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Cn6rMmy cerogHna

wCHBHPCKHMA rOCYyAapcTBEHHBIA MEAHMLMHCKMA YyHUBe pouTeT, GopmupyR Byayuee megHUWHCKOro obDpasoBaHMA 1
BUOMEAMLWMHBI, NPH3BAH PA3BHBATL M YRPENARTE CHOMPCKHMA DErHMOH, NPUTATMBAR TANAHTLI
H BOCNHTEIBAA NHWAEROB HOBOMD NOKOAEHHA B E¢IEPE obecnedeHUR 3n0poBLA HaceneHuA:

7.4 Toic. obyuamilmxca Wa 61 cybuexnrta PO YHHBEPCUTETCHHE KNHHAKK Ha 676 noex

£ \ 1
B 2019 rogy yHMBEpPCUTET MHULUMPOBa 1 peann3oBal pAj 3HauMMbIX TpaHcpopMaumii B cucteme
HaquO'“CCneAOBaTeanKol‘l’l AeATeNIbHOCTIH, HanpaBneHHblx, npexpe Bcero, Ha co3paHue cucTembl npo3payvyHoOCTIn
Hay‘lHOl‘/‘l AEATEJIbHOCTU, KOHLUEHTPpAaLUVIO HAay4YHO-NccieaoBaTesibCKoro noreHuviana, MHTerpauuvio B Me)KAyHaponﬂoe
HaquOe npOCTpaHCTBO 1 BOBJieYeHVe COTPYAHVUKOB B MCC"eHOBaTeanKyIO AeATeNbHOCTb.

° YHuBepcuTeT BNiepBble BOLLEN B MEXKAYHAPOAHbIA PEATUHT
«Tpn muccun yHuepcuteta (MoslUR)».

* B 2019 rogy Cu6I'MY Boluen B coctaB KoHcopuuyMa LieHtpakomneTeHumin HTU
0 HeiPOTEXHOJIOMMAM, BUPTYanibHOW 1 [OMOSIHEHHON peanbHOCTU Ha 6a3e [1IBOY.

e Cn6IMY BCTynwII B accouuaLmio 6Mo6aHKOB 1 creLnanictos no 61o6aHKMpoBaHmMio
HACBWO.

* Ha 6a3e yHuBepcuTeTa 6bin CO3AaH LIEHTP MeXayHapogHOro passuThA 1 NapTHEPCTBa
C uenblo pa3ButnA Me)KﬂyHapOﬂHOPI AEATENIbHOCTU U YKpenieHnA ero penyrtaunm
B MeXAYyHapOo4HbIX HAYYHOM 1 O6pa3OBaTeﬂbHOM COO6U.[€CTBaX.

* Bbiv NofAepKaHbl ABe rpaHToBbie 3aABKUM ERASMUS+KeyAction-1 gns peanuzaunn
nporpamm aKa,EleMVIHECKOVI MOBUbHOCTN ANA CTYAEHTOB U Hay4YHO-Neaarorn4ecknx
paﬁOTHMKOB YHUBEpCUTETA.

¢ lHMumMmpoBaHa pa6oTa no npoexkTy
«Oduc ynpaeneHms HayuyHbIMU AaHHbIMW»
[NA CO3AaHNA OTKPbLITOM Cpefibl Hay4HOM
KOMMYHUKauuu n obmeHa nony4yeHHbIMU
pe3ynbTatamu Haqu0|7| AeATeNIbHOCTI.

® MouTu B ABa pa3a 6bi10 YBEINYEHO
KOJINYECTBO CTaTel, BXOAALMX B MPECTUX-
Hble Q1 1 Q2 mexpyHapofHble 6a3bl LUTNPOBa-
HuA B 2019 rogy no cpaBHeHuto ¢ 2018 rogom.

® LIeHTPOM KNMHMYECKMX NCCIIER0BAHNI
noJly4eHO CBUAETENLCTBO 06 akkpeauTa-
LIW Ha NpoBefieHNE KIMHNYECKIX NCCIIEAO0-
BaHWI1 MO KNETOYHbIM MPOAYKTaM, a TakxKe
6bina HavaTa paboTa no oueHke 3pdeKTrB-
HOCTY 1 6€30MacHOCTV NPOrPaMMHOTO
obecneyeHna MeULNHCKOrO Ha3HaYEeHNA.

* B yHMBepcuTeTe MPOBefeHa cepuis JIeTHNX
CTyfeHuecKnx HayuHbix wkon SciCamp
ANA CTYAeHTOB N MONIOAbIX YYEHbIX.

17 el ) e * MoppaepxaHb [jBa NpoekTa PassuTue HTU,
(R SRR = 37 rpaHTOBbIX 3aABOK POCCUIMCKIX HayUHbIX
2 prime e arn,

fockor s ' . $oHA0B, BbINoNHeHO 35 H/P no 3aktoyeHHbIM
B > [loroBOpam.
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ABSTRACT

The aim of the study was to establish the association of the prevalence of coronary heart disease and sleep
disorders among men between the ages of 25 and 64 belonging to an open population of a medium-sized
urban city of Western Siberia.

Materials and methods. A cross-sectional epidemiological study was conducted on a representative sample
of the population among males of 25-64 years old in Tyumen. The prevalence of coronary heart disease
was determined based on standard epidemiological methods. Self-assessments by participants in the study
of quality of sleep was determined by the World Health Organization Monitoring Trends and Determinants
in Cardiovascular Disease-Psychosocial Program (WHO MONICA-psychosocial). When calculating the
odds ratio of developing coronary heart disease (CHD), self-reports of satisfactory, good, or very good
sleep were regarded as a lack of an indicator; while very bad and bad sleep were considered positive
indicators.

Results. The prevalence of CHD according to the extended epidemiological criteria for men in an open
urban population was 12.4%; the detection rate of “definite” and “possible” CHD was almost equal. The
age-standardized prevalence rate of sleep disorders was 50.9%. There is a significant risk of developing
CHD with extended criteria (5.05), as well as “definite” (5.28) and “possible” (3.13) forms in the male
population at 25—64 years of age. In the 55 to 64 age group, there is a significant risk of developing CHD
according to the extended criteria (5.57) and the “definite” form of CHD (10.21).

Conclusion. Thus, the findings suggest the importance of further study of sleep disorders in working age
men in Siberian populations, its relationships with conventional and non-conventional risk factors of CHD,
as well as the feasibility of preventive measures aimed at reducing the influence of psycho-emotional stress
factors among the Russian population.
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Accoumanymm pacnpoCcTpaHEeHHOCTU UeMHnyecKomn 60/1e3Hu cepaua
M HapyLUEeHUM CHa cpeAyu MYXX4YUH OTKPbITOM NONY/IALUM
cpeaHeyp6aHM3MpOBaAHHOIO ropoga 3anagHomn Cubupu

Akumosa E.B.', Akumos M.10.2

T Tromenciut xapouorozuneciuss nayunoul yenmp, Tomcius Hayuorarvnvili uccaedobamenvckui MeOUUUHCKULL yeHmp
Poccuticrot axademuu nayx
Poccus, 625026, 2. Tromenv, ya. Meavnuxasime, 111

? Tromencxuii undycmpuarvrvii ynubepcumem
Poccus, 625000, 2. Tromenv, ya. Boaodapcrozo 38

PE3IOME

IJeabro MCCAEAOBAHUA ABUAOCH YCTAHOBAEHNME ACCOLMALMM PACIHPOCTPAHEHHOCTY MIIEMUYECKON GOAE3HN
cepana (VIBC) u HapyuweHuit CHa CPeAU MY>KYMH OTKPBITON nOmyAsyun 25—64 aer cpepHeypOaHU3UPOBAH-
Horo ropoaa 3amaanoit Cubupin.

Marepuaasl u metopsl. Ha penpeseHTaTnBHON BBIGOPKE HACEAEHUS CPEAM AMI, MYSKCKOTO moaa 25—64 aer
GBIAO IPOBEAEHO KPOCC-CEKLMOHHOE MUAEMUOAOTNYECKOE UCCAeAOBaHMe HA MoAean I. Tromens. Pacupo-
crpanenHocTs VIBC ompeaeadnrach Ha OCHOBaHMM CTAaHAAPTHBIX IMMAEMUOAOIMYECKMX MeToAoB. Camoo-
IleHKa CHa ompeAeAsrach no aaropurmam nporpammer BO3 «MOHMKA-ncuxoconuaasuag». Ilpu pacuere
oTHowmeHuA maHcoB pa3Butua VIBC coH yAOBAETBOPHUTEABHBIN, XOPOIINIf, OY€Hb XOPOLINII PaClieHUBAAUCDH
KaK OTCYTCTBMe NpM3HaKa, COH OYeHb IIAOXOJ, IAOXOi — KaK IPUCYTCTBHUE.

Pesyabratel. Pacnpocrpanennocts VIBC mo pacuypeHHbIM SOMAEMUOAOTHMIECKUM KPUTEPHUAM Y MYSKUMH
OTKPBITOM TOPOACKON MONmyAsAnuu cocraBura 12,4%, 4acToTa BBIABAEHUSA (OIPEAEAEHHON» U «BO3MOXK-
Hoi» VIBC 6bira mpakTudecky oAMHaKoBOM. CTAHAAPTU30BAHHBIA 110 BO3PACTY IOKAa3aTeAb PacIpoCTpa-
HEHHOCTH Hapymennit cHa coctasua 30,9%. B myskckon momyasuum 25—64 AeT npm HapylmieHuu CHa ycra-
HOBAeH cyuiecTBeHHb11 puck passutusa VIBC no pacumpenssim kpurepusam (3,05), a Takske «omnpeaerentomn» (3,28)
n «Bo3MOKHOI» (3,13) ee dpopm. B Bo3pacTHOM KaTeropun 35—64 AeT YCTAHOBAEH CYIECTBEHHbIN PUCK PA3BUTHSA
MIBC no pacumpenHbiM kputepyam (3,57) u «ompeaererHoit» dopmst VIBC (10,21).

3akarouenne. [TorydeHHble AaHHBIE CBYAETEABCTBYIOT O BaSKHOCTY AAAbHEJIIEro M3y4eHNsA HapyleHns CHa
Y MY>KYMH TPYAOCIOCOGHOIO BO3PACTa B CUOUPCKMX NMONYAALMIX, €r0 B3aMMOCBsI3eil ¢ KOHBEHIVOHHBIMY
¥ HeKOHBeHIMOHHbIME (pakTopamu pucka VIBC, a Taxkke o mearecoO6pa3HOCTY HPEBEHTUBHBIX MePOIPHU-
ATUI, HAIPaBAEHHBIX Ha CHIMKEHME BAMAHMA (PAKTOPOB ICHMXOIMOLMOHAABHOTO HANPAKEHMA CPeAy POC-
CUIICKOTO HaceAeHus.

Karouessie caoBa: QNUAEMUOAOTUIECKOE MCCAEAOBAHME, MBC, HapyumeHue CHa, OTKPBITAA MNOMYAALMA,
MYJ>KYMHBI.

KonpaukT uaTepecoB. ABTOpPBI AEKAAPUPYIOT OTCYTCTBUE SABHBIX M NOTEHLMAABHBIX KOH(MAUKTOB MHTEPE-
COB, CBAI3aHHBIX C MyGAMKALMEN HACTOSIEN CTAThH.

Uctounmk q)MHaHCMpOBaHMﬂ. ABTOpr 3aABASIOT 00 OTCYTCTBUU Q)MHaHCI/IpOBaHI/IH opu OpOBEAEHUN UC-
CAE€AOBaHUA.

CoorsercTBue nmpuHuunam 3Ky, ViccaepoBanne 0A0GPEHO ITUYECKUM KOMUTETOM TIOMEHCKOTO KapAMo-
AOTH4ecKoro nentpa (mpororoa Ne 63 or 21.05.2012).

Aas umruposanus: Axumosa E.B., Akumos M.IO. Acconmaumu pacupoCTpaHEHHOCTY MIIEMUYECKON GO-
A€3HM CEePALA M HAPYIIEHWIT CHA CPEAM MYKIMH OTKPBITON MOMYAALMA CPEAHEYPOAHNZNPOBAHHOTO FOPOAA
Banaanoit Cubupu. Broazemens cubupceroti meduyunv. 2020; 19 (1): 6-12. https;//doi.org: 10.20538/1682-
0363-2020-1-6—12.
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INTRODUCTION

In scientific literature, term of sleep is de-
fined, on the one hand, as natural state of body
that determines normal functioning of all its sys-
tems and organs, and, on the other hand, as one
of the important factors affecting the level of
population health. The main function of sleep
is a recovery process, which, to a large extent,
allows body to adapt to changing conditions of
internal and external environment. If it is dis-
turbed, adaptation possibilities decrease, which
ultimately leads to the development of somatic
pathology, and most significantly cardiovascu-
lar diseases (CVD) [1]. In scientific literature,
dyssomnia is a term for sleep disturbance (SD)
combining the following types of sleep disor-
ders: insomnia — difficulty initiating and main-
taining sleep; hypersomnia — sleepiness during
the day and excessive sleep; parasomnia — pe-
riodic night phenomena (heterogeneous group).
Much research devoted to the study of sleep
disorders indicate dissatisfaction of people with
their sleep and shorter duration of sleep in a sig-
nificant part of the population [2]. The results
of a US National Commission study on sleep dis-
order showed that nearly 40% of America’s po-
pulation has sleep problems, and more than
40 million adults are suffering from chronic sleep
disorders, while almost 30 million have periodic
insomnia [3].

Recent studies, which transformed the Euro-
pean guidelines for cardiovascular prevention re-
garding the importance of psychosocial CVD risk
factors (RF), indicate that cardiovascular risk
and prognosis essentially determine psychosocial
RF. These include factors of chronic social stress
as well as negative psycho-emotional states (vi-
tal exhaustion, trait anxiety, depression), which
in turn, are main factors of SD [4-6]. Changes
in autonomic cardiovascular regulation, which
turn sleep into periods of significant physiolog-
ical storms characterized by sudden and abrupt
changes in heart rate and blood pressure, are
associated with cyclical phases of fast and slow
sleep. Revealed cardiovascular instability related
to phases of sleep served as a basis for studies
on the determination of CVD risk and prognosis,
primarily, depending on duration and changes
in cyclic phases of sleep. There is a number of
studies in which SD acts as a possible risk factor

for progression and initiation of cardiovascular
pathology [7—9]. In accordance with this, the
risk of coronary artery disease (CAD) develop-
ment due to sleep disorders seems relevant and
timely in an open population of working age
males.

The aim of the study was to establish the as-
sociation of CAD prevalence and SD among men
between the ages of 25 and 64 belonging to an
open population of a medium-sized urban city of
Western Siberia.

MATERIALS AND METHODS

A cross-sectional epidemiological study was
conducted on a randomly selected representa-
tive sample of population from voting lists of the
Central Administrative District Tyumen (males
aged 25-64, n = 1000, n = 250 in every decade of
life), the response rate was 85.0%.

Within cardiological screening, a resting
12-lead electrocardiogram (ECG) was performed
in the supine position.

According to the advanced epidemiological
criteria, CAD prevalence was determined based
on standard epidemiological methods with the
establishment of CAD according to rigorous ep-
idemiological criteria: a “definite” form of CAD
(DCAD) and non-rigorous epidemiological crite-
ria : a “possible” form of CAD (PCAD).

DCAD was established on the basis of a pos-
itive answer to the WHO questionnaire (effort
angina) and The Minnesota Code Manual of
Electrocardiographic Findings, including “defi-
nite” myocardial infarction (MI), effort angina
and painless form of CAD. The basis for PCAD
determination was The Minnesota Code Manual
of Electrocardiographic Findings, which included
“possible” MI, “possible” ischemia, ischemia with
left ventricular hypertrophy, and ARRHYTHIAS
(arrhythmic form of CAD).

Study of non-conventional (psychosocial) risk
factors for CAD was carried out by means of
strictly standardized methods of the WHO MON-
ICA-psychosocial program algorithms, using the
standard questionnaire [7].

Self-assessment of sleep was determined by
the method of questionnaire and included the
following responses: very good sleep, good
sleep, fair sleep, poor sleep, very poor sleep.
When calculating odds ratio for CAD develop-
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ment in males with SD, fair, good, very good
sleep were considered as the absence of a sign;
very poor sleep and poor sleep were considered
as the presence of a sign.

Statistical data analysis was performed using
the standard IBM SPSS Statistics software, appli-
cation package, version 21.0.

Age-standardization of quantitative rates was
carried out in accordance with the last census of
the Russian Federation population (urban male
population aged 25-64), age-standardized rates
(ASR) were determined. The criterion of Pearson
chi-square test (x?) was used to assess statistical
significance of differences between two groups,
P < 0.05 was taken as critical level of significance
in testing statistical hypotheses.

Prevalence associations of SD and CAD were

established by calculating the odds ratio with
95% confidence intervals.

RESULTS

Cardiac screening results showed high preva-
lence of CAD according to the advanced epide-
miological criteria — the age-standardized rate
(ASR) in the population was 12.4%.

In the population of Tyumen aged 25-64, in-
cidence of DCAD and PCAD detection was al-
most the same.

According to rigorous epidemiological crite-
ria, the most vulnerable age periods in relation to
the increase in CAD prevalence of Tyumen males
were the 45-54 and 55-64 age groups, while ac-
cording to non-rigorous and expanded criteria
the entire age range was vulnerable (Fig. 1).

30 % ® DCAD
5
2 19.2*
14.0*
20 15.6* 153 PCAD
15 124
- 8.2% 84
g3 4 .
69
10 4.8% - 66 57 .
‘A CAD with expanded
5 1.7 23 35 ) ' criteria CIT ASR
- 0.6
. =o i
25-34 35—44 45-54 55—64 25-64 CIl
years years years years years

Fig.1. Prevalence of CAD in men aged 25-64 years in an open population; ASR — age-standardized rate;

*p <0.5; % p<0.01; *** p < 0.001 — statistical significance of differences between two subsequent age groups

The table shows the results of study on SD in
population. 49.2% (ASR) of urban male popula-
tion identified their sleep as very good or good.
The prevalence of “poor sleep” was 8.9%, and
“very poor sleep” was 0.6% of male population.
Significantly more “very good” answers to the
question “How do you sleep?” were received in
the youngest (25-34) age group studied com-
pared with the 45-54 age group. Furthermore,
the answer “good” was registered more often in
young adults aged 25-34 and 35-44, statistically
significant differences in these groups and such

answers were found in relation to corresponding
rates in the mature adults aged 45—54 and 55-64,
while in the youngest and oldest age categories,
statistically significant differences were also reg-
istered at the general population rate.

With regard to fair sleep, in young people in
the third decade of life, statistically significant
differences were revealed in relation to rates in
older age categories and ASR. In the sixth de-
cade of life, fair sleep was registered much more
often than in the fourth decade. Poor sleep was
also revealed much more often in the 45-54 and
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55-64 age categories and in the entire popu-
lation compared with the rate in young adults
aged 25-34; the rate 1.5 times prevailed over
ASR in the 55-64 age category. The ASR prev-
alence rate of respondents with poor and very
poor sleep was 9.5% in male population. Good
and very good sleep were registered more of-
ten in young age categories, fair and poor sleep
were in older age categories (Table). Figure 2
shows the odds ratio in the presence-absence of
SD and CAD according to rigorous, non-rigor-
ous and the advanced epidemiological criteria
in male population aged 25—64. Thus, SD in the
population showed the highest risk of CAD (5.28
with 95% CI = 2.67-10.46, p < 0.05) and DCAD
according to expanded criteria (5.05 with 95%
CI = 2, 92-8.74, p < 0.05), while the risk of

PCAD in the presence of SD was also signifi-
cant and amounted to 3.13 (95% CI = 1.47-6.65,
p < 0.05) (fig. 2).

The same trend was not found among different
age decades of life, while the rate reached statis-
tical significance only in the 55—64 age category,
when the risk of DCAD in the presence of SD al-
most doubled in this age category compared with
the same rate in the general population (10.21 at
95% CI = 3.26-31.93, p < 0.05).

According to the advanced epidemiological cri-
teria, risk of CAD in the presence of NS remained
basically unchanged in the 55—64 age group com-
pared with the rate of general population (5.57
with 95% CI = 2.30-13.52, p < 0.05), and the risk
of CAD in the presence of SD was statistically in-
significant in the older age group (Fig. 3).

Table
Sleep disturbance in the male population of 25—64 years depending on age
Age ranges
Question/attitude
25-34 35-44 45-54 55-64 25—-64 CII
a6e. | % | a6c. | % | a6c. | % a6e. | % aée. | % %
How well do you sleep?
Very well 20 11.3 19 8.3 12 5.2° 13 64 7.5 8.0
Well 92 52.0 101 44.3 79 34.27, 59 331 .38.9" 41.2
Satisfactorily 59 33.3 90 39.5 110 47.6" 105 364 42.8 41.4
Badly 6 3.4 17 7.5 28 1217 34 85 ,10.0 8.9
Very badly 0 0.0 1 0.4 2 0.9 3 1.4 6 0.7 0.6

Notes: statistically significant differences in rates between the 2534 age group and other age groups are indicated by asterisk (*)
in the upper case on the right; between the 35—44 age group and other age groups — in the lower case on the right; between the
45—54 age group and other age groups — in the upper case on the left; between the 55-64 and 25-64 age groups — in the lower case

on the left. ASR is the age-standardized rate.
* p < 0.05; ** p < 0.01; *** p < 0.001.

OR OR
12 = 31.93
10 +10.46 14 13.52
8.74 12
8 10 10.21
6.65
6 8
5.28 5.05 p
4 5.57
3.13 2.92
2,67 4 3.26 3.69
Z 1.47 2 2.30
o o .
¢ e
DCAD PCAD CAD 0 DCAD PCA.D CAD

Fig. 2. Odds ratio of developing coronary artery disease
relative to sleep disturbance in an open male population
aged 25-64 years

Fig. 3. Odds ratio of developing coronary artery disease
relative to sleep disturbance in male population aged

55—64 years
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DISCUSSION

In the male population of a medium-sized ur-
ban city of Western Siberian (on the model of
Tyumen city), ASR prevalence rate of SD was
50.9%. The rate was found to be quite high, but
also comparable with the data established on
other Siberian populations, namely, the results of
Tomsk (61.2%) and Novosibirsk (48.3%) research
on working male urban populations [7, 10].

According to T.M. Maximova’s study results,
among the Russian population, SD rate was on
average of 30%, with minimum values of the indi-
cators in young males, and with maximum values
in older respondents [11].

At the same time, in the current study among
Tyumen males, the incidence rate of SD also pre-
vailed in older age.

According to domestic and foreign research-
ers, SD appears in presence of psycho-emotional
stress factors, such as trait anxiety, vital exhaus-
tion, depression, and, in accordance with this,
serves as a predictor of CAD development [2, 3,
5-7, 12].

The study of self-assessment of sleep quality
makes it possible to identify SD rate in popula-
tion, to assess problems associated with SD dif-
ferentially in various population groups, and to
establish groups of population with increased risk
of cardiovascular pathology, respectively.

In Tyumen, high SD gradations were five times
more likely in males with CAD than in males
without CAD, the same tendency was in males
with DCAD.

SD with CCAD was detected three times more
often compared to ASR in the general popula-
tion.

In accordance with the current study results
concerning other psychosocial factors in Tyumen
population [6, 13], general population trends pre-
vailed in the older 55—64 age category, however,
alternatively to other factors of psycho-emotion-
al stress, high gradations of SD were significantly
more often registered, starting in the 35-44 age
category in individuals with DCAD.

This situation is likely to be consequential,
because, a significant number of patients with
chronic SD associate their complaints with their

life situation, and according to studies’ data in
most cases personal problems predominate. SD
arise in connection with problems of identity in
the young age, and SD are associated with neg-
ative attitudes toward ageing, fear of death and
dissatisfaction with overall living in old age. [2].

In Tyumen, the results are confirmed by the
data of other studies regarding SD as a predictor
of CAD. So, in Novosibirsk male population aged
25-64 with SD and with self-estimation of sleep
as “poor”, the relative risk of CAD was 2.6 over
10 years of prospective observation compared to
males with self-estimation of sleep as “good” [7].
Data analysis of cross-sectional Cardiovascular
Health Study in unorganized population showed
that daytime sleepiness in males as the only SD
was associated with cardiovascular death [12].

According to results of cross-sectional study
in Finnish population, the highest prevalence of
CAD was found among males whose night sleep
was 6 hours or less, and ratio remained after in-
clusion in multifactor model such parameters as
conventional CAD risk factors (smoking, arteri-
al hypertension, alcohol), and in addition, sleep
quality, age, taking tranquilizers and sleeping
pills, “Coronary” type of personality and pres-
ence of psychosocial factors [14].

Thus, findings indicate the importance of fur-
ther studying in SD of workable male of Siberian
populations, its relationships with conventional
and non-conventional risk factors for CAD, and
expedience of preventive measures aimed to re-
duce the influence of psycho-emotional stress
factors among the Russian population.

CONCLUSION

According to the advanced epidemiologi-
cal criteria, CAD prevalence was 12.4%, DCAD
and PCAD detection rate was almost the same
in an open urban male population. ASR preva-
lence rate for SD was 50.9%. According to the
advanced criteria, significant risk of CAD (5.05)
was established in male population with SD aged
25-64, as well as DCAD (5.28) and PCAD (3.13).
According to expanded criteria, significant risk
of CAD (5.57) and DCAD (10.21) was established
in the 55—64 age category.
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ABSTRACT

Background. Identification of predictive molecular markers of triple-negative breast cancer (TNBC)
will enable the evaluation of the efficacy of neoadjuvant chemotherapy (NACT) and define optimum
approaches for the prognosis of the disease course in TNBC patients.

The aim of the study was to examine the correlation between the expression of the epidermal growth
factor receptor (EGFR), its gene’s polymorphic variants and the neoadjuvant chemotherapy (NACT)
efficacy in triple-negative breast cancer (TNBC) patients.

Materials and methods. The study included 70 patients with triple-negative breast cancer, who had
received 2-4 cycles of FAC and CAX regimens. The efficacy of the neoadjuvant chemotherapy was assessed
according to the RECIST scale. The EGFR expression level in tumors before and after the NACT was
evaluated with the help of immunohistochemistry. Genotypes for EGFR (rs2227983 and rs1468727) were
detected by a real-time PCR.

Results. It was found that NCT significantly decreases the EGFR expression level in the tumor (p = 0.000).
The research associates the objective clinical response as well as the pathological complete response with
the low EGFR expression level (p = 0.007 and p = 0.000 respectively). Patients carrying the EGFRCC
mutant genotype of rs1468727 did not achieve a pathological complete response (p = 0.042). In addition,
patients with EGFRCC mutant genotype are more likely to have tumors with a high EGFR expression
compared to EGFRTT wild-type genotype patients (p = 0.047).

Conclusion. The EGFR expression level in tumor tissue and the polymorphic variants of its gene in the
rs1468727 locus can be considered as potential molecular markers with predictive significance in relation
to the NACT efficacy in triple-negative breast cancer patients.

Key words: Triple-negative breast cancer, neoadjuvant chemotherapy, epidermal growth factor receptor
(EGFR); gene polymorphisms.
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PE3IOME

AkryaarpHOCTB. BhIiBAEHME NpeACKa3aTEABHBIX MOAEKYASPHBIX MapKepoOB TPONHOTO HEraTMBHOTO paka
MOAOYHOJ SKeA€3bI IO3BOAUT OLEHNTH 9 PeRTUBHOCT HeoaaboBauTHOM xumuorepamny (HAXT) u onpe-
AEAUTDH OITMMAaAbHbIE IOAXOABL K IPOTHO3UPOBAHUIO T€YeHNUsT 3a60AEBaAHNA.

eas mccaepoBanma. V3yunts B3aMMOCBA3b IKCIPECCHMM DeNeNTOpa 3MMAEPMAABHOTO akTopa pocTa
EGFR u noanmopdHbIX BapuaHTOB €ro reHa ¢ 9¢(eKTUBHOCTHIO HEOAABIOBAHTHON XMMUOTEpAnuyu y 6oAb-
HBIX TPOWHBIM HETaTMBHBIM PaKOM MOAOYHOMN SKeAe3Bl.

Marepuaasl 1 MeTOABL. B nccaepoBanne Bkatodens! 70 DanueHTOK C TPOMHBIM HETATHBHBIM PAKOM MOAOY-
HOW 3keAe3bl, noaydaBunx 2—4 kypca HAXT no cxeme FAC uan CAX. Ouenka adpdexrtusnoctn HAXT
nposoauracs no mkare RECIST. Vposens akcnpeccun EGFR B onyxoan ao u nocae HAXT ounennsancs
MMMYHOTMCTOXMMUYECKUM MeTOAOM. AHaan3 nmoanmopdHeix Bapuantos rena EGFR B aokycax rs2227983
u rs1468727 npoBeAeH C TOMOIIBIO MOAMMEDPA3HOI L[ENHOM PeaKyuy B PesKMMe PeaAbHOTO BPEMEHM.

Pesyabratsl. Borasaeno, uro B npomecce HAXT yposens axcnpeccun EGFR B onmyxoan 3Haummo cHmska-
erca (p = 0,000). [TokazaHo, 9TO AOCTVMIKEHNE OGBEKTUBHOTO KAMHMYECKOTO U IOAHOTO MaTOMOPQOAOTH-
9eCKOTO OTBeTa ONMYXOAM aCCONMMPOBAHO ¢ Hu3kuM yposaem skcupeccun EGFR (p = 0,007 u p = 0,000
coorsercrBerHo). Otcyrcreue adderrnsroro orsera Ha HAXT y 6GOABHBIX TPOMHBIM HETaTUBHBIM pa-
KOM MOAOYHOII JKeAe3bl CBA3aHO ¢ HocuTeAabcTBOM myTaHTHbIXx reHoTunoB EGFRCC B aokyce rs1468727
(p = 0,042). Kpome Toro, cpeay manmeHTOB, HECYWuX MyTaHTHbIA BapuaHt reHa EGFRCC, 4ame BcTpe-
YaIOTCS OIYXOAM C BBICOKOI aKkcipeccueit EGFR 1o cpaBHeHMIO ¢ GOABHBIMM, MMEIOWUMY AUKUI BaPUAHT

EGFRTT (p = 0,047).

3akarouenne. Yposenp akcmpeccun EGFR B omyxoam u moammopdHble BapuMaHTbl €0 TeHa B AOKyCe
rs1468727 moryr paccMaTpuBaThCA B KauyeCTBE NMOTEHIMAABHBIX MOAEKYASAPHBIX MapKepoB C HpeACKasa-
TEABHOM 3Ha4uMOCThi0 B oTHOueHnn 3pdertusHocTy HAXT y GOABHBIX TPOIHBIM HETATUBHBIM PaKOM
MOAOYHO KeAe3bl.

KaroueBble cA0Ba: TPOIHON HETATUBHBIA PaK MOAOYHON KeAe3bl, HEOAABIOBAHTHAS XMMMOTEPAIN, PeLel-
Top smmAepmarbHOro dakropa pocta EGFR, moaumopduam renos.
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KondauxT vaTepecoB. ABTOpPBI AeKAAPUPYIOT OTCYTCTBYE ABHBIX ¥ MOTEHIMAABHBIX KOH(MANKTOB MHTEpE-
COB, CBfI3aHHBIX C MYOAMKALMEN HACTOALEN CTATBMU.

Ucrounnk dunancupoBanus. Pa6ora BeimorHena npu ¢uHaHCOBOM moaaepskke rpanra PH® Ne 19-75-
30016 «HoBaa TexHOAOIMA NPOTHO3MPOBAHMA M HPODUAAKTUKM OTAAACHHOTO METAacTa3MpOBaHMA Ha
OCHOBE AETERIUM LUPKYAUPYIOUIUX METACTA3-MHULUUPYIOWMUX U HUIEOOPA3YIOIUX KAETOK M UX CIELHU-
(ydeckux MuIEHeN ».

CooTBercTBME NPUHLMIAM 3TUKM. Bce manueHTs! moAmucary MHGOPMUPOBAHHOE COTAACHE HA ydacTue
B MccAepOBaHMM. PaGoTa mpoBeAeHA COrAACHO HPMHLMIAM AOGPOBOABHOCTM U KOH(UAEHLMAABHOCTH B
coorserctBun ¢ «OcHoBamu 3akoHopaTeasctBa PO 06 oxpane 3p0posss rpakaan (Vkas Ilpesupenra PO
ot 24.12.93 Ne 2288) na ocHOBaHMM pa3pelleHyss AOKAABHOTO KOMUTETa Mo GuomeAnumHckoit atuke HUM
oukoaorun Tomckoro HMMII.

Ans puruposauns: ba6ounkuna H.H., Aponosa T.A., 3am6arosa E.A., 3asbsarosa M.B., Caonumckas E.M.,
Yepasianesa H.B. Poas penenropa smmaepmarsHoro ¢akropa pocra EGFR B adpdexrusrocT HEoaabo-
BAaHTHOJ XMMUOTEpanny y GOABHBIX TPONMHBIM HETATHBHBIM PAKOM MOAOYHOIN JKeAe3bl. Broaremeny cubup-

cxoti meduyunv. 2020; 19 (1): 13—20. https://doi.org: 10.20538/1682-0363-2020-1-13-20.

INTRODUCTION

The triple-negative subtype occupies a special
place in the structure of breast cancer morbidity,
since it is characterized by an aggressive course
of the disease and has an unfavorable prognosis
for survival [1-3]. The most significant feature of
triple-negative breast cancer (TNBC) is the ab-
sence of targets for hormone therapy and tar-
geted therapy with Herceptin, which drastically
complicates the treatment of this disease. Today,
antitumor systemic therapy is one of the main
stages of the TNBC complex treatment. When us-
ing neoadjuvant chemotherapy (NACT) cytotox-
ic drugs facilitate tumor shrinkage, which allows
clinicians to perform organ-preserving operations
and preserve healthy breast tissue to the maxi-
mum degree posible. However, a pathologic com-
plete tumor response is observed only in 12-30%
of patients [4, 5]. Thus, the search for additional
prognostic markers of sensitivity and resistance to
various groups of cytostatics, allowing to individ-
ualize therapeutic approaches for TNBC patients,
remains an urgent task.

One of the molecular markers that has been
actively studied in recent years is the epidermal
growth factor receptor (EGFR), a transmembrane
glycoprotein involved in the regulation of cell
growth and malignant transformation. It is gen-
erally recognized that the amplification and / or
overexpression of EGFR leads to the development
of resistance to endocrine therapy in estrogen-de-
pendent tumors [6, 7]. Our recent studies showed
the prognostic significance of tamoxifen and
demonstrated that patients resistant to tamoxi-
fen therapy had a high level of EGFR expression

in tumors [8]. In estrogen-independent tumors,
EGFR overexpression is more a result of the in-
creased number of gene copies due to polysomy
than due to activating mutations or EGFR ampli-
fication and is usually associated with disease pro-
gression and low patient survival rates [9, 10]. It is
worth noting that a large number of studies have
been devoted to the prognostic value of EGFR ex-
pression in TNBC patients [11-14]. However, the
contribution of functionally significant polymor-
phic sites of the EGFR gene in comparison with
the expression level of its protein product in the
mechanisms of resistance to neoadjuvant chemo-
therapy currently remains under-researched.

The aim of the study was to examine the cor-
relation between the expression of the epidermal
growth factor receptor (EGFR), functionally sig-
nificant polymorphic variants of its gene and the
neoadjuvant chemotherapy (NACT) efficacy in
triple-negative breast cancer (TNBC) patients.

MATERIALS AND METHODS

The study included 70 patients aged 28—69 with
a verified diagnosis of triple-negative breast can-
cer. The patients were undergoing treatment in the
General Oncology Department of the Cancer Re-
search Institute, Tomsk National Research Medical
Center (NRMC) in the period from 2007 to 2013.
All patients were treated with neoadjuvant poly-
chemotherapy comprised of 2-4 cycles of FAC
(5-fluorouracil 500 mg/m? on day 1, Adriamycin
50 mg/m? on day 1, cyclophosphamide 500 mg/m’
onday 1, IV; the interval between courses is 21 days)
or CAX regimen (cyclophosphamide 100 mg/m’
IM for 14 days, Adriamycin 30 mg/m? IV on days
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1, 8; Xeloda 1000 mg/m? 2 times/day, per os, for
14 days; the interval between courses is 21 days)
followed by surgical treatment (in the scope of
radical resection, sector resection with axillary
lymph node dissection (ALND) or radical mastec-
tomy). Courses of polychemotherapy (FAC) and
radiation therapy were given according to the in-
dications in the adjuvant mode.

The NACT efficacy was assessed according to
the RECIST scale. An objective clinical response
was measured by the sum of complete and par-
tial regressions of the breast tumor. The presence
of disease stabilization and disease progression
was considered as a lack of efficacy. The sever-
ity of drug pathomorphism in breast tissue and
regional lymph nodes was evaluated conforming
to the classification proposed by E.F. Lushnikov
(1977) [15]. Patients were diagnosed with “com-
plete morphological regression” when there were
no tumor elements both in the breast tissue and
in the lymph nodes under study. The follow-up
period was 12—80 months.

In order to study the polymorphic variants of
the EGFR gene, DNA was extracted from periph-
eral blood samples using the QIAamp DNA Mini
Kits (50) (Qiagen). Qualitative and quantitative
assessment of DNA was carried out on a Nano-
Drop-1000 spectrophotometer (NanoDrop, USA).
Polymorphic variants of the EGFR gene at the
rs2227983 and rs1468727 loci were studied using
real-time polymerase chain reaction (PCR) using
the TagMan technology.

The sequences of primers and samples were se-
lected by the OligoAnalysisVector NTI program
using a genetic database (www.ncbi.nlm.nih.gov).
The 15 pl PCR reaction mixture included 100 ng
of genomic DNA; 0.5-1.5 pl of a specific pair of
primers and samples with a concentration of 1
PFU / ml; 200 pm of each deoxynucleotide tri-
phosphate; 1.2-2.0 ul of buffer (60 mM Tris-HCI
(pH 8.5 at 25 °C), 1.5 mM MgCl2; 25 mM MKCI;
10 mM 2-Mercaptoethanol; 0.1% Triton X-100)
and 0.5-1.0 units Tag DNA polymerase (“Medi-
gen”, Novosibirsk). The amplification program
included initial denaturation at 95 °C for 2 min,
followed by 40 cycles at 95 °C (10 s), annealing
at a specific temperature for each pair of primers
(30 s) on a CFX96 thermal cycler (Bio-Ra, USA).

The EGFR expression level in the tumor before
and after NACT was studied on paraffin sections
using the immunohistochemical method. Antibod-

ies to EGFR (clone SP9, working dilution 1: 100)
from Novus Biologicals were used. The results of
immunohistochemical reactions were evaluated
semi-quantitatively, depending on the proportion
(%) of positively stained cells and their staining in-
tensity in at least 10 areas of each section at 400x
magnification. The staining intensity was evalu-
ated on a scale of 0 to 3, when 0 was defined as
negative staining, 1+ as weak staining, 2+ as mod-
erate staining, and 3+ as strong staining. Sections
with moderate (2+) or strong (3+) cytoplasmic
and / or membrane staining in more than 10% of
the cells were considered EGFR-positive, sections
with negative staining (0) or weak (1+) expression
in less than 10% of the cells were considered EG-
FR-negative.

SPSS 21.0 (IBM SPSS Statistics, Armonk, NY,
USA) was used to analyze the obtained data. The
distribution of genotypes of the studied genes was
checked for compliance with the Hardy-Weinberg
equilibrium. A two-way F-test was used to com-
pare the frequencies of alleles and genotypes of
the EGFR gene, to assess their correlation with
the level of EGFR expression, as well as to analyze
the correlation between the level of EGFR expres-
sion and the NACT efficacy. If the number of ob-
servations in the contingency table was more than
5, then y® with the Yates correction was taken
into account. Differences were considered reliable
when at a significance level of p < 0.05.

RESULTS

To analyze changes in the EGFR expression
level in a tumor, we studied the content of cells
with negative and positive expression in biopsy
samples before neoadjuvant chemotherapy and
in postoperative samples after treatment. It was
discovered that the EGFR expression indices had
significantly changed during the course of NACT.
So, the number of cells with positive EGFR ex-
pression decreased from 85.7 to 44.8%; the num-
ber of EGFR-negative cells, in contrast, increased
from 14.3 to 55.2% (p = 0.000, Fig. 1). Since it was
found that NACT leads to a decreased EGFR ex-
pression level, we analyzed how these expression
features were connected with the tumor response
to therapy. It was revealed that a high frequency
of both objective clinical and pathological com-
plete responses of tumor was observed in patients
with a low EGFR expression level (p = 0.007 and
p = 0.000, respectively, Fig. 2).
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Fig. 1. The EGFR expression level in the tumor tissue before (a) and after () neoadjuvant chemotherapy

120 % 5= 0.000
100 | | \
5 | b= 0.007
60 -
40 |
20 -
0 Bl e
EGFR (+) EGFR (-)
cOR complete/partial regression 34.8 65.2
m NR stabilization/progression 83.3 16.7
pCR complete morphologic response 0 100
m nonpCR no response 83.9 16.1

Fig. 2. The correlation between the EGFR expression level in the tumor tissue and the NACT efficacy

Next, in order to assess their possible in-
volvement in triggering sensitivity and resistance
mechanisms of the tumor to NACT, polymorphic
variants of the EGFR gene were studied at the
two loci (rs1468727 and rs2227983) in the periph-
eral blood samples of TNBC patients. An analysis
of objective clinical response revealed that the
frequency of occurrence of the mutant EGFRCC
genotype at the rs1468727 locus in patients with
stabilization or disease progression was more
than 2 times higher than that in patients with
complete or partial regression, however, with-
out statistical differences (p = 0.114, Table 1).
The study of complete morphological regressions

BionneteHb cMbupckoin meguuuHbl. 2020; 19 (1): 13-20

made it possible to associate this mutant variant
with an inefficacious tumor response (p = 0.042,
Table).

We analyzed the correlation between the
EGFR polymorphic variants under study and the
expression level of the protein encoded by it. It
was discovered that carriers of mutant EGFRCC
genotypes of rs1468727 more often had positive
expression of EGFR in the tumor before NACT
when compared with carriers of the wild-type
EGFR gene (p = 0.047, Fig. 3). After NACT, pos-
itive expression of EGFR in the tumor was found
in all patients (100%) having mutations in this
polymorphic locus (p = 0.038, Fig. 3).
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Table
The correlation between the EGFR polymorphisms and NACT efficacy
Objective clinical response, # (%) Pathological complete response, # (%)
Genots2e/ | Complete/ | Stabilization/ Compl
allele omplete, tabilization, o omplete o
partial progression OR (95% CI)  p response No response OR (95% CI)  p

EGFR (rs1468727)

TT 25 (54.4) 7 (46.7) 1.00 12 (54.5) 20 (51.3) 1.00

TC 17 (36.9) 5 (33.3) 1.00 10 (45.5) 12 (30.8) 1.00

cc 4 (8.7) 3 (20.0) 0.38(0.06—2.54) 0.348 0 (0.0) 7 (17.9) 1.22(1.05-1.44)0.042!

T 67 (72.8) 19 (63.3) 1.00 34 (77.3) 52 (66.7) 1.00

C 25 (27.2) 11 (36.7) 0.64(0.25-1.69) 0.322 10 (22.7) 26 (33.3) 0.59(0.23-1.48) 0.217
EGFR (rs2227983)

GG 25 (54.4) 7 (46.7) 1.00 12 (54.5) 20 (51.3) 1.00

GA 19 (41.3) 6 (40.0) 1.00 10 (45.5) 15 (38.5) 1.00

AA 2 (4.3) 2 (13.3) 0.30(0.03-3.34) 0.251 0 (0.0) 4 (10.2) 1.11(1.00-1.24) 0.287

G 69 (75.0) 20 (66.6) 1.00 34 (77.3) 55 (70.6) 1.00

A 23 (25.0) 10 (33.4) 0.67(0.25-1.79) 0.372 10 (22.7) 23 (29.4) 0.70(0.27-1.79) 0.420

! differences of indices between groups “complete response” and “no response”.
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Fig. 3. The correlation between the EGFR expression level in the tumor tissue before () and after (b) neoadjuvant
chemotherapy and the EGFR polymorphisms

DISCUSSION

The study showed a significant decrease in the
level of EGFR expression in the tumor during
NACT, which is associated with an objective clin-
ical and pathological complete response of the
tumor. Literary sources confirm the obtained
data. It is known that the use of standard com-
binations of alkylating agents and taxanes for the
treatment of locally advanced or metastatic breast
cancer leads to a decrease in the initially high lev-
el of EGFR expression, which has prognostic sig-
nificance [16]. In addition, the EGFR expression
level is currently being considered as a potential
predictive marker of response to NACT in TNBC
patients [17].

18

Our study associates the lack of an effective
response to preoperative chemotherapy in TNBC
patients with their mutant EGFR genotypes of
rs1468727. It is known that the polymorphic vari-
ant of rs1468727 affects the intron region of EGFR
and does not directly alter the amino acid sequence
of the protein. However, mutations within in-
trons may significantly influence transcription and
RNA stability. A mutant variant of the EGFRCC
(rs1468727) may be connected with an increase in
receptor activity, its expression or stability, which
leads to the activation of EGFR-mediated signals
and significantly increased proliferative potential
of the tumor [18]. Our studies confirm this hy-
pothesis since the mutant EGFRCC genotype is
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related to no tumor response to NACT. It is im-
portant to note that tumors in 60% of patients
with this mutation are characterized by positive
expression of EGFR. A high level of EGFR ex-
pression may contribute to the activation of nu-
merous intracellular messengers, including P13K /
Akt, Ras / MAPK, STAT, which stimulates pro-
liferative processes, increases the invasive poten-
tial of the tumor, and eventually contributes to
ineffective treatment. It should be noted that the
EGFR gene polymorphism under study is scarcely
described in the literature. It is only the connec-
tion of the rs1468727 mutation and the prognosis
of gliomas that has been demonstrated [19].

CONCLUSION

The NACT efficacy in TNBC patients is as-
sociated with the genotypic and phenotypic fea-
tures of EGFR. The mechanisms of ineffectiveness
of neoadjuvant chemotherapy can be caused by
the EGFR mutation of rs1468727, which leads to
the high expression activity of the receptor. This
determines the realization of EGFR-mediated sig-
naling cascades providing tumor proliferative po-
tential. The decreased EGFR expression level in
tumor tissue after NACT and the polymorphic
variants of the EGFR gene (rs1468727) can be
considered as potential molecular criteria related
to the effectiveness of neoadjuvant chemotherapy
in TNBC patients.
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ABSTRACT

The aim of the study was to investigate the clinical phenomena of asthenia and subjective well-being of
women aged 40-65 with non-psychotic mental disorders.

Materials and methods. A complete examination of 204 women aged 40—65 who received treatment for
non-psychotic mental disorders within 1 year has been conducted. The data on the clinical phenomena
of asthenia were supplemented by patients’ rank assessment of fatigue and mood, determination of
asthenia severity using the Multidimensional Fatigue Inventory (MFI-20), a calculation of the Kupperman
menopausal index, and an assessment of the emotional component of well-being on the subjective well-
being scale. For statistical processing, the methods of descriptive statistics and non-parametric statistics
were used (for comparing independent samples — the Kruskal — Wallis criterion and Mann — Whitney
U-criterion were applied; for identifying the connection of signs — Spearman rank correlation was used).

Results. The profile of the identified disorders included neurotic, stress-related and somatoform disorders
(F40-49) — 67.7%, organic non-psychotic disorders (F06.4; F06.6) — 27.0%, and affective disorders
(F34.1) — 5.4%. The organic asthenic disorder was also the second most frequent diagnosis among
69 patients. 196 women complained of fatigue. Patients with complaints of constant fatigue were
significantly more likely to report headache, irritability, low mood, pessimistic thoughts, drowsiness, and
asthma attacks. Their low level of subjective well-being correlated with higher rates of asthenia on MFI-20
subscales, except for the “Reduced Motivation” subscale.

The rates for all MFI-20 subscales among women with asthenic syndrome were lower than for patients with
the depressive syndrome. A lower level of subjective well-being was revealed in patients with depressive,
anxiety-depressive and anxiety-phobic syndromes, which differed by more pronounced manifestations of
asthenia.

Conclusion. The conjugation and complementarity of the scales used in the study made it possible to
measure both asthenia and the emotional state and subjective well-being of women with non-psychotic
mental disorders associated with it.

Key words: asthenia, non-psychotic mental disorders, menopause, women.
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AcCTeHu1A KaK akTya/ZibHaA npob/1iema 340pOBbA KEHLLUH C HeNCUXOTUYECKUMMU
NCUXUYECKMMU PacCTPOMCTBAMU: BO3SPACTHOM acNeKT

Besnokpbinosa M.d." 2, apraHeesa H.MN." 2, HukutuHa B.B.', EnaHunHuyeBa E.M."

T Hayuno-uccaedobamenvciusi uncmumym (HUN ) ncuxuecrozo 300pobvs, Tomexutl nayuonarvmvii uccaedobamervcxuii
meduyunciuti yenwmp (HUML] ), Poccutickoit axademuu nayx
Poccus, 634014, 2. Tomck, ya. Areymexas, 4

2 Cubupcruii zocydapembennoni meduyuncxuii ynubepcumem (Cu6I' MY )
Poccus, 634050, 2. Tomex, Mocxobexuti mpaxm, 2

PE3IOME

IJeab mMccaepOBaHMA — M3ydeHME KAMHUYECKMX OPOABAEHMI aCTeHMM M CYyGbEeKTUBHOIO GAATONOAYYHA Y
SKEHINVH C HeNCUXOTUYECKUMN ICUXMIECKUMM paccTpoiicTBamu B Bo3pacte 40—65 rer.

Marepuaast u metToAsl. I[IpoBepeHo crromuoe o6caepoBanne 204 sxkenmun B Bodpacre 40—65 aer, mocry-
IMBUIMX B TedeHNMe 1 ropa Ha AedeHMe IO MOBOAY HEICUXOTHYECKMX NCUXMYECKMX paccTpoiicTs. AaHHbIe
O KAMHMYECKMX IPOSABACHMAX AaCTEHMM AONOAHAAMCH PAHTOBOM OLJEHKOJ MAaIMeHTaMM YTOMAAEMOCTH U
HAaCTPOEHN:, ONPeAeAeHNMEeM BBIPASKEHHOCTHM aCTEeHMM C momoupio cyObextnBHOi Illkaabl omeHku acre-
uun MFI-20; pacyerom MeHomay3aapHOTO MHAekca KymepmaHa; OLeHKOM 3MOLMOHAABHOTO KOMIIOHEHTa
6raronoayuns mo Illkanre cyGbertuBHOrO Graromoayumsa. IIpm cratmctudeckoit 06paboTke MCIOAB30Ba-
AMCh METOABI OIMCATEABHON CTATUCTUKY, HENAPAMETPUIECKON CTATUCTUKY (AASL CPaBHEHMA HE3aBUCHMBIX
BbIGOPOK — kpurepuit Kpackenaa — Yoannca, U-kpurepuit Manna — YuTHK; AAS BBIABACHUSA B3aMMOCBA3U
IPM3HAKOB — KOPPEAALMOHHbIA aHaAu3 no Crnmpmeny).

Pesyaprater. CTpyKTypa BBIABAEHHBIX PACCTPONCTB BKAIOYAaAa HEBPOTHMYECKME, CBA3AHHBIE CO CTPECCOM 1
comaropopmusie paccrpoiictea (F40-49) — 67,6%; 27,0% — Opranudeckne HENCUXOTUYECKUE PACCTPOI-
crea (F06.4; F06.6); 5,4 % — Addextusunie paccrpoiictsa (F34.1). Opranudeckoe acreHudeckoe pac-
CTPOJCTBO GBIAO TAK3KE BTOPHIM AMATHO30M Y 69 maumeHToK. JKaro6bl HA yTOMAsSEMOCTD IpeAbaBuAK 196
skeHmyH. ITanueHTKN ¢ kar06amMy Ha MOCTOSHHYIO YTOMASEMOCTh 3HAYMMO Yalje OTMEYAAM TOAOBHYIO
6OAb, Pa3APakKUTEABHOCTD, CHUJKEHHOE HACTPOEHME, NECCUMUCTHIECKME MBICAYM, COHAMBOCTD, IPUCTYIIbI
yAyLIbs. BBIIBAEHHBIA Y HMX HU3KMI YPOBEHb CyGBEKTUBHOTO GAArOMOAYYMSA KOPPEAMpPOBaA ¢ Goree BbI-
CORMMM NOKa3aTeAsmu acTeHun 1o cyOukaram MFI-20, kpome cyGukanbl «CHUSKEHME MOTUBALNK ».

V SKeHWMH C ACTEHMYECKMM CHHAPOMOM I[OKasaTeau 1o BceM cybumkaram MFI-20 6eiam Huke, dem
y HalMeHTOB C AENPECCUBHBIM CHMHAPOMOM. BhIfiBAEH MeHbLIMII YPOBEHb CYGBEKTMBHOIO GAATOMOAYYMSA
y mDangmueHToK C AereCCI/IBHbIM, TPEBO}KHO—ACHPECCMBHBIM n TpeBO}KHO—q)O6I/I‘{eCKI/IM CI/IHApOMaMI/I, KOTO-
pre OTAMYAAUCH U 60/\ee Bpra}KeHHbIMM HpO}IBAeHI/J}IMM ACTEHUN.

3akarouenne. COHpH}KeHHOCTb " B3aMMOAOIOAHAEMOCTb MCIIOAB3OBAHHBIX B MCCACAOBAHMM IIKAA MO3BO-
AAIOT UBMEPUTH KaK aCTEHUIO, TaK ¥ ACCOUMMPOBAHHbIE C Heu 9MOUMOHAABHOE COCTOAHME U Cy6’beKTI/IBH06
6Aaronoz\y‘me JKEHIIMH C HENCUXOTUIECCKUMMU IICUXUICCKUMU paCCTpOﬁCTBaMI/I.

Karouessie caoBa: ACTeHMA, HEIICUXOTUIECCKME NCUXUIECCKUE paCCTpOIZCTBa, MEHOIlay3a, JKEeHIMHBI.

KondauxT uHTepecoB. ABTOPBI A€KAAPUPYIOT OTCYTCTBME ABHBIX ¥ MOTEHIMAABHBIX KOH(MAMKTOB MHTEpE-
COB, CBAI3aHHBIX C MyGAMKALMEN HACTOALEN CTATHU.

Ucrounnk dunancuposanna. Ounancuposanme B pamkax Tembl HIUP, momep rocpermcrpammm AAA-
A-A19-119020690013-2.
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CooTBeTCTBME NPMHUMIAM ITUKM. Bce mammeHTs HOANMCAAM IMCbMEHHOe MH(MOPMMPOBAHHOE COTAACHE.
MccaepoBanme 0AO0GpPEHO AOKaAbHBIM 3Tmdeckum komurerom HVW ncmxmueckoro 3a0posbs Tomckoro

HUMIT (nporokoa Ne 99 or 17.04.2017).

Aas umtuposanus: Bearokpeirosa M.®., Tapraneesa H.IL., Hukuruna B.B., Enanununesa E.M. Acrenus
KaK aKTyaAbHas npo6AeMa 3A0POBbS SKEHINMH C HENCUXOTUIECKUMM IICUXMIECKUMM PACCTPONCTBAMM: BO3-
pacTHO acnext. Broazemens cubupcroii meduyunve. 2020; 19 (1): 21-28. https:;//doi.org: 10.20538/1682-

0363-2020-1-21-28.

INTRODUCTION

Asthenia is a non-specific condition wide-
spread both in psychiatric practice and in a clin-
ical picture of internal diseases, which incidence
rates in the population are from 12 to 18%, at the
reception of general practitioners — in 20~25% of
patients [1]. Elevated fatigue is observed in many
mental disorders and somatic diseases revealed in
women in the period of perimenopause and post-
menopause. In the age range of 40—65 years, it is
important to estimate the absolute total cardio-
vascular risk on the European SCORE scale, and
to identify diseases and conditions that increase
the risk of cardiovascular complications. Russian
researchers are studying the risk factors of devel-
opment of cardiovascular diseases such as obe-
sity, arterial hypertension, dyslipidemia, insulin
resistance, diabetes, etc. [2]; biomarkers of car-
diovascular diseases [3], and the influence of thy-
roid hormones [4]. Domestic cardiologists state
significant limitations of ability to work due to
“combined cardiometabolic problems” of women
up to age 60, which become the cause of termi-
nation of working activity [5]. The most frequent
problems for Russian women aged 45—60 are de-
pressive mood, physical and mental fatigue, and
discomfort associated with pains in muscles and
joints [6]; while in China women aged 40-60
have physical and mental exhaustion (90.3%),
discomfort in joints and muscles (88.5%), irri-
tability (78.1%) and sleep disorders (77.1%) [7].
Polish investigators found depressive symptoms
in 25.5% of 815 healthy women aged 45—60 using
the Beck Depression Inventory (BDI), in 40.6% —
anxiety was identified (according to data of
the State-Trait Anxiety Inventory (STAI)). Re-
searchers also determined their interrelationship
with insomnia, problems with concentration, fa-
tigue and psychomotor “agitation” [8]. The lit-
erature covers multiple studies of prevalence and
structure of depressive disorders of women in

the perimenopause and postmenopause periods
[9]; signs typical of climacteric depression are
described [10].

Cross symptoms of asthenia and depression
such as weakness, fatigue, sleep disorders often
complicate the early diagnosis that is worsened
in the presence of concurrent diseases of internal
organs [11]. In most cases, psychoemotional dis-
turbances found in women in the “period of meno-
pausal transition” [12] and the postmenopause are
associated with symptoms of comorbid diseases of
internal organs [13] and psychopathologic disor-
ders caused by coping with the influence of psy-
chosocial factors. Research implemented in this
direction is focused on recovery and/or support
of women’s energy resources, maintenance of
their working efficiency and improvement of the
quality of life.

The aim of the study was to investigate the
clinical phenomena of asthenia and subjective
well-being of women aged 40-65 with non-psy-
chotic mental disorders.

MATERIALS AND METHODS

The study was performed at the 1% Clinical
Psychiatric Unit of the Clinic of Mental Health
Research Institute of Tomsk NRMC. A complete
examination was conducted on 204 women aged
40-65, who received treatment for non-psychotic
mental disorders and signed a written informed
consent to participate in the study. The diagno-
sis verification of the current mental disorder was
accomplished according to diagnostic criteria of
ICD-10. In accordance with inclusion criteria,
the study group included patients with “neurot-
ic, stress-related, somatoform disorders, organic
non-psychotic disorders, and affective disorders
(dysthymia).” Exclusion criteria were cases of ver-
ified diagnosis of schizophrenia, presence of signs
of dementia, and affective disorders (except for
dysthymia).
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Clinical psychopathologic, physical, psy-
chological, clinical laboratory, and statistical
methods were used in the study. For each pa-
tient, a “Score card of complex evaluation of
the patient’s mental and physical health” was
completed.

The data on clinical phenomena of asthenia
were supplemented by patients’ rating of the fa-
tigue and mood and identification of severity of
asthenia with use of the MFI-20 subjective rating
scale of asthenia (The Multidimensional Fatigue
Inventory; Smets E.M.A., Garssen B.]., Bonke B.,
De Haes J.C., 1995) [14]. The results covered 5
components (subscales) of asthenia: “General Fa-
tigue”, “Physical Fatigue”, “Reduced Activity”,
“Reduced Motivation”, and “Mental Fatigue”. In-
dexes higher than 12 points on any of the sub-
scales confirmed the presence of asthenia, a total
score on five subscales more than 60 confirmed
clinically expressed asthenia.

In the course of study, the comparative anal-
ysis of psychopathologic symptoms was con-
ducted in groups of women divided according
to the criteria of age evaluation changes of the
hypothalamic-pituitary-ovarian system function-
ing (Stages of ageing of the reproductive sys-
tem of women according to criteria of Stages
of Reproductive Aging Workshop (STRAW) +10
(2011)) [12].

For the quantitative evaluation of the severi-
ty of the climacteric syndrome, the Kupperman
menopausal index (Kupperman H.S., 1953, mod-
ified by E.V. Uvarova, 1982) was measured. The
body mass index was calculated from the formula:
body weight (kg) / heightI(m).

For measuring the emotional component, the
Scale of subjective well-being (Perrudet-Badoux
A., Mendelssohn G., Chiche J. (1988), adjusted by
M.V. Sokolova (1996)), was used. The mean value
was 3.5 £ 2. The higher the index, the lower the
subjective well-being of the subject.

The statistical processing was conducted with
the use of Statistica 8.0 software. For evaluation of
non-parametric data during comparison of inde-
pendent samples, the Kruskal-Wallis and Mann —
Whitney criteria were used. The data were pre-
sented as a median, upper and lower quartiles Me
(O,~Q,). To understand the connection of signs,
the Spearmen’s correlation analysis (Rs) was used.
During contingency table analysis, the Fisher’s ex-
act test was applied. The critical level of signif-

icance during the testing of the hypotheses was
accepted as p = 0.05.

RESULTS AND DISCUSSION

Currently, only 109 (53.43%) out of 204 exam-
ined women addressed the psychiatrist for the first
time, 45 (22.05%) entered the treatment for the
second time, and 50 (24.5%) had three and more
hospitalizations in the medical history. More than
a half of patients, 55.39% (113/204), noted stress-
ful situations preceding to this hospitalization, in-
cluding relations with spouses, parents, children
or problems at work.

120 women (58.82%) had secondary vocation-
al education, 75 women (36.6%) — higher edu-
cation, 8 women (3.92%) — secondary education,
1 person — no higher education. There were
108 married women (52.94%), 88 single women
(43.13%) and 8 women were in a relationship. 159
people (77.94%) continued their working activi-
ty. Among all 204 women, 48 women (57.14%)
were postmenopausal. The structure of non-psy-
chotic mental disorders in the total group includ-
ed 47.5% (n = 97) of adjustment disorder (F43);
27.0% (55) of organic non-psychotic disorders
(F06.4; F06.6); 18.6% (38) of other anxiety disor-
ders (F41); 5.4% (11) of affective disorders (F34.1);
and 1.5% (3) of somatoform disorders (F45). The
second most frequent diagnosis in 49 women with
adjustment disorder and 20 women with anxiety
disorders was organic asthenic disorder. The to-
tal number of organic disorder cases was 60.8%
(124 of 204 women). The concurrent diseases of
internal organs were hypertensive illness (pre-
dominantly stage II) — 75.98% (155/204), thy-
roid diseases (more often chronic thyroiditis) —
48.5% (99), diseases of gall-bladder, bile ducts and
pancreas — 39.7% (81), diseases of joints (osteoar-
thritis — 35.8% (73), diseases of esophagus, stom-
ach and duodenum — 20.1% (41), irritable bowel
syndrome — 14.7% (30), and liver diseases — 6.4%
(13). High combinability of hypertensive illness
with metabolic dysfunctions of carbohydrate and
fatty metabolisms, type II diabetes mellitus —
5.4% (11), disturbance of glucose tolerance —
12.3% (25), obesity — 37.3% (76), etc. was found.

196 women (96.1%) made complaints of fa-
tigue. Headaches were observed in 74.5% of cases
(n = 152), dizziness — in 60.8% (124), sleep dis-
orders — in 82.4% (168), drowsiness — in 48.0%
(98), complaints of attention and memory distur-

24 Bulletin of Siberian Medicine. 2020; 19 (1): 21-28



Original articles

bances constituted 51.0% (104), mood swings, low
mood —74.5% (152), pessimistic thoughts — 41.2%
(84), “hot flashes” — 43.6% (89), asthma attacks —
18.6% (38), increased excitability, irritability —
58.8% (120).

Significant differences in the severity of fa-
tigue between groups of working and not work-
ing women, married and single women, women
with the first or repeated hospitalizations, and
women with the presence or absence of meno-
pause were not revealed. Severity of fatigue did
not depend on the presence or absence of hyper-
tensive illness. Correlations between the degree
of severity of the reported fatigue and age at the
moment of evaluation, age of menopause, dura-
tion of menopause and the body mass index were
not revealed.

During severity ranking of fatigue, 8 patients
(average age 55.0 (48.5 to 58.0 years)) denied the
presence of the symptom (group 0). 32 patients
(average age 53.0 (48.0 to 56.5 years)) noted pe-
riodically an arising state of fatigue (group 1); 80
patients (average age 52.0 (45.5 to 57.0 years))
often experienced increased fatigue (group 2); 84
patients (average age 52.0 (45.5 to 57.0 years))
complained of constant severe fatigue (group 3).

Among multiple symptoms in the clinical pic-
ture of the patients’ current syndrome, intergroup
differences on fatigue severity were found depend-
ing on the presence/absence of headache (x' =
13.98; p = 0.002932). The patients with headache
more often complained about constant fatigue
(F = 3.245; p = 0.000). In Group 1 complaints
of headache were less common (differences with
Group 2 were confirmed ¥2=5.78; p = 0.016204;
with Group 3 — ?=7.37; p = 0.006615) along with
pessimistic thoughts (x*=6.34; p = 0.042084; and
= 11.49; p = 0.003204, respectively). Significant
differences were revealed between Groups 1 and
3 in frequency of complaints of asthma attacks
(2 = 5.26; p = 0.021827; F = 6.555; p = 0.000),
drowsiness (x> = 18.33; p = 0.000019, F = 19.378;
p = 0.000), low mood (x> = 11.38; p = 0.009859),
which also were less common in Group 1. No dif-
ference in the frequency of sleep disorders be-
tween the groups were found. In Groups 2 and 3,
the frequency of headache complaints, low mood,
pessimistic thoughts, “hot flashes” and a number
of other symptoms did not differ. However, there
were differences in the frequency of asthma at-
tacks (x> = 7.27; p = 0.006999; F = 7.622; p =

0.000), elevated excitability and irritability (x> =
6.18; p = 0.012906; F = 6.260; p = 0.000), and
drowsiness (x> = 13.96; p = 0.000187; F = 14.372;
p = 0.000), which were observed more often in
Group 3.

Thus, patients with complaints of constant fa-
tigue (Group 3) were more likely to have such
symptoms as irritability, elevated excitability, low
mood, pessimistic reflections, drowsiness and asth-
ma attacks.

The comparative analysis of indexes of sub-
jective well-being revealed significant differenc-
es between Group 0 (3.5 (2.0-5.0) points) and
Group 1 (6.0 (4.0-7.5) points), Group 2 (6.0 (5.0—
7.0) points) and Group 3 (7.0 (6.0-8.0) points),
that confirmed emotional well-being of patients
who did not experience fatigue (p,, = 0.019645;
p,,=0.004650; p, .= 0.000222). Significant differ-
ences were also found between Groups 1 and 3
(p = 0.007481) Groups 2 and 3 (p = 0.009579) in
the absence of differences between Groups 1 and
2. It indirectly indicates similar effects of “occa-
sionally” and “often” arising states of tiredness
(likely, not sufficiently differentiated by patients
linguistically during completion of the question-
naire) on the level of subjective well-being. Ac-
cording to the results interpretation on the Scale
of subjective well-being, higher indexes in Group
3 confirmed a low level of subjective well-being
in patients with complaints of constant fatigue.

A positive correlation of the indexes on the
Scale of subjective well-being and the value of
the menopausal index (Rs = 0.37; p = 0.000000)
were calculated, reflecting a decrease in subjec-
tive well-being of women as the menopausal index
increased. The differences between Groups 0, 1,
2 and 3 were found. Table 1 shows the values of
the menopausal index in groups of patients aged
40-65 with non-psychotic mental disorders with
different severity of fatigue.

With menopausal index values from 35 to 58
points, which were noted in women in Groups 2
and 3, it was possible to conclude that moderate
severity of the climacteric syndrome and vegeta-
tive disturbances were predominant.

A direct correlation between indexes on the
subjective Scale of asthenia evaluation MFI-20 and
on the Scale of subjective well-being in the group
of 204 women was found: the more the asthenia
was expressed, the lower subjective well-being of
the patient was.

BionneteHb cMbupckoit MeguumHbl. 2020; 19 (1): 21-28 25



Belokrylova M.F., Garganeeva N.P., Nikitina V.B., Epanchintseva E.M.

Asthenia as a pressing health issue for women with

Table
Menopausal index values in groups of women aged 40—65 years with different severity of fatigue
Number of
Groups patients Menopausal Index, Me (Q,—Q,) p U VA
(0-1) 0.067869 74.00000 —-1.82588
0 8 16.0 (13.0-25.0) (0-2)0.005692 129.500 —2.76503
(0-3) 0.000432 82.00000 —3.51964
(1-2) 0.000134 687.0000 —3.81932
1 32 23.5 (21.0-29.0
( ) 1-3) 0.000000 334.5000 —6.23576
80 31.0 (25.0-37.0)
2-3) 0.000004 1957.500 —4.61389
3 84 38.0 (31.5-44.0) (2-3)

Note: p — level of statistical significance of differences between the menopausal indexes in groups.

The indexes of subscales of MFI-20 were com-
pared with the presented complaints of fatigue.
Statistically significant correlations were obtained
depending on the severity of fatigue on all sub-
scales, that were the most significant for the total
indicator of asthenia (Rs = 0.47; p < 0.001) and
General Fatigue subscale (Rs = 0.53; p < 0.001).
In particular, the average total scores of asthe-
nia on MFI-20 were identified, which made 36.5
(31.0-41.5) points for Group 0, 54.0 (48.0-62.0)
points for Group 1, 57.0 (49.0-65.0) points for
Group 2 and 66.0 (59.0-72.0) points for Group
3. The obtained quantitative indexes of asthe-
nia confirmed the absence of asthenia in patients
in Group 0. In Group 1, the highest severity of
asthenia was observed on the subscale “General
Fatigue” (tiredness). In Group 2, indexes higher
than 12 points were noted on the subscales “Gen-
eral Fatigue”, “Physical Fatigue” (flabbiness in
muscles and limbs, tiredness, willingness to have
a rest), and “Reduced Activity”. In Group 3 —
along with the indexes listed above, high indexes
on the subscale “Mental Asthenia” were obtained
(difficulty of keeping attention, worsening of the
acumen and memory). In all groups there was no
increase in the indexes on the “Reduced Motiva-
tion” subscale, that indirectly testified to presence
in patients of plans, willingness to implement them
and to obtain pleasure from fulfilled businesses.

The subjectively evaluated mood, from mood
swings to low mood, apparently correlated with
all subscales of MFI-20. Patients not presenting
mood complaints (# = 52) had low indexes on
the subscales in comparison with the rest of the
women. Significant differences were revealed be-
tween indexes in patients noting instability, vari-
ability of mood during the day (» = 77), and
women with complaints of low mood (n = 64)

in the total level of asthenia, on the subscales
“Reduced Activity” and “Reduced Motivation” as
well as patients rating their mood as “full apa-
thy” (» = 11), on the subscales “Physical Fatigue”
and “Reduced Motivation”. In the meantime, the
maximum severity of general, physical and total
asthenia on the MFI-20 scale and reduced activ-
ity in women with complaints of low mood and
apathy was identified. They also had more than
12 points on the “Reduced Motivation” subscale,
higher frequency of elevated excitability, irri-
tability and drowsiness during the day in spite
of the absence of differences in the frequency of
sleep disorders. The peculiarity of mental state of
patients with complaints of low mood, in contrast
with women without such complaints, was pre-
dominantly anxiety-depressive (44.0% vs. 15.4%)
and depressive (13.3% vs. 3.9%) syndromes (3> =
21.72; p = 0.000228), which were within adjust-
ment disorder.

In conducting the comparative analysis of the
level of asthenia on the subscales of MFI-20 in pa-
tients with different psychopathologic syndromes
at the moment of the survey, a number of signif-
icant differences was revealed. The highest total
scores of asthenia were noted in patients with the
leading depressive (66.0 (61.0—74.0) points), anx-
iety-depressive (61.0 (53.0-68.0) points) (which
differed them significantly from patients with as-
thenic syndrome — 55.5 (48.0-65.0) points) and
anxiety-phobic (63.0 (53.0-70.0) points) syn-
dromes. This indicator also indicated the signifi-
cant differences between patients with anxiety and
depressive syndrome (p = 0.009441), and depressive
and anxiety-depressive syndrome (p = 0.039813).
“General Fatigue” reached a higher level than
other characteristics of asthenia, irrespective from
the leading psychopathologic syndrome.
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In women with asthenic syndrome, indexes on
all the subscales of MFI-20 were lower than in
patients with depressive syndrome (in all cases
p < 0.05); and the indexes on the subscale “Re-
duced Activity” were lower than in patients with
anxiety-depressive and anxiety-phobic syndromes.
Between patients with anxiety and depressive syn-
dromes the significant differences on all the sub-
scales of MFI-20 were found (p < 0.05), except
on the subscale “Mental Fatigue”. Patients with
anxiety-depressive and anxiety-phobic syndromes
had higher indexes on the scale “Reduced Activ-
ity” than patients with anxiety syndrome. “Phys-
ical Fatigue” was more severe in patients with
depressive syndrome (14.0 (13.0-16.0) points) in
comparison with patients with anxiety-depressive
syndrome (12.0 (11.0-15.0) points; p = 0.008555).

During evaluation of subjective well-being in
patients with different psychopathologic syn-
dromes at the moment of the survey, a lower level
of well-being was revealed in patients with depres-
sive, anxiety-depressive and anxiety-phobic syn-
dromes which were also notable by more severe
manifestations of asthenia.

Thus, elevated fatigue in the overwhelming
majority of cases is included in the symptom com-
plex of the current state of women with non-psy-
chotic mental disorders. As a main symptom, as-
thenia is often observed in adjustment disorder,
neurotic and affective disorders, an is an integral
sign of organic asthenic disorder. A big number
of concurrent diseases of internal organs, that add
asthenic manifestations in women in the period
of peri- and postmenopause, make the issues of
differential diagnosis and appropriate therapeutic
strategies topical.

The findings show additional possibilities of use
of the subjective Scale of asthenia evaluation MFI-
20 in the survey of patients with non-psychotic
mental disorders. The subscale “Reduced Moti-
vation”, intact in evaluation of different severity
of asthenia in subjective complaints of patients,
represents a differential sign indicating the pres-
ence of low mood. The sensitivity of the MFI-20
subscales to the patient’s subjective perception of
the variability of their own mood and the revealed
differences of asthenia indexes depending on the
leading psychopathologic syndrome expand the
range of psychometric use of the Scale of evalua-
tion of asthenia MFI-20 and are useful when dif-
ferential diagnostic difficulties in differentiation of

fatigue as a manifestation of asthenia or resource
exhaustion arise.

CONCLUSION

The conducted analysis in the group of women
with non-psychotic mental disorders allows rec-
ommendation of the use of the subjective eval-
uation scale of asthenia MFI-20, and the Scale
of subjective well-being for quantitative confirma-
tion of the dynamics of available symptoms in the
mental state of patients along with the use of con-
ventional psychometric scales of rank evaluation
of fatigue and mood. The findings show conjuga-
tion and complementarity of these scales measur-
ing not only asthenia, but also related emotional
state and subjective well-being of the patient.

Early detection of asthenia in women aged
40-65 in view of the risk of cardiovascular com-
plications and interrelationship with depressive
and anxiety disorders is aimed at preventing later
manifestations and formation of cognitive disor-
ders and senile asthenia. This is the list of the
main targets of the current preventive direction
and medical examination of the population in pri-
mary health care.
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ABSTRACT

The aim of the study was to reveal clinical and dynamic characteristics of affective disorders (AD) in
comorbidity with alcohol addiction (AA).

Materials and methods. 65 patients with affective disorders [22 women (34%) and 43 men (66%)] were
examined. The main group included 34 patients aged 44.5 [36.0; 51.5] with affective disorders and comorbid
alcohol addiction The comparison group included 31 patients aged 45 years [32; 52] with affective disorders
without comorbid narcological pathology. Compared groups were matched by sex, age and nosological
structure (p > 0.05). The following methods were used in the study: clinical and psychopathological, clinical
follow-up, psychometric, statistical, as well as these psychometric scales: Clinical Global Impression (CGI),
Hamilton Depression Rating Scale (HDRS-17), Hamilton Anxiety Rating Scale (HARS), Social Adaptation
Self-evaluation Scale (SASS).

Results. The comparative assessment of clinical and dynamic characteristics of affective disorders and
social adaptation level was conducted. Chronology of occurrence of comorbid affective disorders and
alcohol addiction was analyzed.

Conclusion. Addition of alcohol addiction to affective disorders worsens the clinical and dynamic indices
and social adaptation level of patients.

Key words: affective disorders, alcohol addiction, comorbidity, clinical picture, adaptation.
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AdPeKTnBHbIE pacCTPOUCTBA NPU KOMOPOUAHOCTHU C a/AIKOTrO/IbHOM
3aBMCMMOCTDbIO: K/IMHUKO-ANHaMN4YeCKMe 0CO6eHHOCTH, ypOBEHb
COLMa/IbHOM aganTauumn 60/1bHbIX

BacusbeBa C.H.', CcumyTkuH I.I.', CuacTHbI E.A.%, /leb6egeBa E.B.', BoxaH H.A." %3

I Hayuno-uccaedobamenvcius uncmumym (HUW ) ncuxuuecxozo 300pobvs, Tomcrus nayuonarvrvii
uccaedobamenvciusi meduyuncxuii yenmp (HVMI]) Poccutickon axademuu nayx
Poccus, 634014, 2. Tomcex, ya. Areymcras, 4

2 Cubupexuii zocydapembennvisi meduyuncius yrubepcumem (CubI'MY )
Poccus, 634055, 2. Tomcx, Mockobexusi mpaxm, 2

I Hayuonanvnoui uccaedobamervexuii Tomexuti zocydapembennoii ynubepcumem
Poccus, 634050, 2. Tomex, np. Aenuna, 36

PE3IOME

ITeap mMcCAEAOBaHMS — BBIABAEHME KAMHMKO-AMHAMUYECKUX XaPAKTEPUCTUK ad(HEKTUBHBIX PacCTPONCTB
(AP) npy nx KOMOPGUAHOCTH C aAKOTOABHOM 3aBUCUMOCTBIO (A3).

Marepuaasl u meroast. O6caepoBansl 65 naguentos ¢ AP — 22 sxenmunsl (34%) un 43 (66%) My>K4uHBI.
OcuoBHas rpynna — 34 nanmeHra ¢ ad@EKTMBHBIMM PACCTPONCTBAMM UM KOMOPOMAHON aAKOTOABHOI
3aBucUMOCThIO B Bo3pacte 44,5 aer [36,0; 51,5]. Ipynna cpaBrenna — 31 manueHT ¢ adexTHBHBIMU
paccrpoitctBamMu  6e3 KOMOPOMAHON HAPKOAOTMYECKON MATOAOTMM B Bo3pacte 45 aer [32; 52].
CpaBHyBaeMble TPYIIbI GBIAM CONOCTABMMBI IO IIOAY, BO3PACTy M HO30AOTMYECKOI cTpyKType (H > 0,05).
B nccaepoBaHMM IPUMEHAAMCH CAEAYIONIVE METOABL KAMHMKO-IICUXONATOAOTHMIECKNI, KAMHUKO-KATaMHe-
CTUYECKMI, ICUXOMETPUIECKNIL, CTATUCTUIECKNUI, a TAKXKe ICUXOMETPUIECKHUE WKAABL IIKAAd TAOOGAABHOI
kananyeckoit ouenku CGI, mrkara aenpeccun T'amuabrona HDRS-17, wikara tpesorn I'amuabrona HARS,
IKaAa CAMOOIIEHKM COIMaAbHOM apanTanum SASS.

Pesyasratsl. IIpoBepeHa cpaBHMTeABHAA OIEHKA KAMHMKO-AMHAMMYECKMX XapaKTepUCTHK ad@eKTUBHBIX
pPacCTPOCTB ¥ YPOBHA COLMAaAbHON apantamuyu. IIpoaHaaMsupoBaHa XPOHOAOTMSA BO3HMKHOBEHUA
KOMOPOMAHBIX adPERTUBHBIX PACCTPONCTB M aAKOTOABHON 3aBUCHMMOCTH. 3akatodeHnme. Ilpucoeanuenne
AAKOTOABHOJ 3aBUCMMOCTM K ad@EKTUBHBIM pACCTPONCTBAM YXyAIAeT MX KAMHMKO-AMHAMMUYCCKME
IIOKA3aTeAN ¥ YPOBEHb COIMAABHOM ajAaNTaluy NanUeHTOB.

KawoueBsie croBa: addexTuBHbIE PACCTPOICTBA, AAKOTOABHAS 3aBMCUMOCTb, KOMOPGMAHOCTD, KAMHIMKA,
apanTamnus.

Kondankr wuHTepecoB. ABTOPH AEKAAPUPYIOT OTCYTCTBME fABHBIX ¥ NOTEHIMAABHBIX KOH(AUKTOB
MHTEPECOB, CBA3aHHBIX C IyOAMKALeN HACTOSIEN CTAThN.

Ucrounnk unancuposanms. VccaepoBaHme BbIMOAHEHO mpu moAAepskke rpanta PHO 19-15-00023
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INTRODUCTION

The problem of comorbidity of mental disorders
remains relevant and requires further study, despite
the huge number of studies devoted to it [1-4]. The
high comorbidity level of affective disorders (AD)
with other mental disorders is confirmed by the re-
sults of epidemiological and clinical studies [5, 4].
Alcohol addiction (AA) is one of the most common
comorbid pathologies of individuals with AD along
with anxiety and personality disorders [7—10]. The
occurrence frequency of alcohol addiction among
patients with AD is several times higher than that in
the general population. In AD, men are more prone
to develop an alcohol addiction, while women more
often have anxiety disorders as comorbid patholo-
gies [11]. In bipolar affective disorder (BAD), the
risk of developing AA is six to seven times higher
than in the general population, and with depression,
it occurs in 25-40% [12, 13]. According to the data
analysis collected from specialized institutions of
eight European countries, among patients aged 18—
64 years with alcohol addiction (n = 1767), de-
pression was detected in 43.2% of cases (95% CI:
40.7-45.8) [14]. Patients with AD often use alco-
hol to alleviate symptoms of depression and anxi-
ety [15]. In narcological pathology, the frequency
of mood disorders also reaches a high level. Af-
fective disorders increase the risk of AA and vice
versa, but according to individual authors, such
a pattern is observed only in males [16].

Numerous studies are devoted to identifying
pathogenetic interactions in comorbidity between
AA and affective pathology. The results indicating
common genetic factors in the development of both
disorders [17] and involvement of the same neuro-
humoral mechanisms in the pathogenesis have been
obtained. Such personality traits as alexithymia and
social anxiety are common psychological factors of
alcoholism and depression [18]. Currently, the prob-
lem of correlation between AD and pathological at-
traction to alcohol remains unresolved and relevant.

It is known that AA can be formed before and af-
ter the development of affective pathology. According
to some sources, mood disorder manifests itself ear-
lier and alcohol addiction develops during the course
of the disorder [19]. The comorbidity of AD with
alcohol addiction leads to differentiation difficulties
with developed AA and symptomatic alcoholism on
the one hand and with depressive disorders (DD) and
secondary depression due to ethanol intoxication or
a person’s reaction to the social consequences of al-
coholism on the other hand. An important differential
criterion for primary depression is the manifestation
of DD before the development of alcoholism.

Affective disorders in comorbidity with AA are
characterized by a more frequent recurrence of de-
pressive episodes (DE), a large number of suicidal
attempts, a greater degree of maladjustment, and a
worse prognosis [20, 21]. The literature data on the
effect of comorbid alcoholism on the effectiveness of
antidepressant treatment in depressive disorders are
mixed. Some authors point out the negative impact
of alcoholism on the results of depression treatment
with antidepressants [22], while others do not con-
firm this effect [23]. Also, alcohol abuse complicates
the cooperation of the doctor and the patient and
reduces patient compliance.

The objective of the study was to reveal the clini-
cal and dynamic characteristics of affective disorders
in comorbidity with alcohol addiction. To achieve
the objective, a comparative assessment of the clini-
cal and dynamic indicators of AD comorbid with AA
and AD occurring in isolation was carried out.

MATERIALS AND METHODS

65 patients with AD were examined 22 women
(34%) and 43 (66%) men. [24] The median (ME)
age of the female patients was 45.5 years; interquar-
tile range (MDQ) — [35; 56], the median (ME) age
of the male patients was 38 years old [31; 57]. A
marital status analysis of the patients in the study
group revealed a significant proportion of single pa-
tients — 39 (60%): widowed — 9 (14%), divorced —
9 (14%), unmarried — 8 (12%). In the study group, pa-
tients with higher education accounted for 59% (» =
38), specialized secondary education — 20% (n = 13),
and secondary education — 21% (» = 14). Depend-
ing on the AD, the patients of the studied sample
were distributed as follows: bipolar disorder (BPD),
current DE — 18% (n = 12), recurrent depressive
disorder (RDD) — 42% (n = 27), DE — 26% (n = 17),
dysthymia — 14% (# = 9).

The studied patients were divided into two groups.
The main group included 34 patients with AD and co-
morbid AA (11 women and 23 men), aged 44.5 years
[36; 51.5]. The nosological structure of AD was pre-
sented: BPD — 24% (n = 8), RDD — 38% (1 = 13),
DE - 26% (n = 9) and dysthymia — 12% (» = 4). The
AA duration of patients was 8 years [3.5; eleven]. In
60% of cases (# = 19), during the period of depres-
sion, patients changed their manner of alcohol con-
sumption — they began to drink alone and in smaller
portions. In isolated cases (# = 3), intakes of immense
amount of alcohol were observed. The main motives
for alcohol consumption in the development of de-
pressive symptoms were to distract from painful dark
thoughts, block out the feeling of anguish, forget
about problems, and cope with anxiety and insomnia.
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The comparison group consisted of patients with
AD without comorbid narcological pathology: 31
people (11 women and 20 men) aged 45 years [32;
52]. Affective disorders were represented by the fol-
lowing nosologies: BPD — 13% (n = 4); RDD — 45%
(n = 14); DE — 26% (n = 8); dysthymia — 16% (n = 5).
he compared groups were matched by sex, age, and
nosological structure (p > 0.05).

The ethical principles of the World Medical As-
sociation Declaration of Helsinki (1975), as amended
(2008), were observed in working with the patients
involved. Of the main research methods the following
were used: clinical and psychopathological, clinical
follow-up, psychometric and statistical. During the
study the following psychometric scales were used:
Clinical Global Impression (CGI), Hamilton Depres-
sion Rating Scale (HDRS-17) and Hamilton Anxiety
Rating Scale (HARS). The levels of life quality and
social functioning of patients in various spheres of
life were determined by using the Social Adaptation
Self-evaluation Scale (SASS), developed in 1997 by
M. Bosc, A. Dubini, V. Polin. The questions included
in the scale are aimed at assessing satisfaction with
certain spheres of life (work, family relations and re-
lationships outside the family, leisure, etc.) and their
social functioning.

The following AD characteristics were evaluated
in the study groups [25]: age at the onset of AD, syn-
dromic variant of depression, indicators of suicidal
behavior of patients, the number of affective epi-
sodes per year with BPD and RDD, depression level
by HDRS-17, anxiety by HARS, disease severity by
CGI-S. The level of social adaptation of patients ac-
cording to SASS and the chronological sequence of
AD and AA development were also evaluated.

Statistical data processing was carried out on a
personal computer using the Statistica for Windows
(V. 8.0) package of standard applications. For quan-
titative indicators that do not meet the criteria for
a normal distribution, the median and interquartile
range Me [Q; Q,] were calculated and the level of sta-
tistical significance of differences between the groups
was determined by the Mann — Whitney criteria.
The analysis of qualitative features was carried out
through the study of their frequencies through con-
tingency tables using the x* criterion. When working
with small samples, the F-test (Fisher’s criterion) was
used. The accuracy of the differences between the
sample proportions was assessed using the Z-test.

RESULTS

The age at the beginning of AD in the main group
was 28.5 years [20.0; 39.5], in the comparison group —
30 years [26; 40]. Groups for this indicator did not

have statistically significant differences (p > 0.05).
The distribution of patients in the studied groups
depending on the leading depression syndrome is
presented in Table 1. No intergroup differences in
the syndromic structure of depression were found

(p > 0.05).
Table 1

Distribution of patients from the main and control groups
depending on the syndromic variant of depression, # (%)

Syndrgmic vafriants of Main group Comparison
epression group
Anxious 13 (38) 9 (29)
Dysphoric 14 (41) 8 (26)
Hypochondriac 309 4 (13)
Conversion 2 (6) 5 (16)
Adynamic 2 (6) 5 (16)
Total 34 (100) 31 (100)

Next, the following indicators of suicidal be-
havior were analyzed: suicide ideation in the cur-
rent episode and suicidal attempts in the past. The
distribution of patients depending on the presence
of suicidal thoughts in the current state did not
have statistically significant intergroup differences
(p > 0.05): in the main group, suicidal thoughts
were present in the clinical picture in 65% of cases
(n=22), in the comparison group — in 48 % (n = 15).
On the background of alcohol withdrawal syn-
drome, suicidal thoughts of the patients from the
main group became the most distressing, often ob-
sessive. Analysis of anamnestic and follow-up data
indicated a more frequent occurrence of suicidal
attempts in medical history of patients from the
main group: 27% and 6%, respectively (p < 0.05). In
the main group, severe depressive experiences and
psycho-traumatic circumstances, which were often
the social consequences of alcoholization, were the
most significant for suicidogenesis.

Estimation of the number of affective episodes
per year in patients diagnosed with RDD and BPD
showed that in the main group the indicator was
higher compared to the comparison group -
1.5 [0.9; 2.0] and 0.9 [0.7; 1.6], respectively,
U = 200,000; Z = 2.509, p = 0.012.

According to HDRS-17, the severity of depres-
sive symptoms in the groups did not have statisti-
cally significant differences (Table 2).

The Hamilton Anxiety Rating Scale score in the
studied patients showed that in the main group there
were more patients with a high level of anxiety than
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in the comparison group (p < 0.05). When analyz-
ing the distribution of patients depending on the
disease severity according to CGI-S, severe disor-

der (6 points) was detected more often in the main
group than in the comparison group: 35% (n = 12)
and 13% (n = 4), respectively (p < 0.005).

Table 2
Distribution of patients from the compared groups depending on the severity of depression and anxiety, 7 (%)
Main group Comparison group
Scale - B
mild moderate severe mild moderate severe

HDRS-17 2 (5.9) 24 (70.6) 8 (23.5) 4 (12.9) 23 (74.2) 4 (12.9)
HARS 1(2.9) 10 (29.5) 23 (67.6)# 1(3.2) 17 (54.9) 13 (41.9)
# p < 0.05.

Depending on the total number of SASS points,
patients of the compared groups were divided into
three subgroups: with poor social adaptation (0—
22 points), with difficult social adaptation (22-35
points) and with good social adaptation (35-52
points). Assessment of the social adaptation level
of the studied patients in the main and comparison
groups showed that a large proportion were patients
with difficult and poor social adaptation (Table 3).

Table 3

Distribution of patients with different levels of social
adaptation in the studied groups, 7z (%)

Indicator gl\f;l;; Cor;rlz)zilrri)son
Poor social adaptation 7 (21) 3 (10)
Difficult social adaptation 23 (68) 17 (55)
Good social adaptation 4 (11) 11 (35) #

# p < 0.05.

Also, it turned out that the main group consisted
of fewer patients with good social adaptation ac-
cording to the SASS (p < 0.05), as opposed to the
comparison group. Assessment of the chronologi-
cal sequence of the comorbid disorders occurrence
in the main group showed that AD in most cases
(p < 0.05) preceded the development of AA in 74%
of cases (n = 25).

DISCUSSION

When analyzing the data, it is worth noting that
in patients with AD, both with and without comor-
bidity with AA, anxiety and dysphoric variants of
depression are revealed in more than half of the cas-
es. According to the results of epidemiological and
clinical studies, the prevalence of developed anxiety
disorders in patients with AD and AA reached high
values [9; 26; 27]. Patients with anxiety disorders
were not included in the sample, and the existing
symptoms of anxiety were an integral part of the AD

and AA clinical picture. An assessment of anxiety
severity in the groups revealed a higher level of anx-
iety in patients with a combination of AD with AA
compared to patients with AD without comorbid
AA. According to the results of the study, the age
of patients to the onset of AD with and without co-
morbidity with AA was not statistically significant.
The literature contains data on a younger age of
AD manifestation with their comorbidity with other
mental disorders [28].

As it is known, AD and AA are often accompa-
nied by suicidal behavior [29, 32], and their comor-
bidity leads to an even greater risk for suicide [33].
The data on a history of suicidal attempts have con-
firmed that AD comorbidity with AA increases the
risk of suicidal behavior of patients. The obtained
indicators confirm the literature data on the nega-
tive impact of AD and AA on the social adaptation
of patients. The combination of these disorders leads
to a more pronounced decrease in this indicator.

In the studied patients, AD preceded the devel-
opment of AA in most cases, which is consistent
with the published data [19]. At the same time, a
number of authors indicate that prior to the AD
manifestation, alcohol abuse, but not AA, is more
common [34].

CONCLUSION

The results of the study indicate that with AD
with comorbid AA compared with AD without al-
cohol addiction, exacerbations of affective pathol-
ogy are more likely to occur. There is a higher risk
of suicidal behavior, anxiety and disease severity.
Moreover, patients with comorbidity of these dis-
orders have worse indicators of social adaptation
than patients with AD alone. In most cases, alco-
hol addiction develops on the background of AD.
Thus, alcohol addiction in comorbidity with affec-
tive disorders negatively affects their clinical and
dynamic indicators and the social adaptation level
of patients.
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ABSTRACT

The aim of the study was to examine the hemostatic effects of fibrin monomer in post-traumatic parenchymal
hemorrhage against pharmacologically conditioned inhibition of platelet aggregation function.

Materials and Methods. In the in vivo experiments in male rabbits, the hemostatic effects of fibrin
monomer (FM) (0.25 mg/kg) were evaluated in comparison with tranexamic acid (TXA) (15 mg/kg) in
post-traumatic parenchymal hemorrhage against the background of preliminary inhibition of platelet
aggregation function with acetylsalicylic acid (2.0 mg/kg) and clopidogrel (8.0 mg/kg). Volume and rate
of blood loss as well as the parameters of the hemostatic system were estimated.

Results. In comparison to placebo it has been established that FM when administered intravenously 1 hour
before the injury can prevent severe bleeding associated with taking antiplatelets. The volume of blood
loss after FM administration decreased by 6.0 times, the rate of blood loss reduced by 5.9 times, and when
using TXA it was reduced by 2.4 (P, ,,<0.02) and 4.8 times, respectively. The hemostatic effects of TXA
were realized when the hemostatic balance was shifted towards the increased fibrin formation (an increase
in D-dimer plasma level). The use of FM was not accompanied by any significant changes in the blood
coagulation system.

Conclusion. The fibrin monomer at a dose of 0.25 mg/kg IV is capable of preventing severe post-traumatic
parenchymal bleeding caused by the combined use of drugs exhibiting different antiplatelet action. The
phenomenon is not completely clear and needs to be analyzed in further research. The mechanism of
hemostatic effects associated with FM is currently being studied.

Key words: fibrin monomer, acetylsalicylic acid, clopidogrel, tranexamic acid, hemostatic effect.
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PE3IOME

Ifeas. VM3yuurs remocratndeckue 3pdertsl (puOpuUH-MOHOMEPA NpPU HOCTTPABMATUYECKOM NaAPEHXM-
MaTO3HOM KpOBOTedeHMM Ha (OoHe (HapMaKOAOTHIECKM OOYCAOBAEHHOTO YTHETEHMS arperanyoHHON
GyHRIUM TPOMOOLMUTOB.

Marepuaasl M MeTOABI. B 3kcnepmmeHTax 7% viv0 Ha KPOAMKAX-CaMIaX OLEHMBAAM Te€MOCTaTHYeCKue
acdbdexTsr bu6puna-Mmonomepa (OM) (0,25 mr/xr) B cpaBHenuyu ¢ TpanekcamoBoit kucaotoit (TK) (15 mr/xr)
IpY IOCTTPABMATHYECKOM [apPEeHXMMAaTO3HOM KpOBOTEYeHMM Ha (POHE NPEABAPUTEABHOTO YTHETEHMS
arperanyoHHOM (YHKIMM TPOMOOIUTOB aleTMACAAUIMAOBON KiucAoToit (2,0 MI/KT) ¥ KAOmMAOTpeAOM
(8,0 mr/kr). OnenvBaAu 06beM ¥ TEMIT KPOBOTIOTEPH, a TaKKe MOKA3aTEAN CUCTEMBI TeMOCTAa3a.

Pesyabratel. Vcranosaeno, yro ®M B cpaBHeHuu ¢ maaneGo mpy BHYTPMBEHHOM BBeAeHMM 3a 1 gac A0
TPaBMbI CIOCOOEH MPO(PUAAKTHPOBATH TAKEAOE KPOBOTEYEHNE, CBA3AHHOE C IPUEMOM AHTUATPETAHTOB.
O6mpem kpoBonorepn mocae Beeperns OM cumkaacs no meanase B 6,0 pas3, Temn kposomorepu — B 5,9 pasa,
npu ucnoassosannu TK — B 2,4 (p,, ., <0.02) n 4,8 pa3za, coorsercrenno. ['emocraTiyeckue apdexrsr TK
PeaAn30BbIBAAMCH IPY CMELLEHIM TEMOCTATHYECKOTO PABHOBECHUS B CTOPOHY yCUAEHNS HGUOPUHOO6PA30BaAHNSA
(yBeamuenne yposHs D-aumepa B nrazme kposu). Ilpumenenne ®M He cONpOBOSKAAAOCH CKOABKO-HUOYAD
3HAYMMBIMI M3MEHEHNMAMNI B CUCTEME CBEPTBIBAHMA KPOBH.

3akarouenne. Oubpun-monomep B pose 0,25 mr/kr, cmoco6eH mpu B/B BBEACHUM TPODUAAKTHPOBATH
TSIKEAOE NOCTTPABMATHIECKOE NAPEHXMMATO3HOE KPOBOTEYEHME, BBI3BIBAEMOE COYETAHHBIM IPUEMOM
IpenapaTos, OGAAAQIOMMX PASANYHBIMM MEXAHM3MAMM AHTMAIPETAHTHOTO AeiicTeusA. MexaHusm
remocraTuieckux adgexros, cBazanusix ¢ OM, B HacTOAImEe BpeMs M3ydaeTCH.

Karouebie caoBa: (ubGpMH-MOHOMEDP, AaLeTHACAAMIMAOBAA KUCAOTA, KAOMMAOTPEA, TpPaHEKCaMOBasi
KJMCAOTA, TeMOCTaTHYeCKui a(pdexT.

Koudanrr wunTepecoB. ABTOpPHI AEKAAPUPYIOT OTCYTCTBME ABHBIX ¥ NOTEHIMAABHBIX KOH(AUKTOB
MHTEPECOB, CBA3AHHBIX C MyOAUKALUEN HACTOSIIEN CTATHN.

Ucrounnk ¢uuancuposanms. ViccaepoBaHue BbINOAHEHO 3a cueT cpeacts rpanta POONM (Ne 18-415-
220001), npu dpuuancosoi noapeprke OO0 dupmor «Texunororus-Cranpapr» u ®TBOY BO ATMY M3
Poccun.

CooTtBercTBue IIpUHOUIIAM 3TUKU. Pa6oTs! Ha JKMBOTHBIX, OAOGpeHHLIe AOKAABHBIM 3TUYECKUM KOMUTETOM
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86/609/EEC, Xeabcuurckoit aekaapamueit u «[IpaBmaamm mpoBepeHMS paboTa C MCTOAB3OBAHMEM

JKCHEPUMEHTAABHBIX JKMBOTHBIX ».

Arst putuposanus: Baosuu B.M., Momor A.IL., Opexos A.A., Toacrokopos V.T., Apuésa H.A., lllesuyen-
ko B.O., Ilaxmaros M.J., Kpaciokosa B.O., ®oxr D.B. Cucremusie remocrarudeckue 3dderTsr (u-
OpuH-MOHOMEpPA NPU MHIMOMPOBAHMM arperanMoHHON (PYHKIMM TPOMOOLUTOB B 3Kcmepumenre. broane-

INTRODUCTION

Hemorrhagic syndrome can be life-threatening
and may require emergency measures to preserve
the patient’s life and health in case of injuries,
extensive surgery and iatrogenic exposure [1].
Moreover, reduction of bleeding associated with
intensive drug-induced inhibition of platelet ag-
gregation can be a serious problem for cardiac
patients among others [2]. In this case, various
therapeutic approaches are recommended to re-
duce blood loss, including donor platelet transfu-
sion, the use of desmopressin (contributing to Von
Willebrand factor expression by endotheliocytes)
and/or administration of tranexamic acid that in-
hibits fibrinolytic reactions [3-5].

In the previous studies in our laboratory,
when a controlled liver injury iz vivo was in-

flicted, the phenomenon of significant hemostat-
ic action of low-dose FM (des-AABB-fibrinogen)

was found [6, 7]. This effect was also observed
in intravascular thrombin inhibition induced by
oral administration of dabigatran etexilate [8]. It
should also be noted that in the above-mentioned
experiments, FM was administered IV at a dose
of 0.25 mg/kg that corresponds to its physiolog-
ical blood plasma level of healthy people (less
than 7.8 pg/ml) [9].

The aim of this study was to examine the hemo-
static effects of fibrin monomer in post-traumatic
parenchymal bleeding against pharmacological-
ly conditioned inhibition of platelet aggregation
function.

MATERIALS AND METHODS

The studies were performed on 49 healthy
male rabbits of the Chinchilla breed weighing 3.0-
4.5 kg, kept in standard vivarium conditions. Four
groups of the animals were formed by block ran-
domization (Fig. 1).

Acetylsalicylic acid

Placebo (group #1) : _ TA (group #3)
Liver injury and blood | Clopidogrel »

- loss assessment : o 7

o / (s ;
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Fig. 1. Design of the study with a controlled liver injury.

Abbreviations and symbols: TXA — tranexamic acid; FM — fibrin monomer;

i - blood sampling to assess hemostasis;

— drug administration
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The animals of group 1 (# = 11) were injected
into the marginal ear vein with a HMD Cathy I.
V. Cannulas (needle catheter Cathy (HMD Com-
pany)) with placebo (4.0 M urea solution cor-
responding to its concentration in the FM solu-
tion) in the volume of 0.5 ml. After one hour, a
laparotomy was performed and a standard liver
injury was inflicted in accordance with the avail-
able guidelines [10] under general anesthesia with
Telazol (Zoetis, Spain). To suppress platelet ag-
gregation at the beginning of the experiment, the
animals of groups 2 to 4 were administered per os
a mixture of acetylsalicylic acid (Thrombo ACC®,
Lannacher Heilmittel GmbH, Austria) at a dose of
2.0 mg/kg and clopidogrel (Plavix®, Sanofi Win-
throp Industrie, France) at a dose of 8.0 mg/kg
dissolved in water.

An hour after taking these antiplatelets, an-
imals were injected intravenously with solutions
of the following drugs: in group 2 (» = 10) —
placebo, in group 3 (» = 18) — tranexamic acid
(Tranexam®, FSUE Moscow endocrine plant, Rus-
sia) at a dose of 15 mg/kg, in group 4 (n = 10) —
FM at a dose of 0.25 mg/kg. Used in the exper-
iment FM was obtained by previously registered
technology [11]. A standard liver injury was per-
formed under general anesthesia one hour after
administration of placebo and FM to the animals
of groups 2 and 4, and after 30 minutes, to the
animals of group 3. After inflicting an injury, the
nature of parenchymal bleeding was evaluated by
means of gauze wipes using such criteria as the
volume of blood loss as a percentage of the esti-
mated circulating blood volume (% CBV) taking
into account animal body weight, and the rate of
blood loss per unit of time (mg/s) [10]. To eval-
uate the hemostasis system, blood was obtained
by making an incision of the marginal ear vein
(gravity flow) twice before drug administration
and liver injury (Fig. 1). Blood was placed into the
tubes with the appropriate stabilizers: 0.25 ml was
placed into tubes with potassium salt of ethylene-
diaminetetraacetic acid (AQUISEL® K3E/EDTA
3K, Aquisel S. L. Company, Spain) to count the
platelet number blood, and 5.0 ml was placed into
polystyrene graduated centrifuge tubes with poly-
vinylchloride caps containing 0.11 M (3.8 %) sodi-
um citrate solution (blood-stabilizer ratio 9:1) to
study other parameters.

Platelet-rich plasma and platelet-poor plasma
were obtained according to the common method.

The study of hemocoagulation involved the
assessment of the number of platelets in venous
blood and their aggregation induced by adenosine
diphosphate of disodium salt (ADP), taken at the
concentration of 10 uM), activated partial throm-
boplastin time (APTT) and prothrombin time
(PT), as well as fibrinogen concentration and the
D-dimer level. The results of APTT and PT assess-
ment were presented in the form of a ratio calcu-
lated by the formula: Ratio = CTexperimem/ S
where: Ratio is a ratio; CT, . is coagulation
time in experimental plasma (s); CT_  is co-
agulation time in control plasma (s). The plate-
let number was determined using the hematology
analyzer Drew-3 (Drew Scientific Inc., England).
Platelet aggregation function was evaluated using
the Chrono-Log 490-2D aggregometer (CHRO-
NO-LOG Corporation, USA), the coagulometric
parameters were defined with Thrombostat 2co-
agulation analyzer (Behnk Electronik, Germany)
using reagent kits by the company “Technologia
Standart” (Russia), the D-dimer level was mea-
sured with the analyzer-reflectometer NycoCard
Rader II (Axis-Shield PoC AS, Norway) and
the test system NycoCard® D-Dimer (Axis-Shield
PoC AS).

Distribution of the characteristics was evalu-
ated by Shapiro-Wilk test, the group differenc-
es depending on distribution were assessed by
Student’s t-test, Mann — Whitney U-test, Fish-
er’s exact test, the correlation was evaluated by
Spearman’s rank correlation coefficient (#S). The
differences were considered statistically signifi-
cant at p J 0.05. The results were processed by
MedCalc Version 17.9.7 (license BU556-P12UT-
BBS55-YAHSM-UBES51). The data are present-
ed as median (Me), 25" and 75" percentiles

Me [Q,7Q;])-

RESULTS

The study established a high mortality rate
of the animals in group 2 (4 out of 10), asso-
ciated with cardiorespiratory arrest against
the background of ongoing bleeding. In contrast,
in the other groups no mortality was observed
(in groups 1 and 4; p,, = 0.035; p,, = 0.035) or
it was lower as in group 3 (3 out of 18), p,, =
0.208).

The mortality of the animals in group 2
was comparable with the severity of blood loss
(Fig. 2).
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The volume of blood loss in the group of the
animals treated with antiplatelets and placebo
(group 2) was 1.4 times higher (13.6 [11.3 + 22.0]
% of CBV) compared to the same rate in the
group of the animals treated with placebo only
(group 1) (10.1 [4.1+ 13,5] % CBV). However, the
rate of blood loss in the animals in these groups
did not differ. These observations indicate the re-
production of hemorrhagic syndrome caused by
double antiplatelet therapy in group 2.

It was further found that the volume of blood
loss in the groups of the animals pre-treated with
antiplatelets after intravenous administration of
TXA (group 3) (5.7 [3.1 = 10.6] % CBV) and FM
(group 4) (2.0 [1.8 + 3.2] % CBV) was 2.4 times
and 6.0 times less, respectively, in comparison
with group 2 (placebo). Similar patterns were ob-
served when assessing the rate of blood loss that
decreased by 4.8 times after TXA administration
(group 3) (6.2 [4.5 + 8.3] mg/s) and by 5.9 times
after FM administration (group 4) (5.0 [4.3 = 6.8]
mg/s) compared to the placebo group (group 2)
(29.9 [11.9 + 34.3] mg/s), table.

Table

Hemostatic characteristics in the experimental groups against the background of antiplatelets, hemostatic agents, and placebo

Me [st+Q7s]

Group 1 Group 2 Group 3 Group 4
Parameter
before (1a) after (16) before (2a) after (26) | before (3a)| after (36) before (4a) after (46)
Platelet 480.5 475.0 408.0 460.0
count 4775 1 [412.3+555.0] | 4305 [438.5+515.3] | 4295 | [347.3+477.5]| 4755 | [411.5:532.8]
’ 405.8+621.5] 413.3+479.8 373.0+504.8] 468.0-561.0——
x10°/a
b = 0.151 Dy p= 0121 by, = 0.102 b, o= 0.312
13[04 6.4] 68[4(%98] 11[1(%19]
- 22.0
AD}; m‘ii“fd 205 [19.2:31.4] 18.4 Brgs -4 paz| 208 |Ayy ~3pasal 198 |4, 18 pas
i‘/gg €gation, 1 119.0:28.7] [17.0:19.7] (times)  |[17.4-37.6]|  (times) [11.7+20.8] (times)
Dros= 0.598 Dy, 0= 0.005 Dyoss= 0.0003 Diass = 0.00007
1.1 [0.9+1.2 1.0 [0.9+1.1 0.9 [0.8+1.0 0.9 [0.9-1.0
AP.TT’ 1.1 [1.0+1.2] [ ] 1.1 [0.9+1.1] [ ] Of9 [ ] 1.0 [0.9+1.0] #
ratio by, = 0.248 by, = 0.110 | [08L1]1 |5~ —0.124 biss = 0614
0.9 [0.9+1.3 1.1[1.0+1.1 0.9 [0.8+1.4 1.0 [1.0+1.1
PT, 11 061612 Vo posngy 2 Il 10 [ Vo 0 01
ratio by, = 0476 by, = 0.645 | [08L31 | p ~ —0.458 by, 4 = 0.251
ibri 3.7 [2.8+4.5 3.4 [3.2-3.8 3.2 [3.0+3.8 3.4 [3.0+4.1
Fibrinogen, | 3 3 15 g4 gg| >/ ] |5 45059 [ 2ABZ38 18 DO 135 ey A B0
g/l by, = 0.811 by = 0758 | [29539] | p = 0.753 byoss = 0.872
1000.0
100.0 100.0 [525 0+1350.0] 175.0
D-dimer 100.0 100.0 300.0 150.0
’ 100.0+200.0 100.0+200.0 +3.3 100.0+300.0
HT/ MA [100.0+100.0] [ ] [100.0+175.0] [ ] [200.0-400.0] 331:13161168 [100.0+275.0] [ ]
Dro= 0.205 Dy 0= 0.180 Ps..5=0-010 Diass = 0.463
Notes: p — the achieved level of statistical significance of the differences in the compared values; ADP — adenosine diphosphate;

APTT - activated partial thromboplastin time; PT — prothrombin time; A — the difference of values.
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A positive relationship between the volume
and the rate of blood loss was determined in
the animals treated with both TXA (group 3)
7S = 0.86 (p = 0.002) and FM (group 4) rS = 0.79
(p = 0.006), that was absent in placebo groups
(1 and 2).

Along with the assessment of blood loss, the
rates of ADP-induced platelet aggregation and
coagulogram were studied in order to visualize
drug-induced thrombocytopathy and to compar-
atively assess the effects of TXA and FM (Table).

In the animals of groups 2, 3 and 4, inhibition
of ADP-induced platelet aggregation function (in
%) was reported to be inhibited by 3-18 times
against the background of the combined use of
antiplatelets, without any change in the platelet
number, as well as without shifts in the chrono-
metric values of the coagulogram and fibrinogen
concentration.

DISCUSSION

The results obtained in the experiment in-
dicate that the noticeable hemostatic effects of
TXA were realized against the background of
more than 3-fold (median) increase in the D-di-
mer plasma level with persistent pharmacolog-
ically conditioned thrombocytopathy which is
considered to be an evidence of a shift in he-
mostatic balance towards increased fibrin forma-
tion. At the same time, the use of FM in platelet
function inhibition was not accompanied by any
significant coagulation activation which, howev-
er, is in contradiction with the observed systemic
hemostatic effects (in terms of volume and rate
of blood loss).

As it is known, acetylsalicylic acid irreversibly
inhibits platelet cyclooxygenase-1, followed by
a decrease in the formation of thromboxane A,.
Clopidogrel, in turn, is a prodrug and turns into
its active form as an antagonist of P2Y -platelet
receptors through metabolism in the liver [12].
When FM was used, correction of platelet func-
tion, reduced under the antiplatelet action, was
not reported which currently does not allow to
explain the mechanism of noted hemostatic effects
associated with FM.

CONCLUSION

Fibrin-monomer (des-AABB-fibrinogen) ad-
ministered intravenously at a dose of 0.25 mg/kg
s able to prevent severe posttraumatic parenchy-

mal bleeding caused by combined use of drugs
with different mechanisms of antiplatelet action.
The nature of this phenomenon is not quite clear,
and more research is required.
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ABSTRACT

The aim of the study was to study the physical and psychological components regarding the quality of
life of patients with cervical dystonia.

Material and methods. 170 respondents were examined. The main group included 120 patients with
cervical dystonia, 50 patients were included in the control group, consisting of patients with cervicalgia
of various genesis. The diagnosis of cervical dystonia met uniform criteria for the diagnosis and treatment
of dystonia adopted in 2011 by the European Federation of Neurological Societies and the Movement
Disorders Society (European Federation of Neurological Societies / Movement Disorders Society, EFNS /
MDS). In the control group, the pain syndrome of the cervical spine was caused by a degenerative process
and was confirmed by X-ray examination and /or MRI. As part of our research, we determined the quality
of life in men and women in both groups using the SF-36 questionnaire with a study of the parameters of
physical and psychological well-being.

Results and conclusion. A considerably significant effect of cervical dystonia on the somatic and men-
tal parameters regarding the quality of life in both men and women has been established. Significant
decrease in all indicators representing the quality of life in patients with cervical dystonia was revealed
compared with respondents without dystonic hyperkinesis. As a chronic disease, cervical dystonia leads to
psycho-physiological stress, which significantly impairs the quality of life of patients. Significant gender
differences were identified: women from the groups of cervical dystonia and cervicalgia were more often
exposed to psychological deprivation and reduced physical activity than men from the same groups.

Key words: cervical dystonia, quality of life, gender differences.
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PE3IOME

Ieab. VI3yunrs pusndeckyue u ICUXOAOTHIECKME COCTABASIOUIME KAYECTBA KU3HU OOABHBIX, CTPAAAIOMUX
L[ePBUKAABHON AVCTOHMEI.

Marepuaant u meroasl. O6caeposansr 170 pecnmonaentos: 120 manyueHTOB C IePBUKAABHON AMCTOHMEN!
COCTaBMAM OCHOBHYIO rpymniy, 50 4eAOBEK BKAIOYEHBI B TPYIIY KOHTPOASA — PECIOHAEHTHI C L[ePBUKAATH-
AMM PasAMIHOTO reHe3a. AMarHo3 IepPBMKAABHON AVCTOHMM YCTAHOBAEH KAMHUYECKM, COTAACHO EAVMHBIM
KPUTEPHAM IO AMATHOCTHKE M AedeHMIo AucToHuy, npuuATeiM B 2011 r. EBpomnerickoit (epeparyeit HeBpo-
rormdecknx obuects u OGuectBom Aurateabnbix paccrpoiicts (European Federation of Neurological
Societies / Movement Disorders Society, EFNS / MDS). BoAeBo#i CHHAPOM B e/ fHOM OTA@AE TO3BOHOYHN-
Ka y TPYIIbl KOHTPOAA GbIA BbI3BAH AET€HEPATHBHBIM IPOLECCOM M HOATBEPSKACH PEHTIeHOTrpadmIecKum
o6caepOBaHNMEM M (MAM) MarHUTHO-PE30HAHCHON ToMorpadun. B pamxax mpoBoAMMOro Hamm mccaeproBa-
HIA OIPEAEAANOCH KAYeCTBO JKM3HNU y MY>KUMH ¥ SKEHIIMH B 00eMX IPymIax ¢ moMombio onpocHnka SF-36
C M3yYEHMEM NaPaMeTPOB (HU3UIECKOTO U NCUXOAOTUIECKOTO GAATONOAY NS,

PesyabTaThl M 3aKkAlOYeHMe. YCTaHOBAEHO AOCTOBEPHO 3HAUMMOE BAMSAHME I[@PBMKAABHON AVCTOHMM Ha
coMaTHMYeCKue M ICUXMYECKUe IMapaMeTpbl KayecTBa SKM3HM KaK y MYJKUMH, TaK M y SKeHIMH. BeiaBae-
HO AOCTOBEPHOE CHIJKEH)E BCEeX IOKasaTeAell KayecTBa SKM3HM Yy GOABHBIX LE€PBUKAABHON AMCTOHMUEN
[0 CPaBHEHMIO C PECIOHACHTAMM, HE MMEIOMX AMCTOHMYECKOTO rumepkuHesa. llepBukarbHas AMCTOHUA
KaK XPOHMYECKOe 3a00AeBaHME IPUBOAUT K NCUXO(DU3MOAOTMYECKOMY HANPSIKEHMIO, YTO 3HAYUTEABHO
YXYALIAEeT KAYeCTBO JKM3HM GOABHBIX. BBISIBAEHBI AOCTOBEpPHBIE T€HAEPHbIE BHYTPUTPYIINOBbIE PABANUMUIL:
SKEHIMHBL U3 IPYII LePBUKAABHON AVCTOHUM U {€PBUKAATHMIL B GOABLIEN CTENEHN HOABEPIKEHBI ICUXOAO-
TMYeCKOM AeNPUBAIVM ¥ CHYDKEHMIO (PU3NYECKON AeATeAPHOCTHM, YeM MY>KUMHBI M3 ITUX K€ TPYIIL.

Karouessie caoBa: OEepBUKAABHAA AMCTOHMSA, KAY€CTBO JXU3HU, TEHAEPHBIE PA3AUYUA.

Koudanxr wuxTepecoB. ABTOPB AEKAAPUPYIOT OTCYTCTBME fABHBIX ¥ NOTEHIMAABHBIX KOH(AUKTOB
MHTEPECOB, CBA3AHHBIX C MyOAMKALMEH HACTOALLEN CTAThU.

UctTounnk q_)l/[HaHCMpOBaHM}I. ABTOpr 3asBASAIOT 06 OTCYTCTBUU q)MHaHCI/IpOBaHI/IfL

CooTBercTBMe NPUMHUMIAM ITUKM. Bce yY4aCTHMRM MCCAEAOBAHMA IMOANMUCHIBAAM AOGPOBOABHOE
nadopmupoBanHoe coraacue. MccaepoBanne opo6peno atmyeckum komuterom OI'BOYV BO Cu6I'MY
Munsapasa Poceun (pata 3acepanns 28.11.2016 r. Perucrpanmonusit Homep — 4943).

Anrst untuposanus: Apyskuanaa O.A., Kykosa H.I'., lnepaunr A.IT. KadecTBo sKM3HM NPy LjepBUKAABHOI
ancronnu. broaremens cubupcroti meduyunee. 2020; 19 (1): 36—42. https;//doi.org: 10.20538/1682-0363-
2020-1-36—42.

Quality of life at cervical distonia

INTRODUCTION

Diseases that lead to a decrease in the level of
general health and social and professional activity
are always the focus of attention of researchers
and practitioners. Cervical dystonia (CD) belongs
to such diseases. It is known that CD is a focal
variant of muscular dystonia and is characterized
by violent, often painful hyperkinesis of the cervi-
cal spine muscles that form an unnatural position

of the neck and/or head [1]. The pathogenetic
manifestations of dystonic hyperkinesis are still
not fully understood. The current leading hypoth-
esis is based on the multifactorial nature of the
disease, according to which genetic predisposition
is realized under the influence of external triggers
[2, 3]. CD can be combined with tremor (fast,
rhythmic hyperkinesis) and myoclonus (spasmodic
hyperkinesis) [4] and is often combined with pain
syndrome [5], insomnia [6] and anxiety-depres-
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sive disorder. Pain is the most common comorbid
syndrome in CD and occurs in 70% of patients
[7]. The disease often starts with pain in the back
of the head and cervical spine [8]. Taking into
account the specific phenotypic diversity of this
hyperkinesis, this concept is used to determine the
pattern in which a variant of neck and/or head
rotation relative to the body is distinguished [9].
The most common form of CD is torticollis (dys-
tonic turn of the neck to the side). It is known
that the onset of the disease occurs in the period
of the highest working and social activity between
20 and 60 years. The chronic course of dystonia
and the formation of functional deficiency lead to
professional and social maladaptation and, conse-
quently, disability of patients [10].

According to the modern paradigm of clinical
medicine, the main goal of any disease treatment
is to improve the quality of life against reduc-
tion or alleviation of clinical symptoms [11]. Since
2004, the President of the Russian Federation has
defined the criteria for the development of Rus-
sia, which assign both social and economic sig-
nificance to the quality of life [12]. It is known
that the quality of life is both an integral and
subjective characteristic that covers the physical
and mental condition, and social and professional
aspects [13, 14]. In patients with chronic disease,
it is especially important to determine the quality
of life indicators that allow the patient to analyze
his/her condition. This assessment demonstrates
not only how the patient tolerates the disease,
but also the degree of adaptation to it.

Despite active research into the problem of
CD in recent decades, it is noteworthy that small
number of studies examine the effect of hyperki-
nesis on the patient’s quality of life. This necessi-
tates research into the quality of life of patients
with CD.

The aim of the study was to investigate the
physical and psychological characteristics of the
quality of life of patients with CD.

MATERIAL AND METHODS

170 people were examined. The main group
included 120 patients with CD aged 27 to 82 of
which 31 (25.8%) were men and 89 (74.2%) were
women. Patients were observed on an outpatient
basis at the Novosibirsk Extrapyramidal Disease
Center with Botulinum Toxin Therapy. The diag-

nosis of cervical dystonia met uniform criteria for
the diagnosis and treatment of dystonia adopted
in 2011 and 2014 [15, 16]: the presence of a dys-
tonic posture, corrective tricks and paradoxical
kinesis, the identification of the direct connection
between hyperkinesis and static stress, physical
and psychological stress, the presence of daily
fluctuations. The most common form of CD was
torticollis, from which 48.3% of patients (58) suf-
fered. 34.2% of patients (41) were diagnosed with
laterocollis, and 17.5% of patients (21) had other
forms of CD. Pain syndrome of varying severity
was present in 97.5% of patients (117). The com-
bination of CD with tremor was observed in 58.3%
(70) of all examined patients, and with myoclonus
in 11.6% (14) of patients.

The control group consisted of 50 respondents:
16 (32%) men and 34 (68%) women aged 25 to
82 with cervicalgia due to degenerative changes
in the cervical spine confirmed by X-ray and/or
MRI. The study of the quality of life was carried
out using questionnaire SF-36, in which physi-
cal and psychological parameters are considered.
Physical health characteristics were determined
by 4 scales: 1) physical functioning (PF) — the
level of physiological loads; 2) role limitations of
the physical state (RLPS) — role functioning de-
pendent on physical status; 3) physical pain (PP) —
the severity of pain and its impact on daily activi-
ties; 4) general health (GH) — the present somatic
condition subjectively assessed by the patient.The
mental health component was also evaluated ac-
cording to four criteria. These criteria were: 1)
vitality (V) — a subjective evaluation of the degree
of vital activity; 2) social functioning (SF) — the
degree of restriction of social activity; 3) role lim-
itation of the emotional state (RLES) — function-
ing depending on the respondent’s temperament;
4) psychological health (PH) — self-esteem charac-
terized by the degree of manifestation of positive
and anxiety-depressive experiences. The values of
the scales ranged from a low index of the quality
of life (0% — 20%) to a high index (81%—100%).

The hypothesis on the concordance of sample
distributions to the normal Gauss-Laplace distri-
bution was tested by comparing mean values using
the Kolmogorov — Smirnov (K-S) and Lilliefors
criteria. The test results show that static distribu-
tion of the studied parameters does not correspond
to the normal distribution law and, therefore, the
values of the measured parameters are given in
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the Me (Q;Q,) format, where Me is the median,
Q, is the lower quartile, and Q, is the upper quar-
tile. A comparative analysis was carried out using
the Mann-Whitney criterion, the threshold value of
the achieved significance level p was 0.05. The data

were processed using the statistical software pack-
age Statistica v.10.0 (StatSoft Inc., USA).

RESULTS AND DISCUSSION

Evaluation of the quality of life criteria re-
vealed significant depression of most performanc-
es in patients with CD compared with the control
group of patients with cervicalgia.

Analyzing the criteria of the physical func-
tioning scale (Table 1), a significant decrease in
the parameters of this performance in men and
women of CD group was revealed, compared to
patients from the control group (p = 0.0006 and
p = 0.0048, respectively). This scale reflects the

degree of limitation of physical activity, such as
taking the stairs and walking distances, lifting and
carrying weights, or self-care at home.

Comparing the results of the scale characteriz-
ing the role limitations connected with the phys-
ical state (Table), it turned out that role func-
tioning, i.e. daily work or other daily activities,
was limited significantly in women with dystonic
hyperkinesia compared with women from the cer-
vicalgia group (p < 0.0001). In the meantime, no
significant role limitations were identified in men
with CD in comparison to men with cervicalgia.
It is noteworthy that no significant differences of
the results between men and women of the main
group were obtained, as well as between men and
women of the control group.

According to the patients of the CD group, a
significant influence on the quality of life came
from pain syndrome while working at home and
outside of it (Table).

Table
The quality of life of patients with CD and cervicalgia according to questionnaire SF-36
Control (cervicalgia), Cervical dystonia,
Scales SF-36 Gender n=16/34 n = 31/89 p
Me [Q;;0,] |p male — female Me [Q); O,] p male — female
male | 95.0 [82.5;95.0] 70.0 [50.0;95.0] 0.0048
Physical functioning (PF) 0.0099 0.0042 —
female | 75.0 [50.0;95.0] 50.0 [35.0;65.0] 0.0006
Role limitations associated with male 50.0 [12.5;87.5] 25.0 [0.0;50.0] 0.0839
. 0.8679 0.0903 ———
physical state (RLPS) female | 50.0 [25.0;100.0] 0.0 [0.0;25.0] <0.0001
male 79.0 [51.0;92.0] 41.0 [31.0;61.0] 0.0001
Physical pain (PP) 0.2984 0.3038
female | 72.0 [61.0;84.0] 41.0 [31.0;42.0] <0.0001
male | 58.5 [55.0;74.5] 40.0 [35.0;50.0] 0.0009
General health (GH) 0.3824 0.1241 ——
female | 56.0 [40.0;70.0] 35.0 [30.0;45.0] <0.0001
male | 67.5 [52.5;80.0] 50.0 [35.0;60.0] 0.0131
Vitality (B) 0.0055 0.0007 —
female | 50.0 [35.0;60.0] 35.0 [25.0;45.0] 0.0019
male | 87.5 [75.0;87.5] 62.5 [50.0;75.0] 0.0014
Social functioning (SF) 0.0261 0.0383 ——
female | 75.0 [50.0;75.0] 50.0 [37.5;62.5] <0.0001
Role limitations associated with male 66.7 [0.0; 00.0] 33.3 [0.0;100.0] 0.6214
. 0.7081 0.1370 ———
emotional state (RLES) female | 66.7 [0.0;66.7] 33.3 [0.0;66.7] 0.0357
male | 74.0 [58.0; 80.0] 60.0 [44.0;68.0] 0.0422
Mental health (MH) 0.0112 0.0115 —
female | 56.0 [52.0;68.0] 44.0 [36.0;56.0] 0.0008

Women with CD significantly more often in-
dicated pain as a negative and important factor
affecting their lives than women from the control
group (p < 0.0001). Similar data were obtained
in men from the main group as compared to

men from the group of patients with cervicalgia
(p = 0.0001). Evaluation of inter-gender differenc-
es within each study group (CD and cervicalgia)
showed a lack of significant differences in perfor-
mance.
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An analysis of the general health scale revealed
that the presence of dystonic hyperkinesis is also
an important factor for patients with CD that af-
fects the somatic well-being. The result of a sub-
jective evaluation of their condition by women
and men with CD was lower than in respondents
with cervicalgia (p < 0.0001 and p = 0.0009, re-
spectively). It is interesting that no significant
gender differences in the main and control groups
were found.

While evaluating the performances of scales
that reflect the psychological aspect of the quali-
ty of life, significant intergroup differences in pa-
tients with CD compared to the control group of
cervicalgia were revealed.

The vitality scale shows how much the respon-
dent feels alert, tired, or exhausted. Thus, the vi-
tality parameters were the lowest in both women
and men with CD compared to women and men
from the group of cervicalgia (p = 0.0019 and
p = 0.0131, respectively).

The scale of social functioning shows a low de-
gree of satisfaction of CD patients with their so-
cial activity, which includes communication with
family members, friends, and colleagues. Thus, the
limitation of social contacts was reliably expressed
in the group of women and men with CD, com-
pared to the women and men from the control
group (p < 0.0001 and p = 0.0014, respectively).

The influence of the respondents’ emotional
background on the quality and volume of the
work performed was assessed using the scale of
role limitation of the emotional state. A decrease
in the values to 33.3% (from 100%) in women
and men with CD showed that daily activity was
significantly reduced and directly depended on
their emotional well-being. However, the results
obtained are truly significant only in patients
with CD compared to women from the group
of cervicalgia (p = 0.0357). While in men with
CD, significant role limitations were not identi-
fied compared to men from the control group.
Thus, women with CD have a lower emotional
background that affects the quality and volume
of the routine work. At the same time, no signif-
icant differences between the data obtained for
women and men in the main and control groups
were found.

Mental well-being affecting the quality of life
of the patients was evaluated on a mental health
scale. Analyzing the performances, deprivation

of positive emotions against the background of
anxiety-depressive states in both women and men
with CD was revealed when compared to women
and men from the control group (» = 0.0008 and
p = 0.422, respectively).

Significant differences in the results for men
and women in the main and control groups were
identified in terms of physical functioning, vitality,
social functioning and psychological health. Thus,
analysis of physical functioning shows that wom-
en with CD (p = 0.0042) and women with cervi-
calgia (p = 0.0099) more often believe that their
state of health reduces their tolerance to physical
loads, as opposed to men from the same groups.
The data on the vitality scale also demonstrate
that women from both studied groups more often
feel more tired and exhausted than men from the
same groups. Evaluation of the social functioning
criteria revealed low satisfaction with communi-
cation with relatives and colleagues in women in
the CD and cervicalgia groups, compared to men
in the same groups (p = 0.0383 and p = 0.0261,
respectively). Psychological distress caused by the
limitation of favorable emotions was significant
in patients with CD and cervicalgia compared to
male respondents (p = 0.0115 and p = 0.0112, re-
spectively).

CONCLUSION

1. CD leads to inversions of physical perfor-
mances of the quality of life in men and women in
the form of a significant decrease in the param-
eters of somatic functioning and the pronounced
effect of pain syndrome. Role limitations associ-
ated with the physical state in performing daily
work were identified only in women with CD.

2. CD also leads to changes in psychological
performances of the quality of life in men and
women in the form of a decrease in mental health,
social and life activity. A significant influence of
the emotional state on everyday work in the form
of role limitations was found only in female pa-
tients with CD. The

3. differences in the degree of decrease in
physiological functioning between men and wom-
en within both groups with CD and cervicalgia
were revealed. Women from these groups have
lower tolerance to physical activity in contrast
to men.

4. The biggest gender differences in the CD and
cervicalgiagroupswererevealedinthe psychological
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characteristics of the quality of life, such as vi-
tality, social functioning and mental well-being.
These performances are lower in women of both
main and control groups (CD and cervicalgia)
than in men from the same groups.

5. As a chronic disease, CD leads to psycho-
physiological stress, significantly reducing the
quality of patients’ life.

6. Determining the quality of life in patients
with CD makes it possible to have a better assess-
ment of the course of the disease in individuals.
Besides, it helps to identify the patient’s degree of
adaptation to functional disorders and analyze the
problems connected with the response to the dis-
ease, which allows to determine a treatment plan
based on a personalized approach.
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ABSTRACT

Ovarian cancer is one of the most aggressive and hard-to-treat cancers. About 75% of ovarian cancer
cases are detected at later stages of the disease. Ascitic fluid is promising biological material to get
information about the tumor nature in ovarian cancer. Peritoneal dissemination is one of the most
unfavorable factors of malignant tumor progression. However, prognostic factors associated with
malignant ascites are not well understood.

The aim of the study was to evaluate various tumor cell populations in ascitic fluid of ovarian cancer
patients by laser multicolor flow cytometry using a molecular panel of EpCam, CD45, CD44, CD24,
CD133, and N-cadherin markers. The prospective study included 16 patients aged 36 to 76 years with
newly diagnosed FIGO stage Ic—IV ovarian cancer, who were admitted for treatment to the Cancer
Research Institute of Tomsk National Research Medical Center. The study material included EDTA-
stabilized ascitic fluid sampled during laparoscopy. Various populations of ascitic tumor cells (with
stemness features, with epithelial mesenchymal transition (EMT) features, without stemness and EMT
features, with a combination of these features, as well as atypical/hybrid cell populations) were
identified by multicolor flow cytometry on a BDFACSCanto apparatus (USA) using fluorochrome-
labeled EpCam, CD45, CD44, CD24, CD133, and N-cadherin monoclonal antibodies and the BD
FACSDiva software. The study revealed twelve populations of Epcam-positive cells in ascitic fluid of
ovarian cancer patients. The cell composition of ascitic fluid in ovarian cancer patients is represented
by a heterogeneous population. A large fraction of ascitic tumor cells are atypical/hybrid tumor
cells with stemness features as well as Epcam+CD45—CD44+CD24+CD133+/— cancer stem cells, both
with and without EMT features.

Key words: ovarian cancer, ascitic tumor cells, cancer stem cells, multicolor flow cytometry, liquid
biopsy.
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Pa3/aun4yHble nony/aAauyun onyxo/1€BbiX K/1I€TOK B acqumqecuoifl KUAKOCTHU
60/1bHbIX PakKoOmM AUHHUKOB

Kaitropogosa E.B." %, ®egysoBa H.B.%, Ounpos M.O.', Absikos A.A.%,
MosnuvaHos C.B.', YacoBckux H.10.!

I Hayuno-uccaedobamervcicust uncmumym (HUMN ) onxonrozuu, Tomexuti Hayuonarvnoii uccaedobamenvcruil
meduyunciutt yenwmp (HUML) Poccuticxoil axademuu nayx
Poccus, 634009, 2. Tomck, nep. Koonepamugnuiii, 5

2 Cubupcruii zocydapembennoui meduyuncxuii ynubepcumem (Cu6l' MY )
Poccus, 634050, 2. Tomck, Mockobexusi mpaxm, 2

PE3IOME

Bseaenne. Pak amunnkos (PS) faBAferca oAHMM M3 CaMbIX arpecCUBHBIX M TASKEAO MOAAAIOLIMXC
AeYeHMIO OHKOAOTHYeCKuX 3a6oaeBarnit. OkoAo 75% cayuaeB PS BbifiBAseTCS HA MO3AHUX CTAAUAX
3a6oaeBaHyuA. ACHUTHIECKAS JKUAKOCTD ABASIETCS [EePCHEKTUBHBIM GMOAOTMIECKUM MATEPUAAOM AAS
noAyyeHua uH@oOpManuu o xapaktepe omyxoaeBoro mponecca npu P Ilepuronearsnas amccemu-
HalusA CYMTAETCH OAHMM M3 Hauboaee HeGAATONPUATHBIX (PAKTOPOB IPOrPECCUPOBAHUS 3A0Kade-
CTBeHHBIX omyxoaeil. OpAHAaKO IpOrHoCTHMYecKue (PaKkTOpPbI, CBA3aHHBIE CO 3A0KaYeCTBEHHBIM aCIu-
TOM, U3y4YeHbl HEAOCTATOUHO.

Ileapio AQHHOTO MCCAEAOBAHWA fABMAACH OL€HKA Pa3AMYHBIX NMONMYAALMI OMYXOAEBBIX KAETOK B ac-
LUTUYIECKON SKMAKOCTM GOAbHBIX Pl METOAOM MHOTrOLBETHOJ NPOTOYHONM AA3ePHON LUTOMETPUY
Ha OCHOBe MOAeKkyAsipHOi maneanm mapkepos EpCam, CD45, CD44, CD24, CD133 u N-cadherin. B
IPOCIEKTHBHOE MCCAEAOBAHME BKAIOYEHBI 16 GOABHBIX C BIEpBble AmarHocTupoBaHHbiM PS, cra-
amn Ie=IV no cucreme FIGO, Bo3pacr 36-76 aer, moctynmeuire Ha Aedenue B HUM onkoro-
ruu Tomckoro HUMI. Martepuarom AAA MCCAEAOBAHMA CAYSKMAA aCHUTHYECKAA SKMAKOCTb, CTa-
6uansuposannas DATA, B3sitas BO BpeMs Aamapockonun. PasaudHbie TOMYASOMM ACHUTUYECKNX
ONYXOAEBBIX KAETOK (C Ipu3HaKamu cTBOAOBOCTH, ¢ mpusHakoM EMT (epithelial-mesenchymal
transition), 6e3 mpusHakosB crBoAoBocTu M EMT, ¢ coveranmem 3TuX TPMU3HAKOB, a TAKKE aTH-
nudnble / TMOPMAHDBIE TIOTMYAAIMA KAETOK ONPEAASAM METOAOM MHOTOI[BETHOJ TMPOTOYHOI Aazep-
Holt muromerpuy Ha amnapare BDFACSCanto (CIIA) ¢ momompio MeYeHHBIX Pas3AMIHBIMU (PAY-
OpOXpOMaMy MOHOKAOHaAbHBIX anTuTer K EpCam, CD45, CD44, CD24, CD133 u N-cadherin n
nporpammuoro obecnedenns BD FACSDiva. B pe3yaprare nccaepoBanus B aCHUTHIECKO SKUAKOCTH
6oabubix PS 6b1a0 BhiiBAeHo 12 momyasmmit Epcam-moaoskuTeabHbIX KAeTOK. KaeTouHsli cocras
ACIUTUYECKOMN JKUAKOCTH GOABHBIX PSI mpeacraBaser co6oii reTeporeHHyI0 MOMyAsnuo. Boabmyio
KOHIIEHTPAIMIO aCIUTIYECKUX OMYXOAEBBIX KAETOK MPEACTaBAAIOT cO60i aTummunbie / TMOPUAHbIE
(opMBI OIyXOAEBBIX KAETOK C IPU3HAKOM CTBOAOBOCTM, @ TaKKe CTBOAOBBIC OINYXOAEBbIE KAETKU
Epcam+CD45-CD44+CD24+CD133+/- kak ¢ npusnakom EMT, tak u Ge3 Hero.

KAaroueBbie caoBa: paxk AMYHMUKOB, ACHUUTUIECKME OIIYXOAEBBIE KAETKM, CTBOAOBBIE ONYXOAEBbIE
KA€TKM, MHOTOI[BETHAA MPOTOYHAA UUTOMETPNA, SKUAKOCTHAA 6uoncus.

Kondaukr mHTepecoB. ABTOPHI A€KAAPUPYIOT OTCYTCTBME SABHBIX ¥ IOTEHIMAABHBIX KOH(PAUKTOB
UHTEPECOB, CBA3AHHBIX C MyOAMKAIMEN HACTOSIEN CTAThU.

Uctounnk cunancuposanusa. VccarepoBaHMe BBIIOAHEHO IpM (PMHAHCOBON TOAAEpPKKe TpaHTa

Ipesupenra PO MA-544.2018.7.

CoorBercTBue mnpuHUMOaM I3THRM. VlccaepoBaHME OAOGPEHO AOKAABHBIM ITUYECKUM KOMUTETOM
HUM onrororun Tomcrkoro HUMI] (mporokoa Ne 4 or 02.04.2018).

Aast yutuposanms: Kaitropoposa E.B., ®epayaosa H.B., Ounpos M.O., Apsikos A.A., Moauyanos
C.B., Yacosckux H.IO. Pazamunble momyadnmm OMyXOAEBBIX KAETOK B ACHUTUIECKON >KUAKOCTH
6OABHBIX PaKOM AMIHUKOB. Broaremeny cubupcrori meduyunor. 2020; 19 (1): 50-58. https://doi.org:
10.20538/1682-0363-2020-1-50-58.
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INTRODUCTION

Ovarian cancer is one of the most aggressive
and hard-to-treat cancers. More than 225,000
new cases of ovarian cancer are annually detected
across the world, and more than 140,000 females
die from this disease. Despite success achieved in
the diagnosis, about 75% of ovarian cancer cases
are detected at later stages of the disease. Treat-
ment of patients with advanced cancer is difficult
and not always provides a positive outcome. The
five-year survival rate in patients with stage III or
stage IV cancer is 23.8% and 11.6%, respectively.
The asymptomatic course of the disease results
in late diagnosis and a five-year mortality rate of
60%.

Unlike other tumors, ovarian cancer is charac-
terized by a unique metastatic process. The earli-
est and most common way of metastasis is through
implantation. It is often accompanied by accumu-
lation of fluid in the abdominal cavity, which is
called ascites. Ovarian cancer accounts for up to
38% of ascites cases associated with malignancies
in females. Ascitic fluid is promising biological
material to get information about the tumor na-
ture. Unlike serum, ascitic fluid is more informa-
tive, especially at an early stage of the malignant
process. In general, ascites is a multicomponent,
dynamic system where all elements combined fa-
cilitate the formation of a pro-inflammatory and
immunosuppressive environment. Ascites consists
of a complex mixture of cell populations and a
rich cytokine profile. The variety of cells is relat-
ed to several factors. Firstly, it is phenotypic plas-
ticity arising from the influence of soluble factors
and microenvironment signals from immune and
stromal cells. Secondly, the heterogeneity is asso-
ciated with hydrodynamic forces that significantly
change cell morphology [1]. Thirdly, the cause of
tumor cells in ascitic fluid is the tumor, in partic-
ular, ovarian cancer, that is a heterogeneous cell
population itself.

Currently, the heterogeneity of tumor cells
is evaluated based on their antigenic properties,
spectrum of various cell surface markers, and ac-
tivity of the key signaling pathways. If circulating
tumor cells (CTCs) are detected, the epithelial
cell adhesion molecule (EpCAM) is widely used as
a specific biomarker because it is overexpressed
in more than 70% of ovarian cancer cases, and
its level is closely associated with malignant asci-

tes, chemoresistance, and decreased survival rate
in patients. The role of EpCAM is not limited to
cell adhesion; there is abundant evidence of its
involvement in the epithelial mesenchymal transi-
tion (EMT). The EMT is known to enable cells to
separate, lose their apical-basal polarity typical of
epithelial cells, demonstrate enhanced resistance
to apoptosis, and return to a more mobile mesen-
chymal phenotype that promotes peritoneal dis-
semination. This molecule is also used as a marker
for cancer stem cells (CSC) [2].

Along with EpCAM, the CD44 receptor, wide-
ly present on the surface of tumor cells, is used to
identify CTCs. It mediates attachment of ovarian
cancer cells to peritoneal mesothelium by binding
to hyaluronic acid (HA). CD44, as a biomarker,
has several advantages. Firstly, normal cells have
a low level of CD44 expression and poor adhe-
sion to hyaluronic acid. Secondly, HA is one of
the main components of the tumor extracellular
matrix that, along with binding to the CTCs, sup-
ports cell integrity [3].

Another CTCs marker in ascitic fluid is CD24
that is expressed in 70.1% of ovarian cancer cases
and is an independent predictor of survival. CD24
increases the metastatic potential of tumor cells
because it is a ligand of P-selectin, an adhesion re-
ceptor on activated endothelial cells. In addition,
CD24 induces EMT, which leads to the formation
of a highly proliferative phenotype and resistance
to chemotherapy via activation of PI3K/Akt, NF-
kB, and ERK signaling cascades [4].

Morphologically, leucocytes in ascitic fluid re-
semble circulating tumor cells; therefore, it is ad-
visable to use the differentiation antigen CD45 for
affinity binding to leucocytes.

A common EMT feature is reduced expression
of epithelial cadherin (E-cadherin) and a concom-
itant increase or de movo expression of neural
cadherin (N-cadherin). This so-called “cadherin
switch” is associated with increased migratory and
invasive behavior of tumor cells. Increased ex-
pression of N-cadherin in solid tumors promotes
“collective” cell migration, enhances transmission
of fibroblast growth factor signals, and modulates
the canonical Wnt pathway, which leads to the
formation of an aggressive phenotype [5].

CD133 is the most commonly used cell surface
antigen for detection and isolation of CSCs in var-
ious malignant diseases, including ovarian cancer.
High expression of CD133 in tumors is considered
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a prognostic marker of disease progression. De-
spite the fact that the functional role of CD133 in
malignancies is not fully understood, most studies
suggest that CD133 has a significant prognostic
value for assessing overall and progression-free
survival in various cancers [6].

A complete picture of different tumor cell
populations in ovarian cancer may enable to pre-
dict the disease course, overall and relapse-free
survival, and response to chemotherapy. Perito-
neal dissemination caused by ascites is one of the
most unfavorable factors for progression of ma-
lignancies. However, prognostic factors associated
with malignant ascites are not well studied. In this
regard, investigation of different tumor cell pop-
ulations in ascitic fluid is a topical issue. The aim
of this study was to evaluate tumor cell popula-
tions in ascitic fluid of ovarian cancer patients by
laser multicolor flow cytometry using a molecular
panel of EpCam, CD45, CD44, CD24, CD133, and
N-cadherin markers.

MATERIALS AND METHODS

The prospective study included 16 patients
aged 36 to 76 years with newly diagnosed FIGO
stage Ic—IV ovarian cancer, who were admitted
for treatment to Cancer Research Institute of
Tomsk National Research Medical Center.

The study material included EDTA-stabilized
ascitic fluid sampled during laparoscopy. Different
populations of ascitic tumor cells (with stemness
features, with epithelial mesenchymal transition
(EMT) features, without stemness and EMT fea-
tures, with a combination of these traits, as well as
atypical/hybrid cell populations) were identified
by multicolor flow cytometry on a BDFACSCanto
apparatus (USA) using a molecular panel of Ep-
Cam, CD45, CD44, CD24, CD133, and N-cadherin
markers and the BD FACSDiva software.

For this purpose, ascitic fluid was incubated
with fluorochrome-labeled monoclonal antibod-
ies to CD45 clone HI30 (APC/Cy7) (Biolegend,
USA), EpCAM clone 9C4 (PE) (Biolegend, USA),
CD44 clone BJ18 (FITC) (Biolegend, USA), CD24
clone ML5 (PE/Cy7) (Biolegend, USA), N-cadher-
in clone 8C11 (PerCP/Cy5.5) (Biolegend, USA),
and CD133 clone AC-133 (APC) (Miltenyi Bio-
tec, USA). Then, erythrocytes in the sample were
lysed with a BD Facs lysing solution and washed
twice with CellWash buffer; next, 1 mL of BD

Flow was added to the cell pellet. All samples
were stored in the dark at 4 °C and were analyzed
on a flow cytometer within an hour. The cell level
was expressed as the amount of cells per 1 pL of
ascitic fluid.

The obtained data were processed using varia-
tion statistics methods. The statistical significance
of differences was evaluated by a nonparametric
Wilcoxon test for dependent samples with the Bon-
ferroni correction using the Statistica 12.0 statis-
tical software (StatSoft). The data are presented
as a median (Me) and upper and lower quartiles
[Q,—Q,]. The differences were considered statisti-
cally significant at a significance level of p < 0.05.

RESULTS

Multicolor flow cytometry of ascitic fluid re-
vealed twelve populations of Epcam-positive cells.
These included ascitic tumor cells with stemness fea-
tures, without EMT features, and with phenotypes
Epcam+CD45-CD44+CD24-CD133+Ncadherin—;
Epcam+CD45-CD44+CD24-CD133—-Ncadherin—;
Epcam+CD45—-CD44+CD24+CD133+Ncadherin—;
ascitic tumor cells without stemness and EMT
features: Epcam+CD45-CD44-CD24-CD133—
Ncadherin—; ascitic tumor cells without stemness
features and with EMT features: Epcam+CD45—
CD44-CD24-CD133—Ncadherin+; ascitic tumor
cells with stemness features and EMT features:
Epcam+CD45—-CD44+CD24-CD133+Ncadherin+;
Epcam+CD45-CD44+CD24-CD133—Ncadherin+;
Epcam+CD45-CD44+CD24+CD133+/—-Ncadher-
in+/—;  Epcam+CD45—CD44-CD24+CD133+/-
Ncadherin+/—;  Epcam+CD45—-CD44+CD24+C-
D133+Ncadherin+; atypical/hybrid cells without
stemness features: Epcam+CD45+CD44-CD24-
CD133-Ncadh+/—; atypical/hybrid cells with
stemness features: Epcam+CD45+CD44+CD24+/—
CD133+/-Ncadh+/-.

Figure 1 presents the results of multicolor flow
cytometry in assessing different populations of
Epcam+ cells in ascitic fluid.

Statistical analysis of the data using a nonpara-
metric Friedman-Kendall test and pairwise Wil-
coxon comparison revealed statistically significant
differences between levels of these populations.
The highest concentration of ascitic tumor cells
was observed in atypical/hybrid forms with stem-
ness traits. For example, the level of Epcam+C-
D45+CD44+CD24+/-CD133+/-Ncadh+/-  cells
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was 240.97 (80.54—383.5) cells/uL, while the lev-
els of ascitic tumor cells without stemness and
EMT traits (Epcam+CD45-CD44-CD24-CD133~
Ncadh—) and atypical/hybrid tumor cells with-
out stemness traits (Epcam+CD45+CD44-CD24~-
CD133-Ncadh+/-) amounted to 0.28 (0.11-4.27)
cells/pL (p = 0.0009) and 2.07 (0.29-7.16) cells/uL
(p = 0.00098), respectively.

The amount of tumor stem cells with positive
expression of CD24, both with and without EMT
features, (Epcam+CD45—CD44+CD24+CD133+/-
Ncadherin+/—) did not significantly differ from
the amount of tumor cells without stemness
and EMT features (Epcam+CD45-CD44-CD24—
CD133—Ncadherin—) and exceeded the level of
cells without stemness traits in the EMT state
(Epcam+CD45-CD44-CD24-CD133—Ncadher-
in+) at the trend level (p = 0.073) (Table 1).

In this case, the amount of tumor stem cells
with positive expression of CD24 (Epcam+CD45~—
CD44+CD24+CD133+/-Ncadherin+/—) was sig-
nificantly higher than that of tumor stem cells
with negative expression of CD24, both with
and without EMT features (Epcam+CD45—
CD44+CD24-CD133+/-Ncadh+ and Ep-
cam+CD45—-CD44+CD24-CD133+/-Ncadh—, re-
spectively), and amounted to 2.07 (0.53-11.42)
cells/pL vs. 0.29 (0.03-0 72) cells/uL and 0.02
(0.00-0.52) cells/uL, respectively. The level of tu-
mor stem cells with positive expression of CD24
with the Epcam+CD45—CD44—CD24+CD133+/-
Ncadherin+/— phenotype amounted to 1.58
(0.22-3.87) cells/uL and was significantly high-
er than that of tumor stem cells with the Ep-
cam+CD45—-CD44+CD24—-CD133+/—Ncadherin+
phenotype (Table 1).
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Fig. 1 Different cell populations in ascitic fluid of an ovary cancer patient, which were identified by multicolor flow

cytometry: a) ascitic cell populations in forward (FSC) and side (SSC) scattered light modes; &) populations of EpCam-

positive and EpCam-negative cells in acidic fluid; ¢) populations of CD45+EpCam—, CD45+Epcam+, CD45-Epcam—,
and CD45-Epcam+ cells

Table
Levels of different cancer cell populations in ascitic fluid of ovarian cancer patients,
Me [0,-0,.]
ACC Phenotype of ascitic cancer cells Cells / uL
ACC-1 Epcam+CD45-CD44-CD24-CD133-Ncadherin- 0.28 [0.11-4.27]
ACC-2 Epcam+CD45-CD44-CD24-CD133-Ncadherin+ 0'(;9 [();03_015'32]
1-2 °
) ) ) ) - 0.02 [0.00-0.52]
ACC-3 Epcam+CD45-CD44+CD24-CD133+/-Ncadherin b= 0.021. p,_, = 0.91
i ) ) ) . 0.29 [0.03-0.72]
ACC-4 Epcam+CD45-CD44+CD24-CD133+/-Ncadherin+ by, = 0.035. 5, ,= 0.27. p,, = 1.00
0.34 [0.21-0.53]
ACC-5 Epcam+CD45-CD44+CD24+CD133+/-Ncadherin+ ps=0.085. p, , = 0.31.
p,s=0.77.p, =0.37
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Table (continued)

ACC

Phenotype of ascitic cancer cells

Cells / pL

ACC-6

Epcam+CD45-CD44+CD24+CD133+/-Ncadherin-

0.09 [0.00-1.45]
p = 0.21
b, .= 0.76
by, =091
b, 0.76
by, = 0.8

ACC-7

Epcam+CD45-CD44-CD24+CD133+/-Ncadherin+

0.09 [0.04-0.78]

ACC-8

Epcam+CD45-CD44-CD24+CD133+/-Ncadherin-

0.17 [0.00-0.74]
b, = 0.068
b,y =0.39
by = 0.77
b, = 0.85
by = 0.85
by = 0.95
b, = 0.39

ACC-9

Epcam+CD45-CD44+CD24+CD133+/-Ncadherin+/-

2.07 [0.53-11.42]
b, =0.36
p,,=0.073
by, = 0.039
p,,= 0.030
by, = 0.043
b, = 0.011
b, =0.31
by, = 0.21

ACC-10

Epcam+CD45—CD44—CD24+CD133+/—Ncadherin+/—

1.58 [0.22-3.87]
b= 0.36

Atipical / hybrid
cell without
stemness features

Epcam+CD45+CD44-CD24-CD133-Ncadherin+/-

2.07 [0.29-7.16]
P, =055
by 1, = 0.0029
by = 0177
by, = 0.013
by, = 0.015
ber, = 0.0506
P, = 0.011
Py, = 0.011
Dy = 0.68
Doy = 0.506

Atipical/ hybrid
cell with stemness
features

Epcam+CD45+CD44+CD24+/-CD133+/-Ncadherin+/-

240.97 [80.54-383.50]

b, 1, = 0.0009
b, 1, = 0.0009
by 1, = 0.0009
by 1, = 0.0009
b, 1, = 0.0076
by, = 0.0076
b, 1, = 0.0076
D1y 12 = 0.0009
by, 1, = 0.0009

Note: ACC- ascitic cancer cells; Wilcoxon Matched Pairs Test. Marked tests are significant at p < 0.05
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DISCUSSION

Metastatic spread of ovarian cancer occurs
mainly due to detachment of cells from the pri-
mary tumor and invasion of the abdominal cavi-
ty filled with malignant ascites. The cells spread
widely with fluid flow and cause secondary tu-
mor growth. At all stages of this unique pro-
cess, tumor cells change their phenotype and
co-evolve together with surrounding fibroblasts,
macrophages, adipocytes, endothelial, and other
cells.

During metastasis, ovarian cancer cells demon-
strate tropism for the omentum. Their interac-
tion leads to the formation of a highly active
cancer-associated adipocyte (CAA) phenotype
that produces most of the tumor metabolic mi-
croenvironment [7]. In addition, adipose tissue is
a source of multipotent mesenchymal stem cells
(MSCs) capable of self-renewing, differentiating
into other pro-oncogenic cells (cancer-associated
fibroblasts (CAFs) and CAA), and maintaining the
cancer stem cell (CSC) population [8].

This study revealed different tumor cell popu-
lations in ascitic fluid: atypical forms/hybrid cells,
both with and without stemness traits, with EMT
traits, and with a combination of these traits; stro-
mal and immune cell populations, identification
and characterization of which may be a useful
tool in predicting the disease course and response
to chemotherapy.

The largest group of cells in ascitic fluid of
ovarian cancer patients has an atypical pheno-
type and is represented by hybrid cells with stem-
ness features (Epcam+CD45+CD44+CD24+/—
CD133+/-Ncadherin+/-). It may be suggested
that the formation of hybrid cells promotes car-
cinomatosis of ovarian cancer and prevents initi-
ation of apoptosis and anoikis of tumor cells in
ascites. This suggestion and the identified cells re-
quire further research.

According to the literature data, out of 150
different marker combinations, the most com-
mon panel includes three markers: CD44, CD24,
and Epcam. Expression of these molecules in
OVCAR-5, SKOV-3, and IGROV-1 lines cor-
responded to cells with greater colony-forming
ability. These cells demonstrated a short 7x vivo
relapse-free interval after xenotransplantation
and a greater migratory capacity in an iz vitro
invasion study, compared to CD44-CD24-Epcam

cells. In addition, doxorubicin, cisplatin, and pa-
clitaxel promoted an increase in this population,
which indicates drug resistance, but Msllerian
inhibiting substance (MIS) effectively suppressed
its growth [9].

It may be supposed that the presence of tu-
mor cells with the Epcam+CD45-CD44+C-
D24+CD133+/—Ncadherin+/— phenotype in as-
citic fluid is associated with the aggressive course
of ovarian cancer. Numerous studies have shown
that the Epcam+CD44+CD24+CD133+CD117+
population has increased ability to initiate can-
cer and/or stimulate metastasis 7% vivo [10]. In a
mouse model (NOD/Shi-scid/IL-2Ry null mice), it
was demonstrated that CD24+ and CD133+ cells
were more capable of forming spheres, spreading,
and initiating tumors 7% vivo. In addition, CD24+
cells showed a more “mesenchymal” phenotype
with higher expression of Twistl, Snail, and Vi-
mentin, which connects the CD24 marker to the
EMT phenotype. Interestingly, CD24 cells were
also capable of initiating tumor growth, albeit to
a lesser extent than CD24+. This probably occurs
due to the fact that a subset of CD24 cells with
stem properties has a lower proliferation rate
than CD24+ cells [11].

According to E. Meng et al., ovarian cancer
cells with the CD44+/CD24— phenotype have a
high potential for intraperitoneal dissemination
due to the properties similar to those of CSCs.
Compared with other phenotypes, they demon-
strate a 60-fold increase in the Matrigel invasion
ability of the SKOV3 cell line (p < 0.001) and are
characterized by an aggressive clinical course of
the disease [12].

The presence of CD44 indicates a great po-
tential for the formation of cell spheroids that
are known to promote metastasis and chemo-
therapy resistance. This is confirmed by a study
that demonstrated the formation of large hollow
spheroids from the CD44high/CD166high popula-
tion derived from an ovarian cancer line (SKOV3,
OV90) in comparison with CD44low/CD166low
analogs [13].

Therefore, our findings demonstrate a large
heterogeneity of tumor cells in ascitic fluid of
ovarian cancer patients. The presence of atypical/
hybrid forms of Epcam-positive cells and different
populations of tumor cells with stemness features
in ascitic fluid is of great interest for further re-
search in the field of personalized medicine.
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CONCLUSION

The cell composition of ascitic fluid in ovarian
cancer patients is heterogeneous. A large fraction
of ascitic tumor cells are represented by atypi-
cal/hybrid forms of cells with stemness features
and cancer stem cells Epcam+CD45-CD44+C-
D24+CD133+/—, both with and without EMT.
Further investigation of different tumor cell pop-
ulations in ascitic fluid and their relationship with
the clinical course and efficacy of chemotherapy
of ovarian cancer patients is very important and
opens up great opportunities for practical devel-
opments in the field of liquid biopsy.
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Eosinophilic cationic protein as a non-invasive marker of the nature of
inflammatory response in patients with chronic obstructive pulmonary
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ABSRACT

Objective. To estimate the value of measuring plasma eosinophilic cationic protein (ECP) levels in patients
with chronic obstructive pulmonary disease (COPD) as a potential biomarker for determining the activity
of eosinophilic inflammation. To compare it to determining the number of blood eosinophils and predicting
the severity of COPD by determining such clinical characteristics as respiratory function, exacerbation
frequency and the BODE index.

Materials and methods. Based on the protocol, 161 patients with COPD participated in the study. They
made 2 visits for the collection of anamnestic data and the performance of the main study procedures:
respiratory function test, 6-minute step test, dyspnea assessment according to the Medical Research
Council Scale questionnaire and sputum and blood analysis in order to determine the level of eosinophils
and ECP. The second visit was conducted 12 months after the first to assess the dynamics of the disease. We
paid particular attention to the presence of allergies in the case history, the frequency of exacerbations,
the number of courses of treatment with antibacterial drugs and inhalants, and systemic glucocorticoids.

Results. The study has demonstrated that high plasma levels of ECP in patients with COPD are associated
with a more severe course of disease and the development of more frequent infection-related exacerbations
of the disease, which require the administration of inhaled glucocorticoids and antibiotics. We have
demonstrated an inverse relationship between the ECP level and forced expiratory volume in 1 second
(FEV1). This allows the use of this indicator as a predictor of the severity of COPD in patients.

Conclusion. According to the obtained data, measuring the ECP level of blood plasma can be recommended
for use as a clinical marker in the prognosis of COPD and selection of personalized therapy. It is a non-
invasive and a relatively easily accomplished research method.

Key words: COPD, eosinophils, eosinophilic cationic protein, phenotype, severity, glucocorticoids.
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03MHOMU/IBHDBIN KaTUOHHbIM 6€/10K Kak HEMHBA3UBHbIA MAapKep XapakTepa
BOCMA/IMTE/IbHOrO O0TBEeTa Yy 60/1bHbIX XPOHUYECKOM O6CTPYKTUBHOIM 60/1€3HbIO
/IerKnX

KapHaywkuHa M.A.', degoceHko C.B.2, Aanunos P.C.3, Komaposa U.C.', MeTpos B.A.2

! [epbvii Mockobexuii zocydapembermuvisi meduyuncius ynubepcumem umenu V.M. Ceuernoba (Ceuenobexui
Vuubepcumem)
Poccus, 119991, 2. Mockéa, ya. Tpybeyxas, 8/2

2 Cubupexuii zocydapembernmvisi meduyuncius ynubepcumem (Cu6I'MY )
Poccus, 634050, 2. Tomex, Mockobexusi mpaxm, 2

I Aewebno-peaburumayuormvii yerwmp
Poccus, 119192, 2. Mockba, Aomonocobexuti np., 43

PE3IOME

Ieap nccaepoBanms. VCTaHOBUTD LEHHOCTD M3MEPEHUA YPOBHA 303MHODUABHOTO KATHOHHOTO IPOTENHA B
IAa3Me KPOBY Y GOABHBIX XPOHMYECKON OOCTPYKTHBHON GOAE3HBIO AETKUX

(XOBA) kak nmoreHnuasbHOro 61oMaprepa AASL ONPEAEAEHN aKTUBHOCTY 03UHO(PUABHOIO BOCIAAEHNS B
CpaBHEHMM C ONPEAEAEHUEM KOAUYECTBA S03UHO(DUAOB KPOBY U IPOTHO3UPOBAHY TAKECTH €€ TeYeHusI Ha
OCHOBaHMM ONPEAEAEHMS TAKUX KAMHUYECKUX XaPAKTEPUCTUK, KaK (PYHKIMA BHEUIHETO ABIXaHW, 4aCTOTA
o6ocrpennit u napekc BODE.

Marepuaasl u metoAbl. B mccaepoBanmy npumsam ydactue GoasHele XOBA (n = 161), ars KoTOpBIX
IPEAYCMOTPEHO ABA BM3WUTA, BKAIOYAIOWMX COOP aHAMHECTMYECKMX AAHHBIX M BBIIOAHEHNE OCHOBHBIX
IPOLEAYP MCCAEAOBaHMA ((YHKIUA BHEMIHETO ABIXaHWSA, 6-MMHYTHBIN IIATOBBI TECT, OLEHKA OABIIIKK
no ompocunky Medical Research Council Scale, mccaepoBaHMe MOKPOTHI ¥ KPOBM C ONpPEAEAEHUEM
YPOBHA 303UHO(UAOB U 303MHO(DUABHOTO KaTMOHHOTO 6eaka). Bropoit Busur npoBopuacs vepes 12 mec
IIOCAe NEPBOTO AAS OLeHKNM AMHaMykyu 3aboareBanms. Oco6oe BHMMaHME YAEASAOCh HAAMYMIO AAAEPTUK
B aHaMHe3e, 4acToTe OOOCTPEHM, KOAMYECTBY KYPCOB Tepamuu aHTHOAKTEPUAABHBIMYU IpemapaTaMu u
IPMEMY MHTAAALMOHHBIX ¥ CHCTEMHBIX TAIOKOKOPTHKOCTEPOUAOB.

Pesyabratsl. ViccaepoBaHue MPOAEMOHCTPUPOBAAO, YTO BBICOKMI YPOBEHb 303MHOPUABHOIO KATHOHHOTO
Geaxa B maa3me kKposu y 6oabHbix XOBA accoyunpoan ¢ 6oaee TsAKeABIM TedeHMEM U pas3BuTieM Goree
9acThIX MH(EKMOHHO-3aBUCUMBIX 0GOCTpeHNMt 3a60AeBaHNsA, TPEOYIOWUX Ha3HAYEHUS MHIAAAMOHHBIX
TAIOKOKOPTUKOCTEPOUAOB U aHTMOMOTMKOB. Hamm Gbira MPOAEMOHCTPUPOBAHA OOpaTHAs CBA3b MEKAY
ypoBHeM 303uHO(UABHOTO KatnoHHoro Geaka ECP u O®BI, 4TO [0O3BOAfIET MCIOAB30BATH AAHHbI
IIOKa3aTeAb Kak mpeAukTop Tskecty TedeHus XOBA.

3akAroueHMe. YUMTbIBAsA IOAYYEHHbIE HAMM AAHHbIE, M3MepeHHE 03MHO(PUABHOIO KAaTHMOHHOTO OeAaka
IAAa3Mbl KPOBH, ABAAIOIEECS HEMHBA3UBHBIM ¥ OTHOCUTEABHO AETKO BBIIOAHMMBIM METOAOM MCCAEAOBAHMA,
MOJKHO PeKOMEHAOBATbh }MCIIOAB30BAaTh B KadeCTBE KAMHMYECKOTO Mapkepa mpu mporHoze XOBA u
nepcoHnUIMPOBAHHOM NOAGOpe Tepanum.

Karouessie caosa: XOBA, 203uH0(pMABL, 903MHOMDUABHBII KATUOHHBI GEAOK, (PEHOTHII, CTENEHD TIKECTH,
TAIOKOKOPTUKOCTEPOUABL.

KOHqJAMKT MHTEPECOB. ABTOpr ACKAAPUPYIOT OTCYTCTBME ABHBIX ¥ ITIOTEHIMAABHBIX KOHq)AI/IKTOB
VHTEPECOB, CBA3aHHBIX C l'[y6/\I/IKaIU/I€I71 HaCTOHHLef/i CTaTbu.

Ucrounnku dunancuposanus. Vccaeposanne nopaepskano «IIpoekToM MOBbIIEHNS KOHKYPEHTOCIOCO6-
HOCTY BEAYIIMX POCCHIACKMX YHMBEPCUTETOB CPEAM BEAYLUIMX MUPOBBIX HayYHO-0GPa30BAaTEABHBIX Ij€H-
TPOBY.
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CooTBeTcTBMe mpMHUMIaM 3TUKRU. Bce Amia, ydacTByomme B MCCAEAOBAHMY MOANNMCAAM MHPOPMUPOBAH-
Hoe coraacue. MccaepoBanme opo6peno studeckum komurerom Cu6IMYV.

Aas yutuposanus: Kapuaymkuna M.A., @epocenro C.B., Aanuros P.C., Komaposa J.C., ITerpos B.A.
D03MHO(PUABHBIA KATHOHHBII GEAOK KaK HEMHBA3UBHBII MapKep XapakTepa BOCIAAMTEABHOIO OTBETa Y
GOABHBIX XPOHMYECKON OOCTPYKTUBHON GOAE3HBIO AeTkuX. broaremenv cubupcror meduyunwvt. 2020; 19

(1): 59—66. https;//doi.org: 10.20538/1682-0363-2020-1-59—66.

INTRODUCTION

Chronic  obstructive  pulmonary  disease
(COPD) is a chronic inflammatory disease of the
respiratory tract. The development of COPD is
associated with the influence of various environ-
mental factors. COPD is a multicomponent dis-
ease characterized by a number of pathological
changes in the respiratory system, such as mucus
hypersecretion, airway obstruction, bronchiolitis,
and lung tissue remodeling [1]. According to the
published studies, different COPD phenotypes are
formed depending on the predominance of cer-
tain changes in lung tissue and the rate of their
progression.

Recently, scientists have identified more and
more new phenotypes of this disease. Thus, the
data published in recent years have allowed us
to identify a phenotype characterized by bron-
chial hyperresponsiveness and the presence of
eosinophilic inflammation in the respiratory
tract [1]. Whereas inflammatory infiltration in
the respiratory tract in other COPD types is
mainly represented by neutrophils and cytotox-
ic T-cells. The leading functional criterion for
diagnosis of these types is a negative post-bron-
chodilator test with FEV1/FVC ratio less than
0.7 [1-3]. Scientists have suggested that in the
pathogenesis of the COPD phenotype, charac-
terized by the presence of bronchial hyperres-
ponsiveness in the respiratory tract, the T2-de-
pendent mechanism of inflammation prevails.
This is more typical for patients with bronchial
asthma with eosinophilic inflammation type [2,
3]. Eosinophils are considered to be the key ef-
fector cells damaging the mucous membrane of
the respiratory tract in this mechanism of the
inflammatory process. One of the main proteins
that reflect the activity of eosinophilic inflam-
mation is eosinophilic cationic protein (ECP). It
is easily detected both in bronchial secretions
and in peripheral blood; its level correlates with

the severity of asthma and the frequency of ex-
acerbations [4].

M. Saetta and his co-authors have found that
the number of tissue eosinophils and the level of
ECP increases not only in patients with asthma,
but also in some patients with COPD. This increase
was most often observed in sputum and bronchial
lavage in severe exacerbation phases of the disease.
From a pathogenic perspective, the obtained data
were explained by the fact that ECP is a powerful
chemoattractant for eosinophils, neutrophils and
basophils, which are involved in viral and bac-
terial inflammatory processes in the respiratory
tract [5]. A number of recently published studies
have discussed that, on the one hand, an increase
in ECP in the respiratory tract reflects the degree
of eosinophilic inflammation. On the other hand,
ECP itself acts as a powerful chemoattractant. It
attracts eosinophils, neutrophils and basophils (ef-
fector cells involved in viral and bacterial inflam-
matory processes in the bronchopulmonary area)
to the inflammation focus [6].

Today, the global guidelines of the Global
Initiative for Chronic Obstructive Lung Disease
GOLD and recommendations of the Russian Re-
spiratory Society for the treatment of COPD
suggest taking into account the level of eosino-
phils in the blood of patients who have recurrent
exacerbations related to adequate single or dual
bronchodilator therapy. This allows the consid-
eration of the advisability of prescribing inhal-
ant glucocorticoids (also called inhaled cortico-
steroids or ICS) [1]. The degree of inflammation
correlates stronger to the blood level of ECP in
patients with COPD than to the level of sputum
and eosinophils in blood. Thus, it is reasonable
to determine its level and use it as a marker of
inflammatory activity in the airway for patients
with severe COPD and as a predictor of the ef-
fectiveness of ICS in patients with eosinophilic
phenotype of COPD [7-9].
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The aim of the study was to estimate the value
of measuring plasma eosinophilic cationic protein
(ECP) levels in patients with chronic obstructive
pulmonary disease (COPD) as a potential bio-
marker for determining the activity of eosinophil-
ic inflammation. To compare it to determining
the number of blood eosinophils and predicting
the severity of COPD by determining such clinical
characteristics as respiratory function, exacerba-
tion frequency and the BODE index.

MATERIALS AND METHODS

To achieve this goal, a prospective non-inter-
ventional study was planned and conducted. The
study involved 161 patients with COPD (average
age of 63 [55; 70] years old, smoking index of
40 [25; 60] pack-years). All the patients had a
confirmed diagnosis of COPD, according to the
GOLD criteria [1], established at least 12 months
before inclusion in the study, with the smoking
index of more than 10 pack-years.

The study included two visits to COPD pa-
tients. During the first visit, all the patients un-
derwent a clinical examination and medical his-
tory taking. Exercise tolerance was determined
by a 6-minute step test. The degree of dyspnea
was assessed by a modified MRC (Medical Re-
search Council Dyspnea Scale) in points. All the
patients underwent a study of respiratory func-
tion with a bronchodilator test. The study was
carried out with the use of the MasterScreen
Body equipment (Erich Jaeger, Germany). The
obtained data were compared to the proper val-
ues, calculated according to the formulas rec-
ommended by the European respiratory and
American thoracic societies [10]. All the patients
underwent a clinical study of blood and induced
sputum to determine the number of eosinophils.
As a criterion of eosinophilic inflammation out-
side exacerbation of the disease, the level of eo-
sinophilia >300 cells/pl in peripheral blood and
>3% of eosinophils in induced sputum was used
[6, 7, 11]. Also, the level of eosinophilic cationic
protein (ECP) in the peripheral blood was as-
sessed for all the patients. The level of ECP > 24
ng/ml in peripheral blood was used as a criterion
for increasing ECP outside exacerbation period
[4]. The second visit was carried out 12 months
after the first one to assess the dynamics of the
disease.

The patients were stratified by the level of
eosinophils and ECP in peripheral blood during
the remission period of the disease. Stratification
was based on the clinical, functional, and labo-
ratory criteria obtained during the examination.
The formed groups were comparable in age and
smoking history. The data are presented in Tables
1 and 2.

Table 1

Characteristics of COPD patients with different levels
of eosinophils in peripheral blood during remission,
=161, Me [Q,;; O]

Level of eosinophils in Average age,
peripheral blood years

Smoking
history

> 300 cells/mcl 62 [54; 69] | 40 [24.5; 53.3]

< 300 cells/mcl 64 [56; 72] 45 [40.0; 52.2]

Table 2

Characteristics of COPD patients with different levels of
eosinophilic cationic protein in peripheral blood during
remission of the disease,

n = 161, Me [QH; Q75]

Level of ECP in

peripheral blood Average age, years

Smoking history

> 24 ng/ml 63 [53; 72] 42 [26.0; 54.5]

< 24 ng/ml 65 [55; 70] 44 [38.5; 52.0]

The average age in the COPD group with ele-
vated levels of eosinophils was 62 [54; 69.25], the
smoking index was 40 [24.5; 53.25]. The average
age in the COPD group with normal indicators
of eosinophils was 64 [56; 72], the smoking index
was 45 [40; 52.5].

Data processing. Statistica software package
for Windows 10.0 was used for statistical pro-
cessing of anamnesis data, clinical, functional and
laboratory parameters. The y? criterion was used
for comparing the frequencies of qualitative fea-
tures. The Mann — Whitney U-test was used to
estimate the difference of means in pairwise un-
related samples. Qualitative data are presented in
the form of absolute or relative (%) frequencies,
and quantitative data are presented in the form of
Mediana [Q,;; Q,;]. The difference of values at p
< 0.05 was considered statistically significant. The
Spearman coefficient was used in the correlation
analysis. The correlation strength was estimated
as follows: strong: = 0.7 to = 1; medium: = 0.3 to
+ (0.699; weak: 0 to = 0.299.

Regression analysis was performed to identify
the relationship between the level of eosinophil-
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ic cationic protein and clinical and functional
features of COPD. The level of eosinophilic cat-
ionic protein was used as a dependent variable,
and clinical and functional parameters were in-
tegrated as independent variables. The p values
are given after the Benjamini-Hochberg adjust-
ment. The threshold level of significance is less
than 0.05.

RESULTS

In the course of the examination of COPD
patients with different eosinophils and ECP
levels in peripheral blood during remission of
the disease, a comparative analysis of the main
clinical and functional indicators of severi-
ty and phenotypic features of the disease was
performed.

No significant differences have been found
when comparing the clinical and functional pa-
rameters of COPD patients with elevated and
normal levels of eosinophils in peripheral blood
and induced sputum.

We analyzed the obtained data based on pub-
lished studies that showed a significant increase in
the level of eosinophils in COPD patients during
exacerbation of the disease [12, 13]. It should be
noted that there were patients with a transient
increase in the level of eosinophils in periods of
exacerbation of COPD in the group of patients
with normal eosinophils level in peripheral blood
during remission of the disease. During further
analysis of the data from the medical history ar-
chive, we noticed that an increase in eosinophils
in the peripheral blood with a level of >300 cells/
ul was detected not at each exacerbation in the
same patient. This did not allow us to identify
the group with a transient increase in eosinophils
in peripheral blood correctly and to conduct a
comparative analysis.

We used the determination of the level of eo-
sinophilic cationic protein in peripheral blood as
a marker of the activity of eosinophilic inflam-
mation. The average level of eosinophilic cationic
protein in patients in the study was 15 [9; 23]
mg/l. The comparative analysis revealed signif-
icant levels of difference in the content of ECP
between groups of patients with the eosinophils
level in peripheral blood >300 cells/ul and < 300
cells/ul (p = 0.029). However, the correlation
analysis showed significant positive correlations

of the average strength of the ECP level only
with the frequency of exacerbation of COPD
(p = 0.035, » = +0.06).

No significant differences were found when
comparing the clinical and functional parameters
of COPD patients with elevated and normal levels
of eosinophils in induced sputum. Therefore, at
the next stage of the study, COPD patients were
divided into 2 groups depending on the presence
of increased ECP in peripheral blood.

To assess the differences between the groups, a
comparative assessment of clinical and functional
parameters was performed in the groups of pa-
tients with COPD with elevated ECP levels and
the group with its normal values. Table 3 presents
the clinical and functional characteristics of these
groups of patients.

Table 3

Comparative characteristics of clinical and functional
parameters of COPD patients with different levels of
eosinophilic cationic protein in peripheral blood,

Me [Q,; Q]

COPD patients, # = 161
with elevated | with normal
levels of levels of
Parameters eosinophilic eosinophilic b
cationic cationic
protein protein (<24
(>24 ng/ml) ng/ml)
n= 38 n=123
Exacerbations 3.00
within 12 months, | [2.00; 3.75] 1L 2] 0.024
ICS
+LABA+LAAC
therapy 14 [36; 84] 14 [11; 38] -
(12 months), n (%
of patients)
ICS
(12 months), # (% 20 [52; 63] 24 [19; 51] -
of patients)
Course ABT
frequency (12 1.5 [1.0; 3.0] 1105 1] 0.042
months), 7
Smoking index, 46.50 40.0 [25.5; 0.34
pack/years [26.75; 75.00] 60.0] ’
BODE index, points 312; 4] 1[0; 2] 0.031
mMRC, points 31[2; 4] 110.5; 2.0] 0.046
6-minute step test, 450.0 .
meters [302.5; 637.5] | 240 1372 6701] 0.23
Sputum produc- 1.5 [1.0; 2.0] 1L 2] 0.83
tion, points
Pneumonias within
12 months, % 50 2 B
63
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Table 3 (continued)

COPD patients, » = 161
with elevated | with normal
levels of levels of
Parameters eosinophilic eosinophilic b
cationic cationic
protein protein (<24
(>24 ng/ml) ng/ml)
n =38 n=123
FEV1, % of the
norm (after a 69.0 67.0 0.34
bronchodilator [53.75; 75.00] [57.0; 76.5] ’
test)
Level of eosinophils
in blood (outside 0.35 0.17 0.026
exacerbation), [0.34; 0.41] [0.11; 0.25] ’
10°/1

Note. ICS — inhaled corticosteroids; ABT — antibacterial
therapy; LAAC — long-acting anticholinergics; LABA — long-
acting beta-agonists; FEV1 — forced expiratory volume in
1 second (here and in Table 4).

A comparative analysis of clinical and func-
tional parameters of patients with different levels
of eosinophilic cationic protein in blood plasma
has revealed that patients with high content of
ECP received courses of antibacterial therapy

significantly more often. They were characterized
by significantly more severe course of the disease,
a higher frequency of exacerbations, more sig-
nificant dyspnea and a higher value of the BODE
index. Patients with high plasma ECP tended to
have a higher risk of developing pneumonia (50%
of patients in this group had a history of pneu-
monia). They also tended to need a higher volume
of basic treatment (36% received dual broncho-
dilator therapy in combination with ICS). At the
same time, these indicators did not differ statis-
tically significantly between groups of patients
stratified by the ECP level.

Regression analysis was performed to identify
the relationship between the level of ECP and
clinical and functional features of COPD. The
significance of the ECP level for the severity of
COPD and its connection with the inflammatory
genesis of the disease exacerbation was proved
by the method of multiple linear regression. The
content of eosinophilic cationic protein was used
as a dependent variable, and other clinical and
functional factors were integrated as indepen-
dent variables. The data obtained are presented
in Table 4.

Table 4
Eosinophilic cationic protein level and associated clinical and functional parameters in COPD patients

Parameter SLC SLC std. dev. b adj. p
Sputum production, points 5.385 2.022 0.009 0.02
Exacerbations within 12 months 2.765 0.42 0.006 0.01
Level of eosinophils in blood (outside exacerbation), x10%/a 8.64 3.232 0.008 0.022
Number of ABT courses within 12 months 2.808 0.441 0.002 0.03
ICS
(12 months), # (% of patients) 5.538 1.428 0.0002 0.0007
LABA=LAAC
(12 months), # (% of patients) 3.573 1.375 0.01 0.03
ICS +LABA+LAAC therapy
(12 months), # (% of patients) 6.169 1.687 0.0003 0.001
FEV1, % of the norm (after a bronchodilator test) 4.782 1.421 0.003 0.02

* SLC — slope of line coefficient adj.p.
* p — value after the Benjamini — Hochberg adjustment.

The presented table shows that clinical and
functional parameters in COPD patients with
higher ECP levels in peripheral blood were char-
acterized by a greater frequency of exacerbation
of the disease, higher sputum production, more
frequent courses of antibacterial therapy. The

regression analysis has revealed a connection be-
tween the increase in ECP and the increase in
the volume of treatment. COPD patients with el-
evated levels of eosinophilic cationic protein in
peripheral blood were significantly more likely to
receive continuous triple inhaled therapy, which
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includes inhaled long-acting beta-2-agonist and
muscarinic antagonist in combination with ICS.
This indicates a more severe course of the disease.
It is noteworthy that maintenance therapy of the
patients in this group included inhaled corticoste-
roids, the need for the prescription of which was
associated with the level of ECP and was reliable
(p = 0.0002; adj. p = 0.0007).

DISCUSSION

The performed work confirms that the high
level of eosinophilic cationic protein in blood
plasma in patients with COPD is associated with
a more severe course of COPD and the devel-
opment of more frequent infection-dependent
exacerbations of the disease requiring the pre-
scription of inhaled corticosteroids and antibiot-
ics. We have demonstrated an inverse relationship
between the level of ECP and FEV1, which allows
us to use this indicator as a predictor of the se-
verity of COPD. A small number in the sample
of patients with extremely severe course of the
disease (GOLD3-4) can explain the absence in our
study of the relationship between the level of eo-
sinophils in induced sputum and peripheral blood
and the clinical and functional features of COPD
in remission (identified in other studies) [14-16].
Our study will be continued in order to confirm
the findings that, compared to the level of blood
and sputum eosinophils, EPC is a more accurate
marker of the nature of inflammation in COPD, a
prognostic criterion for the severity of the disease
and one of the leading criteria for the necessity to
prescribe glucocorticoids to COPD patients.
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Macrophages as homeostatic regulators in the ischemically damaged
myocardium after use of allogenic biomaterial
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ABSTRACT

Macrophages as the effector cells play a key role in initiating the inflammatory process and predetermine
the manifestation of the postinfarction cardiosclerosis. The population of these cells is heterogenous
and is mainly represented by M1 and M2 phenotypes. Alloplant biomaterial (ABM) is resorbed by the
macrophages which became the regulators of the cellular interaction in tissues.

The aim of the investigation was to reveal the peculiarities of the postinfarction healing of the myocardium
following the ABM insertion and to assess the population change in the dynamics of macrophages and
c-kit+ cells.

Materials and methods. The experimental investigations were carried out on 100 male Wistar’s rats
weighing 0.18-0.25 kg. All the animals had coronary occlusion by way of ligating the arteries. In the
experimental group, the ABM (12 mg) suspension was intramyocardially administered simultaneously with
the vessel stricture formation. The harvesting of hearts was carried out at 3, 7, 14, 30, 45 days.

Results. In the experimental group the course of the inflammatory process was characterized by the onset
of the early proliferative stage, whereas in the control group colliquative necrosis was developing. It was
caused by different degrees of the macrophage reaction expression. The number of CD68+ cells in the rat
reactive zone of the control group was bigger than in the experimental one. In the experimental group
the ABM-induced macrophages of mesenchyme origin were revealed and c-kit+ cells were considerably
more in number than in the control one. After 45 days, the scar area index in the experimental group was
significantly less than in the control group.

Conclusion. ABM had a histoprotective effect under the conditions of the acute myocardial ischemia due
to the inhibition of macrophage migration and induction of cellular cardiomyogenesis.

Key words: alloplant biomaterial, scar area, myocardium.
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MaKPOCI)aFM KaK pery/iaTtopbl romeocTa3a MMOKap4a noc/ze ero MuemMmmy4eckoro
noBpexaeHua B yC(/10BUAX NPUMEHEHUA a/I/IOFEHHOIo 6uomaTepMana

/Nlebegesa A.U.', Mycaumos C.A.', FapeeB E.M.", AdpaHacbeB C.A.2%
KoHngpatbeBa /.C.% Monos. C.B.?

I Beepoccuticxutl yenmp 22a3m01k u naacmuueckon xupypeun
Poccus, 450075, z. Vepa, ya. P. 3opze, 67/1

? Hayuno-uccaedobamenvcrusi uncmumym (HUN ) xapduorozuu, Tomcxuii nayuonarvrvii uccaiedobamenvcruti medu-
yuncrutl yenwmp (HUML) Poccutickoti axademuu nayx
Poccus, 634012, 2. Tomcx, ya. Kuebexas, 111a

PE3IOME

Bepenne. Makpodaryu kak KAeTKM-3(DPEKTOPI UTPAIOT KAIOYEBYIO POAb B MHUIMALUM BOCIAAUTEABHOTO
mporecca, IPeAOIPEAEASIOT BBIPasKeHHOCTh MOCTHH(MAPKTHOIO KapAMOCKAepo3a. Ilomyadnmsa atux xae-
TOK fABAfIETCH TETEPOTEHHON U NpeACTaBAeHa IpeumyujectBeHHO (enorunmamu M1 u M2. AanroreHssrit
6uomarepuar arronrant (BMA) pesopbupyercs makpogaramy, OPOAYKTHL Pe30pOLyM BAMAKOT Ha UX
CIIOCOGHOCTh PEryAMpPOBATH KAETOYHBIE B3AUMOAECTBU.

Ieas. PackpsiTh 0cOGeHHOCTH MOCTUH(APKTHOTO 3a’KMBAEHNA MIOKapAa nocae BeepeHnsa BMA. Onennts
AMHAMUKY M3MEHEeHWs YMCAEHHOCTH Makpodaros u c-kit"-kaeTox.

Marepuaanbl u MeTOABI. DKCIEPUMEHTAABHbBIE UCCAEAOBaHMs ObiAM TIpoBeAeHbl HA 100 camyax KpbIC AMHNUM
Bucrap maccoi 0,18-0,25 kr. Bcem >kmBOTHBIM Gbira IPOBEAEHA KOPOHAPOOKKAIO3MUs BEPXHEN TPETH Ae-
BOJ HMCXOAAIEN KOPOHApHOU apTepuu. B ombITHOI rpymme cpasy mocAe CTEHO3MPOBAHUA apTepuu B ee
GacceifH MHTPAMMOKAPAMAABHO BBOAMAM CyCIEH3MIO, copepxkaumyio 12 mr BMA. VMcnoap3oBaau rucToro-
rMdeckue, AEKTPOHHO-MUKPOCKOmIeckue, nmmyHorncroxummdeckre (CD 68, c-kit, Timp-2), mopdome-
TPUYECKME M CTATUCTUIECKME METOABI MCCAEAOBaHMU. 3a60op cepael npoBoAnAn vepes 3, 7, 14, 30, 45 cyr.

PesyabTatel. B ombITHOJ rpynme TedeHMe BOCIAAMTEABHOTO IPOLECCA XapaKTepH30BaAOCh HACTYIAEHM-
eM paHHel IpoAndepaTHBHON CTaAuM, B TO BpeMsA KakK B KOHTPOABHOM pa3BMBAACA KOAAMKBAL[MOHHBIN
HeKkpo3. I'pynmsl xapakTepyu30BaAMCh PA3AMYHON CTENEHBIO BBIPASKEHHOCTM MaKpO(araAbHOM peaKIuiu.
Yucao CD68"-kAeTOK B peakTUBHOI 30HE B KOHTPOABHOM IpyImne GbIA0 GOAbIIE, YEM Y OIBITHON TPYIIBL.
Hanporus, B onsiTHON rpynme BoiaBAeHbl BMA-uHAYIMpOBaHHbIE MAaKPO(Dary Me3eHXVMHOTO IPOUCKOK-
AEHMs, & YMCAEHHOCTD C-Kit'-KAeTOK Obira 3HAYMTEABHO GOAbINE, YeM B KOHTpOAe. CrycTsa 45 CyT MHAEKC
TIIAOLIaAM py6ua B OIBITHOM rpynne 6])1]\ CTATUCTUYECKM 3HAYMMO MEHbIIE, Y€M B KOHTpO]\e.

3akaruenne. BMA B YCAOBMAX OCTPOrO MIIEMUYECKOTO IIOPAa’XEHUA MMOKApAa OKa3bIBaA TUCTOIPOTEK-
TOprIIZ 3(b(beKT 3a CYeT I/IHI‘I/I6I/Ip0BaHI/I$[ mMurpanguun MaKpodparon M MHAYKIOUY KAETOYHOTO KapAuMOMMoOre-
HE3a.

KaroueBble cAoBa: Guomarepuas aAAONAAHT, IAOWAAb PyOLa, MIUOKAPA.

Kondanxr narepecoB. ABTOpBI AEKAAPUPYIOT OTCYTCTBYE ABHBIX ¥ IIOTEHIMAABHBIX KOH(DAMKTOB MHTEPE-
COB, CBSI3AHHBIX C MyOAMKaIMeN HACTOAWEN CTATHY.

Ucrounur punancupoBanus. PaGora BeimoaHeHa B paMKax TOCYAAPCTBEHHOTO 3aAAHMU: PETUCTPALMOHHBII
somep HMOKP 115040870057 or 8.04.2015 r.
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CMIICKOTO IeHTpa IAa3HO U mAacTudecKkon xupypruu (mpotoxkoa Ne 31 or 12.10.2015).
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67-75. https://doi.org: 10.20538/1682-0363-2020-1-67-75.
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INTRODUCTION

In the course of experiments using alloplant
biomaterial (ABM) it was established that the key
histion cells during the regeneration of fibrous
connective and skeletal muscle tissue are macro-
phages with M1 phenotype. Their number signifi-
cantly exceeds the amount of these cells in the
control groups in which the defect infliction was
not treated with the biomaterial in question [1,
2]. It was shown that the use of ABM had a posi-
tive effect upon the cardiac muscle condition and
improved its structure following ischemic damage
[3]. The ABM biodegrates into the tissue and its
resorption products are the chemoattractant of
the stem progenitor cells which induce the regen-
eration process [4, 5]. There are conflicting views
on the negative role of M1 macrophages in the
healing process of the ischemic damaged myocar-
dium as key cells promoting cardiomyocyte dam-
age, inflammation manifestation and fibrosis pro-
gression. Consequently, the study of macrophage
involvement in inflammatory and degenerative
processes developing in the cardiac muscle, fol-
lowing coronary occlusion experiments and when
administering the ABM, appears relevant.

The aim of the study was to understand the
effect of ABM on the post-infarction myocardium
healing process and evaluate the dynamics behind
the changing number of macrophages and c-kit+
cells.

MATERIALS AND METHODS

Experiments involving ABM were carried out
on 100 male Wistar rats weighing 0.18-0.25 kg.
All the animals were divided into two groups. The
myocardium infarction modeling in the control
group (n = 50) was performed as follows: all the
animals under general anesthesia (intramuscular
injection of Zoletil) underwent left-sided thora-
cotomy with further ligation in the upper third
interventricular branch of the coronary artery
(. intervemtvicularis pavaconalis a. coronarii
sin.). 12 mg of ABM suspended in physiological
solution was administered into the cardiac mus-
cle, in its pool zone, of the rats in the experimen-
tal group (» = 50) immediately after the coro-
nary artery ligation. The ABM dose was chosen
arbitrarily. The rats in both groups were eutha-
nized after the experiment by lethal insufflation
of ether vapors after 3, 7, 14, 30, 45 days. Ten
rats were taken for each point of the study.

The studies were conducted according to the
Rules of good laboratory practice of the Russian

Federation in line with legislation adopted from
the European Convention for the Protection of
Vertebrate Animals Used for Experimental and
Other Scientific Purposes (Strasburg,1986). The
studies were also carried out in accordance with
the approved written protocol on standard oper-
ating procedures of a researcher as well as official
laboratory guidelines on animal treatment and al-
ternative models in biomedical studies [7].

Alloplant® biomaterial was developed in the
Federal State Government-Funded Institution
“Russian Eye and Plastic Surgery Centre” under
the Ministry of Health of the Russian Federation,
in the city of Ufa. This biomaterial is produced
according to technical specifications 42-2-537-87;
it is certified and was approved for clinical use by
the order of the USSR Ministry of Health No. 87
901-87 dated 22.07.1987.

Histological study. The allogeneic biomaterial
in this study was made from rat tendons and en-
larged to a size of 50—80 mcm. The Ethics Com-
mittee approved the study protocol No. 31 dated
12.10.2015. For the histological investigation the
hearts were fixed with 10% solution of neutral
formalin, then dehydrated with increasing con-
centrations of alcohol and embedded in paraffin
as per the generally accepted method. The sec-
tions were prepared with the use of LEICA RM
2145 microtome (Germany) and stained using the
Mallory’s staining technique.

Immunohistochemical study. The 4 mcm-thick
paraffin sections were stained by Leica Microsys-
tems Bond TM immunohistostainer (Germany).
CD 68 and Timp-2 diluted in the proportion of
1 : 300 (Santa Cruz Biotechnology, USA) were
used as primary antibodies. Single and double
immunolabeling of cells for the given antibodies
was carried out. An indirect Leica Bond (Novo-
castra TM , Germany) streptavidin-biotin detec-
tion system was used for unmasking. Assessment
of reaction specificity when staining the sections
was determined without primary antibodies. The
positively stained cells were calculated in 20 fields
of view of each specimen (# = 6) when magni-
fied by X400. The investigation and visualization
of the specimens was conducted with the use of
the Leica DMD 108 (Germany) light microscope
equipped with specialized software to manage
settings and capture images.

Electron microscopic study. The myocardium
pieces 1-2 mmi in size fixed by 2.5% glutaral-
dehyde solution were used for the electron mi-
croscopic study. The solution was prepared on
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the cacodylate buffer (pH 7.2-7.4) with further
post-fixation by 1% OsO, solution on the same
buffer. The material was dehydrated in increas-
ing concentrations of alcohol and embedded into
Epon-812 according to the generally accepted
method. EM UC7 (Leica, Germany) ultramicro-
tome was used to prepare semithin sections which
were stained by toluidine blue solution based on
2.5% anhydrous sodium solution. Areas were cho-
sen on the specimens for the electron microscopic
studies. The ultrathin sections were contrasted by
2% water solution of uranyl acetate and of lead
citrate according to Reynolds. They were studied
by JEM-1011(Jeol Ltd.; Japan) transmission mi-
croscope.

STATISTICS

Each heart was cut into five sections to deter-
mine the size of the postinfarction scar. The scar
area index (SAI) was measured in the specimens
of the heart cross-sections using ITEM software
in the following way: the ratio between the scar
area and left ventricle wall area was multiplied by
100%. The analysis of SAI values was performed
using non-parametric methods, namely, the uni-
variate Kruskal — Wallis analysis of variance and
comparison of uncorrelated data by Mann —
Whitney method [8].
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RESULTS

The difference in healing between the ischemic
damaged myocardium in the control group and
that in the experimental ones was significant. The
SAI data in the experimental group insignificant-
ly depended upon the follow-up periods (> = 5.7,
p > 0.12). However, the values of this parameter
tended to reduce gradually. The distribution me-
dians by the 7th day totaled 22.7%, (0%, 43.3%)
and dropped significantly to 13.4% (0%, 22.2%).
They decreased on the 14th day, whereas on the
30th and 45th days they reached 16% (0%, 32.1%)
and 5.2% (0%, 33.8%) (p = 0.14 and p = 0.02, re-
spectively). The difference between the 14", 30
and 45" days turned out to be statistically insig-
nificant (p = 0.23 = p = 0.75).

In the control group, the dependence of SAI
on follow-up time was also statistically insignifi-
cant (x> = 6.3, p = 0.10). The differences in the
SAI level from the initial one (day 7) were statis-
tically significant only on the 30th day (p = 0.01).
Figure 1 shows that during the whole period of
observation in the control group there were no
cases of zero SAI values. Comparison of both ex-
perimental groups at different time periods of the
study showed that at implantation of ABM at all
follow-up periods, SAI was statistically significant-
ly less than in the control (p = 0.01 + p < 0.0001).

Fig. 1. Index in the experimental and control groups (@): on the abscissa axis — observation time (days). The ordinate
of the index area of the scar (%): & — cross-section of the myocardium after 45 days in the control group, x 40;
¢ — myocardial cross-section after 45 days in the experimental group, x40. Mallory’s staining

Macrophage cells are of great importance in
fibrous progression and scar manifestation [6].
The number of CD68 macrophages in the control
group within the reactive zone of the ischemically
damaged cardiac muscle exceeded the values of
the experimental group almost throughout the
entire experiment. In the control and experi-

mental groups, the recurring rise and subsequent
fall of the cell number was, on the whole, highly
significant (x> = 76.3, p <<0.0001 and > = 45.2,
p <<0.0001, respectively). The number of CD68 *
cells in the control group was statistically signifi-
cantly greater than the number in the experimen-
tal group during the follow-up period from the
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3t to 14™ day (p = 0.003 and less). The remodel-
ing attenuation process of myocardium and scar
formation took place over a period from the 30
to 45" day. This caused a decrease in the num-

125 T T
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ber of macrophages in both groups (p = 0.12) on
the 45" day and transformation from the exuda-
tive-proliferative phase of inflammation into the
recovery stage (Fig. 2).

1
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Fig. 2. The number of CD68+ macrophages in rat myocardium in experimental and control groups. On the x-axis is
“days”. On the ordinate axis — the number of cells

Through evaluation of the dynamics of path-
omorphological changes, it was revealed that the
initial stage of inflammation (day 3) was char-
acterized by the early onset of the proliferative
phase and formation of the granulation tissue in
the perifocal area of the ischemically damaged
myocardium. This is where thin collagen fibres,
mesenchymal and macrophagal and fibroblastic
infiltration were observed (Fig. 3, a).

In the control group, a wide cell shaft con-
sisting of macrophages, lymphocytes, and neutro-
phils, was formed in place of the decaying car-
diomyocytes. In this study, C-kit * cells in both
groups were determined mainly in the peri-in-
farction and perivascular zones. Despite the au-
togenous origin of C-kit" stem cells and absence
of antigenicity factors they were subjected to
phagocytosis by macrophages (Fig. 4, a).

s ;;gm
o

..‘

Fig. 3. Morphological changes in the myocardium after 3 days: ¢ — formation of granulation tissue in the perifocal

zone, infiltration by macrophages, mesenchymal cells, fibroblasts in rat myocardium 3 days after coronary occlusion

and ABM administration, & — macrophage-lymphocytic cell wall in the zone of necrotically changed cardiomyocytes
3 days after coronary occlusion. Stained with Hematoxylin and Eosin
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Numerous macrophages phagocyting un-
differentiated cells on the electron microscop-
ic level were also recorded. Fragments of cy-
toplasm and pyknotic nuclei were detected in
phagocytic vacuoles, and macrophage cells
showed signs of activation. The nuclei were
oval-shaped and contained large amounts of eu-
chromatin; numerous large mitochondria with a
darkened matrix and parallel oriented lamellar
crystal were observed in the wide cytoplasma

rim. The cytolemma formed deep invaginations.
Golgi apparatus was well developed with piled
up elongated flat cisterns and uncoupled vesicles
(Fig. 4B).

When determining free C-kit+ cells, which
were not subjected to macrophagal resorption, it
was revealed that their number in the experimen-
tal group had surpassed statistically significantly
the control group during the follow-up period
(P&It; 0,001) (Fig. 5).

Fig. 4. Phagocytic macrophages: a — CD68+/c-kit+ 7 days after coronary occlusion. CD68 (brown), c-kit (red).

Chromogen granules are detected in the cytoplasm of macrophages. Double indirect immunoperoxidase method for

antigen detection with Hematoxylin staining, x600; & — Phagocytic macrophage with vacuoles of cellular detritus 7 days
after coronary occlusion, x10.000. Electronograms

Hale positive macrophages expressing Timp-2
were revealed in the zone of implantation in the
subepicardial space (Fig. 6).

DISCUSSION

Numerous factors, one of which being mac-
rophage reaction induced by ABM, contributed
more favorably to myocardial infarction healing

2EREEEER

in the experimental group. It has already been
proven that the products of ABM biodegrada-
tion turn into chemoattractants of monocytes and
macrophages during the connective tissue heal-
ing followed by the inflammatory and destructive
process and after inflicting damage [2]. Macro-
phage cells displayed regeneration efficiency as
a result of full-fledged phagocytosis and regula-

1 1~ Min-Max
+ [0 Quartiles
| 25%~75%
| ™. Experimental group.
1 Medians
1 Min—Max
| I Quartiles
25%—75%
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Medians

43

Fig. 5. The number of free c-kit+ cells in rat myocardium in the main and control groups, on the x-axis is “days”, on
the ordinate axis — the number of cells
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Fig. 6. Macrophages in subepicardial space after AMB administration after 7 days: 4 — GAG-positive macrophages
(7). Hale staining; & — Timp-2+ macrophages (1). Indirect immunoperoxidase method for detection of Timp-2 with
additional Hematoxylin staining, x400

tion of the proliferative phase of the inflamma-
tion. They inhibited the fibroblastic activity by
M1 stimulation of macrophages and prolongation
of cytoxic phase [9, 10]. We got the opposite
result in this study in case of acute myocardial
infarction. Within 3 days, the ABM particles were
resorbed and were not detected in the tissue. One
can assume that after the biomaterial resorption,
the ABM-induced macrophages became the regu-
lators of intercellular interactions and stimulated
the onset of the early proliferative inflammation
phase activating fibroblastic cells.

In the control group the ischemically dam-
aged cardiomyocytes initiated a succession of
inflammatory cell reactions which resulted in
increased inflammation, expansion of the dam-
aged zone and scar manifestation. This obser-
vation was confirmed by the data of other re-
searchers who had illustrated that peak levels
of the corresponding family of proinflammatory
(CD14+) macrophages and/or monocytes neg-
atively correlated with the restoration of the
left ventricle function following the acute myo-
cardial infarction [11]. Dysregulated infiltration
leads to the extension of myocardial infarction,
expansion of the left ventricle and cardiac in-
sufficiency. Monocytosis increases and extends
stages of alteration and exudation due to the
spectrum expression of inflammatory monokines
(TNFa, IL1, IL6 etc) which, in turn, induce the
exudative stress spreading over the nearby car-
diomyocytes, thus expanding the necrosis zone.
As a result of inflammation, the left ventricle
remodeling is increased in case of the ischemic
damages to the myocardium [12].

Macrophages are the polymorphic cellular
population, the phenotype of which is determined
by the microenvironment signals. In the experi-
mental group after the use of ABM, the products
of its biodegradation create a certain microenvi-
ronment, together with an anti-fibrogenic effect
[9], which induces TIMP-2 expression by random
cells. This phenomenon helps to decrease inflam-
mation when acute ischemia occurs [13]. The
modulation approach of macrophages changes
according to their environment. It was revealed
that phenotypes and functions of macrophages
are formed by the corresponding organ microen-
vironment [14]. The transplantation of differenti-
ated peritoneal macrophages into the pulmonary
medium, for example, induced the transcriptional
landscape reprogramming of those cells and their
acquisition of new specific tissue functions [11,
15]. Thus, in case of acute ischemic myocardi-
al damage, ABM has an anti-inflammatory effect
and is a factor in the switching of the phenotype
of macrophages from M1 to M2. Conversely, the
destructive cardiomyocytes in the control group
provoked a number of inflammatory reactions,
due to the pronounced expression of metallopro-
teinases MMP-9 [13]. It is known that the regen-
erative process participants in the myocardium
are not only effector fibroblast cells, but also car-
diomyogenic progenitor cells. It is assumed that
stem cell niches as well as epicardial cells, hema-
topoietic stromal cells etc. can be the source of
stem cells [16,17]. The differentiation direction of
progenitor stem cells is often unpredictable. This
is explained by high probability of teratoma for-
mation [18]. ABM stimulated migration of poorly
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differentiated C-kit+ cells. Phagocytosis by mac-
rophages of C-kit+ cells is probably connected
with the genetically programmed mechanism of
anti-tumorigenicity. In spite of this fact, the level
of progenitor cells in the experimental group re-
mained high enough which contributed to a more
wholesome regeneration of myocardium and inhi-
bition of scar tissue development.

Macrophages populate heterogenous cells.

Macrophages of mesenchymal origin, other-
wise known as “matrix-forming”, have also been
identified during previous experiments with ABM
[1, 19, 20]. They featured Vimentin+ /Hale+ /
CD68+ /PCNA phenotype and secreted glycos-
aminoglycanes (GAG); this phenomenon being
typical of fibroblast cells. Macrophages appeared
to be of the mesenchymal origin. It was revealed
in the study that they had expressed Timp-2 tis-
sue inhibitor of metalloproteinase. Presumably
these cells play a structural and informative role
for cellular cooperation and create homeostasis
in the inflammation focus. Their presence is con-
nected with synthesis of the hydrocarbon compo-
nent. Timp-2 has a histoprotective effect due to
the anti-inflammatory mechanism in the myocar-
dium [21] which can set in motion the early pro-
liferative phase of inflammation and homeostasis
regulation. The discovery of macrophages of the
given phenotype is consistent with the observa-
tion that the adult human heart contains mac-
rophages of embryonal origin capable of tissue
restoration. It is worth noting that though these
families are present in the resting adult heart, the
tissue-resident macrophages are lost after injury
of heart in adults and are substituted by inflam-
matory monocytic macrophages of the medullary
origin [14]. Thus, ABM had a histoprotective ef-
fect in the case of acute ischemic myocardium.
Differences in the number, composition and func-
tion of microphages contribute to varying models
of restoration and remodeling of the left ventricle
observed in the given experiment.

CONCLUSION

Coronary artery stenosis alongside with ABM
use allows to reduce the myocardium scar area
by 2.74 times.

The ABM use decreases myocardium infiltra-
tion by macrophage cells.

During the myocardium restoration after the
ischemic damage, macrophages are capable of ac-
tively phagocytizing autogenic stem cells.

There exists a population of GAG-positive
macrophages in the ABM implantation zone.

ABM wusage ensures a substantial preva-
lence of C-kit+ cells compared with the control
group.
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ABSTRACT

Aim. The study objective was to assess the age and gender characteristics of the metabolically healthy
obesity phenotype (MHO) prevalence, taking into account various classifications.

Materials and methods. The materials used are the cross-sectional studies of the population cohort
(Health, Alcohol and Psychosocial factors in Eastern Europe (HAPIEE) project, Novosibirsk), with the
total of 3,197 people, among them 857 men (26.8%) and 2,340 women (73.2%), with BMI >30 kg/m?. The
MHO is defined according to different classifications: 1. IDF (International Diabetes Federation, 2005) —
Waist circumference (WC) > 94 cm in men and >80 cm in women and one or none of the components
of metabolic syndrome (MS); 2. NCEP ATP III (the National Cholesterol Education Program Adult
Treatment Panel III, 2001) in the presence of 2 and / or less components of the metabolic syndrome and
3. RSC (The Royal Society of Chemistry) - the index of waist circumference / hip circumference (WC /
HC) <0.9 in men and <0.85 in women.

Results. According to IDF the frequency of MHO in the group was 23.2%; NCEP ATP III - 41.8; RSC
criteria — 27.1%. The frequency of MHO was higher in women than in men, and it significantly decreased
with the age in women population. In all classifications, increased average blood pressure (BP) level, with
normal average values of the level of triglycerides (TG) and high-density lipoprotein (HDL) is typical for
persons with MHO. The surveyed according to the RSC criteria people with MHO demonstrate higher
frequency levels of all cardio metabolic risk factors than those surveyed with the use of other criteria of
MHO.

Conclusion. The frequency of MHO varies depending on the used classification. In women, the frequency
of MHO is reliably higher than in men. With the age, a significant reduction of the frequency of MHO
in women is manifested. The frequency of arterial hypertension and abdominal obesity, the level of fasting
blood glucose and LDL (low density lipoprotein), hypertriglyceridemia is higher in persons with MHO
according to the criteria RSC.

Key words: obesity, prevalence, sex differences, metabolically healthy obesity phenotype.
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MosoBo3pacTHbIe 0CO6EHHOCTU pacnpOCTPAHEHHOCTU MeTabonyeckn
3g40poBOro GeHoTUNna OKUpEeHUs

MyctaduHa C.B., Buntep A.A., LWep6akosa /1.B., Mantotuna C.K., ParuHo 10.U., Peimap O.A.

Hayuno-uccaedobamenvcxuti uncmumym mepanuu u npoguaxmunecxon meduyunos (HUNUTIIM ) — duanan
Qedepanvrozo uccaedobamervcxozo yenmpa «Mncmumym yumonozuu u zenemuxuy (MLul' ) Cubupcxozo omderenus
(CO) Poccuiicxoii axademuu nayx (PAH)

Poccus, 630089, 2. Hobocubupcx, ya. Bopuca Bozamxoba, 175/1

PE3IOME

Ieas. VM3y4nts moA0BO3pacTHbIE OCOGEHHOCTH MeTabOAMYECKU 3A0pOBOTO (eHoTHna Okupenus (M3DO).

Marepuaasl u MeTOAbI. VICIOAB30BAaHBI MaTepuanbl KPOCC-CEKIMOHHOTO MCCAEAOBAHMUA HOMYAALMOHHOM
xoroprel (npoekr HAPIEE, r. HoBocubupcek) (2 = 3 197 venrosek, cpean umx 857 (26,8%) myskuun
u 2 340 (73,2%) >xeHmuH, ¢ napercom Macchl Teaa (UMT) >30 xr/m?). M3DO onpeaeren B COOTBETCTBMM
¢ pasangubimu kaacenduraguamu: 1) IDF (2005) — oxpyskrocts Taaun (OT) 294 cm y myskamu u >80 cm
y KeHIUH U A06ON KoMnoHeHT mMeTaGoandeckoro cuappoma (MC) mo IDF uau Ges uero; 2) NCEP ATP
IIT (2001) npn waanmumu 2 u (uan) meHee kommnonentos MC; 3) kpurepun PKO (2017) — nnaerc ORpysk-
HOCTB Taauu/ okpyxaOCTh 6eaep (OT/OB) <0,9 y mysxuna u OT/OB < 0,85 y skeHmuH.

Pesyabratel. Cpean any ¢ osxupennem dacrora M3®O no kpurepusm IDF — 23,2%; NCEP ATP III -
41,8%; PKO - 27,1%. Yacrora M3®O Bbime y JXeHIMH, 4€M y My>KYVH, ¥ OHA 3HAYMMO CHIKAETC C BO3-
pacrom B skeHckoit momyaarmu. Ang ang ¢ M3OO no Bcem kraccubuKanyuAM XapaKTepHbI MOBBILIEHHOE
CpeAHee 3HAa4YeHME apTePUaAbHOTO AABACHMA IPU HOPMAABHBIX CPEAHMX 3HAYCHMAX YPOBHA TPUTAHIEPHU-
AOB 1 XOAECTEPUHA AMIONPOTEUAOB BBICOKOI maoTHOCTH. O6caepoBanusie ¢ M3DO no kpurepusm PKO
AEMOHCTPUPYIOT GOAee BBICOKME [IOKA3ATEAN YACTOTHI BCEX M3Y4aeMbIX KaPAMOMETAGOANIECKHX (HAKTOPOB
pHMCcKa, YeM Ipy MCIOAB30BaHMM APYTuxX Kpurepnes M3DO.

BeiBopsr. Yacrora M3DO Bapbupyer B 3aBUCHMOCTM OT MCIOAB3YeMO¥ KAaccupuramuu. Y SKEHIIUH da-
crora M3®O aocrtosepHo Bblule, YeM Y Mysk4rH. C BO3pacTOM OTMedYaeTcsi 3HAYMMOE CHUKEHME YaCTOThI
M3®O0 y xenmun. YacTora apTepuarbHOI TUNIEPTOHNY, AGAOMUHAABHOTO OXKMPEHMs, YPOBEHD TAIOKO3bI
KPOBM HATOILAK, XOAECTEPUHA AMIONPOTEUAOB HU3KOM IAOTHOCTH ¥ TMIEPTPUTAULIEPUAEMUS BBILIE Y AU
¢ Haanunem M3®O no kpurepusam PKO.

KaroueBsie cA0Ba: OXKupeHue, pacIpOCTPAHEHHOCTb, [IOAOBbIE PAa3ANUMA, METAGOAMIECKU 3AOPOBBIA (e-
HOTHI OJKVMPEHN

KOH(I)AMKT UHTEPECOB. ABTOpr ACKAAPUPYIOT OTCYTCTBUE ABHBIX M IMIOTEHIMAABHBIX KOHCI)AI/II(TOB MHTEpE-
COB, CBA3aHHBIX C Hy6AI/IK8.LU/IeI7I HElCTOHHIef;I CTaTbu.

Ucrounuk punancuposanus. Pa6ora seinorsena B pamkax Goaxeroit rembl HUMUTIIM — ¢puanar Unl
CO PAH T'3 Ne 0324-2018-0001, Ne AAAA-A17-117112850280-2, npoexr HAPIEE uactuuHO moaAepskaH
rpautamn Wellcome Trust, UK064947/7/01/Z; 081081/Z/06/Z; National Institute of Aging, USA (1R01
AG23522).

CooTBeTcTBME MPMHLUIAM ITUKM. Bce mammeHTs! moamucain uHGOPMUPOBAHHOE COTAACKE HA ydacTue B
nccaepoBannu. ViccaepoBanue 0A0GpeHO AOKaAbHBIM 9Tndeckum komurerom HUUTIIM (nporokoa Ne 1
or 14.03.2002).

Ars uutuposanus: Mycradpuna C.B., Bunrep A.A., llep6akosa A.B., Maawruna C.K., Paruno 0.1,
Pommap O.A. IToaoBo3pacTHble 0COGEHHOCTH PACIPOCTPAHEHHOCTH METAGOAMYECKN 3A0POBOTO (eHoTuna
osxupenns. Broaremenv cubupcroii meduyunwr. 2020; 19 (1): 76—84. https;//doi.org: 10.20538/1682-0363-
2020-1-76—84.
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INTRODUCTION

The modern obesity epidemy is one of the
most serious public health problems of our cen-
tury. Usually, obesity is accompanied by an unfa-
vorable metabolic profile, such as carbohydrate
metabolism disorders, altered lipid profile, in-
creased blood pressure (BP), systemic inflamma-
tion, altered liver enzymes, etc. [1]. The cluster
of changes caused by obesity is also known as
metabolic syndrome (MS).

However, recent evidence suggests that obe-
sity does not always lead to adverse metabolic
effects and it is increasingly recognized not as
not being a homogeneous condition [2]. Approx-
imately 10-30% of obese people are metabolical-
ly healthy despite excessive body fat accumula-
tion. This phenomenon is referred to in modern
literature as a metabolically healthy obesity phe-
notype (MHO) [3]. However, the main obsta-
cle to understanding the epidemiology of MHO
and its long-term perspective is the contradic-
tory definition in various studies [4—6]. For ex-
ample, some studies show that the prevalence of
MHO varies depending on the definition used.
This circumstance contributes to the discrepancy
between this phenotype and the health conse-
quences. Rey-Lopez and coauthors conducted a
systematic review of the prevalence of MHO and
they reported that the frequency of this pheno-
type varies from 6% to 75%. They also suggested
that prevalence may vary depending on several
socio-demographic factors, such as gender, age,
and ethnicity. The authors then stratified the
analysis by gender and age, and found that the
prevalence of MHO was higher in women and
younger individuals [7].

Thus, it is important to understand that re-
searchers may introduce overweight and/or
obesity and/or different MS criteria into this
concept. Thus, participants with the absence of
metabolic changes, or with the presence of one/
two components of metabolic syndrome (MS),
depending on the definitions of the latter, may
fall under the definition of metabolically healthy
individuals [6].

Despite different study designs and population
differences, the variability in the frequency of
MHO reported in both comparative studies and
meta-analyses underscores the need for larger
representative population studies and the need

for a global consensus on a standard definition
of MHO.

The aim was to assess the age and gender
characteristics of MHO prevalence, taking into
account various classifications.

MATERIALS AND METHODS

The survey of a representative sample of No-
vosibirsk residents was conducted in 2003-2005,
within the framework of the international proj-
ect HAPIEE (Health, Alcohol and Psychosocial
factors In Eastern Europe), which is a prospec-
tive cohort study designed to study the impact
of classical and non-traditional risk factors, as
well as social and psychosocial factors on cardio-
vascular and other non-communicable diseases in
Eastern Europe and the CIS countries [8]. The
analysis included persons with a body mass index
(BMI) > 30 kg / m2: There were 3,197 people,
857 (26.8%) males and 2,340 (73.2%) females. In
the initial survey the following data was ana-
lyzed: age, anthropometry, systolic blood pres-
sure (SBP), diastolic blood pressure (DBP), total
cholesterol (TC), triglycerides (TG), high densi-
ty lipoprotein cholesterol (HDL-C), low density
lipoprotein cholesterol (LDL-C), fasting plasma
glucose (BG), table 1.

Table 1
Main characteristics of the studied sample of 45—69 years,
M=o
Parameters 1\131865’7 jimglj(’) ge?l?ite};s, Do/
" ' n=3.197

SPB 151.6 =
(mmHg) 233 151 = 26.5 | 151.2 = 25.7 | 0.573
DBP 96.5 = 13.1 | 94.6 =13.1| 95.1 =13.1 | <0.001
(mmHg)
BMI
(ke/m?) 331 £3.0 | 34942 | 344=4.0 | <0.001
BG (mmol/l)| 6.8 2.3 6.3 =138 6.4 2.0 |<0.001
TC (mmol/T)| 6.2 = 1.1 6.6 =1.3 6.5 £ 1.2 | <0.001
LDL-C 4.0 = 1.0 43+ 1.1 42+ 1.1 | <0.001
(mmol/1)
HDL-C 14203 | 15+03 | 14+03 |<0001
(mmol/1)
TG (mmol/l)| 1.9 = 1.0 1.8 =09 1.8 0.9 | <0.001

BP was mesasured three times with an interval
of two minutes in the right hand in a sitting posi-
tion after a 5-minute rest using an automatic to-
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nometer Omron M5-I (Japan). The average value
of three measurements was recorded. We found
out the awareness of the screening participants
about the presence of previously elevated blood
pressure and about taking antihypertensive drugs
during the last two weeks. Persons with previ-
ously diagnosed arterial hypertension (AH), but
with normotonia on screening, in cases of taking
drugs that reduce blood pressure, were also con-
sidered as patients with AH.

Standing height was measured without outer
clothing and shoes with a standard height me-
ter. Body weight was determined without cloth-
ing and shoes with a doctor’s scales that passed
metrological control. The measurement accuracy
was 0.1 kg. Body mass index (BMI) was calculat-
ed by the formula: BMI (kg/m?) = weight (kg) /
height (m)*? (WHO (World Health Organization),
1997).

Blood for biochemical studies was taken by
venipuncture using vacutainers in fasting state,
after 12-hour fasting. The content of TG, HDL-C
and glucose was determined by enzymatic meth-
ods using an automatic biochemical analyzer
“KoneLab 300”. Conversion of fasting serum glu-
cose into blood plasma values was carried out
according to the formula proposed by experts
of the European Association for the study of
diabetes in 2007: plasma glucose concentration
(mmol/1) = —0.137 + 1.047 x serum glucose con-
centration (mmol / I).

Three variants of criteria were used to single
out the metabolically healthy phenotype of obe-
sity: presence of BMI >30 kg/m? and

1. (IDF, 2005) from > 94 c¢cm in men and >80
cm in women and in the presence or absence of
one of the following MS components: TG>1.7
mmol/1 or prior treatment (hyperTG); HDL-C —
<1.0 mmol / 1 in men and <1.3 mmol / 1 in wom-
en or prior treatment (hypo-HDL); Blood pres-
sure >130/85 mmHg or previous antihypertensive
therapy (AH); Fasting plasma glucose >5.6 mmol
/ 1 or presence of D2.

2. (NCEP ATP III, 2001) presence of one or 2
of the following MS components: FROM >102 cm
in men and >88 cm in women; TG >1.7 mmol/l;
HDL-C <1.0 mmol / | in men and <1.3 mmol / 1
in women; Blood pressure>130/85 mmHg; Blood
plasma glucose > 6.1 mmol / 1 (BG) or prior
treatment.

3. Project (RSC, 2017) index of waist circum-
ference / hip circumference (WC/HC) <0.9 in
men and WC/HC <0.85 in women.

Statistical analysis was carried out using the
statistical software package SPSS (Statistical
Product and Service Solutions) 13.0 for Windows
(1 Sep. 2004). The level of statistical significance
of the differences was assessed by the Student’s
criterion (¢) in the presence of two groups. The
distribution of features obeyed the normal dis-
tribution (Kolmogorov — Smirnov criterion was
used to assess the normality of the distribution),
in the case of distribution other than normal, for
analysis using parametric criteria, the transfor-
mation of indicators using natural logarithm was
carried out. The data obtained are presented in
the tables and the text as absolute and relative
values (n, %), as well as (M % o), where M is
the arithmetic mean; ¢ is the standard deviation.
Differences were considered as statistically signif-
icant at p < 0.05; p < 0.01-very significant; p <
0.001-highly significant.

RESULTS

The sample of obese persons (BMI >30 kg/m?)
was 3,197 people: 857 males (26.8%) and 2,340
females (73.2%). The frequency of the metabol-
ically healthy obesity phenotype varies signifi-
cantly depending on the criteria used, as shown
in Fig. 1.

50 =

] . 13 42
10 -5 36
10 . 27
4 [gees - 23
20
] LI . I I F-ﬁ.. . I
IDF NCEP ATP I PEO, 2017
= Men s Women = Both sexes

Fig. 1. The prevalence of the metabolically healthy

obesity phenotype by different classifications. ** p < 0.01,

**% h < 0.001 statistical significance between men and
women

The frequency of MHO according to IDF
criteria, 2005 was 23% (n = 743 people), NCEP
ATP III, 2001 — 41.8% (n = 1,338 people), RSC,
2017 — 27% (n = 867 people), p < 0.001. At the
same time, according to the criteria of the RSC,
an interesting peculiarity was obtained in men.
The frequency of MHO in them is 3%, which
indicates a high prevalence of abdominal obesity.
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According to the data obtained MHO is more
common in women than in men, Fig. 1. Since
age and gender are important factors in the de-
velopment of MHO, we estimated the frequen-
cy of MHO in different age groups, Figure 2—4.
In women, the highest frequency of MHO was
determined in the age range of 45-49 — 34.1%

(IDF, 2005), 54.0% (NCEP ATP III), 52.9%
(RSC, 2017), p < 0.001, is significantly less com-
mon in women at the age of over 55, compared
with the age of 45-49. In men, no statistical
significance of differences in the frequency of
MHO in all age groups was obtained (p > 0.05),
Fig. 2—-4.
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30 = ° o #* W 30 = a6 a7 30 o -
04 28 * 20 - 20 o
o LT 18 0. 10 1 27 29 35
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Fig. 2. Age characteristics and gender characteristics of the prevalence of MHO: * p < 0.05, *** p < 0.001, the
statistical significance of the differences in age ranges compared with age 45-49

Thus, our results indicate a higher incidence
of MHO in women than in men, as well as a de-
crease in the incidence of MHO in women over
the age of 55.

The analysis of the main components was car-
ried out in persons with MHO according to differ-
ent classifications where it was found that the av-
erage values of SPB, DBP presented in Table 2 are

higher than recommended by modern recommen-
dations for the diagnosis and treatment of hyper-
tension [15]. The analysis of lipid spectrum com-
ponents showed normal values of TG and HDL-C
levels in all analyzed classifications, in contrast to
the levels of TG and LDL-C, which exceed the ref-
erence values for the general population, in per-
sons with low cardiovascular risk [16].

Table 2
The main characteristics of the components in persons with MH, M + ¢
Parameters NCEP ATP III RSC

n =743 n = 1338 n = 867
SPB (mmHg) 1429 £ 25.5 145.4 = 26.1 146.7 = 25.3
DBP (mmHg) 90.8 = 13.0 92.0 = 13.5 92.5 =125
BMI (kg/m?) 33.7 = 3.6 33.7 + 3.6 341+ 4.1
WC (cm) 101.0 £ 9.6 101.3 + 9.6 96.1 + 7.9
BG (mmol/1) 5.3+0.7 5.5 0.7 58+1.2
TC(mmol/1) 6.0 1.0 6.1=1.1 6.4 +1.2
LDL-C (mmol/1) 3.9+09 40=1.0 42=+1.1
HDL-C (mmol/1) 1.5 0.2 1.5 =0.2 1.5 =0.3
TG(mmol/1) 1.1+0.3 1.2 +0.3 1.5 +=0.8

The highest rates of cardiometabolic risk fac-
tors were determined in individuals with MHO
according to the criteria proposed by the RSC
2017, despite lower mean values of WC.

The analysis of the frequency of risk factors
in individuals with MHO showed a high preva-

lence of abdominal obesity (AQO) in both men and
women. At the same time, a comparative anal-
ysis of gender characteristics revealed that AO
is more common in women than in men: NCEP
ATP III - 90% and 71%, respectively, p < 0.001;
IDF — 99% and 97 %, respectively, p < 0.001;
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RSC - 99% and 86%, respectively, p < 0.001,
Figure 3.

The frequency of AH in the NCEP ATP III
group in men and women is the same, p < 0.01.
We found a higher prevalence of AH in men

BG
AO

(91%) than in women (84%) according to the
criteria of the MHO RSC, p < 0.001. In the
MHO group, IDF AH is more often determined
in women than in men: 70% and 67%, respec-
tively, p < 0.05.

T FGEre

86

99‘1" nl"“u

PHO = AH

gpres

hypoHDL
hyperTG =

BG =

97

AO =

IDF

ggees

AH

&7

hypoHDL
hyperTG
BG

\ 1

NCEP

To*

L

AO

y i
ATP I AH

S99

-

hypOHDL = 13"
hyperTG = R
o 20

0 Men

40

"9

G0 Bo 100 120

I Women

Fig. 3. Frequency of MS components in individuals with MHO according to IDF and NCEP ATP: III criteria

* p < 0.05; ** p < 0.01; *** p < 0.001 statistical significance of differences between men and women within the same
classification of MHO

Carbohydrate metabolism disorders have a
low incidence in individuals with MHO, accord-
ing to NCEP ATP III and IDF criteria. Howev-
er, according to the RSC criteria, the prevalence
of hyperglycemia in men was 36%, in women —
26%, p < 0.001. Various lipid spectrum disorders
such as hyperTG and hypoHDL have a low inci-
dence in MHO according to IDF and NCEP ATP
IIT criteria and no statistical significance of dif-
ferences between men and women was obtained,
p < 0.05. However, according to the RSC crite-
ria, the prevalence of hyperTG and hypoHDL in
women is quite high: 39% and 31%, respectively,
while in men the frequency of hyperTG is lower
(27%), and hypoHDL is 9%, p < 0.001.

Based on the above, a high frequency of such
components of the metabolic syndrome as AO
and AH in all studied classifications was revealed
in persons with MHO. At the same time, in ac-
cordance with the criteria of RSC, MHO demon-
strates higher rates of all cardiometabolic risk
factors.

BionneteHb cMbupckoin MmeguumHbl. 2020; 19 (1): 76-84

DISCUSSION

Recently, the lack of a standard approach to
the use of the same criteria and limit values sets
in order to determine metabolic disorders has
been identified as the main source of the high
variability in the prevalence of MHO obesity,
which was reported earlier [3].

Both around the world and in the Russian
Federation, experts are searching for the criteria
of the MHO. The Russian cardiological society
published a draft of recommendations relating to
obesity in 2017. This paper actively discusses the
feasibility of isolating a group of patients with a
metabolically healthy obesity phenotype. The
authors propose to allocate this phenotype of
obesity in each category of BMI on the basis of
the index WC/HC [9]. This may be due to the
fact that a number of data suggests that body fat
distribution is a strong metabolic and cardiovas-
cular risk factor [10-11]. The HUNT-II study
suggested that indicators of abdominal obesity,
such as the WC/HC index, may serve as better
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predictors of coronary heart disease than BMI
[12]. A similar data was obtained in the Austra-
lian national representative cross-sectional study
(AusDiab), among 11,247 thousand participants
aged 225, it was revealed that those with a larger
WC and a small HC had the highest prevalence
of undiagnosed diabetes. A similar pattern was
shown for the prevalence of undiagnosed hyper-
tension and undiagnosed dyslipidemia [13].

In our study, the analysis of the prevalence
revealed that the frequency of MHO according
to the criteria of IDF 2005 is 23%, according
to NCEP ATP III is 41.8%. In women, the fre-
quency of MHO is determined significantly more
often than in men. However, the results of the
BioSHaRE researchers, who analyzed data from
several epidemiological studies using the same
standard criteria, also demonstrate a signifi-
cant diversity in the prevalence of MHO in Eu-
rope. The highest percentage of MHO in men
was found in CHRIS and KORA studies, and in
women in NCDS, LifeLines, KORA and CHRIS,
while the lowest prevalence was found in Finnish
cohorts and in HUNT?2 [14]. According to Ostro-
vskaya E. V., in the analysis of 389 case records
of patients at the age of 18—60 with obesity, the
frequency of MHO, taking into account the cri-
teria of IDF 2005, was 38.6%. It is possible that
this difference in frequency is connected with a
younger average age of the participants of the
study [15]. The group of domestic authors (O.
Rotar et al.) studied the prevalence of MHO in
13 regions of Russia (Volgograd, Vologda, Vo-
ronezh, Vladivostok, Ivanovo, Kemerovo, Kras-
noyarsk, Orenburg, Tomsk, Tyumen, St. Peters-
burg and the Republic of North Ossetia-Alania)
with the participation of 1,600 people aged 25—
65. The maximum prevalence of MHO, taking
into account the criteria of the IDF MS in 2005,
was noted in Tyumen at 52.2%, the minimum in
Voronezh at 25.7% with a total prevalence of
41% and no significant gender differences [16]. In
another domestic study of scientists from St. Pe-
tersburg, the prevalence of MHO was significant-
ly lower at only 8.7% [17]. The lower rates were
predetermined by the fact that in this work the
combination of the minimum number of mani-
festations of metabolic syndrome together with
normal tissue sensitivity to insulin was assigned
to the criteria of MHO.

According to the data we have obtained, gen-
der differences in the frequency of MHO in dif-
ferent age groups were revealed. Thus, women
over 55 have a significant decrease in the fre-
quency of MHO, as distinct from men. The ob-
tained data can be explained by the fact that
at this age women go through menopause. Ac-
cording to the literature, menopausal women
show a greater incidence of MS and an increase
in the prevalence of MS components: BP, AO,
hyper-LDL-C, hyper-HDL-C, hyper-TG, high
levels of glucose [18].

In men, there is a slight decrease in the fre-
quency of MHO in older age groups, perhaps this
is connected with the average life expectancy,
which in men is 66.5 years in Russia for 2016.
This age is an order of magnitude less than that
of women: 77.1 years [19].

According to the data we have obtained, the
average values of SBP, DBP presented in Table
2 are higher than the levels indicated by modern
recommendations for the diagnosis and treatment
of hypertension, but the average values of TG
and HDL-C the level are in the reference range
[20].

It is also worth noting that MHO is a transi-
tional state [6], in which components of the met-
abolic syndrome may join over time. According
to our findings on the frequency of cardiometa-
bolic risk factors, persons with MHO, according
to the criteria of RSC, have the highest frequency
of all risk factors in both men and women, Figure
3. Traditionally, it is believed that the WC/HC
index should reflect the presence of AO, but our
data shows a fairly high frequency of AO, despite
the normal values of the WC/HC index against
MHO. And in the general population of Novosi-
birsk aged 45—69, the most common components
among people with MS, according to the crite-
ria of NCEP-ATP III 2001 in the urban Siberian
population aged 45—69, are hypertension (95 %)
and abdominal obesity (85%) [21].

Thus, data on variability in the prevalence of
MHO, as well as higher prevalence at a younger
age, correspond to world sources [24, 25]. This
situation makes the future prospects of this con-
dition unclear. So a unified classification of the
metabolically healthy phenotype of obesity is
needed, in order to determine such outcomes as
myocardial infarction, cerebrovascular accident,
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type 2 diabetes, etc. And it remains unclear at
what stage it is necessary to carry out medical
intervention to the change of the lifestyle, in or-
der to obtain further benefits for the health of
the patient, which requires further comprehen-
sive study of this problem.

CONCLUSIONS

The frequency of MHO varies depending on
the classification used: IDF, 2005 — 23%; RSC,
2017 — 27%; NCEP ATP III — 41.8%.

In the female sample, the frequency of MHO
is statistically significantly higher than in men in
all classifications.

In women older than 55, there is a statistically
significant decrease in the frequency of MHO.

Women, according to the RSC criteria, show
higher rates of all cardiometabolic risk factors
than when using other MHO criteria.

Persons with MHO are characterized by in-
creased mean values of SBP, DBP, with normal
mean values of TG and HDL-C.
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ABSTRACT

The aim of the study was to investigatey the association of single-nucleotide polymorphism (SNP)
rs10507391 (A>T) with the acute cerebrovascular accident (CVA) development in patients of the East
Siberian population with cardiovascular pathology and its risk factors.

Material and methods. The study involved 260 patients with acute CVA (age [57.0; 51.0-62.0]) and 272
patients of the control group (age [55.0; 51.0-62.0]). Among the patients who had acute CVA there
were 157 men and 103 women. The control group included 170 men and 102 women. The examination
of the experimental group included: collection of complaints, anamnesis, clinical examination, computed
tomography of the brain, electrocardiography, echocardioscopy, ultrasound duplex scanning of extracranial
brachiocephalic arteries, daily blood pressure and heart rate monitoring, and analysis of the blood
coagulation system. In patients of the experimental group, the following cardiovascular pathology and
risk factors were present: arterial hypertension, paroxysmal supraventricular tachycardias, dyslipidemia,
atherosclerosis of the brachiocephalic arteries, and disorders of the hemostatic system. The control group
was surveyed in the framework of the international “HAPIEE” project. Molecular genetic research was
performed by real-time PCR. Statistical processing of the material was carried out using the following
software: Statistica for Windows 7.0, Excel and SPSS 22.

Results. When studying the association of SNP rs10507391 (A>T) with the acute CVA development in all
the analyzed groups and subgroups of patients, a link was established between the rare TT genotype and
the T allele and an increased risk of acute CVA.

Conclusion. TT genotype and T allele of the SNP rs10507391 (A>T) increase the risk of acute CVA
in patients regardless of previous cardiovascular pathology and its risk factors, including patients with
arterial hypertension, supraventricular tachyarrhythmias, atherosclerosis of brachiocephalic arteries,
impaired lipid metabolism and hemostasis system.

Key words: acute CVA, supraventricular tachycardia, arterial hypertension, dyslipidemia, atherosclerosis,
hemostasis, rs10507391.
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Accouymauusa noaumopéusma rs10507391 ¢ passuTnem oCcTporo HapyLueHUA
MO3roBOro KpoBoOb6paLLeHUsA Y NAaLMEHTOB C CEPAEYHO-COCYAUCTOM
naro/soruneu

HukysauHa C.10.% lyabmaH B.A.', YepHoBa A.A.", MpokoneHko C.B.', HukyauH 4.A." 3,
MaatyHoBa U.M.%, TpeTbakosa C.C.', YepHos B.H.', MapuaosueBa O.B.', KenemeHeBa A.H.’,
Makcumos B.H., T'ypaxesa A.A.?

I Kpacrospcruii zocydapcmbernnvii meduyuncxui ynubepcumem um. npog. B.D. Boiino-Aceneyrozo
(KpacT' MY um. npogh. B.D. Bouino-Aceneyxozo)
Poccus, 660022, 2. Kpacnospcx, ya. Hapmusana XKenesuaxa, 1

? Hayuno-uccaedobamenvciusi uncmumym (HUH ) mepanuu u npoguraxmunecoi meduyurv, — uauan Mncmumyma
uumonozuu u zenemuxu CO PAH
Poccus, 630089, Hobocubupcx, ya. Bopuca Bozamxoba, 175/1

I Qedeparvrvii Cubupcruii naywno-kaunuveckuti yenmp Pedeparvnozo meduxo-6uorozunecxozo azenmemba (PCHKI]
OMBA Poccuu) Poccus,
Poccus, 660037, 2. Kpacnosapcx, ya. Koromencras, 26

* Kpacnospcras mexpasionnas xaunusecxasn 6oavruya Ne 20 um. M.C. bepsona
Poccus, 660123, 2. Kpacnospcx, ya. Uncmpymenmanvnas, 12A

PE3IOME

Ieas. M3yunts accormanmio opAHOHYKRAeoTHAHOTO moAnmopduama (OHII) rs10507391 (A>T) ¢ passutnem
ocTporo Hapymenus Mo3rosoro kposooGpamenuss (OHMK) y naumeHTOB ¢ cepAEYHO-COCYAMUCTOI
natororueit u (pakTopamyu pPHUCKA €e PasBUTHUA, ABAAIOUMXCSA IPEACTABUTEASIMU BOCTOYHOCUOMPCKOIM
MO AALMN.

Marepuaasl 1 MeToAbl. B mccaepoBanuy npuuaim ysactue 260 manmentos ¢ OHMK, (Bospacr [57,0;
51,0-62,0]) n 272 namuenta KOHTPOABHOI rpymmbl (Bospact [35,0; 51,0-62,0]). Cpean manmenTos, mepe-
Hecuix OHMK, — 157 myskunn u 103 sxenmunsl. Konrpoasnas rpynna — 170 myskuns u 102 sxeHmmHbL
O6caepoBaHMEe OCHOBHOM IPYIIBI BKAIOYAAO: COOP 3KaA00, aHAMHE3a, KAUHMYECKUH OCMOTP, KOMIbIOTEP-
HyI0 TOMOTpaduio FOAOBHOTO MO3Ta, dAEKTPOKAPAMOrpaduio, 3XOKapAMOCKONMIO, YABTPA3BYKOBOE AY-
[IAEKCHOE CKaHMPOBaHME IKCTPAKPAHMAABHBIX OpaxmouedarbHbIX apTepuil, CyTOYHOE MOHUTOPUPOBAHME
apTepuaAbHOTO AABAEHUS ¥ CEPAEYHOTO PHUTMa, aHAAM3 CBEPTHIBAIOWIEH CUCTEMBI KPOBM. Y NAIMEHTOB
OCHOBHOJ TPYIIBI IPUCYTCTBOBAAA CAEAYIOUIAS CEPAEYHO-COCYAMCTAs [AaTOAOIMA M (DaKTOPHI PUCKa:
aprepmarbHasd TUIEPTEH3NUS, NaPOKCU3MAAbHBlE HAAJKEAYAOYKOBbIE TaxXMKAPAUM, AMCAMIMAEMKA,
aTepockAepo3 GpaxuonedarbHblXx aprepuil, HapylleHMs CUCTeMbl Tremocrasza. KoHTpoabHas rpynma
o6caepoBaHa B pamkax MeskAyHapoaHoro npoekta HAPIEE. MoaekyAspHO-TeHETHYECKOE UCCAEAOBAHYE
IPOBOAMAM METOAOM IOAMMEPA3HOIN LEMHON peakuuu B pearbHoM Bpemern. Cratucrudeckas o6paGorka
Marepuara IPOBOAMAACH C IpUMeHeHMeM HaGopa mpurAaAHbIX mporpamm Statistica for Windows 7.0, Excel
u SPSS 22.
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Pesyabratsl. [Ipu nsyvennn accommanmu OHII rs10507391 (A>T) ¢ paszsurnem OHMK Bo Bcex amarman-
pyeMbIX TpyIIax ¥ HOATPYINax HayeHTOB YCTaHOBAEHA CBA3b MeXAY peAkuM renorunom TT u arrerem
T n nosbuunenssim puckom OHMK.

3akarouenne. T'enotun TT u aareas T OHII rs10507391 (A>T) moBbumaroT puCK pasBUTHSA OCTPOTO
HapyIWeHNs MO3TOBOTO KPOBOOGDAIeHNA Y HAIMEeHTOB BHE 3aBUCHMOCTH OT IPEAIIECTBYIONell CepAeYHO-
COCYAMCTO} IaTOAOTMM ¥ (PaKTOPOB PUCKA, B TOM UMCAE y NMALMEHTOB C apTePUAABHON TMIEPTEH3UEN,
HAAKEAYAOYKOBBIMM TaXMapUTMUAMY, aTEPOCKAEPO30M OGpaxmonedarbHbIX aprepuii, HapylleHNeM
AMIIIAHOTO OGMEHa ¥ CHCTEMBI TeMOCTa3a.

Karouesbre caoBa: OHMK, HapsKeAyAOUKOBas TaxMKapAMA, apTepuasbHASA TUIEPTEH3NUA, AMCAUIUAEMMUA,
aTepockAepos, remocras, rs10507391.

KOHq)AMKT UHTEpPECOB. ABTOPLI ACKAAPUPYIOT OTCYTCTBME ABHBIX ¥ MNOTEHIMAABHBIX KOHq)AI/IKTOB
VHTEPECOB, CBA3aHHBIX C Hy6AI/IKaLU/IeI7I HaCTOHIL[ef/I CTaTbu.

Uctounnk dunancuposanusa. Pabora nopaepskana rpantom npesupenra Poccuiickoir @epepanmu No MA-
58887.2018.7.

CoorBeTcTBME IPUHIMIAM STURM. Bee y9acTHUKY MCCAEAOBAHNA IOANMCAAY NUCHMEHHOE MH(POPMUPOBAHHOE
coraacue. Viccaeposanue opo6pero studeckum komurerom KpacI'MVY (nporokoa Ne 29 or 18.01.2011).

Ars umrupoBanns: Huxyauna C.IO., Illyasman B.A., Uepnosa A.A., IIpokonenko C.B., Hukyann A.A.,
ITaarynosa VI.M., Tperssakosa C.C., Uepuos B.H., Mapuaosuesa O.B., Keaemenesa A.H., Makcumos B.H.,
I'ypaskeBa A.A. Accommanna moanmopdusma rsl0507391 ¢ passurmeM OCTPOrO HapyuUIEHMS MO3TOBOTO
KPOBOOGpAIEHNsl Y TAMEHTOB C CEPAEYHO-COCYAUCTON NaToAoTueit. Broaremeny cubupcroti meduyuro.

20205 19 (1): 85-93. https://doi.org: 10.20538/1682-0363-2020-1-85-93.

INTRODUCTION

The single-nucleotide polymorphism (SNP)
rs10507391 (A> T) is located on chromosome 13,
position 30737959, at the locus of the ALOX5AP
gene. The gene encodes a protein necessary for
the synthesis of leukotrienes, which are metabo-
lites of arachidonic acid and are involved in var-
ious types of inflammatory reactions. ALOX5AP
genotypes are associated with a risk of devel-
oping such cardiovascular diseases as myocardial
infarction (MI) and ischemic stroke [1].

The relationship between SNP rs10507391 of
the ALOX5AP gene and five other polymorphisms
(ALOX5 rs12762303 and rs12264801, LTA4H
rs2072512, rs2540487, rs2540477) and myocardial
infarction and risk factors for its development
(dyslipidemia, alcohol consumption, smoking)
were studied in the Chinese population. 401 pa-
tients with history of myocardial infarction (MI)
and 409 people in the control group were gen-
otyped according to these polymorphisms. SNP
rs10507391 was significantly associated with lipid
levels in patients with MI (p <0.006—0.008) [2].

The associations of ALOX5AP gene polymor-
phisms with subclinical atherosclerosis in families
of type 2 diabetes (T2D) patients were studied
by K.P. Burdon et al. (2010, USA). The study
involved 998 patients, of whom 828 suffered from

T2D and 170 did not have diabetes. As a result
of the study, associations of the ALOX5AP gene
single-nucleotide polymorphisms (rs9506352 and
rs4769060) with subclinical atherosclerosis of the
coronary and carotid arteries were revealed. Re-
garding the rs10507391 polymorphism, no statis-
tically significant results were obtained [3].

A number of studies have confirmed the asso-
ciation of ALOX5AP gene polymorphisms with
stroke among the Chinese population.

In the Chinese population, the relationship
between ALOX5AP-SG13S114A/T (rs10507391),
COX-2-765G/C and COX-1-50C/T polymor-
phisms and acute CVA was evaluated. The study
included 411 patients with acute CVA and the
same number of people in the control group.
None of the genes showed significant associations
with acute CVA in the isolated analysis. Howev-
er, in carriers of the AA rs10507391 genotype of
the ALOX5AP gene and the CC genotype of the
COX-2-765CC polymorphism, the risk of acute
CVA increased by 2.84 times (95% confidence
interval (CI) 1.344-6.543). The obtained results
confirm the polygenic etiology of acute CVA [4].

The effect of gene interactions on the risk
of acute CVA_in the Chinese population was
confirmed by L.F. Chi et al. (2014). In 292 pa-
tients with acute CVA_and 259 healthy people,
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the authors conducted a study of 8§ SNPs in five
candidate genes. Multivariate analysis showed a
pronounced interaction of the ALOX5AP gene
rs10507391 and the CYP3A5 gene rs776746
(p = 0.0107). This interaction was associated with
an increased risk of acute CVA in patients (tak-
ing into account age, hypertension and diabetes;
odds ratio (OR) = 1.804; 95% CI 1.180-2.759,
p = 0.006) [5].

Associations of six ALOX5A gene polymor-
phisms with acute CVAs were studied in the
northeastern Chinese population. Genotyping
by polymorphisms of the studied genes was car-
ried out by real-time polymerase chain reaction
(PCR) and DNA sequencing. The results showed
that only the G allele of rs9579646 polymorphism
was significantly associated with an increased risk
of acute CVA. There were no statistically signif-
icant differences in the genotype frequencies of
rs9551963, rs9315050, rs4769874, rs10507391 and
rs4147064 polymorphisms in the experimental
and control groups. However, association anal-
ysis of rs9579646 and rs10507391 polymorphisms
showed that the increased risk of acute CVA was
significantly associated with the GT and GA hap-
lotype [6].

The association of ALOX5AP gene polymor-
phisms with stroke has been studied in a pop-
ulation of East China. By PCR, 507 patients
with stroke and 510 healthy individuals were
genotyped. A haplotype-based analysis of the
rs10507391 and rs12429692 associations showed
that the reduced risk of stroke was significantly
linked to the AA haplotype (OR = 0.66; 95%
CI 0.46—-0.95) [7].

Single-nucleotide polymorphisms of the AL-
OX5AP gene were studied in individuals of the
Taiwanese population with history of a ath-
erothrombotic stroke. The results of the study
showed that the rare allele combination of three
polymorphisms — rs4293222, rs10507391 and
rs12429692 — reduces the risk of atherothrom-
botic stroke by 44% (OR = 0.56; 95% CI 0.37—
0.84, p = 0.005) [8].

A study of SNP rs10507391 as a genetic mark-
er of stroke risk was conducted in the Icelan-
dic population. The study involved 639 patients
with acute CVA and 736 patients in the control
group. Twenty-two SNPs of the ALOX5AP gene
were analyzed. The most statistically significant

association with acute CVA was demonstrated by
SNP rs10507391 (OR = 1.24; 95% CI 1.04 to 1.55;
p = 0.017). Moreover, in the male subgroup with
acute CVA, associations were more pronounced
than in the female subgroup [9].

Thus, most studies confirm the association of
the ALOX5AP gene with acute CVA. However,
the independent effect of SNP rs10507391 on the
risk of stroke is proved only in the European
population, which makes this polymorphism at-
tractive for further studies in various populations.

The aim of the research was to study the as-
sociation of SNP rs556621 (G>T) with the acute
CVA development in patients with cardiovascu-
lar disease and risk factors for its development.
The patients are representatives of the East Sibe-
rian population.

MATERIALS AND METHODS

The study included 260 patients with acute
CVA (experimental group) and 272 patients in
the control group. The study was carried out
in accordance with Good Clinical Practice stan-
dards and the principles of the Declaration of
Helsinki. Prior to inclusion in the study, a writ-
ten informed consent was received from all par-
ticipants. The age of patients in the experimental
group ranged from 32 to 69 years [57.0; 51.0—
62.0], the age of the control group — from 37 to
68 years [55.0; 51.0-62.0]. Among the patients
who had an acute CVA there were 157 men (age
[56.5; 51.0-62.0]) and 103 women (age [57.0;
51.0-62.0]). The control group included 170 men
(age [55.0; 51.0-62.0]) and 102 women (age [55.0;
51.0-62.0]).

Patients of the main group were at inpatient
treatment and under examination at the Kras-
noyarsk Interdistrict Clinical Hospital No, 20 n.
a. L.S. Berzon, Krasnoyarsk. Examination of in-
dividuals of the main group included: collection
of complaints, anamnesis, clinical examination,
computed tomography of the brain, electrocar-
diography, echocardioscopy, ultrasound duplex
scanning of extracranial brachiocephalic arter-
ies, daily monitoring of blood pressure and heart
rhythm, and analysis of the blood coagulation
system. Clinical and instrumental examination of
patients from the experimental group was aimed
at verifying the diagnosis and detecting the con-
comitant cardiovascular pathology and risk fac-
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tors for the development of acute CVA. 199 pa-
tients (123 men and 76 women) of the main group
had an ischemic stroke, 51 patients (28 men and
23 women) were diagnosed with hemorrhagic
stroke, and 10 patients (6 men and 4 women)
showed a mixed type of acute CVA.

Of 260 patients, 19 (13 men and 6 women)
had a repeated stroke. None of the examined pa-
tients had clinical, anamnestic and instrumental
data indicating the presence of coronary heart
disease. Arterial hypertension (AH) (249 people,
of which 153 men and 96 women) was the most
common cardiovascular pathology preceding
acute CVA. Heart rhythm disturbances of the
paroxysmal supraventricular tachycardia type,
including atrial fibrillation, were detected in 31
patients (20 men and 11 women). The following
risk factors for stroke in the study group of pa-
tients were observed: dyslipidemia (159 patients,
of which 95 men and 64 women), atherosclerosis
of the brachiocephalic arteries (BCA) (160 pa-
tients, of which 94 men and 66 women), hemo-
static disorders leading to hypercoagulability (90
patients, of which 53 men and 37 women), 28
patients (19 men and 9 women) had aggravated
hereditary history of acute CVA.

The control group is represented by a popu-
lation sample of the Novosibirsk city inhabitants
examined in the framework of the international
HAPIEE project [3]. The examination of the con-
trol group included: questionnaires (social eco-
nomic conditions of life, chronic diseases, level of
physical activity, mental health), anthropometry
(height, body weight, waist, hips), a survey on
smoking and alcohol consumption (frequency and
typical dose), blood pressure measurement, lipid
profile evaluation, a survey for the detection of
exertional angina (Rose), resting ECG with 12
leads, and a study of respiratory and cognitive
functions. In the control group, AH occurred in
177 patients, of which 98 were men and 79 were
women. There were no other cardiovascular dis-
eases and risk factors for their development at
the time of the examination in the control group.

Molecular and genetic research of individuals
from the experimental and control groups was
carried out by real-time PCR at the Research
Institute for Treatment and Preventive Medicine
of the Siberian Branch of the Russian Academy
of Medical Sciences.

Statistical processing of the material was car-
ried out using the following software: Statistica
for Windows 7.0, Excel and SPSS 22.

When performing a statistical analysis of the
obtained material, standard operating proce-
dures for conducting statistical exercises were
used, while the methods of statistical processing
were used in accordance with the nature of the
accounting features and the number of compari-
son groups. Fisher’s exact test was used when the
desired frequencies were less than 5. The relative
risk of disease probability for a particular al-
lele or genotype was calculated as the odds ratio
(OR). The value of the critical significance level
(p) when testing statistical hypotheses was desig-
nated 0.05 [10-12].

Correspondence of the distribution of the ob-
served frequencies in the studied genotypes the-
oretically expected by the Hardy — Weinberg
principle was checked using the y* criterion. The
counting was carried out using a calculator for
statistics in case-control studies on the Gen Ex-
pert website (Russia, http;//www.oege.org/soft-
ware/hwe-mr-calc.shtml).

RESULTS

The frequency distribution of SNP rs10507391
genotypes and alleles (A>T) among the patients
with acute CVA and in control group is present-
ed in Table 1. A statistically significant number
predominance of the rare TT genotype and T al-
lele carriers among the patients with acute CVA
was compared with the control group. There
was also a statistically significant decrease in the
number of the AA genotype and A allele carriers
in the group of patients who had acute CVA,
compared with the control group. Differences in
the frequencies of the heterozygous AT genotype
in the compared groups were not statistically sig-
nificant.

When analyzing the frequency distribution of
SNP rs10507391 genotypes and alleles (A>T) in
the subgroup of men with acute CVA and in the
male control group, results similar to the ex-
perimental group were obtained. The TT geno-
type was statistically significantly more common
among men with acute CVA (50.6 = 7.9%) than
among men in the control group (11.2 = 4.74%;
p = 0.000; OR 8.1; 95% CI 4.60—14.45). The fre-
quency of the AA genotype in the subgroup of
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men with acute CVA was significantly lower
(7.1 = 4.07%) than in the control group (46.5 =
7.5%; p = 0.000; OR 11.2; 95% CI 5.71-22.22).
The frequencies of the AT genotype were com-
parable in the subgroup of men with acute CVA
(42.2 = 7.8%) and among men in the control
group (42.4 £ 7.43%; p = 0.98). The frequency of
the A allele in the subgroup of men with acute
CVA was 28.2 = 5.03%, and in the control group
of men it was 67.6 = 4.97%. T allele in the sub-
group of men with acute CVA was found with a
frequency of 71.8 = 5.03%, and with a frequency
of 32.4 = 4.97% in the control group. The differ-
ences in alleles were also statistically significant
(p = 0.000; OR 5.34; 95% CI 3.79-7.46).

When analyzing the frequency distribution of
genotypes and alleles of SNP rs10507391 (A>T)
in the subgroup of women with acute CVA and
in the female control group, results were ob-
tained that are similar to the results in the exper-

imental group and in the subgroup of men with
acute CVA. The frequency of the AA genotype
among women with acute CVA was 6.8 = 4.86%,
among women in the control group it was 56.9 =
9.1% (p = 0.000; OR 18.18; 95% CI 7.63—43.48).
The AT genotype in the subgroup of women with
acute CVA was found with a frequency of 34.0 =
9.15%, and in the control group of women with
a frequency of 35.3 = 9.27% (p = 0.84). The TT
genotype was identified in 59.2 = 9.49% of wom-
en with acute CVA and in 7.8 = 5% of women
in the control group (p = 0.000; OR 17.06; 95%
CI 7.50-38.82). In the subgroup of women with
acute CVA, 23.8 = 5.81% of patients were carri-
ers of the A allele, 76.2 = 5.81% of patients were
carriers of the T allele. In the control group,
74.5 = 5.98% of women were carriers of the A al-
lele, 25.5 = 5.98% of women were carriers of the
T allele (p = 0.000; OR 9.34; 95% CI 5.98-
14.70).

Table

Frequency distribution of SNP rs10507391 genotypes and alleles (A>T) among patients with acute CVA and in control group

Patients wifh acute CVA Control group (1 = 272)
Genotypes and alleles (n = 257) b
total | % | m total | % | m

Genotypes
AA 18 7.0 3.12 137 50.4 5.94 p = 0.000
AT 100 38.9 5.96 108 39.7 5.81 p=0.85
TT 139 54.1 6.09 27 9.9 3.55 p = 0.000

Alleles

A 136 26.5 3.81 382 70.2 3.84
T 378 73.5 3.81 162 29.8 3.84 p = 0.000
OR A/T; 95% CI 6.53; 5.00-8.55

Total alleles
AA 18 7.0 3.12 137 50.4 5.94 5 = 0.000
AT+ TT 239 93.0 3.12 135 49.6 5.94
OR; 95% CI 13.5; 7.87-23.25
TT 139 54.1 6.09 27 9.9 3.55 b = 0.000
AA + AT 118 45.9 6.09 245 90.1 3.55
OR; 95% CI 10.7; 6.70-17.05

Note. OR - odds ratio; 95% CI — 95" confidence interval, p — significance level when comparing the distribution of genotypes with

indices of the control group.

The frequencies of the SNP rs10507391 (A>T)
genotypes and alleles in the subgroups of patients
who suffered from acute CVA and with various
cardiovascular pathologies and risk factors were
analyzed. The analysis results of the frequencies
and alleles distribution in all subgroups corre-
sponded to the distribution in the experimental
group of patients with acute CVA.

In the subgroup of patients with arterial hy-
pertension (AH) and history of acute CVA, the
genotypes were distributed as follows: the AA
genotype — 7.3 = 3.25%, the AT genotype —
39.0 = 6.10%, the TT genotype — 53.7 = 6.23%.
In the control group of patients without hyper-
tension and acute CVA, the AA genotype was
detected in 46.3 = 10.03% of patients, the AT
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genotype in 44.2 = 9.99%, and the TT genotype
in 9.5 = 5.89% of patients. Among patients with
AH and acute CVA, compared with the control
group, a statistically significant predominance of
the number of TT genotype carriers (p = 0.000;
OR 11.06; 95% CI 5.33-22.98) and a statistically
significant decrease in the number of AA geno-
type carriers were found (p = 0.000; OR 10.87;
95% CI 5.85-20.41). Differences in the AT gen-
otype were statistically insignificant (p = 0.38)
(Fig. 1). The A allele frequency in the subgroup
of patients with AH and acute CVA was 26.8 =
3.92%, in the control group it was 68.4 = 6.61%.
The T allele in the subgroup of patients with
AH and acute CVA occurred with a frequency
of 73.2 = 3.92%, and with a frequency of 31.6 =
6.61% in the control group. The differences were
statistically significant (p = 0,000; OR 5.92; 95%
CI 4.09-8.55).

100
90 -
f,g '_ £ = 0.000 p=1038 p = 0.000
53.7
60 -
442
50 46.3
40 4
30 - _
20 1 193
10 4 :
04 3 _ _ B
AA AT TT
B AH (» = 246) B Control (n = 95)
Fig. 1. Frequency distribution of SNP rs10507391

genotypes and alleles (A>T) among patients with AH
and history of acute CVA and people in the control
group without AH and acute CVA

In the subgroup of patients with cardi-
ac rhythm disturbances (CRD) and history of
acute CVA, the frequency of AA genotype was
3.3 £ 6.42%, the history of the AT genotype
was 30.0 = 16.4%, and that of the TT geno-
type was 66.6 = 16.87%. The frequencies of SNP
rs10507391 genotypes and alleles (A>T) in the
control group are presented in Table. Among
patients with CRD and acute CVA, compared
with the control group, a statistically signifi-
cant predominance of the number of TT gen-
otype carriers (p = 0.000; OR 18.15; 95% CI
7.70—42.75) and a statistically significant de-
crease in the number of the AA genotype car-

riers were established (» = 0.000; OR 29.41;
95% CI 3.95-200.0). Differences in the AT geno-
type were not statistically significant (p = 0.30).
A statistically significant predominance of the
number of T allele carriers and a decrease in
the number of A allele carriers in the subgroup
of patients with CRD and acute CVA were
compared with numbers in the control group

(p = 0.000; OR 11.11; 95% CI 5.32-20.83)
(Fig. 2).
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Fig. 2. Frequency distribution of SNP rs10507391 alleles

(A>T) among the patients with cardiovascular pathology,

its risk factors and history of acute CVA and individuals
in the control group

In the subgroup of BCA atherosclerosis pa-
tients with history of acute CVA, the frequencies
of genotypes and alleles were distributed as fol-
lows: AA genotype — 5.7 = 3.64%, AT genotype —
41.4x7.70%, TT genotype—52.9+7.81%, A allele—
26.4 = 4.88%, T allele — 73.6 = 4.88%. The fre-
quencies of SNP rs10507391 genotypes and alleles
(A>T) in the control group are presented in Ta-
ble 1. In the subgroup of patients with BCA ath-
erosclerosis and acute CVA, compared with the
control group, the TT genotype was statistically
significantly more likely to be found (p = 0.000;
OR 10.18; 95% CI 6.13-16.88) and the AA gen-
otype was statistically significantly less common
(p = 0.000; OR 16.67; 95% CI 8.19-34.48). The
frequencies of the AT genotype were comparable
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in the compared groups (p = 0.73). The T allele
significantly prevailed among patients with ath-
erosclerosis of BCA and acute CVA in compari-
son with the control group (p = 0.000; OR 6.58;
95% CI 4.81-8.93) (see Fig. 2).

In the subgroup of patients with dyslipidemia
and history of acute CVA, the frequencies of
genotypes and alleles were distributed as follows:
AA genotype — 5.1 = 3.46%, AT genotype — 41.7
+ 7.74%, TT genotype — 53.2 = 7.83%, A al-
lele — 26.0 = 4.86%, T allele — 74.0 = 4.86%.
The frequencies of SNP rs10507391 genotypes
and alleles (A>T) in the control group are pre-
sented in Table 1. In the subgroup of patients
with CRD and acute CVA, compared with the
control group, the TT genotype was statistically
significantly more frequent (p = 0.000; OR 10.32;
95% CI 6.21-17.13) and the AA genotype was
statistically significantly less common (p = 0.000;
OR 18.87; 95% CI 8.85—40.0). The frequencies of
the AT genotype were comparable in the com-
pared groups (p = 0.69). The T allele significantly
prevailed among patients with dyslipidemia and
acute CVA compared with the control group
(p = 0.000; OR 6.571; 95% CI 4.93-9.17) (see Fig. 2).

In the subgroup of patients with impaired he-
mostasis system and history of acute CVA, the
AA genotype was 6.8 = 5.27%, the AT genotype —
39.8 = 10.23%, and the TT genotype — 53.4 =
10.42%. The frequencies of SNP rs10507391 (A>
T) genotypes and alleles in the control group are
presented in Table. A statistically significant pre-
dominance of the number of TT genotype carri-
ers (p = 0.000; OR 10.40; 95% CI 5.84-18.53) and
a statistically significant decrease in the number
of AA genotype carriers were found (p = 0.000;
OR 13.89; 95% CI 5.85-33.33) in the subgroup
of patients with hypercoagulation and acute
CVA, compared with the control group. There
were no significant differences when comparing
the frequencies of the AT genotype (p = 0.99).
The T allele significantly prevailed among patients
with hypercoagulation and acute CVA as opposed
to individuals in the control group (p = 0.000;
OR 6.45; 95% CI 4.42-9.43) (see Fig. 2).

DISCUSSION

When studying the association of SNP
rs10507391 (A>T) with the development of acute
CVA in all analyzed groups and subgroups of

patients, a connection was established between
the rare TT genotype and the T allele and the
increased risk of acute CVA. The results are con-
sistent with published data and are determined
by the mechanism by which the action of poly-
morphism is realized: participation in most types
of inflammatory reactions. The uniqueness of this
study is the confirmation of the SNP rs10507391
TT genotype (A>T) role as an independent pre-
dictor of acute CVA in individuals of the East
Siberian population. Previously it was established
only among patients of European origin [9].

CONCLUSION

TT genotype and T allele of the SNP
rs10507391 (A>T) increase the risk of develop-
ing acute cerebrovascular accident in patients
regardless of previous cardiovascular patholo-
gy and its risk factors, including patients with
arterial hypertension, supraventricular tachyar-
rhythmias, atherosclerosis of brachiocephalic
arteries, impaired lipid metabolism and hemo-
static system.
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ABSTRACT

The aim of the study was to investigate the effect of the carbon monoxide (CO) donor on the
Ca?" -activated potassium permeability of the erythrocyte membrane and platelet aggregation ability.

Materials and methods. Healthy volunteers (z = 27) and patients with chronic coronary heart disease
(CHD) (n = 32) of both sexes were examined. The material of the study was packed red blood cells and
platelet-rich plasma obtained from patient’s venous blood. The change of Ca?" -dependent potassium
conductivity of the erythrocyte membrane was evaluated by potentiometric method, and the platelet
aggregation was studied by turbidimetric method. Carbon monoxide releasing molecule-2 (CORM-2) was
used as a CO donor. The amplitude of A23187- and redox-induced hyperpolarization response (HR) of
erythrocytes, and the rate and degree of platelet aggregation were estimated.

Results. It was shown that the addition of CORM-2 (10 and 100 pM) in the erythrocyte suspension
caused a dose-dependent decrease in the amplitude of A23187- and redox-dependent HR in healthy
donors, as well as in patients with chronic CHD. The maximum decrease was observed in the presence of
100 uM CORM-2. The effect of CORM-2 at concentrations of 10 and 100 uM on collagen-induced platelet
aggregation led to a decrease in the degree and rate of aggregation in healthy donors. The maximum effect
was shown at 100 pM of CO donor. However, such an unambiguous effect of CORM-2 on the aggregation
parameters in patients with CHD was not observed.

Conclusion. The results suggest that CO has a significant effect on the ion transport function of the
erythrocyte membrane and platelet aggregation activity of both healthy donors and patients with CHD.
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PE3IOME

Leab uccrepoBaHMS — M3Y4UTh BAMAHME AOHOPA MOHOOKCHAA yraepoaa (CO) na Ca?*-3aBucumyio Kaime-
BYIO [IPOHUIIAEMOCTb MEMOPAHBI HPUTPOLUTOB U ArPEraMOHHYI0 CIOCOGHOCTH TPOMOOLUTOB.

Marepuaant u Meroabl. OGcaepOBaHbI 3A0pOBble AOGPOBOADBLBI (72 = 27) M HALUEHTHl C XPOHMIECKOI
nemndeckoii 6oaresupio cepana (VIBC) (n = 32) o6oero mora. Marepuarom MCCAEAOBAHUS SIBASAUCH
YIaKOBAHHbIE 3PUTPOUUTHL M OGoraumjeHHas TPOMOOLMUTAMKU NAa3Ma, [OAYYEHHbIE U3 BEHO3HON KPOBH.
IToreHnMOMeTPUIECKUM METOAOM u3ydain uameHeHye Ca’’-3aBUCHMOI KaAMEBON NMPOBOAMMOCTM MeM-
GpaHbl APUTPOLUTOB, TYPOUAMMETPMYECKMM METOAOM — arperalMoHHYI0 aKTUMBHOCTh TPOMGOLMTOB
npu aevictBun poHopa CO (CORM-2). Ouenmsarm Beamumuy A23187- u perOKC-MHAYIMPOBAHHOTO
runeprnoagpusanuonsoro orsera (I'O) apuTpounToB, CKOPOCTh U CTENEHb arperamuy TPOMOOLUTOB.

Pesyabratel. B mpucyrcteun 10 n 100 mgkM CORM-2 amnanryaa A23187- u pepoxc-sasBucumoro I'O
3AOPOBBIX AOHOPOB, KaK ¥ NMaI}eHTOB ¢ XxpoHudeckoit popmoit MBC A0303aBuCHMO yMeHbIIAAACH, IPUYEM
MakCuMaAbHOe CHMKeHMe ormedeHo B mpucytcrsum 100 mxM aonopa CO. Boszaeiictsue CORM-2 B
konuentpammax 10 u 100 MkM Ha KOAAAreH-MHAYLMPOBAHHYIO arperanyuio TPOMGOLMTOB IPUBOAMAO K
CHIDKEHMIO CTEIeHM ¥ CKOPOCTM arperamyuu y 3AOPOBBIX AOHOPOB, AOCTMIAf MaKCHMMaAbHOTO addexra
npu 100 mxkM aoxopa CO. Oanako croap opHO3HauHOro BAuAHMA CORM-2 Ha mapamerpsl arperamym y
namuentos ¢ MBC e Ha6AIOAAAOCE.

3akarouenne. IloayuenHsie pe3yabTaThl ykaspiBaioT, 4T0 CO OKa3biBaeT CyeCTBEHHOE BAMSAHME HA
MIOH-TPAHCIOPTHYIO (PYHKIMIO MeMOPaHbl HPUTPOLUTOB M arperaljMOHHYI0 aKTUBHOCTh TPOMOOLUTOB Kak
3AOPOBBIX AOHOPOB, Tak u manguentos ¢ VIBC.

KaroueBsie cA0OBa: MOHOOKCHA YIAEPOAA, SPUTPOLUTHI, MOH-TPAHCIOPTHbIE CUCTEMBI, TPOMOOLUTEI, arpe-
rarmus.
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INTRODUCTION

Carbon monoxide (CO), nitric oxide (NO) and
hydrogen sulfide (H2S) are a new class of gas
regulatory molecules [1, 2]. The formation of CO
occurs during the degradation of the hemoprotein
in the heme molecule (hemoglobin, myoglobin,
catalase, etc.), which is catalyzed by the heme
oxygenase (HO) enzyme, that has inducible (HO-
1) and constitutive (HO-2) isoforms [3].

Currently, CO is considered as an important
mediator in the cardiovascular system that reg-
ulates vascular tone and has anti-inflammatory,
anti-apoptotic, and antiproliferative effects [4].
There is evidence that CO modulates surface ar-
chitectonics and red blood cell energy metabolism
[5]. At the same time, changes in the structural
and functional status of red blood cells can be an
indicator of the degree of damage to membranes
during various pathological processes in the body.

Abnormalities in the rheological properties of
blood are of great importance among the factors
determining hemodynamic disturbances in pa-
tients with coronary heart disease (CHD) [6, 7]. It
has been shown that in patients with CHD, there
is a change in the phospholipid composition of
the erythrocyte membrane due to the increased
incorporation of cholesterol, as well as possible
phosphatidylserine externalization [8].

Structural disorganization and changes in the
biomechanical properties of the erythrocyte
membrane cause disruption in its ion transport
function [9, 10], in which Gardos channels —
Ca**-activated potassium channels (K, -channels) —
are significant. An increase in the activity of
these channels causes eryptosis and also reduces
the erythrocyte deformability. [2, 11]. A special
place in the pathogenesis of CHD is given to the
increased platelet aggregation and related to it
relevant antiplatelet therapy. The literature data
indicate that CO donors can produce an anti-
platelet effect [12].

Thus, the aim of this work was to study the ef-
fect of CO on the ionic permeability of the eryth-
rocyte membrane and platelet aggregation.

MATERIAL AND METHODS

The study included 32 patients (20 men and
12 women) aged 40 to 65 years, with a clinically
verified chronic form of CHD, functional class
ITI-1II1. Of these, 21 (65.6%) patients had myo-

cardial infarction in past medical history. The
patients had 5 (2; 8) years’ experience of CHD.
Arterial hypertension (AH) was diagnosed in 14
(43.7%) of the examined individuals. Clinical and
laboratory studies were conducted before the
start of conservative treatment for chronic CHD.
The comparison group consisted of 27 healthy
volunteers (16 men and 11 women) aged 38 to
62 years who did not have cardiovascular, endo-
crine or genetic diseases in the medical history.
The characteristics of patient groups are given
in Table 1. The work complied with the ethical
standards developed in accordance with the Dec-
laration of Helsinki (as amended in 2000) and
the Guideline for good clinical practice. Each
individual in this study signed a written informed
consent.

Venous blood taken from elbow vein of fasted
patients in the morning in test tubes of the BD
Vacutainer® type with an anticoagulant served as
material for the study. Hematological (XN-1000
analyzer, Sysmex, Japan), biochemical (Konelab
60i analyzer, Thermo Scientific, USA) and he-
mostasiological tests (coagulation analyzer ACL
TOP 700, Instrumentation Laboratory Company,
USA) were performed.

The erythrocyte suspension was obtained by
centrifugation (5 min, 1,000 g, 4 "C) of whole
blood (heparin, 17 IU / ml). Plasma and white
blood cells were removed, and then the red blood
cells were washed twice with 150 mM NaCl con-
taining PBS (5 mM, pH 7,4) under the same cen-
trifugation conditions. The erythrocyte sediment
was washed with iso-osmotic medium (320 mOs-
m/L) containing 150 mM NaCl, 10 mM glucose,
1 mM KCl, and 1 mM MgCl,. The red blood cells
were transferred to ice and stored for no more
than 12 hours. For the study, packed red blood
cells were diluted in 1:5 ratio in their incubation
medium. To obtain platelet-rich plasma, blood
with sodium citrate (blood: citrate ratio — 9:1)
was centrifuged for 7 min at 800 g.

The study of Ca?"-activated potassium permea-
bility of the erythrocyte membrane was conducted
by the potentiometric method. The erythrocyte
hyperpolarization response (HR) was estimated
in response to the addition of 0.5 uM Ca’"-ion-
ophore A23187 or the ascorbate (10 mM) —
phenazine methosulfate (PMS, 0,1 mM) system.
The quazi stationary pH, level was determined
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during cell hemolysis in the presence of detergent
Triton X-100 (0.2%).

The aggregation ability of platelets was stud-
ied by the turbidimetric method with the use of
a laser analyzer (220 LA “NPF Biola”, Russia).
Platelet aggregation was caused by collagen at
a final concentration of 2 mg/ml. The degree

and rate of aggregation were estimated from the
curve of the average aggregate size.

Statistical analysis of the data was performed in
SPSS Statistics 17.0 using Mann — Whitney U test
and Chi-square test. Data are presented as medi-
an (Me), interquartile range (Q,; Q,), and 7 (%).
p < 0.05 was considered statistically significant.

Table 1
Clinical and laboratory characteristics of examined individuals
Parameter Groups b
Healthy donors, n = 27 Patients with chronic CHD, n = 32
Age, years, Me (Q; Q,) 53 (42.5; 58) 56 (53.5; 62) 0.272
Body Mass Index, kg/m?, Me (Q;; Q,) 24 (23; 25) 30 (28; 32) 0.028
Smoking, # (%) 9 (33.3) 13 (40.6) 0.041
Red blood cells, 10'/a, Me (Q,; Q,) 4.6 (4.4; 4.8) 4.5 (4.3; 4.9) 0.361
Hemoglobin, 1/, Me (Q; Q) 147 (135; 155) 144 (131; 154) 0.118
White blood cells, 10°/a, Me (Q;; O,) 6.7 (5.1; 8.2) 7 (5.5; 8.4) 0.16
Platelets, 10°/1 Me (Q;; Q) 240 (217; 264) 232 (205; 255) 0.121
INR, rel. units, Me (Q;; O.) 1.1 (1.07; 1.14) 1 (0.95; 1.1) 0.224
aPTT, sec, Me (Q;; Q.) 30.7 (27;34.6) 28.9 (26.8;33) 0.183
Fibrinogen, g/1, Me (Q;; Q,) 3.1(2.7;5) 2.8 (2.5; 4.8) 0.11
Cholesterol, mmol/1, Me (Q; Q) 4.2 (3.6; 5) 5.5 (4.9.6.4) 0.018
Triglycerides, mmol/1, Me (Q,; Q) 1.1 (0.6; 1.5) 2.3 (1.6; 2.7) 0.015

RESULTS

An increase in the cytosolic Ca’" concentra-
tion in red blood cells, induced by the Ca?"-iono-
phore A23187, as well as the effect of the ascor-
bate-PMS redox system lead to the development
of a hyperpolarization response (HR). Change in
the HR amplitude characterizes the conductivity
of the K -channels of the erythrocyte membrane
[11, 13].

To study the role of CO in the regulation
mechanisms of erythrocyte Gardos channels,
its donor, tricarbonyldichlororuthenium(II) di-
mer (CORM-2) - ruthenium carbonyl, was used.
Despite the release of CO, which binds to he-
moglobin of erythrocytes with the formation of
carboxyhemoglobin (COHDb), it is noted that the
COHb content is less than 5%, and the effective
concentration of CO is in the range of those ob-
served in vivo [1].

It was found that under the effect of 10 and
100 uM CORM-2, the amplitudes of A23187-
and redox-dependent HR of healthy donors and
patients with chronic CHD decreased dose-de-
pendently. The maximum decrease in HR was
observed in the presence of 100 pM CO donor.

Under the action of 10 uM CORM-2, the ampli-
tude of Ca**-ionophore induced HR in patients’
erythrocytes decreased more than that of healthy
donors. For the ascorbate—PMS-caused HR this
dependence was detected only in the presence of
100 uM CO donor (Table 2).

Platelet aggregation was caused by collagen,
which interacts with glycoprotein VI (GPVI) and
integrin a,f, of platelets, and, thus, triggers a
complex cascade of processes, including activation
of phospholipase C and phospholipase A,, pro-
tein kinases C (PKC), MAP kinases (MAPKs), an
increase in cytosolic Ca’* level, thromboxane A,
synthesis and platelet granule secretion [14, 15].

The effect of CORM-2 in concentrations of 10
and 100 pM on the collagen-caused processes in
platelets led to a dose-dependent decrease in the
degree and rate of aggregation in healthy donors.
The maximum decrease in platelet aggregation
was observed with the effect of 100 pM CO do-
nor. However, there was no unambiguous effect
of CORM-2 on the aggregation parameters in pa-
tients with coronary artery disease, although the
initial values did not differ between CHD patients
and healthy volunteers (Table 3).
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Table 2
The effect of CORM-2 on the hyperpolarization response of erythrocytes of healthy donors and patients with chronic CHD,
Me (Q;; Q)
Healthy donors, n = 27 | Patients with chronic CHD, » = 32
Parameter - L
Group Amplitude of the hyperpolarization response (HR), mV
A23187-induced Redox-induced A23187-induced Redox-induced
Control ~25.4 (~26.3; ~23.2) 486 (-50.1; —47.5) | 347 ;—376162—315) —49.5 (~53.7; —45.5)
.= 0.
+CORM-2 -18.3 (-21.1; -16.9) —38.8 (—43.4; —34.2) - 21)(;23301_ 21.4) -35.6 (~38.9; —31.2)
= — 1 . )

(10 pM) p, = 0.004 p, = 0.003 0004 p, < 0.001

e et a ~17.7 (-22; -13.5) ~20.6 (-25.5; -17)
+CORM-2 10.2 (<1()26561- 84) 28.3 (<33‘361-22‘7) 5, < 0.001; 5, < 0.001;
(100 uM) b, < 0.00L; b, < 0.00L; b= 0.011; b, = 0.004;

b, = 0.01 b, = 0.003 2~ 2~

2 2 p,= 0.02 b, = 0.005

Note. The level of statistical significance of differences in comparison with control for given HR (p,); CORM-2 (10 uM) for given
HR (p,); the same parameter for healthy donors (p,).

Table 3
The effect of CORM-2 on the collagen-induced platelet aggregation of healthy donors and patients with chronic CHD,
Me (Q;; Q)
Parameter Healthy donors, n = 27 Patients with chronic CHD, » = 32
Group Degree of aggregation, Rate of aggregation, Degree of aggregation, Rate of aggregation,
rel. units rel. units/min rel. units rel. units/min
Control 10.2 (8.5; 13.2) 32.5 (29.2; 37.1) 11.8 (9.7; 13) 31.7 (26.5; 36.8)
+CORM-2 5.4 221 10.6 22.8
(10 pM) (4.1; 8.2) (18.6; 24.5) (8.8; 12.1) (20.3; 24.4)
p, = 0.001 p, < 0.001 p,= 0.003 », < 0.001
+CORM-2 2.3 10.4 6.1 15.6
(100 uM) (1.8; 3.6) (8.8; 14.3) (2.4;5.5) (—=21.5; -17)
p, < 0.001; b, < 0.001; p, = 0.008; p, < 0.001;
p,= 0.003 p,< 0.001 p,= 0.001; p,= 0.001;
p,= 0.015 p,= 0.01

Note. The level of statistical significance of differences in comparison with control for given parameter (p,), CORM-2 (10 pM) for
given parameter (p,); the same parameter for healthy donors (p,).

DISCUSSION

During the past three decades, electrophysio-
logical studies revealed that human red blood cell
membrane includes a large variety of ion trans-
porting systems that are involved in the homeo-
stasis of cationic and, to a lesser extent, anionic
cell conductivity [10]. It is known that activation
of Gardos channels contributes to the release of
potassium ions to the outside, causes a shift in
the membrane potential towards hyperpolariza-
tion and creates a driving force for the displace-
ment of chlorine from red blood cells. The re-
lease of cations and anions is accompanied by a
loss of water, which leads to dehydration and cell
shrinkage [2].

A decrease in the HR amplitude in response
to the action of various concentrations of the

CO donor indicates a decrease in the Ca2+-ac-
tivated potassium conductivity of the membrane
and leakage of potassium ions from the cell. This,
probably, happens due to the interaction of CO
with the channel proteins or its regulatory pro-
tein kinases [16]. At the same time, the more
significant effect of CO in patients with chronic
CHD, unlike healthy donors, can be associated
not only with structural membrane restructur-
ing and increased lipid peroxidation [9], but also
with its antioxidant properties and increased lev-
els of reduced glutathione (GSH) in blood cells
[17]. It was found that the electron-donor system,
ascorbate—PMS, promotes the formation of re-
dox agents, which influence the Gardos channels
of the erythrocyte membrane through oxidation
or reduction of SH groups [18].
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Platelets are small anucleate cell fragments that
circulate in blood playing a crucial role in man-
aging vascular integrity and regulating hemostasis.
Nevertheless, the functional reaction of platelets
can be changed either by increasing pro-aggrega-
tion stimuli or by reducing the number of antiag-
gregation substances. These factors contribute to
increased platelet aggregation and often occur in
cardiovascular diseases. It is known that CHD is
associated with a systemic imbalance in hemostasis
caused by the presence of a hypercoagulable state
and a decrease in fibrinolysis [19]. The proportion
of large platelets which are metabolically and en-
zymatically more active increases in patients with
chronic CHD [20]. The number of platelets inca-
pable of expressing P-selectin and having a signifi-
cantly greater tendency to form microaggregates
in a citrate anticoagulant increases at the same
time. [21]. Larger platelets contain more pro-
thrombotic material, with increased thromboxane
A, and B, per unit volume and glycoprotein IIb—
ITIa receptor expression.

In our study, it was shown that a CO donor re-
duced the degree and rate of collagen-induced ag-
gregation in healthy donors and patients with CHD.
A higher concentration of CO was required for the
latter. Our data are consistent with the results of
Chlopicki S. and colleagues [12], confirming the
anti-aggregation effect of exogenous CO donors.

Also, in the presence of a guanylate cyclase
inhibitor (ODQ), the decrease in collagen-in-
duced aggregation caused by CORM-3 was not
blocked, but increased. This fact indicates ad-
ditional effector targets of CO in platelets. It
is noted that CO, not being a powerful inhibi-
tor of platelet activation, acquires this property
when there is a lack of other antiplatelet agents
(NO and prostacyclin) [12]. It is known that an-
tiplatelet therapy, usually with aspirin, may not
be effective, because there are other important
ways of platelet activation that are not affect-
ed by cyclooxygenase block [22]. In this regard,
CO donors appear to have high potential as an-
tiplatelet agents.

CONCLUSION

We have found that CO has a significant ef-
fect on the ion transport function of the eryth-
rocyte membrane and platelet aggregation in
both healthy donors and patients with CHD. The
CO-dependent decrease in the amplitude of Ca?*-

and redox-induced HR can have a positive effect
in the mechanisms of regulation of erythrocyte
deformability. The CO influenced decrease in
platelet aggregation creates the basis for the de-
velopment of methods for optimizing antiplatelet
therapy in patients with CHD, in which this gas-
omediator participates.
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ABSTRACT

The aim of the study was focused on the development of a decision rule for classifying patients as functional
class (FC) II or III of chronic heart failure (CHF) by discriminant analysis with inflammatory markers.

Materials and methods. The study included CHF patients (#z = 61) of both sexes. According to symptom
severity, they were assigned to FC II (» = 20) and III (# = 41). In addition to conventional clinical and
biochemical parameters to evaluate a patient’s state, parameters characterizing inflammation (IL-6, sol-
uble IL-6 receptor, sgp130) were used. Statistically significant differences were revealed with the use of
Mann—Whitney U test, Student’s t-test, Pearson’s )’ test and Fisher’s exact test. Discriminant analysis was
employed to formulate the decision rule. Receiver Operating Characteristic (ROC) analysis was used to
evaluate the quality of the developed diagnostic test. The results were considered statistically significant
at p < 0.05.

Results. Discriminant analysis included significantly different variables (age, brain natriuretic peptide,
sgp130, CHF etiology, ischemic heart disease) and additional clinically important variables (diastolic and
systolic arterial blood pressure (BP), IL-6). The decision rule for assigning patients to different CHF FC
was developed. The optimum cut-off value was found with the use of the ROC curve with a sensitivity of
75.6% and specificity of 85%.

Conclusion. The decision rule for assigning CHF patients to FC II or III was developed using discriminant
analysis. In addition to conventional clinical parameters, the model included the ones reflecting inflammatory
processes (IL-6 and sgp130). ROC analysis revealed high quality of the model.

Key words: chronic heart failure, interleukin 6, sgp130, decision rule, discriminant analysis.
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Pewatrolee npaBuio ana ctpatudukanmm 60/1bHbIX XPOHMYECKOM cepAeYHOM
HegocTtaTo4HOCTbIO Il M 11l pyHKLUMOHA/NBHOIO K/acca

Camoiinosa E.B., ®aTtoBa M.A.%, MuHa3aeB A.P.", XKutapeBa U.B.2, HacoHoBa C.H.',
*Kupos N.B.', Tepewerko C.H.', KopotaeBa A.A.’

U Hayunoui meduyuncxuii uccaedobamenvckui yewmp (HMUL]) xapouonozuu
Poccus, 121552, 2. Mockba, ya. 3-2 Qepenxoberas, 15A

? Poccuticxutl nayuorarvnoul uccaedobamervexuii meduyuncxuii ynubepcumem (PHUMY ) umenu H.JL. Iupozoba
Poccus, 117997, 2. Mockéba, ya. Ocmpobumsanoba, 1

PE3IOME

ITeas. PazpaGorats pemaromee npasuaro orHecenus nanuedtos Ko I1 u ITI pyurumorarsusim kaaccam (OK)
XpoHMdecKoit cepaednoi nHepocratroyoctu (XCH) MeTOAOM AMCKPMMMHAHTHOTO aHAAM3A C BKAIOYEHMEM
MapKepoB BOCIAAEHMUA.

Marepuaant u meroasl. ViccaepoBanme BrAO4anro 61 mangmenra o6oero noaa ¢ XCH. B 3aBucumoctu or
BeipaskenHocTy cumnromoB XCH nannentst 6bian otrecens ko 11 (# = 20) u 11T (n = 41) OK. B paGore no-
MUMO OOILIEIPUHATHIX KAMHUYECKHUX M OMOXMMIIECKHUX IOKA3aTEAEH, OLeHUBAIOINX COCTOSHNE ALMEHTOB,
AOIIOAHUTEABHO MCCAEAOBAAMCH IapaMeTphbl, OTpa’kamuiyue TedeHye BocnaamTeAbHoro mpomecca (IL-6,
pacrBopumsiii penentop IL-6, sgpl30). Ars BbIABAeHMA CTATHCTMYECKM 3HAYMMO DPA3AMYAIOLUXCA Ie-
peMeHHBIX B Ipymnax ucrnoab3oBaau U-kpurepmit Manna — Yurau, t-kpurepuit Creiopenta, x? Ilupcona,
tounbii kpurepuit Oumepa. Arg mocTpoeHNs pelapIero IpaBuAa IPUMEHAACT METOA AVCKPMMUHAHTHOTO
aHaamsa. AAs OLeHKM KadeCTBa Pa3paGOTaHHOTO AMATHOCTMYECKOTO TecTa ucroab3oBaiu ROC-anaaus.
CraTucTidecky 3HAYMMBIMYM CYMTAAUCh PE3YABTATHI Ipu ypoBHe 3Haunumocty p < 0,05.

Pesyabratsl. B AvcKpyuMuHAHTHBI! aHAaAU3 GBIAM BKAIOYEHB! BhIsIBAeHHbIE npy cpaBHeHuy rpynn 1T i ITT OK
XCH 3naunMo pasamyaromuecs IepeMeHHble — BO3pacT, MO3TOBOJ HaTpuitypeTudeckuit mentua, sgpl3o,
atnorornst XCH, wmmemmdeckas GoAe3Hb CepAlla, a TaKKe AONOAHUTEABHbIE NEpEMEHHBIE, MMEIoLue
CYLIeCTBEHHOE 3HavYeHMe B KAMHMKE (aprepmarbHoe AaBaeHue (AA) cucroamdyeckoe, AA Amacroamdeckoe,
IL-6). Ha ocHOBaHMM AaHHBIX IOKa3aTeA€el GIAO IOCTPOEHO PEIAOLIee IPABUAO AASL OTHECEHNS ALEHTOB
K pa3anysbIM (yHKIMoHaAbHBIM KAaccam XCH. Ilpn onenke kayecTBa HOAYYEHHOTO pelIaloNiero npaBuaa
ObIAO HAMAEHO ONTMMAAbHOE 3HAYEHME TOYKM OTCeYeHMsi ¢ ucrnoabzosanmem ROC-KpuBoii, KOTOpOI
COOTBETCTBYET YYBCTBUTEABHOCTb — 73,6%, cuenuduanocts — 85%.

3akarouenne. C IOMOLIBIO METOAA AMCKPUMMHAHTHOTO aHaAM3a pa3paboOTaHO peliaioujee MPaBUAO pasAe-
Aerns 60abnbix Ha 1T u III OK XCH. Hapsay ¢ obuenpusaTeiMy KAnHndeckumy nokasareaamu XCH B
MOAEAD BKAIOYEHBI HOBbIE [IapaMeTpsbl, OTpaskarolyie CTeneHb BocnaanteasHoro nponecca (IL-6 u sgp130).
ROC-anaau3 BbIABMA OYEHb XOpOIIee KayeCTBO MOAYYEHHON MOAEAU.

KaroueBbie cAoBa: XpoHMYECKas CepAedHasA HEAOCTaTOYHOCTb, MHTEPAEHKHH 6, sgpl30, pemaiomee mpasu-
A0, AVICKPUMMHAHTHBIN aHAAWS.

KOHqJ}\MKT MHTEPECOB. ABTOpr AEKAAPUPYIOT OTCYTCTBME SABHBIX M NOTEHOMAABHBIX KOHqJAI/IKTOB UHTEepEe-
COB, CBA3aHHBIX C Hy6AVIKaIU/I€I7[ HaCTOHIlLef/i CTaTbu.

Ucrounur ¢unancuposanusi. PaGora BelmOAHEHA B paMKax CyOCMAMM, BBIAEAEHHON Ha pEaAM3ALMIO
T'ocyaapcrsennoro 3apanns, HVTOKP AAAA-A18-118021690089-5.

CooTBercTBMe mpuHLUMNAM 3THKM. VIccaepoBaHME OAOGPEHO He3aBUCUMBIM aTnyeckuMm Komurerom OI'BY
«HMUT] kapanorornm» Munsapasa Poccun (mporoxoa Ne 240 ot 29.10.2018).

Ars umtuposanus: Camoiinosa E.B., ®arosa M.A., Munpzaes A.P., Kurapesa VI.B., Haconosa C.H.,
Kupos U.B., Tepemenro C.H., Koporaesa A.A. Pemaromee npasnnro Ars crpatuduranyuy 60ABHBIX XpO-
HMYeCKO¥ cepaedHoit HepoctaTodHocThio II u IIT dynKIMOHAABHOTO KAacca. broaremenvy cubupcroii me-
uyunor. 2020; 19 (1): 101-107. https://doi.org: 10.20538/1682-0363-2020-1-101-107.
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INTRODUCTION

Chronic heart failure (CHF) remains a cur-
rent problem of cardiology, being an unfavor-
able, progressing cardiovascular disease all over
the world. Epidemiological studies demonstrate
a constant increase in CHF incidence in Western
Europe and the USA, particularly in the aging
population [1-3]. Epidemiological studies per-
formed in the Russian Federation indicate a sim-
ilar increase in CHF incidence [4]. The number
of patients with more severe forms of the dis-
ease increases considerably. Therefore, identifi-
cation of the early stages of CHF is an important
strategy in the treatment of patients with CHF.
Effectiveness of treatment is strongly associated
with the choice of a therapeutic scheme based
on evaluation of the disease symptoms. Severi-
ty of CHF symptoms is characterized according
to NYHA functional classification [1]. Howev-
er, evaluation of the CHF severity and identi-
fying patients’ functional class often cause diffi-
culties in medical practice. Decision rules have
been widely used for assigning patients to the

appropriate functional class. Greater number of
clinical parameters reflecting patient’s condition
allows for better stratification and minimizes er-
rors in classification according to the function-
al class (FC). In addition to clinical parameters,
biochemical markers that reflect organic dam-
age to the heart and hemodynamic load increase
have been used in CHF diagnostics [5]. However,
the indicators of inflammatory processes that in-
tensify with CHF progression have not received
sufficient attention.

The aim of the study was to develop the de-
cision rule that includes inflammatory markers
(IL-6 and sgp130) for assigning CHF patients to
FC II or III.

MATERIALS AND METHODS

Parameters characterizing the state of 61 pa-
tients aged 31-83 years suffering from function-
al class II-III chronic heart failure [New York
Heart Association (NYHA)] with decreased
left ventricular ejection fraction are given in
Table 1.

Table 1
Baseline characteristics of patients
Parameter II FC (n = 20) ITI FC (n = 41) )
Age, y/o, Me (Q,—Q.) 50.5 (42.75-58.25) 62 (53-67) 0.003
Men / Women, abs. (%) 19/1 (95/5) 35/6 (85/15) 0.409
Etiology of CHF (IHD, HT, DCM), abs. (%) 5/6/9 (25/30/45) 24/13/4 (58.5/31.7/9.8) 0.004
LVEF, (%), Me (Q,—Q.) 27.5 (25-31.75) 30 (23.5-35) 0.595
BP systolic, mmHg, Me (Q,—Q,) 120 (105.25-140) 120 (110-140) 0.871
BP diastolic, mmHg, Me (Q,—0.) 80 (70-88.75) 80 (70-85) 0.374
Heart rate, beats / min, Me (Q,—Q)) 70 (68.50-92.75) 85 (70-96) 0.725
Degree of mitral regurgitation (1, 2, 3), abs. (%) 4/11/5 (20/55/25) 5/20/16 (12.2/48.8/39) 0.490
Congestion Ro, abs. (%) 15 (75) 36 (87.8) 0.205
Hypertension, abs. (%) 12 (60) 34 (83) 0.064
IHD, abs. (%) 5 (25) 25 (61) 0.008
NT-proBNP (pg/ml), Me (0,-0.) 395.5 (224.5-825) 793 (408.5-1746.5) 0.009
Creatinine (umol/1), Me (Q,—0Q.) 88 (74-130) 101 (72.5-112.25) 0.432
IL-6, pg/ml, Me (Q,—Q.) 3.48 (2.34-6.66) 3.95 (2.57-8.39) 0.249
pIL-6P, pg/ml, Me (Q,—Q,)) 36.25 (32.46—-3.26) 40.48 (35.22-48.77) 0.167
Sgp130, pg/ml, Me (Q,-0,) 333 (309.5-359.5) 415 (355-469) 0.001

Note. Data are presented as median (25th percentile~75th percentile) or absolute number (%). LVEF — left ventricular ejection
fraction; Congestion Ro — congestion in the lungs according to X-ray; IHD — ischemic heart disease; HT — hypertension; DCM —
dilated cardiomyopathy; NT-proBNP — N-terminal pro-brain natriuretic peptide; IL-6 — Interleukin 6; sSIL-6R — soluble Interleukin-6

receptor.

Diagnostics and FC assignment were per-
formed according to up-to-date national rec-
ommendations. In order to meet the research

purpose, CHF etiology was defined as a major
disease that, according to the researchers’ opin-
ion and clinical examination, was a main cause
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of the heart failure symptom complex. Patients
with an acute cardiovascular event within pre-
ceding 30-day period, acute and chronic inflam-
matory diseases requiring specific anti-inflam-
matory therapy and potentially influencing test
parameters, pronounced renal and/or hepatic
functional disorders, malignant tumors, or with
other chronic diseases of internal organs, or with
left ventricular outflow tract obstruction were
excluded from the study. All patients who par-
ticipated in the study signed an informed con-
sent.

Statistical analysis was done with IBMSPSS
Statistics 23. Statistically significant differences
between quantitative variables for two indepen-
dent samples with distribution other than nor-
mal were revealed with Mann — Whitney U-test.
Pearson’s y? test and Fischer’s exact tests were
used to reveal statistically significant differenc-
es between qualitative variables in two groups.
Discriminant analysis was employed to establish
the decision rule for assigning patients to the ap-
propriate FC. The quality of diagnostic test was
evaluated by ROC analysis. The results were re-
garded as statistically significant at p < 0.05.

RESULTS AND DISCUSSION

In order to develop the decision rule, test
variables were compared and the following sta-
tistically significant variables in patients with
CHF of FC II and III were revealed: age, N-ter-
minal pro-brain natriuretic peptide (NT-proB-
NP), sgpl30, etiology of CHF and IHD (Table
1). Clinically important parameters (systolic and
diastolic BP, IL-6) were also included in the dis-
criminant analysis.

CHF classification according to FC (NYHA)
is based on the severity of clinical manifestations.
BP parameters are used in clinical practice to
choose pharmacotherapy and control its effec-
tiveness. In addition, BP deviations represent the
risk of decompensation of a patient’s condition
[5]. Therefore, such variables as diastolic and
systolic BP were included in the discriminant
analysis.

IL-6 is another variable that was selected as
a clinically important one. IL-6 is currently re-
garded as a major cytokine participating in im-
mune response and inflammatory reaction. High
level of IL-6 correlates with more severe CHF

and high mortality [6—9]. Pro-inflammatory ef-
fects of IL-6 are realized via trans-signaling path-
way which is inhibited by plasma sgp130. It was
reported that increase and decrease in sgp130 are
related to the severity of inflammation [10-12].
This parameter was also included in the develop-
ment of the decision rule.

The following linear discriminant functions
(LDF) were obtained:

Z,= 0,907*X,+27,645*X +33,546* X —0,001*X +
+0’102*X5+0’285*X6+0’464*X7+0,002*X3_
~115,749 (1.1)

Arsi rpynmer 60apHBIX, OoTHOCAmuxcsA ko II

OK XCH AAD:
7,=0,828%X +28,609%X,+33,643* X -
~0,001%X,+0,088*X +0,245% X +
+0,558%X,~0,011*X,~109,853  (1.2)

for patients with FC II CHF, where X, — age;
X,— CHF etiology; X, — IHD; X, — NT-proBNP;
X, — sgpl30; X, — systolic BP; X, — diastolic BP;
X, — IL-6. Z is the first discriminant function and
Z, is the second discriminant function.

The quality of the discriminant function was
assessed with the help of the learning sample and
cross-validation (Tables 2, 3). The first method
is based on inclusion of each patient from the
learning sample in the decision rule. Percentag-
es of correct and incorrect classifications were
calculated. Cross-validation implies that each pa-
tient is alternately excluded from the sample. An
excluded patient was classified with the help of
the obtained decision rule and returned to the
learning sample.

Table 2

Coefficients of linear discriminant functions (LDF)
for patients with CHF of FC II and III

Variable FC
ifi‘ng Explanation 11 111
X, Age 0.828 0.907
X, Etiology of CHF 28.609 27.645
X, IHD 33.643 33.546
X, NT-proBNP 0.001 0.001
X, sgp130 0.088 0.102
X, BP systolic 0.245 0.285
X, BP diastolic 0.558 0.464
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Table 2 (continued)

Variable FC
Used .
in LDF Explanation II 11
X, IL-6 0.011 0.002
C Constant —-109.853 | —115.749

Note. LDF — linear discriminant functions; CHF — chronic
heart failure; THD — ischemic heart disease; NT-proBNP —
N-terminal pro-brain natriuretic peptide; BP — blood pressure;
IL-6 — interleukin 6.

Table 3

Classification results for the learning sample method

Predicted Group
Parameter FC Membership Total
11 111

1I 15 5 20
Count

111 9 32 41

1I 75.0 25.0 100
Count, %

111 22.0 78.0 100

Note. 77% of original grouped cases were classified correctly;
FC - functional class.

Table 4
Cross-validated classification results
Predicted Group
Parameter FC Membership Total
II 111
11 14 6 20
Count
11T 11 30 41
II 70.0 30.0 100
Count, %
111 26.8 73.2 100

Note. 72.1% of cross-validated grouped cases were classified
correctly; FC — functional class.

The decision rule was based on the following
principle: predictor variables of a patient were
inserted into functions Z, and Z, (1.1 and 1.2).
The calculated Z, and Z, values were compared
and if Z, > Z,, the patient was assigned to FC III,
if Z, < Z,, the patient was assigned to FC II.

It should be noted that sensitivity and speci-
ficity were used to evaluate reliability of the di-
agnostic test.

Since this study had no objective of classi-
fying patients as sick or healthy, patients with
CHF FC III were regarded as sick and those
with FC II as healthy. Thus, when using the
learning sample, sensitivity of the given model
was Se = (32/(32+9))*100% = 78% and speci-

ficity Sp = (15/(15+5))¥100% = 75%. When
employing  cross-validation, sensitivity —was
Se = (30/(30+11))*100% = 73.2% ad specificity
was Sp = (14/(14+6))*100% = 70%.

The ROC-curve reflecting the correlation be-
tween correct and incorrect assignments (Fig.1)
was constructed to evaluate the quality of the
model [13]. A new variable Z = Z - Z, was creat-
ed for this purpose.

10

0,87

0,67

0.4

0.2

00 T T T T

00 02 04 06 08 190

Fig. 1. ROC-curve to evaluate the quality of the developed
model for assigning CHF patients to II or III FC

An ideal model is a model with 100% sensitivi-
ty and specificity. Since this is difficult to achieve
in reality, a cut-off value is used, i.e., the most
adequate point to cut off one diagnosed group
from the other.

The maximum sensitivity and specificity were
chosen to determine the cut-off point. Cut-
off = 0.07438 corresponds to sensitivity 0.756
(75.6%) and specificity 0.85 (85%). Thus, if Z >
0.07438, the patient should be assigned to FC III,
7< 0.07438, the patient is assigned FC II.

In addition, the quality of a model can be eval-
uated by the square under a ROC-curve (AUC):
the greater the square, the higher the model
quality. In this study, AUC = 0.879 = 0.045,
which indicates excellent quality (0.8—0.9) of the
model [13].
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CONCLUSION

A comparison of CHF patients of FC II and
IIT was performed so as to develop the decision
rule for the assignment of patients to the appro-
priate FC. The following statistically significant
variables were revealed: age, NT-proBNP, sgp130,
CHF etiology and IHD. In addition to these pa-
rameters, clinically important parameters (systolic
and diastolic BP, IL-6) were included in the deci-
sion rule. The obtained results allowed for the de-
velopment of the decision rule for assigning CHF
patients to FC II or III. Evaluation of the model
by the square under the ROC-curve demonstrated
excellent quality (0.8—0.9) of the model. Addition-
al parameters reflecting severity of the inflamma-
tory process (IL-6 and agpl30) were used along
with conventional clinical parameters.
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Functional analysis and signaling pathway enrichment analysis of genes
associated with Alzheimer’s disease and Parkinson’s disease
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Siberian State Medical University (SSMU)
2, Moscow Trakt, Tomsk, 634050, Russian Federation

ABSTRACT

We identified significant functions of susceptibility-genes and performed an analysis of pathway enrichment
for Alzheimer’s disease, Parkinson’s disease and for both of them. Genes were extracted from a Catalog
of Published Genome-Wide Association Studies (GWAS). We uploaded genes into Cytoscape version
3.2.1. ClueGO plugin was used for functional and pathway enrichment analysis of genes based on the
hypergeometric test. Two databases, Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway and
REACTOME, were selected for analysis.

The identified susceptibility genes are involved in the synthesis regulation and accumulation of toxic
proteins, B-amyloid and a-synuclein, and lead to apoptosis of neurons. We have defined 14 shared functions:
collagen catabolic process, cellular response to retinoic acid, regulation of calcium-mediated signaling,
negative regulation of cell projection organization, negative regulation of neuron projection development,
glial cell activation, microglial cell activation, macrophage activation, regulation of cholesterol
metabolism, clathrin-mediated endocytosis, regulation of protein oligomerization, regulation of dendritic
spine development, kinesin binding and clathrin binding. Also, we have defined 3 shared signaling pathways:
trans-Golgi Network Vesicle Budding, Clathrin derived vesicle budding, Intestinal immune network for
IgA production. These pathways contain genes susceptible to Alzheimer’s disease and Parkinson’s disease.
The results suggest the metabolic, neuronal and immunological factors participate in the development of
Parkinson’s disease and Alzheimer’s disease.

Key words: Parkinson’s disease, Alzheimer’s disease, GWAS, ClueGO Cytoscape, functional annotation
of genes.
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PE3IOME

Ieap mccarepoBammsa. OxapakrepusoBats in silico GyHKUuM reHOB IPeAPACIOAOKEHHOCTH M IPOBECTH
aHaau3 o6oraujeHus CUrHaAbHBIX IyTeil npyu G6oaesunu Ilapruncona u 6oae3nu Aabnreitmepa.

Marepuaast u merTopsl. I'ensl, acconuupoBanusle ¢ 6oae3nbio IlapkuHcoHa u Gone3Hblo AablreiiMepa,
OBIAM NIOAYYEHBI Ha OCHOBe aHaAmsa nHpopmanuu u3 kararora GWAS (kararor acconmanuii OAHOHYKAE-
OTHMAHBIX HOAMMOP(U3MOB ¢ 3a6oreBanusamn). OLeHKa IPUHAAAESKHOCTH T€HOB K GMOAOTMYECKOMY IIPO-
1[ecCy, MOAEKYASIPHBIM (DYHKIMAM, K MMMYHHOJ CHCTEME B TEPMMHAX T€HHOV OHTOAOTMM OCYLIECTBAAAACH
C moMoIbI0 aAropurMa, peaansosansoro B naaruae ClueGO Cytoscape version 3.2.1. Anaans o6oraumesns
myreit 61 BoimoAHeH npy nomomy naaruHa ClueGO Cytoscape ¢ ncnoaszosannem KEGG u REACTOME
M C IPYMEHEHNEeM I'MIePreOMeTPUIECKOro TeCTa.

PesyabTathl. BbisiBAeHHBIE TeHBI IpeAPacIOAOKeHHOCTH K 6Goaesnw Ilapkmrcona m 6onedum Anbureii-
Mepa y4acCTBYIOT B PETYASALMM CHUHTE3a M HAKONAEHMS TOKCUYHBIX GEAKOB B-aMMAOMAA M 0-CHHYKAEMHA,
IPUBOASL K allONTO3Y HEHPOHOB. YcTaHOBAeHO Haaumuue 14 obumx yHrumi (mponecc KaTaboAu3Ma KOA-
AareHa, KAETOYHBIN OTBET Ha PETMHOEBYIO KMCAOTY, PETYAALMA KaABIUif-OIOCPEAOBAHHOTO CHUTHAAVHIA,
HeraTMBHAA PEryAANuA 3alUTHl KACTOYHON OpraHM3anuyM, HETaTVMBHAHA PEIYAALNA Pa3BUTHUA HENPOHOB,
aKTMBAIMA TAMAABHBIX KAETOK, aKTHBALMA MUKPOTAMAABHBIX KAETOK, aKTHBALA Makpodaros, PeryAanusa
MeTa6oAN3Ma XOAECTEPUHA, KAATPUH-3aBUCHMBI SHAOLMTO3, PETYASILMUA OAMTOMepu3anuu GeAka, pery-
AALUS PasBUTHUSA AEHAPUTHOTO OTPOCTKA, CBA3BIBAHME KMHE3VMHA, CBA3bIBAHME KAATPUHA) M TPU OOIUX
CUTHAABHBIX TyTH (BE3MKYAO-ONOCPEAOBAHHBIN TPAHCIOPT, KAATPUH-IPON3BOAHOE MOYKOBAHME BE3UKYA,
o6ecrieyeHne NPOAYKIMYM MMMYHOTAOOYAMHA A), B KOTOpble BOBAEYEHBI TeHbI MPEAPACIOAOKEHHOCTH K
6oae3un Aapureiimepa u 6oae3un ITapkuucoHa.

3akarouenue. IToaydeHHBlE PE3yABTAThI CBUAETEABCTBYIOT 06 ydacTum Mmeraboamdeckux (remst MMP12,
COL13A1, APOE, DGKQ); ueitponaasubix (reust CLU MAPT, SNCA, STAP1, RNF6 GAK, INPPSF,
MAP4K4) n ummynoarorndeckux ¢axropos (reust LA-DQB1, HLA-DRA, AICDA) B mexaHu3Max pas-
Butus 60ae3nn Ilapkuncona u 6oae3un Aabyreiimepa.

Karouessie caoBa: Goaesus ITapruncona, 6oae3us Aabureiivepa, GWAS, ClueGO Cytoscape, rens npea-
PacIOAOKEHHOCTH.

KOH(I)AI/IKT MHTEPECOB. ABTOpBI ACKAAPUPYIOT OTCYTCTBME SABHBIX ¥ INOTEHIMAABHBIX M NOTEHIMAABHBIX
KOH(l)AI/IKTOB MHTEPECOB, CBA3AHHBIX C HY6AI/IK3.III/IGI7I HaCTOfIIL[eﬁ CTaTbu.

Ucrounnk unHaHCUpOBaHMS. ABTOPBI 3asABAAIOT 06 OTCYTCTBUM (PUHAHCUPOBAHMS IPU IPOBEAECHUM WC-
CAeAOBaHNA.

Aas yutuposanus: Yacosckux H.IO., I'peunmnukosa A.XO., Cmupuos A.B. OyurumonassHas aHHOTAUMA U
aHaAM3 06OTaleHNst CUTHAABHBIX MYTeil T€HOB, ACCOLUMPOBAHHBIX C GOAe3HBIO Aablreiimepa U GOAE3HBIO
[apkuncona. Broazremens cubupckoti meduyunee. 2020; 19 (1): 108—113. https://doi.org: 10.20538/1682-
0363-2020-1-108-113.

INTRODUCTION

Neurological diseases are in the top three most
common diseases in the world. Parkinson’s diseas-
es (PD) comes second next to Alzheimer’s disease
(AD), which affects 1-2% of people over 65 years
old [1].

In the recent years, progress in understanding
biochemical and molecular mechanisms of these
diseases has been made. Nevertheless, issues of
their co-occurrence need to be studied further. A
significant role here is played by genetic predis-
position to the disease and environmental factors.

Patients with Alzheimer’s disease and Par-
kinson’s disease often obtain overlapping clin-
ical presentations and brain neuropathology.

B-amyloid and a-synuclein accumulation happens
in substantia nigra of the human brain in PD, and
in hippocampus in AD. It makes the brain unable
to produce sufficient amount of dopamine [2,3].

Methods that include identification of genes
responsible not only for particular disorders,
but also for susceptibility to various diseases,
are used in research of molecular mechanisms of
neurological diseases. This susceptibility can be
expressed by changes in genes, included in the
most important biological processes, molecular
functions and signaling and metabolic pathways.
Occurring disorders of cellular homeostasis lead
to the activation of pathological process mech-
anisms [4].
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The search for genes functions and biological
pathways that allow researchers to character-
ize general molecular genetic mechanisms is of
specific interest in studying the co-occurrence of
diseases. Existing bioinformatics tools allow for
characterizing the participation of genes in the
development of pathological process and evaluat-
ing their role in regulating intracellular signaling
and cellular homeostasis [5]. Such tools include
the Gene Ontology initiative.

Aim. In silico characterization of susceptibili-
ty genes functions and signaling pathways enrich-
ment analysis for Parkinsons’s disease and Alzhei-
mer’s disease.

MATERIALS AND METHODS

Susceptibility to Parkinson’s and Alzheimer’s
diseases genes were obtained with Catalog of
Published Gemone-Wide Association Studies
(GWAS). It is a supervised resource that con-
tains results of genome wide search of disease-as-
sociated single nucleotide polymorphism [6]. A
ClueGO Cytoscape version 3.2. plugin was used
to evaluate genes involvement in biological pro-
cess, molecular functions and immune system in
genetic ontology terms [7].

2 is the minimum number of groups required
to form functional groups. Hypergeometric test
with p < 0.05 and K 0.4 was used to evaluate
functional links between genes [8].

Pathways enrichment analysis was conducted
with ClueGO Cytoscape plugin and KEGG and
REACTOME databases. Hypergeometric test
with p < 0.05 was also used for it. Specifiicity
level of 60% was chosen, meaning that enriched
pathway must include more than 60% of suscep-
tibility genes of a disease in order to be ranked
with this disease. Additionally anriched pathways
were clustered into groups with similar biological
significance and content of susceptibility genes.

RESULTS AND DISCUSSION

A list of susceptibility genes was formed for
each disease. For Parkinson’s disease it consists of
119 following genes: CLRN3, CTC1, CCDC82,
TMC3-AS1, TMC3, COL13A1, LRRK2, SP-
PL2C, MAPT, MCCC1, FAM47E-STBDI,
TMEM175, SREBF1, SLC41A1, RIT2, WNT3,
MGC57346-CRHR1, ASS1P14, HLA-DRBI,
GBA, SYT10, GAK, GCH1, MCCC1, RAB29,

NUCKS1, RADIP1, FAM47E, BST1, RIT2,
CCDC62, OR5AZ1P, SH3GL2, §YT17, NDU-
FAF2,CA8,HSD17B1P1, OR5S5BD1P, WNT9A,
COL5A2, IGSF11, RN7SL383P, RPAZ2P],
MDGA2, UNC13B, HLA-DRA, GAK, RAB25,

ACMSD, LAMTOR2, MCCC1, TMEM]I75,
BST1, MGC57346-CRHR1, CCDC62,
MGC57346, DLG2, STAP1, RPL9P21,
SEMAS5A, EIF2AP4, BST1, SLC2A13,

PLEKHM1, SNCA, PAX7, BRINP1, DGKQ,
TASIR2, LHFPL2, TRPS1, KLHDC1, TPM1,
DSG3, PRRG4, ATF6, QSER1, AAKI1, AGAPI,
SPTSSB, PINK1, ZNF165, GBF1, CABJ39L,
RPLI13AP3, MEDI13, ITGA2B, POLRMTPI,
HMGN2P18, RAB29, NUCKSI1, SIPAI1L2,
VDAC2P4,KTN1, MCCCI1, TMEM175, BST1,
KRTCAP2, HLA-DQB1, MTCO3P1, GPNMB,
INPP5F, DLG2, CCDC62, GCHI1, GPHN,
TMEMZ229B, BCKDK, RIT2, TMPRSS9,
DDRGK1, ITPKB, MAP4K4, SCN2A, SP-
PL2B, IP6K2, ITIH1, CAMK2D, NDUFAF?2.

For Alzheimer’s disease — of 57 genes: DSTNP5,
WDR1, SLC2A9, PCDH7, RNF6, ATPSA2P3,
DCHS2, SEPT5, TST, TEX33, RANP7,
SALL4P5, CLDN18, HSPASP9, STK32B, ZC-
CHC10, EN2, CIRIPI, TOMM40, PINKI,
MTATP6P30, PVRL2, EXOC4, PARVB,
PHF14, RPL26P32, ST18, AICDA, RPL5P26,
MS4A2, SLC24A4, BCAM, CHRNA2, ZFP3,
ZNF232, ACE, FBXL7, IGSF23,MS§4A3,
YWHAZPY, IGSF23, CEACAM19, BLOCIS3,
EXOC3L2, BCL3, PPP1R37, APOC1, APOE,
CLU, MMP3,GBA, PICALM, LRRK2, RELN,
DISCI1, TREM2, PAX?2.

An analysis of these lists revealed that prod-
ucts of SNCA, MAPT and PINK]1 genes when
interacting with each other can contribute to the
co-occurrence of Parkinson’s disease and Alzhei-
mer’s disease. In particular, amyloid beta (AB),
changes of which underlie proteopathy of Alzhei-
mer’s disease, stimulates aggregation of alpha-sy-
nuclein (aS), protein encoded by SNCA gene.
MAPT gene promotes oligomers and alpha-synu-
clein fibrils production. Alpa-synuclein expression
pattern influences manifestation of Parkinson’s dis-
ease. Thus, MAPT-mediated interaction between
AB and a-synuclein can concern patients with Alz-
heimer’s disease and Parkinson’s disease [9].

PINK1 gene encodes mitochondrial protein
kinase. PINK1 mutations lead to mitochondrial
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dysfunction, thus, causing early-onset Alzheimer’s
disease [10]. It was revealed that PINK1 in AD
is associated with classic senile plaques, vascular
amyloid deposition and reactive astrocytes, relat-
ed to typical lesions of Alzheimer’s [11].

Study of AD susceptibility gene functions al-
lowed to create two main groups. The first group
of genes (GPNMB, MAP4K4, NDUFAF2,
SREBF1) is responsible for processes of negative
regulation of insulin secretion, such as decrease
in speed, frequency and the degree of insulin se-
cretion from secretory granules (G0O:0090278;
GO0:0046676). Genes of the second group (GAK,
LRRK2, SH3GL2, SNCA, §YT10, SYT17, UN-

C13B) influence transport and secretion of neu-
rotransmitters (GO:0099504, GO:0051588).

The study revealed that genes associated with
AD were joined in one main group (ABCA7,
APOE, CLU, PICALM). This group is in charge
of production, regulation and metabolism of Alz-
heimer’s amyloid precursor protein. Alzheimer’s
amyloid precursor protein is the main compo-
nent of amyloid plaques in AD (GO:1900221,
G0:0042987, GO:1902993).

Functional analysis discovered 14 shared gene
functions, which characterize biological pro-
cesses and molecular functions in the diseases
(table 1).

Table 1

Functions associated with AD and PD

Genes from the functional group

Marker
Alzheimer’s disease Parkinson’s disease
Collagen catabolic process [GO:0030574] MMP12, MMP3 COL13A1, COL5A2, CTSB
T BRINPI1, LTK, SREBF1,
Cellular response to retinoic acid) [GO: 0071300] PAX?2 WNT3, WNT9A
Regulation of calcium-mediated signaling [GO: 0050848] TREM?2 BSTL, CA]}Vg(TZZD’ LRRK2,
GAK, INPP5F, MAP4K4,
Negative regulation of cell projection organization [GO: 0031345] APOE, RNF6 RAB29, RIT2, SEMAS5A,
STAP1, WNT3
Neati lati ; ection devel ¢ 1GO: GAK, INPP5F, MAP4K4,
egative regulation of neuron projection development [GO: APOE, RNF6 RAB29, RIT2, SEMASA,
00109771
WNT3
Glial cell activation [GO: 0061900] CLU MAPT, SNCA, STAP1
Microglial cell activation [GO: 001774] CLU MAPT, SNCA, STAP1
Macrophage activation [GO: 0042116] CLU, MAPT MAPT, SNCA, STAP1
Regulation of cholesterol metabolic process [GO: 0090181] APOE DGKQ, FDFT1, SREBF1
Clathrin-dependent endocytosis [GO: 0072583] PICALM GAK, INI;;?A SH3GL2,
Regulation of protein oligomerization [GO: 0032459] APOEM%{;;{; GBA, GBA
Regulation of dendritic spine development [GO: 0060998] APOE, Dééi}]\; LRRK2, LRRK?2
Kinesin binding [GO: 0019894] DISC1 KTNI1, RAB29, SNCA
Clathrin binding [GO: 0030276] PICALM LRRK2, SYT10, SYT17

The results of the functional analysis demon-
strate that shared functions of AD and PD suscep-
tibility genes are connected with the influence on
neurons and nervous system functions. For exam-
ple, microglial activation is a distinctive feature
of neuroinflammation, typical for both, Alzhei-
mer’s disease and Parkinson’s disease. Changes in
the regulation of neuronal development can in-
crease or decrease their sensitivity and, thus, lead
to disorder in cell response to irritants [12].

bionneteHb cMbupckoi meanumHbl. 2020; 19 (1): 108-113

Studied gene products enforce processes of col-
lagen disorganization in extracellular matrix. This
promotes neuronal dysfunction [13, 14]. Change
in cellular response to retinoic acid can disturb
cell proliferation and differentiation functions and
cause changes cell state and activity. In particu-
lar, retinoic acid has neuroprotective effect on
dopaminergic neurons in Parkinson’s disease [15].

Influence on calcium-mediated signaling in-
duces change in calcium concentration in endo-
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plasmic reticulum. High Ca? concentration may
lead to synaptic deficit and contribute to amyloid
plaque accumulation in Alzheimer’s disease [16].

The following analysis of signaling pathways en-
richment and metabolic pathways has shown that
PD susceptibility genes are specifically involved
in pathways R-HSA:202165, R-HSA:202291,
R-HSA:202427 and R-HSA:2130378. These path-
ways are engaged into transfer of histocompati-
bility complex (MHC) class II and activation of
Lck (lymphocyte kinase) which phosphorylates
immunoreceptor tyrosine-based inhibitory motif
(ITIM) in T-cell receptor (TCR) family. TCR is
responsible for specifically bind antigen recogni-
tion and triggers cellular response [17].

Gene associated with AD specifically enrich
pathways concerned with regulation of choles-
terol metabolism. Cholesterol takes part in reg-
ulation of B-amyloid products (KEGG:04979;
R-HSA:174824; R-HSA:8963898) [18].

The analysis of pathways enrichment identified
significant pathways shared by AD and PD (p <
0.05). These pathways are responsible for the fol-
lowing processes (table 2):

Vesicle-mediated transport (R-HSA:199992).
It provides directed movement of substances from
Golgi complex to other cell parts, including or-
ganelles and plasma membrane.

Clathrin-derived vesicle budding
(R-HSA:421837). It is a transport vesicle forma-
tion under the effect of clathrin and adaptor pro-
teins on the Golgi membrane.

Immunoglobulin A (IgA) production with in-
testinal immune network (KEGG:04672). It is a
production of a large number of non-inflammato-
ry antibodies for IgA.

Table 2

Enriched pathways specific for Parkinson’s disease and
Alzheimer’s disease

Genes included in biological
athway
Marker P
Parkinson’s Alzheimer’s
disease disease
. . GAK, GBF1,
Vesicle-mediated transport SH3GL2 BLOC1S3
Clathrin-derived vesicle GAK, GBF1,
budding SH3GL2 BLOCIS3
Immunoglobulin A (IgA) HLA-DQBI,
production with intestinal HLA-DRA, AICDA
immune network HLA-DRB1

The conducted study of signaling and meta-
bolic pathways demonstrate that genes associat-
ed with PD and AD specifically enrich pathways,
which contribute to synthesis and accumula-
tion of toxic proteins. These toxic proteins are
B-amyloid and a-synuclein which lead to neuronal
apoptosis. Studied genes also influence products
of non-inflammatory antibodies to immunoglob-
ulin A (IgA), thus, providing active protection
from microorganisms and toxins.

CONCLUSION

Three components influencing development
mechanisms of Parkinson’s disease and Alzhei-
mer’s disease can formulated based on the anal-
ysis of AD and PD susceptibility genes partici-
pation in molecular functions and signaling and
metabolic pathways:

Metabolic component including collagen catab-
olism, cholesterol metabolism, clathrin-mediated
endocytosis (MMP12, COL13A1, APOE, DGKQ)

Neuronal reactions such as glial cells activa-
tion, negative neuronal regulation, vesicle-medi-
ated transport in synapses and calcium-mediat-
ed signaling (CLU MAPT, SNCA, STAP1, RNF6
GAK, INPPSF, MAP4K4)

Immunological component that is macrophage
and microglial activation and influence on Immu-
noglobulin A production (LA-DQB1, HLA-DRA,
AICDA)

Future use of this data may help to determine
(in silico and by experiment) main molecular ge-
netic development mechanisms and possible ways
of therapeutic correction of Alzheimer’s disease
and Parkinson’s disease.
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Vulvodynia - a multidisciplinary problem
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ABSTRACT

This literature review is devoted to the problem of vulvodynia. The article summarizes information about
the etiology and pathogenetic factors of this syndrome, touches the aspects of diagnosis and treatment
of this form of chronic genital pain. Despite the prevalence of this pathology, women with pain in the
vulva often remain undiagnosed and do not receive adequate therapeutic and psycho-emotional support.
Currently, the focus is in searching of the definition, classification, prevalence, pathophysiological factors
of occurrence and adequate personalized therapy of this nosology.

Key words: vestibulodynia, dyspareunia, sexual dysfunction, provoked vulvodynia, unprovoked vulvodynia,
generalized vulvodynia, clitorodynia
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PE3IOME

O630p AuTepaTypsl NOCBAILEH NPOGAEME BYABBOAMHMY KaK MYABTUAMCUUIIAMHAPHOI npo6aeme. B cratse
0600u1eHbl CBeAeHNU 06 ITMOAOTMM M NATOTeHeTHYecKux (akTopax pasBuTus 3a60AEBaHUSH, 3aTPOHYTHL
aCIIeKTHl AMATHOCTUKM M AeYeHMs AAHHOU (OPMBbI XPOHMYECKON reHuTarbHON Goanm. Hecmorps Ha pac-
IPOCTPAHEHHOCTh ATOAOTMH, JKEHIIUHBL ¢ 6OABI0 B OGAACTH BYABBBI HEPEAKO OCTAIOTCH HE AMATHOCTH-
POBAHHBIMM ¥ HE NOAYYAIOT AAEKBATHYIO TEPANEBTHYECKYIO U ICUXO3MOLMOHAABHYIO NOAAEPKKY. B Ha-
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HO30A0I'MHA.
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INTRODUCTION

Vulvodynia is a chronic vulvar discomfort
that lasts more than 3 months and is manifested
mainly by symptoms such as burning sensation
and itching, as well as pain. At present, vulvo-
dynia is a common but still poorly understood
problem with multifactorial etiology. According
to literature sources, an increasing number of
patients seek medical help with the symptoms
of this disease annually, while it is quite difficult
to determine the exact cause of their condition.
The problem of treating vulvodynia is extremely
urgent due to the chronic course of this process
and the difficulty in achieving the therapeutic
effect due to the presence of a psycho-emotional
component. This pathology was first outlined in
the literature in the 1880s as “excessive sensitivi-
ty of nerves innervating the mucous membrane of
the vulva” [1] or “hypersensitivity of the vulva”
[2]. According to the type of condition, profes-
sionals distinguish generalized or localized forms
of vulvodynia, each of which in turn is classified
into provoked, unprovoked, independent of the
presence of an irritant, and mixed types. The
localized form includes vestibulodynia and clito-
rodynia [3]. Portuguese scientists have proposed
a classification of vulvodynia based on 3 main
groups of trigger factors: 1) local inflammato-
ry factors (urinary tract infections, candidiasis,
herpetic infection); 2) general pain susceptibility
(fibromyalgia, irritable bladder syndrome, etc.);
and 3) pinched/damaged pelvic nerve (scoliosis,
pelvic surgery). It is assumed that such system-
atization could explain the differences between
generalized and localized vulvodynia, as well as
the difference in treatment responses [4]. In re-
cent years, the term “vulvodynia” has been in-
creasingly used in domestic medicine. It means

a chronic pain syndrome or discomfort of a dif-
ferent nature, such as burning or itching, which
occurs in the vulvar area and the entrance to
the vagina [5]. According to the classification of
chronic pain syndromes, the so-called «gyneco-
logical pain» is distinguished, which includes pain
syndrome associated with endometriosis, vaginal,
vestibular, generalized and localized vulvar pain
syndrome and pain in the clitoral area [6]. This
classification defines vulvodynia as «a syndrome
of unexplained pain in the vulva, sexual dysfunc-
tion, and mental instability”. There are similar
terms, such as vulvar dyskinesia, provoked ves-
tibulodynia, and dyspareunia. However, all of
them have nuances and do not characterize the
whole concept of vulvodynia [7].

PREVALENCE

For a long time, vulvodynia had been consid-
ered a rare disease. However, recent large ep-
idemiological studies speak of a high incidence
(17%) and prevalence (7%) of this pathology in
the population [8-9]. Vulvodynia affects women
of all age groups, from adolescence to meno-
pause [10]. In the United States, 8.3% to 16%
of women suffer from vulvodynia. According to
estimates by the National Institute of Health,
about 13 million women may have symptoms of
the disease at some point in their lives, and in 6%
of women symptoms of the disease occur before
the age of 25 years. These indicators are consid-
ered significantly underestimated due to the ab-
sence of visible pathologies of the vulva [9, 11].
In Portugal, according to studies by Vieira-Bap-
tista [4], the prevalence rate is 16%. Spanish re-
searchers speak about the prevalence of vulvo-
dynia in 7-8% of women by the age of 40, while
30% to 48% of them have never sought medical
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help [12]. A study conducted in Michigan re-
vealed an incidence rate of 4.2% among women,
with a prevalence rate ranging from 3.3% for
women over 60 to 7.6% for girls under 20; pain
syndrome that does not meet the criteria for vul-
vodynia was observed in 11.5% of women [13].
According to Reed [9] et al., the prevalence of
vulvodynia differs depending on ethnicity: 4.3%
of African women report symptoms compared
with 9.3% of European women and 15.6% of His-
panic women. Other sources speak of an equiv-
alent risk of developing vulvodynia in European
and African American women [8]. Difficulties in
diagnosing vulvodynia, in general, are associated
with possible ethnic differences in the level of
pain threshold, pain perception, and description
of symptoms, as well as with possible poor ac-
cessibility of medical care [14].

ETIOLOGY AND PATHOGENESIS

Vulvodynia has a multifactorial etiology, how-
ever, not all causes are known today. One can
assume that somatic, psycho-emotional, and
psychosexual aspects (high levels of anxiety, de-
pression, disturbances in emotional and sexual
relations with a partner, etc.), as well as their
combination, take part in the development of
vulvodynia [15]. Despite the multicomponent
state, the emphasis is laid on the somatic causes
of this pathology, among which chronic inflam-
mation in the vulva and vagina, atrophic pro-
cesses, chronic contact dermatitis of the vulva,
dermatosis of the vulva (lichen sclerosus and
lichen planus) are distinguished [16]. The root
cause of vulvodynia may also be improper de-
velopment during embryogenesis [17-18], im-
mune/genetic factors [19-20], and abnormal
development of the female genital organs and
their innervating nerve pathways [21-24]. The
influence of environmental factors is not exclud-
ed: infections (human papillomavirus, chronic
candida process), irritating substances (oxalates
and products of its metabolism), injuries and mi-
crotraumas in the pelvic area. Currently, most
vulvologists do not share this view. However, the
results of a cross-sectional study in Portugal in-
dicate a direct positive correlation between oral
contraceptives, the presence of chronic candi-
diasis, genital herpes, urinary tract infections,
depression, premenstrual syndrome and the de-
velopment of vulvodynia. Pregnancy and child-
birth were not associated with this pathology
[4]. Pathophysiological changes in the mucous
membranes in vulvodynia manifest themselves

in an increase in sensitive innervation and lo-
cal blood flow, which suggests the presence of
a neurogenic inflammatory process [25]. The
trigger mechanisms in the development of the
chronic inflammatory process of the nerves in-
nervating the vulva are contact irritants, recur-
ring vulvovaginal infections, hormonal changes,
and chronic skin diseases. During the outcome
of chronic inflammation, normal sensations are
perceived as abnormal, which leads to the oc-
currence of hypersensitivity and pain [21-22].
Histological biopsies from the vulva revealed an
increase in the number of mast cells and hyper-
proliferation of nerve receptors [26]. It is also
believed that abnormalities in the development
of the pelvic floor, in particular, weak muscular
skeleton, can cause tension of the nerves that
pass through this area. Due to pressure or fric-
tion of irritated muscles, pain can be radiated
to the vulva [27]. Pelvic floor muscle dysfunc-
tion is almost always present in women with
vulvodynia. The role of these disorders in the
occurrence of pain in vulvodynia is also con-
firmed by the improvement of symptoms along
with the normalization of the function of the
pelvic floor through physiotherapy. The quality
of the pain and its response to drug treatment
indicate its relationship with neuropathic pain.
Whether the pain is peripheral or central in
origin is unknown.

NEURAL PROLIFERATIVE (VULVAR)
FACTORS

Although hypersensitivity to the vulvar ves-
tibule is one of the defining characteristics of
vulvodynia, in particular, provoked vulvodynia,
the mechanism underlying this allodynia was not
clarified until 1998. Westrum, Williin, Bohm-
Starke, et al. [21] used immunohistochemical
(IHC) staining to visualize an increase in the
density of nerve endings in the vestibule endo-
dermis in women with provoked vulvodynia who
underwent vestibulectomy compared with the
control group. Additionally, the neural prolif-
eration of nociceptors was investigated, which
explained the onset of allodynia. Quantitative
sensory testing by Pukall et al. [28], showed that
women with provoked vulvodynia are more sen-
sitive to tactile and painful stimuli of punctate
in comparison with control women. The similar
results are observed in response to other forms
of stimulation, for example, thermal and pres-
sure pain. Hypersensitivity is not limited to stat-
ic stimuli or vestibule.
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EMBRYOLOGICAL AND CONGENITAL
FACTORS

Vulvodynia has been described in young girls
with or without concomitant interstitial cysti-
tis and irritable bladder syndrome. One of the
possible explanations for the coexistence of vul-
vodynia and interstitial cystitis is that these two
conditions are congenital endothelial disorders
of the urogenital sinus. Some cases of provoked
vulvodynia may be associated with a congenital
defect in hyperplasia of the neurons of the vulvar
tissue. Women with vulvodynia have significantly
more nerve fibers in the vaginal vestibule com-
pared with the control group [23]. It has also
been hypothesized that there is a correlation be-
tween the number of vanilloid receptors (VR1)
and the further development of vulvodynia [29].

GENETIC FACTORS

Several studies have suggested a genetic predis-
position to the development of provoked vulvo-
dynia (for example, Babula et al. [30], Lev-Sagie
et al. [31], Foster et al. [26], Gerber et al. [32],
Goldstein et al. [33]). Genetic studies have focused
on three possible (but potentially overlapping)
mechanisms: genetic polymorphisms that increase
the risk of developing chronic candida and other
infections [31], genetic changes that affect the
nature of inflammation [32] and increased sus-
ceptibility to hormonal changes caused by oral
contraceptives. The genetic predisposition to vul-
vodynia associated with the polymorphism of in-
terleukin (IL)-1B genes, which affects the nature
of the inflammatory reaction, is proved. Women
with vulvodynia are more often homozygous for
the second allele of the IL-1B gene and the sec-
ond allele of the IL-1fB receptor antagonist gene
compared to healthy women [32, 34].

HORMONAL FACTORS

It has been believed for decades that the vul-
var and vaginal tissues respond to and depend
on steroid hormones to ensure proper health
and functioning, and that circulating estrogen
deficiency leads to anatomical and physiologi-
cal changes in the vagina. There are many rea-
sons for the decrease in sex steroids, natural
and iatrogenic, leading to physiological changes
and symptoms of the disease. The most com-
mon cause of decreased sex steroids in women
is menopause. Other natural causes of anovula-
tion include lactation or anorexia, hypothalamic
amenorrhea due to biological stress factors, such

as excessive physical activity or physiological
stress and hyperprolactinemia [35]. latrogenic
causes of decreased circulating sex steroids in-
clude surgical factors such as ovariectomies and
hysterectomies [36], combined oral contracep-
tives (COCs) (estrogen and progestin-contain-
ing oral contraceptives), used by 82% of North
American women at some point in their lives
[37]. It has been shown that COCs induce mor-
phological changes in the mucous membrane of
the vestibule, increasing its vulnerability to me-
chanical deformations [38]. In addition, the use
of COCs is associated with a decrease in the pain
threshold, a decrease in the size of the clitoris,
the thickness of the labia, and introital diameter.
The latest prospective randomized experimental
study by Battaglia et al. [39] showed desensitiza-
tion of orgasm, a decrease in lubricant produc-
tion, and an increase in dyspareunia associated
with COC intake. Bazin et al. [40] in a controlled
study showed that women who started taking
COC before age 17 had a relative risk of devel-
oping provoked vulvodynia. In addition, Bouch-
ard et al. [41] and Harlow et al. [42] confirmed
that early use of COCs significantly increases the
risk of vulvodynia. Greenstein et al. [43] report-
ed that the use of COCs containing ethinyl estra-
diol in a dose not exceeding 20 mg significantly
increases the risk of provoked vulvodynia. Gold-
stein et al. [44] revealed polymorphism in andro-
gen receptors, which significantly increased the
risk of developing COC-induced provoked vul-
vodynia. Many medical practitioners believe that
hormonal changes affect vulvodynia. Symptoms
often occur just before menstruation, and there
is evidence that early use of hormonal contra-
ception may predispose to vulvodynia. However,
other studies and clinical experience do not sup-
port this hypothesis [45]. Starting or stopping
oral contraceptives and increasing estrogen lev-
els usually do not improve symptoms. The study
by Reed also disproved the hypothesis that oral
contraceptives are associated with the further
development of vulvodynia in women under 50

[46].

PSYCHO-EMOTIONAL FACTORS

Patients do not consciously associate vulvody-
nia with their psycho-emotional problems. There
are several pathogenetic variants, depending on
the ratio of somatic and mental factors:

1. Vulvodynia as a somatoform disorder — the
predominance of psychogenic mechanisms in the
absence of organic changes in the vulva or their
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inconsequentiality. In this case, the presence of
concomitant pain syndromes, such as fibromyal-
gia, irritable bladder syndrome, irritable bowel
syndrome, is often observed;

2. Vulvodynia as a psychogenic reaction due
to the effect on the patient’s mental status of
gynecological diseases and related symptoms. In-
effective therapy, relapses of the disease, anxi-
ety often become trigger factors for the deteri-
oration of the patient’s psycho-emotional status
and, as a consequence, the development of vul-
vodynia;

3. Vulvodynia as iatrogeny, often a similar
condition develops against the background of
the presence of sexually transmitted diseases in
patients;

4. Vulvodynia as a psychosomatic disorder —
the presence of a set of symptoms, including the
presence of both mental and somatic pathologies
[47].

CLINICAL EVIDENCE

Vulvodynia is characterized by the presence
of burning, itching, pulsation, pain in the vulva.
The pain may be constant or intermittent, local-
ized or diffuse. Symptoms occur during friction
on underwear or physical exertion, and in a sit-
ting position or during rest [48]. The classifica-
tion of vulvodynia is based on the location of
the pain: localized and generalized. The localized
form of vulvodynia and vestibulodynia occurs in
contact with a sensitive area of the vulva. Usual-
ly, this form is projected in the vestibular gland
in the vestibule of the vagina, possible irradiation
into the clitoris (clitorodynia), and unilateral lo-
calization (hemivulvodynia). Pain is described as
a sensation of burning, throbbing, tearing, “razor
blade”. Often, women with localized vulvodynia
complain of dyspareunia and avoid sexual inter-
course; pain can last from several hours to a
day after intercourse, during it and when the
penis penetrates the vagina. The use of tampons,
playing sports or other active activities, wearing
tight clothing can cause discomfort. Localized
vulvodynia is divided into primary, when pain
occurs after the first penetration into the va-
gina, and secondary, arising after a while [49].
Generalized vulvodynia is characterized by the
localization of pain in the area of the vulva or
around it, including the pubic area, the labia, the
vestibule, and the perineum. Pain can be perma-
nent or intermittent in nature and range from
a sensation of slight discomfort to unbearable
pain, greatly reducing the quality of life. Symp-

toms can be diffuse or localized in several areas
at once, occur alternately, fade and worsen, and
not depend on external irritation. The nature of
pain does not differ from those with a localized
form. Often there is dyspareunia, painful urina-
tion, a change in the nature of vaginal discharge
[50]. A study by Sadownik et al. [51] revealed
that 71% of women have dyspareunia, 64% have
recurrent candidiasis, 7% and 46% have a sensa-
tion of burning and itching in the vulva, and 33%
have sexual dysfunction. A study by Brown et al.
[52] showed that European women describe the
symptoms of burning pain 19 times more often
than African-American women who describe the
pain as “aching”, which is less consistent with
the classic manifestation of vulvodynia. Gansky
et al. [53], while studying a group of women
with fibromyalgia, found that European women
have a lower pain threshold and a predominantly
localized nature of the spread of pain compared
to African-American women, mainly complain-
ing about the generalized nature of the pain syn-
drome. Along with vulvodynia, the presence of
other pain syndromes is often observed. Reed and
his colleagues examined 24 women in his study
for interstitial cystitis, irritable bowel syndrome,
fibromyalgia, and vulvodynia. The incidence
ranged from 7.5% to 11.8%; in 27% of patients,
the presence of vulvodynia was significantly as-
sociated with other pain syndromes [54]. The
chronic nature of vulvodynia can negatively af-
fect a woman’s self-esteem and cause depression
and anxiety disorders. Vulvodynia is not consid-
ered a psychopathological condition. However,
Tribo et al. [55] reported anxiety syndrome in
more than 50% of women. Further studies have
shown that women with anxiety disorders are 4
times more likely to develop vulvodynia. In ad-
dition, women can experience significant sexual
and psychological problems in their relationship
with a partner. Many of them use psychologi-
cal support, sex therapy and/or counseling from
a psychotherapist or sexologist. Pain caused by
vulvodynia can ultimately lead to decreased sex-
ual activity; fear and expectation of pain during
intercourse can lead to sexual dysfunction such
as disorders of sexual arousal, decreased libi-
do, problems with orgasm/anorgasmia, phobic
avoidance of sexual activity [56].

DIAGNOSTICS

One of the diagnostic methods for detect-
ing vulvodynia is the “Cotton swab test” used
to identify sensitive areas in the vulva. The test
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is carried out strictly sequentially, starting from
the outer edge of the thigh to the inside, from
top to bottom along the labia majora, and then
the labia minora, to the frenum of the labia,
perianal region and ending with the vestibule
of the vagina and the area of periurethral and
Bartholin glands. The right and left side of the
vestibule should be examined separately. During
the test, the patient evaluates each of the studied
areas on a 10-point Likert pain scale, where 0
is its absence, and 10 is severe pain. A localized
form of vulvodynia can be diagnosed if the pa-
tient experiences discomfort at individual points,
and a generalized form — if pain covers a vast
area. If the patient does not experience a burn-
ing sensation or pain in any of the areas, then
vulvodynia cannot be considered as a differential
diagnosis [48]. Friederich proposed local diag-
nostic criteria for vulvodynia, including soreness
during the Q-tip test (point symmetrical palpa-
tion of the vaginal area with a cotton swab),
erythema of the vulva of varying severity and
pain when touching the vestibule of the vagina.
However, only the last criterion is often positive
and is the only diagnostic symptom. In addition,
IMMPACT recommendations [57] are of great
significance in the diagnosis of vulvodynia, used
to evaluate such criteria as pain, physical/sexual
functioning, emotional functioning, treatment ef-
ficacy and treatment satisfaction, symptoms and
adverse events, and patient compliance.

DIFFERENTIAL DIAGNOSIS

Vulvodynia is a diagnosis of exclusion. The
main diseases of differential diagnosis include
atrophic vaginitis, introital or vaginal lichen pla-
nus, desquamative inflammatory vaginitis. The
symptoms of genital neuralgia are similar to vul-
var pain, however, pain, in this case, has char-
acteristic clinical signs. The patient feels better
in a standing position while sitting or lying there
is great discomfort. Candidiasis infections, with
the exception of Candida albicans, in particular,
Candida glabrata, Candida krusei (Issatchen-
kiaorientalis) can cause itching and feeling of
abrasion than classical itching but are usually
asymptomatic [45]. The diagnosis of vulvodynia
requires the exclusion of an obvious somatic pa-
thology that can cause pain. The identification
of the psychogenic component through the col-
lection of anamnesis, including a pain history of
life, is important; the sexual function, the level
of stress, depressive episodes, if any, are studied.
The clinical signs in the presence of a psychogen-

ic component are characterized by a mismatch
of the nature of pain and clinical manifestations,
the dynamics of the pathology non-typical for
gynecological diseases — sudden appearance and
disappearance, changes correlated with relation-
ships with a partner, sexual function (conflicts
with a partner, lack of awareness of one’s own
sexuality, sensation of sexual inferiority), the
level of mood and the lack of effect of the ther-
apy [25]. For differential diagnosis, the pelvic
floor muscles are examined by palpation in the
projection of the muscle that raises the anus and
the internal obstructive muscle for painful sen-
sations [58].

TREATMENT

Therapy of vulvodynia requires an interdisci-
plinary approach and combines an individually
selected ratio of drug therapy, psychopharma-
cotherapy, psychotherapy, sexuality counseling,
and surgical interventions. It is important to un-
derstand the presumed root cause of the symp-
toms and perform a comprehensive differential
diagnosis. The creation of awareness is import-
ant in the treatment of vulvodynia. Confidence
and awareness of patients about their problem
and further therapy helps to cope with the psy-
cho-emotional aspects of vulvodynia and leads
to recovery. Women need to realize that vulvo-
dynia is a separate nosology, neither contagious
nor associated with serious or life-threatening
conditions, such as oncology, sexually transmit-
ted diseases, or immunodeficiencies. However, it
is worthwhile to inform women in advance that
vulvodynia usually responds to treatment, but
cannot be completely treatable, and requires
high patient compliance. Lack of compliance
nullifies the effect of the therapy. More often,
improvements come slowly, by trial and error
with an individually selected treatment program.
Psychotherapeutic measures include cogni-
tive-behavioral therapy, analysis of interpersonal
relationships, and relationships with a partner.
Often, training in relaxation techniques, self-ex-
amination with the study of the pelvic floor mus-
cles and the techniques of their training, con-
sultations of a psychotherapist and sexologist,
including paired methods of sexual therapy give
good results.

NON-SPECIFIC METHODS OF TREATMENT

Local care of the affected area and avoidance
of potential irritants can improve the quality of
life. Occasionally, a significant improvement in
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condition occurs when you refuse to use non-spe-
cific detergents, excessive washing, taking med-
ications and local anti-candidiasis therapy and
lubricants. 2% Lidocaine gel is a safe and non-ir-
ritating local anesthetic that can relieve discom-
fort [45]. Non-pharmacological treatment also
includes physiotherapy of the pelvic floor mus-
cles. Muscle relaxation subsequently leads to a
decrease in pain. However, according to research,
from 60% to 80% of successful physiotherapeutic
outcomes are achieved only with treatment by
pelvic-focusing physiotherapists [59]. Common
methods of therapy include soft tissue mobiliza-
tion, ultrasound, surface electromyography, and
the use of vaginal dilators. As additional meth-
ods, electrical stimulation can be used; some
involve electrical stimulation, exercises for the
pelvic floor muscles (including Kegel), methods
of thermal exposure and neuromodulation of the
sacral plexus, and electric muscle stimulation,
devices [60]. Hypnosis has been used with some
limited success [61]. A study by Schlaeger et al.
[62] addressed the issue of acupuncture in wom-
en with vulvodynia. 36 women received acupunc-
ture 2 times a week for 5 weeks. It was found
that pain and dyspareunia reduced significantly,
while the sexual activity of women, on the con-
trary, increased. Coady et al. [63] put forward a
hypothesis about the relationship of vulvodynia
with impingement syndrome of the hip joint. 26
patients with generalized unprovoked vulvodyn-
ia or clitorodynia underwent arthroscopy of the
hip. The study revealed significant symptomatol-
ogy improvements in women under 30 almost
3-5 years after surgery. A review by Frigo N.V.
[64] reported successful therapy with Neog-
yn vulvar soothing cream. 24 women aged 53—
80 years were examined and treated with Neogyn
cream for 12 weeks; after the therapy, 60.9% of
patients had a significant decrease in discomfort,
dyspareunia, and 65.26% improved the quality of
their sexual life. G. Donders et al. [65] conduct-
ed a placebo-controlled, cross-sectional study of
30 patients with vulvodynia who were prescribed
this cream. These studies showed a decrease in
symptoms of provoked vestibulodynia. Narcot-
ic pain killers should be used with caution; the
combination of tramadol and hydrocodone was
used in the short term for acute pain [50].

SURGICAL TREATMENT

Currently, vestibulectomy is the gold stan-
dard for the treatment of vestibulodynia, but
only if the pain is localized only in the vestibule.

The treatment efficacy ranges from 65% to 90%.
Very often surgery causes damage to the vaginal
mucosa, leading to the removal of a more ex-
tensive area than the focus of pain; in the post-
operative period, symptoms may be preserved
due to incomplete preoperative diagnosis and
inaccurate pain map. Taking neuropathic pain
killers usually continues after surgery to maxi-
mize the quality of life and promote the recov-
ery of sexual functioning. Novocaine blockade is
feasible only when other treatment methods do
not provide positive dynamics to relieve pain and
improve the patient’s quality of life [66].

PAIN MODULATORS

The use of tricyclic antidepressants, such as
Amitriptyline or Desipramine, can help reduce
chronic neuropathic pain due to the central
mechanism of action, which alters the trans-
mission of pain impulses to the brain through
the spinal cord. Brown et al. [67] studied the
effect of Amitriptyline C with/without Triam-
cinolone; the efficacy of this method has not
been proven. A randomized controlled trial by
Foster et al. [68] showed that the effects of oral
Desipramine were not superior to those in the
placebo group. The efficacy of other antide-
pressants, such as Duloxetine and Venlafaxine,
has also not been proven. A randomized con-
trolled trial of Gabapentin — a drug that helps
control epileptic seizures, has been shown to
trigger symptoms of vestibulodynia. Howev-
er, studies of Pregabalin anticonvulsant drug
showed improvement in symptoms, and the use
of Lamotrigine reduced pain within 8 weeks
[69]. Hydroxyzine and Cetirizine have been used
to reduce itching. Combinations of neuropathic
pain killers (for example, Amitriptyline, Gab-
apentin, Pregabalin) can also be used for some
women since they have different mechanisms of
action [50].

CONCLUSION

Vulvodynia is a relevant multidisciplinary
problem, causing both physical and psychologi-
cal discomfort. This pathology reduces the qual-
ity of life not only of the patient herself but also
of her partner, contributing to the development
of a wide range of psycho-emotional and sexual
problems. Vulvodynia requires careful diagnosis;
often being a symptom of a number of serious
diseases of the vulva, vulvodynia can also act as
an independent nosology, and it can be difficult
to establish the exact cause of this condition.
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Treatment of vulvodynia must be client-orient-
ed, in accordance with the potential predictors
of the onset of the disease. It is very important
not only to choose the appropriate therapy for
a particular woman but also to provide psycho-
logical support in order to achieve the highest
possible increase in the quality of life of such
patients and their partners.
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ABSTRACT

One of the most significant events in recent years in the field of molecular biological research has been
the recognition of the biological significance of non-coding ribonucleic acid (RNA). It turned out that a
significant part of the non-coding part of the genome, which constitutes 98% of the genome, is rewritten. In
addition to small RNAs (such as microRNAs (miRNA)), long non-coding RNAs (IncRNAs), which are a large
group of non-coding RNAs (ncRNAs) over 200 nucleotides in length, have been discovered. They play a role
in the regulation of a number of basic molecular processes (cell division, chromatin function, microRNA
activity, etc.). Many of these long non-coding RNAs were expressed in tumors compared with healthy
tissues, for example, H19, HOX antisense intergenic RNA HOX (HOTAIR), Metastasis Associated Lung
Adenocarcinoma Transcript 1 (MALAT1). A large amount of evidence revealed their roles at all stages of
carcinogenesis and in modulating metastasis through regulatory networks. Aberrant expression of IncRNAs
has been observed in cancer patients. In this context, IncRNAs can regulate the main characteristics of
cancer cells by controlling gene expression programs associated with their suppressive and oncogenic
functions. Therefore, they can be excellent biomarkers and therapeutic targets for tumors.
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Posb pgavHHBIX HeKogupyowmx PHK B 6uosorum onyxosen

Beiinepan O.A., Fapees U.D.

Bbawxupcruii 2ocydapembennvis meduyunciuti ynubepcumem
Poccus, 450008, Pecnybauxa bawxopmocman, 2. Ya, ya. Aenuna, 3

PE3IOME

OaHnM 13 HanGoAee 3HAUNTEABHBIX COOBITHI B IOCAEAHME TOABI B OGAACTY MOAEKYASPHO-GUOAOTHIECKUX
MCCAEAOBAaHMII CTAaAO IpM3HaHMe OmMorormdeckoit 3HaummocTy Hekoaupyrommx PHK. Okasanocs, uro
3HAYUTEABHAS YaCTh HEKOAMPYIOLIEN 4acTu FeHoMa, KoTopas cocrtaBaser 98%, mepesamucana. ITomumo
He6oabumx PHK (raknx xkak mukpoPHK) nssectHo o aannnbix Hekoanpyomux PHK (IncRNAs), kotopsie
ABAAIOTCS 60AbmON rpymnoi Hekoanpyomux PHK (ncRNAs) aaunoi 6oaee 200 aykaeotnpos. Oun urpaior
POAB B peryAfnuM PsAAd OCHOBHBIX MOAEKYASADPHBIX IIPOLECCOB (AeAeHME KAETOK, (PYHKIMA XPOMATHMHA,
akTuBHOCTh MUKPOPHK u T1.a). MHorne u3 stux aanmuabsix Hekopupytomux PHK 6bian axkcnpeccupoBanst
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B ONYXOAAX IO CPaBHEHMIO O 3AopoBbiMu TKamsamy, Hanpumep H19, HOTAIR, MALATI. Boasmoe
KOAMYECTBO MCCAEAOBAHMII BBIABMAO MX POAb HAa BCEX CTaAMAX KaHIepOTeHe3a ¥ B MOAYAMPOBAHUM
MeTacTa3upoBaHNUA depe3 peryAATOpHble ceTn. Bbira 3amedena abeppanrHas akcmpeccus IncRNAs y
60AbHBIX pakoM. B arom konrekcre IncRNAs moryr peryampoBaTh OCHOBHbBIE XapaKTEPUCTHKM PaKOBBIX
KAETOK, KOHTPOAMPYS NIPOTPaMMbl 3KCIPECCUM TE€HOB, CBA3AHHBIE C MX CYIPECCUBHBIMU ¥ OHKOTE€HHBIMMU
dyuryuamu. CAeAOBaTEABHO, OHM MOTYT GbITh OTAMYHBIMI GMOMapKepaMy ¥ TePaneBTHIeCKUMI MUIIEHAMMU

The role of long, non-coding RNA in the biology of tumors

opu A€4eHUn OHyXOAeI;I.

KaroueBble caroBa: reHoM, AanHHAA HekoAupyiomas PHK, onyxoas, mukpoPHK.

Kouopankr nnrepecoB. ABTOPHI AEKAAPUPYIOT OTCYTCTBME fABHBIX ¥ INOTEHIMAABHBIX KOH(AUKTOB
MHTEPECOB, CBA3AHHBIX ¢ NyOAMKALMEN HACTOALIEN CTAThU.

Ucrounnk (I)I/IHaHCMpoBaHMH. ABTOpr 3aABASIOT 00 OTCYTCTBUMU (l)MHaHCI/IpOBaHI/IH.

Anrst umtuposanus: Beitaepan O.A., Tapees M.®. Poas aanunbix Hekopnpyomux PHK B 6nororun onyxo-
Aeit. Broanemens cubupcroti meduyunvr. 2020; 19 (1): 125-133. https://doi.org: 10.20538/1682-0363-2020-

1-125-133.

INTRODUCTION

In recent years, we have witnessed radically
new directions in the field of molecular biology.
Among them, a new interpretation of the world
of ribonucleic acids (RNA) is of great impor-
tance, in which new regulatory mechanisms led
to the discovery of previously unknown aspects
of the genome, cells, and organism [1, 2]. The
wider use of bioinformatics methods is signifi-
cant in expanding our knowledge. In addition to
protein-based messenger RNAs (mRNAs), RNAs
that do not encode proteins are becoming in-
creasingly important. Epigenetic pathways that
are not associated with a change in the nucle-
otide sequence play a primary role in the mo-
lecular mechanisms of these molecules. Among
non-coding RNAs, there is growing evidence of
the importance of small RNAs, including mi-
croRNAs (they are mature, 18-24 nucleotide
single-stranded RNA fragments: important ele-
ments of post-transcriptional regulation). Their
various expressions have been described in many
diseases, and the role of miRNAs in the molec-
ular biological aspects of neoplasms has already
been proven [3]. In addition to microRNAs, it
is known that a number of other small RNAs
play a key role in supporting basic molecular
processes, such as splicing during mRNA matu-
ration, telomere maintenance, centromere con-
trol, and genome stability. The former “central
dogma” of molecular biology has been changed
in several respects, and the role of RNA in the
regulation of cell and genome functions can
be shown at many levels [2]. One of the most
shocking results of the next generation sequenc-

ing methods, which revolutionized research in
the field of molecular biology (deep sequenc-
ing), was that a significant part (70-90%) of the
non-coding part of the genome is transcribed
into RNA [4, 5]. For example, an RNA aggregate
transcribed from the mouse genome (transcript)
may consist of 180,000 RNA molecules, of which
only 20,000 encode proteins [1]. The functions
of most non-coding RNAs are currently largely
unknown. Non-coding RNAs can mainly be di-
vided into two groups: small RNAs (microRNAs,
transport RNAs associated with PIWI RNAs,
telomeric RNAs associated with the RNA pro-
moter, small nucleolar RNAs, etc.); and a class
of long non-coding RNAs up from a size of 200
nucleotides. Although there is a lot of data on
small RNAs, especially microRNAs, much less is
known about the importance of long non-coding
RNAs [5—-7]. In this short review article, we are
trying to present a very new and rapidly devel-
oping direction. Unfortunately, for most of the
terms mentioned, there are currently no Russian
equivalents, so we used English terminology.

CHARACTERISTIC OF IncRNAs

The biological function of several IncRNAs,
which play a role in the regulation of basic mo-
lecular biological processes, is described. They
include regulation of gene expression and ge-
nome function, which can be positively and neg-
atively affected by protein binding, including
transcription factors, to affect chromatin struc-
ture and function. Regulation of the ratio of
transcriptionally active euchromatin to inactive
heterochromatin, modification of histone pro-
teins (including methylation and phosphoryla-
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tion) give greater importance to IncRNAs. They
can participate in these processes as molecular
scaffolds [5]. In addition, IncRNA genes express
themselves weaker than the coding genes, and
their expression is particularly specific for cer-
tain tissues. Depending on their position relative
to the coding genes, IncRNA can be divided into
two broad categories: intergenic IncRNAs and
intragenic IncRNAs. Intergenic localized by defi-
nition in unannotated regions of the genome are
commonly referred to as lincRNA. On the oth-
er hand, intragenic IncRNAs can be subdivid-
ed depending on how they overlap the coding
genes or their orientation in relation to them
(antisense, intron, etc.). Many IncRNAs have an
antisense sequence complementary to other se-
quences, and it is also known that some of the
promoters that regulate gene expression also al-
low bidirectional transcription [4]. The binding
of antisense IncRNA to complementary RNA can
lead to the formation of double-stranded RNA,
which is the fundamental substrate for the RNA
interference process and can lead to the appear-
ance of small interfering RNA (siRNA) during
the general maturation of miRNAs. SiRNAs, like
their endogenous analogues, have a mechanism
similar to miRNAs for post-transcriptional reg-
ulation of gene expression [4]. In humans, the
number of IncRNAs is estimated to a range from
5,000 to 7,000, but it is expected that this num-
ber will increase in the future [8]. However, the
number of experimentally confirmed and known
functions of IncRNAs is only about 100 [9]. One
of the first known IncRNAs was XIST (X inactive
specific transcript), responsible for inactivation
of the X chromosome. XIST binds to proteins,
of which the protein group PRC (polycomb re-
pressor complex) should be noted. Modification
of histones and chromatin leads to inactivation
of the X chromosome. PRC proteins also play a
role in the regulation of chromatin structure due
to the expression of IncRNAs [10].

THE FUNCTIONS OF IncRNAs
IN PHYSIOLOGICAL PROCESSES

IncRNAs mainly act by modulating gene ex-
pression [11]. This function can be performed
locally when IncRNAs act on neighboring genes
in the cis-position, or distally when their func-
tions are performed regardless of the location of
the target genes. In particular, there is a class
of IncRNA with enhancer-like activity that can
transcriptionally activate neighboring genes [12].
More generally, studies of the functions of In-

cRNAs have shown that they are potentially in-
volved in various biological processes in mam-
mals [11]. These processes include, for example,
maintaining the pluripotency of embryonic stem
cells, cell differentiation, cell cycle regulation,
and the immune response. LncRNAs can reg-
ulate gene expression through various mecha-
nisms. The molecular aspects of these mecha-
nisms have been described in detail in a recent
review [11]. LncRNAs can potentially bind DNA,
proteins or other RNAs, forming networks and,
thus, providing an interaction between different
functional molecules. Some IncRNAs can change
the chromatin context near their target genes
by a set of transcription factors, histone modi-
fication factors, thereby stimulating or inhibit-
ing the transcription of target genes, depending
on the context. Among the IncRNAs that were
functionally characterized, XIST, which gene is
located on the X chromosome [13], is directly in-
volved in the inactivation of the X chromosome
in women. After transcription, XIST is retained
in the nucleus and covers the inactive X chro-
mosome. In addition, it interacts with the Poly-
comb 2 inhibitor complex (PRC2), which makes
it possible to purposefully recruit this complex
and thereby contributes to maintaining the inac-
tivation of the X chromosome [13]. Interesting-
ly, XIST, in turn, is regulated by other IncRNAs,
such as TSIX (Transcription silencing inactiva-
tion of X) and XITE (X-inactivation intergen-
ic transcription element) [13]. Other IncRNAs,
such as AIRN, H19, and KCNQ1OT]1, also par-
ticipate in the inactivation of gene expression
through their association with chromatin-asso-
ciated inhibitor complexes. HOTAIR IncRNA,
whose gene is located in the HOXC locus, will
serve as a framework for the PRC2 and LSDI1
complexes (lysine-specific demethylase 1), two
complexes associated with transcription inhibi-
tion, and facilitate their recruitment within the
HOXD locus [14, 15]. In contrast, Mistral and
HOTTIP IncRNAs will facilitate the expression
of HOXA genes by recruiting the WD5 / MLL
epigenetic complex [16, 17]. LncRNAs are also
significantly involved in post-transcriptional pro-
cesses associated with mRNA biogenesis, such as
splicing, transport, translation, and mRNA deg-
radation. For example, UCHL1-as, an antisense
LncRNA that partially overlaps the 5 ‘end of
the UCHL1 gene, promotes translation of the
mRNA of the UCHL1 gene [18]. In addition, In-
cRNAs can act as “sponges” to prevent miRNAs
from binding to their mRNA targets. CDR1-as /
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ciRS-7 (sponge for miR-7), circular IncRNA ex-
pressed in humans, has 70 binding sites for miR-
7 [19, 20]. In addition, some non-coding RNAs,
called enhancer RNAs (eRNAs), are formed from
distal cis-regulatory elements [12]. Currently,
the role of these eRNAs in the transcriptional
activity of the target gene has not yet been de-
termined, since they can also be simply by-prod-
ucts of active regulatory elements. In this sense,
it has recently been demonstrated that divergent
transcribed IncRNA / mRNA pairs reflect a spe-
cialized transcriptional regulation mechanism in-
volving bidirectional promoters.

IncRNAs IN TUMORS

IncRNAs can affect many aspects of tumor
formation, such as stimulating cell division, elim-
inating effects that inhibit cell growth, inducing
unlimited ability to replicate, stimulating invasion
and metastasis, enhancing neovascularization and
inhibiting apoptosis [8]. One of the earliest iden-
tified IncRNAs with biological significance in the
tumor was H19. H19 is 2.3 kb IncRNA. This is a
highly conserved imprinted gene that is expressed
only in the maternal allele. This phenomenon, in
which the alleles of the father and mother be-
have differently and only one allele is expressed,
is called genomic imprinting. Another import-
ant gene involved in the H19 regulatory system
is IGF-2, an insulin-like growth factor type 2,
which is expressed only in the paternal allele.
Increased expression of IGF-2 has been report-
ed in several tumors, including adrenal cancer.
In Beckwith-Wiedemann syndrome (hemihyper-
trophy, neonatal hypoglycemia, omphalocele,
adrenal cancer, etc.), increased expression of
IGF-2 is a fundamental indicator [21]. Increased
expression of H19 is observed in cancer of the
bladder, breast and hepatocellular carcinoma. It
has been shown that the proto-oncogene c-myc
stimulates H19 expression [22]. A close relation-
ship between large and small non-coding RNAs
is indicated by the fact that the first exon H19
encodes miRNA-675, which inhibits mRNA, the
tumor suppressor Rb (retinoblastoma) [23, 24].
However, in many experiments, a decrease in
H19 expression was associated with an increase
in the tumor [6].

SRA (steroid receptor RNA activator), iden-
tified as a co-activator of steroid receptors (es-
trogen, progesterone, glucocorticoids and an-
drogens), is also IncRNA. It has a transactivation
effect through its AF-1 domain. Breast tumors
have been shown to have increased SRA expres-

sion, which may play a role in tumor formation
[25]. However, recent evidence suggests that
SRA can not only function as IncRNA, but also
can encode a transcriptional protein. The for-
mation of non-coding and protein-coding RNA
can be controlled by alternative splicing [26].
In the regulation of cell division in the aging
process of cells, telomeres located at the end of
chromosomes and the telomerase enzyme that
regulates their length are of great importance.
The telomerase enzyme complex itself also con-
tains non-coding RNA called TERC (telomer-
ase RNA component) and TERT (telomerase
reverse transcriptase) activity. According to
recent data, another IncRNA also plays a role
in regulating telomerase activity called TERRA
(telomeric repeat-containing RNA). Some evi-
dence suggests that TERRA expression in tumor
cells is reduced and that increasing TERRA ex-
pression may be a possible method of inhibiting
tumor growth [27].

Among IncRNAs involved in metastatic pro-
cesses, HOTAIR and MALAT1 should be distin-
guished. The expression of HOTAIR in prima-
ry and metastatic breast cancer is significantly
increased [28]. Increased HOTAIR expression
can be assessed as a prognostic signal associ-
ated with metastasis and decreased survival [6,
28]. PRC2, already mentioned in the XIST case,
plays a role in its molecular mode of action.
The PRC2 complex inhibits the transcription of
a number of genes, including the fundamental
processes of cell division and differentiation [29].
HOTAIR binding to PRC alters the inhibitory
effect of PRC, restraining the inhibition of sev-
eral genes’ transcription. Increased expression
of IncRNA MALAT]1 (metastasis associated lung
adenocarcinoma transcript 1) was observed in
non-small cell lung cancer [30]. In addition to
non-small cell lung cancer, increased expression
was observed in cancer of the prostate, breast,
liver and uterus. MALAT1 is important for the
regulation of cancer cell invasiveness, but its ex-
act mechanism of action is unknown. Some data
suggest that mRNA maturation may play an
important role in alternative splicing processes
[31]. Like XIST and HOTAIR, ANRIL (antisense
non-coding RNA in the INK4 locus) also binds
to the PRC complex. Significance in the biolo-
gy of tumors of the INK4b-ARF-INKa locus is
indicated by its deletion in several tumors [32].
ANRIL inhibits the expression of several genes
(including tumor suppressor genes pl5 and p21)
through complexes of PRC1 and PRC2 [33, 34].
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MEG3 was the first IncRNA originally identified
as a tumor suppressor. Like H19, MEG3 has
only the maternal allele [35]. By analogy with
H19, one can also interpret that MEG3 encodes
miR-770, whose gene is located in the intron at
the 3’-end of RNA [36]. MEG3 is most strongly
expressed in pituitary and brain tissues, and its
expression in pituitary adenomas is associated
with increased methylation of the regulatory
region of MEG3 expression [35]. Activation of
p33 pathways is a priority in the suppressor ef-
fect of MEG3. P53 itself induces the expression
of certain IncRNAs, among which the tumor
suppressor IncRNA-p21 should be noted [37].
GAS5 (growth-arrest specifc 5) is another tu-
mor suppressor. Like the previously mentioned
SRA, GAS5 also plays a role in the regulation
of glucocorticoid receptor activity, by inhibit-
ing glucocorticoid activity [38, 39]. Increased
expression of GAS5 leads to inhibition of cell
proliferation in breast and prostate cancer cell
lines [40]. Apparently, an extremely interesting
molecular mechanism is that IncRNAs can bind
complementary miRNAs and, thus, inhibit their
action (“sponge” miRNA). MicroRNA binding is
also tested for inhibition of the action of miR-
NAs with artificial nucleic acids, since several
miRNAs can be inhibited simultaneously [41].
An example is IncRNA HULC (highly upregu-
lated in liver cancer), which exhibits increased
expression in hepatocellular carcinoma [42]. A
mechanism similar to HULC-mediated miRNA
inhibition has been described for tumor sup-
pressor PTEN (phosphatase and tensin homo-
log). PTEN, a tumor suppressor gene, has the
pseudogen PTENP1. PTENP1 and PTEN com-
pete for binding of inhibitory miRNAs. Under
normal conditions, IncRNA PTENP1 allows ex-
pression of PTEN by binding of miRNAs [43].
However, in tumors, somatic miRNA binding
sites result in a loss of ability to bind PTENP1.
Therefore, the expression of PTEN is reduced,
which can lead to an increase in tumor growth
[44]. IncRNA, called aHIF, plays a central role
in the regulation of HIFla (hypoxia-induced
factor 1la) specifically in neovascularization
processes. o HIF is an antisense IncRNA that is
complementary to the 3 ‘untranslated portion
of HIFla mRNA. Increased expression of a HIF
leads to inhibition of HIFla and thereby to in-
hibition of angiogenesis [45]. The expression of
aHIF has been described in many tissues and,
interestingly, its expression in breast cancer is a
poor prognostic factor [46].

THE MOLECULAR MECHANISM OF IncRNA
IN TUMOR METASTASIS

The metastatic cascade is a coordinated se-
quence of cell-biological events that includes lo-
cal cell invasion and allows cancer cells to exit
the primary site, develop new blood vessels (an-
giogenesis), migrate and penetrate the microen-
vironment, perform intravation and extravasa-
tion, survive in circulation and colonize distant
organs [47]. There is increasing evidence for the
role of IncRNAs at every stage of metastasis. Let
us examine the role of IncRNAs in cell invasion.

IncRNA IN CELL INVASION

In order to spread to distant organs, cancer
cells must separate from the primary tumor us-
ing extracellular proteases to destroy the extra-
cellular matrix (ECM) and invade the adjacent
parenchyma. Then metastasis occurs when in-
vasive cancer cells enter the blood and lymph
vessels, pass through the bloodstream and enter
the endothelium, eventually settling in a distant
organ and creating a secondary tumor [48]. The
epithelial-mesenchymal transition (EMF) is one
of the central and important processes that al-
lows epithelial cells to acquire migration ability
and penetrate into tissues and organs [49, 50].
EMF is performed by activating a number of
transcription factors (EMF-TF), mainly the ZEB,
SNAIL, and TWIST families [51]. Many research
groups have reported that IncRNAs are the main
regulators of invasion. We summarized the most
thoroughly studied IncRNAs involved in the
regulation of EMF-TF to stimulate metastasis.
Several IncRNAs, including IncRNA-ATB21 and
HOTAIR, function as miRNAs to modulate ZEB
and SNAIL levels in cancer [52]. Other IncRNAs
are also involved in the epigenetic regulation of
EMF-TF expression, such as TRERNAI as an en-
hancer of the recruitment of SNAI1 and ZEBI1-
AS1p300 to the ZEB1 promoter [53, 54]. Ln-
cRNAs also function through RNA and protein
interactions to regulate metastasis. For example,
GAPLINC stimulates the expression of SNAI2
by binding to PSF and the NONO protein [55].
In addition to the regulation of SNAIL and ZEB,
Hu et al. revealed more than 99 IncRNAs in-
volved in EMF processes induced with TWIST
[56]. Detailed mechanisms of how IncRNAs bind
to TWIST / EMF signaling pathways have also
been confirmed by other groups of scientists.
TWIST binds to IncRNA HOTTIP, which re-
cruits and directs WDR) to the HOX cluster and
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induces HOXAY expression [57]. High levels of
HOXA9 correlate with an aggressive cellular
phenotype in prostate cancer. It was shown that
in addition to direct binding to TWIST, LncRNA
CHRF regulates the TWIST / EMF signaling
pathway, acting as miR-489 [58]. CHRF inhibits
the expression of TWIST and further inhibits the
progression of EMF in CRC [58].

DIAGNOSTIC AND THERAPEUTIC VALUE
OF IncRNAs

The role of miRNAs in the diagnosis of tu-
mors is confirmed by several experimental re-
sults. Their applicability is greatly enhanced due
to their stability, so that they can be safely de-
tected not only in frozen tissue samples, but also
in body fluids and secretions. IncRNAs, despite
their larger size, can also be found in body flu-
ids, such as, for example, in blood samples of
patients with hepatocellular carcinoma (HULC)
[41]. The detection of PCA3 (prostate cancer
gene 3) in urine has been described in some stud-
ies as a more sensitive biomarker compared to
the prostate-specific antigen (PSA) [59]. Detec-
tion of some IncRNAs in tissue has a predictive
value. For example, in hepatocellular carcino-
ma, increased MALAT1 expression is associated
with poor prognosis and decreased survival after
liver transplantation [60]. Although we are just
beginning to learn the biology of IncRNAs, and
there are many more questions that need to be
clarified, it is possible that they may become a
therapeutic target in the future, based on their
significance in tumor biology.

CONCLUSION

Thus, acquaintance with long non-coding
RNAs is a new chapter in research in the field
of molecular biology of tumors, which contrib-
utes to a better understanding of tumor devel-
opment processes. Clarification of the functions
and mechanisms of these IncRNAs in biological
systems under normal and pathological condi-
tions may lead to potential opportunities for the
identification of biomarkers and new therapeutic
targets for tumors. To date, only a very small
number of IncRNAs have been studied for their
effect on the pathological process of neoplasms.
Studies on IncRNAs require more sensitive de-
tection methods than those on proteins and
other RNAs due to IncRNAs lower expression.
With an increased understanding of the role of
IncRNAs in tumor biology, we can expect to

identify new diagnostic biomarkers in the future.
A clear understanding of how IncRNAs regulate
many mechanisms in metastasis may lead to the
emergence of new therapies for cancer patients.
The IncRNA research area is expected to contin-
ue to improve in the near future.
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ABSTRACT

The authors of the study analyze various definitions of chronic heart failure (CHF). CHF, having many
faces, despite the consensus concerning the paradigm of its pathogenesis, is given different definitions,
using both the syndromic and nosological approaches. Most authors share a view of CHF as the final stage
(outcome or complication) of many diseases in which there is impairment of ventricular filling or ejection
of blood, i.e. as a syndrome, and not an independent nosological form. Nevertheless, at the beginning of
the XXI century leading Russian specialists in heart failure presented a reasoned point of view on CHF
not only as the final stage of the cardiovascular continuum, complicating the course of a disease of the
cardiovascular system, but also as an independent nosological form. This approach, which contradicts the
standard rules for the formulation of the final clinical and pathological diagnoses, as well as the agreed
positions of the International Statistical Classification of Diseases and Related Health Problems, has been
the subject of reasonable criticism. Since the identification of the underlying cause of heart failure is crucial
for therapeutic reasons, the only correct view is that of CHF as a syndrome, the detailed description of
which in clinical diagnosis is an important intranosological characteristic that allows building the most
effective differentiated therapy and accurately determining the prognosis of the disease.

Key words: chronic heart failure, definition, International Statistical Classification of Diseases and Related
Health Problems, syndrome, disease, rules of diagnosis.
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PE3IOME

B Aexmum mpoaHaAM3MpOBaHEI pa3AMYHBIE ONPEAEACHUSA XPOHMYECKON CepACYHON HEeAOCTaTOYHOCTH
(XCH). Muoroankoit XCH, HecMOoTps Ha KOHCEHCYC, KacCalOMifCA NApaAUTMbl ee IIaTOreHe3a, AAIOT
pasAMYHBIE OIpPEAEAeHNs, UCIIOAB3Y KaK CMHAPOMAABHBIN, TaK ¥ HO30AOTMYECKMI TOAXOA. boAbmuHECTBO
aBTOpOB 06beaAnnsAeT B3raiA Ha XCH kak Ha GMHAABHYIO CTaAMIO (MCXOA, OCAOJKHEHNE) MHOTUX GOAe3HEl,
IIPY KOTOPBIX HAPYUIAETCS CIOCOGHOCTD JKEAYAOUKA HANOAHATHCSA KPOBBIO MAM M3TOHATH €€, T.e. Kak Ha
CHHAPOM, a He Ha CaMOCTOATEABHYIO HOo3oAormueckyio ¢opmy. Tem He menee B Hauare XXI B. Bepymue
pOCCHIICKMe CIeIMAAMCTBI IO CePAEYHONM HEAOCTaTOYHOCTHM INIPEACTABMAM apPTyMEHTHMPOBAHHYIO TOUKY
3perns Ha XCH He TOABPKO Kak Ha KOHEYHBIN 3Tall CEPAEYHO-COCYAMCTOIO KOHTMHYYMA, OCAOSKHAIOUIMIL
TeYeHMe TOTO MAM MHOTO 3a6OAeBaHMA KapAMOBACKYASPHOM CHCTEMbI, HO ¥ KakK Ha CaMOCTOSATEABHYIO
HO30AOTMYecKyI0 ¢opmy. Takoil HOAXOA, NpPOTMBOpEYAIMii CTAHAAPTY INpaBuA (HOPMYAMPOBKU
3aKAIOYMTEABHOTO KAMHMYECKOTO ¥ THATOAOTOaHATOMMYECKOTO AMAarHo30B, a TaKKe COTAAaCOBaHHBIM
no3uuusaM MeKAYHApOAHOM CTaTUCTMYECKON KAaaccuurauuu GoresHell u HpoOAeM, CBI3aHHBIX CO
3AOPOBbEM, CTaA IPEAMETOM OGOCHOBaHHON KpuTuKM. Tak Kak MAeHTMOUKALMA [IPUYMHBI, AesKalleld B
OCHOBE CEePAEYHON HEAOCTATOYHOCTY, IPYMHIMIMAABHA AAA BHIOODA Tepammyu, eAMHCTBEHHO IPAaBMABHBIM
asagerca BaragA Ha XCH kak Ha cuHApOM, pa3BepHyTas XapaKTepUCTMKAa KOTOPOTO B KAMHMYECKOM
AMarHO3e IPEACTaBASeT COGOM BaKHYI0 MHTPAaHO30AOTMYECKYID XapaKTEPUCTUKY, [NO3BOAAIONUIYIO
noctpouth HanmGoree 3pderTuBHy AMPQPEPEHIUPOBAHHYIO TEPANUI0 M TOYHO ONPEAEAUTH NPOTHO3
3a6oAeBaHNMA.

KaloueBble  cAOBa: XpoHMYeCKasd CepAedyHasds HEAOCTaTOYHOCTb, AeduHmumsA, MeskAyHApOAHAS
cratucTideckas kaaccuduranus Goae3Hel M IPOOAEM, CBA3aHHBIX CO 3AOPOBbEM, CHHAPOM, GOAE3HB,
npasuAa GOPMYAMPOBKU AMArHO3a.

KoHpAuKT nnTepecos. ABTOPbI AEKAAPUPYIOT OTCYTCTBUE SABHBIX M HOTEHIMAABHBIX KOH(AUKTOB MHTEPE-
COB, CBSI3aHHBIX C MyOAMKALMeN HACTOALLEN CTAThU.

Ucrounnk ¢uuaHCHpOBaHMA. ABTOPBI 3aABAAIOT 06 OTCYTCTBUM (DMHAHCUPOBAHMA MK IPOBEACHUN
MICCACAOBaHMA.

Anst puruposauns: Kaaosknu B.B., Tenaskos A.T., Yepuoroprok I.D., Kaaoskuna E.B., Becnaaosa V.A.,
Tepentbesa H.H., Ausuny VL.K., Ocrauko B.A., Cubupesa O.®., Hacoscknx H.IO. Xpouudeckas cep-
A€YHas HEAOCTATOYHOCTb: CUMHAPOM MAM 3aGoaesaume? broaremenv cubupcroii meduyunve. 2020; 19 (1):
134-139. https;//doi.org: 10.20538/1682-0363-2020-1-134—139.

INTRODUCTION

CHF, having many faces, despite the consen-
sus concerning the paradigm of its pathogenesis,
is given different definitions using both the syn-
dromic and nosological approaches [1-6]. Most
authors share a view of heart failure as the final
stage (outcome, complication) of many diseases
that affect the heart, i.e. as a syndrome, and not
an independent nosological form. In particular,
experts from the American College of Cardiolo-
gy and the American Heart Association, in a lap-
idary and yet comprehensive definition that has
not been revised since 2001, interpret CHF as a
complex clinical syndrome that can be caused by

any structural or functional heart disease that
interferes with the ability of the ventricle to be
filled with blood or expel it [7]. Similar defini-
tions are given in the European, Canadian, Brit-
ish, Korean, Australian-New Zealand, Indian and
other guidelines [8—13].

Nevertheless, at the beginning of the XXI
century leading Russian experts on heart fail-
ure presented a reasoned point of view on heart
failure not only as the final stage of the cardio-
vascular continuum, complicating the course of
a particular cardiovascular system disease, but
also as an independent nosological form: “... a
disease with a complex of characteristic symp-
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toms (shortness of breath, decreased physical ac-
tivity, swelling, etc.), which are associated with
inadequate perfusion of organs and tissues at rest
or during exercise, and often with fluid retention
in the body. The root cause is deterioration in
the ability of the heart to fill or empty due to
damage to the myocardium, as well as an imbal-
ance of vasoconstrictor and vasodilating neuro-
humoral systems” [14, 15].

The formal basis for designating CHF as an
independent nosological form is the existence of
a corresponding heading (“Heart failure” — I50)
in the International Statistical Classification of
Diseases and Health Problems (10th revision,
ICD-10); and informal basis is the idea shared by
many cardiologists that CHF develops accord-
ing to uniform laws, regardless of etiology. It is
well known that at the late stage of any disease
of the cardiovascular system, “remodeled heart
syndrome” pushes into the background the im-
portance of the etiological factor and can inde-
pendently determine the quality of life and prog-
nosis of the patient [16—18].

Recognizing the formal logic of the arguments
presented, we allow ourselves to criticize the
nosological interpretation of CHF. Firstly, the
presence of the appropriate code in the ICD-10
does not necessarily justify the possibility of its
use for encoding the underlying disease. For ex-
ample, pulmonary embolism (I26) or acute renal
failure (N17) is indicated in the diagnosis under
the heading “complications of the underlying dis-
ease”, since replacing the underlying disease with
its complication or one of the manifestations is
not allowed by the standard rules for formulat-
ing the final clinical and pathological diagnoses
[19]. However, doctors who have been making
diagnostic mistakes for years, ignoring key pos-
tulates of the rules for formulating final clinical
and pathological diagnoses and calling this clini-
cal experience, are not very rare [2]. Even if we
displace from our consciousness the provisions
of the rules for the formulation of the diagnosis,
the clinician must understand that the diagnosis
of “heart failure” (by the way, according to ICD-
10, it excludes: conditions caused by arterial hy-
pertension — I11.0, including with kidney damage
- I13. -, the consequences of heart surgery or in
the presence of a heart prosthesis — 197.1, as well
as heart failure in a newborn — P29.0) may be
at least some alternative to a detailed diagnosis,
say, “ischemic cardiomyopathy” or “dilated car-
diomyopathy”, only when it is first formulated at
the bedside “without past medical history” with

symptoms and signs of heart failure, the corre-
sponding stage III classification of N.D. Strazhes-
ko and V.Kh. Vasilenko, i.e. in a situation where
it is extremely difficult to make a reasonable
conclusion about the nature of the disease and
(or) this, unfortunately, is almost meaningless.

It is another thing when it comes to a pa-
tient with initial, yet reversible manifestations of
heart failure. In this case, the development of an
effective program of rehabilitation treatment is
not conceived without an accurate and timely
recognition of the etiological essence of the dis-
ease underlying heart decompensation. No one
will doubt that the management of patients with
common occlusive coronary atherosclerosis, mi-
tral stenosis, hemochromatosis or amyloidosis in
a cardiology clinic will differ significantly, even if
the stage and functional class of heart failure are
completely the same, since the best treatment is
always etiotropic [2, 20].

Indeed, one of the main target issues of med-
ical diagnosis is the rationale for treatment. Let
us turn to the section “Diagnosis, diagnostics”
of the Big Medical Encyclopedia [21], in which
V.Kh. Vasilenko writes: “For the possibility of a
real impact on the patient’s condition, knowl-
edge of not only the general nature of the pro-
cess and its initial and final links, but also the
entire chain of phenomena in their sequence
and interdependence (pathogenesis) is necessary;
only then does it become possible to break the
chain in the most accessible and decisive link”
[19]. Therefore, the clinical diagnosis should be
not only pathogenetic (contain additional intra-
nosological characteristics of the pathological
process), but also nosological (meet the require-
ments of international classifications and the no-
menclature of diseases, taking into account the
peculiarities of domestic classifications).

Another objective of the diagnosis is a unified
statistical study of morbidity and mortality. Let
us return to the currently relevant revision of the
International Statistical Classification of Diseases
and Health Problems. For obvious reasons, the
possibility of using the code 150.0 (“Congestive
heart failure” — right ventricular failure second-
ary to left ventricular heart failure), which some
experts usually insist on, is limited only to clin-
ical cases with a far advanced stage (IIB-III) of
CHF. Therefore, using this code, only part (and
not the largest one) of patients with heart failure
will be taken into account in statistical reports.

Be that as it may, the experts of the Society
of Heart Failure Specialists, the Russian Cardi-
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ology Society and the Russian Scientific Medical
Society of Therapists in the section “Determining
Heart Failure” of the 4th revision of the Nation-
al Guidelines for the Diagnosis and Treatment of
CHF no longer consider the latter as a nosolog-
ical unit, rightly indicating that “from a prac-
tical point of view, heart failure is a syndrome
characterized by certain symptoms (shortness of
breath, swelling of the ankles, fatigue) and clin-
ical signs (swelling of the cervical veins, small
bubbling rales in the lungs, displacement of the
apical impulse to the left) resulting from a viola-
tion of structure or function of the heart ”[22].
Howeve, apologists for the nosological approach
to heart failure, while maintaining their beliefs
in clinical practice, continue to formulate a di-
agnosis of heart failure without reference to its
etiology.

Such rigidity of thinking requires education-
al effort. First of all, the fundamental difference
between the nosological form and the syndrome
regarding their nature should be recalled. In ac-
cordance with the industry standard “Terms and
definitions of a standardization system in health-
care” (All-Union Standard No. 91500.01.0005-
2001, enforced by order of the Ministry of
Health of the Russian Federation No. 12 dated
01.22.2001), in the first case, albeit with certain
reservations, about monocausal pathology: “..
a combination of clinical, laboratory and in-
strumental diagnostic signs that make it possi-
ble to identify a disease... and attribute it to a
group of conditions with a common etiology and
pathogenesis, clinical manifestations, unified ap-
proaches to the treatment and correction of the
condition”. Whereas the syndrome is “a condi-
tion that develops as a consequence of a disease
and is determined by a combination of clinical,
laboratory, instrumental diagnostic features that
allow it to be identified and assigned to a group
of conditions with different etiologies, but com-
mon pathogenesis, clinical manifestations, gener-
al treatment approaches that also depend on the
diseases underlying the syndrome.”

Persistent in the nosological independence of
CHF, they are under the illusion that the cause
of CHF does not matter or the treatment is the
same in all cases: whether it is coronary heart
disease, heart disease or tachycardiomyopathy.
At the same time, they forget that any structural
or functional heart disease underlying CHF has
its own specificity, which leaves an imprint on
the course of heart failure and prognosis, and
identification of the cause underlying CHF is

crucial for the choice of therapy (for example,
valvuloplasty or valve prosthetics for malforma-
tions, surgical or endovascular revascularization
of the ischemic myocardium or rhythmic thera-
py for tachycardiomyopathy) [8, 23].

Those persistent in the nosological indepen-
dence of CHF are under the illusion that the
cause of CHF does not matter or the treatment is
the same in all cases: whether it is coronary heart
disease, heart defect or tachycardiomyopathy. At
the same time, they forget that any structural or
functional heart disease underlying CHF has its
own specificity, which leaves an imprint on the
course of heart failure and prognosis, and iden-
tification of the cause underlying CHF is crucial
for the choice of treatment (for example, valvu-
loplasty or valve prosthetics for defects, surgical
or endovascular revascularization of the ischemic
myocardium or rhythm-reducing therapy for
tachycardiomyopathy) [8, 23].

CONCLUSION

Thus, the only correct view on CHF is as a
syndrome, a detailed description of which in the
clinical diagnosis is an important intranosologi-
cal characteristic that allows for the construc-
tion of the most effective differentiated therapy
and accurately determining the prognosis of the
disease [24].
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ABSTRACT

The use of virtual patients for students and for advanced training of medical doctors is a definite pedagogic
innovation. The computer-based interactive multimedia simulations of scenarios for diagnosis and treatment
allow for the avoidance of the risk of improper actions in regard to a real life patient, to repeat the clinical
situations an unlimited number of times, and to standardize the tasks and criteria of their completion.
Virtual patients represent a factual basis of problem-based learning. This review article focuses on the
use of this educational technology for the development of medical decision making skills internationally,
on its pedagogical effectiveness, and on the variants of the linear and branching scenarios. Meta-analyses
demonstrate the pedagogical effectiveness of virtual patients and an interest of the trainees. An integration
of the virtual patients into the learning contributes to clinical training gamification, which inspires the
students and medical doctors to engage in interactivity and teamwork. The creation of a repository or a
web-service of multimedia virtual patients in the tradition of national clinical school is of great current
interest for implementation in the system of higher and continuing medical education.

Key words: case technologies, problem-based learning, gamification, standardization, multimedia, Web-
service.
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Cubupcrui zocydapcmbennvui meduyurncxuti ynubepcumem (Cu6I'MY)

Poccus, 634050, 2. Tomex, Mockobexusi mpaxm, 2

PE3IOME

Vcnoas3oBaune BUPTYAAbHBIX MAOVEHTOB AAA O6y‘{eHI/IH CTYA€HTOB U IIOBBILIEHUA KBaAI/IqDI/IKaIU/II/I Bpal{eﬁ
B Poccun saBaserca OHpe,Z\,eAeHHOf/I HeAaFOI‘M‘IeCKOﬁ MHHOBB.IU/ICIZ. KOMHbIOTeprIC MyAhTMMe,Z\,MiIHbIe
VHTEPAKTUBHbBIE CUMYAALNN CII€HAPWNEB AMATHOCTUKY U A€Y€HNA TO3BOAAIOT n36exxaTh puCKa HEIIPABUABHBIX
AeI7ICTBI/H71 B OTHOIIEHMN pPEaABHOTO 6OAI)HOI‘O, OOBTOPATH KAMHMYECKNME CUTYyalluM HEOTPAHUYEHHOE
KOAMYECTBO pa3, CTAHAAPTU3O0BATh 3aAAHUA U KPUTEPUM OLEHKU MUX BBINOAHEHMA. BI/IpTyaAbHI)IG NMagMEeHTbI
ABAAOTCA (bal(TOAOI‘M'{eCKOf;I OCHOBOJ HpO6A€MHO-OpM€HTI/IpOBaHHOI‘O 06y'{eHm[.

B o0630pe paccMOTpeHbl NpUMEHeHMe 3ITON OOPA30OBATEABHON TEXHOAOTMM AAS (HOPMUPOBAHUSA
HaBBIKOB NPUHATUSA BpadeGHBIX pelIeHuit 3a pyGesKoM, ee meparormdeckas ag@eKTUBHOCTb, BAPUAHTbI
JICIOAB30BAHMA AMHEHHBIX ¥ Pa3BETBACHHBIX CIjeHapyeB. B MeraaHaam3ax IOKa3aHa NeAarormyeckast
3 GEeRTUBHOCTh BUPTYaAbHBIX MAUMEHTOB ¥ 3aMHTEPECOBAHHOCTh oOOydaoomuxcs. Murerpanus
BUPTYAAbHBIX NALMEHTOB B OGPa30BATEABHBI NPOLECC CHOCOOCTBYET TreMMuUpUKALUM KAMHUYECKOI
IOATOTOBKM, YTO CTUMYAMPYET CTYAEHTOB M Bpadeil K MHTEPAKTUBHOCTM U KOMAaHAHOI paGore. Becbma
aKTyaABHO coO3AaHne penosuropus uanm Web-cepBrca MyABTHMEAMIHBIX BMPTYaAbHBIX NAILMEHTOB
B TPaAMIUM OTEYECTBEHHON KAMHMYECKON IIKOABI AAA JICIHOAB30BAHMA B CHCTeME BY30BCKOTO I
HEIPePHIBHOTO MEAULMHCKOTO 06pa3oBaHusl.

KaroueBble cAoBa: case-TeXHOAOTMM, NPOGAEMHOODPMEHTUPOBAHHOE OOydeHue, reimmuduranys, CTaHAApP-
TH3anusa, MyAbTuMeAna, Web-cepsuc.

KOHqJAMKT UHTEPECOB. ABTOpr ACKAAPUPYIOT OTCYTCTBME ABHBIX ¥ TOTEHIMAABHBIX KOHq)AMKTOB
MHTEPECOB, CBA3AHHBIX C Hy6AVIKaIU/IeI7[ HaCTOHIlIeIZ CTaTbu.

Ucrounuk dunancuposanus. ABrop Bbipaskaer 6aaropapHocts Poccuiickomy oHAY PyHAAMEHTAABHBIX
MCCAEAOBaHMI 33 (DUHAHCOBYIO NOAAEPIKKY paboThl B pamkax BbimOAHeHmst rpanta Ne 19-013-00231 A
«JHbDOPMALOHHO-KOMMYHUKAMOHHBIE TeXHOAOTMM (POPMUPOBAHMA M COBEPIIEHCTBOBAHMA KAMHMKO-
AVarHOCTUYECKUX KOMIETEHIMI 06YYaomMXCs B CUCTEME IOCAEBY30BCKOIO MEAUIMHCKOTO 00Pa30BaHM ».

Arst yutuposanus: Kapace C.JA. Bupryaabnsle naumeHTsl Kak GOpMAT CUMYAALMOHHOTO OOyYeHUs B He-
IPEPHIBHOM MEAMIMHCKOM 06pazoBanuyu (0630p Antepartypsl). Broasemeny cubupcrxori meduyunvi. 2020;

19 (1): 140-149. https://doi.org: 10.20538/1682-0363-2020-1-140-149.

INTRODUCTION

One of the main problems of modern medi-
cal education is the difficulty of forming deci-
sion-making skills among specialists, both when
performing manipulations and in clinical and di-
agnostic setting. In Russian higher medical edu-
cation and abroad, various formats of simulation
learning and virtual modeling are actively used.
These educational technologies involve the use
of various training devices and simulators that
allow the student to play the role of a profes-
sional of the healthcare system and to develop
manual skills and methods for making medical
decisions in a safe situation.

The main incentive for the development of
various simulators is to bridge the gap between
students’ theoretical knowledge and their clin-

ical decisions without risking harm to real pa-
tients. The second reason for the introduction
of these technologies is the need to standard-
ize the assessment of clinical and diagnostic
competencies of doctors and the possibility of
repeating the clinical situation as many times
as necessary, exploring various strategies and
options for action [1-3]. One of the formats
of simulation learning is the use of virtual
patients (VP).

VIRTUAL PATIENTS IN HIGHER MEDICAL
EDUCATION

In the scientific literature, one can find a
different understanding of the term “virtual pa-
tient”: computerized robotic simulators, stan-
dardized clinical cases performed by actors, and
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computer multimedia simulations of clinical sit-
uations.

Different medical proxy dummies have been
used for a long time in medical education. For
example, in 1968, the famous Harvey mannequin
was designed to develop skills in diagnosing the
state of the cardiovascular system. The model
reproduced various types of respiration, pulse,
blood pressure, murmurs and cardiac sounds cor-
responding to 25 diseases of the cardiovascular
system. In the 1980s an android was created with
an integrated model of physiological parameters
of the cardiovascular system, controlled by one
of the first personal computers with 35 scenarios
of clinical situations [4]. Simulation learning cen-
ters are being intensively developed all over the
world, equipped with mannequins of various lev-
els of complexity, including an information mod-
el for the scenario of a clinical case and feedback
from the student’s actions [5]. The use of actors
instead of patients was tested in 1963 as part of a
training program for neurologists [4]. Currently,
standardized patients are widely used in Europe
and the USA to assess the clinical competencies
of doctors, including as part of state licensing
programs.

The scope of this review is, in a sense, the
“polar” format of the simulation, used not for
developing manual techniques, but for the for-
mation of clinical thinking and medical deci-
sion-making skills. The results of the first at-
tempts to use computer simulations for the
training of doctors, nurses and students were
published in the 60-70s of the 20" century
[6—8]. Since then, these technologies have been
applied in different fields of medicine and for
different groups of students, but systematic use
began in the USA and Western Europe only in
the 1990s.

The term “virtual patient” has become wide-
ly used in foreign scientific publications after a
series of works [2, 9-11]. The literature review
[12] discusses the meaning of this term used in
536 articles: 37% of the articles dealt with in-
teractive simulations of treatment and diagnostic
process robots, 19% dealt with computer simu-
lations of clinical situations, and 16% dealt with
“standardized patients” performed by actors.
Continuing this work, the authors analyzed 185
definitions of VP and built a conceptual map of
this subject area [13].

In the future, by the term “virtual patient”
we will understand the educational technology
of the clinical areas of knowledge, namely, com-

puter multimedia interactive simulations of sce-
narios for diagnosing and treating patients [10,
14].

The process of solving situational problems
during the study of individual diseases has al-
ways been part of the training of future doc-
tors. In an expanded form, they are cases that
contain multimedia data from a patient exam-
ination and serve to analyze information when
solving medical and diagnostic problems [15,
16]. The case method provides the strength and
consistency of knowledge, a process approach
to decision making. Important components of
the case method are the assessment of the stu-
dent’s actions and the explanation of the mis-
takes made [17]. It is this approach that is more
often mentioned in the domestic scientific lit-
erature than the virtual patient, as its factual
basis. Educational technologies using clinical
cases are considered in a number of domestic
works both at the level of conceptual models
and practical use [16, 18, 19].

A report by the European Regional Bu-
reau of the World Health Organization (2016)
states: “Schools... should make greater use of
e-learning in medical education and continu-
ing education for health professionals.” Despite
the rapid development of Russian e-health over
the past 7-8 years, this process has weakly
affected the educational medical space. Sepa-
rate experiences of the development and use
of electronic medical history for classroom
work and self-preparation of students in clini-
cal disciplines are described. An elective course
“Electronic Medical Record” was created at
Stavropol Medical University [20]. The concept
of developing a training version of a medical
information system and the experience of its
application in the educational process are de-
scribed in a number of works. Virtual modeling
of professional tasks is used in dental educa-
tion, teaching of general medicine, and training
of surgeons [21-24]. For these purposes, both
widespread software products [25] and specially
designed software shells [26] can be used. Ways
to integrate simulation technologies and tech-
niques into medical education are considered in
the article by K.A. Muravyova et al. (2011). It
was concluded that the necessary educational
and methodical work and experiments in teach-
ing technologies are needed [27]. However, the
vast majority of work on the creation of virtual
patients and their use in medical education has
been carried out abroad.
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THE PEDAGOGICAL EFFECTIVENESS OF
VIRTUAL PATIENT TECHNOLOGY

Implementing e-learning technologies in clini-
cal medicine is more difficult than in the techni-
cal and scientific fields of knowledge, and the vir-
tual patient is the main option for their practical
implementation [28]. The use of VP has become
one of the few digital technologies that have sig-
nificantly changed the educational process. As
the main component of lectures and seminars,
VPs are the basis for training based on case study
and problem-oriented learning and can partially
replace traditional teaching methods in clinical
disciplines [7, 10, 29, 31, 32].

VPs provide standardization, efficiency, in-
teractive training, and links to evidence-based
information sources, contribute to the study of
rare cases of the disease, reduce the intensity of
the teacher’s work and increase student auton-
omy, and are ideal for developing clinical de-
cision skills that are largely unformalized [14].
A number of reviews, including systematic ones,
are devoted to the methodology and technology
for developing VP [1, 33, 34].

In their foundational article, J. Bateman et
al. (2013) try to answer the question of how the
characteristics of VP affect the effectiveness of
the formation of clinical competencies of stu-
dents [35]. The authors developed a model of
student interaction with the VP as an education-
al tool. The model includes three main aspects:
clinical (content of the case), pedagogical (se-
quence and form of presentation of the content,
a way to evaluate the student’s interaction with
the content), digital (the software used, user in-
terface features). Educational experiments were
conducted in different institutions; students had
different clinical and educational experience and
skills, different attitudes to e-learning. During
the experiments, the impact of using VP on the
students’ competencies, their further preferences
and motivations was evaluated.

The use of VP in medical education has a sig-
nificant history: not only have recommendations
been developed for their creation [9, 10], but
specific proposals have been formulated for the
development of clinical thinking skills based on
the technology of VP [37]. Experienced educa-
tors, in accordance with the recommendations of
the MedBiquitous consortium, created two cases
of VP verified by six doctors. These cases in-
cluded a history of life and disease, instrumental
and laboratory studies, results of a physical ex-

amination of patients, a user-driven tree-like and
linear trajectory of providing content, various
types of questions, and probabilistic approaches
to assessment. Additionally, a demonstration of
examples, a list of differential diagnoses, and a
help system with the search for pros and cons,
and other reference resources were used. Both
cases after working with them in an hour-long
discussion were evaluated by 46 students of the
second and fourth years of study. Students were
informed about the experiment, participated
voluntarily, without payment; the assessment of
VP was carried out according to the recommen-
dations [38]. Compared to traditional methods
of presenting cases with paper case histories,
virtual patients stimulated interaction between
students and their active involvement in the edu-
cational process. When using VP, students iden-
tify well the key characteristics of the problem;
questions for the Bayesian approach to solutions
are useful for them. A branching path makes the
VP more realistic, but complicates the task and
increases the error rate. The solving process is
also made more difficult by the interface with
scrolling, the lack of audio, video files and feed-
back from the VP.

A systematic review and meta-analysis of
D. Cook et al. (2010) show that the use of vir-
tual patients has a significant educational effect
[8]. Comparing the different properties of VP,
the authors come to the conclusion about the
educational effectiveness of a structured menu
system and an interface in a native language for
learning; the connection of the text or voice form
of presentation of information with the success
of training is not so obvious. Thoughtful feed-
back from the student is undoubtedly important
for positive effect, as well as repeated solutions
on one VP, although the latter option can cause
a negative reaction of students. The long time
provided for completing the task using the VP
generally reduces the proportion of correct de-
cisions, but this depends on the complexity of
the case and the status of the student.

A meta-analysis of 12 randomized controlled
trials showed a pronounced positive effect of us-
ing VP in learning [39]. The advantages of us-
ing the VP in the educational process are not
in doubt [40], however, specific methods of in-
tegrating the VP with traditional curricula re-
quire further research. It is also recommended
that fundamental biomedical knowledge be inte-
grated with clinical descriptions of cases of the

VP [41].
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At the University of St. George (London) a
problem-oriented training for medical students is
implemented. To use this educational technology
on the basis of a “paper” description of com-
pleted cases of the disease, conceptual maps of
each case were developed, and then virtual in-
teractive patients for on-line work were created
in the OpenLabyrinth software application [2].
Ten groups of students worked with five virtual
cases in a linear and branched scenario. Both
students and teachers note the prospects of this
approach, as well as the need for parallel full-
time clinical classes.

A study of family medicine knowledge in a
group of students who studied in the traditional
way (48 people) and using virtual patients (51
people) showed no differences [42]. The authors
conclude that the new approach is highly ef-
fective, taking into account the absence of risk
for real patients. Advice on how to develop the
professional competencies of doctors using VP
is given by S. Murphy et al. (2016) [43]. Among
them are the use of professional nuances in the
VP scenario (informed consent, confidentiality,
etc.), the need for teamwork predefined by the
script, debriefing of the cases worked out and
a collective analysis of making stage decisions,
taking into account the educational level of stu-
dents.

VP testing at the University of Bogot6 was
carried out with the participation of 216 stu-
dents who noted the positive and systemic im-
pact of VP technology on the individual learning
process and the correspondence of the socio-cul-
tural context of clinical practice cases [44]. Test-
ing of acquired skills, from the students’ point of
view, was qualitatively different from the usual
exam and strengthened the motivation for learn-
ing. Students consider virtual patients an import-
ant educational tool, especially in the field of de-
velopment of medical logic and decision making.

N. Berman et al. (2009) for 2 years studied
the effect of various methods of integrating VP
into the clinical disciplines program on the per-
ception and satisfaction of 545 students [32]. The
questionnaire was validated; the results were
processed by factor analysis. Students rated the
effectiveness of VP higher than traditional meth-
ods. The integration of VP into the learning pro-
cess directly affects its effectiveness and student
satisfaction, can be combined with the elimina-
tion of some traditional educational approaches.
However, from the students’ point of view, the
opposition of e-learning to traditional learning is

not constructive; these approaches should com-
plement each other.

A group of students who used typical cases of
VP in the study of rheumatology to substantiate
medical decisions was studied. Students perceived
VP in connection with real patients and the clin-
ical context of training, evaluated them as an
integration of biomedical knowledge and clinical
experience, as an aid in structuring the available
clinical diagnostic information. This integration
provided the basis for decision-making in a loose-
ly structured clinical environment in the absence
of stress of real actions. Along with this, students
lacked emotional interaction with patients and
the complexity of real work. The effectiveness
of the integration of complex cases of VP into
medical education depends both on their techno-
logical features and on the clinical situation [45,
46]. Among the adverse effects of the use of VP,
it is also worth mentioning the limited control
over the distribution of depersonalized clinical
diagnostic information, the difficulties of editing
the VP, the insufficient validity and reliability of
the content [13]. Taking into account the very
different implementations of VP, their use does
not allow us to evaluate the learner’s cognitive
skills, as well as to diversify patients according
to ethnic and socio-cultural characteristics [47].
Lack of emotional contact and feedback with the
virtual patient makes learning difficult [35, 45].

VPs are used to form not only the clinical
thinking of students, but also effective laborato-
ry diagnostics [48]. LabCAPS software was used
to create eight virtual patients, among which
were implemented similar in characteristics, but
contrasting in required solutions, which is ex-
tremely useful for the formation of recognition
of stable clinical and laboratory patterns in stu-
dents. Students praised the logic of the VP inter-
face, its learning effect, and differentiated cases
with confidence.

If the twentieth century was dominated by
content learning models, now they are giving
way to models of different types of activity of
students and teachers. The use of VP implies
the active work of the student, which is expect-
ed to lead to greater learning efficiency [49].
A number of activities are built into the VP
during development (methods for students to
obtain information and ensure interactivity);
others are associated with the use of VP (work
in groups, independent preparation of students,
the context of achieving different educational
goals), or with the inclusion of VP in the curric-
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ulum of the discipline [7]. Evaluation of the role
and pedagogical effectiveness of VP technology
depends on what activities we are considering.
Therefore, the literature discusses not only VP
technology, but the roles that these computer
simulations can play in the medical education of
the future [50].

DIVERSIFICATION OF VIRTUAL PATIENTS

VP scenarios can be divided into those prede-
termined by a specific completed case and aimed
at solving a medical problem as a whole, without
a clearly defined sequence of actions [51]. The
type of scenario, the amount of data and the
form of their presentation, the availability of ev-
idence sources, and the potential for further use
of the acquired competencies in the clinic influ-
ence the process and the result of learning using
VPs. There are different versions of VP models:
static and dynamic, linear and branched, with
interactivity and without it. Most VP now imple-
ments a linear scenario, with the ability for the
student to answer questions and make certain
decisions [1]. To improve communication skills
with patients, static VPs are more often used,
while dynamic clinical decision-making skills are
used [40]; branched VP scenarios suggest a high
level of interactivity with the student [13]. Cre-
ation of a computer database of completed cases
of the disease for demonstration to students is
equivalent to static VP without pronounced in-
teractivity; creation of a computer database of
multimedia clinical diagnostic tasks is equivalent
to dynamic interactive VPs.

In a number of works by M. Toro-Troconis
et al. the process of using VP as a game format
for medical education has been studied in detail.
From the authors’ points of view, the linear VP
scenario is more suitable for primary students,
and branched scenarios better develop the cogni-
tive skills of future doctors in senior courses [52,
53]. The sex of the student does not affect their
attitude to the VP, although this issue needs to
be studied in more detail on a large sample of
junior students. Students are advised to spend
sufficient time daily in this “virtual world”, and
they are willing to complete tasks, provided that
there is time for clinical preparation with real
patients.

At the same time, the use of VP in the ped-
agogical process requires serious methodologi-
cal support and guidance on the game approach
to medical education. The introduction of this
format will allow supporting and developing

the joint work of various specialists within the
framework of one team, including, for example,
pharmacists, physiotherapists, and nurses. VPs,
as a digital gamified representation of real clin-
ical cases, have a high educational potential for
a large number of students, the gain from which
significantly exceeds the costs of their develop-
ment [53].

It was assumed that the relevance of the lan-
guage in which the virtual patient is present-
ed is of great importance. However, the staff of
the medical faculty of the Romanian University
did not find statistically significant differences in
the students’ ability to make a correct diagnosis
and make a therapeutic treatment plan for four
identical VPs in Romanian (136 students) and in
English (144 students). The inclusion of VP in the
program of the Romanian medical university in
English the authors consider an acceptable and
economically viable option for the globalization
of medical education [54].

Although the creation of virtual patients re-
quires significant time and financial resources,
this technology in terms of cost-effectiveness and
educational effectiveness has significant advan-
tages relative to standardized patients and oth-
er simulation techniques. The possibilities of the
widespread use of VP in the global network, the
use in distance and continuing medical education
make this approach unique [13, 14].

VIRTUAL PATIENT REPOSITORIES

At the end of the twentieth century virtu-
al patients were included in the USMLE exam
program and are used in the educational pro-
cess in all developed European countries. The
effectiveness of VP in medical education was
highly appreciated not only by foreign, but also
by domestic scientists and teachers [55]. Despite
promising characteristics, VPs are slowly being
introduced into the curricula of medical univer-
sities, although the optimism of teachers and ad-
ministration remains. The cost of development
(the preparation of one case of VP is estimated
at 10-50 thousand dollars) is one of the limiting
factors; however, the cost of organizing training
centers equipped with robotic mannequins is sev-
eral orders of magnitude higher [1].

To expand the use of virtual patient tech-
nology in medical education, it is natural to
create VP repositories [44]. The Aquifer Con-
sortium brings together manufacturers of vir-
tual patients; teachers and students using this
technology [56]. The users of Aquifer virtual
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training courses are most US medical schools
and international medical programs. The base
of VP of this organization has a multi-parame-
ter search system for virtual patients, depend-
ing on the disease, the field of health, and ed-
ucational tasks. In the 2017-2018 school year,
more than 67,000 students accessed the Aquifer
VP base about 1.4 million times. The systematic
work on introducing VP into practice, including
the preparation of a standard for the develop-
ment and use of VP for educational purposes,
is carried out by the Association of American
Medical Colleges [57].

The created VP resources are actively used
in foreign educational institutions. In particu-
lar, the European Commission supported the
eViP project aimed at creating a database
of virtual patients and clinical diagnostic sit-
uational tasks [58]. Universities and medical
faculties of Great Britain, Sweden, Germany,
Holland, and Romania participate in this proj-
ect. As part of the project, ClujNapoca Uni-
versity of Medicine and Pharmacy (Romania)
and Karolinska University (Sweden) developed
computer applications for creating VP in var-
ious clinical areas [44, 59]. The basis was the
software tool used since 2005 at the University
of Bogot6 (Spain) for the use of VP in medical
education [60]. This Web application allowsthe
creation of linear interactive scripts based on
real, completed cases.

In 2017, the American Medical Association
considered the use of virtual electronic health
records (EHR) as a platform for clinical training
in medical schools [61]. EHR is used in 90% of
medical practices, but students and young doc-
tors are little trained in this technology. The Re-
genstrief Institute is developing an EHR platform
for clinical training. The virtual patient database
of this institute includes more than 10,000 real
depersonalized cases of the disease and is pre-
sented in its own information system [62]. This
base is used to develop clinical thinking and de-
cision-making skills in students of more than 30
educational medical institutions in the United
States.

CONCLUSION

Currently, a significant positive effect of the
technology of virtual patients in medical edu-
cation and advanced training of doctors has
been proved, their economic efficiency has been
demonstrated in comparison with simulation
centers of robotic mannequins and the use of

standardized patients, the possibilities of remote
use of VPs for the formation and improvement
of competencies in clinical diagnostic decisions
are obvious. It is time to create a repository
or Web service for multimedia VPs within the
framework of domestic clinical schools for use in
the system of university and continuing medical
education.
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ABSTRACT

According to official medical statistics, liver fluke infections caused by Opisthorchis felineus, Opisthorchis
viverrini and Clonorchis sinensis, are reported annually in the Southeast Asia, European countries and
the Russian Federation. These infections are the main cause of digestive system diseases in the population
of endemic regions. The aim of the review is to analyze the findings of epidemiological studies and to assess
the relationship between liver and bile duct cancer and Opisthorchiidae liver fluke infections.

Materials and methods. The authors reviewed original studies published in 1974-2019 via the MEDLINE
databases and the eLIBRARY scientific digital library.

Results. The studies have shown that cholangiocarcinoma is a significant medical and social problem in the
trematode-endemic areas of Southeast Asia due to the absence of specific symptoms, long asymptomatic
course, resistance to therapy and high mortality of patients. Long-term infection caused by trematodes
Opisthorchis viverrini and Clonorchis sinensis is associated with a significant risk of developing
cholangiocellular cancer. An epidemiological multicenter study is required to establish the relationship
between the Opisthorchis felineus infection and cholangiocarcinoma in the population of endemic regions
in the Russian Federation.

Key words: cholangiocarcinoma, Opisthorchis viverrini, Clonorchis sinensis, Opisthorchis felineus, liver
cancer, review, epidemiological study.
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AHanus ANMNAEMUO/TONTNYHECKHUX MCCI’IeAOBaHMﬁ B3aMMOCBA3U
XO/1IaHM’MOKapUMHOMbI U ME€YE€HOYHbIX TPEMATOA030B

KoswwupuHa A.E.", Pegoposa O.C.", KoBwmpuHa 10.B.', OHuweHko C.B.2, Tacanukmii C.C.2,
KaraHaxogsa /1./1.%, Yuxkukos A.B.%, Tataypos U.A.>, Oropogosa /1.M."

I Cubupcrust zocydapcmbennvisi meduyunciuil ynubepcumem
Poccus, 634050, 2. Tomex, Mockobexusi mpaxm, 2

2 Cypeymexuii zocydapembenmoisi ynubepcumem
Poccus, 628403, 2. Cypeym, np. Aenuna, 1

I Cypzymexas oxpyxnas xrunueckas 601vHuya
Poccus, 628408, 2. Cypzym, ya. Duepzemurob, 14

* Xanwmui-Mancuiicxas zocydapembennas meduyunckas axademus
Poccus, 628011, 2. Xanmo-Mancuiick, ya. Mupa, 40

7 Oxpysxnas xaunuueckas 60avHUYa
Poccus, 628012, 2. Xanmo-Mancuiicx, ya. Kaaununa, 40

PE3IOME

CoraacHo 0OQUMUMANBHON MEAULMHCKOM CTATUCTUKE, CAydaM WHBA3UM, BbI3bIBAEMbIE [E€YEHOYHBIMY
tpemaropamu  Opisthorchis felineus, Opisthorchis viverrini w Clonorchis sinensis, eXeropHo
peructpupyiorcs kak B pernonax IOro-Bocrounoit Asuu, Tak u B €BpONENCKUX CTpaHax, B Poccuiickon
Qepepanyuy, ABALACH NPUYMHON 3a6OAEBAaHMII OPraHOB IMIEBAPUTEABHON CHCTEMBI y HaCeAeHM:
SHAEMMYHBIX pernoHOB. lleap 0630pa — aHAaAM3 Pe3YABTATOB SIUAEMUOAOTMYECKUX HMCCAEAOBAHNIL,
[OCBSIIEHHBIX OLeHKEe B3aMMOCBA3M 3A0KAYECTBEHHBIX HOBOOGPA30BaHMI renaTOGUAMAPHON CUCTEMBI U
[IeYeHOYHBIX TPEMATOAO30B, BBI3BAHHBIX TeAbMuHTaMu cemericra Opisthorchiidae.

VI3y4eHsl opurnHaAbHbIE MCCAEAOBaHMA, ONyOAMKOBaHHbIe 3a mepuop 1974— 2019 rr. u pa3melmeHHble B
6a3ax pauabix MEDLINE u HayuHol 9aekTpoHHOM 6ubanorekn eLIBRARY. IlposeaerHble nccaep0BaHNSA
CBUAETEABCTBYIOT, YTO XOAAHTMOKAPLMHOMA SBASETCS 3HAYMMONM MEAMKO-COLMAABHON HPOGAEMON B
9HAEMMYHBIX IO Tpemaropro3am pernoHax IOro-Bocrounoit Asmm BBMAY OTCYTCTBMA CHENUMUIECKUX
CHMITOMOB, AAUTEABHOTO GECCHMITOMHOTO TeYeHMS, PE3UCTEHTHOCTH K TE€PANMy U BHICOKON CMEPTHOCTH
nanueHToB. AAMTEAbHAs HEepPCUCTEHIMA B OpraHmM3Me IedeHOUYHbIX Tpematop Opisthorchis viverrini n
Clonorchis sinensis accouumnpoBaHa CO 3HAYUTEABHBIM PUCKOM Pa3BUTUA XOAAHIMOLEAAOAAPHOTO PaKa.
Tpebyercst npOBeAeHME IMMAEMUOAOTUYECKOTO MHOTOLEHTPOBOTO MCCAEAOBAHUS AAS  YCTAHOBAEHMS
B3anmocss3u uusasun Opisthorchis felineus v XOAaHTMOKAPIMHOMBI Y HaCEAEHNUS YHAEMMIHBIX PETHMOHOB
Poccnitcroit Oepeparnyn.

KaroueBbie croBa: xoraurmoxapumnoma, Opisthorchis viverrini, Clonorchis sinensis, Opisthorchis
felineus, pak medenn, 0630p, SNUAEMUOAOTHIECKOE UCCAEAOBAHME.

KoHpaukT uHTEpecoB. ABTOpPbI AEKAAPUPYIOT OTCYTCTBME HBHBIX M INOTEHIMAABHBIX KOH(AUKTOB
MHTEPECOB, CBA3AHHBIX C MyOAUKALUEN HACTOSIIEN CTATHN.

Wcroynnk ¢uuancuposanusa. ViccaepoBaHme BBIIOAHEHO 1pu mOAAepskke Poccmiickoro ¢onaa
(yHAAMEHTAABHBIX HCCAEAOBaHMIL, IpaHT «Pa3paboTka aAropuTMa paHHEeN AMATHOCTUKY 3A0KaYeCTBEHHBIX
HOBOOGPa30BaHMIl TENATOOMAMAPHOTO TPAKTA, ACCOUMUPOBAHHBIX ¢ uuBasueit Opisthorchis felineus, y na-
CeAeHMS IHACMUYHBIX PETMOHOBY», AoroBop oT 22.04.2019, Ne 19-415-703013/19.
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INTRODUCTION

At present, helminthiases are spread worldwide,
causing significant medical and social damage [1].
According to official medical statistics, cases of
infection caused by liver flukes Opisthorchis fe-
lineus (O. felineus), Opisthorchis viverrini (O.
viverrini) and Clonorchis sinensis (C. sinensis)
are reported annually in the hyperendemic re-
gions of Southeast Asia (Thailand, Vietnam, Chi-
na, Korea), and in European countries (Greece,
Italy, Spain, Portugal, Germany, Poland), being
the cause of diseases of the digestive system in 40
million people [2-5]. Moreover, more than 600
million people are at risk of infection each year
[6-8].

Based on studies conducted in Southeast Asia,
the International Agency for Research on Cancer
(IARC) has included hepatic trematodes O. viver-
rini and C. simnensis in the registry of biological
carcinogens. The mentioned studies have shown
a relationship between O. viverrini- and C. sin-
ensis-caused infection and cholangiocarcinoma
(CCA) [9-11].

CCA is one of the most unfavourable diseases
in relation to the prognosis of malignancies [12].
The high incidence of bile duct cancer is observed
in Northeast Thailand, as well as in China and
South Korea [13-15].

In the Russian Federation, the study of the liv-
er fluke infections caused by O. felineus and asso-
ciated chronic diseases remains relevant. Over the
past 20 years, there has been a significant increase
in the incidence of opisthorchiasis in the endemic
regions of Western Siberia and spread of invasion
in several other regions due to increased popula-
tion migration [16, 17].

The aim of this review was to analyze the re-
sults of epidemiological studies on the relationship
between malignancies of the hepatobiliary system
and hepatic trematodoses.

DATA SOURCES

The authors analyzed epidemiological studies
on the relationship of malignant neoplasms of the
hepatobiliary system and hepatic trematodoses
caused by Opisthorchiidae family worms (C. sin-
ensis, O. viverrini and O. felineus) from publica-
tions in the MEDLINE databases via the PubMed
electronic search engine (https;//www.ncbi.nlm.
nih.gov/pubmed/) and the scientific electronic li-
brary eLIBRARY (https://elibrary.ru/). The re-
view used original articles published over the pe-
riod from January 1, 1974 to December 31, 2019,
grouped according to the following algorithm.

Keyword preliminary search. To search for
foreign publications in the PubMed database, the
keywords “epidemiological study, Opisthorchis
viverini infection, Clonorchis sinensis infection,
Opisthorchis felineus infection, cholangiocarcino-
ma, liver cancer, malignant diseases” were used.
In the eLIBRARY electronic library, the same fol-
lowing terms in Russian were studied. Also, search
for studies corresponding to the above-mentioned
terms was carried out among the references in the
selected publications. In total, 889 publications
from PubMed and 4 papers from the scientific
electronic library eLIBRARY were studied.

Abstract analysis (summary) of the selected
publications. This stage excluded experimental
studies, review publications that are not epide-
miological studies, as well as articles lacking re-
quired data in the text of the abstract. All in all,
374 publications were analyzed, of which 48 were
selected.

Analysis of full-text publications. The publica-
tions studied had to have the following features as
a selection criteria: original epidemiological study,
completeness of the description of the study de-
sign, including the size and characteristics of the
sample, selection criteria; open access to the full
text of the article; compliance with the criteria
for the diagnosis of “cholangiocarcinoma” (histo-
logical examination of the tumor); and description
of the diagnostic method for verification of infec-
tion. The exclusion criteria were the absence of
the required data in the text of the article (sam-
ple size, description of the diagnostic method for
CCA and opisthorchiasis).

As a result, 14 full-text publications met the
inclusion criteria and were included in this review.

EPIDEMIOLOGICAL CHARACTERISTICS OF
CHOLANGIOCARCINOMA

CCA is a heterogeneous group of liver tumors
characterized by damage to the intra- and / or
extrahepatic bile ducts, high mortality due to its
aggressiveness, the absence of specific symptoms
and / or prolonged asymptomatic course, and re-
sistance to therapy [12, 13, 18]. CCA is the second
most common type of liver tumor and the most
common cause of death from cancer. It also ac-
counts for about 3% of all neoplasms of the diges-
tive system. The incidence increases with age; with
women developing CCA more often than men [19,
20].

According to the anatomical classification,
CCA is divided into intrahepatic, perihilar and
distal. It is believed that intrahepatic CCA ac-
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counts for about 10% of cases of primary liver
cancer, of which 50% are Klatskin tumors, 40% of
them are distally localized tumors, and intrahepat-
ic lesions occur in 10% of cases. CCA has a poor
prognosis, with the median survival of 24 months.
The only treatment methods are first-line (Gem-
citabine, Cisplatin) and second-line (Oxaliplatin,
Fluorouracil according to the FOLFOX scheme)
chemotherapy, targeted therapy with pembroli-
zumab in the presence of MSI-H / dMMR and /
or surgical intervention in the early stages of the
disease [21-23].

The incidence of CCA in the world is about
5.9 cases per 100 thousand people annually. The
highest incidence is recorded in Northern Thai-
land (more than 80 cases per 100 thousand popu-
lation), China (more than 7.5 cases per 100 thou-
sand population) and South Korea (more than 8
cases per 100 thousand people). On the contrary,
the incidence rates of CCA in the European coun-
tries or Americas do not exceed 0.7-3.36 and 0.3-
1.67 per 100 thousand, respectively [24].

The average incidence of CCA in the Russian
Federation is about 4.8 per 100 thousand annual-
ly. According to the official medical statistics for
2011-2013, in the Russian Federation, the highest
incidence of CCA was noted in the Republic of
Sakha and Tomsk Region (14.5 and 9.3 per 100
thousand population, respectively) [17, 25].

It is important to note that in Europe, America
and Africa, hepatocellular carcinoma dominates
in the histological profile of liver cancers, while in
regions endemic for liver flukes, cholangiocellular
cancer predominates (more than 80 cases per 100
thousand in Northern Thailand) [26]. The high-
est incidence of hepatocarcinoma (more than 20
per 100 thousand) is recorded in China, Mongolia,
Southeast Asia, as well as in countries of West and
East Africa, located south of the Sahara Desert
[12, 26].

CCA refers to multifactorial diseases, the de-
velopment of which involves many risk factors,
including genetic, infectious, environmental, and
epidemiological ones. The significant risk factors
include primary sclerosing cholangitis / ulcer-
ative colitis, chronic viral hepatitis C and B, long
persistence of the Epstein-Barr virus, non-alco-
holic fatty liver disease, cholelithiasis and / or
malformation of the biliary system, and depo-
sition of radiopaque substances (Thorotrast) in
the bile ducts [27, 28]. There is experimental ev-
idence that N-dinitrosodimethylamine can serve
as an inducer of carcinogenesis in the bile ducts
[29, 30].

One of the most important and significant risk
factors for CCA is prolonged persistence in the
body of liver flukes O. viverrini and C. sinen-
sis, included in the register of Group 1 biologi-
cal carcinogens with proven oncogenicity for hu-
mans based on the results of studies conducted in
Southeast Asia [11]. According to the 2019 report
of IARC, O. felineus is still a biological agent
with unproven carcinogenicity in humans (Group
3) due to the insufficient number of meaningful
epidemiological multicenter studies [31-34].

ASSOCIATION BETWEEN
CHOLANGIOCARCINOMA AND O. VIVERRINI
INFECTION

We reviewed eight full-text articles on epi-
demiological relationship between CCA and O.
viverrini infection (table).

O. viverrini infection is a significant public
health problem in the Mekong River Basin coun-
tries of Southeast Asia such as Thailand, the
Lao People’s Democratic Republic, Vietnam and
Cambodia [35-37]. According to official medical
statistics, Thailand (north-eastern province) has
the highest prevalence of O. viverrini infection,
where at least 6 million people are infected by
opisthorchiasis. It also has the highest rates of
bile duct cancer and cholangiocarcinoma (more
than 90 cases per 100,000 men and 38.3 cases per
100,000 women) [14, 38—40].

The first significant study conducted in North-
east Thailand (table 1) showed that patients with
O. viverrini (stool and/or bile microscopy) had
significantly higher frequency of CCA diagnosis
than non-infected individuals [41].

The case-control study conducted in 1987—
1988 found a statistically significant association
between CCA and the presence of antibodies to
O. viverrini in serum. The results showed that
men and regular users of betel nut (mostly wom-
en) had higher risk of CCA development. A pos-
sible mechanism is increased exposure to nitrosa-
mines [42].

In the case-control study conducted in 1990-
1991 in 85 villages of Northeast Thailand, 12,311
people aged 24 years and over were screened for
O. viverrini (microscopy of stool). Ultrasonogra-
phy of the hepatobiliary system was performed in
individuals with different intensity of invasion, 15
patients were diagnosed with CCA. The highest
prevalence of CCA was found in the group with
the highest intensity of O. viverrini infection [43].

The case-control population study conducted
in 1999-2001 showed that increasing antibodies to
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O. viverrini was the most significant risk factor for
CCA development. Eating fermented fish, alcohol
consumption and smoking increased the risk of
CCA. The role of alcohol may be explained by its
influence on the metabolic pathways of endoge-
nous and exogenous nitrosamines [44].

The case-control study conducted as part of
a cohort study in 1990-2001 showed significant
relationship between development of CCA and de-
tection of O. viverrini eggs in stool samples. Also
the study found that individuals who consumed
fruits and vegetables 3—4.6 times a day had sig-
nificantly lower risk of CCA. Nevertheless, eating
meat more often than 0.45 times per day signifi-
cantly increased the risk of CCA [45].

The case-control study conducted in 1999—
2001 showed that risk of CCA in patients with
high levels of antibodies to O. wviverrini and
chronic viral hepatitis B and/or C was significant-
ly higher [46].

The case-control study conducted in 2011 es-
tablished that consumption of alcohol, raw fresh-
water fish and beef sausages increased the risk of
CCA, while fruits and/or vegetables consumption
reduced this risk. A relationship between a de-
crease in the MTHFR gene expression and con-
sumption of raw freshwater fish infected with O.
viverrini and meat was identified. These dietary
items are source of nitrosamines, folates and anti-
oxidants that may cause carcinogenesis along with
O. viverrini infection [47].

In the case-control study conducted in 2009—
2012, the data on increased risk of CCA in pa-
tients who had family history of cancer and in-
creased level of immunoglobulin G to O. viverrini
were obtained again. The consumption of alcohol
more than three times a week and uncooked meat
(beef, pork) also increased risk of CCA [48].

It is important to note that according to the
U.S. government data, more than 700 Vietnamese
war veterans were diagnosed with CCA over the
past 15 years. In analysis of 50 serum samples,
antibodies to O. viverini were found in 20% of
them. Infection may be linked with consumption
of heat- untreated river fish during a stay in the
endemic region of South-East Asia. The long-term
asymptomatic course of liver fluke infection re-
sulted in development of bile duct cancer diag-
nosed at the last stage of the disease [49, 50].

Association between cholangiocarcinoma and
C. sinensis infection

We reviewed six full-text publications on ep-
idemiological relationship between CCA and C.
sinensis infection (table).

According to the medical statistics, infection
caused by C. simensis is the most common in
Asia, especially in China, Taiwan, Korea, Japan
and Vietnam: more than 15 million people are
infected, and 200 million are at constant risk of
infection [51]. China has the highest incidence of
clonorchiasis with more than 13 million people,
accounting for 85% of the total number of cases
[52, 53].

The first meaningful epidemiological studies
carried out in South Korea (table 1) showed an
increased risk of CCA in patients with positive
status of C. sinensis infection [54, 55].

The case-control study carried out in 1990—
1993 showed that the detection of C. sinensis eggs
in samples of stool and alcohol overuse were the
most significant risk factors for CCA [56].

According to the case-control study carried
out in 2000-2004 in Seoul, C. sinensis infection
was significantly related to intrahepatic CCA.
The important risk factors for CCA also include
chronic viral hepatitis B, liver cirrhosis, alcohol
consumption, diabetes mellitus, and choledochal
cysts [37].

The case-control study conducted in 2003—
2004 in the same region found that eating raw
freshwater fish and positive antibodies to C.
sinensis in the serum were associated with an
increased risk of CCA. Significant risk factors
for distal CCA were the radiological signs of C.
sinensis and history of raw freshwater fish con-
sumption [58].

In the case-control study conducted in 2011
in China, association between intrahepatic CCA
and C. sinensis infection as well as cholelitiasis,
chronic viral hepatitis B and liver cirrhosis was
detected [15].

ASSOCIATION BETWEEN
CHOLANGIOCARCINOMA AND O. FELINEUS
INFECTION

At present, there is deficiency of significant ep-
idemiological multicenter studies in the Russian
Federation to establish the relationship between
CCA and O. felineus infection. According to the
pilot analysis of official medical statistics data, the
incidence of liver and bile duct cancer in Russia is
about 4.8 cases per 100,000 population annually.
Our pilot analytical study of official medical sta-
tistics data in all regions of the Russian Federation
in 2011-2013 showed a significant relationship be-
tween the incidence of O. felineus infection and
malignancies of the hepatobiliary system. Thus,
the incidence of hepatobiliary malignancies is
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significantly higher in regions with high level of
opistorchiasis among the population (> 50 cases
per 100,000) [17].

At present, the results of some domestic studies
based on autopsy materials and surgical protocols
demonstrating carcinogenic potential of O. feline-
us have been published.

This way, among patients that underwent sur-
gery at the Tomsk Hepatology Surgery Centre
from 1980 to 2000, 13% (n =152) of 1170 patients
with O. felineus infection suffered from hepat-
ic, pancreatic and duodenal cancer: liver or bile
ducts — in 61 cases, pancreas — in 66 cases, gall-
bladder — in 15 cases and major duodenal papil-
la — in 10 patients [34].

In the analysis of autopsy materials of 44 in-
dividuals who died of liver cancer, CCA was es-
tablished in 80% and hepatocellular carcinoma in
20% of cases [59].

In 2019, two cases of CCA in patients with
Opisthorchis felineus infection have been pub-
lished. Patients lived in the endemic rural area,
practiced fishing and undercooked cyprinoid fish
consumption. They had been infected by liver
fluke Opisthorchis felineus for a long time and
did not receive antihelminthic treatment. Both

cases presented unspecific symptoms at the onset
of the disease at the stage when already severe
pathological changes had occurred, and patients
died of multiorgan dysfunction syndrome during
six months after CCA diagnosis verification [60].

CONCLUSION

Liver trematodes Opisthorchis viverrini and
Clonorchis sinensis are significant biological car-
cinogens associated with a significant risk of devel-
oping cholangiocellular cancer. O. felineus is still
a biological agent with unproven carcinogenicity
in humans (Group 3) due to insufficient epide-
miological data. However, current experimental
and clinical data indicate significant carcinogenic
potential of O. felineus. An epidemiological mul-
ticenter study is required to establish the rela-
tionship between the Opisthorchis felineus infec-
tion and cholangiocarcinoma in the population of
endemic regions of the Russian Federation. The
study results are necessary for elaborating guide-
lines on screening programs for early CCA diag-
nosis as well as for preventing and treating hepa-
tobiliary cancer, which is socially important in
endemic regions for opisthorchiasis in the Russian
Federation.

Table

Epidemiological studies assessing the risk of cholangiocarcinoma development in O. viverrini and C. sinensis infection

Author, year Country Study design Study(;;lmple Risk of CCA development
Study of O. viverrini infection
Kurathong et al., 1985 [41] Thailand|  Case-control 551 OR =121
urathong et al., ailan ase-contro 95% CI: 0.36-4.06
Parkin et al., 1991 [42] Thailand Case-control 206 OR =5.0
Haswell-Elkins et al., 1994 [43] Thailand Cross-sectional 12 311 OR =14.1
Honjo et al., 2005 [44] Thailand Case-control 258 OR = 27.09
. OR = 2.99
Poomphakwaen et al., 2009 [45] Thailand Case-control 216 95% CI: 1.04-8.62
. . OR = 25.04
Srivatanakul et al., 2010 [46] Thailand Case-control 212 95% CI: 5.81-07.91
Songserm et al., 2011 [47] Thailand Case-control 657 OR = 2.0
ongserm et al., aila ase-contro 95% CI: 1.14-3.48
. OR = 3.09
Manwong et al., 2013 [48] Thailand Case-control 146 95% CI: 1.04-9.16
Study of O. sinensis infection
Kim Y. et al.,, 1974 [54] Korea Cross-sectional 1402 OR = 6.5
S ¢ ¢ 95% CI: 3.5-112.04
Chung C. et al., 1976 [55] Kor Case-control 595 OR = 6.0
ung C. et al,, orea ase-contro 95% CI: 2.82-12.04
Shin H.R. et al., 1996 [56] Kor Case-control 609 OR =27
.R. et al,, orea ase-contro 95% CI: 1.13-6.46
OR = 13.6
Lee T. et al., 2008 [57] Korea Case-control 2488 95% CI: 6.1-30.31
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End of table

Author, year Country Study design Study(ns;lmple Risk of CCA development
Choi D., Lim J.H., Lee K.T. et al., 2006 OR = 8.62
[58] Korea Case-control 244 95% CI: 5.05-16.06
Peng N.F,, Li L.Q., Qin X. et al,, 2011 [15] | Korea Case-control 294 OR = 3,53
§ Nl e ’ ? 95% CI: 1.6—7.89
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ABSTRACT

MicroRNAs and small interfering RNAs (siRNAs) belong to an extensive class of small non-coding RNAs
and play an important role in gene expression regulation in cells. It is shown that changes in the amount
or activity of these molecules may lead to the development of various diseases, including cancer. This
made it possible to consider them as promising diagnostic and prognostic markers, as well as tools for the
directed regulation of protein synthesis in the cell and targets for therapy. This review summarizes the
basic knowledge about the biogenesis, distribution and the mechanisms of action of microRNA and siRNA,
as well as currently used ways of target genes expression management with their help. Possible methods
of these molecules delivery into the cell in vitro and in vivo are considered.
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I Kpacnospcrui zocydapembennoui meduyurncxuii ynubepcumem um. npogp. B.D. Bouno-Aceneyxozo (KpacIT MY um.

npog. B.®. Boiino-Aceneyrozo)

Poccus, 660022, z. Kpacnospex, ya. Ilapmusana XKearesuaxa, 1

PE3IOME

MukpoPHK n manasie unrepdepupyiomue PHK (muPHK) orHOCATCS K OGLIMPHOMY KAACCYy MAABIX He-
rkoaupytomux PHK u urpaior BaskHyI0O pOAb B peryAfdnmyu dKCIpeccuyu reHOB B KAeTkax. IlokaszaHo, 4TO
M3MEHEHNUA B KOAMYECTBe MAM I(D@PEKTUBHOCTY BO3ACHCTBUA ITUX MOAEKYA MOTYT CONPOBOKAATH Pa3-
BUTHE PA3AMYHBIX 3a60AEBAHU, BKAIOYAs OHKOAOTMYECKME. DTO MO3BOAMAO PACCMATPUBATH UX Kak mep-
CIIeKTVBHBIE AMAaTHOCTMYECKME M IPOTHOCTHMYECKME MapKephl, a TaKKe MHCTPYMEHTBHI AASl HallPpaBACHHON
peryafnuu cuHTe3a 6eAKOB B KAETKE M MUIIEHN AAA Tepamuu. B AaHHOM 0630pe CyMMMPOBAaHBI OCHOBHbBIE
3HAHMA O GuOTeHe3e, pacupocTpaHernu u Mexanusmax Bosaeictsus mukpoPHK n muPHK, a takke cmo-
COGBI HAIIPABAGHHOTO BAMAHMA Ha 3KCIPECCUIO T€HOB C MX IOMOIIBIO, HCIOAB3YEMble B HACTOAIL|Ee BPeMH.
PaccmoTpeHbl BO3MOKHBIE BapMAaHThl AOCTaBKY MOAEKYA B KAETKY % Vitro M in vivo.

KaroueBbie caoBa: manbie Hekoaupyomue PHK, peryasdmua sxcnpeccuym reHoB, HalmpaBAeHHAs Tepamus,
OHKOAOTMYECKME 3a60AeBaHMA.

KondauxT uaTepecoB. ABTOpPBI AeKAAPUPYIOT OTCYTCTBYE ABHBIX ¥ MOTEHIMAABHBIX KOH(MANKTOB MHTEpE-
COB, CBfI3aHHBIX C MYOAMKALMEN HACTOALEN CTATBMU.

Ucrounnk dunancuposanus. Ily6ankanus 1oATOTOBAEHA IPYU NOAAEPKKe rpaHTa Poccmiickoro Hay4HOro
¢donpa (coraamenne Ne 19-15-00110).

Aas puruposarus: Komnua A.B., Aaspentser C.H., Pykma T.I'. MukpoPHK u mansie nurepdepupyomme
PHK kak MHCTPYMEHTbI HaIIPaBACHHON PETYAALMM KACTOYHBIX IPOLECCOB AASA TE€PANMM OHKOAOTHIECKUX
3a6oaesanuit. Broazemens cubupcroti meduyunpe. 2020; 19 (1): 160-171. https://doi.org: 10.20538/1682-

0363-2020-1-160-171.

INTRODUCTION

MicroRNAs and small interfering RNAs (siR-
NAs) belong to the large and heterogeneous class
of small non-coding RNAs, an important func-
tion of which is the regulation of gene expression
in the cell. The history of the study of non-cod-
ing RNA began in 1993 with the publication by
Victor Ambros and colleagues of data on the
discovery of short RNA molecules that affect the
translation of the lin-14 protein of the nematode
Caenorhabditis elegans [1]. Since then, studies of
small non-coding RNAs have been very intensive.
But it was microRNAs and siRNAs that attract-
ed the most attention and were studied more
thoroughly. The accumulated knowledge allows
the use of these molecules to affect living cells
and the directed regulation of cellular process-
es. They have been used both in research proj-
ects and in the development of drugs in practical
medicine. This is especially true in the treatment
of malignant neoplasms, where the transforma-
tion of a cell into a tumor is accompanied by a
significant shift in gene expression.

MicroRNA AND SiRNA

MicroRNA is a class of non-coding protein
RNA molecules with a length of 18—24 nucle-

otides. They are important participants in the
process of gene expression, regulating its inten-
sity. Today, several thousand different microR-
NAs are known, each of which is able to control
the synthesis of one to several hundred proteins.
As a result, more than 60% of human genes are
expressed with the participation of microRNAs.

A change in the level or activity of microR-
NAs can cause disturbances in the synthesis of
certain proteins, which can lead to the develop-
ment of a disease. It has been shown that a num-
ber of diseases are accompanied by deviations
in the work of various microRNAs. A detailed
study of the relationship between the work of
individual microRNAs and the pathophysiology
of diseases suggests the possibility of their use as
molecular markers for diagnosing and predicting
the course of the disease, as well as targets for
targeted therapy.

SiRNAs are largely similar to microRNAs.
These are molecules of 21-23 nucleotides in size
that have a similar maturation path with mi-
croRNAs and a similar principle of action, but
at the same time possess a number of features
that separate them into a separate class [2]. In
general terms, differences between microRNAs
and siRNAs are presented in Table 1, and are
described in more detail below.
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Differences in microRNAs and siRNAs

Table 1

Characteristic

MicroRNA

SiRNA

Molecule size

18—24 nucleotides

21-23 nucleotides

Structure

Single stranded

Double stranded

Beginning of biogenesis

From introns or individual sections of their own DNA
(endogenous path)

From RNA of viruses or bacterial plas-
mids introduced into the cell, artificial
vectors, etc. (exogenous pathway)

Immunogenicity

Own molecules, but artificially synthesized microRNAs
can elicit an immune response

May elicit an immune response

Target Complementarity

Partial complementarity (the presence of a key «seed»

Complete complementarity

region)
Targets DNA, mRNA mRNA
Specificity One microRNA molecule regulates many DNA / RNA Highly specific, one siRNA molecule

molecules, one DNA / RNA molecule can be a target
for several microRNAs

binds one portion of mRNA, blocking
the synthesis of one protein

Activity Result

Activation or repression of translation or transcription,
mRNA degradation is possible

MRNA degradation, gene silencing

Activity sites

BIOGENESIS OF microRNAs AND siRNAs

Understanding the biogenesis of microRNAs
and siRNAs is very important for the possibili-
ty of influencing it. According to the canonical
representation (Fig. 1), microRNA molecules are
transcribed in the nucleus by RNA polymerase 11
from DNA regions that can be located both in-
side the genes encoding proteins (in introns) and
in isolated regions of the genome under their own
promoter. The resulting RNA transcript is called
primary microRNA (pri-miRNA, pri-microRNA)
and forms a secondary stem-loop structure with
the presence of 7-methylguanosine molecules at
the 5’-end, and at the 3’-end of poly (A)-“tail”.
After interacting with an enzyme complex con-
sisting of RNase III (Drosha) and its companion
DGCRS (Pasha), pri-microRNA is converted to a
microRNA precursor (pre-miRNA, pre-microR-
NA), consisting only of a stem-loop structure.
Using exportin-5, pre-microRNA is transported
from the nucleus to the cytoplasm, where the
loop region is cleaved by another RNase III-
Dicer, leaving a microRNA duplex consisting
of two fully or partially complementary RNA
strands 18—24 nucleotides in size. Subsequently,
one of the duplex strands (host) forms a complex
with proteins called the RNA-induced silencing
complex (RISC), while the other (“passenger”
strand), as a rule, is destroyed.

SiRNAs in the process of maturation pass a
path similar to microRNAs. And although, un-
like the latter, siRNA synthesis in mammalian

Cytoplasm, nucleus

Cytoplasm

cells does not begin from its own genome, but
from vector molecules introduced into the cell
from the outside (by bacteria, viruses or artifi-
cially), the same proteins (Dicer) participate in
its biogenesis, and maturation is completed the
formation of the RISC complex. In addition, siR-
NA can form in the cell as a result of cleavage
of the RNA of the virus in a human cell. The
mature siRNA molecule preserves the structure
of the duplex.

TRANSPORT AND LOCALIZATION OF
microRNAs IN THE BODY

After maturation, microRNA molecules can
be transferred to different parts of the cell or
beyond (Fig. 2). Some of them remain in the
cytoplasm, where they interact with messenger
RNA at various stages of translation, regulating
protein synthesis. Another part of the molecules
is transported into the intercellular space and
circulates freely in the body in the form of ribo-
nucleoprotein complexes or in exosomes [3, 4].
Exosomes are excreted by the cell and spread
throughout the body, found in the extracellular
space (extracellular matrix), blood plasma, sy-
novial fluid, cerebrospinal fluid, saliva, urine and
other liquid media and transferring microRNA
from cell to cell. Exosomal microRNAs can act as
markers for diagnosing or predicting the course
of malignant neoplasms [5]. Another direction
of movement of mature microRNAs is reverse
transport to the nucleus. It has been shown that
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most microRNAs are capable of such reverse
transfer and are detected both in the nucleus and
in the nucleoli [6]. In addition, gene expression
is regulated in the nucleus with the participation
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of the RISC complex, for which the proteins in-
volved in this process (AGO, TRPB, Dicer, TRN-

C6A) are freely transferred from the cytoplasm
to the nucleus [7].
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When ingested or formed in a cell, siRNAs
are usually stored in the cytoplasm, regulating
via interaction with mRNA. In 2004, H. Kawa-
saki and K. Taira showed that siRNAs are able
to induce cell DNA methylation by interacting
with CpG islands in the promoter part of the
gene. However, free penetration and the con-
stant presence of siRNAs in the cell nucleus were
not proven [8]. The mechanism of siRNA deliv-
ery to genomic DNA is still not fully understood.

WAYS OF REGULATING GENE EXPRESSION
INVOLVING microRNA

The most studied method for regulating pro-
tein synthesis is the interaction of microRNA
with messenger RNA in the cell cytoplasm. Mi-
croRNAs bind to mRNA in specific complemen-
tary regions (target sites). Most often, these sites
are found in the 3’-untranslated region of the
mRNA (3’-UTR), but, in general, are found in
the coding sequence (CDS), and even in the 5’-
UTR [9]. As a rule, the binding site on the mRNA
molecule is highly conserved so that random mu-
tations or polymorphisms do not interfere with
protein synthesis. Moreover, one mRNA can be
a target for many microRNAs, and their joint
participation determines the degree of suppres-
sion of protein synthesis.

Unlike plants, in animals, complete comple-
mentarity of microRNAs to the target gene is
practically not found, but it has been proved
that in this case, for the effective binding of the
RISC complex, it is sufficient to complement the
target molecule with only the second to eighth
nucleotide region at the 5’-end of the microR-
NA molecule, called the key (“seed”) region. Al-
though there are microRNAs that regulate in a
different way: it has been proven that miR-24 is
involved in the regulation of cellular processes
by acting on target genes that do not contain a
site complementary to its “seed” region [10]. In
any case, the result of microRNA attachment is
the effect of the protein part of the RISC com-
plex on the target mRNA.

The main protein of the RISC complex in
humans is an enzyme of the Argonaute AGO2
family, which is a structural analogue of RNase
H, and therefore has the ability to cleave mRNA
molecules directly at sites determined by mi-
croRNAs. Due to its action, degradation of the
mRNA molecule is possible after meeting with
microRNAs. However, it was shown that this
occurs only in 29% of cases, whereas in approx-

imately half of the cases (48%), interaction with
microRNAs results in repression of translation
without matrix destruction, and in 23% there
is a simultaneous course of these two processes
[11]. It is assumed that the method of regulation
may depend on the site of landing of microR-
NAs. The binding of microRNAs to mRNAs in
the 3’-non-coding region (3’-UTR) is more likely
to lead to the degradation of target RNA due to
deadenylation of the poly (A) “tail” and, as a re-
sult, destabilization and rapid degradation of the
molecule [12-14] . Landing on the coding part
of the gene is more likely to suppress the syn-
thesis of the polypeptide on the ribosome [15].
And when binding to a 5’-non-coding region (5’-
UTR), messenger RNA can result in mRNA deg-
radation due to preliminary decapping of the 5’
end [16], as well as activation of translation [17].
Switching the microRNA-protein complex from
the inhibition function to translation activation
may depend both on the action of specific fac-
tors (for example, eIF4E) and on the state of
the cell or phase of its cell cycle [18]. For ex-
ample, miR-206 inhibits KLF4 protein synthesis
in proliferating epithelial cells, but it activates in
immortalized epithelial cells of the MCF10A line
[19]. Like repression, activation can range from
mild stimulatory effects to a significant increase
in polypeptide synthesis.

Nuclear microRNAs are capable of influ-
encing gene expression at post-transcriptional
or transcriptional levels. Thus, they are able
to control the synthesis or cause degradation
of other microRNAs or long non-coding RNAs
[20]. The ability of microRNAs to bind to single
or even double stranded DNA leads to inhibition
of [21] or activation of [22] gene transcription.
It is noteworthy that in the nucleus, microR-
NA also acts in combination with the Argonaute
protein, as well as other components of the RISC
complex.

SiRNA REGULATION

The binding of RNA to the target mRNA
molecule is its main difference from microRNA.
The siRNA molecule does not have a “seed” re-
gion, but has complete complementarity to the
mRNA molecule. For this reason, its action very
specifically extends to the synthesis of only one
protein. The result of its binding is the cleavage
of the target with proteins of the RISC com-
plex in the region between the 10th and 11th
nucleotides of siRNA and complete cessation of
translation [23].
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DISORDERS OF microRNA IN MALIGNANT

NEOPLASMS

Disorders associated with the development of
malignant neoplasms can occur at the stages of
biogenesis or work of microRNAs. These can be
mutations of genes encoding microRNAs them-
selves or proteins important for their synthe-
sis. Despite the general conservatism, polymor-

phisms in mRNA are also possible at the sites of
binding to microRNAs. Also, the development
of a malignant neoplasm can be associated with
a change in the levels of certain microRNAs in
the cell.

Table 2 presents examples of various abnor-
malities associated with biogenesis and the ac-
tion of microRNA in the cell.

Table 2
Various forms of microRNA disorders with malignant neoplasms
Type of disorder Diseases Source
Polymorphisms and mutations in Dicerl syndrome: the presence of mutations in the Dicerl gene leads to a| [24-26]
the genes of proteins associated change in the structure and functions of the protein and, as a result, to a
with biogenesis and the action of | disruption of the synthesis of various microRNAs. The result is malignant neo-
microRNAs plasms: pleuropulmonary blastoma, Sertoli-Leydig cell tumor, neuroblastoma,
rhabdomyosarcoma, etc.
Change or loss of the gene encod- | Deletion of a 13q14 chromosome fragment in chronic B-cell lymphoblastic leu- | [27, 28]
ing microRNA during chromosom- | kemia leads to the loss of microRNA miR-15 and miR-16 coding regions, which
al rearrangements are negative regulators of BCL2 protein synthesis. The result is a decrease in
the ability of cells to apoptosis
Mutations and polymorphisms in a | Single nucleotide substitution G> C (rs2910164) in the gene encoding miR-146a | [29-31]
gene encoding microRNA leads to a change in the production of this microRNA and is associated with an
increased risk of developing renal cell carcinoma, glioma, early manifestation
of familial breast or ovarian cancer
Mutations and polymorphisms in HIF1A gene polymorphism in the region near the binding of the “seed” region| [32, 33]
mRNA at sites of interaction with | of miR-199a leads to increased protein synthesis, which is associated with poor
microRNAs prognosis for the ductal adenocarcinoma of the pancreas.
Single nucleotide substitution in the 3’ non-coding region of the SET§ gene
disrupts the miR-502 binding site, which increases the risk of early develop-
ment of breast cancer
Reduced microRNA MiR-143 and miR-145 have a reduced level in the cells of cancer of the [34]
gastrointestinal tract and exhibit oncosuppressive properties upon endogenous
administration
Increased amount of microRNAs MicroRNA miR-21 has a relatively high level in six types of solid tumors| [35, 36]
(breast, lung, prostate, stomach, pancreas and rectum cancer), as well as glio-
blastoma

To correct molecular processes in the cell us-
ing microRNA, it is possible to regulate both the
number of regulatory molecules and the quality
of regulation by controlling the ability of the
RISC complex to bind specifically to the target
site.

WAYS OF TARGETED REGULATION OF
GENE EXPRESSION

Imitators (mimics) of microRNA. To artificially
increase the level of a given microRNA in a cell, syn-
thetic copies of this molecule are introduced into it —
imitators, or mimics (replacement therapy). These
can be mature molecules,direct copies of microR-
NAs that have the same properties of binding mol-
ecules as their prototype, or its predecessors, and
even genes encoding it. The introduction of mature

microRNA is a more convenient and quick method
of exposure. Due to its small size, the molecule eas-
ily penetrates through the cell membrane as part of
RNA-lipid complexes (lipid transfection, or lipofec-
tion). Using mature mimics, for example, the possi-
bility of suppressing the proliferation of gastric and
colorectal cancer cells using miR-375 in vitro has
been demonstrated [37, 38]. However, in the case
of using microRNA mimicry to enhance the effect
of repression of protein synthesis, it is important to
remember that for active operation of microRNA it
must form the RISC ribonucleoprotein complex. It
was shown that the introduction of individual mi-
croRNA molecules into the cell, as a rule, meets a
limited protein pool, and to form the ribonucleop-
rotein complex, they are forced to compete with the
endogenous microRNA of the cell for the protein
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components of the RISC complex and can deplete
their reserves. As a result, this can lead not only to
an insignificant effect of suppressing translation of
target mRNA, but also to an increase in the trans-
lation of other proteins due to impaired regulatory
functions of the cell’s own microRNAs [39]. At the
same time, even small amounts of exogenous mi-
croRNA are introduced into the cell together with
plasmids expressing AGO2, leading to a significant
effect of its activity [40].

The introduction of microRNA precursors allows
at least partially solving the problem with the for-
mation of the RISC complex: the synthesis and mat-
uration of a molecule in a cell is more likely to lead
to its natural encounter with AGO2. It was even
shown that the introduction of a microRNA duplex
consisting of the leading and passenger strands is
more likely to lead to the formation of an active
microRNA molecule than the introduction of a ma-
ture single-stranded molecule [41]. The possibilities
of introducing pre-miRNA or pri-miRNA into the
cell are also described.

In general, the use of imitators opens up wide
possibilities for substitution therapy for the fight
against malignant neoplasms. Thus, increased miR-
4779 microRNA activity due to the use of mimics led
to the suppression of tumor growth, blocking of the
cell cycle and stimulation of cancer cell apoptosis in
colorectal cancer [42]. In another study, targeted
management of the miR-29b simulator allowed the
suppression of the development of acute myeloid
leukemia [43].

MicroRNA inbibitors. The antisense inhibitor
is an RNA oligonucleotide complementary to the
target microRNA. Upon their binding, a sufficient-
ly strong duplex is formed, which prevents the mi-
croRNA from landing on mRNA and thereby re-
moves the ban on translation. One of the natural
regulators of microRNA activity in the body is com-
petitive endogenous RNA (ceRNA), including long
non-coding RNA molecules (long ncRNA, IncRNA)
[44], ring RNA [45], pseudogenes. Due to the pres-
ence of microRNA landing sites in their nucleotide
sequence, these molecules are capable of acting as a
so-called molecular sponge, which assumes an attack
of microRNAs and thereby removes the block from
real messenger RNA [46]. With the help of such a
“sponge”, almost complete removal of active miR-
221/222 from the cell was achieved, which led to
increased apoptosis of squamous cell carcinoma of
the oral cavity [47].

Exogenous inhibitors also show effective inhibi-
tion of the activity of target microRNAs. But at the
same time, it becomes necessary to deliver the mol-

ecule into the cell through the membrane and main-
tain its stability in the cytoplasm, since an exoge-
nous RNA molecule that does not have protection
can be rapidly destroyed by RNases. These problems
are partially solved by one of the latest generations
of microRNA inhibitors, created on the basis of
“closed” (“locked”) nucleic acids, or LNA-inhibitors
(locked nucleic acid). They are oligomers 12-14 nu-
cleotides long, having a methylene bridge between
the 2’-O and 4’-C ribose rings in the nucleotide part.
As a result, such an LNA molecule is more resis-
tant to the action of endonucleases, forms a stron-
ger duplex with the RNA or target DNA, and also
more easily penetrates the cell membrane (due to its
small size) [48], and does not show significant tox-
icity to the body in experiments on mice [49]. All
this makes LNA inhibitors promising for the devel-
opment of drugs based on the principle of inhibition
of microRNA activity. It was with their help that it
was possible to degrade miR-21 and thereby achieve
increased apoptosis and suppressed proliferation of
hepatocellular carcinoma cells [50].

SYNTHETIC REGULATORS

Sometimes, when researching or developing a
method for treating a disease, it becomes necessary
to affect certain regions of messenger RNA that
do not have a natural site for regulatory molecule
landing. For example, if an oncogenic gene muta-
tion occurs that leads to a change in the structure
of the protein, it would be convenient to block
the synthesis of the mutant form of the protein,
while maintaining the normal protein. This requires
regulation with recognition of mutations in messen-
ger RNA. In this case, artificial microRNA mole-
cules come to the rescue. In 2017, M. Acunzo and
colleagues vividly demonstrated the feasibility and
benefits of creating artificial microRNAs for tar-
geted inhibition of translation of the KRAS gene
containing the G12S point mutation to increase the
sensitivity of lung cancer cells (cell line A549) to
treatment with gefitinib. It was demonstrated that
even a single nucleotide substitution changes the
regulatory effect [51]. However, since microRNAs
can affect several mRNAs at the same time, this can
lead to undesirable side effects and make it diffi-
cult to use for one purpose. A more specific option
is the use of siRNA molecules. But the complete
complementarity of siRNA makes it less sensitive to
polymorphisms and mutations. In addition, siRNA
activity 7n vivo may be limited by the occurrence
of an immune response. For example, when study-
ing the effect of siRNAs on the growth of cells
carrying the V617F mutation of the JAK2 gene,
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a significant decrease in the effect of inhibition by
cytokines was shown [52].

Another type of synthetic microRNA inhibitors
is peptide nucleic acids (PNA). These are chemi-
cal compounds that are linear polymer molecules
similar to DNA, but with N- (2-aminoethyl) glycine
instead of sugar. The advantage of PNAs is their re-
sistance to degradation by nucleases and proteases,
as well as the independence of hybridization with
DNA or RNA from the concentration of salts in the
medium [53]. Another important property of PNA
is sensitivity to non-complementary bases. Even one
mismatching nucleotide is capable of changing the
melting temperature of the PNA-DNA duplex to 15
* C, which makes them promising molecules for the
selective inhibition of targets containing single nu-
cleotide mutations [54]. In addition, it was shown
that PNAs can be modified in such a way that their
penetration into the cell is ensured without the par-
ticipation of an additional transfection reagent [55].
To date, this type of molecule has been successfully
used to inhibit microRNAs 7n vivo [56].

Proper design and optimization of the conditions
for the use of artificial molecules can achieve the de-
sired effect of reducing or disabling protein synthesis
in the cell, reduce nonspecific effects, and avoid tox-
icity or immunogenicity of the introduced substance.
This makes these molecules promising therapeutic
agents in medicine in general and oncology in par-
ticular.

DELIVERY OF SMALL NON-CODING RNATO
CELLS

The delivery of microRNAs and siRNAs to cells
in vitro and in vivo is still a challenge and is a field
of active development. First, free RNA molecules
without any protection or modification are easily
destroyed by nucleases, and in the animal body they
are also excreted by the kidneys and liver [57] or
are retained in non-target organs. Secondly, other
tissues and structures (blood vessel walls, connec-
tive tissues, tumor microenvironment), which have
different permeability, as a rule, arise on the way to
the tumor cell in the body, which can significantly
complicate the delivery. Thirdly, foreign RNA mol-
ecules can initiate an immune response and cause
unwanted side effects [58]. Fourthly, even in an in
vitro culture, where the achievement of the goal is
possible by introducing molecules into the nutrient
medium, the membrane barrier is required to pen-
etrate the cell. Finally, a molecule entering the cell
may be denied access to the target as a result of
inclusion in the endosome [57, 59] or non-specif-

ic interaction with non-complementary or partially
complementary RNA molecules.

Various methods are currently being developed
for delivering RNA molecules to tumor cells: chem-
ical, physical, biological. Chemical methods include
the use of polymer complexes (polyethyleneimine),
lipid nanoparticles (liposomes), dendrimers, inorgan-
ic compounds (iron oxide, gold, silicate nanoparti-
cles) [60, 61], etc. It is believed that chemical deliv-
ery methods initially have low transfection efficiency
in comparison with biological. This is partly due to
the short lifespan of molecules 7z vivo, their ability
to bind to serum proteins in the blood. However,
modifications of chemical compounds make it possi-
ble to overcome these difficulties by creating stable
constructs that provide more specific delivery of mi-
croRNAs to cells. Examples are nanostructured lipid
carriers that have a positive charge on the surface
of the bilipid layer, or molecules recognized by cell
receptors that have been successfully used to deliver
microRNAs to cell cultures and iz vivo in mouse
models [62, 63]. Chemical delivery methods can also
include modifications of the RNAs themselves, which
increase the stability of molecules, reduce their tox-
icity and (or) facilitate penetration into the cell
(LNA, PNA). Chemical methods are effectively used
in 7n vivo studies.

Physical delivery methods are suitable for in vi-
tro cultures and include magnetofection, biobalis-
tics, electroporation, sonoporation, laser irradiation,
etc. The most common method is electroporation,
which allows an electrical impulse to break a gap in
the membrane, thereby ensuring direct penetration
of nucleic acids into the cell cytoplasm, or placing
the desired molecule in the exosome for subsequent
delivery to the cells. The use of exosomes increases
the stability of molecules and facilitates the 7% vivo
delivery method [64], while direct delivery to cells
in vitro by electroporation is highly regarded for its
simplicity and efficiency [65].

Chemical and physical delivery methods provide,
as a rule, the transient nature of gene expression,
having a relatively short life span of the introduced
molecules. For a longer effect, biological methods
are used, namely delivery as part of viral vectors
(transduction). The DNA of adenoviruses, retrovi-
ruses, lentiviruses can be used as a vector.

Adenoviral vectors are double-stranded DNA
molecules, are characterized by relative ease of use
and are successfully used for fast and short-term in-
troduction of molecules, since they are not able to
introduce the desired gene into the genomic DNA of
a eukaryotic cell and ensure constant synthesis of a
given RNA. However, another important advantage
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is their ability to introduce foreign DNA fragments
up to 38 kb into the cell. In contrast, retroviral
RNA vectors contain no more than 8 kb of a foreign
nucleotide sequence. However, it is introduced into
the genome of the host cell at the stage of mitotic
division. Lentiviral vectors are similar to retroviral
ones, but differ in their ability to introduce a for-
eign sequence into the genome of both dividing and
non-dividing cells located in the postmitotic period
or at the stage of terminal differentiation. Retroviral
and lentiviral vectors are used for stable transfection
of dividing cells 7n vitro and in vivo, demonstrating
the high efficiency of introducing both mimics and
microRNA inhibitors [66]. The disadvantage of vi-
ral vectors is the high immunogenicity and potential
toxicity of molecules, as well as the instability of
the viral genome and the likelihood of the virus re-
versing to the “wild” type with the loss of the insert
of interest [67]. Recent developments are aimed at
modifying designs to reduce or eliminate the neg-
ative effects of these vectors [68], which opens up
wide possibilities for their use in science and clinical
practice for the treatment of diseases.

CONCLUSION

The use of regulatory microRNA and siRNA
molecules to control gene expression in a cell seems
to be a powerful technology for studying normal
cellular processes and pathology, as well as for
treating diseases, in particular, malignant neoplasms.
Patents have already been registered and a number
of microRNA or siRNA-based drugs are being regis-
tered for the treatment of diseases, including chron-
ic lymphocytic leukemia (regulation of the BCL-2
gene), liver cancer (regulation of VEGF and KSP
expression), and other solid tumors, including later
stages of progression [69]. Therapies due to the di-
rected regulation of gene expression using microR-
NAs and siRNAs predict a great future, calling these
drugs new-generation drugs. However, much of the
mechanisms of such regulation remains incompletely
studied, and the world of regulatory molecules still
requires a deep and multifaceted study.
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ABSTRACT

Vascular calcification is a distinctive feature of cardiovascular diseases of atherosclerotic origin.
Visualization of calcifications is carried out by invasive and non-invasive methods. Knowledge of the
presence and degree of calcification can predict clinical outcomes in patients at high risk of coronary
events, help in the prevention and treatment of coronary heart disease.

The article presents a brief description of the methods of visualization of vascular calcium and a review
of studies on the relationship of calcification with the risk of long-term adverse cardiovascular events.
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PE3IOME

Cocyanucras Kanbuuduranusa ABAAETCA OTAMYUTEABHON YePTONl CEPAEYHO-COCYAUCTHIX 3a60AeBaHMI
aTepPOCKAEPOCKAEPOTHYECKOTO TeHe3a. Budyaamsanusa KaabLu(PUKATOB OCYIIECTBALETCA MHBA3UBHBIMU U
HEVHBA3MBHBIMM METOAAMM. SHAHVSA O HAAMYMM U CTENEHM KaAbLMHO3a MOTYT HPEACKa3aTh KAMHMYECKUE
MCXOABI Y MAIMEHTOB C BHICOKMM PUCKOM KOPOHAPHBIX COOBITHIT, TOMOYb MPU MPOBEAEHUM TPOPUAAKTUKA
U AeYeHMM MIIEMUIECKO GOAE3HNU CEPALA.

B craTbe mpeacTaBAEHbBI KPATKAsl XapaKTEPUCTUKA METOAOB BU3YaAM3ALMU COCYAUCTOTO KAABLMS U 0630p
MCCAEAOBAHMIL IO M3YYEHMIO CBA3Y KaAbLUMMUKALUM C PUCKOM OTAAAEHHBIX HEGAATONPHUATHBIX CEPAEIHO-
COCYAUCTBIX COOBITHIL.

Karouessie caoBa: I(a/\bLU/I(pI/[KaLU/IH, KOpOHaprIi{ ATEPOCKAEPO3, METOABI OL[€HKM I(a/\bIII/ICpI/IKaIU/II/I, cep-
A€IHO-COCYAUCTBIE 3a60AeBaHMA.

KOH(b/\I/IKT VHTEPECOB. ABTOpr AEKAAPUPYIOT OTCYTCTBME ABHBIX M MOTEHIMAABHBIX KOH(pAI/IKTOB
VHTEPECOB, CBA3aHHBIX C ny6AM1<aume171 HaCTOHIIleIZ CTaTbu.

Mcrounnk dpuuancuposanus. PaGora BelmoaHeHa B pamkax u npy (pUHAHCOBOM MOAAEpsKKe rpanTa PODU
Ne 19-015-00055, GroaskeTHON Tembl 1o T'ocyaapctBennomy 3apanmio Ne 0324-2018-0001.

Aas yutuposanus: IToronckas f.B., Kamranosa E.B., Aunkuna A.B., Paruno FO.JM. Ouenka xarpuudu-
KAy KOPOHAPHBIX APTEPUil U OTAAAEHHBI MPOTHO3 CEPAEYHO-COCYAUCTHIX 3aboAaeBauuit. bioaaemens

cubupcroti meduyunv. 2020; 19 (1): 172-179. https://doi.org: 10.20538/1682-0363-2020-1-172-179.

INTRODUCTION

Coronary heart disease, which is based on ath-
erosclerosis, remains one of the main causes of mor-
bidity and mortality in all countries of the world.
Vascular calcification is a hallmark of the athero-
sclerotic process. Despite the abundance of clin-
ical data, the fundamental role of calcification in
rupturing an unstable atherosclerotic plaque is still
unclear. Visualization of the structural features of
calcification in coronary arteries using invasive and
non-invasive methods can be important for predict-
ing plaque rupture, and knowledge of the presence
/ degree of calcification can provide an idea of the
level of risk of cardiovascular disease and can help
in the prevention and treatment of coronary heart
disease (CHD) [1-3].

CALCIUM ASSESSMENT METHODS

The total indicator of coronary artery calcium,
determined using invasive and non-invasive imaging
methods, provides additional value compared with
traditional risk indicators for identifying patients
with a high risk of cardiovascular disease [4, 5]. In-
vasive methods include x-ray coronary angiography
(CAG) and optical coherence tomography (OCT).
Non-invasive methods include radiography, multis-
piral computed tomography (MSCT), single-photon
emission tomography, positron emission tomogra-
phy and others. These methods have their advantag-
es and disadvantages.

INVASIVE METHODS

The main methods for assessing damage to the
coronary arteries are endovascular methods. The
advantages of these methods are the direct visual-
ization of the lumen of the vessel, the installation
of sensors near the atherosclerotic plaque, which
allows the most reliable assessment of the severi-
ty of deposition of atherosclerotic masses and their
calcination.

Coronary Angiography. Coronary angiography
is still one of the leading methods for the diagnosis
and treatment of coronary insufficiency. Coronary
angiography allows for the obtainment of the most
complete picture of the anatomy and degree of dam-
age to the coronary artery bed. The disadvantages
of this research method include the use of x-ray
radiation and the introduction of contrast agents. In
addition, coronary angiography can provide only a
two-dimensional outline of the coronary lumen and
cannot fully demonstrate the complex nature of ath-
erosclerotic plaques, which are responsible for the
relationship between angiographic data and clinical
outcome [6]. To identify the morphological features
of calcified plaques, 3D virtual intravascular endos-
copy is used, which, as shown, provides additional
information about the wall of the coronary arteries
and plaques [7].

Recently, classical CAG has been replaced by
intravascular ultrasound and optical coherence to-
mography.
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Intravascular ultrasound. One of the most infor-
mative and specific methods for determining athero-
calcinosis is intracoronary ultrasound using high res-
olution sensors. This technique allows you to clarify
the degree of the initial lesion of the coronary bed,
to carry out effective control during x-ray endovas-
cular interventions. In contrast to X-ray contrast
angiography, intravascular ultrasound examination
makes it possible to obtain a section of the vascu-
lar wall in several planes, allowing quantitative and
qualitative assessment of the lumen of the vessel,
the area of distribution of the plaque and its calci-
fication, and the presence of a pronounced acoustic
shadow. Factors limiting the use of IVUS include a
feature of the coronary artery topic, impeding sen-
sor advancement, and microvascular lesion nature.
The possibilities of IVUS are significantly expanded
by means of spectral analysis of the data obtained, in
which the 4 main components of the atherosclerotic
plaque are assigned the corresponding color coding.
Such an analysis is called virtual histology. IVUS
with virtual histology can detect the most dangerous
type of atherosclerotic plaque [8]. Using IVUS with
virtual histology Noto T. et al. (2015) observing pa-
tients with acute coronary syndrome, showed that
with a calcium content of > 3.4% of the area of
atherosclerotic plaques, the frequency of coronary
events increased by 4.4 times [9].

Optical coberence tomography. Optical coher-
ence tomography is an intravascular light-optical
imaging technique that uses laser radiation with a
wavelength of 1300 nm to obtain information about
the three-dimensional structure of the vascular wall.
Recently, OCT has become the leading technology
of intracoronary imaging with a higher resolution
(10-20 pm) than IVUS (100-200 pm) [10, 11].

In contrast to intravascular ultrasound, OCT is
able to estimate the thickness of calcium and, con-
sequently, the area and volume. This method has a
number of advantages, such as high resolution sen-
sors, short-term investigation, and the possibility of
reconstructing visual and easy-to-interpret images in
various planes. However, OCT has limitations on the
depth of penetration through tissues, which is <2
mm, and this significantly affects the role of OCT in
the evaluation of plaques [7, 12].

A study by Habara M. et al. (2018) aimed at as-
sessing the characteristics of vascular calcification in
vivo using OCT as compared with histological data,
showed that OCT does not allow microcalcifications
to be seen [13], but can show spotty or speckled
calcification, which is smaller than macrocalcifica-
tion, but larger than microcalcification [14]. Also,
using the OCT method it is difficult to detect calci-

fications located behind the necrotic nucleus of an
atherosclerotic plaque [15].

NON-INVASIVE METHODS

Since invasive interventions have a number of
contraindications and a high risk of complications,
high-tech methods of non-invasive imaging are in-
creasingly used in medical practice.

Radiography. The detection of coronary calci-
fication using x-ray was already used in the 30s of
the twentieth century. The technique has some lim-
itations in its application, when conducting an x-ray
of the chest organs, only large calcifications can
be detected and their extent can only be estimated
indirectly. The X-ray method is the main method
of radiation diagnostics at the first stage of medi-
cal care, and subsequently requires more high-tech
methods, such as computed tomography, magnetic
resonance imaging, positron emission tomography,
etc. However, in recent years, the introduction of
digital technologies has increased the capabilities of
radiography. Sultanova M.D. (2017) studied the pos-
sibilities of digital radiography in the diagnosis of
coronary calcifications on 90 patients and compared
the results with multispiral computed tomography.
The author noted that the detection of coronary
calcifications during digital radiography is limited to
certain values of the calcium index and this method
can be recommended as a screening diagnosis of the
risk strategy for cardiovascular diseases [16].

CT scan. The main method for quantifying cor-
onary artery calcification is computed tomography.
When synchronized with electrocardiography, com-
puted tomography can detect and quantify even
small deposits of coronary calcium and, accordingly,
assess the presence and severity of coronary ath-
erocalcenosis. According to a standardized quantita-
tive system for measuring coronary calcification, the
amount of coronary calcium is expressed in units of
the calcium index. The calcium index is calculated
according to the standard Agatston method [17] and
is determined by multiplying the area of calcified le-
sion by the density factor. The density factor is cal-
culated by the peak density in the calcification zone
and is 1 for calcinates with a density of 130-199
HU, 2 for lesions with a density of 200-299 HU, 3
for 300-399 HU and 4 for calcinates with a density
of more than 400 HU. The total calcium index is
calculated as the sum of the indices on all slices [18].

Positron emission tomography. Positron emission
tomography (PET)/CT using *F-sodium fluoride
("8F-NaF) has the potential of non-invasively identi-
fying microcalcification [19-21]. Irkle et al. (2015)
have shown that BF-NaF is adsorbed by calcified
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deposits inside a high atherosclerotic plaque affinity
and is selective and specific. In addition, PET/CT us-
ing ®F-NaF makes it possible to distinguish between
macro- and microcalcification regions [22]. Mo-
lecular imaging can diagnose atherosclerosis at an
earlier stage, including in pre-symptomatic patients,
and may be another option for detecting vulnerable
plaques and predicting future adverse cardiovascular
events [23].

ASSESSMENT OF CORONARY
CALCIFICATION AND PROGNOSIS
OF RISK OF LONG-TERM ADVERSE
CARDIOVASCULAR EVENTS

Evaluation of coronary calcification is import-
ant for predicting the risk of long-term adverse car-
diovascular events in patients with various forms of
coronary atherosclerosis, including subclinical. Shaw
L.J. et al. (2015) using electron beam computed to-
mography, determined the coronary calcification in-
dex in 9715 patients of different sexes and ages with-
out the clinical manifestations of coronary artery
disease, followed up for 15 years. High coronary
calcification indices were associated with males, old
age, and diabetes mellitus dyslipidemia and smoking.
The authors noted that in patients with even a low
level of arterial calcium, the overall risk of mortal-
ity is almost 70% higher than in those who did not
have any calcium deposits, and in patients with the
largest calcium deposits, this risk is six times higher.
Researchers noted that the degree of calcification of
the coronary arteries predicts 15 year mortality in
asymptomatic patients [24].

Genereux P. et al. (2014) included in the study
about 7000 patients with acute coronary syndrome
who underwent coronary angiography. In 32% of
patients, severe and moderate calcification of the
infarction-associated artery was noted. It was these
patients who had recurrent adverse cardiovascular
events more often during the year after acute cor-
onary syndrome. The authors noted that moderate
/ severe calcification was more common in older
people, patients with hypertension and myocardial
infarction with ST-segment elevation. The authors
also noted gender differences; more pronounced cal-
cification was in men [25].

Blaha M.]. et al. (2016) studied more than three
thousand patients with an initial coronary calcifica-
tion coefficient> 0. Observation was conducted for
about 10 years. During this time, 368 cases of CHD
and 493 cases of CVD were identified. The authors
showed that taking into account the number of cal-
cified vessels together with the determination of the

overall calcification index can improve the prognosis
of adverse cardiovascular events [26].

Based on the results of the CARDIA study, which
included more than 5,000 young participants ob-
served over 30 years, in which coronary calcium
was measured 15, 20, and 25 years from the start of
the study, Carr J.J. et al. (2017) concluded that the
presence of coronary calcification among individuals
aged 32 to 46 years is associated with an increased
risk of fatal and non-fatal coronary artery disease
during 12.5 years of follow-up. The authors noted
that a coronary calcification coefficient of 100 or
more is associated with early death, and study par-
ticipants younger than 50 years old with any level of
coronary calcium, even with very low rates detected
by computed tomography, have an increased risk of
clinical coronary artery disease, CVD and death [27].

Lutai M.I. and Golikova I.P. (2017) studied 142
people with coronary artery disease or suspected
coronary artery disease. In order to detect coronary
calcification, all patients underwent MSCT; the di-
agnosis was verified by coronary angiography. The
authors also evaluated the degree of calcification of
the aorta. The authors concluded that calcification
of the coronary arteries and aorta significantly in-
creases with age, higher in the presence of diabetes
mellitus, arterial hypertension, and hypercholester-
olemia. Patients with a high coronary calcium index
were more likely to have had myocardial infarction
and had a family history of CHD aggravated than
patients with low calcium index [28].

The severity of calcification of the aorta and
coronary arteries is an independent predictor of
cardiovascular mortality. Hoffmann U. et al. (2016)
studied coronary artery calcium, thoracic and ab-
dominal aorta, mitral and aortic valve using com-
puted tomography of the heart in people without
cardiovascular disease at the time of observation.
The study included 3217 participants, the average
age of which was 50 years, half of which were wom-
en. Participants were observed for an average of
8 years. The authors evaluated the possibilities of
predicting coronary heart disease, CVD, and mor-
tality from all causes by the level of vascular calci-
fication and compared with the data obtained using
the Framingham scale. According to the authors,
calcification of the abdominal aorta and coronary
artery was most common, while calcification of the
thoracic aorta and valves was less common. Coro-
nary artery calcium was most strongly associated
with CHD, CVD, and all-cause mortality, regardless
of the risk factors of the Framingham scale. More-
over, with an increase in the initial level of calcium,
the risk of adverse events increased. The modified
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Agatston index 101 and higher indicated a signifi-
cant risk of developing coronary heart disease and
CVD. The degree of non-coronary calcification also
identifies individuals with a higher risk of developing
coronary heart disease and CVD, regardless of risk
factors [29].

Lehmann N. et al. (2018) studied risk factors and
performed CT at the beginning of the study and af-
ter five years in 3281 people, without cardiovascular
events at the beginning and within 5 years of obser-
vation. Severe coronary and cardiovascular events,
as well as general cardiovascular events, including
revascularization, were recorded after a second CT
scan for 10 years. The authors established a high
prognostic value of coronary calcium in relation to
coronary and cardiovascular events, as well as mor-
tality from all causes. A particularly pronounced
relationship was shown in patients with coronary
calcium levels in the first stage of the study> 400.
These patients had high rates of severe coronary and
severe / general cardiovascular events (10-year risk:
12.0%, 13.5%, and 30.9%, respectively). An increase
in coronary calcium> 400 at the second stage of the
study led to an almost twofold increase in the risk
of coronary and general cardiovascular events com-
pared with individuals whose level of this indicator
during repeated CT did not exceed 400. In patients
with zero calcium level at two stages of CT 10- sum-
mer risk was 1.4%, 2.0% and 2.8% [30].

Paixao A.R. et al. (2015) in their study evalu-
ated the effect of coronary artery calcification on
predicting the risk of coronary heart disease in a
younger population (44.4 = 9.0 years). The study
included 2084 patients without diabetes and cardio-
vascular disease. In a young multinational cohort,
according to the authors, adding the definition of
coronary calcium to a model consisting of tradition-
al risk factors for coronary heart disease significantly
improved discrimination and risk classification [31].

Criqui M.H. et al. (2017) having examined 6814
men and women who at the time of registration did
not have clinical manifestations of cardiovascular
diseases, concluded that the volume of calcification
of the coronary artery is positively and independent-
ly associated with the risk of coronary artery disease
and CVD, while the density of calcification for any
volume is inversely proportional and reliably asso-
ciated with the risk of coronary heart disease and
CVD [32]. Forbang N.I. et al. (2016) using computed
tomography in a multinational cohort of 997 par-
ticipants with an Agatston index> 0 determined the
volume and density of calcification of the abdominal
aorta and coronary arteries. The observation was
carried out for 9 years. They studied the association

of the volume and density of calcification with CHD,
CVD, and death from all causes. In models adjusted
for factors of cardiovascular disease, an increase in
the volume of calcification of the abdominal aorta
was associated with an increase in mortality from all
causes, and in coronary arteries, with coronary ar-
tery disease and CVD. Unlike previous researchers,
Forbang’s calcification density was not significantly
associated with CVD [33].

Puchner S.B. et al. (2018) investigated using com-
puted tomography of patients with and without
acute coronary syndrome. The authors noted that a
low level of local calcium indicates plaque instabili-
ty, while a high level of high density calcium may be
a marker of plaque stability, despite the fact that a
higher overall score of the coronary calcification in-
dex is a marker of increased cardiovascular risk [34].

In addition to the volume and density of calci-
um in the coronary arteries, data on the structural
characteristics of calcifications have predictive value.
Studies show that microcalcification is more com-
mon in unstable plaques, while stable plaques are
characterized by larger deposits [35, 36]. Kataoka Y.
et al. (2014) by studying OCT patients with stable
coronary artery disease who have clinical indications
for percutaneous coronary intervention showed that
spotted calcification indicates a greater vulnerability
of plaques [37]. Later Sakaguchi M. et al. (2016)
examined patients with acute coronary syndrome,
with and without rupture of a plaque. The authors
showed that more often spotted calcification tends
to be located near the site of plaque rupture, while
analysis of spotted calcification is an independent
prognostic factor for plaque rupture [2].

CONCLUSION

Assessing coronary calcium, in addition to tra-
ditional risk factors, provides valuable, long-term
prognostic information for assessing the risk of cor-
onary heart disease and cardiovascular disease of
atherosclerotic origin. In the future, the determina-
tion of calcium density indicators, regional and ex-
tra-coronary calcification, which are prognostic for
the risk of coronary heart disease and CVD, regard-
less of the Agatston indicator, can further improve
the risk assessment, which will allow the clinician
to prescribe preventive pharmacotherapy taking
into account the assessment of the 10-year risk of
coronary heart disease in their patients. Knowl-
edge of the morphological features of the plaque
can affect treatment strategies for the prevention
of acute coronary syndrome and may be useful in
understanding the pathophysiological mechanisms
of plaque rupture.
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ABSTRACT

Atrial fibrillation (AF) is the supraventricular form of tachyarrhythmia characterized by uncoordinated
atrial stimulation and manifested in the increased frequency of their contraction. The frequency of this
pathology directly correlates with the patients’ age and reaches 50% in an older age group. This fact
determines the need for search of any markers of individual AF risk, which may contribute to an increase
in the effectiveness of preventive actions. Among such markers, polymorphic variants of genes involved
in the pathogenesis of AF are the most promising markers. This review discusses the results of studying
the genetic markers of the AF development, as well as the possibility of their use as predictors of this
pathology.
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PE3IOME

Oubpurranusa npeacepanit (OIT) — HapKeAyAOUKOBasA (HOPMA TaXUAPUTMUM, XaPAKTEPUIYIONLIAACA HECKO-
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raer 50% B crapueli Bo3pacTHoit rpynne. Heo6xoanMocTs yBeandeHns 9 eKTMBHOCTH NPpOopuAaKTHIE-
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CKMX MepOonpuATHii 06yCAOBAMBAET NOUCK MapKepOB, NO3BOASIOWNX OLEHUBATh UHAUBUAYAABHBIE PUCKU
passutua 3aboareBannsa. Cpepu TakMX MapKepoB HamOOAee IEPCIEKTUBHBIMU ABASLIOTCA MHOAMMOpP(QHbIE
BapMAHTBI KAIOYEBbIX T€HOB, yyacTByoomux B nartoreresze ®II. B panHOM 0630pe 0GCYIKAEHBI PE3YABTATHI
M3y4YeHUA TEeHeTHIeCKMX MapKepOB Pa3BUTUA AAHHOM IATOAOTMM, a TaKKe BO3MOJKHOCTb VX MCIIOAB30Ba-
HuA B Kavectse npeankropos OIL.

KaroueBble cA0Ba: puOPUAAALMSA HPEACEPANIL, TEHETUIECKII TIOAUMOP(DU3M, CEPAEIHO-COCYAUCTbIE 3a60-
AeBaHNUA.

KOH(I)AMI(T UHTEPECOB. ABTOpr AEKAAPUPYIOT OTCYTCTBUE ABHBIX M IMOTEHUMAABHBIX I{OH(i)AI/II(TOB MHTEpE-
COB, CBA3AaHHBIX C Hy6AI/IK8.LU/IeI7I HaCTOHHIeIZ CTaTbu.

Ucrounnk dunancuposanus. PaGora BbIIOAHEHA IPU MOAAEPIKKE KOMIIAEKCHON IPOTPaMMbl (pyHAaMeH-
TaapHBIX HaydHbIX uccaeposammit CO PAH B pamrax ¢ynpamenrtassuoit temsr HMI KIICC3 Ne 0546-
2015-0012 «MyabTH(OKAABHBIN ATEPOCKAEPO3 U KOMOPOUAHbIE cocTosHMA. OCOGEHHOCT AMATHOCTUKY,
YIpaBAEHUSA PUCKAMY B YCAOBUAX KPYIHOTO IPOMBINIAEHHOTO pervona Cubupu».

Aas uuuposarns: [Tonacenko A.B., Cunnnkuit MLIO., Xyropuas M.B. MoaekyaspHO-TeHeTHYECKME Map-
Kepbl DUEPUAAATIY TIpeAcepAmit. Broazemeny cubupcrori meduyunve. 2020; 19 (1): 180—189. https://doi.

org: 10.20538/1682-0363-2020-1-180—-189.

INTRODUCTION

Atrial fibrillation (AF) is a subtype of supra-
ventricular tachyarrhythmia, characterized by
disorganized atrial activation with the atria’s
contractions occurring up to 350 times per min-
ute. It significantly weakens the heart’s pump
function [1]. The prevalence of AF in the general
population is constantly growing. It is estimated
to affect 33.5 million people globally [2]. The
relationship between AF and age has been well
described in the medical literature. AF occurs
in 0.5% of young adults aged less than 40 years
and increases up to 25% in adults aged 40 to 70
years. Among the elderly, its incidence increases
up to 50% [3-5]. AF is commonly considered as
a severe risk factor contributing to the develop-
ment of adverse cardiovascular events. Almost
12.5% of adverse events among elderly patients
are associated with the presence of AF [6-8].
Long-term survival of patients undergoing mitral
valve repair depends on the presence of concom-
itant AF that is commonly diagnosed in 40—60%
of patients with mitral valve insufficiency. Oda-
renko et al. have reported a 17-fold increased
risk of thromboembolism in patients with rheu-
matic mitral valve disease and concomitant AF
in comparison with sinus rhythm patients. AF
persisting after mitral valve repair was associat-
ed with atriomegaly and a long history of heart
rhythm disturbances [9].

Myocardial pathology or alterations in the
neurohumoral activation are generally consid-
ered as the main mechanisms contributing to the

pathogenesis of AF [10, 11]. AF is secondary to
arterial hypertension, coronary artery disease
(CAD), hypertrophic and dilated cardiomyopa-
thy, and congenital and acquired heart disease
in almost 70% of cases. But in some cases, its
etiology remains unknown and AF is considered
as idiopathic or primary [12] and commonly re-
ferred to as familial AF [13]. Moreover, the ge-
netic contribution should not be excluded from
the list of the factors leading to the onset of
secondary AF. The probability of its onset var-
ies even if the underlying diseases are of similar
severity.

There are two groups of risk factors contrib-
uting to the development of AF: traditional risk
factors (age, ischemia, diabetes mellitus, meta-
bolic syndrome, binge alcohol consumption, etc.)
and genetic risk factors (gene polymorphisms in-
volved in the pathogenesis of AF). Genetic risk
factors are currently on the rise as they may
provide novel insights into drug targets for ther-
apy and give clues how to improve the prog-
nosis. Over 30 genetic loci have been recently
determined that are involved in the pathogenesis
of AF [14]. Today, molecular genetic studies of
AF are focused either on identifying mutations
in the genes linked to the onset of AF or deter-
mining gene polymorphisms that indirectly affect
myocardial function (the renin-angiotensin-al-
dosterone system gene, inflammatory response,
etc.).

Thus, the identification of candidate genes as-
sociated with an increased risk of AF is the most
important direction of modern genetics. These

BionnereHb cmbupckor megnumHebl. 2020; 19 (1): 180-189 181



Ponasenko A.V., Sinitsky M.Y., Khutornaya M.V.

Molecular genetic markers of atrial fibrillation

studies are aimed at defining the triggers that are
responsible for the onset of various forms of AF,
and the factors relevant to the chronicity of this
pathology [5, 14].

MOLECULAR GENETIC MARKERS
ASSOCIATED WITH AN INCREASED RISK OF
AF

While the role of traditional risk factors in
the development of AF has been studied well,
the genetic contribution to its onset has recent-
ly received recognition worldwide. In 2004, Lu-
bitz et al. showed that the presence of AF in
parents increased the risk of AF developing in
their children by 40% [15]. Investigators from
Iceland found that the risk of AF reduced with
increased genetic distance between relatives [16].
In addition, the risk of developing AF in both
monozygotic twins was higher than in dizygot-
ic twins [17]. All these studies have confirmed
the significance of genetics in the development of
AF, giving the green light to molecular genetic
studies. Over 3,800 studies have been performed
examining the associations of genetic polymor-
phisms and phenotypic traits (genome-wide asso-
ciations studies, GWAS) by the end of December
2018 [18]. In 2007, investigators from Iceland
reported that two independent single nucleo-
tide polymorphisms (SNP) on chromosome 4q25
were associated with AF [19]. Other studies in
the independent samples from Caucasian [20],
Chinese [21] and African American [22] popu-
lations confirmed the role of this locus in the
development of AF. Since 2006, genome-wide
association studies (GWAS) allowed defining ad-
ditional 23 loci related to AF. What is more, the
role of most of them in the pathogenesis of AF
has been described for the first time [14, 23—-27].

ION CHANNEL GENES

GWAS have indicated that the development
of familial AF is caused by the KCN (KCNAS5,
KCND3, KCNE1, KCNE2, KCNH2, KCNJ2,
KCNJ5, KCNN2, KCNN3 and KCNQ1), SCN
(SCN5A and SCNI10AJ), J1A], G1, JAA, GJ,
G1, JA, G], and G (CAV1 and CAV2) gene mu-
tations [5, 14]. These genes encode proteins of
potassium and sodium channels, connexin and
calveolin that are involved in the membrane
transport. They play an important role in the
function of the myocardium. Mutations in these
genes have been shown to affect the function of
ion channels and the conformation of proteins,

which affects the state of the myocardium. In
2012, Danish researchers examined the relation-
ship of the KCNE1 gene mutation, encoding the
potassium channel beta subunit protein, with AF.
They bidirectionally sequenced the entire cod-
ing sequence of the KCNEI gene in 209 patients
with early-onset AF (aged under 40 years) and
in 216 healthy individuals. Patients with AF were
heterozygous carriers of the KCNEI c¢.74 G>
T and KCNEI ¢.179 G> A. In addition, func-
tional analysis of polymorphic variants showed
that mutations in ¢.74 G> T and c.179 G> A
were associated with an increase in the flow of
potassium ions across the membrane, thereby
confirming the role of this process in the patho-
genesis of AF [23].

In 2014, the coding regions of KCNEZ and
KCNE3 were bidirectionally sequenced in 192 pa-
tients with early-onset AF. Two missense
mutations, M23L (c.67A>T)and I57T (c.170T>C),
were identified in KCNEZ2. These mutations were
absent in the control group without AF. There
were no AF-specific mutations in KCNE3. Thus,
researchers reported two mutations in KCNE2,
encoding potassium channel B-subunit protein,
as possible genetic substrates for early-onset AF
[24].

Li et al. assessed the associations of
polymorphisms on KCNEI, KCNQ1, KCNH?2
gene with the risk of AF in Chinese population.
The study included 438 AF patients and 450
healthy subjects, ensuring high reliability of the
results. Among the nine SNPs, only three SNPs
were associated with an increased risk of AF.
Polymorphism of rs1805127*G allele in KCNE1
was significantly associated with the risk of AF
as compared to A allele (A/G vs. A/A, OR
1.56, p = 0.049; G/G vs. A/A, OR 1.59, p =
0.044; dominant G/G + A/G vs. A/A, OR 1.57,
p = 0.036) as well as rs2283228*C allele (A/C
vs. A/A, OR 1.62, p = 0.001; C/C vs. A/A, OR
1.73, p = 0.012; C/C + A/C vs. A/A, OR 1.64,
p < 0.001) and rs1057128*A allele on KCNQ1
(A/A vs. G/G, OR 1.92, p = 0.013; A/A + A/G
vs. G/G, OR 1.78, p <0.025). The polymorphism
of rs1805120*T allele on KCNH?Z2 was associated
with a lower risk of AF. Five other SNPs
(rs2237892, rs2237895, rs2237897, rs2070357
and rs2070356) showed no significant association
with the risk of AF (p > 0.05) [25].

The role of mutations in the KCNQI1 gene
has also been studied in vitro. In induced
atrial repolarization, the S140G mutation was
associated with an almost four-fold increase
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in positive repolarization currents and peak
potential during membrane repolarization,
compared with carriers of the major allele. In
induced ventricular repolarization, the peak
potential in mutant cells was three times higher
than that of carriers of the major alleles. In
general, the total peak potential was higher
compared to that in the experiments with atrial
repolarization, regardless of allelic carriage. The
change in potential, in turn, led to a shortening
of the QT interval, which in patients with AF
with the S140G mutation of the KCNQI gene
can be a predictive factor [26]. Similar results
were obtained using in silico modelling [27].

Several studies have shown the effects of
nonsense mutations in the KCNAS5 gene, encoding
the Kv1.5 transmembrane protein. This protein
forms sodium channels that are activated by
changing the membrane potential in the region
near the channel. This mutation leads to the
synthesis of a defective protein and is associated
with an increased risk of AF [19-30].

KCND3  gene encoding the Kv4,3
transmembrane protein is another well-studied
gene associated with AF. In 2000, German
researchers found that patients with AF showed
a 61% decrease in mRNA expression of the
gene compared with sinus rhythm patients (p
<0.001), despite similar expression of mRNA
of KCNA4 and KCNA5 genes in both groups
[31]. A similar trend has been reported by
Brundel et al. The expression of KCND3 and
KCNJ5 genes was 35% and 47% lower in patients
with chronic AF compared with those in the
control group. Significant differences in mRNA
expression were obtained only for the KCND3
gene among patients with paroxysmal AF.
Likely to the previous study, similar expression
of KCNA5 gene was observed in both groups.
Interestingly, the expression of KCNDJ3 and
KCN]J5 proteins was significantly reduced in
chronic and paroxysmal AF [32]. In 2013, the
role of KCND3 ¢.1633G>C [33] and g.112392360
G> T [34] in the development of early-onset AF
was described in 209 young adults with AF (aged
under 40 years).

Recently, Danish investigators have examined
14 genes encoding the proteins that make up the
ion channels. One substitution in GJA5, KCND3,
KCNE>5 genes, two substitutions in KCNEI,
KCNE2, SCN2B genes, three substitutions
in KCNA5, KCNQ1, SCN3B genes and eight
substitutions in SCN5A gene were associated
with early-onset AF [35].

ADRENERGIC RECEPTOR GENES

Adrenergic receptors are a class of recep-
tors that are localized on the outer cell mem-
brane. They are responsible for the recognition
and binding of epinephrine, norepinephrine and
synthetic analogues of catecholamines and me-
diating their physiological and pharmacological
effects. Adrenergic receptors are divided into
several classes based on their location and func-
tion: 1) alA are expressed in the bladder neck,
urethra and prostate; 2) a2 are expressed in
arterioles (their stimulation and narrowing leads
to an immediate increase in arterial blood pres-
sure); 3) a2 are expressed in neuromuscular syn-
apses; 4) Bl are expressed in the myocardium
and kidneys (their stimulation increases both the
heart rate and the strength of the heart muscle,
followed by an increase in conduction velocity of
the nerve impulse); 5) B2 are expressed in bron-
chioles and liver; and 6) B3 are expressed in ad-
ipose tissue. Based on their biological function,
the genes encoding B1- and a2B-adrenergic re-
ceptors (ADRB1 and ADRAZB, respectively) are
of the greatest interest to researchers examining
genetic predictors of AF.

The ADRBI gene is located on the long arm
of chromosome 10 (11q23-q25) and encodes a
protein consisting of 477 amino acid residues.
The available data on its role in the develop-
ment of AF are contradictory. In 2014, a large
prospective study in 947 adult Americans who
underwent cardiac surgery (coronary artery by-
pass grafting, heart valve replacement, congen-
ital heart surgery) was performed in the period
from 1999 to 2005. The associations of two ma-
jor SNPs, Arg389Gly (rs1801253) and Ser49Gly
(rs1801252) in the ADRBI gene with a risk of AF
in the postoperative period (14 days after the in-
dexed surgery) were examined. Atrial fibrillation
was recorded in 239 (25.2%) patients. Carriers
of the Gly389Gly genotype (rs1801253) showed
a two-fold increased risk of AF (OR 2.63, p =
0.008), compared with carriers of the Arg389Arg
genotype. Patients who did not receive B-blocker
therapy demonstrated further risk increase (OR
7.00, p = 0.005). Ser49Gly polymorphism was
not associated with the risk of developing AF
[36], as opposed to the results of the study in the
Russian population. The latter reported that the
heterozygous genotype of the rs1801252 (Ser-
49Gly) of the ADRBI gene was associated with
an increased risk of both primary and secondary
AF [37]. However, carriers of the Arg389Arg
genotype (rs1801253) of the ADRBI gene with a
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confirmed diagnosis of AF were less sensitive to
the therapy for heart rate control and required
higher dosages of drugs (atenolol, carvedilol,
metoprolol, diltiazem, verapamil) compared to
heterozygous carriers [38]. Importantly, a 40%
decrease in mortality was observed among pa-
tients with this genotype who received bucindo-
lol compared with carriers of the Gly allele [39].

The ADRAZB gene is located on the long
arm of chromosome 2 (2q11.2) and encodes the
a2B-adrenergic receptor. The relationship be-
tween the inheritance of certain genetic variants
of the ADRAZB gene and the risk of familial
AF was examined in the Russian population [100
probands with diagnosed AF and three siblings
(n = 144)]. Three types of genotypes were iden-
tified: homozygous I/I genotype, heterozygous
I/D genotype, and homozygous D/D genotype.
Homozygous I/ genotype prevailed among AF
patients compared with the control group (43.7%
vs. 25.2%, respectively, p = 0.034). Patients were
then subdivided into the primary AF group and
secondary AF group. Homozygous I/1 genotype
was commonly found in patients with primary
AF (42.2%) compared with the control group
(25.2%). However, there were no significant dif-
ferences found in the frequencies of genotypes in
AF patients and their relatives as well as healthy
volunteers. Researchers concluded that the I/I
genotype of the ADRAZB gene could be a risk
factor for primary AF [40].

GENES OF THE RENIN-ANGIOTENSIN
SYSTEM

The renin-angiotensin system (RAAS) is a
hormone system that regulates blood pressure
through the effects on vascular tone. The peptide
hormone angiotensin II plays the key role in
this process. Angiotensinogen is a precursor to
angiotensin II. Angiotensinogen is cleaved to
form an inactive angiotensin I peptide, followed
converted by the angiotensin-converting enzyme
(ACE) to the active angiotensin II. The RAAS
plays an important role in the pathogenesis
of AF [41]. Recent studies have identified the
contribution of the ACE, AGT, and AGTRI
genes to the genetic susceptibility to AF.

In 2004, Taiwanese researchers examined the
insertion/ deletion (I/D) polymorphismof the ACE
gene, 6 allelic variants of the AGT gene (T174M,
M235T, G-6A, A-20C, G-152A, G-217A), and
AGTR1 A1166C gene polymorphism in 250 AF
patients. The AGT gene haplotypes significantly
differed between the groups of patients with AF

and the control group (250 people). In addition,
reliable associations of multiple AGT gene
polymorphisms, M235T, G-6A, and G-217A,
with a risk of AF were reported [42]. Later,
these findings were confirmed by Topal et al,
Zhao et al. The T allele and the T/T genotype
of M235T polymorphism, the G allele and the
G/G genotype of G-6A polymorphism were
associated with an increased risk of AF [43,
44]. In 2008, the same research group recruited
1,236 patients to identify associations between
individual polymorphic variants of the studied
genes and the risk of AF. While none associations
were determined, the differences in haplotypes
between AF patients and healthy subjects were
confirmed. Moreover, intergenic interactions
were found between the I/D polymorphism of
the ACE gene, A1166C polymorphism of the
AGTRI gene, and AGT haplotypes [45].

Danish researchers examined the AGT gene
polymorphism (A-20C, G-6A, T174M and
M235T) and the I/D ACE gene polymorphism in
9,253 patients. Out of them, 968 patients suffered
from AF. They found that carriers of the A/C
and C/C genotypes of the AGT gene had a

igher risk of AF compared with carriers of the

A genotype (OR 1.1 and 1.5, respectively).
Moreover, the combination of the I/D and
D/D genotypes of the ACE gene synergized to
increase the overall risk of AF (OR 1.2 and 2.4,
respectively) [46].

In 2011, a meta-analysis examining the
I/D polymorphism of the ACE gene, covering
18 studies (a total of 7,577 AF patients) was
published. Researchers concluded that there
were no evidences to confirm the presence of
the relationship between this polymorphism
and the risk of AF. But they hypothesized that
the ACE gene and AF in patients with arterial
hypertension were linked [47]. Then, a number
of studies of the I/D polymorphism of the ACE
gene were performed. The results of most studies
confirmed previous data on the association of
the ACE gene I/D and D/D genotypes with an
increased risk of AF [43, 48, 49]. However, one
of the recent studies in the Russian population
has reported that carriage of the homozygous
D/D genotype may have a relatively protective
effect on the development of AF [50].

Feng et al. have recently showed the
associations of rs1492099 polymorphism in the
AGTRI1, gene encoding the angiotensinogen
receptor, (the frequency of the minor allele
in the patient group was 14.2% vs. 8.8% in
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the control group, OR 1.727) and rs6632677
polymorphism of the ACE2 gene (the frequency
of the minor allele was 16.3% in male patients
vs. 9.1% in healthy men, OR 1.954) with AF in
Chinese population [51].

NITRIC OXIDE SYNTHASE GENE

Various vasodilation factors that regulate
vascular tone can modulate contractile activity
of the myocardium, thus participating in the
pathogenesis of AF. These factors include nitric
oxide (NO), which prevents the tonic contraction
of blood vessels originated by endocrine, neuronal
or local sources followed by NO synthase
(NOS) formation. A decrease in the production
of NO synthase can cause oxidative stress and
provoke changes in the myocardial conduction
system, leading to the development of AF [52].
NO synthase is encoded by the eNOS gene
located on chromosome 7. Russian investigators
examined 100 probands and their three siblings
and compared the findings with those obtained
for 91 healthy subjects recruited in the control
group [53]. The homozygous G/G genotype
(G894T) prevailed in AF patients (58.5%)
compared with the control group (39.6%; p =
0.039). Patients with AF were further subdivided
into the groups with primary and secondary AF.
The homozygous G/G genotype was found only
in patients with primary AF compared with the
control group. Patients with secondary AF did
not report any statistically significant differences
in the frequencies of alleles and genotypes.
Thus, the G allele has been shown to serve as a
predisposing factor for atrial fibrillation.

The relationship of G894T, T786C, and 4b/a
in the eNOS gene and AF in patients with heart
failure was also studied. The G allele (G894T
polymorphism) was more common in the group
of patients with AF. Carriers of the G/G genotype
demonstrated almost a three-fold increased risk
of AF [54, 55]. Other polymorphic variants were
not associated with AF [54, 57]. Nevertheless,
recent evidences have suggested the protective
effects of T786C polymorphism on the risk of
AF [56].

G PROTEIN-COUPLED RECEPTOR GENES

G protein-coupled receptor kinases (GRKs)
are a family of protein kinases that phosphorylate
the intracellular domains of G-protein coupled
receptors (GPCRs) and regulate their activity.

Phosphorylation occurs after ligand receptor
binding and G-protein dissociation. In addition,
GRK kinases regulate the cellular response
independently of their kinase activity. The GRK>
gene is an important regulator of GPCR function
that maps on chromosome 10 at the region of
q24 (10g24). Recent studies have shown that the
polymorphism of this gene is associated with a
decrease in mortality among African Americans
with heart failure and coronary artery disease
[58].

In 2014, a study in 563 patients undergoing
coronary artery bypass grafting, of whom 111
patients developed postoperative AF, was per-
formed. A total of 492 SNPs in 10 genes were
analyzed. Four polymorphic variants of the
GRK5 gene were associated with an increased
risk of postoperative AF (rs3740563, OR = 2.75;
rs4752292, OR = 2.21; rs11198893, OR = 2.51;
rs10787959, OR = 1, 72). The meta-analysis
showed that the polymorphic variant rs3740563
played a key role in the formation of individual
sensitivity to AF. Thus, the genetic variation of
the GRK5 gene was associated with postopera-
tive AF in patients who underwent coronary ar-
tery bypass grafting, despite preoperative thera-
py with B-blockers [59].

A similar study was conducted in Chinese
population in 2015. The study included 1,348
patients. Nine SNPs were examined. Of them,
six SNPs were assessed in another group of 2,000
patients to validate the results. Only two variants
of the GRK5 gene (rs4752292 and rs11198893)
were associated with an increased risk of AF
(OR for the minor allele was 1.32 and 1.47,
respectively) [60].

CONCLUSION

Our review confirms the genetic contribution
of various systems in the pathogenesis of AF
(ion channels, adrenergic receptors, the renin-
angiotensin system, NO synthase, and GRK kinase
receptors) and formation of increased individual
risks of its onset. The available data have
indicated a fairly extensive panel of genes that
can serve as potential molecular genetic markers
of AF development, as well as stated the need to
study intergenic interactions between potential
candidate genes. The presented inconsistencies
on the association of some genes with AF as
well as interpretative variations depending on
the studied population have set the rationale for
further studies in different ethnic groups.
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Historical and modern aspects of surgical treatment of Ebstein’s anomaly
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ABSTRACT

Congenital heart defects (CHDs) are recognized as the most common type of congenital pathology. The
frequency of CHDs reaches 2.4-14.2 % per 1000 newborns. Ebstein’s anomaly is a rare and complex
pathology that can be manifested clinically at any age. Drug treatment is ineffective in patients with this
pathology. Preference in this case should be given to surgical treatment. Cardiac surgeons must know basic
methods of correction of this pathology, their advantages, and disadvantages. The literature review shows
the evolution of Ebstein’s anomaly surgical correction techniques from the middle of the XX century to
the present moment. The description of the main tricuspid valve repair techniques, which had an impact
on the development of Ebstein’s anomaly surgery, is given. The volume of flap tissue that can be separated
from the wall of the right ventricle is the key to successful valve repair. A case of tricuspid valve repair
and replacement is given. “Cone” reconstruction is the most promising modern technique. There is also a
need in new techniques and modification of the existing ones. The works aimed at their improvement and
elimination of imperfections are promising.

Key words: congenital heart defects, Ebstein’s anomaly, tricuspid valve replacement, tricuspid valve repair.
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2 Cubupcrui zocydapembennoui meduyurncxuii ynubepcumem (Cu6I'MY )

Poccus, 634050, 2. Tomex, Mockobexusi mpaxm, 2

PE3IOME

Ha ceropusmumii AeHp BposkAeHHble mopoku cepana (BIIC) 3aHmmaoT OAHO M3 BeAYIMX MECT CPEAX
Bceli BposkAeHHOI matororuu. Yacrora BIIC aocruraer 2,4-14,2% na 1000 HoBOpOsKAEHHBIX. AHOMAaAMSA
D6uwreiiHa — peAKas M CAOSKHAA ATOAOTHS, KAMHIYECKAsS KaPTUHA KOTOPOJ MOKET IPOABAATHCA B AI0GOM
Bo3pacTe. MeAMKaMEHTO3HOE AedYeHNe NMAMEeHTOB C 3TON maTtoaorueit Maroaddextusro. IIpeanourenne B
AQHHOM CAydYae CAEAyeT OTAATh XMPYPIMYeCKOMY AedeHnio. AAf KapAMOXMPypra BaKHO 3HATh OCHOBHbBIE
MeTOABI KOPPEKIM) ITOM MaTOAOTUH, UX NPEUMYIIeCTBa ¥ HEAOCTATKM.

B aureparypHOoM 0630pe HOKa3aHa 3BOAIOLMA METOAOB XMPYPIUYECKUX KOPpeKuuy aHoMaiuy DureitHa
¢ cepeannbl XX B. MO HACTOAWMI MOMEHT. AaHO OmMUCAHME XUPYPTUIECKON TEXHUKM OCHOBHBIX CIOCOOOB
NAACTURY TPUKYCIMAAABHOTO KAAMAHA, OKA3aBIIMX BAMSAHME Ha PA3BUTHE XUPYPIUU aHOMAAMM DOuITEHA.
KAI04eBbIM MOMEHTOM AASI YCIEUIHON MAACTMKM KAANAaHA CTAHOBUTCA OOBEM TKaHM CTBOPKM, KOTOPBIi
BO3MOJKHO OTAEAMTH OT CTEHKM IPABOTO >KeAyAO4YKa. [IpuBEAEH ONbBIT BBIIOAHEHMS IPOTE3UPOBAHUA U
[IA2CTUKY TPEXCTBOPYATOrO Kaanara. Hanboree MHOrooGemanomum METOAOM Ha CETOAHALIHNI A€Hb SBAf-
eTCs «KOHYCHasg» PeKOHCTPyKuuA. Takum o6pa3oM, CyuleCTBYeT HEOGXOAMMOCTb OMUCKA HOBBIX METOAOB
1 MoAM(DURALMM y3Ke MMeowuxcs. PaGorl, HanpaBAEHHbIE Ha MX YCOBEPIIEHCTBOBAaHME U YCTPAHEHME
HEAOCTATKOB, ABASIOTCA IEPCIEKTUBHBIMML.

KaroueBbie cA0Ba: BpOSKAEHHbIE IOPOKM CEPALA, aHOMaANA DOITeliHa, IPOTe3MPOBAHME TPUKYCIUAAABHOTO
KAallaHa, IAaCTMKa TPUKYCIMAAABHOTO KAalaHa.

KOH(IJAMKT MHTEPECOB. ABTOpI)I ACKAAPUPYIOT OTCYTCTBME ABHBIX ¥ MNOTEHIMAABHBIX KOHqDAI/IKTOB
VHTEPECOB, CBA3aHHBIX C Hy6AI/IKaHI/I€I7I HaCTOHIlIef/I CTaTbu.

Ucrounur ¢uHaHcMpoBanus. ABTOPHI 3aABASIOT 06 OTCYTCTBMM (DUHAHCUPOBAHMSA INPU IHPOBEAECHUM
MICCAGAOBaHMA.

Ans puruposanus: Tpomknues H.M., ITopokcenos A.IO., Csazos E.A., Erynos O.A., Kpusomekos E.B.,
Kuceaes B.O. Vicropuyeckue u COBpeMEHHbIE ACHEKTHI XUPYPIUYECKOTO A€YEHMSA aHOMAAMM DOLITENHA.
Broanemenv cubupcxoii meduyunw. 2020; 19 (1): 190-202. https://doi.org: 10.20538/1682-0363-2020-1-

190-202.

INTRODUCTION

Ebstein’s anomaly (EA) is a rare congenital
heart disease of the “blue” type, the incidence of
which is 5.2 cases per 100,000 newborns, which
is about 1% of all congenital heart defects [1-3].
Wilhelm Ebstein first described this pathology
in 1866 during an autopsy of a nineteen-year-
old patient, Josef Prescher, who died of chronic
heart failure. Working as a physician’s assistant
and a prosecutor, he published his article de-
scribing this clinical case [4]. In our country,
the first description of this pathology belongs
to A.A. Elashevich (1925). The term “Ebstein’s
anomaly” as a designation of a nosological unit
was first introduced into the literature in 1937
by Yater W. and Shapiro M., who described 16
clinical cases of this defect in their article [5].
According to various authors, the average life
expectancy in the natural course of the disease is
up to 50 years, with 80—87% of deaths occurring

at the age of 30—40 years. In recent years, the
interest of the surgical community specifically in
plastic surgery in EA has increased, so the pur-
pose of the literature review is to describe possi-
ble surgical approaches to correct this anomaly.
To date, there is no unequivocal opinion
regarding the etiology of the disease. Most re-
searchers are inclined to the multifactorial na-
ture of this disease. Embryonic development
of the tricuspid valve (TV) begins with the 5th
week of intrauterine development. It has been
established that precisely during this period dis-
ruption of the laying of the cardiac jelly between
the ventricular myocardium and the endocardi-
um occur, which leads to disruption of the de-
lamination process, that is, embryonic separa-
tion of the tissue of the cusp from the tissue of
the right ventricle (RV) [6].
EA is characterized by the following charac-
teristics (Fig. 1) [7].
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5

Fig. 1. Scheme ot the structure of the right ventricle
with Ebstein’s anomaly: 1 — right atrium; 2 — atrialized
part of the RV; 3 — the functional part of the RV; 4 —
anatomical ring of the TV; 5 —functional ring of the TV

The first characteristic is the fusion of the
cusps with the ventricular myocardium. As a
rule, the anterior cusp is delaminated more from
the ventricular wall, while the posterior and sep-
tal cusps are delaminated minimally. In the most
severe cases, the septal cusp is a ridge of connec-
tive tissue. The second is the anterior-apical dis-
placement of the functional ring of the TV (the
place of transition of the atrialized part of the
ventricle to the true right ventricle with normal
delamination of the cusps) towards the outflow
tract of the RV. The third characteristic is the
redundancy of the tissue of the anterior cusp
(sail-shaped cusp), its fenestration and limitation
of mobility between the valve cusp and the RV
due to chord connection. The fourth character-
istic is the presence of a thinned, dilated and
akinetic part of the RV (atrialized part), and the
number of myocardial fibers in this area is much
less than normal [8]. The fifth sign is the ex-
pansion of the true (anatomical) fibrous ring of
the TV. As the severity spectrum increases, the
fibrous transformation of the cusps from their
muscle precursors increases during embryo-
genesis [9, 10]. In EA, the structure of the RV
myocardium with a smaller number of myocyte
fibers was altered, the nuclei of myocytes were
displaced under the sarcolemma, and the Z-strips
of sarcomeres were broken, so this anomaly can
be considered a type of ventricular myopathy
[11].

The most common concomitant defect is an
atrial septal defect (42-60% of cases), while ven-
tricular septal defect, transposition of the great
vessels, and pulmonary stenosis are less common
[10]. Due to the underdevelopment of the true
fibrous ring, additional pathways function that
are clinically manifested by Wolf — Parkinson —
White syndrome in 7-30% of cases [12, 13].

In 1988, A. Carpentier [14, 15] (Fig. 2) pro-
posed the following classification of Ebstein’s
anomaly.

Fig. 2. Types of Ebstein’s anomaly [14]: type A — true RV
volume is satisfactory; type B — here is a large atrialized
component of the RV, and the anterior cusp of the TV
moves freely; type C — the anterior cusp of the TV is
limited in its movement and can cause obstruction in
the outflow tract of the RV; type D — almost complete
atrialization of the ventricle with the exception of a
small part of the outflow tract of the RV

In the Russian clinical guidelines, the extreme
form of AE is additionally highlighted — type
E: the fused anterior, posterior and septal valve
cusps together with the inflow section of the RV
form a “tricuspid sac”. The wall of the inflow
section of the RV is thinned. The communica-
tion between the “tricuspid sac” (atrium) and
the infundibulum (ventricle) is often formed by a
narrow hole in the region of the so-called ante-
rior-septal commissure.

The natural clinical course of this pathology
depends on the degree of TV dysplasia and func-
tion of the RV. Despite the extensive experience
in surgical treatment, indications for surgery
are not defined. To date, indications for surgi-
cal treatment are as follows: decreased exercise
tolerance; cyanosis; progressive dilatation of the
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right heart (cardiothoracic index over 60%); dys-
function of the right ventricle (ejection fraction
below 30%, displacement of the interventricular
septum towards the left ventricle); left ventric-
ular dysfunction (decrease in ejection fraction
below 50%, reduced end-diastolic volume); atrial
arrhythmias.

Relative contraindications for correction ac-
cording to J. Dearani et al. are [16]: age over
50; severe pulmonary hypertension; a significant
decrease in left ventricular function (ejection
fraction of less than 30%); a complete violation
of the delamination of the septal and posterior
cusps of the tricuspid valve, while the delamina-
tion of the anterior cusp is less than 50%.

But over the past few years, the approach to
indications for surgical treatment has fundamen-
tally changed. Since almost all patients require
surgical intervention for this pathology sooner
or later, the team of authors from the Mayo
Clinic, led by ]J. Dearani, proposes to perform the
operation as soon as the defect was diagnosed.
This concept is based on the fact that with age,
RV function deteriorates due to volume overload
and the likelihood of right ventricular heart fail-
ure in the early postoperative period increases.

Ebstein’s anomaly surgical correction options
include:

1. Two-ventricular correction (valve pros-
thetics (biological or mechanical prosthesis),
valve plastic).

2. One and a half ventricular correction (plas-
tic or prosthetic valve with bi-directional cava
pulmonary anastomosis).

3. One-ventricular correction (Starnes oper-
ation).

Until the middle of the last century, treat-
ment of patients with EA was extremely con-
servative. The results of drug therapy were not
significant; therefore, the main priority was for
surgical care. Currently, all operations are per-
formed on an open heart using a cardiopulmo-
nary bypass and cardiac arrest.

Most babies in the newborn period do not re-
quire surgery. However, in extreme forms of the
defect with severe clinical manifestations such as
shortness of breath, cyanosis, and tachycardia
and in the absence of the effect of prostaglan-
din E, therapy, surgical intervention is necessary.
Right ventricular failure is also increased by the
increased pulmonary vascular resistance, which
persists in the first few weeks of life. To assess
the survival of such patients in 1992, the GOSE
scale (Great Ormond Street Echo) was devel-

oped [17]. The GOSE index is equal to the ratio
of the sum of the sizes of the right atrium and
the atrialized part to the sum of the left atrium,
left ventricle and the functional part of the RV
(the dimensions of the heart chambers are deter-
mined in the four-chamber position). Depending
on the number of points, the risk of death in the
natural course of the defect is determined.

Table 1
GOSE SCORE
Parameter SCORE, in points Mortality, %
GOSE I <0.5 0
GOSE II 0.5-0.99 10
GOSE III 1-1.49 44
GOSE 1V >1.5 100

If the anatomy of the cusps and ventricle is
not suitable for performing two-ventricular cor-
rection, one-ventricular correction is performed
(Fig. 3). This technique was first introduced
by V.A. Starnes in 1991, 27 patients with the
Starnes procedure in 1989-2015 were operated
on at Children’s Hospital Los Angeles.

Fig. 3. Starnes operation. Image modified from [18]:
1 — dissected interatrial septum; 2 — fenestration PTFE
patch 4 mm; 3 — PTFE patch; 4 — coronary sinus

An exception is made from the bloodstream
of the RV by fixing a polytetrafluoroethylene
patch with a fenestration of 4 mm to the true
fibrous ring. In this case, the coronary sinus re-
mained on the side of the right atrium. An atrial
septum was additionally excised to form a single
atrium. [18] Pulmonary blood flow was provid-
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ed by a modified Blok — Taussig shunt. At the
next stage of hemodynamic correction at the
age of 3—6 months, a bi-directional cava-pulmo-
nary anastomosis is performed; at 2—4 years old,
total cava-pulmonary connection is performed.
In newborns with an extreme form of Ebstein’s
anomally, the right ventricle is dilated and is not
able to function adequately to maintain cardiac
output; therefore, it is necessary to exclude the
RV from the bloodstream [19, 20].

The surgeon is most interested in two-ven-
tricular correction by means of plastic surgery
or valve prosthetics. The first prosthetics of TV
in EA was performed by C. Barnard in South
Africa (Cape Town) in 1963. Then the procedure
was modified by cardiac surgeons D. Ross and
J. Somerville, who used an aortic homograft in
1970 to avoid the need for anticoagulants [21].
In 1988, N. Kumar and B. Dubey used pulmonary
homograft for implantation in the tricuspid posi-
tion. In the USSR, a successful valve replacement
was performed by G.M. Soloviev in 1964 [22].

Valve prosthetics are possible using a bio-
logical or mechanical prosthesis [23]. A charac-
teristic of prosthetics is that the valve is locat-
ed above the true fibrous ring of the TV. The
tissue of the cusps, causing obstruction of the
outflow tract of the RV, must be excised, and
the true fibrous ring is narrowed to the size of
the prosthesis. The atrialized part of the RV is
also reduced. On the posterolateral wall, the tis-
sue is usually thinned, so the suture line should
be closer to the atrium to avoid damage to the
right coronary artery. To avoid damage to the
atrioventricular node, the suture line is located
above the coronary sinus, thus, the drainage of
venous blood will be carried out in the RV.

Among the methods of surgical treatment, valve
replacement for this pathology has significant
disadvantages compared with reconstructive
surgery. According to M. Brown et al., the long-
term results of 378 TV prosthetics operations are:
6% mortality in the early postoperative period and
17% in the first ten years after. The frequency of
prosthetics was 41% over the next 20 years [24].

In 2007, H. Bartlett et al. in their study, they
described the results of TV prosthetics in 97 pa-
tients whose average age was (2.9 = 1.7) years.
44 children received a mechanical prosthesis and
53 received a biological prosthesis. As a result,
26 (27%) patients died in the early postoperative
period. Among the complications in the early
postoperative period, complete atrioventricular
blockade was observed in 13 patients, which re-

quired the implantation of a pacemaker. In the
group with a mechanical prosthesis, the frequen-
cy of obstruction was higher than in the group
with a biological prosthesis (23 versus 6%). Valve
thrombosis in the early postoperative period was
observed in five patients. All these patients re-
ceived a mechanical prosthesis.

TV prosthetics is associated with high mor-
tality, especially in children under 1 year of age
[25]. A significant disadvantage of prosthetics
with biological valves in children is calcification,
especially during the period of active growth and
increase in the level of hormones in the blood.
The need for continuous use of anticoagulants in
case of implantation of a mechanical prosthesis
gives serious complications and deterioration in
the quality of life of young patients [26]. In addi-
tion, with the growth of the child, a discrepancy
between the size of the prosthesis and the size of
the chambers of the heart occurs, which again
requires re-prosthetics with implantation of a
larger prosthesis; the use of prostheses in new-
borns is impossible. According to Russian data of
Yu.N. Gorbatyh et al., the need for prosthetics
in a 10-year period reaches 45—60% [27].

TV prosthetics is justified only in cases of in-
efficiency or inability to perform plastic surgery;
therefore, there was a great need for new valve
plastic methods.

K. Hardy can be considered a pioneer in valve
reconstruction with EA, who in 1964 first put
forward the concept of reconstructing the valve
from its own reduced tissue of the cusps, and
also proposed to exclude the atrialized part of
the ventricle [28]. In our country, the first at-
tempt to perform valve plastic surgery was made
by E.N. Meshalkin, using a strip of Ayvalon to
restore the posterior and septal cusps, but the
result was unsatisfactory, and only in 1978 L.K.
Okhotkin reconstructed the valve. In 1979, based
on the concept of K. Hardy, a team of surgeons
from the Mayo Clinic (USA) under the direction
of Professor G. Danielson developed the most
advanced technique for that time.

The original method consisted of vertical pli-
cation of the atrialized part of the RV, “pulling”
of the functional fibrous ring to the true fibrous
ring using U-shaped sutures on pads, and narrow-
ing of the fibrous ring along the anteroposterior
commissure (Fig. 4). This technique is applicable
provided there is sufficient mobility of the ante-
rior tricuspid valve cusp (leaflet). As a result, a
single-leaflet valve is formed [29]. M. Brown et al.
applied the G. Danielson method in 182 patients.
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Fig. 4. Surgical correction according to the method of
G. Danielson (a—d). Image modified from [29]

Mortality in the early postoperative period was
5%, over the course of 10 years — 12%. Over the
next 20-year observation period, the number of
reoperations with this method is 36%. This op-
eration for a long time had no analogues for the
correction of different types of EA.

The following technique was developed by the
German surgeon F. Sebening. The essence of this
method is to move the papillary muscle of the
anterior cusp of the TV closer to the interven-
tricular septum towards the true tricuspid ring
(Fig. 5). The ultimate goal of this method is to
create a single-leaflet valve. In this case, the an-
terior cusp, which is usually mobile, approaches
the edge of the true fibrous ring [30].

This method can be combined with other
methods of creating a competent TV, and it can
be used as an independent method [31].

Takeushi Komoda (2007) used a combina-
tion of F. Sebening stitch and Hetzer techniques
(see below). The study included 28 patients. In
a group of 11 people, a combination of methods
was used. Postoperative observation was car-
ried out for 32 months. As a result, there was
no postoperative mortality in the group with a
combination of methods, and there were also no
reoperations [32, 33].

The techniques of G. Danielson and F. Sebe-
ning stitch were similar and consisted of creat-
ing a valve by plicating the cusp tissue from the
ventricle. They had positive aspects, but led to
deformation in the area of the interventricu-
lar groove, which could lead to compression of

Fig. 5. Surgical correction according to the method F.
Sebening stitch. Image modified from [31]: 1 — anterior
cusp; 2 — plication of the posterior cusp

the right coronary artery and its branches. This
method is not widespread, since it was applicable
only in patients with types A and B, when the
tissue of the posterior and septal cusps is suffi-
ciently mobile, and the anterior cusp should be
of sufficient area and not limited in the move-
ment of the chords.

In 1988, the French heart surgeon A. Car-
pentier for the first time drew attention to the
possibility of creating a valve using its own hy-
poplastic cusp tissue. In his innovative technique
(Fig. 6), he first described the delamination of
the anterior and posterior cusps of the TV by
dissecting fibrosed chords from the walls of the
myocardium, starting from the highest point
(functional ring).

Dissection of fibrosed chords gives mobility to
cusp tissue for subsequent distribution over the
entire surface of the true fibrous ring. Howev-
er, chords attached to the papillary muscle must
remain intact in order to avoid cusp prolapse.
Then, the atrialized part is plicated along the
posterior wall of the RV and narrowing of the
true fibrous ring of the valve. Previously delam-
inated cusps are sutured onto a true fibrous ring
with a clockwise rotation. Thus, a bicuspid valve
is created at the level of the true fibrous ring.
In adult patients, the fibrous ring is additionally
fixed with a stented support ring. S. Chauvaud
et al. reported 9% mortality in the early post-
operative period and 13% mortality during the
10-year period. The number of reoperations was
11% over the next 20 years [14].

BronnereHb cmbrpckoi meguumHbl. 2020; 19 (1): 190-202 195



Troshkinev N.M., Podoksenov A.Yu., Svyazov E.A. et al.

Historical and modern aspects of surgical treatment of Ebstein’s anomaly

The next intervention option was the tech-
nique of the German cardiac surgeon R. Hetzer,
developed in 1998. The author describes various
options for plastic surgery in his works, but the
key point of his technique is suture plication
of the TV. In this case, the posterior part of
the TV is stitched with the septal part. In some
cases, R. Hetzer suggested creating a valve of
the double orifice type (Fig. 7). In this case,
the cusp tissues are not mobilized to create a
valve, and the atrialized part is not plicated;
failure on the valve is reduced by reducing the
surface area of the true fibrous ring [34]. The
treatment results were published in 2015: mor-
tality was 2.4% in the early postoperative pe-
riod and 8.7% during the 10-year period. The
number of reoperations left 7.1% over the next
20-year follow-up period [35]. In his works, R.
Hetzer described various options for narrowing
the fibrous ring, but the method of stitching the
anterior and posterior parts of the fibrous ring
is taken as a basis.

In 2000, the C.J. Knott-Craig method was
published, which is used in the neonatal peri-
od by performing two-ventricular correction.
C.J. Knott-Craig et al. performed surgical

Fig. 7. Surgical technique of the double orifice (a—b).
Image modified from [34]

treatment at an Oklahoma hospital on 27 chil-
dren with EA, 22 of whom were newborns. The
first step is the delamination of the front edge
of the anterior valve cusp to ensure its mobil-
ity. Then, a suture is performed through the
dominant papillary muscle of the anterior cusp
with the bringing of the latter to the interven-
tricular septum on the opposite side. To suture
the enlarged fibrous ring, sutures are placed on
the anteroposterior commissure of the valve or
through the medial wall of the coronary sinus.
This maneuver provides pulling the papillary
muscle of the anterior cusp to the opposite
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wall of the ventricle, and also gives greater
freedom of the anterior cusp and increases its
coaptation.

In the original method, a resection of the wall
of the right atrium in the form of an ellipse is
performed. When performing it in the lower cor-
ner of the incision, one should be careful not
to damage the right coronary artery, since in
newborns the border of the atrialized part of the
ventricle and the right atrium is quite difficult to

a

distinguish. Then, the atrialized part of the RV
is sutured. The technique of TV plastic is simi-
lar to the technique of G. Danielson, the result
of which should be the creation of a single-leaf
valve. A prerequisite for this is the mobility of
the anterior valve cusp [36].

If the anterior cusp has multiple chordal
adhesions, then with an insufficient cusp length,
it is possible to increase its surface using an au-
topericardial patch [37].

Fig. 8. Surgical correction according to C.J. Knott-Craig (4—c). Image modified from [36]

Atrial septal defect closure is usually performed
with a defect of 4 mm left. In the neonatal period,
the shunt has a discharge function for right-left
discharge with right ventricular heart failure and
increased pulmonary vascular resistance, which
remains in newborns for the first few weeks of life.

In 2001, the arsenal of surgical interventions
was supplemented by the technique of the
Chinese cardiac surgeon Q. Wu. This technique
was aimed at improving valve function due to

the tissue of the posterior cusp. Q. Wu describes
the technique as follows (Fig. 9): the posterior
and septal cusps from the RV walls are mobi-
lized, the cusps are stitched and attached to the
level of the true fibrous ring, creating a bicuspid
valve. In some cases, plastic on the septal cusp
with an autopericardial patch was performed. In
this technique, instead of plicating the atrialized
part, a resection of the right ventricular triangu-
lar flap is performed [38, 39].

Fig. 9. Surgical correction according to the Wu method. Image modified from [38]: a — initial view of the valve (the
delamination boundary is indicated by a dashed line); & is the final view of the valve; ¢ — suturing of the atrialized part;
I — autopericardial patch

According to the results of Dr. Q. Wu et al,,
the early and long-term postoperative period in
34 patients proceeded without complications.
TV insufficiency was insignificant [40]. The use

of this method has significant limitations, since
in extreme forms the tissue of the septal and
posterior cusps is practically absent. With re-
section of the atrialized part and suturing with a
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twisted suture, the risk of postoperative bleeding
and damage to the right coronary artery and its
branches increases.

The most progressive method today is con-
sidered to be a “cone” reconstruction of the TV.
This method was first proposed by the Brazilian
cardiac surgeon J. da Silva in 1989. The basis for
this reconstruction was the technique of A. Car-
pentier [41]. To date, the greatest experience in
conducting “cone” reconstruction has been ac-
cumulated in the Mayo Clinic (Rochester, USA).

Surgical technique (Fig. 10) is as follows. Ac-
cess to the TV is through the right atriotomy
after connecting the heart-lung machine. Sepa-

ration of the anterior cusp begins at 12.00 with
the relative application of the clock-face to the
TV, retreating from the fibrous ring a few milli-
meters. The incision continues clockwise towards
the rear valve cusp. Fibrous and muscle adhe-
sions between the anterior valve cusp and the
right ventricle are dissected, releasing it. This is
the most important surgical technique in the op-
eration, since the maximum amount of tissue of
the anterior cusp for subsequent plastic depends
on its result. In some cases, longitudinal cuts are
made 1/3—1/4 of the length from the edge of the
anterior cusp, forming so-called neochords for
better valve capacity in diastole.

Fig. 10. Cone reconstruction of the tricuspid valve. Image modified from [42]: 4 — view of the valve before reconstruction;
b — delamination of the anterior and posterior cusps; ¢ — stitching of the valve cusps; 4 — final view of the valve in the
form of a cone [41]

This technique is used when it is not possible
to separate the edges of the cusp. After separa-
tion of the anterior cusp, the posterior and sep-
tal cusps follow, if possible. Upon completion of
the process of delamination of the cusps, longi-
tudinal plication of the atrialized part of the RV
is performed with narrowing of the fibrous ring
of the right atrioventricular valve. After plica-
tion, the mobilized tissue of the cusps is sutured
together, forming a single cusp, which is distrib-
uted 360° around the circumference and is fixed
to the true fibrous ring.

The cone reconstruction described by J. da
Silva and colleagues differs from previous val-
vuloplasty methods in that it is closest to the
“anatomical correction”. The final result of the
“cone” reconstruction includes a 360° distribu-
tion of TV tissue at the level of the true fibrous
ring. This allows the TV cusps to close in the
same way as in a normal valve. In addition, the
reconstructed TV is attached to the true fibrous
ring, so that the valve attachment point is now
in its normal anatomical position. The thinned
atrialized part of the RV is plicated, thus elimi-
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nating the dyskinetic part of the RV. “Cone” re-
construction restores valve anatomy better than
any method described above, and can be applied
to a wide variety of valve anatomical variations
encountered with Ebstein’s anomaly [42].

The results of Dr. J. da Silva et al. described
52 patients operated on by this method. Early
postoperative mortality was 3.8%, over the next
7 years — 14%, over the observation period -
only 4 reoperations. C. Pizarro et al. reported
about the implementation of the “cone” recon-
struction on two children in the neonatal period,
and one child was operated on before the age
of 1 year. There was no postoperative mortali-
ty, and observation during the 1st year showed
a positive trend according to echocardiography
and chest x-ray. All patients retained functional
capacity of the I class and TV deficiency under
the 1st degree [43].

The article by K. Holst and J. Dearani (2018)
presents the results of the treatment of 235 pa-
tients with “cone” reconstruction and a sub-
sequent ten-year follow-up period. The study
included 134 children and 101 patients over 18
years of age. In the early postoperative period
there was one death (0.4%), the number of re-
operations was 14 cases (3.9%). Long-term valve
insufficiency was within the 1st — 2nd degree,
statistically significantly decreased RV dysfunc-
tion and decreased apical diastolic RV area [44].

M. Ibrahim et al. on the example of 23 cas-
es of “cone” reconstruction, they showed a de-
crease in insufficiency on TV and an increase
in the end-diastolic volume of the left ventricle
[45]. R. Lange et al. using echocardiography and
magnetic resonance imaging showed an increase
in stroke volume and a decrease in the size of the
RV 6 months after this treatment method [46].

In Russia, this technique is actively used in
cardiac surgery clinics in Tomsk [47], St. Peters-
burg [48], and Samara [49]. In the Cardiology
Research Institute of Tomsk, “cone” reconstruc-
tion has been used since 2011; during this period
more than 40 cases of its implementation have
been accumulated.

With reduced RV function and inability to
adequately provide pulmonary blood flow, a bi-
directional cavopulmonary anastomosis is indi-
cated. The method is performed as follows: the
superior vena cava is cut off from the right atri-
um 0.5-1 cm above its entry (to exclude damage
to the sinus node), the right atrium is sutured.
The right pulmonary artery is dissected along,
strictly above the superior vena cava, and su-

tured to the superior vena cava [50, 51]. The
functions of the anastomosis of the superior vena
cava and the right pulmonary artery are as fol-
lows: reduction in preload on the right ventricle
(in childhood by about 1/2 venous return and
1/3 in adulthood); increased preload on the left
ventricle.

Fig. 11. Bidirectional cavopulmonary anastomosis in

combination with the “cone” reconstruction of the

tricuspid valve: 1 — superior vena cava; 2 — bidirectional

cavapulmonary anastomosis; 3 — cone reconstruction of
the tricuspid valve; 4 — inferior vena cava

CONCLUSION

Surgical treatment of Ebstein’s anomaly has
been a problem for more than half a century.
After C. Bernard replaced TV with a prosthe-
sis for the first time, many different TV tech-
niques were developed. The first attempts at
valve plastic surgery were made by S. Hunter
and W. Lillehei in 1957. Valve prosthetics can be
called a “desperate operation” when the surgeon
is unable to construct a new valve from its own
tissues. There are works on the use of own au-
topericardial tissue and the use of bone marrow
cells - the precursors of CD133" endotheliocytes
in the treatment of EA. In Russia, this technique
is being developed at the A.N. Bakulev Nation-
al Medical Research Center of Cardiovascular

Surgery under the supervision of Academician
L.A. Bokeriya [52].
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The accumulation of experience and the im-
provement of surgical techniques have led to sig-
nificant progress in the treatment of this heart
disease. To date, according to world literature,
the method of choosing the surgical treatment
of EA is a “cone” reconstruction, which shows
good results both in the near and in the distant
postoperative period. However, debatable ques-
tions remain about the appropriate anatomy of
the defect, the limiting possibilities of mobiliz-
ing cusp tissue for correction, and indications
for performing a bidirectional cavopulmonary
anastomosis. The ability to perform a “cone” re-
construction or other type of valve repair for
Ebstein’s anomaly also depends on the anatomy
of the valve and subvalvular apparatus.

The most important feature for performing
valve plastic surgery is the free, non-adhered
edge of the anterior valve cusp, from which the
largest volume of tissue is obtained. Reconstruc-
tion of the valve is difficult if the anterior cusp
is strongly displaced to the apex of the RV, and
there are extensive fibrous adhesions of the valve
cusp with the adjacent myocardium. In his work,
J- Stulak et al. indicate that the necessary condi-
tions for successful correction are: delamination
of the anterior cusp of more than 50% of its
area; the presence of long chords and papillary
muscle, which does not cause obstruction of the
outflow tract of the right ventricle. The more
tissue can be obtained by separating the cusp
from the myocardium, the smaller the gradient
and insufficiency on the valve can be expected
in the end.

Thus, the “cone” reconstruction is considered
the most “anatomical” of all existing (today)
types of correction, and can be performed for
a wide range of anatomical variants of Ebstein’s
anomaly in both childhood and adulthood.
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Takotsubo syndrome after mitral valve replacement and defibrillation
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ABSTRACT

The article describes the case of Takotsubo syndrome, which arose in a 71-year-old female patient after
a mitral heart valve replacement , performed due to its severe (3rd degree) insufficiency of non-rheumatic
genesis. This pathology is quite rare. Questions of its etiology and pathogenesis remain controversial.
A special feature of this case is the development of reversible left ventricular dysfunction in the early
postoperative period after mitral valve replacement. The reduction of the left ventricular ejection fraction
to 25% with hyperkinesia of its basal parts with subsequent recovery of the ejection fraction to 56%
3 weeks after the onset of the disease was observed. There were also electrocardiographic changes
simulating acute circular myocardial infarction with the absence of hemodynamically significant lesions of
the coronary arteries. The patient had risk factors for this syndrome (age, female gender, stress situation,
surgical intervention, administration of dobutamine and fluoroquinolones). For the reasons given above,
the presence of Takotsubo syndrome was suspected. This case demonstrates the possibility of developing
takotsubo syndrome after cardiosurgical interventions and defibrillation.

Key words: takotsubo cardiomyopathy; valvular heart disease; ventricular fibrillation; mitral valve
replacement; cardiac surgery; defibrillation.
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PE3IOME

B cratbe mpeacTaBaeH caydait CHHAPOMA Takouy6o0, pe3BuBLIErOCH ¥ 71-AeTHeN MayMeHTKH IOCAE IPOTe-
3UPOBAHNUA MUTPAABHOTO KAALlaHA CEPALla, BBIIOAHEHHOTO B CBA3M C €r0 BbIPasKeHHOM (3-1 cTemeHb) HepAO-
CTaTOYHOCTBIO HEPEBMATUYECKOTO TeHe3a. AaHHAd HO30A0THA ABAAETCA PEAKO BCTpedanomerica. B antepa-
Type UMEIOTCS eAMHNYHbIE PA3PO3HEHHbIE COOOIEHNT O CUHAPOME TaKOLy(0 MOCAE KaPAMOXUPY PrUYeCcKIX
BMEIIATEABCTB ¥ 3AEKTPOMMIYABCHOM Tepamuu. BOmpochl 3TMOAOIMM M [ATOTEHE3a OCTAKTCA
AuckyTabeabHbiMy. OCOGEHHOCTBIO AAHHOTO CAydYas SABALETCHA PasBUTME OOPATUMOIN AUCKHYHKIUYM AEBOTO
SKEAYAOUYKA B PaHHEM IOCAEOIEPALMOHHOM IEPUOAE IOCAE NMPOTE3UPOBAHUA MUTPAABHOTO KAdNaHa —
cHysKeHne ppakuuy BI6POCA AEBOTO SKEAYAOUKA AO 25% c rumepkuHesuert ero 6a3aAbHBIX OTAEAOB C ee
IOCAEAYIOLMM BOCCTAHOBAEHMEM AO J6% depes 3 Hep mocae perora 3a6oreanusa. Takske MMeAr MeCTO
AAEKTPOKAPAMOTPADUIECKIE U3MEHEHNs, VMUTUPYIOME OCTPbIA LMPKYAAPHBIA MH(PAPKT MUOKAPAA,
IPU OTCYTCTBMYM T€MOAMHAMMYECKM 3HAYMMBIX NOPA’KEHMH KOPOHAPHBIX apTepuit. Y NalMeHTK ObIAM
BBLABAEHBI (DAKTOPBI PUCKA PAa3BUTUA AQHHOTO CHMHAPOMA (BO3PACT, JKEHCKUII IOA, CTPECCOBAA CUTYAI,
XUPYPIUYECKOE BMEIATEABCTBO, AePUOPUAAALMS, NpUMeHeHMe A0OyTammHa ¥  (PTOPXMHOAOHOB).
Ha ocHOBaHMM NepEYMCAEHHOTO GBIAO 3aNOAO3PEHO HAaAMYMEe CUHApOMA Takouy6o. AaHHbIL CAydal
AEMOHCTPUPYET BO3MOKHOCTb Pa3BUTIA CUHAPOMA TaKOLYGO0 IOCAE KaPAMOXUPYPIUIECKIUX BMELIATEABCTB
u AepuOPUAAALIY.

KaroueBble cAOBa: KapAMOMMONATHA Takony6o, NpPUMOOPETEHHble NOPOKU CepAna, (GuOpUAAALUL
SKEAYAOUKOB, IPOTE3NPOBAHNE KAATIAHA CEPALA, KAPAMOXUPYPIUs, AeUOPUAAALIL.

Koupankr wunTEpeCcOoB. ABTOPBI AEKAAPUPYIOT OTCYTCTBME SBHBIX ¥ IOTEHIMAABHBIX KOH(AUKTOB
MHTEPECOB, CBA3aHHBIX C MIyOAMKALyeN HACTOSIMLIEN CTAThH.

Hcrounyk dunancupoBarus. ABTOPbI 3asABAAIOT 06 OTCYTCTBUM (PUHAHCUPOBAHMA.

Ars puruposamms: 3axapesan E.A., T'puropees ILE., Illaros A.B. Cunapom Takomy60 mocie mpoTesmpo-
BaHMS MUTPAABHOTO KAamaHa (KAMHMYECKUMI CAyd4ail). Broazemenv cubupcxou meduyunve. 2020; 19 (1):
203-207. https://doi.org: 10.20538/1682-0363-2020-1-203—207.

Takotsubo syndrome after mitral valve replacement and defibrillation

INTRODUCTION

Takotsubo syndrome (TTS), also known as
Takotsubo cardiomyopathy, stress cardiomy-
opathy or broken heart syndrome, is a benign,
reversible abnormality, characterized with a fu-
gitive systolic ventricular dysfunction. Its clin-
ical evidence is myocardial infarction with the
absence of coronary arteries stenosis [1, 2]. The
etiology of ST has not been fully studied, but
scientists acknowledge its connection with ex-
cess catecholamines from physical or emotional
stress. There exist several theories concerning
TTS etiology: coronary artery spasm, left ven-
tricular outflow tract obstruction,

increase in catecholamine levels, disorder in
calcium regulatory system, oxidative stress and
increase in production of transforming growth
factor beta [3].

Despite numerous descriptions of TTS in sci-
entific literature, there exist only isolated cases
of this disorder in patients after cardiosurgical
interventions. Such cases are only represented in
foreign sources [4-8].

We present a case of TTS diagnosed in a pa-
tient after mitral valve replacement and defibril-
lation.

CASE REPORT

Female patient aged 71 was admitted to the
cardiac surgery department for elective surgery.
Patient had a diagnosis of non-rheumatic mul-
tiple valve disease: mitral valve prolapse, mitral
valve insufficiency, aortic insufficiency, tricuspid
insufficiency, permanent atrial fibrillation with
normal sinus rhythm, heart failure with pre-
served ejection fraction, ITA, class IV.

Echocardiography was performed during the
preoperative stage with the following results: left
atrium — 6.2 cm; left ventricle end-diastolic size —
4.9 cm; left ventricle end-systolic size — 2.9 cmy;
left ventricle posterior wall — 1.1 cm; ventricular
septum — 1,1 cm; ejection fraction (EJ) — 71%;
right ventricle — 2.3 cm. The test also showed
mitral valve’s leaflets thickened into the left atri-
um (anterior mitral leaflet — >1.0 cm, posterior
mitral leaflet — >0.9 cm) with significant mitral
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Case from clinical practice

valve regurgitation (peak mitral flow velocity —
470 cm per second, vena contracta diameter —
0.8 cm). An angiography of coronary arteries did

not reveal any significant lesions. Preoperative
electrocardiogram (ECG) shows atrial fibrilla-
tion with high systolic blood pressure (Fig. 1)

Fig. 1. Patient’s preoperative ECG: scanning speed 25 mm/sec; voltage 1 MB = 10 mm; heart rate 60—75 bpm;
QTc 520 ms

The mitral valve replacement through medi-
an sternotomy with “Medtronic” HancockIIT510
trileaflet bioprosthesis, CinchSZ — 31 mm; re-
duction annuloplasty of tricuspid valve and left
atrial appendage closure were performed in
conditions of normothermic cardiopulmonary

bypass and pharmaco-cold cardioplegia. Atrial
fibrillation resumed by the end of the operation
with a heart rate of 50—60 bpm.

Early postoperative period proceeded with
predisposition to atrial fibrillation with heart
rate <60 bpm (Fig. 2)

Fig. 2. Patient’s ECG, 1% postoperative day: scanning speed 25 mm/sec; voltage 1 MB = 10 mmy;
heart rate 58—100 bpm; QTc 557 ms (here and in pictures 2—4)

In the peri-operative period, the patient was
receiving ciprofloxacin as a preventive measure
for the prevention of infectious complications.
Ventricular fibrillation developed in the patient
on the third day after operation in the setting of
relative well-being (normal general, electrolyte
and biochemical blood values and central he-
modynamics parameters). Biphasic defibrillation
with 150 ] was performed immediately. Atri-
al fibrillation was restored with the heart rate
55—-65 bpm, arterial pressure 130/170 mmHg,
central venous pressure 40 mm. H,O. Electro-

cardiography revealed QT interval prolongation
up to 754 ms and T-wave inversion in leads I, II,
III, AVF, V, (Fig. 3).

Pulmonary edema developed 6 hours af-
ter defibrillation. Echo-cardiography showed
aneurysmal dilatation of left ventricular
apex with ejection fraction reduction to 25%
and hyperkinesis in the basal area of the left
ventricle.

After patient’s transfer to cardiac surgery de-
partment on the 9" day after ventricle fibrilla-
tion, the ECG was following (Fig. 4).
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With the course of time, the patient stabilized
and was discharged from the department in sat-
isfactory condition on the 21st day. Discharge
echo-cardiography: left atrium — 5.0 cm; left
ventricle end-diastolic size — 5.3 cm; left ven-
tricle end-systolic size — 3.8 cm; left ventricle
posterior wall — 1.4-1.6 c¢m; ventricular septum
— 1.5-1.8 cm; ejection fraction (EJ) — 56%; right
ventricle — 3.2 c¢m; prosthetic mitral valve with
pressure differential 15 mmHg; significant left
ventricular myocardial hypertrophy; fluid traces
in the upper part of pericardial cavity; aneu-
rysm is not visible.

DISCUSSION

Clinical manifestations of Takotsubo syn-
drome are long retrosternal pains, dyspnea, sud-
den development of acute heart failure, severe
ventricular arrhythmia which may lead to heart
rapture [9].

Abnormal changes in ECG in acute phase
(first 12 hours) include ST segment elevation or
depression from the isoelectric period, newly
developed left bundle-branch block and some-
times Q-wave formation. T-wave inversion and
prolongation of QT interval is also possible in
many derivations within 24-48 hours after the
development of disease’s clinical manifestation or

Fig. 4. Patient’s ECG, 9th day after defibrillation

triggering stress factor. QT interval prolongation
is often significant (more than 500 ms) and, thus,
predisposes to the development of torsades de
pointes (TdP) and ventricle fibrillation [1].

Echocardiography reveals an area of region-
al myocardial contractility lesion that is larg-
er than arterial blood supply area and various
complications (left ventricular outflow tract ob-
struction, mitral valve regurgitation, thrombus
formation and heart rapture) [1]. Angiography
of coronary arteries shows the absence of he-
modynamically relevant stenosis that could have
been a reason for the myocardial contractility
lesions mentioned above [1].

It may be noted that in the presented clinical
case many TTS risk factors are present: age, fe-
male sex, stress situation, surgical intervention,
dobutamine and ciprofloxacin injections. Since
the influence of transforming growth factor beta
on the TTS genesis and mitral valve prolapse
development is proved, it can be assumed to in-
fluence the abnormality genesis in the presented
case [10].

Diagnostic criteria, suggested by the special-
ists of Mayo clinic and further developed by
Heart Failure Association (2016), exist nowadays
[9]. Five of these criteria can be found in our
patient: temporary regional myocardial contrac-
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tility lesion after surgical intervention; region-
al myocardial contractility lesion takes place in
the parts where blood is supplied by more than
one coronary artery; absence of hemodynam-
ically significant lesions of the coronary arter-
ies; abnormal changes in the electrocardiogram
(T-wave inversion and prolongation of QT in-
terval up to 754 ms with its gradual shortening
during the acute phase of the disease; restoration
of the ejection fraction to 565.

Based on the mentioned above, the diagnosis
of TTS was suggested in the patient.

CONCLUSION

The clinical case presented in this article
demonstrates relevancy and significance of Ta-
kotsubo syndrome as a potential complication
after surgical interventions on mitral valve or
electrical cardioversion.
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