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UspaTenbckun pom Cubupckoro
rocyfapcTBeHHOro MeguLMHCKOro
YHUBEpPCUTETa NPeaAcCTaBAfAeT CepUo KHUT

«Hacnepue
TOMCKOM METIMLIMHbL»

KHura nocesileHa namatm
_ [OKTOpa MEAULIMHCKMX Hayk,
i o =51 secheave npodeccopa Bnagummpa
ﬂ i JembsiHoBu4a Cyxoaomno
A.M. Benreposckuii, O.E. Bansosa, T.M. Iaotankosa - - (1919-2000), y4acTHuKa 060POHBI
JleHuHrpaga, nHsanvnga Benukon
AKAQEMHK OTeuecTBEHHOM BOWHbI, pabo-
HHKONAHA BACHNLEBHY BOCHOMHAARNS TaBuero 8 CUBMPCKOM rocynap-
BEPILUMHHUH CTBEHHOM MEAMLMHCKOM YHUBEP-
e — 0 NMPOMECCOPE CYX0MO0I0 cutete (CnbIrMY, Tomckom meau-
LIMHCKOM MHCTUTYTE) B 1948—
2000 rr. C yBaxxeHMeM, BOCXMLLE-
HveMm 1 nbosbio Npodeccopa
B.[. Cyxoqono BCNOMUHAMT yye-
HVKW, KOMnerun, apy3bsi, YneHbl
cembW, pofgHble.
[Ina Tex, KTO UHTepecyeTcs
NCTOPUEN MeaULMHBI,
Cunbupckoro rocyaapcTBEHHOrO
MEAULIMHCKOIO YHUBEPCUTETA,
Tomcka.

B kHure npeactaeneHbl Guorpadusa n [ | e
0630p Hay4HOW, Neaarornyeckon u
06LLeCTBEHHO AeATeNbHOCTU M.P. Kapriosa, C.A. Hexpriaos
BblAatoLLerocsi hapmakosnora, akagemuka
AMH CCCP, 3acny»eHHOro AesiTens Hayku ARANEMHAK
PC®CP, naypeata CtanuHckon CEPIEA NMETPOBHY
(FocynapcTBeHHOM) npemun Hukonas KAPIOB
BacunbeBuya BepLumHuHa (1867—1951). . i

[ins Bpayeii, CTYAEHTOB, Y4eHbIX, BCEX

VHTEPECYIOLMXCH NCTOPUEN MEANLIMHBI. B kHure npeacTasieHs!
Buorpacus n 063op

Hay4YHOW, Negarornyeckom u
obLLecTBeHHON AeaTenb-
HOCT BblAOLLIErocst
MUKpobuonora, Bupycorora
1 anugemMuornora, akagemuka
AMH CCCP, 3acnyeHHoro
aesAtensi Haykn PCOCP
Cepres NeTpoBuya Kapnosa
(1903-1976).

[ns Bpayen, CTyAEHTOB,
YY€EHBbIX, BCEX MHTEPECYIO-
LLIMXCS UCTOPUE MEQULINHDI.
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Effect of COVID-19 infection in the third trimester of pregnancy on innate
immunity parameters, association with obstetric and perinatal outcomes

Andrievskaya I.A.', Lyazgiyan K.S.', Zhukovets I.V.%, Ustinov E.M."

! Far Eastern Research Center for Physiology and Pathology of Respiration
22, Kalinina Str., Blagoveshchensk, 675000, Russian Federation

2 Amur State Medical Academy
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ABSTRACT

Aim. To analyze and compare parameters of innate immunity with obstetric and perinatal outcomes in patients with
COVID-19 in the third trimester of pregnancy.

Materials and methods. The study included 2 groups: the main group encompassed patients with mild (subgroup 1,
n = 31) and moderate (subgroup 2, n = 40) COVID-19 during the third trimester of pregnancy; the control group
included women who did not have COVID-19 during pregnancy (n = 22). By the enzyme-linked immunosorbent
assay (ELISA), we determined the level of anti-SARS-CoV-2 immunoglobulin (Ig)M and IgG, tumor necrosis
factor alpha (TNFa), interleukin 6 (IL-6), and interferon gamma (IFNy) in the blood plasma. Complete blood
count was performed on the automated hematology analyzer. Expression of CD-14 and HLA-DR antigens in
monocytes was analyzed on the flow cytometer. SARS-CoV-2 RNA in placenta samples was detected by the
reverse transcription polymerase chain reaction (RT-PCR).

Results. A moderate course of COVID-19 in the third trimester of pregnancy was associated with lower levels of
anti-SARS-CoV-2 IgG and IFNy in the maternal blood and umbilical cord blood, as well as by lower expression of
CD-14 and HLA-DR by monocytes compared to mild COVID-19. A mild course of the disease was characterized
by an increase in the number of monocytes in the maternal blood. No differences in leukocyte and lymphocyte
counts were noted. There were also no differences in birth weight and one-minute Apgar score. At 5 minutes, the
Apgar scores for moderate COVID-19 were lower than those for mild infection. The moderate course of COVID-19
increased the risk of preterm birth, neonatal cerebral ischemia, intraventricular hemorrhage, and respiratory distress
syndrome. No risk of intrauterine SARS-CoV-2 infection was detected.

Conclusion. The severity of COVID-19 in the third trimester of pregnancy is associated with dysregulation of the
innate immunity, which determines the nature of obstetric and perinatal complications.
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BnuaHne nepeHeceHHOW B TpeTbeM TpuMecTpe 6epeMeHHOCTH
nHPpekuyumn COVID-19 Ha noKasaTenv BPpOXKXAEHHOro MMMYHUTETa,
CBA3b C aKyLUePCKUMUN N NepuHaTasbHbIMMN NCXoaamMu

Anppuesckasa U.A.", Nasruax K.C.', XKykosey U.B.%, YctuHos E.M."

! Jlanvrhesocmounbiil Hayunsill yenmp usuonozuu u namonozuu ovixanus (JJHL] @I1/])
Poccus, 675000, 2. brnazosewenck, yn. Karnununa, 22

2 Amypckas 2ocydapcemeennas meouyunckas axaoemus (AIMA)
Poccus, 675000, 2. brazosewenck, yn. I opbkozo, 95

PE3IOME

Hesb. AHanu3 U CONOCTABICHUE JaHHBIX BPOKACHHOIO MIMMYHUTETA C aKyIICPCKUMU U IEPUHATAIBHBIMU UCXO-
JlaMU IIPU IIEPEHECEHHO! B TpeTheM TpuMecTpe oepemenHoctH nHdekmu COVID-19.

MatrepuaJjbl 1 MeTOAbI. B ccienoBaHne BKIIOUCHBI IBE IPYIINBI: OCHOBHAs — C MIEPEHECCHHON B TPETHEM TPH-
Mectpe 6epemenHoctr uHpekuueir COVID-19 nerkoro (moarpymma 1, n = 31) u cpeaHeTsLKENIOro TeueHus (oa-
rpymmna 2, n = 40), KoHTposbHas — >keHIUHbL, He OoneBmue COVID-19 B Teuenue Bceit 6epeMeHHOCTH (11 = 22).
B na3me kpoBU HMMYHO(GEPMEHTHBIM METOAOM OIpEAessuid ypoBeHb aHTH-SARS-CoV-2 mMMyHOTIOOyTHHOB
(Ig) xmaccoB M u G, coneprkaHre HUTOKMHOB (akTopa Hekposa omyxoin anbda (TNFa), marepneiikuna (IL) 6 1
naTepdepona ramma (IFNy). Knuandeckuit ananns KpoBH OCYIIECTBISUTH HA aBTOMATHYECKOM T€MaTOJIOTHIECKOM
aHanusarope, sxcrpeccuro CD14- u HLA-DR-anTurenoB B MOHOIIMTaX — Ha mpoToyHoM IuromeTpe, PHK SARS-
CoV-2 B 00pa3nax mianeHTbl — METOA0M 00paTHOM TPaHCKPUIILIUH MTOJMMEPA3HOH [ETTHON peaKIyy.

PesyanTarel. Cpennersokenoe redenue COVID-19 B TpeTbeM TpuMecTpe 6EPEeMEHHOCTH aCCOIMUPOBAIOCH € 60-
Jiee HU3KUM YPOBHEM B KPOBH Y MaTepH U B KPOBHU IIyIIOBUHBI HOBOPOXKIEHHBIX aHTU-SARS-CoV-2 IgG, IFNy, a
Taroke skcnpeccun MoHortamu CD14 u HLA-DR 1o cpaBHeHuto ¢ serkoii popmoii 3adoneBanus. [Ipu serkoii
(opMe OTMEUYECHO MOBBIIICHHE KOJIMYECTBA MOHOLIMTOB B KPOBU MaTepu. Paznnuuii B mokasaressix JISHKOLUTOB U
TUMQOLMTOB He BbIsIBICHO. Take OTCYTCTBOBAIM Pa3JIMyKs 110 Macce Tela HOBOPOXKACHHBIX U OLICHKE I10 IIIKaJIe
Armrap Ha 1-if muH. Ha 5-if MMH noka3atesu Ipu CpeJHETSDKENIOM TeUeHUH 3a00J1eBaHus ObUTH HIDKE, YeM IpH
nerkoit popme nndekuun. Cpenuersokenoe TeueHne COVID-19 yBennunBano puck IpexIeBPEMEHHBIX POJIOB,
pa3BUTHS LepeOpaNbHOM HIIEMUH MO3ra HOBOPOXKICHHBIX, BHYTPHIKEITYJOYKOBBIX KPOBOM3IUSIHUN M CHHIpOMA
JIBIXaTENbHBIX paccTpoiicTB. Pruck BHyTpuyTpoOHOi SARS-CoV-2 nnexunu orcyTcTBOBAI.

3axaouenne. Tspkects TedeHnss COVID-19 B TperbeM TpuMecTpe OSpeMEHHOCTH CBsI3aHA C JUCPETyIIIneH
BPOXKJICHHOI0 UMMYHHUTETA, YTO OIpPEeIseT XapaKTep aKylepCKUX U IepUHATAIbHbBIX OCJIOKHEHUI.

Kirouessle ciioBa: COVID-19, BpoxieHHbII HMMYHUTET, HIUTOKHUHBI, aKyILIEPCKUE U MIEPUHATATIbHbIE HCXOAbI

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

Hcroynuk puHancupoBaHus. VccnenoBanue BBITOIHEHO NP HUHAHCOBOM MOAACPKKE POCCHIICKOr0 HAyYHOTO
¢onna (cornamenue Ne 23-25-00049 ot 12.01.2023).

CooTBeTcTBHE MPUHIMIIAM dTHKH. Bce manueHTs! moamucamn HHQOPMHPOBAHHOE COTJIACHE HA YYaCTHE B HC-
cienoBannu. MccnenoBanue ogo0peHO JOKanbHBIM 3THUeckiM Komuterom JIHII ®IIJI (mpotokom Ne 144 ot
09.06.2023).

Ja nurupoBanusi: Aunpuesckas M.A., Jlssrusn K.C., XKykosen 1.B., Ycrunos E.M. BiusiHue nepeneceHHON
B TpeTbeM TpuMmecTpe OepemenHocTr nHdekun COVID-19 Ha noka3arteny BpOXKIEHHOTO HMMYHHUTETa, CBSI3b C
aKyIICPCKUMH U TICPUHATATIBHBIMU UCXOJaMu. brotemens cubupckoti meduyunst. 2024;23(2):5-13. https://doi.
org/10.20538/1682-0363-2024-2-5-13.
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INTRODUCTION

Since March 2019, the world has been affected
by the pandemic of novel coronavirus infection
(COVID-19), which was listed as a public health
emergency of international concern until May 2023
[1]. Viral mutations and new variants of severe
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) are associated with a varying clinical course
of the disease (ranging from mild to severe) linked to
immune dysregulation [2]. It is reported that pregnant
women with COVID-19, particularly those with the
Delta variant of the disease, have an increased risk
of hospitalization and developing severe disease
compared to the general population [3].

According to other studies, pregnant and non-
pregnant patients show similar risks of infection and
developing severe manifestations of COVID-19 [4].
The role of COVID-19 in the development of placental
insufficiency, preterm birth, and stillbirth has also
been determined [5]. However, definitive conclusions
can only be drawn after the end of the pandemic.

Myeloid cells (monocytes / macrophages) are
believed to be directly involved in the pathogenesis of
COVID-19. Studies have reported various responses
of monocytes to SARS-CoV-2, determining the
development of systemic inflammatory response
syndrome [6], hyperactivation or a lack of response
to type I interferons (IFN-I) in the blood and lung
tissues in severe forms of the disease [7]. Authors
noted dysregulation of innate immunity and decreased
expression of human leukocyte antigen class II (HLA-
DR) by monocytes, which is considered as a marker
of immunosuppression and severity of COVID-19 [8].

Other studies have shown the differences in
phenotypes of peripheral and lung myeloid cells with
low expression of HLA-DR, dysfunctional blood
monocytes, and hyperactive monocytes / macrophages
of the respiratory tract producing proinflammatory
cytokines in moderate and severe COVID-19 [9].
However, the effect of pregnancy on the development
of innate immunity in mothers and their newborns
following COVID-19 remains poorly studied, and
research is limited in scope [10].

The aim of this work was to analyze and compare
parameters of innate immunity with obstetric and
perinatal outcomes in mothers with COVID-19 in the
third trimester of pregnancy.

MATERIALS AND METHODS
The study was carried out in accordance with the
principles of the Declaration of Helsinki and approved

by the Bioethics Committee at the Far Eastern
Research Center for Physiology and Pathology of
Respiration (Protocol No. 144 of 09.06.2023). All
participants signed a written informed consent to
participate in the study. The clinical site for the study
was the maternity unit of the Blagoveshchensk City
Clinical Hospital. Laboratory studies were carried out
at the Far Eastern Research Center for Physiology
and Pathology of Respiration. From January 2022
to March 2023, 93 women at 35-40 weeks pregnant
were examined: 71 women with mild (subgroup 1,
n = 31) and moderate (subgroup 2, n =40) COVID-19
during the third trimester of pregnancy (main group)
and 22 women who did not have COVID-19 during
the entire pregnancy (control group). All studies were
conducted during the predominant circulation of
SARS-CoV-2 Omicron strain.

Inclusion criteria for the main group were:
singleton, spontaneous pregnancy; COVID-19 in the
third trimester of pregnancy; clinical symptoms of a
respiratory disease; CT (computed tomography) signs
of viral pneumonia with a typical clinical presentation
and relevant epidemiological history. Exclusion
criteria were multiple pregnancies; pregnancy
resulting from in vitro fertilization; exacerbation of
chronic noninfectious diseases; presence of chronic
nonspecific lung diseases; extrapulmonary foci of
infections; specific bronchopulmonary diseases;
developmental genital anomalies; detected sexually
transmitted  infections;  progestogen  support;
immunodeficient conditions; smoking. All study
participants were selected as cases and controls and
were comparable in age and body mass index (BMI).

The age in subgroup 1 was 27.0 (25.0; 30.0) years
(p = 0.441); the age in subgroup 2 was 27.0 (25.0;
30.0) years (p = 0.465), which had no significant
difference compared to the control group — 28.5 (25.7;
31.0) years. BMI values in subgroup 1 were 24.7 (23.0;
29.1) (p =0.691) and in subgroup 2 —24.8 (21.7; 29.3)
(»p = 0.669), which also did not differ significantly
from the control group —24.6 (22.1; 25.0). In the main
group, no significant differences in age (p = 0.968)
and BMI (p = 0.954) were found.

Blood samples for the studies were taken at
the time of hospitalization in the maternity unit by
venipuncture into ethylenediaminetetraacetic acid
(EDTA) vacuum tubes (China). Umbilical cord blood
was collected from the central vein into EDTA vacuum
tubes immediately after cord clamping soon after
birth. Blood plasma was obtained by centrifugation

BionneteHb cM6UPCKO MeanumHbl, 2024; 23 (2): 5-13 7



Andrievskaya I.A., Lyazgiyan K.S., Zhukovets I.V. et al.

Effect of COVID-19 infection in the third trimester of pregnancy on innate

(15 min, 1,000 g). All plasma samples were stored
at =70 °C until the analysis was started. Placental
material was collected immediately after birth and
placed in sterile containers. Sample preparation,
extraction, and amplification of SARS-CoV-2
RNA were carried out by reverse transcription
polymerase chain reaction (RT-PCR) on the DT-96
detection amplifier (DNA-Technology, Russia) using
commercial reagent kits (DNA-Technology, Russia) in
strict accordance with the manufacturer’s instructions.
The enzyme-linked immunosorbent assay (ELISA)
was used to determine anti-SARS-CoV-2 IgM and
IgG in paired plasma samples (SARS-CoV-2-IgM
ELISA-BEST Kit, SARS-CoV-2-IgG quantitative-
ELISA-BEST Kit, Russia), levels of tumor necrosis
factor alpha (TNFa) (TNF alpha-ELISA-BEST Kit,
Russia), interleukin 6 (IL-6) (Interleukin-6-ELISA-
BEST Kit, Russia), and interferon gamma (IFNy)
(Interferon gamma-ELISA-BEST, Russia).

All studies were performed on the Multiskan FC
microplate photometer (USA) in strict accordance
with the manufacturer’s instructions for commercial
reagent kits. Clinical blood test was carried out on
the automated hematology analyzer Mindray BC-
5150 (Shenzhen Mindray Bio-Medical Electronics
Co., Ltd., China). Flow cytometry of peripheral
blood mononuclear cells was conducted on the
BD FacsCanto II flow cytometer (USA). We used
lysed blood (Invitrogen™ eBioscience™ 10X RBC
Lysis Buffer, USA) containing FITC-conjugated
monoclonal antibodies to surface antigens CD14
(M5E2) (BD Biosciences, USA) and HLA-DR (L243)
(BioLegend, USA). The mononuclear cell pellet
obtained after two washes in phosphate buffered saline
(PBS) (Biolot, Russia) and centrifugation (5 min,
400 g) was resuspended and used to detect monoclonal
antibodies.

Statistical analysis and data processing were
carried out using the IBM SPSS Statistics version
23.0 software package (USA). The statistical
analysis was performed using the Mann — Whitney
test for paired comparisons. To compare three or
more groups, the Kruskal — Wallis test was used.
Quantitative variables were presented as the median
(Me) and the interquartile range (Q,; O.); categorical
data were presented as proportions, frequencies, and
percentages. The analysis of frequency differences in
two independent study groups was conducted using
the Fisher’s exact test. With absolute frequencies
in contingency tables being less than 10, the Yates’
correction was used. The correlation analysis was

conducted using the Spearman’s rank correlation
coefficient. Relative risks (RR) were analyzed using
fourfold contingency tables with 95% confidence
intervals (95% CI). Differences were considered
statistically significant at a p < 0.05.

RESULTS

All women in the main group at the time of the
study had a confirmed diagnosis of COVID-19:43.7%
were diagnosed with mild acute respiratory viral
infection (ARVI) (subgroup 1), and 56.3% — with
moderate disease with manifestations of pneumonia
(subgroup 2) (RR = 1.27; 95% CI 0.96-1.69). The
gestational age at the time of the disease in subgroup
1 was 35.0 (33.0; 37.0) weeks, and in subgroup 2 —
34.0 (32.0; 36.0) weeks (p = 0.181). The total time
from the disease onset to delivery in subgroup 1 and
subgroup 2 was 27.0 (18.0; 36.0) days and 32.0 (15.0;
48.0) days, respectively (p = 0.286).

In all women of the main group, SARS-CoV-2 IgM
antibodies were absent in both maternal blood and
umbilical cord blood (Table 1). However, the amount
of IgG antibodies in subgroup 1 was 1.53 times higher
than in subgroup 2. Intragroup paired comparisons did
not reveal significant differences between the values
of IgG antibodies in maternal blood and umbilical
cord blood in subgroup 1 (p = 0.992) and subgroup
2 (p = 0.371). Further paired correlation analysis in
the study subgroups revealed a significant association
between the levels of IgG antibodies in maternal blood
and umbilical cord blood in subgroup 2 (r = 0.61, p =
0.0001).

Blood test in women of the study groups revealed
an increase in the average monocyte count by 1.16
times in subgroup 1 compared to the control group,
while no significant differences were found compared
to subgroup 2. No differences in leukocyte and
lymphocyte counts were identified when comparing
the main group and the control group.

The study of the proinflammatory cytokine profile
in the blood of women showed that in subgroup 1, the
values of TNFa were 1.72 times and 1.22 times lower
than in the control group and subgroup 2, respectively.
The level of IL-6 in subgroup 1 was 1.55 times and
1.35 times lower than in the control group and subgroup
2, respectively. The values of [FNy in subgroup 1 were
1.9 times higher than in subgroup 2. In subgroup 2,
the level of IFNy did not change significantly
compared to the control group. Significant differences
in the levels of IL-6 and IFNy were found in umbilical
cord blood. In subgroup 1, the levels of IL-6 were
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1.45 times lower than in subgroup 2 and did not
significantly differ from those in the control group.
The levels of IFNy in subgroup 2 were reduced by
1.23 times and 1.11 times compared to subgroup 1 and
the control group, respectively. Paired comparison
of TNFa, IFNy, and IL-6 values in maternal and
umbilical cord blood revealed differences between the

studied subgroups. The levels of TNFa in maternal
blood were 2.02 times (p = 0.0001) and 1.8 times
(» = 0.0001) lower than in umbilical cord blood.
The levels of IFNy were 1.1 times (p = 0.0001) and
1.67 times (p = 0.0001) higher, and the levels of
IL-6 were 2.15 times (p = 0.0001) and 1.91 times
(»=10.0001) higher in subgroups 1 and 2, respectively.

Table 1

Parameters of innate immunity in maternal and umbilical cord blood in the study groups, Me (Q,.; O..)

Parameter Main group Control group p
Subgroup 1 | Subgroup 2
Peripheral blood
Anti-SARS-CoV-2 IgG, BAU /ml | 168.0 (104.0; 216.0) | 110.0 (56.0; 197.2) — p3=10.029

TNFaq, pg / ml 30.0 (22.0; 47.9) 423(27.1;61.8) | 51.5(36.9;58.5) | pi=0.001; p>=0.485; p: = 0.004
IL-6, pg / ml 20.9 (17.7; 29.5) 27.0 (17.9;64.3) | 31.9(18.4;49.2) | pi=0.034; p»=0.900; ps = 0.042
IFNy, pg / ml 4.0 (2.8; 5.0) 2.1 (2.0;2.6) 2.7 (2.0; 6.1) p1=0.780; p2 = 0.074; ps = 0.0001
Leukocytes, 10°/1 8.75 (7.36; 9.82) 8.1(7.0;9.3) 8.2 (7.5; 9.6) p1=0.950; p = 0.498; ps = 0.582
Lymphocytes, 10°/1 21.5 (15.0; 25.2) 16.4 (3.4;21.6) 18.5 (15.9;20.5) | pi=0.279; p» = 0.260; ps = 0.164
Monocytes, 10° /1 7.34(6.1;8.7) 6.7(5.1;8.2) 6.5(4.6;7.2) p1=0.044; p> = 0.480; ps = 0.194

CD14, % 78.9 (73.5; 83.4) 55.1(49.8; 63.3) 94.5 (92.8 ;,97.8) p13=0.0001

HLA-DR, % 78.3 (74.0; 83.2) 52.9 (48.5; 60.7) 95.2 (92.8; 98.4) p13=0.0001
Umbilical cord blood

Anti-SARS-CoV-2 IgG, BAU /ml | 142.0 (102.0; 240.0) | 109.0 (25.3; 194.0) — p3=0.037

TNFa, pg / ml 60.5 (58.6; 81.3) 76.0 (65.2;89.5) | 85.1(74.8;90.0) | pi=0.006;p>=0.236; ps = 0.064
IL-6, pg / ml 9.7 (7.6; 11.0) 14.1 (10.9; 23.6) 79(4.8;350) | pi=0.657; p2=0.358; ps = 0.0001
IFNy, pg / ml 43(3.3;5.7) 3.5(2.6; 4.0) 3.9(3.1;5.7) p1=0.619; p> = 0.007; ps < 0.0001
CD14, % 77.7 (74.5; 82.7) 55.6(50.7;59.7) | 96.4(92.6;98.2) p13=0.0001
HLA-DR, % 78.6 (73.2; 83.1) 58.6(50.9;66.1) | 95.4(93.8;96.7) p13=0.0001

Note. Here and in Table 2—4: p: — statistical significance of differences between subgroup 1 and the control group; p- — statistical significance of
differences between subgroup 2 and the control group; ps — statistical significance of differences between subgroup 1 and subgroup 2.

Significant paired correlations in subgroup 1
were found between the levels of TNFa (» = 0.78,
p = 0.0001), IL-6 (» = 0.72, p = 0.0001), and IFNy
(r=0.84, p=0.0001) in maternal blood and umbilical
cord blood. In subgroup 2, a correlation was found
between the levels of IFNy in maternal blood
and umbilical cord blood (r = 0.60, p = 0.0001).
Investigating the antigen composition of monocytes
in maternal blood revealed that in subgroup 1,
the expression of CD14 was 1.2 times lower than
in the control group and 1.43 times higher than in
subgroup 2. In subgroup 2, the number of monocytes
expressing CD14 was 1.71 times smaller than in the
control group. The analysis of HLA-DR expression
in subgroup 1 revealed a decrease by 1.21 times
compared to the control group and an increase by
1.48 times compared to subgroup 2. In subgroup
2, the HLA-DR values were 1.8 times lower than
in the control group. In subgroup 1, a decrease in
the circulation of CD14 by 1.24 times was noted in

umbilical cord blood compared to the control group
and an increase by 1.4 times compared to subgroup 2.
In subgroup 2, monocytes were characterized by lower
levels of CD14 (by 1.73 times) compared to the control
group.

The analysis of HLA-DR expression in umbilical
cord blood monocytes in subgroup 1 showed a
decrease by 1.21 times compared to the control group
and an increase by 1.34 times compared to subgroup
2. In subgroup 2, the HLA-DR values were 1.63
times lower compared to the control group. In paired
comparisons of the average CD14 and HLA-DR values
in maternal blood monocytes and umbilical cord blood,
no significant differences were found for subgroup 1
(» = 0.576 and p = 0.468, respectively) and for
subgroup 2 (p = 0.968 and p = 0.05, respectively).
Significant paired correlations in subgroup 1 were
found between the parameters of maternal blood and
umbilical cord blood for CD14 (» = 0.63, p = 0.0001)
and HLA-DR (r=0.48, p = 0.007).
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It is worth noting that in the studied subgroups,
none of the placental samples showed the presence of
SARS-CoV-2, indicating the absence of a risk of its
vertical transmission to the fetus.

Table 2 presents pregnancy outcomes in the studied
groups. Full-term births occurred in all women in
subgroup 1 and in 87.5% of women in subgroup 2. The
gestational age at the time of delivery in subgroup 1 was
39.0 (38.0; 40.0) weeks and did not have significant
differences from the control group — 39.0 (38.0; 40.0)
weeks (p = 0.756); however, it was significantly
higher than in subgroup 2 — 38.0 (37.0; 39.0) weeks
(p = 0.034). The differences between subgroup 2 and
the control group were also statistically significant
(p = 0.027). Preterm births (PB) (060.1) occurred in
12.5% of women in subgroup 2. Natural childbirth
delivery (NCD) took place in 93.55% of women in

subgroup 1 and in 87.5% of women in subgroup 2,
while cesarean delivery (CD) — in 6.45% and 12.5%
of women, respectively. Indications for elective CD
were: mismatch between the pelvic size and the fetal
head size, uterine scar after CD, incompetent cervix,
breech presentation of the fetus with anticipated
weight of more than 3,600 grams, and placenta previa.
Premature rupture of membranes (PROM) (042)
occurred in 12.9% of women in subgroup 1, which
was significantly less often than in subgroup 2 —
27.5%. The study showed that moderate severity of
COVID-19 increased the risk of PROM (RR = 2.13
(95% CI 1.17-3.87)) compared to subgroup 1.

The average birth weight of newborns did not
significantly differ between the subgroups and compared
to the control group. The condition of the newborns was
assessed by the Apgar score at 1 and 5 minutes (Table 3).

Table 2
Pregnancy outcomes in women of the study groups
Main group
Control group
Parameter Subgroup 1 Subgroup 2 p
abs. % abs. % abs. %
NBD 29 93.55 35 87.5 21 95.45 p1=0.552; p2=0.049; p,=0.158
CD 2 6.45 5 12.5 1 4.54 p1=0.746; p> = 0.069; p.= 0.595
PB - - 5 125 - -
PROM 4 12.9 11 27.5 2 9.1 p1=10.498; p>=0.002; ps = 0.022

Table 3

Birth weight and Apgar score in newborns delivered by mothers of the study groups, Me (0,.; 0..)

Main group

Parameter

Subgroup 1

Subgroup 2

Control group

p

Birth weight, g

3,300.0 (3,190.0; 3,550.0)

3,295.0 (2,817.0; 3,737.0)

3,200.0 (3,040.0; 4,000.0)

p1=0.550; p,=0.768; ps = 0.503

Apgar score:
— at 1 minute;
— at 5 minutes

8.0 (8.0; 9.0)
9.0 (9.0; 10.0)

8.0 (8.0; 9.0)
9.0 (8.0; 9.0)

8.0 (8.0; 9.0)
9.0 (9.0; 10.0)

p1=0.735; p,=0.628; ps = 0.806
p1=0.798; p,=0.007; ps = 0.003

No significant differences in the Apgar scores at 1
minute were found either between subgroups 1 and 2
or between the control group and the study subgroups.
However, a decrease in the Apgar score at 5 minutes
was determined in newborns delivered by mothers in
subgroup 2 compared to those delivered by mothers in
subgroup 1 and the control group. Cerebral ischemia
(CD (P91.0) was diagnosed in 6.45% of newborns
in subgroup 1 and in 21.9% of babies in subgroup
2 (Table 4). Newborns of mothers in subgroup 2
had a higher risk of CI, RR = 3.83 (95% CI 1.63—
9.01) compared to those delivered by mothers in
subgroup 1. Respiratory distress syndrome (RDS) and

intraventricular hemorrhages (IVH) were diagnosed
only in newborns delivered by mothers in subgroup 2.

Table 4

Incidence in newborns delivered by mothers of the study
groups, persons

Main group Control
Parameter Subgroup 1, Subgroup 2, group, P
31 40 22
abs. % abs. % abs. | %
CI 2 6.45 9 22.5 — — 10.003
IVH - — 5 12.5 - -
RDS - - 7 17.5 - -

Note. Statistical difference between the parameters of subgroup land
subgroup 2 —p.
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DISCUSSION

Studies have shown that COVID-19 can alter
innate immunity in pregnant women not only during
the acute phase of the disease but also after recovery.
Our results showed that COVID-19 infection in the
third trimester of pregnancy induced a sustained
antibody and cytokine response at the time of delivery
and caused a significant decrease in transplacental
transfer of IgG antibodies with a more pronounced
negative proinflammatory effect of TNFa and IL-6
and a reduced proinflammatory effect of IFNy in
moderate infection, which is in line with the available
data [11].

Mild infection was associated with higher levels
of IgG antibodies and reduced levels of TNFa and
IL-6 in maternal blood and umbilical cord blood. In
moderate infection, reduced IFNy levels were also
noted, apparently due to increased circulation of I1L-6
and insufficient production of antiviral antibodies [12].
Maternal levels of IgG antibodies and proinflammatory
cytokines were correlated with values in umbilical cord
blood; the strength of the correlation was determined
by the severity of COVID-19 in the third trimester of
pregnancy.

We also detected no significant differences in
lymphocyte and leukocyte count in maternal blood
regardless of the severity of COVID-19 amidst the
variability of the proinflammatory cytokine profile,
indicating their dysfunction. Nevertheless, the
predominance of the inflammatory cytokine profile in
the blood of mothers with past COVID-19 should be
considered in the context of significant fluctuations in
parameters during full-term and preterm labor [13].
The study of the monocyte response to COVID-19 in
the third trimester showed an increase in their count
in maternal blood in mild COVID-19 compared to
moderate disease. The percentage of classical CD14
monocytes and monocytes expressing HLA-DR in
maternal blood and umbilical cord blood was reduced
according to the severity of COVID-19 infection,
determining complex immune dysregulation and
forming temporary  immunosuppression [14].
The decrease in the HLA-DR expression on cell
membranes of CD14 monocytes was likely linked to
the inhibitory effect of IL-6 [15]. Maternal levels of
CD14 and HLA-DR were correlated with the ones
in the umbilical cord blood. Regarding obstetric and
perinatal outcomes, moderate COVID-19 in the third
trimester increased the risk of preterm births, which

is consistent with the data of systematic reviews and
meta-analyses [16].

However, according to some reports, Omicron
variant infection of pregnant women did not increase
the risk of preterm birth compared to the Delta variant
[17], though these findings require confirmation.
PROM in moderate COVID-19 occurred 2.13 times
more frequently than in mild infection, potentially
increasing the risk of neonatal infection and associated
complications. However, no SARS-CoV-2 nucleic
acid was detected in any of the placental samples
obtained from women with COVID-19 in the third
trimester of pregnancy, which is consistent with the
available data [18].

In assessing the condition of newborns, no
differences in body weight and 1-minute Apgar score
were found, although 5-minute scores in moderate
infection were lower than in mild forms of the disease,
which is consistent with research data and possibly
indicates lower adaptive capacity of the newborn
[19]. The risk of CI in newborns delivered by mothers
with moderate COVID-19 increased by 3.83 times
compared to mild infection. In 12.5% of newborns,
IVH was diagnosed, and 17.5% of babies had RDS.

Therefore, the dysregulation of innate immunity in
maternal blood and umbilical cord blood established
in the study, the extent of which was associated with
the severity of COVID-19 in the third trimester of
pregnancy, contributes significantly to the development
of obstetric complications and associated disorders in
newborns, altering their individual adaptive response
to infection.

CONCLUSION

We showed that the severity of COVID-19 in the
third trimester of pregnancy was associated with the
complexity of immune dysregulation characterized
by reduced levels of SARS-CoV-2 IgG antibodies
and proinflammatory IFNy in maternal and umbilical
cord blood, as well as with the decreased expression of
CD14 and HLA-DR by monocytes. This may indicate
the development of temporary immunosuppression.
Parameters of innate immunity and cytokine response in
the maternal blood were correlated with the ones in the
umbilical cord blood. Moderate severity of COVID-19
increased the risk of preterm births, neonatal cerebral
ischemia, intraventricular hemorrhage, and respiratory
distress syndrome. No risk of vertical SARS-CoV-2
transmission to the fetus was detected.
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Food allergen sensitization patterns in psoriasis patients

Barilo A.A., Smirnova S.V., Sinyakov A.A.

Research Institute of Medical Problems of the North — Krasnoyarsk Science Center of the Siberian Branch
of the Russian Academy of Sciences (KSC SB RAS)
3g, Partizana Zheleznyaka Str., Krasnoyarsk, 660022, Russian Federation

ABSTRACT

Background. Psoriasis is a chronic relapsing systemic disease characterized by inflammation in the skin. Etiology
of psoriasis remains elusive, since there are many factors triggering a pathological process in the skin. Data on the
frequency of allergies in patients with psoriasis are extremely few and contain conflicting results in the literature,
which determines the relevance of the study. Researchers described coexisting atopic dermatitis (AD) and psoriasis
(PS), which does not exclude common causes and mechanisms leading to skin damage.

Aim. To study and conduct a comparative analysis of food allergen sensitization patterns in patients with psoriasis
and atopic dermatitis.

Materials and methods. A prospective study included patients with psoriasis (group 1, n=151) and atopic dermatitis
(group 2, comparison group, n = 20) aged 18—57 years. A control group (group 3, n = 19) encompassed apparently
healthy sex- and age-matched individuals. Specific allergy testing included allergy history and determination of
sensitization patterns by analyzing serum concentrations of total immunoglobulin E (IgE) and allergen-specific
IgE (sIgE) to food allergens using ELISA test systems (Alkor-Bio, Russia) on the Thermo Scientific Multiskan FC
microplate photometer. The calculation and analysis of the obtained data were carried out using the Statistica 8.0
software package.

Results. The concentration of total immunoglobulin E in the blood serum for PS patients was 57.9 [31.6;
135.1] IU / ml, for AD patients — 210.4 [56.2; 1,000.0] IU / ml, and for the control group — 45.1 [23.4;
144.0] IU / ml, respectively, p, ,= 0.005; p, ;= 0.001; p, ;= 0.4. Food allergen sensitization was determined sig-
nificantly more often in the group of AD patients compared to the group of PS patients: 95.0 (n = 19) vs. 37.2%
(n = 19), respectively, p, ,= 0.005. In the group of AD patients, sensitization to chicken eggs, tomatoes, and
peanuts was found significantly more frequently than in the group of PS patients and in the control group. Sen-
sitization to beef, buckwheat, and potatoes was significantly more common in the group of PS patients than in
the controls.

Conclusion. Following the study of the serum concentration of allergen-specific IgE (sIgE) to food allergens,
we revealed food allergen sensitization not only for AD patients, but also for PS patients. However, in our study,
sensitization patterns to the studied allergens have their own characteristics depending on the specific disease.
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Cech6v|n|n3au,|ns| K nuwjeBbiM ajlyiepreHam 60nbHbIX ncopiasom

Bapuno A.A., CmupHosa C.B., Cuisakos A.A.

Hayuno-uccnedosamenvcxuti uncmumym meouyunckux npooiem Cesepa (HUH MIIC) — Kpachospckuil Hayunblii
yenump Cubupcxoeo omoenenus Poccuiickoti akademuu nayk (OUL] KHL] CO PAH)
Poccus, 660022, 2. KpacHosipck, yn. [lapmusana Keneswnsxa, 32

PE3IOME

Icopnaz — XpoHHYECKOe PENUANBHPYIONIEe CHCTEMHOE 3a00JIeBaHME, XapaKTEePU3YIOIIEecs] BOCTIAIUTEIHHBIM
MpOIecCOM B 3mmaepMuce. Bormpoc 06 3THOMOTHH MCOpHa3a OCTaeTCs OTKPHITHIM, TaK KakK CYIIECTBYET MHOMKe-
CTBO TPHUITEPOB IS 3aITyCKa MAaTOIOTHYECKOTO mpolecca B Koxe. JJaHHBIE 0 4acTOTe BOSHUKHOBEHUS aJIEPTHH
y OOJBHBIX TICOPHA30M KpaifHe HEMHOTOUNCIIEHHBI M COIEP KaT MPOTHBOPEUUBEIE PE3yIbTATHl B IUTEPATYPE, ITO
oTIpesieNsieT aKTyaIbHOCTh NCCIEAOBAHMA. I3BECTHO O COUETaHNH aTOIMMIECKOTO JIEpMaTHTa M MICOpHa3a, 4TO He
HCKITIOYaeT OOIHOCTH MPUYNH U MEXaHU3MOB, TPUBOAAIMINX K MOPAKEHHUIO KOXH.

Hens. M3yunTh ¥ TPOBECTH CPABHUTENBHBIN aHANN3 CHIEKTPA CEHCHOMIN3AIMHU K MUILEBBIM aljepreHaM O0IbHBIX
TICOPHA30M H aTONMUUECKUM AEPMATUTOM.

Marepuaibl U MeToabl. [IpoBeneHo mpocnekTuBHOe HccienoBanue OoibHBIX ncopuaszoMm (I1C, 1-1 rpymma,
n = 51) u aronuyeckum nepmatutom (AJl, 2-a rpynma, rpynmna cpaBHenus, n = 20) B Bozpacte 18-57 ner. Kon-
TponbHas rpynna (3-s rpymma, n = 19) BKiIroyanga MpakTHYeCKH 3I0POBBIX JIIOAEH, CONOCTAaBUMBIX IO IONY H
Bo3pacTty ¢ 6onbHEIMH. Crenuduueckoe aieprojoruyeckoe 00cieJoBaHNe BKIIOYAI0 cOOp ajuieproaoruieckoro
aHaMHe3a, YCTAHOBJICHHE CIIEKTpa CEHCUOMIH3AIMN IyTeM OIpeJelIeHNs KOHLICHTPAlul 00IIero HMMYHOTJI00Y-
muHa E (IgE) u annepren-cnermuuuecknx IgE k nmumeBsIM amiepreHaM ¢ UCIONB30BaHHEM TECT-CHCTEM (KOM-
nanust «Ankop-bruoy», Poccnst) MeTonom nMMyHO(EpMEHTHOTO aHaIK3a Ha MOJTyaBTOMAaTHYECKOM aHAIIM3aTope
Thermo Scientific Multiskan FC. Pacuer u aHamu3 MOJYyYCHHBIX JAHHBIX MPOBOJWIN C MOMOIINBIO TAKETa MPo-
rpamu Statistica 8.0.

PesyabTathl u 06cyxaenne. Konnenrpanus obmero nMmyHornooynmuaa E B ceiBopoTke kpoBu 6ombHEIX [1C
cocrasmia 57,9 [31,6; 135,11 ME/mi, 6onpabix Al — 210,4 [56,2; 1000,0] ME/mi1, B KoHTpONEHOH Tpymme — 45,1
[23,4; 144,0] ME/M11 COOTBETCTBEHHO, p, ,= 0,00S;p“ = 0,00I;pl, ,= 0,4. Cencnbunusanus K NUIIEBBIM aJuiepre-
HaM CTQTHCTUYECKH 3HAYMMO Yallle ONpeAeNsIach B rpymie 6onbHbIX AJl B cpaBHeHMH ¢ Tpynmoi 6onbHbIX TIC:
95,0% (n = 19) nporus 37,2% (n = 19) coorsercrBerHo, p, ,= 0,005. B rpynne Gonbrbix AJl ceHenOunusanus
KypHHOMY SIHITy, TOMaTaM U apaxucy BBISBIEHA CTATUCTUYECKH 3HAYNMO Yallle B CPAaBHEHHH C TPYHIION OOIBHBIX
I1C u rpymmoit kouTpoinst B rpynmne 6onpabix I1C ceHcnOmmmsanus k roBsanHe, Tpedke U KapToQeo BhIIBICHA
CTaTHCTUYECKH 3HAYMMO Yallle B CPAaBHEHUU ¢ KOHTPOJILHON TPyIHOiL.

3akuovyenue. Takum 06pa3oM, BEISBICHA CEHCUOMIN3ALMS Ha OCHOBE M3yUYEeHHsI KOHIICHTPAIMH aJlIepreH-Crel-
ndpuueckux IgE (sIgE) k numieBsIM auiepreHaM B CBIBOPOTKE KPOBU HE TOIBKO 00mbHBIX A/Jl, HO 1 60mpHBIX [1C,
NPUYEM CHEKTpP CEHCHOMIN3ALMU K U3y4aeMbIM aJUIepreHaM MMeeT CBOM OCOOSHHOCTH B 3aBHCHMOCTH OT HO30-
JIOTHH.

KunroueBble ci10Ba: icopras, aTOMMYECKUH IePMATHT, THIIEBast aJUISPTHsl, CCHCUOMIM3AIHs, aJulepreH-CIeupu-
yeckue IgE

KOHq).]'Il/lKT HUHTEPECOB. ABTOpLI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'[PIKaIlPICI>i HaCTOSIU.[efI CTaTbu.

Hcrounnk ¢punancupoBaHus. ABTOPHI 3asBISIIOT 00 OTCYTCTBUM (PUHAHCHPOBAHMS P IPOBEICHUH HCCIIE0-
BaHMSI.

CooTBeTCTBHE NPUHIMIIAM 3THKH. Bce yqacTHHKH MoAMMcaad HHHOPMUPOBAHHOE COTJIacHe Ha y4acTHE B HC-
cnenoBannu. Mccnenoanue onodpeno stnueckuM komuteroMm HUM MIIC (mpotokon Ne 12 ot 10.12.2013).
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INTRODUCTION

Despite multiple theories of psoriasis (PS), its
etiology and pathogenesis remain elusive [1, 2].
Ineffectiveness of current curative and pathogen-
specific therapies for PS makes its study relevant and
determines the need to search for new approaches to
the study of the disease, including its etiology and
pathogenesis [3-5].

Psoriasis and atopic dermatitis (AD) are skin
diseases both characterized by the simultaneous
presence of systemic inflammation and skin damage.
Canonically, PS is considered as a Thl / Thl7-
mediated skin disease, while AD is characterized
by a predominant type 2 immune response [1, 6].
Earlier, it was believed that the presence of AD
excluded simultaneous development of PS in patients
due to fundamentally different immune responses.
Recently, researchers have described coexisting AD
and PS [7-11]. Therefore, studying coexisting AD
and PS may lead to discovery of new therapeutic
targets and facilitate the development of strategies for
personalized care [8—10].

AD is the earliest manifestation of allergic march
characterized by progression of a systemic allergic
reaction from eczema to allergic rhinitis and bronchial
asthma [11]. In recent years, the term “psoriatic march”
has been coined, which reflects the polysystemic
nature of inflammation in PS [12].

Modern researchers have described that AD and PS
are characterized by similar histologic changes in skin
lesions. Thus, in patients with AD and PS, histology
revealed neutrophil infiltration in foci of skin lesions
[13, 14]. The hypothesis according to which chronic
inflammation in PS contributes to an increase in the
number of B lymphocytes in skin lesions followed by
overproduction of total IgE in the blood serum and
predominant Th2 response in these patients is of great
interest [15]. The role of Th17- and Th22 lymphocytes
in the pathogenesis of both AD and PS was discussed
[14-18]. Studies on the concentration of specific IgE
antibodies to various groups of allergens in PS are
few, which determines the relevance of this research
[19, 20].

According to some authors, patients with PS are
characterized by an increase in specific IgE antibodies

to birch pollen, timothy, rye, potato, and carrot [19].
According to the dual allergen exposure hypothesis,
food allergen sensitization may develop not only via
oral exposure but also following allergen penetration
through impaired skin barrier [19, 21]. This fact
determines the relevance of studying food allergen
sensitization in patients with coexisting PS and
AD, while a comparative analysis of food allergen
sensitization patterns can help identify new factors
and mechanisms leading to skin damage.

The aim of the study was to investigate and conduct
a comparative analysis of food allergen sensitization
patterns in patients with PS and AD.

MATERIALS AND METHODS

The study included patients with PS (group 1,
n =51) and AD (group 2, comparison group, n = 20)
aged 18-57 years. The average age of patients in group
1 was 40.0 + 1.8 years, in group 2 — 25.0 + 2.0 years.
In the gender profile of both groups, women prevailed:
52.9% (n = 27) in group 1, 55% (n = 11) in group
2. A control group (group 3, n = 19) encompassed
apparently healthy sex- and age-matched individuals.
The severity and extent of PS were measured by the
Psoriasis Area and Severity Index (PASI). The average
PASI score in the PS group was 10.0 [6.0; 14.4].

All patients underwent specific allergy testing,
including allergy history and determination of
sensitization patterns by analyzing serum concentra-
tions of total immunoglobulin E (IgE) and allergen-
specific IgE (sIgE) to food allergens using ELISA
test systems (Alkor-Bio, Russia) on the Thermo
Scientific Multiskan FC microplate photometer. We
used reagents for determining sIgE to the following
food allergens: cow milk, beef, chicken egg (whole),
chicken meat, gluten, wheat, oat, rice, buckwheat,
potato, carrot, tomato, apple, peanut.

According to the manufacturer’s instruction
(Alkor-Bio, Russia), the level of sIgE > 0.35 kIU / 1
indicated a positive response. Sensitization to the
studied allergens in the control group was not detected.
The calculation and analysis of the obtained data were
carried out using the Statistica 8.0 software package.
Statistical processing of the results was performed
by calculating the mean and the error of the mean

16 Bulletin of Siberian Medicine. 2024; 23 (2): 14-20



Original articles

(M £ m). The data were presented as the median and the
interquartile range Me [Q,., ; O..,.] and as the absolute
and relative number of sensitized patients n (%). The
differences were considered statistically significant at
p <0.05.

RESULTS

In the group of PS patients, prior history of allergy
(allergy and / or allergic diseases) was established in
41.2% (n = 21) of cases, seasonal allergy — in 7.8%
(n = 4) of patients, family history of allergy (allergy
and / or allergic diseases among close relatives) —
in 27.5 % (n = 14) of cases, and family history of PS —
in 39.2% (n = 20) of cases.

The average age at PS onset was 24.0 + 2.1 years,
the total disease duration was 11.0 = 1.6 years. In
76.5% (n=139) of cases, skin rash was accompanied by
intense itching. The main clinical manifestations of PS
were a monomorphic rash with flat papules of various
sizes and large pink and red plaques, characterized
by hyperproliferation and aberrant differentiation of
the epidermis. In PS patients, relapsing — remitting
skin disease was observed in 56.7% (n = 29) of cases,
exacerbations in autumn and winter occurred in 33.3%
(n = 17) of cases, and exacerbations in spring and
summer were noted in 9.8% (n = 5) of cases, mainly in
patients with coexisting pathology (seasonal allergic
rhinoconjunctivitis).

According to allergy history, urticaria, allergic
rhinitis, and insect and drug allergies were noted in
95% (n=19) of AD patients. Family history of allergy
in AD patients was detected in 55% (n =11) of patients
and seasonal allergic manifestations — in 60% (n =
12) of cases. The following clinical manifestations of
AD were detected: erythema, dry skin, excoriations,
peeling. Itching was observed in 95% (n = 19) of AD
patients. Skin damage in most AD patients was as
follows: limited — 60% (n = 12) of cases, generalized —
30% (n = 6) of patients, diffuse — 10% (n = 2) of cases.
Moderate AD was found in 90% (n = 18) of cases,
whereas a severe course of AD was recorded in 10%
of patients.

The serum level of total IgE for PS patients was
57.9 [31.6; 135.1] IU / ml, for AD patients — 210.4
[56.2; 1,000.0] IU / ml, for the control group — 45.1
[23.4; 144.0] IU / ml, respectively, p, , = 0.005;
P, ;= 0.001; p, = 0.4. Literature data on the con-
centration of total IgE in PS are conflicting. Increased
serum levels of total IgE have been reported in some
studies [15], whereas others did not demonstrate
statistically significant differences in total IgE

concentrations between PS patients and controls [22].
Higher concentrations of total IgE were shown to be
associated with the duration of skin lesion in PS and
correlated with the severity of the clinical course of
the disease [19].

Food allergen sensitization was detected
significantly more often in the group of AD patients
compared to the PS group: 95.0 (n = 19) vs. 37.2%
(n=19), respectively, p, ,= 0.005 (Table).

Table

Comparative characteristics of food allergy sensitization
patterns in patients with psoriasis and atopic dermatitis, n (%)

PS patients, AD patients,
n=51 n=20 ’
P,,=02
p,,=0.1
P, ,=0.02
p,,=02
py.;=0.02
p,,=0.1
p,.,=0.04
P, ;= 0.04
p,,=03
p,.=03

Parameter

Cow milk 2(10.5) 5(26.3)

Beef 5(26.3) 2(10.5)

Chicken egg

(whole) 0 4@Ly

Chicken meat 0 1(5.3)

P,= 0.3
D= 0.3

P,= 0.1
D= 0.3
p,,=0.04

P,= 0.1
P, ;=0.08
P,,;=0.004

Gluten 0 1(5.3)

Wheat 1(5.3) 421.1)

Oat 3(15.8) 7 (36.8)

Rice 1(5.3) 2(10.5)

Buckwheat 6 (31.6) 2(10.5) pyy=0.01

Potato 4(21.1) 0

Carrot 3(15.8) 2(10.5)

Tomatoe 1(5.3) 8 (42.1)

Apple 3(15.8) 6 (31.6)

Peanut 2(10.5) 12 (63.1)

Note. In the control group, sensitization to the studied allergens was
not detected.
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Sensitization to chicken eggs, tomatoes, and peanuts
was found significantly more frequently in the group of
AD patients than in the group of PS patients. Chicken
egg allergy is known to be one of the most common
in the world [23]. According to the literature, chicken
egg allergy is observed in one third of adult American
population [23]. Consequently, high incidence of
sensitization to chicken eggs in patients with AD
identified in this study does not contradict the literature
data [24]. Sensitization of AD patients to tomatoes and
peanuts is likely associated with cross-reactivity with
pollen allergens [25]. In the group of AD patients, the
frequency of sensitization to cow milk protein, chicken
eggs, wheat, oat, tomatoes, apples, and peanuts was
significantly higher compared to the control group
(Table).

An interesting aspect of the study is the presence
of food allergen sensitization in patients with PS. The
study showed that sensitization to beef, buckwheat, and
potatoes in the group of PS patients was significantly
more common than in the controls. According to the
literature, sensitization to beef may be associated with
cross-reactivity with cow milk proteins [26]. Literature
data indicate the presence of antigenic determinants
common for some foods and pollen allergens [27, 28].
Sensitization to potatoes and buckwheat in PS patients
is most likely associated with cross-reactivity with
pollen allergens, since this group of patients showed
higher sensitization to birch pollen, sage pollen,
timothy, and rye [19].

DISCUSSION

Literature data on the influence of food allergens on
the development and course of PS are scarce, which
determines the need for further study of the role of
food allergy in the etiology and pathogenesis of PS.
In the present study, sensitization was determined by
studying the level of sIgE to food allergens in the blood
serum of not only patients with AD, but also patients
with PS. The study revealed features of sensitization
patterns to food allergens depending on the type of skin
lesion. Thus, AD was characterized by a wider range of
sensitization to food allergens compared to PS: chicken
eggs, tomatoes, and peanuts. Since AD is a classic
example of an IgE-mediated disease, high incidence
of sensitization to food allergens in this category of
patients should have been expected.

The study revealed high frequency of sensitization
to food allergens in patients with PS. Sensitization
to beef, potatoes, and buckwheat was more
often detected, which may indicate the influence

of these allergens on the development of skin
lesions in PS.

A steady increase in the incidence of allergies in
all diseases is reported all over the world. Assessing
the role of food allergies in PS development is of
great interest. Recently, an increase in the incidence
of coexisting AD and PS has been reported [8, 19].
The presence of food allergies can facilitate damage
to digestive organs, leading to impairment of their
barrier function, thus increasing the permeability and
absorption of various allergens and endotoxins [28].
Moreover, the involvement of the gastrointestinal
tract in the systemic allergic reactions to food
allergy in PS patients is a characteristic sign of
dermatologic manifestations of gastrointestinal
diseases [29].

It is known that food allergen sensitization is marked
by aggravation of allergy symptoms after consuming
foods that are causal allergens [28]. This fact should be
considered in clinical practice and requires prescription
of an elimination diet for AD and PS patients with
account of their individual sensitization patterns to
food allergens.

CONCLUSION

Skin lesions and chronic inflammation in PS and
AD result in impaired epidermal barrier and, therefore,
facilitate more intense penetration of various allergens
through the skin, which contributes to extension of the
sensitization range and progression of the pathology
[30, 31]. Food allergen sensitization in patients with
PS can be both a trigger of the disease and a risk factor
for its development and progression.

The preliminary results of the study determine
the need for prescribing a personalized elimination
diet therapy and other methods of allergy diagnosis,
such as skin prick test, elimination and provocation
tests.
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mucosa in clinical practice
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ABSTRACT

Aim. To analyze the results of the GastroPanel and GastroScreen-3 tests over a 15-year follow-up and determine
the incidence of autoimmune gastritis (AIG) in clinical practice and in a random sample of Novosibirsk residents.

Materials and methods. Biomarkers were analyzed in two groups: 1,742 people, average age of 50.0 + 13.53 years
(GastroPanel test, Biohit Oy, Finland), and 170 people, average age of 53.8 + 12.89 years (GastroScreen-3 test,
Vector-Best, Russia), from 2007 to 2022. The AIG incidence was calculated in current clinical practice and in a
random sample of Novosibirsk residents aged 45-69 years. The PGI level of 160 pg /1 was taken as the upper limit
of normal, PGI of 31-50 pg /1 indicated moderate atrophy, PGI < 30 ug /1 and the PGI / PGII ratio < 3 indicated
severe gastric fundus atrophy. AIG was considered at PGI < 10.1 pg /1, the PGI / PGI ratio < 1.3, and gastrin-17 >
42.4 pmol / 1 (GastroPanel) and at PGI < 16.8 pg /1 and the PGI / PGII ratio < 1.5 (GastroScreen-3). The H. pylori
IgG level > 42 EIU was considered to be positive. Antibodies to CagA protein were determined using the Helico-
Best Antibody test (Vector-Best, Novosibirsk).

Results. Serological signs of severe and moderate gastric fundus atrophy were detected in 10 and 9.4% (GastroPanel
test) and in 13.3 and 7% (GastroScreen-3 test) of those examined, respectively. Signs of multifocal atrophy were
found in 0.7% of cases. Antibodies to H. pylori were detected in 57.7%, CagA+ strain — in 56.1% of cases. Peptic
ulcer disease (PGI >160 pg / 1) was found in 15.3% (GastroPanel test) and 10% (GastroScreen-3 test) of the
examined. According to the GastroPanel and GastroScreen-3 tests, the incidence of AIG was 1.6% in a random
sample and 2.6 and 3.5% in current clinical practice, respectively.

Conclusion. Twenty percent of the examined persons were at risk of developing gastric cancer and 10-15% had
peptic ulcer disease, which requires further examination. The incidence of AIG in different study groups based on
serological screening was 1.6-3.5%.

Keywords: pepsinogens, GastroPanel, GastroScreen-3, Helicobacter pylori, fundus atrophy, autoimmune gastritis
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AHanus ceponorn4yeckon ANarHoCTUKN GyHKLNOHANbHOIro COCTOAHUSA
CAN3NCTON XKenyaKa B KNINMHNYECKON NpaKkTuKe

Benkosey A.B." %, OxuraHosa H.B.', KpyunHuna M.B." 2 NonoHckas A.B.",
Lllep6akoBa J1.B."

! Hayuno-uccireoosamenbckuil uncmunmym mepanuu u npogpuiaxmuyeckoti meouyunwt (HUHTIIM) — ¢unuan Uncmu-
myma yumonozuu u eenemuxu CO PAH (UL{UT" CO PAH)
Poccus, 630089, 2. Hosocubupck, yi. bopuca boeamxosa, 175/1

2 Hosocubupckuii 2ocydapcmeentulii meouyunckuil ynusepcumem (HIMY)
Poccus, 630091, 2. Hosocubupck, Kpacuwiti npocnexkm, 52

PE3IOME

Ileas. [Ipoananu3upoBath pe3ynbTaThl TecT-cucTeM «l'actpollanens» u «I"actpoCkpuH-3» 3a 15 net HaOmone-
HHS M OTIPEACIUTD 4acTOTy ayToMMMyHHoro ractpura (AUI') B KIMHUYECKOW MPAKTUKE U B CITy4aliHO# BBEIOOpKE
xwureneit r. HoBocubupceka.

Marepuaabl u Metoabl. [lokazatenn GroMapkepoB OBUTH IPOAHAIM3HPOBAHBI B IBYX rpymmax: 1 742 geno-
Beka, cpenumid Bo3pact 50,0 £ 13,53 ner (tect-cuctema «[actpollanensy, komnanus «buoxut», OUHISH/IN),
n 170 genoBek, cpexuuii Bozpact 53,8 + 12,89 et (tecr-cucrema «I'actpoCxpun-3», AO «Bekrop-bect», Poc-
cus), ¢ 2007 mo 2022 r. Pacuer wactorsl AWI npoBoawIICS B TEKyIIeH KIMHUYSCKOH NPAKTHKE W B CIly4aiHOM
BBIOOpKe xuTeieit r. HoBocubupcka 45-69 ner. BepxHeil rpanuneil HOpMbI CUUTAIH ITOKa3aTelb IIENCHHOTeH |
(IIT'T) — 160 mxr/mn, ymepenHoii atpodun coorBercrBoBai auanasoH [1I'T 31-50 mxr/n, a III'T < 30 Mxr/x 1 coot-
nomrenus [ITCI/IIT < 3 — BeipaxkeHHOH pyHIANBEHO aTpoduu. AyTOMMMYHHBIH TaCTPUT PacCMaTpUBAIIH IIPH I10-
kazarensx [1I'T < 10,1 mxr/m, IITITITT < 1,3; ractpuna-17 > 42,4 nmons/n («"actpollanensy) u [II'T < 16,8 Mkr/i,
NIV < 1,5 Tect-cuctrema («I"actpoCkpun-3», AO «Bexrop-bect», Poccust). [1o10KUTETBHEIM CHATATIH YPO-
BeHb UMMyHor00yniHa kinacca (Ig) G H. pylori 6onee 42 EIU. Antntena k CagA-0elKy OIpeelIsuiy C IOMOLIBI0
TecT-cucteMsl «Xennko-bect antutenay (AO «Bekrop-bect», r. HoBocubupck).

PesyabTatpl. Ceponornyeckue MpU3HAKK BBIPAKCHHOW W yMEpEeHHOH (YHIAIbHOW aTpoduu BIsIBICHBL: 10 1
9,4% («I'actpollanensy), 13,3 u 7% («['actpoCxpuH-3») cootBercTBeHHO. [Ipn3Haku MynbTH(HOKAIFHOH aTpo-
¢un ob6Hapyxens! B 0,7%. mMynornoOymuns! knacca G H. pylori onpenensiucs B 57,7%, CagA+ mramm —
B 56,1% cmyuaeB. fI3Benuslii ¢eHotun ractpura Obim oOHapyxkeH y 15,3% («[actpollanens») u y 10%
(«actpoCxpun-3»). Hactora AUIL o nanabM Tect-cucteM «['actpollanens» u «['acTpoCkpuH-3» B cirydaitHON
BEIOOpKE cocTaBmia 1,6%, B TeKyIel KIMHUIECKON pakTuke — 2,6 1 3,5% cOOTBETCTBEHHO.

3akaodenne. B rpynmy pucka pa3sutus paka xemynaka rnonanu 20% oOcnenoBanHbIX, y 10—-15% oOHapysken
SI3BEHHBIN (eHOTHUII, 4TO TpeOyeT noodcaenoBanus. Yacrora AUI B uccnenyeMsIx rpynmnax Ha OCHOBaHHHU CEpo-
JIOTHYECKOT0 CKpUHUHTa cocTaBmia 1,6-3,5%.

Kirouessle cioBa: nencuHorensl, «I'actpollanensy, «I"actpoCxpun-3», Helicobacter pylori, dynnansHas aTpo-
(s, ayTOUMMYHHBIH TaCTPUT

KOHq).]'IP[KT HHTEPECOB. ABTOpLI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U MNOTCHIIUAJIBHBIX KOHq)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaHI/IeI71 HaCTOF[IHeﬁ CTaTbHU.

Hcrounuk ¢punancupoBanusi. PaGoTa BBINOJIHEHA 110 TOCYIAPCTBEHHOMY 3aJaHHIO B paMKax OIOJDKETHBIX TeM
«VI3yueHne MOJIEKYIIPHO-TEHETHYECKUX H MOJICKYJISIPHO-0HOJIOTMYECKHX MEXaHU3MOB Pa3BUTHS PACIPOCTPaHEeH-
HBIX TepareBTHYecKuX 3aboneBannii B CHOMPH ISl COBEPLICHCTBOBAHMUS MOAXOOB K MX PAaHHEH JTHarHOCTHKE M
npodunaktukey, 2024-2028 rr. (FWNR-2024-0004); «CoBepiieHCTBOBaHHE METOJIOB JHATHOCTUKH, PODUIIAK-
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THKH H JICUeHHUs] OOJIbHBIX PAaCIpPOCTPaHEHHBIMHU 3a00JICBaHUSIMH TenaTOOMIHAPHON CHCTEMBI H JKeNYA0YHO-KH-
mevyHoro Tpakta B Cubupuny, 2023-2025, FWNR-2023-0003.

CooTBeTcTBHE MPUHIMMIAM 3THKHU. Bee manmeHTsl noanucan HHQOPMUPOBaHHOE COTJIACHE HA yYacTHE B HC-
cnenoBanuu. MccnenoBanue oqo0peHo komuteroM Ooromeauuuuckoit stk HUUTIIM — ¢unmana ULulT CO

PAH (mporokon Ne 11 ot 2.03.2021).

Juast uurupoBanusi: benkosenr A.B., Oxwuranosa H.B., Kpyunnuna M.B., Tlononckas f.B., llep6akosa JI.B.
AHanu3 cepoJIornuecKoil AMarHoCTUKK (PYHKLIMOHAIBLHOIO COCTOSIHUSI CJIM3UCTOM JKEY/IKa B KIMHMYECKOM MpaK-
TuKe. Broanemens cubupckoi meouyunot. 2024;23(2):21-27. https://doi.org/10.20538/1682-0363-2024-2-21-27.

INTRODUCTION

The function of the stomach and its mucosal
structure are closely associated with each other.
Normal levels of such biomarkers as pepsinogen I,
pepsinogen Il and their ratio (PG I, PG II, PG I/PG II),
gastrin-17, as well as the absence of IgG antibodies
to H. pylori and CagA cytotoxic protein are surrogate
markers of healthy gastric mucosa, with the exception
of nonspecific inflammation or microerosions that
do not affect their profile [1, 2]. Test panels include
biomarkers that reflect the morphological changes
and the function of the gastric mucosa. In non-
atrophic gastritis associated with H. pylori infection,
the levels of pepsinogens, especially those of PG II,
increase [1, 2].

Changes in the levels of biomarkers can also show
the localization of the process. PG I is an indicator of
damage to gastric glands in the stomach body, PG II
is synthesized in every part of the stomach, and PG
I / PG 1I ratio is correlated with the progression of
fundus atrophy in the mucosa [1, 3]. Gastrin-17 is
the principal hormone that regulates the secretion of
hydrochloric acid by parietal cells of the stomach. Its
basal level is decreased in persons with hyperacidity
(hypersecretion). The development of atrophy in the
antral part also leads to decreased levels of gastrin-17,
including its postprandial fraction [4, 5].

According to the last Maastricht Consensus,
atrophy determinates the risk of non-hereditary gastric
cancer and can be found with the use of invasive
(biopsy) and non-invasive methods [6]. A decrease
in PG I and / or PGI / PG 1I ratio with high levels
of gastrin-17 indicates the presence of gastric fundus
atrophy and is characteristic of autoimmune gastritis
as well as high levels of anti-parietal cell antibodies
(APCAs) and / or anti-intrinsic factor antibodies
(AIFAs) [2, 4, 7]. Thus, all these parameters provide
important information about the functional state of the
gastric mucosa [6].

Test kits that include a panel of atrophy biomarkers
have proven to be effective in non-invasive diagnosis
both in individual patients and in population screening
[1, 2, 4, 8]. GastroPanel test (Finland) is one of the
most used kits that includes PG I, PG II, PG 1/ PG II
ratio, gastrin-17, and IgG antibodies to H.pylori. Its
sensitivity is 83%, and its specificity ranges from 95
to 98% [9]. The Russian test system GastroScreen-3
has been introduced into clinical practice recently. It
includes PG I, PG II, PG 1/ PG Il ratio, and antibodies
to CagA protein.

The aim of the study was to analyze the results of
serological screening of the functional state of gastric
mucosa using two test systems (GastroPanel and
Gastroscreen-3) and to determine the frequency of
autoimmune gastritis (AIG) in clinical practice and in
a random sample of Novosibirsk residents.

MATERIALS AND METHODS

Biomarker data obtained using the GastroPanel test
(Biohit Oy, Finland) were analyzed in 1,742 people
with an average age of 50.0 = 13.53 years during
a 15-year follow-up from 2007 to 2022. Women made
up a larger proportion of individuals in the group
(1,210 people, which is 69.5 %) than men (532 men —
30.5 %, p < 0.001). Using the GastroScreen-3
biomarker panel (Vector Best, Russia), the analysis
was carried out in 170 people with an average age
of 53.8 £ 12.89 years over a 4-year follow-up from
2018 to 2022. The proportion of women in this group
was also larger than that of men (79.4 and 20.6%,
respectively; p <0.001). All patients went to the clinic
at the Research Institute of Internal and Preventive
Medicine, Branch of the Institute of Cytology and
Genetics, independently or following a doctor referral.

A random sample of Novosibirsk residents was
examined using the GastroPanel test to study the
incidence of AIG. The group consisted of 246 people
(117 men and 129 women) with an average age of
59.4 £ 7.0 years, selected by simple random sampling
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from 9,360 people aged 45-69 years based on the
data of the cross-sectional study which was part of the
HAPIEE project conducted at the Research Institute
of Internal and Preventive Medicine in 2003-2005.

Serum samples were tested using the GastroPanel
(Biohit Oy, Finland) and GastroScreen-3 (Vector-
Best, Russia) tests for enzyme-linked immunosorbent
assay, according to the manufacturer’s instructions
[10]. The PGI value of 160 pg / 1 was considered the
upper limit of normal, and the PGI level < 30 pg /1
and / or the PGI / PGII ratio of < 3 indicated severe
gastric fundus atrophy. The PGI range of 31-50 pg /1
indicated moderate gastric fundus atrophy. Multifocal
(pangastritis) atrophic gastritis was determined when
the level of PGI decreased to < 30 and gastrin-17 was
less than 1 pmol / 1 [10]. The level of IgG antibodies
to H. pylori was considered significant in terms of
diagnosis when the level was more than 42 EIU. H.
pylori CagA antibodies were assessed using the Helico-
Best Antibody test system (Vector-Best, Russia).

In our previous study, we determined cutoff values
for autoimmune atrophic gastritis in patients with
verified AIG. For the GastroPanel test, the values
were the following: PG 1 <10.1 pg /1, the PG I/ PG
II ratio < 1.3, and gastrin-17 > 42.4 pmol / 1. For
the GastroScreen-3 test, the values were as follows:
PG1<16.8 pg/land the PGI/PG Il ratio<1.5[11].

Statistical analysis of the obtained results was
performed using the SPSS statistics (16.0 version).
The distribution of quantitative variables was assessed
using the Kolmogorov — Smirnov test. We calculated
mean values (M + o) for a normal distribution and the
median (Me) and the interquartile range [Q,,; Q.] for
a non-normal distribution. The Student’s ¢-test and
the Mann — Whitney U test were used to determine
the statistical significance of the differences. The
Pearson’s chi-squared test was used to compare
proportions. The critical value of the null hypothesis
was considered at p < 0.05.

The study was conducted in accordance with the
Declaration of Helsinki and approved by Biomedical
Ethics Committee at the Research Institute of Internal
and Preventive Medicine — a Branch of the Institute
of Cytology and Genetics (Protocol No. 11 of
02.03.2021). All patients signed an informed consent
to participate in the study.

RESULTS AND DISCUSSION

The mean and median values of biomarkers
measured in all participants using two test systems
during the follow-up are shown in Tables 1 and 2.
In men, the levels of PGI and the PGI / PGII ratio
(GastroPanel) were higher, and the level of gastrin-17
was lower than in women (Table 1).

Table 1
Parameters of the GastroPanel test over a 15-year follow-up in men and women, Me [0, ; O....]

Parameter Men, n =532 Women, n = 1,210 Total, n = 1,742 P
PGI,pg/l 97.4[65.2; 139.7] 83.9 [54.4; 125.0] 87.7[57.9; 128.7] <0.0001
PGIL ng/1 10.6 [6.5; 19.7] 10.1 [6.1; 19.0] 10.2 [6.2; 19.4] 0.168
PGI1/PGII 8.5[5.6; 11.8] 7.914.9; 11.7] 8.2[5.1; 11.7] 0.036
Gastrin-17, pmol / | 4.3[1.4;11.6] 4.911.9;15.2] 4.7[1.7;14.0] <0.0001
IgG to H. pylori, EIU 62.0[17.7; 105.1] 56.3[16.9; 108.2] 57.8[17.3;107.4] 0.996

Table 2
Parameters of the GastroScreen-3 test over a 4-year follow-up in men and women, Me [0, ; O....]

Parameter Men, n =35 Women, n = 135 Total, n =170 P
PG, g/l 98.6 [53.5; 139.5] 89.8 [59.4; 122.7] 91.5[58.8; 129.9] 0.458
PGII, pg/1 10.6 [6.5; 19.7] 10.1 [6.1; 18.9] 9.1[5.7;16.7] 0.906
PGI/PGII 8.6 [6.3; 12.0] 8.7 [5.6; 13.2] 8.6 [5.7; 13.0] 0.882

H. pylori infection is recognized as the main cause
of atrophic gastritis and a class one carcinogen [4, 12].
In this study, IgG to H. pylori was detected in 57.7 %
of the participants (out of 1,742 people) with high
prevalence of cytotoxic CagA+ strain (56.1%). In the
GastroScreen-3 group, a more carcinogenic CagA+
strain of H. pylori [6, 13] was found in 42% of the

participants (out of 170 people). It is possible that
the percentage of those infected was higher because
IgG to H. pylori can be negative due to elimination
of bacteria in individuals with severe atrophy
or after successful treatment. The literature describes
cases of spontaneous disappearance of H. pylori
in patients with severe atrophic gastritis, while the
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probability of developing gastric cancer may increase
[14, 15].

Serological signs of severe and moderate gastric
mucosal atrophy were detected in 10 and 9.4% of
1,742 people examined using the GastroPanel test,
respectively. Severe and moderate atrophy was detected
in 10.6 and 7.1% of individuals in the GastroScreen-3
group (170 persons), respectively (Table 2). In total,
over the follow-ups, serological signs of gastric fundus
atrophy of varying severity were identified in 19.4%
(GastroPanel) and 17.6% of cases (GastroScreen-3).
According to several studies, the PGI / PGII ratio may
be a more reliable marker of gastric fundus atrophy than
PGI alone [7, 16]. The PGI / PG II ratio was found to
be low in 11% of individuals in the GastroPanel group,
and a combination of low PGI levels and low PG 1/
PG II ratio was detected in 7.3% of cases. The PG 1/
PG II ratio < 3 was found in 8.2 % of the participants

in the GastroScreen-3 group, while the combination of
PG 1<30 ug/1and the PG I/ PG II ratio < 3 was
detected in 7.1% of patients in this group. Serological
signs of multifocal atrophic gastritis with a high risk of
developing gastric cancer were detected in 13 of 1,742
individuals (0.7%) (Table 2).

The detection of low biomarker values
corresponding to the serological criteria of atrophy
requires further endoscopic examination with
multifocal biopsy and gastric atrophy grading
according to the OLGA integrated system [17]. Thus,
according to the latest consensus, both international
and Russian, serological tests are useful for assessing
individual risk of gastric cancer [6, 18, 19].

Peptic ulcer disease, elevated levels of hydrochloric
acid, and PGI higher than 160 pg / 1 were found in
15.3 % of cases in the GastroPanel group and in 10%
of cases in the GastroScreen-3 group (Table 3).

Table 3

Frequency of GastroPanel and GastroScreen-3 parameters with interpretation of possible risks, %, Me [Q,.,.; O.

75%]

Parameter GastroPanel, GastroScreen-3, Interpretation
n=1,742 n=170 P
PGI(51-160 pg/1) 64.5[62.3; 66.7] | 71.8 [65; 78.5] No signs of atrophy
PGI(=30pg/l) 10 [8.6; 11.4] 10.6 [6.0; 15.2]
PGI/PGII<3 11[9.5; 12.5] 8.2[4.1; 12.3] Severe gastric fundus atrophy. Risk of gastric cancer
PGI<30pg/l1+PGI/PGII<3 7.3 [6.1; 8.5] 7.1[3.2;11.0]
PG T (31-50 ug /1) 9.4 8.0 10.8] 7.1 [3.2: 11.0] Signs of moderate gast.rlc fundus atrophy. Risk of
gastric cancer

PGI1<10.1 1+ Gastrin-17 >42.4 1/1 2.6[1.9; 3. -

G1=10.1 pg/1+ Gastrin-17 2 pmol/ 611.9:33] Autoimmune gastritis. High risk of iron deficiency,
PGI<168 ng/1+ - 3.5[0.7;6.3] vitamin B12 deficiency, anemia, and gastric cancer
PGI/PGII<1.5 TR ’ ’

PG (= 160 pg /1) 153 [13.6: 17.0] 10 [5.5; 14.5] Hypersecretory state. High risk of erosive and ulcer-

ative damage to gastric mucosa

PG 1<30 pg/1+ Gastrin-17 <1 pmol /1 0.7 [0.3; 1.1]

Thus, over 15-year (GastroPanel) and 4-year
(GastroScreen-3) follow-up, 20% of the participants
were included in the gastric cancer risk group, and
10-15% of the participants were included in the risk
group for erosive and ulcerative damage to the gastric
mucosa which requires a further detailed examination.

According to the literature, the levels of
pepsinogens, especially those of PGII, increase in
H. pylori-associated gastritis [3, 20]. In this study,
average values of PGI and PGII were also significantly
higher in the H. pylori-positive individuals compared
to the H. pylori-negative persons (111.6 = 63.4 vs.
83.6+56.7pg/land 184+ 13.9vs.9.9+9.2 ug/1,
p <0.0001, respectively), and PGII was also higher in
the CagA-positive individuals (14.9 £ 10.5 vs. 10.6 £
7.8 ug/1, p=0.004).

Pangastritis. Multifocal atrophy (body + antrum). High
risk of developing gastric cancer

In addition to H. pylori infection, AIG can also
be the cause of atrophic changes in the mucosa
[21]. Based on previously obtained cut-offs for
atrophy biomarkers, the incidence of AIG in
current clinical practice was 2.6% (GastroPanel,
1,742 participants) and 3.5% (GastroScreen-3,
170 participants) (Table 2). In the random sample
(45-69 years, 246 participants), the incidence of
AIG was 1.6% (GastroPanel). These values do not
contradict the literature data [22, 23]. In addition to
the risk of developing hematologic disorders, AIG
poses arisk of developing neuroendocrine tumors and
adenocarcinomas. However, it should be noted that
stage III-1V atrophic gastritis (according to OLGA)
associated with H. pylori infection determines a
greater risk of developing gastric cancer [6].
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CONCLUSION

The conducted analysis of the results of serological
screening in clinical practice in people from a wide
range of age groups over a long follow-up period
showed high frequency of gastric fundus atrophy of
varying severity with coexisting H. pylori infection
with high prevalence of cytotoxic CagA+ strain or
AIG, which requires a more detailed examination.
The frequency of AIG was 1.6-3.5% in different study
groups based on serological tests.

Therefore, serological screening of gastritis types
using diagnostic panels, such as GastroPanel or
GastroScreen-3 tests, is an effective tool to determine
the functional state of the gastric mucosa.
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ABSTRACT

Aim. To study the effect of lyophilized L. delbrueckii D5, as well as its inactivated culture, during intragastric
administration on myocardial resistance to ischemia — reperfusion injury (IRI), markers of inflammation, and
intestinal epithelial permeability.

Materials and methods. The experiments were performed on male Wistar rats with a model of systemic
inflammatory response syndrome (SIRS). Myocardial IRI was reproduced on an isolated Langendorff heart.

Results. A significant increase in the levels of tumor necrosis factor (TNF)a, interleukin (IL)-1f, IL-6, and lactofer-
rin in SIRS was revealed. The introduction of both inactivated and lyophilized culture of L. delbrueckii D5 resulted
in normalization of these changes. Normalization of the increased blood level of lipopolysaccharide in SIRS was
also noted with the introduction of both inactivated and lyophilized L. delbrueckii D5. However, the inactivated
culture had no effect on the myocardial infarct size, which was increased in the SIRS group compared to the con-
trols, whereas the introduction of the lyophilized strain led to a significant decrease in this parameter.

Conclusion. The inactivated culture of Lactobacillus delbrueckii D5 has a pronounced anti-inflammatory effect,

but does not impact myocardial resistance to IRI, unlike the lyophilized strain, which requires further research.

Keywords: myocardium, ischemia — reperfusion injury, infarct size, Lactobacillus delbrueckii D5, systemic
inflammatory response syndrome, leukocytes, cytokines, probiotics
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PE3IOME

Hean. N3yuenue sdpdekra mnodunuzuporannoro mramma L. delbrueckii D5, a Takxe ero WHAKTUBHPOBAHHOMN
(OpPMBI [IPU BHYTPUIKENYJOUHOM BBEIEHHH HAa YCTOMYMBOCTH MHOKapIa K MIIEMHYECKOMY-perepy3uOHHOMY
nospexaenuto (MPIT), Mapkepbl BOCIANIEHHS U TIPOHUIIAEMOCTD SIUTEIHAIBLHOTO Gaphepa KUIIKH.

MarepuaJjibl 1 MeTOAbl. DKCIIEPHIMEHTHI BEIIIOIHEHBI HAa CaMIlaX KPbIC cTOKa Bucrap ¢ ymydmeHHBIM KOHBEHI-
OHAJIBHBIM CTaTyCOM Ha MOJIEJIH CHHIpOMa CHCTeMHOro BocrnanutensHoro orsera (CCBO). Nmemudecku-penep-
(y3noHHOE MOBpEXIEHHE MHOKap/a BOCIIPON3BOIMIN Ha N30JIMPOBAHHOM cepare, nepdysupyemom mo Jlanren-
nopdy.

Pe3yabTaThl. OTMEUEHO 3HAYMMOE MOBBIIICHHE YPOBHS (haKTOpa HEKpo3a omyxonu anbda, narepielikuda (MJ1)
1B, NJI-6 n nakrodeppuna npu CCBO. Brenenne kak HHAKTHBUPOBAHHOTO, TaK M INODWIN3UPOBAHHOTO IIITaMMa
L. delbrueckii D5 npuBOIMiIO K HOpMalU3allK YKa3aHHBIX U3MeHeHui. Takke OTMEeUeHa HOPMAaIH3aLusl MOBbI-
menHoro npu CCBO ypoBHS numononucaxapyuia B KpOBU PH BBEACHUH KaK HHAKTUBUPOBAHHOTO, TaK U JTHO(HU-
JTU3UPOBaHHOTO ITamMMa L. delbrueckii D5. OiHaKO MHAKTHBUPOBAHHBIN IITAMM HE OKa3bIBaJ BIUSHUS Ha pa3Mep
nHpapKTa MHOKapaa, KOTopeiid 0611 yBennueH npu CCBO mo cpaBHEHHUIO C KOHTPOJIEM, TOT/Ia KaK IPH BBEICHUU
THOGUIU3UPOBAHHOHN (POPMBI IMEIOCH 3HAUMMOE CHIDKEHHE pa3Mepa nHdpapKTa.

3akimouenne. HakTuBupoBanHas Kyibtypa Lactobacillus delbrueckii D5 o6nangaeT BrIpaXeHHBIM IPOTHBOBOC-
HaJIUTEIbHBIM CBOMCTBOM, HO HE BIIMSIET HA YCTOWYUBOCTD MUOKapaa k MPII, B omiinuue oT IMOQHUIN3UPOBAHHOTO
IITaMMa, YTO TpeOyeT NajJbHEeHIINX UCCIeJOBAaHUM.

KiroueBble ciioBa: MUOKap/, HIIeMUYecKoe-penepdy3noHHOE TIOBPEXKICHNE, pasmep uHbapkra, Lactobacillus
delbrueckii D5, CAHAPOM CHCTEMHOT'O BOCHAJIMTEILHOTO OTBETA, JCUKOIUTHI, IUTOKUHBI, TPOOUOTHKH
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KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX M MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,

CBSI3aHHBIX C MyOJIUKaIKeil HACTOSIIIEH CTaThH.

Hcrounuk ¢punancupoBanus. VccienoBaHue BBIIOIHEHO 3a cueT rpanta Poccuiickoro Hay4yHoro ¢onza, mnpo-

ekt Ne 23-15-00139, https://rscf.ru/project/23-15-00139.
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uM. B.A. Anmasosa (mipotokon [13 23 9 TamarynzaMM_V1 ot 05.06.2023).

Jas nuruposanus: bopmes [0.10., Munacsua C.M., Ceménona H.1O., Byposenko 1.10., bopmesa O.B., 'punen-
ko D.10., Hlentnukuii B.A., CyBopos A.H., I'anarynza M.M. Bnustaue npo- 1 Mmetabuotudeckoit popmsl mramma
Lactobacillus delbrueckii D5 Ha ycTOWYMBOCTH MUOKAp/Ia K HIIEMUU-PENIep(y3HH B YCIOBUIX CHCTEMHOTO BOCIA-
JIUTEBHOTO OTBETa Y KpbIC. broanemens cubupckou meouyunst. 2024;23(2):28-36. https://doi.org/10.20538/1682-

0363-2024-2-28-36.

INTRODUCTION

The search for signaling molecules that increase
myocardial resistance to ischemia — reperfusion
injury (IRI) is of undoubted interest for experimental
and clinical medicine due to systemic inflammatory
response syndrome (SIRS). Recently, data on
myocardial IRI reduction induced by various changes
in the composition of gut microbiota (GMB) have
appeared in the literature. Attempts to identify a single
molecular mediator linking the GMB with immune
and cardiovascular systems of the superorganism are
most likely doomed to failure [1]. Given the infinite
diversity of GMB composition and its involvement
in all physiological and pathological processes of the
macroorganism, the hypothesis of exclusive properties
of the bacterium determining the health of the host
organism and its microbiota also sounds unlikely.
The most probable condition for the formation and
maintenance of health seems to be a harmonious
combination of key signaling factors of immunity
and metabolic parameters to provide an adequate
and balanced relationship between the organism,
consumed food, and GMB composition.

In accordance with our previous results obtained on
the rodent model of SIRS developed within the concept
of probiotic-induced cardioprotection, the following
intermediate conclusions can be made. In SIRS,
which occurs with a combination of primary visceral
obesity (PVO), antibiotic-induced dysbiosis (AID),
and chemically induced colitis, there is a decrease in
myocardial resistance to IRI [2], and administration of
some probiotic strains is accompanied by a decrease
in myocardial IRI [3].

In addition to the generally recognized and
established cardiotropic markers of systemic
inflammation (tumor necrosis factor alpha (TNFa),

transforming growth factor beta (TGFp), interleukin
(IL)-1, 1L-2, IL-6, IL-8, IL-10, monocyte
chemoattractant protein 1 (MCP-1), etc.), metabolic
products (short-chain fatty acids (SCFAs), bile acids
(BA)), and leukocyte population related to changes in
the composition of GMB [4], changes in endothelial
and epithelial permeability and acute phase reactants,
in particular haptoglobin (Hp) and lactoferrin (Lf),
are of interest. The elucidation of physiological and
molecular mechanisms regulating the effect of GMB
and its metabolites on inflammation and myocardial
resistance to IRI is of particular interest. In order
to identify promising targets and mechanisms, it
is necessary to experimentally substantiate the
general and specific features of the effect of live
and inactivated strains, called metabiotic, on the
macroorganism [5].

In the present work, we studied the effect of
Lactobacillus delbrueckii D5 and its inactivated
culture on changes in animal body weight, feed and
water consumption, hematological and immunological
parameters, hemodynamic characteristics, and
myocardial resistance to IRI using an isolated
Langendorft heart on the previously developed rat
model of SIRS in the vivarium (Wistar rats). The
working hypothesis was the assumption on differences
in the efficacy of inactivated culture compared to live
bacteria.

MATERIALS AND METHODS

The experiments were performed on male Wistar
rats weighing 320-370 g in accordance with the
European Council Directive (86/609/EEC) on the
protection of animals used for scientific purposes
and the protocol approved by the Commission for
the control over care and use of laboratory animals at
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Almazov National Medical Center. Modeling of SIRS
was described in detail earlier [2].

The animals were randomly distributed into one
of five groups (n = 10 in each group): 1) controls:
rats received standard feed and drinking water ad
libitum; 2) SIRS: in addition to the standard diet, rats
received 2 g of polyunsaturated fat and 1 g of sucrose
daily per os for 28 days, followed by modeling of
chemically induced colitis. For this purpose, the
animals were rectally injected once with 1 ml of a
3% acetic acid solution + ethanol. Starting from this
day, the animals were intragastrically administered
a mixture of antimicrobial drugs (AMD) -
amoxicillin, metronidazole, and clarithromycin: 1 ml
of antimicrobial solution at a daily dose of 15 mg of
each AMD per rat for three days and 1 ml of normal
saline (NS) for 8 days; 3) SIRS + L. delbrueckii D5 —
all manipulations corresponded to those described for
the SIRS group, but instead of 1 ml of NS, the animals
were administrated 1 ml of L.delbrueckii D5 suspension
at a concentration of 10*8 CFU per animal; 4) SIRS +
inactivated culture —rats of this group were administered
1 ml of probiotic L.delbrueckii D5 suspension after its
pasteurization at 85-90 °C for 1 minute.

Under combined anesthesia, the heart of the rats
was removed from the chest by thoracotomy after the
end of drug administration (zoletil 20 mg / kg, IM,
isoflurane 1.5-2%) and mounted on the Langendorf
apparatus. Retrograde perfusion was performed
through the aorta with the oxygenated Krebs —
Henseleit buffer at a constant pressure of 80 mm
Hg. The temperature of the heart and solutions was
maintained at 37 °C throughout the experiment. A
polyethylene balloon was inserted into the left ventricle
for recording isovolumetric pressure. Diastolic
pressure and pulse pressure in the left ventricle were
recorded on the personal computer using the PhysExp
3.0 program. Heart rate (bpm) was estimated from
the left ventricular pressure curve using the software-
based method. Coronary flow (CF) in ml / min was
also determined by measuring perfusate flow velocity
from the pulmonary artery.

The study protocol included the following steps: 1)
baseline monitoring of functional indices aftera 10 min
stabilization period; 2) induction of global ischemia
for 30 min; 3) reperfusion through the aorta with the
oxygenated Krebs — Henseleit buffer for 60 min with
readings every 15 min. After completing 60-minute
reperfusion, we performed planimetry of infarct size
by staining heart slices with triphenyltetrazolium
chloride (TTC) [6].

Complete blood count was performed on the
automated veterinary hematology analyzer (URIT-
3000 Vet Plus, URIT Medical Electronic, China).
The analysis of the leukocyte count in the blood was
performed on three leukocyte populations: LYM
(lymphocytes), MID (total number of monocytes,
eosinophils, basophils, and blasts), and GRAN
(granulocytes). The levels of lipopolysaccharide
(LPS), TGFB1, TNFa, IL-1p, IL-6, Hp, and Lf were
assessed by the enzyme-linked immunosorbent
assay (MR-96A, Mindray, China). Throughout the
experiment, the clinical status of the animals, feed and
water consumption, and body weight were assessed
daily from 9:00 to 10:00 AM.

Statistical processing of the experimental data was
carried out using the STATISTICA 12.0 software
package. The statistical analysis of discrete values was
performed using the nonparametric Kruskal — Wallis
H test to detect statistically significant differences,
followed by post hoc comparisons using the Mann —
Whitney U test. The tables presented the median (Me)
and the lower and upper quartiles (Q,.,;0..,.)- The
differences were considered statistically significant at
p <0.05.

RESULTS

Body weight, feed and water consumption

The body weight of the rats in the control group
throughout the follow-up increased on average by 1.25
+0.33 g/ day, while in the SIRS, SIRS + L. delbrueckii
D35, and SIRS + inactivated culture groups, we noted
a decrease in the animal body weight by 3.63 + 1.21,
3.18 £ 0.95, and 3.25 + 0.97 g / day, respectively (p
< 0.05 compared to the controls). Water consumption
over the same period per 100 g of body weight was
8.8 = 1.1 ml / day in the control group and 7.3 + 0.1;
10.1 £ 1.5, and 9.3 £ 0.3 ml / day for the SIRS, SIRS
+ L. delbrueckii D5, and SIRS + inactivated culture
groups, respectively. Feed consumption in these
groups was 1.2+ 0.2; 1.4 £ 0.3, and 1.5+ 0.1 g/ day,
respectively, which was 2.8, 2.4, and 2.2 times lower
(» <0.05) than in the control group (3.3 = 0.4 g/ day).

Complete blood count

The leukocyte count (x10° /1 for all populations)
in the control group was 5.3 (5.2; 5.4); in the SIRS,
SIRS + L. delbrueckii D5, and SIRS + inactivated
culture groups, it was 7.9 (6.6; 10.1) (p < 0.05), 7.5
(5.3; 10.4) (p <0.05), and 6.2 (5.8; 7.3), respectively.
The granulocyte population (GRAN) made the main
contribution to the increase in the leukocyte count

BlonneteHb cMbnpckon MeguuuHbl. 2024; 23 (2): 28-36 31



Borshchev Yu.Yu., Minasean S.M., Semenova N.Yu. et al.

Effect of pro- and metabiotic Lactobacillus delbrueckii D5 strain

compared to the control group (2.6 (2.3; 2.8)) and was
5.9(4.2;6.8) (p<0.05);5.5(4.8;6.2) (p <0.05), and
4.6 (4.3; 5.5) (p < 0.05) in the experimental groups,
respectively. The MID values were 0.2 (0.2; 0.28), 0.4
(0.2; 0.5), 0.30 (0.2; 0.49), and 0.20 (0.2; 0.4) in the
control, SIRS, SIRS + L. delbrueckii D5, and SIRS
+ inactivated culture groups, respectively. The LYM
population accounted for 1.2 (1.1; 1.3), 1.6 (1.4; 2.0),
1.3 (0.9; 1.9), and 1.2 (1.1; 1.6) in the control, SIRS,

SIRS + L. delbrueckii D5, and SIRS + inactivated
culture groups, respectively.

Immunological parameters

The study revealed a significant increase in the
blood LPS concentration by more than 3 times (p <
0.05) in the SIRS group compared to the controls, with
no increase in other groups. The levels of inflammatory
markers and hormones are presented in Table 1.

Table 1

Results of assessing plasma levels of cytokines, haptoglobin, lactoferrin, and lipopolysaccharide, pg / ml, Me (0,.,.; Q....)

Parameter Controls SIRS SIRS + L. delbrueckii D5 SIRS + inactivated culture
TNFa 10.4 (8.7; 11.4) 19.0 (15.0; 21.5)* 11.2 (10.0; 13.3)# 14.8 (12.8; 14.6)
IL-1P 4.6(2.2;4.9) 9.6 (7.4;10.2)* 49(4.3;52)# 6.6 (6.0; 7.6)

IL-6 1.5(1.4;1.8) 2.2 (2.0;2.5)* 1.3(1.2;2.5) 1.4 (1.0; 2.1)
TTGFpB 322544 6.2 (5.1; 11.1)* 45(.1,7.3) 3.8(3.2;4.9)#
Lactoferrin 86 (58; 121) 107 (90; 109) 133 (119; 145)* 55 (37; 63)#
Haptoglobin 31(24;37) 76 (64; 102)* 24 (22; 30)# 35 (26; 40)#
LPS 52 (42; 65) 163 (91; 168)* 60 (54; 71 # 63 (50; 69)#

* p <0.05 compared to the control group, # p <0.05 compared to the SIRS group.

In the SIRS group, the level of TNFa, IL-1f, IL-6,
TGFp, Hp, and LPS increased by 83, 108, 47, 94, 146,
and 214%, respectively (p < 0.05), compared to the
control group. In the SIRS + inactivated culture group,
there was a decrease by 63, 94, and 117% in TGFp,
Lf, and Hp, respectively (p < 0.05), compared to the
SIRS group. In the SIRS + L. delbrueckii D5 group,
the values of all parameters were close to the control
ones, except for a significant increase in Lf by 133%
(p <0.05).

Histologic examination of the colon

The histologic examination of the corresponding
section of the colon in the rats of the control group
revealed normal histologic design of the tissue. In the
SIRS group, large areas with ulcers and erosions with
purulent exudate were identified on the colonic mucosa
at the site of inflammation (5—7 cm from the anus). The
mucosa and submucosa were replaced with granulation
tissue. We detected edema and severe inflammatory
infiltrate with prevalence of lymphocytes; however,
macrophages,  polymorphonuclear  leukocytes,
and eosinophils were also present in fairly large
numbers. Plethora of microcirculatory and lymphatic
vessels was noted. The muscular layer was relaxed,
inflammatory infiltrate of varying severity was

determined. The bottom of the ulcerative lesion had
characteristic changes in the form of alternating layers
of fibrinoid necrosis, granulation tissue, and fibrous
tissue. The mucosa around extensive ulcerative
lesions was ulcerated, with impaired histologic design,
pronounced inflammatory infiltrate, and necrosis of
crypts by more than 2/3.

In the SIRS + L. delbrueckii D5 and SIRS +
inactivated culture groups, extensive ulcerative
lesions were also identified, but there were more
pronounced signs of tissue regeneration, re-
epithelialization at the borders of ulcerative lesions of
up to 40%, predominance of the fibrinoid component,
restoration of histologic design in the muscular
layer and submucosa, and a lack of mucopurulent
discharge. In the SIRS + inactivated culture group,
the superficial layers of ulcerative lesions were
characterized by formation of immature connective
tissue in place of granulation tissue as well as by
decreased inflammatory infiltrate. When the mucosa
and submucosa were replaced with granulation
tissue, signs of regeneration were noted. In the SIRS
+ L. delbrueckii D5 group with similar changes in
some samples, re-epithelialization by single-layered
intestinal epithelium was detected at the borders of
ulcerative lesions, indicating accelerated regeneration.
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Morphofunctional characteristics of the isolated
heart

The infarct size in the control group was 41%
(38; 45), and in the SIRS group — 54% (52; 57),
which was significantly greater (p < 0.05) compared
to the controls. In the SIRS + L. delbrueckii D5
group, the infarct size was 42% (36; 48), which was
significantly smaller than in the SIRS group. In the

SIRS + inactivated culture group, only a trend toward
a decrease in infarct size was revealed compared to the
SIRS group (47% (44; 58), p = 0.6061).

Table 2 presents a correlation between the values
of the studied parameters and myocardial infarct size.

The figure shows significant differences between
infarct size, TNFa, IL-1p, TGFp, and Hp values in the
groups.

Table 2

Spearman’s correlation between plasma parameters (infarct size, TNFa, IL-1p, TGFp, haptoglobin, and lactoferrin) in all the rats
in the experiment, p < 0.05

Parameter TNFa IL-1B TGFp Lactoferrin Haptoglobin Infarct size
TNFa, pg / ml 1.0000 0.4570* 0.2209 —0.0269 0.3077 0.4654*
IL-1B, pg / ml 0.4570* 1.0000 0.3944* —0.3455* 0.4159* 0.5063*
T TGFB, pg/ ml 0.2209 0.3944* 1.0000 —0.0477 0.2638 0.3657*
Lactoferrin, pg / ml —0.0269 —0.3455%* —0.0477 1.0000 —0.2164 —0.2102
Haptoglobin, pg / ml 0.3077 0.4159* 0.2638 —0.2164 1.0000 0.4244
Infarct size, % 0.4654* 0.5063* 0.3657* —0.2102 0.4244* 1.0000
* p <0.05 compared to the control group.
TNFa IL-1B infarct size TGFB
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Figure. TNFa (a), IL-1B (b), infarct size (c¢), TGFB (d), Hp (e) in the blood plasma: * p < 0.05 compared to the control group,
** p <0.05 compared to the SIRS group

Due to limited possibilities of leukocyte
differentiation into subpopulations and by maturity,
it can be indirectly stated that neutrophils played the
main role in the increase in the GRAN population
in modeling SIRS. In the SIRS group, there was
a decrease in the lymphocyte count and the MID
population, which included monocytes, eosinophils,
basophils, and blasts. In the SIRS + inactivated culture
group, minimal MID and LYM values were noted.
Administration of live and inactivated culture to the
rats in the SIRS group resulted in normalization of
the total leukocyte count and a decrease in the LYM,
GRAN, and MID populations compared to SIRS.

In the SIRS group with a rise in TNFa, IL-1B,
IL-6, and Hp in the blood and an increase in the
GRAN population, a decrease in the LYM and MID

BlonneteHb cnbmpckoit meguumHbl. 2024; 23 (2): 28-36

populations was observed, indicating a causal role of
SIRS in the production and migration of leukocytes.
Regulation of lymphocyte proliferation and
differentiation was affected by cytokines, intensively
formed during exposure to various infectious and non-
infectious antigens by lymphocytes and monocytes,
in particular IL-2, IL-4, IL-6, and IL-7. In the SIRS
group, degenerative and destructive changes in the
intestinal wall with impairment of barrier function
were noted, with a significant increase in the level
of LPS in the blood, which triggered systemic
inflammation. The main, but probably not the only
reason for the decrease in LPS levels in the groups
receiving probiotic and metabiotic therapy for SIRS
may be competitive reduction of signs of opportunistic
microbiota and / or a decrease in the permeability of
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the intestinal wall to LPS. Each mechanism, either
individually or in combination, may make a decisive
contribution to endotoxinemia, since suppression of
phagocytic and immunocompetent host cells is found
only in individual strains.

Accumulating evidence in recent years suggests
an important role of GMB in maintaining selective
permeability of intestinal epithelium and preventing
cellular barrier dysfunction leading to increased
intestinal permeability. It provides nonspecific
transport of proinflammatory antigens, microbes, and
metabolites from the intestinal lumen to the mucosa
and bloodstream, which in turn may be responsible for
a variety of diseases, including inflammatory bowel
disease and tumors, obesity, non-alcoholic fatty liver
disease, depression, neurodegeneration, cardiovascular
diseases, and type 1 diabetes mellitus [7]. Members
of normal GMB apparently play a specialized role in
maintaining the integrity of physical intestinal barrier,
with their generation of microbial metabolites and
bacterial components being the main way to achieve
this goal [8].

For example, butyrate produced through bacterial
fermentation of dietary fiber enhances the expression
of tight junction (TJ) proteins — crucial multiprotein
complexes that regulate the permeability of the
intestinal barrier [9]. Microbial components, such as
lipopeptides, enhance TJ function by stabilizing the
levels of occludin-1 (ZO-1) and claudin by activating
protein kinase C through interaction with Toll-like
receptors (TLRs) on intestinal epithelial cells [10].

In this regard, a number of in vitro [11-15] and in
vivo studies, including clinical trials [16, 17] on the
effect of probiotic bacterial strains of the Lactobacillus,
Lactiplantibacillus, Limosilactobacillus,
Bifidobacterium, and Streptococcus genera on
intestinal barrier function have been conducted, with
promising results. Probiotic supplementation was
found to markedly improve intestinal barrier function,
as measured by transepithelial electrical resistance
(TEER) and serum zonulin and LPS levels. Besides,
it normalizes increased intestinal permeability and
reduces the content of proinflammatory cytokines,
including C-reactive protein (CRP), TNFa, and
IL-6 in unfavorable conditions (bacterial infections,
oxidative stress, high-fat diet, alcohol, chronic
allergens, dysbiosis), in particular by enhancing the
function of TJ in intestinal epithelial cells associated
with increased synthesis of occludins [18, 19].

It should be noted that complex probiotics
demonstrate higher efficacy in maintaining intestinal

barrier function and preventing increased intestinal
permeability compared to single strains. Thus,
probiotics may play a crucial role in the treatment of
autoimmune and metabolic diseases by improving
intestinal barrier function. However, an exhaustive
evaluation of probiotics regulating intestinal barrier
function in various diseases is still lacking.

A significant inverse relationship of Lf values and
a direct relationship of Hp values with IL-1p were
found in the SIRS + L. delbrueckii D5 group at high
Lf concentration. Normal values of IL-1 and Hp with
normal infarct size were observed, which may indicate
that the live strain had specific properties compared
the inactivated culture.

In this study, the administration of live and
inactivated culture equally affected most of the
studied parameters in the blood, indicating molecular
sufficiency of pro- and metabiotic in this case. It is
obvious that when the animals received live bacteria,
the production of Lf increased significantly, while
the production of Hp and proinflammatory cytokines
decreased to control values. These trends were
confirmed by significant differences between infarct
size in the group of animals receiving live bacteria. It
is likely that live lyophilized lactobacilli that became
metabolically active had time to modulate immune
responses, bringing them to control values. The
obtained data indicate the expediency of probiotic
therapy with live microorganisms in acute cardiac
pathologies.

CONCLUSION

Lfand Hp, as acute phase proteins, showed different
responses during pro- and metabiotic modulation of
SIRS. Blood Hp levels were directly associated with
LPS values, while Lf values were inversely correlated
with the levels of the studied cytokines and myocardial
infarct size.

In this study, synergistic changes in TNFa, IL-
1B, IL-6, and Lf values across the groups are worth
noting, with the maximum increase in the SIRS group,
the intermediate increase in the SIRS + inactivated
culture group, and the minimum increase in the SIRS
+ L. delbrueckii D5 group. Taking into account the
association of myocardial infarct size with an increase
in the values of the studied parameters in the SIRS
and SIRS + inactivated culture groups and a decrease
in these parameters in the control and SIRS + L.
delbrueckii D5 groups, we can assume the presence of
specific properties of the live probiotic culture and the
corresponding mechanism.
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The question remains open whether a combination
of increased TNFa, IL-1B, IL-6, and Lf confirms
decreased myocardial resistance to IRI. If the
correlation between these markers and myocardial
morphofunctional indices is established, targeted
exclusion of one of the factors in the safest way
is possible. Inactivated culture of Lactobacillus
delbrueckii D5 has a pronounced anti-inflammatory
effect without increasing resistance to IRI, in contrast
to the lyophilized strain, which requires further studies.
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The state and vascularization of the bone marrow transplanted
in the diffusion chamber to the rat neurovascular bundle
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ABSTRACT

Background. The diffusion chamber method helps solve the problem of delivering a biomaterial with minimal
losses, while creating an isolated environment in the recipient’s body. The issue of vascularization of diffusion
chambers to preserve the functional capacity of the biomaterial remains relevant. A bioengineered diffusion
chamber model, together with the vascular adventitia, promotes vascularization of the biomaterial placed in the
chamber.

The aim of the study was to assess the state of the bone marrow placed in the diffusion chamber and transplanted
to the femoral neurovascular bundle of a rat.

Materials and methods. The experimental part of the study was carried out on mature male Wistar rats. The
animals were divided into two groups. Group 1 was experimental (n = 4), in which a polycaprolactone diffusion
chamber filled with bone marrow was implanted in the femoral neurovascular bundle. Group 2 was control (n = 3),
in which the diffusion chamber without bone marrow was implanted in a similar bundle.

Results. The histologic examination of the structure of the compact capsule in the bioengineered model in the
experimental group revealed areas of woven bone tissue in 25% of the rats. An increase in the vascularization
coefficient by 96% and a rise in the Kernohan index by 7% in the experimental group compared to the control
group indicated that sufficient conditions were formed to develop the microvasculature while maintaining the bone
marrow differentiation path.

Conclusion. The reliability of these results is confirmed by immunohistochemical markers of vascularization
VEGF and CD34.

Keywords: diffusion chambers, biodegradable polymer, cell technologies, bone marrow transplant, microfluidic
technologies, laboratory rats
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CocTosAiHMe N BacKynspun3aLmna KOCTHOro Mo3sra npy uMmnaaHTauum
B AP PYy3NOHHON KaMmepe Ha COCYANCTO-HEPBHDbIN NY4YOK

AsopHuuyeHko M.B., Map3sonb E.A., 3unosbeB E.A., Mutpainkvx H.C., Xnycos U.A.

Cubupckuii cocyoapcmeennbiil meouyurckuil yrusepcumem (Cubl’ MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

Benenne. Meton nuddy3noHHBIX KaMep CIIOCOOCTBYET PELICHHIO 33/1a4H 110 JJOCTaBKe OMOJIOTMYECKOro TPaHC-
IUIAaHTaTa ¢ MHUHUMaJIbHBIMHU HOTEPSMH, CO3/1aBasi IIPH TOM YCJIOBHS H30JLILMU B OPraHuU3Me peluIueHTa. AK-
TyalbHBIM OCTaeTCs BOIPOC BACKysipu3auuy 1uddy3HoHHBIX KamMep Ul COXpaHEeHUs (yHKIHOHAIFHOCTH OHO-
Marepuaia. Mojenb OMOMHKEHEPHOH KOHCTPYKUMH Anu(dy3HOHHOI KaMepbl B COBOKYIIHOCTH C aJBEHTULIHEH
cocyza crocoOCTBYET BaCKyJISIpU3aliy OroMarepuara, IOMELIEHHOro B KaMepy.

Henbio nccinenoBaHus SBUIACH OIIEHKA COCTOSHUS CHHI'€HHOT'O KOCTHOTO MO3ra, IMIUIAaHTHPOBAHHOTO B U dy-
3MOHHOH KaMepe Ha OeIpEeHHbIH COCYIUCTO-HEePBHEIN ITyJOK KPBICHL.

Marepuajbl U MeToabl. [lM3aiiH MCCIe0OBaHKS BKIIOYAT B ce0s SKCIIEPUMEHTAIbHYIO YacTh, IPOBOAUMYIO Ha
MOJIOBO3PEJIBIX CaMIax Kpbic TuHuK Bucrap. JKuBoTHbIe OblIN pa3zieieHbl Ha JIBe TPYIIIBL: 1-1 — SKCIepUMEeHTab-
Has (n = 4), ummiantanys AupQGy3nOHHONH KaMephl U3 MOJIMKAIIPOJIAKTOHA HA OeIpEeHHBIN COCYIUCTO-HEPBHBIN
IIy4OK C KOCTHBIM MO3roM; 2-1 — KOHTpOJIbHAS (7 = 3), Ha aHAJIOTHYHBIA Iy490K WMIUIAHTHPOBAJach KaMepa 0e3
COJ/ICP>KHMOTO.

Pe3yabTatsl. [Ipy ruCTOIOrNYECKOM HCCIIEIOBAaHUU B CTPYKTYype KOMIIAKTHOM KarCyibl OMOMHKEHEPHOU KOH-
CTPYKLMH B DKCIIEPHMEHTAILHOW TPYIIE BBISBICHBI YYaCTKU IPyOOBOJIOKHHUCTON KOCTHOM TKaHU y 25% KpbIC.
[MoBsienne koa¢dumenta Backyspusanun Ha 96% u unnexca Keprorana Ha 7% B 3KCHIEpUMEHTAIBHOM IPyII-
1€ [10 CPAaBHEHMIO C KOHTPOJIbHOM CBHUJETENBCTBYET O (POPMHUPOBAHUN JOCTATOUYHBIX YCIOBHH IS Pa3BUTHS MH-
KPOLUPKYJIATOPHOTO pyciia IPH COXpaHeHUH HampaBieHus AU depeHIUPOBKY KOCTHOTO MO3ra.

3aximo4enne. JloCTOBEpHOCTh IPUBEACHHBIX PE3YJIbTATOB MOATBEPKIACTCS IMMYHOTHCTOXMMUYECKUMU MapKe-
pamu Backynsapusauun VEGF u CD34.

KumroueBsie ciioBa: 1uddy3roHHbIe KaMepbl, O1oerpa upyeMblil MOIUMep, KIETOYHbIE TEXHOJIOTHH, IMIUIAHTa-
1151 KOCTHOTO MO3ra, MUKPOQIIIONTHEIE TEXHOJIOTHH, JTA00PaTOPHBIE KPBICHI

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

Hcrounux ¢punancupoBanus. MccnenoBanue BoinonHeHo mpu ¢punancoBoii nognepxxke PH®, npoext Ne 23-25-
00346.

CooTBeTcTBHE NMPHHIMNAM 3THKH. VccienoBanne onobpeHo stmdeckuM koMureTroM CHOMpCKOro rocynap-
CTBEHHOTO MeauIHcKoro yHusepcurera (LI111-005/5/02.2022).

Jast uutupoBanus: /[Bopuuuenko M.B., Map3zons E.A., 3unoBbeB E.A., Murpsiikun H.C., Xnycos U.A. Co-
CTOSIHHC M BACKYJISIPH3alUs KOCTHOTO MO3Ta P UMIUTAHTAINH B TUPPY3UOHHON KaMepe Ha COCYIUCTO-HEPBHBIN
ny4ok. broiemens cubupcrou meouyunwl. 2024;23(2):37-45. https://doi.org/10.20538/1682-0363-2024-2-37-45.

INTRODUCTION

The state and vascularization of the bone marrow transplanted in the diffusion

The use of the diffusion chamber (DC) is associated
with a loss of the volume and biological properties of
the cellular material as well as with the possibility of
expanding the range of possible implantation. The
search for methods for isolating cellular biomaterial is
relevant due to high percentage of cellular biomaterial
loss despite a high number of mesenchymal stem cells
(MSC) in the bone marrow. The complexity of bone

marrow transplant is associated with the necessity to
imitate bone marrow hematopoietic niche (vascular,
endosteal) as a physiological microenvironment [1].
That is why understanding the difficulties of the
implantation process contributed to the progress in the
development of 3D constructs with the possibility of
immobilizing proliferation and differentiation factors
[2] and programming hypoxic gradient [3].

Bone marrow vascularization associated with
the expansion of the vascular niche is considered to
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be the key problem in its functionality. Studies have
noted the association between changes in bone marrow
microcirculation and the progression of hematologic
tumors as well as solid cancer [4]. The features of
bone marrow vascularization present an opportunity
for in vitro microfluidic technologies to generate
separate compartments of cell and molecular signals in
one biomaterial [5]. In addition, maintenance of bone
marrow stem cells is regulated by different types of
blood vessels with different permeability properties [6]

Researchers who attempted to consider the listed
parameters in the in vitro system succeeded in creating
the first vascularized bone-marrow-on-a-chip models
[7]. It is known that new capillaries can grow not just
in the process of neoangiogenesis, but also via the
vascularization mechanism. The adventitia of major
vessels is a depo for progenitor cells that participate
in the microvasculature regeneration in response
to a wide range of pathological stimuli. In addition,
vasa vasorum has a range of molecular cell factors
that initiate vasculogenesis [8]. The listed above
allows to consider the bioengineered DC and vascular

Onm

Smm
4nm

adventitia as an element of an experimental model of
in situ vascularization of a syngeneic bone marrow
transplant.

The aim of the study was to assess the state of the
bone marrow placed in the 3D DC and transplanted to
the femoral neurovascular bundle (FNB) of a rat.

MATERIALS AND METHODS

In this study, a bioengineered DC was designed in
the form of a closed polymer capsule with a removable
lid, latches, and the possibility to fill the cavity with
cellular material (Fig. 1). The 3D-model of the DC
(Fig. 1, b) was designed in the open source software
environment Blender. The experimental samples (Fig.
1, a) were obtained by fused filament fabrication
(FFF) on the CreatBot Duo 3D printer (CreatBot 3D
Printer, China). End-walls of the DC have recesses
to fix the construct to the vessel. The DC was made
of polycaprolactone (Natural Works Ingeo 40-43d
NatureWorks LLC) that is a biodegradable polyester
approved for medical use with a low melting point
(59-64 °) [9].

Fig. 1. 3D-printed construct (@) based on the 3D diffusion chamber model (b)

Sterilization of DC was done in 100% ethylene
oxide vapor at 37 “C for 9 hours in the gas sterilizer
3M Steri-Vac Sterilizer/Aerator (3M, USA) according
to the recommendations of GOST ISO 11135-2017
[10]. The study was conducted on adult male Wistar
rats weighing 280-300 g. The animals were held in
standard vivarium conditions in the Laboratory of
Biological Models of Siberian State Medical
University (Tomsk). The animals were divided into
two groups. Group 1 was experimental (n = 4), in

which a DC filled with bone marrow was implanted
in FNB. Group 2 was control (z = 3) in which a DC
without bone marrow was implanted in a similar
bundle.

Two rats comparable in weight and age to the
study groups became bone marrow donors. Bone
marrow obtained under aseptic conditions in a
laminar flow hood by washing the diaphysis of the
femurs with a sterile culture medium, was placed
ex vivo in an implantation chamber. Implantation of
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DCs in experimental animals was carried out under
isoflurane anesthesia. The volume of bone marrow
placed in the DC was 100 pl. 15 minutes before
surgery, atropine was administered intramuscularly at
a dosage of 0.2 mg / kg to prevent hypersecretion of
mucus in the bronchi. Surgical access was provided
through a 2-3 cm incision deep in the inguinal fold,
inward from the pulsation of the femoral artery [11].
All manipulations with the animals were carried out
in accordance with the Directive of the European
Parliament No. 2010/63eu of 22.09.2010 “On the
protection of animals used for scientific purposes”.

Six hours after the surgery, the rats were considered
stable. On day 40 after the end of the implantation
period, the animals were euthanized by CO, inhalation
in compliance with the rules and norms of the European
Council (86/609 EEC), the Declaration of Helsinki,
and orders of the Ministry of Healthcare of the USSR
(No. 742 of 13.11.1984 and No. 48 0f 23.01.1985).

A macroscopic (visual) evaluation of the
implantation site was carried out at 40 days of the
experiment during necropsy. The implantation site was
assessed by the following criteria: the degree of blood
supply in the vessels, encapsulation and visual signs of
an inflammatory reaction (the presence of hyperemia,
edema, and infiltration) according to the scoring
system, where 0 points was the absence of a sign, 1
point — weak degree, 2 points — moderate degree.

Histologic samples were prepared after necropsy
according to standard methods [12]. Microscopy
was performed on the Carl Zeiss Observer D1 light
microscope (Germany). Rabbit polyclonal VEGF
antibodies (Anti-VEGFA antibody, ab46 154 antibodies
from Dako (Mouse monoclonal [EIC]to VEGF receptor
2), CD34 (Anti-CD34 antibody, ab185732 antibodies
from Dako to CD34 (Clone QBEnd 10)), and CD45
(CD45-APC-Cy7, Biolegend, USA)) were used for
immunohistochemistry staining. Staining was carried
out according to the manufacturer’s instructions. To
analyze the results of immunohistochemical reactions,
a method for assessing dye expression on a point scale
was used, where 3 points (+++) was strong staining,
2 points (++) — moderate staining, and 1 point (+) —
weak staining [13]. Microscopy was performed
on the Carl Zeiss Observer D1 light microscope
(Germany). Morphometry with an assessment of
the vascularization coefficient was carried out using
images obtained by the Zeiss AxioCam ICc5 digital
camera for light microscopy (Germany).

To quantify the degree of bone marrow
vascularization in the DC implanted in rat FNB, the

following coefficients were used: the vascularization
coefficient (CV) was estimated using the formula:
CV = SV/Sp x 100%, where Sv was the area of
all microvessels, Sp was the area of the photograph
[14 ], excluding the femoral artery and vein, the
Kernohan index (KI) was calculated as: KI =
=2 %L oy ! D ey Where L was the thickness of
the tunica media of the artery), D was the diameter of
the artery lumen [15].

Ten fields of view were assessed in each group to
calculate the parameters. Statistical processing was
carried out using the Statistica 10.0 program, IBM
(USA). Statistical hypothesis testing to determine
the nature of trait distribution was carried out using
the Shapiro — Wilk test for small (n < 30) samples.
Descriptive and nonparametric statistical methods
were used to process the results obtained. The studied
parameters were described as the median (Me) and
the interquartile range (Q,; Q,). When comparing
independent samples, the Kruskal — Wallis test with
the median test was used; and the Wilcoxon test was
used for paired comparisons. The differences were
considered statistically significant at p < 0.05.

RESULTS

Intraoperatively, camera fixation did not disrupt
general blood circulation and innervation (Fig. 2).
There were no visible postoperative inflammatory
reactions at the implantation sites during the follow-
up period (40 days) (Fig. 3).

Al

Fig. 2. The diffusion chamber implantation bed
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a b

Fig. 3. The diffusion chamber implantation site after the surgery: a — experimental group, b — control group

The results of the macroscopic (visual) assessment
ofthe implantation site according to the degree of blood
supply in the vessels, encapsulation and visual signs
of an inflammatory reaction (presence of hyperemia,
edema, and infiltration) showed (Table 1) that in the
experimental group, implantation was accompanied
by mild (according to GOST ISO 10993-6-2021)
changes in the form of hyperemia and formation of a
connective tissue capsule.

a compact capsule more than 50 microns thick, made
of mature connective tissue (Fig. 4). This tissue was
classified as loose fibrous irregular connective tissue
with developed microcirculation. These compact capsule
structures could not be detected in the control group.

Table 1

Macroscopic changes in the implantation bed of the diffusion
chamber filled with bone marrow implanted in FNB on day
40 of the experiment, points, Me (Q,; O,)

Group Inflammation | Hyperemia Chambe.r
encapsulation
:r);}:leprlmental 0 1 15
n=4 (0; 0) (1; 1.5) (1; 1.5)
Control 0 0 B
group, n=13 (0;0) 0 1)

Note. The number of animals in each group — n.

The histologic examination revealed that the
implanted bioengineered structures were covered with

of the distribution of

Fig. 4. Microscopic

microvasculature in the connective tissue capsule around the

diffusion chamber on day 40 after the implantation. Light
microscopy, X 40

images
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Connective tissue was also found in the
cavity of the chamber adjacent to the polymer
wall (Fig. 5, a), similar in its structure and compo-
nents to the connective tissue capsule of the DC
(Fig. 5).

Microscopy of the chamber contents showed that
all animals in the experimental and control groups
had areas of loose fibrous connective tissue with a
large number of microvessels (Fig. 5). Microscopy of

a transverse section of the FNB, as an implantation
site of DC filled with bone marrow, did not reveal a
narrowing of the vessel lumen compared to a similar
parameter in animals of the control group. The vessel
walls showed homogeneity of endothelial cells and
an increase in the layer of muscle cells. An increase
in the number of small vessels in the muscle layer
and adventitia (vasa vasorum) with an increase in the
lumen of the latter was noted (Fig. 6).

Fig. 5. Microscopic image of the connective tissue content of the diffusion chamber (@) and its microcirculation (») on day 40 after
implantation: CT — connective tissue, Cap — capillaries; Art — arterioles; Ven — venules. H&E stain. Light microscopy, %10 (a); x
40 (b)

“:_'_:
4

TN e
.?i-'- ‘gﬁ": P e

Fig. 6. 1A — microscopic image of the rat FNB with the DC: Art — artery, Nerv — nerve, CT — connective tissue content in the
diffusion chamber. H&E stain. Light microscopy, x 10. 24 — Microscopic image of an artery in the neurovascular bundle. Med —
media, v.v.— vasa vasorum, End — endothelium. H&E stain. Light microscopy, x 40

The results of a quantitative assessment of the
angiogenesis of DC with bone marrow implanted in
rat FNB, according to the vascularization coefficient
and the Kernohan index, are presented in Table 2.
According to Table 2, during the DC implantation in

FNB, sufficient conditions are formed along the femoral
artery with a bioengineered construct that promote the
growth of microvasculature in the zone of regenerative
metaplasia of the bone marrow into connective tissue
and its derivatives (adipose and bone tissue).
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According to the immunohistochemical analysis,
expression of VEGF, CD34, and CD45 was observed
in the sections in all animals of the experimental
and control groups, but in the experimental group
with bone marrow metaplasia, it was more pronounced
for CD34 (Fig. 7, ¢, d) and VEGF (Fig. 8, a, b). In
both groups, the presence of the hematolymphoid
marker CD45 was shown before day 40 of the study

(Fig. 7, ¢, f).

Table 2
Parameters of vascularization of the diffusion chamber filled
with bone marrow implanted in the FNB, Me (Q,; 0,)
Group
Experimental group, Control group,
n=4 n=3

1.28* (0.93; 1.60) 0.65(0.37; 0.71)

Parameter

Vascularization
coefficient, %

Kernohan index, pxl | 0.72* (0.69; 0.73) 0.67 (0.66; 0.68)

* — statistically significant differences in the parameters of the experimental
group compared to the corresponding control value at p < 0.05.

Fig. 7. Expression of VEGF, CD34, and CD45 in the experimental and control groups, x 10: +++ — strong staining, ++ — moderate

staining. Expression of VEGF in DC contents in the experimental group. The expression degree is 3 points (+++) (a); VEGF

expression in DC contents in the control group. The expression degree is 2 points (++) (b); CD34 expression in DC contents in the

experimental group. The expression degree is 3 points (+) (¢); CD34 expression in DC contents in the control group. The expression

degree is 2 points (+) (d); CD45 expression in DC contents in the experimental group. The expression degree is 3 points (+) (e);
CD45 expression in DC contents in the control group. The expression degree is 2 points (++) (f)

DISCUSSION

The study demonstrated the main morphological
features of vascularization during bone marrow
transplant to the FNB in DC. The material used for
DC is polycaprolactone that is a biocompatible and
biodegradable polymer. The degradation products
of polycaprolactone are water, carbon dioxide, and
caproic acid that are safe for animals [16].

The above literature data are confirmed by the
conducted study which showed the absence of the
damaging effect of polycaprolactone degradation
products in the form of inflammatory reactions at the

implantation site. The assessment of postoperative tissue
state in the animals revealed no signs of inflammatory
reactions. The revealed increase in the number of
microvessels and the vascularization coefficient in the
DC filled with bone marrow showed that bone marrow
promotes the formation of vascularized stroma around
major vessels. Immunohistochemical vascularization
markers VEGF and CD34 confirmed the histology
results. VEGF is a signaling protein produced for the
induction of vasculogenesis and angiogenesis; it is
responsible for restoring oxygen flow to tissues [17].
According to the manufacturer’s instructions, CD34
expression in the present study was interpreted as a

BlonneteHb cMbupckon meguuuHbl. 2024; 23 (2): 37-45 43



Dvornichenko M.V., Marzol E.A., Zinovyev E.A. et al.

The state and vascularization of the bone marrow transplanted in the diffusion

marker of endothelial cells in blood and lymphatic
vessels [18], and it increased during implantation of the
DC filled with bone marrow. CD45 is a member of the
tyrosine phosphatase family. The gene encoding this
protein is specifically expressed in hematopoietic cells.
The protein plays a role in signal transmission from
cellular antigen receptors [19]. Expression of CD45 in
histology sections at the implantation site of DC with
bone marrow and without it (control) suggests migration
of blood cells to the damaged area with subsequent
active participation in regenerative processes [20].

Polycaprolactone has adsorption properties toward
mesenchymalstem cells(MSCs)andlow cellulartoxicity
[21]. Both local (vascular and BM) and circulating
MSCs and pericytes can induce neoangiogenesis
[22]. However, the presence of bone marrow in the
DC significantly enhances the vascularization of the
implant. At the same time, the literature also indicates
the anti-inflammatory / regenerative effect of bone
marrow MSCs at the implantation site.

The cytokine profile of MSCs may affect the
absence of an inflammatory reaction at the implantation
site [23]. Thus, vasculogenesis inducers (for example,
VEGF, interleukin (IL)-10) secreted by MSCs are
cytokines that also regulate tissue regeneration [24].
From the point of view of physiology, bone marrow
MSCs can be differentiated based on the formation
of well-vascularized loose irregular connective
tissue during subcutaneous implantation [24], which
was preserved under conditions of bone marrow
implantation to the FNB in DC.

CONCLUSION

Diffusion chamber made of polycaprolactone
and implanted in the femoral neurovascular bundle
does not cause mechanical damage, inflammation,
and post-implantation complications. Bone marrow
placed in diffusion chambers undergoes regenerative
metaplasia with differentiation of mesenchymal stem
cells into fibroblasts and, possibly, endothelial cells.
Increased vascularization in the zone of ectopically
regenerating bone marrow creates conditions for in
situ engineering of parenchymal organs that require
preserved blood supply (liver, etc.). In general, the
formation of a functional “DC — bone marrow —
macrocirculation” system can be useful for the
development of experimental tissue engineering.
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Clinical and immunological characteristics of post-COVID syndrome
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ABSTRACT

Aim. To evaluate changes in clinical manifestations and the cytokine profile of blood serum in patients with post-
COVID syndrome.

Materials and methods. The study involved 46 patients (37 women and 9 men) with signs of post-COVID
syndrome 1-12 months after COVID-19 infection. COVID-19 infection was laboratory-confirmed (patients were
tested positive for SARS-Cov-2 RNA using polymerase chain reaction (PCR), or they were tested positive for
SARS-Cov-2 immunoglobulin (Ig)G antibodies after the end of the acute phase and in asymptomatic infection).
Along with mandatory tests included in the regular health checkup of medical staff, the levels of interleukin (IL)-1p,
IL-2, IL-4, IL-6, IL-8, IL-10, IL-17, tumor necrosis factor alpha (TNFa), interferon gamma (INFy), and total IgE
were determined in the blood serum of patients.

Results. The results showed that the development of post-COVID syndrome did not depend on the age and
gender of patients and the severity of the acute phase of infection. Patients were more likely to develop post-
COVID syndrome in the absence of antiviral therapy or in case of its ineffectiveness. A high level and imbalance
of pro- and anti-inflammatory cytokines without laboratory signs of inflammation underlie the development of
clinical manifestations at early stages of post-COVID syndrome (up to 3 months). The clinical presentation was
characterized by symptoms of asthenia and functional disorders in the nervous, cardiovascular, and respiratory
systems and gastrointestinal tract. After 3 months, the content of most cytokines returned to normal levels, whereas
only the concentration of IL-17 remained elevated. Allergic and autoallergic mechanisms of damage to the skin,
respiratory organs, and joints, as well as progression of cardiovascular pathology determined the clinical symptoms
of post-COVID syndrome for 3—12 months.

Conclusion. The changes in the cytokine profile over 12 months reflect different damage mechanisms at different
periods of the post-COVID syndrome, which determines the range of its clinical manifestations.
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KHIIIHI/IKO-I/IMMyHOﬂOFI/I'-IECKaﬂ XapPaKTepunuctnka noCctkoBugHoro cMHapoma

Kpanosa E.B.", Py6uoBa E.B.> 3, KocronomoBa E.I'.’

I Tiomenckuti 2ocyoapemeentviil meouyunckuil yhusepcumem (Tioml MY)
Poccus, 625023, 2. Tromens, yn. Odecckas, 54

2 Hayuonanvviti MEOUYUHCKUT UCCIe008AMENbCKULL YEHIMD MPASMAMONIO2Ul U OPMONeOUL
um. axao. I''A. Hnuzaposa (L{enmp Hnuzaposa)
Poccus, 640014, 2. Kypean, yn. M. Yavauogotl, 6

3000 «Iloruxnunuxa koncyromamugno-ouaznocmudecxkas umenu E.M. Hueunckozo»
Poccus, 625023, 2. Tromenw, yn. Menvuuxatime, 89a

PE3IOME

HQHL — OCHUTH JUHAMUKY KIMHUYCCKUX HpOS[BJ'IeHPIﬁ u L[I/ITOKI/IHOBI:Iﬁ HpOd)I/IJ'IL CBIBOPOTKH KPOBH Y NALITUEHTOB
C IOCTKOBUAHBIM CUHAPOMOM.

Marepuaibsl 1 Metoabl. O6cnenoBano 46 manueHToB (37 KEHIMH U 9 MyX4HH) C NPU3HAKAMH MTOCTKOBHI-
HOTO cuHApoMa criyctsi 1-12 mec nocie nepeHecenHoi nadexnun COVID-19. ®akt nepeneceHHON HHEKINH
COVID-19 6511 1abopaTopHO MOATBEPKICH (TTOTOKUTEIBHBIA pe3ybTaT MonuMepasHoi nenHoi peaknnu PHK
SARS-Cov-2 B aHaMHe3¢ WIH TIOJIOXKUTENEHBIA TUTP aHTHTeN MMMyHort00ymHa (Ig) ximacca G x SARS-Cov-2
HoCJIe KYIHPOBAHHUS OCTPOTO IEpHOAa U MpH OecCHMNITOMHOM TeueHHH nMHpekmmu). Hapsgy ¢ oOs3aTensHbIM
HepeYHeM HCCIIe0BaHNH, IPEyCMOTPEHHBIX MOPSAKOM IPOBEICHUS 00S3aTeNbHBIX NEPHOUIECKIX OCMOTPOB
MEJIMIUHCKIX paOOTHUKOB, B CEIBOPOTKE KPOBH MALMEHTOB ONPEIEISIIN COlepKaHNe INTOKMHOB HHTEPIICHKIHA
(IL) 1B, IL-2, IL-4, IL-6, IL-8, IL-10, IL-17, daxropa Hekpo3a omyxonu anbdpa (TNFa), naTepdepona ramma
(IFNy) n yposens obmero IgE.

PezyabTaThl. @opMupoBaHHe MOCTKOBHIHOTO CHHAPOMA HE 3aBHCHUT OT BO3PACTa, MOJA MAIMEHTOB M TSKECTH
TEUeHUs] OCTPOTO NEpHoAa MepeHeceHHOH MHpeKknuu. IIpr 0TCYTCTBHM MPOTHBOBHPYCHON TEpalMU WU €€ He-
MOJHOIIEHHOCTH BEPOATHOCTh Pa3BUTHS IOCTKOBHAHOTO CHHApOMA IOBBIMIAaeTca. B ocHoBe QopmmpoBanms
KIMHUYECKUX IPOSBICHUH B paHHHE CPOKU — JI0 3 MeC — MOCTKOBUAHOTO CHHPOMA JISKUT BBICOKUI YPOBEHb U
JqucOanaHc Mpo- M MPOTUBOBOCIIANUTENBHBIX IIUTOKHHOB IIPU OTCYTCTBUH JaOOPAaTOPHBIX MPH3HAKOB BOCTIANe-
Hua. KimH#ueckas KapTHHA XapaKTepU3yeTcsl CHMITOMAMH acTeHU3AUUH U (DyHKIIMOHAIBHBIMI HapyIICHUSIMU
HEPBHOM, CEpPIeTHO-COCYANCTON, IBIXaTEIPHON CHCTEM H JKEeITyJOUHO-KHIIedHOTo TpakTa. CirycTs 3 Mec ypoBeHb
OOJBIIMHCTBA IIUTOKMHOB HOPMAJIU3YETCs, HO OCTAaeTCs BBICOKOH TONBKO KoHIeHTpanus 1L-17. Amneprudeckue u
ayTOoaJUIePTUUECKNEe MEXaHU3MBI MOBPEXKICHHS KOXKH, OPTaHOB ABIXAaHHS, CyCTAaBOB, a TAK)K€ MPOTPECCHPOBAHIE
CEepIeYHO-COCYANCTON MATOIOTUH ONIPEACIIAIOT KINHNIECKY0 CHMITOMATHKY ITOCTKOBUIHOTO CHHAPOMA HA IIPO-
TspKeHnH 3—12 mec.

3akaodyenne. [[nHaMuKa IUTOKMUHOBOTO (poHA B TeueHHe 12 Mec OTpakaeT pa3InvHbIe MEXaHH3MBbI OBPEKACHHS
B pa3Hbl€ CPOKHU NMOCTKOBUIHOTO CHHIPOMA, YTO U ONpEeNsieT CIEKTpP ero KIMHUYECKUX IPOSBICHUI.

KiroueBble cjioBa: MOCTKOBUAHBIA CHHAPOM, ACTEHUUECKHI CHHAPOM, IUTOKUHBI

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

Hcrounnk ¢punaHcupoBaHusi. ABTOPHI 3asBISIOT 00 OTCYTCTBHM (PMHAHCHPOBAHMS IIPU IPOBEACHHUU HCCIIE-
JIOBaHUSI.

CooTBeTcTBHE NPUHIMNIAM 3TUKH. Bee nuia noxnucany nHGOPMUPOBaHHOE COTJIACHE HA Y4acTHE B MCCIIENO-
BaHuHU. VccrnenoBanue 0100pEHO HE3aBUCHMBIM 3THYCCKUM KOMHUTETOM «HannoHabHBINH MEAUIIMHCKAN HCClTe-
JIOBAaTENILCKUI LIEHTP TPaBMATOJIOTUU U OpTONEANU UMEHH akanemuka [.A. Unuzaposa» (mpotokon Ne 2 (72) ot
07.10.2022).

Jna nuruposanus: JKnanosa E.B., PybmoBa E.B., Kocromomosa E.I'. Knmanmko-mmmyHOmormueckas xa-
PaKTEpHCTHKA IMOCTKOBHIHOTO CHHApOMA. bromnemensv cubupckot meouyunsl. 2024;23(2):46-54. https://doi.
org/10.20538/1682-0363-2024-2-46-54.
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INTRODUCTION

The pandemic caused by SARS-CoV-2, with
its undulating course due to new mutations of the
virus, led to the development of a chronic condition
called “long COVID” [1]. About 20% of people who
went through the acute phase of COVID-19 with
completed replication of SARS-CoV-2 experience
a combination of various clinical symptoms in the
post-COVID period. They make up post-COVID
syndrome [1-3] which affects up to 5 million people
worldwide [4, 5].

Post-COVID syndrome (PCS) is included in
ICD-10 (U09.9) as a condition after COVID-19
(Post COVID-19 condition, unspecified) with a time
criterion of at least 12 weeks [6, 7]. Most patients in
the post-COVID period tend to have normal laboratory
and radiological parameters, which indicates that
virological recovery has been achieved. Despite this,
some patients do not return to their initial physical
activity and do not notice a full recovery [8-10].
Particular attention should be paid to the fact that the
development of PCS does not depend on age, gender
differences, severity of the acute phase, and prior
hospitalization, and symptoms can appear at different
times after the disease.

Currently, in Russia, guidelines for rehabilitation
measures after COVID-19 have been developed and
introduced into clinical practice [6]. The proposed
scale for individual rehabilitation routing of people
who had COVID-19 determines the possibility of
rehabilitation measures at various stages of medical
care, in particular in the outpatient setting. The priority
in this program is the recovery period of the first 3
months after the acute phase of coronavirus infection.
The early start of rehabilitation is aimed at preventing
complications and speeding up full recovery and
return to the previous lifestyle.

However, some patients do not achieve full
recovery even after 12 months, which significantly
reduces their quality of life. In addition, in clinical
practice, both the onset and progression of many
chronic diseases are increasingly recorded not
only in a period of up to 12 weeks but also after 3—
8 months after the infection. In this regard, identifying
the mechanisms of PCS formation is relevant and
can serve as a basis for predicting the development
of complications and justifying the prevention and
correction of its manifestations.

The aim of the study was to evaluate changes in
clinical manifestations and the cytokine profile of
blood serum in patients with PCS.

MATERIALS AND METHODS

The analysis of the obtained data was carried
out in the outpatient department of one of Tyumen
healthcare facilities from January to May 2022. The
study involved employees of this healthcare facility
who underwent a regular health checkup (a total of 302
people, of which 204 were women). The mandatory
list of examinations included an examination by an
internal medicine physician, complete blood count
and blood biochemistry (glucose, total cholesterol,
HDL, LDL, triglycerides); ECG, chest fluoroscopy
in accordance with the procedure approved by the
Ministry of Healthcare of the Russian Federation for
mandatory health checkups of medical workers who
work with industrial health and safety hazards (Order
of the Ministry of Healthcare of the Russian Federation
No. 29N of 28.01.2021, as amended on 01.02.2022).

The study involved 46 patients (37 women and
9 men) with signs of asthenia 1-12 months after
COVID-19 infection. They did not have somatic
symptom disorders that could provoke or aggravate
asthenia in the post-COVID period, which means that
they represented health status group I-II. All of them
had a laboratory-confirmed history of COVID-19
infection (a positive SARS Cov-2 RNA PCR or
positive SARS Cov-2 IgG after the end of the acute
phase and in asymptomatic infection).

The severity of COVID-19 infection in the acute
phase was assessed according to the Temporary
Guidelines for the Prevention, Diagnosis and Treatment
of Novel Coronavirus Infection (COVID-19) (Ministry
of Healthcare of Russia. Edition 17 (09.12.2022)).
According to their medical history, 5 people had
no symptoms in the acute phase of COVID-19;
26 individuals had mild symptoms, 10 — moderate and
5 —severe. The last acute phase of infection occurred
1-3 months ago (n = 12); 3—6 months ago (n = 18);
6—12 months ago (n = 16). 49% of those surveyed had
COVID-19 more than twice over the past 2 years.

The content of interleukin (IL) -1B, IL-2, IL-4,
IL-6, IL-8, IL-10, IL-17, tumor necrosis factor alpha
(TNFa), and interferon gamma (INFy) in the blood
serum of patients with PCS was determined by enzyme
immunoassay using a standard reagent kit (Protein
Contour LLC, Russia). The analysis was carried out
according to the manufacturer’s instructions. The
results were recorded on the Multiskan photometer
(Labsystems, Finland). The parameters obtained from
the study of serum from healthy blood donors (n =
25) were used as control values. The level of total IgE
in blood serum was determined using the enzyme-
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linked immunosorbent assay (ELISA) with the result
recorded on the Multiskan SkyHigh microplate reader
(Thermo FS, Finland).

The results were statistically processed using the
Statistica 9 software package (StatSoft, USA). In
order to choose the method for the statistical analysis,
the Shapiro — Wilk test was used to check data for
normality of distribution. Only one of the studied
parameters had normal distribution. The data were
presented as the median and the interquartile range
Me [Q,;; O,,]. The differences were analyzed using
the nonparametric Mann — Whitney U-test. The
differences between the groups were considered
statistically significant at p < 0.05.

RESULTS

Asthenia as the main manifestation of PCS was
more common in women (n = 37) than in men (n =
9). The average age of women was 49.43 [18.0; 73.0]
years. The average age of men was higher — 57. 62
[31.0; 73.0] years (Table 1).

Table 1
Gender and age profile of patients with PCS

Parameter Number of cases, 1 (%) Age distribution
18-30 years old : 0
31-40 years old: 1
41-50 years old: 0
0,
Men 9 (20%) 51-60 years old: 3
61-70 years old: 3
71 years and older: 2
18-30 years old: 5
31-40 years old: 6
41-50 years old: 10
0,
Women 37(80%) 51-60 years old: 9
61-70 years old: 3
71 years and older: 4
1-3 months
3—6 months
6-12 months
0 10 20
B Men B Women

Basically, both men and women had mild symptoms
in the acute phase of infection (57%, n = 26), receiving
treatment in the outpatient setting. More than half of
them (52%) did not receive antiviral therapy to the
full extent, that is, they did not complete the course of
antiviral therapy and/or did not always take antiviral
drugs at a therapeutic dose or independently reduced
the dose and/or volume of prescribed medications.
Ten patients, most of them women, had a moderate
course of the disease with a complication of interstitial
pneumonia.

Five employees, three of whom were men,
had severe COVID-19 infection. All patients with
moderate and severe infection received treatment
in hospital followed by an outpatient rehabilitation
course. They completed a full course of etiotropic
antiviral therapy. Five patients, four of whom were
women, had no symptoms in the acute phase and
learned about the history of COVID-19 only from a
positive SARS-Cov-2 IgG.

During the first three months after the acute phase
of COVID-19, younger people more often needed
medical care, including 5 women aged 32.53 [31.0;
48.0] years (Fig. 1). On the contrary, after 3—6 months,
men over 50 years of age complained more often about
the deterioration of their general condition. During
6—12 months, the gender profile of patients was the
same, but older people (52.3 [45.0; 73.0] years) noted
deterioration of the condition more often (Fig. 2).

During the second or third month after acute
infection, asthenia was the main sign in all patients
(Fig. 3). Its main manifestations included severe
unmotivated general weakness, rapid fatigue, and a
decreased ability to work.

30 40 50

Fig. 1. Gender profile of patients with PCS depending on the duration of the acute phase of infection
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Seven out of twelve patients complained of damage
to the central nervous system in the form of persistent
diffuse headaches, cognitive and mental disorders
(sleep disturbance: insomnia at night and drowsiness
during the day, vivid dreams, nightmares, short-term
memory impairment, and inability to concentrate).
In five patients, asthenia was accompanied by
symptoms of cardiovascular system dysfunction, such
as decompensation or the onset of cardiovascular
diseases in the form of inappropriate tachycardia,
increased or fluctuating blood pressure, and increased

shortness of breath during habitual physical activity.
Further examination (transthoracic echocardiography,
24-hour ECG) did not detect significant organic
damage to the heart. Four patients complained of
visual impairments in the form of a decrease in visual
acuity, the appearance of blurry vision, and gritty and
dry eyes. Signs of respiratory dysfunction persisted
with the same frequency. There were single patient
complains of skin rash in the form of polymorphic
spots or pustular rash, dyspeptic disorders, and
polyarthralgia.

3140 —

1-3 months

B 3-6 months

>0 | —

B 6-12 months

0 10 20 30 40 50
Age (years)
Fig. 2. Age profile of patients with PCS depending on the duration of the acute phase of infection
Visual impairment _ 0
. 1-3 months
RS dysfunction -

3—6 months u

Epidermal manifestations h
6-12 month.

GIT dysfunction -
S T
0 50 100 150

%

Fig. 3. Complaints of patients during various periods of PCS. NS — nervous system, CVS — cardiovascular system, RS —
respiratory system, GIT — gastrointestinal tract

50
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The analysis of the serum cytokine profile
revealed high levels of all the studied cytokines in
patients with PCS during a period of 2-3 months
(Table 2). The median levels of IL-18 and IL-2
were 1.3 and 1.4 times higher than those of healthy
blood donors; IL-8 and IL-10 were 2 times higher,

respectively. The content of IL-17 exceeded the
control values by 2.8 times, IL-4 and IL-6 — by 3 and
4.5 times, respectively. The highest values were
reached by TNFa and INFy, whose concentrations
exceeded the normal values by 5.5 and 70 times,
respectively.

Table 2
Variability of serum cytokine levels in clinical groups depending on the duration of post-COVID syndrome, pg / ml, Me [Q,; O. ]
Group 1, Group 2, Group 3, Group 4, p
Parameter | 1-3 months of PCS, | 3—6 months of PCS, | 6—12 months of PCS, | healthy blood donors, Groups Groups Groups
n=12 n=18 n=16 n=25 14 24 34
IL-1B 3.85[3.45; 5.35] 2.62 [2.45; 3.05] 2.98 [2.45; 3.37] 2.88 [2.46; 3.12] 0.001 0.249 0.965
IL-2 0.18 [0.13; 0.26] 0.12[0.09; 0.15] 0.1310.12; 0.14] 0.13 [0.09; 0.15] 0.002 0.484 0.655
1L-4 1.28 [0.98; 1.6] 0.37 [0.34; 0.52] 0.43 [0.38; 0.64] 0.42[0.31; 0.55] 0.000 0.531 0.403
1L-6 3.77[2.51; 4.64] 1.23 [1.12; 1.30] 0.98 [0.89; 1.17] 1.09 [0.97; 1.29] 0.000 0.363 0.129
IL-8 3.65[2.85;5.1] 1.66 [1.34; 2.67] 1.57 [1.36; 2.04] 1.6 [1.25; 2.42] 0.000 1.000 0.633
1L-10 2.48 [1.46; 3.22] 1.15[1.08; 1.25] 1.2 [1.00; 1.27] 1.14 [1; 1.24] 0.001 0.686 0.720
IL-17 13.3[11.16; 14.31] 5.74 [5.36; 6.99] 5.49 [4.88; 9.22] 4.75[3;5.61] 0.000 0.018 0.030
TNFa 1.7 [0.97; 2.65] 0.32[0.25; 0.42] 0.25[0.13; 0.46] 0.31 [0.17; 0.44] 0.000 0.919 0.467
INFy 9.20 [0.67; 1.13] 0.14 [0.11; 0.15] 0.14 [0.10; 0.19] 0.13 [0.08; 0.08] 0.000 0.879 0.550

Despite the high levels of cytokines, there were
no laboratory signs of inflammation in the complete
blood count of patients with PCS: the values of the
leukocyte content in peripheral blood were 6.12 [5.29;
7.29] x 10°/ 1; ESR 9.7 [4; 17] mm / h; C-reactive
protein 6.9 [5.2; 11.3] mg / 1. At the same time, an
increase in the level of total IgE was recorded in 3 out
of 12 people, who did not have a history of allergies
and any clinical manifestations of allergies.

In the period of 3—6 months after the acute phase of
COVID-19 ended, asthenia remained the main sign in
all patients of the study group (100%). In 10 patients
out of 18, manifestations of damage to the nervous
system and gastrointestinal tract (nausea, increased and
decreased appetite, disrupted taste preferences) were
recorded. Symptoms of respiratory and cardiovascular
dysfunction were present in 6 patients and, as a rule,
were less severe and much easier to tolerate than in the
early stages of PCS.

However, during this period, an increase in
the number of patients (8 out of 18) with vision
impairments was recorded. When examined by an
ophthalmologist, 4 patients had changes in the fundus
in the form of hypertensive and dystonic retinal
angiopathy, and in half of the patients, these changes
were recorded for the first time.

The number of patients with complaints of
skin itching, petechiae, urticaria, and pustular rash
increased to 4. Three patients had arthralgia and
polyarthralgia, which debuted in two patients while in

one patient cartilage destruction progressed.

The total IgE in the study group was 80.8 [25.0;
112.0] IU / ml and was significantly higher than in
the control group (p = 0.009). An increase in total
IgE was detected in 9 patients, which in 5 cases
was accompanied by clinical symptoms of allergy
in the form of atopic rash and bronchial obstructive
syndrome.

The concentration of all the studied cytokines
in patients at this stage of PCS decreased and often
reached the values of healthy donors, but the IL-17
content remained significantly high at the level of 5.74
[5.36; 6.99] pg / ml versus 4.75 [3.0; 5.61] pg / ml in
the controls (p = 0.018) (Table 2).

During 6-12 months after infection, clinical
symptoms of PCS changed. Asthenia was diagnosed
in 11 out of 16 patients, and signs of nervous system
dysfunction were noted only in 6 cases. In 10 patients,
persistent cardiac rhythm disturbances of various
types and/or disturbances in myocardial repolarization
(mainly in women) were recorded. Stabilization
of arterial hypertension and formation of retinal
angiopathy in 7 patients can be considered as signs of
organic damage to the cardiovascular system.

Gastrointestinal disorders were not detected at
this stage of PCS. Only 2 patients had shortness of
breath when walking and mild cough as symptoms
of impaired pulmonary function. However, two
patients developed bronchial obstructive syndrome
with persistent cough for the first time. In one case,
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atopic asthma was diagnosed for the first time with a
change in the spirogram manifested by a decrease in
forced expiratory volume in 1 second (FEV1) / forced
vital capacity (FVC) < 70%, FEV1 < 80% and a
positive bronchodilator test (the increase while taking
salbutamol was +12%).

Half of the patients (8 out of 16 cases) had changes
in skin color in the form of pink and red spots, one
patient had purple spots, and none of them sought
medical help for this. These epidermal manifestations
were identified during regular health checkup by
a doctor. In one case, papulae were identified. Two
patients had urticaria-like rash. One woman in the
post-COVID period was newly diagnosed with
recurrent urticaria in the form of pale pink and light
red blisters, rising above the level of the skin and
accompanied by itching. The patient had no history
of allergy before COVID-19 infection. Antihistamine
therapy did not have any clear effect. Subsequently,
monoclonal gammopathy (Schnitzler syndrome) was
diagnosed.

Over a period of 6-12 months, 8 patients had
musculoskeletal impairments, the appearance or
progression of which the subjects associated with
COVID-19 infection. In 3 cases, it was isolated
arthralgia or polyarthralgia without signs of joint
damage according to the results of an ultrasound
examination. In 3 patients, cartilage deformations
and mixed arthritis with signs of synovitis were
detected. In two patients, while receiving a full
course of NSAIDs, chondroprotectors, intra-articular
administration of corticosteroids, and physiotherapy,
the destruction of the knee cartilage tissue
progressed, which resulted in cartilage destruction
and the development of aseptic necrosis and was an
indication for knee arthroplasty.

The increase in allergic and autoallergic
manifestations during 6—12 months of PCS was
accompanied by an increase in the average IgE level
in the blood to 98.98 [40.1; 172] IU, as well as in
the relative and absolute content of eosinophils in
peripheral blood (5.75 [3.2; 7.2]% and 0.54 [0.19;
0.76] x 10°/ 1, respectively). In the meantime, acute-
phase blood serum parameters did not exceed the
established clinical norms. The blood cytokine profile
was characterized only by a high level of IL-17, which
was higher than that of donors (5.49 [4.88; 9.22] and
4.75 [3; 5.61] pkg / ml, respectively (p = 0.03)). The
content of this cytokine depended on the clinical
manifestations of PCS. In patients with isolated atopic
epidermal manifestations, the concentration of IL-

17 was 9.46 [6.20; 13.66] pkg / ml, in patients with
musculoskeletal impairments, it was 12.56 [8.10;
14.56] pkg / ml, and in coexisting joint and epidermal
syndromes, the parameter reached 13.95 [13.05;
14.05] pkg / ml.

DISCUSSION

Consequently, the clinical manifestations of
PCS change dynamically during the year after acute
infection, which is accompanied by natural changes
in the plasma cytokine profile. The clinical symptoms
of the first 3 months of PCS in the form of asthenia
and CNS and cardiovascular dysfunctions are caused
by an increased level and imbalance of both pro- and
anti-inflammatory cytokines.

Cytokine levels gradually reach the normal range,
which is accompanied by a decrease in the frequency
of asthenia and CNS and respiratory dysfunction.
However, after 3 months and further, only high
levels of IL-17 are noted in the blood. Mast cells can
intensely produce IL-17 [11], the activity of which
increases in PCS [12, 13]. Moderate synthesis of
IL-17 by T lymphocytes promotes the production
of antimicrobial peptides. However, prolonged
production of the IL-17 family can lead to chronic
inflammation [14]. Perhaps a constant and long-term
increase in IL-17 levels is associated with long-term
post-COVID inflammation.

It is also likely that one of the factors activating
mast cells is an increase in IgE. If its increase in
the early stages of PCS was asymptomatic, then
the increase in cases of hyperimmunoglobulin E
syndrome and a rise in its values in the long term
are already accompanied by clinical manifestations
of allergies in the form of epidermal lesions and
bronchial obstructive syndrome.

IL-17 is an important mediator of the formation of
allergic and autoallergic damage, which is confirmed
by significant differences in the degree of its increase
depending on the localization of clinical manifestations
and especially on their coexistence. It is known that
IL-17 wusually induces proinflammatory reactions,
often associated with allergies, and also promotes
the production of many other cytokines, chemokines,
and prostaglandins [15]. IL-17 is assumed to play an
important role in autoimmune diseases [16].

Most likely, an increase in the concentration of
IL-17 also contributes to an increase in the incidence
of visual impairments in the long term of PCS.
High concentrations of IL-17 and increased levels of
Th17 producing it have been found in a number of
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ocular diseases associated with neovascularization
[17]. The pathogenic role of IL-17 in the occurrence
of joint syndrome has also been proven, which
may be due to its participation in the formation of
synovial inflammation with subsequent cartilage
destruction [18].

Considering the ability of IL-17 to cause
endothelial dysfunction and stimulate the activity
of the renin — angiotensin — aldosterone system and
arteriolar remodeling [19, 20], it is possible to explain
the formation of stable hypertension and retinal
angiopathy during 3—12 months of PCS. It is likely
that the gradual recovery of gastrointestinal function
is associated with the restoration of the gut microbiota
and stimulation of the protection against bacterial and
fungal pathogens by IL-17 [21].

CONCLUSION

Thus, the development of PCS does not depend on
age and gender of patients and the severity of the acute
phase of infection. However, patients are more likely
to develop PCS in the absence of antiviral therapy or
its inadequacy. The range of clinical manifestations of
PCS changes over 12 months, which is determined by
natural changes in the cytokine levels.
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Restoring antibiotic sensitivity to lincomycin in compositions
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ABSTRACT

Aim. To study the effect of compositions with nanosilver and humic substances on restoration of sensitivity of
methicillin-resistant Staphylococcus aureus to lincomycin.

Materials and methods. Compositions of humic substances with silver nanoparticles were synthesized from
commercial sodium humate Powhumus and silver nitrate in the presence of NaOH (1 M) to modulate alkaline
pH. To synthesize one of the two compositions, sodium humate was modified with hydroquinone. To describe the
characteristics of the resulting compositions, surface plasmon resonance spectra of silver nanoparticles and their
images obtained by transmission electron microscopy were recorded. Sensitivity of a clinical strain of methicillin-
resistant Staphylococcus aureus was determined by measuring the minimum inhibitory concentration (MIC) with
the addition of lincomycin and tetracycline to the compositions.

Results. 100% conversion of ionic silver into metallic silver with a characteristic nanoparticle size of 6 nm was
shown. The effects of tetracycline and lincomycin on the studied strain of Staphylococcus aureus were compared,
and high sensitivity to tetracycline (MIC < 10 pg / ml) and resistance to lincomycin (MIC > 200 pg / ml) were
shown. Studying the effect of the composition containing sodium humates with nanosilver with the introduction of
lincomycin into it showed that this approach can significantly reduce MIC of lincomycin to 0.1 pg/ml in the presence
of compositions with hydroquinone-modified sodium humate at a concentration of 40 pg / ml and compositions
with unmodified sodium humate at a concentration of 60 pg / ml.

Conclusion. The study demonstrated that the use of compositions with humic substances and nanosilver completely
restores sensitivity of methicillin-resistant Staphylococcus aureus to lincomycin.

Keywords: silver nanoparticles, humic substances, lincomycin, synergistic effect, antibiotic resistance,
Staphylococcus aureus
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PE3IOME

Iesb — ucciieOBaHUE BOCCTAHOBIICHHUSI 4YBCTBUTEIBHOCTH METHIMILTHH-PE3UCTEHTHOTO Tamma Staphylococcus
aureus K INHKOMHUIMHY TIPH 100aBJI€HUH T'YMHHOBBIX BELIECTB C HAHOYACTUI[AMHE cepedpa.

MarepuaJjbl 4 MeTOABI. KOMIO3UIINY I'YMHHOBBIX BEIIECTB ¢ HAHOYACTUIIAMH cepedpa CHHTE3UPOBATIH U3 KOM-
Mepueckoro rymara Hatpusi Powhumus u Hutpara cepebpa B npucyrcteun NaOH (1 Monb) st co3manus 1me-
J04HOH cpenpl. I cHHTe3a 0JHON U3 ABYX KOMITO3HIMH TyMaT HaTpusl MOIU(UIMPOBAIN THAPOXHHOHOM. J{7Ist
OIMUCAHMs XapaKTEPUCTHK MOTYyYSHHBIX COCTABOB CHUMAJH CIIEKTPHI IIOBEPXHOCTHOTO IIA3MOHHOTO PE30HAHCA
HAHOYACTHI] cepedpa U UX M300paskeHNs], MOTydSHHBIE METOJOM ITPOCBEUUBAIOIICH AIEKTPOHHONH MHKPOCKOIIUH.
UyBCTBUTEIBHOCTD KIMHUYECKOTO mTamMMa Staphylococcus aureus, yCTOHIMBOTO K METHIHIUTHHY, ONPEACIISIIN,
n3Mepssi MUHEMAaJbHYI0 HHruoupyiomryio kounnentpamuio (MHUK), ¢ BBeieHneM B cOCTaB KOMITO3HIHH THHKOMH-
I[IHA U TETPAUKIINHA.

Pe3yabTatsl. [Tokasana 100%-s1 KoHBEpCcHs HOHHOTO cepedpa B METAJUTHYECKOE C XapaKTEPHBIM Pa3MePOM HaHO-
yacTui 6 HM. [IpoBe/ieHO cpaBHEHHE ISHCTBHS TETPALMKINHA M TMHKOMHILIMHA Ha HCCIIelyeMblii ramm S. aureus,
MIOKA3aHbl BBICOKAsi YyBCTBUTEIBHOCTH K TeTpauukinHy (MUK < 10 MKr/mi1) 1 OTCYyTCTBHE YyBCTBUTEIBHOCTH K
muakomunuHy (MUK > 200 mkr/mi). MccnenoBanue AeiicTBUS KOMIO3UIMK TYMAaTOB HATpHS C HaHOCEpEOpOM
[PH BBEACHUM B HUX JIMHKOMHIIMHA MOKA3aJI0, YTO MOAOOHBIH MMOJAXO0/ MO3BOJISET CYIIECTBEHHO CHU3UTh MUK
JMHKOMHULMHA 10 0,1 MKI/MJI B IPUCYTCTBUM KOMIO3HUIMI ¢ MOAU(MHUIMPOBAHHBIM I'MAPOXMHOHOM I'yMaTa HaTpust
B KOHIeHTparuu 40 MKI/MIJI U KOMITO3ULMH C HeMOAH(DUIINPOBAHHBIM T'yMAaTOM HATPHs B KOHIEHTpauu 60 MKr/
MIL

3akiouenue. B npoBeeHHOM HCCIIEIOBAHUU MTPOAEMOHCTPUPOBAHO, YTO MIPU UCIIOJIB30BAHUH KOMITO3UIUH TY-
MHHOBBIX BEIIECTB ¢ HAHOCEPEOPOM MPOMCXOMUT MOJHOE BOCCTAHOBJICHHE YYBCTBUTEIHLHOCTH K JIMHKOMUIIMHY
YCTOHYMBOrO K METHILIWIIMHY mTamma Staphylococcus aureus.

KnrodeBble ciioBa: HaHOUaCcTHIBI cepedpa, TyMHHOBEIE BEIECTBA, IMHKOMUIINH, CHHEPTreTHIeCKUil G eKT, aH-
THOUOTHKOPE3UCTEHTHOCT, Staphylococcus aureus

KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMANBHBIX KOHMINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJUKaIKeil HACTOSIIEH CTaThH.
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INTRODUCTION

After the discovery of the first antibiotic penicillin,
already in 1942, drug-resistant strains of Staphylococcus
aureus emerged [1]. An increase in the number of
antibiotic-resistant bacterial strains over time led to the
need to develop new antibiotics, which, in turn, brought
about new multidrug-resistant microorganisms [2]. As
a result, searching for ways to enhance the effects of
existing antibiotics became a pressing issue [3]. Silver
nanoparticles, which are known for their antibacterial
properties, attracted particular attention [4]. This is
because resistance to metal particles develops much
more slowly than to antibiotics [5].

Numerous studies on antibacterial activity of
compositions with silver nanoparticles and antibiotics
showed that nanosilver is capable of not only
enhancing the effect of antibiotics against bacteria [6],
but also of restoring sensitivity of resistant bacterial
strains to antibiotics [7, 8]. Previous studies showed
that the use of silver nanoparticles together with
a wide range of antibiotics provided a synergistic
antibacterial effect of both components against various
gram-positive bacteria. It was shown that sensitivity
of Bacillus cereus to lincomycin increased four-fold
in the presence of silver nanoparticles [9]; sensitivity
of Entorococcus faecium to ampicillin rose by 16
times, and to amikacin — by 32 times [10]. The shape
and size of synthesized nanoparticles had a significant
impact on antibacterial activity [11].

The main problem with the use of silver
nanoparticles (NPs) in clinical practice is a potential
increase in cytotoxicity of this kind of compositions.
The problem is complicated by a poor understanding
of the mechanism of action of such compositions
[12, 13]. It is assumed that they might increase the
concentration of Ag+ near the bacterial cell wall,
which exerts a higher cytotoxic effect [14], induces
hydroxyl radical formation [15], and affects DNA
transcription [16].

Studies on the biological activity of natural and
modified humic substances (HS) show that they have
a great potential for incorporation into nanoparticle-
based compositions due to plentiful properties and
functional groups in their molecular ensemble [17-19].
The use of HS as both reducing and stabilizing agents
for the synthesis of silver NPs without application of
additional reducers is of particular interest [20-23].
In our previous studies, we described a method for
synthesizing nanosilver-based drugs with a strong
safety profile, which resulted from high antioxidant
activity and low cytotoxicity of HS [24]. Addition of

antibiotics to compositions with silver NPs and HS
might be of particular interest in terms of developing
novel combination drugs to overcome antibiotic
resistance. Various mechanisms regulating interaction
of HS with a wide range of antibiotics were discussed
in the review article [25]. We hypothesized that
antibiotic binding to HS on the surface of silver NPs
could facilitate its penetration into the cell together
with silver NPs.

The choice of antibiotics for the experimental
studies was guided by the aim of the study — to
develop effective bionanomaterial for treatment of
infected wounds with a possibility of application in
semisolid dosage forms (ointments, gels, etc.). Hence,
an antibiotic was to penetrate both into soft tissues
and bones to treat chronic and sluggish purulent
inflammations, such as pressure ulcers and diabetic
foot. These requirements are met by penicillins,
lincosamides, fluoroquinolones, aminoglycosides,
tetracyclines, etc. An antibiotic should mix well
with lipophilic ointments for external application
in semisolid dosage forms. This requirement is met
only by ointments with lincomycin and tetracycline,
since penicillins are not used externally, levofloxacin
(fluoroquinolones) is used in the form of an aqueous
spray, and neomycin (aminoglycosides) is applied in
the form of an aerosol. As a result, two antibiotics were
chosen for the study — lincomycin and tetracycline,
resistance to which evolved in the methicillin-resistant
Staphylococcus aureus (MRSA).

The MRSA strain F-182 was chosen as one of the
most abundant and dangerous forms of Staphylococcus
aureus causing a broad spectrum of diseases, including
bloodstream infections, pneumonia, and skin and
bone infections. Moreover, MRSA strains are highly
resistant to the majority of existing antibiotics, which
makes it difficult to treat and control. The strain F-182
is very well studied and described in the literature,
which allowed for more in-depth research. At the next
stages of our research, we plan on looking into other
strains in search of promising combinations.

The aim of the study was to investigate the effect of
compositions with nanosilver and humic substances
on restoration of sensitivity of MRSA to lincomycin
and tetracycline.

MATERIALS AND METHODS

Chemicals and materials. Sodium hydroxide
(Kemphasol), silver nitrate (Molychem), Powhumus
sodium humate (Humintech, Germany), and
Staphylococcus aureus Rosenbach 1884 (strain
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F-182) were used for bioassays. The value of pH
was measured using the pH meter 713 (Metrohm,
Switzerland) equipped with a glass electrode.

Synthesis of the compositions was carried out
according to the procedure described in [24]. In
brief, an aqueous solution of sodium humate and
hydroquinone (HQ) derivatives at a concentration of
11.8 g /1 was prepared. The pH value of the solution
was brought to 12 by adding 1 M NaOH. Then, 50
ml of the solution was placed in a 100 ml three-neck
round-bottom flask equipped with a reflux condenser
and heated to 80 °C with constant stirring. When the
temperature reached 80 °C, 2 ml of AgNO, solution
at a concentration of 110 g/ 1 was added dropwise to
the hot humate solution, while maintaining pH at 12
with 1 M NaOH. Then, the solution was maintained
at 80 °C with constant stirring for 4 hours. The total
concentration of silver in the resulting solution was
41 mM /L

Analysis  of the synthesized compositions
containing nanosilver and HS. The synthesized Ag
NPs stabilized with HS were analyzed by transmission
electron microscopy (TEM). The experiment was
carried out using the JEOL JEM-2100F analytical
electron microscope (JEOL, Akishima, Japan). The
data were processed using the Image] program.
Morphology and size of the particles were analyzed
for both compositions.

The total silver concentration was measured
by inductively coupled plasma atomic emission
spectroscopy (ICP-AES) using the 720-ES ICP-
OES spectrometer (Agilent Technologies, USA).
Ultraviolet-visible absorption spectra were registered
to confirm the presence of silver NPs, which were
detected by a surface plasmon resonance (SPR) peak
at400—430 nm for silver NPs. Absorption spectra were
measured using the UV / Vis spectrometer (Cary 50
Probe, USA). The results of UV-visible spectroscopy
and ICP-AES were compared to determine the degree
of conversion of ionic silver to metallic silver.

The minimum inhibitory concentration (MIC)
of the synthesized compositions to MRSA was
determined using 96-well plates with Mueller Hinton
broth (MHB). To determine MIC, the required volume
of 0.9% NaCl and 0.142 ml of MHB containing the
appropriate concentrations of lincomycin as part
of compositions of HS with silver NPs were added
to each well. The range of resulting concentrations
was 0.1-20 pg / ml for lincomycin and 0-150 pg /
ml for compositions of silver NPs and HS. MRSA
colonies were pre-incubated at 35 °C in MHB for 12

hours. 0.025 ml of a bacterial suspension adjusted
to McFarland 2 standard was added to each well
and analyzed on the ImmunoChem-2100 microplate
reader (High Technology Inc., USA) at a wavelength
of 630 nm for 24 hours. MHB without the addition of
test substances, to which a bacterial suspension was
also added, served as a control.

Statistical processing of the obtained results was
carried out by measures of variability using the SPSS
statistical package (version 15.0, SPSS Inc., Chicago,
IL, USA) with determination of the mean and the
error of the mean and the probability of differences
p for small samples with the Bonferroni correction
(significance of differences at p < 0.05).

RESULTS

Synthesis of compositions of silver NPs with HS
was accompanied by 100% conversion of ionic silver
into metallic particles. The particles were spheric
and around 6 nm in size. The resulting compositions
contained 11.8 g /1 of HS and 4.6 g /1 (43 mM) of
silver NPs. Figure 1 shows the surface plasmon
resonance (SPR) spectra of silver NPs and their TEM
images.

Figure 1a demonstrates a characteristic SPR peak
of nanosilver at 414 nm, which indicates small size of
synthesized nanoparticles. TEM images of AgNP —
CHP (Fig. 1)) confirm that the average size of silver
NPs is 6—7 nm. The size of nanoparticles is of particular
importance for their biological activity. AgNPs with
sizes less than 10 nm were reported to have maximum
antimicrobial activity [13]. The size of the AgNPs
used in this study satisfied this condition.

At the first stage of the experiment, we studied the
effect of HS on the antibacterial activity of tetracycline
and lincomycin. The studied strain was found to lack
resistance to tetracycline: the antibiotic inhibited
bacterial growth over the entire range of the studied
concentrations. Lincomycin, on the contrary, did not
suppress bacterial growth over the entire range of HS
(0-1, 500 pg / ml) and lincomycin (10-200 pg / ml)
concentrations.

Both combined compositions of AgNPs — CHP
and AgNPs — CHP — HQ did not cause any changes
in sensitivity of MRSA to tetracycline, but resulted
in complete recovery of sensitivity to lincomycin
(HS > 0 pg / ml for AgNPs — CHP, and HS 200 pg /
ml for AgNPs — CHP — HQ). As a result, we decided
to study the properties of the lincomycin-containing
compositions where sensitivity to the antibiotic was
restored.
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Fig. 1. Characteristics of silver nanoparticles (AgNPs) synthesized in the presence of coal humate (CHP): a — UV-visible absorption
spectrum of the AgNP — CHP with a SPR peak at 414 nm; b — TEM elemental map; ¢ and d — TEM images of AgNPs stabilized

The antibacterial effect of AgNP synthesized

in the presence of HS toward MRSA growth was
studied in the presence or absence of lincomycin.
We studied suppression of bacterial growth by

with HS

AgNPs stabilized with CHP and CHP — HQ in the
concentration range of20—150 pg/ml and lincomycin
in the concentration range of 0.1-20 pg / ml (Table 1,
Fig. 2).

Table 1

Changes in the optical density of MRSA cells over 24 hours registered for MIC in the compositions with AgNPs, lincomycin,

and modified sodium humate (CHP — HQ), mg /1

Lincomycin Concentration of AgNPs in the presence of CHP — HQ Concentration of AgNPs in the presence of CHP
concentration 0 20 40 60 80 100 150 0 20 40 60 80 100 150
0.1 0.5 0.4 0 0 0 0 0 0.4 0.4 0.4 0 0 0 0
0.2 0.4 0.2 0 0 0 0 0 0.3 0.3 0.4 0 0 0 0
0.5 0.5 0.2 0 0 0 0 0 0.3 0.4 0.4 0 0 0 0
1 0.4 0.3 0 0 0 0 0 0.3 0.4 0.4 0 0 0 0
2 0.5 0.3 0 0 0 0 0 0.3 0.4 0.4 0 0 0 0
5 0.5 0.3 0 0 0 0 0 0.4 0.4 0.4 0 0 0 0
10 0.5 0.3 0 0 0 0 0 0.4 0.4 0.4 0 0 0 0
20 0.5 0.4 0 0 0 0 0 0.4 0.3 0.4 0 0 0 0

Note. Cases of statistically significant suppression of MRSA growth compared to the controls are presented in bold (p < 0.05).
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Fig. 2. A dependence of changes in the optical density of MRSA cells over 24 hours on the concentration of AgNPs at lincomycin
concentrations in the range of 0.1-20 pg / ml in compositions with unmodified humic substances () and HQ-modified humic
substances (b)

For lincomycin compositions in the absence of
silver NPs, the MIC was > 200 pg / ml, whereas the
presence of AgNPs in AgNP — CHP (40 pg / ml)
and AgNP — CHP — HQ (20 pug / ml) compositions
resulted in a drop in the MIC value down to 0.1 pg/ ml
(Fig. 2). The obtained data indicate significant
suppression of bacterial growth compared to the use
of the AgNP — HS — lincomycin composition.

DISCUSSION

The mechanism of lincomycin action is associated
with the suppression of protein biosynthesis by

binding to A-site in the 23S rRNA of the 50S
subunit and, consequently, preventing the binding
of tRNA and disrupting the translation process
[26]. The mechanism of antibiotic resistance to
lincomycin was described in detail in [27] and can
be associated with inactivation of the antibiotic by
enzymes [28], mutations in the MFS efflux pump
[29], modification of the 23S rRNA binding site
by methyltransferases [30] or mutation in the 50S
ribosomal subunit. Although the mechanism of
action of antibiotic compositions with AgNPs is
not precisely known, it was shown that the use of
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AgNPs could be of particular interest in the fight
against such antibiotic-resistant microorganisms as
MRSA [31, 32].

MRSA F-182 is a classical gram-positive bacterium
used in numerous studies on a variety of antibacterial
compositions [33]. The genome of this strain contains
the NorB and ErmY genes, which are responsible for
modification of the MFS efflux pump and methylation
of the lincomycin binding site (23S rRNA),
respectively. The above considerations allowed us
to suggest that the combination of lincomycin with
AgNP and HS made it possible to overcome the
MLSB resistance to lincosamides, which is typical
of this strain. The found MIC value for lincomycin

among MRSA ATCC 43300 isolates was less than
0.1 pg / ml in the presence of 40 ug / ml of CHP
and 20 ug / ml of CHP — HQ, respectively, while in
the absence of AgNP — HS, the MIC for lincomycin
exceeded 200 pg / ml.

The obtained MIC values for AgNPs obtained in
this study in the presence of lincomycin and HS were
shown in Table 2 and were 0.022 and 0.015 pug / ml for
AgNP — CHP and AgNP — CHP — HQ compositions,
respectively. Comparison of these values with those
reported in the literature indicated higher activity of
the obtained compositions compared to values for
both engineered AgNPs and bio-AgNPs synthesized
by various microorganisms (Table 2).

Table 2
Comparison of the MIC values for lincomycin and AgNPs with respect to MRSA found in this study and in the literature
) MIC
Antibacterial agent NP size, Microorganism Reference
nm Lincomycin, | AgNP, HS,
pg / ml pg/ml | pg/ml
Lincomycin - MRSA ATCC 43300 >200 - - This study
Humate + lincomycin - MRSA ATCC 43300 >200 - >1,500 | This study
Humate + AgNP + lincomycin 6.0 MRSA ATCC 43300 <0.1 0.022 40 This study
Humate — HQ + AgNP + lincomycin 6.0 MRSA ATCC 43300 <0.1 0.015 60 This study
Lignin + AgNP 200 | Moltidrug resistant - 10 - [34]
S. aureus

Dendrimer-encapsulated AgNP 33 S. aureus USA 300 - 128 - [34]
Polystyrene sulfonate particles, with incorporated AgNP 5.0 S. au;e;l;sllgTCC - 1.14 - [34]
AgNP synthesmed using the extract of Dracocephalum 190 MRSA ATCC 43300 3 156 3 [34]
kotschyi
AgNI.’Vsynthesmed using the extract of Artemisia haussk- 107 MRSA ATCC 43300 _ 100 a [34]
nechtii
AgNP synthesized using marine Streptomyces sp. 13.5 MRSA ATCC 43300 - 0.039 - [34]
AgNP immobilized on copolymer 25.0 | MRSA ATCC 43300 - 0.54 - [34]

The discovered synergistic effects of AgNPs with
regard to lincomycin support viability of the idea of
applying silver NPs [35] and their compositions [36]
on clinical isolates that pose a significant danger
to human life. Moreover, they show a significant
advantage of the proposed approach to overcoming
antibiotic resistance of gram-positive bacteria through
the use of ternary compositions of humic substances
with nanoparticles and antibiotics. Although similar
results were achieved for antibiotic compositions
with silver NPs [37] and nanoparticles of other metals
[38], the results presented in this study are new
and of particular importance for improving safety

profile of compositions based on nanosilver due to
biogenic properties of HS [24]. Moreover, successful
restoration of susceptibility to antibiotics using a novel
composition of lincomycin with AgNPs and HS is a
significant breakthrough in the fight against antibiotic
resistance.

CONCLUSION

The study for the first time demonstrated the
synergistic effect of restoring MRSA susceptibility
to lincomycin in the presence of silver NPs stabilized
with humic substances. Modification of coal humate
with hydroquinone slightly enhanced the observed
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synergistic effect. We suggested that the synergistic
effect of lincomycin and nanosilver stabilized with
humic substances could be explained by formation of
weak surface complexes between humic substances
and lincomycin, which dissociate and release
the antibiotic after silver nanoparticles enter the
cell. This opens new avenues in the fight against
antibiotic resistance. The synthesized compositions
of lincomycin with AgNPs stabilized with coal
humates could be considered as candidates for further
preclinical and clinical trials with the aim of their
rapid implementation into clinical practice.
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Results of UGT1A1 gene sequencing in individuals with the Gilbert
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ABSTRACT

Aim. To evaluate the effectiveness of automated Sanger sequencing of the UGT1A1 gene to search for pathogenic
mutations in individuals with the Gilbert syndrome phenotype.

Materials and methods. Automated Sanger sequencing of exons and part of the promoter in the UGT1A1 gene
was carried out for 24 people with unconjugated hyperbilirubinemia, in whom all other causes except for genetic
ones were excluded and DNA analysis was performed to determine the number of TA repeats in the promoter of
the UGTIAI gene (rs3064744). Distribution of rs3064744 genotypes in the group was the following: 5 people —
TTA/TTA genotype, 5 people — 6TA/6TA genotype, 12 people — 6TA/7TA genotype, 1 person — STA/7TA
genotype, 1 person — 6TA/8TA genotype. DNA was isolated using phenol — chloroform extraction or express
methods. The sequencing was performed by capillary electrophoresis on the Hitachi 3500 Genetic Analyzer
(Applied Biosystems, USA).

Results. Single nucleotide variants of uncertain significance were identified: rs3755319 (in 21 people) and
1528899472 (in three people with the 7TA/7TA genotype of rs3064744) in the promoter of the UGTIAI gene,
152125984650 in the first exon of the UGT1A1 gene (in one person with the STA/7TA genotype of rs3064744). In
two individuals with the 6TA/7TA genotype of rs3064744, gene variants were identified that were pathogenic or
likely pathogenic for the Gilbert syndrome according to some sources (rs4148323, rs1273237448).

Conclusion. According to the results of the study, automated Sanger sequencing of the UGT1A! gene may be the
next stage of DNA analysis after determining the rs3064744 genotype for individuals with 6TA/6TA, 6TA/7TA
1$3064744 genotypes and suspected Gilbert syndrome.

Keywords: Gilbert syndrome, UGT1A41 gene, unconjugated hyperbilirubinemia, Sanger sequencing
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Pe3ynbTaTtbl ceKkBeHnpoBaHuA reHa UGTTA1 y nuy ¢ deHoTMNOM
cnHppoma XKunbbepa

MNBaHoBa A.A.", AnapueBa H.E."', KawunpuHna A.l.", Hemuosa E.Il'.2, UBaHoBa l0.B.",
KpyunHuna M.B.’, Kypunosuu C.A.’, Makcumos B.H.'

! Hayuno-ucciedosamenvbckuti uncmumym mepanuu u npoguiaxmuyeckou meouyunsl — unuan QedepanbHozo
uccnedosamenvbckoeo yenmpa «Mucmumym yumonoeuu u cenemuruy Cubupckoeo omoenenusi Poccutickoii akademuu
nayx (HUUTIIM — ¢unuan ULJul” CO PAH)

Poccus, 630089, e. Hosocubupck, yn. b. bocamkosa, 175/1

2 Cegepo-3anaonuiii 2ocyoapcmeenivlii meouyunckuil ynusepcumem (C3IMY) um. H.U. Meunuxosa
Poccus, 191015, 2. Canxm-Ilemep6ype, yn. Kupounas, 41

PE3IOME

Hean. Onenka 3 HeKTHBHOCTH MPSIMOTO aBTOMATHYECKOTO cekBeHUupoBanusi reHa UGTIA1 mis moucka MyTanui
y HanueHToB ¢ GeHoTunom cunapoma XKuanoepa.

Matepunainbl 1 MeToAbl. [IpoBeeHO NMpsIMOE aBTOMAaTHYECKOE CEKBEHHpOBaHHE 10 CoHrepy 3K30HOB U 4aCTH
npomotopa reHa UGTIA1 st 24 denoBex ¢ HeNpsMOii TUIepOrmpyOrHeMueH, y KOTOPBIX OBLTH HCKITIOYEHEI BCe
JIpyTue ee MpUYKHBI, KpOMe reHeTHYecKuX, U caenan JIHK-ananus Ha onpenenenue xonudectsa TA-oBTOpoB B
npomotope reHa UGTIAI (rs3064744). Pactipenencaue reHoTUnoB rs3064744 B rpymme: Tk YEIOBEK — T'€HO-
tunt 7TA/7TA, nare uenoBek — reroturn 6TA/6TA, 12 yenoBek — renotun 6TA/7TA, oauH 4eTOBEK — FeHOTHIT
5TA/7TA, onun uenosek — renorurt 6TA/8TA. IHK Brienena MeToioM (eHOIXI0pohOPMHOIT IKCTPAKIMY W
sKcrpecc-MeTonamMy. CeKBeHNPOBAaHHE BEIIIOIHEHO METOIOM KallMLIIPHOTO eKTpodopesa Ha ammapare Hitachi
3500 Genetic Analyzer (Applied Biosystems, CILIA).

Pe3yabrarsl. VneHTHOUIMPOBAHBI OJJHOHYKJICOTHIHBIC BAPUAHTHI HEONPEIEICHHON KIMHUYECKOH 3HAYMMOCTH
1s3755319 (y 21 genoseka) u 1528899472 (y Tpex uenosek ¢ reHotunioM 7TA/7TA rs3064744) B mpomoTope reHa
UGTIA1, 152125984650 B 1-M ax30He reHa UGTIAI (y omnoro uenoBeka ¢ reHoTHIIOM STA/7TA 1s3064744).
VY nByx mun ¢ renotuniamMu 6 TA/7TA rs3064744 BeIABICHB BAPUAHTHI Te€HA, KOTOPBIE SBIISIOTCS HATOTCHHBIMU U BE-
POSATHO MAaTOT€HHBIMH JUTA cuHApoMa JKup0epa 1Mo JaHHBIM HEKOTOPBIX UCTOUHHUKOB (154148323, rs1273237448).

3akmouyenue. [Ipsmoe aBTomarnyeckoe cexseHupoBanue 1o Canrepy reHa UGTIAI MoxeT OBbITh ClEIyOLINM
sraniom JIHK-ananusa mocne ompenenenus: reHotuna rs3064744 mns nun ¢ reHorunamu 6TA/6TA, 6TA/TTA
rs3064744 u nogo3penuem Ha cunapoM JKuis0epa.

Kirouessle ciioBa: cuaapom XKunsoepa, ren UGT1A 1, HEKOHBIOTHPOBaHHAS THIIEPOHINPYOHMHEMHS, CEKBEHHPO-
BaHue 1o CrHrepy

KOHQ).]'IP[KT HHTEPECOB. ABTOpLI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIBHBIX KOHq;)III/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6HI/IKaHI/ICﬁ HaCTOi[IHeﬁ CTaTbHU.

Hcrounuk ¢punancupoBanus. VccienoBanue BRIIONHEHO 32 c4yeT rpaHTa Poccuiickoro Hayunoro ¢onma Ne 23-
25-00062.

CooTBeTcTBHE MPUHIUINAM 3THKH. Bce manuenTsl noamucany 100poBoibHOe HHPOPMUPOBAHHOE COTIacHe Ha
MOJICKYJISIpHO-TeHeTHYeCKuil aHanu3. VcciaenoBanue 000pEeHO JIOKadbHO-3THYeCKUM Komutetom HUUTIIM —
¢dunmana ULul"' CO PAH (nportokoin Ne 4 ot 14.02.2023).

Jns uutupoBanus: VsanoBa A.A., Anmapuesa H.E., Kammpuna A.Il., Hemmosa E.I'., MBanoBa 10.B., Kpyun-
nuna M.B., Kypunosuu C.A., MakcumoB B.H. Pesynbrarsr cekBenuposanust rena UGT1A1 y nun ¢ peHOTUTIOM
curnpoma XKunsdepa. brorremens cubupcroil meduyunwl. 2024;23(2):65-73. https://doi.org/10.20538/1682-0363-
2024-2-65-73.
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INTRODUCTION

According to our study, in almost 35% of
individuals with the Gilbert syndrome (GS) phenotype
and excluded known causes of unconjugated
hyperbilirubinemia, except for genetic ones, it is not
possible to find a common variant rs3064744 of the
UGTI1A]I gene (the number of TA repeats in the gene
promoter) in the 7TA/7TA homozygous state, which
would explain the cause of hyperbilirubinemia in
these patients [1]. For individuals with 6TA/6TA and
6TA/7TTA genotypes of 1s3064744, with unconjugated
hyperbilirubinemia and suspected GS, the next stage of
molecular genetic diagnosis may be automated Sanger
sequencing of the UGTIAI gene to search for gene
variants that may be the cause of the GS development.

The aim of this work was to evaluate the
effectiveness of automated Sanger sequencing of the
UGTIA]I gene to search for pathogenic mutations in
individuals with the GS phenotype.

MATERIALS AND METHODS

Automated Sanger sequencing of exons and part
of the promoter in the UGT1A41 gene was carried out
for 24 people with unconjugated hyperbilirubinemia,
in whom all other causes except for genetic ones were
excluded. The patients were examined and referred to

DNA analysis by highly qualified gastroenterologists
from 2012 to 2023. Distribution of rs3064744
genotypes in the group was the following: 5 people had
TTA/TTA genotype (the number of TA repeats in the
promoter), 5 people — 6TA/6TA genotype, 12 people —
6TA/TTA genotype, 1 person — a rare STA/7TA
genotype, 1 person — a rare 6TA/8TA genotype. The
characteristics of the patients are presented in Table 1.
The concentrations of total and unconjugated bilirubin
shown in the table are random — they were recorded at
the doctor’s visit and could be higher during patient
lifetime.

DNA wasisolated by phenol—chloroformextraction
or a rapid DNA extraction method (PREP-RAPID
GENETICS, DNA Technology LLC, Moscow).
The polymerase chain reaction (PCR) conditions are
described in Table 2. The PCR temperature regime
included 1 preheating cycle at 95 °C for 5 minutes and
1 final cycle at 72 °C for 7 minutes. To amplify the
required DNA region, primers designed by us were
used along with primers described by N. Abdellaoui
et al. and E. Costa et al. [2, 3]. To amplify exon 1 in
carriers of the heterozygous genotype of rs3064744
(6TA/TTA, STA/TTA, 6TA/8TA), primers were used
that excluded the zone of rs3064744 to improve the
quality of reading during automated sequencing.

Table 1
Patients included in the study
Age Genotype Total | Unconjugated Sequencing results
No. Sex ’ of bilirubin, |  bilirubin, rs28899472 | rs3755319 | rs2125984650 | rs1273237448 | rs4148323
years
rs3064744 | umol/l umol/l genotype genotype genotype genotype genotype
394 male 32 TTA/TTA 56.4 47.0 CT CC AA CC GG
386 female | 50 TTA/TTA 48.0 42.0 CT CC AA CC GG
301 male 57 TTA/TTA 34.9 32.6 CT CC AA CC GG
405 male 18 TTA/TTA 54.8 46.4 CC CC AA CcC GG
533 female | 38 TTA/TTA 68.2 58.2 CC CC AA CC GG
240 female | 61 6TA/8TA 51.0 46.2 CC CC AA CcC GG
56 female | 22 STA/TTA 170.0 155.8 CC CC AT CC GG
404 male 18 6TA/TTA 55.4 47.8 CC AC AA CC GG
447 male 76 6TA/TTA 36.7 29.5 CC AC AA CG GA
12 male 18 6TA/TTA 58.0 53.4 CC AC AA CC GG
442 male 21 6TA/TTA 46.4 37.8 CC AC AA CcC GG
475 male 38 6TA/TTA 41.7 27.2 CC AC AA CC GG
498 male 38 6TA/TTA 35.0 20.3 CC AC AA CC GG
495 male 17 6TA/TTA 32.0 26.0 CC AC AA CC GG
523 male 9 6TA/TTA 23.0 17.0 CC AC AA CC GG
535 female 17 6TA/TTA 25.2 21.2 CC CC AA CC GG
558 male 18 6TA/TTA 33.5 22.8 CC CC AA CC GA
587 male 15 6TA/TTA 36.3 33.1 CC AC AA CC GG
43 male 52 6TA/TTA 60.7 49.5 CC AC AA CC GG
11 male 56 6TA/6TA 54.2 45.5 CC AC AA CcC GG
9 female 54 6TA/6TA 50.0 30.0 CC AA AA CC GG
206 male 40 6TA/6TA 40.2 28.6 CC AA AA CC GG
224 female | 46 6TA/6TA 29.0 24.0 CC AC AA CC GG
104 male 28 6TA/6TA 33.7 29.6 CC AA AA CC GG
BlonneteHb cMbupckon meguumHbl. 2024; 23 (2): 65-73 67
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Table 2
Polymerase chain reaction conditions, n = 33
Temperature Product
Gene region Primer sequence pet? PCR mixture length
Duration
(bps)
, s 95°C 30 sec, . . .
Promoter D: 5’-ctctaagcacatccccaagta-3 54°C 30 sec 10 pl BioMaster LR HS-PCR-Color reaction mixture (2x) 525
R: 5’-taagcaagtttccatccttca-3’ [3] 72°C 30 sec, (BIOLABMIX LLC, Novosibirsk), 0.4 mM each primer
95°C 30 sec 75 mM Tris-HCI (pH 9.0), 20 mM (NH,), SO,, Tween-20
1-1_D: 5’-gaacctctggcaggagcaa-3’ 62°C 30 sec, 0.01%, 2.5 mM MgCl,, 0.4 mM each primer, 0.3 mM 461
Exon 1 1_1 R:5’-aaagctgctttctgecag-3’ . > | ANTP mixture, 2 pg DNA, 1 unit of Taq-DNA polymerase
- 72 °C 30 sec . o
(heterozygous (SibEnzyme, Novosibirsk)
for rs3064744 °
orrs ) 1 2 D: 5’-acttactgcacaacaagga-3’ 22 g gg :Zz’ 10 pl BioMaster LR HS-PCR-Color reaction mixture (2x) 551
1_2 R:5’-ggctagttaatcgatcca-3’ 72°C 30 sec; (BIOLABMIX LLC, Novosibirsk), 0.6 mM each primer
1 1 D: 5 -aactieatotatcoatios-3" 95 °C 30 sec, 110 pl BioMaster LR HS-PCR-Color reaction mixture
— 0> -aactigglgtategalige->. 50°C 30 sec, | (2x) (BIOLABMIX LLC, Novosibirsk), 0.24 mM each | 516
Exon 1 1 1 R: 5’-aaagctgctttctgecag-3 o .
72 °C 30 sec primer
(homozygous 95°C 30
forrs3064744) | 1 2 D: 5’-acttactgcacaacaagga-3’ 56°C 30 z:z’ 10 pl BioMaster LR HS-PCR-Color reaction mixture (2¥) |
1 2 R:5’-ggctagttaatcgatcca-3’ 72°C 30 sec, (BIOLABMIX LLC, Novosibirsk), 0.6 mM each primer
, s 95°C 30 sec, . . .
Exon 2 D: 5’-tgtaagcaggaacccttectee-3 60 °C 30 see 10 pl BioMaster LR HS-PCR-Color reaction mixture (2x) 409
R: 5’-gaagctggaagtctgggattag-3’ [2] 72 °C 30 sec, (BIOLABMIX LLC, Novosibirsk), 0.4 mM each primer
R R 95 °C 30 sec, . . .
Exon 3 D: 5’-cctcccactetgttaaagactgttc-3 60 °C 30 sec 10 ul BioMaster LR HS-PCR-Color reaction mixture (2x) 402
R: 5’-agtgttactcacatgcecttge-3°[2] 72°C 30 sec, (BIOLABMIX LLC, Novosibirsk), 0.4 mM each primer
, s 95 °C 30 sec, . . .
Exon 4 D: 5’-tgcaagggcatgtgagtaacac-3 44°C 30 sec 10 pl BioMaster LR HS-PCR-Color reaction mixture (2x) 434
R: 5’-ttgaaacaacgctattaaatgctacg-3’ [2] 72°C 30 sec’ (BIOLABMIX LLC, Novosibirsk), 0.4 mM each primer
, , 95 °C 30 sec, . . .
Exon 5 D: 5’-gagaggattgttcataccacagg-3 60 °C 30 sec 10 pl BioMaster LR HS-PCR-Color reaction mixture (2x) 429
R: 5’-cactgattctgttttcaagtttgg-3’ [2] 72°C 30 sec’ (BIOLABMIX LLC, Novosibirsk), 0.8 mM each primer

Note. The number of cycles — n, base pair — bp.

The obtained amplification products were purified

from salts, non-activated primers, and deoxynucleotide
triphosphates using a CleanMag DNA suspension
(Eurogen, Moscow). The samples were sequenced by
capillary electrophoresis using the BigDye® Terminator
v3.1 (Applied Biosystems, USA) and BrilliantDye™
Terminator (v3.1) Cycle Sequencing Kit (NimaGen,
Netherlands) on the Hitachi 3500 Genetic Analyzer
(Applied Biosystems, USA) using the POP-7 separation
matrix. The sequencing results were analyzed using the
SeqScape v.2.7 and Sequence Scanner software.

RESULTS AND DISCUSSION

The results of automated Sanger sequencing are
shown in Table 1. A common single nucleotide variant
rs3755319 was found in 21 people in a heterozygous
or homozygous state (Fig. 1, 2). The rs3755319 variant
(g.234667582A>C) is localized in the promoter of the
UGTIAI gene and is common among the population
[4]. According to gomAD data, the frequency of the

rare C allele for Europeans is about 0.43. According to
ClinVar, the variant is pathogenic for transient familial
neonatal hyperbilirubinemia. However, in a study
performed in Korea, its effect on the level of gene
expression was not found (when evaluated as part of
haplotypes): the haplotypes rs3755319C-rs2003569A-
rs887829C-rs3064744(TA)6  and  rs3755319A-
rs2003569G-rs887829C-rs3064744(TA)7 were
associated with lower gene expression compared to
the haplotype rs3755319C-rs2003569G-rs887829T-
rs3064744(TA)6 [5]. Studies on rs3755319 are found,
devoted to its effect on the pharmacokinetics of
moxifloxacin and irinotecan [6, 7]. The genetic variant
was associated with the level of total bilirubin and
cholelithiasis in patients with sickle cell anemia [8]. In
order to make an unambiguous conclusion about the
association of the variant with GS, additional research
is required.

In 3 people with 7TA/7TA rs3064744 genotype
(patients No. 301, 386, and 394), a common single
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nucleotide variant rs28899472 in a heterozygous
state was identified (Fig. 3). The single nucleotide
variant rs28899472 (g.234667809C>T) is localized
in the promoter of the UGTIAI gene [9]. According
to gnomAD data, the frequency of the rare allele for

Europeans is about 0.03. The variant is not described
in ClinVar, and no scientific articles have been found
devoted to it. According to the in silico predictive
analysis, the variant is classified as benign or neutral
(PolyPhen-2, PhD-SNP, SNPs&GO).
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Fig. 1. Sequence of the sample
(rs3755319 in a heterozygous state)

—
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Fig. 2. Sequence of the sample
(rs3755319 in a homozygous state)

The rs28899472 variant was searched for in the next
of kin of patients No. 386 and 394. All the relatives of
the patients included in the study did not show clinical
symptoms of hyperbilirubinemia and never had an
increase in the level of bilirubin and its fractions,
according to the results of blood biochemistry. Both
sons of patient No. 386 (a 50-year-old woman; the
maximum concentration of bilirubin was recorded
during pregnancy; during life, fluctuations in bilirubin
levels from normal to elevated figures were observed)
were heterozygous carriers of the rs3064744 variant
(6TA/7TTA). In one of the sons (28 years old), the
rs28899472 variant in a heterozygous state was iden-
tified; the second son (24 years old) was not a carrier of

BlonneteHb cubmpckon MeauymHbl. 2024; 23 (2): 65-73

the rare allele of rs28899472. The father of patient No.
394 (a 32-year-old man with newly diagnosed unco-
njugated hyperbilirubinemia during treatment of diffu-
se toxic goiter with thyrostatics) was also a hetero-
zygous carrier of the rs3064744 variant (6TA/7TA)
and was not a carrier of the rare allele of rs28899472.
Therefore, the rs28899472 variant was identified
in a heterozygous state in a person without
hyperbilirubinemia, a carrier of the 6TA/7TA genotype
of 1s3064744. Consequently, it is currently impossible
to consider the variant as pathogenic in relation to
GS; case-control studies are required to determine the
frequency of the variant in the group of people with
hyperbilirubinemia and in the control group.
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In patient No. 56 (rare genotype S5TA/7TA
rs3064744, female, 22 years old, without a history of
liver and gallbladder diseases), a rare single nucleotide
variant rs2125984650 was identified in a heterozygous
state (Fig. 4). The rs2125984650 variant in exon 1 of
the UGT1A41 gene (c.188A>T) is a missense variant
leading to the replacement of the aspartic amino acid
with valine p.Asp63Val in position 63 of amino acid
sequence [10]. The variant is not described in ClinVar.
There are no data on the frequency of the variant in
gnomAD. No scientific articles have been found
devoted to the rs2125984650 variant. According
to the in silico predictive analysis, the variant is
classified as benign or neutral (PolyPhen-2, PhD-

SNP, SNPs&GO). Thus, the rs2125984650 variant
in the UGTIAI gene can be currently regarded as a
variant of uncertain significance.

In patient No. 447, (genotype 6TA/7TA rs3064744,
male, 76 years old, hyperbilirubinemia was detected
accidentally at the age of 76, Tatar, history of gallstone
disease, ultrasound examination revealed cysts in
the left lobe of the liver), we identified a rare single
nucleotide variant rs1273237448 in a heterozygous
state (Fig. 5). The rs1273237448 variant localized in
exon 1 of the UGTIAI gene (c.182C>Q) is a missense
variant leading to the replacement of alanine with
glycine p.Ala61Gly in position 61 of amino acid
sequence [11].
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According to ClinVar, the variant is likely
pathogenic for GS [12]. The frequency of the rare allele,
according to gnomAD, is very low — about 0.000009;
no homozygotes were recorded. No scientific articles
have been found that mention the rs1273237448
variant. Following the in silico predictive analysis, the

Fig. 4. Sequence of sample No. 56
(rs2125984650 in a heterozygous
state)

variant is classified as benign or neutral (PolyPhen-2,
PhD-SNP, SNPs&GO). Currently rs1273237448 can
be regarded as a variant of uncertain significance;
however, it may be related to the patient’s phenotype.

Patient No. 558 (genotype 6TA/7TA rs3064744,
male, 18 years old, without a history of liver and

70 Bulletin of Siberian Medicine. 2024; 23 (2): 65-73



Original articles

gallbladder diseases) was a carrier of the rare variant
rs4148323 (UGT1A1%*6) in a heterozygous state (Fig.
6). The rs4148323 variant is localized in exon 1 of
the UGTIAI gene (c.211G>A, p.Gly71Arg) [13]. The
frequency of the rare allele, according to gnomAD,
is low —about 0.002. The variant is most common
in Asian countries (the frequency of the rare variant
is about 0.15). The rs4148323 variant (UGTI1AI%*6)
in the homozygous state was associated with the
development of GS, neonatal hyperbilirubinemia,
and a 70% decrease in the activity of the UDP-
glucuronosyltransferase 1A1 enzyme compared to the
wild type [14, 15].

Previously, we conducted a search for the variant
in a group of people with GS (125 people). Patients
No. 447 and 558 were not included in the group. In
two individuals with GS in this group, the rs4148323

variant was also identified in a heterozygous state.
Except for the rs4148323 variant, patients were
heterozygous for rs3064744 (genotype 6TA/7TA) [1].
The main studies on rs4148323 were conducted in
Asian countries (India, China). They showed that both
homozygous carriers of rs4148323 and compound
heterozygotes for rs4148323 and rs3064744 were
found in GS, which was observed in patients No. 447
and 558 [16, 17].

Therefore, patient No. 447 was a heterozygous
carrier of four variants: rs3064744 (a common variant
in GS), rs1273237448 (arare variant, likely pathogenic
for GS, according to ClinVar data), and rs4148323
(a known variant for GS in Asian countries), which
may explain unconjugated hyperbilirubinemia, and
rs3755319 which is common in the population and the
clinical significance of which is currently uncertain.
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Fig. 5. Sequence of sample No. 447
(rs1273237448 in a heterozygous state)

Fig. 6. Sequence of sample No. 447
(rs4148323 in a heterozygous state)

CONCLUSION

According to the results of the study, automated
Sanger sequencing of the UGTIA41 gene may be the
next stage of DNA analysis after determining the
rs3064744 genotype for individuals with genotypes
6TA/6TA and 6TA/7TA rs3064744 and suspected GS.

A common single nucleotide variantrs3755319 was
identified in the gene promoter, whose significance in
relation to unconjugated hyperbilirubinemia will have
to be evaluated in future scientific studies. In three
individuals with confirmed GS (7TA/7TA rs3064744),
we identified the rs28899472 variant, the role of which
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in the development of the GS phenotype is not yet clear
and requires further study. A single nucleotide variant
of uncertain significance rs2125984650 was identified
in a patient with a rare genotype STA/7TA rs3064744.
In two individuals with genotypes 6TA/7TA
rs3064744, gene variants that were pathogenic and
likely pathogenic for GS (according to some authors)
were revealed (rs4148323, rs1273237448).
Therefore, none of the six people with
unconjugated hyperbilirubinemia and 6TA/6TA
rs3064744 genotype had any pathogenic variants
for GS in the UGTIAI gene. Among twelve people
with unconjugated hyperbilirubinemia and 6TA/7TA
rs3064744 genotype, two had variants explaining
their condition. Consequently, automated Sanger
sequencing of the UGTIAI gene revealed causal
variants of the gene only in 11% of people (2 out of
18 people with 6TA/6TA and 6TA/7TA rs3064744
genotypes). The results obtained may indicate either
the presence of variants of other genes that are
associated with GS or an insufficient examination
of patients with 6TA/6TA and 6TA/7TA 153064744
genotypes and a false clinical diagnosis of GS.
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External validation of a multivariate model for predicting the risk of death
in patients with chronic heart failure and an implantable cardioverter -
defibrillator
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ABSTRACT

Aim. To perform external validation of a multivariate model for predicting the risk of death in patients with an
implantable cardioverter — defibrillator (ICD) in an independent sample.

Materials and methods. The group for model development included 260 patients from the Implantable Cardiover-
ter — Defibrillator Patient Registry who had an ICD implanted between 2015 and 2019. External validation of the
model was carried out in an independent, prospective, observational cohort study of patients from the same registry,
in whom an ICD was implanted between 2020 and 2021, a total of 94 patients, median age 66 (52;73) years, 73
(77.6%) men, 21 (22.4%) women. In 89 (94.7%) patients, an ICD was implanted for primary prevention of sudden
cardiac death. Following a telephone survey and examination of medical records from hospital and clinic databases,
data on the vital status (alive / dead) and causes of death were obtained during a 2.5-year follow-up. The actual and
predicted mortality from the estimated multivariate model were compared.

Results. During the follow-up, a total of 26 (27.7%) patients died in the external validation group, which was
comparable to the development group (p > 0.05). In the group of deceased, 15 (57.7%) people developed acute
decompensated heart failure, 4 (14.8%) had myocardial infarction, 6 (23.1%) had pneumonia caused by a new
coronavirus infection, and one (3.8%) patient died due to an infectious complication.

The diagnostic accuracy of the multivariate model for predicting the risk of death in patients with ICD in an
independent sample was sufficient (the area under the curve (AUC) of the created model was 0.8). The sensitivity
of the model was 76.2%, specificity — 76.1%. Previously, in the development cohort, AUC of the created model
was 0.8, the sensitivity of the model was 75.7%, and the specificity was 80%. Model significance did not differ
significantly between the development and external validation groups (p = 0.102, McNeil test).

Conclusion. The multivariate prediction model has sufficient statistical power to predict the risk of long-term death
after ICD implantation, which was externally validated.

Keywords: implantable cardioverter — defibrillator, heart failure, prognostic model, death, validation
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BHewHAA Baangauna MHOorogpakTtopHoO mogenm nporHosnpoBaHns
pycKa cMmepTH Yy NaLMeHTOB C XPOHNYECKOW cepieyHOoN He,oCTaTOYHOCTbIO

M UMMIAaHTUPOBAHHbIM KapAanoBepTepomMm-gepnépunnaTopom

JNle6epeBa H.b.', Map¢enos I.I'.}, Erne A.IN.', UBaHoB B.1.%, TanuHues 10.B.%,
KawTanan B.B.", bap6apaw O.J1."

! Hayuno-uccaedosamensCkull UHCIMumym KOMRIICKCHbIX npobiem cepoedno-cocyoucmoix 3abonesanuii (HUH KTICC3)

Poccus, 650002, 2. Kemeposo, Cocrossiii Oynveap, 6

2 Kemeposckuii 2ocyoapemeeniviil meouyunckuil ynusepcumem (Keml MY)
Poccus, 650056, 2. Kemeposo, yn. Bopowunosa, 22a

PE3IOME

Hens. Bremnsa Banuganuss MHOro(aKTOPHOKH MOJIENTH MPOTHO3UPOBAHHS PHCKA CMEPTH Y TAIIMEHTOB C UMILIAH-

TUPOBAHHBIM KapanosepTepoM-aedudpmmmaropom (MK/) Ha He3aBUCHMOI BEIOOPKE.

MarepuaJjbl 1 MeToabl. ['pymnma pa3padotku Moaenn Oblia npencrasieHa 260 nanuenramu u3 Kysbacckoro pe-
THCTPa MALMEHTOB C MMIUIAHTHPOBAHHBIM KapHOBEpTepOM-AehuoprusiTopoM, kotopbivm MK/ Obu1 UMILIAHTH-
poBas B niepuoj ¢ 2015 no 2019 r. BuewHss Banuganus MOAEIH MPOBEICHA B KOTOPTE HE3aBUCUMOIO MPOCIIEK-
TUBHOT'O HaOJIIO/ICHNUS IALMEHTOB M3 3TOro e peructpa, koropbim MKJ{ 6sut nmmiantuposan B nepuox ¢ 2020
no 2021 r., Bcero 94 nanuenra, Mmeauana Bospacra 66 (52;73) ner, 73 (77,6%) myxuun, 21 (22,4%) xeHiuHa.
VY 89 (94,7%) naumentos UK/l 6bu1 MMIUIAaHTHPOBAH C LEJbIO IEPBUYHON NPOPHUIAKTUKY BHE3AITHOU CepACYHON
cmepru. [lyrem TenedoHHOro ornpoca, M3y4eHUs] MEANLIMHCKON JOKYMEHTAlMK 0a3 JaHHBIX CTAIlMOHAPOB U I10-
JIMKJIMHHUK ObUIM MOJTy4YEeHBI JAHHBIC O CTATYCE «OKHB/yMep» U O IPUYMHAX CMEPTH B TeUEHHE 2,5 JIeT HaOIIIoieH L.

CpaBHuBas1ach (hakTHUECKas U MPOTHO3UPYEMas IO OLCHUBACMO# MHOTO(AKTOPHON MOJIEINA CMEPTHOCTb.

Pe3yabTaTtsl. 3a epros HAOIIOASHNS B IPYIIIe BHEIIHEH BaTUAAIIMN Beero ymepin 26 (27,7 %) manueHToB, 4To
OBIIIO COMIOCTABMMO ¢ TPyMIIOH pa3paboTk (p > 0,05). B rpynne ymepmmx y 15 (57,7%) pazBunack octpast 1eKOM-
HeHCaIys CepAeIHON HeocTaTouHoCTH, ¥ 4 (14,8 %) ycranosieH nHpapKkT Muokapaa, y 6 (23,1%) — maeBMoHMs,
BBI3BaHHAsI HOBOM KOpOHaBHpYycHOH nHpeknmel, 1 (3,8%) manuent ymep u3-3a HHQEKIHOHHOTO OCIOKHEHHSI.

Jlmaraoctudeckasi TOYHOCTh MHOTO()AKTOPHOM MOJIENTH MPOTHO3UPOBAHMS pUcka cMepTH y nmanuentos ¢ MK/ Ha
HEe3aBHCUMOH BBIOOpKe ObuTa mocratouHoi (mwromans nog ROC-kpusoit (AUC) cozgaHHON MOAETH COCTaBHia
0,8). UyBCTBUTENILHOCTh MOZIENH cOCcTaBmIa 76,2%, crienuduanocts — 76,1%. Panee Ha Koropte pa3paboTKH miIo-
manaps nox ROC-kpusoii (AUC) co3panHoit Mogenu coctaBuia 0,8; 9yBCTBUTEIBHOCTE Moaenu — 75,7%; cnenu-
¢uarocTh — 80%. 3HAIMMOCTH MOZEINH B IPYIIAX Pa3pabOTKH U BHEIIHEH BaIWIAINN CYIIECTBEHHO HE OTJIMYA-

nack (p = 0,102, Tect McNeil).

3akuoyenue. MHOroakTopHas MOJIeIIb IPOrHO3UPOBaHUS 00J1a/1aeT JOCTATOYHON CTATUCTHYECKOH MOLITHOCTBIO
JUIsL TIPOTHO3UPOBAHMS PUCKA CMEPTH B OTHAICHHOM nepuoze nocie uMmantauuu VIKJI, 4to moaTBepxaeHo

BHEITHEW BaMaaIuen.

KirodeBble cjl0Ba: NMILTAaHTHPYEMBIN KapANOBEPTEP-AePUOPHIIIATOP, CepAeUHas HEJOCTATOUHOCTh, ITIPOTHOCTH-

gecKas MOA€CIb, CMEPTH, BaJluJallnusA

KOHq).]Il/lKT HHTEPECOB. ABTOpLI JACKIapUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq)III/IKTOB HUHTEPECOB,

CBA3aHHBIX C Hy6J’IPIKaHPIeI71 Hacrosnueﬁ CTaTbHU.

Hcrounuk ¢punancupoBanusi. Pabora BeimonHeHa B pamkax ¢yHaamentansHOi Temsl HUW KIICC3 «Paspa-
60TKa MHHOBALMOHHBIX MOJEJeil YIPaBICHUS PUCKOM pa3BUTHs OOJNE3HEH CHCTEMbl KPOBOOOpAICHHS C yde-
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TOM KOMOp6I/I)1HOCTI/I Ha OCHOBC HU3YUYCHUS d)yHﬂaMeHTaIlele, KIIMHUYCCKHX, SITUACMHOJIOTUYCCKUX MCXaHU3-
MOB M OpraHHU3allMOHHBIX TEXHOJIOT M Me}ll/I]_II/IHCKOI\/'I TMIOMOIIH B YyCJIOBUAX IPOMBIIIJICHHOI'O pETUOHA CI/IGHpI/I»

(Ne rocpeructparmu 122012000364-5 ot 20.01.2022).

CooTBeTcTBHE MPUHIMIAM 3THKHU. Bee nnia moanucani nHGOPMUPOBAHHOE COTJIACHE HA y4acTHE B UCCIEIO-
Banuu. MccnenoBanue ogo0peHo tokabHbIM dTHdeckuM komuteToM KIICC3 (mpoTtokon Ne 1 ot 26.01.2015).

Jns muruposanus: Jieoenesa H.B., [Tapdenos I1.I'., Erne A.I1., UBanos B.U., 'anunres FO.B., Kamranan B.B.,
bap6apam O.JI. BHewnsis Banugaiust MHOropakToOpHOH MOJIENIN IPOTHO3UPOBAHUS PUCKA CMEPTH Y NAIIMEHTOB C
XPOHHUYECKOM CepICYHON HEJIOCTATOUHOCTBIO U UMIUIAHTUPOBAHHBIM KapAnOBEPTEPOM-IehUOpILITOPOM. bro-
snemenb cubupckoti meouyunnl. 2024;23(2):74-82. https://doi.org/10.20538/1682-0363-2024-2-74-82.

INTRODUCTION

According to recent data, the prevalence of severe
chronic heart failure (CHF) in Russia has increased to
8.2% [1]. Low left ventricular ejection fraction (LVEF)
is one of the main predictors of the development of
life-threatening ventricular arrhythmias (VA) and the
associated high risk of sudden cardiac death (SCD)
[2]. Current clinical guidelines for the prevention of
SCD consider LVEF lower than 35% as the main
indication (class la evidence) for implantation of
a cardioverter — defibrillator (ICD) for primary
prevention of SCD [1, 3].

Therefore, the need for ICD for SCD prevention is
very high. However, despite a steady increase in the
number of ICDs implanted, Russia occupies last places
in European ratings in the availability of interventional
treatment for cardiac arrhythmia in the regions [4]. On
the other hand, data from clinical practice indicate that
patients with low LVEF are more likely to die from
acute decompensated heart failure than from other
causes, including SCD [5]. Thus, a prediction model
that can assess mortality risk in patients with low
LVEF before ICD implantation will help implement a
patient-oriented approach to selecting patients for this
type of medical care.

Clinical prognosis is based on available clinical
data and the use of modern statistical methods and
allows specialists to assess the risk of developing an
event, making it an important area of research with a
clear practical purpose. In this regard, in the medical
field in general and in cardiology, in particular, an
exponential growth in the number of prediction
models has been seen. However, not all developed
models undergo external validation. Thus, it was
shown that out of 1,366 different models for predicting
cardiovascular diseases, only 43.4% provided data
on external validation [6]. Moreover, only single
externally validated models have proven their clinical

effectiveness by demonstrating that their use leads to
improved results for patients and doctors.

The aim of this study was to perform external
validation of a multivariate model for predicting the
risk of death in patients with ICD in an independent
sample.

MATERIALS AND METHODS

A multivariate prognostic model for determining
the risk of nonarrhythmic death in patients with CHF
and ICD was developed and internally validated as a
result of a single-center, observational, prospective
study based on data from the Kuzbass ICD Patient
Registry. The registry consistently included all patients
of the Kemerovo region who had ICD implanted from
2015 to 2019 and reached a total of 264 patients. The
development of the registry and the informed consent
form were approved by the local Ethics Committee
and complied with the ethical principles of the
Declaration of Helsinki. All study participants signed
an informed consent upon admission to the hospital.
When maintaining the registry, all the requirements
of the Federal Law No. 152-FZ of 07.27.2006 “On
Personal Data” were met.

The mean age of the patients included in the
development group was 59 (53; 66) years, 214 (82.3%)
were men, 28 (10.8%) were working. All patients were
diagnosed with CHF. Median LVEF was 30 (25;36)%.
A total of 158 (60.8%) patients received ICD for
SCD prevention. Prior to ICD implantation, only 122
(46.9%) patients received triple combination therapy
(renin — angiotensin — aldosterone system blocker
(RAAS), mineralocorticoid receptor antagonist
(MCRA), beta-adrenergic blocker (BAB)), according
to the relevant clinical guidelines for the treatment of
CHF.

To determine the most significant predictors of
death during the follow-up period, a step-by-step
logistic regression analysis with the inclusion of
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the most important variables was performed (all
variables can be assessed during patient screening),
and prognostic models were developed for the risk of
death, composite endpoint, and CHF progression. The
regression equation was as follows: y = a + b1 x x1
+ b2 x x2 +...bi x xi, where y is a dependent variable
that can have two values: 0 — no event, 1 — event; a —
constant; bi — regression coefficients; Xi — variables.

The probability of the event P was calculated
according to the formula: P = 1/ (1 + eV), where
P is predictive probability, e — exponent, whose
approximate value equals to 2.718.

The verification of the null hypothesis regarding
the validity of the model was carried out using the
Hosmer — Lemeshow test; p > 0.05 indicated the
validity of the model.

Following the development of the model, the
qualitative assessment of the predictive probability of
an event was conducted. When predicting death, the
cut-off value was 0.2; for other events, it was 0.5.

Initially, the model included factors that had
significant differences in comparison assessments. The
parameters obtained during the model development
using step-by-step regression are presented in Table 1.

Table 1

Regression coefficients used in the model for predicting the risk of low-term mortality (4 years) in patients with an implanted
cardioverter — defibrillator

Parameter Variables in the equation
B Standard error Wald df Significance Exp (B)
P(PA) mmHg, X1 0.049 0.014 12.696 1 0.000 1.050
NYHA, X2 1.312 0.353 13.854 1 0,000 3.715
Type of prevention of SCD, X3 —-1.396 0.370 14.203 1 0.000 0.248
Age, X4 0.054 0.017 9.596 1 0.002 1.055
RAAS + BAB+ MCRA, X5 1.244 0.380 10.737 1 0.001 3.470
BAB, X6 -1.626 0.681 5.701 1 0.017 0.197
Constant —5.691 1.336 18.145 1 0.000 0.003

Note. P (PA)—systolic pressure in the pulmonary artery, NYHA — functional classification of heart failure proposed by New York Heart Association.

The probability of death was calculated as follows:

P: 1/(1 + 2 7187(75.69l+0.049><X1 +1.312 x X2 - 1.396 x
X3+0.054 x X4 +1.244 x X5 — 1.626><X6)) X 100%

P above 28% indicated a high risk of death.

Thus, the developed prediction model takes into
account systolic pulmonary artery pressure above
45 mm Hg (p = 0.000), NYHA functional class
(» =0.000), type of SCD prevention (p = 0.000), triple
combination therapy for CHF (p = 0.001), and therapy
with BAB (p = 0.017). During internal validation, the
Hosmer — Lemeshow test value for this model was x2
=4.210, p=0.838, area under the curve (AUC) for the
model was 0.8, sensitivity was 80%, and specificity
was 75.7%, which indicated a high predictive
ability. The model appears as a computer program
for Microsoft Windows 9x / NT / 2000 / Vista, 7, 8
operating systems entitled “Calculator of mortality
risks in patients with an implanted cardioverter —
defibrillator” [7].

In order to externally validate this prediction model
on an independent sample, 94 patients hospitalized
at the Research Institute for Complex Issues of
Cardiovascular Diseases for ICD implantation

in 2020-2021 were included in a single-center,
prospective study. The mean age of the patients was
66 (52; 73) years, 73 (77.6%) were men, 21 (22.4%)
were women, 16 (17%) patients were still working.
The comparative clinical characteristics of the groups
and external validation of the model are presented in
Table 2.

We assessed the risk of long-term mortality after
ICD implantation in all patients using the developed
model [7]. After that, we conducted a prospective
follow-up with annual accumulation of data regarding
the vital status of patients and causes of death. The
follow-up period was 2.5 years.

Statistical processing of the results was carried
out using the Statistica 10.0 (StatSoftlnc., USA)
and SPSS Statistics ver.23.0 (IBM, USA) software
packages. The normality of data distribution was
checked using the Shapiro — Wilk test. The Student’s
t-test was used to compare continuous variables with
normal distribution; for the non-normally distributed
data, the nonparametric Mann — Whitney U test was
used. Discrete variables were compared using the 2
test with the Yates correction. In case the number of
variables was too small in one of the compared groups
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(5 or less), the Fisher’s exact test was applied. The
data were presented as the median and the interquartile
range Me (Q,,; O,) and as the absolute and relative
values n (%). The differences were considered
statistically significant at p < 0.05.

External validation was performed using the ROC
analysis. By constructing curves, we analyzed the
diagnostic accuracy of the model. Sensitivity and
specificity were calculated for each diagnostic criterion.
The diagnostic significance in different groups was
compared by AUC values using the McNeil test. The
classification and compliance assessment with actual
events was performed using the Hosmer — Lemeshow
test. The model was considered as adequate in the
absence of significant differences (p > 0.05).

RESULTS

Comparative characteristics of the development
and validation groups are presented in Table 2.

Table 2
Baseline clinical and anamnestic characteristics of the groups,
n (%)
Development, Extt;eorrlllal valida-
Parameter N=260, group,
2015-2019 N=94,
2019-2020
Men 214 (82.3) 73 (77.6)
Age, years, Me (Q,; O,,) 59 (53; 66) 66 (52; 73)
Still working 28 (10.8) 16 (17)*
CAD 194 (74.6) 76 (80.8)
PICS 156 (60) 58 (61.7)
Non-coronary diseases 66 (25.4) 18 (19.2)
LVEF, %, Me (Q,; Q. 30 (25; 36.5) 29.5 (24;37)
All types of AF 106 (40.8) 41 (43.6)
NYHA I-I 179 (68.8) 44 (46.8)*
NYHA II-1V 81 (31.2) 50 (53.2)*
Primary prevention of SCD 158 (60.8) 89 (94.7)*

Note. CAD - coronary artery disease, PICS — post-infarction
cardiostenosis, AF — atrial fibrillation, N — number of patients. * p <
0.01.

The patients were comparable in gender, age, and
etiology of CHF and LVEF. The external validation
group had more severe cases of HF, and the majority of
patients received ICD for SCD prevention (Table 2).
Considering the fact that optimal drug therapy
for CHF was an important prognostic factor, we
carried out a comparative analysis of drug therapy
in the development and external validation groups
(Table 3)

Table 3

Frequency of prescription of drug therapy for heart failure
prior to ICD implantation, n (%)

Drug Development group, External validation
N=260 group, N =94
ACEI 164 (57.3) 56 (59.5)
ARBs* 41 (14.3) 36 (38.2)
ARNI* 5(1.7) 14 (14.9)
BAB 259 (90.6) 87(92.5)
MCRA* 167 (58.4) 65 (69.1)
Amiodarone 144 (50.3) 54 (57.4)

Note. ACEI — angiotensin-converting enzyme inhibitor, ARB —
angiotensin receptor blocker, ARNI-angiotensin receptor — neprilysin
inhibitor, N — number of patients. * p <0.01.

When comparing the drug therapy received before
ICD implantation, it turned out that patients in the
validation group were prescribed MCRA and RAAS
inhibitors more often. However, only 122 (46.9%)
patients in the development group and 49 (52.1%)
patients in the validation group received triple
combination CHF therapy (p < 0.05).

During the follow-up period, 54 patients died in
the development group, and 4 patients were lost to
follow-up and considered as dead; thus, the mortality
rate in the group was 21.9%. Among these patients,
19 (35.2%) patients died in hospital, of which 3
(17.6%) had myocardial infarction, 1 (5.9%) had
stroke, 13 (76.5%) died due to CHF and 2 (3.7%)
died from pneumonia caused by novel coronavirus
infection. Thirty-five (64.8%) patients died outside
hospital, they suffered acute decompensated HF,
and the cause of death was the underlying disease:
10 (27%) had dilated cardiomyopathy, 1 (2.8%) had
rheumatic heart valve disease, and the remaining
24 (68.6%) had ischemic cardiomyopathy. The vast
majority of deaths occurred in the first 1.5 years of
the follow-up.

During the 2.5-year follow-up, 26 (27.7%) deaths
were recorded in the external validation group, which
is comparable to the development group (p > 0.05).
Among the deceased patients, 15 (57.7%) developed
CHF, 4 (14.8%) had myocardial infarction, 6 (23.1%)
had pneumonia caused by novel coronavirus infection,
and 1 (3.8%) patient died due to an infectious
complication (sepsis).

The prognostic value of the developed model in the
external validation group proved to be high (Figure).

The Hosmer — Lemeshow test for this predictive
model was the following: ¥2 = 4.210; p = 0.838.
During the ROC analysis, AUC of the model was
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0.8, indicating high predictive ability. Sensitivity of
the model was 76.2%, and specificity was 76.1%. All
these parameters confirmed the validity of the model.

The diagnostic value of the model in the
development and external validation groups did not
differ significantly (p = 0.102, McNeil test).
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Figure. ROC curve for assessing mortality risk in patients with an implanted cardioverter — defibrillator in the external validation
group
Table prediction models for application in clinical practice
Classification table becomes relevant.
Predicted The MADIT-II risk score, intended for
Patients Death Percentage of correct stratification of benefits of ICD implantation,
0 1 predictions, % includes eight predictors of the development of VA
Death 0 143 | 45 76,1 (male, age < 75 years, history of unstable ventricular
“ 1 15 | 48 76,2 tachycardia, heart rate >75 beats / min, systolic
Total percentage 76,1 blood pressure < 140 mmHg, LVEF < 25%, history

Cut-off value was 0.280.

DISCUSSION

The data obtained in this study confirm that
patients with low LVEF, including patients with
ICD, die from CHF more frequently [8]. Currently,
much attention is being paid to the issue of residual
high mortality in patients with ICD and the search
for predictors that would help identify ICD patients
at high-risk of adverse outcomes [9-12]. In this
regard, the possibility of predicting the risk of
death becomes necessary when considering ICD
implantation. In this context, the development of
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of myocardial infarction and atrial arrhythmia) and
seven predictors of nonarrhythmic death (age > 75
years, diabetes mellitus, body mass index > 23 kg / m?,
LVEF < 25%, NYHA class > II, ICD instead of
cardiac resynchronization therapy, atrial fibrillation,
the level of the brain natriuretic peptide (BNP), and
the duration of the QRS complex) [13]. Based on
the combined analysis of these predictors, scientists
developed a model for an individual assessment of a
risk of developing VA compared to nonarrhythmic
death. However, this scale was developed using data
from studies conducted more than 20 years ago,
its application is limited to patients with ischemic
cardiomyopathy only, and the scale has not been
validated in the Russian population.
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Prior studies on the use of ICD are mainly
aimed at determining the risk of developing VA
and inappropriate ICD shocks in patients with CHF.
Prospective Observational Study of Implantable
Cardioverter — Defibrillators (PROSE-ICD) is one
of the few studies to analyze predictors of mortality
in patients with ICD. It included 1,189 patients with
systolic HF who had ICD implanted for primary
prevention of SCD. During the four-year follow-
up, 343 (28.8%) patients died, and appropriate ICD
shocks occurred in 137 (11.5%) patients. The study
results showed that elevated levels of C-reactive
protein, tumor necrosis factor alpha, BNP, troponin
T, and iinterleukin-6 increased the risk of death
(p <0.001 for all parameters) [14]. To predict the risk
of mortality, this study used biochemical markers that
would not be routinely assessed in clinical practice.
In addition, it has not been validated in the Russian
population as well.

The well-known Seattle Heart Failure Model
(SHFM), used to assess the life expectancy of
patients with CHF at the outpatient stage, and the
Meta-Analysis Global Group in Chronic (MAGGIC)
Heart Failure scale are also based on the results of
long-standing studies, do not take into account
comorbid pathology, cannot be applied at the
inpatient stage, and cannot be used to assess risks in
patients with implanted devices, in particular, with
ICD [15, 16].

In a study by T.E. Verstraelen et al. (2021) on
the development and external validation of a model
for predicting mortality in the ICD group (primary
prevention of SCD) during a 2.7-year follow-up, 193
(13.4%) patients died in the development group and
223 (15.4%) patients died in the validation group,
which is significantly different from the Russian
population [10]. The predictors of all-cause mortality
were age, diuretic intake, sodium and BNP levels,
and intake of RAAS inhibitors. The C-statistic was
0.74 for both external and internal validation groups.
Russian researchers are also actively working on
the possibility of predicting outcomes in patients
with CHF, however, almost all proposed methods
include the need to determine either genetic markers
or complex biochemical parameters, but do not
include patients with ICD, thereby limiting practical
application of these methods [17].

Therefore, currently there are no adequate ways to
assess the risk of long-term nonarrhythmic mortality
after ICD implantation in patients with CHF and
low LVEF, suitable for use in the Russian clinical

practice. The proposed and validated model for
assessing the risk of nonarrhythmic death in patients
with ICD differs from existing ones because it takes
into account the presence of both factors (CHF with
low LVEF and ICD), as well as comorbidity and
adherence to optimal drug therapy (an important
prognostic factor for the Russian population) to
determine the prognosis.

The application of the prediction model involves
the assessment of routine parameters included in a
standard examination of a patient with CHF and does
not require additional costs. It is important to note
that this prediction model can and should be used
before ICD implantation. It is supposed to identify
the patients who would not significantly benefit from
ICD implantation in the long term due to a high risk
of SCD. In general, the predictive value of the studied
model, estimated on the basis of an independent
sample, is comparable with the results of the internal
validation.

CONCLUSION

The presented multivariate model has sufficient
prognostic power to predict the risk of death in
patients with ICD in the long term, as confirmed by
the external validation. However, risk stratification
remains a difficult task, and based on the conducted
research, identifying a group of patients who would
not benefit from ICD implantation is still an issue.
However, the proposed prediction model can provide
clinical value by identifying cases in which ICD
implantation could be delayed.
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Clinical and anamnestic characteristics of patients depending
on left ventricular ejection fraction: results of a register study
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6, Sosnovy Blvd., Kemerovo, 650000, Russian Federation

ABSTRACT

Aim. To study the clinical and anamnestic features of patients followed up in the Center for Chronic Heart Failure
at the Regional Vascular Center according to the data of the corresponding register.

Materials and methods. The study included data of 802 patients included in the Kuzbass Register of Patients
Followed up at the Center for Chronic Heart Failure from 2020 to 2022. The median follow-up was 1.6 £ 0.7 years.

Results. According to the present register, men dominated in the gender profile of patients with chronic heart
failure — 612 (76.3%) participants (p < 0.001). The largest group of subjects was represented by patients with a
low left ventricular ejection fraction (less than 40%) — 546 people. This category was also characterized by a more
severe functional class of chronic heart failure (New York Heart Association); patients with functional class 11—
IV chronic heart failure prevailed (p < 0.001).

The most common comorbidities revealed were chronic kidney disease (glomerular filtration rate of less than
60 ml / min / 1.73 m? according to the CKD-EPI equation) — 614 (76.5%) patients and obesity (body mass index
of more than 30 kg / m2) — 334 (41.6%) patients. Type 2 diabetes mellitus was reported in 193 (24%) patients.
The analysis of the etiology of chronic heart failure showed that the main causes of heart failure in the groups with
low and intermediate left ventricular ejection fraction were coronary heart disease and combined causes, whereas
in the group with preserved left ventricular ejection fraction, the disease resulted from coronary heart disease and
arrhythmogenic causes.

Conclusion. Assessing the clinical and anamnestic features of patients with heart failure, it can be said that
these people are mainly male, retired, with coronary heart disease, low left ventricular ejection fraction, and a
comorbidity, mainly chronic kidney disease, diabetes mellitus, and obesity.
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KnunHunko-aHaMmHecTu4eckne oco6eHHOCTM NaLieHTOB B 3aBUCMMOCTI
OT BeNnuunHbl ppakumm BbiIGpoca N1eBoro enygouka: pesynbraTbl

perncrpoBoro ncaienqoBaHnA

MNap¢énos M.I., lOpknHa A.B., Fony6oBckas .M., Lycrep C.10., ApeHb E.B.,
l'ycenbHukoBa l0.U., lle6epeBa H.b., Neuepuna T.b.

Hayuno-uccredosamenvckuii uHCMumym KOMHAEKCHbIX NPoOieM cepoeuro-cocyoucmoix sabonesanuii (HUW KIICC3)

Poccus, 650000, 2. Kemeposo, Cocrosuiii 6yavsap, 6
PE3IOME

Heasb. M3y4nTs KIMHIKO-aHAMHECTHYECKHE OCOOCHHOCTH MALUEHTOB, HAOMIOJAFONINXCS B IIEHTPE XPOHUIECKOM
CepACYHOI HETOCTATOYHOCTH Ha 0a3e perHOHAIIFHOTO COCYIUCTOTO IIEHTPA MO JaHHBIM COOTBETCTBYIOILETO pe-

rHCTpA.

Marepuanbl 1 MeToAbl. B HacTosmee uccnenoBanue Bouuty AaHHble 802 manueHToB u3 Kys0acckoro peructpa
NaLMEeHTOB, HAOIIOAAIOIINXCA B IICHTPE MTOMOIIH OOJIBHBIM C XPOHHUECKOH CepACYHON HEJOCTaTOYHOCTBIO, BKITIO-

4eHHBIX 3a mepuon ¢ 2020 mo 2022 r. Cpeanuii cpok HabmroaeHus coctaBmi 1,6 + 0,7 ner.

Pe3yasTatsl. [1o JTaHHBIM HACTOSIIIETO PETUCTPA, B TEHAEPHON CTPYKTYpE IAIllMEHTOB C XPOHUIECKOH CeplIedyHOH
HEJIOCTATOYHOCTHIO Mpeodiananu MyxauHbl — 612 (76,3%) (p < 0,001). Haubompinyro rpymiy uccieayeMbIX co-
CTaBJSUIM MALMEeHTHl ¢ HU3KOHM (pakuueil BEIOpoca jieBoro xenynouka (MeHee 40%) — 546 yenosek. [laHHas Ka-
Teropus ObuIa 1 Gostee TSDKeNoi 1Mo GpyHKIMOHAIEHOMY KJIacCy XpOHHYECKOH cepaedHoi HenoctaTouHoctd (New
York Heart Association), npeo6aanu 60JbHBIE ¢ QyHKIHOHATEHBIM KitaccoMm III-IV (p < 0,001).

IMpu ananm3e KOMOPOMAHOI MATONIOTHHU BBISBICHO, YTO HaHOOJIee PaCHPOCTPAHEHHBIMH SIBIISUIUCE: XPOHUIECKast
6omne3Hb nouek (ckopocTh KiyooukoBoi puibrpanun mo CKD-EPI menee 60 mi/mun/1,73 M?) — 614 (76,5%) ye-
JIOBEK M okMpeHue (MHaeke Maccesl Tena 6onee 30 kr/m?) — 334 (41,6%) nmaunenta. CaxapHslil quaber 2-ro THna
05611 3aperucTpupoBal y 193 (24%) manueHTOB. AHAIM3 3THOJIOTUH XPOHHUECKOH CEpAeTHOI HETOCTATOYHOCTH
MIOKa3aJl, 9T0 OCHOBHBIMH NPHYMHAMH CEPACIHON HEOCTATOYHOCTH B TPYIIaX HU3KOU M POMEXYTOUHOH (pak-
Ui BEIOpOCa SIBISUTUCH MIIEMHUYecKas 00Je3Hb cepAa H KOMOMHHPOBAHHBIE NIPUYUHEL, B TPYIIE C COXPAHHOM

(paxnueii BeIOpoca — nimeMudeckas 601e3Hb CepaIa ¥ apUTMOT €HHAs! IPUYUHBL

3akimoyenue. Takum o0Opa3oM, OLCHHMBas KIMHHKO-aHAMHECTHYECKHE OCOOCHHOCTH NAlMEHTOB C CEpACHHOH
HEJI0CTATOYHOCTBIO, MOJKHO F'OBOPHTH O TOM, YTO 3TO JIMLA MPEUMYILIECTBEHHO MY)XCKOTO I10J1a, IEHCHOHHOTO
BO3pacTa, ¢ MIIEMUYECKOil 60JIe3Hb cepAalia M HU3KOM (pakuueii BEIOpoca JIEBOro JKelyJ0uKa, a TAKKE HMCIOIIUE
KOMOPOU/IHYIO TIATOJIOTHIO, IPEUMYIIIECTBEHHO XPOHUUECKYIO O0JIE3Hb IIOYEK, CaXapHbIH T1abeT U 0KUPEHHUE.

KiroueBble ciioBa: XpOHHYCCKas cepcHHass HEAOCTATOUHOCTb, UIICMHUYCCKas 00J1e3Hb cepana, KapauoJiorus,

(paxnus BEIOpOCa JI€BOTO KETy 104K

KOH(I)JIHKT HHTEPECOB. ABTOpI)I JCKIApUPYIOT OTCYTCTBUE SIBHBIX U MNOTCHIIUAJIBHBIX KOHq)J'II/IKTOB HUHTEPECOB,

CBA3aHHBIX C Hy6HI/IKaHI/Ieﬁ HaCTOHH_Ieﬁ CTaTbHU.

Hcrounuk ¢puHAHCHPOBAHHUA. ABTOPHI 3asBIIIOT 00 OTCYTCTBHM (\MHAHCHPOBAHUS IPH NPOBEICHHN HUCCIENO0-

BaHUA.

CooTBeTCTBHE NPUHIUIIAM 3THKH. Bee nuna noanucany nHGOPMUPOBaHHOE COTTIACHE HA y4acTHE B UCCIIE0Ba-
Huu. HccnenoBanue ogo0peHo JokanbHeIM 3THueckuM komuterom HUM KITCC3.

Jist nutupoBanusi: [Tapdénos I1L.T., FOpkuna A.B., lomy6osckas I.I1., Ilycrep C.1O., pens E.B., I'ycenpun-
koBa 10.U., Jlebenesa H.b., [leuepuna T.b. Knuanko-aHaMHeCTHYECKHE OCOOCHHOCTH MAIIMEHTOB B 3aBUCIMOCTH
OT BEJIMYUHBI PPAKIHK BEIOPOCA JIEBOTO JKEITYI0UKA: PE3yIbTaThl PETUCTPOBOTO UCCICIOBAHUSH. broiemens cu-
bupckoil meouyunst. 2024;23(2):83-90. https://doi.org/10.20538/1682-0363-2024-2-83-90.

INTRODUCTION

Reducing mortality in chronic heart failure (CHF)
among the population currently remains one of the
most important and relevant issues in cardiology
and healthcare in general. Patients with CHF are

characterized by a progressive course of the disease,
which ultimately leads to multiple hospitalizations
due to decompensation of CHF, prolonged medical
and expensive surgical treatment, and high levels
of disability and mortality [1]. According to various
estimates, the prevalence of CHF is approximately
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1-2% in the general population, and it steadily
increases, reaching more than 10% among people
over 70 years of age [2].

Considering the growing number of elderly
people and the progressive growth of cardiovascular
pathology, the prevalence of CHF is also increasing
annually [3]. In this regard, a global strategic task
is to find ways to detect CHF at earlier stages of the
disease, including by understanding the clinical and
anamnestic characteristics of patients with CHF
[4]. To resolve this issue, an epidemiological study
EPOCHA-CHF was conducted from 2002 to 2017
in the European part of Russia. Its findings made it
possible to estimate the prevalence and mortality rate
of CHF and create a clinical portrait of a patient with
CHF [5].

In the course of evolution of knowledge about
the pathophysiology of CHF, it has been proven
that CHF can develop not only with reduced, but
also with normal left ventricular ejection fraction
(LVEF). According to the EPOCHA-CHF project
in Russia, 71% of patients with CHF had LVEF of
more than 60% [6]. An important goal of register
studies is to create effective methods for monitoring
the outpatient stage of treatment, drug therapy, and
physical and psychological rehabilitation of patients,
that are impossible without knowledge about the
characteristics of the patient cohort. In recent years,
CHF centers have been established in outpatient
settings, which proved their effectiveness in reducing
the risk of overall and cardiovascular mortality and
decreasing the number of re-hospitalizations [7]. In
the meantime, the effectiveness of this approach to
management of patients with CHF requires additional
study, including research from the standpoint of
different CHF phenotypes.

The aim of the study was to investigate the clinical
and anamnestic features of patients followed up in the
CHEF center at the Regional Vascular Center according
to the data of the corresponding register, depending on
the CHF phenotype.

MATERIALS AND METHODS

The study included data from the Kuzbass Register
of Patients Followed up at the Center for Chronic Heart
Failure. The register includes data of patients with
heart failure after discharge from Kuzbass Clinical
Cardiology Center named after L.S. Barbarash or
patients with newly diagnosed heart failure in the
outpatient or inpatient setting registered in the
CHF center database. The register was launched on

26.08.2020. The register was managed in accordance
with the provisions of the Declaration of Helsinki
and was approved by the local Ethics Committee. All
patients signed an informed consent to be followed up
at the CHF center.

The register was a database which served as the
basis for a prospective, cohort, observational study
of adult patients. The only inclusion criterion for
patients was to be followed up at the CHF center at
the Kuzbass Clinical Cardiology Center named after
L.S. Barbarash. When maintaining the register, all
requirements of the Federal Law of 27.07.2006 No.
152-FZ “On Personal Data” were met. During the
analysis, all patient data were marked and anonymized.

Clinical data were recorded in a specially designed
patented electronic form when entered in the register
and then at regular intervals during follow-up from
medical and outpatient records. Basic information
about patients included demographic data, social
status, history of the underlying disease, concomitant
diseases, vital signs, clinical, instrumental and
laboratory parameters, doses of cardiovascular drugs,
and follow-up diaries. Baseline socio-demographic
data were self-reported by patients. For newly enrolled
patients, monthly follow-up checkpoints took place
during the first 3 months. They involved telephone
calls by a nurse who filled out follow-up diaries and,
if necessary, in-person visits to the CHF center with
an examination by a cardiologist. Then examinations
were carried out every trimester.

The study included data of 802 patients included
in the Kuzbass Register of Patients Followed up at the
CHF Center from 2020 to 2022. The median follow-
up was 1.6 = 0.7 years.

Statistical analysis was carried out using the
Statistica 10.0 (Statsoft, USA) and SPSS 11 software
packages. Normality of distribution was assessed
using the Kolmogorov — Smirnov test. Quantitative
variables were presented as the mean and the standard
deviation M + o. Continuous variables with normal
distribution were compared using the Student’s z-test.
To compare continuous variables with non-normal
distribution, the nonparametric Mann — Whitney
U-test was used. To compare three or more quantitative
variables, the rank-based Kruskal — Wallis H-test was
applied, followed by a pairwise comparison of groups
using the Mann — Whitney test with the Bonferroni
correction to estimate the p value. Discrete variables
were compared using the y? test with the Yates’
continuity correction. If one of the compared groups
was small, the two-tailed Fisher’s test (F test) was
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used. The differences were considered statistically
significant at two-tailed p < 0.05.

RESULTS

According to the register, men prevailed in the
gender profile of patients with CHF — 612 (76.3%)
men, 190 women (23.7%), p < 0.001. The average
age of the participants was 63.5 £ 11.2 years; men
were younger than women: 62 + 10.9 years and 67.5 +
11.8 years, respectively, p < 0.05. The analysis of the
place of residence showed that 626 (78.1%) patients
were urban residents, and 176 (21.9%) participants
were rural residents. The distribution of patients with
a confirmed diagnosis of CHF by gender and age is
shown in Figure 1.

L]
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Fig. 1. Gender and age characteristics of patients with CHF

According to echocardiography findings, the
average LVEF measured by the Simpson method
was 37 £ 15.4% in the general sample. Patients with
LVEF < 40% prevailed (Fig. 2).

68.1%

B LVEF <40% [l LVEF 40-50% [/ LVEF >50%

Fig. 2. Distribution of patients depending on LVEF: HFrEF —

heart failure with reduced ejection fraction, HFmEF — heart

failure with midrange ejection fraction, HFpEF — heart failure

with preserved ejection fraction, » — number of patients,
p — statistical significance

Distribution of the patients by stages and severity
of CHF (NYHA functional class) depending on
LVEF is presented in Table 1. The largest group was
represented by patients with reduced LVEF (less
than 40%) — 546 people. This category was also
characterized by a more advanced functional class
of CHF; patients with NYHA II-IV CHF prevailed,
p <0.001.

Peculiarities of gender distribution depending on
the HF phenotype were identified. Thus, in the group
with reduced LVEF, male patients prevailed; in the
groups with midrange and preserved LVEF, there
were more women.

86

Table 1
Stages and NYHA functional class of chronic heart failure depending on the phenotype, n (%)
Parameter HFrEF (< 40%), HFmEF (40-49%), HFpEF (> 50%), P
n =546 (%) n=122 (%) n=134 (%)
Stage by the Strazhesko — Vasilenko classification
Stage I CHF 5(0.9) 18 (14.7) 74 (55.2) 299.431;<0.001
Stage IIA CHF 359 (65.8) 69 (56.5) 43 (32.1) 50.578; <0.001
Stage IIB CHF 182 (33.3) 35(28.7) 17 (12.7) 22.213;<0.001
NYHA functional class
NYHAT - - 5.7 25.082; <0.001
NYHAII 59 (10.8) 33 (27.0) 106 (79.1) 270.366; <0.001
NYHA III 379 (69.4) 39 (32.0) 19 (14.2) 161.800; <0.001
NYHA IV 108 (19.8) 50 (41.0) 4(3.0) 57.389; <0.001
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The analysis of comorbid pathology in the studied
patients revealed that the most common were chronic
kidney disease (CKD) (glomerular filtration rate of less
than 60 ml / min / 1.73 m? according to the CKD-EPI
equation) — 614 (76.5%) patients and obesity (body
mass index of more than 30 kg / m?) — 334 (41.6%)
patients. Type 2 diabetes mellitus was reported in 193
(24%) patients.

The analysis of the dependence of comorbidity on
the CHF phenotype showed that in patients with redu-
ced LVEF, CKD predominated; as expected, such pati-
ents more often had an implantable cardioverter — defi-
brillator (ICD) implanted. In patients with preserved LVEF,
diabetes and chronic obstructive pulmonary tuber-
culosis (COPD) were more common, and in the group
with midrange LVEF — prior stroke and anemia (Table 2).

Table 2
Anamnestic factors in patients with CHF depending on the disease phenotype, n (%)
Parameter HFrEF HFmEF (40-49%), HFpEF (> 50%), 2 p
(<40%), n =546 (%) n=122 (%) n=134 (%) ’
Men 459 (84.0) 84 (68.8) 69 (51.5) 67.573; <0.001
Type 2 diabetes mellitus 112 (20.5) 39 (32.0) 42 (31.3) 8.806; 0.013
Obesity 223 (40.8) 62 (50.8) 49 (36.5) 5.792; 0.056
Prior stroke 74 (13.5) 31 (25.4) 24 (17.9) 10.783; 0.05
COPD 18 (3.3) 5(4.1) 12 (8.9) 8.279;0.016
CKD (>Stage 3A) 482 (88.2) 60 (49.1) 72 (53.7) 131.652; <0.001
Anemia 42 (7.6) 31(254) 10 (7.4) 35.183; <0.001
Implanted ICD 69 (12.6) 7(5.7) 2 (1.5) 17.828; <0.001

The analysis of the etiology of CHF showed that
more than half of the patients — 452 (56.3%) were
diagnosed with coronary heart disease (CHD). It is
worth noting that all patients with CHD in the study had
arterial hypertension, and, therefore, these pathologies
were considered together and did not belong to the
“two or more causes” group. Among patients with
CHD, 387 (85.6%) people suffered myocardial
infarction, and 65 (14.4%) people were diagnosed
with ischemic cardiomyopathy. Only in 4 (0.5%)
patients, the cause of CHF development was isolated
hypertension. Dilated cardiomyopathy (DCM) was the
cause of CHF in 70 (8.7%) patients, atrial fibrillation or
flutter — in 36 (4.5%) patients, previous myocarditis —
in 13 (1.6%) cases, valvular defects — in 8 (1.0%)

patients. In almost every fourth patient (219 (27.4%)
cases), the cause of CHF was a combination of two or
more pathologies, while coexisting CHD (angina and
/ or post-infarction cardiosclerosis) and persistent or
permanent forms of atrial fibrillation were the most
common comorbidities in 182 (83.1%) patients.

The analysis of the etiology of CHF depending on
the disease phenotype showed that the main causes of
heart failure in the groups with reduced and midrange
LVEF were CHD and combined causes, while in the
group with preserved LVEF, CHF mostly resulted
from CHD and arrhythmogenic causes.

Changes in the drug therapy received by the
patients prior to and during the follow-up at the CHF
center are presented in Table 4.

Table 3
Etiology of CHF depending on the disease phenotype, n (%)
Parameter HFTEF (< 40%), HFmEF (40-49%), HFpEF (> 50%), 2P
n=>546 (%) n =122 (%) n =134 (%) ’
CHD 315 (57.7) 44 (36.1) 93 (69.4) 30.092; <0.001
PICS, n (% — from CHD) 297 (94.3) 37 (84.1) 53 (57.0) 28.012; <0.001
ICM, n (% — from CHD) 18 (5.7) 7(15.9) 40 (43.0) 102.946; <0.001
Arrhythmogenic 17 (3.1) 5(4.1) 14 (10.4) 13.550; 0.002
DCM 39(7.1) 23 (18.9) 8 (6.0) 18.699; <0.001
Valvular defects 5(0.9) 3(2.5) - 4.026; 0.134
Postmyocardial 7(1.3) 4(3.2) 2 (1.5) 2.510; 0.26
Hypertension — - 4(3.0) 20.040; <0.001
Two and more causes 163 (29.9) 43 (35.2) 13(9.7) 26.581; <0.001

Note. PICS — post-infarction cardiosclerosis, ICM — ischemic cardiomyopathy.
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Table 4
Frequency of prescription of drug therapy, n (%)
Parameter e CHE contetn 803 | stthe CHE cemern =503 e
ACEI 459 (57.2) 573 (71.4) 35.313; <0.001
ARB 79 (9.8) 98 (12.2) 2.293;0.130
ARNI 30 (3.7) 124 (15.4) 63.470; <0.001
BAB 652 (81.3) 706 (88.0) 14.001; <0.001
Statins 586 (73.1) 654 (81.5) 16.432; <0.001
MCRA 468 (58.4) 493 (61.4) 1.622; 0.203
Diuretics 540 (67.3) 681 (84.9) 68.191; <0.001
Antiarrhythmic drugs 139 (17.3) 172 (21.4) 4.344; 0.038
Antiplatelets 406 (50.6) 504 (62.8) 24.391; <0.001
OAC 117 (14.6) 166 (20.6) 10.302; 0.002
CCB 290 (36.2) 361 (45.0) 13.033; <0.001
SGLT2i 64 (7.9) 417 (52.0) 370.023; <0.001

Note. ACEI — angiotensin-converting enzyme inhibitor, ARB — angiotensin receptor blocker, ARNI — angiotensin receptor — neprilysin inhibitor,
BAB — beta-adrenergic blocker, MCRA — mineralocorticoid receptor antagonist, OAC — oral anticoagulant, CCB — calcium channel blocker,

SGLT?2i — sodium — glucose cotransporter 2 inhibitors.

Prior to the follow-up at the CHF center, only 30%
of patients were followed up by a cardiologist. No more
than 46% of patients with HFrEF received optimal
drug therapy, which involved the simultaneous use
of renin — angiotensin — aldosterone system (RAAS)
inhibitors, BAB, and MCRA. Only in 3% of cases,
dose titration to the target dose was performed. As
seen from Table 4, the follow-up at the CHF center
led to increased adherence to therapy with RAAS
inhibitors, SGLT2i, diuretics, antiarrhythmic drugs,
and OAC. Still, an unsatisfactory number of patients
adhered to optimal drug therapy.

DISCUSSION

The analysis of the data obtained revealed that
men prevailed among patients with CHF, and the men
/ women ratio was almost 3:1. However, according
to the results of the EPOCHA-Decompensation-
CHF study, there were significantly more women
participating in the study than men: 56.8 and 43.2%,
respectively, p = 0.001 [6]. Therefore, the issue
of gender distribution in CHF remains open. In a
number of studies, researchers tried to answer the
question of whether gender inequality was associated
only with the prevalence of male patients or whether
there were other reasons for this phenomenon [8—
10]. It was noted that a smaller number of women
may be due to the predominance of females in the
cohort of patients with HFpEF, better subjective
and clinical tolerability of CHF, and, therefore,

low demand for medical care and low detection
of CHF [11].

The data obtained in the present study partially
support this theory. Thus, in the group with HFrEF,
men prevailed, and in the group with HFpEF,
women predominated. The analysis of age-related
characteristics, as expected, showed that the number
of patients with CHF naturally increased with age,
reaching a maximum in the age group of 60—69 years
(p<0.05). Further, after 69 years of age, a sharp decrease
in the number of male patients was registered, which
was associated with a natural population decline. For
female patients, this trend was observed only starting
from 80 years of age — due to longer life expectancy.
Early incidence of CHF in men was explained by the
manifestation of CHD as the main cause of CHF at a
younger age compared to women [12]. Therefore, the
data obtained once again emphasize the importance
of measures for primary and secondary prevention of
CHD, including from the standpoint of reducing CHF
morbidity and mortality.

It is important that about 70% of patients with CHF
are elderly — this category of patients is characterized
by the presence of multiple comorbid pathologies,
which significantly aggravates the course of CHF
and may be a contraindication to modern high-tech
treatment methods, such as implantation of devices
and heart transplantation [13—15].

When analyzing the place of residence, it was shown
that the vast majority of patients were urban residents.
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The difference in the distribution of those studied
between urban and rural residents was explained by
lower availability of medical care for rural residents
and the existence of only first aid stations in some
territories. One way to solve this problem may be the
on-site work of cardiology teams, which has already
been implemented in Kuzbass.

The analysis of the distribution of CHF phenotypes
showed that the predominant group, as expected,
included patients with HFrEF, which corresponds to
the data of other studies. Thus, according to various
references, in the general population of patients with
CHF, the prevalence of HFrEF is about 50% and
HFmEF — 10-25% [16, 17]. Severe NYHA M-IV
CHF is mainly characteristic of patients with HFrEF
and HFmEF, while NYHA I-II CHF is more often
detected in patients with HFpEF. The results show
that identifying individuals with HFpEF remains a
pressing issue. It is known that long-term HF without
a clear clinical presentation and a lack of timely
treatment may in the long term have a more significant
negative impact on the prognosis than timely detected
HFrEF [18-20].

CHD still remains the main cause of CHF, which
is confirmed in the present study. It is largely due
to previous myocardial infarction and ischemic
cardiomyopathy that a group of patients with HFrEF
is formed [21-23]. Almost always (100% according
to the data of this study), CHD is accompanied by
hypertension, whose contribution to the development
of CHF should not be underestimated. Coexisting
CHD and hypertension were the etiological cause of
CHF in the majority of patients (56.3%), which is
in line with the results of studies conducted in other
countries. An epidemiological study conducted in the
Republic of Belarus found that coexisting CHD and
hypertension were the cause of CHF development
in 65.5% of those studied [25]. The small number of
studied patients in the hypertension group of CHF
etiology may be explained by outpatient follow-up of
these patients by internal medicine services, without
follow-up at the CHF center.

Analyzing the features of drug treatment, the
positive dynamics during the follow-up at the CHF
center is worth noting. As the results show, one of the
important advantages of such follow-up is increased
compliance of prescribed therapy with existing clinical
guidelines and patient adherence. Identification of
patients with HFrEF who adhere to optimal drug
therapy, based on registry data, makes it possible to
optimize compilation of waiting lists for such types

of high-tech care as ICD implantation and orthotopic
heart transplantation.

CONCLUSION

Assessing the clinical and anamnestic features of
patients with heart failure followed up at the Kuzbass
CHF center, it can be said that these people are mainly
male, retired, with coronary heart disease, low left
ventricular ejection fraction, and a comorbidity, mainly
chronic kidney disease, diabetes mellitus, and obesity.
This cohort of patients requires specific follow-up and
management strategies aimed at increasing adherence,
timely revascularization, social support, dynamic
remote monitoring, and a multidisciplinary approach.
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Application of Charlson Comorbidity Index to assess prognosis
of 18-month mortality in patients with acute myocardial infarction
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ABSTRACT

Aim. To evaluate the prognostic value of the Charlson Comorbidity Index (CCI) for predicting 18-month all-cause
mortality and develop a nomogram for predicting 18-month mortality in acute myocardial infarction (MI) patients.

Materials and methods. The prospective, single-center, observational study included 712 consecutive patients
with acute MI undergoing coronary angiography within 24 hours after hospitalization. The primary endpoint was
18-month all-cause mortality. The logistic regression analysis was adopted to identify independent prognostic
factors. A nomogram for predicting the endpoint was developed using the multivariate analysis. The discriminative
ability of the CCI and a nomogram were evaluated using the receiver-operating characteristic (ROC) curve analysis.

Results. Of the patients, 61% were male, median age was 65 years (interquartile range (IQR) was 56-74years).
Median CCI was 4 (IQR: 3-6) points. The mortality rate was 12.1% at 18 months with the area under the curve
(AUC) 0f 0.797 for CCI (95% confidence interval (CI): 0.746—0.849; p <0.001). The multivariate analysis revealed
that CCI (odds ratio (OR) 1.28; 95% CI 1.08-1.52; p = 0.004), age (OR 1.06; 95% CI 1.02-1.09; p = 0.002), and
three-vessel coronary artery disease (OR 2.60; 95% CI 1.36-4.98; p = 0.004), incorporated into the nomogram, were
independent predictive factors of an adverse outcome. The nomogram showed good discrimination in predicting
18-month mortality in patients with acute MI (AUC = 0.819; 95% CI: 0.767-0.870; p < 0.001; sensitivity 65.1%;
specificity 88.2%.).

Conclusion. CCI was independently associated with and moderately predicted 18-month mortality in patients
with acute MI. The proposed nomogram facilitated early identification of high-risk patients, allowing for the
implementation of more effective treatment strategies and reducing acute MI mortality.

Keywords: Charlson Comorbidity Index, comorbidity, mortality, myocardial infarction, nomogram
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MpumeHeHne NHAEKCca KOMOp6uaHOCTN YapnbcoHa ANA OLeHKN NPOrHosa
18-mecAYHOI CMEPTHOCTU Y NALNEHTOB C OCTPbIM MHPAPKTOM MMOKapaa
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PE3IOME

Hesab. OneHUTH MPOrHOCTHYECKYIO CIIOCOOHOCTh MHIeKca komopouaroctu Yapiabscona (MKY) s mporao3upo-
BaHUs 18-MeCsYHON CMEPTHOCTUY TALIMEHTOB ¢ OCTPhIM HH(papkToMm Muokapaa (MM) ¢ mpuMeHeHHeM HOMOTpaM-
MBI, pa3pa0OTaHHON Ha OCHOBE MAaTEeMaTHYECKOTO aHAN3a.

Marepuajibl U MeTO/ibl. B IpOCIIEKTHBHOE OJJHOLIEHTPOBOE HAOIIOJATENFHOE HCCIIE0BAaHNE OBUTH BKIFOUECHBI
712 mocnenoBaTeNbHBIX MAUEHTOB ¢ OCTPhIM VM, KOTOPBIM BBINOJIHSIN KOpOoHaporpaduio B TedeHue 24 9 ¢
MOMEHTa rocuTanu3anui. [IepBuYHOl KOHEYHOH TOYKOW MCCIeI0BaHNs OblIa MPUHSATA CMEPTh OT BCEX MPUYUH
B TeueHne 18 mec HabmroaeHus. {1 BBIIBICHUS HE3aBUCHMBIX TPOTHOCTHYECKHX (DAKTOPOB PHUCKA HACTYTIICHHS
CMEpTH MIPUMEHSIICS JTOTHCTUIECKHH perpecCHOHHBIN aHann3. Ha ocHoBe pe3ynabTaToB MHOTO(AKTOPHOTO aHa-
nm3a ObuTa paspaboTaHa HOMOTpaMMa JUIsl MPOTHO3UPOBAHHS KIMHIMYECKOTO McXoa. JIMCKpUMUHAIIMOHHAS CIO-
coonocts MKY 1 HOMOTpaMMBI ObLIa OLIEHEHA ¢ TOMOIIBIO JIOTHCTHYECKOH perpeccuy, B KaueCTBe HHCTPYMEHTA
OIIEHKH €r0 INarHOCTHYECKO# criocoOHocTH nmpuMensiics Metoa ROC-ananmuza (ROC-ananus).

PesyabTarhl. Cpeay nanyeHToB JOMUHUPOBAIM MY>K4UHBI (61%), MeauaHa Bo3pacTa cocTaBuiia 65 net (MHTep-
kBapTWibHbIH pa3max [IKP] 56-74 rona). Meanana MKY cocraBuna 4 (MKP: 3-6) 6amna. CmepTHOCTB B Tede-
Hue 18 mec cocraBuna 12,1%, c¢ miomansto nojg ROC-kpusoit st UKY 0,797 (95%-# noBepuTebHbINA UHTEP-
Bait [JIN] 0,746-0,849; p < 0,001). MuorodakropHbIii ananmu3 mokaszai, yro MKY (otHomenue mancos [OLI]
1,28; 95%-i1 IU 1,08-1,52; p = 0,004), Bozpact (OIL 1,06; 95%-it 11 1,02—-1,09; p = 0,002), Tpexcocynucroe
nopaxenue kKoponapusix aprepuit (OIL 2,60; 95%-i1 I 1,36-4,98; p = 0,004), BKIIOYEHHBIE B HOMOTPAMMY,
OBUTH HE3aBHCHMBIMH ITPEAMKTUBHBIMU (haKTOpaMH HEOIarompusITHOro KIIMHAYECKoro nexoaa. Homorpamma mpo-
JIEMOHCTPHPOBAJIa XOPOIIYIO JUCKPHUMHHAIMOHHYIO CIIOCOOHOCTh IPOTHO3UPOBAHMUS 18-MeCSYHONW CMEPTHOCTH
y nauueHTos ¢ ocTpeiM UM (mnomans nox ROC-kpusoit 0,819; 95%-it 1N 0,767-0,870; p <0,001; uyBcTBUTENB-
HOCTb 65,1%; cnietnpuanocts 88,2%).

3akiaouenue. MKY He3aBrcHMO accolMupoBaics U YMEPEHHO IpeJICKa3biBal CMEPTHOCTh B TeueHue 18 mec y
narnueHToB ¢ ocTpeiM M. TIpemnokeHHas HoMorpamma o0JIeryuiia paHHIOK UACHTH()UKAIIIO MAI[HEHTOB C BbI-
COKHM PHUCKOM COOBITHIA, YTO MO3BOJMIO BHEAPHUTH Ooiiee 3 (HEeKTHBHBIC CTPATETUH JICUYCHUS U CHU3UTHh CMEPT-
HOCTb I1pu ocTpoM MIM.

KirueBble ci10oBa: HHICKC KOMOpOUIHOCTH YapibcoHa, HHPAPKT MUOKapaa, KOMOPOUIHOCTh, CMEPTHOCTb, HO-
Morpamma

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX M MOTEHIMANBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaIKeil HACTOSIIEeH CTaThH.
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Hcrounnk ¢puHaHCHPOBAHUS. ABTOPHI 3asBISIOT 00 OTCYTCTBUM (PMHAHCHPOBAHMS IPHU IPOBEICHUH HCCIIEI0-

BaHUA.

CooTBeTcTBHE NMPUHIMIIAM 3THKH. Bce mannenTs! noamucany MHGOPMUPOBAHHOE COTIACHE HAa yJacTHE B HC-
cienoBanuu. VccnenoBanue o100peHO KOMUTETOM 110 3THKe MeauunHcekoro naerutyta PYJIH.

Js nurupoBanmsi: Xoanr U.X., Maiickos B.B., Mepaii 1. A., Ko6anasa XK.JI. [Ipumenenue nHICKCa KOMOPOUI-
HocTH YapibcoHa ISl OLICHKH MPOrHO3a 1 8-MeCsIuHON CMEPTHOCTH Y MAI[MEHTOB € OCTPBIM HH()APKTOM MUOKAp/Ia.
bronemens cubupcroti meouyunnt. 2024;23(2):91-100. https://doi.org/10.20538/1682-0363-2024-2-91-100.

INTRODUCTION

Cardiovascular diseases (CVDs) are the most
common cause of mortality worldwide, which
substantially contributes to loss of good health and
excessive healthcare costs [1, 2]. Acute myocardial
infarction (MI) is one of the most common causes
of death from CVDs. Despite improvements in the
diagnostic, treatment, and preventive strategies,
CVD remains the main cause of death in Europe,
with coronary artery disease (CAD) being the most
common cause of CVD mortality [2]. Growing
aging population has resulted in higher prevalence
of comorbidities, particularly among patients with
acute MI [3] and is associated with an increased
risk of mortality and future cardiovascular events
[4, 5]. Therefore, determining key risk factors and
implementing appropriate clinical recommendations
can make a significant contribution to saving the
lives of individuals with acute MI and comorbidities.

The Charlson Comorbidity Index (CCI) is a
well-established surrogate marker of comorbidity,
validated to predict a risk of adverse outcomes in
patients with acute MI [6]. Despite frequent presence
of comorbidities in MI patients, their role in the
long-term prognosis after acute MI has been poorly
studied.

The aim of the study was to evaluate the prognostic
value of CCI for predicting 18-month all-cause
mortality and develop a nomogram for predicting
18-month mortality in patients with acute MI.

MATERIALS AND METHODS

The present study is a prospective, single-center,
observational study. It included all consecutive
patients aged > 18 years admitted with acute MI to
Vinogradov City Clinical Hospital (Moscow, Russia)
from January 2017 to December 2018. The patients
underwent coronary angiography (CAG) within 24
hours after hospitalization. The exclusion criteria
were type 3, 4, or 5 MI. The diagnosis of acute MI
was made according to the Third universal definition

of MI [7]. All patients signed an informed consent
to participate in the study. The study was approved
by the local Ethics Committee at the Institute of
Medicine, Peoples’ Friendship University of Russia,
and complied with the Declaration of Helsinki.

Data collection and clinical outcomes. Variables
of interest included clinical characteristics,
cardiovascular risk factors, comorbidities, physical
examination findings, blood test results, and imaging
data (electrocardiography, echocardiography, and
CAGQG). Cardiac troponin I levels were measured
using the Access 2 Immunoassay System (Beckman
Coulter, USA), with 99" percentile upper reference
limit being 0.02 ng / 1. The CCI was calculated using
baseline data by summing all comorbidity scores
(available online) [8, 9]. The Global Registry of
Acute Coronary Events (GRACE) 2.0 score was used
to stratify risks for MI patients [10]. Anemia was
defined as a hemoglobin concentration of less than
120 g / 1 for men or less than 130 g / | for women
[11]. Multivessel CAD was defined as the presence
of > 70 % stenosis in two or more major coronary
arteries of > 2.5 mm in diameter detected during
direct subtraction angiography [12].

The primary endpoint was 18-month all-cause
mortality, both in-hospital and out-of-hospital, that
was recorded in patient electronic medical records
and death registers.

Statistical analysis. Statistical analysis was
performed using the IBM SPSS Statistics 25.0
(SPSS Inc., Chicago, IL, USA) and R software
(version 3.6.3) software. Quantitative variables were
presented as the mean and the standard deviation
for normally distributed data or as the median (Me)
and the interquartile range (IQR) for non-normally
distributed data. Qualitative variables were presented
as absolute values and percentages. Categorical
variables were compared using the Chi-square and
Fisher’s exact tests, while continuous variables were
compared by the unpaired Student #-test and Mann —
Whitney U-test. The logistic regression analysis was
used to identify factors associated with 18-month
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mortality. The odds ratios (OR) and 95% confidence
intervals (CI) were presented. Based on the estimated
factors from the multivariate logistic regression
model, a nomogram was constructed to assess the
risk of 18-month death (rms package in R). The ROC
analysis was used to assess the discriminating ability
of the CCI and the nomogram in relation to 18-month
mortality [13]. A two-tailed p value of 0.05 was
chosen as a threshold for statistical significance for
all tests.

RESULTS

A total of 712 consecutive patients were included
in the study; 434 patients (61%) were male. The
median age of patients was 65 (IQR: 56-74)
years; 47.8% of patients were hospitalized with ST
elevation. The proportion of patients < 44 years, >
45 and < 59 years, > 60 and < 74 years, > 75 and <
90 and > 90 years was 8.84%, 5.8%, 28.1%, 42.6%,
23%, and 0.6%, respectively. During the follow-up
period, 86 patients (12.1%) died.

The baseline characteristics of the patients
are shown in Table 1. In the group of diseased
patients, more elderly patients, female gender,

ST elevation, arterial hypertension, CAD, prior
MI, prior heart failure (HF), prior stroke, atrial
fibrillation, chronic kidney disease (CKD), anemia,
Killip class II-IV acute heart failure, three-vessel
CAD, and higher CCI and GRACE scores were
more common. Values for systolic blood pressure
(BP), hemoglobin, creatinine, and left ventricular
ejection fraction (LVEF) were lower in the group
of deceased patients. There were no significant
differences between the groups in prior myocardial
revascularization, peripheral artery disease (PAD),
chronic lung disease (asthma and / or chronic
obstructive pulmonary disease), gastric and
duodenal ulcer, troponin level, and the frequency of
percutaneous coronary intervention (PCI).

The median CCI score was 4 (IQR: 3-6, range
0-13). The distribution of CCI scores in all the
participants was shown in Fig.1. Among components
of CCI, past history of MI was the most frequent
comorbidity (21.8%) followed by diabetes mellitus
(21.1%), chronic lung diseases (asthma and chronic
obstructive pulmonary disease) (16.2%), dementia
(9.3%), gastric and duodenal ulcer (9.1%), and CKD
(8.6%) (Table 2).

Table 1
Basic characteristics of 712 patients with myocardial infarction
Pati i i i i
Parameter al er;t £07pluzlat10n, Surv1;e:d 6pzaélents, Deceazej g'g‘uents, »

Age, years, Me (IQR) 65 (56; 74) 64 (55;71.2) 76.5 (67.7; 83.2) <0.001
Women, 1 (%) 278 (39) 227 (36.3) 51(59.3) <0.001
ST elevation, n (%) 340 (47.8) 289 (46.2) 51(59.3) 0.022
Arterial hypertension, n (%) 634 (89) 552 (88.2) 82 (95.3) 0.046
CAD, n (%) 328 (46.1) 267 (42.7) 61 (70.9) <0.001
Prior ML, n (%) 155 (21.8) 125 (20) 30 (34.9) 0.003
Prior myocardial revascularization, n (%) 85 (11.9) 77 (12.3) 8(9.3) 0.483
Prior HF, n (%) 57 (8.0) 44 (7.0) 13 (15.1) 0.017
Diabetes, n (%) 150 (21.1) 125 (20) 25(29.1) 0.066
Prior stroke, n (%) 51(7.2) 36 (5.8) 15(17.4) <0.001
History of atrial fibrillation, n (%) 73 (10.3) 57 (9.1) 16 (18.6) 0.012
CKD, n (%) 61 (8.6) 44 (7.0) 17 (19.8) <0.001
PAD, n (%) 26 (3.7%) 20(3.2) 6(7.0) 0.114
Chronic lung disease, n (%) 115 (16.2%) 95 (15.2) 20 (23.3) 0.062
Gastric and duodenal ulcer, 1 (%) 65 (9.1%) 57 (9.1) 8(9.3) 1.0

CClI, score, Me (IQR) 4(3;6) 4(3;5) 6(5;8) <0.001
Anemia, n (%) 189 (26.5) 145 (23.2) 44 (51.2) <0.001
Chest pain, n (%) 658 (92.4) 583 (93.1) 75 (87.2) 0.078
Shortness of breath, n (%) 124 (17.4) 102 (16.3) 22 (25.6) 0.047
Killip class II-1V, HF n (%) 160 (22.5) 115 (18.4) 45 (52.3) <0.001
Systolic blood pressure, mm Hg., Me (IQR) 140 (1205 159) 140 (120; 160) 130 (110; 150) 0.019
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Table 1 (continued)

Parameter Patient population, Survived patients, Deceased patients, »
n=712 n=0626 n=_86
Diastolic blood pressure, mm Hg., Me (IQR) 80 (76; 89) 80 (77, 90) 80 (70; 80) 0.021
Troponin I, ng / ml, Me (IQR) 0.39 (0.09; 2.85) 0.39 (0.09; 2.86) 0.42 (0.09; 2.50) 0.996
Hemoglobin, g /1, Me (IQR) 136 (123; 147) 138 (125; 148) 122 (105; 136.5) <0.001
Creatinine, memol / 1, Me (IQR) 94 (80; 107) 69 (55; 84) 52.5 (41; 66.5) 0.014
LVEF, %, Me (IQR) 45 (40; 54) 45 (40; 54) 40 (34; 50) <0.001
No lesion / stenosis of CA < 50%, n (%) 73 (10.3) 69 (11) 4(4.7) 0.086
Three-vessel CAD, n (%) 390 (54.8) 320 (51.1) 70 (81.4) <0.001
PCL n (%) 566 (79.5) 499 (79.7) 67 (77.9) 0.671
GRACE, score, Me (IQR) 117 (98; 141) 113 (96; 134) 149 (128.5; 171.25) <0.001

Note. AIDS — acquired immunodeficiency syndrome

20

Frequency, %

19.7

CCI,

0.1 0.3 0.1

1" 12 13

score

Fig. 1. Distribution of CCI scores among the patients

Table 2

Frequency of comorbidities for each CCI category

Comorbidity Number Frequency

Prior MI 155 21.8
Diabetes (mild to moderate) 150 21.1
Chronic lung disease 115 16.2
Dementia 66 9.3
Gastric and duodenal ulcer 65 9.1
CKD 61 8.6
Prior hospitalization for HF 57 8.0
Stroke 51 7.2
Cancer 27 3.8
PAD 26 3.7
Liver disease 4 0.6
AIDS 1 0.1

Rheumatic disease 0 0

Hemiplegia or paraplegia 0 0

The univariate analysis showed that CCl score, age,
female gender, ST elevation, systolic BP, diastolic BP,
atrial fibrillation, anemia, Killip class HF, creatinine
level, LVEF, and three-vessel CAD were associated
with 18-month all-cause mortality (p < 0.05)
(Table 3). The multivariate analysis revealed that
CCI score (OR 1.28, 95% CI 1.08-1.52, p = 0.004),
age (OR 1.06, 95% CI 1.02-1.09, p = 0.002), and
three-vessel CAD (OR 2.60, 95%CI 1.36-—4.98,
p = 0.004) were independently associated with the
primary endpoint.

The analysis of ROC curves for CCI predicting
18-month all-cause mortality showed that the area
under the curve (AUC) for CCI was 0.797 (95%
CL: 0.746-0.849, p < 0.001). The sensitivity and
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specificity were 69.8% and 78.4%, respectively with
the cut-off CCI value being >5 points (Fig. 2).
Basedontheestimated variablesinthemultivariate
model, a nomogram was developed to predict the
risk of 18-month mortality in patients with acute MI
(AUC = 0.819, 95% CI: 0.767-0.870, p < 0.001,
sensitivity 65.1%, specificity 88.2%) (Fig. 3). The
risk of death within 18 months in patients with
acute MI was assessed according to the following

Risk == 1/(1 + e—l)a

where Z = —7.984 + 0.341 x CCI + 0.051 x age +
0.967 x three-vessel CAD.

Instruction for use: a total score is summed from
the score of each factor on the corresponding axis with
drawing a vertical line to the “Points” axis. Summing
scores of all factors and drawing a vertical line to
the “Risk of 18-month mortality” line determine the

equation:

individual’s risk of death within 18 months.

Table 3
Univariate and multivariate analysis of the risk factors in predicting 18-month all-cause mortality
Univariate analysis Multivariate analysis
Parameter
OR (95% CI) )4 OR (95% CI) P
CClI, score 1.65 (1.47-1.84) <0.001 1.28 (1.08-1.52) 0.004
Age, years 1.09 (1.07-1.12) <0.001 1.06 (1.02-1.09) 0.002
Women 2.56 (1.62-4.06) <0.001 1.35(0.73-2.51) 0.336
ST elevation MI 1.70 (1.07-2.69) 0.023 1.33 (0.76-2.34) 0.318
Systolic BP < 115 mm Hg 2.37(1.43-3.95) 0.001 2.84 (1.09-7.38) 0.032
Diastolic BP < 70 mm Hg 1.88 (1.45-3.10) 0.012 2.14 (0.82-5.61) 0.121
History of atrial fibrillation 2.28 (1.24-4.19) 0.008 1.32 (0.64-2.75) 0.453
Anemia 3.47 (2.19-5.51) <0.001 1.67 (0.93-2.99) 0.083
Killip class II-IV >2 2.67(2.05-3.45) <0.001 1.22 (0.66-2.26) 0.523
Creatinine level > 115 mcmol /1 1.83 (1.08-3.08) 0.023 1.09 (0.55-2.13) 0.811
LVEF <40% 3.16 (1.93-5.17) <0.001 1.79 (0.97-3.32) 0.063
Three-vessel CAD 4.18 (2.38-7.36) <0.001 2.60 (1.36-4.98) 0.004

AUC 0,797 (95% I 0,746-0,849)

1.0
0.8
0.6
2
2
.% “‘",
»n 04 1
/"
/
0.2 |
/
/
0.0
0.0 0.2

96

0.6 0.8 1.0
1-Specificity

Fig. 2. The analysis of the ROC curve for CCI for
predicting 18-month all-cause mortality in patients

with acute MI
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Fig. 3. Nomogram for predicting 18-month all-cause mortality in acute myocardial infarction: Charlson Comorbidity Index, age,
and three-vessel coronary artery disease

DISCUSSION

The obtained results were used to build a predictive
model for this population. In our study, male patients
prevailed, which is consistent with the findings from
previous studies [6, 14, 15]. Arterial hypertension had
higher prevalence in our study (89%) than in the works
by J. Sanchis et al. including 1,017 non ST-elevation
acute coronary syndrome (NSTE-ACS) patients [16]
and J.E. Nufiez et al. in a cohort of 1,035 acute MI
patients [17], where arterial hypertension accounted
for 65 and 61.4% of the total population, respectively.

When analyzing the comorbidity profile in CCI,
past history of MI (21.8%) and diabetes mellitus
(21.1%) were the most frequent comorbidities,
which is consistent with the results of the study by
D. Radovanovic et al. including 30,711 patients
with acute coronary syndrome (ACS) from 69 Swiss
hospitals in the AMIS Plus registry [6]. In their study,
prior MI and diabetes mellitus were reported in 18 and
14.7% of cases, which is concordant with the study
by M. Hautamiki involving 1,576 patients in the
MADDEC (Mass Data in Detection and Prevention
of Serious Adverse Events in Cardiovascular
Disease) study, where prior MI accounted for 22%.
In contrast to the findings obtained by J.E. Nufiez
et al. [17], diabetes mellitus without target organ
damage (21.5%) was the most common CCI category,
followed by a history of acute MI (17.6%), chronic
obstructive pulmonary disease (8.6%), stroke (6.6%),
HF (6.4%), PAD (5.5%), and kidney disease (4.1%).

Previous studies have confirmed the positive
correlation between CCI and adverse outcomes
in patients with MI [3, 17-19]. In a prospective,

multicenter, observational study involving 29,620
acute MI patients, 46.8% had comorbidities [6].
CCI was an independent predictor of in-hospital
mortality: CCI=1had OR 0of 1.36 (95% CI 1.16—-1.60;
p =0.001), CCI = 2 had OR of 1.65 (95% CI 1.38-
1.97; p <0.001), and CCI > 3 had OR of 2.20 (95%
CI 1.86-2.57; p < 0.001). With a combination of
CCI, age, and gender in the ROC analysis, the AUC
was 0.761 (95% CI 0.74—-0.773) for predicting in-
hospital mortality. In contrast, using CCI alone
yielded the AUC of 0.670 (95% CI 0.656-0.685)
for in-hospital mortality. After adjustments for age,
the AUC improved to 0.83 (95% CI 0.80—0.86) for
predicting 12-month mortality.

M. Schmidtetal. examined the association between
comorbidity and mortality in 234,331 patients with
first-time hospitalization for MI from 1984 through
2008 [3]. The authors reported an association
between comorbidity and 30-day mortality (adjusted
hazard ratio (aHR) 1.35 (95% CI 1.26-1.45) for
moderate (CCI = 1) and 1.96 (95% CI 1.83-2.11)
for very severe comorbidity (CCI > 3)), as well as
12-month mortality (aHR 1.83 (95% CI 1.68-2.00)
for moderate and 3.89 (95% CI 3.58—4.24) for severe
comorbidity). In another study [19], the overall aHR
for all-cause mortality was 1.39 (95% CI 0.90-2.14)
and 2.33 (95% CI: 0.79-6.84) for mild comorbidity,
2.05 (95% CI: 0.69—6.06) for moderate comorbidity,
and 1.07 (95% CI: 0.64—1.80) for severe comorbidity.
In a study involving 1,035 consecutive acute MI
patients, J.E. Nufiez et al. found that a higher CCI
score independently predicted mortality or acute MI
within 30 days and one year [17].
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The analysis of factors associated with fatal
outcomes revealed that CCI, age, and three-vessel
CAD were independent predictors of 18-month
mortality in patients with acute MI. In our study, the
proportion of the elderly accounted for two-thirds of
all patients. The clinical significance of CCI in this
patient cohort was demonstrated in previous studies
[20-22]. Given that comorbidity burden increases
with age, particularly in elderly patients who
become more vulnerable and frailer, comorbidity
indices become more significant for this age
group [23].

In a prospective, cohort study including 520
elderly (= 80 years) patients hospitalized with
NSTE-ACS, CCI was independently associated with
mortality or readmissions (HR 1.15, 95% CI (1.06—
1.26); p = 0.001) within 6 months of follow-up [21].
In another prospective, cohort study involving 715
NSTE-ACS patients, CCI was a prognostic factor of
readmission for HF after 2-year follow-up (OR = 1.2
(95%CI: 1.04-1.3) [24].

The severity of CAD detected by CAG also has
a prognostic value in acute MI [25]. The prevalence
of significant multi-vessel CAD was common in
patient with acute MI, both with NSTE-ACS and ST
elevation ACS, and accounted for 40-50% of cases
[26-28]. Three-vessel CAD served as a prognostic
factor within the CADILLAC risk score (the
Controlled Abciximab and Device Investigation to
Lower Late Angioplasty Complications), predicting
30-day and 12-month mortality for acute MI
after PCI [29]. This score integrated age, LEEF,
renal insufficiency, three-vessel CAD, and post-
procedural Thrombolysis in Myocardial Infarction
(TIMI) flow.

For risk stratification after acute MI, CCI was
incorporated in several scores for predicting adverse
outcomes [30, 31]. In a study of 1,202 ACS patients,
the addition of CCI to the GRACE score improved
the prediction of future cardiovascular events and
mortality [32], while CCI was shown to be one of the
strongest predictors of non-cardiovascular mortality
in patients undergoing PCI [33]. The results from the
National Readmissions Database revealed that CCI >
3 was the foremost predictor of 30-day readmission
among patients with NSTE-ACS [34]. The current
analysis calls attention to the synergistic prognostic
impact of both comorbidities and angiographic
variables that are potentially modifiable or that
require specific intervention.

Our study has several limitations. Firstly, it is an
observational study, and inherent limitations like
non-randomization and unmeasured confounding
factors cannot be eliminated. However, well-designed
observational studies can still provide valid results
without systematically overestimating outcomes,
compared to randomized controlled trials. Secondly,
a small sample size, single-center nature of the study,
and a lack of nomogram validation reduce the power
of our model for clinical implementation. Thirdly,
CCI was designed over 30 years ago, and clinical
definitions of certain conditions, like CKD, have
evolved significantly. This may make it impractical to
accurately assess their impact on comorbidity burden
and prognosis using the traditional CCI format.Top
of Form

CONCLUSION

CCI demonstrated a moderate predictive capacity
for 18-month mortality in acute MI patients. Age, CCI,
and three-vessel CAD were independently associated
with 18-month mortality. The nomogram-based risk
assessment model facilitated early identification of
high-risk patients, allowing for the implementation
of more effective treatment strategies and reducing
acute MI mortality.
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ABSTRACT

Over the past two decades, targeted therapy has actively developed and, demonstrating impressive clinical results,
has gained an increasingly important role in the treatment of cancer. This was facilitated to a large extent by an
in-depth understanding of the mechanisms of cancer development, and mainly, the discovery of molecular targets.
Despite the fact that targeted therapy can radically change the results of treatment and the prognosis of the disease
course in some cancer cases, its effectiveness is sometimes replaced by drug resistance, in others.

The authors of the lecture analyzed and systematized therapeutic approaches to addressing a number of important
molecular targets that are key for implementing a specific stage in human tumor pathogenesis. These include
maintaining chronic proliferative signaling, promoting evasion of cell growth suppressors, inducing angiogenesis,
forming immune surveillance, and activating invasion and metastasis. The lecture presented targeted therapy drugs
used in the Russian Federation, including antibody-based drugs and small molecule tyrosine kinase inhibitors. It
also analyzed mechanisms of molecular interaction between these drugs and their targets, as well as possible factors
for developing resistance and ways to overcome these resistance mechanisms.
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PE3IOME

B Teuenne TMOCIECAHUX JIBYX JIECATUIICTUI TapreTHas T€panus aKTUBHO Pa3BUBACTCA U, IEMOHCTPUPYS BHEHAT-
JIAIOIINE KIIMHUYECKUE PE3YJIbTAaThbl, 3aBOCBLIBACT BCEC 6OJ'ILI_HyIO POJIb B T€PAIIU OHKOJIOTHYCCKUX 3a00JIeBaHUIA.
B 3HaunTenpHOU MEpPE STOMY CII0COOCTBOBAIO yrny6neHHoe NMOHUMaHUE MEXaHU3MOB Pa3BUTHUA paKa U I'NTaBHbBIM
06pa30M OTKPBITUE MOJICKYJIAPHBIX muireHen. OHaKo TapreTHas Teépanus crocooOHa paavKaJbHO USMECHSATH pe-
3YJIbTAThI JICUCHUS U IPOTHO3BI TCUCHUSL 3a00JIeBaHUS B OJHUX OHKOJIOTUYECKUX KOHTEKCTAaX, B IPYTI'HUX XKE 3(1)(1)6K-
THBHOCTb CMCHSCTCS HeKapCTBeHHOfI yCTOfI‘IPIBOCTI;IO.

B nexmuun MPOAHAJIM3UPOBAHbBI U CUCTEMATHU3UPOBAHBI TEPANCBTUYUCCKNUE MOAXOAbl HALCJIMBAHUA HaA DPAJ BaXK-
HEHIIIX MOJICKYJISIPHBIX MHmeHCﬁ, KOTOPBIC SABJIAIOTCA KIIHOYCBBIMU IJI OCYIICCTBJICHHUA KOHKPETHOI'O 3Talla B
MHOTOCTaTHHHOM IIpouecce nmaroreHesa 0HyXOH€I71 YCJIOBCKA: MOAACPIKNUBAIOIIUX XPOHUYCCKYIO HpOJ’II/I(bepaTI/IB-
HYIO Iépe€aaqy CUIrHajloB, CHOCO6CTByIOHII/IX YKIIOHEHHIO OT CyIIpeCcCOPOB KIIETOYHOI'O POCTa, 06CCH€‘II/IBaIOHII/IX
WHAYKIUKO aHT'HOreHesa, (I)OpMI/IpyIOHII/IX I/IMMyHHI)IfI HaJA30p U aKTUBUPYIOIIUX WHBA3UIO U METACTAa3UPOBAHUC.
HpCﬂCTaBHCHLI MNPUMCHACMBIC B Poccun TapreTHBIC TCPAIICBTUYCCKUE MPEHapaTbl HAa OCHOBE aHTHUTCII U HU3KO-
MOJICKYJISIPHBIC I/IHFI/I6I/ITOpI>I TUPO3UHKHHA3, TPOAHAJIU3UPOBAHBI MEXAHU3MbI MOJICKYJIAPHOI'O B3aMMOICHCTBHS
npenapaTtoB u MPIIHCHeﬁ, a TaKXC€ BO3MOKHBIC (PaKTOpLI Ppa3BUTHUA PE3UCTEHTHOCTH U CII0COOBI Ipeoa0JICHUs pe-
3UCTCHTHBIX MCXaHU3MOB.

KuaroueBsie cioBa: EGFR, HER2, VEGF, BCR-ABL1, CDK4/6, CTLA-4, PD-1, c-Met

KoHdumKT HHTEpecoB. ABTOPHI ACKIAPUPYIOT OTCYTCTBHE SIBHBIX M MOTEHIHATIbHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C IMyOJUKAIUEeH HACTOSIICH CTaThU.

HUctounuk Q)nﬂancnponamm. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU q)HHaHCPIpOBaHI/IH 1IpU MPOBCACHUN UCCIIEN0-
BaHUA.

Jast uutupoBanusi: bogenko B.B., Jlappkuna M.C., [1pau A.A., [Tnotaukos E.B., benoycos M.B., Uepnos B.U.
MosekysipHble MULIEHH TapreTHON TepaIiy 3/10Ka4eCTBCHHBIX HOBOOOpa30BaHUl. broiemens cubupckoil meou-
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INTRODUCTION

Targeted therapy is a novel and most promising
method for drug treatment of malignant tumors.
Over the past two decades, in-depth investigation
of cancer development mechanisms, including the
discovery of molecular targets, has contributed to the
impetuous development of targeted medicine. As per
the hypothesis proposed by Hanahan and Weinberg,
the primary hallmarks of cancer include maintenance
of proliferative signaling, evasion of cell growth
suppressors, induction of angiogenesis, evasion of
immune surveillance, activation of invasion and
metastasis, and resistance to cell death. Tumor cell
genome mutation is defined as a fundamental feature
that initiates malignant transformation [1, 2].

Currently, oncologists have a wide range of
targeted therapeutic agents in their arsenal. These

drugs are directed at molecular targets that are key to a
definite stage in human tumor pathogenesis. Generally,
targeted therapy is based on the use of low-molecular-
weight tyrosine kinase inhibitors (ending in the suffix
-ib) (Table 1) and monoclonal antibodies (ending in
the suffix -mab) (Table 2). Tumor targets can represent
receptor tyrosine kinases and their ligands (Figure).
Receptor  tyrosine  kinases (RTKs) are
transmembrane proteins consisting of three parts,
namely an extracellular domain that functions as
a receptor for site-specific binding to ligands, a
transmembrane domain, and a catalytic intracellular
tyrosine kinase domain. The tyrosine kinase domain
provides phosphorylation of substrates (transferring the
phosphate residue of adenosine triphosphate (ATP) to
the tyrosine residue of specific cellular target proteins
for serine or threonine kinases). Ligand binding to
the tyrosine kinase receptor leads to constitutive
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activation of downstream
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Many kinases, being regulators of normal cellular
processes in a healthy organism, such as angiogenesis,
proliferation, differentiation, survival, and migration,
are also crucial for cancer formation and progression.
As a result of an oncogenic mutation or translocation,
target kinase proteins can be overexpressed, intercept
downstream signaling pathways, be resistant to
regulatory mechanisms, and perform functions that
promote tumor formation and growth. Both well-
established in clinical practice and novel targeted
drugs are directed at targets that are critical to the
pathogenesis of tumor development.

Tyrosine kinase inhibitors (TKIs) can function
by competing for ATP in the ATP binding pocket
of the kinase in an active (TKI type I) or inactive
conformation (TKI type II); perform interactions
beyond the ATP binding site, causing allosteric
inhibition of kinase activity (TKI type III); form an
irreversible covalent bond with the active center of
the kinase, most often by reacting with a nucleophilic
cysteine residue (TKI type IV, irreversible inhibition)

Figure. Methods of targeted therapy

[3, 4]. TKIs have a cytostatic effect, leading to
inhibition of tumor growth.

Monoclonal antibodies bind to the extracellular
domain of the target receptor and act through a
variety of mechanisms, including antibody-dependent
cellular cytotoxicity, internalization followed by
degradation, or inhibition of receptor dimerization [5,
6]. Monoclonal antibodies are divided into chimeric
(-ximab), humanized (-zumab) or fully human
(-umab). Monoclonal antibody-based drugs are used
separately or in conjugation with a cytotoxic agent
(trastuzumab emtansine, trastuzumab deruxtecan,
brentuximab vedotin, enfortumab vedotin).

The aim of this lecture was both to analyze
therapeutic approaches to directing a few important
molecular targets of malignant neoplasms and
to consider the problem of resistance to targeted
drugs and strategies to overcome these resistance
mechanisms. The material of the lecture would be of
interest to researchers and specialists in the field of
targeted therapy and oncology.
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TARGETING CELL STRUCTURES THAT
SUSTAIN CHRONIC PROLIFERATIVE
SIGNALING

Normal cells require mitogenic growth signals
mediated by transmembrane receptors to transfer from
a quiescent state to a phase of active proliferation. On
the contrary, tumor cells are capable of autonomously
maintaining  chronic  proliferation.  Sustained
proliferation is carried out by increasing the amount
of growth factor ligands, increasing the expression
of receptor proteins on the surface of tumor cells,
stabilization of the receptor in the dimeric state, and
activation in the absence of ligand.

Epidermal growth factor (EGF) and its receptors
with tyrosine kinase activity, members of the ErbB
family: EGFR (HERI, ErbB-1), HER2/c-neu (ErbB-
2), and Her 3 (ErbB-3), are common and well
understood growth factors. ErbB family receptors
ensure proliferation, survival, and differentiation
of normal cells, while they are overexpressed in
a variety of malignancies. Thus, EGFR (HERI)
overexpression is found in non-small cell lung cancer,
disseminated prostate cancer, head and neck cancer,
glioma and glioblastoma, and also in colorectal and
pancreatic cancers. HER2/c-neu overexpression is
most commonly found in breast cancer (15-20% of
cases) and less frequently in ovarian, gastric, prostate,
and pancreatic neoplasms. The relevance of HER3
overexpression in malignant tumors is not as high
as that of HER1 and HER2. This phenomenon can
be observed in breast, ovarian, gastric, and prostate
cancers [7].

Studying the crystal structure revealed that the
extracellular domain of ErbB family receptors
consists of four subdomains, of which domains I and
IIT are involved in ligand binding, and domains II and
IV are involved in intramolecular interactions and
provide autoinhibition. EGF receptors usually are in
an inactive monomeric state as a compact “bound”
conformation determined by intramolecular binding
between domains II and IV. These receptors are
activated upon binding to a ligand and subsequent
dimerization. To accomplish this process, domains
I and III form a ligand-binding pocket and expose
subdomain II, allowing for dimerization between
identical receptors (homodimerization) or with other
family members (heterodimerization). However,
unlike other family members, HER2 exists in a stable
open conformation that enables dimerization without
ligand binding.

For many tyrosine kinase receptors, the transition
to an active kinase conformation is provided by
autophosphorylation of the activation loop in the
kinase domain. Nevertheless, for ErbB receptors,
the transition to an active conformation is mediated
by the formation of a kinase domain dimer, in which
one kinase allosterically activates the other. Next,
kinase domains catalyze the phosphorylation of
tyrosine residues (outside the kinase domain in the
C-terminus), creating binding sites for proteins or
enzymes involved in downstream signal transduction.
The interaction of EGF receptors with extracellular
ligand triggers a cascade of biochemical reactions
through the RAS-RAF-MAPK, PI3k/AKT, and
phosphoinositide-specific phospholipase C (PLCy)
signaling pathways [7, §].

Currently, there are three generations of EGFR/
HER1-directed TKIs approved for the treatment
of non-small cell lung cancer (NSCLC). The use of
first-generation reversible ATP-conjugating TKIs
(gefitinib, erlotinib, icotinib) and second-generation
TKIs (afatinib and dacotinib) with irreversible
inhibition has significantly improved the efficacy of
the therapy compared to classical chemotherapy. At
the same time, despite a favorable initial response to
therapy, in the majority of patients, tumor progression
slows down after 9-14 weeks. Tumor progression is
caused by the development of resistance, which in
about half of the cases is due to the second-site T790M
mutation in exon 20 [1].

The irreversible third-generation TKI, osimertinib,
covalently binds to cysteine at the ATP interaction
site of the EGFR intracellular domain, increasing
the efficacy of therapy against the T790M mutation
by nearly 200 times and has demonstrated potential
efficacy in the treatment of brain metastases. Another
advantage of this drug is significant reduction of
cutaneous and gastrointestinal toxicity compared
to wild-type TKIs. The development of resistance
caused by a point mutation of cysteine at position 797
(C797X), which is the binding site for osimertinib,
remains an urgent and unresolved problem. In
addition, mutations of other amino acid residues of
EGFR, EGFR amplification, and EGFR-independent
resistance, in particular activation of bypass signaling
pathways for signal transduction, may be observed
during treatment.

EGFR/HERI1-directed  antibodies  approved
for treatment in the Russian Federation include
cetuximab (chimeric IgG1 monoclonal antibody) and
panitumumab (recombinant human IgG2 monoclonal
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antibody). As a result of binding to EGFR, the
antibodies prevent intracellular ligand-mediated
tyrosine kinase phosphorylation, leading to inhibition
of downstream signaling pathways, including
RAS-RAF-MAPK and PI3K-Akt/mTOR pathways.
Drugs in this group are used for the therapy of
metastatic colorectal cancer (panitumumab) and head
and neck cancer (cetuximab).

Lapatinib is a dual tyrosine kinase inhibitor that
blocks the activity of the HER1 and HER2 tyrosine
kinases by interacting with the ATP-binding site
of the intracellular receptor domain. Lapatinib is
approved for the therapy of HER2-positive breast
cancer (BC).

HER2-directed antibodies approved for BC therapy
include trastuzumab and pertuzumab. Trastuzumab,
as a HER2-directed humanized IgGlmonoclonal
antibody, binds to subdomain IV, suppresses the
intracellular PI3K and MAPK signaling pathways,
and activates the immune response. Pertuzumab is a
monoclonal antibody that, by binding to subdomain
II of HER2, inhibits the dimerization of HER2 with
other receptors of EGFR, HER3, and HER4. Clinical
studies have indicated that trastuzumab in combination
with pertuzumab provides a more effective blockade
of the HER signaling pathway.

A new class of targeted therapy in cancer treatment,
monoclonal antibody-drug conjugates, have proven to
be highly effective with acceptable systemic toxicity.
Such conjugates consist of three main parts, namely
a monoclonal antibody, a chemical linker, and a
cytotoxic agent. Highly active tubulin inhibitors
(auristatin analogs and maitansin analogs); DNA
damaging compounds (duocarmazine, calicheamicins,
and pyrrolobenzodiazepines), RNA polymerase II
inhibitors (amanitin), and topoisomerase I inhibitors
(deruxtecan, govitecan) are used as cytotoxic
compounds [9, 10]. In addition to effects mediated by
cytotoxic agents, monoclonal antibodies may exhibit
intrinsic antitumor activity, such as blocking target
antigens and triggering antibody-dependent immune
responses [11].

Consequently, for patients whose disease
progresses after therapy with a combination of
trastuzumab and pertuzumab, trastuzumab emtansine
is the standard second-line treatment. Trastuzumab
emtansine (T-DM1) consists of an IgG1 monoclonal
antibody against HER2 ¢tB trastuzumab conjugated
via a non-degradable thioester linker to the cytotoxic
agent DMI1, an inhibitor of microtubule tubulin
polymerization.

Trastuzumab deruxtecan (T-DXd) is a new HER2-
directed antibody conjugate with a drug and consists of
humanized IgGlmonoclonal antibody, with the same
amino acid sequence as in trastuzumab, conjugated
to the cytotoxic agent deruxtecan. Deruxtecan bound
to the antibody via a maleimide tetrapeptide linker
cleaved by cathepsins inhibits DNA topoisomerase
I. The increased activity of cathepsins in malignant
cells and in the tumor microenvironment allows for
targeted release of a cytotoxic drug [12]. Thus, after
binding to HER2 on tumor cells, T-DXd undergoes
internalization and intracellular cleavage of the
linker by lysosomal enzymes; and upon release, the
cytotoxic agent DXd penetrates into the nucleus and
causes DNA damage and apoptotic cell death.

Despite impressive advances in antibody — drug
conjugate therapy, limitations of its use include
congenital and acquired resistance and toxicity of the
drugs. In particular, trastuzumab deruxtecan more often
causes myelosuppression and interstitial lung disease,
in particular pneumonia, compared to trastuzumab
emtansine. At the same time, trastuzumab emtansine
is characterized by a higher risk of hepatotoxicity,
cardiotoxicity, and thrombocytopenia compared to
trastuzumab deruxtecan [13].

Another target that enables for intense and
unregulated cell growth is the chimeric protein BCR-
ABL1. BCR-ABLI promotes malignant degeneration
and enhanced proliferation of hematopoietic cells in
the bone marrow with their subsequent entry into the
blood. An abnormal Philadelphia chromosome (Ph)
carrying the BCR-ABL1 oncogene forms in a blood
stem cell as a result of reciprocal translocation. In
this process, a part of chromosome 9 containing the
ABL gene translocates to chromosome 22 and joins
the BCR gene. The BCR-ABLI1 oncogene encodes
the chimeric BCR-ABL1 protein in isoforms that
vary in size depending on the specific breakpoint in
the BCR gene, less often — on variations in the ABL1
breakpoint.

The three most common BCR-ABLI1 isoforms are
identified by protein molecular weight as p210 (e13a2
or el4a2, 210 kDa), p190 (ela2, 190 kDa), and p230
(e19a2, 230 kDa) [14]. Expressed in approximately
95% of patients, p210 is a characteristic feature of
chronic myeloid leukemia (CML) [15, 16]. Between
20 and 30% of patients with acute lymphoblastic
leukemia (ALL) are also BCR-ABLI1 positive (Ph+
ALL). These patients tend to have a worse prognosis
compared to BCR-ABL negative patients. More than
two thirds of patients with Ph-positive ALL express a
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shorter p190 isoform, while only a third express p210
[17, 18]. The fused protein BCR-ABLI1 increases
the activity of ABL kinase, leading to the formation
of a GRB2/GAB2/SOS complex and subsequent
activation of the PI3K/AKT, MAPK, and JAK/
STAT signaling pathways [19]. Reduced demand in
growth and apoptotic factors and improved viability
and proliferation are observed in hematopoietic cells
transformed with the BCR-ABL1 gene [20, 21].

Therapies targeting mutant BCR-ABL1 include
TKIs, which function by competing for ATP atthe ABL
kinase ATP-binding site, which leads to inhibition
of tyrosine phosphorylation of proteins involved in
signal transduction. Therapy with imatinib, the first-
generation TKI, has improved patient outcomes by
demonstrating long-term cytogenetic remission.
However, some patients did not respond to imatinib,
while others experienced disease progression after
treatment failure was identified. The main cause of
resistance to imatinib is point mutations in the BCR-
ABL kinase domain, which are found in > 50% of
patients. Mutations in the kinase domain can interfere
with the binding of imatinib, which leads to drug
resistance [22, 23].

Most of these imatinib-resistant BCR-ABL
mutations are inhibited by dasatinib, nilotinib,
and bosutinib (second-generation TKIs), with the
exception of T3151. The following mutations are
relevant for the selection of second-generation TKIs:
V229L (nilotinib therapy is preferred), F317L/V/I/C,
T315A (bosutinib or nilotinib therapy), Y153H and
E255K/V, F259V/C (bosutinib or dasatinib therapy)
[24]. The T3151 mutation, which replaces the amino
acid threonine (Thr315) with isoleucine (Ile315) at
position 315 in the kinase domain of ABLI, is the
most resistant to drug inhibition. This is due to several
factors, including loss of hydrogen bonding between
the T315 side chain at the drug — target binding site,
changes in the topology of the ATP binding pocket,
and an increase in its own kinase activity [22, 23, 25,
26]. For these reasons, the T315I variant of the mutant
kinase is difficult to inhibit with ATP mimetics.

Asciminib and ponatinib, the third generation of
TKIs (imatinib- and dasatinib-resistant), have been
developed to overcome the T3151 mutation. These
drugs are indicated for patients with chronic myeloid
leukemia or Ph+ acute myeloid leukemia who are
resistant and / or intolerant to imatinib, dasatinib or
nilotinib, or who have the T3151 mutation. Unlike
second-generation TKIs, ponatinib does not form
hydrogen bonds with the T315 side chain in the

ABL kinase domain (ABL-1). Instead, asciminib
has a different binding site and is the first STAMP
(specifically targeting the ABL myristoyl pocket)
inhibitor to suppress BCR-ABL1 kinase activity by
interacting with the myristoyl pocket [24, 26].

AIMING AT THE TARGETS THAT PROMOTE
EVASION OF CELL GROWTH SUPPRESSORS

Besides maintaining stable signals of proliferative
activity, tumor cells must evade mechanisms that
inhibit proliferation. The action of cyclin-dependent
protein kinases (CDKs), activated by their interaction
with D-type cyclins, controls the transition from one
phase of the cell cycle to another. For example, the
transition from G1 to S phase of the cell cycle occurs
when CDK4 and CDK6 bind to cyclin D1, leading
to the phosphorylation of retinoblastoma-associated
protein 1 (Rb1). When CDK4 and CDK6 are inhibited,
Rb1 is dephosphorylated, and the progression of the
cell cycle is inhibited [27].

In about 75% of cases of disseminated breast
cancer, the tumors are HER2-negative but have high
levels of estrogen and / or progesterone receptors.
HER2-targeted therapy is not indicated for such
patients. Patients with hormone-sensitive tumors often
have overexpression of cyclin D1, which plays a key
role in cell cycle regulation. The efficacy of cyclin-
dependent inhibitors, such as abemaciclib, palbociclib,
and ribociclib, depends on sustained activation of the
cyclin D1-CDK4/6 complex. These inhibitors block
Rb phosphorylation and arrest the cell cycle from G1
to S phase, leading to apoptosis of tumor cells [28].

AIMING AT THE TARGETS INDUCING
ANGIOGENESIS

The progressive growth of the tumor and the
development of metastases are accompanied by a
continuous increase in the number of new blood
vessels [29], which is triggered by the angiogenic
switch. This process involves a shift in the balance
of pro- and anti-angiogenic factors toward activators,
leading to an increase in tissue vascularization
[30]. Hypoxia as a result of rapid tumor growth is
the main driver for the production of angiogenic
inducers. It is interesting to note that the activation
of angiogenesis has been observed in the early stages
of carcinogenesis, preceding the appearance of solid
tumors, suggesting that its induction is a discrete
process in carcinogenesis [29].

Vascular endothelial growth factor (VEGF) is a
strong pro-angiogenic factor. Signaling proteins, such
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as VEGF, as well as basic fibroblast growth factor
(FGF) and platelet-derived growth factor (PDGF),
bind to cell surface receptors on vascular endothelial
cells and regulate the angiogenic switch [31, 32].

Multi-targeted inhibitors represent TKI therapy,
which aims at promoting angiogenesis in the tumor
microenvironment. The drugs specified below have
been approved for the treatment of thyroid carcinoma.
Vandetanib is a TKI targeting angiogenic VEGFR-2,
EGFR, and RET tyrosine kinases involved in tumor
growth, progression, and angiogenesis. Lenvatinib
is a multikinase inhibitor of VEGF1-3 and FGF1-4
receptors. Regorafenib, a diphenylurea multikinase
inhibitor targeting angiogenic (VEGFR1-3, TIAM),
stromal (PDGFRp, FGFR), and oncogenic (KIT, RET
and RAF) tyrosine kinase receptors, has also been
approved for the treatment of metastatic colorectal
cancer. Axitinib, a TKI with an affinity for angiogenic
VEGF receptors (1, 2 and 3), PDGFR and c¢-KIT, is
approved for the treatment of renal cell carcinoma.
Sunitinib is a multikinase inhibitor approved for the
treatment of gastrointestinal stromal tumors, renal
cell carcinoma, and neuroendocrine tumors of the
pancreas with activity against more than 80 kinases,
including platelet growth factor receptors (PDGFRa
and PDGRFB), vascular endothelial growth factor
(VEGRF1, VEGRF2 and VEGRF3), KIT, FLT, CSF-
IR, and RET. Sorafenib is another TKI approved
for the treatment of hepatocellular carcinoma, renal
cell carcinoma, and thyroid cancer. Bevacizumab
and ramucirumab are IgGl monoclonal antibodies
that selectively bind to VEGF, inhibit its biological
activity, and are approved for the treatment of tumors
of various localizations.

TARGETING IMMUNE CHECKPOINTS

Normally, cells with oncogenic potential, due to
genetic and epigenetic changes, are recognized as
foreign by immune cells and destroyed by NK cells,
dendritic cells, and T lymphocytes. However, cancer
cells can effectively evade immune surveillance by
reducing surface human leukocyte antigen (HLA)
expression, tumor-associated antigens on their surface,
or directly blocking T lymphocyte activation through
clonal deletion or anergy.

Immune checkpoints are receptors and their
ligands that regulate the immune response. Immune
checkpoints that suppress T lymphocyte activation
pathways include cytotoxic T lymphocyte-associated
glycoprotein 4 (CTLA-4), programmed cell death
receptor 1 (PD-1), and its ligands (PD-L1 and PD-

L2). CTLA-4, in particular, is thought to regulate T
lymphocyte proliferation during the early stages of
an immune response, primarily in the lymph nodes.
On the other hand, PD-1 suppresses T cell activity
during later stages of immune response development,
primarily in peripheral tissues [33]. Monoclonal
antibodies targeting these molecules are used in
therapy to inhibit immune checkpoints. Blockade
of these receptors or ligands can prevent acquired
peripheral tolerance to tumor antigens and restore an
effective anti-tumor immune response.

To date, there are two main types of immune
checkpoint antibodies, namely mAbs targeting
CTLA-4 and mAbs targeting PD-1 and / or its
ligand PD-L1. The first approved drug for the
treatment of unresectable or metastatic melanoma is
ipilimumab, which targets CTLA-4. Pembrolizumab
and nivolumab, which target PD-1, have also been
approved to treat patients with advanced melanoma.
These drugs have since been approved to treat tumors
in other sites, including non-small cell lung cancer,
renal cell carcinoma (RCC), squamous cell carcinoma
of the head and neck, and Hodgkin’s lymphoma [34].

It should be noted that most patients do not
respond to monotherapy with drugs of this class, and
cases of primary and acquired resistance to treatment
are not uncommon, leading to loss of immunity and
tumor progression. Double blockade of immune
checkpoints through the combined use of CTLA-4
and PD-1 inhibitors is a more effective therapeutic
strategy and shows a synergistic anti-tumor effect.
Anti-CTLA-4 and anti-PD-1 agents enhance the
anti—cancer immune response through different but
complementary mechanisms as they act at different
times and in different sites throughout the evolution
of T cells. One well-known combination is the use of
ipilimumab and nivolumab.

AIMING AT THE TARGETS ACTIVATING
INVASION AND METASTASIS

The spread of tumor cells from a primary lesion to
other organs and tissues is a major cause of cancer-
related mortality. According to the metastatic cascade
theory, this process involves successive stages, which
can be divided into the stages described below. The
first stage is physical dissemination of tumor cells away
from the original site, which involves transformation
of the tumor cells and their invasion deep into the
adjacent tissues. This includes intravasation, migration
of cells into lymphatic and vascular capillaries, and
extravasation to sites of release. The next stage is
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colonization and growth of new tumors, leading to
the development of microscopic metastases with the
potential for progression to larger tumors.

Epithelial — mesenchymal transition (EMT)
is the process by which epithelial cells undergo
morphological and functional transformation and
acquire mesenchymal properties, including increased
invasiveness, mobility, and migration. Inducers of
EMT include transforming growth factor beta (TGFp),
hepatocyte growth factor (HGF), fibroblast growth
factor (FGF), insulin-like growth factors (IGFs), etc.

The hepatocyte growth factor receptor (c-Met)
is involved in the initiation and development of
various types of cancer in humans, and it mediates the
proliferation, migration, and invasion of tumor cells.
The interaction of c-Met with its ligand, HGF, activates
downstream PI3K/Akt and Ras/MAPK signaling
pathways. This triggers cytoskeletal restructuring
and various cellular reactions, such as cell migration,
mitogenesis, morphogenesis, proliferation, invasion,
and angiogenesis.

Small-molecule C-Met inhibitors can be divided
into selective and multikinase ones. Capmatinib is a
selective ATP-competitive TKI that targets C-Met,

including the mutant variant produced by skipping
exon 14 (METex14 mutation). Skipping exon 14
results in a truncated C-Met receptor lacking the
regulatory domain, which reduces its negative
regulation and consequently reduces the possibility of
degradation of the C-Met protein, leading to its stable
activation and oncogenesis [35]. Multikinase TKIs,
specifically those with C-Met inhibition, include
crizotinib (targeting ALK, ROS1, C-Met, and RON),
which is used to treat patients with ALK+ or ROS1+
NSCLC, and cabozantinib (targeting MET, VEGF,
GAS6 (AXL), RET, ROS1, TYRO3, MER, KIT,
TRKB, FLT3, and TIE-2) to treat RCC. Amplification
of the MET gene has been associated with acquired
resistance to therapy with EGFR family agents. MET
activation has also been shown to increase VEGF-A
expression, which is a promoter of angiogenesis and
endothelial cell growth.

Monoclonal antibody therapy is divided into
antibodies against c-Met (such as onartuzumab
and emibetuzumab) and antibodies against HGF
(such as ficlatuzumab and rilotumumab), which are
FDA-approved but have not yet been approved in
Russia [36].

Table 1

Tyrosine kinase inhibitors registered in the Russian Federation, classified according to the target

Mechanism of action Target (kinases)

Name of drug Indications

VFGFR1, VFGFR2, VFGFR3

Axitinib (Axitinib, Inlita®) Renal cell carcinoma

VEGFRI1 (FLT1), VEGFR2 (KDR)
and VEGFR3 (FLT4),
FGFRI1, FGFR2, FGFR3, FGFR4,
PDGFRa, and tyrosine kinase
receptors KIT and RET

Lenvatinib

(Lenvatinib, Lenvima®) Thyroid cancer

VFGFR1, VFGFR2, VFGFR3,
PDGFR a and 8, FGFR1,
FGFR2, FGFR3

Inhibition of overexpressed or
mutant protein (angiogenesis)

Nintedanib (Vargatef®) Non-small cell lung cancer

TIE, KIT, RET, RAF-1, BRAF,
BRAFv600E, PDGFR, FGFR,
CSFIR

Colorectal cancer, gastrointestinal

Regorafenib (Stivarga®) stromal tumors

Multikinase (>80 kinases),
including: PDGFRo, PDGRFS,
VEGRF1, VEGRF2 and VEGRF3,
KIT, FLT, CSF-IR, RET.

Gastrointestinal stromal tumors,
renal cell carcinoma,
neuroendocrine tumors of the
pancreas

Sunitinib (Flutrixan, Sunitinib,
Sunitinib-Amedart, Sunitinib-
Himrar, Valeotinib, Sutent®,
Sunitinib-Promomed)

Inhibition of overexpressed or
mutant protein (angiogenesis,
proliferation)

VEGEF, EGFR/HER1

Vandetanib (Caprelsa) Thyroid cancer

EGFR/HER1, HER2, HER3,
and HER4

Afatinib (Giotrif®,
Gefitinib-Promomed)

Non-small cell lung cancer with
EGFR mutations

EGFR/HER1, HER2, HER3,
and HER4

Inhibition of overexpressed or
mutant protein (proliferation)

Gefitinib (Gefitinib, Valkyra®,
Gefitinib-T1, Getinex®,
Geftessa, Langerra)

Non-small cell lung cancer with
EGFR mutations

EGFR/HER1, HER2, and HER4

Non-small cell lung cancer with

Dacomitinib (Visimpro®) EGFR mutations
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Table 1 (continued)

Mechanism of action

Target (kinases)

Name of drug

Indications

EGFR/HERI1, HER2

Lapatinib (Brestocer, Lapati-
nib-Promomed, Lapatinib-
Himrar, Tyverb®)

HER2+ breast cancer

Inhibition of overexpressed or
mutant protein (proliferation)

Non-small cell lung cancer with

Inhibition of overexpressed or
mutant protein (evasion of cell

growth suppressors)

Inhibition of intracellular kinases
(downstream signaling pathways)

Inhibition of intracellular kinases
(downstream signaling pathways)

Osimertinib EGFR mutations (deletions in exon

EGFR/HER1 (Osimertinib, Retezmo™) 19 or L858R substitutions in exon

21, with the T790M mutation)
Erlotinib (Erlotinib,

EGFR/HER1 Erlater, Erlotinib-Tl) Non-small cell lung cancer
CDK4/6 Abemaciclib (Zenlistik) HR+ and HER2- breast cancer
CDK4/6 Palbociclib (Ttulsi) HR+ and HER2- breast cancer
CDK4/6 Ribociclib (Risarg) HR+ and HER2- breast cancer

MEK Binimetinib (Mektovi) Melanoma
MEK1/2 Cobimetinib (Cotellic®) Melanoma with BRAF V600
mutations
MEK1/2 Selumetinib (Coselugo) Plexiform neurofibroma
BRAF Vemurafenib (Zelborafw) | Mclanoma with the BRAF V600
mutation
BRAF Encorafenib (Braftovi) Melanoma with BRAF mutations,

colon cancer with BRAF mutations

Inhibition of overexpressed or
mutant protein and intracellular
kinases

c-CRAF, BRAF, mutant BRAF,
KIT, FLT-3, RET, RET/PTC,
VEGFRI1, VEGFR2, VEGFR3,
and PDGFRS

Sorafenib (Sorafenib,
Sorafenib-Amedart, Effaronix®,
Nexavar®, Sorafenib-Promomed)

Hepatocellular carcinoma, renal
cell carcinoma, and thyroid cancer

Inhibition of overexpressed or
mutant protein

Bruton’s tyrosine kinase (BTK)

Zanubrutinib (Brukinza®)

Mantle cell lymphoma

Bruton’s tyrosine kinase (BTK)

Ibrutinib (Ibrutinib-Nativ)

Mantle cell lymphoma

Bruton’s tyrosine kinase (BTK)

Acalabrutinib (Calquence®)

Chronic lymphocytic leukemia /
small cell lymphocytic lymphoma,
mantle cell lymphoma

Inhibition of overexpressed or
mutant protein

BCR-ABLI, ¢-KIT

Imatinib (Imatinib, Neopax®,
Imatinib-Teva, Imatinib Grindex)

Ph+ chronic myeloid leukemia,
Ph+ acute lymphoblastic leukemia

BCR-ABL1, BCR-ABLI mutant
forms except for T3151 mutation,
¢-KIT, Eph, PDGFB

Nilotinib (Nilotinib,
Nilotinib-Promomed)

Ph+ chronic myeloid leukemia

BCR-ABLI, BCR-ABLI mutant
forms except for 3151 mutation,
Src family (including Src, Lyn and
Hck), c-KIT, Eph, PDGFR

Dasatinib (Dasatinib,
Mirsonib, Dasatinib-nativ,
Dasatinib-Himrar)

Ph+ chronic myeloid leukemia,
Ph+ acute lymphoblastic leukemia

BCR-ABL1, BCR-ABL1 mutant
forms except for T3151 mutation,
Src family (including Src, Lyn,
and Hck)

Bozutinib (Bozutinib, Bozulif)

Ph+ chronic myeloid leukemia

BCR-ABLI1, BCR-ABLI mutant
forms (including T3151 mutation)

Asciminib (Scemblix)

Ph+ chronic myeloid leukemia,
chronic myeloid leukemia with
T3151 mutation

BCR-ABL1, BCR-ABL1 mutant
forms (including T3 151 mutation)

Ponatinib (Iclusig®)

Ph+ chronic myeloid leukemia,

Ph+ chronic myeloid leukemia

with T3151 mutation, Ph+ acute
lymphoblastic leukemia

Inhibition of overexpressed
or mutant protein

ALK

Alecetinib (Alecensa®)

ALK+ non-small cell lung cancer

ALK

Ceritinib (Zykadia®)

ALK+ non-small cell lung cancer
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Table 1 (continued)

Mechanism of action

Target (kinases)

Name of drug

Indications

Inhibition of overexpressed
or mutant protein

ALK, ROSI
TYK]1, FER, FPS, TRKA, TRKB,
TRKC, FAK, FAK2, and ACK.

Lorlatinib (Lorviqua®)

Thyroid carcinoma,
ALK+ non-small cell lung cancer

Inhibition of overexpressed
or mutant protein (proliferation,
invasion-metastasis, etc.)

ALK, ROS1, c-Met, RON

Crizotinib (Xalkori®)

ALK+ or ROS1+ non-small
cell lung cancer

Inhibition of overexpressed
or mutant protein
(invasion-metastasis)

MET

Capmatinib (Tabrecta)

Non-small cell lung cancer with
the METex14 mutation.

Inhibition of overexpressed
or mutant protein

METH, VEGF, GAS6 (AXL),
RET, ROSI, TYRO3, MER, KIT,

Cabozantinib

Renal cell carcinoma

(1nya510n-n}etasta51s, TRKB, FLT3, and TIE-2. (Cabometyx®)

angiogenesis, etc.)

Inhibition of overexpressed Ovarian, fallopian tube,

or mutant protein (genome PARP1, PARP2, and PARP3 Olaparib (Lynparza®) or peritoneal cancer with mutation

mutation)

of the BRCA gene

Inhibition of overexpressed or
mutant protein

TRKA, TRKB and TRKC encoded

by the NTRK1, NTRK2, and
NTRK3 genes

Larotrectinib (Vitrakvi®)

Solid tumors expressing
the NTRK fusion gene

TRKA, TRKB, and TRKC encod-
ed by the genes NTRK1, NTRK2
and NTRK3, ROS1

Entrectinib (Roslitrek®)

Solid tumors expressing
the NTRK fusion gene
ROSI1- positive non-small
cell lung cancer

Table 2

Classification of targeted drugs based on monoclonal antibodies
(including conjugates of monoclonal antibodies with cytotoxic agents) registered in the Russian Federation

Mec.hamsm . Target Name of drug Indications
of carcinogenesis
Cetuximab (Erbitux®) Metastatic colorectal cancer, head and neck
cancer
EGFR - " 1 —
Panitumumumab (Vectibix) Metastatic colorecta cancer with wild-type RAS
. . . genes in the tumor
Proliferative signal
transduction Pertuzumab (Perjeta®) Breast cancer
HERD Trastuzumab (Herceptin®, Herticad®, Trasimera®) Breast cancer
Trastuzumab Deruxtecan (Enchertu) Breast cancer
Trastuzumab Emtansine (Cadsila®) Breast cancer
Bevacizumab (Avastin®, Avegra® Biocad, Versavo®, .
. Metastatic colorectal cancer
Stibevara®)
Angiogenesis VEGF Gastric cancer, gastroesophageal junction adeno-
Ramucirumab (Ciramza®) carcinoma, non-small cell lung cancer, metastatic
colorectal cancer, hepatocellular carcinoma
Ipilimumab (Yervoy®) Melanoma
CTLA- 4 . . Non-small cell lung cancer, bladder cancer, head
Tremelimumab (Imjudo) ) .
I . and neck cancer, liver cancer and hemoblastosis
mmunotherapy:
immune checkpoints Avelumab (Bavencio®) Merkel cell carcinoma
PD-L1 Atezolizumab (Tecentrig®) Locally advanced or metastatic urothelial cancer
Durvalumab (Imfinzi®) Non-small cell lung cancer
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Table 1 (continued)

Mec.hamsm . Target Name of drug Indications
of carcinogenesis
Nivolumab (Opdivo®) Melanoma, non-small cell lu.ng cancer, advanced
. renal cell carcinoma
Immunotherapy: PD-1
immune checkpoints Pembrolizumab (Kitruda®, Pembroria) Melanoma
Prolgolimumab (Forteca®) Melanoma
CD19, CD3 Blinatumomab (Blincyto®) Acute lymphoblastic leukemia
Obinutuzumab (Gazyva®) Chronic lymphocytic leukemia
CD20 Ofatumumumab (Bonspree®) Chronic lymphocytic leukemia
Rituximab (Redditux®, Rituxara®, Acellbia®, .,
Mabthera®) B-cell non-Hodgkin’s lymphomas
CD20, CD3 Mosunetuzumab (Lansumio®) Follicular lymphoma
CD22 Inotuzumab Ozogamicin (Bisponsa) CD22-positive B-cell ac.ute lymphoblastic
Immunothera leukemia
Py
CD30 Brentuximab Vedotin (Adcetris®) CD30-positive Hodgkin’s lymphoma
CD33 Gemtuzumab Ozogamicin (Mylotarg®) CD33-positive acute myeloid leukemia
D38 Daratumumumab (Darzalex) Multiple myeloma
Isatuximab (Sarcliza®) Multiple myeloma
CD79b Polatuzumab Vedotin (Polayvi®) Diffuse B-large cell lymphoma
GD2 Dinutuximab Beta (Carziba) Neuroblastoma
SLAMF7 Elotuzumab (Emplicity®) Multiple myeloma
Prollferatlon, MIEMA | Nectin-4 Enfortumumab Vedotin (Padtsev Onco) Non-muscle invasive bladder cancer
tion, and adhesion

CONCLUSION

The development of novel targeted drugs with
low toxicity and the ability to bypass resistance
mechanisms is a major challenge for medicine in the
XXI century. In this regard, it is essential to understand
the mechanisms of malignancy and identify the key
targets in the development of a particular tumor.
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Frailty syndrome and its features in Parkinson’s diseas
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ABSTRACT

Frailty syndrome is common in older adults around the world, and its emergence is associated with an increase in
life expectancy. The lecture shows the multifactorial nature of the syndrome: changes in physical health, social and
psychological factors, gender characteristics, and age. The classic diagnosis of the syndrome consists in assessing
physical weakness according to the Fried phenotype. The modern view of the problem complements the diagnosis
with indices of weakness to characterize multifactorial development and the use of digital wearable technologies
for long-term health monitoring.

The lecture provides a detailed justification of the effect of comorbidity on the development of frailty syndrome.
Frailty syndrome is difficult to diagnose in Parkinson's disease with possibly high prevalence. There are few studies
on frailty syndrome in Parkinson's disease, probably due to the similarity of their symptoms.

The lecture identifies possible risks of frailty syndrome in Parkinson's disease: the influence of various forms of
Parkinson's disease, gender, cognitive and functional disorders, polypharmacy, and levodopa doses. The role of a
multidisciplinary rehabilitation team and independent physical activity in Parkinson's disease and frailty syndrome
is shown.
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CnHApOM CTapuyeCcKOW acTeEHNN N ero 0C06eHHOCTN Npu 6onesHn
NMapKknHcoHa

lN'ycesa O.B.

Cubupckuii cocyoapcmeeHnbiil meouyurckuil yrugepcumem (Cubl’ MY)
Poccus, 634050, Tomck, Mockosckuti mpakm, 2

PE3IOME

CHHAPOM CTap4yecKol acTeHWH PacHpOCTPaHEH BO BCEM MHPE, U €ro IOSBICHHE CBA3aHO C YBEIMYCHHEM IIpO-
JIOJDKUTEIBHOCTH JKM3HH. B JIeKIuM mokasanbl MyIbTU()AKTOPHOCTh (JOPMUPOBAHUS CHHAPOMA: U3MEHEHHUS (-
3MYECKOTO 3/10POBBS, COLMAIBHBIC M IICUXOJOTHYecKre (HhaKkTophl, a TAKKE IeHACPHbIE OCOOCHHOCTH M BIIHSHUE
Bo3pacTa. Kitlaccudeckast AMarHocTHKa CHHAPOMa COCTOHT B OLIeHKe (pu3uuecKkoil cnaboctu mo ¢heHoTury Ppaiin.
CoBpeMeHHbIH B3I Ha IPOoOIeMy AOMONHSET JUarHOCTUKY HHIEKCAMHM CJIab0CTH IS XapaKTEPUCTHKH MYJIbTH-
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(haKTOPHOCTH Pa3BUTHS M MPUMEHEHHEM MU(PPOBBIX HOCHMBIX TEXHOJIOTUM IS JITUTEILHOTO MOHUTOPHUPOBAHUS
(YHKIMOHANIBHBIX MIOKa3aTeel MalyuenTa.

Z[aHO Pa3BEpHYTOC 000CHOBAaHHUE BIIMSHUS KOMOp6I/I}IHOCTI/I Ha pa3BUTUEC CTap‘{eCKOﬁ acteHrH. OCOOEHHOCTHIO
cuHapoMa CTap‘{eCKOﬁ ACTCHUU 1TPpU 0oJie3Hu HapKI/IHCOHa ABJICTCS TPYAHOCTD €0 JUArHOCTUKHU ITPU BO3MOKHO
BBICOKOH pacnpoCTpaHCHHOCTH. Hccnenopanus CTap‘IeCKOfI ACTCHHUU IIpU 0oJie3Hu HapKI/IHCOHa MaJIOUYUCJICHHBI,
BEPOATHO, U3-3a CXOKECTU CUMIITOMOB 00JIe3HH U CUHIpoOMa.

OmpeneneHs! BOZMOXKHBIE PICKH BOSHIKHOBEHHUS CTapUecKoi acTeHnn npu Oone3nn [lapkuHcoHa: BiusiHUE pas-
mnaHEIX Gopm Gone3nn IlapkuHCOHA, MONa, KOTHUTUBHBIX M ()YHKIMOHATBHBIX HApYIICHHH, IOIHUIIPAarMasnH,
110361 JteBoztomsl. [TokasaHa posrb KOMIUIEKCHOH MYTBTHAUCIAIUTHHAPHOHN peadHInTaluy i CaMOCTOSTENbHON (u-
3W9eCKOH aKTUBHOCTH MpH codeTaHun 6one3Hu [TapkuHCOHA M CHHIPOMA CTapyeCKON aCTeHHN.

KuoueBble ciioBa: CUHIPOM CTap‘leCKOﬁ aCTCHUH, JTUarHOCTHUKaA, KOMOp6I/IIIHOCTI>, 00JIe3Hb HapKI/IHCOHa

KonpaukTt nHTEpecoB. ABTOp JEKIApUPYET OTCYTCTBUE SBHBIX U MOTCHIIMAIBHBIX KOH(QIIUKTOB HHTEPECOB, CBSI-
3aHHBIX C IMyONUKaIel HacTOsIEeH CTaThu.

HUcTounnk (l)PlHaHCP[pOBaHl/IH. ABTOp 3asBIISIET 00 OTCYTCTBUH (bHHaHCI/IpOBaHI/IH Ipy IPOBEJACHUU UCCIIEJOBAHUSA.

Jist mutupoBanus: ['yceBa O.B. Cunapom crapueckoii acTeHUH U ero 0cOOCHHOCTH npu Oose3nn [lapkuHcoHa.
Bioanemens cubupcrou meouyunot. 2024;23(2):114—122. https://doi.org/10.20538/1682-0363-2024-2-114-122.

INTRODUCTION

Worldwide, the pace of population aging is fast and
much faster than it used to be in the past. For example,
in China in 2021, the elderly population comprised
14.2%, being the largest in the world in absolute
terms. By 2050, the elderly population in China will
increase to 395 million people, which will exceed the
current population of the United States by 1.2 times.
At the same time, the total fertility rate (the number
of births per 1 woman during the reproductive period)
was 6:1 in 1955 and 1:3 in 2020 [1].

The demographic change associated with
population aging has a comprehensive impact on
the life of society, since in addition to physiological
changes during aging, which can reduce functional
and adaptive capabilities to varying degrees, an
elderly person often has a number of diseases with
concomitant drug therapy, unfavorable lifestyle
features, and social conditions [1-4]. These factors
contribute to an increase in the healthcare burden,
disability, inability to self-care, and the need for social
care. Frailty syndrome can be attributed to an extreme
combination of factors.

The syndrome is characterized by a progressive
decrease in strength, strength endurance, functional
reserve, increased vulnerability of the body to stress
factors, dependence on other people during daily
activity, and adverse outcomes [2]. The situation is
complicated by the fact that a decrease in the birth
rate and an increase in the elderly population lead to a
decrease in the number of middle-aged working people

and an increase in working elderly people, including
those with concomitant diseases and a decline in the
functional status [5]. Taking all this into account, the
leaders of many countries cannot but plan to increase
the retirement age in order to maintain economic
stability. In this regard, a new term “the expected
duration of a healthy working life” has appeared [5].

In order to find a consensus, the UN General
Assembly declared 2021-2030 the Decade of Healthy
Aging. During this decade, various activities are
planned to improve the lives of older people today
and in the future. These include early detection and
therapy of frailty syndrome, as well as preventive
measures among the elderly and youth and creation of
a model of healthy aging [1].

The aim of this lecture was to bring to the attention
of the medical community frailty syndrome, its
manifestations, and the difficulty of diagnosing the
syndrome in Parkinson’s disease.

EPIDEMIOLOGY AND PATHOGENESIS
OF FRAILTY SYNDROME

The prevalence of frailty syndrome is high
worldwide [3]. It ranges from 4 to 59% among the
elderly. The syndrome is widespread in the elderly
population not only in high-income countries with
longer life expectancy, but also in low-income
countries, for example, in Brazil and Vietnam [1-4,
6]. Social and economic inequality leads to different
incidence of the syndrome. Even in one country,
the incidence may vary. For example, the syndrome
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occurs in European countries more often in the south
than in the north, in accordance with the geographical
grade of the prevalence of concomitant pathology [7].

Most often, the cycle of frailty syndrome formation
includes poor nutrition in terms of quality and / or
quantity, a progressive decrease in muscle mass
(sarcopenia), and decreased strength, mobility and
activity of daily living. Age-related type 2 muscle
fiber atrophy responsible for exercise training is the
main reason for a decrease in physical capabilities.
However, not every elderly person of the same age is
diagnosed with frailty.

Frailty syndrome is a multifactorial syndrome that
includes various factors: physical, psychological,
and social. The interaction between these factors
determines the severity of the syndrome. Concomitant
diseases, such as deforming arthrosis, Parkinson’s
disease, diabetes mellitus, and others contribute to its
emergence [8, 9]. Frailty syndrome is provoked by
both diseases and lifestyle features. Social isolation,
living in a nursing home, taking medications without
considering side effects, polypharmacy, and a
sedentary lifestyle accelerate the development of the
syndrome [10, 11].

Women are more likely to suffer from frailty
syndrome [12]. Despite their long life expectancy,
unlike men of the same age, they sometimes have
several diseases, but not critical. This dissonance
is designated as the male — female health survival
paradox. Men are more likely to suffer from life-
threatening diseases, such as coronary heart disease
and stroke. In addition, men are more likely to
suffer from type 2 diabetes mellitus, non-specific
lung diseases, chronic obstructive bronchitis, peptic
ulcer, and Parkinson’s disease. Women of the same
age are more likely to have non-fatal diseases that
are associated with a worse quality of life: migraine,
musculoskeletal pathology, autoimmune diseases
[7, 13]. Cancer prevails in men until old age, and in
women from the age of 75.

The frequency of frailty increases with the age of
an elderly person [10]. Since the life expectancy of
men is shorter than that of women, the frequency of
the syndrome increases as women get older.

DIAGNOSIS AND CLINICAL VARIANTS
OF FRAILTY SYNDROME

An experienced doctor with knowledge of the
syndrome intuitively understands that a patient has
frailty syndrome. Patients move slowly and get
tired very quickly. They complain that they cannot

perform basic household chores. Currently, there is no
unanimous opinion on the diagnosis of the syndrome.
Doctors use different assessment scales. Assessment
of the criteria that are pre-defined for the Fried frailty
phenotype is most commonly used to diagnose
weakness [2, 14].

The Fried frailty phenotype includes the following
criteria: weight loss of more than 5 kg per year, hand
grip strength, fatigue in the last month (the physician
either asks a patient about their symptoms or uses
questionnaires to assess them), slow gait speed (less
than 4 meters in 5 seconds), and daily physical activity
[2]. A patient is considered frail if at least three criteria
are positive and pre-frail if one or two criteria are
positive [15]. The Fried criteria are criticized because
they evaluate only physical weakness.

The new concept of frailty syndrome interprets
the syndrome as a multiple domain consisting of
biological, social, psychological, and functional
disorders [15]. Therefore, in addition to evaluating
the Fried frailty phenotype, physicians use other
scales. For example, the Rockwood Clinical Frailty
Scale includes 7 points. The EFS scale (Edmonton
Frail Scale) consists of 9 components. Ten additional
cognitive components have been added to the FI-CGA
(Frailty Index Comprehensive Geriatric Assessment).
The Tilburg Frailty Indicator aims at assessing
physical, psychological, and social condition of an
elderly person. The scales include questions about
education, nutrition, medications taken, episodes
of falling and identify disorders of cognitive status,
bladder function, etc. [15, 16].

Inaddition to scales, modern instrumental diagnosis
is used, including digital wearable technologies
separately or in combination with platforms, and
video cameras. It is especially important to diagnose
daily activity, including walking, climbing stairs,
washing, dressing, eating, going to bed [16, 17]. Daily
activity can be combined with a task that involves a
cognitive component. Inertial sensors of wearable
technologies on the waist and lower extremities based
on the operation of an accelerometer or gyroscope are
used to describe gait. Additional inertial sensors on
the waist help diagnose balance disorders [16—19].

The area of the stabilogram of an elderly person
obtained during monitoring is interrelated with the
criteria of the Fried frailty phenotype. For diagnosis,
built-in sensors are used in objects surrounding an
elderly person in the form of an eChair (electronic
chair), ePOD (electronic carpet) and others, combining
diagnostic capabilities of wearable technology

116 Bulletin of Siberian Medicine. 2024; 23 (2): 114-122



Reviews and lectures

with other parameters of the Internet of Things.
The characteristic of gait includes an increase
in the time of the standing phase on two legs, as
this compensates for the lack of balance during
movement, an irregular pattern, and a decrease in
gait speed. The Stand up and Walk test is evaluated
using inertial sensors and 3D anatomical motion
data [17-20]. Parameters obtained during long-term
monitoring undergo machine learning in the form of
big data and form a phenotype model that includes
kinetic parameters. Balance and gait parameters
in combination with the history of falls and vector
machine learning with the formation of a frailty index
model are used to assess falls [19, 20].

Gait speed is the main indicator in the frailty
index, all other data are integrated with this
parameter. There is currently no accurate predictive
model of frailty syndrome. Exergame technology
is the future of digital medicine. It is an interactive
gaming platform that is a diagnostic and training site
for investigating the presence and reversibility of
frailty syndrome [16].

Despite the fact that the main age-related changes
in body composition occur in power muscle fibers,
the syndrome affects various tissues and systems:
nervous, endocrine, immune and musculoskeletal
[17]. The connection between cognitive impairment
and physical frailty is widely known. However,
comorbidity does not imply the concept of cognitive
frailty in the form of dementia. Cognitive frailty
is defined as the simultaneous presence of frailty
syndrome based on the Fried frailty phenotype and
cognitive impairment without dementia [15, 21-25].

Cognitive frailty is divided into two subtypes:
reversible and potentially reversible. Reversible
cognitive frailty includes an incomplete Fried
phenotype — pre-frailty and subjective cognitive
impairment and / or positive biomarkers. Potentially
reversible frailty is more severe cognitive frailty,
including mild cognitive impairment and the Fried
phenotype in which all the criteria are positive. The
next stage of development involves the adverse effects
of cognitive frailty: falls, disability, Alzheimer’s
disease, non-Alzheimer’s dementia, and death. The
prevalence of cognitive frailty is 10.7-22.0% in
clinical studies and 1.0-4.4% in population-based
studies. Understanding the physiological relationship
between cognitive impairment and physical frailty
will help guide the development of geriatrics and
neurology to create a model for the treatment of two
pathological conditions [21].

In cognitive frailty, multimorbidity is observed
due to chronic inflammation with changes in immune
markers, the endocrine system, and oxidative stress,
which negatively affect the nervous system and
muscle tissue. For example, the lack of interleukin 10
(IL-10) increases the expression of the inflammatory
mediator, nuclear factor NF-kV, reduces muscle
metabolism, and negatively affects information
processing speed. Lack of growth hormone leads to
a combined decrease in brain mass and muscle mass.
Elderly women, who are often diagnosed with frailty
syndrome, have low ghrelin levels, which results in
decreased muscle strength, endurance, and impaired
memory and information processing speed [21].

Frailty syndrome can be associated with orthostatic
hypotension. Orthostatic hypotension occurs in 30%
of people over 65 years of age [26]. The frequency
of orthostatic hypotension in the elderly population
depends on comorbidity. The pathology is most often
observed in Parkinson’s disease, multiple system
atrophy, dementia with Lewy bodies. Orthostatic
hypotension is associated with falls, heart failure,
stroke, decreased quality of life, and an increased
risk of death [27]. Physical frailty and orthostatic
hypotension increase the likelihood of adverse effects.
The homeostasis of maintaining blood pressure
includes the integrated activity of the nervous system,
heart, blood vessels, and muscles. Age-related
changes in these organs and systems lead to a decrease
in baroreflex, hypoperfusion of the brain, retina and
muscles, dizziness, and loss of consciousness [26, 27].

Frailty syndrome may be accompanied by pain
syndrome [28]. Chronic pain occurs in 66% of the
elderly and is three times more common in women
than in men. The most common complaint among
the elderly is lower back pain (33% of people over
65 years of age). The cause of the pain can also be
deforming osteoarthritis, which occurs in 12% of the
world’s elderly population, or rheumatoid polyarthritis
occurring in 1-2%. Pain syndrome accompanies
malignant neoplasms, neurodegenerative diseases,
diabetes mellitus, kidney and liver diseases [28].

Depression  lowers pain  tolerance, while
neuroinflammation is considered as a common
pathogenetic step in the development of depression
and pain. Patients suffering from depression complain
of a variety of common pains. The severity of frailty
syndrome is aggravated in such cases [28]. Conversely,
physical frailty is a predictor of depression. In 30.3%
of patients with frailty syndrome without depression,
the disease is subsequently diagnosed. Long—term
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depression is a heavy burden for the patient and society
due to its chronic course and relapses. The peculiarity
of depression in the elderly is mood disorders of
various etiology, combined with high comorbidity,
cognitive impairment, and physical suffering.

According to literature data, frailty occurs in 6.8%
of elderly patients with depression; in nursing homes
the disease combination was noted more often — from
10.7 to 40% [29, 30]. The severity of frailty syndrome
negatively correlates with the remission duration of
depression [29]. On the other hand, severe syndrome
affectsthe frequency ofremissionsandincreases therisk
of depression: 75% of patients with severe depression
have frailty syndrome [29]. The pathophysiological
mechanisms of the syndrome in depression are
diverse, including low-grade inflammation, deficiency
and qualitative eating disorders, especially vitamin D
deficiency, low physical activity, sarcopenia, and age-
related hormonal changes. Additional factors include
the number of psychoactive medications taken, lack of
education, loneliness, lack of socialization, and lack of
Internet access at home [2]. The relationship between
psychosocial factors and the occurrence of physical
frailty in depression requires further study [30].
Apathy, lack of hygiene, low physical activity, and
poor nutrition affect the development of depression in
frailty syndrome.

Despite the general development mechanisms, the
concept of physical frailty in mental distress did not
go any further, since the diagnostic signs of the two
pathologies overlap, even though initially no criteria
in the Fried phenotype are associated with depression.
Obviously, while treating patients with a combination
of physical frailty and depression, it is difficult to
determine cause-and-effect relationships in order to
identify the primary pathology. However, there is
a positive aspect in such cases, as treatment of one
pathology makes the manifestations of the other less
pronounced [30].

The literature presents data on the genetic
predisposition to the development of frailty syndrome
[31]. However, studies have not found a link between
changes in candidate genes encoding IL-6, tumor
necrosis factor (TNF), insulin-like growth factor-1
(IGF-1) and the onset of the syndrome, which is due to
the fact that frailty syndrome is a multifactorial disease
that depends on lifestyle, genetic and epigenetic
factors. Epigenetic mechanisms include chromatin
remodeling during aging. The genes at the 9p21-23
locus are susceptible to this process, which may be the
cause of the syndrome [32].

PARADOXES OF FRAILTY SYNDROME
IN PARKINSON’S DISEASE

Parkinson’s disease is a neurodegenerative disease
that is not the result of aging, but the risk of its
occurrence increases with age. Old age contributes
to the progression of the disease and a decrease in
response to levodopa, a drug used to treat Parkinson’s
disease. The incidence of frailty syndrome in people
with Parkinson’s disease is high, according to the
literature, from 32.6 to 55.3% [33].

Nevertheless, scientists try not to include
patients with Parkinson’s disease in scientific studies
on the syndrome, since the clinical symptoms of
the pathologies are similar. This is the paradox
of diagnosing frailty syndrome in Parkinson’s
disease [14, 34]. Often, the concomitant syndrome
is misinterpreted as aggravation of the underlying
pathology [14, 34]. Usually, female patients who have
got Parkinson’s disease and are frail are older than
men and have greater disturbances in the everyday
life activity [13, 33, 35]. Women suffer from the
syndrome twice more often than men, and the severity
of the syndrome depends on the stage of Parkinson’s
disease: frailty syndrome is more common at the
advanced stage of the disease [33, 35, 36].

Low physical activity and severe Parkinson’s
disease contribute to the emergence of frailty syndrome.
These factors have got direct and indirect effects, with
the latter being associated with changes in behavior,
and quantity and quality of medications taken [33, 34,
37]. For example, manifestations of kinesiophobia
could lead to low everyday life activity, since patients
believe that any movement leads to a fall, injury, and
increased pain. Patients with Parkinson’s disease have
high frequency of behavioral changes in the form of
kinesiophobia [37]. Restriction of physical activity
contributes to a poor physical condition, functional
disability, and depression.

However, there is an opposite opinion about
physical activity in Parkinson’s disease: patients
are more actively involved in physical education
programs, with better commitment, regardless of all
the Fried physical frailty criteria being positive [13].
In patients without Parkinson’s disease, low physical
activity leads to the development of frailty syndrome.
Patients with Parkinson’s disease have greater self-
reported physical activity and are less susceptible to
frailty syndrome [13].

The development of frailty syndrome is influenced
not only by the duration, but also by the type of
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Parkinson’s disease. The syndrome is most often found
in patients with predominance of postural instability
and walking disorders than in those with tremor
[33]. Although another paradox of the syndrome in
Parkinson’s disease is that tremor reduces protein
synthesis in muscles. Thus, tremor may be a trigger
for sarcopenia, the main age-related change leading to
the onset of physical frailty [34, 36].

Polypharmacy is the use of more than 5 medications
by patients with Parkinson’s disease, including drugs
that affect the central nervous system, dopaminergic
therapy: carbidopa and levodopa, and dopamine
receptor stimulators that increase the QT interval
and interact with cytochrome P450, increasing the
likelihood of frailty syndrome [33, 34]. High doses
of levodopa increase the risk of motor complications
in the form of dyskinesia, which further reduces
physical activity of patients. A high dose of carbidopa
or levodopa may trigger the syndrome, since taking
drugs, while improving motor characteristics, does not
affect postural stability and thus increases the risk of
injury. In addition, carbidopa and levodopa increase
the risk of osteoporosis and fractures [38].

The probability of the syndrome increases with
additional intake of antidepressants and drugs that
improve bladder function while increasing the
anticholinergic load on the body [14]. Poor adherence
to drug therapy and errors in drug intake are often the
cause of hospitalization and delirium, which increases
the likelihood of developing frailty syndrome [14].

Frailty syndrome in Parkinson’s disease, like in
other pathologies, is associated with aging, cognitive
dysfunction, and orthostatic hypotension [15, 33,
39]. Inability to undertake purposeful activity is
revealed in patients with Parkinson’s disease, like in
other neurodegenerative diseases. This disorder is
a predictor of the development of frailty [15, 39]. It
is more common in people living in social shelters,
using additional care from a nurse or relative when
performing necessary daily activities, and in hospital
patients. Hospitalization of patients with Parkinson’s
disecase and frailty syndrome is associated with
an increase in 30-day mortality, an increase in the
duration of hospitalization, and rehospitalization
within a month [33, 35]. Fatigue, the most common
criterion of the Fried phenotype in Parkinson’s
disease, is also a non-motor symptom of the disease.
Fatigue reduces daily physical activity and contributes
to the progression of frailty syndrome.

An additional examination of a patient with
Parkinson’s disease and suspected frailty syndrome

includes filling out questionnaires to assess the risk of
falls, screening using a cognitive scale, examining for
orthostatic hypotension, and screening for fatigue and
hallucinations [33, 40].

Early diagnosis and therapy of the syndrome in
a patient with Parkinson’s disease are necessary for
successful therapy of comorbid pathology. Given
the diagnostic paradox, it is very difficult to do this.
However, the risk is increased in women with a
functional status decline and cognitive impairment
[41]. Therapy requires the interaction of a geriatrician,
neurologist, physical rehabilitation doctor, and
psychotherapist (psychiatrist). A multidisciplinary
approach helps reduce the risk of polypharmacy and
select an adequate dose of medications for Parkinson’s
disease, reducing its severity, as well as motor and
non-motor symptoms.

Physical therapy is the leading non—drug
method of treating Parkinson’s disease [42]. The
classic treatment of Parkinson’s disease with frailty
syndrome is strength training, since the rehabilitation
process is primarily aimed at overcoming sarcopenia
[36, 42, 43]. Another paradox is that the possibilities
of strength training are limited. Strength training
increases muscle rigidity, exacerbating one of the
main symptoms of Parkinson’s disease. The second
component of physical therapy is functional training
which focuses on real-life activities, adapting the
patient to the disease. The patient becomes less
dependent on symptoms and becomes active in
everyday life. A psychotherapist adapts patients
to adequate emotional tolerance of their condition,
conducts depression therapy, and reduces the effect of
depression on face, voice, and posture [42].

The problems of the elderly are recognized in many
countries, regardless of their economic situation. In
Russia, an additional payment and social services
have been established for people over 80 years of
age. Vietnam, a low-income country, also provides
a similar payment [6]. Financial and social support
is justified from an ethical point of view and is also
a preventive measure, since it reduces the expenses
of the state on the treatment and rehabilitation in
neglected cases [44].

CONCLUSION

Despite the fact that research on frailty syndrome
began 15-20 years ago, increasing attention to the
problem has been paid in the last 2-3 years. It is due
to the COVID-19 pandemic. The elderly population
aged 65 and older was the most affected group by
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COVID-19. However, during the pandemic, it turned
out that some of the elderly were not affected by this
infection, since they had nonspecific resistance and did
not get sick even before the vaccine was developed.
Another part of the elderly died of COVID-19. These
elderly people suffered from frailty and comorbid
diseases.

Old age is associated with a stereotype: illness,
loneliness, and limited financial resources. There
are also elderly people who lead an active lifestyle:
working, taking care of themselves and even their
family, engaged in sports and recreational activities,
gardening, and personal life. A lifestyle that prevents
diseases of the modern world and slows down the rate
of sarcopenia and aging is of great importance in the
development of frailty syndrome, although the article
also considers the contribution of genetic factors [45].
Undoubtedly, early diagnosis and rehabilitation play
an important role in preventing the spread of frailty
syndrome.

First of all, it is necessary to familiarize
practitioners with frailty syndrome and conduct
a differential diagnosis so as not to attribute the
symptoms of frailty syndrome to other relevant
pathologies. Still, prevention is even more important,
especially among young and middle-aged people,
to stop early aging and the onset of diseases of the
modern world [1, 46].
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The role of estrogens in mitochondrial metabolism
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ABSTRACT

Central organelles in cells are mitochondria, which are essential for many fundamental biological processes. In the
course of evolution, mitochondria have been transformed into signaling centers in biological systems that can cause
changes in the cell via secreted factors and affect physiology of humans and animals.

Along with performing many key functions for the cell, mitochondria have also evolved into active hubs that can
both control cellular programs through interaction with other compartments, such as the endoplasmic reticulum,
and affect tissues, determining the health of the body via mechanisms that we are only beginning to understand.
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PE3IOME

B kieTkax 1eHTpaabHBIMU OpraHe/UIaMH SBJISIOTCS MUTOXOH/IPHHU, KOTOPbIE HEOOXOIMMBI VISt MHOTHX (yHIaMeH-
TaJIbHBIX OMONIOTHYECKUX MTPOLECCOB. MUTOXOHAPUH B IIPOLIECCE IBOIOIMHU TPAHCHOPMHUPOBATHCH B CHTHAIBHBIE
Y3161 B OMOJIOTHYECKHUX CHCTEMaX, CIIOCOOHBIC BBI3bIBATh H3MEHEHHS B KJIETKE IIOCPEACTBOM CEKPETHPYEMBIX (ak-
TOPOB M BIMAIOLINE HA (QU3HOIOTHIO YEJIOBEKA M JKMBOTHBIX.

B JIOIMOJTHCHUEC K BBIITOJIHCHUIO MHOXECTBA KJITHOUYCBBIX (byHKHI/Iﬁ JUTA KJIETKU, MUTOXOHZAPHUHU TAKXKE NPEBPATUINCH
B aKTUBHBIC LHCHTPbI, KOTOPbIE MOTYT KOHTPOJIMPOBATH HE TOJIBKO KJIICTOYHBIC TPOTrPaMMBI IOCPEACTBOM B3aUMO-
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CTBOBATh HAa TKaHU, ONPEACIIAA 3MOPOBLE OpraHusMa ¢ NOMOMIIbBIO MEXAaHU3MOB, KOTOPBLIE MbI TOJIBKO HAYUHACM
IIOHHUMATh.
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INTRODUCTION

Sex differences in human morbidity are partly
due to the number of endogenous sex steroids that
are involved in the regulation of mitochondrial
metabolism. Although the mechanisms and targets
by which estrogens directly or indirectly regulate
mitochondrial function are not fully understood, it
is clear that estradiol (E2) regulates the metabolism
and morphology of mitochondria through nuclear and
mitochondrial-mediated events, including stimulation
of transcription factors that bind to genomic and
mitochondrial DNA.

E2 and other estrogens, as well as synthetic GPER1
agonists, regulate mitochondrial bioenergetics,
fusion, and division processes. Estrogens control
the expression of genes, which, in turn, regulate
mitochondrial functions, such as metabolism,
OXPHOS, apoptosis, UPR™, division, and fusion. The
mechanism of these events involves binding of E2 and
other estrogens by receptors — the estrogen receptor o
(ERa) and the estrogen receptor B (ERB) to regulate
the transcription of nuclear genes and signaling
cascades. In addition, estrogens activate protein G — a
protein related to GTPases and functioning secondary
intermediaries in intracellular signaling, coupled with
the GPERI1 receptor, which also regulates intracellular
signaling events, including through cross—interaction
with endothelial growth factor (EGFR) [1].

ESTROGENS AND THEIR FUNCTIONS
IN THE BODY

Estrone (E1) and estriol (E3) were first isolated
in 1930-1931 from the urine of pregnant women by
Edward A. Doisy. E2 was later isolated by Dr. Doisy
from the follicular fluid of pigs [2]. Subsequently, the
metabolism of E2, its tissue-specific capture, cloning
of ERa, as well as the discovery and cloning of ERf
were described [1].

There are three primary estrogens — E1, E2, and
E3. E2 is considered as the most active type because
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it has the highest affinity for ERa and is the dominant
estrogen in women of reproductive age. Estrogens E1
and E3 have lower affinity for ERa. E2 is synthesized
in the ovaries, whereas El is synthesized from
androstenedione in the adrenal cortex, and E3 is
mainly of placental origin, although each of them can
be synthesized from androgenic precursors depending
on tissue expression of the aromatase CYP19 [3].

Postmenopausal obese and overweight women
have a higher level of circulating estrogens produced by
adipose tissue compared to slim women [4]. Estrogens
bind the ERa and ERB, which are conservative
nuclear receptors (NR) with high identity in the DNA-
binding and ligand-binding domains [5]. In addition
to the full-sized ERa and ERB, each receptor subtype
has a variety of splicing variants. ERa and ERB were
identified in the mitochondria of various cell types,
where they bind mtDNA. It was found that ERa also
indirectly interacts with nuclear DNA through direct
(protein : protein) coupling with other transcription
factors associated with DNA [6].

Currently, there is a great interest in understanding
sex differences in the disease in order to personalize
treatment. The National Institutes of Health (NIH)
mandates each grant application to consider “gender
as a biological variable.” The list of diseases showing
sex differences is too long and includes, for example,
hypertension [7], ischemic stroke and myocardial
infarction [8], as well as neurodegenerative and
neuropsychiatric diseases [9].

Each of these diseases is associated with
mitochondrial dysfunction. Differences in the
prevalence of diseases that are associated with higher
E2 levels in premenopausal women include type 1 and
type 2 diabetes (TIDM1 and T2DM). Premenopausal
women have lower incidence of metabolic disorders,
while postmenopausal women are more likely to
develop diabetes mellitus, cardiovascular diseases,
and kidney diseases than men [10].

Mitochondrial dysfunction is involved in many
diseases, while it is known that defects in hundreds
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of genes involved in the mitochondrial biology
cause pathologies [11]. These defects cover muta-
tions in the mitochondrial genome itself, in nuclear
genes encoding mitochondrial components, and
in genes belonging to various functional classes
affecting the mechanism of mtDNA replication,
mitochondrial division and fusion, oxidative
phosphorylation (OXPHOS) or biosynthesis of iron
— sulfur clusters [12, 13]. Mitochondrial dysfunction
is associated with insulin resistance [14] and
multiple endocrine disorders [15]. The existence
of sex differences depends not only on estrogens
and androgens, but also on genes encoded by sex
chromosomes [16].

Experimental and clinical studies found that E2
increases fat oxidation, inhibits lipogenesis, and
regulates immune system cells, such as B cells, T cells,
natural killer (NK) cells, neutrophils, and macrophages
[17]. More than 75% of autoimmune diseases are
more common in women. Recent studies have shown
a direct relationship between the expression of ERa in
T cells in the development of T-cell-dependent colitis
in mice and a decrease in T cell proliferation [18]. The
role of estrogens and ERa in systemic autoimmune
diseases, where B cells and T cells are affected, has
been described [19].

Hepatocellular  carcinoma (HCC) is more
common in men than in women, since estrogens
have a protective effect against the emergence and
progression of HCC [20]. Sex-dependent differences
in liver metabolism cover the expression of cytochro-
me P450 liver enzymes, as well as transcription
factors (TF), including ERa, the aryl hydrocarbon
receptor (AHR), the peroxisome proliferator-activated
receptor (PPAR) a, and the farnesoid X receptor
(FXR), leading to differences in drug responses and
metabolism in men and women [21].

Non-alcoholic fatty liver disease (NAFLD) is more
common in men than in premenopausal women, but
increases in postmenopausal women [22]. With drug-
induced liver injury (DILI), sex-dependent differences
also manifest themselves: 41 drugs affect the liver,
and DILI is detected predominantly in women (only
in premenopausal women). Interestingly, drugs for the
treatment of DILI in women have a more pronounced
effect on mitochondria, which is associated with
the formation of reactive metabolites and a greater
potential for inhibition of mitochondrial transporters
[23]. The model of immune-mediated DILI in BALB/c
mice showed that the production of proinflammatory
hepatic cytokines (interleukin (IL)-6) in females was

higher than in males, and hepatitis in male mice was
more severe. This fact suggests that E2 and IL-6 may
be responsible for a decrease in the protective and
regulatory function of T cells [24].

There are three factors that emphasize the deep-
rooted biological links between mitochondria and
gender as a biological trait. Firstly, mammalian
mitochondria are inherited through the maternal
lineage, which means that they are transmitted
exclusively through the egg. In the course of
animal experiments, it was suggested that transfer
of mitochondria to female and male organisms
has different effects on metabolism and life
expectancy [25].

Secondly, it is an underestimated fact that the stage
limiting the rate of synthesis of all sex hormones,
including estrogens, progestins, and testosterone,
occurs in mitochondria, located mainly in the
ovaries and testes [26]. The first enzymatic stages
of the synthesis of all steroids, which also include
glucocorticoids and mineralocorticoids, occur in the
mitochondrial matrix [27].

Thirdly, mitochondria contain receptors for sex
hormones. Both ERB receptors and androgen receptor
(AR) move into the mitochondrial matrix, where they
interact with mtDNA and affect many areas of the
mitochondrial biology [28, 29]. Thus, the mitochondria
ofthe genital organs have such a molecular mechanism
that contributes to the development of and canonical
mechanisms for hormone perception of sexual
differentiation.

At the same time, A. Junker et al. (2022) [30]
showed that stable binary sex-dependent differences
were determined in greater mitochondrial content in
female urine and isolated leukocyte subpopulations
and higher ROS production in male skeletal muscles.
Other measurements showed inconsistent sex-
dependent differences with large discrepancies in
the strength and direction of research, experimental
conditions (for example, metabolic substrates), and
evaluated tissues.

MITOCHONDRIAL HORMONE-REGULATING
FUNCTIONS

Mitochondria are tightly packed dynamic
organelles of bacterial and endosymbiotic origin [31].
Mitochondria support life by converting metabolites
of food fuel into ATP, CO, and H,O, while releasing
heat and providing adaptation to stress for survival.
The origin of mtDNA from oocytes leads to hereditary
disorders that are transmitted through the maternal
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lineage [31]. Paternal mitochondrial transmission is
extremely rare [32].

Mitochondria contain their own DNA of the
mitochondrial genome in the matrix. The mitochondrial
genome is inherited through the maternal lineage and
exists in the form of circular double-stranded DNA
consisting of 16,569 base pairs in humans [33]. Since
the mitochondrial genome encodes a small number
of mitochondrial genes, including transport RNAs,
mitochondrial ribosomal RNAs, and protein subunits
of complexes with an electron transport chain, many
mitochondrial genes are encoded in the nucleus.
Thus, coordination of transcription events between
mitochondria and the nucleus is necessary to maintain
metabolic homeostasis [34].

During ATP production, electron transport also
generates reactive oxygen species (ROS), which
damage  macromolecules, including mtDNA,
proteins, and lipids.  Estrogens and androgens
protect mitochondria from the degenerative effects
of aging in a tissue-specific way through activation
of the corresponding receptors [35]. ROS contributes
to mitochondrial stress and abnormal protein
conformation. Misfolded proteins and aggregates
accumulate in the inner membrane space (IMS) and
the mitochondrial matrix, which leads to activation of
the mitochondrial unfolded protein response (UPR ™).

Regulation of E2 — ERa by means of UPR ™ is
known. Recent studies show that breast cancer cells
co-opt mitohormesis, the process of increasing
basal UPR™ and reducing oxidative stress, leading
to increased invasion and metastasis, and, therefore,
to worse survival of breast cancer patients with the
UPR™ gene signature [36]. E2 — ERa increases
the transcription of sirtuin 3 (SIRT3) localized in
mitochondria, where it weakens ROS by deacetylation
of' manganese superoxide dismutase (MnSOD, SOD2)
and interacts with forkhead box protein O3 (FOXO3A)
to activate its translocation into the nucleus. Next, the
expression of genes encoding PGC-1a, a coregulator
necessary for transcription, and MnSOD takes place
[37].

REGULATION OF APOPTOSIS IN
MITOCHONDRIA BY HORMONES

Mitochondria not only produce energy, but are also
the site of synthesis of all steroid hormones, including
E2 in granulosa cells of the ovaries [38, 39]. The
participation of steroid hormones in the regulation
of apoptosis has been established, so E2 is able to
inhibit apoptosis via a variety of mechanisms. Under
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mitochondrial stress, mitochondria also produce and
secrete mitokines, for example, humanin, a stress-
sensitive peptide encoded by the MT-RNR2 gene in
mtDNA, and fibroblast growth factor 21 (FGF-21),
which regulates energy metabolism [40]. Estrogen
deficiency disrupts regulation of the L-type Ca2+
channel, the ryanodine receptor, the sarcoplasmic
/ endoplasmic reticulum Ca2+-ATPase (SERCA),
and the Na+ — Ca2+ exchanger, causing impairment
of Ca2+ homeostasis, which leads to cardiovascular
diseases [41].

Another recent review summarized sex-dependent
differences in human skeletal muscles [42]. It was
found that many mitochondrial functional genes are
expressed differently, and this correlates with known
inter-sex differences in the composition of muscle
fibers in women with a higher percentage of type I
muscle fibers with a more oxidative phenotype [1].
Differences in gene expression in skeletal muscles of
men and women are partly due to epigenetic changes,
including differences in DNA methylation, histone
modifications, and microRNA expression [42].

Activation of ER and G-protein-coupled estrogen
receptor (GPER) preserves mitochondrial function and
reduces mitophagy after injury (ischemia/ reperfusion)
by signaling dependent on mitochondrial permeability
and activation of mitogen-activated protein kinase
(MEK) regulated by extracellular signal-regulated
kinase (ERK), thus reducing apoptosis by preservation
of the mitochondrial integrity. In this regard, the
administration of estrogen in in vivo models before
ischemia / reperfusion reduces the infarct size and
improves myocardial contractility [43].

Sex-dependent differences in mitochondria and
mitochondrial function in various organs were
considered, mainly in rodents [44-46]. A recent study
reported that the effect of gender on gene expression
and mitochondrial metabolism in adipose tissue
depended on the mouse lineage when studying 100
inbred mouse lines [47].

The role of mitochondrial ERa and ERB in the
transcription of mtDNA genes and the function of
mitochondria depend on the type of cells, which is
consistent with their specific localization. A group
of researchers found that retrograde signaling via
activation of the ROS-AKT pathway in response to
UPR™ activates ERa and increases nuclear respiratory
factor-1 (NRF-1) signaling [48]. However, there are
still many unresolved questions about the protective
effects of estrogens in mitochondria that have yet to
be fully elucidated.



Reviews and lectures

THE ROLE OF ESTROGENS
IN THE REGULATION OF LPO -
ANTIOXIDANTS SYSTEM

Mitochondrial metabolism inevitably leads to the
formation of ROS, which, in turn, cause mitochondrial
dysfunction. E2 is known to cause a decrease in ROS
levels and increase the amount of antioxidant proteins,
including superoxide dismutase 1 (SOD1), superoxide
dismutase 2 (SOD2) and glutathione peroxidase (GPx)
[49]. On the other hand, in the vascular network,
GPER modulates ROS by reducing NADPH oxidase
4 (NOX4), prostaglandin — endoperoxide synthase
2 (PTGS2), and GPx1, as well as by increasing the
amount of antioxidant proteins, such as SIRT3 and
glutathione S-transferase Kappa 1 (GSTKI1) [49].
Consequently, as described in several studies, women
differ from men in the level of antioxidants localized
in the mitochondria, thus producing fewer free radicals
and, in turn, less oxidative damage to the heart [50].

In this regard, some studies reported that female
mitochondria produce half as much hydrogen peroxide
as male ones and have higher levels of mitochondrial
reduced glutathione. However, the mechanism
through which E2 exerts these effects, as well as the
involvement of other cell organelles have not yet been
fully elucidated [51].

Another interesting feature that may be related to
the modulation of ROS is the participation of E2 in
the regulation of Ca2+ levels. Two studies showed
that in female OVX mice, mitochondria had a reduced
ability to retain Ca2+, which was restored after the
introduction of E2, thus improving normal contraction
and relaxation of the heart [41]. Similarly, several
studies found that the regulation of mitochondrial
homeostasis was of key importance for attenuating the
damaging effects of various pathological processes
in cardiovascular diseases. Certain proteins, such
as the peroxisome proliferator-activated receptor-y
coactivator 1 a (PGC-la), AMP-activated protein
kinase (AMPK), and several genes involved in the
electron transport chain (ETC), are regulated by
sex hormones and, more specifically, by estrogen
signaling [49].

ERo and ERB have been identified in mitochondria
and reported to regulate mtDNA transcription [6]. E2
increases the transmission of redox signals in MCF-
7 breast cancer cells containing ERa. This process is
considered as part of the oncogenic process in breast
cancer and involves the activation of AKT signaling,
which leads to the initiation of NRF-1 [52]. E2

rapidly increased the temporal localization of ERa
in mitochondria in MCF-7 cells and stimulated the
direct ERo. — MnSOD interaction, which was found
using confocal imaging and co-immunoprecipitation
[53]. The mitochondrial localization of ERa and
the ERa — MnSOD interaction were blocked by
fulvestrant, which suggested the importance of ERa
conformation for the described interactions. Induced
migration of ERa into mitochondria in MCF-7 cells
is considered as a non-genomic E2 response to
increased MnSOD acetylation of K68, which leads
to inhibition of MnSOD activity. It was reported that
the E2 — ERa — MnSOD bond blocks the MnSOD —
SIRT3 interaction, increasing the superoxide level and
activating mTORC?2 [53].

Mitochondria contain NR — thyroid hormone
receptor (TR), androgen receptor (AR), retinoid X
receptor (RXR), RAR, glucocorticoid receptor (GR),
and gamma receptor activated by the peroxisome
proliferator-activated receptor (PPARG, PPARYy2)
[54]. ERB was identified in the mitochondria of the
human heart. A recent study reported that low levels
of mitochondrial ER (mitoERB) were associated
with an increased risk of breast cancer recurrence
[55]. Transfection of MCF-7 breast cancer cells using
GST-ERB followed by GST pull-down identified
HSPA9 (mitochondrial heat shock protein 70; also
called GRP75) associated with ERB.

MALDI-TOF mass spectrometry identified ERS
and HSPAY in the purified complex, and knockdown
and overexpression studies showed that HSPA9
moved ERB into the mitochondria of MCF-7.
Transfection of triple-negative breast cancer (TNBC)
cells MDA-MB-231 by mitochondria-directed ERB
expression vector reduced cell proliferation, invasion,
and migration in vitro and tumor formation in vivo. A
higher level of ERB was determined in mitochondrial
fractions from ectopic endometrial tissues compared
to uterine fibroids or controls without lesions [56].
Given the uncertainty regarding the specificity of
some antibodies to ERB [57], further studies on the
localization and activity of ERB in mitochondria are
required.

The naturally occurring variants of ERa splicing,
ER036 and ERa46, are the result of the use of a
differential promoter and splicing, which leads to
shortened forms of ERa devoid of N-terminal domains
A and B, which make up AF-1. ERa36 also lacks the
F-domain at the C-end of the full-size ERa66 and has
a shortened LBD [58]. It was reported that ERa 36
is localized mainly in the mitochondria of the human
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uterine leiomyoma (UtLM) and smooth muscle cell
lines and interacts with inhibin (PHB) [59].

B.N. Radde et al. reported that E2 (10 nM)
stimulated the baseline oxygen consumption rate
(OCR) and baseline extracellular acidification rate
(ECAR) in breast cancer cells MCF-7 and T47D
lumen A (ERat+) and activated ATP-bound OCR,
while not affecting the maximum mitochondrial
reserve capacity. The authors suggested that E2 did
not affect the tolerance to cellular stress in these
cell lines [60]. Medroxyprogesterone acetate (MPA)
inhibited the potentiation of E2 primary neurons of the
rat hippocampus and mitochondrial reserve capacity
of glial respiration in vitro, however, the mechanisms
of this phenomenon have not been disclosed. In the
meantime, a recent study showed that ERa knockout in
CD4+ T cells reduced mitochondrial reserve capacity,
and it was assumed that ERa regulated mitochondrial
metabolism in T cells [18].

A search in PubMed for articles investigating the
effect of estrogens on mitochondrial bioenergetics
revealed relatively few results. Thus, one group of
researchers found that overexpression of ERa in SK-
N-BE(2) MYCN-amplified (MNA) neuroblastoma
(NB) cells suppressed the growth of a tumor xenograft,
blocking many processes associated with oncogenesis
of NB [61].Glycolysis (measured as ECAR in the
Seahorse bioanalyzer), maximum glycolytic capacity,
and glycolytic reserve were significantly reduced in
cells overexpressing ERa, and treatment with E2 and
nerve growth factor had no additional effect on any of
these parameters in NB cells [61].

Similarly, the baseline level of OCR, ATP-bound
OCR, and mitochondrial bioenergetic reserve capacity
were increased in ERa cells overexpressing SK-N-
BE(2) MNA NB, which was partially mediated by
suppression of fatty acid utilization. Overexpression
of the ERB-labeled mitochondrial-targeting sequence
in primary human endometrioid cells increased
basal OCR and mitochondrial reserve capacity. ERS
knockdown reduced the expression of NRF1, TFAM,
MT-CO1, and MT-ATP6 transcripts in endometrioid
cells and increased the anti-apoptotic protein BCL-2,
thereby helping cells avoid mitochondrial apoptosis
caused by oxidative stress [56].

Studies on female mice with muscle-specific Esrl
(ERa) ERa (MERKO) knockout showed that glucose
homeostasis was impaired in mice of this line, and
obesity was present in combination with aberrant
mitochondrial morphology, increased ROS, impaired
mitochondrial division, and an imbalance of calcium
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and ATP production. These data indicate a key role of
the mitochondrial function of ERa in muscles. It was
shown that the level of ERa was reduced in the muscles
of women with metabolic syndrome. Transmission
electron microscopy revealed elongated hyperfused
mitochondria with an increased content of inactive
diamine-related protein 1 (DRP1) phosphorylated by
the inhibitory serine residue (SER 637).

The authors also observed an increase in regulator
of calcineurin 1 (Rcanl) and calcineurin inhibitor
leading to mitophagy disorders and increased ROS,
which causes inflammation and insulin resistance
[62]. The E2 — ERa bond was also necessary to
maintain the number of satellite cells (muscle stem
cells) in the muscles of female rodents and humans
[63]. Indeed, in mice with ERa knockout (Esrl -/-), a
decrease in fatty acid oxidation in muscles, increased
overall obesity, impaired mtDNA replication,
mitophagy, and autophagy, failure of insulin signaling
(including glucose utilization), high levels of H,O,
and superoxide, lipid accumulation, and inflammation
were recorded. The authors noted the importance of
identifying methods and selecting therapeutic agents
for modulation of tissue-specific pathways regulated
by ERa, which will adjust the energy balance and
glucose homeostasis, especially in postmenopausal
women [64].

Replacement therapy using E2 in female mice after
ovariectomy improved the activity of mitochondrial
complexI(CI)anddecreed H,O, inskeletal muscles, but
increased Cl-mediated H,O, production and decreased
the intensity of OXPHOS in the liver. The authors
stated that “the mechanism(s) of tissue specificity of
E2 effect on mitochondrial function remains unknown”

[65]. At the same time, transcriptome profiling
revealed microRNAs controlling glycolysis and
oxidative metabolism in the muscle fibers of male
mice [66]. The role of estrogens in the regulation of
these microRNAs is still known.

Interestingly, studies examining miRNAs in
skeletal muscles of homozygous twins with discordant
use of hormone replacement therapy (HRT) revealed
miR-182, miR-233, and miR-142-3p targeting
IGF-R1, FOXO3A, and inflammatory signaling [67].
In another study, this group of scientists also identified
E2 regulation of muscle energy pathways in women
receiving HRT [68].

In mice with the ERo— MERKO knockout, a change
in the morphology of mitochondria was demonstrated,
and mitochondrial elongation occurred. In addition,
impairment of mitochondrial division by pronounced
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suppression of signal transmission took place. In fact,
ERa deficiency leads to suppressed phosphorylation
of DRPI, a key factor in mitochondrial division.
That is, the mitochondrial dysfunction phenotype in
muscles prevails in MERKO mice. Obviously, ERa
is necessary to maintain mitochondrial function and
protects against mitochondrial-related health disorders
in women [69].

In vitro experiments using molecular methods
determined that E2 increased the levels of mRNA
transcripts MFN1, MFN2, OPA1, and DRP1, while
reducing FIS1 during 4-hour treatment of MCF-7 cells,
and these transcriptional responses were inhibited by
antiestrogenic fulvestrant (ICI 182.780). The authors
reported that E2 induced mitochondrial fusion in
MCF-7 cells, reduced the expression of OXPHOS
complex proteins, and increased ATP levels.

Similar results were recorded in T47D cells treated
with E2. In addition, overexpression of ERB in T47D
cells was found to increase the number of OXPHOS
complex proteins and reduce division, while
increasing fusion [70]. On the contrary, activation
of the E2 — Era pathway in MCF-7 cells increased
phosphorylation of DRP1 at ser616 to induce DRP1
activity leading to mitochondrial division [71]. There
was a need for ERa, since knockdown blocked E2 and
induced phosphorylation of DRP1, but the authors did
not evaluate whether this was mediated by genomic or
non-genomic activation.

From the standpoint of aging, it was established that
E2 protects against cellular aging and mitochondrial
dysfunction. This fact was revealed in experiments
using human umbilical vein cells and vascular smooth
muscle cells in female C57BL/6 mice [72]. The
ability of E2 to increase mitochondrial autophagy
and maintain mitochondrial function, thereby slowing
down aging is known. However, E2 does not modulate
the microtubule-associated protein 1 light chain 3
(LC3), as well as the deficiency of the autophagy-
related protein 7 (ATG7). Moreover, E2-mediated
effects on mitochondrial autophagy were eliminated
using either Unc-51-like kinase-1 (Ulk-1) or Ras-
related protein Rab-9 (Rab9).

These results showed that E2-mediated
mitochondrial autophagy is associated with Rab9-
dependent alternative autophagy. In addition, E2
enhances the regulation of sirtuin 1 (SIRT1) and
activates liver kinase B1 (LKB1), AMPK, and Ulkl,
which indicates that the effect of E2 on the induction of
Rab9-dependent alternative autophagy is mediated by
the SIRT1/LKB1/AMPK/UIlk1 pathway. Compared

with sham-operated mice, mice with ovariectomy
(OVX) are characterized by reduced mitochondrial
autophagy, increased mitochondrial dysfunction, and
aging of the arteries, all of which was successfully
blocked by E2 [72].

CONCLUSION

Mitochondria are organelles inherited through
the maternal lineage, which have the most important
tissue-specific functions, including hormone synthesis
and energy production, affecting human development,
health, and aging. However, it still remains unclear
whether mitochondria of women and men are
characterized by stable biological differences, which
is a serious gap in knowledge. Solving this issue is
of paramount importance for the development of
clinically specific indicators of mitochondrial biology
and the construction of comprehensive human health
models that include mitochondrial bioenergetics.
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ABSTRACT

Multiple sclerosis (MS) is a chronic progressive disease of the central nervous system common among young
people. Neurogenic bladder often is a common symptom of the disease. Young people with MS often have to make
treatment and family planning decisions at the same time.

The possibility of realizing reproductive plans is closely related to urological complications of the disease, high
risk of urinary tract infections, and sexual dysfunction. In addition, disease modifying therapies for MS play a
significant role in increasing the likelihood of infectious complications. Therefore, the issue of infection prevention
in MS is critical. Effective personalized prevention of urogenital infections is possible with a clear understanding
of the microbiota composition.

DNA sequencing methods have changed the conventional idea that normal urine is sterile and gave rise to the
concepts of asymptomatic bacteriuria in healthy people. Moreover, data on the genitourobiome of patients with
neurological diseases have recently emerged. Extended knowledge about the microbiology in the genitourinary
system of neurological patients is necessary to unleash the capacity of health-preserving technologies.

The aim of the review was to integrate currently available data concerning the microbiocenosis of the lower urinary
tract and vagina with underlying neurogenic pelvic dysfunction, including MS, as well as to present data on the
association between closely located biotopes and the effect of MS therapy on the risks of developing genitourinary
infections.
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PE3IOME

Paccestaublif ckiepo3 (PC) sBiseTcss XpOHHYIECKHM MPOTPECCHUPYIONINM 3a00JIeBaHIEM EHTPAIbHONH HEPBHOM
CHCTEMBI, PaclpOCTPAHEHHBIM CPEAHN JIUI MOJOAOTO Bo3pacTa. YacTelif cHMITOM OOJE3HH — 3TO HEWpOreHHas
JTUC(HYHKINS Ta30BBIX OPraHoB. MomombM JTosiM ¢ auarHo3oM PC 3adacTyio MpUXOIMTCS OJHOBPEMEHHO IIpH-
HUMATh PEIIeHNs, CBS3aHHbIE C JIEYCHHEM U INTAHUPOBAHIEM CEMBHL.

B03MOXXHOCTD peanu3aly penpoayKTHBHBIX IUIAHOB TECHO CBS3aHA C YPOJIOTHYECKHMMH OCJIOKHEHHUIMH 3a00J1e-
BaHUs1, BBICOKUM PUCKOM HH(EKIIMOHHBIX POLIECCOB MOYETIONIOBOI CUCTEMBI, CEKCYallbHOH qucdynkuuneii. Kpome
TOr0, MHOTHE Ipenapartsl, u3MeHstomue reyenne PC, MrpatoT 3HAYUTENbHYIO POJIb B YBEIMYCHUH BEPOATHOCTH
MHQEKIMOHHBIX OCIOXHEHUH. B CBSI3H ¢ 4eM akTyaiapHOM IpOoOIeMOil SBISIOTCS BOMPOCH MPOGMIAKTHKHA HHDEK-
it mpu PC. DddexTrBHas nepcoHaTN3NpoBaHHas NPO(UITAKTHKA YPOTCHUTAIBHBIX HHPEKIMHA BOZMOKHA IPH
YETKOM IIPEJICTABICHUH O COCTaBE MUKPOOHOTHI.

Merons! cexBenupoBanus JJHK mo3Bonmiy M3MeHNTh KIIaCCHYECKHE MPEICTABICHUS] O TOM, YTO 3/10pOBas Mo4a
cTepuibHa. beun copmMupoBaHbl IpenCcTaBIeHUs] O OECCUMIITOMHON OaKTEepHypHH y 3M0POBBIX JIOJEH, H B I10-
ClIe/THHE TOJbI MOSBIISTIOTCS CBECHUS O TEHUTOYPOOHOME MAIlMeHTOB C HEBPOJIOTMYECKMMH 3aboneBaHusIMH. Pac-
LIMPEHHE 3HAHUI 0 COCTaBe MHKPOOPTaHN3MOB MOYEIIOJIOBOH CHCTEMbI HEBPOJIOTHYECKHX MAMEHTOB HEOOX0TH-
MBI JUIs1 QOpMUPOBaHMS MTOTEHIMANA 310POBbECOSPETarONINX TEXHOIOTHH.

Heas 0630pa: 0600MIIEHIE N3BECTHBIX K HACTOSIIEMY BPEMEHH CBEACHHH O MHKPOOHOIIEHO3€ HIDKHUX MOYEBBIX
IMyTel W BIarajuina Ipy HEHPOreHHON AMCQYHKIMK Ta30BBIX OpraHoB, B ToM umciie npu PC, mpencraBieHue
JTAaHHBIX O CBSI3U OJIM3KO PACIIONIOKEHHBIX OHOTONOB M BiustHuH Tepanuu PC Ha puckn nHbEKnnii MOYenoIoBoit

chepsl.
KuroueBbie ¢10Ba: pacCessHHBIN CKIIEPO3, HEHPOreHHAs TUCOYHKIUS MOYEHCITYCKaHusI, BATHHO3, MUKPOOHOTA

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

Hcrounuk ¢punancuposanus. Pabora BrinonHeHa B paMkax npoekta PH® Ne 23-25-10076.

s uutupoBanus: Jlysanosa E.U., Kapnosa M.U., A6pamosckux O.C., YerBepuuna E.A., Kynpusnos C.B.
MukpoOHoTa MOUYEBBIX MyTel y MALMEHTOB ¢ HEHPOreHHOW MUC(yHKUIMEH Ta30BBIX OPraHOB MPH PACCEIHHOM
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INTRODUCTION

Currently, the environment and the way it impacts
the genetic factors are considered the basis for the
development of autoimmunity in the human body.
The composition of the gut microbiota and the gut —
brain axis are being increasingly considered as a
prerequisite for the development of immune-mediated
conditions of the nervous system, including multiple
sclerosis (MS). In the modern world, this concept is
of great importance since microbial dysbiosis arises
from the so-called Western diet, widespread use of
antibiotics, and excessive sanitation.

Until recently, scientists have focused specifically
on studying the gut microbiota in MS patients.
Recently, research has been conducted on other loci in
the host organism. It has been shown that oral cavity
microorganisms might affect the level of inflammation
in MS, thereby contributing to the mechanisms of
the disease [1]. It should be noted that data on the

composition and functioning of other biotopes are
scarce or even lacking. At the same time, it is suggested
that neighboring loci may be closely connected. It is
likely that changes in the composition and functional
activity of the microbiota in one location can lead to
dysfunction in nearby areas.

Bowel and bladder dysfunction is part of the
varied MS clinical pattern and is reported in 50-90%
of patients [2]. On average, 6 years after the disease
onset, urinary tract infections (UTIs) are diagnosed
in lower urinary tract (from 13 to 74%) and 8% in
upper urinary tract (from 0 to 25%), while chronic
renal failure and urosepsis are some of the leading
causes of death in patients with MS. At the same time,
obstructive and mixed forms of urination disorders
bring the highest level of threat due to progression
of infectious inflammation and are significantly more
common in MS.

The aim of this review was to summarize the
present knowledge about the composition of the urinary
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tract microbiota in patients with neurogenic bladder,
especially in MS, and to interpret the risks of infectious
diseases of the genitourinary system. The information
search was conducted both in Russian and English
using keywords, such as multiple sclerosis, urinary
microbiota, vaginitis, neurogenic bladder, and lower
urinary tract infections. For the information search,
PubMed and elibrary.ru databases were used. A total
of 251 publications (clinical studies, meta-analyses,
randomized controlled trials, systematic reviews) over
the past 15 years were identified and 46 relevant articles
on the problem under study were selected.

MICROBIOTA OF THE LOWER URINARY
TRACT

Until late, urine culture tests proved urine to be
sterile, and the availability of bacteria therein was
referred to an inflammatory response and UTIs. Yet,
modern highly sensitive diagnostic tests established
that the urinary tract of a healthy person is not sterile
throughout its entire length. The year 2010 marked the
emergence of a new understanding of asymptomatic
bacteriuria (AS) owing to the studies by D.E. Nelson
et al. [3] and a group of Russian scientists under the
supervision of M.I. Kogan [4]. Their findings on the
presence of bacteria in the urine of healthy men and
women was confirmed by H. Siddiqui et al. in 2011 by
metagenomic sequencing [5].

A.J. Wolfe et al. studied urine sampled from
healthy women by various methods. The presence
of bacteria in these samples was assessed by urine
culture test, light microscopy, and /65 rRNA gene
sequencing. Urine samples obtained from the urethra
by spontaneous voiding contained bacteria both from
urinary and genital tracts. Microorganisms identified
in urine samples simultaneously collected using
a transurethral catheter and suprapubic aspiration
had similar properties and additionally contained
nonculturable bacteria, which allowed the authors to
conclude that the bladder was not sterile [6].

In later years, new information has come to light
regarding urinary microbiota in healthy individuals
and in a number of diseases and conditions: overactive
bladder [7], urinary incontinence [8], chronic
prostatitis [9], interstitial cystitis [10, 11], bladder and
prostate cancer [12—14], urolithiasis [15]. Genomics
techniques revealed the existence of a microbial
community in the bladder, which standard culture test
failed to determine.

Thus, all people normally have bacteriuria,
and given the fact that not only bacteria, but also

other microorganisms (viruses, fungi) are found in
the urinary tract, it is now more justified to use the
concept of “urinary tract microbiome” instead of the
term “bacteriuria”. The urinary normobiome differs
genderwise. Men have a significantly higher relative
content of Corynebacterium bacteria, while women
have a higher content of Lactobacillus. Moreover, given
high importance of the microbiome, some scientists
even suggest using the term “urinary tract dysbiosis”
instead of “urinary tract infection” (UTI) [16].

Despite the fact that a large number of studies are
dedicated to the composition of the bladder microbiome
[17-19], no data are available on colonization of
the upper urinary tract, due to obvious technical
difficulties. It has been suggested that microorganisms
are present in the urinary tract throughout its entire
length [6]. This discovery is crucial. Excessive and
unjustified attempts to sanitize the genitourinary tract
for AS cause resistance to antimicrobial medications,
which in turn leads to inadequate treatment of UTIs,
increased morbidity, and mortality.

TRANSLOCATION MECHANISM
OF MICROORGANISM MIGRATION

As of today, a growing number of researchers are
attempting to study the microbial biocenosis of the
genitourinary tract both in healthy individuals and in
patients with UTI in terms of its relationship with the
large intestine microbiota. This approach is aimed at
elaborating the etiopathogenesis of infectious diseases
in the genitourinary tract. In addition, it is assumed
that anorectal disorders (in particular, constipation)
may trigger the development of UTIs [20]. Given the
fact that a number of neurological diseases, including
MS, are characterized by pelvic dysfunction in the
clinical presentation, urination disorders often coexist
with bowel dysfunction.

Attempts to investigate the translocation
mechanism of bacterial migration from the large
intestine to the organs of the genitourinary system
led to the conclusion that uropathogenic gut bacteria
effectively colonize the urinary tract. For instance,
healthy women with no UTI episodes in history had
fecal Escherichia coli isolates in urine, which in
general were closely related in the genomic pattern
to fecal E. coli fecal isolates recovered from UTI
patients [21]. When studying cases of UTI caused by
Klebsiella pneumoniae, this microorganism was also
reported to originate from the colon [22].

Yu. L. Naboka et al. presented data on significant
correlation coefficients between microorganisms
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recovered from urine and those from the colon, which
indirectly confirms the translocation mechanism
[23]. Alternatively, it is known that normal urine
microbiome is characterized by the predominance
of Lactobacillus in women and Corynebacterium in
men. Corynebacterium microorganisms are common
representatives of skin microbial flora in men,
while vagina is colonized by various species of the
Lactobacillus genus, which probably indicates the
existence of translocation migration mechanisms
between these loci. Therefore, the existence of a fecal —
perineal — urethral transmission route of microbial
flora to the genitourinary tract is still currently being
discussed [24].

MICROBIOTA IN NEUROGENIC BLADDER

Data on the urinary tract microbiome in
neurological patients with neurogenic bladder as
part of their clinical pattern are scarce and refer to
a small group of patients with traumatic spinal cord
injury. A cross-over study aimed at examining urinary
microbiome compared 27 patients with spinal injury
and symptoms of neurogenic bladder with healthy
volunteers, using 16S rDNA sequencing and the
metaproteomics technique. It is worth noting that
more than one technique of urinary diversion was
used for 19 patients (intermittent catheterization,
Foley catheter).

The top ten bacterial taxa predominant in
abundance and variability in urine samples included
Lactobacillales, Enterobacteriales, Actinomycetales,
Bacillales, Clostridiales, Bacteroidales,
Burkholderiales, Pseudomonadales, Bifidobacteriales,
and Coriobacteriales. Moreover, Lactobacillales
and Enterobacteriales comprised the two most
abundant and variable taxonomic groups [25]. Clear
Lactobacillus predominance was detected in the
urine of healthy women in the control group. At
the same time, a progressive decrease was noted in
the abundance of representatives of normal vaginal
microbial flora in women with neurogenic bladder
with any type of voiding (whether spontaneous or
using a catheter). It is likely that increasing time of
catheter use of more than 3 months and an increase in
the severity of neurogenic bladder affect the ability of
Lactobacillus to colonize the urinary tract [25].

An alternative explanation for this phenomenon
may be due to the proximity of the external urethra to
the vaginal microbiocenosis, therefore bacteria of the
Lactobacillus genus are considered as contaminants
of the urinary tract. However, taking into account the

work by A.J. Wolfe et al., who proved the presence
of Lactobacillus representatives in urine sampled both
by transurethral catheters and by suprapubic aspiration
directly from the bladder, this assumption seems
unlikely [6] Lactobacillus bacteria produce lactic acid
and thereby control the growth of virulent bacteria
incapable of surviving in a more acidic environment.
It is suggested that the presence of Lactobacillus in the
urethra and / or bladder may have a protective effect
in both women and men. So, Q. Dong et al. confirmed
the presence of Lactobacillus microorganisms in clean
urine samples of healthy men [26].

This hypothesis has critical implications for
individuals with neurogenic bladder. The need
to use assistive technology increases the risk of
UTI, while dysbiosis of the urinary tract provides
a favorable environment for the growth of
pathogenic microorganisms. Thus, representatives
of Lactobacillus are considered as commensal
microorganisms reflecting the state of eubiosis more
often in women than in men. The microbiome in the
risk group for developing UTIs may be characterized
by a lower level or even obvious absence of
Lactobacillus. Taken together, these data suggest that
the clinical goal of sterile germ-free urine may not be
optimal for the patient.

The microbiological pattern of neurogenic bladder
varies depending on the method of urine diversion.
Thus, when a catheter is used, studies describe
the predominance of other microorganisms from
the Lactobacillales family, like Aerococcus and
Enterococcus bacteria in addition to a significant
decrease in the Lactobacillus representation. Two
species of aerococci, 4. urinae and A. sanguinicola,
may cause UTIs. In addition, the number of
Enterobacteriaceaec in the urinary microbiota of
patients with neurogenic bladder increases with
increasing duration of symptoms.

Similar data on the urinary microbiota composition
in neurogenic bladder caused by spinal cord injury
or spina bifida were obtained by E.S. Filippova et
al. [27]. The authors noted a correlation between
the results of urine culture test and 16S rRNA
sequencing data. Consistent with earlier studies, the
urobiome of these patients consisted of a variety of
Enterobacterales. Representatives of Escherichia,
Klebsiella, Lactobacillus, and Enterococcus were the
most common microorganisms.

Metagenomic sequencing provides an opportunity
to identify microorganisms undetectable in urine
culture tests. In a number of patients, up to 21 genera
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were revealed in the urine, namely Cellulomonad
(Cellulomonas spp.), Prevotellaceae (Prevotella
melaninogenica, Prevotella spp.), Flavobacteriaceae,
and Bacillales Family X. Incertac Sedis, Gemella
(Gemella  asaccharolytica), ~ Carnobacteriaceae
(Carnobacterium spp.), Veillonellaceae (Veillonella
spp.),  Peptoniphilaceac  (Parvimonas  spp.),
Sphingomonadaceae (Sphingomonas spp.),
Pseudoalteromonadaceae (Pseudoalteromonas spp.),
Moraxellaceae (Acinetobacter spp.), and Vibrionaceae
(Vibrio spp.).

URODYNAMIC FUNCTIONAL STATUS
OF THE BLADDER AND UROBIOME

The mechanisms underlying the interaction of the
bladder and microbial flora are diverse and are the
subject of scientific debate. One of them is disturbance
in bladder wall blood supply due to high intravesical
pressure. Tissue ischemia provides favorable
conditions for gut microbial flora to colonize the
mucosa. Moreover, impaired wall tropism leads to
histologic changes in the detrusor, namely, the volume
of muscle fibers decreases and connective tissue
develops in their place. Such transformations involve
a decrease in bladder plasticity and increased ischemia
[27, 28].

Another issue related to neurogenic bladder is
a high risk of vesicoureteral reflux in the context of
high intravesical pressure. Such a disturbance in
urodynamics, in turn, is a proven risk factor for UTI in
patients with neurogenic bladder [27, 29]. Therefore,
the prevention of UTIs in a patient with a neurological
disease is based on correction of urodynamics, control
of neurogenic detrusor overactivity, prevention of
vesicoureteral reflux, and the choice of the optimal
urine diversion technique. The place of probiotics
in preventing UTIs is still yet to be discussed, since
there is insufficient knowledge about the composition
and functions of the urinary tract microbiota and a
lack of clinical studies that would confirm the proven
effectiveness of such a preventive approach.

One of the modern methods incorporating
all preventive objectives is therapy for detrusor
overactivity with botulinum toxin type A. In a pilot
project, E.S. Filippova et al. observed that the qualitati-
ve composition of the urinary tract microbiome
changed during botulinum therapy for neurogenic
bladder. The authors noted a trend toward restoration
of eubiosis, specifically, three women out of four
demonstrated an increase in Lactobacillaceae and a
decrease in Enterobacteriaceae bacteria family [27].

LOWER URINARY TRACT MICROBIOTA
AND MULTIPLE SCLEROSIS

Many neurological diseases have pelvic dysfunction
in their clinical pattern. However, in publications,
special attention is paid to microbiological changes in
urine in spinal injury and congenital pathology of the
spine.

It has been established that Escherichia coli,
Pseudomonas aeruginosa, and Klebsiella pneumoniae
are most common in urine in MS. These data were
obtained in studies using culture tests. We have
not found data on the use of methods that allow for
identifying nonculturable bacteria in the urine of
patients with MS and neurogenic pelvic dysfunction. It
is known that MS is characterized by high prevalence
of UTIs and a high relapse rate [30].

Accordingly, in a prospective analysis of 798
MS clinical cases, every third person with primary
progressive MS had a history of UTI; every fifth
patient with relapsing — remitting MS (RRMS)
experienced vaginitis or UTI; 40% of patients with
secondary progressive MS had a history of UTI or
vaginal infection [31]. However, there are no clear
concepts concerning the composition of the lower
urinary tract microbiocenosis in MS patients.

It should be noted that sometimes UTIs provoke
increased clinical disease activity, aggravating MS
[32]. In addition, pharmacological treatment for AS is
still often used unnecessarily in clinical practice, even
though experts currently emphasize that this approach
has no evidence of clinical effectiveness. Since
AS treatment causes a significant increase in more
resistant strains of bacteria, it should be prescribed
in exceptional cases for recurrent acute UTIs, prior
to UTI treatment procedures, during pregnancy, or in
patients requiring immunosuppression [32].

Lower urinary tract infection with multidrug
resistant microbial flora, recurrent UTIs, and
irrational use of antibiotics create another problem —
antibiotic resistance. Moreover, UTIs in this group
of patients are associated with high hospitalization
rate and increased mortality. Unlike other
neurological patients, those with MS represent a
special population exposed to multiple risk factors
for the development of infections, such as constant
immunomodulatory treatment, episodes of high-dose
glucocorticoid therapy for disease exacerbations,
focal damage to the spinal cord and concomitant
pelvic dysfunction, which often leads to the need for
bladder catheterization.
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MS patients receive lifelong treatments aimed at
modifying the functioning of the immune system,
the so-called MS disease-modifying therapy (DMT).
In Russia, there are about 11 medicinal compounds
registered; they vary by mechanisms of action and
degree of influence on the immune system. DMTs
in Russia include glatiramer acetate (GA), interferon
B-1band p-1a, teriflunomide (TFN), dimethyl fumarate
(DMF), fingolimod, natalizumab (NAT), ocrelizumab,
acrelizumab, cladribine, etc. The likelihood of the
effect of DMTs on the lower urinary tract microbiota
remains a matter of debate.

In 2020, J. Hellgren et al. suggested that the use
of rituximab, a medication not registered in Russia
for the treatment of MS, may increase the risk of
developing UTIs [33]. C.G. Chisari et al. confirmed
that the use of rituximab can increase the incidence
of UTIs in MS [34]. However, these studies did not
investigate the correlation between the duration of
rituximab therapy and the incidence of UTIs. Later,
M.A. Mesgarof et al. showed that the incidence of
UTI increased proportionately to the increasing time
of rituximab use [31].

Currently, there is a controversy regarding the use
of DMTs and the risk of UTI. It was observed that
UTIs were significantly more common in patients
receiving alemtuzumab. In two clinical studies, the
incidence of UTIs was higher with alemtuzumab
compared to interferon -1a and slightly lower (but
not statistically significant) in another study [31, 35].

Some studies confirmed that treatment with
interferon B-1b may increase the incidence of UTIs
[32, 36]. On the other hand, the 2021 expert consensus
on infectious complications during DMT stated that
the interferon group did not increase the risk of UTI
in MS patients, like the majority of other DMTs, such
as GA, TFN, DMF, NAT, fingolimod, cladribine, and
ocrelizumab [30]. However, in a more recent study,
M.A. Mesgarof et al. obtained data on the significant
effect of interferon B-1b therapy and its duration on
the likelihood of developing UTI; in turn, interferon
B-1a did not increase the risk of UTI [31].

In 2021, B.A. Cree et al. conducted a randomized
clinical trial on the effectiveness and safety of
fingolimod for the treatment of MS; GA was chosen
as a reference-listed drug [37]. In their publication, the
authors considered UTI as an adverse event of therapy
in the GA group. In addition, M.A. Mesgarof et al. also
found that exposure to GA increased the incidence of
UTTs, while the duration of its use did not significantly
affect this risk [31].

VAGINAL MICROBIOTA AND MULTIPLE
SCLEROSIS

MS itself has no adverse effects on fertility,
gestation, or childbirth, yet such patients should be
especially careful when planning pregnancy. The
decision on the possibility of carrying to term is
affected by immunotropic therapy and the course of
the disease and concomitant conditions, in particular
neurourological disorders that increase the risk of UTL.

The composition of the vaginal biotope in MS
patients is yet to be studied in detail. We have not found
studies devoted to the quantitative and qualitative
microbiological composition of the vagina in MS.
However, similar to the concept of susceptibility of
MS patients to infectious diseases, there is a problem
of increasing incidence of bacterial vaginitis in women
with MS. This is indicated by some studies and
descriptions of clinical cases of infectious vaginitis in
women receiving DMT [31].

A long-term follow-up program of patients receiving
NAT in context of DMT proved infections to be the
most common adverse events of therapy, of which
UTIs developed in 0.3% of cases [38]. G.M. Makris
et al. note that recurrent vaginitis should be considered
as a possible side effect that occurs with long-term
NAT treatment [39]. They described a clinical case
of a patient with RRMS who suffered from persistent
gynecological infections, and culture tests detected
pathogenic microorganisms in vaginal secretions. The
mentioned female patient received NAT treatment for
three years. The chronic infectious and inflammatory
condition led to the repeated use of both local and
systemic antibacterial and antifungal drugs.

Previously, a number of authors also mentioned
natalizumab as a risk factor for the development of
vaginitis in MS women [40, 41]. However, the study
by M.A. Mesgarof et al. revealed no association
between MS treatment with this monoclonal antibody
and the development of vaginitis [31].

The use of rituximab within anti-B-cell therapy for
MS may also be accompanied by a suboptimal status
of the vaginal microbial flora which underlies the
disappearance of lactobacilli and increases the risk of
infectious complications [42].

J.M. Lee et al., in their interpretation of adverse
events of fingolimod therapy, in 2015 reported va-
ginitis to be a side effect of the drug [43]. M.A. Mes-
garof et al. also concluded that fingolimod treatment
increased the risk of vaginitis regardless of the
duration of therapy [31]. However, more recent
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studies have shown contradicting data; a number of
studies have not noted an increase in the incidence of
vaginal infections [44, 45].

Contemporary literature contains almost no
evidence that GA is a risk factor for the development
of vaginitis, with the exception of the study by
M.A. Mesgarof et al., which demonstrated that long-
term GA therapy may contribute to the infectious
process in the vagina [31].

The study on the relationship between the type
of MS and the incidence of vaginal infections and
inflammatory diseases established that vaginitis most
often occurred in RRMS, but no significant differences
were observed [31].

It should be noted that most studies had a number
of limitations related to the number of patients, the
methods used, and the influence of concomitant factors.

CONCLUSION

Modern ideas about the urinary tract microbiota in
patients with neurogenic bladder suggest the presence
of asymptomatic bacteriuria with a pronounced
decrease in the bacteria of the normal flora. Voiding
dysfunction and its duration, as well as the urinary
diversion method are recognized risk factors for UTI,
but unanimity was not reached regarding the effect
of other factors. Many issues remain unresolved
regarding the genitourobiome of MS patients.

This category of neurological patients is arisk group
for the development of infectious and inflammatory
diseases of the genitourinary system. The probable
translocation of microorganisms between loci and the
relationship between the functional status of the bladder
and the composition of the microbiome may become
the basis for new preventive and treatment strategies
to solve the problem of UTI, maintain reproductive
health, and support family planning. Currently, further
research of genitourinary microbiocenosis in MS
patients is required to expand fundamental knowledge
and improve the quality of medical care.

REFERENCES

1. Zangeneh Z., Abdi-Ali A., Khamooshian K., Alvandi A.,
Abiri R. Bacterial variation in the oral microbiota in multiple
sclerosis patients. PLoS One. 2021;16(11):¢0260384. DOI:
10.1371/journal.pone.0260384.

2. Phé V., Chartier-Kastler E., Panicker J.N. Management of neu-
rogenic bladder in patients with multiple sclerosis. Nat. Rev.

Urol. 2016;13(5):275-288. DOI: 10.1038/nrurol.2016.53.

3. Nelson D.E., Van Der Pol B., Dong Q., Revanna K.V.,

Fan B., Easwaran S. et al. Characteristic male urine microbi-
omes associate with asymptomatic sexually transmitted infec-

tion. PLoS One. 2010;5(11):e14116. DOI: 10.1371/journal.
pone.0014116.

4. Naboka Y.L., Gudima I.A., Kogan M.I., Chernitskaya M.L.
The microbial spectrum of urine of young healthy women.
Urology. 2010;(5):7-10 (in Russ.).

5. Siddiqui H., Nederbragt A.J., Lagesen K., Jeansson S.L., Ja-
kobsen K.S. Assessing diversity of the female urine microbiota
by high throughput sequencing of 16S rDNA amplicons. BMC
Microbiol. 2011;11:244. DOT: 10.1186/1471- 2180-11-244.

6. Wolfe A.J., Toh E., Shibata N., Rong R., Kenton K., Fitzger-
ald M. et al. Evidence of uncultivated bacteria in the adult fe-
male bladder. J. Clin. Microbiol. 2012;50(4):1376-1383. DOI:
10.1128/JCM.05852-11.

7. Karstens L., Asquith M., Davin S., Stauffer P., Fair D., Gregory
W.T. et al. Does the urinary microbiome play a role in urgency
urinary incontinence and its severity? Front. Cell Infect. Mi-
crobiol. 2016;6:78. DOI: 10.3389/fcimb.2016.00078.

8. Govender Y., Gabriel 1., Minassian V., Fichorova R. The cur-
rent evidence on the association between the urinary microbi-
ome and urinary incontinence in women. Front. Cell. Infect.
Microbiol. 2019;9:133. DOI: 10.3389/ fcimb.2019.00133.

9. Kogan M.I.,, Naboka Y.L., Ismailov R.S. Prostatic secretion
microbiota: a comparative analysis of the chronical prostatitis
1T and IITA category. Urology. 2020;(2):16-22 (in Russ.). DOI:
10.18565/urology.2020.2.16-22.

10. Meriwether K.V., Lei Z., Singh R., Gaskins J., Hobson
D.T.G., Jala V. The Vaginal and Urinary Microbiomes in
Premenopausal Women With Interstitial Cystitis/Bladder
Pain Syndrome as Compared to Unaffected Controls: A Pi-
lot Cross-Sectional Study. Front. Cell Infect. Microbiol.
2019;9:92. DOTI: 10.3389/fcimb.2019.0009215.

11 Abernethy M.G., Rosenfeld A., White J.R., Mueller
M.G., Lewicky-Gaupp C., Kenton K. Urinary microbi-
ome and tokine levels in women with interstitial cystitis.
Obstet.  Gynecol. 2017;129(3):500-506. DOI: 10.1097/
AO0G.000000000000189216.

12. Bucevi¢ Popovi¢ V., Situm M., Chow C.T., Chan L.S., Roje
B., Terzi¢ J. The urinary microbiome associated with blad-
der cancer. Sci. Rep. 2018;8(1):12157. DOI: 10.1038/s41598-
018-29054-w.

13. Wu P., Zhang G., Zhao J., Chen J., Chen Y., Huang W. et al.
Profiling the urinary microbiota in male patients with bladder
cancer in China. Front. Cell Infect. Microbiol. 2018;8:167.
DOI: 10.3389/fcimb.2018.00167.

14. Kogan M.I., Naboka Y.L., Ryzhkin A.V., Vasiliev O.N. Mi-
crobiota/microbiome urine and bladder cancer. Oncourology.
2020;16(2):97-103 (in Russ.). DOI: 10.17650/1726-9776-
2020-16-2-97-103.

15. Mehta M., Goldfarb D.S., Nazzal L. The role of the microbi-
ome in kidney stone formation. Int. J. Surg. 2016;36:607-612.
DOI: 10.1016/j.ijsu.2016.11.024.

16. Finucane T.E. «Urinary tract infection» — requiem for a heavy-
weight. J. Am. Geriatr. Soc. 2017;65(8):1650-1655. DOI:

10.1111/jgs.14907.

17. Curtiss N., Balachandran A., Krska L., Peppiatt-Wildman
C., Wildman S., Duckett J. Age, menopausal status and the
bladder microbiome. Eur. J. Obstet. Gynecol. Reprod. Biol.
2018;228:126-129. DOI: 10.1016/j.ejogrb.2018.06.011.

bionneteHb cM6UPCKO meanLmHbI. 2024; 23 (2): 133-141 139



Luzanova E.l., Karpova M.I., Abramovskikh O.S. et al.

Urinary tract microbiota in patients with multiple sclerosis and neurogenic pelvic

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

140

Komesu Y.M., Amundsen C.L., Richter H.E., Erickson S.W.,
Ackenbom M.F., Andy U.U. et al. Refractory urgency urinary
incontinence treatment in women: impact of age on outcomes
and complications. Am. J. Obstet. Gynecol. 2018;218(1):111.
el-111.e9. DOI: 10.1016/j.ajog.2017.10.006.

Nicolle L.E., Gupta K., Bradley S.F., Colgan R., DeMuri G.P.,
Drekonja D. et al. Clinical practice guideline for the man-
agement of asymptomatic bacteriuria: 2019 update by the
infectious diseases society of America. Clin. Infect. Dis.
2019;68(10):e83—e110. DOI: 10.1093/cid/ciy1121.

Averbeck M.A., lacovelli V., Panicker J., Schurch B.,
Agro E.F. Urodynamics in patients with multiple sclerosis:
A consensus statement from a urodynamic experts working
group. Neurourol. Urodyn. 2020;39(1):73-82. DOI: 10.1002/
nau.24230.

Vyalkova A.A., Gritsenko V.A. Urinary tract infection
in children: Current aspects of etiological diagnosis and
treatment. Russian Bulletin of Perinatology and Pediat-
rics. 2017;62(1):99-108 (in Russ.). DOI: 10.21508/1027-
40652017-62-1-99-108.

Pan Y.J., Lin T.L., Chen C.T., Chen Y.-Y., Hsieh P.-F.,
Hsu C.-R. et al. Genetic analysis of capsular polysaccha-
ride synthesis gene clusters in 79 capsular types of Klebsiel-
la spp. Sci. Rep. 2015;5:15573. DOI: 10.1038/srep15573.
Naboka Y.L., Kogan M.I., Gudima I.A., Mitusova E.V., Jalag-
onia K.T., Ivanov S.N. Is there a relationship between the
urine, vagina, and gut microbiota in patients with an infection
of the upper urinary tract? Urology Herald. 2019;7(1):38-45
(in Russ.). DOI: 10.21886/2308-6424-2019-7-1-38-45.
Nielsen K.L., Stegger M., Kiil K., Godfrey P.A., Feldgarden
M., Lilje B. et al. Whole-genome comparison of urinary patho-
genic Escherichia coli and faecal isolates of UTI patients and
healthy controls. Int. J. Med. Microbiol. 2017;307(8):497—
507. DOI: 10.1016/j.ijmm.2017.09.007.

Fouts D.E., Pieper R., Szpakowski S., Pohl H., Knoblach S.,
Suh M.-J. et al. Integrated next-generation sequencing of
16S rDNA and metaproteomics differentiate the healthy
urine microbiome from asymptomatic bacteriuria in neuro-
pathic bladder associated with spinal cord injury. J. Transl.
Med. 2012;10:174. DOI: 10.1186/1479-5876-10-174.

Dong Q., Nelson D.E., Toh E., Diao L., Gao X., Fortenber-
ry J.D. et al. The microbial communities in male first catch
urine are highly similar to those in paired urethral swab spec-
imens. PLoS One. 2011;6(5):¢19709. DOI: 10.1371/journal.
pone.00197095.

Filippova E.S., Bazhenov L1.V., Zyryanov A.V. Does botuli-
num therapy affect the urine microbiome of patients with neu-
rogenic bladder? Metagenomic sequencing results. Urology
Herald. 2020;8(3):85-96 (in Russ.). DOI: 10.21886/2308-
6424-2020-8-3-85-96.

Lapides J., Diokno A.C., Silber S.J., Lowe B.S. Clean, inter-
mittent self-catheterization in the treatment of urinary tract
disease. J. Urol. 1972;107(3):458-461. DOI: 10.1016/s0022-
5347(17)61055-3.

Vasudeva P., Madersbacher H. Factors implicated in patho-
genesis of urinary tract infections in neurogenic bladders:
some revered, few forgotten, others ignored. Neurourol. Uro-
dyn. 2014;33(1):95-100. DOI: 10.1002/nau.22378.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Moiola L., Barcella V., Benatti S., Capobianco M., Capra R.,
Cinque P. et al. The risk of infection in patients with multiple
sclerosis treated with disease-modifying therapies: A Delphi
consensus statement. Mult. Scler. 2021;27(3):331-346. DOI:
10.1177/1352458520952311.

Mesgarof M.A., Fattahi M.R., Hemmati Z., Iranmehr A.,
Azizi H., Rahimi S. Genitourinary infectious complications in
patients with multiple sclerosis and their association with dis-
ease modifying therapies. Translat Res. Urol. 2022;4(2):98—
103. DOI: 10.22034/tru.2022.346350.1114.

De Medeiros Junior W.L.G., Demore C.C., Mazaro L.P., de
Souza M.F.N., Parolin L.F., Melo L.H. et al. Urinary tract
infection in patients with multiple sclerosis: an overview.
Mult. Scler. Relat. Disord. 2020;46:102462. DOI: 10.1016/].
msard.2020.102462.

Hellgren J., Risedal A., Killén K. Rituximab in multi-
ple sclerosis at general hospital level. Acta Neurol. Scand.
2020;141(6):491-499. DOI: 10.1111/ane.13225.

Chisari C.G., Sgarlata E., Arena S., Toscano S., Luca M., Patti
F. Rituximab for the treatment of multiple sclerosis: a review.
J. Neurol. 2022;269(1):159-183. DOI: 10.1007/s00415-020-
10362-z.

Coles A.J., Twyman C.L., Arnold D.L., Cohen J.A., Confav-
reux C., Fox E.J. et al. Alemtuzumab for patients with
relapsing multiple sclerosis after disease-modifying
therapy: A randomised controlled phase 3 trial. Lan-
cet. 2012;380(9856):1829-1839. DOI: 10.1016/S0140-
6736(12)61768-1.

Reder A.T., Oger J.F., Kappos L., O’Connor P., Rametta M.
Shortterm and long-term safety and tolerability of inter-
feron B-1b in multiple sclerosis. Mult. Scler. Relat. Disord.
2014;3(3):294-302. DOI: 10.1016/j.msard.2013.11.005.

Cree B.A., Goldman M.D., Corboy J.R., Singer B.A.,
Fox E.J., Amold D.L. et al. Efficacy and safety of 2 fingoli-
mod doses vs glatiramer acetate for the treatment of patients
with relapsing-remitting multiple sclerosis: a randomized clin-
ical trial. JAMA Neurol. 2021;78(1):48-60. DOTI: 10.1001/ja-
maneurol.2020.2950.

Butzkueven H., Kappos L., Wiendl H., Trojano M., Spel-
man T., Chang . et al. Long-term safety and effectiveness
of natalizumab treatment in clinical practice: 10 years of re-
al-world data from the Tysabri Observational Program (TOP).
J. Neurol. Neurosurg. Psychiatry.2020;91(6):660-668. DOI:
10.1136/jnnp-2019-322326.

Makris G.M., Mene J., Fotiou A., Xyla V., Battista M.J., Ser-
gentanis T.N. Gynecological adverse effects of natalizum-
ab administration: Case report and review of the literature.
Mult. Scler. Relat. Disord. 2018;25:46-49. DOI: 10.1016/j.
msard.2018.07.024.

Rommer P., Zettl U., Kieseier B., Hartung H., Menge T.,
Frohman E. et al. Requirement for safety monitoring for ap-
proved multiple sclerosis therapies: an overview. Clin. Exp.
Immunol. 2014;175(3):397—407. DOIL: 10.1111/cei.12206.
Brimelow R.E. Modifying therapies for the treatment of re-
lapse-remitting multiple sclerosis. Br. J. Healthc. Manag.
2017;23(10):468-476.

Filikci Z., Jensen R.M., Sellebjerg F.T. Inflammatory vaginitis
associated with long-term rituximab treatment in a patient

Bulletin of Siberian Medicine. 2024; 23 (2): 133-141



Reviews and lectures

with multiple sclerosis. BMJ Case Rep. 2022;15(11):e250425. mi K., Tavoosi N. et al. Mechanism and adverse effects of

DOLI: 10.1136/ber-2022-250425. multiple sclerosis drugs: a review article. Part 1. Int. J. Physi-
43. Lee J.M., Han M.H. Patient experience and practice trends ol. Pathophysiol. Pharmacol. 2019;1(4):95-104.

in multiple sclerosis — clinical utility of fingolimod. Patient 45. Roman C., Menning K. Treatment and disease management

Prefer Adherence. 2015;9:685-693. DOI: 10.2147/PPA. of multiple sclerosis patients: A review for nurse practitioners.

S57354. J. Am. Assoc. Nurse Pract. 2017;29(10):629-638. DOI:
44. Rafiee Zadeh A., Askari M., Azadani N.N., Ataei A., Ghadi- 10.1002/2327-6924.12514.

Authors’ contribution

Luzanova E.I. — conception and design, analysis and interpretation of the data. Karpova M.I., Abramovskikh O.S. — justification
of the manuscript or critical revision of the manuscript for important intellectual content, final approval of the manuscript for
publication. Chetvernina E.A., Kupriyanov S.V. — conception and design.

Authors’ information

Luzanova Ekaterina I. — Cand. Sci. (Med.), Associate Professor, Department of Nervous Diseases, South Ural State Medical
University, Chelyabinsk, estrochikova@yandex.ru, https://orcid.org/0000-0002-1652-2925

Karpova Maria L. — Dr. Sci. (Med.), Associate Professor, Head of the Department of Nervous Diseases, South Ural State Medical
University, Chelyabinsk, kmi 2008@mail.ru, https://orcid.org/0000-0001-5848-7235

Abramovskikh Olga S. — Dr. Sci. (Med.), Associate Professor, Head of the Department of Clinical Laboratory Diagnostics, South Ural
State Medical University, Chelyabinsk, abramoschel@mail.ru, https://orcid.org/0000-0001-7086-5657

Chetvernina Elena A. — Senior Lecturer, Department of Clinical Laboratory Diagnostics, South Ural State Medical University,
Chelyabinsk, elena45r@mail.ru

Kupriyanov Semyon V. — Specialist, Department of Scientific Work; Lecturer, Department of Biochemistry named after R.1. Lifshits,
South Ural State Medical University, Chelyabinsk; Junior Researcher, Laboratory of Ecology, Genetics and Environmental Protection, NR
TSU, Tomsk, pfft@mail.ru, https://orcid.org/0000-0001-8141-5547

(P<) Luzanova Ekaterina L., estrochikova@yandex.ru
Received 05.12.2023;

approved after peer review 22.12.2023;
accepted 26.12.2023

bionneteHb cM6UPCKO meanLmHbI. 2024; 23 (2): 133-141 141



YIAK 616-091.817-097:577.27
https://doi.org/10.20538/1682-0363-2024-2-142-150

Pyroptosis and its therapeutic potential
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ABSTRACT

The review examines present data on pyroptosis — a type of programmed cell death associated with infection with
various pathogens. During pyroptosis. specific molecular complexes, inflammasomes, are formed, caspases are
activated, and proinflammatory cytokines are produced.

We consider the mechanisms of pyroptosis activation, including canonical and non-canonical pathways, as well
as methods for its detection in cells. The review substantiates the relevance of studying the role of pyroptosis in
pathological processes in different tissues. We focus on the therapeutic potential of pyroptosis, including its role in
the treatment of sepsis. Pyroptosis is involved in sepsis-induced tissue damage in various organs, so regulation of
this type of cell death can serve as the basis for the development of innovative treatment methods.
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MuponTos n ero TepaneBTUYECKNIA NOTEeHLMAN
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PE3IOME

B 0630pe paccMOTpeHBI COBpEMEHHBIE CBEJCHHS O MHPONTO3e — (hopMe 3arporpaMMHUPOBAHHOM THOEIH KIIETOK,
CBSI3aHHOM ¢ MH(OUIMPOBAaHWEM PA3NINYHBIMU MaToreHaMu. IIpu 3ToM obpa3yioTcs crnenuduieckne MOIeKyIsp-
HBIE KOMIUIEKCHI — MH()IaMMAacOMBI, TIPOMCXOIUT aKTHUBAIMSI Kacla3 M BHIPAO0TKa UTOKWHOB, ONOCPEXYIOMINX
BOCHAJICHHE.

PaccmoTpensl MeXxaHM3Mbl aKTHBAIlMU NHPOITO3a, BKIIOYAIOIINE KAHOHWYECKHHA M HEKAaHOHWYECKHUH MyTH, a
TaKKe METOJbI €r0 BBISABICHHSA B KieTkax. OOGOCHOBBIBAETCS AKTyalbHOCTh MCCIIENOBAHHS POJU MHPONTO3a B
MaTOJOTUUECKUX TIPOIeCcaX B Pa3HBIX TKAHSIX. AKIIEHTUPOBAHO BHUMAHME HAa TEPANEBTHUECKOM ITOTEHIHANe
MHUPONTO3a, B TOM YHCIE TPH JICUSHUH cericuca. [IuponTo3 BOBIEUYEH B BBI3BAHHBIE CENICHCOM MOBPEXKICHHS
TKaHe# pa3HbIX OPraHoB, IO3TOMY PEryJIHPOBAHUE 3TOH (OPMBI KIICTOYHON THOETH MOXKET CITY)KHTh OCHOBOW JJIst
pa3pabOTKH HHHOBALIMOHHBIX METOOB JIE€UEHHUSI.
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CBSI3aHHBIX C MyOIUKaNneil HACTOSIICH CTaThH.

Uctounnk ¢punancupoBanus. VccienoBanue BBIMONHEHO MPU (UHAHCOBOM MOIEPIKKE MCCIIET0BATEIBCKOTO
npoekTa «PaHeBoii cencuc: quarHoctuka ¢popM kietoyno rubden» (mporpamma «IIpuopurer 2030%).

Jos nurupoBanus: Onurnosa M.A., Yupckuit B.C., Caynxas /[I.P., Aunpeesa E.A., bepezosckas T.U. [Tuporm-
TO3 M €ro TepamneBTHYECKHH NMOTeHUHuaN. brwoanemeHs cubupcko meduyunvl. 2024;23(2):142—150. https://doi.

org/10.20538/1682-0363-2024-2-142-150.

INTRODUCTION

The vital activity of cells includes a number of
key processes, namely proliferation, differentiation,
adaptation, reactive changes, etc. The terminal phase
of cell life cycle is death, which is implemented by
simultaneous or sequential involvement of certain
biomolecules. The German researcher Karl Vogt was
the first to mention cell death; he described the death
of embryonic cells of the notochord in 1842 [1]. Since
then, the understanding of cell death has expanded
significantly. Scientists paid close attention to the
study of forms of cell death only in the second half
of the XX century, which contributed to the creation
of the international Nomenclature Committee on Cell
Death (NCCD).

Cell death occurs both under normal (physiological)
conditions and during pathological histogenesis. It is
one of the fundamental cytophysiological processes
in all living organisms and is observed in embryonic
development, during the normal functioning of tissues
and organs, aging, immune (including autoimmune)
responses, irreversible reactive changes, and various
pathological processes. For a long time, experts
considered non-programmed cell death (necrosis or
necrobiosis) as the main form of cell death. Later, they
discovered apoptosis, and more recently, autophagy-
dependent cell death, neutrophil extracellular traps,

ETosis, entotic cell death, ferroptosis, mitotic
catastrophe, death through terminal differentiation,
etc. [2-7].

One of the recently identified forms of

proinflammatory cell death is pyroptosis, which occurs
not only in leukocytes and macrophages, but also in
other cells and affects the course of both normal and
pathological histogenesis [8§—10]. In recent years, its
role in the pathogenesis of certain diseases has been
discovered, and the possibilities of therapeutic effects
on this process are under discussion [7, 11, 12].

HISTORICAL REFERENCE

The term “pyroptosis” takes its origin from the
Greek roots “pyro” — fire, fever, and “ptosis” — fall.
A. Zychlinsky et al. [13] described pyroptosis for the
first time in the late XX century and revealed the death
of macrophages infected with Shigella flexneri. In
1996, D.M. Monack et al. published a study describing
the death of macrophages infected with Salmonella
enteric (serotype Typhimurium — S. typhimurium)
[14]. Due to some similarity in morphological
manifestations and the absence of characteristic
differentiation biomarkers discovered later, this form
of cell death was mistakenly considered as apoptosis
at that time.

Subsequently, scientists identified similarities
and differences in the mechanisms of pyroptosis
and apoptosis, which brought some clarity to the
interpretation of the data obtained [15]. Further
studies showed that this bacteria-induced cell death
depends on the enzyme caspase-1 [16]. The work
by S.M. Man and T.-D. Kanneganti [17] confirmed
the importance of caspase-1 and also revealed that
S. flexneri cannot induce pyroptosis in macrophages
that have a knockout of this enzyme. In 2001,
B.T. Cookson and M.A. Brennan [18], having
discovered this form of programmed cell death in
macrophages infected with S. thyphimurium, called it
pyroptosis.

In 2002, special molecular intracellular protein
complexes, inflammasomes, were discovered and it
was found that caspase-1 is one of their components
[19, 20]. Further studies of inflammasomes showed
that these structures are of great importance in the
development of pyroptosis. In 2008, S.L. Fink et al.
[21] found that in pyroptosis, DNA was fragmented
and the cell membrane was damaged, which was
accompanied by a release of intracellular contents,
initiating an inflammation. Laboratory mice are the
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most common laboratory animals on which pyroptosis
has been studied. In 2011, in an experiment on mice,
N. Kayagaki et al. [22] found that caspase-11 can
induce macrophage death in mice, and this process
is similar to pyroptosis mediated by caspase-1 in
humans. In contrast to pyroptosis, which involves
caspase-1 (the so-called canonical pathway), the
authors designated capase-11-dependent pyroptosis
as non-canonical. Pyroptosis, which involves human
caspase-4 and caspase-5, is also called non-canonical.

MECHANISMS OF PYROPTOSIS

The main goal of pyroptosis is to induce strong
inflammatory responses that protect the body from
bacterial infection [23]. Probably, for this reason,
this phenomenon is best studied in cells whose
main function is protective (for example, leukocytes
and macrophages). It has been established that
pyroptosis inhibits the intracellular replication of
microorganisms and activates immune cells to destroy
pathogens [24, 25]. Activation of pyroptosis occurs in
response to a wide range of effects, primarily infection
(contamination) with pathogenic microorganisms.
Based on its mechanism, pyroptosis can be canonical
and non-canonical. The differences between the two
types are not significant, since both pathways result
in the formation of transmembrane gasdermin pores
in the plasma membrane and disruption of the salt and
water homeostasis in the cytoplasm.

The formation of gasdermin pores in the cell
disrupts the water and ion balance, ultimately leading
to cell death [23]. With the discovery of the gasdermin
group of proteins, which in humans includes six
proteins, the scope of research on pyroptosis has
expanded significantly. All gasdermins (with the
exception of the gasdermin protein pejvakin) play
different roles in pyroptosis [26, 27]. Nowadays,
gasdermin D is the most studied one [23]. It has two
domains, an N-terminal domain and a C-terminal
domain (GsdmD-N and GsdmD-C, respectively),
connected by a peptide linker.

Only the N-terminal domain is considered as an
effector domain and can form transmembrane pores
[23, 28-30]. Human caspase-1 (canonical pyroptosis
pathway) or human caspase-4 and 5 and caspase-11
in mice (non-canonical pyroptosis pathway) split
gasdermin D into two domains in the cytoplasm [31,
32]. Embedding into the cell membrane, GsdmD-N
selectively binds to its lipids and forms a gasdermin
transmembrane pore, releasing cellular contents,
including proinflammatory cytokines and the so-

called danger signals (alarm signals) [23, 33-37].
There is evidence that GsdmD-N can not only
perforate the cell membrane, but also takes part in
the activation of cytokines, such as interleukin (IL)-
18 and IL-1B [31, 32].

Caspases are a family of evolutionary conserved
cysteine proteases [38, 39], which can be divided
into two main groups, namely caspases-I (caspases 1,
4, 5, 13, 14) and caspases-II (caspases 2, 3, 6, 10).
Caspase-1 substrates include cytokine precursors IL-
1B, IL-18, and 1L-33 [7, 40, 41].

The canonical pathway of pyroptosis develops
when  pathogen-associated molecular patterns
(PAMPs) and the so-called danger signals or damage-
associated molecular patterns (DAMPs) affect the
cell. PAMPs include, for example, bacterial, viral,
and fungal substances. DAMPs are released from
damaged cells into the extracellular matrix and serve
as potent proinflammatory factors [42]. Fragments
of damaged cells including DNA, ATP, RNA, heat-
shock proteins, fatty acids, etc., can act as DAMPs.
It is proposed to single out metabolic disorders called
homeostasis-altering molecular processes (HAMPs)
into a separate group of pyroptosis activators [43—
45]. The intracellular lipopolysaccharides (LPS) of
gram-negative bacteria [23] initiate the non-canonical
pyroptosis pathway.

The key sensors of PAMPs, DAMPs, and HAMPs
are cellular receptors, which are called pattern
recognition receptors (PRRs). In particular, these
include toll-like (TLR), NOD-like (NLR), and Rig-1-
like (RLR) receptors [11]. TLR are the most diverse.
They are located both on the cell surface and in the
cytoplasm and are represented on cells of different
cell lineages. Known TLR ligands include various
bacterial and fungal components, including LPS
for TLR4, flagellin for TLRS, etc. [46]. Products of
necrotic cells, heat-shock proteins HSP60 and HSP70,
are the ligands of TLR2 and TLR4 [46]. It is known
that human HSP60 acts on TLR4 to subsequently
stimulate tumor necrosis factor (TNF) a and NO [47].
The mechanism of TLR action is to transmit a signal
to the cell nucleus and activate nuclear factor (NF-
kB), leading to the production of proinflammatory
cytokines and chemokines (IL-1 a, IL-1pB, IL-6, and
other inflammatory mediators) [46, 48—50].

Activation of PRRs due to interaction with a
pathogen causes the assembly of inflammasomes,
which are necessary not only for pyroptosis, but also
for the production of active forms of proinflammatory
cytokines [7, 23]. The main components of
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inflammasomes are PRRs, ASC (apoptosis-associated
speck-like protein), and procaspase-1 [23]. Formation
of inflammasomes ultimately leads to the maturation
(activation) of caspase-1 (canonical pathway) or
caspase-4, -5 (in humans) and caspase-11 (in mice)
(non-canonical pathway). These enzymes cleave the
gasdermin D protein, releasing its N-terminal domain.

The analysis of the literature indicates that it is
inflammasomes that play a key role in the development
of pyroptosis. Currently, we know more than 20 vari-
eties of inflammasomes. Modern reviews by E.E. Ga-
ranina et. al (2020) and V.V. Klimov et al. (2023)
[7, 11] describe in detail their molecular structure,
mechanisms of activation, features of functioning,
and regulation methods. It is emphasized that the
mechanisms of component activation and assembly of
inflammasomes need to be clarified and studied further.

METHODS FOR DETECTING
PYROPTOSIS IN CELLS

It is known that different molecular mechanisms
regulate cell death, which are accompanied by
various changes at the morphological level [51].
Pyroptosis activates caspase-1- dependent nuclease,
which leads to chromosome condensation [52].
We can observe enhanced pore formation in the
cell membrane, but there is no disruption of the
integrity of the mitochondrial membrane, which
can be detected by electron microscopy [53]. Low-
molecular-weight dyes, such as propidium iodide and
ethidium bromide, can be used to detect pyroptosis
[42]. Normally, the cell membrane is impermeable
to these dyes, but during pyroptosis, these dyes
penetrate through the damaged cell membrane are
found in the cytoplasm.

Pyroptosis can also be detected by staining pre-
parations withannexin V, butitdoes notmake it possible
to clearly distinguish pyroptosis from apoptosis [42].
To detect pyroptosis, it is advisable to use methods,
such as flow cytometry, immunofluorescence
staining of proteins of the gasdermin family, and
determination of lactate dehydrogenase in the
extracellular environment by Western blotting.
The work by T.F. Sergeeva et al. (2015) proposes
various methods for detecting caspase activation and
DNA fragmentation [54]. In particular, the authors
[54] propose methods for studying the caspase
activation in vitro: immunohistochemistry, enzyme-
linked immunosorbent assay, flow cytofluorometry,
fluorescence imaging, fluorescence spectroscopy,
FRET/FLIM imaging without a detailed explanation.

Characterizing the methods proposed by researchers
for detecting pyroptosis, it should be noted that many
of them are not strictly specific to this form of cell
death, and we should continue the search in order to
detect more accurate signs of differentiation.

PATHOLOGY AND THERAPEUTIC
POTENTIAL OF PYROPTOSIS

In the process of studying pyroptosis, it became
clear that this phenomenon has a dual meaning and
can be both positive and negative [42, 51, 55, 56].
The positive value of pyroptosis is associated with the
possibility of release of proinflammatory cytokines
from the cells that produce them (macrophages and
neutrophil granulocytes) through the transmembrane
gasdermin pores of the cellmembrane. Oligomerization
of the N-terminal domains of gasdermin leads to pore
formation, cell swelling, and release of cytoplasmic
contents, including IL-1B, IL-33, and IL-18, which
trigger the host inflammatory response associated
with the inflammasome. Immunocytes recognize and
eliminate bacteria that remain viable.

It has been shown that activated gasdermin can
induce the formation of transmembrane pores not
only in the cell membrane of human cells, but also in
the membranes of bacterial cells, causing the death of
microorganisms, such as E. coli, L. monocytogenes,
S. aureus [34]. Therefore, pyroptosis has a protective
function at an early stage of infection. Even though we
considered pyroptosis as an exclusively pathological
form of cell death, further research has shown that
pyroptosis is a protective mechanism of the body that
promotes the elimination of pathogens.

Along with the positive effect of pyroptosis,
we should also take into account its role in the
development of excessively pronounced inflammation
and other pathological conditions. The discovery
of inflammasomes, mediators of pyroptosis, and
experimental confirmation that they are regulators
of the secretion of proinflammatory cytokines
made it possible to substantiate the leading role of
inflammasomes in the development of many diseases
[7]. Studies have shown that although pyroptosis
can protect the body from microbial agents, its
dysregulation leads to the development of autoimmune
and autoinflammatory conditions [57, 58].

It is known that an excessive proinflammatory
response or immunosuppression can lead to organ
dysfunction or the development of secondary
infection during the development of sepsis [59].
Although IL-1B, IL-18, and IL-33 are the only
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known proinflammatory cytokines generated directly
as a result of inflammasome activation, in vivo
activation of the inflammasome can indirectly lead
to the production of numerous other proinflammatory
cytokines, including TNFa and IL-6, which causes the
so-called cytokine storm and tissue damage to vital
organs [60].

X. Zheng et al. [61] emphasize that excessive
activation of pyroptosis will inevitably cause
uncontrolled inflammation, which significantly
accelerates the onset and development of sepsis,
which indicates a poor prognosis. It has been shown
that pyroptosis participates in septic damage to
various cells: neurons and astrocytes of the brain
[62], renal tubular epithelial cells [63], hepatocytes
[64]. Elevated levels of IL-18 in the blood serum
indicate severe sepsis and correlate with a poor
prognosis [65, 66].

Many studies demonstrate that overactivated
pyroptosis causes organ damage, and A. Sarkar et al.
(2006) believe that in sepsis, pyroptosis can contribute
to the development of another form of programmed cell
death — apoptosis, thereby exacerbating inflammation
and clinical manifestations of multiple organ
dysfunction [67]. There are indications that pyroptosis
is closely associated with atherosclerosis and diabetic
nephropathy [31]. Cardiovascular diseases, especially
atherosclerosis and myocardial infarction, are often
accompanied by cell death and acute or chronic
inflammation. The research by L. Wang et al. (2021)
revealed that exosomes obtained from monocytes can
contain the TXNIP-NLRP3 complex and transport it
to macrophages of the myocardial connective tissue,
subsequently promoting IL-1p and IL-18 production
by them and aggravating inflammation [68].

An increasing number of studies are devoted
to studying the role and molecular mechanisms of
pyroptosis in sepsis-induced myocardial dysfunction
(SIMD), which is a devastating complication of
sepsis with a mortality rate of more than 50%. A
small molecule called PSSM1443 can reduce the
protein levels of active caspase-1, IL-1B, and IL-
18 in SIMD mice by disrupting the TXNIP-NLRP3
interaction [68]. This indicates that inhibition of
NLRP3 inflammasome activation is beneficial for the
treatment of this cardiac pathology.

Proinflammatory caspases take part in endothelial
cell pyroptosis, and caspase-11 takes part in the
pathogenesis of sepsis-induced lung injury. In the
experiment, mice with caspase-11 showed a decrease
in inflammation and lung damage within 12 hours

compared to mice in the control group, indicating the
involvement of this caspase in the pathogenesis of
sepsis-induced lung injury [69].

M. Kalbitz et al. (2016) found that number of the
NLRP3 inflammasomes and the concentration of
IL-1B were significantly increased in left ventricular
cardiomyocytes in mice with experimental peritonitis
[70]. At the molecular level, IL-18 matures through
activation of the NLRP3 inflammasome, which can
further cause atrophy and impair cardiomyocyte
contractility and relaxation [71]. Analysis of the
literature allows us to conclude that currently much
attention is paid to the study of diseases associated
with inflammasomes [7, 9, 42]. There is information
in the literature about the role of pyroptosis in the
tumor process. The induction of pyroptosis in tumor
cells occurs with the activation of both innate and
acquired immunity [42]. In this case lysis of the tumor
cell and release of its contents into the intercellular
space take place, and local inflammation occurs with
the production of IL-1B and IL-18 by neutrophil
granulocytes and macrophages, which helps attract
immune system cells to the area of the primary
tumor.

An extremely urgent task is to find effective ways
to eliminate the adverse effect of pyroptosis in the
development of pathological conditions. There is
evidence that administration of certain substances can
enhance or, conversely, suppress pyroptosis. Thus, in
an experiment with the administration of the glutamine,
pyroptosis of hepatocytes increased within 24 hours
after experimental modeling of sepsis, but suppression
of pyroptosis was observed after 72 hours [64]. The
authors concluded that the regulation of pyroptosis
cell death can serve as a basis for the development of
treatment methods for certain diseases.

Based on the study of inflammasomes and
pyroptosis, various research teams are developing
innovative therapeutic approaches [9, 55]. In recent
years, researchers have considered the possibility of
using pyroptosis as a potential strategy for treating
tumors and developing new anticancer drugs [72]. It
is assumed that the activation of pyroptosis in tumor
cells may be justified in the treatment of malignant
neoplasms [42].

Recent studies have shown that CD8* T
lymphocytes can suppress tumor growth by inducing
pyroptosis and ferroptosis. R. Tang et al. (2020)
concluded that pyroptosis, along with necroptosis and
ferroptosis, represents a potentially new mechanism
of immunogenic cell death [73]. Currently, promising
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gasdermin D inhibitors are being developed for the
treatment of a number of inflammatory diseases [23].
There is information about the effectiveness of drugs
that are inflammasome inhibitors for the treatment of
certain diseases [7]. One of them is rilonacept, which
can bind IL-1a and 1B. C. Liu et al. (2021) found
that Gly-Pro-Ala (GPA) peptide could significantly
attenuate lung tissue damage in mice [74]. In vitro
experiments showed that GPA peptide can protect
alveolar macrophage from caspase-1-dependent
pyroptosis.

CONCLUSION

The analysis of modern scientific literature
indicates significant interest in studying the molecular
mechanisms of pyroptosis and its therapeutic potential.
Nowadays, we know the main manifestations of this
type of programmed cell death, pattern recognition
cell receptors, the structure and significance of
various types of inflammasomes, and proteins of the
gasdermin family. At the same time, many questions
remain poorly researched, and the available answers
to them are contradictory.

Pyroptosis in immunocompetent cells, neutrophil
granulocytes, and macrophages has been studied
quite well. Much less attention is paid to other
cells, especially to representatives of the main cell
lineages in the tissues of vital organs. Methods of
pyroptosis detection in experimental and clinical
conditions require further development. An effective
solution to these issues is possible only through the
interaction of specialists in different fields, namely
morphologists, molecular biologists, biochemists,
physiologists, pathologists, microbiologists, clini-
cians, etc.
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ABSTRACT

Aim. To summarize the results of research on metabolic syndrome in monkeys excluding apes and to conduct a
comparison with humans.

A search for full-text publications in PubMed and Scopus databases was carried out using the following keywords:
nonhuman primate, monkey, obesity, diabetes mellitus, metabolic syndrome, insulin, atherosclerosis, hypertension.
Articles were selected that describe studies involving the following monkey species: cynomolgus monkeys
(Macaca fascicularis), thesus macaques (Macaca mulatta), baboons (Papio sp.), grivets (Cercopithecus aethiops),
and common marmosets (Callithrix jacchus).

The development of various metabolic syndrome criteria was demonstrated in all monkey species reviewed. Many
similarities with humans were revealed: macaques with obesity, insulin resistance, and type 2 diabetes mellitus
demonstrated an increase in total cholesterol, triglycerides, and free fatty acids and a decrease in the concentration
of high-density lipoprotein cholesterol. Obesity and insulin resistance were precursors to impaired carbohydrate
metabolism. Blood pressure increased along with the progression of insulin resistance. The similarity of genetic and
environmental risk factors between humans and monkeys is important in the development of metabolic syndrome.

The reviewed data suggest that the use of monkeys in biomedical research remains an indispensable resource
for the study of pathogenesis and assessment of the efficacy and safety of new therapeutic strategies targeting
clinically important metabolic diseases, including obesity, dyslipidemia, atherosclerosis, type 2 diabetes mellitus,
and, possibly, other conditions associated with metabolic syndrome.

Keywords: monkeys, model, metabolic syndrome, obesity, diabetes mellitus, arterial hypertension
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PE3IOME

ey paboTsl — 0000IICHHE PE3yIbTATOB UCCICTOBAHUI M0 H3YYCHHIO METAO0OIHUCCKOTO CHHIPOMA Ha HU3IIMX
00e3bsHaxX, MPOBEICHUE CPABHUTEIBHOMN XapaKTEPUCTHKH C YSTIOBEKOM.

OcylIecTBICH MOUCK TTOJHOTEKCTOBBIX IyOIMKanuii B 6a3ax maHHbIX PubMed, Scopus Mo KIIFOYEBBIM CIOBaM:
nonhuman primate, monkey, obesity, diabetes mellitus, metabolic syndrome, insulin, atherosclerosis, hypertension.
Ot1o6paHbl CTaTbH, ONMKCHIBAIONINE IKCIICPUMEHTHI C yYaCTHEM CIICAYIONIMX BHIOB 00E3bsH: SBAHCKHE MaKaKH
(Macaca fascicularis), makaku-pe3yc (Macaca mulatta), naBuanst (Papio sp.), ahpuKaHCKHE 3eJIeHbIe MapTHIIIKH
(Cercopithecus aethiops), oobikHOBeHHBIe HTPYHKH (Callithrix jacchus).

Pa3BuTHE PA3IHMYHBIX KPUTEPUEB META00INYECKOr0 CHHAPOMA MIOKAa3aHO Y BCEX PACCMOTPECHHBIX BUIOB 00E3bsH.
ITpu 3TOM HMEETCS MHOTO CXOAHBIX C JIOABMH YEPT: y MaKaK C OXXMPEHHEM, MHCYJIMHOPE3UCTEHTHOCTBIO M
caxapHbIM 1uabeToM 2-ro THNa BBISABISIOTCS TMOBBIILICHHE YPOBHS OOILIEr0 XOJECTEPHUHA, TPUIULEPHIOB H
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aTepoCKIIepO3, CaxXapHeI auabeT 2-ro THMAa M MPOYHE COCTOSIHHSA, ACCOIMMPOBAHHBIE C METabOIMUECKON
JUchyHKINEH.

KnroueBble ci10Ba: 00e3b5HBI, MOJIENTb, METAOONINYECKUI CHHAPOM, OXKUPEHNE, CaxapHbIil AualeT, apTepranbHas
THIEePTEH3Us
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INTRODUCTION

Metabolic syndrome (MS) is a complex of
symptoms that combines a number of metabolic
disorders, namely insulin resistance, central obesity,
atherogenic dyslipidemia, and arterial hypertension.
Historically, G. Reaven proposed the term “syndrome
X” in 1988, which was later called “MS” to
differentiate from syndrome X in cardiology [1]. The
first formal definition of MS was proposed in 1998,
it was clarified several times, and currently there are
main diagnostic criteria for MS (waist circumference
or body mass index) and additional ones (fasting
glucose level, impaired glucose tolerance, glycated
hemoglobin level, low-density lipoprotein cholesterol
level, and blood pressure) [2, 3].

When diagnosing MS, Russian experts use the
criteria adopted by the Russian Scientific Society of
Cardiology, according to which the main criterion
for MS is abdominal obesity (waist circumference).
Additional criteria (the presence of two or more)
include arterial hypertension, increased triglyceride
levels, decreased high-density lipoprotein cholesterol,
increased low-density lipoprotein cholesterol, fasting
hyperglycemia, and impaired glucose tolerance [4]. At
the same time, MS is not considered as an independent
nosological entity. The pathogenesis of MS includes
a variety of genetic and acquired conditions that fall
under the definition of insulin resistance and systemic
chronic low-grade inflammation. If left untreated,
MS is largely associated with an increased risk of
developing type 2 diabetes mellitus (T2DM) and
cardiovascular diseases [5]. The prevalence of MS
ranges from 20 to 25% in adults and from 0 to 19.2%
in children, and in patients with T2DM, it reaches 80%
[6]. With age, the likelihood of developing metabolic
disorders increases [7].

The widespread occurrence of MS and its particular
clinical significance predetermine the active study
of the pathological physiological mechanisms and
morphological manifestations of MS. A large number
of experimental models have been created on various
animal species. Diabetes and obesity are modeled
using high-calorie diets, chemicals, modification of
the genetic apparatus of the cell, etc. [8, 9]. A special
place among animals used to study the pathogenesis
of MS is occupied by monkeys, which, along with
humans, belong to the order of primates. This is
due to a close genetic relationship with humans and
similar physiological changes associated with obesity
and metabolic disorders, similar life expectancy, and
aging [10, 11].

The laboratory primate model should be considered
as an important translational crossover between basic
studies in rodent models and clinical studies in humans.
Previously, the suborder of monkeys included the broad
nosed monkeys (Platyrrhina), or New World monkeys,
and the narrow nosed monkeys (Catarrhina), or Old
World monkeys, which include the apes (Hominoidea)
and humans. Recently, primates have been classified
into the suborders Strepsirrhini and Haplorhini, the
latter including tarsiers and monkeys [12]. In English-
language literature, the term Non-human Primates is
usually used, which should be translated from English
to Russian as “primates other than humans” according
to the taxonomy of the order, and is important to
consider when analyzing scientific data.

However, a question arises whether it is possible
to generalize such a diverse order when describing it
as a human biomodel. It is probably possible but with
certain limitations. Thus, it has been shown that waist
circumference was positively correlated with systolic
and diastolic blood pressure, glucose levels, and
insulin resistance in chimpanzees of both sexes, and
body weight was correlated with systolic and diastolic
blood pressure in female chimpanzees and with
triglyceride levels in male chimpanzees. Moreover,
waist circumference is more associated with metabolic
risk factors than body weight, especially in female
chimpanzees [13]. In captive populations of aging
adult chimpanzees, T2DM was described based on
persistent fasting hyperglycemia, the presence of
glycosuria, and the age of the disease onset.

However, cardiac pathology in humans and
chimpanzees differs according to histopathological
studies of the affected chimpanzee heart. Sudden
cardiac death in chimpanzees (as well as gorillas
and orangutans) is usually associated with diffuse
interstitial myocardial fibrosis of unknown etiology,
while in humans most cardiac diseases are known to be
associated with atherosclerotic lesions of the coronary
arteries. A typical human myocardial infarction
caused by coronary thrombosis is rare in these
monkey species, despite the human-like blood lipid
profiles potentially associated with a high coronary
risk. On the contrary, heart attacks in chimpanzees are
probably associated with arrhythmias caused by the
aforementioned myocardial fibrosis [14].

Apes are currently practically not used in
biomedical research for ethical reasons [15]. Therefore,
other species of the Haplorhini suborder are of
greater interest. Monkeys exhibit the development of
various age-related diseases, including cardiovascular
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diseases, impaired glucose metabolism, redistribution
and a general increase in the amount of fat [16]. The
development of diabetes and obesity has been described
in many monkey species. Among representatives
of the Old World, diabetes develops in cynomolgus
macaques (Macaca fascicularis), rhesus macaques
(Macaca mulatta), baboons (Papio sp.), and African
green monkeys or grivets (Cercopithecus aethiops)
[17]. Among New World monkeys, diabetes has been
described in common marmosets (Callithrix jacchus),
squirrel monkeys (Saimiri sciureus), capuchins
(Cebus apella) and tamarins (Saquinus sp.) [18,
19]. Obese cynomolgus macaques [14] and common
marmosets have a number of metabolic parameters
similar to those that determine MS in humans [18].
Below we will summarize the data on the criteria for
MS in different species of monkeys excluding apes.

OBESITY, DYSLIPIDEMIA

Obesity can be induced in monkeys fed with
a hypercaloric diet and is also often observed
spontaneously, especially in rhesus monkeys,
cynomolgus monkeys, African green monkeys and
squirrel monkeys [20]. Hamilton et al. first reported
characteristics of spontaneously obese middle-
aged male monkeys in the early 1970s. Such rhesus
macaques were characterized by hyperinsulinemia,
hyperlipidemia, and with prolonged or severe obesity,
the development of insulin-dependent DM was
observed. It was shown that body weight was not
a reliable indicator for determining the severity of
obesity, and the amount of fat in an animal body was
correlated best with waist circumference (» = 0.981)
and the thickness of the skin fold on the anterior chest
wall (r = 0.912). “Very obese” rhesus macaques of
both sexes had a significant increase in fasting serum
insulin levels, elevated insulin values after a glucose
challenge, and insulin resistance [21].

In another study, in rhesus monkeys, waist
circumference correlated best with body fat content
(r=0.90). There was also a strong linear relationship
between waist circumference and plasma insulin
levels (r = 0.66), impaired glucose tolerance (» =
—0.53), but not with blood glucose levels, lipoprotein
fractions or free fatty acids [22]. The pattern of
abdominal fat distribution in the body of an obese
person is similar [21].

Since obesity plays a key role in the progression
of insulin resistance, MS, and T2DM, measuring
body fat in animals is important [23]. Obesity is
associated with increased levels of leptin in the blood

of cynomolgus and rhesus macaques, as well as
baboons. Leptin concentrations were often elevated in
T2DM in rhesus and cynomolgus monkeys and were
significantly correlated with body weight (r = 0.72).
Moreover, leptin levels increased proportionately
with insulin resistance and obesity in macaques, but
decreased slightly with the development of T2DM and
associated fat loss [17].

Leptin levels correlate positively with insulin
concentration and body fat, with which adiponectin
levels correlate negatively [14]. In a study on a
population of African green monkeys of 98 males
and 157 non-pregnant females, waist circumference
was correlated with increased blood triglyceride
concentrations. Moreover, females had a higher
concentration of triglycerides than males and had a
high risk of central obesity and a poor lipid profile [24].
Monkeys with diabetes with relative insulinopenia had
elevated levels of cholesterol and triglycerides, which
was associated with impaired activity of lipoprotein
lipase, an insulin-dependent enzyme playing an
important role in the catabolism of very low-density
lipoproteins rich in triglycerides and to a lesser extent —
low-density lipoproteins. In addition, in T2DM, the
content of free fatty acids increases [17].

The development of obesity is accompanied by
nonspecific tissue damage in the form of lipidosis and
liver glycogenosis, as well as fatty infiltration of many
organs [25]. Numerous studies of atherogenesis in
monkeys exposed to a high-fat high-cholesterol diet
demonstrated changes in the lipid profile similar to
those in humans. Significant individual differences in
the development of dyslipidemia and atherosclerosis
were also established. In particular, no atherosclerotic
changes were practically observed in some
individuals, despite severe hypercholesterolemia [26].
The fatal fasting syndrome has been described in
obese macaques, which is manifested by sudden death
without previous signs of illness, often following short
periods of anorexia or 20—30% body weight loss over a
period of several days to two weeks. The pathogenesis
of this syndrome has not been fully studied [27].

Baboons are considered as a model object for
studying the genetics of obesity, in particular,
genotyping and phenotypic characterization of a colony
of baboons (more than 16,000 individuals traced in
seven generations) is being carried out at the Southwest
National Primate Research Center of the USA [28]. With
increasing weight, animals showed an increase in body
fat, waist circumference, and leptin concentration in
the blood. Body composition analysis carried out using
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the bioelectrical impedance method showed that when
female baboons reach 20 kg (average adult weight is
19 kg), and males reach 38 kg (average adult weight is
31 kg), the amount of body fat is 20%. Many indicators
of carbohydrate metabolism and obesity (body weight,
insulin, glucose, C-peptide, triglycerides, adiponectin)
are largely hereditary [28, 29].

FASTING HYPERGLYCEMIA, IMPAIRED
GLUCOSE TOLERANCE, T2DM

As in humans, rhesus macaques, cynomolgus
macaques, and baboons have an association of T2DM
with age and body weight, mainly due to obesity.
About 30% of cynomolgus macaques over 15 years of
age have basal and / or postprandial hyperinsulinemia
[17]. In rhesus monkeys, insulin sensitivity decreases
with age [30]. However, obesity alone is not enough
to predict the development of T2DM. T2DM is
a progressive disease in macaques. It is initially
characterized by normal glucose tolerance and insulin
resistance with compensatory hyperinsulinemia. All
monkeys with progressive development of T2DM
were obese, but some obese monkeys maintained
normal glucose tolerance [31].

Cynomolgus and rhesus monkeys have insulin
resistance and hyperinsulinemia for a long time before
the development of overt DM [32]. Subsequently,
amyloid is deposited, and the number of B-cells
decreases in the pancreatic islets. Insulin secretion
cannot be maintained at an eclevated level, the
concentration of circulating insulin decreases, and
impaired glucose tolerance develops. The mechanisms
are identical to those in humans [33]. As obesity,
insulin resistance and T2DM progress, postprandial
glucose levels increase earlier than fasting glucose
concentrations [17]. Glycation increases due to
non-enzymatic binding of glucose to amino acid
groups of proteins. As in humans, in monkeys with

hyperglycemia, the blood levels of fructosamine
(a product of albumin glycation) and glycated
hemoglobin increase [10, 34].

Finally, when endocrine pancreatic function is
insufficient, animals with T2DM may have elevated
fasting insulin levels, but they cannot respond
adequately to glucose administration, and fasting
glucose levels increase. Calorie restriction and the
use of oral hypoglycemic drugs are effective for
some time, but over time, exogenous insulin is often
required [35]. Grivets are susceptible to developing
obesity and diabetes when kept in captivity. Females
are especially at risk for central obesity and a poor
lipid profile. Females with elevated levels of glycated
hemoglobin had impaired glucose tolerance and
central obesity, but not insulin resistance. A strong
hereditary pattern was found suggesting the presence
of a monogenic form of diabetes, such as MODY
diabetes mellitus or mitochondrial diabetes [36].

The determination of reference values for
biochemical parameters for all monkey species (Tables
1-3) used in biomedical research is still an important
issue. For example, blood glucose concentrations
may be affected by the status of the animal before
blood collection, the procedure itself (stress, sedation,
anesthesia), handling of blood samples (duration and
temperature of storage, bacterial contamination),
and the reliability of the determination method used.
The tables provide data reflecting the differences and
partial registration of indicators in different studies.
In monkeys, fasting glucose concentrations are
20-30 mg / dl lower (conversion: 1.1-1.7 mmol / 1)
than in humans, and fasting glucose concentrations
in the range of 100—126 mg / dl (conversion: 5.6—7.0
mmol / 1) clearly indicate diabetes [17, 34]. Fasting
glucose concentration differs depending on the stage
of carbohydrate metabolism disorder and increases
significantly in overt T2DM.

Table 1
Some anthropometric and biochemical parameters of M. mulatta monkeys with metabolic disorders
Diet Number and gharacterlstlcs Fasting glu- HbAlc | TC, mmol /1| TG, mmol /1 Insulin, Waist circum- Ref.
of animals cose, mmol / 1 pU / ml ference, cm
4 obese males 35+0.2 - 3.67+£034 | 0.99+0.17 | 164.7 £37.9%* 749+54
4 obese females 33+02 - 4.09+0.23 | 091+£0.02 |109.7 +16.3%* 58.4+3.1
Standard* - - [21]
3 males without obesity 32+0.2 - 261036 | 042+0.05 | 262+ 11.8** 365+ 1.6
3 females without obesity 29+0.1 - 349+0.62 | 0.52+£0.08 | 48.2+11.5%* 36.3+4.2
18 males with MS 446 £0.21 - 331+0.19 | 1.04+0.15 58.9+15.8 52.14+2.35
Standard* [37]
17 control males 3.90+0.10 - 3.50£0.16 | 0.58+0.05 18.5+£3.6 41.97+2.49
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Table 1 (continued)

Diet Number and (fharacterlstlcs Fasting glu- HbAlc | TC, mmol /1| TG, mmol /1 Insulin, Waist circum- Ref.
of animals cose, mmol / | pU/ ml ference, cm
«Full healthy stage. 12 3.7+0.1 - - - 42.0+3.0 | (4-16% of body
males, 3.0-8.9 years old fat
The stage of severe hy- _
Standard*** | perinsulinemia. 6 males, 4.4+0.2 - - - 415.0+84.2 | (25-44% of body | [31]
14.3-19.6 years old, obese fat)
The stage of overt diabetes. -
7 males, 14.8-21.3 years 10.8+ 1.1 - - - 45.0£5.1 (18-30% of body
old, obese fat)

* body weight in obese males exceeded by 207% and in females — by 173% the body weight of animals without obesity. ** converted from
pmol /1 (1 pmol /1= 0.144 pU / ml). *** Among 42 males aged 3-28 years, weighing 5.0-31.7 kg (28 animals were initially obese), 8 stages of
carbohydrate and lipid metabolism disorders were identified from the “full health” stage to the “overt diabetes” stage, the latter was characterized
by weight loss and severe glycosuria.

Table 2

Some anthropometric and biochemical parameters of M. fascicularis monkeys with metabolic disorders

Dict Number and cfharacterlstlcs Fasting glucose, HbALc TC, mmol /1 TG, Insulin, Waist circum- Ref.
of animals mmol /1 mmol /1 pU / ml ference, cm
Control - 7malesand 3 | 3 ¢, 13+ - 3.52+£0.18% [222+031%| 12.8+22 -
females
High in car- | > males and 3 females with | 5 o5, 554 - 3.65+0.33% | 1.76+0.16% | 56.5+10.4 -
bohvdrates hyperinsulinemia
yarax 3 males and 7 females with [17]
and low in L 3.44+£0.22% - 391+0.77*% | 1.89+0.33*% | 15.1+1.6 -
cholesterol impaired glucose tolerance
4 males, 1 female with
hyperinsulinemia and im- 4.95+0.57* - 336+0.528 [5.69+1.71*% | 62.7+13.5 -
paired glucose tolerance**
24 control males 319+0.09* |38+03% | 2.77+0.1* [0.80+£0.10%| 11.4+0.9 —
17 males and 8 females
* 1
Standard with type 2 diabetes 1444+ 121 % [ 107+ 1.4% | 424+039% |9.13+1.24% | 90.6 + 18.5 - (17
mellitus

* converted from mg / dl (glucose: 1 mmol /1= 18.018 mg/ dl; TC: 1 mmol /1 =38.66 mg/dl, TG: 1 mmol /1= 88.5 mg/dl). ** animals in this
group were obese, exceeding by 40% the average body weight of animals in other groups.

Table 3
Some anthropometric and biochemical parameters of Cercopithecus aethiops monkeys with metabolic disorders
Diet Number and (?haracterlstlcs Fasting glucose, HbAlc TC, TG, Insulin, Waist circumfer- Ref.
of animals mmol /1 mmol /1 | mmol /1 pU /ml ence, cm
157 females, general 5.,48 + 3.96 1.00 +
’ + * ’ + +
population 3.35+0.13 0.15 % 10.07* 0.05* 277+ 1.7 37.8+0.39
Standard* Control, 4 females 336026% |27 ; 0191 _ })227; 208+52 | 3837+036 | [24]
(1] .
Impaired glucose toler- « |8.30+£0.40 3.05+
- +
ance, 3 females 5.81+0.41 % |04 26.5+2.8 43.33+£2.17

* converted from mg / dl (glucose: 1 mmol /1= 18.018 mg/ dl; TC: 1 mmol /1= 38.66 mg/dl, TG

ARTERIAL HYPERTENSION,
CARDIOVASCULAR PATHOLOGY

Diagnosis of spontaneous arterial hypertension
is challenging in monkeys. Awake animals must be
restrained during the procedure, which is a stressful
factor that increases blood pressure. The use of

156

: 1 mmol /1= 88.5 mg/dl).

sedatives is usually accompanied by changes in blood
pressure. And the use of telemetry systems is limited
by the need for surgical implantation and the service
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abdominal aorta, iliofemoral artery, brachial artery,
and coronary arteries after 13 months, regardless of
plasma lipid levels [40].

Lesions of the main blood vessels cause death
in people with T2DM and are associated with the
progression of atherosclerosis leading to coronary
heart disease and stroke [41]. Atherosclerotic
manifestations are significantly more common in
monkeys with spontaneous or drug-induced diabetes
[26]. Cynomolgus macaques show an increase in blood
pressure and inflammatory markers as they progress
frominsulinresistance to T2DM [19]. Rhesus macaques
are some of many animal models for diabetic peripheral
neuropathy and retinopathy [42], and glomerular
dilation, glomerulosclerosis, and thickening of the
glomerular basement membrane with hypertrophy
have been described at the hyperinsulinemia stage
of prediabetes [43]. Cynomolgus macaques with
severe dyslipidemia, DM, and proteinuria showed
left ventricular diastolic dysfunction with preserved
ejection fraction and impaired cardiac reserve in
dobutamine stress test, indicating the high translational
potential of this model for humans [44]. This allows us
to consider monkeys as a model for studying the role of
insulin resistance in the development and progression
of diabetic vascular diseases.

MS MODELING

In a study by a Chinese team [37], 408 adult
Macaca mulatta males from three nurseries in China
were screened. In accordance with the criteria for
predisposition to MS in humans [3], the following ones
were identified (three positive out of five): 1) blood
pressure > 120 / 75 mm Hg; 2) waist circumference
> 37 cm; 3) fasting plasma glucose > 3.8 mmol / I;
4) fasting plasma triglycerides > 0.45 mmol / | and
above the 80th percentile; 5) HDL-C < 1.10 mmol / 1
or below the 20th percentile. According to the
selection method, the animals predisposed to
metabolic syndrome had significantly higher blood
pressure, fasting plasma glucose, waist circumference,
and body weight than the controls. However, there
were no differences between these groups in terms
of triglycerides, HDL-C, LDL-C, total cholesterol or
insulin [37].

After observing animals with a predisposition
to MS, the authors proposed the following criteria
to diagnose MS (> 3 positive out of five): 1) waist
circumference > 40 cm and waist-to-hip ratio > 0.9;
2) fasting plasma glucose > 4.40 mmol / 1; 3) fasting
plasma triglycerides > 0.90 mmol / 1; 4) HDL-C <

1.55 mmol / 1; 5) blood pressure > 130 / 80 mm Hg.
Eighteen monkeys met these criteria, among which
one, four, and thirteen monkeys had a combination
of 5, 4, and 3 positive MS criteria, respectively. The
two most prevalent criteria were increased waist
circumference (94%) and arterial hypertension (73%).
The remaining criteria were found in combinations of
varying frequency [37]. This pattern is similar to the
one observed in humans [45].

DM MODELING

Historically, the most common methods
for inducing diabetes have been partial or total
pancreatectomy or the administration of alloxan,
which causes rapid and complete loss of beta cells,
soon after which hyperglycemia develops. The main
factor limiting the use of alloxan is concomitant
damage to the kidneys, adrenal glands, thyroid gland,
pituitary gland, and liver [25]. A more specific beta
cell toxin is streptozotocin, an antibiotic derived from
Streptomyces aromogenes.

In monkeys, the administration of streptozotocin
leads to severe hyperglycemia and dyslipidemia,
which have some similarities with both type 1 and
type 2 DM, however, changes in the pancreatic
islets are more characteristic of type 1 DM [25]. The
extent of damage to the islets of Langerhans varies,
with some monkeys requiring more than one dose of
streptozotocin to develop hyperglycemia. Animals do
not develop insulin resistance unless it is combined
with obesity or older age; correction insulin doses are
1.0-5.0 U / kg of body weight per day [46]. Plasma
cholesterol and triglyceride levels increase slightly
when hyperglycemia is adequately controlled [47].

DISCUSSION

The development of metabolic disorders inmonkeys
has many similarities with humans. Cynomolgus
macaques with obesity, insulin resistance, and T2DM
have the same changes in the lipid profile as patients
with T2DM, namely increased total cholesterol,
triglycerides, and free fatty acids and decreased
HDL-C concentrations [17]. T2DM is a progressive
disease in both monkeys and humans [31]. As insulin
resistance progresses, blood pressure also increases.
The association of MS with systemic inflammation
is important. C-reactive protein synthesized by the
liver during the acute-phase inflammatory response
correlates with insulin resistance and obesity, as well
as with an increased risk of developing T2DM and
related cardiovascular diseases [48].
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In cynomolgus macaques, the increase in
C-reactive protein is stepwise when comparing
control, insulin-resistant, and T2DM animals [17]. In
grivets at high risk of MS, there is constant activation
of the immune system associated with an increase
in the proinflammatory cytokine interleukin (IL)-6
and mediated by resident gram-negative microbial
communities that are formed in the visceral adipose
tissue in both lean and obese individuals [49].

In addition to the similarity of pathogenetic
characteristics in the development of MS, the
similarity of genetic and environmental factors is also
important. Since such factors are difficult to control
in clinical practice, models of metabolic disorders in
monkeys become unique in the context of studying the
influence of genetic and environmental factors (diet,
stress) on the development of obesity, DM, and MS. In
controlled colonies of animals with a known pedigree,
it becomes possible to study gene — environment
interactions [24, 50].

Heredity has a strong effect on the body weight
of baboons (h* = 0.9). Obviously, there appears to be
a set of genes associated with insulin resistance that
are also likely to affect obesity-related phenotypes,
which confirms a common genetic basis for the
development of insulin resistance and obesity [51].
Glucose transporter 4 (GLUT4) mRNA expression is
under significant genetic influence and correlates with
plasma insulin levels and body weight. This indicates
a common genetic regulation of these phenotypic
traits [28]. Diet is an important environmental factor
influencing carbohydrate metabolism and obesity.
Calorie restriction is beneficial for macaques since
a positive effect is observed, namely a decrease in
glucose and insulin levels and an increase in insulin
sensitivity [52].

When keeping monkeys in captivity, it is routine
practice to provide food ad [libitum. Monkeys in
groups have a certain social hierarchy (for example,
a dominant or subordinate role), which determines
differences in feeding behavior. The composition of
the feed also matters. Many standard feeds (Purina,
Teklad, etc.) use soybeans containing isoflavones
(genistein, daidzein, etc.) as the main source of protein.
Isoflavones are plant phytoestrogenic compounds that
have an estrogenic or antiestrogenic effect, affecting
the hormonal and metabolic parameters of animals.
Adequate isoflavone intake level has not been
established for monkeys [53].

Another environmental factor is stressful
conditions of captivity. Thus, when kept in conditions

of relative social crowding, grivets (Chlorocebus
aethiops) and African red monkeys (Erythrocebus
patas) coped significantly worse with glucose
challenge test compared to their counterparts kept in
smaller groups [17]. This factor may not be important
for monkeys that live in large groups. For such
species (for example, rhesus macaques), repeated
reorganizations of the established social group are
more stressful.

Primate models of MS are more adequate compared
to rodents. For example, peroxisome proliferator-
activated receptors (PPARs) have differences in
expression levels and binding to regulatory elements
in the apolipoprotein Al (ApoAl) promoter between
rodents and monkeys, which leads to opposite
effects of PPAR agonists on ApoAl production and
HDL metabolism [54]. Thus, primate models have
made a significant contribution to understanding the
fundamental basis of the development of MS.

CONCLUSION

The ability to use monkeys as human biomodels
remains an indispensable resource for studying the
pathogenesis and assessing the efficacy and safety
of new therapeutic strategies targeting clinically
important metabolic diseases, including obesity,
dyslipidemia, atherosclerosis, type 2 diabetes
mellitus, and, possibly, other conditions associated
with metabolic dysfunction.
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Precision medicine in oncology: role and prospects of mass spectrometry
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ABSTRACT

The aim of this review was to analyze the accumulated data on the use of mass spectrometry in diagnosing,
treating, and prognosing cancer from the perspective of precision medicine.

Currently, universally accepted methods for early cancer diagnosis are not available, primarily due to low
molecular specificity of pathological changes at early stages of cancer development. Additionally, the existing
diagnostic modalities are notably limited in sensitivity. However, early detection is imperative for selection of the
most suitable cancer treatment strategy and its successful implementation.

In the realm of oncology, mass spectrometry approaches show great potential for advancement and utilization. Mass
spectrometry is becoming an indispensable tool in basic and applied research due to its sensitivity, specificity, and
accuracy. It allows for efficient analysis of complex biological compounds, even at low concentrations. Moreover,
contemporary mass spectrometry technology is capable of automating the analysis, thereby facilitating its diverse
clinical applications in diagnosis, drug therapy selection, and even potential assistance to surgical oncologists in
the operating room.

Considering all these characteristics and advantages, mass spectrometry methods for the analysis of biological
samples can be defined as some of the most promising and dynamically developing tools in precision medicine,
as they are capable of providing clinically valuable information based on omics technologies, taking into account
personal characteristics of the patient.

Over the next decade, introduction of mass spectrometry-based methods into clinical practice based on the principles
of precision medicine is expected to optimize selection of personalized treatment strategies for cancer patients and
provide significant economic benefits by reducing morbidity, disability, and mortality.

This comprehensive review presents the analysis of 65 scientific publications, highlighting the results of clinical
and experimental studies utilizing mass spectrometry methods for diagnosing cancer, investigating the underlying
mechanisms of disease development, and evaluating the efficacy of therapeutic interventions. The review
encompasses original articles published from January 1, 2018 to November 30, 2023.

The majority of studies back the potential of mass spectrometry as a valuable tool for cancer diagnosis and treatment
monitoring. Broadening application of mass spectrometry techniques in the field of oncology holds significant
promise and represents a relevant area for future research.

Keywords: mass spectrometric study, mass spectrometry, molecular profiling, cancer, tumor process,
carcinogenesis, low-molecular-weight metabolites
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PE3IOME

Heﬂb HCCJIIENOBAHUSA — aHAJIM3 HAKOIUICHHBIX JaHHBIX O IPUMEHECHUU METO0B MAaCC-CIIEKTPOMETPUHN B TUAarHOCTU-
K€, JICHEHHUHU U NPOTHO3MPOBAHUU TCUECHHSA OHKOJIOI'MYCCKUX 3a00JIeBaHMI C 1'[03I/IIII/II71 HpeL[PI?,HOHHOﬁ MCIUIHUHBI.

Ha ceronusmamnii 1eHs He CYHIECTBYET OGIIIerI/BHaHHI:IX METOJ0B paHHCfI JUAarHOCTUKHU paKa, TaK KaK MaToJIOru-
YUCCKHNC U3MCHCHHUA Ha HAYaJIbHbIX CTAJUAX Pa3BUTHUA 06na11a}0T HH3KOH MOJ'IeKyIISIpHOﬁ CHeIII/I(i)I/I‘{HOCTLIO, a cy-
HIECTBYIOUIUE METOAbI U3BECTHBI cBOeH OrpaHHqCHHOﬁ YYBCTBUTCIBHOCTBIO. OIIHaKO HUMCHHO BO3MOXHOCTH KakK
MOXHO Ooiee paHHeﬁ JUArHOCTUKU SABJIACTCA BaXXHBIM, €CJIM HE OIIPCACIIAIOIINM, (1)a1<T0p0M aJICKBaTHOI'O BI)I60pa
CTpaTeruu T€panunu OHKOJIOTUYECKUX 3a00JI€BaHUI U €€ ycnenrHoro NpuMeEeHEHU.

B 3TOM KOHTEKCTE BHICOKOTEXHOJIOTMYECKUE MOIXOABI K MPO(QUIMPOBAHUIO MOJICKYJISIPHOTO JIaH madTa TKaHeH,
HCHOJIB3YIOLINE B CBOCH OCHOBE METOJI MAaCC-CIIEKTPOMETPHH, HMEIOT OOJIBIION NOTEHIMAN K Pa3BUTHIO U IIPUMe-
HEHHIO B 00J1acTH OHKOJIOrHH. COBpPEMEHHAsl MacC-CHEKTPOMETPHS CTAHOBHUTCS HE3aMEHUMBIM MHCTPYMEHTOM B
NpoBeeHUH (yHIaMEHTANBHBIX U TPUKIIAJIHBIX UCCIICIOBAHMIA 38 CUET CBOCH YYBCTBHTEIBHOCTH, CEU(PHIHO-
CTH U TOYHOCTH, 00eCIIeUnBarOIIUM (G GEKTUBHBIN aHAIN3 CIIOKHBIX OMOJIOTHYECKUX COCMHEHHU 1aXKe B HE3HA-
YUTEJILHBIX KOHIIEHTPALAX. BaXKHBIM CBOIICTBOM COBPEMEHHBIX MacC-CIIEKTPOMETPHYECKHUX TEXHOJIOT Uil SIBIISCT-
sl BO3MOXKHOCTh aBTOMATH3aLlMH aHAITUTHYECKOTO IIPOLECCa, YTO OTKPHIBACT EPCIIEKTUBbI IMPOKOTO BHEAPCHUS
B KJIIMHMYECKYIO IPAKTHKY Ha 3Tanax NOCTAHOBKM JMArHo3a, BbIOOpa CTPATEruy JICKAPCTBCHHOM TEpanuy 1 Aaxe
COIPOBOXK/ICHHSI pabOTHI XUPYPra-OHKOJIOra B ONEPALIMOHHOI.

C yueToM BCeX IPHUBEICHHBIX BBILIE XapAKTEPUCTHK U MPEUMYIIECTB MaCC-CIEKTPOMETPUIECKHE METOIbI aHAIM32
OMOJIOrNUECKHX 00pPa3L0B MOXHO ONPEACNIUTh KaK OAUH U3 Hanbojee MepCHeKTUBHBIX U INHAMHYCCKH pa3BHUBa-
IOIMXCSI HHCTPYMEHTOB MPELN3UOHHON MEAUIIMHBI BCICACTBHE HX CIIOCOOHOCTH Ha 0a3e OMUKCHBIX TEXHOJIOTHI
IPEJOCTaBUTh KIMHHYECKH LICHHYIO HH()OPMAIHMIO C YIETOM HePCOHAIBHBIX 0COOCHHOCTEH MalueHTa.

B oOmmkaiitiee JACCATUIIETUE MOKHO OXKXHJAAaTh, YTO BHEAPEHNUE METOA0B, OCHOBAHHBIX Ha TEXHOJOI'MU MacCC-CIICK-
TPOMETPHUH, B KIIMHUYCCKYIO IMTPAKTUKY, CTOAIIYIO Ha NPUHIUITIAX HpeIIPI?,PIOHHOﬁ MEIUIIUHEI, IIPUBEACT K ONTHU-
MU3aluu 1mponecca onpeacaCeHusa NHIUBUAYaJIbHbIX CTpaTCFI/Iﬁ JIEYEHHsT OHKOJIOTMYECKUX OOJIBHBIX U IIpUHECET
3HAYUTEIIEHBIN Y9KOHOMHYECKHI 3(1)(1)CKT 3a CYCT CHHIXKCHUA 3a60J’IeBaeMOCTI/I, HUHBAJIMTHOCTU U CMEPTHOCTH.

B HacTosmeil 0030pHOI cTaThe MpeAcTaBieH aHAIW3 65 HayyHBIX MyONUKalWi, MOCBAIIEHHBIX PE3yJbTaTaM
KIMHUYECKUX WM AKCIEPHMEHTAIBHBIX HCCIIEA0BAHMM, B KOTOPBIX METOIBI MacC-CIIEKTPOMETPHIECKOTO aHAIIH3a
MPUMEHSIIACH JUISl JUATHOCTHKN OHKOJIOTHYECKUX 3a00JI€BaHUH, BBISICHEHUS] MEXaHU3MOB HX PA3BUTHS U OLICHKH
3QPEKTUBHOCTH TEpaneBTUYECKUX Bo3aelcTBui. O030p BKIOUACT OpPUTHHATBHBIC CTaTbU, OMYOIMKOBAaHHBIE B
nepuon ¢ 1 saBapst 2018 r. mo 30 HosOps 2023 .

BonpmnHCTBO Hccaeq0BaHUN MOATBEPKIAIOT, YTO MAcC-CIIEKTPOMETPHUS SIBIISIETCS IEPCIEKTUBHBIM HHCTPYMEH-
TOM B OHKOJIOTMYECKOH THAarHOCTHKE ¥ MOHUTOPHHIE (P (EeKTHBHOCTH JeueHus. Paciinpenue ncrnoab30BaHus
METO/IOB MacC-CIIEKTPOMETPHUU B OHKOJIOI'MH MMeeT OOJBIION MOTEHIMAT U SABISAETCS aKTyalbHOW 3amadeld Ay
NaJIbHEHIITUX UCCISTOBAHMIA.

KiioueBble cl10Ba: Macc-CeKTPOMETPHYECKOE HCCIIEIOBAHHE, MACC-CIICKTPOMETPHSI, MOJIEKYJIAPHOE MPOQHIH-
pOBaHHUE, paK, OMYXO0JIEBOIl POLECC, KAHIIEPOreHe3, HU3KOMOJIEKYJIApHbIE METAOOIUTHI
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Precision medicine in oncology: role and prospects of mass spectrometry

KonpaukT unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,

CBA3aHHBIX C COACPKAHUEM HACTOSIICH CTAaThH.

Hcrounuk ¢punancupoBanusi. MccnenoBanue BoinoaHeHo npy ¢puHancoBoi noaaepxkke PHO B pamkax HayuHO-
ro npoekta « HoBbIe MOAXO0/1bI BAIWAAIMY PE3YJIbTATOB MOJIEKYJSIPHOTO MPO(UINPOBAHNS NATOJIOTHYECKUX H3Me-
HEHHI TKaHei Ha OCHOBE AaHHBIX MOJICKYJISIPHOTO IPOQMIMPOBaHUS, MOTYYSHHBIX NPH HCCISIOBAaHUH OHOIICHU

u aytornicum» Ne 23-69-10035.

Jas uutupoBanus: Xmenesckas E.C., [lepuna E.A., byiiko E.E., Yaunees A.A., Kaitnam O.A., Banos B.B.,
baiikoB A.H., Ilapoukuna E.B., Ynyr E.B. Ilpenusuonnas MeIuiuHa B OHKOJOTMM: POJb U NEPCHEKTUBBI
Macc-CIeKTpOMeTpun. bronemens cubupckoii meouyunvl. 2024;23(2):162—182. https://doi.org/10.20538/1682-

0363-2024-2-162-182.

INTRODUCTION

World Health Organization (WHO) mortality data
up to 2023 report that cancer is one of the leading
causes of death around the world. In 2020, cancer
caused the death of almost 10 million people, which
means that one in six people died from cancer. The
most common causes of cancer death in 2020 were
lung cancer, colon and rectal cancer, liver cancer,
stomach cancer, and breast cancer [1]. In countries
where healthcare systems are effective, survival
rates for many forms of cancer are increasing due to
widespread availability of early diagnosis, quality
treatment, and care for cancer patients [2]. Every year
in the world, about 10 million new cancer diagnoses
are made, which accounts for about 30% of the world
population [3].

As early diagnosis improves disease prognosis,
the discovery of sensitive biomarkers associated
with carcinogenesis through precision medicine
has become a priority in cancer research. The use
of sensitive methods and the implementation of
specific biomarkers for the treatment of cancer
into clinical practice will allow early therapy to
improve survival and preserve the quality of life
of patients.

An innovative approach in healthcare is to
understand the unique characteristics of each patient
and apply this information to diagnosis, prevention,
and treatment. Precision medicine makes it possible
to more accurately determine the risk of developing
diseases, select the most effective diagnostic methods,
and provide personalized treatment recommendations.
Precision medicine has the potential to significantly
improve health outcomes, reduce unwanted side
effects, and optimize healthcare costs. However, its
widespread implementation requires joint efforts in
the field of scientific research, development of new

technologies, and ethical issues related to the use of
personal patient data.

The concept of precision medicine is aimed at
effective diagnosis and prescription of drugs taking
into account the genotype. Metabolomics allows to
combine the phenotypic characteristics and genotype
of a particular person. Technologies for studying
the molecular landscape using chromatography
— mass spectrometry are used to search for
molecular markers that may be associated with the
development of tumors and their growth, which
allows for differential diagnosis and verification
of tumor diseases, predicting the effectiveness of
proposed therapeutic strategies and monitoring the
chosen treatment.

Oncogenesis is accompanied by global changes
in the metabolic state, affecting both tumor tissues
and the micro- and macroenvironment [1]. Advances
in metabolomics make it possible to measure a wide
range of cellular metabolites, providing an approach
to identifying specific changes associated with
tumor transformation of cells. Compared to genomic
and proteomic changes, metabolic changes can be
directly observed in relation to tumor cell states and
are therefore a promising source of biomarkers for
identifying cancer.

Differences in metabolomic expression can be
used to monitor disease progression and search
for promising therapeutic approaches. Empirical
switching between drugs in search of the desired one
with a satisfactory therapeutic response and the lowest
toxicity profile is not ideal clinical practice. Thus, the
search for biomarkers that provide an insight into
the pathophysiology of the disease should help in
personalizing diagnosis and stratifying treatment. In
addition, mass spectrometry-based metabolomics has
high potential for detecting molecular signatures of
human diseases, and, ideally, the detected biomarkers
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can be validated for use in routine clinical practice.
The value of using high-throughput technologies,
such as metabolomics, is the ability to develop
predictive panels of biomarkers that can be used to
identify patients who are less likely to benefit from
therapy because they are at risk of developing adverse
complications.

Mass spectrometry-based metabolomics
provides an insight into molecular events occurring
in a patient’s cancerous tumor and in normal
tissues. Metabolic reprogramming is considered
as a hallmark of cancer that contributes to disease
progression [4]. The differential metabolic demands
of rapidly proliferating malignant cells compared
to their non-transformed counterparts suggest that
targeting metabolism may be a potential strategy for
developing new cancer treatments [4]. A key step in
developing new therapeutic approaches that exploit
metabolic vulnerabilities is identifying metabolic
changes that are relevant to a specific malignancy.

Changes in metabolites during tumorigenesis and
standardization of data analysis have shown that
mass spectrometry can be an effective tool for use in
cancer epidemiology and translational research.

The aim of this review was to analyze the
accumulated clinical data on the use of mass
spectrometry in diagnosing, treating, and prognosing
cancer from the perspective of precision medicine.

METHODS

The analysis of scientific publications of clinical
trials and experimental studies was carried out in
the PubMed electronic search system. The review
includes original articles published from January 1,
2018 to November 30, 2023.

The query for searching for English-language
publications included the words: mass spectrometry
and (((cancer) or (tumors)) and (molecular profiling)).
We identified 1,995 publications in English. At
the first stage, articles were selected whose titles
mentioned mass spectrometry methods in oncology,
while review-type and duplicate publications were
excluded. At the second stage, the abstracts of the
publications were analyzed, and works where studies
were performed on cell cultures or animal models
were excluded. At the third stage, articles with full-
text access were selected, resulting in a detailed
analysis of 65 publications containing data on modern
original research in the field of oncogenesis and
molecular profiling. Description of the studies (type

of biological material, methodological approach,
study characteristics) is presented in Table.

RESULTS

Following the analysis, we can note a significant
spread of molecular profiling methods in clinical
practice. Research conducted in this area concerns
various types of cancer, such as colorectal cancer,
non-small cell lung cancer, gastric adenocarcinoma,
prostate cancer, breast cancer, etc.

The results of the literature review indicate
a significant contribution of molecular profiling
methods to the study of cancer and their clinical
application. In the discussion section, we reviewed
several of the most interesting articles from those
devoted to the use of mass spectrometry methods in
oncology. The articles we selected are only part of
the extensive work of researchers in this field and
are a valuable contribution to the development of
oncology and practical medicine.

Using mass spectrometry to identify biomarkers
of tumorigenesis

During tumorigenesis, extensive changes in the
metabolic state occur, which affect not only tumor
tissues, but also their micro- and macroenvironment.
Advances in metabolomics make it possible to
measure a wide range of metabolites, allowing for the
identification of specific metabolic changes associated
with tumor processes. Cancer is a multifactorial
disease, and understanding its basis requires not
only an analysis of genetic predisposition, but also
phenotypic characteristics of the body.

In recent decades, medical research has actively
studied non-invasive cancer screening methods
based on the analysis of biological material, with
special attention paid to identifying early stages
of the disease. Some types of cancer, such as
pancreatic cancer, do not show specific symptoms,
making it difficult to diagnose early stages using
conventional screening methods [51]. Pancreatic
ductal adenocarcinoma (PDAC), which accounts
for 90% of pancreatic cancers, is most often
diagnosed at an advanced stage, resulting in the
worst 5-year survival rate (7%) among all cancers.
An international team of researchers from the Czech
Republic, Germany, and Singapore have developed
a lipidomic profiling approach to detect pancreatic
cancer. The sensitivity and specificity of the
method are more than 90%, which is superior to the
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role and prospects of mass spectrometry

in oncology
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Precision med

Khmelevskaya E.S., Perina E.A., Buyko E.E. et al.
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existing marker glycoprotein CA 19-9, especially at
an early stage.

A colorectal cancer study [50] developed a
diagnostic panel including eight serum metabolites
associated with the gut microbiome to predict
colorectal cancer and colorectal adenoma, which
showed high performance and specificity values in
targeted and untargeted metabolomic analyses.

A study on bladder cancer [53] considered the use
of'mass spectrometry of urine to search for metabolites
containing carbonyl groups for diagnosis. The work
identified nine potential biomarkers that can be used
as a non-invasive and less expensive alternative to
traditional cystoscopy.

Mass  spectrometry-based  techniques and
approaches can be an invaluable tool in the operating
room as they allow for a rapid analysis of biological
materials. Differentiation of cancerous and healthy
tissues, as well as tumor classification based on
its histologic and molecular features using rapid
evaporative ionization mass spectrometry (REIMS)
is shown in the article [26]. This method is based
on the analysis of aerosols generated when tissue is
cut with an electrocautery blade or other instruments
and then sent to a mass spectrometer. This tool, also
known as the smart knife (iKnife), has been widely
used in the surgical differentiation of healthy and
cancerous tissues [59].

The possibility of using ambient mass spectrometry
to assess the percentage of tumor cells in the tissues
of glial brain tumors is presented in the article [35]:
a quick and accurate assessment of the percentage
of tumor cells in clinical practice and neurosurgery
plays an important role for diagnosis and surgical
intervention. The researchers trained the system
to estimate the percentage of tumor cells with an
accuracy of about 90% using a cassette embedding
method, which allows for samples to be analyzed
without preliminary preparation and machine
learning methods. The use of such techniques can
automate routine tissue screening and tumor cell
percentage assessment, speeding up estimation of
tumor cell percentage during neurosurgery.

In cancer research, mass spectrometry-based
proteomic approaches are used to initially identify
potential new prognostic, diagnostic or therapeutic
markers, opening new opportunities for subsequent
research. The ability to conduct proteomic studies on
formalin-fixed and paraffin-embedded tissues [10,
12, 23] provided an opportunity for retrospective

proteomic studies on selective cohorts with long-
term follow-up.

Biological materials obtained during autopsies of
patients with cancer are of great interest for research
because they provide an adequate assessment of the
quality of clinical diagnosis and contribute to the
development of optimized approaches to therapy
[71]. Implementation into clinical practice of
advanced methods for assessing protein expression
and conducting advanced translational multi-
omics studies allows for the most comprehensive
understanding of the pathogenetic processes in
cancers associated with changes in the molecular,
metabolic, and genetic landscapes [72].

Using mass spectrometry to determine
the treatment strategy and evaluate therapy
effectiveness

Patients with cancer undergo clinical staging,
which influences the choice of optimal treatment
and prognosis of the disease. Treatment options
may include various combinations: follow-up,
surgery, and / or radiation therapy. Thus, initial
risk stratification in patients with carcinogenesis is
important to achieve optimal therapeutic results and
maintain the quality of life. Predictive biomarkers
of arisk of complications or late effects of treatment
are needed for clinical decisions on treatment
selection.

A proteomic study of 116 melanoma tumors found
that the response to immunotherapy was associated
with enriched mitochondrial lipid metabolism.
High levels of mitochondrial metabolism resulted
in increased antigen presentation and interferon
signaling. In addition, knockout of genes associated
with beta oxidation reduced the sensitivity of
melanoma to T cell killing. These results indicate
an important role of mitochondrial lipid metabolism
in response to immunotherapy and may have
implications for the development of new treatment
strategies for melanoma.

The results of a study by scientists from the USA
and Turkey indicate an association of metabolic
pathways of purines, pyrimidines, nitrogen, and
porphyrins with radiosensitivity or radioresistance
[20]. The work involved metabolomic profiling of
patients with prostate cancer who underwent radiation
therapy, which is important for identifying their new
metabolomic status and assessing the consequences
of radiation. It was shown that bilirubin can be used
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as a reference value for prostate cancer patients
receiving radiotherapy, as its level may be associated
with treatment-induced liver toxicity. The change
in the porphyrin pathway and its associations with
bilirubin and phosphoric acid during radiation therapy
are of particular interest. This may have practical
implications in selecting optimal treatment strategies
and monitoring the effectiveness of radiation therapy
in patients with this type of cancer.

A study [16] assessing the role of patient
plasma extracellular vesicles for early diagnosis of
glioblastoma and as a prognostic tool for optimal
clinical management showed that extracellular
vesicle concentrations were increased in plasma of
glioblastoma patients compared to healthy controls.
After tumor resection, a decrease in the number of
extracellular vesicles to the level of healthy people
was observed. During relapse, an increase in the
number of extracellular vesicles in plasma was
revealed.

A team of scientists using high-resolution mass
spectrometry-based proteomic profiling identified
molecular subtypes of esophageal cancer [36]. The
study performed a proteomic analysis of 124 paired
esophageal cancer tumors and corresponding adjacent
healthy tissues. The proteomic analysis revealed a
catalog of proteins, phosphosites, and pathways that
are dysregulated in esophageal cancer. Proteomic
molecular subtyping identified two cancer subtypes
associated with patient survival. In addition, several
promising drugs specific to the malignant subtype of
esophageal cancer were predicted and tested, which
may open new treatment prospects.

An interesting approach, including the use of
proteomic methods in patients with prostate cancer,
is the combined use of mass spectrometry and
immunohistochemistry methods aimed at differential
separation of non-metastatic and metastatic primary
tumors and detection of metastases in lymph nodes
[12]. One of the serious problems that specialists
faced when assessing the risk and prognosis of
prostate cancer was the inability to use standard
prognostic  schemes (prostate-specific  antigen
(PSA) concentration, Gleason / ISUP score, etc.)
for accurate prediction of the biological course
and metastatic potential of the tumor process [12].
The approach proposed by the authors [12] made
it possible to compare the proteomic composition
of tissues affected by various prostate tumors (non-
metastatic primary, metastatic primary, secondary)

with each other, with healthy prostate tissue or with
benign hyperplasia. The results showed that zones
of prostate cancer have measurable and significantly
different biological markers compared to healthy
tissue and also demonstrated several proteins that
are likely to be involved in the tumorigenesis of
differentially various tumors [12].

Using mass spectrometry in basic cancer
research

Mass spectrometry-based methods are also
used in basic research to search for molecular
mechanisms of oncogenesis. Using this powerful
tool in tandem with proteomic analysis enables
to study protein characteristics on a large scale,
including their expression levels, specific post-
translational modifications, and protein — protein
interactions. All this allows for the most complete
understanding of the factors initiating carcinogenesis
and cellular metabolism in oncology at the protein
level. Quantitative proteomics makes significant
contributions to the fundamental understanding of
the molecular pathogenesis of cancer, providing
researchers with comprehensive information about
protein interactions and signaling pathways, altered
metabolites and gene regulation in cancer cells. The
above is also true for lipidomic, metabolomic, and
glycomic analysis methods.

Indeed, many studies published in recent years
provide important insights into cancer biology.
Thus, recent work has substantiated the relationship
between the occurrence and progression of colorectal
cancer and the specific effects of the lipid environment
[50]. It is important to note that the authors took into
account the already known relationship between
colorectal cancer, diet, metabolic disorders, and gut
microbiome status.

When studying brain tumors, it was shown
that primary glioblastomas, as well as those
developed from astrocytomas, are enriched with
mono- and diunsaturated phosphatidylcholines,
while the content of saturated and polyunsaturated
phosphatidylcholines and phosphatidylethanolamines
decreases. These changes are apparently associated
with the availability of polyunsaturated fatty acids
and the activation of de novo lipid synthesis and beta-
oxidation pathways under anaerobic conditions in the
tumor center [75].

Other studies have carried out a detailed study
of the significance of lipid markers that are valid
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for subtyping non-small cell lung cancer regardless
of tissue morphology and immunohistochemical
markers [69], the role of aberrant glycosylation
in tumorigenesis [54], and the contribution of
low-molecular-weight ~ metabolites  (initiators,
intermediates and products of various biochemical
reactions) to the development of tumors [61].
Although all of the above advances relate primarily
to the basic cancer research, in the future, these and
other discoveries will allow for the identification of
new cancer biomarkers and lead to the development
of new therapeutic strategies.

Summarizing the results of modern research
aimed at studying the possibility of using mass
spectrometry for diagnosing and predicting the
course of cancer from the perspective of precision
medicine, we can say that the use of omics research
methods based on mass spectrometry in oncology
is of great fundamental and practical importance.
Metabolomics studies are aimed at identifying and
quantitative (or semi-quantitative) assessment of
metabolites of different classes, understanding their
nature and mechanisms of formation. Understanding
the molecular biology of tumors is important for the
discovery of new biomarkers of the tumor process, as
well as for early detection or subtyping of the tumor.
Expanding the use of mass spectrometry-based
methods in oncology will help increase the clinical
value of biomarkers and find specific metabolites for
various cancers, which is a key point in the search
for new therapeutic targets, and will contribute to
the development of new pathogenetically grounded
preventive measures and recommendations for the
clinical management of cancer patients.

CONCLUSION

Cancers are some of the most serious problems of
modern healthcare [76, 77]. Despite some progress
in the diagnosis and development of approaches to
treatment and prognosis of cancer in recent years,
there is still an urgent need for the discovery of new
cancer biomarkers. Efforts in this direction have
been made using various approaches, including new
high-tech and knowledge-intensive methods, such
as genomics, transcriptomics, metabolomics, and
proteomics [78].

Identification of molecules of interest and total
screening of the molecular landscape in these methods
is carried out using mass spectrometry, which has
come a long way in recent decades, and today is a

powerful technology thanks to the unprecedented
level of sensitivity and specificity of the analysis,
which is used in clinical practice for analyzing
biological samples.

While nucleic acid-based methods of analysis
have the advantage of amplification potential, but lack
the “effector” component, omics technologies and
proteomics, in particular, are considered to be more
relevant in the context of application in oncology,
since the proteome is directly involved in the
implementation of biological effects [79]. Detection
of quantitative and / or qualitative modifications of
proteins characterized by low abundance in biological
samples requires the use of highly sensitive and
specific analytical methods. Liquid chromatography
in tandem with mass spectrometry is the most widely
used method for comprehensive protein identification
and quantification.

The use of mass spectrometry in oncology
research is not limited to the proteomic analysis and
affects other areas of omics research (lipidomics [80],
metabolomics [81], glycomics [82]).

Following the literature review, it was found
that many publications of recent years describe
various approaches and technologies for using mass
spectrometry for analyzing biological samples. Mass
spectrometry was initially used in clinical toxicology
laboratories for specialized identification of target
compounds (1950s) [78]. However, already in 1957,
the development and use of a portable clinical mass
spectrometer for direct, continuous quantitative
analysis of four gases in patient’s exhaled breath
was reported in assessing the function of external
respiration [83].

With the development of new ionization sources
and mass analyzers in the 1990s, mass spectrometry
has made a transition from a complex analytical tool
used almost exclusively by experienced scientists in
research laboratories to a more robust and versatile
technology suitable for a wide range of applications,
including clinical ones [84, 85]. Finally, in recent
years, mass spectrometry in combination with gas
chromatography and liquid chromatography has
become a routine clinical laboratory technology
that can provide critical information about clinical
samples [86]. The development of electrospray
ionization (ESI) and matrix-assisted laser
desorption ionization (MALDI) technologies
has revolutionized the use of mass spectrometry,
allowing researchers to study larger biological
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molecules, such as glycoconjugates, proteins, and
nucleic acids [87, 88]. The development of ESI
has greatly facilitated the use of mass spectrometry
in clinical analyzes of biological fluids, such as
blood and urine [87], while the development of
MALDI has led to advances in molecular imaging
technologies for biological tissue sections for the
diagnosis of cancer [88].

Ambient mass spectrometry-based methods,
which do not involve chromatographic separation, are
extremely promising due to their rapidity [89], while
desorption electrospray ionization mass spectrometry
(DESI-MS) allows for rapid imaging of biological
tissues [90, 91].

The discovery of new cancer biomarkers has
changed current practice in oncology [92, 93].
Tumor genome and transcriptome profiling are now
established tools for the discovery of new biomarkers,
but changes in proteome expression are more likely
to reflect changes in tumor pathophysiology. Mass
spectrometry is a powerful method that allows to
carry out proteomic studies in personalized medicine,
and the overlay of proteomic data on the results of
genomic and transcriptomic studies allows us to
move into the new field of proteogenomics, which
demonstrates a growing potential in understanding
cancer biology [94]. All this makes clinical proteomics
and proteogenomics some of the most promising
areas of molecular clinical research, including
large-scale study of proteins, their expression,
functions and structure, as well as application of the
results obtained for the development of approaches
to diagnosis, treatment, and monitoring of the
effectiveness of cancer therapy. The implementation
of all these methods is impossible without the use of
mass spectrometry.

In the meantime, metabolomics is also one of
the most promising omics technologies, which
comprehensively analyzes low-molecular-weight
molecules (metabolites) in biological systems [95,
96]. Since metabolites are initiators, intermediates,
and products of various biochemical reactions,
significant metabolic changes most accurately
reflect the physiological and pathological processes
occurring in the human body, including the
occurrence and development of cancer [97, 98].
Numerous studies have demonstrated the ability of
mass spectrometry-based approaches for detecting
the results of metabolomic profiling for cancer
diagnosis to predict the effectiveness of proposed

therapeutic strategies and quickly monitor the
progress of treatment [61, 99].

Finally, the latest mass spectrometry-based
methods can be an invaluable tool in the operating
room, as they can quickly analyze biological
materials while the oncologist is working, which
will allow for adjustment of the surgical strategy
[59]. Indeed, the ability to accurately differentiate
between cancerous and healthy tissue within a
short time, as well as to classify a tumor based on
its histologic and molecular features is an extremely
valuable tool when performing operations with
cancer resection [101]. The most prominent
representative of such approaches to the use of mass
spectrometry in oncology is REIMS based on the
analysis of aerosols generated when the tissue is cut
with an electrocautery blade or another instrument
and then placed in a mass spectrometer [102]. This
tool, also known as the smart knife (iKnife), has
been widely used in the surgical differentiation of
healthy and cancerous tissues. [103]. The iKnife is
not the only technology for rapid analysis of such
small volumes of biological samples. Alternative
methods include paper spray (PS) ionization and
probe electrospray ionization (PESI), which involve
ionization of selected analytes by applying high
voltage to the probe, installed directly into the mass
spectrometer [73, 74]. In the CBS-MS approach,
analytes are extracted from a biological matrix using
a specially designed sword-shaped probe coated with
immobilized sorption particles. After extraction,
the probe is inserted into the mass spectrometer
interface, where a drop of desorption solvent is
placed on the surface of the blade to release analytes,
and high voltage is applied to ensure ionization and
analysis of the extracted substances [104]. All of the
described approaches, in addition to high accuracy
and rapidity of the results obtained, allow for the
standardization of diagnostic procedures, which is
necessary for the use of these methods for precision
medicine in clinical practice.

Therefore, mass spectrometry-based technologies
are rapidly moving from laboratory to clinical use in
the direct analysis of biological samples of tissues
and body fluids. At the same time, there is parallel
search for new ways of using them, which can have
a significant positive impact on the development
of approaches to the study of the pathogenetic
features of carcinogenesis at the molecular level,
as well as to the diagnosis and treatment of cancer
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patients. It can be expected that in the next decade,
mass spectrometry and technologies based on
direct analysis of tissue samples will continue to
be implemented into clinical practice and, after
approval by regulatory authorities, will become
routine methods in oncology.
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ABSTRACT

Aim. To study the pathogenic effect in the MYBPC3 splice-site variant in the patient with hypertrophic
cardiomyopathy.

Materials and methods. The study was conducted using a DNA sample obtained from a patient with hypertrophic
cardiomyopathy, in whom a previously undescribed variant was identified in the splice donor site of intron 21. The
methods used included constructing and cloning of minigenes (vector pSpl3-Flu2-TKdel) and transfection of a
human cell culture (HEK293T), followed by isolation of mRNA, production of cDNA, PCR of the minigene region
containing the analyzed fragment, agarose gel electrophoresis, and Sanger sequencing.

Results. The chr11:47339649-A-C (hg38) variant, disrupting the splice donor site in intron 21 (NM_000256.3:
¢.2067+2T>G), was identified in the 23-year-old patient with obstructive hypertrophic cardiomyopathy. To directly
analyze the effect of this variant on splicing, a vector containing exon 21, intron 21, exon 22, and partially introns
20 and 22 of the MYBPC3 gene was obtained. A comparison of mRNAs from the minigenes containing / not
containing the variant showed that the chr11:47339649-A-C substitution led to exon 21 and exon 22 skipping
during splicing.

Conclusion. The study established the functional significance of the previously undescribed variant ¢.2067+2T>G
in the MYBPC3 gene, resulting in disruption of the mRNA splicing mechanism in the patient with hypertrophic
cardiomyopathy. This variant can be classified as pathogenic.

Keywords: hypertrophic cardiomyopathy, MYBPC3, minigene, splicing
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QOyHKUMOHaNbHbIN aHaNN3 HOBON MyTaLMn cnaancuira ¢.2067+2T>G
B reHe MYBPC3 npu runeprtpodpunyeckon Kapguomvonatm

Canaxos P.P.', Fony6eHko M.B.', Cko6nos M.}0.2, CaBueHko P.', Bannaxmertos H.P.’,
NaeniokoBa E.H.?, HazapeHnko M.C.’

! Hayuno-uccneoosamensckuii uncmumym meouyunckou 2enemuxu (HHUU MT), Tomckuii HayuoHaabHblil
uccneoogamenvekull meouyunckutl yenmp (HUMI]) Poccutickotl akademuu HayK
Poccus, 634050, 2. Tomck, Habepeoicnas pexu Ywatixu, 10

2 Meouxko-eenemuuecxuii nayunviii yenmp (MITHI]) um. axao. H.I1. Boukosa
Poccus, 115522, 2. Mocksa, yn. Mockeopeuve, 1

3 Hayuno-uccnedosamenvckuti uncmumym (HUH) kapouonozuu, TomcKutl HAYUOHATbHBLL UCCIE008AMENbCKULL
meouyunckuii yenmp (HUMI]) Poccutickoii akademuu Hayk
Poccus, 634012, 2. Tomck, yn. Kueeckas, 111a

PE3IOME

Heas — uccnenoBaHne MaToreHHOTo 3G QeKTa BapuaHTa B caiite cruaiicuara MYBPC3 y manueHTa ¢ THIEPTPO-
(uuecKoi KapANOMHUOTIATHEH.

Marepunansl n Metoabl. MccnenoBanue mpoBefeHo ¢ ucrnonb3oBaHueM obpasua JJHK manmentku ¢ rumep-
Tpo(hHYECKOH KapIHOMHONaTHEl, y KOTOpOil ObLT BBISBICH paHEe HE ONMCAHHBIA BapHAaHT B JOHOPHOM caiiTe
crtaiicunra MHTpoHa 21. IIpuMeHeHbl MeTObl KOHCTPYUPOBAHHS U KIIOHMPOBAaHUS MUHU-TEHOB (BekTop pSpl3-
Flu2-TKdel), tpancdexuun kyapTyps! kietok yenosexka (HEK293T), ¢ nocnenyronmm seineneanem MPHK, noy-
yenneM k/JHK, TILIP yyacTka MHUHH-Te€Ha, COAEPIKAIIETO aHATIM3NUPYEMBIi pparMeHT, a1ekTpodopesa B arapo3HOM
rene, CeKBeHHpoBaHus 1o CaHrepy.

PesyasTatsl. Bapuant chr11:47339649-A-C (hg38), napymaronyii JOHOPHBIH caiT crulalicMHra B HHTpoHE 21
(NM_000256.3: ¢.2067+2T>G), ObL1 BBISBICH Yy MAlMEHTKH 23 JeT ¢ 00CTPYKTHBHON (opMmoii runeprpodude-
CKol Kapauomuonatuu. [ mpsMOro aHajaM3a BIMSHUS 9TOTO BapHaHTA Ha CIUIAMCHHT OBUI IOJIydeH BEKTOp,
cojepxkamuil 5k30H 21, uHTpoH 21, 3K30H 22, yactuyHo UHTpoHBI 20 u 22 MYBPC3. CpaBHenue MPHK,
MOJy4YEHHBIX JUI1 MUHU-TE€HOB, COAEPKAIUX WIN HECOAEPKALIUX HCCIeyeMbli BApHaHT, 10Ka3allo, 4YTo 3aMeHa
chr11:47339649-A-C npuBoIHT K IPOITYyCKY 3K30HOB 21 1 22 B mporiecce crutaiicuHra.

3akuouenue. B pesynbrare uccieoBaHNS yCTaHOBICHA (YHKIMOHATBHAS 3HAYMMOCTh paHee HE OMHMCAHHOTO
BapuanTa ¢.2067+2T>G B rene MYBPC3, npuBOIAILIETO K HAPYIICHIIO MeXaHu3Ma ciutaiicnara MPHK y marenTa
¢ runepTpoduUecKoil KapaHoMHonaTueil. JlaHHbIN BapuaHT MOXKET ObITh KIaCCH(HIHPOBAH KaK IaTOTCHHBII.

KoaroueBsble cioBa: runeprpoduueckas xkapauomuonarus, MYBPC3, MUHU-T€HBI, CITaHCHHT

KoHpauKT nHTepecoB. ABTOPHI ACKIapUPYIOT OTCYTCTBHE SIBHBIX M MOTEHIMAIBHBIX KOH(IIUKTOB UHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HacTOSIeH CTaThU.

Hcrouynnk ¢pmHancupoBanus. MccinenoBanue BBITOIHEHO 3a cueT rpanTta Poccuiickoro HayuHoro ¢onna Ne 22-24-
01164, https://rscf.ru/project/22-24-01164/

Jas uutupoBanus: Canaxos P.P., ['onybenko M.B., Ckob6noB M.IO., CaBuenko P., Bannaxmeros H.P., IlaB-
mokoBa E.H., Hazapenko M.C. ®yHKIIMOHATIBHBIN aHANIN3 HOBOM MyTanmu ciutaiicunra c¢.2067+2T>G B rene
MYBPC3 npu runeptpoduueckoil KapauoMuonatiuu. bromiemens cubupckotl meouyunsl. 2024;23(2):183-189.
https://doi.org/10.20538/1682-0363-2024-2-183-189.

INTRODUCTION characterized by left ventricular hypertrophy, diastolic
dysfunction, arrhythmias, and sudden cardiac death.
Mutations in the sarcomeric protein genes are
primarily distinguished among the causes underlying
the development of the disease [3].

Hypertrophic = cardiomyopathy is the most
common hereditary cardiovascular disease with the
prevalence of 1:500 in the population [1], and even
1:200, according to some data [2]. The disease is
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The most common causes of the disease are
pathogenic variants found in the myosin binding
protein C (MYBPC3) gene [4]. It is worth noting that
more than 60% of the total number of variants of this
gene are nonsense mutations and splicing mutations,
leading to the nonsense-mediated degradation of
truncated transcripts [5].

In recent years, both the number of identified
genetic variants and the number of bioinformatics
tools for predicting their pathogenicity have been
steadily growing. However, despite all the progress
in the development of algorithms for predicting the
effect of variants in silico, functional analysis with
modeling of the effect at the transcriptional or post-
transcriptional level remains the classic confirmation
of the pathogenicity of a variant. According to the
guidelines for the interpretation of DNA sequence
variants [6], functional studies confirming the influence
of a genetic variant either on the protein structure and
function or on the mRNA structure are some of the
decisive criteria for assessing the pathogenicity of a
variant (PS category criterion — Pathogenic strong).

In cases when it is not possible to obtain mRNA
from the affected tissue of the patient for reverse
transcription polymerase chain reaction (RT-PCR), a
minigene system can be used for functional analysis in
order to study the effect of identified genetic variants
on splicing. The minigene method allows for studying
the effect of the variant using genomic DNA as the
starting material. This approach is very convenient
for studying putative splicing mutations. A significant
advantage of this method is the ability to analyze both
the variant and the wild-type sequence simultaneously
on an identical cell line. This feature makes it possible
to exclude the influence of the in vitro experiment on
the events occurring in vivo. In addition, the use of this
approach allows for interpreting the influence of the
variant on the splicing process itself [7, 8].

During the study of sarcomeric protein genes
in patients with HCM, we identified a previously
undescribed variant at the canonical splice site in the
MYBPC3 gene, which was assessed by the online
resource VarSome [9] as “potentially pathogenic”.
The variant was a chrl11:47339649-A-C (hg38)
substitution disrupting the splice donor site in exon
21 (NM_000256.3: ¢.2067+2T>QG). The variant was
identified in a 23-year-old female patient with signs
of left ventricular outflow tract obstruction and left
ventricular myocardium mass index of 144.9 g /
m? following the results of an echocardiographic
examination. The patient’s family history is not

available. Since the ¢.2067+2T>G variant has not
been previously described in the literature, the aim of
the study was to perform a functional analysis using
a minigene construct to confirm its effect on mRNA
splicing.

MATERIALS AND METHODS

For amplification and subsequent cloning in the
vector, primers with vector linker sequences at the
ends were selected for a genomic fragment containing
exons 21 and 22 and flanking intronic regions (with
at least 100 base pairs) in the MYBPC3 gene (Fig. 1).

F:5’-accagaattctggagctcgagTGACCTGAATATT
ACAAGCCTCCC-3’ and R:5’-attaaggagtgtattaagctt
AGCACACTTCACAGAGACCC-3".

With these primers, the specified region was
amplified from the patient’s genomic DNA using the
Q5® High-Fidelity 2X Master Mix kit (New England
Biolabs, USA), with the PCR conditions described
further. Step 1: denaturation at 98 °C for 30 sec. Step
2 (35 cycles): denaturation at 98 °C for 10 sec, primer
annealing at 60 °C for 15 sec, elongation at 72 °C for
30 sec. Step 3: final elongation at 72 °C for 2 minutes.

The pSpl3-Flu2-TKdel vector used was digested by
Xhol and HindIII restriction enzymes (New England
Biolabs, USA). The PCR product and the restricted
plasmid fragment were purified using the CleanUp
kit (Evrogen, Russia). Then the PCR product with a
total length of 946 bp was cloned into the vector using
the Gibson Assembly® Cloning Kit (New England
Biolabs, USA), as described earlier [10]. The resulting
recombinant vectors were introduced into NEB®
5-alpha Competent E. coli cell culture by chemical
transformation, according to the manufacturer’s
protocol (New England Biolabs, USA).

The selection of colonies containing recombinant
vectors was carried out by seeding the culture onto Petri
dishes containing solid LB medium with kanamycin
(selection marker, 50 ug / ml), followed by reseeding
of the grown colonies into liquid LB medium.
Plasmid DNA was isolated from an overnight culture
of NEB® 5-alpha Competent E. coli. Testing for the
presence of an insert containing or not containing the
¢.2067+2T>G variant was carried out using Sanger
sequencing.

HEK293 FT cells (6 x 10° cells) were seeded in a
6-well plate in the DMEM medium (PanEco, Russia)
with 10% FBS (Capricorn Scientific, Germany)
at 37 °C in an atmosphere of 5% CO,  Transfection
of the plasmids carrying the minigene constructs, as
well as empty plasmids, was carried out in 6-well
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Fig. 1. Schematic representation of the pSpl3-Flu2-TKdel vector and minigene assay protocol. Orange rectangles correspond to
the vector intronic sequences limiting the insertion. Red and green rectangles correspond to exonic sequences of the vector. Gray
rectangles are the exons of the MYBPC3 gene, and a thin green line designates intronic sequences.

plates using the GenJect-39 reagent (Molecta, Russia)
according to the manufacturer’s protocol. Forty-eight
hours after transfection, the cells were harvested for
total RNA extraction using the Lyra kit (Biolabmix,
Russia). The resulting RNA samples were used for
reverse transcription followed by PCR with primers
flanking the minigene construct. PCR products were
visualized using a 1.5% agarose gel with ethidium
bromide.

RESULTS AND DISCUSSION

As a result of the study, we constructed the
pSpl3-Flu2-TKdel vector containing a fragment
of the MYBPC3 gene limited by introns 20 and 22
(chr11:47360694-47361598, hg38) (Fig. 1). After
assemblying the construct and transforming it into E.
coli, we screened colonies containing the wild-type
insert and the potentially pathogenic variant (Fig. 2,
a). Next, the isolated plasmids were transfected into
HEK293T cell culture. Two days later, total RNA
was isolated and reverse transcription was performed
with DNase treatment. Next, PCR was carried out

186

with primers selected for the flanking regions of the
vector encoding fluorescent proteins (TurboFP365
and TagGFP2).

Electrophoresis of PCR fragments obtained using
cDNA as a template showed that in the presence of the
¢.2067+2T>G variant, the length of the PCR product
was 140 bp less than in the case of the reference
sequence of this region. Moreover, in the case of the
wild type, the predominant presence of a transcript
containing only exon 21 and a small amount of a
transcript containing exons 21 and 22 was observed
(Fig. 2, b, ¢). Sequencing of these products showed that
in the case of the ¢.2067+2T>G variant, both exons
21 and 22 are removed from the mRNA, and the two
transcripts observed in the case of the ¢.2067+2T allele
contain either both exons or only exon 21 (Fig. 2, ¢).

It is known that the accuracy and efficiency of
splicing are influenced by many factors, including the
efficiency of splice site recognition, masking of splice
sites and branch points by RNA secondary structures,
intron — exon gene architecture, exonic and intronic
silencers, and enhancers of splicing [11].
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Given that introns 20 and 22 are not fully included
in the minigene, it can be assumed that splicing
enhancers may be located in these regions, affecting
the efficiency of excision of introns 21 and 22 and the
retention of exon 22 in the transcript.

Thus, the experiment showed that the studied
variant leads to the loss of the donor splicing site
and skipping of the entire exon 21. This fact makes
it possible to classify the ¢.2067+2T>G variant as a
pathogenic variant underlying the development of
hypertrophic cardiomyopathy and to identify it as the
cause of HCM in this patient.

RNA splicing is the post-transcriptional process
of removing non-coding intronic sequences from
the original transcripts and joining exons to create
a messenger RNA (mRNA). A significant number
of pathogenic variants in the MYBPC3 gene lead to
a frameshift and subsequent gain of premature stop
codon in the mRNA, or to the splicing alterations and,
as a consequence, to skipping of individual exons (and
also, in some cases, to a frameshift). It is also reported
that variants localized in gene exons can alter exonic
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splicing enhancers and also lead to a disruption of this
process [12].

Theresulting truncated mRNA undergoes nonsense-
mediated decay, leading to haploinsufficiency
(insufficient amount of protein synthesized from one
allele) as the mechanism of action of pathogenic
variants in this gene in the development of HCM [13].
However, it has recently been shown that induced
pluripotent stem cell-derived cardiomyocytes (iPSC-
CMs) with LoF mutations in the MYBPC3 gene
do not always demonstrate a decrease in myosin
binding protein C (MyBP-C) [14]. Similarly, another
study showed that iPSC-CMs containing mutations
resulting in a premature stop codon in MYBPC3
exhibit abnormal calcium signaling and molecular
dysregulation even with normal amounts of MyBP-C,
leading to the activation of the nonsense-mediated
decay pathway and ultimately to the development
of the HCM phenotype [15]. Thus, the very fact of
activation of this pathway triggers the pathogenetic
mechanism of disease development for MYBPC3
variants.
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CONCLUSION

Variations in canonical splice sites almost always
result in splicing errors. However, this disruption type
must be confirmed by studying the mRNA sequence,
since the structure of mRNA cannot yet be accurately
predicted in silico using bioinformatics methods [16—
18]. It should be noted that although some genetic
effects are tissue specific, cis-regulatory effects on
splicing are typically present in a variety of tissues
and cell types [19]. Thus, the effects that a pathogenic
splice variant may have in one tissue are likely to
be very similar to those in other tissues. Therefore,
in vitro cell line studies represent well the in vivo
situation. Our results showed that the ¢.2067+2T>G
variant at the donor splice site in intron 21 leads to
skipping of exon 21, and moreover, to skipping of
exon 22, at least when using this minigene construct.
Thus, the results of the study prove the pathogenic
effect of the chr11:47339649-A-C (NM_000256.3:
¢.2067+2T>Q@) variant.
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Features of cystic fibrosis development in a patient with coinfection
by Mycobacterium abscessus and Mycobacterium tuberculosis (clinical
case report)
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ABSTRACT

The article presents a clinical case describing a favorable clinical outcome of mycobacterial infection and pulmonary
tuberculosis caused by coinfection of M. abscessus and M. tuberculosis in a patient with pulmonary manifestations
of cystic fibrosis one year after delivery. This outcome was achieved due to timely diagnosis and treatment of
pulmonary tuberculosis and non-tuberculous mycobacterial infection in the patient with cystic fibrosis. Due to the
development of molecular identification of mycobacteria species in the Tomsk region, mycobacterial lung disease
was verified, which was challenging in the recent past. Previously, all cases with microscopic examination results
positive for mycobacteria were classified as tuberculosis.

Keywords: cystic fibrosis, nontuberculous mycobacteria, M. abscessus, pulmonary tuberculosis, M. tuberculosis,
coinfection
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Poccus, 634050, 2. Tomck, yn. Poswt Jliokcembype, 17

3 Meouxo-canumapnas wacmo Ne 2
Poccus, 634063, 2. Tomck, ya. Bera Kyna, 3

PE3IOME

IpencraBieHo KIMHUYECKOE HAOJIIOJCHUE, OMMCHIBAIOIIEEe CiTydail OJaronpusTHOrO KIMHHUYECKOTO TEYEHHS
MHUKOOaKTepHo3a 1 TyOepKyJie3a JIeTKUX, BhI3BaHHbBII MUKCT-uHQekuueit M. abscessus v M. tuberculosis y nauu-
€HTKH C JICTOYHBIMH MPOSIBJICHUSMH KHCTO3HOTO (pubpo3a (MyKOBHCIHI032) Yepe3 | ToJ mocie pogopaspele-
HYA. JlaHHEIN pe3yNbTaT JIeueHUs ObUT JOCTUTHYT C TIOMOIIBI0 CBOEBPEMEHHOM THarHOCTHKHU, HAYaTOMY JIEYEHHIO
TyOepKyJie3a 1 MUKOOAKTepHo3a JITKUX Y MAlUeHTKH ¢ KHCTO3HBIM (HOpo3oM (MyKoBHCLHI030M). briaronapst
pa3BuTHIO B TOMCKOH 00:1aCTH MUKPOOHOJIOTNYECKOH BHIOBOM HACHTU(HKAIINY MUKOOAKTepHii, ObLT BepudULIn-
POBaH MHKOOAKTEPHO3 JIETKHX, YTO €lle B HEJaBHEM IIPOILUIOM ObLIO MPOOIEMATHIHO, ¥ BCE CIIydau C ITOJIOXKH-
TEJILHOW MUKPOCKOIHNEH OBUIN OTHECEHEI K TyOepKyIiesy.

KawueBble cioBa: KucTo3HbIH (HrOpPo3 (MyKOBHCIUIO3), HETyOepKyle3Hble MHUKOOakTepuw, M. abscessus,

TyOepKynes erkux, M. tuberculosis, MUKCT-MHDEKITS

KOHq)J'lPlKT HHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SABHBIX W INOTCHUHUAJIbHBIX KOH(bJ'[I/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6HI/IKaHHeﬁ HaCTOHLLIeﬁ CTaTbH.

HcroyHuk ¢uHAHCHPOBAHMS.
HCCIIE0BAHMSI.

ABTOpBI 3afBIAIOT 00 OTCYTCTBHM (PMHAHCHPOBAaHMS IIPH TIPOBEICHHH

Jast uutupoBanusi: dumuniok O.B., Kpyk E.A., Terenea A.B., Jlorunosa F0.A., Kocrosikosa E.I1., becnanosa 1. /1.,
Terenes K.®., Kapzunos A.U., Mumrycruna E.JI. OcoGeHHOCTH TedyeHHsT MyKOBUCLUA03a NPH coYeTaHUUu My-
cobacterium abscessus w Mycobacterium tuberculosis (knuHu4Yeckoe HaOmroaeHUE). Broanemens cubupckoul

meduyunsvl. 2024;23(2):190-198. https://doi.org/10.20538/1682-0363-2024-2-190-198.

INTRODUCTION

In 1953, the extremely rare opportunistic
pathogenic microorganism Mycobacterium abscessus
that is fast-growing non-tuberculous mycobacteria
(NTMB), whose natural environment is soil and
water, was isolated from a soft tissue abscess of a
patient after a knee injury [1, 2]. Due to the presence
of identical biochemical properties, until 1992 they
were combined into one species with Mycobacterium
chelonae, which causes mycobacterial infection of
soft tissues in a fish. Subsequently, after genomic
analysis, the M. abscessus species was divided into
three subspecies combined into the MABSc complex:
M. abscessus subsp. abscessus, M. abscessus subsp.
massiliense, M. abscessus subsp. bolletii. These
microorganisms have a single sequence of the 16S
rRNA gene, but there are differences in specific genes,
in particular, those of great clinical importance for
resistance to macrolides (erm41 gene) [3].

Currently, according to foreign sources, NTMB
of the MABSc complex are the second most common
in patients with various chronic lung diseases after
representatives of the M. avium complex and the first
among all fast-growing mycobacteria [4]. The results
of studies conducted in our country similarly show
that in patients undergoing differential diagnosis in

specialized anti-tuberculosis institutions, M. abscessus
is most often isolated from fast-growing mycobacteria
[6-8]. At the same time, the intraspecies differentiation
of M. abscessus shows that the subspecies M.
abscessus subsp. abscessus dominates in Russia (up to
70%), the subspecies M. abscessus subsp. massiliense
is in the second place in terms of detection frequency
(27%), and M. abscessus subsp. bolletii is not actually
found [9]. In clinical practice, patients undergoing
immunosuppressive therapy are mainly at high risk
of MABSc infection: recipients of parenchymal organ
transplants and patients receiving glucocorticoid and
cytostatic therapy for various reasons [2, 10—12].

CLINICAL CASE

We present a clinical case of coexisting
mycobacterial infection and pulmonary tuberculosis
in a patient with cystic fibrosis. Actually, we narrate
a further medical fate of a woman who had complex
clinical features of cystic fibrosis during pregnancy
and childbirth, described earlier [13].

Medical history. A female patient born in 1997 with
a family history of cystic fibrosis (her sister is also ill)
had symptoms of the underlying disease from the age
of 1.5 months, the diagnosis was verified at almost
5 years old (sweat chlorides — 119 mEq / 1). At the
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age of 14, lower lobar thoracoscopic lobectomy was
performed for bronchiectasis in S 8-10 on the right.
In 2017, the patient had chronic vasomotor rhinitis at
the vasodilation stage and underwent another surgical
intervention — submucosal vasotomy of the lower
nasal concha. The patient had one pregnancy and one
childbirth. She lives in a comfortable apartment with
her parents, husband, and one-year-old child. The
patient claims she does not smoke, drink alcohol or
use drugs.

The patient is constantly followed up at the
Research Institute of Medical Genetics with the
diagnosis: cystic fibrosis, mixed form (pulmonary
intestinal), moderate severity, continuously recurrent
course. Compound heterozygous for Dele 2,3/E92 K.
The patient had chronic pancreatic insufficiency,
severe course. According to the underlying disease,
the patient was granted the status of category 3
disability indefinitely. The patient receives basic
therapy: pulmozyme (tigerase) 1 ampoule per day
through a nebulizer; bramitob 300 mg 2 times a day
through a nebulizer (a cycle of 28 days followed by
a break of 28 days) or in a similar scheme colistin 80
mg 2 times a day; creon 25,000 units (based on 6,000
units / kg of body weight) 10 capsules per day with
meals; ursofalk 250 mg, 5 tablets per day (3 tablets at
lunch after meals and 2 tablets at night); periodically
— bronchitol 400 mg 2 times a day. Twice a year,
she had scheduled hospitalizations in pulmonology
departments, if necessary, with an exacerbation of
bronchopulmonary infection, she was hospitalized
urgently.

Starting from 20.05.2021, the patient had another
scheduled hospitalization in the Pulmonology
Department of the City Clinical Hospital No. 3. of
Tomsk. She was worried about a constant cough
with the release of a small amount of yellow sputum,
an increase in body temperature to 38.0 °C. On
auscultation, wet wheezing was noted in the lungs,
moderate leukocytosis (11.8 x 10°/ 1) was observed
in the CBC, Staphylococcus aureus was cultured
from the sputum, with sensitivity to meropenem,
ertapenem, and imipenem. When the patient was
receiving antibacterial therapy, negative changes were
established in the form of an increase in symptoms
of intoxication and leukocytosis. Lung X-ray upon
admission detected focal infiltrative changes in the
pulmonary parenchyma around bronchiectasis that
were also without significant changes. According to
the examination algorithms for patients with chronic
pulmonary diseases accepted in clinical practice,

the patient’s sputum was redirected to Tomsk
Phthisiopulmonology Center (TPMC) for testing for
tuberculosis by molecular genetic methods. MBTs
with preserved sensitivity to rifampicin were detected
by the GeneXpert method. On 28.05.2021, for further
examination and treatment, she was transferred to the
TPMCn to the department for patients with pulmonary
tuberculosis.

Upon admission, the condition was of moderate
severity, with shortness of breath during physical
exertion and cough with mucopurulent sputum
discharge. The patient’s indicators were as follows:
blood pressure 94/63 mm Hg, pulse 118 per minute,
body temperature 36.4 °C, saturation 99%. The patient
was conscious and alert. The skin was pale, with
normal humidity. The body build was hyposthenic,
the subcutaneous fat layer was poorly developed.
The mucous membranes were normal and pink.
Peripheral lymph nodes were not palpable. The heart
sounds were clear and rhythmic. The chest was of
the correct shape, breathing was harsh with multiple
moist fine bubbling rales, respiratory rate was 18 per
minute. The abdomen was soft and non-tender upon
palpation. The liver was not enlarged. The blistering
symptoms were negative. The spleen and kidneys
were not palpable. There was no peripheral edema.
The bowel movement occurred 2 times, it was liquid
without pathological impurities of the usual color,
diuresis was normal.

Data from laboratory and instrumental
examinations upon admission were as follows. Com-
plete blood count: hemoglobin — 107 g / 1, erythro-
cytes —4.64 x 102/ 1, leukocytes — 5.09 x 10°% 1, neu-
trophils 30%, lymphocytes 62%, monocytes 8%.
Erythrocyte sedimentation rate was 5 mm / h. Blood
biochemistry: total protein 72.5 g/ 1; albumin 40.4 g/ 1;
alanine aminotransferase — 7.1 U / 1; aspartate
aminotransferase—17.8 U/I; creatinine—75.8 mmol /1,
urea—2.9 mmol/[; fasting blood glucose—5.1 mmol/1;
amylase 35.8 U / I; alkaline phosphatase 262.6 U / 1.
Blood tests for HIV, hepatitis B and C were negative.
General urine analysis: light yellow color; relative
density 1,015; pH 6; protein, glucose — negative;
epithelium 1-2; leukocytes 2-4; erythrocytes 1-2.
Spirometry: forced vital capacity (FVC) — 3.53
(70.24%); forced expiratory volume in 1 second
(FEV1) —2.87 (67.79%); FEV1 / FVC — 79.4 (96%).
Conclusion: moderate type I obstructive impairment
of lung ventilation function. ECG: the position of the
electrical axis of the heart was vertical, the rthythm
was sinus, the heart rate was 112 beats per minute.
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Sputum test results from 31.05.2021: by luminescent
microscopy — acid-resistant microorganisms (ARM)
(+++). PCR detected MTB DNA (sensitivity to
isonazide and rifampicin was preserved), MTB growth
was detected using microbial culture on liquid nutrient
media (BACTEC MGIT 960), sensitivity to first-line
drugs was preserved. Sputum culture on dense media —
continuous MTB growth (+++), sensitivity to isoniazid,
rifampicin, streptomycin, ethambutol, kanamycin
(HRSE Km, respectively) was preserved. When cultured
on liquid and then on dense media, NTMB was found,
which in two samples were identified as M. abscessus
subsp. abscessus. Typing was performed at the
Novosibirsk Tuberculosis Research Institute using DNA
hybridization on strips/time-of-flight mass spectrometry.

Computed tomography (CT) (28.05.2021,
Fig. 1) detected infiltrative foci of different size in

_..-‘-...

S

Fig. 1. Chest CT (28.05.2021).Signs of focal dissemination with consolidation around bronchiectasis in moderate pneumofibrosis

The patient was enrolled in the 1st group of follow-
up with the diagnosis of disseminated pulmonary
tuberculosis, infiltration phase, MTB (+). At the
beginning, treatment was prescribed according to the
regimen of drug-sensitive tuberculosis with a daily
dosage of medicines according to body weight (H 0.6;
R 0.6; Z 2.0; E 1.2) with an enhanced regimen for
levofloxacin (Lfx) 1.0. After NTMB was identified,
clarithromycin 1.0 was added to the treatment
regimen.

During treatment, the patient developed adverse
reactions to pyrazinamide — joint pain (relieved by
the prescription of nonsteroidal anti—inflammatory
drugs), and ethambutol decreased visual acuity (it was
canceled). Furtheron, the prescribed therapy brought
about positive clinical and radiological changes in the

,‘f‘

both lungs with a trend toward a merge into areas
of consolidation, in the lower medial part of the
right lung, a consolidation site measuring 45 x 35
mm with signs of volume reduction and traction
bronchiectasis. In the supra-diaphragmatic zone of
the left lung at S 8, 9, 10, there were merging foci
and areas of consolidation of a similar nature with
partially preserved bronchial patency and traction
bronchiectasis. At S5, there was a subpleural
consolidation site with signs of volume reduction and
cylindrical traction bronchiectasis. Cylindrical and
cystic bronchiectasis were determined by separate
groups in the upper part of both lungs, more often
on the right. Conclusion: focal lung dissemination,
signs of bilateral polysegmental pneumonia, areas
of local pneumosclerosis in the basal parts of both
lungs; bronchiectasis of both lungs.

d Y

form of a decrease (resorption) of focal opacities and
areas of consolidation (Fig. 2).

Microbiological analysis data over time: positive
microbial culture test for MTB persisted for 8§ months
until February 2022, positive test for NTMB persisted
for 12 months until May 2022. The patient was
removed from the register in September 2022. The
total course of treatment was 12 months. In the summer
of 2023, there was a recurrence of bronchopulmonary
infection caused by Klebsiella pneumoniae, in the
diagnostic titer 10°. She was examined, including
for the recurrence of tuberculosis and mycobacterial
infection, no data were obtained. Currently, the
patient’s condition is satisfactory, she is followed up
by a pulmonologist and continues treatment for cystic
fibrosis.
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Fig. 2. Chest CT (30.07.2021): in comparison with the CT study of 28.05.2021, there was an improvement in the pulmonary
pneumaticity in the lower lobe of the left lung due to a decrease in the number of focal opacities, the area of consolidation, and the
severity of the interstitial inflammation

DISCUSSION

Among chronic lung diseases, predisposing
factors to the development of mycobacterial
infection caused by MABSc include bronchiectasis,
cystic fibrosis, chronic obstructive pulmonary
disease, primary ciliary dyskinesia, allergic
bronchopulmonary aspergillosis, a-1-antitrypsin
deficiency, pneumoconiosis, interstitial lung disease,
pulmonary alveolar proteinosis, as well as conditions
requiring frequent surgical interventions, punctures,
injections, prosthetics [6-9, 12, 14, 15]. The symptoms
of this pulmonary pathology are nonspecific and
very similar to chronic infections of other etiologies,
including tuberculosis. Clinical studies have shown
that before the diagnosis of mycobacterial infection
of the lungs caused by M. abscessus, patients in a
third of cases have other types of NTMB, in half of
cases they had previously experienced pulmonary
tuberculosis.

According to CT data, bronchiectasis and single
or multiple destruction cavities were detected in more
than 50% of cases, and dissemination was detected
in every third patient. Almost 70% of the sputum
was found to contain acid-resistant bacteria [16]. In
addition to the lungs, M. abscessus can also cause
extrapulmonary infections of the central nervous
system, skin, soft tissues, bones, joints, lymph nodes,
other parenchymal organs, as well as generalized
disseminated processes.

According to available data, mycobacteria of
the MABSc complex have numerous virulence
factors, ranging from early stages of colonization
to intracellular persistence, which actually allow
subspecies of M. abscessus to be classified as true

pathogens, especially in patients with weakened
immunity. The hydrophobicity of the mycobacterium
cell wall contributes to their strong adhesion to various
surfaces with the formation of biofilms, which provide
high colonization in natural (bodies of water) and
artificial reservoirs of infection, such as various water
supply systems at home and in healthcare institutions,
for example, on medical devices, surgical instruments
/ devices, dialysis, ventilators, and other devices [12,
14, 15].

An important feature of MABSc is the high content
of lipids and waxes in the cell wall (glycopeptidolipids,
GPL, up to 60% of dry weight), which plays a key role
in the intracellular survival of microorganisms. GPL
M. abscessus, like other virulent mycobacteria, form
a cord factor and bind microorganisms together in the
form of braids and bundles, bypassing the digestion
processes [17]. This is facilitated by an advanced
expression network of transport proteins (31) of lipid
metabolites for GPL cell wall biosynthesis (MmpL and
MmpS), which are known to be virulence factors in
slow-growing mycobacteria, such as M. tuberculosis
and M.bovis, severe pathogens for humans and
animals [18].

In addition to inhibiting phagocytosis processes,
the highly immunogenic GPL of mycobacteria of
the MABSc complex shifts the effective initiation
of cellular adaptive immunity toward an increased
humoral response, which leads to increased apoptosis,
extracellular replication microorganisms, and the
development of acute inflammation and tissue
damage with the formation of abscesses in infected
people [19]. It has been proven that MABSc possess
a whole set of genes (in particular, GroEL-ES, hsp,
ESX-4, EsxU and EsxT) responsible for survival of
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microorganisms inside macrophages. Their functional
expression allows them to avoid intracellular oxygen-
dependent destruction processes. such as heat shock or
oxidative stress, and switch to a phenotype of slower
growth, using various sources as energy, for example,
fatty acids [20, 21].

Uniqueness of M. abscessus regarding its
pathophysiology is confirmed (in addition to weak
permeability of the cell wall) by the presence of efflux
pumps capable of removing drugs, as well as enzymes
that modify both antibacterial agents and their targets
(Table).

Table

Biological determinants of M. abscessus drug resistance

Factors of natural / acquired drug resistance
(enzymes or mutations)

Antibacterial resistance

Rifampicin-ADP-ribosyltransferase

Resistance to rifampicin

Rifampicin-ADP monooxygenase

Resistance to rifampicin

Rifamycin-glycosyltransferase

Resistance to rifampicin

Aminoglycoside-2-N-acetyltransferase

Resistance to aminoglycosides

Aminoglycoside-2-N-phosphotransferase

Resistance to aminoglycosides

B-lactamase

Resistance to B-lactams, including cephalosporins and carbapenems

Flavin-containing monooxygenase

Tetracycline resistance

The presence of the erm41 gene in M. abscessus subsp. Abscessus and
M. abscessus subsp. bolletii (M. abscessussubsp. massiliense does not
have it)

Resistance to macrolides

Induced mutations in the 23S rRNA gene via the functional erm41 gene

Acquired resistance to macrolides (clarithromycin induces erm41 to a
much greater extent than azithromycin)

Induced mutations in the /65 TRNA gene

Resistance to aminoglycosides (amikacin, kanamycin, and
gentamicin)

Induced mutations in the eMBB gene

Resistance to ethambutol

Mutations in the regions determining resistance to quinolones (QRDR,
gyr A4, gyr B)

According to available data, since the M. abscessus
genome was decoded in 2009, this mycobacteriosis
pathogen has a wide range of natural drug resistance to
antibiotics. Taking into account, among other things,
their high mutagenic activity, leading to the formation
of secondary resistance, this disease is an “incurable
nightmare” for clinicians with low treatment
effectiveness (less than 50%) in most patients, even
after a combination of 4-5 antibacterial drugs during
months of therapy [21, 22]. M. abscessus has natural
resistance to first-line anti-tuberculosis drugs, such as
HRZE. In addition, M. abscessus is resistant to the
main antimicrobial drugs used in respiratory infections,
such as [B-lactams, aminoglycosides (gentamicin),
cyclins (doxycycline), sulfonamides, and macrolides
(erythromycin), and induced or mutational resistance
to fluoroquinolones is also manifested [2, 23].

As is known, patients with cystic fibrosis are highly
susceptible to bacterial and mycotic infections, most
often caused by Staphylococcus aureus, Pseudomonas
aeruginosa, Burkholderia cepacia complex, including
NTMB [15, 24]. At the same time, transmission of
infection caused by mycobacteria of the MABSc
complex can be carried out from person to person [25].
The mechanisms of susceptibility to these infections

Resistance to fluoroquinolones

in patients with cystic fibrosis are explained by the
pathogenesis of the disease, where due to a mutation
in the CFTR gene (cystic fibrosis transmembrane
conductance regulator), transport of -electrolytes
between the cell and the intercellular fluid changes,
which leads to the formation of thick viscous sputum,
secondary ciliary dysfunction of the bronchial mucosa,
and inability to effectively eliminate microorganisms
from bronchial secretions.

In addition, macrophage dysfunction is also
observed in patients with cystic fibrosis, leading to
impaired phagocytosis and excessive production
of inflammatory mediators. More and more
scientific evidence is being accumulated of a certain
predisposition of these patients to infection caused
by M. abscessus [9, 12, 14, 15, 26]. A typical
treatment regimen includes intensive therapy using
> 2 parenteral antibiotics (options include amikacin,
imipenem, tigecycline) for 6-8 weeks, followed by
maintenance therapy with clofazimine and inhaled
amikacin with or without azithromycin (taking into
account its immunomodulatory effect) [27].

Unlike mycobacterial infection, pulmonary
tuberculosis is potentially possible, but occurs in single
cases of patients with cystic fibrosis. Data obtained
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from Russian and French cystic fibrosis centers report
11 cases (8 in Russia, 3 in France) of coexisting
pulmonary tuberculosis and cystic fibrosis. It is worth
noting that in none of the described cases, the diagnosis
was based on clinical and radiological symptoms, but
only on the bacteriological examination of sputum,
and in almost half of the cases, Russian patients had
positive microscopy and multidrug resistance of the
pathogen [28].

Simultaneous detection of MBTC and NTMB in
mycobacterium cultures is not common, only a few
publications are devoted to this issue. One of the latest
foreign studies in South Korea determined that out of
6,201 culture samples, 2,456 (59.0%) were identified
as MBTC, 2,456 (39.6%) as NTMB, and only 86
(1.4%) as mixed. At the same time, in the last samples,
M. intraculturale (29.0%) and M. abscessus (29.0%)
were determined in equal proportions together with
M. tuberculosis [29]. Data obtained in Russia are
similar. In 5,531 patients secreting mycobacteria,
M. tuberculosis was detected in 3,829 (69.2%)
mycobacterium culture samples, while NTMB was
detected in 1,638 (29.6%). Mixed populations were
found in 64 cases (1.2%), of which four (6.2%) had
M. tuberculosis + M. abscessus[30]. Detailed
information on patients secreting mixed mycobacterial
cultures has not been published.

CONCLUSION

Thus, a clinical case demonstrates a favorable
clinical course of mycobacterial infection and
pulmonary tuberculosis caused by coinfection of
M. abscessus and M. tuberculosis in the patient with
pulmonary manifestations of cystic fibrosis one
year after delivery. In the available publications,
there was only one case of such coinfection in an
immunocompetent patient without cystic fibrosis,
whose favorable outcome would be determined only
after pneumonectomy [31].

In our case, it should be noted that the algorithm
for diagnosing tuberculosis in patients with chronic
infectious processes in the lungs is justified.
The development of molecular identification of
mycobacteria species in the regions makes it possible
to verify mycobacterial infection in the lungs, which
was challenging in the recent past, and all cases with
positive microscopy were classified as tuberculosis.
Despite the fact that drug-sensitive NTMB has not
been identified, effective therapy allows to conclude
that M. abscessus subsp. abscessus were sensitive to
macrolides (clarithromycin). It is worth noting that

bacteria continue to excrete for a long period of time:
MTB - 8 months of treatment, NTMB — 12 months.
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U3paTtenbckuu oM Cubupckoro rocyaapcTBeHHOro
MeAULMHCKOro YHUBEepcuUTeTa npeacTaBnsieT Ceputo KHUr

«Hacmemue TOMCKOM MEeIULMHbI»

Khura nocesiweHa 130-neTHemy tobuneto kaceapbl rocnuTanbHOM Xpyprim
Cubl'MY. MpuBeaeHbl Grorpaduyeckne gaHHble 79 COTPYAHMKOB KITMHUKM U

KA@EMPA kadeapbl rocnutanbHom xupyprum B nepuog ¢ 1892 no 2022 r. im npeplwecTtsyeT

O CNUT AN EHONBXUBYPLAM] I'IO,EI,DO6Haﬂ CTaTbd, Xapaktepusyruiasa OCHOBHbIE Hay4YHO-NMpaKTU4eckne
G PR G oS COCY ANCTON OOCTUXEHMUS KOMNMEeKTMBa Ha KaXaoM UCTopu4eckom oTpeske. B nsgaHum
_— YNOMAHYTbI HE TOJSIbKO BblAakowWwmnecsa Xxmpypru, 3sesabl MMpOBOlyl BENUYnHbI, HO U

H
" psiaoBble npodheccopa, AOLEHTbI, aCCUCTEHTbI, Bpaun-0pAMHaTOpbl, MHOTUe 13
KOTOpPbIX CBsi3anu ¢ kadheapor 1 KINMHUKON BCHO CBOK TpyaoByto buorpaduto. Mpu
N3NOXEeHUV maTepuana Hapsay ¢ TPaaULMOHHBIMU CTOYHUKaMK MHopMmaLum
MCronb3oBaHbl aBTobrorpadgryeckne JOKYMEHTbI, JaHHbIE N3 CEMENHbIX apXUBOB,
NPOV3BOACTBEHHbIE XapaKTEPUCTUKN HepeaKo C COXPaHEHNeM aBTOPCKOrO CTUNS.
370 No3BONSET NofHee oLwyTTb atTmocdepy B obLiecTBe 1 paboyem
KONMEKTUBE B pa3Hble roapl CyLEeCTBOBaHWS KNMHUKK. TekcToBas MHdopmaums
conpoBoxaeHa 6oraTbIM UNMIOCTPATUBHLIM MaTepuanom, MHorne cotorpacum
ony6nvKkoBaHbI BNepsble.
M3paHve npegHasHayeHo Ans XMpypros, CTYAEHTOB CTapLUMX KypcoB
BpayebHbIX hakynbTeToB, CNeuuanMcToB No NCTOPUN MEANLIMHBI.

TpéxTOMHasi UNNOCTPUPOBaHHas
NIeTONUCb OAHOIO U3 CTapenLmx
1 Hanbornee aBTOPUTETHbIX
MeaMLUMHCKUX By30B Poccum —
Cunbunpckoro (Tomckoro) rocyAapCTBeHHOro R ———

MEOMLMHCKOrO YHUBEPCUTETA SIBMSIETCS MO CyTU NEPBON CEPbESHON MOMbITKON AETOMCH
ocBeTUTb bornee Yyem 140-NeTHIO NCTOPUIO ATOTO NPOCaBNEHHOrO
yHuBepcuteTa.OCobGEeHHOCTBI0 M3aaHNs SIBNSETCS ero Goratenmin MNncTpaTuBHbIN
matepwvan, BkrovatoLwmii bonee Yetbipéx Toicsy poTorpacpuii (B Tom uncne paHee
NpaKkTU4eCcky HEN3BECTHbIX), M HUKOTAA He Ny6GrnmkoBaBLUMECS A0 3TOTO KpaviHe
NBOMNbITHLIE U MHTEPECHbIE (haKTbl O XM3HU YHUBEPCUTETA, Er0 CTYAEHTOB 1
npodeccopoB, BOCMOMUHAHWS 1 pacckasbl BbINMYCKHWKOB U NpenogaBaTenen By3a.
[nsi camoro LMpOKOro Kpyra
yuTaTenei, MHTEPeCcyLMXCs
VNCTOPUEN POCCUNCKNX YHUBEP-

CUTETOB, OTEYECTBEHHOTO BbIC-

R s LLIEro MeaULIMHCKOro 06paso- frarees
BaHWS 1 HayKun, pasBUTMEM

KIMUHUYECKUX U Hay4Ho-meaun-
AKRANEMMK X

LMHCKNX LLIKOI, 30paBOOXpPaHEHUA,

n"“]‘p"ﬂ nHHTpHEBHq nctopuen TOMCKa,PCMGMpM,
INIOKOB 2

B kHUre npeacraeneHbl Guorpadus u 0630p Hay4How,
nefarorn4yeckon 1 obLLeCTBeHHO AeATeNbHOCTY
BblJAIOLLIErocst y4EHOro, TepanesTa, KNMHULWUCTA, akageMuka
AMH CCCP, l'eposi Counanuctmnyeckoro Tpyaa, naypeata
CranuHckon npemun Amutpus [mutpuesuya HAbnokosa
(1896-1993).

[ina Bpayen, CTyAEHTOB, BCEX NHTEPECYIOLUMXCH UCTOPUEN
MEAULINHDI.
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