPUYECKUM 0 1920 T., KOTJa
amepukaHckuil narosor Ansbept Bpomepc (Albert
C. Broders) BmepBble OIYOJHMKOBAJ Pe3yJIbTAThI
OIIEHKU CTEIIeHW THCTOJIOTMUECKOU 3JI0KAUeCTBEH-
HOCTH IUIOCKOKJIETOYHBIX KapIMHOM TyObl [4].
Pabota Bpozepca BriepBble moKa3ajaa BO3MOXKHOCTh
C TIOMOIIBI0 MUKPOCKOIIMYECKOTO WCCIIEZOBAHUS
TKaHHU OIPENIEJIATh C BHICOKOH CTEMEHBI0 TOYHOCTH
CII0COOHOCTD OIIYXOJIU K MeTacTa3upPOBaHUIO U Pop-

positive lymph nodes. The use of an individualized
assessment of the risk of metastasis could help
rationalize the postoperative management of
patients. According to the National Comprehen-
sive Cancer Network (NCCN) guidelines, annual
computed tomography is indicated for patients at
high risk of recurrence. As noted above, the TNM
classification use for the risk group staging has
significant limitations; some patients with stage III
colorectal cancer have of more favorable disease
than those with stage II, and not all stage III cases
have a similarly poor prognosis.

In connection with the above, a significant
amount of effort has been made to develop sensi-
tive methods for detecting latent regional and sys-
temic metastases in patients with colorectal cancer.
Prognostic markers that identify patients at high or
low risk of distant metastases can have a significant
impact on the clinical management of these
patients, including the potential for adjuvant treat-
ment.

ANALYTICAL APPROACH

The relationship between morphology and clini-
cal behavior of tumors has been known for more
than a century, and the identification of such clini-
cal and pathological correlations can be found in
the works of Rudolf Virchow. For the first time,
David Paul von Hansemann tried to compare the
microscopic features of tumors with their biology
and clinical behavior in his 1897 work “Microscopic
diagnosis of malignant tumors.” However, predict-
ing the behavior of tumors of the same localization
and histological type remained empirical until
1920, when the American pathologist Albert C.
Broders first published the results of assessing the
degree of histological malignancy of squamous cell
carcinomas of the lip [4]. Broders’ work showed for
the first time the possibility of using microscopic
examination of tissue to determine with a high
degree of accuracy the ability of a tumor to meta-
static spread, and to make a prognosis, regardless
of clinical information [5]. For several years, the
principle of assessing the histological grade has
been adapted for other anatomical localizations
and histological types of tumors. In 1936, Dr. Cuth-
bert E. Dukes applied the Broders system for the
rectum, supplementing it with a technique for
assessing the depth of invasion and the volume of
tumor spread [6]. Further studies have shown that
the joint assessment of the histological grade of
malignancy and stage in colorectal cancer has a
greater prognostic accuracy than each method sep-
arately [7]. Currently, the prognosis of the disease
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MYyJIUPOBATh IPOTHO3, HE3aBUCUMO OT KJIMHUYECKOH
nHpopmanuu [5]. 3a HECKOJBKO JIeT TPUHITUAI
OIIEHKU THCTOJIOTUYECKON CTEIeHH 3JI0KaueCTBEH-
HOCTU OBLI aIalTUPOBAH JUUISI APYTHX aHATOMHYe-
CKHX JIOKQJIU3AIUH U TUCTOJIOTMUECKUX TUIIOB OILy-
xosieii. B 1936 1. moktop Karbept /Iptokce (Cuthbert
E. Dukes) npumenun cucremy Bpojepca ajisi mpsi-
MOU KHIIIKH, JIOIIOJTHUB METOJWUKON OIIEHKH TIJIy-
OWMHBI WHBAa3UM U 00OBEeMa paCIpPOCTPAHEHUSA OIy-
xoau [6]. JlaJpHEHINNe HCCIENOBAaHUA IMOKa3aJIH,
YTO COBMECTHAsI OIleHKA CTEIeHU THCTOJIOTUYECKOMH
3JI0KAYECTBEHHOCTH U CTAUU IIPH KOJIOPEKTATBHOM
pake uMeeT OOJIBIIYIO IPOTHOCTHYECKYIO TOUHOCTb,
yeM KaxkJast MeTOIMKa 110 OT/ZeIbHOCTH [7]. B HacTo-
sIee BpeMsi MPOTHO3 3ab0JieBaHUs W HEOOXO/H-
MOCTb Ha3HAYEHUS a/TbIOBAHTHOMN TEPATIUH OCHOBBI-
BaeTcs B IIEPBYI0 OYepesb Ha maToMopdosioruye-
CKOU o1leHKe oIyxoJsiu 1o cucteme TNM c onpeziesne-
HUEM TJIyOMHBI MHBA3WHM U HAJIMYHUSA METAacTa30B B
pervoHapHbIX JuMdaTtudeckux yanax [8]. Omaako
9Ta KIaccudUKaIUsA IPEAOCTaBIIsAET JUIIb OTPAHU-
YeHHYI0 WHQOpMAIMI0 O IMPOTHO3€e, ITOCKOJIBKY
KoJie0aHUs BPIKUBAEMOCTH TAI[EHTOB C OJMHAKO-
BOU cTaaueii, B ocobernuoctH II (MecTHOpacmpocTpa-
HEHHBIA mporiecc, 6e3 MeTacTa3oB B JIMdOy3yax),
MOTYT JIOCTUTaTh 30 % [9, 10]. ¥ yacTy marueHToB ¢
pacmpocTpaHeHHBIM  mporieccoM — 3abosieBaHue
MOSKET OCTaBaThCs CTAOWJIBHBIM TOJaMH. B TO ke
BpeMs BBHIABJIEHHbIE HA paHHEH CTa[UM OILyXOJIH
MOTYT OBICTPO IPOTPECCUPOBATh U IPUBOJAUTH K
JIETAJILHOMY HCXOJTy JIasKe IIOCJIE TIOJTHOTO XUPYPTH-
Jeckoro ynaieHus [10]. J{ys ayumiet crpaTuduka-
MU pUcKa penuauBoB American Joint Committee
on Cancer (AJCC) omy0GyiuKOBas JOMOJTHUTETbHBIN
CIIMCOK TMICTOJIOTHYECKHUX MapPKEPOB, BKJIFOUAIOIIII
THUCTOJIOTHYECKUH THUII OMYXOJIH, CTEIIeHbh T'HCTOJIO-
TUYECKOU 3JI0OKAYECTBEHHOCTH, JUMQOBACKYJISIP-
HYI0 WHBa3U0, MEPUHEBPAIbHYI0 WHBA3HUIO, JIEMO0-
3UTHl OIYXOJM B KJETUATKe, SKCTpaMypaIbHYIO
BEHO3HYIO0 MHBA3UIO ¥ KOH(PUTYpaIuio omyxosiu [11].
ITepeyeHb 3HAYMMBIX THUCTOJOTUYECKHUX I1apaMe-
TPOB, PEKOMEH/IOBAHHBIX /i1 (POPMYIUPOBAHUS
IMaTOJIOT0-aHATOMUYECKOTO 3aKJII0UEHUs, COTJIAaCHO
«Krnaccuuranuyu omnyxosed IMHUIEBAPUTEIbHOU
crucTeMbl» BceMUpHOU OpraHU3amuu 37pPaBoOXpa-
HEHUs 5-TO IIepecMOTpa, BKJIFOYAET: CTENeHb Aud-
(bepeHIupPOBKH, TEPHHEBPAIHHYIO HHBA3UI0, HHTPA-
MypaJbHYIO U 9KCTPaMypPaJbHYIO COCYAUCTYIO HHBA-
3UI0, THBA3HIO B TUM(MATHUECKHUE COCYIbI, OIyXO0JIe-
BbI€ JIETIO3UTHI U MoukoBaHue [12]. CoryiacHO KJIH-
HUYECKHM pekoMmeHanussM American Society of
Clinical Oncology (ASCO), NCCN u European Society
for Medical Oncology (ESMO), 1151 aieHOKapIHOM
TOJICTOM KUIIKU K JIOKa3aHHBIM HeOJIaTONPUATHBIM

and the need for adjuvant therapy are based pri-
marily on the pathomorphological assessment of
the tumor according to the TNM system with the
determination of the depth of invasion and the
presence of metastases in regional lymph nodes
[8]. However, this classification provides only lim-
ited information about the prognosis, since fluctua-
tions in the survival of patients with the same stage,
especially ITI (locally advanced process, without
metastases in the lymph nodes), can reach 30% [9,
10]. In some patients with advanced disease pro-
cess, the disease may remain stable for years. At
the same time, tumors detected at an early stage
can rapidly progress and lead to death even after
complete surgical removal [10]. To better stratify
the risk of recurrence, the American Joint Commit-
tee on Cancer (AJCC) has published an additional
list of histological markers including histological
tumor type, histological grade, lymphovascular
invasion, perineural invasion, tumor deposits,
extramural venous invasion, and tumor configura-
tion [11]. The list of significant histological param-
eters recommended for the formulation of the
pathological and anatomical conclusion, according
to the “Classification of the Digestive System
Tumors” of the World Health Organization 5% revi-
sion includes: the degree of differentiation, peri-
neural invasion, intramural and extramural vascu-
lar invasion, invasion into the lymphatic vessels,
tumor deposits and budding [12]. According to the
clinical guidelines of the American Society of Clini-
cal Oncology (ASCO), NCCN and the European
Society for Medical Oncology (ESMO), for colon
adenocarcinomas, the proven adverse prognostic
factors include: inadequate lymphadenectomy,
perineural and vascular/lymphatic invasion, poor
differentiation, obstruction and intestinal perfora-
tion [2, 8]. Frequent morphological heterogeneity
of tumors, including the presence of sites of necro-
sis, as well as the absence of unified systems and
approaches to identifying these factors, limits the
possibility of their assessment in practice.
Vascular invasion. Extramural venous inva-
sion is an independent prognostic factor according
to the results of many multivariate studies and is
considered a direct risk factor for the development
of liver metastases [13]. Researchers distinguish two
main relevant morphological signs of extramural
venous invasion: the “orphan arteriole,” that is a cir-
cumscribed tumor nodule adjacent to an artery in a
presume vein, and the “protruding tongue,” that is a
protrusion of tumor into pericolic fat adjacent to a
well-muscularized artery [14]. In accordance with
the histological features that correlate with the risk
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IIPOTHOCTUYECKUM (hpaKTOpaM OTHOCAT: HeaJIeKBaT-
Hy10 JTUMGOTUCCEKIINIO, TIEPUHEBPAJIBHYIO U COCY-
JUCTYIO/TUM(aTUUECKYI0 WHBA3HUIO, HUBKYIO CTe-
neHb JuddepeHIupoBKH, 0OCTPYKIHIO U TTepdopa-
nuio Kumku [2, 8]. Yacras mopdosiornueckas rete-
POTEHHOCTH OIyXO0JIeH, BKJIIOUAsi HAJIMUKE YUYACTKOB
HEKpO3a, a TaKKe OTCYTCTBHE YHU(UIIPOBAHHBIX
CHCTEM W IIO/IXOJIOB K BBIABJIEHUIO YKa3aHHBIX (pak-
TOPOB, OTPAHUUHMBAET BO3MOXKHOCTh MUX OIIEHKH Ha
MIpaKTHUKE.

Cocyducmana uHeasua. IKCTpaMmypasibHasd
BEHO3Has UHBA3UsI OTHOCUTCS K HE3aBUCUMBIM IIPO-
THOCTUYECKUM (AaKTOpaM IO pe3yabTaTaM MHOMKE-
CTBa MyJIbTUBapUaOETbHBIX UCCIEOBAHUIN U CUNTA-
eTcsl MPSAMBIM (haKTOPOM PHCKA Pa3BUTHS MeTacTa-
30B B ItedeHu [13]. McceienoBaTesy BBIIEISIOT JBa
OCHOBHBIX JIOCTOBEPHBIX MOP(GOJIOTUUECKUX IIPH-
3HaKa YKCTPAaMypaJTbHOU BEHO3HOU WHBA3WU: MPU-
3HAK «W30JINPOBAHHOM apTepUH» — OYEPUEHHBIHI
y3eJ1 OITyXOJIM, TPUWIEKAIMUH K apTEPUH B MECTE
MIpe/IoJIaraeMoy BeHbI, ¥ MPU3HAK «KJIUHA» — B/a-
IOIUHCA B KJIETUATKY, 32 TPAHUIBI MBIIIEYHOH 060-
JIOUKH, KJIMH OIYyXOJIU 110 XOJTy BEHHI [14]. B cooTBeT-
CTBUU C TUCTOJIOTHYECKUMU 0COOEHHOCTSIMU, KOppe-
JIMPYIOIIMMU C PUCKAMU METACTa3UPOBAHUSA, DKC-
TPaMypaJIbHYI0 BEHO3HYIO WHBA3HIO I10JIPA3JIEJISIOT
Ha TpU BapuaHTa: (PIOTUPYIOIIYIO, 3aTIOTHSIOIILYIO 1
OKKJIIO3UBHYIO [15]. IIpu mepBoM BapumaHTe OITyXO-
JIEBBIE CTPYKTYPBI CBOOOIHO PACIIOIAral0TCs B IIPO-
CBETE COCY/Ia, COXPAHSETCS MPOCBET MEXKAY OIyXO-
JIBIO W 9H/IOTEINEM. B ciIydae MOJIHOTO 3aTI0JTHEHUSA
IPOCBETAa BEHBI C 3aMEIEHHEM HHJOTETHATIBHOU
BBICTHJIKH OTIYXOJIbIO BEHO3HYIO HHBA3UIO0 OTHOCST K
3aMOJIHAIIEMY THIYy. [IpH OKKJIIO3UBHOM THUIIE
WHBAa3WH IIPOCBET BEHBI TAK)KE IMOJIHOCTBHIO 3aIl0JI-
HEH OIIyXOJIEBBIMH CTPYKTYpaMH, HO CTE€HKA BEHBI
3HAYNTEJIbHO IIOBPEXKEHA Pa3pacTaHuAMU GUOPO3-
HOU TKaHW M BOCHAJUTEJHbHOU WHQWIbTPALHEN.
BceencTBre cTepTOCTH BEHO3HOM CTEHKH M ITOJTHOTO
OTCYTCTBHUSI IIPOCBETA TAKOW THUIl HHBAa3UHM YaCTO
OCTaeTCsl HEBBISIBJIEHHBIM IIPH OKPacKe reMaTOKCH-
JIMHOM ¥ DO3WHOM. YOEIUThCA B HAJMUUK IKCTPa-
MypaJIbHOU BEHO3HOU WHBA3UH MIOMOTAIOT TUCTOXH-
MHYECKHE METOJUKHU, TIO3BOJISIOIIHE BBISBIIATD 3J1a-
CTHUYECKHUE BOJIOKHA, COXPAHSIOIINECS B COCYAUCTOM
cTeHKe [14]. Y manueHToB ¢ KOJIOPEKTATbHBIM PAKOM
omnpeziesieHre BEHO3HONM MHBA3UU — JIYUIIIHH METO/
MIPOTHO3UPOBAHUS BUCI[EPATILHBIX METACTa30B, HAU-
OoJlee YacTOW JIOKAIM3AIUENd KOTOPBIX SBJISETCS
neuedb. CoobIaercs, 4YTo BHKHUBAEMOCTD IAIlHEeH-
TOB C KapIIMHOMOW, BOBJIEKAIOIIEH BEHBI, JOCTO-
BEPHO HUKE, YeM y MaIieHTOB 6e3 BEeHO3HOU WHBa-
3ud [13]. OjlHaKO, HECMOTPS HA BBICOKYIO CIIEIH-
¢uyHOCTh, BOCIPOM3BOAUMOCTh NMPU3HAKA 3HAUU-

of metastasis, extramural venous invasion is divided
into three types: floating, filling, and occlusive [15].
In the first variant, the tumor structures are freely
located in the lumen of the vessel, the lumen between
the tumor and the endothelium is preserved. In the
case of complete filling of the vein lumen with
replacement of the endothelial lining with a tumor,
venous invasion is referred to as the filling type. In
the occlusive type of invasion, the vein lumen is also
completely filled with tumor structures, but the vein
wall is significantly damaged by growths of fibrous
tissue and inflammatory infiltration. Due to the
abrasion of the venous wall and the complete
absence of the lumen, this type of invasion often
remains undetected on staining with hematoxylin
and eosin. Histochemical techniques can be used to
verify the presence of extramural venous invasion,
which allows the identification of elastic fibers
retained in the vascular wall [14]. In patients with
colorectal cancer, the determination of venous inva-
sion is the best method for predicting visceral metas-
tases, the most common localization of which is the
liver. It has been reported that the survival rate of
patients with carcinoma involving veins is signifi-
cantly lower than that of patients without venous
invasion [13]. However, despite the high specificity,
the reproducibility of the sign varies considerably in
practice due to differences in the defining criteria.
Thus, according to the data of various studies, the
frequency of venous invasion is from 10 to 60%,
which leads to difficulties in analyzing the signifi-
cance of this parameter in large population studies
and including this parameter in the TNM system.
The significance of intramural venous invasion as a
prognostic factor is currently not unambiguously
assessed by researchers.

Perineural invasion. Perineural invasion is
determined by the presence of tumor structures cov-
ering at least 1/3 of the nerve circumference. Peri-
neural invasion is considered one of the independent
factors of unfavorable prognosis [16—18]. However,
different works demonstrate contradictory results on
the prognostic impact of this factor in a group of
patients with stage II colorectal cancer [19]. It is also
believed that extramural perineural invasion has a
greater adverse effect on prognosis, however, the dif-
ferences between intramural and extramural peri-
neural invasion have not been adequately studied
[18].

Budding. A large number of works are devoted
to the study of the effect of the tumor budding on the
colorectal cancer prognosis. So, in the PubMed
abstract database for the period from 1983 to 2021,
there are 552 works in this area. Budding is defined
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TeJIbHO BapbUpYeT Ha IMPAKTHKE W3-3a PA3JINYUN B
OIIpelesIAIoINX KpuTepusax. Tak, 1o JaHHBIM pas-
HBIX WCCJIEOBAHUN YACTOTAa BEHO3HOW HWHBA3WHU
COCTaBJIAET OT 10 710 60 %, UTO MPUBOJUT K 3aTPYy/-
HEeHHUAM aHaIN3a 3HAYMMOCTH 3TOTO IapaMeTrpa B
OOJIBIINX TMOMYJISAIIMOHHBIX UCCIIEIOBAHUAX U BKJTIO-
4YeHUd 3TOro napamerpa B cucreMmy TNM. 3HaueHue
WHTPaMypaJIbHOM BEHO3HON HMHBA3WU KaK IPOTHO-
cTudeckoro ¢pakTopa B HACTOsIIIIEe BPeMs OIeHUBA-
€TCsI MCCIIE0BATEIIMU He OHO3HAYHO.

IlepunespanvHas uHea3uAn. lleprHeBpab-
Has WHBA3UsS ONpeJEsIAeTcs M0 HAJTUYUI0 OXBaTa
OIyXOJIEBBIMH CTPYKTYpaMH KaK MUHHUMYM 1/3
OKDY?KHOCTH HepBa. IlepuHeBpanpHass WHBA3UA
CUHTAEeTCs OJHUM U3 HE3aBUCUMBIX (HaKTOPOB
HebaronpusATHOTO IporHosa [16—18]. OgHako pas-
Hble paboThl /IEMOHCTPUPYIOT IIPOTHBOPEUYNBHIE
Ppe3yJIbTaThl UCCIIEIOBAHUN BIUSHUS 3TOTO (haKTopa
B rpymme mnamnueHToB co II cragueil KOJIOpeKTasIb-
HOoro paka [19]. Takke cumTaercs, UYTO HKCTPAMY-
pasibHAasT TepUHEBpaJbHAs WHBA3UsA OKa3bIBAeT
OospIIuii HeGIArOmPUATHBIN 3G @EKT HA MPOTHO3,
TeM He MeHee Pa3/INJusA MeXy HHTPaMypaJbHON U
SKCTPaMypaJIbHON ITepUHEBPAIIBHON MHBa3HueH nusy-
4eHbI HeJlocTaTouHo [18].

ITouxkoeaHue. bonbloe KoJIUYecTBO paboT
MIOCBSAIIIEHO WCCJIEIOBAHUIO BJIUAHUA (eHoMeHa
IIOYKOBAHMUS OIIYXOJIEBBIX KJIETOK HA MIPOTHO3 KOJIO-
pektasipHOTO paka. Tak, B pedeparuBHOU Oase
PubMed 3a mepuog ¢ 1983 mo 2021 . HACYUTHIBA-
eTcs 552 paboThl B 3TOM o6stacTy. [loukoBaHME ompe-
JlenisgeTcd Kak HaJaudrde OJWHOYHBIX KJIETOK WU
KJIACTEPOB, BKJIIOYAIOIINX JI0 4 KJIETOK, B MHBA3UB-
HOM (PpOHTE OIYXOJIH B IpeAesiax 1.0 MM OT JIMHUH
naBasuu. [Ipeamnosnaraercs, 4To MOYKOBAaHUE OTPa-
JKaeT TPOIeCC OT/IEJIEHUsT OIYXOJIEBBIX KJIETOK HA
paHHEM »3Tame MeTacTaTUYECKOro Imporecca. Ilo
pesyJsibTaTaM OOJIBIITMHCTBA WCCIEAOBAHUHN ITOYKO-
BaHUE, 0COOEHHO €CJTH OHO BBIPAXKEHHOE, OTHOCAT K
quciry (paKTOPOB BBHICOKOTO PHCKA Y IAI[UEHTOB CO
II cragyeli KOJIOPEKTAJIBHOTO PaKa, UMEIOIUX JTAKeE
0oJiblllee MPOTHOCTHYECKOE 3HAUeHUEe IO CpaBHe-
HUIO CO CTeleHbI0 T dePEHIINPOBKH OIyX0JIH [ 20,
21]. ITpu KOJIOpeKTaIPHOM paKe IIOYKOBAHUE KOppe-
JIUPYET C MOBBIIIIEHUEM YaCTOTHI METACTA30B B JIUM-
doysnax, OTHATEHHBIMU MeTacTa3aMH, MeCTHBIM
penuuBUPOBAaHNEM U HUBKOH BBDKUBAEMOCTBHIO
[22]. ITo aToi mpuunHe MexkIyHapOAHBIH IPOTHUBO-
pakoBbiii coio3 (Union for International Cancer
Control — UICC) orHec HmOYKOBaHHWE K JIOIOJIHU-
TEJIbHBIM IPOTHOCTUYECKUM (paKTOpaM BbIKHBae-
MOCTH TIPH KOJIOPEKTUIBbHOM pake [23]. i craH-
JIapTU3alUH OIeHKU IIOYKOBAHUA B KOJIOPEKTAJIb-
HBIX a/ICHOKAPIMHOMAX B 2016 T. COCTOSIICS MEXKIY-

as the presence of single cells or clusters of up to
4 cells in the invasive tumor front within 1.0 mm of
the invasion line. It is assumed that budding reflects
the separation of tumor cells at an early stage of the
metastatic process. According to the results of most
studies, budding, especially if it is high-grade, is con-
sidered a high risk factor in patients with stage II
colorectal cancer, having an even greater prognostic
value compared to the histological grade of tumor
[20, 21]. In colorectal cancer, budding is correlated
with an increased incidence of lymph node metasta-
ses, distant metastases, local recurrence, and low
survival [22]. For this reason, the Union for Interna-
tional Cancer Control (UICC) has classified budding
as an additional predictor of colorectal cancer sur-
vival [23]. To standardize the assessment of budding
in colorectal adenocarcinomas, an international con-
sensus took place in 2016, which determined the cri-
teria for assessing this indicator [21]. Traditionally,
in colorectal cancer, budding is considered a mor-
phological manifestation of the epithelial-mesenchy-
mal transition (EMT) phenomenon in the invasive
tumor front [24].

EMT is a biological process in which a polarized
epithelial cell, which usually interacts with the
basement membrane through the basal surface,
undergoes multiple biochemical changes, allowing
it to adopt the phenotype of mesenchymal cells
including enhanced mobility, invasion, resistance
to apoptotic stimuli and a significant increase in
production of the extracellular matrix components.
The completion of EMT is evidenced by degradation
of the underlying basement membrane and forma-
tion of a mesenchymal cell, which can migrate from
the epithelial layer where it originated. During
EMT, the following main events occur: loss of api-
cal-basal polarity by malignant epithelial cells due
to disruption of tight intercellular junctions and
loss of intercellular adhesion molecules such as
E-cadherin and integrins; remodeling of the cyto-
skeleton with the redistribution of actin fibers under
the cell membrane, which will further ensure the
formation of cytoplasmic protrusions; degradation
of the underlying basement membrane of the epi-
thelium, which ultimately leads to penetration into
the surrounding stromal matrix and active migra-
tion of cells that have lost their intercellular junc-
tions [25]. Although the mechanisms underlying
the epithelial-mesenchymal transition in carcino-
mas are well understood, the mechanisms that
determine the phenomenon of budding remain
unclear [26]. Despite the close relationship between
budding and epithelial-mesenchymal transition,
little is known about the molecular events that
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HAapOJHBIA KOHCEHCYC, OIPENETUBIINA KPUTEPUH
OIIEHKHU 3TOTO ToKazaTess [21]. TpaaunuonHo npu
KOJIOPEKTAJIbHOM paKe TIOYKOBAaHUE CUMTAETCS MOP-
¢omormueckum mposiByieHrEM (eHOMEHa SITUTEIH-
aJIbHO-ME3EHXUMAaTBLHOTO Ttepexozia (AMII) B mHBa-
3UBHOM (PPOHTE OIyXO0JTH [24].

OMII — 5T0 GHUOJIOTMYECKUH Ipoliece, B XOfe
KOTOPOTO MOJIAPU30BaHHAS SIIUTETUATbHAS KIIETKA,
KoTOpasi OOBIYHO B3aUMOJIEHCTBYET C 0Oa3abHOM
MeMOpaHOH depe3 06a3ayJibHYI0 ITOBEPXHOCTb, IIpe-
TepIieBaeT MHOKECTBEHHbIE OMOXUMHUYECKHE H3Me-
HEHUsI, IO3BOJISIONINE el TPUHATH (PEHOTUIT Me3eH-
XUMAaJIbHBIX KJIETOK, BKJIFOUAIONIUM IOBBIIIIEHHYIO
MHUTPAIUOHHYIO CIIOCOOHOCTD, TTO/IBUKHOCTD, TTOBBI-
[IEHHYIO YCTOUUYUBOCTD K allONTO3y U 3HAUYUTETHHOE
yBeJINYeHUE MPOJYKIIMH KOMIIOHEHTOB BHEKJIETOU-
Horo matpukca. O 3aBepiiennu DMII cBujerennb-
CTBYeT Jierpajialius mojJjiexKaniell 6a3aJibHOH MeM-
OpaHbl U 0Opa3oBaHUE Me3eHXHMAaJIbHOU KJIETKH,
KOTOpasi MOJKET MUTPUPOBATH OT SIHUTETUATHHOTO
cJi04, T7le OHa Bo3HUKJIA. B mponecce DMII mpoucxo-
JIST CJIEIYIOIIe OCHOBHBIE COOBITHS: yTpaTa 3JI0Ka-
YeCTBEHHBIMH SIHUTEIMAIbHBIMU KJIETKAMU CBOEHU
amuKaJbHO-0a3a/IbPHOM  TMOJISIPHOCTH  BCJIE/ICTBHE
HapYIIEHUS IJIOTHBIX MEKKJIETOUHBIX KOHTAKTOB U
IIOTEPH MOJIEKYJI MEKKJIETOUHOHU aJ[re3Uu, TaKHUX
Kak E-kaZrepyH ¥ MHTETPUHBI; PEMOJIETMPOBAHKE
IUTOCKEJIETa C TepepacipesieIEeHHeM AKTHHOBBIX
BOJIOKOH I10/T [IOBEPXHOCTHIO KJIETOUHOW MeMOpaHBI,
YTO B JlaJIbHENIIIEM 00ecrieduT GOPMHUPOBAHUE ITPO-
TPY3WH IHUTOIOILIA3MBI; Jlerpafaliys MoJIeKarinen
0azaJibHOW MeMOpaHBbI SIUTENTHs, YTO B KOHEUHOM
WUTOTE BEJET K IEeHeTPAIluUd B OKPY:KAIOIUH CTPO-
MaUTHHBIF MATPUKC ¥ aKTUBHON MUTPAIUU YTPATHB-
KX MEXKKJIETOUHbIe KOHTAKThI KIeToK [25]. Xors
MeXaHU3MBbI, JIesKall[ie B OCHOBE SIUTEIUATbHO-
ME3eHXUMAJIPHOTO Iepexo/ila B KapIMHOMAaX, H3y-
YeHBI JIOCTATOYHO ITOJTHO, MEXaHU3MbI, OIIPE/IEIIII0-
mre GeHOMEH MOYKOBAaHUs, OCTAIOTCS 70 KOHIA
HescHBIMU [26]. HecMOTpsI Ha TECHYIO CBSI3b MEXKIY
IMIOYKOBAaHHUEM M SIUTEIAATHLHO-ME3eHXUMaTbHBIM
IIepexo/I0M, MaJIo U3BECTHO O MOJIEKYJISIPHBIX COOBI-
TUSX, OIpezesomux tTakoi penorun. N. Yamada
et al. mpoeMOHCTPUPOBAIN OTCYTCTBUE WJIM COXPa-
HEHUEe HEIOJHOH MeMOpaHHOM BKCIIPECCUH WJIH
U3MeHeHne Ha abeppaHTHYIO [TUTOIIa3MaTHUYECKY IO
sKcnpeccruio E-kajireprHa B OTIIOYKOBBIBAIOIIIUXCS
KJIETKaX MPH KOJOPEKTAJTHHOM paKe, uTO COTJIaco-
BBIBAETCS C MPEABIIYIIUME UCCIeOBaHUAMU [26].
OmHAKO BKCIpeccHy OEJIKOB SIUTEHaTIbHO-Me3eH-
xuManbHoro mepexoma (ZEB1, TWIST, SNAIL,
SLUG) B 3THX KJIETKAaX BBISIBJIEHO HE OBLIO. ABTOPBI
TIPEJIIIOJIOKUIIM, YTO B OCHOBE asibTepanuu E-kaj-
repruHa B MOYKYIOIIHUXCA CTPYKTypaX MPU KOJIOPEK-

determine this phenotype. N. Yamada et al. demon-
strated no or incomplete cell membrane expression,
or a change to aberrant cytoplasmic expression of
E-cadherin in budding cells in colorectal cancer,
which is consistent with previous studies [26].
However, no expression of epithelial-mesenchymal
transition proteins (ZEB1, TWIST, SNAIL, SLUG)
was detected in these cells. The authors suggested
that the alteration of E-cadherin in budding struc-
tures in colorectal cancer is based on other molecu-
lar mechanisms not associated with the phenome-
non of epithelial-mesenchymal transition. At the
same time, the expression of these proteins was
detected in some cells of the surrounding stroma.
This finding may reflect the fact that some of the
stromal cells are the transformed tumor cells.

Immune infiltrate in the tumor microen-
vironment. The problem of the mutual influence of
tumors and the immune system, the direct participa-
tion of the latter in various mechanisms of antitumor
protection of a macroorganism was discussed back in
1863 when Rudolf Virchow first described the infil-
tration of solid tumors by leukocytes [27]. Histori-
cally, such an immune response was considered a
reflection of an attempt by the immune system to get
rid of the tumor, but more and more studies began to
appear indicating the paradoxical ability of tumor-
associated immune cells to stimulate tumor progres-
sion [28, 29]. The ability of a tumor to continue to
develop and spread throughout the body, despite the
immune protection, was named the Hellstrom para-
dox after two immunologists, Ingegerd and Karl Erik
Hellstrom, who first described this phenomenon
about 50 years ago [30]. The concept of antitumor
immune surveillance has recently been expanded to
include the protective role of the immune system in
tumor growth and its involvement in the selection of
tumor cells. The balance between conflicting immune
responses in a tumor can become a predictive tool or,
possibly, a therapeutic goal for redirecting these cells
to destroy the tumor [29]. Nonspecific mechanisms
of antitumor protection dominate at the early stages
of the response when the number of transformed
cells still does not exceed a thousand. And only if the
number of tumor cells increases to a million or more,
the mechanisms of antitumor immunity, determined
by an antigen-specific immune response, come to the
fore [31].

Tumor-associated macrophages (TAMs) are
important regulators of carcinogenesis. Although
macrophages are classically considered the main
effector cells of the immune protection, numerous
studies have demonstrated the role of TAMs in main-
taining various forms of tumor progression. Their
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TaJIbHOM paKe JIeXKaT JIPyTHe MOJIEKYJIIPHbIE MeXa-
HU3MBbI, He CBSI3aHHbIE ¢ DEHOMEHOM 3TIUTETUATIBHO-
Me3eHXUMAaJIbHOTO Iepexozia. [Ipu aToM sKcmpeccus
9TUX OEJIKOB ObLIa BBISIBJIEHA B YACTU KJIETOK OKPY-
JKAIOIIed CTPOMBI. JTa HAXOJKa MOXKET OTPaXKaTh
TOT (DAKT, UTO YACTh KJIETOK CTPOMBI IIPECTABIISAET
cob01 TpaHCcHOPMHUPOBAHHBIE OITyX0JIEBBIE KIIETKHU.
HmmyHHblil uHPurbmpam 6 onyxo.n1e6om
MuxkpooxpydxceHuu. O npobieme B3aNMHOTO
BJIMSTHUS OIyXOJIEW ¥ IMMYHHOU CHCTEMBI, O HEIIO-
CPEJICTBEHHOM YYaCTHH TOCIeAHEH B Pa3JIHYHBIX
MeXaHU3Max ITPOTHUBOOIYXOJIEBOH 3aIIUTHI MaKpO-
opraHuzMa 3aroBopuiu emje B 1863 r., Korza
Pynosnbd BupxoB BrepBble onucaa WHGUIBTPAIIHIO
COJIMTHBIX OITyXOJIeH JledKoruramu [27]. Victopuue-
CKH TaKOU UMMYHHBIH OTBET CYUTAJICS OTPAKEHUEM
MOTBITKA UMMYHHOH CHCTEMBI U30ABUTHCSA OT OILy-
XOJI, OTHAKO BCE YAIlle CTAJIN HOSABIIATHCS PabOTHI,
CBUJIETEJIHCTBYIOIIHE O MAapPaJIOKCAIBHOHN CITIOCOOHO-
CTH OITyXOJIb-aCCOIUUPOBAHHBIX UMMYHHBIX KJIETOK
K CTHUMYJISIIMU OIyXOJIEBOU mporpeccuu [28, 29].
CrocoGHOCTD OITyXOJIU IIPOJOJKATh Pa3BUBATHCS U
pacmpocTpaHAThCA IO OpPraHW3My, HECMOTPs Ha
MMMYHHYIO 3aIIIUTY, TOJIy4rIa Ha3BaHUE MapaZokca
Xesuicrpoma (Hellstrom paradox) B uecThb ABYX
ummyHostoroB Ingegerd u Karl Erik Hellstrom, Boep-
BBI€ OIHCABIINX 3TOT (eHOMEH OKOJIO 50 JIET Ha3as
[30]. KoHnenys mpoTHBOOITyX0JIEBOTO HMMYHHOTO
Haji3opa OblIa B IOC/IE/THEE BPeMs pacIIdpeHa U
Telephb BKJIIOYAET IIPOTEKTHUBHYIO POJIb UMMYHHOM
CHCTeMBI IIPH OILyXOJIEBOM POCTE U IIPEATIOJIATAET ee
yuacTHe B CEJIEKIIMH OITyXOJIEBBIX KJIETOK. basaHc
MeXIy KOHQIUKTYIOIINMU UMMYHHBIMHI OTBETAMHU
B OIyXOJIM MOXKET CTaTh MHCTPYMEHTOM IIPOTHO3a
WJIA, BOBMOKHO, TEPATIEBTUYECKOH I€JIBI0 JIJIsI TIepe-
HaIpaBjIeHUs 9TUX KJIETOK HA YHUYTOXKEHUE OILy-
xonu [29]. Hecnenududeckrne MeXaHU3MBbI ITPOTH-
BOOITyXOJIEBOH 3aIUTHl JOMUHUPYIOT Ha Hadaslb-
HBIX CTaINAX OTBETA, KOT/IA KOJIMYIECTBO TpaHCHOP-
MUPOBAaHHBIX KJIETOK €ellle He NPEeBBIIIAeT THICIUN.
W TONBKO €ecyi KOJUYECTBO OITYXOJIEBBIX KJIETOK
BO3pAacTaeT 0 MIWLINOHA W 0OoJiee, HA IepeqHUH
IJIAaH BBIXOJAT MEXaHU3MBI IIPOTHBOOITYX0JIEBOTO
MMMYHUTETA, JETePMUHUPOBAHHbIE AHTHUTEH-CIIE-
IU(UIECKIM UMMYHHBIM OTBeTOM [31].
Omnyxosb-acconuupoBanablie Makpodaru (OAM)
SIBJISIIOTCS BAXKHBIMHU PETY/IATOPAMH KaHI[EPOTeHe3a.
Xorsa mMakpodaru KIacCHYeCKH CUHUTAIOTCA OCHOB-
HBIMH  3(G(PEKTOPHBIMH  KJIETKAMU HMMYHHOU
3aIUThI, MHOTOUKCJIEHHbIE HCCIEIOBAHUSA IPOe-
MoHCTpupoBanu posb OAM B mopaep:kaHuu pas-
JINYHBIX AaCIIEKTOB IIPOTPECCUPOBAHUS  OILYXOJIU.
Hawubosiee 3HaunMa UX POJIb HA mepeaHeM (QpPOHTE
OIIyXOJIW, TZI€é OHH OIPENEeJISIIOT MHBA3UBHBIA KIle-

most significant role is at the front of the tumor,
where they determine the invasive cellular pheno-
type. One of the explanations for the disparate roles
of macrophages in the homeostasis of normal tissue
and in carcinogenesis lies in their phenotype. Macro-
phages are functionally plastic and can change their
polarization state to adapt to different physiological
conditions. At the extreme points of their phenotypic
spectrum, the polarization of macrophages varies
from M1 to M2: “classically activated” M1 macro-
phages produce pro-inflammatory type I cytokines,
participate in antigen presentation, and play an anti-
tumor role; on the contrary, “alternatively activated”
M2 macrophages produce type II cytokines, promote
anti-inflammatory responses, and perform protu-
morogenic functions [32]. However, it should be
noted that this classification only partially reflects
the complexity of macrophage activation in response
to various tissue microenvironments. At this time,
we do not fully understand how macrophages switch
from tumor suppression to tumor stimulation at the
onset of disease. It has been suggested that environ-
mental conditions such as tumor hypoxia may medi-
ate this transition by activation of chemoattractants
of macrophages, including endothelin-2 and vascu-
lar endothelial growth factor (VEGF) [33]. The accu-
mulation of TAMs in these areas correlates with
angiogenesis and invasive phenotype, which sug-
gests a trigger effect of hypoxia on the corresponding
polarization of macrophages. It has also been
reported that it is possible to switch between M2 and
M1 phenotypes through altered signaling of nuclear
factors. For example, it has been shown on models of
ovarian cancer that NF-kB leads to switching from
M2 to M1, recruiting natural killer (NK) cells, and
subsequent tumor regression [34]. In studies using
Lewis lung carcinoma cells, the role of tumor necro-
sis factor alpha (TNF-a) in inducing TAMs repolar-
ization towards the M1 antitumor state has been
established [35]. Recent studies have shown sus-
tained regression of high-grade gliomas through
inhibition of CSF-1R leading to depolarization of
macrophages of the M2 phenotype [36]. All of these
studies offer therapeutic promise for re-educating
resident TAMs. According to A. Algars et al. the num-
ber of peritumoral M2 in colorectal cancer is posi-
tively correlated with survival, but in stage IV
colorectal cancer there is an inverse relationship
with relapses. In addition, distant tumor metastases
and relapses are more likely to occur in patients with
a large number of M2 TAMs. Thus, it is believed that
the role of TAMs in the development of colorectal
cancer depends on their predominant type, location
in the tumor, and stage of the disease [37].
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TOYHBIN peHoTHI. OTHO U3 OOBACHEHUHA HECOTIOCTA-
BUMBIX poJiedl Makpodaros B roMeocTa3e HOpMasb-
HOU TKaHU U NIpU KaHIIEPOTeHe3e JIEXKUT B UX (HeHOo-
turie. Makpodaru (GyHKIIMOHAIBHO MJIACTUYHBI U
MOTYT HU3MEHATh CBOE COCTOSHUE MOJIAPHU3AINH,
YTOOBI MTPUCTIOCOOUTHCS K PAZIMYHBIM (DU3UOJIOTH-
yecKUM ycaoBUAM. Ha KpalHMX TOYKax CBOEro
(peHOTUIINIECKOTO CIEKTPA OJIsIpU3aIua Makpoda-
roB BapbupyeT oT M1 10 M2: «KjIacCUYEeCKU aKTUBU-
poBaHHBIE» Makpodara M1 mpoaylnupyoT IPOBOC-
MaINTEbHbIE IIUTOKUHBI | THIIA, YIACTBYIOT B IIpe-
3€HTallM{ aHTUTeHA U UTPAIOT IPOTUBOOIIYX0JIEBYIO
pOJib; HAINPOTHUB, «aJIbTEPHATUBHO AKTUBHPOBAH-
Hble» Makpodaru M2 OpoAyIUpPYIOT ITUTOKUHBI
II Tuma, cocoGCTBYIOT MPOTHBOBOCHATUTETHHBIM
OTBETaM U BBIIIOJIHAIOT IPOTYMOPOTeHHBIE (PYHKIIUU
[32]. OgHako ciielyeT OTMETUTD, YTO TaKas KJIACCH-
ukanua UMb YaCTUYHO OTPaXKaeT CJIOKHOCTh
aKTHUBAaIlUM Makpo@aros B OTBET Ha pa3jIMuyHbIe TKa-
HeBble MUKpocpeabl. B HacTosAmee BpeMs MbI He
MIOJIHOCTBIO IOHKMaeM, Kak Makpodaru nepexkyirda-
I0TCA C [I0ZIaBJIeHUA Ha CTUMYJIMPOBaHUe OIIyXOJIH B
Hauasie 3a60s1eBaHUsI. BhIJIO BBICKA3aHO IPEJITOJIO-
JKeHHe, YTO YCJIOBUSA OKPYKAIOIIEH cpenbl, Takue
KaK TUIIOKCHUA OILyXOJIM, MOTYT OIIOCpeAOoBaTh 3TOT
repexoy] akTUBaIeld XeMOaTTPAKTaHTOB Makpoda-
r'OB, BKJIIOYas H/I0TEJINH-2 U PaKTOP pocTa SH/I0Te-
s cocynoB (VEGF) [33]. Ckomienue OAM B 3THX
00J1aCTSIX KOPPEJIUpPYeT ¢ aHTHOT€HEe30M U NHBA3UB-
HBIM (EHOTUIIOM, YTO IO3BOJIAET IIPEIOJIOXKUTH
TPUTTEPHOE BO3/IENCTBUE TUIIOKCUN HA COOTBETCTBY-
IOIIYIO TOJIsIpU3aIiiio Makpodaros. Takke coobIa-
eTcs O BO3MOKHOCTHU IepeKIIoueHus Mexay M2 u
M1 deHOoTHIIAMHU Yepe3 U3MeHeHUe Ilepefadyyu CUT-
HaJIOB AfepHBbIX dakTopoB. Tak, HA MOJeNIAX paka
AWYHUKOB IOKa3aHo, yTo NF-xB npuBoaut k nepe-
KIroYeHuto M2 Ha M1, IpUBJI€YeHUIO €CTeCTBEHHbBIX
kwuiepoB (NK) u mocseayrolieil perpeccuul OImy-
xonu [34]. B wucciemoBaHUSAX C HCIOJIb30BaHUEM
KJIETOK KapLMHOMBI JieTKuX JIpiouca ycraHOBJIeHa
poab dakTopa Hekposa omyxosiu anbda (TNF-a) B
UHAYLUpoBaHuU penosigpusanuu OAM B Hanpasie-
HUU IPOTHUBOOIYXOJIEBOTO cocTosiHUA M1 [35].
HenaBHue wucciefoBaHus IOKA3aId YCTOUUHUBYIO
perpeccuio TJIMoM BBICOKOU CTENEHU 37I0KAUeCTBEH-
HOCTH TtocpejictBoM mHTHOMpoBaHus CSF-1R, mpu-
BOJMBIIEr0 K  JIeNOJIApU3allid  Makpodaron
M2-denorumna [36]. Bce atu uccaeoBaHUSA OTKPHI-
BAIOT TepalleBTUUEeCKUe IEePCIEKTUBHI «Iepeobyue-
Hus» pesusieHTHbIXx OAM. Ilo manubpiM A. Algars
et al. KOJTMYECTBO MEPUTYMOPATIBHBIX M2 IIPH KOJIO-
PeKTaJIbHOM pakKe IIOJIOKUTEJIbHO KOppesupyeT C
BBDKMBAEMOCTBIO, HO TIPU KOJIOPEKTAJIBHOM pakKe
IV crapmm otmedaercss obpaTHas CBA3b C PEIUAU-

As a part of the tumor microenvironment, mast
cells and neutrophils also have both pro- and antitu-
mor properties [38]. After activation and degranula-
tion, they become maximally pro-inflammatory and
actively recruit cells of the innate immune system,
mainly macrophages, as well as cells of the acquired
immune system, which enhances the local antitumor
immune response. However, their presence may
result in tumor progression due to the release of
VEGF, which supports angiogenesis, and MMP-9,
which degrades the extracellular matrix, which facil-
itates metastasis [39]. The inconsistent and contra-
dictory predictive value of the presence of mast cells
in the tumor microenvironment may be associated
with the heterogeneous nature of the studied tumors
and animal models [29, 40].

NK-cells are circulating immune cells and are
believed to be the earliest protection against hema-
togenous and metastatic tumor cells. Often, NK-
cells can also be found in the tumor microenviron-
ment, and their appearance is associated with a
favorable prognosis for many tumors [38]. How-
ever, the antitumor activity of NK cells is realized
only at the earliest stages of the cancer process,
which is due to their small population (only 10% of
all lymphocytes) and a rapid decrease in activity
under the influence of the secretion of transforming
growth factor beta (TGF-B) with an increasing
volume of tumor cells [ 41].

Despite the fact that several populations of
immunocompetent cells (NK-cells, macrophages of
monocytic origin, dendritic cells, and some others)
take part in the implementation of the program of
the cell-mediated component of antitumor immu-
nity, the main load falls on the activated T lympho-
cytes. Among the lymphoid cells in the tumor micro-
environment, different populations of T lympho-
cytes can account for up to 10% of all tumor cells.
These include: CD8+ cytotoxic T lymphocytes and
CD4+ T helper cells (Thi, Th2, Thi7, Treg, etc.).
Studies have shown that the presence of large num-
bers of these immune cells in the microenvironment
correlates with a favorable prognosis for many types
of solid tumors [40]. However, not all CD4+ T lym-
phocytes have antitumor activity. In a number of
experimental and clinical studies, Th2 and Thiy
suppressed adaptive immunity, inducing anergy of
CD8+ T lymphocytes, and also contributed to the
proliferation and inhibition of apoptosis of tumor
cells. Treg lymphocytes (Foxp3+ T lymphocytes),
usually accounting for about 4% of CD4+ T cells, in
the tumor microenvironment can occupy up to
20-30%. An increase in their level leads to the sup-
pression of the antitumor activity of effector CD8+
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Bamu. Kpome Toro, 0T/1a/IeHHBIE MEeTaCTa3bl OIIYyXOJIH
U PEIUUBHI Yallle BO3HUKAIOT Y HAI[UEeHTOB C 00JIb-
mum grcsiom OAM M2. Takum 06pa3om, cCuuTaeTcs,
uto posib OAM B pa3BUTUU KOJOPEKTAJIBHOTO pakKa
3aBHCUT OT UX MPe0bJIaAIoIIero THIIA, PACIIOIOMKE-
HUS B OIyXOJIH U CTaJ[uu 3a00ieBaHus [37].

B cocraBe 0omyx01eBOro MUKPOOKPY?KE€HUS Tyd-
Hble KJIETKU U HEUTPOWIBI TakKe 00JIaIal0T Kak
IIpo-, TaK U IPOTUBOOIYXOJIEBBIMU CBOUCTBAMU
[38]. Tloce aKTUBAMM U JIETPAHYJIAIIUA OHH CTa-
HOBATCS MaKCUMAaJIbHO IPOBOCIAJINTEIBHBIMH U
AKTUBHO PEKPYTUPYIOT KJIIETKU BPOKI€HHOU UMMYH-
HOU CHCTEMBI, TJIABHBIM OOpa3oM Makpodaru, a
TaKKe KJIETKU TPUOOPETEHHOM UMMYHHOM CUCTEMBI,
YTO YCHJIMBAET MECTHBIA IIPOTHUBOOITYXOJIEBHIN
UMMYHHBIU 0TBeT. OZfHAKO Pe3ysIbTaTOM HUX IIPUCYT-
CTBUSI MOKET OBITh M TPOTPECCUPOBAHLE OITYXOJIH 32
cuer BhICBOOOKAeHUs1 VEGF, mopmep:kuBaroiiero
aHruorene3, u MMP-9, nerpamupyromieir BHEKJe-
TOYHBIH MAaTPHUKC, UTO 00JIerdyaeT MeTacTa3npoBa-
Hue [39]. HemocnenoBaTebHasA U MPOTUBOPEYUBAst
IIPOTHOCTUYECKASA I[€HHOCTh INPUCYTCTBUA TYIHBIX
KJIETOK B OIIyXOJIEBOM MHUKDPOOKPYKEHUHU MOKET
OBITH CBSI3aHA C TETEPOTEHHOM MPUPOJION HCCaeaye-
MBbIX OITyXOJIEH U JKUBOTHBIX MOJIEJIEH [29, 40].

NK-KJIETKU MPEICTABIAIOT COO0H IMUPKYIUPYIO-
[[e UMMYHHbBIE KJIETKH M, KaK II0JIAraioT, CIIyKaT
caMOU paHHEH 3aIUTON OT TreMaTOTeHHO-MeTacTa-
3UPYIOIINX OITyX0JIeBbIX KieToK. Hepenko NK-
KJIETKU TaKyKe MOTYT OBITh OOHAPYKEHBI B OIIyXOJIe-
BOM MHKPOOKDPY:KEHUU, U UX IOSIBJIEHUE ACCOLINU-
POBaHO ¢ 6JIarONPUSATHBIM ITPOTHO30M JIJIsI MHOTHUX
omyxosel [38]. OiHAaKO TPOTUBOOITYX0JIEBAsI AKTUB-
HocTh NK-kieTok peanusyercs TOJIBKO HA CaMBbIX
PaHHUX CTAaUAX PAKOBOTO IPOIlecca, YTo 00yCI0B-
JIEHO WX MaJIOH momyJssanued (JIuib 10 % oT Bcex
JUMGOIUTOB) M OBICTPHIM CHUKEHUEM aKTUBHOCTU
IO/l BJIUSHUEM CEKPeluu TPaHChHOPMHUPYIOIIETO
dakropa pocra Gera (TGF-B) mpu Hapacraroiem
00'beMeE OITyXOJIEBBIX KIJIETOK [41].

Hecmotps Ha TO, UTO B peasu3aliiy mporpaMMbl
paboThl  KJIETOYHO-OIOCPEIOBAHHOTO KOMIIOHEHTA
IIPOTUBOOIIYX0JIEBOTO UMMYHUTETA IPUHUMAIOT y4a-
CTHe HECKOJIBKO TIOIYJISIINNA UMMYHOKOMITETEHTHBIX
kierok (NK-xietkm, mMakpodarua MOHOIUTAPHOTO
IIPOUCXOXK/IEHU, IeHAPUTHBIE KJIIETKH 1 HEKOTOPhIE
JIPyTHE), OCHOBHASI HATPY3KA JIOXKUTCS Ha aKTUBUPO-
BaHHble T-mumdbonutsl. Cpesu TUMOOUIHBIX Kile-
TOK B OIIyXOJIEBOM MUKDOOKDY:KEHHU Da3/INuHble
onyssAnun T-TuMEOITUTOB MOTYT COCTABJIATH 10 10
% oT Bcex KyeTok omyxosu. K Hum otHOocaresa: CD8+
nutotokcuueckue T-mumdonutel u CD4+ T-xesmepsl
(Th1, Th2, Th1y, Treg u T.1.). VicemenoBanus mokKa-
3aJI1, YTO IPUCYTCTBHE OOJIBIIOTO KOJMYECTBA STUX

T lymphocytes, NK and dendritic cells, and progno-
sis worsening for many types of tumors [42]. How-
ever, some researchers associate high Treg levels in
colorectal cancer and follicular lymphomas with a
favorable prognosis, which may be due to their abil-
ity to suppress the inflammatory response that acti-
vates cell proliferation and metastasis [42]. In 2006,
F. Pages and J. Galon performed a study to assess
the nature of immune infiltrating cells in colorectal
cancer. It was found that a high density of CD3+,
CD8+ T lymphocytes and CD45RO+ T memory cells
is associated with relapse-free and overall survival.
This study laid the foundation for the Immunoscore
system, the goal of which is to develop a standard-
ized approach to assessing the local response of
adaptive immunity in tumors [10, 43]. However, the
proposed system does not take into account the
effect of non-specific immunity cells, which consti-
tute a significant part of the tumor microenviron-
ment and play a decisive role in the heterotypic reg-
ulation of the tumor process.

Research into the role of tumor-infiltrating
immune cells has been going on for decades. At the
moment, it is clear that their influence is ambivalent.
On the one hand, the ability to eliminate, on the
other hand, to stimulate the development of a tumor,
depending on the prevailing features of intercellular
interactions in the microenvironment [44]. In the lit-
erature, there are more than one hundred works
demonstrating a decrease in relapse and an increase
in survival due to infiltration of certain immune cells.
Despite the fact that many studies are devoted to the
role of individual subtypes of immune cells, their
density and distribution in a tumor, the lack of stan-
dardized approaches to qualitative and quantitative
assessment does not allow this indicator to be used
in clinical routine.

SYSTEM APPROACH

Despite the established reliable relationship
with the prognosis, the sensitivity of individual fac-
tors is significantly reduced when they are assessed
in specific patients. First of all, this is due to insuf-
ficient consideration of the mutual influence of var-
ious indicators, their transforming and modulating
interactions. Thus, in a study by T. Konishi et al.,
which included a cohort of 851 patients, the predic-
tive value of the severity of poorly differentiated
tumor clusters, tumor budding, perineural inva-
sion, desmoplastic reaction, Crohn-like lymphoid
reaction in the invasive tumor front, and the WHO
grade of the entire tumor were compared [11]. The
highest predictive accuracy in the assessing the
relapse-free survival, as well as the best reproduc-
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WMMYHHBIX KJIETOK B MHKDPOOKPYKEHHH KOPPEJIH-
pyer c OJIaTONPUATHBIM IPOTHO30M JIJII MHOTHX
TUIIOB COJTUAHBIX OmyXxoyied [40]. OmHako He Bece
CDg4+ T-mumdornutsl 001a7aI0T TPOTUBOOIYXO0JIe-
BOU aKTUBHOCTHIO. B ps/ie sKcnepHMeHTaIbHBIX H
kauHuYeckux uccaemoBanuii Th2 u Thiy yraeranu
aJIJaITUBHBIA UMMYHUTET, WHAYIIUPYS aHEPTUIO
CD8+ T-1uMdonuToB, a TaKXKe CIOCOOCTBOBAIH
npoudepanu U yTHETEHHIO allOIITO3a OIyX0JIEBBIX
kaeTok. Treg-mumdornutsl (Foxp3+ T-1umMdoruTe),
O0OBIYHO COCTaBJIAIOIIME OKOJIO 4 % CD4+ T-KJIeTOK,
B OITyXOJIEBOM MUKPOOKPYKEHUH MOTYT 3aHUMAaTh
J10 20—30 %. IloBblllIeHHE WX YPOBHS IPHUBOIUT K
MO/IABJIEHUIO  IPOTHBOOITYXOJIEBOM  aKTHBHOCTH
addexropubix CD8+ T-mumdoruroB, NK u nen-
JIDUTHBIX KJIETOK W YXy/IIIIEHHIO TPOTHO3a JJIsI MHO-
T'UX BUJIOB OmyXoJiel [42]. OjiHaKko HEKOTOPBIE UccIIe-
JIOBaTeJN CBSA3BIBAIOT BBICOKHE YpPOBHU Treg mpH
KOJIOPEKTJIBHOM pake U GOJUIUKYIAPHBIX JUMOO-
Max ¢ 6JIarONPUATHBIM IIPOTHO30M, YTO MOXKET OBITH
00yCIOBIEHO X CIIOCOOHOCTHIO TIO/IAB/IATH BOCITAIH-
TEJIbHYIO PEeaKIIUI0, aKTHBUPYIOIIYIO Mposudepa-
[MI0 KJIETOK U MeTacTa3upoBaHue [42]. B 2006 T.
F. Pages u J. Galon mpoBesu ucciaefnoBaHue, MOCBs-
II[EHHOE OIleHKE XapaKTepa KJIETOYHOTO KMMYHHOTO
WHOWIbTPaTa IMPU KOJIOPEKTAJIHLHOM pake. BpLio
YCTAHOBJIEHO, UTO BbICOKasA IUIOTHOCTH CD3+, CD8+
T-mumornuroB u CD45R0O+ T-kireTok nmamATH acco-
IMUPOBaHa ¢ 6e3pelUINBHON U 00IIel BEIXKUBAEMO-
CTBI0. DTO HCCIeI0BAHIE MTOJIOKUIIO HAUaI0 CUCTEME
Immunoscore, IeJbI0 KOTOPOH SIBJISIETCS paspa-
0OTKa CTaHJAPTU3UPOBAHHOTO IOJIXOZla K OIIEHKE
MECTHOH peaKIUK afJallTHBHOTO UMMYHHUTETA B OIIy-
x0J151X [10, 43]. OlHAKO B IPeJIO;KEHHOU CHCTEME He
VIUTBIBAETCS BJIUSAHUE KJIETOK HECTENU(pUIECKOTO
WMMYHHUTETA, COCTABJISIONINX 3HAYUTEIbHYIO YaCTh
OIIYXO0JIEBOTO MUKPOOKPY?KEHHS U UTPAOIIHX OIpe-
JIEJISIONIYI0 POJIb B TETEPOTHUITHYECKON PETYJIAINU
OTIyXO0JIEBOTO TIpoIlecca.

HccenepoBanusa posau WHOUIBTPUPYIOIIUX OILY-
XOJIb UMMYHHBIX KJIETOK HIyT HE OJTHO JIECATHUIIETHE.
Ha Tekyuii MOMEHT SICHO, UYTO UX BJIUSHUE aMOU-
BasieHTHO. C OTHOW CTOPOHBI — CIIOCOOHOCTH 3JIH-
MHHHPOBATh, C IPYTOA — CTUMYJIUPOBATh Pa3BUTHE
OIYXOJIK B 3aBUCHMOCTH OT CJIOKMBIIUXCSA 0COOEH-
HOCTEH MEKKJIETOUHBIX B3aUMOJIEUCTBUN B MUKPO-
OKpy:KeHUH [44]. B JmTepaType HaCUUTHIBAeTCs
6oJiee cTa OT/IEJIBHBIX PabOT, JIEMOHCTPUPYIOIINX
CHIDKEHUE PEIUIUBOB U IOBBINIEHNE BbIKUBAEMO-
CTU B CBSI3M C WH(QUIbTpAIMENd OIpeJieJIEHHBIMU
WMMYHHBIMH KJIeTKamu. HecMoTpst Ha TO, YTO MHOTO
HCCIIEZIOBAaHUH TIOCBSAIIEHO POJIM OT/IETbHBIX TTO/ITH-
0B IMMYHHBIX KJIETOK, UX IJIOTHOCTH U PacIpese-
JIEHUIO B OIyXOJIH, OTCYTCTBHE CTAHapPTU3UPOBAH-

ibility, were demonstrated by the poorly differenti-
ated tumor clusters, the lowest — by the WHO
grade.

For the first time, the problem of the mutual
influence of tumors and various processes of anti-
tumor protection was discussed at the end of the
first decade of the XX century. Analyzing numerous
clinical observations and experimental works,
researchers came to the conclusion that a number
of conditions are necessary for the development of
a tumor: 1) the presence of cells capable of atypical
and destructive growth; 2) relevant local and gen-
eral conditions. There are two important factors in
the development and differentiation of cancers:
1) biological properties of tumor cells; 2) the coun-
teraction of the organism. The degree of malig-
nancy of the tumor depends on the mutual changes
of these factors, which is expressed in its structure.
For the first time this concept was developed in
detail in the work of Nikolai N. Finogenov “On the
Development of Cancer in Connection with the
Manifestation of Tissue Reactions in the Body” in
1909. These relationships were described by the
following formula: A/B = X, where A — the growth
of the epithelium; B — the counteraction of the
organism, the expression of which is the reaction of
the mesoderm; X — the tumor. As in normal tissue,
tumor cells receive even more signals for division
from neighboring cells (paracrine signals) and
through systemic mechanisms (endocrine stimula-
tion). Heterotypic signaling between different types
of cells in a tumor is as important for maintaining
their growth, as the mechanisms of cell autonomy.
It is believed that most of the stimuli that trigger
the proliferation of tumor cells come from the stro-
mal component of the tumor mass. It has been
established that the extracellular matrix can modu-
late the proliferation, differentiation and migration
of cells in embryogenesis, during regeneration, and
also during tumor growth. This situation somewhat
changes the concept of tumor autonomy: a tumor
can develop only if the mechanism of co-operation
of the tumor parenchyma with stromal cells is in
place to release a sufficient number of factors stim-
ulating growth [28].

In recent years, many models have been devel-
oped to predict survival, response to therapy, and
distant spread of colorectal cancer. A predictive
model is a formal combination of several predic-
tors that can be used to calculate the risks of a spe-
cific endpoint over a period for individual patients.
The likelihood of obtaining reliable models for
clinical practice is increased if they are developed
using a large dataset, based on a well-thought-out
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HBIX TOJXOJ0B KAa4eCTBEHHOH M KOJIMYECTBEHHOU
OIIEHKHU He MO3BOJIAIOT MCIIOJIb30BaTh 3TOT IIOKA3a-
TeJIb B PYyTUHHOH ITPaKTHUKE.

CUCTEMHBI ITOIXO/T

HecMoTpsi Ha YCTaHOBJIEHHYIO JIOCTOBEPHYIO
CBS3b C IIPOTHO30M, YYBCTBUTEJIBHOCTH OTAEIbHBIX
(paKTOpPOB 3HAUUTETHPHO CHUKAETCS IIPU UX OIeHKE
V KOHKPETHBIX IAI[UeHTOB. B mepByI0 ouepesb 5TO
CBSI3aHO C HEJIOCTATOUYHBIM yUETOM B3aUMOBJIUSHUS
Ppas3JIUYHBIX [TOKa3aTesied, uX TPaHCHOPMUPYIOIIUX
U MOAYJIMPYIOIINX B3auMoeicTBuil. Tak, B uccie-
nmosanuu T. Konishi et al., BkyirouaBiiiemM KOropry us
851 mamueHTa, IPOBEJIN CPAaBHEHHE IIPOrHOCTHYE-
CKOU IIEHHOCTU BBIPpAKEHHOCTH HU3KoauddepeH-
[IMPOBAHHBIX OITyXOJIEBBIX KJIACTEPOB, TOUKOBAHUSI,
IEpUHEBPAJILHON WHBA3UHU, JECMOILJIACTUYECKOHN
peakIiuu CTPOMBI, BBIPAKEHHOCTH JUMQOUTHOMH
UHQUIBTpAIIU B UHBA3UBHOM (DPOHTE OIIyXOJIH, a
TaKKe CTelleHU 'UCTOJIOTHIECKOH 37I0KaUeCTBEHHO-
ctu [11]. HauboJsipliyto MpOTHOCTUYECKYIO TOYHOCTh
B OLleHKe 0e3pelnINBHON BBIXKUBAEMOCTH, a TAKKeE
JIYUIITYIO BOCIIPOH3BOIMMOCTD, TPOZIEMOHCTPUPOBAIT
II0Ka3aTeJib BRIPAKEHHOCTH HU3KOAUMbepeHIpo-
BAHHBIX OIYXOJIEBBIX KJIACTEPOB, HAUMEHBIIYIO —
CTeIeHb TUCTOJIOTHYECKOH 3JI0KaUeCTBEHHOCTH.

BrepBbie 0 mpobsieMe B3aUMHOTO BJIUSHUSA OITy-
X0JIEd U Pa3JINYHBIX IPOIECCOB ITPOTHBOOIIYXOJIE-
BOU 3aIUTHl 3aTOBOPWJIM B KOHIIE TIEPBOH JI€Ka bl
XX B. AHATU3UPYsA MHOTOUKCIIEHHbIE KIMHUYECKIE
HaOJTFO/TIEHY s ¥ DKCIIEpUMEHTAIbHBIE paOOTHI, UCCIIe-
JIOBATEH MPUIILIN K 3aKII0YEHUIO, YTO /IS Pa3BU-
TUS OIYXOJHM HEOOXOAUM IEJIbIH psf  YCIOBHH:
1) HaJIH4Yhe KJIEeTOK, CIOCOOHBIX AaTUIIMYECKH U
JIECTPYKTUBHO PACTH; 2) COOTBETCTBYIOIIVE MECTHBIE
u ob1ue ycaoBus. B pazsutuu u quddepeHnupoBke
PAaKOB CYIIIECTBYIOT /IBa BaXKHBIX dakTopa: 1) 6uoo-
TUYECKHE CBOMCTBA OITyXOJIEBBIX KJIETOK; 2) MIPOTH-
BofielicTBHe opranuszma. OT B3aMMHBIX U3MEHEHUH
9TUX (HAKTOPOB 3aBUCUT CTENEHb 3JI0KAYECTBEHHO-
CTH OITyXOJIU, YTO BBIPAIKAETCSA B €€ CTPYKType. Briep-
BbI€ 5Ta KOHIIENIUsA ObLIa JeTaTbHO pa3paboTaHa B
TpyZie Hukonasa Hukonaesuuya ®uHorenona «O pas-
BUTHH pakKa B CBA3U C IPOsIBIEHIEM TKAHEBOH peak-
MY B OPTAaHU3ME» B 1909 T. ITH B3aUMOOTHOIIIEHUS
OpUTH ommcaHbl cienyoomen opmysoit: A/B = X,
rzie A — poct snuTenusn; B — npotuBoneiicTBue opra-
HU3Ma, BBHIpaKEHUEM KOTOPOTO SIBJISIETCS PeaKIus
Me307iepMbl; X — omyxosyb. Kak u B HOpMaJbHOU
TKaHH, KJIETKU OIYX0JIeW B OOJIBbIIEN CTETIEHU ITOJTY-
YaOT CHUTHAJIBI K JIEJIEHUI0O OT COCEQHUX KJIETOK
(mapakpuHHBIE CUTHAJIBI) U Uepe3 CUCTEMHBIE MeXa-
HUBMBI (9HJOKpUHHAS CTUMYJIAHA). ['eTepoTummy-
Hbl€ CUTHJIBI MEXKJY Pa3HbIMH THIAMH KJIETOK B

statistical analysis plan, and tested on an indepen-
dent sample. Risk models, as opposed to individ-
ual prognostic factors, are designed to provide a
more accurate assessment of the outcome for an
individual patient through the computational inte-
gration of various elements of a particular patient’s
data. Despite their advantages, predictive models
are currently used relatively rarely in clinical prac-
tice.

Based on the results of the 2013 review of the
AJCC working group, 176 predictive tools were pro-
posed in the form of various formulas, risk scores,
calculators and nomograms, the purpose of which
was to establish additional prognostic data to com-
pensate for the shortcomings of the existing system
of stratification of the risks of adverse outcomes. To
predict the survival of patients with colorectal can-
cer, 29 such models have been proposed [45]. Only
three models, two for patients who underwent adju-
vant therapy and one for locally advanced rectal can-
cer, met all the AJCC inclusion and exclusion crite-
ria. Most of them were excluded because they were
developed using a series of clinical trials in individ-
ual institutions or based on data that did not reflect
current clinical standards of treatment, or there was
no external validation of the results. Among the
works of Russian authors over the past five years, we
came across two mathematical models for predicting
the likelihood of risk of developing lymphogenous
metastasis in patients with colorectal cancer [46, 47].
However, these models rely mainly on the character-
istics of the tumor parenchymal cluster, without tak-
ing into account the ecological niche of the tumor
microenvironment.

CONCLUSION

In approaches to prediction of tumors, two
methodological principles can be conditionally dis-
tinguished: the first, analytical, is based on reveal-
ing individual morphological or clinical factors that
affect the course of the tumor process, and the sec-
ond is systemic, which consists in combining sev-
eral related and interacting signs into a single prog-
nostic model. Until now, no models based on the
morphological criteria predicting the development
of distant hematogenous metastases in patients
with colorectal cancer have been developed. For the
most reliable assessment of the risk of distant
metastases, a model that includes the morphologi-
cal markers of the key mechanisms of tumor metas-
tasis from the spectrum of prognostic factors of
colorectal cancer seems promising. Revealing the
interrelationships of morphological signs of a high
risk of progression, characterizing the internal

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

91



Koncmanmunos A.C., Illeaexosa K.B. / Journal of Siberian Medical Sciences 4 (2021) 80—96

OIYXOJIM MMEIOT TAKOE K€ BaKHOE 3HAUEeHUe JIJist
MO/IIEP>KaHUSA X POCTa, KAaK U MEXaHU3MbI KJIETOU-
HOI aBTOHOMUHU. CUUTAETCSI, UTO OOIBIITUHCTBO CTH-
MYJIOB, 3aITyCKAIOIIUX MPOIU(EPAITHIO OITyX0JIEBBIX
KJIETOK, HCXOJUT W3 CTPOMAJIbHOTO KOMIIOHEHTA
OTIYXOJIEBOH MaccChl. YCTaHOBJIEHO, UTO DKCTpAIE-
JTIOJIAPHBIA MATPUKC MOKET MOJTYJIMPOBATh IIPOJIU-
deparnurio, quddepeHINPOBKY U MUTPAITUIO KIJIETOK
B oMOpHoreHese, MpyU pereHepariu, a TakKe P
Omyx0JieBoM pocTre. Takoe IOJI0KeHUE HECKOJIBKO
U3MEHSET Mpe/icTaBjieHre 00 aBTOHOMHOCTH OIIy-
XOJIK: OIyXOJIb TIOJIyYaeT BO3MOKHOCTh pa3BU-
BaThCs, TOJIBKO €CJIi OyJleT IeHCTBOBAaTh MEXaHU3M
KOOITEpAIINU OITyXOJIEBOU MMAPEHXUMBI C KJIETKAMH
CTPOMBI JIJIs1 BBIZIEJIEHUS OCTATOUHOTO KOJIMYECTBA
(axTopoB, crumyupyomux poct [28].

B mocsniennue rompl 6610 pa3paboTaHO MHOMKeE-
CTBO MOJieJied, TO3BOJISIOINX IPOTHO3UPOBATH
BBKMBAEMOCTh, OTBET HA TEPANIHI0O U OTJAJIEHHOE
pacrpocTpaHeHne KOJIOPEKTAILHOTO paka. [Iporuo-
CTUYecKas MOJIe b — 9T0 (popMasibHast KOMOWHAITHS
HECKOJIbKUX IIPEUKTOPOB, HAa OCHOBE KOTOPOH
MOKHO pacCYUTATh PUCKH BO3HUKHOBEHUS KOH-
KPETHOW KOHEUHOW TOUKH B TeUYEHHE OIpesesieH-
HOTO TIEPUO/IA VIl OT/IEJIbHBIX MAIlUeHTOB. BeposT-
HOCTb ITOJIyJYeHUs HAJEKHBIX MOJeIeN I KIUHU-
YeCKOU MPAaKTUKU MOBBIIIAETCS, eCJT OHU paspaba-
THIBAIOTCS € HCIIOJIb30BaHHEM OOJIBIIIOrO0 Habopa
JIAaHHBIX, OCHOBAHbBI HA ITPOJ[yMaHHOM ILJIAHE CTaTH-
CTUYECKOTO aHa/IN3a U MPOILIN TPOBEPKY Ha Hesa-
BUCHMOU BBIOOpDKe. Mozenn pucka, B OTIMYUE OT
WHAWBHUIYAJIbHBIX IPOTHOCTUYECKUX (AKTOPOB,
MpelHAa3HAYEHbl IS TOJydeHus 0ojiee TOUYHOM
OIleHKU pe3yJibTaTa JJIs OTAEeJIbHOTO Ial[hieHTa 3a
CYET BBIYUCIUTEIPHON HWHTErpaliil PasInIHBIX
5JIEMEHTOB JJAHHBIX KOHKPETHOTO maruenTa. Hecmo-
Tps Ha CBOM IIPEUMYIIECTBA, ITPOTHOCTHUUYECKHUE
MOJIEJTA B HACTOSIIEE BPEMS B KJIMHHYECKON ITpaK-
TUKE HUCIIOJIb3YIOTCS OTHOCUTEIBHO PEIKO.

ITo pesysnbpratam 0630pa paboueii rpymmsr AJCC
Ha 2013 T. ObUIO IPEJIOKEHO 176 MPOTHOCTHIECKHUX
WHCTPYMEHTOB B BH/IE PA3IUYHBIX HOpMYJI, 6AI0B
PHCKa, KAJIBKYJIITOPOB U HOMOTPAMM, IIEJTBI0 KOTO-
pbIX SABJISIETCA YCTAHOBJIEHHWE JIOTIOJTHUTEIHHBIX
MIPOTHOCTUYECKUX IAaHHBIX, TO3BOJISIONIHAX KOMITEH-
CHpOBATh HEJIOCTATKH CYIIECTBYIOIIEH CHCTEMBI
cTpaTU(PUKAIIMA PUCKOB HEOJIArompUATHBIX HCXO0-
JT0B. J[JIsT TPOTHO3UPOBAHUS BBI’KMBAEMOCTHU TTaI[-
€HTOB C KOJIOPEKTAJIbHBIM PAKOM OBLIIO IIPEJIOKEHO
29 Takux mMojenel [45]. Torbpko Tpu mMonenu, aBe
JUTSL TIAIIMEHTOB C a/IbIOBAHTHOI Tepamued W OfHa
JUIST  MECTHOPACIpPOCTPAHEHHOTO paka IpsAMOH
KHIIKH, COOTBETCTBOBAJIN BCEM KPUTEPHUAM BKIIOUE-
Husa u uckiaoueHus AJCC. BoapIIUHCTBO U3 HUX

properties of tumor cells and components of the
tumor microenvironment, such as tumor-infiltrat-
ing immune cells and tumor-associated stroma, will
allow for a more accurate stratification of the risk of
disease progression in patients with colorectal can-
cer and, as a result, the personalized therapeutic
tactics [48]. The existing tumor classification sys-
tems are far from perfect. Nevertheless, the general
consensus among pathologists, surgeons, and clini-
cal oncologists is that prognosis parameters deserve
to be a part of the standard pathomorphology report
for most tumors.
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OBUIM HWCKJIIOUEHBI, TaK KaK IpU UX pa3paboTke
HCIIOTb30BAINCh CEPUN KJIMHUYECKUX HCCIIEI0OBA-
HUH B OT/IEJIbHBIX YUPENKAEHUAX MM IPOTHO3BI
OCHOBBIBUINCh HA JIAHHBIX, HE OTPAMKAIOIIUX TEKY-
[[ye KINHUYECKHe CTAaHAAPTHI JIEUEHUsI, UJIH OTCYT-
CTBOBaJIa BHEIIHASA BJIU/AIUsA pe3ysibraToB. Cpenu
paboT POCCHICKUX aBTOPOB IMOCJIEAHUX IISATH JIET
HaM BCTPETWJIOCh JIB€ MAaTe€MaTHYEeCKUX MOJEIN
[IPOTHO3UPOBAHMA BEPOSATHOCTU PHCKA Pa3BUTHUA
JUMOOTEeHHOTO0 MEeTACTa3UPOBAHUA Y TAIEHTOB C
KOJIODEKTAJIbHBIM pakoM [46, 47]. OpgHako 5Tu
MO/IEJIN OIIUPAIOTCS IIPEUMYIIIECTBEHHO HA XapaKTe-
PUCTUKH TMapeHXHMATO3HOTO KJacTepa OITyXOJIH,
0e3 yueTa COCTaBJIAIONIEN HKOJOTUYECKON HUIIU
OILyX0JIEBOI'O MUKPOOKPY KEHHUS.

3AK/IIOYEHUE

B moaxomax K TPOTHO3UPOBAHUIO OIyXOJIEU
MOKHO YCJIOBHO BBIJIEJIUTH J[BA METO/IOJIOTHUECKHUX
MIPUHINIA: TTEPBBIH — AHAIUTHYECKUH — OCHOBAH
Ha BBISIBJIEHUU OT/EIbHBIX MOPGHOJIOTHYECKUX HIIH
KJIMHUYECKUX (DAKTOPOB, BIIUAIOIIUX Ha TEUeHHUe
OITyXOJIEBOTO IIPOIlecca, M BTOPOH — CHCTEMHBIH,
3aK/IIOYAIOIIUAICA B 00beIMHEHNN HECKOJIBKUX CBSI-
3aHHBIX U B3aUMOJIEHCTBYIOIIUX MKy COO0H IpH-
3HAKOB B €IMHYI0 IPOTHOCTHYECKYI0 MOzenb. Jlo
HACTOSAIIEr0O MOMEHTa MOZeed, OCHOBAHHBIX Ha
MOP(]OJIOTHYECKUX KPUTEPHUAX, MTPOTHOZUPYIOIINX
pa3BUTHE OT/IAJIEHHBIX FeMaTOT€HHBIX METACTAa30B Y
MMAIFIEHTOB C KOJIOPEKTAJIBHBIM paKoM, He paspaba-
ThIBasIoCh. 1 Hambosiee JOCTOBEPHOU OIEHKHU
pHCKA Pa3BUTHUs OT/IAJIEHHBIX METACTA30B IIEePCIeK-
THUBHOH TIPEJCTABJIAETCS MOJIENIb, BKJIIOUAIOIIAS
MOp(]oJIOTHYECKE MapKephl KJIIOYEBBIX MeEXaHU3-
MOB METACTa3UPOBAHUs OIYXOJIEH U3 CIIEKTPA IIPO-
THOCTHYECKHX (PAKTOPOB KOJIOPEKTATIBHOTO PAKa.
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BrlsiByieHHE B3aUMOCBsA3€H MOPQOJIOTHUECKUX TIPU-
3HAKOB BBICOKOTO PUCKA IIPOTPECCUPOBAHUS, XapaK-
TEPUBYIOIINX BHYTPEHHUE CBOMCTBA OILYyXOJIEBBIX
KJIETOK ¥ KOMIIOHEHTOB OITyX0JIEBOTO MUKDPOOKPYKe-
HUSI, TaKUX KaK OIyX0Jb-HHOWIBTPUPYIOIINE
UMMyHHbIE KJIETKH U OITyXOJIb-aCCOIUUPOBAHHAS
CTPOMA, [TO3BOJIUT IPOBOIUTH O0JIEE TOUHYIO CTPATH-
¢dukamuio pucka nporpeccuu 3ab60JIeBaHUA Y HAIU-
€HTOB C KOJIODEKTIBHBIM PAaKOM U, KaK Pe3yJIbTarT,
epcOHUGUIUPOBAHHO OIPENIENIATh TEPAIEBTHYE-
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AHHOTAIIUA

B 0630pe mpezicTaBIeHbl PACIPOCTPAHEHHOCTD, TATOTEHETHUECKIE aCIIEKThl PA3BUTHS CHHPOMA HapYIIEHHUsI paco3Ha-
BaHSI TUTIOTJIMKEMUU TIPY caXxapHOM inabeTe v ero BIMSHUE HAa TeYeHHEe OCHOBHOTO 3a60sieBans1. KITIOueBbIM aclieKToM
B IIaTOT€He3€e HEePACIIO3HAHHBIX TUIIOIVIMKEMUN ABJIAETCA aJjalTallksA TOJOBHOTO MO3Ta K HU3KON KOHIIEHTPALMH TJII0-
KO3BI B KPOBH, UTO BJIEUET 32 COOOH HApyIIIeHHEe TOPMOHAJIBHOTO OTBETA HA THIIOTJINKEMHUIO. J[aHHBIN IPOIIeCC Mpe/ICTaB-
JiseT cob0i aBTOHOMHYIO TUCHYHKITHIO, ACCOIUUPOBAHHYIO C THIIOTIINKeMHUeH. OTMeueHa poJib HapyIIeH!s paclo3HaBa-
HUS TUIIOTINKEMUH B PA3BUTHH CEP/IE€IHO-COCYIUCTHIX OCJIOKHEHUH, KOTHUTHBHBIX HApYIIIEHUH U MaTOJIOTUN OepeMeH-
HOCTH y 6OJTbHBIX CAaXapHBIM JTHA0ETOM.
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Clinical, metabolic and hormonal features of the formation
of impaired hypoglycemia awareness
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ABSTRACT

The review presents the prevalence, pathogenetic aspects of the development of impaired hypoglycemia awareness in
diabetes mellitus and its effect on the course of the disease. A key aspect in the pathogenesis of atypical hypoglycemias is
the brain adaptation to a low glucose concentration in blood, which entails a disorder of hormonal response to hypogly-
cemia. This process is an autonomous dysfunction associated with hypoglycemia. It is noted the role of atypical hypogly-
cemia in the development of cardiovascular complications, cognitive impairments and pregnancy failure in patients with
diabetes mellitus.
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HecMoTpst Ha BBICOKHE TEMIIbI Pa3BUTHS COBpE-
MEHHOH JUabeTOJIOTUH, OCTAeTCA  OTKPBITHIM
BOIIPOC, KacaloIHUiCs MaTOTeHEeTUUYECKUX 0COOEHHO-
CTel HapyIIeHUsI PacIIO3HABAHUS TUIOTJIMKEMUYE-
CKHX COCTOSIHUM (CKPBITBIX, HETUITUYHBIX THIIOTJIN-
KeMui) y 60JbHBIX caxapHbIM auabetom (CJI), uro
3aTpyAHAeT Pa3paboTKy 3(DGdEeKTHUBHBIX JieueOHO-
poGWIAKTUYECKUX MEPOIIPUATUH 10 Pa3PeIIeHHI0
JaHHOW mpobseMbl. HapylieHue pacrmo3HaBaHUS
TUIIOTVIMKEMHUH Yy MTaIl[HeHTOB aCCOIIMHUPOBAHO C Pas-
JIMYHBIMU HeOJIarOIMPUATHBIMY TIOCIEICTBUSIMU U
yxynmeHueM tedernus C/I.

M3BeCTHO, YTO TUIIOIJINKEMUH SIBJISAIOTCS Hanubo-
Jlee YaCThIM OCJIO’KHEHHEM CaxapOCHUIKAOIIEeH
Tepalyuyd U OTPAHUYUBAIOT BO3MOKHOCTHU B JIOCTHU-
JKEHUM IIeJIEBBIX IMOKa3aTeJed IVIMKeMUM. THIIud-
Hasi TUITOTJINKEMUSI XapaKTEPU3YETCS YPOBHEM TJII0-
KO3bI KDOBU MeHee 3.9 MMOJIb/J1 (770 MT'/ /1) ¥ COTIPO-
BOJK/IaeTCsl BEr€TaTUBHBIMH U HEHPOTJIMKOIIEHUYe-
ckuMHu cumrromamu [1]. K BereTraTuBHBIM aipeHEP-
THYECKUM CHMIITOMAM OTHOCATCA cepleOneHue,
TpeMop, 0J1eTHOCTh, TPEBOKHOCTD, K BET€TATUBHBIM
XOJIMHEPIUYECKUM — IIOTOOT/IeJIEHUE, UYBCTBO
roJiozia, mapecresuu. HeHporanKkoneHn4ecKue CuM-
IITOMBI TIPOSIBJISIOTCS B BUJIE CJIA00CTH, YTOMJISIEMO-
CTH, CHHYKEHUS KOHIIEHTPAIlU BHUMAHUsI, TOJI0BO-
KPY?KE€HWsI, W3MEHEeHHs TOBeJeHUs, HapylIeHus
co3HaHus [2].

OnHako HEOOXOUMO YUHUTHIBATh, YTO KIMHUYE-
CKH€ MMPOSIBJIEHHUsI TUITOTJINKEMUH MOTYT OBITh HETH-
MMUYHBIMH WK BOBCE OTCYyTCTBOBAaTh Ha (hOHE CHU-
JKeHHUs KOHI[EHTPAIUM IJIIOKO3bl B KPOBH MeHee
3.9 mmoJib/i1 (70 mr/an) [3]. Eme B 1922 T., BCKOpe
TocJjIe TIEPBOr0 MPUMEHEHUS MHCYJIUHA B JIEUEHUH
C/, E.P. Joslin 3aMeTHJI, YTO THIIOIJINKEMUS MOMKET
BO3HHUKATh 0€3 CHUMIITOMOB-TIPEIBECTHUKOB [4].
B wuccnemosanuu DCCT (Diabetes Control and
Complications Trial) 6p110 mOKazaHo, uTo GOJIEE
TPETU 3MU30/I0B TSKEJIOH TUIIOTJIMKEMUU, KOTOPbIE
BO3HHUKAIOT B 4Yachl 0O/IpCTBOBAHUS, HE COIMPOBO-
JKJTAIOTCS CUMIITOMaMU-IIPEABECTHUKAMH, TaKHUMU
KaK 4YyBCTBO TOJIO/Ia, TPEMOP, CepAIeOneHne, moT-
JINBOCTH, arpeCCUBHOCTh, U Y MHOTUX IaI[E€HTOB,
MOJIyYaloNX  HWHCYJMHOTEPAIINIO, Pa3BUBAETCS
COCTOSTHHE, TIPU KOTOPOM HX CHOCOOHOCTH UJIEHTH-
(umupoBaTh HAYaJIO TUIOTJIUKEMHUU HAPYIIAETCS.
Takoe IaTOJIOTUYECKOE COCTOSTHUE HA3bIBAIOT HAPY-
[IEHUEM pAaCIO3HABAHUS THUIOIVIMKEMUHU [4, 5].
Kpowme Toro, Takue mamueHThl MOT'YT OTMeYaTh HEeTH-
[IUYHBIE CUMIITOMbBI THIIOTJIMKEMUN: TOJIOBOKPYIKE-
HHe, ¢1ab0CTh 0 yTpaM, HapyIlleHne 3peHus, HoU-
HbIE KOIIIMaphbl WJIW IJIOXHE CHBI, IOJIaBJIEHHOCTD,
BHE3AITHYIO MMOTJIUBOCTD, VIAZO0K CHJI U HapYyIIeHHe
cHa [6]. Hanuune CKPBITHIX THITOTJIMKEMUM 3aTPY-

Despite the high rate of modern diabetology
advancement, the question remains regarding the
pathogenetic features of impaired awareness of
hypoglycemia (latent, atypical hypoglycemia) in
patients with diabetes mellitus (DM), which compli-
cates the development of effective therapeutic and
prophylactic measures to resolve this problem.
Impaired hypoglycemia awareness in patients is
associated with various adverse consequences and
worsening of the course of diabetes mellitus.

It is known that hypoglycemia is the most fre-
quent complication of antihyperglycemic therapy
and limits the ability to achieve target levels of glyce-
mia. Typical hypoglycemia is characterized by a blood
glucose level of less than 3.9 mmol/I (70 mg/dl) and
is accompanied with autonomic and neuroglycopenic
symptoms [1]. Autonomic adrenergic symptoms
include palpitations, tremors, pallor, anxiety, auto-
nomic cholinergic — sweating, hunger, paresthesia.
Neuroglycopenic symptoms are manifested in the
form of weakness, fatigue, decreased concentration,
dizziness, changes in behavior, impairments of con-
sciousness [2].

However, it should be borne in mind that the
clinical manifestations of hypoglycemia may be
atypical or completely absent when there is a
decrease in blood glucose concentration of less than
3.9 mmol/l (70 mg/dl) [3]. Back in 1922, shortly
after the first use of insulin in the treatment of DM,
E.P. Joslin noted that hypoglycemia can occur with-
out warning symptoms [4]. The DCCT (Diabetes
Control and Complications Trial) study showed that
more than a third of episodes of severe hypoglyce-
mia that occur during waking hours are not accom-
panied with warning symptoms such as hunger,
tremors, palpitations, sweating, aggressiveness, and
in many patients, those receiving insulin therapy
develop a condition in which their ability to identify
the onset of hypoglycemia is impaired. This patho-
logical condition is called impaired hypoglycemia
awareness [4, 5]. In addition, these patients may
experience atypical symptoms of hypoglycemia: diz-
ziness, weakness in the morning, vision impair-
ments, nightmares or bad dreams, despondency,
sudden sweating, loss of energy and sleep distur-
bance [6]. The presence of latent hypoglycemias
makes it difficult to adequately assess this condition
and, accordingly, leads to untimely assistance and
unfavorable outcomes, in particular, to hypoglyce-
mic coma.

The prevalence of impaired hypoglycemia aware-
ness ranges from 15 to 45% among patients with
type 1 and type 2 DM [7—9]. At the IDF (Interna-

98

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



Reva I.A., Bondar I.A. / Journal of Siberian Medical Sciences 4 (2021) 97—-107

HSET aJIEKBAaTHYIO OIEHKY 3TOTO COCTOSIHUSA U, COOT-
BETCTBEHHO, IPUBOJIUT K HECBOEBPEMEHHOMY OKa3a-
HUIO TIOMOIIW ¥ HeOJIATONPHUATHBIM HCXOJaM, B
YACTHOCTH, K PA3BUTHIO TUIIOTTTUKEMUYECKOU KOMBI.

PacmipocTpaHeHHOCTh HapyIIEHHUs paclio3HaBa-
HUS TUIIOTJIMKEMUH KOJ1e0IeTCS OT 15 710 45 % cpenu
nanuenToB ¢ C/I 1-ro u 2-ro tuna [7—9]. Ha koH-
rpecce IDF (International Diabetes Federation) B
nexkabpe 2017 T. GBUIN NIPEACTABIEHBI PE3YIBTATHI
npoekta HAT (Hypoglycemia Assessment Tool), B
KOTOPOM IIPUHSIIN YYacThe 24 cTpaHbl. Cpemu 6071b-
ubIX C/] 1-TO THIIA OTCYTCTBUE PACIIO3HABAHUSA TUIIO-
TJIMKEMUY BBISABIIEHO Y 16.5 %, CHU)KeHMe paclio3Ha-
Ba"nusa — y 38.5 %. Ilpu C]I 2-ro Tuma oTCcyTCTBHE
pacro3HaBaHUSA THUIOTIUKEMUM OBLIO JOKYMEHTHU-
poBaHo y 25 % 00ciieJOBAaHHBIX, 4 CHIYKEHHE PACIIO-
3HaBaHUusA — y 30 % [10].

Pacro3HaBaHuWe THUIIOTJINKEMUM OIIPEZEISETCS
(PUBHOJIOTHYECKUMU PEAKIUSAMH OpraHu3Ma Ha
CHIDKEHME KOHI[EHTPAIUM TJIIOKO3bI B KPOBH, a
TaKKe CIHOCOOHOCTHIO TOJIOBHOTO MO3Ta HAJJIeXKa-
UM 00pa3oM BOCIIPUHHUMATHh U 00pabaThIBaTh 3TH
peakuuu. COOTBETCTBEHHO, IIpU JAUCHYHKIINU
CUCTeM, OTBETCTBEHHBIX 32 paclliO3HaBaHUE U (Pop-
MHPOBAHHE OTBETHBIX PEAKIIUI Ha TUIIOTTUKEMHIO,
XapaKTEPHOU [T BTOTO COCTOSHUS CUMIITOMATUKHU
He Habmogaercs. Cpeau (pakToOpoB, BIMAIONUX HA
CIIOCOOHOCTh PacIO3HABaTh TUIIOTJIMKEMUIO, BbIJE-
JISIOT BapuabesbHOCTh TJIMKEMUU, BPEMs HaXOXK/ie-
HUS B [I€JIEBOM JIUANIa30He TJITNKEMUU, YaCThIe TUIIO-
TJIMKEMUM, TICUXOJOTUYECKUU (POH, Upe3MepHBIE
(usnueckre HArpy3Ku, NMpUeM HEKOTOPBIX JIeKap-
CTBEHHBIX CPEJICTB, AJIKOTOJISA, OCTPBIe 3a00JIeBaHUSA
[11, 12]. S. Cardona et al. B cBoemM ucciieoBaHUN
OTMETHJIH, UTO JJIs1 MAIUEHTOB C CUHIPOMOM Hapy-
[IEHUS PACIIO3HABAHNS THIIOTTINKEMUY OBLITH XapaK-
TEpHBI BO3PACT cTapiie 65 JeT, IPEUMYIIECTBEHHO
MY’KCKOU TIOJI, a Takke OoJiee HU3KHE TOKa3aTeTH
[JINKUPOBAHHOTO TeMOIJIOOMHA B OTJIWYHUE OT
TPYIIIBI OOJIBHBIX C TUITTYHON CUMIITOMATHKOU [13].

IIpu obcnemoBanun 40 6oabHbIXx CJI 2-rO THIA,
cpeHUE BO3pacT 59.38 + 6.05 roja, ¢ UCIOJIb30Ba-
HUEM aHKETHPOBAHHUS, BOIPOCHI KOTOPOTO YIUTHI-
BJIM YaCTOTY U XapaKTep TUIIOTJINKEMHUM, CKPBIThIE
THUIOTJIUKEMUN OBLIN 3aPETUCTPUPOBAHBI Y 16 Uell.
(44 %). bonbHBIE C HapyIlIeHWEM pacCIO3HABAHUA
TUIIOTJIMKEMUY UMEJTH JIJTUTEJIHHOE JIEKOMIIEHCHPO-
BaHHoe TeueHnne CJI, 6osee pe3kue KoebaHUs TIIH-
KEMHH, OOJIBIIYIO JUTUTELHOCTh WHCYJIMHOTEPATTUH
C WCIIOJIb30BAHUEM BBICOKHX 03 HMHCYJIWHA. Bblia
II0OKa3aHa 3aBUCUMOCTh Pa3BUTHS HEPACTIO3HAHHBIX
TUIIOIJINKEMHUHA OT JauabeTUdYecKoll aBTOHOMHON
HEUPOIaTHUHU, HO IPYU CPAaBHEHUU PACIIPOCTPAHEHHO-
CTH APYTUX XPOHUUYECKUX OCJIOKHEHUU B HCCIIEye-

tional Diabetes Federation) congress in December
2017, the results of the HAT (Hypoglycemia Assess-
ment Tool) project were presented, in which 24
countries took part. Among patients with type 1 DM,
severely impaired hypoglycemia awareness was
found in 16.5%, a decrease in hypoglycemia aware-
ness — in 38.5%. In type 2 DM, severely impaired
hypoglycemia awareness was documented in 25% of
the subjects, and a decrease in hypoglycemia aware-
ness — in 30% [10].

Hypoglycemia awareness is determined by the
body’s physiological responses to a decrease in blood
glucose concentration, as well as the ability of the
brain to properly perceive and process these
responses. Accordingly, with dysfunction of the sys-
tems responsible for awareness and formation of the
reactions to hypoglycemia, the symptomatology
characteristic of this state is not observed. Among
the factors affecting the ability for hypoglycemia
awareness, we can note glycemic variability, the time
spent in the target glycemic range, frequent hypogly-
cemias, psychological background, excessive physi-
cal exertion, taking certain medications, alcohol, and
acuteillnesses [11, 12]. S. Cardona et al. in their study
noted that patients with impaired hypoglycemia
awareness were characterized by age over 65 years,
predominantly male, as well as lower levels of gly-
cated hemoglobin, in contrast to the group of patients
with typical symptoms [13].

When examining 40 patients with type 2 DM, the
mean age of 59.38 + 6.05 years, using a question-
naire that took into account the frequency and nature
of hypoglycemia, latent hypoglycemias were recorded
in 16 people (44%). Patients with impaired hypogly-
cemia awareness had a prolonged decompensated
course of DM, sharper glycemia fluctuations, and a
longer duration of insulin therapy with high doses of
insulin. The dependence of the development of hypo-
glycemia unawareness on the diabetic autonomic
neuropathy was shown, but when comparing the
prevalence of other chronic complications in the
study groups, no statistically significant differences
were found [14].

The underlying causes of impaired hypoglycemia
awareness are still unclear. For many years, the role
of diabetic autonomic neuropathy has been actively
discussed, which is confirmed by the results of
numerous studies. The most important adrenergic
symptoms of hypoglycemia are caused by the activa-
tion of the autonomic nervous system, the impair-
ment of which leads to the loss of the ability to rec-
ognize the symptoms of hypoglycemia. However,
from the point of view of pathological physiology,
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MBIX TPYIIIAX CTATUCTHYECKH 3HAUYMMBIX Pa3JIMUMI
He ObLIO BBIABJIEHO [14].

[TpuuuHbL, JiexKalre B OCHOBE HAPYIIIEHU pac-
[IO3HABAHUSA TUIOTJINKEMHUM, JI0 CHUX IIOP HESCHBL.
Ha nporsikeHnH MHOTHX JIET aKTUBHO 00CYK/aeTCs
posb rabeTHUecKo aBTOHOMHOI HEHPOTIATUH, UTO
MIOATBEPKJAIOT  PE3YJIbTAaThl  MHOTOYHCIEHHBIX
uccaeoBaHUN.  BakHelIue — aJpeHepruyecKre
CUMIITOMBI THIOTJIUKEMUU OOYCJIOBJIEHBI aKTHBA-
M€l BEreTaTUBHOU HEPBHOU CHCTEMBI, TTOPAYKEHHE
KOTOPOH TIPUBOJIUT K yTpaTe CIIOCOOHOCTU PacIio-
3HABATh CUMIITOMBI-IIPE/IBECTHUKN TUIIOTTHKEMUHU.
OHAKO C TOYKH 3PEHUS TaTOJOTHUUECKOH (PHU3HOIIO-
MU HapylIeHHe Paclo3HAaBaHUS THIIOTJIMKEMUN —
60J1ee MIUPOKUI TPOIIECC, BEAYIIYIO POJIb B KOTOPOM
WUTpaeT He TOJIBKO aBTOHOMHAS HEHPONATHs, HO U
JIpyTie  HeHpoMeTaboJMYecKHe  COCTaBJIAIOIINE
(n3MeHeHMe YTIJIEBOJTHOTO OOMeEHA, MEPEKIIoUeHNe
Ha aJbTEPHATUBHBIE IIyTH 5HEProoOpasoBaHUSI B
ITHC, yBesimueHre aKTUBHOCTH TOPMO3HBIX HEHPO-
MeJIUaTOPOB, HApYIIeHNe KOHTPPETYJISITOPHBIX TOP-
MOHAJIbHBIX PEaKIui u zip.) [15—17].

ITo coBpeMeHHBIM IPEACTABIEHUSAM Pa3BUTHIO
ATUMUYHBIX THIOTJIUKEMUU CIOCOOCTBYIOT YacTo
IIOBTOPSIOIINECS SITU30AbI CHI?KEHUS YPOBHS TJII0-
KO3bI B KPOBH U aJIalITallisA FOJIOBHOTO MO3Ta, Ghop-
MUPYIOIIFE IIOPOYHBIA KPYT B COUETAHUU C HEa/leK-
BATHOU OTBETHOH peakIuell Ha THUIIOTJIUKEMUIO CO
CTOPOHBI KOHTPUHCYJIAPHBIX TOPMOHOB. KiTtoueBbIM
aCIeKTOM B IMaTOTeHe3€e aTUIMMYHBIX TUITOTJIMKEMUH
SIBJISIETCSL Q/IaNTaIvsA TOJIOBHOTO MO3Ta K HU3KOU
KOHITEHTPAIIUH TJIFOKO3bI B KPOBH, UTO BJIEYET 3a
coboii HapyllleHue TOPMOHAJIIBHOTO OTBETA B OTBET
Ha THIOTINKEMUIO. JlTaHHBIN IPOIIecC IIPeCTaBIIsAET
co00Wl aBTOHOMHYIO JTUC(YHKIIHIO, aCCOIMUPOBAH-
Hyio c¢ runorukemueil (hypoglycemia-associated
autonomic failure (HAAF)) [18].

OnHuM u3 Hawbosiee 3HAYUMBIX KOMIIOHEHTOB
HAAF siByisieTcs u3MeHeHre MeTaboIu3Ma TTI0KO3bI
B HEHpOHAX W AKTHUBAIUSA AJTbTEPHATHUBHBIX ITyTEH
9Heproobpa3oBaHUsl B I[EHTPAJbHOH HEPBHOU
cucTeMe, IMOCTENEHHO MPUBOMAININX K HU3MEHEHHIO
[IOpOTa YyBCTBUTEIHLHOCTH K THIIOTJIMKEMUN COOTBET-
CTBYIOLIUX CTPYKTYp rosioBHOro mosra. J.T. Dunn et
al. ¢ momomipio Meroma II9T-KT (mmo3uTpoHHO-
SMUCCUOHHAS U KOMIIBIOTEpHAs ToMOrpadus) cpas-
HUBAJId WHTEHCUBHOCTh PETHMOHAPHOU mepdy3un
TOJIOBHOT'O MO3Ta BO BPEMsI SyTVIMKEMUHU, TUIIOTJINKE-
MUH U B IEPUOJT BOCCTAHOBJIeHU Y 601bHBIX C/I 1-TO
THIIA C HAPYIIIEHHEM PACIIO3HABAHUS TUIIOTJIMKEMIHU
Y HOPMaJIbHBIM OTBETOM Ha TUIOTIMKeMuo. Hapy-
[IEHNE PACIO3HABAHUS TUIOTIMKEMUM ACCOIHHPO-
BJIOCh CO CHUKEHHOW aKTHBAIMEH HCCIIETyeMBbIX
obJtacteit Mmo3ra. HabioieHe TakoH peakIiuy mpes-

impaired hypoglycemia awareness is a broader pro-
cess, in which not only autonomic neuropathy plays
a leading role, but also other neurometabolic com-
ponents (changes in carbohydrate metabolism,
switching to alternative pathways of energy produc-
tion in the central nervous system, an increase in
the activity of inhibitory neurotransmitters, impair-
ment of counter-regulatory hormonal reactions,
ete.) [15—-17].

According to modern concepts, the development
of atypical hypoglycemia is facilitated by frequently
repeated episodes of a decrease in blood glucose
level and adaptation of the brain, which form a
vicious circle in combination with an inadequate
response to hypoglycemia from counter-regulatory
hormones. A key aspect in the pathogenesis of atypi-
cal hypoglycemias is the adaptation of the brain to a
low blood glucose level, which entails an impairment
of the hormonal response to hypoglycemia. This pro-
cess is hypoglycemia-associated autonomic failure
(HAAF) [18].

One of the most significant components of HAAF
is a change in glucose metabolism in neurons, and
the activation of alternative pathways of energy pro-
duction in the central nervous system, gradually
leading to a change in the threshold of sensitivity to
hypoglycemia of the corresponding brain structures.
J.T. Dunn et al. using PET-CT (positron emission
tomography/computed tomography), the intensity
of regional cerebral perfusion was compared during
euglycemia, hypoglycemia, and during the recovery
period in patients with type 1 DM with impaired
hypoglycemia awareness and a normal response to
hypoglycemia. Impaired hypoglycemia awareness
was associated with decreased activation of the
studied areas of the brain. Observation of such a
reaction presupposes adaptation of the higher
regions of the central nervous system to hypoglyce-
mia, which leads to a change in hypoglycemia aware-
ness and an impairment of the counter-regulatory
response to insulin-induced hypoglycemia [19]. It
has been shown that latent hypoglycemias are asso-
ciated with a compensatory increase in the level of
glycogen in the structures of the brain, however, a
causal relationship between the accumulation of
glycogen and atypical hypoglycemias have not yet
been established. During long-term starvation, the
brain is able to maintain metabolic processes in cells
by activating an alternative pathway of energy pro-
duction. Lactic acid (lactate) and ketone bodies
(acetone, acetoacetic acid, beta-hydroxybutyric
acid) can be used as a substrate. As a result of pro-
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roJjiaraeT ajlanTanuio Beiciux otAesioB ITHC k rumo-
IJIMKEMUU, YTO IPUBOAUT K U3MEHEHUIO PaCIIO3HaBa-
HUSI TUMIOTJIUKEMHUM U HAPYIIEHUI0O KOHTPHUHCYJISP-
HOTO OTBETA Ha FUIIOTJIMKEMHUIO [19]. Bply1o moKaszaHo,
YTO HEepaClIO3HAHHBbIE THIOIVIMKEMUU UMEIOT acco-
[MAIH C KOMIIEHCATOPHBIM yBEJIMYEHUEM YPOBHS
IVIMKOT'eHa B CTPYKTypaX TOJIOBHOT'O MO3ra, OJIHAKO
[IPUYNHHO-CJIE/ICTBEHHBIE CBA3U MeEXK/Iy HAKOILIe-
HHUEM TJIUKOT€HA U aTUMUYHBIMU THIIOTJIMKEMUSIMHI
JIO CHIX IIOP He YCTAaHOBJIEHHBI. Bo Bpems myinteIpHOTO
TOJIO/TAHMS TOJIOBHOW MO3T CIIOCOOEH IO/I/IEP>KUBATH
0oOMeHHBIe TPOIECCHl B KJIETKAX IyTEM AKTHUBAIIMH
aJIBTEPHATUBHOTO ITyTH SHEeproobpasoBanus. B kaue-
cTBe cyOcTpaTa MOTYT OBITh HCIIOJIB30BAHBI MOJIOY-
Hasa Kucaora (JIakTaT) ¥ KeTOHOBbIE Tesa (alleToH,
al[ETOYKCYCHAsT KUCJIOTA, -OKCUMAC/IsTHAS KUCIIOTA).
B pesysibrare obecniedeHrsI HEPBHOM CHUCTEMBI SHEP-
THel, ICTOYHUKOM KOTOPOH SBJISIIOTCS JTAHHBIE Bellle-
CTBA, ITPOUCXOIUT CHIKEHNE aKTUBHOCTH HEUPOTOP-
MOHAQJIBHBIX PEAKIUMH B OTBET HA T'HIIOIVINKEMHUIO,
IIOCKOJIPKY TOJIOBHOM MO3T aJIallTUPYeTCA K HOBOMY
HUCTOYHUKY Hepruu [19—21].

ITpy n3ydueHNN B3aUMOCBSI3H CKPBITHIX TUIIOTIIN-
KEMHH C peakIedl HEHPOHHBIX CBA3EH TOJIOBHOTO
MO3Ta Ha BBICBOOOXKIEHNE KJIACCUUYECKUX TOPMO3-
HBIX HeHpoMeJuaTopoB, OCHOBHBIM IID€JICTaBUTE-
JIeM KOTODBIX sIBJISIETCS TaMMa-aMHUHOMAC/ITHAS
kuciaota (FTAMK), 6b1I0 TTOKa3aHO, YTO PEIUUBU-
pyIolye TUIOTJINKEMUM IPUBOAAT K 3HAUUTEJIb-
HoMmy yBennuyeHutoo I'AMK B runoranamyce. Poct
T'AMK koppenupyeT cO CHHXKEHHUEM OTBeTa IJII0Ka-
TOHA U a/IpeHINHA U MTOATBEPIK/AeT POJIb JAHHOTO
HeripoMmeauatopa B pazsutuu HAAF. I1o Bcelt Busimn-
MocTH, u30bITOuHBIH ypoBeHb 'AMK o06ycioBien
WHTEHCUBHBIM MeTa00JIN3MOM JIAKTaTa B FOJIOBHOM
Mo3Te BBUAY AebUIUTa TII0K03bI. TakuM o6paszom,
JIAKTAT B OOJIBIITUX KOJTUYIECTBAX IIOCTYIIAET B TOJIOB-
HOH MO3T, I/le UCIOJIb3YeTCs He TOJIBKO B KauecTBe
HMCTOYHHKA Y9HEPTUHU, HO U KaK CyOCTpaT JIsl CHHTE3a
TF'AMK, a Takke CTUMyJIUPYeT 0Opa30BaHHE 3TOTO
HelpoMeZinaTopa, OCPeZCTBOM IIOBBIIIIEHN aKTHB-
HocTu nmukiaa Kpebea. Kpome Toro, B yCI0BUSIX THIIE-
PHUHCYJIMHEMUU ITPOUCXOAUT MOOMIN3AINSA aMITHO-
KUCJIOT, B YAaCTHOCTH, IJIyTAMUHOBOH KHCJIOTHI,
ocHoBHOrO cyberpara TAMK, uto Takke cmoco0-
CTBYET YBEJINUEHUIO CUHTE3a TAHHOTO HeHpoMeaa-
Topa [22, 23].

B pazButuu HAAF Taxske mpenanosiaraercs y4a-
ctue omuouyioB. B IITHC omuouibl CriocoOCTBYIOT
Pa3BUTHIO aBTOHOMHOU HEHPOIIATHU Yepe3 aKTHBa-
[UI0 OMHOUIHBIX PEIENTOPOB, JOKATHU30BAaHHbBIX B
TajlaMyce U THUIIOTajlaMyce, OTBETCTBEHHBIX 32 BOC-
IpuATHE IVIIOKO3Bl. B 3KclleprMeHTe Ha KpbIcax
OBLIO TIOKA3aHO, UTO BBeZleHUE -oHAOP(UHA Hemmo-

viding the nervous system with energy, the source of
which are these substances, there is a decrease in
the activity of neurohormonal reactions in response
to hypoglycemia, since the brain adapts to a new
source of energy [19—21].

When studying the relationship of latent hypogly-
cemias with the response of neural connections in
the brain to the release of classical inhibitory neu-
rotransmitters, the main representative of which is
gamma-aminobutyric acid (GABA), it was shown
that recurrent hypoglycemias lead to a significant
increase in GABA in the hypothalamus. The increase
in GABA correlates with a decrease in the response of
glucagon and adrenaline, and confirms the role of
this neurotransmitter in the development of HAAF.
Apparently, the excess GABA level is caused by the
intensive metabolism of lactate in the brain due to
glucose deficiency. Thus, lactate in large quantities
enters the brain, where it is used not only as a source
of energy, but also as a substrate for the GABA syn-
thesis, and also stimulates the production of this
neurotransmitter by increasing the activity of the
Krebs cycle. In addition, under conditions of hyper-
insulinemia, amino acids are mobilized, in particu-
lar, glutamic acid, the main substrate of GABA, which
also contributes to an increase in the synthesis of this
neurotransmitter [22, 23].

Opioids are also expected to be involved in the
development of HAAF. In the central nervous sys-
tem, opioids promote the development of autonomic
neuropathy through the activation of opioid recep-
tors localized in the thalamus and hypothalamus,
which are responsible for glucose uptake. In an
experiment on rats, it was shown that the introduc-
tion of beta-endorphin directly into the brain inhib-
its hypothalamic responses to hypoglycemia. In
addition, endogenous opioids cause suppression of
adrenal catecholamine release, also contributing to
the development of HAAF [24].

The role of serotonin in the development of HAAF
is currently being studied. It is known that seroto-
nergic  pathways modulate neuroendocrine
responses, and serotonin neurons in the caudate
nucleus of the brain are sensitive to glucose. It was
found that the use of selective serotonin inhibitors
restored the activity of the sympathetic nervous sys-
tem, counter-regulatory hormonal and metabolic
reactions to hypoglycemia; however, in most
patients, the complete recovery of sensitivity to
hypoglycemia was not observed [25, 26].

In experimental studies on rats, it was shown that
ATP-dependent K* channels in the hypothalamus
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CPEeJICTBEHHO B MO3T MHTHOUPYET THIIOTajaMuye-
CKHMe peakIuy Ha Tunoraukemuio. Kpome Toro,
SH/OTEHHbIE OIIMOHWABI BBI3BIBAIOT IOJABJIEHHE
BBICBOOOIKIEHNS KATEXOJIAMHHOB  HAAIOUYEUHH-
KaMH, TaKke crocobcTBys pazsutuio HAAF [24].

B Hacrosiiiiee Bpems U3y4yaeTcs 3HAUEHHE Cepo-
ToHUHA B pa3zButuu HAAF. M3BecTHO, YTO CcepoOTO-
HUHEPTUYECKHE IyTH MOJYJIUPYIOT HEUPOIHI0-
KPUHHBIE PEeakI[iM, a CEPOTOHUHOBBIE HEHPOHBI B
XBOCTATOM sI/ipe TOJIOBHOTO MO3Ta YyBCTBUTEJIHHBI K
IJII0KO3€e. BbL1o 00HapyxkeHo, uTo Ha (oHe mpreMa
CeJIEKTUBHBIX THT'HOUTOPOB CEPOTOHUHOBBIX Pelern-
TOPOB BOCCTAHABJIWBAJIACh aKTUBHOCTh CUMITaTHUe-
CKOU HEPBHOU CHCTEMBI, KOHTPPETYJIATOPHBIE TOP-
MOHAaJIbHbIE U MeTaboIuYecKrne peakluyd Ha THIT0-
TJITUKEMHIO, OJTHAKO y OOJIBIITMHCTBA OOJIBHBIX ITOJI-
HOTO BOCCTAHOBJIEHUSI UYBCTBUTEJIBHOCTH K THUIIO-
IJINKEMUH He HabJII0ganoch [25, 26].

B skcriepuMeHTaIbHBIX UCCIEOBAHUAX HA KPbI-
cax OpLTO 1OKaszaHo, uto K* AT®-3aBucumsblie
KaHabl B THIIOTAJIaMyCe WTPAIOT BaXKHYIO POJIb B
pacro3HaBaHUU TUIIOTJIMKEMUH, B YaCTHOCTH, HEM-
POHBI TIPOOMMOMEIAHOKOPTHHA B BEHTPAJIbHOU
YacTH THUIIOTaJaMyca JOTIOJTHUTETBHO 3KCIIPECCH-
PYIOT BHYTPEHHHE TpPSIMble KaJIeBble KaHaJIbI
(Kir 6.2), mo3BoJIsIOIIME pearupoBaTh Ha M3MEHe-
HUS KOHIIEHTPAIINH TJTFOKO3bI B OKPY:KaIOIIEeH cpeie.
BBeneHne nuazokcusia TPUBOAMIIO K aKTHBAIUU
JIAHHBIX KAHAJIOB B HEHPOHAX BEHTPAJIBHOI'O T'HIIO-
TaJlaMyca, YTO BBI3BIBAJIO PEMOJIIPU3AIUIO KAHATIOB
YU aKTHBHYIO II0/Ia4y CHTHaJa K NepugepUudecKuM
SHIOKPUHHBIM Kejie3aM JJIsI BhIOpOca KOHTPHUHCY-
JIIPHBIX TOpMOHOB [25]. B pabore P.S. George et al.
OBLIO JIOKa3aHO, YTO BBEJIEHUE JTUA30KCHUIA UJTH TJIy-
6upuga maruentam ¢ CJI 1-r0 TUIIa B TeuyeHHE
12-94acoBOTO TEPHOJA /10 PA3BUTHSA THIIOTJIHKEMU-
YECKOTO COCTOSTHHS CIIOCOOCTBOBAJIO BBIPAXKEHHOU
TOPMOHAJIBHON peakIUi Ha TUMOTJIMKEMUIO, UTO
MTOATBEPKIAI0 yuacTHe K* KaHasoB B pacro3HaBa-
HUM TUIIOTJINKEMUH [27].

KiroueBbim 3BeHOM HAAF siBisieTcst HapyleHue
KOHTPPETYIATOPHOM TOPMOHA/JIBHON peakIuu B
OTBET Ha CHUKEHHE yPOBHs IVIIOKO3bI. B ucciienoBa-
uun Y.A. Rhyu et al. y nariuentos ¢ CII 2-1o Tuma ¢
PEeNUAUBUPYIONIAMH TUIOTJIUKEMUSIMHU HaOII07a-
JIOCh HapyllleHHe OTBeTa KOPTH30Jia U TOPMOHA
pocta B 20.5 U 73.2 % cJy4aeB COOTBETCTBEHHO.
HccnemoBatenn OOBSCHSIN JaHHBIE H3MEHEHUS
HapyIIIeHHUEM PETYJISIUU CO CTOPOHBI IIEHTPATbHOU
HEPBHOU CHCTEMBI, a TaKK€ TUIEPUHCYJINHEMUEH,
KOTOpasti MOKET OCJa0JATh KOHTPPETYJIATOPHBIH
OTBeT. Y OOJIbHBIX C COUETAHHBIM CHUKEHUEM KOP-
TH30J1a ¥ TOPMOHA POCTa B OTBET Ha TUMIOTVIMKEMHUIO
Ob1  OOHapy:keH 0Oojiee  BBICOKHI  YPOBEHb

play an important role in hypoglycemia awareness,
in particular, the proopiomelanocortin neurons in
the ventral part of hypothalamus additionally express
the inward-rectifier potassium ion channels (Kir 6.2),
allowing to respond to glucose concentration changes
in the environment. The administration of diazoxide
led to the activation of these channels in the neurons
of the ventral hypothalamus, which caused repolar-
ization of the channels, and active signaling to the
peripheral endocrine glands for the release of insulin
counter-regulatory hormones [25]. In the work of
P.S. George et al. it was proved that the administra-
tion of diazoxide or glubirid to patients with type 1
DM within a 12-hour period before the development
of a hypoglycemic state, contributed to a pronounced
hormonal response to hypoglycemia, which con-
firmed the participation of K* channels in hypoglyce-
mia awareness [27].

The key link in HAAF is the impairment of the
counter-regulatory hormonal reaction in response
to adecrease in glucose level. In a study by Y.A. Rhyu
et al. in patients with type 2 DM with recurrent
hypoglycemia, there was an impaired cortisol and
growth hormone responses in 20.5 and 73.2% of
cases respectively. The researchers attributed these
changes to dysregulation of the central nervous sys-
tem, as well as hyperinsulinemia, which can weaken
the counter-regulatory response. In patients with a
combined decrease in cortisol and growth hormone
in response to hypoglycemia, a higher level of
C-peptide was found, while in an isolated impair-
ment of the response of these counter-regulatory
hormones, the level of C-peptide increased insigni-
ficantly [28].

In contrast, patients with type 1 DM are more
likely to experience impaired response from adrena-
line than from cortisol and growth hormone. In
addition, in type 1 DM, as a result of absolute defi-
ciency of beta cells of the pancreas, the ability to turn
off endogenous insulin secretion during hypoglyce-
mia is lost, and paracrine autoregulation of alpha
and beta cells is impaired, which leads to a defect in
glucagon secretion. In addition, the expression of
many genes necessary for the normal secretion of
glucagon is reduced in alpha cells of the damaged
islets of Langerhans, which also contributes to the
impairment of glucagon secretion in response to
hypoglycemia [29—31].

The change of the physiological response to hypo-
glycemia with the development of impaired hypogly-
cemia awareness can be caused by the variability of
glycemia in DM. Meanwhile, frequent episodes of
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C-menTuza, TOrAa Kak MpU U30JIUPOBAHHOM Hapy-
[IEHUU OTBETAa JJAHHBIX KOHTPUHCYJISAPHBIX TOPMO-
HOB ypoBeHb C-TeNTH/Ia TOBBIIIAJICA HE3HAYU-
TesIpbHO [28].

s maruenTtoB ¢ CJI 1-1o THIIa, HATPOTHUB, OoJiee
XapaKTepPHO HapyIlIeHHe OTBETA CO CTOPOHBI a/[peHa-
JIMHA, YeM KOPTH30J1a ¥ TOpMOHa pocTa. Kpome Toro,
npu CJ/] 1-ro Thma B pe3yJsibTaTe abCOJIFOTHOU HEJI0-
CTaTOYHOCTU [-KJIETOK TOJKETYIOYHOHN >KeJie3bl
YTpauuBaETCs CIOCOOHOCTD OTKIIIOYATD SH/IOTEHHYTO
CEKPEIUI0 WHCYJIMHA BO BpPEMs TUIIOTJIUKEMHU, a
TaKKe HapyIIaeTcsl MapaKpUHHAs ayTOPEeryJIAIus
0- U [-KJIETOK, UTO MPHUBOJUT K JIeEKTY CeKperuu
IIoKarona. Kpome Toro, B a-KJIeTKax MOPaKEHHBIX
OCTPOBKOB JlaHTepraHca CHIDKAETCA JKCIPECCUs
MHO?KECTBA T€HOB, HEOOXOAUMBIX IS KOPPEKTHOM
CEKpEIUH TJIFOKAroHa, UYTO TaKKe CIIOCOOCTBYET
HapyIIeHUIO CEKPEINH IJTI0KaroHa B OTBET Ha TUIIO-
IJINKEMUIO [29—31].

N3meneHne GU3MOJ0TIUECKOrO OTBETA HA TUIIO-
IJINKEMHIO C Pa3BUTHEM HapyIIeHUN pacro3HaBa-
HUS TUIOIVIMKEMHUN MOXKeT OBITh BBI3BAHO BapHa-
6enpHOCTBIO Tyikemud nipu C/I. IIpu sToM yacTeie
SIU30/1bl TUIIOTJIMKEMHUH ITPUBOIMIIN K HAPYIIIEHUIO
KOHTPPETYJIATOPHOTO OTBETA M CHIDKEHUIO BBIPA-
JKEHHOCTH CUMIITOMOB THIIOT/IMKeMuu [32]. B To xke
BpeMsi y 6osbHbIX C]] 2-TO THIA ¢ YACTHIMH THIIO-
[JINKEMHUSIMU BBIABJIEHbI BBICOKHE IIOKA3aTeTH
BapuabeJIbHOCTH TJIMKEMHHU, KOTOpblE HApAAy C
[JTIOKO30TOKCUYHOCTBIO CITIOCOOCTBOBAIM IIPOTrpec-
cuposanuo ociokaeHnuu CJI [33].

Hepacrno3HaHHBIE THUIIOTJIMKEMUU OKAa3bIBAIOT
HEraTUBHOE BJIMSHUE Ha JIOCTIKEHIE [IeJIEBbIX 3HA-
YeHUH TJINKEMUH, a TAK)Ke YBEJIMINBAIOT PUCK pas-
BUTHA PAa3JIMYHBIX IATOJIOTUYECKUX COCTOSHUM.
B ucciemoBanun M.M. Henriksen et al. 6p1111 mos1y-
YeHBl IIOJIOKUTEbHBIE KOPPEJISIHUN HapyIIeHUs
pacro3HaBaHUsA TUIIOTJIMKEMHUU ¢ PUCKOM Pa3BUTHUSA
TSDKEJTBIX TUIMOTJIMKEMUYECKUX COCTOSTHHH C IOTe-
peti cosnanus [34]. Y.K. Lin et al. Takxxe ycraHo-
BWIH, YTO BBISBJIEHHOE MO ompocHukam Gold u
Clarke HapyiieHve pacrio3HaBaHUs TUMIOTJIMKEMUIH
y marueHToB ¢ C/I acconMMpoBaHO C IMOBHIIIEHUEM
PHICKa Pa3BUTHA TSIKEJIOU THUIIOTJIMKEMUH U OoJee
BBICOKMMHU 3HAUEHHUSIMH HHEKCAa BapHaOeJbHOCTH
rukeMuu [35]. TakuMm o6pa3om, Hepaclo3HAHHBIE
TUTIOTJIMKEMUM  ABJISIOTCA CEPbE3HBIM  ITPEIIsT-
crBueM B ynpaeieHuun CJ] ¥ CHMKAIOT KadyecTBO
JKU3HU 3TUX OOJIbHBIX.

PenmuBupyrompe Hepacro3HAHHbIE THUITOTJIN-
KEMUHU TOBBIIIAIOT PUCK PA3BUTHSA MAaKPOCOCYIU-
CTBIX OCJIOKHEHUU, B YaCTHOCTH, OCTPOTO HH(MAPKTA
MHOKap/la, THUIEPTOHUYECKOTO KpH3a, OCTPOTO
KOPOHAPHOTO CHHAPOMA, (PUOPH/UIALIMH Tpeacep-

hypoglycemia led to an impairment of the counter-
regulatory response and a decrease in the severity of
symptoms of hypoglycemia [32]. At the same time,
patients with type 2 DM with frequent hypoglyce-
mias showed high levels of glycemic variability,
which, along with glucose toxicity, contributed to the
progression of diabetes complications [33].

Latent hypoglycemias have a negative influence
on the achievement of target glycemic values, and
also increase the risk of developing various patho-
logical conditions. In a study by M.M. Henriksen
et al., positive correlations of impaired hypoglyce-
mia awareness with the risk of developing severe
hypoglycemic conditions with loss of consciousness
were obtained [34]. Y.K. Lin et al. also found that
impaired hypoglycemia awareness in patients with
diabetes revealed by the Gold and Clarke question-
naires is associated with an increased risk of deve-
loping severe hypoglycemia and higher values of the
glycemic index [35]. Thus, the hypoglycemia
unawareness is a serious obstacle in the manage-
ment of DM, and reduces the quality of life of these
patients.

Recurrent latent hypoglycemia increases the
risk of developing macrovascular complications, in
particular, acute myocardial infarction, hyperten-
sive crisis, acute coronary syndrome, atrial fibrilla-
tion, effort angina, acute cerebrovascular accident,
transient ischemic attacks, diabetic foot syndrome,
atherosclerosis of different localization, sharply
increasing the number of hospitalizations [36, 37].
T.P.B. da Silva et al. investigated the relationship
of latent hypoglycemias with heart rate variability
in patients with DM. In their work, they noted that
as awareness of hypoglycemia deteriorated, the
heart rate variability decreased, which indicates a
progressive loss of parasympathetic activity of the
heart, and entails various adverse consequences
for the cardiovascular system [38]. As a result of
impaired glucose metabolism due to recurrent
atypical hypoglycemias, the mitochondrial dys-
function, impaired fatty acids metabolism, lipid
peroxidation, and other pathological processes
that are important in the pathogenesis of cardio-
myopathy in diabetes develop [39, 40]. The conse-
quence of this is the development of myocardial
contractility disorders, aggravated by metabolic
disorders and deficiency of high-energy com-
pounds [41]. Frequent episodes of hypoglycemia
are associated with the development of oxidative
stress, activation of proinflammatory cytokines
and the blood coagulation system, and the forma-
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JINH, CTEHOKAP/IMU HAMPSKEHUsI, OCTPOTO HapyIile-
HHSI MO3TOBOTO KPOBOOOpAIllEHUs, TPAH3UTOPHBIX
HIIEMUYECKUX AaTak, CHHApPOMa JAuHabeTHYeCKOu
CTOIIBI, aTEPOCKJIEPO3a PA3IUYHOU JIOKAIMBAIIHH,
PE3KO YBeTMYUBAs YHUCIIO TOCITUTAIIN3AIUH [36, 37].
T.P.B. da Silva et al. ucciegoBasii B3aUMOCBA3b
CKPBITBIX TUIOIJIMKEMUN C BapHabeTbHOCTHIO cep-
JleqHoro puTtMa y manueHToB ¢ C/I. B ux pabore 66110
OTMEYEHO, YTO [0 Mepe yXy/IIIeHUsI paclIO3HaBaHUA
THUIIOTJIMKEMHH BapuabeIbHOCTh CEP/IEYHOT0 PUTMAa
MMaIeHTOB YMEHbIIaIach, YTO YKa3bIBaeT Ha IIPO-
TPECCUPYIOIIYI0  IOTEPI0  MapacHMIIaTUUYECKON
aKTUBHOCTH CEP/IA U BJIeUeT 32 cOO0H pa3IndHbIe
HeOIATONPUATHBIE TIOCJIE/CTBUS [IJIsI  CEPAEUHO-
cocyauctoli cucrembl [38]. B pesysbrare Hapyiie-
HUs MeTaboIM3Ma IJII0KO3bl Ha (POHE PEIUUBUDPY-
OIUX AaTUIUYHBIX THUIIOIJIUKEMUN pa3BUBAETCS
MUTOXOH/IpHaJIbHAA  AUCHYHKIUA, HapyIIeHUe
MeTaboIu3Ma JKUPHBIX KUCJIOT, ITEPEKUCHOE OKHC-
JIeHWe JIUIUJIOB U JIPyrHe IaTOJIOTMYeCcKHe IIPo-
IlecChl, IMEIe 3HAaUeHHE B MMaToreHe3e Kapauo-
muonatun npu CJI [39, 40]. CneacrBueMm 3TOTO
SABJISIETCS PA3BUTHE HApYIIEHUH COKPATHTETHHOU
CIIOCOOHOCTH MHOKap/ia, YCyTyOIsIoIeicss B yCao-
BUsAX MeTabOJUUYEeCKUX HapyIIeHuW u Jedunura
MaKpo3proB [41]. YacTele 31130/l TUIIOTJIMKEMUH
acCOIMUPOBAHbI € PA3BUTHEM OKHCIUTETHHOTO
cTpecca, aKTUBAIUEeH TPOBOCITATUTEBHBIX ITUTOKH-
HOB U CBEPTHIBAIOIIEH CHCTEMBI KPOBH, DOPMUPOBA-
HHUEM BHOTETHAIPHON MUCOYHKIIUN, YTO 3HAYM-
TEJIPHO  yXVAIIAeT TedYeHWe  COIYTCTBYIOIIHNX
CepIeYHO-COCYyIUCThIX 3aboseBanuit [42]. Cocynu-
CThle HapyIIeHUs HapsAAy ¢ THOeIbi0 HEHPOHOB Ha
(poHEe ATUNMMYHBIX TUNOIIMKEMHH CIOCOOCTBYIOT
CHU’KEHUIO BHUMAHUS U CKOPOCTH IICUXOMOTOPHBIX
MIPOIECCOB, CYIIECTBEHHO IMOBBINIAIOT PUCK Pa3BH-
TUsl JieMeHnuu. IloBpexkaaroliee JIEUCTBUE THIIO-
[JIAKEMUN [IPEUMYIIECTBEHHO CKa3bIBaeTCs Ha
MarieHTax MOKUJIOTO BO3pPAcTa, KOTOPhIE B CHIIY
0oJiee HU3KOTO KOTHUTHBHOTO pe3epBa M HHU3KOU
MJIACTUYHOCTH B MEHbIIIEH CTEIIEHH CIIOCOOHBI HUBE-
JIMPOBATDH MOCEACTBUS MTOBPEKIEHUA. Y MOJIOABIX
6os1pbHBIX C/], HECMOTpPSI HA BBICOKYIO YaCTOTY THIIO-
[VTHKEMUYECKUX DIU30/I0B, CYIIECTBEHHOTO KOTHU-
TUBHOTO CHUJKEHUs, Jla’ke TIPU MHOIOJIETHEM
HaOomeHnu, He orMedeHo [43]. V. Perea et al.
OTMETWIHN BJIWsHUE HapYIIEHUs Paclo3HaBaHUs
TUTIOTVIMKEMHUH Ha MeTaboJMYeCKHH KOHTPOJIb U
HCXO/IbI 6epeMeHHOCTH Y nanueHTok ¢ C/I 1-To tuma.
HcenemoBanre MoKa3auio, 4To B TPYIIIE JKEHIIUH C
ATUIHUYHBIMU THIIOTJIMKEMUSIMH PUCK PECITHPATOP-
HOTO JIUCTPECCa HOBOPOXKJEHHBIX U IMPEIKIAMIICHH
OBLI CTATUCTUYECKH 3HAYKMMO BBIIIE B OTJIMYHE OT
KOHTPOJIBHOU TPYIIIIHI [44].

tion of endothelial dysfunction, which significantly
worsens the course of concomitant cardiovascular
diseases [42]. Vascular disorders, along with the
death of neurons, developing due to atypical hypo-
glycemia, contribute to a decrease in attention and
speed of psychomotor processes, and significantly
increase the risk of dementia. The damaging effect
of hypoglycemia predominantly endangers elderly
patients who, due to a lower cognitive reserve and
low plasticity, are less able to neutralize the conse-
quences of lesion. In young patients with DM,
despite the high frequency of hypoglycemic epi-
sodes, no significant cognitive decline, even with
long-term follow-up, was observed [43]. V. Perea
et al. noted the effect of impaired hypoglycemia
awareness on metabolic control and pregnancy
outcomes in patients with type 1 DM. The study
showed that in the group of women with atypical
hypoglycemia, the risk of neonatal respiratory dis-
tress and preeclampsia was significantly higher
than in the control group [44].

CONCLUSION

Impaired hypoglycemia awareness syndrome has
a high prevalence and is related to a decrease in the
quality of life and the development of various com-
plications of DM. Despite the significant number of
assumptions about the mechanisms of the hypogly-
cemia unawareness development, the most proven is
the adaptation of the brain to hypoglycemia, and the
development of autonomic dysfunction associated
with hypoglycemia.

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

3AK/IIOYEHUE

CuHJZIpOM HapyIIEeHHs PacllO3HABAHUS TUIIOTJIH-
KEMHH HMeeT BhICOKYIO PACIIPOCTPAHEHHOCTh U B3a-
WMOCBSI3b CO CHMI>KEHHEM KauecTBa KU3HU U Pa3BU-
THEM pasiuyHbIX ocnoskHeHud CJI. Hecmorps Ha
3HAYUTEJIbHOE KOJHUYECTBO IMPEINOIOKEHNH O
MeXaHU3MaxX Pa3BUTHs HEPACIIO3HAHHBIX THUITOTJIH-
KeMHi, HanboJiee JOKAa3aHHBIM SBJISIETCS ajalTa-
U TOJIOBHOTO MO3Ta K TUIIOTJINKEMUN U PA3BUTHE
ABTOHOMHOM JUCHYHKIIUHM, AaCCOIIMUPOBAHHOU C
TUIIOTJIMKEMUEH.

KondaukT nHTEpEeCcOoB. ABTODHI 3a5BJISIOT 00
OTCYTCTBUM KOH(JIMKTA NHTEPECOB.
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AleppaHTHadA 3KcCIpeccua 1 METUIHNPOBaHUE T€HOB OT/Ee/JIbHbIX
MUukpoPHK npu iumdonpoaudeparuBHbIX 3a00/1€eBAHUAX:
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B.H. MakcumoB!

HHUH mepanuu u npoguraxkmureckoit meouyurst — guaruan ®PI'BHY «Dedepanvhblil uccaedosamenbckuil yeHmp
Hucmumym yumoaoauu u cenemuxu CO PAH» (Hogocubupck)

2@I'6OY BO «Hosocubupckuil 2ocydapcmeeHHblil meduuuHckuil yHusepcumem» Munsdpasa Poccuu

3I'bY3 HCO «I'ocyoapcmeennas Hogocubupckas obaacmHan KauHuveckas 60avHuya»

AHHOTAILIUA

B mociennue fgecatuietus o6Hapy:keHo, 4To MUKpOPHK y4JacTBYIOT IPAKTHYECKH BO BCEX KJIETOUHBIX MTPOIECCAX, B TOM
4ucile B pa3BUTHU OITyXOJIeH.

B npezncraBiieHHOM 0030pe paccMOTpEHA MOJIEKYJISIPHO-TeHETHYeCcKasi XapaKTepucTruka psaaa MukpoPHK, pyHknnoHupy-
IOIIUX IPU HOPMAaJIbHOM KPOBETBOPEHUH, HapYIIIEeHHEe SKCIIPECCUU KOTOPBIX IIOKA3aHO IPH pa3BuTHH JIuMbonpotrdepa-
THUBHBIX 3a00sieBaHU#. [IpUBeEeHBI NOCIeAHNE OIMyOJINKOBAHHBIE PE3YJIBTAThI HUCCIETOBAHUN IO JAMATHOCTUIECKOMY,
[IPOTHOCTUYECKOMY ¥ KJIMHUYECKOMY 3HAYEHHI0 METHJIMPOBAHUS I'eHOB paccMarpuBaeMmbix MHKPOPHK mpu 3yiokaue-
CTBEHHBIX HOBOOOPA30BaAHUAX CUCTEMBI KDOBH.

Kmuoueewvte croea: vukpoPHK, remo6sacTossl, MeTHIHpoBaHue, miR-129, miR-342, miR-196b, miR-9, miR-126,
miR-137.

O60pasen murupoBaHua: Bopomnaesa E.H., Bepesuna O.B., Uypkuaa M.I., I[Tocrenosa T.N., JIpiznoBa A.A.,
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paTHBHBIX 3abosieBaHusAX: 0630p smureparypsl // Journal of Siberian Medical Sciences. 2021. N@ 4. C. 108-133. doi:
10.31549/2542-1174-2021-4-108-133

Aberrant expression and methylation of individual microRNAs
genes in lymphoproliferative diseases: a literature review
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ABSTRACT

In recent decades, it has been found that microRNAs are involved in almost all cellular processes, including the develop-
ment of tumors.

In this paper, we consider the molecular genetic characteristics of a number of microRNAs that function in normal hema-
topoiesis, whose expression is impaired in the development of lymphoproliferative diseases. The last published results of
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studies on the diagnostic, prognostic and clinical significance of gene methylation considered by microRNAs in malignant

neoplasms of the blood system are presented.
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MukpoPHK (miRNAs, miRs) sBastOTCS HETraTHB-
HBIMU PETYJIATOPAMU SKCIIPECCUU TEHOB Y MJIEKOITH-
taromux. I1o TaHHBIM OIIEHOK C ITPUBJIEUeHHEM OHO-
UHOOPMAIMOHHBIX METO/IOB, OHU MOTYT Y4acTBO-
BaTh B PETYJIAIUH YPOBH:A OoJiee 90 % 6eyikoB [1].

Homenwitarypa mukpoPHK umeer cBou ocobeH-
HOCTH, ¥ CO BpeMeHeM OHa Bce OOJIbIIe AeTATU3UPY-
ercs u yrounsiercs. Tak, HarpuMep, B Ha3BaHUU hsa-
mir-34a yacruna hsa cBHUeTEBCTBYET O TOM, UTO
peus uzer o mukpoPHK uenoBeka, mir — o Tom, 4TO
ONMChIBaeMasi  IIOCJIEJIOBATEIbHOCTh  SIBJISAETCS
MOJIEKYJIOU-TIPE/IIIECTBEHHUIIE, B TO BpeMsA Kak
yactura miR obo3Hauaer yxe 3pesbie MukpoPHK.
[TosTHOCTHIO UIEHTUYHBIM I C BBICOKOU CTETIEHBIO
romosiorun MukpoPHK mpucBamBaeTcss OfuH U TOT
JKe HoMep ¢ jobapyieHueM OyKB wiu 1udp. IloaTomy
IepBOe YKCJIO B HA3BAHUU — 3TO HOMEP CEMENCTRA,
KOTOPBIM IPUCBAUBAJICA 10 Mepe €ro OTKPBITHUA U
onucanus. K nociaenosaresbHOCTAM, KOTOPBIE OT/IN-
YAIOTCA 110 HECKOJIBKUM HYKJIEOTHJIAM, I00aBJISIOTCS
OykBeI (a, b, ¢ ¥ T.1.), @ K HAEHTUYHBIM IIOCIEZI0BA-
TeJIBHOCTSM, 3aKOJPOBAHHBIM B Pa3JIMYHBIX PETHO-
HaX reHOMa, JTIobaBsAroTe mudpsI (1, 2, 3 u T.4.) [2].

T'ensr mukpoPHK wmoryr pacnosaratbes rpyn-
IaMd U TPAHCKPUOUPOBATHCA ITOJTUIIUCTPOHAMU.
3peJible MOJIEKYJIBI 00PaBYIOTCA B PE3YJIbTATE ITOCTIe-
JIOBaTEJILHOTO co3peBaHus (mporeccunra). Tpaxc-
KpubupyeMass Ha IEpPBOM dTalle JIMHHAsA (OKOJIO
200 nap HykJIeoTusoB (1.H.)) pri-microRNA (mipu-
mukpoPHK) mop melicTBreM KoMiuiekca OEIKOB ¢
yuactueMm siieproit PHKassr I11 Drosha ykopaunsa-
ercsa 0 pre-microRNA (mpe-mukpoPHK) pimuHOM
0K0J1I0 60—70 11.H. besIkoM 5KCIIOPTUHOM-5 HOCTET-
HAA U3 A7pa J0oCTaBisgeTca B LUTOILIa3My. Tam, ¢
oMoInpio pepmerTa Dicer, oHa ykopaduBaeTcs 10
20—-25 II.H. ¥ IpPEeBpAIaeTcs B 3PEIyI0 JABYXIIEIO-
yeuynyro MUKpOoPHK. Ilocne paspesanusa «TOMUHU-
pyomasa» 5-menb Tpd  HoMoImu Oenka Ago
(Argonaute) Brirouaercs B coctraB PHK-unayiupye-
MOro KoMmIuiekca BeikaoueHus reHa (RISC — RNA-
induced silencing complex), B To Bpems Kak 3 -1elib
paspymiaercs.

B cocraBe komiuiekca RISC mukpoPHK moryr
CBA3BIBATBCA € KOMIUIeMeHTapHbiMu uM MRE

MicroRNAs (miRNAs, miRs) are negative regula-
tors of gene expression in mammals. According to
estimates using bioinformatic methods, they can
participate in the regulation of the level of more than
90% of proteins [1].

The nomenclature of microRNAs has its own
characteristics, and over time it is more and more
detailed and refined. For example, in the name
hsa-mir-34a, the hsa indicates that we are talking
about human microRNA, the mir indicates that the
described sequence is a precursor molecule, while
the miR designates mature microRNAs. MicroRNAs
that are completely identical or with a high degree of
homology, are assigned the same number with the
addition of letters or numbers. Therefore, the first
number in the name is the family number, which was
assigned as it was discovered and described. Letters
(a, b, c, etc.) are added to sequences that differ in sev-
eral nucleotides, and numbers (1, 2, 3, etc.) are added
to the identical sequences encoded in different
regions of a genome [2].

MicroRNA genes can be arranged in groups and
transcribed by polycistrons. Mature molecules are
formed by successive maturation (processing). The
long (about 200 base pairs (bp)) pri-microRNA
(pri-microRNA) transcribed at the first stage under
the action of a complex of proteins with the partici-
pation of the nuclear RNase III Drosha is shortened
to pre-microRNA long about 60—70 bp. By protein
exportin-5, the latter is delivered from the nucleus
to the cytoplasm. There, with the help of the Dicer
enzyme, it is shortened to 20—25 bp and turns into
a mature double-stranded microRNA. After cut-
ting, the “dominant” 5'-chain with the Ago protein
(Argonaute) is incorporated into the RNA-induced
silencing complex (RISC), while the 3'-chain is
destroyed.

As part of the RISC complex, microRNAs can
bind to complementary MREs (microRNA response
elements) on the 3"-untranslated region of messen-
ger RNA (mRNA) of target genes and cause their
degradation or translation repression. Thus, the
RISC complex can disrupt the initiation of transla-
tion, slow down the elongation of the amino acid
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(microRNA response elements) Ha 3'-HeTpaHCIHPY-
emoit obsactu MarpuuHoii PHK (m-PHK) renos-
MHUIIIEHEH U BBI3BIBATD UX JIETPAIAIIAIO UJIH Perpec-
curto TpaHeaanuu. Tak, komiuieke RISC moxet Hapy-
IIaTh HAYaJI0 TPAHC/IAIUH, 3aMEJIJISTh 3JIOHTAIUIO0
aMHUHOKHCJIOTHOMU IEITH, BBI3bIBATH OBICTPOE OT/IEsIE-
HHe PUOOCOMBI WM IIPOTEOJHU3 00pasyIoIerocs
Geska [3].

ITocnepoBarenpHocTh MUKPOPHK co 2-ro mo
8- HyKJ1€e0TH/T HA3bIBAIOT « KJIDUEBOU » , TIOCKOJIBKY
WMEHHO OHa BajkKHA IS KOMILJIEMEHTapHOTrO pac-
MO3HAaBaHUA MUIlleHu. I[losHAA WM 4YacTUJIHAasA
KOMILJIEMEHTAPHOCTh MEK/y 3'-HEeTpaHCIUPyeMOi
ob6sactei0 M-PHK u KJII04eBOH I1OC/I€0BATEIbHO-
crei0 MUKpOPHK fietaeTr BO3MOKHBIM TTOCAZIKY
komiiekca RISC. CienyeT oTMeTUTD, UTO MyTalluU
U OJHOHYKJIEOTH/IHbIE MOJUMOpGU3IMBI B 3'-He-

TPAHCIUPYEMBIX IIOCIEA0BATEIBHOCTAX T'E€HOB-
MUIIEHEH  HApyImIAalT  B3aUMOJEHUCTBHE  C
mukpoPHK [4].

ITokazaHo, yTo HekoTOphie MUKpOPHK paboTtaror
Kak Oydepnl ciaydyalHBIX U3MEHEHUU SKCIIPECCUH,
BO3HUKAIOIIUX M3-32 CTOXACTUYECKUX COOBITUU B
TPAHCKPUIIUH, TPAHCIIAIUN U CTAOMIIBHOCTH OeJIKa
[5]. dBomOIIMOHHO cTapble U Hanbosee KOHCEPBa-
tuBHBbIe MUKPpOPHK »skcmpeccupyioress Ha 6osee
BBICOKUX YPOBHSX, 2 U3MEHEHUS B UX SKCIIPECCUU C
BBICOKOU JI0JIE BEPOSITHOCTH IIPUBEJYT K ITATOJIOTH-
yeckuM peHoTumnam [6].

Unentndukanua mumenedr mMukpoPHK u ux
PeryJIsiTOpPHBIX IIETENIh B HACTOsAIIIEe BPEMSI OCTAETCS
OJTHOU M3 CaMbIX BaXKHBIX 33/1a4 B KJIETOUHOU OHMO-
JIOTHH, TOCKOJIBKY OHH MOTYT OBITh KOHTEKCTHO-
3aBUCHMBIMHY, T.€. PA3JINYATHCSA B KJIETKAX Pa3Ind-
Horo tuima [5].

IIEJIb NCCJIEJOBAHUA

0O0630p BOIPOCOB, KACAIOUIUXCA HAPYIIEHUS DKC-
MIPECCUU M METUJIMPOBAHUA T'eHOB pAza MUKkpoPHK
U UX POJIM B pa3BUTUU JuMonpoaiudepaTuBHBIX
3a00J1eBaHUI.

PE3YJIBTATBI UCCJIEJOBAHUA

CemeiictBo MukpoPHK miR-129

CemelicTBO mpealiecTBeHHUKOB MUKpoPHK
miR-129 yesoBeka BKJIIOUaeT B cebs /iBa WieHa —
redbl MIR-129-1 u MIR-129-2, pacnojiOKeHHbIE B
XPOMOCOMHOM Y9YacTKe 7(32 U BHYTPUTE€HHOM
JIOKyce 11p11.2 (reHOM-x03AMHOM sBisercs EST)
COOTBeTCTBEHHO [7, 8]. Bosibiioe 3HaueHne JaHHbIE
mukpoPHK umeror B perynsamuu mposudeparuu,
aroITo3a, aJre3ui, MUTPAIlUU U WHBAa3UU KJIETOK,
a Tak)ke MHOXKEeCTBEHHOM JieKapCTBEHHOU pe3u-
CTEHTHOCTH omyxosier [9, 10]. Tak, mokazaHo, 4TO

chain, and cause rapid separation of the ribosome or
proteolysis of the resulting protein [3].

The sequence of microRNA from the 2nd to the
8th nucleotide is called “key,” since it is this sequence
that is important for complementary target recogni-
tion. The complete or partial complementarity
between the 3'-untranslated region of mRNA and the
key sequence of miRNA makes it possible of entry of
the RISC complex. It should be noted that mutations
and single nucleotide polymorphisms in the
3'-untranslated sequences of target genes disrupt the
interaction with microRNAs [4].

It has been shown that some miRNAs act as buf-
fers of random changes in expression arising from
stochastic events in transcription, translation, and
protein stability [5]. Evolutionarily the oldest and
most conserved miRNAs are expressed at higher lev-
els, and changes in their expression will most likely
lead to pathological phenotypes [6].

The identification of microRNA targets and their
regulatory loops currently remains one of the most
important tasks in cell biology, since they can be con-
text-sensitive, i.e., differ in cells of various types [5].

AIM OF THE RESEARCH

A review of issues related to disorder of expres-
sion and methylation of genes of a number of micro-
RNAs and their role in the development of lymphop-
roliferative diseases.

RESULTS

The miR-129 family

The family of human miR-129 microRNA pre-
cursors includes two members, MIR-129-1 and
MIR-129-2 genes, located in the 7q32 chromosomal
region and the 11p11.2 locus (the host genome is
EST) respectively [7, 8]. These miRNAs are of great
importance in the regulation of proliferation, apop-
tosis, adhesion, migration, and invasion of cells, as
well as multidrug resistance of tumors [9, 10].
Thus, it has been shown that an increase in the
expression of miR-129 in a lung adenocarcinoma
cell culture leads to a cell cycle arrest followed by
cell death [11].

The targets of miR-129 are mRNAs of a number
of oncogenes (Table 1), the most studied of which are
CDK6, PDGFRA, FOXP1, HMGB1 and transcription
factors of stem (including hematopoietic) cells SOX4,
EIF2C3, and CAMTA1[7, 12, 13 ]. Thus, CDK®6, inter-
acting with cyclin D1, leads to the transition of the
cell cycle from G1 phase to phase S. SOX4 (B-cell
transcription factor) regulates a number of genes,
including microRNAs genes responsible for prolifer-
ation, survival, and inhibition of apoptosis in tumors,
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MIOBHIIIIEHNE DKCIIpeccuu MiR-129 B KyIbType Kie-
TOK a/IEHOKApPIITHOMBI JIETKOTO IPUBOJIUT K OCTa-
HOBKE KJIETOUHOTO ITUKJIA C IOCTIeAYIOIIeH rnberbio
KJIEeTOK [11].

MumenssmMu miR-129 sapasaotcas M-PHK psga
OHKOTeHOB (Tabs. 1), Haubojee W3YYEHHBIMH U3
koTopeix sBysIOTCsE CDK6, PDGFRA, FOXP1,
HMGB1 v TpaHCKpUHOIMOHHBIE (AKTOPHI CTBOJIO-
BBIX (B TOM YMCJIE TEMOIIOTHYECKHX) Ki1eTok SOX4,
EIF2C3 u CAMTA1 [7, 12, 13]. Tak, CDK6, B3aumo-
JIEUCTBYA C IUKIUHOM D1, NPUBOAUT K IEPEXOY
KJleTouyHOoro nukiaa us ¢aspl G1 B ¢asy S. SOX4
(TpaHcKpuUNIUOHHBIA (akTop B-KieTOK) perysiu-
PYeT psi TeHOB, B TOM 4ucie U reHoB MUKpOPHK,
OTBETCTBEHHBIX 32 MPOIU(EPAINI0, BHIKHUBAEMOCTh
1 MHTHOMPOBAaHUE alloNTO3a B OIyXoJisaX, a PDGFRA,
HMGB1 u FOXP1 BaxkHBI JJII ME3€HXHMAaJIbHO-
SHJIOTEJIMAIBHOTO TIepexofa [8, 14, 15]

HepmaBHo O0bUIO oOmHCAaHO, YTO MUIIEHAMHU
miR-129 SABIAOTCA KO-aKTUBATOPHI TPAHCKPUIIIIN-
oHHbIX (akTopoB TEAD cemeiictBa YAP u TAZ,
KOTOpble HEeOOXOAUMBI /Il TPACKPUIIIUU psAa
OHKOreHOB, B ToM unciie C-MYC [16].

[TepBble COOOIIEHNS O CHIXKEHHOH SKCIIPECCUU
miR-129 npu onyxossax (Mexysobaacrome, Heud-
(epeHIIMPOBAHHOM paKe JKeIyAKa, KOJIOPEKTATh-
HOH KapI[MHOME W aJieHOKapI[MHOME JIETKHX) IOsI-
BIUIMCH B Hauasie 2000-X rozos [8]. Torga e ObLI0
IIO0Ka3aHo, YTO Mo/iaBjieHne sKcnpeccuu MUKpoPHK
cemelicTBa mMiR-129 MOXKeT NPOUCXOJIUTH IIyTEM
SIIUTEHETUYECKUX MEXaHU3MOB,  UMEHHO METHIN-
poBanus MIR-129-2 [9, 17—19]. CpG-0CTpOBKY IIpH-
CYTCTBYIOT B HEIIOCPEICTBEHHOU OJIM30CTH OT IIPO-
MOTOpa HWMEHHO [IaHHOTO TeHa, HO He TeHa
MIR-129-1 [7]. Tlocneguuil pacrnoJsiaraercs B JIOM-
KoM caiite FRA7H Ha 7-W XpOMOCOME U YacTo yTpa-
YHUBaeTCA IIPHU OIMYXOJIAAX. B sKcriepuMeHTaX HA KyJTb-
Typax KJIETOK KapIHHOM TOJICTOTO KHUIIIEUHUKA U
MOJIOUHOH KeJjie3bl IpPUMEHEHHe 5-a3aluTHANHA
IIPUBOAUII0O K  BOCCTAHOBJIEHHUIO  OKCIIPECCHH
miR-129 ¥ 3aMeJJIeHNIO pocCTa KJIETOK OITyXOJIEH,
YTO SIBJISIETCS €Illeé OJHUM II0Ka3aTesieM OHKOCY-
IIpeccopHO# (YHKIHMH JAHHOTO CEMeHCTBA MUKPO-
PHK u Ba?KHOCTH SITUTEHETUYECKOU PETYJIAINU €T0
TPaHCKPUIIINH [11, 19, 20].

L. Koens et al. coob1manu 0 TOM, YTO SKCIIPECCHST
miR-129 cHmKeHa NOpU NEPBUYHON HDIY3HOU
B-kpynHoxserounoi aumdpome (JIBKKII) leg-type.
ITpu 3TOM 0cO60 BRIpAIKEHHOE €€ CHIKEHKE HAOJTIO-
JIJIOCh TIPH TIO/THIIE OIYXOJIM U3 aKTUBUPOBAHHBIX
B-KJ1€TOK B CpaBHEHUU C TIOJITUIIOM U3 KJIETOK 3apO-
JIBIIIIEBOTO IleHTpa [21].

I[Ipu remob6isiacTo3ax HU3KAs  DKCIPECCUS
miR-129, Tak ke Kak ¥ IPH COJIMIHBIX HOBOOOPA30-

while PDGFRA, HMGB1 and FOXP1 are important
for the mesenchymal-endothelial transition [8,
14, 15].

Recently, it was described that the targets of
miR-129 are co-activators of the YAP and TAZ family
of TEAD transcription factors, which are required for
the transcription of a number of oncogenes, inclu-
ding C-MYC [16].

The first reports of decreased expression of
miR-129 in tumors (medulloblastoma, undifferenti-
ated gastric cancer, colorectal carcinoma, and ade-
nocarcinoma of the lungs) appeared in the early
2000s [8]. At the same time, it was shown that the
suppression of expression of miRNAs of the miR-129
family can occur through epigenetic mechanisms,
namely, methylation of MIR-129-2 [9, 17-19]. CpG
islands are present in the immediate vicinity of the
promoter of this particular gene, but not the
MIR-129-1 gene [7]. The latter is located in the
FRA7H fragile site on chromosome 7 and is often lost
in tumors. In experiments on cell cultures of colon
and breast carcinomas, the use of 5-azacytidine led
to the restoration of miR-129 expression and slowing
down of tumor cell growth, which is another indica-
tor of tumor suppression function of this miRNAs
family and the importance of epigenetic regulation of
its transcription [11, 19, 20 ].

L. Koens et al. reported that the expression of
miR-129 is reduced in primary diffuse large B-cell
lymphoma (DLBCL), leg-type. At the same time, a
particularly pronounced decrease in it was observed
with the subtype of the tumor from activated B cells
in comparison with the subtype from the cells of the
germinal center [21].

In hemoblastoses, low expression of miR-129, as
in solid neoplasms, is often associated with methyla-
tion of MIR-129-2, which is more characteristic of
lymphoid, but not myeloid, tumors [9]. In normal
hematopoietic cells, methylation of the MIR-129-2
gene has not been described [7, 22].

Epigenetic inactivation of MIR-129-2 has been
studied on cell lines of multiple myeloma and non-
Hodgkin’s lymphomas (NHL), as well as in cells from
patients with acute and chronic leukemia, lympho-
mas, and monoclonal gammopathies. All five lym-
phoma cell lines and seven of the eight of multiple
myeloma (MM) cell lines had a methylated gene. In
primary tumor samples, methylation of MIR-129-2
was absent in acute myeloid leukemia (AML) and
chronic myeloid leukemia (CML), but was detected
in 38.0—45.9% of cases of chronic lymphocytic leu-
kemia (CLL), 49.5% of cases of multiple myeloma
and 59.1% of cases of non-Hodgkin’s lymphomas.
The frequency of detection of gene methylation was
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BaHUAX, YacTO CBfA3aHA C METWIHPOBAaHUEM
MIR-129-2, yTo ABJsAETCS OoJiee XapaKTEPHBIM JIJIA
AUMGOUIHBIX, HO HE MHUEJOUIAHBIX OIMyXoJied [9].
B HOpMAaTbHBIX TEMOIIO3THYECKUX KJIETKAX METHUIIH-
poBanue reHa MIR-129-2 He onucaHo [7, 22].

dnureHetnueckasa nHaktuBanuga MIR-129-2 usy-
yajiach Ha KJIETOYHBIX JIMHUAX MHOXKECTBEHHOU
MHEJIOMBI ¥ HEXO/[KKUHCKUX JIHMQOM, a TaKKe B
KJIETKAX OT NAIlEHTOB C OCTPHIMHU ¥ XPOHUYECKIMHU
Jeiko3amMu, JUMOMAaMU U MOHOKJIOHAJIBHBIMU
raMMarnaTuamMy. Bce mATh KJIETOUYHBIX JTUHUN JIUM-
¢om u ceMb U3 BOCBMHU KJIETOUHBIX JINTHUN MHOXKe-
cTBeHHOU Mmuesiombl (MM) uMMenTd METHIUPOBaH-
HBIH reH. B MEepBUUYHBIX OITyXOJIEBBIX OOpasmax
MmeTuanpoBanue MIR-129-2 OTCyTCTBOBAJIO IIpU
OCTpOM MHUeJOUTHOM Jieikode (OMJI) u xpoHuYe-
ckoM muesioserikose (XMJI), Ho 0GHApYKHUBAJIOCh B
38.0—45.9 % ciyyaeB XpOHUUYECKOTO JUMQpOIeH-
ko3a (XJIJI), 49.5 % ciiyuaeB MHOKECTBEHHOU Mue-
JIOMBI U 59.1 % cJlydaeB HEXOMKKUHCKUX JUM@POM
(HXJI). YacroTa BBHIABIEHUS METUIMPOBAHUS reHa
OpLIa cpaBHUMA ITpH OmmyXoJsax B-, T- u NK-kneTou-
HOTO TIPOUCXOXKAeHUsA. [Iph 3TOM MeTHIMPOBaHHE
MIR-129-2 OBLIO CBA3aHO ¢ METHIUPOBAHUEM reHa
MIR-203, a ob6paboOTKa KJIETOYHBIX JIMHUU JIUM-
(OoMBI 30HBI MAHTHH JIEMETHIHNPYIOITAMH ar€HTaMH
MPUBOAWJIA K BOCCTAHOBJIEHUIO YPOBHA 3pejoi
MmukpoPHK, a Taxke wmHTHOMpOBaa KJIETOUHYIO
nposiudeparvio U yCuInBaia rubesb KIeTok [7, 22].
[Ipeanosnaraercda, uto MetunupoBanue MIR-129-2
SIBJISIETCS] BAKHBIM COOBITHEM, CBSI3aHHBIM C TPAHC-
¢opmanmeli MOHOKJIOHAJIbHOH TaMMaraTHH Hesic-
HOT'O TeHe3a B CUMIITOMATHYECKYI0 MHOKECTBEHHYIO
muesomy [7].

MukpoPHK miR-342

T'en MIR-342 pacnojioKeH B 3-M UHTPOHE TeHa-
xo3auHa EVL, nokanm3oBaHHOTO B 14q32 [23].
Komupyemas um mukpoPHK miR-342 umeet miuny
21 I.H. U BBINIOJIHAET OITyXOJiecylpeccopHyto dyHK-
[MI0 IyTeM WHTHOWPOBAHUS KJIETOUHOU Ipostude-
panuu, amnonrTo3a, MUTPAIUA U WHBA3uU [23—30],
BO37lelicTBysl Ha Takue MaTpuunble PHK mumienw,
kak FOXQ1, DNMT1, MYC, Runx2 u IKK-y. Takxke
miR-342 yuactByer B perynsnuu M-PHK MCT1.
Bricoknit ypoBenp MCT1 paccmaTpuBaeTrcsi Kak
OIMH W3 IIPU3HAKOB arpecCUBHOCTH PAa3IMIHBIX
3JI0KAYECTBEHHBIX HOBOOOpazoBaHUU. J[aHHBII
0eJIOK M3MeHsAeT MeTaboJIMUYecKUil roMeocTas, CIIo-
cobcTByeT 60siee BBICOKOMY IOTPEDJIEHUIO JIaKTaTa
KJIETKaAMU, TJTUKOJIUTUYECKOMY (PEHOTHUILY OITyXOJIN
U 0cJIabJIEHUI0 UMMYHHBIX OTBETOB [31].

B xseTkax immdom oryxosiecynpeccopHas pyHK-
nus miR-342 6bLIa MPOIEMOHCTPUPOBAHA UHTUOU-

comparable in tumors of B, T, and NK cell origin. At
the same time, methylation of MIR-129-2 was asso-
ciated with methylation of the MIR-203 gene, and
treatment of cell lines of lymphoma of the mantle
zone with demethylating agents led to the restora-
tion of the level of mature miRNA, and also inhibited
cell proliferation and increased cell death [7, 22]. It is
assumed that methylation of MIR-129-2 is an impor-
tant event associated with the transformation of
monoclonal gammopathy of unknown origin into
symptomatic multiple myeloma [7].

miR-342

The MIR-342 gene is located in the 3rd intron of
the host gene EVL localized at 14q32 [23]. Encoded
by it, miR-342 has a length of 21 bp and performs a
tumor suppressor function by inhibiting cell prolif-
eration, apoptosis, migration, and invasion [23—30],
acting on such target messenger RNAs as FOXQ1,
DNMT1, MYC, Runx2, and IKK-y. Also miR-342 is
involved in the regulation of MCT1 mRNA. A high
level of MCT1 is considered as one of the signs of
aggressiveness of various malignant neoplasms. This
protein alters metabolic homeostasis, promotes a
higher lactate consumption by cells, a glycolytic phe-
notype of a tumor, and a weakening of immune
responses [31].

In lymphoma cells, the tumor suppressive func-
tion of miR-342 has been demonstrated by inhibi-
tion of autophagy, cell proliferation, and increased
cell death, as well as a decrease in DNMT1 expres-
sion [23].

A decrease in miR-342 expression has been
shown in various types of epithelial tumors, such as
adenocarcinoma and non-small cell lung cancer,
renal, colon, breast carcinomas, as well as gliomas
[32—36]. Given the presence of a promoter-associ-
ated CpG island of the host gene, it is assumed that
transcription of MIR-342 is co-regulated by methyl-
ation of the EVL promoter region [23, 28, 37].

Methylation of EVL/MIR-342 was studied in
lymphoproliferative tumors and was found in 5 out
of 10 lymphoma cell lines and in 3 out of 15 multiple
myeloma cell lines. In this case, methylation was
tumor-specific, since it was absent in healthy tis-
sues — samples of peripheral blood and the tonsils.
In cell lines with a completely methylated gene,
treatment with 5-azacytidine led to demethylation of
the promoter and re-expression of miR-342 and EVL
(see Table 1) [23].

In primary tumor samples, EVL/MIR-342 was
methylated more often in B-cell lymphomas (68.7%)
than in T-cell lymphomas (24.2%) and multiple
myeloma (5.6%), and was associated with lower gene
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poBaHMeM ayTtodaruui, KIETOUHOH Nposudepanuu
U YBeJIMYEHUEM KJIETOUHOU THOEIIH, a TAKKe CHIDKE-
HueM skcrpeccun DNMT1 [23].

CHmKeHUe sKermpeccuu miR-342 mokaszaHo mpu
Pa3IUYHBIX THUIAX SIUTETUATBHBIX OIYXOJIEH,
TaKUX KaK aJIeHOKapPIIMHOMA U HEMETKOKJIETOUHBIH
paK JIETKHUX, KapIUHOMAa IT0YeK, TOJICTOU KHIIKH,
MOJIOUHOM JKejie3bl, a Takxke rymomax [32—36].
YuuThiBast HAJTMYKE TPOMOTOP-ACCOIUUPOBAHHOTO
CpG-ocTpoBKa TeHa-XO35IMHA, IIPEAIoJIaraeTcs,
yTo TpaHckpunnua MIR-342 Ko-peryaupyercs
myTeM METHUJIUPOBAHUS MPOMOTOPHOTO ydacTKa
EVL [23, 28, 37].

MetunmupoBanue EVL/MIR-342 GbLI0 U3y4E€HO
mpu suMdornpoandepaTUBHbIX OMyX0JIsX U oOHa-
PY’KEHO B 5 M3 10 W3YYEHHBIX KJIETOYHBIX JIMHHUH
auMGbOM U B 3 U3 15 JIMHUU MHOXKECTBEHHOU Mue-
JioMbl. [Tpy 5TOM METUIMPOBAHNE HOCHJIO OIyXO0JIe-
crienu(pUUHBIA XapaKTep, IMOCKOJIbKY OTCYTCTBO-
BaJIO B 3/I0POBBIX TKAHAX — oOpasax nepudepude-
CKOM KPOBH W MUHAAIWH. B KJIETOUHBIX JTUHHUSIX C
MMOJIHOCTPIO METWJIMPOBAHHBIM Te€HOM 00paboTka
5-a3aIUTHUIMHOM ITPUBOJIWIIA K JEMETHINPOBAHUIO
mpomoTopa u peskcnpeccur miR-342 u EVL (cwm.
Tabi. 1) [23].

B nmepBuuHbIX oOpasmax omyxoned EVL/
MIR-342 ObLT METWJIMPOBAH 4Yallle Ipu B-kieTou-
HbIX TUMbomax (68.7 %), ueMm T-k1eTOUHBIX (24.2 %)
1 MHO>KeCTBEHHOH MuesoMe (5.6 %), 11 ObLI CBsA3aH C
boJsiee HUBKOU sKcmpeccrell reHoB [23, 38]. Ilpu
MOHOKJIOHAJIPHBIX TaMMAIlaTHSAX METUIMPOBAaHHE
EVL/MIR-342 6bpUI10 OOHApPY:KEHO HA BCEX CTAJUAX
MHEJIOMOTeHe3a, BK/IYasi MOHOKJIOHAIBHYIO TaM-
MAIlaTHIO HESICHOTO IeHe3a, BIEPBbhIe ITMarHOCTUPO-
BaHHYI0O ¥ PENUJIUBUPYIONIYI0 MHOXKECTBEHHYIO
muesomy [28].

CrestyeT oTMETHTD, UTO TeH MIR-342 JIOKaIn30-
BaH B 1432, I/le TaKXKe pacIoJiaraeTcs SHXaHCEDP
reHa TsKesIoH nenu uMmmyHoraooyinHa (IgH). Jlan-
HBIU JIOKYC YacTO SIBJIAETCS TOYKOH pas3phiBa IIPU
PEKYPPEHTHBIX ~ XPOMOCOMHBIX  TPaHCIOKAIHAX
t(11;14) u t(14;16), HabIOTaEMbIX TIPH T€MOOJIACTO-
3ax [39]. Kpome TOro, TpaHCJIOKAIlMU C BOBJEYE-
HHUEM 1432 B COYETAaHUU ¢ MeTHIrpoBanueMm EVL/
MIR-342 puUBOAUT K OMAJIEIbHOW WHAKTUBAITUU
miR-342, corsiacHO AByXyAapHOH TUIOTe3€e KaHIle-
porenesa Kuysicona. B Tom ke JIOKyce B MEKT€HHOM
MIPOCTPAHCTBE PACIIOJIOKEH Te€H IPYTOH OHKOCYIIpec-
copuoit MukpoPHK — MIR-203, gyacTo cynpeccupo-
BaHHOU 1yTeM abeppaHTHOTO METHJIUPOBAHUSA
JHK. Takum o6paszom, mukpoPHK, nokanuzoBaH-
Has B 14q32, Oy/ib TO UHTPOHHAS WX UHTEPTEeHHAas,
MOKET PEryJIMPOBAaThCSA METUJIMPOBAHUEM IIPOMO-
topuoii JJHK [38].

expression [23, 38]. In monoclonal gammopathies,
EVL/MIR-342 methylation was detected at all stages
of myelomogenesis, including monoclonal gammo-
pathy of undetermined significance, newly diagnosed
and recurrent multiple myeloma [28].

It should be noted that the MIR-342 gene is
located in 14q32, where the enhancer of the immu-
noglobulin heavy chain (IgH) gene is also located.
This locus is often a breakpoint in recurrent chro-
mosomal translocations t(11;14) and t(14;16)
observed in hemoblastosis [39]. In addition, trans-
locations involving 14q32 in combination with EVL/
MIR-342 methylation result in biallelic inactivation
of miR-342, according to Knudson’s two-hit hypoth-
esis of carcinogenesis. In the same locus, in the
intergenic space, there is a gene for another tumor
suppressive miRNA, MIR-203, which is often sup-
pressed by aberrant DNA methylation. Thus,
miRNA localized in 14q32, whether intronic or
intergenic, can be regulated by methylation of pro-
moter DNA [38].

miR-196b

MiRNAs of the miR-196 family are encoded by
intergenic regions of three paralogous loci located in
clusters of homeobox genes (HOX) [40]. The gene of
miR-196b in humans is located in an evolutionarily
highly conserved region between the HOXA9 and
HOXA10 genes on chromosome 7 (7p15.2) [41].

The expression profile of miR-196b differs
depending on the type of malignant disease, and
information on the role of this miRNA in oncogene-
sis is contradictory. Studies show that in a number of
solid tumors it functions as an oncogene, and in oth-
ers, as a suppressor of tumor growth (see Table 1)
[40, 42—47].

It was shown that during differentiation of CD34+
hematopoietic stem cells in vitro, the expression of
miR-196b decreased, and transfection of precursor
molecules of miR-196a and miR-196b led to down-
regulation of ERG (transcription factor that is one of
the key regulators of embryonic development, cell
proliferation, differentiation, angiogenesis, inflam-
mation, and apoptosis), which indicates the role of
miR-196b in early hematopoiesis [48—50].

In experiments on gene transfection, S. Bhatia
et al. showed that miR-196b induces cell cycle arrest
and apoptosis in transformed B cells. They also
reported an reciprocal relationship between
miR-196b and C-MYC expression in lymphocytes.
Using bioinformatics algorithms, the authors sug-
gested that the BCL-2 gene is a possible target of
miR-196b in lymphomas, which is consistent with
data on solid neoplasms [43].
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MuxpoPHK miR-196b

MukpoPHK cemetictBa miR-196 koaupyroTcs
MEXTEeHHBIMU OOJIACTSIMH TPEX MapaJIOTHIHBIX
JIOKYCOB, PACIOJIOKEHHBIX B KJIacTepax roMeo0OoKC-
renoB (HOX) [40]. l'er miR-196b y uesioBeka pacro-
JIOKEH B DBOJIIONHOHHO BBICOKOKOHCEPBATUBHOU
obsractu mexxay renamu HOXA9 u HOXA10 Ha 7-i
xpomocome (7p15.2) [41].

IIpoduib skcrnpeccur MiR-196b pasinyaercs B
3aBHCHMOCTH OT THIIA 3JI0KAUECTBEHHOTO 3a60JeBa-
HUS, a CBeJIeHUsA 0 posin JanHoi MukpoPHK B oHKO-
reHe3e IIPOTUBOPeUYUBHI. llcciaemoBaHUs MOKAa3bI-
BAIOT, YTO IIPH PsAZie COJUIHBIX OIIyX0Jiel oOHa QYHK-
IIUOHUPYET KaK OHKOTEH, a IPU APYTUX — KaK CYIIpec-
cop orryxoJieBoro pocta (cMm. Tabi. 1) [40, 42—47].

[Tokazano, uto nipu nuddepeniuposke CD34+
CTBOJIOBBIX KPOBETBOPHBIX KJIETOK in Vitro SKCIpec-
cusi miR-196b cHuKaIaCh, a TpAaHCGHEKIIHS MOJIEKYJT-
npeaniectBeHHUI] MiR-196a u miR-196b npuBoamIa
K mayH-peryasanuu ERG (TpaHCKPUIIIIMOHHBIN (ak-
TOp — OJHMH U3 KJIIOUEBBIX PETYJIATOPOB 3MOPHO-
HaJIPHOTO DAa3BUTHUs, KJIETOYHOH Iposndepanuy,
nuddepeHITUPOBKY, AHTUOTE€HE3a, BOCIAJIEHUS U
arornTo3a), YTo yKa3blBaeT Ha posib miR-196b B paH-
HEeM remorioase [48—50].

B bskcrmepuMeHTax 10 TpaHCGhEKIUH TEeHOB
S. Bhatia et al. mokasasu, uro miR-196b unayupyer
OCTaHOBKY KJIETOUHOT'O IKJIA ¥ alIONTO3 TpaHCchOp-
MHWPOBAaHHBIX B-kjeTok. OHM TakKe COOOHHIN 00
ob6paTHON CBsI3M MEXy 3Kcrpeccuell miR-196b u
C-MYC B ium@pornurax. C ucnosb30BaHHEM OHOWH-
(opMaIMOHHBIX AJTOPUTMOB aBTOPHI IPEIIIOJIO-
JKUJIH, UTO TeH BCL-2 siBsieTcsa BO3MOMKHOM MHUIIIe-
HbI0 MiR-196b npu smMdomax, 4To coryiacyercs
JIAaHHBIMU 110 COJTUAHBIM HOBOOOPA30BaAHUAM [43].

Taxkum 06pa3oM, B HACTOSAIIEE BPEMS U3BECTHO
HECKOJIbKO MHIlleHeld miR-196b, 3HAUNMBIX B IIaTO-
reHe3e HOBOOOpa3oBaHUU cHucTeMbl KpoBuU. Tak,
HOX-reunt (HOXA9, HOXB7, HOXA9, MEIS un
HOXC8) u yyacTHUKH cHTHaJIbHOTO TiyTH PI3K/
AKT/mTOR peryaupyooTes HaleJMBaHueM
miR-196b ma 3-HTII ux m-PHK. Kpowme Toro,
MHUIIeHAMU aaHHOUM MUKpOPHK sBisiorcs TpaHc-
kpuniuonHsle ¢akropsl FOS u C-MYC, a Takxke
FAS, BCR-ABL1, BCL-2 u ipyrue oHKOT€HHI [40, 41,
4446, 51, 52].

Jauuble 0 poau miR-196b B maTorenese remo-
0J1aCTO30B TaK:Ke MTPOTUBOPEYUBHI [53]. BbLio moka-
3aHO, yTO MiR-196b BHOCUT CBOM BKJIaJ, B IIATOT€HE3
HEKOTOPBIX TUIIOB JIEHKO30B, a TP OCTPOM MUEJIO-
HUHOM JIEHKO3€e BBICOKas SKcmpeccuss miR-196b
He0JIarONPUATHO BJIUSET HA IPOTHO3 [54].

OnHaKo ApyTHE aBTOPHI YKA3bIBAIOT, UTO YPOBEHD
miR-196b GBI 3HAUNTEIHLHO CHUKEH KaK B KJIETKAaX

Thus, at present, several miR-196b targets are
known that are significant in the pathogenesis of
neoplasms of the blood system. In this manner, HOX
genes (HOXA9, HOXB7, HOXA9, MEIS, and
HOXCS8) and participants in the PI3K/AKT/mTOR
signaling pathway are regulated by targeting miR-
196b to the 3-NTP of their mRNA. In addition, the
targets of this miRNA are the transcription factors
FOS and C-MYC, as well as FAS, BCR-ABL1, BCL-2,
and other oncogenes [40, 41, 44—46, 51, 52].

The data on the role of miR-196b in the pathogen-
esis of hemoblastosis are also contradictory [53]. It
was shown that miR-196b contributes to the patho-
genesis of some types of leukemias, and in acute
myeloid leukemia, high expression of miR-196b
unfavorably affects the prognosis [54].

However, other authors indicate that the level of
miR-196b was significantly reduced both in the cell
line of EB-3 leukemia and in primary samples of
B-cell acute lymphoblastic leukemia (ALL) com-
pared to the control. They showed that restored
expression of miR-196b in EB-3 cell line leads to a
significant decrease in the regulation of C-MYC and
its effector genes [43]. In another study, the authors
demonstrated a significant decrease in the regulation
of miR-196b expression in the MOLT-4 leukemia cell
line and primary samples of T-cell ALL in relation to
the control cells [55].

One 2015 study examined differential miRNA
expression between ALK-positive, ALK-negative
large T-cell lymphoma cells and normal T cells using
next-generation sequencing. Down-regulation of
miR-196b was noted in ALK-positive tumor vari-
ants [56].

It is known that the methylation status of the
MIR-196B gene correlates well with the expression
of miR-196b in primary tumors and various cell
lines, and their treatment with the demethylating
drug, 5-azacytidine leads to reactivation of gene
transcription [44, 57, 58].

Currently, methylation of MIR-196B has been
studied in leukemia and has been shown in 81.3% of
CML samples, 57% of AML samples, and 53.3% of
ALL samples. In this regard, the authors suggested
that a low level of miR-196b expression and, as a
consequence, an increased expression of its targets,
BCR-ABL1 and HOXA9 play an important role in
the development of CML. Restoration of the miRNA
level led to a decrease in the rate of cell proliferation
and a slowdown in the cell cycle of tumor cells [45].
According to another study, the methylation of
MIR-196B was revealed in a quarter (25%) of ALL
cases [59].
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JIMHAY Jieriko3a EB-3, Tak u B mepBUYHBIX 00pasmax
B-keTouHoro octporo JUM@OO6IACTHOTO JIEHKO3a
(OJIJI) mo cpaBHEHUIO ¢ KOHTpOoJieM. OHH OKa3aJIH,
YTO BOCCTaHOBJIEHUE DKCIpeccd miR-196b B kiiet-
kax simHuU EB-3 MPUBOAUT K 3HAUUTEIHHOMY CHU-
s)xkeHuto perynanuu C-MYC u ero 3ddeKTopHBIX
reHoB [43]. B ipyrom ucciiejoBaHUU aBTOPHI IIPOJIe-
MOHCTPUPOBAJIN 3HAUUTEIHHOE CHIKEHUE PEryJisi-
MU 3KCIpeccur MiR-196b B KJIETOYHOUM JTUHUU
nerikoza MOLT-4 wu nepBuuHBIX 0Opasmax
T-knerounoro OJIJI MO OTHOIIEHUIO K COOTBETCTBY-
IOIIMM KOHTPOJIbHBIM KJIeTKaM [55].

B ogHOM 13 nccaetoBaHui 2015 T. U3ydanu Aud-
depennmanpayio skcnpeccuio MUKpoPHK mexmy
kiaerkamu  ALK-mmosutuBHOI, ALK-HeraTMBHOH
T-KpyITHOKJIETOUHOU JUM(OMBI U HOPMaTHHBIMU
T-KJIeTKaMU C TIOMOIIBIO CEKBEHUPOBAHUS CJIETYIO-
IIeTo IOKOoJIeHu . Bplyia oTMeUeHa HETaTUBHAS PEry-
sgsnusa miR-196b npu ALK-IO3UTHBHOM BapHaHTe
omyxouu [56].

V3BecTHO, UYTO CTaTyc METWJINPOBAHHSA TeHA
MIR-196B XOpOIIIO KOPPEJIUPYET C 3DKCIpeccuen
miR-196b B HEPBUYHBIX OIYXOJIAX U Pa3TUYHBIX
KJIETOUHBIX JIMHUSX, 2 00pab0TKa UX JIEMETUIIUPYIO-
UM IIperapaToM 5-a3alfUTUAUHOM IPUBOAUT K
peaxkTuBAINU TPAHCKPUIIIIUY T'eHa [44, 57, 58].

B Hacrosmee Bpemsa MetuianpoBanue MIR-196B
HU3y4eHO IPH JIeHK03aX U IT0Ka3aHo B 81.3 % obpas-
moB XMJI, 57 % — OMJI u 53.3 % — OJLJI. B cBsizu ¢
STUM aBTOPHI PaOOThI ITPEATIONIOKIIIN, YTO OOJIBIIIOE
3HaueHue B pa3puTuu XMJI urpaet HU3KUH ypOBEHD
skcmpeccry miR-196b u, Kak ciie/icTBHe, MMOBBIIIIEH-
Hasi sKcrpeccusi ero mutieHelr BCR-ABL1 u HOXAQ.
Boccranosiienue ke yposHsa MukpoPHK npuBosinio
K CHIDKEHHUIO CKOPOCTH KJIETOUHOU Tposirdepannu
U 3aMe/IJIEHUIO KJIETOYHOTO IIUKJIA OIYXO0JIEBBIX KJIe-
TOK [45]. CorJiacHO JJaHHBIM JIPYTOTO UCCIEIOBAHUS,
MetwinpoBanue MIR-196B ObUIO BBISIBJIEHO B UET-
BeptH (25 %) cayuaes OJLI [59].

MukpoPHK miR-9

Cy1iecTByeT 3 T€HOMHBIX JIOKYCa, KOJUPYIOIIUX
3penyro MUKpoPHK miR-9: 1q22, rae pacnosioxken
reH MIR-9-1, 5q14.3 — red MIR-9-2 1 15q26.1 — T'eH
MIR-9-3. T'enHamu-xo3sieBaMu SIBJISAIOTCS COOTBET-
crBeHHo C10RF61, CR612213 u FLJ30369 [60, 61].

CoryIacHO TOJIy4EHHBIM B XOZle DKCIIEPUMEHTOB
cBeZIeHUAM, MiR-9 HEraTUBHO BINAET HA MUTPAIIHIO
U 1mposdepanuio OIMyX0oJeBBIX KJIETOK [60, 62].
[IpoTuBoOIyx0JeBBIH B(h(PEKT MOJIEKYIbl TaK¥XKe
MOXeT ObITh OOBsICHEH HanenanBanueMmM Ha M-PHK
1L-6, yTO MPUBOAUT K HHT'UOMPOBAHUIO AKTUBHOCTH
nytu IL-6/Jak/STAT3 [63]. OgHako OHKOCympec-
COpHBIE CBO¥McTBA MiR-9 BOCIPOU3BOAATCA HE HPU

miR-9

There are 3 genomic loci encoding mature miR-9:
1q22, where the MIR-9-1 gene is located, 5q14.3 —
the MIR-9-2 gene, and 15q26.1 — the MIR-9-3 gene.
The host genes are CiORF61, CR612213, and
FLJ30369 respectively [60, 61].

According to the data obtained during the experi-
ments, miR-9 negatively affects the migration and
proliferation of tumor cells [60, 62]. The antitumor
effect of the molecule can also be explained by target-
ing IL-6 mRNA, which leads to inhibition of the
activity of the IL-6/Jak/STAT3 pathway [63]. How-
ever, the tumor suppressive properties of miR-9 are
not reproduced in all malignant neoplasms [64—66].
It is known that this miRNA interacts with the
3"-untranslated sequence of E-cadherin, decreasing
its expression, which induces nuclear translocation
of B-catenin and a subsequent increase in the level of
C-MYC and CD44 oncogenes. Also, overexpression
of miR-9 through down-regulation of E-cadherin can
induce an epithelial-mesenchymal transition and
promote tumor metastasis, for example, in squa-
mous cell carcinoma of the esophagus [67]. The
opposite effects of miR-9 on the tumor process in
various types of malignant neoplasms imply that its
function is manifested in a tissue-specific manner
and the effect of its expression depends on the cellu-
lar context (see Table 1) [68].

Other proven targets of this microRNA are mRNA
NF-kB, FOXi, BCL-6, FGFRi, CDK6, CXCR4,
NOTCH1, PRDM1 and other oncogenes and tumor
suppressor genes [60—62, 66, 67, 69].

Despite the presence of host genes, miRNAs of
the described family have their own CpG-associated
promoters [70], and the aberrant expression of
miR-9 in various types of cancer (stomach, breast,
bladder, hepatocellular carcinoma, small cell lung
cancer, squamous cell carcinoma of the oral cavity
and the oropharynx, renal cell carcinoma, etc.) is
associated with DNA methylation [60, 62, 71—73].

Itis important to note that reexpression of miRNA
is observed upon treatment of cells with DNA-
demethylating agents [59]. At the same time, in the
course of studies of solid neoplasms, no significant
differences in methylation frequency between miR-9
loci were found, however, a correlation between
miR-9 methylation and patient survival in gastric
cancer and non-small cell lung cancer was
reported [60].

It has been shown that aberrant methylation of
members of the miR-9 family can occur at the very
early stages of differentiation of hematopoietic cells,
which leads to the development of leukemia [59,
74]. A high frequency of methylation of these genes
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BCEX B3JIOKAUECTBEHHBIX HOBOOOPA3OBaHUAX [64—
66]. N3BecTHO, yTO anHass MUKpOPHK B3anmosieii-
CTByeT ¢ 3-HETpaHCIUPYEMOH IOCTIeI0BATETbHO-
cTei0 E-KajirepyiHa, CHHMKAsi €ro KCIPECCHI0, UTO
WHYIUPYET sSAePHYI0 TPAaHCIOKAIUIO 3-KaTeHuHA U
MOCJIeAyIONee TOBBIIIEHHE YPOBHS OHKOTE€HOB
C-MYC u CD44. Taxxe rumepakcrpeccusi miR-9
Jepes JayH-perysanui E-kaarepruHa MOKeT HHIY-
[UPOBATh BAIUTEINATHHO-ME3€HXUMAIbHBIH Tepe-
XO/T ¥ ClIOCOOCTBOBATH METACTA3UPOBAHUIO OIYXOJIH,
HAIIPUMED, TIPU IJIOCKOKJIETOYHOM paKe IMHIIEBOIA
[67]. IIpoTuBOIIOI0KHBIE BIUAHUA MiR-9 Ha OMmyXxo-
JIEBBIH TIPOIECC TPU PA3JIMYHBIX BHJIAX 3JI0Kaue-
CTBEHHBIX HOBOOOPA30BAaHUU I0J[pa3yMEBAIOT, UTO
ee (YHKIUS TPOSBISAETCA TKaHeCIenupUIHbIM
00paszoM U 3 HEKT ee HKCIPECCUH 3aBUCUT OT KJle-
TOYHOI0 KOoHTeKcTa (cM. TabJ. 1) [68].

JIpyruMu  IOKa3aHHBIMKA MHUIIIEHAMH JTaHHOU
mukpoPHK siisiiorest MPHK NF-kB, FOX1, BCL-6,
FGFR1, CDK6, CXCR4, NOTCH1, PRDM1 u npyrux
OHKOTE€HOB U T'€HOB-OHKOCYIIpeCCOpoB [60—62, 66,
67, 69].

HecmoTpst Ha HasmMunMe reHOB-x0351eB, MUKpOPHK
OIMCHIBAEMOTO CeMeHCTBa HMEIOT COOCTBEHHBIE
CpG-accoruupoBaHHbIE TTPOMOTOPHI [70], a Hapy-
[IeHUe HKCIpeccur MiR-9 mpu pasyIMIHbIX TUIIAX
paka (ckenyaka, MOJIOUHOHM JKejie3bl, MOYEBOTO
Iy3bIpsi, TENATOIEJUTIONIIPHON KapIHOME, MEJIKO-
KJIETOYHOM paKe JIETKUX, IJIOCKOKJIETOYHOM pakKe
MMOJIOCTH PTa M POTOTJIOTKH, MOYEUHO-KIETOUHOM
pake ¥ Jip.) acCOIMMPOBAHO C METHUJIMPOBAHHUEM
JHK [60, 62, 71—73].

Ba’XHO OTMETUTD, UTO BOCCTAHOBJIEHUE DKCITPEC-
cun MukpoPHK HaGsromaeTcst mpu 06paboTke Kie-
tok JIHK-memermnupyoomumu arearamu [59]. Ilpu
STOM B XOJ/I€ UCCAEI0BAHUHI COMUAHBIX HOBOOOPa30-
BaHUU 3HAUMMBIX PA3JIMYNH B 4ACTOTE METHUIPOBA-
HUA MEX/Y JJOKycaMu miR-9 o6Hapy»keHOo He ObLIO,
O/THAKO COO0IIATIOCh O KOPPEJISIINU MEXK/Ty METUIU-
poBaHueM mMiR-9 W BBDKHUBAEMOCTHIO IAIHEHTOB
IIPY paKe JKeJTyIKa U HEMEJIKOKJIETOUHOM paKe JIer-
Kux [60].

[TokazaHo, uTO abeppaHTHOE METUJIMPOBAHHE
YjeHOB ceMelcTBa mMiR-9 MOXKeT BO3HHMKATL Ha
OYeHb paHHUX CTaAUAX AubGepPEeHITHPOBKH FeMOII0-
STUYECKUX KJIETOK, UTO IIPUBOJIUT K PA3BUTHUIO JIEH-
KO030B [59, 74]. Bricokas yacToTa METHJIMPOBAHUSA
JIAaHHBIX T€HOB BbIsIBJIeHA B JIMHUAX KjaeTok OJIJI u
MEpBUYHBIX obOpasnax omyxoau: MIR-9-1 — B 34 %,
MIR-9-2 — B 21 % u MIR-9-3 — B 33 % ciy4daes.
MeTunupoBanre miR-9 GbLJI0O HE3aBUCUMBIM IIPO-
THOCTHYECKUM (AKTOPOM i Oe3peruIuBHON |
00IIedl BBI’KMBAEMOCTH IPHU ocTpoM Jumdobiact-
HOM JIetiKo3e [74].

was found in ALL cell lines and primary tumor sam-
ples: MIR-9-1 — in 34%, MIR-9-2 — in 21%, and
MIR-9-3 — in 33% of cases. Methylation of miR-9
was an independent prognostic factor for disease-
free and overall survival in acute lymphoblastic leu-
kemia [74].

Low expression of miR-9 is associated with a poor
prognosis in AML as well [74]. Using a mouse model
of research as an example, the unique role of miR-9
in myelopoiesis has been illustrated [75]. It was
reported that miR-9 in vitro and in vivo inhibits the
growth of AML cells with the translocation t(8;21)
[76]. It has now been found that in humans, epigen-
etic regulation of miR-9 expression through aberrant
hypermethylation plays a critical role in leukogene-
sis, and reversal of methylation can reactivate its
tumor suppressor function [75].

In a recent study, the authors analyzed the meth-
ylation status of 3 members of the miR-9 family in
58 cases of Hodgkin’s lymphoma (HL) versus 15
reactive lymph nodes, and also assessed the relation-
ship between miR-9 methylation, Epstein-Barr virus
(EBV) infection, and several clinical and pathological
parameters. They found that 84.5% of HL cases had
methylation in at least 1 of 3 loci encoding miR-9,
while none of the non-tumor samples were methyl-
ated. The highest methylation frequency was found
in MIR-9-2 (5q14.3) — in 74.1% of cases, MIR-9-3
(15926.1) was methylated in 56.9% of cases and
MIR9-1 (1q22) — only in 8.6% of cases. These results
indicate that methylation of genes of the miR-9 fam-
ily, especially MIR-9-2, is a frequent event in HL and
may be involved in the pathogenesis of this disease
regardless of EBV infection. With regard to the anal-
ysis of survival, the authors did not find its correla-
tion with MIR-9 methylation [60].

miR-126

The MIR-126 gene is located in the intron of the
epidermal growth factor of the EGFL7 gene (9q34.3),
which is actively expressed in endothelial cells and
tissues with high vascularization and controls an
important stage of vasculogenesis [77]. Expression of
miR-126 parallels the expression of the EGFL7 pro-
tein, since they share a common mRNA and are likely
to be transcribed together. However, studies have
shown that miR-126 expression can be regulated
independently of the EGFL7 protein, which indicates
the existence of a separate promoter that controls
miR-126 expression [78].

The results of numerous studies demonstrate that
miR-126 has both oncogenic and tumor suppressive
capabilities, depending on the tumor type and the
gene networks involved.
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Huskas skcmpeccuss miR-9 acconmumpoBaHa c
HebJ1aronpuATHBIM ITporHo3oM u ipu OMJI [74]. Ha
IpUMepe MBIITUHON MOJEH HCCIIEOBAHUS TIPOUII-
JIIOCTPUPOBAHA YHUKATbHASA POJIb MiR-9 B Muesormno-
53e [75]. Coobiasock, uto miR-9 in vitro u in vivo
noxasisger poct kietok OMJI ¢ TpaHcyiokaiuei
t(8;21) [76]. B Hacrosiee BpeMs: 0OHAPY:KEHO, YTO Y
yeJIoBeKa SIHUTeHeTUYecKas PEryJIAnusa SKCIPECCHU
miR-9 mocpezicTBOM abeppaHTHOTO TUIIEPMETHITHPO-
BaHUS UTPAET KPUTUUIECKYIO POJIb B JIEHKO30TE€HE3E,
U peBepCUPOBaHNE METIJINPOBAHUA MOXKET PEAKTU-
BHUPOBAThH €€ OIyX0JIECYIIPECCOPHYTIO PyHKIMIO [75].

B oxHoi1 13 HeaBHUX PabOT aBTOPHI IPOAHAIIN-
3MPOBAJIU CTATyC METWINPOBAHUA 3 UJIEHOB ceMel-
ctBa miR-9 B 58 cayuasx sumdombl XOMKKAHA
(JIX) o cpaBHEHHIO C 15 peaKTUBHBIMHU JIUMATH-
YeCKUMH y3JIaMU, a TaKKe OIEeHIIN B3aNMOCBA3b
MeXK/Ty MeTWINPOBaHueM miR-9, muuiuposanuemMm
BupycoMm duiureirna — bapp (B3B) u HeckosbkuMu
KJIMHUKO-TIATOJIOTHYECKUMH mapamerpamMu. OHH
0OHAPYKWIH, UTO B 84.5 % ciayuae JIX mmesoch
MEeTWJINPOBAHUE 10 KpaliHel Mepe B 1 U3 3 JIOKYCOB,
KOAUPYIOIUX MiR-9, B TO BpeMs Kak HU OJWH U3
HEOIIyXOJIEBBIX 00pPA3IOoB He ObLI METUJINPOBAH.
Camas OoJspIlasi 94acToTa METIJIMPOBAaHUA ObLia
obHapy»xeHa B MIR-9-2 (5q14.3) — B 74.1 % ciy4aes,
MIR-9-3 (15926.1) OBLT METWJIHPOBAH B 56.9 % CI1y-
yaeB u MIR9-1 (1q22) — ToybKO B 8.6 % ciydaes.
ST pe3yabTaThl YKa3bIBAIOT HA TO, UTO METUJINPO-
BaHUe TeHOB cemelicTBa miR-9, ocoberno MIR-9-2,
SIBJISIETCS YaCThIM coObITHEM TP JIX 1 MOXKET OBITH
BOBJIEUEHO B IATOTeHE3 TAHHOTO 3200JIeBaHNA He3a-
BucuMoO oT BIOB-undekuuu. Uto kacaercda anaiusa
BBDKUBAEMOCTH, TO aBTOPHI HE OOHAPYKIIN ee KOp-
pessinpu ¢ MetrupoBanueMm MIR-9 [60].

MukpoPHK miR-126

T'en MIR-126 pacnosiokeH B UHTPOHE T'eHa SIIH-
nepmasnbsHoro dakropa pocra EGFL7 (9q34.3), KOTo-
pbIil AKTUBHO 3KCIIPECCUPYETCS B SHAOTETUATBHBIX
KJIETKaX W TKAHSIX C BBICOKOW BaCKyJIsIpHU3AIlued H
KOHTPOJIUPYET BaKHBIH BTal BacKyJioreHesa [77].
Ikcrpeccus miR-126 mapautesbHa SKCITpeccHy Oesika
EGFL7, nockonbky oHE uMeroT obmyro M-PHK w,
BEPOATHO, TPAHCKPUOUPYIOTCs BMecTe. OTHAKO HCcITe-
JIOBAHWS TTOKA3JIH, UTO KCIIpeccrst miR-126 mMoxer
peryiupoBaThcs HezaBucumo ot 6enka EGFL7, uyto
VKa3blBae€T Ha CYIIECTBOBAaHUE OT/IEJHHOTO IIPOMO-
TOpa, KOTOPBIH YIIpaBJIseT SKcipeccreid miR-126 [78].

Pe3ynpTaThl MHOTOUYMCIIEHHBIX HCCJIETOBAHUN
JIEMOHCTPUPYIOT, UTO MiR-126 o0sa7aeT Kak OHKO-
TeHHBIMU, TaK U OIyXOJIECYIIPECCUBHBIMU CIOCO0-
HOCTSIMU, B 3aBUCHUMOCTH OT BU/IA OILyXOJIH U BOBJIE-
YeHHBIX TEHHBIX CETeH.

In many solid tumors, low expression of miR-126
is determined [79—81], this miRNA is a tumor sup-
pressor for them and implements its effects through
various targets and signaling systems: SDF-1A /
CXCLi2, VEGF-A, CCR1, SOX2, STAT3, ADAMOo,
LRP6, PIK3R2, CXCR4, SLC7A5, VEGF / PI3K /
Akt / MRP1, MDM2 [78, 79, 81—86].

On the contrary, in many variants of hematolog-
ical neoplasias, high expression of miR-126 is deter-
mined: in primary central nervous system lym-
phoma [87]; nasal NK-cell lymphoma [88]; mul-
tiple myeloma [89], DLBCL [90, 91]; AML [92, 93].
Low expression of miR-126 was revealed in splenic
marginal zone lymphoma [94]; in AML cell lines
[95]; in acute and chronic adult T-cell leukemia,
and these patients had better overall survival [96].
In cutaneous T-cell lymphoma, miR-126 has been
shown to be expressed by endothelial cells in tumor
tissue, but not by tumor lymphocytes [97]. The tar-
gets of miR-126, which were identified in the above
studies in hemoblastosis, are AKT, VEGF-A, CRK,
EGFL7, IRS-1, p85beta, VCAM-1, HOXA, PLK-
kinase.

H.H. Chen et al. found that miR-126 in nasal NK-
cell lymphoma cells inhibits the AKT signaling path-
way. AKT is an oncogene whose activity is modulated
by the TP53 tumor suppressor [88]. Activation of
AKT-p53-p21 and telomere-p53-p21 in low miR-126
expression induced by hyperglycemia has been dem-
onstrated in several studies [98, 99].

The epigenetic regulation of miR-126 expression
has been studied more for solid tumors and, to a
lesser extent, for hematological malignancies. It was
shown that the expression of miR-126 in tumors
closely correlates with the expression of EGFLy. The
promoter of this gene contains a large CpG island,
the demethylation of which leads to the activation of
miR-126 [100]. Hypermethylation of the EGFL7 pro-
moter in breast cancer is characterized by low expres-
sion of miR-126 [83]. Hypermethylation of the
MIR-126 promoter region leads to a low level of
microRNA in mesothelioma [101], colorectal cancer
[102], lung cancer [103], esophageal squamous cell
carcinoma [104, 101], glioma [105].

Z. Li et al. has demonstrated that overexpression
of miR-126 in AML cells is associated with demethyl-
ation of MIR-126 [92]. We have not found methyla-
tion studies in lymphomas (see Table 1).

miR-137

MiR-137 is a 23-nucleotide miRNA located on
chromosome 1p22 in the long non-coding MIR137HG
host gene. Bioinformatic analysis showed that about
1000 genes could be the targets for miR-137, of which
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[Ipr MHOTHIX COJTU/THBIX OITyXOJISIX OTIPEIEISEeTCs
HHUBKasA BJKcnpeccuss miR-126 [79-81], nanHas
MukpoPHK 114 HUX ABgeTCs OMyX0JIEBBIM CyIIpec-
copoM U peanusyeT cBou 3(PdeKThl uepe3 paziny-
Hble MUIIEHH W CHTHAJIbHBIE cucTteMbl: SDF-1A/
CXCLi12, VEGF-A, CCR1, SOX2, STAT3, ADAMOo,
LRP6, PIK3R2, CXCR4, SLC7A5, VEGF/PI3K/Akt/
MRP1, MDM2 [78, 79, 81—86].

[Ipr MHOTHX BapUaHTaX reMaTOJOTHIECKUX HEeo-
IIa31H, HA000POT, OTIPEeZeIsIeTCS BRICOKAS DKCIIPec-
cud miR-126: nmpu nepeuyHoi iumdome [THC [87];
HazanbHOl NK-kierounoi tumdome [88]; MuOKe-
crBenHo# muesome [89], AIBKKJI [90, 91]; OMJI [92,
93]. Huskas skcrpeccuss miR-126 BbIsgBIIeHa Npu
auMboMe MaprUHAJIbHOU 30HBI CEIE3€HKU [94]; B
k1eTouHbIX JuHUSAX OMJI [95]; mpu ocTpoM U Xpo-
HUYECKOM T-KJIETOUYHOM JIEUKO3€ B3POCIIBIX, U TAKHE
MaIyeHThl UMEeJIH JIYUYIIyi0 OOIIYI0 BBIKUBAEMOCTH
[96]. IIpu koxkHOU T-KIeTOuHOW JUMPOME IOKa-
3aHO, 4TO MiR-126 3KcIpeccupyercs HIO0TETHATb-
HBIMU KJIETKAMU B OIyXOJIEBOH TKaHU, HO HE OIyXO0-
JeBbIMH JuMdonuTamu [97]. Murensmu miR-126,
KOTOPBIE OBLIIU BBISIBJIEHBI B BBIIIIEYKA3aHHBIX HCCIIE-
JIOBaHUsAX NpH remobsacTo3ax, sapisiorcsa AKT,
VEGF-A, CRK, EGFLy, IRS-1, p85beta, VCAM-1,
HOXA, PLK-kuHa3za.

H.H. Chen et al. BeissBrIH, uTO MiR-126 B KJIeTKax
HazatbHON NK-knerouHolr juM@OMBI WHrHOUpYeT
AKT curHanbHBIA yTh. AKT — 3TO OHKOTEH, aKTHUB-
HOCTh KOTOPOTO MOJTYJIUPYETCS OITYyXOJIEBBIM CYIIPEC-
copom TP53 [88]. AxrtuBanuss AKT-p53-p21 u
TeJIoMepa-p53-p21 MPpU HU3KOU KcIpeccuy miR-126,
WHAYIIMPOBAHHOH rUTNIepIyInKeMuei, 6bLia IpoIeMOH-
CTPUPOBaHA B HECKOJIbKUX UCCIIETOBaHUAX [98, 99].

JNUTeHeTHYeCKasd  PEryJisAlusl  SKCIPECCHU
miR-126 uzyueHa GobIIE A/ COMUTHBIX OMMyX0JIeH
U B MEHBIIEH CTelleHHu Ipu remobsacrosax. bruio
IMOKa3aHO, YTO BKCIpeccus miR-126 mpu Omyxossax
TeCHO KoppesupyeT ¢ skcapeccueil EGFL7. IIpomo-
TOp JAQHHOTO TeHa COAEPIKUT OOJIBIIIOH OCTPOBOK
CpG, JnemeTuIupoOBaHME KOTOPOTO HPUBOAUT K
akTUBanu miR-126 [100]. T'unepmeTuIpoBaHue
npomoropa EGFL7 npu pake MOJIOUHOH >KeJe3bl
XapakTepu3yeTcsi HH3KOU BJKcrmpeccrned miR-126
[83]. T'umepmeTHMpoBaHre MPOMOTOPHOTO PETU-
oHa MIR-126 TpPUBOAUT K HU3KOMY YPOBHIO
mukpoPHK 1mipu me3orennome [101], KOJIOpeKTaIh-
HOM pake [102], pake jierkux [103], IJI0CKOKJIETOY-
HOU KapIIMHOMeE UIIeBoia [104, 101], riirome [105].

Z. Li et al. mporeMOHCTPUPOBAIHN, YTO TUIIEPIK-
crpeccuss miR-126 B kiaeTkax OMJI cBsA3aHa ¢ neme-
TrtupoBanueM MIR-126 [92]. ViceseqoBaHUN METH-
JIMPOBaHUsA TpH JuM@oMax HaMU He OOHAPYKEeHO
(cMm. Tabu. 1).

about 5% have been confirmed in experimental stud-
ies [106]. The targets of miR-137 affect various sig-
naling pathways in the cell that influence cell differ-
entiation, proliferation, migration, apoptosis, genetic
instability, and methylation (see Table 1).

Low expression and tumor suppressive role of
miR-137 have been shown in pituitary adenoma
[107], prostate cancer [108], pancreatic cancer [109],
renal cell carcinoma [110], endometrial cancer [111],
hepatocellular cancer [112], colorectal cancer [113],
non-small cell lung cancer [114], glioma [115].

Studies of miR-137 in hematological malignan-
cies are few in number and concern acute leukemia
and multiple myeloma. Y. Huang et al. found that the
expression of miR-137 is reduced in JARID1B. They
confirmed that miR-137 directly inhibits JARID1B
and, as a consequence, cell proliferation, and induces
apoptosis [116].

Expression of miR-137 was also significantly
lower in cell lines and tumor tissue of patients with
multiple myeloma compared to normal plasma cells
[117]. Patient with MM with low levels of miR-137
had a significantly shorter overall and event-free sur-
vival as compared to patients with miR-137 overex-
pression [118]. It has been demonstrated that the
reexpression of miR-137 leads to a decrease in the
level of the MCL-1 protein, as well as activation of
genes associated with apoptosis (BAD, BAX, BID,
BIM), and the induction of apoptosis. MCL-1 plays
an important role in the survival of MM cells due to
its ability to resist pro-apoptotic stimuli. It is assumed
that suppression of MCL-1 expression plays an
important role in the response to drug-induced
apoptotic stimuli [117]. It has been proven that
MCL-1is a direct target for miR-137 [117, 118].

Overexpression of miR-137 suppressed the levels
of p-ATM/Chk2 and p-BRCA1, but increased the
expression of p53, p21. These data indicate that
abnormal expression of miR-137 may affect signaling
of the AURKA/p53/ATM/Chk2 pathways and play a
critical role in genetic instability and chemoresis-
tance in patients with multiple myeloma [119].

MiR-137 increases susceptibility to bortezomib in
xenograft mouse models of human multiple
myeloma. Overexpression of miR-137 inhibited
tumor growth in wvivo. Tumors in mice from the
experiment were analyzed by immunoblotting to
assess the expression of the AURKA and p53 pro-
teins. MicroRNA-137 is epigenetically “silent”, which
leads to increased expression of AURKA. Overex-
pression of AURKA suppresses p53, which leads to
an increase in p-ATM and p-Chk2, affects the expres-
sion of pATR and Chki. This signaling network regu-
lates drug resistance and genetic instability in MM.
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MukpoPHK miR-137

MiR-137 npeacrasisieT cob0i 23-HYKJIEOTHTHYIO
MmukpoPHK, pacrionoskeHHy0 Ha XpoMOCOMe 1p22 B
JUIMHHOM HeKojiupyloliieM rene-xo3sune MIR137HG.
BroundopMamoHHBIN aHAIU3 TTOKA3aJl, YTO OKOJIO
1000 T€HOB MOTYT OBITh MUIIIEHAMU 151 MiR-137, U3
HUX B SKCIIEPUMEHTAJIBHBIX HCCIEIOBAHUAX TIOJ-
TBEPKJIEHBI OKOJIO 5 % [106]. Mumenn miR-137
3aTParuBalOT Pa3IMYHbIE CUTHAJIbHBIE ITYyTH B KJIETKE,
BJIMSIONINE HA KJIETOUHYIO AudpepeHInpoBKy, IIpo-
audepariio, MHUTPAIUIO, amoITO03, TEeHETUYECKYIO
HecTaOMIbHOCTb, METHJIMPOBaHueE (cM. TabI. 1).

Huskass skcrpeccuss ¥ OIyXOJIECYTIPECCOPHAs
posb miR-137 mokaszaHbl HIpU ajieHOME THITOPHu3a
[107], pake mpocratel [108], moKeNyIOUHOU
JKese3bl [109], MOYeYHO-KJIETOYHOM pake [110],
SHIOMETPHAJIBHOM Ppake [111], remaToIesLIoIsIp-
HOM pake [112], KoJiopeKTaJIbHOM pake [113], Heme-
KOKJIETOYHOM pakKe JIETKOro [114], ruome [115].

HccnemoBanus miR-137 1mpu  remobsiacrosax
HEMHOTOUVCJIEHHBI U KacaloTCsl OCTPBIX JIEHKO30B U
MHOKecTBeHHOH Muestombl. Y. Huang et al. o6Hapy-
JKWJIH, UTO BKCIpeccus miR-137 CHIKeHa B JTMHUSIX
KJIETOK U OITyXOJIEBOU TKAHU OOJIbHBIX B-KJI€TOUHBIM
OJJT u accorumpyeTtcs ¢ BbIcOKUM ypoBHeM JARID1B.
OHu TOATBEP MM, YTO MiR-137 HemocpecTBEHHO
narn6upyet JARID1B u, kax ciiefcrue, — nposmde-
PAIIIO KJIETOK M UH/IyIIUPYET aronTo3 [116].

Ikcrmpeccrus miR-137 Takske ObLTa 3HAUYUTEHHO
HIDKE B KJIETOUHBIX JIMHUAX U OIYXOJIEBOH TKAaHH
0OJIBHBIX MHOKECTBEHHOW MHEJIOMOU 10 CPABHEHHIO
¢ HOPMAa/TbHBIMU ILJIA3MATHUYECKUMU KJIETKaMH [117].
[TarmenTsl ¢ MM ¢ HU3KUM ypoBHEM miR-137 umesnu
CTATHCTUYECKH 3HAYMMO 0oJiee KOPOTKYIO OOIIYI0 U
0ecCcOOBITHIHYI0 BBIKUBAEMOCTh IO CPaBHEHUIO C
60IPHBIMH ¢ TUIIEPIKCIIpeccrelt miR-137 [118]. ITpo-
JIEMOHCTPUPOBAHO, UTO BOCCTAHOBJIEHHE SKCIIPECCHU
miR-137 TPUBOAUT K CHIDKEHUIO YPOBHs Oeska
MCL-1, a TakyKe K aKTUBAIlUd T'€HOB, CBSI3aHHBIX C
arorrro3om (BAD, BAX, BID, BIM), v WHIYKIUHA
anonro3a. MCL-1 urpaeT BaKHYIO POJIb /IS BBIKUBA-
Hus KieTok MM 61arogapsi CBoel CItocOOHOCTH MPo-
THBOCTOATH MPOATIONTOTHYECKUM CcTUMYyJsaM. IIpes-
moJiaraeTcs, 4To mopAasjieHme skcmpeccunn MCL-1
WUTpaeT Ba’KHYIO POJIb B OTBETE Ha arlONTOTHYECKHE
CTUMYJIbI, UHYITUPOBAaHHbIE JIEKAPCTBEHHBIMU IIpe-
maparamu [117]. Jlokazano, uro MCL-1 sBisieTcs
HEIIOCPE/ICTBEHHOH MUIIIEHbIO /1 miR-137[117, 118].

T'unepskcrnpeccuss miR-137 mojapisiyia ypoBHU
p-ATM/Chk2 u p-BRCA1, HO ycuiuBajia 3KCIpec-
CHIO P53, p21. ATU JIaHHBIE TTOKA3bIBAIOT, UTO aHO-
MaJIbHAs JKcIpeccus MiR-137 MoKeT BIUATH Ha
nepenauy curHanoB nyteii AURKA/p53/ATM/Chka
U UTPaTh KPUTHYECKYIO POJIb B TEHETHUECKO HECTa-

Cell line studies in oral cancer [120], uveal mela-
noma [121], non-small cell lung cancer [122], colorec-
tal cancer [123], stomach cancer, head and neck can-
cer [124], and breast cancer [125] have shown that
that the MIR-137 gene is more regulated by methyla-
tion of a large CpG island in the promoter region of
its gene located on chromosome 1p22.44; MIR-137
expression is inversely correlated with the level of
DNA methylation and is restored by DNA hypometh-
ylating agents.

Methylation of MIR-137 in hemoblastoses is
poorly studied. Y. Yang et al. showed that therapy
of MM cell lines with and without deletion of the
1p12-21 locus with the hypomethylating drug,
decitabine, did not lead to statistically significant
changes in miR-137 expression, which may indicate
that gene hypermethylation does not play an
important role in miR-137 dysregulation in MM.
Low expression may be associated with the deletion
of 1p, where the miR-137 gene is located. Deletions
in the 1p12-21 region are associated with a poor
prognosis for MM [117]. Subsequently, the same
group of researchers discovered uniform methyla-
tion of 10 CpG regions in the MIR-137 promoter
and showed that the total methylation level was
significantly higher in tumor tissue of patients and
MM cell lines as compared to normal tissues; ther-
apy with a hypomethylating agent restored the
expression level of miR-137. MM patients with a
high degree of methylation of the MIR-137 pro-
moter in tumor cells had a shorter event-free sur-
vival rate as compared to patients with a low level
of methylation. In addition, hypermethylation of
the MIR-137 promoter was associated with MM
stages according to the International and the Durie-
Salmon Staging Systems, and a higher frequency of
IgH translocation [119].

CONCLUSION

This review considers the molecular and genetic
characteristics of a number of miRNAs that function
in normal hematopoiesis, whose expression is dys-
regulated in the development of lymphoproliferative
diseases. The last published results of studies on the
diagnostic, prognostic and clinical significance of
genes methylation of the miRNAs in malignant neo-
plasms of the blood system are presented.

The data obtained in the course of the literature
review show that the role of miRNA in the develop-
ment of tumors has been actively studied in recent
decades, since they are involved in almost all cellular
processes that modulate malignant cell transforma-
tion, including control of the cell cycle, response to
DNA damage, differentiation, proliferation, apopto-
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OUJIBHOCTU ¥ XUMHUOPE3UCTEHTHOCTH Y TAITUEHTOB C
MHO>KECTBEHHOM MHEJIOMOH [119].

MiR-137 yBeJIMUHBaEeT YyBCTBUTEIBHOCTH K OOp-
Te30MHOy B MBIIIUHBIX MOJIEJISIX MHOKECTBEHHOH
MHEJIOMBI YeJIOBEKA C KCEHOTPAHCILIAHTATOM.
T'unepskcnpeccusi miR-137 WHrHOWUpoBaia POCT
omyxoJu in vivo. OmyxoJyu y MBIIIEH U3 3KCIEPU-
MeHTa aHAJIM3UPOBAJIA METOIOM UMMYHOOJIOTTHHTA
JUst omeHKu sKcmpeccuu OenmkoB AURKA u ps53.
miR-137 SIUTreHeTUYECKH « MOJTIUT», UTO IIPUBOTUT
k yBenuueHuto skcrpeccurn AURKA. TloBblieHHast
skcnpeccuss AURKA mogasisieT p53, YTO IPUBOJIUT
k yBenuueHuio p-ATM u p-Chk2, Biauser Ha sxc-
npeccuto pATR u Chki. 9ta curnasabHast ceTh pery-
JIUPYET JIEKAPCTBEHHYIO YCTOMUYUBOCTh U T€HETHUYE-
CKyT0 HecTabmwIbHOCTH ipu MM.

UccienoBanusa B KJIETOYHBIX JIMHUAX IIPU paKe
MOJIOCTH pTa [120], yBeanbHOU MeslaHOMe [121],
HEMEJIKOKJIETOYHOM paKe JIETKOTO [122], KoJIopek-
TAJIBHOM pake [123], pake KeJlyJika, pake TOJIOBbI U
men [124], pake MOJIOYHOH 3KeJie3bl [125] mokaszay,
uto reH MIR-137 B OOJIbIIIEN CTEIIEHH PEeryJIMPyeTcs
MeTInpoBaHreM 60J1b110oro CpG-0CTPOBKA B ITPOMO-
TOPHOM 00JIaCTH €ro TeHa, PaCIIOJIOKEHHOTO Ha XPO-
MocoMe 1p22.44, skcrpeccust MIR-137 oOpaTHO Kop-
penupyer ¢ ypoBHeMm JIHK-meTnnrpoBanus u Boccra-
HasimBaetca [JHK-runomeTHimpyomnumMy areHTaMi.

MetwiupoBanue MIR-137 Tipu remMo0bsacTo3ax
Masto u3ydeno. Y. Yang et al. mokasasiu, uTo Teparnus
TUIOMETHIUPYIOIIMM  IIperapaToM JAenUTabHHOM
KJIETOUHBIX JTUHIH MM ¢ fgesterueit jiokyca 1p12-21 u
0e3 Hee He NpPHBEJIA K CTATHUCTUYECKH 3HAYMMBIM
U3MEHEHUSIM SKCIpeccur miR-137, UTo MOKET CBUIe-
TEJILCTBOBATh O TOM, YTO THIIEPMETIJIMPOBAHUE TeHA
HE UTPaeT BaYKHOU POJTH B IUCPETY/LAIUK miR-137 mpu
MM. Huskast sKCIpeccusi MOKeT ObITh CBsI3aHa C JiejTe-
IUen 1p, Te HaxouTes TeH miR-137. Jlenernuu peru-
OHa 1p12-21 AaCCOIMHUPOBAHBI € HEDJIATONPUATHBIM
mporao3oM MM [117]. B mociemyroiem Ta e rpyrmna
HccIteZioBaTesiell OOHAPYKUJIa OHOPOJHOE METHJIH-
poBanne 10 CpG-yuactkoB B npomoTtope MIR-137 u
MOKasaja, 4YTo OOIHi YpOBEHb METUINPOBAHUS ObLIT
CTaTUCTHYECKU 3HAYHUMO BBIIIIE B OITyXOJIEBOU TKAHH
OOJIBHBIX M KJIETOYHBIX JUHUAX MM 110 cpaBHEHUIO €
HOPMAaJIbHBIMHM TKAHSIMU, TEPAMUSI THIIOMETUIUPYIO-
IIIIM areHTOM BOCCTAHABJIMBAJIA YPOBEHD HKCIIPECCHH
miR-137. Boasabie MM ¢ BBICOKOM CTENEHBIO METHJIN-
poBanus npomotopa MIR-137 B OIyXOJIEBBIX KJIETKaX
nMenn 0oJiee KOPOTKYI0 0eCCOOBITHIHYIO BBIKHUBAE-
MOCTbD I10 CPAaBHEHHIO C TIAIUEHTAMU C HU3KUM YPOB-
HEM MeTWIMpoBaHHuA. Kpome TOro, rumepMeTHInpo-
BaHue npomoropa MIR-137 accOIUUPOBAIOCH CO CTa-
musamu MM 1o kinaccudukarnusam ISS u Durie-Salmon
u OoJtpIelt yactoTol Tpancmokanuu IgH [119].

sis, aging, metabolism, epithelial-mesenchymal
transition and metastasis [126, 127].

MiRNAs can be classified as tumor suppressors or
pro-oncogenes [128]. The level of expression of the
former in the process of neoplastic transformation of
the cell can decrease, the level of the latter can increase.
Tumor-suppressive miRNAs of the miR-34 cluster are
well studied. An example of miRNAs with oncogenic
potential are molecules of the miR-17-92 cluster [129].
The data presented in the review show that such a dif-
ferentiation is not suitable for all molecules.

Gene expression profiling studies and bioinfor-
matic analysis have shown that miRNA dysregula-
tion is a common event in neoplasms. The tumor has
its own spectrum of expression of these molecules,
different from normal cells [5]. Evidence has been
obtained that miRNAs not only act as intracellular
messengers, but can also be secreted and circulate in
the blood as part of apoptotic bodies, microvesicles,
and exosomes [5, 126, 127].

It is known that precise regulation of the miRNA
levels in hematopoietic cells is necessary for the cor-
rect course of hematopoiesis. For example, there are
proteins involved in hematopoiesis (such as PUM1,
PTEN, MYB and many others), the genes dosage of
which must be very clearly regulated in the cell by
miRNA, and its alteration results in various patho-
logical conditions, including the development of
malignant neoplasms [5].

MiRNAs have an important regulatory function
in the immune system work, from maintaining the
pool of stem cells to the maturation and functioning
of T and B lymphocytes. They not only influence the
direction of cell development, but can also play a
more subtle role in giving the cell resistance or sensi-
tivity to the most important biological processes —
apoptosis, proliferation, differentiation, etc. [5].
Thus, based on the miRNA expression profiling, the
possibility of dividing DLBCL into subgroups of ger-
minal and nongerminal origin was shown [130, 131].

The involvement of miRNAs in lymphomogenesis
has been confirmed in transgenic mouse models.
Aberrant expression of miRNA not only leads to the
development of lymphoproliferative diseases, but
also contributes to an increase in the rate of their
tumor progression. For the first time, the signifi-
cance of miRNA dysregulation in the biology of
hemoblastoses was assessed when it was shown that
the genes of tumor suppressive miR-15a and
miR-16-1 are located in the 13q14 locus, which is
often deleted in chronic lymphocytic leukemia [132].

A number of miRNAs have unidirectional changes
in the expression in different subtypes of lympho-
mas, such as, for example, an increase in the expres-
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3AK/IIOYEHUE

B npencraBieHHOM 00630pe  paccMOTpeHa
MOJIEKYJIIPHO-TEHETMUECKAsI XapaKTePUCTUKA psiaa
MukpoPHK, GyHKIIMOHUPYIOIUX TPU HOPMATBHOM
KPOBETBOPEHUH, HapYyIIeHUe 5KCIPEeCCUN KOTOPBIX
MOKa3aHO IPU pa3BUTHU JUMonposindepaTuBHBIX
3abosieBaHui. [IpuBe/IeHBI MOCTIEIHUE OITyOIJIHMKO-
BaHHBIE Pe3yJIbTaThl UCCJIEIOBAHUN IO AUArHOCTHU-
YeCKOMY, TPOTHOCTHYECKOMY ¥ KJIMHUYECKOMY 3Ha-
YEeHUI0 METWINPOBAHUSA T€HOB PAaCCMATPHUBAEMBIX
MukpoPHK npu 3/10kauecTBeHHBIX HOBOOOpa3oBa-
HUSIX CHCTEMBI KPOBH.

[TosrygeHHBIE B XOZI€ JINTEPATYPHOTO 0030pa J1aH-
HbIe TT0Ka3bIBaIOT, YTO posb MUKpoPHK B pazsutun
OIIyXOJIeH B IMOCJIEHIE AECATUIETHS AKTHBHO H3yYa-
€TCsI, TOCKOJIBKY OHU YIACTBYIOT IIPAKTHYECKH BO BCEX
KJIETOYHBIX IIPOIIECCaX, KOTOPbIe MOAYIUPYIOT 3JI0Ka-
JeCcTBEHHYIO TpaHC()OPMAIIHIO KJIETOK, BKIII0Yas KOH-
TPOJIb KJIETOYHOTO ITMKJIA, OTBET HA IIOBpEXK/IEHUeE
JHK, nuddepernpoBKy, npoaudepanuio, aromnTos,
crapeHue, 0OMeH BeIECTB, SITUTETHATBHO-Me3eHXU-
MaJTBHBIH ITEPEXO]T U MeTacTa3upoBaHue [126, 127].

MukpoPHK moryT 6bITh OTHECEHBI K KJIACCY OHKO-
CYIIPECCOPOB WJIM TPO-OHKOTEHOB [128]. YpoBeHB
SKCIIPECCUU IEPBBIX B IIPOIECCE HEOIUIACTHYECKOH
TpaHchOpMAITNY KJIETKU MOKET CHUKAThCS, YDOBEHD
BTOPBIX — IIOBBIIIATHCS. XOPOIIO U3YIeHBI OHKOCY-
npeccopuble MUKpoPHK kiacrepa miR-34. IIpume-
poM MukpoPHK ¢ OHKOT€HHBIM IOTEHITUATIOM SBJIA-
IOTCSI MOJIEKYJTBI KyacTtepa miR-17-92 [129]. ITpuse-
JIEHHbIE B 0030p€e JIaHHbIE ITOKA3BIBAIOT, YTO 110]100-
HOe pas/ieJieHue MOJIXOIUT He /IJIS1 BceX MOJIEKYI.

UccneoBanus 1o podrIMpOBAHUIO HKCIIPECCUU
reHOB W OWOMH(pOPMAIMOHHBIA AHAIU3 BBISIBUJIH,
uyto aucperyssanus MukpoPHK saBmserca pacipo-
CTpAaHEHHBIM COOBITHEM IPU HOBOOOPA30BAHUSIX.
Omyxoap MMeeT CBOH, OTJIMYHBIM OT HOPMAJIbHBIX
KJIETOK CIIEKTP SKCIIPECCUU JAHHBIX MOJIEKYJI [5].
[TosryueHs! JTaHHBIE, CBUAETETHCTBYIOIIE O TOM, UTO
MuKpoPHK He TOJIBKO JEHCTBYIOT KaK BHYTDHKJIE-
TOYHBIE MeCCEeH/[KEPHI, HO TaKyKe MOTYT CeKpPeTHpPO-
BaThCs U UPKYJIMPOBATh B KPOBH KaK YaCTh AIIOITO-
THUYECKHX TeJI, MUKPOBE3UKYJI M 9K30COM [5, 126, 127].

V3BecTHO, UTO TOYHAS PETyJIANUA COJlePKAHUA
MukpoPHK B reMomosTnuecknx KJIeTKax HeOOXO-
IUMa ISl TPaBIJIBHOTO IIPOTEKAHUSA IIPOIECCOB
KpoBeTBOpeHUs1. Tak, HampuMmep, CYyIIECTBYIOT
Oesiky, YJacTBYIOIIIME B TreMomos3e (Takue Kak
PUM1, PTEN, MYB u MHOrHe JIpyrue), JO3UPOBKA
TeHOB KOTOPBIX JOJPKHA OYeHb UYeTKO PeryJynpo-
BaThCA B KJIeTKe ¢ moMoIbio MUKpoPHK, a ee Hapy-
[IeHVe MPUBOAUT K PA3JIMYHBIM ITATOJIOTHUYECKUM
COCTOSIHUAM, B TOM UHCJIe PAa3BUTHIO 3JI0KaUeCTBEH-
HBIX HOBOoOOpazoBaHuii [5].

sion of oncogenic miR-155, miR-17-92b, and miR-21,
as well as a decrease in the expression of oncogenic
miR-15a/16, miR-34a, miR-150 and miR-29 mole-
cules [5, 131, 133—-138].
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MukpoPHK nmeT BasKHEHIIIYIO PETYJISATOPHYIO
dyHKIHIO U B pab0Te UMMYHHOH CUCTEMbI, HAUNHAS
OT IIO/I/lepKaHUA IIyJla CTBOJIOBBIX KJIETOK U 3aKaH-
uynBasg co3peBaHUeM U (PYHKIMOHUpOBaHUEM T- u
B-mumdoriuTos. OHU He TOJIBKO BIUAIOT HA HATIPaB-
JleHUe pa3BUTHA KJIETKH, HO TaKyKe MOTYT WUrpaTh
0oJiee TOHKYIO POJIb B IIPUIAHUH KJIETKE YCTOUIHBO-
CTH WU YYBCTBUTEJBHOCTH K BOKHEHITUM OGHOJIO-
rUYecKuM IIpolieccaM — aroITosy, Iposudepanumy,
nuddepeHupoBke u T.7. [5]. Tak, Ha OCHOBe CIIeK-
Tpa skcnpeccuun MUKpoPHK mokazana BO3MOXK-
HocTh pasaeneHus /IBKKJI Ha kinaccudukanmoH-
HBble MOJATPYIIb TepMUHAIBHOTO U HerepMUHAIb-
HOTO IIPOUCXOXKAeHUs [130, 131].

Yuacrue MukpoPHK B snumdomorenese mopa-
TBEPK/IEHO B MOJIeJIIX Ha TPAHCTeHHBIX MBbIIIaX.
AbGeppanTHas skcrpeccuss MUKPOPHK He TOIbKO
MIPUBOAUT K pa3BUTHUIO JuM@onposindepaTuBHBIX
3a00JIeBaHU, HO U CIIOCOOCTBYET YBEJTUUEHUIO TEM-
IIOB UX OITyXOJIEBOM mporpeccuu. Brepsbie 3HaUe-
Hue aucperyiasanuu MukpoPHK B 6uosnornu remo-
61aCTO30B MOJIyYHJIO OIEHKY, Korja ObLIO IOKa-
3aHO, UTO B JIOKyce 1314, KOTOPBIHI YacTo mojBepra-
eTcsl JIeJIENUU IPU XPOHUYECKOM JIMM(OJIEHKo3e,
pacnosio:keHbl TeHbl OHKOCYIIpeccOPHbIX MUKPOPHK
miR-15a u miR-16-1[132].

Panx mukpoPHK wumeroT opHOHaNpasiieHHbIE
U3MeHEeHUs SKCIIPECCUU NP PA3JINIHbBIX MOJITUIIAX
auMdoM, TaKOBBIMH, HAIpUMeEpP,  ABJAIOTCA
TIOBBIIIIEHNE DKCIIPECCHN OHKOTeHHBIX miR-155,
miR-17-92b 1 miR-21, a Takke CHIKEHUE DKCIIPec-
CHM OHKOCYyIpeccopHbIx miR-15a/16, miR-34a,
miR-150 u miR-29 moseky [5, 131, 133—138].

HUcrounuk ¢uHaHcupoBaHus. Pabora BbI-
IIOJTHEHA B paMKax OropkeTHOH TeMbl 1m0 [ocymap-
cTtBeHHOMY 3a71aHmio0 N2 AAAA-A17-117112850280-2.

Kondaukr nHTEpEeCcOB. ABTODHI 3a5BJISIOT 00
OTCYTCTBUM KOH(JINKTA HUHTEPECOB.
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Oco0eHHOCTH COBPEMEHHOU JUAaTHOCTUKH U (papMaKkoTepanuu
nepunapTajabHOU KapAUOMUOIIATUU

II.T. Manonos!, JI.JI. Xunuposa', B./[. Kazanmesa?

'@I'bOY BO «Hogocubupckuil 2ocydapcmeeHHblil meduyuHckuil yHusepcumem» Munadpasa Poccuu

2I'6Y3 MO «Mockogckuil 064acmHoil Hay4HO-UccAe008amMenbCKULl UHCMUMYM aKywepemea U 2UHeK0102UU»
Munadpasa Mockogckoil obaacmu

AHHOTAIIUA

B 0630pe paccMaTpuBaOTCs 0COOEHHOCTH COBPEMEHHOM JAMArHOCTHKH, hapMaKOTepanuyd U MPOQUIAKTHKY HepUIap-
tampHOM Kapauomuonatuu (IIITKM). OO6cy:xnaercss 3HaueHHe CcOBpeMeHHbIX MapkepoB IIITKM: PAI-1, miR-146a,
16 kDa-PRL, sFlt-1/PIGF, uarepdepoH-raMma, aCHMMETPUYHBIN TUMETUIAPTUHUH U POJIb HHCTPYMEHTAIbHBIX METO[OB
JINarHOCTHKYU (9XOKapauorpadusa, MarHuTHO-PE30HAHCHAS TOMOTrpadus), UCIOIb30BAHIE KOTOPBIX 3aBUCHUT OT CPOKOB
6epemenHoctu u TedeHus IIITKM. IIpuBoiSATCS CBEJIEHHS O MIOKA3aHUSAX, OCIOKHEHHUAX U KJIMHUYECKOM OIIbITE HCIIOJIb-
30BaHUA OCHOBHBIX (DAPMAaKOJIOTHYECKUX IIPerapaToB, IpuMeHsAeMbIX B yiedeHHH IIITKM c y4eToM HX BO3MOXKHOTO
He6JIarONPUATHOTO BJIMSIHUS HA IUIOA W JIAKTanui. PaccmarpuBaercss HOBbIM asiroputu Jiedenus [TTTKM, HazBaHHBIH
koHreniueir BOARD (6poMOKPHUIITHH, ITIEpOpaJIbHASA TEPAIINS XPOHHUECKOU cepieuHol HepocTaTouHoctu (XCH), anTu-
KOATYJIHTHI, Ba30/IMJIATATOPBI U JUYPETHKHU), B KOTOPOM K craHzapTHoi Tepanuu XCH /06aByieHo npuMeHeHre 6pomMo-
KPUIITUHA ¥ aHTHUKOATYJISTHTOB, a TAK)Ke MPOoGUIaKTHUEeCKe MEPOTIPUATHS 0 BeJIeHNI0 manueHTok ¢ IITIKM ¢ yuetom
PHCKA PEenU/IMBA IPU CTORKOHN AUCHYHKIINH JIEBOTO JKeJIyZ0UKa MUOKAp/ia BO BpeMsI 1 Tocjie 6epeMeHHOCTH.
Kmuioueewnle caoea: niepumnapraibHas Kapauomuonarus, PAI-1, miR-146a, 16 kDa-PRL, sFlt-1/PIGF, unrepdepon-ramma,
ACUMMETPUYHBINA TUMETUIAPTHHUH, GPOMOKPUIITHH.
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THOCTHKU U (hapMaKOTepaIuy eprunapTaabHoi kapauomuonaruu // Journal of Siberian Medical Sciences. 2021. N2 4.
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Features of modern diagnostics and pharmacotherapy
of peripartum cardiomyopathy

P.G. Madonov!, L.D. Khidirova!, V.D. Kazantseva?

‘Novosibirsk State Medical University

2Moscow Regional Research Institute of Obstetrics and Gynecology

ABSTRACT

The review considers the features of modern diagnostics, pharmacotherapy and prevention of peripartum cardiomyopathy
(PPCM). The significance of modern markers of PPCM is discussed: PAI-1, miR-146a, 16 kDa-PRL, sFlt-1/PIGF, interferon-
gamma, asymmetric dimethylarginine and the role of diagnostic tests (echocardiography, magnetic resonance imaging),
the use of which depends on gestational age and the course of PPCM. The information on indications, complications and
clinical experience of the use of the main pharmacological drugs used in the treatment of PPCM, taking into account their
possible adverse effects on the fetus and lactation, is given. A new algorithm for the treatment of PPCM, called the BOARD
concept (bromocriptine, oral therapy of chronic heart failure (CHF), anticoagulants, vasodilators and diuretics), is being
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considered, in which the use of bromocriptine and anticoagulants is added to the conventional therapy of CHF, as well as
preventive measures for the management of patients with PPCM, taking into account the risk of relapse with persistent left

ventricular dysfunction during and after pregnancy.

Keywords: peripartum cardiomyopathy, PAI-1, miR-146a, 16 kDa-PRL, sFlt-1/PIGF, interferon gamma, asymmetric

dimethylarginine, bromocriptine.
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BBEJIEHUE

[MepunapranpHas kapguomuonatus (ITITKM) —
9TO uAUOINAaTHYecKas ¢GopMa KapJHUOMHUOIATUH
(KMITI), nposiBisomascsa XpOHUUECKOH cepleuHON
HemocraTouHocthio (XCH), auchyHKIMer JeBoro
xkenynouka (JIDK) B TpeTreM TpuMecTpe GepeMeHHO-
CTH WM B TeUyeHHE HECKOJIbKHUX MECAIEB II0CyIe
POZIOB, TIPH YCJIOBUHU UCKJIIOUEHUsS APYTUX MPUUHH
XCH [1]. JJacke y TamueHTOK C OECCHMIITOMHBIM
TeUeHNEM MOKET HaOJII0/]aThCsl CEphe3HOe HapyIlle-
HUe cepAeuHol GpyHKIun. CoriacHO JaHHBIM MUPO-
Boro perucrpa o IIITKM, sto 3a6osyieBanue BCTpe-
vaercs Bo Bcem mupe [2]. ITanuenTtku ¢ IIITKM B
aHaMHe3e HEPEeJKO B JaJIbHEUIeM IUIaHUDPYIOT
OepeMeHHOCTD, BJIUSHIE KOTOPOU Ha KIMHUYECKUI
HCXOJ] IMeeT pelaroliee 3HaueHue [3].

Hecmotpsa Ha TO, wto IIIIKM BcTpeuaercss BO
BCEM MHUpE, OOJIBIIIMHCTBO SITHAEMUOJIOTHYECKUX
na"gHbix nocrymaetr us CIIA, HOxuoMt Adpukwu,
Hurepuu u T'autu [2]. HegaBHee ucciieloBaHuE C
HCIIOJIb30BAaHHEM OOIIeHAIMOHAJIbHON 0a3bl JIaH-
HbBIX 110 TocnutaymsanusaM CIIA 3a mepuoy 2004—
2011 IT. IIOKasajio, 4to 3abosieBaemocts ITTTKM
BBIPOCJIa C OJTHOTO CJIy4asi Ha 1181 KUBOPOIK/IEHHE B
2004 T. 710 OJTHOTO ¢Iy4as Ha 849 KUBOPOK/IEHUU B
2011T. [4]. [IpeamonaraeMblie MPUYUHBI 3TOTO BKJTIO-
YaroT B ce0s1 MOBBIIIEHNE CPETHETO BO3PACTa MAaTEPH,
qucia caydaeB npeskiamicud (I19) u MHOTomIo -
HOU G€pEMEHHOCTH (JACTUYHO 32 CUET UCIIO0JIh30Ba-
HUS BCIIOMOTATEJIbHBIX PENPOAYKTUBHBIX TEXHOJIO-
TU), KOTOPbIE SABJIAIOTCA (AaKTOpaMH PHICKA IPHU
[ITTIKM; yBenuueHHEe pacHpoCTPAaHEHHOCTH (haKTo-
POB DHCKA CepAEYHO-COCYAUCTBIX 3a0oJieBaHUI
(CC3), Takux Kak aprepuaysbHas runeprensus (Al),
caxapHbiii auaber (C/I) U oXKupeHUe, Cpeau KeH-
IIUH PENPOAYKTHBHOTO BO3PACTA, & TAKIKE PACTYIIee
npusHanue [ITIKM kak 3abosieBanusa. CC3 cranm
BeAyIllel NPUYMHONU MATEPUHCKOU CMEPTHOCTH B
CHIA (25—30 % Bcex MAaTEpUHCKUX CMepTeEN), IpHu
aToM Ha 71010 KMII mpuxoiutes oT MOJIOBUHBI JIO
2/3 ciy4qaes [5].

[MaTtodusuomorusa IIIIKM ocraercsa 70 KOHIIAQ
HEYCTAHOBJIEHHOH, XOTS B KaUeCTBE IPUYUHBI OBLIIO

INTRODUCTION

Peripartum cardiomyopathy (PPCM) is an idio-
pathic form of cardiomyopathy (CMP), manifested
by chronic heart failure (CHF), left ventricular dys-
function in the third trimester of pregnancy or for
several months after childbirth, provided that other
causes of CHF are excluded [1]. Even patients with
an asymptomatic course may have a serious disorder
of cardiac function. According to the worldwide reg-
istry of PPCM, this disease occurs all over the world
[2]. Patients with a history of PPCM often plan a
pregnancy in the future, the impact of which on the
clinical outcome is crucial [3].

Despite the fact that PPCM is found all over the
world, most epidemiological data comes from the
USA, South Africa, Nigeria and Haiti [2]. A recent
study using a nationwide database of US hospital-
izations for the period from 2004 to 2011 showed
that the incidence of PPCM increased from one case
per 1 181 live births in 2004 to one case per 849 live
births in 2011 [4]. The alleged reasons for this
include an increase in the average maternal age, the
number of cases of preeclampsia (PE) and multiple
pregnancies (partly due to the use of assisted repro-
ductive technologies), which are risk factors for
PPCM; an increase in the prevalence of risk factors
for cardiovascular diseases (CVD), such as arterial
hypertension (AH), diabetes mellitus (DM) and
obesity, among women of reproductive age, as well
as the growing recognition of PPCM as a disease.
CVD has become the leading cause of maternal
mortality in the United States (25—30% of all mater-
nal deaths), while CMP accounts for from half to
2/3 of cases [5].

The pathophysiology of PPCM remains com-
pletely unknown, although several mechanisms have
been proposed as the cause, including autoimmune
processes, inflammatory factors, viral infections and
low levels of selenium in the body [6]. However, none
of these mechanisms has been fully proven. In the
last decade, works have appeared showing that
PPCM is a vascular pathology caused by an imbal-
ance of angiogenic factors with increased production
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MPEJIJIOKEHO HECKOJIBKO MEXaHU3MOB, BKJIIOYas
ayTOMMMYHHbBIE IIPOIIECCHI, BOCIIAJUTEJIbHBIE (haK-
TOPBI, BUPYCHble HWH(MEKIUH U HUKUU YPOBEHDb
coJleprKaHus ceJieHa B opraHusMme [6]. OgHako HH
OJIMH U3 3TUX MEXaHU3MOB He ObLI IOJTHOCTBIO JIOKa-
3aH. B mocsienHee necATUIeTHE TTOSBIJINCH PAOOTHI,
nokaspiBanue, uro [ITTKM sBisercs BacKyIApHOU
MaTOJIOTHEH, BBI3BAHHOW UCOAIIAHCOM AHTHUOTEH-
HBIX (DAKTOPOB C MOBBIIIIEHHON MPOAYKIHEH HaKkTo-
POB aHTUAHTUOTEHHOU PUPObl. Cpesiu aHTHAHTHO-
reHHBIX (aKTOpoB N-KOHIIEBOH (hparMeHT IpoJiakK-
THHA C MOJIEKY/ISIPHOHN Maccoit 16 k/la (16 kDa-PRL)
u sFlt1 cunraroTces HanboJsiee 3HAYMMBIMH [7].

Teuenue 60JI€3HU ITUPOKO BapbUPYET OT Oosiee
MATKUX (OPM TOJIBKO € JIETKUMU U Hecnenuduye-
CKUMH CHMIITOMAMH JI0 TSPKEJIbIX, OCJIOKHEHHBIX
KapAHOTeHHBIM 1IOKOM [8]. B KoHIle TpeThero Tpu-
MecTpa GEpEeMEHHOCTU WJIH B PAaHHEM IIOCJIEPOMIO-
BOM IIEPHO/I€ BPAYH YACTO CTATKUBAIOTCA C IIPEIIO-
JIOKUTEJIbHO 3J0POBBIMHU JKEHIIMHAMHU, KOTOPBIE
JKQUIYIOTCA Ha HecllenuduiecKre CHMIITOMBI, TAKHe
Kak o0IIui AUCKOMMOPT, yTOMJISIEMOCTh ¥ HAJTUUHE
nepudepuyeckux orekoB. [Ipu Tskenbx gopmax
3ab0JIeBaHUsI TAIIMEHTKU MIPEbSBIISIOT KAT00bI Ha
OJIBIIIIKY, OPTOITHO? U MOBHIIIEHHYIO0 BO30YIUMOCTb.
B xynaiem cirydae pa3BUBaeTcs KapAUOTeHHBIN MIOK,
COTIPOBOK/TAIOIITUMACS OTEKOM JIETKHUX.

Heuacro, HO HaO/I07jaeTCA HapyIIeHHE PUTMA
cepAna u caydau TpoM60sM6onii. Y G0IBITHHCTBA
JKEeHINWH 3a00JIeBaHNE MIPOSBIISIETCS B TEUEHUE IIep-
BOI'O MecsIla IOCJIe POJIOB; UyTh MEHBIIE CIy4aeB
3apPETUCTPUPOBAHO B ITO3THEM ITOCJIEPOIOBOM IIEPHU-
0Jie; ¥ peKHe CITydanu HaOJII0/Ial0TCSA ellle BO BTOPOM
TpuMecTpe OepeMeHHOCTH [9, 10]. B ncciaenoBannm
IPAC, usyuasmiem KMII Bo Bpemst GepeMeHHOCTH, Y
nByXx keHIuH I[IITKM Obuta AUAarHOCTHPOBaHA B
JIEHb POJIOB, & BCE OCTAJIBHBIE CJIy9ad — B MOCJIEPO-
IoBOM Tiepuojie [11]. AdppoaMepUKaHCKUM KEHIIH-
HaM JIUarHO3 CTABUTCS [T033Ke M0 CPABHEHUIO C XKEH-
IMUHAMHA €BPOIIEOWTHON pachl, HO IIOKA HESICHO,
OTpa’KaeT JIU ATO Pa3INUHe 3aJePIKKY B 00palieHuu
3a IIOMOIIIBIO, B IOCTAHOBKE IATHO3a WJIH JeHCTBU-
TEJIPHO MHYI0 KapTUHY 3a00JieBaHUA (I UX KOM-
OWHAIMIO) B ATOU momyasanuu [12].

JTUATHOCTUKA

PanHsAs 1uarHocTuka 3HAUUTETHHO YBEJINYUBAET
manchl nmanueHTok ¢ IIIIKM Ha BoccTaHOBJIEHHE
dpakiuu BBIOpOCa JeBoro xkemyaouka (OB JIK), B
TO BpeMsI KaK MO3/IHsAs AUaTHOCTUKA CBsA3aHAa C yBe-
JIMYEeHUEM 4YaCTOTHl CEPbE3HBIX HeKeIaTeIbHbIX
SIBJICHUH ¥ OOJIbIIEN BEPOATHOCTHIO IEPEX0Za K
HeoOpaTtumou TepmuHasbHOW XCH. Kpome Toro,
HepuarHoctupoBanHaa IIIIKM yBenuuuBaeT pucK

of antiangiogenic factors. Among the antiangiogenic
factors, the 16-kDa N-terminal fragment of prolactin
(16 kDa-PRL)) and sFlt 1 are considered the most
significant [7].

The course of the disease varies widely from mild
forms with only poor and nonspecific symptoms to
severe, complicated by cardiogenic shock [8]. At the
end of the third trimester of pregnancy or in the early
postpartum period, doctors often encounter suppos-
edly healthy women who complain of nonspecific
symptoms, such as general discomfort, fatigue and
peripheral edema. In severe forms of the disease,
patients complain of shortness of breath, orthopnea
and increased excitability. In the worst case, cardio-
genic shock develops, accompanied by pulmonary
edema.

Infrequently, but there is a cardiac rhythm dis-
order and cases of thromboembolism. In most
women, the disease manifests itself during the first
month after childbirth; slightly fewer cases are reg-
istered in the late postpartum period; and rare
cases are observed even in the second trimester of
pregnancy [9, 10]. In the IPAC study, which investi-
gated CMP during pregnancy, PPCM was diagnosed
in two women on the day of delivery, and all other
cases were diagnosed in the postpartum period [11].
African-American women are diagnosed later than
Caucasian women, but it is not yet clear whether
this difference reflects a delay in seeking help, in
making a diagnosis, or a really different picture of
the disease (or a combination of them) in this popu-
lation [12].

DIAGNOSTICS

Early diagnosis significantly increases the chances
of patients with PPCM to restore the left ventricular
ejection fraction (LVEF), while late diagnosis is asso-
ciated with an increase in the frequency of serious
adverse events and a greater likelihood of transition
to irreversible end stage CHF. In addition, undiag-
nosed PPCM increases the risk of more severe CHF
in subsequent pregnancies [1].

Biomarkers such as B-type natriuretic peptide
(BNP) and its N-terminal prohormone (NT-proBNP)
are used to diagnose PPCM, but it should be borne
in mind that their levels are also slightly increased
during physiological pregnancy, whereas the con-
centration of BNP and NT-proBNP consistently
increases in patients with acute form of PPCM [13].
The most important role of natriuretic peptides is to
exclude CHF (with a threshold of < 100 pg/ml for
BNP and < 300 pg/ml for NT-proBNP), and they
should not be used exclusively for the diagnosis of
PPCM [14].

136

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



Madonov P.G. et al. /Journal of Siberian Medical Sciences 4 (2021) 134—148

6osee Tsoxeno XCH mpu nocnenyromux 6epemMeH-
HoOCTAX [1].

Hna nuarnoctuxu I[IITKM uCnosb3ylOT Takue
OmoMapkepbl, KaK HATPUHYPETUUYECKUU MEITHT
Tuma B (BNP) um ero N-KOHIIEBOM MENTHUL
(NT-proBNP), HO ciiemyeTr MUMETh B BHAY, YTO UX
YPOBHU HE3HAUUTEJIbHO MOBBIIIEHHI U IIpU GU3HNO0-
JIOTUYECKOW 6€pPEMEHHOCTH, TOT/Ia KaK y MallHEHTOK
¢ octpoit ¢popmoii ITIIKM moceoBaTesIbHO MTOBBI-
maercss koHieHTparuss BNP u NT-proBNP [13].
Camas BaykHasI pOJIb HATPUUYPETUUECKUX MTEeNITU/IOB
3aktiouaercs B uckaodeHun XCH (¢ moporom < 100
Jutst BNP u < 300 nr/mu syt NT-proBNP), u oHu He
JIOJDKHBI  MCIIOJIBb30BAThCA HUCKJIIOUUTENIBHO 1A
ycraHoBaeHus auartosa ITITKM [14].

M. Ricke-Hoch et al. usyuriu sxcnpeccuo nHTU-
buTopa axkTmBaropa IuIa3MuHOreHa PAI-1 u ero
MOTeHIHaJIbHYI0 posb B paszsutuu IIIIKM. Hccene-
JIOBATeJIM COOOIIMIN, YTO y marnueHTok ¢ ITITKM
ypoBeHb IupKyaupyoiero PAI-1 Bo Bpemsa 1mocra-
HOBKH JIMaTHO32 BBIIIIE, Y€M B IIOCJIEPO/IOBOM IIEPH-
one [14]. PAI-1, mo-BuauMoMy, SIBJIsSETCS HOBBIM
mapkepoM [ITIKM, KOTOPBIT ITOJI0KUTETBHO KOppe-
JipyeT ¢ ypoBHAMHU miR-146a, mapkepom IITIKM,
SKCOpeccur0 KoToporo myrem aktuBanum NF-xB
uraynupyer 16 kDa-PRL. Hanpotus, PAI-1 He Kop-
penupyet ¢ NT-proBNP, equHCTBEHHBIM KJIUHUYE-
CKHM MapKepoM, KOTOPbIH, KaK ObLIO YCTAHOBJIEHO,
noselnieH npu [ITTKM. YpoBeHb ITUPKYJIHUPYIOIIETO
PAI-1 He xoppenupoBays c TaxecTbio XCH mpu
IIOCTAHOBKE /[MAarHo3a M He ObUI IIPEJUKTOPOM
BBI3JIOPOBJIEHUS Yepes 6 Mec HaOIoAeHu [15].

HecmoTtpsa Ha TO, uTO ypoBeHb PAI-1 B miiazme
ABJAETCHA JIOCTAaTOYHO WHQOPMATHUBHBIM JIHArHO-
ctuueckuM 6momapkepom mipu IITTIKM, mosaratbes
HCKJIIOUUTEJIPHO HA €r0 KOHIIEHTPAITUIO OMUOOYHO,
TaK KaK 9TOT OEJIOK BBINIOIHSET Pa3Hble OMOJIOTHYe-
ckue ¢yHKIUU B opranusme. Tak, PAI-1 ociabiser
pubpuHOMN3 U aHTUTPOMOOTHUYECcKHE dPPEKThI U
JIEUCTBYET KaK MPOTPOMOOTHYECKUH (dakTop. Bruio
nokasaso, uro PAI-1 cBasbiBaerca ¢ 16 kDa-PRL u
uHaynupyetr aktuBauuio NF-kB u3 uPAR, Tem
caMBbIM CIIOCOOCTBYS 9Kcmpeccuu miR-146a B 3HI0-
TeJINAJIbHBIX KJIETKaX, YTO B 3HAUUTEIbHOU CTENIeH!
oTBeuaer 3a BbI3BaHHOe 16 kDa-PRL nHapymienue
cocyucrol pyHkinuu u pazsutue XCH B maTopusu-
onoruu IITTKM. ¥ nmanuenTtok ¢ ITTIKM, y koTOpbIX
ypoBHU PAI-1 B 171a3Me ObLITN CHUKEHBI uepe3 6 Mec
IIocJie HavauIa HabJIIo/IeHus, TAaKXKe ObLIO OTMEUEHO
cHmkeHune aktuBanuu NF-kB. bosiee Toro, ucciezmo-
BaTeJU JOKA3aJIM, YTO ITUPKYJIUPYIOIIHE YDPOBHH
miR-146a Takke Boie mpu IIITKM, uyem y 310p0o-
BBIX ITAIIUEHTOK. ABTOPBI OOHAPYKMIH, 9TO PAI-1 B
I1a3Me ObLI MOBBINIEH y manueHTok ¢ [TITKM mpu

M. Ricke-Hoch et al. the expression of the plas-
minogen activator inhibitor-1 (PAI-1) and its
potential role in the development of PPCM were
studied. Researchers reported that in patients
with PCMP, the level of circulating PAI-1 in diag-
nosing is higher than in the postpartum period
[14]. PAI-1, apparently, is a new marker of PPCM,
which positively correlates with the levels of
miR-146a, a marker of PPCM, whose expression
by activating NF-«xB induces 16 kDa-PRL. In con-
trast, PAI-1 does not correlate with NT-proBNP,
the only evidenced clinical marker found to be ele-
vated in PPCM. The level of PAI-1 did not corre-
late with the severity of CHF in diagnosing and
was not a predictor of recovery after 6 months of
follow-up [15].

Despite the fact that the level of PAI-1in plasma is
a fairly informative diagnostic biomarker for PPCM,
it is a mistake to rely solely on its concentration,
since this protein performs different biological func-
tions in the body. Thus, PAI-1 weakens fibrinolysis
and antithrombotic effects and acts as a prothrom-
botic factor. It has been shown that PAI-1 binds to
16 kDa-PRL and induces activation of NF-kB from
uPAR, thereby contributing to the expression of
miR-146a in endothelial cells, which is largely
responsible for the vascular function disorder caused
by 16 kDa-PRL and the development of CHF in the
pathophysiology of PPCM. In patients with PPCM,
whose plasma levels of PAI-1 were reduced 6 months
after the start of follow-up, a decrease in NF-kB acti-
vation was also noted. Moreover, the researchers
proved that levels of miR-146a are also higher in
PPCM than in healthy patients. The authors found
that PAI-1 in plasma was elevated in patients with
PPCM during subsequent pregnancy, but before the
onset of CHF [15].

More accurate biomarkers are needed for a fast
and reliable diagnosis of PPCM, but they have not
yet been properly identified. Currently, biomark-
ers such as 16 kDa-PRL, interferon-gamma, asym-
metric dimethylarginine (ADMA) and miR-146a
are being considered [13]. The issue of the influ-
ence of imbalanced angiogenesis remains debat-
able. It was proposed by I. Lata et al. to use high
values of placental growth factor (PIGF) and/or
low values of the sFlt-1/PIGF ratio for the diagno-
sis of PPCM [16]. The sFlt-1 levels of decrease rap-
idly after childbirth (after removal of the placental
source of sFlt-1) in healthy women, but remain
above the normal range in women with PPCM. The
source of the constant increase in sFlt-1 in the
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ToC/IeAYIONIEe OepeMEHHOCTH, HO /IO Hayajia pa3Bu-
tuss XCH [15].

JI1s1 OBICTPOM U HajlesKHOU AuarHocTuku ITITKM
HeoOX0oAMMBI 6oJiee TOUHBIE OHMOMApKEPHI, HO OHHU
elle He OIpeZieJIeHbl JIO/LKHBIM oOpa3oM. B HacTos-
1[ee BpeMs pacCMaTPUBAIOTCA TaKue OMOMapKepHI,
kak 16 kDa-PRL, uarepdepoH-raMma, aCHMMEeTPHY-
BBl auMerwnapruauH (AJIMA) u miR-146a [13].
JlrckyTabeTbHBIM OCTAaeTCsl BOIIPOC BIUSHUSA rcha-
JIAHCHPOBAaHHOTO aHruoreHesa. I. Lata et al. 6p110
MIPEJIJIOKEHO  MCIIOJIb30BaTh BBICOKHME 3HAYEHUs
dakropa pocra mwranentsl (PIGF) u/wnm Huskue
sHauenus cootHomrenusi sFlt-1/PIGF mis auarno-
cruku ITITKM [16]. Ypouu SFIt-1 GbICTpO CHIKA-
F0TCsI TIOCJTE POZIOB (TTOCIIE yAaAeHU IIAIleHTapHOTO
ncrounrka sFlt-1) y 3M0pOBBIX KEHIIUH, HO OCTa-
IOTCs BBIIIIE HOPMAJIBHOTO JIMAIIA30HA Y KEHIIUH C
ITITKM. VIcTOYHMK MTOCTOSIHHOTO moBbIeHus sFlt-1
B IIOCJIEPOI0BOM TIEPHO/IE B HACTOSAIIEE BPEMS HEU3-
BecteH. B xoropre IPAC xomnentpanus sFIt-1 Ha
MOMEHT mocTaHoBKU simarHosa [IITKM koppenupo-
Basia ¢ QYHKIIMOHAITBHBIM KJIaCCOM IO Ky1accuduka-
§185051 HbIo—I7Ioch1<0171 accormanuu cepana (NYHA) u
HasmureM mo6ouHbIx 3¢ dexTos [11]. YpoBens sFlt-1
U JPYTUX TUJIANEHTAPHBIX TOPMOHOB y TAIMEHTOK
JIOCTHTAeT MaKCHUMyMa BO BPeM: POJIOB, ¥ 3TOT MUK
MOJKET CIocoOCTBOBATh PA3BUTHIO ITOCIEPOOBOTO
cuHZpoMa. Bo3MOKHAs poOJib APYTUX MJIaneHTap-
HBIX TOPMOHOB, TAKUX KaK aKTUBHUH A, B HACTOsIIIEE
BpeMs ucceayercs [16].

Ixokapauorpadus (9xoKI') — BaskHeHIHNH aua-
THOCTHUYECKHUU MHCTPYMEHT — ITOKA3aHa BO BCEX CIIy-
vaax nopo3penusd Ha IIIIKM s noarBep:kaeHUs
JINarH03a, OIEHKU COIYTCTBYIOIIUX UJIN PAHEE CyIIe-
crBoBaBmux CC3, uckioueHus ocoxuennii ITTTKM
(mampumep, Tpom60B JIXK) 1 MOIyIeHNs TPOTHOCTH-
yeckoll nHpoOpManuu (HampuMmep, HATHIHE JIer0u-
HoU AT"). O0Ipie HaXOJKU MOTYT YKa3bIBaTh HA yBe-
auuenue obbema JIXK > 2.7 cM/M2, CHUXKeHHe
©B JIXK, paciiupenue nonoctu JIXK, MmurpanbHyio u
TPUKYCIIUTAIbHYI0O  PETyPrUTAIlUI0, IIOBBIIIEHUE
JierouHoro AasseHus u Tpom603 JIK. Orenka QyHK-
nuu JIDK oco6eHHO BakHA /I MOHUTOPUHTA COCTO-
SHUA TAIAEHTOK, MTOCKOJIbKY 0OoJsiee HU3KasA (QyHK-
s JDK cBsA3aHa ¢ BBICOKOW TOCIUTAIBHOU JIeTaTh-
HOCTBIO U O0JIee JTUTETbHBIM BpeMEHEM BOCCTaHOB-
nenus y nauueHntok c IIITKM. Beuto mpejioxeHo,
9TOOBI KIMHUITACTHI mpoBoAuan IXoKI' Ha paHHeM
JTane IMAarHOCTUKU, IIPU OIIEHKE MAIlUEHTOK C CUM-
nToMamu, xapakrepHabiMu 71 [TTTKM [17].

ITocne crabwan3anuyd COCTOSHUSI MAaTrHHUTHO-
pe3onancHas Tomorpadus (MPT) moxker obecrie-
9UTH 0OJIEE TOUHYIO OIEHKY CTPYKTYPHI B (DYHKIIHU
cep/illa ¥ MCIIOJIb3YETCS B KAUEeCTBE 30JI0TOTO CTaH-

postpartum period is currently unknown. In the
IPAC cohort, the concentration of sFlt-1 at diagno-
sis of PPCM correlated with New York Heart Asso-
ciation (NYHA) functional class and the presence
of side effects [11]. The level of sFlt-1 and other
placental hormones in patients reaches their maxi-
mum during childbirth, and this peak may con-
tribute to the development of postpartum meta-
bolic syndrome. The possible role of other placen-
tal hormones, such as activin A, is currently being
investigated [16].

Echocardiography (echoCG), the most impor-
tant diagnostic tool is indicated in all cases of sus-
pected PPCM to confirm the diagnosis, assess con-
comitant or pre-exist CVD, exclude complications
of PPCM (for example, left ventricular thrombi)
and obtain prognostic information (for example,
the presence of pulmonary hypertension). Com-
mon findings may indicate an increase in the left
ventricle (LV) volume > 2.7 cm/m?, a decrease in
LVEF, enlargement of the LV cavity, mitral and tri-
cuspid regurgitation, increased pulmonary pres-
sure and left ventricular thrombosis. Assessment
of left ventricular function is especially important
for patient’s monitoring, since lower left ventricu-
lar function is associated with high hospital mor-
tality and longer recovery time in patients with
PPCM. It was suggested that clinicians perform
EchoCG at an early stage of diagnosis, when evalu-
ating patients with symptoms characteristic of
PPCM [17].

After stabilization of the condition, magnetic res-
onance imaging (MRI) can provide a more accurate
assessment of the structure and function of the heart
and is used as the gold standard for differential diag-
nosis of CMP [18]. A study involving 40 women who
underwent cardiac MRI at baseline and 6 months
after the diagnosis of PPCM revealed a slight late
gadolinium enhancement (5%) (a chemical element
that is a key component of contrast agents used for
MRI) at baseline and 6 months later, and no signifi-
cant difference in clinical symptoms or outcomes
compared with the control group. A late gadolinium
enhancement may indicate irreversible damage to
the myocardium, which is not detected by echocar-
diography [19].

Gadolinium administration should be avoided
before delivery due to the increased risk of antenatal
fetal death, neonatal mortality, as well as rheumato-
logical, inflammatory or infiltration skin diseases
[20]. Endomyocardial biopsy is usually not indi-
cated. It can be used to exclude acute myocarditis
after childbirth, identify viral etiology and exclude
rare autoimmune myocarditis [21].
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Japra auddepeHnuanbHod guarHoctuku  KMIIT
[18]. NccnenoBanme ¢ yuacTueM 40 KEHIUH, KOTO-
prim nipoBoauau MPT ceparia B Hauasie uccieioBa-
HUSA U 4epe3 6 Mec IOC/ie MOCTAaHOBKU JTUArHO3a
IITIKM, BBIABHJIO HE3HAUYHUTEJIbHOE IIOBBIIIIEHIE
(5 %) o3IHETO YCUTeHHUs TaI0IUHUS (XUMUYECKOTO
2JIEMEHTa, KOTOPBIA SIBJIAETCS KJIIOUEBBIM KOMIIO-
HEHTOM KOHTPACTHBIX BEIECTB, UCIIOJIb3YEMBIX JJIs
MPT) ucxomHo u yepes3 6 Mec U OTCYTCTBHE CyIIEe-
CTBEHHOU Pa3HUIIBI B KIMHUYECKUX CUMIITOMAX MJIH
HCX07]aX TI0 CPABHEHHIO ¢ KOHTPOJIBHOHW TPYIIIOH.
[To3aHee ycuieHne YPOBHS TafOJTUHUS MOYKET CBU-
JIETEeJIbCTBOBaTh O HEOOPAaTHMOM IOBPEKIEHUHU
MHOKap/ia, KOTopoe He BblsABisieTcs mpu IxoKI' [19].
Cnenyer wusberaTb BBEAEHUS TaJOJHHHUA 10
POZIOB H3-3a IMOBBIIIEHHOTO PUCKA aHTEHATAJIHLHOU
rubesy 11012, HEOHATAJIBHOU CMEPTHOCTH, a TAKIKe
PEBMAaTOJIOTHYECKHUX, BOCITAJIUTEILHBIX WIH
WHOUIBTPAIIMOHHBIX 3a00JIeBaHUN KOXKU [20].
IHJIOMHUOKapUaIbHas OHWOICHSA, KaK MPAaBUJIO, HE
mokazana. OHa MOXeT OBITh KCIIOJIb30BaHA JIJIst
HCKJIIOUEHHUsI OCTPOTO MHOKapAWTa TIOCTEe POOB,
BBISIBJIEHUS] BUPYCHOU 3THOJIOTUA U HCKIIIOUEHUS
PeIKOro ayTOMMMYHHOTO MHOKapauTa [21].

OCOBEHHOCTHU COBPEMEHHOM
GAPMAKOTEPAIINU

ITockoJIbKY K HACTOSIIEMY BPeMEHU MPOBEIEHO
Mauto uccaemoBanuil no repamnuu [IITKM, npumens-
IOTCS Te 7K€ IIPOTOKOJIBI, UTO U /LI JIeUeHUs IPYTUX
¢opm XCH co cHmxeHHOU ®PB, mim mpoOTOKOJIBI,
OCHOBaHHBIE HA PEKOMEH/IAIUAX SKCIIEPTOB (MU UX
KOMOWHAIAN).

Eciu  mo3BoJisseT reMOAWHAMUKA, CJIEAyeT
KCIOJIb30BaTh [3-6JI0KATOPBL, Jjydiie [1-CeeKTHUB-
Hble (HAIpUMEp, METOIIPOJIoJia TapTpaT), YTOOBI
n36ekaTh CTUMYJISIUA MATOYHBIX COKpAIleHUH
mocpesicTBoM 2-uHHepBanuu [5]. [Ipu Ha3HAYEHU N
JIEKapCTBEHHBIX IPENApaTOB HEOOXOAMMO YUHTHI-
BaTh BO3MOXKHbIE HEOJIATONPUATHBIE MOCTIEICTBUSI
JUi 1wioza. Bo BpeMsi GepeMeHHOCTH MHTHOUTOPHI
aHTHOTeH3UHIIpeBpalaIinero depmenta (HAIID),
610KaTOpPHI perenTopoB aHruorensuHa (bPA), 6J1o-
KaTOPbI PELeNTOPOB aHTUOTEH3UHA U MHTUOUTOPBI
HenpuwinsuHa (ARNI), uBabpaZiil U aHTarOHUCTHI
MHUHEPAJIOKOPTUKOUTHBIX PEIENTOPOB MPOTHBOIIO-
Ka3aHbl W3-32 MOTEHIHATHHOH TEPATOTE€HHOCTU U
derorokcuunoctu [22]. Tunpanasus (Hapumep, B
Jl03e 25 MT KaXK7able 6 4) U HUTPATH (HAIpUMep,
n3ocopbusia AUHUTPAT 20 MT OJWH pa3 B CYTKH C
MTOBBILIIEHUEM JI0O3BI I10 MEPE IIEPEHOCUMOCTH) MOTYT
HCIIOJIb30BAThCA BO BpeMs OepeMEeHHOCTH BMECTO
uAIl®/BPA ny1a yMeHbIIeHUSA TOCTHATPY3KU. Jleue-
Hue OeTa-0s0KaTOpaMH IIOKA3aHO BCEM ITAI[UEHT-

FEATURES OF MODERN
PHARMACOTHERAPY

Since few studies have been conducted to date on
the therapy of PPCM, the same protocols are used as
for the treatment of other forms of CHF with reduced
ejection fraction, or protocols based on expert rec-
ommendations (or a combination of them).

If hemodynamics allows, [-blockers should be
used, preferably Pi-selective ones (for example,
metoprolol tartrate) in order to avoid stimulation
of uterine contractions by [2-innervation [5].
When prescribing medications, it is necessary to
take into account possible adverse effects on the
fetus. During pregnancy, angiotensin-converting
enzyme inhibitors (ACE-Is), angiotensin receptor
blockers (ARBs), angiotensin receptor neprilysin
inhibitors (ARNIs), ivabradine and mineralocorti-
coid receptor antagonists are contraindicated due
to potential teratogenicity and fetotoxicity [22].
Hydralazine (for example, at a dose of 25 mg every
6 hours) and nitrates (for example, isosorbide
dinitrate 20 mg once a day with an increase in dose
as tolerated) can be used during pregnancy instead
of ACE-Is/ARB-Is to reduce afterload. Beta-block-
ers treatment is indicated for all patients with
PPCM, regardless of whether they are pregnant or
not. These drugs should be prescribed only to
patients with euvolemia and clinically stable con-
dition. Diuretics should be used if patients have
symptoms or signs of nasal congestion, regardless
of whether they are pregnant or not, despite con-
cerns about placental blood flow [13]. Hydralazine
and nitrates can be used as vasodilator therapy.
According to the results of the RALES and
EMPHASIS-HF studies, mineralocorticoid recep-
tor antagonists are indicated in patients with CHF
NYHA class II-IV and left ventricular ejection
fraction < 35% [23].

The discovery of a potentially common mecha-
nism of oxidative stress and endothelial dysfunc-
tion led to a new algorithm for the treatment of
PPCM, called the BOARD concept (bromocriptine,
oral therapy of heart failure, anticoagulants, vasodi-
lators and diuretics), in which the use of bromocrip-
tine and anticoagulants was added to the conven-
tional therapy of CHF [24]. The BOARD concept
was introduced into the 2018 European clinical
guidelines for the treatment of CHF during preg-
nancy in women with PPCM [13]. Due to the poten-
tiating effect on the dopamine receptors of the
hypothalamus, the use of bromocriptine is recom-
mended, which inhibits the secretion of hormones
of the anterior pituitary gland, especially prolactin
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kaum c [ITTKM, HezaBuCHUMO OT TOTO, GepeMeHHBI OHHU
WJIN HET. TU IIPenaparhl cie/yeT Ha3HAYaTh TOJIBKO
MaIUeHTKaM C 3yBOJIEMUEH U KIIMHUYECKU CTa0UITb-
HBIM COCTOSTHHEM. [IUypeTHUKHU CjIelyeT HCIIOIh30-
BaTh, €CJIN y MAIUEHTOK €CTh CUMIITOMBI WJIH IIPH-
3HAKHU 3aJI0KEHHOCTH HOCA, HE3aBHUCUMO OT TOTO,
OepeMeHHBI OHH WU HET, HECMOTPSI Ha OITACEHUSI 110
MOBOJIy IJIAllEHTapHOTO KpOBOTOKa [13]. I'mapasa-
3WH W HUTPATHl MOTYT KCIIOJIb30BATHCA B KAUECTBE
cocymopacmupsonei Tepanuu. COrJIacHO pe3ysib-
Tatam wuccaemoBanuii RALES u EMPHASIS-HF,
AHTArOHUCTHl MUHEPAJIOKOPTUKOUIHBIX PEIeNnTO-
poB nokaszansl nanuestkam ¢ XCH II-1V kiacca o
NYHA u ®B JI)K < 35 % [23].

OTKpBITHE MOTEHITUAJIBHO OOIIEero MexaHU3Ma
OKCUZATUBHOTO CTpecca U 3HAOTEIUAJIBHOU JIHC-
(YHKIMK TIPHUBEIO K HOBOMY QJITOPHUTMY JIEUEHUS
[TITKM, nHazBanuomy KoHneniueir BOARD (6pomo-
KpUNTHUH, nepopanbHas Tepamuss CH, amTmkoary-
JISTHTBI, Ba30JMJIATATOPHI U IUYPETHUKU), B KOTOPOU
K craugapTtHoi Tepanuu XCH fgobaBiieHo mpuMeHe-
Hre OPOMOKPHUIITHHA ¥ aHTUKOATYJITHTOB [24]. KoH-
nernusi BOARD Obuta BBeJleHa B €BPOTIEHCKIE KITH-
HUUYeCKHe peKoMeHAanuu 2018 1. a4 ijeuenusa XCH
BO Bpems OepemeHHocTH y Jjun ¢ IITIKM [13].
B ¢BA3Y ¢ HOTEHITUPYIOIIUM IEHCTBUEM Ha 0D aMuU-
HOBBIE PENENTOPHl THUIIOTAJIAMyca pPEKOMEH]IyeTcs
HCII0JIh30BaHIE OPOMOKPHUIITHHA, KOTOPBIA TOPMO-
3UT CEKPEINIO TOPMOHOB IIEpEeHEN 1011 TUIODH3a,
0CcOOEHHO TTPOJIAaKTUHA U coMaToTponuHa [25]. Pan-
JIOMU3UPOBAaHHOE HCCIeloBaHUe 63 HeMEIKUX JKeH-
muH c [ITIKM, B KOTOpOM CpaBHUBAJIU O/THOHE/EJIh-
HBII U BOCHBMUHEJIEJIbHBIA KYypChl IprueMa GpoMo-
KpPUNTUHA, BBIABIWIO yiayuinenue OB JDK [26].
ABTOpBI OTMETHJIH, YTO y 23 U3 37 JKEHI[UH C UCXO-
nHOM @B JIXK < 30 % 3HaUYeHHWe 3TOTO IMOKa3aTesIst
BOCCTaHOBHJIOCH 710 50 % u OoJiee.

B OTKpBITOM paHAOMHU3UPOBAHHOM HCCJIEN0BA-
HUU ¢ ygactueM 20 xeHIuH ¢ I[ITTKM, nosyyaBmnx
OpPOMOKDUIITHH 2.5 MT JIBa pa3a B /IeHb B TEUEHHE
8 HeJl ¢ TTOC/IENYIONTUM IIPUEMOM 2.5 MT OJIH pa3 B
JIeHb B TeueHue 6 HeJ/l, 10 CPABHEHUIO CO CTaH/apT-
HBIM MeJINKAMEHTO3HbIM JIEYEHHEM OTMEYAIOCh
yayumenne ®B JDK (cpennee 3nauenume @B JIDK
BBIPOCJIO € 27 % WCXOIHO 70 58 % mpu mocienyio-
meM HaOJII0eHUN B rpynne OGPOMOKPHUIITHHA IIPO-
THB 27 U 36 % COOTBETCTBEHHO B KOHTPOJIbHOU
rpyunne) [27]. B obGcepBaliliOHHOM HCC/I€TOBAHUH
caydaes IIIIKM B I'epmaHun B Iepuos, 2004—
2012 IT. y 72 % >KEHIIUH HAOJII0/aI0Ch YIydIlleHHe
COCTOSTHUS TIOCJIe TprueMa GpoMoKpunTuHa [28].

[ToMuMO TOrO, UYTO TUIEPKOATYJIALMSA Xapak-
TepHA JJIA IIOCJIEPOZIOBOTO TEPUOAA, AUCHYHKIUS
JI2K Taxoke TIOBBIIIIAET PUCK TpOMOO3a U cMepTH [29].

and somatotropin [25]. A randomized study of
63 German women with PPCM, in which one-week
and eight-week courses of taking bromocriptine
were compared, revealed an improvement in LVEF
[26]. The authors noted that in 23 out of 37 women
with initial LVEF < 30%, the value of this indicator
recovered to 50% or more.

In an open randomized study involving 20 women
with PPCM who received bromocriptine 2.5 mg twice
a day for 8 weeks, followed by 2.5 mg once a day for
6 weeks, compared with standard drug treatment,
there was an improvement in LVEF (the average
LVEF increased from 27% at baseline to 58% at fol-
low-up in the bromocriptine group versus 27 and
36% respectively in the control group) [27]. In an
observational study of PPCM cases in Germany in
the period 2004-2012, 72% of women had an
improvement in their condition after taking bro-
mocriptine [28].

In addition to the fact that hypercoagulation is
characteristic of the postpartum period, LV dysfunc-
tion also increases the risk of thrombosis and death
[29]. Therefore, anticoagulants may be recom-
mended for the treatment of PPCM, which is associ-
ated with a higher incidence of thromboembolism
than other forms of CMP. Careful consideration of
the risk compared to the benefits of anticoagulant
therapy in these patients is of paramount impor-
tance, especially in patients with LVEF < 35% or
receiving bromocriptine. Since warfarin is not rec-
ommended during pregnancy, heparin and unfrac-
tionated heparin are first-line drugs in pregnant
women with PPCM at risk of thromboembolic com-
plications and their use should be continued in the
postpartum period [30].

Treatment of CHF is largely determined by the
condition of the patient’s pregnancy. Women who
require treatment for PPCM during pregnancy, need
joint cardiological and obstetric care [8, 31]. In addi-
tion, all patients with PPCM should continue treat-
ment of CHF according to the combined regimen
until clinical stabilization and at least 12—24 months
after complete restoration of left ventricular func-
tion [32].

Currently, it is not completely clear when and
how to stop CHF therapy in patients with PPCM. It
is necessary to monitor patients to assess clinical
symptoms. The evaluation of the ejection fraction is
also important. A study using stress echoCG showed
that women with recovery of left ventricular func-
tion have a persistent decrease in contractile
reserve, which indicates the presence of persistent
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CienoBaTeIbHO, aHTUKOATYJISTHTBI MOTYT OBITH PEKO-
MeHoBaHbl a4 siedenus [TTIKM, kotopasa cBa3aHa
¢ Gosiee BBICOKOHM YaCTOTON TPOMOO3IMOOJIHH, UeM
apyrue ¢gopmbr KMII. TmaTesnpHOE paccMOTpeHUe
PHICKa IO CPAaBHEHUIO C TTOJIb30M aHTUKOATYJISTHTHON
Tepaluy y 9TUX MallueHTOK MMeeT IIepBOCTelIeHHOe
3HaveHue, ocobeHHO y marueHToB ¢ ®BJDK < 35 %
WJIY TOJTyYalomuX 6poMokpunTrH. [T0CKOIbKY Bap-
(apun He pekoMeH/TyeTcs Tpyu OePEMEHHOCTH, Tena-
PpUH B HeDPAKIIMOHUPOBAHHBIN TeIapUH SBJISAIOTCS
CpeZICTBaMU TIEPBOH JINHUU Y OepeMeHHBIX JKEeHIIUH
¢ IIITKM c pucKOM pa3BUTHUS TPOMOOIMOOTHIECKUX
OCJIO’KHEHUH, 1 UX IIPUEM JIOJIKEH OBITH ITPOIOJI?KEH
B ITOCJIEPOZIOBOM Tiepuojie [30].

Jleuenne XCH Bo MHOTOM OIIPeAESIETCS COCTOS-
HHEM OepeMeHHOCTH TalHueHTKU. KeHIIuHAaM,
koTopble obpamarores ¢ IINTKM Bo Bpems GepemeH-
HOCTHU, TPeOyeTCs] COBMeCTHAsI KapAUOJIOTHIEeCKas 1
akymepckas rmomoris [8, 31]. Kpome toro, Bce 601b-
uele [TTTKM nosxab poiosnkaTs geuenne XCH 1o
KOMOWHHMPOBAHHOU CXeMe /10 KJIMHUYECKOU CcTaOu-
JIN3AlMHU U HE MeHee 12—24 MeC ITOCJIE IOJTHOTO BOC-
cranoBienus ¢pyukmun JIK [32].

B HacTosAIIee BpeMs /10 KOHIIAa HEIOHATHO, KOT/a
U Kak cjefayeT mpekpamarh Tepanuto XCH y manu-
euTok ¢ IITIKM. Heobxomumo HaOJIO[eHUE Ialy-
€HTOK /ISl OIEHKH KJIMHUYECKUX CUMIITOMOB.
Onenka @B raxke BaxxkHa. VccieqoBaHUeE € UCIIOJIb-
30BaHueM cTpecc-9xoKI' mokasasno, 4To y >KeHIINH C
BocctaHoByieHneM ¢yuknuu JDK wHaGmiomaercs
CTOMKOE CHIIKEHUE COKPATHTEIBHOIO PE3EPBA, UTO
VKa3bIBaeT HAa HAJIHUYNE CTOMKOU CYyOKJIMHUYECKOMN
nuchyskiuu [33]. Jlaske mocse oTMeHbI (papMako-
TEepaUK STUX IMAIUEHTOK CJIeAyeT HAOII0ATh JJIsd
onteHKU cuMnToMoB XCH. B ¢BsI3U ¢ 3TUM KJIMHUIIH-
CTBI peKOMeH/AYIOT BceM nanueHTkam ¢ IITTKM npo-
JIOJIKATh JOJITOCPOYHYIO TEPAITHIO, UTOOBI H30€KATh
MOTEHIINAJIBPHOTO CHIKEHUSA CUCTOJIMYECKON (QYHK-
MU cep/lia, pUCK KOTOPOIO MOBBIIIAETCA IIPU IIpe-
KpamieHnu dapmakosorndeckorn Ttepanun XCH
[34]. B rpynne nanuentok ¢ I[IITKM ¢ BoccTaHOB-
snenHol ¢yuknuedn JIXK, KoTOphle mpeKpaTuIu
JIEKAPCTBEHHYIO Tepalui0, He HaOJI0JaloCh CIIy-
YyaeB yXy/[IIeHUs COCTOSHUS, HO 3TO HE SBJIAETCH
OKOHYATEJIBHBIM JIOKA3aTeJIbCTBOM 0€30I1aCHOCTH
OTMEHBI JIEKAPDCTBEHHOW TepaIruu y IMallHEHTOK C
IIITIKM [35]. JlokaszaHHas TeHeTHYecKasi mpeapac-
MIOJIO’KEHHOCTH SBJISETCS OCHOBAHUEM 7151 6eccpoy-
Horo npojospkenusa tepanun XCH [36]. IIpu ia-
HUPOBAHUU MAIUEHTKOHU TOCIeAyIolel GepeMeH-
HOCTH JIEKAPCTBEHHAs Tepamus MOXKET OBITh IIpe-
KpalleHa IIpy TIaTeIbHOM HaOJ/II0/IEHUY B TEYEHHE
MPUMEPHO 6 MeC 10 3aYaThs U HACTYIIeHUs Oepe-
MEHHOCTH [14].

subclinical dysfunction [33]. Even after cessation of
pharmacotherapy, these patients should be moni-
tored to assess the symptoms of CHF. In this regard,
clinicians recommend that all patients with PPCM
continue long-term therapy in order to avoid a
potential decrease in systolic heart function, the
risk of which increases when withdrawing the phar-
macological therapy of CHF [34]. In the group of
patients with PPCM with recovered left ventricular
function who stopped drug therapy, there were no
cases of deterioration, but this is not the final proof
of the safety of withdrawal of drug therapy in
patients with PPCM [35]. The proven genetic pre-
disposition is the basis for the indefinite continua-
tion of CHF therapy [36]. When planning a subse-
quent pregnancy by the patient, drug therapy can be
stopped provided that the careful monitoring for
about 6 months before conception and onset of
pregnancy will take place [14].

For women with PPCM during pregnancy, a
multidisciplinary team consisting of an obstetri-
cian, an anesthesiologist and a cardiologist should
develop pregnancy management tactics, including
a decision on time and mode of delivery. Natural
childbirth is always preferable if the patient has
stable hemodynamics and there are no absolute
obstetric indications for cesarean section. Careful
hemodynamic monitoring is required. Preference
is given to epidural analgesia. For women with
severe CHF and hemodynamic instability, despite
optimal treatment of CHF, caesarean section
should be considered, regardless of the gesta-
tional age [8].

Thus, for the management of patients with PPCM,
an interdisciplinary approach is needed to carefully
consider all the pros and cons of withdrawal or con-
tinuation of therapy.

IMPLANTABLE CARDIAC
DEFIBRILLATORS

Implantable cardiac defibrillators are currently
recommended for patients with CHF and persistent
low LVEF (<35%) on drug therapy to prevent com-
plex cardiac rhythm disorders [37]. Clinical recom-
mendations should be evaluated on an individual
basis, since left ventricular function is often recov-
ered in women, and indications for treatment may
change. Currently, there are no guidelines for the
use of pacemaker devices in patients with PPCM.
D. Duncker et al. in a prospective study evaluating
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Kenmunam, y koropsix IIITKM pasBuBaercsa BO
BpeMs 6epeMEeHHOCTH, MHOTOITpOdWIbHASA OpUraja,
COCTOSIINAS U3 aKyIllepa, aHEeCTE3U0JIoTa U Kapuo-
JIora, JIOJKHA pa3paboTaTh TAKTUKY BeZleHUsA Oepe-
MEHHOCTH, BKJIIOUasi PEIleHre 0 CPOKax U Crocode
ponopaspenienus. EcTecTBeHHBIE PpOABI  BCeTa
MIPEJITOYTUTENIPHEE, €CTU Y TTAIMEHTKU CTaOMIbHAS
reMOJIMHAMUKA W HeT aOCOIOTHBIX AaKYIIEPCKUX
MOKa3aHWi K omeparuu Kecapepa ceueHusi. TpeOy-
eTcd TINATEeJAbHBIA TeMOJAUHAMUYECKHH MOHUTO-
punr. IlpeamnoureHue OTJAaeTCS AIUYPATHHON
aHasere3suu. s sxennuH ¢ Tsixenod XCH u remo-
JIMHAMHYECKOW HeCcTaOMIbHOCTbI0, HECMOTPS Ha
onrruMasibHOe sieueHne XCH, cienyeT paccMoTpeTh
MPOBEJIEHNE KecapeBa CeYeHWs, HEe3aBHUCUMO OT
cpoka 6epemenHoctu [8].

Taxkum obpazom, it BefeHuss 60pHBIX TTITTKM
HEOOXOITUM MEK/TUCITUTUIMHAPHBIA TTOX0/T, YTOOBI
TIIATEILHO PACCMOTPETD BCE «3a» U «IIPOTHUB» IIpe-
KpAaIleHUs WU TTPOOJI?KEHUS TEPATIUH.

NMMIVIAHTUPYEMbDIE
AJAEOUNBPN/IVIATOPDBI CEP/IITA

NmrutaaTupyeMble  cepiedyHble  AeuOpuiis-
TOpPBI B HaCTOsAIee BpPeMs PEKOMEHJYIOTCs Ialfy-
eatkam ¢ XCH u mocrosHHou Huskou OB JDK
(<35 %) Ha poHe MeAUKAMEHTO3HOU Tepaluu, s
MPEJIOTBPAIEHUs] CJIOKHBIX HApYyIIEHUW pUTMA
[37]. KnuHuyeckre peKOMeHAAINH CIEAYET OT[EHU-
BaTh B WHAUBUAYAJIHHOM IIOPAJKE, IMOCKOJIBKY Y
JKEHIIUH YacTo BoccTaHaBiauBaeTcsa pyHkus JIK, a
IMOKa3aHUsA K JIEUEHHUIO MOTYT H3MEHHUThCA. B HacTo-
dlllee BpeMsA HeT PYKOBOJCTB IO HCIIOJIB30BAHUIO
YCTPONCTB 3JIEKTPOKAPAUOCTUMYJIANINN Y TaIUeH-
ToK ¢ IIIIKM. D. Duncker et al. B mpocrieKTHBHOM
HccJieIOBaHNU OIeHKN 5(h@dEKTUBHOCTH IMOPTATUB-
HBIX KapAUOBEPTEPOB-AebUOPUIIIIATOPOB, B KOTO-
poMm mpuHsau ydactue 12 namueHTok ¢ ITIIKM u
®B JI’K < 35 %, He 3aperucTpupoBaii HU OJTHOTO
HebJIaropUsTHOTO COOBITHS B TEYEHHE OJTHOTO TO/Ia
HabmoneHus. 13-3a 10CTaTOYHO OGBICTPOTO BHI3IO-
poBnenus npu I[IIIKM cienyer musberath paHHEH
UMIUIQHTAllUM ~ T[OCTOSTHHOTO  Kap/IHOBeEpTepa-
nedubpuwiUIATOpa, KOTOpas MOXKET paccMaTpH-
BaThCA JIMIIb B CJIy4Yasx C JJINTEJIbHBIM BpeMeHeM
BoccraHoBieHus pyukiuu JK (Hanpumep, >3 Mec
ipu moctosinHoN OB JIK < 35 %) [38].

ITPOT'HO3 ITPU IITIKM

¥V nanuentok c¢ IIIIKM KauHHYECKOEe TedeHHe
3a00JIEBaHUS MOXKET CHJIBHO Pa3InyaThes, a OO
MIPOTHO3 IIPY JIEUEHUH B COOTBETCTBUHU C TEKYIIMU
IPUHITUIIAMA U PEKOMEHAAIUAMU OJIarONPUATEH.
ITpumepHO ¥ 50 % >KeHITUH HAOJII0/IaeTCs TIOJTHOE

the effectiveness of wearable cardioverter/defibrilla-
tors, which involved 12 patients with PPCM and
LVEF < 35%, no adverse events were recorded
during one year of follow-up. Due to a fairly rapid
recovery with PPCM, early implantation of an unin-
terrupted wearing cardioverter-defibrillator should
be avoided, which can only be considered in cases
with a long recovery time of left ventricular function
(for example, >3 months with LVEF < 35% for a
long-time) [38].

PROGNOSIS FOR PPCM

In patients with PCMP, the clinical course of the
disease can vary greatly, and the overall prognosis
for treatment in accordance with current principles
and recommendations is favorable. Approximately
50% of women have complete recovery (LVEF > 55%
and NYHA class I CHF), while 35—-40% have partial
recovery (defined as LVEF > 10%) [28]. Unfortu-
nately, some women still have NYHA class III/IV
CHF with a persistent severe decrease in left ven-
tricular function, which requires implantation of a
circulatory assist device or heart transplantation
[38]. Echocardiographic parameters associated with
deterioration were identified in the IPAC study [39].
The initial LVEF < 30% and the LV end-diastolic
diameter of the left ventricle > 60 mm are indepen-
dent predictors of deterioration, as well as the dys-
function of the right ventricle assessed by MRI. It is
especially important for patients with such indica-
tors to use bromocriptine as an additional method of
therapy [40].

CONTRACEPTION AND SUBSEQUENT
PREGNANCY

In the absence of pregnancy plans in the future,
the use of contraception is strongly recommended,
however it is worth refraining from barrier methods
because of their unreliability. Due to possible side
effects, contraceptive drugs containing estrogens
are also not recommended for patients with CHF
[41]. Safe methods are levonorgestrel releasing
intrauterine devices and contraceptives containing
only progesterone [1]. The main question for many
women with a history of PPCM is whether they can
plan pregnancy in the future. Women with CHF,
regardless of its etiology, are prone to further dete-
rioration during subsequent pregnancy. In a study
conducted by J.D. Fett et al. among patients with
PPCM, the lowest risk of the relapse was found in
patients with ejection fraction > 55%, which indi-
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BoccraHossienne (OB JIXK > 55 % u XCH xacca I o
NYHA), Torna Kak y 35—40 % — 4acCTHIHOE BOCCTa-
HossieHue (ompezensercs kak OB JIXK > 10 %) [28].
K coxxasieHu1o, y HEKOTOPBIX JKEHIIUH COXPaHSIeTCs
XCH xitacca III/TV mo NYHA co CTORKUM Ts2KEJIbIM
cumxenneM pyuknuu JIK, uto TpebyeT UMILIaHTa-
MU YCTPOMCTBA BCIIOMOTATEILHOTO KPOBOOOpale-
HUA WIK TPAHCIUIAHTAMU cepra [38]. 9xokapauo-
rpadpuueckre mapaMeTpbl, CBSI3aHHBIE C YXYZIIe-
HHEM COCTOSIHUS, ObLIN BBIABJIEHBI B MCCIEA0BAHUH
IPAC [39]. HauansHaass ®B JIJK < 30 % u KOHEUHbBIH
JINACTOJTUYECKUN JUaMETpP JIEBOTO JKeJIyJ0uKa
> 60 MM SIBJISIIOTCSI HE3aBUCUMBIMU ITPETUKTOPAMHU
VXYAIIEHUSA, PAaBHO Kak M JUCHYHKIUS IIPABOTO
skentynouka no anabiM MPT. [TanimeHTKaM ¢ TAKUMU
MOKa3aTeJIIMH 0COOEHHO Ba’KHO KCIIOJIb30BaHUE B
KauyecTBe JIOMOJHUTEILHOTO METO/Ia Tepamuu O6po-
MOKPHUIITHHOM [40].

KOHTPAIEITIIVA U ITIOCIEAYIOIIEE
INTAHNPOBAHMWE BEPEMEHHOCTHN

[Ipu HexkeNaHWU TJIAHUPOBAaHUs O€pPEMEHHOCTH
B JJAJIHEUIIIEM HACTOSITETbHO PEKOMEH/IYETCS TIPH-
MeHEHHe KOHTPAIENIUNU, OJHAKO OT OapbepHBIX
METO/IOB CTOUT BO3/lep:KaThCs M3-32 UX HEHAJ[e3KHO-
ctu. 3-32 BO3MOXKHBIX IMOOOYHBIX 3(DPHEKTOB KOH-
TpalenTUBHbIEe IIpernaparhl, CoZepiKallue 3CTPOo-
TeHbI, TAK)Ke He peKOMeH/IyloTcs naruenTkam ¢ XCH
[41]. BesomacHBIMU MeTOAMHU SBJISIOTCA BHYTPHU-
MaTOYHbBIE CITUPAJIH, BBICBOOOK/IAFOIIINE JIEBOHOPTE-
CTpeJI, U TIepOpaIbHBIE TIPENapaThl, COZEpKAIIe
TOJIBKO TIPOTeCTepOH [1].

I'nmaBHBIN BOIIpOC 7711 MHOTHX skeHIuH ¢ [TTTKM
B aHaMHe3e 3aKJII0YaeTcs B TOM, MOTYT JIU OHU ILjIa-
HUpOBaTh OepeMeHHOCTh B AasjbHedInem. KeH-
muHbl ¢ XCH, He3aBHUCUMO OT €e STHOJIOTHUH,
CKJIOHHBI K JIAJIbHEUIIIEMY YXyJIIIEHUIO COCTOSHUS
BO BpeMs IOCJIenymomield OepeMeHHOCTH. B Xxoze
uccaenoBanus, mpopeaeHHoro J.D. Fett et al. cpenu
manueHTok ¢ [TTTKM, camblii HU3KHU PUCK PeIy-
JrBa ObUI BHIABJIEH y manueHToK ¢ ®B > 55 %, uto
CBHJIETEJILCTBYET 00 aJIEKBATHOM COKPATHUTEIBHOM
pesepge 1o peaysabTaTtaMm crpecc-AxoKI [41].

U. Elkayam et al. HaGsiona1u 6epeMeHHBIX JKeH-
[IUH, KOTOPHIM paHee ObLI IOCTAaBJIEH IHATHO3
[TITKM. KeHmuHbI 6bLTN pa3zieeHbl Ha 2 TPYIIIIBL:
B 1-10 TPYIIILY BOIIUIK T€, Y KOTOPHIX ObLIa BOCCTA-
HoBJieHA @B, a Bo 2-10 rpynIly BOILJIN >KEHIIWUHBI, ¥
KOTOPBIX COXPAHAJNACh CTOUKAas CHUCTOJTUYECKas
nuchyHKIHA JeBoro xkeaynoduka (OB < 35 %). O6e
TPYNIIBl TIOKa3aJid CHU)KEHUE HCXOJHOTO YPOBHS
®B. XCH pguarsoctupoBaHa y 21 % MallUEeHTOK B
rpytie 1 (p = 0.002) uy 44 % NalUEHTOK B TPYIIIIE 2
(p = 0.008). CmepTHOCTH cocTaBma O % B 1-i

cates an adequate contractile reserve according to
stress echo [41].

U. Elkayam et al. observed pregnant women who
had previously been diagnosed with PPCM. The
women were divided into 2 groups: group 1 included
those with restored LVEF, and group 2 included
women with persistent left ventricular systolic dys-
function (LVEF < 35%). Both groups showed a
decrease in the baseline EF. CHF was diagnosed in
21% of patients in group 1 (p = 0.002) and in 44% of
patients in group 2 (p = 0.008). The mortality rate
was 0% in group 1 and 19% in group 2 (p = 0.06). In
addition, the authors found that the rate of prema-
ture birth was higher in group 2 (37% vs. 11% in
group 1). Pregnancy for medical reasons was more
often interrupted in women in group 2 (25%) com-
pared to group 1 (4%)[42].

Upon the onset of consecutive pregnancy, women
who have persistent left ventrucular dysfunction
have a higher risk of complications compared to
those who have restored left ventricular function
(pronounced clinical manifestation of heart failure,
less LVEF and higher maternal mortality) [43].
Although subsequent pregnancy in women with full
recovery is associated with its best outcome, almost
all patients with PPCM have a risk of recurrence of
heart failure and death [1]. According to studies con-
ducted by scientists from Germany, Scotland and
South Africa, patients with PPCM with left ventricu-
lar dysfunction have a significant risk of recurrence
of the disease and hospital mortality, and therefore
they are recommended to limit pregnancy planning.
Women with PPCM and systolic dysfunction should
be under the dynamic supervision of a cardiologist
throughout pregnancy and at least 1 year after child-
birth [30].

CONCLUSION

The values of natriuretic peptide are used for the
diagnosis of PPCM, but it should be borne in mind
that its level is slightly increased during physiologi-
cal pregnancy. A more significant new diagnostic cri-
terion today is placental growth factor. The value of
the sFlt-1level has also been proven, which decreases
rapidly after childbirth in healthy women, but
remains above the normal range in women with
PPCM and correlates with the NYHA functional class
and the presence of side effects. PAI-1 is also actively
discussed as a new marker of PPCM, which positively
correlates with the level of miR-146a, a marker of
PPCM, the expression of which by activation of
NF-kB induces 16 kDa-PRL, but does not correlate
with NT-proBNP, the only clinical marker that
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rpynmne u 19 % Bo 2-i1 (p = 0.06). Kpome ToTO,
aBTOPBI YCTAHOBUJIM, YTO YACTOTA IIPEXK/eBpeMeH-
HBIX POZIOB ObLIA BBIIIIE BO 2-1 rpymie (37 % mpoTtus
11 % B 1-# rpymnme). bepeMeHHOCTh IO MeIUITUH-
CKHUM IIOKa3aHUAM dYallle IPEePHIBATIACH Y XKEeHIIINH
BO 2-i1 rpymiie (25 %) 10 CpaBHEHUIO ¢ 1-U IPYHIION
(4 %) [42].

[Ipu HacTyIUIEHUH TIOBTOPHON OepeMeHHOCTH
JKEHIIUHBI, ¥ KOTOPBIX HAOJII0/IaeTcsi CTOUKAS JTUC-
dyukusa JIK, mmerot 60J1ee BBICOKUY PUCK BO3HUK-
HOBEHUS OCJIOKHEHHUH, 0 CPaBHEHUIO C TeMHU, Y
koro ¢yukius JIK BocctaHOBMIIACh (BBIpaXKEHHOE
kianHnYeckoe npossienue CH, menpiie ®B JIXK u
OoJiee BBICOKAs MaTEPUHCKAasA CMEPTHOCTH) [43].
Xotsa mocsenymiomas GepeMeHHOCTh Y KEHIUH C
IIOJTHBIM BBI3ZIOPOBJIEHUEM AaCCOIIUUPYETCS C JIyd-
IIUM ee HCXO0JIOM, IPAKTUYECKU Y BCEX NAIUEHTOK C
[IIIKM ecThb pUCK peluiniBa CepleYHON HeaocTa-
TOYHOCTH U cMepTH [1]. I1o JaHHBIM HCCIE€OBAaHUH,
IIPOBe/IeHHbIX yueHbIMU U3 ['epmanuuy, [loTnanguu
u IOxuoUt Adpuku, 60apHbIe [TITKM ¢ Hamnunem
CUCTOJIMYECKON AUCHYHKIIUM MHUOKApZa JIEBOTO
JKeJIyZIoUuKa MMeIOT 3HAUUTEJIbHBIM PUCK PeluinBa
3a00J1€BAHUS U TOCITUTAIBHOM JIETAJTbHOCTHU, B CBS3H
C YeM UM PEKOMEH/IYeTCSI OTPAHUYIUTD IIAHUPOBA-
Hue 6epemenHoctu. YKennuas! ¢ [TTTKM u cucrosm-
YyecKou AuCHYHKIUEH JIOJDKHBI HaXOJIUTHCS IO
JUHAMUYHBIM HaOJIOIEHHEM KapuoJiora Ha IIpo-
TsSPKEHUU BCel OepeMeHHOCTH M He MeHee 1 Troja
mocsie pozios [30].

3AK/IIOYEHUE

Hna puarnoctuku IIITKM umcnosnb3yroT 3Hade-
HUA HATPUUYPETHUYECKOTO IENTHAA, HO CJeAyeT
UMeTh B BUJly, UTO €ro YPOBEHb HE3HAUUTEIbHO
TIOBBIIIIEH U TTPpU (HU3UOJIOTHUECKOU OEpEMEHHOCTH.
BoJjiee 3HaUMMBIM HOBBIM TUATHOCTUYECKUM KPUTE-
pUeM Ha CETOAHANIHUN JeHb SBAETCA (PaKTop
pocra mwianenTsl (PIGF). Takske mokazaHo 3HAUEHE
ypoBHs1 SFIt-1, KOTOPBIN OBICTPO CHUKAETCS IMOCIIE
POZIOB Y 37I0POBBIX >KEHIIINH, HO OCTaeTcs BbIIle HOP-
MaJIBHOTO ZinanasoHa y »keHiuH ¢ [ITTKM u koppe-
aupyer ¢ GyHKIHOHAIbHBIM Kiaaccom XCH (mo
NYHA) u vHanmmumeM mo6o4yHbIX 3¢dexron. PAI-1
TaKKe aKTHUBHO OOCYKJlaeTcsi B KayecTBe HOBOTO
mapkepa IITTKM, KOTOpBIH MOJIOKUTEIBHO KOppe-
supyer ¢ ypoBHeM miR-146a, mapkepom IIITKM,
SKCIpeccuro KoToporo Imyrem aktuBauuu NF-xB
uaaynupyer 16 kDa-PRL, HO He Koppeiupyer c
NT-proBNP, enHCTBEHHBIM KJIMHUUYECKHM MapKe-
poM, koTopblid ToBbImaercs npu I[IIIKM; kpome
storo, PAI-1 He koppenupyer c TsxxecTbio XCH u He
nHGOpPMATUBEH i mporHo3a. s OblcTpod u
HajgexHou nuarnoctuku ITTTKM HeobxomuMbl 6os1ee

increases in PPCM; in addition, PAI-1 does not cor-
relate with the severity of CHF and is not informative
for prognosis. More accurate biomarkers are needed
for a fast and reliable diagnosis of PPCM, but they
have not yet been properly identified. Currently, the
diagnostic value of interferon-gamma, ADMA and
miR-146a is being studied. An important diagnostic
aspect is the use of echo imaging at an early stage of
pregnancy. The use of MRI reveals irreversible myo-
cardial damage characterized by late gadolinium
enhancement.

Since few studies on therapy have been conducted
to date, the same protocols are usually used for the
treatment of CHF with reduced LVEF, or experts rec-
ommendations are followed. The discovery of a
potentially common mechanism of oxidative stress
and endothelial dysfunction has led to a new treat-
ment algorithm, called the BOARD concept (bro-
mocriptine, oral CHF therapy, anticoagulants, vaso-
dilators and diuretics), in which, in addition to stan-
dard CHF therapy, the use of bromocriptine and
anticoagulants is included.
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TOYHBIE OMOMapKeEPBI, HO OHU €Ille He OIpezeIeHbl
JIOJDKHBIM 00pa3oM. B HacTosIee BpeMs u3ydaeTcs
JINarTHOCTUYECKOe 3HaueHue WHTepdepoHa-raMmMma,
AJIMA u miR-146a. BakHBIM B JUArHOCTUYECKOM
IJIaHe ABJIsAeTcs ucnosb3oBanne OXoKI' Ha paHHEeM
srane 6epemenHoctu. Mcnosnbzopanre MPT BbIAB-
JisieT HeoOpaTUMOe TTOBPEK/IeHnEe MUOKAP/Ia, XapaK-
Tepusyiolleecss IO3HUM IOBBIIIEHUEM YPOBHS
raJI0JINHUSA.

[TocKOJIBKY K HACTOSIIIIEMY BpEMEHU IIPOBEJEHO
MaJIo MCCIeOBAHUH 0 Tepaluu, OOBIYHO UCIIOIb-
3YIOTCA Te Ke IPOTOKOJIbL, UTO U A4 JiedeHuda XCH
co cHIKeHHOU @B, mwiu ciieayoT peKoMeHIausaM
sKcrepToB. OTKpHITHE MOTEHIHAIBHO OOIIEro
MeXaHu3Ma OKCHUJATUBHOIO CTpecca W 3HA0TEeJU-
QJIBbHOU JUCHYHKIUU IPUBEJIO K HOBOMY aJiro-
pUTMY JieueHus1, crenubuIHOMY 115 3a601€BaHUs,
HazBaHHOMY KoHmneniueii BOARD (6pomoxpun-
TUH, NOepopanbHasa Tepanusa XCH, anTHKOary-
JISTHTBI, BA30UJIATATOPBI U INYPETUKH), B KOTOPOI
B IOTIOJTHEHUE K cTaH1apTHOM Tepanuu XCH nobas-
JIEHO NpUMeHeHue OPOMOKPHUIITHHA U aHTHUKOATy-
JITHTOB.

KondaukT nHTEpEeCcOB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUM KOH(JIMKTA UHTEPECOB.
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CBEJEHUA 111 ABTOPOB

TPEBOBAHUA K ITPEJOCTABJIE-

HUNIO MATEPUAJIOB /IJIA ITYBJINKA-
1N B JOURNAL OF SIBERTAN MEDICAL
SCIENCES

B Journal of Siberian Medical Sciences (maiee —
JSMS) nyb6iuKyIoTCS HayIHbIE 0630PHI U CTATHU IO
MEeUIIMHCKUM HayKaM, TOATOTOBJIEHHbIE 110 MaTe-
prasaM OpHUTHMHAJIBHBIX HAYYHBIX HCCJIe0BAHUM.
JSMS BBIXOJTUT 4 pa3sa B rofl.

TpeboBanmus, mpeabABIsgeMble K IIyOIUKamu-
saM B JSMS, chopMmyupoBaHbI ¢ yueToM TpeboBa-
HUH, IperbABIIAEMbIX K PEIleH3UPYEMbIM HAyUHBIM
U3JIAaHUSAM, B KOTOPBIX JIOJI?KHBI OBITH OITyOJIMKOBa-
HBI OCHOBHBIE HAayYHBbIE PE3YJIbTAThI JUCCEPTAIUM
Ha COMCKAaHUE yYEeHOH CTelleHW KaHUAaTa U JIOK-
TOpa HayK.

CraTbu, OTIpaBJIEHHBIE ABTOPAMHU B JIPYTUe U3-
JIaHUs U/WJIN HalleYaTaHHbIE paHee B HUX, K OIy0-
JINKOBAHUIO He TPUHUMAIOTCS.

IIpy onncaHUM HAYYHO-UCCJIEIOBATEIBCKUX
KJIUNHUYECKUX DPAOOT C IpHUBJIEUEHHEM YeJIOBEKA
B KauecTBe 0O'bEKTA HMCCIIEOBAHUS ABTOPBI JIOJIK-
HBI YKa3aTh, COOTBETCTBOBAJIM JIK OHH MeXyHa-
POZHBIM U POCCUHCKUM 3aKOHOJATEJIbHBIM aKTaM
0 IOPUINYECKUX U STUYECKUX IIPUHITANIAX MeJIUKO-
OUMOJIOTHUeCKUX UCCIIeI0OBAaHNH Takoro poza. He mo-
MyCKAeTCsI HCIIOJIb30BaHUE (PaMUINUHA, WHUIIHAJIOB
GOJIPHBIX U HOMEPOB HCTOPHUH 60se3Hu. IIpu omu-
CAHUU DSKCIIEPHMEHTOB Ha >XUBOTHBIX HEOOXOIu-
MO YKa3aTh, COOTBETCTBOBAJIO JIU COIEPKAHUE U UC-
MI0JIb30BaHUE JTAOOPATOPHBIX JKUBOTHBIX ITPABUJIAM,
IPUHATHIM B YUPeK/IeHUH, PpEKOMeHallusAM Halu-
OHAJIBHOTO COBETA IO UCCJIEOBAHUAM, HAIIOHATb-
HBIM 3aKOHAM.

ABTOpCKUE ITpaBa cOOJIIOIAI0TCS B COOTBETCTBUU
¢ I'parxpanckum koziekcom Poccuiickoit Peneparuu
(4. 4) ¥ APpYTUMH JIEUCTBYIONIUMHA HOPMATHBHBIMHU
JIOKyMEHTaMHU. ABTOPBI HECYT IIOJIHYIO OTBETCTBEH-
HOCTB 32 COJIeprKaHHe CTaTel.

B penmakuuioo JSMS aBTOpHI JIOJIKHBI TIPeIOCTa-
BUTB:

1) 2/1eKMpPOHHYI0 8epcul0 CMamvl, MOATOTOB-
JIEHHYIO B COOTBETCTBUU C TPEOOBAHUAMHU K 0HOPM-
JIEHUIO cTaTel, U3JI0KEHHBIMU HUKeE;

2) opu2uHaa cmamsu B IEYATHOM BHJIE C YKa3a-
HHEM TOpOJia, J1aThl, GaAMUJINHU C TIOZAINCHI0 KaXK/I0-
ro aBTopa (Ha MmocJieJTHEN CTpaHUIE), BU30OH «B me-
YyaTh» U MOAIHUCHIO (HA MEPBOM CTPaHUIIE) 3aBEIy-
IomIero Kageapoi UiIu WHOTO JIOJKHOCTHOTO JIUIA
opraHusanuy, Ha 6a3e KOTOPOH BBIIIOJIHEHO HCCJIe-

JIoBaHUEe. ABTOPBI IIPEIOCTABSIOT CTAaThU B pelaK-
LU0 JIMYHO MUJIU 110 IIOUTE;

3) coeaacue Ha myOIUKaIuio ctaTbu BJSMS 1 06-
paboTKy IepCOHATbHBIX TaHHBIX AaBTOPOB (3AIT0JIH -
eTcs KaXKIbIM aBTOpOM) (cM. Ha carite HTMY: www.
ngmu.ru/cozo/mos);

4) nns corpyauukoB ®I'bOY BO HI'MY Mus-
3apaBa Poccuu (manee — HI'MY) — axcnepmHoe
3axaveHue OTesia KOOpPAWHAINU (defepasibHbIX
MPorpaMM, KOHKYPCHBIX IIPOEKTOB U MHHOBAI[HOH-
HOTO Pa3BUTHSA yIPaBJIEHUs 110 HayKe, MHHOBAI[U-
saM ¥ uadopmaruzanuu HI'MY (cMm. www.ngmu.ru);
JIIsl CTOPOHHUX aBTOPOB — HANpas/ieHue Ha ony-
b6auxoeaHue Ha GUpMEHHOM OJIaHKE OpraHU3aIUH,
Ha 6a3e KOTOPOU BBIIIOJIHEHO OPUTHHAJIBHOE HAyU-
HO€ MCCJIeJJOBaHMe, 3a MOAIHCHI0 OTBETCTBEHHOIO
JOJIZKHOCTHOTO JIMIIA.

IPABIJIA O®OPMJIEHUA PYKOITUCEN

1. TekcT cTaTbu HAOUPAETCS B TEKCTOBOM peJlaK-
Tope Microsoft Word, Open Office u ap., Bce mosis
2 cMm, mpudt Times New Roman, kersip 12, Mex-
CTPOYHBIN HHTEPBAJ 1,5. TEKCT CTaThU HEOOXOTUMO
HampaBuTh B pefakinuio JSMS B BUJle OTAETBHOTO
daiina ¢ ykazanuem ®MO nepsoro aBropa — lBa-
HoB WM.U. tekcr.doc. Jomyckaercs: oTmpaBka (ati-
Ji0B B popmaTtax doc, docx.

2. ®VIO aBTOpPOB HabUpaeTcs CTPOYHBIMU OYK-
BaMHU KypCHBOM Ha PYCCKOM sA3blKe. VHUIMAJIbI
moMeInaTcsa nepen gamuuei aBropa. Ilopsiok,
B KOTOPOM OyZyT YKa3aHbI aBTOPBI, OIIPe/ieIseTcCs
UX COBMECTHBIM pelleHUEM.

3. Topon u HazBaHume MecT paboOThHI aBTOPOB
0hOPMJIAIOTCH CTPOYHBIMU OYKBaMH KYyPCHBOM
Ha PyCCKOM f3bIKe.

4. Crarbsi [OJDKHA COAEP:KaTh aAHHOTAIUIO
Ha PYCCKOM s3bIKe. B aHHOTaIMH JIOJI?KHBI OBITH U3-
JIO’KEeHBI IIeJId HCCJIeZJOBaHUsA, OCHOBHBIE IIpOlie-
Jlypbl, pe3yJIbTaTbl OPUTMHAJIBHBIX HCCIIENOBAHUN
u BeIBOZIBL. Iloz1 aHHOTAIMEl TOMeIaeTes 10/13aro-
JIOBOK «KUTIoueBbIe CJIOBa», IOCJIE HETO JI0 10 KJII0-
UeBBIX CJIOB WJIN KOPOTKHUX (pas, KOTOpble OyayT
CI0cOOCTBOBATh PABUJIBHOMY WHJIEKCUPOBAHUIO
CTaThU B IIOMCKOBBIX CHCTEMAaX U CHUCTEMax IJUTUPO-
BaHUs. AHHOTAIINIO HEOOXOJUMO HAIPaBUTh B pe-
Jaxknuio JSMS BMecTe ¢ TEKCTOM CTaTbU B BHUJE OT-
ZenpHOTO daiiyia ¢ ykazanuem @10 mepBoro aBTo-
pa — UBanos U.U. aunotarus.doc. Takke mpezo-
CTaBJIAIOTCA CBEJIEHUA O KaXK/I0M U3 aBTOPOB: paMu-
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JIWsI, UMs$1, OTUECTBO (ITOJTHOCTHIO Ha PYCCKOM SI3BIKE
U B TPAHCJIUTEPAIIUN), YIEHbIE 3BAaHUS U YUEHAs CTe-
MeHb, IOJI’KHOCTh, MeCTO PaboThl, pabounii TeaedoH
U aJIpec 3JIEKTPOHHOM mouThI (e-mail). CBemenust He-
00X0TUMBI JIJIs1 0O0pabOTKH IMyOIUKAIUK B Oase JTaH-
HBIX POCCHICKOTO MH/EKCA HAYYHOTO IIUTHPOBAHUS
U JIDYTUX CHUCTeMaX IUTUPOBAHUA. AHHOTAIUS, KJTIO-
JeBble CJIOBa, mHGopMarus o6 aBTOpax U Ha3BaHUE
VUPEXKIEHUH TOJKHBI OBITh TaK:Ke MPEI0CTaBIEHbI
Ha aHIJIMHACKOM SI3bIKE.

5. TabuIpl MOMENIAI0TCS B TEKCT cTaTbu. Ta-
OIUIBI TOJIKHBI OBITH IIPOHYMEPOBAHBI MOCENO0-
BaTEJIbHO B COOTBETCTBHUH C IMOPSIKOM, B KOTOPOM
OHH YVIIOMHHAIOTCA B TeKcTe (Hampumep, Tabu. 1,
TabJ. 2 U T. 71.).

6. PUCyHKU BCTaBJIAIOTCA B TEKCT CTAThbU, A TaK-
JKe TIPEJIOCTABIISIIOTCS. B BUJIE OT/EJIBHBIX IIPOHyMe-
poBaHHBIX (daiiysioB ¢opmata .jpg uau .gif ¢ paspe-
1ieHreM He MeHee 300 dpi. PucyHKu 10KHBL GBITH
KOHTPACTHBIMH M YETKUMH, OYKBbI, ITUGPBI U CHM-
BOJIBI Ha HUX JIOJIKHBI OBITH Pa3JIMYUMBbI. PrUcyHKa-
MU CYUTAIOTCA I'padUuKy, peHTreHorpaMMmbl, GoTo-
rpaduu wau Jro0ble Jpyrue rpaduueckue 0ObeK-
Thl. ®oTOrpadu Il He TOJIKHBI ObITH Y3HaBae-
MBIMU, JINOO K HUM JIOJI>KHO OBITH ITPUJIOKEHO THUCH-
MEHHO€e pa3pellleHre Ha UX MyOJIuKamuo. PucyHkn
JTIOJI’KHBI OBITh IIPOHYMEPOBAHBI IOCJIEIOBATETHHO
B COOTBETCTBUH C IOPSIKOM, B KOTOPOM OHH BIIEP-
Bbl€ YIIOMHUHAIOTCS B TEKCTE — PHUC. 1, PUC. 2 U T. .
[Moamucu pasMernalTcs B TEKCTE IOJT PUCYHKAMU.
B nmoamucax k mukpodororpaduaM ykKasblBaeTcsA
CTeIleHb YBEJIMUEHHU S U CII0OCOO OKPACKH.

7. B TEKCTe CTaThU UCIIOJIB3YIOTCS CIIEAYIONIHE 3a-
TOJIOBKU: BBEJIEHUE, I1eJIb UCCIIEZIOBAHUS, MaTepHa-
JIBI ¥ METOJIBI, PE3YJIBTATHI U 00CYKIEHNE, 3aKJTIOUe-
HUe, CIIUCOK JINTEPATYPHI.

8. Hcnonp3yoTes TOJIBKO CTaHZAPTHBIE OOIIe-
MpUHATHIE coKpaleHusa (abbpeBuarypsl). He mpu-
MEHSIOTCSA COKpAllleHWsI B Ha3BaHWHU cTaThu. [loj-
HBIH TEPMUH, BMECTO KOTOPOT'O BBOJIUTCSI COKpAIIe-
HUeE, JIOJKEH IIPEIIIECTBOBATh IEPBOMY HCIIOIB30-
BAHUIO TOTO COKPAIIIEHUS B TEKCTE.

9. O6s3aTeIbHO HAJIMYKE CIIMCKA JINTEPATYPBHIL.
bubsnmorpaduyeckre CChIJIKU B TEKCTE CTAThH Jla-
oTcs apabckuMu nudpaMu B KBaApPaTHBIX CKOO-
Kax, B IIOJTHOM COOTBETCTBHU C HyMepalhel CIucKa
sutepatypbl. CCHUJIKA B TEKCTE CTATHH JOJIKHBI J1a-
BaThCSA MOCIIEA0BATEIBHO 110 BO3pacTauuio: [1]...[2]...
[3]... u T.1. Pa3BepHyTOE OMMCcaHUE UCTOUHUKA B CITH-
cke smutepaTypsl npegoctapiasoTcesa no 'OCT 7.0.5-
2008. Cucok JUTEPATyPhl AOJIKEH COAEPKATD IIy-
OJIMKAIY 3a TIOCJIETHHE 5 JIeT. B crivcke iuTepary-
pbl Bce HH(POPMAITMOHHBIE UCTOYHHUKHU TTEPEUHCIISA-
IOTCS B TTOPSI/IKE UX [TUTUPOBAHUSA.

10. Pepaknusa JSMS Geper Ha ceGsi IpUCBOEHUE
KaXk/Iol mybsinkyeMoil cratbe HoMepa Y/IK u ocy-
IECTBJIEHUE TIOJTHOTO TIepeBO/ia CTaThU HA aHIVIMH-
CKUU fA3BIK.

11. CTaThbH, HE COOTBETCTBYIOIIHE YKA3aHHBIM pe-
JlakIend TpeboBaHUAM, K OITyOJIMKOBAHUIO HE TIPU-
HUMAIOTCA.

IIOPANOK PEIITEH3NPOBAHUA
PYKOIIUCEM, IPUHUMAEMBIX
JJIA ITYBJIMKAIITNN

1. Pykomnucu craTell, HOCTYNUBIINX B PeJJaKIIHIO,
HAIIpaBJIAIOTCA JJIs peLleH3UPOBaHUA 4YjeHaM pe-
JIAKITMOHHOT'O COBETA C IIEJIBI0 UX HKCIEPTHOH OlleH-
KU Ha IpeAMeT COOTBETCTBUsA TpeboBaHUAM JSMS
u Bricimeii arTecTallMOHHOM KoMuccuu Ipu MuHU-
crepcTBe oOpa3oBaHus U HayKu PO.

PerieH3eHTH! yBeJOMJIAIOTCA O TOM, YTO B LIEJIAX
obecrieueHNsI aBTOPCKUX U APYTUX HEHMMYIIECTBEH-
HBIX [IPaB IPUCJIAHHbIE PYKOIIMCH He TOJIJIeKaT pas-
IalleHUI0, KOIIMPOBAHUIO, paclipocTpaHeHuIo. Pe-
LIeH3UPOBaHUe IIPOBOIUTCA AaHOHUMHO.

IIpu oTKa3e B HAIpaBJIEHUH HA PelleH3UPOBAHNE
IIpeICTaBJIEHHOM aBTOPOM PYKOIMCH PeJlaKIiusA Ha-
IIpaBJIsieT aBTOPY MOTHUBHUPOBAHHBIN OTBET B DJIEK-
TPOHHOM BHUJIE.

Pepaknusa >kypHasia 10 NHCBMEHHOMY 3aIlpocCy
HaIlpaBJisieT aBTOpPAM peLleH3UN Ha IOCTyIHBIINE
MaTepuasibl B 3JIEKTPOHHOM BHJIe. ABTOPBI 00SI3aHbI
y4ecTb 3aMedaHus PelieH3eHTOB U BHECTU B CTaThIO
COOTBETCTBYIOIIE UCIIPABJIEHUS UJIH IIPEJIOCTABUTD
MOTHUBHPOBAaHHBIA OTBET O HECOIVIACUU C 3aMeYaHU-
sIMU pelLleH3€eHTa.

Pepaknnonnas Kosijlerus IpUHUMAET pellleHue
0 BO3MOXKHOCTHU MyOJIMKAIIUU CTAThU UJIM OTKJIOHS-
eT ee I10 pe3yJIbTaTaM pelleH3UPOBaHUA.

Pertensun xpaHATcA B peflaKLiU JKypHaJa B Te-
YJeHUe 5 JIET C MOMEHTa Iy INKaIIIH.

2. Peflakiiuieii He IOMyCKAIOTCA K ITyOJIMKAI[AN:

— CTaTbH, TeMaTHKa KOTOPBIX HE COOTBETCTBYET
HAy4YHOMY HaIlpaBJIeHUIO KypPHaJIa,;

— CTaTb{, aBTOPbI KOTOPBIX OTKa3bIBAIOTCA OT
TEXHUYECKOU I0pabOTKHU CTaTel;

— CTaThH, aBTOPBI KOTOPHIX HE BHECIIN KOHCTPYK-
THUBHble 3aMeYaHHUs pelleH3eHTa B TeKCT CTaTbu
U He IPeJI0CTaBUIIN MOTUBUPOBAHHBIN OTBET O HECO-
IVIaCUU C 3aMeYaHUAMU pelleH3eHTa.

B cityyae OTKJIOHEHU S CTaThU PEJAKIINSA HATIPaB-
JIIET aBTOPY MOTHBHPOBAHHBIH OTKa3. Pemakius
JSMS He XpaHUT pyKOIIMCH, He IPUHATHIE K IeYa-
TH. PyKonucu, mpuHATHIE K ITyOJINKaniy, He BO3Bpa-
MIAI0TCA.
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