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Epithelial-mesenchymal transition markers, proliferation markers,
and cytokine secretion in breast tissue in malignant and benign breast
diseases
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ABSTRACT

Aim. To develop methodological grounds for assessing the probability of breast malignancy in patients with non-
cancerous breast diseases (NCBD) by the following parameters: expression of markers of epithelial — mesenchymal
transition (EMT) and proliferation and production of cytokines by samples of the breast tissue.

Materials and methods. In breast samples (BS) of patients with invasive carcinoma of no special type (ICNT) and
patients with NCBD, immunohistochemistry was used to determine the expression of E-cadherin (CDH1), integrin
B1 (CD29), type II collagen (CII), and proliferation of Ki-67. Using the enzyme-linked immunosorbent assay,
concentrations of interleukin (IL)-2, IL-6, IL-8, IL-10, IL-17, IL-18, IL-1p, IL-1Ra, tumor necrosis factor (TNF)a,
interferon (IFN)y, granulocyte colony-stimulating factor (G-CSF), granulocyte — macrophage colony-stimulating
factor (GM-CSF), vascular endothelial growth factor (VEGF)-A, and monocyte chemoattractant protein (MCP)-1
were determined in the supernatant of the cultured breast tissue samples.

Results. It was shown that ICNT and NCBD differ in the expression of E-cadherin, CD29, Ki-67, and the production
of IL-2, IL-4, IL-6, IL-17, IL-18, IL-1Ra, TNFa, I[FNy, and MCP-1.

The ROC analysis found that the models characterizing the differences between the ICNT and NCBD samples
were formed by the parameters of CD29 and Ki-67 expression and IL-17, IL-18, TNFa, VEGF-A, and MCP-
1 production. The neural network analysis revealed that CD29, IL-1Ra, TNFa, and VEGF-A had the greatest
normalized importance for assessing the differences between the ICNT and NCBD samples. Clustering of the
combined database of patients with NCBD and ICNT by the expression of E-cadherin, CD29, Ki-67 and by the
production of IL-17, IL-18, TNFo, MCP-1, and VEGF-A resulted in a cluster which includes the parameters of
94.1% of patients with NCBD. The parameters of less than 10% of patients with NCBD who fell into other clusters
practically coincided with the studied parameters of the ICNT group, which suggests that these patients may form
a risk group with the malignancy probability of more than 90%.

Conclusion. The data obtained made it possible to develop methodological grounds for assessing the likelihood of
breast malignancy in patients with NCBD.

Keywords: non-cancerous breast diseases, invasive carcinoma of no special type, proliferation marker, markers of
epithelial — mesenchymal transition, cytokines
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PE3IOME

Hens. Ha ocHOBe M3ydeHNs SKCIPECCHH MapKepoB IPONU(epaIi, SIHTSIHATEHO-Me3eHXUMAIBEHOTO ITepexoa
(OMII) 1 TUTOKMHOBOTO MPOQWIS CyNEepTaTaHTOB 00pa3IOB TKAHU MOJIOYHOM kene3sl (MXK) npu pake MK n
He3loKauecTBeHHBIX 3a0oneBanusax (H3MIXK) pazpaboTaTh MeTOI0JIOTHIECKHE OCHOBEI OIIEHKH BEPOSTHOCTH Ma-
surauzanuy MK npu H3MOXK.

Marepuajbl u MeToAbI. B 06pasnax MK G0IbHBIX ¢ HHBa3UBHO KapimHOMOM Hectierduyeckoro tumna (MKHT)
1 marueHToB ¢ H3MJK IMMYHOTHCTOXMMHYECKUM METOIOM OTpeaessuin skcnpeccuto E-kaarepuna (CDH1), un-
terpuHa 1 (CD29), xonnarena 11 tuma (CII) u mapkepa npomudepanuu Ki-67. C moMomniso nMMyHO(GEPMEHTHO-
TO aHaJi3a B CyllepHATAHTE KYJIbTUBHPYEMBIX 00pa3moB MK onpexersiiin KOHIEHTpauio nHTepieiikuHa (IL) 2,
IL-6, IL-8, IL-10, IL-17, IL-18, IL-1pB, IL-1Ra, dbakTopa Hekposa omyxonu-anbpa (TNFa), ramma-uaTepdepona
(IFNY), TpaHyIOIUTapHOTO KOJIOHHECTUMYIIHUPYIOIIETO (pakTopa, TpaHyIONUTaPHO-MAKpO(aralbHOro KOJOHHE-
cTuMynupyromniero gakropa, hakropa pocta sunoTenus cocy1oB (VEGF-A) 1 MOHOIIUTapHOTO XEMOTaKCHYECKOTO
oenka 1 (MCP-1).

Pesyabrarsl. [Tokazano, yro UKHT u A3MX otnuuarores mo skcnpeccun E-kanrepuna, CD29, Ki-67 u mpo-
nykuuu 1L-2, 1L-4, IL-6, IL-17, IL-18, IL-1Ra, TNFa, IFNy, MCP-1. Ilpu nomomu ROC-ananu3a ycTaHOBIIEHO,
YTO MOJISIH, XapaKkTepu3yroliue pazinuns mexay oopasuamu UKHT u JI3MIK, ¢popmupyroTes mo mapamerpam
akcnpeccun CD29, Ki-67 u npoxyxunu 1L-17, IL-18, TNFo, VEGF-A u MCP-1. [Ipu nomoriy HeipoceTeBoro
aHaJIn3a BBISBJICHO, YTO HAUOOJIBLIYIO «HOPMAIM30BaHHYIO B)KHOCTBY JUISL OLEHKH paszianuuii oopasnos UKHT u
JI3MXK umeror napamerpst CD29, IL-1Ra, TNFa u VEGF-A. Tlpu kinacrepusaunu 00beAMHEHHON 0a3bl JaHHBIX
nauuenToB ¢ JI3MXK u UKHT no skenpeccun E-kaarepuna, CD29, Ki-67 u no nokasatensm npoaykuuu [L-17,
IL-18, TNFa, MCP-1 u VEGF-A ¢dopmupyercs Kinactep, B KOTOPbIil BXOAAT mokasarenu 94,1% nanueHToB ¢
JIBMXK. ITapametpsr meHee 10% nanuenTtos ¢ JI3MIK, monaBimmx B Apyrue KiIacTepbl, MPaKTUYECKH COBIAIAH
¢ uccnegoBanHbiMu mapamerpamu MKHT. Oto naet ocHoBaHMe NPEANONOKNTb, YTO 3TH MAIMEHTHI MOTYT COCTa-
BUTH IPYIIIY PUCKA C BEPOATHOCTHOW Manurauzauueii 6oiee 90%.
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3ak0uenne. [TorydenHble JaHHBIC TO3BOIMIN C(HOPMHUPOBATH METOIOIOTHUYECKYIO OCHOBY IS OIIEHKH BEPOSIT-
HocTH Manmrau3anmuu MK y marmmenTos ¢ JI3MXK.

KiioueBble cj10Ba: He3JI0KaUeCTBEHHBIE 3a00JIEBAHUS MOJIOYHOM JKCJIC3bl, MHBAa3WBHAas KapuHOMa Hecneumbn-
YECKOr'o Tvuma, Mapkep nponnd)epam/m, MapKEPhI SNUTEITNAIIBHO-ME3CHXUMAJIbHOI'O NEPEX0Ja, HTUTOKNHLI

Konpaukt nnTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MMOTCHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJUKAIMEH HACTOSIIICH CTAThH.

Hcrounuk ¢unancupoBanmsi. lVccrnenoBanne npoduHAHCHPOBAaHO B paMKaxX TIOCYJapCTBEHHOTO 3aIaHHS
(Ne AAAA-A18-118030790008-7) MunucTepcTBa 3apaBooxpaneHns Poccuiickoit Geneparmn.

CooTBeTCTBHE NPHHIMIAM ITHKH. Bce manyeHTs! noanucani MHGOPMUPOBAHHOE COTJIACHE Ha y4acTHE B HC-
cienoBannu. MccnenoBanne ogoOpeHO dTHYECKHM KOMUTETOM WHCTUTYTa MOJEKYIApHOH Ononoruu u ouodu-
3ukn PeepaabHOTO UCCIIeJOBATENBCKOTO HEHTpa (QyHAAMEHTAIbHOH U TPAHCIALMOHHON MEIUIHHBI (TIPOTOKOI
Ne2016-3 ot 15.03.2016).

Ja nuruposanus: Ayrennunoc AWM., Apxunos C.A., Muxaiinosa E.C., Apxunosa B.B., IIpockypa A.B., Ba-
paxcun H.A., JIsxosnu B.B. Mapkeps! snuTeniansHO-Me3eHXUMAIBHOT 0 TIepexo/a, Mpoudepanuy ¥ POy KU
IIUTOKWHOB B TKAaHW MOJIOYHOM JKeJe3bl IIPH 3JI0KAYEeCTBEHHBIX M HE3JIOKAYeCTBEHHBIX 3a00JIEBaHUSIX MOJIOYHOM
xKene3bl. broanemens cubupcrou meouyunel. 2023;22(4):6-14. https://doi.org/10.20538/1682-0363-2023-4-6-14.
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INTRODUCTION

It is known that the pathogenetic background for
the development of cancer may be non-cancerous
breast diseases (NCBD) [1, 2]. According to the
classification of the International Agency for Research
on Cancer, ductal carcinoma in situ is included in the
group of precancerous breast lesions [3]. However,
according to the literature, precancerous breast lesions
encompass sclerosing adenosis [4, 5], radial scar [6],
and intraductal proliferative lesions that increase the
risk of developing breast cancer from 1.27 to 10.35
times, depending on the form of pathology [7-10].
These data determine the relevance of research aimed
at searching for new markers to detect precancerous
changes in the breast tissue, which may reflect the
mechanisms of breast tissue malignancy in NCBD.

One of the processes characterizing the onset of
malignant transformation is epithelial — mesenchymal
transition (EMT) [11, 12]. It is known that EMT is
characterized by activation of the expression of
mesenchymal markers, such as integrin 1 (CD29)
and type II collagen (CII), as well as by a decrease
in the expression of E-cadherin (CDH1) [13-17]. The
most widely used marker of cell proliferation in breast
cancer is Ki-67 due to its reliable correlation with the
proliferative activity of cancer cells [18].

Detection of EMT in the breast tissue can be
considered as the first sign of developing cellular
atypia, and the expression of a number of molecules
associated with EMT can be seen as a marker

indicating the onset of malignant transformation
in NCBD, induced by a number of inflammatory
mediators, including cytokines [12, 13]. In turn,
production of cytokines that stimulate EMT can be
caused by activation of certain signaling pathways
in cells. Thus, induction of EMT under the effect of
interleukin (IL)- B1 and TNFa is due to activation
of the NF-kB signaling pathway [14]. These data
indicate that malignancy of the breast tissue may
depend not only on EMT, but also on specific changes
in the cytokine profile of the tumor that determine a
tumor microenvironment, which includes various
immunocompetent cells, fibroblasts, fibrocytes,
epithelial cells, and other cells that produce various
cytokines. Some of the cytokines, which are produced
by cells of the tumor microenvironment, facilitate
progression of breast cancer [19, 20]. However, the
role of cytokines in the formation of cellular atypia
and breast malignancies has not yet been sufficiently
studied for them to be considered as markers indicating
a high risk of malignancy.

Aim of the study: to develop methodological
grounds for assessing the probability of breast
malignancy in patients with NCBD by studying the
expression of EMT and proliferation markers and
cytokine profile in the supernatants of breast tissue
samples in breast cancer (BC) and NCBD.

MATERIALS AND METHODS

The material of the study was samples of breast
tumors obtained from 79 women who were treated at
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the oncology department No. 1 of Novosibirsk City
Hospital No. 1. Of them, 62 people had stage II invasive
carcinoma of no special type (ICNT) and 17 people
had NCBD, including 8 people with fibroadenoma,
6 people with fibrocystic breast disease, including
fibroadenomatosis, 2 people with ductal hyperplasia
with areas of sclerosing adenosis, and 1 person with
focal fibrosis with microcalcifications. The average
age of patients with ICNT was 53.9 + 1.8 (23—
76 years), with NCBD —45.4 £ 5.1 (19-67 years). The
exclusion criteria were signs of distant metastasis and
concomitant hormonal, chronic, inflammatory, and
infectious diseases.

The study and all research protocols were
approved by the Ethics Committee at the Institute
of Molecular Biology and Biophysics (Protocol
No. 2016-3) of the Federal Research Center
for Fundamental and Translational Medicine
(Novosibirsk, Russia). All procedures performed in
this study were carried out in accordance with the
Declaration of Helsinki of 1964 and its subsequent
amendments (Brazil, Fortaleza, 2013). Each patient
was informed about the study, its aim, and methods.
An informed consent to participate in the study and
to use tumor samples was signed by each patient and
verified by the attending physician.

Tumor samples (8 mm?) obtained by trepanobiopsy
were washed with the DMEM-F12 culture medium
three times, then placed in a glass vial with 1 ml of the
DMEM-F12 medium, and incubated for 72 hours at 37
°C. After incubation, the test samples were removed
from the medium and fixed in a 10% neutral buffered
formalin solution for further immunohistochemical
and histopathological studies. Concentrations of IL-2,
IL-6, IL-8, IL-10, IL-17, IL-18, IL-1B, IL-1Ra, tumor
necrosis factor (TNF) a, interferon (IFN) v, granulocyte
colony-stimulating factor (G-CSF), granulocyte —
macrophage colony-stimulating factor (GM-CSF),
vascular endothelial growth factor (VEGF)-A, and
monocyte chemoattractant protein (MCP)-1 were
determined in the supernatant of the cultured breast
tissue samples by enzyme-linked immunosorbent
assay (ELISA) using reagent kits manufactured by
Vector-Best JSC (Russia).

The tissue samples fixed in 10% neutral buffered
formalin were dehydrated and embedded in paraffin.
Dewaxing and rehydration of paraffin sections were
carried out according to the standard xylene / ethanol
protocol.

The expression levels of Ki-67, E-cadherin
(CDH1), integrin f1 (CD29), and CII in the ICNT and

NCBD samples were determined using monoclonal
antibodies, such as anti-Ki-67 (Leica Biosystems,
Inc.), anti-E-cadherin (BD Biosciences, USA),
anti-CD29 (BD Transduction Laboratories, USA),
and anti-CII (Santa Cruz Biotechnology, Inc.), and
VECTASTAIN ABC detection systems (Vector
Laboratories, PK-7200, USA) in accordance with
the manufacturers’ instructions. The sections were
additionally stained with hematoxylin and eosin
and mounted with Canada balsam. The expression
of the studied markers was analyzed using the
MICROMED-6 microscope, the DSM 510 digital
camera, and the ImageJ 1.42g software (NIH, USA).
For each patient, 10 microphotographs (taken at x40)
were evaluated. The expression data for Ki-67, CDHI1,
CD29, and CII were presented as percentage (% of
cells expressing the marker).

The level of statistical significance of differences
between the groups was determined using the
nonparametric Wilcoxon — Mann — Whitney test. The
data were presented as the median and the interquartile
range Me (Q,; O,,). The calculations were performed
using the Statistica v. 7 software.

The neural network analysis and ROC analysis
of the obtained data were performed using the IBM
SPSS software, v. 22. Normalized importance of
various tumor sample characteristics for assessing the
differences between the ICNT and NCBD samples
was evaluated by the neural network analysis of
the entire database, including parameters of ICNT
and breast tissue in NCBD. The study used a neural
network model generated on the basis of the Multilayer
Perceptron model, with one hidden layer consisting of
three hidden neurons.

The hidden layer activation function was hyperbolic
tangent activation function, the output layer activation
function was identity function. To verify the accuracy
of the neural network analysis, the normalized
importance of all model parameters was determined
using two training methods — batch gradient descent
method and interactive gradient descent method. The
cluster analysis was performed using the Statistica v.
7 software.

RESULTS

Table 1 assesses the differences between the I[CNT
and NCBD samples by the expression of proliferation
markers, EMT markers, and cytokine concentrations
in the supernatant. Fig. 1 shows the ICNT and NCBD
samples stained for Ki-67, E-cadherin, CII, and
CD29.
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Ki-67 expression was 2.7 times higher in the ICNT
samples compared to the NCBD samples. It was
shown that the ICNT samples and the NMDB samples
significantly differed in the expression of E-cadherin
and CD29: the expression of E-cadherin was higher in
the NCBD group than in the ICNT samples, while the
expression of CD29 was higher in the ICNT samples
than in the NCBD samples. There were no significant
differences in the CII expression between the groups.

It was found that the ICNT and NCBD samples
significantly differed in the production of IL-2, 11-6, I1-
17, IL-18, IL-1Ra, TNFa, IFNy, VEGF-A, and MCP-
1. The concentration of IL-6 and MCP-1 in the breast
tissue supernatant was higher in the NCBD samples
than in the ICNT samples, and the concentration of
IL-2,11-17, IL-18, IL-1Ra, TNFa, IFNy, and VEGF-A
was higher in the ICNT samples compared to the
NCBD samples.

Table 2 presents the results of the ROC analysis
and the neural network analysis used to identify the
differences between the ICNT and NCBD samples
in the expression of proliferation and EMT markers
and cytokine concentrations in the tumor tissue
supernatant. The ROC analysis showing the quality
of the models found that the best quality models
characterizing the differences between the ICNT

Fig. 1. Results of the immunohistochemical analysis of the
tumor tissue: NCBD — non-cancerous breast disease (a, ¢, e, g —
fibroadenoma); ICNT — invasive carcinoma of no special type (b,
d, , h). The brown — yellow coloration indicates the expression of
EMT markers (CDH1 — E-cadherin; CD29 —integrin 1; CII —type
II collagen) and the proliferation marker Ki-67. Counterstaining

with hematoxylin and eosin, x400

and NCBD samples were formed when CD29 and
Ki-67 expression, as well as production of IL-17,
IL-18, TNFa, VEGF-A, and MCP-1 were used as
comparison parameters. According to the ROC
analysis based on these parameters, the quality of
models for detecting the differences between the
ICNT and NCBD samples was good (AUC > 0.7)
or very good (AUC > 0.8). The AUC values for
CD29 and Ki-67, IL-17, 1L-18, TNFa, VEGF-A,
and MCP-1 were 0.750, 0.863, 0.732, 0.784, 0.722,
0.873, and 0.742, respectively (Table 2).

According to the data obtained using the
neural network analysis, the highest normalized
importance (more than 80%) in the neural network
model used to detect the differences between the
ICNT and NCBD samples was found for CD29
expression (100%), IL-1Ra production (> 90%),
TNFa (> 90%), and VEGF-A (> 80 %). Relatively
high normalized importance (more than 70%)
in the neural network model used to identify the
differences between the ICNT and NCBD samples
was detected for E-cadherin and Ki-67 (Table 2).
Table 2 shows that the neural network model
training method (batch or interactive gradient
descent method) did not have a significant impact
on the results of the analysis for all variables.
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Table 1
Expression of EMT-associated markers, Ki-67, and cytokine concentrations
in the supernatant of ICNT and NCBD samples, Me (Q .; 0..)
Parameter Breast tissue samples »
ICNT NCBD

E-cadherin 64.2 (60.9; 91.7) 82.7(79.7; 97.6) 0.020
CD29 19.6 (8.4; 19.7) 8.9 (1.3;15.3) 0.001
CIL 12.1(6.5; 15.7) 10.5 (5.3; 14.9) 0.542
Ki-67 21.0 (12.0; 43.0) 8.3(3.2;19.8) 0.001
IL-2 2.8(2.1;5.4) 2.2(2.1;2.5) 0.005
IL-4 2.7(1.7;4.1) 3.2(2.6;4.4) 0.286
1L-6 297.8 (87.2;482.7) 502.4 (279.6; 654.5) 0.027
IL-8 366.6 (203.1; 672.8) 378.7 (295.5; 1,360.0) 0.467
IL-10 6.1(1.3;11.8) 9.5(1.7;19.5) 0.404
IL-17 2.3 (1.0;5.1) 6.0(2.2;7.4) 0.003
IL-18 42.4 (15.2; 180. 6) 5.0 (3.3; 26.5) 0.001
IL-1b 32.3(14.7;70.2) 17.0 (11.2; 38.8) 0.148
IL-1Ra 3,273.5 (2,172.6; 4,195.0) 2,070.6 (689.6; 3,003.2) 0.034
TNFa 2.9(1.5;5.2) 2.0(1.1;3.2) 0.046
IFN y 11.5 (5.2; 26.0) 5.9 (2.0; 17.4) 0.027
G-CSF 61.1(8.7;424.6) 80.3 (41.1; 468.1) 0.745
GM-CSF 8.6 (3.1;22.2) 3.2(2.0;13.4) 0.099
VEGF-A 1,359.2 (161.0; 2,144.0) 55.8 (18.4;377.2) 0.001
MCP-1 560.9 (196.9; 1,556.0) 660.8 (259.6; 1,133.2) 0.046

Note: the expression of E-cadherin, CD29, and CII is presented as a percentage (% of expressing cells);

cytokine values — in pg / ml.

Table 2

Evaluation of the differences between the ICNT and NCBD samples by the expression of the EMT and proliferation markers
and cytokine concentrations in the breast tissue supernatant using the ROC analysis and the neural network analysis

.Normalized importance of a parameter Normalized impon.ance of.a pararn.eter Area under the curve (AUC)
Parameter in the NN-model; batch gradient descent in the NN-model; interactive gradient . .
method descent method in the ROC analysis
E-cadherin 79.4% 78.6% 0.549
CD29 100.0% 100.0% 0.750
CII 36.3% 38.0% 0.162
Ki-67 78.0% 77.7% 0.863
1L-2 53.9% 53.5% 0.642
1L-4 22.5% 34.4% 0.415
IL-6 47.5% 49.7% 0.280
IL-8 45.5% 50.4% 0.441
IL-10 33.6% 40.4% 0.433
1L-17 68.3% 68.5% 0.732
IL-18 34.3% 23.1% 0.784
IL-1B 53.8% 40.6% 0.616
IL-1Ra 90.7% 95.7% 0.668
TNFo 91.3% 95.2% 0.722
IFNy 12.3% 12.0% 0.676
G-CSF 9.7% 9.7% 0.473
GM-CSF 76.7% 71.7% 0.459
VEGF-A 81.6% 82.8% 0.873
MCP-1 72.1% 69.0% 0.742

Note: the NN-model — the neural network model. The results of the NN analysis are presented in terms of normalized importance of

each parameter (%). The results of the ROC analysis are presented in AUC values.
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Using the cluster analysis, we assessed the
probability of cluster formation from the parameters
of patients with NCBD with account of only the
parameters with the highest normalized importance
in the neural network analysis and the greatest AUC
in the ROC analysis: CD29, Ki-67, 1L-17, IL-18,
TNFa, MCP-1, and VEGF-A. It was shown that

when clustering combined data of patients with ICNT
(sample No. 1-62) and NCBD (sample No. 63—79) by
the specified parameters of breast tissue samples, 4
clusters were formed at the Euclidean distance of 15.
One of the clusters — cluster III — included parameters
of more than 90% (94.12%) of patients with NCBD

(Fig. 2).
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Fig. 2. Graphical representation of the results of the multidimensional cluster analysis of combined data from patients with ICNT (sample No.
1-62) and NCBD (sample No. 63-79). The dendrogram is constructed using the Ward’s method. The horizontal axis represents encrypted
numbers of samples obtained from different patients with ICNT (from 1 to 62) and NCBD (from 63 to 79), and the vertical axis represents
the clustering distance (Euclidean distances). Clustering was performed on the basis of the simultaneous analysis of E-cadherin, CD29, and

Ki-67 expression in the tumor samples and IL-17, [L-18,

The subcluster within cluster III, located at the
Euclidean distance of 2.0, contained the parameters
of three NCBD samples (sample No. 64, 67, 72) and
two ICNT samples (sample No. 5, 6). The specified
subcluster included samples from patients with
NMDB with proliferative fibrocystic changes and
atypical ductal hyperplasia (sample No. 64 and 72),
as well as with fibroadenoma with severe ductal
hyperplasia (sample No. 67) in the medical history.
The parameters of one NCBD sample (assigned to
other clusters) almost coincided with the parameters
of ICNT. This sample was obtained from the patient
diagnosed with fibroadenomatosis with pronounced
proliferation (cluster I, sample No. 63).

DISCUSSION

The parameters of ICNT and NCBD samples
obtained from different patients varied in terms of the
expression of immunohistochemical markers of EMT
and proliferation, as well as in cytokine production.
In this regard, one of the main tasks was to develop
a neural network model that would make it possible

[NFa, MCP-1, and VEGF-A secretion by the tumor samples

to predict and evaluate the probability of malignancy
in non-cancerous diseases based on the assessment
of EMT and proliferation markers and cytokine
profile produced by tumor samples. It is known that if
output parameters of a neural network model change,
the importance of a particular tumor parameter also
changes. The output of a neural network model may
also depend on the way the model is trained. Therefore,
when conducting the neural network analysis, we used
two options for training the model.

With the help of the ROC analysis and neural
network analysis, we found that some parameters of
cytokine production by BS may have an even greater
prognostic value for assessing the differences between
malignant tumors and non-cancerous diseases than
E-cadherin, CII, CD29, and Ki-67. Such cytokines
include IL-17, IL-18, TNFa, MCP-1, and VEGF-A,
as well as a number of others with a lower prognostic
value. It was shown that when clustering the combined
database of patients with NCBD and ICNT by a wide
range of BS parameters, the expression of E-cadherin,
CD?29, and Ki-67 and the production of IL.-17, IL-18,
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TNFa, MCP-1, and VEGF-A allow to form a cluster
which includes parameters of more than 90% of
patients with NCBD. At the same time, the parameters
of less than 10% of the NCBD samples that fell into
other clusters practically coincided with the studied
parameters of ICNT.

On the one hand, these data indicate that IL-
17, IL-18, TNFa, MCP-1, and VEGF-A may
play an important role in the formation of the
microenvironment contributing to the onset of breast
tissue malignancy in NCBD. On the other hand, at a
certain level of their production, they can be considered
as markers indicating the probability of malignancy in
NCBD. According to the results of the study, patients
with the following diagnoses were attributed to a
group with a probable risk of malignancy in NCBD:
fibroadenomatosis with pronounced proliferation,
proliferative fibrocystic breast disease with atypical
ductal hyperplasia, and fibroadenoma with pronounced
ductal hyperplasia and with the presence of interductal
proliferative lesions.

CONCLUSION

The data obtained make it possible to form a risk
group of patients with NCBD with a probability of
breast tissue malignancy of more than 90%. Thus,
a more accurate prediction of probable malignancy
in NCBD can be made taking into account not only
the expression of E-cadherin, CII, CD29, and the
proliferation marker Ki-67, but also the production of
IL-17, IL-18, TNFa, MCP-1, and VEGF-A.

The data obtained can serve as methodological
grounds for further study of cytokines that form
the microenvironment in the breast tissue in non-
cancerous diseases, which may contribute to breast
tissue malignancy, and the level of cytokine production
can serve as a marker for assessing the likelihood of
this process.
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A method to evaluate the functional state of the human brain
after acute in-hospital stroke
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ABSTRACT

Acute in-hospital stroke is a severe complication of the early recovery period after cardiovascular surgery with a
probability of up to 15%. Unfortunately, in-time diagnostic neuroimaging (computed tomography and magnetic
resonance imaging) in cases of severe brain damages is considerably hindered increasing the risk of an adverse
outcome.

The aim of the study was to develop a method to evaluate the functional state of the human brain in patients with
severe in-hospital stroke measuring parameters of electrical activity in the central nervous system.

Materials and methods. The sample was composed of 20 anonymous archived electroencephalograms obtained
from volunteers with no neurological disorders, 10 records of patients without neurological symptoms during general
anesthesia, 17 records of patients with out-of-hospital strokes obtained from the UCLH Stroke EIT Dataset, and
18 records from patients with acute in-hospital stroke during neuromonitoring in the early postoperative recovery
period. A new integral coefficient of the functional state was introduced, and an algorithm to calculate the proposed
measure of the functional activity of the central nervous system was developed and implemented.

Results. The proposed method to evaluate the functional state of the human brain was applied to analyze
neurophysiological records obtained from people with different activity of the nervous system: from resting state to
deep coma. It was shown that the integral coefficient naturally reflects the functional state of the human brain and
can be used for early detection of brain dysfunction and damages caused by cerebral hemodynamic impairment.

Conclusion. The introduced integral criterion to evaluate the functional state of the human brain can be used for
long-term postoperative monitoring in cardiac patients who underwent surgical treatment.

Keywords: acute in-hospital stroke, electroencephalogram, functional state
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Cnoco6 oueHKkN PyHKLMOHANIbHOIO COCTOAAHNA FOJIOBHOIO MO3ra
NpPN OCTPbIX BHYTPNOGONBbHNUYHBIX HAPYLUEHUAX MO3roOBOro
KpoBooOOpalieHuns

Bbpasosckui K.C.', BuHokyposa A.A.", Ctpex B.A.%, YcoB B.10.2

I Cubupckuil 2ocyoapcmeennoiil meouyunckull ynueepcumem (Cu6l’MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

2 Tomcexuil obnacmuoil onkoaoeudeckuil oucnancep (TOO/)
Poccus, 634050, e. Tomck, np. Jlenuna, 115

3 Hayuonanshulil meduyunckuil ucciedosamenvckutl yewmp (HMHI]) um. axao. E.H. Mewanxuna
Poccus, 630055, 2. Hosocubupck, yi. Peukynosckas, 15

PE3IOME

BHyTprOOIbHUYHBIE HApYIICHHS MO3TOBOTO KPOBOOOpAIICHHs y MAlMEHTOB KapAMOXUPYPrUUECKOro mpoduiis
ABJISIFOTCS TSDKEJIBIM OCTIO)KHEHHEM B PaHHEM I10CIIEONEPALUOHHOM IEPHOJIE C BEPOSITHOCTHIO MOsABIEHUS 10 15%.
[Tpu pa3BUTHH TSHKEJIOTO MOPaXKEHUs TOJIOBHOTO MO3Tra MPOBEACHUE HEHPOBU3YaTH3UPYIOLIUX THATHOCTHYECKUX
UcclieoBaHni (KOMITBIOTEPHONM W MarHUTHO-PE30HAHCHOM ToMorpaduu) 3aTpyJHEHO, YTO MOBBIIIACT BEPOSIT-
HOCTb HEOJIaronpusATHOTO MCXO/a.

He.ﬂb HCCIICJOBaHWs 3aK/IIFOYAaCTCA B pa3pa60TKe crocoda OLCHKHU q)yHKIlI/IOHaJ'ILHOFO COCTOSIHHS I'OJIOBHOI'O MO3Ta
Y DalMCHTOB C TAXKEIIbIM TCUCHUEM BHyTpI/I6OJ'H)HI/I‘1HOF0 HHCYJIbTa HA OCHOBE HEUHBA3WBHBIX I/I3MepeHI/Iﬁ DJICK-
TpH'{eCKOfI AKTUBHOCTHU HeHTpaJ'ILHOfI HepBHOﬁ CUCTEMBI.

Matepuanbl 1 MeToAbI. BerOopka cocraBnena n3 20 aHOHIMU3UPOBAHHBIX APXUBHBIX 3aIACEH IEKTpodHIEe]a-
JIOTpaMMBI T00pOBOJIBIIEB O3 HEBPOJIOTHUECKUX HapymeHni, 10 3amuceil manueHToB 0e3 HEBPOJIOTHYECKAX Ha-
pYLICHHUI BO BpeMs Hapko3a, 17 3anuceil maruenToB u3 6anka gaHHbpix UCLH Stroke Dataset ¢ BHEOOTBHUYHBIMU
MHCYJIbTaMU 1 18 3ammceil, MOIy4YeHHBIX B IpoIiecce HeHpO(H3HOIOrnIeCKOro MOHUTOPHHTA TAI[HEHTOB C TSDKe-
JIBIM MHCYJIBTOM B PaHHEM MOCIIEOTIePalOHHOM neproe. Jist OleHKH (yHKINOHATBHOTO COCTOSHHS pa3paboTan
1 peann30BaH alTOPUTM BEIYNCICHUS] HHTETPATBHOTO TTOKa3aTeNsd (yHKIHOHATEHOTO COCTOSHUS, XapaKTePH3yI0-
[IETO YPOBEHb (DYHKIIMOHATBHON aKTHBHOCTH IIEHTPAIBHOI HEPBHON CHCTEMBI.

Pesyabrarsl. [IpeuioxkeHHbli criocod OHEeHKH (yHKIHOHAIBHOTO COCTOSHHS TOJIOBHOTO MO3ra ObLI IPUMEHEH
JUTSl aHaJIM3a HeHPO(PHU3NOIOTHYECKUX CUTHAJIOB, TTOMYYEHHBIX Y JIFOJIeH C pa3HOii CTeIeHbI0 aKTHBHOCTH HEPBHOI
CHCTEMBI, OT CIOKOWHOT0 00pCTBOBAHMS 0 II1y00oKoit KoMbl. [Toka3aHo, 4TO BBIYUCISIEMbIiT KOIQPUIMEHT 3aKO0-
HOMEPHO OTpaXkaeT (yHKIIMOHAIBHOE COCTOSHUE TOJIOBHOTO MO3Ta M MOXKET OBITh HCIOJIb30BaH, B TOM YHCIIC, IS
paHHero oOHapy KeHHs HapylIeHUH, 00yCIOBIEHHBIX LIepeOpaTIbHON FreMOANHAMUUYECKON HETOCTaTOUHOCTBIO IIPH
Pa3BUTHU OCTPOTO MHCYJIbTA.

3axumouenne. VHTErpaabHbIA KpUTEPHd (HYHKIIHOHABHOTO COCTOSHHS TOJIOBHOTO MO3ra MOXET OBITh UCIIOJb-
30BaH JJIS JUTUTEILHOTO HAOJFOICHHS 32 COCTOSIHUEM MAIlMEHTOB KapIHOXUPYPTrHUECKOTro MPOGUIIS B paHHUI MO~
CJIeOnepalMOHHBINA EPUOI.

KOHq)J’IHKT HHTEPECOB. ABTOpI;I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIBHBIX KOHq;)HI/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6III/IKaIII/IeI71 HACTOSIICH CTaThH.

Hcrounuxk ¢punancupoBanus. PaGora BeimomHeHa npu puHaHCOBOH mommepxkke POOU u AnMmuHUCTpanun
Tomckoli 06macTu B paMkax HayqaHOro mpoekra Ne 19-415-700005 (p_a).

KiroueBble cjioBa: OCTpblii BHYTPHOONBHHYHBI HMHCYJIBT, O3JEKTpOdHLEdarorpaMMa, (yHKIMOHAIBHOE
COCTOSIHHE

Jas untupoBanusi: bpasosckuit K.C., Bunokyposa J/[.A., Ctpex B.A., YcoB B.JO. Crioco6 oneHku (yHKIH-
OHAJIBHOTO COCTOSIHHSI TOJIOBHOTO MO3Ta MPU OCTPBIX BHYTPUOOTBHUYHBIX HAPYIICHUSIX MO3[OBOTO KPOBOOOpa-
uieHust. broanemens cubupckoil meouyunst. 2023;22(4):15-21. https://doi.org/10.20538/1682-0363-2023-4-15-21.
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INTRODUCTION

Acute in-hospital stroke is a frequent adverse event
in the early recovery period after cardiac surgery with
a probability of up to 15% [1]. In the meantime, timely
diagnosis of in-hospital stroke can be complicated
particularly in coma patients. According to the study
[1], in most cases, ischemic stroke is diagnosed within
3—6 hours from its onset. Taking into account a high
risk of stroke within 3—7 days after cardiac surgery,
neuromonitoring could be considered as a useful
tool to detect early signs of cerebral hemodynamic
impairment in the postoperative period [2].
Unfortunately, electrical activity of the human brain
(electroencephalogram, EEG) is a complex noise-like
signal characterized by low specificity in relation to
causes of brain dysfunctions [3].

According to the published reviews, the diagnostic
and prognostic potential of EEG strictly depends
on EEG markers of stroke and qualification of a
neurophysiologist. These facts along with complicated
clinical  interpretations and  time-consuming
neurophysiological studies (especially continuous
round-the-clock neuromonitoring) may be the main
reason for EEG not becoming a routine monitoring
procedure in the early postoperative period.

Recently, a broadband system for multifrequency
electrical impedance tomography (EIT) has been
considered as a promising method for early stroke
detection [4]. The EIT inherently features three-
dimensional imaging options that makes it partly
comparable with computed tomography (CT) and
magnetic resonance imaging (MRI). Unfortunately,
EIT has very low spatial resolution, preventing direct
visualization of the damaged brain tissues, therefore,
it cannot be used in clinical applications.

The study [5] suggests some EEG biomarkers
which are highly reproducible in stroke patients.
However, measuring these parameters implies active
patient’s participation, which is impossible in the
early postoperative period. The alternative approach
is based on mapping and evaluation of coherence of
the cortical electrical activity in a resting state [6]. The
authors showed that the proposed method is suitable
for evaluating long-term brain function recovery,
but is not as effective in continuous post-surgery
monitoring.

Many formal EEG-based estimators of the
functional state of the human brain rely on calculated
frequencies and power of the dominant brain rhythms.
In the study [7], many formal EEG parameters are used

as independent variables to build partial regression
models showing a relationship between the power
of the dominant brain rhythms and NIHSS scores.
Although the models demonstrated good performance,
their practical usability is questionable because they
require 256-channel EEG records.

A large number of publications focus on the
attempt to use EEG-based methods for monitoring
the depth of anesthesia (for example, bispectral index,
entropy, information complexity of EEG, etc.) as a
tool to monitor the functional state of the human brain
in stroke patients. Although sensitivity, specificity,
and information value of the known EEG-based
methods still have to be confirmed, their relevance
for continuous monitoring of the brain function in the
early postoperative period is beyond doubt [8].

The aim of the study was to develop a method to
evaluate the functional state of the brain in cardiac
surgical patients with acute in-hospital stroke in the
early postoperative period.

MATERIALS AND METHODS

Anonymized archived EEG records were obtained
from Siberian State Medical University (20 records,
healthy subjects with no neurological disorders),
Cancer Research Institute of Tomsk National Research
Medical Center (NRMC) (10 patients without
neurological disorders during general anesthesia),
17 records from the UCLH Stroke EIT Dataset with
out-of-hospital strokes [9], and 18 records from
Cardiology Research Institute of Tomsk NRMC from
cardiac surgical patients with acute stroke in the early
postoperative period. All records were converted to
the unified format: sampling rate 250 Hz, amplitude
resolution 0.25 uV, frequency range from 0 to 100 Hz.
The preprocessing included high-pass filter with the
time constant of 0.16 sec and low-pass filter with the
cut-off frequency of 100 Hz.

EEG signals were recorded using the Encephalan
131 EEG machine (Medicom, Russia, Taganrog),
Neuron — Spectrum (Neurosoft, Russia, Ivanovo),
and Biosemi Active Two system (Biosemi, the
Netherlands, Amsterdam). All the EEG machines had
comparable technical parameters. Electrode montage
schemes were also identical and corresponded to
the international 10 — 20 system. After preliminary
calculations, it was found that the necessary and
sufficient number of channels to evaluate an integral
coefficient of the functional state of the brain was 8,
including O1-Al, P1-Al, C1-Al, F3-Al, 02-A2, P2-
A2, C2-A2, F4-A4. The raw signals were remounted
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according to the monopolar montage scheme with
ipsilateral ear electrodes.

Statistical analysis and signal processing were
performed using free version of integrated development
environment RStudio [10] with Signal and edfReader
packages. The significance level of 0.05 was adopted.

RESULTS

To evaluate the functional state of the human brain,
we proposed a new dimensionless index A varying from
0 to 100 %, where 0 corresponded to zero electrical
activity (brain death) and 100 % — to active state.

The algorithm to calculate A includes the following
steps.

Preprocessing of the multichannel EEG: removing
baseline drift, components with frequencies above
100 Hz, and power line interference (50 Hz).

Independent component analysis (ICA) of the
multichannel EEG:

Si(C,,C,) = ICA(EEG,ch,ch,,

where S is signal decomposition; component C,
contains mainly EEG from channel i; C, represents
artefacts with amplitude well above the typical EEG
voltage. These artefacts are caused by electrical activity
of the heart, eye movement, electrode dislocation, and
muscle contraction.

Independent components are calculated based on
paired channels with one channel always being the
reference one (A1 or A2 for left and right hemisphere,
respectively). This approach effectively removes
artefacts common for both channels and, as a result,
reduces uncertainty of bispectral parameters.

Bispectral analysis of the component C, was
followed by calculation of Gaussianity and linearity of
the signal based on the Hinich method [11], as well as
bicoherence and spectral power in the frequency range
from 0.5 to 47 Hz. Fast Fourier transform with length
n =512 and Hamming window w(n) was used to build
the bispectrum. The bispectrum was calculated for
each component C, independently.

Test for signal normality and linearity was
performed according to the procedure given in [6]. The
proposed integral index of the functional state A will
be calculated if the signal passes both the normality
and linearity tests:

Sp(f,D) = FFTn(W(Tl) -Ci(l+n +m));l €E(,M—n—m)

8 8
Bl= Y Y (Sp(fSp(DSp (f1+ f2)’
b 5

1=0.5 £2=0.

47 47

B2= Z Z (Sp(FSP(F2)Sp* (F1 + £2))’
f1=0.5f2=0.5
_ (lcqll, Gl < 1
o {111 RS

A=100-(1 Bl-
=100- (1= [5)°8

where Sp is Fourier transform of the component C/;
f1, f2 are frequency ranges; BI is the total power of
the low-frequency bispectral components; B2 is the
total bispectral power in the range from 0.5 to 47 Hz;
B is correction coefficient; A is integral index of the
functional state.

Steps 3 and 4 are repeated after moving the window
by m samples, m should be chosen from 32, 64, 128,
256 as a a trade-off between computational complexity
and required temporal resolution of A.

The frequency ranges were selected using
commonly agreed neurophysiological bands: 8 Hz
corresponds to the lower limit of alpha activity, and
the upper limit of 47 Hz allows for effective removal
of power line interference (50 Hz).

The proposed integral index of the functional
state of the brain was calculated using archived EEG
data obtained from healthy subjects in an active state
and during normal sleep, from patients undergoing
surgery, and from coma patients with acute in-hospital
stroke (Figure). The solid line is an average value of
A for previous 30 sec, the confidence intervals were
calculated for a = 0.05 and n = 30.

It could be noticed (Fig. b, ¢), that the A index
reflects the functional state of the human brain
with uncertainty of no more than 10 % throughout
the recording intervals. This fact confirms that the
proposed index follows the functional state of the
human brain within physiological variations.

Not only does the average value of A index decrease
as patient’s brain functions degrade, but also the
confidence intervals dramatically expand (Fig. d, f). It
could be indirect evidence that functional degradation
of the brain manifests through gradual deceleration
of dominant rhythms in parallel with disturbances in
cortical interactions.

These results are in good agreement with the
published clinical and neurophysiological findings
[1]. The authors [1] showed that the key markers
characterizing the severity of condition in stroke
patients include typical neurological symptoms,
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absence of the dominant EEG rhythm on the occipital of the brain, but its relative variations are sensitive
electrodes, decreasing frequency of the electrical enough to follow individual changes.

activity, and a lack of response to external stimuli.

Certainly, the selected examples are not quite DISCUSSION

typical of clinical practice, and the real cases are The proposed EEG-based method for evaluating
definitely more complicated; however, they allow to the functional state of the human brain takes into
evaluate margins of the functional state of the brain. account the commonly accepted neurophysiological
Unfortunately, the absolute values of A can be used concepts that attribute certain changes in electrical
to differentiate only quite distinctive functional states activity to functional degradation of the brain. One
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of the most well-known parameters estimating the
depth of anesthesia — bispectral index (BIS) — is based
on the same concepts, but does not include cortical
interactions. Our algorithm to calculate the A index
is different from the earlier described ones in the
following:

Instead of raw EEG signals, independent
components of multichannel EEG are used to
calculate the A index. This step significantly improves
the reproducibility of the estimator.

Multichannel EEG must include at least 8 separate
channels to reduce A index uncertainty through spatial
averaging.

The correction coefficient B was introduced to
expand the dynamic range and numerical stability of
the algorithm down to the lowest amplitude of EEG
signals, which allows to evaluate even the most severe
conditions of the brain.

The main drawback of the proposed index is
low specificity with respect to the causes of brain
dysfunction. As a result, it is almost impossible to
diagnose the exact pathology that has caused the
brain damage. One more limitation is a small size of
the sample, which included only well distinguishable
EEG records. Clinical ranges of the A index can be
found in expanded trails including more patients and
a wider spectrum of functional states. Nevertheless,
in the present form, the proposed integral index is
sensitive enough to detect changes in the functional
activity of the brain.

Taking into account the main features of the A
index, we would suggest two possible applications in
clinical practice: control over the depth of anesthesia
and continuous neurophysiological monitoring in the
early postoperative period. We believe that the index
will be the most effective for continuous monitoring
of cardiac surgical patients in the early postoperative
period.

CONCLUSION

The proposed integral index of the functional state
of the human brain features some desirable properties,
such as high reproducibility and clear physiological
interpretation. The method is numerically stable
and can deal even with very low-amplitude EEG.
Sensitivity and specificity of this index in different

pathologies require further expanded studies.
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The experimental study of dexamethasone effectiveness in a model

of lipopolysaccharide-induced acute lung injury in rats
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ABSTRACT

Aim. To evaluate the efficacy and safety of dexamethasone at various doses in an experimental model of direct
acute lung injury (ALI).

Materials and methods. The study was performed on 80 white outbred male rats, in which ALI was modeled by
intratracheal administration of lipopolysaccharide. The animals were divided into 4 groups: the control group and
three experimental groups (groups 1-3), where the animals were intraperitoneally administered dexamethasone at
doses 0of 0.52, 1.71, and 8.00 mg / kg / day, respectively, for 3 days. A complete blood count, blood biochemistry
test, and hemostatic tests were performed to assess the efficacy and safety of dexamethasone on day 3 of the
experiment The severity of pulmonary edema was assessed by changes in the lung weight coefficient and the
wet / dry weight ratio.

Results. The use of dexamethasone in the ALI model increased the survival of rats in groups 1 and 2 by 35%
(p < 0.05), and in group 3 only by 20% compared with control animals. The rat lung weight coefficient and the
wet / dry weight ratio when using dexamethasone at all doses studied were equally reduced by an average of 28%
(»<0.05) and 17% (p <0.05), respectively (p <0.05). The severity of side effects of dexamethasone (hyperglycemia,
hyperproteinemia, hyperkalemia, hypercoagulability, increased activity of creatine phosphokinase in the blood)
was dose-dependent and was maximum in group 3 (dexamethasone dose 8.00 mg / kg / day).

Conclusion. The effectiveness of both low (0.52 mg/ kg / day) and high (8.00 mg / kg / day) doses of dexamethasone
in an experimental model of ALI in rats is characterized by the same anti-edematous effect. Based on the results
of the blood tests and the analysis of rat survival, the use of dexamethasone at the lowest dose (0.52 mg / kg / day)
should be considered the safest.

Keywords: lipopolysaccharide, dexamethasone, acute lung injury, acute respiratory distress syndrome, biomodeling
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JKcnepumeHTanbHoe nccnegoBaHne 3¢ppeKTUBHOCTU AeKCaMeTa3oHa

Ha Mmogenun nmnononncaxapmna-nHAyumMpoBaHHOro oCtporo noppexageHmAa
nerknxy Kpbic

BonowwuH H.U.}, Myrau B.A.?, Canyxos B.B.', TioHnH M.A.2, MuHakoB A.A.",
UnbnHckun H.C.? JleBuyk E.B.?

! Boenno-meduyunckas akaoemus (BMeoA) um. C.M. Kuposa
Poccus, 194044, 2. Canxm-Ilemepoype, yn. Akademuxa Jlebeoesa, 6o

2 Focyoapemeenblil HayYHO-UCCIe008aMeNbCKULL UCNLIMAMENbHbLI UHCmumym soennou meouyunol (I HHUHU BM)

Poccus, 195043, 2. Canxm-Ilemepbype, yn. Jleconapkogas, 4

PE3IOME

Heaw. Ouennts 3 heKTUBHOCT M 0€30IIaACHOCTH IIPUMEHEHHUS AEKCAMEeTa30Ha B PA3JIMUHbIX J03aX Ha HKCIIEPH-
MEHTaJIbHOI MOJIeJIN MPSIMOTo ocTporo nospexaeHus jgerkux (OILT).

Marepuanbl 1 MeToabl. VccnenoBanue BoioaHeHO Ha 80 OelIbIX OECIIOPOIHBIX CaMIaxX KPbIC, Y KOTOPBIX MOJIC-
muposaiu OILJ] mocpencTBOM MHTpATpaxeaibHOrO BBEICHHUS JIHIONONNCaXxapuaa. JKUBOTHBIC ObLIH pa3/eliCHbI
Ha YeThIPE TPYIIIBI: KOHTPOJIbHAS TPYIIA U SKCIEPUMEHTaNbHbIC rpymibl No 1-3, T/ie :)KUBOTHBIM IO JIe4eOHOM
cxeMe (BHYTpHOPIOIIMHHO, 1 pas/cyT, B TeueHHE 3 CyT) BBOIMIM JiekcameTa3oH B fo3ax 0,52; 1,71 u 8,00 mr/kr/
CYT COOTBETCTBEHHO. B 1ernsix onenku 3phekTHBHOCTH 1 0€30IMacHOCTH JIeKCaMeTa30Ha Ha 3-¢ CyT SKCIIEPUMEHTA
MIPOBOIMIIM KIIMHHYCCKUN, OMOXMMUYECKUI 1 TeMOCTa3UOJIOTHYCCKUI aHAIM3 KPOBH, & TAK)KE OIICHUBAIIM BbIpa-
JKEHHOCTB OTEKA JIETKHX [10 U3MEHEHUIO MACCOBOTO KO (PUIIMEHTA U CTEIICHU BJIATOHACHIIICHHS OpTaHa.

Pe3yabTartel. Mcnonb3oBanue nexcamerasoHa B Mozaeian OI1J] moBbImano BEDKHBa€MOCTh KPBIC B CPAaBHEHUH C
KOHTPOJIBHBIMHA KHBOTHBIMH B Tpymmax Ne 1 u 2 Ha 35% (p < 0,05), a B rpymme Ne 3 — tonsko Ha 20%. MaccoBbrit
KO3(GUIHEHT JETKUX U CTENCHb BIATOHACKHIIIEHHS JETKUX Yy KPBIC MPH MCIOJIB30BAHNH JIEKCAaMeTa30Ha BO BCEX
HCCIIEI0BAHHBIX J103aX OBLTH OAMHAKOBO CHIDKEHBI B cpenHeM Ha 28% (p < 0,05) m 17% (p < 0,05) cooTBETCTBEHHO
(p < 0,05). CrenieHp BBIpaXEHHOCTH MTOOOYHBIX 3(PpPeKTOB MeKcaMeTa3oHa (THIEPTINKEMUs, THIIEPIIPOTEHHEMUS,
THIIEPKATHEMUs, THIIEPKOATyJISIIIHS, TIOBBIIICHHE AKTHBHOCTH KpeaTHH(POCHOKMHA3H! B KPOBH) HOCHIIA 10303aBHU-
CHMBII XapakTep U Obl1a MakcuManbHOI B rpymme Ne 3 (mo3a nekcamerazona 8,00 MI/Kr/cyT).

3akiaouenne. DppexruBHocTh Kak HU3KHX (0,52 Mr/kr/cyT), Tak u Bbicokux (8,00 MI/Kr/cyT) 103 1eKcameTa3oHa
Ha sKkcrepuMenTanbHoi Mojenn OITJT y Kpblc XapaKTepu3yeTcst OJMHAKOBBIM IIPOTHBOAIEMATO3HBIM 3P dexTom.
ITo COBOKYITHOCTH Pe3yJIbTaTOB JIAOOPATOPHBIX MCCIIEA0BAHUK KPOBH M aHAIM3a BHDKHBAEMOCTH KpbIC Hanbosee
0e30MacHbIM ClIe/IyeT CUUTATh IPHMEHEHHE JJeKCaMeTa30Ha B MUHUMaIbHOM 103e (0,52 Mr/Kr/cyT).

KiroueBble ci10Ba: junononucaxapu, IeKcaMeTa3oH, OCTpPOe MOBPEKACHUE JICTKUX, OCTPBIA pecHpaTOpHbII
JUCTPECC-CHHIPOM, OHOMOEIPOBaHNE

KonpaukT nuHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIMAIBHBIX KOHMINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNNeil HACTOSIIECH CTaThH.

HcTrounuk (I)HHaHCI/IPOBaHPHI. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU q)HHaHCI/IpOBaHI/ISI py MPOBCACHUUN UCCIIEN0-
BaHUA.

CooTBeTCTBHE NPUHIUIIAM 3THKH. VccieioBaHie 0100pEHO JTOKAIBHBIM THYECKUM KOMUTETOM BOeHHO-Me 11~
uuHCcKoi akagemun uM. C.M. Kuposa (mmpotokxon Ne 258 or 21.12.2021).

Jast uurupoBanusi: Bonommu H.W., [Tyrau B.A., Canyxos B.B., Tronun M.A., MunakoB A.A., Uneunckuit H.C.,
Jlepuyk E.B. DkcrnepuMeHTaNbHOE HCClIEIOBaHUE 3PPEKTUBHOCTH JEKCAaMETa30HA HA MOJCIH JIMITONOJCaXa-
PUI-MHIYIIUPOBAHHOTO OCTPOTO MOBPEKICHHS JICTKUX Y KPbIC. Broinemens cubupckot meduyunst. 2023;22(4):22—
30. https://doi.org/10.20538/1682-0363-2023-4-22-30.

INTRODUCTION

Over the past two decades, humanity has constantly
faced challenges posed by outbreaks of infectious

diseases

influenza A/HINI1, and SARS-CoV2. Severe forms

of these infectious diseases often lead to significant

caused by MERS-CoV, SARS-CoV, with 35-45% mortality [1].
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damage to the lung tissue, up to the development of
adult acute respiratory distress syndrome (ARDS)
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One of the methods to find the best means of
diagnosing, preventing, and treating ARDS in humans
is experimental biomodeling of acute lung injury
(ALID) in laboratory animals, which is as close as
possible to the clinical manifestations of ARDS [2].
The best experimental model of ALI should reproduce
the mechanisms and consequences of ARDS in
humans and have the following features: clinical
(acute onset, diffuse bilateral lung injury, acute
exudative phase, proliferation and fibrosis in the end);
pathophysiological (ventilation — perfusion mismatch,
hypoxemia, decreased lung compliance, impaired
alveolar fluid clearance); biochemical (increased
concentration of  proinflammatory  cytokines,
hemostatic ~ disorders), and pathomorphological
changes (neutrophil infiltration of lung tissue, damage
to the alveolar epithelium and impaired permeability
of the blood — air barrier, formation of hyaline
membranes) [2]. The model of lipopolysaccharide-
induced ALI in laboratory animals fully meets the
above requirements and is widely used by researchers
to search for and justify anti-inflammatory therapy
regimens for ARDS using glucocorticoids [3, 4].

For example, M. Qin et al. [5] and J.W. Jang et al.
[6] observed inhibition of NF-kB, p38, and NLRP3
inflammasome pathways when dexamethasone was
administered at doses of 5 and 6 mg / kg in a model
of ALI in mice, which led to a decrease in mortality,
pulmonary edema, neutrophil tissue infiltration
and microthrombosis in the lung vessels, as well
as to a decrease in the levels of proinflammatory
cytokines in the blood and bronchoalveolar lavage
fluid. Another study using a similar experimental
model showed that dexamethasone at a dose of 1
mg / kg exhibited antioxidant effects, inhibiting the
functioning of inducible NO synthase in macrophages
and polymorphonuclear leukocytes and increasing
the expression of heme oxygenase-1 in the lung
tissue [7]. Another positive effect of dexamethasone
therapy revealed in the experiment was a decrease
in the concentration of degradation products of
autoantibodies in the peripheral blood flow and
bronchoalveolar lavage fluid in mice [8].

In clinical practice, glucocorticoids are used
as part of the complex therapy for ARDS, but their
role in this therapy is still intensively discussed
by the medical community. The results of meta-
analyses on the evaluation of the -effectiveness
of glucocorticoids are often contradictory due to
differences in patient selection, heterogeneity of
ARDS causes, administration regimens (starting dates,

pharmacological agents, dosage, treatment duration),
and data processing [3].

The aim of the study was to assess the efficacy
and safety of dexamethasone at various doses in an
experimental model of direct ALI.

MATERIALS AND METHODS

The experiment was performed on 80 outbred
male rats (age: 8—10 weeks, body weight: 310-320 g).
The animals were kept in the vivarium in compliance
with the basic hygienic requirements: temperature
20-24 °C, 12-hour light / 12-hour dark cycle, free
access to food and water. The study was carried out
in accordance with the requirements of the Order of
the Ministry of Healthcare of Russia No. 199n of
01.04.2016 “On the Approval of the Rules of Good
Laboratory Practice”.

ALl was modeled by intratracheal (i/t)
administration of lipopolysaccharide (LPS) of the
Salmonella enterica cell wall (Sigma-Aldrich, USA)
at a dose of 20 mg / kg. Before i/t administration, the
animals were anesthetized with an intraperitoneal
(i/p) injection of Zoletil 100 at a dose of 4.0 mg / kg.
Intratracheal administration of LPS was performed
using the MicroSprayer Aerosolizer device (model IA-
1B, USA) 5 min after the animals were anesthetized.

The animals were divided into 4 groups: the
control group with ALI and the experimental groups.
Three hours after the modeling of ALI according
to the treatment regimen (i/p, OD for 3 days),
the animals were administered dexamethasone
at doses of 0.52; 1.71 and 8.00 mg / kg. Doses of
dexamethasone were calculated using the technique
of interspecies dose conversion taking into account
body surface area and were equivalent to daily doses
of glucocorticoid for humans equal to 6 mg, 20 mg,
and 94 mg, respectively [9].

Blood samples were taken for examination from the
caudal vena cava on day 3 of the experiment. Complete
blood countwas performed on the automated veterinary
hematological analyzer (Mythic 18 Vet, Switzerland),
and blood biochemistry test was performed on the
automated analyzer (ChemWell 2910, USA). Partial
thromboplastin time (PTT), prothrombin time (PT),
fibrinogen level, and antithrombin activity (in %)
were determined on the semi-automated coagulation
analyzer (Tcoag KC 4 Delta, Ireland). The level of
soluble fibrin monomer complexes (SFMCs) was
studied in the paracoagulation phenanthroline test
(NPO Renam, Russia). Blood gas level and electrolyte
composition were studied using the i-STAT automatic
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analyzer (Abbott, USA). The following parameters
of blood gas and electrolyte composition were
determined: Na, K, Ca, pH, pCO,, pO,, TCO,, HCO,,
BE, sO,. After taking blood samples from the animals,
the severity of pulmonary edema was assessed by
conducting the morphometric analysis with the
determination of the lung weight coefficient (LWC)
and the wet / dry weight ratio (W / D ratio). LWC was
calculated using the formula (lung weight, g / animal
weight, g) x 1,000. The W / D ratio was calculated
by the formula: wet lung weight, g / dry lung weight
g. Before calculating the W / D ratio, the lungs were
dried for 5 days in a thermostat at 37 °C.

To test the hypotheses presented in this study,
the statistical analysis of the results was carried out
using the Graph Pad Prism 8.0 program. The results
were presented as the median and the interquartile
range Me [Q; O.]. The Kruskal — Wallis test was used
for multiple comparisons of quantitative variables
with further post hoc pairwise comparison using the
Dunn’s test. The relationship between qualitative
variables (mortality) was assessed by constructing
four-fold contingency tables and performing the
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Fisher’s exact test based on them, followed by
constructing a Kaplan — Meier survival curve. The
differences were considered statistically significant
at p <0.05.

RESULTS AND DISCUSSION

Dyspnea and tachypnea were more often observed
in rats of the control group than in comparison groups,
in which rats were administered dexamethasone
at various doses, which indicated the development
of respiratory failure. The survival rate in the
control group was 60%. The survival rate in groups
1 (dexamethasone at a dose of 0.52 mg / kg / day) and
2 (dexamethasone at a dose of 1.71 mg / kg / day)
reached 95%, and in group 3 (dexamethasone at a
dose of 8.00 mg / kg / day) was 80% (Fig.1).

In groups 1-3, statistically significant differences
were observed in the values of LWC compared with
the control group (p = 0.002, p = 0.03, p = 0.0001,
respectively). The W /D ratio in the lungs also turned
out to be significantly lower in all three experimental
groups than in the control group (p = 0.006 and
p=0.04, p=0.02) (Fig. 2).

—m— Groups | and 2 (doses of 0.52 and 1.71 mg / kg / day)
—e— Group 3 (8.00 mg / kg / day)

—¥— Control group

Fig. 1. Kaplan — Meier survival curves after LPS administration

and treatment with dexamethasone at various doses. Here and

in Fig. 2-5: D — dexamethasone; * differences are statistically

significant relative to the control group (p < 0.05, Fisher’s
exact test)

W /D ratio

| T fTi*

_|1

Control group

Group 1 (0.52 mg / kg / day)

Group 2 (1.71 mg / kg / day)

B 00 N

Group 3 (8.00 mg / kg / day)

Fig. 2. Lung weight coefficient and the W / D ratio in rats on day 3 after modeling acute lung injury Me [Q; Q.]. * differences are
statistically significant relative to the control group (p < 0.05, Kruskal — Wallis test)
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The use of dexamethasone led to typical changes in
the leukocyte formula, which manifested by significantly
lower absolute and relative lymphocyte count (p =
0.002, p=0.02, p=0.04). At the same time, an increase
in the absolute and relative monocyte count (p = 0.03,
p =0.007, and p = 0.01, respectively) and granulocyte
count (p = 0.08, p =0.007, p = 0.09) was observed. The
number of platelets was significantly smaller in group

3 when compared with groups 1, 2, and the control
group (p = 0.006, p = 0.004, p = 0.02) (Table).

When comparing the concentrations of sodium and
ionized calcium in the blood of rats in the experimental
groups, no significant differences were found,
although these groups showed changes depending
on the doses of dexamethasone used. Groups 2 and 3
(Fig. 3) had higher potassium levels compared to the

Table

Parameters of complete blood count in rats on day 3 after modeling acute lung injury and treatment with dexamethasone
at various doses, Me [0 ; O.]

Experimental groups
Parameter group 1 (dexamethasone group 2 (dexamethasone group 3
control group
0.52 mg /kg/mg) 1.71 mg/kg/mg) (dexamethasone 8 mg/kg/mg)

Leukocytes, 10 °/1 8.6 [7.0; 11.0] 7.9 [6.9; 8.0] 8.3[6.7; 11.0] 8.5[7.2;10.0]
Lymphocytes,10 °/ 1 5.4 [4.6; 5.8] 1.7%[0.8; 2.2] 2.1%[1.4;2.8] 2.4%*[1.6; 3.0]
Monocytes, 10 ?/1 0.4 [0.3; 0.5] 0.9*[0.7; 1.2] 1.0*[0.7; 1.3] 1.0* [1.0; 1.3]
Granulocytes, 10°/1 1.5[1.3;1.7] 4.4*[3.3;5.0] 4.6* [3.6; 6.0] 4.1% [3.7; 4.5]
Lymphocytes, % 74.0 [73; 75] 19.0* [17.0; 23.0] 25.0* [20.0; 30.0] 31.0* [30.0; 34.0]
Monocytes, % 5.0 [5.0; 6.0] 14.0* [10.0; 15.0] 13.0* [11.0; 15.0] 15.0* [13.0; 16.0]
Granulocytes, % 21.0 [20.0; 21.0] 67.0* [55.0; 74.0] 62.0* [57.0; 68.0] 54.0* [50.0; 57.0]
Erythrocytes 10'2/1 7.5[7.4;7.7] 6.9[6.5;7.8] 7.5(7.2;8.1] 7.7[7.3;7.9]
Hemoglobin, g /1 154.0 [150.0; 160.0] 156.0 [147.0; 166.0] 153.0 [147.0; 166.0] 163.0 [155.0; 164.0]
Platelets, 10 °/1 519.0# [515.0; 592.0] 548.0# [506.0; 598.0] 511.0# [443.0; 586.0] 410.0 [335.0; 449.0]

Differences are statistically significant: * relative to the control group (p < 0.05, the Kruskal — Wallis test); # relative to group 3 (p < 0.05, the

Kruskal — Wallis test).
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1.0
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I Group 1 (0.52 mg/ kg / day)

pH [ Group 2 (1.71 mg / kg / day)

# # I Group 3 (8.00 mg / kg / day)

%

Fig. 3. The concentration of sodium, potassium, ionized calcium, and the pH level in the blood on day 3 after modeling acute lung
injury and treatment with dexamethasone at various doses, Me [Q; O,]). * differences are statistically significant relative to the
control group (p < 0.05, the Kruskal — Wallis test)
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control group (p = 0.002, p = 0.004). The pH values
were significantly higher in group 3 compared to the
control group and group 2 (p = 0.02, p = 0.04) There
were no significant differences among the groups
when comparing pCO,, pO,, TCO,, HCO,, BE, sO, in
venous blood.

Compared with the values in the control group, the
concentration of glucose in the blood of experimental
animals was significantly higher (p =0.01, p =0.0009,
and p = 0.0002 for groups 1, 2, and 3, respectively),
and the dose of dexamethasone determined how much

Glucose, mmol / 1
*

I 1
» ! - 80 —
75

70 —

=

65 =

50 7]
45 7]

the parameter increased. When analyzing the content
of total protein, its concentration in animals of group
3 was significantly higher than in the control group
(p = 0.01), while the level of albumin was increased
in all experimental groups (p = 0.02, p < 0.0001,
p = 0.005 for groups 1, 2, and 3, respectively).
Activity of CPK was significantly higher in animals
treated with dexamethasone at doses of 1.71 and
8.00 mg / kg / day (groups 2 and 3) compared
to the control group (p = 0.006, p = 0.02, respectively)

(Fig. 4).

Total protein, g/ 1

*
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5 40
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100 — * 250 =
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[ Control group
] Group 1 (0.52 mg/ kg / day)
[ Group 2 (1.71 mg/ kg / day)

] Group 3 (8.00 mg / kg / day)

- 0

20

Fig. 4. Concentration of glucose, total protein, albumin, and creatine phosphokinase activity in blood on day 3 after modeling

acute lung injury and treatment with dexamethasone at various doses, Me [Q,; O3]. Differences are statistically significant: *

relative to the control group (p < 0.05, the Kruskal — Wallis test); # relative to the dexamethasone 8 mg / kg / day group (p < 0.05,
the Kruskal — Wallis test)

The concentration of SFMCs in blood plasma
of the animals in group 3 (dose of dexamethasone
8 mg / kg / day) was significantly higher not only when
compared with the control group (p < 0.0001), but
also when compared with groups 1 and 2 (p = 0.008,
p = 0.01, respectively). Significant differences in PT
were observed when comparing groups 2 and 3 with
the control group. In these groups, the parameter was
significantly lower than in the control group (p = 0.03,
p = 0.0009, respectively). Antithrombin III activity
was significantly lower in groups 2 and 3 (p = 0.003,
p = 0.0002) compared to the control group. In
addition, antithrombin activity was lower in group

3 compared to group 1 (p = 0.02). No significant
difference was found in the concentration of fibrinogen
when comparing groups 1-3 with the control group
(Fig. 5). There were no significant differences between
the groups when comparing the PTT values in venous
blood.

It was shown that after i/t administration of LPS,
the rats developed bilateral diffuse lung damage,
leading to edema with high LWC and W /D ratio, as
well as to death of 40% of the animals in the group.
The obtained data are consistent with the results of
previous studies using the selected experimental ALI
model [2, 6, 10, 11].
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Fig. 5. Coagulation parameters in rats on day 3 after modeling acute lung injury and treatment with dexamethasone at various doses,
Me [Q; O,]. Differences are statistically significant: * relative to the control group (p < 0.05, the Kruskal — Wallis test); # relative
to group 3 (p < 0.05, the Kruskal — Wallis test).

The use of dexamethasone in all studied doses led
to positive therapeutic effects including a decrease
in the volume of lung tissue damage, which was
accompanied by correction of respiratory failure
(normopnea, normalization of blood pH) and
decreased mortality. At the same time, significant
dose-dependent side effects of glucocorticoid thera-
py developed including hyperglycemia, hyper-
proteinemia, hyperalbuminemia, hyperkalemia, and
increased CPK activity in the blood. In addition,
coagulation disorders were observed including high
values of SFMCs in combination with low PT and low
antithrombin III activity, which, in combination with
hyperproteinemia, aggravated hypercoagulability that
progressed while accompanying inflammation. In
rats receiving dexamethasone therapy, the analysis
revealed a decreased lymphocyte and platelet count,
as well as an increase in the number of granulocytes
and monocytes in the blood.

In group 1, where dexamethasone was administered
at a dose of 0.52 mg / kg / day, the lowest mortality
among all groups and the lowest values of LWC and the
W/D ratio were observed. The glucose concentration
was higher than in the control group, but was the
lowest among all comparison groups. Despite the large

number of SFMCs, no significant decrease in PT was
observed, and antithrombin III activity was the highest
among all groups, which may indicate a balanced state
of coagulation and anticoagulation systems, as well as
a low risk of thrombotic complications.

In group 2, in which dexamethasone was
administered at a dose of 1.71 mg / kg / day, the sur-
vival rate was similar to that in group 1. At the same
time, when dexamethasone was administered at this
dose, the highest values of LWC, W/D ratio, and
monocyte count in the blood were observed among
all experimental groups in which dexamethasone was
used. High concentrations of glucose and potassium
in the blood similar to those in group 3 were detected.
SFMC parameters were significantly higher, while PT
and antithrombin III activity were lower than in the
control group.

The highest mortality in animals was observed in
group 3 (dexamethasone dose was 8.00 mg / kg / day),
despite low values of LWC and W / D ratio. The
concentration of glucose, potassium, total protein,
albumin, and CPK activity were the highest in this
group, and PT was the shortest. The parameters
characterizing the blood coagulation system indicated
a high risk of thrombosis as the maximum values of
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SFMCs, the minimum values of PT, and the minimal
activity of antithrombin III were recorded. A low
platelet count and severe hypercoagulability might
indicate increased platelet consumption.

CONCLUSION

As a result of the study, it was found that the
effectiveness of both low (0.52 mg / kg / day) and
high (8.00 mg / kg / day) doses of dexamethasone
in an experimental model of LPS-induced ALI is
characterized by a similar antiedematous effect. Based
on the results of blood tests and analysis of animal
survival, the use of dexamethasone at the minimum
dose (0.52 mg / kg / day) should be considered the
safest. Despite significant anti-inflammatory effects
on the lung tissue, the administration regimen of
dexamethasone at the maximum dose (8.00 mg
/ kg / day), which is equivalent to pulse therapy,
was accompanied by the occurrence of the most
pronounced adverse events, namely: hyperglycemia,
hyperproteinemia, hyperkalemia, hypercoagulation,
and increased CPK activity. The identified side effects
of dexamethasone therapy most likely contributed to
higher mortality in this group of animals.

When  prescribing  glucocorticoid  therapy,
especially at high doses, it is necessary to monitor
the level of glucose, electrolytes, and the state of
the blood coagulation system and timely correct the
identified pathological changes, since these changes
can significantly contribute to the development of
ARDS.

REFERENCES

1. Minakov A.A., Salukhov V.V., Kharitonov M.A., Za-
gorodnikov G.G., Voloshin N.I. Some features of the
course of viral pneumonia in obesity. Medical Advice.
2022;16(18):131-140(inRuss.).DOI:10.21518/2079-701X-2022-16-18-
131-140.

2. Matute-Bello G., Frevert C.W., Martin T.R. Animal models
of acute lung injury. Am. J. Physiol. Lung Cell Mol. Physi-
ol.  2008Sept.;295(3):L379-L399. DOI: 10.1152/ajplung.
00010.2008.

Authors’ contribution

3. Mokra D., Mikolka P., Kosutova P., Mokry J. Corticoste-
roids in acute lung injury: the dilemma continues. /nt. J.
Mol.  Sci.  2019Sept.25;20(19):4765. DOI:  10.3390/
ijms20194765.

4. YangJ.W.,Mao B., TaoR.J., Fan L.C., Lu H.W., Ge B.X. et al.
Corticosteroids alleviate lipopolysaccharide-induced inflam-
mation and lung injury via inhibiting NLRP3-inflammasome
activation. J. Cell Mol. Med. 2020Nov.;24(21):12716-12725.
DOI: 10.1111/jemm.15849.

5. Qin M., Qiu Z. Changes in TNF-a, IL-6, IL-10 and VEGF in
rats with ARDS and the effects of dexamethasone. Experimen-
tal and Therapeutic Medicine. 2019Jan.;17(1):383-387. DOI:
10.3892/etm.2018.6926.

6. Yang J.W.,Mao B., TaoR.J., FanL.C., LuH.W., Ge B.X. et al.
Corticosteroids alleviate lipopolysaccharide-induced inflam-
mation and lung injury via inhibiting NLRP3-inflammasome
activation. J. Cell Mol. Med. 2020Nov.;24(21):12716-12725.
DOI: 10.1111/jemm.15849.

7. Kim S.M., Min J.H., Kim J.H., Choi J., Park J.M., Lee J.
et al. Methyl p-hydroxycinnamate exerts anti-inflammato-
ry effects in mouse models of lipopolysaccharide-induced
ARDS. Mol. Med. Rep. 2022Jan.;25(1):37. DOI: 10.3892/
mmr.2021.12553.

8. Al-Harbi N.O., Imam F., Al-Harbi M.M., Ansari M.A., Zo-
heir K.M., Korashy H.M. et al. Dexamethasone attenuates
LPS-induced acute lung injury through inhibition of NF-
kB, COX-2, and pro-inflammatory mediators. Immunol. In-
vest. 2016May;45(4):349-369. DOI: 10.3109/08820139.
2016.1157814.

9. Shekunova E.V., Kovaleva M.A., Makarova M.N., Maka-
rov V.G. Dose selection in preclinical studies: cross-species
dose conversion. The Bulletin of the Scientific Centre for Ex-
pert Evaluation of Medicinal Products. 2020; 10(1): 19-28 (in
Russ.). DOI: 10.30895/1991-2919-2020-10-1-19-28.

10. Voloshin N.I., Pugach V.A., Tyunin M.A., Strokina E.I., Kh-
izha V.V, Nikolaev A.V., Salukhov V.V. Clinical, biochemi-
cal and pathomorphological features of direct acute lung inju-
ry in rats caused by intratracheal administration of Salmonella
enterica lipopolysaccharide. Laboratory Animals for Science.
2022;(3):16-23 (in Russ.). DOI: 10.57034/2618723X-2022-
03-02.

11. Pugach V.A., Tyunin M.A., Ilyinsky N.S., Levchuk E.V.,
Strokina E.I., Yeltsov A.A. An experimental model of direct
acute lung injury in rats caused by intratracheal administration
of lipopolysaccharide from Salmonella enterica. Biomedicine.
2021;17(3):84-89 (in Russ.). DOI: 10.33647/2074-5982-17-
3-84-89.

Salukhov V.V., Tyunin M.A. — conception and design, final approval of the manuscript for publication. Voloshin N.I., Levchuk E.V.,
Minakov A.A. — carrying out of the experiment, analysis and interpretation of the data. Voloshin N.I., Pugach V.A., Ilyinskiy N.S. —
justification of the manuscript or critical revision of the manuscript for important intellectual content.

Bulletin of Siberian Medicine. 2023; 22 (4): 22-30 29



Voloshin N.I., Pugach V.A., Salukhov V.V. et al. The experimental study of dexamethasone effectiveness in a model

Authors’ information

Voloshin Nikita I. — Associate Professor, First Department and Clinic of Advanced Medical Training Therapy (MTT-1), S.M. Kirov
Military Medical Academy, Saint Petersburg, nikitavoloshin1990@gmail.com, http://orcid.org/0000-0002-3880-9548

Pugach Victoria A. — Cand. Sci. (Biology), Senior Researcher, State Research Institute for Experimental Military Medicine, Saint
Petersburg, gniiivm_7@mil.ru, http://orcid.org/0000-0003-4290-350X

Salukhov Vladimir V. — Dr. Sci. (Med.), Head of the First Department of Advanced Medical Training Therapy (MTT-1), S.M. Kirov
Military Medical Academy, Saint Petersburg, vlasaluk@yandex.ru, http://orcid.org/0000-0003-1851-0941

Tyunin Mikhail A. — Cand. Sci. (Med.), Deputy Head of the Center, State Research Institute for Experimental Military Medicine, Saint
Petersburg, gniiivm_7@mil.ru, http://orcid.org/0000-0002-6974-5583

Ilyinskiy Nikita S. — Deputy Head of the Department, State Research Institute for Experimental Military Medicine, Saint Petersburg,
gniiivm_7@mil.ru, http://orcid.org/0000-0001-7406-753X

Levchuk Elena V. — Laboratory Assistant, State Research Institute for Experimental Military Medicine, Saint Petersburg, gniiivm_7@
mil.ru, http://orcid.org/0000-0001-9086-3755

Minakov Alexey A. — Associate Professor, First Department and Clinic of Advanced Medical Training Therapy (MTT-1), S.M. Kirov
Military Medical Academy, Saint21q  Petersburg, minacom@mail.ru, http://orcid.org/0000-0003-1525-3601

(<) Voloshin Nikita L., nikitavoloshin1990@gmail.com, juvtur1 990@yandex.ru
Received 08.02.2023;

approved after peer review 13.03.2023;
accepted 25.05.2023

30 BionneTteHb cMbupckon MeguumHbl. 2023; 22 (4): 22-30



ORIGINAL ARTICLES

YVIK 618.11-089-06:618.17 _
https://doi.org/10.20538/1682-0363-2023-4-31-38 (@) BY 40

Prediction of a poor ovarian response in assisted reproductive technology

programs in patients after surgical interventions on the ovaries

Dmitrieva M.L., Petrov I.A., Tikhonovskaya O.A., Logvinov S.V., Duma O.M,,

Kosimova Z.0., Chernyshova M.A., Yuriev S.Y., Timofeeva O.S., Zhdankina A.A.,

Gerasimov A.V.

Siberian State Medical University
2, Moscow Trakt, Tomsk, 634050, Russian Federation

ABSTRACT

The aim. To conduct a comparative analysis of clinical and anamnestic data in women of reproductive age after
ovarian cyst surgery and with occult premature ovarian insufficiency (POI) to predict a poor ovarian response to
stimulation.

Materials and methods. We conducted a retrospective study of medical records of women (aged 18—40 years)
with infertility at the Assisted Reproductive Technology Center of Siberian State Medical University from 2017
to 2020. The main group consisted of 84 patients who underwent ovarian cyst surgery. The comparison group
consisted of 33 patients with biochemical signs of POI (follicle stimulating hormone (FSH) 10-12 mMU / ml) who
did not undergo ovarian cyst surgery. Anti-Mullerian hormone (AMH), FSH, estradiol, the antral follicle count
(AFC), and the ovarian response to stimulation were compared.

Results. A correlation was established between AFC and a poor ovarian response both in the main group (»=-0.7;
p = 0.004) and in the comparison group (» = —0.620; p = 0.000) in women under 35 years of age. A correlation
was found between the concentration of estradiol and a poor ovarian response in the comparison group in women
over 35 years of age (»r =—-0.707; p = 0.001). A moderate negative correlation between AMH and a poor ovarian
response was revealed only in the main group of women under the age of 35 years (» = —0.589; p = 0.021).
A moderate negative correlation between AMH and a poor ovarian response was revealed in the comparison group
in women under the age of 35 years ( = —0.648; p = 0.000), a weak negative correlation was found for women at
the age of 35 years (» =-0.500; p = 0.004). In both groups, the level of FSH did not determine the ovarian response
to stimulation.

Conclusion. The determination of AFC and AMH is more significant in predicting a poor ovarian response in
women after ovarian surgery and in women with occult signs of POI under the age of 35 years, compared with
FSH. In the group of women over 35 years with occult signs of POI, the concentration of estradiol may matter in
predicting a poor ovarian response, which requires further research.
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MporHo3sunpoBaHue «6egHOro oTBeTa» B NporpaMmmMax BComMoraTefibHbIX
penpoAYKTUBHbIX TEXHONOrNIA Nocse onepaTuBHbIX BMeLlaTeNbCTB
Ha ANYHUKAX

AmuTtpunesa M.J1., Netpos U.A., TuxoHosckasa O.A., JlorsuHos C.B., flyma O.M.,
Kocumosa 3.0., YepHbiwoBa M.A., IOpbes C.10., Tumodeena O.C., XKaaHkuHa A.A.,
Fepacumos A.B.

Cubupckuii cocyoapcmeennwiil meouyurckuil ynusepcumem (Cubl’ MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

Iean. IIpoBecTn cpaBHUTENBHBIH aHANIN3 KIMHUKO-aHAMHECTHUECKUX MAHHBIX Y KEHIIMH PENpOJyKTHBHOTO
BO3pAcTa C OMEPAaTHBHBIMU BMENIATENbCTBAMHI HA SIMYHUKAX U C OKKYJIBTHBIMH TPHU3HAKAMH MPEkKIEBPEMEHHON
HegoctaTouyHocTH ssmaHnKoB (ITHS) nist mporuo3upoBanus «O6€IHOT0 OTBETa) Ha CTUMYJISILIUIO.

Matepunajabl u MeToAbl. IIpoBeCHO PETPOCHEKTUBHOE MCCIEAOBAaHUE MEAMLUHCKUX KapT skeHUuH (18—
40 niet) ¢ 6ecronnem LleHTpa BcnoMoraTenbHBIX Pernpo yKTHBHBIX TeXHOJIOrHi CHOMPCKOro rocy1apcTBEHHOTO
MeaunuHckoro yHusepcurera ¢ 2017 mo 2020 r. OcHoBHas rpymnmna — 84 MAaLUEHTKU € ONEPATHBHBIMU
BMCIIIATCIbCTBAMH Ha SIMYHUKAX. [ pynmna cpaBHEHUS — 33 MalMEHTKH ¢ OMOXMMHUYCCKHUMHU npu3Hakamu [THSI
(dommukynoctumynupyrommuii ropmoH (PCIY) 10-12 MME/Mit) 6e3 onepaTuBHOTO BMEIIATEIBCTBA HA SUYHUKAX.
[MpoBoguiock cpaBHeHHe aHTHMIOIepoBa ropmoHa (AMIY), ®CI, scrpagmorna, KoiIMYecTBa aHTPAIBHBIX
¢dommkynoB (KAD), oTBeT SIMYHUKOB HA CTUMYJISIIUIO OBYJISIIIUH.

Pe3yabTaThl. YcTaHOBIIEHA KOPPENSIMOHHAS CBSI3b MekaTy KAD u «OemHpIM OTBETOM» KaK B OCHOBHOM IpyTIIie
(r=-0,7; p = 0,004), Tak u B rpynne cpaBHenus (» = —0,620; p = 0,000) y »xenmmH miamme 35 net. Brisisnena
KOppEISIIIMOHHAS CBA3b MEXKAY KOHIICHTpAlUeH 3CTpaauoia M «OeJHBIM OTBETOM» B TPYIIIE CPaBHEHHSA Y
sKeHIH crapme 35 set (r = —0,707; p = 0,001). OtpunarensHas 3aBUCUMOCTb CpeiHel cmtel Mexxny AMIT u
«OeTHBIM OTBETOM» BBISBIICHA TOJIBKO B OCHOBHOMH rpyrmie B Bo3pacte miamme 35 ner (» = —0,589; p = 0,021).
CpenHsist oTpHLaTeNbHas CBsI3b MeKTy AMI™ 1 «OeTHBIM OTBETOM) BEIBIEHA B IPYIIIE CPAaBHEHUS Yy KEHIIHH B
Bo3pacte miame 35 aet (r =-0,648; p = 0,000), cnadast oTpunaTeIbHAS B3aUMOCBS3b — B BO3pacTe cTapiie 35 et
(r=-0,500; p = 0,004). B 06enx rpynmax ypoeab OCI" He mpenonpenens OTBET SHYHIKOB Ha CTUMYJISLIUIO.

3aximouenune. Omnpeneneane KA® u AMIT aBnsioTcst Gosiee 3HaUMMBIMH IIPU MPOTHO3MPOBAHUM «OETHOTO
OTBETa» y JKEHIINH KaK C ONEePUPOBAHHBIMH SMYHHKAMH, TaK M y >KEHIIHMH C OKKYJIbTHBIMU Npu3Hakamu ITHS B
Bo3pacTe muaaure 35 aet no cpasHenuto ¢ @CI'. B rpynme ¢ okkynbTHeIME Tpu3Hakamu [THS y skeHmun ctapie
35 ner mpu NMpPOrHO3UPOBAHUU «OETHOTO OTBETA», BEPOSTHO, UMEET 3HAUEHNE KOHLEHTpANUs 3CTPAANOa, UYTo
TpeOyeT JambHEeHIINX UCCIeJOBAHHUH.

KuroueBrbie ciaoBa: <(6elIHBIfI OTBET» SIMYHHUKOB, ONCpAllMd Ha AWYHHUKAX, BCIIOMOI'aTCIbHBIC PCIIPOAYKTHUBHBIC
TCXHOJIOTUH, ANYHUKU, OBapHaHbeIﬁ pe3epB

KoHduuKkT HHTEpecoB. ABTOPbI ACKIAPUPYIOT OTCYTCTBUE SBHBIX M IOTCHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HaCTOSIIEeH CTaThU.

Hcrounuk ¢punancupoBanmsi. [Ipoekt noanepixan KOHKypcHO# komuceneid Cu6I' MY (poTokoI 3acejaHust OT
27.06.2022) B cooTBEeTCTBUU ¢ HojoxeHHeM oT 16.05.2022 Ne 51 «O nmopzepikke HaydHO-HCCIEA0BATEIbCKUX
MIPOEKTOB, BHITIOJIHSIEMBIX MOJIOABIMH yueHbIMH “SibMed.Scholar”.

CooTBeTCTBHE NPUHIMIAM THKH. Bce HalMeHThl MOANKMCAIN HMHGOPMHUPOBAHHOE COIJIACHE HA YYacTHE B
uccnenosanun. Mccenenosanue ogodpeno stmdeckum komuretoM CuolI'MY (mpotokor Ne 9308 ot 15.12.2022).

Jast umtupoBanus: Jmutpuesa M.JL., [lerpoB U.A., Tuxonosckas O.A., Jlorsunos C.B., JIlyma O.M., Kocumo-
Ba 3.0., Yepnsimosa M.A., FOpses C.1O., Tumodeesa O.C., XKnankuna A.A., ['epacumoB A.B. [Iporaosuposanue
«OeTHOTO OTBETa» B MPOrpaMMax BCIIOMOTATEIbHBIX PEIPOIYKTUBHBIX TEXHOJIOTHIT [TOCIIC ONEPATHBHBIX BMEIIIa-
TEJBCTB Ha SIUUHUKAX. brosiemens cubupckoui meouyunsl. 2023;22(4):31-38. https://doi.org/10.20538/1682-0363-
2023-4-31-38.
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INTRODUCTION

Predicting the outcomes of assisted reproductive
technologies (ART) is relevant not only for fertility
specialists, but also for women with infertility
themselves. An accurate diagnosis increases the
effectiveness of ART and meets patients’ expectations.
To accomplish this task, using available clinical and
laboratory parameters is reasonable, which will not
contradict medical examination guidelines.

According to the Bologna criteria adopted in 2011
by the ESHRE, a poor ovarian response (POR) is a
failure of woman’s ovaries to respond to the selected
stimulation protocol. The diagnosis of POR can
be established after at least one cycle of ovulation
induction and if at least two of the following three
features are present: maternal age > 40 years or risk
factors for a poor ovarian response; less than three
oocytes retrieved with the standard stimulation
protocol; an abnormal ovarian reserve test (antral
follicle count (AFC) less than 5-7, anti-Mullerian
hormone (AMH) less than 0.7-1.1 ng/ml) [1]. Women
at risk of POR are those with clinical and anamnestic
signs of diminished ovarian reserve: structural
chromosome aberrations and gene mutations that
can lead to primary ovarian insufficiency, including
Turner syndrome and FMRI1 premutation [2]; a
history of pelvic inflammatory diseases, including
chlamydiosis [3, 4]; cyst or endometrioma removal
[5, 6]; past chemotherapy [2, 7].

Thus, while POR is already implied in case of
a surgical intervention on the ovaries, predicting
POR in women with hypergonadotropism is fairly
challenging. Women with infertility due to ovarian
aging, sometimes referred to as primary ovarian
insufficiency, account for a substantial proportion of
patients seeking treatment in ART centers. This group
of patients is growing, since a large number of women
postpone childbearing until 30-40 years of age, and it
is impossible to establish a clear cause in more than a
half of them [1].

In addition to the 2011 Bologna criteria of
POR, fertility specialists also use the POSEIDON
stratification proposed in 2016 for low prognosis
patients in ovulation induction. The literature data
show a need for further clinical research to confirm
the effectiveness of the ESHRE and POSEIDON
approaches for better ART outcomes [8].

The aim of this study was to conduct a comparative
analysis of clinical and anamnestic data in women of
reproductive age after ovarian cyst surgeries and with

occult primary ovarian insufficiency (POI) to predict a
poor ovarian response to stimulation.

MATERIALS AND METHODS

A retrospective study included women who
underwent infertility treatment in the ART Center of
Siberian State Medical University from 2017 to 2020.
The main group encompassed women of reproductive
age with infertility and past ovarian surgery (n = 84).
The main group was divided into two subgroups
according to age: subgroup 1 — women under 35 years
(n=>51), subgroup 2 —women aged 35 years and older
(n = 33). The comparison group consisted of women
of reproductive age with infertility and serum follicle-
stimulating hormone (FSH) concentration of 10—
12 mIU / ml before ovulation stimulation (which is
typical of occult POI) (n = 33) [9]. The comparison
group was also divided into two subgroups: subgroup
1 — women under 35 years (n = 15), subgroup
2 — women aged 35 years and older (n = 18). The
groups were divided by age according to the current
understanding of the hormonal function of the ovaries
and the size of ovarian reserve, as well as according
to the current POSEIDON stratification assessing
diminished ovarian reserve [10].

The inclusion criteria were somatically healthy
women of reproductive age (18—40 years) with
normoprolactinemia  and  euthyroidism.  The
exclusion criteria were failure to meet the inclusion
criteria; metabolic and endocrine disorders (diabetes
mellitus, all classes of obesity); myoma that requires
surgical treatment; endometriosis; premalignant
and malignant diseases; extragenital diseases
accompanied by immune and endocrine disorders;
contraindications to in vitro fertilization (IVF)
according to the order No. 803n of the Ministry of
Health of the Russian Federation of 31.07.2020 “On
the Procedure for the Use of Assisted Reproductive
Technologies, Contraindications, and Restrictions on
their Use”.

The women were examined in accordance
with the clinical guidelines ‘“Assisted reproductive
technologies and artificial insemination” (letter of
the Ministry of Health of the Russian Federation of
5.03.2019 No.15-4/1/2-1908, of 05.03.2019 No.15-
4/i/2-1908) and medical examination guidelines. The
data analysis included the results of the following
tests and procedures: 1) clinical procedures: analysis
of medical records, study of past medical history,
complaints, and physical exam data; 2) routine clinical
laboratory tests; 3) diagnostic imaging and procedures:

Bulletin of Siberian Medicine. 2023; 22 (4): 31-38 33



Dmitrieva M.L., Petrov I.A., Tikhonovskaya O.A. et al.

Prediction of a poor ovarian response in assisted reproductive technology

pelvic ultrasound (AFC), data of past laparoscopic /
laparotomic surgery; 4) measurement of serum FSH,
luteinizing hormone (LH), estradiol, and AMH
levels; 5) number of follicles before a transvaginal
puncture, number of oocytes retrieved. In all the cases,
multifollicular ovarian stimulation in the IVF program
was performed according to the established protocol
using gonadotropin-releasing hormone (GnRH)
antagonists from day 6 of stimulation.

The obtained findings were processed using
SPSS® 26.0 (© SPSS Inc.). The quantitative data were
presented as the median and the interquartile range
Me (Q,~Q,). The significance of the differences was
estimated using the nonparameteric Kruskal — Wallis
test for independent samples. The correlation between
the parameters was studied using the Pearson’s
correlation coefficient 2 and the Spearman’s
rank correlation coefficient. The differences were
considered statistically significant at p < 0.05.

RESULTS

The clinical and anamnestic parameters of the
patients with infertility in the main and comparison
groups are presented in Table 1. There were no
significant differences between the subgroups in the
age, body mass index (BMI), age of menarche, history
of IVF (the Kruskal — Wallis test; significant differences
between the groups were considered at p < 0.05).

Significant differences were found in the duration
of infertility in women of subgroup 2 of the main group
and subgroup 2 of the comparison group, as well as
when comparing subgroups 1 and 2 of the comparison
group in the context of hypergonadotropism (Table 1).

The median age of the patients was comparable
and was 34 (32-36) years. The duration of infertility
ranged from 2 to 15 years and equaled to 6 (4-10)
years. It was greater in the comparison group, namely,
in the women of subgroup 2 (Table 1).

Table 1

Comparative characteristics of clinical and anamnestic data of the examined groups, Me (Q —0,)

1 1 ES *
Main group *p. sub- Comparison group *p, subgroups | P subgroups p, subgroups
1 of the main 2 of the main
Parameter Subgroup 1, | Subgroup 2, | groups of the | Subgroup 1, | Subgroup 2, of.the compar- | and com- | group and com-
n=>51 n=33 main group n=15 n=18 1son group . .
parison group | parison group
320 36.0 . 330 380 .
Age, years (29.0-34.0) | (35.0-37.0) | 0001 (32.0-34.0) | (36.0-39.0) | 0001 0.100 0.060
23.4 25.8 23.8 21.1
2
BMLkg/m™ | 095275 | is314y | %% | @0057) | 198249) | O 0789 0.060
Age of men- 13.0 13.0 13.0 14.0
arche, years (12.0-14.0) | (12.0-14.0) 0.432 (12.0-14.0) | (13.0-14.0) 0.325 0.524 0.282
Duration of 6.0 6.0 4.0 10.5 % %
infertility, years | (4.0-8.0) | (2.5-10.0) 0.928 20-80) | 35-153) | 0008 0.105 0.045
1.0 1.0 2.0 1.5
Past IVF 1020 | (1020 0742 | (1050 | 1020 0.656 0.462 0.957

Here and in Table 2: * Kruskal — Wallis test; the differences between the groups are significant at p < 0.05.

Past surgical interventions on the ovaries in the
patients of the main group were performed for the
following indications: ovarian apoplexy — 39 cases
(46.45%), of which in 13 cases (33.33%), the affected
ovarian tissue was sutured, while in 26 cases (66.67%),
the ovary was resected; ovarian cystectomy due to a
complicated follicular cyst on the ovary (hemorrhage,
rupture) — 26 cases (30.95%); ovarian cystectomy due
to a complicated corpus luteum cyst (hemorrhage,
rupture) — 9 cases (10.71%); ovarian cystectomy due
to benign ovarian tumors — 10 cases (11.9%) (serous
cystadenoma (4), dermoid cyst (3), fibroma (3)). Four
women underwent recurrent surgery: 1 — for ovarian
fibroma, 2 — for a complicated follicular cyst, 1 —
for ovarian apoplexy. Thus, surgical treatment was
predominantly done via laparoscopy using organ-

preserving techniques. A comparative analysis of the
indications for ovarian surgery in the subgroups of the
main group did not reveal any significant differences.

The data in Table 2 demonstrate that the level of
FSH was predictably higher in women aged 35 years
and older in both groups; a significant difference
was identified in the estradiol levels in women aged
35 years and older compared to the women under
35 years in the main group.

Moreover, there were no significant differences in
the AFC (p > 0.05). The number of oocytes retrieved
showed no significant differences either (p > 0.05).

All the patients underwent multifollicular ovarian
stimulation in the IVF program according to the
established protocol using GnRH antagonists from
day 6 of the stimulation.
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Table 2

Characteristics of hormonal status and antral follicle count of the examined women with infertility before ovarian stimulation
in IVF programs, Me (Q0,-0,)

Main group Comparison group * *
b 1 of the | sub 2 of th
Parameter Subgroup 1, | Subgroup 2, p* Subgroup 1, | Subgroup 2, | p* SUDETOUpS © G111 | SULETOUPS 2 02 the
main group and main group and
n=>51 n=233 n=15 n=18 . .
comparison group | comparison group
6.7 8.5 . 10.4 11.1 . .
FSH, mIU / ml (55.89) 67122 | %9 | (101-109) | (103116 | 010 <0.001 0.004
5.1 47 5.4 5.9 .
LH, mIU / ml (5669 (2.64) 0166 | 4o'so) | @783 | 0708 0375 0.013
4 80.0 221.0 . 108.0 138.4
Estradiol, pmol /11 36 7 164.8) | (105.0-351.0) | %" | (67.1-179.1) | (65.9-226.0)| **!! 0163 0.067
1.47 1.34 0.69 13
AMH, ng /ml 0.66-382) | (0.57222) | %49 | 046-4.73) | (0.66-1.79) | ©762 0.447 0.754
9.5 7.0 9.0 6.0
AFC 40-140) | 352135 | "9 | @s140) | 5.0-15.0) | *3%6 0-851 0-600
5.0 40 3.0 3.0
Oocytes 2095 20.85) 0761 | o100 | @os0 | ©73 0.708 0.225

In the main group, a poor ovarian response
accounted for 39.3% of cases and was distributed in
the following way: 40.8% in subgroup 1 and 39.4% in
subgroup 2 (p = 0.465, y2 = 0.533). In the comparison
group, a poor ovarian response occurred in 57.6 %
of cases. In patients under 35 years, a poor ovarian
response to stimulation was recorded in 53.3% of
cases; in women over 35 years, it was detected in
58.8% of cases (p = 0.782, 2 = 0.077). In subgroup
2 of the main group, a poor ovarian response to
stimulation occurred less often than in subgroup 2 of
the comparison group (p = 0.000, ¥2 = 0.486).

A subsequent correlation analysis revealed a
phenomenon that had not previously been described
by other researchers: a moderate negative correlation
between AFC and a poor ovarian response in women
under 35 years in the main group (» =-0.7, p = 0.004)
and in the comparison group (r = —0.620, p = 0.001).
Such correlation was not established in the main group
of women older than 35 years (r =—-0.034, p = 0.894).
Only a weak negative linear relationship was found
in the comparison group in women over 35 years (7 =
—0.372, p=0.033). This fact suggests that it is possible
to estimate the expected response to stimulation based
on AFC only in the age group under 35 years.

No correlation was detected between the FSH
concentration and a poor ovarian response in the
subgroups of the main group (r = 0.295, p = 0.042;
r = 0.072, p = 0.692) and in the subgroups of the
comparison group (» = 0.124, p = 0.659; r = 0.363;
p=0.139).

The investigation of the relationship between a
poor ovarian response to stimulation and the AMH
concentration revealed a moderate negative correlation

(r = —0.648, p = 0.000) in women younger than
35 years and a weak negative correlation ( = —0.500,
p = 0.004) in women older than 35 years in the main
group. In the comparison group, there was a weak
negative correlation between a poor ovarian response
to stimulation and the AMH concentration in women
younger than 35 years (r = —0.589, p = 0.021) and
no correlation in women over 35 years (r = 0.154,
p=10.542).

Interestingly, a positive correlation was established
between the concentration of estradiol and a poor
ovarian response in the comparison group in women
over 35 years of age (r=-0.707, p = 0.001). However,
such correlation was not found in the other subgroups
(»>0.05).

DISCUSSION

The review by Q.H.Y. Wong and R.A. Anderson
(2018) presents studies estimating changes in the ovarian
reserve marker, AMH, before and after gonadotoxic
treatment [ 11]. Ovarian reserve was reported to decrease
after cystectomy, which resulted in lower concentrations
of AMH [12, 13]. The main mechanism through which
ovaries are damaged during a surgical intervention
(thus, the ovarian reserve is diminished) is believed
to be excision of contact ovarian tissue by employing
surgical energy devices [14]. Two systematic reviews
and a meta-analysis demonstrated that the use of bipolar
electrocoagulation is associated with a considerable
decrease in the AMH level compared to non-thermal
hemostasis techniques, including sutures or application
of a hemostatic sealant [15, 16].

It is worth noting that most studies did not find a
correlation between a reduced AMH concentration
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and the size of retention cysts [17-20]. However,
patients with follicular and endometrial cysts
exhibited a significant decrease in the AMH level
within 6 months after surgical treatment. It was also
established that surgical removal of dermoid cysts and
true ovarian neoplasms (including serous tumors) did
not significantly change the AMH concentration [21].

According to the data of the conducted
retrospective study, a poor ovarian response
accounted for 39.3% in the main group and 57.6%
in the comparison group. Yet, when dividing the
groups according to the Bologna criteria and the
POSEIDON stratification, no statistical significance
was revealed. In this research, when the groups
were stratified according to the POSEIDON
classification, the risk of a poor ovarian response
was higher in women under 35 years who underwent
ovarian surgery than in women over 35 years,
which is confirmed by the correlations obtained.

Thus, a correlation was detected between the
AFC and a poor ovarian response in women under
35 years in the main and comparison groups. The
study also found a correlation between the AMH
concentration and a poor ovarian response in the
main group in women under 35 years, which was
not observed in patients over 35 years. In the
comparison group, there was a moderate negative
correlation between the AMH levels and a poor
ovarian response only for women under 35 years,
while for the subgroup of women over 35 years,
the correlation was weak.

This research revealed that the FSH
concentration was not associated with a poor
ovarian response to stimulation in ART programs
in women with a past surgical intervention on the
ovaries, which is inconsistent with the previously
published data. S. Salama et al. (2021) found that
the basal FSH level in women under 35 years
correlated more with the number of follicles
and number of oocytes retrieved, which, in turn,
determined the pregnancy rate [22]. G. Sahin et
al. (2021) reported that at the concentration of
FSH > 10 IU / 1, the frequency of pregnancy and
live birth in younger women was higher despite
elevated FSH levels [23].

Further research on the prediction of a poor
ovarian response might explore the estradiol

concentration that also displays a correlation
in the analysis of the data from the comparison
group of women aged 35 years and older with
infertility and potential hypergonadotropism.

CONCLUSION

The findings indicate that AFC and AMH were
significant markers for women under 35 years in
both examined groups. The FSH level is not the main
predictor of a poor ovarian response. In the group
of women aged 35 years and older with potential
hypergonadotropism, the estradiol level can serve as a
predictor of a poor ovarian response. Further research
with a greater sample size should be carried out to
establish the significance of known and potential
markers of a poor ovarian response in women
after ovarian surgeries and occult primary ovarian
insufficiency. This will allow to develop a predictive
mathematical model using logistic regression.
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Study of wound-healing properties of humic substance - zinc complexes
in the aseptic wound model in vivo
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ABSTRACT

The aim was to investigate wound-healing properties of zinc-containing biocomposites based on humic ligands
(humic substance (HS) — Zn) in the in vivo experiment on the aseptic wound model and to evaluate their resorptive
properties.

Materials and methods. The objects of the study were 5 samples of HS-Zn in the form of complex salts comprising
fine black powders synthesized in the Laboratory for Natural Humic Systems of the Faculty of Chemistry at Moscow
State University. The wound-healing effect of the substances was studied on 70 male Wistar rats using a traumatic
model of an excisional aseptic skin wound. The degree of affected skin healing was evaluated during 21 days by the
planimetric method. The resorptive properties of the HS-Zn samples were studied by inductively coupled plasma
mass spectrometry (ICP-MS) in the biomaterial (blood serum, fur, skin from the wound surface).

Results. It was found that course application of zinc-containing HS-Zn biocomposites to the wound surface led to a
decrease in the wound area in comparison with ZnSO, with the equivalent concentration of elemental Zn (1.67 mg
/ ml). Two samples FA-Zn and Peatl-Zn showed the most pronounced regenerating effect. We noted an increase
in Zn level in the tested skin samples from the wound area, in fur, and in the blood serum, which indicates the
resorptive effect of zinc-containing HS-Zn biocomposites during course application; however, the parameters did
not exceed limiting permissible concentrations. The correlation between the tested samples was not equal, which
indicates a significant impact of the initial HS matrix on the Zn bioavailability.

Conclusion. The observed reparative effect of zinc and HS complexes in the context of their low toxicity is of
interest for further study to develop effective wound-healing preparations.

Keywords: zinc, humic substances, ligands, wound healing
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NUccnepoBaHme paHO3aXXnBAAKOWMNX CBONCTB KOMIMJIEKCOB LIMHKA
C FYMWHOBbIMU BellecTBaMu B SKCNepyIMeHTe in vivo Ha moaenv
acenTu4yecKom paHbl

3bikoBa M.B.’, UBaHoB B.B.’, JlapnoHoB K.C.?, AsapkuHa J1.A.', bynko E.E.’,
Bpatnuwko K.A.', YdanpeeB A.A.", Pa6bueuu E.C." 3, Muxanes [1.A.’, KonHos .C.’,
MNepmuHoBa WU.B.%, benoycos M.B.’

I Cubupcruii 2ocyoapcmeennulii meouyunckuil ynusepcumem (Cubl’ MY)
Poccus, 634050, 2. Tomck, Mockosckuu mpaxm, 2
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Poccus, 634050, e. Tomcxk, np. Jlenuna, 36

PE3IOME

Lens — uccrieioBaTh paHO3aXMBILIONINE CBOMCTBA IIMHKCOIEPKAINX OMOKOMITO3UIINH Ha OCHOBE I'YMUHOBBIX JIU-
ranyioB (I'B-Zn) B sxcriepuMeHTe in vivo Ha MOJIENTH aCeNTHYECKOI paHbl U OLICHUTh UX Pe30pOTHBHBIE CBOMCTBA.

Matepuajbl 1 MeToabl. OOBEKTHI HCCIIEOBAHUS — TIATh 00pas3inoB I'B-Zn B hopme KOMIUICKCHBIX COJICii, CHHTE-
3UPOBAHHBIC B JIAOOPATOPUH MPUPOAHBIX 'YMHHOBBIX CHCTEM XUMU4YecKoro (dakyiaprera MY, npecrasisomnne
cO00# MEJIKOAUCIIEPCHBIC TIOPOIIKK YEPHOTO 11BeTa. PaHO3KHBIISIOLIEE ISHCTBHE HCCIEAYEMbIX BEIIECTB OBLIO
u3ydeHo Ha 70 camiax Kpbic JMHUE Wistar ¢ HCIIOJIB30BaHHEM TPaBMATHUYECKOM MOJIEIN IIOCKOCTHOM acenTH-
4eCKOW KOXKHOiT paHbl. CTEICHb 3a)KHBJICHUS MOPAKEHHOTO Y4acTKa KOXKH OLCHHBAIM B Te4eHUe 21 CyT IUIaHu-
METPHYECKUM MeToIoM. VI3yueHue pe3opOTHBHBIX CBOHCTB 00pa3ioB I'B-Zn IpoBOIHIOCH METOJIOM Macc-CIeK-
TPOMETPHU C MHAYKTHBHO-CBSI3aHHO# IU1a3Moil B Onomatepuaie (ChIBOPOTKA KPOBH, LIEPCTh, KOXKA C PAHEBOIL
MTOBEPXHOCTH).

Pe3yabTaThl. YCTaHOBIEHO, YTO KYPCOBOE HAHECEHHE HA PAHEBYIO MOBEPXHOCTH IIMHKCOAEPKALIUX OHOKOMIIO-
sunuii I'B-Zn npuBOIUT K YMEHBIIEHHIO IUIOIIAM PAHbl B CPABHEHMH C TUIOMIAIBIO PaHbl PH Hanecenuu ZnSO,
C 9KBHUBAJICHTHOW KOHIEHTpalue snementapHoro Zn (1,67 mr/mi). Haubonee BrIpaXeHHBIN pereHEpUpYyIOIIUi
a¢dexT nposiBunu aBa obpasua: FA-Zn u Peatl-Zn. OTMeueHo yBeaudeHHE yPOBHs Zn B OMBITHBIX Y4aCTKaX KOXKH
paHEeBOIl MOBEPXHOCTH, B IEPCTH M CHIBOPOTKE KPOBH, UTO yKA3bIBAET HA PE30POTHUBHOE JEHCTBUE ITMHKCOAEPIKa-
mux 6noxommnosumumii I'B-Zn mpu ux KypcoBOM NPUMEHEHHH, HO TIOKA3aTeI! HE IPEBBIIIANN YPOBHS AOIYCTHMBIX
Mpe/IeNIbHBIX KOHIEHTpanuid. Taxke oTMedeHa HEOJUMHAKOBAs 3aBHCHMOCTh MEXIy TeCTUPYEMbIMU 00pasmami,
YTO CBUAETENBCTBYET O 3HAUUTEIHHOM BIMSHUH UCXOAHOM MaTpuisl I'B Ha GnomoctymHOCTS Zn.

3akaouenne. OOHapY)KEHHBIN penapaoHHbIil G (eKT KOMIO3UINH [IMHKA U TYMUHOBBIX JIMTAHIOB Ha (OHE
HX HU3KOM TOKCHUYHOCTH MPEJCTABISIET HHTEPEC A JAJIbHEHIIEro N3yYeHuUs C LIeNblo pa3pab0oTKU Ha UX OCHOBE
3 PEeKTUBHBIX PaHO3XKUBIISIONINX IIPEIapaToB.

KnrodeBble c10Ba: IIMHK, T'yMUHOBBIE BELIIECTBA, TUTAH/Ibl, PAHO3AKUBIIEHHUE
KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTCHIMAIBHBIX KOH(MINKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIICH CTaThu.

Hcrounuk ¢punancupoBanus. PaboTa BeimonHeHa npu GpuHaHCOBOI noanepxke Poceuiickoro HayuHoro GpoHa,
rpanTel Ne 20-65-47052 (uccrnemoBaHusi OMOIOTMYECKON aKTUBHOCTU U pe3opOTuBHOTO neifctBusi) u Ne 20-63-
47070 (cuHTE3 UUHKCOAEPKALIMX OMOKOMITO3HLINI HA OCHOBE I'YMHHOBBIX JINTAH/I0B).

Jas uutupoBanus: 3sikoBa M.B., lBanos B.B., Jlapnonos K.C., Azapkuna JI.A., Byiiko E.E., bparumko K.A.,
Yoanneer A.A., Padbuesuu E.C., Muxanes /[.A., Konros 1.C., [lepmunosa U.B., benoycoB M.B. UccrnenoBanne
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PaHO3KUBISIIONINX CBOHCTB KOMIUIEKCOB [IMHKA C TYMUHOBBIMH BEILLIECTBAMH B IKCIICPUMEHTE i71 ViVo Ha MOACIH
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2023-4-39-47.

INTRODUCTION

Traumatism, and in particular, injuries of various
etiologies are a priority and relevant issue in modern
medicine, despite the introduction of state-of-the-art
advances in high technology. Aseptic, infected, and
purulent lesions of soft tissues are very likely to be
obtained in domestic and industrial conditions, during
the occurrence and elimination of the consequences
of natural and man-made disasters [1]. Moreover, the
aggravation of the issue is facilitated by a decrease in
the activity of the body natural resistance systems and
rapid changes in the morphophysiological organization
of the wound area microflora [1-3]. As a result, people
get temporary or lifelong disability, working capacity
is significantly reduced, and a multiple increase in
government spending is observed [4]. In view of this,
the search for substances that have a positive effect
on the main stages of the repair process and are more
accessible in comparison with device-based treatment
is relevant.

Advances in  molecular Dbiology, medical
elementology, and a number of other natural sciences
have proven that normal wound healing occurs with
the participation of biometals, in particular zinc (Zn)
[5-7]. Zinc is a cofactor of more than 300 matrix
metalloproteinases, which have anti-inflammatory,
antioxidant, immunomodulatory, and antibacterial
effects and inhibit the proliferation and differentiation of
keratinocytes by directly inhibiting / activating enzymes
and influencing gene expression [6—8]. Today, in the
form of oxide and salts (sulfate, acetate, gluconate, etc.),
zinc is included in topical medications for the treatment
of wounds, diaper rash, and skin defects [6, 9-11].

It is known that the ionic form of Zn** has low
bioavailability, therefore, to achieve the optimal
concentration locally, long-term administration is
required, which is associated with the development
of both local and systemic side effects [5, 12].
Recently, it has become possible to simultaneously
reduce toxicity and increase biological activity, and
sometimes achieve new types of pharmacological
action in Zn (as well as in a number of other metals)
and its derivatives, which are absent in the ionic form
due to the formation of complexes whose ligands are
polymers [3, 5, 13, 14].

Humic substances (HS), products of the
transformation of plant matter under the influence
of biotic and abiotic factors, are promising high-
molecular compounds. Having a wide variety of
oxygen- and nitrogen-containing functional groups in
their structure, HS can interact with various compounds
of living cells, forming bonds with them through
exchange, donor — acceptor, and other mechanisms.
As aresult, it becomes possible to affect the activity of
cells in many organs and systems and, thereby, realize
pleiotropic biological effects: immunomodulatory,
anti-inflammatory, antioxidant, antihypoxic, etc.

The effect of hepatitis B on cells of the immune
system is one of the most studied types of their
activity. It was proven that they increase the humoral
immune response in mice, enhance the synthesis
of tumor necrosis factor (TNF)a, interleukin (IL)-
1B, IL-12 by animal peritoneal macrophages and
the production of interferon (IFN)y and TNFa by
peripheral blood mononuclear cells of healthy donors
[15]. Due to a common type of pharmacological
action in zinc and HS, but a different mechanism
for its implementation, it can be assumed that the
creation of a complex coordination zinc compound
containing HS as a ligand will allow to achieve
synergism, which will make it possible to heal
wound rapidly without developing complications.
Therefore, the aim of this work was to investigate
the wound-healing properties of zinc-containing
biocomposites based on humic ligands (HS -
Zn) in an in vivo experiment on an aseptic wound
model and to evaluate their resorptive properties.

MATERIALS AND METHODS

The objects of research were 5 samples of zinc-
containing biocomposites based on humic ligands
(HS — Zn), synthesized in the Laboratory for Natural
Humic Systems of the Faculty of Chemistry of
Moscow State University. Their characteristics are
presented in Table 1. In order to synthesize HS —
Zn samples, a HS solution with a concentration
of 15 g / 1 was prepared, which was centrifuged at
5,000 rpm to separate the ballast. Next, this solution
was mixed with the prepared solution of zinc nitrate
with a concentration of 4.84 g / | in a ratio of 1:5
(Zn(NO,),:humate). The concentration of humates in
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the solution was recalculated taking into account the
mass of the separated ballast to maintain equal ratios
of humate to zinc nitrate. The synthesis was carried
out for 4 hours without heating while maintaining
pH = 9, using sodium hydroxide. The samples were

then freeze-dried. The samples were frozen at —50
°C and placed in the Scientz-18ND Top-Press multi-
manifolds freeze-drying system. Drying was carried
out in external flasks for 2 days. The HS — Zn samples
are complex salts comprising fine black powders.

Table 1

Experimental samples of zinc-containing biocomposites based on humic ligands (HS — Zn)

HS sample code (base ligand) Description of HS samples HS — Zn sample code
CHP Humic acids of Powhumus coal (Humintech, Germany) CHP-Zn
FA Peat fulvic acids Fulvagra (Humintech, Germany) FA-Zn
CHS Coal humic substances (Sakhalin humates, Russia) CHS-Zn
Peatl Humic acids of high Angustifolium peat (Tomsk, Russia) Peatl-Zn
Peat2 Humic acids of high-moor sphagnum-hollow peat (Tomsk, Russia) Peat2-Zn

The wound-healing effect of the studied substances
was studied on 70 male Wistar rats weighing
250-300 g. All manipulations and euthanasia were
carried out in mandatory compliance with the rules
of the “European Convention for the Protection of
Vertebrate Animals used for Experimental or for other
Scientific Purposes.” The keeping of animals and the
design of the experiment complied with the ethical
standards and principles of biomedical research and
were approved by the committee for control of the
care and use of laboratory animals ((IACUC of the
Center for Preclinical Research of Siberian State
Medical University (Report No. 02/21 of 02.02.21)).

Before the experiment began, the animals were
randomly divided into 7 groups (n = 10): group 1 —
intact, saline solution (SS) was injected into the
wounds; group 2 — control, the wounds were treated
with a reference listed drug, ZnSO, solution; group
3 — the wound surface was treated with CHP-Zn
solution; in group 4, FA-Zn was used; in group 5,
CHS-Zn was used; in group 6, Peatl-Zn was applied,
and in group 7, Peat2-Zn was used. To reproduce the
traumatic model of an excisional skin wound, each rat
was anesthetized by the complex administration of
Zoletil-100 and XilaVeta under aseptic conditions, the
area of the shoulder blades was depilated, followed by
the formation of a round wound (d = 20 mm) through
excision of the skin and a subcutaneous tissue layer.
The operative field was treated once with 70 % ethyl
alcohol. All substances (SS, ZnSO, solution, HS —
Zn) were applied to the wounds daily for 21 days
in a volume of 0.5 ml (Zn concentration in terms of
elemental Zn 1.67 mg / ml). The condition of the
animals involved in the experiment was assessed
daily. A comprehensive assessment of the course
of the wound process was conducted using the

planimetric analysis of wounds on day 3, 5, 7, 9, 11,
13, 15,17, 19, and 21 with a digital camera under the
same conditions, followed by image analysis using the
Imagel software.

The study of the resorptive properties of the
HS — Zn samples was carried out using inductively
coupled plasma mass spectrometry (ICP-MS) in order
to establish the ability of zinc to overcome cellular
barriers and accumulate in tissues and biological
substrates. After the intravital course application
of HS — Zn to the wounds, blood was taken from
the animals, then serum was obtained. Then the rats
were euthanized by CO, asphyxia and necropsy
with the collection of biomaterial for subsequent
determination of the Zn content in animal tissues, in
particular, fur and skin were taken from the wound
surface. To carry out ICP-MS, the studied samples
were dried and subject to incineration at 500 °C for
2 hours. The resulting ash residues were converted
into solution. Conversion into solution was carried
out using pre-purified concentrated nitric acid (special
purity), hydrogen peroxide, and the Milestone Start
D microwave digestion system (200 °C, 700 W).
After that, the samples were dried at 100-110 °C to
the state of wet salts, then quantitatively transferred
into disposable 50-ml polypropylene tubes using a
background solution, i.e. 15% nitric acid with traces
of hydrofluoric acid.

A blank experiment was prepared along with the
samples. Before the analysis, an internal standard,
an indium solution, was added to each test tube with
samples and a blank sample. After that, all samples
were diluted to the same volume. The calculation
of the final results included taking into account the
dilution factor, the internal standard, and the blank
experiment. The analysis was performed on the
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low-resolution inductively coupled plasma mass
spectrometer Agilent 7500cx (Agilent Technologies,
USA).

Statistical analysis of the data obtained during in
vivo experiments was carried out using the Statistica 8.0
program. The Shapiro — Wilk test was used to check
the data for normality of distribution, followed by the
assessment of equality of variances using Levene’s
test. If the distribution in the experimental groups
was normal and intergroup equality of variances was
observed, further data processing was carried out
using the analysis of variance (ANOVA, parametric
method) followed by post-hoc comparison using the
Bonferroni method and the Dunnett’s test. When
the distribution was different from normal and the
intergroup equality of variances was not observed,
the Kruskal — Wallis and Friedman tests were used
(nonparametric statistics).

All results were presented as the mean and the
error of the mean (M = SE). In the study of resorptive
properties, statistical data was processed using the
Statistica 8.0 and GraphPad Prism 8.0 programs. The

level of statistical significance of differences between
the samples was analyzed using the Kruskal — Wallis
test. The differences were considered statistically
significant at p < 0.05.

RESULTS AND DISCUSSION

The results of a planimetric study on the effect
of the zinc-containing biocomposites based on HS
when applied daily to aseptic wounds are presented in
Tables 2 and 3. Starting from the 5th day of applying
SS, as well as samples of CHS-Zn, Peat1-Zn and Peat2-
Zn, a statistically significant decrease in the proportion
of the initial area of the wound surface was observed.
A statistically significant decrease in the proportion of
the initial wound surface area when applying CHP-Zn
and FA-Zn samples was observed later (from day 7)
(p <0.05). It is important to note that when Peat1-Zn
(onday 5, 7and 11), FA-Zn (on day 7, 11 and 17) and
CHP-Zn (on day 21) were administered there was a
statistically significant decrease in the proportion of
the initial wound surface area in comparison with the
comparison group ZnSO, (p < 0.05).

Table 2
Effect of zinc-containing biocomposites (HS — Zn) on the healing of aseptic wounds, M + SE
G Proportion of the initial wound surface area, %
TOoU
P day 3 day 5 day 7 day 9 day 11 day 13 day 15 day 17 day 19 day 21
SS 94.02+4.97 | 90.81+5.61”" | 69.43+1.74" | 42.00+5.33 217983% 19.48+3.05" | 12.42+1.83* ??)gf 3.09+0.69" | 1.63+0.63"
+ +
ZnS0, 95.14+4.70 | 91.75+£5.19 | 74.59+4.09" | 46.57+6.76" 228'3225/\ 19.48+1.82" | 14.17+1.65" (7)(3)]7A 3.13+0.81" | 2.04+0.35"
+ +
CHP-Zn | 93.0064.09 | 85.1743.84 | 652343100 30244365 200 151241760 | 7.594132% | 3225 | 0.1550.15% | 0.0020.00”
FA-Zn 86.37+4.58 | 79.56+4.71 [59.664+2.46#"|34.034+2.06" 174(7):1: 11.50+1.037| 6.914+0.94" 027'38#::/\ 0.56+0.28" | 0.27+0.17"
CHS-Zn | 108.05+4.02 | 95.07£3.01" | 81.13+£3.47" | 48.66+5.13" 2?7763/% 22.85+2.14" [ 11.53£1.63" ?igﬁ 2.55+0.94" | 1.56+0.65"
Peatl-Zn | 95.5046.45 | 77,2945 514" [58.06:4.534" 33.09:2.86" | | %0>% | 12.6041.65"| 8.14£1.40° | 2227 | 16141.01% | 0.56:0.56"
Peat2-Zn | 104.69+6.17 | 90.25+3.40" | 68.06+4.34" | 41.8242.68" 212'3351;': 17.42+1.59"| 9.82+0.76" 33?; 1.2540.53" | 0.46+0.33"

The differences are statistically significant: * with the SS group, p < 0.05; # with the ZnSO, group, p < 0.05; * with the Day 3 group, p < 0.05.

Table 3
Changes in excisional wound healing in rats under the influence of zinc-containing biocomposites (HS — Zn)
. Duration of treatment, days
Group Injected substance =
3 7 21
1 SN '
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Table 3 (continued)

Group Injected substance Duration of treatment, days
3 7 13

2 ZnSO,
3 CHP-Zn
4 FA-Zn

I
5 CHS-Zn 1
6 Peatl-Zn '
7 Peat2-Zn ! rig

The results of assessing Zn content in the wound
surface area of the skin, fur, serum, and in intact areas
when zinc-containing samples (HS-Zn) were applied
externally to the wound surface are presented in
Figure 1. It was established that Zn content in the fur
of rats whose wound surface areas were treated with
SS was comparable with the literature data: 149.23 +
9.04 pg / ml [16]. In rats treated with the reference
listed drug ZnSO, (the studied samples CHP-Zn and
FA-Zn), no significant differences from the control
group were observed in terms of zinc content in fur
(Fig. 1, a).

When studying CHS-Zn, Peatl-Zn, and Peat2-
Zn, there was a significant increase in Zn content in
rat fur by 82, 78, and 73%, respectively, compared
to the controls, which may indicate the presence of
a resorptive effect when they were applied to the
area treated. Zn content in the wound surface of

the skin is consistent with the physiological indices
of Zn in the skin [17]. It was shown that all skin
samples to which HS — Zn was applied had a higher
Zn concentration compared to the control group
(Fig. 1, b).

The maximum Zn concentration in the skin was
noted for the Peat2-Zn sample (70.2 = 5.4 ug / g),
in the remaining samples CHP-Zn, FA-Zn, CHS-Zn,
Peatl-Zn, including the reference listed drug ZnSO,
there was an increase in Zn concentration compared to
the controls by 36, 51, 36, 54, and 45%, respectively,
but no significant differences were found between
the samples. Based on the results of assessing Zn
content in the blood serum of rats, it was shown that
an increase in Zn concentration was observed only
in the CHS-Zn, Peatl-Zn, and Peat2-Zn samples
compared to the control group (3.2 £0.37; 2.9+ 0.2,
and 3.1 £0.3 ug/ g). No significant differences were
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noted in the remaining ZnSO,, CHP-Zn, and FA-Zn
samples compared to the control group.

CONCLUSION

The course application of zinc-containing
biocomposites FA-Zn and Peatl-Zn, containing
elemental zinc at a concentration of 1.67 mg /
ml, accelerates the healing of aseptic wounds, as
evidenced by a decrease in the wound surface area
in comparison with the wound area when applying
ZnSO, with an equivalent concentration of elemental
zinc. It was established that course application of
zinc-containing HS — Zn biocomposites provides a
resorptive effect, but Zn content in the biomaterial
does not exceed the level of limiting permissible
concentrations.

It was also noted that the base ligands of HS affect
the bioavailability of Zn. Thus, the CHP-Zn and FA-
Zn samples do not affect the bioavailability of Zn,
while the CHS-Zn, Peatl-Zn, and Peat2-Zn samples
increase the bioavailability of Zn compared to the
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Fig. 1. Effect of daily course application of HS —Zn on Zn content

in the fur (a), samples obtained from the wound surface (), and

blood serum (c) of experimental rats: SS — sodium saline. The

differences are statistically significant: * compared to the SS
group; # compared to the ZnSO4 group

control group. The discovered reparative effect of HS
— Zn biocomposites, in addition to their low toxicity,
is of interest for further study in order to develop
effective wound-healing drugs.
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Prevalence of some internal diseases depending on the adipokine level

in people under 45 years of age

Kashtanova E.V., Polonskaya Ya.V., Shcherbakova L.V., Shramko V.S., Stakhneva E.M.,
Khudyakova A.D., Sadovski E.V., Denisova D.V., Ragino Yu.l.

Research Institute of Internal and Preventive Medicine — Branch of the Institute of Cytology and Genetics,
Siberian Branch of the Russian Academy of Sciences
175/1, Bogatkova Str., Novosibirsk, 630089, Russian Federation

ABSTRACT

The aim was to study the prevalence of some common internal diseases in young people of working and childbearing
age, depending on the levels of adipokines.

Materials and methods. The study included 1,340 people aged 2544 years. The levels of leptin, adiponectin,
adipsin, lipocalin-2, plasminogen activator inhibitor-1 (PAI-1), and resistin were determined by the multiplex
analysis. Low-density lipoprotein hypercholesterolemia (LDL hypercholesterolemia), coronary artery disease
(CAD), type 2 diabetes mellitus (T2DM), arterial hypertension (AH), renal dysfunction (RD), and chronic
bronchitis (CB) were studied.

Results. With an increase in the level of adiponectin, the prevalence of CAD increased by 8.6 times. The highest
quartile of the adipsin level was characterized by an increase in the prevalence of LDL hypercholesterolemia
by 12.9%, AH by 3.9%, and RD by 17.9%. The quartiles of lipolkalin-2 showed higher prevalence of LDL
hypercholesterolemia, AH, and RD in Q, compared to Q,. The prevalence of CB was associated with a decrease in
the level of lipocalin-2 and was higher by 35.9% within O, compared to Q,. In the quartiles of PAI-1, the prevalence
of T2DM and LDL hypercholesterolemia was 2 and 1.5 times higher, respectively, and the prevalence of RD was
2.5 times lower in Q, than in Q| In quartiles of resistin, the prevalence of LDL hypercholesterolemia, AH, and RD
increased by 13-38%, while the prevalence of CB decreased by 20% in O, compared to Q,. The prevalence of LDL
hypercholesterolemia and RD was higher within O, of leptin.

Conclusion. The results indicate the need for further research aimed at studying the molecular mechanisms
underlying the effects of adipokines. This will allow to find a combined approach to restoring normal physiological
levels of adipokines, which can have a positive effect in the studied internal diseases.

Keywords: internal diseases, adipokines, adiponectin, lipocalin-2, resistin
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PaCﬂpOCTpaHeHHOCTb HEeKOTOpPbIX TepaneBTN4YeCKnNX 3aboneBaHun
B 3aBUCUMOCTU OT YPOBHeI‘/'I AANMNOKNHOB Y HIOAEI‘/'I Ao 45 ner

KawTaHoBa E.B., NonoHckas A.B., Lllep6akoBa J1.B., LLipamko B.C., CraxHésa E.M.,
Xyaaxkosa A.[l., CapoBckunm E.B., leHncosa [1.B., ParuHo 10.U.

Hayurno-uccnedosamenvckuii uncmumym mepanuu u npoguiakmuuecko meouyunsvl (HUUTIIM) — ¢punuan
Hucmumyma yumonoeuu u cenemuxu Cubupckozo omoenenus Poccuiickoti akademuu nayk (MLul” CO PAH)
Poccus, 630089, 2. Hosocubupck, yia. bopuca boeamxosa, 175/1

PE3IOME

Henb — M3y4nTh BCTPEUAEMOCTh HEKOTOPHIX PACHPOCTPAHEHHBIX TEPANeBTUYECKHX 3a00JE€BaHMI y MOIOJBIX
JFOJIeH TPYI0CIOCOOHOTO M IETOPOJHOTO BO3PAcTa B 3aBHCHMOCTH OT YPOBHEH aANTIOKHHOB.

Marepunaiabl U MeToAbl. B unccinenosanue BximroueHo 1 340 uyenoBek B Bo3pacte 2544 ner. Mertonom
MYJIBTUILIEKCHOT'O aHAJIM3a ONPEe/eiICHbl YPOBHH JICNITHHA, a/IMIIOHEKTHHA, a/IUIICHHA, JINTIOKAJIMHA-2, THTHOUTOpa
akTuBaropa IuiazmuHorena-1 (MAII-1) u pesuctuna. M3ydeHsl: runepxoiecTepuHEMus JIUIIONPOTENHOB HU3KOM
mwiotHoct (runepXC-JIHIT), wemudeckas Gonesnn cepaua (MBC), caxapueiii amaber 2-ro tuma (C/2),
aprepuanbHas runeprensus (Al), moueunas quchynxuus (I11), xponndeckuii 6pouxut (Xb).

Pesyabrarpl. C yBenuueHHEM YpOBHS aJUIOHEKTHHA pPaclpoCTpaHEHHOCTh ompeneneHHoil MBC Bo3pacraer
B 8,6 pa3. Camblil BHICOKUII KBapTUIb YPOBHs aUIICUHA XAPAKTEPU3YETCS YBEIMUECHUEM PACIPOCTPAHCHHOCTU
runepXC-JIHIT wa 12,9%, Al mHa 3,9% wu IIJ] Ha 17,9%. KBapTmim numonkannHa-2 Tmokasanu Oolee
BBICOKYI0 pacrnpocrpanennocts runepXC-JIIIH, A" u IIJT B O, mo cpasuenuto ¢ Q,. PacnpocTpaHeHHOCTb
Xb accouuupoBana co CHUKEHUEM YPOBHs JIMIIOKaIMHA-2 U Bbie B O, Ha 35,9%, B cpaBHenuu ¢ Q,. B kpapruisix
HAII-1 Berpewaemocts CJ12 u runepXC-JIHII B 2 u 1,5 pasa coorBercTBeHHO Bblule, a I1J] B 2,5 pasa Huke
B 0,, yeM B O,. B xapruisix pesuctuna na 13-38% ysennuusaercs pacnpocrpanennocts runepXC-JIHIL, AT,
I1]1. Ha 20% cHukaeTcs pacipoCTPaHEHHOCTh XPOHHYECKOro OponxuTa B O, 1o cpasHenuto ¢ Q. BerpedaeMocTs
runep X C-JIHIT u I1]1 Obuta Beimie B O, IENTHHA.

3akuiouenue. Pe3ynbraThl CBHICTEIBCTBYIOT O HCOOXOAMMOCTH JabHEHIIMX HCCIISI0BAHNI, HATIPABICHHBIX Ha
U3YYCHHE MOJICKYJISIPHBIX MEXaHHU3MOB, JISKAIINX B OCHOBE A()(EKTOB aJIUMOKHHOB, YTO MMO3BOJIUT HAWTH KOMOH-
HHMPOBAHHBIN MO/IX0/I, HAIIPABJICHHBII HA BOCCTAHOBJICHUE HOPMAJIBHBIX (PU3HOIOTHYECKNX YPOBHEH aTHITOKHHOB.
DTO MOXKET J1aTh MOJOKUATEIBHBIA d3PPEKT MPH N3YUECHHBIX TEPAIEBTUICCKUX 3a00JICBAaHUAX.

KuroueBble ciioBa: TEPAINCBTUYICCKUC 3a60J’IeBaHI/I${, AJTATIOKWHBI, aAUIIOHCKTHH, J'II/IHOKaJ'H/IH-Z, PE3UCTHUH

Konduaukt uHTEpecoB. ABTOPHI JACKIAPUPYIOT OTCYTCTBUE SBHBIX U IMOTCHIMATBHBIX KOH(PIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJUKAINEH HACTOSIICH CTAThH.

Hcrounux  ¢unancupoBanmsi. CraThss MOATOTOBIEHa B paMKax  TOCYIApCTBEHHOTO  3aaHMs
«OIUIEeMUOIOTHYECKIH MOHUTOPHHT COCTOSTHHS 3/J0POBbSI HACEIECHHSI U H3yYCHHE MOJIEKYJISIPHO-TEeHETHUECKIX
U MOJIEKYJSIPHO-OMOIOTHYECKNX MEXaHW3MOB Pa3BHUTHS PaCHPOCTPAHEHHBIX TEPaNeBTUYECKHX 3a00JeBaHUIl B
Cubupu 171t COBEpIICHCTBOBAHHUS IT0JIX0/I0B K MX THArHOCTHKE, TPO(pHIaKTHKe M tedeHnio» (Ne 122031700094-5 )
u npu puHAHCOBOH NoanepKKe rpaHTa Poccuiickoro HayuHoro donma (Ne 21-15-00022).

CooTBeTCTBHE NPUHIMIIAM THKH. Bce manmeHThl moanucain MHGOPMHUPOBAHHOE COTNACHE HA YydacTHE B
HCCIIeJOBaHUH 1 00pabOTKy MepCOHANBHBIX AaHHBIX. HccneoBanne 0J00peHO JIOKATbHBIM ATHYECKMM KOMHTETOM
HUUTIIM — ¢pumuan ULul" CO PAH (mpotokon Ne 16 ot 26.11.2019).

Jons nuruposanus: Kamranosa E.B., [Tononckas f1.B., lllepbakosa JI.B., IlIpamko B.C., Craxuésa E.M., Xynus-
koBa A./l., Canosckuii E.B., [lenucosa JI.B., Paruno 10.1. PacripocTpaHeHHOCTh HEKOTOPBIX TEPANEBTUYECKUX
3a00JICBaHUIl B 3aBUCHMOCTH OT YPOBHEH aJMIIOKMHOB y JrOJCH 10 45 ner. broiiemens cubupckot MeOuyuHsi.
2023;22(4):48-56. https://doi.org/10.20538/1682-0363-2023-4-48-56.
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Prevalence of some internal diseases depending on the adipokine

INTRODUCTION

Adipokines are important circulating biomolecules
mediating intertissue interactions throughout the body
and thus playing a key role in maintaining endocrine
homeostasis. The most studied adipokines are
adiponectin, leptin, resistin, monocyte chemoattractant
protein-1 (MCP-1), interleukin (IL)-6, IL-18, and
IL-10. Adipokines are involved in various functions
and can affect many processes, including energy and
appetite modulation, lipid and glucose metabolism,
insulin and endothelial cell functions, inflammation,
ete. [1].

To date, numerous associations of adipokines with
widespread noncommunicable diseases have been
identified, including cardiovascular diseases, type
2 diabetes mellitus, hypertension, and others [2, 3],
although the functions and molecular mechanisms
underlying the effects of adipokines have not been fully
elucidated. The aim of this study was to investigate
the prevalence of some common internal diseases in
young people of working age and childbearing age,
depending on adipokine levels.

MATERIALS AND METHODS

The study was conducted on a population sample
of residents of Novosibirsk aged 25-44 years, formed
in 2013-2017 in Research Institute of Internal and
Preventive Medicine — Branch of the Institute of
Cytology and Genetics, Siberian Branch of the Rus-
sian Academy of Sciences (IITPM — Branch of IC&G
SB RAS). To build a sample, the database of the
Territorial Compulsory Health Insurance Fund for the
Novosibirsk Region was used. Using a random number
generator, persons of both sexes aged 25-44 years
were selected from this database. Throughout this time
frame, 1,512 people were examined within a single-
stage population screening; their biological material
was collected, and a database was compiled.

All patients signed an informed consent to
examination and processing of personal data. The
study was approved by the local Ethics Committee at
IITPM — Branch of IC&G SB RAS (Protocol No. 16
0f'26.11.2019). The study included 1,340 people (618
men, 720 women) — all of them were persons whose
samples of biological material were housed in the
biological collection of the IITPM — Branch of IC&G
SB RAS at the time of the study. Two people did not
fill out a questionnaire including demographic and
social data, but their serum was included in the work.

A clinical examination of patients was carried out
at [ITPM — Branch of IC&G SB RAS. The survey

program included collection of demographic and social
data, a survey on smoking habits, two measurements
of blood pressure (BP), spirometry, anthropometric
measurement (measurement of height, body weight,
waist circumference (WC), hip circumference (HC)),
functional tests, etc.

The serum content of total cholesterol (TC),
triglycerides, high-density lipoprotein cholesterol
(LDL-C),and glucose was determined by the enzymatic
method using the reagent kit manufactured by Thermo
Fisher Scientific (Finland) on the Konelab Prime 30i
biochemical analyzer (Finland). The concentration of
LDL-C was calculated according to the Friedewald
equation. Conversion of serum glucose into fasting
plasma glucose (FPG) was carried out according to
the formula (EAST, 2005): FPG (mmol /1) = —0.137
+ 1.047 = serum glucose (mmol / 1). The levels of
leptin, adiponectin, adipsin, lipocalin-2, plasminogen
activator inhibitor-1 (PAI-1), and resistin were
determined by the multiplex analysis using the Human
Metabolic Hormone Panel V3 (USA) and the Human
Adipokine Panel 1 (USA) on the Luminex MAGPIX
system (USA). Concentrations were expressed in ng
/ ml for lipocalin-2, PAI-1, leptin, and resistin and in
mcg / ml for adiponectin and adipsin.

Hypercholesterolemia was established at the level
of LDL-C > 3.0 mmol /1[4]. The diagnosis of corona-
ry heart disease (CHD) (according to epidemiological
criteria - “Definite CHD”’) was made in the presence of
the following criteria: past large myocardial infarction
(ECQG), angina pectoris (Rose Angina Questionnaire),
ischemic-like ECG changes without left ventricular
hypertrophy, rhythm and conduction disturbances
(ECG). Type 2 diabetes mellitus was established
in the presence of FPG > 7 mmol / | [5]. Arterial
hypertension (AH) was observed with an average
systolic blood pressure (SBP) greater than 140 mm Hg
and / or diastolic blood pressure (DBP) greater than
90 mm Hg, according to the clinical guidelines
“Arterial hypertension in adults” approved by the
Ministry of Health of Russia in 2020 [6]. The presence
of renal dysfunction was recorded at a glomerular
filtration rate (GFR) < 90 ml / min / 1.73 cm?. The
GFR was calculated using the CKD-EPI equation. The
diagnosis of chronic bronchitis (CB) was established
on the basis of anamnestic data: cough with sputum
for 3 months within a year and more often for 2 years
or more, no signs of bronchial obstruction [7].

Baseline clinical, anamnestic, and biochemical
characteristics of the studied sample are summarized
in Table 1.
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Table 1

Clinical, anamnestic, and biochemical characteristics of the
studied sample, Me [Q; O]

Parameter Value

Age, years 37.08 [31.5; 41.83]
SBP, mm Hg 120.0 [110.5; 130.0]
DBP, mm Hg 78.5[71.6; 87.0]
BMI 25.23 [22.16; 29.14]
Fasting plasma glucose, mmol / | 5.73 [5.31; 6.04]
TC, mmol /1 4.99 [4.32; 5.68]
HDL-C, mmol /1 1.29 [1.09; 1.50]
LDL-C, mmol /1 3.15[2.51; 3.76]
TG, mmol /1 0.97 [0.69; 1.44]
Creatinine, mcmol / 1 74.0 [67.0; 82.0]
GFR 101.37 [90.36; 110.05]

Note: SBP —systolic blood pressure, DBP — diastolic blood pressure,
BMI - body mass index, TC — total cholesterol, LDL-C — low-density
lipoprotein cholesterol, HDL-C — high-density lipoprotein cholesterol,
TG — triglycerides, GFR — glomerular filtration rate

Statistical processing of the results was carried
out in the SPSS 20.0 software. Normality of
the distribution of variables was checked by the
Kolmogorov — Smirnov test. Quantitative variables
whose distribution was different from normal were
presented as the median and the interquartile range

Me [Q,; Q,]. Categorical variables were presented as
relative values (%). The Pearson’s y2 criterion was
used to compare the proportions. The differences were
considered statistically significant at p < 0.05.

RESULTS

The levels of the studied adipokines are presented
in Table 2. In the study sample (z = 1,340), serum
concentrations of adiponectin, adipsin, lipocalin-2,
PAI-1, resistin, and leptin were measurable in 58,
82, 98, 61, 77, and 98% of samples, respectively,
which is associated with obtaining too low levels
in some samples, which did not allow to detect the
biomarker.

To study the prevalence of internal diseases
depending on the blood concentrations of the studied
adipokines, the entire population sample was divided
into quartiles based on the content of the studied
parameters (Table 2).

The prevalence of the studied diseases in the
quartiles of adipocytokines is presented in Table 3.
The results of the study showed that with an increase
in the level of adiponectin, the prevalence of a distinct
coronary heart disease increases by 8.6 times.

Table 2
Levels of the studied adipokines in quartiles, Me [0 ; O ]
Parameter Adiponectinmeg / ml Adipsin, Lipocalin-2, PAI-1, Resistin, Leptin,
mcg / ml g /ml ng / ml ng / ml ng / ml
. 385.69 21.66 152.84 4,524.61
Entire sample | 37.14 [25.78; 114.47] | 1L69 [7.3% 1411|110 36 133.00] | [13.18: 32,417 | [25.74: 596.22] | [1.743.14: 8,513.13]
125.7 9.41 13.93 959.23
9, 16.T 1118, 22.31] 1 4.35[279:6.041 | 1) 46. 166.44] | [627: 11.10] |  [6.74: 19.57] [435.82; 1,299.6]
9.75 297,.62 17.85 51.98 2,994.16
Q 32.15[28.06; 34.21] [8.81; 10.55] [242.92;343.81] | [15.95;19.71] | [35.13;101.08] [2,123.5; 3,793.3]
13.03 668.27 26.25 502.83 6,280.95
2 >4.19[41.04; 98.83] [12.42; 13.50] [503.57;976.42] | [23.81;29.43] | [414.56;551.92] | [5,375.41;7,112.79]

Table 3

Prevalence of the studied diseases in the quartiles
of adipocytokines, %

Group L o | o [ »p
Adiponectin
Hypercholesterolemia 58.1 59.7 0.940
CHD 0.5 4.3 0.050
T2DM 46.7 36.0 0.867
CB 55.6 66.7 0.529
AH 9.9 8.3 0.312
Renal dysfunction 22.4 22.4 0.276
Adipsin
Hypercholesterolemia 48.7 61.6 0.009
CHD 1.1 2.3 0.490
T2DM 31.3 35.1 0.968

Group 0, 0, »
Bronchitis 50.0 56.9 0.230
AH 5.6 9.5 <0.0001
Renal dysfunction 17.2 35.1 <0.0001
Lipocalin-2
Hypercholesterolemia 48.1 61.0 0.005
CHD 1.0 1.9 0.516
T2DM 37.5 30.0 0.958
Bronchitis 40.9 5.0 <0.0001
AH 3.7 11.6 0.001
Renal dysfunction 12.2 24.0 <0.0001
PAI-1

Hypercholesterolemia 44.1 58.9 0.012
CHD 1.0 0.0 0.075
T2DM 30.0 64.3 0.043
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Table 3 (continued)

Group 0, 0, P
Bronchitis 57.1 56.5 0.564
AH 4.9 5.9 0.696
Renal dysfunction 20.6 8.0 0.010
Resistin
Hypercholesterolemia 48.0 61.3 0.010
CHD 0.8 3.3 0.180
T2DM 40.0 31.0 0.808
Bronchitis 20.0 0 0.001
AH 1.2 14.1 <0.0001
Renal dysfunction 3.4 41.2 <0.0001
Leptin
Hypercholesterolemia 50.9 59.5 0.038
CHD 2.2 2.2 0.881
T2DM 18.8 48.1 0.108
Bronchitis 41.7 57.9 0.536
AH 6.4 10.1 0.394
Renal dysfunction 14.0 31.3 <0.0001

Note: CHD — coronary heart disease, T2DM — type 2 diabetes
mellitus, CB — chronic bronchitis, AH — arterial hypertension.

The highest quartile of adipsin was characterized by
an increase in the prevalence of hypercholesterolemia
by 12.9%, AH — by 3.9%, and renal dysfunction — by
17.9%. The analysis of the quartiles of lipocalin-2
showed higher prevalence of hypercholesterolemia,
AH, and renal dysfunction in O, compared to O, The
prevalence of CB was associated with a decrease in the
level of lipocalin-2; it was 35.9% higher in O, compared
to Q,. In the quartiles of PAI-1, the prevalence of T2DM
and hypercholesterolemia was 2 and 1.5 times higher,
respectively, and the prevalence of renal dysfunction
was 2.5 times lower in Q, thanin Q.

When considering the quartiles of resistin,
we noted a 13-38% increase in the prevalence of
hypercholesterolemia, AH, and renal dysfunction
and a 20% decrease in CB in O, compared to Q. The
analysis of leptin quartiles showed significant changes
in the prevalence of only hypercholesterolemia and
renal dysfunction. The prevalence of these diseases
was higher in Q,.

DISCUSSION

Adipokines in the human blood serum are found
in a wide dynamic range, from pg / ml to mcg / ml.
Changes in the expression and secretion of adipokines
correlate with such internal diseases as T2DM, AH,
CB, and cardiovascular diseases, which pose a serious
health problem worldwide.

Adiponectin is secreted mainly by the adipose
tissue and exists in cells and plasma in three main

forms: a low-molecular-weight trimer, a medium-
molecular-weight hexamer, and a high-molecular-
weight (HMW) multimer, which is the main bioactive
isoform contributing to its insulin-sensitizing and
cardiovascular protective effects [8].

Studies show that plasma adiponectin levels
decrease in patients with obesity [9], T2DM [10, 11],
atherosclerosis [12], and AH [13]. Along with the
inverse correlation with the total mass of the adipose
tissue, adiponectin secretion is also regulated by the
quality of adipose tissue [9]. Metabolically healthy but
obese people tend to have higher levels of adiponectin
compared to unhealthy people with similar adipose
tissue mass [14]. In addition, disorganized formation
of adiponectin isoforms may be associated with
cardiometabolic disorders. Patients with CHD have a
lower proportion of the HMW multimeter as opposed
to a higher proportion of the trimeric form. Similarly,
only HMW adiponectin form increases after weight
loss in obese patients [15]. A number of studies have
shown that high levels of adiponectin are associated
with adverse cardiovascular and other metabolic
outcomes [16—18]. Our study showed that in the
quartile with a high adiponectin level, the prevalence
of CHD was significantly higher.

Leptin is synthesized mainly by the adipose tissue
and in a small amount — by the gastric mucosa. The
structure of leptin is similar to that of proinflammatory
cytokines, such as IL-6 and granulocyte colony
stimulating factor (G-CSF). Leptin mediates its effects
by binding to specific receptors (ObR) expressed in
the brain and peripheral tissues (nervous tissue, liver,
pancreas, heart, and intestines). The main target organ
of leptin is the arcuate nucleus of the hypothalamus,
which plays an important role in regulating appetite
and energy homeostasis. Leptin suppresses food intake
and promotes energy expenditure. Regardless of these
effects, leptin improves the sensitivity of peripheral
tissues (liver and skeletal muscles) to insulin and
modulates the function of beta cells in the pancreas. In
most cases, people with obesity, despite the high level
of leptin circulating in the bloodstream, do not lose
weight, which reflects the presence of leptin resistance
[19].

It is known that many factors, such as free fatty
acids, estrogen, tumor necrosis factor (TNF)a or
impaired renal clearance, stimulate leptin secretion
[20]. In our study, in the quartile with high leptin
levels, the prevalence of renal dysfunction (GFR 90)
was 2 times higher than in the quartile with low leptin
values. Thus, circulating leptin levels are elevated in
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the early stages of chronic kidney disease (CKD) [21]
and increase with the progression of the disease [22].

Adipsin, also called complement factor D, is mainly
secreted by adipocytes, monocytes, and macrophages.
Adipsin maintains adipose tissue homeostasis and
increases insulin secretion in response to glucose.
Studies show that in the presence of T2DM, there is a
decrease in adipsin levels and there is an independent
negative relationship between adipsin and HOMA-
IR [23]. The works of other authors indicate a direct
relationship between obesity, adipose tissue, and
adipsin [24]. In our study, the prevalence of T2DM
depending on the level of adipsin in O, and Q, did not
differ.

Adipsin is associated with various pathophysio-
logical processes underlying atherosclerosis, including
low-grade inflammation, endothelial dysfunction, and
lipid metabolism [25, 26]. The study on the prevalence
of AH depending on the level of adipsin revealed
a significant increase in the incidence of AH in the
quartile with high values of this adipokine. As for the
association of adipsin with lipid metabolism disorders,
in our study, the incidence of hypercholesterolemia
was higher in the quartile with the highest adipsin
values. The prevalence of renal dysfunction was 2
times higher in the quartile with the highest adipsin
values, which may be associated with the activation
of an alternative complement pathway in patients with
CHB [27].

Lipocalin-2 is a secreted glycoprotein involved
in a wide range of pathophysiological processes
and energy metabolism. Some researchers consider
lipocalin-2 as a biomarker of cardiometabolic and
chronic kidney diseases [28-30], although there are
conflicting reports about the use of this molecule
as a biomarker for early diagnosis or prognosis of
these diseases [31, 32]. In our study, the prevalence
of hypercholesterolemia, AH, and renal dysfunction
were associated with high levels of lipocalin-2, and
the prevalence of CB was associated with a decrease
in lipocalin-2.

Resistin is a polypeptide belonging to the family of
resistin-like molecules, a group of proteins that initiate
inflammatory processes. Resistin in humans is mainly
produced by macrophages, granulocytes, monocytes,
and bone marrow cells. Resistin levels are elevated in
T2DM [33]. High concentrations of resistin are also
found in cardiovascular complications. S. Niaz et al.
demonstrated a progressive increase in serum resistin
levels in patients with AH and CHD compared to the
control group [34].

The mechanism underlying the association
between resistin levels and AH is still unclear. One of
the possible mechanisms may be mediated via TLR4.
Resistin is believed to alter the renin — angiotensin
pathway and vascular remodeling [35]. Another
potential mechanism is that resistin can reduce the
expression of endothelial nitric oxide synthase and
increase the expression of endothelin-1, as well as its
release in human endothelial cells [36]. In our study,
the incidence of AH was 11.7 times higher in the
quartile with high levels of resistin than in the quartile
with its lowest values. The study on the prevalence of
CHD among young people did not show a significant
difference between quartiles with the highest and
lowest resistin values.

Our results regarding the prevalence of renal
dysfunction are consistent with the data of a number
of studies that show that high concentrations of
resistin in CHB are due to a decrease in GFR and, as
a consequence, low elimination of resistin through the
kidneys [37, 38]. On the other hand, it has been proven
that increased concentrations of resistin are associated
with a higher risk of renal dysfunction. The mechanism
via which resistin can accelerate renal dysfunction
is not yet well studied, but the probable reason is
that resistin enhances synthesis of proinflammatory
cytokines and increases oxidative stress, which,
consequently, causes glomerular dysfunction [39].

In our study, the prevalence of CB was high in
the quartile with the lowest values of resistin. O.
Pérez-Bautista et al. showed that in patients with
chronic obstructive pulmonary disease, compared to
the control group, the content of C-peptide, ghrelin,
glucagon-like peptide-1, and leptin was higher, and
the levels of glucagon and resistin were lower [40].

PAI-1, a member of the serine protease inhibitor
superfamily, can be produced by various cells, such
as platelets, adipocytes, vascular endothelial cells,
endometrial cells, and liver cells. PAI-1 is one of the
most powerful antifibrinolytic proteins that binds to
a tissue plasminogen activator or a urokinase-type
plasminogen activator, inhibiting their function and
reducing plasmin production. Studies show that in
patients with metabolic syndrome and (or) T2DM,
plasma concentrations of PAI-1 are elevated, which
contributes to the hypofibrinolytic environment [41].
In our study, the prevalence of T2DM was 2 times
higher in the quartile with the highest values of PAI-1,
compared to the quartile with the lowest values. The
study on the prevalence of renal dysfunction (GFR 90)
revealed the difference between the first and fourth
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quartile of PAI-1. In the quartile with the lowest
values of PAI-1, the incidence of renal dysfunction
was 2.5 times higher.

CONCLUSION
In this study, we investigated the prevalence
of some socially sensitive internal diseases

(CHD, AH, T2DM, CB, renal dysfunction) and
hypercholesterolemia, a risk factor in young people
aged 25-44 years, depending on adipokine levels.
The highest prevalence of internal diseases was found
for lipocalin-2 and resistin. The prevalence of CB
was associated with low values of these adipokines,
while hypercholesterolemia, renal dysfunction, and
AH were more common at high values of lipocalin-2
and resistin. The incidence of hypercholesterolemia
was significantly higher in quartiles with the highest
values of all studied adipokines. The prevalence of
CHD was associated only with adiponectin levels.
Further studies aimed at investigating the molecular
mechanisms underlying the effects of adipokines will
allow to find a combined approach to restoring normal
physiological levels of adipokines, which can have a
positive effect in the studied internal diseases.
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Clinicopathological features of colon cancer depending
on the dMMR status of the tumor
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ABSTRACT

Aim. To conduct a clinical and morphological assessment of the characteristics of colon cancer depending on the

dMMR / pMMR status of the tumor.

Materials and methods. A retrospective study included 66 patients with operable colorectal cancer (CRC)
M), who were treated at Cancer Research Institute of Tomsk National Research Medical Center (NRMC).
The average age of the patients was 64.4 + 12.8 years. All patients underwent hemicolectomy or colon resection, as

(T

1-4bN0-2b

well as intraoperative resection of distant metastases, if present.

Results. We determined that in CRC patients with pMMR tumors, hematogenous metastases were detected in
27.3% of cases, while in patients with AMMR tumors, hematogenous metastases were detected only in 6.1% of
cases (p =0.021). A comparative analysis of AMMR and pMMR tumors also allowed to establish higher frequency
of perineural invasion among the pMMR subgroup of carcinomas (p = 0.039). The sign of tumor budding was
found both in dMMR carcinomas (36%) and in pMMR tumors (45%). This sign was associated with damage to
regional lymph nodes (p = 0.0017). A more detailed analysis of the tumor budding phenomenon showed that in
dMMR tumors, Bd1 low-grade budding (83%) predominated. In pMMR tumors, Bd2 intermediate-grade budding
(33%) and Bd3 high-grade budding (26.7%) prevailed. Bd2 and Bd3 tumor budding types were associated with

hematogenous metastasis (p < 0.001).

Conclusion. The obtained data demonstrate the differences in such pathomorphological parameters as perineural
invasion and the degree of tumor budding depending on the AIMMR / pMMR status of the tumor. These histologic
parameters in tumor tissue are also associated with higher incidence of distant metastasis in patients with pMMR

carcinomas as opposed to patients with dAIMMR tumors.
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KnuHuko-natonornyeckne oCO6eHHOCTN paKa TONICTON KNLLIKKN
B 3aBucumoctu ot dMMR craTtyca onyxonm

Haymos C.C.', Kpaxmanb H.B."2, TapacoB M.H.?, TapaHeHko M.U.2, YayT E.B.’,
Kono6oBHukosa [0.B.", BropywuH C.B."?

I Cubupckuii 2ocyoapcmesennviti meouyunckuil yrusepcumem (Cubl MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

2 Hayuno-uccneoosamenvckuil uncmumym (HUH) onxonoeuu, Tomckuil HayuOHAnbHbLI UCCICO008AMENbCKULL
meouyunckuil yenmp (HUML]) Poccutickou akademuu Hayk
Poccus 634009, e. Tomck, nep. Koonepamusnviii, 5

PE3IOME

Heas. [IpoBecTr KIMHAKO-MOP(HOTIOTHIECKYIO OLIEHKY 0coOeHHOCTeH paka Tosictoit kumuku (PTK) B 3aBucHMocTH
or dAMMR/pMMR cratyca.

MatepuaJbl 1 MeTOAbI. B nccienoBane peTpocreKTUBHO BKIIOYEHO 66 manueHToB ¢ onepadensHsiM PTK T1-
4bN0-2bM 1, npomemmux neuenne B HUM onkonorun Tomckoro HUMLI. Cpennuii Bo3pacTt G0IBHBIX COCTABHI
64,4 + 12,8 roga. Bcem nanneHTam BBIIOJIHEHO ONIEPATUBHOE JICUCHHE B 00bEME TEMUKOIIKTOMUY W PE3EKLIUH
KHUIIKH, @ TAKXKE HHTPAOTICPALIMOHHAS PE3CKIMS OTAAICHHBIX METACTAa30B IPU UX HATHMYUH.

PesyabTathl. YcraHosieHo, uto y nanueHToB ¢ PTK u pMMR cratycoM remaroreHHsle MeTacTasbl OIpeiess-
mmck B 27,3% citydaeB, B To BpeMs Kak y nanueHtoB ¢ dMMR cratycom remMaTtoreHHble MeracTasbl ObUIH 00-
Hapy>)keHbI JIUmb B 6,1% ciaydaes (p = 0,021). CpaBHuTenbHbIH anamu3 omyxoieil ¢ dAMMR u pMMR cratycom
TAKOKe TIO3BOJIMIT YCTAHOBUTH OOJIBIIYIO YAaCTOTY HAaJMYMS NIEPUHEBPAIBHOI OIMyXoseBoi MHBa3uu cpex pMMR
noarpynmsl kapuuaoM (p = 0,039). IIpu3HaK «OmyXoJeBOoro NOYKOBaHHD) ObUT OOHAPYXKEeH KaK B KapIMHOMAX C
nedurmTom 6enKkoB MucMaTd penapanuu (36%), Tak U B POQUIUTHBIX omyxouisix (45%). JlaHHBIH npu3HAK OBLT
CONPSDKEH € MOpakKeHHEeM perHOHapHBIX nMdaTrdeckux y3i1o0B (p = 0,0017). Bonee netanpHblii aHann3 GeHOMeHa
«OITyXOJIEBOTO MOYKOBAHHSD» I0Ka3aj, YTO B OMYyXOJUIX ¢ Je(UIMTOM OENKOB MHCMAaTd perapanuy npeodiana
nepBbIi Tun moukoBanus (Bdl) low grade — Hu3koii crenenn — (83%), B TO BpeMst Kak IPOQHUIUTHBIE OIyXOIH
XapaKTepH30BaINCH NTPpeodiaJanueM o4YKoBaHus Broporo tuma (Bd2) — intermediate grade — ymepeHHo# cTeneHu
(33%) u (Bd3) — high grade — Bbicokoli crenienu (26,7%). @eHOMEH «oMmyXxoieBoro noukoBanus» Bd2 u Bd3 Obin
COMPSDKCH C TeMaTOreHHBIM MeTacTasupoBanueM (p < 0,001).

3akaouenne. [TomydyeHHbBIC TaHHBIC IEMOHCTPUPYIOT PA3JINYHS IT0 TAKUM ITaTOMOP(OIOTHISCKHM MapaMeTpam,
KaK TIepUHEBpaIbHAsl HHBA3Hs U CTEIIEHb «OITyX0JICBOTO MOYKOBaHMsD» B 3aBucuMocTi oT AMMR/pMMR cratyca
KapIHOMBI. J[aHHBIC THCTOJIOTHYECKHE MapaMeTphl B OIyXOJIEeBOH TKAHM TAK)Ke CBSI3aHBI C OOJBIIEH 4acTOTOH
BCTPEYAEMOCTH OTJATEHHBIX METACTa30B y MAI[EHTOB ¢ KapIuHOMamHu co crarycoM pMMR B oTimune ot manu-
entoB ¢ dAMMR crarycom ormyxomm.

KuroueBble ciioBa: 6enku cuctemsl Mucmaty penapanni, AIMMR/pMMR cratyc, KonopekTaabHblil pak

KOHq)J’IHKT HHTEPECOB. ABTOpI;I JACKIApUPYIOT OTCYTCTBUE SAIBHBIX U MNOTCHIUAJIBHBIX KOHq;).]'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaIII/IeI71 HaCTOHH.[eﬁ CTaTbHU.

Hcrounuk ¢puHAHCHPOBAHHUA. ABTOPHI 3asBISIOT 00 OTCYTCTBHM (\MHAHCHPOBAHUS IPH MPOBEICHHN UCCIENO0-
BaHMSI.

Jst murupoBanus: Haymos C.C., Kpaxmans H.B., TapacoB M.H., Tapanenko M.1., Yayt E.B., Kono6osun-
koBa lO.B., Bropymun C.B. KinHNko-maToigornyeckue 0COOEHHOCTH paka TOJCTOW KHUINKUA B 3aBUCHMOCTH OT
dMMR craryca onyxonu. broaremens cubupckoti meouyunsl. 2023;22(4):57-64. https://doi.org/10.20538/1682-
0363-2023-4-57-64.

INTRODUCTION common cancer. Over one million newly diagnosed
tumors are reported among both sexes annually. The

According to the World Health Organization (WHO), number of deaths exceeds 570,000 per year [1]. In
colorectal cancer (CRC) is one of the most common 2021, over 18,000 new cases of CRC were registered in
malignant neoplasms in the world. It is the 5™ most the Russian Federation, which accounts for 7.1% of all
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malignant neoplasms. The increase in the incidence in
2011-2021 was 25.3% [2]. In 2021, more than 23,000
deaths from CRC were registered, making this disease
the third leading cause of mortality from malignant
neoplasms in the Russian Federation [2].

Only 30-50% of CRC patients achieve 5-year
survival, since the disease in most cases is detected
at late clinical stages [3]. Despite this, if the tumor
is diagnosed at an early stage (T, T,N), the 5-year
survival rate is more than 90%. It is worth noting
that among stage Il CRC patients, the 5-year relapse
rate is extremely variable, ranging from 12 to 38%.
Moreover, in stage III CRC patients, the 5-year
relapse-free survival rate does not exceed 50% [3].

The key stage in the diagnosis of CRC is
morphological verification of the diagnosis followed
by the assessment of pathomorphological signs.
Currently, the main parameters are: the size of
the primary tumor, histologic grade, degree of
malignancy, pT and pN criteria, the condition of the
resection margins and lymph nodes, extramural and
peritumoral vascular invasion, perineural invasion,
as well as the assessment of the invasive tumor front
area for the presence of morphological manifestations
of tumor budding [3]. This phenomenon is detected
when there are clusters of single tumor cells at the
invasive margin of the tumor (from 2 to 4 cells in one
tumor bud).

Currently, depending on the number of tumor cell
clusters at the invasive margin per 1 field of view,
three budding grades are distinguished: 0—4 buds
indicate low-grade budding (Bd1); 5-9 buds indicate
intermediate-grade budding (Bd2): > 10 buds indicate
high-grade budding (Bd3) [4]. This phenomenon is
based on epithelial — mesenchymal transition (EMT)
[5]. EMT is the process by which the cell changes its
phenotype from epithelial to mesenchymal, which
ultimately leads to the possibility of tumor invasion,
as well as to lymphogenous and hematogenous
metastasis, which correlates with an unfavorable
prognosis for the disease course in the presence of this
morphological sign in the tumor tissue [6].

Despite the existing pathohistological criteria used
in diagnosing surgical material to assess the objective
prognosis of the disease course and elaborate an
individualapproachtotreatment, morphological studies
should be supplemented with the results of molecular
genetic methods. To date, the most common and
recommended methods are determination of mismatch
repair deficiency proteins (AIMMR status of the tumor —
mismatch repair deficient status) or microsatellite

instability (MSI) by immunohistochemistry using
polymerase chain reaction [7, 8]. According to clinical
guidelines, including the Russian Society of Clinical
Oncology RUSSCO, these techniques can be mutually
exclusive, since their concordance in CRC is more
than 95% [9].

It should be noted that AMMR / MSI status of the
tumor depending on the clinical stage of the disease
can serve as both a prognostic and a predictive factor
for the response to drugs, such as checkpoint inhibitors
[9], as well as to the effectiveness of fluoropyrimidines
[10], which are the main therapeutic drugs in both
postoperative treatment and subsequent lines. This
significantly influences the treatment strategy of a
patient for both local and diffuse tumor processes.

Despite widespread testing of dAMMR / MSI in
clinical practice, studying the clinical and pathological
characteristics of the primary tumor and their
relationship with parameters of regional and distant
metastasis is of interest in CRC.

MATERIALS AND METHODS

The study included 66 patients diagnosed with
stage T, , N, M, CRC. The inclusion criterion
for the study was histologically verified CRC. The
exclusion criterion was preoperative chemotherapy.
The scope of surgical treatment corresponded to
hemicolonectomy (right / left) or radical resection
of the colon with simultaneous removal of distant
metastases, if present. A morphological study of
the surgical material was carried out, assessing the
following parameters: histologic tumor grade, density
of immune cell infiltrate in the tumor stroma (in 10
fields of view at x 400), signs of lymphovascular and
perineural invasion, the presence and number of tumor
buds at the invasive tumor margin, presence / absence
of metastases in the lymph nodes (at least 12 regional
lymph nodes).

The microscopic examination was carried out
using the Eclipse Ci-L upright microscope (Nikon,
Japan). The histotype and stage of the disease were
determined according to the 2019 WHO Classification
of Tumors of the Digestive System. The density of
the immune cell infiltrate in the tumor stroma was
quantified. The results were converted into a point
scale (1 point — mild infiltration, up to 300 immune
cells; 2 points — moderate infiltration, 300-600 cells;
3 points — pronounced infiltration, more than 600 cells).

The assessment of tumor budding was carried
out as follows: counting of tumor buds in hotspots
at the invasive tumor margin per unit area of
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0.785 mm? (corresponding to a %20 eyepiece
lens with a field of view diameter of 20 mm). The
obtained quantitative values were also converted into
a point scale, where 0—4 buds corresponded to Bd1
(low-grade budding); 5-9 buds corresponded to Bd2
(intermediate-grade budding); >10 buds and more
corresponded to Bd3 (high-grade budding). The
dMMR status of carcinoma was assessed on paraffin
sections of the tumor tissue (surgical material) by
immunohistochemistry. Staining was performed on
the Bond RX Fully Automated IHC and ISH Staining
System (Leica Biosystem) using such antibodies
as MLHI1 (Clone ES05, RTU, Dako An Agilent
Technologies Company, RTU); MSH2 (Clone FEI,
RTU, Dako An Agilent Technologies Company),
MSH6 (Clone EP49, RTU, Dako An Agilent
Technologies Company); and PMS2 (Clone EP51,
RTU, Dako An Agilent Technologies Company)

1R
.,|,I {’. |

=

(Fig. 1-3). In the absence of nuclear IHC staining
of at least one marker, mismatch repair protein
deficiency was diagnosed (tumor with microsatellite
instability — dMMR status). In the study group,
distant metastases were detected in 16.67% of cases
(n = 11 / 66). The presence of metastatic lesions
and the number of metastatic lymph nodes (N) are
presented in Table.

Statistical data analysis was performed using the
SPSS 23.0 software package (IBM SPSS Statistics,
USA). Quantitative variables were presented as the
median and the interquartile range Me (Q,.; O.)).
Qualitative variables were described by absolute
and relative frequencies n (%). The quantitative and
qualitative variables in independent samples were
compared using the Mann — Whitney U test and the
¥2 criterion. The results were considered statistically
significant at a p < 0.05.

Fig. 1. Tumor budding at the invasive tumor front margin (marked
by arrows) in colorectal adenocarcinoma. Here and in Fig.2 —
H&E staining, x 200

Fig. 2. Lymphovascular invasion (the arrow indicates a tumor
embolus in the lumen of the vessel)
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Fig. 3. Immunohistochemical determination of the dMMR status of the tumor

RESULTS

Two groups of patients were formed depending
on the immunohistochemically verified dMMR /
PMMR status of the tumor. Group 1 included 50%
of cases (n = 33 / 66) with mismatch repair protein
deficiency (IMMR status) in the tumor. An equal
number of cases (50%; n = 33 / 66) were included
in the control group: tumors with mismatch repair
protein proficiency (pMMR status). The assessment
of existing correlations in the selected groups with
tumor histotype, localization of the tumor in the colon,
and the stage of the disease did not show significant
differences (Table). The comparative analysis of
cases with lymphogenous metastases in the groups
of dAMMR / pMMR tumors did not reveal significant
differences. We did not find any differences in the
number of metastatic lymph nodes.

Next, we assessed the relationship between the
dMMR / pMMR status of carcinoma and the presence
ofhematogenous metastases. The results ofthe analysis

allowed to establish that in the group of patients
with dAMMR tumors, hematogenous metastases were
detected in 6.1% of cases (n =2 / 11). Moreover, in
cases with pMMR tumors, distant metastases were
detected in 27.3% of cases (n = 9 / 11) (y*= 5.3;
p =0.02) (Fig.4). As a result of this work, we did not
see any significant differences between the AIMMR /
PMMR status and the density of immune cell infiltrate
in the tumors (Table).

The assessment of tumor budding at the invasive
tumor margin showed its presence in both groups.
However, significant  differences were found
between tumor budding grades (3= 6.0; p < 0.04).
Thus, we observed Bdl (n = 10) and Bd2 (n = 2) in
dMMR tumors, with the presence of morphological
manifestations of tumor budding at the invasive margin.
No morphological manifestations of this phenomenon
were found in other AMMR tumors (n = 21).

In the group of pMMR tumors, we identified
Bd3 (n = 4) along with Bdl (n = 6) and Bd2 (n = 5).
No manifestations of this phenomenon were found at the
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invasive margins of other tumors (n = 18). The additional p <0.001). The assessment of perineural tumor invasion
analysis of the results obtained allowed to establish that revealed that in dMMR tumors this morphological
tumors with Bd2 and Bd3 budding were characterized feature was detected less frequently compared to pMMR

by the presence of hematogenous metastases (= 17.2; carcinomas (y*>=4.2; p =0.03).
Table
Clinical data and morphological parameters of the tumor in CRC patients
dMMR pMMR o
Parameter . % B % Criterion value p
male 23 69.7 19 57.6
1.04 4
Sex female 10 303 14 424 048 0.433
Age, years, Me (0,.; 0., 63 (54.5; 63) 63.3+£13.5 66 (59.5; 74) 65.6+12.1 481.5 0.419
high-grade adenocarcinoma 10 30.3 9 27.3
Tumor histotype low-grade adenocarcinoma 14 42.4 12 36.4 0.635 0.728
mucinous adenocarcinoma 9 27.3 12 36.4
cecum 5 15.2 3 9.1
ascending colon 6 18.2 3 9.1
hepatic flexure 4 12.1 4 12.1
transverse colon 2 6.1 2 6.1
T localizati 10.094 0.18
umor focatization splenic flexure 4 12.1 2 6.1 ? 3
descending colon 5 15.2 1 3.0
sigmoid colon 6 18.2 17 51.5
rectosigmoid colon 1 3.0 1 3.0
T2 5 15.2 1 3.0
Cancer stage T3 6 18.2 8 24.2
4333 0.228
(T) T4a 19 57.6 23 69.7
T4b 3 9.1 1 3.0
NO 17 51.5 15 45.5
Nla 6 18.2 3 9.1
Lymphogenous N1b 2 6.1 1 3.0
- 3.869 0.568
metastasis (N) Nlc 1 3.0 4 12.1
N2a 3 9.1 5 15.2
N2b 4 12.1 5 15.2
Densitv of the i mild 6 18.2 3 9.1
ensity of the immune moderate 13 394 16 485 1310 0.519
cell infiltrate
pronounced 14 42.4 14 42.4
L right 17 51.5 13 39.4
L . 4
esion side left 16 485 20 60.6 0978 0459

100%

80%

60%

40%

20%

0%
dMMR pMMR

W Distant metastasis+ B Distant metastasis -

Fig.4. Frequency of distant metastasis in CRC patients depending on the dIMMR / pMMR status of the primary tumor

62 BionneTteHb cMbUpckon MeguumHbl. 2023; 22 (4): 57-64



Original articles

DISCUSSION

Our research showed that in CRC, various clinical
and morphological features can be simultaneously
characteristic of both dAMMR and pMMR tumors.
In this work, we identified a number of differences
that may determine the nature of the disease course.
Thus, the comparative analysis of dAMMR and pMMR
tumors depending on tumor morphology and its
localization did not show significant differences. The
most important morphological features that were
characteristic of dMMR carcinomas were lower
frequency of perineural invasion and predominance of
Bd1 and Bd2 tumor budding grades.

In the analyzed literature, there was no description
of similar morphological characteristics depending
on the molecular status of the tumor in CRC. The
most indicative parameter that we detected was low
hematogenous metastatic potential of AMMR tumors
compared to pMMR carcinomas. One of the reasons
explaining the discovered relationship may be different
biological behavior of tumors due to differences in
the volume of mutational load [10]. This hypothesis
is also supported by the fact that no significant
differences in the density of the immune cell infiltrate
(which, according to one of the existing hypotheses,
has a tumor suppressive effect) were found between
dMMR and pMMR carcinomas [11, 12].

It may be assumed that the dMMR status of the
tumor and associated morphological parameters,
such as low frequency of perineural invasion and
predominance of the Bdl tumor budding, are
interrelated and explain lower metastatic potential. It
should be noted that the absence in the tumor tissue
of signs of perineural invasion, manifestations of
Bd3 tumor budding at the invasive margin, and signs
of hematogenous metastasis can be considered as
indirect morphological parameters that may indicate
the IMMR status of a colonic tumor.

CONCLUSION

Our data demonstrate the presence of
morphological differences in the primary tumor tissue
in colonic tumors depending on the dAMMR / pMMR
status of the tumor. Based on the obtained results, it
can be assumed that certain histologic parameters,
such as the presence of perineural invasion and the
predominance of various tumor budding grades at the
invasive tumor margin, can be associated with the
frequency of hematogenous metastasis and, therefore,
can serve as a prognostic criterion for CRC with

immunohistochemically verified dMMR or pMMR
molecular status of colorectal carcinoma.
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2,3-dehydro-L-gulonic acid in vitro

Plotnikov E.V."?, Tretyakova M.S." 3, Krivoshchekov S.V.* Kolobovnikova Y.V.?,
Belousov M.V."*

! National Research Tomsk Polytechnic University
30, Lenina Av., Tomsk, 634050, Russian Federation

? Mental Health Research Institute, Tomsk National Research Medical Center (NRMC), Russian Academy of Science
4, Aleutskaya Str., Tomsk, 634021, Russian Federation

3 Cancer Research Institute, Tomsk National Research Medical Center (NRMC), Russian Academy of Sciences
5, Kooperativny Str., Tomsk, 634009, Russian Federation

* Siberian State Medical University
2, Moscow Trakt, Tomsk, 634050, Russian Federation

ABSTRACT

The aim of this work was to study the immunomodulatory effects of lithium salt gamma-lactone of 2,3-dehydro-L-
gulonic acid (LiAc) on healthy blood leukocytes and leukemia cells in vitro.

Materials and methods. Peripheral blood lymphocytes and neutrophils obtained from healthy donors, as well as
THP-1 cells (human monocytic leukemia) were used as test systems. To assess the proliferative activity, lymphocyte
blast transformation was used. The antiproliferative effect was studied by the 3H-thymidine incorporation assay.
Cytotoxic effects were studied using the Alamar Blue test. The effect on the phagocytic activity was studied using
the method for assessing the neutrophil function during bacterial phagocytosis.

Results. LiAc exerted a dose-dependent effect on target cells, including antiproliferative and cytotoxic effects on
leukemia cells and a stimulating effect on neutrophils in phagocytosis.

Conclusion. LiAc can be considered as a promising drug with immunomodulatory effects, including a suppressive
effect on the proliferative activity of leukemia cells and a stimulating effect on immune mechanisms mediated by
neutrophils and macrophages.

Keywords: lithium salts, immunostimulant, neutrophils, lymphocytes, monocytic leukemia, antiproliferative
effect, phagocytosis
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NmmyHomopaynupyouiee AeicTBUE NINTNEBOWN CONN raMmMa-flakToH
2,3-pernpapo-L-rynoHoBon KNCNOThI in vitro

MnotHukos E.B."?, TpeTtbakoBa M.C." 3, Kpuouekos C.B.*, Kono6oBHukoBa 0.B.%,
Benoycos M.B."*

I Hayuonanvnwuii uccredoeamenvcrkuti Tomckuii nonumexuuueckuii yuusepcumem (HHU TITY)
Poccus, 634050, 2. Tomck, np. Jlenuna, 30

2 Hayuno-uccredoeamenvcxuii uncmumym (HHH) ncuxuueckozo 300poevs, ToMCKull HAYUOHATbHYIIL
uccneoogamenvckuil meouyunckutl yenmp (HUMI]) Poccutickotl akademuu HayK
Poccus, 634021, 2. Tomck, yi. Aneymexas, 4

3 Hayuno-uccnedosamenvcruii uncmumym (HHUH) onkonozuu, ToMCKuUll HAYUOHATbHBIL UCCTE006aMENbCKULL
meouyunckuil yenmp (HUML]) Poccutickou akademuu Hayk
Poccus, 634009, 2. Tomck, nep. Koonepamuenwiti, 5

* Cubupcruii 2ocyoapcemeennviii meduyunckuii yuueepcumem (Cubl MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

Hesab — u3ydeHne IMMYHOMOIYJIHPYIOIINX CBOMCTB JMTHEBOH CONM raMMa-JIaKTOH 2,3-Ieruapo-L-TynoHOBOM
kucinotsl (LiAc) Ha HOpMaJIbHBIE JIEHKOLUTHI KPOBU M 37I0KaYE€CTBEHHBIE JICHKO3HBIE KIICTKH i7 Vitro.

MatepuaJbl 1 MeTOIbL. B KauecTBe TECT-CUCTEM HCITOIB30BAHBI JIUMQOIUTEI U HEHTPODHIIBI IEpUPEPHUSCKO
KPOBH 37I0POBBIX JIOHOPOB, a TaKKe 3JI0KauecTBeHHbIE KieTku uHuu THP-1 (MoHOIMTapHAas JieiikeMus yeoBe-
ka). Jlnst oreHkr mposudepaTHBHON aKTHBHOCTH HCIIOJIb30BaIaCh PEakiust OJacTHOW TpaHchopmanuu Tumdo-
1uToB. V3ydenne anTupoanepaTHBHOTO ISHCTBUS BBIMOJIHEHO METOJIOM BKIIFOUeHUsI MeueHoro 3H-TumuauHa.
[urorokcuyeckue 3pdeKxTsl mpenapara UCCIEA0BaHbI C MOMOIIBIO alaMapoBOro tecta. VM3yueHne BIMsSHHS Ha
(aronuTapHyI0 aKTUBHOCTD BBINOJIHEHO C OMOIIBIO METO/Ia OLECHKU (HYHKIMOHAIBHONW aKTMBHOCTH HEUTPO(H-
JI0B TIpH (harorurose GakTepuil.

Pe3yasTaTsl. LiAc okasai 10303aBUCHMOE BIMSIHAE Ha KIETKH-MUILICHH, YTO IIPOSIBUIIOCH B aHTHITPOIH(epaTHB-
HOM ¥ [INTOTOKCHYECKOM JICHCTBHYU B OTHOIICHUH JIEHKO3HBIX KJIETOK M CTUMYJIUPYIOIIEM JIeHCTBUU B OTHOIICHUH
(aronUTHPYIOMMX HEUTPOPHIIOB.

3akimouenne. LiAc MOXET paccMaTpUBATHCS KaK MEPCIIEKTUBHBIN Mpernapar, 001aJaronini IMMYHOMOTYTHPY-
IOMUMH CBOMCTBAMH, BKIIIOYAsi CYTIPECCHBHOE BIHMSHIE HA MPOIH(EPATUBHYIO AKTHBHOCTH JICHKO3HBIX KJIETOK M
CTHMyNUpyIoIiee AeficTBIE HAa HeHTpomIbHO-MaKkpodaraabHOe 3BeHO HMMYHUTETA.

KonrodeBble c1oBa: coyut TUTHS, UMMYHOCTUMYJISITOP, HEHTPOQHIIBL, TMM(POIUTHI, MOHOIIUTAPHBII JIeHK03, aHTH-
npoiuepaTUBHEIN P PeKT, PharoruTo’

KoHdaukT uHTEpecoB. ABTOPBI ACKIAPUPYIOT OTCYTCTBUE SBHBIX U MOTCHIHMAIBHBIX KOH(PIUKTOB HHTEPECOB,
CBSI3aHHBIX C IyOJMKAIUEeH HACTOAIICH CTaThU.

HUcTounuk Q)nﬂancnposanml. ABTOpBI 3asIBJISIIOT 00 OTCYTCTBUU q)HHaHCPIpOBaHI/ISI IpH MPOBECACHUN UCCIIEN0-
BaHUA.

Jast uurupoBanusi: [lmotaukoB E.B., TpereskoBa M.C., Kpusomekor C.B., Komobosuukosa 0.B.,
Benoycos M.B. IMmyHOoMOnynupyomiee JeiicTBUE JIUTHEBONW COJM raMMa-JIaKToOH 2,3-1eruapo-L-ryioHoBoil
KUCIIOTHI in vitro. Bionnemens cubupcroi meouyunst. 2023;22(4):65-72. https://doi.org/10.20538/1682-0363-
2023-4-65-72.
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INTRODUCTION

The immune system is a complex self-regulating
mechanism, providing specific and mnon-specific
protection from both external pathogens and internal
threats, including malignant cells. At the same time,
an effective immune response implies a balance
of immune activation to eliminate the antigen and
immunosuppression, which prevents damage to one’s
own healthy tissues. This balance is ensured by the
interaction of macrophages, and regulatory T cells; by
the induction of chemokines, cytokines, and antibodies;
by the expression of the corresponding receptors and
inhibition and proliferation of effector cells.

Thus, normal functioning of the immunity is sup-
ported by intrinsic immunostimulatory and immu-
nosuppressive processes [1]. Providing an external
regulatory effectontheimmunesystemisadifficulttask,
which is currently achieved using immunomodulators,
i.e. drugs that can stimulate, inhibit or regulate
components or alter the functions of the immune
system [2]. The compounds with immunostimulatory
or immunosuppressive effects may belong to different
chemical groups and have different biological targets.
Mainly, immunomodulatory effects are realized
through the influence on immunocompetent cells, the
processes of maturation, migration, cooperation, as
well as through the interaction of these cells and their
products (cytokines) with the corresponding targets [3].

Many xenobiotics and chemical compounds
have unidirectional immunotoxic effects, which is
manifested by a negative impact on the functioning
of both local and systemic immunity, and induced
immunosuppression can lead to an increase in the
incidence or severity of infectious diseases and cancer
[4]. Therefore, the study of the immunomodulatory
properties of promising biologically active compounds
is an integral stage in the development of new drugs
based on them. A substance acting on cellular immunity
in vitro will have a complex non-specific effect on the
entire immune system, due to high interconnectedness
of the components.

A significant number of immunostimulants are
currently available as dietary supplements. However,
their effect on the actual immune status is very
contradictory. Not all immunostimulants have been
tested with immunocompetent cells. It is especially
difficult to test various herbal stimulants due to high
variability of the composition and difficulties of
identifying the active agent [5].

Targeted immunostimulation is one of the
promising approaches to the treatment of cancer, while

non-specific immunostimulation is considered as a
maintenance therapy [6]. In general, immunotherapy
is the most promising approach to cancer treatment
and combines well with chemotherapy and
immunostimulants to improve treatment outcomes [7].
Immunomodulators are an important component in the
treatment of comorbid pathologies, which improves
the prognosis of the primary disease. Recently, it has
been shown that immune dysregulation can contribute
to tumor progression [8]. Effective immunocorrection
requires drugs that have low toxicity and a complex
immunomodulatory effect and combine well with
known methods of treating tumors, including
chemotherapy and radiation therapy.

In this context, lithium preparations stand out due
to the presence of a known immunotropic effect. A
good example is lithium carbonate, which is widely
used in psychiatric practice and is still the mainstay
for the treatment of affective disorders, while having
pronounced immunostimulatory properties [9, 10].
Lithium has stimulating effects towards hematopoiesis,
and, thus, it is a drug for the recovery of the body after
radiation exposure [11, 12]. The main molecular
target explaining the hematopoietic effect of lithium
is the effect on the intracellular enzyme glycogen
synthase kinase-3 (GSK-3) [13].

The role and positive effects of lithium in the
treatment of cancer patients, including individuals
after radiation exposure, have been studied [14]. It
is important to note the ability of lithium to activate
antiviral immunity [15]. During the coronavirus
epidemic of 2020-2021, the effectiveness of lithium
drugs in the treatment of COVID-19 was shown [16].
The combination of these data forms a solid basis for
an in-depth study of the mechanisms of lithium action
and the search for new niches for its use, including the
creation of new lithium-containing compounds with
complex properties [17].

However, it should be noted that disorders
related to oxidative stress play an important role in
the pathogenesis of many socially sensitive human
pathologies [18-20]. Oxidative stress is a fundamental
phenomenon in biology that causes a cascade of
reactions [21]. The influence of oxidative stress in
autoimmune, mental, cardiovascular diseases, and
cancer has been established, therefore, reduction
of oxidative stress by antioxidant drugs is clinically
justified in many cases [20]. In this context, it is
important to obtain and study the properties of new
lithium complexes with antioxidant activity towards
immunocompetent cells, which reveals certain
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prospects for obtaining drugs with combined activity
that allow to modulate immunity and reduce oxidative
stress in a wide range of pathologies [22-24].

The aim of this work was to study the effect of the
lithium salt gamma-lactone of 2,3-dehydro-L-gulonic
acid (LiAc) on the proliferative and functional activity
of healthy blood leukocytes and leukemia cells, that
will provide grounds for developing a promising
antioxidant drug with immunomodulatory effects.

MATERIALS AND METHODS

Gamma-lactone of 2,3-dehydro-L-gulonic acid
(ascorbic acid) and lithium carbonate (ACS, Sigma-
Aldrich, Germany) were used to synthesize the
research object. The salt preparation reaction was
carried out with stirring and heating up to 40 °C in
deionized water. The reaction product was washed
and sterilized with ethanol, then dried. The identity
of the compound was confirmed by atomic emission
spectroscopy (AES with inductively coupled plasma
iCap 6300 Duo), infrared spectroscopy (Agilent
Cary), thermogravimetric analysis (thermal analyzer
with mass spectroscopy SDQT 600, Thermo Electron
Corp.). The elemental analysis found 33% (C), 5.33%
(H), 8.1% (Li20); theoretically calculated values were
33.03% (C), 5.05% (H), 8.21% (Li20). The water
content in the salt was 16.15% (theoretical — 16.51%).
The reaction product corresponded to the general
formula LIC6H706*2H20. The resulting powder was
packed in sealed test tubes and used in experiments.

The effect of the synthesized lithium preparation
on human immune blood cells was studied in vitro
using the lymphocyte blast transformation (LBT).
The method is based on the assessment of the
transformation and proliferation of lymphocytes
when exposed to various antigens and the mitogen
phytohemagglutinin (PHA). Lymphocytes were
obtained from whole blood samples of three healthy
donors. Lymphocytes were isolated by density gradient
centrifugation and resuspended in a standard RPMI
1640 medium containing 20% fetal bovine serum,
L-glutamine, and streptomycin. Aliquots of 0.1 ml
(2x10° cells / ml) of the cell mixture were placed in
microtest plates. The drug was added to the plate in
concentrations of 0.1-0.001 mg / ml with or without
PHA. The microtest plates were incubated for 72 hours
at 37 °C in an atmosphere of 5% CO,. Stimulation with
PHA, which induces cell proliferation, was used as a
positive control. To do this, mononuclear cells (2 x 10°
cells per well) in a culture medium were introduced
into the wells of a 96-well flat-bottomed plate in the

presence of PHA (final concentration — 15 mecg / ml).
The cells were also incubated for 72 hours at 37 °C
with 5% CO,,.

In the last 24 hours of the cell culture process, 1
uCi of [3H]-thymidine was added to each well of
the experimental and control groups. The cells were
collected by fiberglass filters (Seaton, Ind. Sterling,
VA) and the amount of included [3H]-thymidine
was determined using the liquid scintillation
B-counter (Delta 300, model 6891, TM Analytic Inc.,
Netherlands).

The phagocytic activity of neutrophils was
evaluated wusing bacterial phagocytosis [25].
Heparinized venous blood was washed with a medium
199 by centrifugation of samples to determine the
phagocytic activity of neutrophils. Gram-positive
bacteria Staphylococcus aureus — H209 were used as
a substrate for phagocytosis. Bacteria were added to
the leukocyte suspension. The studied compound in
various concentrations (0.1-0.001 mg / ml) was added
to the microtest plates. The samples were placed in
the incubator for 30 minutes and shaken every 10
minutes. After incubation, the cells were fixed in
formalin. Then the samples were centrifuged to make
smears with the parameter determining phagocytosis.
The smears were stained according to Romanowsky —
Giemsa staining. Next, the following parameters were
calculated. The percentage of active neutrophils was
calculated as the number of neutrophils positive for S.
aureus in terms of 100 neutrophils. The engulfment
capacity of neutrophils was characterized by the
phagocytic index, which was calculated as the total
number of S. aureus cells engulfed by 100 positive
neutrophils and divided by 100, which gives the
average number of microbes engulfed by one active
neutrophil.

In the experiment, the THP-1 monocytic leukemia
cell line was used at a concentration of 2 x 103 cells
per well of a 96-well plate in a complete culture
medium RPMI 1640 containing 10% fetal bovine
serum, L-glutamine, and antibiotics. The cells were
introduced into the wells of 96-well flat-bottomed
plates in 100 mcl of medium. After that, LiAc was
added in the dose range from 0.1 mg/ ml to 0.001 mg /
ml. Then, 1 uCi of [3H]-thymidine was added to each
well. The cells were incubated for 24 hours at 37 °C
with 5% CO,. The cells were collected by fiberglass
filters (Seaton, Ind. Sterling, VA) and the amount of
incorporated [3H]-thymidine was determined using
the liquid scintillation B-counter (Delta 300, model
6891, TM Analytic Inc., Netherlands).
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THP-1 monocytic leukemia cell lines and healthy
human peripheral blood mononuclear cells were used
as a biological object for cell cytotoxicity tests in vitro.
The cytotoxicity of the studied drug was evaluated on
cell cultures using the Alamar Blue assay. The cells
were cultured in a complete RPMI 1640 medium
enriched with fetal bovine serum, L-glutamine,
and antibiotics and plated into a 96-well plate with
20,000 cells per well (in 180 mcl of medium). Then
the drug was added to each well in the appropriate
concentration (in the dose range of 0.1-0.001 mg /
ml). Additional wells were used for untreated control
(negative control) and control of dead cells (positive
control). Then the plate was placed in the incubator
with 5% CO, and at a temperature of 37 °C. After 48
hours of incubation, 20 mcl of Alamar Blue reagent
was added to each well. The plate was placed back in
the incubator for 4 hours. Then the optical density was
measured at 570 nm (with background subtraction at
620 nm). Cell viability was evaluated by the formula
(sample optical density (OD) — positive control OD)
/ (negative control OD — positive control OD) and
expressed as a percentage of the surviving cells.

RESULTS

The study of the intensity of LBT after
introduction into the culture of LiAc cells made it
possible to establish the presence of a suppressive
effect of the drug on lymphoproliferation, depending
on the concentration. Thus, a dose of 0.1 mg / ml
significantly inhibited cell proliferation by more than
60% compared to the control group (Fig. 1).
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Fig. 1. The effect of LiAc on the lymphocyte PHA-stimulated
proliferation (by the incorporation of 3H-thymidine (count per
minute)). Here and in Fig. 2, 3, the data are presented as M +
SD. * significant difference from the control, p < 0.05

0 (control)

The effect of the drug on the functional activity of
peripheral blood neutrophilic leukocytes of donors was
studied using the model of incomplete phagocytosis.
The obtained results regarding the effect of the drug
on phagocytic activity are presented in Table.

Table
The effect of LiAc on the phagocytic activity of neutrophils,
M +SD
Parameter Control 0.1 0.01 0.001
mg/ml mg/ml mg/ml
Percentage of active 5643 6144 | 67+5* 5544

neutrophils, %

Engulfment capacity of

+ + * + * +
neutrophils, bact. units 42+02(49+02%51+05%[42+03

Statistically significant differences in the experimental group vs. the
control group (p < 0.05)

Table 1 shows that after exposure to LiAc,
the percentage of active neutrophils capable of
phagocytizing staphylococci and the engulfment
capacity of neutrophils in the dose range of 0.1-0.01
mg / ml increase by 15-20%.

As can be seen from Table 1, LiAc does not
significantly affect phagocytic activity in all dose
ranges, but phagocytosis completeness at low
concentrations increases slightly. The percentage of
active neutrophils increases. The data obtained indicate
the absence of an inhibitory effect on phagocytes in
this dose range.

The cytotoxic effect of the drug on THP-1 cells
was evaluated. The results are shown in Fig. 2.

120
100
80
60 ¥

40

Viability, %o

20

0 ——

0.1 0.01 0.001
Concentration, mg / ml

Fig. 2. Cytotoxic effect of LiAc on THP-1 cells

6 (control)

The antiproliferative effect of LiAc on leukemia
cells was also evaluated; the results are shown in
Fig. 3. Studying bioactivity on the THP-1 cell model
made it possible to confirm the presence of the
antiproliferative effect of the drug.
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Activity (3H-thymidine),
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0.1 0.01 0.001
Concentration, mg / ml

0 (control)

Fig. 3. The effect of LiAc on the proliferative activity of THP-1
cells, by 3H-thymidine incorporation (count per minute)
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DISCUSSION

The obtained results revealed a noticeable
antiproliferative effect of the drug on PHA-
stimulated lymphocytes in the LBT (Fig. 1). The
effect on lymphocytes observed at the dose of 0.1
mg / ml was statistically significant. In general, the
antiproliferative effect on the mitogen-stimulated
lymphocyte population under the influence of the
studied drug correlates with the previously shown
effect of ascorbic acid [26]. However, it is important
to note that a stimulating effect on the activity of
phagocytes was not observed. This study revealed
a stimulating effect on phagocytosis parameters
(Table). This phenomenon characterizes the complex
properties of LiAc. At the same time, an increase in
several parameters was noted, including the percentage
of active neutrophils and the engulfment capacity
of neutrophils in the concentration range of 0.1-
0.01 mg / ml. No significant effect was recorded at
lower doses. Stimulation of phagocytosis parameters
may have a certain interpolation to cellular immunity
in general.

Based on this, it is possible to predict the presence
of a mild immunostimulating effect in vivo. These
data generally correlate with the literature data on the
stimulating effect of lithium on hematopoiesis, and
in particular on granulocytopoiesis [27]. Lithium-
mediated immunostimulation can be used in cases
of leukopenia of various origins [28] and even
immunodeficiency [29]. However, when lithium salts
are used, the mechanisms of hematopoiesis induction
are primarily due to the action of the cation. The
anionic component of the salt provides new properties,
for example, antioxidant, antihypoxant, and also
participates in the regulation of hematopoiesis [30].
At the same time, there are studies showing the
cytotoxic effect of antioxidants [31, 32]. In vitro, this
effect has been proven for LiAc (Fig. 2), when a dose-
dependent decrease in the viability of the leukemia cell
population was shown. These data were confirmed on
other types of tumor cells and via in vivo testing in
liver cancer [33]. The study by K. Pollireddy et al.
shows the inhibitory effect of ascorbate on pancreatic
tumors [34].

Our study on the effect of LiAc on the THP-
1 cell model with the incorporation of labeled
thymidine confirmed the presence of a pronounced
antiproliferative effect on actively dividing malignant
cells (Fig. 3). Thus, the level of inhibition of malignant
cell proliferation by the incorporation of 3H-thymidine

24 hours after exposure to the drug at a concentration
of 0.1 mg / ml decreased from 4,579 + 327 count per
minute from the baseline (in the control) to 2,293 +
241 count per minute (59% of the control values).
Lower concentrations of the drug (0.001-0.01 mg/ ml)
did not have a suppressive effect on the cells
(p <0.05).

It is obvious that the intracellular mechanisms of
the established antiproliferative and cytotoxic action
are non-specific to the cell type and are generally due
to the ambivalent action characteristic of ascorbates,
which exhibit an antioxidant effect only in small
concentrations. It should also be borne in mind that
high antioxidant parameters of a substance in vitro do
not always reflect the effects obtained in vivo due to
the limited assessment methodology [35]. Exposure
to ascorbates at high doses leads to a pro-oxidant
reaction and an increase in the intracellular level of
ROS, primarily hydrogen peroxide [36]. This effect
can be considered as the main non-specific component
responsible for the antiproliferative effect of the drug.
In this case, the dualism of in vitro action manifests
itself through a dose-dependent decrease in cell
viability and proliferation.

CONCLUSION

The drug showed a significant dose-dependent
suppressive effect on actively dividing cells.
Suppression was noted on tumor lines and on
lymphocytes stimulated to divide in LBT. A non-
specific suppressive effect of the lithium complex in
high concentrations was observed. At the same time, it
was shown to have a stimulating effect on neutrophilic
leukocytes, which play an important role in the
resistance of the body to infections. The data obtained
allow to consider the use of LiAc for developing drugs
with immunomodulatory effect.
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ABSTRACT

Aim. To study the effect of adipose tissue hormones on the level of metalloproteinases in men with verified coro-

nary atherosclerosis and to assess associations between the studied biomarkers and abdominal obesity.

Materials and methods. The study included 96 men aged 58.9 + 5.1 years: 80 men with angiographically verified
atherosclerosis and class II-1II angina pectoris and 16 men without atherosclerosis. Anthropometric parameters
were measured in all patients, and their blood was taken on an empty stomach. The blood levels of adiponectin,
leptin, resistin, adipsin, amylin, and metalloproteinases (MMPs) -1, -2, -3, -7, -9, -10, -12, -13 were determined by
the multiplex analysis. Statistical processing of the results was carried out using the SPSS 13.0 software.

Results. In patients with severe atherosclerosis, lipocalin, MMP-1, MMP-7, and MMP-12 levels were higher than
in the control group. The blood concentration of adiponectin in patients with atherosclerosis was reduced. Inverse
correlations were revealed between waist circumference and concentrations of MMP-1 and MMP-12, as well as
between body mass index and MMP-1. A moderate direct relationship was revealed between resistin and MMP-2
and MMP-3; between amylin and MMP-9; between adiponectin and MMP-12; between leptin and MMP-7.

Conclusion. The results obtained suggest a relationship between the level of damage markers and adipose tissue
hormones, which lead to complications of cardiovascular diseases and explain the effect of obesity on atherosclerotic

plaque destabilization.
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YpoBHM MeTa/sIoNpoTenHa3 1 FTOPMOHOB XKNPOBOMW TKaHN
Y MY>XYIH C KOPOHaPHbIM aTepPOCK/Iepo30M

MonoHckan A.B.", KawtaHoBa E.B.", CtaxHéBa E.M.', JlepoBckux C.P.', Fap6ysoBa E.B.',
LWWpamko B.C.", Kyprysos A.B.2, MypawoBs U1.C.2, CapoBckuii E.B.', Paruto 10.1."

! Hayuno-uccneoosamenvckuti uncmunym mepanuu u npoguirakmuveckoi meouyunvt (HUUTIIM) — ¢unuan
Huemumyma yumonoeuu u eenemuxu Cubupckozo omoenenus Poccutickoti akademuu nayk (MLul” CO PAH)

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

2 Hayuonanvnwlil Meouyunckuil uccredosamenvcexkutl yenmp (HMHI]) um. axao. E.H. Mewanxuna
Poccus, 630055, 2. Hosocubupck, yi. Peukynosckas, 15

PE3IOME

Heab: M3y4nTh YyPOBHM TOPMOHOB XHPOBOH TKAaHM M METAUIONPOTEHHA3 y MAIHEHTOB C BEPU(PUIIMPOBAHHBIM
KOPOHAPHBIM aT€POCKIEPO30M U OLICHNUTH aCCOIMAINY H3Y9aeMbIX OMOMapKepOB ¢ a0JOMUHATLHBIM OXKHPEHHEM.

Matepuaiabl U MeToabl. B nccnenosanue Bkmroumin 96 myxuuH B Bo3pacTte 58,9 + 5,1 mer: 80 myxuuH c
KOPOHapOAHTHOTpahuIecKy Bepu(PUIMPOBAHHBIM aTEPOCKICPO30M U CTAOMIBHOM CTeHOKapauel HanpsokeHus 11—
Il ¢pyskumonansHOrO Kiacca u 16 My>X4uH 0e3 aTepockiepos3a. Y BceX HCCIEAYyEeMbIX MPOBOAMIOCH H3MEPEHUE
AQHTPONIOMETPUIECKHUX IOKazaTeneil u 3a00p KpOBM HATOIIak. MeToAOM MyNbTHUIUIEKCHOTO aHAlHM3a B KPOBU
OTIPEZENsANN yPOBEHb aJUIIOHEKTHHA, JIENTHHA, PE3UCTUHA, aAUIICHHA, aMUINHA, MeTamtonporensas (MMII) 1,
-2,-3,-7,-9, -10, -12, -13. Cratuctiueckas 00paboTKa pe3ysbTaToB MpoBoAmuiack B mporpamme SPSS 13.0.

Pe3yabTaThl. Y MalMEHTOB C BHIPAXKCHHBIM aTEPOCKIICPO30M 0 CPABHEHHIO C KOHTPOJIBHOM IPYIIOii ObLIH BBIIIE
ypoBHH sunokanrHa, MMII-1, MMII-7 u MMII-12. KoHueHnTpauus B KpOBU aJUMOHEKTHHA Y MAIUEHTOB C aTe-
POCKJIepO30M ObLiIa CHHXKEHA. BBISBICHBI 00paTHBIC ACCOIMUAIIMN MEXKIY OKPYKHOCTHIO TAJTMH M KOHIICHTPAIMSIMHA
MMII-1 u MMII-12, uanekca maccol Tena ¢ MMII-1; oOHapy»keHa npsiMast CBsI3b CpeTHEl CHITBI MEXKIY YPOBHSIMHU
pesuctuna u MMII-2 u MMII-3; amuwinna ¢ MMII-9; anunonekruna ¢ MMII-12; nentuna ¢ MMII-7.

3akioueHue. HOJ’Iy'-IeHHBIe PE3YIbTAThI MMO3BOJIAIOT F'OBOPUTH O CBA3U MEXKAY YPOBHEM MApPKEPOB ACCTPYKIUU
" ropMOHaMu )KI/Ip0B017I TKaHU, KOTOPBIC BEAYT K Pa3BUTUIO OCJIOKHEHUH CEPACHHO-COCYAUCTBIX 3a00JIeBaHUI U
OOBACHSIIOT BIUSHUC OXUPECHUS Ha ﬂeCTa6I/IHI/ISaHI/IIO aTepOCKJ'IepOTPI‘{eCKOﬁ OJISIIKY.

KiroueBble ci10Ba: METaIONPOTEHHA3bI, ATEPOCKIICPO3, TOPMOHBI )KUPOBOH TKaHU

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMANBHBIX KOH(MINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaIKeil HACTOSIIECH CTaThH.

Hcrounuk ¢unancupoBanusi. Cratbs moarorosieHa B pamkax '3 Ne 122031700094-5, mpu ¢unancoBoit
nognepxkke [IpaButensctBa HCO u rpanta PH® Ne 21-15-00022. B pabore uCHOIb30BaHBI MaTepHAabI
onoxoutexinn HUUTIIM - ¢unman ULul" CO PAH.

CooTBeTCTBHE MNPUHUUNAM I3THKH. VccrenoBaHue OJOOPEHO JIOKAIBHBIM — OTHYCCKHM  KOMHTETOM
HUUTIIM — ¢mman ULuI' CO PAH (mpotokon Ne 2 ot 03.07.2017) m xomurerom ®I'BY «COBMUI]
nm. akaa. E.H. Memankuna» Munzapasa Poccuu (potokon Ne 6 ot 05.07.2017).

Jasa untupoBanus: Ilomonckas f1.B., Kamrranosa E.B., Craxuésa E.M., JlenoBckux C.P., I'apby3osa E.B.,
[Ipamko B.C., Kypryzos A.B., Mypamos W.C., Cagosckuii E.B., Paruno IO.1. YpoBHu meramnonporenHas
¥ TOPMOHOB JKUPOBOW TKaHHW y MY)XYMH C KOPOHAPHBIM aTePOCKIEPO30M. Broiiemens cubupckol meouyuHol.
2023;22(4):73-78. https://doi.org/10.20538/1682-0363-2023-4-73-78.

INTRODUCTION

Recently, more and more studies have been aimed
at investigating the effect of obesity on atherosclerosis
and cardiovascular diseases (CVD). First of all, the
presence of abdominal obesity is associated with
atherosclerosis and an increased risk of adverse

cardiovascular events. The data indicate that adipose
tissue as an endocrine organ produces a large number
of'adipokines, such as leptin, resistin, adiponectin, and
inflammatory cytokines that have both proatherogenic
and antiatherogenic effects. Excessive accumulation of
lipids in adipose tissue causes adipocyte dysfunction,
as a result of which the secretion of proatherogenic
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adipokines and inflammatory cytokines into the
bloodstream increases. It leads to endothelial damage
and formation of atherosclerotic plaques, which in
the future, with an imbalance of metalloproteinases
(MMP), can become unstable.

The pathophysiological processes underlying
the effect of adipose tissue hormones on the level of
MMPs, which may contribute to the pathogenesis
of atherosclerosis, have not been sufficiently
studied. Therefore, the aim of the study was to
investigate the levels of adipose tissue hormones
and metalloproteinases in the serum of patients
with coronary atherosclerosis and to evaluate the
association of the studied biomarkers with abdominal
obesity.

MATERIALS AND METHODS

The collection of material for research was carried
out in cooperation with E. Meshalkin National Medical
Research Center. The ethical committees of the
institutions approved the study, which included 96 men
aged 58.9 £ 5.1 years. The main group encompassed
80 men who were hospitalized for coronary artery
bypass grafting with coronary atherosclerosis verified
by coronary angiography and class II-III angina
pectoris. The control group included 16 men of the
same age and with the same body mass index (BMI)
without atherosclerosis recruited from a sample of
Novosibirsk, the Research Institute of Internal and
Preventive Medicine, a branch of the Institute of
Cytology and Genetics SB RAS.

Allpatientssignedaninformedconsenttoparticipate
in the study. Anthropometric data (height, weight,
waist and hip circumference) were measured in all the
subjects, and blood was taken on an empty stomach,
12 hours after the last meal. The group of patients with
atherosclerosis was divided into subgroups depending
on the presence / absence of abdominal obesity. The
subgroup with abdominal obesity included men with
a waist circumference (WC) > 94 cm [1]. The blood
levels of adiponectin, leptin, resistin, adipsin, amylin,
and metalloproteinases (MMPs)- 1, -2, -3, -7, -9, -10,
-12, -13 were determined by the multiplex assay on
the Luminex MAGPIX flow fluorimetry system.

Statistical processing of the results was carried out
using the SPSS 13.0 program. Biomarkers were tested
for normality of distribution using the Kolmogorov
— Smirnov test. Since most of the variables did not
follow a normal distribution, the values in the tables
were presented as the median and the interquartile
range, Me [Q,.; Q..]. The differences were evaluated

using the Mann — Whitney test. Correlations were
evaluated using the nonparametric Spearman’s
rank correlation coefficient. The differences were
considered statistically significant at p < 0.05.

RESULTS

The results obtained during the study are presented
in Table 1. In patients with atherosclerosis, the
level of adiponectin was significantly lower (by
20%) compared to the control group. Significant
differences between the main and control groups were
also obtained for MMP-1, MMP-7, and MMP-12.
The level of MMP-1 was higher in the main group
by 67.9%; MMP-7 — by 30.6%, and MMP-12 — by
107.1% compared to the control group. No significant
differences were obtained for the other parameters
(Table 1).

Theresults obtained in patients with atherosclerosis,
depending on the absence / presence of abdominal
obesity, are presented in Table 2. The levels of MMP-
1 and MMP-12 were 1.7 (p = 0.001) and 1.38 (p =
0.037) times higher in patients without abdominal
obesity, respectively. For the other parameters, the
level of statistical significance of the differences was
greater than 0.05.

Table 1

The levels of the studied biomarkers in the control group
and in patients with coronary artery atherosclerosis,

Me|0Q,; O,

Parameter Control group Main group )4
Adiponectin, 34.3[16.4;53.1] | 24.4[13.9;38.5] |0.022
png / ml
Adipsin, pg/ml | 10.4[7.0; 14.7] 9.6[6.1;13.1] |0.263
Resistin, ng / ml 21.7[11.9;49.1] 299[11.4;459] |0.716
Leptin, ng / ml 3.9[1.2;7.3] 4.6[1.4;8.2] 0.660
Amylin, pg / ml 6.2 [0.7;16.2] 4.5[1.6; 11.5] 0.790
MMP-1, ng / ml 5.3[2.4;8.9] 8.9[5.7;15.6] [0.002
MMP-2,ng/ml | 111.7[89.1; 126.9] | 103.6 [78.3; 119.4] | 0.253
MMP-3,ng/ml | 47.1[28.4;66.5] | 33.6[21.3;65.4] |0.202
MMP-7, ng / ml 8.5[7.6; 11.9] 11.1[9.4;15.5] ]0.012
MMP-9, ng /ml [236.0 [151.3; 307.6](229.5 [131.0; 353.8]| 0.611
MMP-10, ng /ml | 0.62[0.52;0.82] 0.68[0.52; 0.81] |0.722
MMP-12,ng/ml | 0.14[0.13;0.17] 0.29 [0.18; 0.43] |0.000
MMP-13, pg/ml | 30.4[17.6;71.9] | 36.5[18.5;58.2] |0.701

Table 2

The level of adipose tissue hormones and metalloproteinases
in patients with atherosclerosis, depending on the presence
or absence of abdominal obesity, Me [Q,; O..]

Parameter Without AO With AO 2
Adiponectin, 28.3[15.4;41.9] | 18.9[11.7;36.1] | 0.188
ng / ml
Adipsin, 10.98.1; 13.6] 921055 11.5] | 0.07
g/ ml
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Table 2 (continued)

Parameter Without AO With AO p
Resistin, 25.9[8.2;44.2] 16.6 [8.7;34.7] | 0.748
ng/ ml
Leptin, ng / ml 4.0[1.1;7.9] 52[2.1;9.7] | 0.347
Amylin, pg/ml| 2.6 [1.6; 8.8] 4.5[1.6;10.5] | 0.480
MMP-1, 10.34[7.1;19.5] | 6.1[3.5;10.0] | 0.001
ng/ ml
MMP-2, 104.9(82.3; 131.0] | 93.7[78.3;112.9] | 0.163
ng / ml
MMP-3, 33.6[23.6;63.5] | 359[16.8;65.8] | 0.71
ng / ml
MMP-7, 11.9[9.4;15.5] | 102[8.5;143] | 0.362
ng/ ml
MMP-9, 226.5 [122.1; 343.1] |205.5 [132.7; 325.9]| 0.812
ng / ml
MMP-10, 0.69 [0.55;0.82] | 0.68[0.43;0.82] | 0.57
ng / ml
MMP-12, 0.29[0.17:0.5] | 021[0.14;0.33] | 0.037
ng/ ml
MMP-13, 302[17.8;62.6] | 43.15[24.5;58.4] | 0518
pg/ml

Note: AO — abdominal obesity.

In order to assess the effect of obesity on the level
of metalloproteinases, we conducted a correlation
analysis (using the Spearman’s rank correlation
coefficient). The relationship between the levels
of MMP-1 (r = —0.531; p = 0.0001) and MMP-12
(r =-0.248; p = 0.032) with WC was revealed. The
relationship with BMI was revealed only for MMP-1
(r = -0.264; p = 0.012). The association of MMP-2,
MMP-3, MMP-7, MMP-9, and MMP-12 with adipose
tissue hormones was revealed. Resistin was associated
with concentrations of MMP-2 and MMP-3 (= 0.321;
p = 0.041 and » = 0.319; p = 0.002, respectively);
leptin — with MMP-7 ( = 0.23; p = 0.035); adiponec-
tin — with MMP-12 (» = 0.329; p = 0.008). The level
of MMP-9 was associated with amylin (» = 0.568; p
=0.027).

DISCUSSION

The differences in the levels of biomarkers between
the control group and patients with atherosclerosis
were obtained for adiponectin, lipocalin-2, MMP-1,
MMP-7, and MMP-12.

Adiponectin can inhibit the formation of reactive
oxygen species, the release of proinflammatory
cytokines, the expression of adhesion molecules, and
apoptosis of smooth muscle cells and promote the
outflow of cholesterol from macrophages [2]. At the
same time, data on the effect of adiponectin in coronary
heart disease (CHD) are contradictory. According
to the meta-analysis by L. Yang et al., elevated

adiponectin levels were independently associated
with a higher risk of cardiovascular diseases and all-
cause mortality in patients with CHD [3]. Q. Li et al.
showed that, on the contrary, the frequency of adverse
cardiovascular events was higher in the group of
patients with low adiponectin levels [4]. In our study,
we found that the level of adiponectin was reduced in
patients with atherosclerosis compared to the control
group, which indicates the anti-atherogenic function
of adiponectin.

The association of resistin with MMP-2 and MMP-
3 shows that it may enhance endothelial dysfunction,
induce proliferation of smooth muscle cells, and
promote the entry of mononuclear leukocytes into the
intima through exposure to MMP. The study by S.
Niaz et al. [5] showed a progressive increase in serum
resistin levels in patients with arterial hypertension
and CHD compared to healthy subjects. In our study,
the level of resistin was higher in patients with
atherosclerosis, but the significance level was greater
than 0.05, which may be due to the small sample size
and requires further study.

MMP-1 is considered to be the main enzyme
responsible for collagen degradation. In addition,
MMP-1 can lead to platelet activation and promote
plaque expansion, rupture, and hemorrhage through
degradation of collagen inside the plaque. High levels
of MMP-1 are associated with an increased risk of all-
cause mortality in patients with verified or possible
ischemic disease [6]. We obtained higher levels of
MMP-1 in patients with atherosclerosis. We also
obtained data on an inverse correlation between the
level of MMP-1, BMI, and WC, which differs from
the data of S. Boumiza et al. [7], who found a direct
correlation. It may be due to the fact that only men
participated in our study.

MMP-7 plays an important role in atherosclerotic
plaque destabilization, as it is associated with
apoptosis of vascular smooth muscle cells and with
macrophages in the necrotic nucleus. An association
was established between plasma levels of MMP-7
and all-cause mortality in patients with CHD. Our
data on the elevated level of MMP-7 in patients
with atherosclerosis are in line with the data of other
researchers [8]. C. Chavey et al. [9] showed that MMP-
7 significantly decreases with obesity. Our study
revealed a decrease in its level, but the differences
were not statistically significant.

It is known that the expression of MMP-12 is
increased in obesity. It is produced by macrophages
and is associated with the progression and instability of
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plaques [10, 11]. An increase in the level of circulating
MMP-12 has been reported in asymptomatic patients
with high cardiovascular risk associated with carotid
intima—media thickness and cerebrovascular events
during follow-up [12], as well as with the presence
of CHD [13]. In our study, MMP-12 was elevated in
patients with atherosclerosis, which is in line with the
results obtained by M. Marcos-Jubilar et al. [14].

CONCLUSION

The data obtained indicate a relationship between the
level of damage markers and adipose tissue hormones,
which lead to the development of complications of
cardiovascular diseases and explain the effect of
obesity on atherosclerotic plaque destabilization.
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Effect of long-term constant irradiation on retinal glia
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ABSTRACT

Aim. To study the response of retinal glial cells to constant irradiation of various intensity and to develop a
mathematical model allowing to evaluate the dynamics of damage to radial glial cells and predict their photodamage
depending on the duration and intensity of irradiation.

Materials and methods. Outbred sexually mature white rats (n = 50) weighing 180-200 g were exposed to constant
round-the-clock light (200, 3,500 lux, days 1, 2, 7, 14, 30). The control group consisted of 25 non-irradiated animals.
Using semi-thin sections stained with toluidine blue, we counted the number of pycnomorphic cells in the radial
glial cells. Ultrastructural changes in the glial cells were studied using the JEM-100 CX-II electron microscope.

Results. The study showed that after photodamage, oligodendrocytes and astrocytes were mainly characterized
by mitochondrial swelling and expansion of endoplasmic reticulum cisterns. Microglial cells at the late stage of
the experiment (day 30) were localized in the inner layers of the retina; their density depended on the intensity
of irradiation. The earliest (days 1, 2) changes in the radial glial cells were noted in the subretinal space and
were manifested by proliferation of scleral processes and phagocytosis of dead sensorineural cell fragments. The
intensification of destructive changes in the radial glial cells led to disturbances in neuron — glia interactions in the
retina and a decrease in regeneration of retinal neurons (day 7—14). The developed mathematical model allowed to
assess the dynamics of damage to the radial glial cells in the retina and to predict photodamage depending on the
duration and intensity of irradiation.

Conclusion. Glial responses in the retina after photodamage depend on the intensity and duration of light exposure.
As the duration of irradiation increases, degenerative changes in glial cells intensify and are more pronounced after
high (3,500 lux) irradiation intensity.

Keywords: radial glial cells, microglial cells, astrocytes, oligodendrocytes, light, photodamage
Conflict of interest. The authors declare the absence of obvious and potential conflicts of interest related to the
publication of this article.

Source of financing. The authors state that they received no funding for the study.

Conformity with the principles of ethics. The study was approved by the local Ethics Committee at Siberian State
Medical University (Protocol No. 399 0f 27.02.2006).

For citation: Potapov A.V., Varakuta E.Yu., Solonsky A.V., Logvinov S.V., Gerasimov A.V., Svetlik M.V.,
Zhdankina A.A., Gereng E.A., Petrov LLA. Effect of long-term constant irradiation on retinal glia. Bulletin of
Siberian Medicine. 2023;22(4):79-85. https://doi.org/10.20538/1682-0363-2023-4-79-85.

D4 Potapov Alexey V., potalex@mail.ru

Bulletin of Siberian Medicine. 2023; 22 (4): 79-85

79



Potapov A.V., Varakuta E.Yu., Solonsky A.V. et al. Effect of long-term constant irradiation on retinal glia

Bnnaumne NPOoAOCIXKNTENIbHOINO NOCTOAHHOIO OCBeLEeHNA Ha NMNIo ceTvHaTKn

Motanos A.B.', Bapakyra E.10.", ConoHckumn A.B."?, JlorsuHos C.B.",Tepacumos A.B.’,
CBetnuk M.B.', {gaHkunHa A.A.", FepeHr E.A.", MeTpoB U1.A.

"' Cubupckuii 2ocyoapcemeennoiii meouyuncruil ynugepcumem (Cu6I MY)
Poccus, 634050, e. Tomck, Mockosckuti mpakm, 2

2 Hayuno-ucciedosamenvckuil uncmumym (HUHW) ncuxuuecko2o 300po6ws, TomMcKuil HAyuoHaibHbllL
uccredosamenvcexull meouyurckul yeump (HHUMIL]) Poccutickoil akademuu Hayk
Poccus, 634014, 2. Tomck, yn. Aneymckas, 4

PE3IOME

Heas. M3yunTs peaknuio TIHaNbHOH MOMYIAIMN CETIATOH 000TOUKH T1a3a MPH HETPEPHIBHOM CBETOBOM 00ITy-
YEHHN PA3NNYHON WHTEHCHBHOCTH U pa3paboTaTh MaTEMAaTHUECKYIO MOJEINb, TO3BOJISIONIYIO OIIEHUTh JHHAMUKY
TIOpaKeHNS paJHaNbHBIX TIIHOINTOB U MPOTHO3MPOBATH NX CBETOBBIC MOPAKEHNUS BO BPEMEHHOH 1 JO30BOH 3aBH-
CHMOCTH.

MatepuaJbl M MeToAbI. becrtopoaHbIX MoI0Bo3penbIX 0enbix Kpbic (17 = 50) maccoit 180-200 r moasepranu mo-
CTOSIHHOMY KpyriiocyTouHomy ocserienuto (200, 3 500 nx, 1-, 2-, 7-, 14-, 30-e cyT). B kauecTBe KOHTPOJISI HCIIONIb-
30BaJH 25 HEOOTyUEHHBIX )KUBOTHBIX. Ha MOJIyTOHKHX cpe3ax, OKPAIICHHBIX TOJYUIHMHOBBIM CHHUM, TPOBOAMIIN
MO/ICYET YUCIIa TUKHOMOPQHBIX KJIETOK PaAHAIbHON MNIMU. YIIbTPACTPYKTYPHbIC H3MEHEHUS TIIMOLIUTOB H3yYalln
B 3JIEKTpOHHOM MuKpockorne JEM-100 CX-II.

Pe3yasTatsl. VccinenoBanue mokasaino, YTO OJMTOACHIPOTIIMOIUTE U aCTPOLUTEI MOciie (OTOMOBPEXKICHHS B
OCHOBHOM XapaKTepU3yIOTcsl HabyXaHHeM MUTOXOH/IPUH, pacIInpeHneM UCTEPH IHA0IIIA3MaTHYECKOT0 PETHKY-
nmyma. KieTkr MEKpOTIINY B IO3IHUE CPOKH dKcrepuMenTa (30 cyT) JTOKaau3yroTCsl BO BHYTPEHHHX CIIOSIX CeTdart-
KH, VX TUIOTHOCTH 3aBHCHUT OT HHTEHCUBHOCTH 00TyueHus. Hanbonee pannue (1-2-¢ cyT) N3MEHEHUs painaibHBIX
TJIMOLUTOB HAOJIIOAIOTCS B CYOPETHHAIBLHOM IIPOCTPAHCTBE, BRIPAKAsICh MpoUdepariell CKIIepalbHbIX OTPOCTKOB
1 (harormTo30M (parMeHTOB NOrUOIINX HEHPOCEHCOPHBIX KIETOK. Y CHIIEHHE ECTPYKTHBHBIX H3MEHEHHH KIIETOK
pazuanbHOl MINU NPUBOAUT K HApYIIECHUIO [NIMOHEHPOHAIBHBIX B3aUMOOTHOIIECHUH B CETYATKE M CHIKCHUIO pe-
MapaTHUBHBIX IIPOLIECCOB CO CTOPOHBI HEHPOHOB ceTyaTky (7—14-e cyT). PazpabGoranHast MaTemMaTHyecKast MOJIEIb
[103BOJIET OLICHUTH AUHAMUKY [TOPAKCHUS PaJAUAIbHBIX ITIMOLUTOB CETYaTKU U IPOTHO3UPOBATH CBETOBBIC IIOPa-
JKEHUS BO BPEMEHHOH U J1030BO 3aBUCUMOCTH.

3axk04uenne. [ nanbHbIE peakny CeTIaTONH 000TOUKH TT1a3a Moce (OTOIOBPEKICHUS 3aBUCST OT HHTEHCUBHO-
CTH U AnuTenbHOCTH oOmydenus. [1o Mepe yBennueHHs: Cpoka OOJIydeHHs B TNIMOIUTAX YCHIMBAIOTCS JIeTeHepa-
THUBHBIE H3MEHEHHS, 60JIee BRIPasKeHBI TT0CTIe BRICOKOMHTEHCHBHOTO (3 500 JIK) CBETOBOTO OOIyUYESHUS.

KiroueBble cioBa: paauaibHas TIHs, MUKPOTJIHOIMTHI, aCTPOIMTHI, OJUTOICHIPOTIMOLHUTHI, CBET, (OTOIMO-
BpEXK/ICHUE

KonpaukT unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMANBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaIKeil HACTOSIIEH CTaThH.

Hcrounuk ¢puHaHCHPOBAHUS. ABTOPBI 3asBISIIOT 00 OTCYTCTBUH (DMHAHCUPOBAHUS IPH NMPOBEICHHU HCCIEHO0-
BaHMUS.

CooTBeTcTBHE MPHHIMNIAM 3THKH. VccieioBanne 0100peHO JIOKaIEHBIM KOMUTETOM 110 3THKe CHoI' MY (1ipo-
Tokos Ne 399 ot 27.02.2006).

Juis uurupoBanus: [loranos A.B., Bapakyra E.1O., Cononckuii A.B., Jlorsunos C.B., I'epacumos A.B., Ceetiux M.B.,
Knaukuna A.A., I'epenr E.A., [lerpo U.A. BiusiHue npofoKUTETBHOTO MOCTOSIHHOTO OCBEIICHHUS HA TIIHIO CET-
qyatku. broanemens cubupckoti meouyunst. 2023;22(4):79-85. https://doi.org/10.20538/1682-0363-2023-4-79-85.

INTRODUCTION TV screens, computer displays, digital tablets, and
smartphones [ 1-4]. Fluorescent lamps are widely used

In the age of scientific and technological progress, in industries and public institutions [5-7]. Replacing
people are constantly subjected to long-term exposure incandescent lamps with more economical energy-
to numerous lighting devices, such as LED lamps, saving ones raises concerns about their safety for
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human health and potential risks to the retina due to
their specific spectral and energy characteristics [8—
10]. LED lamps are generally characterized by intense
blue light emission, which can damage structural
components of the retina under both low-intensity
lighting and extreme experimental conditions [1-3,
9-14].

The glial population of the retina is rather
diverse. Astrocytes are located along blood vessels,
oligodendrocytes are between the nerve fibers,
and microglia are in the inner plexiform layer and
ganglionic layer. Despite the fact that these cells do not
participate directly in the process of light perception,
they participate in metabolism and phagocytosis
[15-17]. Radial glial cells play an important role in
maintaining homeostasis and ensure protection of
sensorineural cells. In case of their massive death,
hypertrophy of glial cells occurs; they proliferate,
migrate to the center of damage, and fill the site of
injury with their processes, forming glial scars, which
leads to reconstruction of the retina at a later stage
of degeneration [18-22]. The available literature
provides very little information on the quantitative
assessment of changes in retinal glial cells in response
to photodamage.

The aim of the study was to investigate the
response of retinal glial cells to constant irradiation of
various intensity and to develop a mathematical model
allowing to evaluate the dynamics of damage to radial
glial cells and predict their photodamage depending
on the duration and intensity of irradiation.

MATERIALS AND METHODS

The study was performed on 75 outbred sexually
mature white rats weighing 180-200 g, obtained from
vivariums of Siberian State Medical University and
the Goldberg Research Institute of Pharmacology
and Regenerative Medicine of Tomsk NRMC. The
animals were kept in a laboratory vivarium under
fixed artificial light conditions (25 lux, 12:12 light —
dark cycle) in accordance with the requirements of the
Russian Construction Rules and Regulations 11-A.9-
71 to the standards of artificial lighting of rooms. In
the first and second series of experiments, the animals
(n = 50) were exposed to constant round-the-clock
illumination (200, 3,500 lux; day 1, 2, 7, 14, 30).
The control group consisted of 25 rats that were not
exposed to constant round-the-clock illumination and
were kept under similar conditions as experimental
ones. Each experimental group contained five
animals. The illumination equipment consisted of

rectangular reflectors with embedded LB-40 cool
white fluorescent lamps providing even illumination
from five sides. The experiments were carried out in
compliance with the rules adopted by the European
Convention for the Protection of Vertebrate Animals
used for Experimental and other Scientific Purposes
(Strasbourg, 1986) and the rules of good laboratory
practice (Order of the Ministry of Healthcare of the
Russian Federation No. 267 of 19.06.2003).

The animals were decapitated immediately after
the end of exposure to light. The central sections of
the posterior segment of the eye and the optic nerves
were fixed in 2.5% glutaraldehyde in the cacodylate
buffer (pH 7.4) and postfixed in a 1% osmium
tetroxide solution and embedded in epoxy resin.
Semi-thin sections were stained with toluidine blue.
After that, the number of pycnomorphic radial glial
cells of the retina was counted (200 cells per 15 fields
of vision from 5 sections in each animal) at 10 x 90
magnification. Ultrastructural changes in the glial
cells of the retina were studied using the JEM-100
CX-II electron microscope using ultra-thin sections
contrasted with uranyl acetate and lead citrate.

Statistical data was processed using the
nonparametric Mann — Whitney test in the Statistica
6.0 software program. The results of the study were
presented as M + m, where M is the mean, and m is
the standard error of the mean. The differences were
considered significant at p < 0.05. Based on the
results obtained in the experiment, using the methods
implemented in the mathCAD software environment
(interpolation,  regression,  approximation), a
mathematical model was built that makes it possible
to estimate changes in the light-induced damage to
radial glial cells in the retina.

RESULTS

In the astrocytes accompanying blood vessels,
the structure of the glial and fibrillary apparatus
is preserved in the early stages (day 1-2) after
light exposure (200, 3,500 lux), but the swelling of
cisterns in cytoplasmic reticulum and mitochondria is
observed. With prolonged light exposure (7-30 days,
200, 3,500 lux), most retinal astrocytes do not differ in
the structure from the control ones, but the nuclei in
some of them are characterized by pyknotic changes.
Oligodendrocytes are located between the nerve fibers
of the optic nerve, forming myelin sheaths to the axial
cylinders. After exposure to low-intensity light (200,
1-30 days), focal demyelination followed by myelin
phagocytosis by glial elements is observed. After
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1-2 days of exposure to high-intensity light (3,500
lux), some of the organelles swell in oligodendrocytes.
With prolonged (7-30 days) light exposure (200,
3,500 lux), the myelin sheath stratifies in some areas
or around the entire perimeter of the nerve fiber. The
processes of oligodendrocytes lying near the foci of
demyelination are characterized by a decrease in the
electron density and an increase in the number of
fragments of phagocytized membrane myelin sheaths
of various sizes and shapes.

After 30 days of light exposure (200, 3,500 lux),
in the inner nuclear layer, we observed cells with
an irregular (scalloped) shape of the nucleus, with
high electron density of the karyoplasm and uniform
distribution of chromatin. Their cytoplasm contained
numerous vacuoles and lysosomes of different sizes.
Based on the structure, we attributed these cells to
microglia. It should be noted that their number was
greater under high-intensity light exposure.

The nucleated parts of radial glial cells are located in
the inner nuclear layer, and their processes penetrate the
layers of the retina in different directions and form the
outer and inner boundary membranes. After 1-2 days
of low-intensity light exposure, numerous vacuoles and
swollen mitochondria are observed in the cytoplasm of
the apical regions of radial glial cells. The processes of
glial cells grow through the outer boundary membrane
into the subretinal space; these glial processes contain
parts of the outer and inner segments of the sensorineural
cells (Fig. 1). The bodies of radial glial cells containing
nuclei with condensed chromatin and numerous free
ribosomes in the cytoplasm are between the neurons of
the inner nuclear layer, at the border with the plexiform
layers (Fig. 2).

P A3 ‘~ RN . 5
Fig. 1. Ingrowth of glial microvilli in the subretinal space and
destruction of mitochondria in the inner segments of retinal
sensorineural cells after light irradiation (200 lux, day 1).
x14,000. OBM - outer boundary membrane, MV — microvilli,
M — mitochondria

| & PR L S Y
Fig. 2. An increase in the degree of chromatin condensation in the
nucleus and an increase in the number of free ribosomes in the
cytoplasm of a radial glial cell (arrows) after day 1 of exposure to
low-intensity (200 lux, 1 day) light. x5,800

After 1-2 days of exposure to high-intensity light,
the number of radial glial cells with degenerative
changes increases (Fig. 3). These cells show a decrease
in the electron density and vacuolization of the scleral
process cytoplasm and pyknosis of the nucleus. It is
worth noting that these cells often lie on the border of
the inner nuclear and plexiform layers. The structure
of vitreal processes is without any changes.

Fig. 3. Pyknosis of radial glial cells (arrows) after light exposure
(3,500 lux, 2 days). x900

After 7-14 days of low-intensity light exposure,
sensorineural cells with degenerative changes appear,
with fragmentation of most external and internal
segments and pyknosis of the nucleus. The apical
processes of glial cells surrounding the altered
cells are dramatically hypertrophied and contain
an increased number of membrane complexes and
myelin-like bodies, as well as swollen mitochondria
lacking cristae and containing fine granular material.

After 7 days of exposure to high-intensity light,
multilayer glial plates appear in place of dead
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sensorineural cells, surrounding their preserved nuclei
and being in contact with bipolar neurons (Fig. 4).
There are glial cells with hypertrophy of the vitreal
processes containing swollen mitochondria, expanded
cisterns of the endoplasmic reticulum, and numerous
osmiophilic granules. After 14 days of exposure to
high-intensity light, in the foci of massive death of
sensorineural cells in the cytoplasm of the scleral
processes in most glial cells, we observed a decrease
in electron density, membrane complexes, and an
increase in the number of vacuoles with osmiophilic
material. Most of the nucleated parts of glial cells in
the inner nuclear layer have normal structure.

Fig. 4. Multilayer glial plates surrounding the nucleus of a
sensorineural cell after 7 days of exposure to light (3,500 lux).
%15,000

After 30 days of light exposure (200 Ilux),
proliferation of the radial glial scleral processes and
vacuolization of glioplasm are observed in the outer
nuclear layer, with phagocytosis of sensorineural cell
nuclei with degenerative changes. After the same
duration of high-intensity light exposure, severely
hypertrophic processes of radial glial cells containing
numerous large vacuoles and membrane complexes
are observed in place of the practically absent outer
nuclear layer.

In medicine, when the number of parameters of the
studied trait is small, mathematical models are created
for more accurate identification of various algorithms
through a system of equations describing the properties
of the modeling object under various experimental
conditions. In our study, it was necessary to estimate
the number of pycnomorphic radial glial cells in the
retina taking into account the changes after exposure
to light (200, 3,500 lux). Experimental data were taken
to solve the problem. As a result of the data analysis,
it was found that the number of pycnomorphic radial
glial cells in the retina after photodamage is described
by the following equation (Fig. 5, Table 1):

T rafvaf +ae!
= J J J !
fO=at” +at +at +ae

Fig. 5. The equation describing the number of pycnomorphic

radial glial cells of the retina after photodamage: f{¢) — number

of glial cells with pyknosis; J — surface illumination; a, —

constants obtained in the analysis of experimental data (Table
1); t — experiment duration

Table 1
Constants obtained in the mathematical model
o, | o, | a2 | o,
Light 200 lux
8.42 [ 2235 [ o146 | 2959
Light 3,500 lux
2087 | 0014 [ 003 | 3411

Analysis of the data obtained during the modeling
shows thatunder low-intensity (200 lux) light exposure,
changes in radial glial cells were characterized by an
increase in the number of pycnomorphic glial cells
in the early stages of the experiment and a decrease
in their number when the duration of light exposure
increased. Exposure to high-intensity (3500 lux) light
caused similar structural changes in radial glial cells,
which were characterized by an increase in the number
of dead glial cells when the duration of exposure
increased. It should be noted that the obtained
mathematical models confirm the experimental data
and successfully describe smooth changes in the
process.

The analysis of the change pattern regarding the
content of pycnomorphic radial glial cells suggests
that on day 7 of exposure to low-intensity light (200
lux), this parameter was 1.6 times higher than the
control values (3.26 + 0.23%) (Table 2).

Table 2
The number (%) of radial glial cells in the retina with
symptoms of karyopyknosis after exposure to light
of varying intensity, %

Control 3.26+0.23
day 1

200 lux 3.72+0.54

3,500 lux 291+0.72
day 7

200 lux 521 +1.08*

3,500 lux 8.15+1.82%
day 14

200 lux 6.73 £ 1.69%*

3,500 lux 6.92 £ 1.28%*
day 30

200 lux 3.41+£1.32

3,500 lux 6.03 £ 1.27*

* significant differences compared to the control group, p < 0.05
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An increase in the exposure period (14, 30 days) led
to a decrease in the studied parameter, and on day 30
of the experiment, it did not significantly differ from
the control values. After 7 days of exposure to high-
intensity light, the content of pycnomorphic radial
glial cells was 2.5 times higher than the control values
and did not significantly change until day 30 of light
exposure. An increase in the studied parameter points
out a disruption of the adaptive and compensatory
mechanisms and an increase in the destruction
processes in the inner layers of the retina.

DISCUSSION

Thus, glial responses in the retina after photodamage
depend on the duration and intensity of irradiation and
contribute significantly to the damage. The earliest
changes are observed in the subretinal space, manifested
by proliferation of radial glial cell scleral processes and
phagocytosis of fragments of sensorineural cells with
degenerative changes. With the destruction of layers
formed by sensorineural cells, we observed impaired
glutamate metabolism, which regulates synaptic
activity in retinal glial cells [23-25].

The intensification of damage in the studied cells
leads to disruption of the glioneuronal interactions in
the retina and a decrease in reparative processes in
retinal neurons [26—29]. In the outer nuclear layer, foci
of glial proliferation are detected and multilayer glial
membranes surrounding the nuclei of sensorineural cells
appear. We did not observe significant ultrastructural
changes in the vitreal processes of radial glial cells.

CONCLUSION

Theresponsesofretinal glial cellsafterphotodamage
depend on the intensity and duration of irradiation. As
the irradiation period increases, degenerative changes
in glial cells increase and are more pronounced after
exposure to high-intensity (3500 lux) light. The
developed mathematical model makes it possible to
analyze the dynamics of destructive changes in retinal
glial cells and to predict the results of photodamage
depending on the duration and intensity of irradiation.
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Studying the role of GCLC gene polymorphisms in predicting the clinical
course of acute alcoholic pancreatitis
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ABSTRACT

The aim of the study was to evaluate the role of polymorphic loci rs12524494, rs17883901, rs606548, rs636933,
15648595, and 15761142 in the GCLC gene in predicting the clinical course of acute alcoholic pancreatitis (AAP).

Materials and methods. The material of the study was blood DNA samples obtained from 547 patients with
AAP and 573 healthy individuals. The average age of patients was 48.9 + 13.1 years, the average age of healthy
individuals was 47.8 = 12.1 years. Genotyping was performed using the MassARRAY 4 Analyzer. Plasma levels
of total glutathione were determined using the OxiSelect™ Total Glutathione (GSSG/GSH) Assay Kit STA-312.
The level of reactive oxygen species (ROS) was determined using the OxiSelect™ In Vitro ROS/RNS Assay Kit
(Green Fluorescence) STA-347 (Cell Biolabs Inc., USA). The kinetic colorimetric assay was used to determine
the level of amylase in the blood serum. Statistical data processing was performed using the Statistica 10.0 and
SNPStats software.

Results. It was found that the polymorphic loci rs606548 (genotype C/C, odds ratio (OR) = 3.34, 95% confidence
interval (CI) 1.29-8.66, p = 0.007), rs648595 (genotype G/T, OR = 1.56, 95% CI 1.04-2.36, p = 0.029), and
rs12524494 (genotype A/G, p = 0.021) in the GCLC gene were predictors of an increased risk of necrotizing
pancreatitis. For the genotype T/T of rs648595 (recessive model) in the GCLC gene, the lowest values of oxidized
glutathione were found, whereas rs17883901 — G/A in the GCLC gene was associated with the highest ROS values
in the blood. The rs761142 A/A genotype in the GCLC gene (OR = 1.70, 95% CI 1.12-2.59; p = 0.010) showed
predisposition to acute peripancreatic fluid collection, and the rs648595 G allele (OR =1.47,95% CI 1.01-2.13; p =
0.042) in the GCLC gene exhibited predisposition to the formation of acute pancreatic pseudocysts. Predisposition
to massive bleeding was associated with rs17883901 (G/A genotype, OR = 6.20, 95%CI 1.3-28.81; p = 0.031) in
the GCLC gene.

Conclusion. The established genotype — phenotype associations will make it possible to predict the clinical course
of AAP in a particular patient, taking into account their genetic makeup, as well as to determine the treatment
strategy in a timely manner.

Keywords: acute pancreatitis, predicting, rs12524494, rs17883901, rs606548, rs636933, rs648595, rs761142,
GCLC gene
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N3yueHune ponu nonumopdpusmos reHa GCLC B npOrHosnpoBaHnmn
KNNHNYECKOro Te4eHNA OCTPOro aIkorosibHO-aJIMMEHTapPHOro NaHKpeaTnuTa

CamruHa T.A.

Kypckuii cocyoapcmeennwiil meduyurckuil yrusepcumem (KI'MY)

Poccus, 305041, 2. Kypck, yn. Kapna Mapxkca, 3

PE3IOME

Lean wuccienoBaHus: OLEHUTH POJNb TMOJIUMOP(HBIX JIOKYcoB 1512524494, rs17883901, rs606548, rs636933,
15648595, 15761142 rena GCLC B NpOrHO3UPOBAaHUU KIIMHUYECKOTO TEUEHHs OCTPOrO aJIKOrOJIbHO-aIUMEHTap-
Horo nmankpearuta (OAAID).

MatepuaJbl 1 MeTOAbl. MaTepraaoM HCclieToBaHus mocayxmwin oopasis! JJHK kpou, momydenusie ot 547 ma-
nueHtoB ¢ OAAIIL u 573 3mopoBbix nHAMBUAOB. CpenHuil Bo3pact 0oibpHEIX cocTaBmia 48,9 + 13,1 roaa, 31m0po-
BeIX Jiul — 47,8 + 12,1 roga. I'eHoTrnupoBanue npoBoauiock Ha ananm3atope MALDI-TOF MassARRAY-4.
Omnpezenenne B Tuia3Me KPOBH YPOBHS OOILIEro TIyTaTHOHA MPOBOIWIOCH C MmoMompio Habopa Oxi Select™
Total Glutathione (GSSG/GSH) Assay Kit STA-312, ypoBHS aKTHBHBIX ()OPM KHCIOpOJa — C IIOMOIIBI0O Habopa
OxiSelect™ InVitro ROS/RNS AssayKit (Green Fluorescence) STA-347 (Cell Biolabs Inc., CIIIA). [lns onpexe-
JICHUsI yPOBHS AMUJIA3bl CHIBOPOTKH KPOBH MPUMEHSIIH KHHETHIESCKIH KOJTOpUMeTpHIecKuii Meton. CratucTude-
cKkast 00paboTKa TaHHBIX MPOBOIMIACE C HCIIOIb30BaHMEM MporpaMmbl Statistica 10.0 u SNPStats.

Pe3yabTaTsl. YcraHoBiIeHO, YTo nonumopdusie Bapuantsl 1s606548 (renotun C/C; otHouenue mancoB (OR)
3,34; 95-ii noBeputenbHblit nHTepBan (95% CI) 1,29-8,66; p = 0,007), rs648595 (renotun G/T; OR = 1,56; 95%
CI 1,04-2,36; p = 0,029) u rs12524494 (renotun A/G; p = 0,021) rena GCLC sSBASIOTCS MPEIUKTOPAMH T10-
BBIIICHHOTO PHCKa pa3BUTHs maHkpeoHnekposa. st reHotuna T/T 1648595 rena GCLC (perieccuBHas MOJIEIb)
yCTaHOBJICHBI HanOoJee HU3KNe 3HaYEHHsI OKUCIICHHOTO IiiyTaTuoHa, a renotun G/A rs17883901 GCLC accouu-
UpOBAJICS ¢ HauOoJee BHICOKMMH 3HAUYCHUSAMH aKTHBHBIX (JOpM Kuciopozaa B KpoBH. IIpeapacronokeHHOCTh K
(hOpMHPOBaHUIO NEPUNIAHKPEaTHYeCKOro HH(pMIbTpaTa nokasai resorun A/A rs761142 GCLC (OR = 1,70; 95%
CI 1,12-2,59; p = 0,010), a nceBnokuctsl — amiens G rs648595 (OR = 1,47; 95% CI 1,01-2,13; p = 0,042) rena
GCLC. IpepacroaoKeHHOCTb K JIEeTaIbHOMY HCXO/y BCIIEACTBHE PA3BUTHS apPO3MBHOTO KPOBOTEUEHHMS aCCOLIU-
uposana ¢ 1517883901 (renorun G/A; OR = 6,20; 95% CI 1,3-28,81; p = 0,031) rena GCLC.

3aka04enne. Y CTaHOBJICHHBIE HAMU TeHHO-(DEHOTHITHIECKHE aCCOIHAIIMH TTO3BOJISIT IPOTHO3UPOBATH KIIMHUYE-
ckoe Tedenne OAAIl y KOHKPeTHOro GOJIBHOTO € yYETOM €ro FeHEeTHYECKOTO CTaTyca M CBOEBPEMEHHO Ompeie-
JISITh JIEYeOHYI0 TAaKTHKY.

KiroueBble cji0oBa: OCTpPBI  aJKOTOJIHO-ATUMEHTAPHBIM MAaHKPEATHT, MPOTHO3MpOBaHME, 1512524494,
rs17883901, rs606548, 1s636933, rs648595, rs761142, ren GCLC

KOHq).]'Il/lKT HHTEPECOB. ABTOp JACKIIApUPYET OTCYTCTBUC ABHBIX U MOTCHIHAJIBHBIX KOH(l)J'H/IKTOB HUHTEPECOB, CBs-
3aHHBIX C ny6n1/11<au1/1e171 HACTOSIICH CTaThU.

HcTounuk punancupoBanus. ABTOp 3asBIsIeT 00 OTCYTCTBHH (PHHAHCUPOBAHUS IIPU POBEICHIN HCCIICIOBAHUS.

CooTBeTCTBHE NPHHIMIAM 3THKH. Bce NHIla, y4acTBYIONIME B UCCICIOBAHNH, MOAIMCAIN J0OPOBOJILHOE MH-
(dopmupoBanHoe cornacue. McciaenoBanue 0100peHO PErHOHAIBHBIM 3THYECKUM KOMHUTETOM 1pu Kypckom rocy-
JTApCTBEHHOM MEIMLMHCKOM yHHBepcuTeTe (mpotokon Ne 3 ot 11.03.2013).

Jnsa uutupoBanus: Camruna T.A. Mzyuenue pomu momumop¢pusmoB reHa GCLC B MPOTHO3MPOBAHUU KIIH-
HMYECKOTO TEYCHHsI OCTPOTO AJIKOTrOJbHO-AIMMEHTApHOIO MaHKpeaTHTa. Broiemens cubupckol mMeOuyuHbl.
2023;22(4):86-91. https://doi.org/10.20538/1682-0363-2023-4-86-91.

INTRODUCTION

The crucial role of oxidative stress in the
pathogenesis of acute alcoholic pancreatitis (AAP) is
beyond doubt [1, 2].

Glutathione is a powerful antioxidant for cell
detoxification and cellular regeneration [3], which is

synthesized via two ATP-dependent stages from the
amino acids L-cysteine, L-glutamic acid, and glycine.
At the first stage, y-glutamylcysteine is synthesized
by the enzyme vy-glutamylcysteine synthetase (or
glutamate — cysteine ligase). At the second stage,
the enzyme glutathione synthetase adds a glycine
residue to the C-terminal group of y-glutamylcysteine
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in lymphocytes [4]. Glutathione depletion seen in
acute pancreatitis is cause by deficient glutathione
synthesis [4]. The study of genes encoding enzymes
of glutathione metabolism is reasonable and relevant.

Glutamate — cysteine ligase (GCL) is the main
glutathione-metabolizing  enzyme. The GCL
heterodimer consists of two subunits: catalytic
(GCLC), which provides the catalytic activity of the
enzyme, and modifier (GCLM), which increases the
catalytic efficiency [3, 4].

Establishing the role of individual polymorphic loci
in genes encoding enzymes of glutathione metabolism
in the development and outcome of AAP will make it
possible to predict the clinical course of the disease
and determine the patient management strategy using
their genetic status.

The aim of the study was to evaluate the role of
polymorphic loci 1512524494, rs17883901, rs606548,
rs636933, rs648595, and rs761142 in the GCLC gene
in predicting the clinical course of AAP.

MATERIALS AND METHODS

We examined and treated 547 Russian individuals
(ethnic self-identification) with AAP (154 women and
393 men), who received treatment at surgery units of
Kursk hospitals — clinical sites of the Department of
Surgical Diseases No. 2 in 2015-2021.

The material for the study was blood DNA samples
obtained from 547 patients with AAP and 573 healthy
individuals (161 women and 412 men). The average
age of patients was 48.9 + 13.1 years, the average
age of healthy individuals was 47.8 & 12.1 years. The
diagnosis and severity of AAP were verified according
to clinical guidelines elaborated by a working group
of the Russian Society of Surgeons.

The study was performed in compliance with the
ethical principles set out in the WMA Declaration
of Helsinki “Ethical principles for medical research
involving human subjects” (2000 revision) and Rules
of Good Clinical Practice in the Russian Federation
approved by the Order of the Ministry of Health of
Russia No. 266 of 19.06.2003. All patients signed an
informed consent to participate in the study.

The level of total glutathione was determined by
the colorimetric method using the OxiSelect™ Total
Glutathione (GSSG/GSH) Assay Kit (Cell Biolabs,
USA). The level of reactive oxygen species (ROS)
was quantified by the OxiSelect™ In Vitro ROS
/ RNS Assay Kit (Cell Biolabs, USA). The level of
amylase in the blood serum was determined by the
kinetic colorimetric assay.

Genomic DNA was extracted by the phenol —
chloroform method. Genotyping of the polymorphisms
was performed by the MALDI-TOF iPLEX technology
using the MassArray System (Agena Bioscience Inc,
USA).

To compare categorical variables between the
groups, the chi-square test was used. To compare
quantitative variables, the Student’s z-test (for normally
distributed variables) and the Mann — Whitney test were
used. A pre-test for normal distribution was performed
using the Kolmogorov — Smirnov test. The data were
presented as absolute and relative values n (%) and as
the median and the interquartile range Me (Q:— O3).

The association of alleles and genotypes with
the risk of AAP was evaluated by the value of odds
ratio (OR), showing by how many times the odds
of getting in the case group (disease) with exposure
differs from the odds of getting in the control group
(healthy individuals) without exposure. OR and 95%
confidence interval (CI) were calculated by the multiple
logistic regression analysis with adjustments for age
and sex using the SNPStats software (http://bioinfo.
iconcologia.net/snpstats/start.htm).  The  logistic
regression analysis was also used to assess associations
of DNA markers with clinical characteristics (clinical
forms of the disease, symptoms, disease severity,
treatment efficacy). Correction for multiplicity was
carried out by permutation testing (P ) using PLINK.

RESULTS

Table 1 presents the characteristics of clinical forms
and complications of AAP in the group of patients.

Table 1

Characteristics of clinical forms and complications
of AAP in the main group

Parameter Number of patients, n (%)
Clinical forms of AAP

Interstitial edematous pancreatitis 281 (51.3)
Sterile pancreatic necrosis 143 (26.1)
Infectious pancreatic necrosis 123 (22.4)

Total 547 (100)
Complicated AAP

Peritonitis 120 (21.9)
Acute peripancreatic fluid collection 154 (28.4)
Pancreatic pseudocyst 101 (18.5)

Pancreatic abscess and purulent
necrotizing pancreatitis

111 (20.3)

Fifteen patients died, the causes of death were
multiple organ failure, purulent septic complications
(8), and life-threatening bleeding (7). The analysis of
associations of the single-nucleotide polymorphisms

88 BionneTteHb cMbupckomn meguumHbl, 2023; 22 (4): 86-91



Original articles

(SNPs) in the GCLC gene with the risk of AAP was
carried out (Table 2).

The identification of genetic markers of an
increased risk of pancreatic necrosis in patients with
AARP at the onset of the disease seemed to be the most
important. We analyzed the associations of the SNPs
with the risk of pancreatic necrosis using data from
patients with AAP only. As a result, it was found

that polymorphic variants rs606548 (genotype C/C,
OR = 3.34 95% CI 1.29-8.66, p = 0.007), rs648595
(genotype G/T, OR = 1.56, 95 %CI 1.04-2.36;
p=0.029), and rs12524494 (genotype A/G, p =0.021)
in the GCLC gene are predictors of an increased risk
of pancreatic necrosis. Moreover, all the identified
associations of DNA markers did not depend on the
sex and age of the patients.

Table2

Analysis of associations of the studied polymorphic variants in the GCLC gene with the risk of developing acute alcoholic pancreatitis

Genotype, Number of individuals, 7 (%) : 0
SNPID allele Healthy inividuals, n = 573 | Patients with AAP, n = 547 P"e““ p wOR 05% €D

AA 397 (97.3) 420 (95) 1.00
iféc AG 7(1.7) 21 (48) ool 0.014 2.84 (1.19-6.74)
(r512524494) G/G 4(1) 1(0.2) 0.24 (0.03-2.12)
G 0.02 0.03 0.292 1.43 (0.74-2.75)

G/G 472 (86.9) 469 (88) 1.00
gfic G/A 68 (12.5) 58 (10.9) 050 0.422 0.86 (0.59-1.25)
(1517883901 A/A 3(0.6) 6(L.1) 2.01 (0.50-8.09)
A 0.066 0.068 0.810 0.96 (0.69-1.35)

c/C 471 (95.7) 438 (93.4) 1.00
ngLC T 21 (43) 30 (6.4) wosw | 0160 154 (0.87-2.72)

(rs606548) T/T 00 1002) -

T 0.02 0.03 0.089 162 (0.93-2.83)

G/G 290 (60.8) 288 (61.8) 1.00
gfic G/A 172 (36.1) 157 (33.7) oAtk 0.463 0.92 (0.70-1.21)
(15636933) AA 153.1) 21 (4.5) 1.41 (0.71-2.79)
A 0.21 0.21 0.912 1.01 (0.81-1.26)

T 153 (30.5) 126 (26.6) 1.00
gfﬁc GIT 255 (50.9) 261 (55.1) o1 0342 124 (0.93-1.66)
(15648595) G/G 93 (18.6) 87 (184) 1.14 (0.78-1.65)
T 0.56 0.54 0.431 0.93 (0.78-1.11)

AA 271 (53.8) 266 (54.9) 1.00
gggc C/A 212 (42.1) 195 (40.2) o 0.741 0.94(0.72-1.21)
(rs761142) c/C 21 (4.2) 24 (5) 1.16 (0.63-2.14)
A 0.75 0.75 0.913 1.01 (0.82-1.23)

! the level of significance of the association (codominant model) with the risk of developing AAP with adjustments for sex and age

Table 3

Established relationships of the studied polymorphic gene variants with quantitative parameters of the blood in patients with AAP

Oxidized glutathione, pmol / 1 | Reactive oxygen species, nM Leukocytes, X107 Amylase, U/ 1
SNP ID Geno-
tye;‘eos Me | 01-03 p Me | 01-03 | p | Me | 01-03 p | Me | 0103 | p
1 2 5 6 7 8 10 11 12 13 14 15 16
GCLC G/G |10.51| 3.83-12.41 3.59 | 2.264.22 7.95 | 6.60-12.10 164.0 | 92.0-244.0
(15648595) G/T | 459 | 3.16-8.51 | 0.041% | 2.32 | 1.60-3.39 | 0471 | 8.20 | 6.60-12.90 |0.921 | 168.0 | 87.0-300.0 |{0.812
T/T | 4.61 | 2.03-8.08 2.73 | 2.18-3.65 7.90 | 6.60-12.60 148.0 | 84.0-280.0
GCLC G/G | 593 | 3.11-10.41 2.52 | 1.98-3.69 8.80 | 6.70-12.80 164.0 | 85.0-272.0
(1s17883901) G/A | 5.74 | 2.89-8.50 0.752 | 5.00 | 1.19-5.25 | 0.040° | 7.80 | 6.40-12.35 [0.823| 96.0 | 68.0-195.0 |0.840
A/A | 329 | 3.29-3.29 2.18 | 2.18-2.18 8.30 | 6.70-9.90 - -

Note: R —recessive model, D — dominant model
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However, we did not find an association of the
SNPs in the GCLC gene with the severity of AAP
(mild, moderate, and severe). We also studied the
relationship of polymorphic loci in the GCLC gene
with intermediate phenotypes of AAP in the main
group: the level of oxidized glutathione (GSSG), the
level of ROS, the level of amylase, and leukocyte
count in the blood serum.

The influence of polymorphic variants of genes
encoding the catalytic and modifier subunits of GCL
on the level of oxidized glutathione in the blood
serum was established. The lowest GSSG values were
found for rs648595 T/T genotype in the GCLC gene
(recessive model). The rs17883901 G/A genotypes in
GCLC were associated with the highest levels of ROS
in the blood serum. No significant effects of genotypes
were established for other polymorphic loci.

We analyzed the associations of the SNPs in the
GCLC gene with the risk of AAP complications:
rs761142 A/A genotype in the GCLC gene (OR =1.70,
95%CI 1.12-2.59; p = 0.010) showed predisposition
to acute peripancreatic fluid collection, and G allele of
rs648595 (OR = 1.47, 95%CI 1.01-2.13; p = 0.042)
in the GCLC gene — to the formation of a pancreatic
pseudocyst.

Predisposition to life-threatening bleeding and
death was associated with rs17883901 (G/A genotype,
OR =6.20, 95%CI 1.3-28.81; p =0.031) in the GCLC
gene.

DISCUSSION

The depletion of reduced glutathione in the
pancreas, observed in acute pancreatitis, is caused
by its cleavage [5], which indicates insufficiently
effective activation of the GSH synthesis in cells
and contributes to destructive pancreatitis. However,
within 12-24 hours, GSH is redistributed towards
the inflammatory focus due to endogenous reserves
[6], since beta cells demonstrate low expression of
antioxidant enzymes [7].

J. Pereda et al. found that the GSH level remained
low in pancreatic necrosis for several hours without
an increase in the level of the enzyme or GCL subunit
mRNA, despite the binding of RNA polymerase II to
their promoters and coding regions. On the contrary,
in edematous pancreatitis, the GSH level quickly
recovered, and the expression of the protein increased
significantly due to increased transcription mediated by
the effect of c-MYC, NF-kB and SP-1 on promoters. At
the same time, an increase in the activity of cytosolic
ribonuclease was not found in this case [8].

As a result of the study, we found that the
polymorphic variants rs606548 (genotype C/C,
OR = 3.34 95%CI 1.29-8.66, p = 0.007), 15648595
(genotype G/T, OR = 1.56, 95%CI 1.04-2.36; p =
0.029), and rs12524494 (genotype A/G, p = 0.021) in
the GCLC gene are predictors of an increased risk of
pancreatic necrosis. For the rs648595 T/T genotype in
the GCLC gene (recessive model), the lowest values of
oxidized glutathione were found, and the rs17883901
G/A GCLC genotype was associated with the highest
values of ROS in the blood serum. The rs761142 A/A
GCLC genotype (OR = 1.70, 95%CI 1.12-2.59; p =
0.010) showed predisposition to acute peripancreatic
fluid collection, and G allele of rs648595 (OR =
1.47, 95%CI 1.01-2.13; p = 0.042) in the GCLC
gene — to the formation of a pancreatic pseudocyst.
Predisposition to fatal bleeding was associated with
rs17883901 (G/A genotype, OR = 6.20, 95%CI 1.3—
28.81; p=10.031) in the GCLC gene.

The effect of the polymorphic variants in the GCLC
gene in AAP has not been studied before. However, the
study on type 2 diabetes mellitus revealed that SNPs
rs17883901, rs636933, and rs648595 in the GCLC
gene have a protective effect on disease progression,
and their effects are mediated by an increased level of
GSH [9].

To analyze the effect of the SNPs on gene
expression in the pancreas, liver, and blood, we used
the bioinformatic resources of the GTEx database.
The polymorphic variants rs636933, rs648595, and
rs761142 were associated with increased expression
of the GCLC gene in the pancreas (p < 0.0002) and
liver, with the exception of rs636933 (p < 0.02).

CONCLUSION

The established genotype — phenotype associations
will make it possible to predict the clinical course of
AAP in a particular patient, using their genetic status,
and to determine the treatment strategy in a timely
manner.
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Notch signaling pathway in the development of imbalanced immune
responses in patients with disseminated pulmonary tuberculosis

Sanina A.E., Serebryakova V.A., Urazova O.l., Gadzhiev A.A.
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2 Moscow Trakt, Tomsk, 634050, Russian Federation

ABSTRACT

Aim. To determine the role of the Notch signaling pathway in the regulation of Th1 / Th2 lymphocyte balance in
patients with disseminated drug-sensitive (DS) and drug-resistant (DR) pulmonary tuberculosis (PT).

Materials and methods. Mononuclear leukocytes were isolated from the venous blood of 13 patients with
disseminated PT by density gradient centrifugation. The cells were cultured for 72 h in the complete cell culture
medium at 5% CO, and 37 °C. Preliminarily, CFP10 and ESAT6 mycobacterial antigens or y-secretase inhibitor
DAPT (5§ uM / 1; 10 uM / 1) together with CFP10 and ESAT6 antigens were added to the culture medium.
Immunophenotyping of Thl and Th2 lymphocytes was performed by multicolor flow cytometry by determining
the expression of CD4 receptor and intracellular transcription factors T-bet and GATA-3.

Results. In patients with disseminated DS and DR PT, an increase in the number of Th1 and Th2 lymphocytes was
found in intact cultures. Stimulation of cells with mycobacterial antigens CFP10 and ESAT6 resulted in an increase
in the number of CD4'T-bet" and CD4*GATA-3" cells in all comparison groups. Addition of CFP10 and ESAT6
antigens and DAPT (10 uM /1) to the incubation medium was accompanied by a decrease in the number of Th2
lymphocytes in PT patients in both groups. A rise in the number of Thl cells was registered only in patients with
DS PT. Suppression of the Notch signaling pathway with the y-secretase inhibitor DAPT (10 uM /1) resulted in an
increase in the Th1 / Th2 lymphocyte balance in both DS and DR variants of the disease.

Conclusion. The Notch signaling pathway has a modulating effect on the differentiation of the key lymphocyte
populations that determine the balance between cell-mediated and humoral immune responses to PT. Suppression
of the Notch signaling cascade by the y-secretase inhibitor DAPT (10 uM / 1) in vitro promotes an increase in
the Thl / Th2 ratio in patients with disseminated DS and DR PT. The positive regulatory effect on the Thl /
Th2 lymphocyte balance allows to consider the Notch signaling pathway as a promising potential target in the
development of new approaches to the pathogen-specific therapy for PT.
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CurHanbHbii nyTb Notch B pasButun gucbanaHca MMMyHHbIX peaKLuini
y 601bHbIX ANCCEMNHNPOBaHHbIM TYOepKyne3oM nerkux

CaHuHa A.E., CepebpsakoBa B.A., YpasoBa O.U., FapgxuneB A.A.

Cubupckuii cocyoapcmeennwlil meouyurckull ynugepcumem (Cudl’ MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

Henw uccaenoBanmsi. Onpesenuts poib curHansHoro mytd Notch B perymsiiun 6ananca Th1/Th2-nmumdormros
y OOJIBHBIX JUCCEMUHUPOBAHHBIM JIEKAPCTBEHHO-4yBCTBUTEIbHBIM (JIY) 1 iekapcTBeHHO-ycTOHuuBBIM (JIY) Ty-
oepkyie3om gerkux (TJI).

Marepuajbl 1 MeToAbl. 13 BeHO3HON KpoBHU 13 manueHToB ¢ qucceMuHupoBaHHbIM TJI MOHOHYKIIEapHbIE Jei-
KOLIUTBHI BBIJISIISUTH METOIOM I'paJHeHTHOT0 IeHTpHpyruposanus. KileTky Ky IbTHBHPOBAJIH B TeUEHHE 72 U B ITOJI-
HOlf muTatenbHOM cpene npu 5%-m CO, u Temnepatype 37 °C, npeBapuTeIbHO 100aBIAS B HHKYOAIMOHHYO
cpeny aHTUreHbl Mukobaktepuil Tyoepkyiesa CFP10-ESAT6 wim unrnéutop y-cexperasst DAPT (5 MxM/m; 10
MKM/i) BMecte ¢ anturenamu CFP10-ESAT6. Ummynodenorunmposanue Thl- u Th2-mumdormros nposoauimm
METOJIOM NIPOTOYHOM JIa3ePHON MHOTOIBETHON IUTO(MIIyOPHMETPHUH TIOCPEACTBOM OIPEETICHHs SKCIIPECCHH pe-
nentopa CD4 1 BHYTPHKIETOUHBIX TPAHCKPHUIIIMOHHEIX (akTopoB T-bet 1 GATA-3.

PesyabTatpl. Y OonpHBIX nuccemuanpoBaHHbIM JIU u JIY TJI ycraHoBieHo yBenmuueHue kommdectBa Thl- u
Th2-muMpOIUTOB B MHTAKTHBIX KyNIbTypax. CTHMynsSmuu KieTok antureHamu mukobaktepuit CFP10-ESAT6
cnocoOctBoBana moBbimeHHO guciaa CD4'T-bet" 1 CD4"GATA-3" xieTok Bo Bcex Tpynmax cpaBHeHHs. [lo0aB-
neHre B MHKyOanuoHnyto cpeny antureHoB CFP10-ESAT6 u DAPT (10 MkM/11) cCOnpoBOKIaIOCh YMEHBIICHHEM
kommaecTBa Th2-mumbonnToB y 60mpHBIX TJI 06enx rpymm. [loBeimenne yncna Thl-kIeTok perncTpupoBaioch
tonpko y nanuentoB ¢ JIY TJI. [TogaBnenne curHampHOrO ImyTH Notch ¢ MOMOIIBI0 HHTHOUTOPA Y-CEKPETa3bl —
DAPT (10 MxM/11) mpuBOIWIIO K TOBBIMIEHUIO KodpdununerTa cootHomeHus Thl/Th2-mumdponutos xak mpu JIY,
Tak 1 ipu JIY BapuaHTax 3a00neBaHUs.

3akiouenne. CurnanbHbli myTh Notch okaspiBaeT MOy IHMpYoLee JelicTBre Ha 1] HepeHIIMPOBKY KITIOUYEBBIX
HOIYJIANMI TMMQOLMTOB, ONPEASISIONNX AMHAMUYECKHN GalaHC KJIETOYHO-ONOCPEIOBAHHBIX U I'YMOPAJIBLHBIX
peaKuuii IpOTUBOTYOEPKYIIE3HOTO MIMMYHHUTETa. YTHETEHHE MOJIEKYJIIpHOro Kackana Notch HHrHOUTOpOM Y-ce-
kpera3bl DAPT (10 MkM/i1) B yCIIOBUSIX in vitro crocoOCTBYeT yBeandeHHIo Kodbduipenta cooraouienus Thl/
Th2 y 6onbubix quccemunupoBantbsiv JIY u JIY TJI. [TonoxutenpHoe perynupyioliee aeiictsue Ha 6ananc Thl/
Th2-kJ1eTOK MO3BOJISIET pacCMaTPUBATh CUTHAIBHBIH TyTh Notch B KauecTBe MepCcreKTHBHOM MOTEHIHATbHON MU-
HIEHH B Pa3pabOTKe HOBBIX MOAXO/0B K MMATONeHETUYECKOH Tepanuu TyOepKyesa.

Kiouessle ciioBa: Notch-cHrHaIBHBINA Ty Th, TYOCPKYIIE3 JIETKHX, TUMPOLUTEHI, Y-ceKpeTasa, T-xemmepst

KOHq).]Il/lKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SAIBHBIX U INOTCHUUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C l'[y6J'[PIKaHPI€I71 HaCTOS{H.[eﬁ CTaTbu.

Hcrounuk ¢punancupoBanus. PaboTa BelmonHeHa B paMKax 1miaHoBoi TeMbl HUP Cubupckoro rocynapcTBeH-
HOTO MEJHIIHCKOro yHuBepcuTeTa 1o nporpamme CAE «MonexynsapHas MeannnHa» (MoneKyIspHO-KICTOUHbIe
OCHOBBI BOCTIAJICHUSI IPH COIMANBHO 3HAYNMOMN TTAaTOJIOTHH).

CooTBeTcTBHE NPUHIMIAM 3THKH. Bce mamueHTsl noanucann MHGOPMHUPOBAHHOE COIIACHE HA YydacTHE B
nccnenoanuu. McenaenoBanue o100peHO JIOKaIbHBIM 3THYeCKHUM KomuTeTroM CubI'MYVY (mpotokon Ne 7924 ot
14.10.2019).

[ untupoBanus: Cannna A E., CepebpsikoBa B.A., Ypazosa O.1., ['amkues A.A. CurnaneHslii myTs Notch B
pa3BuTHH JucOaTaHca MMMYHHBIX PEakItil y OOJIBHBIX THCCEMUHUPOBAHHBIM TYOCPKYJIC30M JIETKUX. broienets
cubupcroi meduyunsl. 2023;22(4):92-99. https://doi.org/10.20538/1682-0363-2023-4-92-99.
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INTRODUCTION

A progressive course of tuberculosis is based on
hyperergic inflammation involving a wide range of
immunocompetent cells [1; 2]. Th2 lymphocytes,
which regulate the development of antibody-mediated
immune responses, together with Thl cells participate
in the formation of protective responses [3; 4] and,
conversely, can contribute to immune-mediated tissue
damage and persistence of mycobacteria [5; 6]. It has
been established that a more severe course of pulmonary
tuberculosis (PT) is associated with an increase in the
IL-4 mRNA concentration in the blood [6; 7], high
titers of antigen-specific IgG, and increased expression
of suppressor of cytokine signaling SOCS3 mRNA [7].

Multiple interactions between cells of the immune
system are determined not only by cytokines and
chemokines (IFNy, TNFo, IL-4, IL-12, IL-27,
etc.), but also by receptor — ligand interactions [8;
9]. Notch ligands and receptors associated with
the intracellular signaling cascade regulating cell
differentiation occupy a prominent place among
receptor cooperation mechanisms [10]. Dysfunction
of molecular mechanisms in the Notch signaling
pathway at any stage of implementation (expression
of receptors, ligands, enzyme activity, etc.) can
contribute to disruption of an effective immune
response against Mycobacterium tuberculosis and
progression of the disease. Thus, in experiments on
murine macrophages, it was established that a BCG-
induced increase in the expression of Notch1 receptor
protein and subsequent activation of its signaling
pathway led to a rise in the expression of SOCS3
protein that provides negative regulation of cytokine
signaling [11]. The demonstrated increase in leukocyte
expression of molecules initiating the Notch signaling
cascade (Notchl/2 and DLL4 mRNA) in patients
with PT without changes in the expression of their
target genes (Hesl, Heyl) [12] leaves the question
about the role of the Notch signaling pathway in the
immunopathogenesis of PT open.

One of the molecular approaches to evaluate the
role of the Notch signaling cascade in the pathogenesis
of various immune-mediated diseases is inhibition of
the activity of y-secretase, a key proteolytic enzyme
that initiates the release of the Notch intracellular
domain [13]. The properties of the y-secretase inhibitor
DAPT  (N-[N-(3,5-difluorophenacetyl)-1-alanyl]-s-
phenylglycine t-butyl ester) are being actively studied
as a potential drug for treatment of cancer, as well
as neurological, cardiovascular, and cerebrovascular
diseases [14].

The aim of the study was to determine the role of
the Notch signaling pathway in the regulation of Thl /
Th2 lymphocyte balance in patients with disseminated
drug-sensitive (DS) and drug-resistant (DR) PT.

MATERIALS AND METHODS

Thestudyinvolved 13 patientswithnewly diagnosed
disseminated PT (mean age 47.3 + 5.21 years), who
were hospitalized in Tomsk Phthisiopulmonology
Medical Center.

The patients were divided into two groups depending
on the sensitivity of Mycobacterium tuberculosis
to anti-TB drugs: group 1 encompassed 7 patients
with bacteriologically confirmed Mycobacterium
tuberculosis resistant to one or more anti-TB drugs
(isoniazid and rifampicin); group 2 included 6 patients
excreting drug-sensitive Mycobacterium tuberculosis.
The control group consisted of 10 healthy volunteers
with comparable age and gender characteristics.

The study material was whole venous blood taken
before treatment with anti-TB drugs. Mononuclear
leukocytes were isolated from the blood by
density gradient centrifugation (p = 1.077 g / ml).
Mycobacterium tuberculosis antigens (AG) CFP10
and ESAT6 (Diaskintest, Generium, Russia) at a dose
of 10 pg/ ml or the y-secretase inhibitor (DAPT, Tocris
Bioscience, UK)atadose of 5 or 10 uM/ 1, pre-dissolved
in 0.1% dimethyl sulfoxide (DMSO) solution (Sigma-
Aldrich, USA), together with CFP10 and ESAT6 were
added to the incubation medium. The indicated dose
was determined by evaluating the cytotoxicity of the
tuberculosis recombinant allergen containing CFP10/
ESAT-6 protein by the MTT assay. DMSO and the
y-secretase inhibitor at the indicated concentrations
did not cause cell death in vitro. Cells were cultured
in the RPMI-1640 medium with L-glutamine (Biolot
LLC, Russia). The cells were incubated in 5% CO,
at 37 °C for 72 h. Immunophenotyping of Thl and
Th2 lymphocytes was performed by multicolor flow
cytometry by determining the expression of surface
CD4 receptor (FITC, BD Biosciences, USA) and
intracellular transcription factors — T-bet (Alexa Fluor
405, R&D Systems Inc., USA) and GATA-3 (PerCP-
eFluor 710, BD Biosciences, USA).

The statistical data were processed using IBM
SPSS statistics 25 (Statistical Package for the Social
Sciences, USA) and Microsoft Office 2013. The
Shapiro — Wilk test was used to check the data for
normality of distribution. The data were presented as
the median (Me) and the 25th and 75th percentiles (Oh
and (), as quantitative variables in the study groups
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did not follow normal distribution. The nonparametric
Mann — Whitney U test was used to estimate the
level of significance of differences in quantitative
variables between the study samples. The Wilcoxon
test was used to assess the significance of differences
in dependent data within the group. The results of
the statistical analysis were considered significant
at p <0.05.

RESULTS

The study showed that the development of
disseminated PT was accompanied by an increase in

the number of CD4T-bet" cells. Thus, in patients with
DS PT, the number of Thl lymphocytes exceeded
similar parameters in healthy donors by 2 times
(» <0.01) and in patients with DR PT —by 1.7 times
(»<0.01). The Th2 lymphocyte count in intact cultures
in PT patients with different types of mycobacterial
resistance was 2.5 times higher (p < 0.001) than in
healthy individuals (Table 1).

After stimulation of the cells with mycobacterial
antigens CFP10 and ESAT6, an increase in the
number of Thl and Th2 cells was registered in all
groups under study.

Table 1

Relative content of Th1 and Th2 lymphocytes in peripheral blood (% of the total lymphocyte count) in patients with disseminated
pulmonary tuberculosis, Me (Q,-0,)

Parameters Healthy donors

Patients with pulmonary tuberculosis

Drug-sensitive | Drug-resistant

Thl lymphocytes (CD4"T-bet")

2,51 (248-2.59) 2.19 (2.17-2.22)

Intact culture 1.25 (1.12-1.37) p,<0.001
p,<0.001 p,=0.008
130 (1.18-1.42) 2.54 2:51-2.66) > (5.31(;021.34)
With added AG (CFP10 and ESATG6) RS p,<0.001 pi=
p,=0.012 D 004l p,=0.043
2= p,=0.008
230 (2.27-2.31)
1.37 (1.21-1.44)
With added AG and DAPT (5 uM /1) p,=0.012 2.6 (2'52721’64) p’f 0'025
=0.012 p,<0.00 p,= 0.0
Ps p,=0.008

1.95 (1.7-2.04)
p,=0.012
p,=0.012

With added AG and DAPT (10 uM /1)

2.68 (2.63-2.73) 234 (229-2.37)

<0.001
b= 0043 p,=0.008

Th2 lymphocytes (CD4"GATA-37)

Intact culture 1.04 (0.99-1.01)

2.57(2.49-2.63) 2.67 (2.65-2.69)

p,<0.001 p,<0.001
112 (1.08-1.14) 2.73 (2.64-2.73) 2.70 (2.68-2.71)
With added AG (CFP10 and ESAT6) oo ,<0.001 p,<0.001
P p,=0.043 p,=0.043
, 0.91 (0.82-0.98) 2.65 (2.61-2.65) 2.68 (2.62-2.69)
With added AG and DAPT (5 uM / 1) p,=0012 p,<0.001 p,<0.001
219 (2.18-2.21 2.18 (213219
0.68 (0.63-0.72) p(< 0,001 ) p(< 0,001 )
With added AG and DAPT (10 pM /1) p,=0.012 e b
B 0012 p,=0.043 p,=0.043
e p,=0.043 p,=0.043

Note (here and Table 2): p, — the level of statistical significance of differences compared to similar parameters in healthy donors; p, — in the intact
culture; p, — during antigen stimulation (AG); p, — in patients with DS PT; DAPT — N-[N-(3,5-Difluorophenacetyl)-L-alanyl]-s-phenylglycine

t-butyl ester.

The analysis of the population composition of
lymphocytes in patients with DS and DR PT after
sequential addition of the y-secretase inhibitor (DAPT)
at a concentration of 5 uM / | to the intact cultures

in combination with CFP10 and ESAT6 antigens
did not reveal any significant differences from the
corresponding data obtained when stimulating the
cells with antigens alone. A significant (p = 0.012)
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decrease in CD4*GATA-3" cells and an increase in
CD4*T-bet" lymphocytes was registered in healthy
donors (Table 1).

Increasing the DAPT concentration to 10 pM /1 led
to a decrease in the proportion of Th2 cells in the cell
cultures in PT patients in both groups (p = 0.043) and
healthy donors (p = 0.012). Changes in the number of
CD4*T-bet" lymphocytes were not unequivocal. Thus,
an increase in the number of Th1 cells was registered
only in patients with DS PT (p = 0.043) and in the
control group (p = 0.012). The number of CD4*T-bet"
lymphocytes in DR PT patients was comparable with
the same indices obtained during incubation of the
cells with CFP10 and ESAT6 antigens.

The comparison of the results obtained between

the groups of PT patients showed that under all
applied cell culture conditions, the number of Thl
lymphocytes in patients with DR PT was smaller
(» = 0.008) than in patients with DS PT.

The calculation of the Th1 / Th2 lymphocyte ratio
revealed significant differences for the indices obtained
during incubation of mononuclear leukocytes with
CFP10 and ESAT6 and DAPT (10 puM / 1). Inhibition
of the Notch signaling pathway resulted in the
increased Th1 / Th2 cell ratio relative to the intact and
CFP10 — ESAT6-stimulated cultures in PT patients
(p, = 0.043) and healthy donors (p, = 0.012). There
were no significant differences between the groups
of patients with different mycobacterial sensitivity
(Table 2).

Table 2

Th1/Th2 cell ratio in patients with disseminated pulmonary tuberculosis, %, Me (Q —0,)

Th1/Th2 ratio

Healthy donors

Patients with pulmonary tuberculosis

Drug-sensitive

Drug-resistant

Baseline

1.2 (1.13-1.25)

0.96 (0.94-0.97)

0.93 (0.88-0.95)

With added AG (CFP10 and ESATG6)

1.16 (1.09-1.24)

0.96 (0.95-0.99)

0.95 (0.94-0.95)

With added AG and DAPT (10 uM / 1)

2.88 (2.68-2.82)
p,=0.012
p,=0.012

1.27 (1.21-1.28)

p,=0.003
p,=0.043
p,=0.043

1.25 (1.24-1.25)

p,=0.003
p,=0.043
p,=0.043

DISCUSSION

Protective control over the infectious process
caused by Mycobacterium  tuberculosis s
ensured by cooperative interaction of a variety of
immunocompetent cells, realized via juxtacrine and
paracrine signaling mechanisms. The role of the main
population ensuring the development of the adaptive
immune response belongs to the pool of antigen-
specific CD4" T lymphocytes [15]. Their crucial
role in the pathogenesis of PT is determined by their
ability to increase phagocytic activity of macrophages
[16], induce chemokine-mediated migration of CD8*
T cells, their cytolytic activity, and their secretion of
cytokines (IFNy, TNFa) and granzymes [15], and is
also confirmed by a high risk of disease development
in HIV patients [15; 17; 18].

The increased proportion of Thl and Th2
lymphocytes in the intact cultures of patients with
PT indicates complex involvement of cell-mediated
and humoral immune responses in the development
of a protective response against Mycobacterium
tuberculosis. A disseminated course of PT indicates
the failure of the responses, aimed at restraining
primary mycobacterial infection. An increase in the

number of Treg and Th2 cells can be considered as
one of the factors contributing to the progression of
the pathological process.

Highly specific molecules ESAT6 and CFP10,
secreted only by dividing Mycobacterium tuberculosis,
play a key role in the development of tuberculosis
infection [19]. The ESAT-6 protein has lytic activity,
promotes pathogen entry into the cell, and destabilizes
phagosomes, allowing mycobacteria to enter the
macrophage cytosol and avoid lysis. The CFP-10
antigen forms a complex with ESAT-6 and ensures
its delivery to the site of action [20]. The single
recombinant ESAT-6 —CFP10 protein is designed
to evaluate the cell-mediated immune response to
Mycobacterium tuberculosis. The increased number of
Thl and Th2 lymphocytes recorded in all the studied
samples in response to stimulation of the cell cultures
with mycobacterial antigens CFP10 and ESAT6
reflects the physiological cellular response and may
indicate a preserved antigen recognition function and
relatively effective intercellular cooperation.

The question on the functional significance of Th2
lymphocytes in the pathogenesis of the progressive
course of tuberculosis remains open. Classical
antibody-mediated immune responses (opsonization,
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complement activation, phagocytosis, lysosomal
degradation) can potentially be effective against
Mycobacterium tuberculosis [3]. The leading cytokine
of humoral immune response is IL-4, produced by
Th2 lymphocytes. Molecular mechanisms of IL-4
involvement in immune responses are associated with
suppression of TNFa-induced apoptosis in infected
cells, reduction of iNOS activity, and enhancement
of proliferation of antigen-specific regulatory T
lymphocytes [5]. The works by domestic [21; 22]
and foreign authors [23-25] established that the
polarization of the immune response toward Treg-
and Th2-dependent responses is a key element of
the immune imbalance in tuberculosis infection.
The intensity of the functional activity of Th2
lymphocytes, as well as the titer and spectrum of
antibodies formed by plasma cells may be crucial. In
view of this, the established decrease in the proportion
of Th2 lymphocytes in the cell cultures of PT patients
in both groups under the effect of DAPT (10 uM / 1)
with a parallel increase in the number of Th1 cells in
DS PT can be considered as a possible mechanism
contributing to the restoration of an effective dynamic
balance between the main populations regulating
the intensity of destructive processes and providing
protective control over the spread of the infection.

A recorded and maintained under various
experimental conditions smaller (than in DS PT)
number of Thl lymphocytes in patients with DR
PT proves significant disruptions of intercellular
cooperation mechanisms, induced by resistant strains
of mycobacteria among others. It was established
that the development of DR PT is associated with
a significant increase in the number and activity of
immunosuppressive regulatory T cells (Treg), their
production of IL-10, deficiency of NK cells, IFNy,
and IL-2 (the main factor ensuring proliferation of
antigen-specific lymphocytes) [24; 26]. Therefore, a
possible reason for the initially smaller number of Thl
lymphocytes in DS PT patients in the intact culture
and the preservation of this trend when the cells were
stimulated with antigens could be the mechanisms
induced by drug-resistant mycobacteria to disrupt
cell-mediated immune responses that contribute to
the persistence of the pathogen and progression of the
disease.

The Thl / Th2 ratio to a certain extent reflects the
immune pattern of T lymphocytes [4; 27]. With respect
to mycobacterial infection, the predominance of Thl
cells and cell-mediated immune responses provides
effective protection against the pathogen, while the

predominance of Th2 lymphocytes and humoral
immune responses facilitates the development of
hyperergic inflammation with immune-mediated
tissue damage. The increase in the Thl / Th2 ratio
under the effect of DAPT (10 uM / 1) in PT patients
compared to the intact and antigen-stimulated cultures
(as well as their compliance with baseline values
in healthy donors) can be considered as a possible
mechanism regulating the restoration of a balance
between lymphocyte populations through inhibition of
the Notch signaling pathway, which may contribute to
more effective development of the immune response
and slow down destructive processes.

CONCLUSION

The Notch signaling pathway has a modulating
effect on the differentiation of key lymphocyte
populations that determine the dynamic balance
between cell-mediated and humoral immune
responses. Inhibition of the Notch signaling cascade
by the y-secretase inhibitor DAPT (at a dose of 10 uM
/ 1) under in vitro conditions promotes an increase in
the Th1 / Th2 ratio in patients with disseminated DS
and DR PT. The positive regulatory effect on the Thl
/ Th2 balance allows the Notch signaling pathway
to be considered as a promising potential target in
pathogen-specific therapy for PT. The contribution
of the Notch signaling pathway to the regulation of
differentiation of other T lymphocyte populations
(Th17, Treg) involved in the immunopathogenesis of
PT requires further research.
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ABSTRACT

Aim. To define the association of CDKN2A4/B deletions in the 9p21 locus with survival of patients with diffuse
large B-cell lymphoma.

Materials and methods. The study included 105 patients with diffuse large B-cell lymphoma who received first-
line therapy with R-CHOP. A deletion of 9p21 was detected by fluorescent in situ hybridization of tumor tissue
biopsy samples. Deletions of CDKN24 and CDKN2B were determined by real-time quantitative polymerase chain
reaction. The overall survival and the progression-free survival were calculated by the Kaplan — Meier method with
plotting of survival curves (the log-rank test). The risk of event occurrence was determined by the Cox regression
analysis with the calculation of the risk ratio (RR) and 95% confidence interval (CI). The differences between the
variables were considered statistically significant at p < 0.05.

Results. The deletion of the chromosomal region 9p21 was detected in the biopsy samples in 16.2% of patients. The
CDKN24 deletions were detected in 23.8% of patients and CDKN2B loss — in 28.6% of patients. The progression-
free survival was significantly lower in patients with the 9p21 deletion than in those without this aberration: 29.4%
vs. 62.5%, respectively (p = 0.012; RR = 2.26; 95% CI = 1.17-4.38). The risk of disease progression at low and
low-intermediate values of the International Prognostic Index was 5.9 times higher in patients with the CDKN2B
deletion than in patients without this abnormality.

Conclusion. Deletion of the chromosomal region 9p21 is associated with low progression-free survival in patients
with diffuse large B-cell lymphoma. Loss of CDKN2B is associated with a high risk of disease progression in
patients with low and low-intermediate risk according to the International Prognostic Index.
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B3sanmocBasb geneuunm reHoB CDKN2A n CDKN2B ¢ BbXNBaemMoCTblo
60nbHbIX ANPPy3HOM B-KpynHoKneTouHo num¢pomon

Capnosa M.B., Tpery6oBa E.B., ibakoHoB [1.A., BaneeBa E.B., PocuH B.A., Camapuna C.B,,

Hasaposa EJ1.

Kupoesckuii nayuno-uccredogamenbckuil UHCIUMYm 2eMamonio2ull U neperusanus Kposu
Dedepanvroco meouro-douonocuieckozo azenmemesay (KHUHUIT ullK @MBA) Poccuu

Poccus, 610027, 2. Kupos, yr. Kpacnoapmetickas, 72

PE3IOME

Heas. Onpenenuts B3anMocBs3pb aenennii reHoB CDKN2A u CDKN2B B nokyce 9p21 ¢ BEDKUBaEMOCTBIO O0ITb-
HBIX TU(dy3HOH B-kpymHOKIETOUHOI THME(OMOIA.

MatepuaJbl 1 MeTOAbI. B uccinenosanue BxmodeHsl 105 mammeHToB ¢ quddysHoil B-kpynmHOKIETOYHOH THM-
(homoii, momy4yaBUIMX Tepanuio nepBoit tuHuu no cxeme R-CHOP. Jlenenuro 9p21 BBIABISIIN C HOMOLIBIO (uTy-
OpECLICHTHOM TMOpUAN3ALHHY i Situ OUONICHITHBIX 00pa3noB omyxosieBol Tkanu. [enenmu B reHax CDKN2A u
CDKNZ2B ycraHaBIuBaIu KOJIWYECTBEHHOW MONMMMEpa3HO LEMHOH peakuuei B peanbHOM BpeMeHu. O0uryo u
OecrporpeccHBHYIO BBDKHBAEMOCTh PACCUUTHIBAJIN 110 MeToy Karmnana — Meiiepa ¢ rpaduyeckum mocTpoeHueM
kpuBbIX (log-rank Tect). Puck HacTymiueHus: coObITHS BBIYHCISUIM METOJOM perpeccuoHHoro anaimmsza Kokca c
pacderom otHomeHHs puckoB (OP) n 95%-ro nosepurensroro unrepsana (95%-ii JI1). Paznnuns mexay nokasza-
TEIAMH CYUTAIIM CTATUCTHYCCKU 3HAYMMbIMHU 11pu p < 0,05.

PesyabTartsl. [lenenus xpoMocoMHoro pernona 9p21 obHapykeHa B OMONCHHHBIX oOpasnax 16,2% OoNbHBIX.
ITonomku B rene CDKN2A BoisiBieHB! y 23,8% nauueHToB, yrpata CDKN2B —y 28,6%. becriporpeccuBHasi BIKU-
BaeMOCTb 3HAYMMO HIKE Y 00CIIeI0BaHHBIX ¢ fenenueid 9p21, yem y nui 6e3 nanHo# adepparun: 29,4% npoTtus
62,5% cootBetctBeHHO (p = 0,012; OP = 2,26; 95%-it I = 1,17-4,38). Puck nporpeccun 3abosieBaHUs MPU
HHM3KOM M HU3KOM ITPOMEKYTOYHOM MOKa3aTele MeXIyHapoIHOTO MIPOrHOCTHUECKOTO HHJIeKea B 5,9 pasa Bblle y
nanueHToB ¢ aeneryeid rena CDKN2B, yem y 60NbHBIX 0€3 yKa3aHHOW aHOMAJIHH.

3akmouenne. [lenenus XpOMOCOMHOTO perroHa 9p21 cBsi3aHa ¢ HHU3KOH OECIpPOrpECCHBHON BBIKHBAEMOCTHIO
60sbHBIX AU Qy3HOH B-kpynHOKIeTOUHON MMMdoMOoit. YTpara rena CDKN2B acconuupoBaHa ¢ BHICOKHM PH-
CKOM IPOTpeccur 3a00JICBaHNs y MAMCHTOB HU3KOTO M HU3KOT'O IPOMEKYTOYHOI'O PHCKA COTJIACHO MEKIYHAPO/I-
HOMY IIPOTHOCTUYECKOMY MHJICKCY.

Kuruerble ciioBa: nenenus jokyca 9p21, nubdysnas B-kpynHokiaerounas tumpoma, CDKN2A/B

KonpaukT nnTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIMAIBHBIX KOH(IUKTOB HHTEPECOB,
CBSI3aHHBIX C IyOJUKaKEi HACTOSIIEeH CTaThH.

HUcTouHuk (bnﬂchnponamm. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBHUHU (1)I/IHaHCI/Ip0BaHI/IH Ipu OpoOBEACHUU UCCIIE0-
BaHUs.

CooTBeTcTBHe NpHHOMNAM JTHKH. lccremoBanme omoOpeHO JIOKAIBHBIM OJTHYECKUM KOMHUTETOM IIPU
KHUUNT'ulIK ®MBA Poccuu (porokon Ne 34 ot 09.12.2022).

Jist murupoBanusi: Caprniosa M.B., Tpery6osa E.B., [lpsikonos JI.A., Baneesa E.B., Pocun B.A., Camapuna C.B.,
Hazaposa E.JI. B3aumocss3p nenermii reHoB CDKN2A u CDKN2B ¢ BbDKHBAaEMOCTBbIO OONBHBIX D dys3-
HOW B-kpymHokierouHoi mumdomoit. Broanemens cubupcrou meduyunvl. 2023;22(4):100-106. https://doi.
org/10.20538/1682-0363-2023-4-100-106.

INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is a
group of heterogeneous tumors with different clinical
manifestations, morphological characteristics, genetic
aberrations, and different responses to therapy and

prognosis [1]. More than half of patients with DLBCL
respond well to the standard R-CHOP chemotherapy
regimen (rituximab, cyclophosphamide, doxorubicin,
vincristine, prednisolone). However, relapses or
refractory forms of the disease leading in most cases
to death develop in 30-40% of cases [2]. Currently,
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the international prognostic index (IPI) and its
modifications are considered to be a simple and
reproducible tool for estimating the individual risk
of early disease progression. However, according
to some authors, its practical application does not
always accurately estimate the individual risk of
therapy failure, since IPI is mainly based on clinical
characteristics, so it is necessary to search for new
markers associated with an unfavorable course of the
disease [3].

Some of the reasons for the heterogeneity of
clinical manifestations in DLBCL are molecular
biological features of tumor cells [4, 5]. Extensive data
on genetic disorders associated with the development
of the disease and (or) neoplastic progression have
been obtained using the next-generation sequencing
methods [6, 7].

Some of the most frequently mutated genes in
various malignant neoplasms are genes encoding
inhibitors of cyclin-dependent kinases 2A/B (CDKN2A
and CDKN2B), localized in the chromosomal region
9p21. They belong to the tumor suppressor family.
CDKN24 and CDKN2B encode the corresponding
proteins pl6INK4a and p15INK4B, which are almost
identical in structure and biochemical properties. Both
proteins play an important role in the cell cycle control,
blocking it during the G1 to S-phase transition by
binding cyclin-dependent kinases 4 and 6 (CDK4/6).
According to the literature, GI1/S checkpoint
dysfunction leads to uncontrolled proliferation of
tumor cells [8].

Deletions of CDKN2A/B (9p21) occur in 20-30%
of DLBCL cases and, according to some foreign
authors, are associated with an unfavorable course
of the disease [9]. No information was found on the
influence of genetic aberrations in the chromosomal
region 9p21 on the prognosis of the disease in the
domestic literature. Therefore, the study on the
prognostic value of aberrations in the 9p21 locus in
patients with DLBCL is relevant.

The aim of the study was to determine the
relationship of CDKN2A/B deletions at the 9p21 locus
with survival of patients with DLBCL.

MATERIALS AND METHODS

The retrospective study included 105 patients with
newly diagnosed DLBCL who received treatment at
the clinic of KRIHBT in 201-2019. The average age
was 59 (49-67) years. Among them, 50.5% (53/105)
were men, 49.5% (52/105) were women. Stages 1 and
2 of the disease were determined in 40% (42/105) of

the examined patients (according to Ann Arbor staging
classification), stages 3 and 4 were determined in 60%
(63/105) of patients. Half of the patients (52/105)
belonged to high and high-intermediate risk groups
according to IPI. All patients received standard first-
line R-CHOP induction immunochemotherapy. The
immunohistochemical (IHC) subtype of the tumor
was determined based on the IHC algorithm proposed
by C.P. Hans [10]: GCB subtype was found in 27.6%
(29/105) of cases, non-GCB subtype was detected
in 72.4% (76/105) of cases. A complete response to
R-CHOP therapy was achieved in 64.8% (68/105)
of those examined, a partial response was noted in
18.1% (19/105) of cases. Stabilization of the process
and refractoriness to treatment were noted in 17.1%
(18/105) of patients. Five-year overall survival (OS)
was 64.8%, five-year progression-free survival (PFS)
was 57.1%. The median follow-up of patients was 48
(20—60) months.

The deletion of the chromosomal region 9p21 was
determined using fluorescent in sifu hybridization
(FISH) of biopsy samples of tumor tissue using
the Kreatech CDKN2A (9p21) / 9921 FISH probe
according to the standard method in accordance with
the manufacturer’s protocol. The deletions of exons
la, 2 in the CDKN24 gene and exon 1 in the CDKN2B
gene were determined by quantitative real-time
polymerase chain reaction (PCR) [11].

Statistical data processing was performed using
the STADIA software. The frequency of occurrence
of nominal independent variables in the groups,
divided according to the characteristics under study,
was compared using the Pearson’s chi-square test (y?).
The five-year OS and PFS were calculated by plotting
the Kaplan — Meier survival curves. The differences
between survival rates in the groups of patients were
determined using the log-rank test. The risk of disease
progression was calculated using the Cox regression
analysis with the calculation of the hazard ratio (HR)
and 95% confidence interval (CI). The selection of
variables was performed by backward elimination
(Wald’s test). The differences between the parameters
were considered statistically significant at p < 0.05.

RESULTS

A deletion of the 9p21 chromosomal region was
found in 16.2% (17/105) of the examined patients.
All the results of the FISH analysis were confirmed
by PCR, deletions were detected in 31.4% (33/105) of
patients with DLBCL. On the one hand, the obtained
data are due to higher sensitivity of PCR compared
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to FISH in assessing copy number aberrations in
histologic specimens. On the other hand, in some
cases, a significantly smaller DNA area is deleted
compared to the area covered by a commercial DNA
probe. It does not lead to attenuation of the fluorescent
signal. The deletions of exons la and (or) 2 in the
CDKN2A gene were found in the formalin-fixed
paraffin-embedded (FFPE) samples in 23.8% (25/105)
of patients, the deletion of exon 1 in CDKN2B was
found in 28.6% (30/105) of cases. All patients were
divided into groups depending on the presence or
absence of deletions of the chromosomal region 9p21
in the CDKN2A and CDKN2B genes.

There were no significant associations of the 9p21
deletions with clinical and laboratory characteristics
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of patients (age, disease stage, IHC subtype, IPI risk
group) (data not shown).

The relationship between deletions of CDKN2A/B
(9p21) and OS of patients has not been established
(data not shown). The five-year PFS of patients
with del9p21 was significantly lower compared to
that of patients without this aberration: 29.4% (Me
= 19 months) versus 62.5% (Me was not reached),
respectively (p = 0.012; Fig. 1, a). The risk of disease
progression in the patients with the 9p21 deletion
in the FFPE samples was 2.26 times higher than in
patients without genetic damage (HR = 2.26; 95%
CI = 1.17-4.38). Associations between the presence
or absence of CDKN2A deletions and PFS were not
found (data not shown).

]
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Fig. 1: Progression-free survival of patients: a — with a deletion of the chromosomal region 9p21 (n = 17, dotted line) and without
aberrations (n = 88, solid line); b — with CDKN2B deletion (n = 30, dotted line) and without aberrations (n = 75, solid line)

The five-year PFS in patients with a CDKN2B
deletion was lower than in patients without this
anomaly: 40% (Me = 21 months) versus 63.9% (Me
was not reached), respectively (p = 0.036; Fig.1, b).
The risk of disease progression in patients with
delCDKN2B was 1.9 times higher than in patients
without the deletion (HR = 1.87; 95% CI = 1.03-3.42).

According to the results of the univariate Cox
regression analysis, predictors of low PFS in patients
with DLBCL were IPI > 2 (p < 0.001; HR = 6.22;
95% CI = 3.05-12.68), non-GCB subtype (p = 0.058;
HR = 2.10; 95% CI = 0.98-4.51), deletion of the
chromosomal region 9p21 (p = 0.016; HR = 2.26;
95% CI=1.17-4.38) or CDKN2B deletion (p = 0.041;
HR = 1.87; 95% CI = 1.03-3.42).

The multivariate Cox proportional hazard model
(Table 1) includes parameters that have passed
selection by the significance level (IP1 > 2, non-GCB

subtype, del9p21). A loss of the chromosomal region
9p21 was identified as an independent predictor of low
PFS along with IPI> 2. The risk of disease progression
was 1.95 times higher in patients with a 9p21 deletion
than in those without aberrations at the study locus
(»=0.031; HR = 1.95; 95% CI = 1.07-3.56).

Table 1

Multivariate Cox regression analysis of predictors
of progression-free survival in patients with diffuse large
B-cell lymphoma, » =105

Parameter HR 95% CI p
IPI >2 5.82 2.85-11.91 <0.001
del 9p21 1.95 1.07-3.56 0.031

The relationship between the presence of genetic
aberrations at 9p21 and the survival rates of patients
with low or low-intermediate risk (according to IPI)
was studied. In patients with CDKN2A4 or CDKN2B
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deletions, the PFS was lower than in those with an
intact locus: 66.7 vs. 86.1% (p = 0.109; Me was not
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reached; Fig. 2, a) and 60 vs. 88.9%, respectively (p =
0.009; Me was not reached; Fig. 2, b).
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Fig. 2. The progression-free survival in patients with low or low-intermediate risk in the presence of a deletion: @ — in the CDKN2A
gene (n =15, dotted line), b — CDKN2B (n = 15, dotted line) and without aberrations (n = 38, solid line)

Only CDKN2B deletion showed  statistical
significance in the univariate Cox regression analysis
for PFS (p=0.018; HR =4.67; 95% CI=1.30-16.81).
Assessing the effect of several predictors on disease
progression, such as age > 60 years (p = 0.140;
HR = 2.6; 95% CI = 0.73-9.21), del CDKN24 (p =
0.124; HR =2. 65; 95% CI=0.76-9.22), del CDKN2B
(p=0.018; HR = 4.67; 95% CI = 1.30-16.81), it was
found (Table 2) that patients with del CDKN2B had a
higher risk of disease progression (by 5.9 times) than
those without the gene loss (p =0.010; HR =5.9; 95%

Cl=1.54-22.61).
Table 2

Multivariate Cox regression analysis of predictors
of progression-free survival in patients with low
and low-intermediate risk, n =53

Parameter HR 95% Cl p
del CDKN2B 5.90 1.54-22.61 0.010
Age >60 years 3.25 0.87-12.08 0.079
DISCUSSION

DLBCL is a heterogeneous lymphoid neoplasm
with variable gene expression patterns and genetic
abnormalities that contribute to different clinical
courses of the disease and responses to therapy.
CDKNZ2A/B aberrations can disrupt various biological
programs, in particular DNA damage response (via
the p14-ARF/p53 pathway) and cell cycle regulation
(via the RB/p16 tumor-suppressive pathway). When
the latter is impaired, neoplastic cells accumulate

additional mutations, contributing to clonal tumor
evolution, genome instability, and, as a result, drug
resistance and disease progression [8]. So, B. Chapuy
et al. identified a subset of DLBCL variants with
biallelic inactivation of 7P53 and a loss of CDKN2A,
characterized by genomic instability and low survival
rates, regardless of the gene expression profile [7].

According to the obtained data, the deletion of the
chromosomal region 9p21, established by the FISH
method, was found in 16.2% of patients. The results
of molecular cytogenetic studies were confirmed by
PCR. The loss of CDKN24 was found in 23.8% of
patients, the loss of CDKN2B —in 28.6% of individuals.
The obtained data generally correspond to the data
mentioned in the literature [9]. The high frequency
of genetic disorders determined by PCR is probably
due to the high sensitivity of the applied analysis,
in contrast to FISH. Although FISH does not detect
deletions of smaller regions (microdeletions) and
small subclones, the method is considered as specific
and indicative. The simultaneous use of technologies
is complementary and minimizes errors.

Several studies have shown the association of
del9p21 with the prognostically unfavorable ABC
subtype of DLBCL [12, 13]. In our study, no similar
pattern was found. Perhaps the differences are due
to the methods of determining the subtype: the
analysis based on the gene expression profile and
immunohistochemical methods.

It was found that the deletion of the chromosomal
region 9p21, along with IPI > 2, was an independent
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predictor of low PFS in patients with DLBCL. The
risk of disease progression was two times higher in
patients with the 9p21 deletion than in patients without
aberrations at the locus under study. It was determined
that the PFS of patients belonging to low or low-
intermediate risk groups with a CDKN2B deletion was
significantly shorter than in the individuals without
the genetic damage. The risk of progression was more
than five times higher in patients with IPI <2 with a
deletion of CDKN2B compared to the same parameter
in patients without the gene loss. The results are
partially in line with the data obtained by F. Jardin
et al., who found that CDKN2A4 and (or) CDKN2B
deletions were associated with shorter overall and
disease-free survival of patients [9]. At the same time,
we did not reveal any differences in the OS of patients
depending on the presence or absence of deletions of
the chromosomal region 9p21 and (or) CDKN2B.

Associations between the presence of del CDKN2A4
and survival rates of patients with DLBCL were not
found. The results are similar to those reported by C.R.
Bolen et al. [12] and K. Karube et al. [13]. At the same
time, researchers have shown that complex changes in
the TP53/CDKN2A biological pathway are associated
with low survival rates (OS and PFS), regardless of
IPI and the molecular subtype of the disease [13].

CONCLUSION

The deletion of the chromosomal region 9p21 is
associated with low PFS rate in patients with DLBCL.
The deletion of the CDKN2B gene is associated
with a high risk of disease progression in low- and
low-intermediate risk patients (IPI). Aberrations in
the chromosomal region 9p21 (del CDKN2A/B) are
determined using both PCR and FISH. The obtained
results can be used as additional molecular genetic
criteria for assessing the unfavorable course of
DLBCL.
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Analysis of in vitro fertilization programs in patients with functional
ovarian cysts and anovulatory infertility
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ABSTRACT

Background. There are different opinions about the effect of functional ovarian cysts on the duration of controlled
ovarian hyperstimulation, the dose of gonadotropins, the number and quality of collected oocytes and produced
embryos, and the frequency of pregnancy.

Aim. To analyze in vitro fertilization (IVF) programs in women with anovulatory infertility and ovarian retention.

Materials and methods. A prospective study included 71 women aged 18—44 years. The main group (I) included
patients (n = 38) with anovulatory infertility and functional ovarian cysts (FOC) diagnosed by ultrasound before
enrollment in the IFV program. Patients of this group underwent ultrasound-guided transvaginal puncture of ovari-
an cyst followed by cytology. The comparison group (II) (n = 33) encompassed patients with anovulatory infertility
without FOC, who went through the IVF program. The control group (III) included apparently healthy individuals
(n=15).

The study algorithm included collection of clinical and anamnestic data of the patients, data of laboratory and
instrumental studies, parameters of a stimulated IVF cycle, characteristics of oogenesis and early embryogenesis,
and assessment of [VF program effectiveness.

Conclusion. It was established that in FOC and anovulatory infertility, the number of collected oocytes was small-
er; however, the number of the best quality embryos and the frequency of pregnancy did not differ.
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AHanus nporpamm 3KCTpaKkopnopanbHOro onJiogoTBOpeHus
npv aHOBYNATOPHOM 6ecnnioanm y naLeHToK C PpeTeHLMOHHbIMIN
o6pa3oBaHNAMUN ANYHNKOB

Tumodeena 0.C,, NMetpos U.A., TanpynunHa XK.?., TuxoHosckas O.A., JlorsuHos C.B.,
Camownnosa lO.I'., MeTtpoBa M.C,, lOpbeB C.10., Amutpuesa M.J1., dKgaHknHa A.A.,
Fepacumos A.B., MuxeeHko I'.A.

Cubupckuii cocyoapcmeennblil meouyurckull yrusepcumem (Cudl’ MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

Beenenne. CymecTBYIOT pa3InyHble MHEHHS O BIUSHUN (YHKIMOHAJIBHBIX KMCT SHYHUKOB Ha JUINTEIbHOCTD CTH-
MYJAIHUN CYNEepOBYIISAILNH, 103y TOHAJOTPONMHOB, KOJINUECTBO U KAUECTBO MOIYyYEHHBIX OOLUTOB U YMOPHOHOB,
YacTOTy HACTYTJIEHHs O€PEMEHHOCTH.

Iesb nccnen0BaHus — IPOBECTH aHAIM3 HPOrPAMM IKCTPAKOPIOPAILHOTO omtogorsoperus (OKO) nmpu aHOBYIIs-
TOPHOM OECIUIONNH Y MAI[MEHTOK C PETCHIIHOHHBIMI 00Pa30BaHUSIMH SIMUHUKOB.

Matepuajnbl 1 MeToAbI. [IpoBeieHO MpOCTIeKTUBHOE UccenoBanue 71 skeHmuHBI B Bo3pacte 18—44 romga. Oc-
HoBHYIO Tpyniy (I) cocraBunm mammeHTH (72 = 38) ¢ aHOBYJIATOPHBIM O€CIIOAWEM M (PYHKIIHOHATBHBIMU KH-
ctamu ssmaHUKOB (DKSI), AnarHOCTHPOBAHHBIMU TIPH YIBTPA3BYKOBOM HCCIIE0BAHHN HEIOCPEICTBEHHO ITIEPes
BeTymieHueM B nporpammy OKO. [lannentaM faHHOM TPyIIIBI TPOBOIMIIACH TPAHCBATUHANBHAS ITyHKIIUSI KUCTBI
TIOJ YJIBTPa3BYKOBBIM KOHTPOJIEM C MOCIEIYIOIINM IIUTOJIOTHYECKNM HccleoBanueM. B rpymmy cpasuenus (II)
(n = 33) BKIIIOYATHCH MAIIUEHTHI ¢ aHOBYJIATOPHBIM Oecrutoauem 6e3 OKJSI, koropsiM nmposeneHa nporpamma JKO.
B rpymmy xonTpomns (I1I) Bomumi ycinoBHO 30pOBBIE MATHEHTHI (72 = 15).

AJIrOpUTM HCCIIEI0BAaHUS BKIIIOYAJ QHAIIM3 KIMHUKO-aHAMHECTHYECKUX XapaKTEePUCTHK MalMeHTOB, JAHHBIX JIa-
60paTOPHOr0 ¥ MHCTPYMEHTAIBHOIO MCCICAOBAHMUS, MOKa3aTeNied CTUMYJIMPOBAHHOTO LHUKJIA, XapaKTEPUCTHKY
MoKasareJieil ooreHesa u paHHEro SMOPHOTeHe3a, a TaKKe OLEHKY d(hdexTuBHOCTH mporpammsl DKO.

3aksoueHue. ycTaHOBJ’[eHO, 4TO npu (byHKL[I/IOHaJ'II)HLIX KHCTaX ssMYHUKa U 6€CHJ'IOZ[I/II/I TIOJIy4Y€HO 0oJiee HU3KOE
KOJIMYECTBO OOLMUTOB MPU CTUMYJIALUH, OAHAKO KOJIMYECTBO TOIOBBIX 9M6pPIOHOB, HJacToTa HACTYIUICHUS 66])8-
MEHHOCTH U JKUBOPOKICHUS HE OTIINYAJINUCD.

KnrodeBble c1oBa: GyHKINOHATBHBIE KUCTHI SUYHHUKOB, JIUeHHE (YHKIIMOHATBHBIX KHCT, BCIOMOTATENbHbIE Pe-
MIPOYKTHBHBIE TEXHOJIOTHH, SKCTPAKOPIIOPATBHOE OMJI0A0TBOPEHHE, CTUMYJISIINS OBYJISAIINI

Konpaukt mHTepecoB. ABTOPHI JCKIAPUPYIOT OTCYTCTBHE SBHBIX U IOTCHIHAIBHBIX KOH(INKTOBUHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIIEH CTaThu.

Hcrounuk ¢puHAHCHPOBAaHUS. ABTOPBI 3asBISIOT 00 OTCYTCTBUU (PMHAHCHPOBAHMS TPH NPOBEACHUH MCCIIENIO-
BaHUSL.

CooTBeTcTBHE NPUHIMIIAM ITHKH. Bce manneHTs! noamicaiy HHGOPMUPOBAHHOE COTJIACHE HA y4acTHE B HC-
cietoBannu. McecnenoBanne o106peno studeckum komureroM Cu6I'MYVY (mpotoxoit Ne 9455 ot 27.04.2023).

s uurupoanusi: Tumodeesa O.C., Ilerpos MN.A., laiipynuna XK.®., Tuxonosckas O.A., Jlorsunos C.B.,
Cawmotinona 0.T"., ITerpoBa M.C., FOpseB C.1O., ImutpueBa M.JL., )Knankuna A.A., ['epacumoB A.B., Muxeen-
ko I'.A. AHaiu3 nporpaMm SKCTPaKoOpIOPaILHOTO OIIOJOTBOPEHNUS ITPH AHOBYJIITOPHOM OECILIOINH Y TTAIIHEHTOK
C PETEHILMOHHBIMH 00pa30BaHUIMH STUUHUKOB. Broinemens cubupcrou meouyunsl. 2023;22(4):107-113. https://
doi.org/10.20538/1682-0363-2023-4-107-113.

INTRODUCTION due not only to the significant prevalence of various

infertility factors, but also to their tendency to
The problems of diagnosis and treatment of increase [1]. Assisted reproductive technologies

infertility are some of the main clinical and socially (ART), including in vitro fertilization (IVF), are
sensitive problems in modern medicine, which is some of the effective and popular methods to
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overcome infertility [2]. According to the register
of the Russian Association of Human Reproduction,
more than 36,000 children were born following IVF
in Russia in 2019 and more than 34,000 children
were born in 2020 [3]. The indication for IVF is
the ineffectiveness of infertility treatment by other
methods for 12 months for women younger than
35 years and for 6 months for women older than 35
years [4].

According to the literature, every fourth patient
with infertility has ovarian masses of various genesis
and 80% of them are follicular ovarian cysts. The
majority of retention masses are functional ovarian
cysts (FOC): follicular cysts and corpus luteum cysts
[5-9]. Over the last decade, the prevalence of FOC
has increased from 612 to 25% [9—-13]. In 60% of
cases, they occur in patients of the reproductive age
[14, 15]. Infertility in patients with FOC reaches 41%
[16, 17].

The pelvic ultrasound examination is the starting
point for planning ART and its purpose is to assess
the endometrium, detect uterine cavity anomalies,
count the number of antral follicles, and detect
ovarian pathology, in particular ovarian cysts [4].
Management strategy for patients with FOC in IVF
programs remains controversial. B. Kumbak et al.
(2009), E.B. Rudakova et al. (2014) believe that FOC
do not affect the effectiveness of IVF programs [18,
19]. H.S. Qublan et al. (2006), R.D. Firouzabadi
et al. (2010), and R. Levi et al. (2003) suggest that
FOCs detected before the start of stimulation in IVF
programs adversely affect its outcome as they require
higher doses of gonadotropins, are associated with a
lower ovarian response, and reduce the pregnancy rate
[20-22].

There are different approaches to the management
of patients with FOC in ART programs: surgical
(transvaginal puncture of the cyst with a subsequent
cytological ~ examination) and  conservative
(administration of gonadotropin-releasing hormone
(GnRH) agonists and antagonists for 3-7 days)
methods, as well as a wait-and-see approach [18-27].
Despite a significant number of studies, the impact
of FOC on the course and outcome of IVF protocols,
namely on the features of controlled ovarian
superovulation, the number and quality of oocytes,
as well as the parameters of oogenesis and early
embryogenesis, requires further research.

The aim of the study was to analyze IVF programs
in patients with anovulatory infertility and FOCs
detected in the IVF program.

MATERIALS AND METHODS

We conducted a prospective study that included 71
women of reproductive age who applied to the Center
for Assisted Reproductive Technologies of Siberian
State Medical University. The main group (I) consisted
of (n = 38) patients with anovulatory infertility and
FOCs diagnosed by ultrasound immediately before
enrollment in the IVF program. Patients in this
group underwent ultrasound-guided transvaginal cyst
puncture followed by the cytological examination.
The comparison group (II) (» = 33) included patients
with anovulatory infertility without FOC who went
through IVF. The control group (III) included healthy
patients (n = 15).

Inclusion criteria:

1) age 18—44 years;

2) anti-Miillerian hormone (AMH) level in the
blood of women 1.2-3.5 ng / ml;

3) informed consent to participate in this study;

4) body mass index (BMI) 18.5-30.0.

Exclusion criteria:

1) the age under 18 and over 45 years;

2) hyperprolactinemia;

3) moderate and severe forms
endometriosis (ASRM > 111, 1996);

4) hypothyroidism;

5) uterine myoma requiring surgical intervention;

6) true ovarian tumors;

7) contraindications to IVF according to the
Order of the Ministry of Healthcare of the Russian
Federation No. 803n 0f 31.07.2020 “On the Procedure
for the Use of Assisted Reproductive Technologies,
Contraindications, and Restrictions on Their Use”
(hereinafter — Order No. 803n);

8) the woman’s refusal to participate in the study.

The main group included patients with unilateral
FOC persisting for no more than 3 months and being
25-60 mm in diameter according to the ultrasound
examination. In case of FOC detection, patients were
tested for CA-125 and HE-4. If the concentration of
these markers increased above the reference values,
the patient was excluded from the study.

The research algorithm included an analysis of
clinical characteristics and medical history of the
patients, laboratory tests and clinical investigation
data, stimulated cycle parameters, oogenesis and early
embryogenesis parameters, as well as an assessment
of the effectiveness of the IVF treatment. All patients
were examined in accordance with the Order No.
803n. All patients underwent ovulation stimulation

of genital
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according to the protocol with GnRH antagonists.
Statistical data was processed using the SPSS 23
program. The Levene’s test was used to determine
the homogeneity of dispersions. The Kolmogorov
— Smirnov test with the Lilliefors correction, the
Shapiro — Wilk test, and visual assessment of
histograms were used to assess the normal distribution
of variables. The Mann — Whitney test was used to
compare quantitative data from two independent
groups, and the Kruskal — Wallis test was used to
compare data from more than two independent groups,
followed by an analysis of a posteriori comparisons
by the Dunn’s test (Dunn, 1964) and the Conover—
Iman test (Conover, Iman, 1979). When comparing
qualitative variables, contingency tables with the
Pearson’s y2 test were used. The data were presented
as the median and the interquartile range (Me
(0,/0Q,)), or the mean and the standard error
(M £ SD). The critical significance level p for all
statistical analysis procedures was 0.05.

RESULTS

The mean age of all the examined individuals (n =
71)was 34.0 (30.0-39.0) years. The statistical analysis
showed age homogeneity of the main group and the
comparison group (p = 0.746). In the vast majority of
cases, menarche in women of all groups occurred at
the age of 12—15 years. The mean age of menarche in
all the subjects (n = 71) was 13.5 (12.0-14.0) years.
The mean duration of the menstrual cycle in all the

subjects (n="71) was 30.0 (27.0-37.0) days. Menstrual
disorders were established in the medical history of
51 (71.8 %) patients. Oligomenorrhea occurred in
12 (16.9%) patients, while abnormal uterine bleeding
(AUB) in the absence of chronic endometrial pathology
was observed in 20 (28.1%) women. Dysmenorrhea
was observed in 21 (29.5%) patients. The statistical
analysis of groups I and II showed their homogeneity
in all the studied menstrual cycle parameters.

The mean duration of infertility was 6.0 & 0.3 years
(» = 0.929). Combined infertility (combination of
both male and female factors) occurred in 19 (26.7 %)
patients. Combined female infertility was diagnosed in
25 (35.2 %) patients. Tubal factor and endometriosis
were detected in 18 (25.4 %) and 12 (12.1 %) patients,
respectively. The statistical analysis of homogeneity
in groups I and II did not reveal any differences.

The health status of all patients was assessed as
satisfactory. At the time of enrollment in the ART
program, 50.5% of women had extragenital pathology
that was in a stable remission or compensated.
Compensated pathology of the thyroid gland in 35.2%
of the patients and pathology of the gastrointestinal
tract in remission in 16.9% of patients of all groups
were the most common.

Hormonal profile (AMH, follicle stimulating
hormone (FSH), luteinizing hormone (LH)) and
ultrasound data on the antral follicle count (AFC)
were used to assess the ovarian reserve of patients in
all groups (Table 1).

Table 1
Analysis of ovarian reserve parameters, Me (Q,-0..)
Parameter Group I, n =38 Group I, n =33 Group III (control), n =15 p (the Kruskal — Wallis test)
FSH, mU / ml 5.60 (5.1-8.4) 5.3 (3.8-8.5) 4.6 (3.1-5.3) 0.608
LH, mU / ml 6.9 (3.2-7.4) 6.5 (3.0-6.9) 3.9 (2.84.8) 0.043*
AMH, ng / ml 2.51(1.4-3.4) 2.4 (1.8-3.1) 3.3 (3.0-3.8) 0.841
Estradiol, pg / ml 42.9 (30.0-64.0) 42.0 (30.3-69.0) 41.6 (30.5-65.0) 0.906
AFC 10.0 (5.0-13.0) 11.0 (8.5-13.0) 13.6 (11.0-14.0) 0.449

Note: pairwise comparison of groups I and II by the Mann — Whitney test did not reveal statistically significant differences (p = 0.442), while
comparison of groups I-III and II-11I revealed significant differences, p = 0.032 and p = 0.028, respectively.

Thus, the analysis of ovarian reserve data shows
the homogeneity of groups I and II. The homogeneity
of the groups was achieved by fulfilling the inclusion
criteria, namely limiting the AMH level to 1.2-3.5ng/
ml and BMI for participation in the study. Thus, all
the studied groups of patients had the expected normal
response to ovulation stimulation, which makes it
possible to obtain true data on the influence of FOC
on the effectiveness of ovarian stimulation. Ovulation

stimulation in all patients who participated in the
study was performed according to a protocol using
GnRH antagonists.

GnRH antagonists were added on day 6 of
gonadotropin stimulation. The study of induced cycle
parameters in the main group and the comparison
group did not reveal any statistically significant
differences in either the starting dose or the duration
of stimulation (Table 2).
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Table 2
Stimulated cycle data
_ Group 11,
Parameter Group I, n =38 n=33 p
Starting dose of
gonadotropins, 1U, 194.7+10.4 200+7.3 0.932
M+ SD, 150 (150-225) | 225 (150-225) '
Me (QZFQH)
Total dose (?f 2373742209 1,981.8 £ 82.9
gonadotropins, 1U, 1,950 (1,350 2,175.0 0.875
M+ 5D, ’ ) 856) (1,750.0— '
Me (Q,~0,) ’ 2,250.0)
z:g;:l‘;’gof days 10.8+0.9 105£03 | o,
M= 5D, Me (0,0, 11.0 (9.0-14.0) | (11.0; (9.0-11.0)
1 0, .

Trigger, n (%): 34 (89.4%) 30 (90.9%)
— triptorelin 4(10.5%) 3(9.1%) 1.000
— a-subunit of hCG e e

Note: hCG is human chorionic gonadotropin.

The effectiveness of the IVF program is expressed
not only by the response to ovulation stimulation, but
also by the quantity and quality of oocytes and embryos
obtained. Based on the data obtained, we analyzed the
parameters of oogenesis and early embryogenesis.
The average number of punctured follicles in group
I and II (n = 38 and n = 33, respectively) was 10.2
(from 7 to 13). The number of punctured follicles
was significantly higher in the comparison group with
anovulatory infertility and absence of FOC than in the
patients of the main group (p = 0.006). A significant
increase in the number of obtained oocytes in the
group of patients without FOC was also observed
(» = 0.002). However, the proportion of mature
oocytes was higher in the group with FOC (p =0.014),
which ultimately resulted in an equal number of best
quality embryos in both groups (p = 0.097) (Table 3).

Table 3

Characteristics of oogenesis and early embryogenesis

_ Group II,
Parameter Group I, n =38 n=133 p

Number of punctured
follicles, M + SD, q 07&2 oo o |11 100(3 o 0| 0013
Me (0,.0.,) .0 (5. . .0 (7. .
Number of oocytes, 7.24+£0.5 9.45+0.6 0.022
M=+SD, Me (Q,~0,) | 7.0(5.0-11.0) | 9.0 (6.0-13.0) ’
Proportion of mature 243/312 198/283 0.007
oocytes (MII), n (%) (77.9%) (69.9%) :
I:;‘CI;Z‘? of fertilized 49405 65806 | ons

’ 4.0 (3.0-6.0 6.0 (3.5-8.5 ’
M =SD, Me (Q,-0,) ( ) ( )

’ 2.0(1.0-3.25 2.0(1.5-3.5 ’

M+5D, Me (0,0, ( ) ( )

The effectiveness of IVF was analyzed (Table 4).
The pregnancy rate per cycle initiated and per embryo
transfer was 21/71 (29.5 %) and 31/71 (43.7 %) in
group I and II, respectively. The Take baby home
parameter, i.e. the delivery of a baby, was 24/71
(33.9 %). The Pearson’s y2 test and contingency
tables showed that implantation, pregnancy per cycle
initiated (transfer), and live birth rates were similar
regardless of the presence (absence) of FOC before
entering the [VF treatment.

Table 4
Clinical effectiveness of IVF programs
Group I, Group I,
Parameter n =38 n=133 P

Pregnancy rate per cycle
initiated, n (%)

Pregnancy rate per embryo
transfer, n (%)

11 (28.9%) | 10 (30.3%) | 0.627

16 (42.1%) | 15 (45.5%) | 0.886

Pregnancy termination, n (%)
Ectopic pregnancy, n (%)
Take baby home, n (95% CI)

2 (5.3%)
1(1.5%)
12 (31.6%)

3(9.1%) | 0.579
0(0%) | 1.000
12 (36.4%) | 1.000

CONCLUSION

FOC may have anegative effect on the effectiveness
of ovarian stimulation, which can manifest itself by a
lower follicle count (p = 0.006) and a smaller number
of oocytes produced (p = 0.002) in anovulatory
infertility. This effect is probably mediated both by the
mechanical effect of FOC on the ovary, which prevents
follicle growth, and by an altered blood supply which
prevents follicle development, resulting in a reduced
response to stimulation and a smaller number of
oocytes produced in the anovulatory infertility group
with FOC compared to the group without FOC.

Presumably, FOC may have an active paracrine or
endocrine effect resulting from the release of estradiol.
Cysts associated with increased estradiol levels may
cause a premature increase in LH and progesterone
levels, which leads to a decrease in the oocyte quality
and adversely affects the endometrium. The presumed
mechanism of the negative effect of FOC on the number
of oocytes during ovarian stimulation is consistent
with the literature data [20, 23, 24]. However, the
proportion of mature oocytes (MII) was higher in the
group of patients with FOC compared to the group
of patients with anovulatory infertility without FOC,
which proves that there is no pronounced negative
effect of follicular cysts and corpus luteum cysts on the
quality and competence of oocytes.

The number of best quality embryos (category A
and B blastocysts according to the Gardner blastocyst
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grading system aimed at assessing human embryos at
the blastocyst stage proposed by Gardner, Schoolcraft
(1999), based on the analysis of trophectoderms, inner
cell mass, and blastocyst cavity size) also did not
differ in the two groups (p = 0.097), which confirms
the literature data on the absence of a possible
negative effect of FOC on the effectiveness of the IVF
program [18, 19]. Program effectiveness estimated as
the number of pregnancies per cycle initiated and the
number of pregnancies per transfer was also similar
in both groups (p = 0.89 and p = 0.89, respectively).
Thus, FOCs detected before patient entering the
protocol do not have a pronounced adverse effect on
the outcome of ART programs.
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Hydration status in patients hospitalized with acute decompensated heart
failure depending on the severity of glucose metabolism disorder

Tolkacheva V.V,, Diane M.L., Khutsishvili N.l., Cabello Montoya F.E., Nazarov I.S.,
Smirnov I.P., Galochkin S.A., Kobalava Zh.D.
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8, Mikluho-Maklaya Str., Moscow, 117198, Russian Federation

ABSTRACT

Aim. To study the hydration status according to clinical parameters and laboratory and instrumental research
findings at admission and discharge in patients hospitalized with acute decompensated heart failure (ADHF),
depending on the severity of glucose metabolism disorder.

Materials and methods. The study included 280 patients (53% men, average age 70.1 + 10.8 years) with ADHF.
72.5% of patients had arterial hypertension in the medical history, 60% of patients had coronary artery disease. In
all patients, the level of glycated hemoglobin (HbAlc) was determined to assess the glucose metabolism status.
The patients were divided into groups depending on the results obtained: at HbAlc values < 5.7%, patients were
included in the group without glucose metabolism disorders, at HbAlc of 5.7-6.4% — in the prediabetes group, at
HbAlc > 6.5% — in the type 2 diabetes group. The patients underwent a standard physical examination at admission
and at discharge, as well as a clinical and comprehensive assessment of congestion (determination of N-terminal
pro B-type natriuretic peptide (NT-proBNP), lung ultrasound, liver Fibroscan testing, including calculation of a
controlled attenuation parameter, bioimpedance analysis of the body).

Results. The frequency of glucose metabolism disorders in patients hospitalized with ADHF was 57.5% (n = 161),
while prediabetes was detected in 17.1% of patients (n = 48) and type 2 diabetes — in 40.4% (n = 113) of cases.
Congestion at admission was detected in all patients. A significantly higher frequency of residual (61%) and a lower
frequency of subclinical congestion (10%) were revealed in patients with ADHF and type 2 diabetes, compared to
patients without glucose metabolism disorders (39% for residual congestion, 27% for subclinical congestion) and
prediabetes (40% for residual congestion, 25% for subclinical congestion), respectively. There were no significant
differences in the frequency of euvolemia at discharge, depending on the glucose metabolism disorder.

Conclusion. To assess congestion phenomena at discharge, it is necessary to use clinical, laboratory, and instru-
mental assessments for patients with ADHF and glucose metabolism disorders. However, in patients with ADHF
and prediabetes, it is preferable to focus on the laboratory and instrumental assessment of congestion, while in
patients with ADHF and type 2 diabetes, both clinical and laboratory and instrumental assessment of congestion
should be performed.

Keywords: heart failure, congestion assessment, NT-proBNP, lung ultrasound, liver Fibroscan testing, glucose
metabolism disorder
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Cratyc rmgpatayum y nayMeHToB, roCnUTanansmnpoBaHHbIX
C AeKOMMeHcaLnen ocTpon cepaeyHon HeA0CTaTOUYHOCTHN
B 3aBMCMMOCTU OT CTENEHN HapyLIeHNA YrNeBoAHOro oomeHa

Tonkauesa B.B., Anane M.J1., Xyynwsunm H.U., Kabenbo MonTomna @.3., Hasapos U.C.,

CmupHos W.MN., FTanoukuH C.A., Ko6anasa »K.[l.

Poccutickuii ynusepcumem opyarcovl Hapooos (PY/[H)
Poccus, 117198, . Mockea, yr. Muxnyxo-Maxkaasi, 8

PE3IOME

Henb: U3y4nTh CTaTYC THUIPATAMU IO KIMHUYECKUM ¥ JIAOOPaTOPHO-NHCTPYMEHTAIBHBIM ITapaMeTpaM HpH I10-
CTYIIJIGHHUH U BBIHCKE Y MAIINEHTOB, TOCIHTAIM3UPOBAHHBIX C OCTPOH JEKOMITCHCANEeH XPOHHIECKOI cepieTHON
nenocratrounoctd (OAXCH), B 3aBHCIMOCTH OT CTEIEHH HapyIIeHus yriaeBogHoro oomena (HYO).

Marepuajbl U MeToAbl. B nccinenosanne O6butn BriroueHs! 280 marmenToB (53% Mysk4uH, CpeTHHI BO3pacT
70,1 + 10,8 ner) ¢ OJIXCH. AprepnanbHyio TUIEPTOHHUIO B aHAMHE3€¢ HMenH 72,5%, UIIeMHYecKylo OONIe3Hb
cepana — 60% manmenToB. BceM manueHTam AT OIEHKH CTaTyca yrieBoJHOTO 0OMEHa IPOBOMIIN NCCIEI0BAHIE
YPOBHS TTIMKO3WIHpOoBaHHOTO TeMornoonna (HbAlc). [lauueHTs ObuH pa3aeneHsl Ha TPYIIBI B 3aBUCUMOCTH OT
MOTy4YeHHBIX pe3ybTaToB: mpH 3HaueHusXx HbAlc < 5,7% sxmrouanu B rpymmy 6e3 HYO, 5,7-6,4% — B rpynmy
npenuabera, >6,5% — B Tpymiy ¢ caxapHbsiM auaberom 2-ro tuma (CJ12). ITaruentam MpoBOANIN CTaHAAPTHOE
¢usmyeckoe oOcIe0BaHNE TPH TTOCTYIUICHUH W TIPH BBINUCKE, A TAKOKE AENalN KIMHUYIECKYI0 U KOMIUICKCHYIO
OILIEHKY 3acTos (ONpeeNieHne KOHLIEHTPALUN MO3roBoro Harpuilypetndeckoro nentuaa (NT-proBNP), ynerpas-
ByKoBoe uccienoBanue (Y3U) nerkux, puOpockaHMpOBaHHE TEYCHH, BKIIOYAsk PacueT KOHTPOIUPYEMOTO mapa-
MeTpa 3aTyXaHHs yIbTpa3ByKa, OMOMMIIEJAHCHBIN aHAIN3 COCTaBa TENaA).

PesyabTaThl. Yactora HYO y manneHToB, rocUTaIN3UPOBAHHBIX C IEKOMIEHCAIIMEH XPOHUYECKOH cepedHon
Henoctarounoctu (XCH), coctaBmsier 57,5% (n = 161), npu sToMm npeauaber O0bu1 BoIsiBICH B 17,1% (n = 48),
C12 — B 40,4% (n =113) cny4aeB. 3acToliHbIe SIBICHUS NP OCTYIUIEHUH OTMEUYEHBI y BCEX MALMeHTOB. BhlsBie-
HBI JIOCTOBEpPHO 00Jiee BBICOKasi 4acToTa 0CcTaTouHOro (61%) u Gosiee HU3Kas 4acTOTa CyOKIMHUYECKOTO 3aCTOs
(10%) y marmentoB ¢ XCH u C/12 B cpaBHenun ¢ nanueHtamu 6e3 HYO (39% octatounstii, 27% cyOxmuHAYe-
ckuii 3actoif) u npeauaderom (40% ocratounslil, 25% cyOKIMHUYECKHUH 3acTOi) COOTBETCTBEHHO. He moka3ano
JIOCTOBEPHBIX PA3IUUUi [0 YaCTOTE IYBOJIEMUH IIPU BBIMMCKE B 3aBHcuMocTH oT HYO.

3akmouenne. [Tanmentam ¢ OJAXCH u HYO ans onieHKH 3aCTOWHBIX SIBJICHUI MPU BBIIHCKE HEOOXOIUMO HC-
MOJIE30BaTh KJIMHHYECKYIO U 1a00paTOpHO-HHCTPYMEHTAIBHYIO OIleHKY 3actos. Onnako y manuentoB ¢ OJJIXCH
U TIperadeToM MpeIIOUTHTEIBHO CIeNIaTh aKIEeHT Ha J1abopaTOpPHO-MHCTPYMEHTAIBHOM OLICHKE 3aCTOsl, a Maly-
enram ¢ OJIXCH u C/I2 — Ha kimuHIYECKOH 1 JIaDOPaTOPHO-MHCTPYMEHTAJIBHON OIIEHKE 3aCTOsI.

KiwueBble ciioBa: cepiacuHas HEOCTATOYHOCTh, onieHKa 3acTosi, NT-proBNP, Y3U nerkux, ¢pudpockaHupoBa-
HUE TICYCHHU, HAPYIICHUE YTIIEBOIHOTO OOMEHA

Kon@paukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJIMKAIME HACTOSIIEH CTaThI

Hcrounuk ¢puHaAHCHPOBaHUS. ABTOPHI 3asBIISIIOT 00 OTCYTCTBHU (DHHAHCHUPOBAHUS TIPH MPOBEICHHU UCCIIEI0-
BaHUSI.

CooTBeTcTBHE MPUHIIMIAM ITUKH. Bce manueHTs! moanucam HHOOPMHUPOBAHHOE COTJIACHE HA yYacTUE B HC-
cienoBanud. MccnenoBanue 000OpPEHO ITHYECKUM KOMHTETOM Memuiuackoro wHcTHTyTa PY/IH (mipoTokon
Ne 28 ot 15.04.2021).

Js nurupoBanusi: Tonkauesa B.B., [Iluane M.JI., Xyrmumsuau H.U., Kabenso MonToiia @.3., Hazapos U.C.,
Cwmupuos W.IT., Tanoukun C.A., Kob6anasa JK.J[. Ctatyc ruaparaiyu y naiueHTOB, FOCIUTAIN3UPOBAHHBIX C JIe-
KOMIICHCAIIUEH OCTPOii CepICUHON HEAOCTATOYHOCTH B 3aBUCHMOCTH OT CTEIIEHU HAPYIICHUS yIIeBOJHOIO oOMe-
Ha. broanemens cubupckoi meouyunwt. 2023;22(4):114—-121. https://doi.org/10.20538/1682-0363-2023-4-114-121.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) and heart failure
(HF) are common comorbid conditions. In addition,
new-onset T2DM and prediabetes are often found in
patients hospitalized with acute decompensated heart
failure (ADHF) and are independently associated with
an increased risk of both all-cause and cardiovascular
mortality [1].

The leading pathophysiological mechanism in
ADHF and the reason for hospitalization is systemic
congestion, which is associated with an unfavorable
disease prognosis [2]. Systemic congestion leads to
dysfunction of target organs, which has an important
clinical and prognostic value. Quite often, congestion
phenomena can go unnoticed, since in some cases,
they do not manifest clinically [3], but can only be
detected by laboratory and (or) instrumental methods.
The instrumental methods for assessing congestion,
which have a prognostic value according to literature
data, include determining the level of brain-natriuretic
peptide (NT-proBNP), assessing the number of B-lines
according to lung ultrasound, estimating liver density by
transient elastography, and assessing the hydration status
by the bioelectrical impedance vector analysis (BIVA).
Patients with T2DM with both heart failure with reduced
ejection fraction (HFrEF) and heart failure with preserved
ejection fraction (HFpEF) are characterized by a more
advanced NYHA functional class of the disease and
have more symptoms and signs associated with HF than
patients without T2DM [4, 5]. In the CHARM, DIG, and
I-PRESERVE trials, high frequency of symptoms and
signs of congestion was found in patients with T2DM.
Similar data in patients with prediabetes have not been
presented in the literature.

Thus, the aim of this work was to study the
hydration status according to clinical parameters
and laboratory and instrumental research findings
at admission and discharge in patients hospitalized
with ADHF, depending on the severity of glucose
metabolism disorder (prediabetes, T2DM) and without
metabolism disorders.

MATERIALS AND METHODS

A prospective, observational study on investigating
the features of chronic heart failure (CHF) in patients
with glucose metabolism disorder included 280 people
hospitalized with ADHF.

ADHF was diagnosed on the basis of current
clinical guidelines: rapid aggravation of symptoms
and signs of HF requiring emergency hospitalization
of the patient and intensive therapy in combination

with objective signs of heart failure (systolic and (or)
diastolic dysfunction, left ventricular hypertrophy
(LVH), left atrial enlargement according to
echocardiography, and an increase in the NT-proBNP
level).

Patients with acute coronary syndrome, terminal
hepatorenal syndrome, non-cardiogenic edematous
disorder, active cancer, exacerbation of chronic
obstructive pulmonary disease (COPD), bronchial
asthma (BA), pneumonia, type 1 diabetes mellitus,
severe cognitive impairments, suspected or conformed
COVID-19, verified hepatitis (cirrhosis of the liver),
immobilized patients, and those who could not
undergo BIVA (due to amputated limbs, ulcers or
pronounced trophic changes in the skin of the limbs,
the presence of metal implants) were not included in
the study.

Glycated hemoglobin (HbAlc) was determined in
all patients to assess the status of glucose metabolism.
The patients were divided into groups depending on the
results obtained: at HbAlc values < 5.7%, the patients
were included in the group without glucose metabolism
disorders, at HbAlc of 5.7-6.4% — in the prediabetes
group, at HbAlc > 6.5% — in the T2DM group.

In the first 24 hours from the moment of
hospitalization and at discharge, all patients included
in the study underwent standard physical, laboratory
and instrumental examinations, including lung
ultrasound, determination of the NT-proBNP level,
liver Fibroscan testing with the calculation of a
controlled attenuation parameter (CAP), and BIVA of
body composition (Fig. 1).

The clinical and demographic characteristics of
patients are presented in Table 1.

Therapy of patients in the outpatient setting
included loop diuretics 72.8%, mineralocorticoid
receptor antagonists (MRA) — 55%, ACEi /ARB
/ ARNI — 77.1%, beta-blockers — 70.0%, cardiac
glycosides — 18.5%, and oral anticoagulants — 55%.
In the in-patient setting, all patients received loop
diuretics, MRA — 74.2%, ACEi / ARB / ARNI —
94.2%, beta blockers — 95.3%, cardiac glycosides —
18.5%, and oral anticoagulants — 66%.

To assess clinical congestion, the Composite
Congestion Score (CCS) was used. Orthopnea, swelling
of the cervical veins, and peripheral edema were
evaluated in points. Each clinical symptom and sign
were evaluated at admission and at discharge. When
summing up the scores, the score > 1 was considered
as clinical congestion at admission and as residual
congestion with clinical manifestations at discharge.
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Prospective, observational study

Patients with acute
decompensated heart
failure, n = 280

Visit 1 Visit 2
—> Admission > | Discharge
0+ 24 hours Patients without Dey 8
—» <5.7% glucose metabolism
without DM disorder, n =119
in anamnesis
v Patients with
HbAlc I__> 5.7-6.4% prediabetes,
without DM n=43
in anamnesis
>6.5% Pat.ients with type 2
+DM in diabetes ﬁzlltus,
) n=
v anamnesis V
Clinical and demographic characteristics
Clinical symptoms of HF according to the HFA scale
NT-proBNP
Lung ultrasound
Liver Fibroscan testing including CPA
Bioelectrical impedance vector analysis (BIVA) of body
composition
Fig. 1. Design of the study
Table 1 The concentration of NT-proBNP was determined
Clinical and demographic characteristics of patients included by the enzyme-linked immunosorbent assay (ELISA)
in the study, n = 280 using the NT-proBNP-ELISA-BEST test systems,
Parameter Value the A-9102 reagent kit (Vector-Best, Russia). Lung
Gender (male / female), 7 (%) 148 (53%)/132 (47%) ultrasound (VIVID iq, GE) with the calculation of the
Age, years, MESD 70.1£10.8 sum of B-lines was performed in 8 zones. Transient
2 . .
BMI, ke/m ’MiSD 321557 elastography (TE) was performed using the FibroScan
NYHA functional class of HF, n (%) . .
0 ® 502 Touch device (Echosens, France) according to
11 90 (32%) >
T 123 (44%) the standard procedure. BIVA was performed using
v 67 (24%) the ABC-01 analyzer (Medass, Russia).
LVEF, %, n (%) 45.1+11.9 Liver ultrasound was regarded as a method for
EX::;: 84 (30%) assessing congestion in the pulmonary circulation,
20499 71 (250/2 ) transien.t elgstography —asa .rnetho.d for assessing
>50% 125 (45%) congestion in the systemic circulation, BIVA and
Arterial hypertension, 1 (%) 203 (72.5%) determining NT-proBNP — as methods for assessing
History of stroke, n (%) 36 (13%) systemic congestion.
Coronary heart disease, 1 (%) 167 (60%) At discharge, the following groups of patients
History of myocardial infarction, n (%) 106 (38%) were differentiated: patients with residual congestion
. . . 0 ) .o .
Atrial fibrillation (flutter), (%) 185 (66%) (clinical and laboratory and instrumental assessments),
Chronic kidney disease, n (%) 73 (26%) . . . . . .
patients with subclinical congestion, and euvolemic or
COPD / BA, 1 (%) 47 (17%) .
well compensated patients.
Note: BMI — body mass index, LVEF — left ventricular ejection Residual congestion at dlSCharge was evidenced by

fraction.

clinical and instrumental and laboratory data confirming
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the presence of congestion. Subclinical congestion was
evidenced by the absence of clinical and the presence of
instrumental research findings confirming the presence
of congestion. The absence of clinical and instrumental
research findings confirming congestion was regarded
as a state of euvolemia or compensation.

For statistical data processing, MedCalc Software’s
VAT Version 19.0 and IBM SPSS Statistics (version
26.0) were used. Quantitative variables were presented
as the arithmetic mean and the standard deviation
(M + SD) for normal distribution and as the median
and the interquartile range Me (Q ; Q) for non-normal
distribution.

RESULTS

The frequency of glucose metabolism disorders
in patients hospitalized with ADHF was 57.5% (n =
161), while prediabetes was detected in 17.1% of cases
(n=48), and T2DM —in 40.4% (n = 113) of cases.

The status of congestion phenomena at admission
and discharge was analyzed in all patients hospitalized
with ADHF. Congestion at admission was detected in
all patients. Patients with glucose metabolism disorders
at admission had significantly higher frequency of
typical clinical symptoms and signs of CHF, such as
wheezing in the lungs, orthopnea, swollen cervical

veins, and edema of the lower extremities. They also
had significantly higher values of liver density, CAP,
the number of B-lines on lung ultrasound, and the level
of NT-proBNP and significantly lower 6-min walk test
values (6MWT) and active resistance and impedance
according to BIVA, which indicates more pronounced
manifestations of congestion compared to patients
without glucose metabolism disorders (Table 2).

The clinical and laboratory and instrumental
assessments of congestion in patients with ADHF,
depending on the degree of glucose metabolism
disorders at discharge, are presented in Table 3. At
discharge, the frequency of residual congestion in
patients with glucose metabolism disorders was
significantly higher (55% vs. 39%, p < 0.01), and the
frequency of subclinical congestion was significantly
lower (14% vs. 27%, p < 0.01) than in the group of
patients without glucose metabolism disorders. At
the same time, the frequency of congestion in the
prediabetes group was comparable with that in the
group without glucose metabolism disorders. The
differences in the frequency were revealed due to the
group of patients with T2DM (Fig. 2). There were no
significant differences in the frequency of euvolemia
or compensation at discharge, depending on glucose
metabolism disorders.

Table 2

Clinical and laboratory and instrumental assessment of congestion in patients with ADHF, depending on the degree of glucose
metabolism disorders at admission, n =280

Parameter CHF witl}out glucose metabolism CHF with prediabetes, CHF with type 2 diabetes,
disorders, n =119 n=48 n=113
6MWT, m 2552+111.4 211.3 £ 116.2*% 227.7 £ 9.3%#
Clinical assessment of congestion

Dyspnea, n (%) 113 (94.9) 46 (95.8) 111 (98.2)
Wheezing in the lungs, n (%) 50 (42.0) 37 (77.1)%** 78 (69)*
Orthopnea, n (%) 79 (66.4) 35 (72.9)*** 78 (69)
Swollen cervical veins, n (%) 46 (38.7) 23 (47.9)** 52 (46)
Edema of the lower extremities, 7 (%) 73 (61.3) 41 (85.4)** 105 (92.9)*

Laboratory and instrumental asses

sment of congestion

NT-proBNP, pg / ml, Me (O1; Os3)

1,700 (690; 2,901)

1,797 (1,040; 2,941)

2,130 (1,150; 3,201)*

Number of B-lines, M + SD 31,4+17 349+154 36+ 17.9*
Liver density, kPa, M + SD 10.6 £8.9 14.3 £10.2%* 14.3 £10.8**
CAP,dB/m, M+ SD 231+72.1 254.9 £ 51 .4%* 256.9 £ 55.3**
Active resistance, Om, M + SD 403.5+76.9 382.5+74.9 377.8 £73.48
Reactance, Om, M + SD 356+93 32.5+10.7 33.2+9.8
Impedance Z, BIVA, M + SD 405.2 +77.1 383.9+754 379.3 £73.9%

*p < 0.05, ¥*p < 0.01, ***p < 0.001 compared to the group of CHF patients without glucose metabolism disorders; #p < 0.05, #p < 0.01,

#it#p < 0.001 compared to the prediabetes group and T2DM group (here and in Table 3).
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Table 3

Clinical and laboratory and instrumental assessment of congestion in patients with ADHF, depending on the degree of glucose
metabolism disorders at discharge, n = 280

Parameter disorders, n=119

CHF without glucose metabolism

CHF with prediabetes, CHF with type 2 diabetes,
n=48 n=113

Clinical assessment of congestion

Dyspnea, n (%) 55 (46.2%) 26 (54.1%) 65 (57.5%)
Wheezing in the lungs, 7 (%) 15 (12.6%) 12 (25.0%) 40 (35.3%)***
Orthopnea, n (%) 25 (21.0%) 11 (22.9%) 30 (26.5%)
Swollen cervical veins, 7 (%) 19 (15.9%) 9 (18.7%) 24 (21.2%)
Edema of the lower extremities, 7 (%) 24 (20.1%) 17 (35.4%) 59 (52.2%)***#

Laboratory and instrumental assessment of congestion

NT-proBNP, pg / ml, Me (Q:; Os) 693.5 (341; 1,501)

957 (659; 1,727)%** 1,252 (904; 2,146)***

Number of B-lines, M + SD 16.5+11.9 21.9 £ 15.6%* 21.8 £ 11.1%*
Liver density, kPa, M + SD 5.6t£22 7.6+44 7.8+4.6
CAP,dB/m, M +SD 454.0 +74.7 4174 % 81.1%%% 415.8 & 80.0%**
Active resistance, Om, M + SD 42.8+9.2 38.4 + 11.6%* 38.4 +9.8%*
Reactance, Om, M + SD 456.0 £75.1 419.2 £ 81.7** 417.7 £ 80.5%*
At discharge while among patients hospitalized for acute HF, DM
o 2200 is detected in < 50% [9].
61 In clinical studies of patients with CHF, the
60 prevalence of T2DM was about 30%, regardless
of the HF phenotype (i.e. HFrEF and HFpEF) [3,
# 5, 8, 10-16]. It is important to note that in patients
40 39 40 p<001 s With HF Wi'thout DM, t'he .risk of .developir.lg DM is
% B 29 higher and increases with increasing severity of HF
30 \ and the use of loop diuretics [17]. In addition, newly
P _ diagnosed T2DM and prediabetes are often found in
patients hospitalized with ADHF. In the PARAGON-
10 - HF study, which involved 4,796 patients with
HFpEF, 50% of patients had T2DM, and 18%
0 Residual SHbchmcal No congestion of patients had prediabetes, that is 2/3 of the
congestion congestion

B CHF without glucose CHF with prediabetes B CHF with type 2 diabetes
metabolism disorders mellitus

Fig. 2. Frequency of congestion at discharge in the studied
groups

DISCUSSION

CHF and DM are quite common diseases. In the
general population, HF is associated with higher
prevalence of T2DM compared to patients without
HF [4-6]. In our study, the incidence of glucose
metabolism disorders in patients hospitalized with
ADHF was 57.5%, while prediabetes was detected in
17.1% of cases, and T2DM — in 40.4% of cases, which
is consistent with the literature data. In the registers of
hospitalized patients with HF in North America and
Europe, the prevalence of T2DM is about 40—45%
[7]. According to a large European registry, DM is
diagnosed in 36% of outpatient patients with CHF [8],

patients had glucose metabolism disorders. In the
PARADIGM-FH study, it was shown that among
8,274 patients with systolic HF, 35% had a history of
T2DM. The examination conducted before the start
of the study revealed an additional 13% of patients
with newly diagnosed T2DM (HbAlc > 6.5%) and
25% with prediabetes (HbAlc 6.0—6.4%). That
is, in 38% of patients who lived to HF with LVEF
< 40%, clinically significant glucose metabolism
disorders (prediabetes and T2DM) were not detected
in time [5].

Fluid volume overload and congestion remain
common causes of hospitalizations with HF. Patients
with DM have increased neurohumoral activation
and changes in sodium absorption, which may
predispose to congestion, cardiorenal syndrome, and
decreased sensitivity to diuretics. Hyperglycemia
in the context of DM causes increased regulation of
sodium — glucose cotransporter-2, which leads to an
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increase in sodium absorption by the proximal parts
of the kidneys, an increase in the fluid volume, and a
decrease in sensitivity to diuretics [18].

In the CHARM, DIG, and I-PRESERVE studies,
greater frequency of symptoms and signs of congestion
was shown in patients with DM. Despite the fact that
the status of congestion was not directly studied in the
GWTG-HF study, it revealed a more frequent need
for mechanical ventilation and dialysis / ultrafiltration
and deterioration of kidney function in patients with
T2DM, which may indicate an increase in the fluid
volume load. The SOLVD-Prevention study showed
that patients with asymptomatic left ventricular systolic
dysfunction and T2DM had a higher probability of
disease progression to symptomatic HF than those
without T2DM [19].

Our study shows that not only patients with
T2DM, but also patients with prediabetes were
characterized by significantly higher frequency of
typical clinical symptoms and signs of CHF, such
as wheezing in the lungs (69 and 77.1 versus 42%),
orthopnea (69 and 72.9 versus 66.4%), swollen
cervical veins (46 and 47.9 versus 38.7%), and edema
of the lower extremities (92.9 and 85.4 versus 61.3%)
compared to patients without glucose metabolism
disorders, respectively. In addition, patients with
glucose metabolism disorders were characterized
by significantly more pronounced laboratory and
instrumental signs of congestion. Thus, in patients
with T2DM and prediabetes, in contrast to patients
without glucose metabolism disorders, we detected
significantly higher values of liver density (14.3
+ 10.8 kP and 14.3 + 10.2 versus 10.6 + 8.9 kPa,
p<0.01), CAP (256.9 + 55.3 and 254.9 + 51.4 versus
231 +72.1 dB/m, p <0.01), the number of B-lines on
lung ultrasound (36 = 17.9 and 34.9 = 15.4 versus.
314 £ 17, p < 0.05), and NT-proBNP (2,130 and
1,797 versus 1,700 pg / ml, p <0.05) and significantly
lower impedance values in BIVA (379.3 = 73.9 and
383.9 + 75.4 versus 405.2 £ 77.1, p < 0.05).

Patients with CHF and T2DM at discharge were
characterized by significantly higher frequency of
residual congestion (61%) and lower frequency of
subclinical congestion (10%), compared to patients
without glucose metabolism disorders (39% for
residual congestion, 27% for subclinical congestion)
and prediabetes (40% for residual congestion, 25% for
subclinical congestion), respectively. There were no
significant differences in the frequency of achieving
euvolemia at discharge, depending on glucose
metabolism disorders.

CONCLUSION

To assess congestion phenomena at discharge,
it is necessary to use clinical and laboratory and
instrumental assessments for patients with ADHF and
glucose metabolism disorders. However, in patients
with ADHF and prediabetes, it is preferable to
focus on the laboratory and instrumental assessment
of congestion, while in patients with ADHF and
T2DM, both clinical and laboratory and instrumental
assessment of congestion should be performed.
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ABSTRACT

The aim of this study was to apply integrative physiological mathematical models to simulate physiological
parameters in traumatic shock caused by lower limb blast injury.

Materials and methods. At the first stage of mathematical modeling, we applied lumped parameter integrative
physiological models, and at the second stage we used neural networks.

Results. We developed a clinical decision support system that allows to determine the intensity of blood loss in
lower limb blast injuries according to physiological monitoring data.

Conclusion. The developed approaches make it possible to partially solve the problem associated with the
impossibility of accumulating a sufficient amount of medical data for a specific person to create an adequate
personalized clinical decision support system.

Keywords: mathematical modeling, traumatic shock, bleeding, clinical decision support systems
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PE3IOME

Lenbio HACTOSIIETO MCCIIEJOBAHUS SIBISIETCS IPUMEHEHHE HHTETPATHBHBIX (PU3HOJIOTMYECKUX MaTeMaTHIeCKIX
Mozeneil A1t MOIeTMPOBaHUs (DH3HOJIOTUUSCKUX TTOKa3aTeled MpH TPaBMAaTHIECKOM IIIOKE, BBI3BAHHOM B3PHIB-
HOU TpaBMOM HIKHMX KOHEUHOCTEH.

MarepuaJjbl 1 MeToAbI. Ha mepBoM sTane MaTeMaTHUecKOro MOAEIUPOBAHMS HCHONB30BAINCH HHTETPATUBHEIC
(u3HoIOrNYecKue MOJIETH C COCPEJOTOUCHHBIMY TTapaMeTpaMu, a Ha BTOPOM 3Tare — HeHPOHHBIE CETH.

Pe3yabTaThl. Pa3paborana cucreMa MOoACPIKKH IPUHATHS BPaueOHBIX PELIEHMIT, TO3BOISIONIAS 110 JAHHBIM (H-
3MO0JIOTMYECKOT0 MOHUTOPHHTA ONPEAENATh HHTEHCHUBHOCTh KPOBOMOTEPHU NPU MUHHO-B3PBIBHOM TpaBMe HIKHUX
KOHEYHOCTEM.

3akiroueHue. PaSpa60TaHHLIG MOAXO0AbI MO3BOJIAKOT YaCTUYHO PCIINTH np06neMy, CBA3AHHYIO C HCBO3MOKHO-
CTBIO HAKOIUICHUA JOCTATOYHOT'O KOJIMYCCTBA MCANIUHCKUX JaHHBIX NJIsI KOHKPETHOI'O Y€JIOBEKaA C LICJIbIO CO3/1a-
HUS aJICKBAaTHOM HepCOHaﬂI/ICiI/IpOBaHHOﬁ MOJCIIN MOAACPIKKHN PUHATUSL Bpa‘le6HI)IX peH.IeHPIﬁ.

KiroueBble cj10Ba: MaTeMaTHUECKOE MOJCIUPOBAHNUE, TPABMATUYECKUH LIIOK, KPOBOTEUEHHUE, CUCTEMBI ITOICPIK-
KU NIPUHATHS BpayeOHbIX peIleHUH

Kon@aukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNNeil HACTOSIIEH CTaThH.

UcTtounnk punancupoBaHusi. ABTOPBI 3asBISAIOT 00 OTCYTCTBUHM (UHAHCHPOBAHUS MPU MPOBEJACHUU HCCIIEI0-
BaHUSI.

s uurupoBanus: TonvaueB U.B., Auucun A.B., bana A.M., Bpaxuos [I.A., lllanosanos A.B., Kotnos-
ckuit M.1O., Jlante B.B., bpazosckuii K.C. MatemaTiueckoe MoaennpoBaHue (HU3HOJIOTHUECKUX MTOKa3aTeIei
NPH TPAaBMAaTHYECKOM IIOKE, BBI3BAHHOM B3PBIBHOW TPABMOW HIKHHUX KOHEYHOCTEH. Broiemens cubupcroil me-
Ouyunsl. 2023;22(4):122-129. https://doi.org/10.20538/1682-0363-2023-4-122-129.

INTRODUCTION

Assessing the severity and predicting the
development of traumatic shock in mine blast injuries
is a relevant task of modern military science. Blast
injury is a special type of gunshot injury, characterized
by a combination of injuries resulting from direct

or indirect exposure to an explosion. Blast injury
requires a special approach to the assessment of the
severity and the condition of the wounded, which is
the key to the effectiveness of medical and evacuation
measures [1].

The development of traumatic shock is determined
by the type of injury, the volume of mechanical damage
to tissues and organs, blood loss and hypovolemia,
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pain intensity and, a body reaction to aggression,
and the duration of the pathological condition. From
the pathogenic point of view, traumatic shock is a
severe multicomponent reaction of the body to severe
mechanical damage and is identified by clinicians as
the first stage of the so-called traumatic disease. The
main pathogenic element of shock is generalized
tissue hypoperfusion, which disrupts homeostatic
mechanisms and leads to irreversible cellular damage.
Tissue hypoperfusion entails the development of
irreversible metabolic, biochemical, and enzymatic
cellular disorders, and in the absence of adequate
treatment — death [2].

The concepts of “severity of injury”, “severity of
damage”, and “severity of condition” are interrelated,
but are not synonymous. The severity of the damage
depends on its location, the extent of the anatomical
damage, and the functional significance of the affected
organ or anatomical and functional area. The severity
of the condition is associated with the severity of the
injury and the severity of functional disorders, time
that passed since the injury, the initial condition of
the person, and the amount of medical care provided.
Methods for assessing the severity of injury using
combined approaches, including parameters of the
injury severity (morphological signs) and parameters
of the condition severity (functional signs), have
proven to be extremely effective [3—5]. This article
focuses on the assessment of functional signs, which
implies further development of the methodology with
additional criteria for assessing the injury severity.

Numerous classifications of acute blood loss
with the development of shock ultimately come
down to a discussion of the role of two components
of impaired oxygen-carrying capacity of the blood.
The first component is associated with impaired
myocardial contractility due to several reasons:
hypoxia, myocardial ischemia, the effect of
myocardial depression factors of various etiologies,
concomitant pathology, intensive care strategy used,
etc. The second component which is most discussed
and directly caused by blood loss is associated with
primary circulatory system disorders due to deficient
circulating blood volume (CBV); therefore, with
the development of metabolic and microcirculatory
disorders, it is called hypovolemic shock. However,
the cause of shock due to acute blood loss is of
great practical importance only in early stages of the
process, since subsequently, due to the convergence of
pathophysiological parameters, it loses its specificity
associated with the etiological factor [6]. Based on

the above, the use of mathematical modeling may be
effective for solving problems in developing a clinical
decision support system (CDSS) to assess the severity
and predict the development of traumatic shock
when monitoring the condition of a serviceman at the
frontline stages of evacuation, as well as to develop
activities for simulation training.

The aim of this study was to use integrative
physiological mathematical models to simulate
physiological parameters in traumatic shock caused
by lower limb blast injury.

MATERIALS AND METHODS

To simulate physiological parameters in traumatic
shock caused by lower limb blast injury, we used
the Pulse Physiology Engine [7], a multi-platform
universal human physiology simulator, modified
for work. The system is used to enable accurate
and consistent physiology simulation in real time.
The structure of the developed engine includes the
main core, which is the basic software that manages
the engine components using interfaces. Engine
components include verified models of physiological
mechanisms and pharmacokinetic (pharmacodynamic)
models. These models belong to the class of lumped
parameter mathematical models and are based on
ordinary differential equations (ODEs) taking into
account feedback mechanisms.

Unlike systems in which lumped parameter models
are typically used to model individual physiological
functions and behaviors, the engine is used to
examine the physiological state of the body based on
physiological functions in each individual subsystem.

The cardiovascular subsystem includes the
heart and blood vessels of pulmonary and systemic
circulation, and the respiratory subsystem models
various components of the airways. These two
subsystems interact through the alveolar — capillary
barrier to mediate gas exchange. The simulation
involves diffusion due to partial pressure between
liquid (blood) and gas (air). The result of the simulation
is the pressure and volume values in the capillaries
and airways. Feedback mechanisms occur through
baroreceptors. The baroreceptor mechanism rapidly
regulates blood pressure (BP) based on negative
feedback. A drop in blood pressure is detected by
baroreceptors and leads to an increase in heart rate
(HR) and wvascular resistance. These changes are
needed to maintain constant blood pressure at rest by
calculating the sympathetic (1) and parasympathetic
(2) responses.
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where v — baroreceptor parameter, P, — mean blood
pressure, P — fixed value of P . These values are
then used to calculate changes in heart rate (HR) (3),
elasticity (£) (4), systemic vascular resistance (R) (5)
and compliance (C) (6).

dHR | dt =i (-HR + a0 (P) + B, (P) +7,,). 3)

dE/dt=—% (-E+an (P)+7,,), “
dE/dt=—t% (-R+an (P)+7,), ®)
dC/dt=-1¢ (R +an (P)+7,), (6)

Here HR, E, R, and C are relative values of heart
rate, elasticity, vascular resistance and compliance,
respectively; a, B, v — model parameters, T — time
parameters of the corresponding processes. These
time-dependent changes are introduced into a model
of the cardiovascular system by changing components
with lumped parameters, scale factors determining
vascular resistance, blood volume, and heart rate are
defined.

In terms of mathematical modeling, the amount
of physiological data generated is limited only by the
variations of independent variables. Therefore, it is
fundamentally possible to generate an arbitrarily large
array of data for subsequent training of the CDSS
model. The approach was tested by generating an
array of data containing 10,000,000 records including
changes in physiological parameters over 20 minutes:
diastolic blood pressure, systolic blood pressure, heart
rate, respiratory rate, blood oxygen saturation (SpO,),
temperature in lower limb blast injury accompanied
by acute blood loss of varying intensity (the modeling
step for the rate of blood loss from the lower limb is
10 ml / min). The total volume of generated data was
16.2 GB in CSV format.

RESULTS

The developed CDSS is a cyber physical system
(CPS), which implies a set of physical processes
and systems, computer and other devices, Internet
resources and users coordinately interacting with
one another through computer implementation of
algorithms (protocols) aimed at solving a wide
range of multi-purpose tasks in the field of network
technologies. To visualize data in real time,
software generating model signals was developed in
accordance with the specified initial conditions of the
mathematical model (Fig. 1).

ECG HR (bpm)
13
JJ\ .IA Jn 'In Jp‘\ JA ll“ Jﬂ, JA J, BP (mm Hg)
114/73
BP (95)

SpO2 (“/67

CBV - (bmﬂiz

ECG HR (bpm)

. 111

BP (mm Hg)

98/ 75

BP (87)

Sp0O2 (%)

RR (brpm
CBV ‘io

b

Fig. 1. An example of the results of mathematical modeling

of physiological parameters in traumatic shock caused by

lower limb blast injury: « is the initial state; b is the state of
compensated traumatic shock

The physiological parameters obtained as a result of
solving the direct problem of mathematical modeling
represent an array of data in which variations of
physiological parameters in dynamics are compared,
allowing to identify the most likely combination of
vital signs with different blood loss intensity.

The development of the final CDSS includes
several stages: 1) building a personalized
database (DB) of the examined persons based on
the measurement of physiological parameters,
modeling a number of physiological conditions
in both normal and critical conditions on the basis
of a computer simulator of human physiological
functions used in the system; 2) training a classifier
used in the system that can determine the nature of
a person’s pathological condition by comparing
the flow of measured physiological parameters
of a person with a set of records in a personalized
database.
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The priority task of the CDSS is to monitor data
using sensors of vital physiological parameters, create
the medical data flow in an established format using
software, and use a software component to compare
the data flow with a personalized database in order to
detect a critical condition (CC). If a critical condition
is detected, its type is determined (the CC is indexed),
and information about the CC and its type is sent to
the person responsible for making a clinical decision.

The general diagram of the developed CDSS
is shown in Fig. 2, 3. In this system, module 1 is
implemented on the basis of the Pulse Engine software
package, which generates a personalized object
database. Module 2, which classifies object states, is
implemented as a set of deep neural networks trained
on the object database. CDSS includes the following
interconnected structural elements: array of X vectors
of personalized database obtained by measuring state
parameters (Fig. 2).

Module 2 monitors the functional states of an
object by comparing the input stream of measured
physiological parameters of the object, detecting CC
and indexing it. In the system under development,
module 2 is implemented in the form of neural
systems. The training of neural networks, which
makes it possible to determine the CC of an object,
is carried out using a set of CC from a personalized
object database generated by module 1.

The input array consists of X vectors of the patient’s
primary data. Vector X has the following structure:
X = (X, X ) Here X  is a vector of anthropometric
parameters, and X , is a vector of physiological
parameters of the patient.

The components of vector X, include such
parameters as height, weight, gender, baseline values
of vital signs at rest and on exertion. If necessary, the
list of input parameters can be significantly expanded.
Currently, most of the input parameters (parameters
of the endocrine system, hemostasis, nervous system,
etc.) are recorded as average values.

The components of vector X, include heart rate
(number of contractions / min); SpO,, the normal level
95%; respiration rate (breaths / min); blood pressure
(mm Hg).; physical activity; temperature (°C). Let us
consider the structural elements of the CDSS presented
in Fig. 2 in more detail.

The vector supplied to the input system (X) consists
of the measured parameters of the patient’s condition.
The list of patient parameters can be adjusted
depending on the specific conditions of applying the
CDSS.

Module 1 generates a personalized patient database
consisting of model vectors (Y) of the patient’s
condition in a given range of model parameters
(@ = (a ,.., a,). The Pulse Physiology Engine
performs this function in the developed CDSS.

For a given set of parameters of model ¢ and input
vector X, module 1 generates a time series of vectors
Y (a, t) (the information flow of the object data) at
the output. The time variable ¢ with sample spacing
0 is defined as the characteristic time of the modeled
physiological process. For example, a step can be set
to 1 minute for blood loss. You make the step J “small”
compared to its consequence, i.e. when the modeled
process leads to a change in the state of an object (to
a transition from a normal state to a critical one). For
example, the time series appears when the process of
blood loss does not immediately lead to the transition
from a normal condition to a critical one (the effect is
accumulated).

In Fig. 3, the “External Expert” block includes the
function of configuring the CDSS, which consists in
setting the vector of model parameters, a = a , at
which module 1 generates a vector flow of vectors ¥
5@, representing the j CC of the object . It will
be designated as cr. j. Let us assume that the value
J =1 corresponds to the patient’s CC, which occurs in
blood loss at a rate of 10 ml / min.

Module 2. The neural network should perform
the function of assessing the state, including
the critical condition of the object according to
(tested) input vector of the measured parameters
of the object’s state. The use of neural network
machine learning algorithms makes it possible to
turn from mathematically complex solutions of
inverse problems for dynamical system through
multiple integration to solving simple models with
a known structure (weighting factors and activation
functions). The input vector for the neural network is
a time series of vectors Y (a,t) generated by module
1. Accordingly, the output of the network will be a
time series of vectors of the form Z_(t ) = (h , (t).h
L(t), b (1)

Here the time variable ¢, changes at a scale different
from the time scale ¢ set in module 1. Sample spacing
A time 7, is greater than the step 6 of a physiological
process, for example, blood loss, i.e. 7, is a “slow”
time compared to a “fast” time z.

The values h (), h, (t),....h , (t,) — components of
vector Z  (t,) — represent probabilities, for example,
h, (t,) — there is a probability that the patient is in CC

1 in the time interval (z,, ¢, + 4).
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Fig. 2. General diagram of the clinical decision support system
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vector Z () The result is sent to the
determines specialist
the CC type

Fig. 3. Decision support system testing scheme

Neural networks are trained through operations
with a personalized database object. Based on the
results of the work of module 2, CDSS algorithms
are obtained, which are “input — output” models.
The input of the model consists of an array of data
with vital parameters accumulated over a fixed

period of time (60 seconds). At the output, the system
forms a vector containing information about the
state of the object and calculated physiological
parameters that are highly informative content for
medical specialists (rate of blood loss, volume of
blood loss).
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A software application in Python was developed
to build the final model of the CDSS based on
neural network algorithms. Using the annotated
data set generated at the previous stage, several
neural networks are built including long short-term
memory (LSTM), Autoencoder, and convolutional
neural network (CNN). The final CDSS algorithm
performs the following functions: classification of
states according to physiological monitoring (heart
rate, systolic BP, diastolic BP, SpO,, respiration rate,
body temperature), restoration of the data array if
some of the values are missing. If a patient is bleeding,
the system will determine the rate of blood loss, the
volume of blood loss and the time of blood loss onset.
Several deep neural network architectures have been
proposed:

1) LSTM network whose main task is to classify
the physiological state. It belongs to recurrent neural
networks capable of learning long-term dependencies.
LSTM is specifically designed to detect events in a
changing process mode.

2) Autoencoder network whose main task is to
recreate a data array if there are gaps and predict
changes in the trajectory of parameters.

3) CNN network whose main task is to calculate
the rate of blood loss, the volume of blood loss, and
the time of the bleeding onset. A convolutional neural
network is a specialized artificial neural network
architecture that promotes efficient image recognition.
The developed algorithm makes it possible to
calculate a neural network using a sample of simulated
parameters in Python. When assessing the quality
of the modeled structure, final accuracy was 0.992
(99.1%) and 0.997 (98.9%) according to MSE and
MAE, respectively.

CONCLUSION

The developed approaches make it possible
to partially solve the problem associated with the
inability to accumulate a sufficient amount of medical

Authors’ information

data for a particular person to create an adequate
personalized model to support clinical decision-
making. In the future, the proposed algorithm will
make it possible to create a hardware solution for
assessing the need for medical care in case of lower
limb blast injury, which is especially important
at the pre-hospital phase and in emergency care
during medical evacuation. Criteria for assessing
the injury severity remain an important problem.
The complexity of including these parameters in
the mathematical model does not allow to use the
developed methodology alone. In addition, to confirm
the results of mathematical modeling, a set of clinical
data is required to verify the model.
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Proinflammatory biomarkers and platelet aggregation activity in patients
with coronary artery disease
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Kovalev 1.V.%, Yakimovich L.Yu.?
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ABSTRACT

Aim. To determine concentrations and identify the relationship of biomarkers (endocan / cell-specific molecule-1,
fatty acid binding protein 4 (FABP 4), placental growth factor (PIGF), oncostatin M), with parameters of collagen-
induced platelet aggregation in patients with coronary artery disease (CAD).

Materials and methods. In patients with CAD (n = 51), serum levels of endocan, FABP 4, PIGF, oncostatin M,
and platelet aggregation indices (collagen at concentrations of 2 and 10 mmol / 1) were determined. Patients were
divided into groups with and without high residual platelet reactivity (HRPR). Correlation coefficients between
concentrations of proinflammatory biomarkers and platelet aggregation indices were determined in patients of both
groups.

Results. In patients with HRPR, the concentrations of endocan and PIGF were significantly higher, and the con-
centrations of FABP4 and oncostatin M were lower than in the first group. In patients with HRPR, a correlation
was found between the concentration of endocan and the degree of platelet aggregation in the presence of 2 mmol
/1 of collagen (p = 0.48; p = 0.01), between the concentration of PIGF and the degree of platelet aggregation in the
presence of 10 mmol / I of collagen (p = 0.58; p = 0.01), as well as between the concentration of FABP 4 and the
size of aggregates at both collagen concentrations (p = 0.42; p = 0.03) and (p = 0.70; p = 0.01) and the degree of
platelet aggregation in the presence of 10 mmol / I of collagen (p = 0.43; p = 0.01).

Conclusion. In all examined CAD patients, regardless of the residual platelet reactivity, the levels of endocan and
FABP 4 increased compared to the reference values. In patients with HRPR, the content of parameters (endocan,
PIGF) contributing to plaque growth was elevated, and in patients without HRPR, the levels of platelet-activating
factors (FABP 4, oncostatin M) were increased, which determines a personalized approach to prescribing therapy
for these groups of patients. In patients with CAD, platelet aggregation indices were associated with concentrations
of proinflammatory biomarkers (endocan, PIGF, and FABP 4), which contribute to the development of endothelial
dysfunction.

Keywords: aggregation, platelet, collagen, coronary artery disease, biomarkers
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NMpoBocnanuTenbHble 6MOMapKepbl N arperaynoHHas akTUBHOCTb

TPOM6GOLUTOB Y NAaLMEHTOB C NleMnyYecKon 6onesHblo cepaua

Tpy6aueBa O.A.', Konorpusosa U.B.’, LLinanpep O.J1.', Metposa U.B.%, Bacunbes B.H.?,

KoBanes U.B.%, Akumosuy WU.10.2

! Hayuno-uccreoosamenvckuil uncmumym (HUH) kapouonocuu, TomMCKuil HQUuOHAIbHbILL UCCACO08AMETbCKULL

meouyunckuu yeump (HHUMIL]) Poccuiickou akademuu HayK
Poccus, 634012, 2. Tomck, yn. Kuesckas, 111a

2 Cubupcruil 2ocyoapemeennviil meouyunckutl ynusepcumem (Cubl’ MY)
Poccusn, 634050, 2. Tomck, Mockosckuii mpaxkm, 2

PE3IOME

Hesn: onpenenuTh KOHICHTPAIMH U BbISBUTH CBSI3b OMOMApKEpOB (9HIOKaHA- 1, Oelika, CBSI3bIBAIOIIETO KUPHBIC
kuciotsl, 4 (FABP 4), mnanentapaoro dhakropa pocra (PLGF), onkoctaTiHa M ¢ mokazaTensiMu KOJUTareH-HHIY-

[IMPOBAHHO# arperaiuy TPOMOOIUTOB Y MAIMEHTOB C UilleMuueckoit 6omne3ubto cepana (UBC).

Marepuanbl u Metoabl. Y nanuerToB ¢ UBC (7 = 51 denoBek) onpeaernsuii CBIBOPOTOYHYO KOHIIEHTPAIIUIO 3H-
nokana-1, yposens FABP 4, PLGF, onkocrarnaa M 1 roka3ateny arperay TpoMOOIUTOB (KOJUIareH B KOHIICH-
tparmu u 10 Mxmouts/i). [TannenTs! pa3aeneHsl Ha TPYIBI ¢ BEICOKOH OCTAaTOYHON PeaKTHBHOCTHIO TPOMOOIIUTOB
(BOPT) u 6e3 nee. Onpenemsuinch KO3QQUIMEHTH! KOPPEISINA MEKTy KOHIEHTPALMSIMHI HPOBOCIATHTEIBHBIX

6I/IOMapKep0B U MOKa3aTeJsIMU arperaiuuu Tp0M6OI_[I/ITOB.

Pe3yabTaTthl. Y Beex oOcnenoBanHbIX manueHToB ¢ MBC BHE 3aBHCHMOCTH OT OCTATOYHOW PEaKTUBHOCTH TPOM-
OOIIMTOB TOBBIIICHA KOHIEHTpaus sHA0KaHa-1 u FABP 4 no cpaBHeHuto ¢ pedepeHCHBIMU 3HAUCHUSIMU. Y T1a-
mueHtoB ¢ BOPT xonnentpamnus sunokana-1 u PLGF 3naunmo Brime, a konnentpanun FABP 4 u oakocTatnHa
M Hmke, 9eM B iepBoii rpynme. Y namueHToB ¢ BOPT BrIsiBICHA KOppeIsIIys MEX Iy KOHIIGHTpaKei sHI0KaHa- |
U CTENCHBIO arperanuy TPOMOOIUTOB B IPUCYTCTBUH 2 MKMOJIB/ KoiiareHa (p = 0,48; p = 0,01), koHIeHTpanu-
eit PLGF u crenensto arperamyu B mpucytctBud 10 MkMons/n komnarena (p = 0,58; p = 0,01), a taxke MexIy
koHueHTpanueii FABP 4 u pasmepamu arperaTtoB npu o0enx KOHIEHTpamusx komarena (p = 0,42; p = 0,03) u

(p=0,70; p=0,01) u co crenenpto arperauuu B npucyTctBuu 10 Mxmouns/n komtarena (p = 0,43; p = 0,01).

3akiaouenne. Y nanuentoB ¢ BOPT yBenuueno conepkanue dakropos (d3un0kan-1, PLGF), cioco0cTByomunx
pocTy OJISIIIKH, a Y TTalueHTOB 0e3 TakoBol — (akTopoB akTrBauuu TpomoboruTos (FABP 4, onkocratun M), 4to
00yc10BIMBACT NEPCOHUUIMPOBAHHBIN OAXO0/] K HA3HAYEHUIO TeParuK 1JIst OOJIBHBIX STUX IPYMNI. Y MalUeHTOB
¢ BbC nokazarenu arperaliuy TpOMOOILMTOB ACCOLMUPOBAHBI C KOHIIEHTPALMAMH POBOCHAINTENILHBIX OHOMap-

KEpOB, KOTOPbIE CIOCOOCTBYIOT Pa3BUTHIO SHIOTSIHAIBHON ANCHYHKIIIH.

KnroueBble cioBa: arperanysi, TpOMOOIUT, KOJUIAreH, HIIeMuYeckas 001e3Hb cepa, OHoMapKepsl

KOHq).]Il/lKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SABHBIX U MNOTCHIUAJIBHBIX KOHq)J'II/IKTOB HUHTEPECOB,

CBA3aHHBIX C l'[y6J'[I/IKaIII/IeI71 HaCTOS{H.[eﬁ CTaTbU.

Hcrounnk punancupoBanus. VccnenoBanue BHITOTHEHO B paMKkax (GyHaameHTanbpHOM Tembl HUM xapanomno-

rin Ne 122020300043-1.

CooTBeTcTBHE NpUHIOHUIIAM 3THUKH. Bce manueHTsl moamnucanu PIH(l)OpMI/IpOBaHHOG cornacue. MccnenoBanue

on06peHo atnyeckum komureroM HUM kapanonorun Tomckoro HUMI] (mpotokon Ne 139 ot 18.11.2015).
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INTRODUCTION

Despite the ongoing therapeutic and preventive
measures, coronary artery disease (CAD) remains
the most common cardiovascular pathology in
Russia. High residual platelet reactivity (HRPR) in
the context of broad-spectrum antiplatelet therapy
in patients is associated with the development of
ischemic complications, which has been proven by
numerous studies and data of the meta-analysis [1-3].
The main causes of CAD development are coronary
stenosis and microvascular endothelial dysfunction
[4]. It is known that endocan acts as a marker of
endothelial dysfunction; its release is one of the earliest
pathogenetic events observed in atherosclerosis,
thrombosis, and chronic heart failure [5]. Researchers
discuss the role of platelets as primary factors in the
pathogenesis of cardiovascular diseases through
modulation of immune responses, which are currently
considered to be the driving force in atherogenesis.
Proinflammatory cytokines promote the expression
of enzymes that lead to atherosclerotic plaque
destabilization (APD), followed by plaque rupture [6].
After the atherosclerotic plaque rupture, macrophages
and smooth muscle cells produce a tissue factor that
triggers a coagulation cascade leading to thrombosis.
Platelets are activated due to their interaction with
collagen in the extracellular matrix of the plaque. It
has been shown that oncostatin M can contribute to
the development of atherosclerosis and vascular
destabilization [7, 8]. Quite often, thrombosis develops
at the site of hemodynamically insignificant stenosis
in the coronary arteries [4]. Thus, the development of
arterial and venous thrombosis was associated with
an increase in the content of placental growth factor
(PIGF) in patients with antiphospholipid syndrome [9].

Biochemical markers are the most important tool for
timely diagnosis and prediction of a risk of developing
cardiovascular pathology [10]. Both clinical and
experimental data have shown that fatty acid binding
protein type 4 (FABP4) plays an essential role in the
development of atherosclerosis and CAD, and it is
directly associated with left ventricular hypertrophy
and cardiac dysfunction [11, 12]. The multi-marker
approach should more accurately reflect the key links
in the pathogenesis and biochemical interactions
compared to the use of individual markers. In this
regard, there is a growing interest in the development
and use of combinations of biomarkers.

In this work, concentrations of proinflammatory
biomarkers (endocan, FABP4, PIGF, and oncostatin

M) will be determined in patients with CAD in the
presence and absence of HRPR, and their relationship
with the parameters of collagen-induced platelet
aggregation will be evaluated. Knowledge in this
area of research is relevant for both clinical and
fundamental medicine.

Theaimofthe study was to determine concentrations
and identify the relationship of proinflammatory
biomarkers (endocan / cell-specific molecule-1, FABP
4, PIGF, oncostatin M) with parameters of collagen-
induced platelet aggregation in patients with CAD.

MATERIALS AND METHODS

A single-stage, simple comparative study was
conducted. The study included 51 patients with CAD
(75% of them were men). The recruitment of patients
was performed at the Cardiology Research Institute
in accordance with the principles of the Declaration
of Helsinki. The study included patients aged 41-83
years. All examined patients received combined basic
therapy in accordance with the guidelines for CAD
treatment.

Criteria for inclusion in the study: stable CAD
and continuous antiplatelet therapy for 6 months
(cardiomagnil, 75mg). Exclusion criteria from the
study: combined antiplatelet therapy, acute vascular
complications within less than 6 months before the
inclusion in the study; severe concomitant pathology;
clinical and laboratory signs of acute inflammation;
refusal to participate in the study.

To obtain blood serum, whole peripheral blood
of patients stabilized with 3.8% sodium citrate was
centrifuged at 3,000 rpm for 15 minutes at room
temperature. The obtained serum samples were
stored at —40 °C. Concentrations of proinflammatory
biomarkers endocan, FABP 4, PIGF, and oncostatin
M were determined in the samples. The study was
conducted at the Medical Genomics Collective Use
Center of Tomsk NRMC by the multiplex immunoassay
(Luminex FLEXMAP 3D platform, USA) using the
Human Cardiovascular Disease Panel 1 (Merck KGaA,
Darmstadt, Germany). The parameters of collagen-
induced platelet aggregation were determined by the
Born’s method in the modification of Z.A. Gabbasov
on the two-channel laser analyzer (220 LA Research
and Production Company Biola, Russia).

To isolate the platelet suspension, blood was
drawn into test tubes with 3.8% sodium citrate as
an anticoagulant. All samples were examined using
a standard approach (hereinafter referred to as
Method 1), as well as by the authors’ own patented
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methodology (hereinafter referred to as Method 2).
In Method 1, the aggregation inductor (collagen) was
introduced once at a final concentration of 2 mmol / 1
at 10 seconds of measurement. According to Method
2, aggregation parameters were determined 5 times
when adding 2 mmol /1 of collagen at 10 seconds, 1, 2,
3, and 4 minutes of the platelet aggregation evaluation
with the final concentration of collagen in the sample
being 10 mmol /1 [3].

The degree of platelet aggregation (%) was
evaluated by the maximum amount of light
transmission, and the size of the aggregate was
evaluated by the average aggregate size curve (rel.
units). The examined patients were divided into two
groups. Group 1 (n=27) included patients who had no
HRPR. The degree of collagen-induced aggregation
measured by both methods did not exceed 60%, and
the size of aggregates was less than 4 rel. units. Group
2 included patients (n = 24) whose degree of platelet
aggregation was > 60%, and the size of aggregates
was > 4 rel. units according to at least one of the
methods. The parameters were determined by both
methods. According to [3], patients of the second
group corresponded to a group of individuals with
HRPR.

Statistical data processing was carried out using
the SPSS (version 19) and STATISTICA 10.0
software packages. To assess the distribution of
quantitative variables, the Shapiro — Wilk test was
used. The statistical significance of differences for

two independent samples was assessed using the
Mann — Whitney U—test. For comparison with a given
value of one parameter, the Student’s —test was used,
after applying the Box — Cox data transformation
method. The Spearman’s rank correlation coefficient
(p) was used to evaluate the relationships between the
variables. The data were presented as the median and
the interquartile range (Me (QO1; Os)). The results of the
comparative and correlation analysis were considered
statistically significant at p < 0.05.

RESULTS

Platelet aggregation indices in patients assigned to
groups 1 and 2 significantly differed, according to [3].
The groups of patients were comparable by gender,
age, duration of CAD, the number of prior myocardial
infarctions, and concomitant pathology. Drug therapy
did not differ significantly between the groups
of patients (aspirin, calcium antagonists, statins,
diuretics, nitrites, angiotensin II receptor blockers,
angiotensin converting enzyme inhibitors).

The concentrations of endocan and FABP 4 in
both groups of patients significantly exceeded the
maximum reference values. Thus, the concentration
of FABP 4 increased by 10 times compared to the
reference values (Table). The concentrations of
endocan and PIGF were significantly increased in the
group of patients with HRPR compared to patients of
group 1, and the levels of FABP 4 and oncostatin M,
on the contrary, were reduced (Table).

Table

Concentrations of biomarkers in patients with coronary artery disease and their reference values

p value between the Reference values

Parameter Group 1, n =27, Me (Q1; Q3) Group 2, n =24, Me (Q:; O3) aroups Mean (Min.; Max.)
Endocan, ng / ml 2.13 (p =0.02) (1.89; 2.66) 2.61 (p=0.01) (2.07; 2.96) 0.03 0.94 (0.65; 1.72)
PIGF, pg / ml 4.22 (2.86; 12.19) 9.51 (5.48; 18.73) 0.01 8.72 (0.0; 39.98)
FABP 4, ng / ml 68.74 (p =0.01) (45.60; 75.44) | 51.52 (p =0.01) (25.59; 55.47) 0.02 5.34(0.0; 11.83)
Oncostatin M, pg / ml 26.12 (5.02;45.68) 14.93 (2.98; 28.45) 0.04 22.73 (4.07; 53.83)

Note: pis the level of significance of differences between the groups of CAD patients and in comparison with the reference values.

The correlation analysis revealed the following.
In group 1 (patients without HRPR), a positive
correlation was found between the concentration
of PIGF and the size of aggregates according to
both aggregation methods (» = 0.39; p = 0.01) and
(r = 0.62; p = 0.02). In addition, a correlation was
found between the concentration of oncostatin M and
the degree of aggregation determined in the presence
of 10 mmol / 1 of collagen (» = 0.82; p = 0.01).

In group 2 (patients with HRPR), correlations were
found between the concentration of endocan and the
degree of aggregation determined in the presence of
2 mmol / 1 of collagen (» = 0.48; p = 0.01), as well as
between the concentration of PIGF and the degree of
aggregation measured in the presence of 10 mmol /1 of
collagen (= 0.58; p = 0.03). In addition, correlations
were found between the concentration of FABP 4 and
the size of aggregates measured in the presence of
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two concentrations of collagen (r = 0.42; p = 0.04),
(r=0.70; p=0.01), as well as the degree of aggregation
determined in the presence of 10 mmol / | of collagen
(r=0.43; p=10.01).

DISCUSSION

The present work was an open, single-center,
cross-sectional study. In the present study, we
found that in patients of group 2 (with HRPR),
the concentration of endocan and PIGF increased,
which can contribute to the growth of atherosclerotic
plaques, and in patients of group 1 (without HRPR),
FABP 4 and oncostatin M, factors contributing
to the activation of platelets, were elevated. In
addition, we showed that in patients with CAD,
platelet aggregation indices are associated with
concentrations of proinflammatory biomarkers
(endocan, PIGF, and FABP 4), which may contribute
to the development of endothelial dysfunction.

Inthe present study, the levels of endocan and FABP
4 were significantly increased in patients with CAD
in both groups compared to reference values, which
indicates the development of endothelial dysfunction
in patients with CAD [13]. As is known, endothelial
dysfunction is one of the earliest pathogenetic events
in the development of atherosclerosis, hypertension,
and thrombosis [14]. An increase in the level of
endocan, which is a potential marker of inflammation
and cardiovascular diseases [6, 15], found in this
study, confirms this theory. In addition, the revealed
correlation between the concentration of endocan and
platelet aggregation in patients with HRPR (group 2)
indicates endothelial dysfunction leading to increased
thrombosis. Platelet activation products promote
endocan release by endothelial cell culture in vitro,
which was pronounced in patients with transfusion
complications [5].

A ten-fold increase in the concentration of FABP 4
in patients of both groups confirms the proatherogenic
and prothrombotic effects of this marker. FABP 4 has
been shown to mediate inhibition of the peroxisome
proliferator-activated receptor (PPAR)y [16]. The
latter, in turn, inhibits the activation of platelets
and the release of active mediators from them [17].
FABP 4 plays an important role in the development
of atherosclerosis and CAD and is associated with left
ventricular hypertrophy and cardiac dysfunction [11,
12]. The prothrombotic role of FABP 4 in this study
is also confirmed by the revealed correlations between
its concentration and the size of aggregates in patients
with HRPR.

In the group of patients with HRPR, an elevated
concentration of PIGF was found compared to group
1. PIGF promotes neoangiogenesis in CAD, which is
considered as an adaptive response aimed at improving
perfusion of the ischemic myocardium by increasing
the number and size of collateral arteries [9, 18].

At the same time, the study established correlations
of PIGF with platelet aggregation parameters in both
groups. PIGF is a placental growth factor capable of
stimulating angiogenesis and inducing atherosclerosis
bybindingandactivatingitsmembrane-boundreceptor,
soluble fms-like tyrosine kinase-1. Expression of
PIGF in atherosclerotic lesions activates monocytes
and macrophages, which subsequently produce
inflammatory and angiogenic mediators, leading
to an increasing risk of plaque rupture. Conversely,
inhibition of PIGF reduces the size of atherosclerotic
plaques [8]. The development of thrombosis is
associated with an increase in the content of PIGF
in patients with antiphospholipid syndrome [9]. The
relationship between platelet aggregation parameters
and PIGF is shown in women with preeclampsia
[19], however, the molecular mechanisms that may
underlie this relationship are unknown and require
further study.

It is possible that the associations of platelet
aggregation parameters in CAD patients of group 1
with the levels of oncostatin M and PIGF revealed in
this study prove the modulating effect of platelets on
the inflammatory response in the endothelium.

In this study, a correlation was established
between the concentration of oncostatin M and the
degree of platelet aggregation in group 1. Oncostatin
M is known to contribute to the development of
atherosclerosis and vascular destabilization [20,
21]. In addition, oncostatin M is considered as a
megakaryocyte colony-forming factor that promotes
thrombocytopoiesis [7]. There is evidence that under
the influence of oncostatin M, activation of the signal
transducer and activator of transcription (STAT)3
occurs, which plays an important role in collagen-
mediated aggregation [8].

The role of platelets in the atherosclerosis and
pathogenesis of cardiovascular diseases is very
significant, since platelets, in addition to their
contribution to thrombosis and hemostasis, modulate
inflammatory and immune responses [22]. One of the
first signals for platelet activation is collagen, the main
protein of connective tissue that is exposed when a
vessel is damaged. In addition to vascular damage,
various proinflammatory mediators activate platelets
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[11, 21]. The study revealed multiple correlations
between platelet aggregation and the levels of serum
biomarkers of cardiovascular diseases. In this study,
it was revealed that the levels of endocan and FABP
4 were increased in patients of both groups, which
points to the possible inflammatory damage of the
vascular endothelium and platelet activation. At the
same time, the differences in the concentration of some
biomarkers were found in patients of both groups.
Thus, in patients without HRPR, the concentrations
of FABP 4 and oncostatin M were elevated, and in
patients with HRPR, the concentrations of endocan and
PIGF were increased. Based on this, it can be assumed
that in group 1, the increase in thrombus formation
is mainly associated with platelet activation, and in
group 2, it may be associated with plaque growth. All
of the above creates opportunities for a personalized
approach to the prevention and treatment of patients
with CAD. In particular, antiplatelet therapy requires
certain adjustments in the group of patients with HRPR,
namely, prescription of additional anti-atherosclerotic
drugs or an increase in the dose of antiplatelet agents.

CONCLUSION

It was found that in patients with CAD, the levels
of proinflammatory biomarkers (endocan 1 and FABP
4) were elevated compared to the maximum reference
values. It was revealed that the concentrations of
endocan 1 and PIGF were significantly increased in
patients with collagen -induced HRPR. The study
revealed the presence of correlations between the
increased size of aggregates, the degree of platelet
aggregation and the concentrations of proinflammatory
biomarkers (endocan 1, PIGF, and FABP 4). At the
same time, in patients with HRPR, the concentrations
of'endocan 1 and PIGF, contributing to plaque growth,
were increased, and in patients without HRPR, platelet
activation factors FABP 4 and oncostatin M were
elevated, which determines various adjustments in
therapy for patients of these groups.
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Phenotypes of the no-reflow phenomenon during percutaneous

coronary interventions in myocardial infarction
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ABSTRACT

Aim. Using the cluster analysis, to determine and describe clinical and pathogenetic phenotypes of the coronary
microvascular obstruction phenomenon (CMVO) that occurs during percutaneous coronary interventions (PCI) in
patients with myocardial infarction (MI).

Materials and methods. The study included 190 patients with CMVO that occurred during PCI for type 1 MI:
137 (72%) men, 53 (28%) women, the median age was 64 [56; 70] years. The study was conducted in 2013-2020.
CMVO criteria: blood flow < 3 points in the infarct-related artery (IRA) according to the TIMI flow grade (TFG);
perfusion < 2 points according to the Myocardial Blush Grade; ST segment resolution < 70%. ST-elevation MI
(STEMI) was found in 170 patients (89%). Primary PCI was noted in 127 (67%) cases. Nine patients (4.7%) died.
Phenotyping was performed using the expectation — maximization (EM) algorithm.

Results. Three phenotypes were identified in a ratio of 56% (n = 106) / 27% (n = 52) / 17% (n = 32). The values of
the parameters are the following, respectively: age 62 [54; 67]/73 [67; 79]/ 59 [50; 65] years; women 8 (8%) /
39 (77%) / 6 (19%); STEMI 102 (96%) / 43 (83%) / 25 (78%); thrombolysis 46 (43%) / 6 (12%) / 11 (34%); class
1[1;2]/2[1;4]/2[2;2] acute heart failure; platelet-to-lymphocyte ratio 110 [78; 153]/ 106 [85; 132]/ 132 [100;
182]; glucose at admission 8.0 [6.9; 9.6] / 11.1 [8.8; 15.2] /7.5 [6.1; 8.1] mmol / I; total cholesterol 4.7 [4.2; 5.4] /
5.3[3.7;6.2] /5.1 [4.5; 6.2] mmol / 1; glomerular filtration rate according to CKD-EPI 77 [64; 88] / 58 [46; 74] /
81 [64; 88] ml /min / 1.73m? Syntax Score 15 [10;21]/20 [14;26]/8 [5; 10]; Syntax Score in the IRA 9 [8; 15]/
12 [7; 16] / 6 [3; 7]; coronary collaterals according to Rentrop: grade 0 [0; 1]/ 0 [0; 1]/ 0 [0; 0]; thrombosis of the
IRA according to the TIMI thrombus grade 5 [5; 5] /5 [3; 5]/ 1 [0; 2]; TFG 0 [0; 0] / 0 [0; 1]/ 2 [2; 3]; aspiration
thrombectomy 30 (28%) /7 (13%) /4 (13%); IRA diameter 3.5 [3.0; 3.5]/3.0[2.8; 3.5] /3.5 [3.0; 3.5] mm; balloon
angioplasty 99 (93%) /45 (87%) / 16 (50%); PCI of 2 or more arteries 0 (0%) / 4 (8%) / 3 (9%). Deaths — 2 (1.9%),
7 (13.5%), and 0 (0%) patients, respectively (p = 0.002, x2 Pearson).

Conclusion. Three phenotypes were identified. Phenotype 1: severe IRA thrombosis, mostly men, moderate
atherosclerotic lesions. Phenotype 2: mostly elderly women, high hyperglycemia, severe atherosclerotic lesions,
severe AHF, impaired renal function, IRA thrombosis. Phenotype 3: mostly men, minor changes in the coronary
arteries, absence of significant thrombosis and preserved blood flow in the IRA before PCI, elevated levels of
inflammatory markers and total cholesterol.

Keywords: no-reflow phenomenon, myocardial infarction, percutaneous coronary intervention, cluster analysis,
classification
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®eHoTNNbI CMHAPOMA KOPOHAPHOI MUKPOCOCYANCTON 06CTPYKLN
(no-reflow), pasBuBatowierocs B xoge BbiNONIHEHNA YPECKOXKHbIX
KOPOHApPHbIX BMeLLaTeNbCTB Npu nHpapKTe MMoKapaa

®ponoB A.A."?, Oponos U.A.%, YnaHoBa H.[1.2, MounHka WU.I'." 2, Kysbmunues K.B." 2,
Myxwun A.C.', Llapa6puH E.I'."

! Ipusonoicckuil uccredosamenvekuil meouyunckuil ynusepcumem (IIAMY)
Poccus, 603950, FOKC-470, e. Huoicnuiit Hoseopoo, nn. Mununa u Ioxcapckoeo, 10/1

2 lopoockas knunuueckas 6onvnuya (I'KE) Ne 13 Aemosasodckozo pationa Huoicnezo Hoseopoda
Poccus, 603018, 2. Huoscnuii Hogeopoo, ya. [lampuomos, 51

PE3IOME

ean: onpenenuTh U OXapaKTepU30BaTh KIMHUKO-IIATOreHeTHYEeCKHe (PeHOTHITH ()eHOMEHA KOPOHAPHOW MHUKPO-
cocymucroii ooctpykimu (KMCO), BO3HUKAOIIETO MPU BBITIOJIHEHUH YPECKOXKHBIX KOPOHAPHBIX BMCIIATEIBCTB
(UKB) y naunenToB ¢ ungpapkrom muokapzaa (MM), ucnons3ys MeTo1 KilacTepH3aIiHy.

Martepuaanl u MeToabl. B uccienoBanue BritodeHsl 190 6ompHbx ¢ KMCO B x01¢ UKB 1ipu UM 1 tuna, B Tom
gucie 137 (72%) mysxuus, 53 (28%) sxenmmHbl. Menuana Bo3pacrta — 64 [56; 70] rona. MccneroBanne npoBeeHo
B 2013-2020 rr. Kpurepun KMCO: kpoBoTok < 3 6amioB B nH(papkT-oTBeTcTBeHHOH aprepun (MOA) mo TIMI
flowgrade (TFG); mepdysus < 2 6amuios no Myocardial blush grade; pesomtonus cermenrta ST < 70%. UM ¢ noab-
emoMm ST (MMuST) y 170 6ombubix (89%). Ilepsnunoe UKB natmonanocs B 127 (67%) ciydasx. CkoHYAINCH
9 nanuenToB (4,7%). @eHoTHIIPOBaHNE OCYIIECTBILUIOCH C TOMOIIBIO AITOPUTMa KJIacTepH3anun (expectation-
maximization — EM).

Pe3yabTaThl. BrisBiens! Tpu kinactepa B cootHoueHuu 56% (n = 106) / 27% (n = 52) / 17% (n = 32). 3naueHue
apaMeTpoB, COOTBETCTBEHHO: Bo3pacT 62 [54; 67]/ 73 [67; 79]/ 59 [50; 65] roxa; xenmmnsl 8 (8%) /39 (77%) /6
(19%); UMnST 102 (96%) / 43 (83%) / 25 (78%); TpombonuTnueckas tepanus 46 (43%) / 6 (12%) / 11 (34%);
ocTtpas cepiednas HepoctatouHocTs 1 [1;2]/2 [1; 4]/ 2 [2; 2] knacca; OTHOIIEHHE TPOMOOIUTOB K TUM(OIHTaM
110[78; 153]/106 [85; 132]/ 132 [100; 182]; rroko3a npu noctymrernu 8,0 [6,9;9,6]/ 11,1 [8,8; 15,2]/7,5 [6,1;
8,1] mmomnb/m; obumii xonectepuH 4,7 [4,2; 5,41/ 5,3 [3,7; 6,2] / 5,1 [4,5; 6,2] MMOJIB/TT; CKOPOCTH KITyOOUYKOBOM
¢dunprparun o CKD-EPI77 [64; 88] / 58 [46; 74] / 81 [64; 88] mu/mun/1,73 m?; SyntaxScore 15 [10; 21]/ 20
[14;26] /8 [5; 10] 6ammoB; Syntax Score B MOA 9 [8; 15]/ 12 [7; 16]/ 6 [3; 7] Gamnos; koymtatepanu mo Rentrop
0[0; 11/0710; 1]/0 [0; 0] cremenn; Tpom603 MOA mo TIMI thrombus grade 5 [5; 5] /5 [3; 5]/ 1 [0; 2] creneny;
TFG 0[0;0]/0[0; 1]/2 [2; 3] crenenu; acnupaunonHas TpomoskTomust 30 (28%) /7 (13%) / 4 (13%); 6anmonHast
anruorutactuka 99 (93%) / 45 (87%) / 16 (50%); auamerp MOA 3,5 [3,0; 3,5] / 3,0 [2,8; 3,5] / 3,5 [3,0; 3,5] mm;
UKB nByx u 6onee aprepuii 0 (0%) / 4 (8%) /3 (9). Cmeprensable ncxonst — 2 (1,9%), 7 (13,5%) u 0 (0%) maum-
EHTOB c00TBeTCTBeHHO (p = 0,002; ¥2-Ilupcona).

3akmouenne. Onpenenensl Tpu Gpenoruna. Genorun 1: BeipakeHHbIH TpoM603 OA, npenMyieCTBEHHO MYK-
YHHBI, YMEPEHHOE aTepOCKIepOTHYecKoe MopaxeHue. GeHOTUn 2: NperMyLIeCTBEHHO >KEHIIUHBI CTapuecKOro
BO3pacTa, BbICOKAs TUIEPIIIUKEMHs], BEIPAXKEHHOE aTepPOCKIEPOTHYECKOE MTOpaKEHHe, TSDKENas cepeyHas Helo-
CTaTOYHOCTh, HApYIIeHHas (yHKIHUs mouek, Tpom603 MOA. deHoTun 3: NpenMyIleCTBEHHO MY)XYHHBI, HE3HAUH-
TeJIbHbIE U3MEHEHHs KOPOHAPHBIX apTepHi, OTCYTCTBHE 3HAYMMOT0 TpoMO03a 1 COXpaHeHHbIH KpoBoTok B TOA
10 UKB, noBblIeHHbIe YPOBHH MapKepoB BOCHAICHHS M OOIIEr0 XOIeCTepHHA.

KiroueBble cjioBa: nHGapKT MHOKapa, KOpOHAPHAs MUKPOCOCyaucTas o0cTpykuus, no-reflow, upeckoskHoe KO-
POHAPHOE BMELIATENILCTBO, KIACTEPU3ALMS, (PEHOTHITHPOBAHNE, KIMHUKO-TIATOT€HETHYECKUE (PEHOTHITBI
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Hcrounuk ¢punancupoBanus: padboTa BEIIONHEHA B pamMkax nporpammsl «[Ipuoputer 2030%.

CooTBeTcTBHE NIPUHIIMIIAM dTHKH. Bce manueHTs! noanucani HHGOPMUAPOBAHHOE COTIIACHE HA ITPOBEICHHUE HC-
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Poccun (mporokon Ne 5 ot 08.04.2022).
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[lapa6pun E.I'. ®enorumsl cuuapoMa KOpOHapHOH MUKpococyicToil ooctpykuuu (no-reflow), pa3BnBaromero-
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ckoti meOuyunwt. 2023;22(4):137-146. https://doi.org/10.20538/1682-0363-2023-4-137-146.

INTRODUCTION

Percutaneous coronary intervention (PCI) is
the basic procedure for reperfusion in myocardial
infarction (MI). In 5-10 % of cases, blood flow
restoration in the infarct-related artery (IRA) does not
lead to sufficient perfusion of the myocardium due
to coronary microvascular obstruction (CMVO, no-
reflow phenomenon) [1, 2]. CMVO is associated with
increased in-hospital mortality and worse short-term
and long-term survival rates [2].

It is worth noting that the data accumulated for the
last years concerning risk factors and prognosis of
CMVO evidence of advances in the medical science;
however, the issue of developing new effective
approaches to CMVO treatment is still unresolved.
It is likely due to the multifactorial nature of the
pathogenesis of this condition and clinical diversity
of patient groups having this complication [3]. There
are several mechanisms leading to CMVO; they can
occur simultaneously and vary in different patients
[4]. The existing data suggest that the risk of CMVO
development is associated with the severity of IRA
thrombosis, plaque features, severity and intensity of
ML, systemic inflammations, carbohydrate metabolism
disorders, and reperfusion features [5].

A rational approach to effective treatment of
CMVO could be division of all patients with this
complication into groups (clusters) with further
identification of the leading pathogenetic mechanism
in each group and determination of an appropriate
therapy target. Currently only one pathogenetic
classification of CMVO is known that distinguishes the
following mechanisms: 1) microthromboembolism;
2) ischemic injury; 3) reperfusion injury; 4)
individual susceptibility [3]. It should be noted that
this classification was made up empirically and
for the following 13 years, no effective therapeutic

algorithm has been developed on its basis. The reason
for such an ineffective empirical approach may be an
impossibility to correlate scattered theoretical data
concerning the pathogenesis of CMVO with clinically
available markers.

To create an objective and practically-oriented
classification, mathematical methods, including
different clustering techniques, can be used. To date
such approaches to resolving the issue of CMVO have
not been used.

The aim of the study: using the cluster analysis,
to determine and describe clinical and pathogenetic
phenotypes of CMVO during PClIs for MI.

MATERIALS AND METHODS

A retrospective study was conducted. Out
of 18,079 patients admitted to Regional City
Clinical Hospital No. 13 of the Nizhny Novgorod
Avtozavodskoy District with the diagnosis of acute
coronary syndrome in 2013-2020, 7,456 patients with
type 1 MI were selected; they underwent emergency
PCI. Among patients with MI and PCI, 232 (3.1%)
patients were identified who developed CMVO during
the surgery. The patients with restricted coronary
blood flow and myocardial perfusion due to other
causes (initial cardiogenic shock, spasm or dissection
of the coronary artery, etc.) were excluded from the
study. The mortality rate in this group was 13.8% (32
in-hospital deaths). Since the absence of missing data
in the analyzed dataset is a necessary condition for a
cluster analysis, the inability to obtain necessary data
for organizational reasons and due to the retrospective
nature of the study (mostly due to the lack of certain
laboratory tests) became an additional exclusion
criterion. Thus, 190 patients with MI who developed
CMVO during PCI and had a complete dataset for the
analysis were selected for the study. The study was
approved by the local Ethics Committee.
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The diagnosis of type 1 MI was made based on
clinical, electrocardiographic, and biochemical criteria
according to the third and fourth universal definitions
[6]. The severity of acute heart failure (AHF) was
assessed using the Killip classification [1].

The term PCI was used to refer to stent implantation
in the IRA, resulting in epicardial coronary artery
patency restoration with residual stenosis of less
than 50% and exclusion of complications, such as
dissection, perforation, persistent spasm or severe
thromboembolism of the coronary artery (CA). The
following scales were used to describe the CA anatomy
and characterize the results of PCI: 1) Thrombolysis
in Myocardial Infarction (TIMI) flow grade (TFG) [3]
for assessing coronary blood flow in the IRA before
and after PCI; 2) TIMI thrombus grade (TTG) [1] for
assessing the severity of thrombus burden in the IRA
after PCI; 3) Myocardial Blush Grade (MBG) [3] for
assessing myocardial perfusion after PCI; 4) Rentrop
[5] for grading collaterals to the IRA; 5) Syntax Score
(SS) [1] — for quantitative description of the severity
of atherosclerotic lesion in the CA (evaluated on the
whole and in the IRA).

The CMVO phenomenon was diagnosed
according to the guidelines of the European Society of
Cardiology [7]: 1) TFG score of less than 3; 2) MBG
score of less than 2; 3) less than 70% resolution of
ST-segment changes on the electrocardiogram (ECG)
within 60-90 minutes after PCI.

The median age was 64 [56; 70] years. The study
included 137 (72%) men and 53 (28%) women. Of the
190 patients included in the study, 57 (30%) people
had a history of coronary artery disease (CAD),
and 52 (27%) individuals had a history of diabetes
mellitus; 170 (89%) patients were admitted with ST-
segment elevation myocardial infarction (STEMI).
Upon admission, 4 (2%) patients had class 11l AHF;
cardiogenic shock was diagnosed in 17 (9%) patients.

The median total SS was 15 [9; 21] and SS in the
IRA was 9 [7; 15]. The left main coronary artery or
the left anterior descending artery were defined as the
IRA in 81 (43%) patients. Initial severe thrombosis
of the IRA (TTG score 4-5) was detected in 146
(77%) patients, CA occlusion was found in 150 (79%)
patients, no visible collaterals to the IRA (Rentrop
grade 0—1) were noted in 170 (90%) patients. CA
ectasia, according to the definition by P.S. Swaye [8],
was diagnosed in 13 (7%) patients.

Of the 190 patients included in the study, primary
PCI was performed in 127 (67%) patients, and a
pharmacoinvasive strategy (systemic thrombolytic

therapy preceding PCI) was applied in 63 (33%)
patients. The symptom-to-balloon time (from the
onset of the status anginosus to the blood flow
restoration by PCI) was 9.7 [4.8; 16.0] hours. Stenting
was combined with balloon angioplasty in 160 (84%)
cases. Vacuum aspiration thrombectomy was
performed in 41 (22%) patients, concurrent PCI on
multiple CAs was performed in 7 (4%) patients. The
median number of stents implanted was 1 [1; 2], the
median length of the implanted stents was 30 [26;
51] mm, and the median stent inflation pressure was
14 [12; 15] atm. The median diameter of the IRA was
3.5[3.0; 3.5] mm.

The following strategies were used in the operating
room to treat CMVO: intracoronary administration of
isosorbide dinitrate in 80 (42%) patients; intracoronary
administration of verapamil in 43 (23%) patients;
intra-aortic balloon counterpulsation in 10 (5%)
patients; and glycoprotein IIb / Illa inhibitors in
6 (3%) patients.

The median values of the key laboratory parameters
on admission were as follows: glucose — 8.3 [7.0; 10.5]
mmol /1, platelet-to-lymphocyte ratio (PLR) — 111 [83;
149], total cholesterol (TC) — 4.9 [4.1; 5.7] mmol / 1,
glomerular filtration rate (GFR) according to the CKD-
EPI equation 76 [57; 86] ml/min/ 1.73m?, leukocytes —
11.3 [8.7; 14.2] x 10°/ 1, neutrophils — 5.1 [4.0; 6.6] x
10°/1, troponin I —0.76 [0.10; 6.35] ng / ml.

After PCI, the resolution of ST-segment changes
on ECG was observed in 110 (58%) patients, Q-wave
myocardial infarction developed in 172 (91%)
patients. The median left ventricular ejection fraction
(LVEF) calculated by the Simpson’s method was 46
[41; 50] % on discharge. Nine patients (4.7%) died
in the hospital. The causes of death were: cardiogenic
shock in 5 (56%) cases, mechanical complications of
MI in 2 (22%) cases, pulmonary edema in 1 (11%)
patient, and thromboembolic complications in 1
(11%) patient.

To conduct clustering, we selected certain
parameters that were predictors of CMVO development
according to the current literature on the topic [5]. From
the anamnestic and clinical parameters, the following
were assessed: age, gender, medical history of CAD,
admission with STEMI, AHF class, hemodynamic
status, and systemic thrombolytic therapy. Out of the
parameters characterizing CAs and performed PCI,
the following were noted: the symptom-to-balloon
time, total SS, SS in the IRA, presence of CA ectasia,
lesion in the stem of the left coronary artery or left
anterior descending artery, lesion in the right coronary
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artery, collateral grading according to Rentrop, IRA
diameter, TTG, TFG, size of the CA atherosclerotic
lesion, balloon angioplasty (pre- and post-dilation)
or vacuum aspiration thrombectomy, number, length,
and implantation pressure of stents, concurrent
stenting of multiple CAs. Laboratory tests performed
on admission were the following: blood glucose
level, leukocytes, lymphocytes, neutrophils, TC, low-
density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), cardiac troponin I,
mean platelet volume, PLR, neutrophil-to-lymphocyte
ratio (NLR), and estimated glomerular filtration rate
(GFR). To evaluate the outcomes and severity of MI,
in-hospital mortality, development of Q-wave MI, and
LVEF were assessed.

Before conducting clustering, all quantitative
variables were standardized to the mean and the
standard deviation (Mean £+ SD) [9]. Clustering was
performed using the expectation — maximization
(EM) algorithm, considering the type of distribution
of the quantitative variables. The number of clusters
was chosen using V-fold cross-validation [10].

In the statistical analysis, the Kolmogorov —
Smirnov test was used to determine the nature of the
distribution. Depending on the distribution, the Mann —
Whitney and Kruskal — Wallis tests were used to
evaluate the statistical significance of differences
in the quantitative variables. The y2 Pearson’s test
(including the Yates’ correction) and the Fisher’s
exact test were used to evaluate the significance
of differences in the categorical variables. The
differences were considered statistically significant
at p < 0.05. The Bonferroni correction was used for
multiple comparisons (maximum number of compared
groups — 3, p-value after correction < 0.018). The
quantitative data were presented as the median and the
interquartile range (Me [Q:,; Qs]). The clustering and
statistical analysis were performed using the Statistica
12.0 (StatSoft, USA) and MedCalc 11.5 (MedCalc
Software, Belgium) software.

RESULTS

During clustering, a model consisting of three
clusters was obtained based on 18 variables (p <
0.05 for each parameter). The model included: age,
gender, type of MI, AHF class, total SS, SS in the
IRA, coronary collaterals by Rentrop, IRA diameter,
TTG, TFG, PLR, GFR, TC, blood glucose level on
admission, systemic thrombolytic therapy, vacuum
aspiration thrombectomy, balloon angioplasty, and
PCI in 2 or more CAs. The patients were distributed

into the clusters as follows: cluster 1 included 106
(56%) patients, cluster 2 included 52 (27%) patients,
cluster 3 encompassed 32 (17%) patients. The
standardized mean values of the quantitative variables
in the identified clusters are presented in Fig. 1, and
the percentage of qualitative variables — in Fig. 2.
For display convenience, ordinal parameters were
transformed into binary ones (the threshold values
were chosen based on clinical significance and are
generally accepted) [5].
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Table compares the groups by the parameters
included in the clustering model (multiple and pairwise
comparisons of the clusters adjusted to the number of
tests). The clusters differed significantly in hospital

outcomes “death” and “left ventricular ejection fraction”
(Fig. 3). No differences in the frequency of Q-wave MI
were found: cluster 1 —99 (93%) patients, cluster 2 — 47
(90%) patients, cluster 3 — 26 (81%) patients, p = 0.12.

Table
Comparison of the clusters by the parameters included in the clustering model
Parameter Cluster 1, n = 106 Cluster 2, n =152 Cluster 3, n =32 p-value
Age, years, Me [Q; O.] 62 [54; 671 73 [67; 791" 59 [50; 65 <0.001
Female / male, n (%) 8 (8) /98 (92)* 39(75)/13 (253 6(19) /26 (81)? <0.001
Admitted with STEMI, n (%) 102 (96)*3 43 (83)! 25 (78)! 0.002
Systemic thrombolytic therapy, n (%) 46 (43)° 6 (12)"3 11 (34) <0.001
AHF, class, Me [O,; O] 1[1;2] 2[1;4]' 2[1;2] <0.001
Blood glucose level, mmol / 1, Me [Q; O.] 8.0[6.9;9.6]° 11.1[8.8;15.2] "3 7.51[6.1;8.1]2 <0.001
PLR, Me [O; O] 110 [78; 153]3 106 [85; 1327 132 [100; 182]"2 0.04
Total cholesterol, mmol /1, Me [Q; O.] 4.71[4.2;5.47%3 5.3[3.7;6.2]" 5.1[4.5;6.2] 0.047
GFR, ml/min/ 1.73 m?, Me [Q,; O,] 77 [64; 88T 58 [46; 74] -3 81 [64; 88]> <0.001
Total Syntax Score, points, Me [Q; O.] 15[10; 217*3 20 [14; 26]"3 8 [5; 10] -2 <0.001
Syntax Score in the IRA, points, Me [Q,; O,] 91[8;15]° 12 [7;16]3 6[3;7]"2 <0.001
Collateral grading, grade, Me [Q; O,] 0[0;17° 0[0;1]3 01[0;0]"2 0.01
TIMI thrombus grade, grade, Me [O,; O,] 51[5; 513 51[3; 5] 1[0;2]%2 <0.001
TIMI flow grade, grade, Me [Q,; O,] 0[0; 01*3 01[0; 17%3 21[2;3]"%2 <0.001
Vacuum aspiration thrombectomy, n (%) 30 (28)>3 7 (13)! 4 (13)! 0.04
Balloon angioplasty, n (%) 99 (93)° 45 (87)° 16 (50)"2 <0.001
IRA diameter, mm, Me [Q,; O.] 3.5[3.0;3.5] 3.0[2.8;3.5] 3 3.5[3.0;3.5]° 0.02
_PCLin 2 or more CAs, n (%) 0 (0)>° 4(8) 3(9) 0.009

!, 2, 3 the value of the parameter is statistically significant (p < 0.018, with the Bonferroni correction) and differs from the identical parameter in

cluster 1, 2 or 3, respectively.
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DISCUSSION

The goal of the cluster analysis is to divide a
sample into groups (clusters) in such a way that each
cluster consists of similar objects, while objects from
different clusters differ significantly from one other.
The researcher’s task in the cluster analysis is to
knowledgeably select input parameters based on the
relevant data on the research topic. Since clustering
is a type of unsupervised machine learning (the
“correct” division is not known in advance), the
resulting classification is generally objective and is
more a product of mathematical analysis rather than
personal empirical choice [9, 10]. The researcher’s
ultimate task in this case is to analyze and explain the
obtained results.

It should be noted that in some situations, the
values of the parameters from different clusters
may overlap, which is considered to be acceptable,
since any parameter used for the classification
is characterized by a certain proportion of false
positive and false negative results. The evidence of
statistically significant differences in the parameters
between the clusters and, accordingly, the correctness
of the obtained model is a p value of less than 0.05
for all parameters. It should be noted that in the
cluster analysis, the original sample is divided by a
combination of many features, even though individual
parameters in the clusters may match [9, 10].

The analysis revealed significant heterogeneity in
the group of patients with CMVO, resulting in the
formation of 3 clusters with statistically significant
differences (Table). The first cluster was the largest:
106 (56%) patients out of 190. It mainly included
relatively young (62 [54; 67] years old) men (92%)
with moderate atherosclerotic lesions of the CA (SS
15 [10; 21]). The prevailing predictors of the CMVO
development in this cluster included high thrombus
burden of the IRA (TTG 5 [5; 5]) and the associated
sharp decrease in the baseline coronary blood flow
(TFG 0 [0; 0]).

The association of CMVO in the group with
intracoronary thrombosis is confirmed by the highest
proportion of patients with STEMI — 95%, p =
0.02 (the development of STEMI is usually due to
thrombotic occlusion of the IRA) [7, 11] and the most
frequent use of balloon angioplasty (93%, p < 0.001)
and vacuum aspiration thrombectomy (28%, p = 0.04)
(also explained by the initially high thrombus burden
of the IRA) [7, 11]. Thus, it would be reasonable to
define the first cluster as a “microthromboembolic”

phenotype, thereby underlining the most likely part
of the pathogenesis — distal microembolism with
thrombus debris fragmentation by PCI [2, 5, 11].

The second cluster (27% of the included patients)
was characterized by the predominance of elderly
women (75%) (73 [67; 79] years old) with high
hyperglycemia (glucose 11.1 [8.8; 15.2] mmol / 1,
diabetes mellitus in 60% of the patients), severe
atherosclerotic lesions of the CAs (SS 20 [14; 26]),
the smallest diameter of the IRA (3.0 [2.8; 3.5] mm),
reduced kidney function (GFR 58 [46; 74] ml / min /
1.73m?), and hospitalization with severe AHF (class
2 [1; 4]). It should be noted that patients in this group
also had high thrombus burden (TTG 5 [3; 5]) and
reduced coronary blood flow (TFG 0 [0; 1]).

On the one hand, it is obvious that the trigger for
the CMVO development in this group was also distal
peripheral microembolism caused by intracoronary
thrombus debris during PCI. On the other hand,
it is known that the presence of severe persistent
endothelial dysfunction, which is a predictor of the
CMVO development [1, 5, 11], is characteristic of
patients with the aforementioned clinical profile
(especially those with diabetes). Apparently, the
clustering algorithm correctly identified the most
vulnerable and severe group of elderly patients. It is
the age that was the factor that largely determined
the clinical profile in this group: severe ischemic
heart disease, severe atherosclerosis of the CAs,
and comorbidity (diabetes, renal failure) [1, 5, 11].
Therefore, this cluster should be referred to as an
“age-associated” phenotype. It should be noted that
the rare use of thrombolytic therapy among patients
in this cluster (12%, p < 0.001) was also likely due to
their advanced age and associated hemorrhagic risk.

The third cluster (17% of the included patients)
was mainly represented by relatively young (59 [50;
65] years old) men (81%) with minor atherosclerotic
lesions of the CAs (SS 8 [5; 10]), almost no
intracoronary thrombosis (TTG 1 [0; 2]), preserved
blood flow (TFG 2 [2; 3]) in the IRA, and no visible
coronary collaterals (Grade 0 [0; 0]). At the same
time, this group had a relatively high level of TC (5.1
[4.5; 6.2] mmol / 1) and the highest value of PLR (132
[100; 182]) — a parameter reflecting the severity of
inflammation and a reliable predictor of the CMVO
development [12].

TheabsenceofsevereIRAthrombosisincombination
with dyslipidemia and severe inflammation suggests
that the CMVO development in the patients of this
group was caused by the rupture of a large, lipid-rich
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atherosclerotic plaque with subsequent microembolism
of the distal bed with its debris [1, 5, 11]. The
relationship between the risk of developing CMVO
and the lipid composition of the plaque, evaluated
using modern methods of intravascular visualization,
has been demonstrated in many studies in recent years
[14, 15]. The cause of rupture and fragmentation of
the plaque was intense mechanical stress during PCI
[11], as indicated by the frequent use of multivessel
stenting (9%, p = 0.009) in this group. Inflammation,
on the other hand, apparently contributed to the
development and destabilization of the atheroma [13,
16] and was a component of the pathogenetic cascade
that exacerbated obstruction of the microvascular bed

and led to the CMVO development [17]. Given the
above, this cluster can be accurately referred to as an
“atheroembolic” phenotype.

The above analysis of data and current literature
allows us to assert that the described clusters can be
considered as clinical and pathogenetic phenotypes of
CMVO in ML It should be stressed that the proposed
names of the phenotypes were suggested to simplify
the perception. These names are descriptive and
reflect the leading, but not always the only factor in
the CMVO development in the phenotype. In order to
simplify the classification of patients with CMVO into
a specific phenotype, we suggest using the algorithm
presented in Fig. 4.

TIMI thrombus grade 4-5 points?

yes

Age < 67 years old?

The third phenotype

yes

no

The first phenotype

The second phenotype

Fig. 4. Algorithm for attributing patients with CMVO to a specific phenotype.

It is worth noting that all identified phenotypes
were mainly associated with different variants of distal
peripheral microembolism after PCI. However, an
important predictor of CMVO, the symptom-to-balloon
time, was not included in the cluster model, although
it is known that a delay in reperfusion is associated
with severe ischemic damage [5, 11]. This can be
explained by the fact that the time parameter is more
associated with transportation and logistics. The delay
in reperfusion definitely aggravates ischemic damage
and contributes to the CMVO development, but it is not
related to the patient’s clinical profile [1, 4].

The identified phenotypes differed in the severity of
hospital outcomes. The worst prognosis was observed
in patients with the second phenotype (in-hospital
mortality 13.5%, p = 0.002, LVEF at discharge —
42 [38; 48] %, p = 0.01, the Bonferroni correction
threshold — 0.018), which was associated with severe
MI, old age, severe atherosclerotic lesions of the CAs,
frequent presence of AHF, and comorbidity.

These findings allow us to identify potential
aims for targeted prevention and treatment of
CMVO. In the case of the “microthromboembolic”
phenotype, the most effective methods may be aimed
at eliminating intracoronary thrombus: vacuum
aspiration thrombectomy and the use of glycoprotein
IIb/Il1a inhibitors [1, 3]. In CMVO with the “age-
associated” phenotype, in addition to combating
intracoronary thrombosis, effective methods may
include perioperative correction of hyperglycemia,
timely recognition of incipient cardiogenic shock,
and the use of mechanical circulatory support [4, 18].
For patients with the “atheroembolic” phenotype, it
is advisable to use minimally invasive interventions:
performing PCI only in the IRA, performing post-
dilation of the stent only if necessary, implanting
the stent at moderate pressure, and using a deferred
stenting strategy in selected patients [4, 19]. Early use
of high-dose statins and anti-inflammatory drugs may
also be effective in patients in this group [1, 20]. The
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algorithm for such a selective approach is yet to be
developed and tested in a prospective study.

LIMITATIONS OF THE STUDY

The presented study has several limitations, mainly
related to the retrospective nature of the study. It is
likely that some patients with moderate CMVO were
not included in the study due to the retrospective
inclusion of patients based on hospital database
information, with subsequent verification of CMVO
by angiography and ECG findings (as CMVO was not
recorded in the primary documentation). The second
limitation was that some laboratory tests associated
with CMVO were not performed within the first day
of hospitalization. Since the cluster analysis does not
allow any missing data, a number of patients with
CMVO who did not undergo the necessary tests had
to be excluded from the study. Another factor that
may have affected hospital outcomes in the studied
group of patients was rare use of glycoprotein IIb/I1la
inhibitors.

CONCLUSION

Three phenotypes of CVMO were identified
following the cluster analysis. The first phenotype
is associated with severe thrombosis of the IRA and
includes mostly men with moderate atherosclerotic
lesions. The second phenotype is characterized by
prevalence of elderly women with high hyperglycemia,
advanced atherosclerotic lesions, severe AHF,
impaired renal function, and thrombosis of the IRA.
The third phenotype includes mostly men with mild
atherosclerotic lesions, absence of severe thrombus
burden, and preserved blood flow in the IRA before
PCI, but with high levels of inflammatory markers
and TC. The highest mortality rate and reduced LVEF
were observed in patients of the second phenotype.
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Taking antibacterial drugs without a doctor’s prescription
in the Russian Federation

Chigrina V.P,, Tyufilin D.S., Deev I.A., Kobyakova O.S.

Russian Research Institute of Health
11, Dobrolyubova Str., Moscow, 127254, Russian Federation

ABSTRACT

Background. Antibiotic resistance is a global threat leading to ineffective treatment of many infectious diseases.
One of the factors contributing to an increase in antibiotic resistance is over-the-counter sale of antibiotics.

The aim of this study was to establish the sources of antibiotic prescription and to determine the prevalence of
self-medication and factors that cause it.

Materials and methods. The computer-assisted web interview (CAWI) methodology was used in the study. The
questionnaire consisted of six blocks and 41 questions. For statistical analysis of the study results, Statistica for
Windows version 10.0 and R-Studio software programs were used.

Results. The study involved 2,725 people. Only 50.9% of the respondents purchased antibiotics with a prescription
or got them during hospitalization. Parameters associated with over-the-counter purchase of antibiotics included
female gender (odds ratio (OR) = 1.4; 95% confidence interval (CI): 1.2—1.7), lack of higher education (OR = 1.6;
95% CI: 1.3-1.9), medical education (OR = 1.7; 95% CI: 1.2-2.5), lack of awareness of a ban on over-the-counter
sale of antibiotics (OR = 1.6; 95% CI: 1.3—1.9), and relying on the knowledge (opinion) of family members or
acquaintances as the main sources of information about the correct use of antibiotics (OR =2.2; 95% CI: 1.7-2.9).

Conclusion. Antibiotic resistance can be reduced by propaganda and strict control over a ban on over-the-counter
sale of antibiotics. It is also essential to update knowledge of medical professionals about antibacterial drugs
and antibiotic resistance on a regular basis, also through raising their awareness of the development of antibiotic
resistance in both patients and medical workers.

Keywords: antibiotics, antibacterial drugs, taking antibiotics without a doctor’s prescription, antibiotic resistance,
self-medication
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Mpuem aHTN6aKTEpManbHbIX NpenapaToB 6e3 Ha3Ha4YeHUs Bpaya
B Poccunckon Qepepaunn

Yurpuna B.M., Todunuu A.C., Jees U.A., Kobakosa O.C.

Lenmpanvuvlii HAYYHO-UCCIE008AMENLCKULL UHCTNUIMY I OP2AHUZAYUU U UHDOPMAMU3AYUU 30PAB0OXPAHEHUS
(LIHUHOHU3)
Poccus, 127254, 2. Mocksa, yn. [lobpono6osa, 11

PE3IOME

Brenenne. AHTHOMOTHKOPE3UCTEHTHOCTh — INI00ANIBHAS YIPO3a, IPUBOIAIIAA K HEI()(HEKTHBHOCTH JICUYCHUS MHO-
rux MHQEKIHOHHBIX 3a00JIeBaHNMN, MPUIMHONW POCTa KOTOPOU SBJISCTCS HEHAICKAIIEE UCIIOHEHHE TPeOOBaHUI
3aKOHOJIATEIIbCTBA, @ IMEHHO Oe3pelenTypHas po/iaxKa aHTHOMOTHKOB.

He.l]b HCCJIeIOBAHMS. Y CTAaHOBUTh UCTOYHUKHM Ha3HAYCHUS aHTI/I6aKTepI/IaHLHLIX IpenapaTtoB, paclpoCTpaHCH-
HOCTBb CaMOJICYCHUSA U (1)aKTOpBI, €ro 06yCIIOBHI/IBaIOH_[I/Ie.

Matepuajsbl 4 MeToAbl. B HacTosmeit pabote npumMensics Meton onnaitH-onpoca (CAWI) ¢ ucnonp3oBannemM
AHKETBI, COCTOSBINEH 13 mecTr 06J0K0B 1 41 Bompoca. CTaTUCTUYECKUH aHATN3 TaHHBIX MPOBEIEH C UCIIOIB30Ba-
HueM nporpamm Statistica for Windows version 10.0 u R-studio.

Pe3yabTathl. B nccnenoBannn npunsuin ygactue 2 725 uyenoek. Tonbko 50,9% pecrnioHaeHTOB mproOpeTain
(nosyuasn) anTHOaKTepHaIbHbIE IIPpenaparsl 110 pelenty Bpava. [lapamerpaMu, acCOLMMPOBAHHBIMU € IPUEMOM
aHTUOMOTHKOB Oe3 Ha3HAYCHHs Bpaua, sIBJSUIMCH XKEeHCKHH o (oTHomenue mancos (OLI) = 1,4; 95%-ii noBepu-
tenbHbIid nHTepBan (JU1): 1,2—-1,7), orcyrerue Beiciero odpaszosanus (OLL = 1,6; 95%-it JU: 1,3-1,9), nHannuune
MeauuHCeKoro oopaszosanus (OL = 1,7; 95%-it AN: 1,2-2,5), oTcyTcTBUEe MHPOPMALIMK O 3aIrpeTe MPOJaKu
aHTHOMOTHKOB Oe3 perenta Bpada (OLU = 1,6; 95%-it IW: 1,3—1,9) u npuMeHeHNE 3HAHUI YICHOB CEMbH WITH
3HAKOMBIX KaK OCHOBHBIX HCTOYHHKOB HH(OPMAIMU O PalMOHAIIBHOM MPUEMe aHTHOAKTepHAIbHBIX IIPErapaToB
(OIL = 2,2; 95%-i1 1IU: 1,7-2.9).

3aksoueHue. HpI/IOpI/ITeTHLIMI/I HanpapJICHUAMHU IO CACPIKUBAHUIO aHTI/I6I/IOTI/IKOpe3I/ICTeHTHOCTI/I MOI'yT CTaTb
nporarasjia u CTpOFI/Iﬁ KOHTPOJIb 3a11peTa NpoJaxKu aHTUOMOTHKOB 0€3 peuerira Bpaya. KpOMe TOro, H€06XOHI/IMO
NEPUOANYCCKHU AKTYaJIN3UPOBATh 3HAHUSA MEAUITUHCKUX pa6OTHI/IKOB 00 aHTI/I6aKTepI/Ia.]'ILHI)IX npenaparax u aHTu-
6I/IOTI/IKOPCSI/ICT€HTHOCTI/I, B TOM YHCJIC JJI MOBBIIICHUS HACTOPOKECHHOCTU ClIELIUATINCTOB C(i)ep];l 3ApaBOOXpaHe-
HUS K Pa3BUTUIO aHTI/I6I/IOTI/IKOpe3I/ICTeHTHOCTI/I KaK y NalluCHTOB, TaK U CaMUX pa6OTHI/IKOB.

KoroueBble ciioBa: aHTHONMOTHKH, aHTHOAKTEpHAIbHBIC TIpenaparhl, IpueM 0e3 Ha3HauYeHMs Bpaya, aHTHOMOTH-
KOPE3UCTEHTHOCTb, CAMOJICYCHHUE

KondaukTt nHTepecoB. ABTOPHI IEKIAPUPYIOT OTCYTCTBHE SIBHBIX M MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB B
CBA3U C MyOJUKaIMeil JaHHOW CTaThH.

Hcrounuk ¢puHaAHCHPOBaHUS. ABTOPBI 3asBISIIOT 00 OTCYTCTBUU (DMHAHCHUPOBAHUS IIPH NMPOBEICHHU HUCCIEH0-
BaHMUS.

CooTBeTcTBHE MPUHIUNAM 3THKH. VccirenoBaHme 0J0OPEHO ITHIECKUM KOMHTETOM IO IKCIIEPTH3E COITMOTIOTH-
YeCKUX HCCiIenoBaHui B chepe odmecTBeHHOr0 31paBooxpanenus npu OI'BY « THUNOW3» Munzapasa Poccun
(3axumouenne Ne 11/2022 ot 07.10.2022).

Jas uuruposanusi: Yurpuna B.I1., Trodumun J1.C., [lee U.A., Kobsikosa O.C. [IprieM aHTHOAKTEpUATBHBIX ITPE-
napaToB 0e3 Ha3HadyeHus Bpada B Poccuiickoit Deneparuu. broatemens cubupckoti meduyunsl. 2023;22(4):147—
155. https://doi.org/10.20538/1682-0363-2023-4-147-155.

INTRODUCTION stay [1, 2]. In the Russian Federation, the problem of

antibiotic resistance is also relevant. According to
Antibiotic resistance is a global threat leading to 0.Y. Kutsevalova et al. (2019), more than 50% of

ineffective treatment, a rise in healthcare costs, and an P. aeruginosa and K. pneumoniae strains and 90.9%
increase in morbidity, mortality, and length of hospital of A. baumannii strains are resistant to carbapenems
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[3]. V.V. Rafal’sky et al. (2018) found stable high
resistance of E. coli strains to co-trimoxazole (19.3—
26.2%) and ampicillin (33.1-41.5%) [4].

There are several causes of the rise in antibiotic
resistance. One of them is non-compliance with legal
regulations and over-the-counter sale of antibiotics.
Foreign researchers report that this trend is observed
in 51% of cases [5-7]. This results in overuse of
antibacterial drugs, including self-medication, which
ranges from 1 to 70% in some low- and middle-
income countries [8, 9]: in Southeast Asia — 50%, in
South America — 78%, in Italy — 32.3%, in Tanzania —
58% [10-13].

In the Russian Federation, sale of antibacterial
drugs with a prescription and strict control over this
process were introduced in 2017'. Unfortunately, in
real practice, these recommendations are not always
followed strictly. According to the results of the
study by T.M. Klimova et al. (2017) that included
358 individuals, 73.4% took antibiotics without a
doctor’s prescription [14].

In order to better understand the sources of
antibacterial drug prescription, the prevalence of self-
medication with antibacterial drugs, and the factors
that cause them, an observational study was carried out
on a representative sample of the Russian Federation
residents.

MATERIALS AND METHODS

The computer-assisted web interview (CAWI)
methodology was used in the study. The questionnaire
consisted of six blocks and 41 questions: characteristics
of respondents, frequency and features of antibiotic
intake, prescription and purchase, rationality of
use, knowledge of the population and sources of
information about antibacterial drugs and antibiotic
resistance. To improve the questionnaire validity, the
focus group method (n = 10 people) was used.

The statistical data analysis was carried out using
the Statistica for Windows version 10.0 and R-Studio
software. Qualitative variables were presented as
absolute and relative frequencies. Quantitative
variables were presented as the arithmetic mean and
the standard deviation (M + SD).

The Shapiro — Wilk test was used to assess the
distribution of the assessed variables. For non-normal
distribution of the variables, the Mann — Whitney
test was used to assess the significance of differences

between two independent samples. For normal
distribution of the variables, the Student’s ¢-test was
applied. The differences between the groups were
considered statistically significant at p < 0.05. The
odds ratio (OR) was used to assess the association
of a particular outcome with its binary predictors. A
logistic regression model was created to determine the
probability of a certain event.

RESULTS

Characteristics of the respondents

The study included 2,725 people from all regions
of the Russian Federation (45.6% men, n = 1,242;
54.4% women, n = 1,483). The average age of the
participants was 42.4 years (+ 14.4 years). More than
25% of the respondents were aged 25-34 years (n =
683), 22.7% of people were aged 35-44 years (22.7%,
n=619).

The respondents were asked a standard question for
determining purchasing power: “How do you assess
your financial situation?” According to the provided
answers, the majority of the respondents (44.1%, n =
1,200) were attributed to the middle-income group,
and 36.5% (n = 995) — to the upper middle group.
Detailed socio-demographic characteristics of the
participants are presented in Fig. 1-3.

3.3
al 7.3

54.6

= Executive manager Unemployed

= Self-employed = Pensioner
Businessman = Student

Employee/Specialist

Fig. 1. Social and professional categories
of the respondents, %

! Decree of the Government of the Russian Federation (2017) “On the Strategy for Preventing the Spread of Antimicrobial Resistance in the Russian

Federation for the Period up to 2030” No. 2045-r of 25.09.2017
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>

Prescription of antibacterial drugs

The study results indicate that 32.2% of the
participants (n = 479) who took antibacterial drugs
in the previous 12 months purchased them without
a doctor’s prescription. Of them, more than a third
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Fig. 2. Level of education of the respondents, %

[l There is not enough money even for food (extremelylow income)

[ There is enough money for food, but buying clothes andpaying for
utilities causes difficulties (low income)

[T There is enough money for food and clothes, but buyinghousehold
appliances causes difficulties (average income)

|| There is enough money for clothes, food and householdappliances,
but buying a car, apartment or cottagecauses difficulties (above

average income)

[ There are enough funds to buy everything you need (high income)

Fig. 3. Financial situation of the respondents, %

(34.0%, n = 163) decided to start taking antibiotics
on their own, 33.2% did it following the advice of
familiar medical professionals (n = 159), and 31.5%
followed the advice of family members (n = 151)

(Fig.4).

17.7%
8.8%
- 2.3% 1.7%
I —
2 2 i s
=i = < =}
£ z 2,5 =g
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= £ g 25
wn © =)
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% 51

Fig. 4. Sources of prescription of antibacterial drugs other than the doctor
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The percentage of the respondents who took
antibacterial drugs prescribed by the doctor was the
highest among people who had higher education
(73.0%, n = 514) and the lowest among people with
secondary vocational or technical education (63.6%,

73.0%
64.4%
=} Q
=
52 558
o S g‘.:: =
T3 g-22
= S =
o 273
kS|

n = 330; p = 0.004). However, the analysis showed
that social and professional groups and the financial
situation of the respondents had no significant
impact on taking antibiotics prescribed by the doctor
(p > 0.05) (Fig. 5).

64.0% 63.6%

= Sl
go b@og
o = “.E'E..—
SIS k== =]
5 Q GN.&:‘S
Sg=] S5 8
o] 8@8%
A S 558

Fig. 5. The proportion of the respondents who took antibacterial drugs prescribed by the doctor, depending on the level
of education: p = 0.004 when comparing respondents who had higher and secondary education

The parameters associated with more frequent use
of antibiotics without a doctor’s prescription were
female gender (OR = 1.4; 95% confidence interval
(CD: 1.2-1.7), lack of higher education (OR = 1.6;
95%CI: 1.3-1.9), medical education (OR 1.7;
95%CI: 1.2-2.5), unawareness of a ban on over-the-
counter sale of antibiotics (OR = 1.6; 95%CI: 1.3—
1.9), and relying on the knowledge of family members
or friends as the main sources of information about the
rational use of antibacterial drugs (OR = 2.2; 95%CI:
1.7-2.9) (Table 1).

Table 1

Parameters associated with taking antibacterial drugs without
a prescription

Sources of buying (getting) antibacterial drugs

Almost half of the respondents (49.1%, n = 732)
who took antibiotics in the previous 12 months
took these without a prescription. Of these, the vast
majority (86.3%, n = 632) bought antibiotics over the
counter in a pharmacy and a fifth (22.8%, n = 167)
took leftover antibiotics from a previous prescription
(Fig. 6).

A significantly lower proportion of the respondents
who bought antibiotics with a prescription was
observed among self-employed (31.4%, n 38;
p < 0.05). During in-patient treatment, students
and persons with extremely low income received
antibacterial drugs less than other groups (19.1%, n =
13 and 3.8%, n = 1, respectively; p < 0.01).

Parameter OR (95% CI) ;
Female gender 14(12-1.7) Besides, the age group of 25-34 years old (28.1%),
Lack of higher education 1.6 (1.3-1.9) self-employed people (50.4%), and people with low
Medical education 1.7 (1.2-2.5) income (53.8%) had the biggest proportion of the
Unawareness of a ban on over-the-counter sale of | ) o) 5 o) respondents who bought antibacterial drugs over the
i‘:‘bmt?cs T e o counter; the smallest proportion was noted for the age

€ main source or mrormation abou € rationa; 0 0

use of antibacterial drugs is the knowledge 2.2(1.7-2.9) group of .1 872.4 y.ears (13.3%), students (26.5%), and
(opinions) of family members or friends people with hlgh mcome (18.9%).

86.3%

22.8%
o 19.2% 11.1% S0,
] [ —
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Fig. 6. Distribution of the respondents by sources of buying (getting) antibacterial drugs other than from the doctor
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The proportion of the respondents who got
antibacterial drugs from family members or friends
was significantly bigger in the age group of 18-24

39.5%

37.1% 36.3%
<t <t <t
a e 5
(>} vy v
— N on

years (7.8%) and among students (20.6%), but it was
significantly smaller in the age group of 55-64 years
(1.3%) and among businessmen (0.0%) (Fig. 7).

38.9% 37.0%

I ’ 32.6%
S 3 &
@ % <

Fig. 7. Percentage of the respondents who took antibacterial drugs prescribed by the doctor depending on the age group, %, p = 0.04
when comparing the age group of 25-34 years and the group over 65 years

Whatis more, it was discovered that the respondents
with a very poor financial situation were more likely
than other people to buy antibiotics over the counter
in a local pharmacy (53.8%) or in an online pharmacy
(23.1%, n = 6). The level of education did not have a
significant impact on the choice of a certain source of
getting antibiotics (Table 2).

Among those who bought (got) antibacterial drugs
over the counter, there were significantly fewer people
who took drugs in the form of injections (11.1% vs.
19.4%; p <0.01), completed a full course of antibiotics
(71.1% vs. 85.8%; p <0.01), underwent tests before the
antibiotic therapy to identify the cause of the disease
(25.6% vs. 53.3%; p < 0.01), and who were aware of
and supported the ban on over-the-counter antibiotic

sale (59.0% vs. 75.3% and 39.0% vs. 56.1%; p <0.01).
Besides, the abovementioned group used antibacterial
drugs on average for fewer days (5.5 and 3.5 days vs.
6.7 and 3.6 days; p < 0.01) compared to people who
bought (got) antibiotics with a prescription.

At the same time, there were significantly more
people in this group who took antibiotics following
the recommendation of family members and friends
who were medical professionals (14.8% and 14.5%
vs. 5.3% and 6.7%; p < 0.01), as well as those who
relied on the knowledge (opinions) of family members
or friends and the Internet as the main sources of
information about antibacterial drugs (18.9% and
26.6% vs. 13.7% and 20.4%, respectively; p = 0.004
and p = 0.02) (Table 3).

Table 2
Sources of buying (getting) antibacterial drugs for different groups of respondents
With 2 . Durlpg Without | Leftover drugs from Online Family or Avito, Ozon
prescrip- n-patient . . . pharmacy, friends. % and other
Parameter tion, % | treatment, % [;rescrlptlon, a previous prescrip % rlen_ 5 70 platforms, %
- N % (n =631, tion, % B (n=281, B

(n =657, 1 (=101, | "> 0y | (n=167, 11.2%" | =140 15 4o (n =28,

44.1%") 6.8%") ) T 9.4%") ) 1.9%")
18-24 24.7 6.2" 13,3 7.5 52 7.8 2.3
é’: 25-34 27.7 3.2° 28.1° 6.1 4.8 2.9° 1.5
o £ 35-44 249 3.5 23.9° 52 52 2.9° 0.6
o 2 45-54 23.4 3.0 27.3 7.1 4.7 1.5 0.9
2 55-64 19.4 2.8 20.5% 6.7 6.2 1.3 0.7
65+ 20.4 49 16.7 42 4.9 2.7 0.0
g‘ Executive manager 44.8 10.3 34.5 17.2 13.8 5.2 5.2
= & Self-employed 31.4° 5.8" 50.4* 14.9 9.1 4.9° 1.7
s 8 Businessman 50.0 8.8 47.1 2.9 11.8 0.0" 2.9
RE Employee/Specialist 46.8" 5.4" 43.1 9.9 4.7 2.8 1.5
8 % Unemployed 32.1° 3.7 50.0" 11.9 8.9 52" 22
82) Pensioner 455 9.6 36.4 11.5 12.4 4.8 1.0
% Student 48.5 19.17 26.5" 17.6 11.8 20.6" 59

152 BlonneteHb cMbupckoi MeguunHbl, 2023; 22 (4): 147-155



Original articles

Table 2 (continued)

pjg;tcl;i;- HE;SE’; t Without | Leftover drugs from plg ?rlrllgzy Family or A::lt(;)’ogé(rm
o . L , . o
Parameter tion, % | treatment, % prescriptlon, a previous prescrip % frlelids’ & platforms, %
(=657, | (=101, | =031 tion, % (n=140, | 8L (n=28
’ ’ 42.4%") (n=167,11.2%") ’ 5.4%") ’
44.1%") 6.8%") 9.4%") 1.9%")
_ Extremely low income 26.9 38.4 53.8" 15.4 23.1° 3.8 0.0
g § Low income 37.9 6.4 44.8° 11.3 5.9° 44 1.5
g § Middle income 46.9 6.3 41.3" 12.3 8.3 5.1 1.9
'E 7] Upper middle income 433 7.4 43.7 10.0 11.2 6.1 1.9
High income 54.1 10.8 18.9" 8.1 10.9 8.1 2.7

* p <0.01 when comparing responses within a population group; ! percentage of those who have taken antibiotics in the last 12 months

Table 3

Characteristics of the groups depending on the sources of buying (getting) antibacterial drugs

Buying (getting) Buying (getting)
Parameter antibiotics with a antibiotics without a P
prescription prescription

Form of taking antibacterial drugs — injections, % 19.4 11.1 <0.01
E?g;ﬁiﬁi prescribing (recommendations) about antibiotics — family members or 53 148 <0.01
The source of prescription (recommendations) of antibiotics — a friend who is a

medical workelz, % ’ ( ) 6.7 14.5 <0.01
Duration of taking antibiotics, days 6.7+3.6 55+3.5 <0.01
Completed a course of antibiotics prescribed by the doctor, % 85.8 71.1 <0.01
Underwent tests before taking antibiotics to identify the cause of the disease, % 533 25.6 <0.01
Knowledge about the ban on the over-the-counter sale of antibiotics, % 753 59.0 <0.01
Considered it right to ban over-the-counter sale of antibiotics, % 56.1 39.0 <0.01
Source of information about antibiotics — family members or friends, % 13.7 18.9 0.006
Source of information about antibiotics — Internet, % 20.4 26.6 0.004
Source of information about antibiotics — radio, % 1.8 0.5 0.02

A larger percentage of the respondents who
completed a full course of antibiotic therapy was noted
among the group of people who took antibacterial
drugs prescribed by the doctor (83.9%, n = 847)
compared to the rest of the respondents (66.6%, n =
319; p<0.01).

A logistic regression model was created according
to the following equation to evaluate the probability
of self-medication with antibacterial drugs for various
groups of people:

The probability self-medication with antibiotics =
B, + B, *Female gender + B,*Male gender + B,*Source
of information — doctor + B,*Source of informa-
tion — personal experience + B.*Source of informa-
tion — nursing staff or paramedic + B *Source of
information — Internet

Thus, the probability that women will self-
medicate with antibacterial drugs was 12.2% (95%
CI: 10.2-14.8), while similar probability for men
was 9.0% (95%CI: 7.0-11.5). The probability of
self-medication decreased from 19 to 6.3% (95% CI:
1.3-23.0) when the Internet was the main source of
knowledge about antibacterial drugs. If the doctor

Bulletin of Siberian Medicine. 2023; 22 (4): 147-155

was the main source of information, the probability
decreased from 19 to 3.8% (95% CI: 2.5-5.9), whereas
in case of personal (past) experience, it increased from
19 to 32.3% (95%CI: 22.6—42.5) (Table 4).

Table 4
Probability of self- medication
Probability of self-
Parameter medication, % (95% p
CI)

Female gender 12.2 (10.2-14.8) <0.001
Male gender 9.0 (7.0-11.5) <0.001
Source of information — a doctor 3.8 (2.5-5.9) <0.001
Source of 1nformat10n — personal 323 (22.6-42.5) <0.001
(past) experience

Source of mformaltlon — nursing 115 (6.3-19.0) <0.001
staff or a paramedic

Source of information — Internet 6.3 (1.3-23.0) <0.001

The parameters associated with self—medication
with antibacterial drugs were female gender (OR =
1.4; 95%CI: 1.0-1.9), medical education (OR = 2.1;
95%CI: 1.3-3.5), and unawareness of a ban on over-
the-counter sale of antibiotics (OR = 8.4; 95%CI: 5.3—
13.3) (Table 5).
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Taking antibacterial drugs without a doctor’s prescription

Table 5

Parameters associated with self-medication with
antibacterial drugs

Parameter OR (95% CI)
Female gender 1.4 (1.0-1.9)
Medical education 2.1 (1.3-3.5)
Unawgrgngss of a ban on over-the-counter sale 8.4 (53-13.3)
of antibiotics
DISCUSSION

The results obtained in this work are comparable
with other foreign studies. So, in Saudi Arabia,
almost 51% of respondents took antibiotics without a
doctor’s prescription, including for the prevention of
infections, 37.5% bought them at a pharmacy without
aprescription and 42% of the participants discontinued
taking drugs after symptoms had been relieved [15].
In China, the percentage of respondents who bought
antibacterial drugs in the pharmacy without a doctor’s
prescription reached 47%, in Ethiopia — 67.3%, in the
USA — 66%, and in Brazil — 19.0% [8,16-18].

The parameters associated with taking antibacterial
drugs without a doctor’s prescription in the Russian
Federation differ from other countries. Thus, in a
Chinese study by X. Yin et al. (2022), a multifactorial
logistic regression analysis showed that people
aged 3044 years with higher education and low
self-evaluation of health were more likely to take
antibiotics without a doctor’s prescription [19]. In
studies from Lebanon and Ethiopia, age, financial
status, level of education, and awareness of antibiotics
and antibiotic resistance were significantly correlated
with self-medication practices [17, 20].

Similar data were obtained in the work by Y.
Ateshim et al. (2019), where the results of the
multivariate logistic regression analysis showed that
the factors associated with self-medication were
gender (p = 0.046), education level (p = 0.019), and
the attitude of citizens to the problem of antibiotic
resistance (p < 0.001) [21]. Also in the Cameroon
study, male gender (OR = 2.32, 95%CI: 1.24-4.34)
and higher education (OR = 2.05, 95%CI: 1.08-3.89)
were significantly associated with self-medication [5].

CONCLUSION

The results obtained both in the present and
other domestic and foreign studies demonstrate the
importance and relevance of the problem of self-
medication with antibacterial drugs. Moreover, the
fact that self-medication is associated with irrational
medication intake (since the patient is not aware of the
principles of rational antibiotic therapy) doubles the

severity of this phenomenon. Since the main source of
buying (getting) antibiotics was a pharmacy without
a doctor’s prescription, the propaganda and strict
control over the ban on over-the-counter purchase
of antibiotics can become a priority measure to curb
antibiotic resistance, which in particular should be
directed to the following categories of the population:

— medical and pharmaceutical workers (access
channels: professional websites, medical journals,
websites of medical organizations and regional
executive authorities in the field of healthcare,
professional communities);

—citizens without higher education (access channels:
general education institutions, educational institutions
of primary vocational education, social networks,
television, metro, other types of public transport);

— self-employed, entrepreneurs, unemployed,
citizens with a poor financial situation (access
channels: social networks and Telegram channels,
television, public transport).

At the same time, first of all, it is necessary to
concentrate on the age group of 25-34 years. This age
is the beginning of economic activity of citizens, when
they do not want or do not have the opportunity to visit a
doctor and get a sick leave, so they independently begin
taking the most common and well-known antibacterial
drugs for diseases not always caused by bacteria.

A special category characterized by an increased risk
of self-medication is medical workers. So, according
to the results of the study, the presence of medical
education increased the chances of self-treatment
twice. In this regard, it is necessary to regularly update
the knowledge of medical workers about antibacterial
drugs and antibiotic resistance, for example, by
holding the “Global Week of Rational Consumption of
Antibiotics” in medical organizations and pharmacies
on a regular basis. It will help, among others, to
increase awareness of healthcare professionals about
the development of antibiotic resistance in both
patients and medical workers themselves.
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Effect of M-CSF on the expression of endothelial progenitor cell markers

in blood mononuclear cell culture in coronary heart disease
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ABSTRACT

Aim. To evaluate the nature of changes in the expression of markers of endothelial progenitor cells (VEGFR2,
CD34, CD14) and endothelial cells (CD146) in association with the expression of the leukocyte common antigen
CD45 in the culture of blood mononuclear cells in the presence of M-CSF in patients with coronary heart disease
(CHD) and healthy donors.

Materials and methods. The study included 12 patients with CHD with class III-V angina pectoris and 10 healthy
donors, from whom 30 ml of venous blood was taken on an empty stomach in the morning and stabilized with
heparin. Blood mononuclear cells were isolated by Ficoll density gradient centrifugation (1.077 g / cm?) and
subject to immunomagnetic separation using CD14-MicroBeads and CD34-MicroBead Kit (Miltenyi Biotec B.V.
& Co. KG, Germany). The resulting CD14" and CD34" culture of mononuclear cells was incubated for 6 days
in a complete nutrient medium with and without M-CSF 50 ng / ml (Cloud-Clone Corp., USA) with complete
replacement of the medium and repeated application of M-CSF on day 3. After 6 days, the proportions of CD45",
CD14*, CD34", VEGFR2", and CD146" cells in the culture were assessed by flow cytometry using CD14-FITC,
CD34-PE, VEGFR2-Alexa Fluor 647; CD45-FITC and CD146-PerCP antibodies (BD Biosciences, USA).

Results. It was shown that in healthy donors, the proportion of CD146" cells in the co-culture of blood mononuclear
cells with M-CSF exceeded their number in the sample without it, with comparable expression rates of CD45, CD14,
and VEGFR2 markers between the control and stimulated cultures. In CHD patients, the number of CD146+ and
VEGFR2" cells did not change when M-CSF was added to the mononuclear cell culture; however, the proportion
of CD14" cells increased and the proportion of CD45" cells decreased compared to the control sample. The number
of CD34" cells was comparable both between control and stimulated samples, and between the groups of examined
individuals. At the same time, in patients with CHD, an increased proportion of VEGFR2" cells was found in the
control and stimulated samples compared to healthy individuals, while an increased proportion of CD14" cells was
detected only in the stimulated culture.

Conclusion. The development of CHD disrupts the response of blood mononuclear cells to the effect of M-CSF,
increasing the number of CD14" and reducing the proportion of CD45" cells in the culture in the absence of
stimulating effects on the expression of endothelial cell marker CD146. At the same time, M-CSF does not affect
the expression of CD34 and VEGFR2 in endothelial progenitor cells both in patients with CHD and in healthy
individuals.

Keywords: endothelial progenitor cells, monocytes, M-CSF, vascular repair, endothelial cells, coronary heart
disease
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Bnnanne M-CSF Ha 3Kcnpeccnio MapKepoB NPOoreHNTOPHbIX
SHAOTENVaNbHbIX KNEeTOK B KyJibType MOHOHYKJ/IeapOB KpOBI
npu nwemmnyecKkon 6onesHmn cepaua

Yymakosa C.I.", Ypasosa O.WU." 3, LUunynuH B.M."?, TnagKoeckaa M.B.}, AHgpeeB C.J1.%,

Hesckas K.B.', 3uma A.I.', Hukynuna EJ1."

I Cubupckuil 20¢y0apcmeenHblil MeOUYUHCKULL YHUBEDCUMEeN
Poccus, 634050, e. Tomck, Mockosckuti mpakm, 2

2 Hayuno-uccaedosamenvckuit uncmumym (HUHU) kapouonocuu, ToMCKUIl HAYUOHALbHBLLL UCCLEO08AMENbCKULL

meduyunckuu yeump (HUMIL]) Poccuiickou akaoemuu HayK
Poccus, 634012, e. Tomck, yn. Kuesckas, 111a

3 Tomckuil 2ocydapcmeennoiil ynusepcumem cucmem ynpaesienus u paouosiekmponuru (TYCYP)
Poccus, 634050, 2. Tomck, np. Jlenuna, 40

PE3IOME

Hens: oneHUTs XapakTep M3MEHEHHH YKCIPECCHH MapKepOB SHI0TETHAIBHBIX TPOreHnTOpHEIX KieTok (VEGFR2,
CD34, CD14) u sunotemmornuros (CD146) B acconnanuu ¢ sKcrpeccuell nameiikonntapaoro mapkepa CD45 B
KyJIbType MOHOHYKJICapoB KpoBH B npucytcTBur M-CSF 'y GonpHBIX nmemudeckoit 6onesnsio cepana (UBC) n
3JI0POBBIX IOHOPOB.

Marepuajbl 1 MeToabl. B nccinenosanne Bouutn 12 6ompabix MUBC co creHokapaueit Hanpspkenus [11-V ¢yHk-
LIMOHAJILHOTO Ki1acca 1 10 310pOBBIX IOHOPOB, Y KOTOPHIX YTPOM HATOIIAK 3a0Mpaid BEHO3HYO KPOBb B KOJIMYE-
crBe 30 MJI ¥ CTabHIIM3MPOBAIH TenaprHOM. MOHOHYKJIeaphl KPOBH BBIJEISUTH Ha IpajaueHte Gpukomia 1,077 r/em?
1 TIO/IBEprajii UMMYHOMAarHuTHON cenapanuu ¢ npuMmeHerneM antuten CD14-MicroBeads u CD34-MicroBead
Kit (Miltenyi Biotec B.V. & Co. KG, I'epmanus). [Toxydennyto cmemannyio no CD14 u CD34 kynbTypy MOHO-
HyKJIeapoB HHKYOUpOBaiy 6 CyT B MOnHOU muTarensHol cpene ¢ podasnernneM M-CSF 50 ur/min (Cloud-Clone
Corp., CIIIA) u 6e3 Hero ¢ MONHOK 3aMEHOH cpeasl U MOBTOpHBIM BHeceHneM M-CSF na 3-u cyT. Uepes 6 cyT
OILIEHUBAJIH 10110 TO3UTHBHEIX 0 CD45, CD14, CD34, VEGFR2, CD146 KIeTOK B KyJIBTYpe ¢ TOMOIIBIO aHTUTET
CD14-FITC, CD34-PE, VEGFR2-Alexa Fluor 647; CD45-FITC u CD146-PerCP (BD Biosciens, CLLIA) meTogom
HPOTOYHOHN LUTO(ITYOPUMETPHU.

Pe3syabTatsl. [Tokazano, yTo y 310poBBIX J0HOPOB A0t CD146" KieToK B CMEIIaHHOH KyJIbTYPe MOHOHYKJIEApOB
kpoBu npu go6asiennn M-CSF npeBbliaeT uX KOJIMYECTBO B IpoOe 0e3 ero BHECEHUs IPH CONOCTaBUMBIX TTOKa-
3arensix skcnpeccun Mmapkepos CD45, CD14 u VEGFR2 mexay KOHTPOIbHOM U CTUMYJIUPOBAHHON KYJIbTypaMu.
VY 6onpubix UBC uncnennocts CD146'u VEGFR2" knetok He namensnack npu nodasnenun M-CSF B kynbTypy
MOHOHYKJIEapoB, oxHako noist CD14" knerok Bo3pacrana, a CD45" KJIeTOK CHU)Kalach OTHOCUTENIBHO KOHTPOJIb-
Hoit poObl.  KomnuectBo CD34" kineTok OBLIO COMOCTAaBUMBIM KaK MEXIY KOHTPOJIBHON M CTUMYJIMPOBAHHOH
npobaMu, Tak U MeXIy rpynnamu odcieoBaHHbIX juil. [Ipu 3ToMm y 60ibHbIX IBC ycTaHOBIEHO MpeBbIlIeHNE
nonn VEGFR2' ki1eTok 0THOCUTENIBHO 3J0POBBIX JOHOPOB B KOHTPOJIbHOU U cTuMynupoBanHoi M-CSF mpo6ax,
a 11 CD 14" MOHOHYKJIEapOB — TOJIBKO B CTUMYJIMPOBAHHOM KyJIbTYpe MOHOHYKJICAPOB.

3aximoyenne. @opmuposanue MBC HapyliaeT peakiuo MOHOHYKIIeapoB KpoBu Ha aelictBue M-CSF, yBennuu-
Bas yucso CD14" u ymenbmas gosnto CD45* kiieTok B KyJIbType IpU OTCYTCTBUM CTUMYJIUPYIOLIETO BIUSHUS Ha
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akcrnpeccuto mapkepa CD146 sunorenuanbHbix KiaeTok. [Ipu 3Tom M-CSF He Biuser Ha 9KCIpeccuio MapKepoB
CD34u VEGFR2 OIIK kak y 6onbHbIX MBC, Tak n'y 3/0pOBBIX JHII.

KiroueBbie ciioBa: MOHOLMTBI, IPOTCHUTOPHBIC SHAOTCINAIbHBIC KIICTKH, M-CSF, penapanus COCya0B, SHAOTE-
JIMOIMTHI, MIICMHUYCCKasA 0oJ1e3Hb cepana

KOHq)JIPlKT HHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U MOTCHIUAJIbHBIX KOH(bJ'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6HI/IKaHI/Ieﬁ HaCTOHIJ_Ief/’I CTaTbHU.

Hcrounuk ¢punancupoBanus. VcciegoBanue BRIIOIHEHO 3a cyeT rpaHTa Poccuiickoro Hayunoro ¢onma Ne 22-
25-20038, https://rscf.ru/project/22-25-20038/ u cpenct AnmuHUCTpanuu ToMcKol 00IacTu.

CooTBeTcTBHE NPUHLIMIIAM 3THKH. Bece manueHTs! noamucant HHGOPMUPOBAHHOE COTACHe Ha y4acTHE B HC-
cnenoBanuu. MceaenoBanus NpoBeAeHBI ¢ paspelieHus JOKaIbHOro 3THueckoro komurera CuolI'MY (mpotokon
Ne 9299 ot 28.11.2022).

Jns uutupoBanus: Yymakosa C.I1., Ypazosa O.1., lllunymua B.M., I'mankockas M.B., Arapees C.JI., He-
Bckast K.B., 3uma A.I1., Hukynuna E.JI. Bmusane M-CSF Ha skcnpeccuto MapKepoB MPOT€HUTOPHBIX SHAOTEIH-
aNBHBIX KIETOK B KyJIbType MOHOHYKJICAPOB KPOBH P HIEMHUYECKON Oone3Hn cepauna. broemens cubupckou

Effect of M-CSF on the expression of endothelial progenitor cell markers

meouyunvt. 2023;22(4):156—163. https://doi.org/10.20538/1682-0363-2023-4-156-163.

INTRODUCTION

For many decades, cardiovascular diseases have
been the main cause of death in many countries of the
world [1, 2]. Studies of the pathogenesis of vascular
pathology are often limited to studying vasomotor
endothelial vascular dysfunction [3, 4], however,
its angiogenic form which includes impairment of
angiogenesis and reparative processes in the vessels is
insufficiently studied [5].

In atherosclerosis, which underlies coronary heart
disease (CHD), monocytes can have both a negative
and a protective effect. On the one hand, plaque
macrophages, maintaining chronic inflammation,
prolong vascular alteration with the help of matrix
metalloproteinases (MMPs) [1, 6, 7] and promote
vascularization in atheroma, which increases the
risk of plaque hemorrhage with subsequent plaque
destabilization [3, 8]. On the other hand, monocytes
containing a population of endothelial progenitor
cells (EPCs) [9] can participate in the angiogenesis
induction, which is necessary for the formation of
collateral blood flow and repair of damaged vessels,
which has a protective and adaptive value in CHD.

Angiogenesis is realized by early and late EPCs,
which have monocytic VEGFR2'CD34*CD14" and
non-monocytic VEGFR2*CD34*CD14- immuno-
phenotypes, respectively [2, 9]. Early EPCs stimulate
the mature endothelial cells survival in a paracrine way,
can acquire their markers, but have limited proliferative
activity; late EPCs have a high proliferative activity
and differentiate into endotheliocytes [2, 9]. It is

known that circulating EPCs can be isolated from
peripheral blood mononuclear cells. Moreover, when
monocytes are cultured in the presence of vascular
endothelial growth factor (VEGF), they transform into
an intermediate cell phenotype and further differentiate
in endotheliocytes, losing the CD45 pan-leukocyte
marker [10]. The ability of other growth factors to
stimulate angiogenesis has also been demonstrated.
Thus, the cultivation of bone marrow cells with
granulocyte colony-stimulating factor (G-CSF) and
macrophage colony-stimulating factor (M-CSF)
increased the expression of endothelial markers CD31
and CD146 [11], and the cultivation of EPCs isolated
from blood monocytes with granulocyte — macrophage
colony-stimulating factor (GM-CSF) increased their
proliferative activity [12]. Considering the above,
it can be assumed that blood monocytes (CD14%)
enriched with hematopoietic stem (CD34") cells [2]
can modulate their phenotype under the influence of
various stimuli. Since early EPCs are monocytic cells,
it is possible that the cultivation of a mixed culture
of monocytes (CD14%) and hematopoietic stem cells
(CD34") in the presence of M-CSF can affect the
expression of markers characteristic of EPCs.

The aim of the study was to evaluate the nature of
changes in the expression of markers of endothelial
progenitor cells (VEGFR2, CD34, CDI14) and
endotheliocytes (CD146) in association with the
expression of the leukocyte common antigen CD45
in CD14" and CD34" blood mononuclear cell culture
in the presence of M-CSF in patients with CHD and
healthy individuals.
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MATERIALS AND METHODS

A single-stage, case-control, single-center,
observational study was conducted from December
2022 to May 2023. The study included 12 patients
with CHD (10 men and 2 women, mean age 62.0
[56.5; 64.0] years) with class II-IV angina pectoris
and mainly NYHA class II-1II heart failure, who had a
history of myocardial infarction and were admitted to
the Cardiology Research Institute of Tomsk National
Research Medical Center to undergo coronary bypass
grafting. Patients received standard anti-anginal
therapy with long-acting nitrates, pl-blockers,
calcium channel blockers, angiotensin-converting
enzyme inhibitors, as well as antiplatelet therapy with
acetylsalicylic acid preparations or P2Y12 receptor
blockers and lipid-lowering therapy with statins. The
comparison group consisted of 10 apparently healthy
donors (7 men and 3 women, mean age 57.5 [48.0;
65.5] years), who did not have any cardiovascular
diseases and complaints of a corresponding nature.

The exclusion criteria were as follows: age over 70
years, autoimmune diseases, an allergic process in the
acute phase, a tumor process, viral hepatitis, syphilis,
HIV infection, anemia, treatment with iron-containing
drugs, erythropoietin or immunosuppressive therapy,
acute infections within less than 3 weeks before the
study, as well as the patient’s refusal to participate in
the study.

The studies were carried out in accordance with the
ethical principles set out in the Declaration of Helsinki
(1975) and approved by the local Ethics Committee at
Siberian State Medical University (Protocol No. 9299
0f28.11.2022).

The material of the study was blood from the
cubital vein in a volume of 30 ml, taken in the morning
on an empty stomach before exercise, diagnostic and
therapeutic procedures, which was stabilized with
heparin (25 IU / ml). Blood mononuclear cells were
isolated by Ficoll density gradient centrifugation
(1.077 g /em?®) (PanEco LLC, Moscow). After double
washing of mononuclear cells with 0.5% PBS (PBS,
pH=7.2), immunomagnetic separation was performed
using CD14 MicroBeads and CD34 MicroBead Kit
antibodies (Miltenyi Biotec B.V. & Co. KG, Germany),
MS separation columns (Miltenyi Biotec B.V. & Co.
KG, Germany), and a MiniMACS magnet (Miltenyi
Biotec B.V. & Co. KG, Germany) according to the
manufacturer’s instructions. The purity of isolation,
i.e. the proportion of CD14+ and CD34+ cells in the
culture, was 80-85% and 5-7%, respectively. Cell

viability was determined in a test with 0.1% trypan
blue (PanEco LLC, Moscow). If it was at least 96%,
cells were added to 2 wells of a 24-well plate, 106 cells
each. The samples were incubated for 6 days with 5%
CO, in a complete nutrient medium (nutrient medium
RPMI-1640 (PanEco LLC, Moscow) supplemented
with fetal calf serum, L-glutamine, penicillin —
streptomycin) with the addition of 50 ng / ml of
recombinant human M-CSF (Cloud-Clone Corp.,
USA) to one of the wells. After 3 days of incubation,
the medium was partially replaced and the stimulant
was re-introduced at the same dose. The sample with
recombinant M-CSF was considered stimulated, and
the sample without M-CSF was considered control.
After 6 days, the cells were removed from the plate
surface by incubating them with 500 pl of 0.05%
trypsin — EDTA solution (PanEco LLC, Moscow) per
well for 5 min at 37 °C. After washing the cells with
500 wl of 0.5% PBS, the pellet was resuspended, and
the cells were used for flow cytofluorometry.

To determine the expression of CD45,CD14,CD34,
VEGFR2 (KDR; CD309), and CD146 molecules in
the co-culture culture of blood mononuclear cells,
flow cytometry was performed using monoclonal
antibodies with two combinations of labels:
CD14-FITC, CD34-PE, VEGFR2(KDR; CD309)-
Alexa Fluor 647 and CD45-FITC, CD146-PerCP,
VEGFR2(KDR; CD309)-Alexa Fluor 647, according
to the manufacturer’s instructions (BD Biosciences,
USA). Dead cells were excluded from the analysis
using DAPI staining (Wuhan Servicebio Technology
Co., Ltd, China). The fluorescence intensity was
measured on the CytoFLEX flow cytometer
(Beckman Coulter International S.A., USA), and the
data obtained were analyzed using the CytExpert 2.3
software (Beckman Coulter International S.A., USA).
The positivity boundaries of the label luminescence
were established using fluorescence minus one (FMO)
controls. We estimated the proportion of cells positive
for each marker as a proportion (%) of the total number
of cases, excluding the area of small objects (FSC less
than 100 x 10%).

Statistical data was analyzed using the Statistica
10.0 program. In the statistical description of the
results, the median and interquartile range were
calculated (Me [Q1; Q3]). The Mann — Whitney test
(for independent samples) and the Wilcoxon test (for
dependent samples) were used to perform comparative
analysis of sample data. The results of the statistical
analysis were considered statistically significant at
p <0.05.
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RESULTS

The comparative analysis of control and M-CSF-
stimulated samples of CD14" and CD34" blood
mononuclear cell co-cultures in healthy donors
revealed a statistically significant increase in the
proportion of CD146" cells only in the sample with
M-CSF compared to the sample without M-CSF with
comparable expression parameters for CD45, CD14,
and VEGFR2 markers (Table). On the contrary, in
patients with CHD, the number of CD146" cells did
not change when M-CSF was added to the culture, as
did the number of VEGFR2" cells, but the proportion

of CD14* mononuclears increased significantly, and
CDA45* decreased compared to the control sample. In
the meantime, CD34 expression did not differ between
the control and stimulated samples, or between the
groups of examined individuals.

The analysis of the expression parameters of the
studied markers between the groups of examined
patients revealed an excess of the relative number
of VEGFR2" cells in CHD patients compared to
healthy donors in both control and stimulated M-CSF
samples, and for CD14" mononuclear cells — only in
the stimulated sample (Table).

Table

Expression of markers of endothelial progenitor cells and endotheliocytes, as well as CD45 molecules in the CD14* and CD34" blood
mononuclear cell co-culture stimulated and not stimulated with M-CSF in patients with CHD and healthy donors, Me [Q ; O,]

The proportion of cells Healthy donors CHD patients
expressing the marker Control sample Sample with M-CSF Control sample Sample with M-CSF
17.68
30.93 30.79
CD45, % 56.18 [23.40; 47.12] [19.66; 46.60] [11.62; 23.90]
[40.55; 64.20] s s p=0217
b P .= 0.049
2036
19.17 26.43
CD14,% 28 [12.32; 26.80] [15.93; 30.12] [25.14; 51.69]
[18.34;31.10] P o p=0.046
P p== p=0.031
19.18 1584 1732
2271 [15.07;23.76] ' [14.24;22.31]
D .
D34, % [18.14; 27.58] p.=0.743 10.86: 24111 =020
P p,=0.855
2547
5.62 21.16
VEGFR2, % 4.38 [2.51; 11.43] [13.05; 28.56] [13.80: 32.16]
[1.75; 9.25] e o p=0013
s p=0. .= 0.407
236
2.82 1.44
CDI146, % P [1.63; 5.40] [090; 3.82] [1.59: 4.27]
[0.94; 2.70] o o p=0.763
O p=0 p.=0.194

Note: p_— the level of statistical significance of the differences in the parameters compared with the cell content in the control sample, p — in

healthy donors.

DISCUSSION

The study of the M-CSF effect on the marker
expression inherent in early EPCs (VEGFR2, CD34,
CD14) and more differentiated endotheliocytes
(CD146) established the differences in the effects of
this cytokine on the culture of blood mononuclear
cells mixed in CD14" and CD34" in CHD patients
and healthy donors (Table). It was shown that the
physiological response of these cells to M-CSF
consists in increased CD146 expression, which does
not occur in patients with CHD.

TheCD146moleculeisexpressedonendotheliocytes
and pericytes, promoting the formation of cell — cell

interactions between them, increasing endothelial
adhesiveness and endothelial cell survival, and also
contributing to pericyte recruitment, EPC homing,
vessel architectonics, and their stabilization [13,
14]. Its soluble form sCD146 was shown to enhance
the angiogenic properties of EPCs, and sCDI146
injection improved neovascularization in a murine
ischemia model, which was mediated by VEGFRI,
VEGFR2, angiomotin, and the shCD146 isoform
[13]. Therefore, an increase in CD146 expression in
the blood mononuclear culture in healthy individuals
can be considered as a positive effect of M-CSF,
which could have a protective effect on vessels of
the ischemic myocardium affected by atherosclerosis
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in patients with CHD, but it is not realized in CHD
(Table).

Using a model of chronic obstructive pulmonary
disease, it was shown that CD146 deficiency in
pulmonary endothelial cells was associated with
its increased permeability and tissue infiltration by
monocytes, and the addition of sCD146 increased
monocyte transmigration in vitro [13]. Accordingly,
impaired CD146 expression under the effect of
M-CSF in patients with CHD can not only inhibit
angiogenesis, but also enhance monocyte migration
into the vessel wall and tissues, contributing to
inflammation and fibrosis. CD146 deficiency is
associated with suppression and enhancement of the
non-canonical and canonical Wnt pathways, which
leads to a profibrotic state [15].

Since CDI146 is more present on mature
endotheliocytes and is often used as a marker of
desquamated endothelial cells [14, 16, 17] and to a
lesser extent — on EPC [9, 14], in healthy individuals,
a mature phenotype of endotheliocytes is probably
more likely to form under the M-CSF influence in
blood mononuclear cell culture. At the same time, the
expression of VEGFR2, which is inherent in EPCs and
endotheliocytes, did not change in blood mononuclear
cell culture in the presence of M-CSF in both healthy
individuals and patients with CHD (Table).

Binding of VEGFR?2 to its ligands VEGF-A and
VEGF-C stimulates the expression of adhesion
molecules, vascular permeability, cell survival
(through activation of the PI3K/AKT pathway),
cell attachment and migration (through activation
of p38MAPK and focal adhesion kinase FAK), and
proliferative response (through activation of mitogen-
activated protein kinase (MAPK) and extracellular
signal-regulated kinase (ERK)) [18]. Therefore, it
can be assumed that early VEGFR2'CD34°'CD14*
and late VEGFR2'CD34°CDI14- EPCs present in
the mononuclear cell culture (because they were
separated by CD34") were transformed under the
M-CSF influence in healthy donors into a more mature
phenotype with CD146 expression, but without
increasing the proliferative potential of cells through
VEGFR?2 signaling. This transformation obviously did
not occur in CHD. Since the expression of VEGFR2
and CD34 in the blood mononuclear cell culture did
not increase in the M-CSF presence in both healthy
individuals and CHD patients (Table), it cannot be
argued that M-CSF promotes EPC differentiation or
proliferation. However, the proportion of VEGFR2"
cells in the co-culture of blood mononuclear cells in

CHD patients was higher than in healthy individuals,
both with M-CSF and without it (Table). This fact
is obviously associated with the initially greater
VEGFR2*CD34* cell separation in patients due to
the high VEGFR2" cell content in the blood of CHD
patients, which we discussed earlier [17].

A significantly higher percentage of CD34"
cells in both groups of examined individuals after
mononuclear cell culture (Table) is worth noting
compared to that obtained using immunomagnetic
separation (see Materials and Methods section). It
has been shown that blood mononuclear cells in the
culture can transform not only into endothelial cells
and macrophages, but also into fibrocytes expressing
CD34 [19]. We observed the spindle cell formation in
culture (the results are not presented, they are being
statistically processed), the shape of which is inherent
in both fibrocytes [19] and terminal endothelial cells
[2, 10]. However, without studying specific fibrocyte
markers, such as the presence of intracellular collagen
and CD34 in the absence of CD33, CD35, and CD93
expression [19], it is impossible to discuss the M-CSF
effect on fibrocyte differentiation.

The unchanged proportion of CD34" mononuclear
cells in the culture under the M-CSF effect in the
examined individuals of both groups (Table) can also
be associated with the induction of multi-directional
processes by this cytokine: stimulation of its formation
from monocytes (CD14") that do not express CD34"
into fibrocytes carrying it, and with the transition of
CD34" EPCs into mature endothelial cell forms that
lose CD34*. Thus, CD34" cells with high expression of
endothelial cell markers, surrounded by spindle cells,
were found in the blood monocyte culture in vitro.

Over time, two types of colony-forming units
(CFU) were isolated in the monocyte culture: CFU-
Hill cells and endothelial colony-forming cells. The
former are phagocytic and express CD14, CDA45,
CD115, but do not have proliferative and vasculogenic
activity, while the latter do not have CD14, CDA45,
CD115 and express markers of endothelial cells and
form capillary-like structures in vitro and vessels
in vivo [2]. Exposure to M-CSF caused CD14" cell
accumulation (Table) in CHD patients compared to
healthy individuals, which indicates increased CFU-
Hill cell formation. At the same time, the decrease
in the expression of the leukocyte common antigen
CD45 on the cultured blood mononuclear cells in CHD
patients with M-CSF can probably be explained by its
stimulating effect on the transformation of monocytes
into various cells not carrying CD45 (endothelial [2])
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and weakly expressing it (fibrocytes and macrophages
[19]).
CONCLUSION

In CHD, the nature of the response of CD14"
and CD34" blood mononuclear cells to the M-CSF
action changes, which is manifested by an increase
in the CD14 marker expression and inhibition of
CD45 molecule expression. At the same time, the
physiological response of these cells to M-CSF
stimulation in the form of increased endothelial
marker CD146 expression is lost. Meanwhile, M-CSF
does not change the EPC marker (VEGFR2, CD34)
expression on CD14" and CD34" blood mononuclear
cells both in healthy individuals and in CHD patients.
The obtained knowledge creates the concept of the
effectiveness of cytokine and cell therapy using
M-CSF for the angiogenesis induction in CHD patients
and the mechanisms of its possible therapeutic effect.
These data can become the grounds for developing a
new method for treating this disease. Provided that the
recombinant M-CSF side effects are excluded, further
research is required in vivo.
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Adipokine imbalance and its role in the pathogenesis of novel coronavirus
infection
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Romanov D.S., Pershina D.E.
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ABSTRACT

The review summarizes and analyzes the results of major foreign studies on the role of adipokine imbalance in the
development of a severe course and complications of novel coronavirus infection (COVID-19). Adipokines are
biologically active compounds produced by adipose tissue cells and involved in the regulation of metabolism and
the functioning of the immune system.

Obesity is a proven risk factor for severe COVID-19 due to high hormonal and metabolic activity of visceral
adipose tissue. A deep understanding of COVID-19 pathogenesis from the point of view of the role of adipokine
imbalance in it can provide the grounds for the development of effective pathogenetic approaches to the prevention
of'a severe course and complications of novel coronavirus infection.

Keywords: novel coronavirus infection, SARS-CoV-2, metabolic syndrome, obesity, adipokines, adipokine
imbalance
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Avncb6anaHc agMNOKNHOB 1 €ro poJb B NaToreHese HOBOW
KOpPOHaBUpYyCHON NHpeKunn

becnanosa U.[., Mutpuyenko Y.M., Kanioxxuu B.B., Koponesa E.C., Kowasuesa [0.U.,
Pomanos [1.C., Mepwnna [.E.

Cubupckuii cocyoapcmeennwlil meouyurckull ynugepcumem (Cudl’MY)
Poccus, 634050, 2. Tomck, Mockoeckuii mpaxm, 2

PE3IOME

B 0630pe 060011eHBI 1 TPOAHATM3UPOBAHBI PE3yIbTaThl KPYIHBIX 3apyOeKHBIX HCCIEI0BAHUH, KACAIOIUXCS H3Y-
YEHHS POJIM JIUIIOKHHOBOTO JcOaTaHca B Pa3BUTHU TSDKEIOT0 TEUEHHS M OCIIOKHEHHI HOBOW KOPOHABUPYCHOM
nadexmu (COVID-19). AnumokuHb! — OMOJIOTHYECKH aKTHBHBIE COSANHEHHs, KOTOPBIE BEIPA0ATHIBAIOTCS KIIET-
KaMH >)KUPOBOH TKAHH M YJaCTBYIOT B PETyJISIIUM OOMEHA BEIIECTB M PAaOOTHI HIMMYHHOMH CHCTEMBI.

W3BecTHO, YTO OXXHUpPEHHE SBISIETCS NOKa3aHHBIM (pakTopoM pucka Tspkenoro teueHust COVID-19 B cBszu ¢
BBICOKOH TOPMOHATBHON M META00IMUECKON aKTUBHOCTHIO BHCLEPAIILHOM KUPOBO TKaHU. [ TyOoKoe moHNMaHne
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naroreHeza COVID-19 ¢ no3unuii yqactusi B HeM aIMIIOKMHOBOTO JEicOanaHca MOXeET Jiedb B OCHOBY pa3paboTKu
3G (EKTHBHBIX MaTOTCHETUUECKUX MOAXOA0B K MNPO(MIAKTHKE THKEIOr0 TEYCHHs W OCIOKHEHHH HOBOM

KOPOHABUPYCHOW MH(EKIIUH.

KawueBsble cioBa: HoBas kopoHaBupycHas uHdpekuus, SARS-CoV-2, MeTabonudeckuii CHHIPOM, OKUpPEHHE,

aIUIIOKMUHBI, aIUITOKUHOBEIN arcOanaHc

KondaukT naTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOHMOIUKTOB HHTEPECOB,

CBSI3aHHBIX C IMyOIMKaLUel HACTOsIIEeH CTaTbu.

HUcTouHuk q)HHaHCI/IPOBaHPHI. ABTOpLI 3asIBJIIIOT 00 OTCYTCTBUU (bHHaHCI/IpOBaHI/ISI py MPOBEACHUUN UCCIIEN0-

BaHUA.
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INTRODUCTION

Novel coronavirus infection (COVID-19), caused
by the SARS-CoV-2 virus, has become a serious medi-
cal and social problem throughout the world, as confir-
med by epidemiological studies in recent years [1].
COVID-19 has significantly affected the level and struc-
ture of disability and mortality among the working-age
population [2]. Despite the fact that the World Health
Organization (WHO) has declared the end of the pan-
demic, the incidence of COVID-19 remains significant.
The infectious process in COVID-19 is manifested by
a variety of symptoms and pronounced clinical presen-
tation, from an asymptomatic course to fulminant
forms of the disease [3]. The scientific community’s
understanding of the mechanisms of the SARS-CoV2
effect on the body continues to expand, and currently
there are sufficient data indicating not only damage
to the respiratory system, but also the involvement of
other body systems in the pathological process [4].

The severity of the problem of COVID-19 is
determined not only by the unprecedented level of
prevalence, a trend toward a severe course, and the
frequency of fatal complications, but also by the
lack of a comprehensive understanding, due to the
short observation period, of the leading links in the
pathogenesis of this infection, which determine the
prognosis. In the scientific literature of recent years,
the search for predictors of the severe course and
adverse outcomes of COVID-19, including mortality,
has been widely discussed.

METABOLIC SYNDROME AS A RISK FACTOR
FOR A SEVERE COURSE OF COVID-19

To date, a large amount of evidence has been
accumulated convincingly indicating that the
components of metabolic syndrome (MS) should

be taken into account as predictors of a severe
and complicated course of COVID-19. MS is
characterized as a complex of metabolic, hormonal,
and clinical disorders associated with a large number
of socially sensitive chronic non-communicable
diseases and also determines the severe course of a
number of infections. Insulin resistance, dyslipidemia,
abdominal obesity, and arterial hypertension (AH) are
considered as the main components of MS. Each of
these components underlies the development and the
severe and complicated course of associated pathology,
worsens the disease prognosis, and negatively affects
the quality of life of patients [5].

The prevalence of MS in recent years has become
pandemic in nature and is maintaining an upward trend,
covering, according to recent estimates, up to 50% of
the population in the Russian Federation [6]. Chronic
systemic low-grade inflammation is considered to be
one of the key pathogenetic factors that unites MS and
associated diseases. This is illustrated by numerous
studies showing a direct relationship of the level of
systemic inflammation markers with the severity
of metabolic disorders and the risk of developing a
number of socially sensitive non-communicable
diseases [5, 7].

Since the beginning of the COVID-19 pandemic,
data have been accumulated on the impact of metabolic
disorders on the course of the infection. Researchers’
attention was drawn to the fact that the presence of
obesity, AH, and carbohydrate metabolism disorders
increased the risk of hospitalization and a severe
course of COVID-19 [8, 9].

Thus, a cohort study conducted by J.L. Denson
et al., including 29,040 patients hospitalized with
COVID-19, revealed that the presence of MS
significantly increased the risk of hospitalization
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in the intensive care unit (ICU), the frequency of
using mechanical ventilation, and the development
of acute respiratory distress syndrome (ARDS) and
death. At the same time, the severity of metabolic
disorders determined the risk of complications [10].
It was found that MS proved to be a more significant
prognostic factor for severe COVID-19 than each of
its components separately [11]. However, each of the
components makes its own negative contribution and
aggravates the course of the infectious process, which
is also confirmed by the results of a number of studies.
A 2021 meta-analysis combining data from 186 studies
showed an increase in the relative risk of death from
COVID-19 in patients with diabetes mellitus (DM) by
54%, in patients with hypertension — by 42%, and in
patients with obesity — by 45%. [12].

CARBOHYDRATE METABOLISM
DISORDERS AND COVID-19

Long before the COVID-19 pandemic, results
were published characterizing hyperglycemia and
DM as independent predictors of a severe course and
mortality for respiratory infections, such as SARS [13].
As the COVID-19 pandemic spread, researchers from
different countries pointed out that the presence of DM
significantly increases the risk of death in COVID-19
[14-16]. It was noted that not only DM was associated
with the development of adverse outcomes, but also an
increase in fasting blood glucose levels was associated
with a high risk of mortality after adjustments for age,
gender, and comorbidities [17].

The results from meta-analyses also showed that
hyperglycemia at admission was a strong independent
predictor ofasevere course and mortality in COVID-19.
In particular, an increase in glucose concentration by 1
mmol / | increased the risk of a severe disease course
by 33% [18, 19]. It is now known that HbA1c level is
also associated with increased mortality and severity
of COVID-19 [20].

ARTERIAL HYPERTENSION AND COVID-19

An analysis of multiple observational studies found
that the risk of death for patients with AH during
COVID-19 was 11% higher than for patients without
AH [12]. Some reports have suggested that AH may
represent a risk factor for increased susceptibility
to COVID-19 infection, a more severe course of
the disease, and increased mortality. However, the
independent role of AH remains a matter of debate,
since this syndrome is often associated with older age
and other cardiovascular risk factors in the general

population, which may also aggravate the course of
COVID-19. It is believed that high and uncontrolled
systolic blood pressure may contribute to a more
severe course of COVID-19, likely due to the presence
of wvascular remodeling, which may exacerbate
endothelial dysfunction, endothelial lesions, and
endotheliitis caused by COVID-19 [21].

DYSLIPIDEMIA AND COVID-19

Researchers’ attention was drawn to the nature
of dyslipidemia, which has distinctive features in
COVID-19. At the beginning of the pandemic,
Chinese scientists described changes in the lipid profile
characteristic of COVID-19: a significant decrease
in the level of total cholesterol (TC), low-density
lipoproteins (LDL), and high-density lipoproteins
(HDL) in the blood serum compared to the controls
[22]. At the same time, hypolipidemia, which occurred
in patients even with a mild infection, tended to
progress as the severity of COVID-19 increased [23,
24]. Another group of researchers noted that patients
admitted to the ICU had higher triacylglycerol (TAG)
levels [25]. Subsequently, as clinical data accumulated,
large meta-analyses were conducted that confirmed
the association of dyslipidemia with the severity of
COVID-19 and the risk of death [26, 27].

OBESITY AND COVID-19

Obesity as an unfavorable prognostic factor in
respiratory infectious diseases was considered long
before COVID-19. Back in 2009, during the influenza
A (HIN1) pandemic, obesity was first characterized
as a predictor of a severe disease course and high
mortality in infected individuals [28]. In further
clinical studies of HINI flu, obesity was associated
with an increased risk of hospitalization, transfer to
ICU, and a need for mechanical ventilation [29, 30].
Since the beginning of the COVID-19 epidemic,
researchers have noted that a significant proportion
of SARS-CoV-2-infected patients with respiratory
failure admitted to the ICU were overweight. The
strong relationship of abdominal obesity with
adverse outcomes of COVID-19 infection (the risk of
hospitalization, the severity of clinical and paraclinical
symptoms, the development of respiratory failure, the
need for mechanical ventilation, and mortality) has
been confirmed by a number of independent studies
conducted in different countries [31-33]. A meta-
analysis of several large-scale epidemiological studies
suggests that with increasing body weight, the severity
of the disease increases significantly [34-36].
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Therefore, the association of obesity with adverse
clinical outcomes from COVID-19 is robust across the
board and persists even after adjusting for confounding
variables, such as age, sex, and comorbidity. Various
mechanisms are currently being discussed to explain
why obese patients are most susceptible to respiratory
infections, including COVID-19. The role of
abdominal obesity in the pathogenesis of undesirable
outcomes of associated diseases is explained by high
endocrine and metabolic activity of adipose tissue.
Visceral adipose tissue secretes biologically active
substances in large quantities, such as adipokines.
They realize their systemic effect by participating in
the regulation of a variety of body functions [37]. The
biological effects of adipokines and the molecular
mechanisms of their action require careful study [28].
Recently, close attention of researchers has been
directed to studying the role of adipokine imbalance
not only in the pathogenesis of diseases associated
with MS, but also in the mechanisms of development
of COVID-19.

ADIPOKINE IMBALANCE AND COVID-19

The most studied adipokines to date include leptin
and adiponectin.

Leptin is an adipokine synthesized primarily by
adipocytes in response to food intake, acting as a
signaling molecule for the brain in the regulation of
appetite and metabolism. Circulating leptin levels
are directly proportional to body adipose tissue mass
and are altered under conditions of both chronic
negative and positive energy balance, whereby
undernutrition promotes hypoleptinemia, and obesity
promotes hyperleptinemia [39]. In addition to its
main role in regulating appetite and maintaining body
weight due to the induction of anorexigenic factors,
suppression of orexigenic neuropeptides in the
hypothalamus, and influence on energy metabolism,
leptin plays an important role in the functioning of
the immune, hematopoietic, neuroendocrine, and
reproductive systems [40]. Leptin is characterized
by many researchers as an inducer of inflammation
and oxidative stress, since its level in the blood is
associated with the proinflammatory and prooxidant
activity of immunocompetent cells in the blood and
adipose tissue [41-43]. In this regard, the scientific
interest in the role of this adipokine in the mechanisms
of COVID-19 development is justified.

Thus, it was found that the average level of
leptin in the blood was higher in patients with novel
coronavirus infection who were critically ill, in

contrast to a group of patients with critical illness
not associated with COVID-19, while leptin levels
correlated with body mass index (BMI) [34, 44]. Along
with the level of proinflammatory cytokines, the level
of leptin is closely associated with the progression
and severity of the infectious process [45] and the
need for transfer to ICU [46]. Changes in the leptin
concentration in the blood of patients with COVID-19
were determined: peak values were observed on day
1 with a gradual decrease over the next 28 days of
illness, which coincided with the changes in the level
of inflammatory biomarkers interleukin (IL)-1p and
tumor necrosis factor (TNF)a [47].

However, a number of researchers studying the
pathogenetic role of leptin did not find statistically
significant associations of leptin levels with either
the severity of the disease or inflammatory factors
(C-reactive protein (CRP), IL-6) in the blood of
patients [48], or with the need to transfer patients
with COVID-19 to the ICU [25], as well as with in-
hospital mortality [49]. Researchers’ attention was
also drawn to the fact that the concentration of leptin
was significantly higher in women than in men, which
confirms the results of other authors who showed
gender characteristics of hyperleptinemia [50].

Adiponectin is a polypeptide that is mainly
produced by subcutaneous adipose tissue and exhibits
a wide range of protective effects: increasing insulin
sensitivity, oxidizing fatty acids in adipose tissue and
free fatty acids in skeletal muscles, reducing glucose
release from the liver, increasing glucose uptake,
and activating adipogenesis [51, 52]. The effects of
adiponectin are realized through its receptors, which
are found in adipose tissue, liver, and skeletal muscles
[53, 54]. The level of adiponectin increases with
a decrease in body weight in the context of taking
antidiabetic drugs; in obesity, insulin resistance,
and inflammation, its secretion decreases [55]. It is
known that this adipokine exhibits anti-atherosclerotic
effects, inhibiting the migration of monocytes /
macrophages into the vessel wall and preventing the
formation of foam cells, as well as a selective anti-
inflammatory effect [56]. The anti-inflammatory
effects of adiponectin were confirmed by negative
relationships between its concentration and the level
of some proinflammatory cytokines and markers of
oxidative stress [50, 57-59].

Scientific interest in the role of adiponectin in the
pathogenesis of COVID-19 has been demonstrated
by a large number of publications. Some studies in
which the level of adiponectin was determined once
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at admission did not show its relationship with the
severity of the disease or with adverse outcomes in
COVID-19 [25, 48, 60, 61]. Italian researchers found
that serum adiponectin levels were significantly lower
in hospitalized patients with COVID-19 compared to
healthy controls. Moreover, patients in both groups
differed significantly in BMI, which may explain the
observed difference in adiponectin concentrations. It
was also noted that high molecular weight (HMW)
oligomeric complexes, considered to be the most active
form of adiponectin, were negatively correlated with
the degree of lung injury (as measured by ultrasound,
LUS score), while serum adiponectin levels generally
did not show a prognostic value for adverse outcomes
in patients with COVID-19 [44].

Danish researchers showed that the level of
adiponectin in patients with community-acquired
pneumonia of various etiologies, including SARS-
CoV-2, despite higher values of inflammatory
biomarkers in patients with novel coronavirus
infection, did not differ significantly [62]. Experts from
the University of Virginia School of Medicine (USA)
found that patients with COVID-19 complicated by
respiratory failure had lower adiponectin values, in
contrast to patients with respiratory failure associated
with infections of other etiologies [63]. The study
conducted within the CRACoV-HHS project in Poland
included the assessment of the levels of adiponectin and
other cytokines in a cohort of patients with COVID-19
with varying degrees of severity not only at admission,
but also on day 7 and 28 of hospitalization. Severe
infection was associated with low adiponectin values
throughout the observation period and increased levels
of inflammatory biomarkers (TNFa, IL-13, PTX3)
[47]. Dutch colleagues in a multicenter prospective
study found that patients with severe and extremely
severe COVID-19 had lower adiponectin values [64].
In a recently published retrospective study, doubling
circulating adiponectin levels was associated with a
38% reduction in the odds of 90-day mortality (OR
0.62, CI 0.43-0.89) and a 40% reduction in the
risk of developing respiratory failure (OR 0.60, CI
0.42-0.86) [65]. This reflects the protective and anti-
inflammatory properties of adiponectin, previously
described by many researchers, and may serve as a
reason for continuing studies in larger cohorts of
patients.

Resistin is a protein predominantly synthesized by
monocytes and macrophages [66]. Currently, resistin
is considered as an adipokine involved in the formation
of insulin resistance and inflammatory responses [67].

Resistin is believed to influence obesity and insulin
homeostasis through paracrine and endocrine signaling
pathways. Resistin has a proinflammatory effect
because it stimulates the expression of TNFa and IL-6
by mononuclear leukocytes [68], and it is considered
as a marker of inflammation in atherosclerosis [69].
Studies on the effects of resistin in individuals with
metabolic disorders, including obesity, have shown
conflicting results [70, 71].

In few studies examining the role of resistin in
the pathogenesis of the inflammatory response in
COVID-19, it has shown itself to be a promising
marker that can be considered as a predictor of not
only the severity of COVID-19, but also of adverse
outcomes. A number of researchers found a significant
increase in the level of resistin in the serum of patients
with COVID-19, which correlated with the level of
proinflammatory cytokines, the severity of the disease,
and the frequency of adverse outcomes, including
mortality [44, 47, 61, 64, 72]. Resistin levels were
associated with the severity of clinical symptoms, the
need for oxygen therapy, and the need for mechanical
ventilation [73]. Besides, it was also associated with a
worse prognosis of COVID-19 and was characterized
as a diagnostically significant predictor for transfer of
patients to ICU [74].

Chemerin is a protein that is synthesized primarily
by hepatocytes and adipocytes. Researchers’ interest
in this adipokine has appeared relatively recently. It
was found that chemerin is involved in the regulation
of a large number of biological processes: it affects
the differentiation of adipocytes and regulates
adipogenesis, glucose homeostasis, oncogenesis,
inflammation, angiogenesis, myogenesis, and
migration of immunocompetent cells, acting as a
chemoattractant [75-79]. The question of whether
chemerin is a pro- or anti-inflammatory protein is
the subject of active scientific debate, as conflicting
results have been obtained in cell culture studies and
biological models [80, 81], which opens up prospects
for further basic research.

Currently available studies on chemerin in
COVID-19 also show mixed results. Thus, despite
the fact that in patients with novel coronavirus
infection, the concentration of chemerin in the
blood serum was significantly lower than in healthy
people, the relationship with the severity of clinical
symptoms, the severity of the course, and the need for
hospitalization in the ICU has not been established
[82]. Polish scientists drew attention to the fact that
patients with severe and moderate COVID-19 had the
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lowest concentrations of chemerin in the blood on day
7, while in patients with mild COVID-19, the level of
chemerin did not change throughout the observation
period. Researchers believe that the decrease in the
chemerin concentration one week after the onset
of symptoms may be associated with inflammatory
activity in severe COVID-19 [47].

Belgian researchers found the opposite results:
the concentration of chemerin in the blood was
significantly higher in patients hospitalized in the ICU.
Moreover, chemerin levels were associated with the
severity of the disease and positively correlated with
inflammatory biomarkers, such as CRP and TNFa.
The univariate and multivariate logistic regression
analysis showed that high chemerin levels on day 14
of hospitalization were an independent risk factor for
death [83].

CONCLUSION

Despite the great interest of the scientific
community in studying the role of adipokine imbalance
in the mechanisms of development of COVID-19
and a significant number of publications on this
topic, contradictory results associated with different
study designs, the relevance of the novel coronavirus
infection, and the need to search for diagnostically
significant predictors of adverse outcomes open up
prospects for further basic research in this area. A deep
understanding of the pathogenesis of this infection
from the standpoint of the role of adipokine imbalance
in it can form the grounds for the development of
effective pathogenetic approaches to the prevention of
severe disease and complications.
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Lipidomic markers of obesity and their dynamics after bariatric surgery
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ABSTRACT

Obesity is considered as a chronic progressive disease, heterogeneous in its etiology and clinical manifestations,
and characterized by excess in body fat mass and its deposition in the body. The term “morbid obesity” refers to
excessive deposition of adipose tissue with a body mass index (BMI) >40 kg / m? or with a BMI > 35 kg / m? in
the presence of serious complications associated with obesity. Along with obesity, the frequency of type 2 diabetes
mellitus and cardiovascular diseases closely associated with it has increased. It results from the progression of
metabolic disorders, including insulin resistance, which is inextricably linked with the accumulation of visceral fat
and plays a key role in the pathogenesis of obesity-related diseases.

The study of lipidomic signatures in obesity and associated conditions is a promising branch of fundamental
medicine, which makes it possible to significantly and at a new conceptual level stratify a cohort of obese patients
into various phenotypes, including a metabolically healthy and metabolically unhealthy obesity phenotypes.
Dynamic changes in the lipidome both in the context of diet, drug treatment, and after various bariatric surgeries are
of great interest for developing personalized strategies for the treatment of this disease. Currently available studies
and their results suggest that we are only at the very start of studying this promising biomedical field.

Keywords: obesity, mass spectrometry, metabolic profiling, lipidome, lipids, clinical markers, biomarkers, bariat-
ric surgery
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JinnnaomMHble MapKepbl OXKNPEeHUA U NX ANHaMMKa nocne
6apuaTpunyeckux onepauumn
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bawwupos C.P.', BacunbeBa E.A.", NMaBneHko O.A.", Kpunnukun [1.B.", YsHb M.’
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PE3IOME

O’kHpeHHe paccMaTpuBaeTcs KaK XPOHHYECKOEe Iporpeccupyiomee 3adojeBaHNe, TeTepOreHHOE IO CBOEH
STUOJIOTHH ¥ KIMHHYECKUM HPOSBICHUSIM, XapaKTepU3YIOIeecsi H30BITOUYHBIM M OTJIOKECHHEM JKHPOBOM MaccChl
B opranusMe. [lo TepMHHOM «MOPOHAHOE OXKHUPEHHE» ITOHUMAIOT M30BITOYHOE OTJIOKEHHE KUPOBOW TKAHH C
ungekcoM maccnl tena (MMT) > 40 kr/m? nin ¢ UMT > 35 kr/M? ipu HATHYUH CePhEe3HBIX OCIIOKHEHH, CBS3aHHBIX
¢ oxuperneM. OJHOBPEMEHHO C OXKHPEHHEM BO3POCIA YaCTOTA TECHO ACCOIMHMPOBAHHBIX C HUM CaxapHOTO
nrabeTa BTOPOTO THUIA M CEpJIeUHO-COCYAUCTBIX 3a001eBaHNi, IPEICTaBILIIONINX COO0H UTOT MPOTPECCHPOBAHUS
MeTabOIMIECKUX HApYIICHUH, B TOM YHCIIe HHCYIHMHOPE3UCTCHTHOCTH, KOTOpasi Hepa3phIBHO CBs3aHa C HAKOTLIe-
HHEM BHCIIEPATLHOTO JKHPa M UTPaeT KIII0UEBYIO POJIb B TATOT€HE3E CONMPSIKEHHBIX ¢ O’KHPEHUEM 3a00JICBaHHH.

HccnenoBanye TUMUIOMHBIX CHTHATYD TPH OKUPEHUH U ACCOLMUPOBAHHBIX C HUM COCTOSTHUI — MEPCIIEKTUBHBIN
pazaen (QyHIAMEHTATbHONH MEAWIMHBI, MO3BOJAIOMIMKA CYIIECTBEHHO M HAa HOBOM MOHATHHHOM YpPOBHE
CTpaTH(UIMPOBATH KOTOPTY MAMEHTOB C OKUPEHUEM Ha Pa3NuYHble ()EHOTHITHI, B TOM YHCIIE HA METa00INIECKH
3I0POBBIN M HE3AOPOBBIH (peHOTHI. /ITHAMIYeCKIe H3MEHEHNU S TNMUA0MA, KaK Ha (JOHE TMETHUECKUX BO3ACHCTBHH,
MEIMKaMEHTO3HOTO JE€UEHHsI, TaK M MOCIE PA3IMYHBIX OapUAaTPUUECKHUX OMEpalri, TaKkKe WHTEPECHBI C TOUYKU
3peHus pa3paboTKN MEePCOHATM3UPOBAHHBIX CTPATETUi JedeH s JaHHOTOo 3a0oaeBaHus. Mmeromuecs Ha JaHHbIHA
MOMEHT HUCCIEAOBAHUS U UX PE3yIbTaThl MO3BOJAIOT CYUTATH, YTO MBI HAXOAUMCS TOJIBKO B CAMOM Hauaje 3TOro
MEPCIEKTUBHOTO OMOMEIUIIMHCKOTO HAMPABICHUS.

KnarodeBble ciioBa: oXHpeHHE, Macc-CIIEKTPOMETPHs, MeTabonndeckne NpoQIINpOBaHNUE, JTUMHAIOM, JUMHAMIEL,
KIMHUYECKHE MapKepbl, OMoMapKepsl, GapHaTpus

KOH('I).]'IMKT HUHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SAIBHBIX U MNOTCHIUAJIBHBIX KOH(l)J'II/IKTOB UHTEPECOB,
CBA3aHHBIX C Hy6J’[HKaHHeﬁ HaCTOS{H.[efI CTaTbHU.

Hcrounnk ¢punancupoBaHus. ABTOPBI 3asBISIIOT 00 OTCYTCTBUM (PMHAHCHPOBAHMS IPHU TPOBEICHUH HCCIIE0-
BaHMSI.

Ja nurupoBanus: Canpuna T.B., bammposa A.C., Hsanos B.B., Ilexos C.U., Ilonos U.A., bamupos C.P.,
BacunseBa E.A., IlaBienko O.A., Kpununxuii J[.B., Usnp M. Jlununomusle MapKepbl OKUPEHUA U UX JUHA-
MHKa Toclie OapuaTpuyecKux onepanuil. broanemensv cubupckot meduyunst. 2023;22(4):174—187. https://doi.
org/10.20538/1682-0363-2023-4-174-187.

INTRODUCTION

According to data released in 2021 by the World
Health Organization, more than 1.9 billion adults over
18 years of age are overweight, of which over 650
million are obese. In Russia, as of the end of 2016,
23.5 million obese people were registered, which
accounts for 16% of the population [1].

Obesity is considered as a chronic progressive
disease, heterogeneous in its etiology and clinical
manifestations, characterized by excessive deposition
of fat in the body. The term “morbid obesity” refers
to excessive deposition of adipose tissue with a body
mass index (BMI) >40 kg / m? or with a BMI >35 kg /
m? in the presence of serious complications associated
with obesity.
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Along with obesity, the incidence of closely
associated type 2 diabetes mellitus and cardiovascular
diseases (CVD) has increased, resulting from the
progression of metabolic disorders, including insulin
resistance, which is inextricably linked with the
accumulation of visceral fat and plays a key role in the
pathogenesis of obesity-related diseases [2, 3].

To control the obesity pandemic in the 21st century,
it is necessary to develop not only effective treatment
methods, but also to pay attention to comprehensive
research aimed at searching for metabolic markers and
predictors of the development of pathological conditions
associated with obesity, such as prediabetes and type 2
diabetes mellitus, arterial hypertension, dyslipidemia,
non-alcoholic fatty liver disease with progression to the
stage of fibrosis and cirrhosis, infertility and cancer.

The main approaches of modern medicine are
developing within a philosophical paradigm the main
direction of which is the transition from classical
clinical diagnosis to personalized regular monitoring
of health status to make forecasts containing an
assessment of the risks of developing both new
diseases and specific complications.

Currently, there is no single approach to the treatment
of obesity and metabolic syndrome that would make it
possible to create a universal method of personalized
monitoring that facilitates formulating a prognosis
for the development of obesity based on information
about genetic predisposition and risk factors for a
particular patient. In routine clinical practice, obesity
is diagnosed by assessing BMI, which is calculated as
the ratio of body weight (kg) to height squared (m?),
which allows doctors to classify people from class 1
obesity to class 3 or high-risk obesity. For the most
part, BMI only provides an indirect assessment of the
risks associated with obesity. The assessment of waist
circumference reflects to a slightly greater extent the
biological cause of fat deposits, insulin resistance, and
angiogenesis of adipose tissue, however, it does not
fully characterize all its metabolic features.

The assessment of the component composition
of the human body using bioelectrical impedance
vector analysis and dual-energy X-ray absorptiometry
is not objective for comparing the lipotoxicity of
tissues of different topologies. Such a diagnosis
cannot assess metabolic changes in obesity because
in patients the expression of many genes associated
with cellular metabolism and adipokine production
changes significantly, so currently, it is impossible
to reliably divide a cohort of overweight and normal
BMI individuals into metabolically healthy and

metabolically unhealthy phenotypes using existing
tools and approaches.

OMICS

In modern medicine, the field of omics research
is intensively developing. Metabolomic analysis,
which is one of the most promising molecular
methods in systems biology, makes it possible to
evaluate the structure and quantitatively characterize
molecules that can serve as products or substrates of
enzymatic reactions involved in physiological and
pathophysiological processes.

Metabolomics is a technological tool for monitoring
the general condition of the patient and stratifying
the risk of possible metabolic disorders. This is a
unique way to determine the metabolic fingerprint
(metabolomic signatures) of a recognizable chemical
pattern specific to a particular sample.

Clinical lipidomics is a branch of metabolomics, the
main analytical tool of which is gas chromatography—
mass spectrometry. Due to the wide analytical
coverage of lipids, together with high sensitivity and
molecular specificity, it becomes possible to detect
lipid imbalances in altered cell membranes and lipid
droplets, including the stage of early diagnosis of
clinically silent conditions [4, 5].

The main focus of this review is lipidomics, the
identification of the quantitative and qualitative
composition of lipids in different biological
environments. In a healthy person, lipid metabolism
is in balance, but various trigger factors can change
homeostasis. The information presented in the review
concerns lipidome studies in the context of the
characteristics of obesity and its complications.

Lipid annotation is necessary to interpret the results,
as well as to relate the data to other levels of biological
information. The most modern and annually updated
nomenclature was developed by the LIPID MAPS
consortium [6], it is convenient for annotating data
obtained using mass spectrometry. The lipid structure
database is divided into 8 main groups:

— fatty acylites (FAc), including fatty acids
(FA), eicosanoids, fatty alcohols, aldehydes, esters,
acylcarnitines, acyl-CoA, wax esters and others;

— glycerolipids (GL);

— glycerophospholipids (GP), including glycero-
phosphocholines (PC),

— glycerophosphoethanolamines (PE), glycero-
phosphoserines (PS), glycerophosphoglycerophospha-
tes (PG), glycerophosphoinositol (PI), glycerophos-
phates (PA);
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— sphingolipids (SP), including ceramides, acyl-
ceramides, sphingomyelins, sphingosine and others;

— sterol lipids (ST). Most of the cholesterol in the
plasma is esterified. Among the cholesteryl esters
(CEs) of human plasma, CE (18:2) and CE (20:4)
contribute to the major fraction, prenol lipids (PR).
The two main prenol lipids in plasma are dolichol and
ubiquinone;

— sugar lipids (SL);

— polyketides (PK).

LIPIDOMIC BLOOD MARKERS IN OBESITY

Fatty acids

The molecular mechanisms underlying lipotoxicity
include endoplasmic reticulum (ER) stress, oxidative
stress,  mitochondrial  dysfunction,  impaired
autophagy, and inflammation [7]. Relative hypoxia
of adipose tissue is also a factor in its dysfunction.
Fatty acid synthesis in adipocytes is activated by
signals induced by hypoxia-inducible factor (HIF).
Carnitine palmitoyltransferase I (CPTI) is inhibited
by HIF, reducing the transport of fatty acids into
mitochondria and channeling fatty acids into lipid
droplets for storage. Increased droplet counts in cells
are associated with increased lipotoxicity and altered
metabolism, which contribute to further cellular
dysfunction of adipose tissue.

In  metabolic disorders, lipid metabolic
intermediates accumulate intracellularly, leading to
cellular dysfunction and apoptosis of cells in various
tissues, including kidneys, brain, skeletal muscles,
and heart. Intermediates of lipid metabolism, such
as ceramides, diacylglycerides, and acylcarnitines,
disrupt intracellular signaling cascades and are largely
considered as toxic lipid signaling molecules.

Saturated fatty acids are thought to be particularly
harmful to all cell types by inducing a wide range of
adverse cellular responses: apoptosis, inflammation,
accumulation of reactive oxygen molecules, and
oxidative stress [8]. Short-chain fatty acids (SCFA),
including acetate, butyrate, and propionate, inhibit
lipolysis and promote adipogenesis in visceral adipose
tissue, because they are substrates for glucose and lipid
synthesis. SCFAs act on G protein-coupled receptors,
which leads to inhibition of lipolysis and a decrease in
free fatty acid levels in plasma [9]. SCFAs have no more
than six carbon atoms and are the main metabolites of
the intestinal microbiota, and modern science confirms
their role as biomarkers of central obesity [10].

A meta-analysis of randomized clinical trials on
obesity [11] showed a characteristic pattern of the

lipid profile in this disease: an increase in palmitic,
palmitoleic, stearic, and oleic acids, as well as
stearoylcarnitine [12]. Also in obesity, the pattern
of disturbances in the structure of triacylglycerols
(TAGs) was determined; a shorter carbon chain length
and fewer double bonds were associated with a higher
BMI, while a relatively long acyl chain and a larger
number of double bonds were associated with a lower
BMI [13].

In a cross-sectional study involving 1,443 Spanish
women, it was shown that with increased BMI, the
relative concentration of total saturated fatty acids
increased in the phospholipid fraction of blood serum,
and an increase was also observed in the concentration
of palmitoleic, dihomo-y-linolenic, arachidonic (AA),
and o-linolenic acids, while the concentration of oleic,
gondoic, trans-vaccenic, linoleic, and y-linolenic acids
decreased [ 14]. Patients with metabolic syndrome have
elevated plasma levels of C16:0, C18:0, C21:0, C16:1,
C18:1, C18:2, C18:3n6, C20:3n6, C20:4n6, C22:4n6,
C22:5n6 [15], as well as lactic and pB-hydroxybutyric
acids [16].

Thus, an increase in the level of saturated fatty
acids relative to unsaturated fatty acids in plasma
correlates with the trend toward an increase in BMI.
The results of studies on fatty acids from tissues
are thought-provoking, since the ratio of saturated
/ unsaturated fatty acids in the TAG fraction from
visceral and subcutaneous adipose tissue decreased in
patients with metabolic syndrome, while it was higher
in the control group [17].

Free fatty acids (C14:0, C18:1, C20:2, C20:3,
C20:5 and C22:6) were significantly increased in both
obesity and type 2 diabetes mellitus, and the C22:6
level was determined as an independent risk factor for
type 2 diabetes mellitus [18]. Another meta-analysis
of plasma lipidomic studies in obesity showed an
association of higher concentrations of circulating
fatty acids 20:0, 22:0, and 24:0 with a lower risk of
type 2 diabetes mellitus [19].

ACYLCARNITINES

Beta-oxidation of intracellularly stored lipids
leads to the production of acetyl-CoA through
oxidative degradation of fatty acids. Acetyl-CoA
produced by each B-oxidation cycle can subsequently
be incorporated into the tricarboxylic acid cycle to
generate NADH and FADH?2 for the electron transport
chain and ATP products [20].

Cell oversaturation with fatty acids and overload
of mitochondria with them leads to incomplete

Bulletin of Siberian Medicine. 2023; 22 (4): 174-187 177



Saprina T.V., Bashirova A.S., Ivanov V.V. et al.

Lipidomic markers of obesity and their dynamics after bariatric surgery

B-oxidation of fatty acids and accumulation of
carnitine esters and fatty acids-acylcarnitine in the
cell, which was shown in patients with obesity and
type 2 diabetes mellitus [21]. Also, the accumulation
of'a wide range of acylcarnitines with an even number
of carbon atoms (from C6 to C22) is specific for obese
individuals [22].

Decreased fatty acid oxidation leads to elevated
circulating lipid levels, which further increases
oxidative stress. Therefore, acylcarnitine (C18:2)
has got a negative association with the phenotype
of metabolically healthy obesity [23] and a positive
association with increasing BMI [24]. Acylcarnitine
accumulation is associated with increased insulin
resistance in obese patients and the development of a
higher risk of CVD [25, 26].

The hypothesis of an association of increasing
cardiovascular risk with the accumulation of
acylcarnitines is confirmed by the identification of high
levels of short-chain acylcarnitines (C2, C3, C4DC),
free carnitine (C0), and long-chain acylcarnitines (C16,
C180H) in individuals with metabolic syndrome [27].
A 2020 meta-analysis established a similar pattern with
a high degree of evidence; elevated concentrations of
acylcarnitine (14:2) were associated with increasing
age and BMI of patients [28].

SPHINGOLIPIDS

Research over the past ten years has shed light
on the role of changes in lipid metabolism, namely
bioactive sphingolipids, in the development of obesity
and complications associated with it. Obesity is
characterized by a decrease in sphingomyelin [29] and
an increase in ceramide synthesis due to stimulation
of the so-called salvage pathway, which leads to the
production of ceramides through the catabolism of
hexosylceramides [30].

Long-chain saturated non-esterified fatty acids
(NEFAs) are the main source of ceramide synthesis
(palmitic acid is involved in the synthesis of ceramide
C16:0, stearic Cer-C18:0, arachidonic Cer-C20:0,
and linoceric Cer-C24:0). An increased content
of the substrate, long-chain saturated fatty acids,
promotes increased synthesis of ceramides and their
accumulation in the cell. As is known, C16:0-ceramide
has the highest pathogenic potential [31].

In the development of the disease, it is the
localization of the ceramide accumulation and not the
total mass of ceramides in adipose tissue that matters
most (if it is a specific intracellular localization or
in specific pools). For example, an increase in the

content of ceramides in mitochondria, endoplasmic
reticulum (ER), and nucleus inversely correlated with
insulin signal transduction, while the accumulation
of ceramides in the cytosolic fraction did not affect
insulin signaling [32].

The largest population-based study of plasma
sphingolipidome conducted by W.S. Chew in 2019
revealed a positive correlation of ceramide levels with
BMI and a negative correlation with hexosylceramide
levels [33]. This was confirmed by other studies,
which showed that the content of sphingomyelins, on
the contrary, was inversely associated with the waist-
to-hip ratio and BMI [34, 35].

The study by J.M. Weir et al. found a strong specific
relationship between ceramide 18:0 and BMI, as well
as an increase in all types of dihydroceramides in
obese patients [36]. These data are also supported by
another more recent study in a large population-based
cohort using a targeted lipidomic approach, which
found that Cer (18:1/18:0) and Cer (18:1/20:0) levels
increased proportionally with BMI [28]. At the same
time, W.H. Tell-Hansen et al. found no significant
differences in sphingomyelin levels in the plasma of
metabolically healthy and metabolically unhealthy
obese patients [30].

A 2020 meta-analysis described a positive
association of person’s age with the C18:1 / 21:0
ceramide content [28]. A study of the serum lipidomic
profile in children with abdominal obesity showed
that elevated levels of sphingomyelin (d21:1) were
associated with central obesity and might mediate
the relationship between abdominal obesity and
dysregulation of glucose homeostasis [37].

PHOSPHOLIPIDS

Data on changes in the metabolism of the
glycerophospholipid (GPL) group are debatable. Obesity
is characterized by an increase in the total concentration
of GPL in blood plasma. For example, a metabolomics
study ot serum profiles of diabetic and obese patients
found increased concentrations of glycerol, which was
positively associated with the established phenotype of
type 2 diabetes mellitus and BMI [16].

An Australian metabolomics study in patients with
diabetes and obesity found a positive association of
glycerolipids with waist circumference [24]. However,
phospholipids and most types of lysophospholipids
were negatively associated with BMI [28]. An increase
in BMI is associated with a significant decrease in
the levels of circulating phosphatidylcholines and
lysophosphatidylcholines [29, 35, 38].
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Anotherstudy observed asignificantreduction inthe
levels of five lysophosphatidylcholine (LPC) species
(LPC18:2,LPC18:1,LPC20:2,LPC20:1 and LPC20:0)
inobese adolescents [39]. PC (15:0/0:0), PE (18:0/0:0),
LPC (15:0), LPE (0:0/18:0), and PI (14:0/22:2) were
also reduced [40]. Lysophosphatidylcholines LPC
18:2, PC 18:1 were negatively correlated with BMI
[41]. However, acyl-lysophosphatidylcholine C16:1,
diacyl-phosphatidylcholine, and LPCa C16:1 had
the highest correlation indices with high BMI [42].
Phosphatidylcholines, which contain polyunsaturated
omega-6 fatty acids, such as 20:3, 20:4 or 22:4, were
also positively associated with BMI [28].

Oneclearsignal ofplasmalipidratiosassociated with
BMIwastheplasmaalkenylphosphatidylethanolamine/
alkylphosphatidylethanolamine ratio; for example,
the ratio PE (P-16:0/22:6)/ PE (0-16:0/22:6) [29, 43,
44]. Glycerophosphoethanolamines PE P-16:0/20:3
showed a significant positive association with BMI
[41]. LPE with shorter carbon length and fewer double
bonds were associated with lower BMI [13].

Metabolically healthy obese patients had elevated
diacyl-phosphatidylcholines C32:1 and C38:3, while
acyl-lysophosphatidylcholine C18:1 and C18:2 were
inversely associated with the patients’ condition. In
the metabolically unhealthy obesity phenotype, the
content of acyl-lysophosphatidylcholine C16:1 was
higher, and the level of acyl-lysophosphatidylcholines
C18:1 and C18:2 was reduced [45].

Current results of lipidome studies in obesity and
diabetes in animals suggest that overexpression of
lipoprotein lipase (LPL) may lead to increased activity of
the Krebs cycle and proteinogenic amino acid metabolic
pathways in skeletal muscle, and these improvements
may play an important role in the biological mechanisms
underlying antidiabetic features of LPL overexpression
[46]. This is confirmed by another study by P.J.
Ferrar et al. which revealed that mice with skeletal
muscle-specific knockout of lysophosphatidylcholine
acyltransferase 3 (LPCAT3), an enzyme involved in
phospholipid transacylation, demonstrated an increase
in the lysophosphatidylcholine/phosphatidylcholine
ratio and an increase in skeletal muscle insulin
sensitivity [47].

LIPIDOMIC TISSUE MARKERS IN OBESITY

To assess adipose tissue, we can rely on the in-depth
human lipidome atlas AdipoAtlas, which includes the
lipidomic profile of adipose tissue from patients with
obesity and normal body weight. Quantitative analysis
of subcutaneous and visceral adipose tissue samples

from the studied cohort allowed to divide the global
lipidome into main classes. The lion’s share of the total
amount belongs to TAG (96.2 nmol / pg of protein),
containing mainly saturated and monounsaturated
fatty acyl chains, with an average of two double
bonds per three chains. The second most common
class is cholesterol esters. In terms of quantity, non-
polar lipids were followed by phosphatidylcholines,
phosphatidylethanolamines, and  sphingomyelin.
Phosphotidylethanolamines are characterized by a
higher concentration of polyunsaturated fatty acids.
Ceramids are another class of lipids of high metabolic
importance, with C16:0 and C18:1 being the most
abundant species. A large number of potentially
lipotoxic deoxyceramides are detected in the fat
depot, accounting for more than 10% of all ceramide
subclasses [48].

LIVER BIOPSY SPECIMENS

In a small cohort of obese patients , the absolute
amount of ceramides, SM, PC, PE, PE(e), Lyso
(tot) and LPC was higher in the liver compared to
adipose tissue. The amount of PC(e), LPE, LPE(e),
and triacylglycerols was lower in the liver than in
adipose tissue. DAG concentrations in the liver were
comparable to those in adipose tissue. In subcutaneous
and visceral adipose tissue, TAGs accounted for 99.2%
of lipids, phospholipids — for 0.8%, while in the liver,
this distribution was 75.5 and 24.5%, respectively [49].

In obese patients, the lipid composition of
triglycerides, phosphatidylcholines and sphingomye-
lins in liver biopsy specimens correlated with
sphingomyelins in LDL [50].Significant positive
correlations were revealed between the proportions
of ceramide C14:0, C18:0, C20:0, and C24:1 in liver
and total plasma. These subspecies may be markers of
the species composition of hepatic ceramides in obese
patients [51].

BIOPSY SPECIMENS OF EPICARDIAL FAT

When analyzing the lipidomic profile of blood
plasma, 9 species of lipids were identified that
were associated with an increase in epicardial
fat: triacylglycerol, hydroxylated acylcarnitine,
deoxyceramide, alkyldiacylglycerol, ubiquinone,
diacylglycerol,dihydroceramide, phosphatidylinositol,
and phosphatidylglycerol. The strongest associations
observed were with two species of deoxyceramides
[52]. Cer (m18:1/18:0) and Cer (m18:1/20:0) and
sphingosine are also elevated, confirming an earlier
study of biopsy specimens in obesity [53].
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Lipidomic analysis of subcutaneous and epicardial
adipose tissue in patients with coronary artery disease
and type 2 diabetes revealed multiple changes in the
content of fatty acids with an odd number of carbon
atoms (15:0, 15:1, 17:0, 17:1). More pronounced
changes were found in epicardial adipose tissue
compared to subcutaneous adipose tissue [54].

COMPARISON OF SUBCUTANEOUS
AND VISCERAL FAT

The extent of lipidome changes depending on
fat topology was analyzed by N. Al-Sari et al. [55].
Lipidomic analysis was performed on adipose tissue
collected from the abdomen, chest, thigh, and lower
back. Levels of triacylglycerols (TAGs) with long-
chain polyunsaturated fatty acids were higher in thigh
tissue. The difference between thigh and lower back
adipose tissue was generally similar to the difference
between the thigh and abdomen. Minor changes in
the lipid spectrum were observed in the tissue of the
lower back and chest, while more significant ones
were observed in the adipose tissue of the thigh and
abdomen [55]. It should be noted that the lipidome
of muscle tissue, unlike adipose tissue, does not have
such pronounced differences between patients [56].

In obese patients without diabetes, the subcutaneous
fat lipidome contains high concentrations of long-
chain FAs and ceramides, in particular ceramide
C18:1/24:1 [57]. And in patients with obesity and type
2 diabetes mellitus-*, there is an increase in the level
of ceramide C16:0 in subcutaneous fat tissue rather
than in visceral deposits [58]. These changes are also
confirmed by a more recent study [59].

In the visceral tissue of patients with diabetes
and prediabetes, the content of Cer (d18:1/16:0), Cer
(d18:1/18:0), Cer (d18:1/18:1), Cer (d18:1/20:0),
Cer (d18:1/24:1) is increased in contrast to healthy
individuals [60]. A similar result was obtained
by Choromanska et al. in patients with metabolic
syndrome, and it was also observed that saturated
palmitic and stearic acids were the most abundant
fatty acids of the ceramide fraction in both adipose
tissues [17].

An increase in visceral tissue ceramides in obese
patients with diabetes was confirmed by a previous
study. The length of the acyl chain of ceramides in
adipose tissue (C16-20) is shorter than in plasma
(C16-24). Lower sphingomyelin concentrations were
observed in obese patients [56].

Excessive accumulation of lipids in adipose tissue
is observed mainly in the form of TAG. Physiological

stimuli lead to hydrolysis of TAG in adipocytes,
which is accompanied by an increase in plasma
long-chain fatty acids and subsequent accumulation
of lipids in ectopic tissues. In the group of patients
with metabolic syndrome, the ratio of saturated to
unsaturated fatty acids composing the TAG fraction
decreased significantly in visceral and subcutaneous
adipose tissues, and the pool of free fatty acids in
plasma increased mainly due to palmitic, stearic,
arachidonic, and nervonic acids [17].

Patients receiving fish oil supplements for 12
months were included in the research cohort of a
multicenter study in which adipose tissue biopsy
specimens and blood plasma were collected. Fatty
acids with a carbon chain length of more than 22
carbon atoms prevail in subcutaneous adipose tissue,
while polyunsaturated fatty acids prevail in visceral
fat deposits [61].

Adipose tissue stores significant amounts of
cholesterol in the human body, and obesity is associated
with decreased serum cholesterol concentrations.
In patients with metabolic syndrome, a direct
relationship was found between the content of oxidized
cholesterol metabolites in adipose tissue — oxysterols
— and blood insulin levels, as well as resistance to
the hormone. Tissue cholesterol correlates more with
27-hydroxycholesterol in subcutaneous adipose tissue
and with 24S-hydroxycholesterol in visceral adipose
tissue [62].

A 2022 study in which 26 obese patients without
type 2 diabetes underwent bariatric surgery is of
particular interest [63]. Biopsy specimens were
obtained from subcutaneous adipose tissue of the
thigh, subcutaneous abdominal adipose tissue,
deep subcutaneous abdominal adipose tissue, intra-
abdominal adipose tissue, two areas of muscle tissue
(vastus lateralis muscle; rectus abdominis muscle),
and liver (wedge of the right lobe). The study revealed
that plasma lipidomic profiles more closely reflect
the liver profile than other tissues examined. All four
fat depot localizations showed similarities in their
metabolic relationships with plasma; it is impossible
to distinguish between different depots in terms of
their metabolic relationships with plasma, but the
plasma pool better reflects the TAG deposition in deep
adipose tissue rather than subcutaneous adipose tissue.

Those sphingomyelin and ceramide fractions that
correlate between plasma and liver also show chain
length specificity, i.e. these are sphingomyelins and
ceramides that contain long-chain fatty acids with
an acyl chain of 22 or more carbon atoms, such as
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C22:0, C24:0 and C24:1. The liver is the main source
of ceramides, but given that their content in the liver
correlates well with plasma fractions, it proves that
plasma sphingolipids may reflect their abnormal
metabolism in the liver. Sphingomyelins, which
contained a smaller even total number of carbon
(C < 34) and monounsaturated chain fatty acids, and
their concentration correlated with indicators of intra-
abdominal adipose tissue, liver, and muscles [63].

CONDITIONS ASSOCIATED WITH OBESITY

The multiplicity of organ damage in obesity
includes frequent pathology of the hepatobiliary
system. According to autopsy data, non-alcoholic fatty
liver disease is diagnosed in 70-93% of obese patients
with type 2 diabetes [64]. A recent study found that
plasma levels of certain lipid fractions (saturated and
monounsaturated TAG) indicate early stages of fat
accumulation in the liver [65].

TAG species containing low total carbon and fewer
unsaturated bonds were significantly associated with
steatohepatosis, vascular disease, and an increased
risk of diabetes, while species containing a high
amount of carbon and a higher number of unsaturated
bonds were associated with a reduced risk of diabetes
[66-68].

Long-term persistent obesity contributes to the
development of focal segmental glomerulosclerosis,
chronic kidney disease, and diabetic nephropathy. In
patients with progressive diabetic nephropathy and
obesity, a relative abundance of TAGs with longer
chain polyunsaturated acyls and a lower content
of C16-C20 acylcarnitines was identified. The
increase in their levels had a compensatory adaptive
mechanism for converting more toxic lipids (saturated
non-esterified fatty acids) into less toxic lipids
(polyunsaturated long-chain TAG). Unsaturated free
FAs and TAGs with short-chain acyls and low double
bond content predicted the progression of diabetic
kidney disease [69].

This is confirmed by another more recent study
which revealed that obese patients with chronic
kidney disease (CKD) tended to have a decrease
in the number of carbons in the acyl chain of
predominantly unsaturated TAGs. The content of
lysophosphatidylcholines is also increased in these
patients, but the balance of saturation and unsaturation
is preserved. LysoPC (18:0), LysoPC (20:3), and PC
(35:3) had the greatest predictive ability to distinguish
between obese patients and obese patients with
nephropathy [64].

Other negative consequences of uncorrected
systemic inflammation in obesity include damage
to nerve cells and fibers. According to the results
of global metabolomics and targeted lipidomics,
plasma FFA levels are increased in patients with
obesity and polyneuropathy, mostly due to long-chain
fatty acids (more than 19 atoms). In this clinical
cohort, metabolomic profiles between obese and
lean individuals were most strongly correlated with
gamma-glutamino acid and branched-chain amino
acid metabolism. Moreover, the plasma level of
gamma-glutamino acid is positively correlated with
TAG, BMI, and blood pressure and is associated with
oxidative stress in obesity and metabolic syndrome
[70].

In another study, patients with diabetes and
polyneuropathy had increased concentrations of
medium- and long-chain saturated fatty acids from
8 to 18 carbons [71]. Patients with significantly
reduced total medium-chain (C6—-C14) acylcarnitines
had a correlation with the development of peripheral
neuropathy over 10 years. These patients were
characterized by adecrease in plasmalevels of medium-
chainacylcarnitines (C2-26) and phosphatidylcholines
and an increase in lysophosphatidylcholines [72]. Low
plasma sphingomyelin (SM) levels may correlate with
poorer neurological outcomes [71].

CHANGES IN THE LIPIDOME AFTER
BARIATRIC SURGERY

Bariatric surgery is the most effective way to
treat obesity. According to 2018 Russian guidelines,
bariatric surgery is indicated for patients with a BMI
of more than 40 kg / m?* and a BMI of 35-40 kg / m?
in the presence of diseases associated with obesity,
in which improvement should be expected as body
weight is reduced (type 2 diabetes, CVD, obstructive
sleep apnea, joint damage). American clinical
guidelines refer to prospective and retrospective
studies confirming improved quality of life and life
expectancy of patients with a BMI of 30-34.9 kg / m?
after bariatric surgery.

Bariatric surgery includes four main procedures:
biliopancreatic diversion (BPD), Roux-en-Y gastric
bypass (RYGB), adjustable gastric banding, sleeve
gastrectomy, in which the main effects are achieved
through malabsorption and restriction.

A meta-analysis of metabolomic profiling of blood
plasma in patients after surgical procedures (Roux-
en-Y and gastric banding) describes the change in
insulin resistance after surgical treatment of obesity.
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Thus, 92 metabolites are associated with varying
degrees of reduction in HOMA-IR up to —40% of the
baseline [73]. A recent study found greater accelerated
weight loss in metabolically unhealthy obese patients
than in metabolically healthy obesity [74].

The analysis of blood plasma proved that the
content of short-chain fatty acids, mainly metabolites
of the intestinal microbiota, decreases after bariatric
surgery, while the level of branched fatty acids
increases. Changes in short-chain fatty acid content
are associated with weight loss. Elevated plasma
BCFA levels have been shown to be associated with
increased insulin sensitivity [75, 76]. A decrease in the
concentration of free fatty acids in blood plasma after
gastric bypass surgery is associated with a decrease
in the distance of food passage in the intestine
and, accordingly, with a decrease in fat absorption
compared with laparoscopic sleeve gastrectomy,
where the absorption surface is larger [77].

It was found that in plasma the cluster of
phosphatidylcholines, especially phosphatidylcholines
with the sum of diacyl residues C42:Y's, as well as SM
(OH) C16:1, SM C26:1, lysoPC a C16:0, glutamine,
glycine, citrulline, and histidine, were enriched only in
patients who underwent Roux-en-Y, but not in patients
who changed their lifestyle and diet [78]. Since some
groups of fatty acids are considered beneficial, such
as n-3 polyunsaturated FAs (PUFAs), while others are
detrimental to human health, such as saturated FAs
(SFAs), each change in their levels can have an important
impact on the metabolic outcome of bariatric surgery.

Blood was collected from patients before and after
gastric bypass surgery with a single anastomosis. A
decrease in the total amount of fatty acids with an
odd number of carbon atoms, branched chain and
polyunsaturated fatty acids was observed in patients
with morbid obesity before surgery compared to
the control group. Monounsaturated fatty acid
content was increased, which was mainly caused by
a higher level of oleic acid (18:1). The content of
monounsaturated fatty acids in triglycerides increased
in patients after surgery, mainly due to a higher level
of oleic acid. There was no noticeable increase in
the level of polyunsaturated fatty acids. Due to the
anti-inflammatory, cardioprotective, and anticancer
properties of PUFAs, a decrease in their content in the
long-term postoperative period makes it necessary to
prescribe dietary supplements. At the same time, the
content of a-linolenic acid and eicosapentaenoic acids
in the blood serum did not differ significantly before
and after surgery [79].

Gas chromatography was used to study the blood
of patients before and after laparoscopic sleeve
gastrectomy. The surgery lead to a long-term decrease
in serum o-linolenic acid and eicosapentaenoic acid
levels in the first year [80].

Two weeks after gastric bypass with one
anastomosis, a decrease in the content of branched-
chain fatty acids and an increase in the level of
monounsaturated fatty acids (MUFA) were detected
in the blood plasma. Obese patients also showed
decreased plasma levels of some PUFAs, including
linolenic acid (18:3 n-3) and eicosatetraecnoic acid
(EPA; 20:5 n-3 and 20:4 n-3) [81].

Blood analysis before and after Roux-en-Y
revealed significant changes in the content of six
metabolites (3-indoleacetic acid, 2-hydroxybutyric
acid, valine, glutamic acid, 4-hydroxybenzeneacetic
acid, and alpha-tocopherol), while changes in the
content of the identified metabolites were associated
with the changes in lipid, insulin, and glucose levels
[82].

The first study using capillary electrophoresis —
mass spectrometry in obese patients after laparoscopic
sleeve gastrectomy found that the relative content of
tricarboxylic acid cycle metabolites, including citric
acid, succinate, and malic acid, was significantly
increased in blood plasma after surgery [83].

Patients with CKD and severe obesity after Roux-
en-Y gastric and sleeve gastrectomy showed a dramatic
weight loss with a significant decrease in proteinuria,
albuminuria, uric acid levels, a decrease in the degree
of glomerular hyperfiltration, and an increase in HDL
levels. The lipid profile and metabolome of the blood
serum in patients changed significantly after surgery:
the level of diacylglycerols, triacylglycerols, and
branched-chain amino acids decreased. A significant
decrease in their levels was positively correlated with
uric acid levels, while the levels of PC (39:0) and
PC (44:5) increased, and only PC (36:3) decreased
[84]. Interestingly, bariatric surgery did not restore
all types of lipids; some of them were decreased, and,
therefore, they were considered as potential targets for
early diagnosis or therapeutic intervention.

CONCLUSION

The study of lipidomic signatures in obesity
and associated conditions is a promising branch of
fundamental medicine, which makes it possible to
significantly and at a new conceptual level stratify
a cohort of obese patients into various phenotypes,
including metabolically healthy and metabolically
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unhealthy phenotypes. Dynamic changes in the
lipidome, both after dietary changes, drug treatment,
and various bariatric surgeries, are also interesting
from the point of view of developing personalized
strategies for treating this disease. The current studies
and their results suggest that we have just begun
research in this promising field in biomedicine.
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Quality of life and mental disorders in the post-COVID period
(systematic review)
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ABSTRACT

The 2019 novel coronavirus infection (COVID-19) pandemic has been a great burden for all of humanity. Soon
after it began, researchers noticed that elimination of the virus from the body and recovery are not the end of the
disease, since many patients did not return to their previous state of health, continued to complain of pathologies of
various organs and systems, could not work, and some of them developed mental disorders.

The aim of the review was to analyze and summarize published data on the quality of life and mental disorders
in the post-COVID period. Using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) recommendations, 7,374 scientific works were found, of which 176 English-language and 276 Russian-
language relevant publications were selected for analysis. The review included 17 (including 2 Russian-language)
articles relevant to the topic of this review. Complaints of decreased memory and attention, appearing no later than
6 months after recovery from COVID-19, were reported by 3.2-9.1% of patients. Asthenic symptoms during the
first month after the elimination of the novel coronavirus infection occurred in 55-70% of patients, and six months
later — in every fifth patient.

At the same time, post-viral fatigue more often affected women discharged from respiratory hospitals and persons
with chronic bronchopulmonary pathology. Quite often, those who recovered from COVID-19 experienced
insomnia and emotional disturbances, the frequency of which also correlated with the female sex and the severe
course of the disease, which required hospitalization in the intensive care unit (ICU). In the post-COVID period,
the development of depressive symptoms is not excluded, but sufficient evidence for this has not been obtained.
The quality of life in these patients decreased. After discharge from the hospital, some patients remained unable
to work, and some began to experience difficulties with self-care. However, over time, there is a trend toward
restoration of the quality of life, which is especially evident in young people. In patients who have been in the
ICU for more than 7 days, the rehabilitation potential is much lower. Psychopathological symptoms contribute to a
decrease in the quality of life along with physical factors (persistent dyspnea, decreased exercise tolerance).

Keywords: novel coronavirus infection, prolonged COVID-19, post-COVID syndrome, quality of life, anxiety,
depression, cognitive impairment
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KauecTBO XN3HUN N NCUXNUYECKME PAaCcCTPONCTBA B MOCTKOBUAHOM
nepuopge (cucremaTnyeckum o63op)

CemakuH A.B."?, ®egocenko C.B.", ManuHoBckuin B.A.", Araesa C.A.',
CraposonToBa E.A.",KanioxuH B.B.'

I Cubupcruii 2ocyoapemesennviil meouyunckuil ynusepcumem (Cubl MY)
Poccus, 634050, Tomck, Mockosckuti mpakm, 2

? Tomcexas knunuveckas ncuxuampuyeckas 6onvruya (TKIIP)
Poccus, 634014, Tomck, yn. Aneymckas, 4

PE3IOME

Bonbmmmm OpemMeHeM Uil BCEro 4YesIOBEUeCTBa SIBUIIACH MAHJIEMHs HOBOW KOpoHaBUpycHOW mHpekmmm 2019 T.
(COVID-19), 1 B ckopoM BpeMEHH I0CJIC e Havyaa UCCIeJ0BaTeIN OOpaTHIN BHUMAHKE, YTO DIIUMHUHAIIHS BHPY-
ca M3 OpraHu3Ma ¥ peKOHBAJICCIICHITHS He SIBIISIFOTCS 3aBeplIeHreM Ooe3HH. MHorne 3a00J1eBIIne He BEpHYJIHCH K
NPEKHEMY COCTOSIHUIO 3/I0POBbS U IPOIOJIKAIIM HCIBITHIBATE KAIT00BI, OTPayKaloIIne NaTOJIOTNI0 PAa3HBIX OPraHOB
U CHCTEM, HE MOTJIHM paboTaTh, a HEKOTOPBIE N3 HUX CTOJIKHYJIUCH C ICHXWYECKHMH PAacCTPONHCTBAMHU.

Iesnb 0630pa 3aKir0Yanack B IPOBEICHIN aHAIN3a 1 0000IICHNH OIyOIMKOBAaHHbIX JAHHBIX O KAYECTBE KU3HH U
paccTpoiicTBaX NCUXHYECKOH chepbl B TOCTKOBUIHOM Hepuoe. Mcmnonb3ys pexoMeHaamu «IIpeArnoyTuTe/bHbIe
AJIEMEHTHI OTYETHOCTH JJISl CHCTEMAaTHUECKIX 0030poB 1 MeTaanann3oB» (PRISMA) 6butn o0Hapyxens! 7 374 Ha-
y4Hble pabOThI, M3 KOTOPBIX aHAIU3Y MOICKANU 176 aHITIOSM3BIYHBIX U 276 PYCCKOS3BIYHBIX MOJIXOMSIINX
nyonukaruit. B 0630p Brimoumian 17 (B TOM 4ucie 2 pycCKOSI3bIYHBIC) CTAaTeH, COOTBETCTBYIOIIHMX TEME JaHHOTO
0030pa. JKaymoObl Ha CHWKCHHE TaMATH M BHHMAaHWUs, MOSBIISIOIIMECS HE IMO3JHEE YeM 4epe3 6 Mec Iociie
Be3ioposieHus or COVID-19 npeapssisinu 3,2-9,1% manueHToB. ACTEHUYECKHE CHMIITOMEI B TeUYEHHE 1-Tr0 Mec
MOCIIe HITMMHUHAIIMN HOBOTO KOPOHABHPYCA BCTpedannuch y 55—70% manuenTos, a cmyctst 6 Mec — y KaxJ0ro 5-To.

[Ipu 5TOM MOCTBUPYCHOM acTEHUEN Yallle cTpajaiy KEHIIUHbI, BHIMMCAHHBIE U3 PECITUPATOPHBIX FOCIUTANIEN U
JUIa ¢ XpOoHHYecKoi OpoHxoneroynoil matonoruei. Hepenko Beiznoposesmue ot COVID-19 crankuBanucek ¢
6ECCOHHUIIEH M SMOIMOHAIBHBIMH HAPYIIEHUSIMHU, 4aCTOTa KOTOPBIX TAKXK€ KOPPENIMpPOBaNa ¢ )KEHCKUM MOJIOM
U TSDKENIBIM TEUEHHEM 3a00NeBaHusl, TOTPEOOBABIINM TOCITUTAH3AUN B OTIEICHHE PEaHNMAallUl U WHTEHCHB-
Hoit Tepanuu (OPUT). B mocTKOBUAHOM IEpuoJe HE MUCKIIOYEHO Pa3BHTHE JEHPECCUBHON CHMITOMATHUKH, HO
JIOCTATOYHBIX JOKa3aTeIbCTB 3TOMY He MoTydeHo. KauecTBo KH3HHU y 9THUX MAIlMEHTOB 3aMETHO CHIKAETCs, TOCIe
BBIMMCKU U3 CTAI[OHApa 4acTh OONBHBIX OCTABANach HETPYAOCHOCOOHA, a y HEKOTOPHIX HAYaIHCh TPYAHOCTH C
camooOcmyxuBanneM. OHAKO C TeUEeHNEM BPEMEHHM MMEETCs] TeHAEHIUS K BOCCTAaHOBIEHHIO KAauecTBa KU3HH,
YTO OCOOCHHO MPOCIEKUBACTCS Y JHI[ MOJOAOTO Bo3pacTa. Y OonpHBIX, mpedbiBaBmmx B OPUT Gonee 7 cyr,
peabuIUTAIMOHHBIN MOTEHIMAN ropa3no Huke. Ilcuxonaronornyeckas CHMITOMATHKA BHOCHT BKJIaJ B CHUJKEHHUE
KauecTBa JKH3HU HapsAay ¢ GU3MIECKHM KOMIIOHEHTOM (MIEPCUCTUPYIOIIEE UCITHOI, CHHKEHNE TOJIEPAHTHOCTH K
(huznyeckoit Harpys3Ke).

KioueBsble cjioBa: HOBas KOpoHaBUpYycHas nHpeknus, uTeabHbid COVID-19, mOCTKOBUAHBINA CHHAPOM, Kade-
CTBO XXH3HH, TPEBOTA, JETIPECCHs], KOTHUTUBHBIE HAPYIICHHS

KOHq).]'IPlKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SAIBHBIX U INOTCHIUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C r[y6nm<aunel71 HaCTOSIH_[eI\/‘I CTaTbU.

Hcrounnk punaHcupoBaHUs. ABTOPHI 3asBISIOT 00 OTCYTCTBUH (PUHAHCHPOBAHMS IPHU MPOBEICHUH HCCIEI0-
BaHMSI.

Jast uutupoBanus: Cemakun A.B., ®enocenko C.B., Manunosckuii B.A., Araesa C.A., CrapoBoiitoBa E.A.,
Kanroxur B.B. KadecTBO KU3HH M IICUXHUYECKUE PACCTPOICTBA B MOCTKOBUIHOM IMEPUOJE (CHCTEMATHICCKUI
0030p). broanemens cubupckoii meouyunwvl. 2023;22(4):188-200. https://doi.org/10.20538/1682-0363-2023-4-188-
200.
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INTRODUCTION

There have been 765 million confirmed cases
and more than 6.9 million deaths during the New
Coronavirus Infection 2019 (COVID-19) pandemic.
Overall, the mortality rate for COVID-19 was 0.9%
(according to WHO data as of May 4, 2023) [1].
According to the report of the Ministry of Health
of the Russian Federation [2], during the period of
circulation of SARS-CoV-2 strains associated with
the greatest severity and mortality, 34% of patients
required hospitalization, of which 11% needed
intensive care in the intensive care unit (ICU).
Morbidity and mortality rates changed in waves and
maintained an upward trend for a prolonged period.
Temporary guidelines for the treatment of COVID-19,
including diagnostic and therapeutic innovations
aimed at reducing mortality and disability, have been
updated with sufficient frequency [3].

It is known that tissue damage is not limited
to the respiratory tract in this infectious disease.
Antigenic structures of the virus and characteristic
pathomorphological changes are found in the
gastrointestinal tract, genitourinary system, vascular
endothelium, nervous tissue, and kidney tissue.
Non-respiratory symptoms of COVID-19 include
enterocolitis, vasculitis, skin lesions, delirium, and
an increased risk of thrombosis, cardiac arrhythmias,
myocardial infarction, and stroke have been noted
[4]. At the same time, the problem of COVID-19 is
not confined to the acute period of the disease lasting
3-6 weeks; its consequences can also be observed in a
more delayed period, which is currently challenging
to estimate in terms of duration [5].

A small number of studies conducted on
COVID-19 survivors have shown that only 10.8%
of patients remain asymptomatic after their illness.
The most common symptom in the post-COVID
period is fatigue (72.8%). Other manifestations
were also noted: anxiety (38%), joint pain (31.4%),
persistent headache (28.9%), chest pain (28.9%),
dementia (28.6%), depression (28.6%), and dyspnea
(28.2%). At the same time, 32.4% of those examined
in the post-COVID period had persistent (long-term)
disorders that significantly affected the quality of life
(QoL) and the state of health [6].

It should be noted that only a limited number
of studies have focused on mental disorders in
COVID-19. However, all researchers pay attention

to the frequent detection of significant depressive
disorder, anxiety spectrum disorders, and cognitive
changes not only during hospitalization but also in the
delayed period after discharge. There are concerns
about an increase in suicidal tendencies among
survivors of COVID-19. Thus, as a comparison, it
is often mentioned that in a study of people who
suffered SARS-CoV infection in 2003, more than
half of the survivors had mental disorders [7].

It has been established that after a SARS-CoV-2
infection, elderly people often experience a decrease
in functional activity and the ability to self-care [8].
Also noteworthy is the long period of disability in a
number of patients after COVID-19 [9].

Currently, the mechanisms of development of
mental disorders in COVID-19 and their impact
on the course and outcome of the disease, both in
acute and post-COVID periods, are still completely
unknown. These changes significantly worsen
the quality of life of patients and require further
research to develop comprehensive algorithms for
rehabilitation care aimed at both treating organic
pathology associated with COVID-19 and correcting
mental status.

The aim of this systematic review was to analyze
and summarize published data regarding the study
of quality of life and mental disorders in the post-
COVID period.

MATERIALS AND METHODS

Using the electronic search system PubMed and
the scientific electronic library eLIBRARY, a search
was conducted for original studies regarding the
decline in quality of life in various areas, as well as the
detection of mental disorders after COVID-19. The
review includes original articles published between
February 1, 2020, and October 6, 2022, in English
and Russian. All PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses)
guidelines were adhered to when identifying
potential studies [10]. The analysis was carried out
using an algorithm comprising four stages (Fig. 1).

Stage 1. A primary search for publications
dedicated to the study of quality of life and
psychopathological symptoms in patients who have
had COVID-19. Logical operators were used to
combine the following keywords: ((long COVID)
OR (post-COVID) OR (post-acute COVID-19) OR
(prolonged COVID) OR (COVID-19 survivor) OR
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(survivors of COVID-19)) AND ((quality of life)
OR (mood disorder) OR (affective disorder) OR
(depressive disorder) OR (depression) OR (anxiety)
OR (cognitive disorder) OR (cognitive impairment)
OR (asthenia) OR (sleep disturbance) OR (suicide)
OR (physical activity) OR (psychiatric outcomes) OR
(fatigue) OR (mental health) OR (psychopathology).
The search yielded a total of 7,374 publications: 7,049
in English and 325 in Russian.

Stage 2. From the aforementioned articles,
176 English-language and 276 Russian-language
publications were selected, containing original
research data and available in full-text version.

Stage 3. Upon examining the abstracts of the
selected articles, 148 publications from the electronic
search engine PubMed and 274 publications from
the scientific electronic library eLIBRARY that were
not related to the topic of this systematic literature

review were excluded.

Stage 4. A detailed analysis of the full text
of publications was conducted. Articles that did
not meet the inclusion criteria were excluded.
Two studies focused on the acute period of a new
coronavirus infection; three other published studies
did not assess functional indicators, quality of life,
or mental disorders in post-COVID syndrome.
Another publication reviewed contained information
about the social consequences of the pandemic on a
population of people who did not have COVID-19.
Three studies with small sample sizes (less than 30
patients) were also excluded. One article appeared
twice, in two articles the full results of the research
were not presented, in another article access to
the results was closed. For the review, 17 articles
(including 2 in Russian) that met the inclusion
criteria were included in the analysis (Fig. 1).

Publications identified through database

Russian-language ones)

searches (7,374 publications, including 325

Identification

]

Full-text publications of original research

(452 publications, including 276 in Russian)

I

publications, including 276 in Russian)

Screening

Publications that passed the screening (452

Publications (148 and 274 Russian-
language ones) not related to the topic
and not exploring the quality of life and
mental disorders in the post-COVID

v

period were excluded

Full-text articles assessed for acceptability
(30 publications, including 2 in Russian)

13 articles wereexcluded:
- studies of the acute period of novel
coronavirus infection (n = 2)

Acceptability

- functional indicators, quality of life and
mental disorders were not assessed (n=3)
- social consequences of the pandemic for
healthy individuals (n = 1)

- no comparison groups, sample size is
extremely small (n = 3)

- the article was found in the search twice
(n=1)

- the study is just being planned (n = 2)

- the study results are not accessible (n = 1)

Included

including 2 Russian-language ones)

Studies included in the analysis (17 publications,

Fig. 1. Algorithm for identifying studies included in the review
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MODERN CONCEPT OF POST-COVID
SYNDROME, ITS RELEVANCE
AND PREVALENCE

An analysis of the geography of published studies
reveals that the issue of post-COVID syndrome
is addressed worldwide. This review encompasses
studies conducted in Russia, the USA, the countries
of the European Union, China, India, Israel,
and Iran.

In all the analyzed studies, authors report that
individuals, after suffering a new coronavirus
infection, face a range of complex health problems
affecting the cardiovascular, respiratory, nervous
systems, as well as the mental sphere. Consequently,
these patients often seek medical attention and
require rehabilitation measures, despite many having
no pre-existing health issues before COVID-19.

The terms long COVID (Long-COVID) and post-
COVID syndrome have been proposed for detailed
research, clinical diagnosis, and the development
of management tactics for patients experiencing
symptoms beyond the acute phase of the SARS-
CoV-2 infection. D. Munblit [11] defines long
COVID (a post-COVID-19 condition, subacute
consequences of SARS-CoV-2 infection) as a broad
spectrum of symptoms occurring within several
weeks or months after SARS-CoV-2 infection.
According to R. Mahmud et al. [12], “post-
coronavirus disease syndrome” includes persistence
of symptoms after viral clearance, new development
of symptoms after convalescence, or exacerbation of
chronic diseases within a month after initial clinical
and virological cure of the disease.

The National Institute for Health and Care
Excellence (NICE) provides classifications based
on the duration of the main clinical manifestations
of COVID-19: “acute COVID” (<4 weeks),
“continuing COVID” (4 weeks to 12 weeks), and
“post-Covid syndrome” (symptoms lasting >12
weeks without an explanation by other illnesses).
NICE also introduces the term “Long-COVID,”
encompassing both ongoing COVID and post-Covid
syndrome [13]. Soriano J.B. et al. (2022) describe the
post-COVID state as symptoms developing after 3
months of initial infection, lasting at least 2 months,
including fatigue, shortness of breath, and cognitive
dysfunction. These symptoms may persist after acute
COVID-19 or occur for the first time after recovery

[14]. Presently, post-COVID syndrome is relevant
and classified under the International Classification
of Diseases ICD-10 code U 09.09 as “Condition
after COVID-19, unspecified” [15].

In a study conducted by L.G. Jacobs et al. (USA,
2020) among patients with a favorable outcome of
hospitalization for COVID-19, confirmed by PCR,
persistent symptoms on the 35th day after discharge
were observed in 72.7% of patients [16].

According to the findings of another study led by
D. Munblit et al. (Russia, 2021), among individuals
discharged with a diagnosis of COVID-19,
confirmed either by PCR or established clinically,
47.1% of patients reported enduring symptoms after
an average of 218 days. Notable complaints included
fatigue (21.2%), dyspnea (14.5%), and memory
impairment (9.1%) [11].

R. Mahmud et al. (Bangladesh, 2021) published
results from a study in which 46% of patients
developed symptoms within 1 month after recovering
from COVID-19, with “post-viral” fatigue (asthenic
syndrome) being the most prevalent complaint,
occurring in 70% of cases [12].

In a study by A. Pérez-Gonzalez et al. (Spain,
2022), involving hospitalized patients with a
laboratory-confirmed diagnosis of COVID-19,
48.0% of individuals reported one or more persistent
complaints six months after discharge. The most
prevalent issues included extrathoracic symptoms
(39.1%), symptoms associated with chest discomfort
(27%), dyspnea (20.6%), and fatigue (16.1%) [17].

Analyzing publications dedicated to the post-
COVID syndrome, it can be inferred that after
recovering from COVID-19, symptoms and
syndromes of psychiatric pathology are frequently
discovered, necessitating correction and treatment.
Among these disorders, asthenic, affective, and
cognitive disorders hold a particular prominence.

COGNITIVE IMPAIRMENTS IN COVID-19

Cognitive functions represent the brain’s ability
to engage in the process of rational cognition of the
world, encompassing attention, memory, speech,
perception (gnosis - recognition of information from
the senses), praxis (the ability to acquire, retain, or
use various motor skills), and control (regulatory)
functions (planning and monitoring the execution
of actions). Cognitive impairment is defined as a
subjective and/or objective decline compared to
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the initial level of cognitive functions, affecting
professional, social, and everyday activities [18].

Traditionally, clinicians focused primarily
on severe cognitive disorders, such as dementia,
which significantly impairs daily functioning,
work capacity, self-care, communication, and
independence [19]. Subsequently, researchers turned
their attention to cognitive activity disorders detected
through patient complaints (e.g., forgetfulness,
decreased concentration) or identified during in-
depth neuropsychological examinations. These
disorders, not causing signs of social maladjustment,
are now termed non-dementia cognitive disorders
[20].

D. Munblit et al. analyzed data from 2649
COVID-19 patients discharged from four respiratory
hospitals in Moscow. The average age was 56 years,
with 51.1% being women. Notably, 34% of patients
required supplemental oxygen therapy, and invasive
respiratory support was necessary in 2.6% of cases.
After 218 days post-hospitalization, researchers
assessed patients’ conditions via a telephone survey
using the ISARIC Long-term Follow-up Study form
(long-term follow-up study protocol). According
to the survey conducted 7 months after COVID-19
recovery, 9.1% of respondents complained of
forgetfulness [11].

Information regarding the prevalence of cognitive
disorders in the post-COVID period is found in the
results of a study by A. Pérez-Gonzalez et al. (Spain,
2022). This prospective cohort study included 248
patients with a positive SARS-CoV-2 PCR test
result. Participants averaged 57 years of age, with
59.7% being men. Hospitalization was required
for 69.4% of patients, and 10.2% were in critical
condition. Surveys conducted 1, 3, and 6 months
after the COVID-19 diagnosis identified 3.2% of
patients with complaints of impaired memory and
attention six months after the diagnosis [17].

The study led by I.A. Zolotovskaya et al. (Russia,
2021) examined 12 outpatients with COVID-19, aged
49.8+8.9 years, presenting with asthenic complaints.
The study assessed general weakness, fatigue,
decreased concentration, non-systemic dizziness,
headache, sleep disturbances, and decreased
cognitive function. Results revealed that, among
patients not using nootropics, neurometabolics, or
antihypoxants, 80.0% reported impaired attention,
and 58.5% reported memory impairment. Cognitive

impairment was assessed using the Mini-Mental
State Examination (MMSE), indicating a pronounced
decrease in cognitive function in relatively young
patients, attributed to pseudocognitive deficit amid
severe asthenic syndrome. The study also identified
a tendency towards spontaneous regression of
complaints related to memory and attention over
time, with no significant impact of nootropic therapy
on symptom resolution speed or intensity [21].

In another study conducted by S. Zilberman-
Itskovich et al. (Israel, 2022), the condition of
83 adult patients (average age 48 years, men —
34.9%) with cognitive complaints after COVID-19,
negatively impacting quality of life and persisting
for more than three months post a positive PCR
test, was assessed. The study excluded individuals
with previously diagnosed cognitive impairment
and brain pathology before COVID-19. Conditions
were evaluated twice: at baseline and 1-3 weeks
after the last treatment session (hyperbaric oxygen
therapy or placebo). Assessments included the SF-36
scale (The Short Form-36), PSQI (Pittsburgh Sleep
Quality Index) for sleep research, Brief Symptom
Inventory-18 (BSI-18) for assessing depression,
anxiety, and somatization, Brief Pain Inventory
(BPI), Mindstreams computerized cognitive testing
program, and MRI brain scanning. The study found
improved attention and executive functions (p =
0.04, p = 0.05, respectively) during hyperbaric
oxygen therapy compared to the control group. Both
groups showed improved memory, attributed by
researchers more to the natural course of the disease
than hyperbaric oxygen therapy [22].

Thus, the studies presented indicate a cognitive
complaint prevalence ranging from 3.2-9.1% among
recovered patients, with symptoms such as decreased
memory and concentration persisting for at least 6
months post-clinical and laboratory recovery from
acute SARS-CoV-2 infection. It is noteworthy
that these symptoms tend to resolve spontaneously
without drug treatment as part of the natural course
of the disease.

ASTHENIC SYNDROME AND COVID-19

Asthenic syndrome is characterized by a loss of
strength, feelings of overwork, excessive exhaustion,
fluctuations in neuropsychic excitability, weakened
attention, unstable mood, and a general decline in
mental activity. Unlike ordinary fatigue, asthenia is
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persistent, not directly linked to overexertion, and
may persist even after extended periods of rest. In
severe cases, weakness may be profound, hindering
movement or medication intake. Symptoms typically
exacerbate in the afternoon, towards the end of the
workweek, and before vacations [23].

At the initial stage, neuropsychic excitability
rises, sensitivity to visual, auditory, tactile, and other
stimuli intensifies (“the clock is ticking loudly,”
“the text appears bold and voluminous”), and
visceral sensitivity increases, resulting in headaches,
heaviness, and body aches. Patients find waiting
challenging, display impatience in queues, and often
experience mood swings, expressed as irritability,
tearfulness, anxiety, and moodiness. Objectively,
examinations reveal exhaustion and distractibility
of attention. Asthenic syndrome frequently presents
with sleep disturbances, including difficulty falling
asleep and frequent awakenings [23].

Numerous studies indicate the presence of
asthenic syndrome in the post-COVID period.
Information on the prevalence of asthenic complaints
is reported in a study by L.G. Jacobs et al. (USA,
2020), involving 183 adult patients hospitalized for
PCR-confirmed COVID-19. The average patient age
was 57 years, with 61.5% being men. Immediately
after completing inpatient treatment, 56.8% of
respondents reported fatigue, and after 35 days,
during a follow-up phone conversation, 55.0% still
reported fatigue [16].

In a study by D. Munblit et al. (Russia, 2021),
conducted 218 days after the end of the acute period
of COVID-19, 21.2% of respondents reported
fatigue, with chronic lung diseases being associated
with chronic fatigue [11].

R. Mahmud et al. (Bangladesh, 2021) identified
asthenia in 70.7% of respondents within a month
after the resolution of the acute period of COVID-19.
Furthermore, asthenic symptoms were statistically
significantly associated with the female gender (p =
0.03).

In another study by A. Pérez-Gonzalez et al.
(Spain, 2022), hospitalized patients with laboratory-
confirmed COVID-19 exhibited a higher prevalence
of asthenic manifestations 6 months after discharge
(20.9% versus 5.3%) compared to non-hospitalized
patients (p = 0.001) [17].

According to S. Zilberman-Itskovich et al. (Israel,
2022), asthenic syndrome was recorded in 77% of

patients with cognitive deficit 3 months after the
detection of SARS-CoV-2 [22].

I.A. Zolotovskaya et al. (Russia, 2021), while
studying asthenic syndrome in the post-COVID
period, observed a positive effect of nootropic
therapy. Improvement was noted in research scales,
and the differences before and after treatment were
statistically significant. The self-assessment of
asthenia on a visual analogue scale in the treatment
group changed from 8.4 = 2.5 to 3.9 + 1.2 cm over
three visits, while the control group changed from
82 £ 2.7 to 5.1 £ 1.4 cm. On the MFI-20 scale,
the treatment group changed from 70.85 + 10.1 to
49.03 £ 10.1 points, while the control group changed
from 69.99 + 11.5 to 56.18 & 11.25 points. Notably,
the severity of asthenic syndrome decreased even
without treatment during the natural course of the
disease [21].

Thus, the prevalence of asthenic manifestations
in the post-COVID period is consistently reported
(approximately 55-70% of patients in the first
month after recovery and 20% six months later).
Additionally, post-COVID asthenia tends to resolve
in most patients over time. There is a statistically
significant association between asthenic symptoms
in the post-COVID period and female gender, the
presence of chronic bronchopulmonary diseases,
and the experience of hospitalization for acute
COVID-19.

DEPRESSIVE SYNDROME AND COVID-19

Classically, depressive syndrome includes low
mood, mental retardation and decreased activity.
In addition to these symptoms, there are also
hypochondriacal ideas, sleep disturbances, appetite
disorders, feelings of guilt, decreased self-esteem,
and vegetative manifestations [23]. The ICD-10
diagnostic criteria contain an important indication
that the main manifestation of affective disorders
is a change in physical activity; these diseases
are cyclical, that is, periods of exacerbations and
remissions are observed. The main symptoms of a
depressive episode are low mood, loss of pleasure
and loss of energy. This state is monotonous and
changes little for at least two weeks [24].

S. Zilberman-Itskovich et al. (Israel, 2022)
revealed in patients with cognitive disorders 3 months
after the resolution of the acute period of COVID-19
complaints of insomnia, the level of which, according
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to the results of the PSQI questionnaire, was 10.6 +
4.0 points; however, the level of distress (BSI-18) in
the global indicator indicates the absence of anxiety-
depressive symptoms in these patients (the average
BSI-18 score was 25.1 + 13.6 points, while a value
above 63 points is considered critical) [22].

P. Sadeghipour et al. (Iran, 2022) in their study
showed that female gender was associated with higher
odds of developing depressive disorders (Patient
Health Questionnaire-2 score >3) three months
after resolution of acute COVID-19 symptoms.
In individuals at risk for depressive disorder, the
researchers found no statistically significant changes
after 3 months (the proportion of patients with a
PHQ-2 score >3 points decreased from 26.1% at day
30 to 16.6% at 90 days of follow-up (p = 0.05)) [8].

A. Pérez-Gonzalez et al. (Spain, 2022) found
sleep disturbances in 5.2% of hospitalized patients
in the post-COVID period, while in the outpatient
group there were no patients with such complaints,
although the differences between the groups on this
basis were not statistically significant [17].

R.G. Khabchabov et al. (Russia, 2021) in their
study using the World Health Organization Quality of
Life Questionnaire (QOL-100) found that depressive
symptoms appeared in 68.6% of patients who had
recovered from COVID-19, of which 24.8% noticed
this family members [9].

S. Zhu et al. (China, 2020) examined 432 patients
(average age 49 years, 49% women, a third of
cases had severe COVID-19) upon discharge from
hospital after COVID-19 using the Tsung scale
for anxiety symptoms. 28.7% of patients showed
positive test results for clinical anxiety. However,
severe COVID-19 (adjusted risk ratio (RR) 2.533;
95% confidence interval (CI) 1.693-3.788) was
the strongest risk factor for the development of
clinically significant anxiety. Moreover, there was a
trend towards an increased relative risk of anxiety in
survivors who remained in hospital for more than 14
days (adjusted RR 1.482; 95% CI 0.998-2.200) [25].

Summarizing the analyzed studies, we can note
quite clear indications that patients after COVID-19
are faced with insomnia, anxiety, emotional
disturbances, which may reach the delineated
depressive episodes, given that changes in the mood
of patients are noticed by their close people. These
emotional disturbances show a correlation with
female gender and the fact of hospitalization for acute

COVID-19. Clinically significant anxiety correlates
with COVID-19 severity and length of hospital stay.
Further study of the prevalence of affective disorders
in people with post-COVID syndrome is required in
order to qualify the mental state of patients according
to the current ICD criteria.

QUALITY OF LIFE IN PATIENTS
WITH POST-COVID SYNDROME

Currently, Quality of Life (QOL) is understood as
a characteristic of a person’s physical, psychological,
emotional, and social functioning, based on their
subjective perception [26]. The primary method
for assessing QoL is questionnaires, with the SF-36
questionnaire being the most widely used in clinical
studies. This questionnaire comprises & scales
reflecting the main components of QoL: physical
functioning, role functioning, bodily pain, general
health, vitality, social functioning, emotional state,
and mental health [27].

In a study by L.G. Jacobs et al. (USA, 2020),
information regarding the quality of life of patients
who had COVID-19 35 days after discharge from
the hospital is presented. Among them, 13.8% of
respondents rated their physical activity as low,
24.9% as moderate, and 61.3% as complete. 3.3% of
patients reported great difficulty getting dressed, and
29.6% reported no or slight difficulty getting out of
bed. At hospital discharge, 52% of participants were
employed, but by day 35, only 29.9% had returned
to work. Social relationships worsened for 60.4%
of patients, and only 39.6% rated their social life as
excellent [16].

J. Li et al. (China, 2021) conducted a study of
120 previously hospitalized adult patients diagnosed
with COVID-19, persistently complaining of
dyspnea. The average age was 50.6 years; 44.5%
were men, and 86.6% received oxygen therapy or
non-invasive respiratory support during treatment.
Exclusion criteria included chronic diseases in
the decompensation stage, dyspnea at rest, or
tachycardia (heart rate > 100/min). The condition
was assessed at baseline (on average 70 days after
hospital discharge) and then after 6 weeks and six
months. The 6-minute walk test value increased by
17.1 m over 6 weeks, indicating improvement. The
physical component of QOL according to the SF-12
questionnaire improved from 39.69 to 43.53 points,
and the mental component improved from 44.13
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to 48.3 points, reflecting an overall betterment in
patients’ quality of life over time [28].

The results of the study by M.A. McNarry et al.
(USA, 2022) contain information on the quality of
life using the K-BILD (The King’s Brief Interstitial
Lung Disease) scale in 281 adult patients 9 months
after acute COVID-19. The average age was 46.6
years, with 88% being women. The average quality
of life score at the beginning and after 8 weeks
remained virtually unchanged (at the beginning
59.7 points, after 8 weeks — 59.8 points). However,
improvements were noted in individual domains:
shortness of breath and activity increased from 40.6
points to 41.9 points, the psychological component
from 56.9 points to 59.2 points, and chest symptoms
from 56.6 to 59.5 points, indicating an enhancement
in the health status of patients over time [29].

S. Dhooria et al. (India, 2022) conducted an
analysis of the condition and quality of life of 130
individuals within 3-8 weeks from the onset of
acute COVID-19, confirmed by PCR. The average
age of the patients was 57 years, with 32% of study
participants being female. Notably, 98% of patients
experienced a severe form of COVID-19, and 43% of
cases required invasive respiratory support or high-
flow oxygen therapy. A distinctive aspect of this
study was the examination of the health of patients
with severe COVID-19. Consequently, inclusion
criteria comprised persistent dyspnea (mMRC >
2 points), resting hypoxemia (oxygen saturation
< 94%), or exercise desaturation (>4% drop in
oxygen saturation during exercise) at screening;
diffuse abnormalities affecting > 20% of the lung
parenchyma. All patients in this study received
prednisolone, categorized into two groups with high
and low doses of glucocorticosteroids (GCS). Six
weeks after the first symptoms of COVID-19, the
group receiving high doses of GCS exhibited an
average physical activity score of 59.4 + 26.3 points
on the Health-Related Quality of Life (HRQoL)
scale, while the low-dose group scored 62.9 + 28.5
points (p = 0.49). The indicator of social adaptation
after 6 weeks in the high-dose GCS group on the
HRQoL scale was 76.4 + 25.4 points. In the group
with low doses of GCS, this indicator was 69.2 +
29.9 points (p = 0.15). Additionally, in this study,
no statistically significant differences were observed
between the two groups in X-ray dynamics, changes
in spirometry parameters, saturation levels, and the

severity of shortness of breath. Consequently, the
authors did not identify any advantage of high doses
of prednisolone over low doses [30].

S. Zilberman-Itskovich et al. (Israel, 2022)
conducted a study assessing Quality of Life (QoL)
using the SF-36 scale. The results indicated an
improvement in QoL characteristics such as physical
functioning and vitality in the group of patients
receiving hyperbaric oxygen therapy [22].

P. Sadeghipour et al. (Iran, 2022) undertook
a study involving 375 patients diagnosed with
COVID-19 who received treatment in the ICU.
The average age of participants was 62 years, with
42% being women. Mechanical ventilation was
administered to 20.8% of patients, non-invasive
ventilation to 33.2%, and oxygen therapy to 46.1%.
The study employed the Post-COVID-19 Functional
Status Scale (PCFS) to evaluate functional status
and the Patient Health Questionnaire-2 (PHQ-2) to
assess depressive symptoms. From days 30 to 90,
the proportion of patients with moderate to severe
functional limitations (PCSF grade 3 or 4) decreased
from 20.0% to 4.8% (p < 0.001). Concurrently, the
percentage of patients without functional limitations
(grade 0 PCFS) increased from 4.2 to 15.4% (p <
0.001). Statistical analysis revealed that younger
age predicted functional recovery at 90 days, while
a longer ICU stay (>7 days) was associated with
increased odds of severe functional limitation at the
3-month follow-up [8].

E. Zasadzka et al. (Poland, 2022) evaluated
30 adult patients admitted to a neurological
rehabilitation unit after severe COVID-19. The
examination, including the Functional Independence
Measure (FIM), showed a change in FIM values
from 89 to 117 points, indicating a gradual increase
in the ability for self-care (independence) among
recovered COVID-19 patients [31].

In another work (Germany, 2022), a comparative
analysis was presented, examining 206 patients who
had COVID-19 on an outpatient basis and individuals
who had never contracted COVID-19 (negative test
for antibodies to SARS-CoV-2). The assessment
included indicators such as hospitalization rates over
7 months and quality of life assessment (EQ-5D-
5L, SF-36, PCFS, 6-minute walk test). The average
age was 47 years, with women comprising 58.2% of
the participants. Hospitalization rates were low and
comparable in both groups (2.4% in the COVID-19
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group versus 2.9% in the control group). However,
the analysis revealed a decrease in QoL on the EQ-
5D-5L scale in patients who had COVID-19 (average
VAS values 83.6 = 15.2 mm versus 88.6 £ 12.4 mm
in the control group; p < 0.05) [32].

Keir E.J. Philip et al. (UK, 2022) analyzed the
condition of 150 adult patients who had recovered
from COVID-19 with ongoing shortness of breath.
The average age was 49 years, with 81% being
female. After 320 days from the onset of the first
symptoms of COVID-19, quality of life (SF-36,
SF-6D), severity of shortness of breath (VAS), and
anxiety level (GAD-7) were assessed. Despite the
performance of breathing exercises in one of the
groups, there were no differences in the domain
of the physical component of QoL compared to
the control group. However, patients in the main
group showed better scores in the psychological
component (p = 0.047) [33].

In another study that examined Quality of
Life (QoL) in the post-COVID period, S.I.
Filippchenkova et al. (Russia, 2022) included 87
adult patients (average age 44.8 years; 29% of them
were men) and conducted a survey using the SF-36.
The study excluded individuals with traumatic brain
injuries, diseases of the central nervous system,
mental disorders, oncological, endocrine, and
somatic pathologies, as well as bad habits (alcohol
and drug abuse). According to the survey results,
approximately 50% of patients demonstrated average
indicators of the physical component of health,
and almost 30% of study participants experienced
difficulties in performing daily tasks [34].

R.G. Khabchabov et al. (Russia, 2021) conducted
a special assessment of the quality of life in 121
patients aged 41-76 years (68.6% men) one month
after discharge from the cardiology hospital, where
they were treated for COVID-19. Participants were
individuals who had been under the supervision of
doctors for more than two years with functional class
-1V angina pectoris, arterial hypertension, and
type 2 diabetes mellitus. All of them suffered from
COVID-19, while in 3.4% of patients, the degree of
lung damage varied from 30% to 60%, in 15.7% of
patients — 10-30%, in 38.0% of patients, the extent
of damage to the pulmonary parenchyma was < 10%,
and 43.0% of patients were diagnosed with mild
COVID-19. A survey of patients using the QOL-100
questionnaire showed that a month after suffering

from COVID-19, the proportion of patients with
insufficientenergyforeverydaylifeincreasedby23.2%
(» = 0.001); those dissatisfied with their health
increased by 31.4% (p = 0.0016); anxious and
depressive experiences began to be detected 33.9%
more often (p=0.0018). 17.3% more patients reported
insomnia (p = 0.0005), and personal relationships
with friends and relatives worsened by 63.6%
(»=0.0027). Atthe same time, the number of patients
with temporary disability after COVID-19 increased
by 15.7% (p = 0.0003), compared with their number
before COVID-19 [9].

Thus, the results of assessing various domains
of QoL in patients after clinical recovery from
COVID-19remain atastatistically significantly lower
level than in persons who have not had COVID-19
for an extended period. There is a decrease in both
the physical and psychological components of QoL.
After completing hospitalization for at least 35 days, a
significant proportion of patients remained unable to
work. Some patients, after completing the acute phase
of COVID-19, experienced limitations in physical
functioning, difficulty getting dressed, getting out
of bed, and restrictions in social functioning. Many
studies provide evidence that the deterioration in the
quality of life in the post-COVID period is temporary
and is characterized by a tendency towards gradual
recovery. Some authors find a relationship between
the low severity of functional impairments and high
rehabilitation capabilities in young people; they
also note that a worsening functional prognosis in
patients is associated with a length of stay in the [CU
of more than 7 days.

CONCLUSION

This review delves into a critical public health
concern — the medical and social repercussions of
COVID-19, shaping the so-called post-COVID
syndrome.

Through the analysis of published data, it
can be inferred that individuals recovering from
COVID-19 experience cognitive impairment [11]
[17]]21], asthenia, and insomnia [17]. However,
these issues tend to spontaneously resolve over time
[21] and exhibit partial responsiveness to currently
available methods of pharmacotherapy and physical
rehabilitation [22].

It is noteworthy that post-COVID asthenic
manifestations were more frequently associated
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with female gender [12], the presence of chronic
bronchopulmonary diseases [11], and hospitalization
for COVID-19 [17]. Additionally, anxiety symptoms
correlated with the severity of COVID-19 and the
length of hospital stay [25]. Emotional disorders
were also identified in the post-COVID period, but
further clarification is needed [8, 9].

The literature analysis results lead to the assertion
that there is a decline in the quality of life in patients
after the resolution of acute COVID-19 [9, 32].
Importantly, unlike many other infectious diseases
(e.g., bacterial pneumonia), individuals completing
hospitalization may not be able to return to work
and remain disabled even 35 days after leaving the
hospital [16]. Simultaneously, there is a degradation
in results across all domains contributing to the
Quality of Life (QoL). However, with time, QoL
indicators gradually improve, particularly in young
individuals [8]. Conversely, an ICU stay exceeding 7
days correlates with a poorer rehabilitation prognosis
[8].

Despite substantial progress in post-COVID
mental disorders and quality of life research,

several unresolved questions necessitate
further investigation. Extended observation of
psychopathological ~symptoms in individuals

recovering from COVID-19, continuous assessment
of their functional status, identification of criteria
for permanent disability in people with long-term
COVID, and a comprehensive understanding of
affective sphere pathology remain areas of interest.

REFERENCES

1. Weekly epidemiological update on COVID-19 - 4 May
2023. Edition 141[Internet].Geneva: World Health Or-
ganization;2023 [cited 2023May4]. URL: https://www.
who.int/publications/m/item/weekly-epidemiological-up-
date-on-covid-19---4-may-2023

2. Meeting of the Presidium of the Coordinating Council un-
der the Government to combat the spread of novel coronavi-
rus infection in the Russian Federation [Internet]. Moscow:
Government House; 2021 (in Russ.). URL: http://govern-
ment.ru/news/43580/

3. Akimkin V.G., Popova A.Y., Khafizov K.F., Dubodelov
D.V., Ugleva S.V., Semenenko T.A. et al. COVID-19: evo-
lution of the pandemic in Russia. Report II: dynamics of
the circulation of SARS-CoV-2 genetic variants. Journal of
Microbiology, Epidemiology and Immunobiology. 2022;99
(4):381-396 (in Russ.). DOI: 10.36233/0372-9311-295.

4. COVID-19. BpemenHble METOAUYECKHE PEKOMEHMALMU.
Bepcus 17. M., 2022:259.

5. Shah W., Hillman T., Playford E.D., Hishmeh L. Managing
the long term effects of covid-19: summary of NICE, SIGN,
and RCGP rapid guideline. BMJ. 2021;372:n136. DOI:
10.1136/bmj.n136.

6. Kamal M., Abo Omirah M., Hussein A., Saced H. Assess-
ment and characterisation of post-COVID-19 manifesta-
tions. Int. J. Clin. Pract. 2021;75(3):e13746. DOI: 10.1111/
ijcp.13746.

7. Sher L. Post-COVID syndrome and suicide risk. QJM.
2021;114(2):95-98. DOI: 10.1093/gjmed/hcab007.

8. Sadeghipour P., Talasaz A.H., Barco S., Bakhshandeh H.,
Rashidi F., Rafiee F. et al. Durable functional limitation in
patients with coronavirus disease-2019 admitted to intensive
care and the effect of intermediate-dose vs standard-dose
anticoagulation onlll. functional outcomes. Eur. J. Intern.
Med. 2022;103:76—83. DOI: 10.1016/.¢jim.2022.06.014.

9. Khabchabov R.G., Makhmudova E.R., Abdullaev A.A.,
Gafurova R.M., Islamova U.A., Dzhanbulatov M.A. As-
sessment of the quality of life and functional state of
the cardiovascular system in patients who have recov-
ered from COVID-19. Challenges in Modern Medicine.
2021;44(4):373-382 (in Russ.).

10. Preferred Reporting Items for Systematic Reviews and
Meta-Analyses 2019. URL: http://prisma-statement.org

11. Munblit D., Bobkova P., Spiridonova E., Shikhaleva A.,
Gamirova A., Blyuss O. et al. Incidence and risk factors
for persistent symptoms in adults previously hospitalized
for COVID-19. Clin. Exp. Allergy.2021;51(9):1107-1120.
DOI: 10.1111/cea.13997.

12. Mahmud R., Rahman M.M., Rassel M.A., Monayem F.B.,
Sayeed S.K.J.B., Islam M.S. et al. Post-COVID-19 syn-
drome among symptomatic COVID-19 patients: A pro-
spective cohort study in a tertiary care center of Bangla-
desh. PLoS One. 2021;16(4):¢0249644. DOI: 10.1371/
journal.pone.0249644.

13. COVID-19 rapid guideline: managing the long term ef-
fects of COVID-19. Manchester: National Institute for
Health and Care Excellence, London: Royal College of
General Practitioners, Edinburgh: Healthcare Improve-
ment Scotland SIGN; 2023. URL: www.nice.org.uk/guid-
ance/ng188

14. Soriano J.B., Murthy S., Marshall J.C., Relan P., Diaz J.V.
WHO Clinical Case Definition Working Group on Post-
COVID-19 Condition. A clinical case definition of post-
COVID-19 condition by a Delphi consensus. Lancet
Infect. Dis. 2022;22(4):¢102—107. DOI: 10.1016/S1473-
3099(21)00703-9.

15. International Statistical Classification of Diseases and
Related Health Problems 10th Revision. Geneva: World
Health Organization; 2019. URL: https://icd.who.int/
browse10/2019/en

16. Jacobs L.G., Gourna Paleoudis E., Lesky-DiBari D., Nyiren-
da T., Friedman T., Gupta A. et al. Persistence of symp-
toms and quality of life at 35 days after hospitalization for
COVID-19 infection. PLoS One. 2020;15(12):¢0243882.
DOI: 10.1371/journal.pone.0243882.

198 BlonneteHb cMbupckoi MeguuuHbl, 2023; 22 (4): 188-200



Reviews and lectures

17

18.

19.

20.

21.

22.

23

24.

25.

26.

. Pérez-Gonzalez A., Araljo-Ameijeiras A., Fernandez-

Villar A., Crespo M., Poveda E. Cohort COVID-19 of
the Galicia Sur Health Research Institute. Long COVID
in hospitalized and non-hospitalized patients in a large
cohort in Northwest Spain, a prospective cohort study.
Sci. Rep. 2022;12(1):3369. DOI: 10.1038/s41598-022-
07414-x.
YakhnoN.N.,ZakharovV.V.,LokshinaA.B.,KoberskayaN.N.,
Mkhitaryan E.A. Dementia: a guide for physicians. 4th ed.
Moscow: MEDpress-inform, 2013:264 (in Russ.).
Zakharov V.V. Diagnosis and treatment of moderate cog-
nitive impairment. Neurology, Neuropsychiatry, Psychoso-
matics. 2009;1(2):14—18 (in Russ.). DOI: 10.14412/2074-
2711-2009-32.

Preobrazhenskaya 1.S. Mild and moderate cognitive im-
pairment: clinical manifestations, etiology, pathogene-
sis, approaches to treatment. Neurology, Neuropsychia-
try, Psychosomatics. 2013;5(1):59-63 (in Russ.). DOI:
10.14412/2074-2711-2013-2401.

Zolotovskaya I.A., Shatskaya P.R., Davydkin I.L., Shav-
lovskaya O.A. Post-COVID-19 asthenic syndrome.
S.S. Korsakov Journal of Neurology and Psychiatry.
2021;121(4):25-30 (in Russ.). DOI: 10.17116/jnev-
r0202112104125.

Zilberman-Itskovich S., Catalogna M., Sasson E., El-
man-Shina K., Hadanny A., Lang E. et al. Hyperbaric oxy-
gen therapy improves neurocognitive functions and symp-
toms of post-COVID condition: randomized controlled
trial. Sci. Rep. 2022;12(1):11252. DOI: 10.1038/s41598-
022-15565-0.

. Zhmurov V.A. Psychopathology: a textbook. Part II. Ir-

kutsk: Publishing House of Irkutsk University, 1994:217
(in Russ.).

Milevskiy M.M. Classification of diseases in psychiatry
and narcology: a guide for doctors. Moscow: Triada-X,
2003:183 (in Russ.).

Zhu S., Gao Q., Yang L., Yang Y., Xia W., Cai X. et
al. Prevalence and risk factors of disability and anxi-
ety in a retrospective cohort of 432 survivors of Coro-
navirus Disease-2019 (Covid-19) from China. PLoS
One. 2020;15(12):¢0243883. DOI: 10.1371/journal.
pone.0243883.

Novik A.A., Tonova T.I., Kaynd P. The concept of qual-
ity of life research in medicine. Saint Petersburg: Elbi,
1999:140 (in Russ.).

Authors’ information

217.

28.

29.

30.

31.

32.

33.

34.

Pelle A.J., Kupper N., Mols F., de Jonge P. What is the use?
Application of the short form (SF) questionnaires for the
evaluation of treatment effects. Quality of Life Research.
2013;22(6):1225-1230. DOI: 10.1007/s11136-012-0266-
8.

LiJ.,, Xia W., Zhan C,, Liu S., Yin Z., Wang J. et al. A
telerehabilitation programme in post-discharge COVID-19
patients (TERECO): a randomised controlled trial.
Thorax. 2022;77(7):697-706. DOI: 10.1136/thorax-
jnl-2021-217382.

McNarry M.A., Berg R.M.G., Shelley J., Hudson J., Say-
nor Z.L., Duckers J. et al. Inspiratory muscle training
enhances recovery post-COVID-19: a randomised con-
trolled trial. Eur. Respir. J. 2022;60(4):2103101. DOI:
10.1183/13993003.03101-2021.

Dhooria S., Chaudhary S., Sehgal I.S., Agarwal R., Aro-
ra S., Garg M. et al. High-dose versus low-dose pred-
nisolone in symptomatic patients with post-COVID-19
diffuse parenchymal lung abnormalities: an open-label,
randomised trial (the COLDSTER trial). Eur. Respir. J.
2022;59(2):2102930. DOI: 10.1183/13993003.02930-
2021.

Zasadzka E., Tobis S., Trzmiel T., Marchewka R., Kozak
D., Roksela A. et al. Application of an EMG-Rehabilita-
tion Robot in Patients with Post-Coronavirus Fatigue Syn-
drome (COVID-19)-A Feasibility Study. /nt. J. Environ.
Res. Public. Health. 2022;19(16):10398. DOI: 10.3390/
ijerph191610398.

Haberland E., Haberland J., Richter S., Schmid M.,
Hromek J., Zimmermann H. et al. Seven Months after Mild
COVID-19: A Single-Centre Controlled Follow-Up Study
in the District of Constance (FSC19-KN). Int. J. Clin.
Pract. 2022;2022:1-8. DOI: 10.1155/2022/8373697.
Philip K.E.J., Owles H., McVey S., Pagnuco T., Bruce
K., Brunjes H. et al. An online breathing and wellbeing
programme (ENO Breathe) for people with persistent
symptoms following COVID-19: a parallel-group, sin-
gle-blind, randomised controlled trial. Lancet Respir.
Med.  2022;10(9):851-862. DOI:  10.1016/S2213-
2600(22)00125-4.

Filippchenkova S.I., Evstifeeva E.A., Murashova L.A.,
Vorob’ev P.A., Vorob’ev A.P. Assessment of health-re-
lated quality of life in patients with post-COVID syn-
drome. International Journal of Medicine and Psychology.
2022;5(5):24-29 (in Russ.).

Semakin Aleksey V. — Post-Graduate Student, Division of General Medical Practice and Polyclinic Therapy, Siberian State Medical
University; Psychiatrist, Psychotherapist, Tomsk Clinical Psychiatric Hospital, Tomsk, drsemakinav@gmail.com, https://orcid.org/0009-
0008-4723-1494
Fedosenko Sergey V. — Dr. Sci. (Med.), Associate Professor, Professor, Division of General Medical Practice and Polyclinic Therapy,
Siberian State Medical University, Tomsk, s-fedosenko@mail.ru, http://orcid.org/0000-0001-6655-3300

Bulletin of Siberian Medicine. 2023; 22 (4): 188-200

199



Semakin A.V., Fedosenko S.V., Malinovskiy V.A. et al. Quality of life and mental disorders in the post-COVID period

Malinovskiy Vladislav A. — Post-Graduate Student, Division of General Medical Practice and Polyclinic Therapy, Siberian State
Medical University, Tomsk, vladislav-9509@mail.ru, http://orcid.org/0009-0004-8099-3870

Agaeva Sofiya A. — Student, Siberian State Medical University, Tomsk, agaeva.sofiyaa@gmail.com, http://orcid.org/0009-0004-5619-
5473

Starovoytova Elena A. — Dr. Sci. (Med.), Associate Professor, Head of the Division of General Medical Practice and Polyclinic
Therapy, Siberian State Medical University, Tomsk, starovojtova.ea@ssmu.ru, http://orcid.org/0000-0002-4281-1157

Kalyuzhin Vadim V. — Dr. Sci. (Med.), Professor, Head of the Advanced Therapy Division with a Course in Rehabilitation,
Physiotherapy and Sports Medicine, Siberian State Medical University, Tomsk, kalyuzhinvv@mail.ru, http://orcid.org/0000-0001-9640-
2028

(<) Semakin Aleksey V., drsemakinav@gmail.com
Received 19.06.2023;

approved after peer review 26.06.2023;
accepted 14.09.2023

200 BlonneteHb cMbupckoi MeguuuHbl, 2023; 22 (4): 188-200



REVIEWS AND LECTURES

VJIK 618.146-07-035.7 _
https://doi.org/10.20538/1682-0363-2023-4-201-209 (CQ BY 4.0

Challenges in the diagnosis of cervical pathologies
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Siberian State Medical University
2, Moscow Trakt, Tomsk, 634050, Russian Federation

ABSTRACT

This review deals with the current state of affairs in the diagnosis of cervical squamous intraepithelial lesions.
Transformation of classifications of cervical pathologies is considered. The role of cytological (liquid-based and
conventional cytology), molecular biological (Digene Hybrid Capture test), immunohistochemical (p16INK4a,
Ki-67), and histologic methods in the diagnosis of cervical lesions is discussed. Particular attention is paid to the
diagnosis of human papillomavirus infection. Performance indicators of screening programs based on primary
determination of human papillomavirus (HPV) DNA in comparison with common cytological methods are
presented. Tropism of HPV to various parts of the cervix, which predisposes to the formation of deep multifocal
lesions, as well as the influence of the physical status of HPV on the treatment strategy and risks of relapse are
considered.
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Mpo6nembl ANAarHOCTNKN NATONIOrMM LWWENKN MaTKN

YepHos [1.10., TuxoHosckasa O.A., JloreuHos C.B., NeTpos U.A., IOpbes C.10.,
MKpankvHa A.A., Fepacumos A.B., 3uHraniok U.B., Muxeenko I'.A.

Cubupckuii cocyoapcmeenmbiil meouyurckuil yrusepcumem (Cubl’MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

Crathsl MOCBSIIEHA COBPEMEHHOMY COCTOSHHIO IPOOJIEMBI TUATHOCTHKU IJIOCKOKJICTOYHBIX MHTPAIIUTETHATb-
HBIX NMOPaKEHUH HIeHKH MaTKH. PaccMOTpeHBI BONPOCH! TpaHC(OpMaIuu KiIacCU(UKAMNA ¥ TEPMUHOJIOTHH ITa-
Tosorui merkn Matku. OOcykaaeTcs pojib LUUTOJIOTMYECKUX (KUAKOCTHAs M TPAAULMOHHAS LIUTOJIOTHS), MO-
nekynsipHo-6nonornueckux (Hybrid Capture Diegene Test), mmmynoructoxumudeckux (pl6INK4a, Ki-67) u
THCTOJIOTMYECKUX METOAOB B THATHOCTUKE MOpaXkeHuH ek Matku. Ocoboe BHUMaHUE yJIEJICHO JUarHOCTUKE
NanuUIOMaBUPYCHON MH(EKINH, TIPUBE/ICHBI TTOKa3aTean d()(GEKTUBHOCTH CKPHHHHTOBBIX MPOrPaMM, OCHOBAaH-
HBIX Ha nepBuyHoM onpenenenun JJHK Bupyca manumiomsl yenoseka (BITY) B cpaBHeHUH ¢ OOLIETIPUHATHIMU
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LUTOJIOTMYECKUMH MeToaMu. PaccMorpena TponHocTs BITY k pasnuuHbIM oTAenaM MeHKH MaTKH, Npeapaco-
nararomasi K GopMHPOBaHHIO TITyOOKNX MyJIbTH(HOKAIBHBIX MOPAKEHUH, a TAKXKEe BIUsHUE QU3MIECKOTO cTaTyca

BITY nHa neye6Hy10 TaKTHKY U PUCKU PELUIHBOB.

KiroueBble ¢jI0Ba: MIOCKOKICTOYHBIE WHTPASNTUTCIINAIIBHBIC MTOPAXKECHUA MIeHKH MaTKu, I€PBUKAJIbHAasA UHTPaA-

snuTeNnuanbHas Heortasus, BITY, nmaraoctuka

Kondaukt unrepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTCHIHAIBHBIX KOH(INKTOB HHTEPECOB,

CBA3aHHBIX C Hy6III/IKaHI/IeI71 HACTOSIICH CTaThH.

Hcrounuk ¢puHaHCHPOBAHHUA. ABTOPHI 3asBISIOT 00 OTCYTCTBHM (DHHAHCHPOBAHUS TPH NMPOBEICHHN NCCIENO0-

BaHUA.

Jns uurupoanmsi: Yepuos J[.1O., Tuxonosckas O.A., JlorsunoB C.B., Ilerpor U.A., IOpseB C.1O., XKnan-
kuHa A.A., ['epacumoB A.B., 3unrantok 1.B., Muxeenko I".A. [IpoOiaeMbr THarHOCTHKH MATOIOTHH IIESHKH MaTKH.
brwonnemens cubupckoii meduyunv. 2023;22(4):201-209. https://doi.org/10.20538/1682-0363-2023-4-201-2009.

INTRODUCTION

Squamous intraepithelial lesions of the cervix
are some of the most common pathologies among
women of reproductive age in clinical practice.
The leading etiological factor in these pathologies
is human papillomavirus (HPV) infection and its
direct cytopathic effect on the cervical epithelium.
The main challenge in the diagnosis and treatment of
cervical pathologies is high frequency of persistent
latent HPV infection involving endocervical
glandular lesion, which, in turn, leads to incomplete
elimination of the virus, incomplete excision of
altered tissues, and, as a consequence, a high relapse
rate. Currently, the search for optimal approaches
to diagnosing and assessing the prognosis of these
pathologies is underway, also through improving
screening programs.

CHRONOLOGY OF CHANGES IN CERVICAL
PATHOLOGY TERMINOLOGY

The term “dysplasia” in relation to cervical
pathology was coined in 1953, and in 1956, it was
proposed for the histologic classification of cervical
diseases [1]. Dysplasia is characterized by intense
atypical cell proliferation in the basal and parabasal
layers (cellular and nuclear polymorphism, increased
mitosis) with impaired stratification of the epithelium,
but without involving the surface layer and stroma.
Depending of the altered epithelial layer, weak,
moderate, and severe dysplasia are differentiated.
Carcinoma in situ was considered separately and,
according to the FIGO classification, belonged to
stage 0 cervical cancer. It was subsequently proven

that there are no clear histologic differences between
carcinoma in situ and severe dysplasia, and a possible
similarity of cytological changes was confirmed [2].

In 1973, R.M. Richart proposed a unified concept
of neoplastic changes in the cervix. On this basis, the
term “cervical intraepithelial neoplasia” (CIN) was
proposed to describe the stages of tumor progression
[3]. Inclusion of carcinoma in situ in the group of
severe dysplasia, based on similarities in genetic
cell abnormalities, prognosis, and clinical outcomes,
made a significant difference for the classification
compared to the previous approach.

In 1974-1976, doubt was put on the concept of
CIN as obligate precancer following the H. Hausen’s
definition of the etiological role of HPV in the
development of cervical dysplasia and cancer [4],
the pathogenesis of viral damage, the regenerative
potential of tissues, and the possibility of self-
elimination of the virus.

In 1988, the National Cancer Institute (USA)
developed and introduced a new classification for
cervical smears — The Bethesda System (TBS)
for reporting cervical pathology, heralding the
introduction of the term “squamous intraepithelial
lesion” (SEL) [5]. According to this approach,
dysplastic changes in the cervix are divided into
“low-grade squamous intraepithelial lesion (L-SIL)”,
corresponding to CIN I, and “high-grade squamous
intraepithelial changes” (H-SIL), corresponding to
CIN II-11, including carcinoma in situ (CIS).

The negative for intraepithelial lesion or
malignancy (NILM) category was introduced to
indicate a normal cytological pattern. The new
classification is etiologically and pathogenetically
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substantiated and correlates with the mechanisms of
initiation and course of the disease, depending on the
high- or low-risk HPV types. Later it was proposed
to use TBS categories for the morphological
description of the histologic material. Therefore,
the use of a unified terminology for histologic and
cytological impressions increases the evidence-
based diagnosis.

Currently it is recommended to use L-SIL as a
diagnostic category to describe changes associated
with transient HPV infection, while H-SIL is used
to define a true precancerous lesion. However, some
ambiguous morphological findings may be included
in the Atypical squamous cells (ASCs) category,
depending on qualitative and quantitative criteria.
This category includes atypical squamous cells of
undetermined significance (ASC-US) and atypical
squamous cells — cannot exclude H-SIL (ASC-H),
differentiated according to the expected lesion grade
(L-SIL or H-SIL, respectively) [6]. To describe
endocervical epithelial cell abnormalities, the terms
“atypical glandular cells” (AGC), “atypical glandular
cells, favor neoplastic”’, and “adenocarcinoma in
sit” (AIS) were proposed.

According to the International Classification
of Diseases (ICD), 11th revision (2022), the
abbreviation CIN was completely excluded from
use. CIN I was replaced by the term “low-grade
squamous intraepithelial lesion of the cervix”. The
description of L-SIL states that it is a “a condition
of the cervix caused by chronic infection,” so L-SIL
is not currently considered as cervical dysplasia.
CIN II and CIN III are grouped in the category of
high-grade squamous intraepithelial lesion of the
cervix and represent the class Carcinoma in situ of
cervix uteri. The headings “Cervical intraepithelial
neoplasia grade II” and “Cervical intraepithelial
neoplasia grade III” were completely excluded
from the new edition [7]. The abbreviation SIL has
officially replaced the abbreviation CIN in clinical
practice.

Thus, over the past 70 years, several approaches
to cervical lesion classification have been proposed.
Despite the shift in the emphasis toward the
development of a clinically oriented classification
(TBS) and attempts to standardize the terminology,
the existing uncertainty in the use of CIN and SIL
demonstrates the lack of unified approaches to the
diagnosis and treatment of cervical pathologies.

EPIDEMIOLOGY

The Information Center on HPV and Cancer of the
Catalan Institute of Oncology and the International
Agency for Research on Cancer have published
epidemiological data on the global prevalence of
HPV infection caused by HPV types 16 and 18 in
women over 15 years, depending on the results of
cytological screening. Women with normal cytology
results were infected by HPV in 3.9% of cases, and
HPV was detected in 25.8% of women with L-SIL.
Almost every second woman with H-SIL was
infected by HPV (51.9%) [8].

According to D. Egemen et al. (2020), 87% of
L-SIL, 95% of H-SIL, and 54% of ASC-US cases
are associated with other highly oncogenic HPV
serotypes, including those mentioned before [9]. The
prevalence of HPV types 16 and 18 in the Russian
Federation was 9.4% among women with NILM,
35.1% in women with L-SIL, and 56% in women
with H-SIL [10]. It should be mentioned that these
highly oncogenic serotypes are the most common
both in the Russian Federation and worldwide.

Carriers of HPV infection are most often detected
in the group of women aged 20-29 and 30-39 years,
as well as in the age group of 40—49 years [11]. The
prevalence of cervical lesions varies depending on
the population and averages 1.5-7.7% for L-SIL
and 0.4-1.5% for H-SIL [12-14]. About 1.7% of
cytological smears are classified as L-SIL, 0.3% — as
H-SIL, 4.1% — as ASC, and 0.21% — as AGCs [9].

THE ROLE OF HPV INFECTION

The predominant HPV-associated etiology of
cervical cancer is proven [4]. Along with common
knowledge about the pathogenetic processes caused
by HPV persistence, it is necessary to understand
the physical status of HPV and its tropism to various
parts of the cervix. It is known that high-risk HPV
affects pluripotent stem and proliferating cells in
the emerging transformation zone, as well as in the
superior canal and endocervical crypts [15].

According to J.Y. Chen et al. (2018), glandular
lesions were observed in 82.57% of HPV-infected
women. The persistence of HPV in the cervical crypts
in 80.77% of cases was combined with positive
margins after resection and leads to relapse after
surgery. Relapse in the initial absence of glandular
lesions was observed only in 18.23% of patients with
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positive margins [16]. The depth of crypt lesions in
94% of cases did not exceed 5 mm laterally to the
cervical canal, however, their location at a distance
of up to 4 cm from the ectocervix may be the cause of
incomplete excision of the endocervical component
[17].

Women with positive endocervical margins are at
high risk for recurrent lesions. In addition, negative
margins after cold-knife conization do not guarantee
the absence of future relapses [18].

According to M. Arbyn et al. (2017), the presence
of high-risk HPV after treatment increased the
relapse risk to 28.4%, while a negative result reduced
the risk to 0.8%. When positive resection margins
were combined with a positive HPV status, the risk
of relapse was 53%. With negative resection margins
and persistent HPV, the risk of relapse was 13%, and
1% with a negative HPV status, regardless of the
resection margin state [19].

CYTOLOGY, HISTOLOGY,
IMMUNOHISTOCHEMISTRY

A cytological examination of the cervical
epithelium with interpretation of the results
according to TBS is used in all cervical screening
programs. The sensitivity and specificity of the
cytological method for L-SIL detection is 80.31
and 68.46%, respectively, while for H-SIL, it is
97.14 and 85.58%. respectively [21]. However,
approximately 30% of newly diagnosed cases of
cervical cancer occur among women who were
screened negative due to misinterpretation or
sampling errors [22]. Comparing liquid-based and
conventional cytology methods, a lot of authors
state that liquid-based cytology improves the quality
of cytological material, is more preferable in terms
of cost-effectiveness, and also makes it possible to
use the sample for subsequent HPV testing [22-24].
Positive predictive value (PPV) of these methods
is comparable. Negative predictive value (NPV) is
higher for liquid-based cytology [25]. A systematic
review carried out in 1991-2007 as part of the
European Quality Assurance Guidelines for Cervical
Cancer Screening found that although liquid-based
and conventional cytology had equal sensitivity and
specificity in detecting dysplasia from stage CIN II
(H-SIL), the specificity of liquid-based cytology in
case of ASC-US was lower [26].

Cytological screening does not reveal any
pathology in most HPV-positive women. It was
established that among HPV-positive women with
normal cytology results, dysplasia was diagnosed
within 5 years in 6.4% of cases [27]. The affected
glands often located deep in the cervical canal make
obtaining adequate material for the cytological
examination difficult. That is why the cytological
examination is limited in the diagnosis of precancer
and cancer of the cervix. Pathological changes in the
obtained material may be mild or absent, since the
process is often located deep in the crypts, while the
squamous epithelium is practically intact [28].

In this case V.G. Cherenkov et al. (2019) insisted
on obtaining the material for cytological and
molecular studies not only from the transformation
zone, but also from the crypts in the endocervix
[29]. In addition, it is recommended to perform a
biopsy involving the endocervical component before
elaborating a treatment strategy, since it is persistence
of HPV in the crypts that may cause subsequent
progression of lesions as well as relapses, especially
in case of H-SIL [30, 31].

The histologic method is the gold standard
for cervical pathology diagnosis. Comparing the
results of the cytological examination and the
final histologic diagnosis, several authors noted
significant discrepancies. In 20% of patients with
L-SIL cytology, the presence of dysplasia was not
confirmed, in 45.52% of cases, CIN I (L-SIL) was
detected, in 20.89% of cases — CIN II (H-SIL),
and in 04.47% of cases — CIN III (H-SIL). On the
other hand, in 0.9% of H-SIL cases, the presence
of dysplasia was not confirmed, CIN 1 (L-SIL)
was detected in 15.09% of cases, CIN II (H-SIL) —
in 16.98% of cases, CIN III (H-SIL) — in 50.94%
of cases. Cervical cancer was detected in 5.6% of
H-SIL cases [32].

A comparative analysis of the histologic findings
after primary excisional biopsy in patients with
previous targeted cervical biopsy showed a higher
positive correlation with CIN I (L-SIL) and CIN
II (H-SIL) compared to CIN II (H- SIL). Cervical
cancer was revealed by excisional methods in
1.8% of patients with CIN III (H-SIL), diagnosed
previously by targeted biopsy [33].

Applying immunohistochemical markers of cell
proliferation, such as ki-67 and pl16/INK4a, can
help to improve the accuracy and information value
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of a routine histologic examination and reduce the
frequency of false-positive and false-negative results.
HPV DNA replication begins with the formation of
oncoproteins E6 and E7 promoting the functional
inactivation of the retinoblastoma protein (pRb)
genes, which has an antiproliferative effect through
the expression of the p16/INK4a protein [34].

The transforming effect of HPV leads to
overexpression of this protein, controlled by pRb
through negative feedback [35]. Ki-67 is a nuclear
non-histone protein actively expressed during
cell division (cell proliferation marker) [36].
Overexpression of Ki-67 is associated with the
severity of dysplastic changes in the cervix, but not
with HPV infection [37]. It is known that an increase
in dysplastic changes of the cervix is associated
with an increase in the expression of these markers
[38]. Most L-SIL cases are associated with elevated
levels of Ki-67. Approximately in one third of
L-SIL cases, strong diffuse expression of pl6INK4a
can be found in the lower part of the epithelial
layer [39]. However, it has been proven that not
every pl6INK4a-associated damage of the cervical
epithelium is caused by HPV.

P.P. Pereira et al. (2022) demonstrated the possible
immunopositivity forp16 and Ki-67 in healthy tissues,
as well as in areas of tubal metaplasia of the cervix
and cervical endometriosis [40]. Thus, simultaneous
detection (coexpression) of both pl6INK4a and Ki-
67 proteins (dual stain) has the greatest diagnostic
value. Simultaneous detection of p16/Ki-67 can be
a reliable method for risk stratification among HPV-
positive women, especially in cases of CIN II-III
(H-SIL) [41]. The degree of coexpression correlates
with the severity of cervical lesions and indicates the
disease progression [42].

UNRESOLVED ISSUES IN THE DIAGNOSIS
OF CERVICAL PATHOLOGY

The issues of diagnosis, treatment, and prevention
of squamous and glandular cervical lesions remain
highly relevant in the Russian Federation and around
the world. It is explained by many factors, including
the need to optimize screening, treatment, and
prevention programs [43].

The International Federation of Gynecology
and Obstetrics (FIGO) recommends a cytological
examination (up to 60 years old) and testing for HPV

(up to 65 years old) as screening every 5 years. The
Society of Gynecologic Oncology and American
Society for Colposcopy and Cervical Pathology
(ASCCP) have recommended only primary HPV
screening for women aged 25 years and older since
2015. The World Health Organization (WHO,
2014) recommends HPV testing, a cytological
examination, and a visual inspection with acetic acid
at least once for every woman aged 30—49 years [25].
PCR methods for HPV diagnosis are increasingly
replacing cytology as the main screening test in the
USA, Australia, and England [44-46].

The mainstay for the diagnosis of persistent HPV
infection is the detection of viral DNA in cervical
scraping by PCR (Hybrid Capture Digene HPV test)
with determination of the critical DNA concentration
(viral load) and assessment of the physical status, the
oncogenic risk (high or intermediate), and the type
of infection (single or multiple).

Despite the described cases of HPV-negative
lesions of the cervix, including malignant ones,
L. Rodriguez-Carunchio et al. (2015) in most
cases associated the detection of such lesions with
diagnostic artifacts and false-negative results.
This fact was confirmed by the detection of viral
DNA when using more sensitive PCR diagnostic
methods [47].

According to T. Malagon et al. (2020), the use
of Hybrid capture-based technology for the HPV
diagnosis reduces the risk of subsequent occurrence
and progression of cervical dysplasia to a greater
extent than the use of other PCR methods among
women with normal cytology findings [27].

According to a Cochrane Library review, the
sensitivity of Hybrid capture-based detection of
precancerous lesions of the cervix is higher than
that of cytological diagnostic methods. Precancerous
lesions will be diagnosed in 20 screened women out
of 1,000. The HPV test will identify 18 women in
this group, while the cytology test will identify 15.
A negative HPV test result is more reassuring than
a negative cytology result, because the cytology test
has a higher chance of being false-negative [48].

There are controversies regarding the choice of
the screening method for the age group of 25-30
years old. The results of numerous studies indicate
that transient HPV is common among this age group,
and self-elimination of the virus reaches 90%. HPV
persistence is more often observed for 2 years or
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more in the age group of 30 years and older, which is
one of the risk factors for lesion progression [49—-51].
Consequently, HPV screening before the age of 30
might be associated with a high rate of false-positive
results, which can lead to unnecessary treatment.
Despite this, primary HPV screening among women
of this age group is associated with higher CIN III
(H-SIL) detection compared to cytological methods.
According to O. Feldstein et al. (2023), it should be
considered as the main diagnostic approach in this
age [52].

Y.J. Tai et al. (2017) assessed the links between
the risk of disease progression and the diagnostic and
treatment approaches among 53,000 women with
L-SIL [53]. These approaches included repeated
cytology, colposcopy, cervical biopsy or cervical
curettage, cryotherapy, and excisional methods. It
revealed that cryotherapy and excisional procedures
significantly reduced the risk of lesion progression,
presumably due to the effective elimination of HPV.
C. Firnhaber et al. (2017) and G. St-Martin et al.
(2021) also supported the active diagnostic and
treatment strategy in cases of L-SIL. [54,55].

On the other hand, C. Buick et al. (2020) and C.
J. Min et al. (2020) indicated that there is no need
for in-depth screening and subsequent treatment
of young women with L-SIL due to a low risk of
malignancy and a high probability of spontaneous
elimination of HPV in this age group [56, 57].

CONCLUSION

Direct pathogenetic links of squamous
intraepithelial and glandular lesions with the
progression of cervical cancer dictate the need to
search for new diagnostic approaches in order to
timely identify and treat these conditions and reduce
the risk of their progression.

Long-term latent HPV persistence, especially
in the cervical crypts, leads to an increased risk of
occurrence andrecurrence of squamous intraepithelial
and glandular lesions. Modern diagnostic and
treatment approaches should be aimed at increasing
the efficiency of cervical lesion diagnosis by
assessing the degree of involvement of the cervix
and especially cervical crypts in the pathological
process, as well as by determining the optimal
volume of excision. These issues can be solved by a
comprehensive assessment of cytological, molecular
biological, histologic, and immunohistochemical

findings that have high sensitivity and specificity for
the diagnosis of cervical pathologies.
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