HAYYHO-MPAKTUYECKU MYPHAT

.
BIONINIETEHb CUBUPCKOW MEOULMHDI
BULLETIN OF SIBERIAN MEDICINE

-le_l. L
mum 1| LD el NSO | R e (R
-._l—-_l_--

Tom 19
Ne 3. 2020




From Basic to
Flin'rcg:l Immunology
!

—

KHUTA YHEHOI'O N3 CUBIrMY
3AHANIA BTOPOE MECTO
B MEXXAYHAPOZAHOM PEVUTUHTE

M3paHue 3aBeaytolLero Kagpeapon MMMYHONOTUW U aNNEPTONOTUN

Vadimir V. Klimoy

CM6VIpCKOI'O rocygapCrBeHHOro megnumnHCKoro yHuBepCcuTeTa,

[OKTOpa MeANLMHCKUX HayK, npodeccopa Baagummupa Kamosa
3aHA/0 BTOPOE MECTO B MMPOBOM PENTUHIE MMMYHOIOMMYECKUX
M34aHUIM NO BEPCUM HE3ABMCMMOTO aHaIMTUYECKOrO areHTCTBa
HayyHoW AnTepaTtypbl «BookAuthority»: https://bookauthori-
ty.org/award/From-Basic-to-Clinical-lmmuno-

Springer EXTRAS ONLINE

KHura «FromBasictoClinicallmmunology» HanucaHa
Ha aHIIMICKOM fA3blKe, HaneyaTaHa LWBENLaPCKUM
usaatenbcTsom Springer (https://www.springer.com/g-
p/book/9783030033224) u pacnpocTpaHaeTca
MHOFOTbICAYHbLIM TUPAXKOM HapAAY C MUPOBLIMM
becTcennepamu cpeay POCCUIUCKUX U 3apyBEKHbIX
BY30B, a TaKKe BK/IHOYEHA B KaTasor 6UbamoTekm
KoHrpecca CLUA.

«CTO/b BbICOKasA OLEHKA U34aHWA — 3TO NepBbIi
onbIT A/19 MeAMLMHCKOro 06pasoBaHua B Poccum, yto
CBMAETENbCTBYET O BbICOKOM YPOBHE U
KOHKYPEHTOCMOCOOHOCTH 34PaBOOXPAHEHNA B HALLEW
CTpaHe», — oTMeTUA Bnaaumup Knumos. B banxaiwee
BPEMA NNAHUPYETCA NEPEBOA, M3LAHUA HA KUTANCKUN
A3bIK.

YHWUKaNbHOCTb KHUIMM 3aK/IH04AETCA B TOM, YTO
aBTOPY YAaN0Cb 06beANHUTD ABE CMeXHble 06a1acTu
3HaHUN — GYHAAMEHTANbHYI0 UMMYHOOTUIO 1
KNWHMYecKyto. Cneupanunctol 06emnx coep Ao cux nop
paboTann 060co0bAEHHO, TaK Kak TEOPETUKN HE UMENU
MeAMLMHCKOW KBanndUKaLMu, a y Bpadyen OTCyTCTBOBaAN
onbIT GYHAAMEHTabHbIX UCCNELOBAHUN.

«M3gaHne akKKyMyavpyeT COBPEMEHHbIE 3HaHMA NO
633080 UMMYHO/IOTMM U UMMYHOMATONOTUM C
KNMHWUYECKUMM KOMMEHTAPHAMM, KOTOPbIE LOMONHAIOT
06LLYI0 KapTUHY», - fobaBMA aBTop. Mo TaKOMYy e
cueHaputo npodeccop BbICTpavBaeT 06pasoBaTe/bHbIN
npovuecc: obyyatoLimecs 0CBaMBaKOT Ty TEOPETUYECKYIO
6a3y, KOTOpan B AaNbHeWLIEM MOXKET ObITb MPUMEHEHA
VMW B KIMHWUYECKOM NPaKTUKE.

«Jly4Luni1 COBET NOAPACTaloLLEMY MOKONEHUIO B
MeAMLMHCKOM YHUBEPCUTETE — U3YUaTb aHIIMCKUI
A3bIK U LOBOAWTL 3TO 3HAHWE A0 COBEPLUEHCTBA, YTOObI
MOHO BblNI0 YMTaTb Hay4YHYH NUTEPATYPY B
OpUrMHane», — CYNTaeT 3aBedytoLumii Kadeapoi
UMMYHONOTMM U annepronorun CubrMy Bnagumup
Knumos.

logy/3030033228/new-allergy-and-immunology-ebooks

O3HaKOMMTbLCA C NeYaTHbIM BaPUAHTOM M34aHMA
MOXHO B Hay4HO-MeAMUMHCKOW bubnnoteke CU6TMY.
KHura BxoguT B nepeyeHb y4ebHbIx nocobuii no
VMMYHONOTWW ANA CTYAEHTOB, 06yYatoLmMXca Ha
aHMUIACKOM fA3biKe. HanomHum, Bnagumup Knumos
ABNAETCA aBTOPOM NEPBOro POCCUIMCKOrO
MYSIBTUMELMINHOTO Y4ebHMKa «OCHOBbI 06LLEeN
VMMYHONOTMNY», KOTOPbIN paHee TaKkxe Noayumnn
MEeXAYHapOAHOE NpU3HaHMe. AHII0A3bIYHAA BEPCUA
MY/ZIBTUMELMIAHOIO Kypca bblna BKAOYEHa B KaTasoru
6onee 30 yHMBEPCUTETOB MMUPA, B TOM YMC/E TAKMX
NpecTUXHbIX, Kak Kembpumx, fapsapa, Menb u apyrux.
C MomeHTa nybanKaLmm Kypca obyyeHne no Hemy
MPOLUAN MHOCTPAHHbIE CTYAEHTbI U Bpauu bonee yem u3
130 cTpaH. Y4ebHuK WnpoKo BocTpeboBaH biarogaps
KPaTKOCTW U JOCTYMHOCTN U3/I0XKEHWMA CIOMKHbIX
MMMYHONOTMYECKMX NPOLLECCOB.
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ABSTRACT

The aim. To study the conformational changes of lactate dehydrogenase under the influence of different
concentrations of intermediates (pyruvate, oxaloacetate) in the temperature gradient with the subsequent building
of a mathematical model.

Materials and methods. Thermolability of lactate dehydrogenase was studied using the method of differential
scanning fluorimetry to determine the change in endogenous fluorescence of tryptophan and tyrosine under
the conditions of stable concentration of lactate dehydrogenase and changing concentrations of pyruvate and
oxaloacetate. Further, a mathematical model was developed for a more in-depth consideration of the behavior of
the catalytic protein.

Results. We found that pyruvate and oxaloacetate in low concentrations have a thermostabilizing effect on lactate
dehydrogenase conformation; the effect of pyruvate is statistically more significant in comparison with oxaloacetate
(p <0.05). The studied ligands in high concentrations reduce the thermal stability of lactate dehydrogenase.

Conclusion. Understanding the role of small molecules in the regulation of biological and catalytic processes has
long remained in the background of scientific interest, but today the work in this direction is reaching a new level.
The data obtained indicate the possibility of small molecules acting as ligands when interacting with enzymes.
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PE3IOME

I_Ie.m,. HccnenoBath KOH(i)OpMaL[I/IOHHBIe HU3MCHCHUSA JIAKTaTACTUAPOT€HAa3bl 101 }IeﬁCTBHCM Ppas3IMYHbIX KOHICH-
TpaL[I/Iﬁ HUHTEPMEINATOB (rmpyBaT, OKC&J’IO&L{CT&T) B TEMIICPATYyPHOM IrpaIMCHTE C MOCICAYIOUUM IMOCTPOCHUEM
MaTeMaTHYECKON MOJICITH.

Marepuajbl U MeTOAbl. l3ydeHne TepMOIaOMIBHOCTH JIAKTATACTUIPOTeHAa3bl NPOBOAWIN C HCIIOIb30BAHU-
eM Merofa auddepeHnInaIbHON CKaHUPYIOMEH (IyoOpHMEeTpUH MO M3MEHEHHIO PHAOTCHHOH (uyopecueHIym
TpuntoaHa W THPO3MHA B YCIOBUSX CTaOMIBHON KOHICHTPAIWH JIAKTATACTHUAPOTCHAa3bl M H3MEHSIOIIUXCS
KOHIICHTpaLUii ITHpyBaTa u oKkcanoarerara. [lagee Oblna pa3zpaboTaHa MaTeMaTH4ecKass MOAENb A Oonee yriry-
OJICHHOTO PACCMOTPEHUSI MOBEJICHUS KaTATNTHIECKOTO OenKa.

Pe3yabTaThl. BbUIO BRISBICHO, YTO TUPYBAT M OKCAJIOALETAT B HU3KUX KOHLEHTPALMAX OKa3bIBAIOT TEPMOCTAOHU-
JM3UpYIOLee BO3ACHCTBHE Ha KOH(MOPMALHUIO JIAaKTAaTAEIUIPOreHa3bl, BIMSIHUE [TUPYBaTa CTATHCTHYECKH OoJee
3HAYMMO B CpaBHEHUH ¢ okcajoareraToM (p < 0,05). Mzyuaemble TUranpl B BBICOKUX KOHIIEHTPAIMAX CHIDKAIOT
TEPMOCTAOMIBHOCTD JIAKTATACTHIPOreHA3bI.

3akumouenue. [lonnmanue PO MaJIbIX MOJIEKYJI B pErysiun OHOJIOTHYECKUX M KaTaTUTHYECKUX Ipoueccon
J0JIr0€ BPpEMS OCTaBaJIOCh B TEHU HAYYHOI'O UHTEPECA, HO CErOAHsA pa60Ta B IaHHOM HallpaBJICHWU BBIXOAUT Ha Ka-
YECTBEHHO HOBBIN YPOBECHb. HOJ'Iy‘-IeHHLIe JaHHBIC CBUACTECILCTBYIOT O BO3MOXXHOCTHU MaJIbIX MOJIEKYJI BLICTYIIATh
B KaQ4Y€CTBEC JIM'aHZ10B IIpU B3aPIMO,Z[eI710TBPIPI C KaTaJINTUYCCKUMHU OCJIKaMHU.

KiroueBble c1oBa: nakraTaeruaporenasa, Konhpopmanus, nuddepeHunanbias cKaHupyoomas Gpayopumerpus,
OKcaJloaleTar, IupyBar.

KondaukT nHTepecoB. ABTOpBI JEKIAPHPYIOT OTCYTCTBHE SIBHBIX M MOTEHIHATbHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HacTOSIIEeH CTaThH.

HUcTounuk (l)HHaHCl/lpoBaHHﬂ. ABTOpLI 3asIBJIIOT 00 OTCYTCTBHUHU (bI/IHaHCI/IpoBaHI/IH.

[ uurupoBanus: 'mismusposa @.H., Kysemuuesa B.U., KonorseBa H.A., Komaposa M.B., Prickuna E.A.,
I'ycsxoBa O.A., Bunorpanosa JI.C., Canmun B.B. Kondopmannonnsie 0co0€HHOCTH JTaKTaTACTUAPOTeHA3bI: BIIU-
SHUE TeMIIepaTypHOro ()akTopa B MPUCYTCTBUU MAJIBIX MOJICKYJ, MaTeMaTH4eCKas MoJielb. broaemens cubup-
ckoti meouyunst. 2020; 19 (3): 6-14. https://doi.org: 10.20538/1682-0363-2020-3-6-14.
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Conformational features of lactate dehydrogenase

INTRODUCTION

Recently, more attention has been paid to small
molecules, unique chemical “fingerprints” that can
change gene expression and flows in metabolic
pathways, leading to changes in specific processes
in intra- and intercellular spaces [1]. Signal proteins,
such as catalytic ones, are therefore an interesting
area for the study of protein-ligand interactions, as
they are highly sensitive to external stimuli such as
endogenous metabolites or small molecules [2].

Molecules with a small molecular weight, locat-
ed at the intersection of metabolic pathways for the
exchange of proteins, fats, carbohydrates and serv-
ing as the “metabolic currency” of a living cell are
such key bioenergetic intermediates as pyruvic and
oxaloacetic acids.

Oxaloacetate (OA), a four-carbon keto acid with
tautomerism phenomenon, is a valuable and quite
rare molecule; its concentration in mitochondria
does not exceed 10° M, and it is involved in many
metabolic pathways, including gluconeogenesis,
citric acid cycle, glyoxylate cycle, urea cycle and
amino acid metabolism. Oxaloacetate is a critical
component in ATP production and should be con-
tinuously regenerated to maintain the required level
of oxidation processes in the citric acid cycle and
the electron transfer chain [3].

Pyruvic acid (pyruvate) is one of the interme-
diate components of metabolism, the precursor of
the most important intermediates of anabolic and
catabolic pathways, including gluconeogenesis, li-
pogenesis de novo, cholesterol synthesis, as well
as maintenance of the citric acid cycle. Pyruvate is
formed as a result of anaerobic glycolysis in pyru-
vate kinase reaction, and can also be synthesized
from various precursors: lactate in lactate dehydro-
genase reaction, malate in cytosol malate dehydro-
genase reaction, from alanine [4]. Serine, threonine,
glycine, cysteine and tryptophan can also be con-
verted to pyruvate [5].

Lactate dehydrogenase (EC 1.1.1.27), a tetram-
eter protein with catalytic activity, belongs to the
oxidoreductase class. It catalyzes reversible trans-
formation of pyruvate into lactate with NADH ox-
idation. The following genes are known to encode
this enzyme: LDHA, LDHB, LDHC and LDHD
[6]. Gene transcription of this enzyme is regulated
by more than 20 different factors, including HIF1

protein. Recently, it was shown that LDH, along
with enzymatic activity, also regulates the cell cy-
cle; suppression of LDH accelerates cell transition
into the G2 stage, while an increase in the LDH
activity delays the cell in S-period [7]. LDH mol-
ecules are found in the cytoplasm and the nucleus,
where they play the role of a transcription factor and
influence DNA synthesis [8]. There are indications
that lactate dehydrogenase has a direct effect on po-
tassium ion channels of myocardium and liver cells
in hypoxia [9].

The aim of our work is to reveal conformational
changes of lactate dehydrogenase under the influ-
ence of different intermediates (pyruvate, oxaloac-
etate) concentrations in a temperature gradient with
the subsequent building of a mathematical model.

MATERIALS AND METHODS

The experiments were performed at the Depart-
ment of Molecular and Radiation Biophysics of Na-
tional Research Center “Kurchatov Institute”.

The following reagents were supplied from
Sigma-Aldrich, USA: lactate dehydrogenase (EC
1.1.1.27, LDH, L-Lactic Dehydrogenase) from rab-
bit muscle, type XI, lyophilizate, 848 U/mg protein;
pyruvate, oxaloacetate, Tris-HCI buffer 50 mM, pH
7.5. The enzyme and small molecules were diluted
in tris-HCI buffer.

Differential Scanning Fluorimetry (DSF) was
performed on Prometheus NT.48 (NanoTemper
Technologies, Germany). This device allows the
quick and accurate evaluation of protein folding,
as well as its chemical and thermal stability. The
method is based on changes of tryptophan and ty-
rosine endogenous fluorescence at wavelengths of
330 and 350 nm. The result is recorded in degrees
Celsius, corresponding to the temperature of pro-
tein melting (7m) [10]. This parameter is dependent
on the forces of non-covalent intermolecular inter-
actions: electrostatic, hydrophobic, Van der Waals
forces, as well as the presence and number of hy-
drogen bonds.

Six dilutions were prepared, in which the final
LDH concentration remained unchanged: 1 pM,
and the final concentration of pyruvate and oxalo-
acetate varied: 16 uM, 8 uM, 4 uM, 2 uM, 1 uM
and 0.5 uM respectively. We placed 10 uM of the
solution in Prometheus NT.48 capillaries (nanoDSF
grade). Scanning fluorimetry was performed at laser
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intensity of 30%, heating diapason from 20 °C to 95
°C, step 1 °C/min.

Two approaches were used to study the depen-
dence of the relative fluorescence on the protein
melting temperature and the ligand concentration:
the pre-installed software (Promethus NT.48 soft-
ware), which allowed the determination of the pro-
tein melting point and the maximum melting rate
(the first derivative), and the nonlinear regression
model in the SPSS 21 statistical package (IBM
SPSS Statistics, USA, license No 20130626-3). We
used a four-parameter S-shaped curve:

B c—d
RO =4 T e

where: f(?) is a dependent variable, fluorescence ra-
tio at wavelengths 330 and 350 nm; ¢ — independent
variable, temperature, °C; a, b, ¢, d — equation pa-
rameters, or regression coefficients with the follow-
ing substantial interpretation.

This form of analytic dependence refers to sig-
moidal curves, recommended for the approximation
of the growth phenomena with saturation [11], in-
cluding for various medical and biological needs
[12—14]. The choice of the given mathematical mod-
el for the present research was determined by a con-
venient substantial interpretation of its parameters:
a — reflects the melting rate; b — corresponds to the
theoretical inflection point and the temperature when

minimal absorption ratio of wavelengths; d — asymp-
totically maximum absorption ratio of wavelengths.

Adequacy assessment of the built models was
carried out by a graph-analytical method on the
analysis of the obtained and estimated values by
the regression equation; regression residues were
analyzed and their distribution was normal. The
quality of the approximation was estimated by the
statistical significance of the model, determination
coefficients and standard regression errors. Af-
ter building regression models (one mathematical
model for each intermediate in different concentra-
tions), analysis of their parameters was performed.
According to the estimated statistical package 95%
confidence intervals of the regression coefficients
were assessed to be statistically significant between
the LDH melting curves with different ligand con-
centrations and two ligands

RESULTS

The enzyme in solution is simultaneously pres-
ent both in a folded and partially unfolded state
(“molten globule”). At high temperature, proteins,
including enzymes with ordered structure, unfold
[15, 16], which leads to changes in the orientation
of aromatic residues. These changes can be detected
by means of differential scanning fluorimetry.

Thermostability of lactate dehydrogenase when
adding oxaloacetate and pyruvate had the following

the melting rate is maximum; ¢ — asymptotically features (Fig. 1, Fig. 2).
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Fig. 1. Melting curves and the first derivate of lactate dehydrogenase (1 uM) in combination with oxaloacetate in different

concentrations (upper chart). The concentration of oxaloacetate in the mixture was 16; 8; 4; 2; 1 and 0.5 pM, respectively. The

fluorescence value (upper panel) at 350/330 nm (Y axis) is presented depending on temperature (X axis). The colored lines at
the transition points correspond to the maximum peak 7m of the first derivate (bottom panel)
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Fig. 2. Melting curves and the first derivate of lactate dehydrogenase (1 uM) in combination with pyruvate in different
concentrations (upper chart). The concentration of oxaloacetate in the mixture was 16; 8; 4; 2; 1 and 0.5 uM, respectively.
The fluorescence value (upper panel) at 350/330 nm (Y axis) is presented depending on temperature (X axis). The colored
lines at the transition points correspond to the maximum peak 7m of the first derivate (bottom panel)

Increased concentrations of oxaloacetate and py-
ruvate (16 uM) promotes unfolding of the protein
molecule, expressed in a decrease in the thermal sta-
bility: lower melting point (oxaloacetate — 48.3 °C,
pyruvate — 47 °C compared to 50.5 °C for the ref-
erence sample), faster temperature inflection point
(oxaloacetate — 56.0 °C, pyruvate — 56.2 °C com-
pared to 56.3 °C for the reference sample). In con-
trast, the addition of oxaloacetate and pyruvate at
the minimum concentration (0.5 uM) changes pro-
tein conformation to a more folded one, leading to
an increase in the thermodynamic stability of lactate
dehydrogenase. The starting melting point increased
in comparison with the control sample and was 51.1
for oxaloacetate and 51.3 °C for pyruvate; there was
a shift in the melting point of 56.6 °C for oxaloac-
etate, 56.7 °C for pyruvate. The total amplitude of
the fluorescence signal during the unfolding pro-
cess also changed significantly, indicating different
conformational states of the complexes. We built a
mathematical model for a more detailed characteri-
zation of catalytic protein condition in a temperature
gradient when adding small molecules.

Before building a mathematical model that ap-
proximates the experimentally obtained points of
the fluorescence ratio during protein heating, a vi-
sual analysis of initial scatterograms was carried out
(Fig. 3). In contrast to the curves smoothed by the
Prometheus NT.48 software shown earlier for oxalo-
acetate and pyruvate in Figures 1 and 2, it should be
noted that fluorescence ratio spreads along the ordi-

Fluorescence Ratio
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Fig. 3. Melting curves of lactate dehydrogenase (1 uM) in

combination with pyruvate in different concentrations: non-
smoothed fluorescence ratios

nate axis were higher before melting and after reach-
ing the inflection point and decreased immediately
when protein melting temperature was reached.

Temperature range from 48 to 63 °C was se-
lected. Determination coefficients of the obtained
models were in the range from 98.5% to 99.7%,
and standard regression errors, respectively, from
0.0026 to 0.0018 (Table 1). The regression coeffi-
cients for different ligand concentrations are given
in Table 2.
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Table 1

Quality assessment of regression models approximating LDH melting curves in the presence of pyruvate and oxaloacetate in different
concentrations, pM

Pyruvate OA
Concentrations Dete@ination Standard regression error Detern}ination Standard regression
coefficient, R’ coefficient, R’ error
16 0.985 0.0026 0.988 0.0025
8 0.995 0.0019 0.995 0.0021
4 0.996 0.0020 0.996 0.0021
2 0.997 0.0018 0.997 0.0018
1 0.997 0.0019 0.996 0.0020
0,5 0.996 0.0020 0.996 0.0019
0 0.992 0.0022 0.992 0.0022
Note: all built models are statistically significant at p < 0.001.
Table 2

Parameters of regression models approximating LDH melting curves in the presence of pyruvate and oxaloacetate in different
concentrations, pM

Con- Pyruvate OA
centra-
tions
a b c d a b c d
16 0.724 56.2 0.765 0.819 0.732 55.9 0.759 0.814
(0.685-0.762) | (56.1-56.3)* | (0.765-0.766)* | (0.818-0.820)* | (0.697-0.767) | (55.8-56.0) | (0.758-0.759) | (0.814-0.815)
3 0.760 56.2 0.741 0.811 0.780 56.3 0.736 0.807
(0.737-0.783) | (56.2-56.3) | (0.740-0.741)* | (0.811-0.812)* | (0.756-0.804) | (56.2-56.3) | (0.735-0.736) | (0.807-0.808)
4 0.776 56.4 0.727 0.806 0.788 56.4 0.726 0.804
(0.755-0.797) | (56.4-56.4) | (0.726-0.727) | 0.805-0.806)* | (0.768—0.809) | (56.3-56.4) | (0.726-0.727) | (0.803-0.804)
) 0.787 56.4 0.724 0.805 0.778 56.4 0.722 0.802
(0.768-0.806) | (56.4-56.4) | (0.724-0.725)* | (0.805-0.806)* | (0.759-0.797) | (56.4-56.4) | (0.722-0.723) | (0.802-0.803)
| 0.776 56.5 0.724 0.807 0.767 56.3 0.722 0.802
(0.757-0.796) | (56.4-56.5)* | (0.724-0.725)* | (0.806-0.807)* | (0.746—0.788) | (56.3-56.4) | (0.722-0.723) | (0.801-0.802)
05 0.761 56.5 0.719 0.801 0.755 56.3 0.719 0.800
’ (0.741-0.782) | (56.4-56.5)* | (0.719-0.720) | (0.801-0.801) | (0.735-0.775) | (56.3-56.4) | (0.719-0.720) | (0.799-0.800)
0 0.728 56.1 0.748 0.809 0.728 56.1 0.748 0.809
(0.698-0.757) | (56.0-56.1) | (0.747-0.748) | (0.808-0.809) | (0.698-0.757)| (56.0-56.1) | (0.747-0.748) | (0.808-0.809)

Note. The table shows regression coefficients and their 95% confidence intervals. Asterisks mark the statistically significantly different parameters
between pyruvate and OA.
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Conformational features of lactate dehydrogenase

For the convenience of comparison of the pa-
rameters between different ligand concentrations,
we have drawn dependency plots.

The parameter b, numerically equal to the in-
flection point, is considered in Figure 4. The data
obtained for the mathematical model, as well as
data from Prometheus NT.48 Software, are pre-
sented. The nature and magnitude of the inflection
point shift, estimated by different methods, are the
same. Concentrations of ligands from 0.5 to 8§ uM
cause an increase in the melting point of the LDH,
and a concentration of 16 uM leads to a decrease in
the thermal stability of the protein. The maximum
change of the melting temperature when adding py-
ruvate was noted at its concentration of 0.5 uM and
in the case of oxaloacetate it was at a concentra-
tion of 2 uM. Shift estimates obtained by modeling
the nonlinear regression and the Prometheus NT.48

0,006

5
8

0,010

0,012

0,014

First derivative at inflection point

0,016

0,018

o 1 2 i 4 5 B 7
Ligand congentration, mkM

----- Pyruvate exp —— Pyruvate model

software differ slightly: the discrepancy with the
data obtained by the software is 0.2 °C.

When comparing the influence of two ligands on
the melting point shift, it was found that the influ-
ence of oxaloacetate and pyruvate differs statisti-
cally significantly in the area of low concentrations
(0.5 and 1 uM) and high concentrations (16 pM).
Pyruvate at low concentrations causes a statistically
significant (p < 0.05) increase in the melting point
than oxaloacetate, while at high concentrations it
causes a greater reduction in the inflection tem-
perature. In concentrations of 2—-8 uM the ligands’
effect on the melting point shift according to the re-
gression model built was indistinguishable.

To analyze the maximum melting rate of LDH in
the presence of ligands (Fig. 5), the first derivatives
of the inflection points were obtained from the in-
strument software report.

9 10 11 12 13 14 15 1s 17

sehee OA Bxp —— CA rmodel

Fig. 5. Maximum melting rates of lactate dehydrogenase in combination with pyruvate and oxaloacetate in different
concentrations

First derivatives of the temperature of reaction
mixture ¢ = b were calculated from the parameters
of the built mathematical models by the formula
f(t) = — 0.25a(d—c). The errors of the received re-
sults are estimated by the rules of errors calculation
in arithmetic operations. Negative values of the de-
rivatives reflect a decrease in the fluorescence ratio
during protein unfolding. The higher the absolute
value of the first derivative, the higher the rate of
protein melting.

Both studied ligands caused a significant in-
crease in the melting rate of LDH in concentrations
of 0.54 uM (p < 0.05 compared to no ligands)

and its subsequent decrease in concentrations of 8—
16 uM. The effect of different concentrations of py-
ruvate and oxaloacetate on the maximum melting
rate was the same: no statistically significant diffe-
rences between the parameters a, or between the
first derivatives at the inflection point for pyruvate
and oxaloacetate were found (p > 0.05).

DISCUSSION

When comparing the maximum melting veloc-
ities obtained by different methods (according to
software and mathematical modeling), a systemat-
ic difference of 0.003 on average was revealed. We
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Fig. 6. Empirical and theoretical melting curves of lactate
dehydrogenase without pyruvate in combination with
pyruvate in concentrations of 16 and 0.5 pM.

assume that this is due to the fact that the proposed
form of the analytical dependence is well consis-
tent with the empirical data only in the area with
the maximum melting rate, but not before and after
it. It is because of this fact that when constructing
the regression model, a rather narrow temperature
range was chosen at which melting occurs. Figure 6
shows the fluorescence ratios observed in the exper-
iment and the theoretically calculated points for py-
ruvate concentrations of 0.5 and 16 pM according
to the models constructed. The figure shows that the
beginning of the theoretical curves has more diver-
gence with the experimentally observed points than
in the LDH melting section. Therefore, insufficient
estimations of the parameter d of the developed re-
gressions lead to an insignificant shift in the estima-
tion of the maximum melting rate. However, from
the point of view of this study these corrections
have no statistically significant effect.

CONCLUSION

When studying the conformational state of lac-
tate dehydrogenase by differential scanning fluori-
metry with the subsequent building of a mathemat-
ical model, it was found that pyruvate and oxaloac-
etate in low concentrations (0.5-2 uM) have a ther-
mostabilizing effect on the LDH structure, and at
high concentrations (16 uM), on the contrary, they
reduce the thermal stability of LDH. Despite the

co-directed effects of the studied metabolites, the
effect of pyruvate was more pronounced in compar-
ison with oxaloacetate (p < 0.05).

The ability of intermediates to take part in
parametabolic interactions and, in particular, to
bind and influence the conformation of catalytic
proteins, determines a wide range of their biologi-
cal action, the mechanisms of which have yet to be
studied in more detail. Of undoubted interest is the
further study of pyruvate and oxaloacetate as mole-
cules of protectors and stabilizers, an increase of the
studied concentrations and protein partners, which
is especially promising in view of bioenergetical
and “mitochondrial” medicine concepts.

These are the unknown pages of a known en-
zyme.
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ABSTRACT

Aim. To study platelet adhesion to a-C:H:SiO_ film on titanium in an in vitro experiment to evaluate its
antithrombogenic potential.

Materials and methods. Thin (less than 1 pm) a-C:H:SiO_ films were deposited on VT-6 titanium plates with a
size of 10 x 10 mm? and a thickness of 0.2 mm using a vacuum ion-plasma unit using pulsed bipolar bias. The
surface roughness was evaluated according to GOST 2789-73 using an atomic force microscope. The test samples
were cultured at 37 °C for 30 min in platelet-rich human blood plasma, prepared for scanning electron microscopy,
after which the distribution density of blood plates adhering to the test coating was calculated.

Results. With the same roughness index of the studied a-C:H:SiO_ samples, the film decreased 116 times (in
comparison with untreated titanium) the platelet count per 1 mm? of the surface.

Conclusion. The deposition of a-C:H:SiO_ thin film on the surface of VT-6 titanium alloy by PACVD method
using pulsed bipolar bias significantly reduces the distribution density of platelets in comparison with an untreated
metal surface. /n vitro data suggest a significant antithrombogenic potential of this type of coating on the surface
of devices in contact with blood.

Key words: human platelet adhesion, in vitro, carbonic surface modified by silicon oxides, scanning electron
microscopy, atomic force microscopy.
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UccnepoBanmne peakumun TpomboumnToB Ha a-C:H:SiO nokpbiTue, nonyyeHHoe
MEeTOAOM MN/1a3MOXMMUYECKOro OCaXKAEHUA C UCMO/Ib30BaHUEM UMIMY/IbCHOIO
6UNOAAPHOro cMmeLLeHUs
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PE3IOME

ean. U3yunTh B SKCIIEPUMERTE in Vitro anre3uro TpoMOoonutos K a-C:H:SiO_rnuieHke Ha THTaHe JUIS OLEHKHU €€
aTpOMOOTE€HHOTO MOTEHIIHAA.

Matepuannl 0 Metoabl. Tonkue (Menee 1 Mkm) a-C:H:SiO, myieHKH HAHOCHIIM HA THTAHOBBIE ITACTHHBI MAapKHU
BT-6 pasmepom 10 x 10 Mm? 1 ToumHO#M 0,2 MM C TOMOIIBIO BAKYYMHOM HOHHO-IIA3MEHHOW YCTAHOBKH C HC-
MOJIL30BAHMEM MMITYJIbCHOTO OunoispHOro cmeuieHus. IllepoxoBaTtocTh MOBEPXHOCTH OLEHHBAIHM COIJIACHO
I'OCT 2789-73 ¢ noMoI11bI0 aTOMHO-CHIIOBOTO MUKpockona. Mccnenyemblie 00pasiiel KyabTuBUpoBanu mpu 37 °C
B TeyeHHe 30 MUH B IJIa3Me KPOBH 4eJI0BeKa, 000rallleHHOI TPOMOOLMTAMH, TOArOTaBINBAIN 1)1 CKAHUPYIOLIeit
3JIEKTPOHHOI MUKPOCKOIIHH, TOCJIE YEro MOJICYUTHIBAIM ITIOTHOCTD PAacHpeeIeHUs] KPOBSHBIX INIACTUHOK, ajre-
3UPYIOLIMX K UCCIIEYEMOMY ITOKPBITHIO.

PesynbTaTel. [Ipy 0IMHAaKOBOM MHIEKCE MIEPOXOBATOCTH HCCeyeMbix obpasios a-C:H:SiO nnenka B 116 pas
CHIKaJIa (B CPABHEHHH C HEOOpabOTaHHBIM TUTAHOM) KOJIMYECTBO TPOMOOIIMTOB Ha | MM? MOBEPXHOCTH.

3akmouenue. COpMUPOBAHUE Ha MOBEPXHOCTH TUTaHOBOTO craBa BT-6 Tomkoi muenku cocraBa a-C:H:SiO
METO/IOM IITa3MOXMMHYECKOT0 OCAXKICHHUS C UCTIONB30BAHHEM MMITYJILCHOTO OHIOJIIPHOTO CMELICHHUS 3HAUUTEb-
HO CHIDKAeT IJIOTHOCTh PacIipe/ielieHHs1 TPOMOOIMTOB B CPAaBHEHHH ¢ HEOOpabOTaHHOI MeTalIn4ecKol oBepX-
HOCThIO. [TonyueHHSbIe in Vitro TaHHBIE PEATIONAraloT CyIIeCTBEHHBII aTpOMOOT€HHBIH MOTEHIHAN JAHHOTO BH/a
MOKPBITHH Ha MOBEPXHOCTH YCTPONUCTB, KOHTAKTHPYIOIIUX C KPOBBIO.

KiroueBble cioBa: aare3us TpOM6OL[I/ITOB YCJIOBCKA, in Vier, yriepoJaHas MOBEPXHOCTD, MO}JI/I(l)I/IL[I/IpoBaHHaH
OKCUJaMU KPEMHUS, CKaHUPYIOIas 5JICKTPOHHASI MUKPOCKOITUS, aTOMHO-CUJIOBast MUKPOCKOIIHA.

KonpaukTt unTEepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIIEH CTaThu.

Hcrounuk ¢punancupoBanus. PaboTa BeimonneHa npu GpuHaHCOBO# noanepxke Poccuiickoro HayuHoro GpoHna,
mpoexT Ne 19-19-00186.

CooTBeTcTBHE NPUHIMNIAM 3THKH. PaboTa BEINIONHEHA B COOTBETCTBUY C IPUHIMIIAME XEIbCHHKCKOI IeKiapa-
LM TIPH TTOJIy4EHHU JOOPOBOJILHOTO HH(OPMHPOBAHHOI'O COIJIACHs Ha 3a00p KPOBH.
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INTRODUCTION

The interaction of implants with the biological en-
vironment of the body largely depends on their sur-
face properties, which play a direct role in various
post-implantation biological reactions, including the
precipitation of various minerals, protein adsorption,
cell adhesion and proliferation [1, 2]. In the appli-
cation to devices (mechanical pumps) and stents for
surgical treatment of coronary heart disease, redun-
dancy of inflammatory cell-molecular reactions at the
artificial surface/tissue interface increases the risk of
thrombus. In this regard, there is renewed interest in
surface modification methods for biocompatible arti-
ficial materials contributing to their bioinertness [3].

One widely discussed solution to the problem of
deterministic biocompatibility in the bioinertness/bio-
activity range is the application of thin diamond-like
carbon coatings (diamond-like coating, DLC). Since
the beginning of the 2000s, it has been shown that
DLC films are bioinert, resistant to mechanical stress
and corrosion, and not cytotoxic to monocytes/mac-
rophages, fibroblasts, and osteoblasts [4]. Owing to
the optimal ratio of sp*/sp? hybridized carbon atoms,
they have good hemocompatibility [5, 6]. In the last 5
years, due to some dissatisfaction with the results of
biomedical testing of DLC coatings, publications have
been accumulating on their physicochemical modifi-
cation (in particular, silicon and its oxides), which im-
proves the consumer properties of a-C:H:SiO, surfa-
ces on medical materials and products [7].

On the basis of the Institute of High Current Elec-
tronics of the Siberian Branch of the Russian Acade-
my of Sciences (IHCE SB RAS), a new approach has
been developed for plasma enhanced chemical vapor
deposition of a-C:H:SiO_ films on the internal surfa-
ces and moving parts of auxiliary circulatory devices,
based on the use of pulsed bipolar substrate bias.

The aim of the work was to study in an in vitro ex-
periment the adhesion of platelets to a-C:H:SiO_ film
on titanium to evaluate its antithrombogenic potential.

MATERIALS AND METHODS

VT-6 titanium plates with a size of 10 x 10 mm
and a thickness of 0.2 mm coated with a thin a-C:H:-

SiO_ film (less than 1 pm thick) were used for the re-
search (five «T2» samples). Titanium samples without
a-C:H:SiO_ coating were used as control samples (five
«T1» samples). The film was deposited on a vacuum
ion-plasma installation with the technological deposi-
tion parameters described in Grenadyorov [8].

The standard deviation of the R, profile accor-
ding to GOST 25142-82 was determined according
to GOST 2789-73 using an atomic force microscope
(AFM) Solver P47 (NT-MDT, Russia) with an area of
5 square micrometers.

To perform the platelet adhesion test from the blood
of a healthy adult male donor (intended for blood trans-
fusion), 50 ml of platelet-rich plasma was obtained by
centrifugation and separation of blood cells [9, 10].

The resulting plasma was diluted with 0.9% sodi-
um chloride in a ratio of 1:1. The tested samples were
immersed in the platelet suspension and incubated at
37 °C for 30 minutes. Then, the samples were washed
with distilled water to remove nonadherent cells. The
platelets remained on the surface were fixed with a
2% glutaraldehyde solution at room temperature for
1 hour and dried at 37 °C.

The samples were coated with a 20 nm thick chro-
mium layer in an argon atmosphere at an ion cur-
rent of 6 mA and a pressure of 0.1 mm Hg using the
QI50T ES setup (Quorum Technologies, UK) and
were subjected to scanning electron microscopy us-
ing a Mira3 microscope (Tescan, Czech Republic). On
each sample, the number of adherent platelets in 20
random fields of view was calculated according to the
principles of morphometry [11].

Statistical processing was performed using the
software Statistical0.0 software (StatSoft, USA). The
normality of the distribution was checked using the
Shapiro-Wilk criterion with subsequent assessment of
the equality of variances according to the Leven cri-
terion. In the case when the distribution in the experi-
mental groups was normal, and the intergroup equal-
ity of variances was observed, further processing was
carried out using the method of parametric statistics,
the Newman-Cales test. For a distribution other than
normal and non-compliance of the intergroup equality
of variances, the methods of nonparametric statistics

BionneteHb cMbupckon meguuuHel. 2020; 19 (3): 15-21 17



Zhulkov M.O., Grenadyorov A.S., Korneev D.S. et al.

The study of platelet reaction on a-C:H:SiO, coatings obtained via plasma

were used via the Kruskal-Wallis test. Results are pre-
sented as mean (M) and standard error of the mean
(m). Differences between groups were considered sig-
nificant at p < 0.05.

RESULTS

The results of atomic force microscopy showed a
certain smoothing of the surface roughness of the VT-6
titanium alloy after the formation of the a-C:H:SiO_
film (Fig. 1). However, differences in the roughness
index R, did not reach statistical differences (Table 1).
The data obtained correspond to the results published
previously [12].

5ee8

In the biological part of the study, the use of whole
blood plasma enriched with platelets led to the forma-
tion of their microconglomerates and crystallization
of dissolved salts on the surface of the samples (Fig.
2), which made it difficult to count the number of indi-
vidual cells. Dilution of plasma with an isotonic solu-
tion of sodium chloride in a ratio of 1 : 1, followed by
washing the samples with a solution of distilled water,
allowed us to obtain images available for morphomet-
ric analysis (Fig. 3).

Platelet counts showed that a-C:H:SiO_ coating on
a titanium substrate dramatically reduced their surface
adhesion (Table 1).

b

Fig. 2. SEM image of platelet conglomerates and salt crystals on the surface of a VT-6 titanium sample. Scale bar 25 and 5 pm
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Fig. 3. SEM images of the surface of a titanium sample T1 (a) and T2 with deposited a-C:H:SiOx film (b) after a platelet
adhesion test. Scale bar 50 pm

Table 1
The content of adherent platelets in the studied samples according to scanning electron microscopy,
M=xm
. B The average number of cells per surface The surface roughness index of the
Group marking Group name, n =5 )
area 250 pm samples, R, nm
Py : n
T1 VT-6 tltamum.\yuhout film 290 + 72 70408
deposition n, =20

oo . 25+1.8

G e
-C:H:SiO_ epositio <0.001

Note: n is the number of samples studied in each group; 7, is the number of studied fields of view on each sample.

In the T2 group (coated titanium), the number of
blood platelets was 116 times less than that on the
surface of the samples from the T1 group (without
plasma-chemical treatment). It should be emphasized
that there are no statistically significant differences in
the roughness index of the studied surfaces (Table 1),
since the relief of implants and other medical devices
has significant biological significance.

DISCUSSION

Studies of DLC coatings modified with silicon
and its oxides have focused mainly on the study of
their physicomechanical properties [13]. Thus, the
formation of Si—C bonds significantly increases the
adhesion of the coating to substrates while maintain-
ing the high tribological characteristics of DLC films
[12]. At the same time, the physicochemical process-
es of improving the hemocompatibility of materials
due to both DLC [14] and Si-DLC films remain in
the hypothesis area. Due to the identical and insig-
nificant roughness of the studied samples (Table 1),
required for products in contact with blood, from the

whole variety of biologically active physicochem-
ical factors (surface energy, phase and elemental
composition, solubility, presence of biologically ac-
tive (medicinal) molecules in the composition of the
surface) [15] the charge (zeta (§) potential) of the
surface can come to the fore in determining hemo-
compatibility. Sawyer et al. [16] suggested that the
anticoagulant properties of implantable materials
can give an electrostatic charge to their surface. Ika-
da et al. [17] hypothesized that in biological fluids
there is a relationship between the surface & poten-
tial and the anticoagulant properties of the surface
of medical devices. Indeed, the introduction of sil-
icon into the composition of thin films significantly
changes their electrical and biological characteristics
[18].

In this regard, the in vitro established antithrombo-
genicity of a-C:H:SiO_ film on titanium is a valuable
consumer property for devices and products contacted
with blood, and requires further study of the electroki-
netic and other physicochemical characteristics of its
biological inertness.
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CONCLUSION

The formation on the surface of the VT-6 titani-
um alloy of a thin a-C:H:SiO,_film obtained by plas-
ma-chemical deposition using pulsed bipolar displace-
ment of the substrate reduces the distribution density of
human platelets by more than 100 times in comparison
with an untreated metal surface. /n vitro data suggest
a significant antithrombogenic potential of a-C:H:SiO_
coatings on the surface of blood contact devices.
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ABSTRACT

Aim. To describe the CNA (Copy Number Aberration) landscape of luminal B breast tumor before treatment.

Materials and methods. The study included 100 patients with breast cancer (BC) of luminal B subtype for
which a biopsy of the tumor material was performed prior to neoadjuvant chemotherapy (NAC). The tumor DNA
was examined using a CytoScan HD Array microarray (Affymetrix, USA). The obtained microarray data were
correlated with NAC efficacy.

Results. The study showed that loci 1q32.1-32.3,1q41-42.2, and 8q24.21 had the highest frequency of amplifications
(in more than 65% of patients). The highest deletion frequency (in more than 60% of patients) was found in loci
16921, 16q22.1, 16q23.1-24.1, 17p13.1, and 17p12. Trisomy was most often observed in chromosomes 7, 8, 12,
and 17, and monosomy in chromosomes 3, 4, 9, 11, 18, and X-chromosomes. The CNA landscape of luminal B
subtype breast tumors is different from triple-negative breast cancer. The largest difference in the frequency of
amplifications between patients with an objective response to NAC and patients with no response to NAC was
shown in 1q24.2-42.2 loci (46%), and the largest difference in the frequency of deletions (more than 30%) between
groups was in regions 6ql6. 3, 11p15.4, 11g23.1, and 16q22.2-22.3. These loci can be considered potential
predictive markers.

Conclusion. The research determined loci with the highest amplification and deletion frequencies for luminal B
breast cancer. Potential predictive markers for the given molecular subtype were identified.

Key words: breast cancer, microarray analysis, deletions, amplifications, neoadjuvant chemotherapy.
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Abeppauum Y1c/1a KONUiA B reHOMe ONMyX0/1M MO/IOYHOM ¥Ke/e3bl

/ZIIOMUHaAbHOro noaTtuna B

N6parnmosa M.K.’, LibiraHos M.M.', Cnounmckas E.M.?, Jiuteakos H.B.'

! Hayuno-uccrneoosamenscrui uncmumym (HHUH) onkonozuu, Tomckutl HayuoHATbHbLIL UCCIe008aMENbCKULL

meouyunckutl yenmp (HUMI]) Poccutickoii akademuu Hayk

Poccus, 634009, 2. Tomck, nep. Koonepamugnuiii, 5

2 Canxkm-Ilemepbypeckuil 2ocyoapcmeennoiil ynusepcumem (CIT6I'Y)
Poccus, 199034, 2. Canxm-Ilemep6ype, Ynusepcumemckas nabepedcnas, 7-9

PE3IOME

Henw. Onucanne nanmmadra Copy Number Aberration (CNA) omyXoiu MOJOYHOW JKee3bl JTIOMHHAIIBHOTO
noaruna B no neuenus.

Marepuaiabl U Metoabl. B wuccnenoBanme BkirodeHs! 100 OOJBHEIX pakoM MosoyHOW sxeness! (PMIK)
JIIOMUHAJIBHOTO MOATHUIIA B, /Ui KOTOPHIX MpoBeneH 3a00p OMONCHITHOTO MarepHana OMyXOJH 0 IPOBEICHUS
HeoaawsroBanTHOU xuMuoteparuu (HXT). JIHK u3 onmyxonu uccnenoBana npu noMonu Mukpomarpuibsl CytoScan
HD Array (Affymetrix, CILIA). ITomy4eHHbIe MUKpOMAaTpUYHBIE JaHHBIE COOTHECEHE! ¢ A dexTrBHOCTEI0O HXT.

Pe3yabTatsl. [TokazaHo, 4To HanOoIbIIas YacToTa aMIUHpuKanuid (6oree yeM y 65% GonbHBIX) HabIIOgaeTCS
B cilemyromux Jokycax: 1q32.1-32.3, 1q41-42.2, 8q24.21. HauGonsmas gactota nenenuid (6onee dem y 60%
0oBHBIX) ObLTa OOHapykeHa B Jokycax 16q21, 16q22.1, 16q23.1-24.1, 17p13.1, 17p12. Tpucomus 4damie Bcero
HaOroanace B 7-, 8-, 12- u 17-it xpomocomax, MOHOCOMUS — B 3-, 4-, 9-, 11-, 18-it u X-xpomocomax. Jlanmmadt
CNA omyxonu MOJIOYHOH >Kese3bl JIOMHHAIBHOTO MOATHIIA B oTmmuaercs or Tprkasl HeratuBHoro PMOK.
HawnGonbmas pa3HHIA 9acTOTHI BCTPEUaEMOCTH aMIUTH(HUKAIMN MEXILy OONBHBIMU C OOBEKTHBHBIM OTBETOM Ha
HXT u 6onpubIME ¢ 0TcyTcTBHEeM oTBeTa Ha HXT nokasana B 1q24.2-42.2 nokycax (46%), a HauOGonpImas pa3Huia
9acTOTHI BCTpedaeMocTu nenenuil (6omee 30%) — Mexamy rpymnmamu B permoHax 6q16.3, 11pl15.4, 11g23.1,
16q22.2-22.3. JlaHHBIE JIOKYCBI MOTYT OBITH pACCMOTPEHBI B KAYECTBE MOTCHINAIBHBIX IPEIUKTHBHBIX MAPKEPOB.

3akJir0ueHue. YCTaHOBIICHBI JIOKYCHI ¢ HaUOOJbIIEH YacTOTON aMIUTMGUKAUUi U Ieeuid IS paka MOJIOYHOH
’KeJe3bl JIOMUHANBHOTO oATuMa B. MaeHTudUIMpoBaHs! MOTEHIMANBHbIE TPEANKTUBHBIE MApKEPBI IS JAHHOTO
MOJIEKYJISIPHOTO MOATHTIA.

KaroueBsble cjioBa: pak MOJIOYHOM KCJIC3HBI, MI/IKpOManI/I‘IHHﬁ aHaJIn3, JCJICIHH, aMHJ’II/I(pI/IKaHI/II/I, HCOAOBbIOBAHT-
Has XUMHOTEpaIiys.

KOHq).]'IPlKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C r[y6nm<aunel71 HaCTOS{H.[efI CTaTbHU.

Hctounnk ¢punancupoBanus. VccnenoBanue BEITOTHEHO P (HUHAHCOBOM MOANEpKKe Poccuiickoro HayqHOTO
dorma, mpoekt Ne 17-15-01203.

CooTBeTcTBHE NPUHIUIAM 3THKH. Bce nmanuenTs! noanucany “HGOPMUPOBAHHOE COTJIacHe Ha ydacTHE B HC-
cnenoBanuu. VccnenoBanue 0100peHO TOKaIbHBIM 3TH4ecKuM komuteroM HUU onkonorun Tomckoro HUMIIL

Jnsa uutupoBanus: Voparumoa M.K., LipiranoB M.M., Ciornmckas E.M., JlutesxoB H.B. Abeppauun gmc-
J1a KOTIMH B TEHOME OITyXOJIM MOJIOYHOM JKeNe3bl TIOMHHAIBHOTO NoaTHma B. broniemens cubupckoii meouyunbt.
2020; 19 (3): 22-28. https://doi.org: 10.20538/1682-0363-2020-3-22-28.

INTRODUCTION

Thanks to the Cancer Genome Atlas Program
(TCGA), it became clear that tumors of many local-
izations contain not only point mutations of oncogenes
and tumor suppressor genes but also a large number
of various chromosomal abnormalities that play a key
role in carcinogenesis and tumor progression [1]. The
most common chromosomal abnormalities are found

in solid tumors [2]. Deletions or amplifications of
chromosomal regions and individual chromosomes
are referred to as aberrations of the number of DNA
copies or CNA (Copy Number Aberration). These
types of cytogenetic disorders can affect gene expres-
sion; as a rule, in deletions, the expression of genes
localized in the deleted region is reduced, while in am-
plifications it is increased [3]. Breast cancer (BC) is no
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exception. Despite the fact that breast tumors have a
high degree of intra-tumoral heterogeneity, the most
common chromosome aberrations have been identi-
fied for them. In breast cancer (according to TCGA
data), CNA in 1q, 8q, 8p, 11q, 13q, 16q, 17q and 20q
regions have a high frequency of occurrence [4-6].

To date, the detailed elaboration of changes in tu-
mors has begun and CNA genetic characteristics of
specific tumor localizations and related patterns of
gene expression are being described. In fact, CNA
tumor-specific landscapes with large changes in the
number of genomic copies lead to global deregulation
of tumor cell transcriptomes. In addition, the molecu-
lar characterization of cytogenetic abnormalities has
made it possible to gain insight into the mechanisms
of oncogenesis and in some cases has led to the clin-
ical implementation of effective diagnostic and prog-
nostic tools, as well as treatment strategies aimed at a
specific genetic anomaly.

The study by J.Y. Goh et al. determined that am-
plification of 1g21.3 chromosome is a new biomarker
and an effective target for breast cancer. This ampli-
fication is present in 10—30% of primary tumors, and
in more than 70% of recurrent tumors, regardless of
breast cancer subtype. The molecular mechanism by
which 1g21.3 amplification is associated with a relapse
of breast cancer, including the functional relationship
between S100A7/8/9 and IRAK1, was investigated.
Using ddPCR, the authors developed a molecular
analysis based on a blood test to detect 1q21.3 am-
plification in extracellular DNA and showed that this
amplification can serve as a circulating biomarker to
predict early relapse and monitor the breast tumor re-
sponse to chemotherapy [7].

Currently, there are studies of the CNA associ-
ation and clinical and morphological parameters of
the tumor for individual subtypes of breast cancer,
in particular, for triple negative breast cancer. Ac-
cording to these studies, 10p and 12q chromosomal
regions show the highest amplification frequency,
which corresponds to an increase in the number of
copies of the GATA3 and MDM2 genes. Ampli-
fications in chromosomes 1q (MDM4), 3q (PIK-
3CA), 6p (CCND3), 8q (MYC) and 18 (BCL2 and
SMADA4) are less frequent, and frequent deletions
include chromosomes 4p (FGFR3), 5q (PIK3R1),
8p (DBC2), 9p (NR4A3), 12 (MDM2) and 22
(CHEK2?) [8].

However, most studies do not determine the CNA
of the entire genome, investigating only the key genes
involved in tumor pathogenesis. No full-genome CNA
landscape description is provided for luminal B sub-
type of breast cancer.

The study aims to describe the CNA landscape of
luminal B breast tumor before treatment.

MATERIALS AND METHODS

In the course of this study, a bank of biological
material was collected from 100 patients with a mor-
phologically verified diagnosis of luminal breast can-
cer (11 of them are luminal B HER2+) and a detailed
register of clinical and morphological data was com-
piled (average age 46.2 + 0.4 years) (Table 1). Biopsy
material was collected from each patient before treat-
ment with the help of ultrasound-guided pistol biopsy.
DNA was isolated from samples using the QIAamp
DNA miniKit kit (Qiagen, Germany) in accordance
with the manufacturer’s instructions.

Table 1
Clinical and morphological parameters of the examined patients with breast cancer
Clinical and morphological parameters Number of patients (%)
<45 41 (41%)
Age, years
>45 59 (59%)
Menstrual status Premenopause 58 (54%)
Postmenopause 42 (42%)
Invasive ductal carcinoma 85 (85%)
Histological type Invasive lobular carcinoma 8 (8%)
Medullary carcinoma 1 (1%)
Other types 7 (7%)
T, 13 (13%)
Tumor size L 78 (78%)
T, 4 (4%)
T, 5 (5%)
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Table 1 (continued)

Clinical and morphological parameters Number of patients (%)
N, 45 (45%)
Lymph node metastasis N, 43 (43%)
N, 4 (4%)
N, 8 (8%)
Molecular subtype Luminal B 100 (100%)
Epidermal growth factor 0+ 89 (89%)
receptors HER2 /A 11 (11%)
Histological form Unicentric 70 (70%)
Multicentric 30 (30%)
CAX 19 (19%)
FAC/AC 31 (31%)
NAC regimen Taxotere 20 (20%)
AT/ACT 9 (9%)
CP 12 (12%)
Not carried out 9 (9%)
Progression 4 (4%)
Stabilization 22 (22%)
Response to NAC Partial regression 53 (53%)
Complete regression 12 (12%)
Not carried out 9 (9%)

Note. NAC — neoadjuvant chemotherapy; CAX — cyclophosphamide, adriamycin, xeloda; FAC — 5-fluorouracil,
adriamycin, cyclophosphamide; CP — cyclophosphamide, cisplatin; AT — adriamycin, docetaxel; AC — adriamycin,

cyclophosphamide; ACT — adriamycin, cyclophosphamide, docetaxel.

To study CNA in tumor cells, a high density mi-
croarray CytoScan HD Array (Affymetrix, USA) was
used, which allows a full-genome format to evaluate
DNA deletions and amplifications in all tumor cells
at the same time and quantitatively analyze the repre-
sentation of mutation (or a clone carrying mutation)
against normal DNA.

The effectiveness of pre-surgery chemotherapy
was evaluated according to the criteria of the WHO
and the International Union Against Cancer with the
help of ultrasound examination and / or mammogra-
phy. Full regression (100% decrease in tumor), par-
tial regression (decrease in tumor volume by more
than 50%), stabilization (decrease in tumor volume
by less than 50% or increase by no more than 25%)
and progression (increase in tumor volume by more
than 25%) were recorded. According to international
recommendations, during pre-surgery chemotherapy
breast cancer patients with stabilization or progres-
sion constituted a group with no response to NAC, and
patients with partial and complete regression formed
a group with an objective response. The program
“Chromosome Analysis Suite 4.0” (Affymetrix, USA)
was used to process the results of microchipping (bio-
informatic analysis).

RESULTS

The first stage saw the analysis of CNA occurrence
frequency carried out for all 862 cytobands for each
patient included in the study. The amplification and de-
letion frequencies are shown in Figure 1 and in the ap-
pendix in the form of tabular data. Table 2 presents data
on the genomic regions with a high incidence of CNA
and their absence in the group of breast cancer patients.

In most cases, amplifications and deletions were
absent in the pericentromeric regions of chromosomes
13, 14, 15, 21, and 22. Moreover, the study showed
that the absence of amplifications in loci 10q23.32—
24.33, 11923.1-23.2, and 13q14.11-14.3 was accom-
panied by the presence of deletions in more than 30%
of patients, and, conversely, the absence of deletions
in loci 8q12.1 and 8q24.11-24.21 was accompanied
by the presence of amplifications in more than 40% of
patients (Fig. 1, appendix). Numerical chromosomal
abnormalities were calculated. Trisomy was most of-
ten observed in chromosomes 7, 8, 12, and 17; mono-
somy was most often observed in chromosomes 3, 4,
9, 11, 18 and X chromosomes.

Next, we studied the association of the response
to NAC with the CNA occurrence frequency. Before
treatment patients were divided into two groups: group
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1 included patients with stabilization and progression
of the tumor process after NAC (n = 26), while group

2 consisted of patients with partial and complete tu-
mor regression after treatment (n = 65).

Table 2

Data on the genomic regions with a high incidence of CNA and their absence in the group of breast cancer patients

Parameter

Locus

Frequency of amplifications
>65%

1932.1-32.3, 1q41-42.2, 8q24.21

Frequency of deletions >60%

16921, 16q22.1, 16q23.1-24.1, 17p13.1, 17p12

Absence of amplifications

10923.32-24.33, 11q23.1-23.2, 13p12-11.1, 13q14.11-14.3, 14p13-11.1, 14q11.1, 15p13-11.1, 15q11.1,

21p13-11.1, 21q11.1, 22p13-11.1

Absence of deletions

8q12.1, 8q24.11-24.21, 13p13—11.1, 14p12-11.1, 14q11.1, 15p12-11.1, 15q1 1.1, 21p13-11.1, 21q11.1,

22p13-11.2

Absence of amplifications and
deletions

100
80

60

M Deletions

B Amplifications |

13p13-11.1, 14p12-11.1, 15p12-11.1, 21p13-11.1, 21q11.1, 22p13-11.2

R

(| 95"| 1687 |28{10 |20 2%

Fig. 1. CNA frequency in a luminal B molecular subtype breast tumor

The highest frequency of amplifications (over 60%)
in the group of patients with stabilization and progres-
sion after NAC was found only in loci 8q23.1-24.3. It
is interesting to note that in the presence of more than
60% of amplifications in regions 8q23.1-24.3, there
was a complete absence of deleted sites in these loci.
The maximum deletion rate (more than 50%) in group
1 was observed in loci 8p23.3, 16921, 16q23.1-24.2,
and 17p13.3-11.2. At the same time, locus 8p23.3
with the highest deletion frequency demonstrated the
absence of amplifications. A general picture of the in-
cidence of CNA in patients with stabilization and pro-
gression of the tumor process is presented in Figure 2.

For the 2nd group of patients, the highest amplifica-
tion frequency (84%) was found in locus 1q32.2. The
amplification frequency of more than 60% was found
in the long arm of chromosome 1, loci 1q23.2-25.3

and 1q31.1-44, and the long arm of chromosome 8§,
8q22.1-24.3. At the maximum frequency of amplifi-
cations in these regions, deletions were practically ab-
sent. The maximum deletion rate (72%) was observed
in locus 17p13.1. A deletion rate of more than 50%
was found in a large number of loci: 6q14.1-16.3,
6q21-22.1, 8p23.3-21.1, 11q21-25, 13q14.11-14.3,
13q21.1,16q11.2-13,16q21-24.3, 17p13.3—11.2, and
22q12.3-13.2. A general picture of the CNA incidence
in patients of group 2 is also presented in Figure 2.

In the joint analysis of the two groups, cytobands
were found in which the difference in the frequency
of occurrence of chromosomal abnormalities in the
groups with the presence and absence of an objective
response to NAC reached a maximum value of 30%
or more. The largest difference in the frequency of oc-
currence of amplifications between groups is shown
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Fig. 2. The ratio of amplification and deletion frequencies in the tumor before treatment, depending on the effect of neoadjuvant
chemotherapy: loci with the largest difference in amplification and deletion frequencies are signed. SD + P — stabilization +
progression; PR + CR — partial regression + complete regression

in loci 1q24.2-42.2 (46%), and the largest difference
in the frequency of occurrence of deletions (more than
30%) between groups is in regions 6q16.3, 11p15.4,
11g23.1, 16q22.2-22.3 (Fig. 2). These loci have po-
tential predictive significance for luminal breast can-
cer, which must be validated in prospective studies.

DISCUSSION

Given the fact that breast cancer is a genetically
heterogeneous disease, it is now necessary to conduct
studies to identify the spectrum of molecular and ge-
netic features of this tumor in order to develop new
approaches to the treatment of breast cancer patients.
Therefore, features of the genetic landscape of the
breast tumor need to be described in detail, with di-
vision into molecular subtypes and based on the main
clinical indicators.

Currently, data on the frequency analysis of chro-
mosomal aberrations for a small sample of patients
(n=12) with triple negative breast cancer have already
been published. Microarray analysis determined chro-
mosome regions with the most frequent amplifications
(1q, 39, 6p, 8q), frequent trisomy of chromosome 18,
regions with the most frequent deletions (4p, 5q, 8p,
9p) and monosomy of chromosomes 12 and 22. More-
over, many unique amplifications that occurred exclu-
sively in individual patients were identified [8].

Similar data were obtained by Matthew D. Burstein
et al. in a large sample of patients (n = 278) with tri-
ple negative breast cancer. Thus, the features of CAN
occurrence frequency were characterized, which

show that chromosomes 1q31.2, 3q26.1 and 8q23.3
demonstrated the highest frequency of amplification
occurrence (more than 84%), and the highest deletion
frequency was found in chromosomes 8p23.2, 9p21.3
and 10g23.31 [9]. In contrast to triple negative breast
cancer [9], in the case of luminal B breast cancer the
telomeric part of the long arm of chromosome 1 has
a high frequency of amplifications, but in 3q26.1 the
frequency of amplifications is much lower, and in
the long arm of chromosome 8 the highest frequency
(66%) is observed in 8q24 .21, where one of the most
famous oncogenes, -c-MYC, is located. Triple nega-
tive and luminal B subtype breast cancer also differ in
loci with the highest deletion frequency (Table 2), in
particular, loci in the long arm of chromosome 16 and
the short arm of chromosome 16 (17p13.1, 17p12) are
most often deleted in luminal B BC. Locus 17p13.1
contains one of the most famous tumor suppressor
genes TP53. These data indicate that the CNA land-
scape of breast tumor is dependent on its molecular
subtype.

In addition to the description of the CNA landscape
itself, it is important to understand that such data can
form the basis to develop new markers of treatment
efficacy for patients with breast pathology. The study
by Kazantseva et al. examined molecular and genetic
markers of effectiveness of neoadjuvant chemother-
apy with anthracyclines in patients with breast can-
cer, where a sample of 46 patients with breast can-
cer showed that deletions of 18p.11.21; 11q22.1 and
amplifications of loci 1q24.1-43 can be considered

BionneteHb cMbupckomn meguumHel. 2020; 19 (3): 22-28 27



Ibragimova m.K., Tsyganov M.M., Slonimskaya E.M., Litviakov N.V.

Aberrations of the number of copies (CNA) in the genome

as predictive criteria for high efficiency of NAC. The
presence of at least one of the markers makes it possi-
ble to predict a high efficacy of pre-surgery treatment
with anthracyclines in 85.3% of cases [10]. In the
present study on luminal B subtype breast cancer, the
long arm of chromosome 1 in patients with an objec-
tive response also showed a relatively high frequency
of amplifications. At the same time, deletions were
more often observed in patients with an objective re-
sponse in loci 6q16.3, 11p15.4, 11g23.1, 16q22.2 —
22.3, which differs from the work of Kazantseva and
her co-authors.

CONCLUSION

The study described the CNA landscape of lumi-
nal B breast tumor before treatment as well as the
CNA landscape in patients with an objective re-
sponse to NAC and its absence. The incidence rates
of aberrations in all cytobands were established; an-
euploidy and cytobands with the highest frequency
of CNA occurrence and their absence were detected.
Differences in the CNA landscape of luminal B sub-
type breast tumor and triple negative breast cancer
were discussed.
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The effect of major salivary gland hypertrophy on rat’s spermatogenic
epithelium ultrastructure of rats
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ABSTRACT

Purpose. The aim of this study was to ascertain the characteristics of major salivary glands endocrine effect on
spermatogenesis.

Materials and methods. Mature white outbred male rats (2 months, 153 + 18 g) consisted of the following groups
(each containing 30 rats): intact, control, and group of rats subjected to multiple amputation of incisors. To achieve
hypertrophy of major salivary glands multiple amputation of incisors was performed: incisors were cut to a level
of 1-2 mm above the gingival margin under ether anesthesia once every 3 days within 2 weeks. Animals of the
control group were anesthetized with ether at the same time. Rats were sacrificed by CO2 asphyxia after 2, 3, 4,
6, 8 and 10 weeks after the first amputation of incisors. Fragments of the rat testes were examined on a JEM-1400
“JEOL” (Japan) transmission electron microscope. On electron microscopy images the specific vacuolization of
the cytoplasm of Sertoli cells, spermatogonia, spermatocytes and spermatids (standard units) was analyzed by the
point counting method. In spermatogenic cells the proportion of mitochondria (%) with morphological signs of
swelling was assessed.

Results. Transient ultrastructural changes of Sertoli and spermatogenic cells develop in the rats convoluted semi-
niferous tubules as a result of multiple amputation of the incisors, such as phagosomes and pronounced vacuoliza-
tion in the Sertoli cells cytoplasm, cytoplasm vacuolization and mitochondrial swelling in spermatogenic cells.
Sporadic spermatogenic cells with signs of nuclear (chromatin fragmentation, its condensation on the periphery
of the nucleus) and cytoplasm (destruction of membrane organelles) destruction appeared as a result of multiple
incisors’ amputation. Ultrastructural changes of Sertoli and spermatogenic cells are most pronounced at 2-3 weeks,
decrease at 4 week and are completely leveled by the 6th week of the experiment.

Conclusion. Hypertrophy of major salivary glands, caused by multiple amputations of incisors, has similar to
sialoadenectomy effect on the spermatogenic epithelium. Multiple incisors’ amputation cause transient depression
of granular convoluted cells function. Probably submandibular gland granular convoluted tubules cells endocrine
factors make the greatest contribution to the regulation of spermatogenesis in rats.

Key words: spermatogenesis, Sertoli cells, salivary glands, hypertrophy.
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BauaHue runepTpodun 60/bLLIMX C/IOHHDBIX KE/1€3 HA Y/IbTPACTPYKTYPY
CNepMaTOreHHOro 3MUTe/INA KpbIC

MBaHoBa B.B.', TuxoHos A.WU.", Munbto U.B."?, CepebpsakoBa O.H.3, TepeHr E.A.",
Mnewko P.N."

I Cubupckuii 2ocydapcmeennviii meouyunckuu ynusepcumem (Cubl’ MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

2 Cesepcruil buogusuueckuil HayuHulil yeHmp
Poccus, 636013, Tomckas oban., e. Cesepck-13, a/s Ne 130

PE3IOME

He.l]b. Brrsicuenne ocobennocreit OHAOKPUHHOT'O BJIUSTHUSA OOJIBIINX CIIFOHHBIX JKEJIe3 Ha CIIEPMATOI€HE3 I10JI0-
BO3PEJIbIX KPBIC.

MatepuaJsl u MeToabl. [To10BO3pemnsie Genbie OecopogHbIe caMIIbl KpBIC (Bo3pacT 2 Mec, MaccaTena (153 +18) 1)
cocTaBwiIH TpH rpymnisl (1o 30 ocobeil): HHTaKTHAs, KOHTPOJIbHAS U KPBICHI, TOJIBEPIIIIECS MHOTOKPATHON aMITy-
Taluy pe3noB. [ ONEHKH HAOKPHHHOTO BIHAHHSA SMUTEIMOLUTOB AlHHYCOB U MPOTOKOB OONBIINX CIIOHHBIX
AKeJe3 MOJSTUPOBAH UX TUIEPTPO(dHIO MTyTeEM MHOTOKPATHOH aMITyTanuy pe3noB. Kpbic BEIBOAMIN U3 SKCTIEPH-
MeHTa Ha 2-, 3-, 4-, 6-, 8- u 10-10 Hex MocIe MepBOii aMmyTanuu pe3noB. CEeMEHHUKH KUBOTHBIX OLEHUBANU IPH
MTOMOIIH TPAHCMUCCHOHHOH 3JIEKTPOHHOM MUKpocKonuu. Ha anekTpoHorpaMmax aHaTu3UpOBaIN YACTIbHbIA 00b-
€M BaKyOJIM3alUH IUTOIIa3Mbl CYCTEHTOILUTOB, CIIEPMATOTOHMH, CIEPMATOLIUTOB U criepMaTh/ (yciI. eA.), B Crep-
MAaTOTE€HHBIX KJIETKaX OLIEHUBAIH KOTMIECTBO MUTOXOHAPHH (%) ¢ MOP(hONIOTHIeCKUMU MTPU3HAKAMH HaOyXaHUsL.

Pe3yabTaThl. B paHHue CpoKH IKCIIEpUMEHTA B U3BUTHIX CEMEHHBIX KaHAJIbLIAX KPBIC Pa3BUBACTCS BAKYOIH3AIIHS
[UTOILIa3MbI CYCTCHTOIIMTOB, & TAKXKE YIbTPACTPYKTYpPHbIC H3MEHEHHUS CIICPMATOTCHHBIX KICTOK (BaKyOJIM3alns
LUTOILIa3MBbl, AJIbTEPALIUs] MUTOXOHIPHH, pa3pylIeHHEe MEMOPaHHBIX OpraHeilI, pparMeHTamus xpoMaTuna). 13-
MEHEHUSI CTPYKTYPBI CIIEPMATOT€HHBIX KJIETOK M CYCTEHTOILMTOB MAaKCUMaJIbHO BBIpaXKEH Ha 2—3-i Hell, CHHXKAIOT-
cs Ha 4-1 He/l ¥ TIOJTHOCTHIO HUBEIUPYIOTCS K 6-11 Hel dKCIIepUMeHTa.

3akiroueHue. rHHeproq)HH OOJIBIINX CIFOHHBIX JKCJIE3, BbI3BaHHAA MHOFOKpaTHOﬁ aMHyTaIIPIeﬁ pe3n0B, OKa-
3bIBACT Ha CHepMaTOFeHHBIfI SIUTEIUI BJIMSAHUE, CXOXKEC C 3(1)(1)CKTOM cruanoaneHsIkTomMuu. B PEIYIBTATE MHO-
I‘OKpaTHOﬁ aMIyTallui pe310B YIHETACTCA (i)yHKHI/IOHaHLHOS COCTOAHHUE KJICTOK I'PAHYJISIPHBIX U3BUTBIX pr60K
TNOAHUKHCYCIIFOCTHBIX JKECJIC3. SHIIOKpI/IHHBIe q)aKTOpI)I, KOTOPBIC BHOCAT HanOOJIbIINH BKJIaZ B PETYJIALNIO CIIEP-
MaTOIr€HE3a Yy KpPhIC, BLIpa6aTBIBaIOTC$I KIIETKaMU I'paHyJIIPHBIX U3BUTBHIX pr60K.

KiroueBrble ciioBa: CIIEPMATOI'C€HE3, CYCTCHTOLUT, CJIFOHHBIC JKEJIE3BI, FHHCprO(l)I/ISI.

KoHdaukT uHTEpecoB. ABTOPHI ACKIAPHUPYIOT OTCYTCTBUE SBHBIX U MOTCHIHATIBHBIX KOH(PIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJIUKAIME HACTOSIICH CTAThH.

HcTounukn puHAHCHPOBAHUS. ABTOPHI 3asBIISIIOT 00 OTCYTCTBHU (PUHAHCHPOBAHMSI.

CooTBeTCTBHE NPUHIMIAM 3THKH. VccienoBaHue 0J0OpEHO PELICHHEM JIOKAJIBHOTO 3THYECKOr0 KOMHTETa
®I'BOY BO CubI'MY Munszapasa Poccun (mpotokon Ne 4253 ot 28.09.2015).

Jas untupoBanus: Msanosa B.B., Tuxonos /I.1., Munb, CepebpsixoBa O.H., I'epenr E.A., [Tnemko P.W. Baus-
HHE THIepTPOGUH OOIBIINX CITIOHHBIX JKelE3 Ha yIbTPACTPYKTYPy CIIEPMAaTOT€HHOTO SNTENNS KPbIC. broinemens
cubupcroii meouyunst. 2020; 19 (3): 29-35. https://doi.org: 10.20538/1682-0363-2020-3-29-35.

The effect of major salivary glands hypertrophy on rat’s spermatogenic epithelium

INTRODUCTION

The major salivary glands are duacrine glands
[1]: their exocrine function is associated with diges-
tion, taste reception, non-specific immune defense,
excretion and speech production. They have a proven
endocrine effect on the organs of the hematopoietic
and immune systems, skin, nephron epithelial cells,

cartilage, and the gonads [2, 3]. The mutual influence
of the salivary glands and gonads is present in many
animals, including humans. It has been proved that a
complete medical examination makes it possible to
diagnose the interstitial form of sialadenosis (sialosis)
in 100% of both male and female patients with hypo-
gonadism [4]. Rodents are the most convenient model
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for studying the mutual influence of the gonads and
salivary glands because of the pronounced morpho-
logical and biochemical sexual dimorphism of their
major salivary glands. Thereby, the aim of this study
was to elucidate the features of the endocrine effect
that the major salivary glands have on spermatogen-
esis of rats.

MATERIALS AND METHODS

Mature, white, outbred male rats (age 2 months,
body weight 153 + 18 g) constituted the following
groups (each containing 30 rats): intact (I), control
(C), and the group of rats subjected to repeated am-
putation of incisors (RA). The hypertrophy for RA
rats was simulated through repeated amputation of
incisors. Lower and upper incisors were trimmed un-
der ether anesthesia to a level of 1-2 mm above the
gingival margin once every 3 days within 2 weeks (5
amputations in total). Animals of the control group
were narcotized with diethyl ether with the same peri-
odicity. Removal from the experiment was carried out
by CO2 asphyxiation during the 2, 3t 4t 6t 8™ and
10 weeks after the first amputation of incisors.

Fragments of the rat testes were fixed for 24 hours
in 4% paraformaldehyde (Serva, Germany), then for 3
hours in 1% OsO4 (SPI, USA) at 4 ° C, pH 7.4. The
samples were immersed in a mixture of epoxy resins
Epon 812: Araldite 502: DDSA (SPI, USA). Ultra-
thin sections (80 nm) were obtained on an ultratome
(eica EM UC 7 (Leica, Austria) and contrasted with

uranyl acetate and lead citrate for examination with a
JEM-1400 transmission electron microscope (JEOL,
Japan).

On electron diffraction patterns, the specific vol-
umes of cytoplasmic vacuolization of Sertoli cells,
spermatogonia, spermatocytes, and spermatids (stan-
dard units) were analyzed using the program ImageJ
1.48 (NIH Image, USA). In spermatogonia, sper-
matocytes, and spermatids the number of mitochon-
dria (%) with morphological signs of swelling was
assessed (calculations were based on the analysis of
200 mitochondria).

Statistical processing of quantitative data was per-
formed using the Shapiro — Wilk, Mann — Whitney,
and Kruskal — Wallis tests and SPSS 17.0 (IBM, USA).
The results of the morphometric study are presented
as the median and interquartile range Me (Q,; Q,),
the significance level is taken as p < 0.05.

RESULTS

In the convoluted seminiferous tubules of rats
of the intact (I) and control (C) groups, Sertoli cells
and all populations of germ cells were determined
throughout the period of study. However, in animals
of the RA group, spermatozoa were found in the lu-
mens of the convoluted seminiferous tubules starting
from the 3™ week of the experiment. During the study
period, the rats of the C group showed no difference
in the ultrastructure of Sertoli and spermatogenic cells
from those of the group I (Tables 1, 2).

Table 1
The specific volume of cytoplasmic vacuolization, standard units, Me (Q,; Q,)
Expe- Sertoli cells Spermatogonia Spermatocytes Spermatids
riment
duration, | C RA I C RA I C RA I C RA
week
0 0 36.8 0 9.9 0 10.2 0 0 10.0
nd . .
2 (0; 1.5) | (0; 1.2) | (24.7; 45.0)* | (0; 4.8) 00:3.6) (5.6; 18.1)* 0(0:42) (0; 1.6) | (7.1; 14.4)* | (0; 1.6) | (0; 2.1) [ (7.3; 25.9)*
0 0 37.9 0 42 0 6.9 0 0 10.7
rd . .
3 (0;2.1) | (0;2.6) | (14.5;44.2)* |(0; 1.6) 0045 (2.4;9.7) 0(0:26) (0;2.0)| (0.9;9.9) |(0;2.5)|(0;1.0)[(5.1;22.8)*
0 0 16.1 0 0 3.8 0 0 6.2 (1.0;
th . . . >
4 (0; 1.2) | (0; 1.6) | (14.7; 21.6)** | (0; 3.7) 0(0:06)| 2.0(0:4.1) | 0(0; 1.4) (0;1.6) | (0;16.0) |(0;1.5)](0;2.1) 14.8)*
0 0 0 0 0 0
th . # . . . . .
6 0:0.8) | (0: 1.4) 0(0;6.7) 0:0.7) 0(0;1.0)] 0(0;1.6) |0(0;2.0) (0:0.7) 0(0; 1.6) 0:0.9) | (0: 1.2) 0(0;3.1)
0 0 0 0 0 0
th . . . . . .
8 0:0.6) | (0: 1.6) 0(0;1.1) (0 0) 0(0; 0) 0(0; 0) 0(0; 0) (0 1.3) 0(0;2.3) ©:0) | (0:0) 0(0; 1.6)
0 0 0 0 0 0
th . . . . . .
10 0: 1.0) | (0: 0.6) 0(0;0.8) 0 0) 0(0; 0) 0 (0; 0) 0 (0; 0) (0:0.7) 0 (0; 0) ©:0) | (0:0) 0 (0; 0)
Note. I—intact group, C — control group, RA — the group of rats subjected to repeated amputation of incisors (here and in Table 2).
*difference between the indicator and the corresponding indicator of the intact group, p < 0.05.
#difference between the present indicator and that during the previous period within the same group, p < 0.05 (here and in Table 2).
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At 24 weeks of the experiment, phagosomes,
phagolysosomes and cytoplasmic vacuolization were
detected in the cytoplasm of the Sertoli cells in rats
of the RA group (Fig., a). The observed vacuoles
were dilated cisterns of the endoplasmic reticulum
(EPR). The severity of vacuolization was maximal at
2-3 weeks, though decreased over time and com-
pletely leveled off by the 6th week of the experiment
(p < 0.05; see Table 1). Vacuolization of the cyto-
plasm was observed in spermatogonia, spermatocytes
(order I and II) in rats of the RA group during the 2™
week of the experiment (p < 0.05; see Table 1).

Mitochondrial swelling, which was identified as a
decrease in the number and size of cristae, expansion
of matrix and the appearance of vesicular structures in
it [6], was observed in spermatogonia at 2—3 weeks,

and in spermatocytes, at 2—4 weeks after the first
amputation of incisors (p < 0.05; see Table 2; Fig.,
b). The ultrastructural changes in spermatogonia de-
scribed above and developing in response to repeated
amputation of incisors completely leveled off by the
4th week, and in spermatocytes, by the 6th week of
the experiment.

At 2-4 weeks of the experiment, early and late
spermatids in rats of the RA group were characterized
by mitochondrial swelling (p < 0.05; see Table 2) and
membrane destruction. Expansion of the EPR cisterns
and the Golgi apparatus was also detected in early
spermatids at 2—3 weeks (p < 0.05; Table 1; Fig., ).
Structural changes in spermatids caused by repeated
amputation of incisors leveled off by the 6th week of
the experiment.

Figure. Fragment of the convoluted seminiferous tubule of a mature rat subjected to repeated amputation of incisors: a —

cytoplasmic vacuolization of a Sertoli cell; b — cytoplasmic vacuolization, expansion of the perinuclear space and mitochondrial

alteration in first-order spermatocytes; ¢ — cytoplasmic vacuolization and destruction of mitochondrial membranes in an early

spermatid; d — spermatogenic cells with signs of destruction of the nucleus and cytoplasm; transmission electron microscopy;
2" week (a, d) and 4™ week (b, ¢) of the experiment
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Table 2
The number of mitochondria with signs of swelling, %, Me (Q; 0.)
Expe- Spermatogonia Spermatocytes Spermatids
riment
duration, 1 C RA I C RA I C RA
week
2nd 0(0;2.8) | 0(0;2.5) 8.0 (5.0; 11.0)* 0(0;2.4) 0(0;2.5) 256 0(0;4.1) |0(0;6.4) 36.8
> > AT " > (17.2;39.2)* > > (30.4; 47.0)*
32.0 1.4 31.8
rd . . . £ . . .
3 0(0;2.5) | 0(0;2.2) | 10.0(6.6;11.9) 0(0;2.1) | 0(0;4.4) (20.4; 37.3)* (0:5.3) 0(0;2.8) (26.2: 39.1)*
14.7 24.5
th . . . . . . .
4 0(0;3.2) | 0(0;1.3) 0 (0; 3.7)# 0(0;3.2) | 0(0;4.0) (6.0: 25.2)*# 0(0;7.1) |10(0;2.2) 14.1: 20.8)*#
6n 0(0;2.8) | 0(0;3.1) 0(0; 1.6) 0(0;1.9) | 0(0;3.8) | 4.0(1.5;89# | 0(0;3.1) [0(0;6.5) a 5.6;()) 3y
8 0(0;2.2) | 0(0;2.0) 0 (0; 2.6) 0(0;1.5) | 0(0;0.8) 0 (0; 4.6) 0 (0; 1.6) | 0(0;2.0) 0 (0; 0.5)
10t 0(0;0.5) | 0(0;1.0) 0(0; 1.5) 0(0;0.5) | 0(0;0.5) 0(0;0) 0(0;0.5) |0(0;0.7) 0(0;0)

At 2-3 weeks of the experiment, the spermatogen-
ic epithelium of the RA group demonstrated individ-
ual germ cells with signs of nuclear destruction (frag-
mentation of chromatin, its condensation along the
periphery of the nucleus) and cytoplasm (destruction
of membrane organelles). Cells with signs of destruc-
tion are round in shape and have adluminal localiza-
tion (see Fig. 1, d), which allows researchers to identi-
fy them as spermatocytes or early spermatids. Starting
from the 4™ week of the experiment, no spermatogen-
ic cells with signs of destruction were detected in the
convoluted seminiferous tubules of the RA group.

During the study period, we did not observe chang-
es in the morphology of spermatozoa and peritubular
myoid cells in rats in response to repeated amputation
of incisors.

DISCUSSION

We have previously made a conclusion that the
removal of the major salivary glands leads to ultra-
structural changes in spermatogenic epithelium of
immature rats [3]. However, it remains unclear which
structures of the major salivary glands are the source
of factors that have the greatest influence on testes.
For example, sialorphin and parotin are produced by
the acini of the submandibular and parotid glands re-
spectively [7]. Epidermal growth factor, transforming
growth factor a and B are produced by cells in the ducts
of the submandibular glands [8]. All of the above and
possibly some other biologically active factors of the
major salivary glands affect spermatogenesis and ste-
roidogenesis. Repeated amputation of incisors causes
hypertrophy exclusively in epithelial cells of the acini
in the major salivary glands, though it is not accompa-
nied by hyperfunction [9]. On the contrary, repeated

amputation of incisors inhibits the functional state of
cells in the granular convoluted tubules of the sub-
mandibular glands [9]. Thus, the chosen experimental
model will make it possible to assess the contribution
of the acini and ducts of the major salivary glands to
the endocrine regulation of spermatogenesis.

Cytoplasmic vacuolization of Sertoli cells is a
non-specific response to damage [10] and indicates
a violation of cell metabolism [11]. Sertoli cells are
involved in the regulation of spermatogenesis in the
paracrine way (inhibin, activin, anti-Miillerian hor-
mone), as well as through contact with germ cells
[12]. Sertoli cells are a labile element of the blood-tes-
tis barrier and take part in the formation of the micro-
environment for developing germ cells [12]. Dysfunc-
tion of Sertoli cells inevitably leads to dysregulation
of spermatogenesis.

Ultrastructural changes in spermatogenic cells that
develop in response to repeated amputation of incisors
affect the energy and synthetic apparatuses of cell.
Swelling and destruction of mitochondria (2—4 weeks)
in spermatogenic cells of the RA group indicate a de-
crease in the intensity of energy processes in them.
Mitochondria in germ cells perform many functions:
they are involved in the initiation of apoptosis in de-
fective germ cells, ensure the motility of spermatozoa,
and their controlled production of active radicals is
necessary for proper capacitation and acrosome reac-
tion [13]. Defects in the ultrastructure of mitochondria
are associated with impaired sperm functioning [13].
Mitochondrial alteration is associated with excessive
production of active radicals, which are potential in-
ducers of cytoplasmic vacuolization. Damage to the
membrane and enzyme systems of the granular EPR is
the cause of the violation of protein folding and deg-
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radation, which leads to the expansion of the lumen of
its cisterns [14, 15].

Spermatids and spermatocytes are the most sen-
sitive spermatogenic cells when it comes to changes
caused by repeated amputation of incisors. In a num-
ber of spermatogenic cells, ultrastructural changes
become irreversible. The presence of germ cells with
signs of destruction (2-3 weeks) and the absence of
spermatozoa (2 week) in the convoluted seminiferous
tubules indicate the impossibility of a proper matura-
tion phase and formation of spermatogenesis in rats
shortly after reaching hypertrophy of the major sali-
vary glands through repeated amputation of incisors.
Phagolysosomes detected in the cytoplasm of Serto-
li cells at 2—4 weeks of the experiment are likely the
result of absorbing the fragments of destroyed sper-
matogenic cells.

The ultrastructural changes in Sertoli and sper-
matogenic cells observed in response to repeated
amputation of incisors are similar to those develo-
ping after sialoadenectomy [3]. Since repeated ampu-
tation of incisors leads to the acini hypertrophy, the
reduced number of cells in the ducts of the subman-
dibular glands and their inhibited functional activity
[9] suggests the following: it is the granular convolut-
ed tubules of the submandibular glands that produce
factors having the greatest effect on spermatogenic
epithelium. The suppression of synthetic and secreto-
ry activity in cells of the granular convoluted tubules
of the submandibular glands leads to the development
of ultrastructural changes in cells of the convoluted
seminiferous tubules. Epidermal growth factor, trans-
forming growth factor a and B, and other biological-
ly active factors of epithelial cells in the ducts of the
submandibular glands can have a direct effect on germ
cells or an effect mediated by Sertoli cells and inter-
stitial endocrinocytes of testis. It is worth noting the
potential endocrine action of the major salivary glands
on spermatogenesis indirectly, through the central
and peripheral endocrine glands. Biologically active
substances of the granular convoluted tubules of the
submandibular glands in rats are also produced by the
major salivary glands of humans. Elucidation of the
endocrine interactions between the human salivary
glands and gonads is a long-term objective.

Changes in the morphology and functional sta-
tus of the epithelial cells of the acini and ducts in the
major salivary glands of rats in response to repeated
amputation of incisors are transient [9]. This explains
the gradual decrease in the severity of morphological
changes in the spermatogenic epithelium and com-

plete normalization of the ultrastructure of Sertoli and
germ cells by the 6th week of the experiment.

CONCLUSION

We have shown that repeated amputation of inci-
sors causes transient ultrastructural changes in Serto-
li and spermatogenic cells of mature rats, similar to
those observed after sialoadenectomy. The endocrine
factors that make the greatest contribution to the reg-
ulation of spermatogenesis in rats are produced by
cells of the granular convoluted tubules. Substances
produced by the epithelial cells of the acini in the ma-
jor salivary glands of rats probably have a less potent
effect on spermatogenic epithelium.
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ABSTRACT

Aim. To assess the association of clinical and therapeutic parameters with the severity of the neurocognitive deficits
in patients with schizophrenia.

Materials and methods. We examined 118 patients with schizophrenia, aged 34 [29; 41] years, and with a
disease duration of 10 [4; 16] years. 33 patients (28%) received conventional antipsychotic drugs (CAD), and
85 (72%) patients received atypical antipsychotic drugs (AAD). As concomitant therapy, 58 people (49.1%)
took trihexyphenidyl, 60 people did not take it (50.9%). Assessment of cognitive functions was carried out for
all patients using the Brief Assessment of Cognition in Schizophrenia (BACS), and clinical psychopathological
symptomatology was evaluated using the Positive and Negative Syndrome Scale (PANSS). Statistical analysis
of the data was performed using the Kruskal — Wallis test ANOVA with the multiple comparison procedure, the
Pearson’s chi-squared test, and K-means cluster analysis.

Results. Neurocognitive deficits formed three clusters of disturbances that differ in clinical severity: 1) mild,
2) moderate, 3) severe. According to the subscale of positive PANSS symptoms, patients with mild neurocognitive
deficits had a lower average total score compared to patients with severe neurocognitive deficits (p = 0.011), who,
in turn, received significantly longer antipsychotic therapy compared with patients with moderate (p = 0.014)
and mild (p = 0.01) neurocognitive deficits. Herewith, the duration of CAD treatment did not differ between
clusters; consequently, the obtained results on antipsychotics as a whole were obtained due to AAD (p = 0.005 and
p =0.001, respectively). Trihexyphenidyl did not affect the severity of neurocognitive deficits.

Conclusion. The severity of positive symptoms of schizophrenia was lower in patients with mild neurocognitive
deficits. The most pronounced neurocognitive deficits are observed in patients receiving AAD.
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BAnsAHME KAMHUYECKUX U TepaneBTUYECKUX NMOKa3aTe/1ei Ha BbIPaXKeHHOCTb
HEeMPOKOrHMTUBHOIO AedpuLnTa y NaLUEHTOB C lWiM3odpeHuei

KopHetoBa E.l'.", FoHuapoBa A.A.", AmuTtpuesa E.l'.", ApxxaHuk A.A.%, KopHetoB A.H.3,
Cemke A.B.'

! Hayuno-uccredosamenvcxutl uncmumym (HHH) ncuxuuecko2o 300pogwvs, ToMmcKkuil HAYyuoHAbHbL
uccredosamenvcxuil meouyurckul yeump (HUML]) Poccutickoul akademuu Hayk
Poccus, 634014, 2. Tomck, yn. Aneymckas, 4

2 Cankm-Ilemepbypeckuil 2ocyoapcmeennoiil ynusepcumem (CIT6I'Y)
Poccus, 199034, 2. Canxm-Ilemep6ype, Yuusepcumemckas nabepedxcnas, 7/9

3 Cubupcruil 2ocyoapemeennviti meduyunckuil ynueepcumem (Cubl MY)
Poccus, 634050, Tomck, Mockosckuii mpakm, 2

PE3IOME

Hens. OueHnTH CBSI3b KIMHUYECKUX U TEPANEeBTUYECKHX IOKa3aTelell ¢ BHIPAKCHHOCTHIO HEHPOKOTHUTHBHOTO
nedunuTa y marueHToB ¢ Mu30ppeHneH.

Marepuabl 1 MeToabl. beumn o6ciienoBansl 118 manuentos ¢ mu3odpenueii B Bo3pacrte 34 [29; 41] ner, ¢ mn-
TeNbHOCTHIO 3a00eBanus — 10 [4; 16] net. KoHBeHnIMOHANEHBIE aHTHIICHXOTHYeCKHE Tpernapatsl (KAIT) momydva-
1 33 marmenta (28%), aTundHbIe aHTHIICHXOoTHIecKoe mpernapaTsl (AAIT) — 85 (72%) namuentoB. B xauectse
comyTcTByIomer Teparmuu 58 genosek (49,1%) npuHMManu TpUreKCH()EeHUAWI, He MpUHUMAIH ero 60 JemoBek
(50,9%). OreHka KOTHUTUBHBIX (DYHKIIHI ITPOBEJIEHAa BCEM IAIFEHTaM 10 IIKaJle KPaTKON OIEHKH KOTHHTHBHBIX
¢ynknmit y manuenTos ¢ mm3odpenueit (Brief Assessment of Cognition in Schizophrenia, BACS), xiuanko-mcu-
XOIATOJOTHYECKOH CHMITOMATHKH — C UCTIOIb30BAHIEM IIKAIIBI TO3UTHBHBIX U HETATHBHBIX cHHAPOMOB (Positive
and Negative Syndrome Scale, PANSS). Cratuctuuecknii aHanu3 IMOJydeHHBIX JAHHBIX BBITOIHEH C HCIIONb-
3oBanueM kpurepust Kpackena — Yommica ANOVA ¢ mponenypoit MHOXKECTBEHHOTO CPaBHEHUS, KpUTEpHUs 2
[MupcoHa 1 KIIACTEPHOTO aHAM3a METOIOM K-CpEeITHHX.

PesyabTathl. HelipokorauTuBHBINA geduut o0pa3oBai TpU KiIacTepa HApYLIICHUH, OTIMYAIOIIUXCS MEXIY CO-
0OH KIMHUYECKON BBIPAKEHHOCTHIO: 1) Jerkuid, 2) yMepeHHO BBIPaKCHHBIN, 3) BeIpakeHHBIH. [lo cyOmkane mo-
3UTUBHBIX cUMNTOMOB PANSS maruenTs! ¢ JerkuM HeHPOKOTHUTUBHBIM Ae(UIUTOM WMETH MEHBIINN CPEeaHUI
CyMMapHBIH 06aJI1 [0 CPaBHEHHIO C OOIBHBIMHU C BBIPaXKEHHBIM HEUPOKOTHUTUBHBIM AeunutoM (p = 0,011), koto-
pBIE, B CBOIO 04EPE/ib, 3HATUMO JOJIBILE MOITyIaTn aHTUIICHXOTHIECKYIO TEPAITHUIO 0 CPABHEHHUIO C MALIUEHTAMH C
ymepenHsM (p = 0,014) u nerkuMm (p = 0,01) HeHiPOKOrHUTHBHBIM AeUIUTOM. [IpH 3TOM ITUTETBHOCTE IpHEMa
KAII He paznnyanachk MeXay KJIacTepaMu, CIE€I0BATEIbHO, NMEIOIINECS PE3yIbTaThl 10 AHTUIICUXOTHKAM B Iie-
soMm noiryuensl 3a cueT AAIT (p = 0,005 u p = 0,001 cooTBeTcTBeHHO). TpUTEKCHPEHUANT HE OKA3AJl BIUSHHS Ha
BBIPA)KEHHOCTHh HEHPOKOTHUTHBHOTO Ae(HULIUTA.

3aka0yenne. BoipaXeHHOCTh MO3UTHBHBIX CUMITOMOB MIN30(PEeHNH OblIa HIDKE Y MAIlMEeHTOB C JIETKUM Helpo-
KOTHUTHBHBIM Jepunntom. Hanbomnee BrIpakeHHbIE HEHPOKOTHUTHBHBIE HAPYIISHUS] OTMEYAIOTCS Y HAI[EHTOB,
nonyyvatomux AATL

KiioueBble ci10Ba: M30(QpeHNst, HEHPOKOTHUTUBHBIN AS(PUIUT, AHTUTICUXOTHKHU, TPUTEKCUDEHHTHIL.

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTCHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOIMKanuel HaCTOSIIEH CTaThH.

Hcrounuk puHancupoBanus. VccnenoBanue BHIIOIHEHO NpH noanepxke rpanta PODU 18-315-20019 «Ho-
BBIE TIOJIXO/IbI K TEHETHKE KIMHUYECKOTO MOIUMOp(U3Ma 1 HeHPOKOTHUTHBHOTO Ne(HUIUTA TIPU MN30(PPEHUNY.

CooTBeTCTBHE NpUHIUIIAM 3TUKH. Bce Jiana, BOeArue B UCCICA0BAaHUE, MOANMMUCATIN ITMCBbMEHHOC I/IH(l)OpMPI-
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¢umura y manueHToB ¢ mm3odpenueil. bwoanemens cubupckou meduyunvt. 2020; 19 (3): 36-43. https://doi.org:
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INTRODUCTION

Contemporary antipsychotics are primarily an-
tagonists of second type dopamine receptors and can
induce extrapyramidal adverse events [1]. Anticholi-
nergics are widely used for their relief in psychiatric
practice. However, anticholinergic agents precipitate
different peripheral side effects like dry mouth, urina-
tion disturbances, and constipation; as well as central
side effects: cognitive deficits, worsening of tardive
dyskinesia and emergence of delirium [2]. Cognitive
deficits occur at the earliest stages of schizophrenia
process and account for the main part of functional
problems related to the disorder. Likely, the long-term
combined use of antipsychotics and anticholinergics
intensifies the basic cognitive deficits in patients with
schizophrenia, which eventually affects their quality
of life [3]. Thus, modern guidelines for the treatment
of schizophrenia do not normally recommend preven-
tive and long-term use of anticholinergic agents. Nev-
ertheless, the widespread long-term use of anticho-
linergics in the combination with antipsychotics has
taken place in several countries [3—5]. The results of
the study of this problem are debatable. The number of
surveys of the previous decade shows the positive ef-
fect of anticholinergic agents on cognitive functions in
patients with schizophrenia [4, 6, 7]. An earlier study
dedicated to the possible effect of anticholinergics
on residual symptoms of schizophrenia showed that
antipsychotics and trihexyphenidyl in combination
have a positive effect on the memory and attention of
patients [8].

However, modern studies contain more data in-
dicating the adverse effect of anticholinergics on the
cognitive functions of patients with schizophrenia, or
the absence of such an effect [5, 9, 10]. Thus, S. Ogi-
no et al. [3] defined that cancellation of long-term use
of anticholinergics can improve objective indicators
of cognitive functions and subjective characteristics
of the quality of life for patients with chronic schizo-
phrenia.

S. Eum et al. [10] investigated the influence of
the total anticholinergic burden arising from the

combined use of anticholinergic and antipsychotic
drugs on the cognitive functions of patients with
psychotic disorders and schizophrenia. According
to their data, the common anticholinergic burden
was inversely proportional to the level of cogni-
tive activity; especially, it affected the impairment
of verbal memory. Despite the similar cumulative
anticholinergic burden in groups with various psy-
chotic disorders, increased cognitive susceptibility
to anticholinergic agents was revealed in patients
with schizophrenia.

A number of studies have shown improvement
in cognitive functions of varying degrees with the
use of second-generation antipsychotics in the treat-
ment of long-term schizophrenia or the first psychotic
episode. The positive effects of clozapine, risperidone,
olanzapine, quetiapine, sertindole, and aripiprazole on
various cognitive functions were noted. At the same
time, some authors have the opinion that there is cur-
rently no convincing evidence of the greater effective-
ness of second-generation antipsychotics compared to
first-generation antipsychotics for cognitive impair-
ment [4, 6].

In routine clinical psychiatric practice in various
countries, psychiatrists continue to widely use a com-
bination of antipsychotics and anticholinergics for the
treatment of schizophrenia. In this connection, there
is a necessity to further study the effects of prolonged
combined use of antipsychotics and anticholinergic
agents for the treatment of schizophrenia.

The aim of the study was to assess the association
of clinical and therapeutic parameters with the sever-
ity of neurocognitive deficits in patients with schizo-
phrenia.

MATERIALS AND METHODS

The study included inpatients of the hospital of
Mental Health Research Institute of Tomsk National
Research Medical Center of the Russian Academy of
Sciences and Tomsk Clinical Psychiatric Hospital.
The criteria of inclusion in the study were age from
18 to 60 years, verified diagnosis of schizophrenia
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according to the ICD-10 Classification of Mental and
Behavioral Disorders — Diagnostic Criteria for Re-
search [11], and the ability to write informed consent.
The criteria for non-inclusion were the presence of or-
ganic mental disorders, brain and severe somatic dis-
orders leading to organ failure, and refusal to take part
in the study.

Thus, we examined 118 patients with schizo-
phrenia, aged 34 [29; 41] years, and with a disease
duration of 10 [4; 16] years and the average age of
onset of 23 [20; 29] years. All patients included in
the study received antipsychotics as basic therapy in
therapeutic dosages approved by the Russian Minis-
try of Health.

Based on the receptors profile of basic antipsy-
chotic therapy patients were divided into two groups:
33 patients (28%) received conventional antipsy-
chotic drugs (CAD), and 85 (72%) patients received
atypical antipsychotic drugs (AAD). All dosages of
various antipsychotics were brought to uniformity
in the equivalent of chlorpromazine (CPZeq) [12],
common antipsychotic burden was 320 [160; 598.5];
for CAD —416.9 [160; 1000], for AAD —300 [199.9;
428.1].

As concomitant therapy, 58 people (49.1%) took
trihexyphenidyl and 60 people did not (50.9%). The
duration of receiving trihexyphenidyl was 2 [0.5; 4]
years. In this study, due to its observational nature, the
reasons and purpose of trihexyphenidil prescription in
the course of treatment of patients were not taken into
account, but the fact of prescribing an anticholinergic
drug was assessed as likely to have an effect on cogni-
tive deficit in patients with schizophrenia.

Assessment of cognitive functions was carried out
for all patients on the Brief Assessment of Cognition
in Schizophrenia (BACS) [13], in the adapted Russian
version [14]. A set of tasks on this scale (“List lear-

99 ¢

ning”, “Digit sequencing task”, “Token motor task”,
“Verbal fluency”, “Symbol coding”, “Tower of Lon-
don”) allows us to evaluate the parameters according
to the sequence of the list: verbal memory, working
memory, motor speed, processing speed, attention and
processing speed, executive functions.

The psychopathological assessment was carried
out using a Positive and Negative Syndrome Scale
(PANSS) [15] in the adapted Russian version — SCI-
PANSS [16].

The obtained data were tested for normal distribu-
tion with the SPSS Kolmogorov — Smirnov Test for
Normality (with the Lilliefors significance correction)
and the Shapiro — Wilk Test. Data with a normal

type of distribution are presented as mean and stan-
dard deviation (M + SD), in the absence of a normal
distribution; the data are presented as the median and
quartiles (Me [Q,; O,]). Qualitative data are presented
by frequency indicators (n (%)). Comparing several
independent samples of quantitative data having a
non-normal distribution, we used the Kruskal — Wallis
ANOVA test with the multiple comparison procedure.
To compare frequencies, the Pearson’s chi-squared cri-
terion was used. To reveal the variants for the severity
of neurocognitive deficits (NCD), K-means clustering
was used. Statistical analysis was performed using the
software Statistica for Windows (V. 12.0). The thresh-
old value of the achieved significance level of p was
taken equal to 0.05.

RESULTS

Neurocognitive deficits are formed by three clus-
ters of impairment registered in accordance with all
BACS subscales, which differ in clinical severity: 1)
mild, 2) moderate, 3) severe. Consequently, patients
were stratified according to the level of severity as fol-
lows (Fig., Table 1): cluster 1 (37 (31.4%)), cluster 2
(51 (43.2%)) and cluster 3 (30 (25.4%)). The results
of the analysis of variance for all clusters represent the
good quality of clustering (< 0.0001).

Then, the assessment of the connection between
the severity of NCD and clinical and therapeutic indi-
cators was made in the selected clusters.

The average age of schizophrenia onset and the
duration of the disorder had no differences between
the clusters; however, the average age of the patients
in the study had significant differences (Table 2)
between cluster 2 and cluster 3 (p = 0.024).

An assessment of the effect of the actual men-
tal state on the severity of NCD (Table 3) showed
that according to the subscale of positive symptoms
PANSS patients with mild NCD had a lower average
total score of positive symptoms compared with pa-
tients with severe NCD, who had a more pronounced
predominance of the positive symptom complex
(» =0.011).

For assessing the effect of trihexyphenidyl on the
severity of NCD, the Pearson’s chi-squared criterion
was used; statistically significant differences were not
established. The duration of receiving trihexyphenidyl
was evaluated in 58 patients; the evaluation was based
on interviews and medical records including medical
histories. The duration of receiving was presented in
years. Differences between the clusters were not re-
vealed. Also, the clusters of the severity of NCD had
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no differences depending on the type of basic anti-
psychotic therapy: patients receiving CAP or patients
receiving AAP. Assessment of the total antipsychotic
burden revealed that CPZeq had no differences in all
clusters as well as in groups receiving CAP and AAP.

The duration of antipsychotic therapy had differenc-
es (Table 4) between cluster 1 and cluster 3 (p = 0.01),
as well as between cluster 2 and cluster 3 (p = 0.014).
These results suggest that patients receiving long-term
antipsychotic therapy have more severe NCD.

70
60
50
40
30
Figure. “Cognitive profile” of the selected variants
20 of the severity of neurocognitive deficits according
to BACS in the group of patients with schizophrenia:
I — List Learning Test; II — Digit Sequencing Task;
10 IIT — Token Motor Task; IV — Verbal Fluency;
.1 V — Symbol Coding; VI — Tower of London Test;
0 -z 1 —cluster 1; 2 — cluster 2; 3 — cluster 3.
1 11 111 v \'% VI
Table 1
Descriptive statistics for identified clusters in accordance with BACS, M + SD
Cluster 1 Cluster 2 Cluster 3
Tasks of BACS =37 (31.4%) =51 (43.2%) 1= 30 (25.4%)
List learning 42.6+11.4 353+£9.5 24.7+9.1
Digit sequencing task 19.8+3.8 18.1+4.7 12.5+48
Token motor task 59.2+11.6 313+133 246+ 11.6
Verbal fluency 49.7+11.5 37.6+9.7 23.7+8.1
Symbol coding 48.1+12.4 39.6+9.7 19.0+ 8.9
Tower of London 16.8 +2.3 14.5+4.7 10.4+£5.8
Table 2
Clinical indicators depending on the severity of NCD according to BACS, Me [0 ; O.]
T Cluster 1 Cluster 2 Cluster 3
Clinical indicators n=37 (31.4%) n=>51(43.2%) 1 =30 (25.4%) p (1-2;1-3;2-3)
Age, years 35[29; 39] 32[28; 38] 37.5[33; 53] 1.0; 0.167; 0.024
Age of onset, years 26 [20; 29] 22 [19; 27] 23.5[20; 29] 0.588;1.0; 1.0
Duration of the disorder, years 10 [4; 14] 812; 16] 13.5 [5; 22] 1.0; 0.118; 0.073

Table 3
PANSS scores depending on the severity of the NCD according to BACS, Me [Q; O.]
PANSS subscales n :C31;1 S(ge;zlt%) n :Cslils(gé%) n :Cslg s(tze;.i%) p (172,173, 23)
Positive symptom subscale score 19 [16; 22] 21[15;25] 23 [20; 27] 0.626; 0.011; 0.166
Negative symptom subscale score 25 [23; 28] 25[21; 28] 26.5[22; 30] 1.0; 1.0; 0.485
General psychopathology subscale score 54 [48; 60] 54 [48; 58] 55.5[49; 61] 1.0; 1.0; 0.807
Total score 100 [92; 107] 100 [86; 109] 107.5 [94; 114] 1.0; 0.227; 0.199
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Table 4

Duration of basic antipsychotic therapy depending on the
severity of NCD according to BACS, Me [Q; O.]

Cluster 1 | Cluster2 | Cluster 3 (1-2: 1-3;
Parameter n=37 n=>51 n=30 |7 Zfé) ’
(31.4%) | (43.2%) (25.4%)
Dul.’atlon of. 1.0:0.01:
antipsychotic 3[0.5;5] 31[1;5] 71[3;17]
0.014
therapy

The duration of CAP administration had no differ-
ences in the clusters of the severity of NCD, it means
that the available results on antipsychotics were ob-
tained due to AAP generally: 1-3 clusters — p =0.001;
2-3 clusters — p = 0.005 (Table 5).

Table 5
Severity of NCD according to BACS depending on the

duration of the therapy with the use of conventional and atypic
antipsychotics, Me [0 ; O.]

Dura.tlon Cluster 1 Cluster 2 Cluster 3
of antipsy- N - N p(1-2;
chotic n=37 1 n=51 ) n=30 0 Ta )
o, 0, 0, k)
therapy (314%) | 432%) | (25.4%)
Duration of 5.5 3[1: 8] 8.5 1.0; 1.0;
receiving CAP | [2.5;10.5] ’ [0.3; 20] 1.0
. 1.0;
22‘2"1‘31‘;‘;‘/’5 Ap | 310341 | 3[08;5] | 74135 | 0.00L;
0.005
DISCUSSION

At present, in addition to the existing dichotomic
theory of schizophrenia dividing positive and neg-
ative syndromes, the cognitive symptom complex is
considered as the third component of the disorder [2],
while cognitive functioning of patients is increasingly
in view of the researchers, not only in the field of cli-
nical and biological psychiatry [17, 18] but also in the
sphere of somatic medicine [19].

The use of anticholinergic agents in the treatment
of adverse movement phenomena of antipsychotic
therapy has a negative effect on cognitive functions
in patients with schizophrenia [9, 20], just like the ge-
neral index of anticholinergic burden [10]. Attention
to this issue should be strengthened with consideration
of the physical status of the patients and the poten-
tial influence of anticholinergics in combination with
other agents used in psychiatry on the cardiovascular
system [21], as cardio-vascular diseases themselves
induce cognitive impairment. The obtained results did
not show the influence of the use of trihexyphenidyl
on the intensity of NCD in patients with schizophre-
nia. The attained results have some limitations, as the
influence of a particular medication was assessed, but
not the total cholinergic burden. The use of somatic

drug groups with similar effect was not taken into
consideration either. Nevertheless, in contemporary
literature, this issue has hardly been discussed and the
studies on the influence of the combination of anti-
psychotics and anticholinergic agents have been few
(3, 6, 22].

The existing assumption on the influence of anti-
psychotics on the cognitive functions in patients with
schizophrenia took root in the psychiatric communi-
ty; for example, the use of CAP is thought of being
connected with the negative influence on the cognitive
functions, while the use of AAP is thought to be con-
nected with their improvement [7, 23], although this
fact is controversial [4]. In our study, we have not ob-
served differences in the intensity of NCD in patients
who received CAP and AAP as basic therapy.

Meta-study of A.L. Mishara, T.E. Goldberg [24]
demonstrated that CAP, in general, has a moderately
positive effect on cognitive functions, while the do-
sage of the medicine does not have any effect on cogni-
tive functions, which was also observed in the course
of our study. The use of agents of the third generation
is connected with multiple advantages, including their
positive effect on cognitive functions [25].

It was revealed that the longer the patient receives
antipsychotic therapy, the higher the intensity of
NCD; although the length of the disorder, which is
closely linked to the duration of receiving supporting
therapy, in our sampling did not have such significant
influence. The length of use of AAP is also linked to
the higher intensity of NCD, which was not found
in patients receiving CAP, although they were used
for a longer period. The revealed data on the higher
intensity of NCD in view of increasing the length of
the basic antipsychotic therapy in patients receiving
AARP precisely appears interesting, as the long-term
treatment observation of patients with schizophrenia
showed that after 8 weeks of treatment there did not
appear to be any dissimilarities in cognitive indica-
tors in patients with schizophrenia receiving CAP and
AAP [26].

The existence of negative symptoms and neuro-
cognitive deficits in clinical evidence of schizophre-
nia has a relatively constant character, unlike the po-
sitive symptoms which can fluctuate in the course of
the disorder. Lowering of the score according to the
subscales of negative and positive symptoms PANSS
was connected with the improvement in BACS task
performance in patients with schizophrenia [27]. It
should be emphasized that the surveyed patients were
in the active phase of the disorder, so the PANSS
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scores must be cross-referenced with the results of
similar studies conducted in the period of remission
[28]. The received dissimilarities in the higher score
according to the PANSS subscale of positive symp-
toms in patients with significant NCD in comparison
with the patients with mild NCD correspond with the
data referring to the length of use of basic antipsychot-
ic therapy, as the choice of AAP was possibly made
taking into account the grave mental condition and the
predominance of delusions and hallucinations.

CONCLUSION

The influence of trihexyphenidyl and atypical an-
tipsychotics of the second generation on cognitive
indicants in patients with schizophrenia remain an
open question and warrant further investigation and
examination of the issue taking into account the com-
bined drug burden. As expected, patients performed
the BACS tasks better against the background of AAP
usage, although long-term use of agents of this group
was connected with the higher level of NCD in pa-
tients with schizophrenia.
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Evaluation of factors influencing adherence to treatment with
sodium-glucose cotransporter type 2 inhibitor

Lebedev D.A., Mosikian A.A., Babenko A.Yu.

Institute of Endocrinology, Almazov National Medical Research Center
15, Parkhomenko Str., Saint-Petersburg, 194156, Russian Federation

ABSTRACT

Background. Despite the emergence of new groups of drugs for the treatment of type 2 diabetes mellitus (DM2),
the issue of optimal adherence to treatment remains of interest.

The aim of this study was to investigate the factors that influence the adherence to treatment with sodium glucose
co-transporter type 2 inhibitor, empagliflozin (Jardiance, Boehringer Ingelheim, Germany), in patients with DM2.

Materials and methods. The study included 102 patients with DM2 (58 of them were women); the observation
time was 24 weeks. The mean age was 58.3 + 10.4 years.

Results. Patients without cognitive impairment had a lower level of glycated hemoglobin (HbAlc) (7.76%,
6.18-9.34) than patients with mild dementia (8.51%, 7.02-10; p = 0.032). In the group of patients who noted the
impossibility of purchasing even a part of the drugs, the level of HbA1lc was 9.73% (8.95-10.51), while patients who
had no difficulties in purchasing drugs HbAlc was 8.83% (7.85-9.81; p = 0.036). Empagliflozin was discontinued
in 38.2% of patients for the following reasons: cost of the drug (16.6%), development of side effects (10.7%), lack
of effectiveness (7.8%), other reasons (2.9%).

Conclusion. Thus, the main factors influencing the adherence to treatment were the cost of the drug, development
of adverse events, and lack of effectiveness from the therapy. At the same time, the opportunity of purchasing all
the necessary drugs was associated with both better glycemic control and a higher quality of life.

Key words: diabetes mellitus, adherence to treatment, sodium glucose co-transporter type 2 inhibitor, empaglifiozin.
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OueHKa ¢pakTOpOB, BAUAIOLLUX Ha MPUBEPIKEHHOCTD K /1Ie4E€HUI0 MHTMBUTOPOM
HaTPUIA-T/IIOKO3HOIO KO-TPAHCNOpTepa 2-ro TMna

JNe6epes A.A., MocukaHn A.A., ba6eHko A.1O.

Hncmumym snooxpunonoeuu, Hayuonanohviti meduyunckuil uccredosamenvckui yeump (HMHUL]) um. B.A. Animazosa

Poccus, 194156, e. Canxm-Ilemepbype, np. Ilapxomenko, 15

PE3IOME

AKTyansHoCcTh. HecMOTps Ha MOSBIICHHE HOBBIX TPYII IPEHapaToB JUls JICYEHHS caXapHOro auabera 2-ro THIa
(CJ12), BOIIpOC ONTHMAIBHOTO COOJIIOICHNUS PEKUMOB TEPAIIUK OCTASTCS B LIGHTPE BHUMAHHSI.

Hens. M3yuute (akTopbl, BIUSIOIIME HA NPUBEPIKEHHOCTh K JICYCHUIO WHTHOMTOPOM HATPUH-TIIIOKO3HOTO
KO-TpaHcIopTepa 2-ro tumna — smnarnuduosnaoM ([xapanac, bepunrep Muarensxeiim, ['epManus) y nanueHToB
c C2.

Marepuanbl 4 MeToabl. B nccnenosanue Obutn BraroueHs! 102 manuenrta ¢ C/I2 (u3 HUX 58 KEHIIMH), BpeMs
HaOronenus — 24 ven. Cpennuii Bo3pact coctaBui (58,3 £ 10,4) ner.

Pe3yabrarsl. [launeHTs! 6e3 HapyLUICHUs KOTHUTHBHBIX (QYHKIMHA MMEIH MEHbIINI YPOBEHb TTTMKHPOBAHHOTO
remoriobuna (HbAlc) — 7,76 (6,18-9,34)%, uem manueHTHI ¢ IeMEHIMEH JIETKOH CTeIeHH BBIPaXKEHHOCTH — 8,51
(7,02-10)%, p = 0,032. B rpynmne namueHToB, KOTOPble OTMETUIN HEBO3MOXKHOCTh MPHOOPETEHUS Jake JacTH
npemnapaTos, ypoBenb HbAlc cocrasuin 9,73 (8,95-10,51)%, B To BpeMs Kak MalMEHTHI, HE UCIIBITHIBAOIIE (HU-
HAHCOBBIX 3aTPyAHEHHUH B mpHoOpeTeHnu mnpenaparos, uMenun HbAlc 8,83 (7,85-9,81)%, p = 0,036. Tepanus
sMnarauIIo3nHOM ObuIa mpekpaieHa y 38,2% MauueHToB 0 CIAESAYIOIUM IPHYHHAM: CTOMMOCTD Ipernapara —
16,6%, paszBute nmoo6ouHbXx 3ddexroB — 10,7%, orcyrcTBHE 3P(HEKTUBHOCTH OT TEPAlUM B BHAE YIYYILICHUS
TIIMKEMHUYIECKOT0 KOHTpons — 7,8%, npyrue npuaussl — 2,9%.

3akiouenue. Takum 06pa30M, OCHOBHBIMHU IIPUYUHAMHU, BJIMAOMIMMHA HA IMTPOAOJIKCHUE JICYUCHMA, OKa3aJIMCh (1)1/[-
HaHCOBLIC 3aTPYy/IHCHHUSA B HpHOGpeTeHI/II/I Inpenapara, BOSHUKHOBEHHUEC MOOOYHBIX 3(1)(1)CKTOB 1 OTCYTCTBUE 3(1)(1)61(-
TUBHOCTH OT TEpAIIUHU. HpI/I 9TOM BO3MOXXHOCTb ano6peTaTL BCHO HeO6XOZ[I/IMy}O TEparuro acColMUpoBaIaCh KakK
C JIY4YIIUM I'NTMKEMUYECKUM KOHTPOJIEM, TaK U 00Jiee BHICOKMM Ka4eCTBOM JKHU3HH.

Ku1roueBble ci10Ba: caxapHblil 1ualeT, MIPUBEPKEHHOCTH K JICYCHUI0, HHTHOMTOPB! HATPHH-TIIOKO3HOTO KO-TPAHC-
rnopTepa 2-ro TUIMa, SMIariInIo3uH.

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTCHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOIMKanuel HaCTOSIIEH CTaThH.

Hcrounuk ¢puHancupoBanusi. MccnenoBanne BHIIOMHEHO py GUHAHCOBOM moaepkke PoccHiicKoro Hay4HOTo
¢donpa, rpant Ne 17-75-30052.

CooTBeTcTBHE MPUHIOMINAM ITHKH. Bce manneHnTs! noanucany MHGOPMUPOBAHHOE COTJIacHe Ha y4acTHE B UC-
cienoBannu. MccnenoBanue onodpeno stndeckuMm komuretom HMUIL nm. B.A. AnmasoBa (mportokon Ne 63
ot 14.04.2014).

Jast uurupoBanms: Jle6enes J[.A., Mocuksn A.A., babenko A.1O. Ouenka ¢pakTopoB, BIMSIOIIMX HA MIPUBEP-
KEHHOCTh K JICYCHUIO MHIMOUTOPOM HATPHU-TIIOKO3HOTO KO-TpaHCIopTepa 2-ro Tuna. broinemens cubupckoil
meouyunvt. 2020; 19 (3): 44-51. https://doi.org: 10.20538/1682-0363-2020-3-44-51.

INTRODUCTION

Diabetes mellitus (DM) is one of the most wide-
spread non-infectious diseases worldwide. In 2017,
425 million people worldwide were reported to have
DM, which is a global prevalence of 8.3% [1]. At the
same time, the majority of cases are of DM2, which
represents a problem in modern healthcare because of
a significant social burden and major financial cost of
treatment for chronic complications like nephropathy,

retinopathy, and neuropathy that can finally lead to
terminal kidney failure, blindness, and amputation of
lower extremities. The risk of death from cardiovascu-
lar or cerebrovascular events in patients with DM2 is
significantly higher in comparison with people with-
out diabetes [2].

In clinical practice, the maintenance of target val-
ues of glycated hemoglobin (HbAlc) remains one of
the main therapeutic tasks to prevent complications as-
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sociated with DM2, especially microvascular events.
This data is based on the results of three major expe-
rimental studies (ACCORD, ADVANCE and VADT)
and UKPDS study that showed that lower levels of
HbA 1c are associated with later onset and progression
of microvascular complications [3-6].

Although drug therapy for DM2 achieved signifi-
cant development in the past years, some factors de-
crease the effectiveness of this therapy. Among them
are low awareness of the disease and insignificant ad-
herence to the therapy [7, 8].

Adherence to therapy is an important factor that
determines the disease outcome in patients with
chronic diseases. In 2003, the WHO reported that “an
increase in the effectiveness of interventions to the ad-
herence to therapy can have a more beneficial effect
on the population health than the improvement of sin-
gle types of treatment” [9]. Still, the majority of stud-
ies indicate that the adherence to drug therapy remains
suboptimal for patients with multiple chronic diseases,
including DM2 [10-14]. In 2004, Cramer published a
systematic review aimed at comparing the parameters
of adherence to anti-hyperglycemic drugs and insulin
[15]. The results of the review showed that many pa-
tients with diabetes did not adhere to the recommend-
ed pharmacotherapy, which led to non-optimal control
of glycemia. Besides, the review on the adherence to
DM2 showed that the level of education in patients,
especially regarding self-management during treat-
ment, was the most important factor that predicted the
improvement of glycemic control, the quality of life
and possible outcomes [16]. Among the reasons for
non-optimal adherence to the treatment of DM2, there
were factors like the complexity of the dose regimen
and adverse events associated with the treatment. A
meta-analysis that included 40 studies published from
2005 to 2015 showed that only 67.9% of patients with
DM2 adhered to their anti-hyperglycemic drugs [17].
Still, the adherence to treatment of diabetes mellitus
is known to be associated with better glycemic con-
trol, lower rates of hospitalizations, lower expenses on
health care, and lower mortality rate [18].

Despite the emergence of numerous anti-hypergly-
cemic drugs on the market that are characterized by
high efficiency and good tolerance, the issue of ad-
herence remains acute. Although it is suggested that
there is a positive association between the adherence
to treatment, patients’ awareness of their disease and
their levels of HbAlc, few studies on anti-hypergly-
cemic drugs evaluate the association between the de-
scribed variables factually and performed the analy-

sis of factors that influence these processes [19, 20].
This study is focused on the factors that influence the
adherence to treatment with sodium-glucose co-trans-
porter type 2 inhibitor (SGCI2) empaglifiozin (Jar-
diance, Boehringer Ingelheim, Germany) in patients
with DM2.

MATERIALS AND METHODS

The study included patients with DM2 (men and
women aged 18 to 70) who started their therapy
with sodium-glucose co-transporter type 2 inhibitor
(SGCI2) empagliflozin at a daily dose of 10 mg. Sign-
ing the patient’s informed consent form for participa-
tion in the study and stable anti-hyperglycemic thera-
py for a minimum of 12 weeks before being included
in the study were obligatory study entry criteria. The
criteria of exclusion were diabetes mellitus type 1,
acute coronary syndrome, acute cerebrovascular con-
dition within the past two months, verified kidney
diseases (glomerulonephritis, pyelonephritis, amyloid
disease) or chronic kidney disease with GFR <45 ml/
min/1.73 m? Additionally, the study excluded patients
with leg ulcers in cases of diabetic feet and patients
that underwent bariatric operations and treatment with
medications for weight loss within the past 3 months.

In the beginning of the study, the authors collec-
ted patients’ personal information like age, sex, level
of education, height and body weight (BMI), dura-
tion of diabetes, chronic complications with the stage
of retinopathy and nephropathy, if any, and a histo-
ry of infections of the urinary tract and reproductive
organs. The authors evaluated such parameters as ar-
terial blood pressure (BP), heart rate (HR), glycated
hemoglobin (HbAlc), fasting plasma glucose, and
creatinine in the blood with the calculation of GFR.
During the first visit, patients filled in the EQ5D and
life quality evaluation forms. The Hospital Anxiety
and Depression Scale (HADS) was used to identify
the presence and severity of depression. The cogni-
tive condition of every patient was evaluated with
Mini-Mental State Examination (MMSE). Patients
additionally filled in a questionnaire that included the
questions on peculiarities of disease development and
the presence or absence of diabetic chronic complica-
tions. The questionnaire also included questions that
allowed the authors to evaluate the level of patients’
trust toward the attending physician and the awareness
of their disease.

The observation time was 24 weeks. During the
study, the authors evaluated the dynamics of labora-
tory parameters (HbAlc, creatinine, alanine amino-
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transferase (ALT), aspartate aminotransferase (AST),
low-density lipoproteins (LDL), and clinical param-
eters (BP, HR). Patients filled in the same question-
naires that they had during the first visit. The authors
analyzed medical documentation provided by patients
to reveal the development of urinary tract and repro-
ductive organ infections, cardiovascular conditions
(acute myocardial infection), acute coronary syn-
drome, acute cerebrovascular conditions, and hospi-
talizations for diabetic ketoacidosis. During the study,
the authors recorded data on the development of ad-
verse events and discontinuation of therapy with spec-
ifying the reason.

Statistical analysis was performed with the soft-
ware package STATISTICA 10 (StatSoft Inc, USA).
Qualitative parameters were presented as 7 (%), quan-
titative parameters in cases with normal distribution
were presented as an arithmetic average and standard
deviation (M £ SD), in cases with asymmetric distri-
bution as a median and quartiles (Me, 25% quartile;
75% quartile). To compare quantitative data, the au-
thors used the Mann — Whitney U-test. The Spear-
man’s rank correlation coefficient was used to identify
correlations between the factors. The obtained results
were considered statistically significant at p < 0.05.

RESULTS

The study included 102 patients with DM2 (Table
1). The mean age of patients was 58.3 £ 10.4 years
old, 56.8% of patients were women. By the time of in-
clusion into the study, 36.2% of the patients received
insulin drugs along with anti-hyperglycemic drugs
and 23.5% of patients received metformin as a mono-
therapy.

Table 1
Initial features of patients
Parameter, units of measurement Value
Average age, years 58.3+10.4
Women, n (%) 58 (56.8%)
Men, n (%) 44 (43.2%)
Duration of diabetes, years, M + SD 92+45
BMI, kg/m? 28.6£5.5
G i T
> 60 ml/min/1.73 m?, n (%) 58 (55.8%)
<60 ml/min/1.73 m?, n (%) 44 (44.2%)
HbAlc, %, M+ SD 8.8+ 1.6

64.7% of patients had completed a higher educa-
tion course, 29.4% of patients had secondary voca-
tional education. The comparison of levels of glycated

hemoglobin after 24 weeks in these two groups did not
reveal any significant differences with 8.2% (7.3-9.1)
and 8.4% (7.4-9.3), respectively (p > 0.05). However,
patients without cognitive disorders (24-30 points un-
der the MMSE inventory) had lower levels of HbAlc
with 7.7% (6.2-9.3) than patients with mild demen-
tia (20-23 points) who had HbAlc levels of 8.5%
(7.1-10) (p = 0.032).

The mean level of HbAlc after 24 weeks of treat-
ment was 8.4% (7.2-8.9) in patients that did not
miss the doses and 9.3 % (7.6-10.8) in patients that
missed doses several times per month and more often
(» = 0.026). Moreover, there was a correlation re-
vealed between the baseline level of HbAlc and the
possibility to buy drugs. In the group of patients who
had financial difficulties in buying even a part of the
drugs, the level of HbAlc was 9.7 % (8.9-10.5), while
in patients who did not have financial difficulties, the
level of HbAlc was 8.8 % (7.8-9.8), (» = 0.036). Si-
milar differences remained after 24 weeks of the the-
rapy: 9.5% (8.7-10.3) and 7.9 (6.8-8.7), respectively
(» = 0.027). The lipid profile evaluation showed that
the baseline level of LDL was 3.9 mmol/L (2.7-4.7)
in the group of patients who had financial difficulties
when purchasing drugs, and 2.8 mmol/L (2.2-3.3) in
patients who had none.

The quality of life self-estimated by patients under
the visual-analogue scale of EQ-5D inventory posi-
tively correlated with the total score according to the
MMSE inventory (p = 0.002; » = 0.69). At the same
time, the quality of life in patients who had no finan-
cial difficulties was significantly higher (62.5 (48.4;
75.3)) than in patients who had those difficulties (43.9
(30.1; 59.7)), (p < 0.001). In turn, a negative correla-
tion was obtained between the level of HbAlc and the
data obtained from EQ-5D inventory (p < 0.001; r =
0.51). The analysis of the results obtained from HADS
inventory revealed a positive correlation between the
level of anxiety and HbAlc (p < 0.001; » = 0.51). A
weak but statistically significant positive correlation
was found between the level of depression under
the HADS scale and the level of HbAlc (p = 0.016;
r=0.31).

Empagliflozin therapy was discontinued in 39 pa-
tients (38.2%) due to the following reasons: cost of the
drug (17 patients, 16.6%), adverse effects (11 patients,
10.7%), lack of effectiveness of the therapy as an im-
provement of the glycemic control (8 patients, 7.8%),
other reasons (3 patients, 2.9%). Among patients that
discontinued therapy because of financial difficul-
ties, 70% stopped purchasing the drug within the first
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90 days of the therapy. The most common adverse ef-
fects were urogenital conditions (15.7% of them were
registered in female patients — 76.4% of all urogenital
infections), mild hypoglycemia (8.8%), and hypoten-
sion (5.8%). In 4 patients, the recurrence of urogenital
infections (more than 1 time) was observed. Discon-
tinuation of therapy because of recurrent vulvovagini-
tis was required in 2 female patients.

DISCUSSION

Poor adherence to treatment was associated with a
number of factors that can be grouped in social-eco-
nomic, therapy-associated, and medical personnel-as-
sociated factors [21]. Many of these factors can be
interconnected, which makes it difficult to identify the
main reasons for failure to adhere to the treatment. For
example, patients may report that they simply forgot
to take the drug because of “being busy” with their ev-
eryday life when, in reality, they lack the motivation
to take the drug. This can be associated with failure
to understand its importance, concern about unfavo-
rable events, and lack of a possibility to purchase it or
any other reason that overweighs the benefits that, in
their mind, the therapy would bring. Even the fact of
taking the drug on a daily basis can negatively affect
adherence since it reminds the patients that they are
sick [22].

Since the patients primarily reported good connec-
tions with their physician and the study did not include
interviewing the medical personnel, it was impossible
to evaluate the impact of medical personnel on the ad-
herence to treatment. One of the studies conducted in
northern California that included 9 thousand patients
showed that patients who had a lower level of trust
to their doctor were found to have poorer adherence
to the treatment [23]. Some studies showed that there
were medical personnel-associated factors that de-
creased the effectiveness of the treatment as the lack of
involvement of patients into making decisions during
the therapy and lack of understanding of issues that
might arise during the therapy. The results of the pre-
sent study showed that only 34.3% of doctors discussed
financial aspects of the treatment with their patients.
Besides, such factors as openness, emotional support,
clear and complete information, and possibility to ask
questions contribute to the establishment of a trustful
relationship between doctors and patients [24].

Social and economic factors influence the adher-
ence to therapy by patients with chronic diseases, in-
cluding diabetes mellitus. A recent study (a telephone
survey) was aimed at evaluating the rate of refusals

to continue the treatment with anti-hyperglycemic
drugs. Around 16% out of 1200 patients with DM2
reported on the discontinuation of therapy because of
the cost of the drugs (patients were not divided into
groups) [25]. Meanwhile, the cost of different drugs
varies widely and patients with financial difficulties
refuse expensive therapy more often. In this study, the
authors evaluated the impact of this factor on the ad-
herence to the therapy with empagliflozin. The rate of
refusal because of financial issues was 16.6%, which
corresponded to a moderate rate. At the same time,
patients who had financial difficulties when purcha-
sing drugs had significantly higher levels of glycated
hemoglobin both in the beginning of the study and af-
ter 24 weeks of empaglifiozin therapy. They also had
higher levels of LDL and worse quality of life. The
obtained results show that the cost of drugs is an im-
portant factor that negatively affects the adherence to
the treatment.

The complexity of the drug regimen and high daily
rate of drug intake also determine the adherence to the
therapy. Several studies described the influence of the
rate of dosing on adherence to the treatment recom-
mendations [22, 26]. The analysis of the data of pa-
tients with atrial fibrillation and arterial hypertension
showed that the adherence to the therapy in patients
with single daily administration of a drug was 26%
higher than in patients that had to take a drug twice
a day [26]. This data indicates a significant impact
of the drug regimen on the adherence to the therapy
in patients with diabetes mellitus and other chronic
diseases. This study did not evaluate the dose regimen
because empaglifiozin is always administered once a
day and this can positively influence the adherence to
the treatment.

The tolerance and safety of drugs also influence
the adherence to the treatment. The influence of ad-
verse events provoked by anti-hyperglycemic drugs
on the adherence to the treatment was evaluated by
RECAP-DM [25]. The study included 1709 patients
that received monotherapy with metformin as well as
sulphonylurea or thiazolidinedione-containing drugs.
The study results showed that patients with hypo-
glycemic episodes missed the doses of the drug and
discontinued the therapy more often. The patients as-
sessed the effectiveness, convenience, and satisfaction
with the treatment significantly lower than patients
that did not have any hypoglycemic conditions. The
results of this study show that hypoglycemic condi-
tions in patients who received empagliflozin were ob-
served in 8.8% of patients. All those patients received

48 Bulletin of Siberian Medicine. 2020; 19 (3): 44-51



Original articles

insulin therapy and needed dose correction of insulin
after the beginning of empaglifiozin therapy. Still, the
development of hypoglycemic conditions did not lead
to discontinuation of the therapy. Urogenital infec-
tion was the most common adverse effect (15.7% of
patients). In clinical studies, the morbidity rate with
genital infections in patients who received empagli-
flozin was 5% in comparison with the placebo group
(1%). The incidence rate of urinary tract infection in
the groups that received empaglifiozin 10 and 25 mg
and the placebo group was similar (9.8%, 10.4%,
9.3%) [27]. The present study revealed a higher rate
of urogenital infections in comparison with a random-
ized controlled study. This can be explained by the
fact that only 64.5% of attending physicians told the
patients about possible adverse effects and advised on
how to prevent them. Among patients who discontin-
ued the therapy because of adverse effects, 72.7% of
patients stopped taking the drug after a single event
of urogenital infection, although it is recommended to
discontinue the therapy with SGCI2 only in case of
recurrent urogenital infection.

Apart from social and economic factors, specifics
of therapy and factors associated with attending phy-
sicians and individual characteristics of patients also
have an impact on the low level of adherence to the
treatment. Some authors see a low level of awareness
as a potential barrier for optimal adherence to the the-
rapy. A survey conducted among 405 patients with
DM2 showed that patients with a high level of aware-
ness and strong belief that anti-hyperglycemic drugs
are necessary had better adherence to the therapy [28].
And vice versa, patients with a high level of concern
about adverse events showed a lower level of adhe-
rence to the therapy. In this study, less than a half
of the patients were aware of their level of glycated
hemoglobin before being included into the study. It
should be mentioned that cognitive condition of pa-
tients also influenced the adherence to the therapy and
the quality of life. Patients without cognitive disorders
had lower levels of glycated hemoglobin in compar-
ison with patients with mild dementia. The MMSE
score positively correlated with the quality of life ac-
cording to patients’ self-estimation. Depression can be
one of comorbid chronic diseases associated with the
level of adherence to the therapy. Symptoms of de-
pression were associated with a lower level of adher-
ence in one of the studies [29], which agrees with the
results obtained by the authors. Furthermore, it was
shown that the level of anxiety and depression (HADS
inventory) positively correlated with the level of gly-

cated hemoglobin, which can prove the influence of
psychological welfare on adherence to the therapy.
There are also other factors that influence the adher-
ence to the therapy, such as alcohol abuse [30] and
severity of comorbid diseases [31], but they were not
evaluated in this study.

The authors obtained data on adherence to SGCI2
(empaglifiozin) therapy in clinical practice. The main
reasons that influence the duration of the treatment
were financial difficulties, development of adverse
effects, and lack of effectiveness of the therapy. The
possibility for purchasing the required drug in a vol-
ume needed for the therapy was associated with bet-
ter glycemic control and better quality of life. Among
factors that influence the adherence to the therapy, a
decrease in the quality of cognitive functions plays
an important role. Preventive measures aimed at the
maintenance of the cognitive status of patients with
chronic diseases, including DM2, are important to im-
prove the adherence to the therapy. At the same time,
the obtained data indicates that the psychological sta-
tus of the patient should be taken into account when
evaluating the adherence to the therapy. Therefore,
psychotherapy may have a positive influence on ad-
herence to the recommended treatment.

CONCLUSION

Low adherence to treatment is a crucial issue for
patients with chronic diseases like diabetes mellitus.
Understanding the factors associated with the failure
to adhere to recommendations can help resolve this
issue while improving the adherence to the therapy
reduces long-term negative consequences in patients
with diabetes mellitus. All the factors that influence
the adherence can be divided into those that can be
corrected (awareness, adverse events) and those that
cannot be corrected (cognitive condition, comorbid
diseases). When choosing the therapy, doctors should
work with factors that can be corrected: educate and
instruct patients and discuss financial aspects and
adverse events, as well as ways to prevent and treat
them. Wide implementation of the above-mentioned
inventories can help significantly when evaluating the
risk factors of the low level of adherence and deve-
loping individual measures to improve it. At the same
time, many factors that cannot be corrected tend to
have a different nature in the beginning of the ther-
apy. To improve the interaction between doctors and
patients, teaching doctors how to communicate with
patients and take action to improve the adherence to
the therapy should become compulsory in modern
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medical education. Patients with diabetes mellitus
meet numerous barriers trying to adhere to the ther-
apy, therefore, the researchers need more data to sys-
tematize all the factors that influence the adherence
and to develop practical advice on how to improve the
adherence to the treatment.
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Age-specific comparison of some morphological parameters of the proximal
phalanges of the hand in male children and adolescents from Tajikistan
and Western India
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ABSTRACT

The aim of the study was (a) to establish ethnicity-specific differences in such morphological parameters of the
proximal phalanges (PP) as the bone length and the width of diaphysis in male children and adolescents from
Tajikistan and Western India and (b) to develop regression equations for determining their age based on the size
of the PP.

Materials and methods. Three hundred and sixty-two X-ray images of the right hand of male subjects were
examined. All subjects originated from Tajikistan and Mumbai, India, and aged from 6 to 17 years. The relationship
between the subjects’ age and the length of the PP (LPP) and the width of the diaphysis of the PP (WPP) was
investigated using a simple linear regression and correlation analysis. The LPP and WPP dependence on age was
determined using one-way ANOVA and the Kruskal-Wallis test followed by post-hoc analysis by age groups.

Results. LPP and WPP of the subjects from Tajikistan and India correlated with age, with the correlation coeffi-
cient exceeding 0.5. In both ethnic groups, the correlation coefficients for LPP vs. age was greater than 0.8. The
correlation coefficient for WPP vs age ranged from 0.68 to 0.77 in Tajiks and from 0.58 to 0.69 in Indians. Simple
linear regression models were developed to predict the age from LPP (R? > 0.6), except for LPP 5 for Tajiks. The
LPP 5 values in Tajiks and the WPP values in both ethnic groups showed weak R?, which ranged from 0.35 to
0.53. Eleven significant differences were identified between the ethnic groups of the same age with respect to LPP
and WPP.

Conclusion. PP length was a better age predictor than the diaphysis width. The most reliable predictor for both
ethnic groups was LPP 2. The PP parameters did not change uniformly over time. The PP demonstrated especially
intensive growth between 12 and 15 years. The most significant differences in LPP and WPP between two ethnic
groups were found for the ages of 8 and 15-16 years, with LPP and WPP in Tajiks exceeding those in Indians.

Key words: hand, phalanges, identification from bones, age estimation, ethnic features.
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CpaBHUTE/IbHAA OLLEHKA HEKOTOPbIX /IMHEMHbIX NApamMeTpPOB NMPOKCUMA/IbHbIX
danaHr KUCTU y geTell U NOAPOCTKOB MYKCKOro no/sa TaAXXMKUCTaHA
1 3anagHoi UHANK B BO3pacTHOM acrekTe

MaTioweukuH C.B.

Ilepsuiii Canxm-Ilemepbypeckuii 2cocyoapcmeennvii meouyunckuil yuusepcumem (IICIHIOI'MY) um. axao. U.11. Ilasnosa
Poccus, 197022, 2. Canxm-Ilemepbype, yn. Jlvea Toncmoeo, 6/8

PE3IOME

Leab. YCTaHOBUTh 3THUYECKUE PA3NHYMs B JIMHEHHBIX TapaMeTpax JIHHBI MpoKcuManbHbIX (ananr ([1D) u
mpuHe! 1uadu3oB [1O y nereit 1 moapocTkoB Mysxckoro nona Tamkukucrana u 3anagHoit Maauu. Paspaboratsh
peTpecCHOHHBIC YpaBHEHHS IS OTIpeieNieHHs Bo3pacTa 1mo pa3mepam [1D.

MarepuaJjbl 1 MeTObl. VccnenoBano 366 peHTTeHOrpaMM IPaBOii KUCTH JIHI MYXKCKOTo nosia TakukucTtasa (.
Kannbanam) u 3anagnoii Uaauu (r. Mym6an) 6—17 ner. 3aBucumocts Bo3pacta oT ainuHsl [1O (Anl1d) u mupunst
nmuaduza [1D (IUI1D) u3ydanack ¢ HOMOIIBIO HAPHOTO JTUHEHHOTO PErPECCHOHHOTO aHAIN3a M KOPPEIALUOHHOTO
aHanu3a. Brimsgnue Bospacta ma [nlld, LIIIP onpemensnocs ¢ MOMOLIBI0 OJHOGAKTOPHOTO TUCIIEPCHOHHOTO
aHanm3a, kputepus Kpackena — Yoimnca u mocieayromiero post-hoc ananusa mo Bozpactam.

PesyabTatsl. J{nl1® u IITD npencraButencii Tamkukuctana i MHIHUM KOPPETUPYIOT C BO3PACTOM, KO3(HDHUIIHMEHT
koppessiunu 6ombuie 0,5. B 06enx sTHHYECKHX rpymiax Ko3(GHUIHEHTHl KOPPEeIiy Mexay Bo3pactoM u J[nl1d
npesbimany 0,8. Koadpunment koppemnsmu Bospacra u IO y tajxukoB konednercs B quanaszone 0,68-0,77,
y unauiiueB — 0,58-0,69. ITocTpoeHbl napHbie JIMHEHHBIE PErPeCCHOHHBIE MOJIENN JUIsl TIPOTHO3a BO3pacTa Io
Jll® ¢ koaddunnenTom nerepmunanuu R2, GonbiuM 0,6, 3a uckimouennem JlI®S s Tampkukos. JlldS
Ui TaJUKUKOB M 3HadeHust LIIID s o0enx STHUYECKHMX Tpymn nokasamu ciaabbie R? (0,35-0,53). Haiineno
11 3HaYMMBIX pa3nIuuuil MEXIy PaBHOBO3PACTHBIMHU 3THHYEeCKUMHU rpynnamu no Jnlld u HIIO.

3axaovenne. [Inl1d sBisercs TydmuM HpeJUKTOPOM BO3pacTa, deM mmprHa auadusa. CaMbIM HaJleKHBIM
HPETUKTOPOM JuIsi 00enx HaruoHambHOcTed sBisiercss [nlld2. Veennuenwe mapamerpoB I[1d mpomcxomur
HepaBHOMEPHO ¢ Bo3pacToM. MHTeHcuBHBII poct [1d HabmomaeTcst mpenMyIiecTBEHHO B HHTepBase 12—15 net.
Bbonbiie Beero 3Haunmbix oTinauil nlld u III® mexny 3STHUUECKUMU rpynaMy HailieHo B 8 u 1516 nert, npu
stoM Jnl1® u HIT1D TamKkukoB npeBblaId HHAUNHCKHUE.

KimioueBble cj10Ba: KUCThb, (ajaHrd, WICHTH(GUKALUS [0 KOCTSM, OIpPEIeNICHHE BO3pacTa, STHUYECKUE
0COOEHHOCTH.

KoHpaukT HHTEpecoB. ABTOp ICKIApHPYET OTCYTCTBUE SBHBIX M MOTEHIMAIBHBIX KOH(IIMKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNneil HaCTOSIIECH CTaThH.

HUcTouHuk (l)ﬂHaHCﬂpOBaHHﬂ. ABTOp 3asBJISIET 00 OTCYTCTBHUHU Q)I/IHaHCI/IpOBaHI/Iﬂ.

CooTBeTcTBHE MPUHIMIAM 3THKH. PouTenn HeCOBEPIICHHOJIETHHUX MOITHCHIBATA HHPOPMUAPOBAHHOE COTJIA-
CHE Ha UCIIOJIb30BaHUE MOTYYCHHBIX JaHHBIX B HCCIEIOBATENLCKON padote. MccienoBaHue 0q00peHO JTOKATb-
HEIM 3THYecKUM KomuTeToM [ICII6IMY.

Jost uurupoBanusi: Mariomeukun C.B. CpaBHuUTENIbHAS OLIEHKA HEKOTOPBIX JMHEHHBIX MAPaMEeTPOB MPOKCHU-
MaJbHBIX (hayaHr KUCTH y JIeTeil ¥ MOAPOCTKOB My»xcKoro nojia Tapkukucrana u 3anagHol Vuaum B Bo3pact-
HOM acnekTte. browiemens cubupcrkori meouyunsl. 2020; 19 (3): 52-59. https://doi.org: 10.20538/1682-0363-2020-
3-52-59.

INTRODUCTION

The study of the human skeleton with respect to
ethnicity and origin-specific features remains an im-
portant research area. We need to accumulate data on
bone growth patterns in people of different origins
because, due to the considerable increase in migra-

tion observed over the past decades, more and more
people arrive from countries with different climates.
The study of bone growth in people coming from oth-
er climate zones and areas with a different population
structure is of considerable interest to morphologists,
as well as pediatricians, traumatologists and forensic
experts [1-3]. The need to identify a victim, i.e. to
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establish their gender and age, sometimes using only
bones or even just bone fragments, arises after indus-
trial and natural disasters with mass casualties, as well
as in criminal cases. X-ray is commonly used for iden-
tifying badly damaged remains [4]. When analyzing
X-ray images, one should remember that the pattern
of bone formation and growth may vary in people
originating from different countries and even different
areas of the same country. Possible reasons respon-
sible for such discrepancies include climatic factors,
ethnic characteristics, environmental and geographi-
cal factors, which change over time [5]. In developing
countries, such as India, age estimation is an impor-
tant task because illiterate people may not keep proper
birth records [6]. In South Asia, up to 65% of chil-
dren under five years old do not have their birth re-
gistered [7]. Regression equations for the single-bone
age estimation yield much better results, i.e. closer to
real values, if the estimation takes population-specific
characteristics into account [8]. Errors are likely to oc-
cur if a person is being identified from bones without
population-specific morphologic parameters being
considered [9]. For instance, a study of the size of the
second metacarpal bone in Guamanians and white
Americans revealed a difference in the length of this
bone between the compared groups [10]. Data col-
lected by the Institute of Demography of the Nation-
al Research University Higher School of Economics
show that during the period from January to July 2018
Tajikistan contributed the most to the Russian Fed-
eration’s net migration gain [11]. People from Tajik-
istan come to the Russian Federation together with
their children of preschool and school age. This fact
provides the rationale for deepening our knowledge
on various body structures of Tajik children and their

ethnic-specific characteristics. S.S. Mirzoev points
towards the ethnic specificity of Tajiks, their specific
genotypic and phenotypic features [12]. Osteological
studies of people from Tajikistan were carried out as
far back as the 1960s [13], so it has been a long time
since those results were obtained. The literature search
among available sources showed works neither on the
growth patterns of the proximal phalanges (PP) of the
hand of men from Tajikistan, nor on the approaches
for estimating their age from the size of the PP.

The aim of this study was (@) to establish ethnici-
ty-specific differences in such morphological parame-
ters of the proximal phalanges as the bone length and
the width of the diaphysis in male children and ad-
olescents from Tajikistan and Western India and (b)
to develop regression equations for determining their
age based on the size of the PP.

MATERIALS AND METHODS

To identify ethnicity-specific characteristics in the
morphological parameters of the PP, a comparison was
performed among 115 Tajik boys and adolescents aged
6 to 17 years from Konibodom (Tajikistan), which is
an area with a continental subtropical climate and a
continental mild climate, and 251 boys and adolescents
from Mumbai (Western India), which is an area with a
tropical monsoon climate. In Tajikistan, the study was
conducted in Konibodom, inhabited by 96% of the in-
digenous Tajik people (Viloyati), which belong to the
ethnic group of Tajiks of the cities and oases [14]. In
India, the study was conducted in Mumbai, whose in-
habitants represent the Indo-Arabian ethnic group. All
the X-ray images were obtained in the presence of the
author during his trips to India and Tajikistan. Data on
the age distribution are presented in Table 1.

Table 1
Distribution of the examined male children and adolescents between the geographical regions and among the age groups
) Age, years
Region
6 7 8 9 10 11 12 13 14 15 16 17
Western India 14 14 10 10 17 20 27 36 25 37 22 19
Tajikistan 5 10 9 8 10 10 11 13 7 15 7 10

X-ray examinations were performed in patients
with suspected fractures and in apparently healthy
children who complained of pain in the joints of the
hand. The study included the images of the right hand
obtained from children and adolescents who did not
have any skeletal disorders. Parents of the underage
subjects signed letters of informed consent for the use
of the obtained data in the research work.

X-ray images were obtained at a 60-cm distance
from the anode area of the X-ray tube to the film. The
length of the PP and the width of the PP diaphysis
(at the middle) were measured in the X-ray images of
the hand using a sliding caliper with an accuracy of
0.05 mm. The length of each PP was measured from
the middle of the semilunar contour of their base to the
very distal contour of the head.
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The study data were processed statistically. Re-
gression analysis was performed to determine the re-
lationship between the age of the study subjects and
the morphological parameters of their PP. The quality
of the regression model was evaluated using the de-
termination coefficient R’ and the overall significance
assessed by the F-test. The residual normality was as-
sessed using the Kolmogorov-Smirnov normality test.
The residuals were tested for having expectation zero
using the one-sample t-test. For normally distributed
data, the relationship between the age of the examined
children and the length of the PP and the width of the
PP diaphysis was assessed using Pearson’s correlation
coefficient (r). The Spearman rank-order correlation
coefficient (rs) was used for non-normally distributed
data. The significance of the correlation coefficients
was assessed using Student’s t-test. The Shapiro—Wilk
normality test was used for small samples of the PP
length and diaphysis width values within each age
group.

The age-specific comparison of the PP length and
diaphysis width was carried out using either a para-
metric analysis (one-way analysis of variance, or
one-way ANOVA) or a non-parametric analysis (Kru-
skal — Wallis test, or H-test), depending on the data
distribution in a given age group. Further post-hoc
pairwise comparisons between the age groups were
carried out using the Student’s #-test after one-way
ANOVA or the Mann — Whitney U-test if the Krus-
kal — Wallis H-test had been previously used. In both
cases, multiple comparisons were processed using
the Benjamini — Hochberg procedure (false discov-
ery rate, or FDR). The morphological parameters of
the PP in children and adolescents of the same age
from Tajikistan versus Western India were also com-
pared using #-test for normal distribution and U-test
for non-normal distribution.

Descriptive statistics were given as M (SD) for
normally distributed PP length and diaphysis width
values and as Me(Q ~Q,) for non-normally distribu-
ted values, where M is the mean, SD is the standard
deviation, Me is the median, O, and Q, are the first
and third quartiles, respectively. The threshold for sta-
tistical significance was set at 0.05 for all hypothesis
testing criteria.

RESULTS AND DISCUSSION

An age-specific comparison of the length of the
PP and the width of the PP diaphysis was performed
in male subjects from Tajikistan and Mumbai. In this
paper, LPPX refers to the length of a proximal pha-

lanx and WPPX refers to the width of the diaphysis of
a proximal phalanx, with X being the finger number.
Study data are presented in Figures 1 and 2 for India
and Tajikistan, respectively. The interquartile ranges
show that the PP length values in the subjects from
both ethnic groups had a smaller dispersion compared
to the PP diaphysis width values.

The PP length values in the subjects from both eth-
nic groups have a smaller dispersion compared to the
PP diaphysis width values (Fig. 1, 2).

The PP length and diaphysis width did not grow uni-
formly over time (all significant results were obtained
using the Benjamini — Hochberg procedure [FDR cor-
rection]). The growth periods were as follows:
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Fig. 1. Changes in morphological parameters of the

proximal phalanges of the hand in boys and adolescents
from Western India: @ — length of a proximal phalanx (LPP);
b — width of the diaphysis of a proximal phalanx (WPP),
mm. The horizontal axis shows age (years); the vertical axis
shows morphological parameters of the bones (mm). The
curve represents median values; the whiskers show the first
and third quartiles. PP1 to 5 denote proximal phalanges of
the 1% to 5" finger.
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Fig. 2. Changes in morphological parameters of the proximal phalanges of the hand in boys and adolescents from Tajikistan:

a — length of a proximal phalanx (LPP); b — width of the diaphysis of a proximal phalanx (WPP), mm. The horizontal axis

shows age (years); the vertical axis shows morphological parameters of the bones (mm). The curve represents median values;
the whiskers show the first and third quartiles. PP1 to 5 denote proximal phalanges of the 1% to 5* finger.

— Indian subjects from Mumbai, PP length. LPP1,
LPP2, LPP3, LPP4: 6-7, 12-13 and 14-15 years;
LPP4 also 89 years; LPP5: 10-11, 12-13, 14-15
years;

— Indian subjects from Mumbai, PP diaphysis
width. WPP1 to 5: 12-13 years;

— Tajik subjects, PP length. LPP1: 14-15 years;
LPP2: 6-7, 7-8, 15-16 years; LPP3, LPP5: 9-10, 15—
16 years; LPP4: 9—-10, 14-15, 15-16 years;

— Tajik subjects, PP diaphysis width: no significant
differences between the adjacent age groups.

The Kruskal — Wallis H-test and ANOVA showed
a significant increase in the studied morphological
parameters of the PP with age. However, the post-
hoc analysis revealed that the statistically significant
difference in the morphological parameters assessed
between age pairs was greater for the PP length com-
pared to the diaphysis width both in Indians (by 20.6%
on the average) and Tajiks (by 32.9%) (Table 2).

The correlation analysis of individual osteometric
parameters of the PP of the hand was performed using
the Spearman rank-order correlation.

Table 2
Changes in LPP and WPP with respect to age and post-hoc analysis results
Mumbai (India) Tajikistan
Parameter Mult'1ple. Number of pairwise Multiple and pairwise .Number of pairwise
and pairwise p-value differences between . p-value differences between age
: comparison
comparison age groups groups
LPP1 H-test, U-test <0.001 54 one-way ANOVA, <0.001 37
Tukey’s test
LPP2 H-test, U-test <0.001 56 H-test, U-test <0.001 50
LPP3 H-test, U-test <0.001 55 H-test, U-test <0.001 50
LPP4 H-test, U-test <0.001 57 H-test, U-test <0.001 53
LPP5 H-test, U-test <0.001 55 H-test, U-test <0.001 44
WPP1 H-test, U-test <0.001 42 H-test, U-test <0.001 34
WPP2 H-test, U-test <0.001 43 H-test, U-test <0.001 37
WPP3 H-test, U-test <0.001 45 one-way ANOVA, | _ g g0 24
Tukey’s test
WPP4 H-test, U-test <0.001 42 H-test, U-test <0.001 35
WPP5 H-test, U-test <0.001 48 H-test, U-test <0.001 27

Note. LPP1-5: length of the first to fifth proximal phalanges of the hand; WPP1-5: width of the diaphysis of the proximal phalanges of the hand;
H-test: Kruskal — Wallis test; U-test: Mann — Whitney test; one-way ANOVA: one-way analysis of variance.
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Linear regression equations were developed to be
used as a method for determining the age of male sub-
jects in Tajikistan and Western India.

If all the bones of the hand are available, multiple
linear regression is the best method for age estima-
tion. If only separate bones are available for testing, a
single bone can be used to create the regression equa-
tion [8].

The regression models were developed during the
correlation and regression analysis that can be used to
estimate the age of 6 to 17-year-old boys and adoles-

cents from Mumbai and the indigenous Tajik people
(Viloyati) (Table 3).

The length of the PP in boys and adolescents from
Tajikistan and Western India showed a closer correla-
tion with age than the width of the PP diaphysis (Table
3). All rank correlation coefficients for age versus bone
length exceed 0.8. In contrast, the correlation coeffi-
cients for the PP diaphysis width ranged from 0.58 to
0.75 in both study groups. It was found that nine out of
ten correlation coefficients for Tajik boys and adoles-

cents exceeded those of Indians by an average of 8%.

Table 3

Regression models for the age estimation of 6 to 17-year-old children and adolescents in Mumbai (India) and Tajikistan developed
using data on the length of the PP and the width of the PP diaphysis of the hand

Parameter Regression model Ftest, Adjusted R’ Correlgtlon Applicability of the
p-value coefficient rs model*
Mumbai (India)
LPP1 Age=—3.049 +0.596 x LPP1 <0.001 0.682 0.820 yes
LPP2 Age =—15.538 +0.529 x LPP2 <0.001 0.718 0.827 yes
LPP3 Age=-15.327+0.466 x LPP3 <0001 0.712 0.822 yes
LPP4 Age=-5.518+0.507 x LPP4 <0.001 0.705 0.822 yes
LPP5 Age =—3.681 +0.583 x LPP5 <0.001 0.659 0.814 yes
Tajikistan
LPP1 Age=—4.576 +0.645 x LPP1 <0.001 0.706 0.848 yes
LPP2 Age=-5.401+0.516 x LPP2 <0.001 0.745 0.874 yes
LPP3 Age =-3.457 + 0.404 x LPP3 <0.001 0.664 0.879 yes
LPP4 Age=-4.213 +0.454 x LPP4 <0.001 0.6915 0.879 yes

Note. LPP1-5: length of PP 1 to 5; age is given in years.
*The practical applicability of the model.

All the correlation coefficients shown in Table 3 are statistically significant. All the residuals follow a normal distribution and have zero expectation.

M.A.Grigoryeva, E.S.Anushkina [15] point out
that the choice of the optimal regression model may
be complicated even if the object is not damaged.
Mathematical models yield the most accurate results
when the proportional composition of the studied
population resembles as much as possible the com-
position of the population used to develop the equa-
tions [5].

Although multivariate tests showed a significant
increase in the PP length and diaphysis width with
age, and the correlation analysis confirmed these re-
lationships for all the morphological parameters stu-
died, well-fitting regression models (R*> 0.6) could be
developed only for the length of PP1 to 4.

The models developed for the age estimation
from the length of the PP in boys and adolescents
from Western India were of approximately the same
quality: the determination coefficients ranged from
0.66 (PP5) to 0.72 (PP2). The best regression model
for the age estimation in Indian boys (Mumbai) was

developed using LPP2 as the independent variable
(p <0.001).

LPP2 was also the best predictor of age in boys and
adolescents from Tajikistan. The determination coeffi-
cient of the LPP2 model was 0.75 (p <0.001) and it sig-
nificantly exceeded the coefficients for other models.

When comparing the regression models developed
for the two ethnic groups studied, it was found that the
length of the PP between 6 and 17 years grew faster
in Tajik boys and adolescents, whose multipliers of
the independent variables exceeded those in the Indi-
an subjects of the same age in four of the five models
(PP2-4) (Table 3). The growth in width of PP1 to PP3
diaphysis in children and adolescents of Tajikistan
also exceeded that in the Indian subjects of the same
age. However, the diaphysis width of PP4 and PP5
grew faster in the Indian subjects from Mumbai.

A comparative analysis of the PP sizes in boys
from Western India and Tajikistan revealed several
differences (Table 4).
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Table 4
Age-specific differences in the morphological parameters of PP between two ethnic groups

No. Parameter Age, years P-value Mumbai (India) Tajikistan
1 LPP1 8 0.005 20.6 (19.0 21.0) 22.2(1.9)
2 LPP2 8 0.021 27.2(1.7) 29.4(2.0)
3 LPP3 8 0.029 30.1 (2.0) 32.6(2.4)
4 LPP4 8 0.022 28.0 (2.1) 30.5(2.2)
5 WPP1 12 0.020 7.1(0.9) 8.1(1.2)
6 WPP2 15 0.040 9.0(8.19.8) 9.5(8.810.0)
7 WPP4 15 0.027 8.9 (8.19.0) 9.2 (0.9)
8 LPP2 16 0.021 38.6 (2.3) 40.9 (1.9)
9 LPP3 16 0.002 433 (2.3) 46.6 (1.8)
10 LPP4 16 0.005 40.2 (2.2) 432 (2.0)
11 WPP4 16 0.023 8.7(0.9) 9.9 (1.1)

LPP1-4: length of the proximal phalanges of the first to fourth fingers; WPP1—4: diaphysis width of the proximal phalanges of the first to fourth

fingers.

Eight-year-old Tajik boys had longer PP of fingers
1,2, 3, 4 compared to the Indian boys of the same age.
In the age range between 9 and 14 years, no significant
differences in the studied morphological parameters of
the PP were found, except for WPP1, which was sig-
nificantly greater in the subjects from Tajikistan. The
analysis of X-ray images showed that the width of the
PP diaphysis in the first and second fingers was sig-
nificantly greater in 15-year-old boys from Tajikistan
compared to the Indian boys of the same age. Also,
the length of PP2, PP3, and PP4, as well as the diaph-
ysis width of PP4, were greater in 16-year-old subjects
from Tajikistan versus 16-year-old Indian boys.

CONCLUSION

The most accurate estimation of the age of children
and adolescents between 6 and 17 years is achieved
when a researcher uses data from the same ethnic
group. The bone length is the better predictor of the
age of Tajik and Indian (Mumbai) children and ad-
olescents than the diaphysis width if the age is esti-
mated based on the size of the proximal phalanges of
the hand. The length of the proximal phalanx of the
second finger is the most reliable predictor of age for
both ethnic groups. An osteometric study conducted
in boys and adolescents aged between 6 and 17 years
revealed that the proximal phalanges of the hand did
not grow uniformly over time. The PP demonstrated
intensive growth between 12 and 15 years. Most of
the significant between-group differences in the length
and diaphysis width were found for the ages of 8 and
15-16 years, with the greater length and width values
observed in Tajiks compared to the Indian (Mumbai)
subjects of the same age.
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Late results and health-related quality of life in patients after endovascular
treatment for multiple intracranial aneurysms
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ABSTRACT

Aim. To assess the results of endovascular treatment in patients with multiple intracranial aneurysms (MIA) in the
late postoperative period according to health-related quality of life (HRQoL) concept.

Materials and methods. 172 cases of patients having undergone endovascular MIA repair were examined. The
evaluation of patient health-related quality of life was carried out using the SF-36 (The Short Form (36) Health
Survey), the ICF (the International Classification of Functioning), and the modified Rankin Scale (mRS).

Results. The complication of subarachnoid hemorrhage (S4H) appears in approximately 1,2% of cases in the late
postoperative period. When assessing the health-related quality of life according to the SF-36 domains in patients
with Subarachnoid hemorrhage (SAH), the QoL showed a decrease in “Social Functioning” (p = 0.03). In patients
with pseudotumor cerebri (PTC) a decrease was seen in “Role-Physical Functioning” (RP) (p = 0.004), while
“General Health” (GH) (p = 0.049), “Social Functioning” (SF) (»p = 0.005) and “Mental Health” (MH) (p = 0.009)
subscales also saw decreases.

Having more than two inpatient surgical procedures is also associated with the health-related quality of life of
patients (p < 0.05). Assessment of activity with ICF showed the intensity of irregularities on the d4501 domain
— “walking short distance” — depended on the existing SAH (p < 0.05). Procedural complications affected the
patient’s daily activities on the domains d4501 — “walking long distance” (p = 0.03), and d640 — “doing household
chores” (p = 0.01).

Conclusion. The assessment with ICF allows the specification of patient activity and participation in public life. The
SF-36 scale provides additional information on the patients’ subjective perception of their condition. Considering
the quality of life in the late postoperative period is not completely restored in all patients, ongoing rehabilitation
measures, diagnostic cerebral angiographies and improvements in the surgery techniques are required.

Key words: cerebral aneurysms, multiple aneurysms, postoperative period, long-term results, endovascular
treatment, quality of life.
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OTpaaneHHble pe3y/IbTaTbl U KAYECTBO KU3HU Y MALMEHTOB C MHOXXECTBEHHbIMMU
Lepebpa/ibHbIMK QaHEBPU3MAMM NMOC/I€ DHAOBACKY/IAPHOIO /Ie4eHUA

OnenHuk A.A.", UBaHoBa H.E.", TopouweHko C.A.', OnenHuk E.A.", UBaHoB A.10.2

I Poccutickuii Hayuno-ucciedosamenvckull Hetipoxupypaudeckuti uncmumym (PHXHU) um. npog. A.JI. Ionenosa,
Hayuonanvnoiii meouyunckuii uccredosamenvexuil yeump (HMHUL]) um. B.A. Anmazosa
Poccus, 191014, 2. Canxm-Ilemepbype, y1. Maaxosckoeo, 12

2 Cankm-IlemepOypeckuii 2ocydapcmeennblil neduampudeckutl meouyunckuil ynusepcumenm (CIToITIMY)
Poccus, 194100, 2. Canxm-Ilemep6ype, yn. Jlumosckas, 2

PE3IOME

I.Iem;. OHSHI/ITL PE3YIbTAThI JICUCHUST OOJIBHBIX ITOCIIE SHAOBACKYJISIPHBIX BMCIIATCIILCTB 110 IOBOAY MHOKECTBCH-
HBIX Hepe6paJII>HI>IX AHEBPU3M (MHA) B OTHAJICHHOM IOCJICONEPAMOHHOM NEPpUOAC C YUYETOM KadeCTBa KXHU3HHU
Al CHTOB.

Marepuajbl 4 MeToasbl. [IpoananuzupoBans! ganHble 172 HabmoaeHuit ¢ MHA, onepupOBaHHBIX YHIOBACKYJIISAP-
Ho. MccrienoBanne KauecTBa KH3HNA MPOU3BOAMIOCH C UCIONB30BaHHeM obmiero onpocauka The Short Form-36
(SF-36), Mexxaynapoauoii knaccudukannu ¢pyHkunonuposanus (MK®), mkanst PankuHa.

Pe3yabTaThl. B oTnaneHHOM nocieonepannoHHOM neprose cybapaxHounanbaoe kposousnusaue (CAK) orme-
4eHo B 1,2% ciyuaes. [Ipu onenke 1o mkane SF-36 y 6onbHbIX, nepeHecmnx B anamHae3e CAK, kauecTBO KU3HU
cHIKanock 1o cyomkane «ConpansHoe pyHkuuonuposanue» (p = 0,03), y G0JIBHBIX C ICEBIOTYMOPO3HBIM THIIOM
TeueHus — 1o cybmkanam «PoieBoe dyHkIMoHUpOBaHuEe, 00yciioBiIeHHOE (usmdeckuM coctosiuuem» (RP) (p =
0,004), «O6miee cocrostaue 3m0poBbsai» (GH) (p = 0,049), «Conmansaoe dynkimonuposanue» (SF) (p = 0,005),
«IIcuxuueckoe 3n0posbe» (MH) (p = 0,009). Uncno onepaTUBHBIX BMEIIATEILCTB >2 TaKXkKe aCCOLIUUPOBAHO C Ka-
4ecTBOM >ku3HH nanueHToB (p < 0,05). [pu onenke aktuBHOCTH 10 MK® BhIpa)KeHHOCTH HAPYIICHUH IO JOMEHY
d4501 — xonpba Ha Oam3kue paccTosiHus — 3aBucena oT nepenecenHoro CAK (p < 0,05). OcnoxxHeHHs1 SHIOBA-
CKYJIIPDHOTO JICYCHHUS] OKa3bIBAJIM BIHMSHIE HA aKTUBHOCTH MAIMEHTOB Mo JomeHaM d4501 — xons0a Ha naibHHe
paccrosiaust (p = 0,03), d640 — BeimosHeHUE paboThI 10 KoMy (p = 0,01).

3aka04enne. Y TOYHUTH, KAKOBBI aKTHBHOCTh M Y9acTHE B OOIIECTBEHHON KM3HH MAIMEHTA, TO3BOJISIET IIPOBE-
nenue oreHkd mo MK®. [lonmomHuTenbHYI0 HHPOPMAIHIO O CyObeKTHBHOM BOCIPHATHH MAIIMEHTa CBOETO COCTO-
SIHUSA N03BOJIAET NMONY4UTh mKana SF-36. YuuTeiBas, YTO KayeCcTBO >KU3HU B OTAAICHHOM II0CICONEPALUOHHOM
HEepHoJIe HE Y BCEX MAI[MEHTOB BOCCTAHABINBAETCS MOITHOCTHIO, BO3HUKAET HEOOXOJMMOCTD B JadbHEHIIEM IIpo-
BE/ICHUH PeabMIINTAIIMOHHBIX MEPOIIPUSTHH, KOHTPOJIBHBIX LiepeOpaTbHBIX aHTHOTpaduii, a TAakKe B yCOBEPIICH-
CTBOBAaHUU METOJOB XUPYPIUYECKOr0 JICYCHUS.

KuoueBrblie ciioBa: apTepuajbHbIC aHCBPU3MbI, MHOXCCTBECHHLIC uepe6pam>HLIe AHEBPU3MBI, OTHAJICHHBIE pE-
3yJbTaThl, SHAOBACKYJISIPHOEC JICUCHUE, KAYCCTBO KU3HU, PE3YJIbTAThI SHAOBACKYJISAPHOTO JICHCHUA.

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HaCTOSIIEeH CTaThH.

HUcTounuk (l)HHaHCl/lpoBaHHﬂ. ABTOpLI 3asIBJISIOT 00 OTCYTCTBHUHU (bPIHaHCI/IpoBaHI/IH.

CooTBeTcTBHE MPHHIHUNAM 3THKH. Bce manmeHTs moamucanu MH(GOPMHUPOBAHHOE COTJIacHe Ha ydacTHE B
uccnenosanuu. Mccnenosanne ogobpeno stmaeckum komurerom HMUIL nm. B.A. Anmvaszosa (mpotoxon Ne 30
or 13.02.2017).

Jast uurupoBanusi: Oneiinuk A.A., UBanosa H.E., 'opomenko C.A., Oneitnuk E.A., IBanoB A.1O. Otnanennsie
pe3yIIbTaThl M KAUECTBO JKU3HH Y TIAIIMCHTOB C MHOXKECTBCHHBIMH II€PEOPATEHBIMY aHEBPU3MAMHU TOCIIC YHI0BA-
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INTRODUCTION

On average, cerebral arterial aneurysms (CAA)
in a healthy adult population occur in approximate-
ly 3.2% of cases [1]. Multiple cerebral aneurysms
(MCA) of blood vessels of the brain among CAA
occur according to various sources of literature in
2-44.9% of cases [2—-3]. The average prevalence of
CAA is 20.1% [4]. CAA is the most common cause
of subarachnoid hemorrhage (SAH) [5]. Almost 30%
of monitored patients with MCA have SAH [6]. Case
mortality rate from repeated CAA rupture is as high as
68—70% [7—8]. The choice of tactical decisions in sur-
gical treatment in patients with MCA is personalized.
It considers the size, shape and localization of CAA,
the course of the disease, and the daily functioning
of a patient. Treatment of MCA, as a rule, requires
combined methods applied in several stages [9—10].
According to various sources, decrease in quality of
life (QoL) occurs in one third of MCA survivors 1
year after SAH [11-13]. There are studies comparing
QoL of patients according to the type of surgery (mi-
crosurgical and endovascular management) [14] that
do not identify any differences. They, moreover, com-
pare preoperative and postoperative QoL [15]. At the
same time, the available literature is not yet sufficient
to draw conclusions for the problem of QoL studying
and clinical manifestations in patients after endovas-
cular treatment of MIA.

Having several AAs and the need for repeated
surgical interventions and angiographic control deter-
mine the relevance of the QoL examination in such pa-
tients [16]. The objective of the work is to evaluate the
results of endovascular surgical treatment of patients
with MIA in the late postoperative period, regarding
the dynamics of neurological disorders and QoL.

MATERIALS AND METHODS

The information from 172 cases of MIA patients
after endovascular repair was examined. These pa-
tients received endovascular therapy at the Depart-
ment of Surgery for Brain and Spinal Cord Vascular
Pathology at Polenov Neurosurgical Institute between
2012 and 2018. A comprehensive follow-up examina-
tion of patients, operational outcomes, and QoL after
endovascular treatment in the long-term postoperative
period was carried out.

The cases included adults aged 26—77, the median
age (the sample mean +/- a margin of error (M + m),
sample size n = 172)) was about 54.19 + 0.83 years.
81.4% of patients were women (140/172), 18.6%

were men (32/172). The male to female gender ratio
was 1:4.4. A total of 172 patients were diagnosed with
441 MIA. Patients with 2 AAs accounted for 62.2%
(107/172), 25.6% had 3 AAs (44/172), 7.5% had 4
(13/172), 3.5% had 5 (6/172), 0.6% had 6 (1/172), and
0.6% had 7 (1/172).

The size of the identified AA was of the following
types: miliary (up to 3mm) (22.7%, 100/441), regular
size (4—15 mm) (71.7%, 316/441), large (16-25 mm)
(2.0% ,9/441), and giant (>25mm) (3.6%, 16/441).
50% of patients (86/172) had one or more SAHs in
their history, 5.8% (10/172) of patients had AAs with
prognosis of pseudotumor cerebri. All patients under-
went 1 to 5 endovascular surgeries.

In general, 172 patients underwent 354 endovas-
cular aneurysm repairs. One-stage operations were
performed in 30.8% of patients (53/172). In 15.1%
(8/53) of cases, AAs were totally excluded from the
bloodstream within the one stage. In 41.5% of patients
(22/53), AAs were shut down; however, there were
miliary AA and/or aneurysmal expansion of the vis-
ceral patches, requiring intensive monitoring. 37.7%
of patients (20/53) underwent the first step of surgical
management from the planned multistage treatment,
5.7% of patients (3/53) are under the follow-up moni-
toring. 69.2% (119/172) of patients were treated with
multistage surgery: all AAs were excluded from the
bloodstream in 55.5% (66/119) of the patients, 44.5%
(53/119) of the patients underwent two or more sur-
gical procedures, however, reoperation is planned on
other AAs (patients are at the stage of elective sur-
gery for AA exclusion from the bloodstream). The
evaluation of surgical treatment occurred over the
following 6- to 24-month period. The follow-up was
specified during repeated hospitalizations for control
angiography or coronary intervention, outpatient vis-
its and clarifying correspondence. Patients were asked
to fill out a questionnaire designed for this purpose.
The data of a standard diagnostic neurosurgical com-
plex was also evaluated: examination by a neurolo-
gist, neuro-ophthalmologist and a therapist, MRI +
MR angiography of the brain, CT scan of the brain,
selective cerebral angiography, EEG. The research of
QoL in the late postoperative period was carried out
using the general SF-36 (The Short Form-36 Health
Status Survey) questionnaire and ICF (International
Classification of Functioning). The functional status
of patients before and after surgery was evaluated us-
ing the modified Rankin scale (J. Rankin, 1957). Data
were analyzed using Statistica software integrated for
Windows; frequency indicators of the qualitative indi-
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cators were compared using non-parametric statistical
criteria (Pearson’s chi-squared test (?), Fisher’s exact
test). Comparison of frequency indicators was carried
out using nonparametric statistics (Mann — Whitney
U-test, Analysis of variance (ANOVA)). The assess-
ment of the studied dynamics parameters after the re-
ceived treatment was carried out using the Wilcoxon
signed-rank test. The criterion for the level of statisti-
cal significance of differences was p < 0.05.

RESULTS

Procedural complications of endovascular treat-
ment occurred in 3.4% (12/354) of patients. Coronary
complications: in 9 of 12 cases, intraoperative rupture
of AA in 3 of 12 cases. According to the follow-up
data, in the late postoperative period, SAH was veri-
fied in 1.2% (2/172) of patents — rupture of unoperated
AA; ischemic complications (with regard to self-dis-
continuation of antiplatelet therapy) in 1.2% (2/172)
of patients, and stent migration in 0.6% (1/172) of
cases. According to the control cerebral angiogram
performed in the late postoperative period (between
6 months and 2 years after the surgery), the develop-
ment of de novo AA or the unoperated AA growth
occurred in 8.7% (15/172) of cases, AA recurrence
or recanalization was found in 19.2% (33/172) of ca-
ses — 9.3% of operations performed (33/354). In 5.2%
(9/172) of cases, control cerebral angiogram was not
performed (it was refused by the patients).

There were the following focal neurologic compli-
cations in the late postoperative period: cranial nerve
dysfunction — 6.9% (12/172), motor disorders — 5.2%
(9/172), impaired sensitivity — 2.3% ( 4/172), impaired
coordination — 2.9% (5/172), speech disorders — 2.3%

(4/172), visual disturbances — 3.5% (6/172), cognitive
impairment — 10.5% (18/172), symptomatic epilep-
sy — 6.4% (11/172). Focal neurological signs resulted
from the experienced SAH, the pseudotumor cerebri,
and intraoperative complications. Assessed dynamics
of activities of daily living according to the modified
Rankin scale before surgery and in the late postopera-
tive period is presented in Fig. 1.

In the late postoperative period, the functional
status of patients according to the Rankin scale was
worsened in those who had past SAH (p = 0.04) and
complications of surgical interventions (p = 0.001).

QoL scored on SF-36 subscales in the late postop-
erative period is presented in Table 1.
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Fig. 1. Dynamics of daily activity assessment on the Rankin
scale before surgery and in the late postoperative period

Table 1

Quality of life on SF-36 subscales in the late postoperative period

. Median, 25 and 75% quartiles

Subscales M+ SD Min—Max (Me (LO:UQ))
PH (Physical Health) 4491 +10.16 20.26-0.96 44.81 (38.64-55.05)
MH (Mental Health) 49.78 +9.76 20.54-61.53 51.74 (44.82-57.35)
PF (Physical Functioning) 75.15+£25.86 0-100 80 (67.5-95)
RP (Role-Physical) 66.72 £ 32.56 0-100 75 (50-100)
BP (Bodily Pain) 66.2 £26.17 0-100 62 (41-100)
GH (General Health) 61.78 £19.13 12-95 67 (45-77)
VT (Vitality) 60.93 + 14.88 10-80 60 (60-70)
SF (Social Functioning) 77.33 £26.77 0-100 75 (75-100)
RE (Role-Emotional) 74.42 +£29.8 0-100 66.67 (66.67-100)
MH (Mental Health) 73.07 +£18.13 0-100 76 (66-86)
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In the analysis of the QoL of different age groups, a
decrease in QoL on the subscales “Physical function-
ing” (PF) (p = 0.005), and “General health” (GH) (p <
0.045) was found in elderly patients and patients with
dementia compared to the other patients. Gender and
number of AA have little impact on the QoL of patients
in the late postoperative period (p > 0.05). A decrease
in QoL of patients with the existing SAH on the “So-
cial functioning” (SF) subscale (p = 0.03) was found.
An analysis of QoL on subscales SF-36 was carried
out regarding the manifestations of AA in the late pre-
operative period (SAH, pseudotumor cerebri, showing
no symptoms AA). It has been found that the indica-
tors were worse according to the subscale “Role-phys-
ical functioning” (RP) (p = 0.004), “General health”
(GH) (p = 0.049), “Social functioning” (SF) (p =
0.005), and “Mental health” (MH) (p = 0.009) in the
group of patients with pseudotumor cerebri. The pre-
sence of cephalgic disorder lowered the QoL accord-
ing to the subscales “Bodily Pain” (BP) (p =0.004) and
“Mental health” (MH) (p = 0.04). Speech disturbances
existing in the late postoperative period significantly
reduced QOL in the subscale “Role-Physical Func-
tioning” (RP) (p = 0.001), “General health” (GH) and
“Mental health” (MH) (p = 0.04). Visual disturbances
reduced QoL on the subscales “General Health” (GH)
and “Mental Health” (MH) (p = 0.03). The presence
of a disorder of the cranial nerve function decreased
the indicators “Role-Physical Functioning” (RP) (p
< 0.05), “General health” (GH), “Vitality” (VT) and
“Mental health” (MH) (p = 0.005). The presence of
motor impairment reduced the indicators ‘“Physi-
cal Functioning” (PF), “Role-Physical Functioning”
(RP) (p = 0.0001), “General health” (GH) (p = 0.01),
“Role-Emotional” (RE) and “Mental health” (MH) (p
< 0.05); in addition, the indicator “Physical compo-
nent of health” was also reduced (p = 0.001). Sleep
impairment reduced QoL on the subscales “Physical
functioning” (PF) and “Role-Physical Functioning” (p
=0.01). It has been found that the number of stages of
surgical interventions is also associated with QoL of
patients. In the monitored group with 2 or more sur-
gical interventions compared with the group with 1
surgical intervention, a reduced QoL was found accor-
ding to the “Role-Physical Functioning” (RP), “Social
functioning” (SF), “Role-Emotional” (RE), “Mental
health” (MH) (p = 0.04) subscales and “Psychological
Component of Health” (p = 0.001). The existence of
complications related to the surgical treatment wor-
sened the quality of life of patients in “Vitality” (VT)
and “Psychological Component of Health” (p < 0.05).

The assessment of the impairments in patients in
the late postoperative period according to the ICF
classification was conducted using the domains of
activity and participation (d4500 — walking short dis-
tance, d4501 — walking long distance, d4600 — mo-
ving around within the home, d4602 — moving around
outside the home and other buildings, d5101 — wa-
shing oneself, d5400 — dressing, d630 — preparing
meals, d640 — doing housework). Evaluation on the
ICF components of activity and participation is pre-
sented in Fig. 2 (implementation) and Fig. 3 (capaci-
ty). Patients’ adaptation to the activity impairments in
the late postoperative period is visible in the difference
between “implementation” and “capacity” indicators.
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0 -NO problem 2 1-MILD problem ® 2 - MODERATE problem
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Fig. 2. Evaluation of activity and participation based on the
ICF in the late postoperative period (performance)
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Fig. 3. Evaluation of activity and participation based on the
ICF in the late postoperative period (capacity)

These indicators allow evaluating the patient’s
skills in the use of equipment and involvement of oth-
er people in helping the patient. The evidence of exist-
ing impairment on the d4501 domain — walking short
distance, depended on the existing SAH (p < 0.05).
Endovascular treatment complications affected the
activity of patients on domains d4501 — long-distan-
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ces walking (p = 0.03), and d640 — doing housework
(»p=0.01).

DISCUSSION

QoL is an important indicator which allows more
complete characterization of patients’ functional and
psychological status after suffering SAH and compli-
cations of surgical MIA repair. The research specifies
the factors that cause negative subjective perception
of patients after MIA endovascular treatment. The
experienced SAH had an impact only on the “Social
functioning” (SF) subscale, due to the long time inter-
val after SAH and successful rehabilitation measures.
Similar data were derived on the effect of complica-
tions of surgical interventions on the psychological
component of health [17]. Unlike other studies [16—
17], we did not identify an impact of the number of an-
eurysms on QoL. However, it was identified that QoL
is associated with the number of surgical interventions
performed on MIA. This indicates that the necessity
of repeated surgical interventions, associated with AA
recurrence or recanalization, affects QoL. Neurologic
impairment worsened QoL, as in other studies [18].
In addition, we have found that the use of traditional
scales for QoL assessments does not always allow un-
derstanding of how the patient functions in real life.
Using ICF assessment allows the obtainment of infor-
mation on the patient’s activity and their participation
in public life, as well as a depiction of the connection
between function and structural impairments in the
body. Additional information on the patients’ sub-
jective perceptions of their condition can be obtained
within the SF-36 questionnaire. All these data allow
forming the most complete picture of QoL of patients
in the late postoperative period.

CONCLUSION

Good results of endovascular treatment for multi-
ple aneurysms have been achieved. QoL in patients
with MA depends on the past SAH, the number of
surgical interventions, complications of endovascular
treatment, and having a pseudotumor cerebri.

At the same time, there is a need for further reha-
bilitation measures, as well as for the improvement of
surgical treatment methods, and for follow-up cerebral
angiogram. Given that QoL is a comprehensive as-
sessment of the rehabilitation measures effectiveness
in patients with MA, the assessment of this indicator
before and after surgery, and in the late postoperative
period, is a necessary criterion for patients’ functional
status assessment. It is necessary to conduct a struc-

tured screening of cognitive complaints, neurologic
impairment, emotional problems and clarification of
personal factors. Identification of these problems is
necessary for adapting rehabilitation programs to the
individual needs of patients.
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ABSTRACT

The aim of this study was to determine the general patterns of pathogenetic changes in the blood coagulation
system and in non-specific proteinases and their inhibitors during the development of experimental ischemia-
reperfusion injury.

Materials and methods. The study was conducted on 48 male Wistar rats (180-200 g). We used a model of
ischemia-reperfusion injury achieved by applying rubber tourniquets to both hind limbs at the inguinal fold level
for 6 hours. Revascularization was performed for 6, 12, or 24 hours following the application of tourniquets, after
which we examined the state of the internal and external blood coagulation pathways and the activity of non-
specific proteinases and their inhibitors.

Results. Indicators of blood coagulation system change show the development of blood hypocoagulation changes
as the reperfusion time increases. By the 6th hour of reperfusion, the prothrombin time (PT) was lengthened by
112.0% (p = 0.0142) and the activated partial thromboplastin time (APTT) by 170.0% (p = 0.0147) compared with
values in the control group. By the 12th reperfusion hour, the PT was lengthened by 174.2% (p = 0.0389), and the
APTT increased 4.9-fold (p = 0.0002). When the reperfusion period was increased to 24 hours, it was characterized
by lengthened PT and APTT, accompanied by an increase in antithrombin III by 11.5% (p = 0.0371) and a decrease
in protein C by 71.4% (p = 0.0071). Changes in the non-specific proteinases and their inhibitors were characterized
by a 2.8-fold increase in the trypsin-like proteinase activity (p < 0.001) relative to the control, as well as a 2.2-fold
decrease in antitrypsin activity and acid-stable inhibitors (p < 0.001), which reached a maximum after 24 hours of
reperfusion. A direct correlation was found between indicators characterizing the deficiency of coagulation system
factors and a decrease in antiproteinase potential.

Conclusion. Hemostatic system disorders are characterized by the development of hypocoagulation during
ischemia-reperfusion injury as the result of an increase in the trypsin-like proteinase activity and a decrease in
the levels of inhibitors. The established changes may be associated with the deficiency of coagulation factors and
proteinase inhibitors and share common pathogenic mechanisms.

Key words: blood coagulation, ischemia-reperfusion injury, non-specific proteinases.
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N3meHeHMe noKasaTe/iell CBepTbiBalOLLLEeN CUCTEMbI KPOBM U Hecneunpuuecknx
N/a3MEeHHbIX MPOTENHA3 NPU pa3sBUTUU CUHAPOMA UlieMmun-penepdysum

Mucapes A.A.', MeTpenko B.W.', Ky6biwkuH A.B.', XapueHko B.3.', Domoukuna U.U.",
Ky3sunukun [.C.2
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PE3IOME

Heas. Omnpenenuts 00IIMEe 3aKOHOMEPHOCTH MTATOIEHETHYECKMX U3MEHEHHI B CBEPTHIBAIOIICH CHCTEME KPOBH,
Hecrneu(UUecKnX NPOTeHHa3 U MX MHTUOUTOPOB NPH Pa3BUTHUH IKCIIEPUMEHTAIBHOTO CHHAPOMA HIIEMHHU-pe-

nepdysun.

Matepuajbl 4 MeToabl. VccienoBanue npoBeeHo Ha 48 MOJI0BO3pEIBbIX caMuax Kpblc JIuHUU Bucrap maccoit
180-200 r. Mozens cuHapoMa HIeMUH-penepdy3nH co3JaBay HAIOKEHHEM PE3NHOBBIX JKI'yTOB Ha 00e 3a1HHe
KOHEYHOCTU HA ypOBHE IIaXOBOH CKJIaZKH CPOKOM Ha 6 4. PeBackyisipusanuro npou3Boaunu uepes 6, 12 u 24 g
[I0CJI€ HAJIOKEHUS KIyToB. OLIeHUBAIM COCTOSHUE BHYTPEHHETO U BHEIIHETO IIyTeH CBEPThIBaHUS KPOBHU, AKTUB-
HOCTB HeCTIelIN(HIECKUX MPOTEHHA3 U HX HHIHOUTOPOB.

Pe3yabTatsl. [lokasaTenu cBepTHIBarONIE CHCTEMBI KPOBU CBUICTENBCTBYIOT O Pa3BUTUH THIIOKOAT Y IAIIHOHHBIX
M3MEHEHUH 110 Mepe yUIMHEHHS BpeMeHN penepdys3un. BEIBICHO MOBHIIIEHIE 3HAYSHNS IPOTPOMONHOBOTO Bpe-
meru (I1B) Ha 112,0% (p = 0,0142) n yBenudeHHe akTHBHPOBAHHOTO YACTHIHOTO TPOMOOIIIIACTHHOBOTO BPEMEHH
(AUYTB) Ha 170,0% (p = 0,0147) x 6-My 4 penepdy3un o cpaBHEHHIO ¢ Tpymmnoi koHTpos. K 12-m 1 penepdyszun
poTpoMONHOBOE BpeMs BozpacTano 1o 174,2% (p = 0,0389), AUTB — B 4,95 pa3 (p = 0,0002), a pacTBOpHMBIX
¢ubpur-MoHOMepHBIX KoMmITIekcoB (POMK) — xa 121,3% (p = 0,0300). JlnurensHOCTD penepdy3HOHHOTO MepH-
ona 10 24 4 XxapakTepu3oBajack coxpaHeHueM Bbicokux 3HadeHuil [1B u AUTB, POMK c noBsimenuem conep-
skanust antuTpom6OuHa I1I —1a 11,4% (p = 0,0371) u camxennem nporenHa C Ha 71,4% (p = 0,0071). 3menenue
MoKazaresiedl Hecnenu(UIecKuX MPOTEeHHa3 W UX MHTMONTOPOB XapaKTEPHU30BAIOCh POCTOM AKTHBHOCTH TPHII-
CHHONOZOOHBIX MpoTeHa3 B 2,8 pasa (p < 0,001) mo OTHOIIEHUIO K KOHTPOITIO, a TAK)KE CHIKCHUEM aHTHTPUIITH-
YeCKOil aKTUBHOCTH M YPOBHS KHCIIOTOCTAOMIBHBIX HHTHOMTOPOB B 2,2 pasa (p < 0,001) ¢ MmakcuMymoM depe3
24 v periepdy3un. Beranena npsmasi KOppeISIHOHHAS CBSI3b MEXKIy MTOKAa3aTEIIMH, XapaKTepH3YIOIUMH nedu-
IUT (paKTOPOB CHCTEMBI CBEPTHIBAHHS, U CHIDKEHHEM aHTHUIIPOTEMHA3HOTO IOTEHIHATA.

3akiouenue. Ha oCHOBaHHMH pe3y/bTaTOB MCCIICNOBAHHUS MMOKa3aTesIeil CHCTEMbI CBEPTHIBAHHUS KPOBH M HECIIe-
U(pUIECKHX TPOTEHHA3 [PU Pa3BUTHH CHHAPOMA HIIEMHUH-penepdy3Hd yCTAaHOBICHO, YTO HAPYIICHHS B CHCTE-
Me reMocTa3a XapakTepu3yIoTcsl Pa3BUTHEM TMIIOKOAry BIMUH Ha (OHE POCTa aKTHBHOCTH TPUIICHHOMOJOGHBIX
[POTEHHA3 M CHIKSHHMSI YPOBHS HX HHIMOUTOPOB. Y CTAHOBJICHHBIC H3MCHEHHS MOT'YT OBITH CBSI3aHBI C Pa3BUTHEM
neduimTa HakTOpOB CBEPTHIBAHKS U HHTHOUTOPOB MPOTEHHA3 U KMETh OOIIME MEXaHU3MbI Pa3BUTHIL.

KnroueBble c10Ba: cBEpTHIBAIOIIAS CHCTEMA KPOBH, CUHAPOM HIEMHUH-penepdy3nuH, HecTlenu(puIecKe mpoTe-
WHA3bL.

KOHq).]'IP[KT HHTEPECOB. ABTOpI;I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIIUAJIBHBIX KOHq).]'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6HI/IKaHI/Ieﬁ HaCTOHHIeﬁ CTaTbHU.
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INTRODUCTION

Disorders of the blood coagulation system compli-
cate the course of various critical conditions. Coagula-
tion disorders, along with multiple organ dysfunction
syndrome and systemic inflammatory response syn-
drome, which can cause the development of dissemi-
nated intravascular coagulation (DIC) [1], significant-
ly affect the course of any underlying, concomitant,
or background diseases, as well as the efficacy of
treatment and patient mortality. It has become more
common for doctors from a variety of specialties to
encounter ischemia-reperfusion injury, which is im-
portant for disciplines including angio-surgery, trans-
plantology, traumatology, various fields of internal
medicine (myocardial infarction, acute cerebrovascu-
lar accident), and emergency medicine [1, 2]. Multiple
organ dysfunction syndrome is a significant compo-
nent in the pathogenesis of ischemia-reperfusion in-
jury. The main manifestations of this syndrome are
disorders of the coagulation system and non-specific
proteinases [2, 3].

Tissue damage as the result of reperfusion distur-
bances and the associated development of an inflam-
matory reaction contribute significantly to the patho-
genesis of coagulation and vascular-thrombocytic
disorders. They tend to cause endothelial dysfunction,
increased platelet activity, activation of plasma coa-
gulation factors, hypoactivity of physiological anti-
coagulants, and suppression of fibrinolysis. These di-
sorders can vary from subclinical variants (as in local
venous thrombosis) to severe disturbances of hemo-
stasis, such as disseminated intravascular coagulation
(DIC), which is characterized by massive systemic
thrombosis followed by episodes of bleeding due to
the depletion of coagulation factors [5].

Pro-inflammatory reactions in patients with ex-
treme conditions are accompanied by complex hu-

moral and cellular interactions, which involve activa-
tion of numerous signaling pathways, including the
generation or expression of thrombin, complement,
cytokines, neutrophils, adhesion molecules, and oth-
er inflammatory mediators. Excessive inflammatory
cascades coupled with the unfavorable course of the
underlying disease lead to multiple organ dysfunction,
which can manifest as coagulopathy, myocardial dys-
function, respiratory or renal failure, and neurocogni-
tive defects. Coagulation and inflammation are also
closely interconnected through networks of both hu-
moral and cellular components, including coagulation
factors, non-specific proteinases, and fibrinolytic cas-
cades [6, 7]. Despite the significant number of recent
studies devoted to the research of the blood coagula-
tion system and proteolysis under critical conditions,
many topics related to its pathogenesis and treatment
policy remain controversial. In this regard, the aim
of this work is to determine the general principles re-
sponsible for pathogenetic changes in the blood co-
agulation system and in non-specific proteinases and
their inhibitors during the experimental development
of ischemia-reperfusion injury, and to substantiate
etiopathogenetic approaches to experimental correc-
tion.

MATERIALS AND METHODS

The studies were carried out on 48 white male
Wistar rats weighing 180-200 g. Animals were
housed under identical standard conditions in accor-
dance with the Guide for the Care and Maintenance of
Laboratory Animals. Research and euthanasia were
carried out in accordance with state and international
standards for the humane treatment of animals, and
in compliance with the main provisions of regulatory
legal acts [8—10].

Experimental studies of pathogenetic chang-
es in the blood coagulation system and non-specific
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proteinases and their inhibitors were carried out using
a model of ischemia-reperfusion injury achieved by
applying rubber-band tourniquets to both hind limbs
at the level of the inguinal folds for a period of 6 hours
[3]. The width of the tissue clamped by the tourniquet
was 2-3 mm. The criteria for correct application of
the tourniquet was the absence of edema in the limbs
and their pale color. Revascularization was performed
simultaneously by cutting the tourniquets 6 hours after
they were applied [3]. Animals were placed in groups
using simple randomization as follows: Control group:
intact animals (n = 15); Group 2: 6 hours reperfusion
group (n = 12); Group 3: 12 hours reperfusion group
(n = 11); and Group 4: 24 hours reperfusion group
(n = 10). Blood for analysis was obtained by cardio-
puncture (4 mL) and placed in single-use Vacutainer
glass tubes with 0.05 M EDTA for 1015 s. The blood
was centrifuged for 15 minutes at 1,200 g. Euthana-
sia of the animals was carried out by decapitation af-
ter preliminary narcotization with sodium thiopental
(40 mg/kg) [11].

To assess the condition of the coagulation system,
the following indicators were determined: prothrom-
bin time (PT) (s); activated partial thromboplastin
time (APTT) (s); fibrinogen concentration (FBG)
(g/L); soluble fibrin-monomer complexes (SFMC)
(mg/L); antithrombin III (AT III) (%); plasmino-
gen (PG) (%); a2-antiplasmin (APL) (%); and pro-
tein C (PC) (%). Hemostasis values were measured
on a CA 1500 automatic coagulometer (Sysmex,
Japan) using standard commercial Siemens reagent
kits (Germany). The concentrations of FBG, PT, and
APTT were measured using clotting methods. The
concentrations of AT III, APL, PC, and PG were de-
termined using chromogenic methods. The content
of SFMC was evaluated by the manual paracoagula-
tion method using Technology-Standard reagent kits
(Russia).

To evaluate the activity variables of non-specific
proteinases and their inhibitors, trypsin-like, elas-
tase-like, and antitryptic activities (TLA, ELA, and
ATA), as well as the level of acid-stable inhibitors
(ASI), were determined. The component activity of
the proteinase inhibitor system was studied using en-
zymatic methods with a Biomat 5 spectrophotometer
(UK) [12, 13]. Trypsin-like activity was determined
by measuring the speed of N-benzoyl-L-arginine
cleavage from the synthetic substrate of ethyl es-
ter N-a-benzoyl-L-arginine ethyl ester hydrochlo-
ride (BAEE) (Sigma, USA). Elastase-like activity
was assessed by studying the hydrolysis rate of the

Boc-L-alanine-4-nitrophenil ester synthetic substrate
(Boc-Ala-ONp) (Sigma, USA). Antitryptic activi-
ty was assessed by inhibition of BAEE cleavage by
trypsin. Similarly, the activity of acid-stable inhibitors
was studied after preliminary preparation of serum by
heating it in an acidic environment.

The data obtained during the research were ana-
lyzed statistically using the MedStat certified comput-
er data-processing package for Windows. The main
statistical variables determined were mean (M), error
of mean (m), and standard deviation (s). All indica-
tors are expressed quantitatively and the distribution
did not differ from normal according to the Shapiro —
Wilk test [14]. Student’s #-test was used for compari-
son of group means in two groups. The results of sta-
tistical processing of the hemostatic system indices
are represented as relative differences with the control
group measured as a percentage. To assess the degree
of relationship, a correlation analysis was performed,
and the Pearson correlation coefficient was calculat-
ed using Microsoft Excel 2016. The differences were
considered statistically significant at p < 0.05.

RESULTS

The analysis of the blood coagulation system of rats
with experimentally induced ischemia-reperfusion in-
jury revealed a regular dynamic change in the hemo-
stasis indices. Pronounced changes were observed by
the 6th hour of the development of ischemia-reper-
fusion injury in both the external and internal blood
coagulation pathways; PT increased by 112.0% (p =
0.0142) and APTT elongation by 170.0% (p = 0.0147)
compared with the control group (Fig. 1). At 6 hours
of ischemia-reperfusion, a marked decrease of 29.6%
(p =0.0002) was observed in the level of antithrombin
III (Fig. 2), accompanied by a decrease in the plas-
minogen level of 29.6% (p = 0.0207) and a decrease
in the level of antiplasmin of 11.7% (p = 0.0256) in
comparison with the control values (Fig. 3).

After 12 hours of ischemia-reperfusion, we ob-
served a 174.2% extension for PT (p = 0.0389) and
a marked 4.9-fold extension of APTT (p = 0.0002)
compared to the control indices. The level of AT
III after 12-hour ischemia-reperfusion decreased by
10.4% (p = 0.0442). The content of SFMC increased
by 121.3% (p = 0.0300) compared with the control
level (Fig. 4).

An increase in the duration of the reperfusion pe-
riod to 24 hours was characterized by an increase of
59.6% in SFMC (p = 0.0114), an increase of 11.5%
in the content of AT III (p = 0.0371), a decrease of
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71.4% in PC (p = 0.0071) (Fig. 3), and a 39.8% in-
crease in Group 3 (p = 0.0494). We also observed
a maximum shift in the following indicators: an PT
elongation of 186.6% (p = 0. 0346) and a maximum
4.9-fold increase in APTT (p = 0.0147) compared to
control values.
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Fig. 1. Prothrombin time (a) and activated partial
thromboplastin time (b) in groups with different durations
of ischemia-reperfusion (6 h, 12 h, and 24 h) as a percentage
(d, %) related to the control (K) group. X represents the
difference from the control group (Student’s #-test, p <0.05)

d, %

160
140

120

x
100
X

= 80 % mA

= me
60
40
20
0

K ()1 12h 24h

Fig. 3. Plasminogen (@) and antiplasmin (b) levels in groups

with different durations of ischemia-reperfusion (6 h, 12 h,

and 24 h) as a percentage (d, %) related to the control (K)

group. X represents the difference from the control group
(Student’s -test, p < 0.05)

In the first 6 hours, a decrease in PG activity was
observed. In the subsequent periods, plasmin inac-
tivation probably occurs in response to fibrinolysis
products and/or PG activation does not occur. Free
APL is also used for binding to plasmin, and takes
part in the inhibition of non-specific proteinases [15].
PG and APL are acute phase proteins, and their levels
increased during the 24 hours of the experiment as a
result of a relatively reduced due to hypocoagulation
consumption. The level of AT III decreased in the first
6 hours in response to the coagulation process activa-
tion. However, as thrombin and other AT III cofactors
(Xa, XIa, [Xa) are consumed, the plasma level of free
AT III begins to increase.

In general, it can be assumed that during the 24-
hour reperfusion period, systemic tissue damage oc-
curs. It is accompanied by an acute-phase response
that is a reaction to stress exposure. Distinct signs of
the consumption coagulopathy development appear in
these conditions.
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Fig. 2. Protein C (@) and antithrombin III (b) levels in groups

with different durations of ischemia-reperfusion (6 h, 12 h,

and 24 h) as a percentage (d, %) related to the control (K)

group. X represents the difference from the control group
(Student’s #test, p < 0.05)
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Fig. 4. SFMC (a) and fibrinogen () levels in groups with

different durations of ischemia-reperfusion (6 h, 12 h,

and 24 h) as a percentage (d, %) related to the control (K)

group. X represents the difference from the control group
(Student’s t-test, p < 0.05)
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During the experiment, somewhat different dy-
namics were observed in the PC level changes. Unlike
AT and APL, cofactor proteins whose levels decrease
immediately after binding to targets, protein C is an
enzyme. The thrombin-AT complex is destroyed by
proteolytic systems in the liver within a few minutes;
the half-life of PC in the circulatory system is about
6 hours. Thus, during the course of ischemia-reper-
fusion, in all likelihood, there is a rapid depletion of
functional reserves and hypocoagulation development
within 6 hours of tissue damage.

Along with the experimental dynamics of blood
coagulation indices, the nature of the shifts in the ac-
tivity of non-specific proteinases and their inhibitors in
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the blood serum of experimental animals was studied
in relation to the timing needed for ischemia-reperfu-
sion injury development.

Analysis of the obtained data has shown the fol-
lowing dynamics in non-specific proteinases and their
inhibitors’ activity changes (Table 1). Six hours after
revascularization of the limbs, the elastase-like activity
of blood serum was 3.8 times lower than that of the
control values (p = 0.0012). After 12 hours, an even
greater decrease, up to 19.0% of the control index

(» = 0.0008), was observed. The pronounced decrease
in ELA likely indicates the activation of natural pro-
teinase inhibitors that neutralize elastase, reducing its
serum activity severalfold. Twenty-four hours after the
development of ischemia-reperfusion, ELA showed a
tendency to increase, although the activity remained
2-fold below the control parameter (»p = 0.0011). Ap-
parently, after 24 hours of the ischemia-reperfusion de-
velopment, the inhibitory control weakened, which led
to an increase in the proteolytic activity of blood serum.

Table 1

Changes in the proteolytic activity and inhibitory potential of rat blood using a model of ischemia-reperfusion injury at different
observation times, M + m

Experimental group ELA. nMol/mL - min TLA, . ATA, ACL
> nMol/mL - min IU/mL IU/mL
Control group, n =10 2.19+0.14 0.26 £ 0.02 34.67 + 1.57 6.83 +£0.30
Ischemia 6 h, n =10 2.31 +£0.09* 0.20+0.01* 38.03 £ 1.33* 3.81 £0.36%*
Ischemic-reperfusion syndrome 6 h, n =10 0.57 £0.05* 0.50 £ 0.06* 20.61 £ 1.16* 3.18+0.31*
Ischemic-reperfusion syndrome 12 h, n =10 0.41 £0.02* 0.73 £ 0.06* 25.76 £ 1.76* 3.39 £ 0.30%
Ischemic-reperfusion syndrome P 24 h, n = 10 1.10 £ 0.09* 0.46+0.12 16.02 £0.79 * 3.08 £0.23*

* indicates the reliability of differences in the data (p) in comparison with those of the control group (*p < 0.05 is statistically significant).

The dynamics of the trypsin-like activity of blood
serum during the development of reperfusion injury
were characterized by other changes. Six hours after
revascularization of the limbs, the TLA index was
48.0% greater than that of the control (p = 0.0006).
After 12 hours, the index, having reached the ma-
ximum level, exceeded the control indices 2.8-fold
(»p = 0.0011), which is apparently associated with the
influx of a large number of proteinases into the sys-
temic circulation from previously ischemic tissues.
Later, a downward trend in the studied index was ob-
served. Thus, 24 hours after reperfusion, TLA, having
decreased by 37.0%, remained 43.0% higher than va-
lues in the control group (p = 0.0472), which indicates
the onset of compensatory mechanisms and a timely
increase in inhibitory activity. Interesting data con-
firming our previous assumptions were obtained in the
study of antitryptic activity: 6 hours after reperfusion,
a 1.7-fold decrease in ATA was noted (p = 0.0009),
which fell to 1.4-fold after 12 hours. The decrease in
this parameter progressed, and by 24 hours after reper-
fusion, the ATA activity had fallen 2.2 times lower
than that of the control value (p = 0.0004).

The level of acid-stable inhibitors also largely de-
pended on the duration of the reperfusion period. As
a result, 6 hours after revascularization, the level of
ASI was 2.2-fold lower than that of the control value

(p =0.0009); after 12 hours, 2-fold lower (p = 0.0012),
and after 24 hours, 2. 2-fold lower (p = 0.0007). The
described dynamics of the ASI levels is associated
with their increased consumption as a result of in-
creased protease activity.

Thus, an increase in the activity of non-specific
blood proteinases during the development of reperfu-
sion injury at its early stages should be noted, along with
the concomitant increase in an inhibitory activity. With
continued reperfusion, the inhibitory capacity tends to
decrease and the activity of non-specific blood protei-
nases in the experimental animals tends to increase.

To clarify the relationship between the coagulo-
gram indices and the state of the non-specific protei-
nase system and their inhibitors in the experimental
ischemia-reperfusion injury, we performed a correla-
tion analysis (Table 2).

A significant positive correlation was found be-
tween changes in TLA and PT, APTT, and SFMC
in the blood during the process of modeling ische-
mia-reperfusion injury for 6, 12, and 24 hours
(r=10.78, 0.82 and 0.59, respectively). The more the
activity of this proteinase increased, the more the val-
ues of blood coagulation indices increased along the
external (PT) and internal pathways (APTT). The con-
centration of SFMC in the blood of experimental ani-
mals increased as well. At the same time, for the ATA
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and PT indices, a negative correlation with APTT was
found (correlation coefficients of —0.82 and —0.83,
respectively). Thus, a higher level of antitryptic acti-
vity, mainly of a-1-proteinase inhibitor, corresponded
to a lower level of the coagulogram indices described
above. In addition, it was found that antitryptic ac-

tivity had a direct proportional correlation with the
values of FBG, APL, and PC (correlation coefficients
of 0.86, 0.75, and 0.58, respectively). The greater the
proteinase system inhibitory potential in the form of
increased ATA was, the higher values of these labora-
tory indices were observed.

Table 2
Results of correlation analysis (r) of coagulogram indices and the activity of non-specific proteinases and their inhibitors
Experimental PT APTT FBG SFMC APL AT IIT PC PG
group
—0.799 —-0.869 +0.930 +0.670 +0.521
— — +
ELA p=0.002 p=0.002 p=0.001 0.248 p=0.032 p=0.048 0.232 0.153
+0.781 +0.820 —-0.786 0.594
TLA =003 »=0.002 »=0.003 p=0.043 -0.296 -0.318 +0.358 +0.031
—-0.826 —0.833 +0.867 +0.755 +0.585
ATA p=0.002 p=0.002 p=0.002 0045 p=0.006 ~0.003 p=0.046 0304
-0.921 —-0.959 +0.997 +0.752
| + + .
ASI »=0001 »=0001 »=0.001 0.217 »=0005 0.248 0.201 0.127

Note. The p value denotes a statistically significant correlation. The — sign indicates an inverse correlation.

A negative correlation between ASI and the PT
and APTT indices (correlation coefficients of —0.92
and —0.95, respectively), and a positive correlation be-
tween the ASI indices and the FBG and APL levels
(correlation coefficients of 0.99 and 0.75, respective-
ly) were noted.

When analyzing the ELA values for isch-
emia-reperfusion injury and coagulogram indices (PT
and APTT), a negative correlation was revealed (cor-
relation coefficients of —0.79 and —0.86, respectively),
but when studying the values of FBG, APL, and AT
111, a positive correlation was found (correlation coef-
ficients of 0.93, 0.67, and 0.52, respectively) between
them.

DISCUSSION

Our analysis of the dynamics of coagulation sys-
tem indices shows significant differences and stages in
the reaction of the hemostatic system during different
periods of ischemia-reperfusion injury. Thus, even in
short-term, 6-hour ischemia-reperfusion, hypocoagu-
lation predominates, which can be explained by sys-
temic activation of plasmatic systems in response to
the acute damage. This is indicated by an increase in
SFMC, which is a marker of the consequences of de-
veloping thrombinemia in response to acute damage.
Increase in the duration of ischemia-reperfusion inju-
ry (up to 12 h and, especially, 24 h) leads to further
changes, indicative of hypocoagulation disorders ag-
gravation. It seems likely that these changes are asso-

ciated with depletion of coagulation factors and their
inadequate entry into the systemic circulation because
of impaired synthetic liver function under conditions
of prolonged stimulation and severe functional stress.

Similar changes are observed in the system of
non-specific proteinases and their inhibitors. Dyna-
mics analysis of the proteinase and their inhibitors’
indices taken in different time periods of reperfu-
sion syndrome indicates a pronounced activation of
non-specific proteinases (TLA) in the blood serum of
experimental animals with modeled ischemia-reperfu-
sion. It is associated with the direct participation of
proteolytic enzymes in the hemocoagulation cascade,
and in the body’s systemic adaptive response to mas-
sive endothelial damage. Thus, during 6-hour isch-
emia-reperfusion, there is a compensatory increase in
proteinase inhibitors with an associated decrease in
proteinase activity. With an increase in the duration
of ischemia-reperfusion injury (12 and 24 h), there is
a depletion of inhibitory potential with an increase in
proteinase activity.

The most pronounced changes both in the hemo-
static system and in the system of non-specific pro-
teinases and their inhibitors were observed in the
24-hour ischemia-reperfusion group. A disruption of
the body’s adaptive capabilities represented by de-
pletion of blood coagulation factors was observed in
this group. As a result, there was a shift in the hemo-
stasis system indices towards hypocoagulation, and
an increase in proteinase activity as the result of an
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inhibitory potential deficiency. This may be a predis-
posing factor for the development of DIC. This as-
sumption corresponds with literature data confirming
the development of DIC in response to systemic acti-
vation of the coagulation pathway [16]. The intravas-
cular formation of fibrin is enhanced by dysfunction
of natural anticoagulant systems, such as antithrom-
bin (antithrombin III) and protein systems (protein C),
during the active development of DIC. Subsequently,
all components of the coagulation and anticoagulation
cascade are depleted, which leads to complete non-co-
agulation of blood [17].

Statistically significant data from the correlation
analysis confirm the assumptions mentioned above
and indicate a close relationship between changes
in the blood clotting system parameters and protei-
nase-inhibitor system indices. Apparently, the chang-
es seen in the blood clotting system status during isch-
emia-reperfusion injury, namely initial hypocoagula-
tion with subsequent further increases in the duration
of blood clotting time at 12 and 24 hours (indices of
the external and internal pathways), are closely inter-
related. This may occur due to the changes in the pro-
teinase-inhibitory system demonstrated by an increase
in proteolytic activity and a decrease in inhibitory
potential. Possibly, it is the deficiency of inhibitors,
together with the lack of blood coagulation factors
due to the decreased synthetic liver function at a la-
ter stages of ischemia-reperfusion injury, that are the
key links in the pathogenesis. For this reason, they are
possible therapeutic targets, which can be corrected,
not only in response to reperfusion injury, but also
during DIC syndrome, acquired thrombophilic condi-
tions, and other blood coagulation disorders.

CONCLUSION

It has been found that, during the development of
ischemia-reperfusion injury for 6, 12, and 24 hours,
the disturbances in the hemostatic system are cha-
racterized by the development of hypocoagulation as
the result of an increase in the trypsin-like protein-
ases activity and a decrease in their inhibitors level.
The changes observed are likely to be directly asso-
ciated with the development of coagulation factors
and proteinase inhibitors deficiencies. These changes
share common development mechanisms associated
with excessive coagulation factors depletion during
prolonged activation of the coagulation cascade, and,
possibly, with a decrease in the synthetic liver func-
tion under a long-term functional load of hepatocytes,
as well as their hypoxic and reperfusion injury.
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ABSTRACT

The aim of the study was to characterize the features of the subpopulation composition and cytokine-secretory
activity of T lymphocytes (Th1, Th17 and Treg) in relation to the concentration of galectin-1 and galectin-3 in the
blood of patients with colon cancer.

Materials and methods. A total of 26 patients diagnosed with colon cancer were examined. The study material
included whole peripheral blood, blood plasma, and supernatants of suspension cultures of mononuclear leuko-
cytes. Lymphocytes isolated from blood were typed by flow cytometry using monoclonal antibodies. The content
of galectin-1 and galectin-3 (in blood plasma) and IFNy, IL-17A, and TGFp (in supernatants of mononuclear
leukocyte culture in vitro) were determined by enzyme-linked immunosorbent assay. The results obtained were
analyzed by statistical methods.

Results. In patients with colon cancer, a significant increase in the concentration of galectin-1 and galectin-3 in the
blood plasma was found, which was associated with a decrease in the content of CD4+T-bet+ Thl lymphocytes,
CD4+RORC2+ Th17 lymphocytes in the blood and in vitro hyposecretion of IL-17. At the same time, positive
correlations were revealed between the concentration of galectin-1 and galectin-3, the content of CD4+FoxP3+
Treg cells in the blood, and the secretion of TGFf by mononuclear leukocytes in vitro.

Conclusion. In colon cancer, increased levels of galectin-1 and galectin-3 in the blood are associated with quantitative
deficiency and inhibited secretory activity of effector T-lymphocytes and activation of the immunosuppressive
functions of regulatory T cells. These results suggest a negative role of galectin 1 and galectin 3 in the mechanisms
of regulation of the T cell immune response in colon cancer.

Key words: galectins, T-lymphocytes, Th17, Treg, cytokines, immunosuppression, colon cancer.
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Posb raZIeKTuHa-1, -3 B MEXaHM3Max gucperyaiaumm T-KNeTOYHOro 3BeHa

MMMYHHOIo OTBE€Ta NpU pake TO/1ICTOro KULLMEe4YHUKa

Monetuka B.C.', Kono6oBHukoBa 10.B.", Ypasosa O.W." 3, BacunbeBa O.A.",

Amutpuesa A.U.2 AukoBunu K.U.2, HoBuuykui B.B." 3, Pa6osa J1.M.2, FpuweHko M.10.2

I Cubupcruii 2ocyoapcmeennulii meouyunckuil ynugepcumem (Cubl’ MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

2 Tomckuii obnacmuoti onkonro2uueckuit oucnarcep (TOO/)
Poccus, 634050, 2. Tomck, np. Jlenuna, 115

3 Tomexuil 2ocyoapemeennviil yuugepcumem cucmem ynpaeienust u paouosnexkmponuxu (TYCYP)
Poccus, 634050, 2. Tomck, np. Jlenuna, 40

PE3IOME

Henan uccienoBaHus — 0XapaKTEpPU30BaTh OCOOCHHOCTH CYONOIYIAIMOHHOIO COCTaBa U IIMTOKUH-CEKPETOPHOIT
aktuBHOCTH T-mMdonnTos (Thl, Th17 u Treg) Bo B3aUMOCBS3M ¢ KOHILIEHTpalnel raleKTHHa- 1 1 rajJekTHHa-3 B
KPOBH Y OOJIBHBIX PAKOM TOJICTOTO KHIIEYHHUKA.

MarepuaJjsl u Metoabl. O0cienoBans! 26 nanueHToB (14 MysxunH 1 12 sxeHImuH, cpeqauii Bo3pact (62,9 + 6,7)
JIeT) ¢ AMArHO30M paKa TOJICTOTO KHIIEUHHKa. B rpymmy xoHTposs Bonumu 17 370poBEIX JOHOPOB (11 MyX4HH H
6 >xeHIUH, cpeqHuit Bo3pact (58,2 + 3,1) ser). Matepuanaom HCCIeOBaHUS CITy>KHJIa LelbHAs IepudeprdecKas
KpOBb, IIa3Ma KPOBU U CYIIEPHATAHThI CyCIIEH3UOHHOH KyIbTyphl MOHOHYKJICAPHBIX JICHKOIUTOB. BoleneHHbIC
U3 KPOBH JMMQOIUTH THIHPOBAIM METOJOM IPOTOYHOH Ja3epHOH IHUTO(IYOPHMETPUH C HCIIOIH30BaHUEM
MOHOKJIOHQJIBHBIX aHTHTEN. MeToI0oM MMMYHO(EpMEHTHOTO aHalW3a ONpENCNSUIN COAep)KaHWe TajeKTHHa-1
n ranextuHa-3 (B miasme kposu) u IFNy, IL-17A u TGFf (B cymepHaTaHTaXx KyJIBTyphl MOHOHYKJIEAPHBIX
JIEWKOILUTOB in vitro). [loydeHHbIe pe3yIbTaThl aHATM3UPOBAIN CTATUCTHIECKIMU METOIaMHU.

Pe3yabTarbl. YV GOJIBHBIX PAaKOM TOJICTOrO KHIIEYHHKA YCTAHOBJIEHO 3HAYMMOE YBEIMYCHHE KOHLEHTPALUH
TaJleKTHHA-1 W rajJekTHHa-3 B IJIa3Me KPOBH, aCCOLMHPOBAHHOE CO CHIDKeHHEM conepykanus CD4+T-bet+ Thl-
mumponutoB, CD4+RORC2+ Thl7-numdonutoB B kpoBH U rumocekpeuuneit 1L-17 mumdoruramu in vitro.
HamnpoTHB, BbISBICHA MOJIOKUTENbHAS KOPPEIALMSA MEXIy KOHLEHTpaluel rajaekTuHoB 1 m 3, comeprkaHHeM
CD4+FoxP3+Treg knetok B kpoBu U cexperieid TGF MoHOHYKIIeapHBIME JIEHKOLIUTAMH i1 Vitro.

3akiroueHue. [Ipy pake TOJCTOro KMIIEUHHMKA IOBBIMICHHBIH YPOBEHb TAICKTHHOB 1 M 3 B KPOBH COIPSDKEH C
KOJIMYECTBEHHBIM AC(HIUTOM M YTHETCHHEM CEKPETOPHOW akTHBHOCTH 3ddexTopHbix T-numdonuros, u, Ha-
IPOTHB, aKTHBAlMeH HMMMYHOCYIPECCOPHBIX (GYHKUUH peryisrtopHbsix T-kierok. [lodyueHHBIE pe3yibTaThl
YKa3bIBAIOT Ha HETATHUBHYIO POJIb TalleKTHHA-1 W TrajekTHHa-3 B MEXaHW3Max Peryysiuu T-KIeTOYHOro 3BeHa
MMMYHHOTO OTBETA IIPH PaKe TOJCTOTO KHIICYHUKA.

Kiouessble cioBa: ranexktunsl, T-mumponutsl, Thl7, Treg, THTOKUHBI, IMMYHOCYIIPECCHS, PAaK TOJCTOTO KH-
MICYHHKA.

KOHq).]Il/lKT HHTEPECOB. ABTOpI)I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq)III/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’IPIKaIIPIeI71 HaCTOSIH.[eﬁ CTaTbHu.

Hcrounuxk punancupoBanus. VcciaenoBanue BBHIIONHEHO MpH GUHAHCOBOW monuepskke CoBeTa 1Mo rpaHTam
[pesunenta Poccuiickoit @enepannu A TOCYIapCTBEHHON MOAAEPKKH MOJOABIX pOCCHICKHX y4deHbIX (M/I-
2788.2019.7).

CooTBeTcTBMEe NPHHLOMIAM 3THKU. Bce nuia, BKIIOYEHHBIC B HCCIEIOBAHUE, IMOANHMCAIM INHCHbMEHHOE
nHbopMuUpoBaHHOE coriacue. McciaenoBanue 0100peHO JTOKaIbHBIM 3THUeCKUM KoMuTeToM CHOI' MY (mpoTokon
Ne 5309 ot 22.05.2017).
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INTRODUCTION

Dysregulation of the antitumor immune response
plays a pivotal role in the pathogenesis of malignancies
and is typically represented by an imbalance of effector
and regulatory T cells [1-3]. Throughout tumor progres-
sion, cancer cells obtain a variety of mechanisms that
allow them to “program” their microenvironment and in-
duce immunosuppression [4]. One of such mechanisms
is tumor-associated production of galectins, galacto-
side-binding proteins with a wide spectrum of extra- and
intracellular functions. [5, 6]. Among the galectin fa-
mily, galectin-1 and galectin-3 were involved in the key
stages of the tumor development, including malignant
transformation, neoangiogenesis, invasion, metastasis,
and modulation of the immune microenvironment [7, 8].

A number of in vitro studies have demonstrated that
galectin-1 and galectin-3 are able to influence cell-me-
diated immune response by regulating differentiation
and survival of type 1 and type 17 effector T-helper (Th)
lymphocytes, as well as regulatory T-cells (Treg) with
immunosuppressive phenotype [9—12]. Galectin-1 and
galectin-3 expression by malignant cells and elements of
the tumor microenvironment is considered to be one of
the strategies to suppress antitumor immunity wielded
by cancer cells [13, 14]. However, the features of the im-
munotropic effects of these galectins in tumor diseases
remain understudied.

The aim of the study was to investigate the char-
acteristics of subpopulation constitution and cytokine-
secretory activity of blood T-lymphocytes (Thl, Thl7,
and Treg) in connection with the plasma concentration of
galectin-1 and galectin-3 in patients with colon cancer.

MATERIALS AND METHODS

The study was carried out in the laboratory of clini-
cal and experimental pathophysiology in the Pathophy-
siology Department, Siberian State Medical University
(head — O.I. Urazova, Dr. Si. (Med.), Professor, Corre-
sponding member of the RAS), and the Pathoanatomical
Department of Tomsk Regional Oncological Dispen-
sary (TROD) (head — L.L. Purlik, Dr. Si. (Med.)). The
study included 26 patients diagnosed with colon cancer
(14 men and 12 women, average age was 62.9 + 6.7
years), who underwent treatment in the TROD (acting
chief physician — M.Yu. Grishenko). The control group
included 17 healthy donors consisting of 11 men and 6
women (average age was 58.2 + 3.1 years). The criteria

for exclusion of patients from the study were preopera-
tive therapy, other malignancies, exacerbation of chronic
diseases of an allergic, autoimmune, and infectious na-
ture, and refusal to participate in the study. All patients
were examined and operated on before the start of speci-
fic radiation and drug therapy.

The study material included whole peripheral blood
collected from the median cubital vein on an empty
stomach, blood plasma, as well as supernatants of the
suspension cultures of mononuclear leukocytes. Isola-
tion of mononuclear leukocytes from the whole blood
was performed in the Ficoll-Paque density gradient cen-
trifugation medium (p = 1,077 g/ml). The cultivation of
mononuclear leukocytes was carried out in a complete
nutrient medium RPMI-1640 in a CO2 incubator in a gas
mixture containing 5% carbon dioxide at a temperature
of 37 degrees Celsius for 48 hours. Measurement of the
concentration of interferon (IFN) vy, transforming growth
factor (TGF) B1, interleukin (IL) 17 in the supernatants
of culture suspensions of mononuclear leukocytes, as
well as levels of galectin-1 and galectin-3 in blood plas-
ma was performed by enzyme-linked immunosorbent
assay (ELISA) according to the manufacturer’s instruc-
tions (BosterBio, USA; Vector-Best, Russia). Optical
density was recorded on a Multiscan EX photometer-
analyzer (Finland) at a wavelength of 450 nm.

To evaluate the content of CD4+T-bet+ (Thl),
CD4+RORC2+ (Th17), and CD4+FoxP3+ (Treg) lym-
phocytes in the peripheral blood, expression of the sur-
face receptor CD4 and intracellular transcription factors
T-bet, RORC2, and FoxP3 in the whole blood was as-
sessed by flow cytometry using monoclonal antibodies
(PerCP-Cy5.5, Alexa Fluor 488, PE, APC; BD Biosci-
ences, USA; RnD Systems, USA). Red blood cell lysis
was performed using a BD Pharm Lyse lysing solution
(BD Biosciences, USA). For fixation and permeabiliza-
tion of cells for intranuclear staining, the Human FoxP3
Buffer Set (BD Biosciences, USA) was used. The stain
Buffer (BD Biosciences, USA) was utilized to wash and
resuspend cells.

Statistical processing of the results was carried out
using Statistica 12.0 for Windows (StatSoft Inc., USA).
Quantitative traits in the comparison groups were rep-
resented as the median (Me), upper (Q,) and lower (Q,)
quartiles. The significance of differences in independent
samples was evaluated with the nonparametric Mann—
Whitney U-test. Correlation analysis was carried out us-
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ing the Spearman rank correlation test. Differences were
considered significant at p < 0.05.

RESULTS AND DICUSSION

The imbalance of the galectin expression in the tumor
tissue and their concentration in the peripheral blood is
characteristic of many malignant neoplasms and often
correlates with the degree of tumor progression [15-17].
According to the literature, a high plasma level of galec-
tin-1 in patients with colorectal cancer is associated with
high aggressiveness of the tumor, advanced stages of the
tumor process, and poor prognosis [18]. Some authors
have noted a positive correlation of the level of galec-
tin-3 expression by tumor cells with the stage of the dis-
ease and the presence of metastases [19, 20], while other
authors, on the contrary, have reported a decrease in the
expression of galectin-3 at the later stages of the tumor
process [21, 22].

According to the results of ELISA, we found a sig-
nificant increase in the concentration of galectin-1 and
galectin-3 in blood plasma in patients with colon cancer
compared with the corresponding values in healthy do-
nors (Table 1).

Table 1

The content of galectin-1 and galectin-3 (ng/ml) in blood
plasma in patients with colon cancer, Me (Q —0.)

Parameter Patients with colon Healthy donors
cancer
. 16.17 (15.31-17.10)
Galectin-1 »=0.0031 13.74 (12.23-14.79)
. 3.28 (2.30-5.71)
Galectin-3 »=0.0055 1.56 (1.19-2.17)

Note. Level of significance of differences compared with
corresponding indicators in healthy donors — p (here and Table 2,3).

High plasma levels of galectin-1 and glectin-3 are
apparently the result of their over-expression by tumor
cells and elements of the tumor microenvironment,
which could in turn initiate an imbalance of individual
subpopulations of T-lymphocytes in the development of
antitumor immunity in colon cancer.

The key cells of antitumor resistance are CD4+ Thl
lymphocytes, which, via IFNy secretion, activate cy-
totoxic CD8+ cells and stimulate the presentation of
tumor-associated antigens by macrophages [23, 24].
CD4+ Th17 lymphocytes producing the IL-17A cyto-
kine, on the one hand, increase the recruitment of cyto-
toxic lymphocytes and neutrophils in the tumor site and,
on the other hand, induce tumor neoangiogenesis and
formation of metastases [25, 26]. Regulatory T lympho-
cytes, characterized by secretion of the immunosuppres-
sive cytokines IL-10 and TGFp, are capable of inhibiting
the antitumor immune response [27, 2].

An assessment of the subpopulation composition of
peripheral blood T-lymphocytes in patients with colon
cancer revealed a significant decrease in the relative
content of CD4+T-bet+ Thl- and CD4+RORC2+ Th17
lymphocytes in comparison with corresponding param-
eters in healthy donors (Table 2). The percentage of
CD4+FoxP+ Treg lymphocytes in blood, in contrast, ex-
ceeded the corresponding indicator in the control group
(Table 2).

Table 2
Relative content of peripheral blood Th1l, Th17, and Treg

lymphocytes (% from the total lymphocytes population) in
patients with colon cancer, Me (0 -0.)

Patients with

Parameter
colon cancer

Healthy donors

0.82 (0.24-0.94)

+ T
Thl (CD4+ T-bet+) = 00454

1.24 (0.48-2.43)

1.44 (0.19-2.13)

Th17 (CD4+ RORC2+) = 0.0051

3.51 (1.56-4.79)

1.19 (0.8-1.48)

Treg (CD4+ FoxP3+) p=00114

0.55 (0.23-1.20)

The effect of galectin-1 and galectin-3 on individu-
al subpopulations of helper T lymphocytes could be re-
lated to the heterogeneity of surface glycans, which are
responsible for the binding of individual galectins, as
well as the expression of cell surface glycoproteins that
mediate lectin resistance [28, 29]. It is worth noting that
galectin-1 and galectin-3 are able to exert a modulating
effect not only on the proliferation and apoptosis of in-
dividual subpopulations of T-lymphocytes, but also on
their cytokine-secretory activity.

According to our results, patients with colon cancer
display a significant decrease in basal secretion of IL-
17 by blood lymphocytes in vitro compared to healthy
donors (Table 3). In vitro secretion of TGFB1 by blood
lymphocytes in the examined patients, in contrast, was
1.3 times higher than that in the control group. As for
IFNy, we did not find a significant difference in its basal
secretion in patients with colon cancer relative to control
values (Table 3).

Table 3

Secretion of cytokines in an in vitro culture of mononuclear
leukocytes (pg/ml) in patients with colon cancer, Me (0,-0))

Parameter Patients with colon cancer Healthy donors
IFNy 1.286 (0.100-3.571) 1.429 (0.100-2.857)
0.116 (0.100-0.425)
IL-17 »=0.0058 0.657 (0.108-0.889)
835.8 (534.3-1,949.0)
TGFp1 = 0.0484 628.6 (471.4-777.2)
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To identify the relationship between the concen-
tration of galectin-1 and galectin-3 in plasma and
the identified structural and functional imbalance of
CD4+ T lymphocytes, a correlation analysis was per-
formed. In patients with colon cancer, negative correla-
tions between the plasma concentration of galectin-1 and
the relative content of CD4+T-bet+ Thl lymphocytes
(r =-0.56, p = 0.0353), CD4+RORC2+ Th17 lympho-
cytes (r =-0.59, p = 0.0334) and in vitro secretion of IL-
17 (r=-0.63, p = 0.0013) were found. At the same time,
a positive correlation was found between the plasma le-
vel of galectin-1 and the content of CD4+FoxP3+ Treg
cells (r=0.55, p =0.0346) and basal secretion of TGFf1
(r=0.48, p=0.0198). Similar results were obtained in an
experimental in vitro study conducted by O.A.Vasilie-
va et al. (2015). Using the lymphocytes from healthy
donors, the authors demonstrated the negative effect of
recombinant galectin-1 on Th1- and Th17-mediated im-
mune reactions with concomitant increase in Treg lym-
phocytes [28]. In turn, F. Cedeno-Laurent et al. (2012)
demonstrated the ability of galectin-1, produced by ma-
lignant blood T-lymphocytes, to induce apoptosis of Th1
cells and, as a result, shift the Th1/Th2 balance towards
Th2-dependent immune reactions and lower the effec-
tiveness of antitumor resistance mechanisms in patients
with skin T cell lymphoma [10].

According to in vitro studies, galectin-3 exerts
dose-dependent stimulating effect on the differentiation
and functional activity of Th17 lymphocytes, while in-
hibiting maturation and functions of Thl and Treg cells
[30]. This thesis is partially consistent with the results
of our study, which established a negative correlation
between the concentration of galectin-3 and the relative
number of CD4+T-bet+ Th1 lymphocytes in the blood
(r =-0.81, p = 0.0004). At the same time, we found a
positive relationship between the plasma level of galec-
tin-3 and basal secretion of TGFB1 by peripheral blood
lymphocytes (» =0.70, p = 0.0001). The ability of galec-
tin-3 to participate in the regulation of TGFp1-associat-
ed signaling pathways was demonstrated by A.C. Mac-
Kinnon et al. (2012), who showed that specific inhibi-
tion of galectin-3 suppresses TGFp1-dependent activa-
tion of B-catenin in vitro and in vivo [31].

Taken together, the results of the present study indi-
cate the ability of galectin-1 and galectin-3 to modulate
the functional activity of effector and regulatory blood
T-lymphocytes in malignant neoplasms of the colon.

CONCLUSION

In patients with colon cancer, an increase in the con-
centration of galectin-1 and galectin-3 is associated with
an imbalance of subpopulations of helper T-lymphocytes
in the blood, inhibition of Thl- and Thl7-dependent

immune reactions, and activation of Treg lymphocytes
with immunosuppressive properties. Tumor-associated
production of galectin-1 and galectin-3 in colon cancer
may represent one of the mechanisms by which tumor
cells escape from immunological surveillance. The
above said indicates the negative role of galectin-1 and
galectin-3 in the mechanisms of regulation of the T cell
immune response in colon cancer.

Further studies of the immunotropic effects of galec-
tin-1 and galectin-3 on individual subpopulations of T
lymphocytes will help to establish the relevance of these
lectins as prognostic markers and advocate for the mod-
ulation of their activity in colon cancer.
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Changes in the activity of lysosomal cysteine proteases of plasma
mononuclear and polymorphonuclear blood leukocytes in Alzheimer’s disease

Sorokina M.G., Fomina M.A., Petrov D.S., Korotkova N.V.

Ryazan State Medical University
9, Vysokovoltnaya Str., Ryazan, 390026, Russian Federation

ABSTRACT

Aim. To study the level of activity of lysosomal cysteine proteases (cathepsins H, B, L) in blood plasma and
fractionated leukocytes (polymorphonuclear and mononuclear) in patients with Alzheimer’s disease in comparison
with similar indicators in persons without signs of neurodegeneration as a possible marker of Alzheimer’s disease
development and diagnosis.

Materials and methods. The spectrofluorimetric study of cathepsins B, L, H activity level in plasma and
fractionated leukocytes was conducted in 22 patients diagnosed with Alzheimer’s disease in comparison with the
same indicators in 22 patients matched by sex, age and associated diseases with patients of the observation group,
but having no signs of neurodegeneration.

Results. The activity of all three enzymes, and especially cathepsin H, increased significantly in blood plasma. A sig-
nificant increase is also noted in the activity of cathepsins H, B, and L in homogenates of fractionated leukocytes. At
the same time, in both polymorphonuclear and mononuclear leukocytes the greatest degree of changes is demonstrated
by the activity of cathepsin B, and the least is the activity of cathepsin L. Given the available data on an increased
cathepsin B activity in the cerebrospinal fluid of patients with Alzheimer’s disease, we can assume a correlation
between the state of lysosomal proteases activity in the Central nervous system and in the peripheral blood cells.

Conclusion. Alzheimer’s disease is associated with increased activity of cysteine cathepsins in plasma,
polymorphonuclear and mononuclear leukocytes of peripheral blood, which can be considered as one of the
possible markers of development and diagnosis of the disease.

Key words: Alzheimer’s disease, neurodegeneration, proteolysis, cysteine cathepsins, blood plasma,
polymorphonuclear leukocytes, mononuclear leukocytes.
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M3meHeHne aKTMBHOCTU /IM30COMA/IbHbIX LLUCTEMHOBbBIX NPOTEeas Nn/iasmbl,
MOHOAAEPHbIX U NO/IMMOPPHOAAEPHBIX 1IEMKOLUTOB KPOBU Npu 60/1€3HK
Anburenmepa

CopokuHa M.l'., Domuna M.A,, Netpos [1.C., KopoTrkoBa H.B.

Psszanckuil 2ocyoapcmeenuwiii meouyunckuil ynusepcumem (Psazsl’MY) um. axao. U.11. Ilasnosa
Poccus, 390026 2. Psasanw, yn. Beicokosonbmuasi, 9

PE3IOME

Hens. M3y4nTs ypoBeHs aKTHBHOCTH JIN30COMAJIBHBIX IIICTENHOBEIX MpoTenHa3 (karerncuHoB H, B, L) B mma3sme
KpPOBH M ()PaKIMOHUPOBAHHBIX JEHKOIHUTaX (TOIMMOP(HOAAEPHBIX U MOHOSIEPHBIX) MAMEHTOB C OOJIE3HBIO
AnbrreiiMepa B CpaBHEHHH € aHAJIOTMYHBIMH ITOKA3aTEISIMHI Y JIHII, He IMEIONNX MPI3HAKOB HeifpoereHepamnmy,
KaK BO3MOXKHBIH MapKep pa3BUTHS U JHATHOCTHKHU OOJIe3HH AJbIreiiMepa.

MatepuaJjbl 1 MeToabI. [IpoBeieHo crieKTpodyopruMeTpHIECKOe UCCIIEI0BaHIE YPOBHS AKTUBHOCTH KaTEIICHHOB
B, L, H B ia3me kpoBu 1 QpaKMOHUPOBAHHBIX JIEHKOIMTAX 22 MALMEHTOB C 1MarH030M «bone3np Anbureiimepay
B CPAaBHEHUH C aHAJIOTUYHBIMU ITOKA3aTENAMH 22 MALMEHTOB, COMIOCTABUMBIX I10 MOJTy, BO3PACTY U COITY TCTBYIOIHM
3a00JI€BaHMSM C NMAIMEHTAMH I'PYIIbI HAOIIOJCHHUS, HO HE UMEIONINX MPU3HAKOB HEHpOaereHepaIuy.

Pe3yJIl)TaTI:I. B mnasme KpOBU CTATUCTUYCCKHM 3HAYMMO IIOBbIINICHA AKTHBHOCTH BCEX TPEX d)epMeHTOB,
B HauOOJbIIEH CTErneHW — aKTUBHOCTH KarernicuHa H. B romorenarax (bpaKL[HOHHpOBaHHBIX J'leﬁKOL[PITOB
TAKXE OTMCUACTCA CTATUCTUYCCKHU 3HAYMUMOC IMOBBIMICHHUEC AKTHUBHOCTH KATCIICMHOB H, B, L, Ipyu 5TOM KakK B
HOJ'[PIMOp(bHOHZ[epHBIX, TaK U B MOHOSAACPHBIX JICWKOILIUTAX B HauOOJbIIEH CTENEHH W3MEHSETCS aKTHBHOCTD
KaTCriCuHa B, HavMeHbIIeH —KaTericuHa L. YuuTeiBas HUMCIOIIUECA JaHHBIC O MOBBINICHUH aKTUBHOCTH KaTCIICHUHA
BB uepe6pocrn«lHanLHoﬁ KHUJIKOCTH MallUCHTOB C 00JIE3HBIO Am)urei?lMepa, MOJKHO MPEAIOJI0XUTh B3aUMOCBA3b
MEXAY COCTOTHUEM aKTUBHOCTHU JIM30COMAJIBHBIX IPOTEUHA3 B I.IeHTpaJ'ILHOfI HepBHOﬁ CUCTEME U nepn(bepnquKHx
KJIETKaxX KpOBH.

3akumwouenue. bonesHp AﬂbureﬁMepa acconyupoBaHa ¢ HapaCTaHUEM AKTHUBHOCTH HUCTCUHOBBIX KAaTCIICUHOB B
miiasme, HOHHMOp(i)HO}I[IepHLIX U MOHOAACPHBIX JIEUKOLIUTAX Hepnq)epnqecxoﬁ KPOBH, UTO MOKET paCCMaTpUBATHCA
KaK OJUH U3 BO3MOXKHBIX MapKEPOB Pa3BUTUS U JUAT'HOCTUKHN 3a00JIeBaHUSI.

KuoueBsble ciioBa: 6osie3Hb Asblireiimepa, HelpoereHepanus, NpoTeosn3, IIUCTEHNHOBBIE KATEIICUHBI, TIa3Ma
KPOBH, OJTUMOP(PHOSICPHBIC JICHKOIIMThI, MOHOSICPHBIC JICHKOIUTHL.

KoHduuKT HHTEpecoB. ABTOPHI ACKIAPUPYIOT OTCYTCTBHE SBHBIX M ITOTCHIMAJIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaKeil HaCTOSIIEeH CTaThH.

HUcTounuk q)l/lHal-lCPlpOBaHl/lﬂ. ABTOpLI 3asBJIAIOT 00 OTCYTCTBHUHU (bHHaHCI/IpOBaHI/ISL

CooTBeTcTBHE MPUHIMIAM 3THKHU. Bce manueHTsl moanucand WHPOPMUPOBAHHOE COTNIACHE HA y4yacTHE B
uccnenopanun. MccienoBanue 000pEHO JTOKAIBHBIM 3THYECKUM KomuTeToM Ps3I’MY mmM. akaxa. W.II. [1aBnoBa
(mpotoxou Ne 6 ot 6.11.2018).

Ja nuruposanusi: Copoxkuna M.I'., ®omuna M.A., Ilerpos [I.C., Koporkosa H.B. 3MeHeHHEe aKTUBHOCTU
JIM30COMAIIBHBIX IMCTEMHOBBIX POTEa3 IIa3Mbl, MOHOSICPHBIX U MOIMMOP(HOSICPHBIX JICHKOLMTOB KPOBH IIPH
Oonesnu Aunblreiimepa. broaemens cubupckoi meouyunst. 2020; 19 (3): 83-88. https://doi.org: 10.20538/1682-
0363-2020-3-83-88.

Changes in the activity of lysosomal cysteine proteases of plasma

INTRODUCTION

Every year, the world’s population of elderly people
is growing, which leads to an increase in the number of
patients with neurodegenerative diseases. Alzheimer’s
disease (AD) occupies a leading position among them
in both prevalence and economic expenses. An import-
ant and unresolved problem is the late diagnosis and, ac-

cordingly, the late start of treatment, which only begins
at the stages of clinically apparent dementia. Therefore,
the issue of finding diagnostic methods for AD at the
earliest (pre-demented and asymptomatic) stages of the
development of the neurodegenerative process, which,
according to a number of studies, is 15-20 years ahead
of the formation of clinically apparent dementia, remains

84 Bulletin of Siberian Medicine. 2020; 19 (3): 83-88



Original articles

relevant. To apply such preventive strategies in relation
to AD, it is necessary to search for peripheral biomar-
kers in environments easily accessible for research (blood
serum, saliva, urine). Given the multifactorial nature of
neurodegeneration in AD, the creation of a multimodal
diagnostic panel is considered more justified [1-3]. One
of the possible biomarkers of AD may be a change in the
activity of lysosomal enzymes of various cells.

Correct functioning of lysosomes is especially im-
portant for neurons, since they cannot reduce the content
of accumulated toxic molecules and aggregates by cell
destruction [2]. Disruption of lysosomal function plays
an important role in the degeneration of neurons and in
the pathogenesis of numerous neurodegenerative disea-
ses [4]. In recent years, information indicating the par-
ticipation of lysosomal proteases in the pathogenesis of
AD has appeared [2, 3], although the data are very frag-
mented and not always unambiguous. However, there is
no doubt that proteolytic enzymes are a very sensitive
marker of cellular “trouble”, and information about the
level of activity of these enzymes can be used for early
diagnosis and determination of the severity of a number
of pathological conditions [5].

It has been proven that the amyloid precursor pro-
tein (APP) plays a key role in the pathogenesis of AD.
The full-sized APP belongs to the type I transmembrane
protein family and is thought to be involved in the regu-
lation of protein transport [6]. The most studied extracel-
lular region consists of several domains: E1, consisting
of two subdomains (growth factor-like domain and cop-
per-binding domain), and E2, linked by an acid domain
(AcD). APP can undergo various types of proteolytic
treatment [4, 5]. Successive cleavage of the protein by
alpha and gamma secretase leads to the formation of p3
peptides (non-amyloidogenic pathway). In the case of
alternative processing with the help of beta and gamma
secretase, a polypeptide consisting of 40—43 amino acid
residues (B-amyloid), insoluble in water, aggregating
with the formation of polymers deposited in the form of
plaques, is formed [7].

APP is the subject of extensive proteolytic treatment;
therefore, theories about the effect of lysosomal proteas-
es on the occurrence of AD, the possibility of a diagnos-
tic study of cathepsin activity as a marker, and the use of
their inhibitors or inducers in the treatment of the disease
have been developed for a long time [8]. Cathepsin B
is one of the proteins involved in the regulation of the
number of AP peptides, but its role in the pathogenesis
of AD requires further research. Paradoxically, on the
one hand, since it possesses [-secretase activity, it can
participate in the formation of AP peptides, and on the
other hand, it can also participate in the processes of their
degradation [6].

It was proved that the cathepsin B sulthydryl group
of cysteine (Cys32) cleaves the AP peptide from the
carboxyl end at the location of the glutamic acid resi-
due (Glull), and a decrease in the production and ac-
tivity of cathepsin B initiates the accumulation of A
peptides [9].

It is also known that cysteine cathepsins B and L are
involved in the degradation of not only amyloid peptides,
but also C-terminal fragments of APP and B-secretase
(BACE1), and affect cholesterol metabolism in neurons.
A decrease in the activity of these cathepsins or their in-
hibition leads to lysosomal deficiency, impaired synthe-
sis of NPC1 and ABCA1 proteins that are involved in the
release of cholesterol, and impaired degradation of key
AD proteins [4].

A recent study showed that cathepsin B can ac-
celerate the metabolism of AP peptides via ly-
sosomal pathways and reduce memory deficit
associated with AD. Hippocampal injections of the ad-
eno-associated virus expressing cathepsin B decreased
AP levels, increased Lamp1 and improved learning and
memory [10].

At the same time, it is known that pyroglutamate-
amyloid-B-peptides (pGlu-AB), which are especially
harmful forms of amyloid-B-peptides present in the brain
in AD, exist. PGlu-Ap peptides are N-terminal truncated
forms of full-sized AP peptides in which the N-terminal
glutamate is cyclized to pyroglutamate to form pGlu-Af
(3-40/42). Cathepsin B gene switching off the leads to a
decrease in the level of pGlu-Ap, and the use of an in-
hibitor of this enzyme (E64d experimental drug) demon-
strated a decrease in memory deficit in experimental an-
imals [11].

There is extensive evidence that the accumulation
of mononuclear phagocytes, including microglial cells,
monocytes and macrophages at the sites of B-amyloid
deposition in the brain, is an important pathological
characteristic of AD, and the concentration of these cells
grouped around A deposits is several times higher than
in neighboring brain regions [12]. Since the blood-brain
barrier is permeable to mononuclear and polymorphonu-
clear leukocytes, it can be assumed that changes in the
metabolism of these cells may indirectly indicate patho-
logical changes in brain tissue and be a peripheral marker
of the neurodegenerative process. The aim of this study
is to study the level of activity of lysosomal cysteine
proteases (cathepsins H, B, and L) in blood plasma and
fractionated leukocytes (polymorphonuclear (PMNL)
and mononuclear leukocytes (MNL)) in patients with
Alzheimer’s disease and to compare with similar indi-
cators in individuals without signs neurodegeneration as
a possible marker of Alzheimer’s disease development
and diagnosis.
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Changes in the activity of lysosomal cysteine proteases of plasma

MATERIALS AND METHODS

Clinical material for the study were blood plasma
and fractionated leukocytes (PMNL and MNL) obtained
from 22 patients with Alzheimer’s disease who under-
went in-patient treatment and dispensary observation
at the N.N. Bazhenova Regional Clinical Psychiatric
Hospital. All patients included in the observation group
have a diagnosis confirmed by instrumental laboratory
methods according to modern diagnostic criteria. As a
comparison group, we used blood plasma and fraction-
ated leukocytes obtained from 22 patients of the same
hospital, comparable in age and gender to patients of the
observation group, but who did not have clinical signs
of dementia and neurodegeneration. The study complies
with ethical standards developed in accordance with the
Helsinki Declaration of the World Medical Association
“Ethical Principles for the Conducting of Scientific Med-
ical Research with Human Participation” as amended in
2000 and the “Rules of Clinical Practice in the Russian
Federation” approved by the Order of the Ministry of
Health of the Russian Federation of June 19, 2003 No.
266.

Blood sampling was performed once on an empty
stomach from the ulnar vein in an amount of 10 ml, hep-
arin was used as an anticoagulant. Separation of leuko-
cytes into fractions was carried out by the isopycnic cen-
trifugation method [13]. Counting of leukocytes isolated
from samples was carried out in the Goryaev chamber
using a R-15 “Biolam” binocular microscope (Russia).

The resulting precipitation of washed leukocytes was
brought to a concentration of 106 cells/ml with distilled
water containing 0.1% X-100 triton solution and subject-
ed to freezing and thawing three times to destroy plasma
and lysosomal membranes. The resulting lysates were
used to determine the activity of the studied enzymes
[14-16].

The activity of cathepsins L, B, and H was stud-
ied by the spectrofluorimetric method of Barrett and
Kirschke [17] with the measurement of the fluores-
cent reaction product 7-amido-4-methylcoumarin,
which is formed upon cleavage of specific fluorogen-
ic substrates: Na-carbobenzoxy-L-phenylalanyl-argi-
nine-7-amido-4-methylcoumarin ~ (N-CBZ-Phe-Arg-7-
amido-4-methylcoumarin, Sigma, USA) for cathepsin
L, arginine-7-amido-4-methylcoumarin  (Arg-7-ami-
do-4-methylcoumarin, Sigma, USA) for cathepsin H, and
Na-carbobenzoxy-arginine-arginine-7-amido-4-methi-
coumarin (NaCBZ-Arg-Arg-7-amido-4-methylcouma-
rin, “Sig ma “, USA).

The activity of cathepsins in blood plasma was cal-
culated in ncat/ml, and the activity of leukocytes in
ncat/10¢ cells. For statistical processing of the results,
Microsoft Excel and Statistica 10 programs were used.

The normality of the distribution of the sample was eval-
uated by the Shapiro — Wilk test. The groups were com-
pared using the nonparametric Mann — Whitney U-test.
The result was statistically significant at p < 0.05. The
results are presented as median, upper and lower quar-

tiles Me (Q,-0,).

RESULTS AND DISCUSSION

In the blood plasma of patients with AD, the activ-
ity of cathepsins H, B, L was statistically significantly
increased compared to patients who did not have signs
of neurodegeneration. Among the studied enzymes, the
most significant increase was in the activity of cathepsin
H (22-fold increase relative to the comparison group),
while the activity of cathepsin B increased 2.8 times, and
cathepsin L was 1.9 times (Fig. 1).

In PMNL, the activity of cathepsins B and H was in-
creased 5 and 5.4 times, respectively, and the cathepsin
L activity was 2 times (Fig. 2).
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Fig. 1. Activity of plasma cathepsins in patients with
Alzheimer’s disease (observation group) and patients without
signs of neurodegeneration (comparison group), ncat/ml

* marked statistically significant data.

The following pattern is noted in MNL: the most pro-
nounced change in the cathepsin B activity is a 5 times
increase relative to the comparison group, the cathepsin
H activity is increased by 3.5 times, and cathepsin L in-
creased by 1.7 times (Fig. 3).

A significant increase in the activity of cathepsin H
in the blood plasma of patients with AD is of interest.
Cathepsin H is an aminopeptidase with endopeptidase
activity. It is possible that the increase in activity is rel-
ative, since the decrease in the activity of cathepsins B
and L correlates with the accumulation of A [10].
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patients with Alzheimer’s disease (observation group) and

patients without signs of neurodegeneration (comparison
group), nkat/10° cells

* marked statistically significant data

However, on the other hand, an increase in the activ-
ity of cathepsin H can be explained by the participation
of this enzyme in the metabolism of modified low-den-
sity lipoproteins, which include aprotein E (ApoE). The
participation of ApoE in both the formation of amyloid
plaques and the metabolism of APP has been proven.
The ApoE4 isoform is the most susceptible to protease
cleavage, and the resulting C-terminal fragment of the

molecule has pronounced neurotoxic properties [6]. The
increased activity of cathepsin B can be explained by its
ability to penetrate the blood-brain barrier [8], as well as
the active participation of this enzyme in the metabolism
of APP.

The obtained results suggest the involvement of ly-
sosomal leukocyte proteases in the neurodegenerative
process, which is consistent with literature data on the
participation of these blood cells in this pathology.

In fractionated leukocytes, the following unidirec-
tional tendency is observed: a predominant increase in
the cathepsins B and H activity against the background of
a slight increase in the cathepsin L activity. Specific neu-
trophil granules contain more than 20 different types of
proteases, and a huge number of receptors that determine
their functional activity (for various interleukins, com-
plement system factors and other biologically active mol-
ecules) are located on cell membranes. PMNLSs contain
a large number of lysosomes; various factors, including
hypoxia, oxidative stress, and decreased insulin synthe-
sis, can lead to a violation of the integrity of the lyso-
somal membrane [18]. Numerous studies in recent years
prove the correlation between insulin resistance in brain
tissue and neurodegenerative processes [19]. The de-
struction of PMNL lysosomal membranes and the release
of cathepsins B and H into the cytoplasm can be consid-
ered a pathogenetically significant factor in AD and the
development of neurodegeneration. Given the increased
concentration of these cells around A and the ability of
leukocytes to penetrate the blood-brain barrier, a change
in the activity level of blood leukocyte cathepsins is an
important biomarker of the neurodegenerative process.

In literature there are references to an increase in the
cathepsin B activity in the cerebrospinal fluid of patients
with AD [20], which suggests a correlation between
the state of lysosomal cysteine proteases activity in the
central nervous system and peripheral blood cells. This
means the studied parameter can be considered as a pos-
sible marker for the AD diagnosis.

CONCLUSION

Alzheimer’s disease is associated with increased ac-
tivity of plasma cysteine cathepsins, and polymorpho-
nuclear and mononuclear peripheral blood leukocytes,
which can be considered as one of the possible markers
of the development and diagnosis of the disease.
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Modified method of vacuum therapy in the treatment of infected
post-sternotomy wounds
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ABSTRACT

Sternal wound infections are a terrible complication that require long and complex treatment.

The aim of the study was to evaluate the results of using the modified method of vacuum therapy to treat purulent-

septic complications of post-sternotomy wounds in clinical practice.

Materials and methods. According to the applied method of vacuum therapy, all patients with infectious
complications of post-sternotomy wounds were divided into two groups (n = 25, average age 56.6 years). The
classical vacuum therapy was used in the first group consisting of 12 patients. In the second group, 13 patients were

treated with the help of the modified method of vacuum therapy.

Results. In the first group, 1 patient (8.3%) experienced osteomyelitis of the sternum, following a partial resection
of'bone plates; 1 patient (8.3%) developed sternal fistulas, which required long-term treatment; 1 patient (8.3%) had
bleeding due to the injury of the left brachiocephalic venous trunk because of the direct contact of the polyurethane
pad with the blood vessel wall. The bleeding was eliminated by fixing the damaged area of the vascular wall
with U-shaped sutures using polytetrafluoroethylene pads. In the second group, no complications of this nature
were observed. The modified method of vacuum therapy allows for the effective evacuation of the hemorrhagic
discharge of the wound surface, the reduction of the degree of pathogen contamination in the adjacent tissues, and

the elimination of bleeding risk.

Conclusion. The modified method of vacuum therapy in combination with effective algorithms for treating
purulent-septic complications of post-sternotomy wounds allows physicians to avoid fatal complications and

achieve good clinical results.

Key words: median sternotomy, sternal infection, postoperative mediastinitis, vacuum therapy, reosteosynthesis

of the sternum.
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MpumeHeHne MoANPULUPOBAHHOIO METOAA BaKyyM-Tepanuu
npu 1€4eHUU UHPULMPOBAHHDBIX MOCTCTEPHOTOMHBIX PaH

YapbiwkuH AJL', l'ypbaHoB A.A."2

I Vavsanoscxuil cocyoapemeennviil ynusepcumem (Yal'y)
Poccus, 432017, 2. Yavsnosck, yi. JIvea Toacmoeo, 42

2 Vavsnoeckas oonacmuas kiunuyeckas 6onvnuya (YOKB)
Poccus, 432017, 2. Yavsanosck, yn. Tpemveco Unmepnayuonana, 7

PE3IOME

AKTyanbHOCTb. PaHeBas cTepHanmbHast HHGEKIUS SBISETCS TPO3HBIM OCIOXKHEHHEM, TPEOYyIOMUM JIUTEIEHOTO
U CIIOKHOTO JICUCHUSI.

Henp uccienosanus. OlLeHKa pe3yNbTaTOB IMPUMEHEHUS MOAU(UIMPOBAHHOIO METO/A BaKyyM-TEpamuu IMpH
JIEUEHUH THOMHO-CENTHYECKUX OCIIOKHEHHI IOCTCTEPHOTOMHBIX paH.

Marepuajbl 1 MeToabl. Bce mamueHTH ¢ MHQEKIHMOHHBIMH OCIOXXHEHUSIMH IIOCTCTEPHOTOMHBIX paH (n =
25, cpenumii Bo3pacT 56,6 yeT) pasmeneHbl HA ABe Tpynmbl. B 1-1o rpynmy Bomuti 12 mamueHTOB, y KOTOPBIX
HCIIOJIb30BAJICS KJIACCUYECKUI METOJ BaKyyM-Tepanuu. Bo 2-# rpynmne ais nedeHus 13 manueHTOB NPUMEHSICS
MOANGHUIUPOBAHHBII METOJ] BAaKyyM-TEpaIiH.

PesyabTatel. B 1-if rpymme y 1 (8,3%) GonpHOro Habmomancss OCTEOMUETHT TPYIMHBI, BHIIIOIHEHA JaCTUYHAS
pe3eKus KOCTHBIX miacTuH, y 1 (8,3%) BOSHUKIHN CTEPHO-KYTadbHBIE CBHUIIH, YTO MOTPEOOBATIO JIUTEILHOTO
neuenus, y 1 (8,3%) BcienacTBHe TpaBMaTH3alUHM JEBOTO BEHO3HOTo OpaxuoredanbHOro CTBONAa Ha (oHE
HPSIMOTO KOHTAaKTa MOJINYPETAHOBOT'O HAMIOJIHHUTENS CO CTEHKOM cocyia — KpoBoTeueHue. KpoBoreueHue ynanoch
JMKBHMPOBATh, YIINB IOBPEKACHHBIH Y4aCTOK COCYAMCTOH CTEHKU M-00pa3sHBIMU IIBAMM C MCIIOJIb30BaHHUEM
MPOKIAZ0K U3 monuterpadTopaTiieHa. Bo 2-if rpynmne ocnoxHeHHH MOJOOHOTO XapakTepa HE HaOII0Ialoch.
ITpumeHeHHe MOAMMDHULIMPOBAHHOTO METOJAa BAaKyyM-TEpaluu IO03BOJsAeT 3(Q(EKTUBHO 3IBAKyHPOBAThH
reMOpparnieckoe OTACNSIEMOEC PAaHEBOW IOBEPXHOCTH, YMEHBIIHTh CTCNEHb KOHTAMUHALMM I[AaTOTCHOM
NPHISKALIMX TKAaHeH, HCKIII0YaeT PUCK BOSHUKHOBEHHUSI KPOBOTCUCHUS.

3akisoueHue. HpI/IMeHeHI/Ie MO}II/I(bPIHI/IpOBaHHOFO METO/Zla BakKyyM-TE€pallii B COYETAHHUU C 3(i)(l)eKTI/IBHI)IMI/I
aJIropyTMaMu  JICUCHU THOMHO-CENTUYCCKUX OCJIOKHEHUMN IOCTCTEPHOTOMHBIX PpaH IO3BOJIAOT n30exarh
Q)aTaHBHI)IX OCJIOKHEHUH U ,Z[OGI/ITLCH XOpOLIHX KIMHUYIECKUX PE3YJILTATOB.

KiroueBble cjioBa: cpefilMHHAs CTEPHOTOMUS, CTEPHAIbHAS MH(EKIHUS, TOCICONEePALMOHHBII MEIMaCTHHHT, Ba-
KyyM-TEpaIHus, PEOCTEOCHHTE3 IPYAUHBI.

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJIMKaIKeil HACTOSIIEH CTaThH.

HUcTounuk q)HHaHCHpOBaHI/ISI. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU (bPIHaHCI/IpoBaHI/ISI IpyU OPOBEACHUU HUCCIIEN0-
BaHUA.

CooTBeTcTBHE NPHHIMNIAM 3THKH. Bce marnuenTs! moanucany Aani HHGOPMHUPOBAHHOE IIMCBMEHHOE COTJIacHe.
HccnenoBanne 0om00peHO pEIICHHEM JIOKAIBHOTO STHYECKOTO KOMHUTETa YIBSHOBCKOTO TOCYAApPCTBEHHOTO
YHHBEpPCHTETA.

Jst uutupoBanus: Yapeimkun A.JL, ['ypesiaos A.A. [IpumeneHne MoaAN(HUIIMPOBAHHOTO METOAA BAKyyM-Tepa-
IIUH TIPY JICYCHUH MHQHUIUPOBAHHBIX TOCTCTEPHOTOMHBIX paH. browiemens cubupckoii meduyunwvt. 2020; 19 (3):
89-94. https://doi.org: 10.20538/1682-0363-2020-3-89-94.
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INTRODUCTION

More than 57,000 open heart operations to treat car-
diac pathology are performed annually in Russia [1]. A
tendency to increase the total number of cardiac surgery
interventions remains due to the development of large
medical centers and the establishment of new cardiac
surgery departments. Despite the proliferation of min-
imally invasive and interventional technologies, open
heart surgery using median sternotomy as a surgical ac-
cess remains one of the main treatment methods.

The active use of sternotomy as an access is due to
this method being relatively simple and effective, as it
provides visualization of all the main cardiac structures
and vessels. However, despite the advantages of medi-
an sternotomy, the main disadvantages are the degree of
traumatization and risks of infectious complications.

In order to prevent purulent-septic complications af-
ter sternotomy, guidelines for the elimination of sternal
infection were developed and introduced into clinical
practice [2]. Despite this fact, the incidence of post-ster-
notomy infectious complications remains quite high and
ranges from 0.25 to 10% [3].

Vacuum therapy is among the most effective treat-
ment methods of postoperative sternomediastinitis.
However, the complex architectonics of post-sternotomy
wounds, heterogeneity of tissues, and spread of bacterial
strains resistant to antibiotics and antiseptics do not al-
low for complete cleansing of the wound cavity in 100%
of cases.

The aim of the research was to evaluate the results of
using the modified method of vacuum therapy in clin-
ical practice to treat purulent-septic complications of
post-sternotomy wounds.

MATERIALS AND METHODS

From January 2015 to December 2018, 379 open
heart surgeries were performed using median sternotomy
as a surgical access in the Department of Cardiac Surgery
and Heart Rhythm Disorders of the Ulyanovsk Regional
Clinical Hospital. In 10 cases (2.65%) the postoperative
period was complicated by bleeding due to coagulopa-
thy. In 3 cases (0.8%) the postoperative period was com-
plicated by acute myocardial infarction. Purulent-septic
complications of the wound surface of various severity
developed in 25 cases, which is 6.6% of the total number
of patients operated on.

Patients with infectious complications of the sternal
wound were divided into two groups according to the
method of vacuum therapy used for treatment. Patients
were comparable by gender and age in both groups. The
average age was 56.6 years old. The number of elderly
patients (over 60 years old) was 10 people (40%) (Table

1). The first group (comparison group) included 12 pa-
tients whose purulent-septic complications of the sternal
wound were treated with the standard method of vacuum
therapy. The second group (main group) included 13 pa-
tients who underwent a course of the modified vacuum
therapy (RF patent No. 183866, authors A. L. Charysh-
kin, A. A. Guryanov) (Fig. 1).

Table 1

The distribution of patients by age

Age (years old) | The 1* group (n=12) | The 2™ group (n=13)
18-39 1(8.3%) 0 (0%)
40-59 7 (58.4%) 7 (53.8%)
60-74 4 (33.3%) 6 (46.2%)

Note. The number of patients — n.

Figure 1. General view of the modified system

The developed vacuum system provides effective
vacuum drainage of wounds using a device that con-
sists of an air-tight dressing connected to a container
for collecting wound discharge and a vacuum source
(creating alternating negative pressure) though a vac-
uum-wire port. The vacuum-wire is placed in the cen-
ter of the porous pad along its entire length beforehand
(Fig. 2, a, b). In places where the pad comes into contact
with potentially dangerous wound sites (the aortic wall,
myocardium, coronary bypass grafts, left brachiocephal-
ic vein, etc.), the polyurethane pad is covered with a film
of synthetic material that is perforated with a 21G injec-
tion needle, 6 to 9 holes per 1 cm? are made throughout
the film (Fig. 3).

The vacuum-wire located in the middle of the porous
pad, as well as a special structure of the tube provides a
uniform, more effective wound drainage. The synthetic
film protects the porous pad from the granulation tissue
germination. Moreover, the risk of bleeding during the
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pad removal is eliminated. The film also prevents vulner-
able sections of the wound from direct vacuum exposure.
The perforated surface of the film retains adhesive prop-
erties of the pad.

To determine nature, extent and localization of the
pathological process in the postoperative period, patients
underwent chest CT with 3D reconstruction, ultrasound
of soft tissues, wound culture test, and antibiotic sensi-
tivity test.

; HRggEE ¥
= " Ty I:'

Fig. 2. Installation of the drainage in the pad

-,

Fig. 3. Perforated protective film

RESULTS

In both groups of patients, the same phasing of treat-
ment was observed. Initially, the prevalence of infection
was determined. When the infection was localized within
the skin and subcutaneous tissue (8 patients (66.6%) in
the first group; 8 patients (61.5%) in the second group),
soft tissues were expanded to the sternum. Ligatures
from the skin and subcutaneous tissue were removed,
consistency of sternal sutures and their involvement in
the inflammatory process of the sternum and retrosternal
space were evaluated. If the sternal sutures were consis-
tent, and the sternum and retrosternal space were intact,

the wound was debrided with antiseptic solutions and a
vacuum system was installed.

If sternal sutures were inconsistent, meaning that
there was severe diastasis of the sternal edges or pres-
ence of an infection on the anterior mediastinum (4 pa-
tients (33.4%) in the first group; 5 patients (38.5%) in the
second group), wire ligatures were removed and the ster-
nal edges were spread. After that, the wound was debri-
ded with antiseptic solutions and a vacuum system was
installed. Removing sternal sutures in these conditions is
a mandatory procedure, since otherwise they contribute
to the destruction of the sternal edges during breathing
and coughing. In addition, fragments of a wire suture can
damage nearby structures, such as the lungs, heart, and
great vessels [4].

When using vacuum systems in the Department of
Cardiac Surgery of the Ulyanovsk Regional Clinical
Hospital, both standard and modified methods were
employed. In the modified system, a four-channel sili-
cone tube, located in the center of the polyurethane pad
throughout the wound, was used for drainage. Given the
size of the wound surface, the complex structure of the
wound and the heterogeneity of tissues, this arrange-
ment of drainage made it possible to evacuate wound
discharge as efficiently as possible and create a uniform
rarefaction in all areas of the wound cavity. Considering
that the polyurethane pad quite often comes into contact
with such surfaces as the aortic wall, myocardium, su-
ture area, mammary-coronary and aortocoronary bypass
grafts, as well as their anastomoses, there is a risk of
damage to these structures from direct vacuum exposure.
It is also important that the polyurethane pad can tightly
adhere to tissues after a prolonged contact, making fur-
ther removal of the pad from the wound extremely dan-
gerous (Fig. 4), since it can cause damage to the above
structures.

In both groups the duration of vacuum therapy
ranged from 48 to 72 hours, after that the system was
removed, and the wound cavity was carefully debrided
with antiseptic solutions before the vacuum system was
reinstalled. This algorithm was followed until the wound
cavity was cleansed and the level of contamination by
the infectious agent reduced to acceptable parameters,
less than 10° CFU [5]. These drugs were used as antisep-
tics in both groups: 3% hydrogen peroxide solution; 10%
betadine solution; 1% dioxidine solution; Baneocin.

When the wound reached the optimal condition, fur-
ther tactics were determined according to the size and
location of the defect. If infection was limited to soft tis-
sues, in both groups the wound was closed with vicryl
No. 1 thread through all layers, using MacMillan — Do-
nati sutures. In the case of retrosternal space involvement
in the pathological process and the need for reosteosyn-
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thesis of the sternum, the strategies of defect closure in
the first and second groups were slightly different.

Fig. 4. Germination of the pad into adjacent tissues

Good revascularization of granulation tissue and ster-
nal edges facilitate bleeding of different severity when
sternum reosteosynthesis and re-closure of a postoper-
ative wound are being performed. To reduce the risk of
re-development of purulent-septic complications after
sternum reosteosynthesis and soft tissue approximation
in the first group of patients with deep sternal infection,
the method of flow-washing drainage was used, and in
the second group the method of gradual closure of the
wound using vacuum therapy was employed.

During gradual closure of the wound, the first stage
was reosteosynthesis of the sternum and suturing of the
soft tissues of the upper half of the postoperative wound.
A negative pressure system was installed at the lower
part of the wound. Vacuum therapy was carried out for
3 days, after that the defect of the lower wound segment
was closed.

This method made it possible to effectively evacuate
the hemorrhagic discharge of the wound surface, pre-
venting the formation of extensive hematomas, which
subsequently lead to a relapse of infectious complica-
tions. In addition, the modified vacuum therapy allows
the reduction of pathogen contamination of the adjacent
tissues, diminishing risks of a relapse. While using this
method in our department, we did not register a single
case that required additional surgical hemostasis.

According to the results of treatment, in the first
group, one patient (8.3%) suffered from sternal osteomy-
elitis that subsequently required a partial resection of the
bone plates. One patient (8.3%) developed sternal fistu-
las in the long-term postoperative period, which required
further prolonged treatment. One patient (8.3%) had
bleeding due to the injured left venous brachiocephalic
trunk because of the direct contact of the polyurethane
pad with the vessel wall. The bleeding was eliminated

by suturing the damaged part of the vascular wall with
P-shaped sutures using polytetrafluorethylene pads. In
the second group, complications of this nature were not
observed. Mortality was absent in both groups.

DISCUSSION

According to many authors, the use of vacu-
um therapy in the treatment of infected post-sternotomy
wounds is an effective method to achieve good results.
However, experience of using such systems shows that it
is not always possible to achieve complete cleansing of
the wound. The large size, complex and heterogeneous
structure of the wound cavity, as well as the infectious
agent resistance greatly complicate the task.

To increase the operating efficiency of the vacuum
system in our hospital, a non-standard way of arran-
ging the evacuation drainage in relation to the polyure-
thane pad was used. We used the silicone drainage with
a four-channel structure that was located in the center of
the pad equidistant from all wound sections, which, in
our opinion, ensured more effective elimination of the
infectious agent and wound discharge.

One of the problems of using vacuum therapy in the
treatment of deep sternal infection is the risk of damage
to structures such as the great vessels walls, myocardium,
coronary bypass grafts due to direct exposure to vacuum,
or a combined effect of infection and negative pressure
on tissues [6, 7, 8]. In order to prevent such problems in
our hospital, we used a synthetic film to cover the poly-
urethane pad, while the adhesive properties of the pad
due to perforation of the film were maintained.

Early detection of purulent-septic complications of
post-sternotomy wounds allows to resort to active sur-
gical tactics in a timely fashion, thereby to prevent the
spread of infection and deeper structures from being in-
volved in the pathological process [9, 10]. This contrib-
utes to effective treatment with less aggressive surgical
tactics in the future. If sternal sutures become incon-
sistent and a patient with sternomediastinitis develops
diastasis of the sternal edges, it is necessary to remove
sternal sutures and expand the post-sternotomy wound
completely. This allows to adequately sanitize the ret-
rosternal space, and also to avoid further destruction of
the sternal edges and damage to nearby organs by wire
fragments.

CONCLUSION

The modified structure of a vacuum system allows
to provide a more efficient evacuation of exudate and
to create uniform rarefaction in all parts of the wound
cavity. Coating the polyurethane pad with a film at the
places of contact with the most vulnerable areas allows
the avoidance of such terrible complications as damage

BionneteHb cnbupckomn meguumHel, 2020; 19 (3): 89-94 93



Charyshkin A.L., Guryanov A.A.

Modified method of vacuum therapy in the treatment of infected post-sternotomy wounds

to

the myocardium, walls of large vessels, and coronary

bypass grafts. The gradual closure of the wound using
vacuum therapy reduces the risk of septic complications
relapse, because it prevents hematoma formation in soft
tissues and further reduces the contamination degree of
the wound until it is completely closed.
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Some aspects of complex rehabilitation of patients with acquired defects
and deformities of the oropharyngeal area
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ABSTRACT

The aim of this study was to assess the features of disturbed food intake and find ways to optimize rehabilitation
and resocialization processes for patients with acquired defects and deformities of the oropharyngeal zone.

Materials and methods. The study included 86 patients of a surgical hospital with defects and deformities of the
oropharyngeal zone: 59 men and 27 women. The degree of dysphagia was assessed using clinical scales: volume-
viscosity swallow test (V-VST) [7] and swallowing disability scale (SDS) [7]. Rehabilitation measures to normalize
swallowing were performed in the experimental group (I), which consisted of 42 patients. The control group (II)
consisted of 40 patients and was not included in the restorative effect. The groups were balanced according to the
severity of the disorder, sex and age. Comparative analysis of the severity of impaired swallowing before and after
rehabilitation and evaluation of its effectiveness were conducted.

Results. Data from the study of the dysphagia degree on the SDS scale for the whole sample (n = 82) suggest that the
degree of disorder manifestation depends on the location and extent of anatomical defect. Moreover, comparative
analysis suggests that the presence of a combined defect exacerbates the severity of dysphagia. Step-by-step speech
therapy in the control group aimed at overcoming swallowing disorders included adaptive, compensatory and
restorative strategies used in various combinations depending on the location of the defect and the severity of
dysphagia. The comparison of the repeated assessment data on dysphagia severity in two groups of patients (I and
IT) showed that the rehabilitation measures had a positive impact.

Conclusion. We can state that speech therapy, which is a non-drug and non-invasive rehabilitation method, allows
patients to successfully normalize eating process and helps in preventing cachexia-anorexia and dehydration, which
is important for a successful postoperative period, as well as for improving the life quality of patients.

Key words. Dysphagia, swallowing disorders, oropharyngeal zone, speech therapy, rehabilitation, postoperative
defects and deformities of the oropharyngeal region.
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HekoTopble acneKTbl KOMMN/IEKCHOW peabuiuTalmm nayMeHToB
¢ npuobpeTeHHbIMK gedekTamu n gepopmauymuamm opodpapuHreasibHOM 30HbI

YknoHckan [1.B.", KocoBa E.B.2, HekniogoBa M.B.?, PeweTtoB A.H.> 3, YKnoHckasa A.A.2

I Henmpanvnas knunuveckas 6onvnuya (LHKB) « PXKI]-Meouyunay
Poccus, 129128, 2. Mockaa, yn. Byoaiickas, 2

2 Jleuebno-peabunumayuonnsiti yewmp (JIPL])
Poccus, 125367, 2. Mockea, Heanvkoeckoe wocce, 3

3 Mockoseckuii 2ocydapcmeenuviti Meouxo-cmomamonozudeckuti ynusepcumem um. A.HA. Esooxumosa (MI'MCY)
um. A.U. Egdokumosa
Poccus, 127473, 2. Mocksa, yn. [lenecamckas, 20/1

PE3IOME

He.ﬂb: OLICHKa 0COOCHHOCTEH HapyH_IeHI/Iﬁ mnpouecca npueMa Uiy 1 NouckK r[yTe171 OIITUMH3AllNU IpoLecca pea614-
JIMTaluu MMagu€HTOB C HpI/IO6peTeHHI)IMI/I ,Z[e(beKTaMI/I u Z[e(l)OpMaL[I/ISIMI/I OpO(l)apPIHFeaﬂLHOfI 30HBI.

Marepuajbl U MeTObl. B mccienoBanne ObUIM BKIIOYCHBI 86 MAaIEHTOB XHPYPrHUYECKOTO CTAIMOHApa C
nedexraMu U aeopManusaMH opodapHHTeanbHON 30HBI: 59 My 4uH u 27 keHIwH. CTeneHs aucharui OLUeHH-
BaJIach C MIOMOIIBIO KIMHUYECKNX mKal: Volume Viscosity Swallow Test (V-VST), Swallowing Disability Scale
(SDS). PeabumuranioHHBIE MEPONPHUATHS MO0 HOPMATW3alW{ TJOTaHWS MPOBOAMINCH B IKCIEPHUMEHTAIBHON
rpymme (I), kotopyro coctaBmwmm 42 nanuenrta. ['pynma xontpons (II), He BKIOUeHHAs B BOCCTaHOBHTEIHFHOE
Bo3zeiicTBHE, cocTosa u3 40 manueHToB. ['pymib! ObUTH YpaBHOBEILIEHBI MO TSDKECTH JeeKTa, Moy H BO3pacTy.
ITpoBeneH CpaBHUTENBHBIH aHAIH3 BRIPAKCHHOCTH HAPYILICHUH aKTa TIOTAHHS J0 U TOCIE BOCCTAHOBUTEIILHOTO
BO3/ICHCTBHUS H OLIEHKA ero 3()()EeKTHBHOCTH.

Pe3yabratsl. [lanubie ncciaenoBanus crenenu aucdaruu mo mikaie SDS o BeIbopKe B 11e10M (7 = 82) 03BOJISIOT
TOBOPHTH O HAIMYMHU 3aBUCHMOCTH CTEIICHHU MPOSBICHHS HAPYLICHUS OT MecTa 1 00beMa aHaTOMUYECKOT0 Aedek-
Ta. [Ipudem cornocTaBUTEIIbHBII aHAIN3 MO3BOJISIET YTBEPIK/IaTh, UMEHHO HaJIW4ie KOMOMHHPOBAHHOTO JedeKra
yeyrybuser Tsxectb aucharuu. [IostanHo nMpoBoAMMOE B KOHTPOJILHOMN IPYIIE JIOTOIEANYECKOE BO3/ICHCTBHE,
HAlleJICHHOE Ha MPEOJOJICHHE PAacCTPOMCTB INIOTAHUs, BKIIOYANO B ceOs ajanTHBHbIC, KOMIICHCATOPHbBIE U
BOCCTAHOBHTEJIBHbBIE CTPATEIMH, NPUMEHACMBIC B Pa3IM4HBIX KOMOMHAIMSAX B 3aBUCHMOCTH OT JIOKIM3ALMH
nedexra U TsDKecTH aucdarun. PesynbTaTbl CONOCTAaBICHHUS JAHHBIX MOBTOPHOI OLCHKHM TsKecTH Aucharuu
y nByx rpynn nanueHtoB (I u II) mokasamu, 4To mpoBeieHHbIE PEAOMIIMTALMOHHBIC MEPONPHATUS OKa3alu
MOJIOXKUTENBHOE BIIMSHHUE.

3akiaouenne. TakuM 006pa3oM, MOKHO YTBEPXKIATh, YTO JIOTOIEIMIECKOE BO3AECHCTBHE, KOTOPOE OTHOCHTCS K
HEMEJIMKaAMEHTO3HBIM, HEMHBA3MBHBIM METOJAM peaOWIINTAIMH, TI03BOJIIET YCIIEIIHO HOPMAaIN30BaTh MPOLECC
npyeMa IUIIH, CII0COOCTBYET MPOMUIAKTHKE KaXEKCUH-aHOPEKCHHU M AETHAPATALUH, YTO BAXKHO IUIS YCIIEIIHOTO
TEYEHHUS MOCIIEONEPAIIMOHHOrO EPHO/IA, & TAKXKE YIIyUIIEHHs KaueCTBa )KU3HH ITAI[HEHTOB.

KnroueBble cioBa: aucdarns, HapyImeHUs TIOTaHKs, OpodapHHTeaabHasi 30Ha, JIOTOMEANIECKOe BO3eHCTBHE,
peabunuTarys, MocIeonepauoHHbIe AeeKTh U Ae(opMaIiy opodapHHTeaTbHOH 00IaCTH.

KoHndaukT uHTEpecoB. ABTOPHI ACKIAPHUPYIOT OTCYTCTBUE SBHBIX U MOTCHIMATIBHBIX KOH(PIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJUKAIMEH HACTOSIICH CTaThH.

HUcTounuk (l)HHaHCHpOBaHI/Iﬂ. ABTOpLI 3asBJIAIOT 00 OTCYTCTBUU HUCTOYHUKOB (bl/IHaHCI/IpOBaHI/ISI IIpu poBeaC-
HHUU UCCIICJOBaHUS.

CooTrBercTBHe mnpuHHUNAM JTUkH. C KaXABIM U3 MAIWEHTOB ObUIa INpOBeAeHa MepBUYHAs Oecexa,
uHGOPMHUpYIOIIas O LEJsIX, 3aJadaX, METOAAX M IpHUeMax IeJarorH4ecKoro BO3JCHCTBHS MO HOPMalM3alUH
npoliecca npueMa muiiy. Bee nanueHTsl noanucani HHPOPMUPOBAHHOE COTIIACHE.

Jast uutupoBanus: Yxiounckas J[.B., Kocosa E.B., Hexmonosa M.B., Pemeros JI.H., Ykinonckas A.A. Heko-
TOPBIC aCMEKThI KOMIUICKCHOH peaOuInTaIlMy TAMeHTOB ¢ MPHOOPETEHHBIMU IeeKTaMu  AeHopManusImMu opo-
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INTRODUCTION

Currently, most experts support the view that eat-
ing disorders increase the risk of postoperative com-
plications, and adequate and timely correction makes
it possible to reduce their frequency after surgery, as
well as to increase the treatment tolerance and life
quality of patients [1]. In patients with cachexia-
anorexia syndrome, the overall results of treatment de-
teriorate in proportion to the degree of body exhaus-
tion. Today, it is obvious for specialists that nutrition-
al support is a necessary part of accompanying therapy
in the treatment of patients, including those with a sur-
gical profile [2—5]. Within multidisciplinary approach,
it is a convincing proof that a dietitian should partic-
ipate in a rehabilitation process [6]. However, there
are categories of patients with various types of eating
disorders, for example, caused by structural or neuro-
genic disorders in head and neck [7-9]. In these cases,
a rehabilitation process is more complicated, and it
requires special approaches to recovering of impaired
functions and inclusion of a dysphagia rehabilitation
specialist into a multidisciplinary team.

Eating process is important not only for life qua-
lity, but also for social integration. In this context, it
is important to mention an extremely difficult contin-
gent of children with congenital cleft lip and palate, as
well as patients with acquired defects and deformities
of the oropharyngeal area because of various injuries
or anti-neoplastic treatment. These anatomical areas
are important for chewing, swallowing, breathing, and
speech production. Therefore, inevitably occurring
disorders of the above functions significantly worsen
the body exhaustion and complicate treatment and re-
habilitation [10].

This issue is most acute after surgical removal of
neoplasms of the oropharyngeal area. According to
G. Nitenberg and B. Raynard, malnutrition is detected
in 40-80% of patients with head and neck tumors [1].
Alimentary disorders are the main cause of develo-
ping complications or increase them. Our observa-
tions suggest that 64.7% of patients after oropharyn-
geal surgeries reported significant weight loss (more
than 10 kg within 3 months after surgery).

According to J. Logemann, the act of swallo-
wing involves several successive stages: placing food
in the oral cavity (oral-preparatory phase), passing it
through the oral cavity (oral-transfer phase), trans-
porting through the pharynx to the cricopharyngeal
sphincter (pharyngeal phase), the process of over-
coming the pharyngeal-esophageal junction and get-
ting food into the esophagus (esophageal phase) [12].

Thus, anatomical defects of the oropharyngeal area
with high probability lead to so-called “pre-swallow-
ing” disorders that occur before the swallowing reflex
is triggered. The result of such swallowing disorders
will be the development of malnutrition and dehydra-
tion. Thus, according to S.A. Kravtsov, N.V. Kirillov
and T.V. Korshunova, one of the main reasons of nu-
tritional insufficiency development is post-resection
defects of the oropharyngeal area [2].

Unfortunately, there is not enough information
on the pathogenesis and correction of these disorders
in specialized literature. This explains the lack of
awareness in specifics of working with this patholo-
gy. Traditionally, it is a speech pathologist who treats
swallowing and speech disorders, but this issue is not
clearly defined within a multidisciplinary rehabilita-
tion program yet.

The aim of our research is to assess the features of
disturbed food intake and find ways to optimize reha-
bilitation for patients with acquired defects and defor-
mities of the oropharyngeal zone.

MATERIALS AND METHODS

This multicenter parallel study was conducted from
2017 t0 2019 at FSAI “LRC” of Health Ministry of the
Russian Federation and PHI CCH “RZD-Medicine”.
The study was open, non-randomized, longitudinal,
panel, and controlled.

86 patients of the surgical hospital with postopera-
tive defects and deformities of the oropharyngeal area
were examined: 59 men and 27 women. The entry
criterion was the disturbed pre-swallowing phase of
eating. Later 4 patients were excluded from the study
due to the main disease progression.

The experimental group (I) included 42 patients,
26 men and 16 women. These patients underwent a
full course of speech therapy for correcting dysphagia
during 2.5-3 months. The control group (II) consisted
of 40 patients (29 men and 11 women) with similar
swallowing disorders who, due to various objective
and subjective circumstances, were unable to com-
plete a full rehabilitation course aimed at dysphagia
treatment. The groups were balanced according to the
severity of the defect, sex and age. The control group
was examined for swallowing act problems and con-
sulted. A repeated examination was performed in both
groups of patients during their planned hospitalization
after 3 months.

Examination and case management of patients
were carried out by the multidisciplinary team of
specialists. After removal of nasogastric tubes, all

bionneteHb cnbupckoin meanumHbl. 2020; 19 (3): 95-100 97



Uklonskaya D.V., Kosova E.V., Neklyudova M.V. et al.

Some aspects of complex rehabilitation of patients with acquired

observed patients underwent a postoperative speech
examination. With the help of a surgeon, their swal-
lowing process was tested by asking them to swallow
food and liquids of various consistencies (the volume
viscosity swallow test (V-VST) [7]. To determine a
diet type for each patient, the degree of dysphagia was
also assessed (swallowing disability scale (SDS)) [7].
According to this scale, a score of 0 points was con-
sidered as no dysphagia, 1 point — light dysphagia, 2
points — medium-light dysphagia, 3 points — medium
dysphagia, 4 points — medium-severe dysphagia, 5
points — severe dysphagia, 6 points — aphagia, lack
of ability to take food perorally and the need for a
nasogastric tube or gastrostomy. It was also visually
assessed which swallowing phase demonstrated most
severe disorders.

After detecting dysphagia, speech therapy was
used to eliminate swallowing disorders, differentiated
by stage and the degree of severity. In the course of
speech therapy, compensatory, adaptive and restor-
ative strategies were employed.

The IBM SPSS Statistics 22.0 statistical package
was used to process the received data.

RESULTS AND DISCUSSION

Among patients with acquired food intake disor-
ders caused by “pre-swallowing” disorders, difficulties
are observed in the oral-preparatory and oral-transfer
phase of the swallowing act or in both phases. The
problematic phase is determined by the location and
extent of anatomical defect. The number of patients
with one or another problem in the “pre-swallowing”
phase is shown in Table 1, which demonstrates that
groups I and II are comparable in frequency of occur-
rence of various disorders.

Table 1

The localization of violations in eating acts
(phases of the “pre-swallowing” cycle)

Disturbed phase before | GroupI | Group II The sample
swallowing cycle (n=42) | (n=40) | @whole
gy (n=82)
Oral-preparatory o N o
(subgroup 1) 7(16.7%) | 9(22.5%) | 16 (20%)
Oral-transfer 20 o N
(subgroup 2) (47.6%) 18 (45%) 38 (46%)
. 15 . .
Combined (subgroup 3) (35.7%) 13 (32.5%) 28 (34%)

Note. Number of patients — 7.

Data on the degree of dysphagia on the SDS scale [7]
for the sample as a whole (7 = 82) allow to claim that the
degree of disorder manifestation depends on the location

and extent of anatomical defect. The Mann — Whitney
U-test for independent samples is significant when com-
paring the subgroups 1 and 3 (p <0.0001), as well as the
subgroups 2 and 3 (p < 0.0001), and is not significant
when comparing subgroups 1 and 2 (p < 0.249), which
suggests that it is the combined defect that aggravates the
severity of dysphagia. Figure 1 shows differences in the
frequency of occurrence for different degrees of dyspha-
gia in patients with different problematic phases in the
pre-swallowing cycle.

. o —
5.00 - T
4.00 — T
3.00 ‘—— o
2.00 4 l

1.00

(=)}
[=
(=]

Score on the SDS dysphagia rating scale

1 2
Problematic phase of the pre-swallowing cycle

Fig. 1. Severity of dysphagia for various phases of the pre-
swallowing cycle

These data were taken into account when defining the
strategy of rehabilitation measures.

Then, patients in the group I underwent a course of
speech therapy aimed at normalizing the eating process.
Speech therapy began in a hospital, where classes were
held daily for 7-10 days, and then continued on an out-
patient basis, on average 2—3 times a week for 2 months.
After completing the course on normalization of the
swallowing act, the food intake process was evaluated
again in 3 months.

The content of speech therapy for dysphagia correc-
tion is correctional-pedagogical work in the following
ways: teaching hygienic care of the oral cavity; static
and dynamic (active and passive) gymnastics aimed at
normalization of swallowing, recovery of the functional
activity of the preserved muscles involved in the swal-
lowing act (chewing, mimic muscles, tongue muscles),
as well as stimulation of the oral mucosa sensitivity; if
necessary, “disinhibition” of the swallowing act; dif-
ferentiated (activating/relaxing) massage of the face
and cheeks from the outside and inside, massage of the
tongue and soft palate, neck and shoulder girdle (with
caution, after discussing it with a surgical oncologist);
recovery of coordination between swallowing, breathing
and phonation.

When treating swallowing disorders of a peripheral
genesis by pedagogical methods, we followed the certain
steps:
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1. Preparatory — establishing contact, assessing the
manifestation degree of swallowing disorders, physio-
logically conditioned phonation breathing, passive and
active articulatory gymnastics, recommendations on
nutrition (food consistency) and conversations aimed at
supporting and motivating the patient to recover.

2. Active training — restoration of the functional ac-
tivity of the muscles involved in the swallowing act with
the help of static and dynamic articulatory gymnastics,
the formation of the skill of “safe swallowing” using
adaptive and compensatory technologies.

3. Consolidation of the restored skills and the forma-
tion of a stable stereotype of “safe”” swallowing (coordi-
nation of swallowing, phonation and breathing).

From the viewpoint of corrective action, the resto-
ration of swallowing function is possible through restor-
ing the motor function of intact anatomical structures.
Because of a significant anatomical defect in the tongue
tissues and floor of the oral cavity, there can arise se-
vere difficulties. An effective movement (migration) of
the bolus to the pharynx (into the oropharynx) for a sub-
sequent swallow can be even impossible. In this case,
during the postoperative period patients often complain
about the accumulation of food in the mouth or their in-
ability to swallow it. In this regard, the use of postural
techniques and the selection of textures for swallowing is
particularly relevant in rehabilitation of the swallowing
function.

On the one hand, the texture of the bolus should be
moderately viscous (solid) so that the intact neuromus-
cular zones “have time” to react to the bolus and activate
for the act of swallowing. On the other hand, this texture
must be sufficiently liquid (fluid) so that when the head
is thrown back, the bolus can automatically move to
the pharynx for swallowing, which becomes especially
relevant in the case of extensive tongue resections. The
optimal (to be transported through the oral cavity) food
consistency was selected empirically, individually for
each patient.

Since the wound healing process in this case can be
time-consuming, and there are often a number of objec-
tive reasons that impede eating through natural ways,
an important component of speech therapy is to inform
not only medical personnel, but also a patient and his
family about the rules and peculiarities of food intake in
the postoperative period. These rules must be followed
in case of such swallowing disorders. After removal of
the nasogastric tube, food should be eaten in a sitting,
half-sitting position, or lying on the side with the chin
raised as in this case aspiration is less likely. In severe
cases, when swallowing food is completely impossible,
the patient continues to use a nasogastric tube, and then
feeding can be carried out through a gastrostomy tube.

At the end of the course aimed at normalizing the act
of swallowing, the food intake process was evaluated
again.

Experimental group (1) Control group (II)

en
£ 800 |N-42 N=40 8.00
= Midrank = 57.33 Midrank = 24.88
® 6.00 6.00
<=
&
=)
= 4.00 4.00
29
%8
£% 200 2.00
fe=
o
|2}
E 000 0.00
=}
o
£
= —2.00 -2.00
£
25 20 15 10 5 o 5 i 15 0 25
Frequency Frequency

Fig. 2. SDS scale shift in two groups of patients (points)

The repeated assessment of the dysphagia severity was
carried out, the results of two groups of patients (I and II)
were compared. They showed that the rehabilitation mea-
sures carried out in the group I had a positive impact. Dif-
ferences in the shift on the SDS scale [7] (the difference in
points between the first and the second assessment of the
dysphagia degree) between the groups were significant
(Mann — Whitney U-test, p < 0.0001). Figure 2 demon-
strates the frequency of improvement degree (in 0, 1, 2,
3, 4, 5 points) in two groups (I — took the rehabilitation
course; II — did not take the rehabilitation course).

CONCLUSION

Among patients with acquired anatomical defects
and deformities of the oropharyngeal area, disturbances
of the food intake act at the “pre-swallowing” stage are
observed. These disorders manifest in the oral-prepara-
tory or oral-transfer phase or in both phases, and require
immediate normalization. Moreover, the presence of a
combined defect aggravates the severity of dysphagia.
Eating process is a vital function, so normalizing food
intake in the postoperative period is an integral part of
speech therapy of acquired swallowing disorders. Cor-
rective action, which refers to non-drug and non-invasive
rehabilitation methods, includes compensatory, adaptive
and restorative strategies. This allows successful nor-
malization of the eating process and helps to prevent
cachexia-anorexia and dehydration, which is important
for a successful postoperative period, as well as for im-
proving the life quality of patients.
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Features of functional annotation of rheumatoid arthritis susceptibility genes
by Cytoscape
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ABSTRACT

Aim. To evaluate the functional annotation of genes associated with theumatoid arthritis with different parameters
of the ClueGO Cytoscape tool.

Materials and methods. Genes of susceptibility to rheumatoid arthritis were extracted from publicly available
database GWAS (catalog of associations of single nucleotide polymorphisms with diseases). The Gene Ontology
(GO), the functional annotation of genes, was performed using Cytoscape ClueGO. The features of the functional
annotation using the plugin ClueGO Cytoscape were analyzed.

Results. Depending on the initial parameters specified in the plugin, the grouping of terms according to the gene
ontology was carried out with a different degree of generalization. A smaller minimum number of genes in a group
allows to form a larger number of groups, which makes it possible to obtain more detailed functional characteristics.

Conclusion. The results obtained with different grouping options can be useful for further studies of genetic
mechanisms of theumatoid arthritis.
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Conflict of interest. The author declares no obvious or potential conflict of interest related to publication of this
manuscript.

Source of financing. The author states that there is no funding for the study.

For citation: Chasovskikh N.Yu. Features of functional annotation of rheumatoid arthritis susceptibility genes

by Cytoscape. Bulletin of Siberian Medicine. 2020; 19 (3): 101-104. https://doi.org: 10.20538/1682-0363-2020-3-
101-104.

OcobeHHoCTH (I)YHKI.I,MOHaIIbHOﬁ dHHOTAaUuuu reHoB nNpegpacrno/IoxKeHHOCTHU
K pPEBMAaTONMAHOMY apTpPUTY NpU NCNO/1b30BAHNUU Cytoscape
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PE3IOME

Hensb. OueHnTs GyHKINOHAIBHYIO aHHOTALMIO TeHOB, ACCOLMUPOBAHHBIX C PEBMATOMIHBIM apTPUTOM, IIPH pa3-
HBIX apamerpax nHcTpymMeHTa ClueGO Cytoscape.

MaTepuaJibl H MeTObl. [ eHBI IPEPACIION0KEHHOCTH K PEBMaTOMTHOMY apTPHUTY ObUIH M3BJICUESHBI U3 IyOINY-
HO# 0a3bl aHHBEIX GWAS (kaTanor accorpanuii 0JJHOHYKJICOTHIHBIX MOJIUMOP(PHU3MOB ¢ 3abosaeBanusMu). ['eH-
Has onrojorus (Gene Ontology, GO) — dbyHKIMOHATbHASI aHHOTAIHS TeHOB ObLia MPOU3BE/ICHa C MOMOIIIBIO AJIT0-
putMa, peanuzoBanHoro B Cytoscape ClueGO.

Pe3yabTaThl. PaccMOTpeHbl 0COOEHHOCTH BBIIOJNHEHHS (YHKIMOHAIBGHON aHHOTALMH C ITOMOIIBIO IUIarnHa
ClueGO mnpu pa3HbIX yclIOBUX (GOpMUPOBaHUS QYHKIMOHAIBHBEIX IPYMI. B 3aBHCHMOCTH OT MCXOJIHBIX Mapa-

P4 Chasovskikh Nataliya Yu., e-mail: natacch@mail.ru.

BronneteHb cnbupckoit meguumHbl. 2020; 19 (3): 101-104 101



Chasovskikh N.Yu.

Features of functional annotation of rheumatoid arthritis susceptibility genes by Cytoscape

METpOB, 33J]aBaeMbIX B IUIarWHe, IPYNIHUPOBKA TEPMHHOB COIJIACHO T€HHOW OHTOJIOTHH OCYILIECTBISIETCS C pa3-
JUYHOU moniei 00001IeH s. MeHblllee MUHUMAIbHOE YHCIIO TEHOB B IPYIIIE MO3BOJISIET ChOPMHUPOBAThH OOJIbIIIee
YHCIIO TPYIIII, YTO IAeT BO3MOXKHOCTH MOJTyYHTh Ooee AeTadbHYI0 (pyHKIHOHANIBHYIO XapaKTePUCTUKY.

3akaouyenne. [lomydeHHbIe BapHaHTHl pe3yJIbTaTOB (DYHKIMOHAIBHON aHHOTAI[MA MOTYT OBITH BOCTPEOOBAHBI
Ul AanbHEHIINX UCCile0BaHU FeHETHUECKUX MEXaHU3MOB PEBMATOUHOIO apTpUTa.

KinroueBble ci10Ba: GpyHKIIMOHATbHAS aHHOTALIUS TEHOB, peBMaTouaHbIN apTput, GWAS, Cytoscape.

KonpaukT nHTepecoB. ABTOp AEKIApUPYET OTCYTCTBUE SBHBIX U MOTEHIMAIBHBIX KOH(IINKTOB HHTEPECOB, CBSI-

3aHHBIX C IMyONUKanyel HacTosIIEeH CTaThu.

Hcrounnk punaHcupoBanus. ABTOD 3asBiIseT 00 OTCYTCTBUM (PMHAHCHPOBAHUS IIPH MPOBEAECHNH UCCIISIO0BAHUS.

Jas uutupoBanus: Yacosckux H.}O. OcobeHHOCTH (PyHKIIMOHATBHOW aHHOTAIMU TEHOB MPEAPACIIONOKEHHO-
CTH K PEBMaTOMIHOMY apTPUTY MpH ucrnonb3oBaHuu Cytoscape. broremens cubupckoti meouyunsi. 2020; 19 (3):
101-104. https://doi.org: 10.20538/1682-0363-2020-3-101-104.

INTRODUCTION

The increase in the volume of genomic and proteom-
ic research has led to the need to accumulate its results
in specialized databases, including publicly available
online resources. A huge role in the systematization
and description of such data is played by gene ontolo-
gy (GO, GeneOntology), a unified universal hierarchical
terminology system [1]. It allows for the characteriza-
tion of data into such sections as biological processes,
molecular functions, and cellular components [2], in ac-
cordance with which the annotation of genes (proteins)
is performed. For GO capabilities to be applicable to a
specific data set, specialized tools exist, such as ClueGO
Cytoscape [3], which allows simultaneous work with
multiple data lists and networks.

The ability to describe the results of studies in terms
of gene ontology plays an important role in the imple-
mentation of the functional characteristics of thousands
of genes (for example, in microchipping). Grouping them
in a certain way allows researchers to evaluate the pos-
sible contribution of the studied genes to the implemen-
tation of the physiological response or etiopathogenesis
of diseases. This approach is relevant for studying the
genetic factors of multifactorial (complex) pathologies
[4], in particular, rheumatoid arthritis, regarding which
no similar studies (based on the results of a genome-wide
search) have been conducted.

The aim of this study was to evaluate the functional
annotation of genes which are associated with rheuma-
toid arthritis with different parameters of the ClueGO
Cytoscape tool.

MATERIALS AND METHODS

Rheumatoid arthritis susceptibility genes were ob-
tained by analyzing data from an information source
containing the results of genome-wide association stu-
dies (GWAS) [5], namely, associations between single

nucleotide polymorphisms and diseases. To carry out
functional analysis, ontology types corresponding to the
GeneOntology service were selected in the ClueGO Cy-
toscape version 3.2.1 plugin. ClueGO allows for updates
of this information, since GeneOntology is constantly
updated [6].

The functional similarity of the genes was evaluat-
ed using a hypergeometric test, and the genes belonged
to specific functions in terms of gene ontology. Addi-
tionally, the plugin allows users to adjust the minimum
number (percentage) of genes used to form groups, by
default, 3 and 4, respectively. On a positive scale from
0 to 1, the level of Cohen’s kappa coefficient was es-
tablished, reflecting the functional relationships between
genes (0.4). In case of testing a large number of hypoth-
eses, ClueGO allows for correction for P (probability of
committing a type I error) using the Bonferroni and Ben-
yamini — Hochberg methods [7]. At the same time, both
P values for each term are presented in the Table.

Functional groups were created by iteratively merg-
ing initially defined groups based on a predetermined
kappa threshold value. The program suggests choosing a
“leading” term in each group according to their statistical
significance and number or percentage of genes.

RESULTS AND DISCUSSION

A list of 94 genes associated with rheumatoid ar-
thritis was formed using the GWAS resource: ACOXL,
AIRE, ALS2CRI12, ANAPC4, ANOS, ANXA3, APOM,
ARHGEF3, ARID5B, BAG6, BLK, BTNL2, Clorf159,
C2,C50rf30, CBFB, CCL21, CCR6, CD226, CD247,
CD40, CDK5RAP2, CDK6, CLYBL, CMKLRI,
CTTNBP2, DDAI, DPP4, EOMES, FADS2, FA-
MI1074, FAM98B, GATA3, GATSL3, GCHI, GRMS,
GUCYIB2, HNRNPAI, IF116, IL2RA, IL2RB, ILOR,
IRFS, JAZF1, KIAA1109, KIF54, LLGLI, MECP2,
MMELI, MOVIOLI, MTF1, MTGI, MTMI1, NFKBIE,
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0S89, PDE24, PDGFA, PHF19, PHTF1, PLCL2, PLD4,
PPIL4, PPMID, PPMEI, PRKCH, PTPN2, PTPN22,
RABEPI, RAD51B, RASGRPI, REL, RPP14, RTKN2,
SFTPD, SPTBN2, STAGI, STAT4, SUOX, SYNGRI,
TEC, TIMMDCI, TNFAIP3, TNPO3, TRHDE, TYK2,
UBASH3A, UBE2F, VICNI, WDFY4, WNTI10B, YDJC,
ZBTBI12, ZNF133, ZNF774.

The following types of ontologies were used to clas-
sify the genes: GO_ImmuneSystemProcess (immune
system process), GO_Molecular Function (molecular
function), GO_CellularComponent (cellular compo-
nent), and GO_Biological Process (biological process).
The minimum GO Level was 3, the maximum GO Level
was 8.

Functional analysis of genes (for a predetermined
minimum number of genes in groups 2, p < 0.05) re-
vealed 8 groups of genes in accordance with the terms of
gene ontology:

1) regulation of the production of interleukin (IL)-2
(includes 22 functions);

2) the signaling pathway of IL-2 (includes 15 func-
tions);

3) antigen receptor-mediated signaling pathway (in-
cludes 12 functions);

4) production of IL-12 (includes 5 functions);

5) positive regulation of the G2 /M transition of the
mitotic cell cycle (includes 2 functions);

6) regulation of neuronal synaptic plasticity (includes
2 functions);

7) positive regulation of cytotoxicity associated with
natural killer cells (includes 2 functions);

8) regulation of the respiratory processes (includes 2
functions).

In addition, 6 functions that were not merged were
identified:

1) the signaling pathway of 1L-6;

2) chemotaxis of dendritic cells;

3) neuromuscular control of body position;

4) negative regulation of the innate immune response;

5) response to muramyl dipeptide;

6) regulation of platelet activation.

In order to determine the most informative results in
terms of biological interpretation, a functional analysis
of the genes associated with rheumatoid arthritis was
carried out with a different minimum number of genes in
groups (3 genes), p < 0.05.

As aresult of gene grouping, 5 groups were obtained:

1) the signaling pathway of IL-2 (includes 16 func-
tions);

2) antigen receptor-mediated signaling pathway (in-
cludes 12 functions);

3) negative regulation of cell activation (includes 11
functions);

4) production of IL-12 (includes 3 functions);

5) regulation of neuronal synaptic plasticity (includes
2 functions).

Four functions were represented in separate terms
(without association):

1) negative regulation of the innate immune response;

2) respiratory gas exchange;

3) regulation of histone methylation;

4) platelet-derived growth factor receptor signaling
pathway.

The results obtained indicate that depending on the
initial parameters specified in the ClueGO Cytoscape
plugin, the grouping of gene ontology terms associat-
ed with genes is carried out with a different degree of
generalization.

In the first case (with the minimum number of genes
in group 2), a larger number of groups was formed com-
pared to those in the second case (with a minimum num-
ber of genes in group 3), which made it possible to obtain
a more detailed functional characteristic.

Moreover, for some functions identified in both re-
search options, the number of genes in the groups was
smaller in the first case compared to the second one. So,
for the production of IL-12, the corresponding number
of genes was 5 (CD40, CMKLRI, IRF5, NFKBI, REL)
and 6 (CD40, CMKLRI, IRF5, NFKBI, REL, TRAF3),
respectively. For the IL-2 signaling pathway, the num-
ber of genes was 14 (BPI, BTNL2, CCL21, CCR6, CM-
KLRI, GATA3, IL2RA, IL2RB, IL6R, NFKBI1, PDGF4,
PTGIS, PTPN2, PTPN22, RORA, SFTPD, TNFAIP3,
UBASH3A4) and 19 (BPI, BTNL2, CCL21, CCR6, CM-
KLRI, GATA3, IL2RA, IL2RB, IL6R, NFKB1, PDGF4,
PTGIS, PTPN2, PTPN22, RORA, SFTPD, TNFAIP3,
UBASH3A, VICNI), respectively. At the same time, for
the functions of the antigen receptor-mediated signaling
pathway and regulation of neuronal synaptic plasticity,
the number of genes remained the same in both variants
of the study.

With detailed functional annotation in the first version
of the study, the presence of theumatoid arthritis suscep-
tibility genes in the following functions of the immune
response regulation was revealed: the signaling pathway
of IL-6, which is the key cytokine responsible for auto-
immune inflammation [8, 9]; regulation of chemotaxis
of dendritic cells; response to muramyl dipeptide (an el-
ement of the bacterial cell wall that activates both innate
and acquired immunity). In addition, the affiliation of
genes to the functions of positive regulation of the G2
/M transition of the mitotic cell cycle and neuromuscular
control of body position was determined.

The enlarged functional groups obtained in the sec-
ond case reflect the general pattern characteristic of the
previous result: the participation of genes in the signa-
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ling pathways of IL-2 and IL-12 was revealed. IL-2 is
known to play an essential role in the development of
the immune response, as it stimulates killer cells [10].
IL-12 has pronounced pro-inflammatory properties and
increases the activity of natural killer cells and dendritic
cells, linking the innate and acquired immunity through
the combined effect [10—12]. In addition, the functional
group of regulation of neuronal synaptic plasticity indi-
cates a possible effect of genes on the process of neuro-
nal processing of the synaptic signal.

CONCLUSION

The results obtained indicate that with rheumatoid ar-
thritis, susceptibility genes affect not only the implemen-
tation of the immune response mediated by signaling of
pro-inflammatory cytokines (interleukin-2, -6, -12) and
regulation of immunocytes, but also the functions of the
nervous system; in particular, synaptic signal processing
and neuromuscular body position control.

To study the possible mechanisms of diseases or
physiological processes, details regarding the involve-
ment of individual signaling pathways and cellular re-
sponses may be important. To do this, it is advisable to
change the minimum number of genes that are combined
into a functional group towards reduction (compared to
the default value in the plugin). At the same time, en-
larged groups of functional gene characteristics demon-
strate greater clarity when identifying general trends in
biological processes.
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ABSTRACT

The aim of the study was to identify general patterns and features of changes in the content of hypoxia-inducible
factors-1 and -2 in association with an imbalance of cytokines (IL-10, IL-13, galectin-2 and -9, IFN-gamma) in the
blood in diseases associated with hypoxia.

Materials and methods. We examined 25 patients with coronary heart disease (CHD) with heart failure II-III
according to NYHA, 16 patients with chronic obstructive pulmonary disease (COPD) without exacerbation, 16
patients with infiltrative pulmonary tuberculosis (TB) before anti-TB therapy, and 18 relatively healthy donors.
Plasma concentrations of HIF-lalpha, HIF-2alpha, IL-10, IL-13, galectins-2 and -9, and IFN-gamma were
determined by enzyme-linked immunosorbent assay (ELISA).

Results. Positive outcomes of quantity determination of HIF-2alpha in the blood (24.00 + 8.54 %, 75.00 = 10.83%,
43.75 £ 12.40% of patients, respectively, against «zero» values in healthy donors) and also signs of immunosup-
pression at normal plasma concentrations of HIF-1alpha were determined in diseases associated with chronic hy-
poxia (in patients with CHD, COPD, TB). Immunological insufficiency in CHD and TB is caused by a deficiency
of IFN-gamma and galectin-2 in association with an excess of galectin-9 (in patients with CHD 1.10 [0.52; 2.60]
pg/ml p = 0.038) or IL-13 (in patients with TB 0.81 [0.79; 1.40] pg/ml, p = 0.043), and in patients with COPD it
is caused by a surplus of galectin-9 and IL-13 (8.50 [3.96; 15.00] pg/ml, p = 0.001 and 2.62 [1.20; 7.58] pg/ml,
p = 0.002, respectively) at normal concentrations of [IFN-gamma and galectin-2. The content of IL-10 in the blood
tends to increase in CHD and COPD.

Conclusion. In patients with CHD, COPD and TB, chronic hypoxia is associated with immunosuppression
mediated by an imbalance of IL-10, IL-13, IFN-gamma, galectins (2 and 9) in the blood and the secretion of HIF-
2alpha, which has the property to stimulate the differentiation of M2-macrophages synthesizing anti-inflammatory
cytokines.

Key words: hypoxia, hypoxia-inducible factor (HIF), coronary heart disease, chronic obstructive pulmonary
disease, tuberculosis, interleukin, galectin, immunosuppression.
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CopgeprKkaHue runoKcUs-MHAyLMpyemMbiX ¢GaKTOpPOB U MeAUaTOPOB
MMMYHOCYNpeccuMu B KPOBU Npu 3a60/1€BaHUAX, aCCOLLMMPOBAHHBIX C FUMOKCHEN
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meouyunckui yeump (HUMIL]) Poccuiickoii Akademuu Hayx
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PE3IOME

Hens. BousButh 00mMe 3aKOHOMEPHOCTH U OCOOCHHOCTH M3MEHEHHI COIEpXKaHHS TUIIOKCHSI-UHIYIHPYEMBIX
taxTopoB-1 u -2 B accormanuu ¢ aucbamancoM nUTOkWHOB (nHTepneiikuna (IL)-10, IL-13, ranxexruna-2 u -9,
nnrepdepona y (IFNy)) B kpou npu 3a001eBaHNX, ACCOLUUPOBAHHEIX C THIIOKCHEH.

Matepuansbl u MeToabl. O6cinenoBaHbl 25 ManueHToB ¢ uuieMudeckoi 6onesnnto cepana (MBC) ¢ cepaeunoit
HenoctaTouHocThio [I-111 mo NYHA; 16 manneHTOB ¢ XpoHHYeCcKOoit 00CTpyKTHBHO# O0Je3Hb10 terkux (XOBJI) BHe
oboctpenust; 16 00IbHBIX ¢ MHPHIBTPATUBHBIM TyOepKyne3oM ierkux (TJI) mo mpoBeaeHUs pOTHBOTYOEPKYIIE3HOM
Tepanuu; 18 OTHOCUTENBHO 370POBBIX JAOHOPOB. B minasme kpoBu onpexaenstin konueHtpauuto HIF-1a, HIF-2a,
IL-10 u -13, ranextrHa-2 u -9, [IFNy MmeToqoM HIMMYHO(EPMEHTHOTO aHAJH3A.

PesyabTatsl. [Ipu 3a0051eBaHNsIX, aCCOLMUPOBAHHBIX ¢ XpoHHUeckoi runokcueit (y 6ompabix UBC, XOBJI, TJI),
00HapyKUBAIOTCS MOJIOKUTENIbHBIE pe3ynbTaThl onpeaenenus HIF-1o B xposu (y 24,00 + 8,54; 75,00 + 10,83;
43,75 + 12,40% GOIbHBIX COOTBETCTBEHHO IIPH «HYJICBBIX)» 3HAUCHHUSIX OKA3aTelsl y 3I0POBBIX JOHOPOB) Ha (oHE
HOpManbHOU Iua3MeHHO koHueHTpanuu HIF-lo, a Taxke nmpusHaku UMMyHocynpeccud. MMMyHosoruueckas
HenoctarouyHocTh ipu UBC u TJI obycnosnena nedunutom [FNy u ranektuHa-2 B acCOIMAIMUA ¢ H30BITKOM
ranektrHa-9 (y 6oneubix UBC 1,10 [0,52; 2,60] nr/mi; p = 0,038) wiu 1L-13 (y manuenros ¢ TJI 0,81 [0,79;
1,40] or/ma; p = 0,043), a y 6oapabix XOBJI — npodurturom ramektuna-9 u 1L-13 (8,50 [3,96; 15,00] mr/m;
p = 0,001 u 2,62 [1,20; 7,58] nr/mi; p = 0,002 cOOTBETCTBEHHO) NpH HOpMaJbHON KoHueHTpauuu [FNy u
ranektuHa-2. Coneprkanue IL-10 B xpoBu npossiser TenaeHMo K ysenudenuto npu UbC u XOBJI.

3axmaouenne. Y 6ompHbx UBC, XOBJI n TJI XpoHnUueckass THIIOKCHSI acCOIMMPOBaHAa ¢ MMMYHOCYIIpECCHEH,
omocpenoanHoi mucbamancom 1L-10, IL-13, IFNy, ranektuna-2 u -9, B kpoBu u cekpermeii HIF-2a, koTopbrit
obJrajaeT CBOMCTBOM CTHMYNHpOBaTh qudepeHnmannuio M2-Makpodaros, CHHTE3UPYIONIUX TPOTHBOBOCIIANIH-
TENbHBIE IUTOKUHBI.

KiioueBsble c10Ba: rUIIOKCHs, TUIIOKCUS-UHAyIpyemslil Gakrop (HIF), niemunueckas 6oe3Hs cepana, XpoHH-
yecKasi 00CTPYKTHBHasI 00JIE3Hb JIETKHX, TyOepKyIie3, HHTepJICHKHUHBI, TaIeKTHHBI, IMMYHOCYIIPECCHSI.
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INTRODUCTION

In the last decade, the number of publications de-
voted to the study of features of intracellular signa-
ling and processes of intercellular cooperation in cell
adaptation to hypoxia has increased. Moreover, the
majority of literature concerning this topic contains
information on the formation of hypoxia-induced
factor-1 (HIF-1) increasing under oxygen deficiency
condition [1-4]. Scientists’ interest in assessment of
this factor in hypoxia results from the universality of
this response (hypoxia refers to typical pathological
processes) and, on the other hand, is due to the fact
that the oxygen dependent HIF-1alpha subunit is syn-
thesized in any nucleated cell of the body. After its
interaction with the constitutive HIF-beta subunit, the
transcription factor HIF-1 is formed. Then it translo-
cates to the cell nucleus and activates the expression
of glycolysis enzymes genes, anti-apoptotic factors,
and proinflammatory cytokines, realizing a stress re-
action, which includes a quick cell adaptation to oxy-
gen deficiency conditions, cell protection from death,
and an inflammatory response [1]. Thereby, the notion
that hypoxia induces inflammation and activation of
immune cells is naturally formed.

However, despite an increase in the proportion
of CD4+ T-lymphocytes in chronic heart failure, of
both ischemic and non-ischemic origin, these patients
have interferon-gamma (IFN-gamma) deficiency [5],
which suggests a qualitative inferiority of cell-me-
diated immune response in hypoxia. In addition, in
diseases associated with hypoxia (in particular, in pa-
tients with coronary heart disease (CHD), pulmonary
tuberculosis (TB) and chronic obstructive pulmonary
disease (COPD)), an increase in the production of
the main immunosuppressive cytokine, transforming
growth factor beta (TGF-beta), has been observed.
This cytokine inhibits Th1-pathway of the immune re-
sponse, the synthesis of interleukin (IL)-2, as well as

IL-1 and other proinflammatory cytokines, suppresses
IL-2-depended proliferation of T-lymphocytes, ac-
tivity of natural killers and B-lymphocytes, and pro-
duction of reactive oxygen species, but it stimulates
the differentiation of immunosuppressive regulatory
T-lymphocytes, fibroblasts, tissue regeneration and
organ fibrosis [7, 8]. Since the presence of hypoxia
in CHD, COPD and TB is positive, and the TGF-beta
surplus and immunosuppression and anti-inflamma-
tory response mediated by it obviously do not corre-
spond to the effects of HIF-1, this may be provided by
the change in the production of HIF-2 also having two
subunits HIF-beta and HIF-2alpha. At the same time,
little is known about the modulation of the synthesis
of the latter in various diseases associated with hy-
poxia, as well as about the production of other immu-
nosuppressive and anti-inflammatory mediators, such
as [L-10, IL-13, galectin-9, especially in combination
with an imbalance of cytokines stimulating the im-
mune system (IFN-gamma, galectin-2, etc.).

The aim of the study is to identify general patterns
and features of changes in the content of hypoxia-in-
ducible factors-1 and -2 in association with an im-
balance of immunoregulatory cytokines (IL-10, IL-
13, galectin-9, IFN-gamma) in the blood in diseases
associated with hypoxia (coronary heart disease,
chronic obstructive pulmonary disease, pulmonary
tuberculosis).

MATERIAL AND METHODS

The study involved 75 people aged 45-65 years:
25 patients with CHD and postinfarction cardioscle-
rosis (19 men and 6 women, average age 52.18 +4.37
years) and 18 relatively healthy donors (12 men and 6
women, average age 49.82 + 5.9 years) comparable in
terms of gender and age with patient groups.

The criteria for including patients in the study were
the presence of cyanosis, dyspnea, weakness according
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to medical records analysis, as well as a decrease in
the degree of saturation of hemoglobin with oxygen
less than 60% and partial pressure of oxygen (p,, ) in
venous blood less than 37 mm Hg for patients with
coronary heart disease [9], a decrease in forced expira-
tory volume in 1 sec (FEV) and Index Tiffeneau less
than 75% for patients with COPD, and a decrease in
FEV, less than 75% and lung capacity less than 85%
for patients with TB, which corresponds to hypoxemia
in patients with COPD and TB [9, 10]. The criteria for
exclusion of patients with CHD, COPD, and TB from
the study were age over 65 or younger than 45 years,
the presence of hematological, tumor or autoimmune
diseases, HIV infection, viral hepatitis, megaloblastic
or hypoplastic anemia, acute inflammatory process at
the time of the study or in 3 previous weeks before it,
treatment with anti-inflammatory (steroidal and non-
steroidal), immunomodulating or antibacterial agents,
refusal of the study, as well as the presence of COPD
or TB in patients with CHD, and the presence of CHD
in patients with COPD or TB.

The material for the study was 5 ml of hepari-
nized venous blood (25 U/ml) taken in the morn-
ing in the fasted state under aseptic conditions. The
concentrations of the following cytokines 1L-10, IL-
13, IFN-gamma, galectin-2 and -9, HIF-lalpha and
HIF-2alpha in blood plasma were determined by
enzyme-linked immunosorbent assay by the aid
of the following commercial kits: “IL-10-ELISA-
BEST”, “gamma-IFN-ELISA-BEST” produced by
Vector-BEST JSC (Novosibirsk); “Human IL-13
Platinum ELISA” (eBioscience, Austria), “Human
Galectin-2 ELISA Kit”, “Human Galectin-9 ELISA
Kit”, “Human HIF-1alpha ELISA Kit” and “Human
HIF-2alpha ELISA Kit” (Cloud-Clone-Corp., USA).

Statistical analysis of the results was carried out
using the program Statistica 10.0 and Microsoft Excel.
The median (Me), and the 1* and the 3" quartiles (O,
and Q,) were calculated for a statistical description;
the sample fraction of the occurrence of the feature
(the presence of HIF-2alpha in the blood) and its error
were calculated to assess the HIF-2alpha content in
the blood. The nonparametric Mann — Whitney test
was used for the purpose of comparative analysis. The
results were considered reliable at a statistical signifi-
cance level p <0.05.

RESULTS

It was shown that the content of HIF-lalpha in
the blood of all examined patients corresponds to the
norm (Table 1). The absence of HIF-lalpha surplus
in the blood in CHD, COPD, and TB in the setting of
hypoxia (see criteria for inclusion of patients in the

study) can be explained by the formation of chronic
hypoxia in these diseases rather than an acute one. It
was shown that the content of HIF-1alpha in cells and
in the blood increases in response to a rapid decrease
in its oxygenation, and it normalizes after several ep-
isodes of hypoxic preconditioning of tissues [2]. HIF
synthesis switches from HIF-1 to HIF-2 in chronic
hypoxia: HIF-1alpha mediates a proinflammatory re-
sponse and a rapid cell adaptation to acute hypoxia,
and HIF-2alpha initiates a prolonged adaptive tissue
response to oxygen deficiency, inducing neoangio-
genesis, fibrosis, and tissue remodeling, as a conse-
quence [1, 4].

A comparative analysis of the concentration
of HIF-2alpha in the blood of patients with CHD,
COPD, TB and healthy individuals was difficult be-
cause there were a large number of variants with zero
value. According to the manufacturer’s data (Cloud-
Clone-Corp., USA) set forth in the instructions for
the reagent kit for HIF-2alpha evaluation, this mol-
ecule is not determined in the blood of healthy in-
dividuals or its content is below the sensitivity limit
of the kit. Therefore, a comparative analysis of the
frequencies of occurrence of values other than zero in
the groups of examined individuals was carried out.
The study showed that positive results of HIF-2al-
pha determination in the blood were positive in pa-
tients with all the three types of pathology associated
with hypoxia by contrast with healthy donors (Ta-
ble 1). The highest number of positive results was
in patients with COPD, apparently due to bronchial
wall fibrosis resulting from productive inflammation,
airway obstruction, and destructive changes in the
lung parenchyma. The frequency of determination of
HIF-2alpha in blood plasma of patients with TB was
slightly lower, probably, due to the ability of intact
sections of the lungs to make compensation for ven-
tilation disorders. The lowest frequency of positive
results of HIF-2alpha determination was observed in
patients with CHD, which may be explained by the
category of examined individuals in whom the left
ventricular ejection fraction was intact, and therefore
hypoxia, obviously, was of a recurring, episodic na-
ture (increases with moderate physical exertion and
practically absent at rest).

The balance between HIF-1 and HIF-2 has a signi-
ficant effect on the state of the immune system. Thus,
the accumulation of HIF-1 in myeloid cells promotes
the synthesis of proinflammatory cytokines, while its
accumulation in lymphocytes inhibits the maturation
of Foxp3* T-cells (Treg) with an immunosuppressive
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function [11]. An increase in the HIF-1 concentration
in the medium promotes the maturation of macro-
phages into proinflammatory M1-cells; and an excess
of HIF-2 promotes the polarization of differentiation
of macrophages into anti-inflammatory M2-cells [4],
which synthesize a spectrum of anti-inflammatory
cytokines capable of inducing immunosuppression
[12]. In view of the above mentioned, the formation of
chronic hypoxia with the accumulation of HIF-2alpha
in patients with CHD, COPD or TB should naturally
lead to immunosuppression, which explains the exces-
sive secretion of TGF-beta by various cells in these
diseases [6, 7].

Analysis of the cytokine spectrum, namely a dif-
ferent combination of mediators in the blood depen-
ding on the nature of the disease, confirmed signs of
immunosuppression in patients of all the three groups
of study. In such a way, a high level of galectin-9 was
observed in patients with CHD; an excess of 1L-13
was detected in patients with TB; and both factors
were presented simultaneously in individuals suffer-
ing from COPD (Table 1). Moreover, a deficiency of
such immuno-stimulating factors, as IFN-gamma and
galectin-2, was observed in patients with CHD and
patients with TB, which was not observed in patients
with COPD. The content of IL-10 in the blood in TB
corresponded to norm, but it tended to elevated IL-10
in the blood in patients with CHD and patients with
COPD (Table 1).

An increase in the concentration of IL-10 in the
blood in CHD and COPD did not reach statistical sig-
nificance of the differences compared with the group
of healthy donors (p < 0.05), possibly, due to the
small number of examined patients with COPD and
the low degree of intracardiac hemodynamics disor-
der in CHD. In particular, a significant excess of IL-
10 in the blood of patients with CHD suffering from
ischemic cardiomyopathy with reduced ejection frac-
tion of left ventricle was observed [13], as we have
previously shown, which confirms the significance
of the trend identified in this study. Therefore, it is
possible, that IL-10 in CHD and COPD may exert its
immunosuppressive effect, which involves inhibition
of the cell-mediated immune response, reducing in
the synthesis of IL-2, IL-3, IFN-gamma, tumor necro-
sis factor alpha (TNF-alpha), CD4+ T-cell migration
and antigen presenting properties of macrophages and
B-lymphocytes [3, 8]. The relationship between IL-
10 production and hypoxia is confirmed by the pres-
ence of several HIF-1alpha motifs in the structure of
its gene and stimulation of IL-10 synthesis under pro-
longed (22 weeks) experimental hypoxia conditions
[3]. The prolonged nature of hypoxia in this experi-
ment and data on 48% homology of HIF-1alpha and
HIF-2alpha [1] suggest IL-10-stimulative effect of
HIF-2alpha too, the presence of which was observed
in the blood of the patients with CHD and COPD
(Table 1).

Table 1

Concentration of hypoxia-inducible factors, cytokines and galectins in the blood of patients with CHD, COPD and pulmonary
tuberculosis, Me [Q; O.]

. . Groups of examined persons
Content of mediators in the blood
CHD COPD PTB Healthy donors
0.052 0.078 0.050 0.080
HIF-1alfa, ng/ml [0.041; 0.140] [0.026; 0.986] [0.027; 0.092] [0 052. 0.096]
p=0.187 p=00912 p=0.203 e
Percentage of patients with a positive result of 24.00 + 8.54 75.00 + 10.83 43.75+£12.40 0
HIF-2alfa determination in the blood, % p<0.05 »<0.001 p<0.01
0.60 [0;0.87] .
IFN-gamma, pg/ml 0 p=0364 0 3.00 [0.50; 5.40]
25.00 27.50 20.50 19.50
IL-10, pg/ml [23.00; 29.50] [23.50; 31.00] [18.50; 22.50] (18 00.’ 24.00]
p=0.113 p=0.094 p=0.871 R
0.62[0.41; 0.84] 2.62[1.20; 7.58] 0.81 [0.79; 1.40] )
IL-13, pg/ml =020 = 0002 p=0043 0.50 [0.40; 0.75]
. 3.18 [2.00; 3.96] 11.00 [7.05; 12.10] 3.85[1.55; 10.88] 13.50
Galectin-2, pg/ml £<0.001 p=0518 p=0.047 [11.50; 17.00]
. 1.10 [0.52; 2.60] 8.50 [3.96; 15.00] 0.50 [0; 1.00] )
Galectin-9, pg/ml »=0.038 p=0.001 p=0419 0.16 [0; 0.50]

Notes. CHD — coronary heart disease, COPD — chronic obstructive pulmonary disease, PTB — pulmonary tuberculosis, p — level of statistical

significance of differences in indicators compared with healthy donors.
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The immunosuppressive effects of galectin-9
are described in sufficient detail in the literature. In
high concentrations, it induces apoptosis of activated
CD4+ and CD8+ T-lymphocytes (but not Th2-cells),
B-lymphocytes, monocytes, endotheliocytes; it pro-
motes the maturation of Foxp3* T-cells in the pres-
ence of TGF-beta, and inhibits the maturation of Th17
lymphocytes in combination with IL-6; in moderate
concentrations, it promotes the secretion of Th2-pro-
file cytokines and shifts the balance of CD4+/CD8+
lymphocytes in favor of predominant subpopulation
of CD4+ cells, and also activates cell adhesion, mi-
gration of neutrophils and eosinophils, dendritic cells
differentiation, angiogenesis [14—17]. Galectin-9 is
widespread in the human body: it is expressed in
muscle, bone, lymphoid, and nervous tissues; it is
found in the organs of cardiovascular, respiratory,
digestive and many other systems; it is synthesized
by endothelial cells, fibroblasts, macrophages, astro-
cytes, and also in excess by tumor cells [15]. Since
fibroblasts are determined among the cells produc-
ing galectin-9, the excessive presence of this mole-
cule in the blood in patients with CHD and COPD is
probably explained by the presence of foci of fibrosis
in the heart and bronchopulmonary system, respec-
tively. In infiltrative TB, inflammation develops in
an exudative manner with phenomena of destruction
in the lungs. Signs of significant activation of fibro-
blasts and fibrosis, as a consequence, are detected
only at the regenerations during the regression of in-
filtrative changes. This and the fact that patients with
infiltrative TB were examined by us at the height of
the disease explain the fact that the content of galec-
tin-9 in their blood remained within normal limits
(Table 1).

IL-13 is an anti-inflammatory and profibrotic medi-
ator. It is synthesized by activated Th2 cells and CD8+
T-lymphocytes, according to some reports; it induces
the production of TGF-beta, eotaxin mucin, activation
of calcium-depended chlorine channel 1 (hCLCA1) in
bronchial epithelial cells, increases the contractility of
their smooth muscle cells, stimulates fibroblasts both
directly and indirectly through polarization of macro-
phages maturation in M2 cells synthesizing TGF-beta
[18]. At the same time, IL-13 activates the prolifera-
tion and differentiation of B-cells, the antigen-present-
ing function of macrophages, inhibits their secretion
of cytokines, the synthesis of I[FN-gamma by natural
killer cells, and antibody-dependent cellular cytotox-
icity [8]. In view of the profibrotic role of IL-13, an
increase in its concentration in patients with COPD

appears to be natural, since progressive fibrosis takes
place in the bronchi in this pathology. In patients with
CHD, fibrosis of the necrosis zone after myocardial
infarction at the time of the study had already com-
pleted (a heart attack in past medical history), which
likely explains the normal concentration of IL-13 in
their blood.

In addition to an immunosuppressive cytokines
excess in the blood, a deficiency of galectin-2 and
IFN-gamma was detected in patients with CHD and
TB (Table 1). The latter demonstrates the suppres-
sion of the Th1 immune response and the shift of the
Th1/Th2 balance in the direction of the Th2 pathway,
which is due to the biology of the pathogens in TB,
mycobacteria (in order to escape from immunological
surveillance of intracellular pathogens) [6], and the
formation of soluble oxidized low density lipoproteins
acquiring the properties of autoantigens in CHD [19].
At the same time, the negative effects of IFN-gamma
deficiency for the immune system are quite obvious,
since this cytokine is crucial in the implementation
of the Thl immune response, activates CD4+ and
CD8+ T-lymphocytes, natural killer cells, increas-
es the antigen-presenting properties of macrophages
and their cytotoxicity, stimulates the synthesis of IL-
6, IL-8, IL-15, the expression of adhesive molecules,
etc. [8, 20]. The role of galectin-2 in immunity can-
not be interpreted unambiguously. On the one hand,
it is proinflammatory; it promotes the differentiation
of M1 macrophages and inhibits the formation of M2
cells; stimulates monocytes synthesis of the proin-
flammatory cytokines, such as IL-6, TNFa, IL-12p40,
IFNB, and inhibits their production of TGF-beta,
matrix metalloproteinases-2 and -9, vascular growth
factor A (VEGF-A), and arteriogenesis, as a conse-
quence [21]. On the other hand, galectin-2 inhibits the
migration of monocytes/macrophages and the ability
of the latter to activate T cells [21, 22]. In general,
IFN-gamma can be characterized as a proinflamma-
tory cytokine that activates the Thl pathway of the
adaptive immune response and cell-mediated mecha-
nisms of the antigen (pathogen) destruction and galec-
tin-2 can be characterized predominantly as a media-
tor of innate immunity. Deficiency of IFN-gamma and
galectin-2 in the blood of patients with CHD and TB
may be considered as a manifestation of secondary
immunological deficiency, one of the mechanisms of
which is the depression of maturation and the function
of proinflammatory M1 macrophages with a predomi-
nance of the effects of M2 cells. It is known, that both
mediators serve as triggers for the differentiation of
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M1 macrophages [12, 21], and IL-13 and galectin-9
(their concentrations increased in patients with TB
and CHD, respectively) serve as inducers of the for-
mation of M2 macrophages [12, 14]. However, there
was no deficiency of IFN-gamma and galectin-9 in
patients with COPD, but the combined and significant
accumulation of IL-13 and galectin-9 in the blood was
revealed (Table 1), which is a sufficient condition for
the differentiation of M2 cells. Moreover, the spec-
trum of cytokines secreted by M2 macrophages in-
cludes TGF-beta, IL-10, IL-13, etc. [12], an excess of
which in patients with CHD, COPD, and TB was reg-
istered by us and described in the literature [6, 7]. The
crucial factor in the formation of such an imbalance of
cytokines in these diseases is, probably, chronic hy-
poxia, in which the accumulation of HIF-2 polarizes
the differentiation of macrophages into M2 cells [4]
and causes cytokine-mediated immunosuppression.

CONCLUSION

In diseases associated with chronic hypoxia (CHD,
COPD, and TB), prolonged oxygen deficiency in the
body is followed by the accumulation of HIF-2alpha in
the blood at normal HIF-1alpha content. It seems that
chronic hypoxia is associated with HIF-2alpha-medi-
ated immunosuppression despite the proinflammatory
effect of short-term oxygen starvation of organs and
tissues and the inflammatory nature of these diseas-
es. The latter stimulates the differentiation of macro-
phages into M2 cells synthesizing anti-inflammatory
cytokines. Moreover, immunosuppression in CHD,
COPD, and TB is realized through various combina-
tions of mediators; in CHD and TB, it is caused by
a deficiency of IFN-gamma and galectin-2 in asso-
ciation with an excess of galectin-9 (in patients with
CHD) or IL-13 (in patients with TB); in COPD, it is
caused by a combined surplus of both mediators under
the conditions of normal IFN-gamma and galectin-2
levels in blood plasma. The content of IL-10 in the
blood in CHD and COPD tends to increase and may
be an additional factor of immunosuppression of these
diseases, which requires further research.
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ABSTRACT

The aim of the study was to develop ways to improve the diagnosis and treatment of systemic sclerosis (SSc)-ILD.
Interstitial lung disease (ILD) is a common manifestation of SSc. In the territory of the Siberian Federal District
(SFD), the number of patients with the progressive phenotype of SSc-ILD is approximately 750 people. When
immunosuppressive therapy is ineffective and pulmonary fibrosis progresses, lung transplantation is indicated.
The emergence of new possibilities of pathogenetic therapy currently requires studying the possibilities of their
applications in real clinical practice on the territory of the SFD.

Discussion. The results of a discussion of diagnostics, therapy, and routing of a rheumatology patient during the
interdisciplinary observation of SSc-ILD in the SFD are presented. The reason for this discussion was the new data
on the use of nintedanib in this category of patients

Conclusion. To improve the efficiency of diagnosis and treatment of patients with SSc in the SFD, it is necessary
to implement the principle of a multidisciplinary approach with the obligatory involvement of a pulmonologist and
aradiologist (a specialist in CT diagnostics), and, if differential diagnosis is necessary in difficult clinical situations,
of a pathomorphologist. An urgent task is the introduction of an algorithm for examining patients with SSc for
the timely diagnosis of ILD in the territory of the Siberian Federal District. To improve the quality of medical
care in the territory of the SFD for patients with ILD-SSc it is necessary to create a reference center in the city of
Novosibirsk with the possibility of initiating anti-fibrosis therapy.

Key words: systemic sclerosis, interstitial lung diseases, nintedanib, anti-fibrotic therapy.
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MyTH yay4vwieHna gMarHoCTUKU U IEHEHUA NMOPAXKEHUA /IETKUX NMPU CUCTEMHOM
CK/iepogepmumn Ha Tepputopun CUBUpCKoro ¢pegepasnbHOro oKpyra (MaTepuansl
COBMECTHOrO COBETA 3KCMEepPTOB PEBMATO/IOrOB U MYy/IbMOHO/I0rOB OT 8.12.2019)

AnekceeBa J1.W.!, Tepnuropes C.A.%, 3oHoBa E.B.%, Kyaena JI1.M.> %, bBabagaeBa H.M.S,
TeteHeBa A.B.>7, KoHgpawoBs A.A.5, OpnoB [1.H.%, PacknHa T.B.%, AHoweHKoBa O.H.3,
Yacosckux 10.11.3, KponotuHa T.B."°, OnoHrowesa A.B.", Oguna H.B."?, TaHokoBa H.I'."®

! Hayuno-uccredosamenvcrkutl uncmumym (HHUH) pesmamonozuu um. B.A. Haconosoi
Poccus, 115522, 2. Mockea, Kawupckoe wocce, 34a

? Hosocubupckuii 2ocyoapcmeennviii meouyunckuil ynusepcumem (HI'MY)
Poccus, 630091, e. Hosocubupck, np. Kpacnwiii, 54

3 Cubupckuii 2ocyoapcmesennviii meouyunckuii ynusepcumem (Cubl MY)
Poccus, 634050, 2. Tomck, Mockogckuti mpakm, 2

* Mockoeckuil obnacmmuot nayuno-ucciedosamenvekutl kaunudeckuti uncmumym (MOHUKH) um. M. ®. Baaoumupckozo
Poccus, 129110, 2. Mockea, yn. Lllenkuna, 61/2, xopn. 1
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3 Poccutickutll HayUOHAIbHbLL UCCe008amenbekull meouyunckuil ynusepcumem (PHUMY) um. H.H. ITupozosa

Poccus, 117997, e. Mockea, yr. Ocmposumsnosa, 1

¢ lopoockas knunuueckas 6onvnuya (I'KB) Ne 1 um. H.HU. I[Tupozosa
Poccus, 119049, e. Mockea, np. Jlenunckuti, 8

7 Meouko-canumapnas wacmos (MCY) Ne 2
Poccus, 634040, 2. Tomck, ya. bena Kyna, 3/1

8 N'opoockas knunuuecxas nonuxaunuxa (I'KIT) Ne 1
Poccus, 630099, 2. Hosocubupck, ya. Cepebpennuxosckas, 42

? Kemeposckuii 2ocyoapcmeennulii meouyunckutl ynusepcumem (Keml MY)
Poccus, 650056, yr. Bopowunosa, 22a

19 Obracmuas kaunuweckas 6oavnuya (OKB)
Poccus, 644111, 2. Omck, yr. Bepesosas, 3

I Pecnybauxanckasn 6oronuya (PE)
Poccus, 649002, Pecnybauxa Anmai, e. I'opro-Armaiick, np. Kommynucmuuecxuii, 130

12 Pecnybnuxanckas 6ononuya (PB) Ne 1
Poccus, 667003, Pecnyonuka Teisa, 2. Kvizoin, yn. Owna Kypceou, 163

B3 Kemeposckas obnracmuas knunuyeckas 6oavnuya (KOKE) um. C.B. Bensiesa
Poccus, 650061, 2. Kemeposo, np. Oxmsabpvckuii, 22

4 Tocyoapecmeennas Hosocubupcras obnacmuas knunuyeckas bonvruya (IHOKB)
Poccus, 630087, e. Hosocubupck, yn. Hemuposuua-/lanuenxo, 130

PE3IOME

Hens. Pa3paboTars myTH yirydIeHus: TMaArHOCTHKY U JICUSHUS TOPAXKEHHUH JIETKUX IPU CHCTEMHOHN CKIICPOAECPMHIH
(CCL.

Bgenenue. [lopaxenue nerkux y 6ompabx CCJI ABNIS€TCS OJHAM M3 HANOO0JIEE YaCTHIX MPOSBICHUI BUCIIEpATEHOM
MATOJIOTHH M PACCMATPUBACTCS KakK BapHaHT (PUOPO3UpYOMMX TUPQPY3HBIX HHTEPCTHIHAIBHBIX 3a00JeBaHUN
nerkux (M3J1). HecMoTpst Ha IpoJeMOHCTPUPOBAHHYIO 3P PEKTUBHOCTH ATOT€HETHIECKONH MMMYHOCYTIPECCUBHOM
TepanuH, y psja NanueHToB (GUOPO3HBIE H3MEHEHHUS B JISTOYHONH TKAHU MMEIOT IPOTPECCUPYIOIIEe TeUECHHE, ITO
HETaTHUBHO CKAa3bIBAeTCSl Ha KAa4eCTBE M NPOAODKHTEIBHOCTH JKU3HM manmeHTta. Ha tepputopmu Cubupckoro
tdenepanpaoro okpyra (CPO) xonmuectBo manuentoB ¢ CCJl, UMEOIMX MpOorpeccupyroee MopakeHue Jier-
KHX, COCTaBisieT npubmmsutensHo 750 uwemoBek. Takum oOpa3om, mpobieMa CBOEBPEMEHHON IHArHOCTHKH U
neueHus nopaxenus Jerkux npu CCJl okas3piBaercs BecbMa aktyanbHOH u st CPO. Mmeromumecs B HacTosIIee
BpeMs1 TaHHBIE 00 3()(HeKTHBHOCTH COBpeMeHHOI mpoTuBopudposHoit Tepannu U3J1 npu CC/l TpebyroT n3ydeHus
BO3MO’KHOCTH €€ IPIMEHEHHUS B pealbHON KIIMHIMYECKOH mpaktuke Ha Teppuropun COO.

Oocy:xnenne. [IpercraBieHbl pe3ybTaThl MEXAUCIUILIMHAPHOTO 00CYKICHUS BOIIPOCOB TUATHOCTHKH, TEPaInH,
mapuipytrsaiuu nanuentoB ¢ CCJl u U3JI na tepputopun COO. [puunHoil JaHHOTO OOCYXKICHHS SBUIIOCH
HOsIBJICHUE CBEACHHH 00 () (GEKTUBHOCTH HUHTEIaHN0A Y JAHHOH KaTeropuu MaryueHToB.

3axaodenne. [ noBbIIEHUS SGQEKTHBHOCTH ANArHOCTUKH U JiedeHns 6oapHbIX CCJI ¢ mopaskeHueM JIerknux
HEOOXOJUMO peaan30BaTh IPHHIMI MYJIbTHAUCIMIUIMHAPHOTO IIOAXOJa C 0O0s3aTeNbHBIM IPUBIICUYCHUEM
IyJIEMOHOJIOTA ¥ peHTreHosora (crnenuanucta no KT-nuarnoctuke), a mpu Heobxoxumocty aud depeHnnantbHon
JIMarHOCTHKU B CJIOXKHBIX KIMHHYECKHX CHTyalMsx — naromopdoiora. AKTyaJbHOW 3amadeil OKa3bIBaeTCS
BHe/ipeHue Ha teppuroprn COO anropurma obcienosanus nanueHTo ¢ CCJI 1t CBOEBPEeMEHHOM THATHOCTUKU
W3J1. Jlyns noBbIIEHUS Ka4eCcTBa OKa3aHUs MeAUIUHCKON oMoy Ha teppuropun CPO manuentam ¢ U3J1 npu
CCJ1 HeoOxoauMo co3ath pedepeHCHEIH IeHTp B T'. HOBOCHOMPCKE ¢ BO3MOKHOCTBIO HHUIMALIUH CIICIIHATACTAMHU
3TOTO IEHTpa aHTH(HHUOPOTHIECKON Teparum.

KuroueBble ciioBa: cucTeMHas CKICPOASPMUsI, MTHTEPCTHLMAIBHBIE 3200JIeBaHH1s JITKHX, HUHTeIaHNO, aHTH(GUOpo-
TUYECKas Teparus.

KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJUKanneil HaCTOSIIEH CTaThH.
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Hcrounnk puHAHCHPOBAHMS. ABTODBI 3a5BIAIOT 00 OTCYTCTBUM (PMHAHCHPOBAHHSL.

Jns uurupoBanus: Anekceea JL.U., Tepmuropes C.A., 3on0Ba E.B., Kynens JI.M., babanaesa H.M., Terene-
Ba A.B., Konapamos A.A., Opnos J.H., Packuna T.B., AromenkoBa O.H., Hacosckux O.I1., Kponnotuna T.B.,
Omnonromesa A.b., lOauna H.B., 'anrokoBa H.I'. [lyTu yiydmeHus JHarHOCTUKHU U JICUCHUS TIOPAKECHUS JIETKAX
IIPU CHCTEMHOU CKiepoJepMun Ha Tepputopun Cubupckoro ¢eaeparbHOro oKpyra (MaTepHanbl COBMECTHOTO
COBETa DKCIIEPTOB PEBMATOJIOTOB U ITyIbMOHOIOTOB OT 8.12.2019). browremens cubupckou meduyuner. 2020; 19
(3): 113-119. https://doi.org: 10.20538/1682-0363-2020-3-113-119.

INTRODUCTION

Systemic sclerosis (SSc) is a rare autoimmune dis-
ease characterized by dysregulation of the immune
system, microvascular damage, and the development
of fibrosis of internal organs. One of the frequent and
potentially life-threatening manifestations of visceral
pathology in patients with SSc is the development of a
lesion of the pulmonary parenchyma, which occurs in
80% of patients, and is currently considered as one of
the variants of fibrosing diffuse interstitial lung diseases
(ILD). Lung involvement in SSc is more common than
in other systemic connective tissue diseases. Obvious
changes in lung tissue are found in 25-65% of patients
according to chest X-ray data, and in 90% of patients
according to the results of high-resolution computed to-
mography (HRCT). At autopsy, pulmonary fibrosis with
SSc is verified in 75-100% of cases [1]. Approximately
one third of patients with SSc-ILD show progression of
fibrosis in the lungs. Progressive lung damage in SSc is
considered one of the leading causes of death and is a
significant burden on the health care system [2, 3]. Data
from a preliminary estimate of the prevalence of this pa-
thology in the Siberian Federal District (SFD) indicate
that the number of patients with progressive course of
SSc-ILD is approximately 750 people.

Among the functional parameters used to control the
effectiveness of the therapy for ILD, the most commonly
used function of external respiration (or spirometry) with
the assessment of forced vital capacity (FVC). The ef-
fectiveness of therapy is indicated by a slowdown in the
rate of decrease in FVC or its stabilization. The severity
of respiratory dysfunction and the rate of progression of
SSc-ILD vary significantly. The initial state and the rate
of progression of ILD are of primary importance in the
tactics of patient management.

To date, the basis of the treatment of SSc-ILD is
drugs with immunosuppressive action, most often with
cyclophosphamide and mycophenolate mofetil, the ef-
fectiveness of which was studied in two randomized,
double-blind studies (studies of systemic sclerosis I and
II (SLS-I and SLS-II)) [4, 5]. If this therapy is ineffective
or intolerant, it is possible to use azathioprine or cyclo-
sporine A. If immunosuppressive therapy is ineffective
and pulmonary fibrosis progresses, lung or hematopoie-

tic stem cell transplantation is indicated. The emergence
of a new drug of pathogenetic action at present requires
studying the possibility of its use in real clinical practice
in the territory of the Siberian Federal District.

The aim of this study is to develop ways to improve
the diagnosis and treatment of lung lesions in SSc.

To achieve this goal, the following tasks were for-
mulated:

1. Analyze new possibilities of pathogenetic therapy
of patients with SSc-ILD and assess the need for their
use in the Siberian Federal District.

2. Consider the possibility of using a multidisci-
plinary approach to the diagnosis, differential diagnosis
and treatment of SSc-ILD.

3. Develop a regulation on the routing of patients
with SSc-ILD in the Siberian Federal District and the
procedure for obtaining high-tech medical care, includ-
ing a regional subsidy.

4. Assess the need to create a reference center for pa-
tients with SSc-ILD in the Siberian Federal District with
the possibility of initiating antifibrotic therapy.

DISCUSSION

One of the topical issues is the routing of patients
with SSc-ILD. The management of such patients should
be based on the interdisciplinary interaction of various
specialists: rheumatologist, pulmonologist, radiologist
and pathomorphologist. By analogy with the algorithm
for verifying the diagnosis in idiopathic pulmonary fi-
brosis, an algorithm for the diagnosis of SSc-ILD is pro-
posed (Fig. 1).

Verification of pulmonary involvement in SSc re-
quires a comprehensive examination of the patient,
which includes an assessment of the clinical manifesta-
tions of ILD, pulmonary function tests (PFT), an exam-
ination of the diffusion lung capacity (DLC) and man-
datory HRCT. It is extremely rare, especially in recent
years, to resort to lung biopsy and morphological exam-
ination of the biopsy material.

PFT, DLC and HRCT should be performed when de-
termining the diagnosis and subsequently at least once
a year provided that the patient is in a stable condition.
When respiratory symptoms progress, HRCT must be
performed or repeated to assess the progression of ILD.
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Diagnostics of SSc-ILD requires a multidisciplinary
approach and experience

Fig. 1. Multidisciplinary approach to verification of the
diagnosis of SSc-ILD

Most often, with SSc, the main manifestation of IDL is
the so-called nonspecific interstitial pneumonia, which
can be diagnosed in the presence of appropriate comput-
ed tomographic or morphological patterns.

New in-depth understanding of the mechanisms of
connective tissue damage in SSc and the formation of
pulmonary fibrosis in this pathology has opened a new
stage in the study of the pathogenesis of SSc and the
use of anti-fibrotic therapy. The data from the SENSCIS
study showed that the tyrosine kinase inhibitor nintedan-
ib was effective in patients with SSc with pulmonary
involvement, as it reduced the rate of progression of pul-
monary pathology. This study included 576 patients who
received at least one dose of nintedanib or placebo. In
the analysis of the primary endpoint, the annual rate of
change in FVC was — 52.4 ml per year in the nintedan-
ib group and — 93.3 ml per year in the placebo group
(difference 41.0 ml per year; 95% confidence interval,
2.9-79.0; p =0.04) [6].

The anti-fibrotic effect of nintedanib is realized by
blocking the intracellular signaling pathway and inhib-
iting the proliferation and transformation of fibroblasts.
Previously, the effectiveness of nintedanib has been
proven in numerous studies involving patients with
idiopathic pulmonary fibrosis, and today the drug has
found wide application in the treatment of this pathol-
ogy [7-9].

Currently, nintedanib has been registered and ap-
proved by the Food and Drug Administration and the
Ministry of Health of the Russian Federation as the only
anti-fibrotic drug for the treatment of SSc-ILD.

Anti-fibrotic therapy for patients with SSc with pul-
monary involvement requires an assessment of the initial
severity of the disease, as well as the risk of its progres-
sion. According to modern ideas about the mechanisms
of the pathogenesis of the disease and the data of clinical
trials, nintedanib therapy should be initiated in the fol-
lowing cases:

1. Patients with verified ILD according to HRCT with
clinical manifestations of lung lesions (dyspnea, cough)

and FVC < 70% and (or) DLC < 60% at the time of di-
agnosis.

2. When signs of SSc-ILD progression are detected,
which is determined based on the presence of one or
more criteria:

—decrease in FVC by 10% or more from the previous
examination;

— decrease in FVC by 5-10% from the previous ex-
amination with worsening respiratory symptoms;

— decrease in FVC by 5-10% from the previous ex-
amination with the presence of negative dynamics ac-
cording to HRCT associated with the underlying disease;

— progression of respiratory symptoms and an in-
crease in the spread of pulmonary fibrosis according to
HRCT data.

These criteria are relevant only in cases of exclusion
of pulmonary infection and other causes of respiratory
symptoms, as well as changes according to HRCT data
characteristic of other interstitial lung lesions, pulmonary
lesions caused by cardiac pathology (acute left ventric-
ular heart failure, pulmonary embolism). The algorithm
for prescribing anti-fibrotic therapy was determined
based on the initial severity of ILD and in the presence
of an obvious risk of disease progression (Fig. 2).

The appointment of anti-fibrotic therapy should be
carried out by the decision of the medical commission,
taking into account the existence of vital indications in
patients of this group. It should also be borne in mind that
nintedanib is currently the only drug with an appropriate
approved indication for this. Based on the results of the
examination, the patient should be sent for a medical and
social examination at the place of residence to establish
a disability group. Based on the status of a disabled per-
son, the patient will be entitled to free drug provision
for outpatient treatment on a regular basis at the expense
of the regional or federal budget. Before obtaining the
status of a disabled person, drug provision is carried out
at the expense of monthly individual purchases based on
the decision of the medical commission.

CONCLUSION

Thus, based on the above, the members of the Advi-
sory Board consider it necessary to:

— actualize the problem of diagnostics and therapy of
SSc-ILD on the territory of the Siberian Federal District;

— introduce an algorithm for examining patients with
SSc-ILD;

— be guided by a multidisciplinary approach to the
diagnosis and treatment of SSc-ILD with the obligato-
ry involvement of a pulmonologist and a radiologist (a
specialist in CT diagnostics), and a pathomorphologist
if differential diagnosis is necessary in difficult clinical
situations;
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Fig. 2. Algorithm for prescribing anti-fibrotic therapy for patients with SSc-ILD

— develop a regulation on the routing of patients with
SSc-ILD and the procedure for receiving high-tech med-
ical care, including receiving anti-fibrotic drug therapy
as a regional subsidy, in each region of the Siberian Fed-
eral District;

— create a reference center in the city of Novosibirsk
with the possibility of initiating anti-fibrotic therapy
to improve the quality of medical care in the territo-
ry of the Siberian Federal District for patients with
SSc-ILD;

— initiate work with public organizations.
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Chronic pelvic pain in women
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ABSTRACT

Chronic pelvic pain resulting from varicose veins of the small pelvis is a multidisciplinary problem. A key cause
of pelvic congestion is congenital or acquired gonadal valve failure. Ultrasound and Doppler examination for
chronic pelvic pain allows in most cases to diagnose pelvic varicose veins. Multispiral computed tomography or
magnetic resonance imaging details the nature and extent of the pathology. Selective phlebography is considered
the gold standard for diagnosing varicose veins of the small pelvis. Conservative treatment with phlebotropic
drugs is prescribed for limited pelvic varicose veins. Surgical treatments include open resection and retroperitoneal
and transperitoneal laparoscopic gonadal vein excision or clipping. The most effective is minimally invasive
endovascular occlusion of reflux veins using spiral technologies and sclerosants. The left ovarian vein is reduced
more often. The decision on bilateral embolization of blood vessels depends on the severity of changes in veins
and the intensity of blood reflux. A decrease in the intensity or disappearance of pain in the pelvic area is achieved
in 80-100% of cases after the procedure. Diagnosis of this condition is difficult due to the fact that the appearance
of pelvic varicose veins is nonspecific and includes symptoms of surgical, urological, gynecological and other
diseases of the pelvic organs.

Key words: pelvic vein varicosity, pelvic vein congestion, radiologic diagnostics, endovascular occlusion, surgical
treatment.
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PE3IOME

XpoHuueckass Ta3oBas 00Jib, BO3HHMKAalOIlas B pe3ylbTaTe BapHKO3HOW OOJIE3HM BEH Maioro Tasa,
MYJIBTHIMCIMIUTHHApHAsS npobiema. KiroueBas mpuuMHa Ta30BOH KOHIECTHH — BPOXKACHHAS WITH ITPUOOpETeHHas
HECOCTOSTENIbHOCTh KJIAIIAHOB TOHATHBIX BEH. YIJBTPa3BYKOBOE ¥ JIOMIIEpOrpaduyecKkoe HCCIeOBaHUE INPH
XPOHMYECKOIH Ta30BOM 0O0JM TO3BOJISET B OONBIIMHCTBE HAONIOACHWH JUAarHOCTHPOBATH TA30BBIH BapHUKO3.
MynbpTHCIMpanbHasi KOMITBIOTEpHAsT WM MarHHTHO-PE3OHAHCHAs ToMorpadusi [eTamu3upyeT Xapakrep H
pacHpoCTPaHEHHOCTh MATOJOTUH. 30JI0TBIM CTaHAAPTOM JAWATHOCTHKHM BapHKO3HOW OOJNE3HH BEH Maloro Tasa
cumnTtaercs cenekTuBHas ¢ueborpadus. KonceppatusHoe neyenue (reOOTPONHBIMU TperapaTaMy Ha3HadaeTcs
NpU OTPAaHUYEHHOM Ta30BOM BapHKO3€. XUPYPrHYECKHE METO/bI JEUEHHs BKIIOYAIOT OTKPBITHIE PE3eKIIMOHHbIE
BMEIIaTeIbCTBA, PETPONEPUTOHEATIEHOE M TPAHCIEPUTOHEAIBHOE JIaapOCKOIIMYECKOe HCCEYEHHE TOHATHBIX BEH
W ux Kmnuposanue. Hanbosee apdexTrBHa MUHNHBAa3WBHAS SHJOBACKYJISIPHAST OKKIIFO3HsI PE(IIIOKCHBIX BEH
C HCIIONIb30BAHUEM CHHPAIBHBIX TEXHOJIOTMH W CKIepo3aHToB. Yare peayumpyercs JieBas SUYHHKOBAs BEHa.
Pemenue o GunatepabHOM HIMOOTH3ALMH COCYIOB 3aBUCHT OT BBIPA)KEHHOCTH M3MEHEHHS BeH M HHTEHCHBHOCTH
pedirokca KpoBH. YMEHbIIEHHE HHTEHCHBHOCTH WJIM NCYE3HOBEHHE OONM B 00JIACTH Majoro Ta3a JOCTUTaeTCs
B 80-100% nHabnroneHuit nocie npoueaypsl. JuarHocTuka 3TOro COCTOSIHUSI 3aTPyJIHEHA B CBS3H C TEM, UTO
NPOSIBIICHHSI TA30BOTO BAapHKO3a HECHENU(UYHBI U BKIIOYAIOT CHMIITOMBI XHPYPIHYECKHX, YPOJIOTHYECKHX,
TMHEKOJIOTHYECKHUX U IPYTruX 3a00JIeBaHuii OpraHoB Majoro Tasa.

KiaroueBble ciioBa: BapUKO3Has1 00JIe3Hb BEH MaJIOro Tasa, Ta30Bas BCHO3HAsI KOHI'CCTUS, JIyUCBasd JUarHOCTHUKA,
OHAO0BACKYJIAPHAA OKKIKO3UA, XUPYPTUICCKOC JICYCHUEC.

KOHq).]'Il/lKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'[PIKaIlPIeI>i HaCTOSIU.IefI CTaTbu.

HcTounuk puHaHCHPOBaHUS. ABTOPHI 3asBIISIOT 00 OTCYTCTBHY (PUHAHCHPOBAHHSI.

Jost uutupoBanus: ['puropses E.I'., Jlebenesa JI.B., I'puropres C.E. Xponnueckast TazoBast 60Jb y KEHIIHH.
bronnemens cubupckoit meouyunst. 2020; 19 (3): 120—127. https://doi.org: 10.20538/1682-0363-2020-3-120-127.

INTRODUCTION

Varicose veins of the small pelvis (VVSP) is an
insufficiently studied problem. There is no universal
terminology in the Russian and English-language
literature; there are no common approaches to the di-
agnosis and provision of specialized care for patients
with this disease.

The development of the syndrome of pelvic con-
gestion as a result of dilatation of the gonadal and in-
trapelvic veins due to retrograde turbulent blood flow
is the cornerstone of VVSP. The most typical mani-
festations are chronic pelvic pain (CPP) not associated
with the menstrual cycle lasting more than 6 months,
dyspareunia, and dyschezia [1].

In 1857 M.A. Richet first described ovaricocele
[2]. Later, V.F. Snegirev [3] formulated a hypothesis
about the role of the venous system in the pathoge-
nesis of chronic (“plethoric”) pain in the small pelvis
in women. On bimanual examination, the pelvic ple-
xus distended with blood was identified in the form of
dense, painful tumors, which, in his opinion, could be

analogous to varicocele in men. In 1949, N.S. Taylor
established a relationship between varicose veins and
chronic pelvic pain [4]. To CPP of mechanical nature
A.E. Mandelstam (1956) also attributed plethoric pain
[5]. In 1975, O. Craig and J. Hobbs first described in
detail VVSP and gave this disease the name adopted
in the English language literature, pelvic congestion
syndrome [6].

EPIDEMIOLOGY

P. Latthe et al. [7] noted that pelvic congestion syn-
drome is diagnosed in 24% of women of reproductive
age, but the real prevalence of this disease is higher,
since many for various reasons do not seek medical
help. In the USA, in patients with CPP, one third of
women are diagnosed with pelvic varicose veins [8].
In the UK, among patients 12—70 years old, the inci-
dence is 38 per 1,000 per year [9]. CPP significantly
reduces the quality of life, leads to psycho-emotional
problems, family conflicts, and social maladjustment.
Pathology is of socioeconomic importance, as it causes
temporary disability in 10-12% of women [10]. They
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are being observed for a long time by gynecologists,
surgeons and other specialists without receiving ad-
equate treatment. The annual pan-European costs of
treatment are 3.8 billion euros [9].

ETIOPATHOGENESIS

There are primary (idiopathic) varicose veins (VV)
of the pelvic veins and secondary, caused by obstruc-
tion of the pelvic veins from the outside against the
background of gynecological, urological, or surgical
organ pathology [11].

Two main causes of primary pelvic vein insuffi-
ciency and CPP have been described. First, it is con-
genital or acquired valvular failure of the gonadal,
parametric and uterine veins (in 15% of cases on the
left, on the right in 6%) [11]. Secondly, during preg-
nancy, the capacity of the pelvic veins increases 60
times compared to their normal value [12]. Veins do
not have the elasticity of arteries, and after childbirth,
their diameter does not return to its original diameter,
which ultimately can contribute to permanent venous
reflux. It is not excluded that the hormonal influence
on the formation of VVSP during pregnancy is also
possible.

Secondary VVSP includes the features of the archi-
tectonics of the abdominal vessels: compression of the
left internal iliac vein by the right common iliac artery
(May — Thurner syndrome) and compression of the left
renal vein by the superior mesenteric artery (Nutcrac-
ker syndrome), extending from the aorta at an acute
angle, with the development of left-sided renal phle-
bohypotension. As a result, excessive reflux of blood
develops into the venous network of the small pelvis.

Some authors classify VVSP as a type of chronic
venous insufficiency, considering it a problem in vas-
cular surgery. This is indicated by the presence of var-
icose veins of the lower extremities in half of women
with VVSP, which does not exclude the version of the
unity of causes and pathogenetic mechanisms in these
diseases [13, 14].

In the pathogenesis of phlebohypertension, the
prevalence of varicose transformation of the pelvic
veins and the formation of varicose veins of the ex-
ternal genital organs as a result of drainage of blood
from the vessels of the small pelvis into the saphe-
nous veins of the perineum are important [15], which
probably reduces pelvic congestion. The formation of
CPP in varicose disease of the pelvic veins remains
unclear. It is possible that turbulent blood flow af-
fects the receptors of the vascular wall, disrupts the
production of neurotransmitters and contributes to the

appearance of pain syndrome [16]. S.G. Gavrilov et
al. observed patients with VVSP and dilation of the
gonadal and parametric veins up to 10 mm or more in
the absence of CPP [15]. Therefore, the dilation of the
ovarian veins should not be considered an objective
indicator of pathological blood reflux [17].

Risk factors for the development of the patholo-
gy under discussion coincide with those in varicose
veins of the lower extremities: heredity, gender, age,
and sedentary lifestyle, nature of work, two or more
pregnancies, and hormonal imbalance.

CLASSIFICATION

A.E. Volkov (2000) proposed a classification of
varicose veins of the small pelvis depending on the
diameter of the vessels and their localization:

—first degree: vein diameter up to 5 mm (of any ve-
nous plexus of the small pelvis), “corkscrew” course
of the vessel,

— second degree: vein diameter 6-10 mm with the
total type of varicose veins, diffuse ectasia of the ovar-
ian plexus (pl. pampiniformis ovarii), varicose para-
metric veins (pl. uterovaginalis), VV of the arcuate
plexus of the uterus;

— third degree: vein diameter > 10 mm with the to-
tal or main type of VV of parametric localization [18].

In 2004, the Japanese radiologist T. Hiromura pro-
posed a classification of blood reflux in the left ovar-
ian vein [19]:

— reno-gonadal reflux of blood without varicose
changes in the pelvic veins;

—reflux into the gonadal vein with limited left-sid-
ed varicose veins of the pelvic veins;

— reflux of blood into the gonadal vein with total
varicose veins and drainage of blood into the right
ovarian vein.

G. Asciutto [20] diagnosed VVSP on the following
grounds:

— varicose reflux towards the ipsilateral or contra-
lateral proximal thigh;

— visualization of reflux along the entire course of
the ovarian vein;

—retrograde filling of the main trunk of the internal
iliac vein and at least one lateral branch (gluteal, sciat-
ic or obturator veins);

— retrograde filling of contrast medium along the
midline.

The authors of the Guidelines of the Russian Phlebo-
logical Association for the Diagnosis and Treatment of
Chronic Venous Diseases (2018) classify the following
forms:
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1. According to the clinical manifestations:

— varicose veins of the pelvis — a disease character-
ized by the dilation of the ovarian veins and intrapel-
vic venous plexuses;

— varicose veins of the vulva (vulvar varicose
veins) - dilation of the veins of the external genital
organs;

— varicose veins of the perineum (perineal varicose
veins) — dilation of the veins of the perineum outside
the external genital organs;

— varicose veins of the gluteal region (gluteal var-
icose veins);

— secondary dilation of the intrapelvic veins — dila-
tion and reflux of blood through the intrapelvic veins
against the background of postthrombotic occlusions
of the iliac and (or) inferior vena cava.

2. According to the clinical course:

— painful form;

— painless form;

— latent form (asymptomatic).

3. According to the prevalence of the pelvic vein
lesions:

— isolated dilation of the pelvic venous plexus;

— combined dilation of the gonadal veins and pel-
vic venous plexuses;

— unilateral or bilateral dilation of the gonadal
veins;

— dilation of the trunk or branches of the internal
iliac veins [1].

S.G. Gavrilov et al. argue that since the symptoms
of plethora are not due to the degree of dilation of the
pelvic veins, pathology should be classified depending
on the intensity of gonadal reflux of blood, which will
allow formulating an algorithm for further examina-
tion and treatment [15].

The relationship between the severity of patients’
complaints and the degree of dilation of the pelvic veins
and the area of their lesions is subject for further study.

CLINICAL PICTURE

The manifestations of VVSP are nonspecific and
include signs symptoms found in various gynecolog-
ical, surgical, urological and neurological diseases.
The pathognomonic clinical equivalent is chronic
pelvic pain (72%), which increases during the day
with prolonged standing and decreases in the supine
position. A decrease in the frequency of pain during
pregnancy was noted, possibly due to a change in hor-
monal levels [21]. Increased pain may be associated
with overwork, emotional stress, hypothermia, exac-
erbation of chronic diseases of the genitals [22].

The syndrome of pelvic venous congestion is ac-
companied by discomfort and pain in the hypogastric
zone of the abdomen during exercise in 67% of cases,
dyspareunia in 57.5%, fear of sexual intercourse, and
less often, urinary incontinence and frequent painful
urination as a result of congestion in the venous blad-
der plexus [23]. Varicose veins of the perineum, pubic
and groin areas occur in 25% of cases. Dysmenorrhea
develops in 22.5% of patients [13]. An increased se-
cretion from the vagina has been described, especially
in the second half of the cycle [24]. In addition, there
is a direct link between pelvic congestive syndrome
and the development of obstetric problems in 6% of
cases: infertility, miscarriage and termination of preg-
nancy, secondary ovarian dysfunction [25].

With CPP, psychoemotional disorders (anxiety,
depression) of varying severity are observed, and a
pathogenetic nociceptive vicious circle is formed.
Sometimes the patient’s interpretation of the pain
sensation, her emotional reaction and behavior may
not correspond to the severity of pelvic venous con-
gestion, which must be taken into account when
choosing a treatment strategy [26].

DIAGNOSIS

In the 1950° P. Guilhem et al. [27, 28] diagnosed
venous pelvic varicose veins based on X-ray examina-
tions without describing the clinical equivalent of the
detected changes.

Congestive syndrome should be suspected al-
ready in the presence of CPP. To confirm this con-
dition, methods of visualization of the pelvic venous
system using ultrasound and Doppler examinations
are used [29]. As a result, it is possible to diagnose
pathology in most cases [30]. The examination is car-
ried out in the Fowler position, transabdominally and
transvaginally. In some cases, proximal compression
techniques are used to stimulate reflux through the
gonadal veins.

Varicose veins of the small pelvis are often an ac-
cidental finding when performing multislice comput-
ed tomography of the vessels (MSCT) or magnetic
resonance imaging (MRI) for another reason. These
methods make it possible to detect not only varicose
intrapelvic venous plexuses, but also compression
from the outside of the left renal and internal iliac
veins (Nutcracker and May — Thurner syndromes).

It is advisable to perform MSCT phlebography
or MR phlebography with the creation of a three-di-
mensional image of the topographic and anatomical
picture.
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S.G. Gavrilov et al. in their study used emission
computed tomography with “in vivo labeled erythro-
cytes before and after conservative therapy or surgery
to evaluate the effectiveness of treatment” [31].

The disadvantages of these methods are the diffi-
culties in examining patients in the Fowler position
and performing proximal compression to improve vi-
sualization of dilated gonadal and intrapelvic veins.

Invasive selective phlebography proposed in 1965
by J. Tavernier and D. Lange [32], which allows de-
tailing pathological changes in the venous system of
the small pelvis [30], is considered the gold standard
for diagnosing VVSP. The femoral vein is more often
used for access. The English-language literature de-
scribes catheterization under the control of ultrasound
sonography of the jugular, subclavian, brachial veins,
which provides reliable access to intrapelvic com-
munications. Selective left-sided renal phlebography
is performed against the background of the Valsalva
maneuver. With reflux of blood into the ovarian vein,
it is superselectively contrasted. After that, ovarycog-
raphy from the opposite side is performed. In some
cases, the internal iliac veins are examined. This re-
veals isolated refluxes and dilatation of the perineal
veins, which can also cause pelvic pain [33].

Diagnostic laparoscopy is more often used in gyne-
cological practice as the final stage of a comprehensive
examination of patients to identify competitive pelvic
pathology (endometriosis, adhesions, Allen — Masters
syndrome, etc.). Pathological reflux of blood, caus-
ing congestion in the veins of the small pelvis, was
found in only 20% of patients with visually detectable
varicose veins. The dilated veins of the small pelvis
without pathological reflux of blood, revealed during
the examination, cannot be the cause of venous pelvic
pain. Such findings should be considered as a com-
mon condition in multiparous women [31]. The infor-
mative value of laparoscopic examination of vascular
communications of the small pelvis is significantly
inferior to the results of radiation diagnostic methods
(ultrasound, MSCT, MRI, catheter phlebography).

On this basis, a diagnostic algorithm for chronic
pelvic pain has been proposed by S.G. Gavrilov et al.
[31].

LABORATORY DIAGNOSTICS

There are no specific biochemical signs of VVSP.
Markers of collagen breakdown and connective tissue
dysfunction (hydroxyproline, glycosaminoglycans,
neuraminic acid metabolites and its derivatives) indi-
cate only the presence of varicose veins, without its

clear localization [8]. In 2018, a study was published
on the use of pro- and antioxidant systems (diene con-
jugates, malondialdehyde, catalase, superoxide dis-
mutase, and glutathione peroxidase) as additional di-
agnostic markers. This is due to their role in the onset
and development of VVSP in women [34].

TREATMENT

Conservative treatment is prescribed for dilated
gonadal veins without clinical manifestations of pel-
vic congestion and limited intrapelvic varicose veins
[31]. Modern phlebotropic drugs occupy a leading
place in the treatment of VVSP [8]. Anticoagulants,
antioxidants, collagen formation stimulants, glycos-
aminoglycan metabolism regulators, physiotherapy
and hirudotherapy are also used. In 2018, a work was
published on the prophylactic use of antioxidants, tak-
ing into account their role in the pathogenesis of the
disease [34].

Adnexectomy, hysterectomy and resection of the
wide ligament of the uterus are the first surgical in-
terventions that have been used to treat this pathology
[35]. When analyzing the results obtained, it turned
out that 33% of patients still had discomfort, and 20%
of the pain remained at the same level. Later, ligation
or clipping of the ovarian veins was proposed. How-
ever, due to frequent recurrences of CPP (up to 80%),
this method was abandoned.

The trunk type of gonadal veins without concom-
itant gynecological pathology and in the absence of
varicose veins of the lower extremities allows the use
of endovascular occlusion of the ovarian veins for the
treatment of pelvic congestion syndrome. In the dif-
fuse type, it is advisable to use laparoscopic resection
of the gonadal veins, which allows simultaneous cor-
rection of concomitant pathology. With this approach,
the number of relapses can be minimized [8, 31].

Unlike conventional open or laparoscopic surgical
methods, endovascular interventions use a minimally
invasive approach: selective occlusion of reflux veins
[36]. Transcatheter ovarian vein embolization was
first described by R.D. Edward et al. in 1993 [37].
For this procedure, metal elements, adhesive com-
positions, polyvinyl alcohol, and liquid sclerosants
are used. Further study of the problem showed that
spiral technologies are effective in no more than 60%
of cases, which is associated with the formation of
roundabout reflux venous blood flow [38]. According
to V.Yu Bogachev., it is advisable to combine spiral
technologies with the introduction of sclerosants [29].
A fairly effective sclerosing agent is 96% ethyl alco-
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hol [39]. The technique involves the installation of
a coil and (or) the introduction of a sclerosant at the
L4-L5 level into the gonadal vein [40]. Some authors
use a laparoscopic approach for sclerosing, reporting
a decrease in pain intensity in 61.2% of patients with
concomitant varicose veins of the uterine appendages
and in 90.0% of patients with isolated congestion [11].

The decision on mono- or bilateral embolization of
vessels is made based on the severity of changes in
veins and the intensity of blood reflux [8].

A decrease in the intensity or disappearance of
chronic pain in the pelvic area was achieved in 80%
of patients. In further studies on the occlusion of both
ovarian and internal iliac veins, a positive result was
achieved in 94% of cases [33]. In the treatment of 41
patients G. Maleux noted its effectiveness in 98% of
cases [41]. In the long-term period, 59% of patients
with unilateral ovarian vein embolization had no
symptoms of the disease [41]. The embolization ef-
ficiency, according to different authors, is 67-89%
[33]. There is evidence of 100% success and symptom
improvement over a 12-month follow-up period after
the procedure [33]. S.G. Gavrilov et al. report an 86%
success rate [31].

Complications of the endovascular method of
treatment occur in 4-22%. Migration of embolizing
material into the right chambers of the heart and the
pulmonary artery is the most commonly diagnosed
(1.9%). It has not been confirmed that pelvic vein em-
bolization has an adverse effect on fertility associated
with decreased ovarian function [33].

It is advisable to perform open extraperitoneal
excision of altered veins in patients with a trunk and
(or) multilateral type of ovarian vein structure and
concomitant varicose veins of the pelvis or atypically
located varicose veins. The efficiency of the operation
reaches 100%; meanwhile, priority is given to mini-
mally invasive techniques [31].

With regard to endoscopic interventions, depen-
ding on the access, retroperitoneal and transperitoneal
resections are distinguished [42].

The first is performed with the patient on the right
or left side. The obvious benefits of the method as
compared to the transperitoneal approach include half
the time of the intervention, decrease of complication
rates, relief of pain in the site of ports, and a decrease
in the postoperative hospital stay. This technique is
optimal for unilateral lesions of the gonadal veins.
In addition, the use of retrocarboxyperitoneum de-
termines the possibility of wide mobilization of the
gonadal vein from the ovary to the left renal or inferi-

or vena cava without trauma to the abdominal organs
[42].
Transperitoneal endoscopic resection is performed
for bilateral lesions of the gonadal veins [42].
According to S.G. Gavrilov et al., the efficiency of
laparoscopic resection of the gonadal veins also reach-
es 100% [26].

CONCLUSION

Varicose veins of the small pelvis is a fairly com-
mon disease, its main manifestation is pelvic pain,
which reduces the quality of life, leads to the forma-
tion of psychoemotional problems, and leads to social
maladjustment. Often, women are observed by vari-
ous specialists (obstetricians, gynecologists, surgeons,
urologists, neurologists, psychiatrists, etc.) without
prescribing etiopathogenetic treatment.

Since the middle of the nineteenth century, the
causes of plethoric pain and, above all, the role of
changes in the venous system of the pelvis in their
occurrence are discussed. Varicose transformation
of the pelvic veins with the formation of phlebohy-
pertension occurs primarily as a result of reflux of
blood into the gonadal veins. It is possible that pelvic
congestion is a type of chronic venous insufficiency,
given the theory of the unity of the etiopathogenetic
mechanism of development of varicose veins of the
small pelvis and lower extremities.

Difficulties in diagnosis are due to the fact that the
manifestations of pelvic varicose veins are nonspeci-
fic and include symptoms of surgical, gynecological,
urological and other diseases of the pelvic organs.

At the core of the instrumental diagnosis of pel-
vic varicose veins are radiation methods: ultrasound
and Doppler examinations, MSCT phlebography, and
MRI. The most accurate information can be obtained
after performing invasive selective and superselective
phlebography.

For the treatment of pelvic congestion, open resec-
tion and endoscopic interventions, clipping of ovari-
an veins, and endovascular reduction of pathological
blood flow have been proposed. The latter method of
correcting pelvic venous congestion is highly effec-
tive in the main type of gonadal reflux.

In the problem of pelvic venous congestion, ques-
tions and unresolved problems remain in the diagnosis
and treatment of chronic pain.
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ABSTRACT

The authors of this article have analyzed the problem of diagnostic conclusion unification in patients with chronic
heart failure (CHF). The root of this problematic situation in which practitioners find themselves is that, despite the
large number of different regulatory documents, there is no consensus on what is considered correct and what is
wrong when formulating a diagnostic conclusion in a patient with CHF. The many-faced syndrome is designated
differently: CHF, congestive heart failure, chronic circulatory failure. There are difficulties in determining the
stage of CHF in patients receiving optimal drug therapy or in those who are in a state of compensation after a
successful surgical correction. When assessing the functional status in a patient with CHF, a distinct subjectivity
should be taken into account in determining which limited physical activity is slight or, conversely, marked, as well
as what kind of physical exertion is normal for the patient. This subjectivity naturally leads to low reproducibility
of the assessment results of the CHF functional class in the same patient by different doctors. CHF should also
be classified according to the value of a left ventricular ejection fraction. The diagnosis should also take into
account the state characteristics of a diastolic function of the left ventricle (especially in patients with CHF and
preserved left ventricular ejection fraction). The authors give examples of diagnostic conclusions, including cases
of comorbid pathology.

Key words: chronic heart failure, classification, stage, functional class, left ventricle, ejection fraction, diastolic
function, chronic cor pulmonale, 6-minute walk test, diagnostic conclusion.
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PE3IOME

ITpoananu3upoBaHa npodiaema yHupukauuyu GopMyJIMPOBKH AWArHO3a Y MALMEHTa ¢ XPOHUYECKOIT cepieyHol He-
nocrarouyHocThio (XCH). Kopens mpoGieMHoO# cuTyanuu, B KOTOpOH HAXOAATCS IPAKTUYECKUE BPayH, KpOeTcs B
TOM, YTO HECMOTPS Ha OONBIIIOE KOJIUUECTBO PA3IHYHBIX PETTaMEHTHPYIOLUIUX JOKYMEHTOB, HET €IHHOTO MHEHHS
OTHOCHUTEIBHOTO TOTO, YTO CYUTATh IPABUIBHBIM, & YTO HENPABUIBHBIM IPH (POPMYITHPOBKE IHArHOCTUYECKOTO
3akmioueHns y nanuenta ¢ XCH. MHuoroiukuii cuaapom 0603HavyaroT no-pasHomy: XCH, 3acroiinas ceprednas
HEJ0CTaTOUYHOCTh, XPOHUUECKas! HEJJOCTATOUHOCTh KpoBooOpamieHus. CI0KHOCTH €CTh IIPH ONPEIeIeHUH CTa i1
XCH y nanueHToB, MOMYyJaloIUX ONTHMAIBHYI0 MEJUKAMEHTO3HYIO TEPAIHIO MM HAXOMISAIIUXCA B COCTOSHUH
KOMIIEHCAI[IH 1TOCIIEe YCHENIHON XUpypruueckoi koppekiuu. I1pu orieHke GyHKINOHATIBHOTO CTaTyca y MallHeHTa
¢ XCH cnenyer yu4uThIBaTh OTYETINBBII CyOBEKTHBH3M B ONPEAEIEHHH TOTO, KAKO€ OrpaHudYeHHe (HU3MYECKON
aKTUBHOCTH SIBIIsIETCS HEOOBIINM HIIH, HA000POT, 3HAUUTENBHBIM, a TAKXKE TOTO, KaKas Harpy3ka sBISICTCS MpH-
BBIYHOH 1715 601bHOTO0. JlaHHBIN CyOBEKTUBU3M 3aKOHOMEPHO NMPUBOAUT K HU3KOH BOCIIPOU3BOJUMOCTH Pe3yIbTa-
TOB OLIEHKH (YHKIOHaIbHOTo Kitacca XCH y omHoro 1 Toro ke nanueHTta pasapiMu Bpadamu. XCH HeoOxoaumo
KJI1acCH(HULUPOBATh U B 3aBUCHMOCTH OT 3HAa4€HHUs (GPakKIMy BHIOpOCaA JEBOroO JKelyJouka. B nuarHose ciemyer
NPHUBETCTBOBATh ¥ XapaKTEPUCTHKY COCTOSIHUS MACTOIMYECKOH (DYHKIIMH JIEBOTO JKely104Ka (0COOEHHO y Maru-
eHToB ¢ XCH u coxpaneHHol ¢pakield BeIOpoca). B nexuun nmpruBeaeHs! NpUMepsl IHarHOCTHYECKUX 3aKITI0de-
HU, B TOM YHCIIE P KOMOPOUIHOH MAaTOJIOTHH.

KnaroueBble coBa: XpoHHUYECKas cepAedHas HEZOCTaTOYHOCTh, KiIacCH(UKanmus, cragus, (yHKIHMOHAIBHBIA
KJIacc, JICBBIH JKeITyI0oueK, (pakmust BEIOpoca, AHacToNndecKast (QyHKIHs, XPOHHIECKOE JIETOYHOE CepAIle, TeCT
6-MHHYTHOH XOABOBI, THATHOCTHIECKOE 3aKITIOUCHHE.

KondaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HaCTOSIIEeH CTaThH.

HUcTounuk (l)ﬂHaHCﬂpOBaHHH. ABTOpLI 3asIBJIIOT 00 OTCYTCTBHUHU (bHHaHCPIpOBaHI/IH.

Jast uurupoBanusi: Kamoxun B.B., TerusikoB A.T., becnanosa U. /., Kamoxuna E.B., Ocranko B.JI., Tepen-
theBa H.H., Jlusmmn M.K., Illanosaii A.A., Cubupea O.®., ConosuoB M.A. KoppekTHast (hopMyIupoBKa ana-
rHO3a y NMalUeHTa ¢ XPOHUYECKOH CepACUHON HEAOCTATOYHOCTBIO: PEAIbHOCTD WIIM HecObITOUHAs MeuTa? broaie-
mens cubupcrou meduyunst. 2020; 19 (3): 128—136. https://doi.org: 10.20538/1682-0363-2020-3-128-136.

INTRODUCTION

do by repeating the mistakes of their teachers. They
are convinced that cold hands (“cold” cyanosis) in

Though diagnosis of chronic heart failure (CHF)
is not a bedside procedure, usually it can be recog-
nized without great difficulties. The main thing is
not to be limited to the clinical assessment of signs
and symptoms, as “experienced” cardiologists often

a patient with dyspnea clearly indicate CHF, while
warm hands (“warm” cyanosis) indicate lung dis-
ease. In one way or another, for example, using echo-
cardiography, they try to study the heart structure and
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function (primarily the left ventricle (LV)), and also
to determine the plasma concentration of natriuretic
peptides (most often brain natriuretic peptide, N-ter-
minal pro-brain natriuretic peptide and mid-region-
al pro-atrial natriuretic peptide) before diagnosing a
heart failure [1-6].

The authors are convinced that the clinical stage
of diagnosis is very important in recognizing CHF
[7]. Moreover, if the approach of constant substitu-
tion of physical examination of the patient with cer-
tain paraclinic tests is practiced for a long time, it can
lead to atrophy of the doctor’s skills of the so-called
bedside diagnosis [8]. However, without the verifica-
tion stage, the diagnosis of CHF is not always infalli-
ble, and the diagnosis itself is imperfect [9, 10], since
the coincidence of opinions of different specialists on
the presence or absence of symptoms and CHF clin-
ical signs (cross-reproducibility) is not observed in
every case [8].

After correct recognition of CHF, paradoxical-
ly, the doctor faces even greater difficulties, since
he needs to formulate a detailed clinical diagnosis
so that the latter performs all its functions (a patient
with their diseases and their key mechanisms is visi-
ble behind it, it serves as an accurate justification for
choosing methods of personalized treatment/preven-
tion and rehabilitation, provides continuity of thera-
py; it is a tool for statistical accounting and medical
forecasting, it helps to assess the ability to work and
fitness for military service, as well as professional se-
lection and medical control in sports and so on). On
the other hand, it should avoid conflict situations of
administrative and legal nature, related to issues of
insurance medicine. Sometimes it should also help
against the almost manic desire of some experts to
find medical errors [11]. As leading Russian mor-
phologists rightly point out, any diagnosis from a
medical diagnosis becomes a medical-social, in fact
becoming a legal, “insurance” and legal element in
solving many life situations. Payment for the com-
pleted case of treatment and sometimes even the doc-
tor’s fate depend on it.

The root of the problem situation in which practi-
tioners find themselves is that, despite a large number
of different orders, regulatory documents, guidelines
and manuals, as well as reference books (updated by
the WHO Committee of experts international statis-
tical classification of diseases and health problems of
the tenth revision, orders of the Ministry of Health of
the USSR and the Russian Federation, recommenda-
tions of the European Society of Cardiology on the
diagnosis and treatment of acute and chronic heart
failure, National recommendations for the diagnosis

and treatment of CHF, the standard of rules for the
formulation of final clinical and pathoanatomical di-
agnoses, approved in 2006 by the Federal service for
supervision of health and social development, as well
as clinical recommendations / treatment protocols
approved by the Ministry of Health of the Russian
Federation) [11, 13—18], the citation of which could
be continued, there is no consensus on what is con-
sidered correct and what is wrong when formulating
a diagnostic conclusion. And this is not only among
representatives of various medical specialties, but
even among specialists of the same profile, some of
whom may change their views over time (for exam-
ple, considering CHF first as a disease, then as a syn-
drome). We see nothing wrong in the latter, as it says
“Cujusvis hominis est errare, nullius, nisi insipientis,
in errore perseverare”.

To those who doubt this, we suggest comparing
examples of the formulation of a clinical (or patho-
anatomical) diagnosis, which are given in the works
by individual authors. They will include examples
of lapidary (CHF IIB FC III) and detailed diagnostic
conclusions, as well as those in which CHF (some-
times out of habit referred to as circulatory failure or
congestive heart failure) is considered an indepen-
dent nosological form and is a syndrome. There is
no consensus on what is considered the main disease
in the case of comorbid pathology (recall that a pa-
tient with heart failure in most cases is a middle-aged
person with a “bouquet” of diseases). At the same
time, clinicians, referring to these documents with
different legal force, can formulate diagnoses in
completely different ways.Sometimes it seems that
practitioners can avoid cognitive dissonance under
the avalanche of information coming from various
sources, which is based on conflicting views, only
if they decide to leave the profession, since the
prospect of achieving harmony of their own ideas
formed at the university and during medical prac-
tice, with the varying requirements of professional
medical associations and expert communities, looks
very vague.

The target issue of this lecture is an attempt to
deal with the problem of unifying the formulation of
the diagnosis for a patient with CHF.

Diagnosis (Greek. owbyvwolg, lat. diagnosis —
“recognition”) is a brief medical conclusion (more
precisely — medical, since physician assistants in
accordance with the Order of the Ministry of health
and social development of the Russian Federation of
06.11.2009 No. 869 also “diagnoses typical cases of
the most common diseases..”) about the pathological
state of health of the subject, about the diseases (in-
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juries) available to him or about the cause of death,
issued in accordance with the current standards and
expressed in terms provided by the current classifica-
tions and nomenclature of diseases [17].

As for the terms, despite the pluralism of opin-
ions, in accordance with the dominant views in the
diagnosis, only the abbreviation of CHF should
be used. Proponents of the term “chronic circula-
tory failure” (as a rule, they use abbreviations CF,
CCF or C) rightly point out that the classification of
N. D. Strazhesco and V. H. Vasilenko, approved at
the XII All-Union Congress of therapists in 1935,
and which is still a current tool for classifying CHF,
was precisely about circulatory failure. Other experts
justifiably note that severe CHF is often associated
with hypervolemia (in the absence of effective ther-
apy, including diuretics, it is almost natural), associ-
ated with retention of sodium and water, manifested
by symptoms and signs of “congestion” (sometimes
only in a small circle of blood circulation), for de-
scriptions of which the term “congestive heart fail-
ure” is recommended. However, in accordance
with National recommendations for the diagnosis
and treatment of CHF, the terms “congestive heart
fail- ure” and “chronic circulatory failure”, which
are essentially synonymous with CHF, should not be
used to unify the terminology [13, 15].

The modern classification of heart failure was
developed by experts of the Society of Heart Fail-
ure Specialists (SHFS) and approved at a meeting of
the Presidium of the All-Russian Scientific Society
of Cardiology on October 11, 2002 [19]. In the offi-
cial comment of the SHFS [20], attention was drawn
to the continuity of this edition of the classification
with the classifications of N.D. Strazhesko and V.H.
Vasilenko (the classification “lost” all the additions
to the classic version that were made over its long
history, but new concepts were introduced into it:
“asymp- tomatic dysfunction of the left ventricle”,
“adaptive remodeling of the heart and blood vessels”,
“mal- adaptive remodeling of the heart and blood
vessels”) and the New York Heart Association
(NYHA) [21]. Thus, an internist should reflect the
stage of heart failure and its functional class (FC) in
the diagnosis.

It is quite simple to determine the stages I and II of
an untreated heart failure: Stage I — latent heart fail-
ure, II A — monoventricular (consider left ventricu-
lar), IT B — biventricular (right ventricular, secondary
to left ventricular). It is not easy at a physical exam-
ination to diagnose these stages in a patient with heart
failure, who, during the previously prescribed opti-
mal drug therapy, managed to achieve euvolemia,

when in the situation of compensated heart failure
the information content of the so-called hemodynam-
ic changes is lost (symptoms and signs of stagnation
in the pulmonary circulation and large circulation
with full compensation may be absent!). With the
phenotype of the treated CHF, it is possible to objec-
tify its I or II stage by the results of an echocardio-
graphic assessment of remodeling (the presence and
severity of spherification and thinning of the walls)
and function (primarily diastolic) of the left ventricle,
diagnosing asymptomatic dysfunction of the left ven-
tricle, adaptive or maladaptive remodeling of the left
ventricle, which correspond to I, IT A or II B stages
of heart failure [15].

A more complicated situation develops with the
justification of the III stage of heart failure. According
to SHFS experts, the difference between CHF 11 stage
and CHF II B stage is the presence of irreversible
structural changes in target organs (heart, lungs,
blood vessels, brain, kidneys) [15]. However, in the
comments of the SHFS experts to their classification,
nothing is said about what “irreversible” structural
changes, for example, in blood vessels or brain, have
a direct causal relationship with heart failure, on the
one hand, and can be considered as criteria for verifi-
cation of CHF III stage, on the other. We were taught
at different times that the most striking manifestation
of CHF III stage is congestive (cardiac) fibrosis and
cirrhosis of the liver [22-24]. However, the liver is
not included in the list of target organs in the SHFS
classification, which, in our opinion, along with the
lack of clear criteria for irreversible structural changes
associated with heart failure in these organs and sys-
tems (heart, lungs, blood vessels, brain, kidneys) is a
significant omission of the classification under dis-
cussion, which impedes the unification of diagnostic
conclusions. For example, we had to deal with a more
than controversial diagnosis when in a patient with
coronary heart disease, developed on the background
of type 2 diabetes mellitus, and complicated by the
development of refractory nephrotic syndrome, and
massive proteinuria (“severe, irreversible kidney
changes”), justified the CHF III stage, despite mod-
erate manifestations of biventricular heart failure.

Finally, another drawback of the modern classi-
fication of CHF stages, which is often criticized by
specialists in heart failure [25-28], is its so-called
rigidity in gradation, as the authors use a staged
approach that excludes the transition from higher
gradations to lower. Recall that the classification
of N.D. Strazhesko and V.H. Vasilenko was ap-
proved at the XII All-Union Congress of Therapists
back in 1935, when the possibilities of effective
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pharmacological or surgical correction of a severe
heart failure were more than modest, and when doc-
tors actually observed a “natural” progressive course
of a heart failure. Therefore, the classification did
not provide for a revision of the established stage in
the opposite direction. But even in our time, when no
one doubts that the introduction in clinical practice
advances of clinical pharmacology and cardiac sur-
gery often provides positive dynamics for the param-
eters characterizing the process of heart remodeling,
SHFS experts allow only ascendant revision of the
stage (“the stage of heart failure may worsen despite
treat- ment™) [20].

A patient with anasarca hospitalized for quali-
fied or specialized care should be discharged with
a diagnosis of CHF II B stage, even if during treat-
ment the patient at rest managed to eliminate all the
symptoms and clinical signs of heart failure without
exception (we discharge the patient with the diag-
nosis of pneumonia or acute appendicitis, when after
successful treatment there are no clinical and X-ray/
tomographic signs of pneumonia, and there is no ap-
pendix at all). And in this case, everything is clear,
since such a diagnosis serves as the most solid justi-
fication for active combination therapy conducted at
the stationary stage [7, 25].

But at the outpatient stage, the need for revision
of the CHF stage will inevitably arise, in order to be
able to determine the actual disability and prescribe
the appropriate treatment, looking at the clinical di-
agnosis and correctly assess the severity and progno-
sis of the disease (it is obvious that in a patient with
latent heart failure, manifested only at physical exer-
tion, less active therapeutic measures are required to
control the symptoms of the disease than in a decom-
pensated patient). It is not easy to understand why
in a young man with rheumatic mitral stenosis, com-
plicated with clinically pronounced left ventricular
heart failure, and after effective surgical treatment,
should have stage IT A of CHF in medical documents
until the end of his life.

In view of the above, no matter how important
the memories of the distant past are, when the pa-
tient had decompensation, the possibility of restaging
should be discussed. The actual stage of heart failure
(including that established on the basis of an echo-
cardiographic study) should be indicated in the diag-
nosis, along with the stage that the patient had before
treatment. D.V. Preobrazhensky and B.A. Sidorenko
[28] offer the following example of such flexible ap-
proach to diagnosis: Dilated cardiomyopathy. CHF
stage I (stage II B in 1998), I FC (IV FC in 1999).
Heart Transplantation (1999).

While there is no official decision that the stage
can be changed either one way or the other, it was
proposed to use the NYHA functional classification
to reflect the dynamics of heart failure [21]. Since at
rest the symptoms of heart failure are observed only
in case of CHF IV FC (so-called manifest or clini-
cally pronounced heart failure), the latter is funda-
mentally different from the heart failure correspond-
ing to FC L, II or III, in which symptoms occur only
during physical exertion (in fact, latent heart failure)—
intense, ordinary or less than usual, respectively.
Nevertheless, we note that in the latest recommen-
dations of Russian cardiologists [16], clinically ex-
pressed and severe CHF correspond to FC 11, III and
IV, and it is proposed to describe latent heart failure
using only I FC.

When assessing the functional status in a patient
with CHF, a distinct subjectivity should be taken into
account in determining which limited physical acti-
vity is slight or, conversely, marked, as well as what
kind of physical exertion is ordinary to the patient.
This subjectivity naturally leads to low reproducibility
of the assessment results of the CHF functional class
in the same patient by different doctors.

At the same time, a fairly free interpretation of
the NYHA classification by some doctors and re-
searchers, allowing the allocation of intermediate
FC values (in fact, three additional gradations: I —II,
IT — I, III — IV), cannot be considered a good alter-
native to an attempt to objectify the assessment of
FC using any approaches and make it more accurate.
For this purpose, it is most often proposed to evalu-
ate exercise tolerance in a functional test (distance
traveled in 6 minutes, threshold stress test etc.) and
the maximum amount of oxygen consumed, or to
use the so-called clinical condition assessment scale
[15, 29], as well as other approaches to stratification
(when developing a decision rule, a wide range of
indicators are used to characterize the condition of
patients, in particular, the level of markers of inflam-
mation in the blood serum) [30].

Unfortunately, not all medical institutions have
a flat, precisely marked, corridor free of obstacles
(pieces of furniture, oncoming and passing traffic of
patients and medical workers, doors opening into the
corridor, and so on), and even more so a system for
performing spiroergometry. But even if there are all
the necessary conditions for conducting stress tests,
the possibility of their successful implementation in
many patients is limited due to associated diseases
and conditions: angina pectoris, intermittent clau-
dication, joint diseases, paresis, paralysis and other
pathology of the nervous system, which makes it dif-
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ficult or precludes the possibility of movement, re-
spiratory failure, severe anemia, morbid obesity etc.
[28]. Obviously, if in this case, a stress test (say, a
6-minute walk test) is performed, a correct interpre-
tation of its results will be impossible, since not only
myocardial, but also coronary, respiratory failure
and other factors will affect the distance traveled by
the patient (taking into account the fact that CHF af-
fects mainly the elderly, you cannot surprise anyone
with high comorbidity) [7, 31].

Presented in the National Recommendations for
the Diagnosis and Treatment of CHF and modified
by V.Yu. Mareev, the clinical condition assessment
scale for CHF can be a good alternative to the 6-min-
ute walk test when objectifying FC CHF in the ab-
sence of the possibility for any reason to perform
(correctly interpret) the last [15].

Note that the diagnosis does not need to mention
the fact that CHF FC belongs to the NYHA recom-
mendations, like it is often done (apparently out of
habit) in clinical practice — CHF II B stage FC II (by
NYHA). We get along with indicating the stage of
heart failure in the diagnosis without specifying the
“copyright” of N.D. Strazhesko and V.H. Vasilenko,
as in the description of stable angina pectoris FC —
without mentioning Canadian cardiologists [7].

In accordance with the latest recommendations
of the European Society of Cardiology for the di-
agnosis and treatment of acute and chronic heart
failure [32], CHF should also be classified depending
on the value of LV ejection fraction (EF), as shown
in the Clinical Recommendations approved by the
Ministry of Health of the Russian Federation [18]:
Ischemic heart disease: Angina of effort, FC IlI,
post-infarction cardiosclerosis, CHF with reduced
EF (32%), stage Il A, FC III.

Taking into account the numerous experimental
and clinical studies, the results of which cast doubt
on the “monopoly” role of systolic dysfunction of the
heart as the main and only hemodynamic cause re-
sponsible for the onset and clinical manifestations of
heart failure, the characteristic of LV diastolic func-
tion should be welcomed in the diagnostic conclusion
(especially in patients with CHF and preserved LV
EF) [33-37].

In our opinion, the clinicians’ desire to reflect the
clinical situation with heart failure in the diagnos-
tic conclusion in detail (for example, indicating the
severity of LV diastolic dysfunction) in terms pro-
vided for by the classifications available, should be
welcomed, as it is dictated by the desire to build the
most effective differentiated therapy and accurately
determine the prognosis of the disease. However, one

cannot reach the point of absurdity. We had to con-
sult patients who were diagnosed with several CHF
at once (!). Most often, this occurs in patients with a
combination of coronary heart disease with chronic
obstructive pulmonary disease of stage (degree) IV,
when in a combined diagnostic conclusion with com-
peting diseases, stage II B CHF is first indicated as a
manifestation of severe ischemic heart dysfunction,
and then as a decompensated chronic cor pulmonary
as a complication of chronic obstructive bronchitis.
We deliberately will not give an example of such a
diagnostic conclusion, since “a bad lesson is often
well learned” [7].

We propose to proceed from the rule “one heart —
one heart failure” and recall that, in accordance with
the initial definition of the World Health Organiza-
tion committee of experts (1961), the term cor pulmo-
nary cannot be used to describe a situation in which
pulmonary hypertension is associated with primary
failure of the left heart or congenital and acquired
heart defects (in most cases it is) [7, 38]. The follow-
ing is an example of a diagnosis statement in which
we tried to avoid reiteration:

The main disease: Coronary heart disease: Post-
infarction cardiosclerosis (1999, 2001): aneurysm of
the posterior LV wall at the apex with parietal throm-
bosis, akinesia of the anterior LV myocardium seg-
ments throughout.

Background disease: essential arterial hyperten-
sion, stage IlI, 3 degrees, risk IV.

Competing disease:

chronic obstructive pulmonary disease, stage IV,
group D; severe infectious (H. influenzae, M. ca-
tarrhalis, S. pneumoniae) type I exacerbation (by N.
R. Anthonisen). Respiratory failure, III degree.

Complication of competing diseases: CHF with
reduced LV FV (38%) and restrictive type of LV dia-
stolic dysfunction, stage Il B, FC IV.

In addition to the fact that the diagnosis must be
justified, timely, structured and detailed, in accor-
dance with the rules for formulating clinical and
pathological diagnostic conclusion approved in the
established order [11], it is necessary to observe the
nosological principle in it. CHF, being a syndrome
without any reservations, cannot be considered as
the main disease [39], even if direct costs are asso-
ciated mainly with the treatment of heart failure. We
are convinced that the correct diagnostic conclusion,
which corresponds to the rules of formulation, serves
as the best justification for treatment and the practi-
tioner should not, adjusting to deviant requirements,
replace the main disease in the diagnostic conclusion
(for example, any form of coronary heart disease)
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with its complication in order not to face a fear of
a refusal to pay for a completed case of a patient’s
treatment in a specialized hospital (for example, in a
heart failure clinic). After all, it is not clinical medi-
cine with its scientific basis for the health insurance
system, but vice versa.

CONCLUSION

In conclusion, we would like to say about the
inadmissibility of the so-called tandem diagnostic
conclusion, when two or more nosological units are
indicated sequentially (often disorderly) in the ru-
bric “Main disease”. This is most often observed in
a combination of coronary artery disease and arteri-
al hypertension, when internists, usually referring to
examples of non-categorized diagnostic conclusion
findings presented in the Russian recommendations
for the diagnosis and treatment of hypertension in
2010 (fourth revision), describe coronary disease
between the degree of arterial hypertension and risk
cardiovascular complications and death (we quote,
“essential arterial hypertension, stage IIl. Degree
of arterial hypertension 2. Coronary heart disease.
Angina of effort, Il FC. Risk 4 (very high)”). Recall
that, in accordance with the rules of diagnosis [11],
if any form of coronary heart disease is detected in a
patient with arterial hypertension (the timing of the
diagnosis does not matter), the last should be indi-
cated in the diagnosis conclusion under the heading
“Background diseases”. It is impossible to correctly
code the disease in any other way, since codes for
diseases characterized by high blood pressure (I110—
I15) should not be used in cases involving coronary
vessels (120-125).

In order to make standardized diagnostic conclu-
sions a reality, we call on colleagues of various spe-
cialties to be “law-abiding” and follow uniform rules
of formulating clinical and pathoanatomical diagno-
ses, rather than creating their own.

REFERENCES

1. Belenkov Yu.N., Mareev V.Yu., Ageev F.T. What is heart
failure? What is the best way to diagnose it? Heart Failure
Journal. 2002; 3 (5): 209-210 (in Russ.).

2. Snipelisky D., Chaudhry S.P., Stewart G.C. The many faces
of heart failure. Card. Electrophysiol. Clin. 2019; 11 (1):
11-20. DOI: 10.1016/j.ccep.2018.11.001.

3. International Handbook of Heart Failure; ed. S.G. Ball,
R.W.F. Cambell, G.S. Francis. M.: Media Sphera, 1995: 89
(in Russ.).

4. Carnes J., Gordon G. Biomarkers in heart failure with pre-
served ejection fraction: an update on progress and future
challenges. Heart Lung. Circ. 2020; 29 (1): 62—68. DOI:
10.1016/j.h1c.2019.05.180.

5. Nhan P., Ederhy S., Soulat-Dufour L., Ancedy Y., Chau-
vet-Droit M., Adavane-Scheubl¢ S., Ben Said R., Lajus
M., Boccara F., Cohen A. Cardiovascular imaging in heart
failure. Presse Med. 2019; 48 (12): 1406—1415 (in French).
DOLI: 10.1016/j.1pm.2019.09.052.

6. Ostanko V.L.,Kalacheva T.P.,Kalyuzhina E.V., Livshits .K.,
Shalovay A.A., Chernogoryuk G.E., Bespalova 1D,
Yunusov R.S., Lukashova L.V., Pomogaeva A.P., Teplyakov
A.T., Kalyuzhin V.V. Biological markers in risk stratifica-
tion and progression of cardiovascular disease: present and
future. Bulletin of Siberian Medicine. 2018; 17 (4): 264—280
(in Russ.). DOI: 10.20538/1682-0363-2018-4-264-28.

7. Kalyuzhin V.V., Teplyakov A.T., Kalyuzhin O.V. Heart
Failure. M.: MIA, 2018: 376 (in Russ.).

8. Remme W.J., Swedberg K. Guidelines for the diagnosis and
treatment of chronic heart failure. Task force for the diag-
nosis and treatment of chronic heart failure, European Soci-
ety of Cardiology. Eur. Heart J. 2001; 22 (17): 1527—-1560.
DOI: 10.1053/euhj.2001.2783.

9. Khrustalev O.A. Chronic heart failure: achievements and
prospects. Clinical Gerontology. 2003; 9 (7): 3545 (in
Russ.).

10. Gallagher J., McCormack D., Zhou S., Ryan F., Watson C.,
McDonald K., Ledwidge M.T. A systematic review of clin-
ical prediction rules for the diagnosis of chronic heart fail-
ure. ESC Heart Fail. 2019; 6 (3): 499—508. DOI: 10.1002/
ehf2.12426.

11. Zayratyants O.V., Kaktursky L.V. Formulation and com-
parison of clinical and pathoanatomical diagnoses: a Hand-
book. Moscow: MIA, 2011: 576 (in Russ.).

12. Avtandilov G.G., Zayratyants O.V., Kaktursky L.V. Mak-
ing a diagnosis: a study guide. Moscow: Meditsina, 2004:
304 (in Russ.).

13. Mareev V.Yu., Ageev F.T., Arutyunov G.P., Korote-
ev A.V., Revishvili A.Sh., Belenkov Yu.N., Vasyuk Yu.A.,
Galyavich A.S., Glezer M G., Danielyan M.O., Kots Ya.l.,
Lazebnik L.B., Lopatin Yu.M., Makolkin V.I., Marty-
nov A.L, Martynenko A.V., Moiseev V.S., Olbinskaya L.I.,
Sokolov E.I., Storozhakov G.I., Sidorenko B.A., Teresh-
chenko S.N., Fomin 1.V., Shlyakhto E.V., Akchurin R.S.,
Aronov D.M., Bart B.Ya., Belousov Yu.B., Boytsov S.A.,
Vasyuk Yu.A., Volkova E.G., Gendlin G.E., Gilyarev-
sky S.R., Golikov A .P., Golitsin S.P., Gurevich M.A.,
Dovgalevsky P.Ya., Zadionchenko V.S., Karpov R.S.,
Karpov Yu.A., Katelnitskaya L.I., Kobalava Zh.D. ., Ly-
usov V.A., Nasonov E.L., Nedogoda S.V., Nikitin Yu.P.,
Oganov R.G., Panchenko E.P., Perepech N.B., Podzol-
kov V.1, Pozdnyakov Yu.A., Rakov A.L., Ruda M.Ya,,
Rylova A.K., Sidorenko B.A., Simonenko V.A., Sitniko-
va M.Yu., Staroverov LI, Sulimov V A.A., Fomina 1.G.,
Chazova I.E. National guidelines of RSC and SHFS on the
diagnosis and treatment of CHF (second revision). Heart
Failure Journal. 2007; 8 (1): 4—41 (in Russ.).

14. Diagnosis in cardiovascular diseases. Formulation, classi-
fications: a practical guide; ed. I.N. Denisova, S.G. Gorok-
hovoy. Moscow: GEOTAR-Media Publ., 2008: 96.

15. Mareev V.Yu., Ageev F.T., Arutyunov G.P., Korote-
ev A.V., Mareev Yu.V., Ovchinnikov A.G. National Rec-

134 Bulletin of Siberian Medicine. 2020; 19 (3): 128-136



Reviews and lectures

16.

17

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

ommendations of SSHF, RCS and RSMST on Diagnosis
and Treatment of CHF (Fourth Revision). Heart Failure
Journal. 2013; 14 (7): 379-472 (in Russ.).

Mareev V.Yu., Fomin L.V., Ageev F.T., Begrambeko-
va Y.L., Vasyuk Y.A., Garganeeva A.A., Gendlin G.E.,
Glezer M.G., Gautier S.V., Dovzhenko T.V., Kobala-
va Z.D., Koziolova N.A., Koroteev A.V., Mareev Y.V,
Ovchinnikov A.G., Perepech N.B., Tarlovskaya E.L,
Chesnikova A.l., Shevchenko A.O., Arutyunov G.P.,
Belenkov Y.N., Galyavich A.S., Gilyarevsky S.R., Drapki-
na O.M., Duplyakov D.V., Lopatin Y.M., Sitnikova M.Yu.,
Skibitsky V.V., Shlyakhto E.V. Russian Heart Failure So-
ciety, Russian Society of Cardiology. Russian Scientific
Medical Society of Internal Medicine Guidelines for Heart
failure: chronic (CHF) and acute decompensated (ADHF).
Diagnosis, prevention and treatment. Kardiologiia. 2018;
58 (S6): 8-158 (in Russ.). DOI: 10.18087/cardio.2475.

. Zayratyants O.V., Vasilyeva E.Yu., Mikhaleva L.M.,

Olenev A.S., Cherkasov S.N., Chernyaev A.L., Shamalov
N.A., Shpektor A.V. Rules for the formulation of patho-
logical diagnosis, selection and coding of causes of death
by ICD-10, class IX. Diseases of the circulatory system.
Moscow, 2019: 112 (in Russ.).

Society of Heart Failure Specialists. Russian Society of
Cardiology. Clinical guidelines. Chronic heart failure
(CHF). ICD code—150.0/150.1/150.9/2016 (revision every
3 years). URL: http://cr.rosminzdrav.ru/#!/recomend/134
(access date: 03/01/2020) (in Russ.).

Transcript of the VNOK presidium meeting on the approv-
al of the SSHF Classification of chronic heart failure. Octo-
ber 11, 2002, St.-Petersburg, Great Hall of the S.M. Kirov
Military Medical Academy. Heart Failure Journal. 2003;
4 (2): 68—69 (in Russ.).

Official comments of the SSHF to the discussed CHF clas-
sification. Heart Failure Journal. 2002; 3 (2): 62 (In Russ.)
The Criteria Committee of the New York Heart Associa-
tion. Diseases of the heart and blood vessels: nomenclature
and criteria for diagnosis. 6™ ed. Boston: Little Brown and
Co. Publ., 1964: 114.

Podymova S.D. Liver Disease: A Guide for Physicians. 5
ed., rev. and add. Moscow: MIA, 2018: 984 (in Russ.).
Zits S.V. Diagnosis and treatment of congestive heart fail-
ure. 2™, ed., rev. and add. Moscow: MEDpress Publ., 2000:
126 (in Russ.).

Mukharlyamov N.M. Chronic circulatory failure. In the
book: Diseases of the heart and blood vessels: a guide for
doctors: in 4 volumes. Vol. 2; ed. E.I. Chazov. Moscow:
Meditsina, 1992: 475-508 (in Russ.).

Mukharlyamov N.M., Mareev V.Yu. Treatment of chronic
heart failure. Moscow: Meditsina Publ., 1985: 208 (In Russ.)
Olbinskaya L.I., Sizova Zh.M. Chronic heart failure. Mos-
cow: Reafarm Publ., 2001: 344 (in Russ.).

Kalyuzhin V.V, Kalyuzhin O.V., Teplyakov A.T., Karau-
lov A.V. Chronic heart failure: issues of etiology, epide-
miology, pathogenesis (hemodynamic, neurohumoral, im-
mune, genetic aspects), diagnosis and treatment. Moscow:
MIA Publ., 2006: 288 (in Russ.).

Sidorenko B.A., Preobrazhensky D.V. Diagnosis and treat-

BionneteHb cMbupckoi meguumHbl. 2020; 19 (3): 128-136

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

ment of chronic heart failure. 3“ ed., rev. M.: Miklosh,
2004: 352 (in Russ.).

Poltavskaya M.G. Exercise testing in patients with chron-
ic heart failure. Heart: a journal for medical practitioners.
2003; 2 (2): 81-83 (in Russ.).

Samoilova E.V., Fatova M.A., Mindzaev D.R., Zhitare-
va I.V., Nasonova C.N., Zhirov 1.V., Tereschenko C.N.,
Korotaeva A.A. Decision rule for stratification of patients
with chronic heart failure of functional class II and III
Bulletin of Siberian Medicine. 2020; 19 (1): 101-107 (in
Russ.). DOI: 10.20538/1682-0363-2020-1-101-107.

Cai S., Gong 1.Y., Gale C.P., Yan A.T. Sex-specific dif-
ferences in New York heart association classification and
outcomes of decompensated heart failure. Can. J. Cardiol.
2020; 36 (1): 4-6. DOI: 10.1016/j.cjca.2019.09.022.
Ponikowski P., Voors A.A., Anker S.D., Bueno H., Cle-
land J.G., Coats A.J., Falk V., Gonzalez-Juanatey J.R.,
Harjola V.P., Jankowska E.A., Jessup M., Linde C., Nihoy-
annopoulos P., Parissis J.T., Pieske B., Riley J.P., Rosa-
no G.M., Ruilope L.M., Ruschitzka F., Rutten F.H., van
der Meer P. 2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure: the Task force
for the diagnosis and treatment of acute and chronic heart
failure of the European Society of Cardiology (ESC). De-
veloped with the special contribution of the Heart Failure
Association (HFA) of the ESC. Eur. J. Heart Fail. 2016;
18 (8): 891-975. DOI: 10.1002/ejhf.592.

Belenkov Yu.N., Ageev F.T., Mareev V.Yu. Meet: diastol-
ic heart failure. Heart Failure Journal. 2000; 1 (2): 40—44
(in Russ.).

Teplyakov A.T., Kalyuzhin V.V., Stepacheva T.A. Di-
astolic heart failure: modern concepts of pathogenesis,
clinic, diagnosis and treatment. Tomsk: Tomsk University
Publishing House Publ., 2001: 60 (in Russ.).

Kalyuzhin V.V, Teplyakov A.T., Solovtsov M. A. The role
of left ventricular systolic and diastolic dysfunction in the
clinical manifestation of chronic heart failure in patients
with myocardial infarction. Therapeutic Archive. 2002; 74
(12): 15—18 (in Russ.).

Kalyuzhin V.V., Teplyakov A.T., Ryazantseva N.V.,
Vechersky Y.Y., Khlapov A.P., Kolesnikov R.N. Diasto-
le of the heart. Physiology and Clinical Pathophysiology.
Tomsk: TPU Publ., 2007: 212 (in Russ.).

Obokata M., Reddy Y.N.V., Borlaug B.A. Diastolic dys-
function and heart failure with preserved ejection fraction:
understanding mechanisms by using noninvasive methods.
JACC Cardiovasc. Imaging. 2020; 13 (Pt 2): 245-257.
DOI: 10.1016/j.jcmg.2018.12.034.

Marra A.-M., Benjamin N., Cittadini A., Bossone E.,
Griinig E. When pulmonary hypertension complicates
heart failure. Heart Failure Clinics. 2020; 16 (1): 53—60.
DOI: 10.1016/j.hfc.2019.08.004.

Kalyuzhin V.V., Teplyakov A.T., Chernogoryuk G.E.,
Kalyuzhina E.V., Bespalova 1.D., Terentyeva N.N., Liv-
shits I.K., Ostanko V.L., Sibireva O.F., Chasovskikh N.Yu.
Chronic heart failure: syndrome or disease? Bulletin of Si-
berian Medicine. 2020; 19 (1): 134-139 (in Russ.). DOI:
10.20538/1682-0363-2020-1-134-139.

135



Kalyuzhin V.V., Teplyakov A.T., Bespalova I.D. et al. Correct diagnostic conclusion in patients with chronic heart failure

Authors information

Kalyuzhin Vadim V., Dr. Sci. (Med.), Professor, Head of the Department of Hospital Therapy, SSMU, Russian Federation. ORCID
0000-0001-9640-2028.

Teplyakov Alexander T., Dr. Sci. (Med.), Professor, Chief Research Fellow, Cardiology Research Institute, Tomsk NRMC, Tomsk,
Russian Federation. ORCID 0000-0003-0721-0038.

Bespalova Inna D., Dr. Sci. (Med.), Professor, Department of Hospital Therapy, SSMU, Tomsk, Russian Federation. ORCID 0000-
0002-4513-6329.

Kalyuzhina Elena V., Dr. Sci. (Med.), Professor, Department of Hospital Therapy, SSMU, Tomsk, Russian Federation. ORCID 0000-
0002-7978-5327.

Ostanko Valentina L., Cand. Sci. (Med.), Associate Professor, Department of Hospital Therapy, SSMU, Tomsk, Russian Federation.
ORCID 0000-0002-9950-721X.

Terentyeva Nadegda N., Cand. Sci. (Med.), Associate Professor, Department of Internal Disease, Surgut State University, Surgut,
Russian Federation. ORCID 0000-0002-0462-3526.

Livshits Inna K., Cand. Sci. (Med.), Associate Professor, Department of Hospital Therapy, SSMU, Tomsk, Russian Federation.
ORCID 0000-0003-2357-6910.

Shalovay Alla A., Cand. Sci. (Med.), Associate Professor, Department of Hospital Therapy, SSMU, Tomsk, Russian Federation.
ORCID 0000-0002-9950-721X.

Sibireva Olga F., Dr. Sci. (Med.), Professor of the Department of Biochemistry and Molecular Biology, SSMU, Tomsk, Russian
Federation. ORCID 0000-0002-5651-8875.

Solovtsov Michail A., Doctor, Department of Ultrasonic Diagnostics, Tomsk Regional Clinical Hospital, Tomsk, Russian Federation.

(<) Kalyuzhin Vadim V., e-mail: kalyuzhinvv@mail.ru.

Received 30.01.2019
Accepted 16.06.2020

136 Bulletin of Siberian Medicine. 2020; 19 (3): 128-136



YIAK 616.211-002-056.43:612.843.4
https://doi.org: 10.20538/1682-0363-2020-3-137-143

Allergic rhinitis and the phenomenon of entopy

Klimov A.V.', Kalyuzhin 0.V.% Klimov V.V.}, Sviridova V.S.'

! Siberian State Medical University
2, Moscow Trakt, Tomsk, 634050, Russian Federation

2Sechenov Moscow State Medical University
8/2, Trubetskaya Str., Moscow, 119991, Russian Federation

ABSTRACT

This article provides a review of the phenomenon of entopy or local atopy from the viewpoint of allergic phenotypes
and endotypes. A clinical form of the entopy endotype is local allergic rhinitis, which is still a fertile area for
research. The exact mechanisms in the breakdown of allergen tolerance in entopy remain unclear. The review
focuses on the pathogenesis, diagnostic algorithm, and the choice of treatment strategies in local allergic rhinitis.
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PE3IOME
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ATOPY AND ENTOPY (LOCAL ATOPY):
HISTORY, MECHANISMS, BIOMARKERS,
AND CLINICAL VALUE

Initially, the term “atopy” was denoted as “out of
place” and “strange disease” by Coca and Cooke in
1923 in their seminal work [1, 2], when IgE was not
discovered yet by Ishizaka et al. [3]. In 1963, Gell
and Coombs [4] proposed an updated classification of
known allergic phenomena where atopy was classi-
fied as type 1 hypersensitivity (immediate hypersen-
sitivity). This classification is still used today. Taking
into account the rising prevalence of many types of
allergies in modern human populations, the hygiene
and toxic hypotheses were proposed [5]. In particular,
allergic reactions may be considered as maladaptive
IgE immune responses towards environmental anti-
gens [6]. Intriguingly, these mechanisms appeared to
be very similar to those implicated in the acquisition
of immunity against helminths and arthropods in hu-
man bodies. Based on the hypothesis that IgE-medi-
ated immune responses evolved in humans and other
mammals to provide extra protection against metazo-
an parasites rather than to cause allergy, the environ-
mental allergens might share some properties with the
metazoan parasite antigens, which are specifically tar-
geted by IgE in infected human populations [6].

On the other hand, immediate hypersensitivity, or
atopy, occurs in selected populations of Homo sapiens.
It appears to be a polygeneously inherited disorder, as
genome-wide association studies have convincingly
detected a large number of loci associated with aller-
gic diseases [7]. However, there are so-called primary
atopic disorders based on monogenic inheritance [8].
In addition to that, epigenetic changes have been re-
cently considered as a potential mechanism involved
in the development of many disorders, including

atopic diseases [9]. Atopy appears to show a strong
hereditary component as a consequence of evolution
(Fig. 1). From an evolutionary point of view, house
dust mites, Dermatophagoides pteronyssinus (Euro-
pean species), and Dermatophagoides farinae (Amer-
ican species) are the “kings of allergens,” or panaller-
gens [10, 11]. Likely, they used to be skin parasites in
ancient humans in the Stone Age [12].

Nowadays, the term “atopy” is used by allergists
and scientists for any hyper-IgE-mediated reaction in-
duced by B-cell mediated Th2-dependent response to
various allergens [12], such as household dust, house
dust mites, animal hair and skin scales, pollens, flour,
food proteins, insect venoms, molds, latex, penicillin,
etc. There are also oligomeric components of aller-
gen molecules and allergen-associated molecular pat-
terns (AAMP), which may be responsible for effec-
tive cross-linking of allergen with the B cell receptor
(BCR)/IgE [13]. Supposedly, a deficit of the AAMP
leads to tolerance maintenance, whereas an AAMP
excess results in tolerance breakdown. Exposure to
allergens may occur during inhalation, ingestion, in-
jection, or direct contact. In the course of B-cell-me-
diated immune response, plasma cells are stimulated
by type 2 helper CD4+T cells to produce IgE anti-
bodies specific to one allergen or allergen group. The
difference between a normal B-cell-mediated response
and a type 1 hypersensitivity response is that in type
1 hypersensitivity, the IgE antibodies predominate in-
stead of IgM, IgG, or IgA immunoglobulins. The IgE
antibodies bind to type 1 Fce receptors (FceRI) on the
surface of mast cells and circulating basophils. After
exposure to the same allergen, the allergen cross-links
the bound IgE on target cells that result in degranula-
tion and secretion of inflammatory mediators.

Type 1 hypersensitivity reactions may consequent-
ly be divided into two phases, the early phase reaction
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and the late phase reaction. The early phase typically
occurs within 10-20 minutes, or even seconds after
the penetration of the allergen, which is associated
with the release of preformed mediators, such as hista-
mine, serotonin, chemotactic peptides for neutrophils
and eosinophils, enzymes, etc. These mediators affect
the nerve cells causing itching, smooth muscle con-
traction (e.g. asthmatic attack), mucus production by
goblet cells, an increase in capillary permeability, and
subsequent tissue edema with further recruitment of
neutrophils and eosinophils in the focus. Mast cells
located in the skin and lining epithelium of the respi-
ratory, gastrointestinal, and genitourinary tracts are
involved in recognizing signals coming from the ex-
ternal environment. Once activated, mast cells trigger
the early phase of the atopic response, promote the re-
cruitment of other inflammatory cells, such as eosin-
ophils and neutrophils, and take part in the regulation
of IgE adaptive immune response [14, 15]. Activated
mast cells with their mediators, including tryptase and
histamine, are the main biomarkers of the early phase.

¢

«Allergenic» IqE B 7-10%
of human populations
(evolutionary vestige)

About 1,000,000 years ago

g
N W

Protective IqE B 100%
of human populations

e

N

&

Surface of the skin

Fig. 1. Atopy as a vestige of evolution [12]

The late phase develops over 6—12 hours by the
generation of newly formed mediators, such as throm-
boxane, leukotriene C4, leukotriene B4, prostaglandin
D2, and platelet-, cytokine-, and chemokine-activa-
ting factors, which affect the surrounding tissues en-

hancing the inflammatory process. Endothelial cells
express the adhesion molecules which facilitate the
recruitment and activation of neutrophils, eosino-
phils, and type 2 innate lymphoid cells (ILC2) from
the blood and other biological fluids into the site of
the allergic inflammation. Commonly, the infiltrating
cells contain a high proportion of eosinophils. The
activated eosinophils release a variety of inflamma-
tory molecules, including eosinophil cationic protein,
major basic proteins, IL-5, etc. [14, 16]. The involved
type 2 helper T cells secrete 1L-4, 1L-5, 1L-6, IL-13,
IL-33, etc. and affect plasma cells, which promote IgE
isotype switching. The inflammatory process becomes
chronic. Therefore, these cytokines, eosinophil medi-
ators, and eosinophil surface molecules are the main
biomarkers of the late phase.

Type 1 hypersensitivity is responsible for atopic
dermatitis, perennial and seasonal allergic rhinitis,
bronchial asthma, food allergies, insect allergies, ana-
phylactic shock, etc. In predisposed individuals, the
term “atopic march” denotes a subsequent change of
target organs in the following order: the skin, nose/
conjunctiva, and bronchi, whereas some individuals
may simultaneously develop all atopic disorders [12,
17]. Allergic skin tests and investigation of blood IgE
are preferential methods for diagnosing atopic allergic
conditions.

Recently, entopy, a new allergy-like phenomenon,
has been identified [18], and the term came from the
Spanish expression “en fopo” that means “on-site.”
Interestingly, entopy sounds almost like ENT (Ear,
Nose, and Throat). Initially, entopy was not related
to atopy. Currently, the phenomenon is referred to an
endotype of the atopic disorder which can develop lo-
cal allergic rhinitis [19, 20], local allergic conjuncti-
vitis [21], and local allergic asthma [22]. Among all
entopic phenomena, the biggest number of investi-
gations are performed in patients with local allergic
rhinitis [19, 20; 23-26]. Patients with severe asthma
having dramatic beneficial effects from Omalizumab
treatment prove that the concept of local allergy (ento-
py) is worth discussing in severe asthma [27].

Detailed mechanisms of entopy remain unclear,
and the phenomenon is a fertile area for further re-
search. We suppose that, like any form of atopy, en-
topy is associated with allergen tolerance breakdown.
Allergen tolerance is an active process which can be
considered as a non-pathogenic immune response to
the allergen. The development of allergen tolerance
reflects immunoregulatory networks that recruit mul-
tiple secreted mediators, such as IL-10, IL-35, and
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TGFp, surface molecules, Treg, and other regulatory
cell types. Allergen tolerance also occurs upon natu-
ral exposure to high levels of allergen in the environ-
ment, as typified by the modified type 2 helper CD4+
T cell-regulated response to this allergen [28]. His-
torically, there is classical differentiation of tolerance
into central and peripheral mechanisms of tolerance
induction [12]. The systemic (in the bloodstream) and
local (in specific tissues) allergen tolerance is not the
same differentiation. For understanding the mecha-
nisms of tolerance induction and breakdown, it should
be considered according to “systemic” and “local, or
entopic” forms of atopy (Table) to clarify what factors
of tissue microenvironment prevail. Specific anatomic
sites, e.g., the mouth and respiratory tract, may pro-
vide favorable conditions for tolerance induction [28].
This point is open for debate, particularly due to the
entopy phenomenon and sublingual allergen-specific
immunotherapy.

Table

Forms of tolerance breakdown to allergens
Systemic forms

Local forms (entopy)

Dermal

Oral (gastrointestinal)

Genitourinary? Conjunctival
Combined Nasal
(may include conjunctival, nasal, and Bronchial

bronchial forms as a part of systemic
forms)

ALLERGIC RHINITIS: PHENOTYPES,
ENDOTYPES, AND BIOMARKERS

Allergic rhinitis is a global health problem [29,
30]. Allergic rhinitis (rhinoconjunctivitis) develops in
predisposed individuals in two phenotypes: (1) peren-
nial and/or (2) seasonal rhinitis (rhinoconjunctivitis)
[25, 31]. Nowadays, both phenotypes of allergic rhini-
tis, in particular perennial rhinitis, cause considerable
asthma prevalence in atopic individuals, impact on
the quality of life, performance, sleep, exercise toler-
ance, and social functioning, and create a significant
financial burden on healthcare systems throughout the
world [29, 31].

In allergic rhinitis, patients complain of chronic
symptoms of nasal obstruction, itching, rhinorhea,
paroxysmal sneezing, and sometimes loss of smell,
snoring and conjunctival redness and swelling [29,
32]. Clinically, phenotypes of “non-allergic rhini-
tis” almost do not differ from phenotypes of allergic
rhinitis [33]. Perennial rhinitis commonly starts at
the age of 3—5 years. It manifests itself through the

mentioned symptoms all year round and sometimes
throughout the life, being persistent and complicated
by nasal polyps, sinusitis, and asthma. Sometimes the
course of rhinitis can be mild and subtle. Allergens of
Dermatophagoides house dust mites, cats, and other
pets, feathers, cockroaches, and mold are the main
responsible proteins for IgE dependent sensitization
in persons with perennial allergic rhinitis [12, 34].
In seasonal rhinitis or “pollinosis”, symptoms occur
during certain periods of the year when trees, shrubs,
and herbs pollinate, but the pathology may commence
at any age, in any geographical location. Hypersensi-
tivity is caused by allergens of birch, hazel tree, oak,
fescue, ryegrass, timothy, ragweed, artemisia, and a
wide variety of plants [12, 35, 36].

An initial diagnosis of allergic rhinitis is more like-
ly when rhinitis is seasonal, or with a family history of
atopy [37]. As a rule, examination and investigations
include patient’s history (family, past medical, social,
occupational, etc.), allergic skin tests, serum/nasal secre-
tion IgE assays, nasal secretion cytology, video rhinos-
copy, acoustic rthinometry, tests for asthma, etc. [37, 38].

Cluster analysis for allergic rhinitis in adults iden-
tified 4 clusters [39]: (1) moderate childhood-onset
rhinitis, (2) mild adolescence-onset female rhinitis,
(3) severe early-onset rhinitis with asthma, and (4)
moderate childhood-onset male rhinitis with asthma.
The characteristics that distinguished patients with
rhinitis and separated them into clusters were sex, the
presence of asthma, and the severity and age of rhini-
tis onset. Seasonal allergic rhinitis predominated in all
clusters. Several other clinical phenotypes and endo-
types were subsequently described in various studies
[40], whereas endotyping and confirmatory biomark-
ers showed a more significant impact on management
and personalized therapy for patients with allergic rhi-
nitis [41, 42].

The term “local allergic rhinitis” (LAR) was first
proposed by Rondén et al. [19]. One group of re-
searchers [43] just supposed that LAR did not fit into
the systemic allergic (atopic) rhinitis vs. non-allergic
rhinitis classification, and LAR was hence differenti-
ated as a new rhinitis phenotype. However, the other
group of researchers [20, 44, 45] substantiated LAR
as an endotype of allergic rhinitis, since it displays
all atopic biomarkers not at the systemic level but in
the nasal mucosa, i.e. at the local level. Furthermore,
recent evidence supports the existence of a bronchial
counterpart of LAR named local allergic asthma [22],
and its conjunctival counterpart defined as local aller-
gic conjunctivitis [21].
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Patients with LAR have the same classic symp-
toms typical of allergic rhinitis, such as nasal ob-
struction, sneezing, itching, and rhinorrhea. A study
comparing patients with allergic rhinitis and LAR also
showed that both groups of patients share a similar
clinical phenotype. LAR is caused by sensitization to
Dermatophagoides house dust mites, occurs mostly
in nonsmokers, and displays a severe and persistent
clinical picture, often with conjunctival and asthma
symptoms, developed in both children and adults [44].
LAR can be verified by (1) detection of specific IgE
house dust mite allergens and other aeroallergens in
nasal secretion and (2) positive response to the nasal
provocation test with the same allergens, whereas skin
prick tests, intracutaneous tests, and serum IgE assay
may be negative [25, 46, 47]. Incorvaia et al. [20] rec-
ommend a double nasal provocation test to diagnose
LAR accurately. The algorithm for LAR diagnosis
[45, 47] is shown in Fig.2.

Unfortunately, due to high cost and complexity,
nasal provocation tests with house dust mite allergens
and detection of specific IgE in nasal secretion are not
yet recommended in everyday clinical practice. As a
consequence, patients with LAR, including elderly
persons [48], are still classified as individuals with
non-allergic rhinitis in most hospitals [49].

As a result of a 7-year retrospective follow-up
study, Sennekamp et al. [46] demonstrated conversion
of LAR to conventional systemic respiratory allergic
reactions in almost half of the observed patients. The
conversion rate was higher in children and adolescents
than in adults. On the other hand, following the re-
sults of a 10-year follow-up study of a cohort of 176
patients with LAR, Rondén et al. [50] insist on low
conversion of entopy to systemic atopy and natural
evolution of the disease towards allergic asthma.

Treatment for LAR is similar to that of conven-
tional allergic rhinitis. It includes allergen avoidance/
environmental controls, corticosteroid nasal sprays,
antihistamines, leukotriene receptor antagonists, in-
tranasal Cromolyn, medications containing immuno-
suppressive monoclonal antibodies like Omalizumab,
and allergen-specific immunotherapy [45, 51, 52].
However, the problem of choice between subcutane-
ous or sublingual administration of allergens for al-
lergen-specific immunotherapy or development of the
other routes of their administration remains open for
research and discussion [52].

In accordance with the concept of a single uni-
fied airway [52, 53], the upper and lower respiratory
tracts are connected anatomically, functionally, and

History:
atopy heredity (+)
systemic atopic disorders such as food allergy and atopic
dermatitis (-)

y

skin prick or intracutaneous tests (—)

y

high serum IqE (+)

y

nasal cytology: eosinophilia (+)

y

nasal IqE (+)

y

nasal allergen provocation test (+)

LAR
Fig.2. Diagnostic algorithm for local allergic rhinitis
[45, 47]

immunologically, which is essential for the formation
of a generalized inflammatory process. Disruption of
systemic allergen tolerance often leads to the devel-
opment of all forms of atopy and its complications
(allergic rhinitis, rhinosinusitis, polyps, asthma) in the
respiratory tract in combination with atopy in non-re-
spiratory target organs. At present, it remains unclear
how to relate the concept of a single unified airway
and the phenomenon of entopy, its clinical manifes-
tations, possible complications, dynamics of develop-
ment, and the optimal choice of treatment strategies.
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ABSTRACT

Regulatory T-lymphocytes play a central role in the immunological tolerance system. To date, existence of many
different subpopulations of regulatory T-cells have been described. However, a number of questions related to the
function, differentiation, and homeostasis of these subpopulations in a body remain unclear. Interactions between
the previously discovered pairs of helper and regulatory T-lymphocytes require further study. The main topic is
identification and establishment of the functions of regulatory memory cells. Interstitial migration of activated
regulatory T-lymphocytes is also a promising direction. In this review, we summarized the main findings in
multiple subsets of regulatory T-lymphocytes, discussed unclear data that will require further studies, and showed
an application for regulatory T-lymphocytes in medicine.
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PE3IOME

Perymaropusie T-muMQOIHTEI SIBISIOTCS EHTPATBHBIME KJIETKAMU CHCTEMbBI IMMYHOJIOTHYECKOH TOJIEPAaHTHOCTH.
B mHacrosmiee BpeMs ONHCAaHO CYHIIECTBOBAHHE MHOXKECTBA PA3IMYHBIX CYONOMyISAHUN PETyIATOPHBIX
T-xnerox (T-reg), omHako OOJBIIOE KOJWYECTBO BOIPOCOB, KacalOMUXCsA (PYHKIHOHAJIHHOTO HA3HAYCHHS,
nyteld nudQepeHIpoBKH W TroMeocTasa 3THX CyONONmymsinuii B OpraHH3Me, OCTAIOTCA HEU3YYECHHBIMH.
IMpoaeMoHCTpHUPOBAaHHBIE paHEE MAPHI XENIIEPOB U COOTBETCTBYIONINX UM PETYISATOPHBIX T-THM(OINTOB TPeOyIOT
JATbHEHIIEr0 U3yYeHUsI MX B3aUMOJACHCTBUH APYT ¢ APYroM. AKTyaJdbHOW TeMOil siBIseTcs MACHTU(DUKAINI U
ycTaHOBJIEHHE (QYHKIMI KIETOK PETyIATOpHON mamsATu. TkaHeBas MUTPaIMs aKTHBHPOBAHHBIX PETyISTOPHBIX
T-mM@onnToB TakXKe ABIIETCS NEPCIICKTUBHBIM HampaBiIeHueM. B 3Tom 0630pe coOpaHbI 1 CHCTEMaTH3HPOBAHBI
JTAHHBIE O PA3JIMYHBIX CyONOMyISANUAX PETryIsTOPHBIX T-TUM(OINTOB, BEIAECICHBI aKTyalbHBIE BOIIPOCHI JaHHOI
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TEMaTHKH, TpeOyoLre AalbHEHIIero N3y4eH s, a Takke 3aTPOHYTHI MYTH Pa3BUTHs OOJIACTH B KIMHHUYECKOM

MEIULIMHE.

KawoueBble cioBa: perynstopusie  T-muMQonuTsl,

s dexropubie Treg, TkanecnennpuuHbie Treg.

MMMYHOJIOTHUYECKAsi TOJIEPAHTHOCTh, 1reg TaMATH,

Konpaukt naTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHE SIBHBIX U MOTCHIMAIBHBIX KOH()JINKTOB HHTEPECOB,

CBSI3aHHBIX C MyOJUKAIKEH HACTOSIICH CTAThH.

Hcrounuk punancupoBaHus. ABTOPHI 3asBIISIOT 00 OTCYTCTBHY (PUHAHCHPOBAHMSI.

Jost nurupoanust: Kynpusinos C.B., Cunnixuii A.W., Joarymmn V.M. PasnooGpasue cyOnomyssiuuit pery-
nsTopHbIX T-kietok. bwoaiemens cubupcrou meduyunst. 2020; 19 (3): 144—155. https://doi.org: 10.20538/1682-

0363-2020-3-144-155.

INTRODUCTION

The immune system is a complex and diverse
structure with the task to maintain homeostasis. The
main roles of the immune system are eliminating
infectious agents, killing tumor cells, and immuno-
regulation. The system of immunological tolerance,
which protects the body’s own tissues from being
attacked by immune cells, includes many different
cells, such as tolerogenic antigen-presenting cells
[1], regulatory T-cells, and B-cells [2].

Previously, it was believed that the population
of regulatory T-cells (Tregs) was homogeneous, but
over time the accumulated data contradicted this idea.
Currently, the existence of various Treg subpopu-
lations is accepted [3]. However, despite numerous
studies, this area of immunology remains underde-
veloped. There is little information on the differenti-
ation of Tregs, the formation of their various subpo-
pulations, and their interactions with other cells. The
main mechanisms of tolerogenic action have been
described (contact suppression due to suppressive
molecules such as CTLA-4 [4] and PD-1 [5]; secre-
tion of anti-inflammatory cytokines such as TGF-b
[2], IL-10 and IL-35 [6]; sequestration of growth
factors such as IL-2, necessary for activation of ef-
fector cells [7]; and metabolic activity, for example,
the conversion of ATP to adenosine, which limits the
pro-inflammatory effect of immune cells [8]). How-
ever, it is unclear how this happens in vivo and in
what situations these mechanisms are implemented.

Unresolved issues in this area need to be studied,
since their practical application can make a great
contribution to solving many clinical problems. Cur-
rently, the treatment of autoimmune pathology is
imperfect, and in some cases it cannot lead to com-
pensation in patients. It is also associated with severe

side effects, like infection and the risk of developing
cancer [9]. Establishing the role of individual Treg
subpopulations in the control of autoimmune pro-
cesses can provide important information for new
targets of therapeutic intervention and the creation
of new effective and safe treatments for autoimmune
diseases.

MULTIPLE SUBSETS OF REGULATORY
T-CELLS

Treg cells can be classified as naive and activated,
the latter of which have passed antigen recognition
and proliferation processes in peripheral lymphoid
organs. Naive Tregs can be designated as cells de-
rived from the thymus (tTreg) [10] and these cells
did not undergo TCR activation. They can be recog-
nized by their expression of the CD45RA isoform,
whereas previously activated cells have the CD45R0
isoform [11]. Treg cells that differentiate from ThO
(naive T-lymphocytes, but not Tregs) are referred to
as peripheral (pTreg) in the literature, since they dif-
ferentiate in peripheral lymphoid organs after TCR
activation; these cells are also activated Treg cells
[10].

The separation of tTreg and pTreg was based on
the expression of the transcription factor Helios [12],
which is expressed by Tregs of thymic origin. It has
been shown that the level of Helios in tTreg was in-
creased with activation; this makes possible to identify
both naive (CD45RA+) and activated cells (CD45R0+)
in the group of regulatory T-cells of thymic origin
[12]. Naive thymic cells express CCR7 and CD62L,
which allows them to migrate to the lymph nodes.
Therefore, this population has been designated central
Tregs (cTreg) in the literature [3]. These cells contain
a large amount of CD25 (high affinity IL-2 receptor
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alpha chains); this may allow them to deprive the sur-
rounding T-cells of IL-2, limiting their proliferation
[3]. Activated cells (CD45R0+) have other functional
characteristics like the expression of suppressive mo-
lecules such as IL-10, CTLA-4, ICOS, TGIT, CD39
[13-15] and chemokine receptors which mediate their
migration into various tissues [3]. Besides, in vitro in-
duced Tregs (iTreg) [10], which are obtained by ap-
plying cultivation of T-lymphocytes outside the body,
currently constitute a separate group; these cells may
differ significantly from Treg cells in vivo. Among
activated Tregs, differences were found between acti-
vated Treg cells derived from tTreg and pTreg cells. It
was demonstrated that activated Helios+ Tregs (tTreg)
and Helios™ Tregs (pTreg) can differ in the cytokine
profile [16] (described in more detail below in the sec-
tion “Th-Treg pairs”).

Based on tropism, Treg cells can be divided into
tropic to lymphoid formations (peripheral lymph
nodes) and tropic to non-lymphoid tissues [3]. Cur-
rently, there is data that allows determination of res-
ident tissue-specific Tregs (section “Tissue-specific
Tregs”). These cells are tropic to the microenviron-
ment of certain tissues; however, they are not circu-
lating (migrating) or recirculating cells. Therefore,
Treg population may be further subdivided into cir-
culating (recirculating) and resident cells.

It is difficult to identify which cells are recircu-
lated (i.e. exit from one tissue and move through the
bloodstream to the other tissue). It is also impossible
to confidently determine which resident cells cannot
leave tissues and recirculate under any circumstanc-
es. Treg cells studied in peripheral blood (i.e., circu-
lating populations) also cannot be precisely defined
as migrating in one direction or recirculating from
one tissue to another.

Likely, these processes are quite dynamic and
cells with the same origin and functional status can
become both tissue-resident and recirculating popu-
lations depending on the context. Nevertheless, study
in this area will provide much more understanding to
the functioning of the tolerogenic system, since cir-
culating and resident cells have different properties
(described in more detail in the following sections).
Cell tropism can be determined by the presence of
appropriate tissue-specific chemokine receptors. The
central (tropic to lymphoid formations) populations
include naive thymic Tregs. However, there has re-
cently appeared data to expand this group. According
to the study by Wei X. et al. [6], there are two sub-

sets of activated Treg in mice: IL-10+Bcl-6+ Tregs
and IL-35+Ebi-35+ Tregs. IL-35+ Tregs demonstrate
tropism for secondary lymphoid organs (these cells
are localized in the peripheral lymph nodes / white
pulp of the spleen and express CCR7 and CD62L),
which identifies this subpopulation as central. Accor-
ding to the authors’ assumptions, this subpopulation
differentiates from thymic Tregs [6], which remain
tropic to lymphoid organs after activation. There
are some similarities between the functions of thy-
mic naive Tregs and IL-35+ Tregs. These two sub-
populations are located in the lymph nodes and are
able to suppress initiation of the immune response.
IL-35 promotes the differentiation of pTregs from
naive T-lymphocytes [17]. Moreover, it was shown
that differentiated cells are able to synthesize 1L-35
themselves [17], which suggests that maintaining the
constancy of IL-35+ Tregs can also occur due to the
conversion of naive cells into IL-35 producing ones.

Activated Treg cells are referred to as effec-
tor Tregs in the literature [3]. These cells are a
CD45RO+CD45RA-FOXP3Meh subset and tropic
to non-lymphoid tissues. IL-35+ Tregs are an ex-
ception to this condition. In addition, there is cur-
rently strong evidence for the existence of memory
Tregs (Memory Tregs section), which also applies
to activated cells. Activated non-regulatory T-lym-
phocytes are currently divided into various groups
which include central memory T-cells, effector
memory T-cells, and terminally differentiated T-cells
(TEMRA) [18].

Based on these data, it is rational to distinguish
between the group of effector Treg cells and Treg
memory cells based on a number of features (for
more details, see the Memory Tregs section). In ad-
dition, activated cells can be divided into tissue-spe-
cific cells and specific to subpopulations of helper
T-lymphocytes. Thus, activated Tregs can be divided
into tissue-specific, helper-specific Tregs and such
separate groups as the effector Treg cells and Treg
memory cells can also be identified.

TISSUE-SPECIFIC TREGS

The Treg tissue group is a subset of regulato-
ry cells that suppress local tissue inflammation and
provide homeostasis in peripheral tissues. The func-
tions of these cells differ depending on the type of
tissue. Thus, Treg cells of muscle tissue affect the
repair of muscle fibers, accumulating in the tissue
upon damage [19]. In adipose tissue, Tregs suppress
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local inflammation, which is manifested by impaired
glucose tolerance [20]. Intestinal Tregs regulate tol-
erance to antigens of food and commensal microflora
of the gastrointestinal tract [21]. Therefore, different
groups of tissue Treg cells perform various functions
of maintaining homeostasis in the tissue, and not only
monitor the activity of immune cells.

It should be noted that in some tissues, such as
muscles or the central nervous system, the presence
of resident Treg cells is limited; their accumulation
is observed only when damage occurs [3]. Howev-
er, for such tissues, Treg cells can play a significant
role in regional lymph nodes, as they rapidly divide
and migrate into the tissue if it is damaged. It can
be assumed that resident Tregs exist for the lymph
nodes of such tissues. It was shown that part of the
memory T-cells is present in the peripheral lymph
nodes [22].

TH-TREG PAIRS (HELPER-SPECIFIC TREGS)

There are subgroups of Tregs specific to certain
groups of helper T-lymphocytes [16]. These cells
specialize in suppressing a specific population of
Th cells. The existence of Tregs specific for Thl,
Th2, Th17 [16] and Tth [23] was identified. Help-
er-specific Tregs are characterized by a specific set
of chemokines and transcription factors. For exam-
ple, Treg cells that suppress Th1: these cells express
T-bet transcription factor (which is also expressed in
Th1) and are dependent on cytokines associated with
Th1: gamma interferon (IFNy) and IL-27 [3, 16]. For
the development of Th2-specific Treg cells, expres-
sion of the transcription factor of Th2 GATA3 cells
is necessary [24]. Meanwhile, in order to suppress
responses of the lymph node germinal center, which
are provided by Tth, Treg cells called T-follicular
regulators (Tfr) are needed [23].

This cell population expresses Blimp-1, in con-
trast to Tth cells, whose development is inhibited by
Blimp-1 [25]. Further study of helper-specific sub-
populations of Treg cells and their transcriptional
program is necessary. It should also be noted that
these cells have functional features similar to helper
cells; they produce suppressive cytokines together
with pro-inflammatory cytokines which are charac-
teristic of their effector analogues (IL-17 for Th17,
IL-4 for Th2, IFNy for Thl) [16]. This circumstance
can potentially disrupt the action of tolerogenic
mechanisms of helper-specific regulatory T-cells
due to the pro-inflammatory effects of these cyto-

kines. Transition of Tregs to Th17 under the influ-
ence of various stimuli has been shown [26], which
may indicate functional instability of these cells. An
increase in such subpopulations has also been shown
in autoimmune pathologies such as multiple sclero-
sis [27] and type 1 diabetes mellitus [28]. However,
as it has been rightly noted in the work by T. Duhen
et al. [16], the production of pro-inflammatory cy-
tokines in Tregs may differ significantly from their
effector analogues.

Thus, IL-22 was often co-produced with IL-17
in Th17 cells, which was not observed in the Th17-
like Treg population [16]. All of these cytokines are
produced together with IL-10 in Th17-like Tregs. It
was also found that IFNy and IL-17, under certain
conditions, can have an immunoregulatory effect
[29, 30]. It can be assumed that such Treg subpo-
pulations are characterized by certain programs for
establishing tolerance due to a combination of pro-
and anti-inflammatory cytokines; these mechanisms
need further study. In this regard, it is possible that
an increase in the number of such Tregs in multiple
sclerosis may be a compensatory body reaction to
autoimmune inflammation [16].

It should be noted that, at the moment, it is im-
possible to accurately determine that the helper-spe-
cific Tregs existing in the norm and similar cells that
increase in amount during autoimmune pathologies
are identical. Helper-specific Tregs are heteroge-
neous in origin. Being activated (CD45R0+) cells,
most of these Tregs expressed Helios [16], which
may indicate their origin from the group of thy-
mic Tregs. However, among the CD25" CD127"
Th1- and Th17-like Tregs, a group of Helios™ cells,
probably pTregs, were also found [16]. These cells
producedIL-101inlarger quantities than Helios+cells
[16]. Thus, helper-specific Treg cells of different
origin could increase in amount during autoimmune
diseases. It is possible that the expression of Helios
factor is suppressed, and this is interconnected with
a change in the cell functioning. A deeper analy-
sis and comparison of different groups of helper-
specific Tregs in normal and pathological conditions
will help to better explain the role of these cells in the
immune system.

MEMORY TREGS

Currently, cells of regulatory memory, memory
Tregs, are being determined [22]. These cells can
remain viable in the absence of stimulation by the
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antigen (autoantigen) for a long time, and also effec-
tively suppress the immune response when activat-
ed. Memory Tregs are characterized by an increased
ability to suppress effector cells [22]. The existence
of memory Treg cells was quite controversial be-
cause it is difficult to prove that memory Tregs are
preserved in the absence of constant stimulation by
the antigen, provided that normally autoantigens are
constantly presented in the body [22]. The biological
meaning of the existence of such cells can consist of
the following points:

With age, there is a decrease in the thymus func-
tion and the production of naive T-lymphocytes [2],
which suggests the existence of long-lived memory
cells that support the lymphoid population in the ab-
sence of a constantly updated pool of naive T-lym-
phocytes.

In the absence of a pathological process, the pre-
sentation of autoantigens is performed by immature
dendritic cells or specialized tolerogenic cells that
contain a small number of costimulatory molecules
and do not produce pro-inflammatory cytokines
in sufficient quantities [1]. Such antigen presenta-
tion leads to anergy, apoptosis, or the formation of
a regulatory phenotype in T-lymphocytes. When
autoantigens with costimulatory molecules and
pro-inflammatory cytokines are presented, activation
of autoreactive T-cells occurs, which can lead to au-
toimmunity [2].

In this situation, the existence of Treg memory
cells, which would be activated in parallel with au-
toreactive cells, would contribute to autoimmunity
control. Thus, it is possible that the autoantigen pre-
sentation under normal conditions is not sufficient to
activate memory Tregs, and these cells can only be
activated under pro-inflammatory conditions when
the autoantigen presentation can lead to the expan-
sion of autoreactive cells.

Access of immune cells to tissues separated from
the immune system by histological barriers (im-
munoprivileged tissues) is limited [2]. In case of
damage to the barriers due to trauma or inflammation,
autoantigens from these tissues become available for
recognition by the immune system, and this situation
can lead to the development of an autoimmune pro-
cess [31]. To prevent this, Treg cells persisting in the
absence of autoantigen presentation for a long time
(for example, in regional lymph nodes) may exist;
these cells, upon a repeated episode of damage, can
migrate with effector cells into the tissue to prevent

the autoimmune process.

Regulatory cells can be specific not only to auto-
antigens, but also to foreign antigens that are not ex-
pressed in the body. In a model of acute influenza
infection, the number of virus-specific Treg cells was
shown to increase 50-fold during the initial response
[32]. Subsequently, like in the case of effector T-cell
populations, the number of virus-specific Treg cells
decreased after resolution of the primary infection.

However, a fraction of these Treg cells persisted
for more than 50 days after infection. Upon re-in-
fection, the pool of such Tregs underwent a 10-fold
expansion, which is similar to an increase in the pop-
ulation of effector memory T-cells. In addition, Treg
memory cells significantly inhibited the clonal ex-
pansion of the effector T-cell population and cytokine
production. They also reduced tissue damage without
impairing clearance of the virus [32]. These results
were reproduced by another group using a similar
infection model [33]. The mechanisms that allow
Tregs to improve elimination of pathogens are cur-
rently unknown, but these experiments demonstrate
the need for the interaction of various parts of the
immune system for an adequate immune response, as
well as the existence of not only suppressive, but also
a regulatory function of Tregs.

Not all antigens can be constantly expressed in
tissues; expression of some molecules may be ac-
tivated during inflammation [34]. Tregs specific to
such markers can also be memory cells.

A number of studies have been carried out prov-
ing the existence of Treg memory cells [32, 33, 35].
An experimental model has been created to suppress
or activate the expression of a specific antigen in the
skin [35]. Meanwhile, the expression of this antigen
in the thymus was not suppressed. Upon presentation
of this antigen, a group of regulatory T-cells that sup-
pressed the immune response to the antigen devel-
oped in the skin. When its expression was turned off,
the existence of regulatory T-lymphocytes specific to
this antigen was detected, which remained for a long
time in the skin in the absence of antigen presenta-
tion and, when its expression was re-activated, sup-
pressed inflammatory reactions more efficiently than
primary Treg cells [35].

The determination of memory Tregs in humans
is somewhat more complicated. Human T-cells ex-
press the CD45RO isoform in the thymus and turn
into CD45RA+ after migration to the peripheral
lymph nodes [36]. After recognition of the antigen
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at the periphery, these cells switch back to the form
of CD45RO. Almost all in vitro CD45RA+CD4+
T-cells lose their expression of CD45RA and switch
to the CD45RO+ phenotype after 4 days of TCR
stimulation [37].

At this point, human memory Tregs are designat-
ed as T-cells expressing the CD45RO marker, in-
dicating a previous activation. However, CD45RO
expression alone does not define a T-cell as a true
memory cell [22]. This marker does not distin-
guish between cells that persist in the absence of
antigens and cells that constantly recognize anti-
gens. However, CD45 isoforms are now widely
used to distinguish between naive Tregs and cells
activated by antigen recognition (among which
memory cells are also represented). In the study by
M. Miyara et al., based on the expression of CD25,
CD45RA, and FOXP3, the peripheral blood T cells
of healthy people were divided into two subsets of
CD45RA+FOXP3"" and CD45RA-FOXP3", which
were called “resting” and “activated” Tregs [11].
It was demonstrated that, after antigen stimulation,
resting Tregs proliferate and differentiate into acti-
vated Tregs [11]. It was shown that the number of
CD45RA+ Treg cells in peripheral blood decreases
with age, which is accompanied by an increase in
the population of CD45RO+ Treg [38].

These results confirm the hypothesis that
CD45RA+ Treg cells are a resting population that
turns into activated CD45RO+ (among which there
may be memory Treg cells) under the influence of
antigen activation [22]. In turn, CD45RO+ Tregs can
be divided into subpopulations in accordance with
the expression of HLA-DR [39]. These groups differ
in functional characteristics: suppressive ability and
cytokine secretion. HLA-DR+ Tregs expressed high-
er levels of activation markers (CTLA-4, ICOS) and
had a more pronounced suppressive effect in vitro
but produced lower levels of cytokines. Perhaps, this
group is Treg memory cells due to their more differ-
entiated phenotype [22].

HLA-DR- cells can be considered recently ac-
tivated, but not fully differentiated Treg cells.
However, it has been shown that HLA-DR is ex-
pressed on recently activated conventional T-cells
in humans [40]. In this regard, it is possible that
CD45RA-HLA-DR+ Tregs are newly activated “ef-
fector” Treg cells, and not Treg memory cells [22].
It is also worth noting that most memory Tregs may
be located in peripheral tissues [41], and in blood

they can appear only when moving between tissues
or between tissues and lymph nodes.

It was shown that almost all Treg cells in adult
skin express CD45RO, while a significant part of the
regulatory skin cells of the fetus were attributed to a
subpopulation of CD45RA [42]. Tregs in adult skin
also express high levels of other markers associated
with memory T-cells, including CD27 and BCL2
[42]. It is important to note that, in comparison with
effector T-cells, memory Tregs from human skin ex-
pressed unique tissue-specific TCR sequences, did
not express CCR7, and could not migrate from skin
[42]. All of this data shows that differentiated Treg
memory cells may be located in tissues and do not
appear in peripheral blood.

At present, there is no unified approach to the de-
termination of regulatory memory T-cells, however,
many distinctive features such as expression of acti-
vation molecules (CD45RO, HLA-DR), chemokine
profile, and metabolic profile can help in solving this
problem [22]. It is also important to note that mem-
ory Tregs may use other homeostatic factors. It was
shown that memory Tregs are less dependent on IL-2
(which is necessary for the survival of naive and ac-
tivated cells), but more sensitive to IL-7 (memory
Tregs in the skin showed increased expression of IL-
7R, i.e. CD127, which is usually low or not expressed
at all on Treg cells in peripheral blood) [43]. This fact
demonstrates different biology of ordinary Tregs and
memory Tregs and can serve as one of the markers of
regulatory memory T-cells.

RESULTS INTEGRATION

Based on the study of IL-35+ and IL-10+ Tregs,
two main directions can be formulated: preventive,
i.e. maintaining homeostasis by reducing the activa-
tion of non-regulatory T-lymphocytes or exposure
to other cells (for example, antigen-presenting), and
suppressive, aimed at limiting the already existing
focus of inflammation. These two actions were divi-
ded between lymphoid IL-35+ Tregs (preventive)
and non-lymphoid IL-10+ Tregs (suppressive) [6].
Such a separation is justified since an immune re-
sponse is initiated in the lymph nodes and an inflam-
matory reaction occurs in tissues. However, in this
review, using the preventive and suppressive effect
of regulatory T-cells as a basis, a model is proposed,
not of the anatomical distribution of these effects, but
of a functional one, i.e. by the predominant type of
cells that have these effects (Fig. 1).
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Treg cells
Naive cells, [ Activated cells ]
effects:

+/— preventlve
+ supperesswe

Effector cells Memory cells,

effects: effects:
+ preventlve +/— preventive
+ supperessive

Fig. 1. Types of regulatory T-cells

By activation status, regulatory T-cells are di-
vided into naive and activated. The activated cells
include effector cells and memory cells. Each group
has preventive and suppressive effects to various
extents. Effector cells exhibit an active preventive
effect or a suppressive effect depending on their
number. Naive and memory cells have a passive pre-
ventive effect due to the competition for resources
with other T-cells; upon activation, these popula-
tions divide and differentiate into effector cells and
the suppressive effect is manifested due to their in-
creased number.

Both lymphoid and non-lymphoid populations
have both effects. Moreover, probably all popula-
tions (naive, effector, memory cells) have both ef-
fects, but they are realized to varying degrees. This is
indirectly indicated by the results of the experiment
[6], when one of the two populations (lymphoid or
non-lymphoid) was removed, the development of
autoimmune pathologies did not occur, which indi-
cates a partial overlap in their function.

Naive Tregs have some preventive effect due to
the competition with ThO for IL-2 (a passive effect,
since they do not synthesize anything) [7]. At the
same time, these cells have a pronounced suppres-
sive effect upon TCR activation due to proliferation
and differentiation into Treg CD45R0 + effector cells
[11]. Memory Treg cells may have similar properties
like competing for IL-7 with other memory T-cells
and providing proliferation and differentiation of ef-
fector Tregs upon re-activation. The effector Tregs,
which constantly recognize antigens and are in an ac-
tive functional state (produce suppressive cytokines
and contact suppression molecules), have both pre-

ventive (active) and suppressive effects, which de-
pends on the number of cells.

An increase in the number of effector Tregs during
the proliferation of naive and memory cells translates
the preventive effect into a suppressive one. It should
be noted that due to the high expression of contact
suppression molecules [22], memory cells may also
have a preventive effect while maintaining a state of
functional rest. However, this requires the presence of
a sufficient number of these cells and this method can
potentially lose the paracrine effects of suppressive cy-
tokines to maintain a preventive effect. On the other
hand, as a suppressive effect, this method may be more
successful. As mentioned earlier, HLA-DR+ Tregs
showed higher levels of contact suppression molecules
CTLA-4 and had a more pronounced suppressive effect
in vitro, but produced lower levels of cytokines [39].

The lymph nodes contain (at least in mice) naive
Treg cells and activated IL-35+ Treg cells. IL-35+
cells exhibit effector features with functional activity
(this is evidenced by gene expression profiles) [6].
Thus, lymphoid tissues contain groups of cells ex-
hibiting both effects. Moreover, the existence of Treg
memory cells in lymphoid tissue is not ruled out.

Various types of cells exhibiting both preven-
tive and suppressive properties are also present in
non-lymphoid tissues. Adipose tissue resident Treg
cells are shown as functionally active cells that rec-
ognize local tissue antigens and, therefore, persist
in adipose tissue and control homeostasis [20]. This
description is suitable for effector regulatory T-cells
that have a preventive effect. It was also demon-
strated that with an increase in 1L-33, which acts as
an alarmin in tissue damage, these resident Tregs
proliferate intensively, which demonstrates their
suppressive effect [20]. It is not clear whether this
population is homogeneous, and all of these effector
cells have proliferative potential or there are resting
memory cells among them.

Given the existence of several types of memory
cells with different functional statuses in T-lympho-
cytes (Tem, Tem) [18], such a division can also ex-
ist among Tregs. It may turn out that among adipose
tissue resident Treg cells there are active effector
cells with sufficient proliferative potential. Howev-
er, an important feature of these resident cells is that
adipose tissue Treg cells proliferate in response to
exogenous administration of IL-33, while Treg cells
in the lymph nodes did not show such proliferation
[20]. This fact may mean that there are specific stim-
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uli for each specific Treg group that induced their
proliferation. Therefore, a suppressive effect can be
observed under certain conditions. Treg IL-35 cells
were practically not proliferated compared to I1L-10
Tregs upon activation by monoclonal antibodies to
CD3 [6]. This population may be effector with low
proliferative potential or there may be a specific stim-
ulus (stimuli) to which this population can respond
by proliferation. This issue requires further study.

Despite the fact that in both lymphoid and
non-lymphoid tissues there are cell populations re-
sponsible for preventive and suppressive effects,
these tissues and Treg cells that they include should
be considered as a single functional system for main-
taining immunological tolerance. Some changes, for
example, an increase in the level of pro-inflamma-
tory IFNy+ T-cells, were observed in the absence of
IL-10+ Tregs alone [6], which indicates incomplete
functional overlap between IL-10+ and IL-35+ Tregs.
Autoimmune pathology did not occur in these mice,
however, a background predisposing to this could
be created (it has not been investigated). This can be
considered as one of the links in the pathogenesis of
autoimmune diseases.

The absence of such changes in mice with deletion
of IL-35+ Tregs can be explained by the presence of
additional functional reserves of lymphoid tissues in
the form of naive populations of Tregs (also having
both effects) or the effect of IL-10+ Tregs, which de-
spite being directed to peripheral tissues (chemokine
profile), were detected in the lymph nodes (perhaps,
they were in the process of exiting the nodes) [6]. The
chemokine profile of IL-35+ Tregs showed the ori-
entation of these cells to lymphoid tissues, therefore,
in the absence of IL-10+ Tregs, these cells could not
migrate to peripheral tissues. This circumstance may
explain the increase in the number of effector IFNy+
T-cells. In the absence of lymphoid effector Tregs,
non-lymphoid Tregs compensated for their func-
tion. The absence of non-lymphoid populations led
to an increase in the level of pro-inflammatory cells
(partial compensation), but not to the development
of the disease. Spontaneous autoimmune colitis de-
veloped only in the absence of both populations [6],
which indicates the existence of connections between
tolerogenic systems of the lymph nodes and periph-
eral tissues.

To achieve immunological tolerance and control
immunity, lymphoid (regional lymph nodes) and
non-lymphoid tissues act in concert, partially com-

pensating and complementing each other. The fol-
lowing scheme is proposed to describe the operation
of this system (Fig. 2).

Treg cells
Lymphoid Tissue
sector sector
/N

T Antigen presenting cells

Migrating Treg cells

Figure 2. A unified system of immunological control

Lymphoid and tissue populations of regulatory
T-cells act as a unified system of immunological
control. Tissue sector affects lymphoid sector due
to antigen-presenting cells. The lymphoid sector
is a source of cells for suppressing tissue inflam-
mation (the suppressive effect) and renewal of the
tissue sector (transition of migrating populations
to tissue resident ones after performing suppres-
sive functions or outside of performing suppressive
functions). Migrating cells compete with tissue res-
ident cells; more adapted cells win the competition,
which leads to dynamic immunoregulation under
changing conditions.

An interaction takes place between the lymph
nodes and peripheral tissues: antigen-presenting
cells migrate from the tissues [2] and activated cells
migrate from the lymph nodes to the tissues where
they can become progenitors of tissue resident cells
[22]. Adipose tissue resident Treg cells were capa-
ble of proliferation, i.e. self-renewal of the popula-
tion [20].

This fact calls into question the need for migration
of precursors from the lymph nodes. Nevertheless,
in conditions of inflammation, due to the increase in
the number of pro-inflammatory cells, the participa-
tion of Treg cells migrating into the tissue may be
necessary to realize the suppressive effect. This may
be especially important in relation to helper-specific
populations that migrate to the places of accumula-
tion of their helper analogues. Some of the migrating
cells may remain after suppression of the immune
response in tissues [22] to maintain homeostasis
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(preventive effect). Due to the presence of competi-
tion for resources (cytokines and p-MHC complexes)
in lymphocytes [44], these populations will compete
with resident cells. As a result, dynamic regulation
of the system of immunological tolerance can occur
(more functional cells adapt to provide a preventive
effect).

Thus, peripheral tissues affect the lymphatic
population of Treg cells due to antigen-presenting
cells stimulating both the preventive (presentation
of antigen in small quantities to maintain the per-
sistence of effector populations) and suppressive
effects (presentation of antigen in significant quan-
tities together with inflammatory signals to activate
naive cells and memory cells). The lymph nodes
provide a suppressive effect for tissues through the
production of effector Tregs and regulate the pre-
ventive effect due to tissue resident progenitor cells
that compete with local Treg cells for resources. As
aresult, cells more adapted to tissue stimuli will per-
sist in the tissues, providing local homeostasis and
immunological tolerance.

It is also important to emphasize the specificity
of the preventive action. Its focus of reducing ac-
tivation and preventing the development of the
immune response is non-specific. However, the
methods by which this effect is achieved may be
different for each Treg group. This is indicated by
the fact that activated Helois+ and Helios™ Tregs,
being effector cells, differed in the amount of IL-10
produced [16]. Additionally, in the study by X. Wei
et al. [6], the authors note that activated cells pro-
ducing IL-10 act on this type of cytokine to affect
many types of cells. This is due to the broad expres-
sion of IL-10R, while IL-35 acts mainly on T-cells.
Thus, it can be assumed that due to differences in
functional modes (cytokine spectrum), the preven-
tive effect of a certain Treg group will be selective
for different cell populations; it makes the regula-
tion of immunological tolerance more adaptive to
changing conditions.

APPLICATION PROSPECTS

The separation of different populations of regu-
latory T-lymphocytes entail many significant con-
sequences. Different populations are able to act as
diagnostic and prognostic markers. For example,
insufficiency of specific populations may be a prog-
nostic marker for the development of pathologies
associated with this group of cells (insufficiency of

Treg subpopulations that suppress Th2 may be a risk
factor for the development of allergic diseases).

Therapy of autoimmune diseases is currently an
urgent problem, but the currently existing methods
based solely on suppressing the immune response
are imperfect because they do not always allow
disease control and at the same time have a large
number of serious side effects [9]. Thus, it is neces-
sary to create new methods for the treatment of auto-
immune diseases based not on full immunosuppres-
sion, but on correction of the immune response. One
of the varieties of new techniques is tolerogenic cell
vaccines [45].

These methods are based on the introduction of
autologous tolerogenic cells specific to a causally
significant autoantigen (i.e., autoantigen to which the
development of an autoimmune reaction is expect-
ed) [45]. In autoimmune diseases, there are impaired
regulations of the immune response including im-
paired control of immunological tolerance [2]. The
regulatory system, as shown above, includes the joint
work of regulatory cells of lymphoid and non-lym-
phoid tissues. Accordingly, the impact on both lev-
els of the immunological tolerance system should be
more effective than on any one level. This approach
should be true for the use of tolerogenic cell vac-
cines. The impact on both levels of immunological
regulation, either using two types of tolerogenic pop-
ulations or using agents that affect both types of pop-
ulations, can significantly improve the methodology
of tolerogenic cell vaccines.

To implement this strategy for the treatment of
autoimmunity, further study of various populations
and levels of immunological tolerance, as well as
their disorders and shifts in autoimmune pathologies
is necessary. The result of such studies may be the
emergence of new immunotherapy techniques that
can restore the system of immunological tolerance
and are devoid of the disadvantages of immunosup-
pressive therapy.

CONCLUSION

Currently, new groups of regulatory T-cells, their
influence on the processes of immunological tole-
rance, the immune response, and the role of these cells
in pathological conditions are being investigated.
However, at the moment there is no clear structur-
ing of various subpopulations and their roles in the
implementation of immunological control. In this
review, attempts were made to theoretically system-
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atize data on Treg subpopulations. Further study and
systematization of various Treg groups may open up
many new practical directions in the diagnosis and
treatment of various diseases, especially autoim-
mune ones.
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ABSTRACT

This article overviews and systemizes published data on the ways of implementing different methods of biofeedback,
robotic devices, and brain-computer interfaces (BCI) for rehabilitation of children with cerebral palsy (CP).

Aim. To survey implementation practices and clinical outcomes of rehabilitation technologies and possible
neurophysiological mechanisms underlying their efficacy in patients with CP. We searched PubMed, Web of
Science and eLIBRARY .ru databases for relevant publications using specified keywords.

Results. The analysis of relevant literature has shown that robotic technologies and BCIs with biofeedback based
on electroencephalography and electromyography parameters are rapidly developing and implemented for the
rehabilitation of children with CP. The first evidence of effectiveness for such methods and approaches has been
found. However, there is a lack of fully developed conventional standards for the use of such rehabilitation methods
and protocols in children. Control groups comprising of children with CP are often absent in such studies. In many
cases, the variations of neurophysiological and neurochemical parameters before and after a course of rehabilitation
are not evaluated. Having such data would help clarify physiological mechanisms underlying effective rehabilitation
of motor functions and then design more adequate rehabilitation procedures and medication protocols.

Key words: children, cerebral palsy, biofeedback, robotic exoskeleton, brain-computer interfaces.
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PE3IOME

O0630p UTEPaTYPBI MOCBSIICH CHCTEMATH3AINN HMEIOIINXCS JAaHHBIX O IPUMEHEHUH METOIUKH OHOIOrHYeCcKOil
00paTHOH CBsI3H, pOOOTH3UPOBAHHBIX YCTPOUCTB M HHTEP(HEHCOB «MO3T — KOMITBIOTEP» B PeaOMIINTALIUN JIeTel C
CHHIIPOMOM JIeTCKOTO TiepedpanpHoro mapammya (JLIT).

Heap — M3yuuTh OMNBIT MPUMEHEHUS, KIMHHYECKYIO 3(Q()EKTHBHOCTh PEAOMINTAUOHHBIX TEXHOJIOTHH Y
narenToB ¢ [T u Bo3MoXKHBIE HEWPO(DU3NOIOTHMYECKHE MEXaHU3MBI, Jexamue B uX ocHoBe. [lonck mo
Ko4eBbIM croBaM (netu, AT, 6monorndeckas obpatHas cBsA3b, pOOOTU3UPOBAHHBIE YCTPOWCTBa, HHTEpdeiic
«MO3T — KOMITBIOTEPY, 9K30CKEIEThI) ObLT MPOBECH C HCIIOIB30BaHNEM 0a3 HaydHOU uTepaTypsl Pubmed, Web
of Science, eLIBRARY .ru.

Pe3yabTatsl. [IpoBeieHHbBII aHANN3 TaHHBIX JINTEPATYphI MOKA3bIBACT, YTO B HACTOSIIEE BPEMsI B peaOINTALIN
nereii ¢ cuaapomom JIIIT akTuBHO pa3BHBaeTCsl NMPUMEHEHHE POOOTH3UPOBAHHBIX YCTPOHCTB M MHTepdeiicoB
«MO3T — KOMIIBIOTEP» C OHOJIOrMYecKoil OOpaTHOW CBS3bI0 IO MapaMeTpaM dJIEKTPOdHIEedAIorpaMMbl U
DJICKTPOMUOTIPaAMMBI. nOJ’[y‘leHbI IEPBBIC 0KA3aTCIbCTBA 3(1)(beKTVIBHOCTI/I YKa3aHHbBIX ME€TOHOB M IOAXO/0B.
B 10 xe BpEMsA HE IOJHOCTBIO pa3p360TaHbl CTaHAapThl UCIIOJIL30BaHUA TaKUX METOIOB B pea6HﬂHTaLlMOHHOﬁ
IPAKTHKE U MPOTOKOJIBI paboThl ¢ neThbMu. He Bcerma co3maBanuch KOHTpOsIbHBIE Ipymmbl u3 aeteid ¢ JLI1. Bo
MHOTI'MX HCCJICAO0OBAHHUAX HC OLICHHBAJIACh JHHAMHKaA Hef/ipod)mnonorw-lecm/lx )51 HeﬁpOXMMquCKHX roKa3areJieH
0 ¥ Tocie Kypca peabunutanuu. Takue MaHHBIC MO3BOJIMIM Obl YTOYHHTH (PU3MOJOTHYCCKUE MEXaHH3MbI
BOCCTAHOBJICHUSA MOTOPHBIX (byHKLIPIP’I n 60.]'[66 KOPPEKTHO MNOAXOAWTH K HAa3HAYCHUIO pea6I/IﬂI/ITaLlI/IOHH]>IX
IPOLELYP U MEAUKAMEHTO3HOI'O JICUCHHUS.

Kurouessle cioBa: neru, J{LI1, Guonornueckas obpatHasi cBsi3b, pOOOTH3NPOBAHHBIEC yCTPOMCTBA, HHTEpdElic
«MO3T — KOMIIBIOTEP», IK30CKEICThI.

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHE SIBHBIX M MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOJIMKanuel HaCTOSIIEH CTaThH.

Hcrounuk ¢punancupoBanus. O630p NOATOTOBIEH B PaMKaxX BBIMOIHEHUs TeMbl «Pa3paboTka KoMIIekca K-
30CKeNeTa KUCTH C BHELTHUM IIPOTPaMMHBIM yIIPaBICHUEM U OMONIOTHYECKON OOPATHOH CBSA3BIO JUIS MPOIEAYPHI
peabunuranuu aereii ¢ cuaapomom JAIID» npu puHaHCOBOH moaaep:kke MUHHCTEPCTBAa HAYKH U BBICILIETO 00pa-
3oBanus Poccuiickoit denepanun (RFMEFI60519X0186).

Jast umtupoBanus: Jlapuna H.B., ITasnenko B.b., Kopcynckas JIJL., Jsrunesa F0.0., @ananees A.I1., Muxaiino-
BaA.A., Opexosa JI.C., [Tonomapesa 1.B. BosamosxHocTH peabumuTanuu nerei ¢ cuaapomom J{LIT ¢ npumenernem
POOOTH3HPOBAHHBIX YCTPOMCTB U OHOIOTHYECKOI 00paTHOM cBs3U. broinemens cubupckot meduyunst. 2020; 19
(3): 156-165. https://doi.org: 10.20538/1682-0363-2020-3-156-165.

INTRODUCTION

Cerebral palsy, among all diseases of the nervous
system, is the main cause of disabilities in children
[1, 2]. In the Russian Federation, the prevalence of
reported cases of cerebral palsy is 2.2-3.3 cases per
1000 newborns [3].

Cerebral palsy is described in modern special liter-
ature as a group of non-progressive syndromes caused
by impaired development or damage of brain motor
centers in antenatal, intranatal or neonatal periods of
individual development that vary widely in etiology,
clinical manifestations, severity and prognosis [4—6].
Multiple reasons underpinning the emergence of this
disorder have been discovered. There are several risk

factors for pregnancy, childbirth and the perinatal pe-
riod, which include premature birth, multiple preg-
nancy, prenatal development disorders, intrauterine
infection, placental pathology, congenital malforma-
tions, asphyxia, perinatal infection, perinatal stroke,
cervical spine injuries and many others [7].

Cerebral palsy is characterized by impairments in
motor functions associated with abnormal develop-
ment of statokinetic reflexes, muscle tone pathology,
and paresis. Secondary changes in nerve and muscle
fibers, joints, ligaments, and cartilage develop in the
course of a patient’s lifetime. Various cognitive and
mental disorders are often present in the disease as
well [8]. The severity of such disorders can vary from
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mild emotional abnormalities to severe cognitive im-
pairments. Movement disorders in cerebral palsy are
often combined with mental retardation, epileptic sei-
zures, and learning difficulties. Sometimes children
have concomitant pathological changes in vision,
hearing, sensitivity and various pathologies in inter-
nal organs, which exacerbate delays in psychomotor
development [9].

Due to the variety of clinical manifestations of ce-
rebral palsy in children, the widely used medical and
physiotherapeutic methods of care can sometimes be
seen as lacking efficiency. Many authors emphasize
the importance of searching for novel recovery tech-
niques and evaluating their efficiency [10]. Of partic-
ular relevance are various methods of rehabilitation
based on the use of biofeedback (BFB), robotic devic-
es, and brain-computer interfaces, because such meth-
ods allow enabling natural physiological resources in
a child’s brain.

BIOFEEDBACK BASED ON
ELECTROMYOGRAM

The technique of electromyographic biofeedback
(EMG-BFB), or functional biocontrol, has been used
for rehabilitation of patients with cerebral palsy since
the 1980s [11]. The method is built up on the principle
of training active motor control based on visual and
sound information about the produced movements in
real time. Using this information, patients are able to
deliberately adjust their movement patterns [12, 13].
In early studies, automated devices informing patients
of an optimal level of muscle activation or relaxation
with sound or color signals were implemented. The
EMG in antagonist muscles (flexors and extensors in
hand and fingers, shoulder biceps and triceps muscles,
tibia and calf muscles, etc.) during movement in chil-
dren with cerebral palsy was used as signals to con-
trol devices. In one of such works [11], an automated
device was used in the treatment of 53 patients with
spastic diplegia aged 8—14 years. Control group con-
sisted of 15 patients with the same condition. A series
of EMG-BFB training sessions (on average, 20 trials,
10-30 minutes long) significantly improved function-
al properties of affected muscles, their control and co-
ordination. The same improvement was not seen in the
control group.

A recent study conducted in the Republic of Korea
[14] demonstrated the advantages of using the EMG-
BFB technique when the feedback signal is given in
a form of a visual image in a virtual reality environ-
ment. The study involved 18 children aged 715 with
a spastic cerebral palsy and 8 healthy children of the

same age, whose movement characteristics and EMG
activity were used as control values. All children with
cerebral palsy first underwent an EMG-BFB session
(30 minutes long), with the EMG in biceps and triceps
during elbow flexion and extension being represented
in the form of a simple graph on a computer screen.
In a week, the next EMG-BFB session with the same
duration was conducted, with the feedback signal in
the form of a video game depicting a character inflat-
ing a balloon. The balloon size depended on the EMG
power in antagonist muscles when the arms moved.
This type of biofeedback led to a significantly great-
er improvement in movement parameters and ability
to achieve neuromuscular balance in the elbow joint,
compared to the use of a simple EMG graph as feed-
back. The authors believe that implementing a video
game as a feedback signal improved motivation and
provided positive emotions for children, giving more
efficiency to the processes of multisensory integration
for planning and executing movement.

IMPLEMENTING ROBOTIC DEVICES
IN TREATMENT OF GAIT DEVIATIONS

Recently, robotic devices have been widely used
for motor function correction and to help patients with
social adaptation. Rehabilitation with the use of these
devices is based on motor learning [15]. Exoskeletons
directly controlling limb joint movements are consid-
ered the most physiologically fit mechanism for motor
disorders rehabilitation [16]. Such devices facilitate
long workouts, improve movement patterns, increase
motor activity and endurance. Although movement
patterns are produced externally, without biological
signals from the patient’s body, limb movements pro-
vide a flow of reverse afferentation, which positively
affects neocortex status.

Wearable leg exoskeletons with built-in electric
motors controlled by signals from the child’s body
have been designed to correct gait deviations in ce-
rebral palsy. They help in correcting crouch-gait in
patients with cerebral palsy. Engines are started by
means of mechanical sensors due to the child’s limb
movements. This type of exoskeleton was first tested
on a six-year-old subject with spastic diplegia. The re-
sults of the study showed that the child’s gait param-
eters improved. The use of exoskeleton entailed no
adverse side effects, as the activity of muscles in knee
extensors did not decrease [17]. The follow-up study
involved six subjects aged 6—19 who had the same
condition [18]. After six sessions of 2—4 hours each,
half of the participants had improved knee extension
parameters. Analysis of brain activity showed that the
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pattern of electroencephalogram (EEG) changes in the
child’s neocortex during exoskeleton movements cor-
responded to that associated with self-initiated move-
ment launch and execution processes. Therefore, it
proved that the involvement of the cerebral cortex in
organizing movement acts was not reduced. It should
be noted that the results of these studies are still of pi-
lot, preliminary nature, and are based on a small sam-
ple of children with cerebral palsy.

Recently, Locomat (Switzerland) stationary ro-
botic devices have widely been used. They provide
a system for bodyweight support, automated leg or-
thoses and a treadmill. A group of Italian researchers
(University of Verona) used Lokomat in combination
with traditional methods of therapy (20 sessions of
robotic walking and 20 of physiotherapy, 60 minutes
each) in treatment of a small group of children com-
posed of 16 boys and girls 4-18 years old [19]. The
treatment resulted in an increase in endurance in a
six-minute walking test, but the Gross Motor Func-
tion Measure (GMFM) and the modified Ashworth
scale did not show a significant improvement in chil-
dren’s condition.

The most representative retrospective study, with
the largest sample of patients, was carried out by a
group of Italian authors from the IRCCS “E. Medea”
Institute (Lecco) and Bambino Gesu Children’s Hos-
pital (Rome) [20]. They analyzed the effects of the
Locomat-based robotic rehabilitation carried out in
2012-2017, in 72 children with cerebral palsy and 110
with brain injuries acquired postnatally which caused
motor disorders (patients aged 4-18). For a month-
long period, the children underwent 20 sessions of
robotic walking and 20 sessions of physiotherapy last-
ing 45 minutes each. Assessment of motor functions
with the six-minute walk test showed a significant
improvement in both groups of children. However,
the GMFM test revealed a statistically significant,
compared to their initial state, improvement only in a
group of children with acquired brain damage.

The most recent version of Lokomat, which dis-
played motion parameters in a virtual reality environ-
ment, was used in a study conducted by researchers
from the University of Munich [21]. This allowed in-
creasing the degree of children’s involvement in con-
trolling their walk. For 24 months, 20 children with
cerebral palsy (mean age being 5.9 years) underwent
three stages of treatment including 12 sessions (30—60
minutes duration) of robotic walking each. All types
of traditional therapy assigned to them were still pre-
served. The Gross Motor Function Classification Sys-

tem (GMFCS) test showed a significant improvement
in motor functions both after each block and after the
entire course of treatment.

It is noteworthy that in each of the studies men-
tioned above, the use of robotic devices was carried
out in combination with other traditional methods
of treatment and physiotherapy, in particular. Con-
trol groups of children with cerebral palsy were not
used. A randomized crossover study is suggested
as an evaluation method to measure robotic walk-
ing techniques’ actual efficiency [22]. The effects of
conventional therapy and the use of robotic devices
are to be compared, after being studied separately.
However, to our knowledge, such studies are yet to
be conducted.

IMPLEMENTING ROBOTIC DEVICES
IN TREATMENT OF HAND MOVEMENT
DEVIATIONS

To help correct deviations in hand motor func-
tions in children with cerebral palsy, a number of ro-
botic devices have been developed. The most popular
are the following: InMotion 2 (a commercial version
is named MIT MANUS), NJIT-RAVR, and Cosmo-
Bot [23].

Implementation of the InMotion 2 system (Fig. 1)
helps children with cerebral palsy increase the accura-
cy of movements in achieving goals with an orthotic
robotic arm. Children learn the training technique of
the “arm reaches the object” movement in certain di-
rections with a given level of support from the device
[24-26]. Several studies [27-29] showed a positive
change after a 6-8 week course of using the InMotion
2 system in children with cerebral palsy. A decrease
in muscle tone and an improvement of the follow-
ing kinematic parameters were found: an increase in
speed and an improvement in the smoothness of arm
movements.

The NJIT-RAVR system combines a robotic arm
with virtual reality games to train movements in chil-
dren with hemiplegia. Similar to InMotion2, the NJIT-
RAVR system can both assist and resist movements
produced by children. For example, among other vir-
tual reality games, the “Get the mug” game was used
in one of the studies [30]. In this game, a three-di-
mensional room is displayed on the screen with spe-
cially designed shelves and a table (Fig. 2). The goal
of the game is to perform movements to place mugs
on shelves. The study involved four children with ce-
rebral palsy and four healthy children. After a three-
week rehabilitation course, one-hour-long sessions
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three times a week, positive dynamics were found for
a duration of time needed to achieve the goal, move-
ment accuracy rate and movement trajectory [30].

performance indicators improved to a greater extent in

comparison to the traditional treatment [31].

Fig. 1. InMotion 2 system (MIT-MANUS commercial ver-
sion) [26]

Fig. 2. NJIT-RAVR system [30]

One more version of a robotic rehabilitation sys-
tem is the CosmoBot system (Fig. 3), developed by
AnthroTronix (USA). This remote-control system
serves to provide automatic visual and auditory feed-
back to patients when they try to solve a set of motor
tasks. The system evaluates changes in the angle of
movement (supination and pronation) in relation to
the neutral primary position, which is adjusted indi-
vidually for each patient.

A study with the CosmoBot system involved six
children aged 5-18 with varying degrees of spastic
quadriplegia and hemiplegia. Children underwent
physiotherapy and robotic rehabilitation (crossover
design). The CosmoBot-based rehabilitation was car-
ried out for 20 minutes twice a week for five weeks.
After the robotic therapy in children, their movement

b

Fig. 3. CosmoBot feedback system: a — graphical user in-

terface allows therapists to set child’s motion thresholds re-

quired to enable robot’s motion; b — a child equipped with

reflective markers for simultaneous measurement of move-

ments for right shoulder, elbow, forearm and wrist during
the “pull up” task [31]

Although positive effects have been identified for
each of the mentioned robotic devices, it is not possi-
ble to compare them directly in terms of their efficacy.
Experimental protocols in each study were different
both in session and the entire course duration.

Besides, while some studies were conducted by
implementing the InMotion 2 [27-29, 32] or NJIT-
RAVR systems with virtual reality games [30, 33, 34],
the others combined the InMotion 2 robotic therapy
with injections of botulinum toxin type A (BTX-A)
[35]. In most studies, children had varied diagnoses,
and the sample sizes were extremely small (up to 10
people). These facts impose significant limitations on
the possibility of comparing the results of the pub-
lished studies.
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BRAIN-COMPUTER INTERFACES AND THEIR
IMPLEMENTATION IN REHABILITATION
OF MOTOR FUNCTIONS

The efficiency of rehabilitation procedures, as not-
ed by A.A. Frolov et al. [16], depends on the degree
to which they are able to trigger mechanisms of brain
plasticity for rebuilding its sensorimotor system. Exo-
skeleton movements must occur exactly at times when
the brain is most susceptible to receiving peripheral
signals, or, more precisely, when the patient is trying
to make a movement. This approach still cannot be
used in completely paralyzed patients or when a nor-
mal muscle co-activation process is impaired, which is
present in many patients with cerebral palsy. In some
studies dedicated to rehabilitation of stroke patients
[36-38], brain-computer interfaces (BCls) based on
kinesthetic movement imagery were used to identify
patients’ intentions.

BCI is a combined hardware and software tech-
nology that allows for the control of external tech-
nical systems using signals registered in one’s brain.
A general BCI set includes a system for recording
biopotentials and sending them to a computer, tools
for filtering signals and selecting activity parameters
most indicative of identifying human intentions, and
an activity classifier and a tool for its pairing with an
external technical device, which may be a prosthesis,
exoskeleton or monitor screen [38]. When controlling
the BCI, subjects receive feedback from the technical
device, allowing them to compare their action with
their intention. This approach ensures that the subject
is focused on controlling the BCI and reinforces the
successful completion of the task. Visual information
is typically used as a feedback signal. In case the BCI
is designed to control an exoskeleton, proprioceptive
afferentation is used as well.

BCIs are classified according to the necessity of
surgery procedures to record brain signals (invasive
vs non-invasive IMC). Electrocorticogram or neural
activity is used as signals of electrophysiological ac-
tivity for invasive BCIs. For non-invasive BCls, EEG
and magnetoencephalogram are used. According to
pattern types, non-invasive BCls are divided into syn-
chronous and asynchronous [38]. Synchronous BCls
are based on the analysis of EEG activity patterns in
response to external stimuli; asynchronous BClIs are
based on the analysis of EEG patterns that occur vol-
untarily following the emergence of subjects’ inten-
tions. Most BClIs that control movements of an exter-
nal technical device are based on fulfilling the task of

mental imagery in response to an external command.
The practice of controlling such a BCI is an effective
procedure promoting the rehabilitation of motor func-
tions in post-stroke and post-traumatic patients [15].

Many present-day BClIs that are parts of systems
designed for rehabilitation of motor functions are
based on the analysis of the EEG sensorimotor rhythm
patterns. This rhythm includes alpha and beta com-
ponents [39]. The alpha component (10-12 Hz in
adults), or the mu-alpha rhythm, is thought to reflect
the level of activation of the postcentral somatosen-
sory cortex, while the mu-beta component (peak fre-
quency of about 20 Hz) is indicative of the precentral
motor cortex activity. The response of the EEG mu
rhythm in the form of desynchronization is considered
to be an indicator of activation of corresponding zones
of the cerebral cortex. Such a reaction manifests it-
self when the subject performs movements, imagines
them, observes movements performed by others, and
hears sounds characteristic of certain movements. The
mu rthythm desynchronization starts about 1.5-2 se-
conds before the start of the movement. The individ-
ual frequency of mu rhythm depends on the age of
subjects. During the first year of a child’s life, the peak
frequency of this rhythm increases from 3 to 8 Hz. In
subsequent years, the increase in frequency gradually
slows down and stabilizes in around 10 Hz by adult-
hood [40].

The mu-alpha rhythm is considered to have at
least two components. The low-frequency component
(8-10 Hz) is associated with “non-specific” desyn-
chronization occurring in various motor tasks. The
10-12 Hz desynchronization of the mu-alpha rhythm
is focused and specifically localized; it can be clearly
identified in the movements of one’s fingers and feet
[41]. Since the representations of various organs (for
example, arms and legs, right and left body parts) are
distributed in the cortex over relatively large spans,
it appears possible, by means of localizing this com-
ponent of the mu rhythm, to quite accurately find the
organ, the movement of which is being imagined by
the subject [38]. The classifier of brain activity, in this
case, activates an external robotic device or starts the
exoskeleton movement. It has been demonstrated that
intentions to make a movement in a stroke patient can
be effectively associated with real movements made
by an exoskeleton [42].

There are two possible types of BCls clinical use:
neurorehabilitation and social rehabilitation. Neurore-
habilitation implies an improvement of motor func-
tions as a result of BCI training, while social reha-

BionneteHb cMbupckoi meguuuHbl. 2020; 19 (3): 156—165 161



Larina N.V., Pavlenko V.B., Korsunskaya L.L. et al.

Rehabilitation possibilities for children with cerebral palsy through

bilitation helps patients effectively adapt to real life,
improving their self-care in everyday life and commu-
nication with other people [16, 43].

Despite some authors [44, 45] foreseeing excel-
lent prospects for BCIs in the rehabilitation of chil-
dren with cerebral palsy, there are only a few exper-
imental works in this area. One of the first research
works was a study showing the BCI potential use for
patients with cerebral palsy based on the analysis of
sensorimotor rhythm patterns and visual EEG-evoked
potentials triggered by external stimuli [46]. The mu
and beta rhythm modulations, associated with the task
of imagining the process of executing certain move-
ments with the subject’s upper and lower limbs, were
properly estimated by the classifier program.

Researchers from South Korea [47] used the BCI
integrated with an electric stimulator of wrist exten-
sor muscles. Electrical stimulation started based on
an online analysis of EEG parameters: an increase in
beta to theta rhythm powers ratio in frontal leads (an
increase of the so-called attention index) when the pa-
tient imagined his hand being extended. A series of
sessions for children with cerebral palsy resulted in
improved parameters of children’s hand movements,
as well as an enhanced capacity to focus attention.
This study proves that the technique of BCI-controlled
electrostimulation can be effectively used in the neu-
rorehabilitation of patients with cerebral palsy.

In the context of social rehabilitation, there is evi-
dence of successful use of the BCI, controlled by the
P300 potential parameters, when performing cogni-
tive tasks on a computer by children with severe forms
of cerebral palsy with both motor and speech disor-
ders [48]. Similar results were collected when using a
hybrid BCI system controlled simultaneously by the
P300 event-related potential and EMG parameters in
subjects with severe motor disorders. This system was
developed to control a program designed to assist in
writing words [49]. The authors of the work demon-
strated that the use of the two-signal processing al-
gorithm improves the accuracy of writing words and
reduces the number of errors.

It has already been noted that the use of exoskele-
tons controlled by BCIs is considered to be the most
optimal method for neurorehabilitation [38]. In this
way, a central motor command is seconded by affer-
ent kinesthetic signals related to its execution by an
exoskeleton, thus, it is complemented by biofeedback.
However, to our knowledge, an analogous system was
used to help correct motor functions of upper limbs
in children with cerebral palsy in only one clinical

study so far, which was performed by researchers of
the V.I. Vernadsky Crimean Federal University [50].
In this work, the Exokist 2 set was used together with
a non-invasive BCI (Fig. 4) collecting data from the
EEG in frontal, central, and parietal cortex areas.
This set was manufactured by a consortium uniting
the Android Technics SPA, N.I. Pirogov Russian Na-
tional Research Medical University and the Institute
of Higher Nervous Activity and Neurophysiology of
RAS.

Fig. 4. Rehabilitation session with the use of Exohand-2 set.

The study involved 50 boys and girls with cere-
bral palsy (30 subjects in the main group and 20 in the
control group) who had a level of motor activity not
higher than III according to the Gross Motor Function
Classification System (GMFCS). All patients under-
went a standard course of health resort rehabilitation
for 21 days. The patients of the main group were ad-
ditionally rehabilitated with the help of the Exokist-2
complex paired with a non-invasive BCI. The results
of the complex use showed that 70% of the main
group patients had a significant decrease in spasticity
according to the Ashworth (MAS) and Tardieu (MTS)
Scales. In half of the patients, the paretic arm mus-
cle strength significantly increased according to the
Medical Research Council Scale for Muscle Strength
(MRC-SS). The Modified Franchay Scale (MFS)
showed an improvement in the manipulative capabil-
ities of the hand. According to the ABILHAND-Kids
Scale, a positive change in patients’ ability to perform
everyday activities appeared to be the most promi-
nent. Changes in motor functions in the control group
of patients with standard therapy were not statistical-
ly significant. It should be noted that modulations of
the EEG and EMG parameters in children who used
the Exokist-2 complex have not been analyzed in this
publication.
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CONCLUSION

The analysis of available publications shows that
there is currently an increased interest in the use of
robotic devices in the rehabilitation of children with
cerebral palsy. The possibility to control robotic de-
vices based on the analysis of patients’ brain activity
has been demonstrated. There is evidence of the effi-
cacy of various methods and approaches based on the
biofeedback method. On the other hand, standards for
the use of such methods in rehabilitation practice and
protocols for working with children are yet to be de-
veloped. Many studies do not provide data on modu-
lations of neurophysiological indicators (EEG, EMG)
and neurochemical parameters before and after a re-
habilitation course with the implementation of robotic
devices. Such data would help analyze physiological
mechanisms underlying rehabilitation of motor func-
tions and approach the assignment of rehabilitation
procedures and medical treatment more accurately.
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ABSTRACT

Among married couples of childbearing age, the frequency of infertility in different regions of Russia and the
world ranges from 10 to 21%. The effectiveness of the results of in vitro fertilization (IVF) and embryo transfer is
determined by two factors: the functional completeness of the embryo at the blastocyst stage and the absence of
intrauterine pathology. One of the main causes of imperfect or unsuccessful implantation is an impaired function
and damaged endometrial structure, which is often caused by a chronic inflammatory process in the endometrium.

Chronic endometritis (CE) is a condition associated with a violation of the coexistence between microorganisms
and the immune system of a macroorganism in the endometrium. A majority of CE cases produce no noticeable
clinical signs or mild symptoms and the CE prevalence rate is approximately 10% based on the histological findings
of an endometrial biopsy.

The interconnection between CE and reproductive dysfunctions, such as implant damage and repeated miscarriage,
has been studied by many researchers at the present stage. Chronic endometritis is common among patients with
unexplained infertility. Diagnosis and treatment of chronic endometritis increase the frequency of spontaneous
pregnancies and live births in such patients. The diagnosis of chronic endometritis is not simple, often contradictory,
and, thus, requires close cooperation between the fertility specialist and the pathologist. In this study, we reviewed
the literature on the pathophysiology of chronic endometritis and how it may be associated with infertility, as well
as the literature regarding the diagnosis and treatment of CE, published at PubMed as on May 2019 in a version
and contra-version format.

Key words: ART, chronic endometritis, endometrium, female infertility, hysteroscopy, IVF, repeated implantation
failure, recurrent pregnancy loss.
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XpOHMUYECKUIA SHAOMETPUT U PENPOAYKTUBHDBIE HAPYLUEHUA:

BEPCUU U KOHTPaBEPCHUH

JNewenko O.A.

Hayunwiii yenmp npobnem 300pogwsi cemvu u penpooykyuu yerosexa (HL] I[I13CPY)

Poccus, 664003, 2. Upkymck, ya. Tumupsizesa, 16

PE3IOME

YacroTa Oecrionus B pa3HbIX perHoHax POCCHU M B MHpPE CPEIH CYNPYKECKUX Map PernpoIyKTHBHOIO BO3pacTa
kone6uercst ot 10 1o 21%. CymmecTByeT Ba OCHOBHBIX (haKTOpPa, OMPENEIISIONHX 3()(PEKTUBHOCT PE3yILTaTOB
sKcTpakopropansHoro omioxorsopenus (OKO) m mepenoca sMOpHOHOB: (yHKIMOHAJIbHAs MTOTHOLEHHOCTH
SMOpHOHA HA CTaJuH ONACTOLVCTHI M OTCYTCTBHME BHYTPHMAaTOYHOW maTtosoruy. OMHOM W3 TNIaBHBIX MPHUYMH
HETOJTHOLICHHONW WM HeyJa4HOH MMIUIAHTALMH SBISIOTCS HapylleHHas (QYHKIHS U MOBPEKICHHAS CTPYKTypa
9HIOMETPHS, YaCTO OOYCJIOBJICHHAs XPOHMYECKUM BOCHIAIHMTEIBHBIM MPOLECCOM B SHIOMETPUH. XPOHHYECKHUIT
SHAOMETPHUT (X3) — 3TO COCTOSHHE, CBI3aHHOE C HApyNIEHHEM COCYIIECTBOBAHMS MEXIY MHKPOOPTaHH3MaMU
U UMMYHHOH CHCTEMOH MAaKpOOpraHH3Ma B JHJIOMETpHH. B GompmmHCTBE ciydaeB XD HE MMEET 3aMETHBIX
KIMHUYECKHUX IMPH3HAKOB, @ €r0 PaclpoCTPaHEHHOCTh HA OCHOBAaHHH TMCTOJIOTHYECKOTO 3aKIIFOYCHHS! GHOTICHU
SHAOMETpHUs cocTaBisieT okoio 10%. Ces3p mexnxy XO M penpoAyKTHBHBIMU HApYIICHHSMH, TaKHMMH Kak
WUMIUIAHTAIMOHHAs HEJOCTATOYHOCTh W IOBTOPHBIN BBIKHIBINI, CTaja MPEAMETOM IIPHUCTAIbHOTO BHUMAHUS
MHOTHX COBPEMEHHBIX HucciemoBaHmid. OOpamaer Ha ce0s BHHMaHHE pacIpOCTPAaHEHHOCTh XPOHHYECKOTO
9HIOMETPHTA Y MAIUEHTOK C HEeOObICHUMBIM OECIIIIOIMEM, a TUArHOCTHKA U JICYCHHE XPOHHYECKOTO SHIOMETPHTA
MOBBILIAIOT YaCTOTY CIIOHTAHHBIX OEPEeMEHHOCTEH U )KUBOPOKICHUH y TaKHX IAIIMEHTOK. J[HarH03 XpOHUYECKOTO
9HIOMETpPHTA SBJISETCS HE MPOCTHIM, & 3a4acTyl0 INPOTHBOPEYHBBIM H TPeOyeT TECHOTO COTPYAHHYECTBA
CIICHUAINCTOB — PENPOYKTOIOrOB U NaTOMOP(OIOTroB.

B oTOM 0030pe MBI paccMOTpenH JHUTepaTypy MO BOmpocaM MaTopu3noioruu X3, BO3MOXKHBIX MPUYHUH,
ACCOLMMPOBAHHBIX C OECIUIOAMEM, a TaKKe IPUBEIM pPe3yJbTaThl HAay4YHBIX MCCICJOBAHUM, KacaroI[UXCs
JIMAarHOCTHKY U JIeueHHs1 X, KOTOpble ObUTH Oy0arKoBaHbI B kosutekiuu PubMed o coctosiauto Ha mait 2019 r.
B (opmaTe M3N0XKEHHsI BEPCUI 1 KOHTPABEPCHI.

KiroueBble cj10Ba: XpOHUYECKHIA SHIOMETPUT, SHIOMETpUH, omtogorBopenue, BPT, KO, rucrepockonus, mno-
BTOpHAsI UMITJIAHTAIIMOHHAS HEJIOCTATOYHOCTD, MEPHOINUECKas IOTEPs OEPEMEHHOCTH.

KonpaukT nHTepecoB. ABTOp AeKIapUpPyeT OTCYTCTBUE SBHBIX U MOTEHIMAIBHBIX KOH(MIINKTOB HHTEPECOB, CBSI-
3aHHBIX C MyONUKaIel HacTOSIIEeH CTaThu.

Hcrounnk ¢unancupoBanusi. CraThs IOATOTOBIEHA B pPaMKaX  TOCYJApCTBEHHOI OIODKETHOH TEMEI
«Ilarorenernueckn 060CHOBaHHbIE (P PEKTHBHBIC TEXHOJIOTUH COXPAaHEHHS U BOCCTAHOBIICHUS PEIPOLYKTUBHOTO
3JI0POBBS IIPH COLUATIBHO 3HAYMMBIX HH(EKINOHHBIX 3ab01eBanus» (Ne 0542-2014-0005).

Jsa uutuposanus: Jlemenko O.f1. XpoHudeckuil S3HIOMETPUT U PEIPOLYKTUBHBIC HAPYIIEHUS: BEPCUU U KOH-
TpaBepcuu. broiremens cubupckoui meouyunst. 2020; 19 (3): 166—176. https://doi.org: 10.20538/1682-0363-2020-
3-166-176.

INTRODUCTION

Among married couples of childbearing age, the
frequency of infertility in different regions of Rus-
sia and the world ranges from 10 to 21% [1-3]. The
effectiveness of in vitro fertilization (IVF) and em-
bryo transfer (ET) is determined by two factors: the
functional completeness of the embryo at the blas-
tocyst stage and the absence of intrauterine patho-
logy. One of the decisive and main reasons for im-

perfect or unsuccessful implantation is an impaired
function and damaged endometrial structure, often
caused by a chronic inflammatory process in the en-
dometrium. Chronic endometritis is a clinico-mor-
phological syndrome, in which multiple secondary
morphofunctional changes, disrupting cyclic bio-
transformation and uterine mucosa receptivity, oc-
cur as a result of persisting endometrial damage by
an infectious factor [1].
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NOSOLOGICAL FORM OF CHRONIC
ENDOMETRITIS AND ITS PREVALENCE

The question of the necessity of distinguishing
CE in a separate nosological definition has been dis-
cussed at length in the scientific society; the reason
for this discussion is the existence of two divergent
views on the importance of the infectious factor in
CE genesis. Some researchers adhered to the point of
view that the uterine cavity is sterile and in cases of
penetration of conditionally pathogenic microflora
(CPM) into the endometrium, a pathological process
occurs in about 60% of cases [4]. Other researchers
[5] argued that the uterine mucosa cannot be sterile
due to permanent microbial colonization from the
lower genital tract.

Currently, CE is identified in the Internation-
al Classification of Diseases and Causes of Death
(CDC) of the 10th revision: Class XIV (NO71.1.) as
an independent nosological unit [1].

The prevalence of CE varies from 10 to 85%,
due to the difficulties of clinical and morphological
verification of the disease [6, 7]. According to var-
ious sources, among women with infertility, the
number of CE cases is on average 10% (from 7.8
to 15.4%). 80-90% of CE is detected in women of
reproductive age. It eventually causes menstrual
and reproductive function disorders, leading to the
development of infertility, failures in [IVF programs
and embryo transfer, miscarriage and complications
in the course of the gestational process and child-
birth [6, 7]. Infertility is diagnosed in 60% of women
with CE (in primary 22.1%, in secondary 36.5%),
unsuccessful attempts of IVF and embryo transfer
were noted in 40% of women with CE. Some unsuc-
cessful IVF attempts reach 80% in women with CE
in the medical history, and the average number of
failures in assisted reproductive technologies (ART)
programs is approximately 3 per woman. According
to other studies [8], CE is the only diagnosed cause
of miscarriage in 47-52% of cases.

Foreign studies declare a CE prevalence rate of
10-11% based on the histological conclusion of an
endometrial biopsy of patients who underwent hys-
terectomy due to benign gynecological conditions
[9]. CE was diagnosed in 15% of infertile women
who underwent IVF cycles, and the prevalence of
CE was 42% in women with recurrent implantation
failure (RIF) [10]. The prevalence of CE was 14%
and 27% in the group of recurrent pregnancy loss

(RPL) and women with RIF in a modern prospective
study [11]. Thus, CE should be considered as a gyne-
cological disease that cannot be ignored in the con-
text of infertility treatment and assisted reproductive
technologies.

Another point of view of J.C. Kasius et al. [12]
is that the clinical signs of CE are minimal as they
diagnosed this condition in only 2.8% of asymptom-
atic infertile women without abnormalities during
transvaginal ultrasound examination (TUE). The
opinion of these authors is that chronic endometritis
does not adversely affect the reproductive outcome
during normal cycles of in vitro fertilization or in-
tracytoplasmic sperm injection (ICSI). At the same
time, they emphasize that low detection and un-
known clinical significance of chronic endometritis
require further research [12].

Nevertheless, many researchers believe that CE
usually occurs without clinical manifestations or has
non-specific clinical signs, such as abnormal uterine
bleeding, chronic pelvic pain and leukorrhea [13].
Chronic endometritis is associated with RPL, de-
fined as three or more pregnancy losses before 20
weeks of pregnancy, which occurs in 3% of all cou-
ples [14].

It was observed that women with repeated abor-
tions have chronic endometritis (68.3%) and wom-
en who received adequate antibiotic treatment had
a significantly higher frequency of successful preg-
nancies compared to women who were not treated.
The authors report that in this population the most
common infectious agents were disruptive patho-
genic bacteria and mycoplasmas [14]. Other symp-
toms that are associated with chronic endometritis
were noted [13]. One of them is abnormal uterine
bleeding (such symptoms may appear as intermen-
strual discharge or metrorrhagia), however, to date,
the relationship between abnormal uterine bleeding
and chronic endometritis is not completely clear.
Another symptom is dysmenorrhea. The current
hypothesis defines prostaglandins, released through
the endometrial cell membranes damaged by the
inflammatory process, as the main cause of dysme-
norrhea. Symptoms also include dyspareunia (pain
during intercourse), genitourinary symptoms and
leukorrhea. Sometimes there is unpleasant, purulent
vaginal discharge with an increased frequency of
urination and/or symptoms similar to the symptoms
of cystitis, as well as concomitant irritation of the
bladder. Fever usually occurs in the acute phase and
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in some cases mild fever can be noted in the chronic
form of CE.

PATHOGENETIC ASPECTS OF CHRONIC
ENDOMETRITIS

The traditional idea that the uterine cavity is
sterile underwent reanalysis when microorganisms
were detected in the uterine cavity of non-pregnant
women [15]. Ascending from the lower parts of
the genital tract, microorganisms can colonize the
uterine cavity, in which case the host’s protective
mechanisms must limit both the invasion and re-
production of bacteria [15, 16]. Protective factors
include the cervical mucosa [17, 18], endometri-
al epithelium and its immune cellular components
(neutrophils, macrophages and natural killer cells),
as well as elements of the innate immune system,
including the natural antimicrobial peptides present
in the endometrium [18]. In 95% of cases, CE is pri-
mary, developing in the endometrium as a result of
the introduction of sexually transmitted microorgan-
1sms, either exogenous strains or the multiplication of
CPM in the endometrium after intrauterine treatment
and diagnostic procedures. Only 5% of endometritis
is secondary, developing when infection enters the
endometrium from extragenital foci by hematogenic,
lymphogenic or descending pathways [19, 20].

The study of the microbial landscape of the en-
dometrium has a relatively short history. For the
first time, the persistence of mycoplasma in the en-
dometrium is mentioned in the work of Z. Koren in
1978 [21]. The persistence of more than 20 types
of microorganisms of the opportunistic group was
found in the endometrium. A total of 129 strains
was identified, including obligate anaerobes — 64%
(bacteroids, eubacteria, peptostreptococci, clostrid-
ia), microaerophiles — 31.8% (genital mycoplasmas
and diphteroids), and facultative anaerobes — 12%.
Monocultures were identified in only 14% of wom-
en; in the rest, associations of 2—6 types of microor-
ganisms were found.

The vaginal microbiome is characterized by a de-
ficiency of lactobacilli (52.5%), a low concentration
of lactobacilli (44.3%), a high frequency of excretion
of enterococci (59%), coagulase-negative staphy-
lococci (57.4%) and multicomponent associations
(67.2%) in women with chronic endometritis. The
microbiota of the intestinal biotope was character-
ized by a high frequency of detection of enterococ-
ci (62.2 %) and dysbiosis of the 1st and 2nd degree

(89.2%); the microbiota of the nasopharyngeal bio-
tope was characterized by a deficit of indigenous flo-
ra and a high frequency of S. pneumoniae (25.5%)
[22, 23].

It has been hypothesized that in women with
chronic endometritis, normobiota representatives
have a symbiotic relationship with CPM in all open
biotopes, which confirms the decrease in normobi-
otic colonization resistance and its inability to sup-
press pathogenic biota [22, 23].

At the present stage, it is known that microor-
ganisms form biofilms (dense shells of polymer
compounds) to counteract the immunological mech-
anisms of the host; the effect of biofilms counteract-
ing natural and synthetic antibiotics is known [24].
It was found and proved that chronic infections,
such as valvular endocarditis, otitis media, chronic
bacterial prostatitis and periodontitis, are associated
with the presence of bacterial biofilms that contrib-
ute to subclinical colonization of the uterine cavity
[25, 26].

One of the main and complex problems in the
treatment of infertility, miscarriage and premature
birth is the persistent effect of the microbial factor
on the quality of the endometrium [6, 27]. Microor-
ganisms are only a part of the problem; septic con-
ditions are also associated with problems of inflam-
mation control and/or anti-inflammatory response of
the host [28]. There are studies of the mechanisms
of preterm delivery, which showed that microorgan-
isms on the surface of the endometrium do not cause
a pro-inflammatory reaction and support peaceful
coexistence with the host during normal pregnancy
[24, 29, 30]. However, if the host organism (in this
context, the mother, embryo/fetus or both) “learned”
about microbial carriage through recognition re-
ceptors and initiated a pro-inflammatory response,
peaceful coexistence will no longer be possible.
Changes in virulence patterns, such as planktonic
bacteria released from biofilms, have also caused a
change in the balance between microorganisms and
the host, leading to preterm delivery caused by in-
flammation.

The result of successful implantation and prolon-
gation of pregnancy is a delicate balancing mecha-
nism between the embryo and endometrium, which
is expressed in the predominance of the TH2 profile
compared to the profile of THI1 cytokines in the en-
dometrium. Thus, all the reasons that upset this bal-
ance can affect endometrial susceptibility.
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It was found that immunocompetent cells in the
endometrium secrete chemokines, attracting natural
killers and macrophages from the circulating periph-
eral blood into the endometrium [31, 32]. In turn,
trophoblasts organize the production of pro-inflam-
matory cytokines from monocytes and macrophages,
which are also of great importance in implantation
and formation of the placenta [32].

An increase in the number of NK cells in the
peripheral blood, leading to an increase in TH1 cy-
tokines, has a negative effect on the invasion and
implantation of trophoblast, which increases the
likelihood of premature pregnancy loss [33].

A study of 438 cases of hysteroscopically diag-
nosed CE confirms the theory that the infectious
factor is crucial in the pathogenesis of CE [34]. The
researchers reported that 73.1% of women with CE
showed =1 positive detection of pathogens. The
structure of endometrial infections was as follows:
58% of common bacterial infections, including
gram-negative bacteria, 10% of Ureaplasma urea-
lyticum, and 2.7% of Chlamydia trachomatis. It has
been established that gram-negative bacterial col-
onization of the endometrium can reduce the rate
of implantation of embryos, leading to an increase
in the frequency of miscarriages. Gram-negative
bacteria endotoxins elicit a predominant TH1 re-
sponse to decidual tissue to stimulate the production
of pro-inflammatory cytokines. Thus, a paracrine
medium is formed, which can cause damage to the
embryo, impaired implantation, or spontaneous mis-
carriage [35].

Thus, chronic inflammation of the inner lining of
the uterus disrupts the production of endometrial cy-
tokines and, accordingly, endometrial function [36],
leading to the formation of pathological lymphocytes
and a change in the secretion of paracrine factors. As
a result of this, the susceptibility of embryos to the
endometrium decreases [33] and, in fact, in cases of
CE, delayed differentiation of the endometrium in
the middle secretory phase was observed [37]. En-
dometrial proliferation was detected in the secretory
phase due to an increase in estrogen receptors and
nuclear expression of the Ki-67 marker in patients
with CE [38].

E. Cicinelli et al. [39] demonstrated that CE
was a condition often associated with RIF (66.0%),
which was 2 times greater than 30.3% in a study by
E.B. Johnston-MacAnanny et al. [40]. The most
common infectious agents were common bacteria

and mycoplasmas in this population-based study. In
addition, antibiotic treatment was associated with
the normalization of the endometrial pattern on hys-
teroscopy and a significant improvement in the re-
productive results of IVF.

DIAGNOSIS OF CHRONIC ENDOMETRITIS

The generally accepted histological diagnostic
criterion for CE is the presence of plasma cells in
the stroma of the endometrium during endometrial
biopsy [9, 12]. However, the frequency of an erro-
neous diagnosis may be higher than ideal [12, 13].
The accuracy of morphological conclusions can be
called into question due to the following conditions:
proliferation of stromal cells, infiltration of mono-
nuclear inflammatory cells, plasmacytoid cells of
the stroma, or a pronounced pre-relapse reaction in
the late secretory endometrium. In addition, histo-
logical examination is a very time-consuming and
invasive method.

The method of staining with hematoxylin and
eosin (H & E) had a low level of CE verification
(<10%) in women with infertility and repeated spon-
taneous miscarriages in the medical history [41]. Im-
munohistochemical (IHC) studies can detect specific
antigens for CD38 and CD138 plasma cells inside
the endometrium [42]. IHC showed a significantly
higher sensitivity for the diagnosis of CE (56% ver-
sus 13% for H & E strain) [43]. Plasma endometritis
showed no correlation with bacterial colonization of
the endometrium or the clinical picture of pelvic in-
flammatory diseases [44]. Plasma endometritis was
histologically diagnosed in 39% of women who un-
derwent endometrial biopsy, but 82% of women had
positive results in microbial cultures of CE biopsy
samples. Haggerty et al. [45] reported that histolog-
ical endometritis revealed no association between
reproductive diseases and antibiotic treatment in
randomized controlled trials (RCTs). These experts
believe that the histological diagnosis of CE cannot
determine which patients can benefit from further an-
tibiotic treatment and which cannot do this in terms
of fertility outcomes.

An effective diagnostic method for the verifica-
tion of CE is liquid hysteroscopy [46, 47]. Signs of
CE in liquid hysteroscopy are endometrial polyps,
stromal edema, focal or diffuse hyperemia. The di-
agnostic value of liquid hysteroscopy concerning CE
is manifested in the great sensitivity of the method
for diagnosing CE, in comparison with the microbio-
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logical culture method for studying the endometrium
[48]. Studies comparing the accuracy of the histolog-
ical diagnosis of CE and fluid hysteroscopy showed
a very high diagnostic accuracy of the latter (93.4%)
[46, 47, 49]. Apparently, the discrepancies between
hysteroscopic observations and histological studies
can be associated with many limitations characteris-
tic of the CE histological diagnosis [50].

Modern research studies the changes in the
qualitative and quantitative composition of the vag-
inal and other biotopes of the body’s open cavities
and the presence of pathogenicity genes in microor-
ganisms, as well as clarification of their relationship
with inflammatory markers and factors contributing
to the chronic process in the uterus. Researchers note
an increased level of pathogenicity in the dominant
E. faecalis and E. faecium species in different bio-
topes (vaginal, intestinal and nasopharyngeal) in
women with CE, which is manifested in an increase
in the number of enterococcal autostrains with nucle-
otide sequences of the pathogenicity gene synthesiz-
ing serine proteinase (sprE) (penetration, coloniza-
tion, tissue damage). The presence of morphological
signs of CE (inflammatory infiltrates, endometrial
stromal fibrosis, sclerotic changes in the walls of ar-
teries and plasma cells) is associated with the pres-
ence of genaserin proteinase (sprE) in the prevailing
enterococci in the vaginal, intestinal, and nasopha-
ryngeal biotopes [22, 23, 51].

TREATMENT OF A CHRONIC
ENDOMETRITIS

All the studies of foreign colleagues that we have
discovered come down to the fact that chronic endo-
metritis therapy is based on the use of broad-spec-
trum antibiotics [52, 53]. Typically, the drug of
choice is doxycycline in doses of 100 mg every 12
hours for 14 days or, alternatively, the introduction
of cephalosporins, macrolides or quinolones is pos-
sible. It is also preferable for the partner to undergo
the same antibiotic treatment. In case of failure of
antibiotic therapy and/or preservation of endometri-
tis at the same, an endometrial culture with a relative
antibiogram should be considered and appropriate
antibiotic treatment should be prescribed.

The Centers for Disease Control (CDC) recom-
mend the following treatment options [39]: with a
positive result for gram-negative bacteria: cipro-
floxacin 500 mg 2 times a day 10 days as first-line
therapy; for gram-positive bacteria: amoxicillin +

clavulanate 1g two times a day for 8 days; infections
of Mycoplasma and U. Urealyticum: Josamycin 1 g
two times a day for 12 days; in case of persistence:
minocycline 100 mg two times a day for 12 days;
gram-negative cultures: ceftriaxone 250 mg IM in
a single dose plus doxycycline 100 mg orally two
times a day for 14 days with metronidazole 500 mg
orally two times a day for 14 days.

If the signs of chronic endometritis remain in the
following hysteroscopy, the protocol can be repeated
up to three times. If there is confirmed tuberculosis
endometritis, the patient should be given special an-
tibacterial therapy for tuberculosis (isoniazide, eth-
ambutol, rifampicin and pyrazinamide for 2 months,
then isoniazid and rifampicin for another 4 months)
[54, 55].

Cicinelli et al. [14] reported in their study of pa-
tients with unexplained recurrent implantation fail-
ure and chronic endometritis diagnosed by hysteros-
copy that the incidence of clinical pregnancy in the
group where hysteroscopic values were normalized
1 year after antibiotic treatment was significant-
ly higher than in the comparison group: 74.8% (88
out of 118) versus 24.4% (22 out of 90). A study
by McQueen et al. [41] showed that in patients with
RPL and chronic endometritis, the frequency of live
births per pregnancy increased significantly to 56%
after antibiotic treatment compared with 7% before
treatment.

According to a retrospective study by R. Yang et
al. [56], in patients with RIN and CE undergoing in
vitro fertilization cycles — embryo transfer (IVF-Cryo
transfer) the implantation success rate increased up
to 18.6% (18 out of 97) versus 4.9% (3 out of 61])
and the pregnancy rate 29.3% (12 out of 41) versus
7.4% (2/27). IVF cycles increased significantly after
antibiotics treatment compared to the results before
treatment. Cicinelli et al. [56] conducted a retrospec-
tive study of patients with RIN who underwent new
IVF cycles with Cryo-transfer. They found that the
frequency of clinical pregnancies and the rate of live
births in the group with normal hysteroscopic indi-
ces after antibiotic treatment was significantly higher
than in the group with sequential results of CE 65 %
versus 33% and 60.8% versus 13.3%, respectively.
The above values indicate that CE has an important
role in infertility.

Diagnostic hysteroscopy is actively discussed in
the treatment of chronic endometritis. Many studies
have suggested that endometrial damage associated
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with diagnostic hysteroscopy can increase the fre-
quency of implantation and the frequency of clinical
pregnancies in women with previous failed IVF-Cryo
transfer attempts [57-59]. The hypothetical biologi-
cal basis for this assumption is as follows [60]: first,
local trauma in the endometrium can increase the im-
plantation speed, which will lead to decay; secondly,
cytokines and growth hormone released during the
restoration after artificial damage to the endometri-
um, may have a beneficial effect on the implantation
of embryos. Third, artificial endometrial damage
may delay earlier endometrial maturation associated
with hyperstimulated ovaries in the next IVF-Cryo
transfer cycle.

Meta-analyzes [61, 62] regarding artificial endo-
metrial injuries during ART or hysteroscopy report-
ed a significant improvement in the clinical pregnan-
cy rate. However, this possibility has not yet been
confirmed by well-developed RCTs, so this assump-
tion should remain hypothetical.

The analysis of Russian literature and studies on
the principles and methods of treatment of chronic
endometritis is characterized by the presence of the
second stage of treatment (after antibiotic therapy)
and the variety of methods used. A large number
of authors point to the high effectiveness of physio-
therapy: they use electro-pulse therapy, interference
currents, infrared laser irradiation, magnetotherapy,
and hirudotherapy. Physiotherapeutic methods help
stimulate receptor function, improve the pelvic he-
modynamics, accelerate endometrial regeneration
processes, and increase the immune status [63]. An
advisability of hormone therapy is under discussion.
Some authors consider hormone therapy ineffective
in this pathology, except in cases of patients hav-
ing ovarian hypofiction or anovulation [64]. Others
claim that in case of chronic inflammation, in the
presence of pathological tissue regeneration, hor-
mone replacement therapy has a positive anti-inflam-
matory effect [6, 65]. Correction of immune status
occupies a special place in the treatment of chronic
endometritis in the domestic literature. In the case
of infection persistence in the body, the use of in-
ducers of interferongenesis is important. Based on
the data of studying the immune and interferon status
of patients with chronic endometritis, the correction
of immune disorders is carried out using a number
of drugs: glavit, immunomax, and polyoxidonium
[65, 66]. Sessions of intrauterine ozone laser therapy
and intrauterine endometrial laser therapy using the

He-Ne laser were effective in women with infertili-
ty and miscarriage [66, 67]. There are observational
studies of bacteriophage therapy, which had a good
therapeutic effect in 78.3-93.6% of cases; there is
evidence of intrauterine irrigation with a liquid bac-
teriophage at a dose of 20 ml daily for 5 days with
a pronounced clinical effect [68]. The therapeutic
effect of bacteriophages is associated with lytic ac-
tivity, immunomodulating the antigenic property of
components of destroyed microbial cells located in
the phage lysates, especially with repeated admin-
istration of the drug [69]. Several observational stu-
dies indicate the effectiveness of metabolic therapy,
including the use of riboxin, wonbenzyme, vitamin
therapy, glutamic acid, systemic enzyme therapy and
actovegin [65]. Some researchers consider taking
probiotics the second stage after antibiotic treatment,
explaining that the risk of developing gastrointesti-
nal disorders caused by antibiotic therapy is reduced
and the restoration of intestinal microbiocenosis and
other disturbed physiological processes in the body
is initiated [69]. However, most authors agree on the
opinion that the use of bacteriophage therapy does
not mean a complete rejection of antibiotics, how-
ever, it will assist their strict prescription according
to indications [65, 66]. Monitoring the effectiveness
of complex therapeutic measures is recommended
not earlier than 2 months after the end of the entire
course of treatment, taking into account physiothera-
py. At the same time, the dynamics of clinical symp-
toms, echographic and dopplerometric indicators, the
elimination of microbial agents, and the restoration
of the morphological structure of the tissue accor-
ding to the control aspiration biopsy are evaluated.

Criteria of the clinical effectiveness of chronic
endometritis are reduction of clinical manifestations
combined with elimination of pathogenic microfiora
from uterine cavity against the background of nor-
malization of immunocompetent cell and pro-inflam-
matory cytokine levels in the endometrium, resto-
ration of endometrial microcirculation, improvement
of blood rheological properties, and reduction of the
intensity of fibrosation and sclerosis processes. The
final criterion of successful treatment is the resto-
ration of the reproductive function followed by preg-
nancy and consecutive live births [70].

CONCLUSION

Currently, limited evidence confirms that hys-
teroscopy can be a powerful tool for the physical
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removal of entrometrial bacterial biofilms, which
contribute to the pathogenetic development of CE.
After hysteroscopy, reproductive results in subse-
quent IVF cycles may improve in patients with RIFs
and latent CE. Recent meta-analyses regarding hys-
teroscopy or artificial endometrial injuries in ART
(hatching) have reported a significant improvement
in the clinical pregnancy rate. However, this possi-
bility has not yet been confirmed by well-developed
RCTs, so this proposal should remain hypothetical.

To date, CE remains a rather difficult problem
from the point of view of nosology, pathogenetic
mechanisms, diagnosis and treatment in terms of
reproductive disorders. This was associated among
other things with poor reproductive results in the
context of ART. In cases of CE, the peaceful coexis-
tence between host immunity and microorganisms is
impaired, the distribution of lymphocytes involved
in embryo implantation, and, ultimately, endome-
trial susceptibility is reduced due to inadequate se-
cretion of various cytokines. Recent clinical trials of
patients with RPL have shown that antibiotic treat-
ment for CE can lead to significant changes in fu-
ture pregnancy outcomes. The use and effectiveness
of various treatment methods as the second stage of
treatment of CE requires well-developed RCTs. Due
to the lack of qualitative data in the published liter-
ature, such treatment methods are still hypothetical
and empirical. Well-planned prospective studies or
RCTs should be conducted to clarify the possible
correlations between CE and poor reproductive out-
comes, as well as the effectiveness of endometrial
interventions. CE is a clinically significant nosolog-
ical unit from the perspective of reproductive medi-
cine, further study of the features of its etiology and
pathogenesis is required in order to improve under-
standing of the course of the inflammatory process
and improve treatment and prevention methods.
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ABSTRACT

Aim. The problem of anaplastic astrocytomas is quite relevant today. The WHO classification distinguishes IDH1/
IDH?2 mutant anaplastic astrocytomas, anaplastic astrocytomas without /DHI/IDH?2 mutations, and anaplastic
astrocytomas not otherwise specified. The aim of this work was to cluster /DH-mutant anaplastic astrocytomas
based on their cytogenetic profile to select prognostically significant molecular subgroups, which can have both
clinical and fundamental scientific value.

Materials and methods. In this work, we performed a cluster analysis of anaplastic astrocytomas according to
their cytogenetic profiles based on available genetic databases of tumors and large cohort studies, as well as a
comparison of Kaplan — Meyer survival curves for various molecular subgroups of patients.

Results. We studied the main genetic features of the inter-tumor heterogeneity of anaplastic astrocytomas and
distinguished seven molecular subgroups based on the cytogenetic profile: embryo-like, inflammatory-like,
deletion, matrix, cyclin, GATA3-dependent and tyrosine kinase. Moreover, each of these subgroups has not only
distinctive molecular characteristics, but also important clinical features.

Conclusion. A detailed study of the molecular properties of anaplastic astrocytomas will not only optimize the
process for predicting treatment outcomes, but also create innovative formats for targeted therapy within the
framework of the concept of personalized medicine.

Key words: anaplastic astrocytoma, /DH 1 mutation, inter-tumor heterogeneity.
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PE3IOME

AKTyaJIbHOCTB. [Ipo0iieMa aHAITACTHYECKUX aCTPOLUTOM JOCTATOYHO aKTyalibHA B HALIH JHU. B Kiaccupukanuu
BcemupHoit opraHu3anuu 31paBOOXpaHEHUS BBIACISIOTCS aHAIUIACTUYECKAs acTPOIUTOMA ¢ MyTalueil B TeHax
IDH1 w IDH?2, anannmactiudeckas acTpouuToma 6e3 Mytanwid B reHax /DH 1 v IDH?2, anamnactiuyeckas acCTpOIUTOMa
0e3 TOMOTHUTENFHOTO TeHETHYECKOTO YTOUHEHHSI.

Hesbio nanHoW pabOTHI CTaNO KJIACTEPUPOBAHME AHAIUIACTHYECKUX ACTPOLUTOM C MyTauued B rene /DHI Ha
OCHOBE UX IIUTOT€HETHYECKOTO MPOMUIIS [T BBIACICHUS TPOTHOCTHYECKH 3HAUMMBIX MOJIEKYJISIPHBIX MOATPYII,
KOTOpPBIE MOTYT UMETh KaK KIMHUKO-TIPAKTHYECKOE, TaK U (PyHAaMEHTAIbHO-HAYYHOE 3HAUCHHUE.

npOBeZ[CH KHaCTepHLIﬁ AHaJIM3 aHAIUTACTUYCCKUX aCTPOLUTOM IO UX HUTOICHETUYECKUM HpO(bI/IJ'lHM Ha OCHOBEC
JOCTYIIHBIX TCHETUYECKUX 6a3 JAHHBIX onyxoneﬁ 1 KPYHNHBIX KOTOPTHBIX PICCHCI[OBaHHﬁ, a TaK>K€ CpaBHEHUE KpH-
BBIX BbDKHMBaeMocTH Karutana — Meﬁepa JUIA pa3JIMYHBIX MOJICKYJIAPHBIX MOATPYIII MAaUCHTOB.

Pe3yasTatsl. Ham ynanoch M3yduTh OCHOBHBIC T€HETHYECKHE OCOOCHHOCTH MEXOITYyXOJIEBOH I'eTepOreHHOCTH
AQHAIUIACTHYECKUX AaCTPOIUTOM M BBIAEINUTh Ha OCHOBE LUTOTCHETHYECKOTO HPOQMIS CeMb MOJICKYISIPHBIX
HOATPYIII — IMOPUOHATLHONOOOOHYIO, UHPAAMMONOOOOHYIO, OeNeYUOHHYIO, MAMPUKCHYIO, yukaunogylo, GATA3-
3aBUCUMYIO M muposunkunasnyto. IIpu 3TOM Kakmas W3 3TUX IMOATPYII MMEET HE TOJIBKO OTINIUTENIbHEIE
MOJIEKYJISIPHBIE XapaKTEePHCTHKHU, HO M BaXKHbIE KIIMHUYECKUE OCOOCHHOCTH.

3ak04yenne. JleTaabHOE U3ydIeHHE MOJIEKYISIPHBIX CBOMCTB aHAIIIACTHIECKUX ACTPOI[UTOM MO3BOJIHT HE TOJIBKO
ONTHMH3HUPOBATH MPOIECC MPOTHO3UPOBAHUS HCXOJOB JEUEHHs, HO M CO3/1aTh WHHOBAIIMOHHBIC (popMaThI MIs
TapreTHO! Tepanuy B paMKaX KOHIEIIUH IePCOHATH3UPOBAHHON MEANIIUHEL.

KiaroueBble cjIoBa: aHaIIaCTHIECKAsT acTpouuToMa, MyTalnus reia ]DH], MEKOITYXO0JIE€Bast r€TCPOTCHHOCTD.
KOHq)JIP[KT HHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,

CBA3aHHBIX C Hy6J’II/IKaHI/Ieﬁ HaCTOﬂH.[efI CTaTbHU.
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INTRODUCTION

The problem of anaplastic gliomas is quite relevant
today. Anaplastic gliomas in the WHO classification
of tumors of the central nervous system (CNS), 4™ re-
vision 2016, are represented by anaplastic astrocyto-
ma and anaplastic oligodendroglioma [1]. According
to statistics, the average incidence of anaplastic astro-
cytoma is 1.7% of the total number of central nervous
system tumors, the prevalence of anaplastic astrocyto-
ma is 1,307 cases per 100,000 people [2, 3].

The WHO classification distinguishes anaplastic
astrocytoma with a mutation in the /DHI and IDH?2
genes, anaplastic astrocytoma without mutations in
the IDHI and IDH?2 genes, and anaplastic astrocytoma
not otherwise specified. Thus, mutations in the /DH]
and IDH?2 genes are key genetic classification indica-
tors [4]. The IDHI and IDH2 genes serve as a tem-
plate for the production of two isoforms of the isoci-
trate dehydrogenase enzyme. The IDH1 gene encodes
the cytoplasmic form, and the /[DH2 gene encodes the

mitochondrial form. Both enzymes are involved in the
oxidative decarboxylation of isocitrate with its con-
version to 2-oxoglutarate [5]. It was shown that IDH
and /DH2 mutations are the most accurate prognostic
factors for astrocytic tumors; the presence of a mu-
tation in these genes is associated with better patient
survival [6]. It was also found that in cells carrying a
mutation of the /IDH1 or IDH?2 gene, hyperproduction
of oncometabolite 2-hydroxyglutarate (2HG) occurs,
which leads to significant rearrangements in the epi-
genetic landscape of the tumor genome [7]. Moreover,
the absence of the mutation results in a significant in-
crease in the proliferative potential of astrocytic glio-
ma cells [8]. A number of studies have revealed both
the activating and inactivating effects of /DHI and
IDH?2 mutations on different protooncogenes, such as
PIK3CA, KRAS, AKT, N-MYC and others [9]. Some
of the effects of these mutations are realized through
metabolic molecular pathways, primarily through
modification of lipid metabolism [10].
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In modern oncology, the issues of tumors’ mo-
lecular heterogeneity play a significant role. Genetic,
epigenetic, and proteomic features of the pathological
process can have significant individual characteris-
tics in each specific tumor. Only with these features
taken into account is it possible to form a truly per-
sonalized approach to the diagnosis and treatment of
tumors, within the framework of which modern high-
tech methods of diagnosis and treatment will allow the
most precise assessment of the main properties and
characteristics of the tumor process and, based on this,
implement effective targeted therapy programs and in-
dividualized treatment approach. All of the above is
extremely relevant for anaplastic gliomas, since the
existing diagnostic and therapeutic approaches are ob-
viously not effective enough [11].

In this work, we decided to analyze and review
data from several large studies of the genetic charac-
teristics of anaplastic astrocytomas, including the aim
of identifying various patterns that can have both clin-
ical, practical, and fundamental scientific value.

MATERIALS AND METHODS

An analytical study was conducted in accordance
with the international principles of observational stud-
ies in epidemiology (MOOSE) [12]. To assess the ge-
netic heterogeneity and related features of the clinical
aspects of anaplastic astrocytomas, data from large
multicenter studies were analyzed, including data
from The Cancer Genome Atlas.

Search and selection of literature

We conducted a thorough literature search using
the PubMed, Medline, Scopus, Embase, and Cochrane
Library databases. The search keywords used were
“astrocytoma OR anaplastic astrocytoma OR diffuse
anaplastic astrocytoma OR astrocytoma Grade III”
(all fields) AND “genomic data OR genome-wide
analysis OR mutations OR multi-omics OR genome
sequencing” (all fields). In order not to miss work on
this topic, the list of links of full-text articles has also
been fully checked.

The inclusion criteria were the presence of the data
of full genome sequencing with the determination of
mutational events and cytogenetic rearrangements of
at least part or the entire studied group of patients;
the presence of clinical data in the same patients,
including indicators of overall survival (OS) and re-
lapse-free survival (RFS); the presence in patients of
an identified mutation in the /DHI gene; sufficient
data to assess the risk ratio (RR) and 95% confidence

intervals. Articles were excluded from the analysis if
they were presented by reviews, abstracts, letters to
the editor or experimental work on animals; if more
than one study was conducted in the same group of
patients, only the most recent or complete study was
included in the analysis. The full text of the articles
accepted for analysis has been carefully studied for a
comprehensive assessment.

Data extraction and quality assessment

The two authors retrieved the data independently.
The information retrieved included the name of the
first author, year of publication, country of origin of
the article, histological type of tumor, time of obser-
vation, methodological features of whole-genome se-
quencing, and OS and RFS indices. The study cohort
included only patients with an established histologi-
cal diagnosis of anaplastic astrocytoma, WHO Grade
I, carrying the /IDHI or IDH2 gene mutation. The
quality of each study was assessed independently by
two researchers using the Newcastle-Ottawa Quality
Assessment Scale [13]. Data from patient cohorts The
Cancer Genome Atlas [14, 15], Glioma (MSK) [16],
Low-Grade Gliomas (UCSF) [17], and Merged Co-
hort of LGG and GBM (TCGA) [18] were extracted
using CBioPortal instrument (Memorial Sloan Kette-
ring Cancer Center, USA). The analysis also included
data from another 9 large, genome-wide studies of gli-
omas of various degrees of malignancy [19-27].

Statistical Data Analysis

A cluster analysis of all cases of anaplastic astrocy-
tomas included in the study was performed. For cluster
analysis, the k-means method was used. Cluster analy-
sis was carried out on the basis of data on cytogenetic
rearrangements in tumor samples. To determine the
number of clusters, a hierarchical analysis was initial-
ly performed, indicating the possibility of separation
with the greatest reliability of 6, 7 or 8 clusters. Cluster
analysis was carried out with the isolation of 5, 6, 7,
8 and 9 clusters, the highest accuracy was observed in
the identification of 7 clusters (molecular subgroups).
In each cluster (molecular subgroup), the frequency of
cytogenetic modifications and mutations was evaluated
separately. Separate evaluation of OS and RFS for
each molecular subgroup using Kaplan-Meyer curves,
as well as a comparative analysis of survival rates was
performed using the logarithmic rank criterion (LRC),
the Cox-Mantel criterion (CMC), and the Gehan-Wil-
coxon (GW) criterion. Adjusted risk ratios with 95
percent confidence intervals were used. A level of p
less than 0.05 was considered statistically significant.
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Statistical analysis was performed using SPSS Statis-
tics 23 software (IBM, USA).

RESULTS

General characteristics of the cohort

In the cohort of patients included in the study and
meeting all inclusion criteria, including the criterion
for the presence of in the /IDHI gene mutation, there
were a total of 886 patients, accounting for 69.66% of
all considered cases of anaplastic astrocytomas. The
average age of the patients was 36.72 + 4.58 years.
Men accounted for 58.24% of the total cohort, while
women accounted for 41.76%. The average OS rate
was 9.18 & (.24 years, and the average RFS level was
2.34 £0.18 years.

Brief molecular characterization

In anaplastic astrocytomas with /DHI mutation,
based on our analysis, the most frequent concomitant
mutation was the point modification of the 7P53 gene,
which was detected in 96.15% of cases. The group
of tumors that simultaneously carry mutations in the
IDHI and TP53 genes was characterized by a high
frequency of the ATRX gene mutation, which occurs
in 64% of cases. In addition, mutations of the SMAR-
CA4, APOB, and FLG genes were relatively often de-
tected, each of which was observed in 10% of cases.
Anaplastic astrocytomas with a mutation in the ATRX
gene showed a higher mutation rate in the CDKN2A4
gene (8.57%) compared with tumors that did not carry
this mutation (3.85%). The epidermal growth factor
receptor (EGFR) mutated in 4.26% of cases, however,
in combination with the 4ATRX mutation, it was not
found. Among the cytogenetic events that accompa-
nied the ATRX gene mutation, the most frequent was
the amplification of the EXT gene, which occurred in
21.43% of cases.

Molecular subgroups of anaplastic astrocytomas,
IDH1-mutatant, and their characteristics

The first subgroup that can be distinguished among
anaplastic astrocytomas with /DHI gene mutation
based on the cytogenetic profile was anaplastic as-
trocytomas carrying amplifications of the EXT/ and
MYC genes. The EXT1 gene encodes exostosin glyco-
syltransferase 1 protein, which is required for exoso-
mal release of SDCBP, CD63, and syndecan factors,
and plays a role in early tissue development and tu-
mor progression [28]. The participation of the MYC in
the implementation of genetic proliferative programs
is widely known, as well as its participation in the

pathogenesis of tumor diseases of different localiza-
tion [29]. At the same time, activation of MYC gene in
relation to CNS tumors is most often found in tumors
and in individual populations of tumor cells having
embryonic properties, in particular, medulloblasto-
mas [30, 31]. Moreover, as in the case of anaplastic
astrocytomas, the activation of this gene occurs most
often precisely due to its amplification. Thus, this mo-
lecular subgroup can be arbitrarily called an embry-
onic-like subgroup. It occurs in 21.67% of analpastic
astrocytomas. It is interesting to note that in this sub-
group, PTK2 gene amplification is revealed in 86.5%
of cases. This gene product is tyrosine kinase type 2
protein, which is also associated with cells exhibiting
embryonic properties to varying degrees and it is ac-
tively involved in the proliferation and stabilization of
neuronal and glial elements in early stages of central
nervous system development [32].

Moreover, clinically, this group, as in the case of
medulloblastomas, is characterized by a worse prog-
nosis for OS and RFS. Thus, OS (LRC: p = 0.0086;
CMC: p = 0.00051; GW: p = 0.00038) along with
RFS (LRC: p =0.00776; CMC: p=0.00138; GW: p =
0.00368) is significantly lower in the embryonic-like
subgroup compared with similar indicators in the rest
of the analyzed cohort (Fig. 1).

The second subgroup includes tumors carrying
amplification of the ERCI gene. In the aspect of car-
cinogenesis, the participation of ERC1 protein in the
activation of the transcription factor NF-kB is ex-
tremely important; increased activity of this mecha-
nism has been identified as one of the key molecular
events in breast tumors [33, 34]. Under physiological
conditions, NF-kB is a key factor in the implementa-
tion of inflammatory programs and cell stress response
[35]. Subsequently, the role of this transcription factor
in the carcinogenesis of different tumors was shown
[36]. Therefore, this molecular subgroup can be called
inflammatory-like, and is detected in 18.51% of cases.
This subgroup is characterized by a high frequency
of amplification of the cyclin D2 gene (CCND2) in
94.36% of cases. The cyclin D2 gene is a regulatory
component of the cyclin D2-CDK4 complex, inhib-
iting the members of retinoblastoma protein family
(RB), including RB1 protein, and causing the cell
transition to the S phase of the cell cycle. This increas-
es the proliferative activity of cells [37]. In addition,
there was a high frequency of amplification of genes
belonging to the fibroblast growth factor family, fibro-
blast growth factor 6 (FGF6) and 23 (FGF23) types.
These factors lead to the activation of the tyrosine
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kinase cascade with a significant increase in mitotic
activity and cell survival [38]. The clinical features
of this subgroup consist in a similar level of OS and
RFS in comparison with the embryonic like subgroup
(Fig. 1). The observational data are also confirmed by
statistical criteria, which do not reveal significant dif-
ferences both in relation to RFS (LRC: p = 0.0878;
CMC: p = 0.0615; GW: p = 0.05895) and OS (LRC:
p =0.0781; CMC: p = 0.05845; GW: p = 0.0568).
The third subgroup includes tumors carrying dele-
tions of the BRSK 1, ZNF331, TFPT and U2AF2 genes.
The BRSK1 gene encodes a brain-specific serine/thre-
onine protein kinase 1 that phosphorylates and acti-
vates a number of secondary messengers and acts as
a key regulator of the polarization of cortical neurons,
as well as the formation of the gliocyte cytoskeleton.
In addition, it is involved in the implementation of a
number of other functions, in particular, it can play
the role of a negative regulator of the cell cycle, inhib-
iting its development in case of DNA chain damage
and simultaneously facilitating its rapid repair [39].
The TFPT gene ensures the development of apoptosis
regardless of the mutational status of the 7P53 gene,
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Fig. 1. Kaplan — Meyer curves for the overall survival

of patients separately in each molecular subgroup. The

abscissa shows the survival time in days. In the upper right
corner is the color designation for the various subgroups

which is extremely important for anaplastic astrocy-
tomas carrying the 7P53 mutation in 96.15% of cases
[40]. The U24F2 gene encodes an auxiliary factor of
small nuclear RNA type 2, which plays an important
role in the splicing processes of a number of genes,
including those associated with the cell’s proliferative
potential [41]. Since the whole set of combined dele-
tions is the most characteristic from the genetic point
of view for this type, the considered subgroup can be
conditionally called deletion. It is detected in 17.49%
of cases.

Such cytogenetic changes lead to better clinical
outcomes (Fig. 1). The OS in this subgroup is not
only higher than the average level for all molecular
subgroups, but also significantly higher than in em-
bryonic-like (LRC: p = 0.00864; CMC: p = 0.00546;
GW: p = 0.000324) and the inflammatory-like sub-
group (LRC: p = 0.00953; CMC: p = 0.00486; GW:
p = 0.000472). RFS is also significantly higher in
comparison with embryonic-like (LRC: p = 0.00623;
CMC: p = 0.00399; GW: p = 0.000285) and inflam-
matory-like (LRC: p = 0.00694; CMC: p = 0.00512;
GW: p = 0.000421) subgroups.

The following group contains cases with the ampli-
fication of the MSN gene and combined amplification
ofthe AMER1 gene in 83.33% of cases. The MSN gene
encodes a moesin protein involved in providing a con-
nection between the components of the cytoskeleton
of the cell and the cytoplasmic membrane. Moreover,
it can participate in the regulation of contact inhibition
of certain cells’ proliferation and their motility [42].
The protein encoded by the AMERI gene is one of
the key regulators of the Wnt/beta-catenin cascade,
capable of both increasing and decreasing its activi-
ty. Elements of this cascade, as well as the product of
the MSN gene, are involved in cell contacts with the
intercellular matrix and other cells; this cascade like-
wise takes part in the processes of contact matrix and
intercellular regulation of cell proliferation [43]. In
connection with the described features, this subgroup
can be designated as matrix. It occurs in 14.79% of
cases. The clinical features of this subgroup are close
to embryonic like and inflammatory-like; OS was sim-
ilar to both embryonic-like (LRC: p = 0.84651; CMC:
p = 0.8245; GW: p = 0.6278) and inflammatory-like
subgroups (LRC: p = 0.8231; CMC: p = 0.6731;
GW: p = 0.7392), RFS was also similar to embryon-
ic-like (LRC: p = 0.09284; CMC: p = 0.07645; GW:
p = 0.06245) and inflammatory-like subgroups (LRC:
p =0.06127; CMC: p = 0.06045; GW: p = 0.06012).

Furthermore, a subgroup of anaplastic astrocyto-
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mas was detected in which deletions of the MTAP,
CDKN2A and CDKN2B genes were combined. The
CDKN2A encodes several transcript variants that dif-
fer in the composition of their first exons and act as
regulators of the cell cycle, inhibiting the transition of
the cell to mitosis. In addition, under the influence of
the proteins encoded by the CDKN2A4 gene, the p53
protein is stabilized and activated [44]. The product
of the CDKN2B gene is a cyclin-dependent kinase in-
hibitor, which is complexed with CDK4 or CDK6 and
prevents their activation; therefore, the encoded pro-
tein also functions as a cell growth regulator that slows
down the progression of the G1 phase of the cell cycle
[45]. The MTAP gene encodes a methylthioadenosine
phosphorylase protein, which plays an important role
in the metabolism of polyamines. A decrease in the
activity of this gene is observed in many tumors due to
frequent co-deletion with the CDKN2A4 and CDKN2B
genes. Due to the fact that cyclin system regulating
proteins play a significant role in the pathogenesis of
this subgroup of tumors, the cyclin subgroup seems to
be the most suitable variant. This subgroup presented
in 14.33% of cases. Interestingly, the ATRX gene mu-
tation occurs in 100% of tumors of this subgroup.

The OS in patients of this subgroup is extremely
low, while its OS and RFS differ for the worse from all
the subgroups indicated above: embryonic-like (LRC:
p = 0.00852; CMC: p = 0.00712; GW: p = 0.00556
and LRC: p = 0.00973; CMC: p = 0.00848; GW:
p = 0.00468, respectively), inflammatory-like (LRC:
p = 0.00751; CMC: p = 0.00706; GW: p = 0.00513
and LRC: p = 0.00957; CMC: p = 0.00759; GW:
p =0.00365, respectively), matrix (LRC: p =0.00725;
CMC: p = 0.00606; GW: p = 0.00472 and LRC:
p =0.00908; CMC: p =0.00704; GW: p =0.003145355,
respectively) and deletion (LRC: p = 0.00453; CMC:
p=0.00317; GW: p =0.00159 and LRC: p = 0.00509;
CMC: p = 0.00251; GW: p = 0.00084, respectively).
Thus, belonging to the cyclin subgroup is an extreme-
ly unfavorable factor of prognosis of patients (Fig. 1).
These findings are consistent with a recent study by
Shirahata et al., which showed that deletion of CDK-
N24 and CDKNZ2B is an unfavorable prognostic mo-
lecular event for anaplastic astrocytomas [46].

A small subgroup of patients had amplification
of the GATA3 gene. The product of this gene is a
transcriptional activator that binds to an enhancer of
T-cell receptor genes. The pro-carcinogenic effects of
GATA3 can be associated with deregulation of three
genes, BCL2, DACHI, THSD4, which are involved
in cell differentiation processes [47]. The GATA3-de-

pendent subgroup is not numerous, it was revealed in
11.63% of cases, but, like the cyclin one, it is char-
acterized by an extremely unfavorable prognosis.
Nevertheless, the prognosis of OS is somewhat better
than in the cyclin subgroup (LRC: p = 0.03499; CMC:
p =0.03207; GW: p =0.03168), but RFS does not sig-
nificantly differ in these subgroups (LRC: p =0.07207;
CMC: p = 0.06628; GW: p = 0.06266). At the same
time, OS and RFS were significantly lower in compar-
ison with embryonic-like (LRC: p = 0.00824; CMC:
p =0.00723; GW: p =0.00649 and LRC: p = 0.00948;
CMC: p = 0.00813; GW: p = 0.00689, respective-
ly ), inflammatory-like (LRC: p = 0.00809; CMC:
p =0.00749; GW: p =0.00582 and LRC: p = 0.00942;
CMC: p = 0.00765; GW: p = 0.00667, respective-
ly), matrix subgroups (LRC: p = 0.00784; CMC:
p =0.00689; GW: p =0.00381 and LRC: p = 0.00935;
CMC: p = 0.00749; GW: p = 0.00648, respectively).

The last subgroup was characterized by combined
amplification of the FIPILI, CHIC2, PDGFRA, KIT
and KDR genes. The FIPILI gene encodes a protein
performing polyadenylation of the 3’'end of pre-mRNA
[48]. PDGFRA encodes a type A thrombocyte growth
factor receptor, a tyrosine kinase cell membrane re-
ceptor that has pronounced mitogenic effects through
the activation of the RAS/RAF/MAPK cascade [49].
The product of the KIT gene, c-kit protein, is a tyro-
sine protein kinase that acts as a cell surface receptor
for KITLG/SCF cytokines and plays a significant role
in the regulation of cell survival and proliferation, he-
matopoiesis, and maintenance of stem cells, as well
as their migration. Moreover, like PDGFRA, the c-kit
realizes a significant part of its effects through the ac-
tivation of the RAS/RAF/MAPK tyrosine kinase cas-
cade [50]. In this regard, conditionally this subgroup
can be called tyrosine kinase. It was detected in 1.58%
of cases.

The tyrosine kinase subgroup is characterized by
similarities in both OS and RFS with the GATA3-de-
pendent subgroup, and the statistical criteria do not
reveal significant differences between the subgroups
in these indicators (LRC: p = 0.37488; CMC: p =
0.28652; GW: p = 0.25913 and LRC: p = 0.34975;
CMC: p =0.27728; GW: p = 0.25105, respectively).

DISCUSSION

Thus, according to the results of our analysis, 7
molecular subgroups of anaplastic astrocytomas were
identified that differ in their cytogenetic profile, as
well as different prognosis and features of mutational
changes. Embryonic and inflammatory-like subgroups
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are the most frequent and occur in 21.67% and 18.51%
of cases, respectively. The deletion subgroup makes
up a total of 17.49% of cases, the matrix subgroup
consists of 14.79% of cases, the cyclin subgroup with
14.33% of cases and the GATA3-dependent subgroup,
which occurs in 11.63%, are located nearby. The rar-
est is the tyrosine kinase subgroup, as it is detected in
only 1.58% of cases. The worst prognosis is observed
in the cyclin subgroup, a relatively poor prognosis is
revealed in the GATA3-dependent and tyrosine kinase
subgroups, the middle prognosis in the embryonic, in-

'y

Tyrosine kinase

subgroup

flammatory-like and matrix subgroups, the best prog-
nosis is found in the deletion subgroup (Fig. 2).

What can be responsible for such inter-tumor het-
erogeneity within the framework of one nosological
unit? We can try to trace the potential pathways for
the occurrence of genetic diversity of anaplastic as-
trocytomas by examining the currently available lit-
erature data on the carcinogenesis of gliomas and by
sketching a possible pathway for the progression of
these tumors.

The earliest and most important mutational event

Embryonic-like
subgroup

.Inﬂammatory-l:
like subgroup

Deletion
subgroup
| L]
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Fig. 2. The correlation of different subgroups according to the degree of tumors aggressiveness and the frequency of

occurrence. The increase in the degree of tumor aggressiveness in each subgroup is the higher, the higher this subgroup is

located relative to the ordinate axis. The prevalence of molecular subgroups is shown on the abscissa as a percentage of the
total number of cases analyzed

in anaplastic astrocytomas is the mutation of the /IDH I
gene [51]. This event primarily affects neuronal stem
cells, which may be the primary tissue source of the
tumor [52]. However, tumor cells can follow different
paths under the influence of many factors, including
genetic and epigenetic constitutional features and sto-
chastic effects in gene expression, leading to the emer-
gence of not only inter-tumor, but also intratumoral
heterogeneity. Various types of cells arise; in par-
ticular, three principal cell populations appear in the
composition of anaplastic astrocytoma: astrocyte-like
cells, oligodendro-like cells and progenitor cells with
stem properties [19]. It is curious that amplification
of the PDGFRA gene acts as a marker genetic event
for oligodendro-like cells, the content of which is
extremely low in anaplastic astrocytomas. In the co-
hort analyzed, within the framework of this study, the
tyrosine kinase subgroup, for which this also serves

as one of the marker events, is extremely rare. In our
study, the worst prognosis was observed in patients
whose tumors belong to the cyclin subgroup, which
is characterized primarily by deregulation of cell
cycle proteins. It is curious that similar changes in
the application of single-cell technologies are found
in tumor glioma cells, called mesenchymal-like cells.
This type of cell practically does not occur in classical
anaplastic astrocytomas and is more characteristic of
glioblastomas, for which a higher degree of malignan-
cy is typical.

Thus, the tumor cell subclones within the same tu-
mor create the mosaic picture that is assembled into a
single molecular tumor pattern, which served as the
basis for the selection of subgroups in our study. Dif-
ferences in the details of this mosaic can produce dif-
ferent molecular subtypes of anaplastic astrocytomas.
Each subtype will have different biological properties
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and different aggressiveness, which is reflected in the
prognostic aspects.

CONCLUSION

Diffuse glial tumors are a difficult problem both
in fundamental and in clinical terms. The significant
heterogeneity of the molecular properties of anaplastic
astrocytomas affects not only the rate of progression
of the pathological process, but also the effectiveness
of different types of treatment. Moreover, such hetero-
geneity is a reflection of the individual characteristics
of the tumors in each individual patient. Consideration
of such features is extremely important for the deve-
lopment of truly effective personalized approaches to
the diagnosis and treatment of such patients. Mole-
cular clustering of tumors will not only optimize the
prognosis of treatment outcomes, but also create inno-
vative formats for targeted, precise therapy within the
framework of the concept of personalized medicine.
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Adiponectin and insulin: molecular mechanisms of metabolic disorders
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ABSTRACT

Adiponectin, the most common plasma adipocytokine, plays a crucial metabolic and anti-inflammatory role. With
insulin resistance associated with obesity, an increase of adiponectin concentration, which leads to the activation of
signaling pathways involved in the regulation of metabolism, occurs. Currently, adiponectin is being investigated
as a potential therapeutic target for metabolic syndrome, although more research is required to understand the
underlying mechanisms controlling its levels. In this review, we will examine the main mechanisms that control
adiponectin levels in blood serum and its role in insulin-sensitizing effect, as well as evaluate the potential use of
adiponectin and its receptors as a potential therapeutic target.
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PE3IOME

AI[I/IHOHGKTI/IH — caMbIit pacnpocrpaHeHHLIﬁ AIUIIOIUTOKHWH B IJIa3ME KPOBH, KOTOpBIﬁ UrpacTt KpUuTH4CCKyro
MeTa6OJ’lH'~IeCKy}O 1 NIPOTHUBOBOCHAJIMUTEIBHYIO POJIb. HpI/I HWHCYJIMHOPE3UCTCHTHOCTH, CBSI3aHHOM C OXUPECHUEM,
MPOUCXOOUT YBEJIMYCHUE KOHLICHTPAIUN aJUIIOHEKTHHA, YTO IPUBOJAUT K aKTUBallU CUTHAJIbHBIX nyTeﬁ, y4yacTBYy-
OIUX B pETyIAIun MeTtabosnmusma. B HacCTOALEE BPEMA aAUIIOHEKTUH UCCIIEAYETCSA B Ka4C€CTBE HOTeHHHaﬂLHOﬁ
TepaHeBTH‘IeCKOﬁ MUIICHU JJIs1 MeTabO0JIMIECKOTO CUHApOMaA, XOTHA HGOGXOZ[I/IMBI JOIOJHUTECIIbHBIC UCCIICTIOBAHUA,
YTOOBI TIOHSATH OCHOBHEIE MEXaHU3MbI, KOHTPOJJIUPYIOIIUE YPOBECHL aJUIIOHCKTHHA B KPOBH. B stom 0630p€ MBI
npeacTaBuUM OCHOBHBIE MEXaHU3MbI, KOHTPOJIMPYIOIUE YPOBEHD aJIUIIOHEKTHHA B CHIBOPOTKE KPOBU, U €T0 POJIb B
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MHCYJHH-CEeHCUOMIN3UPYIOLIEM AeHCTBUY, a TAKXKE OLICHUM MOTEHIIMAIbHOE UCIIO0JIb30BAHUE aIUTIOHEKTHHA U €T0
pEeUenTopoB B KA4eCTBE MOTEHIIMAILHON TepaneBTUYECKOW MUILICHH.

KnaroueBblie cjioBa: ATUTIOHCKTHUH, UHCYJIUH, aAUTIOLUTHI, O KUPEHUE.

KOHq).]Il/lKT HHTEPECOB. ABTOpLI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq)III/IKTOB HUHTEPECOB,

CBA3aHHBIX C Hy6J’IPIKaIIPIeI71 Hacro;{meﬁ CTaTbHu.

Hcrounuk puHaHCHpOBaHUSA. ABTOPHI 3asBISIOT 00 OTCYTCTBUH (PMHAHCHPOBAHMUSL.

Jast nmtupoBanus: Yuacosa E.I',, I'py3nesa O.B., benuk E.B., [lputeBa FO.A. AIUITOHEKTHH U UHCYJIMH: MOJIe-
KYJISIpHBIE MEXaHU3MBI peallu3allid MeTabONMUeCKUX HapymeHnui. broanemens cubupckou meduyunsl. 2020; 19
(3): 188-197. https://doi.org: 10.20538/1682-0363-2020-3-188-197.

INTRODUCTION

Adiponectin is one of the most studied adipocyto-
kines. Since the discovery of adiponectin in adipose
tissue, it has been shown that it can be secreted in
skeletal muscle, osteoblasts, and lymphocytes [1, 2].
Nevertheless, adipose tissue remains the main source
of adiponectin in the serum, and its concentration
in the serum varies from 2 to 26 pg/ml, making up
> (0.01% of serum protein [3, 4, 5].

In the last few years, the relationship between
adiponectin and insulin has been widely studied
since the sensitizing effect of adiponectin on insulin
by binding to its receptors leads to the activation of
adenosine monophosphate-activated protein kinases
(AMPK), receptors activated by peroxisome prolifer-
ators (PPAR-0) and, possibly, other molecular ways
which have not been studied; therefore, it is neces-
sary to research it further. With insulin resistance (IR)
associated with obesity, the content of adiponectin
decreases, which leads to the activation of signaling
pathways that regulate metabolism [3, 4]. At the same
time, there is insufficient data on the effect of insu-
lin on the synthesis and secretion of adiponectin. This
review summarizes the latest findings on the effects
of insulin on serum adiponectin levels and discusses
the relationship between the adiponectin system and
IR. In addition, the possible use of adiponectin or
its receptors as a therapeutic target in cardiovascular
diseases (CVD) was considered.

THE PRIMARY STRUCTURE OF
ADIPONECTIN

Adiponectin is a glycoprotein [6] encoded by a single
gene transcript and consisting of 247 amino acids. It
has an N-terminal signal peptide (~28-32 amino acids)
followed by a hypervariable region (12 amino acids)

containing conservative amino acids necessary for
oligomerization and a collagen region containing 22
Gly-X-Y repeats where X and Y are most often proline,
isoleucine, or hydroxylisine (66 amino acids) and the
C-terminal globular domain, which makes up 55% (136—
137 amino acids) of the total number of amino acids
[7]. Interestingly, the globular domain of adiponectin
is a structural homolog to TNFa. However, despite the
structural homology, there are not so many homologous
sequences, with the exception of the four conservative
residues responsible for maintaining structural folds. The
collagen domain of adiponectin has a common homology
with the complement protein Clq [7]. Thus, adiponectin
belongs to the paralogous protein family known as C1Q/
TNF-linked proteins or CTRPs [7].

MULTIMERIC FORMS OF ADIPONECTIN
(OLIGOMERIZATION)

Serum adiponectin exists in several oligomeric
complexes: trimer (LMW or low molecular weight
form), hexamer (MMW or medium molecular weight
form), and a 12- or 18-measure form (HMW or high
molecular weight form) [7, 8]. In addition to these
forms of adiponectin, there is a small form called gAd
(globular adiponectin). The gAd mainly consists of
3 C-terminal globular domains held together by the
strong hydrophobicity of the inner trimmer core [8].
It has been suggested that the HMW-adiponectin can
also serve as a form of gAd storage that can be ob-
tained from HMW [9].

The existence of multiple oligomeric structures
contributes to the multifaceted activity of adiponec-
tin, so that different oligomers act on different target
tissues with diverse biological effects. The HMW adi-
ponectin acts on liver and reduces the level of glucose
in the blood serum, while the LMW or MMW adi-
ponectin does not have similar effects [10]. The HMW
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oligomer is necessary for the sensitizing effect of ad-
iponectin on insulin by inhibiting gluconeogenesis in
the liver [7]. On the other hand, gAd enhances fatty
acid oxidation and insulin sensitization in skeletal
muscles [11, 12]. In cultured myotubes, C2C12 HMW
and MMW adiponectin activate NF-kB; while the tri-
mer form activates AMPKa. [13, 14]. On the contrary,
Hada et al. showed that HMW adiponectin binds well
to the membrane fraction of C2C12 muscle tubes [15].
In the central nervous system, HMW oligomers (large
sizes) do not cross the blood-brain barrier. Thus, the
main actions of adiponectin are mediated only by tri-
mer and hexamer oligomers.

It is noteworthy that exogenous oligomers of adi-
ponectin do not undergo conversion in blood serum to
other oligomeric forms [16]. It has been proven that
the intracellular production of oligomers is crucial to
maintaining their serum ratio. Moreover, the affinity
of binding of various adiponectin oligomers to its re-
ceptors, as well as the tissue-specific distribution of
receptors, apparently contribute to the differentiated
action of adiponectin [17].

RECEPTORS OF ADIPONECTIN

AdipoR1 (Adiponectin Receptor 1) and AdipoR2
(Adiponectin Receptor 2) belong to the PAQR fami-
ly (family of progestin and adipoQ (adiponectin, C1Q
and collagen domain containing) receptors)), consist-
ing of 7 transmembrane domains similar to G-protein
coupled receptors (GPCR). However, unlike GPCR,
adipoR is not associated with the G-protein and has

an extracellular C-terminus and an intracellular N-ter-
minus [18]. Skeletal muscles are the main tissue ex-
pressing AdipoR1, and liver cells express primarily
AdipoR2. In addition, AdipoR1 and AdipoR2 bind
to oligomeric forms of adiponectin with different af-
finities, for example, gAd mainly binds to AdipoR1,
while full-sized adiponectin mainly binds to AdipoR2
[18]. Then, activation of intracellular signaling path-
ways occurs after binding to the receptor, which leads
to the appearance of various physiological effects.

PROTEINS INTERACTING WITH
ADIPONECTIN RECEPTORS

It is known that AdipoR 1 and AdipoR2 do not have
their own kinase/phosphorylating activity. Mutagene-
sis of intracellular tyrosine residues, which usually act
as initiator signaling residues in other receptors, does
not block adiponectin signaling [19]. So far, APPL1
(an adapter protein containing the homologous do-
main of plextrin), ERp46 (endoplasmic reticulum pro-
tein 46), Rackl (receptor for activation of C-kinase 1)
and CK2p (casein kinase 2f3) have been identified for
direct interaction with AdipoRs (Fig. 1).

APPL1 protein was identified as an adapter pro-
tein that binds to AdipoR, acting on both AdipoR1 and
AdipoR2 to facilitate intracellular signaling. Binding
of the ligand to AdipoR1 enhances the relationship of
AdipoR1-APPL1 [20]. Overexpression of APPL1 in
C2C12 muscle tubes increases the basal and adiponec-
tin-induced phosphorylation of AMPK, p38 and ACC
(acetyl-CoA carboxylase), which mediates the meta-

Insulin receptor Zidriponectin Adriponectin
AdipoR1 AdipoR2
YT T——
APPLT APPL1
IRS1/2 APPL1 T
Cerzmides €
Insulin-sensitizing effect
LKB1T
F38
g2 PPARa
AMPK
L 4
Insulin signaling l{.'/ \
PGC 1a mTOR

Disorder of carbohydrate and lipid metabolism Fatty acid
oxidation Insulin-sensitizing

Figure 1. Main intracellular signaling
pathways induced by AdipoR1 and
AdipoR2
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bolic functions of adiponectin. Accordingly, APPL1
knockout has been shown to inhibit AdipoR 1-mediat-
ed signaling [21].

APPL2 is an isoform of APPL1 with 54% se-
quence similarity and similar domain organization.
It acts as an inhibitor of APPL1 activity [22]. In addi-
tion, it is able to communicate with AdipoR through
its BAR (Bin/Amphiphysin/Rvs) domain. Transgen-
ic expression of APPL2 prevents the binding of AP-
PL1-AdipoR1, which occurs either by competition
of APPL1 for binding to AdipoR1, or by the forma-
tion of a heterodimer with APPL1, thereby inhibi-
ting the interaction of APPL1-AdipoR1. Suppres-
sion of APPL2 expression improves adiponectin-in-
duced fatty acid oxidation and glucose uptake [19].
APPL1 also enhances eNOS activation and NO
production in endothelial cells by blocking by di-
rect competition the compound Akt (a signal inter-
mediate in the signaling pathway of insulin with its
endogenous inhibitor 3 (TRB3)). In adipocytes and
muscle cells, APPL1 forms a complex with Akt2,
which dissociates when stimulated by insulin to reg-
ulate insulin-stimulated translocation of the GLUT4
membrane. APPL1 also facilitates the binding of
IRS1/2 to the insulin receptor.

INTERMEDIATE SIGNAL MOLECULES

LKB1 (liver bl-kinase): after activation by li-
gand-bound AdipoR1 in the cytoplasm, APPL1 in-
teracts and activates PP2A (phosphatase 2A protein).
Activated PP2A deactivates PKC (protein kinase C)
through dephosphorylation (threonine 410). PKC is
a serine/threonine kinase that phosphorylates LKB1
to serine (307) and promotes its nuclear transloca-
tion. Deactivation of PKC leads to the accumulation
of LKBI in the cytoplasm, and also increases its
interaction with APPLI1. In the cytoplasm, APPLI
binds LKB1 and phosphorylates AMPK [22].

CaMKK (calcium/calmodulin dependent ki-
nase kinase) has significant sequence and structural
homology with LKB1 [23]. There are two CaMKK
isoforms: CaMKKo and CaMKKQp. They are encod-
ed by two different genes and have 70% amino acid
sequence homology. Adiponectin has been shown to
enhance the production of cytoplasmic Ca?* either by
releasing Ca?* from the sarcoplasmic reticulum, or
by an extracellular influx of Ca?" [24]. Unlike LKBI,
CaMKK-mediated phosphorylation of AMPK de-
pends only on Ca?" [25]. In addition, in an experimen-
tal study performed on mice knocked out by AdipoR1,
Iwabu et al. demonstrated that binding of AdipoR1 to

the ligand induces Ca*" influx and activates CaMKKJ,
which leads to AMPK phosphorylation [26].

AMPK is a serine/threonine protein kinase, also
called a metabolic cell sensor. Functional AMPK pro-
tein is a heterotrimer consisting of a, B and y subunits.
The catalytic a subunit also has a threonine phospho-
rylation site (172), while - and y- subunits act as reg-
ulators. The o subunit has two options: al (is exclu-
sively cytoplasmic) and a2 (localized in the nucleus).
In addition to the kinases listed above (LKBI and
CaMKKQp), AMPK is also activated by allosteric bind-
ing of AMP, the cellular level of which increases in a
state of energy depletion [27].

Adiponectin induces AMPK activation in major
peripheral target tissues. AdipoR1-mediated phos-
phorylation of AMPK was shown to inhibit skeletal
muscle glycogen synthesis [28]. It is likely that the
inhibition is due to phosphorylation of glycogen syn-
thase to serine (7) only with AMPK a2 [29]. AMPK
can also phosphorylate and activate PGC1a, receptors
activated by peroxisome proliferators y-coactivated
la [30]. There are also data on an alternative path-
way for PGCla activation by adiponectin, including
deacetylation of PGCla through activation of sirtu-
in 1 (SIRT1). Subsequently, sirtuin 1-mediated acti-
vation of PGCla activates gluconeogenic genes and
hepatic glucose level, as well as PGCla-mediated
inhibition of glycolysis [31]. Activated CaMKK[f
can also activate PGCla independently of AMPK
[31]. In addition, activated PGClo enhances mi-
tochondrial biogenesis and mitochondrial respira-
tion, which consequently enhances muscle fatty acid
oxidation [31].

Activated AMPK also induces the translocation
of the insulin-dependent glucose transporter GLUT4
(type 4 glucose transporter) to the cell surface of
various cell types, including skeletal muscles, adipo-
cytes and cardiomyocytes, thereby increasing glucose
uptake, which is one of the insulin-sensitizing effects
of adiponectin. S.L. Torn et al. proposed a GLUT4
translocation model in which AMPK was activated
directly or via mTOR the AS160 inactivation pathway
(substrate for Akt protein kinase 160 kDa), similar to
the one transmitting insulin signals [32], thereby ini-
tiating GLUT4 translocation to the cell surface [33].
Moreover, through AMPK-mediated Rheb phospho-
rylation (Ras homolog), adiponectin inhibits the p70
S6 kinase, which is unable to phosphorylate serine
(302) and activate IRS1 (insulin receptor substrate 1).
Finally, this contributes to the insulin-sensitizing ef-
fect of adiponectin [34].
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The addition of various oligomeric forms of ad-
iponectin (HMW or LMW) to the culture medium
containing hepatocytes leads to a decrease in glucose
production in the medium due to transcriptional sup-
pression of G6P (glucose 6 phosphate) and PEPCK
(phosphoenolpyruvate carboxylase), which is respon-
sible for gluconeogenesis and glycogenolysis, respec-
tively, via the AMPK dependent mechanism [35]. In
addition, data appeared on the independent inhibition
of LKB1-AMPK gluconeogenesis [35].

AMPK signaling also activates autophagy by phos-
phorylation of Ulk1 (Unc-51-like kinase 1 or a kinase
that initiates mammalian autophagy) under conditions
of nutrient deficiency, i.e. serine (317) and serine
(777). Moreover, AMPK phosphorylates and thereby
deactivates mTOR (mammalian rapamycin target),
which is a known inhibitor of autophagy. In nutri-
ent-rich environments, mTOR inhibits the induction
of autophagy by phosphorylating serine (757) Ulkl,
thereby preventing AMPK binding and subsequent
activation of Ulkl [36]. Adiponectin was shown to
induce autophagy in an AMPK-dependent manner in
various cell types, including cardiomyocytes and ske-
letal muscle [37]. It also induces the differentiation of
vascular smooth muscle cells through AMPK-medi-
ated inhibition of the mTOR complex [38]. It is note-
worthy that autophagy is an important mechanism for
the differentiation of cells of various types [38].

p38 MAPK: APPL1 acts as an anchor for
adiponectin-mediated activation of the p38 MAPK
pathway. In experimental studies, it was shown that
p38-MAPK and signal components of the cascade
were combined using APPL1. Under basal condi-
tions, TAK1 (transforming growth factor p-activated
kinase) is found with APPL1, while MKK3 (MAP
kinase-3) and p38 MAPK remain weakly bound to
APPL1 [38]. Adiponectin-activated APPL1 further
activates TAK1, and subsequently a complex consist-
ing of MAPK AdipoR1, APPL1, TAKI1, MKK3 and
p38 is formed. Activated TAK1 then phosphorylates
MKK3, which in turn phosphorylates p38 MAPK.
After phosphorylation, MKK3 and TAK1 dissociate
from APPL1, and TAK1 activity rapidly decreases.
TAKI1 can also directly phosphorylate AMPK. It was
also shown that activated p38 MAPK has an antilipo-
genic effect on muscles [40].

PPAR activates ACO (acetyl CoA oxidase) and
UCPs (uncoupling proteins), which ultimately pro-
motes the fatty acid oxidation and increased energy
expenditure in skeletal muscles [41]. PPARa signal-
ing increases the sensitivity of hepatic insulin and

therefore improves glucose uptake in the liver [41].
PPAR-mediated signaling also activates catalase and
SODI1 (type 1 superoxide dismutase) in hepatocytes,
which additionally contributes to the insulin-sensitiz-
ing effect of adiponectin in the liver by reducing oxi-
dative stress [41]. On the other hand, PPARy, which
induces adiponectin expression in adipose tissue, is
also activated by adiponectin [41].

INSULIN-SENSITIZING EFFECT OF
ADIPONECTIN

Adiponectin has a sensitizing effect on insulin and
other beneficial metabolic effects, inhibiting hepatic
gluconeogenesis and enhancing fatty acid oxidation
by activating AMP-activated protein kinase (AMPK)
and proliferator-activated peroxisome o receptor
(PPARa) [42, 43], as well as inhibition of acetyl-coen-
zyme A-carboxylase (ACC) in the liver and muscles
[44]. Moreover, its anti-inflammatory effect is due to
a decrease in the migration of macrophages and foam
cells through the vascular wall and the polarization of
macrophages [44]. A study by Fu et al. showed that
overexpression of adiponectin in adipocytes increas-
es insulin sensitivity by modulating proliferation,
differentiation, and lipid accumulation [45].

With obesity, there is an active growth in adipose
tissue: hyperplasia and hypertrophy. In response to
energy balance, adipocytes produce and secrete vari-
ous peptides. Studies have shown that adiponectin is a
potential key mediator of glucose homeostasis in obe-
sity and IR [46]. However, the autocrine actions and
functions of adiponectin for adipocyte insulin signa-
ling and glucose transport are not fully understood. In
an experimental study, Chang et.al added insulin to a
culture medium containing adipocytes, which induced
a decrease in adiponectin mRNA expression [47]. In
turn, adiponectin deficiency in the culture medium led
to a decrease in insulin-stimulated glucose uptake and
a decrease in the activation of AMPK in insulin-sen-
sitive adipocytes.

At present, it is known that IRS proteins are of the
greatest importance for insulin signal transmission;
IRS-1 and IRS-2 are expressed in almost all types of
cells and tissues [43]. IRS-1 mediates the regulatory
effects of insulin on peripheral metabolic and growth
processes, while IRS-2 is more responsible for the
central effects of insulin, including control of differen-
tiation and growth of neuronal cells, central regulation
of eating behavior, glucose homeostasis and endo-
crine functions. It has been proven that a decrease in
the content of IRS-1 is associated with IR and T2DM
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[48]. In addition, Yamauchi et al. found that admin-
istration of globular adiponectin to lipotropic mice
improved insulin sensitivity by enhancing the insu-
lin-stimulated tyrosine phosphorylation of IRS-1 [43].
In C2C12 myotubes, adiponectin treatment reduces
the IRS-1 phosphorylation to serine (636/639), which
inhibits the subsequent insulin-stimulated IRS-1 tyro-
sine phosphorylation using the insulin receptor. It was
proved that the presence of IR leads to a change in the
expression of GLUT4 in the plasma membrane and in-
tracellular compartments of adipocytes with a deletion
of the adiponectin gene [49].

AKT (protein kinase B), the next target for insulin
signaling in the cell, also causes various metabolic
effects mediated by insulin, and AKT activity has
been shown to decrease markedly in T2DM [50]. In
their study, Chang et al. showed that the addition of
insulin to a culture medium containing adipocytes is
accompanied by activation of AKT. However, the
adiponectin deletion did not lead to further AKT ac-
tivation compared to control cells transfected with
siRNAs (a double-stranded RNA class, 20-25 nucle-
otides long) [47].

These results suggest that AKT signaling is not
involved in adiponectin-induced reduction in insu-
lin-stimulated glucose transport. GLUT 4 plays a key
role in this process, which is involved in the clearance
of glucose, and GLUT1 plays a secondary role, main-
ly for glucose uptake during non-insulin stimulation
[50]. In IR conditions, including obesity and T2DM
(type 2 diabetes mellitus), the expression of GLUT4 in
adipocytes decreases [50]. Overexpression of GLUT4
in adipose tissue leads to an increase in glucose toler-
ance [50].

It should be noted that the expression of AdipoR1/
R2 in insulin target tissues appears to be inversely
correlated with plasma insulin levels, since insulin
negatively regulates adiponectin receptor expression
levels via the PI3 kinase/Foxol pathway. Thus, it is
both AdipoR1/R2 agonism and strategies to increase
AdipoR1/R2 that can be logical approaches to pro-
vide a new method for the treatment of IR and T2DM,
as we have shown that in patients with visceral obe-
sity in the late post-infarction period manifestation of
T2DM [52].

It is also known that adiponectin indirectly regu-
lates insulin sensitivity by modulating immune re-
sponses. It is noteworthy that adiponectin has an anti-
apoptotic effect on cardiomyocytes and B-cells of the
pancreas and reduces oxidative stress in endothelial
cells [43]. Despite these well-known endocrine effects

of adiponectin, its autocrine/paracrine effects are still
to be further researched. For example, adiponectin
reduces ceramide in the liver by enhancing their ca-
tabolism and the production of the antiapoptotic me-
tabolite sphingosine-1-phosphate (S1P), thereby im-
proving insulin sensitivity, inhibiting inflammation.
However, the role of adiponectin in controlling fatty
ceramides is unclear. Overexpression of adiponectin
in the adipose tissue of ob/ob mice reduces the thick-
ness of AT and systemic inflammation and promotes
the accumulation of fat in subcutaneous fatty depo-
sits, including smaller adipocytes, which leads to im-
proved sensitivity to systemic insulin and pancreatic
B-cell survival [43]. However, the physiological effect
of endogenous adiponectin derived from adipocytes
on AT is not known.

When studying the molecular mechanisms un-
derlying the insulin-sensitizing effect of adiponectin,
there is growing evidence that adiponectin activates
intracellular signaling pathways by activating AMPK
and p38MAPK in skeletal muscle cells [53]. Stimu-
lation of glucose utilization and fatty acid oxidation
by adiponectin is mediated by AMPK and p38MAPK
[44]. An increased expression of AMPK in C2C12
myotubes reduces the insulin-sensitizing effect of
adiponectin [44]. In addition, blocking of the AMPK
pathway inhibits adiponectin-induced insulin-sensi-
tizing effects [54]. Thus, at present, the insulin-sen-
sitizing effects of adiponectin have been studied only
on peripheral tissues such as muscles and liver. It has
been proven that a deletion of the adiponectin gene im-
pairs insulin signaling simultaneously with a decrease
in AMPK activation in insulin-sensitive, but not in-
sulin-resistant, adipocytes. However, the autocrine ef-
fects of adiponectin on glucose uptake by adipocytes
and insulin signaling have not been fully elucidated.

ADIPONECTIN AND ITS RECEPTORS AS A
THERAPEUTIC TARGET IN CVD AND T2DM

Several strategies are considered to enhance the
beneficial effects of adiponectin, including increa-
sing both its plasma level and its activity. The levels
of circulating adiponectin can be increased either by
directly using exogenous adiponectin, for example,
by injection, or by increasing endogenous adiponectin
through treatment. Due to a high level of circulating
blood and multimeric conformations of adiponectin,
the direct use of exogenous adiponectin is difficult.
Thus, increasing the level of endogenous adiponectin
through the use of pharmacological agents, nutraceu-
tical compounds and lifestyle modifications remains
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the best option. Pharmaceutical products effective to
increase circulating adiponectin include PPAR-a thi-
azolinedione (TZD) agonists, renin-angiotensin inhi-
bitors such as angiotensin converting enzyme inhib-
itors (ACE inhibitors) and angiotensin II receptor
blockers (ARBs) [55, 56].

In addition, the effect of statins is being actively
discussed, and so recently we have shown that early
use of statins in patients with MI leads to a significant
increase in adiponectin levels and the adiponectin/
leptin ratio, which is considered as a favorable effect
of atorvastatin, which helps to reduce adipokine im-
balance, normalize lipid exchange and reduce IR [57].

Among nutraceutical compounds, fish oil, linole-
ic acid, green tea extract, polyphenol resveratrol and
osmotin, a representative of plant defense proteins,
have recently been identified as potential adiponectin
receptor agonists that can increase the concentration
of adiponectin [58]. In addition, weight loss or physi-
cal activity can increase adiponectin levels, especially
among people with obesity or diabetes [58].

An alternative approach to enhancing the beneficial
effects of adiponectin is to enhance its transmission
through compounds that may affect AdipoR. Treat-
ment with PPARY agonists, such as pioglitazone and
rosiglitazone, increases plasma adiponectin levels and
also increases insulin sensitivity in patients with IR
and diabetes [58]. In addition, treatment with piogli-
tazone increases plasma adiponectin levels. Lin et al.
showed that administration of rosiglitazone increases
adiponectin mRNA levels in differentiated 3T3-L1
adipocytes for 1 day [59].

It has also been shown that insulin negatively reg-
ulates the HMW adiponectin complex. Accordingly,
thiazolidinedione (TZD) mediated improvement in
insulin sensitivity correlated with HMW concentra-
tion of adiponectin [59]. Although TZD is a widely
used class of antidiabetic drugs, most patients do not
show an improvement in insulin sensitivity [49]. The
mechanism by which TZD stimulates an increase in
adiponectin levels is unknown, but the secretory path-
way of adipocytes appears to be the main site of ac-
tion.

Pharmacological activation of AMPK by met-
formin has therapeutic potential for eliminating meta-
bolic disorders, such as T2DM and non-alcoholic fatty
liver disease. AMPK directly phosphorylates enzymes
and transcription factors involved in the absorption of
glucose and fatty acids and their mitochondrial me-
tabolism by switching catabolic pathways [60]. It also
disables the synthesis of glucose, glycogen and lipids

in the liver through anabolic pathways and promotes
the absorption of glucose in the muscles. It is also re-
ported that metformin improves insulin sensitivity by
activating AMPK, thereby inhibiting the synthesis of
fatty acids and triglycerides and promoting fat oxida-
tion [61].

CONCLUSION

Over the last few years, adiponectin has been of
greatest clinical interest due to its positive regulatory
effect in certain conditions, including IR. Some of the
problems associated with the molecular and cellular
mechanisms underlying the functioning of the insu-
lin-adiponectin system can be taken into account as
potentially useful in the development of new phar-
macological approaches. Further study of the effect
of insulin on adipokines is needed to fully elucidate
the molecular mechanisms of biosynthesis, secretion
and signal transduction and their potential therapeu-
tic value.
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Emergency roentgen-endovascular clot aspiration in cardioembolic stroke
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ABSTRACT

A case report of successful intravascular aspiration in a patient with acute cardioembolic stroke is presented.
Non-occlusive critical thrombosis of the extracranial segment of the left internal carotid artery with distal total
embolization of the medial cerebral artery was verified. During the intervention, the dislocation of thrombotic
masses into the supraclinoid segment occurred.

Key words: atrial fibrillation, cardiac embolism, ischemic stroke, cerebral angiography, thromboembolism,
thrombectomy, internal carotid artery.
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Case clinical practice

PE3IOME

IpencraBieHO KIMHUYIECKOE HAOIIONCHNE YCIIEIIHON BHYTPHCOCYAUCTON aCIIMpPAINH y TAI[HEHTa C OCTPHIM HIIle-
MHYECKHIM HHCYIBTOM KapAHO3MOOIIIECKOTro TeHe3a. BepuduipoBan HEOKKITIO3UBHBIN KPUTHIECKHI TPpOoMO03
HKCTPAKPAaHHAIBHOTO CETMEHTA JIEBOW BHYTPEHHEH COHHOI apTepuH C AWCTAIBHOM TOTaIbHOW SMOONM3anment
cpenHelt MO3roBoif apTepun. B xoze mpoBeieHns BMEIIaTeNbCTBA MPOU30IIIIA JUCIOKAIMS TPOMOOTHUECKHX Mace
B CYNPAaKIMHOMIHBIA CETMEHT.

KunroueBble cioBa: GuOpmmisius npencepauid, KapauodMO0insl, HIIEMUYECKUI HHCYIIBT, BHYTPEHHSSI COHHAsI
apTepHs1, TPOMOOACTINPAIIHS, TPOMOOIKCTPAKIIHS.

KonpaukT nHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HaCTOSIIEeH CTaThU.

HUcTounuk (lmHchnpOBa}mn. ABTOpI)I 3asBJISIOT 00 OTCYTCTBUU (bHHaHCHpOBaHI/Iﬂ.

Jast uurupoBanmsi: AramanoB C.A., Menbuuk A.B., Kpammn A.U., KopoGeitnukos U.B., I'puropses E.I'. Heot-
JIO’)KHAsI PEHTTEHIHIOBACKYJISIpHAS TPOMOACTIUpaIMs IPU UIIEMHUYECKOM KapAH0dIMOOINYECKOM HHCYIbTE. brosi-
snemens cubupckot meouyunst. 2020; 19 (3): 198-203. https://doi.org: 10.20538/1682-0363-2020-3-198-203.

INTRODUCTION

Stroke remains one of the leading causes of death
worldwide, being only slightly behind coronary heart
disease. Disability, rehabilitation costs, loss of social ac-
tivity and work capacity are factors that strike both the
patient’s family and the economy of the state as a whole.

Annually in the United States, about 800,000
strokes are recorded, in the European Union there
are about 1,000,000 [1], and in Russia, more than
450,000. Ischemic stroke accounts for 80% of them.
Elimination of acute thrombogenic occlusion of the
intracranial artery as a cause of cerebral infarction is
the main goal of endovascular intervention [2], and
introduction of intravascular methods for treating
ischemic stroke (IS) in the last decade has led to a de-
crease in mortality from acute ischemic cerebrovascu-
lar accident (CVA) of cardioembolic or atherothrom-
botic genesis [1].

Restoration of blood flow through a stroke-depen-
dent artery at the early stages provides reduction of the
infarction area due to preservation of the penumbra,
the zone of damage to the brain matter. The immedi-
ate outcome of patient’s rehabilitation depends on this
restoration [3].

Intravenous thrombolytic therapy (ITT) is recom-
mended as a standard method of treatment in the ab-
sence of contraindications in the acute period of IS [4,
5]. Thrombolysis within 4.5 hours from the onset of
clinical manifestations significantly improves the out-
come of the disease [6].

Endovascular contact (aspiration) thromboex-
traction and mechanical thrombectomy (MTE) are
modern methods of treating IS contributing to rapid

recovery of patients and reducing the risk of an unfa-
vorable outcome.

CLINICAL CASE

A 64-year-old patient was delivered by an ambu-
lance team to the Irkutsk Regional Clinical Hospital
with the acutest stage of ischemic stroke, 1 hour 45
minutes after the onset of clinical manifestations. Ex-
amination by a neurologist revealed right-sided hemi-
paresis, aphasia, and stupefaction. Medical history in-
cluded persistent atrial fibrillation and irregular intake
of anticoagulants.

Computed tomography (CT) of the brain was per-
formed, including CT angiography. According to clin-
ical guidelines, blood was taken to perform a set of
emergency laboratory tests.

CT angiography showed thrombosis of the M1 seg-
ment of the middle cerebral artery (MCA) on the left,
critical stenosis with signs of an ulcerated plaque in
the initial segment of the internal carotid artery (ICA)
on the left with a loss of lumen up to 90%, and occlu-
sion of the external carotid artery on the left (Fig. 1).

The assessment of early signs of cerebral ischemia
according to the Alberta Stroke Program early com-
puted tomography scale (ASPECTS) [7] reached 8§
points. The total score according to the National Insti-
tutes of Health Stroke Scale (NIHSS) was 19, accord-
ing to the Glasgow Coma Scale, it was 10—14 (moder-
ate to severe stupefaction). The index according to the
modified Rankine scale was 5 (dramatically impaired
vital activity, the patient is bedridden and constantly
needs assistance of medical personnel).

The main vital signs were assessed: the level of
blood pressure, heart rate, and an ECG was performed.
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a b

Fig. 1. CT angiogram upon admission: occlusion of the M1 segment of the middle cerebral artery (arrow, a); clot in the
internal carotid artery (arrow, b); 3D reconstruction, occlusion of the M1 segment of the middle cerebral artery and clot in
the internal carotid artery (arrows, c)

The principal diagnosis: ischemic (probably cardi-
oembolic) stroke in the MCA basin on the left; ath-
erosclerosis of the cerebral vessels; hypertensive dis-
ease, stage 3-1, risk 4; severe right-sided hemiparesis;
aphasia; stupefaction. Secondary diagnosis: ischemic
heart disease; persistent atrial fibrillation; hyperten-
sion, stage 3, risk 4.

Taking into account the clinical data and the re-
sults of X-ray and laboratory studies (the internatio-
nal normalized ratio of 1.5; VTT is contraindicated),
it was decided to carry out endovascular reperfusion.
The patient was delivered to the interventional radiol-
ogy suite.

Puncture of the femoral artery was performed
3 hours after the onset of clinical manifestations of
IS. After insertion of the 8F-introducer, under intra-
venous sedation, polypositional carotid angiography
was performed on the left. Common carotid artery
(CCA) was without pathology. External carotid ar-
tery showed occlusive thrombosis. In the projection
of the initial extracranial segment of the ICA from the
orifice, non-occlusive 18 x 5 mm thrombosis with a
loss of arterial lumen up to 90% was visualized (blood
flow according to the arterial occlusive lesion (AOL)
score was 1). Pronounced tortuosity of the extra- and
intracranial segments of the ICA was detected without
stenotic-occlusive lesions. The blood flow through the
anterior cerebral artery (ACA) was without changes.
Occlusive thrombosis of the M1 segment of the MCA
was visualized (AOL score — 0). There were no visible

collaterals in the ischemic zone (collateral flow grad-
ing system — 0).

It was decided to perform contact thromboaspi-
ration (CTA) under endotracheal anesthesia. Blood
pressure was 140—150 mm Hg. A Neuron MAX guid-
ing catheter (Penumbra, USA) was placed in the left
CCA. An ACEG68 reperfusion catheter (Penumbra)
and a 3MAX microcatheter (Penumbra) were passed
to the ICA thrombosis using a Fielder FC coronary
guide wire (Asahi). After removing the microcath-
eter and the guide wire, the aspiration catheter was
fixed at the blood clot and connected to the Penumbra
MAX pump. Aspiration took place for 5 min. The
catheter was removed, no thrombotic masses were
produced. Control angiograms showed displacement
of the blood clot into the supraclinoid segment of the
ICA. ACA and MCA on the left are not contrasted
(Fig. 2).

A triaxial system was installed in the ICA, an as-
piration catheter was passed to the clot, and double
thromboaspiration (up to 4 min) was performed from
the supraclinoid section of the ICA. During the second
attempt, a clot up to 4 cm long was aspirated (Fig. 3).

Control carotid angiography revealed restoration
of blood flow along the ICA and ACA. MCA was oc-
cluded in MI. Intravascular thromboaspiration was
performed from the MCA basin (M1) for 4.5 minutes.
A blood clot up to 7 cm long was aspirated. Control
angiograms showed complete restoration of blood
flow in the ICA, ACA, and MCA on the left (AOL
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score — 3, mTICI scale — 3). There was no extravasa-
tion of the contrast, and the venous phase of contrast-
ing occurred in a timely manner (Fig. 4).

Blood pressure at the time of recanalization was
110-115 mm Hg. The time from the onset of IS to
complete restoration of blood flow in the basin of the
left internal carotid artery was 4 hours 47 minutes.

The patient was transferred to the intensive care
unit and extubated 15 hours later. The patient’s status

b we vl /g8 ‘ s < '\’:?1 0 b_s b | ‘.“
Fig. 2. Initial carotid angiography on the left, clot in the
internal carotid artery and occlusion of the M1 segment
of the middle cerebral artery (arrows, a); displacement of
a clot in the internal carotid artery into the supraclinoid
section of the internal carotid artery (arrow, b)

Fig. 4. Carotid angiography on the left after thrombo-
aspiration from the M1 segment of the middle cerebral
artery on the left (a); aspirated clot (b)

was adequate and he was available for contact. Speech
disorders included dysarthria and elements of aphasia
with pronounced regression. Right-sided hemiparesis
decreased to moderate.

CT was performed: hemorrhagic transformation
in the area of the basal nuclei on the left (size 14 x
13 mm), manifestation of cerebral atherosclerosis and
dyscirculatory encephalopathy, external and internal
hydrocephalus (Fig. 5).

Fig.3.Carotidangiography ontheleftafterthromboaspiration
from the supraclinoid section of the internal carotid artery
(a); aspirated clot (b)

=
A weidh

Fig. 5. CT scan 1 day after endovascular thromboaspiration.
The focus of hemorrhagic transformation (arrow)
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After 3 days the patient was transferred from the
intensive care unit to the hospital. At the time of dis-
charge, no speech disorders were detected. Moderate
right-sided hemiparesis was observed. The total score
according to the NIHSS Stroke Severity Scale was 7.
The index according to the modified Rankine scale
was 3.

DISCUSSION

The cardioembolic type of acute cerebrovascular
events makes up to 20% of all transient ischemic at-
tacks and 12-31% of all IS. The main risk factors for
cardioembolic strokes are atrial fibrillation and myo-
cardial infarction [8, 9].

In the presented clinical case of a patient with atrial
fibrillation against the background of irregular intake
of anticoagulants, an acute cerebrovascular event de-
veloped, which made it possible to suspect the cardi-
oembolic nature of IS. The hypothesis was confirmed
by the results of CT angiography, where both occlu-
sion of the external carotid artery and tandem lesion of
the ICA (non-occlusive thrombosis in the initial sec-
tion with distal total MCA embolization) were found.
Taking into account the therapeutic window, it was
decided to perform reperfusion of the target artery. In
the presence of contraindications to ITT, on the one
hand, and low efficiency of ITT with cardioembolic
lesions, on the other, endovascular reperfusion is the
most substantiated method.

Endovascular thrombectomy should be performed
by experienced interventional radiologists in an ope-
rating room equipped with the necessary angiograph-
ic equipment and supplies. Endotracheal anesthesia
is often required. During the intervention, a hard-to-
stop spasm of the carotid artery may occur along with
a need for its dissection and fragmentation of a clot
with distal embolization and aggravation of neurolog-
ic deficit.

To date, two most well-studied methods of endo-
vascular reperfusion in IS are contact thromboaspi-
ration and mechanical thrombectomy (MTE). MTE
showed the most promising results when using the
Solitaire FR (EV3, USA) and Trevo Pro (Stryker,
USA) stent retrievers. No significant differences were
established between the Penumbra thromboaspiration
system and stent retrievers [10].

In the “Trevo versus Merci retrievers for throm-
bectomy revascularization of large vessel occlusion
(TREVO-2)” study, the Trevo stent retriever achieved
TICI 2-3 recanalization rate in 86% of cases, and a
good clinical outcome after 90 days was noted in 40%

of patients with 90-day mortality of 34.1% [4, 11].
The use of the Penumbra aspiration system in a clin-
ical trial allowed for recanalization of the obstructed
artery to TIMI 2-3 rate in 87% of cases with a good
clinical outcome after 90 days in 41% of patients and
a mortality rate of 20% [2, 12, 13].

At the initial stage, the tactics of contact throm-
boaspiration with the use of a Penumbra large-bore
aspiration catheter was chosen (the unit has neces-
sary tools for performing mechanical thrombectomy,
including a balloon guide catheter). After the cathe-
ter was passed through to the clot and aspiration was
performed, a complication arose: dislocation of the
clot with total occlusion of the supraclinoid segment.
It is possible that MTE with a stent retriever against
the background of reverse blood flow using a balloon
catheter made it possible to perform the intervention
more effectively at the initial stage. However, anoth-
er strategy was chosen. At the same time, after three
additionally performed sessions of thromboaspiration,
complete restoration of cerebral blood flow in the left
carotid basin was achieved with regression of neuro-
logic deficit and restoration of the main vital functions.

CONCLUSION

The presented clinical case demonstrates the like-
lihood of dislocation of thrombotic masses during
contact thromboaspiration in patients with compli-
cated tandem lesions of ICA. Only multiple, sequen-
tial thromboextractions can help restore the main
blood flow.
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Optimization of immunosuppressive therapy during the third kidney
transplant in the early postoperative period. Clinical observation
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ABSTRACT

The choice of immunosuppressive therapy is determined by the degree of sensitization to the histocompatibility
gene complex on chromosome 6 (HLA). The risk of rejection in the early periods after surgery increases for the pa-
tients with repeated kidney transplantation. Optimizing immunosuppressive therapy is the only way to prolong the
life of a patient with a terminal stage of chronic renal failure. umoctu Ha 6-it xpomocome (HLA). The analysis of a
clinical case of a 47-year-old patient who was undergoing treatment at the N.V. Sklifosovsky Scientific Research
Institute of Emergency Medicine after the third allotransplantation of a cadaveric kidney in 2016 was performed.
The patient was diagnosed with chronic glomerulonephritis (IgA-nephropathy) chronic end-stage renal failure; in
the early postoperative period, in addition to basic immunosuppression, anti-lymphocytic polyclonal antibodies
were prescribed in combination with plasmapheresis sessions for the treatment and prevention of acute rejection
crisis in the early postoperative period. For the first time, in order to prevent the development of an acute rejection
crisis and minimize infectious complications of immunosuppressive therapy in the recipient after the third kidney
transplant, plasmapheresis sessions were used using a plasmapheresis filter with a polymethylacrylate membrane in
combination with a short course of polyclonal antibodies.
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Conflict of interest. The authors declare the absence of obvious and potential conflicts of interest associated with
the publication of this article.

Source of financing. The authors state that they received no funding for the study.

For citation: Rzhevskaya O.N., Pinchuk A.V., Pervakova E.I., Babkina A.V. Optimization of immunosuppressive
therapy during the third kidney transplant in the early postoperative period. Clinical observation. Bulletin of
Siberian Medicine. 2020; 19 (3): 204-208. https://doi.org: 10.20538/1682-0363-2020-3-204-208.

OnTUMM3aLUA UMMYHOCYNPECCUBHOM Tepanuu Npu BbINO/IHEHUU
TpeTbel nepecagkm NOYKU B paHHEM Moc/eonepaLuoHHOM nepuoge.
KanHuyeckoe HabatogeHune

PxeBckasa O.H.!, MuHuyk A.B.", MepBakosa 3.11. 2, Babkuna A.B.'

I Mocrosckuii 2ocyoapcmeennulii meouko-cmomanocueckuil ynusepcumem (MIMCY) um. A.H. Eédokumosa
Poccus, 127473, 2. Mocksa, yn. [lenecamckas, 20/1

D<A Rzhevskaya Olga N., e-mail: dr_rzhevskayaolga@mail.ru.

204 Bulletin of Siberian Medicine. 2020; 19 (3): 204-208



Case clinical practice

2 Hayuno-uccieosamensckuti uncmumym ckopott nomowu um. H.B. Cxaugocosckozo
Poccus, 129090, . Mockea, bonvwas Cyxapesckas na., 3

PE3IOME

Bb100p MMMYHOCYIIPECCUBHOM TEpaIriy ONpPEACIIETCs CTEHEHbI0 CEHCUOMIN3ALMU K KOMIUICKCY T'€HOB I'HMCTO-
COBMECTUMOCTH Ha 6-if xpomocome (HLA). Y manueHToB npu HOBTOPHOM Iepecanke MOYKH PUCK OTTOPKEHUS B
paHHME CPOKH IOCIIEe ONepaluy yBennuuBaeTcs. OnTuMHU3aIys IMMYHOCYTIPECCUBHOM TepaIiy — €IMHCTBEHHBIH
MyTh NPOJUICHUS KU3HU MMALUEHTA C XPOHUUECKOM MM0YEUHON HEAOCTATOUHOCTBIO B TEPMUHAIBHON cTaauu. IIpo-
BeJIeH aHaJIM3 KIIMHUYECKOT0 ClTyyasi marueHTa 47 JeT ocye BhIOIHEHUS TPEThel aJUI0TPaHCIIAHTALIMY TPYTHOK
nouku B 2016 r., HaxonuBuierocs Ha edernu B HUU CIT um. H.B. Cxiir)ocoBCKOro ¢ ANar{o3oM «XpOHHYECKH
rinomepynoHedpur (IgA-Hedponartus), XpoHHYecKas I0YeHHask HEAOCTATOYHOCTb, TePMUHAIIbHAS CTaausD». B paH-
HEM [0CJIeONePalMOHHOM TIEPHOoJIe TOMUMO 0a30BOH HMMYHOCYNPECCHH ObUIM Ha3HAYEHbI aHTUIIMM(OLUTAPHBIE
HOJIMKJIOHAJIbHBIC aHTHTEN A B COUSTAHMH C CeaHCaMHU Tl1a3Madepesa Uit JIeYeHUs: 1 IPOGHIAKTHKHM OCTPOrO KpU3a
OTTOP>KEHMS B PAHHUE CPOKH T10CIIE ONEPaltu.

BriepBeie ¢ 1€ MPOQUIAKTHKHA Pa3BUTHSI OCTPOTO KPU3a OTTOPKECHUS, MUHIMHU3AIMN HH(EKITHOHHBIX OCITI0XK-
HEHHI IMMYHOCYIIPECCUBHOW TEPANMK Y PEIUITUEHTA ITOCIIE TPEThEl epecaky MOYKH ObLITH MPUMEHEHBI CEaHChI
mia3Magepesa ¢ HCIOIb30BaHUEM TTIa3MO(GUIIBTPa C MOJUMETOKPUIIATHOW MEMOPAaHOW B COYETAHHH C KOPOTKUM
KYpCOM IOJIMKJIOHAJIbHBIX aHTUTEI.

KaroueBbie cjioBa: TpaHCIJIaHTAlUA IIOYKH, UMMYHOCYITPECCUBHAA TEpaIus, CEeHCHOMIH3aIUs nanueHTa.

KOHq).]Il/lKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBS3aHHBIX C Hy6JII/IKaHI/Ieﬁ HaCTOS{H.[eﬁ CTaTbHu.

HcTounuk pUHAHCHPOBAHHUSA. ABTOPHI 3asIBISTIOT 00 OTCYTCTBUH (DMHAHCHPOBAHMUS.
Jost umrupoBanmsi: Pxesckas O.H., [Tnunuyk A.B., ITepBakosa D.1., babkuna A.B. Ontumuzanus UMMyHOCY-

[IPECCUBHOMN Tepaliy NPpU BHIIIOJIHEHUU TPETheH epecaiki IOUKU B paHHEM IOocIeonepaoHHoM nepuoae. Knu-
HUUeCKoe HaOmoaeHue. broemens cubupcrou meduyunsl. 2020; 19 (3): 204-208. https://doi.org: 10.20538/1682-

0363-2020-3-204-208.

INTRODUCTION

Every year the number of patients on the waiting
list for a second kidney transplant increases. Despite
the emergence of new generations of immunosuppres-
sive drugs (mycophenolic acid, daclizimab, basilix-
imab, and tacrolimus) and plasmapheresis using a
plasma filter with polymethylacrylate membrane
(PMMA), the question of the second kidney trans-
plantation remains open. Patients in this category can
be considered as belonging to a group with a high
risk of developing an acute rejection crisis (ARC) in
the early postoperative period. Rejection is the main
problem in the early postoperative period and is one
of the causes of early graft loss. Circulating immune
complexes and antibodies being directed at endothe-
lial, HLA or other renal antigens are involved in the
rejection mechanism. As a result, acute angitis with
damage to small and medium arteries of the kidney
transplant, often with associated glomerulitis [1].

In clinical transplantology, various methods have
been proposed for the prevention of ARC in this cat-
egory of patients. Extracorporeal therapies have been
successfully used in combination with basic immuno-

suppressive therapy or anti-lymphocytic drugs have
been used [2, 3]. However, these treatments were not
always effective, and given their high cost, they could
not be used in all cases. It should be borne in mind that
it is impossible to prescribe mono- or polyclonal an-
ti-lymphocytic drugs in order to prevent ARC in sen-
sitized recipients during repeated kidney transplanta-
tions due to the formation of an antibody titer [1, 3, 4].

CLINICAL OBSERVATION

Patient D., 47 years old (born in 1969), was ad-
mitted in May 2016 to the Department of Kidney and
Pancreas Transplantation to undergo third kidney
transplantation. The clinical diagnosis was “chronic
glomerulonephritis (IgA nephropathy). Chronic renal
failure (CRF), end stage. Condition after two kidney
allotransplantations (ATP) (in 1997, 2008). Subcom-
pensated steroid diabetes mellitus. Secondary ane-
mia. Secondary arterial hypertension. Condition after
tumour excision in the parietal region. Chronic viral
hepatitis B and C. Superficial gastritis. Chronic reflux
esophagitis. Axial cardiac hernia of the esophageal di-
aphragm”.
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From the anamnesis of the disease, it is known
that the patient has been ill since 1996, when he was
first diagnosed with chronic glomerulonephritis with
signs of CRF. In 1997, the first allotransplantation
of a cadaveric kidney was carried out. In the early
postoperative period, the patient was diagnosed with
ARC, and pulse therapy with methylprednisolone at a
dose of 3 g was carried out, antilympholine was used
with the total dose of 1.6 g. After therapy, there was a
recovery in daily diuresis and a decrease in creatinine
to 0.15 mmol/L.

The patient was discharge from the hospital with
satisfactory kidney transplant function. Since 2000,
signs of kidney transplant dysfunction have been
noted in the form of the appearance of proteinuria and
an increase in creatinine to 0.250 mmol/L. In 2001, a
biopsy of a kidney transplant was performed for diag-
nostic purposes, which showed morphological signs
of recurrent glomerulonephritis (IgA nephropathy) of
the kidney transplant. Symptomatic and immunosup-
pressive therapy was carried out. In 2006, pain in large
and small joints increased, and gross hematuria was
intermittently observed. When examined, the patient
was diagnosed with gouty arthritis, allopurinol was
prescribed.

Over the next few months, creatinine level in-
creased in blood to 0.68 mmol/L and glomerular fil-
trate rate (GFR) dropped to 8 ml/min. Recurrent CRF
of a kidney transplant was diagnosed, and renal re-
placement therapy was prescribed. Hemodialysis
therapy continued.

In July 2009, the second allotransplantation of
a cadaveric kidney was performed. The immediate
function of the graft with a gradual decrease of azo-
temic wastes and prolonged healing of the postoper-
ative wound was noted. The patient was prescribed
a 3-component immunosuppression scheme: cyclo-
sporine (CyA), mycophenolic acid (MF), and pred-
nisolone (PM). When discharged from the hospital
on day 42, the creatinine level was 0.08 mmol/L. The
concentration of cyclosporine in the blood (CyA)
was 144 ng/ml. Two months later, the patient noted
pain in the area of the postoperative wound. The ul-
trasound data revealed an increase in the size of the
kidney transplant, with creatinine increase to 0.15
mmol/L, the appearance of proteinuria up to 0.3 g
per day and erythrocyturia. In this regard, the pa-
tient underwent a kidney transplant biopsy. Based
on the biopsy results, an acute rejection crisis was
verified. The patient was prescribed a pulse thera-
py with methylprednisolone (MP), the total dose of

which was 1.5 g. Since 2013, recurrent chronic renal
failure was diagnosed and treatment with program
hemodialysis (PHD) was started. Then, the indica-
tions for the third allotransplantation of a cadaveric
kidney were determined and the patient was referred
to N.V. Sklifosovsky Scientific Research Institute of
Emergency Medicine.

In May 2016, the third allotransplantation of a ca-
daveric kidney was performed on the left. The term of
cold ischemia of the kidney transplant was 20 hours,
crossmatch test was negative, mismatch A, A, B,
Drbl. Given the high risk of developing ARC in the
early postoperative periods, to prevent ARC, the pa-
tient was prescribed intravenous thymoglobulin at a
dose of 50 mg per day for 5 days as well as MP pulse
therapy (at the total dose of 1 g). Due to the increase
level of azotemic residues, early after the transplan-
tation the patient underwent hemodialysis using di-
alyzers based on polymethylacrylate membranes
(HD-PMMA) No. 4. During the first 18-24 hours after
the surgery, tacrolimus was prescribed at a dose of 0.1
mg/kg per day. From the first day after surgery, the
recipient received a 3-component scheme of immu-
nosuppression: prednisolone at a dose of 0.6 g/kg per
day, CellCept at a dose of 2 g per day, and tacrolimus.
During therapy, the initial function of the graft with
a slow decrease in azotemic wastes was noted. Reco-
very of diuresis was traced from 2 days after sur-
gery. Daily diuresis was sufficient, up to 2000-2500
ml per day with stimulation with loop diuretics from
120 to 60 mg on the first day after surgery. Blood pres-
sure (BP) in the postoperative period changed with
the use of combined antihypertensive therapy; it was
not higher than 115/75 mm Hg. Within one month
after surgery, the blood pressure remained stable, not
lower than 110/65 mm Hg, not exceeding 125/75 mm
Hg, the weight was from 65 to 63 kg. The healing
of postoperative wound was carried out by secondary
intention, on the 21% day, a divergence of skin sutures
in the upper and middle third of the wound was re-
vealed.

In ultrasound examination of the kidney transplant,
the dimensions remained the same throughout the
entire observation period in hospital: 134 x 60 x 17
mm; the contours of the kidney transplant were clear
and even; the calices-pelvis system was not expand-
ed; the pelvis size was not more than 1.4 cm, and the
resistance index was 0.52—0.68. The main arteries in
the opening was not located, and the venous outflow
was not disturbed. On the 14" day after surgery, dyna-
mic nephroscintigraphy of the kidney transplant was
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performed, which showed satisfactory perfusion and
moderate impairment of the excretory function of the
graft, GFR was 42 ml/min. X-ray examination of the
chest organs revealed an expansion of the shadow of
the heart in diameter due to the left sections and signs
of calcification of the aorta. The patient was discharge
in a satisfactory condition on day 31. Observations of
the patient in the next 12 months revealed intact graft
function with satisfactory condition and well-being of
the patient.

DISCUSSION

The patient was assessed in the “waiting list” as
a recipient with a very high immune risk of deve-
loping ARC in the early periods after allotransplan-
tation. Given acute and chronic rejection crises in
the anamnesis, confirmed by biopsy, and also a high
titer of preexisting antibodies before performing a
third kidney transplantation. Intravenous adminis-
tration of polyclonal antibodies and plasmapheresis
sessions are used as prevention and therapy of acute
rejection reactions in repeated kidney transplanta-
tions [1, 4, 5].

We used methylprednisolone pulse therapy with-
out the use of polyclonal antibodies as a treatment and
prevention of ARC during the first two allotransplan-
tations. Therefore, for the third allotransplantation of
a cadaveric kidney, thymoglobulin and hemodialysis
(HD-PMMA) were used as the fourth component of
immunosuppressive therapy. The mechanism of thy-
moglobulin effect causes a decrease in the number of
lymphocytes involved in the cascade of T-cell activa-
tion in the graft rejection reaction, such as CB2, CB3,
CB4, CB8, CBll1a, CB, B 25, HLA DR- and HLA
Drl-class.

In addition, thymoglobulin causes the activation of
the functions of lymphocytes associated with their im-
munosuppressive activity. Therefore, in vitro thymo-
globulin at a concentration of about 0.1 mg/ml activa-
ted T-lymphocytes and stimulated their proliferation
(the same is for CD4+ u CD8+ subpopulations) with
the synthesis of interleukin-2 and expression of CD-
25. This mitogenic activity is mainly realized through
CD-2 [2]. In our case, thymoglobulin was prescribed
to prevent ARC of the kidney transplant at a dose of
1 mg/kg per day for 5 days after the kidney transplan-
tation with preliminary intravenous administration of
glucocorticoids and antihistamines. In addition to the
use of thymoglobulin, dialyzers with PMMA mem-
branes were used for the first time during four hemo-
dialysis sessions. Hemodialysis was carried out on the

Artificial Kidney apparatus for 4 hours with dialyz-
er type BK-2,1 F TORAY [5]. During the first two
weeks of treatment, the patient showed a pronounced
decrease in the absolute number of all lymphocyte
populations by more than 80%. 21 days after surgery,
the level of leukocytes in the blood did not exceed
2.78x 10°/L, with the number of lymphocytes not ex-
ceeding 4.3%. At the same time, the amount of anti-
bodies to HLA was monitored weekly in the course of
treatment. Before the procedure, the class II antibody
titer was more than 8585 [3]. With the complex ther-
apy and after four sessions of hemodialysis the anti-
body titer decreased to 1468.

Considering such significant predictors as the
initial kidney transplant function, the absence of an
acute rejection crisis in the early postoperative pe-
riods, normalization of azotemic wastes and the ab-
sence of proteinuria, it is possible to assume an op-
timistic prognosis for assessing the outcome of the
third kidney transplantation. The use of hemodialysis
sessions using dialyzers based on PMMA membranes
and prescription of short courses of polyclonal anti-
bodies made it possible to avoid the development of
irreversible acute rejection, the development of in-
fectious complications and loss of kidney transplant
function.

CONCLUSION

Prevention of acute rejection crises made it pos-
sible to perform a third kidney transplantation to the
patient with a high immune risk of developing ARC.
In order to optimize immunosuppressive therapy in
the early postoperative period, the patient underwent
hemodialysis sessions with dialyzers based on PMMA
membranes. The complex therapy made it possible to
prevent the development of acute rejection crisis in the
early period after allotransplantation of a kidney and
to minimize infectious complications of the 4-compo-
nent scheme of immunosuppressive therapy.
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ABTOPOM NEPBOIO B POCCHIA
YYEBHUKA MO BUOUHOOPMATUKE

ANAa MEQULMHCKUX CNELMANIbBHOCTEN
CTAJ1 YYEHbIV CUBITMY

N3paHue u. 0. 3aBeaytoLLero Kadeapoi
MeANLMHCKOM U BMONOrNMYeCcKon KUBEepPHETUKM

Cnbunpckoro rocyaapcTBEHHOrO MeANLUHCKOrO YHUBEPCUTET],
[OKTOpa MeANLMHCKUX HayK HaTanmm YacoBcKux

Brnepsble B Poccum onybIMKOBaHO B KayecTBe y4ebHMKa

no 6MonHbopMaTUKe ANA MeANLUHCKUX CeLnaibHOCTEN.

Hatanusa
YacoBCKux

«OcHoBaTeNbHasA paboTa ¢ M3ZaHUAMM 1 y4ebHbIMU
maTepuranamu no bronHdopmaT1Ke Be4eTCA MHOM Ha
NPOTAXKEHUM NATH NET. HECMOTPA Ha NepPCNeKTUBHOCTb
[AHHOM 06/1aCTW 3HAHMIA, CYLLECTBYET HEXBATKa MHGOP-
MaLMOHHbIX PECYPCOB MO TEME, W, KaK CNeaCTBUE, BO3-
HMKaeT HeobXxoAMMOCTb 06paLLEHMA K 3apyBEKHbIM
MCTOYHMKAM. MO3TOMY aKTyanbHbIM CTa/l BOMPOC O CO3-
[aHWUM TaKoro TPyAa, KOTOPbIM N03B0AMA Bbl HA AOCTYN-
HOM YPOBHE MO3HAaKOMMTbLCA C OCHOBaMU bUOMHOp-
MaTHKK. M1 NOATroTOBKe y4ebHMKa MCNONb30BaANICA Ma-
Tepuan paHee U3LaHHbIX COBCTBEHHbIX NOCOBMIA, a Tak-
Ke TemMaTuyeckue NybAnKaLMM Ha aHIIMIACKOM A3bIKE 1
MHbOPMaLMA OT pa3paboTunKos BUOMHPOPMALMOHHBIX
MHCTPYMEHTOB», — 0TMeTWUAA HaTanuna YacoBcKux.

370 nepBbIi y4eOHUK, peKoMeHA0BaHHbI Koopau-
HaLMOHHbIM COBETOM M0 06/1acTH 06pa3oBaHMA «34pa-
BOOXPAHEHME U MEAMLIMHCKME HAYKMU» K UCMO/b30Ba-
HUIO B 06PA30BaTENbHbIX YUPEKAEHNUAX ANA TaKUX Ha-
npaBieHuWiA NOAroTOBKM, Kak «MeanLmHCKas 61oxu-
MUY, «MefMUMHCKan buodusmnka», «MeauuUMHCKan
KnbepHeTHKa». YUEOHUK TaKKe MOXKET BbiTb peKoOMeH-
[0BaH CTyAEHTAaM TEXHUYECKUX CNeLManbHOCTEN, UHTe-
PECYIOLLMMCA MEANKO-BMONOTUYECKMMM ANUCLIUNAN-
HaMM.

«[Inf MegULMHCKMX BY30B OTEYECTBEHHbIX y4eb-
HMKOB N0 6MOMHMOPMATHKE He CyLLECTBOBAO, B 06pa-
30BaTe/IbHOM chepe NPUMEHANNCH KHUTW 3apyBeHbIX
aBTOPOB, NEPEeBEeAEHHbIe HAa PYCCKUI A3bIK LOCTaTOYHO
nAaBHo (5-10 ner), YTo ANA CTPEMUTENBHO Pa3BUBa-
IOLLENCca ANCUMNINHBI ABASETCA KpaliHe HeapdeKTuB-
HbIM. C nosABAeHWEeM y4ebHMKa OCHOBHas 3ajaya —
NOAAEPKMBATb aKTYaIbHbIM €r0 COEepKaHMe, Tak Kak
61onHpopmaThKa — 04HA U3 AMHAMUYHO Pa3BMBaA-
tolumxca obnacteity, — noaYepkHyna Hatanus
YacoBCKMX.

CoBpemeHHOe U3faH1e COCTaBNEHO HE TOJIbKO
C YY4ETOM CMCTEMATM3ALMMN MMEIOLLErOCs OMbITA, HO U
aAanTMPOBAHO ANA MEAMLMHCKOM HayKK. Takasa npak-
TWKaA NO3BO/IUT CTYAEHTaM MEAMLMHCKMX BY30B OCBOUTD
MEXAMCLMNANHAPHYO 06/1aCTb B KOHTEKCTE GyHAa-
MEHTaNbHON MefMUMHbI M 6UoNorMK, YTo cnocobeTayeT
ONTUMM3aLLMK 06pa3oBaTeENbHOIO NpoLiecca.

«CneuuanbHocTb «MeauLMHCKan KubepHeTHKay,
obyyeHue Mo KoTopoii BefeTcA Ha Kadeape mean-
LIMHCKOW 1 Buonornyeckom KnbepHeTmku CubrMmy,
ABNAETCA COBPEMEHHOW W NMEPCNEKTUBHOM, TaK KaK
YUYUTHIBAET OCHOBHbIE TPEH/bI PA3BUTHA HALLErO
obuiecTea: LMdpoBU3aLMIO, HapacTaHWe 06bemoB
[aHHbIX, NepCOHaNMU3NPOBaHHYIO0 MeAULMHY. Momumo
yuebHoro npougecca, Ha Kadeape BeayTca 6uonHpop-
MaLMOHHbIE UCCNIEA0BAHNUA MEXAHU3MOB COLMAIbHO-
3HAUYMMbIX 3aD0/1IEBAHUI, K KOTOPbIM NPUBEKALOTCA U
obyvatowmecs. Hawm BbINyCKHUKKM BOCTPEOOBAHbI B
pa3sHbix chepax AeATENbHOCTMU: KaK CUCTEMHBIE aHA/IU-
TWKM B 34,0aBOOXPAHEHUM, CNIELMANNCTBI NO paboTe ¢
MEANLMHCKMMU AaHHBIMM (CTAaTUCTUKK), pa3paboTumKu
¥ aHaIMTUKM NPOTrPaMMHOro obecneyeHus B Guomeam-
LIMHCKOW cdepe, cneunanuctbl no 6MoMHPopMaLMOoH-
HOW aHANUTKKE, B TOM Ymnc/ie Ana GapMaLeBTUYECKOM
MPOMbILUIEHHOCTU. OYEBUAHO, YTO C KaKAbIM rog0M
noTpPebHOCTb B TaKMX CneLyanuncTax byaer TonbKo
HapacTaTb», — o6aBuMna aBTop.
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