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Polymorphisms of candidate genes determining the clinical
and hemostasiological characteristics of endocarditis of various etiology

Bakhareva Y.S.', Maksimov V.N."? Ivanova A.A.', Chapaeva N.N.?, Aidagulova S.V.?,
Voevoda M.I."

! Research Institute of Therapy and Preventive Medicine, branch of the Federal Research Institute of Cytology
and Genetics of the Siberian Branch of the Russian Academy of Sciences (RITPM — branch of ICG)
175/1, Borisa Bogatkova Str., Novosibirsk, 630089, Russian Federation

2 Novosibirsk State Medical University (NSMU)
52, Krasny Av., Novosibirsk, 630091, Russian Federation

ABSTRACT

Aim. To investigate polymorphisms of 18 genes as possible molecular genetic markers of predisposition or
resistance to development of non-infective (NE) or infective endocarditis (IE).

Materials and methods. The study encompassed 81 patients with NE and 94 patients with IE. The control group
included 225 conditionally healthy people. Polymorphisms of 18 genes were tested using polymerase chain reaction
(PCR).

Results. For the first time, a statistically significant relationship was identified between gene polymorphisms and
valvular vegetations: for genes in the hemostatic system — rs6025 (1691 G > A) of the F'5 gene (AG genotype),
rs1126643 (807 C > T) of the ITGA2 gene (TT genotype); for folate pathway genes — rs1805087 (2756 A > G)
of the MTR gene (AG genotype) and rs11697325 (—8202 A/G) of the MMP9 gene (AA genotype) and 1s2476601
(C1858T) of the PTPN22 gene (TT genotype). The protective effect of gene polymorphisms was revealed: for the
NOS3 gene (4b / 4b genotype) and G (—572) C of the /L6 gene (CC genotype). For two polymorphisms, an asso-
ciation with thromboembolic complications in NE was revealed: rs1126643 (807 C > T) of the /TGA2 gene and
1s1799889 (—675 5G > 4G) of the PAI (SERPINE]) gene. In IE, such an association was detected for the polymor-
phism rs11697325 (—8202 A/G) of the MMP-9 gene.

Conclusion. The polymorphisms of candidate genes were revealed, that are associated with the clinical and
hemostasiological characteristics of IE and NE. In NE, for the first time, the association with thromboembolic
complications was identified for two polymorphisms: rs1126643 (807 C > T) of the /TGA2 gene and rs1799889
(— 675 5G > 4G) of the PAI-1 (SERPINE]I) gene. In IE, such a relationship was detected for one polymorphism —
rs11697325 (8202 A/G) of the MMP-9 gene.

Keywords: endocarditis, candidate genes, single nucleotide polymorphism, hemostasis, thromboembolic
complications
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Monumopdunsmbi reHOB-KaHANAATOB, CBA3AHHbIE
C KINHUKO-TeMOCTasnoNornyecKumm Xxapakrepucrmkamm SHA0KapAnuToOB
pa3Hom 3Tuonornun

baxapesa 10.C.', Makcumos B.H."?, UBaHoBa A.A.', YanaeBa H.H.?, Auparynosa C.B.%,
BoeBoga M.U.’

I Hayuno-uccreoosamenbckuil URCMunmym mepanuu u npoguiakmuyeckoi meouyunst — uiuanr Pedepanvho2o
uccnedosamenvbcko2o yenmpa «Mucmumym yumonoeuu u ecenemuxuy Cubupckoeo omoenenust Poccutickoii akademuu
nayx (HUHUTIIM — ¢punuan Ul{ul” CO PAH)

Poccus, 630089, 2. Hosocubupck, ya. b. boeamxoea, 175/1

2 Hosocubupckuii 2ocydapcemeenniil meouyunckuil ynugepcumem (HIMY)
Poccus, 630091, 2. Hosocubupck, Kpacuwiti npocnexm, 52

PE3IOME

Hens. M3yunts nonumopdu3mMsl 18 reHOB Kak BO3MOXKHBIX MOJIEKYJISIPHO-TEHETHYECKUX MapKepoOB MPEAPacIIo-
JI0)KEHHOCTH WJIM PE3UCTEHTHOCTH K pa3BUTHIO HenHpekunoHnuoro (HD) u nnpexunonnoro (UD) sH10KapaUTOB.

MarepuaJjbl 1 MeTOABI. [lanmenTs! ¢ HemHPEKIHMOHHBIM (81 JenoBek) U HHPEKIUOHHBIM (94) SHIOKapAUTAMU;
KOHTPOJIbHAS TpymIa 225 yCIOBHO 310pOBBIX desoBeK. [Tonnmopdu3Mel 18 TeHOB H3ydaly ¢ ITOMOIIBIO TTOJIMe-
pasHoii nenHo# peakiuu (ITLP).

Pe3yabTaTsl. BriepBsie 11 HOIMMOP(GHU3MOB IEHOB YCTAHOBJICHA CTATUCTHYECKU 3HAYMMAasi aCCOLMAINS C CHH-
JIPOMOM BETETallMil Ha KJIamaHax cepiamna: AJs TeHOB CHCTeMBI remoctasa — 1s6025 (1691 G > A) rena F5 (AG),
151126643 (807 C > T) rena /ITGA2 (TT), rena ¢onataoro nukia — rs1805087 (2756 A > G) rena MTR (AG), a
Takke rs11697325 (—8202 A/G) rena MMP9 (renotun AA) n rs2476601 (C1858T) rena PTPN22 (TT). BeisBiena
«IPOTEKTHUBHAs POIb monuMopdu3mMoB: reHa NOS3 (4b/4b) u G (—=572) C rena /L6 (CC). Anst aByX momumophus-
MOB OOHapy’KeHa acCOLMAIs ¢ TPOMOOIMOOTNUECKIMHU OcTIoKHEeHHAMH pu HD — 151126643 (807 C > T) rena
ITGA2 n 1s1799889 (— 675 5G > 4G) rena PAIl (SERPINE!) n nnst ogHoro — nipu D —rs11697325 (8202 A/G)
rera MMP-9.

3aka04yenne. BoisiBieHb! MOTUMOP(GHU3MBI T€HOB-KaH/IUIATOB, aCCOLMUPOBAHHBIE C KIIMHUKO-TEMOCTa3HOI0THYe-
CKHMH XapaKTePUCTHKAMH HEMH(EKIIMOHHOTO 1 NH(EKIIMOHHOTO YHJ0KapANTOB. BriepBbie npy HeHH(EKINOHHOM
SHIOKapANTE JUTS IBYX MOJUMOP(U3MOB 0OHApYKEHA acCOLHUALs C TPOMOOIMOOINUECKAMH OCIIOKHEHUSIMU —
151126643 (807 C> T) rena ITGA2 n rs1799889 (—675 5G > 4G) rena PAIl (SERPINEI) v 151 OAHOTO MOJIMMOP-
¢u3ma — mpu HHPEKIHOHHOM SHI0KapauTe — rs11697325 (—8202 A/G) rena MMP-9.

KuroueBble clioBa: SHIOKAPAUTHI, T€HBI-KAHIHIAThI, OJHOHYKICOTH/IHBINA HOIUMOP(H3M, reMOCTa3, TPOMO0IM-
0O0JIMYCCKHE OCIIOKHCHUS

KongaukTt nuaTepecoB. ABTOPHI NEKIAPUPYIOT OTCYTCTBHE SIBHBIX U MOTCHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOJIMKanuel HaCTOSIIEeH CTaThH.

Hcrounuk ¢punancupoBanusi. Pabora BRINONHEHA O TOCYAapCTBEHHOMY 3aJIaHHIO B paMKaX OIO/KETHOH TEMbI
WHctuTyTa Tepanuu u npodunaktuaeckoir MeauHbl No AAAA-A17-117112850280-2. Pabota yacTH4HO mOx-
nepxkaHa OromkeTHeIME poekTamu Ne 0324-2018-0002 u Ne 0324-2017-0048 (Beinenenue u xpanenue IHK, re-
HOTHITMPOBAHUE OJHOHYKJICOTHIHBIX MOTUMOP(HH3MOB).
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CTHKAMHU SHIOKAPIUTOB PA3HOW STHONOTHH. broanemensv cubupckoi meouyunvt. 2022;21(1):6—13. https://doi.

org/10.20538/1682-0363-2022-1-6-13.

INTRODUCTION

Endocarditis is characterized by altered micro-
circulation (microthrombosis, vascular remodel-
ing, platelet aggregation, fragmented blood flow)
and blood rheology with development of dissem-
inated intravascular coagulation [1]. The study of
hemostatic system parameters is one of the promis-
ing directions for forming a panel of markers for risks
of thromboembolic complications in endocarditis
[2, 3]. Hyperfibrinogenemia is an independent fac-
tor leading to hypercoagulation [4]. Changes in plate-
let — leukocyte aggregate formation and thrombocy-
tosis are the most important disorders of the hemo-
stasis determining the development of hyperaggrega-
tion [5].

Genetic predisposition to endocarditis has been of
great interest for scientists and clinicians [6—8]. There
are data on the association of single nucleotide poly-
morphisms in the genes of the hemostatic system and
folate pathway with vegetations on the cardiac valvu-
lar apparatus [9]. In the sample of 123 patients with
IE, an association of a higher risk of IE with the TT
genotype of the rs1205 polymorphism in the CRP gene
was identified, while a decrease in the IE risk was cor-
related with the GA genotype of the rs1143634 poly-
morphism in the /LIB gene, the GT genotype of the
1$3212227 polymorphism in the /L12B gene, the AC
genotype of the rs1130864 polymorphism in the CRP
gene, and the G allele of the rs1801197 polymorphism
in the CALCR gene [10].

The aim of the study was to investigate poly-
morphisms of 18 genes as possible molecular and
genetic markers of predisposition or resistance to
development of non-infective (NE) and infective
endocarditis (IE).

MATERIALS AND METHODS

The NE group included 81 patients aged 43.0 £
+ 13.9 years: 40 men and 41 women. The IE group
consisted of 94 patients: 76 men and 18 women

aged 41.0 + 16.0 years. The control group included
225 conditionally healthy people of the same age.

An inclusion criterion was the presence of endo-
carditis. The diagnosis of NE was established after [E
exclusion according to the Duke criteria [11]: nega-
tive blood culture for IE, normal body temperature,
and the absence of sonographic signs of infection in
the valves. In NE, only thickening and compaction
of the valve flaps and minimal regurgitation were de-
tected. In addition, there was no progression of heart
disease and other complications of IE, such as tears,
ruptures, and perforations of the valve flaps, as well as
abscesses. Exclusion criteria encompassed pregnancy
and recent acute conditions (trauma, polychemothera-
py, surgery).

The informed consent was signed by all the patients
in accordance with the ethical principles of the Dec-
laration of Helsinki developed by the World Medical
Association “Ethical Principles of Conducting Scien-
tific Medical Research with Human Participation”.
The study was approved by the Ethics Committee
at the Research Institute of Therapy and Preventive
Medicine (Protocol No. 16 of 03.06.2014).

Genomic DNA was isolated from 6—10 ml of ve-
nous blood, DNA extraction was performed using
phenol — chloroform extraction. Polymorphisms of
the genes of the hemostatic system and folate path-
way were tested using real-time PCR on test sys-
tems manufactured by DNA-Technology (Russian
Federation): rs6046 (10976 G > A) of the F7 gene,
rs5985 (103 G > T) of the 13 gene, rs1800790 (- 455
G > A) of the FGB gene, 151799963 (20210 G > A)
of the F2 gene, rs6025 (1691 G > A) of the F5
gene, 151126643 (807 C > T) of the ITGA2 gene,
rs5918 (1565 T > C) of the ITGB3 gene, rs1799889
(-675 5G > 4G) of the PAI-1 (SERPINEI) gene,
rs1801131 (1298 A > C) of the MTHFR gene,
rs1801133 (677 C>T) ofthe MTHFR gene, rs1805087
(2756 A > G) of the MTR gene, 1s1801394 (66 A > G)
of the MTRR gene. The polymorphisms of the NOS3
(4a / 4b) and ACE (rs1799752) genes were tested us-
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ing PCR with flanking sequences. The polymorphisms
of the CTLA4 (1s231775), MMP-9 (matrix metallo-
proteinase-9) (rs11697325), PTPN22 (rs2476601),
and /L6 (rs1800795) genes were tested using
PCR - restriction fragment length polymorphism
(RFLP). Genotyping was performed at the Research
Institute of Therapy and Preventive Medicine — a
branch of the Institute of Cytology and Genetics of the
Siberian Branch of the Russian Academy of Sciences.

Statistical analysis was performed using SPSS,
version 21.0. The distribution of genotype frequencies
of all polymorphisms in the control group complied
with the Hardy — Weinberg equilibrium. The odds ra-
tio (OR) was calculated using the Woolf — Haldane
analysis, which allows for calculations for a 2 x 2 ta-
ble for cases when at least one of the table cells has a
zero value. Statistical significance of differences in the
frequencies of the studied variables in the alternative
groups was determined by the y2 test with the Yates
correction for continuity and by the two-sided Fisher’s
exact test for 2 x 2 tables. To assess the development
of thromboembolic complications, a bivariate logistic
regression analysis of its association with gender, di-
agnosis, and hemostatic system parameters, including
standardization by age, was performed. The differenc-
es were considered statistically significant at p < 0.05.

RESULTS

The average age of the patients did not differ sig-
nificantly. The majority of patients were young and
middle-aged people. In the NE group, the percentage

gender distribution was equal; in the IE group, men
significantly prevailed, p = 0.001. According to the
ultrasound findings, the degree of heart valve disor-
ders varied from minor disorders (slight regurgitation,
thickening of the valve flaps), which is typical of NE,
to severe defects (heart valve stenosis or heart valve
disease) in IE.

According to the genotyping findings, at the first
stage, the genotype frequencies of the studied poly-
morphisms were determined in the groups of patients
with endocarditis and the control group; then compli-
ance of the genotype frequency distribution with the
Hardy — Weinberg equilibrium was evaluated in the
control group (using the y2 test). In all the studied
polymorphisms, the genotype frequency distribution
complied with the Hardy — Weinberg equilibrium.

When studying the polymorphisms of 18 candidate
genes for endocarditis, we revealed an association
with five markers (Table 1). Carriers of the CT and
CC genotypes of the rs1126643 polymorphism (807
C > T) in the ITGA2 gene were identified in 88 % of
NE patients and in 73 % of IE patients. For carriers of
the TT genotype, the probability of vegetation forma-
tion in IE was 2 times higher than in the control group
(OR = 2.36, 95% confidence interval (CI): 1.1-5.8,
p =10.04). In addition, carrying the A allele in the MTR
gene doubled the OR for developing both NE and IE
(OR =2.02, 95 % CI: 1.05-3.92, p = 0.04), and carry-
ing the AA genotype increased the OR for developing
valvular vegetations by more than 2 times (OR = 2.35,
95% CI: 1.35-4.11, p = 0.02).

Table 1

Statistically significant parameters of polymorphisms of candidate genes for endocarditis (compared with the control group)

Non-infective endocarditis |

Endocarditis

| Infective endocarditis

For the MMP-9 rs11697325 (-8202 A/G) AA genotype

p>0.05 | OR =1.95; 95% CI: 1.10-3.48, p = 0.03 | OR =2.31;95% CI: 1.11-4.81, p = 0.03
For the PTPN22 152476601 (C1858T) TT genotype
p>0.05 | OR = 8.49; 95% CI: 1.67-43.20, p = 0.006 | OR = 18.56; 95% CI: 3.59-96.01, p = 0.0002

Polymorphisms of genes of the hemostatic system

For the F5 1s6025 (1691 G>A) AG genotype

occurrence frequency 8.9%, p =0.04 |

p>0.05

| not detected

For the ITGA2 1s1126643 (807 C>T) TT genotype

p>0.05 |

p>0.05

| OR =2.36; 95% CI: 1.10-5.80, p = 0.04

MTR 151805087 (2756 A>G) polymorphisms of the MTR gene of the folate pathway

For the AG genotype

OR =0.47; 95% CI: 0.23-0.98, p = 0.05 | OR = 0.44; 95% CI: 0.24-0.79, p = 0.006 |

OR = 0.4; 95% CI: 0.18-0.90, p = 0.027

For the A4 genotype

OR =2.22;95% CL: 1.11-4.45,p=0.03 | OR=2.35;95% CL: 1.35-4.11,p=0.03 |

OR =2.52; 95% CI: 1.19-5.32, p = 0.02

G allele

p>0.05

| OR=202,95%CL 1.05-3.92,p=0.04 |

p>0.05
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The factor V Leiden mutation in IE was not de-
tected. At the same time, the number of carriers of the
factor V Leiden mutation (AG polymorphism) was
significantly larger in NE (8.9 % vs. 3.6 % in the con-
trol group, p = 0.04).

A statistically significant increase in the frequen-
cy of carrying the AA genotype of the rs11697325
(-8202 A/G) polymorphism in the MMP-9 gene was
revealed in the group of patients with endocarditis (in
40 % of cases) compared with the control group (in
22% of cases), p = 0.03. Therefore, carrying the AA
genotype doubled the risk of developing endocardi-
tis compared with the control group, OR = 1.95, 95%
CI: 1.1-3.48, p = 0.03. When comparing the IE group
with the control group, carrying the AA genotype of
the rs11697325 (-8202 A / G) polymorphism in the
MMP-9 gene increased the risk of developing endo-
carditis by more than 2 times, OR = 2.31, 95% CI
1.11-4.81, p = 0.04 (Table 1).

PTPN22 expressed on lymphocytes through for-
mation of a complex with C-terminal Src kinase
(CSK) suppresses subsequent mediators of T-cell re-
ceptor signaling. Substitution of the arginine amino

acid residue with a tryptophan one (R620W) excludes
the possibility of interaction between PTPN22 and
CSK, which leads to impaired feedback regulation of
activated lymphocytes [12]. The OR for developing
IE in carriers of the TT genotype of the rs2476601
polymorphism (C1858T) in the PTPN22 gene is sig-
nificantly higher compared with carriers of the other
two genotypes (C/ T+ C/C), OR = 18.56, 95% CI:
3.59-96.01, p = 0.0002 (Table 1).

Excessive production of prothrombin is a risk
factor for myocardial infarction and thrombosis,
including pulmonary embolism, which often has
a fatal outcome [13]. Polymorphism rs1799963,
caused by substitution of guanine (G) with adenine
(A) at position 20210 of the F2 gene, leads to its
increased expression with a risk of arterial and ve-
nous thrombosis [14]. Among our patients with en-
docarditis, no carriers of the AG polymorphism in
the F2 gene were registered, so the contribution of
this polymorphism to the development of vegeta-
tions on the cardiac valvular apparatus and throm-
boembolic complications could not be studied
(Table 2).

Table 2

Statistically significant parameters of gene polymorphisms that prevent from development of endocarditis
(compared with the control group)

Non-infective endocarditis |

Endocarditis

| Infective endocarditis

For the NOS3 4b / 4b genotype

OR =0.44;95 % CL:0.22-0.9,p=0.03 |  OR=0.47;95%CL: 0.27-0.81,p=0.006 | p>0.05
For the /L6 G (- 572) C CC genotype
OR =0.28, 95% CI: 0.08-0.96, p = 0.03 | p>0.05 | p>0.05

The IL6 gene encodes the interleukin-6 (IL-6)
protein, which takes part in the development of the
immune response, initiating its own phase of repro-
duction. In the NE group, a decrease in the frequency
of the SS genotype was detected, OR = 0.28, 95% CI:
0.08-0.96, p = 0.03 (Table 2).

When examining the polymorphisms in the nitric
oxide synthase 3 (NOS3) gene, the frequency of the
4b / 4b genotype in the NOS3 gene in the group of
healthy individuals was higher than in patients with
endocardia, so the presence of the 4b / 4b genotype in
the NOS3 gene reduced the probability of developing
NE, OR = 0.44, 95 % CI: 0.22-0.9, p = 0.03 (Table
2). According to the data [15], a decrease in the con-
tent of nitric oxide disrupts normal vascular function
and increases vascular tone and thrombus formation,
and a decrease in the NOS3 activity has a protective
effect.

According to the logistic regression analysis,
the development of thromboembolic complications
was revealed 1.5 times more often in IE than in NE,
95% CI: 1.06-3.94, p = 0.04. Associations of poly-
morphisms were revealed: rs1126643 (807 s > T)
of the /ITGA2 gene, OR = 2.09, 95% CI: 1.14-3.85,
p = 0.02 and rs1799889 (- 675 and 5G > 4G) of the
PAI-1 (SERPINEI) gene with the development of
thromboembolic complications in NE, OR= 4.12,
95% CI: 1.25-13.63, p = 0.02; in IE, the rs11697325
(-8202 A / G) polymorphism of the MMP-9 gene,
OR =3.43,95% CI: 1.15-12.11, p = 0.04.

DISCUSSION

The most significant thromboembolic events in pa-
tients with endocarditis in our study were acute stroke
and myocardial infarction. Possible associations be-
tween the development of thromboembolic complica-

10 Bulletin of Siberian Medicine. 2022; 21 (1): 6-13



Original articles

tions and polymorphisms of 18 candidate genes were
studied.

Disruption of the folate pathway leads to hyper-
homocysteinemia, hypercoagulation, and heart valve
thrombosis [16, 17]. Thromboembolic complications
were detected 1.5 times more often in IE than in NE,
p = 0.04. Associations of rs1126643 polymorphism
(807 C > T) of the ITGA2 gene and rs1799889 (-675
5G > 4G) polymorphism of the PAI-1 (SERPINEI)
gene with the development of thromboembolic com-
plications in NE were revealed; and in IE, such an as-
sociation was identified for the rs11697325 (-8202 A/
G) polymorphism of the MMP-9 gene.

Studying polymorphisms of candidate genes for
endocarditis allowed to identify 5 unfavorable prog-
nostic markers. Platelet receptor genes are likely to be
important factors of thrombotic risk upregulation.

In carriers of certain alleles and genotypes of the
collagen receptor gene (ITGA2 807 C > T), adhesion
of platelets to one another and to the vascular endothe-
lium increases, which leads to increased thrombosis
[18, 19]. For carriers of the TT genotype, the proba-
bility of vegetation formation in IE is twice as high as
in the control group.

Disruption of the folate pathway contributes to hy-
perhomocysteinemia, which can lead to hypercoagu-
lation and heart valve thrombosis [20, 21]. The MTR
gene encodes the amino acid sequence of methionine
synthase, one of the key enzymes of methionine me-
tabolism, which catalyzes production of methionine
from homocysteine via its remethylation. We found
that carrying the A allele doubled the risk of develop-
ing both NE and IE (OR = 2.02, 95% CI: 1.05-3.92,
p =0.04), and carrying the AA genotype increased the
risk of developing vegetations by more than 2 times.

It is known that in the presence of factor V Leiden
mutation at position 1691 in the gene encoding coag-
ulation factor V, adenine is replaced with guanine, so
factor V is not cleaved by protein C, a natural phys-
iological anticoagulant, as it happens under normal
conditions, but becomes resistant to its action, which
leads to an increase in the concentration of factor V in
the blood serum. The factor V Leiden mutation has a
modifying effect on the PAI-1 polymorphism in terms
of the risk of recurrent thromboembolic complications
and increases the risk of venous thromboembolism by
4 times [16]. In the NE group, the number of factor V
Leiden mutation carriers was significantly larger (8.9
% vs. 3.6 % in the control group, p = 0.04), while in
the IE group, the factor V Leiden mutation was not
detected.

Some proteins expressed in endocarditis may be
used as favorable prognostic biomarkers. The study of
protective gene variants revealed associations for two
polymorphisms. Prothrombin is a precursor of throm-
bin and plays an important role in fibrin formation.
Excessive production of prothrombin is a risk factor
for myocardial infarction and various thromboses, in-
cluding pulmonary embolism, which often has a fatal
outcome [14]. The rs1799963 polymorphism, due to
the replacement of guanine (G) with adenine (A) at
position 20210 in the F2 gene, leads to increased gene
expression in the A variant. Patients carrying one copy
of this allele have a 5-fold increased risk of thrombus
formation; and among those with two copies of the
20210A allele, the risk increases by 50 times. Under
such conditions, the carriers become prone to earlier
or more severe arterial and venous thrombosis, espe-
cially if there is a family history of such events [13].
There were no carriers of the A allele among our pa-
tients with endocarditis.

The protective effect of the SS minor allele gen-
otype of interleukin-6 (IL-6) in the development of
acute coronary syndrome was shown [23]: compared
with SS homozygotes, the SG genotype is character-
ized by a 2.2-fold increase in the risk of developing
the disease. In our study, in the NE group, the pres-
ence of a protective SS genotype was identified com-
pared with the IE group (p = 0.03).

A decrease in the content of nitric oxide disrupts
normal vascular function and increases vascular tone
and thrombus formation, while an increase in the ac-
tivity of this enzyme has a protective effect [15]. In the
study of NOS3 gene polymorphisms, the frequency of
carrying the 4b / 4b genotype of the NOS3 gene in
the group of healthy individuals was higher than in
patients with endocarditis. Therefore, the presence of
the 4b / 4b genotype of the NOS3 gene statistically
significantly (p = 0.006) reduces the risk of develop-
ing IE and NE.

CONCLUSION

We identified polymorphisms of candidate genes
associated with clinical and hemostasiological charac-
teristics of NE and IE, which can be used to assess the
risk of developing these diseases, as well as for differ-
ential diagnosis. For 5 out of the 18 studied gene poly-
morphisms, an association with the risk of developing
endocarditis, namely, with valvular vegetations, was
revealed: for proinflammatory genes — rs11697325
(-8202 A / G) of the MMP-9 gene (AA genotype)
and rs2476601 (C1858T) of the PTPN22 gene (TT
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Polymorphisms of candidate genes determining the clinical

genotype); for genes of the hemostatic system —rs6025
(1691 G > A) of the F5 gene (AG genotype) and
rs1126643 (807 C > T) of the ITGA2 gene (TT geno-
type); for the gene of the folate pathway — rs1805087
(2756 A > G) of the MTR gene (AG genotype).

For the first time, the protective effect of two gene
polymorphisms for developing endocarditis was es-
tablished: proinflammatory gene polymorphisms of
the NOS3 gene (4b / 4b genotype), G (- 572) C of the
IL6 gene (CC genotype).

In terms of differential diagnosis, for the first
time, an association with thromboembolic compli-
cations was revealed for two polymorphisms in NE
— 151126643 (807 C > T) of the ITGA2 gene and
rs1799889 (-675 5G > 4G) of the PAI-1 (SERPINE])
gene. In IE, an association with thromboembolic
complications was revealed for one polymorphism —
rs11697325 (-8202 A / G) of the MMP-9 gene.
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Study of the effectiveness of ventriculosubarachnoid drainage
in neonatal hydrocephalus according to the data of the Republic of Crimea
for the period 2000-2018
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ABSTRACT

Despite the achieved success in the treatment of neonatal hydrocephalus, the task of restoring circulation, outflow,
and absorption of cerebrospinal fluid (CSF) remains urgent.

The aim of the study was to investigate the effectiveness of ventriculosubarachnoid drainage in compensating
hydrocephalus without shunt implantation.

Materials and methods. We collected and studied clinical material for the period from 2000 to 2018 according
to the data of the Republic of Crimea. We identified groups of premature (» = 184) and full-term (n = 107) infants
who underwent standard treatment with lumbar puncture, subgaleal drainage, and ventriculoperitoneal shunting
(VPS). In case of ventricular occlusion in 143 premature and 46 full-term infants, at the initial stage of treatment,
the option of coronary — lambdoid subarachnoid ventriculostomy (RF Patent No. 2715535) in combination with
lumbar punctures was included. With progression of hydrocephalus, ventriculosubarachnoid stenting (RF Patent
No. 2721455) with subgaleal drainage was considered as an option.

Results. The inclusion of the proposed options made it possible to increase the rate of hydrocephalus compensation
without VPS to 75.5% in premature infants and to 80.4% in full-term infants versus 28.3% and 20.6%, respectively,
according to the standard protocol (p <0.001). In other cases, the imbalance between CSF production and absorption
persisted, which required integration of a stent with a peritoneal part of the shunt, without replacing the system.

Conclusion. The obtained result allows to consider the inclusion of the proposed options in the modern treatment
algorithm for neonatal hydrocephalus.
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N3yuyeHne 3¢ppeKTNBHOCTM OMNLN BEHTPUKYNO-cCybapaxHONAanbHOro
APeHnpoBaHUA NpyN HeOHaTanbHOMN rmapouedannm No faHHbIM
Pecny6nukun Kpbim 3a nepuiog 2000-2018 rr.

Bonkopas O.B.", 3uHuenko C.A.", XauyaTpsaH B.A.2

! Meouyunckasn akademust um. C.H. I'eopauesckozo,
Kpuvimckuii pedepanvrviil ynusepcumem (K@Y) um. B.U. Bepraockozo
Poccus, Pecnybnuxa Kpvim, 295051, . Cumgpepononw, 6ynveap Jlenuna, 5/7

2 Poccutickuti Hayuno-ucciedosamenvekuil neipoxupypeuveckuti uncmumym (PHUXU) um. npogh. A.JL. Torenosa —
Gunuan Hayuonanvroeo uccnedosamenvckozo meouyunckozo yeumpa (HMHUL]) um. B.A. Arimaszosa
Poccus, 191014, 2. Cankm-Ilemep6ype, y1. Masaxosckoeo, 12

PE3IOME

HeCMOTpH Ha JOCTUTHYTBIC YCIIEXU B JICUCHUU m;[poue(banmxl HEOHATAJIbHOI'O Ine€pruoja, oCTacTcs aKTyaﬂLHOfI
3a/la4a BOCCTaHOBJICHHUS JIMKBOPOJIUHAMUKH, OTTOKA U BCACbIBaHUA JIMKBOpPA.

Hean — nzyuenne 3G HEKTHBHOCTH OMIMN BEHTPHKYJIO-CY0apaxHOUIAIEHOTO IPCHUPOBAHUS B KOMIICHCAIIUH TH-
npornedannu 6e3 IMIUIAaHTAIMA IITYHTOB.

Matepuannbl 4 Metoabl. CoOpaH W n3ydeH KIMHHYeckuid Matepuai 3a mepuox 2000-2018 rr. mo maHHBEIM
Pecniy6iuku Kpeim. Beigenens! rpynnsl HegoHomeHHBIX (n = 184) u moHomenHsix (n = 107) mereii, xo-
TOPBIM BBITIOJHSIOCH CTAHAAPTHOE JIEYCHUE C JFOMOANbHBIMH MYHKLIHUAMH, CyOrajneajibHOEe APEHHPOBaHUE M
BEHTPHKYJO-TIepuToHeanbHoe nryHtupoBanue (BIILI). Ilpu okkimro3um kexyAoukoB y 143 HEZOHOIIECHHBIX H
46 NOHOIICHHBIX JAETEil Ha Ha4YalbHOM JTale JICYCHUs BKIIOYANAch OINIMSA KOPOHAPO-TPAHCISOJOBHAHOI
cybapaxHo-BeHTpUKyIocToOMUH (TTaTeHT PO Ne 2715535) B kommiekce ¢ IIOMOATBHBIMU IyHKIUSAMH, & TIPH IIPO-
TPECCHPOBAHMH THAPOIe(annu — BEHTPUKYIO-CyOapaxHOUAaNbHOE CTeHTHpoBaHue (mareHT PO Ne 2721455) ¢
cyOrayeanbHbIM IPEHUPOBAHUEM.

Pe3yabTaThl. BKITIOUeHHE MPEIIOKEHHBIX OMIKI MO3BOJUIO TOBBICUTH MPOICHT KOMIICHCAUH THAPOLIChaTHH
6e3 BIIIL no 75,5% y HenonouteHusix aere u 80,4% y moHoreHHbIX TpoTuB 28,3 n 20,6% COOTBETCTBEHHO NpH
cTanmapTHoM nportokoie (p < 0,001). B octanpHBIX ciiydasx coxpaHsuics AucOaaaHCc MPOAYKINH — BCACHIBAHUS
JIMKBOpPA, 4TO n01‘pe6OBan0 UHTETrpaliu CTEHTA C IEPUTOHCAJIbHBIM CEI'MEHTOM IIYHTA 663 3aMCHbI CUCTCMBI.

3aximodenne. IlonyueHHbIH pe3yabTaT MO3BOJSET pacCMaTPUBATh BKIIIOYEHUE IPEAJIOKEHHBIX OIIMNA B COBpe-
MEHHBIH JIe4eOHBIH alroOpuT™ IIPH HEOHATAIEHOM ruaponedaiuy.

KiioueBble ¢J10Ba: BEHTPHUKYJI0-CyOapaxHONIATbHOE APSHUPOBAHHE, THAPOLE(AIHs, NeTH

KoHpaukT HHTEepecoB. ABTOpHI 3asBISIIOT 00 OTCYTCTBHU SIBHBIX M NOTEHI[HANBHBIX KOH(IMNKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJUKaKeil HACTOSIIEeH CTaThH.

Hcrounuk ¢puHaHCHPOBaHUS. ABTOPHI 3asBISIIOT 00 OTCYTCTBUU (DMHAHCHPOBAHUS IIPU MIPOBEACHUU HCCIIEO-
BaHMUS.

CooTBeTcTBHE NMPUHIMNAM 3THKH. Bce 3akOHHBIE TIpeCcTaBUTENN IMAIJUEHTOB HOAIICAIN JOOPOBOJILHOE MH-
(opMHEpOBaHHOE COrJIacHe Ha ydJacTHe B HCcilenoBaHHHU. VccrnenoBanue ogoOpeHo sTHdeckuM komuterom KOY
nm. B.U. Bepnaaznckoro (mportokon Ne 53 ot 06.12.2018).

Jist mutupoBanus: Bonkonas O.B., 3unuenko C.A., Xauatpsin B.A. M3yuenne 3phexTHBHOCTH OINMIMU BEH-
TPUKYJI0-CyOapaXHOUIATBHOTO APSHUPOBAHNS TIPH HEOHATAIBHOU ruponedaniy no naHueM Pecriyommukn Kpbim
3a nepuoza 2000-2018 rr. browremens cubupckoii meduyunst. 2022;21(1):14-20. https://doi.org/10.20538/1682-
0363-2022-1-14-20.
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INTRODUCTION

Current publications on pediatric neurosurgery and
neurology describe the principles of treatment for pos-
themorrhagic hydrocephalus (PHH) in newborns with
normalization of the increased intracranial pressure,
including lumbar punctures (LP) and ventricular punc-
tures (VP), external and internal ventricular drain-
age, and artificial ventriculoperitoneal shunts (VPS)
[1-14]. A sequence of treatment options according to
the “LVV protocol” is considered as guidelines for
PHH therapy: LP and VP, ventriculosubgaleal drain-
age (VSGD), and if they are ineffective — VPS [1-6].

The relevance of the issue is determined by the
absence of a generally accepted opinion regarding
treatment for decompensated PHH with subarachnoid
space (SAS) block and impaired resorption [7-10].
There is a need to personalize treatment tactics [2]
aimed at restoring CSF circulation and reducing the
frequency of VPS surgery [11-14]. Solution of these
issues becomes interdisciplinary in the joint practice
of a pediatric neurosurgeon, neonatologist, and neu-
rologist.

The aim of the study was to investigate the effec-
tiveness of ventriculosubarachnoid drainage options
for PHH compensation in newborns.

MATERIALS AND METHODS

We have collected, studied, and analyzed clinical
data on the treatment of PHH in 480 newborns in the
Republic of Crimea for the period from 2000 to 2018.
The study was approved by the Ethics Committee at
V.I. Vernadsky Crimean Federal University (Protocol
No. 53 0f 06.12.2018). All legal representatives of the
patients signed an informed consent to participate in
the study.

327 children were preterm (group 1) and 153
were full-term infants (group 2). 184 children in
group 1 and 107 children in group 2 received stan-
dard treatment according to the “LVV protocol”.

In case of ventricular occlusion with SAS block in
143 preterm infants (group 1) and 46 full-term infants
(group 2), the standard treatment protocol at the ini-
tial stage included coronary — lambdoid subarachnoid
ventriculostomy (CLSV) [15] and in case of PHH pro-
gression — ventricular drainage in the SAS using ven-
triculosubarachnoid stenting system (VSS) [16].

The inclusion criterion for the proposed treatment
options was decompensated PHH. In case of resto-
ration of CSF circulation with compensation of PHH,
further stages of correction were excluded. Tables 1
and 2 describe the amount of care provided for pre-

mature and full-term infants with the inclusion of the
CLSV and VSS options.

Table 1
The amount of neurosurgical care in premature infants
(group 1)
PHH correction stages | n (%)
According to the “LVV protocol”

LP and VP with 20-22G needles 184 (100)
VSGD 151 (82.1)

VPS 132 (71.7)

inclusion of the proposed options in case of decompensated PHH
CLSV (using 14 G needles) in combination with LP

Ventricular drainage in SAS in combination with 143 (100)
VSGD 94 (65.7)
VSS system integration in the peritoneal part of the 35(24.5)
shunt
Table 2
The amount of neurosurgical care in full-term infants
(group 2)
PHH correction stages | n (%)

According to the “LVV protocol”

LP and VP with 20-22G needles 107 (100)
VSGD 90 (84.1)
VPS 85(79.4)

inclusion of the proposed options in case of decompensated PHH
CLSV (using 14 G needles) in combination with LP

Ventricular drainage in SAS in combination with 46 (100)
VSGD 22 (47.8)
VSS system integration in the peritoneal part of the 9 (19.6)
shunt

There were no complications and mortality associ-
ated with surgical trauma. CLSV was performed us-
ing a two-point puncture of the anterior and occipital
horns of the lateral ventricles through coronary and
lambdoid sutures using 14G needles, with evacua-
tion of blood and CSF and SAS decompression. Ir-
rigation of the ventricles was performed with normal
saline with encephalolysis when the needles reached
the SAS. Drainage canals were formed between the
ventricles and SAS with collateral outflow of CSF and
elimination of occlusion. We repeated the procedure 3
times with a 4-day interval, alternating it with irriga-
tion of the craniospinal CSF pathways using LP, until
CSF circulation was normalized.

The advantages of the method include ease of ap-
plication (a child in a humidicrib), the effectiveness
of evacuation of blood clots from the ventricles with
minimization of brain injury during hemorrhagic tam-
ponade, and reduction of irrigation time for the cranio-
spinal CSF spaces. The VSS system developed by the
authors provided CSF drainage in the SAS through a
ventricular drain and a pump base perforation (Figure).
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For this purpose, after insertion of the ventricular
drain into the ventricle with the control of CSF flow,
the pump was installed in the burr hole with a diam-
eter of up to 10 mm with the fixing cuff expanded in
the SAS and fixed by sutures along the edges of the
trepanned area. In addition, we exercised temporary
CSF outflow from the pump through the distal drain
into the subgaleal pocket (SP), which made it possible
to alleviate intracranial pressure drops in the postoper-
ative period with evacuation and irrigation of the CSF
pathways. The dome of the pump was punctured and
normal saline was injected with control of its outflow
into the SAS and ventricles. Re-infusion of normal
saline through the pump with vigorous irrigation of
the SAS and ventricles and passive evacuation of CSF
through SP in combination with LP was performed on
days 3-5, 7, 10, 14, and at the end of week 3, 4, 5,
and 6 after surgery. While maintaining the imbalance
between the increasing age-related volume of CSF
production and its absorption after 6 weeks, the VSS
system was integrated through the connector of the
distal drain with the peritoneal part of the shunt (Cod-
man, Medtronic, USA), including a chamber with a
medium-pressure valve, regulating the discharge of
CSF into the abdominal cavity.

The data were processed using the Statistica 10.0
software (StatSoft Inc., USA). Fisher’s exact test (FET)
was applied to compare the efficiency rates of PHH
compensation in premature and full-term infants under
the standard LVV protocol and after the inclusion of
the options for ventriculosubarachnoid drainage in the
treatment regimen. The differences were considered
statistically significant at p < 0.05.

b

Figure. VSS system: a — general view of the pump, b — magnetic resonance imaging (MRI) after surgery

RESULTS

Compensation of hydrocephalus at the initial stage
of treatment according to the LVV protocol after LP
was observed in 33 of 184 premature infants, which
made it possible to avoid drainage in 17.9% of cases
(Table 3).

Table 3

Comparative analysis of compensation of hydrocephalus
in premature infants

Compensation of hydrocephalus n (%) p*
After LP and VP (according to the LVV 33(17.9)
protocol) 0.046
After the inclusion of CLSV 49 (343) '
(in combination with LP) ’
After VSGD (according to the LVV 19(12.6)
protocol) <0.001
After the inclusion of VSS (in combination 59 (62.8)

with VSGD and and LP)

*according to FET — here and in Table 4.

When the CLSV option was included in the hydro-
cephalus treatment protocol, PHH compensation was
achieved in 49 out of 143 children, which allowed to
exclude drainage in 34.3% of cases (p = 0.046). A de-
crease in drainage manipulations after the inclusion
of CLSV resulted from effective evacuation of blood
clots and CSF from the ventricles using 14G needles,
irrigation of the ventricles and SAS with normal sa-
line, elimination of the occlusion, and reduction of the
irrigation time for the CSF pathways.

Compensation of hydrocephalus at the stage of sur-
gical management after VSGD was observed in 19 of
151 children (12.6%), after inclusion of VSS, it was
noted in 59 of 94 children, which made it possible to
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exclude VPS in 62.8% cases (p <0.001). The cumula-
tive positive outcome with compensated hydrocepha-
lus without VPS in preterm infants after the inclusion
of the CLSV and VSS in the treatment regimen was
achieved in 75.5% of cases vs. 28.3% with the stan-
dard protocol (p < 0.001).

Clinical case. Child K. was delivered by a nullip-
arous woman with an aggravated obstetric history at
the Perinatal Center at 26 weeks of gestation, with
an extremely low body weight of 650 g. The Apgar
score was 1-2 points. Grade 2 cerebral ischemia was
detected, and mechanical ventilation was performed.
After birth, grade 4 periventricular and intraventricu-
lar hemorrhage with hemorrhagic tamponade of both
lateral and third ventricles was diagnosed against the
background of morphofunctional immaturity with re-
spiratory and cardiovascular insufficiency. Treatment
at the initial stage with CLSV in combination with LP
made it possible to stabilize CSF circulation. After 30
weeks, PHH progression, compression and blockage
of SAS were noted. Surgical treatment was performed
with indirect ventricular drainage in the SAS using
VSS system according to the described method, in
combination with VSGD and LP. A decrease in the
protein level in the CSF from 4.6 to 2.4 g /1 on day 10,
and to 0.8 g /1 according to the last test, was revealed.
By week 37, compensated PHH was noted according
to the clinical data and CT-guided neurosonography
findings at week 40. Follow-up during the first year of
life did not show progression of intracranial hyperten-
sion; no seizures were noted.

The revealed differences were also noted in full-
term infants (Table 4).

Table 4

Comparative analysis of hydrocephalus compensation
in full-term infants

Compensation of hydrocephalus n (%) p
Argtescl(:}l’) and VP (according to the LVV 17 (15.9)
E 0.027

After the inclusion of CLSV

(in combination with LP) 24 (522)
After VSGD (according to the LVV
5(5.6)
protocol) o001
After the inclusion of VSS 13.(59.1)

(in combination with VSGD and LP)

According to the LVV protocol, compensation of
PHH after LP was observed in 17 out of 107 full-term
infants, which made it possible to exclude drainage in
15.9% of cases. When the CLSV was included in the
treatment regimen, PHH compensation was achieved

in 24 out of 46 children, which allowed to exclude
drainage in 52.2% of cases (p = 0.027).

PHH compensation after VSGD was observed
only in 5 out of 90 children (5.6%). After inclusion of
VSS in the treatment regimen, compensated PHH was
noted in 13 out of 22 full-term infants, which allowed
to avoid VPS in 59.1% cases (p <0.001). The cumula-
tive positive outcome with compensated PHH in full-
term infants after the inclusion of CLSV and VSS in
the treatment regimen was achieved in 80.4% of cases
vs. 20.6% under the standard protocol (p < 0.001).

In case of integration of the VSS system with the
peritoneal part of the shunt, irrigation of the ventricles
and SAS was performed with normal saline, which al-
lowed to eliminate dysfunction of the ventricular seg-
ment and the pump. No signs of overdrainage were
noted. To improve the efficiency of the VSS system, a
hermetic self-expanding ventriculosubarachnoid stent
was proposed [17] with an additional sealing cuff to
place the stent into the burr hole without suturing and
to eliminate the risk of liquorrhea.

DISCUSSION

Treatment of PHH in newborns involves LP at the
initial stage. At the same time, this does not ensure the
evacuation of blood clots from the ventricular system
and requires long-term irrigation of the craniospinal
CSF spaces; and a blood clot in the third ventricle and
other types of occlusion are contraindications for LP
[1-8].

Ventricular punctures using 20-22G needles do
not provide effective evacuation of blood clots from
the ventricles with a high risk of damage to the brain
matter during vigorous aspiration. During long-term
external drainage required for clot lysis, the risk of in-
fection increases and occlusion of CSF pathways is
not eliminated [1-8].

An increase in the effectiveness of treatment with
the inclusion of CLSV results from the use of brain
needles with a larger diameter and larger areas of ac-
cess points with elimination of occlusion, formation
of a ventriculosbarachnoid anastomosis, evacuation of
blood clots from the ventricles, as well as evacuation
of its degradation products from the craniospinal CSF
spaces with a decrease in the irrigation time and the
risk of adhesions.

VSGD provides long-term evacuation of blood
from the ventricles with the elimination of occlusion
of CSF pathways [1-8]. An increase in the effective-
ness of treatment with VSS is achieved by restoring
intracranial circulation and CSF absorption at the
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stage of long-term irrigation of the craniospinal CSF
spaces with normal saline in combination with VSGD
and LP. The need for long-term irrigation with ex-
clusion of blood release into the basal cisterns is a
limiting factor for endoscopic ventriculostomy in the
neonatal period [9].

VPS artificially drains CSF to the abdominal cav-
ity. Shunt dependence and high rates of dysfunction
and complications are noted [9-14]. Integration of
the VSS into the peritoneal part of the shunt provided
CSF drainage to the SAS and redirected excess CSF to
the abdominal cavity with adaptation of the resorptive
capacity to the increasing volume of CSF in the first
year of life. Besides, it reduced the risk of system dys-
function without its replacement and reinstallation.

CONCLUSION

PHH compensation indicates the need for ven-
triculosubarachnoid drainage using CLSV and VSS
to eliminate occlusion, ensure effective irrigation of
the CSF spaces, and restore circulation and absorp-
tion of CSF. The inclusion of the CLSV and VSS op-
tions in the treatment algorithm led to an increase in
the compensated PHH to 75.5% in preterm infants and
to 80.4% in full-term infants vs. 28.3% and 20.6%,
respectively, under the standard LVV protocol (p <
0.001). Integration of the VSS system with the peri-
toneal part of the shunt, while maintaining the imbal-
ance between CSF production and absorption, allows
to expand the potential scope of using shunt systems
for the treatment of PHH in newborns.
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Serum level of laminin in rats fed with a high-fat diet with sulodexide
administration

Gileva 0.G., Butolin E.G., Tereshchenko M.V.

Izhevsk State Medical Academy (ISMA)
281, Kommunarov Str., Izhevsk, 426034, Russian Federation

ABSTRACT

Background. Increased consumption of animal fat with food contributes to the accumulation of lipids both in the
blood and in individual cell structures. Excess fat initiates oxidative stress reactions, which may result in a violation
of the structural and functional integrity of cells, in particular, hepatocytes and endotheliocytes. Cytolysis may
release specific liver enzymes and activate synthesis of extracellular matrix components, one of the markers of
which is a non-collagen glycoprotein laminin.

The drug sulodexide, having a pronounced angioprotective, hypolipidemic, and fibrinolytic effects, contributes to
restoration of a number of metabolic disorders.

Aim. To study the content of lipid metabolism parameters, major enzymes of hepatic cytolysis, and laminin in the
blood of rats fed with a high-fat diet against the background of sulodexide administration.

Materials and methods. For the study, outbred rats were selected, which were divided into three groups — two
experimental groups and one control group. The rats of the first and second experimental groups were fed with a
diet with a high content of animal fat (44% of the daily calorie content) for 35 days. In addition, the rats of the
second experimental group were daily subcutaneously injected with sulodexide at a dose of 8.5 LRU/kg in terms
of the animal’s body weight for 35 days. Starting from day 36 of the experiment, the rats of the control group, as
well as the rats of the two experimental groups were fed with a standard diet of the vivarium. The animals were
decapitated and blood was taken on day 21, 35, and 60 of the experiment. In the blood serum, the levels of the main
lipid metabolism parameters, specific liver enzymes, and laminin were determined.

Results. An increase in the body weight of animals and the level of the studied lipid metabolism parameters in
the blood serum was revealed. It is likely that the structural integrity of hepatocytes was affected with the release
of liver enzymes into the bloodstream and an increase in their content in the blood of rats. In addition, synthesis
of extracellular matrix components was activated with an increase in the serum level of laminin, which performs
important structural and regulatory functions.

Conclusion. The use of sulodexide had a favorable effect on the studied metabolic disorders caused by a high-fat
diet. It resulted in the normalization of the synthesis of laminin, one of the major non-collagen proteins of the
extracellular matrix.
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CopeprKaHune NnaMMHNHA B CbIBOPOTKE KPOBM KPbIC B YC10BUAX
BbICOKOXXMNPOBOI ANETbl NPU KOPPeKLn CyNoAeKCuAoM

Minesa O.l'., BytonuH E.l'., Tepewenko M.B.

Hbicesckan eocyoapcmeennasn meouyunckas akademus (MI'MA)
Poccus, 426034, 2. Hocesck, yn. Kommynapos, 281

PE3IOME

INoBbIIEHHOE MOCTYIUIEHHE AKHUBOTHOTO KUpa C MHIIEH CIOCOOCTBYET HAKOIUIEHUIO JIUMUIOB KaK B KPOBH, TaK U
B OTJENBHBIX KJIETOUHBIX CTPYKTypax. M3nuinek >KHpoB MHULUHUPYET PEAKLUHU OKUCIUTEIBHOTO CTpecca, Clel-
CTBHEM KOTOPBIX MOXKET SBUTHCSI HapyIIeHHE CTPYKTYpHOH M (PyHKIMOHANBHOM LENOCTHOCTH KJIETOK, B 4acT-
HOCTH TeMaTOLHUTOB U SHAOTEINOLUHUTOB. B pe3ynbraTe HIUTOIMTHYECKUX MPOLECCOB BO3MOXKHO BBICBOOOXKIECHHE
crienuduyueckux (HEepMEHTOB IEUCHH M aKTHBALUS CHHTE3a KOMIIOHCHTOB MEXKJICTOYHOTO MaTPUKCA, OJHUM M3
MapKepOB KOTOPOT'O SBJISETCS HEKONIAr€HOBBIH ITTMKONPOTEHH JJAMUHUH.

HpenapaT «Cynoz[ekcnz[», 06]'[3[[215{ BBIPAXKCHHBIM aHTUOIPOTEKTOPHBIM, 'MIIOJIUITUAEMHUYICCKUM, (bI/I6pI/IHOJ'II/ITI/I-
YECCKUM Z[ei/’ICTBHGM, Y4acTBYCT B BOCCTAHOBJICHUM psAa 0OMEHHBIX HapylHeHHfI.

He.l]b. I/I3y‘{eHI/I€ COACPpIKaHU IoKa3aTeeit JINMUIHOTO 06M€Ha, OCHOBHBIX (1)CpM€HTOB OUTOJIN3a renaToluToB 1
JJaMHMHHWHA B KPOBH KPBbIC IIpH BLICOKO)KPIpOBOﬁ JHUCTC Ha CbOHe KOPPEKIHHU CYJIOACKCUIOM.

MarepuaJjbl 1 MeToAbI. JIy1s1 Mcciie1oBaHMs ObIITM 0TOOPaHbI 6ECIIOPOIHBIE KPBICHI, KOTOPBIX Pa3JIeIIiin Ha TPH
TPYIIIBI — ABE ONBITHBIX M OAHY KOHTPOJIbHYI0. KpbicaM nepBoii 1 BTOPOil ONBITHBIX TPYIIN OblIa HA3HAUEHA JHETa
C TOBBIIEHHBIM COAEPKAaHUEM )KUBOTHOTO XKupa (44% OT cyTouHON KanopuitHocTH) B TeueHue 35 cyt. Kpeicam
BTOPO# OIBITHOM IPYIIIBI ©KSJHEBHO B TEUCHHE 35 CyT MOIKOXKHO BBOAMIICS CyJI0AeKCcHA B 1o3upoBke 8,5 JIE/kr
B TIepepacyeTe Ha Maccy Tela >KUBOTHOro. Kpsicel Becex rpynm ¢ 36-X CyT OmbITa HAXOAWINCH HA CTAHAAPTHOM
paurone BuBapus. JlekanurTaiuio ;KuBOTHBIX B 3200p KpoBU nmpoBoawin Ha 21, 35 u 60-e cyT onbiTa. B ceiBOpoTKE
KPOBU ONPEACIISII CO/IepIKaHHEe OCHOBHBIX ITOKa3aTeNeH IUINIHOro 00MeHa, crielnduyecKux GepMEHTOB EYCHH
U JJAMHUHUHA.

Pe3yasTaTel. Habmronascs pocT Macchl Tela )KUBOTHBIX, YBEIMYCHHE COJCPIKaHUs N3ydaeMbIX MOKa3aTeleH JIu-
MUJTHOTO 0OMEHa B CBIBOPOTKE KPOBH. BeposTHO, 3aTparuBaiach CTpyKTypHas LEJOCTHOCTh I'elaTOLUTOB C BbI-
MBIBaHHEM IEUSHBCIIEIM(PHIECKUX (PEPMEHTOB B KPOBSHOE PYCIIO ¥ MOBBIIICHUEM HX COJIEPIKaHUs B KPOBH KPBIC.
AKTHUBHPOBAJICA CHHTE3 KOMIOHEHTOB BHEKJIETOYHOTO MaTpUKCa C BO3PACTaHHEM COJEp)KaHHUsS B KPOBU HcCle-
JIyeMOr0 HEKOJIJIAT€HOBOTO 0elKa — JaMHHUHA, BBITOIHSIOIETO 3HAYUTEIBHYIO CTPYKTYPHYIO U PEryJISITOPHYIO
(YHKIIMIO B €r0 OpraHU3alHH.

3akioueHue. HpI/IMeHeHI/Ie CyJoaekcuaa 6JIaFOHpI/I$ITHO TIOBJIUAIO HAa UCCIIENYEMBIC MeTaboIMYeCKue Hapyuie-
HUS, BBI3BAHHBIC IPUEMOM NUIIMU C IMOBBIMICHHBIM COACPKAHUEM KHUpPaA, B TOM YHCJIC IPUBCIIO K HOPpMAJIU3alluu
CHUHTE3a OJJTHOI'O U3 OCHOBHBIX HCKOJIJIAr€HOBBIX 0CJIKOB MEKKIIETOYHOTO MaTpHUKCa — JJaMUHHHA.

KiroueBrble ciioBa: BBICOKOXXHpPOBas AUe€Ta, J'II/IHI/IZLHI)Iﬁ O6M€H, (bepMeHTLI NEYCHU, TaMUHUH

KoHduMKT HHTepecoB. ABTOpHI 3asdBJISAIOT 00 OTCYTCTBUH SBHBIX M MOTEHLHAIBHBIX KOH()JIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanKeil HaCTOSIIEeH CTaThH.

HUcTounuk quchnp()BaHmI. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU (bPIHaHCI/IpOBaHI/ISI Ipyu OPOBEACHUU HUCCIIE0-
BaHUA.

CooTBeTcTBHE IPUHIMIIAM 3THKH. VcciienoBanne 0j00peHO JTOKaIbHBIM 3THIECKUM KOMUTETOM MKeBCKoii ro-
CyIapCcTBEHHON MEAMIMHCKOM akageMun (mpotokoa Ne 652 ot 23.04.2019).

Jast nuruposanusi: ['unesa O.I'., Byronun E.I'., Tepemenko M.B. ConepixaHue JaMUHUHA B CBIBOPOTKE KPOBU
KPBIC B YCJIOBHSIX BBICOKOXXMPOBOH JHETHI NPH KOPPEKLUUH CYJIOASKCHAOM. broaremens cubupckoi meouyumbl.
2022;21(1):21-27. https://doi.org/10.20538/1682-0363-2022-1-21-27.
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INTRODUCTION

Obesity and metabolic syndrome have reached
epidemic proportions in the 21st century. The urgen-
cy of the problem of weight gain is associated with
an increased risk of development and progression of
atherogenic dyslipidemia, cardiovascular diseases,
and nonalcoholic fatty liver disease (NAFLD) [1].
NAFLD is characterized by low-grade inflammation
in hepatocytes, which ultimately can lead to activa-
tion of connective tissue growth and formation of liver
fibrosis [1].

A number of previous studies have shown a cor-
relation between the accumulation of fat in hepato-
cytes and the stage of liver fibrosis [2]. Increased con-
sumption of fat contributes to an increase in the supply
of free fatty acids (FFA) to liver cells, a decrease in the
rate of beta-oxidation of FFA, as well as an increase
in the synthesis or secretion of very-low-density li-
poproteins (VLDL) in the liver, and then low-density
lipoproteins, formed from VLDL following hydroly-
sis of triglycerides under the action of lipoprotein li-
pase located on the capillary endothelium.

A significant contribution to fibrogenesis is made
by oxidative stress following lipid peroxidation with
the formation of highly reactive toxic compounds and
activation of inflammatory reactions with the release
of proinflammatory cytokines. The emerging oxida-
tive stress and excess of triglycerides in hepatocytes
can cause their cytolysis with the release of liver en-
zymes and, as a consequence, active synthesis of the
extracellular matrix. High blood level of triglycerides
in the composition of low-density lipoproteins can
have a damaging effect on endothelial cells. Laminin,
a non-collagen protein of connective tissue, can be
one of the markers of these processes.

Laminins are a family of large glycoproteins that
bind to one other and form about 15 heterotrimeric
macromolecules. The molecular weight of laminin
ranges from 400 to 900 kDa. Currently, 16 lami-
nin isoforms have been identified in mammals [3].
Laminins are some of the components of the basement
membranes in various tissues, mediating their interac-
tion with cells. They contribute to the formation of an
integral structure between cellular receptors and the
basement membrane due to their polymerization and
act as key molecules in the formation of unique tissue
structures. Together with other non-protein compo-
nents of the extracellular matrix, they participate in
cell adhesion, tissue reconstruction, and maturation of
collagen fibers.

The drug sulodexide (Vessel Due F®) is an anti-
coagulant that has antiplatelet, antithrombotic, angio-
protective, hypolipidemic, and fibrinolytic effects. The
active ingredient is an extract from the mucous mem-
brane of the small intestine of animals; it is a natural
mixture of a low-molecular-weight heparin (80%) and
dermatan sulfate (20%) [4]. The mechanism of the an-
gioprotective effect is associated with restoration of the
structural and functional integrity of vascular endothe-
lial cells. It normalizes blood rheology by lowering the
level of triglycerides and reducing blood viscosity [4].

The aim of the research was to study the content of
lipid metabolism parameters, major enzymes of hepat-
ic cytolysis, and laminin in the blood of rats fed with
a high-fat diet against the background of sulodexide
administration.

MATERIALS AND METHODS

The study was carried out on white outbred male
rats with an initial body weight of 200-250 g. Work
with rodents was carried out in accordance with the
Order of the Ministry of Health of the Russian Feder-
ation No. 199n of 01.04.2016 “On the approval of the
rules of good laboratory practice”. The study was ap-
proved by the local Ethics Committee at [zhevsk State
Medical Academy (Protocol No. 652 of 23.04.2019).

The animals were kept in cages at 23 + 2°C with
12h / 12h light — dark regime and had free access to
food and water. All animals were divided into three
groups — a control group (15 rats) and two experimen-
tal groups (15 animals each). The rats of the control
group were fed with a standard vivarium diet. For 35
days, the animals of the two experimental groups re-
ceived a high-fat diet — 44% of lard and 9% of vegeta-
ble oil from the daily diet [5]. In addition, for 35 days,
the rats in the second experimental group received
daily subcutaneous injections with Vessel Due F® at
a dose of 8.5 LRU / kg in terms of the animal’s body
weight [6]. From day 36 to day 60 of the experiment,
all the rats were fed with a standard diet of the vi-
varium. On day 60 of the experiment, changes in the
studied parameters were assessed in the long run [7].

The body weight of the animals was determined
before the start of the experiment and at each time
interval studied. Fasted animals were removed from
the experiment on days 21, 35, and 60 by decapita-
tion under short-term ether anesthesia. The material
for the research was blood taken from the cervical
vein. Blood serum was obtained from blood sam-
ples by centrifugation (3,000 rpm for 15 minutes) to
determine biochemical parameters and laminin. An
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automatic chemistry analyzer AU-480 (Beckman
Coulter, USA) with appropriate test systems was used
to determine the concentration of the main lipid me-
tabolism parameters (total cholesterol (TC), high-den-
sity lipoproteins (HDL) and low-density lipoproteins
(LDL), triglycerides (TG)), as well as the activity of
the major liver enzymes, such as alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), al-
kaline phosphatase (ALP), and lactate dehydrogenase
(LDH). The laminin concentration was determined by
the enzyme-linked immunosorbent assay (ELISA) us-
ing the Laminin ELISA Kit (USA).

Statistical processing of the results was carried
out using the SPSS Statistics software. Descriptive
statistics are presented as the median and the inter-
quartile range Me [Q,; Q,]. The data obtained did not
follow a normal distribution; therefore, the statistical
significance of the differences was calculated using

the nonparametric Mann — Whitney test. The value of
p <0.05 was considered statistically significant.

RESULTS AND DISCUSSION

The body weight of the animals from the experi-
mental group 1 fed with a high-fat diet increased by
day 35 of the experiment and continued to increase
till the end of the experiment. The body weight of the
animals from the experimental group 2 who received
a high-fat diet and injections of sulodexide did not
differ significantly from the control values (Table 1).

After consumption of high-fat food, the follow-
ing changes in the lipid profile were observed in the
blood serum of the rats in the experimental group 1:
an increase in the concentration of TC by 165.3%,
LDL — by 458.8%, TG — by 522.5%, and HDL — by
58.6% compared with the control by day 60 of the ex-
periment (Table 2).

Table 1
Change in body weight of the experimental rats compared with the control, n =5
E i t ti d
Conditions of the experiment Day 21 xper;;;eyns 51me, ays Day 60
Diet 15.2; p=0.089 25.9; p=0.041 17.6; p=0.039
Correction 0.1; p=0.405 7.4;p=0.076 15.2;p=0.118
Table 2
Biochemical parameters in the blood serum of rats fed with a high-fat diet, mmol /1, Me [Q; O]
Experiment time, days
Parameter Day 21 Day 35 Day 60
Control, n=15 Experiment, n =5 Control,n=15 Experiment, n =5 Control, n=15 Experiment, n =5
1.69 1.98 2.07
0.78 0.89
TC ) [1.69; 1.81] ) [1.89;2.01] i [1.85;2.11]
[0.75; 0.92] »=0.009 [0.81; 0.91] »=0.007 [0.84; 0.96] »=0.009
0.74 0.69 0.73
0.46 0.55
HDL ) [0.73; 0.79] ) [0.67; 0.7] ) [0.71; 0.79]
[0.41; 0.47] p=0012 [0.50; 0.59] »=0.025 [0.51; 0.59] p=0.008
LDL 0.17 [0 4%4(? 49] [0 4(;'-58 57] 0.21 [0 26951 2]
[0.17; 0.23] = 0.009 [0.17; 0.22] »=0.009 [0.14; 0.33] »=0.009
1.77 1.90 2.49
0.40 0.52
TG ) [1.48;2.89] ) [1.87; 1.91] ) [1.58;2.7]
[0.4; 0.47] »=0.009 [0.41; 0.57] p=0011 [0.49; 0.56] »=0016

It is reasonable to expect these changes from the
standpoint of assimilation of exogenous lipids due to
their increased absorption and enhanced synthesis of
VLDL in the liver, and then LDL in the vascular en-
dothelium. Excess of TG is deposited in the form of
fatty vacuoles in hepatocytes, which leads to the for-
mation of fatty liver disease — steatosis [8]. As a result,
lipid peroxidation processes are activated, proinflam-
matory cytokines are synthesized, and oxidative stress
develops.

These processes may result in hepatic cytolysis,
leading to the release of intracellular enzymes, such as
ALT, AST, ALP, and LDH, and their accumulation in
the blood. In our experiment, a statistically significant
increase in ALT activity by 104.4%, 184.1%, 219.3%
(p <0.05) on day 21, 35, and 60 of the experiment,
respectively, and a tendency toward elevation of AST,
ALP, and LDH with a statistically significant increase
by 27.8%, 204.7%, and 42.6%, respectively, by day
60 of the experiment were noted.
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In the case of persistent damage, slowdown in re-
generation and replacement of hepatocytes with an
excess amount of extracellular matrix proteins were
observed [2]. In addition, the excess of TG and TC
following free radical oxidation might have a destruc-
tive effect on the vascular endothelium. Laminin, the
basement membrane glycoprotein, may be one of the
markers of ongoing pathological changes.

Laminin is a structural non-collagen glycoprotein
of the basement membrane consisting of three short
arms with globules and one long arm [9]. Each lami-
nin chain consists of several domains on which active
centers of interaction with various biologically active
substances, such as type IV collagen, fibronectin, and
nidogen, are located. Nidogen occupies a prominent
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place in the structure of the cellular matrix having a
covalent bond to collagen and forming an insoluble,
non-covalently bound complex with laminin. This
complex is fixed with cells, which determines the main
function of laminin as an adhesive protein of various
epithelial and mesenchymal cells providing tissue re-
sistance to stretching and affects cellular growth, mor-
phology, differentiation, and mobility [10]. Therefore,
when the cells are exposed to a damaging factor, the
release of extracellular matrix components into the
bloodstream is likely.

In the course of the experiment, an increase in
the laminin content was observed already on day
21 of the experiment and by the end of the experi-
ment (Fig. 1).

27

35 B0

Day of the experiment

*— p <0.05 compared with the control group

Fig. 1. Changes in the concentration of laminin against the background of a high-fat diet relative to the control, %

The study of biochemical liver parameters against
the background of sulodexide administration and a
high-fat diet showed that the activity of the major en-
zymes of hepatic cytolysis decreased at the indicated
points of the experiment, with the highest value on
day 60 compared with similar parameters in the first
group of animals (Fig. 2).

The hepatoprotective effect of the drug may also be
associated with its hypolipidemic effect, an increase in
the activity of lipoprotein lipase, and, therefore, with
increased breakdown of TG in the composition of li-
poproteins, and, as a consequence, with a decrease in
the concentration of products of their peroxidation and
restoration of hepatocytes. According to the results of
the experiment, after administration of sulodexide, a
tendency toward a decrease in the concentration of
the studied lipid profile parameters was noted: TC de-
creased by 26%, HDL — by 1.4%, LDL — by 52%, and

TG — by 26% on day 21 of the experiment. An even
greater decrease was recorded on day 35 of the experi-
ment: TC reduced by 37%, HDL — by 30%, LDL — by
18%, and TG — by 64% (p < 0.05) with a pronounced
decrease by day 60 of the experiment (Fig. 3).

A decrease in the difference in these parameters
against the background of sulodexide administration
compared with the control values by the end of the ex-
periment is worth noting (Fig. 4). The angioprotective
effect of sulodexide associated with restoration of the
structural and functional integrity of the vascular en-
dothelium, normalization of negative electric charge
density, and decreased basement membrane thickness
and extracellular matrix production explains a de-
crease in the laminin concentration observed against
the background of the diet and after administration of
the drug by 26.3%, 22.6%, and 37.4% on day 21, 35,
and 60 of the experiment, respectively (Fig. 5).

BlonneteHb cMbnpckoi MeguuuHbl, 2022; 21 (1): 21-27 25



Gileva O. G., Butolin E. G., Tereshchenko M. V.  Serum level of laminin in rats fed with a high-fat diet with sulodexide administration

100% -

g

% of changes on days of the exper-
iment

uo
anr act i nar

Biochemical parameters
* — p <0.05 in the comparison of two experimental groups

B 21 nens O 35pens EB0 genn

Fig. 2. Changes in the activity of enzymes involved in hepatic cytolysis under the conditions of a high-fat diet and sulodexide
injections by days of the experiment, %
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Fig. 3. Parameters of lipid metabolism under conditions of a high-fat diet and against the background of sulodexide administration
by the end of the experiment
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Fig. 4. Dynamics of the lipid profile parameters against the background of sulodexide administration relative to the control

26 Bulletin of Siberian Medicine. 2022; 21 (1): 21-27



Original articles

control
21 diet
35 diet
60 diet

Laminin
Laminin
Laminin
21 therapy
Laminin
Laminin
35 therapy
Laminin
Laminin
60 therapy

Fig. 5. Concentrations of laminin against the background
of the diet and sulodexide administration: the abscissa is
the time of the experiment, days; the axis of ordinates is the
laminin concentration in the blood serum, ng / ml. * — p <0.05
compared with the control. Due to a lack of statistically
significant differences in the control values, the mean value for
the control was calculated for all days of the experiment

The analysis of the data obtained allows to con-
clude that the administration of sulodexide may be
reasonable for managing steatosis and liver fibrosis
and restoring the integrity of the vascular endotheli-
um, which is typical of a high-fat diet.

CONCLUSION

The results of the experiment indicate that a high-
fat diet leads to a change in the concentration of lipid
metabolism parameters in the blood serum of rats. This
can initiate destructive processes in the liver cell mem-
brane with the release of the main biochemical markers
of hepatic cytolysis (ALT, AST, ALP, LDH) into the
bloodstream, as well as endothelial dysfunction with an
increase in the laminin level in the blood of animals.

The studied drug sulodexide has a rather pro-
nounced hypolipidemic and angioprotective effect. It
is able to reduce the degree of hepatic cytolysis due to
the activation of lipolysis and is likely to restore the

Authors information

structure of the basement membrane in the vascular
endothelium. This is one of the reasons for applying
this drug in clinical practice.

REFERENCES

1. Drapkina O.M., Deeva T.A. Galectin-3 — biomarker of fibrosis
in patients with metabolic syndrome. Russian journal of cardi-
ology. 2015; 125(9): 96-102 (in Russ.). DOI: 10.15829/1560-
4071-2015-09-96-102.

2. Lazebnik L.B., Radchenko V.G., Seliverstov P.V., Sitkin S.I.,
Dzhadhkhav S.N. The contemporary understanding of liver
fibrosis and approaches to treatment in patients with nonalco-
holic steatohepatitis. Experimental and Clinical Gastroenterol-
0gy.2017;148(12):98-109 (in Russ.).

3. Batyushin M.M., Pasechnik D.G. Laminines in the structure of
glomerular basement membrane. Nephrology. 2016;20(5):9—
15 (in Russ.).

4. Panyushkina G., Minakov E., Sudakov O. The effectiveness
of sulodexide in type 2 diabetes mellitus. Vrach (The Doctor).
2012;6:34-36 (in Russ.).

5. lizuka K. the role of carbohydrate response element binding
protein in intestinal and hepatic fructose metabolism. Nutri-
ents. 2017;9(2):181. DOI: 10.3390/nu9020181.

6. Perminova O.V. The level of carbohydrate-containing biopoly-
mers of the myocardium with the administration of sulodexide
under conditions of immobilization stress. Problems of gerontol-
ogy and geriatrics-2006. Materials of the third regional research
and practical conference of the Northwestern Federal District
within the framework of the second International Northern So-
cio-Economic Congress “Cultural and natural palette of the north-
ern territories of Russia”. Syktyvkar, 2006:89-90 (in Russ.).

7. Kawasaki T., Igarashi K., Koeda T., Sugimoto K., Nakagawa
K., Hayashi S. et al. Rats fed fructose-enriched diets have
characteristics of nonalcoholic hepatic steatosis. The Jour-
nal of Nutrition. 2009;139(11):2067-2071. DOI: 10.3945/
jn.109.105858.

8. Lazebnik L.B., Radchenko V.G., Golovanova E.V., Zvenig-
orodskaya L.A., Konev Yu.V. Non-alcoholic fatty liver dis-
ease: clinical picture, diagnosis, treatment. Experimental and
Clinical Gastroenterology.2017;138(2):22-37 (in Russ.).

9. Tryggvason K. The laminin family. Curr. Opin. Cell Biol.
1993;5(5):877-882. DOI: 10.1016/0955-0674(93)90038-r.

10. Engvall E. Structure and function of basement membranes.

Intl. J. Dev. Biol. 1995;39(5):780-787.

Gileva Olga G. — Post-Graduate Student, Department of Clinical Biochemistry and Laboratory Diagnostics, ISMA, Izhevsk, Russian
Federation, olgagileval981(@yandex.ru, http://orcid.org/0000-0002-0985-1878

Butolin Evgeny G. — Dr. Sci. (Med.), Professor, Head of the Department of Clinical Biochemistry and Laboratory Diagnostics, ISMA,
Izhevsk, Russian Federation, butoline@mail.ru, http://orcid.org/0000-0002-3312-4689

Tereshchenko Mariya V. — Assistant, Department of Clinical Biochemistry and Laboratory Diagnostics, ISMA, Izhevsk, Russian
Federation, tereshenkomaria@rambler.ru, http://orcid.org/0000-0001-6701-1095

(<) Gileva Olga G. — olgagileval981@yandex.ru

Received 17.01.2021;
approved after peer review 13.02.2021;
accepted 25.05.2021

BlonneteHb cMbnpckoi MeguuuHbl, 2022; 21 (1): 21-27 27



YAK 611-013.395:615.276:57.085
https://doi.org/10.20538/1682-0363-2022-1-28-34

Study of the anti-inflammatory and immunotropic activity of the
secretome from multipotent mesenchymal stromal cells induced by
erythropoietin, valproic acid or dexamethasone in vitro
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ABSTRACT

The aim of this study was to evaluate the effect of treatment with valproic acid, erythropoietin, and dexamethasone
on the anti-inflammatory and immunosuppressive activity of the secretome of adipose-derived multipotent
mesenchymal stromal cells (MMSCs) in an in vitro experiment.

Materials and methods. MMSCs were isolated from the fat of 6 healthy donors. The cells were grown in the
culture up to passage 4. Then they were treated with valproic acid, erythropoietin or dexamethasone for 3 hours,
washed from preparations, and incubated in a serum-free medium for 48 hours. Some of the cells were not treated
with preparations. Supernatants from the cell cultures were concentrated by ultrafiltration, and protein standard-
ization was performed using a nanophotometer. Then the supernatants were sterilized and added to mononuclear
cells from peripheral blood of 8 healthy donors. The mononuclear cells were isolated by Ficoll density gradient
centrifugation according to the standard protocol. Concentrations of TNFa, IL-2, IL-4, IL-6, IL-10, and IFNy cyto-
kines in 24-hour cultures and IL-9, IL-10, IL-17A, and IL-21 cytokines in 48-hour cultures were determined using
multiplex analysis.

Results. The production of IL-2, IL-6, TNFa, and IL-10 was reduced by the secretome of MMSCs treated with
valproic acid. The production of IL-2, IL-6, and TNFa decreased during incubation of the mononuclear cells with
the secretome of MMSCs treated with erythropoietin. The secretome of dexamethasone-treated MMSCs suppressed
the production of IFNy, IL-1f, IL-1ra, IL-2, IL-6, IL-9, IL-10, and IL-17A. No statistically significant differences
were revealed in the production of IL-4, IL-5, IL-9, and IL-21.

Conclusion. Among the studied inducers, dexamethasone enhanced the anti-inflammatory and immunosuppressive
activity of MMSCs the most, which was manifested through the effect of their supernatants on peripheral blood
mononuclear cells.

Keywords: multipotent mesenchymal stromal cells, valproic acid, erythropoietin, dexamethasone, cytokines,
inflammation
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PE3IOME

Heas. MccaenoBats BiusiHIE 00paOOTKH BAIBIPOEBO KUCIOTON, S3PUTPONOITHHOM U JEKCAMETa30HOM Ha Ipo-
THBOBOCTIAIUTENFHYIO ¥ MMMYHOCYTIPECCUBHYIO aKTHBHOCTH CEKPETOMAa MYJBTUIOTEHTHBIX ME3€HXHMAaJbHBIX
ctpoManbHBIX K1eTok (MMCK) sKupoBoii TKaHH B SKCIIEPUMEHTE iR Vifro.

Matepunansl 1 Metoabl. MMCK Bbiiensiinu U3 sxupa IIecTd 340pOBBIX AOHOPOB. KieTku pacTunu B KyJbType
JI0 YETBEPTOTO Maccaxa, 3aTeM 00pabaThIBasIi BAIBIIPOCBOM KHCIOTON, SPUTPOIIOITHHOM HIIH JIEKCAMETa30HOM
B T€UYEHHE 3 4, OTMBIBAJIM OT NPENapaToB U MHKyOHPOBaIM B OECCHIBOPOTOUYHOM cpene B TeueHue 48 4. Yacts
KJIETOK He oOpabaTeiBany npenaparamMu. CynepHaTaHThI OT KyJIbTyp KJIETOK CKOHLIEHTPUPOBAIIH yIbTparibTpa-
IMeH, CTaHAaPTH3UPOBAIN MO COAEPKAHUIO OeJKa ¢ MOMOIIBI0 HAHO(OTOMETpa, CTEPUIIN30BAIH U JOOABIISIIN K
MOHOHYKJIeapaM U3 nepudepruueckoil KpoOBU BOCEMH 310POBBIX JOHOPOB. MOHOHYKJI€aphl BBIISIISUTH B TPaIUeHTe
IUIOTHOCTH (PMKOJUIA [0 CTAaHAAPTHOMY HMPOTOKOIY. KOHIIEHTpauu HUTOKHHOB (hakTopa HEKpo3a OIyXOoJH abda
(TNFa), unrepaeiikuna (IL) -2, IL-4, IL-6, IL-10, untepdepona ramma (IFNy) B cyrounsix kynprypax u IL-9, IL-
10, IL-17A, IL-21 B 48-4acoBBIX KyJIbTYpax ONpPeesIi C IOMOLIbIO MYJIbTUINIEKCHOTO aHAIU3a.

Pesyabrartsl. [pomykuus IL-2, IL-6, TNFa, IL-10 cHmkaeTcs moa IeiicTBHEM CEKpeToMa OT 00pabOTaHHBIX
BassnipoeBoi kuciaoror MMCK. IIpomykmus IL-2, IL-6, TNFo ymeHbIraercst mpn HHKYOAIr[uu MOHOHYKJIEapOB
C CEKPETOMOM KJIETOK, 00pabOTaHHBIX IPHUTHPOMOITHHOM. CekperoM 00paboTaHHBIX JIekcamerazoHoM MMCK
nonasisiet npoxykiuro [FNy, IL-1, IL-1ra, IL-2, IL-6, IL-9, IL-10, IL-17A. CTaTHCTHYECKH 3HAYUMBIX Pa3InIuil
1o u3menenuto npoxaykuuu 1L-4, IL-5, IL-9, IL-21 ne BbIsIBIEHO.

3axiouenne. Cpeau U3y4eHHBIX HHAYKTOPOB JIEKCAMETa30H MoKa3ai ceOst 0onee aKTUBHBIM B YCHIICHUH MIPOTH-
BOBOCHAJIMTEIFHON U UMMYyHOCYNpeccuBHOHM akTuBHOCTH MMCK, BRIpa)KeHHOU depe3 BIUSHHUE UX CylepHATaH-
TOB Ha MOHOHYKJI€APhI TIepU(BEPHIECKOI KPOBH.

KaroueBble cioBa: MYJIbTUIIOTCHTHBIC ME3CHXUMAJIbHBIC CTPOMAJIbHBIC KJICTKH, BaJIbIIPOCBAs KMUCJIOTA, SPUTPO-
IIO3THH, JCKCAaMCTa30H, IMTOKHWHBI, BOCITAJICHUC

KOHq)JIl/lKT HUHTEPECOB. ABTOpLI JACKIIApUPYIOT OTCYTCTBUE SAIBHBIX U NOTCHIHUAJIBHBIX KOH(bJ'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C ny6nm<a1mel?1 HaCTOS[U.IefI CTaTbu.

Hcrounnk punancupoBanus. ABTOPHI 3aBISIOT 0 prHAHCHPOBaHUH O cTOPOHBI OO0 «VIHHOBAIIMOHHEIH IIEHTP
«buprou — HoBBIE TexHONIOrHW», OO0 «LlenTp KIeTounbIx TexHonoruit buprou» u nporpammsl «Y. M.HJML.K.».

CooTBeTCTBHE NMPUHUHMIAM 3THKH. Bce Y4aCTHHUKM HCClIENOBaHMS HOINUCAIH MH)OPMHPOBAHHOE COTJIACHE.
HccnenoBanue 0100pEHO STHUECKHM KOMUTETOM Belaropoackoro rocy1apcTBEHHOrO HallMOHAIBHOTO UCCIIE0Ba-
TeNbCKOro yHuBepcureTa (mpotokon Ne 1 ot 24.01.2020).

Jns murupoBanus: [omy6unckas [1.A., Ilyzanos M.B., CapsraeBa M.B., bBypna C.1O., Hagexnun C.B., Kopo-
kuH M.B., bypna 10.E. M3ydyeHue npoTHBOBOCIAIUTEIBHON U UMMYHOTPOIIHOI aKTUBHOCTU CEKPETOMa MYJIb-
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INTRODUCTION

The anti-inflammatory activity of multipotent mes-
enchymal stromal cells (MMSCs) has been confirmed
by numerous studies. Currently, much attention is
paid to the regulatory effects of MMSCs, which are
determined by the action of biologically active sub-
stances in their secretome. Thus, the secretome can be
an effective alternative to the use of stem cells and
is a good basis for development of innovative drugs.
However, the possibility of changing the function-
al activity of MMSCs and, hence, the composition
of their secretome after pharmacological stimulation
with erythropoietin (EPO), valproic acid (VA), and
dexamethasone (DEX), has not yet been realized in
the world [1]. There is evidence that EPO increases
the survival rate of MMSCs when they are injected
together. EPO also reduces the inflammatory micro-
environment of diabetic foot ulcers. The mechanism
consists in inhibition of the release of the proinflam-
matory cytokine tumor necrosis factor-o (TNF-a) by
the cells [2].

Therefore, EPO is a potential regulator of the func-
tional activity of cells with receptors for it, including
stromal cells [2], however, the exact effects remain
poorly studied. It has been shown that the use of VA
in therapy inhibits proliferation and differentiation of
MSCs, as well as release of proinflammatory cyto-
kines [3]. With the administration of lipopolysaccha-
ride (LPS) and VA to dogs, VA has been shown to re-
duce the production of proinflammatory cytokines. It
is known to increase the anti-inflammatory activity of
embryonic fibroblasts under the influence of DEX [4].

The aim of the research was to study the possibili-
ty of changing the anti-inflammatory and immunosup-
pressive activity of the secretome of adipose-derived
MMSCs after treatment with VA, EPO, and DEX in
Vitro.

MATERIALS AND METHODS

All individuals included in the study signed an in-
formed consent. The study was approved by the Ethics
Committee at Belgorod State National Research Uni-
versity (protocol No. 1 of 24.01.2020). Mononuclear
cells (MNCs) from peripheral blood of 8 healthy vol-

unteers were isolated by Ficoll density gradient cen-
trifugation. MMSCs were isolated from the adipose
tissue of 6 donors using collagenase type 1. MMSCs
were grown up to passage 4 in the Minimum Essential
Medium (MEM)-a with 10% fetal bovine serum un-
der standard conditions of a gas incubator (humid at-
mosphere, 5% CO,, 37 °C). Then the cells were seed-
ed in culture plates and treated with 1 [U / ml of EPO
(Sandoz, Slovenia), 20 pg / ml of VA (Merck, USA)
or 10 pmol / ml of DEX (CSPC Ouyi Pharmaceutical,
China) for 3 h. The cells were washed from the prepa-
rations and incubated in a serum-free medium for 48 h
under standard conditions.

Some of the MMSCs were not treated with any
of the pharmacological agents. Before adding to the
culture plate, supernatants from MMSC -cultures
were concentrated using Vivaspin 15 R centrifugal
concentrators (Sartorius, Germany) with molecular
weight cut-off (MWCO) of 3 kDa, standardized for
the total protein content (1 mg / ml) using a nanopho-
tometer (Implen, Germany), sterilized by filtration,
and then added to the plates with MNCs. To stimu-
late MNCs, 10 pg / ml of phytohemagglutinin (Pan-
Eco, Russia) and 100 ng / ml of LPS (Merk, USA)
were added. After 24 h and 48 h, the plate was cen-
trifuged, and the supernatant was taken for the study
of cytokine concentrations. Concentrations of cyto-
kines TNF-a, interleukin (IL)-2, IL-4, IL-6, IL-10,
and interferon gamma (IFN-y) in daily cultures were
determined using Bio-Plex Pro Human Cytokine
8-Plex and Human Ultrasensitive Cytokine Magnetic
10-Plex Panels (Bio-Rad, Invitrogen, USA). Concen-
trations of IL-9, IL-10, IL-17A, and IL-21 in 48-hour
cultures were determined using the Th9/Th17/Th22
Cytokine 7-Plex Human ProcartaPlex Panel (Invi-
trogen, USA) according to the instructions on the
MAGPIX multiplex reader (Luminex, USA). The
concentration of cytokines produced by stimulated
MNCs was taken as a control. To confirm the MMSC
phenotype, the cells were stained with antibodies to
CD105, CD90, CD73, CD31, CD45, and CD34 (BD,
Beckman Coulter, USA). Mouse IgG1 conjugated
with BV 421 (BD, USA) was used as an isotype con-
trol. The expression of markers was determined on
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the FACSCanto II flow cytometer with BD FACSDi-
va software (BD, USA).

Statistical processing of the results was carried
out using the SPSS Statistics 17.0 software (IBM,
USA). The data obtained were checked for normal
distribution using the Shapiro — Wilk test. Descriptive
statistics were represented by the median and the in-
terquartile range Me [Q —Q,]. Statistically significant
differences were calculated using the Mann — Whitney
U test and the Kruskal — Wallis test; the differences
were considered statistically significant at p < (0.05.

RESULTS

The secretome from DEX-stimulated MMSCs sig-
nificantly (p < 0.05) reduced the production of the reg-
ulatory cytokine IFN-y (Table). Incubation of MNCs
with the secretome from MMSC:s treated with EPO and
VA did not reveal a statistically significant decrease in
the level of this cytokine (p > 0.05). A decrease in the
concentration of IL-2 under the influence of VA, EPO,
DEX, and joint incubation with the MMSC secretome
was significant in all cases, regardless of the presence
or absence of preliminary MMSC treatment (Table).
However, the greatest effect in reducing the produc-
tion of this cytokine was shown by the secretome from
DEX-treated MMSCs (p < 0.05). The secretome from
DEX-treated MMSCs contributed to a decrease in the
production of IL-4 and IL-5 by 1.3 and 1.6 times, re-
spectively (p > 0.05). A tendency toward suppression
of IL-21 production was also noted (p > 0.05). The
production of proinflammatory cytokines decreased
after incubation with the secretome from DEX-treated
MMSCs: TNF-a — by 6.0 times, IL-1p — by 2.5 times,
IL-6 — by 1.5 times, IL-9 — by 5.6 times, and IL-17A —
by 3.2 times (Table, p < 0.05).

A pairwise analysis revealed differences between
the decrease in TNF-a, IL-1B, and IL-17A after the
administration of the secretome from DEX-treat-
ed MMSCs and secretomes from native MMSCs
and those treated with EPO and VA (p < 0.05). A
decrease in the IL-6 concentration under the influ-
ence of all secretomes was statistically significantly
smaller (p < 0.05) than in the control. However, the
pairwise analysis did not reveal any differences in the
co-incubation of secretomes from stimulated and na-
tive MMSC:s. A decrease in the production of anti-in-
flammatory cytokines IL-1ra and IL-10 (Table) after
treatment of the cells with EPO and DEX was noted.
This effect was especially pronounced after exposure
of MNC:s to the secretome of DEX-treated MMSCs
(» <0.05).

DISCUSSION

A statistically significant decrease in IFNy was ob-
served upon incubation of MNCs together with the se-
cretome from DEX-treated MMSCs (p < 0.05), which
is consistent with the data on the decrease in [FNy by
glucocorticoids and the effect of MMSCs in treatment
of imiquimod-induced psoriasis [5]. IL-2 produced
by Thl lymphocytes decreased upon incubation with
the secretome from MMSCs treated with DEX (p <
0.05). There are conflicting literature data that gluco-
corticoids have a positive effect on the production of
IL-4,IL-10, and IL-13 by Th2 cells, causing a shift to-
ward humoral immunity without immunosuppression.
However, most scientific works have shown that syn-
thesis of IgE in vivo is declining [6]. The biological
functions of IL-21 include induction of an inflamma-
tory T-cell response and suppression of IgE produc-
tion. It has been shown that treatment of thrombocy-
topenia with high doses of DEX leads to a decrease
in IL-21 [7]. We revealed only a tendency toward a
decrease in IL-21 production under the influence of
MNC incubation with the secretome from MMSCs.
Confirmation of this phenomenon, along with the re-
vealed trend toward a decrease in IL-4 and IL-5, can
be used in correction of IgE-related diseases.

IL-1pB was significantly reduced after exposure to
the secretome from MMSCs treated with DEX. It is
known that there is no significant effect of VA on the
production of this cytokine [8], while it moderately
increases with the addition of EPO [9]. IL-6 decreased
after pharmacological treatment of cells, which is con-
sistent with the article [8].

Recent data confirm that Th1, Th2, and Th17 cells
have different sensitivity to glucocorticoids [10, 11]. It
has been shown that Th1- and Th17-related cytokines
are involved in the development of systemic sclerosis
[4], and increased expression of IL-17A is observed
during the development of inflammation in psoriasis
[5]. The authors demonstrated a significant decrease in
the production of IL-1f, IL-6, IL-10, IFNy, TNF, and
IL-17A by in vitro exposure of MNCs from patients
with systemic sclerosis to DEX [4]. The revealed de-
crease in IL-17A after exposure to the secretome of
DEX-treated MMSCs may be used in treatment of
systemic sclerosis and psoriasis.

In addition, a tendency toward a decrease in IL-17A
under the influence of the secretome from EPO-treat-
ed MMSCs was revealed, which can be potentially
used in chronic inflammatory diseases, such as colitis
[12]. It was shown that the DEX-induced decrease in
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TNF-a was less pronounced after high doses of LPS
than after 0.1 ng of LPS. On the contrary, the effect
of DEX on IL-10 secretion is biphasic: stimulation at
lower doses of LPS and inhibition at higher doses of
LPS [13]. We used 10 umol / ml of DEX and 100 ng
/ ml of LPS, which is 10 times more than in the cited
source, but the effects turned out to be natural: a de-
crease in the production of TNFa and IL-10. This sug-
gests that the secretome from DEX-treated MMSCs
has a more pronounced anti-inflammatory effect than
that of the native MMSCs.

Glucocorticoids are known to reduce the produc-
tion of IL-1p. In this study, the greatest decrease in the
production of IL-1B and TNFa was observed under
the effect of the secretome from DEX-treated MMSCs
(p < 0.05), which shows the ability of glucocorticoids
to exert an indirect anti-inflammatory effect through
the influence on stromal cells. It is known that under
the influence of DEX, in the blood serum of patients
with thrombocytopenia, the production of TNFa sig-
nificantly decreases [7], and in patients with Crohn’s
disease, TNFo and IL-6 decrease and genes associ-
ated with phagocytosis are inhibited, which can lead
to persistent infection [14]. It may be possible to use
glucocorticoids to suppress synthesis of proinflamma-
tory cytokines indirectly, using DEX-treated MMSCs
and their secretome, avoiding the increased risk of de-
veloping infectious diseases. A decrease in production
of IL-9, one of the factors in mast cell differentiation,
under the effect of the secretome from DEX-treated
MMSCs, can be used in allergic and autoimmune in-
flammation.

Scientists have shown that bone marrow MMSCs
reduce the production of IL-9 by MNCs in patients
with rheumatoid arthritis in vitro [14]. There is evi-
dence that EPO has no effect on IL-10 production [9]
and exerts a suppressive effect on TNFa synthesis [6].
This is consistent with our data: a significant decrease
in TNFa under the effect of EPO and a tendency to-
ward IL-10 suppression. It has been shown that DEX
reduces IL-10 production by LPS-stimulated MNCs
[6]. In this study, the level of anti-inflammatory cyto-
kines produced by MNCs under the effect of EPO and
the secretome from EPO-treated MMSCs decreased
(p > 0.05). This effect can be studied in more detail
and, if confirmed, used in therapy. As shown in the
article [13], IL-1ra production is reduced by DEX,
which is consistent with our data. However, this effect
is stronger when using the secretome of DEX-treated
MMSCs, which suggests possible limitations of its an-
ti-inflammatory effect with long-term use.

CONCLUSION

Significant suppression of IL-2, IL-6, and TNFa
production under the effect of secretomes from
MMSCs previously stimulated by EPO and VA was
shown. However, this effect was more pronounced
when cells were treated with DEX. An increase in the
anti-inflammatory and immunosuppressive activity of
the secretome from MMSCs after preliminary stimu-
lation with DEX at a concentration of 10~ mol / | was
found. This effect was observed in the form of a de-
crease in the production of regulatory cytokines IFNy
and IL-2 and proinflammatory cytokines TNF-a, IL-
1B, IL-6, IL-9, and IL-17A by MNCs under the effect
of this MMSC secretome. A significant decrease in the
IL-10 and IL-1ra production suggests possible limita-
tions in long-term therapy for inflammatory diseases
using the studied secretome.
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Effect of B-blocker therapy on the level of soluble ST2 protein in the blood
serum in patients with heart failure with preserved and mildly reduced
ejection fraction

Grakova E.V.', Kopeva K.V.', Teplyakov A.T.!, Soldatenko M.V.', Suslova T.E.,
Kalyuzhin V.V.?

!Cardiology Research Institute, Tomsk National Research Medical Center (TNRMC) of the Russian Academy
of Sciences (RAS)
111, Kievskaya Str., Tomsk, 634012, Russian Federation
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2, Moscow Trakt, Tomsk, 634050, Russian Federation

ABSTRACT

Aim. To study the prognostic value of high serum concentration of soluble ST2 protein (sST2) in the development
of cardiovascular events after endovascular myocardial revascularization and the possibility of using this biomarker
as a target for B-blocker therapy in patients with chronic heart failure (CHF) with preserved (HFpEF) and mildly
reduced (HFmrEF) left ventricular ejection fraction.

Materials and methods. The study included 72 patients (aged 5769 years, 81.94% were men) with class I-I11
CHF of ischemic etiology with HFpEF and HFmrEF. The patients were admitted to the cardiology department
for endovascular myocardial revascularization. Before myocardial revascularization, serum concentrations of
sST2 and N-terminal pro-brain natriuretic peptide (NT-proBNP) in all patients were analyzed by enzyme-linked
immunosorbent assay (ELISA). Doses of B-blockers used in all patients were recalculated into a total daily dose
equivalent to metoprolol succinate. Patients were divided into 2 groups depending on the median equivalent dose
of metoprolol succinate (“high” > 100 mg / day and “low” < 100 mg / day).

Results. In patients of group 1, the serum concentration of sST2 was 30.7% higher (p < 0.001) than in patients
of group 2 (40.26 [34.39; 48.92] ng /ml and 27.9 [23.05; 35.27] ng / ml, respectively), the serum NT-proBNP
level in group 1 was 22.8% higher (p = 0.049) than in group 2 (167 [129; 330] ng / ml vs. 129 [125; 147] ng / ml,
respectively). In patients receiving an equivalent dose of metoprolol succinate < 100 mg / day, the incidence of
cardiovascular events was 34% higher (p = 0.002) than in patients receiving an equivalent dose of metoprolol
succinate > 100 mg/day. The ROC analysis showed that serum sST2 level > 34.18 ng / ml (sensitivity 78.0%,
specificity 90.0%, area under the curve (AUC) 0.906; p < 0.0001) predicts a high risk of cardiovascular events
within one year. However, the serum NT-proBNP level was not an informative predictor of cardiovascular events.

Conclusion. It was confirmed that increased sST2 serum concentration has high prognostic value in the development
of cardiovascular events within a year after endovascular myocardial revascularization. The possibility of using this
biomarker as a target for B-blocker therapy in patients with HFpHF and HFmrEF was substantiated. Aggressive use
of B-blockers in the group of patients with HFpEF and HFmrEF and sST2 overexpression is preferable in order to
reduce the incidence of cardiovascular events.

Keywords: chronic heart failure, left ventricle, preserved and mildly reduced ejection fraction, B-blockers,
biomarkers, soluble ST2, N-terminal pro-brain natriuretic peptide, prognosis, endovascular revascularization
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BnusaHune Tepanum B-agpeHo6no0KaTopaMmm Ha ypoBeHb pacTBOpVMON
dopmbl 6enka st2 B cbiIBOpOTKe KPOBU NALMIeHTOB C cepAeUYHOmn
He0CTaTOYHOCTbIO C COXPAHEHHON N YMEPEHHO CHKeHHON ¢ppaKumen
Bbl6poca

Fpakosa E.B.', KonbeBa K.B.', Tennakos A.T.', ConpateHko M.B.', CycnoBa T.E.',
Kanto»xvH B.B.?

! Hayuno-uccredosamenvckuti uncmumym (HHUH) kapouonoeuu, Tomckuti HAYuOHATbHbI UCCLE008AMENbCKUL
meouyunckuii yenmp (HUMI]) Poccutickoti akademuu Hayk
Poccus, 634012, Tomck, yn. Kuesckasa, 111

2 Cubupckuii 2ocydapcmeennoiii meouyunckuil ynusepcumem (Cuol’ MY)
Poccus, 634050, Tomck, Mockosckuti mpakm, 2

PE3IOME

Iens — n3ydyeHune NPOrHOCTHYECKOT0 3HAYSHNSI BRICOKOW KOHIIEHTPAIUHU B CBIBOPOTKE KPOBH PACTBOPUMOH (hOPMBI
6enka ST2 (sST2) B pasBUTHH CEpIEYHO-COCYAUCTBIX COOBITHH IOCIE SHIOBACKYJSPHOH PeBacKyJSpU3alliH
MHOKap/ia ¥ BO3MOXHOCTH MCIIOJIB30BaHMs 3TOro OMoMapkepa B Ka4eCTBE MHILICHH IS Tepanuu B-0okatopamMu
y TaIMeHTOB ¢ XPOHWUYECKOH cepiaeuHoil HenmocratouHOocThio (XCH) c coxpanennoit (CHc®B) u ymepeHHo
camwxeHHol (CHyc®B) dpaxuueii BEIOpoca JeBOTro KelygouKa.

MartepuaJjbl 1 MeToAbL. B nccrienoBanne BkimodeHs! 72 marueHTa (B Bozpacte 57-69 net, 81,94% myxunH) ¢
XCH I-III ¢pyrkuunonamsHOro Kiacca umemudeckoit stuonorun ¢ CHe®B u CHyc®B, rocriurann3upoBaHHEIX
B KapAHOJIOTHYECKYIO KJIMHHKY JUIS BBITOJHEHHS SHIOBACKYJSPHOIN pPEBACKyJSApU3aLHU HIIEMHU3HPOBAHHOTO
MHOKapza. Y BcexX MalMeHTOB Mepei peBacKyjapu3alleii MHOKapja aHaJM3HpPOBANTH KOHIICHTPALHIO B
ceiBOpoTke KpoBH sST2 u N-TepMHHATBFHOTO MPOMO3roBoro HaTpuitypermdeckoro nentuna (NT-proBNP) c
noMomIpi0 nMMyHodepmerTHOrO aHanm3a (ELISA). J103bI MpUMEHSIEMBIX Y BCEX MAIIMEHTOB [3-0JO0KaTOPOB OBLIH
HEePECYUTAHbI B O0LIYIO CYTOYHYIO 103y, SKBUBAJICHTHYIO METOIPOJIONY CYKIIMHATY. BonbHbIe ObIIN pa3/ieieHbl Ha
JIBE IPYIIbI B 3aBUCHMOCTH OT MEJMaHbl SKBUBAJICHTHOM 10351 -0J10KaTOpa METONPOJIOJIa CYKIIMHATA («BBICOKAsD)
>100 mr/cyT u «an3kass» <100 mr/cyT).

Pe3ynbTaThl. Y manueHTOB MepBOH IPYMIbI CBIBOPOTOUYHAs KoHIeHTparusa sST2 6buia Ha 30,7% (p < 0,001)
Goutbilie, YeM y OOJIBbHBIX, BOIIEAIINX BO BTopyto rpymmy (40,26 [34,39; 48,92] ur/mn u 27,9 [23,05; 35,27] ur/
MJI COOTBETCTBEHHO), YpoBeHb NT-proBNP B chIBOpOTKE KpOBHU OOJIBHBIX MEPBOM IPYIMIBI TaKKe ObLI BhILIE (Ha
22,8%; p = 0,049), uem y nauuentoB Bropoii rpymmsl (167 [129; 330] ur/ma npotus 129 [125; 147] ur/mn coot-
BETCTBEHHO). Y MAalMEHTOB, MOIYyYaBUIMX SKBUBAJCHTHYIO JO3y MeTomposioia cykuunata <100 mr/cyT, yactoTa
CEep/IeUHO-COCYANUCTBIX COOBITHIA ObLTa BhIlIe Ha 34% (p = 0,002), ueM y MalMeHTOB, MOTy4aBIINX SKBUBAJIEHTHYIO
o3y Metomnposona cykiunara > 100 mr/cyt. [lo nanapiv ROC-aHanu3a ycTaHOBIICHO, YTO CHIBOPOTOUYHBIH ypo-
BeHb SST2 > 34,18 ur/mn (ayBcTBUTENbHOCTD 78,0%, ciennduyanocts 90,0%, AUC 0,906; p < 0,0001) mo3Bossier
IIPOTHO3UPOBATh BBICOKMH PUCK Pa3BUTHUS CEPIEUHO-COCYAUCTHIX COOBITHH B TeueHue Ommxaiiiiero roga. Ypo-
BeHb NT-proBNP B ChIBOPOTKE KPOBH IIPH 3TOM HE SIBISUICS MHGOPMATUBHBIM MPEIAUKTOPOM CEPACYHO-COCYIHU-
CTBIX COOBITHH.

3aximoyenne. IloaTBepikieHO BBICOKOE MPOTHOCTHYECKOE 3HAUEHHE IIOBBIIICHUS KOHIIEHTpAlMUd B
CBIBOpOTKE KpoBU sST2 B pa3sBUTHH CEeplIeYHO-COCYAUCTBIX COOBITHH B T€UEHHE T'oJia MOCIe YHIOBACKYIISIPHOH
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peBacKyJIpU3alii MHOKapia 1 000CHOBaHa BO3MOXKHOCTh HCIIOJIb30BAaHHs 9TOT0 OMOMapKepa B KaueCTBE MHUILIEHU
i Tepanuu B-61okatopamu y nanueHToB ¢ CHc®B n CHyc®B. ArpeccuBHOe mpuMeHeHHe [-010KaTopoB
B rpynne nanueHToB ¢ CHc®B u CHyc®B u runepakcnpeccuit sST2 npennodrutenbHee ¢ LEIbI0 CHUXKEHHS
YaCTOTHI CEPIICYHO-COCYAUCTBIX COOBITHH.

KiioueBble c10Ba: XpOHHYECKAsi CEpACYHAs HEIOCTATOYHOCTb, JIEBBIH JKEIy/I049€K, COXPAHEHHAs U YMEPEHHO
CHIDKEHHAs ppakius BeIOpoca, B-010KaTopbl, Omomapkepsl, pactBopuMblii ST2, N-TepMUHATBHBINA TPOMO3TOBOM
HATPUIYPETHYECKHIT NeNTH], IPOTHO3, SHJ0BACKYJISIPHAS PEBACKYISPU3ALHs

KOHq).]Il/lKT HHTEPECOB. ABTOpLI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq)III/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’IPIKaIIPIeI71 Hacro;{meﬁ CTaTbHu.

Hcrounuk ¢punancupoBanus. VccrnenoBaHue moAmepXaHO MPOrpaMMoi (yHIaMEHTaJbHBIX HCCIICAOBAHUHN
PAH (tema FGWM-2022-0007).

CooTBeTCTBHE NMPUHIOMNIAM 3THKH. Mccnedosanue 0000peno N0KATbHbIM ITHUYCCKHM KOMHTETOM TOMCKOro
HUMI] (mmpotokon Ne 93 ot 25.05.2012).

s uurupoBanms: ['paxosa E.B., Konsesa K.B., TemmsixoB A.T., Conmarenko M.B., Cycnosa T.E., Kamo-
kuH B.B. BnusHue tepanuu B-anpeHoOnokaropaMy Ha ypOBEHb PACTBOPUMOM (OpMBI Oeika st2 B CHIBOPOTKE
KPOBH MALMEHTOB C CEPJCYHON HEAOCTATOYHOCTBIO C COXPAHEHHOH U YMEPEHHO CHIDKEHHOM (hpakiuei Beiopoca.

bronnemens cubupckoii meouyunst. 2022;21(1):35-46. https://doi.org/10.20538/1682-0363-2022-1-35-46.

INTRODUCTION

Chronic heart failure (CHF) is a serious public
health problem with the prevalence of 5.8 to 6.5 mln
individuals in the United States, about 8.1 mln indi-
viduals in the Russian Federation, and 26 mln peo-
ple worldwide [1-3]. Despite the advances made
in the study of the pathogenesis, course features,
clinical manifestations, and treatment methods,
the prognosis in CHF patients remains unfavorable
[4, 5]. One of the key indicators of the myocardial
dysfunction severity in CHF patients is the value of
the left ventricular ejection fraction (LVEF), which
characterizes its contractility [6].

Based on the data of large epidemiological
studies of the last few decades, scientists have
come to the conclusion that CHF can also devel-
op in preserved LVEF. CHF with preserved ejec-
tion fraction (HFpEF) is detected in about half of
all patients with heart failure — they account for
51-63% of the general population [7, 8]. Since life
expectancy in economically developed countries
tends to increase, the prevalence of HFpEF will
continue to grow. Epidemiological data from pop-
ulation-based studies in the United States show
that if current trends continue, 8.5 mln Americans
will be diagnosed with HFpEF by 2030, with about
70% of them being over 65 years old (6 min) [9].
Over the past decade, the rate of increase in HF-
pEF incidence has grown on average by 10-20%
relative to the same indicator for heart failure with

reduced ejection fraction (HFTEF) [10-14].
Beta-blockers (B-blockers) are a class of drugs
used to control CHF symptoms and improve surviv-
al, especially in patients with left ventricular (LV)
systolic dysfunction [15]. Co-administration of this
group of drugs with other drugs that are commonly
used to treat CHF, such as angiotensin-converting
enzyme (ACE) inhibitors, diuretics, angiotensin II
receptor blockers (ARBs), and mineralocorticoid
receptor antagonists, regresses LV remodeling
and decelerates the progression of systolic CHF
[15, 16]. In theory, B-blockers can also be used to
treat patients with diastolic CHF, which is charac-
terized by an increase in LV myocardial stiffness.
In this case delayed or incomplete ventricular re-
laxation leads to slowdown in diastolic filling and
an increase in ventricular filling pressure. The LV
filling is never complete during diastole, although
the pumping function remains preserved [17]. Con-
sidering the fact that diastolic dysfunction and LV
remodeling also play a key role in the mechanisms
of CHF progression up to the terminal stage of heart
disease and death [18, 19], there is every reason to
expect that the use of B-blockers in patients with
preserved LVEF will lead to a decrease in CHF
manifestations and symptoms and better survival.
It is possible due to a decrease in heart rate and an
increase in the time for a more complete LV filling
and, as a consequence, an increase in blood volume
during diastole [20]. However, now there is no con-
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vincing evidence that the use of B-blockers in CHF
patients with HFpEF and HFmrEF is effective.
Currently, soluble ST2 protein (sST2) is a new
biomarker. Along with natriuretic peptides, it plays
an important role in the mechanisms (cardiomyo-
cyte and interstitial remodeling of the heart, myo-
cardial dysfunction, and cardiomyocyte apoptosis,
etc.) of cardiovascular diseases [21-23]. In con-
trast to N-terminal pro-brain natriuretic peptide
(NT-proBNP), synthesis and secretion of which is
determined by increased stretching of cardiomy-
ocytes, the sST2 level also reflects the activity of
inflammatory and fibrotic processes in the cardiac
muscle tissue [23, 24], which may be more useful
for risk stratification and monitoring of treatment
efficacy in patients with HFpEF. There is evidence
that the dynamic changes in ST2 concentrations
during CHF treatment correlate with the frequen-
cy of long-term outcomes [25]. Therefore, it can be
assumed that comprehensive treatment that slows
down LV remodeling or provides its “reverse” re-
modeling, which ultimately leads to a decrease in
the incidence of cardiovascular complications, will
significantly improve the prognosis for HFpEF pa-
tients with an initially elevated sST2 level [18].

The aim of the study was to evaluate the prog-
nostic value of high serum concentration of sST2
in the development of cardiovascular events af-
ter myocardial revascularization and the pos-
sibility of using this biomarker as a target for
B-blocker therapy in patients with HFpEF and
HFmrEF.

MATERIALS AND METHODS

The study was conducted in accordance with
the Declaration of Helsinki and was approved by
the local Ethics Committee at Cardiology Research
Institute, Tomsk National Research Medical Cen-
ter of the Russian Academy of Sciences. All pa-
tients signed an informed consent to participate in
the study.

This study was a prospective, observational,
single-center study. The study included 72 patients
(aged 57-69 years, 81.9% were men) with CHF of
ischemic etiology corresponding to functional class
(FC) I-II according to the classification of the New
York Heart Association (NYHA), with preserved
and mildly reduced LVEF. Patients were admit-
ted to hospital for endovascular revascularization
(Table 1).

Table 1
Clinical and demographic characteristics of patients at the time of inclusion in the study
Parameter Group 1, n=40 Group 2, n =32 »
BB >100 mg / day BB <100 mg / day

Age, years, Me (Q,; O,) 62 (57; 69) 61.5(53.5; 68.5) 0.426
Men, n (%) 32 (80.0) 27 (84.4) 0.631
CHF duration, months, Me (0,.; O..) 12 (6; 17) 11 (7;18) 0.374
IHD duration, years, Me (QO,; O.) 5(2;11) 5(2;10) 0.861
6-minute walk test, m, Me (Q,; O, 335 (275; 385) 300 (225; 385) 0.439
FC of CHF by NYHA, n (%)

I 2 (5.0) 3(9.4) 0.835
I 29 (72.5) 17 (53.1) 0.089
111 9(22.5) 12 (37.5) 0.056
GFR, ml / min/1.73 m?, Me (Q,;; O..) 42.4 (29.3; 59) 77 (72; 87) 0.492
Body mass index, Me (Q,; 0., 27.1(24.9; 31.0) 28.8 (25.9; 30.9) 0.439
Hypertension, n (%) 34 (85.0) 26 (81.2) 0.778
Type 2 diabetes mellitus, 7 (%) 8 (20.0) 5(15.6) 0.631
COPD, n (%) 3(7.5) 2(6.2) 0.872
Atrial fibrillation, n (%) 6 (15.0) 2(6.2) 0.665
History of myocardial revascularization, n (%) 23 (57.5) 20 (62.5) 0.667
Systolic blood pressure, mm Hg, Me (Q,; O.) 120 (120; 130) 120 (110; 130) 0.779
e s bom v (00 O 0 (70:50 80(s0:80 o

’ ’ 257 =75 61 (55;67) 66 (61; 82)

Smoking, n (%) 12 (30.0) 4 (12.5) 0.327
History of acute CVA, n (%) 6 (15.0) 3(9.4) 0.331
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Table 1 (continued)
Parameter Group 1,7 =40 Group 2, n =32
BB >100 mg / day BB <100 mg / day P

Family history of CVD, n (%) 7(17.5) 5(15.6) 0.823
Therapy, n (%)

ACE inhibitors or ARBs 36 (90.0) 27 (84.4) 0.435
Spironolactone / eplerenone 11 (27.5) 9 (28.1) 0.471
Loop diuretics 13 (32.5) 8(25.0) 0.660
Amiodarone 4(10.0) 2(6.2) 0.675
Statins 38 (95.0) 29 (90.6) 0.912
Total cholesterol, mmol /1 4.65 (3.67; 5.25) 4.65(3.67;5.11) 0.932
LDL, mmol /1 3.03 (1.95;3.41) 2.49 (2.25; 3.43) 0.856
HDL, mmol /1 1.07 (0.85; 1.31) 1.06 (0.96; 1.26) 0.889
Triacylglycerols, mmol / 1 1.44 (1.13; 1.93) 1.67 (1.22;1.92) 0.870
Hemoglobin, g /1 142 (131; 153) 147 (138; 152) 0.464
hsCRP, mg /1 6(5:7) 6(4;7) 0.596
HbAlc, % 4.8 (4.5;6.6) 5.1(4.7;6.7) 0.445
sST2, ng / ml 27.9 (23.05; 35.27) 40.26 (34.39; 48.92) <0.001
NT-proBNP, pg /1 129 (125; 147) 167 (129; 330) 0.049

Note: HbAlc — glycated hemoglobin; NT-proBNP — N-terminal pro-brain natriuretic peptide; NYHA — New York Heart Association; sST2 — soluble
ST2; BP —blood pressure; BB — B-blockers, ARBs — angiotensin-II receptor blockers; hsCRP — highly sensitive C-reactive protein; CHF — chronic
heart failure; ACE inhibitors — angiotensin-converting enzyme inhibitors; IHD — ischemic heart disease; HDL — high-density lipoproteins; LDL —
low-density lipoproteins; GFR — glomerular filtration rate; HR — heart rate; COPD — chronic obstructive pulmonary disease; FC — functional class;

CVD - cardiovascular disease.

According to modern criteria, CHF with pre-
served and mildly reduced LVEF was diagnosed in
the presence of signs and / or symptoms of heart
failure, preserved LV systolic function (LVEF >
40%), NT-proBNP level >125 pg / ml, as well as
signs of LV diastolic dysfunction [26].

Exclusion criteria were age older than 75 years,
GFR lower than 50 ml / min / 1.73 m? (CKD-EPI
equation), bronchial asthma and severe chronic
obstructive pulmonary disease, autoimmune dis-
eases, pregnancy, malignant neoplasms, less than
six months after acute coronary or cerebrovascular
events or failure to sign an informed consent form.

All patients received standard treatment and
were followed up for 12 months after myocardi-
al revascularization. Patients were divided into 2
groups depending on the median equivalent dose
of the B-blocker metoprolol succinate (“high” >
100 mg / day and “low” < 100 mg / day). Doses
of B-blockers used in all patients were converted
into a total daily dose equivalent to controlled-re-
lease metoprolol succinate (in accordance with
the data of the PROTECT study) in the follow-
ing ratios: immediate-release metoprolol tar-
trate, carvedilol X 4, bisoprolol % 20, propranolol
x (0.833, and sotalol x 1.2. Group 1 included 40

patients who received an equivalent dose of me-
toprolol succinate > 100 mg / day, group 2 in-
cluded 32 patients who received < 100 mg / day
(Table 1).

The primary composite endpoint was consid-
ered a set of events: cardiovascular death, fatal or
non-fatal stroke, any coronary event (sudden car-
diac death, fatal or non-fatal myocardial infarction,
myocardial revascularization or hospitalization for
unstable angina), aggravation of CHF (appearance
of new symptoms / signs or progression of symp-
toms / signs requiring unplanned intensification of
diuretic therapy or hospitalization). In total, two
deaths were recorded: in the first case — due to acute
myocardial infarction 11 months after revascular-
ization, in the second case — in the postoperative pe-
riod, one month after coronary artery bypass graft-
ing performed due to the CHF progression.

Blood samples were obtained by venipuncture
from 8 AM to 9 AM and the corresponding blood
serum samples after centrifugation were stored at
—24 ° C with one freeze — thaw cycle. Serum sST2
and NT-proBNP levels were analyzed from the
same blood sample by enzyme-linked immunosor-
bent assay (ELISA) prior to myocardial revascular-
ization. Soluble ST2 was measured using a high-
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ly sensitive monoclonal sandwich immunoassay
(Presage® ST2 assay, Critical Diagnostics, USA).
NT-proBNP levels were determined using a sand-
wich immunoassay (Biomedica, Austria).
Statistical processing of the study results was
carried out using the STATISTICA 10.0 (Stat-
Soft, Inc., USA) and MedCalc 11.5.0.0 (MedCalc
Software Ltd, USA) programs. To test statistical
hypotheses when comparing two independent
groups, the Mann — Whitney U test was used. The
Wilcoxon W test and the sign test were used to
compare two dependent variables. When analyz-
ing qualitative features, contingency tables were
analyzed using the Pearson’s y? test or the Fish-
er’s exact test, when the expected value in any of
the table cells with specified boundaries was below
10. A ROC analysis was performed to identify pre-
dictors of unfavorable cardiovascular events. The
characteristic curves were constructed and the area
under the curve (AUC) was calculated. An AUC

value exceeding 0.70 was considered significant.
To identify factors that have a significant impact
on the disease course and prognosis, the odds ra-
tio (OR) and a 95% confidence interval (CI) were
calculated. The data were presented as the median
and interquartile range Me (Q,,; O,,). The critical
level of statistical significance (p) in all analyses
was equal to 0.05.

RESULTS

Therapy with low doses of B-blockers was asso-
ciated with high serum levels of sST2 and NT-proB-
NP (Table 1). In group 1, sST2 serum concentration
was 30.7% higher (p < 0.001) than in group 2 (40.26
(34.39; 48.92) and 27.9 (23.05; 35.27) ng / ml, respec-
tively). The NT-proBNP level in group 1 was also
22.8% higher (p = 0.049) than in group 2 (167 (129;
330) ng / ml vs. 129 (125; 147) ng / ml, respectively).
Echocardiographic parameters in the groups did not
differ significantly at the time of inclusion in the study
(Table 2).

Table 2
Echocardiographic characteristics of patients at the time of inclusion in the study, Me (Q,.; 0..)
Parameter Group 1, n =40 Group 2, n =32 »
beta-blocker > 100 mg / day beta-blocker < 100 mg / day
Left ventricular ejection fraction, % 64 (50.5; 65.0) 61 (48.5; 65.0) 0.083
End-systolic dimension, mm 33.0 (31.5; 35.0) 33.0 (32.5; 40.5) 0.524
End-diastolic dimension, mm 50.25 (48.0; 52.5) 51.0 (48.7; 53.0) 0.307
End-systolic volume, ml 43.0 (36.5; 48.0) 44.5 (39.5; 64.0) 0.065
End-diastolic volume, mm 116 (100.5; 125.5) 116.5 (108.5; 129.0) 0.224
LVMI, g/ m? 94.5 (88.0; 105.0) 98.0 (88.5; 114.5) 0.276
EDVIL, ml/ m? 57.3 (53.3; 64.45) 60.4 (56.5; 72.9) 0.056
ESVIL, ml/ m? 20.9 (19.2; 24.1) 23.1(20.4; 27.6) 0.276

Note. LVMI — left ventricular mass index; EDVI — end-diastolic volume index, ESVI — end-systolic volume index.

Incidence of adverse cardiac events (Kaplan — Meier)
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Fig. 1. Development of cardiovascular events within a year
in groups of CHF patients with preserved and mildly reduced
ejection fractions, formed depending on the B-blocker dosage (the

Kaplan — Meier method)

40 BionneTteHb cMbupckon megmuuHel. 2022; 21 (1): 35-46




Original articles

Intergroup differences were found in the inci-
dence of cardiovascular events within a year after
endovascular revascularization (Fig. 1). Patients
who received an equivalent dose of metoprolol
succinate < 100 mg / day had a 34% higher rate
of cardiac events (p = 0.002) than patients who re-
ceived an equivalent dose of metoprolol succinate
> 100 mg / day.

According to the ROC analysis, it was found that
an increase in the level of sST2 > 34.18 ng / ml
(sensitivity 78.0%, specificity 90.0%, AUC 0.906;
p < 0.0001) predicted a high risk of cardiovascu-
lar events within the following 12 months. Serum
NT-proBNP levels did not have any predictive val-
ue for risk stratification (Fig. 2).

Data analysis showed that in patients with sST2
overexpression > 34.18 ng / ml who received a
low dose of B-blockers, cardiovascular events de-
veloped more frequently (OR 4.18; p < 0.0001),
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while in patients with the level of the studied
biomarker in the blood lower than 34.18 ng / ml
and a high dose of B-blockers, no adverse
events were recorded in any of the cases
during the 12-month follow-up. Patients with
sST2 < 34.18 ng / ml who received a low dose
of B-blockers and patients with overexpression
of sST2 > 34.18 ng / ml who received B-blockers
at a high dose had intermediate incidence of car-
diovascular events (OR 1.79; p = 0.003 and 2.09;
p = 0.023, respectively). The addition of NT-
proBNP to sST2 analysis models did not increase
the accuracy of risk stratification.

After 12 months, in patients receiving low doses
of B-blockers, LVEF decreased by 6.3% (p =0.043),
and end-systolic dimension increased by 10.8%
(p = 0.049) (Table 3), which indicated the progres-
sion of LV remodeling and, as a consequence, man-
ifestations of heart failure.
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Fig. 2. Sensitivity and specificity of sST2 values in cardiovascular event risk stratification in CHF patients with preserved and

mildly reduced ejection fraction (ROC analysis)

Table 3

Echocardiographic and laboratory data in groups of CHF patients during the 12-month follow-up depending on the dose of B-blockers,

Me (0, Q.)
Baseline After 12 months
Parameter Group 1 Group 2 Group 1 Group 2
(BB > 100 mg/day) n =40 | (BB < 100 mg/day) n =32 | (BB > 100 mg/day) n =40 | (BB < 100 mg/day) n =32 P
LVEF, % 64 (60.5; 65.0) 63 (58.5; 65.0) 64 (61; 65) 59 (52.0; 62.0)* 0.043
ESD, mm 33.0 (31.5; 35.0) 33.0 (32.5; 40.5) 33.0 (32.0; 34.0) 37.0 (32.0; 40.0)* 0.052
EDD, mm 50.25 (48.0; 52.5) 51.0 (48.7; 53.0) 50.5 (49; 52) 53.0 (50.0; 54.0) 0.057
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Table 3 (continued)

Baseline After 12 months
Parameter Group 1 Group 2 Group 1 Group 2

(BB > 100 mg/day) n =40 | (BB <100 mg/day) n =32 | (BB > 100 mg/day) n =40 | (BB < 100 mg/day) n =32 r
ESV, ml 43.0 (36.5; 48.0) 44.5 (39.5; 64.0) 41.5 (37.0; 44.5) 45.5 (40.0; 60.0) 0.085
EDV, ml 116 (100.5; 125.5) 116.5 (108.5; 129.0) 115.5 (102; 119.5) 118.0 (111.0; 126.0) 0.144
LVMI, g/ m? 94.5 (88.0; 105.0) 98.0 (88.5; 114.5) 93.5 (86.5; 102.0) 98.0 (89.0; 105.0) 0.237
EDVI, ml / m* 57.3 (53.3; 64.45) 60.4 (56.5; 72.9) 58.4 (53.2; 64.15) 60.6 (57.1; 65.5) 0.066
ESVI, ml/ m? 20.9 (19.2; 24.1) 23.1(20.4; 27.6) 21.35(19.2; 23.85) 24.4(21.4;31.4) 0.076
sST2 (ng / ml) 27.9 (23.05; 35.27) 40.26 (34.39; 48.92) 27.98 (23.4;30.17) 39.6 (32.61; 49.66) 0.001
NT-proBNP (ng /1) 129 (125; 147) 167 (129; 330) - - -

Note. LVEF — left ventricular ejection fraction; EDD — end-diastolic dimension; ESD — end-systolic dimension; ESV — end-systolic volume;

EDV - end-diastolic volume.

DISCUSSION

Currently, B-blockers are a class of drugs wide-
ly used for the treatment of heart failure which
undoubtedly improve survival in patients with LV
systolic dysfunction and reduce the incidence of ad-
verse cardiovascular outcomes and hospitalizations
for decompensated heart failure [15]. However,
there are contradictory data on their effectiveness in
CHF patients with preserved LVEF.

The OPTIMIZE-HF registry evaluated the end-
points of over 7,000 elderly patients hospitalized
with heart failure. It was shown that B-blockers did
not have a significant effect on mortality or the risk
of rehospitalization for CHF decompensation in pa-
tients with preserved LV systolic function [21]. At
the same time, it should be noted that the number of
patients included in the registry was small in order
to evaluate this fact properly. In 2015, S. Prijic et
al. performed a systematic review and meta-analy-
sis of 17 studies with 27,099 heart failure patients.
Based on the data obtained, it was shown that the
use of B-blockers reduced mortality from all caus-
es by 19%, however, the analysis in the subgroups
did not reveal this effect in elderly patients over 75
years of age [27].

Another study, which included 538 HFpEF pa-
tients, evaluated the effect of f-blocker therapy on
the course of this pathology. At the same time, this
group of drugs had no obvious positive effect on
CHF severity in patients with preserved LVEF. The
exception was patients with IHD and atrial fibrilla-
tion, where the use of B-blockers led to a decrease
in the CHF FC (according to the NYHA) and the
level of brain natriuretic peptide as well as an in-
crease in exercise tolerance [28].

Maladaptive myocardial remodeling is a central
feature of heart failure progression. This process
can be modulated by various factors and includes
hypertrophy and cardiomyocyte apoptosis, which
leads to a significant change in the structure and
function of the myocardium [29, 30]. One of the
most important factors in myocardial remodeling
is activation of the sympathetic nervous system.
Increased concentrations of norepinephrine cause
death of cardiac cardiomyocytes and stimulate gene
expression and protein synthesis in fibroblasts,
which contribute to CHF progression [15, 31, 32].
Acting directly through p-adrenergic receptors,
B-blockers deactivate the sympathetic nervous sys-
tem and prevent CHF progression, slowing down
the processes of unfavorable remodeling. Over the
past decade, several randomized clinical trials have
shown that the use of B-blockers improves LV func-
tion and reduces morbidity and mortality in patients
with both acute and chronic heart failure [29, 32,
33].

Soluble ST2 is currently considered a new bio-
marker involved in the pathophysiology of process-
es occurring in the myocardium, such as maladap-
tive cardiac remodeling, ischemic and non-ischemic
dysfunction and myocardial apoptosis, and arrhyth-
mogenesis, leading to the development of heart
failure and sudden cardiac death [18, 27, 34-38].
Unlike the concentration of NT-proBNP and brain
natriuretic peptide (markers of myocardial stress or
myocardial dysfunction), the level of sST2 expres-
sion does not depend on factors, such as body mass
index, gender, age, smoking status, and presence
of comorbidities (mainly renal dysfunction), and
has the lowest intra- and interindividual variabili-
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ty among the main cardiac biomarkers. Taking into
consideration the above points, ST2 may be more
useful than NT-proBNP for risk stratification and
monitoring of treatment effectiveness in HFpEF pa-
tients [22].

It was found that sST2 overexpression in
the blood serum of patients is closely associa-
ted with autoimmune and inflammatory proces-
ses, in particular, with type 2 CD4 + cells [39].
It is also known that elevated sST2 levels can
be used as a marker for predicting cardiovascu-
lar mortality and rehospitalization rates in pa-
tients with heart failure [35, 40]. It has been shown
that increased baseline sST2 levels and achieved
doses of B-blockers are associated with the inci-
dence of cardiovascular events in patients with
heart failure with preserved and mildly reduced
LVEF, regardless of NT-proBNP concentra-
tions. At the same time, the mechanisms of action
of B-blockers on the ST2 interleukin receptors re-
main unclear.

The study by J. Xia et al. (2017) suggested that
B-blocker therapy modulates 1L-33 / sST2 signal-
ing, thereby slowing down the processes of ventric-
ular remodeling, but these data were obtained in the
animal model of acute myocardial infarction [41].
B-blocker therapy was found to significantly im-
prove LV function, decrease infarction size and en-
hance IL-33 / ST2 signaling, leading to a decrease
in sST2 expression. It is interesting that in this study
B-blocker treatment reduced sST2 levels but did not
affect elevated IL-33 levels. Thus, it was concluded
that B-blocker therapy may play an important role in
modulating IL-33 / ST2 signaling and in ventricular
remodeling [41].

Analysis of the prospective, randomized PRO-
TECT trial revealed the relationship between chang-
es in B-blocker doses and sST2 levels and the risk of
cardiovascular events [42]. The authors of this study
analyzed the use of the B-blocker at a wide range of
doses and identified the role of sST2 in risk stratifi-
cation. In this study, patients were randomized into
four groups according to the baseline sST2 values (<
35 ng / ml versus > 35 ng / ml) and a final B-blocker
dose (> 50 mg versus < 50 mg daily) in patients with
LVEF <40%. As aresult, it was found that B-blocker
therapy had a dose-dependent effect, and the mea-
surement of sST2 helped to identify patients with
CHF. Higher doses of these drugs may be especially

useful for such patients, as they can reduce the inci-
dence of adverse events.

At the same time, the results of the EPHESUS
study evaluating the effectiveness of eplerenone
on the survival of patients with heart failure after
acute myocardial infarction showed that adverse
LV remodeling in patients with normal ST2 ex-
pression is less common regardless of therapy [20].
The study by W.P. Huang et al. found that patients
after ST-segment elevation myocardial infarction
and higher baseline sST2 concentrations, which
were not titrated with high doses of B-blockers (p
< 0.0001) before therapy, had higher incidence of
cardiovascular events [42].

The data obtained help to understand the mecha-
nisms of involvement of ST2 receptors in the patho-
genesis of cardiac remodeling, fibrosis, and apopto-
sis leading to the onset and progression of CHF with
preserved and mildly reduced LVEF. Long-term
therapy with B-blockers has anti-ischemic and he-
modynamic effects in patients with CHF with pre-
served and mildly reduced LVEF. It is probably due
to an increase in time allowing for more complete
LV filling during diastole, which causes an increase
in stroke volume. Another effect of B-blockers is
their influence on the increased tone of the sym-
pathetic nervous system and the level of catechol-
amines. As a result, CHF progression is prevented
by inhibiting adverse remodeling.

It should be noted that our data in no way sug-
gest that B-blocker therapy should be abandoned
if sST2 expression is normal. Moreover, we have
shown that in patients with physiological sST2
values, the incidence of cardiovascular events was
further reduced due to the use of high doses of
B-blockers.

CONCLUSION

Therefore, the study results confirm high prog-
nostic value of the increase in the sST2 serum con-
centration in the development of cardiovascular
events within a year after endovascular myocardial
revascularization and substantiate the possibility of
using this biomarker as a target for B-blocker thera-
py in HFpEF and HFmrEF patients. Aggressive use
of B-blockers is preferable in the group of patients
with sST2 overexpression and HFpEF and HFmrEF
in order to reduce the incidence of cardiovascular
events.
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Effect of local ozone therapy on inflammatory markers in experimental
ulcerative colitis

Davydova E.V., Osikov M.V., Kaygorodtseva N.V.
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64, Vorovskogo Str., 454092, Chelyabinsk, Russian Federation

ABSTRACT

Aim. To evaluate the effect of rectal insufflations of medical ozone on markers of inflammation in experimental
ulcerative colitis.

Materials and methods. The experimental study was performed in vivo on 49 white, sexually mature male Wistar
rats weighing 250 + 15 g. The model of ulcerative colitis was reproduced using two-stage oxazolone administration
(Sigma-Aldrich, USA). A group of animals received rectal insufflations of medical ozone at a dose of 1.0 mg /1 once
a day in the volume of 10 ml of ozone / oxygen mixture. The cycle of insufflations lasted 10 days. The ozo-
ne / oxygen mixture was obtained using an automated ozone therapy device with an ozone destructor UOTA-60-
01“Medozon” (Medozon LLC, Moscow, Russian Federation). According to the disease activity index (DAI) score,
the disease activity index was evaluated. The intensity of neutrophil phagocytosis in the blood was detected using
polystyrene latex particles. The ability of neutrophils to reduce nitroblue tetrazolium (NBT) was determined using
spontaneous and induced NBT tests. The interleukin-17 (IL-17) concentration in the serum was determined by
enzyme-linked immunosorbent assay (ELISA) using a test system for rats manufactured by Bender MedSystems
(Austria).

Results. Under the conditions of ozone therapy by rectal insufflations in experimental ulcerative colitis, we
demonstrated improvement in the clinical presentation of the disease, intensity of phagocytosis, phagocytic index,
and spontaneous and induced ability of neutrophils to reduce NBT with normalization of the functional reserve of
cells and the level of proinflammatory IL-17 on day 6 of the experiment.

Conclusion. The results obtained allow to verify pronounced anti-inflammatory and immunomodulatory effects of
ozone and consider it as one of the most relevant treatment strategies for inflammatory bowel diseases.
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BnunsaHne noKanbHOW 030HOTEpPaNu Ha MapKepbl aKTUBHOCTU
BOCNaNTENIbHOIO NpoLecca Npu 3KCnepnMeHTaslbHOM A3BEeHHOM KonuTe

HdasbigoBa E.B., Ocukos M.B., Kanropoguesa H.B.

FOoicno-Ypanvcruii cocyoapemeennvlii meouyunckuil yHugepcumem (FOYI'MY)
Poccus, 454092, 2. Yenabunck, yn. Boposckoeo 64

PE3IOME

Heab. OueHUTh BIMAHUE PEKTAIbHBIX MHCY(DQIANMIT MEANIMHCKOTO 030Ha HA MapKepbl aKTUBHOCTH BOCIIAJIH-
TEJILHOTO MpoIiecca MPHU IKCIIEPUMEHTANIBHOM SI3BEHHOM KOJIHTE.

MarepuaJjbl 1 MeTOABI. DKCIIEPUMEHTAIBFHOE HCCIIeIOBAaHNE MPOBOJWIN B YCIOBHUSX in vivo Ha 49 OelbIX 1mo-
JIOBO3pEJbIX caMuax KpbIc JMHUU Bucrap maccoit 250 + 15 r. Mojenb sI3BEHHOTO KOJIUTa BOCIPOU3BOAMIIHN C
TIOMOIIBIO IBYXSTAIHOTO BBeJeHNUs okcaszonoHa (Sigma-Aldrich, CIIIA). I'pymnme »HBOTHBIX IIPOBOAMIN HHCY (-
GIIAIUE METUITMHCKOTO 030Ha PEKTANBHO B 03¢ 1,0 mr/i, 1 pas/cyT, B 06beMe 10 MII 030HO-KHCIOPOTHON CMECH
(OKC). Kypc 10 cyr. OKC mnosryueHa Ha 030HOTEpaneBTHUECKON aBTOMaTHYECKOW YCTaHOBKE C JECTPYKTOPOM
o3oHa YOTA-60-01 «Menozon» (OO0 «Menozon», Mocksa, Poccusi). B coorBercTBum co mikanoit DAI (disease
activity index) olleHHBaIM WHIIEKC aKTUBHOCTH 0O0JIe3HH. JIEeTEKIUI0 aKTUBHOCTH (harouTo3a HeHTpo(UIOB Kpo-
BU MPOBOJIMIIM C MCIIOJIB30BAHHEM YACTHII MOJUCTUPOIBHOTO JaTekca. HCT-peayupyroniyro criocoOHOCTh HEel-
TPO(HIIOB ONPEEISIH C TPUMEHEHNEM CIIOHTAaHHOTO ¥ MHAynupoBanHoro BapuanToB HCT-recra. OmnpeneneHue
KOHIeHTpauuu uHTepieiikuHa (IL) 17 B CHIBOpPOTKE OIIpeelIsuld METOA0M HMMYHO(EPMEHTHOTO aHaIN3a C TIOMO-
IIBIO TeCT-CUCTeMBI T KpbIc pupmbl Bender Medsystems (ABcTpus).

Pe3yabTaThl. B ycroBusaX peKTalsHOTO IPHIMEHEHHMS 030HOTEPANHH IIPH 3KCIEPUMEHTATBHOM S3BEHHOM KOJIUTE
MOKA3aHO YITydIIeHUE KIMHUIECKOH KapTUHEI 3a001eBaHus, HOpMaNu3anus HoKa3aTeled HHTEHCUBHOCTH (aro-
IIUTO3a, (haroUTapHOTO YHCIA, CIIOHTaHHOH 1 nHAynupoanHod HCT-pexynupyiomei cnocoOHOCTH ¢ HOPMAITH-
3armeil mokasatens (QyHKIIMOHAIBHOTO pe3epBa KIETOK M YPOBHS IpoBocmanuTensHoro IL-17 Ha 6-e cyT sKcre-
pHMeEHTa.

3ako4enne. [lonydeHHbIe pe3yabTaThl MO3BOISIIOT KOHCTATHPOBATh HAIMYUE BBHIPAXKEHHOTO MTPOTHBOBOCTIANH-
TEIBHOTO ¥ MIMMYHOMOTYJINPYIOIIEro 3¢ (eKToB 030Ha M paccMaTPUBATh MOCICIHUN B KAYeCTBE OJHOTO U3 aKTy-
aJbHBIX HANpPaBJIEHNUI TEparuy BOCTIANIUTENbHbIX 3a00/I€BaHHH KHIIEUHHUKA.

KiroueBnbie ciioBa: OKCIICPUMCHT, SI3BEHHBIN KOJIMT, BOCIIAJICHUC, MEIUITMHCKUHA 030H

KOHq)J’IHKT HUHTEPECOB. ABTOpLI 3asBJISIIOT 00 OTCYTCTBHUHU SIBHBIX U NOTCHIHAJIbHBIX KOH(i)HI/IKTOB HUHTEPECOB,
CBA3aHHBIX C ny6n1/11<a111/1e171 HACTOSIIEH CTaThH.

Hcrounuk ¢puHAHCHPOBAHHUA. ABTOPHI 3asBISIOT 00 OTCYTCTBHM (\MHAHCHPOBAHUS IPH NMPOBEICHHN HUCCIENO-
BaHMSI.

CooTBeTCTBHE MPUHIHUIAM J3THKH. VccnemoBanue om00peHO JTOKAIBHBIM 3THUECKHM KomuTeToM IOYI'MY
(nporoxous Ne 4 ot 22.05.2020).

Jast muruposanusi: Jaeeyiosa E.B., OcukoB M.B., Kaiiropoanesa H.B. Biusinue nokanbHO# 030HOTEpanuu Ha
MapKepbl aKTUBHOCTH BOCIIAJIUTEIBHOTO Tpoliecca MPH 3KCIIEPUMEHTAIHOM A3BEHHOM KonuTe. broanemens cu-
bupcroil meouyuno. 2022;21(1):47-53. https://doi.org/10.20538/1682-0363-2022-1-47-53.

INTRODUCTION

Ulcerative colitis (UC) is a chronic disease of
the colon which is characterized by the presence of
pronounced inflammation in the mucosa. The in-
cidence of UC in the European population ranges
from 0.6 to 24.3 per 100,000 people, and the preva-

lence reaches 505 cases per 100,000 people [1]. The
etiology of UC is multifactorial and understudied.
A special role in the pathogenesis of UC is assigned
to gut microbiome imbalance [2]. A key defect of
innate immunity in UC is hyperactivation of proin-
flammatory signaling pathways, which leads to im-
paired recognition of bacterial molecular patterns
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by dendritic cells of the colonic mucosa. Infiltra-
tion of the colonic mucosa tissue by lymphocytes
with signs of plasmocytic differentiation mainly to
the Th2-phenotype is accompanied by overexpres-
sion of proinflammatory cytokines (tumor necrosis
factor- a (TNF-a), interleukin (IL)-6, I[L-17), inter-
cellular adhesion molecules (ICAM), and signaling
molecules with formation of characteristic morpho-
logical changes.

One third of patients with UC are known to be re-
fractory to background therapy, and many patients
develop a wide range of adverse effects that limit its
use [3]. This dictates the need for search for new,
pathogenetically grounded approaches to UC treat-
ment, including the use of genetically engineered
immunobiological drugs with anti-cytokine effect,
cell adhesion molecule inhibitors, stem cells, and
relevant efferent therapy techniques. Among the lat-
ter, the use of therapeutic concentrations of medical
ozone is of special interest due to its pronounced an-
ti-inflammatory, immunomodulatory, bactericidal,
and antioxidant effects. The successful use of ozone
therapy in surgery, dermatocosmetology, and ENT
disorders is known, and there are some publications
on the use of ozone therapy in gastroenterology.

The aim of the study was to evaluate the effect of
rectal insufflations of medical ozone on inflamma-
tory markers in experimental UC.

MATERIALS AND METHODS

The study was conducted at the site of the ex-
perimental biological clinic (vivarium) of the
South Ural State Medical University of the Min-
istry of Health of the Russian Federation. All pro-
cedures were carried out in strict accordance with
the European Convention for the Protection of
Vertebrate Animals Used for Experimental and
other Scientific Purposes (ETSIN 123, March
18, 1986) and in compliance with the Directive
2010/63/EU of the European Parliament and of the
Council of 22.09.2010 and were approved by the
local Ethics Committee at South Ural State Medi-
cal University (Protocol No. 4 of 22.05.2020) [4].
Experimental studies were carried out in vivo on
49 white, sexually mature male Wistar rats weigh-
ing 250 £+ 15 g. By simple randomization, the male
rats were divided into 2 groups: group 1 (n = 9)
included intact animals, group 2 (n = 54) — animals
with UC.

The model of UC was reproduced by two-stage
oxazolone administration (Sigma-Aldrich, USA)
with clinical and morphological verification [5].
The first stage was characterized by development
of skin sensitization following application of 150
ul of 3% oxazolone solution to the pre-treated in-
terscapular area. At the second stage, the 3% oxaz-
olone solution was rectally injected to a depth of
7 cm. The study was performed on days 2, 4, and
6. After receiving the experimental model of UC,
21 animals were randomly selected for ozone
therapy (group 3). Daily, the animals of group 3
received rectal insufflations of medical ozone at a
dose of 1.0-1.2 mg / 1 once a day in the volume of
10 ml of ozone / oxygen mixture. The cycle lasted
10 days. The ozone / oxygen mixture was obtained
using an automated ozone therapy device with an
ozone destructor UOTA-60-01“Medozon” (Me-
dozon LLC, Moscow, Russian Federation). Blood
sampling for the study was carried out under gen-
eral anesthesia (the drug Zoletil-100 (tiletamine
hydrochloride, Virbac Sante Animale, France) at a
dose of 20 mg / kg). Blood was collected by a left
ventricular puncture in vacuum blood collection
tubes “Vacuette” (Greiner Bio-One, Austria) with
an anticoagulant (K3-EDTA or heparin) for immu-
nological studies.

The clinical examination was performed by cal-
culating the disease activity index (DAI), according
to the modified score for evaluating the studied pa-
thology in rats [6]. The score includes 3 parame-
ters, such as body weight, stool consistency, and the
presence of blood in the stool. For the evaluation,
a 4-point scale from was used (from 0 to 4). The
scores were summed, the minimum index value be-
ing 0, the maximum — 12.

The granulocyte population was isolated by fi-
coll (Pharmacia, Sweden) — verografin (SPOFA,
Czech Republic) density gradient centrifugation.
Functional assessment of the phagocytic activity of
blood neutrophils was performed using polystyrene
latex particles (diameter 1.5 um). The results were
considered using immersion microscopy with the
calculation of the percentage of cells that engulfed
at least one polystyrene latex particle (activity of
phagocytosis (AP)), the number of engulfed latex
particles (units) in 100 cells (intensity of phagocytosis
(IP)), and the number of engulfed latex particles (units)
per one phagocyte (phagocytic index (PI)).
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The ability of neutrophils to reduce NBT
was determined using spontaneous and induced
NBT tests, with the calculation of the functional re-
serve of cells according to the method proposed by
AN. Mayanskiy and M. E. Vixman [7]. The result
was expressed in units. The interleukin-17 (IL-
17) concentration in the serum was determined
on the automated immunoassay analyzer ‘“Per-
sonal LAB” using a test system for rats (Bender
MedSystems, Austria). The results were expressed
inpg/ml

Statistical processing of the results was carried out
using the Statistica 8.0 software package. The data in
the tables are presented as the median and interquartile
range Me (Q,~Q.,). The groups were compared using
the nonparametric Kruskal — Wallis and Mann — Whit-
ney tests with the Bonferroni correction. The differences
were considered statistically significant at p <0.016.

RESULTS

The clinical status in experimental UC in the animals
of group 2 was evaluated according to the modified Dis-
ease Activity Index (DAI) score and showed elevation
of DAI on day 2, with an increase on day 4 and 6 (Ta-
ble 1). Changes in the ethological status were manifest-
ed through reduced motor activity, grooming, and feed
consumption.

The evaluation of the ability of neutrophils to engulf
particles (Table 2) in experimental UC showed that on
day 2 of the observation in group 2, the activity of
phagocytosis (AP), the intensity of phagocytosis (IP),
and the phagocytic index (PI) increased. The maximum
values for these parameters were observed on day 4,
with a tendency to a decrease in AP and IP on day 6
compared with the intact group.

When assessing the ability of blood neutrophils to
reduce NBT in animals with experimental UC, it was
found that on day 2, the activity and intensity of the
spontaneous and induced NBT tests increased, along
with the functional reserve of neutrophils, estimated by
the activity and intensity of the NBT test. Day 4 of the
experiment was characterized by high values for sponta-
neous NBT test and functional reserve, however, on day
6, the parameters of spontaneous and induced NBT tests
and functional reserve did not differ from those in the
intact group. The results of the study on the concentra-
tion of proinflammatory IL-17 in the serum of animals
with experimental ulcerative colitis (EUC) at runtime
are presented in Table 3. The level of IL-17 in group

2 increased by day 4 and reached the maximum value
by day 6 of the experiment compared with the group of
intact animals.

Under the conditions of rectal ozone therapy in
animals with EUC, positive changes in the ethologi-
cal status were recorded in the form of increased mo-
tor and stress-protective activity and higher degree of
feed consumption. Against the background of ozone
therapy, starting from day 2 of the observation, no vis-
ible signs of intestinal bleeding with a lack of blood
in the stool, as well as more formed and firmer stool
were noted. These signs were manifested through the
integrated parameter of DAI assessment, the values
of which are presented in Table 1. Therefore, in group
3, the DAI values on day 2 did not differ significantly
from those in group 2, with a significant decrease on
days 4 and 6. However, despite a significant decrease,
the DAI values in these groups on days 4 and 6 did not
reach the values in the group of intact animals, which
indicates incomplete restoration of the colonic mu-
cosa against the background of local medical ozone
administration.

The effect of rectal insufflations of medical ozone
in EUC on the functional activity of blood neutrophils
was studied (Table 2). Starting from day 2, as well
as on days 4 and 6, an increase in AP and IP was re-
vealed compared with the intact group. Compared with
group 2, starting from day 2 and on day 4, significantly
lower values for IP and PI were recorded, which de-
creased to the level in the intact group on day 6 of the
experiment.

Under the conditions of rectal ozone therapy, on
day 2 of the experiment, the parameters of sponta-
neous and induced NBT test (activity) significantly
increased, and the parameters of the functional re-
serve decreased compared with the intact group.
Compared with group 2, induced NBT test and func-
tional reserve values in group 3 decreased. On days
4 and 6, the parameters of spontaneous and induced
NBT test (activity) decreased compared with group
2 and reached the level in the intact group. On days
4 and 6, the functional reserve values did not differ
from those in the intact group.

Under the conditions of rectal ozone therapy, an
increase in IL-17 in the blood (Table 3) was noted
on day 4 of the experiment compared with the intact
group and group 2. Complete normalization of the
parameter was observed on day 6 compared with
the intact group.
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Table 1
Effect of ozone therapy on the changes in the disease activity index in experimental ulcerative colitis,
Me (st_Q75)

Parameter Group 1 Group 2 Rats | Group 2 Rats | Group 2 Rats Group 3 Group 3 Group 3
Healthy with EUC, with EUC, with EUC, Rats with EUC + Rats with EUC | Rats with EUC +
animals day 2 day 4 day 6 (n=9) | ozone rectally, day | + ozone rectally, ozone rectally,
n=9) n=9) n=9) 2(n=9) day 4 (n=9) day 6 (n=9)

DAL, units 0 5.0 8.0 12.0 6.0 3.0 2.0

(2.0-8.0)* | (7.0-12.0)* | (10.0-13.0) * (4.0-7.0)* (2.0-3.0) * # (1.0-2.0) * #

Note: the differences between the groups are obtained using the Kruskal — Wallis test and the Mann — Whitney test with the Bonferroni correction

(here and in Table 2, 3). Statistically significant differences with group 1 — * , with the corresponding observation day in group 2 —#.

Table 2

Effect of rectal ozone therapy on the functional activity parameters of blood neutrophils in experimental ulcerative colitis, Me (0,.~0..)

Group 1 Group 2 Group 2 Group 2 Group 3 Group 3 Group 3
Parameter Healthy Rats with Rats with Rats with | Rats with EUC | Rats with EUC | Rats with EUC
animals EUC, day2 | EUC, day 4 EUC 6 |+ ozone rectally, | + ozone rectally, | + ozone rectally,
n=9) n=9) n=9) days (n=9) | day2(n=9) day 4 (n=9) day 6 (n=9)
Phagocytosis activity, % 34.1 54.0 60.8 46.3 51.60 56.3 435
’ (31.045.0) | (44.0-57.0)* | (48.0-66.0)* |(36.0-65.0)* | (36.0-57.5)* (44.0-62.0)* (35.0-64.0)*
Phagocytosis intensity, 0.72 4.5 7.2 5.8 2.3 1.7 0.9
units (0.5-0.85) (3.83-5.5)* | (5.7-13.1)* | (4.5-11.5)* | (1.32-3.7) *# (0.7-1.9)*# (0.4-1.2)#
Phagocytic index, units 1.5 8.2 13.8 13.6 5.6 43 1.20
i (1.2-1.9) (7.3-9.3)* | (12.5-16.0)* | (9.2-15.3)* (4.8-6.2)*# (2.3-4.6)*# (1.2-4.0)#
.. 4.0 9.0 14.0 7.5 6.5 4.0 35
Sp- NBT test, activity, % | 4 '5 0y | (8.0-10.0* | (13.0-16.0)* | (5.0-12.0) | (5.0-10.0)* (3.0-5.0)# (2.0-4.5)4
Sp. NBT test, intensity, 0.05 0.18 0.20 0.08 0.14 0.12 0.06
units (0.04-0.07) | (0.16-0.19)* | (0.19-0.21)* | (0.03-0.12) | (0.13-0.15)* (0.02-0.15)*# (0.05-0.08)
Ind. NBT test, 5.0 23.5 9.5 6.0 8.0 5.5 5.0
activity, % (4.0-6.0) (9.0-24.0)* | (8.0-13.0) (4.0-7.0)* (7.0-10.0)*# (5.0-6.0)# (4.0-6.0)#
Ind. NBT test, 0.04 0.26 0.06 0.05 0.10 0.05 0.04
intensity, units (0.03-0.05) | (0.10-0.26)* | (0.04-0.2) |(0.03-0.05)* | (0.09-0.10)*# (0.03—0.05)# (0.03—-0.05)#
Functional reserve (ac- 1.53 1.8 1.70 1.64 0.78 1.6 1.58
tivity of the NBT test) (0.70-1.6) (1.4-2.1)* (1.3-2.0)* (0.53-4.3) (0.66—-0.9)*# (0.8-1.9) (0.98-1.7)
Functional reserve (inten- 1.4 1.62 1.73 1.4 0.75 1.2 1.5
sity of the NBT test) (0.95-1.5) (1.52-1.7)* | (1.3-2.2)* (0.3-1.5) (0.5-0.85)*# (0.8-1.3) (0.58-1.6)
Table 3

Effect of rectal ozone therapy on the changes in the level of IL-17 (pg / ml) in the blood serum in experimental ulcerative colitis,

Me (st_Q7s)

Group 1 Group 2 Group 2 Group 2 Group 3 Group 3 Group 3
Parameter Health l;lzlimals Rats with Rats with Rats with Rats with EUC Rats with EUC Rats with EUC +
(ny: 9) EUC,day2 | EUC,day4 | EUC 6 days | + ozone rectally, | + ozone rectally, ozone rectally,
n=9) n=9) n=9) day2 (n=9) day 4 (n=9) day 6 (n=9)
IL-17. pe / ml 6.3 5.7 15.3 17.3 5.4 10.3 6.62
- P& (3.3-7.4) (4.3-82)* | (9.6-22.3)* | (9.3-64.7)* (4.2-7.3) (9.52-14.25)# (5.6-6.8)#
DISCUSSION

In EUC at runtime, an increase in DAI indicated
the presence of inflammatory changes in the colon-
ic wall. Neutrophils and then monocytes migrated
to the area of primary alterations, causing local tis-
sue damage due to the release of enzymes, inflam-

matory mediators, and reactive oxygen species
(ROS), which was accompanied by an increase
in the ability of blood neutrophils to engulf par-
ticles and reduce NBT on day 2. Chemotaxis of
lymphocytes to the lesion site was accompanied by
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an increase in clonal expansion of lymphocyte sub-
populations and a rise in the secretory activity of
the latter, which was accompanied by an increase
in proinflammatory cytokines, including IL-17, in
the blood.

IL-17 is known to be a secretory product of a
special subpopulation of memory T cells identi-
fied as CD4 CDA45RO, the synthesis of which is
controlled by IL-23. In some inflammatory bowel
diseases, 1L-23 is essential in the final differentia-
tion of ThO to Th17 after exposure to IL-1p, IL-6,
and TNF-a, while IL-12 induces polarization of the
Thl-dependent immune response with production
of IFN-y, TNF-a, and other cytokines [8]. At the
same time, the hematopoietic and proinflammato-
ry activity of IL-17 is mediated by the ability of
the latter to stimulate production of TNF-a, IL-1p,
PGE2, GM-CSF, IL-6, IL-10, IL-12, IL-1 receptor
antagonist (IL-1RA), and stromolysin.

Improvement in the clinical presentation (de-
crease in the severity of symptoms, decrease in
DAI) and normalization of IP, PI, and spontancous
and induced NBT test activity with the restoration of
the functional reserve of cells on day 6 of the exper-
iment under the conditions of rectal ozone therapy
indicate a positive effect of the latter on inflamma-
tion in the intestinal wall due to anti-inflammatory
and immunomodulatory effects of ozone. The local
effect of average therapeutic concentrations of med-
ical ozone directly on pathologically altered areas
of the colonic tissues consists in direct ozonation of
bioorganic compounds, as well as an indirect effect
of ozonolysis products that form a reserve of ROS
with a possibility of their subsequent permanent use
in aerobic metabolism for maintaining the relevant
level of energy substrates of colonocytes.

ROS act as “molecular phages”, contributing
to purification of an ulcerated lesion and activat-
ing the chemotaxis of neutrophils and monocytes
in the lesion [9]. Hydrotrioxides formed following
ozone oxidation of organic substances associated
with unsaturated fatty acids are extremely unstable
compounds that decompose in a cell with release
of molecular oxygen, thereby exerting a metabol-
ic effect on the cell and a non-specific bactericidal
effect. It is also known that administration of low
concentrations of ozone / oxygen mixture launches
free radical reactions in the cell. Subthreshold lev-
els of ROS, in turn, are able to strengthen the anti-

oxidant system in the cell according to the feedback
principle [9].

We believe that changes in the functional ac-
tivity of blood neutrophils under the conditions of
local ozone therapy in EUC are due to a decrease
in destructive processes in the pathological focus,
a decrease in the secretion of inflammatory media-
tors, and restriction of phagocyte activation, both in
the lesion area and in circulating neutrophils in the
blood. This assumption is confirmed by a decrease
in the concentration of the proinflammatory cyto-
kine IL-17 to the values of the intact group against
the background of rectal ozone therapy.

CONCLUSION

Therefore, the obtained results demonstrate pro-
nounced anti-inflammatory and immunomodulato-
ry effects of rectal insufflations of medical ozone
in EUC, which allows to consider it as one of the
promising areas in the therapy for inflammatory
bowel diseases.
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ABSTRACT

The aim of the study was to assess the probability of developing withdrawal syndrome caused by discontinuation
of 5-day administration of thiowurtzine with naloxone challenge test in the experiment.

Materials and methods. The test sample of the analgesic “Thiowurtzine, capsule 120 mg” served as the study object.
The active pharmaceutical ingredient is an organic, low molecular weight compound 4-(3,4-dibromothiophene
carbonyl)-2,6,8,12-tetraacetyl-2,4,6,8,10,12-hexaazatetracyclo [5,5,0,03!!,0>"]dodecane that was first synthesized
according to computer modeling results at the IPCET SB RAS (Biysk).

The likelihood of developing physical dependence was explored by per os administration of thiowurtzine and the
reference drug tramadol twice a day for 5 days as follows: 1) at 9 a.m. — thiowurtzine 50 mg / kg and tramadol
10 mg / kg, at 3 p.m. — thiowurtzine 50 mg / kg and tramadol 10 mg / kg; 2) at 9 a.m. — thiowurtzine 50 mg/ kg
and tramadol 10 mg / kg, at 3 p.m. — thiowurtzine 75 mg / kg and tramadol 15 mg / kg; 3) at 9 a.m. — thiowurtzine
75 mg / kg and tramadol 15 mg / kg, at 3 p.m. — thiowurtzine 75 mg / kg and tramadol 15 mg / kg; 4) at 9 a.m. —
thiowurtzine 100 mg / kg and tramadol 20 mg / kg, at 3 p.m. — thiowurtzine 100 mg / kg and tramadol 20 mg / kg;
5) at 9 a.m. — thiowurtzine 100 mg / kg and tramadol 20 mg / kg, at 3 p.m. — naloxone 10 mg / kg subcutaneously.

In all the groups, the intensity of the withdrawal syndrome was studied by specific features in outbred male CD1
mice. During one hour following the naloxone injection, health of mice was assessed according to dominant absti-
nence components and recessive traits of mild withdrawal syndrome. Two hours after the naloxone injection, the
number of mice with negative body weight gain was determined. 24 hours after discontinuation of test compound
administration, the open-field test was used to determine the impact on animal behavioral patterns (horizontal and
vertical motor and exploratory activity, emotionality and its vegetative manifestations). The hot plate test was car-
ried out to measure the analgesic activity (55%). The criterion of the withdrawal syndrome severity was a decrease
in the number of jumping reactions, changes in the general condition of the animals, stimulation of motor activity,
manifestations of hyperalgesia, and a decrease in body weight.

Results. No dominant abstinence components and recessive signs of withdrawal syndrome were detected in
animals from the thiowurtzine groups. The data obtained in the study (orientation and exploratory behavior, motor
activity, emotionality and its vegetative manifestations, grooming, etc.) allow to conclude that thiowurtzine causes
no physical dependence in animals after discontinuation of its 5-day administration with naloxone challenge test,
as opposed to the reference drug naloxone. A positive disinhibition effect of this analgesic was revealed due to
the activated orientation and exploratory behavior (stress caused by the new environment) in the conditions of the
open-field test. The animals showed no manifestations of hyperalgesia in the hot plate test. The animals treated with
thiowurtzine did not demonstrate any changes in the body weight.

Conclusion. The obtained results prove that thiowurtzine is a non-narcotic analgesic. It evokes no side effects
typical of opioid analgesics (tramadol), including development of physical dependence and withdrawal syndrome
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following naloxone challenge test. Previous in vivo and in silico studies (docking, molecular modeling, molecular
dynamics simulation) on the multi-target mechanism of thiowurtzine explain the absence of its morphine-like effect
by the fact that the major targets of the analgesic are TRPA1 receptors and voltage-gated Ca>* channels. With a high
degree of probability, the conclusions made herein predict no drug abuse development when thiowurtzine is used
in the clinical setting. Absence of ulcerotoxicity found earlier will enable to administer thiowurtzine in long-term
cycles for chronic pain syndrome.

Keywords: hexaazaisowurtzitane, thiowurtzine, analgesic activity, withdrawal syndrome, physical dependence,
naloxone, tramadol
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Puck pa3BnUTNA HEKapCTBeHHOﬁ 3aBUCMMOCTUN NPy NpMeHeHnun
HOBOIo aHaJibreTvnka Ha oCHoBe NMpon3BoAHOIo reKkCaasamMsosrpLnTaHa
(BKCI'IeleIMEHTaHbHOE wccnenoaal-wle)

KpbinosaC.l'.', MoBetbeBa T.H.', JlonatuHa K.A.', Hecteposa [0.B.’, 3yeBa E.I.},
AdanacbeBa O.I'.", Kucenesa E.A.", KynbnuH N.B.", Cycnos H..', Kynaruna [1.A.?%,
CbiconatuH C.B.2, XXgaHos B.B.!

! Hayuno-uccredosamenvekuil uncmumym gapmaxonozuu u pezenepamuenoi meouyunvl(HUHDuPM)

umenu E.J[. T'onvobepea, Tomckull HayuoHanbHulil ucciedogamenvbekull meouyurckui yewmp (HUML]) Poccuiickou
axademuu nayx um. E.JI. l'onvobepea

Poccus, Poccus, 634028, 2. Tomck, np. Jlenuna, 3

2 Unemumym npobaem xumuxo-snepeemuyeckux mexunonoeuii Cubupckozo omoenenus Poccuiickou akademuu nayx
(HUIIXOT CO PAH)
Poccus, 659322, Anmauickuti kpau, 2. butick, yn. Coyuanucmuueckas, 1

PE3IOME

I.Iem;m JAQHHOTI'O UCCIICAOBAHUA ABUIIOCH U3YUCHUEC BEPOSITHOCTH Pa3BUTHUA CUHAPOMA OTMEHBI, BbI3BIBAEMOTI'O IIpE-
KpalleHueEM 5-CyT0‘IHOF0 BBCACHHA THOBIOPIHHA I10 CXEME C HpOBOKaHI/Ieﬁ HAJIOKCOHOM B 3KCIICPUMCHTEC.

Matepuajbl 1 Metoabl. OOBEKT MCCIIEIOBaHUS 3KCIICPHUMEHTANIbHBIII 00pasen aHanbreruka «THOBIOPLHH,
karncyna 120 mr». AxTuBHas (apMmaneBTHUECKas CyOCTaHIMS MPEICTaBIsIeT COOOH OpraHMYecKoe HHU3KOMOJIe-
KyJsipHOe coenuHenue 4-(3,4-mubpomruodenkapoonmn)-2,6,8,12-rerpaanetni-2,4,6,8,10,1 2rexkcaazaTeTpaiukio
[5,5,0,0°!",0°°]noiekaH, CHHTE3UPOBAHHOE BIIEPBBIE IO PE3yJILTATaM KOMITBIOTEPHOro MojenupoBanus B UIIXOT
CO PAH (r. buiick).

Bo3MoXHOCTD pa3BUTHs (PU3NIECKOH 3aBUCUMOCTH UCCIIEA0BANIN IIPU BBEICHUH THOBIOPIMHA U pedepeHc-Tperna-
pata Tpamaoa per os 2 pa3a/CyT B TedeHHe 5 ¢yT 1o cxeme: 1) B 9 4 — tnoBtopimH 50 Mr/kr 1 Tpamagoi 10 Mr/kr,
B 15 4 — tuoBtopuuH 50 Mr/kr u Tpamamon 10 MI/Kr COOTBETCTBEHHO; 2) B 9 u — THOBIOpIMH S50 MI/KT U Tpama-
non 10 mr/kr, B 15 4 — THOBIOpIMH 75 MI/KT ¥ Tpamanoin 15 Mr/kr; 3) B 9 4 — THOBIOPLHH 75 MI/KT U TpaMaao
15 mr/kr, B 15 — THOBIOpUKH 75 MI/KT ¥ TpaManoin 15 mr/kr, 4) B 9 u — trnoBropuus 100 Mr/kr u Tpamanon 20 Mr/kr,
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B 15 u — ToBropuuH 100 mr/kr u Tpamagon 20 mr/kr; 5) B 9 u — troBropunt 100 mr/kr u Tpamanoa 20 Mr/kr,
B 15 4 — HamokcoH B 03¢ 10 MI/KTI TOAKOXKHO.

Bo Bcex rpymmax MHTEHCHBHOCTh CHHIPOMAa OTMEHBI M3YYalH MO CHECHU(PHYCCKHM MPU3HAKAM Y ayTOPETHBIX
Mblmei-camuoB crok CD1. Ha npoTspkenuu 1-ro 4 nociie BBEACHUSI HAJIOKCOHA PETUCTPUPOBAIA OCHOBHBIE KOM-
MMOHCHTHI A0CTUHEHINH U PELICCCUBHBIC MPU3HAKH JICTKOTO TCUCHHS CHHIPOMa OTMEHBI. Yepes 2 4 mocie HHbEK-
LMY HAJIOKCOHA OIPEesIsUIN YHCIIO MBIIIEH C OTpULATEeNIbHBIM ITPUBECOM Macchl Tena. Uepes 24 4 rnociie 0OTMEHbI
TECTHPYEMBIX BEIIECTB UCCICIOBAIN CTCTIICHb BO3JCHCTBUS HA CTPYKTYpPY HOBEICHHS KUBOTHBIX (TOPH30HTANb-
HO-BEPTUKAJIbHYIO JBUTATEJIHYIO U UCCIIE0BATEIBCKYI0 AKTUBHOCTH, SMOLIMOHAJILHOCTD U €€ BEreTaTUBHBIE IPO-
SIBIICHHS1) B TECTE «OTKPBITOE IOJIE», HAINYUE aHAIBIETHYECKOTO JelcTBHs B TecTe «['opsuas miactiuaay (55°).
Kpurepuem BbIpa’)k€HHOCTH CHHAPOMA OTMEHBI CUMTAIM YMEHbIICHHE YKCIIa MPBDKKOBBIX PEaKIUil, N3MEHEHHE
00IIEro COCTOSIHUSI KUBOTHBIX, CTUMYJIMPOBAHKE JIBUTATCIBHOW aKTHBHOCTH, TPOSBICHUE TUNICPAILIC3UH, CHH-
JKEHHE MAcChl TeJla Y MBILICH.

Pe3yabTarhl. «/JOMHHAHTHBIX)» KOMIIOHEHTOB A0CTHHEHIIMH M PEIECCHBHBIX MPU3HAKOB CHHAPOMAa OTMEHBI Y
KHUBOTHBIX M3 TPy BBEACHHS THOBIOPIMHA He 3apUKCHpoBaHO. COBOKYITHOCTh MOTYyUCHHBIX JAHHBIX (OpHEH-
THPOBOYHO-HMCCIIEIOBATENBCKOE TOBECHNUE, BUTATEIbHAS AKTHUBHOCTD, YMOIIMOHATBHOCTD 1I0 €€ BEreTaTHBHBIM
MIPOSIBIICHUSM, TPYMHUHT ¥ T.J.) TIO3BOJISIET 3aKIIOYNTH, YTO THOBIOPIMH IOCIE OTMEHBI 5-CyTOYHOTO BBEICHHS
M0 CXeMe C MPOBOKAIMell HAJIOKCOHOM HE BBI3BIBACT Pa3BUTHS (PU3MUECKON 3aBHCHMOCTH B OTIHUHE OT pede-
peHc-TperapaTa Tpamajoya. BBIIBICHO MO3UTUBHOE PAaCTOPMA’KMBAIOIIEE ACHCTBHE aHAIBIETHKA 3a CUET aK-
THUBAIMA OPHEHTHPOBOYHO-MCCIIE0BATENBCKOTO KOMIIOHEHTA MOBEICHUS (CTpEcC HOBH3HBI) B YCIOBHSX TECTa
«OTKpBITOE 1oJIe». OTCYTCTBOBAIO MPOSIBICHNE THIEPATBIe3UH Y JKUBOTHBIX B TECTE «TOpsIast IIacTHHay. M3me-
HEHUS MacCHl TeJa )KUBOTHBIX, TTOYYaBIINX THOBIOPIIMH, HE HAOIIOJaI0Ch.

3akurouyenue. [IpencraBicHHbIE Pe3yIbTaThl CBUICTEIBCTBYIOT O TOM, YTO THOBIOPLIMH HE SIBJIACTCS. HAPKOTHYE-
CKUM aHajbreTukoM. OH He NposiBisSeT MOO0YHBIX 3((EKTOB, TUIIHYHBIX A1 00e300IMBAIOLINX CPEACTB C ONHU-
OUJIHBIM KOMITIOHEHTOM MEXaHU3Ma JASHCTBUA (TPamajiod), MPEekK/e BCero pa3BUTHs (HU3NUECKOIl 3aBUCUMOCTH U
(bopMupoBaHHs CHHIPOMA OTMEHBI. B NMOATBEepIeHHE BBILIECKa3aHHOTO NPOBEACHHbBIC PaHee UCCIIEIOBAHUS in
vivo W in silico (ZOKUHT, MOJIEKYJIIPHOE MOJEIUPOBAHKUE, MOJCINPOBAHIE MOJICKYJIIPHON JTMHAMHUKH) MYJIbTH-
TapreTHOro MEXaHU3Ma JICHCTBHS THOBIOPLIMHA OOBSCHAIOT OTCYTCTBHE €ro MOP(GHHONOA00HOIO ACHCTBHUS TEM,
9TO OCHOBHBIMH MHILICHSMH aHaigbretuka siBisitorcs TRPAI-perentopsl u noreHuuan-3asucumbie Ca* HoHHbIE
KaHaubl. [Iony4eHHbIe BBIBOBI MO3BOJISIOT C BHICOKOH CTENEHBIO BEPOATHOCTH NMPOrHO3UPOBATH OTCYTCTBHUE JIe-
KapCTBEHHON 3aBHCHMOCTH NPU KIMHUYECKOM IPUMEHEHHH THOBIOPLMHA, & BBIBICHHOE paHee OTCYTCTBHE Ia-
CTPOTOKCHYHOCTH IIPEJIIIOJIaraeT BO3MOXKHOCTh HCIIOJIb30BAHUS aHAIBTETHKA MPOAOKUTEILHBIMU KypCaMH IpH
XPOHHYECKOM 00JIEBOM CHHIPOME.

KiroueBbie ciioBa: TeKCaa3an30BIOPIUTAH, THOBIOPIIUH, aHAJIBI'€TUYCCKAsA aKTUBHOCTh, CUHAPOM OTMCHBI, (1)1/131/[-
YeCKas 3aBUCUMOCTD, HAJIOKCOH, TpaMaa0J1

Kondaukr nHTEepecoB. ABTOPHI JACKIAPUPYIOT OTCYTCTBUE SIBHBIX W IOTEHIMAIbHBIX MHTEPECOB, CBSI3aHHBIX
¢ MyOJIHMKalUel HACTOSICH CTAThH.

Hcrounux ¢uuaHcupoBaHusi. PaGoTa BBIONHEHa B paMKax peanu3aluu [ 0oCyIapCTBEHHOTO KOHTpAKTa
Ne 14.N08.11.0179 (mpukiaHbIe HAYYHBIC NCCIEIOBAHHS H DKCIIEPUMEHTANIBHBIE Pa3pabOTKHU I TOCY IapCTBEH-
HBIX HYX]).

CooTBercTBHe NpUHUIUNAM 3THKH. ColepKaHUe KUBOTHBIX M TU3aiH AKCIIEPUMEHTOB OBLIM 0J00pEeHBI OMo-
stndeckuM KkomuteroM HUM®uPM um. E.JI. 'ompadepra (mporokon JACUC Ne 96092015 ot 16.09.2015) u co-
otserctBoBain Jupektuse 2010/63/EU EBponeiickoro nmapiaamenta 1 CoBera EBporeiickoro coro3sa mo oxpaHe
KUBOTHBIX, HCIIOJIb3yEMBIX B HAYUHBIX LessiX; mpukazy M3 PD Ne 1991 ot 01.09.2016.

Jns uutupoBanus: Kpeosa C.I'., [ToetseBa T.H., Jlonatuna K.A., Hecreposa 10.B., 3yesa E.I1., Adanacbe-
Ba O.I'., Kucenesa E.A., Kynemun I1.B., CycnoB H.U., Kynaruna J[.A., Ceicomstun C.B., XXnanos B.B. Puck
Pa3BUTHS JTEKAPCTBEHHON 3aBHCHMOCTH NIPH MPHUMEHEHHN HOBOTO aHAIBTETHKA Ha OCHOBE MPOHM3BOIHOTO TeKca-
a3anM30BIOpIMTaHA (IKCIIEPUMEHTANBHOE HCCIenoBanue). brontemens cubupckou meouyunsl. 2022;21(1):54-62.
https://doi.org/10.20538/1682-0363-2022-1-54-62.

INTRODUCTION requires the use of painkillers. According to experts
from the International Association for the Study

Many acute and chronic diseases, injuries6 and  of Pain, about 20% of humans suffer from chronic
medical interventions are associated with pain, pain syndrome due to low efficacy of symptomat-
which dramatically impairs the quality of life and  ic therapy. According to statistics, the number of
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cancer patients, patients diagnosed with myocar-
dial infarction and coronary artery disease, as well
as patients with various injuries reaches up to 13
million people a year in the Russian Federation. In
this respect, analgesics for treatment of severe and
excruciating pain of various etiology (including
chronic pain) and opioid antagonists are strategical-
ly important categories of medicines [1-3]. At the
same time, according to the estimates of anesthesi-
ologists and expert analysts from the Russian phar-
maceutical market, only about 10% of the demand
for next-generation analgesics (enhanced opioids,
combined analgesics, etc.) in the clinical setting is
addressed. Moreover, the existing problem of side
effects (gastro-, nephro-, hepato-, cardio-, and he-
matotoxicity, teratogenicity, mutagenicity, devel-
opment of physical and psychological addiction)
is still of great medical and social importance due
to high availability and widespread use of painkill-
ers of different groups [1-3]. All the above factors
determine the need for search, development, and
practical implementation of conceptually new an-
algesics with low toxicity acting on the molecular
mechanisms of pain generation.

Preclinical studies of an innovative analgesic
(hereinafter referred to as thiowurtzine, TWZ) based
on the 2,4,6,8,10,12hexaazatetracyclo[5,5,0,0*'1,0°7]
dodecane (hexaazaizowurzitane) derivative for treat-
ment of pain syndrome of different etiology are be-
ing currently carried out at Goldberg Research In-
stitute of Pharmacology and Regenerative Medicine,
Tomsk NIMC. It has been found that the test sample
“Thiowurtzine, capsule 120 mg” has low toxicity and
LD, 150-5000 mg / kg (hazard class III in line with
GOST R 12.1.007-76). Its pronounced analgesic ef-
fect was demonstrated in the hot-plate test of noci-
ception, acute visceral and deep somatic pain model
(acetic acid-induced writhing test), chemogenic pain
model (formalin test), TRPV1 receptor sensitivity
model (capsaicin test), and Randall — Selitto paw
pressure test [4, 5]. The use of specific pharmaco-
logical analyzers allowed us to hypothesize the in-
volvement of the kappa — opioid system and TRP re-
ceptors in the antinociceptive effect of thiowurtzine
with a probable impact on serotonin and GABAergic
structures of the central nervous system and T-type
calcium (Ca?") channels [6, 7]. The discovered
multi-target analgesic mechanism of thiowurtzine is
manifested at different levels of perception, imple-
mentation, and modulation of nociceptive activity,

which requires research on the probability of drug
abuse development due to drug administration.

The present study is aimed at exploring the like-
lihood of withdrawal syndrome development due to
discontinuation of the 5-day administration of thio-
wurtzine with naloxone challenge test in the exper-
iment.

MATERIALS AND METHODS

The experiments were conducted on 60 outbred
male CD1 mice (weight 20.5 g, age 7-8 weeks).
The animals were obtained from the Department of
Experimental Biomodeling at Goldberg Research
Institute of Tomsk NRMC (Certificate of Animal
Health). Animal maintenance and experiment de-
sign were approved by the Bioethics Committee at
Goldberg Research Institute (JACUC protocol No.
96092015 of 16.09.2015) and complied with the Di-
rective 2010/63/EU of the European Parliament and
the Council of the European Union on the Protection
of Animals Used for Scientific Purposes and GOST
No. 33044-2014 “Principles of Good Laboratory
Practice” of 01.08.2015.

The animals were randomly classified into groups
using body weight (£ 10%) as a criterion for classifi-
cation. The mice were euthanized by cervical dislo-
cation. The test sample “Thiowurtzine, capsule 120
mg” was the object of the study. The active phar-
maceutical ingredient was an organic low molecu-
lar weight compound 4-(3,4-dibromothiophene car-
bonyl)-2,6,8,12-tetraacetyl-2,4,6,8,10,12-hexaazatet-
racyclo[5,5,0,0>!",0°?]dodecane that was first synthe-
sized using computer modeling results at [PCET SB
RAS (Biysk) [5]. The previous study on the analgesic
effect of thiowurtzine determined the effective thera-
peutic dose of the compound — 100 mg / kg intragas-
trically [5, 7].

To assess the withdrawal syndrome, thiowurtzine
and the reference drug tramadol hydrochloride (Joint
Stock Company Organica, Russian Federation) were
administered per os twice a day (in the morning and
in the evening) for 5 days as follows: 1) at 9 a.m. —
thiowurtzine 50 mg / kg and tramadol 10 mg / kg, at
3 p.m. — thiowurtzine 50 mg / kg and tramadol
10 mg / kg; 2) at 9 a.m. — thiowurtzine 50 mg / kg
and tramadol 10 mg / kg, at 3 p.m. — thiowurtzine
75 mg/ kg and tramadol 15 mg/kg; 3) at 9 a.m. —thio-
wurtzine 75 mg/ kg and tramadol 15 mg/kg, at 3 p.m.
— thiowurtzine 75 mg / kg and tramadol 15 mg / kg;
4) at 9 a.m. — thiowurtzine 100 mg / kg and tramadol
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20 mg / kg, at 3 p.m. — thiowurtzine 100 mg / kg
and tramadol 20 mg / kg; 5) at 9 a.m. — thiowurtzine
100 mg / kg and tramadol 20 mg / kg, at 3 p.m. —nal-
oxone 10 mg / kg subcutaneously [8—10].

Naloxone (Moscow Pharmaceutical Factory, Rus-
sian Federation) is a non-selective opioid antagonist.
The animals were divided into 6 groups for the experi-
ments. Group 1: control (purified water) according to
the regimen. Group 2: control (purified water) accord-
ing to the regimen + naloxone. Group 3: thiowurtzine
(decapsulated) according to the regimen. Group
4: thiowurtzine (decapsulated) according to the regi-
men + naloxone. Group 5: tramadol according to the
regimen. Group 6: tramadol according to the regi-
men + naloxone.

During 1 hour following the naloxone injection,
the overall health status of mice was assessed accord-
ing to dominant withdrawal syndrome components
and recessive traits of mild withdrawal syndrome
(abnormal acoustic and corneal reflexes, the pres-
ence of convulsions, writhing movements, tremor as
if beating a drum, ptosis, jumping, shaking, chatter-
ing teeth, Straub reaction, itching, sneezing, lateral
position). The weight of the rodents was measured
during the randomization and 2 h after the naloxone
injection. 24 hours after withdrawal of the test com-
pounds, the open-field test was used to determine
the degree of impact on animal behavioral patterns
(emotionality, horizontal and vertical motor and ex-
ploratory activity) [8, 11]. The mice were placed at
the center of the open-field arena. Then the behavior-
al patterns of each animal were recorded for 2 min:
horizontal activity (the number of crossed squares);
vertical activity (the number of rearings with and
without support of the cage edge); exploratory ac-

tivity (the number of holepoking movements); emo-
tional reaction and its vegetative manifestations
(defecation); grooming.

Inactive animals with more intense defecation in
the open-field maze were considered more emotional
than animals who moved a lot but showed less in-
tense defecation. Statistically significant variation in
the parameters of horizontal and vertical motor activ-
ity was considered a criterion of sedative or stimulat-
ing effect. The analgesic activity was studied using a
Hot Plate Analgesia Meter (Columbus Instruments,
USA) at 55°C. Latency of the pain response was re-
corded via animal’s licking their hind paws, which
is a sign that the pain threshold was reached. The
analgesic effect was presented as the average laten-
cy in the group, while a significant increase in the
response latency after the administration of the com-
pounds was considered a hyperalgesia criterion [8].

The statistical analysis of the obtained data was
performed using Statistica 6.0. The mean (X) and
standard deviation (m) were calculated for all data.
Along with the value of n (number of variants), they
are presented in the final tables. The intergroup dif-
ferences were checked using the non-parametric
Kruskal — Wallis and Mann — Whitney — Wilcoxon
(U) tests. The Fisher’s angular transformation crite-
rion (p) was used to compare frequencies. The dif-
ferences were considered statistically significant at
p <0.05 [8].

RESULTS

The control experiments demonstrated no signs
of physical dependence while the withdrawal syn-
drome with naloxone challenge test was examined
(table 1).

Table 1

Manifestation of reflexes in outbred male CD1 mice after discontinued administration of thiowurtzine (50—100 mg / kg) and tramadol
(10-20 mg / kg) with naloxone challenge test (10 mg / kg s/c)

Control, Control Thiowurtzine. n = 10 Thiowurtzine + Tramadol, Tramadol
Reflex n=10 + naloxone, n =10 ’ naloxone, n =10 n=10 + naloxone, n =10
Number of animals with reflex manifestations, %
Acoustic 100 100 100 100 100 100
Corneal 100 100 100 100 100 100
Convulsions 0 0 0 0 30* 20*
Tremor 0 0 0 0 20%* 20%*
Ptosis 0 0 0 0 0 10
Jumping 0 0 0 0 0 10
Shaking 0 0 0 0 20*
Chattering teeth 0 0 0 0 0
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Table 1 (continued)

Control, Control Thiowurtzine. 7 = 10 Thiowurtzine + Tramadol, Tramadol
Reflex n=10 + naloxone, n =10 ’ naloxone, n =10 n=10 + naloxone, n =10
Number of animals with reflex manifestations, %
Straub reaction 0 0 0 0 0 20*
Itching 100 100 100 100 100 100
Sneezing 0 0 0 0 0 0
Lateral position 0 0 0 0 0 0

*p <0.01 compared with the control (Fisher’s test)

Recessive signs of abuse were recorded in the an-
imals treated with tramadol: tremor (20%), shaking
(20%), and convulsions as the withdrawal syndrome
component (30%) (Table 1). During tramadol admin-
istration according to the regimen, naloxone evoked
not only such signs of mild withdrawal syndrome as
shaking (20%), tremor as if beating a drum (20%),
and ptosis (10%), but also jumping activity (10%),
Straub reaction (20%), and convulsions (20%),
which are dominant withdrawal syndrome compo-

nents (Table 1). The mice treated with thiowurtzine
according to the regimen in combination with nalox-
one had none of the physical dependence signs.

The study results for exploratory activity of the an-
imals in the open-field test suggest that thiowurtzine
after administration according to the regimen with
naloxone challenge test did not change the number
of vertical postures and the number of holepoking
movements throughout the entire observation period
(Table 2).

Table 2

Effect of cycle administration of thiowurtzine according to the ascending dose regimen (50-100 mg / kg) on behavioral patterns
of outbred male CD1 mice in the open-field test against the background of administration discontinuation with naloxone challenge

test( 10 mg /kgs/c), Xtm
Study group Overall Horizontal Vertical Hole ex- Groom- | Defeca- Asymme-
(number of animals, n = 10) mgtgr activity activity ploratgry ing tion try <.:oeﬁ“1-
activity behavior cient
I** min of observation
1.Water control (according to the regimen) 423+4.0 255+29 31+£1.1 [13.5€19(02+0.1| 0+0 |60.6+3.9
2. Control (according to the regimen) + naloxone 43.1+3.8 283+2.8 34+08 [10.7+1.8[0.1£0.10.6+03|654+3.1
3. Thiowurtzine (according to the regimen) 44.0+42 334+0.1 29407 |109+1.8| 0+0 |02+0.2|66.8+4.1
4. Thiowurtzine (according to the regimen) + naloxone | 54.1 £5.1*% | 35.0+4.0% | 40+13 |150£15| 0+0 |0.1+0.1|63.5+23
5. Tramadol (according to the regimen) 53.6+48 | 37.0+3.6*% | 46=x1.1 |11.6=1.7| 0+0 [04+03[{693+34
6. Tramadol (according to the regimen) + naloxone 382+£33" | 253+£3.0" | 1.9+0.8" |105+1.7]03+02[{02+0.1[658+53
243 min of observation
1. Water control (according to the regimen) 733+7.1 353+4.1 6.5+2.0 [30.8+4.1|0.6+03[0.1+0.1|48.6+3.4
2. Control (according to the regimen) + naloxone 79.9+5.6 40.1£3.0 81+1.6 [303+34({09+03]05+03|51.1+£3.6
3. Thiowurtzine (according to the regimen) 78.9£9.0 45.7+£5.7 6.1+1.0 [260+£34(09+0.2]02+0.1|579+33
4. Thiowurtzine (according to the regimen) + naloxone | 96.9 £9.2% | 523 +£6.12*¥ | 6.5+1.2 |372+£3.7|0.5+0.2|04+0.4|53.8+3.6
5. Tramadol (according to the regimen) 102.0+£12.1 | 539+£9.1 59+£12 [41546.1|0.6+02[04+03|51.6+4.2
6. Tramadol (according to the regimen) + Naloxone 83.5+945 | 487+7.8 [38+1.0%[30.2+2.5|04+£0.2[04+02[495+6.3
Overall outcome, 13" min of observation

1. Water control (according to the regimen) 115.6+10.3 | 60.8+6.5 9.6+£29 [443+£54|08+03[0.1+0.1|52.6+2.7
2. Control (according to the regimen) + naloxone 123.0£9.2 | 684=+51 | 11.5+2.2 [41.0£4.7|1.0+03|1.1+0.6[56.1+2.6
3. Thiowurtzine (according to the regimen) 1229+£122 | 75.7+83 9.0+1.5 [369+£50(09+02]04+£03|61.1+3.1
4. Thiowurtzine (according to the regimen) + naloxone | 151.0£12.8 | 87.3 +8.1* | 10.5£2.2 |522+42|0.5+02|0.5+0.5|58.0+2.1
5. Tramadol (according to the regimen) 1559+ 15.6%| 90.9+11.7* | 10.5+2.1 |53.1£6.7|0.6+0.2 |0.8+0.4|57.4+2.5
6. Tramadol (according to the regimen) + naloxone 122.0+ 1227 74.0+10.6 | 5.7+ 1.4* |40.7+3.7[0.7+0.3 |0.6+0.3|66.9+8.7

*p < 0.05 in comparison with water control, *p < 0.05 in comparison with the Control + naloxone group, "p < 0.05 in comparison with the

Tramadol group (Mann — Whitney — Wilcoxon test).
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In addition, the absence of statistically significant
changes in the grooming and defecation parameters
indicates that the drug did not affect the emotional
level of the animals. A 1.3-fold increase in the over-
all motor activity (p < 0.05) due to a 1.4-fold in-
crease in the horizontal motor activity (by the num-
ber of squares crossed) (p < 0.05) during the 1% min
of observation and a 1.3-fold (p < 0.05) and 1.5-fold
increase (p < 0.05) in the 2"-3 min of the experi-
ment, respectively, relative to similar control data is
worth noting.

The revealed moderate stimulating effect of thio-
wurtzine on the horizontal activity can be explained
by the activated orientation and exploratory behav-
ior of mice due to the disinhibition effect of the drug
on behavioral reactions of the animals under stress
caused by new conditions [8, 11]. The data obtained
for all the analyzed parameters (horizontal, vertical
and exploratory activity, emotionality by its vegeta-
tive manifestations, grooming, etc.) allow us to state
that withdrawal syndrome was not formed. In con-
trast, a statistically significant decrease in overall,
horizontal, and vertical motor activity of the mice
treated with tramadol with naloxone challenge test,
in comparison with similar parameters in the animals
of the tramadol group, complied with the sedative
activity criterion and indicated withdrawal syndrome
development (Table 2).

The data presented in Table 3 allow to conclude
that the animals that received naloxone injections
after tramadol administration was discontinued de-
veloped hyperalgesia, since the response latency ex-
ceeded that of the Tramadol group by 1.2 times (p <
0.05).

The baseline value for thiowurtzine-suppressed
pain sensitivity in the case of a single injection
was 50% in the hot plate test, while 24 h after
5-day administration of thiowurtzine was discon-
tinued, the antinociceptive effect of the drug ap-
peared to be statistically significant and reached
23.9% relative to the water control (Table 3). In
the same period of observation, the naloxone chal-
lenge test resulted in a 21% decrease in the thio-
wurtzine activity when compared to the same ef-
fect in the above-mentioned group, which allows
for the conclusion that the animals did not develop
hyperalgesia.

The body mass of test animals is one of the im-
portant parameters for veterinary monitoring in a
long-term experiment.

Table 3

Body mass index of outbred male CD1 mice and
antinociceptive response value in the hot plate test in
withdrawal syndrome with naloxone challenge test, X + m

B f mi
Animal group ody mass o o8 Response
. after injec- | latency de-
(number of animals, before .
n=10) injections tions were | velopment,
J discontinued sec
I. Control, purified water 1,55, 71 553109 | 17.6+22
(according to the regimen)
2. Control, purified water
(according to the regimen) |25.6+0.5| 25704 | 17.9+2.0
+ naloxone, 10
3. Thiowurtzine (according | )5 5, o 61 262404 [21.8+2.7*
to the regimen)
4. Thiowurtzine (according
to the regimen) + nalox- 256+0.5] 262+0.5 172+ 1.4
one, 10
3. Tramadol (according to | )5 6 5| 555406 |17.8+13
the regimen)

* p < 0.05 in comparison with the Thiowurtzine + naloxone group;
#p <0.05 in comparison with the Control + naloxone group; *p < 0.05 in
comparison with the Tramadol group (Mann — Whitney — Wilcoxon test).

It can indicate an overall adverse effect of a test
compound on metabolism, as well as undesirable
and side effects when combined with toxicity testing
data. No negative changes in the body mass of the
test animals treated with thiowurtzine with naloxone
challenge test, which induces withdrawal syndrome,
were noted (Table 3).

CONCLUSION

The data obtained on the degree of impact on the
animal behavior in the open-field test (horizontal ac-
tivity, vertical and exploratory activity, emotionality
and its vegetative manifestations, grooming, etc.) al-
low for the conclusion that thiowurtzine causes no
sedation or euphoria in animals after discontinuation
of its 5-day administration regimen with naloxone
challenge test. A positive feature of this analgesic
is its disinhibition effect due to the activated orien-
tation and exploratory behavior in the afferentation
conditions of the open-field test. It should be not-
ed that dominant withdrawal syndrome components
and recessive signs of withdrawal syndrome were
not detected in the animals after the thiowurtzine ad-
ministration, as opposed to the tramadol-dependent
mice. The mice that received the analgesic did not
show a decrease in body mass, which points to the
absence of a toxic effect on the metabolism in the
test animals. Discontinuation of the thiowurtzine ad-
ministration with naxolone challenge test caused no
hyperalgesia in the animals in the hot plate test.
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The findings presented herein indicate that thio-
wurtzine evokes no side effects typical of opioid
analgesics (tramadol), including physical depen-
dence and withdrawal syndrome development fol-
lowing naloxone challenge test. Previous in vivo
and in silico studies (docking, molecular modeling,
molecular dynamics simulation) on the multi-target
mechanism of thiowurtzine explain the absence of
its morphine-like effect by the fact that the major
targets of the analgesic are TRPA1 receptors and
voltage-gated Ca?" channels [6, 12]. With a high
degree of probability, the conclusions made here-
in predict no drug abuse development when thiow-
urtzine is used in the clinical setting. The absence
of ulcerotoxicity found earlier will enable to ad-
minister thiowurtzine in long-term cycles with no
risk of gastrotoxicity for patients with chronic pain
syndrome.
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Assessment of the functions of cultured lymphocytes when exposed to
drugs used in cosmetology
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ABSTRACT

The aim of the study was to determine the number of lymphocytes, intracellular cytokines produced by lymphocytes,
and the cell cycle of lymphocytes isolated from the blood of patients when exposed to various drugs, as well as to
assess the functions of cultured lymphocytes when exposed to drugs in vivo and in vitro.

Materials and methods. The study involved lymphocytes isolated from the blood of healthy women under various
conditions. At the first stage of the study, T-lymphocytes were isolated from the blood of patients before exposure
to the drug. The absolute and relative lymphocyte count, the number of intracellular cytokines, and the cell cycle
were determined.

At the second stage, the drugs were added to the nutrient medium, where lymphocytes isolated from the blood
of patients who did not receive systemic drugs were cultured. The placental extract preparation was added to
the lymphocytes isolated from the first group of patients, while the hyaluronic acid preparation was added to the
lymphocytes isolated from the second group of patients.

At the third stage, the lymphocytes isolated from the blood of patients after systemic exposure to the placental
extract preparation or hyaluronic acid preparation were isolated and cultured, after which the same lymphocyte
parameters were determined.

Results. The number of T-lymphocytes increased with the systemic use of the placental extract and hyaluronic
acid preparations and practically did not change compared with the baseline data, when these drugs were added to
the nutrient medium. Placental extract and hyaluronic acid had a positive effect on the mitotic activity of cells; it
is worth noting that the effect of placental extract was greater than that of hyaluronic acid. Both drugs did not have
a negative effect on apoptosis of T-lymphocytes. Under the effect of placental extract, lymphocytes secreted more
interleukins, which contributed to proliferation of keratinocytes.

Conclusion. The placental extract and hyaluronic acid preparations have a stimulating effect on keratinocytes. The
placental extract preparation has a stimulating effect on T-lymphocytes after systemic exposure of the body to it.

Keywords: lymphocyte culture, intracellular cytokines, placental extract, hyaluronic acid
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OueHka GyHKLMI KyNbTUBNPOBaHHbIX IMM$OLNTOB Npu BO3AENCTBIN

npenapartoB, NCNOJIb3yHOLWNXCA B KOCMeTOoNIornyeckom npakKTunke

Kyapesuu 10.B.', KysHeuyosa E.K.%, Qonrywun U.W.', 3uranwumx O.P.’

! FOoicno-Ypanvckuil 2ocyoapemeennsiii meouyunckuil ynusepcumem (FOYI'MY)
Poccus, 454092, 2. Yenabunck, yn. Boposckoeo, 64
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PE3IOME

Henpr — ompenennTh KOIMIECTBO JUMQOIHUTOB, BHYTPHKIETOYHBIX JTUM(PONUTAPHBIX IIUTOKHHOB, KIETOUHBIH
IIUKJI TUM(ONUTOB, BEIIEICHHBIX U3 KPOBH ITAIIMEHTOB IIPU BO3JIEHCTBHUH PA3INYHBIX PETapaToB, OIIEHUTH (YHK-
MY KyJTbTHBUPOBAHHBIX JIMM(OIIMTOB TIPH BO3AEHCTBHIH IIPENapaToB in Vivo U in Vitro.

MarepuaJjibl ¥ MeTobl. VccienoBaHNIO MOABEPTATNCH TUM(ONUTEI, BBIICICHHBIE U3 KPOBH 3/[0POBBIX JKECHIIH
NP pa3IUYHBIX yCIoBHAX. Ha mepBom 3Tare ncciaegoBaHus BBIAEISINCH T-TUM(OIUTH M3 KPOBY MAMEHTOB JI0
BO3JeHicTBUS mpemnapata. Onpenensmch: adCOMIOTHOE U OTHOCHTEIbHOE KOJIMYIECTBO TMM(OIUTOB, BHYTPHKIIE-
TOYHBIE IUTOKHUHBI, KIIETOUHBIA IIUKIL.

Ha BTOpOM 3Tane B NUTATENbHYIO CPelly, TA€ KYJIbTHBUPOBAIHCH JIMM(OLUTHI, BHIICICHHBIE U3 KPOBH MALIEHTOB,
KOTOpBIEC HE MOJTyYald CUCTEMHO Ipenaparhl, 100aBsuIuch npenapartsl. K aumdornuTam nepBoii rpynmnsl HaryeH-
TOB B ITUTATEIbHYIO Cpely 100aBIsICS Mpenapar 3KCTPaKTa IUIALEHTbI, K JIMM(OLUTAM BTOPOH IPYIIIbl HalUeH-
TOB — Mpenapar ruanypoHOBOI KUCIOTHI.

Ha TPETHEM 3TAall€ BBIACIIAINCH U KYJILTUBUPOBAJINCH J'II/IM(bOL[I/ITLI, KOTOPBIC ObLIH BBIJICJICHBI U3 KPOBU IMallTUCHTOB
oCJIE CUCTEMHOI'O BO3HeﬁCTBHH Ha OpraHu3M IIperiapaTa 3KCTpaKTa IUJIallCHTBI WK Ipernapara FHaﬂypOHOBOﬁ
KHCJIOTBI, ITOCJIE YETO ONPEACIIAIUCE TC KE MMOKa3aTCIIN J'II/IMQ)OHI/ITOB.

Pe3syasTarsl. KommuectBo T-nmuMdonuTos yBeInanBaaocs Npy CHCTEMHOM HCIIOIb30BAHUH IIPEIApaTOB SKCTPaK-
Ta IUIALECHTH W THATYPOHOBOH KHCIOTHI M MPAKTHYECKH HE MEHSIIOCH IO CPaBHEHHUIO C MCXOAHBIMH JaHHBIMHU
Ipu 100aBIEHUN TUX MPENapaToB B MUTATSIBHYIO CPeAy. DKCTPAKT IUIAIIEHTHl M THATYPOHOBAsI KUCIIOTA MOJIO-
JKUTEITPHO BIMSIOT HA MUTOTHYECKYIO aKTUBHOCTH KJIETOK, SKCTPAKT IUTAIICHTHI B OONBINEH CTENeHH, YeM THaly-
poHoBas kucnoTa. O6a mpemnapara He OKa3bIBAIOT HETATHBHOTO BIIHMSHUS Ha MIPOLECCH aronTo3a T-TuMQOIHTOB.
Ipu nelicTBUM PKCTpaKTa IUIALEHTHI TUM(ONUTEI BBIAEIAIOT OOJNbIIE MHTEPICHKUHOB, KOTOPEIE CIIOCOOCTBYIOT
nponugepanuy KepaTHHOLUTOB.

3akio4enne. IIpenaparsl SKCTpakTa IUIAIEHTHl U THATYyPOHOBOW KHCIIOTHI OKa3bIBAIOT CTUMYJIHpYIOLIee Aeii-
CTBHE Ha KEPaTHHOLUTHL. [Ipenapar skcTpakTa MIaleHTHl 0Ka3bIBAaIOT CTUMYJIHpYoliee AeiicTeie Ha T-numdonu-
ThI IPY CUCTEMHOM BO3/I€HICTBHU Ha OPTaHU3M.

KiroueBble ci1oBa: KyJIbTUBAUA HI/IMCI)OIII/ITOB, BHYTPUKIICTOYHBIC ITUTOKUHBI, DKCTPAKT IJIAHCHTBI, THAJTYPOHO-
Basg KHCJIOTa

KoHaukT uHTEpecoB. ABTOPHI JACKIAPHPYIOT OTCYTCTBUE SBHBIX U MOTCHIMATIBHBIX KOH(PIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJIUKAIME HACTOSIICH CTAThH.

HcTounuk puHAHCHPOBaHWUSA. ABTOPHI 3asIBISIOT 00 OTCYTCTBHU (PMHAHCUPOBAHHUS TIPH ITPOBEICHUH HCCIICIOBAHMS.
Js uurupoBanusi: Kynpesnu 10.B., Kysnenosa E.K., [loarymmn W.U., 3uranmmn O.P. Ouenka GyHKIMHA Kyib-

THUBHPOBAHHBIX JTUM(OLMTOB TP BO3JCHCTBUH IIPEIIapaToB, UCIOIB3YIOMUXCS B KOCMETOJIOMMIECKOH MTPpaKTHKE.
bionnemens cubupckou meduyunwl. 2022;21(1):63—67. https://doi.org/10.20538/1682-0363-2022-1-63-67.

INTRODUCTION

Assessment of the functions of cultured lymphocytes when exposed

The use of drugs based on human placental extract
is one of the actively studied and developing areas in
aesthetic medicine and many other branches of med-
ical science. The human placental extract is an active
complex that encompasses amino acids, enzymes, in-

cluding those for antioxidant defense, vitamins, min-
erals, growth factors, immunotropic substances, etc.
There are published data on the stimulating effect of
human placental extract preparations on regeneration
of various tissues [1, 2], as well as on the regulating
effect of the placental extract on inflammatory pro-
cesses [3].
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In cosmetology, hyaluronic acid preparations are
widely used to improve the quality of the skin. Hyal-
uronic acid promotes water retention in the dermis, has
a stimulating effect on fibroblasts, which leads to an
increase in the number of collagen fibers in the dermis,
and neutralizes the action of proinflammatory interleu-
kins in the skin, which contribute to skin aging [4-7].

The literature presents an increasing amount of
data on changes in the skin after exposure to drugs
that promote rejuvenation, but there is practically no
information about the immune response to administra-
tion of such drugs.

The aim of the study was to determine the number
of lymphocytes, intracellular cytokines produced by
lymphocytes, and the cell cycle of lymphocytes isolat-
ed from the blood of patients when exposed to various
drugs, as well as to assess the functions of cultured lym-
phocytes when exposed to drugs in vivo and in vitro.

MATERIALS AND METHODS

The study involved lymphocytes isolated and cul-
tured from the blood of healthy women under various
conditions. At the first stage of the study, T-lympho-
cytes were isolated from the blood of patients before
they were injected with placental extract and hyaluronic
acid preparations. These lymphocytes were cultured in
a nutrient medium, after which the absolute and relative
lymphocyte count, the number of lymphocytes under-
going apoptosis and intracellular cytokines produced
by lymphocytes, and the cell cycle were determined.

At the second stage, drugs were added to the nu-
trient medium where lymphocytes isolated from the
blood of patients who did not receive the drugs sys-
temically were cultured. A placental extract prepara-
tion was added to the nutrient medium with lympho-
cytes isolated from the first group of patients, and a
hyaluronic acid preparation was added to the lympho-
cytes isolated from the second group of patients (ex-
posure to the drugs in vitro). After a certain incubation
period, the same parameters were determined as at the
first stage of the study.

The third stage involved isolating and culturing
lymphocytes from the blood of patients after systemic
exposure of the body to the placental extract or hyal-
uronic acid preparation (exposure to the drugs in vivo),
after which the same parameters of lymphocytes were
measured.

The data obtained were subject to statistical pro-
cessing. According to the Kolmogorov — Smirnov test,
the sampling distribution was incorrect; therefore,
nonparametric methods of statistical processing of the

obtained data were used. The Mo mode, median, and
interquartile range Me (Q25/ Q75) were determined.
The calculation was carried out using the IBM SPSS
Statistics 2 software packages.

RESULTS

At the first stage, the initial mean absolute cell
count of T-lymphocytes isolated from the blood of pa-
tients who were not exposed to any drugs was 15,448
cells, and the relative value was 97.2%. After exposure
to the placental extract preparation in vitro, these pa-
rameters practically did not change and amounted to
15,749 cells and 97.0%, respectively. When exposed
to the placental extract preparation in vivo, the absolute
cell count of T-lymphocytes increased significantly
and amounted to 19,402.0 cells in the nutrient medium.

When exposed to hyaluronic acid, the absolute and
relative cell count of T-lymphocytes decreased both in
vivo and in vitro. In vitro, the number of T-lymphocytes
was 14,888 cells, in vivo — 12,349 cells, which indicated
a more pronounced decrease in the lymphocyte count
with systemic exposure of the body to the hyaluronic
acid preparation. The same tendency was observed in
the change in the relative lymphocyte count: 95.3 and
95.1% in in vitro and in vivo exposure, respectively.

Evaluating the number of proliferating cells that
were in the G2 stage and M stage of the cell cycle (the
synthetic and mitotic phases, indicating active cell pro-
liferation), we found an increase in this parameter in pa-
tients of both groups who received the placental extract
and hyaluronic acid preparations. The increase occurred
when the individuals were exposed to drugs both in vitro
and in vivo. So, when exposed to the placental extract,
the absolute number of proliferating cells increased
from 143 to 276 in vitro and to 887 in vivo, and when
exposed to hyaluronic acid, the cell count rose to 396
and 194 cells, respectively. If we compare the degree of
increase when exposed to different drugs, we can note a
more pronounced degree of cell growth during exposure
to the placental extract, which is probably due to the
immunomodulating properties of this preparation.

The relative value of proliferating cells also in-
creased, and the tendency was the same as with the
increase in the absolute count of proliferating T-lym-
phocytes. The preparations had practically no effect
on the number of apoptotic cells. The absolute and
relative lymphocyte count in apoptosis practically did
not change when exposed to both preparations either
in vitro, or in vivo, which may indicate that the pla-
cental extract and hyaluronic acid preparations did not
have a negative effect on the body.
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The DNA index, that is the ratio of cells whose cell
cycle was in the G1 and G2 phases, practically did not

change when exposed to different drugs. The results
are presented in Table 1.

Table 1

The number of cultured lymphocytes and lymphocyte cell cycle parameters before and after exposure to drugs in vitro and in vivo

Lymphocyte culture
Statistical . .. . with the after systemic
Parameter atistica without exposure, with the addition 9f after systemic exp osure addition of exposure to
parameters - placental extract in | to placental extract in L P
n=12 . — . _ hyaluronic acid | hyaluronic acid in
vitro,n =12 vivo, n =12 o _ . _
invitro,n =12 vivo, n =12
Absolute count
Normal cells Mo 2,480 15,874 8,708 11,153 14,333
(GO/G1) Me (025/075) 15,448 15,749 19,402 14,888 12,349
(1,476.0/1,570.0) | (13,704.0/17,169.0) | (12,184.0/46,790.0)** | (9,321/16,291) | (6,765/14,223) **
Proliferating Mo 31 13 6 70
cells (G2, M) Me (025/0Q75) | 143 (26.25/443.7) | 276 (83.7/415.5)* 887 (242.0/1,556.0)** (119.7?59866.0)** 194 (80.2/432.7)
Apoptotic cells Mo 10.0 4.0 0.8 42.0 4.0
Me (025/075) 37 (3.75/55.7) 31.5(10/53) 42 (4.5/81.5) 19.5 (4.5/42.5) 37.5 (14/66)
Relative count, %
Normal Mo 95.2 97.8 82.7 62.3 82.1
cells (GO/G1) Me (025/Q75) | 97.2(95.2/98.7) 97 (93.6/97.8) 96.4 (85.6/99.2) 95.3(90.7/97.3) |  95.1 (89.0/97.2)
Proliferating Mo 0.1 0.2 0.1 0.2 0.51
Eégf M) Me (025/Q75) | 0.15(0.1/0.91) 0.58 (0.17/1.62) ** 1.4 (0.42/4.35) ** 0.64 (0);(3*1/1’22) 0.87 (0.62/1.32) **
Apoptotic cells Mo 0.1 0.1 0.3 0.3 0.4
Me (025/0Q75) 0.3 (0.1/2.3) 0.4 (0.1/1.67) 0.3 (0.15/1.45) 0.35 (0.3/0.55) 0.55(0.32/0.9)
DNA index Mo 1.93 1.96 1.67 1.96 0.97
(G1/G2) Me (Q25/075) | 1.93 (1.84/2.08) 1.97 (1.91/12.11) 2.01(1.9/6.52) 1.97 (1.96/2) 1.96 (1.85/2)

** p <0.01, *p <0.05 — significance of differences between the parameters before and after exposure to drugs in vitro and in vivo.

When assessing the level of intracellular cytokines
that cultured T-lymphocytes secreted into the nutrient
medium, we found a decrease in the content of inter-
leukin (IL)-1b produced by the CD4+ subpopulation.
A decrease in the level of this cytokine occurred when
both the placental extract and hyaluronic acid were
added to the nutrient medium. The lymphocyte sub-
population with the CD8+ phenotype produced this
cytokine more with the addition of placental extract

than with the addition of hyaluronic acid. Interleu-
kin IL-17A increased in the nutrient medium where
lymphocytes with the CD4+ phenotype were cultured
with the addition of placental extract and decreased
when hyaluronic acid was added. The content of in-
terleukin IL-17A produced by lymphocytes with the
CD8+ phenotype increased with the addition of pla-
cental extract and hyaluronic acid. The data are pre-
sented in Table 2.

Table 2
The number of intracellular cytokines before exposure to drugs and after adding drugs to the nutrient medium
Spontaneous cytokine production
Parameter Statistical parameter | by lymphocytes, with the addition of placental with the addition of hyaluronic acid to
n=12 extract to the medium, n =12 the medium, n =12
Mo 4.0 25.0 3.0
CD4+(IL1b
( ) Me (025/075) 12.0 (4.0/61.25) 8.0 (3.75/26.75)** 8.5 (4.5/56.0)**
M .0 17.0 .0
CDS+(IL1b) - ! ! !
Me (025/075) 8.5 (2.0/20.25) 10.5 (6.25/17.0) ** 7.0 (6.0/7.5)
M 1.0 2.0 4.0
CD4+(IL-17A) °
Me (025/075) 6.0 (1.0/19.0) 9.0 (6.5/24.0)** 4.0 (3.0/4.0)**
M 4.0 8.0 9.0
CD8+(IL-17A) °
Me (Q25/075) 6.0 (4.0/10.0) 8.5 (7.75/18.0)* 9.0 (9.0/12.0)*

**p <0.01, *p < 0.05 — significance of differences between the parameters before and after exposure to drugs in vitro and in vivo.
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DISCUSSION

The number of T-lymphocytes upon exposure to
placental extract increased in vivo and practically did
not change in vitro. This may indicate that the de-
scribed immunomodulating effect of the placental ex-
tract will be realized under the condition of a complex
effect on the body immune system, where all the links
of the immune system are connected with each other
and are in close interaction.

On the other hand, the number of lymphocytes
upon exposure to hyaluronic acid decreased in vivo
and did not change in vitro. Apparently, this is due
to the need to eliminate a foreign substance, which
is hyaluronic acid, administered via an intrader-
mal injection, and lymphocytes are consumed in
this process.

Both placental extract and hyaluronic acid stimu-
late mitosis and cell proliferation. With the systemic
effect of the placental extract, this process is more ac-
tive in comparison with the systemic effect of hyal-
uronic acid, which may be due to a more pronounced
positive effect of the placental extract on the immune
system and the body as a whole. These drugs have no
effect on apoptosis of lymphocytes, which may indi-
cate safety of these drugs for the immune system.

Estimating the content of interleukins that have a
stimulating effect on proliferation of keratinocytes, it
can be said that the total level of IL-1b and IL-17A
increases to a greater extent under the effect of placen-
tal extract than hyaluronic acid. On this basis, we can
speculate about greater effectiveness of the placental
extract in relation to skin cell renewal, although hyal-
uronic acid has a similar effect.
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Placental extract has a stimulating effect on lym-
phocytes upon systemic exposure of the body to it.
The results of the study allow us to speculate about the
stimulating effect of placental extract and hyaluronic
acid not only on the immune system, but also on the
quality of the skin.
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The impact of affective disorders on self-assessment of the quality of life
in patients with chronic coronary artery disease
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ABSTRACT

Aim. To determine the differences in self-assessment of social functioning by patients with chronic coronary artery
disease (CAD), depending on the presence of comorbid affective disorders (ADs).

Materials and methods. Using the Social Adaptation Self-Evaluation Scale (SASS), which makes it possible to
assess the degree of social functioning and satisfaction with various aspects of social life, we studied the features
of the social functioning of heart hospital patients with chronic CAD with (rn = 248) and without AD (n = 291).
In 290 patients (average age 56.6 + 6.7 years) with chronic CAD, chronic ADs (45%) were revealed; depressive
episodes (DEs) were diagnosed for the first time in 24% of patients, and 24.5% of patients had recurrent DEs.
Bipolar disorder was found in 6.5% of cases. Qualitative and quantitative parameters were investigated using the
Mann — Whitney U test and Student’s #-test. To assess the frequencies, the Pearson’s chi-squared test was used.

Results. The mean total SASS score in the patients with chronic CAD with AD corresponded to difficult social
adaptation (33.7 [29.5; 39]), while the patients without AD had good social adaptation score of 40.8 + 6.3
(p < 0.05). In the group without AD, patients with normal social adaptation prevailed (n = 215; 73.8%), while
patients with AD more often had difficulties with social adaptation (n = 148; 59.7%). In the CAD patients,
depending on the presence of AD, the frequency of disturbances in various spheres of social adaptation differed:
employment, interest in and pleasure from activities, disposition of income, pleasure from and interest in seeking
information, social support (p = 0.001).

Conclusion. Higher frequency of pronounced impairment in social functioning in patients with chronic CAD with
AD determines the need for taking this fact into consideration when planning rehabilitation measures in this group
of patients.

Keywords: affective disorders, chronic coronary artery disease, self-assessment of quality of life and social
functioning, gender differences
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Bnnanwne ad)d)EKTI/IBHbIX paCCTPOﬁCTB Ha CaMOOLIEHKY KaYecTBa XKXN3HN
y 60nbHbIX XpOHI/I'-IECKOI‘I'I nwemMmmnyeckonm 6onesHblo cepaua

JNle6epeBa E.B."?, CuactHbin E.[l.", HoHka T.I'.2, HanecHuk E.O.?, CypoBueBa A.K.",
BacunbeBa C.H.', PenuH A.H.?

! Hayuno-uccredosamenvckuii uncmumym (HHUH) ncuxuuecko2o 300posvs, TomcKkull HAYUOHATbHBIL UCCTe008AMENb-
ckuti meouyunckutl yewmp (HUML]) Poccuiickoti akademuu HayK
Poccus, 634014, 2. Tomck, yn. Aneymckas, 4

2 Hayuno-uccaedosamenvckutl uncmumym (HUHW) kapouonozuu, ToMCKUTL HAYUOHATbHBLL UCCIE008AMENbCKULL MeOU-
yunckuu yeump (HUMIL]) Poccutickoil akademuu Hayx
Poccus, 634012, Tomck, yn. Kueeckas, 111a

PE3IOME

enb — onpeenuTh pa3InyKsi CaMOOLICHKH COIUAIbHOTO (DYHKIIMOHUPOBAHHUS MAIMEHTOB ¢ XPOHUYECKOH KOpO-
HapHOH OOJIE3HBIO B 3aBICUMOCTH OT HAJTHYHSI KOMOPOHIHBIX addeKkTUBHBIX paccTpoiicT (AP).

Marepuajbl 1 MeToAbl. C TOMOIIBIO ONPOCHUKA CAMOOLIEHKH colManbHON amanTauun (SASS), mosBosnsiomero
OLICHUTH YPOBEHb CONUAIBHOTO (DYHKIIMOHHPOBAHUS U YJOBIETBOPEHHOCTD PA3INYHBIMU ACTIEKTAMH COIMATBHON
JKH3HU, U3y4eHBI 0COOCHHOCTH COIMAIBHOTO (YHKIMOHHPOBAHHS OOJIBHBIX KapIHOIOTMYECKOTO CTAIHOHApPA C
xpoHudeckoi nmemmyeckoit 6onesnpo cepana (MUBC) ¢ AP (n = 248) u 6e3 (n = 291). Y 290 manmenToB (cpen-
HHUI Bo3pacT — 56,6 + 6,7 ner) ¢ xporndeckoit UBC BeisBisunch xponundeckue AP (45%), nempeccuBHBIE 31TH-
301561 (/ID) BrepBbIe BO3HUKINNE JUATHOCTUPOBAHBI Y 24% manneHToB, a pekyppentHeie 19 —y 24,5%. B 6,5%
cirydaeB 0OHapykeHo OunossipHoe adekTHBHOE paccTpoiicTBo. KadecTBeHHBIE U KONMWYECTBEHHBIC MTOKA3aTEH
HCCIIEN0BaHBI ¢ momMoulbio U-kputepust MaHHa — YUTHU U T-KpUTEpHUs, IJs1 OLIEHKH 4acTOT IPUMEHSUICS METON
x2 no Iupcony.

PesyabTarel. OOmuii cpennuii 6amut no SASS y GonpHbIXx xpoHuueckoir UBC ¢ AP coorBercTBOBaN ypoB-
HIO 3aTPYJHEHHOHN commanbHol amantanuu 33,7 [29,5; 39], a rpynme 6e3 AP — xoporiieii coruanbHON amanTa-
un 40,8 + 6,3 (p < 0,05). B rpynme 6e3 AP mpeo6nanany manueHTsl ¢ HOPMaJIbHON COLMANBHOM ajanranuen
(n=215;73,8%), a 'y 601bHBIX ¢ AP connanpHas aganTanus Oblia yaie 3aTpyaneHa (n = 148; 59,7%). Y nauu-
entoB xponnueckoit UBC B 3aBucuMocTtH 0T AP pasnuuanach 4acToTa HapyIICHHI B pa3HbIX cepax ConrHaTbHON
aJIanTalyy: 3aHATOCTh, HHTEPEC U yOBOJIBCTBUE OT AEATEILHOCTH, PACIIOPSDKEHUE CBOMMU JI0X0/IaMH, YI0BOJIb-
CTBHE U MHTEpEC OT NMOUCKa MH(POpMALUH, colraibHas noanepxka (p = 0,001).

3akaoyenne. boree BEICOKas 4acTOTa BEIPAXKEHHOTO HAPYIIEHUS COIHANBHOTO (DYHKIIMOHUPOBAHUS NAIINEHTOB
¢ xpoumdeckoit UBC u AP ompezensier HEOOXOANMOCTE yueTa JaHHOTO (haKTa MpH ITAHNPOBAHUH peaOrIHTaI-
OHHBIX MEPOINPUATHUI B JaHHOI IpyIIe NallueHTOB.

KnroueBbie cioBa: ahdhekTUBHBIC pacCTPONCTBA, XPOHUYECKAS UIIEMIYECKast 00JIe3Hb Cep/Illa, Ka4eCTBO KU3HH,
MIOJIOBBIE Pa3INYUs

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNueil HaCTOSIIEH CTaThH.

Hctounuk ¢punancupoBanus. Pabora BeinonHeHa B pamkax '3 075-01184-22-00, DHU «buoncuxocounaibHble
MEXaHU3MBI TATOreHe3a U KIIMHUYIECKOTo HOIMMOp(H3Ma, aanTal[MOHHbIH TOTESHIINAT U IPEIUKTOPHI 3 (HEKTUB-
HOCTH Teparuu y OOJIbHBIX ¢ ICUXUYECKUMHU M TIOBEJICHYECKUMH paccTpoiicTBaMu B perrnone CHOMpH», perucTpa-
LIUOHHBIN HoMep 122020200054-8.

CooTBeTcTBHE MPUHIMINAM 3THKH. Bece manueHTs! noamucany NHGOPMUPOBAHHOE COTJIACHe Ha y4acTHE B HC-
cienoBanny. MccnenoBanue ogo0peHo JIOKaNbHBIM dTHdecKuM komuteroM HMU nenxudeckoro 310poBbst Tom-
cxoro HUMII (mporokon Ne 115 ot 26.11.2018).
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INTRODUCTION

Socio-demographic and psychosocial factors con-
tribute to the development of depression and cardio-
vascular diseases (CVDs). Since psychosocial risk
factors (RFs) influence the prognosis of CVDs, their
screening using standardized questionnaires in per-
sons with high cardiovascular risk (CVR) and patients
with CVDs with subsequent correction is of great
importance [1]. Depression in patients with coronary
artery disease (CAD) is the most significant factor de-
termining their quality of life [2—4].

In the third National Health and Nutrition Exam-
ination Survey (NHANES III), major depression or
a suicide attempt in the medical history is associated
with a practically 15-fold increased risk of develop-
ing CAD in females and more than 3-fold increased
risk in males [5]. A prospective study of mental health
detected that females under 40 years with depression
have a 6-fold increased risk of developing CAD than
females of the same age without depression, and de-
pression appeared to be not associated with CAD in
males and the elderly. On the whole, scientific data
confirm a closer association of depression and CAD
in females of a younger age.

Recent reviews concerning the association between
depression and CAD were limited by unavailability of
data about the course of depression. Mainly, they
assumed an association between specific biological
or socio-demographic variables and depression at
the initial level, however, a response to antidepres-
sant therapy in patients with concomitant CAD was
studied less [6, 7]. Besides, many RFs for coronary
pathology are known to be markers of depression and
low response to antidepressant therapy, for example,
elevated inflammatory markers, absence of physical
activity, and thyroid disorders [8].

F. Vitinius et al. [9] detected an association of an
older age, absence of data on experienced myocardi-
al infarction, and higher heart rate variability with a
favorable outcome of depression. At the same time,
hyperuricemia, high triglyceride level, NYHA func-
tional class III, state after resuscitation, and the use of
thyroid hormones, antidiabetic drugs, pain relievers,
beta-blockers, and antihyperuricemic and anticholin-

ergic agents had an adverse impact on the depression
score according to the Depression Subscale of the
Hospital Anxiety and Depression Scale (HADS-D)
[10]. When evaluating complete blood count and
blood biochemistry tests, no significant differences
were found between the groups, and concomitant dis-
eases did not have a significant impact on the results.
Studies on the contribution of affective disorders (AD)
to self-assessment of social functioning and quality of
life in patients with chronic CAD are few.

The aim of the study was to determine the differ-
ences in self-assessment of social functioning and
quality of life in patients with chronic CAD with con-
comitant AD and without it.

MATERIALS AND METHODS

At a heart hospital, two groups of patients with
chronic CAD were formed: group 1 —with detected AD
(n =248), group 2 — without AD (n =291). In 290 pa-
tients (under 70 years) with chronic CAD, chronic
ADs (45%) were detected, newly identified depres-
sive episodes (Des) were diagnosed in 24% of pa-
tients, and recurrent DEs —in 24.5% of cases. In 6.5%,
of cases bipolar disorder was detected. In 91.7% of
cases, depression was accompanied with anxiety
(54.8%) [11]. 248 patients from this group filled in
the self-evaluation scale of social adaptation, of them
194 individuals were males (78.2%) and 54 — fe-
males (21.8%). The average age in the AD group was
56.6 £ 6.7 years. The average age of males was
57.2 £ 6.5 years, and the average age of females was
59.3 £7.1 years (p = 0.04).

According to the Beck’s Depression Inventory,
the depression score in the AD group was 9 [6; 13],
which corresponded to a clinically significant lev-
el. The severity of anxiety in the AD group reached
38 according to the Sheehan Patient-Rated Anxiety
Scale [22,5; 58]. AD lasted 10 [1.5; 20] years. CAD
more often developed against the background of a
manifested AD.

Group 2 included patients with chronic CAD with-
out AD (n =291) under 70 years. The average age in
the group without AD was 55.8 + 7.1 years. Males
in group 2 prevailed (84.5%, n = 246), females com-
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prised 15.5% (n = 45). The average age of males in
group 2 was 56.9 + 6.9 years, and the average age of
females was 60.7 £+ 6.4 years (p = 0.001).

The mean score according to the Beck’s Depres-
sion Inventory in this group was less than 6, namely
2 [1; 3], which was clinically insignificant, no anx-
iety and depressive disorders (F3, F4, F06.3-F06.4)
were detected. The severity of anxiety according to
the Sheehan Patient-Rated Anxiety Scale in the group
without AD scored 17 [11; 27], which corresponds to
its absence as a clinical syndrome.

Groups 1 and 2 did not differ in sex, age, and sever-
ity of the physical condition (functional class of angi-
na of effort (FC AE) and functional class of chronic
heart failure (FC CHF), presence of concomitant dis-
eases (transient ischemic attack (TIA) / acute cerebro-
vascular accident (ACVA)). However, they differed in
the presence of glucose tolerance disorder (GTD) and
diabetes mellitus (DM), the method of CAD therapy,
recentness of myocardial infarction (postinfarction
cardiosclerosis (PICS)), and exercise tolerance (ET)
with veloergometry (VEM) (Table 1).

Table 1

Comparative characteristics of some aspects of the physical state of patients with chronic CAD with and without AD

Parameter

Group 1 (CAD + AD)

Group 2 (CAD)

Functional class of angina of effort, Me [Q; O,] 2[2;3] 2[2;3] —
Functional class of CHF, Me [Q; O.] 2[1; 3] 2[1; 3] —
Duration of CAD, years, Me [O,; O,] 3.5[1.5; 8] 3.5[1.5; 8] -
The incidence of PICS, % 73.6 (183/248) 66.3 (193/291) -
Recentness of PICS, months, Me [0 ; O,] 21 [5; 60] 33[11;72] *x
LV EF, %, Me [Q; O] 64 (52; 86] 62 [53; 65] -
ET, Watt, Me [Q; O.] 25 [25; 50] 50 [25; 75] **

Six-minute walk test, m, Me [Q; O,]

350 [250; 432]

450 [350; 500]

The incidence of GTD (or DM), %

32.9 (or 166)

24.3 (or 220)

The incidence of TIA (or ACVA), %

6.5 (or 232)

3.4 (or 281)

Frequency of conservative treatment for CAD, %

31.5 (78/248)

5.8 (17/291)

Note: LV EF — left ventricular ejection fraction.
** p <0.05; *** p<0.001.

The groups did not differ in gender (p = 0.07).
GTD and DM were statistically significantly more of-
ten absent in patients without AD — 75.7% vs. 67.1%
in the group with AD (p < 0.05). ACVA and TIA
were more often revealed in the group with AD, 6.5%
vs. 3.4% in the group without AD (p > 0.05). Endo-
vascular interventions for CAD treatment were sig-
nificantly more often used in the group without AD,
while patients with AD usually received conservative
treatment (31.5% vs. 5.8% in individuals without AD,
p <0.001).

To study self-evaluation of social adaptation, a
scale with the same name was used, which allowed
to assess subjective evaluation of patients’ satisfac-
tion with various spheres of their life and their level of
social functioning [12]. Statistical processing of data
was performed using Statistica 8.0 software (StatSoft
Inc., USA).

Parametric parameters were assessed using the
Student’s #-test for independent samples (with a nor-
mal distribution of variables); nonparametric parame-

ters were analyzed using the Mann — Whitney U test.
To assess the frequencies, the Pearson’s chi-squared
test was used.

RESULTS

The mean total SASS score in the patients with
chronic CAD with AD corresponded to difficulties in
social adaptation (33.7 [29.5; 39]), while the patients
without AD had good social adaptation score of
40.8 + 6.3, which showed statistically significant dif-
ferences (p <0.05). In the group without AD, patients
with normal social adaptation prevailed (73.8%), and
patients with AD more often had difficulties in social
adaptation (59.7%) (Table 2). 2.8% of patients with
AD and CAD were characterized by social malad-
aptation, 37.5% of patients had normal adaptation in
society.

Below, parameters of self-assessment and the pres-
ence of parameters of social functioning and quality
of life according to the SASS in the study groups are
presented (Table 3).
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Table 2

Differences in the level of social adaptation in patients with chronic CAD with and without AD

Level of social adap- Social maladaptation Difficulties in adaptation Normal adaptation (score | Very good adaptation (score
tation (score up to 22) (score 23-35) 36-52) of more than 53)
Group 1 2.8% (7/248) 59.7% (148/248) 37.5% (93/248) 0
Group 2 0 21.4% (62/291) 73.8% (215/291) 4.8% (14/291)
Table 3

Differences in self-assessment of parameters of social functioning and satisfaction with various spheres of life between patients with
chronic CAD depending on the presence of AD

Presence of the symptom
according to self-assessment

Presence of the symptom
according to self-assessment

Parameter data in the patients with CAD | data in the patients with CAD P
and AD without AD
Employment / unemployment 56.0% (139/248) 41.4% (120/291) HAK

Interest in employment 39.5% (98/248) 15.7% (46/291) HoHE
Satisfaction with employment 47.7% (118/248) 25.7% (75/291) HHE
Interest in hobbies 28.4% (70/248) 5.7% (17/291) HHE
Quality of spare time 69.3% (172/248) 28.6% (83/291) HHE
Seeking communication with family 25.0% (62/248) 8.6% (25/291) FoHk
Assessment of family relationships 27.3% (68/248) 7.1% (21/291) HEE
Number of contacts outside the family 38.6% (96/248) 21.8% (63/291) HAE
Active behavior in relationships outside the family 78.4% (194/248) 58.6% (171/291) HEE
Assessment of relationships with other people on the whole 29.5% (73/248) 17.1% (50/291) n/a
Appreciation of relationships with others 25.0% (62/248) 8.5% (25/291) rxx
The fre:quency of other people’s seeking communication with 18.6% (46/248) 32.9% (96/291) o
the patient

Patient’s compliance with social norms 6.8% (17/248) 0% (0/291) roxx
Involvement in community activities 69.6% (173/248) 64.3% (187/291) n/a

Satisfaction from search for information

39.8% (99/248)

25.7% (75/291)

skokok

Interest in acquiring information

34.1% (85/248)

21.4% (62/191)

kk sk

Difficulties in expressing an opinion 10.2% (25/248) 5.7% (17/291) roxk
Feeling rejected 4.5% (11/248) 0% (0/291) Hkk
Importance of physical attractiveness 47.7% (118/248) 35.7% (104/291) *x
Difficulties in disposing income 31.9% (79/248) 11.4% (33/291) Hokk
The ability to control life 52.2% (129/248) 38.6% (112/291) roxx

Note: the studied phenomenon is presented as moderately or significantly pronounced (according to the SASS, 1 and 0 points). N/a — not available.

In patients with chronic CAD, depending on the
presence of AD, the frequency of essential distur-
bances in various aspects of social adaptation differed
significantly (p < 0.001). When analyzing the ability
to work in the group with AD, it was revealed that
disability was found in 18.7% (46 / 248) of patients,
40.7% (101 / 248) of patients were temporarily dis-
abled, 30.8% (76 / 248) of individuals were retired,
and 9.9% (25 / 248) of patients did not work.

In the group without AD, the ability to work dif-
fered as follows: disability was found in 12.1%
(357 291) of patients, 63.8% (186 / 291) of patients
were temporarily disabled, 10.3% (30 / 291) of in-
dividuals were retired, and 8.6% (25 / 291) did not

work. Thus, in the group with AD, retired individu-
als were revealed statistically significantly more often
(» < 0.05), and in the group without AD, the patients
statistically significantly more often (p < 0.05) were
temporarily disabled.

Employment, interest in it, and satisfaction from
work also statistically significantly differed in the
groups. 31.9% of the patients with AD and 11.4%
of individuals without AD stated that they “often” or
“always” experience difficulties in disposing their in-
come.

The assessment of the quality of spare time ap-
peared to be significantly low (69.3% of persons with
AD vs. 28.6% without AD). Up to 39.8% of patients
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with AD and 25.7% of persons without AD reported
a significant decrease in satisfaction from and interest
in searching for information. The sphere of hobbies
had essential disturbances (28.4% of persons with AD
vs. 5.7% of patients without AD). It may be due to a
decrease in hedonism, as well as limited activity and
exercise tolerance.

Before the assessment of satisfaction with social
relationships, marital status and the presence of chil-
dren were investigated. In the group without AD,
88.7% (256 / 291) of patients were married and 2% of
patients were childless. In the group with AD, 77.2%
(191 / 248) of patients had a partner, and 11.1% of
patients had no children (females statistically signifi-
cantly more often than males lost their children or
were childless). Females more seldom had a spouse
(p = 0.03). It may be associated with the fact that
females more seldom were married repeatedly than
males (p = 0.02).

38.6% of patients with CAD and AD were not sat-
isfied with relations in the family, as opposed to 21.8%
of patients without AD. A quarter of the patients with
AD did not seek communication and support in the
family (vs. 8.6% in group 2).

A quarter of patients with CAD and concomitant
depression regarded relations with other people insig-
nificant (as opposed to 8.5% of CAD patients without
depression). 29.5% of patients with AD negatively as-
sessed relations with other people on the whole, com-
pared with 17.1% of individuals in the group without
AD. Probably, due to this fact, 78.4% of persons with
AD (vs. 58.6% of people without AD) were not active
in relations outside the family.

47.7% of patients with AD and 35.7% of individu-
als without AD reported unimportance of their physi-
cal attractiveness as one of the self-assessment param-
eters. 10.2% of persons with AD and 5.7% of patients
without AD identified difficulties in expressing their
opinion. 32.9% of patients with AD, predominantly
males (vs. 18.6% of patients without AD), thought
that people around were not willing to communicate
with them. The level of involvement in community
activities was low in both groups without statistically
significant differences (69.6% vs. 64.3%; p > 0.05).
At the same time, a feeling of being rejected was
noted by 4.5% of patients with AD and no one from
the group without AD. Non-compliance with social
norms was reported by 6.8% of patients with AD and
no one in the group without AD. These data confirm
pronounced passive-aggressive behavior and negativ-
ism in patients with AD.

52.2% of persons with AD (vs. 38.6% of patients
without AD) had a significantly decreased ability to
shape their close circle of friends according to their
desire. These disturbances may be associated with AD
symptoms based on anergia and low mood and anhe-
donia associated with it. Patients with CAD and AD
are characterized by disturbances of social function-
ing in many spheres of life, which are more severe
and more frequent than in patients with chronic CAD
without AD.

DISCUSSION

Mental disorders lead to profound changes in most
parameters of the quality of life. Parameter values of
self-assessment of social functioning in these patients
are worse than in patients with CVDs [13]. Depres-
sive disorders affect the quality of life more than oth-
er mental diseases. In mood disorders, the social role
and social activity are impaired, and recovery from
concomitant physical health disorders decreases. De-
pressive rumination, pessimism, and passivity prevent
emergence of compliance (patients do not adhere to
doctor’s prescriptions, do not participate in rehabilita-
tion activities, and recover more slowly). In the group
of patients with chronic CAD and AD, retired and dis-
abled individuals are revealed significantly more often
(p <0.05), and in the group without AD patients are
statistically significantly more often (p < 0.05) tempo-
rarily disabled.

Doctors and patients assess professional and
social aspects of the quality of life differently, op-
posite to identification of the clinical and physical
status. The revealed differences in the quality of life
influence the diagnostic approach and subsequent
treatment strategy. Therefore, the use of self-assess-
ment questionnaires at runtime is important in the
assessment of psychosocial functioning when mea-
suring the quality of life. The use of clinical scaling
systems allows to register the severity of the disease,
the efficiency of the therapy, and adverse effects
of drugs.

In patients with chronic CAD and AD, low involve-
ment in community activities, small circle of friends,
and distrustful and hostile attitude to surrounding peo-
ple are revealed, which deprives them of the oppor-
tunity to receive social support in stressful situations
and during illness. For lonely people, deprived of the
support from relatives, relationships outside the fam-
ily are essential. Weak ties outside the family do not
allow them to receive necessary support from their
friends or other people. The presence of social sup-
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port essentially lowers or reduces to a minimum nega-
tive influence of distress and positively affects mental
health.

The conducted study shows a relationship be-
tween depressive disorders and satisfaction with life
and the level of social functioning [14]. Depressive
disorders significantly reduce the level of social
functioning and the quality of life in patients, espe-
cially communication with people around and the
ability to shape their inner circle as they wish. The
present study allows to suppose that AD may result
in the development of CAD in females of a younger
age who face adverse events in their lives and have
chronic stress and no social support. Social function-
ing may be considered as an external factor in self-as-
sessment of the quality of life. Relationships, work,
and spare time have principal effects on the quality
of life.

Patients with chronic CAD, depending on the pres-
ence of AD, were characterized by differences (p <
0.001) in the frequency of moderate or severe distur-
bances in such spheres of social adaptation as work,
disposition of income, interest in and satisfaction with
activities, search for information, interests and hob-
bies, quality of spare time, and physical unattractive-
ness. This also concerned social support (absence of
a spouse, childlessness, and loss of children). The
patients with AD had statistically significant differ-
ences in dissatisfaction with family relationships, un-
willingness to seek communication and support, de-
valuation of relationships with people and attributing
negative attitudes to others (it was mostly typical of
males with AD), and inability to shape the inner circle
as they wish.

The ability to interact with people around; choice
of situations according to needs, feeling of autono-
my and healthy self-esteem; a mission to realize the
potential; friendly relationships with others; and the
presence of a goal in life are essential for satisfaction
with life [15]. A direct correlation of these compo-
nents with satisfaction with life and assessments of
happiness and depression was revealed. Patients with
CAD and AD showed low satisfaction with some
spheres of life and pronounced disturbances of social
functioning. It is necessary to consider these factors
in treatment of CAD and planning of rehabilitation
measures in this group of patients. Patients’ self-as-
sessment of their state not always coincides with the
objective severity of clinical symptoms, but it should
be used for assessing the efficiency of the conducted
measures.

CONCLUSION

Low involvement in social activities was typical
of both groups of patients with chronic CAD, irre-
spective of the presence of AD. Social functioning
and self-assessment of the quality of life by patients
with AD and chronic CAD were significantly more
often impaired, compared with CAD patients without
depression. They more often had no support from a
spouse and offspring (experienced loss of children or
were childless). In patients with chronic CAD, de-
pending on the presence of AD, significant differences
were noted in the frequency of disturbances in differ-
ent spheres of social adaptation (p < 0.001), such as
work, satisfaction from work and spare time, dispo-
sition of income, social support, dissatisfaction with
relationships (in family and society) with devaluation
of relationships with people and projection, physical
attractiveness, and ability to control the life.
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ABSTRACT

Aim. To assess the impact of autologous activated T-lymphocyte immunotherapy on clinical parameters and
quality of life in patients with allergic bronchial asthma (BA) in comparison with patients with allergic BA who
received standard therapy.

Materials and methods. A non-randomized, pilot study included 19 patients with allergic BA of moderate severity
(7 men and 12 women aged 23—-61 years, average age — 38.5 = 4.3 years) who received the T-cell vaccine (n = 12)
and standard therapy with inhaled glucocorticoids, short- and long-acting 2-adrenergic agonists (n = 7). After
signing an informed consent, the patients were subcutaneously injected with autologous activated T-lymphocytes
with a frequency of 4 injections 1 time / week, and then 6 injections 1 time / month. The research methods included
asthma control measurement according to the ACQ-5 questionnaire and quality of life assessment according to
the AQLQ(S) questionnaire. Clinical data were collected during lung function tests and by measuring the total
immunoglobulin E (IgE) level.

Results. In the course of the study, the immunotherapy was well tolerated, no systemic adverse reactions were
noted. The treatment approach in the patients who received the T-cell vaccine resulted in significant improvement
of asthma control parameters (according to the ACQ-5 questionnaire) and parameters of the patients’ quality of life
(according to the AQLQ(S) questionnaire) within all 4 categories. Besides, their lung function improved by the end
of treatment, and the total IgE level decreased. No significant changes in these parameters were observed during
the follow-up in patients who received standard therapy. The study was conducted before immunotherapy, after 2
months (after 5 injections), and after 7 months (after 10 injections).

Conclusion. Evaluation of the impact of immunotherapy with autologous activated T-lymphocytes on the clinical
parameters and quality of life in patients with BA indicates effectiveness of treatment in patients with allergic BA.

Keywords: bronchial asthma, T-cell therapy, activated T-cells, patients’ quality of life, lung function,
immunoglobulin E
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PE3IOME

Hens. OueHnTd BIMSHUE UMMYHOTEpAIUM aKTHBUPOBAHHBIMH ayTOJOTHYHBIMH T-TMM(OINTaMH Ha KIMHUYE-
CKY€ ITapaMeTphl ¥ Ka4eCTBO )KU3HH MAUEHTOB C ajuleprudeckor popmoii 6ponxuansHoit actMel (BA) u cpaBHUTE
C ManueHTaMy ¢ ajuieprudeckoit popmoii BA, momydaBmmMy cTaHIapTHYIO TEPAIIHIO.

MaTtepuaJjibl ¥ MeTOAbl. B HepaHIOMU3MPOBaHHOE MHJIOTHOE HCCIIEIOBAHHUE BKIIFOYEHBI 19 MalMeHTOoB ¢ ajiepru-
geckoit (hopmoit BA (7 my>xunH 1 12 >xeHIIMH B Bo3pacte oT 23 net 10 61 roaa, cpeanuii Bo3pact — 38,5 + 4,3 ner)
CO CpEJIHEeH CTEeNEeHBI0 TSHKECTH, MOTydaBIINX T-KIeTOYHYH0 BakuuHy (1 = 12) M CTaHZApTHYIO Tepamuio HH-
TATALMOHHBIMU TTIFOKOKOPTUKOCTEPOUIaMH, [2-aApeHOMHMETHKAMH KOPOTKOTO M IJIMTENBHOTO JAeiCTBUS
(n = 7). IatmeHTaM TOCIIE MOJIYYCHUs] MHPOPMUPOBAHHOTO COTJIACHs BBOJMJIUCH ayTOJNIOTHYHBIC aKTUBHPOBaH-
Hble T-TUMQOIHUTE TOAKOKHO ¢ KPAaTHOCTHIO 4 MHBEKIMU | pas/Hen, a 3aTeM 6 mHBeKIHi 1 pas/mec. MeToabl
HCCIIeTIOBAHUS BKIIIOYAIH OLICHKY CTETIEHH KOHTPOJISI Hag acTMOH 1o onpocHUKY ACQ(S), olleHKY KadecTBa )KU3HU
6ompHBEIX BA 10 onpocHrKy AQLQ(S). OnpeneneHne KIMHIYECKUX MTApaMETPOB OLICHUBAJIOCH ITyTEM H3MEPEHUS
(hyHKIWY BHEIIHETO ABIXaHWUA U YpOBHs o0mero ummyHorinooynuna E (IgE).

PezynbTaTthl. B xoz1e uccnenoBanus 6bu1a 0OTMEYEHA XOPOIIasi IEPEHOCHMOCTh IMMYHOTEPAIHHU, CHCTEMHBIE 110-
60uHbBIE peaKIMU OTCYTCTBOBaNU. [Ipu HCMONB30BaHUHU JaHHOTO METO/Ia MOKa3aHO JOCTOBEPHOE yIIydIlIEeHHE T10-
KazaTeneil KOHTpoJIs HaJ acTMoi (1o onpocHUKy ACQS) 1 kauecTBa )KU3HH MalueHToB (1o onpocHUKy AQLQ(S))
[0 BCEM 4eThIpeM chepam BIMSHUSA, & TAKXKE YBEIUYCHHE YPOBHS (DYHKLMU BHEIIHEro ABIXaHUS K OKOHYAHUIO
JICUCHHUS, CHIDKEHHE ypoBHA obuiero IgE y maruenToB, nmoay4aBmux T-KIeTOYHYIO BaKUMHALUIO. Y MalUeHTOB
CO CTaHAAPTHOU Tepamuel HOCTOBEPHBIX M3MEHEHUI NaHHBIX MOKa3aTeNell 3a mepuos HaONIOACHUS HE OTMede-
Ho. MccnenoBanue npoBoAMIIOCh 0 MMMYHOTEpAHH, yepe3 2 mec (mocie 5 uHbekuuil) u uepe3 7 mec (mociue
10 uHbeKIUN).

3akaouenne. [IpoBeieHHas OlIEHKA BIMAHUS WMMYHOTEPAINH aKTHBUPOBAHHBIMH AYTOJIOTHYHBIME T-umdo-
[UTAM{ Ha KJIMHAYECKHUE MapaMeTphl M KaYeCTBO XKU3HH MAIMEHTOB ¢ BA cBHIETENBCTBYET 00 3B PEKTHBHOCTH
MPOBEJICHHOT'O JICYCHHs Y NAIMEHTOB C aJulepruyeckoi Gpopmoii 3aboneBaHusI.

KiiroueBble ci10Ba: OpoHXHMalIbHAs acTMa, T-KJI€TOYHAs Tepanus, aKTUBUPOBAHHbIE T-KJIETKH, KaueCTBO KU3HU
MAIMEHTOB, (QYHKIMs BHEIIHETO JIbIXaHNs, IMMYHOT100ynH E

KondgauxTt untepecoB. ABTOPHI 3asBIISIOT 00 OTCYTCTBUH KOH(IUKTA HHTEPECOB.

Hcrounuk ¢puHaHcupoBanus. Pabora Oblia BBINONHEHA B paMKax MOMCKOBOTO HAYYHOTO MCCIENOBaHUs (per.
Ne 0540-2017-0002).

CooTBeTcTBHE MPUHININAM THKH. Bce y4acTHHKH nccienoBaHus Moanucany 100poBoibHOE HHPOPMUPOBaH-
Hoe coriacue. VccnenoBanue onoOpeHO JOKaNbHBIM dtHdeckuM komutetom HUMKW CO PAMH (mpotokoin
Ne 67 o1 20.01.2012).

Jast umtupoBanusi: Makaposa A.E., baunosa E.A., [Tamkuna E.A., Henomusmux B.M., Jleonosa M.I., Jlemu-
Ha J1.B., Ko3nos B.A. Binsinne umMmyHOTepanuy ak THBUPOBAaHHBIMH ayTOJIOTHYHBIMHU T-TMM(pOIUTAMU HA KIIMHH-
YecKHe MapaMeTphbl U KauecTBO KU3HH MALEHTOB C aJUIepruieckoil Gpopmoii OpoHXHanbHOIl acT™MBbl. Boinemens
cubupcrou meouyunsi. 2022;21(1):76-81. https://doi.org/10.20538/1682-0363-2022-1-76-81.
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INTRODUCTION

Bronchial asthma (BA) is a chronic inflammato-
ry disease of the respiratory tract, the pathogenesis of
which involves a number of immunocompetent cells
and inflammatory mediators, leading to specific patho-
physiological changes [1]. Currently, statistics show that
about 235 million people worldwide suffer from BA [2].
According to the latest estimates of the World Health
Organization, released in December 2016, there were
383,000 asthma-related deaths around the world [2]. The
majority of BA patients respond well to conventional
therapy, achieving disease control. However, a signifi-
cant proportion of patients (20-30%) are refractory to
standard therapy [3].

It is necessary to search for new approaches to treat-
ment that provide patients with the optimal quality of BA
therapy. Regulatory T cells, which play a suppressive
role in the immune response, are of great importance in
the pathogenesis of BA. In addition to genetic predisposi-
tion to IgE hyperproduction and imbalance of Th2 / Thl
cells, a functional decline of regulatory T cells contrib-
utes to the development of allergic reactions. Regulatory
cells exert a suppressive effect by inhibiting T-lympho-
cytes and B-lymphocytes, suppressing the production of
proinflammatory cytokines and secreting transforming
growth factor (TGF)- and interleukin (IL)-10 [4]. Direct
and indirect targets of regulatory T cells include dendrit-
ic cells, T-helpers, B-lymphocytes, IgE-producing cells,
mast cells, basophils, and neutrophils. One of the inno-
vative treatment approaches is cellular immunotherapy,
based, in particular, on injection of autologous activated
T cells [5]. The mechanism of action of immunotherapy
is based on recognition and killing of T cells carrying
activation marker determinants, which enhances the nat-
ural regulatory mechanisms in relation to regulatory T
cells [6]. This approach has been shown to be effective
in regulating allergic inflammation [5].

The aim of the study was to assess the effect of im-
munotherapy with autologous activated T-lymphocytes
on the clinical parameters and quality of life in patients
with allergic BA in comparison with patients in the con-
trol group receiving standard therapy.

MATERIALS AND METHODS

The study included 19 patients (7 men and 12 wom-
en aged 23-61 years, average age — 38.5 + 4.3 years)
with allergic BA of moderate severity, who were treat-
ed at the Immunopathology Clinic of the Research
Institute of Fundamental and Clinical Immunology.
The patients were receiving standard therapy during
12 weeks prior to enrollment in the study. Inhaled glu-
cocorticoids (IGCs) in combination with long-acting
B2-adrenergic agonists and antileukotriene drugs were

used as backbone therapy. Inclusion criteria were the
age range from 18 to 65 years inclusive; the diagnosis
of BA verified at least 12 months prior to inclusion in
the study; the presence of backbone IGC therapy for
at least 12 weeks; a lack of complete control of BA;
forced expiratory volume in one second (FEV1) of
50-90%:; the absence of chronic infectious and autoim-
mune diseases and cancer.

The method for obtaining autologous activated
T-lymphocytes from peripheral blood was described
earlier [7]. In addition to standard backbone BA therapy,
patients were administered autologous activated T-lym-
phocytes subcutaneously 1 time per week (4 injections),
followed by 1 time per month (6 injections).

Evaluation methods to identify the clinical efficacy of
immunotherapy included assessment of asthma control
parameters (according to the ACQ-5 questionnaire) and
quality of life parameters (according to the AQLQ(S)
questionnaire), lung function tests and determination
of the total IgE level. The study was conducted before
the immunotherapy, after 2 months (5 injections), and
after 7 months (10 injections). The volume and rate of
respiration were measured to analyze the external res-
piration function. The survey data were recorded on a
personal computer using the Spida 5 diagnostic soft-
ware program. Serum IgE levels were assessed by en-
zyme-linked immunosorbent assay (ELISA). Statistical
processing of quantitative data was carried out using
Statistica software, version 6.0. The sample was tested
for normal distribution using the Shapiro — Wilk test (for
small samples). The data were presented as the median
and interquartile range Me (Q,; Q,,), as well as the mean
and its error M £+ m. To evaluate the research results, the
nonparametric Mann — Whitney and Wilcoxon tests
were used. The differences were considered statistically
significant at p < 0.05.

RESULTS

During treatment with autologous activated T-lym-
phocytes, 2 out of 12 patients experienced single local
adverse reactions, such as hyperemia, swelling, and pain
at the injection site, which disappeared without a trace
within a few hours.

The changes in the clinical parameters resulted in sig-
nificant improvement of asthma control parameters ac-
cording to the ACQ-5 questionnaire (Table 1). The mean
score before treatment was 2.02; which, according to the
ACQ-5 and ACT scores and the level of asthma control
according to the Global Initiative for Asthma (GINA),
corresponds to uncontrolled BA [8]. The mean score af-
ter treatment was 1.27, which corresponds to partially
controlled BA [8]. The difference of 0.5 points is clini-
cally significant during treatment [8].
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Table 1
Assessment of asthma control parameters according to the ACQ-5 questionnaire during therapy with autologous activated
T-lymphocytes, M + m
Comparison groups of patients with allergic BA
T cell therapy, n =12 Standard treatment, n = 7
Parameter . Point 2 Point 3 . Point 2 Point 3
Point 1 (before (after 2 months — 5 | (after 7 months — 10 Point I (before the (after 2 months —5 | (after 7 months — 10
the treatment) L S treatment) L L
injections) injections) injections) injections)
ACQ-5 2.02+0.46 1.53+£0.35 1.27 £0.39* 2.23+0.48 2.26+0.47 2.00 £ 0.65

* significant differences compared with the parameter before the therapy, p = 0.02.

The results of quality of life assessment in patients
with allergic BA during immunotherapy according to
the AQLQ(S) questionnaire are presented in Table 2.
Friedman’s test of variance showed that in the group of
patients receiving immunotherapy, a significant change
in parameters was noted by the end of treatment in all
categories of the questionnaire, such as “Symptoms”,
“Activity limitation”, “Emotional sphere”, and “Envi-
ronmental influence”. In addition, in the course of thera-

py, the score in the “Activity limitation” category signifi-
cantly increased compared with the parameter 2 months
after the start of therapy.

The level of serum IgE in patients with allergic BA
receiving immunotherapy significantly decreased after 2
months of such treatment and continued to significantly
decrease after 7 months (Table 3). In the control group
receiving standard therapy, no significant changes by the
end of treatment were revealed.

Table 2

Assessment of the quality of life in patients with BA according to the AQLQ(S) questionnaire during therapy with autologous activated
T-lymphocytes, Me (Q,; Q..)

Comparison groups of patients with allergic BA
T cell therapy, n=12 Standard treatment, n =7
Parameter . Point 2 Point 3 . Point 2 Point 3
Point 1 (before (after 2 months (after 7 months — 10 Point 1 (before (after 2 months — 5 | (after 7 months — 10
the treatment) L S the treatment) . L
— 5 injections) injections) injections) injections)
Symptoms 5.45 5.25 5.8 (5.08; 6.7)* 44 4.5 5
ymp (3.2;6.1) (4.9;6.2) p,,=0.045 (3.8;5.5) (3.6;5.8) (4.04;5.9)
. kit
Activity 5.6 6.3 6.6 (5;4(’) %Z; 5.3 5.4 5.7
limitation (4.9;6.1) (5.3;6.7) P 2 (5.1;5.6) (5.1;6.5) (4.9; 6.05)
Py, = 0.005
Emotional 53 5.4 6.4 (5.2;6.4)* 4.8 4.8 6.5
sphere (3.8, 6.6) (5.0;5.6) p,,=0.021 (3.8;6.0) (3.8;6.4) (5.2;6.7)
Environmental 4.9 5.75 6.25 (4.0, 7.0)* 5 4.75 6.9
influence (4.0;5.75) (4.0; 6.0) P, =0.009 (4.5;6.5) (4.25; 6.25) (5.5;8.0)
* significant differences compared with the parameters before the therapy (p < 0.05).
# significant differences compared with the parameters 2 months after the start of the therapy.
Table 3

The level of total serum IgE in the course of therapy with autologous activated T-lymphocytes, Me (Q,.; 0.)

Comparison groups of patients with allergic BA
T cell therapy, n =12 Standard treatment, n =7
Parameter - - : -
. Point 2 . Point 1 Point 2 Point 3
Point I (before (after 2 months — 5 Point 3 (a.lft.er 7 months — (before the | (after 2 months — 5 | (after 7 months —
the treatment) L 10 injections) L L
injections) treatment) injections) 10 injections)
IoE 145.5 (72; 1,357)*
& 231 (58;3,000) | 163 (65; 1,721)* p,,=0.017 84 (32; 125) 90 (13; 326) 75 (11; 184)
(IU / ml) pz": 0.033
3-1 :

* significant differences compared with the parameters before the treatment (p < 0.05)
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According to spirometry data, in the group of patients
with allergic BA receiving immunotherapy, there was
significant improvement in forced expiratory volume in
one second (FEV1), vital capacity (VC), and forced vi-
tal capacity (FVC) and a trend toward an increase in the

Tiffeneau index (p = 0.059) by the end of the treatment.
The results are presented in Table 4. In the control group
receiving standard treatment, a significant increase in
VC after 2 months was observed; no significant changes
by the end of the follow-up were noted.

Table 4

Characteristics of the external respiration function in the course of therapy with autologous activated T-lymphocytes, Me (Q,; Q..

Comparison groups of patients with allergic BA
T cell therapy, n = 12 Standard treatment, n =7
Parameter - - : P
Point 1 (before Point 2 Point 3 Point 1 (before Point 2 (after Point 3
(after 2 months — 5 (after 7 months — 2 months — 5 (after 7 months —
the treatment) L S the treatment) S L
injections) 10 injections) injections) 10 injections)
Ve 105 110 115 (103; 121)* 103 111 (103; 117)* 112
(99; 116) (105 113) p,,=0.033 (93; 109) p,,=0.018 (95; 114)
FVC 109.5 112 118 (109; 122)* 103 110 103
(103; 121) (108; 117) p,,=0.014 (100; 112) (97; 120) (95; 115)
FEVI 94 99 99.5(93.5; 112.5)* 96 99 96
(88.5; 102.5) (88; 114) p,,=0.028 (93; 100) (92; 109) (95; 114)
Tiffeneau index 91 (78; 98) 93 (86; 102) 97 (84; 102) 97 (93; 99) 96 (89; 98) 103 (89; 106)

* significant differences compared with the parameters before the treatment, p < 0.05.

Based on the data obtained, we can speak of good
tolerability and clinical efficacy of immunotherapy with
autologous activated T-lymphocytes in patients with al-
lergic BA.

DISCUSSION

The main advantages of cell therapy include safety
and the absence of systemic side effects, since the patient
is injected with their own cells with a slight modifica-
tion. The study showed safety and good tolerability of
immunotherapy with T-lymphocytes in BA; previously,
safety of this was shown in atopic dermatitis [9].

An important criterion of therapy effectiveness is
parameters of asthma control according to the ACQ-5
questionnaire. According to the comparative character-
istics of the GINA, Goal, and ACQ-5 rating scales, there
is reason to believe that the use of the ordinal ACQ-5
scale is a more appropriate and preferred tool for assess-
ing changes in asthma control in clinical trials [10]. An
increase in the asthma control level from uncontrolled to
partially controlled BA according to GINA is clinically
significant during treatment. The quality of life assess-
ment in patients with BA is also a criterion of therapy
effectiveness; an improvement in the parameters in all 4
categories is usually observed by the end of treatment,
the changes are significant.

Immunoglobulin E is the main participant of type I
hypersensitivity, according to which allergic reactions
occur, including BA. The severity of clinical manifes-

tations of allergy may depend on the quantitative pa-
rameter of allergen-specific IgE. Upon repeated contact
with the allergen, which binds to allergen-specific IgE
already produced during sensitization, degranulation of
mast cells with release of preexisting early mediators of
allergic inflammation occurs along with de novo synthe-
sis of lipid mediators — products of arachidonic acid me-
tabolism. A decrease in the IgE level indicates a positive
effect of immunotherapy in patients with allergic BA.

Regular monitoring of lung function is especially im-
portant for patients with BA, as symptoms of the disease
are difficult to detect until airflow obstruction becomes
severe. The main parameters of spirometry, reflect-
ing the degree of pulmonary obstruction, are FVC and
FEV1. The use of immunotherapy with T-lymphocytes
had a positive effect on the lung function in patients
with allergic BA. Autologous activated T-lymphocytes
are non-toxic and have practically no side effects, which
makes immunotherapy a promising approach to BA
treatment.

CONCLUSION

In our study, safety and good tolerability of immu-
notherapy with activated T-lymphocytes in patients with
BA has been shown. The therapy was effective in relation
to the allergic form of the disease. This was manifested
through significant improvements in the degree of asth-
ma control according to the ACQ-5 questionnaire and
the quality of life parameters according to the AQLQ(S)
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ABSTRACT

Aim. To study anti-inflammatory, analgesic, and possible ulcerogenic effects of a novel aminoguanidine derivative
in adjuvant arthritis (a model of rheumatoid arthritis) in rats.

Materials and methods. The experiments were carried out on 42 outbred male Sprague Dawley rats. After model-
ing arthritis (starting from day 7 after the administration of complete Freund’s adjuvant), intramuscular injections
of the aminoguanidine derivative (code LIS-M) at a dose of 2.5, 5, and 10 mg / kg or the reference drug diclofenac at
a dose of 4 mg / kg were performed once a day for 22 days. The volume of the inflamed limb was measured twice
a week, pain threshold was measured every week. After finishing the administration of the compounds, the levels
of interleukin (IL) 1, IL-6, and tumor necrosis factor-a (TNFa) were measured in rat plasma, the ankle joint was
histologically studied, and the gastric mucosa was studied to detect damage, ulcers, and scarring.

Results. The aminoguanidine derivative, an inhibitor of inducible nitric oxide synthase, was more effective at the
dose of 10 mg / kg than diclofenac at the dose of 4 mg / kg. It had anti-inflammatory and analgesic effects in the
joint affected by complete Freund’s adjuvant, promoted restoration of the histologic structure in the synovial mem-
brane and articular cartilage, and reduced the plasma concentration of IL-1, IL-6, and TNFa by 1.4-1.5 times. The
LIS-M compound did not damage the gastric mucosa in rats with adjuvant arthritis.

Conclusion. The aminoguanidine derivative LIS-M exerts potent anti-inflammatory and analgesic effects in
adjuvant arthritis in rats (a model of rheumatoid arthritis). LIS-M has no ulcerogenic effect on the gastric mucosa
in rats.

Keywords: aminoguanidine derivative, diclofenac, adjuvant arthritis, anti-inflammatory effect, effect on the gastric
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BnuAaHne npon3BOAHOro aMMHOTyaHVANHA Ha TeYeHNe afblOBAaHTHOIO
apTpuTay Kpbic

MoTos B.C."?, bbikoB B.B."?, bbikoBa A.B.?, BeHrepoBckum A.l."

I Cubupckuil 2cocydapcmeennoiil meouyunckull ynueepcumem (Cu6l’MY)
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Poccus, 634021, 2. Tomck, yn. Enusaposvix, 79/4

PE3IOME

Hens mccaenoBaHusi — W3yYWTh IPH AJBIOBAaHTHOM apTpUTE y KpbIC (MOJENb PEBMATOHJHOTO apTpHTa)
MPOTHBOBOCHAINTENHHOE, aHAIBIETHUECKOE ¥ MTOTCHIMAIBHOE YIIBIEPOTeHHOE IEHCTBHE HOBOTO COCAMHEHHS —
MPOU3BOAHOTO aMUHOTYaHUIMHA.

Martepuajbl H MeTObl. DKCIEPUMEHTHI MTPOBOAMIN Ha 42 ayTOpeaHBIX caMIlax Kpwic cToka Sprague Dawley.
[ocne pa3BuTHA apTpUTa, HAUKWHAS C 7-X CYT MOCJE BBEACHUS aabloBanTa PpeiftHaa, 5)KUBOTHBIM B TeUeHHUE 22 CyT
1 pa3/cyT BHYTPHUMBIIIEYHO BBOAWIM POU3BOIHOE aMuHOTryaHuauHa (mm¢p — LIS-M) B no3ax 2,5; 5 u 10 mMr/kr
WK TIpenapaT cpaBHEHUs AUKIo(peHak B 1o3e 4 mr/kr. O0beM BoCTIaeHHOH KOHEYHOCTH M3Mepsun 2 pasa/Hel,
60JIeBYIO UyBCTBUTETBHOCTD — EKEHEIENBHO. [1ocie 3aBepIieHust BBEICHHS BEIIECTB B IIa3Me H3MEPSITH KOHIICH-
Tpauuto uaTepneiikuna (WJI) 1, NJI-6 u paxropa Hekposa omyxonu o (PHO-a), rucronornyecku nu3ydaan TKaHA
3aILTIOCHEBOTO CYCTaBa, C MOMOIIBIO OMHOKYJISIPHOM JTyTIbI OIEHUBATIN COCTOSHHE CIM3UCTON 00O0JI0UKH JKEIyaAKa
Ha Hanu4ue IeeKToB, 3B U pyOILOB.

Pe3yabTatsl. IHrHOUTOp MHIYLMPYeMOW CHHTa3bl OKCHZA a30Ta — MPOHM3BOJHOEC aMHUHOTYaHHAWHA — B JI03€
10 mr/kr addexTrBHEE MuKIIOpeHaKa B 103€ 4 MI/KI OKa3bIBaJIO B CYyCTaBe, HOBPEXKACHHOM aqbloBaHTOM Dpeiin-
112, IPOTUBOBOCIIAIUTENIBHOE U aHAIBICTHYECKOE ICHCTBHE, CIIOCOOCTBOBAIO BOCCTAHOBIIEHHIO THCTOIOIHYECKOM
CTPYKTYpBI CHHOBHAJIbHOIM 000JI0UKM M CYCTaBHOro Xpsiiia, B 1,4-1,5 pa3a yMeHbIano B miia3mMe KOHIEHTPALHIO
WJI-1, NJI-6 u ®HO-a. Coenunenne LIS-M He moBpexaaio CIM3UCTYIO 000JI0UKY JKEJIyIKa KPBIC C abIOBaHT-
HBIM apTPUTOM.

3akaouenue. [IpousBogHoe amuHoryanuauHa LIS-M oxa3piBaeT BBIpa)K€HHOE IPOTUBOBOCHAJIUTEIHHOE H
aHAJIBIeTHYECKOE IEHCTBHE NP aIbIOBAHTHOM apTPUTE Y KPBIC 0L MOJIETIH peBMaTouIHOr0 apTpuTa. LIS-M numien
YIBIEPOTCHHOTO ICHCTBUS Ha CIM3UCTYI0 000JI0YKY JKEITyTKa KPBIC.

KiroueBbie cjioBa: MPOM3BOIHOC AMHHOTYaHHUIHHA, TUKIO(PECHAK, aTbIOBAHTHBIN apTPUT, MPOTHBOBOCIIATUTEIIb-
HOE, aHAJIbIeTHYCCKOE ICUCTBHE, BIMSHNC HA CIM3HUCTYIO 000JIOUKY KEIYy/IKa, KPBICHI

KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HaCTOSIIEH CTaThH.

Hcrounuk punancupoBanus. Pabora Brimonnena npu ¢unancoroi noanepxke OII1 «Pazsutne dapmanes-
TUYECKOW U MEIUIMHCKON NpoMbinuieHHoCcTH Poccuiickoit @enepaunu Ha nepuoa ao 2020 r. U ganpHEHIIyro
MePCIEKTUBY» (FOCYAapCTBEHHBIA KOHTPAKT oT 26 aBrycta 2016 r. Ne 14.N08.11.0101).

CooTBeTcTBHE MPUHIMNAM ITHKH. VccienoBanne 0q00peHO JIOKAIBHBIMU STHYECKUMHU KomuTetamn Cuoup-
CKOTO TOCYJapCTBEHHOTO MEAUIIMHCKOT0 YHHBepcHuTeTa (1ipotokoin Ne 5591 ot 23.10.2017) 1 OO0 «Hdap» (mpo-
Toko1 Ne 191-ODU ot 10.07.2017).

Jast umtupoBanusi: Motos B.C., beikos B.B., brikoBa A.B., Benreposckuit A.W. BiusHue npon3BoiHOro aMu-
HOTYaHHUJIMHA Ha TCUCHUE aIbIOBAHTHOTO apTPUTA y KpbIC. Broanemens cubupcrou medouyunvl. 2022;21(1):82—-88.
https://doi.org/10.20538/1682-0363-2022-1-82-88.
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INTRODUCTION

Rheumatoid arthritis is usually treated with immu-
nosuppressive drugs and glucocorticoids and, at earli-
er stages, with nonsteroidal anti-inflammatory drugs
(NSAID) [1, 2]. NSAID inhibit cyclooxygenase-2 and
reduce prostaglandin production in the inflamed ten-
don sheath. Prostaglandin E, at a low concentration is
unable to activate the nuclear factor kB, which inhib-
its its activating effect on nitric oxide (NO) synthase,
induced during inflammation. This results in reduced
production of aggressive proinflammatory cytokines,
such as prostaglandins and NO, in the joints [3]. In
normal conditions, these compounds regulate many
functions in the body, in particular, they exert a gas-
troprotective effect. Nitric oxide increases production
of protective mucosa in the stomach, improves blood
flow, and reduces leucocyte migration to the ulcer-
ation site [4, 5]. Therefore, development of a selective
inhibitor of inducible nitric oxide synthase (iNOS),
able to inhibit NO synthesis at the inflammation site
without adverse ulcerogenic effect, is promising. Ac-
cording to prior studies, a new compound, an ami-
noguanidine derivative codenamed LIS-M, has these
properties.

The aim of the study was to investigate the anti-in-
flammatory, analgesic, and potential ulcerogenic ef-
fects of the aminoguanidine derivative LIS-M in adju-
vant arthritis (a model of rheumatoid arthritis) in rats.

MATERIALS AND METHODS

The aminoguanidine derivative LIS-M s
({[3-(4-nitrophenyl amino)indole-2-yl] methylene}
amino)guanidine methanesulfonate (Fig. 1) synthe-
sized at IPHAR LLC (Tomsk, Russian Federation).
LD, of LIS-M in intramuscular administration to
male rats is 382.6 mg / kg.

ZT

Tz

| NO, CH;SO;H

N
SN
HQN)J\ NH,

Fig. 1. Structural formula of LIS-M.

Studies were performed in the R&D center of IP-
HAR LLC using 42 outbred male Sprague Dawley
rats weighing 230-250 g (6 groups, 7 animals per
group). The animals were obtained from the labora-
tory animal facility of the R&D center and kept in
plastic cages at 18-26 °C, relative humidity 45-65%,
10-11 air changes per hour (ACPH), and 12 / 12 h
lighting regime. The study was approved by the local
Ethics Committee at Siberian State Medical Universi-
ty (Protocol No. 5591 0f23.10.2017) and R&D center
(Protocol No. 191-OFI of 10.07.2017) and performed
in accordance with the European Convention for the
Protection of Laboratory Animals (Strasbourg, 1986)
and principles of Good Laboratory Practice (GOST
33044-2014, Decree of the Ministry of Health of Rus-
sia No. 199n of 01.04.2016).

Adjuvant arthritis was induced by administering
0.1 ml of complete Freund’s adjuvant (CFA) (Sigma,
USA) under the plantar aponeurosis of the hind paw
[6]. Starting from day 7 after CFA administration (af-
ter arthritis has developed), intramuscular injections
of the LIS-M compound at a dose of 2.5, 5, and 10
mg / kg or the reference drug diclofenac (Sandoz, Ger-
many) at a dose of 4 mg / kg were performed once a
day for 22 days [7]. Both compounds were dissolved
in 1% aqueous solution of polyvinylpyrrolidone. The
animals of the control group received the equivalent
volume of the solvent.

The volume of the inflamed paw was measured us-
ing a plethysmometer (Ugo Basile, Italy) before CFA
administration and twice a week for 29 days after the
start of the experiment. The difference between the
volume of the inflamed paw in rats receiving LIS-M
or diclofenac and those from the control group was
expressed as a percentage [6]. Pain sensitivity in the
inflamed limb, caused by sensitized mechanorefiexes,
was measured once a week using von Frey filaments
(Ugo Basile, Italy). Sharp withdrawal of the paw in
response to sensitization with a Frey filament of a cer-
tain size was registered as a positive response, the re-
sult was expressed in grams. After the last injection of
LIS-M at a dose of 10 mg / kg and diclofenac at a dose
of 4 mg / kg, the levels of interleukin (IL)-1, IL-6, and
tumor necrosis factor-o, (TNF-a) were measured by
enzyme-linked immunosorbent assay (Vector-Best,
Russian Federation).

After finishing the administration of the com-
pounds, the animals were sacrificed in a carbon diox-
ide chamber. The tissues of the ankle joint, formed by
the lower leg bones, tarsus, and the proximal end of
the tarsal bones, were studied histologically in paraf-
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fin-embedded sections stained with hematoxylin and
eosin. The sections were studied using the Carl Zeiss
microscope (Germany) at X100 magnification. The
degree of damage to the joint was assessed using a
S-point scale [8].

The score for the maximum severity of the patholo-
gy in one animal by all parameters (hyperplasia within
the tendon sheath, inflammatory infiltrate in the peri-
articular tissue, joint effusion, joint space narrowing,
pannus formation) was 25. The gastric mucosa of the
animals was assessed for defects, ulcers, and lesions
using a binocular loupe (Micromed, Russian Federa-
tion) at x10 magnification.

Normality testing in the groups was performed us-
ing the Shapiro — Wilk test. The results of measuring
the paw volume, pain threshold, and inflammation
marker concentration were presented as the mean
and the standard error of the mean (M + m). The one-
way ANOVA method with subsequent Tukey test
was used to access the intergroup differences in the
variables. The results of the histological examination
were presented as the total score per group, as well as
the median and the interquartile range (Me (Q,; Q,)).
The Kruskal — Wallis test was used to assess the inter-

6

S

Difference between the limb volume, ml

()

7

group differences in the baseline score. The differenc-
es between the groups were statistically significant at
p < 0.05. Statistical processing of the data was
performed using Statistica 10.0 software (StatSoft,
USA).

RESULTS AND DISCUSSION

On the day of CFA administration, hyperemia
and swelling of the periarticular tissues were ob-
served in the rats. By day 7, the volume of the limb
in which CFA had been injected increased by 3.1
times, reached the maximum by day 10, and was 4.4
times larger than in the intact animals by the end of
the study. After 3 injections of LIS-M at the dose of
10 mg / kg, the volume of the inflamed limb decreased
by 35%, after 10 injections — by 53%, and after 21
injections — by 73%, compared with the control group
(p < 0.05). LIS-M had no anti-inflammatory effects
at the dose of 2.5 and 5 mg / kg. Diclofenac at the
dose of 4 mg / kg reduced limb swelling by 54% after
3 injections, and by 65% — by day 21 of the study
(p < 0.05). LIS-M at the dose of 10 mg / kg and di-
clofenac at the dose of 4 mg / kg had equal anti-in-
flammatory effects (p > 0.05) (Fig.2).

14 21

Number of injections

—&— Untreated control (1% sohition of polyvinyl pyrrolidone)

—a—LIS-M, 2.5 mg/kg

- & -LIS-M, 5 mg/kg
A--LIS-M, 10 mg/kg

--@-- Diclofenac, 4 mg/kg

Fig. 2. Anti-inflammatory effect of LIS-M (2.5, 5, 10 mg / kg) and diclofenac (4 mg / kg) in adjuvant arthritis: * difference compared
with the untreated control group, p < 0.05
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Adjuvant arthritis resulted in a considerable in-
crease in pain sensitivity in the inflamed limb: on day
7, it grew by 2.7 times, was increasing throughout the
study, and was 3.8 times higher than that in the intact
animals by day 21. LIS-M at the dose of 10 mg / kg
and diclofenac at the dose of 4 mg / kg had analgesic
effects after 7 days of treatment. 21 days after the start
of the test compound administration, LIS-M had com-
pletely normalized pain sensitivity. With diclofenac ad-
ministration, pain sensitivity reduced, compared with
the values in adjuvant arthritis, but was still consider-

ably higher than in the intact animals. The compound
LIS-M had no analgesic effects at the dose of 2.5 and
5mg/kg.

On day 28 after CFA administration, the concentra-
tion of proinflammatory cytokines in the blood plasma
was elevated: IL-1 — by 2.5 times, IL-6 — by 5 times,
TNF-a — by 3 times. After 21 injections of LIS-M at
the dose of 10 mg / kg, the level of IL-1, IL-6, and
TNF-a decreased by 1.4-1.5 times, while diclofenac
at the dose of 4 mg / kg reduced their concentration
less significantly, by 1.2 times (p < 0.05) (Table 2).

Table 1

Pain sensitivity in animals with adjuvant arthritis receiving the aminoguanidine derivative LIS-M or diclofenac, g, n =7, M+ m |

Group

Number of injections

0

7 14 21

Intact animals, n =7

25.5+2.1

26.3+1.7

26.1+1.4

27.3£1.0

Animals with adjuvant arthriti

s who received:

1% solution of polyvinylpyrrolidone (control), n =7 11.3£2.1%* 4.2+1.1* 6.2+1.6* 7.2+1.4%
LIS-M, 2.5mg/kg, n="7 12.943.6* 5.8+1.2% 6.6+£2.0% 8.1£1.0%*
LIS-M, 5mg/kg, n=17 9.8+2.9% 5.7+0.7% 6.4+0.6* 8.5£1.7*
LIS-M, 10 mg/ kg, n=7 9.4+2.6* 15.244.1%A 19.944.0*7 26.0+1.4"
Diclofenac, 4 mg/ kg, n="7 10.3+2.4* 14.943.0%* 16.243.3** 14.74£3.6%"

* p<0.05 compared with the intactanimals; " p <0.05 compared with the animals with adjuvant arthritis receiving 1% solution of polyvinylpyrrolidone
on the corresponding day of the experiment (control); * p < 0.05 compared with the animals receiving diclofenac.

Table 2

Cytokine concentration in the blood plasma of rats with adjuvant arthritis after 21-day administration of the aminoguanidine
derivative LIS-M or diclofenac, pg / ml, M + m

Experiment conditions 1L-6 TNF-a
Intact animals 356+4.4 253+49 503+5.5
Animals with CFA-induced arthritis who received:
1% solution of polyvinylpyrrolidone (control), n =7 87.8 £ 5.4% 127.7 £ 5.4* 148.5 + 6.1%*
LIS-M, 10 mg / kg, n="17 61.8+4.8%" 85.8 £3.8%" 101.8 £ 2.4%*
Diclofenac, 4 mg / kg, n="7 76.3 £4.7* 102.5 £ 6.0* 122.1 £4.8*

* p <0.05 compared with the intact animals; * p < 0.05 compared with the diclofenac group.

The histological examination of the ankle joint
tissue demonstrated that adjuvant arthritis resulted in
proliferative synovitis and inflammation of the peri-
articular tissues, joint space narrowing, formation
of intraarticular pannus, and damage to the articular
cartilage. Damage to the joint slightly decreased in
the group of animals receiving LIS-M at the dose of
2.5 mg / kg. LIS-M at the dose of 5 mg / kg reduced
hyperplasia within the tendon sheath and joint effu-
sion and prevented joint space narrowing. LIS-M at
the dose of 10 mg / kg and diclofenac at the dose of
4 mg / kg prevented synoviocyte proliferation, joint

effusion, joint space narrowing, and pannus formation
(Table 3). LIS-M lowers the NO concentration in the
inflamed joint, which inhibits synthesis of collagen
and proteoglycans and normalizes joint microstruc-
ture [9, 10].

Intramuscular administration of the aminoguani-
dine derivative LIS-M at the dose of 2.5, 5, and 10 mg
/ kg in rats with adjuvant arthritis had no ulcerogenic
effect: no ulceration or erosion in the gastric muco-
sa was observed. Diclofenac at the dose of 4 mg / kg
caused bleeding, ulcers, and erosions in the gastric
mucosa.
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Table 3

Severity of histologic changes in the ankle joint in rats with adjuvant arthritis after 21-day administration of the aminoguanidine
derivative LIS-M or diclofenac, total score, Me (0 ; 0.)

Animals with CFA-induced arthritis who received
Articular tissue damage 1% solution of polyvinyl- LIS-M LIS-M LIS-M Diclofenac,
pyrrolidone, n =17 25mg/kg,n=7| 5mg/kg,n=7 | 10mg/kg,n=7| 4mg/kg, n="7
Hyperplasia within the tendon sheath 13 8 7 e >
2(1;3) 1(0;2) 1(1;1) 0(0; 1) 1(0; 1)
Inflammatory infiltrate in the periar- 29 27 23 22 25
ticular tissue 4(4;4) 4(4;4) 3(3;3) 3(3;3) 4(3;4)
Joint effusion 10 4 1 0* 0
1(0; 1) 0(0; 1) 0 (0; 0) 0 (0; 0) 0(0; 0)
Joint space narrowing 16 i o e >
2(2;2) 2(1;2) 1(0; 1) 1(0; 1) 1(0; 1)
Pannus formation 18 13 10 > >
2(2;3) 2(1;2) 1(1;2) 1(0; 1) 1(0; 1)

* p <0.05 compared with the animals with CFA-induced arthritis treated with 1% solution of polyvinylpyrrolidone (control).

CONCLUSION

CFA administration in rats has resulted in progres-
sive swelling and pain hypersensitivity in the injected
limb, as well as inflammation and degenerative chang-
es in the tissues of the ankle joint. The levels of proin-
flammatory cytokines IL-1, IL-6, and TNF-a in the
blood plasma increased by 2.5-5 times. The produc-
tion of these cytokines is stimulated by NO produced
in the reaction catalyzed by inducible NO synthase
(INOS) [11]. The aminoguanidine derivative LIS-M,
a selective iNOS inhibitor, at the dose of 10 mg / kg
was more effective in treating arthritis and alleviating
pain than diclofenac at the dose of 4 mg / kg. LIS-M
decreased the level of cytokines by 1.4-1.5 times
compared with the untreated control, while diclofenac
reduced their level by 1.2—1.3 times. An important ad-
vantage of LIS-M is the absence of ulcerogenic effects
on the stomach. This compound does not inhibit the
activity of cyclooxygenase and constitutive isoforms
of NO synthase and does not disrupt synthesis of gas-
troprotective prostaglandins and NO.
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The effect of systemic melatonin administration on the intensity
of free radical damage to lipids and proteins in the burn wound
in the dynamics of experimental thermal injury

Osikov M.V., Ageeva A.A., Ageev Yu. ., Sinitsky A.l., Shatrova Yu.M.

South Ural State Medical University (SUSMU)
64, Vorovskogo Str., Chelyabinsk, 454092, Russian Federation

ABSTRACT

Aim. To assess the effect of melatonin (MT) on the content of lipid peroxidation (LPO) and protein oxidation (PO)
products in the tissue homogenate from the burn wound in experimental thermal injury (TT).

Materials and methods. Third-degree (IIIA) TI with a relative area of 3.5% was modeled on male Wistar rats via
contact of the skin with boiling water. Intraperitoneal administration of MT (10 mg / kg) was performed once a day
for 5 days. On days 5, 10, and 20, LPO products in the heptane and isopropanol phases of lipid extraction and PO
products were determined in the tissue homogenate from the burn wound.

Results. The content of secondary and end products of LPO in the heptane phase and end products in the isopropanol
phase increased in the wound. The content of primary and secondary PO products of neutral nature increased
on days 5, 10, and 20, and the level of secondary PO products of neutral nature elevated on days 10 and 20.
Administration of MT reduced the content of LPO end products in the heptane phase, secondary and end products
of LPO in the isopropanol phase, and the total amount of PO products due to primary and secondary products of
neutral nature.

Conclusion. In the 20-day follow-up, LPO and PO products accumulated in the burn wound. The administration of
MT at a total dose of 50 mg / kg led to reduction and partial restoration of the content of LPO and POM products,
which can limit secondary alterations and accelerate healing of the burn wound.
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BnnaHmne cucremHoro nPpUMeHeHNA meJilaTOHNMHA Ha NHTEHCNBHOCTDb

CBO6GOAHO-paAnKanbHOI AeCTPYKUMN NNNNAOB N 6€N1KOB 0)XKOroBOW paHbl

B AMHAMMKe 3KCNepuMeHTaNIbHON TepMNYeCcKon TpaBMbl

OcukoB M.B., AreeBa A.A., Arees [0.U., Cuunukun A.U., Watposa 0.M.

FOoicno-Ypanvcruii cocyoapemeennvlii meouyunckuil yHugepcumem (FOYI'MY)
Poccus, 454092, 2. Yenabunck, yn. Boposckoeo, 64

PE3IOME

Heawp padorsl — uccienosarh Biusiaue Menaronnna (MT) Ha conepikaHne TPOAYKTOB MEPEKHUCHOTO OKUCICHHS
mununoB (IIOJI) u okucnurensHOM Momudukamuu OenkoB (OMB) B romoreHate OOTroBOW paHbl IpPHU
9KCIepUMeHTaNbHON Tepmudeckoil TpaBme (TT).

Marepuananl u Meroabl. Ha camiiax kpeic Jiuann Wistar mogenupoBa TT cremenu IIIA mmomansio 3,5%
KOHTAaKTOM KOXH C KuIsiniei Bogoi B Teuenue 12 ¢. MT npumensun BHyTpuoOprommuHo (10 Mr/kr), 1 pas/cyt B
TedyeHue 5 cyT. B romorenare oxxorosoii pansl Ha 5, 10 u 20-e cyT onpeznensiin coaepxkanue npoaykros I10JI B
TeNTaHOBOM M M30MPONAHOIBHON (pazax JMIUIHOTO IKCTpaKTa, npoaykToB OMb.

Pe3yabTaTthl. B 030OroBoil paHe yBeIMUMBANOCH COJCP)KaHHE BTOPHYHBIX M KOHEYHBIX mpoxykroB [10JI B
TeNTaHOBOH (ha3e, KOHEUHBIX MPOAYKTOB B H30IPOMAHONBHOHN (ha3ze NHIHMIHOTO SKCTPAKTA; yBEINIUBAIOCH
cofiepKaHHe MePBUIHBIX U BTOPHUYHBIX IpoxykToB OMB meitpansHoro xapakrepa Ha 5, 10 u 20-e cyT, BTOpHd-
HBIX MPOJYKTOB HEHTpanbHOTo Xapakrepa — Ha 10-e u 20-e cyT. [Ipumenenne MT cHmKaeT conepkaHue KOHEU-
HbIX npoxyktoB I1OJI B rentanoBoil ¢ase, BTOpHIHEIX U KOHEUHBIX poaykToB [1OJI B m3onponanonbHOi dase
JIUITITHOTO 3KCTPaKTa; CyMMapHOe KOIMIecTBO IpoxykToB OMB 3a cdeT mepBHYHBIX W BTOPHYHBIX IPOTYKTOB
HEHUTPaIbHOTO XapaKTepa.

3aximoyenue. B tuaamuke 20-cyrouHoro HabmoaeHus npu TT KOXXU B 0)KOrOBOH paHe HAKAIUIMBAIOTCS MPOIYK-
161 [10OJI 1 OMB, npumenenne MT B cymmapHoit 03¢ 50 MI/KT IPUBOAUT K CHIDKCHHIO M YaCTUYHOMY BOCCTa-
HOBJIEHHUIO coaepkanus npoaykToB [10JI u OMB, yTo MOXeT OrpaHHMYMBATH BTOPUYHYIO aJbTEPALHIO, YCKOPAThH
3aKUBJIEHUE 0’KOTOBOM PaHBI.

KiroueBble cJI0Ba: MEIATOHWH, TEPMHYECKAs TPaBMa, MEPEKHCHOEC OKHCIICHHE IHITHI0B, OKHCINTEIbHAS
MO (HKALUS OCITKOB.

KondaukTt naTEpecoB. ABTOPHI 3asBIISIOT 00 OTCYTCTBHU KOH(MINKTAa HHTEPECOB.

Hcrounuk ¢uHancupoBanus. lVccinemoBanue BhIONHEHO NpH (uHaHCOBOW moanepxkke PI'BY «Dong
COJIICHCTBYSI Pa3BUTHIO MAJBIX OPM MPENNPUSTHI B HAYYHO-TEXHUUECKOH chepey mo nporpamme «Y.M.H.U.K.»
(moroeop Ne 155831Y/2020 ot 05.07.2020), PODU u Yensabunckoit obmactu (mpoekt Ne 20-415-740016).

CooTBeTcTBME NMPUHUMIAM 3THKM. VccnenoBanne ono0OpeHO JOKAIBHBIM 3THUECKHMM KomuteToM IOYI'MY
(mportoxkon Ne 10 ot 15.11.2019).

Jns nutupoBanus: OcukoB M.B., AreeBa A.A., Arees 10.1., Cunanukuii A.U., lllatposa FO0.M. Biusaue cu-
CTEMHOTO MPUMEHEHHsT MEeJIaTOHHHA HA HHTEHCHBHOCTH CBOOOIHO-PAIMKATIBHON JAECTPYKIIUH JIUITHIOB U OSITKOB
0)KOTOBO# paHbl B JHHAMUKE JKCIIEPUMEHTAIBHOW TEPMHUYECKOU TPaBMBL. bloiiemens cubupckot Meouyubl.
2022;21(1):89-95. https://doi.org/10.20538/1682-0363-2022-1-89-95.

The effect of systemic melatonin administration on the intensity of free radical

INTRODUCTION

Despite a wide range of drugs used to treat thermal
injury (TI), their efficacy in the clinical setting does
not always satisfy burn specialists, and side effects of
the drugs often limit their use. When searching for new
drugs, special attention is paid to endogenous regula-
tors of homeostasis with pleiotropic effects [1-4]. The

effectiveness of oxytocin, growth hormone, insulin,
testosterone, and others has been proven in TI, and ad-
ditional data are required to substantiate their use [5].
The skin is the largest organ with intense free radical
oxidation (FRO), products of FRO formed in the skin
have local and distant effects [6].

Oxidative stress is registered not only in the lesion,
but also in the heart, lungs, kidneys, muscles, and
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other organs [7, 8]. It is of particular interest to study
aldehyde- and ketone-containing protein carbonyl de-
rivatives in the TI focus — protein oxidation (PO) and
lipid peroxidation (LPO) products as markers of FRO
and the effectiveness of antioxidants [9]. Most data on
the content of LPO and PO products in TI were ob-
tained for plasma and internal organs, but not for a
burn wound [7, 8, 10].

Melatonin (MT) is evolutionally one of the most
ancient molecules with the original function of an
antioxidant; its sources are the pineal gland, retinal
ganglion cells, and the gastrointestinal tract [11]. Skin
cells synthesize MT; its metabolites are found in ke-
ratinocytes, melanocytes, and dermal fibroblasts [12].
In the experiment, when the skin is damaged, MT
accumulates in the epidermis, protecting the mito-
chondria [13]. MT receptors, including MT1 (Mella),
MT?2 (Mellb), and RORa are found in keratinocytes,
dermal fibroblasts, hair follicle cells, and melanocytes
[14]. MT participates in the regulation of sleep — wake
rhythms, has antioxidant, pro- and anti-inflammatory,
and anti-apoptogenic effects, and regulates cell prolif-
eration and differentiation [15]. These and other MT
effects attract attention in terms of fundamental re-
search due to homeostasis regulation and participation
in the disease pathogenesis and in terms of applied re-
search — due to potential use for prevention and treat-
ment of diseases.

The aim of this study was to assess the effect of MT
on the content of LPO and PO products in the tissue
homogenate from the burn wound in experimental TI.

MATERIALS AND METHODS

The study involved 120 male Wistar rats weighing
200240 g in the experimental biological clinic (vi-
varium) of the South Ural State Medical University.
The experiment was carried out in strict compliance
with the requirements for the care and maintenance of
animals in accordance with the conclusion of the Eth-
ics Committee (Protocol No. 10 of 15.11.2019). The
animals were randomly divided into groups: group
1 (n = 20) — intact; group 2 (n = 36) — with TI; group
3 (n = 32) — with TI exposed to MT.

To simulate third-degree (type A) TI with a rela-
tive area of 3.5%, the interscapular area was immersed
in water at 98—99 °C for 12 s. The burn depth was ver-
ified by morphological methods. Zoletil-100 (interna-
tional nonproprietary name: tiletamine hydrochloride;
Virbac Sante Animale, France) at a dose of 20 mg / kg
was used for anesthesia. In groups 2 and 3, an asep-
tic bandage was applied to the wound every day for

20 days after TI. MT (FLAMMA S.P.A., Italy) was
used intraperitoneally at a daily single dose of 10 mg
/ kg for 5 days. The levels of LPO and PO products
were assessed in the tissue homogenate from the burn
wound on days 5, 10, and 20.

To prepare a 10% tissue homogenate, the burn
wound was excised, after that about 40 mg of the tis-
sue was immersed in a cooled buffer solution, dried,
and then homogenized at a temperature of 2—4 °C in
0.4 ml (1 : 10) of a cooled 0.1 M phosphate buffer
(pH 7.4). A SF-56 spectrophotometer (LOMO-Spec-
tr, St. Petersburg) was used to determine the content
of LPO products in the tissue homogenate [16]. Opti-
cal density was measured in heptane and isopropanol
lipid extraction at 220 nm (isolated double bonds),
232 nm (conjugated dienes, CD), 278 nm (keto-
dienes and conjugated trienes, KD and CT), and 400
nm (Schiff bases, SB). The relative content of LPO
products was expressed in units of oxidation indices
(wo.i): E /E  (CD), E_/E, (KD and CT), and
E /By (SB).

The PO products in the tissue homogenate were
determined according to the reaction between protein
carbonyl derivatives and 2,4-dinitrophenylhydrazine
with the following registration of aldehyde dinitro-
phenylhydrazine (ADNPH) and ketone dinitrophenyl-
hydrazine (KDNPH) in the ultraviolet (UV) region of
the spectrum and visible light region [17]. The results
were expressed in units of optical density per 1 mg
of protein (c.u. / mg). IBM SPSS Statistics 19 soft-
ware was used for statistical processing of the data
presented as the median and the interquartile range
(Me (Q,s; O,,)). The significance of differences was
assessed using the Kruskal — Wallis and Mann — Whit-
ney tests. The differences were considered statistically
significant at p < 0.05.

220 220

RESULTS

On day 5 of TI, the content of KD, CT, and SB in-
creased in the heptane and isopropanol phases of lipid
extraction in the wound (Table 1). On days 10 and 20
of the experiment, the content of KD, CT, and SB in-
creased in the heptane phase of the burn wound, while
only SB increased in the isopropanol phase. No signif-
icant changes were observed in the content of CD in
the heptane and isopropanol phases on days 5, 10, and
20, as well as in the content of KD and CT in the iso-
propanol phase on days 10 and 20. In the dynamics of
TI, the content of SB in the heptane and isopropanol
phases was lower on day 10 (p < 0.01) than on day 5,
and on day 20 it was higher (p < 0.01) than on day 10.
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The total amount of PO products increased on days
5, 10, and 20 (Table 2). This is due to an increase in
the total content of ADNPH on days 5, 10, and 20, the
content of KDNPH on days 10 and 20, and the total
amount of PO products in the UV spectrum region on
days 5, 10, and 20. The total amount of PO products
in the visible light region decreased on day 10 of TI.
On day 5, an increase in ADNPH was revealed in the
UV part of the spectrum. On day 10, an increase in
ADNPH and KDNPH was observed in the UV region,
with a decrease in ADNPH and KDNPH in the visible
light region. On day 20, ADNPH increased in the UV

region of the spectrum and in the visible light region,
an increase in KDNPH was noted in the UV region of
the spectrum.

In dynamics, the total amount of PO products and
KDNPH, as well as the amount of KDNPH in the UV
region of the spectrum is greater on days 10 and 20
(» <0.01) than on day 5. The total amount of PO prod-
ucts and the amount of ADNPH in the UV region of
the spectrum on day 10 is greater (p < 0.01) than on
days 5 and 20; the amount of ADNPH and KDNPH in
the visible light region is lesser on day 10 (p < 0.01)
than on days 5 and 20.

Table 1
The effect of melatonin (MT) on the content of LPO products in the burn wound with T, Me (Q,.; 0.,
Group 1 Group 2 Group 2 Group 2 Group 3 Group 3 Group 3
Parameter (intact), (TI), day 5, (TI), day 10, (TI), day 20, (TI + MT), (TI+MT), (TI+MT),
n=20 n=16 n=20 n=21 day 5,n=13 day 10, n=10 day 20, n =16
CD (h.), 0.920 0.889 0.891 0.927 0.891 0.893 0.906
u.0.1. (0.863; 0.975) | (0.834;0.966) | (0.836;0.944) | (0.873;0.951) (0.885; 0.908) (0.881; 0.915) (0.887; 0.931)
KD and CT 0.049 0.123 0.115 0.126 0.134 0.133 0.089
(h.), v.o0.i. (0.013; 0.088) | (0.112;0.141)* |(0.101;0.141)* | (0.092; 0.155)* (0.094; 0.140)* (0.086; 0.141)* | (0.085; 0.095)* #
SB (h.), 0 0.018 0.009 0.025 0.013 0 0.002
u.0.1. (0; 0.011) (0.013; 0.031)* |(0.003; 0.018)* | (0.015; 0.056)* | (0.012; 0.014)* # (0; 0.002)# (0.001; 0.004)#
CD (i) 0.601 0.594 0.580 0.613 0.538 0.556 0.562
u.0.1. (0.596; 0.622) | (0.570;0.732) | (0.568;0.614) | (0.590; 0.647) (0.534; 0.545)# | (0.550; 0.558)*# | (0.558; 0.569)*#
KD and CT 0.217 0.259 0.210 0.224 0.209 0.209 0.199
(i.), u.o.i. (0.209; 0.228) | (0.200; 0.213)* | (0.169; 0.264) | (0.211; 0.263) (0.195; 0.228)*# (0.200; 0.220) | (0.173; 0.213)*#
SB (i.), v.o.i. 0 0.030 0.007 0.034 0.009 0.007 0.011
(0; 0.011) (0.015; 0.04)* |(0.004; 0.026)* | (0.016; 0.039)* | (0.007; 0.015)*# | (0.004; 0.009)* | (0.009; 0.016)*#
L

* statistically significant differences (p < 0.05) with group 1, # with group 2 (here and in Table 2).
Note: extracts: h. — heptane, i. — isopropanol.

Table 2
The effect of melatonin on the content of PO products in the burn wound in TI, Me (Q,; Q..)
Group 1 Group 2 Group 2 Group 2 Group 3 Group 3 Group 3
Parameter (intact), (TI), day 5, (TI), day 10, (TI), day 20, (TI + MT), (TI+MT), (TI+MT),

n=20 n=16 n=20 n=21 day 5,n=13 day 10, n=10 day 20, n =16
ADNPH uv, 29.85 51.49 60.50 52.08 44.44 49.82 39.81
c.u./mg (24.69; 32.84) | (48.03; 55.81)* | (52.95;93.13)* | (35.14; 82.61)* | (35.14;49.70) *# | (47.09; 55.59)*# | (32.79; 53; 80) *#
ADNPH vs, 6.93 6.91 3.53 8.36 5.29 7.68 8.69
c.u./mg (5.32;8.71) (5.72;9.75) (2.09; 5.07)* (7.06; 15.36)* (3.97; 6.67) (5.24;9.16) (6.25;22.08)*
KDNPH uv, 8.19 7.79 15.19 15.27 6.48 12.11 6.22
c.u./mg (7.37; 10.59) (7.34; 9.43) (9.05;25.63)* | (11.44;31.38)* (3.42;7.86) (9.21; 13.06)*# (4.16; 8.39)#
KDNPH vs, 0.89 0.91 0.50 1.09 0.79 0.74 1.82
c.u./mg (0.69; 1.14) (0.69; 1.41) (0.35; 0.66)* (0.72; 1.67) (0.41; 1.09) (0.43; 1.00) (1.44; 4.14)*#
S PO, 47.83 66.87 79.30 82.04 55.79 71.03 66.05
c.u./mg (41.94; 55.40) | (60.56; 76.11)* | (62.59; 122.34)* | (55.79; 35.89)* | (51.53; 64.65)*# | (67.38; 72.93)*# | (56.70; 74;87)*#
S \onpi 38.54 59.19 65.04 65.04 47.78 57.71 54.92
c.u./mg (30.64; 41.39) | (52.29; 62.31)* | (54.51;96.45)* | (42.19;97.89)* | (42.19;57.09)*# | (54.26; 62.64)* | (50.75; 65.43)*#
S coners 10.12 8.81 15.49 16.99 6.75 13.21 8.74
c.u./mg (8.23; 11.31) | (8.09; 10.67) (9.56; 26.11)* | (12.18; 33.88)* (5.05; 8.83)* (10.29; 13.88) (5.95; 12.49)#
Suv, 38.47 59.10 74.97 65.17 49.24 61.32 46.49
c.u./mg (34.05; 45.31) | (53.57; 68.66)* | (60.81; 118.45)* |(48.02; 114.01)* | (42.57;57.19)*# | (59.49; 63.87)* | (39.24; 58.45)*#
S vs, 7.87 7.81 4.05 9.22 6.03 8.41 10.51
c.u./mg (6.02;9.73) (6.41; 11.16) (2.35; 5.85)* (7.77; 17.56) (4.50;7.77) (5.66; 10.16)# (7.97; 26.29)*

Note: S —total content, vs — visible light region, uv — ultraviolet region of the spectrum.
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Under the conditions of MT administration, on
day 5 of TI, the amount of SB in the heptane phase
decreased; in the isopropanol phase, the amount of
CD, KD and CT, and SB decreased (see Table 1). On
day 10, the amount of SB decreased in the heptane
phase, and the level of CD decreased in the isopropa-
nol phase. By day 20, a fall in the content of KD and
CT and SB was recorded in the heptane phase, while
the content of CD, KD, CT, and SB decreased in the
isopropanol phase. During all periods of observation,
MT did not result in complete restoration of LPO pa-
rameters in the wound. Significant differences with
intact animals persisted in the heptane phase for KD
and CT on day 20 of TI, for SB — on days 5, 10, and
20; for KD, CT and SB in the isopropanol phase — on
days 5 and 20.

On days 5, 10, and 20, the content of CD in the iso-
propanol phase was lower than in the skin of the intact
animals. Under the conditions of MT application in
the wound, on days 5, 10, and 20, the total amount of
PO products decreased (Table 2). On day 5, the total
amount of ADNPH and PO products in the UV region
of the spectrum and the content of ADNPH in the UV
spectrum decreased. On day 10, the content of AD-
NPH and KDNPH decreased in the UV region, and
the total content of PO products increased in the vis-
ible light region. On day 20, the total amount of AD-
NPH, KDNPH, and PO products in the UV region and
the amount of ADNPH and KDNPH in the UV region
of the spectrum decreased; the amount of KDNPH in
the visible light region increased. During all periods of
observation, the total amount of PO products, the total
amount of ADNPH and PO products in the UV region
of the spectrum, as well as the amount of ADNPH in
the UV spectrum differed from the values in the intact
group, which suggests partial recovery of parameter
values.

DISCUSSION

In the burn wound with TI, secondary and end LPO
products accumulate, which are extracted into the
heptane phase mainly concentrating triacylglycerides
(non-polar lipids) and LPO end products in the iso-
propanol phase, which contains mainly membrane
phospholipids. The absence of significant changes in
the content of primary LPO products in the heptane
and isopropanol phases may be a consequence of their
excessive formation on day 1 and participation in the
formation of secondary and end products. Against this
background, the total content of PO products in the
burn wound increases due to neutral primary (AD-

NPH) and secondary (KDNPH) products, reflecting
aggregation and fragmentation of protein molecules.

The content of the basic primary and secondary
PO products decreases, most likely due to depletion
of the reserves of protein products and their possible
consumption in the first 5 days. It is believed that the
accumulation of primary POM products, early mark-
ers, mainly reflects protein aggregation under the in-
fluence of OH ', while the accumulation of secondary
products, late markers, reflects protein fragmentation
under the combined action of OH "and O, Protein
fragments are resistant to proteolysis, trigger apoptosis
and necrosis, and expand the area of alteration. The
increase in SB reflects features and sources of their
formation as products of non-enzymatic interaction of
LPO products with products of free radical-mediated
degradation of proteins under conditions of oxidative
and carbonyl stress. There are no specific mechanisms
for elimination of SB formed in this way; therefore,
they are prone to accumulation, which increases their
damaging effects. An increase in the content of LPO
and PO products in the TI focus reflects activation of
FRO under conditions of excessive generation of free
radicals and / or a decrease in the activity of antioxi-
dant defense systems.

FRO inducers in TI are NADPH oxidase, MPO
of neutrophils and monocytes / macrophages, endo-
thelial xanthine oxidase, NO-synthase of monocytes /
macrophages, and mitochondrial complex I [18, 19].
A decrease in the activity of antioxidant defense sys-
tems may be due to their consumption for inactivation
of excess free radicals, a decrease in the level of zinc
and copper in the body (components of superoxide
dismutase), and deficiency of selenium (a component
of glutathione peroxidase) [20]. FRO and LPO and PO
products formed in the skin in TI are associated with
in situ cytotoxic effects, damage to internal organs,
and possible advancement to systemic inflammatory
response syndrome (SIRS) in the context of the OxIn-
flammation concept. They are involved in skin repair
due to activation of matrix metalloproteinases, modi-
fication of extracellular matrix components, and acti-
vation of stem cells [6, 21-23].

The use of MT in TI leads to a decrease in the con-
tent of LPO end products in the heptane phase, as well
as primary, secondary, and end products in the iso-
propanol phase of the tissue homogenate. Apparently,
a pronounced decrease in the level of primary LPO
products in the isopropanol phase reflects MT-depen-
dent limitation of early LPO stages and shielding of
phospholipids due to predominant oxidation of pro-
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teins. Firstly, the antioxidant effect of MT entering
the burn wound from the systemic circulation through
passive diffusion, as well as via glucose transporters
and oligopeptides, may be due to direct absorption of
reactive oxygen species (ROS) [24]. Secondly, it may
be due to an increase in the synthesis of glutathione
and the activity of superoxide dismutase, catalase,
glutathione peroxidase, glutathione reductase, and
hemoxidase-1 and a decrease in the activity of NOS
[13]. Finally, the antioxidant effect of MT is realized
by maintaining the mitochondrial membrane potential
and increasing oxidative phosphorylation and produc-
tion of ATP, and not ROS [25].

CONCLUSION

In experimental TI, an increase in the content of
secondary and end products of LPO in the heptane
phase was noted in the wound; the LPO end products
increased in the isopropanol phase of lipid extraction;
the total content of PO products increased due to pri-
mary and secondary products of a neutral nature. The
use of MT reduced mainly the content of LPO end
products in the heptane phase and secondary and end
products of LPO in the isopropanol phase, as well as
reduced and partially restored the amount of primary
and secondary PO products of a neutral nature. In the
TI focus, decreased damage to proteins and lipids lim-
ited secondary alteration, reduced the time of vascular
and exudative reactions, promoted early activation of
regeneration, and accelerated wound healing.

The results obtained expand the understanding of
the role of changes in the redox state in the pathogen-
esis of TI and are a prerequisite for studying FRO in
the skin to designate LPO and PO products as markers
and predictors of complications and the effectiveness
of therapy. LPO- and PO-limiting effect of MT sug-
gests further study of the mechanism of M T action and
the effectiveness of its use.
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Experience in the use of lung ultrasound in patients of the respiratory
hospital of Siberian State Medical University with COVID-19 pneumonia
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ABSTRACT

Aim. To evaluate the possibility of using lung ultrasound for diagnosing COVID-19 pneumonia in patients of the
respiratory hospital of Siberian State Medical University (SSMU).

Materials and methods. An analysis of lung ultrasound data was carried out in 39 patients (17 men and
22 women aged 33-78 years) with COVID-19 pneumonia. Lung ultrasound was performed in all patients in
addition to radiography performed at the prehospital stage and in 15 patients who underwent computed tomography
(CT) of the lungs.

Results. In the majority (61.6%) of cases, during the ultrasound examination, COVID-19 pneumonia manifested
itself as interstitial lung disease. The white lung phenomenon and a combination of the aforementioned interstitial
changes were recorded with the same frequency (5.1%), while pulmonary consolidation in addition to interstitial
changes was visualized in 10.2% of cases. Interstitial lung disease was bilateral in 83.3% of patients and unilateral
in 16.7% of cases. The inferior lobes of the lungs were affected in 60.0% of cases, middle lobe — in 30.0% of cases,
and superior lobes — in 15.0% of patients. The ultrasound examination detected changes in the lungs in 32 patients,
while radiographic changes were present in 35 cases. Bilateral inflammation was more often detected by radiogra-
phy than by ultrasound. When comparing the data of lung ultrasound and CT, the agreement between the methods
was found in 66.7% of cases, and the discrepancy between the findings of the two methods was observed mainly in
patients with a large number of affected segments of the lungs and localization of the disease in the superior lobes
according to CT.

Conclusion. Lung ultrasound is a valuable tool that can be used to stratify risk in patients at any stage of diagnosis
and treatment in the context of the COVID-19 pandemic due to availability, speed of implementation, and the
absence of a need for patient transportation.
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OnbIT npMeHeHNA yNbTPa3BYKOBOIro nccnefoBaHuA Nerknx y nauneHTos
pecnupaTopHoro rocnutansa Cn6lrMy c KopoHaBMUpPYCHI1 NTHEBMOHMEN

NopoBckun A.B., becnanosa U.A., Copokuna T.B., Auuw A.10., KaneB A.®.,
Kowasuesa 0.U., YysaweHko E.B., Llynbra O.C., bana6aHoBa A.A.

Cubupckuti cocyoapcmeennblil Meouyurckui yrusepcumem (Cubl’MY)

Poccus, 634050, 2. Tomck, Mockogckuti mpakm, 2

PE3IOME

Hens. M3yunTs BO3MOKHOCTH HCIOJIB30BAHUS YJIbTpa3BykoBoro ucciepoBanus (Y3M) nerkux B AMarHOCTHKE
naeBMoHnu COVID-19 y marenTtoB pecriuparoproro rociutanst Cuo6I'MY.

Marepuajbl u MeToabl. [IpoBenen ananus ganHbeix Y3U nerkux y 39 namueHToB (17 Mysx4nH u 22 >KeHITUHBI B
Bo3pacte 33—78 neT) c mHeBMOHMEH, BeI3BaHHONH SARS-CoV-2. Y3U nerkux BHIMOIHEHO BCEM MAallHEHTaM JOTIOJI-
HUTENBHO K peHTreHorpaduu (PI'), mpoBeneHHON Ha TOTOCHUTANBHOM 3Tare, U 15 manueHTaM ¢ KOMITBIOTEpHOM
tomorpadueit (KT) nerkux.

Pe3yabTatsl. B GonbinacTBe city4aes (61,6%) npu Y3 mHEBMOHMS MIPOSBIISIACH HHTEPCTHLIUATIBHBIM CHH/IPO-
MOM, C OIMHAKOBOM yacToToi (5,1%) perucTpupoBauCch (PeHOMEH «OEIOT0 JIETKOTO» M COUETAHUE MEPEUHCIICH-
HBIX HUHTEPCTULMAIBHBIX U3MeHeHUH, B 10,2% Bu3yanu3upoBajiach KOHCOIUAALMS JIETOUHON TKaHU JONIOJIHUTENb-
HO K HHTEPCTUIMAIBHBIM U3MeHeHusAM. MHTepcTuinanbubiil cuaapoM B 83,3% Hocul ABYCTOPOHHUIM XapakTep, B
16,7% — onnocroponnuid. [lopaxeHne HIXKHUX OTAEIIOB JIETKUX BhIsBICHO B 60,0% citydaes, cpennux — B 30,0%,
BepxHuX — B 15,0%. ITpu Y31 u3meHeHus B Jerkux ObUIM IMArHOCTUPOBAHbI y 32 MAlMEHTOB U 35 MAlUeHTOB
merozioM PT'. JIBycTopoHHMI BOocIanuTenbHbIH poLecc yaie BoisBisuics npu PI, yuem npu Y3U. [Ipu cpaBaennu
naHHbIX Y3 u KT nerkux coBnajgeHne ycTaHOBIECHO B 66,7% ciydaes, a pacXokKIEHHE PE3yIbTaToOB JIBYX METO-
JIOB HAOJIIOJIANIOCh Y MAIMEHTOB ¢ OOJBILINM YHCIOM MOPAKEHHBIX CETMEHTOB JIETKHX U JIOKJIM3aluel mporecca
B BEPXHUX 10JIsX Jierkux o KT.

3axmaouenne. [Iposenennoe Y3U nerkux nmokasaio, 4To STOT METOA BU3YalIH3aI[HU JOIDKEH OBITh IPUMEHEH JUIs
cTpaTH(UKanuy pUCKa y AI[MEHTOB Ha JII0OOM dTalle AUarHOCTUKH ¥ JIe4eHHs B ycinoBusix mangemun COVID-19
B CHIIy JOCTYIHOCTH, OBICTPOTHI BHIIIOJIHEHHS, OTCYTCTBHS HEOOXOAMMOCTH B TPAHCIIOPTUPOBKE OOJIBHBIX.

Kirouessie cioBa: nHeBMonusi, COVID-19, yibTpa3BykoBOE HCCIIEIOBAHUE JICTKUX, JIy4eBast JMarHOCTUKA

KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNneil HaCTOSIIEeH CTaThH.

Hcrounuk ¢puHAHCHPOBAHUSA. ABTOPHI 3asBIISIIOT 00 OTCYTCTBHU (DHHAHCHUPOBAHUSI IIPH MPOBEICHHU HUCCIIEN0-
BaHMUS.

CooTBeTCTBHE PUHIINTIAM dTHKH. Bce manueHTs! moanucai HHGOPMUAPOBAHHOE COTTIACHE HA MTPOBEICHHUE HC-
cienoBanus. MccnenoBanne 0100peHO JIOKATBHBIM 3THYECKAM KoMuTeToM CHOI' MY .

Jast umuruposanusi: [Toposckuit S.B., becnanosa U.Jl., Copoxuna T.B., dum A.}O., Kanes A.®., Komasue-
Ba 0.1, Uysmenko E.B., lllynsra O.C., banabanosa A.A. OnbIT NPUMEHEHUS YIbTPa3BYKOBOI'O UCCIEJOBAHUS
JIETKHUX y MalMeHTOB pecnupaTopHoro rocrurtainst Cuol’ MY ¢ kopoHaBUpyCHOW THEBMOHUEH. brouiemens cubup-
cxoui meouyunsl. 2022;21(1):96-102. https://doi.org/10.20538/1682-0363-2022-1-96-102.

INTRODUCTION

In March 2020, the World Health Organization
declared COVID-19 (COrona VIrus Disease 2019)
caused by the SARS-CoV-2 virus a pandemic [1]. Rap-
id spread of the virus required significant restructuring
of the healthcare system, changes in the working con-
ditions for doctors, and obligatory widespread imple-

mentation of the most essential methods for examining
a patient’s condition, such as measuring arterial blood
oxygen saturation and diagnostic radiology methods
for detecting COVID-19 pneumonia [2], mostly com-
puted tomography (CT) of the lungs, which has the
greatest sensitivity in its diagnosis [3-5].

Lung ultrasound (US) for diagnosing pneumonia
and viral infections in the lungs previously occupied a
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modest place in clinical practice and was more often
used in situations when plain radiography and CT of
the lungs were not available (pregnant women, lack of
technical capabilities) [6, 7].

To date, the theoretical foundations of lung US
have been significantly enriched, and, therefore, clini-
cal application of the method has become more objec-
tive for use in the context of the COVID-19 pandemic
[8]. Studies [9-11] indicate a significant role of lung
US for the diagnosis of interstitial lung disease [12],
acute respiratory distress syndrome (ARDS) [13],
pleural disorder, and lung inflammation of any etiol-
ogy [14], i.e. the main manifestations of lung damage
in COVID-19. Currently, domestic evidence base for
lung US in patients with COVID-19 is being compiled
in the context of a growing number of COVID-19 cas-
es among the population and forced restriction on the
use of classical methods of lung examination (palpa-
tion, percussion, auscultation) by therapists due to a
high risk of viral contamination.

The aim of the study was to evaluate the possibility
of using lung US for diagnosing COVID-19 pneumo-
nia in patients of the respiratory hospital of Siberian
State Medical University (SSMU).

MATERIALS AND METHODS

To implement the program on combating the novel
coronavirus infection at Siberian State Medical Uni-
versity, from May 16 to September 30, 2020, a sep-
arate building of Advanced Therapy Clinics was al-
located and converted into a respiratory hospital for
treating COVID-19 patients. Lung US was included
in examination of patients at the respiratory hospital,
in contrast to other hospitals in the Tomsk region pro-
viding similar medical care.

To investigate the capabilities of lung US and the
potential for applying the method in the diagnosis
of COVID-19 pneumonia, 39 patients (17 men and
22 women) aged 33-78 years (average age 59.4 +
15.4 years) were included in the study; they were
admitted to the respiratory hospital of Siberian State
Medical University.

Inclusion criteria were a verified diagnosis of novel
coronavirus infection in oropharyngeal swabs, diag-
nostically significant blood concentration of IgM and
IgG to the viral antigen, the presence of clinical signs
of respiratory infection, and a signed informed con-
sent to participate in the study.

Exclusion criteria included concomitant lung pa-
thology (neoplasms, tuberculosis, pneumoconiosis)
and somatic symptom disorders (diffuse connective

tissue diseases, severe heart failure), which could af-
fect the radiographic lung pattern.

The severity of the patient’s condition was assessed
using the National Early Warning Score (NEWS), a
protocol for assessing the severity of a patient’s con-
dition [15]. It included assessment of the respiratory
rate, blood oxygen saturation level, body temperature,
systolic blood pressure, heart rate, and changes in the
level of consciousness.

In 4 patients, the NEWS score was equal to or more
than 7, the condition of these patients was assessed as
severe, requiring mechanical ventilation (MV). In 12
patients, the NEWS score ranged from 5 to 6, their
condition corresponded to moderate severity. In 23
patients with the score of 4 or less, the condition was
considered mild.

Lung US was performed on a Mindray M 7 ultra-
sound machine in a sitting position. In order to re-
duce the time spent in the red zone of the hospital,
the protocol of lung US was simplified. The follow-
ing anatomical approaches were sequentially used:
posterior surface of the chest: 1) right and left low-
er zones: paravertebrally at the level of X — X ribs;
2) right and left upper zones: paravertebrally at the
level of the scapular spine. Lateral sections of the
chest: 1) right and left lower zones (along the mi-
daxillary line to the intersection with the horizontal
line drawn through the epigastric angle); 2) right and
left upper zones (along the midaxillary line at the en-
trance to the armpit). Anterior sections of the chest:
1) right and left lower zones (along the right mid-
clavicular line at the horizontal line drawn through
the epigastric angle); 2) right and left upper zones
(along the right midclavicular line at the level of 11 —
111 ribs).

To assess the identified radiographic changes in
the examined patients, we used the terminology and
descriptive characteristics presented by the Consensus
Statement of the RASUDM (Russian Association of
Ultrasound Diagnostic Specialists in Medicine) [7].
The following parameters were analyzed: the state of
the pleural line, registration of B-lines in various vari-
ants, and the presence of signs of pulmonary consoli-
dation and pleural effusion.

A prerequisite for including the results of lung US
of patients in the analysis was performance of radi-
ography (RG) and, in some cases, CT of the lungs.
Chest X-ray at the prehospital stage was performed
in all 39 patients and repeated in 4 individuals; CT of
the lungs was performed in 15 cases additionally after
radiography.
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Chest X-ray included plain radiography of the
lungs and lateral chest views. For the period of func-
tioning of the respiratory hospital at Siberian State
Medical University, this method was the most ac-
cessible and often primary, and sometimes it was the
only technique for visualizing changes in the lungs
of patients with suspected COVID-19 pneumonia.
In case of an ambiguous X-ray pattern or when the
condition of the patients aggravated, they addition-
ally underwent multi-slice computed tomography
(MSCT). MSCT of the chest was performed with
1.25 mm reformatted slice thickness and subsequent
image analysis in the maximum intensity projection
(MIP) and volume rendering technique (VRT). In 2
cases, MSCT was supplemented with lung densitom-
etry for greater objectivity in assessing the density of
the lung parenchyma.

Quantitative data were presented as X + ¢, where
X is the mean, and o is the standard deviation. Quali-
tative data were presented as absolute and relative fre-
quencies, n (%).

RESULTS AND DISCUSSION

Following lung US, normal lung tissue was visu-
alized in 7 patients in the form of typical reverbera-
tion artefacts — thin lines located parallel to the pleura
(A-lines). In this case, the entire complex of images
(pleural line, A-lines) shifted in rhythm with respira-
tion (the phenomenon of lung sliding).

Signs of interstitial lung disease (“I”’) were detect-
ed in 24 (61.6%) patients, that is, in the majority of the
studied individuals. In this case, more than 3 B-lines
were detected in 2 scanning areas. The formation of
B-lines (hyperechoic bands) that originated from the
pleural line and gradually expanded due to the entry of
exudate into the interalveolar space is pathognomonic
for interstitial lung disease. In 2 (5.1%) cases, with
progression of interstitial lung disease, the B-lines be-
came coalescent, up to a continuous hyperechoic area
(“E”, the white lung phenomenon). In the same num-
ber of cases, a combination of the listed interstitial
changes was noted (Table 1).

The progressive course of the disease was charac-
terized by transition from purely interstitial pneumo-
nia to mixed interstitial — parenchymal disease with
the appearance of pulmonary consolidation (“C”) —
airless lung tissue with signs of inflammatory exudate.
In this case, the US pattern was characterized by the
disappearance of the pleural line and the presence of
a hypoechoic area of irregular shape, along the border
with which lung tissue with characteristic B-lines was

visualized. In 4 cases, different combinations of signs
of interstitial lung disease, white lung, and pulmo-
nary consolidation were visualized. A small volume
of pleural effusion in addition to the major pulmonary
changes was detected in 9 patients.

Table 1
US signs characteristic of lung damage in COVID-19

Parameter n (%)
Visualization of normal lung tissue (N) 7 (18.0)
Signs of interstitial lung disease (I) 24 (61.6)
White lung phenomenon (E) 2(5.1)
Combination of the white» lung phenomenon and inter- 2(5.1)
stitial lung disease )
Combination of the white lung phenomenon interstitial 4(10.2)
lung disease, and pulmonary consolidation (C) ’

In 20 patients (83.3%), the US pattern of interstitial
lung disease was bilateral, in 4 (16.7%) — unilateral.
The inferior lobes of the lungs were affected in 11
cases (60.0%), middle lobe — in 6 cases (30.0%), and
superior lobes — in 3 cases (15.0%).

The previous results of the authors’ study showed
high sensitivity of similar identified radiograph-
ic changes for interstitial and alveolar — interstitial
lung diseases in acute respiratory distress syndrome
(ARDS) [16] and lung damage in the influenza A
(HINT) pandemic in 2009 [17].

The use of US for the diagnosis of lung damage in
the COVID-19 pandemic is described in the studies
by foreign authors who demonstrated high sensitivi-
ty of the method combined with moderate specificity
for the diagnosis of coronavirus infection [18, 19]. In
addition, a number of researchers assessed the predic-
tive accuracy of scales based on lung US findings in
relation to the outcome of the disease [20], the effec-
tiveness of specific treatment methods [21], the length
of stay in the intensive care unit, and the need for re-
spiratory support in COVID-19 [22].

Chest X-ray detected changes in the lung tissue in
35 patients, and US — in 32 patients. The architecture
of the lungs in most patients was described as local or
diffuse increased attenuation in the pulmonary inter-
stitial stroma, less often — as a ground glass opacity.
In the US protocol, the most typical changes includ-
ed manifestations of interstitial lung disease and the
white lung phenomenon in the corresponding anatom-
ical zones. According to the RG data, the development
of viral and bacterial pneumonia, in addition to the
described interstitial changes, was characterized by
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the appearance of areas of pulmonary consolidation,
which complied with the US findings.

Repeated Iung US in the studied group of patients
was performed in single cases. Thus, with a combined
pattern of interstitial lung disease, the white lung phe-
nomenon, and pulmonary consolidation diagnosed
by US, repeated US performed 5 days later typically
demonstrated positive changes — the presence of only
interstitial lung disease. This was confirmed by RG
carried out at runtime, indicating resolution of pul-
monary consolidation with persisting signs of viral
lesions. On the contrary, in 2 cases, with negative dy-
namics of the radiographic lung pattern (in the context
of probable ARDS) manifested through a significant
increase in the attenuation of the pulmonary pattern
due to the interstitial component, repeated US revealed
signs of diffuse bilateral interstitial lung disease in all
scanning areas and in all lung segments.

Bilateral localization of the process was more of-
ten detected by X-ray than by ultrasound — in 34 and
29 patients, respectively. However, in two cases, in-
terstitial lung disease was present according to lung
US in patients with ambiguous X-ray data. Probably,
these discrepancies are associated with the dynamics
of the pathological process, the study of patients at
different time intervals, better diagnostic capabili-
ties of US in subpleural localization of changes, and
the presence of a respiratory artifact in patients with
dyspnea.

Using CT, changes in the lungs were additionally
diagnosed in 4 patients with negative X-ray presenta-
tion. The agreement between the data of CT and lung
US was observed in 10 (66.7%) cases out of 15 patients
who underwent CT. Similar changes in the lungs were
identified by CT and US with lower lobe localization
of the process, and the discrepancy between the two
methods was observed mainly in patients with a large
number of affected lung segments and localization of
the inflammation in the superior lobes of the lungs ac-
cording to CT. It is worth noting that the results of
CT were in line with lung densitometry data and US
findings, which confirmed the absence of areas of pul-
monary consolidation in 2 patients.

A priori, clinical observations indicate that in dis-
eases that cause drastic morphological changes in the
lung tissue (pneumonia, tuberculosis), repeated use
of radiology techniques for providing real-time, visu-
al control over the state of the affected tissue is not
relevant, since the dynamics of pathological changes
during treatment is determined by a combination of
physical research methods.

On the contrary, COVID-19 pneumonia often de-
velops rapidly, with short survival for patients, there-
fore, even minimal changes in the lung tissue detected
during follow-up are important for patient routing and
determining further treatment strategy. Evaluation of
the dynamics in US signs allows to make a right de-
cision on prescription of antibiotic and glucocorticoid
therapy. It is possible that in the future, the accumu-
lated experience in US in patients with different clin-
ical courses of COVID-19 (phenotypes L and H) will
contribute to the diagnosis of lung recruitment maneu-
vers and earlier and justified transition to the prone
position, as well as to the use of oxygen therapy and
high positive end-expiratory pressure (PEEP) during
mechanical ventilation, i.e. to preservation of the only
possibility of prolonging life in some patients.

CONCLUSION

The analysis of US changes in the lungs in patients
with verified coronavirus infection SARS-CoV-2 and
their comparison with the data of RG and CT of the
lungs indicate the possibility of using the method in
the diagnosis of COVID-19 pneumonia in a tense epi-
demiological situation.

In the vast majority of cases, in patients with
COVID-19 pneumonia, the ultrasound pattern of the
lungs was characterized by interstitial lung disease.
Less frequently, diffuse lesions of the lung tissue
(the white lung phenomenon) and a combination of
interstitial changes (interstitial lung disease and the
white lung phenomenon) with pulmonary consolida-
tion were recorded. The obtained and presented data
of lung US will help doctors to improve their under-
standing of radiographic changes in COVID-19 pneu-
monia. The use of this lung imaging technique should
be expanded and brought closer to the patient at any
stage of diagnosis and treatment in the context of the
COVID-19 pandemic due to the information content,
availability, speed of implementation, and the absence
of a need for patient transportation.
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®naBoHONAbI KaK NOTEHLMaNbHbIE MHIMONTOPbI KOPOHaBUpYyca
SARS-CoV-2: uccnepoBaHume in silico

Tanbpaes A.X., Tepexos P.Il., CenusaHoBa U.A.

Iepesviii Mockosckuil cocyoapcmeerniviti meouyurckutl yrusepcumem (MI'MY) um. U.M. Ceuenosa (Ceuenosckuii
VHUBepcument)
Poccus, 119991, e. Mocksa, ya. Tpybeykas, 8/2

PE3IOME

Beenenue. Bupyc SARS-CoV-2 (Severe Acute Respiratory Syndrome CoronaVirus 2) 061aaeT 0JJHUM U3 KPYII-
HEWIINX TeHOMOB, KOTOPbIi KomupyeT 16 HecTpykTypHbix OenkoB (NSP: Non-Structural Protein), Heo6xoumbIx
JUISL PEIUTMKALIK U TIPEOIOJICHHUS 3aIIUTHBIX MEXaHN3MOB OpraHu3Ma-Xo3suHa. PIaBOHOMIbI IPECTABIAIOT HH-
Tepec B KauecTBe OOBEKTOB HCCIEIOBAHUS MPU pa3paboTKe mpemnaparoB A KoMiuiekcHoi Teparmuu COVID-19
(Corona Virus Desease 2019). [IpeacraBurenu 3Toil rpyniisl XapakTepU3yIOTCs IIMPOKUM CIIEKTPOM OHOJIOTHYe-
CKOM aKTMBHOCTH U BBICOKUM NpOo¢uiIeM 0e30IacHOCTH.

Lean paGoThl — MPOBECTH BUPTYaJIbHBIH CKPUHHUHT ()JIABOHOMOB Ha BO3MOXKHOCTh HMHIMOMPOBAHUSI KU3HEHHO
Ba)XXHBIX OeNkoB KopoHaBupyca SARS-CoV-2.

MartepuaJjsl u Metoabl. CTpykTypsl 6enkoB SARS-CoV-2: ADP-cesi3sBaroniero nomena NSP3, ocHoBHOM mpo-
teas3sl NSP5, PHK-3aBucumoii-PHK-nomumepassr NSP12, sunopubonyxiteasst NSP15 nmomydenst u3 Protein Data
Bank (PDB). Ctpykrypsr 163 ¢i1aBoHONIOB pa3INIHBIX Py, B3aThI 13 6a3b! nanHbIX ZINC. [Iponeccunr mope-
neit 6enkoB ocymecTsisu B mporpamMme AutoDockTools, a murannos — B Raccoon | AutoDock VS. BuptyansHsrii
CKPUHHUHT U pe-TOKHUHT npoBoammu B AutoDock Vina.

Pe3yabTaThl. B X01€ BamMIalMy YCTAHOBJICHO COBIIAJECHHE KOH(QOpPMAlMK HATHBHBIX JIMTAHAOB B MCXOIHOIL
CTPYKTYpE M NP pe-JOKHHIE, YTO IMO3BOJISET CYIUTh O MPUMEHHMOCTH METOAMKH BHPTYAJIbHOTO CKPUHHUHIA.
@D1aBOHOU/IBI B3aNMO/ICHCTBOBAIH C KITFOUEBBIMH aMHHOKHCIIOTHBIMH OCTATKAMH BO BCEX MCCIIEIOBAaHHBIX OENKax.
Hawnyumryto suepruto apduauTeTa IpoaeMOHCTpUpoBau 3,7-Auruapokcu(IaBoH U 6S-KOKIIMHEOH b, o6namato-
HIMH MYJIBTEMOIATEHBIM 3 PEKTOM.

3akaouenne. [lonyueHHble pe3ysbTaThl MOT'YT OBITH MCIIONB30BaHbI B Pa3paboTKe (UTONpENnapaToB Uil KOM-
wiekcHoi teparuu COVID-19.

Kiouessle ciioBa: SARS-CoV-2, COVID-19, ¢pnaBoHONABI, MONEKYISPHBIN JOKUHT, BUPTYalIbHBI CKPHHUHT,
KOKIIMHEOH b

KondaukTt nunaTepecoB. ABTOPHI NEKIAPUPYIOT OTCYTCTBHE SIBHBIX U IMOTCHIIMAIBHBIX KOH()INKTOB HUHTEPECOB,
CBSI3aHHBIX C ITyOJIMKanuel HaCTOSIIEH CTaThH.

Hcrounuk punancupoBanus. Vccnenosanue mojaaepxkano «lIpoekToM MOBBIIEHUS] KOHKYPEHTOCTIOCOOHOCTH
BEeIyIINX POCCHHCKHUX YHHBEPCHTETOB CPEIH BEAYIMINX MUPOBBIX HAyYHO-00pa30BaTENbHbIX LIEHTPOBY.

Jns uurupoBanus: Tanpnaes A.X., Tepexos P.I1., CenuBanosa M. A. ®naBoHOW/IBI KaK TOTSHIINATBHBIC HHTUOU-

Tops! KopoHaBupyca SARS-CoV-2: uccnenosanue in silico. broanemens cubupcroii meduyunwt. 2022;21(1):103—
108. https://doi.org/10.20538/1682-0363-2022-1-103-108.
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ABSTRACT

Background. SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) has one of the largest genomes. It
encodes 16 non-structural proteins that are necessary for replicating and overcoming host defense mechanisms.
Flavonoids are of interest as research objects in developing drugs for comprehensive COVID-19 therapy. This
group of compounds is characterized by a wide range of biological activity and a high safety profile.

Aim. To perform virtual screening of flavonoids for possible inhibition of proteins of the SARS-CoV-2 infection.

Materials and methods. Structural proteins of SARS-CoV-2 infection, such as ADP-binding domain NSP3,
main protease NSP5, RNA-dependent RNA-polymerase NSP12, and endoribonuclease NSP15, were obtained
from Protein Data Bank (PDB). Flavonoid structures were obtained from the ZINC database. Protein models
were processed using AutoDockTools software, and ligands were processed in Raccoon | AutoDock VS. Virtual
screening and re-docking were performed in AutoDock Vina.

Results. Validation showed agreement between native and re-docked conformations, indicating the applicability
of the virtual screening method. Flavonoids interacted with the key amino acid residues in all the studied proteins.
The highest binding energy was demonstrated by 3,7-dihydroxyflavone and 6S-coccineone B, the latter having a
multimodal effect.

Conclusion. The results of the study may be used for the development of phytomedicines for comprehensive
therapy for COVID-19.

Keywords: SARS-CoV-2, COVID-19, flavonoids, molecular docking, virtual screening, coccineone B
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INTRODUCTION

Coronavirus SARS-CoV-2 (severe acute respirato-
ry syndrome coronavirus 2) belongs to the Betacoro-
navirus genus, which is a member of the Coronavi-
ridae family. SARS-CoV-2 is characterized as an
enveloped, positive-sense, single-stranded (+RNA)
RNA virus. It has one of the largest genomes among
the entire domain, which includes about 30,000 nu-
cleobases. This allows to assume that it has a wide
range of biological targets [1]. The genome en-
codes two overlapping polyproteins that contain 16
non-structural proteins (NSP). Some of them are in-
volved in the replication and life cycle of the virus,
while others are necessary to overcome host defense
mechanisms [2].

Flavonoid compounds are of particular interest in
the development of new drugs for COVID-19 (Coro-
naVirus Disease 2019) treatment. They are character-
ized by antiradical [3], antiviral [4], capillary protec-
tive [5], and anti-inflammatory effects [5, 6].

The aim of the study was to perform virtual screen-
ing of flavonoids for possible inhibition of proteins of
the SARS-CoV-2 infection.

MATERIALS AND METHODS

To search for antiviral drugs, we selected four bi-
ological targets of SARS-CoV-2 with a resolution of
at least 2.5 A. These targets are presented in the Pro-
tein Data Bank (PDB) (date of access: 25.04.2020):
ADP-binding domain NSP3 (PDB ID: 6W6Y), main
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protease NSP5 (PDB ID: 6LU7), RNA-dependent
RNA polymerase NSP12 (PDB ID: 7BV2), endoribo-
nuclease NSP15 (PDB ID: 6VWW). The protein char-
acteristics are presented in Table 1. Processing of pro-
tein structures for virtual screening was performed in
AutoDockTools Version 1.5.6 (The Scripps Research
Institute; USA) [7]. During the processing, water and
ligand molecules were removed, missing hydrogen at-
oms and partial atomic charges were added according
to the Gasteiger partial charge calculation method.

The coordinates of native ligands were chosen as
centers for constructing GRID maps with dimensions
of 25 x 25 x 25 A (see Table 1). The center of the ac-
tive site in endoribonuclease NSP15 was determined
according to the literature [8].

The structures of 163 flavonoids were obtained from
the ZINC database. Preparation of ligands for the study
was carried out by adding partial charges in the Raccoon
| AutoDock VS version 1.0 (The Scripps Research Insti-
tute; USA) [9]. The processing of native ligands for val-
idation re-docking was performed by a similar method.

Table 1
SARS-CoV-2 proteins included in the study
Biological Resolution Native GRID-map
target of the result- ligand center, A
& ing protein, A & ’
. . X:10.567
I‘Els)gbmdmg domain 1.45 AMP Y: -8.238
Z:17.980
X:-12.149
Main protease NSP5 2.16 N3 inhibitor | Y: 14.097
Z:69.719
RNA-dependent Remdesivir X:90.089
RNA polymerase 2.50 tabolit Y:93.714
NSP12 MEbotie | 7: 102212
. X:-52.239
I]fIré(;)czr;bonuclease 220 3 V- 30584
Z:31.357

Re-docking of native ligands and virtual screen-
ing of all compounds were carried out with the
AutoDock Vina 1.1.2 software (The Scripps Re-
search Institute; USA) [10] using the Lamarckian
genetic algorithm (LGA). The results of molecular
modeling were visualized in the Discovery Studio
Visualizer v19.1.0.18287 (BIOVIA; USA). To de-
scribe the distribution of virtual screening results,
the binding energies of flavonoids were chosen that
bind better than 10, 50, and 90% of the compounds
in the sample.

RESULTS

Positions of ligands during the re-docking almost
repeated the geometry in the initial protein structures,
which allows to suggest the validity of the research
method. The results of the virtual screening of the
compounds were ranked according to the scoring
function value in the AutoDock Vina 1.1.2 software
in the form of binding energy. The obtained data were
compared with the binding energy of native ligands.
The activity threshold was a scoring function value of
7.1 kcal / mol, as a marker of reversibility of the pro-
tein — ligand complex.

In general, the lowest binding energy in the studied
flavonoids was noted for endoribonuclease NSP15:
successful docking took place for 20 compounds. In
contrast, RNA-dependent RNA polymerase NSP12
bound to all 163 virtual structures. ADP-binding do-
main NSP3 and main protease NSP5 had medium
binding energy: 111 and 108 flavonoids, respectively.
Within the samples of ligands that were successful-
ly docked into the active centers of biological targets,
the median binding energies were —7.4; —7.4; —8.9,
and —7.3 kcal / mol for the ADP-binding domain
NSP3, main protease NSP5, RNA-dependent RNA
polymerase NSP12, and endoribonuclease NSP15, re-
spectively (Table 2).

Table 2

Distribution of flavonoid binding affinity to biological targets

Value characterizing the Binding energy, keal /ol
sample ADP'bi;?Si;% domain Main protease NSP5 R;?;iiﬁ::?;} IT\;A Endoribonuclease NSP15
X,* -7.1 -7.4 -7.1
X,* -7.4 -8.9 -73
Xo* 7.8 -10.2 7.6

*X ., X, X,, — binding energy of flavonoids, where 10, 50, and 90% is a proportion (%) of compounds with binding energy that is less in modulus.

10° “750° “ 790
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The results of virtual screening for the leader com-
pounds are presented in Table 3. Flavonoids were
shown to form non-covalent bonds with the same ami-
no acid residues as native ligands. For example, for
endoribonuclease NSP15, the following amino acid

residues were involved: His 235, His 250, Lys 290,
Ser 294, Thr 341, and Tyr 343. The best scoring func-
tion values were obtained for 6S-coccineone B and
3,7-dihydroxyflavone. The docking results with the
leader compounds are shown in the Figure.

Table 3

Results of re-docking of native ligands and docking of 3 leader compounds into the active sites of SARS-CoV-2 proteins

Scoring function

Ligand (binding energy), Protein — ligand interaction
kcal / mol
ADP-binding domain NSP3
H-bonds: Ala 21, Asp 22, Ile 23, Val 49, Ile 131.
AMP -8.7 Hydrophobic: Ala 38, Gly 48, Ala 50, Ala 52, Pro 125, Leu 126, Gly 130, Phe 132, Ala 154,
Val 155, Phe 156, Leu 160. nt-stacking: Ile 23, Val 49.
6S-coccineone B 33 H-bonds: Ala 21, Gly 130. Hydrophobic: Asp 22, Ile 23, Gly 48, Pro 125, Leu 126, Pro 136,
’ Ala 154, Phe 156, Leu 160, Leu 164. n-stacking: Val 49, Ala 52, Ala 129, Val 155.
6R-coccineone B 30 H-bonds: Gly 130. Hydrophobic: Ala 21, Asp 22, Ile 23, Pro 125, Pro 136, Ala 154, Asp 157.
’ n-stacking: Gly 48, Val 49, Ala 52, Leu 126, Ala 129, Val 155, Phe 156, Leu 160.
. B H-bonds: Ile 23, Gly 48. Hydrophobic: Ala 21, Asp 22, Gly 130, Pro 136, Ala 154,
7,8-dihydroxyflavone 8.0 Phe 156, Leu 160. n-stacking: Val 49, Ala 52, Leu 126, Ala 129, Val 155.
Main protease NSP5
H-bonds: Phe 140, Asn 142, Gly 143, His 163, His 164, Glu 166, GIn 189, Thr 190.
N3 inhibitor -8.4 Hydrophobic: Thr 24, Thr 25, Thr 26, Met 49, Tyr 54, Ser 144, Cys 145, Met 165, His 172,
Asp 187. m-stacking: His 41, Leu 141, Pro 168, Ala 191. Covalent: Cys 145.
H-bonds: Ser 144, Cys 145.
6S-coccineone B -8.5 Hydrophobic: Thr 25, Thr 26, His 41, Phe 140, Leu 141, Asn 142, Gly 143, His 163, His 164,

Met 165, Glu 166. n-stacking: Leu 27, Cys 145.

H-bonds: Leu 141, Ser 144, Cys 145, Glu 166. Hydrophobic: His 141, Met 49, Phe 140, Asn

Scutellarein 81 142, His 163, His 172, Arg 188, Gln 189, Thr 190. -stacking: Met 165.
. H-bonds: His 41, Phe 141, His 163, Asp 187.

i((}rijezg‘i;‘f;ﬁ; f)ofle 8.1 Hydrophobic: Pro 52, Tyr 54, Leu 141, Ser 144, His 164, Met 165, Glu 166, His 172, Arg

ydroxy 188, Gln 189. m-stacking: Cys 145, Met 49, His 41.

RNA-dependent RNA polymerase NSP12
Remdesivir H-bonds: U(T) 10, U(P) 20, Asp 760.
metabolite -8.3 Hydrophobic: Lys 545, Val 557, Cys 622, Asp 623, Ser 682, Thr 687, Ala 688, Ser 757, Ser
759. n-stacking: A(11) 11, U20. Covalent: U(P) 20. Coulombic: Mg 101, Mg 1004.
H-bonds: U(T) 12, U(P) 20, Gly 590.
3,7-dihydroxyflavone -10.4 Hydrophobic: A(T) 11, A(P) 19, Val 588, Thr 591, Ser 592, Trp 598, Met 601, Ala 688, Gln
815. m-stacking: Ile 589, Lys 593, Leu 758, Cys 813.

2-(2,5-dimethoxy- H-bonds: Gly 590, Thr 591.
phenyl)-3-hydroxy- —-10.3 Hydrophobic: U(T) 12, A(T) 14, A(P) 19, U(P) 20, Ser 592, Phe 594, Trp 598, Met 601, Phe
chromen-4-one 812, Gln 815. n-stacking: A(T) 13, Ile 589, Lys 593, Leu 758, Cys 813.

. . j H-bonds: U(P) 20, Gly 590. Hydrophobic: U(T) 12, A(T) 14, U(P) 18, A(P) 19, Thr 591, Ser
Pinobanksin 3-O-propanoate 103 592, Phe 594, Trp 598, GIn 815. n-stacking: A(T) 13, Ile 589, Lys 593, Leu 758, Cys 813.

Endoribonuclease NSP15
. B H-bonds: His 250, Val 292, Tyr 343. Hydrophobic: Lys 290, Tyr 343.
6S-coccincone B 7.9 n-stacking: His 235, Gly 248, Cys 293, Thr 341, Leu 346,
. H-bonds: Val 292, Tyr 343. Hydrophobic: His 235, Gly 247, His 250, Cys 293,
6R-coccineone B 76 Thr 341, Leu 346. n-stacking: Lys 296, Tyr 343.
H-bonds: His 235, Lys 290, Ser 294, Tyr 343.

Calycosin -7.6 Hydrophobic: Gly 248, His 250, Cys 293, Trp 333, Glu 340, Leu 346.

n-stacking: Trp 333, Thr 341, Tyr 343.

Note: the scoring values obtained as a result of three repetitions were identical. The native ligand is in italics.
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Figure. Docking: a) 6S-coccineone B into ADP-binding domain NSP3, b) 6S-coccineone B into main protease NSPS, c¢)
3,7-dihydroxyflavone into RNA-dependent RNA polymerase NSP12, d) 6S-coccineone B into endoribonuclease NSP15. Hydrogen
bonds are shown as green dotted lines

It is interesting to note that the spatial structure of
the ligand affects the qualitative and quantitative char-
acteristics of docking. Thus, for 2R,3R-dihydroquer-
cetin, better binding to main protease NSP5 was found
compared with its other stereoisomers.

DISCUSSION

The median flavonoid binding energies to the
ADP-binding domain NSP3, main protease NSP5,
and endoribonuclease NSP15 had similar values (Ta-
ble 2), which can be explained by belonging of these
proteins to a class of hydrolases. In contrast, the medi-
an value of binding affinity to RNA-dependent RNA
polymerase NSP12 belonging to a class of transferas-
es was higher than that of the three above-mentioned
proteins (Table 2).

The interaction of these compounds with the
ADP-binding domain NSP3 can presumably block the
ability of coronavirus to hide from host defense mech-
anisms [11]. Inhibition of main protease NSP5 and
RNA-dependent RNA polymerase NSP12 can lead to
prevention of assembly of new virions. The interac-

tion of flavonoids with the uridylate-specific site of
endoribonuclease NSP15 presumably blocks protein
interference with the host innate immune response
[12]. COVID-19 affects the lungs and is accompanied
by inflammation [13]. Given a wide spectrum of phar-
macological activities of flavonoids, which have prov-
en to be effective capillary protectors [5] and anti-in-
flammatory agents [6], and their multitarget antiviral
effect, these natural compounds can find application in
the treatment of this disease.

CONCLUSION

In the course of the study, flavonoids were found to
have a virucidal effect on SARS-CoV-2. One of them,
6S-coccineon B, is able to show high activity against
several biological targets of SARS-CoV-2. The ob-
tained results can be used to develop phytomedicines
for comprehensive therapy of COVID-19.
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ABSTRACT

Aim. To review the current progress in the use of remote health monitoring (RHM) technologies for chronic
noncommunicable diseases (CNCD).

To search for data, we used Web of Science, Scopus, Russian Science Citation Index, Academic Search Complete
(EBSCO), Cochrain, and PubMed databases. The date range was 5-10 years. The importance of development of
RHM technologies and their further study was shown to confirm the evidence of effect of certain RHM systems.

New approaches to the integration of the medical community into the international telemedicine strategy are
considered. It was established that RHM can potentially decrease treatment costs and reduce the burden on medical
organizations. The review analyzes the experience in using RHM in patients with cardiovascular diseases, as well
as respiratory and endocrine disorders. The review also summarizes and systematizes the findings of studies on
assessing the effectiveness of RHM technologies in clinical practice, including their use in the COVID-19 pandemic.

It is noted that despite high interest of the scientific community in the study of RHM technologies, unambiguous
results demonstrating the effectiveness of such developments in clinical practice have not been presented.

Keywords: chronic noncommunicable diseases (CNCD), remote health monitoring, telemedicine, bronchial
asthma, chronic obstructive pulmonary disease (COPD), implantable cardioverter defibrillator (ICD), implantable
loop recorder, implantable pacemakers, diabetes, telemonitoring
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YaaneHHbI MOHUTOPVIHI XPOHMNYeCKNX HeMH$eKUNOHHbIX 3aboneBaHui:

noteHumnan B ycnosuax nangemun COVID-19

Ko6sakoBa O.C.", fleeB U.A.", TopunuH A.C.", Anekcanppos I.0.%, Kynukos E.C.?

! [Tenmpanvuuiii HayYHO-UCCIE008AMENbCKUTL UHCIUNYN OPSAHUZAYUY U UHGOPMAMUZAYUL 30PA60OXPAHEHUSL
(LIHUHOHU3)
Poccusa, 127254, 2. Mocksa, yn. [lobpono6osa, 11

2 Cubupcruil 2ocyoapcmeennwlit meouyunckutl ynusepcumem (Cubl MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

Hesb: aHaIU3 aKTyaIBHOTO OIBITA UCIIOIB30BAHMS CYIIECTBYIOIIUX TEXHOJIOTHUH yaaleHHOT0 MOHUTOpHHTa (Y M)
XPOHUYECKNX HEMH(EKINOHHBIX 3aboneBannit (XHI3).

Jlns nomcka ObLTH Beonb30BaHbl 6assl naHHEIX Web of Science, Scopus u Poccuiickoro nuaekca Hayq4HOTo LUTH-
poBanusi, Academic Search Complete (EBSCO), 6ubnuoreku PubMed u Cochrain. I'my6una moucka — 5-10 ser.
[TokazaHa 3HAUUMOCTB Pa3BUTHUS TEXHONOTUHA YM M UX JalbHEHIIEro U3y4eHus A OATBEPXKIEHHS OKa3aTelb-
HOCTH KOHKPETHBIX METO10B Y M.

PaccMOTpeHBI HOBBIE MOAXOMABI K MHTETPALMH MEIHIIMHCKOTO COOONIECTBA B MEKIAYHAPOIHYIO TOBECTKY TEle-
MEJIUIMHEL. Y CTAHOBJICHO, YTO HCIOJIb30BaHUE Y M MOTEHIMATBHO CIOCOOHO CHU3UTH (PMHAHCOBBIC 3aTPAThl Ha
JICYCHHE TMAIMeHTOB U YMEHbBIIUTh HArpy3Ky Ha MEIUIMHCKHE opraHu3anuu. [IpoaHaan3upoBaHbl pe3ybTaThl
npuMeHeHuUs] YM COCTOSHUS TAIUCHTOB C MATOJIOTUEH CeplIeUHO-COCYAUCTON CHCTEMBI, OOJIC3HSIMHU JIBIXaTCIBHOMN
CUCTEMBI, ¢ 3a00JICBaHISIMU YHJOKPHHHON crcTeMbl. OOOOIICHBI U CHCTEMATH3UPOBaHbI PE3YJIbTAThI UCCIIEIOBA-
HUi, TIOCBSIICHHBIX OIICHKE 3()()EKTHBHOCTH MPUMEHEHUS] KOHKPETHBIX TEXHOJIOTHH ¥YM B KIMHUYECKOU MPAKTH-
K€, B TOM YHCIIC B YCIOBUSX MaHICMHUH HOBOH KopoHaBUpycHoU nHpekmu SARS-CoV-2.

OTMeueHO, YTO HECMOTPS Ha BHICOKYIO 3aMHTEPECOBAaHHOCTH HAYYHOTO COOOIIECTBA B N3yUEHHHN TEXHOIOTHi YM,
OJHO3HAYHBIX PE3yJIbTATOB, AEMOHCTPUPYIOIHX 3P (HEKTHBHOCT pa3padOTOK B KIMHUYECKOH IIPAKTUKE, B HACTO-
sIiee BpeMsl He IPEICTaBICHO.

Kawuebie cioBa: XHU3, ynaneHuslii MoHHTOpUHT, Y M, TeneMenuiuHa, OponxuanbHas actma, XOBJI, um-
IUTAHTHPYEMBII Kapauoseprep-nedudpumisitop, MK/, uMIianTHpyeMblil IETICBON PErUCTPATOpP, UMILIAHTUPYC-
MbIC KapAHOCTUMYJIATOPHI, CaXapHbIH 11Ua0eT, TEIIEMOHUTOPUHT

KoHpauKT nHTepecoB. ABTOPHI ACKIapUPYIOT OTCYTCTBHE SIBHBIX M MOTEHIMAIbHBIX KOH(IUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HacTOsIIeH CTaThU.

Hcrounuk ¢uHaHCHpPOBaHHSA. ABTOPHI 3asBISIOT 00 OTCYTCTBUM (MHAHCHPOBAHHS IIPH IIPOBEICHUH
HCCIIE0BAHMS.

Jns mutupoBanus: Kooskosa O.C., Jlees U.A., Trodunun J1.C., Anekcanapos I'.0., Kymukos E.C. VY nanenubiii

MOHHTOPHHI XPOHHYECKHX HENH(EKIIMOHHBIX 3a00JieBaHuii: moTeHuan B ycinosusix nanaemun COVID-19. bion-
snemens cubupckot meouyunslt. 2022;21(1):109-120. https://doi.org/10.20538/1682-0363-2022-1-109-120.

Remote monitoring of chronic noncommunicable diseases

INTRODUCTION

Current progress in medicine makes it possible to
successfully combat many pathological conditions,
and synthesis of biomedicine with innovative tech-
nologies allows to diagnose many pathologies at early
stages. However, despite advances in understanding
the etiology and pathogenesis of many diseases, as
well as rapid development of pharmacology, mortality
from chronic noncommunicable diseases (CNCDs) is

currently estimated by the World Health Organization
(WHO) at 41 million people, which accounts for 71%
of all deaths in the world. Of them, 17 million deaths
occur before the age of 70 and are premature [1].

One of the factors contributing to the spread of
CNCDs is the problem of their treatment only in the
exacerbation phase. Patient parameters are not moni-
tored during remission, and, therefore, a doctor is not
able to timely adjust the backbone therapy and treat-
ment strategy. In accordance with the above-men-
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tioned, as well as with the current conditions of a nov-
el coronavirus infection SARS-CoV-2 (COVID-19)
pandemic, uncontrollable increase in the disease in-
cidence, and high burden on the healthcare system,
innovative digital remote health monitoring (RHM)
technologies are gaining momentum. The use of RHM
technologies can potentially decrease treatment costs
due to remote diagnosis and treatment, as well as re-
duce the burden on medical organizations and risks of
complications from chronic diseases [2—4].

The unprecedented spread rate of COVID-19 re-
quires changes in a usual lifestyle, in particular, reduc-
ing to a minimum contacts with people and observing
the self-isolation regime [5, 6]. Recommendations on
reducing the number of physical contacts between pa-
tients and healthcare professionals are defined by the
European Center for Disease Prevention and Control
(ECDC) and WHO as medical distancing [7, 8]. The
need to comply with the ECDC and WHO recom-
mendations increases the importance of new digital
technologies and demand of the healthcare system for
them.

Nevertheless, a significant barrier to introduction
of RHM into medical practice is a small number of
randomized clinical trials in this area, as well as a lack
of systematic reviews on this topic, which casts doubt
on the evidence of effect of RHM methods for con-
trolling CNCDs and the possibility of their use in the
post-COVID-19 era [9-11].

The aim of this study was to systematize and review
the current progress in the use of RHM technologies
and assess their effectiveness for patients in clinical
trials, including their use in the COVID-19 pandemic.

MATERIALS AND METHODS

This review includes randomized clinical trials
published from 2010 to 2020. The Web of Science,
Scopus, Russian Science Citation Index, Academic
Search Complete (EBSCO), Cochrain, and PubMed
databases were used for the search. Key words, such

9% ¢¢

as “telemedicine”, “telemonitoring of CNCDs”, “re-
mote health monitoring”™, “cost analysis”, “m-health”,
and “SABA monitoring”, were used as search mark-
ers. A total of 5,556 publications were found, after
the initial screening, 864 publications were includ-
ed in the analysis, of which 86 were included in the
comparative analysis. In addition, the review includes
earlier studies that make it possible to assess the his-
torical perspective of the effectiveness of RHM tech-
nologies for assessing the condition of patients with
CNCDs.

PATIENTS WITH CARDIOVASCULAR
DISEASES

In the Russian Federation, according to the statis-
tical report of the WHO (2017), CNCDs account for
86% of all deaths, most of which are related to cardio-
vascular diseases (60%) [12, 13]. Currently, implant-
able pacemakers (IPM) and implantable cardioverter
defibrillators (ICDs), which correct heart rhythm dis-
orders, as well as implantable loop recorders, which
perform remote electrocardiogram (ECG) monitoring,
play an essential role in the diagnosis and treatment of
chronic cardiovascular diseases.

Despite high diagnostic efficiency of these devices,
there is a need for regular visits to a doctor to analyze
the operation of a device and assess the clinical condi-
tion of a patient. Currently, such visits can be avoided
due to IPM and ICD equipped with a RHM system
and clinically tested in a number of countries [14].

A group of scientists from the BIOTRONIK glob-
al medical device company carried out a multicenter,
prospective, randomized trial in 2010 aimed at safe-
ly reducing the number of standard checks of office
devices. In this study, a group of patients (n = 977)
were implanted with an IPM with the RHM func-
tion, while another group of patients (n = 473) were
implanted with an ICD without RHM. According to
the results of the study, 3,099 out of 3,316 possible
planned follow-up observations were performed in the
first group, compared with 1,354 out of 1,526 observa-
tions in the control group (93.5% versus 88.7% within
12 months, p < 0.001), which indicates more careful
adherence to routine health checks in the group with
RHM. It is important to note that the average number
of doctor’s visits (planned and unplanned) was 2.1 per
patient per year for the RHM group and 3.8 for the
control group. Thus, it was shown that RHM reduces
the total number of doctor’s visits by 45% and at the
same time contributes to more effective detection of
asymptomatic abnormalities [15]. Similar results were
obtained by Adamson et al. (2012) at the Oklahoma
Heart Hospital [16]. Later, Ching et al. (2016) in their
experiment proved the effectiveness of RHM in pa-
tients with ICD, as well as permanent IPM and im-
plantable defibrillators for cardiac resynchronization
therapy [17].

L. Guedon-Moreau et al. in 2013 confirmed and
supplemented the data obtained in the study by
BIOTRONIK. Participants of the study with ICD
equipped with the RHM system (n = 221) were invited
for a face-to-face examination only at the 1*, 3, and
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27" months after ICD implantation. Participants from
the control group (n = 212) were additionally invited
at the 9, 15", and 21 months after ICD implantation.
The group of patients whose ICD transmitted data to
the doctor reduced the burden on the hospital to 1.46
visits per patient per year, in contrast to the control
group with 2.23 visits per patient per year [15, 18].

The group of researchers led by P. Mabo (2010,
2012) also demonstrated a decrease in the number
of outpatient observations per patient per year in the
group with RHM (0.51 + 0.71 (95% confidence in-
terval (CI): 0.43-0.59) versus 1.15 £ 1.07 (95% CI:
1.03-1.27)) compared with the control group. Their
results also showed high efficiency of RHM in identi-
fying various disturbances in the ICD operation. In the
COMPAS (Cardiovascular Outcomes for People Us-
ing Anticoagulation Strategies) study (n = 494) con-
ducted by the same group of scientists, it was shown
that the use of the RHM system may decrease the in-
terval between the onset of cardiac events and a doc-
tor’s examination by 117 days for patients with [PM
compared with traditional follow-up (p < 0.001 )[19].

H. Versteeg et al. in 2019 conducted one of the first
multicenter, randomized trials in parallel groups on the
efficiency and safety of ICD, assessing the effect of
implantation and RHM on the quality of life (QOL) in
patients during 2 years of post-implantation follow-up.
Patients with ICD were randomized into two groups.
The first group was experimental (z = 300) and includ-
ed RHM with annual examination and consultation in
a medical organization. The second group (n = 295)
implied registration of ICD data without RHM in a
medical organization for 3—6 months during 2 years
after implantation. QOL and well-being were assessed
using the Kansas City Cardiomyopathy Questionnaire
(KCCQ) and the Florida Patient Acceptance Survey
(FPAS). The authors found that the mindset of patients
in the first two years of the post-implantation period
can completely replace meetings with medical pro-
fessionals. The results of the study showed an insig-
nificant statistical difference in the QOL and well-be-
ing of patients after ICD implantation in different
post-implantation periods (3.3 points on both scales,
(beta —6.41; 95% CI: p=0.001) [20].

G.H. Crossley et al. (2011) demonstrated that clin-
ical decision-making in patients with RHM is reduced
on average by 17.4 days and amounts to 4.6 days
(p <0.001), whereas standard follow-up observations
allow to make decisions on average only 22 days
(p <0.001) after the emergence of disorders in the car-
diovascular system [21].

In addition to IPM and ICD, there are systems that
allow for remote monitoring of systolic blood pressure
parameters in patients with cardiovascular diseases.
For example, Abbott Corporation (Abbott, Illinois,
USA) launched a CardioMEMS Heart Failure Sensor
(CardioMEMS HF Sensor) on the US market in 2014.
CardioMEMS HF Sensor is a diagnostic system for
monitoring heart failure which is implanted into the
pulmonary artery (PA) and monitors systolic blood
pressure, accumulating data on the functions of the
cardiovascular system on the server [22].

P.B. Adamson et al. (2011) implanted this sensor
in 550 patients with NYHA (New York Heart Asso-
ciation Functional Classification) functional class III
chronic heart failure (CHF). The results showed that if
the doctor was granted access to PA pressure readings
remotely, the hospitalization rate decreased by 33%
compared with the control follow-up. The authors also
pointed out that the decrease in the hospitalization rate
was associated with a possibility of taking preven-
tive measures to eliminate the attack based on daily
RHM [23, 24]. After the sensor was introduced in the
market, the same team of researchers determined the
effectiveness of the device based on data from 2,000
patients [25]. Later in 2018, a retrospective study was
conducted in Los Angeles confirming the decrease in
the number of hospitalizations (n = 73) and improve-
ment in hemodynamic parameters in patients with an
implantable CardioMEMS HF Sensor [26].

A number of studies prove the effectiveness of
RHM in patients with essential hypertension. For ex-
ample, B. McKinstry et al. compared standard blood
pressure control in the medical organization and con-
trol using RHM (2013). After a six-month follow-up,
the difference in systolic and diastolic blood pressure
in the control group (n = 201) and the RHM group
was 4.3 mmHg (95% CI: 2.0-6.5; p = 0.0002) and 2.3
mmHg (95% CI: p = 0.001), respectively. In a retro-
spective comparison, it was found that 39% of par-
ticipants in the RHM group promptly increased the
daily dose of the antihypertensive drugs, while in the
control group, the proportion of such participants was
only 12% (p = 0.0003) [27].

J. Evans et al. (2016) showed that the use of a wire-
less, wristwatch-based monitoring device that contin-
uously recorded health data in patients over 55 years
with the underlying cardiovascular disease reduced
hospitalizations to a heart hospital [28, 29].

The effectiveness of RHM in terms of blood pres-
sure control has also been demonstrated by K.L.Mar-
golis et al. (2013). In their study, after a six-month
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follow-up in the control group (r = 222), the target
blood pressure level was achieved in 30% of patients
(95% CI: 23.2-37.8); in the RHM group, the target
value was achieved in 57.2% of participants (95% CI:
44.8-68.7). The difference in systolic and diastolic
blood pressure between the groups was 10.7 mmHg
(95% CI: 14.3-7.7; p < 0.0001) and 6.0 mmHg (95%
CI: 8.6-13.4; p < 0.0001), respectively [30].

E. Piotrowicz et al. (2019) conducted a large, mul-
ticenter, prospective, open-label, randomized clinical
trial to evaluate the implementation of hybrid compre-
hensive telerehabilitation (HCTR) in clinical practice.
The study involved 850 patients with CHF 6 months
after hospitalization with NYHA functional class I,
II, and III CHF and left ventricular ejection fraction
(LVEF) of 40% or less according to the Simpson’s
ejection fraction tool. For 9 weeks, the patients under-
went a telerehabilitation program (1 week in the med-
ical organization and 8 weeks outside the medical fa-
cility), which included RHM, taking medications, and
undergoing rehabilitation in the medical organization.

After 26-month follow-up, the average duration
of hospital stay in the RHM group (n = 425, 91.3
days) showed a statistically insignificant difference
compared with the control group without the imple-
mentation of the telerehabilitation program (n = 425,
92.8 days) (95% CI: 0.46-0.53; p = 0.74). During the
follow-up, the number of deaths after 24 months of
the program implementation in the RHM group was
54 (12.5%) versus 52 (12.4%) in the control group
(95% CI: 0.70-1.51). There was also no statistically
significant difference in the hospitalization rate (95%
CI: 0.79-1.13). During the study, cardiorespiratory
endurance test parameters for determining peak oxy-
gen consumption were 0.00 ml / kg / min (95% CI:
0.31-0.30; p < 0.001) versus 0.95 ml / kg / min (95%
CI: 0.65-1.26; p < 0.001) in the control group and the
RHM group, respectively. The QOL in the patients
had been assessed using a non-specific questionnaire
for assessing the quality of life (SF-36, The Short
Form-36) over 24 months: 1.58 (95% CI: 0.74-2.42,
p = 0.008) versus 0 (CI 95%: -0.84-0.84, p = 0.008)
in the experimental and control groups, respectively.
Therefore, the implementation of RHM into clinical
practice did not contribute to a decrease in the number
of days spent in the medical institution per patient and
the number of hospitalizations and deaths [31, 32].

Insignificant differences in the hospitalization
rate between the control (z = 110) and experimental
(n = 223) groups were noted (34.5% versus 39.1%,
p = 0.48), however, significant improvement in

QOL according to SF-36 in the experimental group
(2.6 points for physical wellbeing, p < 0.0001; 1.69
points for mental health, p = 0.4) was demonstrated
in the study by Olivari et al. (2018) [33].

J.P. Halcox et al. (2017) conducted a randomized,
controlled trial (RCT) on the risk of atrial fibrillation
(AF) in 1,001 patients over 65 years of age using a
Wi-Fi AliveCor heart monitor with the function of
connecting to a mobile device. All studied patients
were divided into a control group (n = 501) and an
experimental group (n = 500) depending on the pa-
rameters of the risk assessment scale for thromboem-
bolic complications in patients with AF. During the
first 12 months, AF was diagnosed in 3.8% of patients
in the experimental group compared with 1% of pa-
tients in the control group (risk ratio (RR) = 3.9; 95%
CI: 1.4-10.4, p = 0.007). The proportion of patients
with thromboembolic complications (acute cerebral
stroke, transient ischemic attack, systemic thrombo-
embolism) in the experimental group was 1.2% versus
2% in the control group (RR = 0.61; 95% CI: 0.22—
1.69, p = 0.34 ), which confirms the role of RHM in
prevention and early diagnosis of complications of
cardiovascular diseases [34].

Similar results were obtained by M.J.Reed et al.
(2018); they proved the effectiveness of remote moni-
toring of the risks for AF in emergency care units with
the ability to synchronize AliveCor with mobile de-
vices of medical personnel [35]. However, there are
studies that have proven the absence of a relationship
between a positive outcome of patient treatment and
RHM. Thus, the results obtained by J.H.Morgan et al.
(2017) in the clinical study of RHM in patients with
CHF using an ICD did not confirm the role of RHM in
reducing the number of hospitalizations [36-39].

A.P.Vanezis et al. (2018) evaluated the efficiency
of remote ischemic preconditioning (RIPC) for resto-
ration of reduced (less than 45%) LVEF in patients
after ST-segment elevation myocardial infarction
(n = 73) who underwent percutaneous coronary in-
tervention (PCI). The baseline mean value for LVEF
in the experimental and control groups (n = 38) was
comparable both before and after 4 weeks of the fol-
low-up (p = 0.952) [40].

Implantable antiarrhythmic devices (IADs) which
are therapeutic and diagnostic systems that collect and
transmit statistical information about the health sta-
tus of a patient with heart rhythm disturbances play
a crucial role in RHM of patients with cardiovascu-
lar diseases [41]. According to a number of domes-
tic researchers, the number of IADs is growing rap-
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idly; currently, about 300 devices are implanted per
one million population in the Russian Federation. A
review presented by a group of authors led by N.N.
Lomidze et al. (2019) reported data on the RHM sys-
tem ‘“Home Monitoring” manufactured by Biotronik,
which is based on RHM of patients with IAD via a
mobile phone. The data received from the device are
transmitted to a unified service portal with subsequent
analysis of the information, which is then remotely
transmitted to the attending physician.

A group of researchers from the Vishnevsky Na-
tional Medical Research Center of Surgery (Moscow)
demonstrated the effectiveness of using ICDs (1 = 56)
and pacemakers (n = 7) manufactured by Biotronik.
The average age of the patients was 57.0 + 11.6 years.
Most of the subjects (n = 45) were implanted with
ICDs due to the presence of paroxysmal ventricular
tachycardia (PVT) or ventricular fibrillation (VF), the
rest (n = 11) were implanted with ICDs to prevent sud-
den cardiac death. Every day, the received data were
transmitted to the doctor via the Biotronik “Home
Monitoring” system. On average, the follow-up peri-
od was 24.5 + 17.4 months, and the number of critical
situations per 1 patient per year according to RHM
data was 35.3 + 33.6 [41].

The research on the attitude of patients to RHM
is particularly worth mentioning. I.Timmermans et
al. (2018) analyzed patient satisfaction (n = 300) with
RHM, as well as their preferences. It was found that
12 months after the implantation, the average patient
satisfaction with RHM was 0.8 (interquartile range
= 7-10). Of 244 patients, 44% preferred RHM, 16%
preferred face-to-face follow-up in the medical orga-
nization without RHM, and 40% of patients did not
express any preference. In addition, it was found that
patients without RHM were much more likely to re-
ceive resynchronization therapy (p = 0.018), which
confirms the preventive role of RHM. It is worth not-
ing that RHM patients were more likely to report well-
being during the study (p = 0.02 and p = 0.017) and
were satisfied with the ICD performance [42].

Summarizing the results of the studies on RHM
methods in cardiac patients, it can be concluded that
currently the use of RHM technologies can improve
the patient’s condition, but does not always help to
reduce mortality, hospitalization rate, and risks of dis-
ease exacerbation.

PATIENTS WITH RESPIRATORY DISEASES

According to the WHO estimates, 65 million peo-
ple worldwide suffer from moderate to severe chron-

ic obstructive pulmonary disease (COPD), and 235
million people suffer from bronchial asthma (BA).
Nearly 90% of COPD deaths occur in low- and mid-
dle-income countries. In addition, in 2017, more than
120,000 patients with BA, more than 380,000 patients
with chronic and unspecified bronchitis, and 95,000
patients with COPD were registered in the Russian
Federation [43].

In the study by P.H. Lilholt et al. (2017), during
12-month follow-up, patients from the group with the
ability to remotely measure blood pressure, oxygen
saturation level, and heart rate (n = 258) were required
to regularly fill out the SF-36 questionnaire. Study
participants without RHM were included in the con-
trol group (n = 316). According to the results of the
analysis, the difference between the SF-36 scores in
the RHM group and the control group was statistical-
ly insignificant and amounted to 0.2 points (95% CI:
0.9-1.3) and 0.4 points (95% CI: 1.0-1.7), respective-
ly [44].

Similar results were demonstrated by P.P. Walk-
er et al. (2018) using the European Quality of Life
Questionnaire (EuroQoL EQ-5D). In addition, the
difference in the number of exacerbations of COPD
in the control and experimental groups (1.74 ver-
sus 1.52; p = 0.499), the number of hospitalizations
(0.79 versus 0.99, p = 0.276), and the number of
patients not hospitalized during the study (71% ver-
sus 74%, p = 0.599) were statistically insignificant.
Nevertheless, the followed-up patients previously
hospitalized with the exacerbation of COPD showed
a 53% decrease in the hospitalization rate (p = 0.017)
compared with the control group [45]. A number of
studies with a similar design also demonstrated that
there is no significant difference in the clinical pre-
sentation between the standard care COPD group and
the RHM COPD group, and the number of hospital-
izations and exacerbations also changes insignifi-
cantly [46—48].

A. Farmer et al. (2017) conducted six-month mon-
itoring of patients with COPD, which revealed that in
the control group (n = 166) and the group with RHM
(n = 110), the differences in the clinical presentation
according to the scores of the St.George’s Respirato-
ry Questionnaire for patients with COPD (SGRQ-C)
were insignificant (p = 0.69 and p = 0.49). However,
the use of RHM contributed to a decrease in the num-
ber of physical examinations by a doctor in the RHM
group compared to the control group (4 versus 5.5;
p =0.06), as well as in the number of hospitalizations
[RR =0.83; 95% CI: 0.56-1.24, p = 0.37] [49].
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A slight difference in the parameters between the
control and RHM groups in the studies described
above may be due to a high level of medical care for
patients with COPD in the countries where the studies
were conducted, which may reduce the positive effect
of RHM technologies. It should be noted that mod-
ern equipment for remote measurement of spirometry
parameters requires further study and improvement,
which is confirmed in the paper by V.I.Sirichana et al.
(2014) [50].

Data from a number of studies prove that RHM
systems in BA are potentially capable of improving
symptom control and tracking patient’s medication in-
take [51]. M.A.Barrett et al. (2017) demonstrated the
effect of RHM of the use of B-adrenergic agonists on
BA control. The authors used an inhaler with a sen-
sor that remotely monitored the frequency of inhala-
tions, as well as spotted the location of the patient.
The study included 95 participants who used the sen-
sor for at least 60 days, 30 of which were the con-
trol period, the data on the frequency of inhalations
were not transmitted to the doctors and participants
themselves. According to the results of the study, the
number of inhalations per patient was 0.27 per day,
which is 39% (0.44) smaller than in the control period.
For the participants who completed the study within
12 months (n = 35), the proportion of asymptomatic
days was 95%, which is 23% more than the baseline
value. Throughout the follow-up, asthma control sig-
nificantly improved, which was associated with regu-
lar assessments and discussions of certain attacks that
provoked the need for inhalations with the doctor [52].

R.C.Merchant et al. (2016) obtained similar results
on RHM of the use of inhaled drugs. After 12 months
of monitoring in the control group (n = 247), the aver-
age number of seizures decreased by 0.31 versus 0.41
(»<0.001) in the RHM group, and the number of days
without seizures increased by 17% versus 21% (p =
0.01), respectively [53]. Kew et al. (2016), howev-
er, demonstrated an insignificant difference between
face-to-face and remote forms of BA control in terms
of the frequency of exacerbations, BA control, and the
quality of life in patients [54].

In the study by J.C. de Jongste et al. (2009), chil-
dren with BA were randomly divided into two groups:
in the first group, the participants used a device for
monitoring airway inflammation, which recorded the
amount of nitric oxide during exhalation; the second
group was the control group. In addition, each par-
ticipant in both groups recorded their asthma attacks
in an electronic diary. As a result of the three-month

study, a decrease in the dose of the inhaled cortico-
steroid (400 mg versus 200 mg; p < 0.0001) and an
increase in the number of asymptomatic days in both
groups were noted. In addition, the forced expiratory
volume improved from 88% (AV (average volume)
of 13% for group 1; AV of 15% for group 2) to 95%
(AV of 14% for groups 1 and 2). There was no signif-
icant difference between the groups. The authors of
the study concluded that only the electronic diary con-
tributed to such improvements, while monitoring of
inflammatory markers did not affect the improvement
of the patients’ condition [55].

PATIENTS WITH ENDOCRINE DISEASES

Another important group of CNCDs includes pa-
thologies of the endocrine system. Currently, accord-
ing to the International Diabetes Federation, over 425
million people suffer from diabetes mellitus (DM)
worldwide [56]. Taking into account the peculiarities
of the course and complications of this disease, RHM
of patients can be of great importance in the work of
an endocrinologist [57].

M.L. Michaud et al. (2018) compared standard
control of health parameters in patients with type 2
diabetes (T2D) in the medical organization and con-
trol with the use of RHM. Study participants (n = 955)
for three months measured blood pressure, blood glu-
cose level, and body weight daily with the ability to
upload data to a unified server. In addition, they con-
tacted healthcare professionals on a weekly basis for
dietary adjustments, self-management counseling, and
compliance assessments. Prior to study initiation, the
mean glycosylated hemoglobin (HbA, ) value in the
participants was 7.92%, and after the end of the study,
it was 7.09% (p < 0.001). Besides, the number of par-
ticipants with HbA > 9% decreased from 213 to 93
(» <0.001) [58].

The effectiveness of RHM in terms of controlling
HbA levels has been demonstrated by A. Steventon
et al. (2014). In their study, after 12-month follow-up
in the RHM group (n =300), the HbA | _level decreased
by 0.21% (2.3 mmol / 1) versus 0.1% in the control
group (95% CI: 0.04—-0.38; p = 0.013). The design of
the project involved the use of a glucometer with a
RHM function by patients from the RHM group, as
well as completion of an online questionnaire about
their wellbeing [59].

Similar results were obtained in the study by S.H.
Wild et al. (2016), where in the RHM group (n = 146),
the HbA  level decreased by 5.6 mmol / 1 (95% CI:
2.38-8.81, p = 0.0007) and reached 57. 4 mmol / 1.
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In the control group (n = 139), the HbA  level was
67.8 mmol / 1. The analysis of the results also showed
a decrease in systolic blood pressure by 3.06 mmHg
(95% CI: 0.56-5.56 mmHg; p = 0.017) and diastol-
ic blood pressure by 2.17 mmHg (95% CI: 0.62—
3.72 mmHg; p = 0.006) in the RHM group [60].

The effectiveness and safety of RHM in patients
with T2D was studied by J.Y. Jeong et al. (2018).
Study participants were divided into a control group
without RHM (n = 113) and two groups with RHM,
which received follow-up for 24 weeks. In the groups
with RHM, a glucometer and a bioimpedance body
composition analyzer with the function of remote data
processing were used. According to the results of the
study, all three groups showed a decrease in the lev-
el of HbA  (-0.66% + 1.03% in the control group,
—0.66% = 1.09% in the group with RHM and —0.81% +
+ 1.05% in the group with remote consultations,
p <0.001), whereas in the groups with RHM the de-
crease in the HbA | _level was statistically insignificant
[61].

Similar results were obtained in the study by
C. Dario et al. (2017), where after 12-month fol-
low-up, the difference in the HbA _level between the
RHM group and the control group was 0.01 (-0.26 +
0.92 versus -0.27 £ 0.99, respectively, p = 0.76). The
authors also noted that RHM made it possible to re-
duce the number of doctor’s visits of the participants
(» < 0.0001) and the number of hospitalizations
(p=0.02) [62].

Summarizing the results of the presented studies, it
can be stated that today the advantage of using RHM
for controlling and diagnosing the health status of pa-
tients with T2D is not obvious and requires further
study.

DISCUSSION

Therefore, despite high interest of the scientific
community in the study of RHM technologies, there
are currently no unambiguous results demonstrating
the effectiveness of RHM systems in clinical practice.

Positive results on the use of RHM were demon-
strated by the authors who studied the advantages of
RHM in diseases of the cardiovascular system, which
can have direct practical application in cardiology
centers and at local visits to a cardiologist. These
studies show significant improvements in patients’
health status and a decrease in the number of hospi-
talizations. In addition, RHM of the condition of a pa-
tient with cardiovascular diseases makes it possible to
create unified databases with the results of monitoring

patients with ICD and IPM, which will contribute to
accumulation of medical data and maintenance of per-
sonal electronic health records [63]including resource
management, medical process management and care
delivery. A great number of the Internet users in Rus-
sia has a significant impact on integration of Internet
technologies into all areas of public life, including
health care. Purpose is to identify most perspective
directions for development of Internet technologies in
(domestic.

It should be noted that the effectiveness of RHM
implementation in patients with cardiovascular dis-
eases requires further study and systematization of
methods for processing data obtained using the RHM
systems. The latter is supported by a number of stud-
ies, including the work by G. Pounds et al. (2017), de-
voted to the analysis of the efficiency and labor costs
of medical personnel in evaluating data obtained from
implantable loop recorders, as well as the results of a
randomized, prospective, multicenter, economic trial
within the EuroEco project in the work by H. Heidbu-
chel et al. (2015) [64, 65].

Some researchers in the field of endocrinology
agree that glucometers with the ability to remotely
transmit physiological data are not significantly more
effective than standard devices, where patients are
forced to independently control their blood glucose
level [61, 62]. Similar ambiguity is also observed in
the works by authors who studied the effectiveness of
RHM in COPD [46—48]. According to a number of
described studies, the introduction of RHM technol-
ogies in work with BA patients can lead to positive
results [52, 53]. Remote monitoring of the number of
inhalations and maintenance of an electronic patient
diary improve disease control and reduce the number
of seizures [55].

At the same time, in such studies, factors indicat-
ing the unsafe use of RHM technologies are over-
looked. In addition, the authors of most of the works
report a decrease in the number of face-to-face meet-
ings with doctors when using RHM, which in the long
term results in a decrease in the burden on medical
institutions. It is worth noting that the ambiguity of the
impact of RHM technologies can also be determined
by the level of classical medical care for patients with
chronic diseases in a particular country, and high qual-
ity of standard follow-up can reduce the positive im-
pact of RHM on patient’s health.

It is especially important to assess the potential of
applying RHM in the context of the COVID-19 pan-
demic and the possibility of using RHM technologies
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in the post-COVID-19 era. Isolated studies on the
use of specific RHM technologies for patients with
COVID-19 and a lack of systematic reviews on the
use of RHM in a pandemic cast doubt on the evidence
of effect of RHM methods and require further study
[9, 10, 66-69].

Special attention should be paid to the economic
component of the effectiveness of RHM implemen-
tation in practical medicine. It is noted that most of
the scientific publications on RHM are considered as
a promising area of preventive medicine that helps to
overcome the costs of the healthcare system, reduce
the burden on the budget, and accelerate adaptation
of healthcare to modern conditions of a market econ-
omy. There is a number of studies confirming the
economic feasibility of introducing RHM into prac-
tical medicine [70, 71]. J. P. Hummel et al. (2019)
conducted a large study (n = 15,254) analyzing the
economic model for RHM implementation in patients
with ICD. The data obtained indicated a decrease
in the readmission rate and, as a consequence, a de-
crease in costs by 554 USD per patient per year in the
RHM group (n = 5,348). It is worth noting that the
total costs of visits to doctors and outpatient services
were higher in the RHM group (47,515 versus 42,792
USD), but the average cost per patient per year was
lower (6,232 versus 6,244 USD), which confirms
high economic feasibility of introducing RHM into
clinical practice [72].

A similar study by A. Capucci et al. (2017)
demonstrated an assessment of economic bene-
fits from the introduction of RHM in patients with
ICD after acute coronary syndrome. As a result of
12-month follow-up of patients in the RHM group
(n=457) compared with the control group (n =401),
the readmission rate was 0.16 / year versus 0.27 / year
(RR = 0.59, p = 0.0004). At the same time, the an-
nual cost of treatment per patient was 817 euros in
the control group versus 604 euros in the RHM group
(p =0.0004) [70].

Despite the differences in the obtained results
and polarity of the conclusions, the study of the ef-
fectiveness of RHM implementation into clinical
practice continues, and protocols of new studies are
being published in international journals [31, 73,
74]. The COVID-19 pandemic, as well as a number
of economic, geographic, and social factors dictate
the need for the medical community to actively in-
tegrate into the international telemedicine strate-
gy and develop RHM technologies in the Russian
Federation.
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ABSTRACT

In recent decades, following cooperation between scientists in various specialties, new unique data on the
pathogenesis of ulcerative colitis have been obtained. The role of an impaired immune response to antigens of gut
microbiota in genetically predisposed individuals under the effect of certain environmental factors was proven.
Assessing the interaction between the colonic mucosa and gut microbiota will help to understand the mechanisms
of ulcerative colitis and develop new treatment strategies for the disease.

This review presents modern views on the pathogenesis of ulcerative colitis with a focus on the imbalance between
local protective and aggressive factors of the gastric and intestinal mucosa. The structure and role of the epithelial
barrier both under normal conditions and in ulcerative colitis are considered in detail.

The aim of this review was to summarize the data on resistance of the colonic mucosa and its damage in ulcerative
colitis.
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A3BeHHbIN KONUT: B pOKyce pe3nCcTeHTHOCTb CIN3UCTON 06010UKN
TOJICTON KNLLUKN

Jius3aH M.A., buk6asoBa I'.P., PomaHiok A.E.

Omcxuti eocyoapcmeennblil Mmeouyurckuu ynugepcumem (Oml'MY)
644099, Poccus, 2. Omck, ya. Jlenuna, 12

PE3IOME

B pesymbpraTe Koomepamuu Y4EHBIX PA3NINYHBIX CIEIHAIFHOCTEH B MOCIEIHHE ACCSTHICTHS IOIyYeHBI HOBEHIE
YHUKaJIbHBIE JAHHBIE O MATOTeHe3e SI3BEHHOT0 KOJINTA, JOKAa3aHO ydacTHe HapyIIEHHOTO MMMYHHOTO OTBETA IO
OTHOIICHUIO K aHTHT'€HAM COOCTBEHHOM KHIIEYHOI MUKPO(IOpPH! y TeHETHYECKH MPEeAPACTIONOKEHHBIX JHI] O
BO3/ICHCTBHEM OTIPEIEIIEHHBIX (PaKTOPOB BHEIIHEH cpeabl. OTieHKa B3aUMOICHCTBUS CIIM3UCTON 000IOYKHU TOJICTOM
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KHIIKHA U MI/IKp06I/IOT]>I KUIIEYHUKA ITOMOXKET IMOHATH MEXAHU3MbI PA3BUTUA SI3BEHHOT'O KOJUTA U pa3pa60TaT1>
HOBBIE€ CTPATEIUU JICUCHUS.

B 063ope MbI IPEACTABJIAEM COBPEMEHHLIC B3IJIA/IbI Ha IMATOrMCHE3 A3BEHHOI'O KOJIUTA, COCPEAOTOYUB BHUMAHUE
Ha HApYHICHUU PAaBHOBECHUA MEXKTY MECTHBIMU Q)aKTOpaMI/I 3alIUTBI U arpeCcCcumn CIIM3UCTOM 000JIOUKH JKEJITY1IOUHO-
KHUIIEYHOI'O TpaKTa. HOZ[p06H0 paccMaTpuBa€M CTPOCHUE U POJIb SHUTEIUAIBHOTO 6apLepa KaKk B HOpME, TaK U
pU A3BEHHOM KOJIMTE.

HCHLIO 0630pa SABIIACTCA 0606HICHI/IC JaHHBIX JIUTEPATYypbl O PE3UCTCHTHOCTHU CIIM3KUCTON 00O0JIOYKH TOJICTOM
KHUIIKHW U €€ NMOBPEIKACHNUHU ITIPU A3BCHHOM KOJIUTEC.

KiioueBble ci10Ba: sI3BEHHBIH KOJIUT, MUKPOOHOTA, ATUTEINATIBHBIN Oapbep, MYIIMH, OCJIKH IJIOTHBIX KOHTAKTOB

KonpaukT uHTEpecoB. ABTOPHI 3asBISIOT 00 OTCYTCTBHHM SIBHBIX W MOTEHIHAIBHBIX KOH(IIUKTOB WHTEPECOB,
CBSI3aHHBIX C MyOJIMKaIKeil HACTOSIIEH CTaThH.

Hcrounuxk ¢unancupopanus. Ilybmukauus moarorosieHa OMI'MY 3a cyer ¢uHaHCHpPOBaHHMA MO TPAHTY
[Ipesunenta PO nng rocymapcTBEHHONM MOANEPKKHU Bedymux HayuHblx mkon (HIII-2558.2020.7) (cornamenue
Ne 075-15-2020-036 ot 17.03.2020) «Pa3paboTka TEXHOJOTHH 340POBhECOCPEIKEHUI KOMOPOHIHOTO OOJIBHOTO
racTPO3HTEPOIOTMIECKOT0 MPODHIISI HA OCHOBE KOHTPOJIS IPUBEPIKEHHOCTI.

s uutupoBanus: Jluszan M.A., buk6aBosa I'.P., Pomaniok A.E. SI3BeHHBIII KOMUT: B (OKyce pe3UCTCHT-
HOCTB CITM3UCTOI 000JI0YKH TOJICTON KUIIKH. broinemens cubupckoti meouyunsl. 2022;21(1):121-132. https://doi.

Ulcerative colitis: focus on colonic mucosal resistance

org/10.20538/1682-0363-2022-1-121-132.

INTRODUCTION

Modern lifestyle has a significant impact on the
microbial composition of the intestine and leads to a
change in the diversity of the gut microbiota in ulcer-
ative colitis (UC), decrease in the resident flora, and
a rise in the number of opportunistic and pathogenic
bacteria. A combination of aggressive factors (im-
balance of the gut microbiota composition, the pres-
ence of aggressive gut metabolites) leads to impaired
intestinal permeability and disruption of its mucosal
barrier. This is normally determined by the state of
tight junctions, as well as the amount and quality of
mucin that protects the epithelium.

The dynamic interaction between the anatomical
and functional elements of the mucoepithelial bar-
rier in the gastrointestinal tract (GIT) is arranged
in such a way that, on the one hand, they create a
semipermeable barrier that provides absorption and
transport of nutrients, and, on the other hand, they
regulate passage of proinflammatory molecules, mi-
croorganisms, toxins, antigens, and pathogens from
the luminal to the internal environment of the body
and provide development of immune responses to
penetration of pathogenic agents, as well as immune
tolerance in relation to food components and com-
mensal bacteria.

The functioning of the protective mucosal barrier
is based on the unity of physical, biochemical, and

immunological interactions of its structures [1]. Giv-
en complex organization and regulation of the intes-
tinal mucosal barrier, it is necessary to determine the
most essential protective elements in the pathophys-
iology of UC.

PRE-EPITHELIAL PROTECTION

Pre-epithelial protection (mucous bicarbonate
barrier) is a layer of mucous gel in combination with
substrates secreted by the surface epithelium. Previ-
ously, the pre-epithelial mucus layer was character-
ized only by the ability to move chyme through the
digestive tract due to its moisturizing and lubricating
effects, as well as to protect the epithelium from the
aggressive effects of antigens, acids, and enzymes.
With the advent of modern research methods, scien-
tists began to study such characteristics of the intesti-
nal mucosal barrier as its composition, secretion, and
destruction, as well as the role of various external
factors in changing its permeability, structure, and
chemical composition [2]. Most scientists agree that
an increase in the thickness of the mucus layer is as-
sociated with an increase in its protective functions,
but there is also an opinion that a thick layer of pa-
rietal mucus is a favorable environment for opportu-
nistic and pathogenic bacteria [3].

The main components of the pre-epithelial pro-
tection are mucins, or highly glycosylated glycopro-
teins, which, due to their specific properties, protect
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the internal environment of the body from bacteria
and damaging agents [4]. Mucins are divided into 2
types: membrane-bound (transmembrane) (MUCI,
MUC3, MUC4, MUC13, MUCI15, MUCI17,
MUC20, and MUC21) and secreted (secretable,
gel-forming) (MUC2, MUCS5AC, MUCS5B, MUC6,
and MUC20). This component of the mucosal bar-
rier is represented in the small intestine by a single,
loose, and permeable layer, and in the large intestine
— by a denser, double layer [5]. The double layer of
the colonic mucus is subdivided into a dense inner
layer that is firmly attached to the epithelial cells and
is impermeable for bacteria. This layer is composed
of transmembrane mucins and is called glycocalex.
An increase in the permeability of this layer facili-
tates easier penetration of bacteria in the epithelial
cells.

Transmembrane mucins MUC3, MUC4,
MUCI12, MUCI13, and MUCI17 are expressed in
both unchanged and altered mucous membranes.
Membrane-bound mucins act as sensors of the lu-
minal environment in the interaction between the
host and the microbe [6]. Transmembrane mucins
consist of two subunits: a large extracellular subunit
and a smaller subunit, which consists of extracellu-
lar, transmembrane, and cytoplasmic domains. The
extracellular subunits of these mucins rise above the
plasma membrane to a height of about 1 um [7]. The
main transmembrane mucins of the mucosal barrier
are MUC3, MUCI12, and MUC17. MUCI is synthe-
sized during the development of pathological con-
ditions, for example, cancer and infectious diseases
of the GIT [8]. MUCI functions as a regulator of
the Toll-like receptor (TLR)-initiated innate immune
response, which is an example of cellular signaling
by transmembrane mucins [9]. There is conflicting
evidence from research findings on MUC16. In most
works, the authors indicated its absence in the colon
[10] in both healthy and sick patients, while J. Ya-
mamoto-Furusho et al. indicated the expression of
MUCI16 and MUC20 in the colonic mucosa, which
was associated with histologic remission in patients
with UC [11].

The gel-forming mucins MUC2, MUCS5AC,
MUCS5B, and MUC6 are the main components of the
mucous layer which provide its viscoelastic proper-
ties. MUC2 is the major universal mucin which is
secreted in all parts of the GIT and plays the key role
in keeping microbes at a distance from the epithelial

surface. MUC?2 regulates intestinal homeostasis and
tolerance to food components through dendritic cells
and intestinal epithelial cells, and the MUC2 recep-
tor complex suppresses inflammatory responses in
dendritic cells [12].

In inflammatory bowel disease (IBD), impair-
ment of mucin synthesis and subsequent emergence
of mucosal barrier dysfunction are observed [13]. A
decrease in glycosylation and sulfation [14], as well
as an increase in sialylation, reduce the effects of mu-
cin in patients with UC and prevent maintenance of
an effective intestinal barrier function, especially in
relation to bacterial translocation [15]. Healthy co-
lonic mucus is sufficiently sulfated, which provides
increased resistance to bacterial and enzymatic deg-
radation. The study by D. Boltin et al. demonstrated
that sulfation occurred to a lesser extent in patients
with UC [16]. In addition, in the colon affected by
UC, a decrease in the number of goblet cells, MUC2
expression, and mucus layer thickness in comparison
with the control group of healthy people was noted
[17]. In this pathology, a decrease in the content of
sulfates in MUC2 is identified, but a compensatory
increase in the expression of this mucin in the active
phase of the disease leads to an overall unchanged
level of sulfates in the colon [18].

MUCI1 and MUCS5AC, which usually cannot be
found in the colon of healthy people, were identified
in the scrapings from the resected part of the colon
in patients with UC [19]. In patients with UC, a spe-
cific increase in MUCI1 expression and a decrease
in MUC2 expression at the sites of crypt abscesses
and erosive ulcerative lesions were observed [20].
A decrease in the expression of the MUCY9 [21]
and MUC20 genes and increased expression of the
MUCI6 gene [22] were also noted both in the active
phase of the disease and at the remission stage in UC
patients compared with the control group. Sialyla-
tion and sulfation increase tissue resistance to degra-
dation. An increase in sialylation of mucin oligosac-
charides was detected in rectal biopsies of patients
with UC [23].

In a large-scale study by S. van Der Post et al.,
the basic composition of the intestinal mucosal bar-
rier was identified. It consists of gel-forming and
transmembrane proteins that form the mucosal bar-
rier in healthy people and in patients with UC in
remission. Several of these proteins were reduced in
UC patients, including the major structural compo-
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nents, MUC2 and IgGFc-binding protein FCGBP,
as well as other goblet cell products, including
calcium-activated chloride channel regulator 1
(CLCA1) and zymogen granule protein 16 (ZG16).
Scientists suggest that the disease may be preced-
ed by insufficient replenishment and increased de-
struction of goblet cells in response to sequential
microbial attacks, which initiates a new episode of
UC [24].

In the unchanged gastric and intestinal mucosa,
the localization of mucins coincides with the distri-
bution of trefoil peptides. Trefoil factors (TFF1-3)
are a group of peptides synthesized and secreted
by the epithelium of the mucous membrane [25]. A
combined effect of TFF and mucin enhances the pro-
tection of the mucous membrane from ulcerogenic
agents, prevents the penetration of protons through
the mucus, and increases its viscosity [26]. The
structural domain of TFF is presented in the form
of a clover leaf, which contributes to their resistance
to proteolytic degradation [27]. Each TFF interacts
with mucin differently. The most viscous mucus is in
the stomach and upper duodenum (to protect against
acid and enzymes), which coincides with the local-
ization of TFF2. Formation of intercellular contacts
in the epithelial layer is mediated by E-cadherin,
which interacts with B-catenin, leading to destabili-
zation of intercellular connections and possible cell
migration [28]. If the cell is not attached to the ma-
trix, it is vulnerable to apoptosis [29].

It was found that TFF3 has a pronounced anti-
apoptotic (anoikis-resistant) effect on enterocytes
through activation of NF-xB [30] and epidermal
growth factor (EGF) [31]. In the study by R. Nakov
et al. [32], it was demonstrated that the level of serum
TFF3 correlates with the intensity of clinical mani-
festations, endoscopic presentation, and the content
of fecal calprotectin in patients with UC.

The mucous bicarbonate barrier is the basis for
the interaction between gut microbiota and the host
organism. In a healthy organism, this interaction has
a form of partnership, and the pre-epithelial barrier is
a favorable environment for microorganisms, which,
in turn, regulate its state [33]. There is an assumption
that the proportion of bacteria that destroy the mucus
layer increases when the diet is poor in dietary fiber.
It means that under these conditions, the mucus layer
becomes an energy source for gut microbiota instead
of fiber, which results in gradual destruction of the
mucus layer [34].

The protective function of mucus is also deter-
mined by its interaction with the immunity. The pa-
rietal mucus layer contains a resistin-like molecule
B (RELMp), Fc-y binding protein FCGBP, secreto-
ry immunoglobulins A, and antibacterial substances
(defensins, lysozyme, and ribonuclease). Immuno-
globulin A (IgA) is one of the most common anti-
bodies in the mucosal secretion, which neutralizes
pathogenic bacteria and maintains the commensal
microflora through several mechanisms. The dis-
covery of IgA at the end of the 50s of the XX cen-
tury played a significant role in the development
of immunology [35]. Firstly, it created the basis
for transformation of early concepts of tissue im-
munity, elaborated by the outstanding immunol-
ogist A.M. Bezredko, a student of I.I.Mechnikov,
in 1929. It was A.M. Bezredko who defined tissue
immunity as formation of resistance of an individ-
ual organ to infection without formation of protec-
tive antibodies. He believed that local resistance is
provided by cells accustomed to weakened or killed
microorganisms.

The interest in the study of the immune mecha-
nisms associated with IgA has not waned since its
discovery. Its protective functions are realized at
the surfaces of mucous membranes that are in con-
tact with the environment. In 1993, A.V. Kononov
formulated a concept of local secondary sIgA defi-
ciency in mucous membranes during their chronic
inflammation. He proposed a scheme for the mor-
phogenesis of chronic inflammation, taking into
account the interactions between local immunity,
microcirculation, and epithelium [36]. Despite abun-
dance of experimental and theoretical data, many
issues concerning the nature of the interaction and
the physiological function of IgA and Fc-binding li-
gands are still unclear and require further study.

Pattern recognition receptors (PRRs), which in-
clude Toll-like receptors (TLRs) and NOD-like re-
ceptors (NLRs), play an essential role in mucin syn-
thesis. PRRs are activated by pathogen-associated
molecular patterns (PAMPs) and microbe-associat-
ed molecular patterns (MAMPs), which leads to in-
duction of the NF-kB family of transcription factors
and development of an immune response of varying
severity [37]. TLRI1, -2, -4, -5, -6 (extracellular sen-
sors) and NLR1, -2 and TLR9 (cytosolic sensors) are
expressed in epithelial cells and have complementa-
ry effects, promoting both innate and adaptive im-
munity.

124 BionneteHb cMbupckoit MeguumHbl, 2022; 21 (1): 122-133



/luB3aH M.A., BukbaBsosa I".P., PomaHtok A.E.

f13BEHHDbII KO/UT: B GOKYCe PE3UCTEHTHOCTb C/IM3UCTON 060104 IO REHICVISRLIKM

TLRs are a family of 11 transmembrane receptors
that are located at the cell surface and in intracellu-
lar endosomes. The profile (level and localization) of
TLR expression differs in different parts of the GIT.
It was found that TLR2, -4, -5, -7, and -9 are either
minimally or not expressed in the epithelium of the
small intestine, and expression of TLR2, -4, and -5
can be found in the colon. At the same time, TLR3
expression is at the same level both in epithelial cells
of the small intestine and in the colon [38]. Exam-
ples of MAMPs include lipopolysaccharides (found
in the outer membrane of gram-negative bacteria), li-
poteichoic acid (present on the wall of gram-positive
bacteria), peptidoglycan (bacterial cell wall compo-
nent), and flagellin (the main structural component
of bacterial flagella). They all function as PRR li-
gands. MUC2 expression increases, when TLR is
activated by lipopolysaccharides, lipoteichoic acid,
and flagellin [39].

NLRP6 inflammasome, when stimulated with the
TLR-2/1, TLR-4, and TLR-5 ligands, is activated
in goblet cells located in the colonic crypts. NLRP6
inflammasome acts as a sensor of cellular stress,
triggers an inflammatory cascade, and plays the key
role in maintaining the intestinal barrier, protecting
against infection, and regenerating the mucous mem-
brane [40]. TLR-initiated cascades stimulate complex
MUC2 exocytosis and mucin secretion in adjacent
goblet cells via intercellular signals. The increased
secretion of MUC2 may thus facilitate expulsion of
bacteria from the upper part of the crypts [41]. Unlike
transmembrane TLRs, NLRs are a family of innate
intracellular receptors [42]. Activation of NOD1 and
NOD?2 by such ligands as bacterial peptidoglycans
ultimately leads to activation of NF-kB transcription
factors and triggers immune responses [43].

EPITHELIAL PROTECTION

Epithelial protection requires a contiguous layer
of cells including five cell types: enterocytes, goblet
cells, enteroendocrine cells, Paneth cells, and undif-
ferentiated epithelial cells. Enterocytes are the most
common type of cells, forming an effective barrier to
protect the internal environment and controlling se-
lective absorption of ions, nutrients, and other com-
ponents from the luminal environment. Goblet cells
are located between enterocytes; they are responsible
for secretion of mucus. Enteroendocrine cells pro-
duce gastrointestinal hormones, peptides, and neu-
rotransmitters [44]. Dysregulation of the epithelial

barrier with changes in paracellular permeability due
to altered intercellular junctions is probably one of
the primary factors in the pathogenesis of IBD [45].

The paracellular space is sealed by tight junc-
tions (TJs), which regulate the flow of water ions
and small molecules, building a dynamic intestinal
barrier [46]. TJs are composed of two types of pro-
teins: 1) transmembrane proteins, which include oc-
cludin, claudins, tricellulin, and junctional adhesion
molecules (JAMs); 2) peripheral membrane proteins
of zonula occludens cells (ZO-1, ZO-2, and ZO-3).
Some TJs have properties of increased barrier perme-
ability, while others form channels and pores that are
selective in size and / or charge [47]. Adherens junc-
tions and desmosomes are mainly involved in com-
munication between adjacent epithelial cells [48].
Dysfunction of TJs leads to disruption of the intesti-
nal barrier integrity. The intestinal barrier function is
influenced by changes in pH, osmotic pressure, and
cytoskeleton function [49]. TJs can be damaged by
various pathogens with a subsequent increase in epi-
thelial permeability and bacterial translocation.

Occludin and adhesion proteins regulate the in-
tegrity of TJs, and tricellulin ensures transport of
macromolecules. Claudins are mainly responsible
for the intestinal barrier function and are represented
by a family of 27 members that modulate paracellu-
lar ion transport depending on the charge and size
[50]. According to their functions, claudins can be
divided into two groups: pore-forming claudin-2, -7,
-12, -15, -16 and claudin-1, -3, -4, -5, -8, -14, -18,
-19, which reduce the permeability of the epithelium.
The expression of TJs differs throughout the GIT and
depends on functional needs of its segments. At a
finer structural level, it also depends on localization
on cell membranes [51].

Claudin-1 and claudin-2 are capable of initiating
the formation of TJ filaments on fibroblasts that lack
tight junctions [52]. Claudin-2 controls transport of
monovalent cations, such as Na+, to the interstitium
and reduces paracellular transepithelial resistance,
enhancing transepithelial water flow [53], as op-
posed to claudin-1, -3, -4, -5, and -8, which “tighten”
the epithelium [ 54]. Another important property of
claudin-2 is that it directly reduces the barrier func-
tion of claudin-1 and claudin-4 [50].

In UC, a decrease in the expression of claudin-1,
claudin-4, and occluding and activation of claudin-2
are registered [55]. The greatest protective effect
in IBD was demonstrated by claudin-1, -3, -4, -5,
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and -8 [56]. In patients with UC, both in the active
phase of the disease and in its remission, increased
expression of claudin-2 and a decrease in the expres-
sion of occludin and ZO-1 were observed compared
with the healthy controls. The expression of ZO-1
was significantly higher in patients with UC in re-
mission, compared with patients in the active phase
of the disease. Expression of ZO-1 and occludin had
a negative correlation with C-reactive protein and
erythrocyte sedimentation rate (ESR).

L.S. Poritz et al. [57] found an increase in the
claudin-1 / occludin ratio in colon biopsies in pa-
tients with UC compared with samples from healthy
controls and patients with Crohn’s disease. In anoth-
er study, it was demonstrated that claudin-1 was ele-
vated in the colon of UC patients compared with the
control group, but did not correlate with the severity
of the disease [58]. In biopsies obtained from the sig-
moid colon of patients with UC, there was a tenden-
cy to an increase in claudin-12 expression [59].

The physiological role of zonulin has not been
fully established, but there is no doubt that it also
regulates TJs. Excessive production of zonulin can
lead to an excessive increase in the permeability
of the epithelial layer [60]. The study of zonulin in
the blood, as a rule, is associated with diagnosis for
suspected leaky gut syndrome and increased perme-
ability of the epithelium in the examined person. El-
evated serum zonulin levels have been reported in
celiac disease, non-celiac gluten sensitivity, irrita-
ble bowel syndrome, and IBD [61], compared with
healthy controls. However, the study [62] demon-
strated that serum zonulin is not a reliable marker
of increased intestinal permeability in the examined
individuals.

Finally, the third level in the complex structure
of the epithelial barrier is represented by intermedi-
ate filaments, catenins, cadherins, and desmosomes.
One desmosome is rather small, therefore, several
desmosomes can usually be seen at the site of con-
tact between two cells [63].

SUBEPITHELIAL PROTECTION

The subepithelial layer is represented by the
lamina propria of the mucous membrane. The lam-
ina propria contains cells of innate and adaptive
immunity that secrete IgA, cytokines, chemokines,
and proteases and are involved in immune defense
mechanisms of the body. The subepithelial immune
complex provides regulation, trophism, and kinetics

of the skin epithelium and realizes nonspecific and
specific immune responses. Immune cells respond
immediately and synchronously to invading patho-
gens.

Neutrophils are some of the first cells to reach
the site of inflammation and limit the invasion of
microorganisms through phagocytosis [64]. Macro-
phages are able to determine the shape and size of
possible targets, cooperate in performing functions,
exhibit high proteolytic and weak antigen-presenting
activity, play a primary role in maintaining tissue ho-
meostasis, and patrol tissues [65]. Regulatory T cells
play a crucial role in maintaining immune homeo-
stasis, since they are able to suppress activation of
various immune cells involved in GIT inflammation
and induce immune tolerance to antigens from the
diet or commensal flora [66].

Since the discovery of dendritic cells by R.
Steinmann and Z. Cohn, they have been called nat-
ural adjuvants of the immune response. Due to the
presence of multiple outgrowths in the cytoplasmic
membrane, dendritic cells have a large surface area,
which allows them to actively recognize the patterns
of microbes and dead cells, soluble molecules, and
other cells of the body and activate primary and
secondary B-cell- and T-cell-dependent immune re-
sponses (memory cells). Mast cells are located close
to the nerves and are activated by neural mediators.
They are also involved in several types of neuroin-
flammatory responses.

Submucosal neurons control secretion and ab-
sorption of nutrients into the local circulation, while
Meissner’s plexus neurons coordinate smooth mus-
cle contractions [67]. A network of millions of enter-
ic sensory neurons, interneurons, and motor neurons
is capable of producing a variety of neurotransmit-
ters and neuropeptides [68].

When MAMPs / PAMPs are activated, an imme-
diate inflammatory response to foreign microorgan-
isms is initiated. This interaction helps to identify
foreign molecules by antigen-presenting cells, such
as dendritic cells and macrophages. The cells then
migrate to the peripheral site where they present anti-
gens to T-cells with subsequent production of proin-
flammatory cytokines, such as interferon-gamma
(IFN-y), chemokines, and antimicrobial peptides, to
protect the intestinal barrier. Given a close relation-
ship between inflammation and increased permeabil-
ity, markers of inflammation are often considered as
surrogate markers of intestinal permeability.
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Therefore, the content of al-antitrypsin is often
estimated in combination with fecal myeloperoxi-
dase and calprotectin [69] as markers of subclinical
intestinal inflammation [70]. Researchers propose
using al-antitrypsin fecal clearance as one of the
laboratory markers of Crohn’s disease intensity [71].
Another surrogate marker for mucosal repair, serum
lipocalin-2, is expressed by intestinal epithelial cells
in response to proinflammatory stimuli, such as cyto-
kines or TLR activation. Serum lipocalin-2 in com-
bination with metalloproteinase correlates with UC
intensity [72].

PHYSIOLOGICAL SIGNIFICANCE OF GUT
MICROBIOTA

Under normal conditions, the GIT is inhabited
by gut microbiota that maintains its integrity. Gut
microbiota is in symbiosis with its host, compris-
es more than 100 trillion microbes, and contains at
least 150 times more genes than the human genome
[73]. The composition of the gut microbiota in each
person is stable, individual, and adapted precisely
to the person’s needs. The indigenous microbial
flora maintains the morphology of the gastric and
intestinal mucosa.

Shotgun metagenomic sequencing of gun micro-
biota revealed 1,952 unclassified bacterial species in
addition to 553 species previously cultivated from
the human intestine [74]. Microorganisms do not just
exist, but interact, build complex relationships, and
are characterized by a complex hierarchical structure
with various interspecies relationships. Due to their
coexistence in the same territory, they compete with
each other for nutritional components, parasitize,
adapt to each other or, developing together, enhance
each other’s functions (synergy, symbiosis, antago-
nism, parasitism, etc.). The gut microbiota produces
enzymes involved in metabolism of carbohydrates,
lipids, and nucleic acids and synthesis of vitamins,
short-chain fatty acids (SCFAs), antimicrobial sub-
stances, hormones, and amino acids. The gut micro-
biota is also involved in immunomodulation, detox-
ification, and evacuation function of the GIT [75].

Four types of bacteria represent the colonic mi-
crobiota: Actinobacteria, Bacteroidetes, Firmicutes,
and Proteobacteria. Bacteroidetes and Firmicutes
are predominant types in adults [76]. The diversity
of bacteria is higher in the contents of the intestinal
lumen than in the parietal mucus layer [77] due to
the facultative microbiota supplied with food. The

number of bacteria changes even during the day.
The colon contains 70% of all microorganisms in
the human ecosystem. The predominant microor-
ganisms are obligate anaerobes and their content in
this part of the digestive tract exceeds the number of
aerobes by 1,000 times [78]. In addition to bacteria,
the colonic microbiota of a healthy person consists
of viruses, fungi, archaea, and protists, which are an
equally important component of the intestinal eco-
system [79, 80]. Together with the host organism,
the gut microbial community forms some kind of a
“superorganism” that performs many functions.

Changes in the microbiota can cause disturbanc-
es in the intestinal motor function and sensitivity. In
addition, altered composition of the gut microbiota
contributes to motor dysfunction and visceral hyper-
sensitivity [81].

The microbial flora of the colon is in direct contact
with the apical membrane of colonocytes and forms
microcolonies in the mucous layer, which diversity
depends on the composition of the chyme. Dietary
fibers, sugars, and proteins that are not digested by
enzymes of the macroorganism in the small intestine
are fermented by the microbiota. The main products
of dietary fiber fermentation are SCFAs (acetate, pro-
pionate, butyrate) [82]. SCFAs take part in the reg-
ulation of intestinal motility, control over inflamma-
tory responses, maintenance of glucose levels, and
blood circulation in the intestinal wall. In addition,
they have an anticarcinogenic effect. Physiological
effects of SCFAs are related to their interaction with
G-protein-coupled receptors. These include GPR41,
GPR43, and GPR109A receptors, which are exposed
on immunocompetent cells, colonocytes, and adipo-
cytes [83]. Butyrate activates the GR-P109A recep-
tor and suppresses inflammation in the colon. Ace-
tate and propionate activate the GPR43 cell surface
receptor and induce chemotaxis of neutrophils [84].

In IBD patients, on the one hand, the proportion
of microorganisms with anti-inflammatory activity,
such as Firmicutes and Bacteroides, decreases. On
the other hand, the proportion of proinflammatory
bacteria, which include the Proteobacteria type, in-
creases. In addition, in IBD, the total number of mi-
croorganisms increases, however, their diversity, on
the contrary, decreases [85]. The pathogenetic mech-
anisms of the Western diet that provoke the emer-
gence of UC remain unknown. Scientists suggest a
direct effect of the Western diet on the composition
of the colonic microbiota and indirect effects through
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production of microbial metabolites, changes in the
local immune response, and impaired barrier func-
tion of the colonic mucosa [86]. Undoubtedly, the
Western diet has a significant impact on the qualita-
tive and quantitative intraspecies diversity of the gut
microbiota [87].

CONCLUSION

The protective barrier in the gastric and intesti-
nal mucosa is a dynamic structural and functional
system (Figure). The first line of immune defense is
aimed at preventing penetration of antigens into the
mucous membrane and eliminating foreign antigens
with subsequent activation of the antigen-specific

Commensal
- B /. microbiota .

Immuncbarrier

immune response. Innate immunity provides a re-
sponse through recognition of PAMPs and MAMPs
and results in activation of acquired immunity. The
two major PRR systems are TLRs and NOD mol-
ecules. In IBD, Paneth cells are found in the colon
following an increased need for antimicrobial pro-
tection. Under normal conditions, these cells are
present only in the small intestine. After presentation
of antigens to T-helpers and macrophages, naive T
cells (ThO) are differentiated into Th1 and Th2 cells.
Differentiation of ThO into Thl is accompanied by
production of proinflammatory cytokines, while dif-
ferentiation into Th2 cells promotes production of
anti-inflammatory cytokines.

. Changes in the quantitative and qualitative
composition of the microbiota (“biome change”)

Uncontrolled inflammation

Figure. Simplified diagram of stages of colonic mucosa damage in ulcerative colitis: B — under normal conditions, the intestinal

barrier function is determined by the state of tight junctions of the epithelium, as well as the quantity and quality of mucin that

protects the epithelium. In UC, a combination of genetic factors and certain environmental factors (4) leads to impaired permeability
of the intestinal mucosa and changes in the gut microbiota, thus impairing the intestinal barrier function (C)

Each level of protection has a complex logical
organization. Modern research methods make it pos-
sible to study structural composition of the mucosal
barrier and its interaction with the gut microbiota.
Studying the structural and functional capabilities
and understanding the mechanisms of coexistence
and functioning of the gut microbiota and intestinal
mucosal barrier are necessary for every practicing

physician. New, effective methods for treating dis-
eases that were earlier considered resistant to ther-
apy are emerging. Further study of the interaction
between the mucosal barrier and gut microbiota will
help to understand the development mechanisms of
chronic inflammatory diseases and develop targeted
treatment strategies through restoration of barrier
function and integrity.
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ABSTRACT

The study of sudden cardiac death (SCD) and its etiopathogenesis in cardiology practice remains one of the most
pressing public health problems. In Western countries, SCD accounts for 20% of the total mortality and 50%
of mortality associated with cardiovascular diseases. Considering the electrical instability in the myocardium as
one of the main reasons for the development of life-threatening arrhythmias (ventricular tachycardia / ventricular
fibrillation) and SCD, one should be aware of such provoking factors as ischemic heart disease, myocarditis,
valvular heart disease, pharmacological influences, cardiomyopathy, and channelopathy. An increase or decrease
in the duration of the QT interval, which reflects the work of ion channels, as well as ventricular depolarization and
repolarization, increases the risk of SCD.

The aim of this review was to study and analyze the available literature data on the relationship of molecular
genetic markers with the duration of the QT interval.

Currently, there is a number of genetic studies that allow to identify a large number of mutations and polymorphisms
of known genes that affect the variability of the QT interval, showing their significance in risk stratification of
sudden arrhythmic death and choosing the right tactics for managing, preventing, and treating patients, thus
reducing the risk of SCD. The predictive value of genetic testing is the highest for long QT syndrome (LQTS), for
which a gene-specific risk profile has been established, and lower for other channelopathies. A large amount of
genetic data may be a promising approach to quantifying the risk of SCD, especially at a young age, which will be
facilitated by further study of this problem.
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PE3IOME

Wzyuenne BHe3amHoi cepaeunoii cmeptu (BCC) u ee sTHOMaTOreHeTHYECKUX (PAKTOPOB B KApAUOIOTHYECKOM
MIPaKTUKE OCTAETCS OJHOW U3 Hambojee aKTyallbHBIX MpobieM 3apaBooxpaHeHus. B 3anagueix ctpanax BCC co-
craiseT 20% obmieit netansHOCTH U 50% N€TanbHOCTH, CBA3aHHOU C CEPIeUHO-COCYAUCTHIMH 3a00JICBAHIAMH.
PaccMarpuBasi 3JeKTPUYECKYI0 HECTAOMIBHOCTh MHOKAp/1a B KaUeCTBE OJJHON U3 ITIABHBIX IIPUYUH PA3BHTHS KH3-
HEYTPOXKAIOLINX apUTMUH ((KeTyJOYKOBas TaxuKapAns/pubpumisanus xemynoukos) 1 BCC, ciexyetr mOMHUTE O
TaKMX MPOBOLMPYIOMUX (aKTopax, KaK HIIeMUUYecKkas 00JIe3Hb Cep/ila, MUOKApAUT, KIIallaHHbIe TIOPOKHU CeplIla,
(hapMaKoIOrHYeCKHe BIMSHUS, KapIHOMHONIATHN M KaHAJIONATHH. YBEIMYCHUE WIM YMCHBIICHHUE [UTUTEIbHOCTH
unTepBana QT, KOTOPBIH OTpaxaeT paboTy HOHHBIX KaHAJIOB, IIPOLIECCHI ASTIONAPU3ALMHI U PEHOJIIPU3AIUHE MHO-
KapJa KelyJo4YKoB, mosbimaet puck BCC.

Iesan 1anHOrO 0030pa — U3YYEHHE M AHAJIN3 UMEIOLIMXCS JAHHBIX JINTEPATyphl O B3aUMOCBSI3H MOJIEKYJISIPHO-Te-
HETUYECKUX MApPKEPOB C JUIUTENbHOCTHIO HHTepBana QT.

Ha ceropHsIIHUI NEHb CYNIECTBYET Psii TCHETUYECKUX UCCIICIOBAHHA, TIO3BOJISIOIIUX UICHTUDUIIIPOBATE OOJIb-
[I0€ KOJMYECTBO MYTaIMid, HOMUMOP(PHU3MOB U3BECTHBIX ['CHOB, OKa3bIBAIOIINX BIHMSHUC HA BapUaOCIbHOCTh HH-
tepBana QT, moka3biBast X 3HAYUMOCTB B CTPATU(UKAIIMN PHCKA BHE3AITHOW apUTMOTCHHOU CMEPTH, BEIOOpE BEp-
HOU TaKTUKH BeACHUs, MPODWIAKTHKH U JICUYCHUS MAIMEHTOB, yMeHbIas BepostHOocTh BCC. IIporanoctuueckast
[IECHHOCTh TEHETUYECKOr0 TECTUPOBAHUS HanboJee BhICOKA Juis cuHIpoma yaauaeHHoro uaTepBana QT (LQTS),
JUTSE KOTOPOTO YCTAHOBJICH TeH-CHeNUBHUUECKIA TPOQHIb PICKA, M B MCHBILICH CTEIICHH ONPEJIeIICHa MIPH IPYTHX
KaHaJonaTusx. boiubmoi 00beM reHeTHYECKUX JTaHHBIX MOXET CTaTh MHOI'OOOEIIAOIIMM IIOAX0A0M JUIS KOJIH-
4yecTBeHHOW oreHKkU prcka BCC, 0COOEHHO B MOJIOJIOM BO3pacTe, YeMy CIIOCOOCTBYET NallbHEUIIee U3ydCHUE
JTAHHOM TIPOOJIEMBI.

KiroueBble ci1oBa: BHe3anHas cepAeyHasi CMEPTh, JUIUTENbHOCTh nHTepBaia QT, CHHAPOM yUIMHEHHOIO UHTEP-
Basia QT, cunapom ykopouenHoro natepaia QT, 0JHOHYKICOTUAHBINA MOJUMOPHHU3M, MOJICKY ISIPHO-TEHETHYC-
CKMI Mapkep

KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaKeil HACTOSIIEeH CTaThH.
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INTRODUCTION

The study of sudden cardiac death (SCD) and its
etiopathogenetic factors is of particular interest in car-
diology practice. In Western countries, SCD accounts
for 20% of the total mortality and 50% of mortality as-
sociated with cardiovascular diseases [1]. According
to the epidemiological register, the following param-
eters of annual SCD prevalence among all age groups
are noted: Australia — from 34.6 to 99.4 per 100,000
population, which corresponds to the parameters in
New Zealand; China — 41.8 per 100,000 population;
Japan — 14.9 per 100,000 population; South Korea —
20.1 per 100,000 population; USA — from 50 to 100
per 100,000 per 100,000 population; Europe — 84.0
per 100,000 population per year, respectively [2].

To date, a number of studies have been carried out
in the Russian Federation on the prevalence of SCD in
various regions. In 2011, the results of a large-scale,
cross-sectional study “REZONANS” (Ryazan, Vo-
ronezh, Khanty-Mansiysk) including 285,736 patients
with coronary heart disease (CHD) were published,
according to which the incidence of SCD was 156 per
100,000 male population and 72 per 100,000 female
population per year, which is 2.3 and 2.8 times higher
than the rates registered in medical institutions [3].

In 2016, R.M. Linchak et al. published data from
the “GERMINA” register on the structure and fre-
quency of SCD among the working-age population of
the Bryansk region for 2012 [4]. The study involved
417,740 people aged 25-64 years. According to the
results, the frequency of SCD was 25.4 per 100,000
population, of which about 85% were males and 15%
were females. In the structure of the overall and car-
diovascular mortality, the share of SCD was 2.9% and
7.3%, respectively [4].

It should be noted that the incidence of SCD in-
creases with the age of the population included in the
study. This is especially noticeable after 45 years,
which is associated with an increased risk of develop-
ing CHD. Middle-aged men have a 4 times increased
risk of SCD compared with women of the same age.
However, as the age increases, this difference between
the sexes decreases, and disappears at the age of > 85
years [5, 6].

Among people under 35 years of age, the highest
frequency of SCD is observed in the age group of 0-5
years. The above age-specific characteristics of the
SCD prevalence, taking into account gender, are de-
scribed by C.X. Wong et al. [2]. It is known that peo-
ple of African American descent have a higher level

of SCD compared to people of Hispanic or Caucasian
descent [6]. According to the results of the study by J.
Ghobrial et al., the average age in the groups of people
of African American and Asian descent with a SCD
episode was less than that recorded in the group of
Hispanic descent [7]. In the same groups, a lower so-
cioeconomic level and a lower survival rate after per-
formed cardiopulmonary resuscitation were observed.
Among concomitant diseases, diabetes mellitus, ar-
terial hypertension and end-stage renal failure were
more common (p < 0.001) [7].

The main cause of SCD is considered to be elec-
trical instability in the myocardium as a possible con-
sequence of CHD, acquired valvular heart disease,
cardiomyopathy, drug toxicity, and hereditary chan-
nelopathies (Fig. 1) [2, 5, 8, 9]. Accordingly, the prog-
nostic factors of SCD in men and women, first of all,
are risk factors for CHD, including arterial hyperten-
sion, diabetes mellitus, dyslipidemia, obesity, smok-
ing, etc. [5, 10, 11].

According to the Oregon SUDS study, 58% of
subjects aged 5-34 years who experienced commu-
nity-acquired SCD had at least one risk factor for
cardiovascular disease. Moreover, the prevalence of
obesity among these young people was 39% [12].
Subsequently, data were published on the relation-
ship of other comorbidities, such as atrial fibrillation,
chronic kidney disease, obstructive sleep apnea, de-
pression, anxiety disorder, psychosis, as well as phys-
ical activity and other lifestyle factors with the risk of
SCD [13-15].

A burdened family history of SCD is an import-
ant predictor of SCD development [16]. As a rule,
in 5% of SCD cases, no cardiovascular pathology is
detected in survivors after successful resuscitation or
during autopsy of the deceased [9]. In children and
people under 35 years of age, CHD accounts for a
much smaller proportion of deaths, with hypertrophic
cardiomyopathy, coronary artery anomalies, myocar-
ditis, arrhythmogenic right ventricular cardiomyopa-
thy, and primary ion channelopathies accounting for
a significant proportion. SCD can often be the first
manifestation of the disease in a family. Clinical and
genetic assessment of survived family members plays
a key role in the diagnosis of underlying heart disease,
relying on the fact that most hereditary heart diseases
are characterized by autosomal dominant inheritance,
which, in turn, provides a 50% chance of verifying the
same disease substrate among survived family mem-
bers [11].
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Fig. 1. Main causes of and risk factors for sudden cardiac death.

Focusing on the arrhythmogenic nature of SCD,
one should be aware of the following primary no-
sologies: long and short QT syndromes, Brugada
syndrome, catecholaminergic polymorphic ventricu-
lar tachycardia, the molecular and genetic aspects of
which are considered as alternative criteria for SCD
risk stratification along with electrophysiological and
ultrasound parameters, MRI diagnostic parameters
(areas of ischemia, foci of fibrosis, ejection fraction,
etc.), such biomarkers as B-type natriuretic peptide,
troponin, galectin-3, and soluble ST2 [1]. A molecular
and genetic analysis reveals predictors in 65% of cas-
es of long QT syndrome (LQTS), in 20% of cases of
Brugada syndrome (primary electrical diseases), and
in 20-52% of cases of cardiomyopathies [17-20].

Thus, the aim of this literature review was to study
and analyze the available literature data on the rela-
tionship of molecular and genetic factors with QT in-
terval duration.

LONG QT SYNDROME

QT interval is an electrocardiographic parameter
reflecting depolarization and repolarization of the ven-
tricular myocardium, the electrophysiological basis of
which is the state of the ion channels in the cardiomyo-

cyte membrane. The balance between calcium, potassi-
um, and sodium ion channels determines the duration of
the action potential in cardiomyocytes (Fig. 2) [21-23].

Fig. 2. Action potential and transmembrane ion currents

A decrease in repolarizing outward K* currents
(mainly I, I , [ ) or an increase in depolarizing in-
ward Na® or Ca*" currents (mainly [ and I.) in cells
can lead to lengthening of the QT interval, which is a
pathophysiological substrate for LQTS [23, 24]. The
QT interval duration primarily depends on the cardiac
cycle duration. Therefore, to assess this interval, the
Bazett formula is used and the term “corrected QT”
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or “QTc” is introduced [21]. The Bazett formula has
been repeatedly criticized. However, other calculation
methods such as Framingham, Fredericia, and Hodges
formulas have not become widespread [25, 26].

Prolonged QTc, defined as a QTc value > 450 ms in
men and > 460 m in women in lead Il or V5 on a stan-
dard 12-lead ECG, predisposes to functional re-entry,
torsades de pointes form of ventricular tachycardia, and
SCD. Otherwise unexplained, baseline QTc > 500 ms
should be associated with inherited LQTS. In addition,
a drastic increase in QTc (AQTc > 60 ms) indicates an
increased risk of torsades de pointes form of ventricular
tachycardia / SCD in drug-induced LQTS [21].

LQTS is the most common hereditary ion channel-
opathy characterized by a prolonged QT interval on
a 12-lead electrocardiogram and an increased risk of
malignant arrhythmias in patients without structural
heart disease [27, 28]. Clinical symptoms of LQTS
include palpitations, syncope, and convulsions, more
often as a consequence of torsades de pointes form of
adrenergic tachycardia [29].

LQTS can be diagnosed if the following criteria
are met (HRS / EHRA / APHRS, 2013):

1) The risk of LQTS is > 3.5 points on the Schwartz
scale and there are no secondary causes of QT interval
prolongation;

2) A characteristic pathogenic mutation in one of
the LQTS genes;

3) QTc interval according to Bazett formula > 500
ms on repeated 12-lead ECGs and no secondary caus-
es of QT interval prolongation.

However, already in 2015, the updated LQTS cri-
teria were published in the clinical guidelines of the
European Society of Cardiology, which used QTc
values > 480 ms or a risk assessment on the scale of
more than 3 points [30]. As mentioned above, genet-
ic screening plays a key role in the LQTS diagnosis,
which makes it possible to identify a pathogenic muta-
tion and determine a further patient management strat-
egy. Currently, there are 17 different LQTS subtypes
associated with monogenic mutations in 15 autosomal
dominant genes (Table) [29].

Table

The main LQTS subtypes according to P.J. Schwartz et al. [31]

LQTS type Gene Locus an]l\gﬁtgagglj"fge;l;zr;c(}; %) Effect
LQT1 KCNQI 11p15.5 40-55 1K,
LQT2 KCNH?2 7q35-36 30-45 K
LQT3 SCN5A 3p21-24 <1 INa .
LQT4 ANKB 4q25-27 <1 |Ankyrin B
LQT5 KCNE1 21q22.1 <1 IMinK
LQT6 KCNE?2 21q22.1 <1 IMiRP1
LQT7 KCNJ2 17923 <1 1Kir2.1
LQTS CACNAIC 12p13.3 <1 1L-type calcium channel
LQT9 CAV3 3p25 <1 |Caveolin 3
LQT10 SCN4B 11923.3 <1 |Sodium channel — 34
LQT11 AKAP9 7q21-22 <1 | Yotiao
LQTI2 SNTA1 20ql1.2 <1 1Syntrophin al
LQT13 KCNJ5 11924 <1 IKir3.4
LQT14 CALM1 14q32.11 <1 Calmodulin 1 (dysfunctional Ca** signaling)
LQT15 CALM?2 2p21 <1 Calmodulin 2 (dysfunctional Ca** signaling)
JLNI KCNQ1 11p15.5 <1 1K,
JLN2 KCNE1 21q22.1-22.2 <1 IMinK

Causal gene mutations are detected in approxi-
mately 70% of patients with LQTS [32]. Approx-
imately 75% of all pathogenic variants are found in
the genes KNCQ1, KCNH2, and SCN5A4, which are re-
sponsible for the LQTS 1-3 subtypes in patients with
the Schwarz.scale score of > 4, while in 25% of cases,
the genotype remains unidentified after extensive ge-
netic testing based on various panels [27, 33, 34]. It is

possible that a small proportion of patients with gen-
otype-negative LQTS may have an as yet unknown
Mendelian disorder, but the existence of a different,
more complex inheritance pattern in this subgroup
cannot be denied (Fig. 3).

Thus, a genome-wide association study (GWAS)
comparing cases of rare arrhythmia syndrome with
a control group has shown that it can identify mod-
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current, [ current. LQT2 mutations in the hERG po-
tassium channel entail amplitude reductions; they are
loss-of-function mutations that decrease I, _amplitudes
and prolong repolarization. On the electrocardiogram,
it is recorded in the form of a bifurcated or notched
T wave, which has low amplitude and is asymmetric.
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Fig. 3. Genetic models underlying acquired and congenital forms of long QT syndrome.

ulators of susceptibility to the disease and suggest
its polygenic etiology. In their case-control study,
N. Lahrouchi et al. identified the important role of
common genetic variation in LQTS susceptibility
and confirmed the complex (polygenic) architecture
of genotype-negative LQTS, which was consistent
with an earlier publication by J.R. Giudicessi et al.
[34, 35].

For LQT1-3, the phenotype — genotype correlation
is evident. In about 85% of LQTS cases, a patient with
a positive genotype carries a mutation inherited from
one of the parents, and in the remaining 15%, a de
novo mutation is appropriate. Approximately 50% of
patients with the LQTS genotype are asymptomatic
throughout their lives, while 10-50% of these patients
do not show any obvious prolongation of the QT in-
terval. Complex mutations (= 2 mutations) are found
in 10% of patients with a positive genotype. As a rule,
the clinical manifestations of the disease in such pa-
tients are more severe [33].

LQT]1 is the most common subtype and is verified
in > 40% of individuals with LQTS. The main sub-
strate is the loss of / decrease in the function of the
KCNQI gene located at the 11p15.5 locus, encoding
the a-subunit of the voltage-gated potassium channel,
K, 7.1.K,, 7.1 consists of 4 a-subunits, which, togeth-

er with the B-subunits of KCNE1, generate a slowly
activated delayed rectifier potassium current (I ). I, _
physiologically increases due to sympathetic influenc-
es in order to adapt the QT interval to a certain heart
rate (HR). With a decrease in I, the QT interval is
not shortened, which leads to the development of ar-
rhythmia. On the electrocardiogram of a patient with
LQT1, a wide and symmetrical T wave is recorded
against the background of a prolonged QTc interval.
Accordingly, the main trigger for syncope or SCD in
LQT1 is exercise. The incidence of life-threatening
events is the lowest in LQT1 compared with LQT2 or
LQTS3. Heterozygous KCNQI1 mutations cause domi-
nant Romano — Ward syndrome of LQT1 and are the
most common LQTS genotype. Homozygous muta-
tions in KCNQ1 or complex heterozygous mutations
can cause autosomal recessive Jervell and Lange —
Nielsen syndrome.

LQT?2 is the second most common subtype, affect-
ing 30% of individuals with LQTS. LQT2 is caused
by mutations in the KCNH?2 or hERG gene located at
position 7p35-36, which encodes voltage-gated pores
that form the a-subunit of the K, 11.1 potassium chan-
nel. a-subunits form a complex with the transmem-
brane protein KCNE2, homologous to KCNE1, there-
by generating a fast component of the delayed rectifier
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channel and a mediator of the I depolarizing current.
Mutations in this gene, present in 10% of genetical-
ly diagnosed LQTS patients, increase the duration of
the action potential plateau phase by increasing late
depolarizing currents. The trigger for this subtype is
sleep (bradycardia). On the electrocardiogram, LQT3
is recorded as a prolonged isoelectric interval and a
relatively normal T wave.

Another 6 relatively rare forms of LQTS are asso-
ciated with a defect in ion channels due to mutations
in the corresponding genes:

— KCNE]1 (LQT5S) encodes the B1 subunit of the
voltage-gated potassium channel K, 7.1; participates
in the generation of current [ ;

— KCNE?2 (LQT6) encodes the B2 subunit of the
voltage-gated potassium channel K, 11.1; participates
in the generation of current I ;

— KCNJ2 (LQT7 or Andersen — Tawil syndrome)
encodes the Kir2.1 potassium channel as the mediator
of the inward rectifier current, I ;

— CACNAI (LQT8 or Timothy syndrome) —
alC-subunit of the voltage-gated Ca*" L-type channel,
Ca, 1.2, the defect of which increases the inward de-
polarizing calcium current and leads to prolongation
of the action potential plateau phase and a prolonged
QT interval;

— SCN4B (LQT10) encodes the p4 subunit of volt-
age-gated Na, 1.5;

— KCNJ5 (LQT13) is responsible for the work of
the potassium channel, Kir3.4, which is activated by
the G-protein.

The following three rare forms of LQTS include
causal genes encoding adapter proteins that bind the
cell membrane to the cytoskeleton:

— ANK2 (LQT4) — ankyrin-2, which coordinates
the work of Na* / K*-ATPase, Na" / Ca?*~ exchanger
and inositol triphosphate receptor, which leads to ab-
normal restoration of the initial state of ions;

— CAV3 (LQTY) — caveolin-3, which regulates ion
channels in caveolae, including membrane expression
of Na, 1.5/ Kir2.1;

— SNTAI (LQT12), encoding a-syntropin, which
binds Na, 1.5 channels to the NOS-PMCA4b complex.

Other rare genes of LQTS subtypes are associ-
ated with kinase activity, such as AKAP9 (LQTI11),
encoding binding of the kinase-9 anchor protein A to
the protein kinase A regulatory subunit, resulting in a
decrease in [ ; CALM1 (LQT14), CALM?2 (LQT15),
and CALM3 (LQT16) are responsible for the calmod-
ulin protein, an important intracellular Ca®* sensor that
transmits a signal and modulates Ca, 1.2. A mutation

in one of the three genes, even when heterozygous, is
sufficient to result in an early and severe form of LQTS
with an extremely long QTc¢ interval. A mutation in
the TRDN gene encoding the triadin protein, known
as a regulator of RyR receptors and Ca, 1.2 calcium
channels, also increases I . Mutations of two more
genes, TRPM4 and RYR2, in individuals with LQTS
are mentioned in the literature; their mechanisms of
influence require further study [23-35].

SHORT QT SYNDROME

Short QT syndrome (SQTS) is a rare, inherited,
autosomal dominant cardiac channelopathy associated
with malignant ventricular and atrial arrhythmias. The
syndrome was first described in 2000 by Gussak et al.
as an inherited disease, when idiopathic persistently
short QT intervals were recorded in 4 members of the
same family on an electrocardiogram. In the future,
the goal of many studies was to search for diagnostic
criteria. In 2011, Gollob et al. proposed SQTS criteria
based on 4 components, including electrocardiograph-
ic data, medical history, family history and genotype.

Genetic testing only detects a causal mutation in
< 25% of SQTS cases. According to O. Campuzano
et al., no more than 200 cases have been diagnosed
worldwide; accordingly, the prevalence of SQTS is
estimated at 0.02-0.1% [36, 37]. Currently, accord-
ing to the European Society of Cardiology 2015 clin-
ical guidelines, the clinical diagnosis of SQTS can be
made with a decrease in QTc duration < 340 ms and
should be considered at QTc values < 360 ms if one
or more of the following criteria are met: a confirmed
pathogenic mutation; cases of SQTS detection in the
family; family history of sudden cardiac death at the
age of < 40; a history of syncope of unknown origin
or documented ventricular tachycardia / ventricular
fibrillation in the absence of structural heart disease
[30].

The pathogenetic mechanisms of SQTS are associ-
ated with abnormalities of the heart ion channels that
regulate the action potential in cardiomyocytes, affect-
ing the duration of repolarization. Major mutations are
associated with increased function in voltage-gated po-
tassium channel subunits (KCNH2, KCNQ1, KCNJ2)
and decreased / lost function of voltage-gated calcium
channels (CACNAI1C, CACNB2B, and CACNA2D).

Analysis of 32 gene variants described in the lit-
erature showed that only 9 of them (28.12%) have a
decisive pathogenic role. All definitively pathogenic
variants are located in KCNQI1, KCNH2 or KCNJ2,
encoding potassium channels. Other variants, located
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in the genes encoding calcium or sodium channels, are
associated with electrical disturbances accompanied
by shortened QT intervals, but do not guarantee the
development of SQTS.

The only previously known pathogenic variant of
CACNAZ2DI, p. (Ser755Thr), associated with a BrS-
like phenotype and a short QT interval, was consid-
ered by O. Campuzano et al. as a variant with an am-
biguous effect on the phenotype, as it did not show
significant changes in ionic current. In the KCNH?2
gene, only four variants play a definitely pathogenic
role: p. (Asn588Lys) c. (1764C > A), p. (Asn588Lys)
c. (1764C > G), p. (Thr618lle), and p. (Ile560Thr); 3
variants, p. (GluS0Asp), p. (Ser631Ala), and p. (Trp-
927Gly), were classified as likely pathogenic due to a
lack of functional data. Two more options in KCNH2,
p- (Argl135His) and p. (Argl64Cys), remain indeter-
minate as both were identified in patients with Bruga-
da syndrome and a shortened QT interval but were not
consistent enough with the SQTS diagnosis.

Of the three KCNJ2 variants associated with
SQTS, all three, p. (Met301Lys), p. (Glu299Val), and
p- (Aspl72Asn), are classified as pathogenic, the neg-
ative role of which is confirmed by all currently pub-
lished data. In KCNQI, one variant, p. (Val307Leu),
remains classified as pathogenic, while the variant
p- (Phe279Ile) is currently classified as likely patho-
genic. Finally, the potentially pathogenic variant p.
(Arg370His), found in the SLC4A43 gene, suggests an
association of a new gene with SQTS and represents
a previously underestimated mechanism for the devel-
opment of malignant arrhythmia [37].

There are 8 subtypes of SQTS, SQT 1-38, the de-
velopment of which is based on the following mech-
anisms:

1) SQTI1, is associated with mutations in the
KCNH2 / hERG gene, the role and mutations of
which were described above. The hERG channels are
uniquely rapidly inactivated depending on the volt-
age, which promotes a certain contribution of the I,
current to ventricular repolarization. The linker region
of the hERG S5 pore plays a role in inactivating the
hERG current. Mutations are mainly associated with
a shift in the inactivation peak depending on voltage
and an increase in the [, current, which leads to a de-
crease in duration of the QT interval, which is electro-
physiologically a substrate both for atrial fibrillation /
flutter and for ventricular tachycardia / ventricular
fibrillation.

2) SQT2 is caused by mutations in the KCNQI
gene, the product of which, together with KCNE1,

forms functional proteins, affecting the I, current.
Mutations in the gene lead to rapid activation or de-
layed inactivation of potassium channels, which are
often the cause of accelerated ventricular repolariza-
tion.

3) SQT3 is the result of mutations in the KCN.J2
gene encoding the Kir2.1 protein, the function en-
hancement of which affects the duration of the final
part of the action potential repolarization.

4) SQT4 and SQTS include mutations in the CAC-
NAIC and CACNB2b genes encoding the a1C and 2
subunits of L-type voltage-gated calcium channels
that provide the I, current. Mutations in CACNAIC
have been identified as shortening the action poten-
tial by slowing down the movement of the al1C sub-
unit towards the membrane. A mutation in CACNB2b
drastically reduces I ., without affecting the speed of
subunit movement. Both mutations, by decreasing in-
ternal I, currents, cause transmural and epicardial dis-
persion of repolarization, resulting in SQTS combined
with Brugada syndrome.

5) SQT6 is caused by a mutation in the CAC-
NA2D1 gene encoding the 0261 subunit of L-type
voltage-gated calcium channels. The proposed mech-
anism for reducing I . currents through Ca, 1.2 turned
out to be doubtful, since it was not possible to regis-
ter shortening of the QT interval in genotype-positive
relatives.

6) SQT7 is associated with mutations in the
SCN5A gene, which encodes the a-subunit of sodium
channels, affecting late sodium current, the loss of
function of which can affect both depolarization and
repolarization. The R689H mutation increases late so-
dium flow, which raises doubts about its isolated ef-
fect on the SQT phenotype.

7) SQTS8 is associated with mutations in the
SLC4A3 gene, which encodes the AE3 protein, which
facilitates transport of CI™ ions into cardiomyocytes in
exchange for HCO, transport. According to a number
of authors, p.(Arg370His) in the gene should be at-
tributed to a likely pathogenic variant, which leads to
a decrease in metabolism and an increase in pH, which
induces shortening of the QT interval [23, 37-39].

Conducting a number of genetic studies, including
case-control studies using the polymerase chain reac-
tion method, studies using next generation sequencing
methods, and genomic association studies, made it
possible to identify and study a large number of poly-
morphisms of known genes that affect the QT interval
variability, thereby showing their importance in risk
stratification of sudden arrhythmogenic death.
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In the course of a meta-analysis, involving 13,685
individuals of European descent from three prospec-
tive cohort studies, the Framingham Heart Study (FHS,
n = 7,650), the Rotterdam Study (RS, n = 4,606), and
the Cardiovascular Health Study (CHS, n = 1,429),
C. Newton-Cheh et al. found an association of
single-nucleotide polymorphisms (SNPs) of the
known genes NOSIAP (rs12143842, rs12029454,
rs16857031), KCNQI (rs2074238, 1s12576239),
KCNEl  (rs1805128), KCNH2  (rs4725982,
rs2968864), and SCN5A (rs12053903), which are in-
volved in cardiomyocyte repolarization, with the QT
interval duration. Associations at five new loci includ-
ed 16921 near NDRG4 and GINS3, 6q22 near PLN
(rs11756438), 1p36 near RNF207, 16p13 near LITAF,
and 17q12 near LIG3 and RIFFL. Collectively, 14 in-
dependent variants at 10 loci accounted for 5.4-6.5%
of the QT interval variations [40].

Continuing the search for pathogenic variants in
individual cohorts, based on the New Zealand Cardiac
Inherited Disease Registry, in 273 patients with LQTS,
4 out of 29 SNPs associated with an increased risk of
cardiac events were identified, NOSIAP (rs12143842,
rs16847548) and KCNQI (rs0798, rs8234). Patients
homozygous for the risk allele rs12143842 had an
increased risk of sudden cardiac death (odds ratio (
-OR) = 10.15; 95% confidence interval (CI) 2.38—
43.34, p = 0.045). Several other SNPs showed tenden-
cies toward associations with QT interval duration and
clinical events [41].

In a recent GWAS case-control study, separately
for the European (1,238 cases vs. 8,219 controls) and
Japanese populations (418 cases vs. 1,617 controls),
three statistically significant polymorphisms were
found: rs12143842 (OR = 1.32; 95% CI 1.21-1.42;
p = 1.09 x 10", rs179405 (OR = 1.38; 95% CI
1.23-1.54; p=1.92 x 10°®) in the KCNQI intron; and
rs17061696 (OR = 1.25; 95% CI 1.15-1.35; p =4.33
x 107®) in the KLF12 intron. All 3 loci were previous-
ly associated with the QT interval duration, a mark-
er of myocardial repolarization on the electrocardio-
gram, in the general population. The low-frequency
missense variant in KCNE1, p.Asp85Asn (rs1805128,
OR=2.78;95%CI 1.67-3.90; p=5.31 x 107), reached
the expected threshold of statistical significance in the
European population and had a more pronounced ef-
fect in polygenic inheritance of genetically elusive
LQTS variants (OR = 7.64; 95% CI 3.66-15.95;
p=5.99 x107%) [34].

In 2007, in a population-based study carried out in
a cohort of 2,008 apparently healthy subjects, 200 of

which had the shortest QT interval and 200 people —
the longest, the known variants of the KCNH2, SCN5A,
KCNQI, KCNEI, and KCNE?2 genes were analyzed.
The minor allele SCN54 1VS24 + 116 “A” was more
common in the group with the shortest QTc, while
the minor alleles KCNQ! 15757092 “G” and KCNH?2
rs3815459 “A” were more common in the group with
the longest QTc. There were no significant differences
for KCNE1 1VS2—-128 G > A and KCNE?2 152234916
between the two groups. A genotype analysis showed
a twofold increase in the risk of QTc prolongation
for carriers of the genotype combining the “C” and
“A” alleles of the 2 KCNEI SNPs, IVS2-129 C > T
(rs2236609) and rs1805127 (G38S), respectively [42].
In the work by S.F. Qureshi et al., the AA genotype
and the “A” allele rs1805124 in the SCN5A gene were
more frequent in patients with LQTS compared with
the control group (OR = 2.43; 95% CI of 1.23-4.79,
p = 0.01), which indicates its role in the LQTS etiol-
ogy [43]. In the publication by N.A. Bihlmeyer et al.,
there are already about 45 single nucleotide variants
(SNVs) associated with ventricular repolarization, 10
of which were previously unknown [44].

CONCLUSION

A significant proportion of SCD cases in young peo-
ple is associated with primary arrhythmia syndrome.
Considering the electrical instability in the myocardi-
um as one of the main reasons for the development of
life-threatening arrhythmias (ventricular tachycardia /
ventricular fibrillation) and SCD, one should be aware
of such provoking factors as coronary heart disease,
myocarditis, valvular heart disease, pharmacological
influences, cardiomyopathy, and channelopathy. It is
known that an increase or decrease in the duration of
the QT interval, which reflects the work of ion chan-
nels and the processes of ventricular depolarization
and repolarization, increases the risk of SCD.

Along with diagnosis and treatment strategies,
one of the objectives of genetic testing for arrhyth-
mia syndromes is to improve prediction of a risk of
adverse events in each individual patient based on
their own genotype. Therefore, the study of the re-
lationship of molecular genetic markers with the QT
interval duration contributes to better understanding
of the pathophysiological mechanisms, correct choice
of management strategy, and prevention and treatment
of the patient, reducing the likelihood of SCD. The
predictive value of genetic testing is the highest for
LQTS, for which a gene-specific risk profile has been
established, and to a lesser extent for other channel-
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opathies. The large amount of genetic data may be a
promising approach to quantifying the risk of SCD,
especially at a young age, which is facilitated by fur-
ther study of this problem.
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ABSTRACT

Involutional hormonal processes characteristic of the postmenopause are accompanied by disorders that deteriorate
the quality of life in the female population and lead to an increased risk of developing metabolic diseases of the
bones and cardiovascular system. In modern medicine, it is extremely important to understand the pathogenesis
of postmenopausal osteoporosis (PMO) in association with cardiovascular diseases, which are the main causes of
mortality in the population.

This review is devoted to determining the key aspects of the pathogenesis of PMO and identifying their relationships
with cardiovascular pathology. Epidemiological data are assessed, the main mechanisms of PMO and vascular
pathology development are considered, the fundamental role of hormone deficiency, immune dysregulation
disorders, and disorders of macrophage polarization is described, and data on the association between the
pathogenesis links of the studied pathological processes are analyzed.

The obtained data will form a unified approach to reducing the growing prevalence of cardiovascular diseases and
complications of PMO and contribute to the development of new research areas in disease prevention.
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PE3IOME

VHBOONIMOHHBIE TOPMOHAIBHBIE TIPOLIECCHI, XapaKTEPHBIE U MOCTKIMMAKTEPUIECKOT0 IEPHO/Ia, COTIPOBOKIA-
FOTCS pacCTPOCTBAMH, YXYALIAONMIMMHU Ka4eCTBO YKU3HHU JKEHCKOH IOJIOBHHBI HACETICHUS M TIPUBOAAIINMH K T0-
BBIIIICHUIO PHCKA Pa3BUTHS METa0OIHIECCKUX 3a00JICBaHU CKeJIeTa M CEPIETHO-COCYAUCTON cucTeMbl. C MO3UIUU
COBpPEMEHHOI MEIUINHBI KpaifHe Ba)KHBIM SIBIISICTCS IOHUMaHUE NATOTeHE3a MOCTKIMMAKTEPHUECKOTO OCTEOMO-
po3a (ITKO) B accommanum ¢ KapAHOBACKYJISIPHBIMU 3a00JICBAHUSIMH, 3aHHMAIOIIUMH JIAIUPYIOMINE TTO3UINN B
CTPYKTYpE€ CMEPTHOCTH HACEIICHHSI.

JlaHHBI 0030p MOCBSILEH ONMpEIEICHHUIO KIIOUEBbIX aCHEeKTOB marorenesa Gpopmuposanus [IKO u BbIABICHUIO
MX B3aMMOCBSI3€H C KapAMOBacKyJsIpHOM marosiorueil. IIpoBeneHa olieHKa 3MMAEMHOIOIMYECKUX HAHHBIX, C
Pa3HBIX TO3MLHUH PacCMOTPEHBI OCHOBHbIE MexaHM3Mbl pa3BuTus [IKO m cocyaucroii maroioruu, ommcaHa
OCHOBOIOJIATAIONIAs POJIb TOPMOHANBHOTO AE(MHULUTA, TUCPETYIATOPHBIX PACCTPOHCTB MMMYHHOW CHCTEMBI,
HapyLICHUH HOJSPU3aLUKM MaKpo(aros, MpoAHAIN3UPOBaHbI JJAHHBIC, JOKA3bIBAIOIIME CONPSDKEHHOCTh 3BEHBCB
MaTOTeHE3a H3Y4aeMbIX aTONIOTMIECKUX MIPOLIECCOB.

CoOpaHHble B 0030pe CBEICHUS TMO3BOJIAT CHOPMUPOBATH CAWHBIA TOAXOA K CHIDKCHHIO pacTyIIei
pactpoCTPaHEHHOCTH CEPJICYHO-COCY/IUCTHIX 3a00JIEBaHUH M OCJIOKHEHHH OCTEONopo3a Cpeay SKeHIIUH
MOCTKIMMAKTEPUUYECKOTO TMEepHOaa M OyAyT CIOCOOCTBOBATh pPa3pabOTKE HOBBIX HAYYHBIX HATpABJICHUNA B
npoduIakTuke 3a00JeBaHUH.

Kiro4eBble €j10Ba: 0CTEONOPO3, TOCTMEHONAY3a, CEPAEYHO-COCYAUCThIE 3a00/I€BaHNs, aTEPOCKIIEPO3, ICTPOreH,
Makpodaru

KonpaukTt uaTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTCHIIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOIMKanuel HaCTOSIIEH CTaThH.

Hcrounuk ¢puHaHCHPOBAaHUSA. ABTOPHI 3asBIAI0T 00 OTCYTCTBMH (PMHAHCHPOBAHMUS MPU IPOBEACHUH HCCIIENO-
BaHUAL.

Jns uurupoBanus: [opsnun '.B., 3axBaroB A.H., Camapuna /I.B. [laTroreHetndeckne MexaHu3Mbl GOpMHPO-
BAHMS TMTOCTKIMMAKTEPUIECKOTO OCTEONOPO3a U MX B3aUMOCBA3b C KapHOBACKYIJISIPHOI maTtonorueil. boanemens

cubupckoti meduyunst. 2022;21(1):144—-151. https://doi.org/10.20538/1682-0363-2022-1-144-151.

INTRODUCTION

Currently, the observed trend toward increased life
expectancy in developed countries leads to an increase
in the number of postmenopausal women and a rise
in the incidence of related diseases. Osteoporosis and
cardiovascular diseases are among the most common
postmenopausal complications [1, 2].

Postmenopausal osteoporosis (PMO) is under-
stood as a widespread systemic metabolic bone dis-
ease, characterized by progressive loss of bone tissue
following the onset of natural or induced menopause
[3.4].

PMO belongs to type I primary osteoporosis and
accounts for 85% of all forms of this group of diseas-
es [1]. The social significance of this disease is deter-
mined by its consequences — fractures of the vertebrae
and tubular bones, which is one of the main causes
of disability in the elderly population [5]. While the

majority of premenopausal women have normal bone
mineral density (BMD) parameters, by the age of 70,
27-60% of patients are diagnosed with osteopenia,
while 70% of women develop osteoporotic changes
in hip and lumbar spine [6]. According to statistics,
almost half of women are unable to work as a result of
fractures, and about 20% of them become disabled [7].

The most commonly occurring hip fracture is a se-
rious complication of osteoporosis, and the associated
high mortality rates vary from 12 to 40% during the
first year after the fracture. The risk of fatal outcomes
also increases due to high probability of a vertebral
compression fracture, since it is the trabecular bone
tissue that is the most susceptible to damage [3, 8].
The analysis of fracture frequency dynamics revealed
a statistically significant increase in rates in recent
years. According to the prognosis, the number of oste-
oporotic femoral neck fractures is expected to double
by 2050 [9].
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The multifactorial nature of the disease, complex
pathogenetic mechanisms with underlying hormon-
al deficiency, and the impact on other body systems
allow to consider osteoporosis as a multidisciplinary
problem. In addition to pronounced osteoporot-
ic changes and related fractures, it is characteristic
of postmenopausal women to have progression of
cardiovascular diseases (CVDs). A number of au-
thors [7, 10-12] have proven that the frequency of
CVDs significantly increases in people suffering from
osteoporosis. Globally, the prevalence of CVDs in
postmenopausal women exceeds the prevalence of
CVDs in premenopausal women and men of the same
age [13].

One of the known causes of this phenomenon is os-
teolysis, which leads to an increase in the level of cal-
cium ions in the vascular bed and their further depo-
sition on the inner wall of the vessels. Calcification of
the vascular wall ultimately leads to the development
of ischemic heart disease, acute cerebrovascular acci-
dent, and other CVDs [12].

However, these risk factors do not fully reflect a
more severe course of cardiovascular pathologies in
this group [14]. Therefore, from the standpoint of
modern medicine, comprehensive understanding of
the pathophysiological mechanisms of the relation-
ship between postmenopausal osteoporosis and CVDs
is certainly an important task, since it might not only
improve the diagnosis of serious pathologies and af-
fect further progression of diseases with the formation
of common risk groups, but also become an incentive
to discover new directions in their treatment.

Pathogenetic role of immune dysregulation in the
development of PMO

PMO is considered to be a multifactorial disease.
At the same time, most of the studies indicate the
fundamental role of hypoestrogenism in the process
of bone loss in postmenopausal women. The effect
of estrogens in this case is described either as direct,
due to the influence on specific estrogen receptors by
regulating the transcription of target genes, or as indi-
rect, through a change in the production of stimulants
and blockers of bone remodeling [15]. Moreover, in
comparison with the reproductive period, when ade-
quate estrogen secretion maintains mineral homeosta-
sis and ensures the formation of a peak in bone mass
and maintenance of BMD in the future, the onset of
menopause is characterized by significant shifts in the
hormonal regulation of bone metabolism [3, 15].

Of course, the mechanisms that underlie the loss
of bone mass associated with estrogen deficiency are

much more complex and are not limited to the mod-
el of direct regulatory effects of these hormones on
bone tissue [15]. Recent studies of osteoimmunology
have proven the role of immune dysregulation in the
initiation of various inflammatory diseases of bone
tissue, including osteoporosis. Cells of immune and
bone systems have many common molecules, such as
transcription factors, signaling molecules, cytokines
or chemokines, and the osteoclast at the cellular level
can be considered as a prototype of an osteoimmune
cell [16]. Therefore, the so-called immunoporosis was
clearly revealed from the standpoint of the effect of
T helper 1 (Thl), T helper 2 (Th2), and T helper 17
(Th17) cells, as well as regulatory T cells and other
cells of the immune system [17].

It was also found that postmenopausal women
with osteoporosis have certain immune status disor-
ders compared with healthy women of the same age,
and their T cell activity parameters exceed normal
values. Now this is associated with the absence of an
estrogen blocking effect on the production of pro-os-
teoclastogenic cytokines (tumor necrosis factor alpha,
interleukin-1 beta (IL-1B), interleukin-6 (IL-6) [18].
Thus, the presence of PMO in women is combined
with an increase in the concentrations of IL-1p, IL-6,
IL-8, IL-17A, and receptor activator of nuclear factor
kappa-B ligand (RANKL) and a decrease in the levels
of IL-4 and IL-10 [15]. Moreover, under normal con-
ditions, suppression of pro-osteoclastogenic cytokine
secretion by hormones is implemented both due to a
direct effect on T cells and an indirect effect by inhib-
iting IL-7 and stimulating transforming growth fac-
tor-beta (TGF-B) [18]. Estrogens are able to directly
induce apoptosis of bone-resorbing osteoclasts, while
the pool size of preosteoclasts not involved in bone
resorption is also reduced by estrogens [19].

In total, the processes of osteoclast differentiation
in PMO are stimulated by two regulatory factors:

The cytokine ligand — receptor system RANKL /
RANK / OPG. It is known that in a state characteristic
of PMO, there is an increased production of RANKL,
which is necessary for further connection with RANK
and its activation. A subsequent increase in the expres-
sion of nuclear factor kappa-B (NF-«kB) activates the
nuclear factor of activated T cells 1 (NFATc1), which,
in turn, is the protein initiator of bone resorption and
contributes to progressive bone destruction [20, 21].

The macrophage colony-stimulating factor
(M-CSF) produced by osteoblasts. It stimulates intra-
cellular tyrosine kinase, resulting in the subsequent
proliferation and differentiation of osteoclast progen-
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itor cells — monocytes, macrophages, preosteoclasts
[21].

Macrophages are of particular interest among pro-
genitor cells, since it is a heterogeneous population of
cells that exhibit unique plasticity under changing en-
vironmental conditions [20, 22, 23]. Over the past de-
cades, a lot of research was dedicated to the functional
features of various macrophage phenotypes, and now-
adays there are reliable data proving the role of these
cells in the pathogenesis of osteoporosis [4, 17].

Thus, it is known that for women who have
reached the age of postmenopause and have a low
level of estrogens, there is an imbalance between
the proinflammatory M1 and anti-inflammatory M2
phenotype, leading to a change in the polarization of
macrophages. The shift in the ratio of macrophage
phenotypes and the resulting discrepancy between the
number of osteoclasts and their precursors negatively
affect the state of bone tissue and contribute to the de-
velopment and progression of osteoporosis [4, 19, 23].

Estrogen deficiency

!

Osteoclast Osteoclast
\_\\ ; /"/ /
| ;’/
M2/m1 4

It is estrogens that coordinate the balance between
macrophages and osteoclasts, determining the course
of PMO [21], as evidenced by a number of studies.
Thus, in a model of experimental osteoporosis after
ovariectomy in mice, bone marrow macrophages were
isolated from the femur, followed by induced polariza-
tion of M1 macrophages by lipopolysaccharide (LPS)
/ interferon gamma (IFNy) and M2 macrophages — by
IL-4 / IL-13, respectively. After stimulation of the
M1 and M2 RANKL phenotypes, it was found that it
was the M2 phenotype that mainly differentiated into
a functional osteoclast, and not M1, which led to a
change in the M1/ M2 ratio [19]. Conducting a similar
study, but under conditions of a normalized hormonal
background using 17p-estradiol (E2), it was showed
that restoring the level of estrogens prevented osteo-
clastogenesis from M2 macrophages, and the ratio of
phenotypes remained normal. The effect of the endo-
crine profile on the balance between macrophages and
osteoclasts is shown in Figure 1.

Normal endocrine
profile

RANKL

Osteoclast Osteoclast

M1=M2

Fig. 1. Effect of endocrine profile on the balance between macrophages and osteoclasts: M1, M2 — macrophage phenotypes;
M2 /M1 — a shift in the ratio of macrophages toward the M2 phenotype
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These phenomena are explained by the fact that
estrogen protects the M2 macrophage from RANKL
stimulation due to selective action through the o-es-
trogen receptor (ERa) and subsequent blocking of
the nuclear translocation of NF-kB p65 [19, 20]. A
selective a-estrogen receptor agonist PPT (4, 4', 4"
-(4-propyl-[1H]-pyrazole-1, 3, 5-triyl) trisphenol) can
reproduce a similar therapeutic effect in treatment of
osteoporosis in ovariectomized mice.

Therefore, against the background of estrogen defi-
ciency, osteoclastogenesis of macrophages of the M2
phenotype leads to a shift in the M1 / M2 ratio and
contributes to the progression of PMO.

MECHANISMS OF THE RELATIONSHIP
BETWEEN PMO AND CARDIOVASCULAR
DISEASES

The postmenopausal period is dangerous not only
due to progressive loss of bone mass, but also due to
an increased likelihood of CVD. Unfortunately, quite
often, these processes mutually aggravate each other,
worsening the quality of patients’ lives and causing
the development of serious complications [7, 10].
Currently, there are data from a number of authors
confirming the relationship between vascular diseases
and bone tissue, which can be traced both in the pres-
ence of similar pathogenesis links and in observations
conducted during experimental and clinical studies
[24, 25].

In particular, estrogen deficiency underlying
PMO, is also a risk factor for CVDs in women after
their reproductive function has declined. Moreover,
the effect of sex hormones on CVD is diverse: they
regulate the mechanisms of vasodilation, the rela-
tionship between hypoxia and angiogenesis, and the
formation and development of left ventricular dia-
stolic dysfunction. They are also crucial in the regu-
lation of calcium homeostasis and participate in the
coordination of the contraction and relaxation of car-
diomyocytes [2, 13].

17B-estradiol (E2) mentioned earlier as a factor that
prevents osteoclastogenesis from M2 macrophages
and normalizes the ratio of phenotypes in osteoporosis
is also involved in vasodilation processes. This occurs
mainly due to the regulation of nitric oxide synthesis
by binding to estrogen receptors that are present in en-
dothelial cells [21, 26].

The cytokine system RANKL / RANK / OPG,
which affects both the stages of bone remodeling and
the development of arterial calcification, is one of the
common factors involved in the regulation of bone

tissue and vascular mineralization [27]. In this case,
special attention should be paid to osteoprotegerin
(OPG), an important secreted protein of the tumor ne-
crosis factor family, which regulates bone density by
inhibiting osteoclast differentiation and activation and
affects the development of arterial calcification. By
binding to its ligand (OPGL), it suppresses the inter-
action between RANK and OPGL on osteoclasts and
their precursors, acting as a secreted inhibitor of the
RANK signaling pathway [11]. Studies on mice in-
volving targeted deletion of the osteoprotegerin gene
showed a significant decrease in total bone density
and high incidence of fractures, as well as a decrease
in the incidence of calcification in the aorta and renal
arteries. Statistical data confirm the relationship be-
tween a high degree of aortic calcification and a pro-
nounced decrease in BMD. Besides, they confirm that
the risk of carotid artery calcification for women with
osteoporosis is approximately 4 times higher than that
in women with a normal BMD index in the femoral
neck [24, 27].

One of the significant pathogenetic factors affect-
ing the development of CVD is disturbance of macro-
phage polarization. Currently, a lot of data have been
obtained on the role of macrophage phenotypes in the
development of atherosclerotic lesions [11, 13, 22].
As in the case of osteoclastogenesis regulation, the
effect of M1 and M2 phenotypes is opposite, contrib-
uting to a shift in the overall ratio of macrophages and
progression of the lesion or, conversely, restoration of
the vascular tissue.

However, in this case, activation of each pheno-
type is closely related to the change in the metabolic
processes occurring in atherosclerosis. Thus, proin-
flammatory M1 macrophages are characterized by an
anabolic type of metabolism, so they mainly regulate
glycolysis or the pentose phosphate pathway. The an-
ti-inflammatory M2 phenotype, in turn, is associated
with oxidative phosphorylation and fatty acid oxida-
tion. Therefore, such factors as hyperlipidemia, hy-
poxia, and hyperglycemia can change polarization of
macrophages toward the glycolytic M1 phenotype and
shift the initial equilibrium, contributing to the pro-
gression of atherosclerosis [22].

The localization of phenotypes also confirms the
dual role of macrophages. For example, staining of
M1 phenotype markers is mainly limited to one of the
most unstable areas inside the plaque, while M2 phe-
notype markers are more often present in the vascular
adventitia or areas of stable plaques. M1 macrophages
are also more common in the foci of infarction than
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M2 macrophages [11]. These data confirm that the
M1 phenotype, which, according to many authors,
is proatherogenic, characterizes progressive lesions,

' |

Regulation of Fatty acid
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while regressing plaques are enriched with the antia-
therogenic M2 phenotype, which promotes restoration
of vascular wall tissues (Fig. 2).
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Fig. 2. The role of macrophage phenotypes in the development of atherosclerotic lesions. FA — fatty acids; M1 / M2 — shift in the
ratio of macrophages toward the M1 phenotype

In addition to the common links in the pathogen-
esis of vascular lesion formation and bone tissue re-
duction, these pathological conditions are reciprocal
in relation to corrective therapy. The results of some
studies indicate that bisphosphonates, which are used
in treatment of osteoporosis as bone resorption in-
hibitors, have a positive effect on the vascular wall
and even reduce the degree of vascular calcification
[11]. In order to prevent or reduce progression of
subclinical atherosclerosis and vascular calcifica-
tion, other groups of drugs used in the treatment of
osteoporosis were also studied, which included an-
tiresorptive agents (monoclonal antibodies targeting
RANKL, selective estrogen receptor modulators)
and anabolic bone therapy (teriparatide). However,
currently, such studies are few, which is an incen-
tive for the development and introduction into clin-
ical practice of new pathogenetically substantiated
methods for treatment of comorbid diseases under
consideration [25].

CONCLUSION

The mechanisms of PMO formation following the
impact of hormonal imbalance on bone tissue are ex-
tremely complex. Hypoestrogenism is the main trig-
ger in the imbalance of bone remodeling which can
directly or indirectly induce bone resorption process-
es. Metabolic disorders and dysregulated immune
disorders perform a particular function in maintain-
ing degenerative processes and disease progression.
The change in the immune status is largely due to the
lack of a blocking effect of estrogens on the regula-
tory factors of the RANKL / RANK / OPG system,
which affects activation of NFATcl and M-CSF and
is responsible for proliferation and differentiation of
osteoclast progenitors.

Impairment of macrophage polarization in condi-
tions of estrogen deficiency is associated with the ab-
sence of a blocking effect of the hormone on estrogen
receptors. In such an environment, activation of M2
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phenotype osteoclastogenesis leads to increased bone
resorption, which underlies osteoporotic changes. In
addition, the analysis made it possible to establish
the presence of a close correlation between PMO and
cardiovascular pathology from the standpoint of the
hormone factor, bone proteins, cytokines, and macro-
phage polarization. Thus, osteoprotegerin, acting as a
secreted inhibitor of the RANKL signaling pathway,
is responsible for changing the overall bone density,
as well as for the development of large vessel calci-
fication, and its effects on the relationship between a
decrease in BMD and an increase in the risk of calcifi-
cation have been confirmed by statistical data.

It is also shown that due to the disruption of po-
larization processes, macrophages undergo structural
changes during the development of both PMO and
cardiovascular pathologies. Only in atherosclerosis,
macrophage phenotypes are described according to
metabolic shifts, as pro-atherogenic M1 and anti-ath-
erogenic M2, while in osteoporosis, they are classi-
fied as proinflammatory M1 and anti-inflammatory
M2 phenotypes. At the same time, during the analysis
of the collected data, it was found out that in case of
PMO, the M1 / M2 ratio is characterized by a shift
toward the M2 phenotype, and in case of atheroscle-
rosis, the shift is mainly toward the M1 phenotype.
However, the observed pattern in the relationship be-
tween cardiovascular pathology and osteoporosis has
not been studied enough.

Therefore, it is necessary to further study these and
other links in the pathogenesis of the considered dis-
eases, both individually and in relation to each other.
Clear understanding of the described and possible new
mechanisms can not only make a great contribution to
the development of strategies to reduce the growing
prevalence of cardiovascular pathologies and compli-
cations of osteoporosis among postmenopausal wom-
en, but will also help to form a unified approach to the
prevention of these diseases.
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ABSTRACT

The review presents an analysis of the scientific literature on comorbidity of coronary artery disease (CAD) and
assessment of its impact on the results of coronary artery bypass grafting (CABQG). Arterial hypertension (AH),
chronic obstructive pulmonary disease (COPD), metabolic syndrome (MS), and diabetes mellitus (DM) have
been shown to be the most common comorbidities in CAD patients. Clinical manifestations of cardiovascular
comorbidities also include atrial fibrillation, acute cerebral ischemia, atherosclerosis of carotid and lower limb
arteries, and chronic heart failure.

Concomitant COPD doubles the risk of postoperative complications after CABG and reduces the 10-year survival
rate in patients to 30%. In CAD patients with MS, the risk of postoperative mortality increases by 1.4 times, and
the S-year survival rate decreases by 3 times. Diabetes significantly worsens the long-term survival of patients
after CABG and is an independent predictor of acute cardiovascular events after revascularization in the long term.
The presence of various comorbidities in CAD patients requires a personalized approach to managing the risks of
adverse outcomes after CABG and introduction of modern artificial intelligence (AI) technologies into clinical
practice, which significantly increase the accuracy of prognosis.
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PE3IOME

[IpencrasieH aHaIN3 HAYYHOM JIUTEPATYPHI 110 ITPodIeMe KOMOPOUIHOCTH HIleMudeckoi 6oseznu cepana (UBC)
U OIICHKE e¢ BIMSHHUS Ha Pe3yNbTaThl aopTokopoHapHoro myHTupoBaHusa (AKI). [Tokazano, uro Hanbonee va-
CTBIMH BapuaHTaMH KOMOpOHIHOI maTtonorun y 6onpHbIX UBC sBistoTest aprepuansHas runeptensus (Al), xpo-
HU4YecKast o0cTpykTuBHas Oone3Hb jerkux (XOBJI), merabomnueckuit cunapom (MC) u caxapusiii nuaber (CH).
CepredHo-cocyanucTas KoMopOuaHocTs moMuMo Al mposiBiseTcst Taxke GUOPHIUIALMEH Mpeacepaui, ocTpoi
HepeOpanbHOM HIIeMHueit, aTepOCKICPO30M COHHBIX apTePHid B apTepHii HIKHUX KOHEUHOCTEH, XPOHUUECKOH cep-
JIEYHOU HEJOCTaTOYHOCTBIO.

PecmiuparopHast koMopOHIHOCTB, TpeacTaBiaeHHas XOBJI, yBennuuBaeT puck mocieonepaioHHbIX OCI0KHEHHH
AKIII B 2 pa3a, a 10-neTHsA BBDKMBAEMOCTb 3THX 00JbHBIX cHIKaeTcst 10 30%. Y 6onpHbx UBC ¢ MC puck no-
CIIEOTIEPALlIOHHOM JIETaNbHOCTH yBenu4uuBaeTcs B 1,4 pasa, a S-1eTHsS BBDKUBAEeMOCTh CHIDKaeTcs B 3 paza. CL{
CYIIECTBEHHO YXYJIIAaeT AOJITOCPOUHYIO BblKHBaeMOCTh 00nbHBIX nocne AKII u sBnseTcss He3aBUCHMBIM TIpe-
JHUKTOPOM OCTpBIX CEPJIEYHO-COCYUCTBIX COOBITHH B OTAAJICHHBIH MEPUOA MOCIe peBacKyispu3anuu. Hamnune
Pa3NINYHBIX BApHAHTOB KoMOpOuaHOCTH y 6onbHbIX IBC Tpedyer nepcoHnduunpoBaHHOro noaxona K ynpasie-
HMIO pUCKaMH HeOnaronpusaTHbIX ucxonoB AKII n BHeApeHUS B KIIMHUYECKYIO IIPAKTHKY COBPEMEHHBIX TEXHOJIO-
T'Uil HCKYCCTBEHHOTO HHTEJIEKTA, TOBBIIIAIOINX TOYHOCTh MPOTHO3UPOBAHHS.

KiioueBble cjioBa: KOMOPOHHOCTB, HIIEMUUYeCKas 00JIE3Hb Cep/lia, A0PTOKOPOHAPHOE IIYHTHPOBAHKE, TPOTHO-
3UPOBAHKE

KOHq).]Il/lKT HHTEPECOB. ABTOpBI JACKIIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIHUAJIBHBIX KOHq)III/IKTOB HUHTEPECOB,
CBA3aHHBIX C l'[y6J'II/IKaIII/IeI71 HaCTOS{H.[efI CTaTbHU.

Hcrounuk punancupoBanus. Pabora BeImoinHeHa pH oaaep>kke rpaHToB PODU B paMmkax HayYHBIX TPOSKTOB
Ne 18-29-03131, Ne 19-29-01077.

CooTBeTcTBME NPHHUIMIIAM 3THKH. VccrenoBanue og00peHo JIOKaIbHBIM 3THYECKUM KomuTeToM JIBDY (mpo-
TokoJst Ne 12 ot 15.11.2017).

s uurupoBanus: Pyones B.1O., I'emsiep b.U., Ceprees E.A., Kotensaukos B.H., Kapnos P.C. KomopOun-
HOCTb HIIEMHYECKON OOJNIE3HH cep/ilia M ee 3HaueHHE B IPOrHO3MPOBAHUH PE3YJIbTaTOB A0PTOKOPOHAPHOTO IITyH-
TupoBanus. broinemens cubupckou meouyunst. 2022;21(1):152—161. https://doi.org/10.20538/1682-0363-2022-1-
152-161.

INTRODUCTION

Currently, comorbidity is understood as coex-
istence of two or more diseases, regardless of their
intensity, which are pathogenetically interconnected
or coincide in time for one patient [1]. Comorbidity
has been proven to be associated with adverse disease
outcomes, an increased risk of adverse effects of drug
therapy, and a significant increase in treatment costs.

One of the main reasons for the growth of concomitant
conditions is increased life expectancy in developed
countries. Thus, more than 50% of people aged over
60 years have at least three concomitant diseases, and
the proportion of patients from older age groups with
five or more comorbid pathologies is constantly in-
creasing [2]. Comorbidity of coronary artery disease
(CAD) with other pathologies significantly aggravates
its clinical course and reduces the effectiveness of
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therapy and survival prognosis after myocardial re-
vascularization. Therefore, the problem of comorbid-
ity in such groups of patients is of special interest [3].

Today, coronary artery bypass grafting (CABG) is
one of the most common types of surgical treatment
for CAD, which restores coronary blood flow and in-
creases the quality and expectancy of patients’ life.
Evaluation of its long-term results is the subject of
numerous studies. Thus, the accumulated clinical ex-
perience indicates that CABG does not fully prevent
progressive or recurrent myocardial ischemia (MI). It
has been proven, in particular, that within 2—3 years
after CABG, recurrent angina pectoris develops in
3.5-7.2% of patients, and by the fifth year, their num-
ber increases up to 17-36% [4].

The frequency and timing of angina pectoris recur-
rence are determined by the clinical features of CAD
before myocardial revascularization, surgical risk fac-
tors, the presence or absence of postinfarction cardio-
sclerosis, the prevalence and localization of coronary
artery (CA) stenosis, and the presence and intensity of
concomitant pathology [5-9]. In the multicenter study
conducted by the US Society of Thoracic Surgeons,
factors that most commonly appear as the main caus-
es of rehospitalization for patients after CABG were
identified. These included: chronic obstructive pulmo-
nary disease (COPD) (odds ratio (OR) 1.81), cerebro-
vascular disease (OR 1.56), diabetes mellitus (DM)
(OR 1.44), and chronic heart failure (CHF) (OR 2.21).

It was shown that one year after CABG, in patients
of older age groups with comorbidities, behavioral
risk factors affecting their quality of life and disease
outcome were more likely to persist (smoking, irreg-
ular intake of medications, non-compliance with diet,
sedentary lifestyle, etc.) [10,11]. According to the re-
sults of the national study in Iceland, it was found that
S5-year survival for patients after CABG was 89.9%,
and the most significant predictors of mortality were
concomitant conditions, such as COPD, chronic renal
failure, and diabetes [12]. Another study found that
significant predictors of long-term mortality (7 years
after CABGQG) are cerebrovascular diseases, significant
peripheral arterial disease, COPD, CHF, and ventricu-
lar arrhythmias [13].

According to the data from the Russian Cardiac
Surgery Center registry, 10-year survival rate for pa-
tients after CABG was 76.4%, and comorbidities, such
as DM, COPD, and ischemic stroke (IS) were among
the factors that significantly influenced survival [14].
A number of studies have shown that negative CABG
prognosis is also associated with the presence of left

ventricular (LV) aneurysms, low ejection fraction
(EF), small CA diameter, and the use of vein grafts [4,
8, 12, 14]. The quantity and intensity of concomitant
pathology for CAD patients is associated with certain
gender differences: women are more likely to have
hypertension, diabetes, thyroid pathology, bronchi-
al asthma (BA), and varicose veins, while men more
commonly have hypertension, lower extremity artery
stenosis, COPD, and urolithiasis.

It was noted that the presence of comorbidities in
CAD patients planning to undergo CABG is general-
ly a rule, not an exception, which requires an optimal
strategy for personalized therapy for comorbidities in
preoperative period, as well as adherence to recom-
mendations on their examination and treatment in the
postoperative period. In addition, understanding the
clinical and pathophysiological features of various
types of comorbidities, as well as common biologi-
cal patterns of non-random co-occurrence of diseases
(syntropic diseases) should provide higher efficiency
of risk management for adverse outcomes upon sur-
gical myocardial revascularization. In such cases, in-
terdisciplinary interaction of specialists, including the
information technology field, is particularly relevant,
making it possible to evaluate a wider range of pre-
dictors characterizing the postoperative period and
long-term consequences of CABG prognosis. How-
ever, the problem of CAD comorbidity with account
of its typological features, including cardiovascular,
respiratory, metabolic, and other clinical variants of
the disease, has not been fully resolved and requires
further study.

COMORBIDITIES OF CAD WITH OTHER
CARDIOVASCULAR DISEASES

As a rule, pathologies of the coronary, cerebral,
and peripheral arteries develop simultaneously due
the same pathophysiological mechanisms of athero-
sclerotic lesion formation in the vascular pool. For
example, a combination of carotid artery athero-
sclerosis and CA occlusion occurs in 74.7-92.4% of
patients. The most common clinical variant of asso-
ciated vascular comorbidity in CAD is arterial hyper-
tension (AH), which, according to various sources,
can be seen in 64-81.2% of CAD patients [15-17].
In younger groups of patients (up to 50 years of age),
this combination is found in around 45% of cases,
while in patients over 70 years, it is observed in 85%
of cases. The combination of these pathologies leads
to an increase in LV stiffness due to its hypertrophy,
which worsens the clinical prospects in patients af-
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ter myocardial revascularization [18]. According to
3-year follow-up, in the absence of AH treatment, the
frequency of LV hypertrophy (LVH) in patients with
CAD increased from 57 up to 77%, and the number of
cases with diastolic and systolic dysfunction of both
ventricles increased drastically [19].

In other studies, LVH was registered in 11.8-59%
of patients with CAD. The clinical significance of
LVH lies primarily in the fact that it is an independent
and strong predictor of cardiovascular mortality: its
presence doubles the risk of death for CAD patients
[18]. In CAD with comorbid AH, increased LV myo-
cardial mass has greater prognostic value in terms
of mortality than a degree of blood pressure (BP)
increase and other risk factors, except age, with the
worst prognosis occurring for patients with concentric
LVH [19]. That happens due reduction of the number
of resistance microvessels per unit of myocardial tis-
sue during LVH, which in turn accelerates coronary
remodeling, reduces its vasodilation potential, and
increases intracardiac vascular resistance. In addition,
these changes contribute to the development of peri-
vascular fibrosis, which also limits the coronary flow
reserve and increases myocardial oxygen demand.

A combination of AH, LVH, and CAD significant-
ly increases CA stiffness and worsens the prognosis
in both diseases [20]. At the same time, it was shown
that for CAD patients with LVH, a combination of
CABG and surgical LV reconstruction to reduce its
volume did not lead to a decrease in the severity of
cardiac symptoms, exercise tolerance, hospitalization
rates, and mortality [21]. In patients with CAD asso-
ciated with AH, 3-5 years after CABG, relapses of
angina pectoris, coronary atherosclerosis progression,
and vein graft stenosis were noted significantly more
often than in patients with effective control. These
changes were closely related with the degree and time
index of the average daily systolic and diastolic blood
pressure, as well as with the insufficient degree of its
nighttime drop.

A frequent combination of CAD, AH, and carotid
artery atherosclerosis determines a high risk of IS in
such patients. Thus, CAD was diagnosed in 74% of
patients with IS [22]. In other studies, the combination
of CAD and IS was recorded in 30—-60% of cases [23].
According to various authors, hemodynamically sig-
nificant carotid artery stenosis was found in 2.8—17%
of CABG patients. It was also shown that around 28—
40% of patients after carotid endarterectomy are diag-
nosed with concomitant CA lesion [24]. For patients
with a history of transient ischemic attack or IS, the

risk of recurrent acute ischemic stroke in the periop-
erative period increases up to 8.5%. At the same time,
the risk of death for patients after simultanecous CABG
and endarterectomy is around 10—12% [23, 24].

In the postoperative period, paroxysmal atrial
fibrillation (PAF) develops in 30-50% of patients
who underwent CABG with cardiopulmonary by-
pass (CPB) and less frequently — in off-pump CABG,
which increases the risk of embolic complications by
4 times and the risk of sudden cardiac death by 3 times
[ 25]. Higher incidence of atrial fibrillation (AF) is as-
sociated with older age, male sex, prolonged mechani-
cal ventilation, multifocal atherosclerosis, COPD, left
atrial enlargement, valvular lesions, episodes of AF
before surgery, diabetes, and obesity.

Pathogenetic features of postoperative AF are de-
termined by the presence of new triggers associated
with cardiac surgery and CPB: impaired blood ionic
composition, atrial edema, compliment activation and
expression of proinflammatory cytokines, increased
sympathetic activity, oxidative stress, and pericardial
effusion. It was also established that the presence of
even a single episode of PAF in the postoperative peri-
od acts as an independent risk factor for development
of a persistent form of the disease (risk ratio (RR)
4.99). Long-term comorbidity of CAD and AF in the
preoperative period exacerbates ischemic myocardial
damage and aggravates patient’s hemodynamic status.
AF episodes before CABG dramatically increase the
risk of sudden cardiac death in the postoperative peri-
od (9 vs. 2%), ischemic cerebrovascular events (7 vs.
2%), and development of end-stage CHF (18 vs. 7%)
[26]. To prevent such complications, various options
for simultaneous surgical treatment of paroxysmal
and persistent AF during CABG have been developed,
which contributes to restoration and stabilization of
sinus rhythm in a significant number of patients and
improves the structural, functional, and electrophysio-
logical characteristics of the myocardium [27].

Chronic critical lower extremity ischemia com-
bined with CAD is observed in 37-78% of patients
[28]. Combined atherosclerotic damage to the lower
extremity arteries and branches of the aortic arch and
abdominal aorta occurs in almost half of CAD patients
[24]. For such patients, the risk of IS and MI in the
early postoperative period after CABG reaches 12%
(against 3.8% in the general population) [22, 23]. De-
pending on the number of damaged arteries, the risk of
postoperative vascular events increases by 1.64-10.5
times compared with isolated coronary artery disease.
Independent predictors of overall and cardiovascu-
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lar mortality after CABG were determined for pa-
tients with multifocal atherosclerosis, which include
the presence of clinical manifestations of lower limb
ischemia (OR 3.6) and a decrease in the ankle-bra-
chial index without clinical manifestations (OR 2.4).
The 3-year cardiovascular mortality after CABG in
patients with multifocal atherosclerosis is 18.5% vs.
11.2% in the general population of CAD patients [29].

In the European epidemiological study of patients
with CAD, functional class (FC) III-IV CHF was de-
tected in 5 and 0.6% of CAD patients, respectively
[30]. It was proven that chronic impairment of coro-
nary circulation leads to structural changes in cardio-
myocytes and a decrease in myocardial contractility
due to ischemic cardiomyopathy formation. On the
other hand, limitation of L'V contractility contributes
to development of arterial hypoxemia, increases myo-
cardial oxygen demand, and aggravates the clinical
course of CAD. It was established that in CAD pa-
tients with CHF, surgical myocardial revasculariza-
tion is more preferable than percutaneous coronary
intervention. According to meta-analysis data, pa-
tients with left ventricular ejection fraction (LVEF) <
35% after CABG show operative mortality of around
50% and 5-year survival of up to 73% [13, 24]. In
patients with normal ejection fraction (EF), the same
parameters are 2 and 83.8%, respectively. Therefore,
AH with LVH, CHF, AF, atherosclerotic stenoses of
carotid and peripheral arteries, and episodes of acute
ischemic stroke should be attributed to the most fre-
quent and dangerous manifestations of cardiovascu-
lar comorbidity in CAD patients. The effectiveness of
CABG in such cases depends on the effectiveness of
risk stratification in the preoperative period, as well as
on personalized programs for preparation for surgery
and postoperative rehabilitation for such patients.

COMORBIDITY OF CAD WITH CHRONIC
OBSTRUCTIVE PULMONARY DISEASE

According to numerous studies, COPD prevalence
in the Russian Federation is around 15.3% in the gen-
eral population and 21.8% among people with respi-
ratory symptoms. At the same time, mortality from
COPD ranks 4th around the world. COPD is classi-
fied as a multisystem disease, the most important ex-
trapulmonary manifestation of which is damage to the
cardiovascular system. Large epidemiological studies
demonstrate that the leading cause of mortality for
COPD patients is cardiovascular pathology, which is
recorded in at least 50% of these patients [31]. It has
been shown that every 10% decrease in forced expira-

tory volume in 1 second (FEV1) increases the risk of
cardiovascular mortality by 28% and non-fatal coro-
nary events by 20% [32].

The key mechanisms of cardiovascular comorbidi-
ty in COPD are chronic systemic inflammation, arteri-
al hypoxemia and tissue hypoxia, oxidative stress and
degradation of the extracellular matrix, which acceler-
ate atherogenesis and are involved in the pathogenesis
of intracardiac, central, and pulmonary hemodynamic
disorders and myocardial contractile dysfunction. A
number of authors point to certain difficulties in di-
agnosing CAD in COPD patients due the fact that in
the clinical presentation of the concomitant pathology,
signs of dyspnea due to respiratory failure prevail in-
stead of the coronary syndrome [33, 34].

One of the factors contributing to the atypical
course of CAD in patients with COPD is chronic ar-
terial hypoxemia, which increases the pain threshold.
This explains, in particular, that painless forms of
myocardial ischemia are more common for patients
with COPD, they are recorded in 66.7-84.4% of cas-
es. According to results of various studies, atypical
localization of chest pain is recorded much more often
in patients with comorbidity, than in individuals with
isolated CAD [35, 36].

In patients with CAD against the background of
COPD, a more severe course of angina pectoris and
CHF is also observed. In addition, in CAD patients
with comorbidity, the severity of bronchial obstruc-
tion is significantly higher than in patients with isolat-
ed COPD. The main mechanisms of mutual aggrava-
tion of these diseases include augmented pulmonary
shunt both due to ventilation — perfusion mismatch
characteristic of COPD and alveolar shunt against the
background of left ventricular failure and diffusion
disorders associated with ischemic cardiomyopathy. It
should be noted that progression of CAD and COPD
during their comorbidity is characterized by common-
ality of some links in their pathogenesis. In particu-
lar, formation of secondary pulmonary hypertension
increases the load on the right heart and left atrium,
limiting the coronary flow reserve, which increases
MI in both ventricles and contributes to progression
of coronary and pulmonary heart disease [37].

It is believed that a severe course of COPD reduc-
es traditional clinical and functional manifestations of
CAD [33]. In these situations, more careful monitor-
ing of physiological functions in the dynamics of the
disease is required. In addition, according to various
authors, the frequency of the established COPD diag-
nosis in patients with CAD referred for CABG ranges
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from 6.7 up to 14% [36]. However, spirometry for all
patients before CABG makes it possible to diagnose
obstructive disorders in more than a third of all cases.
Thus, in real clinical practice, the problem of cardiore-
spiratory comorbidity in patients with CAD is under-
estimated due COPD underdiagnosis. The SYNTAX
II scoring scale has been proven to be a useful tool
for optimizing the choice of surgical revascularization
and predicting 4-year survival outcomes among pa-
tients with complex CAD forms, which include asso-
ciated COPD. It was shown that risks of complications
during the hospital stay in patients with cardiorespira-
tory comorbidity double [35]. Other studies identified
an increase in the risk of mortality in patients with
COPD after CABG by 1.4-1.8 times compared with
the control group (27.2 vs.14.5%) [34]. According to
the results of the Spanish Registry, the 10-year surviv-
al rate for patients with CAD and concomitant COPD
after CABG is 30% [33].

A number of studies indicate a predictive role of
individual parameters of lung ventilation function in
assessing early and long-term CABG consequences
in patients with COPD. In particular, FEV1 has been
shown to be an informative predictor of 5-year sur-
vival in COPD patients who underwent CABG [33].
According to other data, FEV1 less than 60% of the
expected value is an unfavorable prognostic factor for
postoperative respiratory complications and long-term
results of revascularization [36].

The predictive value of forced vital capacity in as-
sessing the risk of developing hospital-acquired pneu-
monia, atelectasis, and postoperative wound infections
and increasing the duration of mechanical ventilation
after surgery and reintubation was also shown. One
of the factors aggravating respiratory failure and in-
creasing the risk of cardiovascular complications in
COPD patients in the postoperative period is respira-
tory muscle dysfunction, which timely diagnosis and
correction at the preoperative stage can reduce the
risk of postoperative complications. It has been shown
that prehabilitation of COPD patients with respirato-
ry simulators and modern methods of bronchodilator
therapy significantly improves postoperative period
prognosis and respiratory function recovery rate [33].

COMORBIDITY OF CAD WITH METABOLIC
SYNDROME

Metabolic syndrome (MS) is defined as a complex
of endocrine and metabolic disorders associated with
insulin resistance. A detailed study of its development
mechanisms is of great clinical importance, since this

syndrome is reversible and amenable to therapeutic
control. In the “classic” variant of MS, it is charac-
terized by abdominal obesity, dyslipidemia, impaired
carbohydrate metabolism, and hypertension, which
determines its high atherogenic potential. Thus, the
incidence of CAD in people with MS increases by
2.9—4.2 times and mortality rate — by 2.6-3 times. Af-
ter CABG, the presence of MS is recorded in 55.4%
of women and 41.3% of men [38]. In patients with
MS, the incidence of life-threatening cardiovascular
diseases increases by almost 4 times [39].

The importance of individual MS components and
their combinations in the development of coronary ar-
tery atherosclerosis, LVH, LV diastolic dysfunction,
AF, and other variants of cardiovascular comorbid-
ity has been proven [39, 40]. According to individ-
ual studies, a complete MS cluster is formed within
at least 10 years, and its multicomponent variants are
characterized by severe comorbidity [41, 42].

Development of acute cardiovascular events after
CABG in patients with MS is significantly more fre-
quent, and a number of authors indicate a significant
increase in mortality in such groups (2.4 vs. 0.9%)
[42]. According to the American Society of Thorac-
ic Surgeons, the presence of MS increases the risk of
postoperative mortality by 1.4 times [43]. In MS, the
risk of developing respiratory complications and post-
operative wound increases by 2.5 times, and thorough
correction of carbohydrate metabolism in the periop-
erative period reduces it by 2 times. Another study
confirmed a significant association of MS with wound
infections and pulmonary complications (OR 6.64),
cardiac arrhythmias (OR 5.47), prolonged mechanical
ventilation (OR 5.47), and almost a 3-fold increase in
the risk of postoperative mortality after CABG, com-
pared with the control group (3.1 vs. 1.1%) [42, 43]. In
CAD patients with MS, CA lesions are usually more
diffuse and distal, which in some cases limits the use
of endovascular revascularization. This explains the
advantage of CABG with arterial bypasses compared
with percutaneous coronary intervention for such pa-
tients. In CAD patients with MS over 65 years, surgi-
cal myocardial revascularization increases the 10-year
survival rate by almost 50% [39].

Besides, it has been shown that with coronary ar-
tery occlusion in patients with MS, the degree of col-
lateral circulation development is lower, and the clin-
ical course of atherosclerosis is more aggressive with
an increased risk of developing various complications.
A high risk of adverse cardiac events, shunt obstruc-
tion or new coronary artery damage within 2—-5 years
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after CABG correlates with triglyceride and blood glu-
cose levels. It has been shown that in MS patients with
high triglyceride levels and elevated (>8.6%) levels of
glycosylated hemoglobin in the preoperative period,
mortality after CABG increases by 4 times [44]. In
case of CAD with concomitant MS in the long-term
period after revascularization, the incidence of CHF
increases by 46%. According to the Scottish registry,
after CABG, patients with a body mass index (BMI)
of 27.5-30 kg / m? had a decrease in the 5-year mor-
tality rate by 41% compared with patients whose BMI
was more than 30 kg / m? [12]. These data support the
hypothesis on atherogenic and inflammatory activity
of visceral adipose tissue in patients with MS. Thus,
according to the results of a five-year cohort study,
patients with MS after CABG, distributed according
to the presence or absence of obesity, significantly
differed in terms of early postoperative complications
(30.26 vs. 20.75%, OR 2.04) and five-year mortality
(11.84 vs. 3.74%, OR 4.65) [45].

COMORBIDITY OF CAD WITH DIABETES
MELLITUS

Based on the WHO data, the number of patients
with diabetes mellitus (DM) is steadily growing and
now accounts for about 2.1% of the population, while
DM contribution to the overall mortality by 2030 will
reach 3.3%. According to the DECODE study, DM
prevalence increases with age, regardless of gender,
and the lifetime risk of morbidity is 30-40%. DM
prevalence among CAD patients planning to undergo
surgical treatment is about 35% [46, 47].

DM is one of the leading pathogenetic factors for
development and progression of circulatory disorders,
and the risk of cardiovascular mortality in patients
with CAD and associated DM increases by 2 times in
males and by 4 times in females [48]. In particular, it
has been shown that mortality in patients with acute
coronary syndrome and DM is 2-3 times higher than
in patients with normal carbohydrate metabolism [49].
In case of CAD and DM comorbidity, coronary artery
atherosclerosis is more diffuse, with frequent involve-
ment of the epicardial ST segment and an increased
tendency to restenosis and shunt obstruction [44]. A
number of studies have noted an increase in mortality
during CABG in patients with DM (3 vs. 1%) [39, 42,
44]. Other studies have shown that immediate CABG
outcomes in patients with DM may not differ compared
with patients without DM [45]. Thus, according to a
retrospective analysis of 4,508 bimammary CABG sur-
geries, the presence of DM did not affect the overall

hospital mortality, but was associated with wound in-
fection and postoperative bleeding. In a similar study,
the presence of DM did not increase the risk of mor-
tality and cardiovascular and other hospital-acquired
complications, with the exception of renal dysfunction
[50, 51]. However, the clinical prospects of long-term
CABG results for patients with DM are not so optimis-
tic. Thus, patient’s 1-, 5-, 10-, and 20- year survival
after CABG with and without DM was 94 vs. 94%, 80
vs. 84%, 56 vs. 66%, and 20 vs. 32%, respectively [52].

DM significantly impairs long-term survival after
surgical revascularization, being an independent pre-
dictor of acute cardiovascular events [41,48]. More-
over, in patients with type 2 diabetes receiving insulin
therapy, IS, MI or sudden cardiac death were signifi-
cantly more likely to develop both during the short-
term (30 days) and medium-term follow-up (1 year) —
OR 1.66 and 1.50, respectively [53]. For patients with
type 1 diabetes, according to the SWEDEHEART
registry, the risk of mortality after CABG increased
by more than 2 times compared with the general pop-
ulation (OR 2.04) [54].

The 5-year mortality after CABG in patients with
DM was 6 times higher than in the control group (12.1
and 2.1%, respectively). In the structure of 5-year
mortality in patients with DM after CABG, acute heart
failure prevails, usually associated with MI [52]. The
long-term prognosis is also affected by the presence of
prediabetes detected in the preoperative stage. Thus,
after CABG, the risk of acute cardiovascular events
for such patients is significantly higher (OR 1.40),
which proves the importance of an active approach
to DM detection [50]. The results of 6-year survival
after off-pump CABG in patients with DM differ sig-
nificantly from the results after CABG with CPB and
reach 69.9 and 54.7%, respectively [54].

CONCLUSION

Thus, literature data indicate that the presence of
certain types of comorbidities in patients with CAD
is the most important prognostic factor characteriz-
ing the expectancy and quality of life after CABG.
The most frequent and unfavorable concomitant pa-
thologies include cardiovascular, respiratory, and
metabolic comorbidities, the clinical manifestations
of which have a significant impact on the effective-
ness of surgical myocardial revascularization. The
presence of concomitant pathology in CAD patients
requires personalized approaches to peri- and postop-
erative management, as well as development of au-
tomated programs for predicting complications and
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long-term consequences of surgical treatment, taking
into account individual risk factors. In addition, intro-
duction of modern artificial intelligence technologies
into clinical practice will significantly improve the
accuracy of CABG outcome prediction and optimize
treatment costs.
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ABSTRACT

A review of modern studies on the problem of multimorbidity, its definition, frequency of occurrence, prev-
alence, medical and social consequences, factors predisposing to its formation, and approaches to diagnosis,
therapy, and rehabilitation is presented. According to modern understanding, multimorbidity is the presence
of two and / or more chronic diseases that are pathogenetically interconnected and / or coincide in time in one
patient.

Currently, multimorbidity is becoming an epidemic, affecting people of different ages and gender and with various
diseases. The literature describes multiple adverse medical and social consequences of multimorbidity, such as
increased rates of hospitalization, disability, and mortality, decreased functional capabilities and quality of life in
patients, as well as increased volume, timing, and cost of medical care. Today, issues of the unified terminology,
identification of multimorbidity, and the structure and clinical manifestations of associated pathology are being
studied. There are single works on the study of possible factors contributing to the formation of multimorbidity.
Approaches to management of patients in conditions of multimorbidity are being developed. A more detailed study
of the mechanisms of multimorbidity formation and common pathogenetic links of associated diseases will make it
possible to develop more effective strategies for the diagnosis, treatment and rehabilitation of multimorbid patients.
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B HacTosI1ee BpeMs OIMMOPOHIHOCTD MPUOOPETAET MaCIITa0bl SMHIEMUH, 3aTPArHBast JTUI] PA3TMYHOTO BO3pacTa
U 1ojia, ¢ pa3JIMYHbIMH HO30JOTUAMU. B m/ITepaType OIIMCAHbI MHOXXCCTBCHHBIC He6HaFOHpI/I$[THbIe MEOUIIMHCKHUC
N COLIMAJIBHBIC ITOCJICACTBUA HOHVIMOpGH}lHOCTI/I: MOBBIIIEHUE TTOKa3aTelIen rocrnvTajnu3anuu, UHBAJIMJU3aluul U
CMEPTHOCTHU, CHUKCHUE d)yHKLII/IOHaJ'l])HbIX BOSMOX(HOCTeﬁ M Ka4dyeCTBa XMU3HU INAIIUCHTOB, yBequeHue OGLGMa,
CPOKOB M CTOUMMOCTH OKa3aHUA Me}lI/II_II/IHCKOI\/i IIOMOIIH. B HacCToAlIEC BPEMA aKTUBHO HCCH@)Iy}OTCS[ BOIIPOCHI
CANHCTBA TCPMHUHOJIOTHH, I/IJIBHTI/I(I)I/IKaL[I/II/I l'lOJ'lPlMOpGl/I}lHOCTI/I, MPOBOAUTCA n3yqeﬂne CprKTypbl U KIIMHHYECKHUX
IPOSIBIICHUH codeTaHHO# naTonoruy. [1osBIMIOTCS OTAEIbHBIE PAOOTHI O U3YYEHHIO BO3MOXHBIX (DAaKTOPOB, CIIO-
COOCTBYIOLIMX (POPMHUPOBAHHIO MTOJTMMOPOUAHOCTH, pa3pabaThIBAIOTCS TOAXO/IbI K BEICHUIO OOJIBHBIX B YCIOBHAX
MHOXECTBEHHOH co4YeTaHHOit maronoruu. bosee neranbHoe M3yyeHHe MeXaHU3MOB (OPMUPOBAHHUS MOTUMOPOUI-
HOCTH, UCCIIEZIOBAaHME OOIIMX MATOreHETUYECKUX 3BEHbEB COUETAaHHBIX 3a00JIeBaHUI TO3BOJIUT pa3padoTaTh OoJjee
3¢ (GeKTUBHBIC CTPATETHH AMATHOCTHKH, JICUCHHS U PEaOMIUTAIIMH TTOTUMOPOHIHBIX TTAIIHCHTOB.

KnroueBble c1oBa: monuMopOuIHOCTE, KOMOPOHIHOCTD, MyIbTUMOPOUAHOCTD, COYETAHHAS MTATOIOT U

KOH(I)JII/IKT HHTEPECOB. ABTOpI)I JACKIIapUupYyIOT OTCYTCTBUE ABHBIX U NOTCHIIUAJILHBIX KOH(I)J'II/IKTOB HUHTEPECOB, CBA-
3aHHBIX C Hy6J'[PIKaIIPIeﬁ HaCTOS{IJ_Ief/'I CTaTbH.

Hcrounnk ¢puHaHCHPOBAHHUS. ABTODHI 3asBIISIOT 00 OTCYTCTBUM (PUHAHCHPOBAHMS IPHU IPOBEICHUH HCCIIE0-
BaHMSI.

Jst mutupoBanus: CesoctesinoBa E.B., Hukomnaes 10.A., ITomsikos B.S1. TIpo6iema nosmMopOuIHOCTH B CO-
BPEMEHHOH TepaneBTHYECKON KIHMHUKE. broanemens cubupckou meduyunvt. 2022;21(1):162-170. https://doi.

org/10.20538/1682-0363-2022-1-162-170.

INTRODUCTION

In recent decades, wide spread and growth of as-
sociated pathology, which is considered within the
concept of multimorbidity (MM), has become a se-
rious medical, social, organizational, and economic
problem [1-5].

A combination of diseases should be taken into
account for targeted prevention, adequate treatment,
and prediction of complications. At the same time, it
should be noted that to date, most studies are predom-
inantly mononosological in nature, and most guide-
lines have been developed for individual diseases.
This presents the greatest difficulties in managing
patients with multimorbid pathology, as it does not
allow to fully analyze risk factors and prognosis for
the development of associated diseases and effective-
ly solve the problems related to their prevention and
treatment. A lack of knowledge in this area leads to
defects in the organization of medical care. Thus, an
analysis of 10 studies conducted in seven countries
(Belgium, England, Germany, Ireland, Scotland, the
Netherlands, and the USA) showed that most difficul-
ties in the treatment of patients with multimorbidity
occurred following disorganization and fragmentation
of medical care and inadequacy of guidelines and evi-
dence-based medicine [6].

To solve this problem, a thorough comprehensive
study of multimorbidity, its structure, clinical mani-
festations, risk factors, and features of its formation is

required. This review presents current information on
the definition, identification, frequency of occurrence,
and medical and socioeconomic consequences of mul-
timorbidity. Scientific works on the study of possible
mechanisms and factors contributing to the formation
of multimorbidity, as well as currently available ap-
proaches to the management and treatment of multi-
morbid patients are also considered.

CONCEPT AND DEFINITIONS
OF MULTIMORBIDITY

Currently, multimorbidity is defined as the presence
of two and / or more chronic diseases, pathogenetically
interrelated and / or coinciding in time in one patient,
regardless of the intensity of each of them [3, 7-11].
The term “multimorbidity” has various synonyms: co-
morbidity, polymorbidity, multifactorial, combined,
and associated diseases, polypathia, etc. There is still
no mainstay of the definition [9, 10]. Most often, in the
Russian-language literature, the terms ‘“polymorbidi-
ty” and “comorbidity” are used, in foreign literature —
“multimorbidity” and ‘comorbidity”.

Comorbidity is most often defined as the coexis-
tence of 2 and / or more diseases in one patient, patho-
genetically and genetically interrelated [12, 13]. Co-
morbidity can proceed as syntropy — organ damage
under the influence of common pathogenetic factors
or interference — the occurrence of one disease under
the influence of another [14]. Diseases or disorders
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that are comorbid with a particular disease are under-
stood as disorders that occur in this disease most often
and have some common etiological or pathogenetic
mechanisms with it [3].

According to some authors, the term “comorbid-
ity” usually implies interaction of several diseases,
one of which being the underlying one [15, 16]. At
the same time, multimorbidity is also considered as
the presence of two or more diseases that may not be
in a cause-and-effect relationship. Consequently, mul-
timorbidity is a broader concept focused on the entire
complex of patient’s diseases, and not on one underly-
ing disease [15, 16].

It is believed that the relationship of several diseas-
es can be represented by various variants. Thus, one
disease may be the cause of another disease. In anoth-
er variant, associated diseases may have common risk
factors and common pathogenetic mechanisms. One
more variant suggests that multiple diseases may not
have a cause-and-effect relationship or may have only
a weak association [17]. Moreover, one disease may
be caused by iatrogenic factors, occurring in connec-
tion with another disease [18].

Transsystemic, transnosological, and chronologi-
cal multimorbidity are identified. The first two vari-
ants represent the coexistence in one patient of two
and / or more syndromes or diseases, pathogenetically
interrelated with each other, and the last variant re-
quires their temporal coincidence [19].

In recent years, the concept of “associative multi-
morbidity” has also emerged, which implies non-ran-
dom occurrence of a certain complex of diseases that
develop together much more often than one would ex-
pect from a pure chance [20]. M. van den Akker (1998)
[21] and A. Prados-Torres (2014) [20] initiated the
cluster theory of multimorbidity, according to which
a number of diseases tend to appear in clusters [21].

METHODOLOGICAL APPROACHES
TO THE DETERMINATION OF
MULTIMORBIDITY PARAMETERS

There are two main groups of multimorbidity pa-
rameters. The first group consists of simple counts
from various lists of chronic diseases. The second
group of measurements introduces weighting for in-
cluded chronic diseases, thus creating a weighted in-
dex of multimorbidity [22].

According to a review article by V. de Groot et al.
(2003), there are 13 methods for scoring multimorbid-
ity [23]. Data from a systematic review by A.L. Hunt-

ley et al. (2012) [24] cover 17 methods for assessing
multimorbidity, of which the estimations of Chronic
Disease Score (CDS), Charlson Index, Cumulative
Illness Rating Scale (CIRS), and Duke Severity of 1l1-
ness (DUSOI) indices are the most commonly used
methods. The Charlson Index is based on an elaborate
list of specific diagnoses. The CIRS system summa-
rizes the state of each system and makes it possible
to assess the “ranked” effect of comorbid states on
specific organs and systems of the body. The DUSOI
scale assesses the severity of the patient’s condition
according to four scales (symptoms of the disease,
complications, prognosis without treatment, and pos-
sibility of cure) [25].

PREVALENCE AND FREQUENCY
OF MULTIMORBIDITY

Epidemiological studies of recent years convinc-
ingly show high prevalence of multimorbidity around
the world, associated, among other factors, with pop-
ulation aging and an increase in life expectancy [1,
2, 5, 26]. The global estimates of the multimorbidity
prevalence among different age groups vary from 14
to 90% [26]. Such a large difference in magnitude can
hardly be associated only with the real difference be-
tween populations, but rather with different method-
ological criteria for its determination. Thus, according
to C. Violan et al. [1], the prevalence of multimorbid-
ity varies from 13 to 95% depending on the studied
population and the method of collecting and recording
incidence data.

According to C. Buffel du Vaure et al. [27], 55%
patients with chronic diseases are multimorbid. Ac-
cording to A.L. Vertkina et al. [19], the frequency
of comorbidity in patients with decompensation of
chronic diseases (average age of 67.8 + 11.6 years) is
94.2%. Most frequently, in clinical practice, combina-
tions of two and three diseases are observed, however,
in 2.7% of cases, up to 6—8 diseases proceed in one
patient simultaneously.

In recent decades, there has been a significant in-
crease in the incidence of multimorbidity in a thera-
peutic clinic [3, 4, 28, 29]. Thus, the analysis of data on
the occurrence of multimorbid pathology in patients
of a therapeutic clinic in Novosibirsk, carried out by
the authors of this review, showed an increase in the
degree of transnosological multimorbidity (average
number of nosological forms) from 4-6 disorders in
one patient in 2003-2005 to 11-14 pathologies in
2015 [30]. The dynamics of transsystemic multimor-
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bidity (average number of affected systems) showed
an increase in the average number of body systems in-
volved in the pathological process in one patient from
2—4 in 20032005 up to 56 in the current time period
[30].

MEDICAL, SOCIAL, AND ECONOMIC
CONSEQUENCES OF MULTIMORBIDITY

The issues of effective prevention, treatment, and
long-term follow-up of patients with multiple chron-
ic comorbidities are a major problem facing public
health and society [31, 32]. Multimorbidity leads to
adverse medical and socioeconomic consequences: an
increase in hospitalization, disability, and mortality
rates, worsening of disease prognosis, a decrease in
functionality and quality of life in patients, and an in-
crease in the volume, timing, and cost of medical care
[3,7,8,12,33].

In patients with associated diseases, diagnosis and
choice of treatment methods and strategy become
more complicated, or when following the standards
of compulsory medical services, the target results are
not achieved in patients of this category [34]. All this
leads to a decrease in the treatment effectiveness and
patient’s adherence to therapy, as well as polyphar-
macy [32, 33, 35, 36]. The interaction of comorbidi-
ties changes the classical clinical presentation and the
course of diseases, increases the number and severity
of complications, and worsens the quality-of-life prog-
nosis [33, 36-38]. Patients with multimorbid pathology
are characterized by higher rates of hospitalization and
complications, significant deterioration in the prognosis
of morbidity, reduced functionality and quality of life,
and the highest mortality rates [35-37, 39-44].

Multimorbidity is associated with an increased risk
of mortality [36, 39, 41-43]. A systematic review and
meta-analysis of 26 articles showed a significant associ-
ation between multimorbidity and mortality. The num-
ber of diseases is also positively associated with the risk
of death [36]. Thus, the risk of death in patients with
two diseases is 5—10%, while with five or more diseases
it increases to 70-80% [21, 45].

Multimorbid pathology is a heavy burden on the
country’s economy. In the presence of multimor-
bidity, the costs for diagnosing and treating diseas-
es significantly increase [39, 46, 47]. Thus, 75% of
the US budget for medicine is spent on patients with
multiple comorbidities. Medical insurance payment
for patients with one disease is 211 USD, with four
or more diseases — hundreds of times more (13,973
USD) [33]. The Russian National Clinical Guidelines

“Comorbid Pathology in Clinical Practice” [46] em-
phasize the impact of an increase in the prevalence of
multimorbidity on the impoverishment of individual
families due to catastrophic medical care costs and a
high share of costs from family funds.

RISK FACTORS FOR THE FORMATION
OF MULTIMORBIDITY

The common risk factors and pathogenetic mecha-
nisms of multimorbidity formation should be identified
to develop effective approaches to disease prevention,
treatment, and rehabilitation in multimorbid patients.
Chronic somatic symptom disorders form the majori-
ty of multimorbid pathologies in the therapeutic clin-
ic. The common etiological factors and risk factors are
identified, which determine the commonality of some
links in the pathogenesis of chronic somatic symptom
disorder [48]. The formation and frequency of associat-
ed chronic diseases are influenced by many risk factors,
including gender, age, social conditions, place of resi-
dence, etc. [8, 17, 28, 35, 49, 50].

Many studies have shown the relationship of mul-
timorbidity with age; researchers focus on a signifi-
cant increase in multimorbidity with increasing age
[1, 8, 28, 32, 50-53]. According to M. van den Akker
et al. [54], multimorbidity increases from 10% in pa-
tients under the age of 19 to 78% in people that are
80 years and older. According to M. Fortin et al. [45],
multimorbidity occurs in up to 69% of young patients,
in up to 93% of cases among people of middle age,
and in up to 98% of patients of older age. At the same
time, the average number of chronic diseases varies
from 2.8 in youhg patients to 6.4 in elderly and senile
patients.

L.B. Lazebnik et al. [48] analyzed the number
of diseases in patients of therapeutic departments of
a geriatric hospital depending on age. The authors
obtained the following data: the number of diseases
per one patient aged 60—65 years was 5.2 + 1.7; aged
66-70 years — 5.4 + 1.4; aged 71-75 years — 7.6 +
1.7; aged 7680 years — 5.8 + 1.6; aged 8185 years —
5.8 + 1.8; aged 8690 years — 4.4 + 1.6; in centenar-
ians aged 91-95 years — 3.2 + 0.5. According to A.
Marengoni et al. [7], the prevalence of multimorbidity
in older people varies from 55 to 98%. According to
C. Violan et al. [1], in patients aged 18 years and old-
er, the prevalence of multimorbidity is 12.9%, and in
patients older than 65 years it reaches 95.1%.

It has been noted that the onset of diseases forming
multimorbidity and their chronicity occur mainly in
middle age, but the result of their accumulation, that
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is, a period of vivid manifestation, begins precisely in
old age [51]. Some authors put forward a hypothesis
according to which the formation of multimorbidity
and aging are based on the same mechanisms, and
multimorbidity can be considered as a marker of ac-
celerated aging [55]. There is growing evidence on
gender differences in the prevalence of multimorbid-
ity. Most studies have shown that a greater frequency
and severity of multimorbidity is associated with the
female gender [1, 2, 7, 8, 28, 56, 57].

The formation of multimorbidity is significantly
influenced by the socioeconomic status of a person
[28]. In this regard, in recent years, the so-called so-
cial gradient or socioeconomic risk factors has begun
to attract special attention. It includes the level of real
income, the structure and standards of consumption,
provision with housing and the comfort of life, the
degree of cultural development, the social status of a
person, the level of education, professional affiliation,
etc. [58]. One of the significant social factors is the
professional status, which largely forms the individual
health of a population [3].

According to a meta-analysis of studies conduct-
ed using Medline and Embase databases, low level
of education was associated with a 64% increase in
the likelihood of multimorbidity, compared with high
level of education. An increase in deprivation was
consistently associated with an increased risk of mul-
timorbidity, while data on income were ambiguous
[59]. Other studies have also shown that the preva-
lence and severity of multimorbidity are associated
with lower socioeconomic status, socioeconomic
deprivation [1, 2, 60—63], and lower level of educa-
tion [2, 7]. L. Mounce et al. [64] noted that individ-
ual factors of lifestyle, including obesity, sedentary
lifestyle, smoking and excessive alcohol consumption;
psychosocial factors (negative life events, external
locus of control, and limited social contacts); mental
health problems (depression and long-term treatment
with certain drugs), also contribute to the formation of
multimorbidity.

Modifiable hemodynamic and metabolic risk fac-
tors for chronic noncommunicable diseases are of
great interest for practical medicine. These factors
include high blood pressure, obesity, dyslipidemia,
hyperglycemia, hyperuricemia, and others. However,
their role in the formation of multimorbidity is much
less studied. In recent years, there have been works
indicating a possible relationship of multimorbidity
formation with an imbalance in metabolic parameters
[30, 46, 65] and with behavioral risk factors (smoking,

alcohol abuse, low physical activity, overweightness)
[1, 60].

Our previous studies have shown a direct relationship
between the formation and development of multimorbid-
ity and some of the main risk factors for chronic noncom-
municable diseases, such as arterial hypertension, hyper-
glycemia, dyslipidemia, hyperuricemia, and obesity [30].
It is known that these metabolic and hemodynamic risk
factors for chronic noncommunicable diseases, which
are also risk factors for cardiovascular diseases, are
closely related within the metabolic syndrome [66]. Lit-
erature data indicate that metabolic syndrome signifi-
cantly increases the risk of developing multiple diseas-
es, primarily diseases of cardiovascular and endocrine
systems, digestive system, as well as musculoskeletal
system, which can serve as a pathogenetic basis for the
formation of multimorbidity [46, 67, 68].

APPROACHES TO TREATMENT
OF MULTIMORBIDITY

The existing problems and unfavorable trends as-
sociated with multimorbidity have necessitated cre-
ation of guidelines and national recommendations for
management of multimorbid patients.

The American Geriatrics Society developed a con-
cept of individual approach to an elderly patient with
multimorbidity. The basic principles of the concept in-
cluded defining the key role of the patient’s values and
priorities; building a relationship between the doctor
and the patient, ensuring shared decision-making; and
a coordinated approach to interdisciplinary care [69].
In this document, particular attention is given to op-
timization of treatment regimens. It is recommended
to avoid polypharmacy in patients with multimorbid-
ity, reduce the number of drugs, especially high-risk
drugs, systematically review the list of drugs to elimi-
nate drugs that people no longer need, and select drugs
with minimal drug interactions [69].

In 2016, the National Institute for Health and Clin-
ical Excellence (NICE) guidelines “Multimorbidity:
Clinical Assessment and Management” were issued
[70]. The NICE Guidelines for the management of pa-
tients with multimorbidity are based on other guide-
lines created to provide optimal management of pa-
tients with isolated diseases or conditions (that is, for
patients without multimorbidity) that require regular
medication. The main principle of these guidelines is
a personalized assessment and development of an in-
dividual management plan; the purpose is to improve
the patient’s quality of life by reducing the treatment
load and unplanned or uncoordinated care.
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In accordance with these guidelines, when pre-
scribing research and treatment to multimorbid pa-
tients, it is recommended to carefully consider all the
risks and advantages of the methods recommended
for the diagnosis and treatment of certain diseases and
conditions on an individual basis and discuss the risks
and advantages with the patient, taking into account
their preferences. When analyzing the expected pos-
itive and negative effects of treatment methods (in-
cluding drugs), it is recommended to use databases of
treatment method effectiveness. The need to analyze
all drugs and non-pharmacological methods of treat-
ment that the patient is already receiving and assess
which of them can be canceled and which new treat-
ments are reasonable for prescription is noted. Sepa-
rately, it is recommended to consider the likelihood of
a slight potential benefit of some treatment methods
aimed at improving the prognosis in the long term in
patients with a limited expected life expectancy or
fragility.

In the subsequent Recommendations on the tactics
of managing patients with multimorbidity (JA-CH-
RODIS consensus, 2017), on the basis of expert dis-
cussions, 16 principles of providing medical care to
patients with multimorbidity were formulated [71].
In this document, tactical and organizational issues of
managing multimorbid patients were worked out in
detail. Particular attention is paid to the need for a reg-
ular comprehensive assessment of the patient’s condi-
tion, as well as interdisciplinary, coordinated work of
a team of specialists.

On the initiative of Academician of the Russian
Academy of Sciences, Professor R.G. Oganov, the
Working Group developed Russian Clinical Recom-
mendations “Comorbid Pathology in Clinical Prac-
tice” (2017) [46], and “Comorbid pathology in clini-
cal practice. Algorithms for diagnosis and treatment”
(2019) [13]. The approaches to diagnosis and treat-
ment of multimorbid patients are set out in these Rec-
ommendations. Due to the fact that in modern clinical
practice multimorbidity is based on chronic diseases,
the influence on common risk factors for chronic non-
communicable diseases has been proposed as an effec-
tive therapeutic approach in multimorbidity. Among
the modifiable risk factors, the largest number of asso-
ciations with polypathies is noted for behavioral risk
factors and obesity. In addition, by the examples of the
most common combinations of diseases, it iS recom-
mended to conduct a thorough analysis of drug thera-
py for the underlying disease, taking into account the
concomitant disease (the choice of drugs that do not

adversely affect the course of the comorbid disease)
[13, 46].

In connection with the need to minimize and op-
timize therapy for multimorbidity (by the example
of the gastrointestinal tract disorders), the concept of
multitarget therapy of comorbid disorders was devel-
oped. In accordance with this concept, in case of co-
morbidities, it is advisable to use drugs affecting the
common links in the pathogenesis of associated dis-
eases and leading to positive changes in the course of
all components of comorbid pathology [13].

CONCLUSION

In the modern therapeutic clinic, there is a signif-
icant increase in multimorbidity, which significantly
affects the course and outcome of many diseases. It
is of great medical and social importance and deter-
mines the need for a detailed study of risk factors and
features of its formation. Due to the prevalence and
socioeconomic consequences of multimorbidity, this
problem poses a challenge to healthcare in the XXI cen-
tury. Scientists and specialists are focusing on the need
to develop effective strategies for managing multimor-
bid patients, set treatment priorities in order to improve
the quality of life, reduce unwanted interventions and
consequences of polypharmacy, and create a network
of health professionals.

REFERENCES

1. Violan C., Foguet-Boreu Q., Flores-Mateo G., Salisbury Ch.,
Blom J., Freitag M. et al. Prevalence, determinants and pat-
terns of multimorbidity in primary care: a systematic review
of observational studies. PLoS One. 2014;9(7):102149. DOI:
10.1371/journal.pone.0102149.

2. Roberts K.C., Rao D., Bennett T.L., Loukine L., Jayara-
man G.C. Prevalence and patterns of chronic disease multimor-
bidity and associated determinants in Canada. Health Promot.
Chronic. Dis. Prev. Can. 2015;35(6):87-94. DOI: 10.24095/

hpcdp.35.6.01.

3. Belyalov F.I. Treatment of internal diseases in terms of comor-
bidity. Moscow: GEOTAR-Media, 2016:544 (in Russ.).

4. Nikolaev Yu.A., Sevostyanova E.V., Mitrofanov 1.M., Polya-
kov V.Ya., Dolgova N.A. Features of multimorbidity in cardiac
and gastroenterologic patients from a therapeutic clinic. Ther-
apeutic Archive. 2016;(1):40-45 (in Russ.). DOIL: 10.17116/
terarkh201688140-45.

5. Ahmadi B., Alimohammadian M., Yaseri M., Majidi A., Borei-
ri M., Islami F. et al. Multimorbidity: Epidemiology and risk
actors in the Golestan Cohort Study, Iran: A Cross-Section-
al Analysis. Medicine (Baltimore). 2016; 95(7):¢2756. DOI:
10.1097/MD.0000000000002756.

6. Sinnott C., Mc Hugh S., Browne J., Bradley S. GPs’ perspec-
tives on the management of patients with multimorbidity: sys-
tematic review and synthesis of qualitative research. BMJ Open.

Bulletin of Siberian Medicine. 2022; 21 (1): 162-170 167



Sevostyanova E.V., Nikolaev Yu.A., Polyakov V.Ya.

The problem of multimorbidity in a modern therapeutic clinic

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

168

2013;3(9):e003610. DOI: 10.1136/bmjopen-2013-003610.

. Marengoni A., Angleman S., Melis R., Mangialasche F.,

Karp A., Garmen A. et al. Aging with multimorbidity: a system-
atic review of the literature. Ageing Res. Rev. 2011;10(4):430—
439. DOI: 10.1016/j.arr.2011.03.003.

. Barnett K., Mercer S.W., Norbury M., Watt G., Wyke S., Guth-

rie B. Epidemiology of multimorbidity and implications for
health care, research, and medical education: a cross-sectional
study. Lancet. 2012;380(9836):37—43. DOI: 10.1016/S0140-
6736(12)60240-2.

. Lefévre T., d’Ivernois J.F., De Andrade V., Crozet C., Lom-

brail P., Gagnayre R. What do we mean by multimorbidity? An
analysis of the literature on multimorbidity measures, associat-
ed factors, and impact on health services organization. Rev. Ep-
idemiol. Sante Publique. 2014;62(5):305-314. DOI: 10.1016/j.
respe.2014.09.002.

Wittenberg R. The challenge of measuring multi-morbid-
ity and its costs. Isr. J. Health Policy Res. 2015;4:1. DOLI:
10.1186/2045-4015-4-1.

Turner A., Mulla A., Booth A., Aldridge S., Stevens S., Bat-
tye F. etal. An evidence synthesis of the international knowledge
base for new care models to inform and mobilise knowledge for
multispecialty community providers (MCPs). Systematic Re-
views. 2016;5(1):167. DOI: 10.1186/s13643-016-0346-x.
Oganov R.G., Drapkina O.M. Multimorbidity: specifics
of co-development and concomitance of several diseas-
es in one patient. Cardiovascular Therapy and Prevention.
2016;15(4):4-9 (in Russ.).

Comorbidities in clinical practice. Algorithms for diagnos-
tics and treatment. Cardiovascular Therapy and Prevention.
2019;18(1):5-66 (in Russ.). DOI:10.15829/1728-8800-2019-
1-5-66.

Belousov Yu.V. Comorbidity in diseases of the digestive sys-
tem. Child Health. 2012;36(1):134—136 (in Russ.).
Tarlovskaya E.I. The problem of multimorbidity — a challenge
to modern medicine. Therapy. 2017;2(12):4-14 (in Russ.).
Tarlovskaya E.I. Comorbidity and multimorbidity — a mod-
ern interpretation and urgent tasks facing the therapeutic
community. Cardiology. 2018;58(9S):29-38 (in Russ.). DOI:
10.18087/cardio.2562.

McPhail S.M., Schippers M., Marshall A.L., Waite M., Kui-
pers P. Perceived barriers and facilitators to increasing phys-
ical activity among people with musculoskeletal disorders: a
qualitative investigation to inform intervention development.
Clin. Interv. Aging. 2014;9:2113-2122. DOI: 10.2147/cia.
s72731.

Le Reste J.Y., Nabbe P., Manceau B., Lygidakis C., Doerr
C., Lingner H. et al. The European General Practice Research
Network presents a comprehensive definition of multimorbid-
ity in family medicine and long term care, following a sys-
tematic review of relevant literature. J. Am. Med. Dir. Assoc.
2013;14(5):319-325. DOI: 10.1016/j.jamda.2013.01.001.
Vertkin A.L. Comorbid patient. A guide for practicing physi-
cians. Moscow: “Eksmo”, 2015:101 (in Russ.).
Prados-Torres A., Calderon-Larranaga A., Hancco-Saavedral.,
Poblador-Plou B., van den Akker M. Multimorbidity pat-
terns: a systematic review. Journal of Clinical Epidemiology.
2014;67(3):254-266. DOI: 10.1016 /. jclinepi. 2013.09.021.

21.

22.

23.

24.

25.

25.

26.

27.

28.

29.

30.

31.

Van den Akker M., Buntinx F., Metsemakers J.F.M., Roos S.,
Knottnerus .J.A. Multimorbidity in general practice: prev-
alence, incidence, and determinants of co-occurring chronic
and recurrent diseases. J. Clin. Epidemiol. 1998;51(5):367—
375. DOI: 10.1016/S0895-4356(97)00306-5.

Nicholson K., Almirall J., Fortin M. The measurement of
multimorbidity. Health Psychol. 2019;38(9):783-790. DOI:
10.1037/hea0000739.

De Groot V., Beckerman H., Lankhorst G., Bouter L. How to
measure comorbidity a critical review of available methods.
Clin. Epidemiol. 2003;56(3):221-229. DOI: 10.1016/s0895-
4356(02)00585-1.

Huntley A.L., Johnson R., Purdy S., Valderas J.M., Salisbury
C. Measures of multimorbidity and morbidity burden for use
in primary care and community settings: a systematic review
and guide. Annals of Family Medicine. 2012;10(2):134-141.
DOI: 10.1370/afm.1363.

Samorodskaya 1.V., Nikiforova M.A. Terminology and meth-
ods for assessing the impact of comorbidity on prognosis
and treatment outcomes. Bulletin of the Scientific Center for
Cardiovascular Surgery named after A.N. Bakulev of RAMS.
2013;14(4):18-26 (in Russ.).

Samorodskaya 1.V., Nikiforova M.A. Terminology and meth-
ods for assessing the impact of comorbidity on prognosis
and treatment outcomes. Bulletin of the Scientific Center for
Cardiovascular Surgery. A.N. Bakuleva RAMS. 2013;14(4):
18-26.

Noe G., Koyanagi A., Chatterji S., Tyrovolas S., Olaya
B., Leonardi M. et al. Global Multimorbidity Patterns: A
Cross-Sectional, Population-Based, Multi-Country Study. The
Journals of Gerontology. 2016,71(2):205-214. DOI:10.1093/
gerona/glv128.

Buffel du Vaure C., Ravaud P., Baron G., Barnes C., Gilberg
S., Boutron I. Potential workload in applying clinical practice
guidelines for patients with chronic conditions and multimor-
bidity: a systematic analysis. BMJ Open. 2016;6(3):¢010119.
DOI: 0.1136/bmjopen-2015-010119.

Schéfer 1., Hansen H., Schon G., Hofels S., Altiner A., Dahl-
haus A. et al. The influence of age, gender and socio-econom-
ic status on multimorbidity patterns in primary care. First re-
sults from the multicare cohort study. BMC Health Serv. Res.
2012;12:89. DOLI: 10.1186/1472-6963-12-89.

Nikolaev Yu.A., Mitrofanov .M., Pospelova T.I., Dolgo-
va N.A., Polyakov V.Ya. Features of multimorbidity in the
modern clinic of internal diseases. Bulletin of the Siberi-
an Branch of the Russian Academy of Medical Sciences.
2014;34(2):44-49 (in Russ.).

Sevostyanova E.V., Nikolaev Yu.A., Mitrofanov I.M., Polya-
kov V.Ya., Dolgova N.A. The role of risk factors for chronic
non-infectious diseases in the development of multimorbid
pathology. Clinical Medicine. 2017;95(8):735-741 (in Russ.).
DOI: 10.18821/0023-2149-2017-95-8-735-741.

Onder G., Palmer K., Navickas R., Jurevi¢iené E., Mam-
marella F., Strandzheva M. Time to face the challenge of mul-
timorbidity. A European perspective from the joint action on
chronic diseases and promoting healthy ageing across the life
cycle (JA-CHRODIS). Eur. J. Intern. Med. 2015;26(3):157—
159. DOI: 10.1016/j.€jim.2015.02.020.

BionneteHb cmbupckoit MeguumHbl. 2022; 21 (1): 162-170



0O630pbI U 1eKLUM

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46

Ekusheva E.V. An elderly patient with comorbid pathology in
the practice of a cardiologist. Russian Medical Journal. Medi-
cal Review. 2018;11:26-29 (in Russ.).

Fortin M., Stewart M., Poitras M.E., Almirall J., Maddocks H.
A systematic review of prevalence studies on multimorbid-
ity: toward a more uniform methodology. Ann. Fam. Med.
2012;10(2):142—151. DOIL: 10.1370/afm.1337.

Quinodoz A., Déruaz-Luyet A., N’Goran A.A., Herzig L.
Prioritization strategies in the care of multimorbid pa-
tients in family medicine. Rev. Med. Suisse. 2016;12(518):
928-931.

Smith S.M., Soubhi H., Fortin M., Hudon C., O’Dowd T.
Managing patients with multimorbidity: systematic review of
interventions in primary care and community settings. BMJ.
2012; 345:5205. DOT: 10.1136/bmj.e5205.

Nunes B.P., Flores T.R., Mielke G.I., Thumé E., Facchi-
ni L.A. Multimorbidity and mortality in older adults: A sys-
tematic review and meta-analysis. Arch. Gerontol. Geriatr.
2016;67:130-138. DOI: 10.1016/j.archger.2016.07.008.
Zygmuntowicz M., Owczarek A., Elibol A., Chudek J. Co-
morbidities and the quality of life in hypertensive patients.
Pol. Arch. Med. Wewn. 2012;122(7-8):333-340.

Exner A., Kleinstduber M., Maier W., Fuchs A., Petersen J.J.,
Schifer 1. et al. Cross-cultural validation of the German
version of the Four-Dimensional Symptom Questionnaire
(4DSQ) in multimorbid elderly people. Qual. Life Res.
2018;27(10):2691-2697. DOI: 10.1007/s11136-018-1924-2.
Vertkin A.L., Khovasova N.O. Comorbidity — a new patholo-
gy. Technologies for its prevention and treatment. Archive of
Internal Medicine. 2013;4:68—72 (in Russ.).

Quifiones A.R., Markwardt S., Botoseneanu A. Multimorbidity
combinations and disability in older adults. J. Gerontol. Biol. Sci.
Med. Sci. 2016;71(6):823—-830. DOI: 10.1093/gerona/glw035.
Martin-Lesende 1., Viviane-Wunderling P., Pinar T., Bor-
ghesi F., Aguirre T., Recio M. et al. Mortality in a cohort of
complex patients with chronic illnesses and multimorbidity: a
descriptive longitudinal study. BMC Palliat Care. 2016;15:42.
DOI: 10.1186/512904-016-0111-x.
WilladsenT.G.,SiersmaV.,NicolaisdottirD.R.,Kester-Rasmus-
senR., Jarbel D.E., Reventlow S. et al. Multimorbidity and mor-
tality: A 15-year longitudinal registry-based nationwide Danish
population study. J. Comorb. 2018.;8(1):2235042X18804063.
DOI: 10.1177/2235042X18804063.

Wei M.Y ., Mukamal K.J. Multimorbidity, mortality, and long-
term physical functioning in 3 prospective cohorts of commu-
nity-dwelling adults. Am. J. Epidemiol. 2018;187(1):103—112.
DOI: 10.1093/aje/kwx198.

Larina V.N., Bart B.Ya., Karpenko D.G., Starostin I.V., Lar-
in V.G., Kulbachinskaya O.M. Multimorbidity and its asso-
ciation with the unfavorable course of chronic heart failure
in outpatients aged 60 years and older. Cardiology. 2020;
59(12):25-36 (in Russ.). DOI: 10.18087/cardio.n431.

Fortin M., Bravo G., Hudon C., Vanasse A., Lapointe L. Prev-
alence of multimorbidity among adults seen in family practice.
Ann. Fam. Med. 2005;3(3):223-228. DOI: 10.1370/afm.272.

. Comorbid pathology in clinical practice. Clinical Guidelines.

Cardiovascular Therapy and Prevention. 2017;16(6):5-56 (in
Russ.). DOI: 10.15829/1728-8800-2017-6-5-56.

Bulletin of Siberian Medicine. 2022; 21 (1): 162-170

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Malchikova S.V., Maksimchuk-Kolobova N.S., Kazakovtse-
va M.V. Comorbidity in elderly patients with atrial fibrillation
affects the “cost of illness”. Modern Pharmacoeconomics and
Pharmacoepidemiology. 2019;12(3):191-199 (in Russ.). DOI:
10.17749/2070-4909.2019.12.3.191-199.

Lazebnik L.B. Multimorbidity and aging. News of Medicine
and Pharmacy. 2007;(1):205 (in Russ.).
MitrofanovI.M.,Nikolaev Yu.A.,DolgovaN.A.,PospelovaT.I.
Regional features of multimorbidity in the modern clinic of
internal diseases. Clinical medicine. 2013;6:26-29 (in Russ.).
Sloane P.D., Oudenhoven M.D., Broyles 1., McNabney M.
Challenges to cost-effective care of older adults with multiple
chronic conditions: perspectives of Program of All-Inclusive
Care for the Elderly medical directors. J. Am. Geriatr. Soc.
2014;62(3):564-565. DOI: 10.1111/jgs.12708.

Ariev A.L., Ovsyannikova N.A., Arieva G.T., Dzakhova S.D.,
Khavinson V.Kh. Multimorbidity in geriatrics. Practical On-
cology. 2015;16(3):83-90 (in Russ.).

Scherer M., Hansen H., Gensichen J., Mergenthal K., Rie-
del-Heller S., Weyerer S. et al. Association between multi-
morbidity patterns and chronic pain in elderly primary care pa-
tients: a cross-sectional observational study. BMC FAM Pract.
2016;17:68. DOI: 10.1186/s12875-016-0468-1.

LiulJ.,Mal., Wang J., Zeng D.D., Song H., Wang L. Comor-
bidity Analysis According to Sex and Age in Hypertension
Patients in China. Int. J. Med. Sci. 2016;13(2):99-107. DOI:
10.7150/ijms.13456.

Van den Akker M., Buntinx F., Roos S., Knottnerus J.A. Prob-
lems in determining occurrence rates of multimorbidity. J.
Clin. Epidemiol. 2001;54(7):675-679. DOI: 10.1016/s0895-
4356(00)00358-9.

Fabbri E., Zoli M., Gonzalez-Freire M., Salive M.E., Stu-
denski S.A., Ferrucci L. Aging and Multimorbidity: New
Tasks, Priorities, and Frontiers for Integrated Gerontologi-
cal and Clinical Research. Journal of the American Medical
Directors Association. 2015;16(8):640-647. DOI: 10.1016/j.
jamda. 2015.03.013.

Lochner K.A., Cox C.S. Prevalence of multiple chronic condi-
tions among medicare beneficiares, United States, 2010. Prev.
Chronic. Dis. 2013;10:61. DOI: 10.5888/pcd10.120137.
Violan C., Roso-Llorach A., Foguet-Boreu Q., Guisado-Clave-
ro M., Pons-Vigués M., Pujol-Ribera E. et al. Multimorbidity
patterns with K-means nonhierarchical cluster analysis. BMC
Fam. Pract. 2018;19(1):108. DOI: 10.1186/s12875-018-0790-x.
Nikolaev Yu.A., Selyatitskaya V.G., Mitrofanov I.M., Keil
V.R. Risk factors for cardiovascular diseases and their depen-
dence on the level of education among workers in the diamond
mining industry of Yakutia. Preventive medicine. 2011;2: 57—
62 (in Russ.).

Pathirana T.I., Jackson C.A. Socioeconomic status and multi-
morbidity: a systematic review and meta-analysis. Aust. N. Z.
J. Public. Health. 2018;42(2):186—194. DOI: 10.1111/1753-
6405.12762.

Katikireddi S.V., Skivington K., Leyland A.H., Hunt K.,
Mercer S.W. The contribution of risk factors to socioeco-
nomic inequalities in multimorbidity across the lifecourse:
a longitudinal analysis of the Twenty-07 cohort. BMC Med.
2017;15(1):152. DOI: 10.1186/s12916-017-0913-6.

169



Sevostyanova E.V., Nikolaev Yu.A., Polyakov V.Ya. The problem of multimorbidity in a modern therapeutic clinic

61. Schiotz M.L., Stockmarr A., Host D., Glumer C., Frolich A. rosis. Arch. Med. Sci. 2018;14(6):1233—1244. DOI: 10.5114/
Social disparities in the prevalence of multimorbidity—a aoms.2017.68821.
register-based population study. BMC Public Health. 67. Mikheeva O.M., Komissarenko [.A. Metabolic syndrome as a
2017;17(1):422. DOI: 0.1186/s12889-017-4314-8 problem of multimorbidity. Effective Pharmacotherapy. Car-

62. Ki M., Lee Y.H., Kim Y.S., Shin J.Y., Lim J., Nazroo J. So- diology and Angiology. 2013;3(43):12—-18 (in Russ.).
cioeconomic inequalities in health in the context of multimor- 68. Efremov L.I., Komissarenko I.A. Metabolic continuum and
bidity: a Korean panel study. PLoS One. 2017;12(3):0173770. multimorbidity in geriatrics. Experimental and Clinical Gas-
DOI: 10.1371/journal.pone.0173770. troenterology. 2014;106(6):4—7 (in Russ.).

63. Mercer S.W., Zhou Y., Humphris G.M., McConnachie A., 69. Boyd C.M., McNabney M.K., Brandt N., Correa-de-Araujuo
Bakhshi A., Bikker A. et al. Multimorbidity and socioeconom- R., Daniel M., Epplin J. et al. Guiding principles for the care of
ic deprivation in primary care consultations. Ann. Fam. Med. older adults with multimorbidity: an approach for clinicians:
2018;16(2):127-131. DOI: 10.1370/afm.2202. American Geriatrics Society Expert Panel on the Care of Old-

64. Mounce L.T., Campbell J.L., Henley W.E., Tejerina A., er Adults with Multimorbidity. J. Am. Geriatr. Soc. 2012;
Porter 1., Valderas J.M. Predicting incident multimorbidity. 60(10):E1-E25. DOI: 10.1111/j.1532-5415.2012.04188.x.
Ann. Fam. Med. 2018;16(4):322-329. DOI: 10.1370/afm. 70. Clinical Guidelines. Multimorbidity: assessment, prioritisa-
2271. tion and management of care for people with commonly oc-

65. Schottker B., Saum K.U., Jansen E.H., Holleczek B., Bren- curring multimorbidity. London (UK): National Institute for
ner H. Associations of metabolic, inflammatory and oxida- Health and Care Excellence (NICE), 2016:23.
tive stress markers with total morbidity and multi-morbidity 71. Multimorbidity care model: Recommendations from the con-
in a large cohort of older German adults. Age Ageing. 2016 sensus meeting of the Joint Action on Chronic Diseases and
45(1):127-135. DOI: 10.1093/ageing/afv159. Promoting Healthy Ageing across the Life Cycle (JA-CH-

66. Sao R., Aronow W.S. Association of non-alcoholic fatty liver RODIS). Health Policy. 2018;122(1):4-11. DOI: 10.1016/j.
disease with cardiovascular disease and subclinical atheroscle- healthpol.2017.09.006.

Authors information

Sevostyanova Evgeniya V. — Cand. Sci. (Med.), Senior Researcher, Laboratory of Pathogenesis of Somatic Diseases, Federal Research
Center for Fundamental and Translational Medicine, Novosibirsk, Russian Federation, luck.nsk@rambler.ru, https://orcid.org/0000-0003-
1132-3801

Nikolaev Yury A. — Dr. Sci. (Med.), Principal Researcher, Head of the Laboratory of Pathogenesis of Somatic Diseases, Federal
Research Center for Fundamental and Translational Medicine, Novosibirsk, Russian Federation, nicol@centercem.ru, https://orcid.
0rg/0000-0002-1690-6080

Polyakov Vladimir Ya. — Dr. Sci. (Med.), Leading Researcher, Laboratory of Pathogenesis of Somatic Diseases, Federal Research
Center for Fundamental and Translational Medicine, Novosibirsk, Russian Federation, vpolyakovl5@mail.ru, https://orcid.org/ 0000-
0002-9606-2331

(P<) Sevostyanova Evgeniya V. — luck.nsk@rambler.ru
Received 30.11.2020;

approved after peer review 05.02.2021;
accepted 25.05.2021.

170 BionneteHb cmbupckoit MeguumHbl. 2022; 21 (1): 162-170



YK 616-006.6-085.277.3:577.12
https://doi.org/10.20538/1682-0363-2022-1-171-182

Dynamic changes in the tumor microenvironment under the effect
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ABSTRACT

Activation of the estrogen receptor-a (ER-a) signaling pathway is a significant factor in the initiation of carcinogen-
esis in various types of tumors due to the genomic and non-genomic effects of estradiol in cancer cells. However,
data on the expression of ER-a and aromatase on stromal and immune cells in the tumor microenvironment (TME)
point to an additional mechanism by which estrogens increase tumor malignancy. There is growing evidence that
TME can affect tumor immunity by increasing the immune response or reducing immunoreactivity.

The important role of estrogen and the estrogen receptor signaling pathway in the response of the tumor
microenvironment in cancer of various localizations, not only classical hormone-dependent cancers, has been
proven. However, the clinical effectiveness of blocking the effect of estrogen on tumor growth has been primarily
shown in cancer of the female reproductive system. At the same time, data on the significant role of TME in the
development of endocrinotherapy resistance in breast cancer treatment are of great interest.

Despite the possibilities of standard therapy, a more in-depth study on the role of various TME components
in cancer evolution, creation of a micrometastatic niche, as well as in the response to therapy may result in
development of new strategies for cancer treatment. It is also necessary to study the possibilities of overcoming the
immunosuppressive effect of the estrogen receptor signaling pathway on TME in order to increase the survival rates
in patients with hormone-dependent cancers, particularly, breast cancer.

Keywords: estrogen receptor expression, tumor microenvironment, review, tumor-associated fibroblasts,
T-lymphocytes, tumor-associated macrophages
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PE3IOME

AKTHBaIMsl CHTHAJIBHOTO IYTH ACTPOT€HOBOTO penenrtopa-anbda (OP-o) sBisercs 3HaYMMBIM (aKTOPOM B
WHHIMAIMY KaHIepoTreHe3a INPH Pa3NMYHBIX THIAX OIyXOJeil BBHAY T'€HOMHBIX M HETCHOMHBIX 3((eKToB
3CTPaNOIIA B OIYXOJIEBHIX KieTkax. TeM He MeHee JaHHbIe 00 skcnpeccun JP-o 1 apoMaTasbl Ha CTPOMAaIBHBIX
Y IMMYHHBIX KJIETKax B MHKPOOKpY)xeHnH o1ryxosu (MO) roBopsT 0 IOMOIHUTEILHOM MEXaHH3ME, C TIOMOIIBIO
KOTOPOTO SCTPOTEHBI MTOBHIIIAIOT 3I0KAY€CTBEHHOCTH OITyXouu. [losBiseTcst Bce 0oJIblIe 10Ka3aTeabCTB TOTO, YTO
MO criocoOHO BIHATH Ha OITyXOJIEBBI IMMYHHTET, TIOBBIIIAst IMMYHHBII OTBET WIIV CHIKAsi IMMYHOPEaKTUBHOCTb.

,HOKEBaHO HEMAJIOBA’)KHOE€ 3HAYCHUE DPOJIM I3CTPOreHa U DP-CUTrHaIBLHOTO IIYTA B pCaKUMU MHKPOOKPYKCHUS
OIIYXOJIKM IIpHU paKe pas3IMIHbIX J'IOKaJlPISaHHﬁ, HE TOJIBKO KJIIACCUYECKUX TIOPMOHAJIBbHO-3aBUCHUMBIX onyxoneﬁ.
OIIHaKO KIIMHU4YCCKas 3(1)¢)€KTI/IBHOCTI> 6HOKI/Ip0BaHI/I$I BJIMSIHUA OCTPOr€HA HAa POCT OITYXOJIEBBIX KIICTOK JOKa3aHa
B OCHOBHOM IIpU pake JKEHCKOH perO)IyKTHBHOﬁ CHCTCMBEI. HpI/I 3TOM BE€CbMa MHTCPCCHBI JaHHBIC O 3HAYNMOM
PO MUKPOOKPYIKEHUS OITYXOJH B PA3BUTUU PE3UCTCHTHOCTU K SHAOKPUHOTEPAIINU paKa MOJIOYHOM JKEJIE3hI.

HecmoTpst Ha BO3MOXKHOCTH CTaHAAPTHOMU Teparuu, 6osee yriyOIeHHOe H3ydeHHE POITH Pa3THIHbIX KOMIIOHEHTOB
MO B 3BOJIOIMHN OITYXOJH, CO3JAaHNH HUIIM MHKPOMETACTa30B, a TAK)Ke B OTBETE HA TEPANUIO MOXKET MPUBECTH
K TOSBICHUIO HOBBIX CTpaTerHil JieueHust paka. Tarxke HEOOXOAMMO H3YyUUTh BO3MOXKHOCTH MPEOIOTECHHS
HMMMYHOCYIPECCHBHOTO BIIMSHUSI CHTHAIBHOTO IyTH perenTtopa scTporeHa Ha MO ¢ Ienplo yBeTHIeHHs
MoKa3aresiell BBKHBAEMOCTH OOJBbHBIX TOPMOHANBHO-3aBUCUMBIMHU OIyXOJSMH, B YaCTHOCTH PAKOM MOJIOYHOM
AKeJe3bl.

KuioueBble ¢10Ba: SKCIPECCHs PELENTOPA SCTPOreHa, MUKPOOKPYIKEHHE OITyXOJIH, OITyX0Jb-aCCOLMUPOBAHHBIC
¢ubpodmactsl, T-mTUM(OIHTH, OMTyX0JIb-aCCOMUPOBAHHBIE Makpodaru

KOHq)J’IHKT HHTEPECOB. ABTOpI)I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaIII/IeI71 HaCTOHIJ.[efI CTaTbHU.

Hcrounuk ¢puHAHCHPOBAHHUA. ABTOPHI 3asBIIOT 00 OTCYTCTBHM (\MHAHCHPOBAHUS IIPH NPOBEICHHN UCCIENO-
BaHMSI.

Jsa nuruposanus: Crykans A.U., l'opsunosa A 1O., Memepsikos A.A., [lopxanos B.A., Mypamko P.A., Illa-
pos C.B., bonus B.H. Jlunamudeckue U3MEHEHHsI OIyXOJEBOIO MHUKPOOKDYKEHHUs MOJ BIUSHUEM 3CTPagHolia
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INTRODUCTION

Estrogen receptor-o (ER-a) is a transcription fac-
tor regulating cell proliferation, migration, and sur-
vival. Inthe mammary gland, ER-a playsakeyrolein
tumor growth, being activated by 173-estradiol (E2).
The estrogen receptor signaling pathway is based
on dimerization of ER located in the nucleus in re-
sponse to steroid hormone binding. Dimerized nu-
clear ERs bind to estrogen-sensitive elements (ESE)
in the promoter regions of target genes, regulating
their transcription [1].

In classical hormone-dependent tumors, ER ex-
pression as a prognostic and predictive marker is
currently evaluated only on tumor cells. Therefore,
the efficacy of blocking the ER-dependent signaling
mechanism is analyzed from the standpoint of re-
ducing the proliferative activity of malignant cells.
So, endocrine therapy is the most effective treat-
ment method for ER-positive breast cancer (BC).
However, its effectiveness is limited by primary
and acquired tumor resistance. Undoubtedly, resis-
tance may be associated with ER expression loss,
which is observed in 15-20% of patients with dis-
ease progression. However, ER mutations and am-
plifications are considered to be rare in the primary
tumor and are detected only in 0.5% and 2.6% of
luminal breast cancers, respectively. However, in
metastatic foci, ER mutations in the ligand-binding
domain of the receptor were noted in about 20%
of cases [2].

It was found that endocrine therapy resistance
can also provoke dynamic changes in the tumor
microenvironment (TME). A lot of data have
been accumulated on the significant role of TME
components in treatment response, resistance,
and tumor progression. Interactions between can-
cer-associated fibroblasts (CAFs), adipocytes,
immune cells, endothelial cells, pericytes, ex-
tracellular matrix (ECM), and soluble factors
lead to tumor evolution and disease progression.
Therefore, the role of TME in cancer progres-
sion, as well as in a response of the tumor stroma
to drug therapy in various tumors is intensively
studied [3—6].

Resistance mechanisms independent of tu-
mor cells have been studied in murine models of
breast cancer. It was found that estradiol pro-
motes the growth of tumor cells without ER-a ex-

pression due to the activation of stromal estrogen
receptors [7].

TUMOR STROMAL COMPONENTS
AS DIRECT PARTICIPANTS OF THE
ER-SIGNALING MECHANISM MODULATION

Cancer-associated fibroblasts

Cancer-associated fibroblasts (CAFs) are the
most numerous cells in the tumor stroma. They act
as a paracrine source of chemokines, soluble factors
for cell activation of signaling pathways involved
in cancer cell survival, invasiveness, and metastasis
[8]. In breast cancer, ER expression was detected
on CAFs, and in response to estradiol, they secrete
growth and angiogenesis factors, as well as immu-
noregulatory and proinvasive soluble factors. It was
found that soluble factors from CAF conditioned
medium induce tamoxifen resistance in murine
models of ER-positive cancers. This may be due to
CAF secretion of growth factors, proteases, and the
bl integrin signaling pathway activation in response
to endocrine therapy [9].

Despite similar ER expression level on normal
fibroblasts and CAF, E2-sensitive genes and LRH-1
(liver receptor homolog-1) are hyperactive in CAF
[8]. LRH-1 is a target gene for E2 and a transcrip-
tional regulator of the aromatase gene (CYP19A1)
[10]. Aromatase is co-expressed on breast cancer
cells with LRH-1, which indicates the paracrine
mechanism of E2 synthesis and the role of TME in
estrogen-mediated carcinogenesis in breast cancer.
Endometrial CAFs also express ER and can pro-
mote tumor proliferation when co-cultured with hu-
man endometrial cancer cells. They induce in vitro
tumor cell proliferation partly by activating PI3K
and MAPK signaling pathways, which are regulat-
ed by an ER-dependent signal in breast cancer and
lung cancer [1].

When studying human CAF co-cultured with
MCF-7 breast cancer cell lines, two CAF sub-
populations were identified based on different
CD146 expression in breast cancers. CAFs with-
out CD146 expression inhibit the ER expression on
MCEF-7 cells, reduce their sensitivity to estrogen,
and increase tamoxifen resistance. The presence
of CD146+ CAF stimulated ER expression and
supported estrogen-dependent proliferation and
sensitivity to tamoxifen. Conditioned medium of
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CD146+ CAF restored sensitivity to tamoxifen in
breast cancer cells which were resistant to it. Gene
expression profile of breast cancer patients with
CD146— CAF correlated with a decrease in the fre-
quency of a clinical response and a worse disease
prognosis [11].

M.M. Morgan et al. showed an increase in ER
signaling activation in the presence of 17f3-estra-
diol, while co-culturing MCF-7 cells with human
breast fibroblasts in a 3-dimensional model. The
addition of fibroblasts increased proliferation rate
and caused estrogen-induced hyperplasia, which
was explained by the inhibition of apoptosis during
co-culture [12]. According to other data, dermal
fibroblasts and bone marrow mesenchymal stem
cells also affected ER-signaling pathway regu-
lation in MCF-7 and T47D cells [10, 13]. In the
first case, the authors showed that CAF induce re-
sistance to tamoxifen by increased mitochondrial
activity in breast cancer cells. In the second case,
the paracrine stromal signaling mechanism led
to a decrease in the activity of the ER signaling
pathway in MCF-7 and T47D cells. The transfer
of exosomes from stromal cells to breast cancer
cells is the mechanism of resistance to endocrine
therapy. The transfer of microvesicles containing
OncomiR-221 microRNA from CAF to a breast
cancer cell induces expansion of cancer stem cells
(CSCs) with an increased self-renewal ability and
resistance to endocrine therapy. It was previous-
ly shown that tamoxifen led to an increase in the
number of CSCs in breast cancer in murine and
human models of breast cancer and in the patient’s
primary tumor.

The question of different origin of the luminal
and basal-like types of breast cancer remains im-
portant. A high degree of plasticity between these
types of tumors is assumed. The transformation
of luminal or basal-like cancers into each other
under the influence of the microenvironment was
demonstrated in vitro, which indicates the relation-
ship with the progenitor cell [14]. PDGF receptors
and their ligands are important factors that modu-
late the molecular type of tumor and the response
to antiestrogenic therapy. It was established that
platelet-derived growth factor (PDGF-CC) is an
independent prognostic marker of poor survival in
breast cancer.

Using xenografts of triple-negative breast cancer
of MDA-MB-231 cell lines orthotopically inocu-
lated into an immunodeficient mouse, an increase
in ER-a expression was shown with a decrease in
activity or inhibition with a response to tamoxifen.
CAFs of all analyzed tumors expressed PDGFR-a
and PDGFR-fB, which indicates the paracrine type
of PDGF-CC signaling mechanism from the epi-
thelium to the stroma. In response to the activation
of the PDGF-CC signaling cascade, CAFs secrete
HGF, IGFBP3, and STC1 molecules that induce the
formation of the luminal breast cancer phenotype
[15, 16]. Thus, CAFs act as determinants of the
molecular subtype of breast cancer and represent a
promising target for therapy that modulates the tu-
mor epithelial component [15].

Myeloid-derived stromal cells

Myeloid-derived stromal cells (MDSCs) are an
important component of TME, affecting immune
tolerance and promoting tumor development [17].
ER-a expression was also detected on tumor MD-
SCs, as well as in the bone marrow and peripher-
al blood in ovarian cancer. In a murine model of
E2-dependent ovarian cancer, ovariectomy led to
an increase in overall survival. At the same time,
E2 caused tumor progression and reduced the effect
of ovariectomy. This effect was observed only with
normal immune status. However, the immunodefi-
cient mouse did not benefit from ovariectomy due
to the absence of T cell infiltration of the tumor.

Thus, it was found that the antitumor effect
eliminating the influence of E2 is realized by
modulating acquired immunity. When E2 was
prescribed, T helper cells and cytotoxic T lym-
phocytes decreased, but the number of MDSCs in
the spleen and tumor niche increased. At the same
time, the immunosuppressive activity of granulo-
cytic MDSCs was increased. In a murine model
of ovarian cancer, exposure to E2 in the peritone-
al cavity increased activation of signal transducer
and activator of transcription 3 (STAT3), which
is a signaling mechanism that regulates myeloid
cell differentiation and development, by transcrip-
tional regulation of JAK2 and SRC. Similar data
were obtained in murine models of lung cancer and
breast cancer. Under E2 stimulation, tumor growth
stopped when MDSCs were affected by antibodies
to Grl [18].
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Extracellular matrix

Extracellular matrix (ECM) is an important com-
ponent of the tumor tissue, which plays an essential
role in tumor progression and treatment resistance
in various cancers, including breast cancer. It was
established that the tumor is a non-healing wound,
since the host microenvironment receives signals
for tissue repair by formation of fibrous tissue.
Breast cancer progression is accompanied by stro-
mal changes and the appearance of stiffness. The
basement membrane of a normal mammary gland
clearly separates the epithelial component from the
stroma. Laminin, type IV collagen, fibronectin, and
entactin are the main components of the basement
membrane which are produced by the epithelium,
endothelium, and stromal cells. Interstitial ECM
consists of collagen fibrils, fibronectin, glycopro-
teins, and proteoglycans [19].

The biochemical characteristics of ECM make
it possible to modulate the cellular response to
various soluble factors, such as hormones, poly-
peptide growth factors, and chemokines. Malig-
nant breast tissue becomes stiff, which is due to
a change in the biochemical properties of ECM.
ECM remodeling involves continuous synthesis of
matrix proteins, their connection, interaction, and
cleavage by proteases. This leads to an increase
in ECM stiffness, which is a consequence of in-
creased collagen deposition following lysyl oxi-
dase (LOX) expression and parallel orientation of
collagen fibers [1]. The reorganization of collagen
into thin, linearly oriented fibers correlates with
tumor progression and the clinical outcome, and
increased ECM stiffness may also be the cause of
certain cancer types [20].

M.P. Jansen et al. showed an association of the
ECM gene cluster with ER-positive breast cancer
progression in patients taking tamoxifen. The au-
thors analyzed 112 ER-positive locally advanced
tumors in patients with breast cancer and identified
types of responses to tamoxifen therapy. Differenc-
es in the expression of 91 genes between tumors
sensitive and resistant to tamoxifen were noted.
Overexpression of the ECM genes TIMP3, FNI (fi-
bronectin 1), LOX, COLIAI (collagen type 1 alpha
1 chain), SPARC, and TNC (tenascin C) was asso-
ciated with progression of the disease in all cases
[21].

Another study focused on these 6 genes and ex-
amined 1,286 tumor samples. The level of mRNA
expression was associated with disease progression.
The results showed that high expression of FNI,
LOX, and SPARC was associated with low metas-
tasis-free survival rates in patients who received ad-
juvant systemic therapy [22]. Studies have shown
that fibronectin is associated with breast cancer pro-
gression. In breast cancer cell cultures, fibronectin
led to endocrine therapy resistance via binding to
beta-1 integrin. It was found that upon contact with
fibronectin, ER-a activity does not decrease after 1
hour of exposure to estradiol. Estradiol induces en-
docytosis in breast cancer cells, and the ER-a of the
cell membrane in the form of endosomes is directed
to the nucleus. Pharmacological or biological endo-
cytosis inhibition led to ER transcriptional activity
inhibition.

Therefore, in the presence of fibronectin, ER-a
undergoes endocytosis and is brought back to the
cell surface by beta-1 integrin. So, ER-a is not
co-localized with the lysosomal component, so it is
obvious that the interaction of beta-1 integrin with
fibronectin determines the fate of ER and the re-
sponse to tamoxifen. Thus, ECM directly regulates
the effect of the estrogen signaling mechanism on
breast cancer cells [23].

INFLUENCE OF THE ER SIGNALING
MECHANISM ON THE INFLAMMATORY
RESPONSE AND TUMOR IMMUNE
MICROENVIRONMENT

Numerous studies have confirmed the significant
role of chronic inflammation in tumor progression.
TME produces cytokines that activate protumor-
igenic proliferation pathways, leading to immune
evasion and metastasis. The proinflammatory cyto-
kine interleukin (IL)-6 increases growth and inva-
siveness of ER-positive breast cancer. Local CAFs
act as paracrine sources of IL-6, activating STAT3
and ER-positive tumor cell proliferation in vitro and
in vivo [24].

Tumor necrosis factor (TNF) regulates the ex-
pression of genes associated with the metastatic
phenotype of ER-positive breast cancer and in-
creases aromatase expression in cultured human
adipose-derived stromal cells. An association be-
tween aromatase transcription and TNF and IL-6
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cytokines in breast cancer was also found. A similar
correlation was observed between aromatase and
cyclooxygenase-2 (COX-2). COX-2 affects prosta-
glandin E2 (PGE2) synthesis, which causes an in-
crease in aromatase transcription by elevating the
concentration of cyclic adenosine monophosphate
(cAMP) in breast cancer [25].

Significant correlations were found between the
expression of ER, TNF, and NF-kB in breast can-
cer. The NF-kB signaling pathway is involved in
the initiation of tumor growth and inflammation.
Activation of NF-kB is observed in some types of
cancer and is associated with the profile of IL-6 and
TNF cytokines. Binding of DNA to NF-kB and ac-
tivator protein-1 is associated with resistance to an-
tiestrogens in ER-positive breast cancer cell lines
and tissue samples [26]. Moreover, exposure to E2
in a murine model of tobacco-induced lung cancer
increased the inflammatory response through in-
creased activation of the NF-kB signaling pathway
and expression of VEGF and IL-17A. A combina-
tion of aromatase inhibitor and NSAIDs prevented
lung carcinogenesis in mice, reducing the activity of
STAT3 and MAPK signaling pathways, the level of
circulating IL-6, and expression of IL-17A. Thus, a
relationship between the E2 signaling pathway and
regulators of tumorigenic inflammation is obvious.
This opens up promising strategies for targeted can-
cer therapy through additional E2 signal inhibition
[27].

Involution of breast tissue after pregnancy and
obesity are serious risk factors associated with in-
flammatory TME and breast carcinogenesis. After
pregnancy and subsequent involution of the mam-
mary glands after lactation suppression, the risk of
developing cancer increases within 10 years. A high
risk of breast cancer and a poor prognosis of this
cancer type are associated with inflammatory me-
diators involved in the involution process. Never-
theless, ER expression status is not discussed at this
point. Some studies have found low incidence of
ER-positive tumors in this cancer type. Other data
indicate a decrease in the estrogen and progesterone
receptors due to a high estrogen level [28].

Postmenopausal period and obesity are associat-
ed with an increased risk of developing ER-positive
breast cancer, endometrial cancer, and tamoxifen
resistance. As a result, the risk of relapse increas-
es during endocrine therapy [29]. This can be ex-

plained by the fact that a characteristic feature of
inflammation is recruitment of macrophages to the
adipose tissue. Adipocytes and macrophages trigger
activation of the proinflammatory transcription fac-
tor NF-kB. The degree of macrophage infiltration is
also associated with the development of resistance
to tamoxifen. Research data suggest that tumor-as-
sociated macrophages (TAMs) protect cancer cells
from an antitumor immune response [30].

Tumor-associated macrophages

Macrophages isolated from humans and mice
are able to suppress the T cell response in vitro, and
removal of macrophages leads to an increase in the
number of CD8+ T cells in a breast cancer model
when exposed to chemotherapy. It was shown that
circulating M2-like monocytes were elevated in this
population in comparison with healthy volunteers
and patients with benign lesions. Another study re-
vealed an association between CD204 expression
on TAM and clinical and pathohistological charac-
teristics in patients with invasive breast cancer [1,
31]. In a study involving 108 patients with luminal
breast cancer subtypes, high CD204 expression was
associated with a decrease in relapse-free survival
and long-term event-free survival [32].

The immune response involving macrophages
is tissue-specific and depends on local TME polar-
ization by various cytokines. Polarized M1 mac-
rophages produce proinflammatory cytokines, in-
cluding interferon (IFN), IL-12, and TNF to trigger
the tumor immune response and antigen presenta-
tion. M2-macrophages produce type 2 cytokines —
IL-4, IL-5, IL-6, and IL-10, which promote tumor
growth and cause immune evasion. TAMs are
represented by the M2 phenotype, being a prom-
ising target for drug therapy. TAM infiltration is
observed in a large number of various cancer types
and is associated with a poor prognosis [1, 33]. In
ER-positive cancer, premenopausal patients show
an increase in the number of TAMs compared with
postmenopausal women. While TAM infiltration
was associated with a poor prognosis in ER-pos-
itive and ER-negative breast cancer, an increase
in TAMs with their proliferation is more often de-
tected in hormone receptor-negative tumors [34].
However, M1 polarization was not observed in
these studies, as opposed to M2 polarization. In
addition, the immunohistochemical analysis of
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breast cancer samples showed aromatase expres-
sion in TAM, indicating local production of E2 in
TME and increased proliferation of cancer cells in
ER-positive tumors.

There is evidence that E2 is able to induce M2
polarization and TAM infiltration. In a murine mod-
el of ER-positive cancer, E2 increased infiltration
of TAMs with the M1 phenotype, and in the control
group, infiltration of CAFs with the M1 phenotype
was shown. E2 also increased secretion of VEGF
by M2-polarized TAMs, VEGFR expression, and
the content of macrophages in murine lungs during
tobacco-associated carcinogenesis [35-37].

A study of the tumor growth in high-grade
serous ovarian carcinoma induced by E in a mu-
rine model found that E2 not only enhanced tu-
mor growth, but also increased M2 CAF infiltra-
tion compared with an untreated ovariectomized
mouse [33]. It is known that endometrial M2-po-
larized TAMs affect ER activation through epigen-
etic regulation and IL-17A secretion, increasing
E2-associated proliferation of endometrial cancer
cells [38].

Thus, a potential positive feedback between the
ER-signaling pathway and M2 CAF infiltration has
been identified in certain cancer types. These con-
nections may become a therapeutic target. Recent
studies on lung cancer xerographs confirmed an ef-
fect of the phytoestrogen resveratrol similar to that
of selective estrogen receptor modulators (SERMs).
Resveratrol reduces tumor growth by inhibiting M2
TAM polarization and decreases STAT3 signaling
pathway activation [39].

Tumor-infiltrating CD4+/CD8+ T
lymphocytes and natural killer cells

The composition of TME lymphocytes varies
significantly depending on the type of cancer. At
the same time, they promote tumor progression or
activate antitumor immunity, depending on the pri-
mary tumor. The CD4+ T cell polarization is one
of the evading immune mechanisms. Thl-mediat-
ed cellular response is associated with tumor sup-
pression and hyperactivation of INF and IL-12. The
Th2-associated cellular response is based on IL-4
production and implements a protumorigenic ef-
fect. Studies have noted that increased E2 induces
Th2-type response and increases IL-4 production.
An increase in the infiltration of ER-negative breast

cancer by immune Thl cells, B cells, and cytotox-
ic T lymphocytes was revealed in comparison with
ER-positive tumors.

Thus, a negative relationship was noted between
the ER-a signaling pathway and immune infiltra-
tion. An increased number of tumor-infiltrating
lymphocytes, in particular CD8+ T cells, signifi-
cantly increases overall survival of patients with
ER-negative tumors [40]. Analysis of gene expres-
sion in ER-positive cancers showed that treatment
with the aromatase inhibitor letrozole increased tu-
mor infiltration with B cells and T helper cells both
at early and late stages of treatment [41].

Granule exocytosis is one of the ways to initiate
apoptosis by cytotoxic T lymphocytes and natural
killer (NK) cells to fight pathogens and tumor cells
[25]. CD8+ cytotoxic T cells play an important role
as effectors in acquired immunity. Cells expressing
a foreign antigen in association with the main histo-
compatibility complex (MCH 1) are recognized by
cytotoxic T lymphocytes through a specific interac-
tion between the T cell receptor and the presented
antigen. This interaction causes the activated T cells
to release the proteins perforin and granzyme B, re-
sulting in lysis of the cell membrane and cell death.
These mechanisms may affect malignant cells due
to atypical antigen presentation.

X. Jiang et al. co-cultured ER-positive hepato-
cellular carcinoma cells with E2, and the expres-
sion of granzyme B inhibitor, proteinase-9 inhibitor
(PI-9), increased. This mechanism protected cells
against NK-related and cytotoxic apoptosis [42].
E2-induced expression of PI-9 was also detected in
the culture of ER-positive MCF7 cells, which de-
creased the influence of NK-cells. Elimination of
PI-9 blocking reduced the protective effect of E2
from NK-mediated apoptosis. Thus, E2 enhanced
immunosuppression through inhibition of NK and
cell death mediated by cytotoxic T lymphocytes
[43].

Analysis of 12,439 tumor samples, of which
8,775 were ER-positive, showed that intratumor-
al CD8+ T cells were associated with a 27% de-
crease in the risk of death from breast cancer [44].
The analysis of PD-L1 expression revealed that
20% of ER-positive tumors show positive mark-
er expression in comparison with 58% of patients
with triple-negative breast cancer phenotype
[45, 46].
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Regulatory T lymphocytes

Activation of T cells and their differentiation
are mandatory in acquired immunity. Regulatory
(T-reg) T cells expressing FoxP3 are involved in
suppressing the antitumor immune response by se-
creting immunosuppressive cytokines and inhibit-
ing T cell expansion [47]. Physiological doses of
E2 increased the amount of CD4+CD25+ T-regs
and Foxp3-expression in many tissues of immuno-
deficient mice after ovariectomy. At the same time,
ER-positive CD4+CD25-negative cells acquired
the ability to express CD25 after exposure to E2.
The CD4+CD25+ T cells transformed by estradi-
ol acquired the immunosuppressive T regulatory
lymphocyte phenotype and inhibited proliferation
of T cells in vitro. It was also found that Foxp3 ex-
pression by murine estradiol-stimulated T-regs was
critically important for their functioning. And an in-
crease in the number of FoxP3+ T-regs in patients
was a predictor of a poor prognosis in various types
of cancer [25, 48].

The results of a meta-analysis indicate that
FoxP3+ T-reg infiltration significantly correlates
not only with poor overall survival in ER-positive
breast cancer, but also with higher survival rates
in ER-negative breast cancer patients [49]. When
prescribing letrozole to patients with ER-positive
breast cancer, a significant decrease in FoxP3+
T-regs was shown after therapy [1]. E2 also stim-
ulates in vitro expression of the programmed death
ligand (PD-L1) on ER-positive endometrial cells
and breast cancer cells through PI3K signaling path-
way activation. The interaction between cells with
PD-L1 expression and PD-1positive T cells inhibits
recruitment of cytotoxic T cells, which leads to im-
mune evasion. Data on E2 hyperactivation of both
PD-L1 and PD-1 suggest a critical impact of the E2
signaling pathway on the PD-1 / PD-L1 signaling
mechanism [50, 51].

Targeting the ER-signaling pathway in tumor
microenvironment as a way to increase tumor
immunoreactivity

Despite the fact that immunotherapy is an ef-
fective treatment strategy for cancer, often the
Immunosuppressive microenvironment reduces
its possibilities. Immune checkpoint inhibitors
(CTLA4) and PD-1 / PD-L1 are currently the

most discussed drugs. However, the response rate
to treatment remains about 20-35% with varying
response duration depending on the stage, tumor
type, and PD-L1 expression [25, 52]. In addition,
during treatment, resistance to therapy and disease
progression may occur [31, 32]. It was found that
impaired DNA repair mechanisms and an increase
in somatic mutation load and neoantigen presenta-
tion correlate with tumor heterogeneity and better
clinical outcomes [1, 53]. Mechanisms leading to
immune evasion include impaired ability to anti-
gen presentation and decreased neoantigen presen-
tation by MHC-1 [54, 55].

It should be noted that the described mechanisms
can serve as potential predictors of a response to
treatment with immune checkpoint inhibitors and a
target for increasing the effectiveness of breast can-
cer therapy. Despite the data on the clinical effec-
tiveness of anti-PD-1 / PD-L1 therapy for metastat-
ic triple-negative breast cancer, it was found that the
objective response frequency does not exceed 12%,
and the clinical response duration of more than 24
weeks is observed in 20% of cases [56, 57]. The
immune-suppressive TME may be the biological
explanation for such disappointing results.

When analyzing 61 ER-positive cancer samples
of primary breast cancer, C.A. Egelston et al. found
that tumor-infiltrating CD8+T lymphocytes have a
weakened ability to produce effector cytokines and
degranulation capacity, despite PD-1 expression. In
addition, the ability of CD8+ T lymphocytes treated
with CD3:CD19 bispecific antibodies to influence
breast cancer cells as effectively as peripheral blood
mononuclear cells was shown [58].

In studies on cell lines, ER-a acts as a negative
transcription regulator of the PD-L1 gene. Moreover,
TCGA data in the breast cancer sample analysis
showed that the PD-L1 mRNA level in ER-positive
tumors was significantly lower than in ER-negative
tumors [59]. There are also data indicating a positive
effect of blocking the ER-signaling mechanism on
the increase in TME immunoreactivity. For exam-
ple, in lung cancer, the antiestrogen fulvestrant in-
creases tumor sensitivity to immune-mediated lysis
[60]. Fulvestrant is an ideal candidate for combined
use with anti-PD-1/ PD-L1 agents due to its proven
safety and a lack of cross-toxicity. This strategy may
improve the immediate and long-term results of can-
cer immunotherapy [61].
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CONCLUSION

Literature data indicate the important role of es-
tradiol and activation of the ER-signaling mecha-
nism in TME, which provokes immunosuppression
and tumor progression. These features have been
identified in various cancers and are not limited to
tumors of the female reproductive system. Never-
theless, in clinical practice, the study of estrogen
and antiestrogenic effects on TME is of the greatest
value in classical hormone-dependent tumors.

The results of studies showing that antiestrogen
therapy has the potential for a reversible effect on
immunosuppressive TME due to a pronounced re-
sponse in hormone-dependent tumors are promis-
ing. However, a significant role of TME in resis-
tance to endocrine therapy, particularly in luminal
breast cancer, was revealed. These data will further
lead to expansion of the panel of predictive and
prognostic molecular markers of malignant diseas-
es with mandatory identification of potential drug
therapy targets in TME.

The relationship between the tumor immune
response and the ER-signaling mechanism of
TME also opens up prospects for improving the
effectiveness of immune checkpoint inhibitors
and overcoming resistance to hormones. There
is a need to standardize the method for detecting
the expression of ER and aromatase in TME, tak-
ing into account the possibilities of activating the
immune response through combined use of anti-
estrogens and immune checkpoint inhibitors. In
addition, studies should focus on gender differenc-
es and demographic data, including menopausal
status and body mass index with information on
the degree of obesity, to clarify the degree of E2
involvement in tumor immunity.
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Implantable cardioverter-defibrillators in sudden cardiac death
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ABSTRACT

Implantable cardioverter-defibrillators (ICDs) are considered to be the most beneficial in preventing sudden
cardiac death (SCD), especially in patients with reduced left ventricular ejection fraction (LVEF). However, major
large-scale randomized clinical trials on ICD effectiveness were conducted 20 years ago and do not reflect current
realities. Modern ICDs and methods for treating heart failure have drastically improved. New clinical reality
requires reconsideration of approaches to determining the risk of SCD and indications for ICD, personalization of
device selection and programming, and identification of barriers that prevent ubiquitous use of the method in real
clinical practice.

The article reviews the available evidence base on the use of ICDs, current clinical guidelines, complications
following the device implantation, and any difficulties associated with ICD application in routine clinical practice.
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MmnnaHTupyemble KapanoBepTepbi-gedunbpunnaropbl B npopunakrnke

BHe3anHomn cepAequﬁl cMepTn: coBpeMeHHble peKomeHaauun

no NPpUMEeHEeHNI0 N peaJibHaA KNIMHN4YeCKaa NpPpakKTnukKa (0630p nvlTepa'rypbl)

Tann6ynnux U.B., Jle6epeBa H.b.

Hayuno-uccreoosamenvckuii uHcmumym KOMHIAEKCHbIX NPoOeM cepoeuno-cocyoucmuix sabonesanuii (HUW KIICC3)

Poccus, 650000, 2. Kemeposo, Cocrogulii 6ynveap, 6

PE3IOME

INocne 3aBepiIeHHs OCHOBHBIX KPYNHOMACIITAOHBIX PaHAOMU3HPOBAHHBIX KIMHHYECKUX HCCIEAOBAHHN OKOJIO
20 ner Ha3aj, UMILUTAHTHPYyeMble KapauoBeprepsl-neduopmwmistopsr (MK]) sSBIsIOTCS OCHOBON MPOQHIAKTHKH
BHe3amnHoi cepaeynoii cMept (BCC), 0co0eHHO y ManeHToB ¢ HU3KOH (pakiueil BEIOpoca JIEBOTO JKEIyA0uKa.
3a mpomreniee BpeMs SBOMIOLMOHUPOBAIN KaK CaMU YCTPOWCTBA, TaK M METOABI JICUSHHUS CEPIEUHON HemocTa-
ToyHOCTH. HOBBIE METUIIMHCKUE peaiu TPeOyIOT ePeCMOTpa CYIMIECTBYIOMNX MOJXO00B K OMPEAEIICHUIO PUCKA
BCC, nokazanmii g ee npopuaktiku ¢ nomoimsio MK/, nanuBunyanu3anun BEIOOpa U MPOrpaMMHUPOBAHUS
YCTPOHCTBA, a TAKXKE OOBEKTUBH3AIMU MPOOJIEM, OTPAaHNYUBAIOMINX IIMPOKOE MPUMEHEHHE METOJa B PeanbHOM
KJIIMHUYECKOM MTpaKTHKE.

M Talibullin Iljas V.,, iljas-doc@rambler.ru
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Talibullin I.V., Lebedeva N.B.

B 0630pe paccMaTpuBaroTCs CyllecTBYIOIIas J0oKka3aTenbHas 6a3a ucnonszobanus MK/ 1 no3ummm coBpeMeHHbIX
KJIMHUYECKUX pEeKOMEHIAIMi, MpobiaeMsl, Bo3HUKatomue nocie ycranosku MK/ u myTu ux peleHus, a Takxe
Borpocs! npuMeHenust MK/ B peabHON KIMHUYECKOH MIPaKTHKeE.

KrodeBble c/10Ba: IMITIAHTHPYEMbIE KapAHOBEPTEPHI-1ePUOPHILIITOPEI, BHE3aMHAs CepACUHAst CMEPTh, IPOhH-
JIAKTHUKA, KIMHAYECKas! IPaKTHKa

KoHdaukT uHTEpecoB. ABTOPHI ACKIAPHUPYIOT OTCYTCTBUE SBHBIX U MOTCHIHATIBHBIX KOH(PIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJUKAIME HACTOSIICH CTAThH.

Hcrounuk ¢puHAHCHPOBAHUA. ABTOPHI 3asBIISIIOT 00 OTCYTCTBHH ()MHAHCHPOBAHUS IPH NPOBEICHHH UCCIEN0-
BaHMSI.

Jas uurupoBanus: TanmuOymmn U.B., Jlebenesa H.b. immnantupyemsie kapauoBepTepbl-1epuOpHILIATOPH B
npoUIAKTHKE BHE3AIMHOW CepACUHOM CMEPTH: COBPEMEHHbIC PEKOMEHIAINH 10 TIPUMEHEHNIO U peabHas Kiu-
HUYECKas mpakTuka (0030p mutepatypsl). brwoaremens cubupckou meduyunst. 2022;21(1):183-196. https://doi.
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INTRODUCTION

Sudden cardiac death (SCD) is one of the most
common causes of death worldwide, including young
and able-bodied individuals. According to recent
data, SCD accounts for 15-20% of all deaths world-
wide [1]. Coronary artery disease (CAD) is known
to be the most common pathology underlying SCD,
followed by cardiomyopathies, inherited arrhythmia
syndromes, and valvular heart diseases [2, 3].

During the past 3 decades, declines in SCD rates
have not been as steep as for other causes of CAD
deaths, with a growing fraction of non-ischemic
SCD particularly among young population [4]. Al-
though the effectiveness of prehospital resuscitation
methods is improving throughout the world, the
majority of individuals with sudden cardiac arrest
will not survive, which makes prevention of SCD
a highly relevant issue [1]. The mainstay of prima-
ry and secondary prevention of SCD is implantable
cardioverter — defibrillator (ICD), since in 80% of
cases the causes of sudden cardiac arrest are ven-
tricular arrhythmias (VA), such as ventricular
tachycardia (VT) or ventricular fibrillation (VF) [4].

EVIDENCE BASE FOR USING IMPLANTABLE
CARDIOVERTER - DEFIBRILLATORS
AND MODERN CLINICAL GUIDELINES

First implanted in individuals who experienced
cardiac arrest due to VF, ICDs have been in use
since 1980 [4]. Current guidelines for ICDs are
based on the research data from clinical trials, such
as Cardiac Arrest Study Hamburg (CASH); Cana-
dian Implantable Defibrillator Study (CIDS), and
Antiarrthythmics Versus Implantable Defibrillators

(AVID) study, which have shown the benefits of
ICDs compared with antiarrhythmic drug therapy,
including amiodarone [5—7]. The total number of
patients included in these randomized controlled
trials (RCTs) was 1,963, the average follow-up was
3 years. However, all three trials were completed
before 2005, therefore, they do not reflect the clin-
ical realities of improved CAD and heart failure
(HF) treatment.

According to the meta-analysis performed by
S.J. Connolly et al., the use of ICDs for secondary
prevention demonstrated a 50% decrease in the risk
of SCD and a 28% decrease in the overall mortality
[7]. Although secondary prevention ICDs proved to
be more effective in patients with severe left ven-
tricular (L'V) dysfunction, all current guidelines rec-
ommend secondary prevention of SCD in case of
VF / hemodynamically unstable VT in the medical
history, irrespective of the left ventricular ejection
fraction (LVEF).

The Russian Scientific Society of Clinical Elec-
trophysiology, Arrhythmology, and Cardiac Pacing
(2017) guidelines on the use of pacemakers, ICDs,
cardiac resynchronization therapy devices, and im-
plantable cardiac monitors have six indications for
secondary prevention ICDs:

1) diagnosed VF or VF with adverse hemody-
namic effects;

2) syncope of unknown origin, clinically simi-
lar to hemodynamically unstable VT or VF induced
during an electrophysiology study (EPS);

3) unstable VT due to prior myocardial infarc-
tion (MI) with LVEF < 40% and sustained VT or
VF induced during EPS;
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4) sustained VT with LVEF < 45%, irrespective
of a possibility to perform catheter ablation and its
results;

5) recurrent sustained postinfarction VT with
normal LVEF;

6) recurrent sustained non-coronarogenic VT, in
case its eradication is unavailable [8].

To perform the implantation, the following con-
ditions must be met: no transient causes of VA; 48
hours passed after MI; the patient receives optimal
drug therapy (ODT); the predicted life expectan-
cy of the patient exceeds 1 year [8]. The first rec-
ommendation is based on the findings of the three
RCTs - CASH, CIDS, AVID [5-7] and corresponds
to class IA indications. The second recommenda-
tion is based on the results of CIDS [6], in which
one of the inclusion criteria was sustained VT with
syncope. The third recommendation is based on the
findings of the study performed by A.E. Buxton et
al. on prevention of SCD in patients with CAD [9].

The study included 704 patients with MI, LVEF
< 40%, and induced asymptomatic VT. The ICD
therapy resulted in significant reduction of the SCD
risk compared with standard therapy (odds ratio
(OR) 0.24; 95% confidence interval (CI) 0.13-0.45;
p < 0.001). The remaining recommendations men-
tioned are based on the expert consensus. The Eu-
ropean Society of Cardiology (ESC) and the Amer-
ican Heart Association (AHA) take a more rigorous
and reasonable approach to determining indications
for secondary prevention ICDs in their guidelines
[10, 11].

The ESC guidelines (2015) contain only two in-
dications for secondary prevention ICDs: diagnosed
VF or hemodynamically unstable VT in the absence
of reversible causes of VT / VF (excluding the first
48 hours after MI, class IA) and recurrent sustained
VT (excluding the first 48 hours after MI). In all
these cases, patients should be on long-term opti-
mal drug therapy and their life expectancy should
exceed 1 year [10].

Thus, for secondary prevention ICDs, there is
only one clearly defined class IA indication, based
on the RCTs performed 10-15 years ago, while all
other recommendations are based mainly on the
expert consensus, confirming once again the exist-
ing gaps in the evidence base [10—12]. Subsequent
RCTs focused on the effectiveness of ICD in pa-
tients at high risk of SCD as a primary prevention

method, provided that there are no other diseases
limiting the life expectancy to 1-2 years.

The guidelines for primary prevention are based
on data of three relatively recent studies (Multi-
center Autonomic Defibrillator Implantation Trial II
(MADIT II), Sudden Cardiac Death in Heart Failure
Trial (SCD-HeFT), and Multicenter Unsustained
Tachycardia Trial (MUSTT)). They demonstrated
an increase in the life expectancy by an average
of 2—6 years in ICD patients with reduced ejection
fraction (rEF) and symptomatic HF compared with
amiodarone-treated patients (amiodarone did not
improve the prognosis) [13—15]. However, patients
with reduced LVEEF are still included in the prima-
ry prevention ICD group despite a lack of data on
the impact of ICDs on the heart failure (HF) and
non-sudden cardiac death [10—12].

Patients with CAD have an increased risk of
SCD due to VA, especially with rEF. Two RCTs
included patients with stable CAD prior to MI and
reduced LVEF. The first study, MADIT II, includ-
ed patients with NYHA class [-IIT HF and LVEF
< 30%. The follow-up period was 20 months, all-
cause mortality was 14.2% in the ICD group, as
opposed to 19.8% in the control group, with rela-
tive risk reduction of 31% [13]. The second study,
SCD-HeFT, included patients with NYHA class
II-IIT chronic HF and LVEF < 35%. After 5-year
follow-up, the absolute risk of death in the group
with ICD was 7%, with relative risk reduction of
23% [14].

In the MUSTT study, all patients underwent an
EPS for the induction of sustained VT, and 353 pa-
tients with induced VT were randomized into two
groups — an antiarrhythmic therapy group and a pla-
cebo group. According to the results of 5-year fol-
low-up, a significant decrease in SCD and all-cause
mortality in the antiarrhythmic therapy group com-
pared to the placebo group was revealed. However,
a detailed analysis identified that the statistically
significant reduction in mortality concerned only
the ICD patients [15].

The clinical trials showed that ICDs had no pos-
itive impact on mortality in case the device was im-
planted in the early postinfarction period or during
cardiac surgery [16, 17]. The results of a meta-anal-
ysis of RCTs in CAD patients (excluding studies in
which the device was implanted during surgery or
cardiac surgery) indicate a statistically significant
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reduction of the risk of all-cause mortality with I[CD
by 24% compared with non-ICD therapy in this
group [18]. Thus, cardiologists in Europe, the Unit-
ed States, and the Russian Federation have identical
guidelines for primary prevention ICDs in patients
with CAD, NYHA class II — III HF, and LVEF <
35% after at least 3 months of optimal drug therapy
and not earlier than 40 days after MI, if life expec-
tancy exceeds 1 year [10—12].

The evidence base underlying guidelines for ICD
therapy for non-ischemic HF is not as considerable
as that for ischemic HF. Guidelines are based on the
findings of Defibrillators in Non-Ischemic Cardio-
myopathy Treatment Evaluation (DEFINITE) [19],
SCD-HeFT [14], Cardiomyopathy Trial (CAT)
[20], and Amiodarone Versus Implantable Cardio-
verter — Defibrillator: Randomized Trial in Patients
With Non-ischemic Dilated Cardiomyopathy and
Asymptomatic Nonsustained Ventricular Tachy-
cardia (AMIOVIRT) [21] and a large meta-analysis
performed by A.S. Desai et al. with a total of 1,854
patients [22]. Data from the DEFINITE study, which
included 458 patients with non-ischemic HF, LVEF
< 35%, and Holter monitoring showing unstable
VT, showed a statistically significant decrease in
the SCD prevalence after 29-month follow-up, but
no decrease in the all-cause mortality [19].

In the SCD-HeFT study mentioned above, near-
ly half of the patients had a non-ischemic HF [114].
The CAT and AMIOVIRT studies showed no sta-
tistically significant difference in survival of the
patients from the ICD therapy and control groups
[20, 21]. However, the meta-analysis of performed
by M.J. Shun-Shin et al., which incorporated all
the studies mentioned above, showed decreased
all-cause mortality rate in the ICD group compared
with the control group (OR 0.69; 95% CI 0.55-0.87;
p=0.002) [18].

The results of the Defibrillator Implantation in
Patients with Non-Ischemic Systolic Heart Failure
(DANISH) study (which included 1,116 patients
with non-ischemic HF, LVEF less than 35%, and
NYHA class II-IV HF, the average follow-up was
67.6-months) showed that ICD therapy had no pos-
itive impact on the all-cause mortality (the ICD
group had 4.4 cases per 100 person — years versus
5.0 per 100 person — years in the control group,
the differences were not significant). However, the
frequency of SCD in the ICD group was 2 times

lower. The main cause of HF was idiopathic car-
diomyopathy (76% of cases). Moreover, this RCT
showed that the benefits of ICD lessen with age
and become minimal in elderly patients (68 years
and older) [23]. In contrast to DEFINITE and SCD-
HeFT, 96% of patients in the DANISH study were
receiving renin — angiotensin — aldosterone system
blockers (RAAS), 92% — beta-blockers, more than
half — aldosterone antagonists (doses titrated suffi-
ciently to achieve target levels), and 58% of patients
in both groups received cardiac resynchronization
therapy (CRT) for HF, which could have affected
the results [14, 19, 23].

Despite the results of the DANISH study, a me-
ta-analysis performed by L. Shen et al. showed that
primary prevention ICDs in patients with non-isch-
emic HF are associated with statistically significant
benefits in terms of survival, which are identical
to those observed in patients with ischemic HF
[24]. The current ESC, AHA, and Russian Clinical
Guidelines indicate primary prevention ICDs for
patients with non-ischemic HF, in case the follow-
ing conditions are met: LVEF < 35%, NYHA class
[I-IIT HF, patients after 3 months of optimal drug
therapy, and a predicted life expectancy of more
than 1 year [10-12].

There are a number of rare, genetically deter-
mined disorders associated with a high risk of SCD,
such as hypertrophic cardiomyopathy (HCM), ar-
rhythmogenic right ventricular dysplasia (ARVP),
Brugada syndrome, long QT syndrome (LQTYS),
etc. RCTs on the effectiveness of ICD therapy in
the prevention of SCD in these diseases have not
been conducted. Currently, HCM is the main cause
of SCD among young population [25].

According to the Russian Scientific Society
guidelines, ICD therapy in HCM is indicated in pa-
tients with an estimated 5-year risk of SCD > 6%
(ITA, B) or with the predicted benefit of ICD in the
long term (IIB, B) [8]. These recommendations are
based on the findings of two retrospective, cohort,
observational studies that showed higher mortality,
frequent inappropriate shocks, and complications
in patients with HCM [26, 27]. The HCM Risk —
SCD risk prediction model is used for 5-year SCD
risk estimation, it establishes a non-linear relation-
ship between the risk of SCD and the maximum left
ventricular wall thickness. The effectiveness of this
predictive model is being constantly improved [27].
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In the latest Russian guidelines for sudden cardiac
death risk assessment and prevention (2018), ICD
placement due to HCM is indicated for patients
with a predicted 5-year SCD risk of > 4%, calcu-
lated using the HCM Risk — SCD model (class IB),
as well as for patients with at least one major risk
factor (IIA, B) [25].

Arrhythmogenic right ventricular dysplasia is an
indication for secondary prevention ICDs in case of
severe dysfunction of one or both ventricles (class
IB) and in the presence of risk factors (syncope,
moderate ventricular dysfunction, episodes of un-
stable VT, (ITA, B)) [8]. The basis for these indica-
tions was the result of the meta-analysis performed
by A.F. Schinkel, which included 24 small studies
and a total of 610 patients (average age 40.4 years;
42% of patients were women) with ARVP and pri-
mary / secondary prevention ICDs. The author not-
ed a reduced risk of overall and cardiac mortality
in the ICD group [28]. However, it should be noted
that the ICD group had higher frequency of myocar-
dial perforation [25].

The number of patients with LQTS is increasing
worldwide [29]. P.J. Schwartz et al. in a prospective
analysis of 233 patients with ICD and LQTS (41%
of cases — secondary prevention ICDs) showed that
within 4.6 years, 28% of patients received appropri-
ate shocks, and 25% had complications associated
with the device [29]. Predictors of appropriate I[CD
shocks included: age younger than 20 years, prior
cardiac arrest, and a prolonged QTc (greater than
500 milliseconds). Appropriate shocks were not ob-
served in the absence of these factors. The authors
concluded that it is necessary to specify the criteria
for ICD placement and consider other existing treat-
ment options [29].

According to the recommendations of the Rus-
sian Scientific Society, in patients with LQTS, ICD
placement is indicated after cardiac arrest (class
IB), in case of syncope or unstable VT with pre-
scribed beta-blockers (ITA, B), and with history of
SCD in the family (IIC, C) [8]. The study by C.
Jons et al. confirms high risk of SCD and the need
for ICD placement in the presence of syncope with
prescribed beta-blockers, especially in women and
children [30]. Taking into account the fact that the
development of the syndrome is associated with
mutations in 13 genes, each associated with a dif-
ferent risk of SCD, the latest Russian guidelines for

sudden cardiac death risk assessment and preven-
tion clearly indicate genetic testing [25]. Primary
prevention ICDs are recommended for LQT3, and
secondary prevention ICDs (IB) — in case of LQT],
LQT2, LQTS, and LQT6 and a prior cardiac arrest
[25].

In the Russian Federation, the prevalence of
Brugada syndrome is estimated at 1 to 3 cases per
10 thousand population [31]. This disorder requires
ICD therapy in case the patient has the following
adverse outcome predictors: male, syncope or SCD
in the family history, spontaneous ST segment ele-
vation in leads V1-V3 with syncope, spontaneous
ST segment changes, and Brugada type 1 ECG pat-
tern (ST segment elevation of 2 mm or more, ending
in a negative T wave) [8, 25]. There are no avail-
able data concerning the routine use of genotyping
to assess the risk of SCD in patients with Brugada
syndrome.

LVEF is still the only parameter strongly associ-
ated with SCD in patients with cardiovascular dis-
eases [1, 2]. Thus, LVEF and the NYHA functional
classification of HF have been used for more than a
decade to determine the indications for primary pre-
vention ICD. However, recent advances in preven-
tion of HF with rEF (HFrEF) have allowed special-
ists to use complete neurohormonal blockade with
renin — angiotensin — aldosterone system (RAAS)
blockers and beta-blockers, revealed a new group
of drugs — angiotensin-receptor-neprilysin-inhibitor
(ARNI), and helped to improve CRT and coronary
revascularization. Due to this fact, AHA guidelines
(2017) included an additional criterion for revaluat-
ing parameters after 90 days, if revascularization is
to be performed [11].

Currently, the prognosis in patients with HFrEF
has significantly improved due to higher survival
rates and lower risk of SCD, compared with 10-20
years ago. Analyzing the outcome of the last 12
RCTs that are not related to ICD, a significant de-
crease (44%) in the rate of SCD was observed in
more than 40,000 patients with HFrEF, which was
comparable to ICD therapy [24]. This decrease
occurred simultaneously with a rise in prescription
of ODT. Additionally, an analysis of 4,000 MA-
DIT patients showed significant reduction of VT
contribution to the overall mortality in ICD therapy
over the past two decades. VT involvement in the
overall mortality decreased from 21% in MADIT-II
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(conducted in 1997-2001) to 14% in Multicenter
Automatic Defibrillator Implantation Trial: Reduce
Inappropriate Therapy (MADIT-RIT, conducted in
2009-2011). Presumably, ODT for CHF reduces
cases of VT and SCD and increases survival rates
[32]. This is validated by the results of a recent
DANISH RCT on the effectiveness of primary pre-
vention ICD in patients with non-ischemic HF [23].

Therefore, the above mentioned data determine
the need for new large-scale RCTs to assess the ef-
fectiveness of ICD therapy, define the indications
for it, and search for new biomarkers and predictors
of SCD.

ICD IMPLANTATION-RELATED
COMPLICATIONS AND THEIR PREVENTION

ICD-related complications can occur in the early
and late postoperative period. Inappropriate shocks,
infectious complications, and ICD malfunction are
of particular interest due to their frequency.

According to the results of a recent study with
a sample of more than 3,000 patients, the cumula-
tive incidence of adverse events over 12 years of
follow-up was: 20% — inappropriate shocks, 6%
— infectious complications associated with an im-
planted device, and 17% — electrode failure. A pop-
ulation-based survey on the frequency of ICD-re-
lated infections in the United States (2016) showed
that out of 191,610 placed ICDs, 8,060 caused in-
fections (4.2%), hospital mortality was 4.7%, and
the majority of patients (68.9%) with ICD-related
infections had three or more comorbidities [33]. A
much lower incidence of infectious complications
(0.5-2.5%) was found by Russian observational
studies, indicating relative safeness of the method
[34, 35].

The problem of inappropriate ICD shocks is
given a lot of attention in modern arrhythmolo-
gy [4, 12, 35, 36]. There is growing evidence that
ICD shocks lead to myocardial damage, contribute
to the progression of left ventricular dysfunction
(LVD), and multiply a risk of death by 1.9-5.6
times [24, 35, 36]. Moreover, social maladaptation,
poor quality of life, anxiety, and depression can de-
velop as the result of frequent shocks, worsening
the course of the underlying disease. According to
the data, 22—-66% of patients complain about symp-
toms of depression, 31-83% of patients are con-
cerned about anxiety within a year after ICD place-

ment [37, 38], and the development of these mental
health disorders is closely related to the frequency
of ICD shocks [39]. Recent studies have shown
that anxiety and depression in ICD patients have
a bidirectional relationship with endpoints, such as
hospitalization and death [40]. Currently, the co-
hort of patients with CHF and ICD is considered
to have the most severe psychosocial distress and
social maladaptation.

Data analysis suggests that compliance with the
current recommendations on device programming,
elaborated by the HRS / European Heart Rhythm
Association (EHRA) / Asia Pacific Heart Rhythm
Society (APHRS) / Latin American Heart Rhythm
Society (LAHRS) in 2019, can help prevent inap-
propriate shocks and thereby reduce their frequency
[41]. Optimal programming prolongs the time of
arrhythmia detection, increasing the probability of
triggering the antitachycardia pacing (ATP), rather
than shock. Three RCTs (MADIT-RIT, Avoid De-
livering Therapies for Non-Sustained Arrhythmias
in ICD Patients 11l (ADVANCE III), and Program-
ming Implantable Cardioverter — Defibrillators in
Patients with Primary Prevention Indication to Pro-
long Time to First Shock (PROVIDE)) analyzed
strategies of prolonging the tachycardia detection
interval compared with conventional short detec-
tion intervals [42—44].

All three studies demonstrated that longer detec-
tion intervals were associated with a decrease in the
frequency of inappropriate shocks. Moreover, im-
proved survival rates in the groups randomized for
prolonged detection were noted in MADIT-RIT and
PROVIDE studies [42, 44]. T. Ananwattanasuk et
al. compared two groups of patients with ICD: with
programming according to recommendations and
with random programming according to the doctor's
choice. The results showed that the first group ex-
perienced lower frequency of inappropriate shocks
and had lower incidence of ICD therapy [45]. The
results also demonstrated that only in 1/3 of patients
in clinical practice ICDs were programmed in ac-
cordance with the existing recommendations [45].

Inappropriate ICD shocks might occur due to
oversensing of the T-waves, atrial arrhythmia,
R-waves, myopotential, electromagnetic noise, and
sensing lead malfunction [46, 47]. Another common
cause of inappropriate shocks is impaired detection
and recognition of supraventricular tachycardia as
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ventricular tachycardia, or a shock discharge in-
stead of ATP [46, 47].

To solve this problem, modern ICDs use auto-
matic algorithms for differentiation between ar-
rhythmias, significantly reducing the frequency of
inappropriate ICD shocks and recognizing supra-
ventricular and ventricular arrhythmias, T-waves,
noise, and interference. Non-compliance with the
manufacturer’s recommendations during program-
ming can lead to an increase in the frequency of
inappropriate shocks [48]. Medtronic Inc. have re-
cently implemented algorithms to deliver the pro-
grammed number of ATP sequences during the
charge after detection of arrythmia in the VF zone.
The safety and effectiveness of this algorithm have
been confirmed in a number of studies, moreover,
they showed that the majority of episodes recog-
nized as VF turned out to be VT that was treated
with ATP therapy [49, 50].

Other similar algorithms for differentiating be-
tween types of arrhythmias are used in all modern
devices, and subsequent studies have shown that
their implementation can significantly reduce the
number of inappropriate shocks [42, 51]. Devices
made by different manufacturers differ significant-
ly in their programming approaches, meaning there
could be no standardized programming protocol.
This particularity is reflected in the updates of the
HRS/ EHRA / APHRS / LAHRS Expert Consen-
sus [41]. According to the PainFree SmartShock
Technology (PainFree SST) study, recently devel-
oped SmartShock technology (Medtronic Inc.) is
comprised of six unique algorithms that effectively
reduce the number of inappropriate shocks [52].

The development of new approaches to ICD
placement based on the results of myocardial per-
fusion scintigraphy in patients with CAD is an-
other way to reduce the stimulation threshold and
the amplitude of the ventricular signal, allowing
to prolong the longevity of ICD while minimizing
the oversensing [53]. The compliance with current
guidelines on the device programming and the use
of modern ICD models proved to be an effective
way to reduce the number of inappropriate shocks.
Identifying the predictors of high-risk groups for
frequent inappropriate shocks, specialists should
take a more balanced approach to outlining the in-
dications for ICD placement, its programming, and
subsequent monitoring.

A significant contribution to the improvement
of the follow-up efficiency after ICD placement is
made by remote health monitoring (RHM) and te-
lemetry technologies. Being a part of all modern
devices, they can reduce the number of inappro-
priate shocks by appropriate programming. Data
from numerous studies confirmed the effectiveness
of RHM and telemetry technologies ((ALTITUDE
(Long-term outcome after ICD and CRT implan-
tation and influence of remote device follow-up),
TRUST (Lumos-T Safely Reduces Routine Office
Device Follow-Up), ECOST (Effectiveness and
Cost of ICD follow-up Schedule with Telecardiol-
ogy)) [54-56].

The large-scale ALTITUDE study (2006-2009)
was devoted to the analysis of the advantages of
RHM (69,556 patients) over conventional monitor-
ing (116,222 patients) after the ICD placement. The
results showed that implantation of the devices was
associated with significant survival benefits during
the first year — 92 and 88%, respectively, and it was
RHM that ensured high efficiency of ICD in both
groups (p < 0.0001) [54].A combination of telem-
etry and RHM allows for almost seamless process,
providing daily self-monitoring of the implanted
device and notifying the specialist in cases of ab-
normality, which could not be done using telemetry
alone. The results of the TRUST study confirmed
that RHM and telemetry are more effective than
conventional follow-up visits, because patients
were always under medical supervision [55]. In the
ECOST study, cases of ICD therapy were identi-
fied as a secondary endpoint [56]. The results in the
RHM group are explained by preemptive actions of
the doctor that were taken after receiving an early
warning via the RHM system. In the RHM group,
14.5% of device shocks were inappropriate, while
in the control group the number was significantly
higher, reaching almost 43% (p < 0.001) [56].

Another problem related to ICDs is the fact that,
despite the 80% success rate of ICD therapy, the
mortality rate in ICD patients continues to be high,
which motivates researchers to further study the
patterns and mechanisms leading to it. Thus, ac-
cording to postmortem telemetry of 90 SCD cases
in patients with ICD, 26% of patients died from un-
corrected VT or VF, 29% — from post-shock elec-
tromechanical dissociation, 16% — from primary
electromechanical dissociation, 13% — from inces-
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sant VT or VF, and 7% — from VT or VF after ICD
deactivation [57].

According to E. Cronin et al., only 33% of pa-
tients with primary prevention and 47% with sec-
ondary prevention ICDs receive appropriate shocks.
Therefore, an upgrade in programming algorithms
is required to differentiate life-threatening arrhyth-
mias from other types of rhythm, cardiac, extracar-
diac, and external interferences. Monitoring ICD
patients at high risk of SCD should be considered
a priority [58]. According to the current guidelines,
any inappropriate shock or non-response in the ICD
patient with malignant arrhythmia is a reason for
further studying SCD prevention methods, improv-
ing the device response, and verifying the popula-
tion at risk [10—12].

For this purpose, several risk stratification sys-
tems were developed for ICD patients. However,
most of them were focused on determining the risk
of all-cause mortality in patients with reduced and
preserved LVEF and were not widely used in clin-
ical practice. The long-term follow-up withing the
Leiden out-of-hospital cardiac arrest (LOHCAT)
study (456 CAD patients with secondary preven-
tion ICDs) added an adverse prognostic value to
the QRS width [59]. D.B. Kramer et al. revealed
that 2,717 patients with ICD had creatinine levels of
more than 200 mg /I, LVEF <20%, atherosclerosis,
and an increased risk of mortality [60].

G.A. Gromyko et al. proposed a Russian system
of risk stratification based on data of postinfarction
patients, which included the following determi-
nants: atherosclerosis, complete right bundle branch
block, LV dilatation, stenosis of the anterior inter-
ventricular artery, and the value for the percentage
of LV scar tissue. An important feature of this scor-
ing system was the assessment of the relationship
between the prognosis and the severity of the un-
derlying and concomitant diseases [61]. Therefore,
further validation and improvement of methods for
ICD inefficiency assessment is another way to re-
duce medical and social losses for ICD patients.

DIFFICULTIES IN ICD APPLICATION
IN CLINICAL PRACTICE

ICD therapy in real clinical practice is a com-
plex issue. Firstly, there is an obvious gap between
guideline recommendations and their clinical ap-
plication in many countries, including the Russian

Federation. Out-of-hospital all-cause mortality due
to SCD reaches 39.4% worldwide [62]. There are
no statistics available on the SCD-related death rate
in the Russian Federation, but according to the lat-
est estimates, 200,000-250,000 people die annual-
ly from cardiovascular diseases in the Russian Fed-
eration. The Sudden Cardiac Death in Patients with
Coronary Heart Disease: Results of the Russian
Multi-Center Epidemiological Study of Mortality,
Morbidity, and Diagnostics and Treatment Quality
in Acute CHD (RESONANCE) study revealed that
the incidence of SCD is 156 (for men) and 72 (for
women) per 100,000 population per year, although
the real frequency of SCD might be higher [63].

For comparison, in the United States, the annual
rate of SCD is 100 to 200 per 100,000 population
[64]. This means that the number of ICD patients is
too low, and there should have been more cases of
ICD placement. The analysis showed that supply
for surgical and interventional cardiology proce-
dures in several regions of the Russian Federation
is below average, while other regions are the most
undersupplied in the world [65].

Only 66 clinics in the Russian Federation had
cases of implanted ICDs in 2013. The total number
of ICDs was 1,926 per year and the average was
0.05 ICDs per 100,000 population. The highest in-
dex was 0.06 per 100,000 in the Central Federal Dis-
trict (FD), and the lowest one was 0.01 per 100,000
in the North Caucasus FD [65]. According to recent
data, the vast majority of ICD patients in the world
belong to the primary prevention group, but even in
countries where the ICD therapy is widespread, the
implanted ICDs satisfy only 40—-60% of the overall
need [44]. There are several reasons for this situa-
tion: a high cost of the ICD device; ignorance or dis-
trust of ICDs; lack of standards for patient selection
and follow-up monitoring. Ultimately, doctors in
the outpatient setting do not have necessary knowl-
edge about the specifics of ICD patient management
and experience of working with such patients due to
their small number.

This leads to the second problem related to ICD
patient management. Standard outpatient follow-up
after implantation of the device implies complex
cardiac care: echocardiography and ECG, compli-
ance with medication treatment (including antiar-
rhythmic therapy), scheduled follow-up appoint-
ments with the arrhythmologist, and specialized
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arrhythmological optimization of the device by the
programmer (scheduled and in case of inappropriate
shocks) [8].

Due to the occurrence of inappropriate shocks in
25% of patients, leading to premature depletion of
the device battery, the need for unscheduled ICD
follow-ups continues to persist. Other reasons for
inappropriate shocks include device or lead mal-
functions, excessive or insufficient sensing, and in-
correct stimulation threshold [66]. However, many
patients with ICDs do not receive such medical
care, which was recognized, in particular, by HRS
[67]. This problem has been especially relevant for
the Russian Federation. The development of auto-
mated wireless RHM systems was a much-needed
change in outpatient monitoring that helped to form
the basis for new guidelines. Now all patients with
ICD should be provided with RHM, which in turn
reduces the number of follow-ups and justifies hos-
pitalization in case of multiple malfunctions and is
reasonable for evaluating the device performance
and the battery life [67-69].

However, data from real clinical practice show
that RHM data were never analyzed during the first
year of ICD placement in 25% of patients [69].
Combined with the fact that the RHM system does
not allow for reprogramming of ICD remotely, even
more issues start to arise. They are primarily asso-
ciated with a lack of standards and clinical guide-
lines for the use of RHM in the Russian Federation
[68]. In many countries, neither clinics nor doctors
receive monetary compensation for RHM / teleme-
try monitoring, despite the fact that these methods
proved to be cost-effective and allow to increase the
number of patients under medical supervision. Fur-
thermore, this type of medical service is not funded
by healthcare systems, which only complicates the
work of specialists [57, 68, 69].

The difference in the ICD effectiveness accord-
ing to foreign and Russian RCTs presents another
significant problem. Data on the frequency of ap-
propriate shocks in ICD patients in the Russian
Federation indicate a lower number of effective
responses compared with other RCTs, indirectly
revealing the shortcomings of the selection process
[35, 37]. According to A.S. Revishvili, 49% of pa-
tients did not receive single justified ICD therapy
for 5 years, even though the frequency of inappro-
priate shocks was 39% [35]. Literature data indicate

higher mortality rate among patients with both pri-
mary and secondary prevention ICDs in the Russian
Federation compared with international statistics —
18.8 and 16% versus 12.7 and 14%, respectively
[35, 70]. According to the study by M.A. Kamaliev
et al., the survival rate in this category of patients
during the year was 83.3%, which is a lower value
than in international data on the annual survival of
patients after ICD placement (92-98%) [71].

Therefore, studies on ICD therapy conducted in
the Russian Federation indicate insufficient surviv-
al rate compared with international studies both in
terms of the survival rate 1 year after ICD placement
and in the long-term follow-up. It can be explained
objectively by the level of healthcare system devel-
opment and availability of medical care in certain
regions; or subjectively by poor patient selection,
non-compliance with recommendations on device
programming or RHM, difficulties of outpatient
management, and low adherence to ODT. However,
these assumptions need to be confirmed by analyz-
ing the cohort of patients with ICD in real clinical
practice in every region of the Russian Federation.

Psychosocial rehabilitation is another problem
of patient management in the Russian Federation.
Depression and deterioration of the patient’s qual-
ity of life after ICD placement can lead to a loss of
contact with the specialist, which negatively affects
survival [40]. The main sources of stress, anxiety,
and depression can be both excessive information
about the device, especially from other patients, as
well as a lack of information [41]. Given these data,
it may be useful to organize training sessions for
ICD candidates — individual and group psycholog-
ical counseling sessions, explanatory therapy, etc.
The guidelines highly recommend assessment and
treatment of psychosocial distress in ICD patients
[10-12, 25]. Self-help groups and individual and
group therapy have already proven to be effective in
this cohort of patients [72].

However, such treatment options, including
psychotherapy, are not available for patients with
reduced mobility or financial difficulties [39, 72].
Research results have shown that online video and
individual phone consultations can help in this sit-
uation [73, 74]. Given the availability and low cost,
Internet-based consultation is a promising solution,
even for elderly patients [40]. Supposedly, online
consultations can be as effective as conventional
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therapy for patients with ICD, and there is growing
evidence in support of that [40, 73, 74].

Therefore, there are several ways to improve
ICD patient management in the Russian Federation:
active monitoring of the devices via implementa-
tion of the RHM system, optimization of drug ther-
apy, promotion of drug compliance, application of
modern ICD programming methods, raise of patient
awareness (sessions, phone calls, monitoring diary),
and psychological consultations and counseling,
also via Internet-based technologies.

CONCLUSION

Significant progress has been made in the field of
ICD therapy over the past two decades. As a result,
there are currently multiple kinds of ICD devices to
choose from [75]. Future efforts should be focused
on improving methods of patient selection, which
in turn requires large-scale RCTs against the back-
ground of ODT. It is also necessary to develop new
comprehensive approaches to SCD risk stratifica-
tion, based on the combined assessment of clinical
risk factors on the basis of ECG, findings of medical
imaging techniques, biomarkers, and genetic deter-
minants, including patients with intermediate and
preserved LVEF.

Evidently, ICD therapy has high relevance in
healthcare. However, there are limiting factors for
the Russian Federation, such as high cost of the
device, distrust of the method due to ignorance of
ICD benefits, lack of practical tools for risk assess-
ment in SCD, and insufficient experience in man-
aging patients with ICDs in the outpatient setting
[75, 76].

Outlining problems associated with ICDs can
assist in finding solutions among medical experts
and device developers. One way to optimize ICD
therapy is to create a registry of ICD patients,
which can be crucial for developing cost-effec-
tive prevention strategies and bridging the gap
between scientific data and limited healthcare
resources.
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A clinical case of X-linked adrenoleukodystrophy in a 9-year-old boy
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ABSTRACT

X-linked adrenoleukodystrophy belongs to peroxisomal disorders characterized by combined damage to the ner-
vous system and adrenal glands and often leading to death. This hereditary disease results in mutations in the
ABCDI gene, leading to ineffective 3-oxidation of fatty acids following a decrease in the activity of acetyl-CoA
synthetase of their long chains. Accumulation of acyl-CoA derivatives of fatty acids takes place, which affect the
physicochemical properties of cell membranes.

We have described a clinical case of X-linked adrenoleukodystrophy in a 9-year-old boy with the primary
manifestation of the disease at the age of 7 years and 10 months in form of enterovirus encephalitis.

Early diagnosis, prenatal screening of adrenoleukodystrophy for performing gene-specific therapy, slowing the
progression of the disease, and prolonging the life of the patient with the diagnosis of a rare hereditary disease are
required.

Keywords: X-linked adrenoleukodystrophy, adrenal insufficiency, glucocorticoids, mineralocorticoids,
leukoencephalomalacia
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KnuHnuecknin cnyyanm X-cuenneHHon agpeHonenkoaucrpopum
y Manbuunka 9 netr

Mvpw A.B., Akumosa K.A.

Cypeymckuii eocydapcmeennviii ynueepcumem (Cypl'y)
Poccus, 628412, 2. Cypeym, np. Jlenuna, 1

PE3IOME

X-creruieHHast aipeHONeHKOTUCTPO(USI OTHOCHTCS K MTEPOKCUCOMHBIM OOJIE3HM, XapaKTePU3yeTcsl COYETaHHBIM
[Opa’KeHUEM HEPBHOM CHCTEMBI U HaIMOYEYHUKOB, 4YaCTO IPUBOIAIIUM K JIETATbHOMY UCXOAY. DTO HaCcJIEeICTBEH-
Hoe 3a0oyeBaHue BhI3bIBaeT MyTaluu reHa ABCDI, onpeaensiomuM HedPHEKTHBHOCTh [B-OKUCICHHS KUPHBIX
KHCJIOT, B Pe3yJIbTaTe CHIKCHUSI aKTUBHOCTH aLeTuI-KoA cuHTeTa3bl MX JUIMHHBIX Lenel. [IporcxoauT Hakorte-
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HHEC a]_lI/IJ'I—KOA—l'IpOI/BBO)leIX KUPHBIX KUCJIOT C Hapr_IeHI/IeM (1)1/131/IKO—XI/IMI/IquKI/lX CBOMCTB KJIETOYHBIX MEM-
OpaH.

Hamu onmcan kinuHMYeCKUi ciydaidl X-CIEIUICHHON aJpeHONeHKOIUCTPOGHN y MAIbUUKa 9 JIET ¢ NMepBHYHON
MaHudecTanuei 3adoneBanus B Bo3pacte 7 jietT 10 Mec 1o THITy SHTEpOBUPYCHOTO 3HIIe(haIuTa.

Heo0xoamMa paHHsIsSI TUarHOCTUKA, PEHATATIBHBIA CKPUHUHT TSI TPOBEICHHS CIeNN(UUECKON Teparuu, 3aMe/i-
JICHHS TIPOTPECCUPOBAHNS 3a00JIeBaHU, IPOUICHHS KU3HN OOJBPHOMY C PEIKHM HACIeCTBEHHBIM JHAarHO30M.

KoroueBrble ciioBa: X-creruieHHast aipeHoIeHKoucTpodusl, HAAIOYSIYHUKOBAsI HEJOCTATOYHOCTD, TJIFOKOKOKOP-
THUKOUJIbI, MUHEPAIOKOPTUKOU/IBI, JIEHKOIHIE(aroMalIsIius

KondaukT nunTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaKeil HaCTOSIIEeH CTaThH.

HUcTounuk (l)HHaHCHpOBaHI/IH. ABTOpLI 3asIBJISIOT 00 OTCYTCTBUU (bPIHaHCI/IpOBaHI/ISI Ipyu OPpOBEACHUU UCCIIENO0-
BaHUA.

CooTBeTCTBHE NPUHIHUIIAM 3TUKH. vy ponnTeﬂeﬁ pe6eHKa TIOJIYy4Y€HO pa3pClICHUEC Ha Hy6HI/IKaHI/IIO AHOHUMHBIX

JaHHBbIX.

[ nuruposanus: ['vpm S1.B., Sxumosa K.A. Kinunnueckuii ciaydail X-clemieHHON agpeHoneikoaucTpopun
y Manbuuka 9 ner. Biontemens cubupckou meouyunst. 2022;21(1):197-202. https://doi.org/10.20538/1682-0363-

A clinical case of x-linked adrenoleukodystrophy in a 9-year-old boy

2022-1-197-202.

INTRODUCTION

X-linked adrenoleukodystrophy (X-ALD) belongs
to the group of hereditary metabolic diseases associ-
ated with impaired peroxisomal function. Adrenoleu-
kodystrophy (synonyms: Zimmerling — Creutzfeldt’s
disease, Schilder — Addison’s disease) was first de-
scribed by German neuropathologists Ernst Zimmer-
ling and Hans Gerhard Creutzfeldt in 1923. This dis-
ease is not as rare as it was previously thought to be,
it occurs everywhere, and its incidence rates prevail
over other peroxisomal diseases [1].

The onset of the disease is associated with muta-
tions in the ABCD] gene in the terminal region of the
long arm of the X chromosome (locus Xq28) [2]. This
gene encodes synthesis of a transmembrane carrier
protein called adrenoleukodystrophy protein (ALDP),
which is located on specific cellular organelles in-
volved in oxidation reactions, peroxisomes, and is
responsible for transport and further degradation of
very-long-chain fatty acids (VLCFAs) [1]. With a
structural defect in the peroxisomal transport protein,
it becomes functionally incapable, which leads to ac-
cumulation of toxic compounds in the tissues.

Currently, more than 2,600 ABCDI mutations as-
sociated with the replacement of DNA nucleotides
and loss of loci have been identified [3]. Many of them
cause structural changes in ALDP. Adrenoleukodys-
trophy develops when there is a recessive gene in the
genotype (in hemizygous men) or two of its variants
(in heterozygous women). X-ALD is more common in

boys; in girls, the disease is asymptomatic. The inci-
dence of adrenoleukodystrophy is 1: 17,000 live-born
boys [1, 3]. The disease is manifested by two groups
of clinical symptoms: primary adrenal insufficien-
cy and demyelinating disease. These disorders are
caused by mutations in the ABCD/ gene encoding the
transmembrane protein ALDP, leading to ineffective
B-oxidation of fatty acids following a decrease in the
activity of acetyl-CoA synthetase of their long chains.
Primary adrenal insufficiency is clinically manifest-
ed through hyperpigmentation of skin folds and mu-
cous membranes, cicatricial changes, fatigue, weight
loss, dizziness, increased anxiety, chronic nausea, and
vomiting. Damage to the nervous system is clinically
manifested through autistic behavior, learning prob-
lems, memory loss, attention deficit, convulsive syn-
drome, blindness, and deafness [4].

CLINICAL CASE

Patient S., born in 2011, was admitted to the De-
partment of Pediatric Neurology of the City Clinical
Hospital for the first time in March 2020 with com-
plaints of weakness, lethargy, drowsiness, and disori-
entation.

Anamnesis vitae and anamnesis morbi. A boy
from a second pregnancy that ended in childbirth
by caesarean section at 39 weeks due to breech pre-
sentation. The first pregnancy ended in spontaneous
abortion. The child was born with a weight of 3,200
g and a height of 52 cm, the Apgar score was 8 / 9.
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The patient’s health in early childhood was normal.
The patient is vaccinated according to the calendar.
The patient had rare respiratory infections and chick-
en pox. Until the age of 7, the parents did not report
any complaints about the development of the boy. At
the age of 7, mother began to notice periodic urinary
incontinence in her son. According to his parents, the
boy did not go to the toilet for a long time, and then he
would not manage to get there in time. Therapy with
oxybutynin was prescribed with appropriate water in-
take schedule. A positive effect was achieved.

At the age of 7 years 10 months, while the child
was in a camp in Anapa, he complained of nasal con-
gestion, single vomiting, weakness, and body tem-
perature increase to febrile values. He was examined
by a doctor, then he was isolated, an ambulance was
called. Before the arrival of the ambulance, there was
repeated vomiting, paroxysm developed in the form of
a short-term loss of consciousness, eyes rolling back,
and twitching of arms and legs. The boy was hospital-
ized in Krasnodar with the diagnosis of enterovirus en-
cephalitis. He was administered carbamazepine (200
mg 3 times a day), and a positive effect was achieved.

During the autumn, the child did not feel well, he
had continued weakness, lethargy, and rapid fatiga-
bility. The body temperature occasionally rose up to
37.2°C. It was recommended to consult a neurologist.
Magnetic resonance imaging (MRI) of the brain was
performed (December 16, 2019). According to MRI,
for the first time, signs of leukoencephalomalacia
were noted with symmetrical lesions in both parietal
and temporal lobes, the posterior third and splenium
of the corpus callosum, posterior parts of the basal
ganglia, cerebral peduncles in midbrain, and pons.
The boy was observed by a neurologist and an epilep-
tologist in a local clinic. Diagnosis: “epilepsy”? Given
the absence of epileptic seizures, therapy with carba-
mazepine was canceled. Aminophenyl-butyric acid
was prescribed, which the patient took until the end of
January 2020, therapy was then canceled according to
the recommendation of a neurologist.

On March 28, 2020, immediately after waking up,
the boy felt unwell. A single vomiting, weakness, and
lethargy were noted, the child became distracted, inat-
tentive, and disoriented in space. Paroxysm was noted
in the form of fading (the patient did not respond to
the mother) and eye movements. An ambulance was
called. Before the arrival of the ambulance, a parox-
ysm developed in the form of eyes rolling back, lip
twitching on the right, extended right arm and right
leg. The patient did not respond to the people around

him. Diazepam was administered. The child was ad-
mitted to the hospital for a comprehensive examina-
tion.

Objective clinical examination. An examination of
the patient in the emergency room showed the follow-
ing: a state of moderate severity, impaired conscious-
ness, poor orientation in space and time, difficulties in
make contact with the patient, he answered questions
slowly and not always. His skin was dark and dry. The
patient’s skin on the elbows, in the armpits, and in the
area of the buttocks was much darker (up to a choc-
olate brown color). In the right frontal region, a light
brown spot of an irregular shape was noted. On the
upper and lower extremities, 4 small (1-5 mm) light
brown spots of an irregular shape were detected. A
neurological examination did not reveal any changes,
except for bad mood. The boy has phenotypic fea-
tures: curly hair, protruding ears, deep set eyes, wide
interdental spaces, dolichostenomyelia.

When the child was in the hospital, the following
was revealed: hearing impairment, impaired under-
standing of addressed speech, and deterioration of
handwriting. In the dynamics, child’s space orienta-
tion became worse, and his gait became unsteady.

Laboratory tests and instrumental diagnosis were
conducted. Blood test: ESR — 13 mm / h, other pa-
rameters were within the reference range. In the blood
biochemistry test, the following parameters were in-
creased: creatine phosphokinase 377 U / 1 (0-247),
lactate dehydrogenase 426 U /1 (0-378), glucose level
was within the reference range: 4.36 mmol/1(3.3-5.9).
The cortisol level was low: 01.04.2020 at 8 am — 25
nmol /1, at 10 pm —31.5 nmol/ 1; 08.04.2020 at 8 am —
12.6 nmol / 1, at 10 pm — 3.2 nmol / I (reference range
is 83—580 nmol / 1). The level of adrenocorticotropic
hormone was elevated: 127 pg / ml (with the reference
range of 0—46 pg / ml).

Ultrasound examination of the thyroid gland: right
lobe 24*9*9 mm, V — 0.9 cm 3, left lobe 28*8.5*9
mm, V — 1.0 cm 3. Contours were clear and even. No
lesions were detected. The volume of the thyroid gland
was 1.9 cm?3. Conclusion: thyroid hypoplasia. Electro-
encephalography (EEG) revealed no clear signs of
impaired bioelectrical activity in the brain. Focal, par-
oxysmal, and epileptic activities were not registered
in the study. Moderate cerebral changes with irritative
zones were detected. On the basis of objective clini-
cal examination data and the results of laboratory tests
and instrumental diagnosis, the following diagnosis
was made: demyelinating disease of the central ner-
vous system, X-linked adrenoleukodystrophy.
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The therapy was prescribed: valproic acid (Depa-
kene) 180 mg 3 times a day, methylprednisolone 250
mg, thiamine 1 ml intramuscularly once every two
days. The treatment had a positive effect, improving
the patient’s conditions, stopping psychotic states and
seizures, and improving the child’s mood. To carry
out substitutive therapy, hydrocortisone (Cortef) was
prescribed orally 10 mg per day in 3 divided doses (5
mg in the morning, 2.5 mg at lunch, 2.5 mg in the eve-
ning). The patient’s discharge record was sent to the
Department of Medical Genetics of the Russian Chil-
dren’s Clinical Hospital of Pirogov Russian National
Research Medical University, to which the child was
admitted in April 2020. At the time of hospitalization,
the patient complained of visual and hearing impair-
ment, lack of voluntary coordination of muscle move-
ments, falling, dark skin, and periodic involuntary
urination; the patient could not write in a straight line.

Objective clinical examination. Upon admission,
he was in a state of moderate severity. Phenotypic fea-
tures of the patient included dark skin, high forehead,
wide nose bridge, wide set eyes, transverse palmar
crease, and claw sign. The skin was dark without rash.
The elbows and knees were hyperpigmented. There
was a hyperpigmented area on the forechead on the
right. Neurological status: convergence insufficiency
on the right. Exotropia, more on the right. The face
was slightly asymmetrical: the nasolabial fold on the
right was somewhat smoothed. The patient had hear-
ing impairment. The pharyngeal reflexes were re-
duced, without a clear difference in sides of the body.
The patient had positive pyramidal signs. The gait was
wide-based and atactic with polyneuropathy. Muscle
tone — dystonia, more in the arms, D > S. Ankle jerk
reflexes were reduced. The plantar reflex or Babinski
sign was positive on both sides. Coordination tests:
the patient tried to reach the hammer with intention
tremor and slight asymmetry. Sensitivity was difficult
to assess (due to hearing impairment). The patient
almost did not execute commands. Speech was with
dysarthria, slow and phrasal. It looked like speech and
mental retardation.

The results of the conducted tests. Endocrine pro-
file (29.04.2020): cortisol 82.92 nmol / I (reference
value 83-580 nmol / 1), adrenocorticotropic hormone
(ACTH) 476 pg / ml (reference value 0—46 pg / ml).
With continuous substitutive hormone therapy for
a month, the level of cortisol increased, while the
ACTH level remained high. The changes in the levels
of blood electrolytes were the following: the level of
sodium ion increased from 118 mmol /1 to 138 mmol

/1 (reference value 135-148 mmol / 1); and the level
of potassium ion decreased from 4.5 mmol / 1 to 3.3
mmol / 1 (reference value 3.5-5.3 mmol / 1).

Electrocardiogram (ECG) showed dysmetabolic
syndrome in the myocardium (inverted T wave in V3,
AVF), myocardial dystrophy. Electroneurography
(27.04.2020) revealed several disorders in the muscle
tone regulation: suprasegmental nature, signs of de-
myelination of peripheral nerves n. Peroneus, n. Tibi-
alis, nn. Suralis, nn. Medianus, S > D. At that moment,
no pathology of motor neuron disorders was observed
at the level of cervical and lumbosacral enlargement.
According to a video sleep EEG (28.04.2020), there
were no data on continued regional, diffuse, and gen-
eralized epileptic activity (Table 1).

Table 1

Dynamics in the instrumental diagnosis of the brain

MRI
CT (August 2019) MRI (December 2019) (March 2020)
Signs of reduced | Leukoencephalomalacia with
density areas in symmetrical lesions in both
. . Leukoenceph-
the splenium of parietal, both temporal lobes,
alopathy of un-

corpus callosum posterior third and splenium
and the area of the | of corpus callosum, posterior
posterior horns basal ganglia, cerebral pedun-
of the lateral cles of the midbrain, and pons
ventricles (corticospinal tracts)

known origin.
No dynamics
from 12.2019

The disease progressed rapidly, which was mani-
fested through an aggravation in neurological symp-
toms: unsteadiness when walking, visual and hearing
impairment, epileptic seizures, and intellectual disor-
ders. Widespread demyelinating process on MRI of
the brain (Lewis scale 11 out of 32 points) and adrenal
insufficiency were also noted.

The primary diagnosis: a degenerative disease of
the nervous system from the group of peroxisomal
diseases (G31.8). X-linked adrenoleukodystrophy,
cerebral form (E71.3). Symptomatic epilepsy. Atactic
syndrome. Cortical visual and hearing impairments.
Chronic primary adrenal insufficiency. Speech and
mental retardation. Secondary diagnosis: myocardial
dystrophy.

The following treatment was prescribed: low-
fat diet, Lorenzo’s oil in the 4 : 1 ratio of oleic acid
and erucic acid triglycerides. Medications included
substitutive therapy with glucocorticoids and
mineralocorticoids: Cortef 5 mg in the morning,
2.5 mg at lunch, 2.5 mg in the evening; Cortineft %
tablet twice a day in the morning and in the evening;
valproic acid 3 ml three times a day. Allogeneic stem
cell transplantation was not advised when the boy
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was hospitalized to the Russian Children’s Clinical
Hospital of Pirogov Russian National Research
Medical University, given the rapid progression of the
disease in the patient.

After hospitalization to the Russian Children’s
Clinical Hospital, the child was observed by a pedi-
atric endocrinologist and a neurologist at the place
of residence. The prescribed hormonal therapy with
hydrocortisone upon discharge was increased for the
summer period to 30 mg / day, taking into account
a progressive decrease in cortisol levels: 09.2020 —
0.7 nmol / 1; 10.2020 — 3.65 nmol / 1 (reference value
8.7-22.4 nmol / 1). The level of adrenocorticotropic
hormone also remained high: 09.2020 — 458 pg / ml,
10.2020 —390.8 pg / ml (reference value 857 pg / ml).

In September 2020, the child’s condition worsened
significantly, which required a further increase in the
dose of hydrocortisone to 40 mg / day. In dynamics,
the ACTH level decreased to 390.8 pg / ml, and the
cortisol level increased to 3.65 nmol / 1. The blood
biochemistry test showed moderately pronounced
changes in all parameters (Table 2).

Table 2
Blood biochemistry test
Parameter October 2020 Reference

value
AST,U /1 77.8 0-50
ALT,U/1 54.8 0-50
Iron, pmol /1 5.8 9-21.5
Chlorine, mmol / 1 90.58 98-107
Calcium, mmol / 1 2.04 2.2-2.7
Potassium, mmol / 1 2.88 3.5-53
Sodium, mmol / 1 132.7 135-148
Total cholesterol, mmol /1 6.79 3.3-5.2
Alkaline phosphatase, U /1 49.75 86-315
Gamma-glutamyl transferase, U / | 23.86 3-22
DISCUSSION

Adrenoleukodystrophy is characterized by a
pronounced phenotypic polymorphism, which is
associated with differences in the penetrance and
expressivity of the abnormal gene. There are several
forms of the disease, the development of which is
determined by the time of onset, main manifestations,
and the rate of aggravation. In this case, the patient
had a cerebral form of the disease, the main symptoms
of which are neurological disorders. According to the
time of the disease onset, this is a childhood form,
which occurs more often (almost in 50% of cases)
[5-7]. This form generally occurs between the ages of
five and ten [8].

In the present clinical case, the first moderately
pronounced symptoms (enuresis) appeared at the age
of 7 years, and after 10 months, more manifestations of
the disease appeared. Cerebral adrenoleukodystrophy
is characterized by rapid progression [9—11], which is
clearly shown in the present clinical case — 8 months
passed from the onset of manifestations to a severe
condition.

In most patients, neuropsychiatric disorders
precede signs of adrenal insufficiency. At the onset of
the disease, the child was diagnosed with convulsive
disorder, which required differential diagnosis with
epilepsy. The child was admitted to the neurological
department with complaints of impaired hearing
and understanding of addressed speech, worsening
of handwriting, worsened space orientation, and
unsteady gait. Changes in the skin color in the form
of increased pigmentation and brown spots were first
detected in the hospital, earlier, parents and doctors
did not pay attention to these changes. Manifestations
of adrenal insufficiency were confirmed by the
endocrine test. The prescription of substitutive
therapy with hydrocortisone led to an improvement
in hormone levels without affecting the severity
of clinical manifestations. In the dynamics, there
were manifestations of behavioral disorders, motor
functions, thinking, and unmotivated aggression
appeared.

Presymptomatic therapy is particularly important
in the treatment of adrenoleukodystrophy. At
this stage, diet was effective [12]. In this clinical
case, diet therapy is not justified due to the already
developed clinical presentation of the disease. The
use of substitutive therapy with glucocorticoids and
mineralocorticoids is indicated for symptoms of
hypocorticism [13]. However, these drugs do not have
a pathogenetic effect on the pathological process in the
central nervous system [14]. Symptomatic treatment
of myelopathy is conducted with neurometabolic
agents, muscle relaxants, and vitamins.

The main treatment method at early stages of
adrenoleukodystrophy in childhood and adolescence
is allogeneic stem cell transplantation, which can stop
the progression of demyelination [15, 16]. Additional
methods that do not affect the mechanisms of pathology
development include acupuncture, transvertebral
micropolarization, massage, and exercise therapy,
which are also used at initial stages of the disease
to relieve spastic symptoms and muscle stiffness.
Patient S., 9 years old, was diagnosed at the stage of
severe clinical symptoms, so the effectiveness of the
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prescribed treatment is extremely low. The prognosis
is poor.

CONCLUSION

Currently, there are no specific methods for pre-
vention and treatment of adrenoleukodystrophy. Rec-
ommendations aimed at preventing the occurrence of
this genetic pathology have been developed. Prenatal
diagnosis of the disease is conducted. Treatment that
is recommended at early stages of the disease involves
bone marrow transplantation from a donor to a patient.
Early diagnosis of adrenoleukodystrophy and compre-
hensive therapy significantly slow down the develop-
ment and progression of the disease, prolonging the
patient’s life.
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