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UspaTenbckun pom Cubupckoro
rocyfapcTBeHHOro MeguLMHCKOro
YHUBEpPCUTETa NPeAcCTaBAfAeT CepUio KHUT

«Hacnepue
TOMCKOM METIMLIMHbL»

KHura nocesileHa namatm
[0KTOpa MEAULIMHCKMX Hayk,
npodeccopa Bnagummpa
HembsiHoBnya Cyxonono
LE. Bansona, T.M. s : - (1919-2000), yqacTHWKa 06OPOHbI
JlenuHrpaga, nHsanvuga Benukon
AKAOEMHR OTevecTBeHHOW BOWHbI, pabo-
HHKONNH BACHNLEBHY BOCTIOMHHANHS TaBuero 8 CUBMPCKOM rocynap-
BE CTBEHHOM MEAMLMHCKOM YHUBEP-
0 NPOGECCOPE CYXoOono cutete (CMBIMY, ToMckoMm Meau-
LIMHCKOM MHCTUTYTE) B 1948—
2000 rr. C yBaxkeHneM, BOCXMLLE-
HveM 1 nbosbio Npodeccopa
B.[. Cyxoqono BCNOMUHAKT yye-
HVKW, KOnnerun, apy3bsi, YneHbl
cembW, pofdHbIe.
[insa Tex, KTO UHTepecyeTcs
NCTOPUEN MeaNLMHBI,
Cunbupckoro rocyaapcTBEHHOIO
MEAULIMHCKOIO YHUBEPCUTETA,
Tomcka.

B kHure npepctaeneHbl Guorpadumsa n
0630p Hay4HOW, Nefarornyeckon u
06LLEeCTBEHHOW AEATENBHOCTU MLP. 1
BblgatoLerocsi papmakonora, akagemvka
AMH CCCP, 3acny»eHHOro aestens Hayku ARANEMHR
PC®CP, naypeata CtanuHckon CEPTER NETPOBHM
(FocynapcTtBeHHOM) npemun Hukonas RAPMOR
Bacunbesuya BepumHuHa (1867—-1951). -

[Ina Bpayen, CTyAEHTOB, YYeHbIX, BCEX

VHTEPECYIOLMXCA NCTOPUEN MEANLINHBI. B knure npeacTasieHs!
Buorpacus n 063op

Hay4YHOW, Negarornyeckom u
obLLecTBeHHON AeaTenb-
HOCTY BblaOLLErocsi
MUKpobuonora, Bupycorora
W anugemMuornora, akagemuka
AMH CCCP, 3acny»xeHHoro
aesAtensi Haykn PCOCP
Cepresi NeTpoBuya Kapnosa
(1903-1976).

[ns Bpayen, CTyAEHTOB,
YYeHbIX, BCEX MHTEPECYI0-
LLIMXCS UCTOpUE MEQULINHDI.
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ABSTRACT

Aim. To study the characteristics of the course of arterial hypertension (AH) and subclinical cardiac damage during
breast cancer chemotherapy with doxorubicin.

Materials and methods. The study included a total of 27 women with breast cancer (BC) and a history of controlled
hypertension who were to receive chemotherapy with anthracyclines. Twelve women had stage 1 hypertension;
15 women had stage 2 hypertension. The patients received dual antihypertensive therapy according to clinical
guidelines. All patients underwent echocardiography and 24-hour blood pressure monitoring at baseline, after the
last course of chemotherapy, and 12 months after the end of chemotherapy. The control group included 35 women
with BC without a history of AH, who also were to receive anthracycline chemotherapy.

Results. A significant relationship between pre-existing AH and the development of left ventricular systolic
dysfunction 12 months after the completion of chemotherapy (p = 0.01) was found. According to 24-hour blood
pressure monitoring, 15 women (55.6%) showed deterioration of blood pressure control after the completion of
chemotherapy, which required modification of antihypertensive therapy by adding one more drug to the treatment
regimen. At 12 months after the end of chemotherapy, in 13 women, hypertension control was reached with triple
antihypertensive therapy. In two women, hypertension became resistant, which required prescription of a four-
component antihypertensive regimen.

Conclusion. Pre-existing AH plays an essential role in the development of anthracycline-induced cardiotoxicity,
despite the quality of blood pressure control. Polychemotherapy with anthracyclines may deteriorate blood pressure
control in patients with AH, which requires addition of antihypertensive drugs to the treatment regimen.
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PE3IOME

Heus. M3ydyenne ocobeHHOCTEN TeueHUs apTepraibHOil runeprensuu (Al') n pa3BuTHs cyOKIMHUYECKOTO Oopa-
JKEeHHsI cep/a Ha QoHe XUMHOTEpannH JOKCOPYOULIMHOM paka MoJIouHOit xene3sl (PMIK).

Marepuaibl 1 MeToAbl. B uccnenoBanue BiitoueHsl 27 sxeHuuH ¢ PMIK, numeromux B aHaMHe3e KOHTPOJIH-
pyemyto AL, koTopsiM uiaHupoBaiach nonuxumuoTepanus (I1XT) ¢ ucnons3oBaHueM aHTPAIMKIHHOBBIX aHTH-
OMOTHKOB. Y 12 *KEHIINH 3aperucTpUpOBaHa THIICPTOHIYECKast 00JIe3Hb 1-if cTaauu, y 15 )KeHIuH — 2-i cTaauu.
[TarueHTKH 1M0JTyYaan JBOMHYIO aHTUTHIIEPTEH3UBHYIO TEPAITUIO COIIACHO KIIMHUYECKUM peKoMeHanusM. Beem
MaIMEHTKaM TPOBOIMIIACH dXOKapAHOrpadusi U CyTOYHOE MOHUTOPUPOBAHUE apTepHATbHOTO naBieHus (AJl) uc-
XOJHO, TI0CJIe IIOCIEHEro Kypea 1 uepes 12 mec nocie okonuanus IIXT. B rpynmy KoHTposis BKItOUEeHbI 35 XKeH-
e ¢ PMOK 6e3 AT” anamHe3e, KOTOPBIM TaKKe IJIAHUPOBAIach TEPAITUs aHTPAIIUKIMHAMH.

Pe3yasTatsl. Habmonanacs 3HaunMas B3aMOCBSI3b MEXTy paHee CyIecTBoBaBIIei A’ 1 pa3BUTHEM CHCTOIHYE-
CKOIT HCc(YHKIUEH JIeBOTO kKenyaouka yepe3 12 mec nocite 3aBepireHus xumuorteparmuu (p = 0,01). Ilo maHHBEIM
cyrouHoro MmouutopupoBauus AJl, y 15 xenmmn (55,6%) 3aperucTpupoBaHo yxyamenne KoHTponst AJl mocie
oxoruanus I1XT, uto morpeboBano MoaM(HKAMN AHTUTUIEPTCH3NBHON TEPANNN ITyTeM JHO00aBICHUS B CXEMY
JIeUeHHs JIOTOIHUTENIbHOTO Tpernapara. Yepes 12 mec nocne okonuanust I1XT y 13 sxenmmn Al' nmena koHTpo-
JMPYEeMBIi XapaKkTep TeYeHHsI, 9TO OBLIO JOCTUTHYTO TPOHHON aHTHTHIEPTEH3UBHOI Tepanue; y AByX >KCHIINH
AT nmpuobpena pe3UCTEeHTHBIN XapaKTep TEUSHHUs, YTO MOTPeOOBAIO HAa3HAUEHHMS YeTHIPEXKOMITOHEHTHOH CXEMbI
THIOTEH3UBHON TEpaIni.

3akaouenne. Panee cymecrBoBaBmas Al' urpaeT oueHb BaXKHYIO PONIb B Pa3BUTHM KapAMOTOKCUYHOCTH, BbI-
3BaHHON XUMHOTEpAINel Ha OCHOBE aHTPALMKINHOB, HECMOTPS Ha KauecTBO KOHTpoist A/l. [Tomuxumuorepanus
AQHTPAIMKINHAME MOXET yXymaTh KOHTpoiab AJl y 60mbHBIX ¢ A, 4TO COMPOBOXKIAETCS HEOOXOIUMOCTBIO J0-
6aBiIeHMs IOTIOTHUTENBHBIX AHTUTHIIEPTEH3UBHBIX IIPETIapaToB.

KiroueBbie ciioBa: apTepuajbHas r'UnepTeH3rs, XUMUOTEpAlus, aHTPAlUKINHBI, CE€pACHYHasl HEAOCTAaTOYHOCTD,
KapIMOOHKOJIOT UL

KOHq)J’IHKT HUHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U MOTCHIUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C ny6n1/11<auneﬁ HaCTOHH.IefI CTaTbHU.
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Hcrounuk ¢puHaHCHPOBaHUA. ABTOPBI 3asBIAI0T 00 OTCYTCTBUU (PUHAHCHUPOBAHMUS IIPU IPOBEACHUH HCCIIEIO-

BaHUA.

CooTBeTCTBHE NMPUHIHUIAM 3TUKH. Bcee MalUCHTHBI MOAINUCATIN I/IH(bOpMI/IpOBaHHOC corjlacue€ Ha y4aCTue€ B UC-
CJICNOBAaHUH. I/ICCJ'ICZ[OBaHI/Ie 0;[06peH0 JIOKQJIbHBIM 3THYeCKUM KomuTeToM ['BY?3 <<Fopoz[0Kaﬂ KIIMHUYECKas 110-

mukauHEKa Ne 16» (mporokoi Ne 245 ot 25.11.2020).

Ja nurupoBanus: bepesuxosa E.H., lllunos C.H., Ilonosa A.A., Heynokoesa M.H., TenmsixoB A.T., ['pako-
Ba E.B., Konbera K.B., Kamoxxun B.B., FOmmn A.1O. Teuenue aprepuanbHON runepTeH3nu Ha (POHE XUMUOTEpa-
MK paKa MOJIOYHOH JKeJie3bl aHTPAMKINHAMHE. brosiemens cubupckotl meduyunst. 2024;23(3):5—15. https://doi.

org/10.20538/1682-0363-2024-3-5-15.

INTRODUCTION

Arterial hypertension (AH) is one of the most
common diseases in the general population. Its
prevalence reaches up to 30-45% and increases with
age [1]. Cancer is also a common pathology, which
is the second leading cause of death worldwide [2].
The average age of population is increasing, and
cancer patients have longer overall survival due to
improved anticancer therapy [2]. In addition, some
risk factors associated with the development of AH,
such as obesity, type 2 diabetes mellitus, smoking,
and sedentary lifestyle, are also associated with the
development of malignant neoplasms [3]. Therefore,
it is not surprising that an increasing number of
cancer patients seek medical care with a history of
AH. In a review by M. Jain et al., the incidence of
AH in cancer patients reached 37%, making it the
most common concomitant cardiovascular disease
reported in patients with malignant neoplasms [4]. On
the other hand, AH is also a common complication in
cancer patients which develops during certain types
of chemotherapy [5, 6].

Childhood Cancer Survivor Study, which
compared more than 10,000 adult survivors of
childhood cancer with 3,000 siblings, showed that
patients with a history of cancer were more likely to
have AH than the general population. The researchers
found that the prevalence of AH was 40% versus
25% at the age of 45 years, respectively [7]. AH
may increase the risk of chemotherapy-induced
cardiotoxicity and, if poorly controlled, can lead to
discontinuation of treatment for the malignancy [5,
6]. AH can develop in patients receiving various
types of chemotherapy following direct effects or an
indirect effect through mechanisms associated with
nephrotoxicity [8].

The main anticancer drugs which effect may
be complicated by AH are vascular endothelial

growth factor (VEGF) inhibitors and tyrosine kinase
inhibitors (TKIs). A recent meta-analysis assessed
the risk of cardiovascular disease during TKI therapy
compared to standard chemotherapy. Seventy-one
randomized controlled trials involving more than
29,000 patients were included in the review. The
results showed that the relative risk of developing
AH during TKI therapy was 3.78 (95% confidence
interval (CI) 3.15-4.54) compared to the age- and
comorbidity-matched controls [9]. AH was reported
in 50% of patients receiving anti-VEGF therapy
[10]. In the meantime, there are practically no studies
on the effect of anthracyclines on the course of AH
which was manifested before the initiation of cancer
chemotherapy.

The aim of the study was to investigate the
characteristics of the course of AH during breast
cancer chemotherapy with doxorubicin.

MATERIALS AND METHODS

The protocol for the 12-month prospective study
included patients who signed an informed consent to
participate in the study. The study was approved by
the local Ethics Committee at City Clinical Hospital
No. 16 (Protocol No. 245 of 25.11.2020).

Inclusion criteria: 1) women aged 40—60 years with
BC; 2) use of AC (doxorubicin + cyclophosphamide)
or TAC (doxorubicin + cyclophosphamide -+
docetaxel) chemotherapy regimens; 3) complete
remission for BC within 12 months after the end of
polychemotherapy (PCT); 4) controlled stage 1-2
hypertension.

Exclusion criteria: 1) confirmed cardiovascular
pathology before the initiation of chemotherapy,
except for hypertension (heart valve disease,
cardiomyopathy, chronic heart failure, history of
primary pulmonary hypertension); 2) the use of
targeted therapy drugs and aromatase inhibitors for
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the treatment of BC; 3) relapse of BC or emergence
of new cancer during the follow-up; 4) type 1 and
2 diabetes mellitus; 5) concomitant severe renal,
hepatic or multiple organ failure; 6) indications
of poor drug tolerance; 7) anemia; 8) chronic
alcoholism, mental disorders.

The patients were followed up at three stages:
before the initiation of anthracycline therapy, after the
lastcourse of PCT, and 12 months after the completion
of BC therapy. At the indicated observation points,
echocardiography (echo) and 24-hour BP monitoring
were performed. During echo, linear and volumetric
heart chamber dimensions were assessed; left
ventricular ejection fraction (LVEF) was calculated
by the Simpson method, and the thickness of the
walls of the left and right ventricles was measured.
Left ventricular myocardial mass (LVMM) and left
ventricular mass index (LVMI) were determined
from M-mode measurements in accordance with
the recommendations of the American Society of
Echocardiography (ASE). Given prevalence among
the examined individuals with excess body weight,
LVMI was calculated using the formula LVMM /
height®’. Global longitudinal strain (GLS) of the LV
was studied by two-dimensional speckle tracking
echocardiography.

The characteristics of the course of AH were
assessed in 27 women with BC during chemotherapy

and for 12 months after its completion. We also
assessed initial signs of asymptomatic myocardial
dysfunction according to cardiotoxicity criteria
after BC chemotherapy with anthracyclines
proposed by the European Society of Cardiology
in 2022 [6]: LVEF > 50% and a decrease in left
ventricular GLS by more than 15% from the baseline
value.

The control group included 35 women with BC
without a history of AH, who also received BC
therapy using AC or TAC regimens. In this group,
the development of AH and other cardiovascular
diseases, including anthracycline-induced cardiac
dysfunction, was assessed within 12 months after
the end of PCT.

Statistical processing of the results was carried
out using the STATISTICA 13.3 software package
(StatSoft, Inc., USA). Quantitative variables were
presented as the median and the interquartile range
Me (Q,5; O.5). To compare two independent samples,
the Mann — Whitney test was used. The critical
significance level p for all statistical procedures was
taken equal to 0.05.

RESULTS

Prior to PCT, the studied groups of women with
BC were comparable in age, body mass index, and
LVEF (Table 1).

Table 1
Baseline characteristics of patients depending on the presence of AH
Parameter Patients with AH, n =27 Patients without AH, n = 35 P
Age, years, Me (Q,,; O,,) 51 (48; 56) 50 (46; 53) 0318
Body mass index, kg / m?, Me (Q,; 0., 25.2(23.6; 26.9) 24.8 (23.1;26.3) 0.183
Cumulative dose of doxorubicin, mg / m?, Me (Q,; Q,.) 360 (300; 360) 360 (300; 360) 0.893
Chemotherapy regimen, n (%):

-AC; 15 (55.6) 20 (57.1) 0.729

-TAC 12 (44.4) 15 (42.9) 0.773
Left-sided radiation therapy, n (%) 9 (33.3) 11 (31.4) 0.851
Stage of hypertension, n (%):

— stage 1; 12 (44.4) - -

— stage 2 15 (55.6) - -
Heart rate, Me (Q,; O,,) 72 (66; 77) 76 (68; 82) 0.095
Systolic BP, mm Hg., Me (Q,; O,) 125 (1205 130) 115 (1105 120) 0.031
Diastolic BP, mm Hg., Me (Q,; O,.) 75 (70; 80) 70 (70; 80) 0.062
LVEF, %, Me (O,; O.) 63 (59; 66) 61.0 (58; 64) 0.261
GLS, %, Me (Q,; O,,) -19.3 (-17.8;20.5) —19.6 (-18.0; 20.7) 0.692
LVML, g/ m?* Me (Q,5; O, 109.4 (89.3; 126.4) 85.2(75.1;92.8) <0.001

8 Bulletin of Siberian Medicine. 2024; 23 (3): 5-15



OpwuruHasibHble CTaTbu

Table 1 (continued)

Parameter

Patients with AH, n =27

Patients without AH, n =35 P

Antihypertensive therapy, n (%):
— ACE inhibitors;
— ARBs;
— DCCBs;
— diuretics;
— B-adrenergic blockers

16 (59.3) - -
11 (40.7) - -
17 (63.0) - -
7(25.9) - -
3(11.1) - -

Note. Here and in Table 2: AH — arterial hypertension, AC — polychemotherapy regimen (doxorubicin + cyclophosphamide), TAC —
polychemotherapy regimen (doxorubicin + cyclophosphamide + docetaxel), LVEF — left ventricular ejection fraction, BP — blood pressure, LVMI —
left ventricular mass index, ACE — angiotensin-converting enzyme, ARB — angiotensin receptor blocker, DCCB — dihydropyridine calcium channel

blocker, GLS — global longitudinal strain. p — probability of type I error.

In patients with AH, a significantly increased
LVMI was registered (p < 0.001) compared to the
control group. The cumulative dose of doxorubicin
and the applied PCT regimens were comparable in
the groups. Before the initiation of PCT, stage 1
hypertension was registered in 12 women, and stage
2 hypertension — in 15 women with AH.

Asignificant correlation was revealed between pre-
existing AH and the development of left ventricular
systolic dysfunction 12 months after the completion
of chemotherapy (p = 0.01) (Table 2): according to
the criteria of the European Society of Cardiology
[6], signs of anthracycline-induced cardiotoxicity
were recorded in 6 (22.2 %) women with AH and in
2 (5.7%) patients in the control group.

In 15 women (55.6%) with AH, deterioration
of blood pressure control was recorded after

completion of PCT, which required modification of
antihypertensive therapy by adding one more drug
to the treatment regimen. In the control group, two
people developed stage 1 hypertension within 12
months after the completion of PCT, the control of
which was not achieved by lifestyle modification
and required prescription of two antihypertensive
drugs. In women with AH after the completion
of PCT, a non-significant increase in LVMI was
noted.

At 12 months after the end of chemotherapy, in
13 women, hypertension control was reached with
triple antihypertensive therapy. In two women,
hypertension became resistant, which required
prescription of a four-component antihypertensive
regimen with the addition of mineralocorticoid
receptor antagonists (Figure).

Table 2

Changes in the main clinical and echocardiography parameters in the study groups

Parameter At baseline

| After the end of PCT | Twelve months after the end of PCT | )4 ‘

Patients with AH, n =27

Stage of hypertension, 7 (%):
—stage 1; 12 (44.4) 12 (44.4) 10 (37.0) 0.416
— stage 2 15 (55.6) 15 (55.6) 17 (63.0) 0.416
Heart rate, Me (Q,; 0., 72 (66; 77) 76 (71; 80) 70 (65; 74) 0.272
Systolic BP, mm Hg., Me (Q,; O..) 125 (1205 130) 130 (120; 135) 125 (1205 130) 0.612
Diastolic BP, mm Hg., Me (O,; O..) 75 (70; 80) 80 (75; 85) 75 (70; 80) 0.749
LVEF, %, Me (O,; O.,) 63 (59; 66) 62 (58; 66) 59 (55; 62) 0.083
GLS, %, Me (Q,; O.,) -19.3 (-17.8;20.5) | —18.2(-16.9; 19.8) —18.0 (-16.8; 19.4) 0.174
Development of anthracycline-induced cardiac 3 3 6(22.2) B
dysfunction, n (%) )
LVML, g/ m? Me (Q,.; O..) 109.4 (89.3; 166.4) | 107.8 (91.2; 127.5) 114.3 (90.1; 132.6) 0.153
Antihypertensive therapy, n (%):
— ACE inhibitors; 16 (59.3) 16 (59.3) 16 (59.3) 1.0
—ARBs; 11 (40.7) 11 (40.7) 11 (40.7) 1.0
—DCCBs; 17 (63.0) 27 (100.0) 27 (100.0) 0.023
— diuretics; 7(25.9) 9(33.3) 7(25.9) 1.0
— B-adrenergic blockers; 3(11.1) 6(22.2) 8(29.6) 0.041
—MCRAs — — 2(7.4) 0.932
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Table 2 (continued)

Parameter At baseline

After the end of PC | Twelve months after the end of PCT | P

Patients without AH, n = 35

Stage of hypertension, 7 (%):

— stage 1; - - 2(5.7) -
— stage 2 - — - —
Heart rate, Me (Q,; O,,) 76 (68; 82) 81 (75; 88)
Systolic BP, mm Hg., Me (Q,; O..) 115 (110; 120) 115 (110; 120) 115 (110; 120) 0.621
Diastolic BP, mm Hg., Me (0,; Q. 70 (705 80) 70 (705 80) 70 (705 80) 0.811
LVEF, %, Me (Q,,; O,,) 61.0 (58; 64) 60,0 (57; 64) 59 (57; 62) 0.354
GLS, %, Me (Q,; O.,) -19.6 (-18.0; 20.7) | —18.7 (-17.5;20.1) -19.2 (-17.9; 20.5) 0.452
Developrpent of anthracycline-induced cardiac _ B 2(5.7)* _
dysfunction, n (%)
LVMLI, g/ m?, Me (Q,;; O.,) 85.2 (75.1;92.8) 86.4 (74.2;93.8) 87.1(75.4;93.1) 0.632

Parameter At baseline

Afte the end of PCT | Twelve months after the end of PCT p

Antihypertensive therapy, n (%):
— ACE inhibitors; -
—ARBs; -
— DCCBs; -
— diuretics; _
— B-adrenergic blockers; -
— MCRAs _

*p=0.01 compared to the AH group.
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Figure. Number of antihypertensive drugs in the groups of patients with AH, %

DISCUSSION

Anthracyclines have broad antitumor activity.
They are highly effective and are among the most
frequently prescribed drugs for the treatment of
malignant neoplasms. However, their clinical use
is limited due to excessive generation of reactive
oxygen species (ROS) and the development of
cardiotoxicity with progression to heart failure [5,
6]. It was proven that the presence of cardiovascular

diseases, including AH, is a risk factor for the
development of myocardial dysfunction [5, 6].

This phenomenon was confirmed in our study: the
development of anthracycline-induced cardiotoxicity
12 months after the end of PCT was more often
(» = 0.01) registered in women with AH than in the
control group. In the meantime, there are practically
no studies on the effect of anthracyclines on the course
of AH manifested before the initiation of antitumor
chemotherapy. In our work, 55.6% of patients with
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AH showed deterioration of blood pressure control
after completion of PCT. The effect of anthracyclines
on BP may be due to the development of endothelial
dysfunction and activation of the renin —angiotensin—
aldosterone system (RAAS) and sympathoadrenal
system during and after the use of anthracyclines,
which is confirmed in a number of experimental
studies and clinical trials.

Recently increasing attention has been paid to
anthracycline-induced endotheliotoxicity [11]. Many
studies have confirmed that anthracycline-induced
endotheliotoxicity, as well as cardiotoxicity and
nephrotoxicity, drastically limits their clinical use
[5, 6, 11]. Therefore, doxorubicin can cause severe
damage to the vascular endothelium. Excessive
generation of ROS is known to cause subsequent
development of anthracycline-induced cytotoxicity
[12], which can lead to endothelial dysfunction,
affecting the course of AH.

According to M.M. Said-Ahmed et al,
administration of cumulative doses of doxorubicin
at a dose of 10, 15, and 20 mg / kg for two weeks
resulted in a dose-dependent increase in plasma
endothelin-1 (ET-1) levels by 85, 76, and 97%,
respectively. In the meantime, the level of nitric oxide
(NO) in the blood plasma did not change, while the
production of NO in the myocardium significantly
increased [13]. A recent study demonstrated a
decrease in the effectiveness of NO-dependent
mechanisms regulating vascular tone during a single
dose of chemotherapy at 4 mg / kg [14]. On the other
hand, a number of studies have demonstrated an
increase in NO production, which is associated with
upregulation of the inducible NO synthase (iNOS)
and endothelial NO synthase (eNOS) genes [15, 16].
High concentrations of NO produced by the iNOS or
eNOS enzymes stimulate generation of peroxynitrite
following a reaction with superoxide anion. The
resulting peroxynitrite leads to lipid peroxidation
[17], which can result in damage to endothelial cells.

Studies examining the ET-1/ NO axis found low
eNOS activity in the presence of severe endothelial
damage, whichmay lead toincreased ET-1 levels[18].
J. Yamashita et al. showed that monitoring plasma
ET-1 levels can help detect subclinical cardiotoxicity
of doxorubicin [19]. Excessive levels of intracellular
calcium, which are caused by anthracyclines, are
known to contribute to mitochondrial dysfunction,
high-energy phosphate depletion, increased muscle

stiffness, impaired contractile function, and cell
death. ET-1 can induce the production of inositol
phosphates, which increase intracellular Ca** levels
by releasing it from intracellular stores. This process
results in calcium overload of endothelial cells [20].

To date, the influence of anthracyclines on the
activity of the RAAS, which is a complex hormone
system crucial for both normal functioning of the
cardiovascular system and regulation of the fluid and
electrolyte balance of the body, has been proven. An
imbalance in the RAAS leads to diseases, such as
AH, heart failure, and even cancer [21]. Available
data make it clear that increased angiotensin II (ATII)
activity is one of the key events in anthracycline-
induced endothelial dysfunction. The significant
effect of ATII may be due to its increased synthesis
or enhanced signaling from receptors.

M. Zheng et al. noted a three-fold increase in the
level of ATII in the blood plasma of animals treated
with doxorubicin compared to the controls [22]. High
levels of ATII were also found in the myocardium
and paraventricular nucleus of the hypothalamus
(one of the centers regulating the cardiovascular
system) [23]. These results indicate that under the
influence of anthracyclines, ATII affects not only the
heart and blood vessels, but also central control of the
cardiovascular system. The ability of anthracyclines
to induce excitation of the sympathetic nervous
system at the central level has been proven [24].

In addition, it has been shown that under the
influence of anthracyclines, renin activity increases,
stimulating greater conversion of angiotensinogen
to angiotensin I (ATI) [25]. A significant increase
in ATI levels after doxorubicin administration may
be an indirect sign of increased renin activity. At
the same time, aliskiren, which is a renin inhibitor,
caused a decrease in the concentration of ATI [25].

Another mechanism is associated with increased
activity of angiotensin-converting enzyme (ACE).
Long-term treatment with doxorubicin led to a
significant, almost 2.3-fold increase in ACE activity
in the heart of hamsters compared to control animals
[26].

ATII exerts its effects through angiotensin type
1 (AT1R) and angiotensin type 2 receptors (AT2R).
However, ATIR appears to play a key role in the
development of anthracycline-induced endothelial
dysfunction. [t was shown that doxorubicin stimulated
ATIR mRNA expression with an increasing drug
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dose in cardiomyocytes [27]. In contrast to ATIR,
AT2R, which mediates the protective effects of
ATII, is inhibited by doxorubicin [28].

Therefore, we can conclude that the use of
anthracyclines results in an imbalance of the
main RAAS axes, namely hyperactivation of the
angiotensinogen / ATII / ATIR axis. Consequently,
the interference of doxorubicin in the secretion of
essential endothelial factorsandthe RAAS, whichplay
a crucial role in the functioning of the cardiovascular
system, leads to a decrease in its adaptability. There
is now growing evidence that anthracyclines may
directly increase the risk of developing AH. Potential
mechanisms include decreased capillary density,
impaired neovascularization, and histologic changes
in the vasculature, including intimal hyperplasia,
luminal stenosis, and loss of smooth muscle cells
[29]. In addition, vasomotor dysfunction resulting
from decreased eNOS activity leads to decreased
NO generation by endothelial cells, potentially
contributing to the development of AH [30-32].

Antihypertensive therapy for AH in patients
receiving chemotherapy has some distinctive
features. In our study, 12 months after the end of PCT
in 13 women, hypertension control was reached with
triple antihypertensive therapy. In two women, AH
became resistant, which required the prescription of
a four-component antihypertensive regimen.

Changes in lifestyle and reduced sodium intake are
recommended, regardless of anticancer therapy used,
as they have a BP-lowering effect in many patients.
However, strict adherence to recommendations for
non-pharmacological BP control is challenging for
many patients [33].

The choice of antihypertensive drugs in cancer
patientsisinfluenced by several factors. Forexample,
theuseofhydrochlorothiazide(HCTZ)wasassociated
with the development of nonmelanoma skin
cancer in two large studies performed in Denmark
[34] and in the UK [35]. Researchers of the latter
found an association between the use of HCTZ and
the risk of developing basal and squamous cell skin
cancer. On the other hand, studies conducted in
Taiwan [36] and Korea [37] showed no association
of HCTZ application with the development of skin
cancer. However, the use of thiazide-like diuretics,
such as chlorthalidone and indapamide, was not
associated with an increased risk of skin cancer;
therefore, some experts recommend the use of

these drugs rather than HCTZ for the treatment of
hypertension [38].

Several studies suggested that use of ACE
inhibitors (ACElIs) may be associated with an
increased risk of lung cancer. However, these studies
were heavily criticized due to various limitations
in data collection and interpretation, leading to the
conclusion that there is currently insufficient evidence
for altering clinical practice [39]. The European
Society of Cardiology recommends angiotensin
receptor blockers (ARBs) and dihydropyridine
calcium channel blockers (DCCBs) as first-line
therapy for AH. With the development of resistant
hypertension, it is recommended to add f-adrenergic
blockers, spironolactone, and NO donors, such
as isosorbide mono/dinitrate or hydralazine, to
therapy [6].

Regardless of the type of a drug used, more
than one drug is required to treat AH caused by
anticancer therapy. J.B. Cohen et al. suggested that
patients with BP above the target values should
start receiving DCCB in the absence of proteinuria
and ACEI / ARB in the presence of proteinuria,
titrated to an effective dose. The next step in BP
management should be adding a drug from the class
that was not initially prescribed (i.e. ACEI / ARB if
CCB was received first, and vice versa). The third
step in treatment intensification should be the use
of a diuretic, unless contraindicated, followed by a
MCRA or a B-adrenergic blocker [3].

Thus, AH is a common comorbidity as well as
an adverse event in cancer patients and should,
therefore, be closely monitored. The effect of
antitumor therapy on the development of AH and
treatment effectiveness should be thoroughly studied,
since the prevention of cardiovascular morbidity and
mortality is of paramount importance both in active
cancer patients and in people with a history of cancer.

CONCLUSION

Pre-existing AH plays a crucial role in
the  development of  anthracycline-induced
cardiotoxicity, despite the quality of BP control.
PCT with anthracyclines may deteriorate BP control
in patients with AH, which requires addition of new
antihypertensive drugs to the treatment regimen.

Despite efforts made to understand the role of
various antineoplastic agents in increasing the risk
of AH and influencing its course, many mechanisms
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have not been fully defined, and clinical studies
assessing the effectiveness and safety of specific
antihypertensive drugs in cancer survivors are
limited. Survivor populations are heterogeneous and
have rich treatment history; therefore, the diagnosis
and treatment of AH may need to be tailored to
different subgroups. Understanding the mechanisms
responsible for changes in BP in cancer patients will
facilitate identification of new therapeutic targets in
patients with AH.
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ABSTRACT

Aim. To study in vitro and in vivo the functional suitability of *™Tc-labeled lyophilized formulation containing
designed ankyrin repeat protein (DARPin) G3-(GGGS),Cys for radionuclide imaging of HER2/neu overexpression
in malignant tumors.

Materials and methods. To create a targeted protein, a modified genetic construct with the sequence encoding
DARPin G3-(GGGS),Cys was used. To generate the experimental probe, we used a lyophilized formulation
containing DARPin G3-(GGGS),Cys with auxiliary substances and *"Tc sodium pertechnetate (500 MBq)
incubated at 60 °C for 30 min. Radiochemical purity of *"Tc-G3-(GGGS),Cys was analyzed by thin-layer
radiochromatography. SKOV-3, BT-474, and DU-145 cell lines were used to test binding specificity in vitro.
The dissociation constant was determined via a saturation binding assay on SKOV-3 cells with a range of protein
concentrations from 0.2 to 40 nM. Nu/j mice bearing HER2-positive SKOV-3 xenografts and HER2-negative
Ramos xenografts were used to evaluate the targeting properties and biodistribution.

Results. A radiocomplex based on *"Tc and a lyophilized formulation with DARPin G3-(GGGS),Cys was obtained
with the radiochemical purity of more than 96%. Binding of *"Tc-G3-(GGGS),Cys to the cells was specific
(K, 3.9 £ 0.5 nM) and proportional to the level of HER2/neu expression in the cells. The uptake of *"Tc-G3-
(GGGS),Cys in SKOV-3 xenografts was significantly higher than in Ramos xenografts. *"Tc-G3-(GGGS),Cys
demonstrated rapid blood and renal clearance and had low activity in the salivary glands and stomach. Liver uptake
was about 5-7%ID/g. In addition, ""‘“TC-G3-(GGGS)3Cys exhibited very low uptakes in the lungs, muscles, small
intestine, and bones.

Conclusion. The *"Tc-labeled lyophilized formulation with DARPin G3-(GGGS),Cys is functionally suitable
for imaging HER2/neu overexpression in tumors, as it binds specifically to the receptor, is stable in vivo, and has
favorable biodistribution in organs and tissues. The radiocomplex based on *"T¢-G3-(GGGS),Cys was obtained
by a simple method with high radiochemical purity.

Keywords: malignant tumors, Her2/neu, radionuclide diagnosis, DARPin G3, oxotechnetium, lyophilized
formulation
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PE3IOME

Henws — u3yuuts in vitro v in vivo GyHKIMOHAIBHYIO NPUTOAHOCTD JTHO(UIIN3aTa TAPreTHBIX KAPKAaCHBIX OSIIKOB
¢ aukupuHOBbIMU TIoBTOpamMu DARPin G3-(GGGS),Cys, meuenpix *"Tc, mis paauoHyKIMIHON BU3yann3aluu
runepakcnpeccun HER2/neu B 3110ka4ecTBEHHBIX OIyXOJISIX.

MarepuaJjbl 1 MeTOABI. [y HApaOOTKN TapreTHOTO OelKa MCIIOIb30BaIH MOAN(MHUINPOBAHHYIO T€HETHIECKYIO
KOHCTPYKIMIO € TIOCNIENOBATENEHOCTRI0, Koqupytommeit 6enok DARPin G3-(GGGS),Cys. Jns nmomydeHust 3Kc-
TIEPUMEHTATBHOTO MPETapaTa MCHoib30Bamm mrodumsat, conepxkamnmii DARPin G3-(GGGS),Cys co Bcromo-
raTejbHbIMH BELICCTBAMH, U PAcTBOp HaTpHs meprexHerata, "Tc (500 MBk) npu nuky6aimu 60 °C, 30 MuH.
Anamus paguoxumudeckoit yuctotsl (PXY) *"Te-G3-(GGGS),Cys npoBojiuiiM TOHKOCTORHON pajimoXxpomaro-
rpadueit. [yt oneHKH criennMIHOCTH in Vitro NCTIONb30BaIH KireTounsle uann: SKOV-3 > BT-474 > DU-145.
KoncTanty nucconuanuu onpenesnsyia ¢ IOMOIbIo aHanu3a HackimeHus Ha SKOV-3 B quana3oHe KOHIEHTpaluii
6enxa ot 0,2 1o 40 HM. Iy OIEHKN TapreTHBIX CBOICTB M OMOpACIpeneieH:s MCHIONb30BAIN MBIIIEH JTHHIN
Nu/j, mecymux kceHoTpanciurantatsl SKOV-3 (HER2/neu no3urusHeIe) n kceHOTpaHcIuTaHTaThl Ramos (HER2/
neu HeTaTUBHBIC).

Pesyabrarel. [lonydeH paanokomiuieke Ha ocHoBe "Tc¢ u nmuoduimmsara TapretHbix OenkoB DARPin G3-
(GGGS),Cys ¢ PXY 6onee 96%. CraspiBanne “"Tc-G3-(GGGS),Cys ¢ kneTkamMu sBS€TCS CHeNU(UIHBIM
¢ K, 3,9 £ 0,5 }M n nponopuuoransHo ypoBHio akcnpeccun HER2/neu B xnetkax. Iormomenue *"Tc-G3-
(GGGS),Cys B xcenorpancmrantatax SKOV-3 ObI10 3HAUNMO BEIIIIE, YeM B KCEHOTpaHCIIaHTaTax Ramos. ¥ Tc-
G3-(GGGS),Cys mpoieMOHCTPUPOBaIl OBICTPOE BBIBEIEHUE W3 KPOBH, TOYEUHBIH KIMPEHC, HU3KUE YPOBHU aKTHB-
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HOCTH B CJTIOHHBIX JKeJe3ax U XKeTy/Ke. Y POBeHb HAKOIJICHHs aKTUBHOCTH B TIEYEHH COCTaBMII 0K0JI0 5—7 %BJI/r.
Kpowme Toro, *"Tc-G3-(GGGS),Cys nmen oueHb HU3KOE MOTJOMIEHHE B JTETKHX, MBIIIIAX, TOHKOM KHMIIEUHUKE H
KOCTSIX.

3akuouenune. Jlnopunuzar TapreTHbIX kKapkacHbix 6enkoB DARPin G3-(GGGS),Cys, meuensiit “"Tc, pynxuu-
OHAIILHO MPUTOJICH JUIsl BU3yann3anuy runepakcrnpeccun HER2/neu B omyxosisix, HOCKOJIBKY CHICIU(HIESCKH CBSI-
3BIBAETCS C PELEITOPOM, CTAOMJIEH in Vivo ¥ IMEET OJaronpusaTHOe OMopacipesielieHie B Opranax u Tkausx. Paauo-
komiuieke 99mTc-G3-(GGGS)3Cys monrydeH mo NpocToi MPOoIeype ¢ BRICOKOW paHOXUMUICCKON YUCTOTOM.

KiroueBble ci10Ba: 310KadeCTBCHHBIC ommyxoiu, Her2/neu, paguonyknuanas quaraoctuka, DARPin G3, okcorex-
Henui, Tnoduan3ar

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

Uctounnk ¢puHancupoBaHusi. PaboTa BhINONHEHA 3a cueT (uHaHcupoBanus npoekta HU TITY (Ilpuoputer
2030 — HUITI/M3-104-375/423-2023).

CooTBeTcTBHE MPUHIMNAM 3THKH. [IpoTokoi uccnenoBanus o100peH studeckuM komureroM Cu6I'MY (xox
nporokoina 7715, 20190826).
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Assessing functional suitability of a lyophilized formulation containing

INTRODUCTION

Overexpression of transmembrane tyrosine
kinase receptors, which are normally expressed on
the surface of all epithelial cells in the body, often
correlates with progression of malignant tumors.
Human epidermal growth factor receptor type 2
(HER2/neu), which plays an essential role as an
oncoprotein in malignant tumors [1] of the breast,
gastrointestinal tract, ovaries, etc., is of particular
interest in this process. This receptor is overexpressed
in ovarian, breast, esophageal, gastrointestinal, lung,
and other cancers [2].

Breast cancer (BC) is characterized by a severe
disease course, low overall and recurrence-free
survival, and HER2/neu gene amplification in 15—
20% of cases. Therefore, this tumor marker is used
as a target in the diagnosis and targeted therapy in
patients with HER2/neu overexpression [3].

Monoclonal antibodies, antibody — drug
conjugates, and tyrosine kinase inhibitors are used
as targeted therapeutic agents that depend on specific
recognition of HER2/neu [4]. The first step is to
determine the presence and / or absence of HER2/
neu overexpression on the tumor cell surface. Only
after this, therapy is initiated. As a drug, trastuzumab
(herceptin) is used, which is the gold standard for

the treatment of patients with HER-2/neu-positive
BC, significantly increasing overall and recurrence-
free survival [5]. In addition, HER2/neu-targeted
drugs undergo clinical evaluation for the treatment
of ovarian cancer [6], non-small cell lung cancer [7],
and endometrial cancer [8].

For routine use of registered drugs and further
development of such therapies, it is essential to
accurately determine HER2/neu expression in tumors.
Expression of the targeted protein is directly related to
the antitumor effect; with low expression, patients may
be at risk of severe side effects following the use of
targeted drugs and cytotoxins [9]. The main problem
with the use of HER2/neu-targeted drugs is variability
of receptor expression in malignant tumors [10].

Biopsy (immunohistochemistry and fluorescence
in situ hybridization) is a routine procedure for
determining HER2/neu expression [11]. However,
biopsy is challenging in the context of multiple
metastases due to the invasive nature of the procedure.
It is virtually impossible to assess the extent of
tumor progression and to detect changes in HER2/
neu expression levels after neoadjuvant therapy [11].
To address the limitations of conventional biopsy,
radionuclide molecular imaging of HER2/neu
expression in vivo has been proposed as a potential
solution [12].
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Following the results of preclinical [13] and
some clinical [12-14] trials on various types of
contrast agents for molecular imaging of HER2/neu
(antibodies, scaffold proteins, antibody fragments,
aptamers, peptides), it can be concluded that the
most promising HER2/neu-targeting molecules
are scaffold proteins. They provide higher imaging
contrast in a shorter time (2—4 hours after the
injection) compared to other contrast agents [12].

Designed ankyrin repeat proteins (DARPins),
which are engineered, high-affinity, stable proteins
of small size (1418 kDa), have the potential to be
integrated into development of radiopharmaceuticals
for oncoprotein imaging. DARPins with high affinity
for HER2/neu were selected using ribosome display,
demonstrating a clear potential for tumor targeting
[15]. R. Goldstein et al. demonstrated the feasibility
of radionuclide imaging of HER2/neu expression
in human tumor xenografts in mice using DARPins
labeled with '"'In and '*1[16]. Further studies revealed
that DARPin G3 was the optimal candidate for the
development of molecular imaging agents [17].

The radionuclide most commonly employed for
imaging in nuclear medicine is *™Tc (half-life 6
hours), which provides excellent spatial resolution
and a low absorbed dose for patients. *™Tc is
produced from Mo generators (half-life 65.9 h),
which can be delivered to remote hospitals and
supply *™Tc for up to two weeks [18]. Consequently,
#mT¢ is an appealing candidate for SPECT imaging.

DARPin G3 labeled with [*™Tc]Tc(CO)3 via
a histidine-containing tag ((HE), - tri(histidyl-
glutamate)) was studied in phase I clinical trials
[13]. Clinical data have demonstrated that the use
of DARPin (HE),-G3 for radionuclide diagnosis is
safe when patients are exposed to low doses. The
diagnostic imaging of HER2-positive BC using
#"Tc-labeled DARPin (HE),-G3 provided clear
imaging results four hours after injection. This
imaging method reliably distinguished between
HER2-positive and HER2-negative tumors.

Disadvantages of this experimental
radiopharmaceutical for clinical use include a
complex and time-consuming two-step labeling
procedure and complex purification  from
radiochemical impurities requiring specialized
equipment. This prompted further studies to optimize
and improve radioactive labeling of DARPin G3 with
¥mTc for a simpler and faster one-step procedure.

Previous studies utilizing DARPin G3 variants
demonstrated that the use of cysteine-containing
peptide-based chelators at the C-terminus to form
an oxotechnetium complex resulted in low uptake in
normal tissues and high uptake by tumors [19]. New
DARPin G3 variants labeled with the oxotechnetium
complex also provided image contrast comparable to
that of clinically validated DARPin (HE),-G3 [19].
One improved variant of DARPin G3, designated
#"Tc-G3-(GGGS),Cys, contains a  Gly-Gly-Gly-
Ser-Cys chelator conjugated via the - (Gly-Gly-Gly-
Ser), linker at the C-terminus. This variant has been
proposed for pilot clinical trials (NCT05923268).

Prior to commencing clinical trials, it is essential
to ascertain the functional suitability of DARPin
G3-(GGGS),Cys with its complete sequence in
the form of a lyophilized formulation. A number
of factors influence the functional suitability of
a targeted protein molecule, including the choice
of a chelating agent for *"Tc¢ binding, labeling
conditions, and composition (combination of
chemical precursors). The type of a dosage form
plays an essential role in affinity, targeting properties,
and in vivo biodistribution of such molecules. Any
alterations to the composition of the dosage form,
including transition from a solution to a lyophilized
formulation, may result in a reduction or complete
loss of its functional suitability for HER2/neu
imaging. Consequently, it is necessary to conduct
in vitro and in vivo experiments to evaluate these
properties.

It is worth noting that cysteine-containing
proteins are susceptible to oxidation to non-affinity
homodimers, which makes them highly sensitive to
technological processes employed in the production
of lyophilized formulations. These are undoubtedly
the most convenient and storage-stable dosage forms
for routine production of radiopharmaceuticals in a
medical organization [18].

The aim of this research was to assess in vitro and
in vivo the functional suitability of a *™Tc-labeled
lyophilized formulation containing DARPin G3-
(GGGS),Cys for radionuclide imaging of HER2/neu
overexpression in malignant tumors.

MATERIALS AND METHODS

The nucleotide sequence of the DARPin G3
gene was deduced from the amino acid sequence
for DARPin G3 in the PDB (PDB access number:
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2JAB) taking into account codons most common in
highly expressed Escherichia coli genes using the
freely available DNA builder software (http://www.
innovationsinmedicine.org/software/DNABuilder/).
The genome was assembled by the polymerase chain
reaction (PCR) from chemically synthesized 50-bp
long oligonucleotides with partially complementary
sequences. Expression, isolation, and purification
of DARPin G3-(GGGS)3Cys were performed
according to the previously described method [19].

The method for producing the experimental
Sformulation. *™Tc pertechnetate [*™Tc]TcO4 was
obtained from the commercial Mo / *™Tc GT-4K
generator (Karpov Institute of Physical Chemistry,
Obninsk, Russia). Samples were obtained using
chemically pure reagents from various suppliers,
including Fluka, Acros Organics (UK), Panreac,
Sigma Aldrich (USA), and others. In a lyophilized
mixture containing 3.3 mg DARPin G3-(GGGS),Cys,
0.66 mg D-mannose, 0.33 mg PEG-4000, 0.075 mg
tin (IT) chloride dihydrate, 5 mg sodium gluconate,
0.1 mg ethylenediaminetetraacetic acid (EDTA)
tetrasodium salt, and phosphate buffer, 500 ul
sodium *"Tc pertechnetate solution with the activity
of 500 MBq was added and mixed. The contents
of the vial were incubated at 60 °C for 30 minutes.
Then the contents of the vial were diluted with a
sterile 0.9% sodium chloride solution to 10 ml.
Subsequently, the solution was purified using a
sterile syringe filter with a pore size of 0.2 um into a
depyrogenated sterile vial. The radiochemical purity
of the experimental *Tc-G3-(GGGS),Cys samples
was analyzed by thin-layer chromatography using
ITLC SG strips (Aglient Technologies, Inc., Folsom,
USA) in the phosphate buffered saline (pH = 7.4).
Radioactivity on ITLC strips was recorded in counts
per minute (CPM) using the miniGITA Single
radio-TLC system (Elysia Raytest, Germany). In
order to obtain a sterile solution for experiments on
laboratory animals, the radioactivity was measured
on the radiometer (Amplituda, Russia) equipped
with an ionization chamber.

Radioactivity in both in vitro and in vivo samples
was quantified using the automated Wizard 2480
Gamma Counter (Pelkin Elmer, USA). HER2/neu-
expressing human cancer cell lines SKOV-3 (human
ovarian carcinoma) and BT-474 (human breast
carcinoma), as well as DU-145 cells (human prostate
adenocarcinoma) with low HER2/neu expression

were purchased from PrimeBioMed LLC (Moscow,
Russia). The cells were cultured in the Roswell
Park Memorial Institute medium (RPMI-1640)
supplemented with 10% fetal bovine serum (FBS),
2 mM L-glutamine, 100 IU / ml penicillin, and 100
pg / ml streptomycin in the humidified incubator
with 5% CO, at 37 °C.

In order to assess the specificity of the in vitro
assay, the cells were seeded into 6-well plates at a
seeding density of 7 x 10°cells per well 24 hours prior
to the experiment. One plate was utilized for each
cell line. A 100-fold excess of unlabeled DARPin
G3-(GGGS),Cys was used as a control group. The
same volume of cell culture medium was added to
three petri dishes of the experimental group. The
petri dishes were incubated at 37 °C for 30 minutes
to saturate the HER2/neu receptors. Subsequently,
the [*"Tc]Tc-G3-(GGGS),Cys solution was added
to each petri dish to a final concentration of 1 nM,
and the samples were incubated at 37 °C for 1 h.
Following this incubation period, the medium was
collected, the cells were washed with the phosphate
buffer, and the solutions were pooled. The cells
were then detached with trypsin and collected.
Radioactivity in every fraction was measured by
the gamma counter, and the percentage of cell-
associated activity per 1 million cells was calculated.
The experiment was conducted in triplicate.

The method for determining the equilibrium
dissociation constant (C) was described previously
[19]. The experiment was performed on SKOV-3
cells. Radioactivity was measured using the gamma
counter. C parameters and the maximum number
of binding sites per cell (Bmax) were calculated
by nonlinear regression using the Prism software
(GraphPad Software, USA).

To assess the targeting properties and
biodistribution of the *™Tc-labeled lyophilized
formulation containing G3-(GGGS)3Cys,
immunodeficient Nu/j mice were used bearing HER 2-
positive SKOV-3 xenografts and HER2-negative
Ramos xenografts. Subcutaneous implantation of
10 million SKOV-3 cells or the same number of
Ramos cells was performed in female Nu/j mice.
The experiments were conducted three weeks after
the implantation. The mean weight of the animals at
the time of the experiment was (25.4 = 1.8) g. The
mean tumor weight was (0.4 £ 0.2) and (0.2 = 0.05)
g for SKOV-3 and Ramos xenografts, respectively.
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The mice were administered 3 pg of *™Tc-G3-
(GGGS),Cys (40 kBq, 100 ul in sterile phosphate
buffered saline) via the tail vein. Following
euthanasia of the animals, their blood, organs, and
tissues of interest were collected and weighed. The
radioactivity was then measured using the gamma
counter. The uptake in organs was calculated as a
percentage of the injected dose per gram of the

sample (%ID/g).
When planning and conducting animal
experiments, we adhered to all applicable

international and national guidelines for the care
and use of animals for scientific purposes. The
animal research protocol was approved by the Ethics
Committee at Siberian State Medical University
(Protocol code 7715, 20190826).

The Mann — Whitney U-test was used to determine
significant differences (p < 0.05). Statistical analysis
was performed using the Prism software (version
9.0.0 for Windows; GraphPad Software, USA).

RESULTS AND DISCUSSION

The composition of the lyophilized formulation
with G3-(GGGS),Cys for the production of the
experimental probe was multicomponent due to
the necessity of using two groups of excipients [ 19,
21]. The first group of excipients was designed to
safeguard the functionality of the protein during
lyophilization and to maintain its capacity of
transition into a solution upon dissolution of
the lyophilized material. D-mannose and PEG-
4000 were employed as such excipients. The
second group of excipients was essential for the
radioactive labeling of the protein. This process
is based on the reduction of heptavalent *™Tc
sodium pertechnetate to a pentavalent substance,
followed by the formation of an oxotechnetium
complex with a chelating group (-GGSC). The
reducing agents employed were tin (II) chloride,
sodium gluconate, and EDTA. After adding the
pertechnetate eluant from the generator to the
lyophilized formulation, it was then incubated
in accordance with the procedure outlined in
[19]. The radiochemical purity of the *Tc-G3-
(GGGS),Cys radiocomplex was 98 + 1 %. The
method for labeling the G3-(GGGS),Cys solution,
previously described in [19], was replicated for
the lyophilized formulation in order to obtain

the #"Tc-G3-(GGGS),Cys radiocomplex of high
purity, which does not require purification.

In order to study the binding specificity of the
?mTc-labeled G3-(GGGS),Cys to HER2/neu, cell
lines with varying levels of receptor expression
were employed: SKOV-3, BT-474, and DU-145.
The experiment was conducted by blocking the
receptor with unlabeled G3-(GGGS),Cys. The
study of binding specificity in vitro demonstrated
high specific binding to cells, which was
proportional to the level of HER2/neu expression
in the cells. Blocking the receptors with excess
unlabeled protein showed a significant decrease
in *"Tc-G3-(GGGS),Cys binding in all groups of
cells (p <0.0005) (Fig. 1).
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Fig. 1. Results of the in vitro assessment of the *™Tc-

labeled lyophilized formulation with G3-(GGGS)3Cys:

a — determination of binding specificity to HER2/neu; b —

saturation curve on HER2/neu-expressing SKOV-3 cells. The

results are presented as the mean % per 10° cells + standard
deviation from three samples.
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Affinity assessment by the binding saturation
assay demonstrated that *"Tc-G3-(GGGS),Cys
binds to HER2/neu receptors on the surface of
SKOV-3 cells with a nanomolar C, (3.9 + 0.5
nM) (Fig. 1), thereby confirming high affinity
of the *™Tc-labeled protein obtained from the
lyophilized formulation for its target receptors.

A comparison of the biodistribution and
accumulation of *"T¢-G3-(GGGS),Cys in SKOV-
3 xenografts with high HER2/neu expression and
Ramos xenografts with no HER2/neu expression
is presented in Figure 2. A parallel comparison of
the biodistribution of *"Tc-G3-(GGGS),Cys in
the SKOV-3 and Ramos xenografts revealed
that the pattern of biodistribution was similar
(» > 0.05), with the exception of radioactivity
accumulation in the tumor. The accumulation of
#"Tc-G3-(GGGS),Cys in the SKOV-3 xenografts
was found to be significantly higher (p < 0.005)
than in the Ramos xenografts. This indicates that
the level of accumulation correlates with HER2/neu
expression.

The radiopharmaceutical *"Tc-G3-(GGGS),Cys
exhibitedrapidblood clearance, predominantly viathe
kidneys. Additionally, low retention of radioactivity
in the kidneys was observed (12-20% ID / g). This
may be attributed to the rapid internalization of the
protein following reabsorption in the kidneys and
subsequent excretion of radiocatabolites containing
glycine amino acid residues from the cell [17].

Low radioactivity accumulation was further
observed in salivary glands and stomach, indicating
the stability of the radiocomplex in vivo, since
no hydrolysis of the complex was noted with the
release of free *™Tc capable of accumulating in
these organs. Furthermore, *"Tc-G3-(GGGS),Cys
exhibited minimal uptake in the lungs, muscles,
small intestine, and bones, which is favorable for
imaging metastases in these areas [22].

Uptake in the liver was approximately 5—7% ID
/ g, with the tumor-to-liver ratio of less than one
(approximately 0.7 times), which is suboptimal
for imaging of liver metastases. Nevertheless, it
should be noted that the biodistribution in mice is
not entirely comparable to that observed in humans.
Consequently, the uptake in the liver is unlikely
to interfere with imaging of liver metastases in
clinical trials [23]. It appears that biliary excretion of
radiometabolites played a minor role, as radioactivity

in the gastrointestinal tract with its contents was low
(approximately 2%).

It can be supposed that the mechanism of
radioactivity retention in the liver is not solely
due to hepatobiliary excretion, but may also be
influenced by ligand — receptor interactions or other
mechanisms. HER2/neu expression takes place in
the liver, which may contribute to the accumulation
of G3-(GGGS),Cys radioactivity in this organ. The
selection of the optimal protein dose in clinical trials
of radiolabeled scaffold proteins allows to control
this process and attain the desired contrast for
visualization of liver metastases [14, 24].
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Fig.2. Comparative biodistribution of *"Tc-G3-(GGGS),Cys

4 hours after injection in HER2/neu-positive SKOV-3 and

HER2/neu-negative Ramos xenografts in Nu/j mice. The data

for five mice are presented as the mean % ID / g + standard

deviation. The data for the gastrointestinal tract with its

contents and the rest of the body are presented as % ID for the
whole sample

Since there was no direct comparison in the same
batch of mice of **Tc-G3-(GGGS),Cys obtained
from the lyophilized formulation and *"Tc-G3-
(GGGS),Cys obtained from the protein solution
without technological interventions, it is not possible
to state with any degree of reliability whether there
are any changes in the functional suitability of the
protein obtained from the lyophilized formulation.
However, acomparison with the previously published
data [19] on biodistribution and targeting properties
in Nu/J mice bearing SKOV-3 xenografts revealed
that the protein obtained from the lyophilized
formulation in the selected composition exhibits
properties identical to the native protein.
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CONCLUSION advanced breast cancer. N. Engl. J. Med. 2022;387(1):9-20.
DOI: 10.1056/NEJM0a2203690.
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Features of subset composition and functional activity of blood
lymphocytes in tick-borne infections of different etiologies

Voronkova 0.V, llyinskikh E.N., Hasanova R.R., Esimova I.E., Nevskaya K.V., Karpova M.R.,
Chernyshov N.A., Yampolskaya A.V., Yampolskaya O.V.

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

ABSTRACT

Aim. To perform a comparative assessment of subset composition and functional activity of peripheral blood
lymphocytes in patients with tick-borne encephalitis (TBE) and ixodid tick-borne borreliosis (ITBB) in the acute
phase of the disease.

Materials and methods. The study involved 22 patients with febrile and meningeal TBE, 15 patients with ITBB
with and without erythema, and 11 healthy controls. Subset composition of blood lymphocytes was determined by
flow cytometry. The blast transformation assay was applied to assess lymphocyte proliferation. Cytokine-produc-
ing activity of cells was studied in 24-hour incubated mononuclear cell cultures. Cytokine concentrations (inter-
leukin (IL)-2, IL-4, IL-10, interferon (IFN)y) were determined in the supernatants by the enzyme-linked immuno-
sorbent assay (ELISA).

Results. Patients with TBE demonstrated an increase in the proportion of helper — inducer T-cells, a pronounced
decrease in the proportion and absolute count of cytotoxic T cells, and low T lymphocyte count compared to
the control values. The study in ITBB patients revealed an increase in the helper — inducer T-cell count and the
proportion of NK-cells, a decrease in the cytotoxic T cell count, and the T lymphocyte count comparable to normal
values. The most significant decrease in the levels of phytohemagglutinin-induced lymphocyte proliferation was
found in patients with TBE. Patients of both groups showed a decrease in IL-2 secretion in the mononuclear cell
culture, a rise in IL-4 and IL-10 production, and IFNy production levels comparable to control values.

Conclusion. The study of TBE patients revealed relative lymphocytopenia with changes in the subset composition of
lymphocytes characterized by an increase in the proportion of helper — inducer T-cells and a decrease in the absolute
cytotoxic T lymphocyte count. Patients with ITBB demonstrated an increase in the proportion of NK-cells and a
more pronounced imbalance in the T-helper / cytotoxic T lymphocyte ratio. Changes in the functional phenotype of
lymphocytes, regardless of the etiology of tick-borne infection, were characterized by reduced proliferative reserve,
low IL-2 secretion, increased IL-4 and IL-10 production, and depressed reactivity of lymphocytes with respect to
IFNy secretion.

Keywords: tick-borne encephalitis, ixodid tick-borne borreliosis, lymphocytes, cytokines
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Ocob6eHHOCTU CyOnONYNALMOHHOro cocTaBa M PYHKLMIOHAaNIbHOMN
aKTUBHOCTUN NUMGOLUTOB KPOBU NPU KnelieBbiX UHPeKLmnax
pa3sHon 3TUonornun

BopoHnkoBa 0.B., UnbunHckux E.H., XacanoBa P.P., EcumoBa W.E., HeBckasa K.B.,
Kapnosa M.P., YepHbiwos H.A., AMnonbckas A.B., Amnonbckasa O.B.

Cubupckuii cocyoapcmeennblil Mmeouyurckuu ynugepcumem (Cudl’ MY)
Poccus, 634050, e. Tomck, Mockosckuti mpakm, 2

PE3IOME

Lesab — npoBecTH CPaBHUTEIBHYIO OLICHKY CYOTOMYJISIIUOHHOTO COCTaBa U (PYHKIIMOHATBHOW aKTHBHOCTH JIM-
(ounToB nepudepudeckoit KPoBU y OOJIBHBIX KilelieBbIM dHIehanuToM (KD) 1 HKCOIOBBIM KIICIIEBBIM OOppein-
o3oM (MKDB) B ocTpom miepuoze 3a00JieBaHHsI.

Matepuajbl 1 MeTOAbI. B rcciaenoBaHny NpuHsIN ydacTre 22 OOJbHBIX C JTMXOPaJOYHON W MEHHWHTEaIbHON
dopmamu KD, 15 naumento ¢ 6e33puremuoii u spuremuoii popmamu Kb u 11 310poBsix mun. Onpenenenue
CyOTIOIYIAIIOHHOTO COCTaBa TMM(OIUTOB B KPOBH MPOBOANIN METOJIOM IIPOTOYHON nuTodayopumerpun. IIpo-
TuQepaTuBHYI0 aKTUBHOCTD JIMM(OIMTOB MCCIEIOBANN B peakiuu OnacTHOH Tpanchopmanuu. LluTokuHnpo y-
IUPYIONLYI0 AKTHUBHOCTH KJIETOK MCCIEJOBAIH B 24-4aCOBBIX KyJIbTypaX MOHOHYKJI€APHBIX JIEHKOI[UTOB; KOHIIEH-
Tpauuto UTOKMHOB (uHTepneiikuna (IL) 2, IL-4, IL-10, dakropa maTepdepona ramma (IFNy)) onpexensimu B
KyJIbTypaTbHON XKHUAKOCTH METOJJOM UMMYHO(EPMEHTHOTO aHAIN3a.

Pesyabratsl. Y nanuento ¢ KD Ha goHe HU3KOrO 10 CPABHEHUIO C KOHTPOJIBHBIMHU 3HAYCHUSIMU dncia T-1um-
(OLIMTOB 3apEerucCTPUPOBAHO TOBBILICHHUE 0JIH T-XeIepoB/HHIYKTOPOB 1 BBIPQKCHHOE CHU)KCHHE OTHOCHTEIb-
HOTO M a0COFOTHOTO KOJHYeCTBa T-IIUTOTOKCHYCCKUX JTUMMOIHMTOB. Y 00iabHBIX VKD BBISIBICHO MOBBIICHHE
ypcna T-xennepoB/uHAYKTOpoB U 1o NK-KIIeTok, a TakiKe COnocTaBUMoe ¢ HOpMO# KomudecTBo T-muMborm-
TOB M HH3KOE cojepkanue T-InToTokcnueckux kietok. Haubonee 3Haunmoe cHmkenne ypoBas O A-unmayun-
poBaHHO# JTHMdonponudepauu 3aperucTpupoBato y namuentoB ¢ KO. V nmanneHToB 00eux Ipymil BBISIBICHO
cHmKkeHne cekperun IL-2 B KyJibType MOHOHYKJICApHBIX JISHKOUMTOB, NoBbIeHne Hapabotku IL-4 u IL-10 n
COIOCTaBUMBIH ¢ HOpMOH ypoBeHb npoaykiuu [FNy.

3axmouenne. Y 6onpHbIX KD Ha oHE OTHOCHTENBHOM JTIMMQPOIUTONCHUH PETUCTPHPYIOTCSI U3MECHEHHS CyOIIo-
MYJSIIIAOHHOTO COCTaBa JIMM(OIMTOB, XapaKTCPU3YIOUIMECs MOBBIIICHHEM JOJH T-XeImepoB/MHIYKTOPOB HPH
abcomoTHOI HenoctarouHocTH T-murorokcndeckux Jmumdornuros. [Ipu UKB HabmomaeTcs MOBBINICHUE JTOJH
NK-kieTok, a nucbananc cootHomieHus T-xenmepbl/T-IIUTOTOKCHYECKUE JTUMQPOIUTHI BBIPAXKCH CHIBHEE, YeM
npu KO. M3meHenus GyHKIMOHATBHOTO (PeHOTHUITA TUM(POIUTOB BHE 3aBUCIMOCTH OT STHOJIOTHYECKOTO BapHaH-
Ta UH(EKIUN XapaKTePU3YIOTCS CHIDKCHHEM Pe3epBa MpOIU(epaTHBHON aKTUBHOCTH Ha ()OHE HU3KOU CEKpeluu
IL-2, nosemrennem HapabGotku IL-4 m IL-10 m HenocTaTOYHONW PEaKTHBHOCTHIO JIMM(OIUTOB B OTHOLICHUH
cexpenun IFNy.

KuroueBrble ciioBa: kiemieBoii sHIeanuT, MKCOAOBbIH KIIEIIeBOH 60ppeno3, TMM(OLUTEI, IUTOKHHBI
KoHduMKT HHTepecoB. ABTOPBI FAPAaHTHPYIOT OTCYTCTBHE NMOTCHIHAIBHBIX U SBHBIX KOH(JIMKTOB HHTEPECOB,

CBSI3aHHBIX C MMyOJIMKAIMEH TaHHOW CTAaThH.

Hcrounuk ¢punancupoBanusi. ccnenoBanue BbIIOMHEHO 3a cueT rpanTa Poccuiickoro Hay4qnoro ¢onma (Ne 22-
15-20010, https://rscf.ru/project/22-15-20010/) u cpencts Aamunuctparyu ToMckoit 001acTH.

CooTBeTcTBHE MPUHIMIAM 3THKHU. Bce ManMeHTHl moanucand WHPOPMUPOBAHHOE COTNIACHE HA ydyacTHe B
uccnenoanuu. Mccnenosanue ogo0peno stmaeckum komuretom CuolI'MY (mpoTtokon Ne 9119/1 ot 30.05.2022).

Jast uurtupoBanus: Boponkosa O.B., Unbunckux E.H., Xacanosa P.P., Ecumosa U.E., Herckas K.B., Kapno-
Ba M.P., Uepnbimos H.A., SImnonbckas A.B., SImnosbckas O.B. OcoOeHHOCTH CyOMOMyIISIIMOHHOTO COCTaBa U
(YHKIMOHATIBHON aKTHMBHOCTH JMM(OIUTOB KPOBH IIPH KIICHIEBBIX MHQEKINSIX Pa3sHOU ITHOJOTHH. Broiiemens
cubupcroi meduyunst. 2024;23(3):25-33. https://doi.org/10.20538/1682-0363-2024-3-25-33.
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INTRODUCTION

Despite advances in the fields of prevention,
diagnosis, and treatment of most infectious diseases,
the problem of tick-borne infections is far from being
completely resolved. High incidence of chronic
ixodid tick-borne borreliosis (ITBB), pronounced
polymorphism of clinical manifestations and features
of the course of tick-borne encephalitis (TBE) (from
suppressed forms to severe and chronic ones) with
the development of long-term complications indicate
a lack of scientific knowledge about the relationship
between the pathogen and the host body [1, 2].

It is known that the pathogenesis of any infectious
disease is a complex dynamic process during which
the pathogenic potential of the microbe is realized
through interaction with factors of innate and adaptive
immunity of the host. At the same time, the functional
viability and productive cooperative interactions of
antigen-presenting, regulatory and effector immune
cells during the immune response largely determine
not only features of clinical manifestations, but also
options for the outcome of the infectious process [3,
4]. In some cases, the absence of specific clinical and
laboratory manifestations in some forms of vector-
borne infections transmitted by ixodid ticks causes
difficulties in differential diagnosis at the early stage
of the disease [5]. In this regard, the study of the
characteristics and mechanisms of development of
various etiological variants of tick-borne infections
has both theoretical and practical significance, in
particular, to identify new biomarkers of disorders of
the structural and functional phenotype of immune
cells which are significant for the diagnosis and
prognosis of diseases.

The aim of the study was to perform a comparative
assessment of subset composition and functional
activity of peripheral blood lymphocytes in patients
with TBE and ITBB in the acute phase of the disease.

MATERIALS AND METHODS

The study involved 37 patients with acute tick-
borne infections, of which 22 patients had acute
febrile and neuroinvasive forms of TBE (mean
age of the patients was 49.88 + 2.81 years), and 15
individuals were ITBB patients with and without
erythema migrans (mean age of the patients was
46.00+2.79 years). The diagnosis was verified based
on the medical history and the results of an objective
examination, which included laboratory tests and

the enzyme-linked immunosorbent assay (ELISA)
with the determination of IgM and IgG to Borrelia
burgdorferi s.l. and to TBE in the blood, as well
as the TBE virus antigen. Additionally, relapsing
tick-borne fever caused by Borrelia miyamotoi,
ehrlichiosis, and human granulocytic anaplasmosis
were excluded in all patients by polymerase chain
reaction (PCR) (RealBest kits, Vector-Best, Russia).
The control group involved 11 healthy individuals
(mean age was 48.13 + 2.76 years). The material
for the study was venous peripheral blood collected
from the patients upon admission to the Infectious
Disease Clinic of Siberian State Medical University.

Absolute and relative lymphocyte counts,
including T lymphocytes (CD3+CD19-), helper —
inducer T-cells (CD3+CD4+CD45+), cytotoxic
T lymphocytes (CD3+CD8+CD45+), natural
killer cells (NK-cells, CD3-CD56+CD45+), and
B lymphocytes (CD19+CD3-), were assessed by
immunophenotyping using fluorescently labeled
monoclonal antibodies (Elabscience, China) and
subsequent multicolor flow cytometry on the Accuri
C6 flow cytometer (BD Biosciences, USA). To
correctly exclude all particles from the assay regions
thatdid not correspond in size and granularity to living
lymphocytes, some logical constraints were included
into the particle distribution histograms according to
small-angle and side-scatter characteristics (Fig.).
The proportion of positive cells in the total cell
count was measured by applying logical constraints
to individual markers. At least 10* lymphocytes
were analyzed in each sample. Absolute subset
counts were determined based on their proportion
(percentage) and absolute lymphocyte count in
the peripheral blood using the Sysmex XN1000
hematology analyzer (Sysmex, Japan).

Spontaneous and mitogen-stimulated proliferative
activity of peripheral blood mononuclear cells
(PBMC) was studied in the blast transformation
assay (BTA). Suspension culture was prepared
by mixing heparinized venous blood with the
RPMI-1640 medium in a 1:4 ratio supplemented
with L-glutamine and fetal bovine serum (BioloT,
Russia). Phytohemagglutinin (PHA) (Sigma, USA)
(0.01 mg per 2.0x10°/ ml) was added to one of the
two samples and incubated at 37 °C and 5% CO,
for 72 hours. After incubation, the contents of the
vials were resuspended and centrifuged. Smears
were prepared from the sediment, fixed and stained
with Azur II Eosin. BTA intensity was determined
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by standard cell morphology using light microscopy
to analyze the count of non-blast and blast forms
(in %). The stimulation index was calculated as the
ratio of the PHA-induced blast transformation to
spontaneous blast transformation.
Cytokine-producing activity of cells was studied
in 24-hour incubated mononuclear cell cultures
isolated from venous blood by the Ficoll density
gradient centrifugation at a density of 1.077 g / cm?

1

(BioloT, Russia). Cells were incubated at a
concentration of 2x10°/ ml in the complete growth
medium with or without 50 pg / ml PHA. The
concentrations of cytokines, including interleukins
(IL)-2, IL -4, IL-10, and interferon (IFN)-y, were
assessed in the culture supernatants by ELISA using
Vector-Best kits (Russia). The stimulation index
was calculated as the ratio of PHA-induced cytokine
secretion to spontaneous secretion.
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Figure. Distribution of lymphocyte subsets depending on the expression of surface CD-markers: a — distribution histogram

of T lymphocytes (CD3+) and B lymphocytes (CD19+); b — isolation of NK-cells (CD3—-CD56+) from the general subset

of CD45+ lymphocytes; ¢ — distribution histogram of helper — inducer T-cells (CD4+) and cytotoxic T lymphocytes (CD8+)
after applying the logical constraint to CD45+ and CD3+
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The results were processed using the Statistica
12.0 software (StatSoft, USA). Normally distributed
data (Shapiro — Wilk test) were presented as the mean
and the standard deviation (M = SD). Non-normally
distributed data were presented as the median and the
interquartile range Me (Q,; Q). The Student’s -test
or the Mann — Whitney U-test with the Bonferroni
correction were used to compare differences
between the groups. The differences between the
two compared variables were considered statistically
significant at p < 0.05.

RESULTS

When analyzing the hemogram parameters in the
group of patients with TBE compared to the controls,
we revealed a statistically significant decrease in the
proportion of lymphocytes along with an increase
in the total leukocyte count in the peripheral blood
(Table 1). Nevertheless, the absolute lymphocyte
counts in the peripheral blood in both groups

of patients with TBE and ITBB did not differ
significantly from the control values. According
to the results of immunophenotyping of peripheral
blood lymphocytes, patients with TBE with a
decrease in the total T lymphocyte count showed an
increase in the proportion of helper — inducer T-cells
as well as a significant decrease in the relative and
absolute cytotoxic T lymphocyte count (on average
by 1.8 and 2.0 times, respectively) compared to the
control values (Table 1).

In patients with ITBB, the total T lymphocyte
count did not differ significantly from the values in
the control group. However, they had a decrease
in the cytotoxic T lymphocyte count and an
increase in the absolute helper — inducer T-cell
count.

Quantitative changes in these lymphocyte subsets
affected the helper T cell / cytotoxic T cell ratio,
which was on average 2 times higher than the control
values in both groups (Table 1).

Table 1
Total leukocyte count and lymphocyte subset composition in the peripheral blood of patients with tick-borne infections, Me (0 ; O,)
Group Total Total lymphocyte Lymphocyte subset counts Helper T
of the leukocyte count 1(n tk;/e herr}llo- (in % in the numerator, x10%1 in the denominator) cell / cy-

. gram (in % in the .
examined count, numerator, x10°/ 1 Helper — induc- |  Cytotoxic T Tlympho- | Blympho- | fotoxicT
individuals | x10°/1 . - NK-cells g cell ratio

in the denominator) er T-cells lymphocytes cytes cytes
Control 36.00 11.02 49.32 31.00 80.32 9.07
o 5.76 (32.00;37.01) | (8.98;12.97) | (47.30;51.12) | (29.9;32.10) | (78.2;82.03) | (8.97;9.8) 1.59
sroth (4.32; 5.90) 2.08 021 1.01 0.62 170 0.16  |(1.54;1.70)
(1.45;2.18) (0.19;026) | (0.66; 1.08) (0.47;0.70) | (1.09; 1.71) | (0.14;0.19)
17.37 73.76
20.65 58.22
Patients 8.36 (13.2; 28.9) 8 olllfg 5 | 6312601 a Mi’ g%).;w) (66'812’5%4:2) @ 529_'31]2 66) | . 285
with TBE, |(5.82;10.99)  p, =0.04 P p.=0.04 Py Py e 1200 12,105 5.68)
- Z0.01 1143 0.21 1076 0.29 1.12 0.17 ~0.03
" =0 (1,00:2.38) 012028 | (o500 (0.17;0.41) | (0.77;1.84) | (0.06;0.29) | P1~ "
Rt oo p,=0.01 p,=0.04
60.99
14.92 16.81
Patients 34.40 (11.13; 21.53) | 029364260 | 14 241829 77.14 7.83
: 723 (19.85; 43.7) > p.=0.04 " 3.69
with > p =0.04 ' p =001 [(71.22;81.87)| (4.92;10.27)
(5.49; 8.57) 2,=0.04 1 1.19 ! (3.40; 4.20)
ITBB, ~ oo o8 p,=0.04 (14 172) 034 1.54 0.16 Cogol
n=15 P, =0 (172:279) 0.26 004 (027;0.40) | (1.46;2.08) | (0.09;0.27) |71~
RPN . 1 . =
©13:046) | 217003 p, =001

Here and in Table 2 and 3: p, is the level of significance of differences when compared with parameters in the control group; p, is the level of
significance of differences when compared with parameters in TBE patients.

It should be noted that the number of B

Assessing the results of lymphocyte proliferative

lymphocytes in both groups of patients was
comparable with the control values. At the same
time, a statistically significant increase in the relative
number of NK-cells was recorded in patients with
ITBB compared to the control group.

activity in the PBMC cultures in vitro, we
found an increase in the level of spontaneous
blast transformation only in the patients
with ITBB compared to the healthy controls
(Table 2).
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The levels of PHA-induced blast transformation
were significantly lower in both groups of patients
than in the control group, while the most significant
decrease in this parameter was found in patients with
TBE, which was reflected in similar changes in the
calculated PHA stimulation index (Table 2).

Table 2

The results of the blast transformation assay of the peripheral
blood lymphocytes in patients with tick-borne infections,

M+ SD
Groups of Blast transformation assay, % . .
. Stimulation
the examined | yithout PHA |  with PHA index
individuals stimulation stimulation
Sinﬁd 80P 1 6.09+0.97 | 61.82+7.87 | 10.41+241
Patients with 26.78 £11.52 3.79+1.19
+
TBE, n =22 7354331 p,<0.001 p,<0.001
Patients 10.40 +2.48 49.63 £7.12 498 £1.18
with ITBB, p, <0001 | p <0001 p,<0.001
n=15 p,=0003 | p,=0.002 p,=0.03

The capability of secreting immunoregulatory
cytokines is one of the parameters determining the
functional phenotype along with the proliferative
activity and expression profile of peripheral blood
lymphocytes. In this study, we focused on IL-2, IL-
4, IL-10, and IFNy that have para- and autocrine

effects on immune cells by controlling all stages of
antigen-specific proliferation, differentiation, and
functional activity of T and B lymphocytes [6-8].
When analyzing the cytokine-producing activity of
PBMC cultures in vitro obtained from both groups of
patients with tick-borne infections, regardless of their
etiology, we detected a decrease in the spontaneous
and mitogen-induced production of IL-2, which was
most pronounced in patients with ITBB (Table 3).
Basal [L-4 secretion and the levels of spontaneous
and PHA-induced IL-10 secretion in the cell culture
supernatants in both groups of patients were
significantly higher than those in the controls. We
detected that on average the levels of PHA-stimulated
IL-4 production in the patients with ITBB were two
times higher than those in the control group (Table
3). It should be mentioned that the concentration of
spontaneous and mitogen-induced IFNy secretion
in the primary PBMC cultures in both groups of
patients with tick-borne infections did not differ from
that in the healthy donors (Table 3). The analysis
demonstrated a statistically significant decrease
in the stimulation indices of IL-2, IL-4, and IL-10
in both groups of patients compared to the control
values, which indicates that the PBMC secretory
activity in relation to these cytokines decreases.

Table 3

Cytokine concentrations in the supernatants of 24-hour cultures of peripheral blood mononuclear cells in the patients with tick-borne
infections, Me (Q,; 0,)

Parameter Control group, n =11

Patients with TBE, n = 22

Patients with ITBB, n = 15

3 . . . 32.11 (11.56; 48.006) 10.78 (9.78; 13.19)

5] .

§ g without PHA stimulation 44.52 (32.74; 112.13) p,=0.01 p,<0.001; p,~ 0.03
=)

£ & . . . 27.21 (24.28; 68.74) 24.27(21.01; 27.57)

= o .

é S with PHA stimulation 93.50 (66.96; 275.88) .= 0.005 ,<0.001; p,— 0.03

=) Ll

o Stimulation index 2.85(1.57;5.52) 2.20 (1.64; 2.60); p, = 0.04 2.11 (1.68; 2.62); p, = 0.04
G

S _ . . . . 10.51 (6.50; 23.88) 26.18 (22.13; 30.35)

.5 § without PHA stimulation 2.92(2.51;4.93) .= 0.01 ,<0.001; p,< 0.001

s e .

g = with PHA stimulation 19.72 (10.20; 22.32) 19.90 (10.38; 46.97) 44.43 (41.42; 56'06)

54 E p,<0.001; p,=0.01

=]

S~ Stimulation index 4.00 (3.49; 8.83) 2.11 (1.89; 2.19); p,< 0.001 1.99 (1.41; 2.48); p, = 0.001

without PHA stimulation 9.36 (2.45; 12.65)

37.28 (12.89; 53.71)

28.77 (20.01; 90.87)

p,=0.02 p,=0.001
. . . ) 88.66 (57.09; 141.46) 112.39 (48.07; 129.70)
with PHA stimulation 27.39 (12.87; 59.75) .= 0.04 p,=0.004

Concentration
of
IL-10, pg / ml

Stimulation index 4.72 (1.38; 11.09)

222 (2.13;2.73); p,= 0.02

2.20 (1.02; 5.20); p, = 0.01

without PHA stimulation 26.96 (9.47; 43.61)

21.27 (14.82; 25.01)

16.50 (8.81; 41.81)

with PHA stimulation 25.59 (22.45; 49.30)

24.39 (11.49; 41.25)

21.77 (19.11; 44.34)

IFNy
concentration,
pg/ml

Stimulation index

0.98 (0.51; 4.85)
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DISCUSSION

It is known that the subset composition of
lymphocytes in the peripheral blood in the acute
phase of an infectious disease is the result of their
dynamic redistribution during active migration of
naive lymphocytes to peripheral lymphoid organs
(where they interact with antigen-presenting cells),
their further proliferation and release as mature
clones into the blood, migration into tissues with
return to the peripheral lymphatic organs, and
apoptosis [9, 10]. The quantitative and qualitative
characteristics of the immune response to infections
depend on many factors, such as the antigen type, its
dose, and a route of entry into the body.

According to some of the earlier studies, changes
in the distribution of the peripheral blood lymphocyte
subsets included a decrease in the CD3+, CD4+,
and CD8+ T lymphocyte counts as well as an
increase in the B lymphocyte count, typical of the
acute phase of TBE [11-13]. In patients with acute
febrile and neuroinvasive forms of TBE and relative
lymphocytopenia, we revealed a deficit in the T
lymphocyte count (CD8+ lymphocyte count), while
the B lymphocyte count and NK-cell count did not
differ from the control values. Moreover, we detected
significant imbalances in the helper T cell / cytotoxic
T cell ratio as well as a significant decrease in the
PHA-induced proliferative activity of peripheral
blood lymphocytes in TBE patients (Table 2).

It seems that the decrease in the CD8+-subset
in TBE patients resulted from the insufficient
proliferative response of lymphocytes to viral
antigens. It should also be assumed that there
was a direct cytotoxic effect of the TBE virus and
selective damage to the T cell immune response due
to its replication in the thymus, which can control
maturation, differentiation, and functional activity of
T lymphocytes.

Thus, some researchers point to the development
of clonal exhaustion of committed T lymphocytes
in viral persistence with the immune imbalance
polarized toward Th2 [14, 15]. These results were
consistent with our data on assessing the cytokine-
producing activity of mononuclear cells in the
acute phase of TBE and revealed elevated levels
of IL-10 and IL-4 secretion in PBMC cultures with
decreased IL-2 secretion and insufficient leukocyte
cellular activity to release IFNy (Table 3). When
IL-2 secretion was reduced, lymphocytes did not

have sufficient reserve to increase proliferation in
response to PHA stimulation, which was probably not
compensated by the effects of other proinflammatory
cytokines, such as TNFa, IL-18, IL-12, etc.

Unlike cytotoxic T lymphocytes, NK-cells
as components of innate immunity do not have
pathogen specific recognition function as well as
in the mechanisms of antibody-dependent cellular
cytotoxicity [ 16]. NK-cells play a pivotal role of in the
immunopathogenesis of viral infections and are also
involved in cytolytic effects in bacterial diseases. In
bacterial infections, NK-cells can be activated both
via cross-interaction with other leukocytes and via
direct recognition of pathogen-associated molecular
patterns [17].

To date, there is evidence that NK-cells express
pattern recognition molecules, such as Toll- and
NOD-like receptors [17, 18]. The capability of
Borrelia spp. to induce an increase in the NK-
cell count at the onset of the disease was a very
important finding [19, 20]. At the same time, the
cytolytic activity of NK-cells cannot be an effective
mechanism for eliminating extracellular pathogens,
including Borrelia spp. However, when there is
cytotoxic lymphocyte deficiency and ineffective
antibody synthesis, NK-cells are likely to play a
pivotal role in limiting pathogen dissemination,
which was confirmed by the increase in their
count that we detected in the patients with ITBB.
Moreover, the role of NK-cells and Th1 lymphocytes
in the immunopathogenesis of Lyme disease was
predominantly determined by the immune cell
capability of stimulating phagocytosis via release of
IFNy and IL-12 that induce macrophage activation
[21, 22].

Despite the fact that we detected elevated absolute
helper T cell count in the patients with ITBB, the
levels of basal and PHA-stimulated IFNy secretion
in the PBMC cultures did not differ from those in the
control group. Additionally, low IL-2 production and
increased secretion of IL-4 and IL-10 were revealed
in both groups of patients with ITBB and TBE. The
changes in the cytokine secretion profile of PBMC
that we revealed in the patients with ITBB seemed
quite logical and reflect the effector phase of the
immune response to borrelia antigens. It was a result
of cooperative interactions between macrophages
and lymphocytes mediated by cytokines that induce
the accumulation of mature T helper 2 cells, which
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can stimulate formation of sufficient subsets of
plasma cells releasing specific antibodies to borrelia
antigens in the lymphoid organs.

In general, when analyzing the results obtained
and comparing them with the literature data, we
noted significant variability in changes in immune
status parameters in different groups of patients with
tick-borne infections, regarding both quantitative
changes in these parameters and data interpretation
in the context of complex regulatory mechanisms of
the immune response [4, 11-13, 22]. Additionally,
many authors note the correlation of suppression
or activation levels of specific innate and adaptive
immunity components with the severity of the
clinical course of the disease, which, in our opinion,
emphasizes the relevance of further research on
immune response mechanisms in different clinical
forms of tick-borne infections, including the study
of dynamics of the infectious process.

CONCLUSION

The study revealed changes in the lymphocyte
subset composition in the blood of patients with
TBE and relative lymphocytopenia, characterized
by an increase in the proportion of helper — inducer
T cells and a decrease in the absolute cytotoxic T
lymphocyte count. Patients with ITBB demonstrated
an increase in the proportion of NK-cells and a more
pronounced imbalance in the T-helper / cytotoxic
T lymphocyte ratio. Changes in the functional
phenotype of lymphocytes, regardless of the
etiology of tick-borne infection, were characterized
by reduced proliferative reserve, low IL-2 secretion,
increased IL-4 and IL-10 production, and depressed
reactivity of lymphocytes with respect to IFNy
secretion.
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Adipocytokine levels in patients with atherosclerosis and high
triglyceride - glucose index
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ABSTRACT

Aim. To study the levels of adipocytokines and their associations with stable and unstable atherosclerotic plaques
in patients with a high triglyceride — glucose (TyG) index.

Materials and methods. The study included 109 men aged 3879 years (mean age 62.28 + 8.19 years) with
atherosclerosis hospitalized for coronary artery bypass grafting (CABG). After microscopy of the intima — media
layer, the type of atherosclerotic plaque was determined: stable / unstable. The TyG index > 4.49 was considered as
high. Fifty-eight (60%) men had stable plaques in the CA (28 (56%) of them had TyG > 4.49); 39 (40%) men had
unstable plaques in the CA (15 (39%) had TyG > 4.49). Blood adipocytokine level was studied using the multiplex
assay and the Human Metabolic Hormone Panel V3.

Results. The final analysis included 97 patients. The level of glucose-dependent insulinotropic polypeptide (GIP)
was 1.53 times greater in patients with TyG > 4.49 (34.16 [18.71; 54.98] vs. 22.34 [15.02; 34.77], p = 0.004). In
patients with TyG < 4.49, the adipsin level was 1.2 times higher in patients with unstable plaques than in patients
with stable ones. In patients with stable plaques and TyG > 4.49, the GIP level was 1.88 times higher than in
patients with TyG < 4.49 (42.13 [25.34; 68.95] vs. 22.39 [17.00; 28.60], p = 0.003). In patients with unstable
plaques and TyG > 4.49, the level of peptide tyrosine — tyrosine (PYY) was 1.46 times greater than in patients with
TyG <4.49 (46.14 [30.49; 70.66] vs. 31.53 [24.71; 43.01], p = 0.048).

Conclusion. Men with atherosclerosis and TyG > 4.49 had higher blood levels of GIP and PYY. Blood adipsin
levels were higher in patients with unstable plaques without insulin resistance.

Keywords: TyG index, atherosclerosis, unstable atherosclerotic plaque, glucose-dependent insulinotropic
polypeptide, peptide tyrosine — tyrosine, adipsin
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YpPOBHIN MOneKy, ceKpeTUpyeMbIX XKUPOBOI TKaHblo, Y NaLeHTOB
C KOPOHaAPHbIM aTePOCKAEPO30M U BbICOKUM TPUTNNLIEPUA-TNTIIOKO3HbIM

NHAEKCOM

Fap6ysosa E.B.", Lipamko B.C.', KawitanoBa E.B.', MonoHckas A.B.’, CraxHésa E.M.’,

Kyprysos A.B.%, YepHasckuin A.M.?, Paruxo 10.1."

I Hayuno-uccaedosamenvckuil uncmumym mepanuu u npoguiaxmudeckou meouyunol (HUUTIIM) —

Gunuan Unemumyma yumonoeuu u cenemuxu CO PAH (Ul{ul” CO PAH)
Poccus, 630089, 2. Hosocubupck, ya. b. boeamkosa, 175/1

2 Hayuonanvhwlil meouyunckuil uccredosamenvcexkutl yenmp (HMHUI]) um. axao. E.H. Mewanxuna
Poccus, 630055, 2. Hosocubupck, yi. Peukynosckas, 15

PE3IOME

HeJIL — U3Yy4YCHUEC ypOBHefI AJUIIOIUTOKUHOB, a4 TAKKEC UX accounam/lf/’[ CO CTaOMJIBHBIMH ¥ HECTAOMIIbHBIMU aTepo-

CKIICPOTUYCCKUMU OJIsIIIKaMu Y DallME€HTOB C BBICOKHUM TPUITIMUCPU-TIIFOKO3HBIM UHJICKCOM (TYG)

MartepuaJjsl 1 MeToAbL. VccnenoBanue Brurtouano 109 mysxuann 38-79 et (cpexnmii Bo3pact 62,28 + 8,19 net) ¢
aTepoCKIepo30M KopoHapHBIX aprepuii (KA), rocnuTann3npoBaHHBIX HA ONIEpalio KOPOHAPHOTO ITYHTHPOBAHHS
(KIII). ITocire MUKPOCKOITIYECKOT0 NCCIIENO0BAHMS (PParMEeHTOB HHTUMA-MEANa ONPEIeIISUICS THII aTePOCKIEPOTH-
YECKOM OJISAIIKU: cTabMIIbHas/HecTaOmibHasA. Beicokum cuntaincs TYG > 4,49. Nmenu crabuibHble Osiiku B KA
58 (60%) my>xunH (y 28 u3 Hux (56%) TYG > 4,49), 39 (40%) nmenu HecTabunpHble Omamkn B KA (y 15 (39%)
TYG > 4,49). AnunonuToKNHEl B KPOBH H3yYalNCh IIPY MOMOIIHM MYJIBTUILIEKCHOTO aHalu3a u rnanenn Human

Metabolic Hormone V3.

Pe3yabTaThl. B HTOroBhIii aHamm3 BOIUTH 97 MallMeHTOB. Y POBEHb INIFOKO303aBUCUMOTO HHCYIMHOTPOITHOTO MO-
munentuaa (GIP) 6ew1 B 1,53 pasa Beime y nanueHToB ¢ TYG > 4,49 (34,16 [18,71; 54,98] mpotus 22,34 [15,02;
34,771, p = 0,004). Y mamuentoB ¢ TYG menee 4,49 ypoBeHb aAUIICHHA OBLT BBILIE Y MAIMEHTOB C HECTAOMIIb-
HBIMH OJISIIIKaMU, Y€M y MAIMEHTOB CO CTaOMIBHBIMU, B 1,2 pa3a. Y MallMeHTOB CO CTAOWJIBHBIMH OJISIIKAMH U
¢ TYG = 4,49 yposens GIP Ovi1 B 1,88 pasa Beire, yem y mamueHToB ¢ TYG menee 4,49 (42,13 [25,34; 68,95]
mpotus 22,39 [17,00; 28,60], p = 0,003). V manuenTtoB ¢ HectabmipHbIME OmsituikamMu 1 TYG > 4,49 ypoBeHb
nentuaa Tupo3uH-Tupo3uH (PYY) Obw1 B 1,46 pasa Beie, yem y nauuentoB ¢ TYG menee 4,49 (46,14 [30,49;

70,66] mpotus 31,53 [24,71; 43,01], p = 0,048).

3akimroueHne. Y My>X4lH ¢ KOPOHapHBIM aTepockiepo3oM U TYG > 4,49 B kposu Oosiee Bbicokue ypoBau GIP u

PYY. Yposens B kpoBu apuncuna 6onee Beicokuii ¢ HectabunbHbiMu ACH y nmauuenrtos 6e3 VP.

Kirouessblie cioBa: naaekc TYG, KOpoHapHBIN aTepockiepo3, HecTaOuibHas aTepOCKIepOTHYEeCcKas OMIIKa,

TII0K0303aBUCUMBII I/IHCyJ'II/IHOTpOl'IHHﬁ MOJIMIICNITUA, NENTUA TUPO3UH-TUPO3UH, ATUTICUH

KonpaukTt untepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTCHIIMAIBHBIX KOH()INKTOB HHTEPECOB,

CBs3aHHBIX C Hy6J’IPIKaIIPIeﬁ HACTOSIICH CTATHH.

Hcrounux ¢punancupopanus. MccrnenoBanne nposeaeHo mpu GUHAHCOBOW nmoanepxke Poccuiickoro HaygyHOTO

¢donma Ne 24-25-00079.

CooTBeTcTBHE MPUHIMIIAM dTHKH. Bce manueHTs! moamucain HHGOPMUPOBAHHOE COTJIACHEe HA y4acTHE B HC-
crnenoBanuu. VcenemoBanue 0j00peHO JOKaIbHBIME KomuTeTamu 1o 3tuke HUUTIIM — pumman Uul' CO PAH

n HMUII um. ak. E.H. Memankuna (nmpotokos Ne 2 ot 05.06.2011).

[ uutupoBanus: I'apOysosa E.B., IlIpamko B.C., Kamranosa E.B., [Tononckas 51.B., Craxuésa E.M., Kypry-
30B A.B., Uepnsasckuit A.M., Paruno 10.U. YpoBHH MOJIeKyII, CEKPETUPYEMBIX KUPOBOI TKaHBIO, Y TMAI[IEHTOB C
KOPOHAPHBIM aT€POCKIEPO30M U BBICOKHUM TPUTTHUIEPUI-TTIOKO3HBIM UHIEKCOM. broemens cubupckoti meouyu-

Hot. 2024;23(3):34-41. https://doi.org/10.20538/1682-0363-2024-3-34-41.
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INTRODUCTION

The study of atherosclerosis and unstable
atherosclerotic plaques is of great importance
because of their key role in the pathogenesis
of cardiovascular events. Atherosclerosis is a
chronic inflammatory disease characterized by
the emergence of atherosclerotic plaques in the
walls of arteries, leading to stenosis and impaired
blood flow. In particular, unstable atherosclerotic
plaques are of clinical importance because they are
prone to rupture, blood clots, and subsequent acute
cardiovascular events. Recent studies have focused
on the role of inflammation, lipid metabolism, and
plaque destabilization mechanisms in the progression
of atherosclerosis and the development of unstable
plaques, emphasizing the importance of further
research in this area to address the global burden of
cardiovascular diseases [1-3].

Abdominal obesity is a well-established risk
factor for the development and progression of
atherosclerosis, largely due to the release of
proinflammatory adipokines and cytokines from
visceral adipose tissue, resulting in chronic low-grade
inflammation and endothelial dysfunction, which
play a key role in the pathogenesis of atherosclerosis
[4]. Moreover, insulin resistance, a hallmark of
the metabolic syndrome that often accompanies
abdominal obesity, can further exacerbate
atherosclerosis, contributing to dyslipidemia,
oxidative stress, and inflammation, which together
contribute to the formation and progression of
atherosclerotic plaques [5].

It was found that the TyG index, a new marker
of insulin resistance, is closely associated with
atherosclerosis and cardiovascular risk, mainly
due to its close relationship with dyslipidemia and
impaired glucose metabolism, which play a key
role in the pathophysiology of atherosclerosis [6].
Understanding the complex relationship between
abdominal obesity, insulin resistance, and the TyG
index is important for developing targeted strategies
for the prevention of atherosclerosis and related
cardiovascular complications.

The aim of our research was to study the levels
of adipocytokines (C-peptide, glucose-dependent
insulinotropic polypeptide (GIP), glucagon-like
peptide-1 (GLP-1), interleukin-6 (IL-6), leptin,
monocytic chemoattractant protein-1 (MCP-1),
pancreatic polypeptide (PP), peptide tyrosine —

tyrosine (PYY), tumor necrosis factor alpha (TNFa),
plasminogen activator inhibitor-1 (PAI-1), lipocalin,
ghrelin, glucagon, adiponectin, adipsin, resistin,
omentin, visfatin) and their associations with stable
and unstable atherosclerotic plaques in patients
with insulin resistance (IR) using the triglyceride —
glucose (TyG) index.

MATERIALS AND METHODS

The study was conducted as part of joint research
of the Research Institute of Internal and Preventive
Medicine — branch of the Institute of Cytology and
Genetics of SB RAS and E. Meshalkin National
Research Medical Center of the Ministry of Health
of the Russian Federation. After patients signing
a written consent to participate in the study, we
collected their data and blood samples. The study
was approved by the local Ethics Committees at
both institutions (Protocol No.2 of 5.06.2011). The
study was carried out with the financial support of
the state assignment No. FWNR-2024-0004 and the
RSF grant No. 24-25-00079.

The study included 109 men aged 38-79
years (mean age 62.28 + 8.19 years) who were
diagnosed with stable FC II-IIl angina pectoris
and atherosclerosis of the coronary arteries (CA)
following coronary angiography findings, did not
have acute coronary syndrome (ACS), and were
hospitalized at the clinic of E. Meshalkin NRMC
from 2011 to 2023 for coronary artery bypass
grafting (CABQG).

The inclusion and exclusion criteria and the
stages of data collection, examination, and histologic
examination of samples were described in detail in
previous articles [7].

After microscopy of the intima — media layer
(sampled during CABG), we determined whether
atherosclerotic plaques were stable or unstable [8].

After CABG, 6 patients dropped out of the study
because they developed complications, signed a
voluntary waiver or it was impossible to contact
them. It was not possible to determine the type of
a plaque in 6 patients. The final analysis included
97 patients. Insulin resistance in patients was
determined using the TyG index (In [triglycerides
(mg / dl) x glucose (mg/dl)] / 2.). The optimal cut-
off point was 4.49, with the sensitivity of 82.6%
and specificity of 82.1% (AUC = 0.889, 95% CI:
0.854-0.924) [9].
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Fig. 1. Research design. CA — coronary arteries, FC — functional class, TyG — triglyceride — glucose index

In the study group, 58 (60%) men had stable
plaques in CA (28 (56%) of them had TyG index >
4.49, which, according to studies, is associated with
insulin resistance [9]), and 39 (40%) men had unstable
plaques in CA (15 (39%) had TyG index > 4.49).

Biochemical studies were carried out using the
enzymatic method on the Konelab 30i analyzer
(Thermo, Finland). We applied the Luminex
MAGPIX multiplexing system and the multiplex
assay using the Human Metabolic Hormone Panel
V3 (MILLIPLEX, Germany) to determine the levels
of the following parameters: C-peptide, GIP, GLP-
1, IL-6, leptin, MCP-1, PP, PYY, TNFa, PAI-1,
lipocalin, ghrelin, glucagon, adiponectin, adipsin,
resistin, omentin, and visfatin.

The statistical analysis was carried out using the
SPSS 13.0 software package. The Kolmogorov —
Smirnov test was used to estimate the distribution
of variables. Since the distribution of quantitative
variables was nonparametric, we used the median of
the interquartile range Me (Q,,; O,,). The Mann —

25°

Whitney U-test (for two independent samples) and
the Kruskal — Wallis test were used to compare the
samples. The Spearman’s rank correlation coefficient
(r ) was applied to analyze the dependence of
quantitative features of individual data from data
aggregates. Qualitative variables were presented as
absolute values n and fractions in %. The Pearson’s
x 2 test was used to assess the differences between
qualitative variables. The results were considered
statistically significant at p < 0.05.

RESULTS

Table 1 presents data from patients with high and
low TyG index and stable or unstable plaques. Type
2 diabetes mellitus was more common in patients
with unstable plaques and TyG >4.49 than in patients
with stable plaques and TyG > 4.49 (53% vs. 11%,
p = 0.006) (Table 1). All patients were diagnosed
with  essential hypertension and received
antihypertensive therapy to achieve the target blood
pressure values.
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Dyslipidemia in patients of both groups was
determined by an increase in the level of lipoproteins
and lipids above the optimal value [1].

The patients included in the study had a very high
cardiovascular risk, so dyslipidemia was determined

at LDL-C levels > 55 mg / dl and at TG levels
> 150 mg / dl. All patients with coronary artery
disease received statin therapy at maximum tolera-
ted doses, regardless of the presence of dyslipi-
demia.

Table 1

Characteristics of patient groups depending on TyG index and plaque type (stable/unstable)

Patients with stable Patients with unstable Patients with stable | Patients with unstable
Parameter plaques and TyG >4.49, | plaques, TyG >4.49 p plaques, TyG <4.49, | plaques, TyG <4.49, P
n=28 n=15 n =730 n=24
Average age 63.00 [57.00; 67.50] 59.00 [54.00; 65.00] | 0.338 | 64.00[57.25;70.75] | 62.00 [56.25; 68.00] | 0.567
BMI, kg / m? 29.84 [26.97; 32.14] 29.72 [26.83; 31.70] 0.899 | 26.67[25.35;30.12] 29.11[25.97;32.74] | 0.169
xfaﬁzrgfﬁ or 16 (57.1%) 9 (60.0%) 0.856 10 (33.3%) 8 (33.3%) 0.933
WC, cm 92.00 [88.00; 100.00] 93.50 [89.00; 100.50] | 0.530 | 89.00 [82.75; 99.50] 88.00 [84.50; 94.00] | 0.864
SBP, mmHg 130.00 [121.25; 140.00] 125 '?sz(l)f)(])'OO; o601 | 133 ‘?‘(‘)S[g;oo; 137‘?23F(1)3§‘00; 0.535
DBP, mmHg 80.50 [80.00; 89.50] 80.00 [78.33; 81.67] | 0.301 | 80.00 [75.00; 90.00] | 80.00 [80.00; 89.50] | 0.485
Smoking status, abs. % 17 (61%) 10 (67%) 0.784 24 (80%) 22 (92%) 0.230
T2DM, abs. % 3 (11%) 8 (53%) 0.006 4 (13%) 4 (17%) 0.732
Cholesterol, mmol / 1 4.17 [3.46; 4.88] 4.50[3.57; 5.09] 0.628 3.92 [2.51; 4.46] 3.51[3.13;4.42] 0.862
Triglycerides, mmol / 1 1.09 [1.02; 1.32] 0.86 [0.77; 1.44] 0.177 0.69 [0.58; 0.86] 0.62 [0.49; 0.78] 0.246
HDL-C, mmol / 1 0.59[0.47; 0.71] 0.61[0.53; 0.70] 0.655 0.61 [0.52; 0.80] 0.70 [0.53; 0.89] 0.293
LDL-C, mmol / 1 2.98 [2.47; 3.74] 3.46 [2.26; 3.79] 0.760 2.85[1.67; 3.39] 2.41[1.98; 3.40] 0.947
Glucose, mmol / 1 6.70 [5.63; 8.43] 6.80 [5.90; 8.00] 0721 |  5.25[4.83;5.68] 5.25[4.80;6.08] | 0.573

Note. BMI - body mass index, WC — waist circumference, SBP — systolic blood pressure, DBP — diastolic blood pressure, T2DM — type 2 diabetes

mellitus, HDL-C — high-density lipoprotein cholesterol, LDL-C — low-density lipoprotein cholesterol.

In all patients, we assessed the levels of
adipocytokines (C-peptide, GIP, GLP-1, IL-6,
leptin, MCP-1, PP, PYY, TNFa, PAI-1, lipocalin,
ghrelin, glucagon, adiponectin, adipsin, resistin,
omentin, visfatin) in the subgroups with low
(< 4.49) and high (> 4.49) TyG index. The GIP
level was 1.53 times higher in patients with TyG
>4.49(34.16[18.71;54.98] vs. 22.34[15.02; 34.77],
p =0.004) (Fig. 2).

Next, adipocytokine levels were assessed in
the subgroups with low (< 4.49) and high (> 4.49)
TyG index in patients with unstable and stable
atherosclerotic plaques in the CA (Table 2). In
patients with TyG < 4.49, the adipsin level was 1.2
times higher in patients with unstable plaques than in
patients with stable ones.

In patients with stable plaques and TyG > 4.49,
the GIP level was 1.88 times higher than in patients
with stable plaques and TyG < 4.49 (42.13 [25.34;
68.95] vs. 22.39 [17.00; 28.60], p = 0.003).

60.00
[ 54.98
50.00

44.57
40.00

34.77 34.16

30.00

28.56

22.34
18.68

26.34

20.00 —— 1871

15.02
10.00

0,00
GIP (pg / ml)
M Patients with TyG < 4.49

Patients with TyG > 4.49

Fig. 2. GIP level (pg / ml) in patients with TyG <4.49 and TyG
>4.49

In patients with unstable plaques and TyG > 4.49,
the PYY level was 1.46 times higher than in patients
with unstable plaques and TyG <4.49 (46.14 [30.49;
70.66] vs. 31.53 [24.71; 43.01], p = 0.048).
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Table 2
The content of adipocytokines depending on the TyG index and the type of atherosclerotic plaque, Me (0,.; 0..)
Patients with stable Patients with unstable Patients with stable | Patients with unstable
Parameter plaques and TyG > 4.49, plaques, TyG > 4.49 P plaques, TyG <4.49 | plaques, TyG <4.49 P
n=28 n=15 n=730 n=24
C-peptide, ng / ml 1.40[0.36; 2.43] 1.57[0.65; 1.90] 0.838 0.76 [0.14; 1.64] 0.8310.41; 1.65] 0.403
GIP, pg / ml 42.13 [25.34; 68.95] 26.22 [16.18; 47.27] 0.165 22.39[17.00; 28.60] | 19.55[12.42;38.63] | 0.824
275.78 432.65
GLP-1, pg/ ml 308.62 [192.49; 742.65] | 403.22[156.31;671.80] | 0.610 [185.12: 595.60] [216.1: 680.38] 0.159
1L-6, pg / ml 5.96 [1.83; 14.48] 7.74 [3.73; 13.35] 0.462 7.14 [2.50; 13.06] 6.55[1.67;18.59] | 0.709
. 5,764.73 5,874.95 2,977.39 4,426.24
Leptin, pg /ml [3,516.42; 8,006.34] [1,559.14; 12,266.47] 0-894 [869.98; 7,650.03] | [1,105.64; 11,135.62] 0-401
226.53 215.81
MCP-1, pg / ml 259.25[154.81; 348.13] | 215.00[182.92;277.42] | 0.610 [142.34; 334.38] [135.90; 325.78] 0.986
PP, pg / ml 87.44 [55.29; 165.58] 87.23 [578.68; 138.54] 0.549 | 65.34[36.94; 156.61] | 65.35[39.50; 139.91] | 0.914
PYY, pg/ ml 46.97 [33.45; 58.99] 46.14 [30.49; 70.66] 0.908 | 43.01[25.05;73.71] | 31.53[24.71;43.01] | 0.105
TNFo, pg / ml 5.52[3.43;7.27] 5.66 [4.36; 7.19] 0.593 5.24 [3.11; 7.19] 5.80 [4.75; 6.70] 0.441
PAI-1, ng / ml 30.54 [13.56; 42.04] 20.55[12.01; 46.98] 0.858 18.19[13.34; 32.14] | 21.04 [15.32;31.66] | 0.354
. . 374.40 399.19
Lipocalin, ng / ml 551.70 [270.83; 798.91] | 386.98 [196.64; 770.38] | 0.537 [173.47; 597.15] [204.80: 642.77] 0.932
Ghrelin, pg / ml 17.29 [10.19; 37.55] 13.06 [9.23; 17.29] 0.109 17.29 [9.56; 23.62] 9.231[9.23;23.62] | 0.288
Glucagon, pg / ml 10.07 [5.89; 23.44] 7.39 [32.68; 28.38] 0.554 10.83 [3.71; 27.04] 7.87[3.25; 15.28] | 0.304
Adiponectin, mcg / ml | 32.43 [15.03; 43.15] 13.85 [7.04; 30.45] 0.428 | 24.27[13.80;38.31] | 27.91[15.65;41.89] | 0.608
Adipsin, mcg / ml 9.69 [6.97; 15.96] 9.14 [7.48; 13.10] 0.067 9.39 [5.14; 12.89] 11.13 [10.08; 15.77] | 0.032
Resistin, ng / ml 29.02 [13.81; 43.90] 40.76 [22.16; 62.09] 0.650 40.00 [8.95; 63.49] 29.67 [8.08; 67.54] | 0.572
Omentin, ng / ml 0.84[0.65; 1.27] 0.89[0.73; 1.64] 0.380 1.1510.52; 1.38] 0.9210.82; 1.38] 0.827
e 101.47
Visfatin, ng / ml 76.84 [17.28; 135.20] 23.86 [17.84; 74.09] 0.320 [23.86; 127.87] 66.15 [22.60; 113.46] | 0.581

Note.

GIP — glucose-dependent insulinotropic polypeptide, GLP-1 —glucagon-like peptide-1, IL-6— interleukin-6, MCP-1 — monocyte

chemoattractant protein-1, PP — pancreatic polypeptide, PY'Y — peptide tyrosine — tyrosine, TNFa — tumor necrosis factor alpha, PAI-1 —plasminogen

activator inhibitor-1

DISCUSSION

The detection of GIP receptors on the surface of fat
cells [10] led to the assumption that GIP participates
in fat metabolism [11, 12]. The consumption of
foods rich in fats stimulates the release of GIP more
strongly than carbohydrates or proteins, and a high-
fat diet leads to an increase in the expression of the
GIP gene and an increase in its concentration in the
blood. At the cellular level, activation of the GIP
receptor on the adipocyte leads to anabolic effects,
including increased glucose uptake into tissues,
activation of lipoprotein lipases, and synthesis of
free fatty acids.

These data indicate that GIP plays an important
role in fat metabolism. The study by E.A. Shestakova
showed significantly higher GIP levels in the group
of patients with BMI > 35 kg / m? compared to those
with lower BMI both on an empty stomach and after
meals. Similarly, GIP secretion was significantly
higher in individuals with insulin resistance
(determined by HOMA-IR) compared to individuals

without it [13]. In our study, the GIP level was
1.53 times higher in patients with insulin resistance
and coronary artery disease according to the TyG
index, which was mostly due to its high level in the
subgroup of patients with stable plaques.

The study by O.H. Ukkola et al. suggests that a
high concentration of PYY in fasting blood serum
is independently associated with obesity and insulin
resistance [14]. The association of high PYY
with high insulin levels was evident among study
participants with both type 2 diabetes mellitus and
normal glucose levels. Earlier data suggested that
different forms of PYY may have different effects
on insulin metabolism [15]. Interestingly, low serum
PYY levels were associated with insulin resistance
in first-degree relatives in patients with type 2
diabetes mellitus [16]. It is yet to be studied whether
high insulin levels can affect PYY secretion or
secretion of other intestinal peptides that affect PYY
concentration. In our study, in patients with unstable
plaques and insulin resistance according to the TyG
index, the PYY level was 1.46 times higher than
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in patients with unstable plaques without insulin
resistance.

Adipsin is formed during lipolysis and stimulates
appetite [17]. Adipsin levels are reported to be higher
in obese people. In addition, overweight people
often experience an increase in adipsin levels [18].
T. Ohtsuki et al. showed that patients with coronary
artery disease without obesity have higher serum
adipsin levels [19]. At the same time, the level of
adipsin in the blood of patients with coronary artery
disease is significantly and positively associated with
the incidence of atherosclerotic plaque with a thin
fibrous cap [20]. In the study conducted in patients
with TyG < 4.49, the level of adipsin was higher in
patients with unstable plaques than in patients with
stable ones, which may indicate the association of
adipsin with the progression of atherosclerotic foci.

CONCLUSION

Men with coronary artery disease and insulin
resistance have higher blood levels of GIP in the
general sample and PYY in patients with unstable
atherosclerotic plaques. The blood level of adipsin
is higher in patients with unstable atherosclerotic
plaques and without insulin resistance.
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ABSTRACT

Aim. To study the analgesic activity, the effect on motor functions, and the potential ulcerogenic effect of a new
2H-chromene derivative, a cannabinoid CB, receptor modulator (code name — CHR).

Materials and methods. The analgesic activity of the CHR compound was studied when injected intragastrically
at an effective dose of 5 mg / kg in mouse models of acute chemogenic pain (formalin test), acute visceral pain (the
acetic acid-induced writhing test), and thermal nociception (hot plate test and tail-flick test). It was compared to
the effect of tramadol and morphine or diclofenac sodium at doses of 20.4 or 10 mg / kg, respectively. The effect
of a single intragastric injection of the CHR compound at a dose of 5 mg / kg on motor activity was evaluated in
the open field test. The potential ulcerogenic effect of the CHR compound at a dose of 5 mg / kg with repeated
intragastric administration was compared with the effect of diclofenac sodium at a dose of 10 mg / kg.

Results. With subplantar administration of formalin to mice, the 2H-chromene derivative reduced the number of
pain reactions by 43-63% (p < 0.05). With intraperitoneal administration of acetic acid to mice, it reduced the
number of writhing responses by 50% and had the same analgesic effect as diclofenac sodium and tramadol. In
the hot plate test, the CHR compound increased the latency time to painful stimuli by 34% (p < 0.05). In the tail-
flick test, it increased the latency time to painful thermal sensations by 32% (p < 0.05). The CHR compound at an
effective dose of 5 mg / kg did not change the motor activity of mice in the open field test and did not cause the
formation of erosions and ulcers in the gastric mucosa when administered repeatedly to rats.

Conclusion. The 2H-chromene derivative CHR at an effective dose of 5 mg / kg has a pronounced analgesic effect
in mouse models of chemogenic, visceral, and thermal pain, which is as strong as that of tramadol, morphine, and
diclofenac sodium used at effective doses. The CHR compound at an effective dose does not inhibit motor functions
and does not have an ulcerogenic effect.

Keywords: 2H-chromene derivative, analgesic activity, effect on motor functions, potential ulcerogenic effect,
mice, rats
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AHanbreTnyeckasa akTUBHOCTb HOBOro MoAynATopa
KaHHabuHonpgHoro CB. -peuenTopa

Nypkuvn H.B."?, BbikoB B.B."?, bbikoBa A.B.2, MoTos B.C.? JlapueHko B.B."?, Unbuna U.B.2,
XasaHoB B.A.?, Bonuo K.I.?, CanaxytanHoB H.®.2, BeHreposckuii A.N.’

I Cubupcruii 2ocyoapcmeennulii meouyunckuil ynugepcumem (Cuol’ MY)
Poccus, 634050, e. Tomck, Mockosckuii mpaxm, 2

2000 «Hunosayuonnwvie hapmarxonocuveckue paspabomxuy (OO0 «Hdgap»)
Poccus, 634021, 2. Tomck, ya. Exusaposvix, 79/4

3 Hosocubupckuii uncmumym opaanuyeckou xumuu um. H.H. Bopoocyosa Cubupckozo omoenenust Poccutickuil
axaoemuu nayx (HUOX CO PAH)
Poccus, 630090, . Hosocubupck, np. Akademuxa Jlaspenmoesa, 9

PE3IOME

Henb — M3yYdTh AHAIBIETHYCCKYH0 AKTHBHOCTH, BIHMSHHEC HA JBUrarcibHblC (YHKUMH W IOTCHIMAIBHOC
YJIbLIEPOreHHOE JIefiCTBIE HOBOTO TIPOM3BOIHOTO 2/{-XpoMeHa — MoJlyJiATopa kannabunouHoro CB -penentopa
(ump — CHR).

MaTrepuajbl U MeTOAbl. AHAIBIETHYECKYIO aKTHBHOCTh coennHeHnss CHR u3yuaian mpu BBEACHHH B HKEIYI0K
MBIIIaM B 9 GEKTHBHON J103€ 5 MI/KT Ha MOJIEISIX OCTPOI XeMOTeHHOH 00 ((hOPMAaTHHOBEIH TECT), OCTPOH BHC-
LepaibHON 001 (TeCT «YKCYCHBIE KOPYM») M TePMUUYECKOI COMaTHYECKOH OO (TECTBI «ropsiyasi IJIaCTHHA» U
OT/IepTHBaHUE XBOCTA OT TEMJIOBOTO U3JIYUYCHHUS) B CPABHEHHUH C JISHCTBHEM Tpama 1onia, Mop(uHa WK TukiIodeHaka
HaTpus B 103ax 20, 4 wau 10 Mr/Kr cooTBETCTBEHHO. Bimsinue Ha apurarenbHble GpyHKmu coenquaennst CHR mpu
OJIHOKPATHOM BBEJICHHH B J103€ 5 MI/KT B 5KEJTyIOK MbIIIaM OLIEHHBAIIM B TECTE «OTKPBITOE TOJIe». [I0TeHIMaIbHOE
yablieporeHHoe BiausiHue coequHeHnss CHR B 03¢ 5 MI/KT MpH MHOTOKPaTHOM BBEACHHH B JKEIYIOK KpbICam
CpaBHUBAJHM C JeiicTBUEeM AUKIO(peHaka HaTpus B 1o3e 10 MI/Kr.

PesyabTathl. B sxcnepumenTe ¢ cyOmmaHTapHBIM BBEJEHHEM (opMaliHa MbIIIaM Tpou3BojaHoe 2H-xpomeHa
CHR ywmeHbIIano komumuecTBo OoneBbIX peakuuii Ha 43—-63% (p < 0,05). IIpu BHYTpHOPIOIIMHHOM BBEJCHUU
MBIIIAM YKCYCHOW KHCIIOTBI OHO CHHJKAJI0 KOJIMUYECTBO «Kopdueit» Ha 50% u He ycTymajao aHaableTHYECKOMY
s¢dexry auknodenaka HaTpus M Tpamanona. B Tecte «ropsuyas miactuHa» coenuHenune CHR yBemuunsano
JIATEHTHOE BpPeMs 10 HACTyMieHHs OoneBoit peakunu Ha 34% (p < 0,05). B Tecre oTaepruBaHust XBOCTa OT
TEMJIOBOT0 M3TyUeHUs] YBEIMUIMBAIO CPOK JI0 TMOsIBIEHHUs Tepmuueckoil 6omu Ha 32% (p < 0,05). Coenunenue
CHR B 3¢ dexTrBHOIT 03¢ 5 MI/KT He H3MEHSUIO ABUTATENbHYIO aKTHBHOCTD MBIIIEH B TECTE «OTKPBITOE TOJIe» U
HE BBI3BIBAJIO 00PA30BaHMs IPO3HH U 3B B CIM3UCTON 000IOUKE JKeTy/IKa IIPH MHOTOKPAaTHOM BBEIEHUH KPbICAM.

3akaouenne. IlpomsBomHoe 2H-xpomena CHR B sddextuBHOI m03¢ 5 MI/KT OKa3bIBaeT BBIPAKEHHOE
AQHAJIBIeTHYECKOE JICHCTBHE TIPH IKCIIEPUMEHTAILHOW XEMOTEeHHOH, BHCIEPAIBHOM W TepMHUUYECKOH 0o, o
AQHAJIBIeTHIECKOMY JICHCTBHUIO HE YCTYIaeT ONMOMIHBIM aHAJIbI€THKAaM TPaMaaoily ¥ MOPGHHY 1 HECTEPOUTHOMY
MIPOTHBOBOCTIAJIUTEIILHOMY CPEJICTBY JUKIIO(EHAKY HATPHS, HCIIOJIb30BAaHHBIM B () GEKTHBHBIX 103aX. CoenHEeHHE
CHR B s ¢exTnBHOI 103€ HE TOPMO3HT JBUTaTeIbHbIC (PYHKIMN U HE 00J1a1aeT YIbIEPOreHHBIM BINSHUECM.

KaroudeBble cioBa: mpousBojgHoe 2/-XpoMeHa, aHalbreTHdyeckas aKTUBHOCTb, BIMSHHME Ha JBUraTellbHbIE
(YHKLMH, TOTEHIMAIBHOE YIIbIIEPOreHHOE ACHCTBHIE, MBIIIHN, KPBICHI

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX M MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaINeil HACTOSIIEH CTaThH.
Hcrounnk punancuposanus. Vccienopanue BBINOIHEHO C IPUBJIEUEHUEM COOCTBEHHBIX CPEJICTB.

CooTBeTcTBHE MPUHIUNAM 3THKH. VcciaenoBanre 0100peHO JIOKATBHBIMU 3THYeCKUME KomuTeTaMu Cudol’ MY
(mporokout Ne 20/23 ot 08.12.2023) u OO0 «Uddap» (mporokon Ne 127/2022 ot 14.02.2022).
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INTRODUCTION

Cannabinoids are a class of natural and synthetic
compounds with a pronounced analgesic effect.
They activate CB, receptors in spinal ganglia,
dorsal horns of the spinal cord, nucleus raphe
magnus, periaqueductal gray matter, limbic system,
and cerebral cortex [1-3]. When metabotropic
presynaptic G.-protein-coupled CB, receptors are
activated, the production of cAMP is inhibited, the
permeability of voltage-gaited calcium channels
is decreased, and potassium leak channels open
[4]. The developing hyperpolarization prevents the
release of glutamic acid and its involvement in the
transmission of pain potentials [1, 5]. The use of
cannabinoids as analgesics is limited due to their
psychotropic properties, in particular the risk of
catalepsy and drug addiction [2, 6].

Among2H-chromene derivatives, the cannabinoid
CB, receptor modulator, designated CHR, has the
most pronounced analgesic activity [7, 8]. The CHR
compound has a heterocyclic structure which is
characteristic of cannabichromene. This cannabinoid
has analgesic and anti-inflammatory effects [9].

The aim of this work was to study the analgesic
activity, the effect on motor functions, and the
potential ulcerogenic effect of a new 2H-chromene
derivative, the cannabinoid CB, receptor modulator
(codenamed CHR).

MATERIALS AND METHODS

The 2H-chromene derivative was (2R,4aR,7R,8
aR)-4,7-dimethyl-2-(thiophene-2-yl)octahydro-
2H-chromene-4-ol (Fig. 1). It was synthesized
at Novosibirsk Institute of Organic Chemistry,
Siberian Branch of the Russian Academy of Sciences
(Novosibirsk) [7].

PN

Fig. 1. Structural formula of the CHR compound

The experiments were carried out at the R&D
Center (IPHAR LLC, Tomsk, Russia) on 96 specific
pathogen-free male CD-1 mice and 15 male Sprague
Dawley rats. The animals were kept in standard
plastic cages (VELAZ, Czech Republic) at 20-23 °C
and relative humidity of no more than 50%, with the
exhaust — supply ratio of 8 : 10 and a 12 : 12 light
/ dark cycle. The animals were kept and cared for
in accordance with the provisions of the European
Convention for the Protection of Vertebrate Animals
used for Experimental and Other Scientific Purposes
(Directive 2010/63/EU). The study was conducted
in compliance with the principles and rules of Good
Laboratory Practice and approved by the Ethics
Committees at Siberian State Medical University
(Protocol 20/23 of 08.12.2023) and IPHAR LLC
(Protocol 127/2022 of 14.02.2022).

In all experiments, the CHR compound at an
effective dose of 5 mg / kg was orally administered
to the animals 1 h before exposure to pain-inducing
agents. The effective dose was determined in
preliminary exploratory experiments. The CHR
compound was dissolved in a 2% aqueous solution
of Tween 80 (NeoFroxx GmbH, Germany). The
control animals received this solvent according to
the similar regime. Cannabinoid-based analgesics
are not registered in the Russian Federation;
therefore, the most frequently prescribed analgesics
for pain control of different intensity were used as
comparison drugs — the opioid analgesics tramadol
at a dose of 20 mg / kg [10] and morphine at a dose
of 4 mg / kg (both obtained from Moscow Endocrine
Plant, Moscow, Russia) [11], and the non-steroidal
anti-inflammatory drug diclofenac sodium at a dose
of 10 mg / kg (Hemofarm, Serbia) [12, 13]. Aqueous
solutions of tramadol and diclofenac sodium were
orally administered to the animals, morphine was
subcutaneously injected in isotonic sodium chloride
solution. The mice were euthanized by cervical
dislocation, the rats — by carbon dioxide.

Formalin test. Mice (4 groups, n = 6 animals per
group) were injected with 0.02 ml of a 0.5% aqueous
formalin solution (Sigma-Aldrich, USA) into the
plantar aponeurosis of the hind limb. For 60 min,
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we recorded the pain response by the number of
licks and shakes of the injured hind paw. In the first
10 min, the acute phase (phase 1) took place due to
direct activation of nociceptors by algogens. In the
next 50 min, the tonic phase (phase 2) caused by
inflammation developed. After 60 min, the animals
were euthanized, and the weight of their hind limb
amputated at the ankle joint was measured [14].

Acetic acid-induced writhing test. Mice (4 groups,
n = 6 animals per group) were intraperitoneally
injected with 0.75% aqueous acetic acid solution
(Sigma-Aldrich, USA) in a volume of 0.1 ml per 10 g
of body weight. Within 20 minutes, we evaluated the
number of abdominal muscle contractions (writhings)
and the latency time to the first writhing [14].

Hot plate test. Mice (3 groups, n = 6 animals per
group) were placed on a metal plate preheated to 55 +
1 °C (HWT-75 thermal table, Russia). We measured
the latency to the first pain response, which was
registered by paw withdrawal and licking. The mice
were kept on the hot plate for no more than 1 min to
avoid injury [14].

Tail-flick test. The tails of mice (3 groups, n =
6 animals per group) were placed under the heat
source of the laboratory analgesia meter (Hugo
Sachs Elektronik, Germany). We measured the time
until the tail was removed from the source [14].

The effect of the CHR compound on the
motor function of mice was studied in the
open field test (2 groups, n = 6 animals per group).
The CHR compound was administered to mice
at a dose of 5 mg / kg. Their motor activity was
evaluated 1 h after the administration using the LE
8811 infrared actimeter and the ActiTrack software
(Panlab, Spain) [14].

To study the potential ulcerogenic effect, intact
rats (3 groups, n = 15 animals per group) were orally
administered the CHR compound at a dose of 5 mg / kg
or diclofenac sodium at a dose of 10 mg / kg four times
(with an interval of 24 h). Three hours after the last
administration, the animals were euthanized, and the
condition of their gastric mucosa was assessed using
the dissecting microscope (Observational Instruments,
Saint Petersburg, Russia) at x10. The degree of mucosal
damage was graded in points: 0 — no damage, 0.5 —
localized mucosal hyperemia, 1 — generalized mucosal
hyperemia covering most (> 50%) or all of the gastric
mucosa, 2 — the presence of up to three hemorrhages
without erosion, 3 — the presence of more than three

hemorrhages or erosions, 4 — the presence of more
than three erosions or no more than two ulcers, 5 — the
presence of more than two ulcers, total thinning of the
gastric mucosa [14].

The results were statistically processed using
the Statistica v. 8.0 software (StatSoft, USA). The
Shapiro — Wilk test showed that the data were not
normally distributed and were presented as the
median and the interquartile range Me (Q,; 0,).
The sample sizes were minimally sufficient for
statistical analysis and complied with 3Rs [15]. The
statistical significance of the differences between
the groups was assessed using the Kruskal — Wallis
test followed by the Mann — Whitney test for post-
hoc pairwise comparisons. The differences were
considered statistically significant at p < 0.05.

RESULTS AND DISCUSSION

In the formalin test, the CHR compound at a dose
of 5 mg / kg reduced the number of licks and shakes
of the damaged hind limb in the mice in the acute
phase (response to algogen) by 43% and in the tonic
phase — by 63% (p < 0.05, Table 1). The effects of
the CHR compound were no weaker than those of
morphine at a dose of 4 mg / kg and tramadol at a
dose of 20 mg / kg (p > 0.05). Both opioid analgesics
reduced the number of pain responses in both phases
by 47-83%. The limb weight in the mice that received
the CHR compound was 45 (36; 55) mg and did not
differ from that in the mice that received Tween 80
(47 (38; 49) mg). This means that the analgesic effect
of'the 2H-chromene derivative CHR is not associated
with an antiinflammatory effect.

Table 1

The number of pain responses in the formalin test
at oral administration of the CHR compound (5 mg/kg),
tramadol (20 mg/kg), and morphine (4 mg/kg) to the mice,
Me(Q;0),n=6

0,
Number 2% aqueous
of pain solution of CHR Tramadol | Morphine
P Tween 80 | compound P
responses
(control)
Acute phase | 54 (52;56) | 30 (26; 34)" | 32 (24; 38)" | 26 (24; 28)"
Tonic phase | 24 (20;25) 9(5; 13) 4(3;5) 2(1;7)

“here and in Table 2 p < 0.05 compared to the control values.

In the acute visceral pain model, the CHR
compound exhibited an analgesic effect that was
comparable to that of diclofenac sodium and tramadol
(» <0.05, Table 2). The CHR compound reduced the
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number of writhings by 50%, diclofenac sodium and
tramadol — by 52 and 56%, respectively. At the
same time, the CHR compound did not affect the
latency time to the first writhing and did not increase
the pain threshold.

Table 2

Analgesic activity of the CHR compound (5 mg / kg),
diclofenac sodium (10 mg / kg), and tramadol (20 mg / kg)
when administered orally to the mice in the acetic acid-induced
writhing test, Me (05 Q,),n =6

2% aqueous
solution of CHR Diclofenac
Parameter . Tramadol
Tween 80 | compound sodium
(control)
ey 330 507 665 326
writhing, sec (315;332) | (505;508) | (660;669)" | (316;331)
Number of 12 . 11
writhings 2(21,23) (105 13)" 118;15) (8; 14)

In the hot plate test, the CHR compound at a
dose of 5 mg / kg increased the latency time to the
pain response by 34% (p < 0.05), whereas tramadol
at a dose of 20 mg / kg increased this parameter by
49% (p < 0.05). The analgesic effect of the CHR
compound at a dose of 5 mg / kg was comparable to
that of tramadol (p > 0.05, Fig. 2).

25 = #
%k
*

s

553
(=]
L

_|

S
1

w
L

Latency period before pain onset, sec

I 1
CHR, 5 mg/kg  Tramadol, 20 mg/kg

Control group

Fig. 2. Response latency in the hot plate test after oral

administration of the CHR compound and tramadol to the mice.

* differences with the control group (administration of Tween
80), p < 0.05, # differences with the CHR group, p > 0.05

The CHR compound at a dose of 5 mg / kg
increased the tail-flick latency by 1.3 times, and
tramadol at a dose of 20 mg / kg doubled this
parameter. These values differed from the control
group (administration of Tween 80) (p < 0.05). The

analgesic effect of the CHR compound in this model
was weaker than that of tramadol (p < 0.05).

The motor activity parameters of the mice that
were administered the CHR compound at a dose of 5
mg / kg were comparable to those of the animals in
the control group (administration of Tween 80) (p >
0.05, Table 3). The CHR compound at an effective
dose did not affect the behavior of the animals in the
open field test.

Table 3

Effect of the CHR compound (5 mg / kg) on the motor activity
of the mice in the open field test, Me (Q,; 0,),n =6

2% aqueous solu-

Parameter tion of CHR com-
Tween 80 pound
(control)

Number of movements 146 (119; 147) 131 (110; 153)

Average speed of

movements, cm / sec 1(0;1)

1(1;2)

54 (34; 59)
2(0;4)

66 (35;77)
5(5;6)

Total distance traveled, cm

Number of rears

NSAIDs and analgesics, especially non-selective
cyclooxygenase inhibitors, have an ulcerogenic
effect. It was interesting to study the effect of a
new 2H-chromene derivative with non-steroidal
analgesic properties on the gastric mucosa. Multiple
administration of the CHR compound did not cause
hyperemia, erosion or gastric ulcers. The degree of
damage was 1 (1; 1) point and did not differ from
that in the control group (p > 0.05). After multiple
administration of diclofenac sodium at a dose of 10
mg / kg, the gastric mucosa became thinner; total
hyperemia, multiple erosions and ulcers were detected.
The degree of damage was 5 (5; 5) points (p < 0.05).
Multiple oral administration of the CHR compound
at an effective dose had no ulcerogenic effect and
probably did not inhibit cyclooxygenase-1 [16].

The CHR derivative exhibited high analgesic
activity in models of chemogenic pain induced
by formalin and acetic acid. In the formalin test,
the analgesic equally reduced the number of pain
responses in the acute and tonic phases without
affecting inflammation. It can be assumed that the
CHR compound activated CB, receptors and caused
hyperpolarization of afferent pain pathways in spinal
and supraspinal structures [9].

In the thermal nociception models, the CHR
compound showed a greater analgesic effect in
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the hot plate test, when the pain response involved
predominantly supraspinal structures, such as
nucleus raphe magnus, periaqueductal gray matter,
limbic system, and cerebral cortex [14]. In the tail-
flick test, the pain response was associated with the
activation of predominantly the spinal ganglia and
dorsal horns of the spinal cord. Therefore, the effect
of the CHR compound was weaker [14]. Activation
of CB, receptors in supraspinal structures makes the
greatest contribution to the mechanisms of analgesic
effects of the CHR compound.

According to in vitro studies, the CHR compound
does not directly bind to cannabinoid receptors and
does not affect the activity of enzymes involved in
the endogenous cannabinoid metabolic pathway.
However, its analgesic effects are inhibited by the CB,
receptor antagonist rimonabant [17]. This indicates
the ability of the CHR compound to activate CB,
receptors indirectly. One of the probable mechanisms
is binding to an allosteric site of the CB, receptor,
which changes their conformation and increases
their affinity for endogenous cannabinoids, such as
anandamide and 2-arachidonoylglycerol [18, 19].
Unlike diclofenac sodium, the CHR compound does
not have the ulcerogenic effect that is characteristic
of NSAIDs. It also does not affect the motor activity
of the animals.

CONCLUSION

The study demonstrated the analgesic activity
of the 2H-chromene derivative CHR in mouse
models of chemogenic, visceral, and thermal
pain. The analgesic effect of the CHR compound
in chemogenic pain models and in the hot plate
test is the same as the effects of tramadol, morphine,
and diclofenac sodium. The proposed mechanism
of action of the CHR compound consists in
modulation of the allosteric site of CB, receptors,
which leads to an increase in their affinity for
endocannabinoids. The studied analgesic does not
damage the gastric mucosa and does not inhibit
the motor activity of animals. The 2H-chromene
derivative CHR is a promising drug for the
pharmacotherapy of pain.
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The role of markers of endothelial dysfunction in the pathogenesis
of coronary microvascular dysfunction in patients with non-obstructive
coronary artery disease
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ABSTRACT

Aim. To study the potential of non-invasive biomarkers in the diagnosis of coronary microvascular dysfunction
(CMD) and prediction of the course of heart failure with preserved ejection fraction (HFpEF) in non-obstructive
coronary artery disease.

Materials and methods. The 12-month observational study included 118 consecutive patients (6 patients dropped
out of the study due to contact loss) with non-obstructive coronary artery disease (CAD) and HFpEF (62 [59;
641%). At the beginning of the study, serum levels of several biomarkers were assessed using the enzyme immu-
noassay: N-terminal pro-B-type natriuretic peptide (NT-proBNP), vascular endothelial growth factor (VEGF), and
endothelin-1. Coronary flow reserve (CFR) was examined using dynamic single photon emission computed tomog-
raphy. In the absence of obstructive CAD, CMD was defined as a global decrease in CFR < 2. Echocardiography
was used to determine parameters of hemodynamics, LV diastolic dysfunction, and myocardial stress. LV global
longitudinal strain (GLS) was assessed using 2D speckle tracking.

Results. The patients were divided into groups depending on the presence of CMD: group 1 included patients with
CMD (n = 43), group 2 included those without it (n = 75). In patients in group 1, serum levels of endothelin-1
were 1.9 times higher (p = 0.012), levels of VEGF were 2.16 times higher (» = 0.008), and the concentration of
NT-proBNP was 2.6 times higher (p = 0.004) than in patients in group 2. According to the ROC analysis, the
concentrations of endothelin-1 > 6.9 pg / ml (AUC = 0.711; p = 0.040) and VEGF > 346.7 pg / ml (AUC = 0.756;
p = 0.002) were considered as markers associated with the presence of CMD in patients with non-obstructive
CAD. The multivariate regression analysis showed that only the presence of CMD (odds ratio (OR) 2.42; 95%
confidence interval (95% CI) 1.26-5.85; p < 0.001) and an increase in NT-proBNP > 760.5 pg / ml (OR 1.33; 95%
CI 1.08-3.19; p = 0.023) were factors associated with adverse events, and their combination increased the risk of
HFpEF progression by more than 3 times (OR 3.18; 95% CI 2.76-7.98; p < 0.001), whereas markers of endothelial
dysfunction were not independent predictors.

Conclusion. Endothelin-1 > 6.9 pg / ml and VEGF > 346.7 pg / ml can be used as non-invasive markers for
the diagnosis of CMD. However, markers of endothelial dysfunction were not independent predictors of HFpEF
progression in patients with non-obstructive CAD during 12-month follow-up.

Keywords: coronary microvascular dysfunction, endothelial dysfunction, heart failure, preserved ejection fraction,
non-obstructive coronary artery disease
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Ponb MapKepoB sHAOTennanbHol ANcyHKLUN B NaToreHese
KOPOHAPHON MUKPOBaCKyNApHo anchyHKLNN Y NaLNEeHTOB
C HEOGCTPYKTUBHDBIM NMOPaXKeHeM KOPOHapPHbIX apTepuin

KonbeBa K.B.!, ManbueBa A.H.!, Mouyna A.B.!, CmoproH A.B.!, l'pakoBa E.B.!,
lN'ycakoBa A.M.!, KanioxuH B.B.2, 3aBagoBckunn K.B.!

! Hayuno-uccredosamenvcxkutl uncmumym (HUH) kapouonoeuu, TomcKkuil HAYUOHATLHBLI UCCICO08AMENbCKULL
meouyunckuil yenmp (THUML]) Poccutickou axademuu HayK
Poccus, 634012, Tomck, yn. Kuesckas, 111a

2 Cubupcruil 2ocyoapemeennwlit meouyunckuil ynusepcumem (Cubl MY)
Poccus, 634050, Tomck, Mockosckuti mpakm, 2

PE3IOME

Heunb. V3yueHne noreHunyana HEMHBa3UBHON OMOMapKepHON TUarHOCTUKU KOPOHAPHOM MUKPOBACKYJISIPHOM JHC-
¢yuxunu (KM/I) 1 mporHo3upoBaHust TEUSHHs CepeYHON HETO0CTATOYHOCTH C COXpaHEHHOM (pakuueii BpIOpoca
(CHc®B) mpu HeOOCTPYKTUBHOM aTEPOCKICPOTHUECKOM ITOPAKEHUN KOPOHAPHOT'O pycCIa.

Marepuajbl 1 MeToAbl. B 12-Mecsunoe oGcepBallMOHHOE HCCIIEIOBAaHNE MOCIEOBATEIFHO OBIIO BKIIOYEHO
118 manuenToB (IIeCTh MAUEHTOB BHIOBIIO U3 MCCIISOBAHMUS 110 IPHYUHE YTePH KOHTAKTa) C HEOOCTPYKTHBHBIM
nopakeHneM KopoHapHbIX aprepuii (KA) u coxpaneHHo# Qpakiueii BEIOpoca jeBoro xerynouka (JIXK) (62 [59;
64]%). B Hagane ucciueoBaHUS C TOMOIIBI0 HMMYHO()EPMEHTHOTO aHAIN3a B CHIBOPOTKE KPOBH OI[EHUBAIN YPO-
BEHb HEKOTOPBIX OMOMapKepoB: N-KOHIIEBOTO MPOMENTH/IA HaTpuitypeTinaeckoro ropMona B-tumna (NT-proBNP),
VEGF- Backynosunoremuansaoro dakropa pocra (VEGF) n snporenmna-1. PesepB KOpoHapHOTO KpPOBOTOKA
(CFR) mccnenoBany B X0€ ANHAMHIECKOH OJXHOGOTOHHON 3MHCCHOHHOH KOMITBIOTEpHOI ToMorpadun. B oT-
cyTcTBHH 00cTpyKTHBHOTO nopakernst KA, KM/ onpexernsim kak rinobansaoe cHikenne CFR < 2. C momonisio
sXoKaparorpaduy onpeneNsy napamMeTps rTeMOJHHAMUKY, Auactonndeckoi aucdynkmnnn JOK n Muokapanams-
Horo ctpecca. ['mobansHas npononsnas gedopmanust JOK (GLS) onenuBanacs ¢ momomnisio 2D-speckle tracking.

Pe3yabrartsl. [launenTs! ObuIM pa3aeneHbl HA TNl B 3aBucuMocT oT Hammyusi KM/I: B rpynmy 1 Bommm
nauuenTsl ¢ KM/JI (n = 43), B rpymniy 2 — 6osbHble 6e3 Hee (7 = 75). Y GOJIBHBIX B TpyMIie | CBIBOPOTOYHBIE KOH-
LIEHTpaluy SHA0TeNnnHa- 1 6bputH Beime B 1,9 pasza (p = 0,012), VEGF — B 2,16 (p = 0,008), a NT-proBNP — Brimre
B 2,6 pasa (p = 0,004) no cpaBHeHuto ¢ 6oxpHbIMH B Tpymme 2. [To nanueiM ROC-aHanu3a, KOHIEHTPALMK JH-
norenuHa-1 > 6,9 nr/man (AUC = 0,711; p = 0,040) u VEGF > 346,7 nr/mn (AUC = 0,756; p = 0,002) 6butu
UICHTUUIMPOBAHBI KaK MapKepsl, cBsi3aHHbIe ¢ HannuneM KM/l y O0JbHBIX ¢ HEOOCTPYKTUBHBIM HOPAKEHUEM
KA. MHOrogakTopHBbIil perpecCHOHHBIH aHaNn3 1Mokasai, 4yTo Tojibko Hammane KMJ] (otHomenue mauncos (OLLI)
2,42; 95%-i1 noBepurenbHblit uHTEpBaN (95% 1) 1,26-5,85; p < 0,001) 1 nossienue yposs NT-proBNP >
760,5 mr/ma (OLI 1,33; 95% JU 1,08-3,19; p = 0,023) sBastiick GakTopaMu, CBSI3aHHBIMH C HEOJIArONMpHsT-
HBIMHU COOBITUSIMH, & UX COUYCTAHHE YBEIHUHBAIO pHCK mporpeccuposanusi CHcdB Gonee vyem B 3 pasza (OLI
3,18; 95% N 2,76-7,98; p < 0,001), Torna kak MapKepbl SHIOTSIHATBHON TUCHYHKIIMN HE SBISUTHCH HE3aBHUCH-
MBIMH TIPEMKTOPAMH.

50 Bulletin of Siberian Medicine. 2024; 23 (3): 49-58



OpwuruHasibHble CTaTbu

3akiouenne. YpoBHu 3H10TenuHa-1 > 6,9 nir/mi) u VEGF > 346,7 nir/mit MOTYT OBITh HCTIONIB30BAHbI KaK He-
MHBa3WBHBIC Mapkepbl ast nuarHocTukun KMJI. OmHako Mapkepbl SHIOTETHATBHON TUCOYHKIMU HE SIBIISUIUCH
HE3aBHCUMBIMHE MpeauKkTopamu nporpeccupoannr CHc®B y nmanueHToB ¢ HeOOCTPYKTHBHBIM mopaskeHneM KA
B TeueHue 12 Mec HaOIIOIEHUS.

KnrodeBble c10Ba: KopoHapHast MUKPOBACKYIIIPHAS AUCQYHKIHS, SHIOTEIHAIbHAS TUCHYHKINS, CepIeTHast He-
JIOCTaTOYHOCTH, COXpaHeHHas! ppakIus BIOpoca, HEOOCTPYKTUBHOE TIOpaskeHNEe KOPOHAPHBIX apTepHil

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

Hcrounnk ¢punancupoanus. Padora BhIOIHEHA B paMKax (yHJaMEHTAIBHOTO HAy9HOTo nccienoBanus «V3y-
YEeHHE MEXAaHH3MOB CTPYKTYPHOTO M ()YHKIMOHAIBHOTO PEMOJICITHPOBAHUS MHOKap/a IPH Pa3HBIX (hECHOTHUIIAX
XPOHUYECKOH CepeYHON HEJOCTATOYHOCTU UIIEMUYECKON U HenleMudeckoi atuonorum» Ne 122020300045-5.

CooTBeTcTBHE NPUHIMIIAM ITUKHU. VccrienoBanne 0100peHO KOMUTETOM 1Mo OnoMeanHcKkoit atuke HUU kap-
nuonoruu Tomckoro HUMI (mpotokon Ne 204 ot 18.11.2020).

Jns uutupoanus: Komsea K.B., Mansnesa A.H., Mouyna A.B., Cmopron A.B., I'pakosa E.B., I'ycaxo-
Ba A.M., Kamoxun B.B., 3aBagosckuit K.B. Pons MapkepoB sHpoTeMHaNbHOM TUCHYHKINT B TTATOT€HE3e KOPO-
HapHOW MHUKPOBACKYISIPHON NUCOYHKINH y TTAI[HEHTOB C HEOOCTPYKTUBHBIM ITOPAXKEHIEM KOPOHAPHBIX apTepHi.

bronnemens cubupckoii meouyunst. 2024;23(3):49-58. https://doi.org/10.20538/1682-0363-2024-3-49-58.

INTRODUCTION

Coronary microvascular dysfunction (CMD) plays
an essential role in the mechanisms of obstructive
and non-obstructive coronary artery disease, as well
as their complications, including heart failure with
preserved ejection fraction (HFpEF) [1-8]. Studies
of the last few years have shown that the presence of
CMD is an early marker of cardiovascular diseases
and is closely associated with higher incidence of
adverse clinical outcomes compared to individuals
without such microcirculatory disorders [2, 3]. In
the meantime, the results of studies by a number
of authors indicate that the presence of CMD is
often underestimated in clinical practice. Despite
irrefutable evidence of the relationship between
endothelial dysfunction, impaired vasodilation of
the coronary and systemic microvasculature, and
HFpEF, the pathogenesis of CMD and its role in
the initiation and progression of HFpEF, especially
in the context of non-obstructive coronary artery
disease (CAD), are being actively discussed [4, 5].

Intact endothelium of the arteries produces a
large number of biologically active substances
that maintain normal vasomotor activity [6]. An
imbalance of vasodilation and vasoconstriction
factors leads to suboptimal control of vascular tone
and structure, characterized by disruption or loss of
homeostatic mechanisms, which leads to elevated
expression of adhesion molecules, increased
oxidative stress, overproduction of prothrombotic and

proinflammatory markers, increased proliferation of
vascular smooth muscle cells, and increased vascular
smooth muscle tone [6, 7]. Evidence accumulated
over the past several decades has demonstrated that
endothelial dysfunction and coronary vasomotor
dysfunction play a crucial role in the pathogenesis
of cardiovascular diseases [7]. However, the
role of markers of endothelial dysfunction in
the pathogenesis of CMD in patients with non-
obstructive CAD and their role in stratifying the
risk of HFpEF progression in this cohort of patients
remain poorly studied.

The aim of this research was to study the potential
of non-invasive biomarkers in the diagnosis of
CMD and prediction of the course HFpEF in non-
obstructive CAD.

MATERIALS AND METHODS

The study was approved by the Bioethics
Committee at the Cardiology Research Institute of
Tomsk NRMC (protocol No. 204 of 18.11.2020))
and was conducted in accordance with the principles
of the Declaration of Helsinki and the guidelines for
good clinical practice (GCP).

A 12-month observational study included 118
patients with HFpEF (62 [59; 64]%) without a
previous history of CAD, complaining of chest pain,
shortness of breath, or a combination of both. They
were examined at the Cardiology Research Institute
of Tomsk NRMC from 2019 to 2022. A detailed
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description of the inclusion and exclusion criteria is
presented in one of our previous works [8].

The presence and severity of coronary lesions were
assessed by multislice spiral computed tomography
(MSCT). The resulting scintigraphy images were
processed on the specialized Xeleris 2 workstation
(GEHealthcare, Israel), and the myocardial blood
flow was assessed at rest (rest-MBF, ml / min / g)
and during exercise during the administration of the
stress agent ATP (stress-MBF, ml/min/g). Coronary
flow reserve (CFR) was calculated according to the
formula: MFR = stress-MBF / rest-MBF [9], and
CMD was diagnosed at CFR <2 [10, 11].

Real-time 2D transthoracic echocardiography
(2D speckle tracking) was performed on the
Philips Affiniti 70 ultrasound system. LV diastolic

dysfunction (peak E-wave velocity, the E/A ratio,
lateral e’, average E/e’ ratio, left atrial volume index
(LAVI), and peak tricuspid regurgitation velocity)
and LV global longitudinal strain (GLS) were
assessed [12].

Myocardial wall stress parameters, such as LV
end-systolic elasticity (Es), arterial elastance (Ea),
and LV myocardial wall stress in systole (MWSs)
and diastole (MWSd), were calculated by formulas
characterizing LV remodeling and presented in the
work by T.A. Nechesova et al. [13].

The content of serum biomarkers (NT-proBNP;
VEGF, and endothelin-1) was determined by the
enzyme-linked immunosorbent assay (ELISA) using
the Biomedica (Austria), Vector-best (Russia), and
RayBio (USA) reagent kits, respectively (Fig. 1).

Patients, n = 118 — data analysis (n = 112, 6 patients dropped out of the study due to loss of contact)

Non-obstructive coronary
artery disease

Preserved parameters of LV
function and dimensions

NT-proBNP, VEGF,
endothelin-1

MSCT-CAG

Echocardiography

Biochemical analysis data

Dynamic SPECT with the assessment of myocardial blood flow and coronary flow reserve (CFR) + MPS

CFR>2.0

.-

Patients with coronary microvascular
dysfunction (n = 42)

-

CFR<2.0

Patients without coronary microvascular
dysfunction (n = 70)

12-month follow-up
Data analysis (n = 112, 6 patients dropped out due to loss of contact)

Fig. 1. Study design. NT-proBNP — NT-terminal pro-B-type natriuretic peptide, VEGF — vascular endothelial growth factor,
MSCT — CAG — multislice spiral computed tomography — coronary angiography, MPS — myocardial perfusion scintigraphy

The results obtained were processed using the
STATISTICA 10.0 and MedCalc 11.5.0.0 software
packages. Quantitative variables were presented
as the median and the interquartile range Me (Q,.;
0.,), qualitative variables were presented as absolute
values (abs.) and percentage (%). When comparing
quantitative variables in two independent groups,
the Mann — Whitney test was used. When analyzing
qualitative variables, contingency tables were
analyzed using the Pearson’s y2 test. The univariate

regression analysis with the calculation of odds ratio
(OR) and 95% confidence interval (CI) was used
to assess the influence of factors on the course of
pathology. The multivariate regression analysis was
used to identify independent predictors of adverse
outcomes. To identify cut-off levels of biomarkers,
the ROC analysis was used with the construction of
ROC curves and calculation of area under the curve
(AUCQC). The differences were considered statistically
significant at p < 0.05.
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RESULTS

Depending on the presence or absence of CMD,
the patients were divided into 2 groups: group 1
included patients with CFR < 2 (CMD+, n = 42),
group 2 encompassed patients with CFR > 2 (CMD-,
n = 70). Myocardial blood flow parameters differed
significantly between the groups (Fig.2).

3.5
2.69
3 (2.15;3.78)
*
25
) * 1.63 1.39
(1.19; 1.83) (1.11; 1.96)
1.14
(0.67; 1.49) 075
1 (0.54099% o
(0.40; 0.69)
05

stress-MBF

rest-MBF CFR
*p<0.05; m CMD+, m CMD-

Fig. 2. Parameters of myocardial blood flow and coronary flow
reserve depending on the presence of CMD. CFR — coronary
flow reserve, stress-MBF — myocardial blood flow during
exercise, rest-MBF — myocardial blood flow at rest.
Here and in Fig. 3, 4, p — level of statistical significance of the
differences.

A history of type 2 diabetes mellitus (p = 0.003)
and smoking status (p = 0.012) were significantly
more often registered among patients with CMD. In
this group of patients, 80.9% of those examined were
diagnosed with HFpEF, while in group 2, there were
significantly (p < 0.001) fewer patients with this
phenotype of heart failure (34.3%). Other clinical
and demographic parameters were comparable
between the groups (Table 1).

The group of CMD+ patients was characterized
by structural and functional changes corresponding
to diastolic dysfunction in the context of non-
obstructive CAD: a decrease in lateral e’ values
(by 35%; p = 0.009), a decrease in GLS (by 25.1%j;
p < 0.001) and an increase in the peak tricuspid
regurgitation velocity (by 12%; p = 0.011), the E/e’
ratio (by 21.4%; p = 0.041), and LAVI (by 51.2%;
p=0.038), respectively, compared to CMD- patients.
Similar changes were noted in the parameters of
systolic and diastolic myocardial wall stress, which
were higher by 6.3 (»p =0.032) and 6.8% (p = 0.021),
respectively, in the CMD+ group compared to the
CMD- group. In patients of group 1, an increase in
ventricular — arterial coupling (Ea/Es) by 25.9% (p =
0.032) was significantly more frequent compared to
group 2, which characterizes decreased mechanical
efficiency of the cardiovascular system in patients
with CMD and non-obstructive CAD (Table 1).

Table 1
Characteristics of the patients at the time of inclusion in the study
Parameter Group 1 (CMD +; n=42) Group 2 (CMD—; n =70) P
Age, years, Me (Q,5; O,5) 61.5 (55.0; 66.0) 62.0 (60.0; 67.0) 0.124
Men, n (%) 26 (61.9) 44 (62.8) 0.919
BMI, kg / m?, Me (O,; O..) 29.7 (27.6; 32.0) 30.1 (27.7; 34.1) 0.254
Type 2 diabetes mellitus, 7 (%) 11 (26.2) 5(7.1) 0.003
COPD, n (%) 6(14.3) 13 (18.6) 0.718
HFpEF, n (%) 34 (80.9) 24 (34.3) <0.001
Smoking, n (%) 11 (26.2) 4(5.7) 0.012
GFR (ml / min/ 1.73 m*), Me (Q,; O..) 76.8 (63.0; 81.0) 78.0 (64.0; 87.0) 0.476
Total cholesterol, mmol / 1, Me (Q,; O..) 4.65 (3.67;5.25) 4.34(3.54; 4.98) 0.932
LVEF, %, Me (O,; O..) 62 (58.5; 65.0) 63 (61; 66) 0.183
ESD, mm, Me (Q,; O,,) 40 (38; 43) 38.5(36.5; 41.5) 0.524
EDD, mm, Me (Q,; O..) 51.0 (48.7; 53.0) 50.5 (47.5; 52.5) 0.307
Lateral ¢’, cm / sec, Me (Q,; O.) 5.56 (4.78; 6.45) 8.56 (8.01;9.14) 0.008
PTRV, m / sec, Me (Q,; Q,) 2.98(2.95;3.01) 2.61(2.3;2.76) 0.009
Ele’, Me (Q,:; O..) 14 (13.5; 15.0) 11 (10; 12) 0.041
LAVI, ml/ m?, Me (Q,; O, 38.3(35.7;51.1) 29.7 (27.5; 47.9) 0.038
GLS, %, Me (Q,; O, —14.9 (-13.1; -21.9) —21.3 (-16.3; —22.8) 0.004
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Table 1 (continued)

Parameter Group 1 (CMD +; n=42) Group 2 (CMD—; n =70) P
MWSd, dyn / cm?, Me (Q,.; Q,,) 154.23 (140.11; 159.65) 140.13 (129.23; 151.54) 0.027
MWSs, dyn / cm?, Me (Q,5; Q) 172.18 (149.23; 192.34) 156.14 (134.23; 176.4) 0.022
Ea, mmHg./ ml, Me (O,; O..) 0.61 (0.54; 0.89) 0.55(0.52; 0.64) 0.028
Es, mmHg./ ml, Me (Q,.; O,.) 2.29(1.67; 3.16) 2.78 (2.48; 3.09) 0.019
Ea/Es, Me (Q,; O,5) 0.27 (0.23; 0.56) 0.20 (0.18; 0.45) 0.032

Note. BMI — body mass index, COPD — chronic obstructive pulmonary disease, HFpEF — heart failure with preserved ejection fraction,
GFR - glomerular filtration rate, LVEF — left ventricular ejection fraction, ESD — left ventricular end-systolic dimension, EDD — left ventricular
end-diastolic dimension, lateral e’ — lateral mitral annulus velocity in early diastole, PTRV — peak tricuspid regurgitation velocity, E/e’ — the ratio
of transmitral E velocity to early diastolic mitral annular velocity, LAVI — left atrial volume index, GLS — global longitudinal strain, MWSd —
myocardial wall stress in diastole, MWSs — myocardial wall stress in systole, Ea — arterial elastance, Es — end-systolic elastance, p — statistical

significance of differences.

In patients in group 1, endothelin-1 levels were
1.9 times higher (p = 0.012), VEGF levels were 2.16
times higher (p = 0.008), and NT-proBNP levels
were 2.6 times higher (p = 0.004) than in patients in
group 2 (Fig. 3).

The ROC analysis revealed that VEGF
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overexpression > 346.7 pg / ml (sensitivity 89.8%,
specificity 72.4%; AUC = 0.756; p = 0.002) and
endothelin-1 > 6.9 pg / ml (sensitivity 84.6%,
specificity 65.6%; AUC = 0.711; p = 0.040) had
diagnostic value for identifying CMD in patients
with non-obstructive CAD (Fig. 4).
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During 12-month follow-up, 25 (22.3%) patients
experienced adverse events (Fig. 5). The profile
of adverse cardiovascular events was dominated

Sudden cardiac death

. 3 0.9%
Hospitalization s
for decompensated heart
failure / intensification 5.4%

of diuretictherapy

11.6%

Progression of HFpEF/

transition to a more severe
stage

The results of the univariate and multivariate
regression models are presented in Table 2. Such
factors as type 2 diabetes mellitus, CMD, smoking,
overexpression of NT-proBNP > 760.5 pg / ml,
and endothelin-1 > 4.9 pg / ml increased the risk of
adverse cardiovascular events in patients with non-
obstructive CAD by 1.9, 2.7, 2.3, 2, and 1.9 times,
respectively. Assessing simultaneous influence of the

4.5%

by a complex parameter “HFpEF progression or
intensification of diuretic therapy”. In one case,
sudden cardiac death was registered

Newly diagnosed HFpEF

Fig. 5. Profile of adverse events registered during
the 12-month follow-up. HFpEF — heart failure
with preserved ejection fraction

predictors included in the analysis revealed that the
factors associated with the development of adverse
cardiovascular events were CMD and overexpression
of NT-proBNP >760.5 pg/ml), and their combination
increased the risk of HFpEF progression by more
than 3 times (OR 3.18; 95% CI 2.76-7.98; p < 0.001).
In the meantime, markers of endothelial dysfunction
were not independent predictors.

Table 2

Analysis of the influence of risk factors for adverse cardiovascular events on outcomes in patients
with non-obstructive coronary artery disease

Univariate regression analysis

Factor Odds ratio 95% CI )4

Type 2 diabetes mellitus 1.87 1.12-3.95 0.018
NT-proBNP (< 760.5 / > 760.5 pg / ml) 1.98 1.09-3.98 0.028
GLS (>18</-18%) 1.98 0.99-5.98 0.002
Smoking 2.13 1.23-2.97 0.039
Coronary microvascular dysfunction 2.72 1.65-6.03 <0.001
Endothelin-1 (< 4.9 />4.9 pg/ ml) 1.95 0.98-5.87 0.002
VEGF (<464.7/>464.7 pg / ml) 2.65 1.76-9.12 0.001

Multivariate regression analysis

Coronary microvascular dysfunction 2.42 1.26-5.85 <0.001
NT-proBNP (< 760.5 /> 760.5 pg / ml) 1.33 1.08-3.19 0.025
CMD + NT-proBNP 3.18 2.76-7.98 <0.001

Note. NT-proBNP — N-terminal pro-B-type natriuretic peptide, GLS — global longitudinal strain, VEGF — vascular
endothelial growth factor, CMD — coronary microvascular dysfunction, p — statistical significance of differences.
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DISCUSSION

The present study found that CMD is closely
associated with increased serum levels of a number
of molecular biomarkers of endothelial activation
and damage [14, 15]: endothelin-1 levels > 6.9 pg
/ ml and VEGF > 346.7 pg / ml can be used as non-
invasive markers for diagnosing CMD. However,
markers of endothelial dysfunction, according to
our data, were not independent predictors of the
HFpEF progression in patients with non-obstructive
CAD within 12 months, which is likely associated
with a more significant influence of nonspecific
inflammatory factors, such as oxidative stress,
profibrotic cytokines, and LV extracellular matrix
remodeling, following specific changes in the
structure of the sarcomeric protein titin [16, 17].

According to previously obtained data, CMD
develops due to impaired endothelium-dependent
and endothelium-independent vasodilation, as well
as perivascular fibrosis. Moreover, CMD is one of
the leading mechanisms for the development of
HFpEF in patients with non-obstructive CAD in the
context of increased ventricular — arterial coupling
[16]. These processes lead to impaired myocardial
perfusion, directing maladaptive responses of the
body along the cardiovascular continuum [3-7].
Our data do not contradict the above concept. In
particular, we showed that patients with CMD are
diagnosed with more severe diastolic dysfunction
and depressed mechanical efficiency of the
cardiovascular system, manifested by an increase in
Ea / Es and myocardial wall stress, associated with
increased myocardial stiffness and increased LV
pre- and afterload.

A recent study by S. Ohura-Kajitani et al. (2020)
showed that both NO- and endothelium-dependent
vasodilation were markedly impaired in patients
with microvascular angina [14]. Another study
found that CMD may precede epicardial dysfunction
caused by oxidative stress and inflammation in early
CAD [18]. The study by V. Lavin Plaza et al. (2020)
showed that local inflammation in the vascular wall
leads to endothelial dysfunction and accelerates the
development and progression of atherosclerosis in
peripheral arteries [19]. Therefore, when systemic
endothelial dysfunction is detected, patients need
to initiate early aggressive drug treatment aimed at
restoring endothelial function and eliminating major
risk factors.

Our study also found that patients with CMD
had increased levels of serum biomarkers of
endothelial activation and damage, which is likely
associated with the influence of a number of risk
factors (arterial hypertension, diabetes mellitus,
hypercholesterolemia, etc.) on the development of
functional and structural changes in the endothelium
in the heart and the cardiovascular system as a
whole. In particular, we found that increased serum
levels of VEGF > 346.7 pg / ml and endothelin-1 >
6.9 pg/ ml in patients with non-obstructive CAD can
be considered as a marker of CMD presence.

Among the biomarkers of endothelial dysfunction,
only asymmetric dimethylarginine (ADMA) and
endothelin-1 have been studied the most in patients
with CMD [20, 21]. Several investigators reported
significantly higher plasma levels of ADMA and
endothelin-1 in patients with CMD compared to
controls and their association with adverse clinical
outcomes [20, 22]. Our study also established an
association of VEGF and endothelin-1 with adverse
outcomes related to HFpEF progression, but these
biomarkers were not independent predictors of risk
stratification in the multivariate regression analysis.
This is likely due to a relatively small patient sample
and a small number of hard endpoints, such as
readmissions and deaths.

LIMITATIONS OF THE STUDY

The main limitations of the study were a rather
small sample size, heterogeneity of the sample, and
short follow-up (12 months).

CONCLUSION

The results of this work, which stimulate further
research in this area, can form the background for
developing medical technologies forrisk stratification
in CMD and its early / preclinical diagnosis, which
will determine the choice of personalized treatment
strategy for this socially sensitive pathology and
reduce the economic burden associated with its
treatment costs.

REFERENCES

1. Radico F., Zimarino M., Fulgenzi F., Ricci F., Di Nicola M.,
Jespersen L. et al. Determinants of long-term clinical outcomes
in patients with angina but without obstructive coronary artery
disease: a systematic review and meta-analysis. Eur. Heart J.
2018;39(23):135-2146. DOI: 10.1093/eurheartj/ehy185.

2. Del Buono M.G., Montone R.A., Camilli M., Carbone S.,
Narula J., Lavie C.J. et al. Coronary Microvascular Dys-

56 Bulletin of Siberian Medicine. 2024; 23 (3): 49-58



OpwuruHasibHble CTaTbu

10

11

12.

function Across the Spectrum of Cardiovascular Diseas-
es: JACC State-of-the-Art Review. J. Am. Coll. Cardiol.
2021;78(13):1352—1371. DOI: 10.1016/j.jacc.2021.07.04250

. Taqueti V.R., Solomon S.D., Shah A.M., Desai A.S., Groar-

ke J.D., Osborne M.T. et al. Coronary microvascular dysfunc-
tion and future risk of heart failure with preserved ejection
fraction. Eur. Heart J. 2018;39(10):840—849. DOI: 10.1093/
eurheartj/ehx721.

. Camici P.G., Crea F. Coronary microvascular dysfunction. V.

Engl. J. Med. 2007;356(8):830—840. DOI: 10.1056/NEJM-
ra061889.

. Paulus W.J., Tschope C. A novel paradigm for heart failure

with preserved ejection fraction: comorbidities drive myo-
cardial dysfunction and remodeling through coronary mi-
crovascular endothelial inflammation. J. Am. Coll. Cardiol.
2013;62(4):263-271. DOI: 10.1016/j.jacc.2013.02.092.

. Vanhoutte P.M., Shimokawa H., Feletou M., Tang E.H. En-

dothelial dysfunction and vascular disease — a 30th anniver-
sary update. Acta Physiol. (Oxf.). 2017;219(1):22—96. DOI:
10.1111/apha.12646.

. Schroder J., Michelsen M.M., Mygind N.D., Suhrs H.E.,

Bove K.B., Bechsgaard D.F. et al. Coronary flow velocity re-
serve predicts adverse prognosis in women with angina and no
obstructive coronary artery disease: results from the iPOWER
study. Eur. Heart J. 2021;42(3):228-239. DOI: 10.1093/eu-
rheartj/ehaa944.

. Kopeva K.V., Maltseva A.N., Mochula A.V., Grakova E.V.,

Smorgon A.V., Gusakova A.M. et al. Significance of inflam-
mation markers in patients with coronary microvascular dys-
function and non-obstructive coronary artery disease. Russian
Journal of Cardiology. 2023;28(6):5399 (in Russ.). DOI:
10.15829/1560-4071-2023-5399.

. Zavadovsky K.V., Mochula A.V., Boshchenko A.A., Vru-

blevsky A.V., Baev A.E., Krylov A.L. et al. Absolute myo-
cardial blood flows derived by dynamic CZT scan vs invasive
fractional flow reserve: Correlation and accuracy. J. Nucl.
Cardiol. 2021;28(1):249-259. DOI: 10.1007/s12350-019-
01678-z.

. Godo S., Suda A., Takahashi J., Yasuda S., Shimokawa H.

Coronary microvascular dysfunction. Arterioscler. Thromb.
Vasc. Biol. 2021;41(5):1625-1637. DOI: 10.1161/ATVBA-
HA.121.316025.

. Mochula A.V., Mochula O.V., Maltseva A.N., Suleymano-

va A.S., Kapilevich N.A., Ryabov V.V. et al. Quantitative
assessment of myocardial blood flow by dynamic single-pho-
ton emission computed tomography: relationship with ECG
changes and biochemical markers of damage in patients with
acute myocardial infarction. The Siberian Journal of Clinical
and Experimental Medicine. 2023;39(3):66-74 (in Russ.).
DOI: 10.29001/2073-8552-2023-39-3-66-74.

Voigt J.U., Pedrizzetti G., Lysyansky P., Marwick T.H.,
Houle H., Baumann R. et al. Definitions for a common stan-
dard for 2D speckle tracking echocardiography: consensus

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

document of the EACVI/ASE/Industry Task Force to stan-
dardize deformation imaging. Eur. Heart J. Cardiovasc. Im-
aging. 2015;16(1):1-11. DOI: 10.1093/ehjci/jeul84.
Nechesova T.A., Korobko I.Yu., Kuznetsova N.I. LV remod-
eling: pathogenesis and assessment methods. Medical News.
2008;(11):7-13 (in Russ.).

Ohura-Kajitani S., Shiroto T., Godo S., Ikumi Y., Ito A.,
Tanaka S. et al. Marked impairment of endothelium-depen-
dent digital vasodilatations in patients with microvascular an-
gina: evidence for systemic small artery disease. Arterioscler.
Thromb. Vasc. Biol. 2020;40(5):1400—1412. DOI: 10.1161/
ATVBAHA.119.313704.

Zakharyan E.A., Ageeva E.S., Shramko Yu.l., Malyi K.D.,
Gurtovaya A.K., Ibragimova R.E. A modern view on the
diagnostic role of endothelial dysfunction biomarkers and
the possibilities of its correction. Complex Issues of Cardio-
vascular Diseases. 2022;11(4S):194—207 (in Russ.). DOL:
10.17802/2306-1278-2022-11-4S-194-207.

Tah S., Valderrama M., Afzal M., Iqbal J., Farooq A., Lak M. A.
et al. Heart failure with preserved ejection fraction: an evolv-
ing understanding. Cureus. 2023;15(9):e46152. DOI: 10.7759/
cureus.46152.

Kalyuzhin V.V., Teplyakov A.T., Bespalova [.D., Kalyuzhi-
na E.V., Chernogoryuk G.E., Terentyeva N.N. et al. The role
of endosarcomeric cytoskeleton proteins in the mechanisms
of left ventricular diastolic dysfunction: focus on titin. Bulle-
tin of Siberian Medicine. 2023;22(3):98—109 (in Russ.). DOI:
10.20538/1682-0363-2023-3-98-109.

Dou H., Feher A., Davila A.C., Romero M.J., Patel V.S., Ka-
math V.M. et al. Role of Adipose tissue endothelial ADAM17
in age-related coronary microvascular dysfunction. Arte-
rioscler. Thromb. Vasc. Biol. 2017;37(6):1180—-1193. DOI:
10.1161/ATVBAHA.117.309430.

Lavin Plaza B., Phinikaridou A., Andia M.E., Potter M., Lor-
rio S., Rashid I. et al. Sustained focal vascular inflammation
accelerates atherosclerosis in remote arteries. Arterioscler.
Thromb. Vasc. Biol. 2020;40(9):2159-2170. DOI: 10.1161/
ATVBAHA.120.314387.

Theuerle J., Farouque O., Vasanthakumar S., Patel S.K.,
Burrell L.M., Clark D.J. et al. Plasma endothelin-1 and ad-
renomedullin are associated with coronary artery function
and cardiovascular outcomes in humans. /nt. J. Cardiol.
2019;291:168—172. DOI: 10.1016/j.ijcard.2019.04.008.
KaskiJ.C.,Cox I.D., Crook J.R., Salomone O.A., Fredericks S.,
Hann C. et al. Differential plasma endothelin levels in sub-
groups of patients with angina and angiographically normal
coronary arteries. Coronary Artery Disease Research Group.
Am. Heart J. 1998;136(3):412—417. DOI: 10.1016/s0002-
8703(98)70214-5.

Lu T.M,, Lee T.S., Lin S.J., Chan W.L., Hsu C.P. The prog-
nostic value of asymmetric dimethylarginine in patients with
cardiac syndrome X. PLoS One. 2017;12(12):e0188995. DOLI:
10.1371/journal.pone.0188995.

BronneteHb cnbmpckoit meguumHbl. 2024; 23 (3): 49-58 57



Kopeva K.V., Maltseva A.N., Mochula A.V. et al. The role of markers of endothelial dysfunction in the pathogenesis of coronary

Authors’ contribution

Kopeva K.V. — acquisition and interpretation of clinical data, statistical processing of the data, critical revision of the manuscript for
important intellectual content, final approval of the manuscript for publication. Maltseva A.N. — carrying out of scintigraphy, acquisition
and interpretation of the data, compilation of the database, final approval of the manuscript for publication. Mochula A.V. — carrying out of
scintigraphy, assessment of blood flow parameters, acquisition and interpretation of the data, compilation of the database, final approval of
the manuscript for publication. Smorgon A.V. — carrying out of echocardiography, acquisition and interpretation of the data, compilation of
the database, final approval of the manuscript for publication. Grakova E.V. — interpretation of the clinical data, drafting of the article, final
approval of the manuscript for publication. Gusakova A.M. — determination of serum biomarker levels, acquisition and interpretation of the
data, compilation of the database, final approval of the manuscript for publication. Kalyuzhin V.V. — review of literature, interpretation of
the data, drafting of the article, final approval of the manuscript for publication. Zavadovsky K.V. — coordination of the research, drafting
of the article, final approval of the manuscript for publication.

Authors’ information

Kopeva Kristina V. — Cand. Sci. (Med.), Senior Researcher, Department of Myocardial Pathology, Cardiology Research Institute,
Tomsk NRMC, Tomsk, kristin-kop@inbox.ru, http://orcid.org/0000-0002-2285-6438

Maltseva Alina N. — Junior Researcher, Laboratory for Radionuclide Research Methods, Cardiology Research Institute, Tomsk
NRMC, Tomsk, maltseva.alina.93@gmail.com, http://orcid.org/0000-0002-1311-0378

Mochula Andrey V. — Cand. Sci. (Med.), Senior Researcher, Laboratory for Radionuclide Research Methods, Cardiology Research
Institute, Tomsk NRMC, Tomsk, mochula.andrew(@gmail.com, http://orcid.org/0000-0003-0883-466X

Smorgon Andrey V.- Junior Researcher, Department of Ultrasound and Functional Diagnosis, Cardiology Research Institute, Tomsk
NRMC, Tomsk, sav@cardio-tomsk.ru, http://orcid.org/0000-0002-6531-7223

Grakova Elena V. — Dr. Sci. (Med.), Principal Researcher, Department of Myocardial Pathology, Cardiology Research Institute,
Tomsk NRMC, Tomsk, gev@cardio-tomsk.ru, http://orcid.org/0000-0003-4019-3735

Gusakova Anna M. — Cand. Sci. (Pharm.), Researcher, Department of Clinical Laboratory Diagnosis, Cardiology Research Institute,
Tomsk NRMC, Tomsk, anna@cardio-tomsk.ru, http://orcid.org/0000-0002-3147-3025

Kalyuzhin Vadim V. — Dr. Sci. (Med.), Professor, Head of the Advanced Therapy Division with Rehabilitation, Physiotherapy and
Sports Medicine Course, Siberian State Medical University, Tomsk, kalyuzhinvv@mail.ru, http://orcid.org/0000-0001-9640-2028

Zavadovsky Konstantin V. — Dr. Sci. (Med.), Head of the Nuclear Department, Cardiology Research Institute, Tomsk NRMC,
Tomsk, konstzav@gmail.com, http://orcid.org/0000-0002-1513-8614

(P<) Kopeva Kristina V., kristin-kop@inbox.ru
Received 07.05.2024;

approved after peer review 20.00.2024;
accepted 30.05.2024

58 Bulletin of Siberian Medicine. 2024; 23 (3): 49-58



OPUTWUHA/IBHBIE CTATbW )

VK 616.348-002.44-021.6-085.243:616.345-018.25-018.1
https://doi.org/10.20538/1682-0363-2024-3-59-65

Effect of dalargin on the content of goblet cells and mucins in the colonic
mucosa in experimental ulcerative colitis

Liashev A.Yu.’, Mal G.S.", Solin A.V.?

Kursk State Medical University
3, Karla Marxa Str., Kursk, 305041, Russian Federation

Belgorod State National Research University
85, Pobedy Str., Belgorod, 308015, Russian Federation

ABSTRACT

Aim. To investigate the protective effect of dalargin on the content of goblet cells and mucins in the colonic mucosa
in a mouse model of ulcerative colitis.

Materials and methods. Ulcerative colitis was simulated in Balb/C mice by replacing drinking water with
5% sodium dextran sulfate in boiled water for 5 days. Dalargin was administered subcutaneously in a volume of 0.1
ml at a dose of 100 pg / kg of body weight once a day for 7 days from the beginning of ulcerative colitis simulation.
Sulfasalazine as a reference-listed drug was administered intragastrically at a dose of 200 mg / kg once a day for
7 days. The mice were sacrificed on day 5, 7, and 28. The sections of the distal colon were prepared and stained with
hematoxylin and eosin, alcian blue (pH = 1.0) according to Mowry or by PAS reaction. In the sections, the number
of goblet cells and acid and neutral mucins was determined.

Results. In the mouse model of ulcerative colitis, the number of goblet cells (mainly at the bottom of the crypts),
acid and neutral mucins decreased. Dalargin administration increased the number of goblet cells and the content of
acid and neutral mucins in the colonic mucosa more effectively than sulfasalazine.

Conclusion. Dalargin has a protective effect in ulcerative colitis.
Keywords: ulcerative colitis, dalargin, sulfasalazine, goblet cells, mucins
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BnusaHue ganapruHa Ha cogepKaHue 60KanoBNAHbIX KNeTOK 1 MyLMHOB
B C/IN3NCTON 060/10UKe TONICTOro KNieyHnKa Npu 3KcnepuMeHTasibHOM

A3BeHHOM KoJinTte

Nawes A.10.", Manb I'.C.", Conun A.B.2

! Kypckuii 2ocyoapemeennoiil meouyunckutl ynueepcumem (KI'MY)
Poccus, 305041, 2. Kypck, yn. Kapana Mapkcea, 3

2 Beneopodckuii 20cy0apcmeennblil HayUoHaIbHbLL ucciedosamenvckutl yuusepcumem (HUY Beal V)
Poccus, 308015, 2. bencopoo, ya. [lobeowl, 85

PE3IOME

He.l]b — U3YYCHUE TPOTCKTUBHOI'O 3(1)(1)81(1'21 JlajlapTuHa Ha COACPIKaHUE 60KaIIOBI/I,I(HI>IX KJIETOK U MYLIUHOB B CJIH-
3UCTOM 000JI0YKE TOJICTOIO KHIIEYHUKA y MBIIIIEH ¢ OKCIICPUMEHTAJIbHBIM SI3BEHHBIM KOJIHUTOM.

MatepuaJjbl M1 MeTOAbI. SI3BEHHBI KOIUT MOJCTUPOBAIM y Mblmel muaun Balb/C 3ameHoll B Tedenue 5 cyT
MTUTHEBO BOABI 5%-M PacTBOPOM AEKCTPaHa Cylb(aTa HATPHUs B KUTITIEHOH Boje. [lamapruH BBOJHIN MTOJKOKHO
B o6wveme 0,1 mut B 1o3e 100 MKr/Kr Macchl Tena 1 pas/cyT B TedeHue 7 CyT ¢ Hadana MOJCTUPOBAHUS I3BEHHOTO KO-
mura. Ilpemapar cpaBHeHHs CynbdacanasiH BBOJWIN B KeIy 10K B go3e 200 mr/kr 1 pas/cyt B TedeHue 7 cyT. Ha
5, 7 u 28-e cyT MbIIICH BRIBOAMIN U3 SKCIeprMeHTa. Ha nenapaMHUpOBaHHBIX, OKPAIICHHBIX TeMaTOKCHIMHOM
1 503MHOM, anbiuanoBbM ciHUM (pH = 1,0) mo Moypu i peaktuBom Ludda cpesax pucranpsHOro otaena 060-
JIOYHOM KHIIKU OTIPEAETISAIN KOIHIECTBO OOKAIOBUAHBIX KIETOK, COJIEP)KaHNE KUCIBIX M HEHTPaNbHBIX MyIIHHOB.

Pe3yabTarthl. [Ipu Moaenu sI3BEHHOTO KOJUTA B AUCTAIBLHOM OT/IEIC 000I0YHOM KUIIIKH MBIIICH CHUXKACTCS KO-
JINYECTBO OOKAJOBUIHBIX KJICTOK (IIPEUMYIIECCTBEHHO B OCHOBAHUU KPHIIT), KHCIIBIX ¥ HEHTPAIbHBIX MYIIMHOB.
Janaprus s¢dexTuBHEE CyibdacanasiHa yBEIUUNBACT KOJTUMISCTBO OOKATOBUIHBIX KJICTOK, COICPIKAHNE KUCIIBIX
U HEUTPAJIbHBIX MYIIMHOB.

3akirouenue. J{anaprus oka3plBaeT MPOTEKTUBHOE BIUSHUE TP SKCIIEPUMEHTAILHOM SI3BEHHOM KOJIUTE.
KiroueBsble cjioBa: MOJIeITb I3BEHHOTO KOJIMTA, AaapruH, cyibdacanasiuH, OOKaJTOBUIHbIC KICTKH, MYITHHBI

KonpaukT nuHTEepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX M MOTEHIMANBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaKeil HACTOSIIEH CTaThH.

HUcTouHuk (l)HHaHCHpOBaHI/IH. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBHUU (bHHaHCHpOBaHI/IH Ipyu OpOBEACHUU HUCCIIEN0-
BaHUA.

CooTBeTcTBHE MPUHIMNAM ITHKH. VccienoBanne 0100peHO PErMOHABHBIM dTHYeCKUM KomuteToM KIMY
(porokout Ne 1 ot 03.04.2023).

Jas umrupoBanus: Jismes A.JO., Mans I'.C., Conun A.B. Bausinue nanapruia Ha cojepyxaHue O0KaTOBHIHBIX
KJICTOK U MYIIMHOB B CIM3HCTON 00OJOYKE TOJCTOTO KHIICYHHKA MPU IKCICPHUMCHTAIBHOM S3BEHHOM KOJHTE.
Bronnemens cubupcroti meouyunwl. 2024;23(3):59—-65. https://doi.org/10.20538/1682-0363-2024-3-59-65.

INTRODUCTION

Goblet cells (GCs), along with absorptive
colonocytes and enteroendocrine cells, are the
main cell populations in the colonic mucosa [1].
GCs secrete mucus components, primarily mucins,
which form the basis for the protective barrier of the
mucous membrane. Mucins prevent the penetration
of pathogenic and commensal microflora and toxins
from the lumen into the wall of the colon and play an

important role in the regulation of innate immunity
[2]. There are two types of mucins: secretory and
membrane-associated. Secretory mucins form
an inner layer, which is impermeable to bacteria
and high-molecular substances, while membrane-
associated mucins form the glycocalyx [2]. Colonic
barrier dysfunction and, primarily, damage to
the mucin layer lead to a significant increase in
permeability, penetration of bacteria into the mucous
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membrane and submucosal layer, and activation of
neutrophils [3], then macrophages and lymphocytes
with the subsequent development of inflammation,
which underlies the pathogenesis of ulcerative colitis
(UC) [4].

UC is a chronic, relapsing disease of the colon. It
develops in people aged 20—40 years, significantly
worsens the quality of life, and often leads to disability
[5]. Despite a significant number of investigations
devoted to various UC aspects, its etiology and
pathogenesis remain poorly understood, which
results in low effectiveness of existing methods of
its treatment [5]. In this regard, studying the effect of
drugs exerting antioxidant, anti-inflammatory, and
immunomodulatory effects on UC development is
relevant.

Dalargin is one of these drugs, proposed for
the treatment of peptic ulcers. Dalargin is also
included in the pharmacotherapy of acute pancreatitis
[6]. In this regard, it is of interest to study the
effect of dalargin on the content of colonic mucins in
a UC model.

The aim of the study was to investigate the
protective effect of dalargin on the content of GCs
and mucins in the colonic mucosa in a mouse model
of UC.

MATERIALS AND METHODS

The experiments included 102 male Balb/C mice
weighing 21-23 g, purchased from the Stolbovaya
division of the Scientific Center for Biomedical
Technologies of the Federal Medical and Biological
Agency. The study was performed in compliance
with the provisions of the Declaration of Helsinki
proposed by the World Medical Association on
Humane Treatment of Laboratory Animals (2000),
the European Community Directive (86/609EC),
and the Rules of Good Laboratory Practice in the
Russian Federation (Order of the Ministry of Health
of the Russian Federation No. 199n of 01.04.2016).
Conducting experiments on the topic of the thesis
research was approved by the regional Ethics
Committee (Protocol No. 1 of 03.04.2023).

UC was modeled in mice by replacing drinking
water with a 5% solution of dextran sulfate sodium
(DSS) (Mr = 40,000, PanReac-AppliChem,
Germany) in boiled water for 5 days [7]. The animals
were euthanized when acute UC developed on day 5
and 7 and chronic UC developed on day 28.

Dalargin ~ (Microgen, Russian  Federation)
was dissolved in normal saline and administered
subcutaneously in a volume of 0.1 ml at a dose of 100
ng / kg of body weight once a day for 7 days from the
beginning of UC modeling. Accordingto the literature
data, dalargin exhibits high pharmacological activity
at the indicated dose [6]. Sulfasalazine (KRKA,
Slovenia) was administered as a reference-listed
drug into the stomach in the form of a suspension
dissolved in normal saline in a volume of 0.3 ml at a
dose of 200 ug / kg of body weight for 7 days from
the beginning of UC modeling [8].

All animals were divided into the following
experimental groups: 1) naive mice, n = 6; 2) control
group 1 (UC modeling + subcutaneous injection
of normal saline), n = 24; 3) control group 2 (UC
modeling +intragastric injection of normal saline), n =
24; 4) experimental group 1 (UC modeling + dalargin
administration), n = 24; 5) experimental group 2 (UC
modeling + sulfasalazine administration), n = 24.

The mice were euthanized by cervical dislocation
under chloral hydrate anesthesia on days 5, 7, and
28. The distal colon was placed in neutral buffered
10% formaldehyde solution. Deparaffinized 5-6-pm
slices of the colon were stained with hematoxylin and
eosin, alcian blue (pH = 1.0) according to Mowry
to detect highly sulfated acid mucins (AM) or by
PAS reaction to detect neutral mucins (NM). Light
microscopy was performed on the Nicon Eclipse Ni
microscope using the NIS Elements AR software.
The stained slices were scanned on the Hamamatsu
NanoZoomer-SQ digital slide scanner (Japan).
The resulting digital images were analyzed in the
QuPath program [9] using the color deconvolution
technique [10].

To assess AM and NM content in the colonic
mucosa, histologic preparations after treatment with
iodine acid were digitized. Areas with longitudinally
oriented crypts without ulcers and erosions, but with
pronounced signs of inflammation were identified in
the digital images obtained. The number of GCs per
1 crypt was determined on slices stained with alcian
blue. The content of AM and NM was assessed
by the intensity of GC staining with alcian blue
and PAS reaction after treatment with iodine acid,
respectively. The coloring intensity was calculated
as the average value of the decimal logarithm of
the background brightness / image object point
brightness ratio [11]. The intensity of histochemical
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reactions varied significantly even in the control
groups, which is associated with differences in slice
thickness, fixation time, and staining. The intensity
of GC staining was normalized by the intensity of
staining of adjacent areas of connective tissue to
level out these differences.

All samples were checked for normality of
distribution using the Shapiro — Wilk test and for
homogeneity of variance using the Levene’s test. The
Mann — Whitney U-test was used to determine the
significance of differences. Nonparametric statistics
methods were used due to small sample sizes,
different distribution patterns, and heterogeneity of
variance when comparing the samples. The results
were described as the median and the interquartile
range Me (Q,; Q,). The null hypothesis was rejected
at the level of statistical significance p < 0.05.
Statistical analysis of the results was carried out
using the Statistica 10.0 software package.

RESULTS

The number of GCs decreased by 32.7-33.2%
on day 5, by 47.1-47.6% on day 7, and by 15.4—
15.9% on day 28 of the experiment (p = 0.0024) in
both control groups of mice with experimental UC
(Table). The number of GCs mainly decreased at the
bottom of the crypts (Figure). GCs expanded, and
their area increased. In mice with chronic UC (day
28), the number of GCs was 25.7-61.5% higher than
in the animals with acute UC (day 5-7) (p = 0.0009).
The content of AM in the colonic mucosa decreased
by 3.43-3.75 times and 3.64-3.87 times and the
content of NM declined by 36.3% and 38.2-39.3%
on day 5 and day 7 of the experiment, respectively
(»=0.0024), compared to naive animals. The content
of mucins in mice with chronic UC was higher
than in mice with acute UC, but was lower than in
the naive group (AM — by 42.5-43.3%, NM — by
27.5-29.4%) (p = 0.0024)).

Figure. Goblet cells in the colon of male Balb/C mice: a—c — staining with hematoxylin and eosin + alcian blue, d—f— staining with
hematoxylin and eosin + PAS reaction. a, d — control group, b, e — model of acute UC ¢, f— model of chronic UC. Bar — 50 um
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Dalargin administration was accompanied by
an increase in the number of GCs in mice with
the experimental UC by 3.6% (p = 0.0011) on day
5 of the experiment and by 9.3% (p = 0.0009) on day
7 compared to the control animals. Dalargin had no
effect on the number of GCs in the colonic crypts

of mice with chronic experimental UC. It increased
the level of AM by 50.0% (p = 0.0239) on day 5 and
by 54.8% (p = 0.0136) on day 7 of the experiment
and increased the NM content by 6.2% (p = 0.0136)
and 7.9% (p = 0.0009) on day 5 and day 7 of the
experiment, respectively.

Table

The effect of dalargin and sulfasalazine on the number of goblet cells in crypts and the content of acid and neutral mucins
in the colon of mice with experimental ulcerative colitis, Me [Q,; O.]

Duration
No Experimental of the Number of goblet cells 1g10 of the content of neutral 1g10 of the content of highly
’ group experiment, & o mucins sulfated acid mucins
day
Intact animals 20.8 [20.7; 20.9] 1.02 [1.00; 1.09] 1.20 [1.12; 1.35]
Control group 1 5 14.0 [13.9; 14.17* p=0.0024 | 0.65 [0.65; 0.66]* p=0.0024 | 0.32[0.27; 0.43]* p = 0.0024
2. (E"Peﬂmema_l Uc+ 7 10.9 [10.7; 11.0] p = 0.0.0024 | 0.63 [0.63; 0.64]* p=0.0024 | 0.31[0.28; 0.44]* p = 0.0024
subcutaneous 1njection
of normal saline) 28 17.6 [17.3;17.9]* p=0.0.0024 | 0.72[0.72; 0.73]*p =0.0024 | 0.68 [0.58; 0.80]* p = 0.0024
Control group 2 5 13.9 [13.7; 1431 p=0.0024 | 0.65 [0.64; 0.66]* p = 0.0024 0.35[0.29; 9’?)338;3: 0.0024;
3 (experimental UC + =Y
" | intragastric injection 7 11.0[10.8; 11.2]*p = 0.0024 | 0.64[0.63; 0.64]* p=0.0024 | 0.33[0.28; 0.37]* p = 0.0024
of normal saline) 28 17.5[17.4;17.7] p=0.0024 | 0.74 [0.74; 0.75]* p=0.0024 | 0.69 [0.54; 0.84]* p = 0.0024
s 14.5 [14.3; 14.6]* p=0.0011; | 0.69 [0.68; 0.70]* p = 0.0136; | 0.48 [0.38; 0.56]* p = 0.0239;
Experimental UC 1p=0.3720 1p=0.2076; p=1.00
4, | T dalargin ata dose of ; 13.0 [12.9; 13.2]*! p = 0.0009; | 0.68 [0.66; 0.71]*' p=0.0019; | 0.48 [0.44; 0.60]* p = 0.0136;
| 100 pg/ kg subcuta- 1p=0.0009 'p=0.0019 'p=0.5635
neously 08 18.0 [17.7; 18.6] p = 0.0587; | 0.78 [0.76; 0.80]' p = 0.0520; |  0.75[0.68; 0.84] p = 0.3184;
1p=0.7527 1p=0.0023; p=0.1722
Experimental UC 5 14.3 [14.1; 14.51* p=10.0011 | 0.67 [0.66; 0.70]* p=0.0101; |  0.45[0.38;0.55] p = 0.0831
5. Z Sﬂfa;;g‘ozme /a;{a 7 12.1[11.9;12.3]* p=0.0009 | 0.63[0.62;0.64] p=0.4623 | 0.45[0.39;0.59]* p =0.0209
0s€ 0 ng/ kg
intragastricall 28 18.0 [17.7; 18.11 p = 0.0587 | 0.75[0.74; 0.76]* p =0.0136 |  0.65[0.63; 0.75] p = 0.8337
g y

p <0.05 compared to the parameters in the: * — intact group; * — control group; ' — animals treated with sulfasalazine.

The number of GCs increased by 2.9%
(»p = 0.0011) on day 5 and by 10.0% (p = 0.0009)
on day 7 of the experiment, when sulfasalazine was
administered at a dose of 200 pg / kg to mice with
experimental UC, compared to the control group
2. The AM content did not change throughout the
experiment, the NM content increased by 3.1%
(p = 0.0101) on day 5 and by 3.1% (p = 0.0136)
on day 28 of the experiment, compared to the control
group 2.

Dalargin increased the number of GCs by 7.4%
(»p = 0.0009) on day 7 compared to the value during
sulfasalazine administration. The NM content
increased by 7.9% (p = 0.0019) on day 7 and by
8.3% (p = 0.0023) on day 28 only in the experiment
with dalargin administration.

DISCUSSION

The results of the study confirm the literature data
on a decrease in the number of GCs and the content
of AM and NM in the colonic crypts both in patients
with UC [12] and in a mouse model of UC [11]. The
work shows a decrease in the number of GCs mainly at
the bottom of the crypts. It is known that GCs located
at the bottom of crypts produce the antimicrobial
peptide WFDC?2 in healthy people, while its secretion
is impaired in patients with UC [12]. This peptide
inhibits serine and cysteine proteases; therefore,
it prevents premature transformation of the inner
layer of the colonic mucosa into the outer layer. The
outer layer is permeable to bacteria coming from
the colonic lumen and serves as a growth medium
for the commensal microflora; the inner layer is
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impermeable to bacteria and ensures the maintenance
of the colonic wall homeostasis [13]. Destruction
of the inner layer under the influence of proteases
promotes penetration of bacteria into the colonic
wall and development of inflammation in UC [4].

Highly sulphated AM and other acid mucins are
more effective than NM in preventing the destruction
of the protective colonic barrier by proteases [13].
The NM content increased in the colonic mucosa of
mice with experimental UC [11]. In our study, the
number of NM decreased throughout the experiment.
Diverse changes in the NM content are due to the
formation of experimental UC of varying severity
in mice of different strains. The mucin content
increases in the colonic mucosa during the transition
from acute to chronic UC.

Dalargin has a protective effect in mice with
experimental UC and is more effective than
sulfasalazine, as it increases the number of GCs and
the content of AM and NM. Dalargin, as an analogue
of leu-enkephalin, activates opioid 8- and p-receptors
[6]. The mechanism of the therapeutic effect of
dalargin in colonic inflammation is apparently
explained by the activation of opioid p-receptors,
since their activation by the selective ligand DAMGO
(H-Tyr-D-Ala-Gly-N-MePhe-Gly-ol) has a protective
effect on DSS-induced UC development in mice [14].
Apparently, like DAMGO, dalargin reduces disease
severity, decreases myeloperoxidase activity and
the concentration of proinflammatory cytokines,
prostaglandins, and nuclear factor kB, and increases
the production of the antiapoptotic factor Bel-xL [10].
The authors associate this effect with the activation of
peripheral p-receptors, since DAMGO is not able to
penetrate the blood — brain barrier, and the peripheral
p-receptor antagonist CTAP (D-Phe-Cys-Tyr-D-Trp-
Arg-Pen-Thr-NH,) eliminates its effect [10].

Dalargin has antioxidant and immunomodulatory
effects [6]. It inhibits the activity of mononuclear
cells in their pathological activation [15] and, thus,
reduces the severity of inflammation. Suppression
of lipid peroxidation not only weakens alterative
changes at the inflammation site, but also prevents
an increase in the colonic barrier permeability and
penetration of pathogenic microbes into the colon.

CONCLUSION

The protective effect of dalargin on the UC
development in Balb/C mice was established: an
increase in the number of GCs and the content of

AM and NM in the colonic mucosa was registered.
The effect of dalargin is more pronounced than that
of sulfasalazine. The data obtained allow to consider
dalargin as a component of an effective combination
drug therapy for UC.
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ABSTRACT

The aim of the work was to study the cardioprotective effect of lithium ascorbate in an in vivo model of myocardial
infarction. In the course of the study, we searched for compounds promising for therapy of acute myocardial
infarction.

Materials and methods. Myocardial infarction was modeled in Wistar rats by ligating the left coronary artery
(the duration of ischemia was 45 minutes) followed by ligature loosening and 120-minute reperfusion. All manip-
ulations were performed under alpha-chloralose anesthesia with mechanical lung ventilation and recording heart
rate, blood pressure, and ECG. Lithium ascorbate was administered intravenously at a dose of 100 mg / ml be-
fore ischemia. The area at risk (the ischemia / reperfusion zone) was detected by staining the myocardium with
tightened ligature with 5% potassium permanganate. After that consecutive myocardial slices were prepared, and
infarct size was determined. Differentiation of the infarct size from the area at risk was performed by staining with
1% 2,3,5-triphenyl tetrazolium chloride solution for 30 minutes at 37 °C. The infarct size and the area at risk were
determined by the planimetric method. The serum concentration of myocardial damage marker creatine kinase-MB
(CK-MB) was measured using ELISA Kkits.

Results. Lithium ascorbate reduced the infarct size / area at risk ratio by 38% and decreased the serum CPK-
MB level in the experimental animals by 42% compared to the control group. Lithium ascorbate did not affect
hemodynamics parameters during coronary artery occlusion and reperfusion.

Conclusion. The cardioprotective effect of lithium ascorbate in cardiac ischemia / reperfusion in vivo was found.
Keywords: myocardial infarction, lithium salts, ischemia, reperfusion, arrhythmias
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KapauonportekropHbin 3¢ peKT ackopbaTa nutna Ha mogenu nHpapkra
MunokKapgpa in vivo
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uccredosamenvcxull meouyurckul yenmp (HUMIL]) Poccutickotl akademuu Hayk
Poccus, 634021, 2. Tomck, yn. Aneymcexas, 4
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PE3IOME

Henp — n3ydyeHne KapIUOMPOTEKTOPHOTO AEHCTBHUSI ackopbaTa JIUTHS HA MOJAETH MH(pAPKTa MHOKApAA in vivo.
B xozxe nccnenoBanmii MPOBOAMIICS MOMCK COEUMHEHUH, MEPCTIEKTUBHBIX IS TEPAITMK OCTPOro WH(APKTa MHO-
Kapa.

MarepuaJjbl U MeToabl. MoJienupoBaHie HHpAapKTa MUOKap/a MPOBOANIN Ha KpbicaX JMHUM Bucrap maccoit
250-300 r myTem HaJ0XKEHUs JIUraTyphl Ha JIEBYI0 KOPOHAPHYIO apTepuio (IPOJODKUTENBHOCTD NIIEMHUH 45 MUH)
C MOCIEYIOMUM OCIabIeHneM JIMraTypbl U penepdysueil npopomkuTenbHocThio 120 MuH. Bee Manumysiimu
BBIMOJIHSUTHCEH MO XJIOPATO3HBIM HAPKO30M C HCKYCCTBEHHOW BEHTHIISIIMEH JIETKMX M PETHCTpalued 4acTOThI
Cep/IeuHbIX COKpAIEHHH, apTepuaabHOro JaBICHUS U IEKTPOKapIHOrpaMMbl. AcKopOaT JIUTHS BBOAWIU B J103€
100 mr/mi nepen uiiemueii BHyTpuBeHHo. Onpenersiin 300y pucka (3P) — 3ony umemun/penepdysuu, s 4ero
MHOKap/]l C 3aTSHYTON JIMTaTypoi okpaluBani 5%-M NepMaHraHaTOM Kajus, TOCIIe Yero AeNlaay Mocae0BaTelb-
HbIe Cpe3bl MHOKap/a M Ompenelisuii 30Hy uHbapkra. JuddepeHiupoBKy 30HbI HEKpo3a MHokapzaa ot 3P ocy-
IIECTBIUIN TTyTeM OKpaumBanus 1%-M pactBopoM 2,3,5-Tpud)eHn TeTpasonus xiaopuaa B TedeHue 30 MUH npu
37 °C. Pa3mep 30HBI HH(APKTA 1 30HBI PHCKA ONPeIeIUIH INTAHUMETPUUSCKUM MeTo1oM. KoHIIeHTpainio Mmapkepa
HoBpexAeHHus: MUoKapaa kpeatuHpochokrnHazp-MB (KOK-MB) B cbIBOpoTKe KPOBH OIpEIeIsUId UMMYHO(Ep-
MEHTHBIM METOJIOM.

Pe3yabTaThl. AcKOpOaT JINTHSI CTATHCTUYECKH 3HAYMMO YMEHBIIAI OTHOIICHHe 30HbI MH(apkTa K 3P Ha 38% n
cHiKall ypoBeHb KOK-MB B cbIBOpOTKE KPOBU 3KCIIEPUMEHTANIBHBIX KUBOTHBIX Ha 42% 110 CPaBHEHUIO C IPyII-
MO KOHTPOJIsL. AcKkopOar JINTHS He MOBJIHSUT Ha ITapaMeTphl TeMOJIMHAMHKHI Ha BCEX JTarax pa3BHTHS KOPOHAPO-
OKKITIO3HMH U perepdy3ni.

3akiiroueHne. Y CTaHOBICHO KapIMOMIPOTEKTOPHOE ACHCTBHE acKopOaTa JINTHS P UIIeMHH/periepdy3un cepaia
in vivo.

KiroueBble ciioBa: HHGAPKT MUOKAp/a, COJM JIUTHS, HLLIEMUs], pernepdy3ust, apUTMUH
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KoHduamnkT nHTEpecoB. ABTOPHI ACKIAPUPYIOT OTCYTCTBHE SIBHBIX M MOTEHLIHATIbHBIX KOH(INKTOB HHTEPECOB,

CBSI3aHHBIX C MyOIUKalKeil HaCTOSIIEeH CTaThU.

Hcrounuk punancuposanus. Pabora BeImonHeHa npy noajepskke nporpammsl «IIpuoputer 2030%.

CooTBeTcTBHE MPpUHIMNIAM 3THKH. VccnenoBanne onodpeHo stndeckum komuterom HUM xapawomnornn Tom-

cxkoro HUMII (mporoxon Ne 207 ot 23.12.2020).

Jist murupoBanus: [Inotaukos E.B., Yepnos B.1., Myxomemssaos A.B., Macnos JI.H., FOcy6os M.C., Jlaps-
knHa M.C., ApramonoB A.A., BeroycoB M.B. KapanonporexropHslit a3 dext ackopbaTa IUTHS HA MOJEIH HH-
(apxra Muokapaa in vivo. Bioniemens cubupckoii meouyunsvt. 2024;23(3):66—73. https://doi.org/10.20538/1682-

0363-2024-3-66-73.

INTRODUCTION

Cardiovascular diseases (CVD) are the leading
cause of death worldwide. Despite the development
of effective emergency care and primary prevention
measures, CVD prevalence remains high [1].
In Russia, more than 50,000 people die from
myocardial infarction each year, which accounts for
more than 2.5% of all-cause mortality [2]. Among
all CVDs, myocardial infarction remains the most
common acute condition with high mortality. This
fact indicates the relevance of developing new and
more effective cardioprotective drugs.

Currently, the main approach in complex
therapy of myocardial infarction is rapid myocardial
reperfusion (surgical or pharmacological), which
implies restoration of blood supply to ischemic heart
tissue. A related approach is cardioprotection, which
involves pharmacological protection of myocardial
cells in cardiac ischemia and reperfusion. Broadly
speaking, cardioprotection includes all drugs and
agents that can preserve the pumping function of the
heart, reduce infarct size, and prevent the occurrence
of life-threatening arrhythmias by reducing or
preventing myocardial damage.

Such drugs include compounds from different
pharmacologic classes, including, for example,
beta-blockers, which have a long history of use
and clinically proven cardioprotective effects. The
cardioprotective effect of opioid receptor agonists has
been proven in a number of studies [3, 4]. However,
many drugs have not proven to be effective in clinical
trials [5]. The search for new cardioprotective agents
continues due to the high relevance and demand.

At the same time, some compounds are not
widely used in cardiology, despite their significant
cardioprotective potential. Lithium salts can refer
to this group. It was previously shown that lithium
chloride has a neuroprotective effect and allows

to reduce neuronal tissue damage in the zone of
ischemic stroke [6—8]. It should be noted that
lithium salts are widely used in psychiatry as mood
stabilizers for the treatment of affective disorders,
so the pharmacokinetics and toxicology of lithium
are well known from clinical practice. However, the
potential of these drugs is not limited to the treatment
of mental disorders. In particular, the protective
effect of lithium in ischemic conditions has been
proven. In this regard, CVDs are the most promising
target for lithium therapy. The development of this
area requires the study of the mechanisms of action
and the search for new applications of lithium salts.

The studies published to date allow to conclude
that the anti-ischemic effect of lithium may be
manifested not only in relation to the brain, but also
in relation to other organs [9]. It is important to note
that even though lithium has been used in medicine
for almost a century, the mechanism of action of
lithium salts in myocardial infarction has not been
studied. Previously lithium has been shown to have
cardioprotective effects on isolated myocardium
[10]. Most of the described studies consider inorganic
lithium salts, primarily chloride and carbonate. The
therapeutic potential of lithium salts can be expanded
by selecting an anionic component with antioxidant
activity, which increases antioxidant properties of
the salt and enhances cytoprotective properties in
oxidative stress.

The aim of this work was to study the
cardioprotective effect of lithium ascorbate in an in
vivo model of myocardial infarction.

MATERIALS AND METHODS

All experiments were carried out in compliance
with the principles of humanity set out in the
Directives of the European Community (86/609/
EEC) and the Declaration of Helsinki. The equipment
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ofthe Center for Collective Use “Medical Genomics”
of Tomsk NRMC was used in the work.

Lithium ascorbate was used as a test preparation.
For these experiments, lithium ascorbate was
obtained ex tempore by reaction between ascorbic
acid and lithium carbonate (ACS reagents, Sigma-
Aldrich) according to the described method [11].
The white powder was obtained, which was tested
for authenticity using infrared (IR) spectrometry and
elemental analysis. Lithium ascorbate was dissolved
in normal saline and injected intravenously during
the experiment.

Wistar rats weighing 250-300 g were used as
experimental animals. The animals were kept in
standard conditions, with natural day and night
regimen and unlimited access to food and water.
Before performing the experimental procedures, the
animals were randomly distributed into two groups
of eight rats each (control and experimental group).
In the experimental group, the drug was injected into
the femoral vein at a concentration of 100 mg/ ml in
1 ml of normal saline 10 minutes before ischemia. A
similar volume of saline solution was injected into
the femoral vein in the control group 10 minutes
before ischemia.

Solution of a-chloralose (Sigma) was used for
anesthesia during surgical modeling of myocardial
infarction (intraperitoneal injection at a dose of 60
mg / kg). Anesthetized animals were then connected
to the SAR-830 Series mechanical ventilation
system (CWE Inc., USA). Heart rate (HR) and
blood pressure (BP) were measured using the
SS13L pressure sensor (Biopac System Inc., Goleta,
USA). The sensor was connected to the MP35 data
acquisition system (Biopac System Inc., Goleta,
USA). Electrocardiography was also performed
on this device; ECG was recorded automatically
throughout the experiment. Direct surgery on the
heart was carried out according to the method of J.E.
Schultz et al. [12].

Ligation of the left coronary artery was
performed, which resulted in controlled ischemia
in its basin. After 45 minutes of ischemia, the
ligature was removed and blood flow restoration
was confirmed by the emergence of hypraemia. The
reperfusion period lasted 120 minutes. The detection
of the necrotic zone and myocardial area at risk was
performed according to the method described in
the study by J. Neckar et al. [13]. To do this, after

completion of the reperfusion period, the heart was
removed followed by retrograde flushing. The heart
was flushed with normal saline through the aorta.

The area at risk, i.e. the myocardial area subject
to ischemia — reperfusion injury, was identified as
follows. The ligature applied for ischaemia was re-
ligated, and the cardiac muscle tissue was stained
through the aorta with 5% potassium permanganate
solution. After flushing the heart with normal saline, it
was frozen and sliced perpendicular to the longitudinal
axis in 1-mm-thick slices using the HSRAO0OI-1
precision slicer (Zivic Instruments, Pittsburgh, USA)
according to standard histologic techniques.

Visual differentiation of the necrotic zone
(NZ) from the area at risk (AAR) was performed
by treating with a 1% solution of 2,3,5-triphenyl
tetrazolium chloride for half an hour in the
thermostat at 37 °C. During this process, oxidized
2,3,5-triphenyl tetrazolium chloride is reduced under
the effect of dehydrogenases, which is manifested
by the emergence of permanent staining. Active
dehydrogenases were absent in the zone of heart
muscle necrosis, and, consequently, this zone was
not stained. At the end of treatment, all slices were
fixed with 10% formalin for 24 hours. The obtained
myocardial tissue samples were scanned from
different sides using the HP Scanjet G4050 scanner.
The sizes of AAR and NZ were determined by the
planimetric method. The infarct size was expressed
as a percentage of the hypoperfusion zone (AAR)
as the NZ / AAR ratio. The activity of CPK-MB
was determined using ELISA kits (Cloud-Clone
Corp, Wuhan, China). CPK-MB in blood serum was
determined using the Infinite 200 PRO microplate
reader (Tecan GmbH, Austria).

Statistical analysis of the data was performed
using specialized GraphPad Prism 9 (GraphPad
Software, CA, USA) and MS Excel (Microsoft,
USA) software. The results were shown as the mean
and the standard deviation (M £ m). The statisctical
significance of the differences between the groups
were identified using the Mann — Whitney test. The
differences were considered significant at p < 0.05.

RESULTS

The assessment of HR dynamics at various stages
ofinfarction modeling with lithium is shown in Figure
1. The assessment of BP dynamics at various stages
of infarction modeling when exposed to lithium is
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presented in Figure 2. The results of the evaluation
of lithium cardioprotective effect parameters on the
myocardial infarction model are presented in Tables

Fig. 1. Heart rate (HR) assessment in the animals at different time points during the experiment, bpm; c/o — coronary occlusion (45 minutes);
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1 and 2. The evaluation of heart rhythm disturbances
during ischemia — reperfusion injury is shown in

Table 3.

HR before 1/p

Measurement time point

m Lithium ascorbate

BP before r/p  BP 30 min after r/p

BP before the
injection

1/p — reperfusion (120 minutes).

BP before c/o

HR 30 min

after r/p

Measurement time point

B Lithium ascorbate

HR 2 h after t/p

BP 2 h after t/p

Fig. 2. Blood pressure (BP) assessment in the animals at different time points during the experiment, mm Hg; c/o — coronary
occlusion (45 minutes); 1/p — reperfusion (120 minutes).

Table 1

Calculated sizes and parameters of myocardial infarction area (45-minute ischemia, 120-minute reperfusion)
in experimental animals, M + m

Group Necrotic zone, mg Area at risk, NZ/AAR. % Right ventricular Left ventricular
mg mass, mg mass, mg
Control, n =8 271 +52 561+ 101 48+3 187 +12 988 + 11
Lithium ascorbate, n = 8 119 £ 32* 394 + 95 30 £ 2% 181+ 10 +11

* statistically significant difference from the control group, p < 0.05 (here and in Table 2)
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Table 2

Creatine phosphokinase-MB concentration in the blood
serum of rats with modeled myocardial infarction (45-minute
coronary occlusion, 120-minute reperfusion), M + m

Group Serum CPK-MB concentration, U / 1
Control, n=8 1043 +13.2
Lithium ascorbate, n = 8 60.5 +10.4*

Table 3

Frequency and types of arrhythmias in the rats with
modeled myocardial infarction at the stage of ischemia
(45-min coronary occlusion), %

Ischemia (45 min)
G . Multiple . .
roup Without ventricular Ventricular | Ventricular
arrhythmias tachycardia | fibrillation
extrasystoles
Control, 0 100 87.5 25
n=_§
Lithium
ascorbate, 12.5 87.5 62.5 12.5
n=2_8

Note. Dataare shown as a percentage from the corresponding animal
group.

DISCUSSION

The experimental drug was administered to the
animals intravenously at a dose of 100 mg / ml in
normal saline in a volume of 1 ml 10 minutes before
the onset of ischemia. The control group received
intravenously normal saline in the same volume,
and no significant changes in hemodynamics were
observed immediately after administration (Fig.
1, 2). Lithium ascorbate did not affect HR (Fig. 1)
and BP values (Fig. 2) at all stages of the ischemia
development. During the development of ischemia,
a slight trend toward a decrease in BP and HR was
noted. However, even at the final stage of reperfusion,
these parameters did not significantly differ from the
baseline values in the animals.

The assessment of myocardial ischemic damage
under lithium ascorbate exposure showed a decrease
in cardiomyocyte death, which was expressed in
a significant decrease in the NZ / AAR ratio by
38% compared to the control group (Table 1). The
decrease in this parameter reflects greater myocardial
preservation in AAR and a proportional decrease
in the zone of ischemic heart injury during lithium
exposure. Significant reduction of myocardial
damage is confirmed by the biochemical analysis of
serum CPK-MB level in the experimental animals
(Table 2). We detected a decrease in the CPK-MB

level in myocardial infarction under lithium exposure
by 42% compared to the control group (blood was
taken at the final stage after coronary occlusion and
reperfusion).

Thus, it can be concluded that lithium
administration before ischemia is accompanied by a
pronounced cardioprotective effect, manifested by a
decrease in the infarct size and serum concentration
of CPK-MB, a myocardial cell damage marker. At
the same time, lithium ascorbate administration was
not accompanied by hemodynamic deterioration at
the stages of coronary occlusion and reperfusion in
the experimental animals. During all manipulations,
HR was monitored, which is an important parameter
in assessing the cardioprotector effectiveness. In this
context, it is important to note that in clinical practice,
life-threatening ventricular arrhythmias are a severe
complication usually accompanied by a decrease
in myocardial contractility [14]. The occurrence of
such arrhythmias adversely affects the prognosis in
patients with myocardial infarction and often leads
to death [15].

In this study, various arrhythmias, including
multiple ventricular extrasystoles, ventricular
tachycardia, and ventricular fibrillation, were
identified in the control group (Table 3). The identified
arrhythmias were generally reversible and sinus
rhythm was restored and, in some cases, transitioned
to another cardiac rhythm disturbance, so there could
be more than one type of arrhythmia in one animal.
After 45-minute ischemia, no arrhythmias occurred
in all experimental groups, so the antiarrhythmic
effect was assessed only during ischemia. The
group which received lithium ascorbate showed
a decrease in arrhythmias of all types, including
ventricular fibrillation that is the most critical one,
but no statistically significant differences were found
compared to the controls during this experiment
(Table 3).

The presented results are consistent with the
literature data obtained on isolated organs [16].
Several most probable mechanisms of lithium effect
during ischemia explain the cardioprotective effect
of lithium, including competitive antagonism to the
main biological ions (Na, K), induction of nitric
oxide synthesis, and influence on protein kinases
and related metabolic pathways. These pathways
are known to be involved in the realization of the
cardioprotective effects of opioids [17]. It has been

BlonneteHb cMbnpckoi meguuuHbl. 2024; 23 (3): 66-73 71



Plotnikov E.V., Chernov V.l., Mukhomedzyanov A.V. et al.

Cardioprotective effect of lithium ascorbate in an in vivo model

previously shown that the effect on ATP-sensitive
potassium channels (KATP channels) plays an
essential role in cardioprotection and pathological
process in myocardial infarction [18]. As a target of
lithium, these channels are protein structures whose
activity isregulated by intracellular nucleotides. They
act mainly in muscles and neurons, where, under
conditions of energy shortage in the form of ATP,
they can reduce cell excitability, which contributes to
its survival under stressful conditions. It is important
to note that lithium can exert multiple effects on a
number of targets simultaneously in different tissues
[9]. The results obtained imply further study of the
cardioprotective effect of lithium salts.

CONCLUSION

The results of the study revealed an infarct size-
limiting effect of lithium ascorbate with no significant
effect on hemodynamics. During the experiment, we
detected a decrease in myocardial NZ by 38% and a
fall in the serum CPK-MB level by 42% compared
to the control group.
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The effect of a new 3-hydroxypyridine derivative LHT-2-20 on free radical
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ABSTRACT

Aim. To study the effect of a new complex compound LHT-2-20 (2-ethyl-6-methyl-3-hydroxypyridine-2-(3-
benzoyl phenyl)-propanoate) on free radical oxidation in experimental periodontitis.

Materials and methods. The experimental study was performed on 195 white mongrel mice weighing 19-23 g
and 137 white mongrel rats weighing 180-220 g. The effect of a new complex compound LHT-2-20 (2-ethyl-6-
methyl-3-hydroxypyridine-2-(3-benzoyl phenyl)-propanoate) on the intensity of free radical oxidation and the local
state of periodontal tissues during a course of intragastric administration was studied on the experimental model of
periodontitis. Statistical processing of the results was carried out using the SPSS Statistics 20.0 software package
with the analysis of variance (ANOVA) and the parametric Tukey’s test.

Results. The LHT-2-20 compound reduced elevated levels of primary and secondary lipoperoxidation products
(conjugated dienes, malondialdehyde in plasma and in erythrocytes during spontaneous and iron-induced oxidation)
already at the early stages of the experiment, bringing the studied parameters closer to the reference values by the
end of the course of treatment. The use of the compound LHT-2-20 contributed to an increase in the activity of the
main antioxidant enzymes (catalase and superoxide dismutase), normalizing them to baseline values by the end of
the experiment. With the correction of free radical processes, the use of LHT-2-20 limited the local inflammatory
response in periodontal tissues, which was confirmed by a decrease in gingival edema and hyperemia, bleeding,
depth of periodontal pockets, and tooth mobility.

Conclusion. The results of this study confirm the anti-inflammatory potential of the compound and the multiplicity
of its effects due to the impact on the mechanisms of oxidative stress. The expediency of further study of the drug is
justified by the prospect of creating a new drug and its subsequent wide clinical application as part of the complex
therapy of periodontal inflammation.
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PE3IOME

Lean wcciieoBaHUs: U3yYCHHE BIUSHHAS HOBOTO KOMIUIEKCHOTO coennHenus JIXT-2-20 (2-3Tun-6-meTwin-3-ru-
JIPOKCHITUPUANHIS-2-(3-0eH30mI()eHIIT )-TIpOTIaHoaTa) Ha IMPOIECChl CBOOOIHOPAJUKAIEHOTO OKHCICHUS TPH
9KCIIEPUMEHTAILHOM MapOJAOHTHTE.

Martepuajibl H MeTOAbI. DKCIIEPUMEHTAILHOE UCCIIEIOBAHUE BBITOJTHEHO Ha 195 GenbIx OecnopoaHBIX MBIIIAX
Maccoit 19-23 1, 137 Genpix OecmopomHbix kpeicax maccoit 180-220 r. Ha mMomenn skcnepuMEHTaIbHOTO ITa-
POIOHTHTA HM3YyYEHO BIMSHHE HOBOTO KOMIUIEKCHOTO coenuHeHus JIXT-2-20 (2-3Tmin-6-MeTnii-3-THAPOKCHUITH-
punuHuA-2-(3-0eH30MIEHII)-TTPOTIaH0aTa) HA MHTEHCUBHOCTh CBOOOTHOPAINKAIBHOTO OKHUCICHUS U MECTHOE
COCTOSIHME TKAHEH MapoJOHTa IIPH KypCOBOM BHYTPHIKEITYJOYHOM ero npumeHeHnu. CratucTuueckas o0padboTka
Pe3yIBTATOB MPOBOJIUIIACH C MCIOIb30BAaHHEM MporpaMmHoro komruiekca SPSS Statistics 20.0 ¢ mpumeHeHneM
nmucriepcuonHoro ananusa (ANOVA) u mapamerpudeckoro kpurepust ThIOKH.

Pesyabrarbl. Coequnenue JIXT-2-20 cHuKalIo MOBBILICHHBIC YPOBHM MEPBUYHBIX M BTOPHYHBIX MPOIYKTOB
JIMIIONEPOKCUIALUH (AMCHOBBIX KOHBIOTATOB, MAJIOHOBOIO JHAJIbJEIU/a B IUIa3Me U B SPUTPOLMTAX TIPU CIIOH-
TaHHOM M JKEJIE30MHAYLIMPOBAHHOM OKHCIICHHH) YK€ B PAHHUE CPOKH SKCIICPUMEHTA, MPHOIMKAsT HCCIIelyeMble
[I0Ka3aTeNu K pe)epeHCHBIM 3HAYCHUAM K KOHITY KypcoBoro yieueHus. [lpumenenue coenunenns JIXT-2-20 cno-
COOCTBOBAJIO POCTY aKTHBHOCTH OCHOBHBIX 3H3MMOB aHTHOKCHIATHOI CHCTEMBI (KaTajasbl U CYNEPOKCHANCMY-
Ta3bl), HOPMaJIU3ysl JIAHHbIC [OKa3aTeNM K KOHIy SKCHEePUMEHTA JI0 MCXOAHbIX 3HaueHni. Ha one koppekiuu
CcBOOOTHOpAIUKATIBHBIX MpolieccoB npuMeneHune JIXT-2-20 crnocoOGCTBOBAIO OrPAaHUYSHUIO MECTHOM BOCTIAH-
TEJbHOH peaKln TKaHeH MapoJOHTA, YTO MOATBEP)KAAIOCH YMEHBIICHUEM OTEKa U THIIEPEMUH JIECHEBOTO Kpas,
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KpPOBOTOYMBOCTH, FJ'Iy6I/IHbI MapoAOHTAJIbHBIX KapMAaHOB U CTCIIEHU IMOABUKHOCTH 3y60B.

3akiouenue. Pe3ynbTaThl JaHHOTO UCCIIEOBAHMUS TOATBEPKAAIOT TPOTUBOBOCIAIUTENILHBINA TOTEHIIUA COCTH-
HCHHSI B MHOXKECTBEHHOCTB ero 3(p(eKToB 3a cyeT BO3JCUCTBHS Ha MEXaHU3Mbl OKCHIIATHBHOTO cTpecca. [leme-
C000pa3HOCTh NOCIEIYIOIIETO H3yYSHHUsI Cpe/ICTBAa 000OCHOBAaHA IIEPCIEKTUBOM CO3/1aHMsI HOBOTO JIEKAPCTBEHHOTO
perapara 1 ero nocjeyomero LUpoKoro KIMHUYECKOro MPUMEHEHHsI B COCTaBE KOMIUIEKCHOH Teparuu BocIa-
JINTEJILHBIX MPOLIECCOB TKAHEH IMapoJOHTa.

KiroueBrblie cjioBa: IMPOU3BOAHBIC 3—Fl/ljilp0KCl/ll'lPIpl/l)1PIHa, IMapoJOHTHUT, OKCI/I):LaTI/IBHbII\ﬁ CTpECC, KPOBOTOYMUBOCTD,
IaToJIOruuccKas rmoJABHKXKHOCThb

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX M MOTEHIMANBHBIX KOH(INKTOB HWHTEPECOB,
CBSI3aHHBIX C MyOIUKaIKEeil HACTOSIIEH CTaThH.

Hcrounuku punaHCHPOBaHHUS. ABTOPBI 3asBIIIOT 00 OTCYTCTBUY (DMHAHCUPOBAHUS [IPH IIPOBEACHUHU UCCIIE0-
BaHMUS.

CooTBeTcTBHE MpUHIHNAM THKH. ViccnenoBanue onodpeno stuueckum komureroM MI'Y um. H.II. Orapésa
(mpotoxost Ne 102 ot 31.01.2021).

Jast umtupoBanusi: [opsiaun ['.B., 3axBaroB A.H., SIcuenos B.B., Cxaunnosa C.51., Xaiinap J{.A., Tapacosa T.B.,
3axapkus U.A., [Tapmmna A YO., Cumakuna E.A. BimsiHue HOBOro npou3BoaHoro 3-ruapoxkcunupuanta JIXT-2-
20 Ha mpoIecChl CBOOOIHOPATUKAILHOTO OKUCICHHUS TP SKCTICPUMEHTAIBHOM TAPOAOHTUTE. broiemens cubup-

The effect of a new 3-hydroxypyridine derivative LHT-2-20 on free radical

ckoti meouyunwt. 2024;23(3):74-82. https://doi.org/10.20538/1682-0363-2024-3-74-82.

INTRODUCTION

Currently, periodontal diseases represent an
important medical and social problem which is due
to the widespread prevalence of this pathology.
Globally, chronic periodontitis ranks 11th among all
dental diseases [1]. A similar trend can be observed
in the Russian Federation where the assessment of
dental morbidity among the adult population revealed
high prevalence of inflammatory periodontal
diseases (89%), with the peak of morbidity (94.3%)
occurring at the age of 40-45 years [2]. Therefore,
chronic periodontitis is characterized by a marked
trend toward an increase in morbidity rates [1].

Activation of free radical oxidation processes and
inhibition of the antioxidant system (AOS) are of
great importance in the pathogenesis of inflammatory
and destructive periodontal diseases [3]. As a result,
an imbalance develops between the prooxidant and
antioxidant systems, leading to increased production
ofreactive oxygen species (ROS). These pathological
changes predetermine the emergence of oxidative
stress, characterized by increased production of ROS
and destruction of cells [4]. Emerging disorders
of oxidative homeostasis and capillary blood flow
and increased vascular permeability contribute to
the formation of local inflammatory changes in the
periodontium, characterized by gingival hyperemia,
hemorrhagic manifestations, and a pathological

increase in the depth of periodontal pockets followed
by pathological tooth mobility [5, 6].

The pronounced prevalence of chronic
periodontitis, its continuous recurrent course, and
an increase in the number of disease forms with
complications demand the development of new
methods for the treatment of this pathology [7].
Currently, non-steroidal anti-inflammatory drugs
(NSAIDs) used in various forms are components in
the treatment of chronic periodontitis [8]. However,
despite their pronounced anti-inflammatory effect,
this class of drugs has limited use due to frequent
complications resulting from their ulcerogenic
activity [9]. In addition, NSAIDs have low
antioxidant, membrane protective, and antihypoxic
activity, which is manifested by their inability to
correct the imbalance between two interdependent
systems in order to increase antioxidant potential
[8]. The above disadvantages make it necessary
to include drugs with complex antioxidant and
anti-inflammatory effects in periodontal therapy,
which will contribute to the potentiation of
therapeutic effects and leveling of adverse drug
reactions.

The aim of the research was to study the effect
of a new complex compound LHT-2-20 (2-ethyl-
6-methyl-3-hydroxypyridine-2-(3-benzoyl phenyl)-
propanoate) on free radical oxidation in experimental
periodontitis.
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MATERIALS AND METHODS

The experimental study was performed on 195
white mongrel mice weighing 19-23 g and 137 white
mongrel rats weighing 180-220 gdivided into 5 groups.
All animals were obtained from the SMK STEZAR
bionursery (Vladimir, Russia) and were kept under
laboratory conditions at standard temperature and air
humidity. The study was carried out in accordance
with the requirements of the European Convention for
the Protection of Vertebrates Used for Experiments
or Other Scientific Purposes and the rules of Good
Laboratory Practice (Order No. 267 of the Ministry
of Health of the Russian Federation of 19.06.2003).
The experimental study was approved by the Ethics
Committee (Protocol No. 102 of 31.01.2021).

A new complex compound 2-ethyl-6-methyl-3-
hydroxypyridine-2-(3-benzoyl phenyl)-propanoate
(laboratory name LHT-2-20) was synthesized at
the Department of Chemistry and Technology
of Synthetic Drugs and Analytical Control of
the All-Union Research Center for Safety of
Biologically Active Compounds (Patent of the
Russian Federation for invention No. 2793537) [10].
The NSAIDs ketoprofen (2-(3-benzoylphenyl)-
propanoic acid, Velpharm, Russia), which has
anti-inflammatory effects, and mexidol (2-ethyl-6-
methyl-3-hydroxypyridine succinate, Pharmacoft,
Russia), which has antioxidant effects, were selected
as reference-listed drug.

The model of experimental periodontitis was
reproduced in accordance with the patented method
developed by K.D. Shkolnayaetal.[11]. Prednisolone
at a dose of 12 mg / kg was administered to the rats
on days 1, 3, and 5. On day 5 of the experiment,
under general anesthesia with 0.03 ml of zoletil 100
(Virbac Sante Animale, France) intramuscularly,
the interdental papilla between the first and second
maxillary molars was sutured with suture fixation
and filled with Filtek Bulk Fill (3M, USA) from the
vestibular side.

Group 1 included intact rats (n = 15) with a healthy
periodontium. In group 2 (control; » = 30), the model
of periodontitis without treatment was reproduced.
Animals in groups 3 and 4 (n = 30 in each group)
were administered ketoprofen and mexidol at doses
corresponding to 2% and 5% of the LD, value,
respectively. Rats in group 5 (n = 32) received LHT-
2-20 at a dose of 11.54 mg / kg corresponding to 2%
of the LD,,. After preliminary dissolution in 1.5 ml

of starch, the studied compounds were administered
intragastrically (i.g.) in a volume of 1.5 ml once a
day for 10 days. The animals were euthanized under
isoflurane anesthesia by decapitation on day 25.

Acute toxicity of LHT-2-20 was studied in white
mongrel mice of both sexes divided into groups of 5
animals each. After preliminary dissolution in starch,
the compound was administered i.g. in a volume of 0.3
ml at increasing concentrations. LD, was calculated
using the Litchfield and Wilcoxon’s method.

Free radical processes in plasma were assessed
by biochemiluminescence on the Fluorate—02-
ABLF-T biochemical analyzer (Promecolab, Saint
Petersburg), by the level of primary and secondary
lipid peroxidation products — conjugated dienes
(CD), determined in blood plasma by the modified
Placer method (1976), as well as by the level of
malondialdehyde (MDA) in plasma and erythrocytes
in spontaneous (MDA) and iron-induced oxidation
(Fe-MDA), determined by the method proposed by
S.G. Konyukhova (1989). Antioxidant potential was
studied by the activity of catalase (CAT) in plasma
and erythrocytes determined in accordance with the
method developed by M.A. Korolyuk (1988) and
by the activity of superoxide dismutase (SOD) in
plasma determined by the method proposed by E.E.
Dubinina (1983).

Local periodontal changes were identified based on
the state of the oral mucosa; the severity of bleeding
gums (0-3 points); grades of tooth mobility (grade
0-2); and the depth of periodontal pockets (mm).

Statistical processing of the results was carried
out using the SPSS Statistics 20.0 software package.
The data were presented as the mean and the standard
deviation (M £ o), absolute and relative values
(n (%)), and a 95% confidence interval (CI). The
normality of data distribution was checked using the
Shapiro — Wilk test. Intergroup comparisons were
conducted using the two-tailed Fisher’s exact test
and the analysis of variance (ANOVA) with the
Tukey’s post hoc test. The correlation analysis was
carried out using the Spearman’s rank correlation
coefficient. The differences were considered
statistically significant at p < (0.001.

RESULTS
Determination of acute toxicity of LHT-2-20
LD, of LHT-2-20 in mice with i.g. administration
of the compound was 1,130 mg / kg. The result
shows that the compound is 2.97 times less toxic
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than ketoprofen, but 1.88 times more toxic than
mexidol (Table 1).

Table 1
Acute toxicity of LHT-2-20 in mice
Substance (compound) LD, mg/kg 95% CI
Ketoprofen 380 358402
Mexidol 2,120 2,010-2,230
LHT-2-20 1,1307®8 1,040-1,220

A — the differences are significant compared to ketoprofen; 5 — the
differences are significant compared to mexidol (»p = 0.001, one-way
analysis of variance (ANOVA) with the Tukey’s test).

Anti-inflammatory and antioxidant effects of
LHT-2-20 in experimental periodontitis

LHT-2-20 administered i.g. suppressed free
radical oxidation, which was confirmed by the
following changes. The plasma CD level was 50%
lower (p, < 0.001) compared to the control group,
thereby approaching intact values. In addition,
compared to the ketoprofen and mexidol groups,
it was 73.3% (p, < 0.001) and 26.7% lower
(p,=0.344), respectively. The MDA values in plasma
and erythrocytes during spontaneous oxidation in the
LHT-2-20 group were 6.2+ 0.6 and 9.6 + 0.6 pmol /1,
which is 32.6% (p, = 0.46) and 28.1% (p, = 0.002)
lower than the control values, respectively.

Fe-MDA levels in plasma and erythrocytes were
37.6% (p, <0.001) and 29.5% lower (p, = 0.124) than

the control values, respectively. Compared to i.g.
administration of ketoprofen and mexidol, plasma
MDA in the group receiving the new compound was
42.9% (p, < 0.001) and 8.8% (p, = 0.417) lower,
plasma Fe-MDA was 55.6% (p, < 0.001) and 22.7%
(p, < 0.001) lower, MDA in erythrocytes was 34%
(p, <0.001) and 17.5% (p, = 0.328) lower, and Fe-
MDA in erythrocytes was 40.4% (p, < 0.001) and
16.8% (p, <0.001) lower, respectively. Moreover, on
day 25 of the experiment, more effective restoration
of the antioxidant potential was revealed in the LHT-
2-20 group: CAT activity in plasma was 0.89 + 0.06,
which is 23.9% (p, < 0.001) and 10.3% (p, = 0.035)
higher than the same parameter in the ketoprofen and
mexidol groups, respectively.

CAT in erythrocytes was 16.8% (p, < 0.001)
and 7.9% higher (p, = 0.026), and SOD activity in
plasma was 39.7% (p, < 0.001) and 22.1% higher
(p,<0.001), compared to groups 3 and 4, respectively.
When conducting a biochemiluminescence study of
plasma with the use of the new compound, the /__
and § values were 27.2% (p, < 0.001) and 37.2%
lower (p, < 0.001), compared to the control values,
respectively. The I value was 31.9% (p, < 0.001)
and 6.0% lower (p, = 0.596), and S was 35.5%
(p,<0.001) and 10.2% lower (p, = 0.001), compared
to the ketoprofen and mexidol groups, respectively
(Table 2).

Table 2
Effect of LHT-2-20 on free radical processes in experimental periodontitis, M + ¢
Experimental groups
Group 1
Parameter (n=15) Group 2 Group 3 Group 4 Group 5
(n=130) (n=130) (n=30) (n=32)
CD in plasma, U/ ml 0.15+0.02 0.34 = 0.05* 0.29+0.05 0.22 +0.04*~ 0.18 £ 0.04*~4
Plasma MDA, mmol /1 4.89+0.21 9.12+0.71 8.25+0.54* 6.58 £0.52%" 6.15 4+ 0.53%/
Fe-MDA in plasma, mmol / 1 9.56 +0.44 19.80 +1.52 17.68 + 0.69*" 14.53 +0.63*" 1236+ 0.51%/48
MDA in erythrocytes, mmol / | 8.05+0.49 13.36+0.71* 12.34 £ 0.88* 10.18 £ 0.59*» 9.60 + 0.58*"4
Fe-MDA in erythrocytes, mmol / 1 17.49£1.42 30.26 £ 1.01 28.41 £0.86*" 24.28 £ 0.87*" 21.33 £ 0.82%*AAB
CAT in plasma, kcat / s'1 1.17+0.13 0.51+0.08* 0.62 +0.07* 0.77 £ 0.08* 0.89 £ 0.06%"
CAT in erythrocytes, mkcat / s:1 227+0.13 1.29+0.11* 1.59 +0.13*» 1.79 £ 0.10*» 1.97 £ 0.14%/
SOD in plasma, AU 1.31£0.12 0.52+0.08* 0.65 £ 0.08* 0.88 +£0.07*/ 1.17 £ 0.06"®
I . inplasma, mV /sec 1.85+0.14 3.53+£0.23% 3.16 £0.17*" 2.68 +£0.17*~ 2.57 £ 0.14%/
S in plasma, mV / sec 26.77 + 1.06 48.80 + 1.76* 40.18 +1.73*» 33.39 +1.29%» 30.66 + 1.63%/

* — significance compared to reference values (p < 0.001); * — significance compared to control values (p, < 0.001); * — significance compared to
the values of the ketoprofen group (p, < 0.001); ® — significance compared to the values of the mexidol group (p, < 0.001) (one-way analysis of

variance (ANOVA), Tukey’s test).
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When assessing the state of the oral cavity in the
laboratory animals of the control group, pronounced
gingival hyperemia was determined. Heavy bleeding,
manifested immediately after probing (3 points), as
well as an increase in tooth mobility up to grade 2
was detected in 30 rats of the control group (100%).
When determining the depth of periodontal pockets,
we noted their increase by 1.3 + 0.2 mm (p < 0.001).
These changes indicate the existing inflammatory and
degenerative changes in periodontal tissues leading
to the formation of pathological tooth mobility and
tooth loss.

By the end of the study, the examination of the
oral cavity in the ketoprofen and groups revealed a
decrease in the severity of local signs of inflammation,
which was manifested by a decrease in gingival
edema and hyperemia. The determined depth of
periodontal sulcus probing was less than the control
values in the context of ketoprofen administration
(by 40% (p, < 0.001)) and intragastric mexidol
administration (by 32.1% (p, < 0.001)). When
assessing bleeding on a 3-point scale, the following
dynamics was determined in the ketoprofen group: 1
rat (3.3%) scored 1 point, 21 rats (70%) — 2 points,
and 8 rats (26.7%) — 3 points. In the mexidol group,
1 rat (3.3%) scored 1 point, 18 rats (60%) — 2 points,
and 11 rats (36.7%) — 3 points. We also assessed
the grade of pathological tooth mobility during

ketoprofen treatment and revealed that 6 rats (20%)
had grade 1, and 24 rats (80%) had grade 2 mobility.
During mexidol therapy, 14 rats (46.7%) and 16
rats (53.3%) had grades 1 and 2, respectively. The
results obtained indicate a decrease in the percentage
of animals with bleeding gums of 2-3 points and
grade 1-2 pathological tooth mobility. However,
despite the positive dynamics, these changes indicate
insufficient effectiveness of the studied compounds
in experimental periodontitis.

In the LHT-2-20 group, a pronounced decrease in
the intensity of inflammatory changes was determined
as evidenced by the absence of gingival hyperemia.
Using a button probe, we determined a decrease in the
severity of hemorrhagic manifestations. We detected
1 and 2 points in 24 rats (75%) and 8 rats (25%),
respectively; animals with intense bleeding gums
(3 points) were not detected. When assessing the
severity of damage to the tooth-supporting apparatus
by the degree of pathological toot mobility, grade 0
was determined in 12 rats (37.6%), grade 1 — in 20
rats (62.4%), and grade 2 was not diagnosed in the
studied groups of rats. Assessing the depth of the
periodontal pocket by probing revealed that it was
67.2%less (p, <0.001) compared to the control group
(0.4 = 0.01 mm), which is 27.8% (p, < 0.001) and
35.7% (p, < 0.001) less compared to the ketoprofen
and mexidol groups, respectively (Table 3).

Table 3
The effect of LHT-2-20 on the parameters of the local state of periodontium in experimental periodontitis
Group 1 Group 2 Group 3 Group 4 Group 5

Parameter (n= fs) (n= 50) (n= 50) (n= 50) (n= 52)
Depth of periodontal pockets, mm, M + ¢ 03+.1 1.3+£0.2% 0.8 +0.02%" 0.9 +£0.02%7 0.4+0.01"8
Bleeding gums, points, 7 (%):
1 15 (100%) 0 (0%)* 1 (3.3%)* 1 (3.3%)* 24 (75%)~ A8
2 0 (0%) 0 (0%) 21 (70%)*~ 18 (60%)*" 8 (25%)*N AB
3 0 (0%) 30 (100%) * 8 (26.7%)*" 11 (36.7%)*" 0 (0%) "B
Tooth mobility, grade, n (%):
0 15 (100%) 0 (0%)* 0 (0%)* 0 (0%) 12 (37.6%) */ A8
1 0 (0%) 0 (0%) 6 (20%)*" 14 (46.7%)" 4 20 (62.4%)*" A8
2 0 (0%) 30 (100%)* 24 (80%)*~ 16 (53.3%)~* 0 (0%) ~ A8

* — significance compared to the reference values (p < 0.001); * — significance compared to the control values (p, < 0.001); * — significance
compared to the values in the ketoprofen group (p, < 0.001); ® — significance compared to the values in the mexidol group (p, < 0.001) (one-way

analysis of variance (ANOVA), Tukey’s test, Fisher’s exact test).

The correlation analysis revealed a positive
correlation between the parameters of free
radical oxidation and the data on the local status
of periodontal tissues. A strong correlation
was revealed between CD, MDA, and Imax

biochemiluminescence values in plasma and
parameters of gum bleeding, depth of periodontal
pockets, and grade of tooth mobility. A very strong
correlation was detected between the values of
Fe-MDA and biochemiluminescence S in plasma
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and the grade of tooth mobility. The assessment
of the relationship between the levels of the main
antioxidant enzymes and the parameters of the
periodontal tissue revealed a negative correlation.
Thus, a strong correlation was revealed between the

levels of CAT and SOD in plasma and data on local
periodontal tissue status, except for the SOD value
and the grade of tooth mobility, whose correlation
was very strong, thereby indicating the interrelation
between the studied parameters (Table 4).

Table 4

Correlation between some parameters of free radical oxidation, the antioxidant system, and local periodontal tissue status in
experimental periodontitis in rats

Spearman’s rank correlation coefficient
Parameter Plasma MDA, Fe-MDA in CD in plasma, | CAT in plasma, SOD in I max in plasma, | S in plasma,
mmol /1 plasma, mmol /1 U/ml keat / s'1 plasma, AU mV /sec mV /sec
Bleeding gum, points 0.71 0.83 0.67 —0.74 —0.73 0.75 0.88
Depth of periodontal 0.76 0.87 0.73 -0.82 -0.88 0.77 0.89
pockets, mm
Tooth mobility, grade 0.85 0.94 0.73 —0.84 —0.95 0.84 0.93

DISCUSSION

As a result of the study, it was found that free
radical oxidation processes play an important role
in the pathogenesis of experimental periodontitis,
contributing to the formation of local inflammatory
changes in periodontal tissues.

During the experiment, we observed enhanced free
radical oxidation determined by biochemiluminescence
data and the level of lipid peroxidation products in
plasma and red blood cells, associated with a strong
correlation with the parameters of the local status
of periodontal tissues. Oxidative stress and the
inflammatory response at the local and systemic levels
are interconnected and involved in periodontal tissue
damage during the development of periodontitis.

The course of ketoprofen therapy did not allow
to inhibit free radical oxidation at the systemic level,
as evidenced by the preservation of a high level of
lipid peroxidation parameters compared to reference
values. At the same time, the treatment course limited
the inflammatory process in periodontal tissues,
which was confirmed by the trend toward decreased
values of the corresponding parameters by the end
of the experiment, and improved the local state of
periodontal tissues.

During mexidol therapy, more effective inhibition
of free radical damage mechanisms was determined
compared to the control group. However, no
significant differences were observed compared to
the ketoprofen group.

The use of a new complex compound 2-ethyl-6-
methyl-3-hydroxypyridine-2-(3-benzoyl  phenyl)-

propanoate led to the inhibition of free radical
processes and activation of the antioxidant system,
contributing to the normalization of the studied
parameters to the values in the intact animals. Along
with correction of free radical oxidation processes,
we observed elimination of the local inflammatory
response and a decrease in the destructive processes
in periodontal tissues.

CONCLUSION

In experimental periodontitis, an increase in
the activity of free radical oxidation processes
was determined with a simultaneous decrease in
the antioxidant enzyme potential in erythrocytes
and blood plasma. The data obtained indicate
the development of oxidative stress along with
an increasing local and systemic inflammatory
response which promotes destructive processes in
the connective tissue matrix of the periodontium and
contributes to the progression of the disease.

In the rats with experimental periodontitis, the
new complex compound LHT-2-20 (2-ethyl-6-
methyl-3-hydroxypyridine-2-(3-benzoyl  phenyl)-
propanoate) administered intragastrically at a
dose of 11.54 mg / kg per day for 10 days led to a
significant decrease in the levels of lipid peroxidation
parameters and a decrease in the severity of local
inflammatory changes in periodontal tissues by the
end of the experiment. The results obtained confirm
the presence of anti-inflammatory and antioxidant
activity of the compound and also justify the
relevance of its further study to create a drug for
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Beta-adrenergic reactivity of erythrocyte membranes in adolescents
with supraventricular and ventricular arrhythmias before and after
radiofrequency ablation

Rebrova T.Yu., Perevoznikova Yu.E., Muslimova E.F., Svintsova L.l., Afanasiev S.A.,
Dzhaffarova O.Yu.

Cardiology Research Institute, Tomsk National Research Medical Center (NRMC), Russian Academy of Sciences
111a, Kievskaya Str., Tomsk, 634012, Russian Federation

ABSTRACT

Aim. To evaluate f-adrenergic reactivity of erythrocyte membranes (f-ARM) in adolescents with ventricular and
supraventricular arrhythmias before and after radiofrequency ablation (RFA) of heart rhythm disturbances.

Materials and methods. The study included 49 adolescents aged 11-17 years, of which 15 had Wolff — Parkin-
son — White pattern (WPW), 13 — WPW syndrome, 10 — atrioventricular nodal reentry tachycardia (AVNRT), and
11 — ventricular arrhythmia (VA). The control group consisted of 11 adolescents without cardiovascular pathology.
All patients received surgical treatment for heart rthythm disturbances (HRD) using RFA. In patients with HRD,
B-ARM was determined by a set of reagents BETA-ARM AGAT (AGAT LLC, Russia) before RFA and 3 days
after it. In the control group, the parameter was determined at the stage of inclusion in the study.

Results. In adolescents with supraventricular arrhythmias, median values of B-ARM did not differ significantly
from the control group. RFA in adolescents in these groups did not affect the value of B-ARM on day 3 after
the surgery. In adolescents with VA, the median value of B-ARM was initially higher than in the control group
(» = 0.026). On day 3 after RFA, an increase in f-ARM was noted in this group (p = 0.028) compared to baseline
values.

Conclusion. Activation of the sympathetic nervous system plays a significant role in the pathogenesis of VA in
adolescence. The study showed the possibility of using B-ARM to assess the state of the sympathetic nervous
system in patients with methodological limitations in analyzing heart rate variability.

Keywords: radiofrequency ablation, heart rhythm disturbance, adolescents, B-adrenergic reactivity of erythrocyte
membranes
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AfApeHopeaKTUBHOCTb MeMOpaH 3pUTPOLUTOB Y NOAPOCTKOB
C CyNpPaBeHTPUKYIAPHbIMU 1 XKeNy[04YKOBbIMU apUTMUAMMN
A0 U nocsie pagnoyvyacTtoTHom abnayun

Pe6posa T.10., lNepeBo3HuukoBa l0.E., Mychnmosa 3.9., CBuHuyosa J1.U., Apanacbes C.A.,
Dxadpaposa O.10.

Hayuno-uccnedosamenvckuii uncmumym (HUHW) kapouonozuu, TomcKuti HAYUOHAIbHBIN UCCIE008AMENbCKULL
meduyunckuu yeump (HUMIL]) Poccuiickou akademuu HayK
Poccus, 634012, 2. Tomck, yn. Kuesckas, 111a

PE3IOME

Hean. OueHnts nokasaTens -apeHOpeaKTHBHOCTH MeMOpaH sputpounToB (B-APM) y moapocTkoB ¢ cyrnpaBeH-
TPUKYJISIPHBIMH U JKEITYOYKOBBIMH apUTMUSIMU JI0 U TIOCJIC BBIIOJIHEHHSI PAANOYaCTOTHON KOPPEKLUH HapyIIe-
HUS pUTMA.

Martepuannsl u MeToabl. B nccnenopanue BrimodeHo 49 mogpoctkos ot 11 mo 17 ner, u3 Hux 15 ¢ hpeHOMEHOM
Bomnbda — [Tapkunacona — Yaiira (BIIB), 13 ¢ curapomom BIIB, 10 ¢ aTprHoBeHTPHUKYISPHOH y37I0BOI PEIUITPOK-
HoU Taxukapauei u 11 ¢ sxemynoukoBoit aputmueii (JKA). ['pynmy KoHTpons coctaBmii 11 OAPOCTKOB, HE MMe-
IOMIUX TTaTOJIOTHHU CEPACYHO-COCYUCTOH CHCTeMBI. BceM marnuenTaM mpoBeIeHO ONepaTHBHOE JICUCHUE HapyIlle-
nus putma cepana (HPC) meronom paanovacrornoit abmanuu (PYA). [Tamenram ¢ HPC onpenenenne -APM
SPUTPOLUTOB ¢ UcToNb30BaHMeM Habopa peareHToB BETA-APM AI'AT (OOO «AI'AT», Poccust) BeITOMHSIH
nepen nposenerneM PUA u uepes 3 cyT mocie Hee. B KOHTpOIBHOI rpymIe mokasaTesb ONPEAeNsid Ha dTare
BKJTIOUEHUS B HCCIIEOBAHUE.

Pe3yabTaThl. Y MOIPOCTKOB B TPYMIAX € CYNPAaBEHTPHKYISAPHBIMUA apUTMHUSAME Mokas3arenu B-APM 3Haunmo He
OTJIMYANIUCE OT TPymITsl KOHTpos. [IpoBeaenne PUA y mogpoCTKOB 3TUX TPy HE MOBJIUSIIO HA BENUYHHY MOKa-
3arens B-APM spuTpounToB Ha 3-M CyT MOCIIE ONEPATHBHOTO BMEIIATENBCTBA. Y MOIPOCTKOB ¢ JKA mokaszaTenb
B-APM uncxomHo mpeBsIlIai 3Ha4eHue B rpymnme kontpons (p = 0,026). Ha 3-u cytku nocie PYA B sToii rpymme
oTMeueHo yBennuenue B-APM spurporuros (p = 0,028) 0THOCHTENEHO UCXOIHBIX 3HAYCHUH B TPYIIIIE.

3akiniouenue. AKTHBAIMS CUMITATHYECKOTO OT/IEIa BEr€TATUBHON HEPBHOM CUCTEMbI 3aHUMAET CYIIECTBEHHOE MECTO
B ITaTOTCHE3€ XKEIyJOUKOBBIX apUTMHIA B IIOJPOCTKOBOM BO3pacTe. BhIONHEHHOE HCCIe0BaHNE [10KA3aJI0 BO3MOXK-
HOCTB HCIIO0JIL30BaHUs ToKa3aTess f-APM spUTpOIMTOB ISl OLICHKH COCTOSTHUSI CUMITATUYECKOM HEPBHOM CHCTEMBI Y
KaTEerOpUH MAlMEHTOB ¢ METOAMYECKUMHU OTPaHMYCHUSIMU BBITTOJTHEHUS aHaIM3a BapruabeIbHOCTH CEPACYHOr0 pUTMA.

KuroueBble ciioBa: pagrodacToTHAS abIanus, HApyIIeHHEe PUTMA, TOJPOCTKH, -aApeHOPEeaKTUBHOCTh MEMOpaH
SPUTPOLUTOB

KOHq)JII/IKT HHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOH(I)J'[I/IKTOB HHTEPECOB,
CBA3aHHBIX C Hy6JTI/IKaIIHeﬁ HaCTOﬂH_[ef/i CTaTbHU.

Hcroynuk puHancupoBanus. VcciaenoBanie mpoBeICHO B paMKax TeMbI (PYHIaMEHTAILHBIX HAYYHBIX HCCIIe-
nosanui Ne 122020300183-4.

CooTBeTcTBHE NPHHIMNIAM 3THKH. VHpOpMHUpOBaHHOE coriacue Ha BKIIOYEHHE peOCHKA B HCCICIOBAHHE
OBLTO MOATIMCAaHO poauTensaMH. [IpoTokon uccnegoBanus 0J0OPEH KOMUTETOM 110 OnoMeanuHcKoi sTke HU
kapauoioruu Tomckoro HUMIL (mporokon Ne 208 ot 20.01.2021).

Jns uutupoBanus: Pedposa T.1O., [Tepeosunkosa 0.E., Mycaumosa D.®D., Cunnosa JI.U., Apanacees C.A.,
Jixaddaposa O.I0. AnpeHOpeakTHBHOCTH MeMOpaH SPUTPOLUTOB Yy IMOJPOCTKOB C CYNPAaBEHTPUKYISIPHBI-
MH 1 JKeJyJOYKOBBIMH apUTMHUSIMH J0 W THOCIE PaJHoYacTOTHON abuanuu. broaremens cubupckou meouyumbl.
2024;23(3):83-90. https://doi.org/10.20538/1682-0363-2024-3-83-90.

INTRODUCTION population has been noted [1-3]. It may be caused, on
the one hand, by an improvement in the diagnosis and,
Heart rhythm disturbances (HRD) are some of the on the other hand, by long asymptomatic development

most common (60—70%) cardiovascular pathologies in of arrhythmia in children and untimely referral to
children and adolescents. In recent years, an increase in specialists. In children, several developmental periods
the total number of various types of HRD in pediatric are distinguished which are characterized by the
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highest risk of developing arrhythmia: the neonatal
period; 4-5 years of age; 7-8 years of age; 12-13
years of age [4, 5]. In adolescence, the most common
HRD is pacemaker migration (13.5%). Other forms
are much less common: bradycardia (3.5%), atrial
tachycardia (2.7%), extrasystole (1.9%), Wolff —
Parkinson — White (WPW) pattern and first-degree
atrioventricular block (AVB) (0.5% each), and long
QT interval (0.3%) [3].

The limited effect of existing drug therapy for
the control of supraventricular tachycardia (SVT)
in children and adolescents is recognized [6]. It is
noted that the impossibility of treating such HRDs
as WPW syndrome, atrioventricular nodal reentry
tachycardia (AVNRT), and ventricular arrhythmia
(VA) with drugs in school-age children can cause
the development of life-threatening arrhythmias,
arrhythmogenic cardiomyopathy, and even death
[7]. In these circumstances, radiofrequency ablation
(RFA) is becoming the method of choice in the
treatment of drug-refractory HRD in children [8].

A distinctive feature of the heart is an autonomic
nervous system (ANS). At the body level, it controls
interaction with the conducting system of the
heart [9]. In this regulation, special importance is
attributed to maintaining the balance between the
sympathetic and parasympathetic divisions of ANS,
as well as to the sensitivity of B -adrenergic receptors
[9]. The dominance of the sympathetic division
results in life-threatening HRDs and is considered as
an independent risk factor for a lethal outcome [10].
This circumstance indicates the relevance of a timely
assessment of the sympathetic division of the ANS
in children with congenital heart disease (CHD),
including after treatment of these disorders by RFA.
A promising approach that allows for monitoring
of the state of the sympathetic division of the ANS,
including in the presence of life-threatening CHD,
is B-adrenergic reactivity of erythrocyte membranes
(B-ARM) [11, 12].

The aim of the study was to assess B-ARM in
adolescents with ventricular and supraventricular
arrhythmias before and after radiofrequency ablation
(RFA) of HRD.

MATERIALS AND METHODS

The study included 49 children aged 11-17 years.
VA was detected in 11 patients. WPW pattern was
detected in 15 patients, WPW syndrome and AVNRT

were detected in 13 and 10 patients, respectively.
All patients were receiving planned treatment at the
Department of Pediatric Cardiology of Cardiology
Research Institute of Tomsk NRMC. The control
group consisted of 11 age-matched children who did
not have cardiovascular pathology.

The study was carried out in compliance with
the ethical principles of the Declaration of Helsinki
(“Ethical principles of research involving humans” as
amended in 2000) and the Rules of Clinical Practice in
the Russian Federation approved by the Order of the
Healthcare Ministry of Russia No. 266 0f' 19.06.2003.
The study was approved by the Bioethics Committee
at Cardiology Research Institute of Tomsk NRMC
(Protocol No. 208 0of 20.01.2021).

The inclusion criteria were the following: absence
of congenital heart defect, presence of persistent
paroxysmal tachycardia, sustained tachycardia,
permanent tachycardia, frequent supraventricular
extrasystoles (SVE) accounting for more than 15%
of the total number of heartbeats per day, frequent
ventricular extrasystoles (VES) constituting more
than 15% of the total number of heartbeats per
day, absence of acute infections and exacerbations
of chronic diseases, absence of laboratory signs of
myocarditis, a signed informed consent.

The exclusion criteria were the presence of
congenital heart defects, acute infections and
exacerbations of chronic diseases, laboratory signs
of myocarditis and primary electrical heart diseases.
When determining the indications for RFA, national
guidelines and guidelines of the American and
European associations of arrhythmologists and
pediatric cardiologists were used [13, 14].

Upon admission, all patients underwent clinical
examinations, including taking a history and
complaints, an objective examination of a child,
12 lead electrocardiography (ECG), Holter ECG
monitoring (HM ECG), echocardiography (echo).
In groups of adolescents with arrhythmias, ECG,
HM ECG, and echo were repeated 3 days after RFA.
Based on the results of HM ECG, the following
parameters were assessed: maximum, minimum,
and daily average heart rate (HR) during the day, the
total number of SVE and VES.

Patients with HRD had their blood sampled
before RFA and 3 days after it to determine -ARM.
In the control group, blood samples were taken once
at the stage of inclusion in the study.
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Beta-ARM in the blood samples was determined
using the beta-ARM AGAT reagent kit (AGAT
LLC, Russia). The method is based on increasing
the osmotic stability of erythrocytes (inhibition of
hemolysis) in hypo-osmotic buffer in the presence
of the p-blocker 1-(1-isopropylamino)-3-(1-
naphtyloxy)-2-propanol hydrochloride.

The degree of hemolysis inhibition, expressed
as a percentage, was determined by the ratio of
the optical density of the supernatant in the sample
with the addition of the  -blocker to the incubation
medium (test sample) to the optical density of the
supernatant in the sample without the addition of
the B-blocker to the incubation medium (control
sample). Hemolysis inhibition percentage was
taken as conventional units (conv. units) of f-ARM.
The reference values were the B-ARM values
recommended by the manufacturer within the
range from 2 to 20 conv. units. At the same time,
the B-ARM values over 20 conv. units indicated an
increase in the degree of erythrocyte hemolysis and
a decrease in B-ARM following desensitization of
B-ARM in response to a persistent increase in the
activity of the sympathoadrenal system.

Statistical processing of the obtained data was
performed using the STATISTICA 10 software.
Qualitative variables were presented as absolute and
relative values n (%). The difference in frequencies
in independent groups of patients was determined
using the Pearson’s y2 test. Quantitative variables
were checked for normality of distribution using the
Shapiro — Wilk test. Quantitative data were presented
as the median and the interquartile range (Me [Q,;
0.]). Given non-normal distribution of quantitative
variables, the statistical significance of differences in
three or more independent groups was assessed using
the Kruskal — Wallis test. If statistically significant
differences between the groups were detected, the
post-hoc test was applied. Comparison of dependent
data in individual groups of diseases was performed
using the Wilcoxon test. The differences were
considered statistically significant at p < 0.05.

RESULTS

Table 1 presents the clinical and demographic
characteristics of the sample with account of
specific features of HRD. The formed groups had no
significant differences in age, gender, body weight,
and height. The history of HRD in all groups lasted

from 1 to 2 years. Processing the HM ECG results
revealed no significant differences in the daily
average, minimum, and maximum HR between
the studied groups of adolescents with HRD and
the controls. In patients with supraventricular
arrhythmia, single SVE and VES were recorded. For
patients with VA, the presence of a large number of
VES in the context of single SVE was noted.

Echo did not show any significant differences in
cardiac parameters between the patients with HRD
and healthy adolescents in left ventricular end-
diastolic volume (EDV), left ventricular ejection
fraction (LVEF), and left and right atrial volumes
(LAV, RAV).

The results obtained in determining B-ARM are
presented in Table 2. At the stage of inclusion in the
study, the adolescents appeared to have similar values
for the WPW pattern, WPW syndrome, and AVNRT
that did not differ significantly from the values in
the control group. In contrast, high baseline B-ARM
values were found in the group of adolescents with
VA. In this group of patients, f-ARM significantly
exceeded the value in the control group (p = 0.026).
in the meantime, no significant differences were
found between B-ARM values in the groups with
supraventricular arrhythmia and VA.

RFA in adolescents with WPW syndrome,
WPW pattern, and AVNRT had virtually no effect
on B-ARM on day 3 after the procedure (Table 2).
On the contrary, in the group of children with VA,
RFA resulted in an increase in -ARM. Therefore,
on day 3 after RFA, the parameter value increased
significantly (p = 0.028).

DISCUSSION

Emergence and development of HRD in children
and adolescents in most cases are not associated with
organic changes in the heart, which complicates the
determination of their etiology and pathogenesis.
The functioning of the cardiac conducting system
is regulated by ANS. The method for studying heart
rate variability which allows to assess the activity
of the sympathetic and parasympathetic divisions of
ANS is widely used in clinical practice. At the same
time, application of this method is limited in patients
with ventricular ectopic beats.

Currently, the presence of a-, Bl-, and [2-
adrenergic receptors on erythrocyte membranes has
been proven [15, 16].
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Table 1
Clinical and laboratory characteristics of patients
Groups of patients
WPW
Parameter AVNRT VA Controls
pattern | syndrome P
28
Total number of patients, n 10 11 11
15 13
Men, n (%) 11 (73.3) 8 (61.5) 2(20.0) 6(54.5) 6 (50.0) 0.200
Women, 1 (%) 4(26.7) 5(38.5) 8(80.0) 5(45.5) 6 (50.0) '
Age, years, Me[Q; O,] 13[10; 15] 14 [10; 14] 14.5[13; 15] 13 [11; 15] 14 [12; 16] 0.754
Body weight, kg, Me [Q; O,] 52 [38; 60] 51 [39; 60] 56 [40; 63] 54 [33;61] 58 [43; 71] 0.880
Height, cm, Me [O; O.] 164 [140; 172] | 165[149;172] | 160 [156;172] | 160 [144; 167] | 170 [151; 179] | 0.997
19.7 19.4 19.7 19.2 20.6
2 .
BMIL kg /m’, Me [Q,; O] [16.7;22.1] [16.6;20.3] [16.3; 23.0] [15.4;23.7] [17.9; 21.6] 0-991
Functional class (NYHA) I-1V, n (%) 1, 15 (100.0) I, 13 (100.0) 1,10 (100.0) I, 11 (100.0) - -
Age of HRD detection, years, Me [Q; O,] 12 [7; 13] 8[6; 12] 13[10; 15] 11[11;13] - 0.119
History of HRD, years, Me [Q; O.] 1[0; 2] 2[1;6] 1[0; 1.75] 1[1;2] - 0.875
Drugs taken, n (%) * 1 (6.66) 2 (15.38) 1 (10.00) 2 (18.18) - 0.815
HM ECG findings
Daily average HR, beats / min,Me [O; O,] 77 [75;90] 82 [69;87] 84 [75; 87] 81[75; 93] 74 [69; 81] 0.938
Minimum HR, beats / min, Me [Q; O.] 50 [48; 54] 50 [44; 54] 51 [47; 54] 51 [45; 54] 42 [40; 53] 0.564
Maximum HR, beats / min, Me [Q,; O,] 151 [147;165] 152 [140; 163] | 161 [153;165] | 158 [157;163] | 153[129;178] | 0.461
Total number of SVE at baseline single single single single - -
Total number of VES at baseline, . . . 18,395.0
Me[0: 0] single single single [12,066.0; - -
=3 36,871.0]

Deformation | Deformation due
Features of QRS morphology during HM due to perma- to permanent 3 B B 3
ECG nent / intermit- / intermittent

tent preexitation preexitation
ECG findings
77 [57; 89], 78 [62; 90], 79[69; 94], 75 [51; 96], 94167,99], | 0.816
0/ skk .

EDV, ml, %%, Me [0;; O] 103[96: 105] | 101[97:109] | 100 [94;104] | 104[91:115] | 103 [96: 109] | 0.847
LVEF (b), %,Me [Q; O] 65 [63; 67] 65 [63; 67] 63,5 [63; 65] 63 [62; 64] 66, [66; 68] | 0.375

33 [19; 38], 33 [25; 42], 37 [28; 41], 33 [21; 380], 38[22;39], | 0.943

0/ k% .

LAV, ml, %%, Me [Q,; O] 102 [96; 118] 101 [93; 102] 105 [99; 108] 99,1 [94; 109] 98 [93;106] | 0.457

30 [21; 34], 311[19;39], 34 [28; 40], 31[21; 40], 29 [19;41], | 0.949

0/ kk .

RAV, ml, %%, Me [Q; O] 105 [100; 117] | 103 [102; 117] | 112 [107; 119] 108 [95; 119] | 105 [103; 113] | 0.722

* drugs taken at the time of hospitalization, including the ones to treat the underlying disease; ** percentage from the individual predicted norm.

Table 2

Beta-ARM values in adolescents with VA and supraventricular arrhythmia before and after RFA, conv. units, Me [Q; O.]

Control group

Parameter (healthy children), WPWipattern, WPW sz'ndrome, AV}IRT’ YA’
_ n=15 n=13 n=10 n=11
n=11
13.1 17.6 [13.3; 22.6] 16.1[11.5; 18.2] 15.5[12.9;27.7] 19.01 [14.3;21.7]
p-ARM before RFA 8.8; 16.5] p,=0.192 p,=0.600 p,=0.465 p,=0.026
) B 18.6 [13.2;22.8] 16.2[9.7; 17.9] 14.6 [10.1; 30.8] 29.6[23.2;31.7]
p-ARM after RFA p,=0.886 p,=0.661 p,=1.000 p,=0.028

Note.

significance of differences in the value of the parameter in the group before and after RFA —p,
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This fact allows to think that B-ARM can reflect
B-adrenergic reactivity of the body as a whole. It
has been convincingly shown that an increase in the
contentof catecholamines inthe blood isaccompanied
by desensitization of f-adrenergic receptors and a
decrease in the response from regulated organs to
the stimulating effect of neurohormones [11, 17, 18].
The information value of B-ARM in the treatment of
HRD in adult patients is being studied [11, 12]. At
the same time, we have not found any works devoted
to the study of B-ARM in HRD in adolescents,
including after RFA.

At the time of inclusion in the study, the
formed groups were comparable in anthropometric
parameters, age of HRD detection, and duration
of HRD history. ECG parameters also did not
differ significantly between the groups. With the
considered duration of HRD history, the presence of
supraventricular arrhythmia was not accompanied
by a change in B-ARM compared to the controls.
In adolescents with VA, the B-ARM value was
significantly higher than in the control group.

Conducting RFA in groups of adolescents with
supraventricular arrhythmia did not lead to changes
in B-ARM. At the same time, surgical treatment of
VA was accompanied by a significant increase in
B-ARM on day 3 after surgery compared to baseline
values in the group. An increase in B-ARM indicates
desensitization of f-adrenergic reactivity in response
to an increased stimulating effect of ANS mediators.
The obtained results allow to consider the role of
the sympathetic nervous system in the etiology and
pathogenesis of VA and an increase in its functional
stress in the early postoperative period.

In children with supraventricular arrhythmia, the
morphofunctional arrhythmia substrate is presented
by anomalies in the embryonic development of
the cardiac conducting system. Therefore, the
emergence of an arrhythmogenic focus in the atria in
the first 6 months after birth may be associated with
its embryonic origin. At the same time, a number
of researchers note that it is possible to suppose an
association between rhythm disturbances and features
of postnatal development of the cardiac conducting
system even in the absence of obvious congenital
anomalies. [19]. Studying the electrophysiological
characteristics of the atrioventricular node and
accessory  pathways during transesophageal
electrocardiography and cardiac pacing in groups of

adolescents with WPW syndrome or pattern made it
possible to establish a high degree of vagotonia in
adolescents with WPW pattern [20]. This serves as
an indirect confirmation of the results of our study on
the absence of tension in the sympathetic division of
ANS and desensitization of B-ARM in adolescents
with supraventricular arrhythmias before and after
RFA.

CONCLUSION

For adolescents with VA, a significant increase
in B-ARM was revealed before RFA, which
indicates tension in the sympathetic division of
ANS. A significant increase in B-ARM in the early
postoperative period indicates a further increase in
the activity of the sympathetic division, which is
accompanied by further desensitization of B-ARM.
The sympathetic division of ANS plays an essential
role in the pathogenesis of VA in adolescents.

Supraventricular arrhythmias (WPW syndrome,
WPW  pattern, AVNRT) that developed in
adolescence were not accompanied by a significant
increase in f-ARM compared to the healthy controls.
RFA in this category of patients did not result in
significant changes in B-ARM.

The study showed the possibility of using f-ARM
to assess the state of the sympathetic nervous system
in patients with methodological limitations in the
analysis of heart rate variability.
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A decision rule for identifying patients at high risk for impaired lung
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ABSTRACT

Aim. To claborate a decision rule for identifying the main predictors of impaired lung diffusion capacity after
COVID-19.

Materials and methods. The retrospective study included 341 patients without underlying lung diseases (median
age 48 years) who experienced COVID-19 with bilateral pneumonia. The median extent of parenchymal lesion in
the acute phase of COVID-19 (CT,_ ) was 50%. Spirometry, body plethysmography, and lung diffusion capacity
for carbon monoxide (DLCO) test were performed. The data were analyzed by descriptive statistics, correlation
analysis, one-dimensional logistic regression analysis with an assessment of odds ratios (OR), and multivariate
logistic regression analysis. Receiver operating characteristic (ROC) analysis was used to assess the quality of the
binary classifier model.

Results. The initial model for predicting reduced DLCO (< 80% of predicted) included the following predictors:
CT ., time interval from the COVID-19 onset, gender, age, body mass index. Backward stepwise regression was
applied, and a binary classifier model that includes CT__was obtained. The sensitivity and specificity of the model
for the training sample were 80 and 67%, respectively, for the test sample — 79 and 70%, respectively. The analysis
of OR showed that OR > | was observed at CT_ > 40%.

Conclusion. The decision rule was obtained for predicting impaired lung diffusion capacity after COVID-19 with
virus-associated lung damage in patients without underlying bronchopulmonary diseases. Patients with CT >
40% require more thorough clinical follow-up with DLCO monitoring after the acute phase of COVID-19.

Keywords: impaired lung diffusion capacity, pulmonary function tests, binary classifier model, COVID-19
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Pewalowee npaBunno ansa BbiABAEHVA NAaLNEHTOB C BbICOKMM PUCKOM
HapyweHunAa andpPysnoHHON CNOCOOHOCTUN NNerKMNX Nocsie NnepeHeCceHHoro
COVID-19

CaBywkuHa 0.U."?, MypaBbeBa E.C.2, XKkutapeBa U.B.?, laBbipoB [1.B., Kpiokos E.B.*

! Tnaenviit soennviil kaunuveckutl 2ocnumans (I'BKT) um. akao. H.H. Bypoenxo
Poccus, 105229, 2. Mockea, [ ocnumanvuas ni., 3

2 Hayuno-uccnedosamenvckuil uncmumym (HHUHW) nynomononocuu
Poccus, 115682, 2. Mocksea, Opexosviii Oyavsap, 28

3 Poccuiickutl HayuoHanbHblil uccie0osamenvekull meouyunckuil ynusepcumem (PHUMY) um. H.H1. ITupozosa
Poccus, 117997, o. Mockea, yr. Ocmposumsnosa, 1

* Boenno-meouyunckas axaoemus (BMA) um. C.M. Kuposa
Poccus, 194044, 2. Cankm-Ilemepbype, yn. Axademuxa Jlebeoesa, 6

PE3IOME

ey — MOCTpOCHKE PELIAOIIETo MPaBUIIa IS ONPE/e/IcHNsT HanOoJIee BaXKHBIX MPEAUKTOPOB HAPYIICHUS Au(-
(hy3uoHHO# criocobHOCTH Jierkux mocie neperecernoro COVID-19 (Coronavirus disease 2019) ¢ Bupyc-accorm-
HMPOBAHHBIM MOPAKEHUEM JICTKHX.

Marepuajbl 1 MeTOABI. B perpocrexTuBHOE HccnenoBanue BkiodeH 341 manueHT 6e3 GpPOHXOJIErOYHOI ma-
TOJIOTUH B aHaMHe3e (MenuaHa Bo3pacta 48 set) mocie nepeHecennoro COVID-19 ¢ Bupyc-acconnupoBaHHBIM
TIOPaKEHUEM JIETKHX. Memana o0bemMa MOpaKeHus JIETOUHOH TkaHu B ocTphii mepuox COVID-19 (KT, ) B
o6meit rpynme cocrasmia 50%. BreimonHeHs! crimpometpust, 6oxumieTu3Morpadust, 1 Gy3HOHHBIH TecT (M3Me-
penue Tpancdep-pakTopa MOHOOKCHIA yriepoaa, DLco). AHann3 HaHHBIX IPOBEIEH C TIOMOIIBIO OIMCATENEHOIT
CTaTUCTUKHU, KOPPEISLIMOHHOIO aHAIN3a, OHOMEPHOTO JIOTHCTUYECKOI0 PErpeCCHOHHOIO aHallu3a ¢ OLEHKOM 0T-
Homrennit mancoB (OILl) 1 MHOTO(AaKTOPHOTO JIOTHCTHYECKOTO PErPECCHOHHOrO aHaim3a. [l OIeHKH KayecTBa

Mozenn OMHapHOTO KinaccudukaTopa ncnoib3osaics ROC-anamms (receiver operating characteristic analysis).

Pe3yabTaThl. B MHOTO(haKTOPHEIH JIOTHCTHYECKHH peTpecCHOHHBIN ananmn3 cHmkeHns DLco (<80% ot momkHo-
O 3HAYEHMs) W3HAYAILHO ObUIM BKJIIOYEHBI cliefytoume npeaukropsl: KT, . BpemenHoil unteppasn oT Hadasa
COVID-19, mon, Bo3pacT, nHAEKC Macchl Tena. C IMOMOIIBIO JIOTUCTUYECKOTO PETPECCHOHHOTO aHaJH3a C MOCe-
JIOBATEJIbHBIM HCKIIOYCHUEM HAUMEHEE 3HAYMMBIX IIPEAUKTOPOB TOTy4YeHa MOJeb OMHAPHOrO Kiaccu(pHuKaTopa,
€/IMHCTBEHHBIM 3HAYNMBIM IIPEIMKTOPOM B KOTOPOit cTan nokasatens KT . UyBcTBUTENHHOCT U clIEM(UIHOCTD
MOTy4YeHHOI Momenu Ha oOydJatomell BeiOopke coctaBmian 80 u 67% COOTBETCTBEHHO, HA TECTOBOH BBIOOPKE —
79 1 70% cootBercTBeHHO. AHanmm3 Ol 11 momydeHHo# Moaenu 6GnHapHOTO KiIaccupukaTopa nokasai, uto OIII
> 1 mabmonaercs mpu KT, > 40%.

3akioyenue. [lonydeHo peruaroliee mpaBuiIo I HPOTHO3MPOBAHUS CHIDKEHHs mokasaTens DLco mocie me-
penecennoro COVID-19 ¢ Bupyc-accOLMHMPOBaHHBIM MOPAKEHUEM JIETKHUX y MAIlMeHTOB 0e3 OpOHXOJIEerouHOit
naronoruy B anamuese. Ilokasano, yto nauuentam ¢ KT > 40% tpebyeTcs Gosiee TIIATENBHOE KIMHUIECKOE
HaOIo/ieHne ¢ 00s13aTeNbHBIM KOHTpoJIeM okaszarteist DLco mocie okonuanust octpoit pazst COVID-19.

KiroueBsble cioBa: Hapymenne 1 (Hy3HOHHOM CIOCOOHOCTH JIETKHX, JIETOUHBIC (DYHKIIHOHATIBHBIC METOABI HC-
CIIeZIOBaHMs, MOJIeNb OMHapHOTO Kiaccudukaropa, COVID-19

KOHq)J’IHKT HHTEPECOB. ABTOpI;I JACKIApUPYIOT OTCYTCTBUE SAIBHBIX U MNOTCHIUAJIbHBIX KOHq;).]'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaHI/IeI71 HACTOSIIEH CTaThH.

Hcrounuk ¢puHaHCHPOBAaHUSA. ABTOPBI 3asBIAI0T 00 OTCYTCTBUU (PMHAHCHUPOBAHMS IPU NPOBEACHUH MCCIIENIO-
BaHUSL.
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CooTBeTcTBHE NMPUHIUNAM 3THKH. Bce yJacTHUKM WCCIeOBaHUS TOJMHCATH WHGOPMHUPOBAHHOE COTIIACHE.
[IpoToxon uccinenoBanus on00peH He3aBUCUMBIM dTrdeckuM kKomuteToM ['BKI nm. akan. H.H. Bypnenko (mpo-

Tokoi Ne 04-22 ot 20.04.2022).

Ja nurupoBanns: Casymkuna O.M., Mypassesa E.C., XKurapesa 11.B., aseigos JI.B., Kprokos E.B. Pe-
IIaroIee MPaBUIO JUIsl BHISBICHHS ITAIIMEHTOB C BBICOKMM PHCKOM HapymIeHHs Tu((y3nOHHOH CIIOCOOHOCTH
nerkux mocne neperecenHoro COVID-19. bwomiemens cubupcroi meduyunvt. 2024;23(3):91-98. https://doi.

0rg/10.20538/1682-0363-2024-3-91-98.

INTRODUCTION

The problem of functional disorders caused by
novel coronavirus infection remains relevant in
the present time. The results of previous studies
showed that the most common functional disorder
of the bronchopulmonary system is impaired lung
diffusion capacity [1-5] following diffuse alveolar
damage and pulmonary embolism [6—8]. Follow-
up of COVID-19 survivors has shown that it is
relevant to identify patients at high risk for imparted
lung diffusion capacity in the post-COVID phase,
especially with account of current restrictions on
performing lung function tests during the COVID-19
pandemic [9].

The aim of the study was to elaborate a decision
rule for identifying the main predictors of impaired
lung diffusion capacity after COVID-19 with virus-
associated lung damage.

MATERIALS AND METHODS

A retrospective study included 341 patients who
experienced COVID-19 with bilateral pneumonia.
We analyzed demographic data, the maximum
extent of parenchymal lesion in the acute phase of
COVID-19 according to high-resolution computed
tomography of the chest (CT,_ ), and the time
interval from the COVID-19 onset (Table 1).
Lung function tests included spirometry, body
plethysmography, and lung diffusion capacity
for carbon monoxide (DLCO) test. The analyzed
pulmonary parameters included forced vital capacity
(FVC), forced expiratory volume in I second (FEV ),
slow vital capacity (VC), the FEV, / VC ratio, total
lung capacity (TLC), and lung diffusion capacity
for carbon monoxide adjusted for the hemoglobin
level (DLCO) (Table 2). Lung function tests were
performed in 64.8% (221/341) of patients within 90
days, in 23.5% (80/341) of patients within 90-180
days, and in 11.7% (40/341) of patients within more
than 180 days from the COVID-19 onset.

Table 1
Characteristics of the study group, n = 341
Parameter Value
Gender (men), n (%) 262 (76.8)
Age, years, Me (0 -0,) 48 (41.5-57)
BML, kg / m*, Me (0,-0,) 29.9 (27-32.5)
Smoking index, pack / years, Me (0,-0,) 0 (0-5.13)
CT .. %, Me (00, 50 (31-75)
Time interval from the COVID-19 onset:
<90 days, n (%) 221 (64.8)
90-180 days, n (%) 80 (23.5)
>180 days, n (%) 40 (11.7)

All studies were conducted according to the
national and international guidelines [10—12]. The
results were expressed as the percentage of predicted
values (%opred) calculated according to the European
Coal and Steel Society equations (ECCS 1993) [13,
14]. The fixed values of 80%pred were taken as the
lower limit of normal (LLN).

Table 2

Lung function and lung diffusion capacity parameters
in COVID-19 survivors, n = 341

Parameter Value
VC, %pred., Me (0 ~Q,) 102 (87-111)
VC<LLN, n (%) 63 (18.5)

FVC, %pred., Me (Q —0Q,)
FEV , %pred., Me (0 -0,)

103 (88-114.2)
101 (89-113)

FEV < LLN, 1 (%) 58 (17)
FEV,/VC, %, Me (0,~0,) 80.3 (76.4-84.3)
FEV,/VC < 70%, n (%) 25(7.3)
TLC, %pred., Me (Q,~0Q,) 98 (83.2-108)
TLC < LLN, 1 (%) 68 (19.9)
DLCO %pred., Me (O, ~Q;) 75 (61.7-88.3)
DLCO< LLN, 7 (%) 206 (60.4)

The data analysis was performed using descriptive
statistics and multivariate logistic regression analysis
using the SPSS 21 and MS Excel 2016 software
packages. Quantitative data with non-normal
distribution were presented as the median and the
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interquartile range (Me (Q—~Q,)). The Mann —
Whitney test was used to compare two independent
samples. Qualitative variables were presented as a
percentage (%); the differences were assessed using
the y* test with the Yates correction or the Fisher’s
exact test. The relationship between the traits was
studied using partial correlations. The differences
were considered statistically significant at p < 0.05.
To assess the risks of abnormal parameters, the one-
dimensional logistic regression analysis with the
assessment of odds ratios (OR) was applied.

To construct a binary classifier model for
predicting abnormal DLCO, the multivariate logistic
regression analysis was used. The decision rule
for predicting abnormal DLCO was obtained in a
training sample. For this purpose, the total sample
was split into a training and a test (validation)
sample by random selection with a 3:1 split ratio.
The logistic regression coefficients were obtained in
the training sample.

Z is the regression equation, which has the form of:

Z=a,toax+.. tax,
n n

0, O, ...0 — model parameters (coefficients), x....
x_— predictors.
|

P = [t
DLCO, where

The logistic regression model predicted a decrease
in DLCO at Z > 0 and normal DLCO values at Z <0.

To assess the quality of the binary classifier model
and find the optimal cut-off value for dividing objects
into subsets, the ROC analysis was performed. The

the probability of abnormal

criterion for choosing the cut-off value was the
requirement to the maximum sum of sensitivity
and specificity. The ability of the created model
to recognize the presence or absence of abnormal
DLCO was assessed by the area under the curve
(AUC) and by the correspondence of the ROC curve
to the diagonal reference line.

RESULTS

In previous studies, a moderate inverse correlation
was revealed between CT__ and DLCO [3, 15].
Besides, the bigger the time interval between the
onset of COVID-19 and the DLCO test was, the
less frequently abnormal DLCO was observed [4,
5]. Considering the results obtained, we divided
the general sample into two subgroups: group 1
included 39.6% (135/341) of patients with normal
DLCO, group 2 encompassed 60.4% (206/341) of
patients with reduced DLCO After that, we analyzed
DLCO depending on CT,__, the time interval from
the COVID-19 onset (T), gender, age, and BMI
(Table 3).

Table 3 shows that, depending on DLCO (normal
or reduced), the groups differed in the time interval
from the onset of COVID-19 (it was shorter in
group 2) and in CT__ (it was greater in group 2). No
differences in gender, age, and BMI were identified
between the groups.

The partial correlation coefficient demonstrated
a significant inverse correlation between DLCO and
CT,_,  (r=-0.601; p < 0.01) at fixed values of the
time interval from the COVID-19 onset, gender, age,
and BMI (Fig. 1).

Table 3
Characteristics of patients depending on the DL value, Me (Q —0,)
Group 1 Group 2
Parameter DLCO > 80%pred. DLCO < 80%pred. p
n=135/341 (39.6%) n=206/341 (60.4%)

Gender (men / women), n (%) 107 (79.3) / 28 (20.7) 155(75.2) / 51 (24.8) 0.467"
Age, years 47 (40-58) 49 (43-57) 0.5392
BMI, kg / m? 29.7 (26.9-32.3) 30 (27-33) 0.5792
T, days 81 (42-145) 39.5(27-93) <0.0012
CT, . % 35(25-52) 70 (48-80) <0.0012

Note. T — time interval from the onset of COVID-19 to the DLCO test; p — level of significance (half bold font marks p values for statistically

significant differences).
!'the ¢ test with the Yates correction; > the Mann — Whitney test.
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Fig. 1. Correlation analysis of the relationship between DLCO
and CT __ (partial correlation,  =—-0.601; p < 0.01)

Then we constructed a decision rule to identify
patients at high risk for impaired lung diffusion
capacity after COVID-19. For this purpose, the
general sample was split in a 3:1 ratio into a training
(n = 252) and a test (n = 89) subset. Age, gender,
BMI, and parameters with a statistically significant
association with reduced DLCO (CT__ and T) were
selected as predictors. Following the conducted
analysis, the following logistic regression equation
was obtained:

Z=-1.279+0.05 x x, ~ 0.004 x x, - 0.046 x x, +
+0.017 X x,+ 0.653 x x, (1),

where x, x,, x,, x,, x, are input parameters of the
model (predictors): x, —CT__ (%), x, — time interval

between the COVID-19 onset and the DLCO test
(days); x,—BMI (kg/m?), x,—age (years), x, —logistic
regression coefficient encoding gender: 1 — male,
0 — female. The results of the logistic regression
analysis are presented in Table 4.

Table 4 shows that the sensitivity, specificity, and
accuracy for the training sample using equation 1
were 82.5, 61.2, and 74.2%, respectively.

Further, the logistic regression analysis was
performed with stepwise exclusion of the least
significant variables. As a result, predictors, such
as gender, age, and BMI, were excluded from the
model, and the following logistic regression equation
was obtained:

Z=-1.564+0.046 x x, —0.003 % x, @),

where x is CT,__ (%), x, is the time interval from the
onset of COVID-19 to the DLCO test (days).

The results of the classification obtained at this
stage are shown in Table 5.

Table 5 shows that the sensitivity, specificity,
and accuracy for the training sample using equation
2 were 82.5, 61.2, and 74.2%, respectively.

The quality of the model described by equation
2 was verified using the ROC analysis (Fig.2): in
the training sample, the AUC value was 0.789 (95%
confidence interval (CI) 0.733-0.844), the sensitivity
and specificity (at the cut—off point of 0.258) were 80
and 67%, respectively.

Table 4

time interval between the COVID-19 onset

Results of the classification in the training sample (predictors: CT

max’

and the DLCO test, age, gender, BMI)

Parameter DLC%fei?zZ%r)ed" " DLCZ};E?:{‘;%;M" " Classified correctly, %
DLCO> 80%pred., n 60 38 61.2
DLCO < 80%pred., n 27 127 82.5
Total 74.2

Table 5

The results of the classification in the training sample (predictors: CT__, time interval
from the onset of COVID-19 to the DLCO test)

Parameter DLC((Z;fei?;’fé}zlr)ed., . DLC%:ei?:ﬁ:%r)ed., " Classified correctly, %
DLCO> 80%pred., n 60 38 61.2
DLCO < 80%pred., n 27 127 82.5
Total 74.2
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Fig. 2. The ROC analysis for the training sample (predictors:
CTmax, time interval from the onset of COVID-19) to predict
reduced DL

At Z > 0.258, reduced DLCO was predicted;
at Z < 0.258, DLCO was within the normal range.
When testing the resulting model in the test sample,
sensitivity and specificity were 77 and 70%,
respectively. The classifier model with a single
predictor CT __ was also studied and the following
logistic regression equation was obtained:

Z=-1.564 +0.046 x x, (3),
where x is CT__ (%).

The results of the classification obtained at this
stage are shown in Table 6.

Table 6

The results of the classification in the training sample
(predictors: CT )

max:

DLCO2 DLCO < Classified
Parameter 80%pred., n | 80%pred.., n o
(predicted) (predicted) correctly, %
DLCO> 80%pred., n 60 38 65.3
DLCO < 80%pred., n 27 127 81.8
Total 75.4

Table 6 shows that the sensitivity, specificity, and
accuracy for the training sample using equation 3
were 81.8, 65.3, and 75.4%, respectively.

The ROC analysis showed (Fig. 3) that when
using equation 3 in the training sample, the AUC
value was 0.780 (95% CI 0.723-0.837), sensitivity
and specificity (at the cut—off point of 0.171) were 80
and 67%, respectively. In the test sample, sensitivity
and specificity were 79 and 70%, respectively.
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Fig. 3. ROC analysis for the training sample (predictor:
CTmax) to predict reduced DL

At Z > 0.171, reduced DLCO was predicted,
at Z <0.171, DLCO was within the normal range.
Using equation 3, OR was calculated [16]:

OR = ¢ 1:56400.046x] (4)
where x, is CT,__ (%).

Equation 4 evidences that OR > 1 is observed at
CT_, >40%.

DISCUSSION

Predicting the state of medical systems depending
on factors affecting them is an important task of
statistical analysis. The use of mathematical models
solves a lot of tasks, such as assessing the influence
of factors on the response rate, changes in the
parameter caused by changes in factors affecting the
system, predicting the response rate for the given
values of factors [17].

The methods for binary classification include
both classical discriminant analysis and logistic
regression analysis, which are used in various fields
of medicine [18-20]. In this study, the created binary
classifier model allows to predict reduced DLCO
after COVID-19 with virus-associated lung damage.

The correlation analysis, data analysis depending
on the DLCO value (normal or reduced), and the
created binary classifier models showed that CT,_
is an important predictor of reduced DLCO after
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COVID-19 with virus-associated lung damage in
patients without an underlying lung pathology.

Similar studies have been conducted abroad.
W. Qin et al. [21] also did not reveal statistically
significant differences in age, gender, and BMI
between groups with reduced and normal DLCO 3
months after COVID-19. In addition, after exploring
a wide range of possible abnormal DLCO predictors
(demographic and clinical data, results of laboratory
and instrumental research and X-ray, treatment
regimens, the presence of acute respiratory distress
syndrome) in 81 patients 3 months after COVID-19,
the authors concluded that CT__ and acute respiratory
distress syndrome affected DLCO after the acute
phase of COVID-19.

In the present study, using the logistic regression
analysis with the stepwise exclusion of the least
significant predictors also demonstrated that CT__
contributed to a decrease in DLCO. The sensitivity
and specificity of the created model were 80 and
67% for the training sample, respectively, and 79 and
70% for the test sample, respectively. The inclusion
of'additional predictors in the model, such as gender,
age, BMI, and the time interval from the onset of
COVID-19 to the DLCO test, did not significantly
affect the quality of the decision rule. Moreover, it
was shown that at CT__ > 40%, reduced DLCO can
be reliably expected after the end of the acute phase
of COVID-19.

LIMITATIONS OF THE STUDY

To create a model for predicting reduced DLCO
after COVID-19, we used the results of lung function
tests obtained mainly in the first 6 months after the
acute phase of the disease. It should be taken into
account that CT _ reflects the volume, but does not
characterize the depth and morphological features
of lung tissue damage, which may subsequently
affect DLCO. L.E. Tyurin et al. [22] pointed out that
the clinical manifestation and prognostic value of
radiological signs, such as ground-glass opacities
and consolidation, appear to be completely different
even for the same lesion volume.

CONCLUSION

A decision rule was obtained for predicting
reduced DLCO after COVID-19 with virus-
associated lung damage in patients without an
underlying lung pathology. The analysis of chest CT
scans in the acute phase of COVID-19 is essential for

predicting impaired lung diffusion capacity. Patients
with CT > 40% require more thorough clinical
follow-up with obligatory DLCO monitoring after
the acute phase of COVID-19.
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Intestinal microbiota in children with bronchial asthma

Sokolova T.S.", Malchuk V.N.", Fedorova 0.S.’, Kulenich V.V.!, Odintsova V.E.?, Koshechkin S.l.2

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

2 Nobias Technologies LLC
34, Narodnogo Opolcheniia Str., Moscow, 123423, Russian Federation

ABSTRACT

Background. Intestinal microbiota is one of the most important factors determining the state of human health,
including its influence on the immunological mechanisms regulating the development of allergic diseases in
childhood. The role of intestinal microbiota and the gut — lung axis in the development of bronchial asthma (BA)
is an important area of research.

Aim. To analyze the taxonomic composition of intestinal microbiota in children with BA using 16S rRNA gene
sequencing.

Materials and methods. The study included patients with BA (n = 50, mean age 10.34 + 2.99 years) and a group
of apparently healthy individuals (» = 49, mean age 10.3 + 2.8 years). For all patients, medical history was taken,
and physical examination and stool test were performed. Patients with BA were assessed for the level of total and
specific immunoglobulin (Ig) E and underwent spirometry. The microbiota composition was analyzed by 16S
rRNA gene sequencing with subsequent bioinformatic and statistical analysis.

Results. Significant differences in the composition of the intestinal microbiota (beta diversity) and a decrease in
taxonomic diversity (alpha diversity) were found in patients with BA compared to healthy controls. The intestinal
microbiota of patients with BA was characterized by an increase in the abundance of Bacteroides, Parabacteroides,
Lachnospira, Roseburia, Akkermansia, Anaerostipes, Sutterella, Odoribacter, Phascolarctobacterium,
Butyricimonas, as well as unclassified bacteria from the Rikenellaceae families. The intestinal microbiota of
children without BA was characterized by greater abundance of bacteria from Blautia, Bifidobacterium, Dorea,
Ruminococcus, Streptococcus, Eubacterium, Acinetobacter, Collinsella, Lactococcus, Catenibacterium genera
and unclassified bacteria from the Clostridiaceae and Coriobacteriaceae families. Significant differences in the
quantitative abundance of bacteria were revealed depending on the type of sensitization, the level of total IgE, and
the value of FEV1.

Conclusion. The results obtained indicate the differences in the intestinal microbiota composition in children with
BA and healthy children.

Keywords: intestinal microbiota, bronchial asthma, 16S rRNA gene sequencing, children
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Mukpo6unoTta KuweyHuka y getei, 60nbHbIX 6pOHXMaNbHON aCTMOMN

Cokonosa T.C.', Manbuyk B.H.', Degoposa O.C.', Kynennu B.B.',
OauHyoBa B.E.%, Koweukux C.I.2

! Cubupckuii 2ocyoapcemeennoiii meouyunckuil ynugepcumem (Cu6I MY)
Poccus, 634050, e. Tomck, Mockosckuti mpakm, 2

2000 «Hobuac Texnonooacucy
Poccus, 123423, 2. Mocksa, yn. Hapoonozo ononuenus, 34

PE3IOME

BBenenne. MUKpOOHOTa KHIIICYHUKA SBIISETCS OJHUM U3 BOXKHEHIINX (GaKTOPOB, OMPEIEIAIONIMX COCTOSHUE 310~
POBBSI YETIOBEKA, B TOM YHCIIC OKA3bIBACT BIIHSHUE HA HMMYHOJOTHYECKAE MEXaHU3MbI PA3BUTHS alJIEPIUUECKHX
GosesHeil B IeTCKOM Bo3pacte. Posib MUKPOOHOTHI KMIIIEYHNUKA U OCH «KHILIEYHHK — JICTKHE» B PA3BUTHH U TCUCHUH
OponxuanbHOU acT™MbI (BA) ABIsIeTCS akTyanbHOU 00JIACTHIO HCCIIEIOBAHU.

Lesb — mpoBecTH aHANN3 TAKCOHOMHYECKOTI'O COCTaBa KUILICUHONH MUKPOOHOTHI Y AeTeil ¢ BA ¢ ncnonb3oBannemM
MeToza cekBeHuposanus 16S pPHK.

MarepuaJibl U MeTOABI. B HccienoBanue BKIIOUEHBI NMalUeHThl, crpajatomue bA (n = 50, cpeanuii Bo3pact
10,34 + 2,99) u rpynmna ycaoBHO 310poBbIX aereit (n = 49, cpennuii Bospact 10,3 £ 2,8). lns BceX y4aCTHHUKOB
BBINIOJIHEH cOOp aHaMHe3a U (u3uKanbpHoe oOcnenoBanue, coop obpasuos cryna. [lannentam ¢ BA npoBoamiack
OIICHKa YPOBHsI 0011ero u crnenuduueckoro nmmyHornnooysuHa (Ig) E u cnupomerpust (u3mepenne oobema ¢op-
CHPOBAHHOTO BbIJI0Xa 3a MepBYyIo cekyHy (ODPB))). Onpesenenne cocTaBa MUKPOOHOTBI BBITIOHEHO C TIOMOMIBIO
cexBenupoBanus rena /6S pPHK ¢ nocnenyrommm 6nonHGpopMaTHIECKUM M CTATUCTUYECKUM aHATIH30M.

Pe3yabTaThl. YCTaHOBICHBI 3HAUUMBIE Pa3IMYUs B COCTaBE MUKPOOHMOTH KumeuHuka (6era-pasHooOpasue) u
CHIDKEHHE TaKCOHOMHYECKOTro OoraTcTsa (anbda-pasHoodpasus) y marueHToB ¢ BA B cpaBHennu ¢ netbmu 6e3 BA.
V nanuenToB ¢ BA yBenmmuena npeacraBieHHOCTs OakTepuit ponoB Bacteroides, Parabacteroides, Lachnospira,
Roseburia, Akkermansia, Anaerostipes, Sutterella, Odoribacter, Phascolarctobacterium, Butyricimonas, a Tak-
JKe HekaccuuuupoBanHble OGakTepun cemeiicTB Rikenellaceae. Kumeunas mukpoGunora fereif, He cTpazmaro-
mux BA, xapakrepusoBanack 6oiee BRICOKUM COzepkaHueM Oaktepuil ponos Blautia, Bifidobacterium, Dorea,
Ruminococcus, Streptococcus, Eubacterium, Acinetobacter, Collinsella, Lactococcus, Catenibacterium u HekIac-
cudunupoBannbie bakrepun cemeiicts Clostridiaceae, Coriobacteriaceae. BrIsiBIICHBI 3HAYMMBIC OTJIMYHS B KOJIH-
YEeCTBEHHOU MPE/ICTABICHHOCTH OaKTepHii B 3aBUCUMOCTH OT BH/Ia CCHCUOMIM3AINHU, YPOBHS 00IIIEro HMMMYHOTJIO-
Oymuna IgE u 3navenus ODB,.

3ak0uenne. [loxyueHHbIe pe3ynbTaThl CBUACTENLCTBYIOT O PA3IMYUSAX COCTABA MUKPOOHMOTHI KHIIEUYHHKA Jie-
Tel, crpanaromux bA, 1 yClI0BHO 3J0pOBBIX JETEN.

KnroueBble cioBa: kumredynass MUKpoOHoTa, OpoHXmaibHas acTMma, cekBeHupoanue 16S pPHK, netn

KOHq)JIPlKT HHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U IOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6HI/IKaHI/Ieﬁ HaCTOHU.Ieﬁ CTaTbU.

Hcrounuxk ¢punancupoBanus. McciienoBanne BBIOIHEHO IpH noaaepskke Poccuiickoro Hayunoro gponpa (rpant
«MukpobnoTa B cucteMe “rapasuT — XO35MH~ U e¢ MeTabOIMYEeCKHH ITOTeHINAT KaK HHCTPYMEHT YIPaBICHHS
OpoHXHMAaNBHOIT acTMoit», Ne 22-75-00078).

CooTBeTCTBHE NMPUHIHUNAM 3THKH. FTHQOPMHUPOBaHHOE corylacke Ha y4acTHe B MCCIEHLOBAHUM JIETH CTaplie
15 net moAmucHIBAIN CAMOCTOSTENBHO, A AeTel 7—14 et — 3akoHHbIe peacTaBuTenn. ViccnenoBanue ogo0peHo
JIOKAJBHBIM 3THYeCKUM KomuTeToM CuoI'MY (mpotokon Ne 8946 ot 24.01.2022).

Jast uutupoBanus: CokosnoBa T.C., Manbuyk B.H., ®enoposa O.C., Kynenuu B.B., Oqunuosa B.E., Koureu-
knH C.J. MukpoOroTa KnieqHrka y fgeteil, 00IbHbIX OpOHXHAIBHOM acTMOM. Broiemens cubupckoti meouyumbl.
2024;23(3):99-106. https://doi.org/10.20538/1682-0363-2024-3-99-106.
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INTRODUCTION

Bronchial asthma (BA) is a multifactorial chronic
respiratory disease that affects more than 250 million
people of different ages worldwide [1]. Currently,
BA remains a serious public health problem, which
is associated with high prevalence, a significant
decrease in the quality of life of patients and their
families, and significant economic burden to the
healthcare system [2]. In this regard, it is relevant
to study the pathogenetic factors in the development
of BA to elaborate new preventive technologies
based on personalized medicine, which is of vital
importance in pediatrics.

In recent years, a lot of data have demonstrated
an association between the development of BA
and the composition of respiratory microbiota in
childhood [3-5]. However, in chronic lung diseases,
respiratory microbiota changes, and an imbalance
in the composition of intestinal microbiota is also
noted. Molecular genetic methods for identifying
microorganisms have expanded our understanding
of the gut microbiome and contributed to the
recognition that microbial communities influence
host physiology beyond the gastrointestinal tract.
According to the concept of the gut — lung axis, the
gut microbiome has significant effects on immune
regulation and lung function [6, 7].

Circulation through the circulatory and lymphatic
systems transports regulatory cytokines and bacterial
metabolites, such as short-chain fatty acids (SCFA),
to the lungs, where they participate in immune and
anti-inflammatory responses, thereby connecting
the gut — lung axis [8]. The results of experimental
and epidemiological studies demonstrate that the
formation of the intestinal microbiota at an early
age plays a significant role in the development of
BA [9-11]. However, most studies on microbiota
in childhood asthma are aimed at investigating a
correlation between the composition of bacterial
communities in early life and the risk of developing
the disease in adulthood. In the Russian Federation,
research on the intestinal and oropharyngeal
microbiota in BA in adult population was carried
out using molecular genetic methods, demonstrating
modification of the microbiome against the
background of the disease [12, 13].

The aim of the study was to analyze the taxonomic
composition of intestinal microbiota in children with
BA using 16S rRNA gene sequencing.

MATERIALS AND METHODS

A cross-sectional, case-control study included 50
children with BA and 49 apparently healthy children
without acute or chronic diseases. Patients with BA
were recruited at the Children’s Clinic of Siberian State
Medical University in Tomsk. Data from a sample of
healthy participants from a previous epidemiological
study were used as a control group [14].

Criteria for inclusion in the main group: children
aged 7-16 years with persistent BA of mild to
moderate severity; forced expiratory volume in 1
second (FEV)) reversibility of more than 12% from
the baseline value according to spirometry; basic
therapy with inhaled glucocorticoids at a low daily
dose as monotherapy or in combination with long-
acting 2-agonists or leukotriene receptor antagonists
within 12 months preceding the study. Criteria for
inclusion in the control group: apparently healthy
children aged 7-16 years without BA or other
chronic diseases. Exclusion criteria for all study
groups: intake of antibacterial drugs and systemic
glucocorticoids within three months preceding the
study; intake of eubiotics and/or intestinal infections
within one month before the study; presence of
clinically significant conditions or diseases that
can prevent patients from participating in the study
or affect any manipulations or interpretation of the
study results; a lack of a signed informed consent.

All study participants were divided into two
groups: patients with BA (n = 50, mean age
10.34 £ 2.99 years, the ratio of girls to boys 27 / 23)
and a group of apparently healthy individuals
(n =49, mean age 10.3 £ 2.8 years, the ratio of girls
to boys 21 / 28).

The study included history taking and a physical
examination. To assess asthma control, we used the
Asthma Control Test for children over 12 years of
age and the c-ACT in children from 7 to 11 years of
age. Patients with BA were assessed for the level of
total and specific immunoglobulin (Ig) E (Alkor Bio,
Russia) and underwent spirometry (MasterScreen,
Germany). To assess the composition of the intestinal
microbiota, stool samples were collected using a
special stool collection kit with a transport medium
(Stool Collection kit, Nobias Technologies).

Sample preparation and sequencing of the V3-V4
region in the 16S rRNA gene

To extract DNA, the Nobias DNA Extraction Kit
was used with an extraction protocol that included
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homogenization of the stool sample using the bead
beating technique and precipitation of inhibitors.
Sequencing of the V3-V4 region in the /65 rRNA
gene (341F-801R primers, Litech LLC, Russia)
was carried out on the Illumina MiSeq Sequencing
System (Illumina, USA).

Analysis of sequencing data

The composition of the samples was determined
using the Knomics — Biota platform [15] and QIIME
algorithms [16]. Rare and underrepresented bacteria
(those that were found in less than half of the samples
and did not account for more than 5% in any sample)
were excluded from the analysis. The nearest balance
method was used to analyze the differences between
the groups [17].

The taxonomic abundance and a-diversity were
assessed using the Chaol and Shannon indices after
rarefaction to 5000 reads. The Mann — Whitney test
was used for statistical analysis. The correlation
analysis was carried out using the Spearman’s rank
correlation coefficient.

Beta-diversity was assessed using the Aitchison
distance (after excluding rare microbes) and the
Bray — Curtis dissimilarity (after rarefaction to 5000
reads per sample). The PERMANOVA method
was used for statistical analysis [18]. Qualitative
variables were presented as absolute or relative
(%) frequencies. Normally distributed quantitative
variables were presented as the mean and the
standard deviation M + m. Quantitative variables
with non-normal distribution were presented as the
median and the interquartile range Me (Q,; O.,).
The differences were considered to be statistically
significant at »<0.05.

RESULTS

The ACT test revealed that 52% of patients had a
well-controlled course of asthma (ACT score > 20),
while 48% of patients had the ACT score of 19 or
less (20 (18; 24)). According to the laboratory tests,
the total IgE level of more than 100 IU / ml was
detected in 66% of children with BA. The median
total IgE level was 293.5 (82.6; 705.8). Sensitization
to household allergens was detected in 50% of
patients with BA, to pollen — in 52% of children, to
epidermal allergens —in 44% of patients with BA, and
to food allergens — in 34% of the examined children.
According to spirometry findings in patients with
BA, the FEV, value was 100.7 (88.9; 111.1).

Taxonomic characteristics

The most abundant phyla in the intestinal
microbiota of patients with BA were Firmicutes
(71.1 £ 13.9%), Bacteroidetes (20.2 + 14.8%),
Proteobacteria (3.4 = 6%), Verrucomicrobia
(1.2 £ 2.7%), and Actinobacteria (1.1 £ 0.6%).
The intestinal microbiota of children in the
control group was dominated by Firmicutes
(73.7 £ 13.6%), Actinobacteria (14.6 + 13%),
Bacteroidetes (6.1 + 8.1%), Proteobacteria (4.7 +
5. 9%), and Verrucomicrobia (0.4 £+ 0.8%) phyla.
The intestinal microbiota of children with BA was
characterized by abundance of Ruminococcaceae
(504 £ 13%), Bacteroidaceae (13 + 9.6%),
Clostridiaceae (5.5 = 6%), Lachnospiraceae
(5.3 = 3.5%), and Prevotellaceae (4.4 + 12.5%)
families. The samples from the control group were
characterized by abundance of Lachnospiraceae
(30.6 £+ 14%), Ruminococcaceaec (16.6 =+
8.5%), Bifidobacteriaceae (11.3 += 12.6%), and
Clostridiaceae (4.4 + 3.5 %) families. The most
abundant bacterial families in the samples of the
studied groups are shown in Fig. 1. Each column
in the figure refers to one of the samples. Different
colors mark proportions of different bacteria in the
sample. The figure shows proportions of the 10
most abundant families, the remaining families are
marked with the gray color.

The intestinal microbiota of children with BA at
the genus level was dominated by Bacteroides (31.6
+ 12.6%), Prevotella (4.4 + 12.5%), and unclassified
bacteria from the Ruminococcaceae (16.1 + 5.1%)
and Clostridiaceae (5.5 &+ 6%) families. The intestinal
microbiota in the control group was represented
by Blautia (144 =+ 9.4%), Bifidobacterium
(11.3 + 12.6%), and unclassified bacteria from the
Lachnospiraceae (11.7 + 6.5%), Clostridiaceae
(10.6 £ 5.2%), and Ruminococcaceae (7.4 + 4.4%)
families.

Assessing the taxonomic diversity of the intestinal
microbiota

The assessment of a-diversity using the Shannon
index revealed a decrease in microbiota diversity
in children with BA compared to the controls
(Shannon index: p < 0.01; Fig. 2, a). The assessment
of the taxonomic abundance using the Chaol index
revealed no significant differences between the
groups (Chaol index: p = 0.2, Fig. 2, b).
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Fig. 1. Taxonomic composition of the intestinal microbiota samples at the family level
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0.001). Fig. 3 visualizes these differences using the
principal coordinate analysis (PCoA). Each point in
the figure corresponds to a sample, and the difference
between them indicates B-diversity: the closer the
points, the more similar their composition is.
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Fig. 3. Visualization of the differences between the samples using the PCoA: a — Aitchison distance, which assesses similarity of
proportions of prevailing bacteria; b — Bray — Curtis dissimilarity, which takes into account the proportions of all bacteria.

Features of intestinal microbiota in BA

The comparative analysis of the intestinal
microbiota composition in patients with BA and
the control group revealed significant differences in
the abundance of 29 taxa (p < 0.05). The presence
of BA was associated with increased abundance of
the Bacteroides, Parabacteroides, Lachnospira,

Roseburia, Akkermansia, Anaerostipes,
Sutterella, Odoribacter, Phascolarctobacterium,
Butyricimonas genera, as well as unclassified
bacteria of the Rikenellaceae, Barnesiellaceae, and
Peptostreptococcaceae families of the Mollicutes
class, Bacteroidales and Streptophyta orders. The
intestinal microbiota in children without BA was
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characterized by a higher content of bacteria of the
Blautia, Bifidobacterium, Dorea, Ruminococcus,

Collinsella, Lactococcus, and Catenibacterium
genera and the Clostridiaceae and Coriobacteriaceae

Streptococcus, Eubacterium, Acinetobacter, families (Fig. 4).
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Fig. 4. Differences in the bacterial abundance between patients with asthma and controls: ¢ — heatmap showing the abundance of
bacteria associated with the presence or absence of the disease, b — proportion of bacteria associated with the presence or absence
of the disease in the samples obtained from the BA patients and controls (the nearest balance method): each row corresponds to a
microorganism, and each column corresponds to a sample; the color of the cell indicates the proportion of bacteria in the sample.
The samples are grouped by the presence of the disease, and microorganisms are grouped by their association with the disease

The comparative assessment of the intestinal
microbiota composition was performed in the
samples obtained from children with BA depending
on the clinical course of the disease, asthma control,
the level of total IgE, and sensitization. It was
revealed that sensitization to household allergens
was associated with an increase in the abundance
of the Peptostreptococcus genus, and sensitization
to epidermal allergens — with increased abundance
of the Bacteroides fragilis genus. In the intestinal
microbiota samples obtained from children with
sensitization to food allergens, increased abundance of
the Blautia genus and a decrease in the Ruminococcus
and Dialister genera were noted. Patients with total
IgE levels greater than 100 IU / ml had decreased
representation of the Lachnospira genus in their
intestinal microbiota samples. The correlation
analysis revealed a direct correlation of FEV, with
the abundance of Bifidobacterium (0.36; p = 0.04),
Streptococcus (0.39; p = 0.02), and Ruminococcus
gnavus (0.37; p = 0.03). There were no significant
differences in the taxonomic composition of bacterial
communities in patients with ACT scores > 20 and <
20. The assessment of a- and -diversity also detected
no significant differences between the indices.

DISCUSSION

The intestinal microbiota in patients with BA
is characterized by a decrease in the taxonomic
diversity, as well as by qualitative and quantitative

changes in the bacterial composition compared to the
controls. The taxonomic diversity indicates stability
of the microbiota and its resistance to mutations,
and a decrease in diversity usually evidences of the
presence of a pathological process. Studies have
revealed a decrease in the taxonomic diversity of
the microbiota in early childhood; such children
are subsequently diagnosed with BA [10, 11, 19].
When assessing the taxonomic diversity in children
and adults with manifestations of BA, compared
to healthy controls, no significant differences in
a-diversity were identified [12, 20]. The absence or
minimal differences in the taxonomic diversity at an
older age suggests that microbial diversity might have
a stronger effect on the formation of immunological
tolerance and, consequently, the development of BA
at an early age [9, 10, 20].

In general, the data obtained in the study groups
on the most abundant bacteria at different taxonomic
levels are in line with modern ideas about the
composition of the intestinal microbiota [21]. We
found that the intestinal microbiota composition
in children with BA compared to the controls was
characterized by a relatively greater abundance
of Bacteroides, Parabacteroides, Lachnospira,
Roseburia, Akkermansia, Anaerostipes,
Sutterella, Odoribacter, Phascolarctobacterium,
and Butyricimonas and unclassified bacteria
of the Rikenellaceae, Barnesiellaceae, and
Peptostreptococcaceae families, the Mollicutes class.
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Prospective cohort studies showed that an increase
in the abundance of Bacteroides, Akkermansia,
Roseburia, and Lachnospira in the intestinal
microbiota of infants, on the contrary, was associated
with a decreased risk of developing BA [9, 11].

At the same time, it was shown that at the age
of over one year, the differences in the microbiota
composition in these cohorts were not significant [9,
11]. Studies revealed the anti-inflammatory potential
of these microorganisms and that an increase in
their abundance in children with BA might be a
compensatory mechanism inresponse to inflammation
of the respiratory mucosa [22]. The study using the
Mendelian randomization identified an association
between bacteria of the Butyricimonas genus and the
development of BA [23]. According to the systematic
review, in children with BA, the intestinal microbiota
was characterized by an increase in the abundance
of Bacteroides and a decrease in the abundance
of Akkermansia muciniphila, Faecalibacterium
prausnitzii, Clostridium, and Bifidobacterium [24].

Our study also showed a decrease in the abundance
of Bifidobacterium in the intestinal microbiota of
children with BA compared to the controls. Bacteria of
the Bifidobacterium genus have an immunomodulatory
effect due to stimulation of regulatory T cells [25]. It
is suggested that one of the mechanisms mediating
interactions within the gut— lung axis is the production
of SCF As by intestinal bacteria [6, 7]. Children with BA
are characterized by both an increase (4Anaerostipes,
Roseburia, Phascolarctobacterium) and a decrease
(Blautia Eubacterium) in the abundance of SCFA-
producing bacteria.

The patients with BA exhibited differences in
the quantitative abundance of bacteria depending on
the type of sensitization. Studies aimed at assessing
microbiota and sensitization to various allergens are
scarce. It was shown that sensitization to pet allergens
in children with BA was associated with lower
diversity of nasal microbiota and Corynebacterium
sp. and Staphylococcus epidermidis compared to
children without sensitization [26]. Another study
found that the presence of Ruminococcus was
positively associated with sensitization to casein [27].

CONCLUSION

Following the conducted study, we established
that the intestinal microbiota in children with BA is
characterized by the decreased taxonomic diversity
and differs in the bacterial composition from the

microbiota of apparently healthy children. A number
of significant differences in the abundance of bacteria
were revealed depending on the type of sensitization
and functional parameters of children in BA.
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Liver damage in patients hospitalized with acute decompensated heart
failure, depending on the degree of glucose metabolism disorder

Tolkacheva V.V, Diane M.L., Khutsishvili N.l., Misan I.A., Cabello Montoya F.E.,
Nazarov I.S., Smirnov I.P., Kobalava Zh.D.

Peoples’ Friendship University of Russia (RUDN University)
8, Mikluho-Maklaya Str., Moscow, 117198, Russian Federation

ABSTRACT

Aim. To study the frequency of cardiohepatic syndrome and steatosis by the value of controlled attenuation
parameter (CAP), fibrosis, and their combination, depending on the degree of glucose metabolism disorder in
patients with acute decompensated heart failure (ADHF).

Materials and methods. The study included 280 patients (53% men, average age 70.1 + 10.8 years) with ADHF:
72.5% of patients had a history of arterial hypertension, 60% of patients had coronary heart disease. The HbAlc
test was performed in all patients to assess the status of glucose metabolism. The patients were divided into
groups depending on the results obtained: at HbAlc values < 5.7%, patients were included in the group without
glucose metabolism disorders, at HbAlc 5.7-6.4% — in the prediabetes group, at HbAlc > 6.5% — in the type 2
diabetes group. All patients underwent a standard physical examination at admission and at discharge. Clinical and
comprehensive assessments of congestion were performed — NT-proBNP, lung ultrasound, liver fibroscan with
CAP, and bioelectrical impedance analysis of body composition.

Results. The frequency of glucose metabolism disorders in patients hospitalized with ADHF was 57.5% (n = 161),
while prediabetes was detected in 17.1% (n = 48) and type 2 diabetes — in 40.4% (n = 113) of patients. We revealed
significantly higher incidence of steatosis by CAP value (69 vs. 42%, p < 0.001), fibrosis (80 vs. 64%, p <0.001),
and their combination (59 vs. 30%, p <0.001), as well as cardiohepatic syndrome (87 vs. 61%, p <0.001) in patients
with ADHF and glucose metabolism disorders compared to individuals with ADHF without glucose metabolism
disorders, respectively. The group of ADHF patients with glucose metabolism disorders and a combination of
steatosis / fibrosis was characterized by more pronounced manifestations of metabolic syndrome, impaired kidney
and liver function, and more pronounced manifestations (both clinical and laboratory) of congestion.

Conclusion. In patients with ADHF with glucose metabolism disorders, liver function test and liver fibroscan
with CAP allow for identifying the most severe group of patients with a combination of steatosis/fibrosis and
pronounced congestion.
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Mopa)keHne neyeHn y NnaLneHToB, roCNUTann3npoBaHHbIX
C OCTPOI AeKOMIMEeHcaLein XpoOHN4YeCKon cepaevyHON He[O0CTaTOYHOCTH,
B 3aBMCMMOCTM OT CTENEeHWN HapyLUeHNA YyrneBogHoro oomeHa

Tonkauesa B.B., Ainane M.J1., Xyynwsunm H.U., Mucau U.A., Kabenbo MonTona @.3.,
Hasapos U.C., CmupHoB W.MN., Ko6anasa »K.[.

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

PE3IOME

Hesb: U3y4nuTh YacTOTY CTEATO3a IO 3HAYCHUIO KOHTPOJHpyeMoro mapamerpa ociabienus (CAP), hpubdposa u
UX COUCTaHUs, a TAKKE CEPACHHO-TICHEHOYHbIX CUHAPOMOB B 3aBUCUMOCTHU OT CTCIICHU HAPYUICHHUA YTIJTIEBOAHOTO
obmena (HYO) y mauueHToB ¢ 0CTpoil IeKOMIIeHCaue XpoHruuecKoi cepaeunoit nenocratounoct (OAXCH).

Marepuana u meronbl. B uccienoBanne Obuti BKIFOUYEHBI 280 manueHToB (53% MYXKUYUH, CpEIHUI BO3pacT
70,1 + 10,8 ner) ¢ OJJIXCH. AprepnaibHylo TUIIEPTOHHIO B aHAMHE3e HMenH 72,5%, WIIeMHYecKylo 00JIe3Hb
cepamna — 60% mnamueHToB. BeceM manmeHTam U OIEHKH CTaTyca yTJICBOAHOTO OOMEHa ONpeelsuI YPOBEHb
rIuKrpoBaHHOro reMornoouna (HbA 1c). [TanmenTs! ObUTH pa3/iesieHb! Ha TPYIITE B 3aBUCHMOCTH OT ITOJTYUSHHBIX
pe3ynbTaToB: npu 3HaueHusx HbAlc < 5,7% — B rpymmy 6e3 HYO; 5,7-6,4% — B rpynmy npeanabera; >6,5% —
B Tpymnmy caxapHoro auabera (CJI) 2-ro Tuna.

[ManmenTam IPOBOAMIN CTaHAAPTHOE (HH3HIECKOE 00CTeT0BAHIE MPH TOCTYIUICHUH 1 ITPU BBITHCKE, a TAKKE KITH-
HUYECKYIO U KOMIUIEKCHYIO OLIEHKY 3acTosi — uccaenoBanus NT-proBNP, yiasTpazBykoBoe Hccie10BaHUE JIETKUX,
(hubpockaHupOBaHHE MTEYCHH, BKIIIOYass KOHTPOIHPYEMbIii mapameTp ocnabienuss CAP, bnonmMmneraHCHBIN aHATH3
COCTaBa Tena.

PesyabTatel. Yactora HYO y manuentos, rocnutanusupoBanssix ¢ OAXCH, cocraBnster 57,5% (n = 161), npu
9TOM npeanadet O6bu1 BoisiBieH B 17,1% (n =48), CI 2-ro Tuna — B 40,4% (n = 113) cny4aes. BeisiBnena qoctosep-
HO GoJiee BbICOKas 4acToTa creaTos3a 1o 3HadeHuo CAP (69 nporus 42%, p < 0,001), pubposza (80 nporus 64%,
p <0,001) u ux coueranus (59 npotus 30%, p < 0,001), a Takxke cepeUHO-IIEYEHOYHOT0 cUHApoMa (87 mpoTuB
61%, p < 0,001) y matmenroB OJIXCH n HYO B otinune ot nanuertoB OJIXCH 6e3 HYO cootBeTcTBEHHO.
I'pynmna nanuenros OJJXCH ¢ HYO u coueranuem creatosa (¢pudpo3a) Obiia Hanboiee TSHKEION, XapakTepu30Ba-
Jach GoJiee BbIPayKEHHBIMU HPOSIBICHUSAMHI META00INYECKOT0 CHHAPOMA, HAPYLICHUSIMH (DYHKIIUH [TOYEK, IEYEHH,
6oJiee BbIPOKEHHBIMHU MTPOSIBIICHUSAMM 3aCTOS1, KaK KIMHUYECKMMH, TaK JIaAO0OpaTOPHO-UHCTPYMEHTAJILHBIMU.

3akaouenne. Y nannentoB OJIXCH ¢ HYO omnpenenenne ypoBHs Ie4eHOUHBIX ()EPMEHTOB, a TAKXKe IpOBeJie-
HHe pUOpoCKaHMpOBaHUs NedeHu u onpezneneHre CAP 1M03BOIHT BBIETUTH HaHOOJIee TSHKETYIO TPYIIITY HaI[HeH-
TOB C coYeTaHHeM cTeaTo3a (Gpudpo3a) 1 BeIpaKEHHBIMH SIBICHHSIMH 3aCTOSI.

KroueBble cloBa: cep/iedHasi HEIOCTATOYHOCTh, PHOPOCKAHUPOBAHHE TEUCHH, cTeaTo3, GUbpo3, HapyIlIeHHEe
YTJIEBOZHOTO 0OMeHa

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaINEeil HACTOSIIECH CTaThH.

HcrouHuk puHAHCHPOBAHMS. ABTOPBI 3asBIISIOT 00 OTCYTCTBHM ()MHAHCUPOBAHHS MPH MIPOBEJCHUH HCCIEN0-
BaHUsL.

CooTBeTcTBHE MPUHIIMIIAM dTHKH. Bce manueHTsl moanucam HHGOPMHUPOBAHHOE COTJIACHE HA YYacTHE B HC-
cnenoBanuu. MccnenoBanue 000pEHO ITHYECKUM KOMHTETOM Memuiuackoro wHcTHTyTa PY/IH (mpoTokon
Ne 28 ot 15.04.2021).

Jast uurupoBanusi: Tonkauesa B.B., lnane M.JIL., Xyuumsuiu H.U., Mucan U.A., Kabenro Monroiia @.9., Ha-
3apoB U.C., CmupHoB N.I1., Ko6anasa X./I. [lopaskeHnue neueHu y naueHTOB, TOCIUTATU3UPOBAHHBIX C OCTPOM
JIEKOMITCHCAlMel XPOHUYECKOI CepJieYHON HeJOCTaTOYHOCTH, B 3aBUCHMOCTH OT CTEIICHH HapYIICHUS YTIIIEBOI-
HOTo 00MeHa. broaemens cubupckoul meouyunet. 2024;23(3):107—-115. https://doi.org/10.20538/1682-0363-2024-
3-107-115.
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INTRODUCTION

The problem of heart failure (HF) remains one
of the most urgent in cardiology, and dysfunction
of peripheral target organs makes a significant
contribution to HF development. Carbohydrate
metabolism disorders (CMD), such as type 2 diabetes
mellitus (DM) and prediabetes, are common in
patients hospitalized with acute decompensated heart
failure (ADHF). Prolonged systemic congestion in
HF contributes to the development of liver damage
in patients with CMD and is associated with a poor
prognosis and the formation of fibrosis and then liver
fibrosis [1].

Non-alcoholic fatty liver disease (NAFLD),
which is often detected in this group of patients,
also contributes to this pathology to a certain extent.
The presence of a combined pathology leads to
significant deterioration in the prognosis, as well as
an increased risk of death from cirrhosis. The overall
prevalence of NAFLD in patients with type 2 DM is
55.5%, which is more than two times higher than in
the general population [2]. The relationship between
the presence of NAFLD and metabolic syndrome
is beyond doubt, while insulin resistance, which
is the main characteristic of metabolic syndrome,
is a key factor in this relationship. There are few
studies devoted to the assessment of structural liver
disorders using elastography in patients with stable
HF, ADHF, and CMD. The most common indices
for the diagnosis of steatosis are the Fatty Liver
Index (FLI) and the Hepatic Steatosis Index (HSI).

It has been shown that the severity of NAFLD
is associated with HSI in patients with metabolic
syndrome who had dyslipidemia and CMD regardless
of the presence of obesity and insulin resistance [3].
It has been demonstrated that patients with ischemic
heart disease and type 2 DM are characterized by
the presence of pronounced structural and functional
changes in the liver, which are manifested by
elevated levels of liver enzymes and high values of
liver HSI and fibrosis index compared to patients
with HF without type 2 DM [4]. At the same
time, data on the frequency of steatosis and liver
fibrosis in patients with HF and prediabetes are not
presented in the literature. To identify and measure
steatosis, controlled attenuation parameter (CAP),
a new parameter developed based on the ultrasonic
properties of radiofrequency back-propagated
signals received via elastography, is used.

In this regard, the aim of this research was to
study the frequency of steatosis by the value of CAP
as well as to study the frequency of fibrosis, their
combination, and cardiohepatic syndrome depending
on the degree of CMD in patients with ADHF.

MATERIALS AND METHODS

A prospective, observational study included 280
people hospitalized with ADHF. The main criteria
for the diagnosis of ADHF were considered to be
rapid deterioration of symptoms and signs of HF,
requiring emergency hospitalization of the patient
and intensive care in the presence of objective signs
of heart damage, which included systolic and/or
diastolic dysfunction, left ventricular hypertrophy,
left atrial dilation according to echocardiography,
and increased levels of NT-proBNP.

The exclusion criteria were the following:
the presence of acute coronary syndrome, end-
stage renal disease, liver failure, known hepatitis
(cirrhosis), non-cardiogenic edema, active cancer,
lung damage due to exacerbation of obstructive lung
disease, bronchial asthma, pneumonia, COVID-19 or
COVID-19 contact patients, type 1 diabetes mellitus,
immobilization, and severe cognitive deficit.

To assess the status of carbohydrate metabolism,
we determined the level of glycated hemoglobin
(HbAlc). The patients were divided into groups
depending on the results obtained: at HbAlc values <
5.7%, the patients were included in the group without
CMD, at HbA1c 5.7-6.4% — in the prediabetes group,
at HbAlc > 6.5% — in the type 2 DM group [5].

Upon admission and discharge, a standard
physical examination and routine laboratory and
instrumental studies were performed, which included
lung ultrasound, determination of NT-proBNP, liver
fibroscan with CAP, and bioelectrical impedance
vector analysis (BIVA) of body composition (Fig. 1).

All patients signed an informed consent to
participate in the study. The study was approved by
the Ethics Committee at RUDN Medical Institute
(Protocol No. 28 of 15.04.2021). The clinical and
demographic characteristics of the patients are
presented in Table 1.

Table 1
Clinical and demographic characteristics of patients
included in the study, n =280
Parameter Value
Gender (male / female), n (%) 148 (53%) / 132 (47%)
Age, years, M + SD 70.1+10.8
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Table 1 (continued)

Parameter Value

Body mass index, kg / m?, M + SD 32.1+5.7
HF functional class, NYHA, n (%)

11 90 (32%)

1 123 (44%)

v 67 (24%)
Left ventricular ejection fraction,
vy Mo SD L 451+119
Left ventricular ejection fraction, n (%):

<40% 84 (30%)

40-49% 71 (25%)

>50% 125 (45%)
Arterial hypertension, n (%) 203 (72.5%)
History of stroke, n (%) 36 (13%)
Coronary heart disease, n (%) 167 (60%)
History of myocardial infarction, n (%) 106 (38%)
Atrial fibrillation / flutter, n (%) 185 (66%)
Chronic kidney disease, 1 (%) 73 (26%)
Chronic obstructive pulmonary disease 47 (17%)

(bronchial asthma), n (%)

The composite congestion score (CCS) was used
to assess clinical congestion. Orthopnea, swelling

Patients with

of the cervical veins, and peripheral edema were
evaluated in points. Each clinical symptom and
sign were evaluated at admission and at discharge.
The total score > 1 was considered as clinical
congestion at admission and as residual congestion
with clinical manifestations at discharge. The results
on the assessment of the hydration status in patients
hospitalized with ADHF, depending on the degree of
CMD, were published earlier [5].

The level of NT-proBNP was determined by the
enzyme-linked immunosorbent assay (ELISA) using
the NT-proBNP-ELISA-BEST test systems and the
A-9102 set of reagents (Vector-Best, Russia). Lung
ultrasound was performed in 8 chest zones with the
calculation of the sum of B-lines on the VIVID iq
ultrasound system (GE Healthcare, USA). Indirect
liver elastography (ILE) was performed using the
FibroScan 502 Touch device (Echosens, France)
according to the standard procedure. BIVA was
performed using the Russian serial bioelectrical
impedance analyzer ABC-01 Medass [5].

decompensated HF,
n =280
Appointment 1. Appointment 2.
—> Admission. ” Discharge.
0+24 Patients without Day 8
> <5.7% CMD,
patients 2 n=119
\ / no history . .
of type 2 DM Patlepts with
HbAlc test > '57_6.49% | prediabetes,
n=48
no history Patients with
—f type 2 DM type 2 DM
>6.5%2 n=113 ’
 /  /

— NT-proBNP

— Lung ultrasound

— Liver fibroscan with CAP
— BIVA

Clinical and demographic characterisitcs and demographic characteristics
— Clinical symptoms of HF based on the HFA scale
(dyspnea, edema, bulging veins, rale, orthopnoea)

Fig. 1. Study design
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If there was a deviation of at least one hepatic
parameter from reference values, the patient was
considered to have cardiohepatic syndrome. With an
increase in markers of cytolysis syndrome (alanine
transaminase (ALT), aspartate transaminase (AST)),
the patient was diagnosed with hepatocellular
cardiohepatic syndrome, with an increase in
markers of cholestasis (alkaline phosphatase (ALP),
total bilirubin) — with cholestatic cardiohepatic
syndrome. A combined increase in markers of
cytolysis and cholestasis and an increase in total
bilirubin were designated as mixed cardiohepatic
syndrome.

STATISTICAL ANALYSIS

Statistical data were processed using the MedCalc
version 19.0 and IBM SPSS Statistics version 26.0
software tools. Quantitative variables were described
as the arithmetic mean and the standard deviation
of the mean (M + SD) when the distribution was
normal or as the median and the interquartile range
(Me; IQR) in case of non-normal distribution. The
nature of the data distribution was determined
by the Kolmogorov — Smirnov test. With normal
distribution of data, the statistical significance of the

CHF patients without CMD (n = 119)

Fibrosis
- + _
- 24% 34%
@ n=28) || m=41)
8 [ | 64%
3 (n="17)
n 12%
+ (n=14)
|
1
42%
(n=150)

differences was assessed using the Student’s f-test
for related and unrelated samples. When the data
distribution was not normal, the significance of the
differences was analyzed using the Mann — Whitney
test for unrelated samples and the Wilcoxon test for
related samples. The differences were considered
statistically significant at p < 0.05 (with account of
the Bonferroni correction).

RESULTS

The frequency of CMDs in patients hospitalized
with ADHF was 57.5% (n = 161), while prediabetes
was detected in 17.1% (n = 48) and type 2 DM — in
40.4% (n = 113) of cases [5].

The incidence of steatosis in patients without
CMDs was 42% (n = 50), while in patients with
CMDs, it accounted for 69% (n = 111) of cases (p <
0.001). The incidence of fibrosis (F1-F4 > 5.8 kPa)
was 64% (n="77) in patients without CMDs and 80%
(n = 129) in patients with CMDs (p < 0.001). The
number of patients with a combination of steatosis /
fibrosis among patients with ADHF and CMD was
maximum and amounted to 59% (n = 95), which was
2 times greater than in the group of ADHF patients
without CMDs — 30% (n = 36) (Fig. 2).

CHF patients with CMD (n=161)

Fibrosis
- 4
- 10% 21%
K] (n=16) ||(n=234)
§ 80%
§ (n=129)
n 10%
+ (n=16)
1
|
69%
(n=114)

Fig. 2. The frequency of steatosis and fibrosis in patients with ADHF, depending on CMD, n =280

The group of ADHF patients with CMDs and a
combination of steatosis/fibrosis had the most severe
course of the disease, characterized by high incidence
of comorbid pathology, namely arterial hypertension,
coronary heart disease, atrial fibrillation, and chronic
kidney disease in the medical history, pronounced

manifestations of metabolic syndrome, impaired renal
and liver functions, manifestations of congestion,
which were detected both in the clinical presentation
and testresults, the lowest values of the left ventricular
ejection fraction and the 6-minute walk test (6MWT),
and higher clinical rating scales (CRS).
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The correlations were studied of CAP (Table 2)
and liver density values (Table 3) with clinical
(laboratory) parameters in patients with ADHF,
depending on the degree of CMD. Significant
positive correlations were found between CAP
and liver enzymes (bilirubin, ALT, AST, lactate
dehydrogenase (LDH)). Significant moderate
positive correlations were determined between CAP
and HSI, glycemic status parameters (Triglyceride —
Glucose Index (TyQ)), lipid metabolism parameters
(total cholesterol, low-density lipoproteins (LDL),
triglycerides (TG)), body mass index (BMI), waist
circumference, and the frequency of coronary heart
disease (CHD) in the medical history. Negative

correlations were found between CAP and 6MWT
and HDL in all groups of patients, regardless
of the status of carbohydrate metabolism. At
the same time, positive correlations of CAP
with HbAlc and liver density were observed in
patients with CMDs (prediabetes and type 2 DM)
(Table 2).

Positive correlations were revealed between
liver density index and CRS index, the level of NT-
proBNP, and the content of creatinine. Negative
correlations were found between liver density and
glomerular filtration rate (GFR), LV ejection fraction
(LVEF), and 6MWT, regardless of the status of
carbohydrate metabolism (Table 3).

Table 2

Correlations of the CAP index with clinical and laboratory parameters in patients with ADHF depending on the degree
of carbohydrate metabolism disorder, r/p

ADHF without carbohydrate metabolism ADHF and prediabetes, ADHEF and type 2 diabetes
Parameter . .
disorder, n =119 n=48 mellitus, n =113
Clinical and demographic parameters
BMI 0.21/0.02 0.40/ 0.004 0.34/ <0.001
Waist circumference 0.24/ 0.006 0.57/<0.001 0.40/ <0.001
CHD 0.37/<0.001 0.34/0.01 0.25/<0.001
6MWT —0.23/0.009 —0.41/0.003 —0.37/<0.001
Glycemic status
Glucose 0.37/<0.001 0.41/0.003 0.38/<0.001
HbAlc - 0.47/ <0.001 0.24/0.001
TyG 0.39/<0.001 0.46/ <0.001 0.43/<0.001
Lipid metabolism
Cholesterol 0.27/0.002 0.42/0.002 0.28/<0.001
LDL 0.30/<0.001 0.41/0.003 0.31/<0.001
HDL —0.29/<0.001 —0.34/0.01 —0.40/ <0.001
TG 0.32/<0.001 0.45/0.001 0.30/ <0.001
Liver parameters
Total bilirubin 0.59/<0.001 0.62/<0.001 0.54/<0.001
ALT 0.57/<0.001 0.56/ <0.001 0.74/<0.001
AST 0.57/<0.001 0.64/ <0.001 0.76/ <0.001
LDH 0.51/<0.001 0.36/=0.01 0.52/<0.001
ALP 0.55/<0.001 0.23/<0.001 0.27/<0.001
HSI index 0.31/<0.001 0.33/0.02 0.37/<0.001
Liver density - 0.46/ <0.001 0.17/0.02
Table 3

Correlations of liver density with functional (laboratory) parameters in patients with ADHF depending on the degree
of carbohydrate metabolism disorder, 7/p

Parameter ADHF \fvithogt carbohydrate ADHF and prediabetes, ADHF an.d type 2 diabetes
metabolism disorder, n =119 n=48 mellitus, n =113
Functional status
6MWT - —-0.18/0.03 -0.18/0.04
CRS 0.22/0.01 0.28/0.005 0.26/ 0.005
Laboratory parameters
LVEF —0.29/0.001 —0.19/0.01 —0.40/ <0.001
NT-proBNP 0.31/0.001 0.26/ 0.04 0.32/0.002
Functional state of the kidneys
Creatinine 0.29/0.001 0.45/0.001 0.35/0.001
GFR —0.17/0.05 —-0.21/0.05 —0.23/0.003
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The frequency of cardiohepatic syndrome in
patients was studied depending on the degree of
CMD. The incidence of cardiohepatic syndrome in
patients without CMDs was 61% (n = 72) and in
patients with CMDs — 87% (n = 140) (p < 0.001).
At the same time, the frequency of hepatocellular

100
90
80

-=p > 0.001
70 61%
60

50

40 . T
30 20
20 30 ?

- 87%

10 —
-p>0001= 13

CHF without CMD CHF with CMD

No cardiohepatic syndrome

Hepatocellular

and cholestatic syndromes was comparable between
the groups, and in ADHF patients with CMD, the
frequency of the mixed type prevailed and was
two times higher than in CHF patients without
CMD (60% (n = 97) vs. 37% (n = 43), p < 0.001,
respectively) (Fig. 3).

= 87% = 87%
— 2
13 13
CHF and prediabetes CHF and type 2 DM
Cholestatic Il Mixed

Fig. 3. The frequency of cardiohepatic syndromes in patients with ADHF depending on CMDs, n =280

Significantly higher values of fasting glucose,
total cholesterol, liver enzymes, liver density,
and CAP were found in patients with ADHF and
cardiohepatic syndromes, regardless of the degree of
CMD.

DISCUSSION

Liver damage caused by a combined pathology,
namely ADHF and CMD, was observed in a fairly
large number of cases. Inflammation and fibrosis are
the main factors determining the progression of liver
damage. Fibrosisin patients with NAFLD is associated
not only with the risk of morbidity and mortality from
liver pathology, but also with the cardiovascular risk.
It has been shown that an increase in liver enzymes
can be observed with initial manifestations of HF
caused by hemodynamic mechanisms [6]. Liver
enzymes are associated with the class of HF, while
the level of bilirubin according to the CHARM study
[7] is the most important predictor of hospitalizations
for ADHF and cardiovascular mortality. Venous
congestion, decreased cardiac output, and arterial
hypoxemia also play an important role in ischemic
hepatitis [8]. At the same time, fibrosis has been
shown to be the most critical factor in the progression
of liver disease [9-12].

Given high prevalence of steatosis, its mainly benign
course, and a lack of a clear association with changes
in liver enzymes, it is important to use non-invasive
methods to identify and quantify steatosis. CAP is
a new parameter developed based on the ultrasonic
properties of radiofrequency back-propagated signals
receive via elastography to identify and measure
steatosis. Based on CAP, the study established high
frequency of steatosis (69 vs. 42%, p <0.001), fibrosis
(80 vs. 64%, p < 0.001), their combination (59 vs.
30%, p < 0.001), and cardiohepatic syndrome (87 vs.
61%, p <0.001) in patients with ADHF and CMD, as
opposed to ADHF patients without CMD, respectively.
At the same time, the frequency of hepatocellular and
cholestatic syndromes was comparable.

In a multicenter study involving 4,228 patients,
more than 40% of patients hospitalized with acute
heart failure had abnormal liver enzyme values. The
multivariate analysis showed that only an increase
in total bilirubin was independently associated with
deterioration in clinical outcomes after both 30 and
180 days and may represent an important prognostic
marker [13].

Aretrospective study involving 1,032 patients with
CHF of Caucasian origin demonstrated high incidence
of liver dysfunction, which was characterized by a
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predominant increase in cholestasis enzymes (total
bilirubin, = gamma-glutamyltransferase ~ (GGT),
and ALP). The frequency of elevated cholestasis
enzymes was 19.2%, the frequency of elevated
transaminases was 8.3% [14]. In our study, the
incidence of cholestatic syndrome was 20% in
patients with ADHF and CMD and 17% in ADHF
patients without CMD. Hepatocellular syndrome
and cardiohepatic syndrome were detected in 7 and
7% of cases, respectively.

Patients with ADHF and cardiohepatic syndrome,
regardless of the degree of CMD, had higher values
of BMI, waist -circumference, glycemia, total
cholesterol, liver enzymes, liver density, and CAP. In
addition, patients with prediabetes and type 2 DM and
cardiohepatic syndrome had significantly higher HSI
values, a history of coronary heart disease and arterial
hypertension, lower HDL values, as well as unreliably
lower 6MWT results, which confirms the presence of
more pronounced metabolic disorders in these patients.

The work by M.E. Statsenko et al. showed that
patients with ischemic HF and type 2 DM had more
pronounced structural and functional changes in the
liver, manifested by high incidence of GGT, AST,
and ALT, high HSI and liver fibrosis index compared
to HF patients without type 2 DM [4].

In our work, the group of ADHF patients with
CMD and a combination of steatosis/fibrosis was
characterized by the most severe manifestations of
congestion, lower values of LVEF, more pronounced
functional disorders of the kidneys and liver, as well
as glycemic and lipid profiles, which were detected
both in the clinical presentation and test results,
compared to all other groups.

Significant positive correlations of CAP with
liver enzymes (bilirubin, ALT, AST, LDH) and
negative correlations of CAP with 6MWT results
were revealed in all groups of patients, regardless of
the status of carbohydrate metabolism. At the same
time, positive correlations were revealed between
CAP and HbAIc and liver density in patients with
CMD (prediabetes and type 2 DM). The literature
also describes a strong correlation between CAP and
the HOMA-IR insulin resistance index [15]. Our
work also revealed the relationship between CAP
and TyG index, regardless of the presence of CMD.

In our work, positive correlations were revealed
between CAP and all parameters of lipid metabolism,
regardless of the presence of CMD in patients with
ADHF, which is consistent with the literature data [1,

3, 16]. In addition, positive correlations were noted
between liver density and the values of CRS, NT-
proBNP level, and creatinine; negative correlations
were identified between liver density and GFR,
LVEF, and 6MWT results, regardless of the status of
carbohydrate metabolism. Inflammation and fibrosis
are the main factors determining the progression of
liver disease. Fibrosis in patients with NAFLD is
associated not only with the risk of morbidity and
mortality from liver pathology, but also with the
cardiovascular risk.

CONCLUSION

Taking into account the presence of positive
correlations between CAP and liver enzymes in all
groups of CHF patients, regardless of the status of
carbohydrate metabolism, on the one hand, and
positive correlations between CAP and HbAlc and
liver density in patients with ADHF and CMD, on the
other hand, determining the level of liver enzymes and
CAP and performing liver fibroscan testing will allow
to identify a group of patients with a combination of
steatosis/fibrosis and pronounced congestion.
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Parameters of leukopoiesis and thrombocytopenia in early urosepsis
as potential predictors of a lethal outcome in hospitalized patients

Fedosenko S.V., Rodionova Yu.O., Ivanova A.l., Arzhanik M.B., Semenova O.L.,
Nesterovich S.V., Starovoitova E.A., Zima A.P., Vinokurova D.A., Kamaltynova E.M.,
Kalyuzhin V.V.

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

ABSTRACT

Aim. To perform a comparative analysis of leukopoiesis parameters and platelet count in peripheral blood with
evaluation of their changes in the first 48 hours from urosepsis (US) verification in hospitalized patients depending
on the outcome of the disease.

Materials and methods. A retrospective comparative study included 40 patients with US divided into a group
of deceased (n = 10) and a group of recovered (n = 30) individuals. Along with a full clinical and paraclinical
examination, which is a routine practice in the urology clinic in case of suspected (confirmed) sepsis, we performed
a differentiated assessment of leukopoiesis and platelet count in peripheral blood at baseline (at the moment of US
verification) and 48 hours after US verification. The assessment included determination of the immature granulocyte
count, investigation of neutrophil granularity intensity (NEUT-GI) and neutrophil reactivity intensity (NEUT-RI),
and measurement of the mean platelet volume (MPV).

Results. The baseline level of organ dysfunction graded by the SOFA (Sequential Organ Failure Assessment)
score was significantly higher in deceased patients than in survivors (6 points vs. 3 points, respectively; p = 0.001).
The group of the deceased was characterized by lower platelet and monocyte levels. The ROC analysis with the
calculation of area under the curve (AUC) identified the following potential predictors of a lethal outcome in US:
proportion of monocytes from the total leukocyte count at baseline < 5.5% (AUC 0.732, p = 0.032), proportion of
eosinophils from the total leukocyte count at baseline < 0% (AUC 0.756, p = 0.011), absolute eosinophil count at
baseline < 0.01 x 10°/1 (AUC 0.802, p = 0.009), absolute basophil count at baseline < 0.03 x 10°/1 (AUC 0.718,
p=0.028), NEUT-GI at baseline < 153.2 scatter intensity (SI) units (AUC 0.754, p = 0.021), NEUT-RI at baseline
<59.3 ST units (AUC 0.737, p = 0.024) and their increase after 48 hours by > 0.9 SI units (AUC 0.852, p = 0.001)
or by > 1.34% (AUC 0.844, p = 0.003), platelet count at baseline < 144 x 10°/1 (AUC 0.762, p = 0.007) and after
48 hours < 174 x 10°/1 (AUC 0.769, p < 0.007).

Conclusion. The assessment of the platelet count and leukopoiesis parameters, including the ones characterizing
neutrophil maturation (NEUT-RI, NEUT-GI), in the first 48 hours from US verification, can be effective predictors
of a lethal outcome in patients with US.

Keywords: urosepsis, lethal outcome, NEUT-GI, NEUT-RI, immature reticulocytes, MPV, lymphopenia,
thrombocytopenia, anemia
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MokasaTenu nenKouUTapHOro pocTka KPOBEeTBOPEHUA 1 TpoMmooumnToneHns
B paHHMe CPOKU Pa3BUTUA Ypocerncuca Kak NnoTeHuanbHble NpeanKTopbl
NeTaNbHOro NCX0Aa Y roCNUTANIN3NPOBaHHbIX NaLNeHTOB

®epocenko C.B., PoguoHosa 10.0., UBaHoBa A.U., ApxxaHuk M.b., CemeHoBa O.J1.,
HecrepoBuu C.B., CrapoBonToBa E.A., 3uma A.ll., BuHokyposa [1.A., KamanTbiHOBa E.M.,
Kano»xxuH B.B.

Cubupckuii cocyoapcmeenmblil meouyurckull yrusepcumem (Cubl’ MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

Iesan. BrinonHeHHe CpaBHUTEIBHOIO aHalu3a IOKa3aTelaeld JeHKOLUTApHOIO POCTKA I'eMOI033a U YPOBH:
TPOMOOILIUTOB B INMepupepUUECKON KPOBH C OICHKOM XapakTepa MX H3MCHCHHU B mepBbie 48 4 OT MOMEHTa
Bepudukanun ypocencuca (YC) y rocinTann3upoBaHHbIX TALIMEHTOB B 3aBUCHMOCTH OT MCX0/1a OOJIe3HU.

Marepuajbl U MeToAbl. [IpoBeseHO peTpOoCHEKTHBHOE CpaBHHUTENbHOE HccienoBanne 40 mamueHtoB ¢ YC,
pasneneHHbIX Ha rpynmy ymepmmx (n = 10) u BepopoeBmmx (n = 30). Hapsigy ¢ MONHBIM KIMHUYECKHM H
HapakIMHIYECKUM 00CIIeJOBAaHUEM, IPUHSTHIM B yPOJIOTHUECKON KIIMHHKE IIPH IOA03PeBaeMOM (TI0ITBEPXKICHHOM)
cercuce, UCXOJHO B MoMeHT Bepudukannu YC u uepe3 48 4 mpoBoamnachk auddepeHnnpoBaHHas OIeHKa B
nepudeprudeckoil KpoBH (HOPMEHHBIX PJIEMEHTOB JICHKOIUTAPHOTO T€MOIMOITHYECKOTO POCTKA M TPOMOOIHUTOB,
BKJTIOYAIOIIAsl ITOJCYET YHCIAa HE3peJbIX TI'PaHyJIOLUTOB, MCCIEIOBAaHHE WHTEHCUBHOCTH HEHTPODMIHLHON
3eprucroct (NEUT-GI) u peakruBroctn (NEUT-RI) Hefirpodminos, a Taxke cpepHero odbeMa TpOMOOIUTOB
(MPV).

Pe3yabTaTthl. MicxonHO YpOBeHb OpraHHOM AuCOYHKINH, oreHeHHbIH 1o mkaite SOFA (Sequential Organ Failure
Assessment), y yMEpIINX MallMCHTOB ObUI 3HAYUMO BBIIIE, YeM y BBDKUBINUX (6 OamioB vs 3 GalioB cOOTBET-
ctBenHo; p = 0,001). ['pynma ymepmux oTandanach 60i1ee HUI3KHMU YPOBHEM TPOMOOIIMTOB U MOHOIITOB. ROC-
ananm3 ¢ pacyeroM AUC (Turoraab 1moj KpUBOit) HO3BOJIMII BBISIBUTH CIIEIYIOLIME TOTCHINAIBHbIC IPESANKTOPDI
JeTanbHOro ucxoxa npu YC: 07 MOHOLHMTOB OT OOIIEro yucia JeWKOmuToB McxomHo <5,5% (AUC 0,732;
p =0,032), nons s03uHOPMUIOB OT 001Iero Yncna aeikornutoB ucxoquo <0% (AUC 0,756; p = 0,011) u abcomroT-
HOE YKCII0 303uHOPMIOB Hexoauo <0,01 x 10°/1 (AUC 0,802; p = 0,009), aGCOMOTHOE YHCIIO 6A30(HUIIOB HCXOJHO
<0,03 x 10%1 (AUC 0,718; p = 0,028), NEUT-GI ucxomno <153,2 eIuHHUIIEI HHTEHCHBHOCTH (IyOPECIIEHIINH
(U®D) (AUC 0,754; p = 0,021), NEUT-RI ucxoguo <59,3 Ud (AUC 0,737; p = 0,024) u ux yBenudeHue depes
48 4 Ha Gonee yem 0,9 LD (AUC 0,852; p = 0,001) nnu Ha Gonee uem 1,34% (AUC 0,844; p = 0,003), ypoBeHB
TpOMOOIUTOB HcX0aHO <144 x 10%/1 (AUC 0,762; p = 0,007) u uepes 48 u <174 x 10°1 (AUC 0,769; p < 0,007).

3akuoyenue. OneHKa ypoBHs TPOMOOIIMTOB, @ TAKXKe MOKa3aTelel JISHKOLMTAPHOTO POCTKA 'eMOII033a, BKIII0Yast
napameTpsbl, xapakrepusytomue akruBanuio HeiirpopuiaoB (NEUT-RI, NEUT-GI), B nepBble 48 4 0T MOMeHTa
JIMAarHOCTHUKH CENITUYECKOTO COCTOSHUS MOXKET OBITh IOJIE3HOM NPH NPOTHO3MPOBAHUH JICTAJIBHOTO UCXO0/A Y Ta-
mueHTos ¢ YC.

Kuiaouessble cioBa: ypocerncuc, neransabiii ncxon, NEUT-GI, NEUT-RI, uvespensie perukynouutsl, MPV, mum-
(hormeHusT, TPOMOOIIUTOTICHHS, AHEMHUS

KOHq).]IHKT HUHTEPECOB. ABTOpLI JACKIApUPYIOT OTCYTCTBUE SAIBHBIX U MNOTCHIUAJIBHBIX KOHQ)HI/IKTOB HUHTEPECOB,
CBA3aHHBIX C HyGHHKaHHGﬁ HaCTOS{H.[eﬁ CTaTbHU.

Hcrounuk ¢uHAHCHPOBAHUSA. ABTOPHl 3asABISIIOT 00 OTCYTCTBHM (PMHAHCHPOBAHHSA TIPH TIPOBEJCHUU
HCCIIEI0BAHMSI.

CooTBeTcTBMEe NPUHUMIAM 3THKH. VccrnenoBanue omoOpeHO JOKalIbHBIM 3THYECKUM KoMuTteroM Cubl'MVY
(petenne Ne 8616/1 ot 29.03.2021).
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crepoBuy C.B., CrapoBoiitoBa E.A., 3uma A.Il., Bunokyposa J{.A., KamanteiHoBa E.M., Kamtoxxun B.B. IToka-
3aTesN JISHKOIIMTapHOTO POCTKA KPOBETBOPEHUSI M TPOMOOIIMTONICHHSI B pAHHHE CPOKH Pa3BUTHSI ypOCETCHca KakK
HOTEHIUATIbHBIE MPETUKTOPHI JIETAIBHOIO UCX0/1a y TOCHHUTAIN3UPOBAHHBIX MALUEHTOB. Bioiemens cubupckol
meouyunsl. 2024;23(3):116-125. https://doi.org/10.20538/1682-0363-2024-3-116-125.

INTRODUCTION

Urosepsis (urogenic sepsis, US) is characterized
by clinical manifestations of urinary tract infection
(UTT) and / or male genital tract infection, which are
complicated by the development of acute systemic
organ dysfunction. The prevalence of US among all
sepsis cases varies significantly and ranges from 9 to
31% [1].

Regardless of the lesion intensity, urinary
tract obstruction is the main risk factor for US
development. According to the retrospective study
by R.S. Hotchkiss et al. (2003), this risk factor was
associated with the development of US in men in
78% and in women — in 54% of cases [2]. At the
same time, this complication most often develops in
women (approximately in 2/3 of cases) [3, 4].

In addition to high prevalence, the problem of
US is also relevant due to high mortality of patients
which can be as high as 30-49% [5].

The diagnosis of US is based on the detection
of UTI and / or male genital tract infection in
combination with acute organ dysfunction, as
determined by the Sequential Organ Failure
Assessment (SOFA) score. The SOFA score is
an important tool for assessing the risk of death
and predicting the duration of hospitalization and
stay in the intensive care unit (ICU) [6]. Thus, the
SOFA score > 2 is associated with a mortality risk
of > 10% [4]. However, in real clinical practice,
the search for reliable biomarkers and criteria for
a dynamic assessment of the patient’s condition at
an early stage (e.g., in the first 24-48 hours) of US
development remains relevant. It will allow to more
accurately identify patients at high risk of a lethal
outcome and timely adjust the pharmacotherapeutic
approach to their treatment.

The aim of the study was to perform a
comparative analysis of leukopoiesis parameters and
platelet count in peripheral blood with evaluation
of their changes in the first 48 hours from urosepsis
(US) verification in hospitalized patients depending
on the outcome of the disease.

MATERIALS AND METHODS

Based on the study protocol approved by the
local Ethics Committee at Siberian State Medical
University (Protocol No. 8616/1 of 29.03.2021).), a
retrospective comparative study was performed that
included data of 40 patients with US hospitalized
to Siberian State Medical University clinics via the
ICU with acute infection or via planned admission
to the urology unit with subsequent development
of infectious complications from 01.01.2019 to
30.04.2023 (continuous sampling). Within the study,
two comparison groups were formed depending on
the outcome of hospitalization (discharge from the
hospital or a fatal outcome) for a dynamic assessment
of clinical, anamnestic, and laboratory parameters in
early US (first 48 hours) in order to determine their
relationship with the outcome of the disease.

The study included data obtained from patients
with confirmed bacterial UTI and the quick SOFA
(qSOFA) score of at least 2, as well as with the
presence of comprehensive information about the
disease and the clinical and laboratory parameters
of interest, as stated in the medical record of the
inpatient and in the medical information system used
by the medical institution.

Data on the nature, timing, and outcome of
hospitalization, as well as anthropometric data were
analyzed. The qSOFA and SOFA scores, duration of
US, and data on the patient’s stay in the ICU were
recorded for all patients. We performed a dynamic
assessment (at the moment of US verification and
after 48 hours) of standard leukopoiesis parameters
and platelet count in peripheral blood, including
the differential assessment of blood cell count and
the neutrophil-to-lymphocyte ratio (NLR). The
use of the extended version of the Sysmex XN-
1000 hematology analyzer software (Sysmex,
Germany) allowed to additionally evaluate such
parameters as immature granulocyte (IG) count,
neutrophil  granularity intensity (NEUT-GI),
neutrophil reactivity intensity (NEUT-RI), mean
platelet volume (MPV), platelet crit (PCT), and the
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proportion of reactive lymphocytes (RE-LYMP) and
antibody-synthesizing lymphocytes (AS-LYMP).

Statistical analysis was performed using the
StatSoft STATISTICA 12.5 program. Quantitative
variables were presented as the median and the
interquartile range (Me (Q; 0©,)). Qualitative
variables were presented as absolute and relative
frequencies (n (%)). Quantitative and qualitative
variables in independent samples were compared
using the Mann — Whitney U-test and the Fisher’s
exact test. Quantitative variables in dependent
samples were compared using the Wilcoxon test.
The ROC analysis was performed using the MedCalc
software package, Version 18.9.1. The area under
the curve (AUC) with 95% confidence interval (CI),
the cut-point according to the Youden’s index, as
well as sensitivity and specificity for this point were
evaluated. The results were considered statistically
significant at p < 0.05.

RESULTS

Clinical and anamnestic characteristics
of the comparison groups

In accordance with the protocol, 40 patients of
both sexes were included in the study: 21 (53.0%)
women and 19 (47.0%) men. Depending on the
outcome of the disease (discharge from the hospital
or a fatal outcome), two comparison groups were
formed: group 1 (n = 30) included hospitalized
patients with a favorable outcome (survivors), group
2 (n = 10) encompassed hospitalized patients with a
fatal outcome (deceased).

The majority of the patients (n = 38, 95.0%)
included in the study were hospitalized in the urology
unit of Siberian State Medical University clinics
via the ICU. Two patients (5.0%) were hospitalized
following planned admission for surgical treatment
of urolithiasis and benign prostatic hyperplasia, but
subsequently developed infection complicated by US.

The age of the patients was 64.5 (48.0; 75.0) years.
It was noted that the patients in the deceased group
belonged to an older age group (77 (65; 83) years)
than the patients discharged from the hospital with
a favorable outcome (60 (34; 75) years, p = 0.026).

The groups of patients did not differ in the time
of US detection, which was 3.0 (1.0; 6.0) days in
the group of survivors and 2.5 (1.0; 6.0) days in
the group of deceased patients (p = 0.775). Twenty
patients (50% of the total number) required transfer
to the ICU, of whom 50% of patients died (n = 10).

Analyzing the causes of US development, we
found that 24 patients had acute nonobstructive (n =
17) or obstructive (n = 8) pyelonephritis, 7 patients
had renal carbuncle, 3 patients were followed up
for chronic bilateral pyelonephritis, 2 patients were
hospitalized with a renal abscess, and 1 patient was
hospitalized with a renal and related retroperitoneal
abscess. Surgery was performed in 30 (75%)
patients, with 9 patients out of 10 (90%) in the group
of deceased patients undergoing surgery. The data
analysis identified 5 patients with infection directly
caused by medical manipulations. Thus, catheter-
associated UTI was verified in 3 patients, and UTI
caused by surgical interventions was verified in 2
patients.

When taking a history, the presence of
comorbidity was recorded. Ischemic heart disease
was registered in 12 (30%) patients, history of acute
myocardial infarction — in 6 (15%) patients, history
of stroke — in 6 (15%) cases, diabetes mellitus —
in 7 (17.5%) patients, stage 2-3 chronic heart
failure — in 9 (22.5%) patients, bronchial asthma —
in 2 (5%) cases, chronic obstructive pulmonary
disease — in 3 (7.5%) patients. HIV infection was
observed in 2 (5%) patients, chronic kidney disease —
in 8 (20%) patients, intravenous drug abuse — in
1 (2.5%) patient, and alcohol abuse — in 2 (5%)
patients. Also, 7 (17.5%) patients included in
the study had active cancer. The groups differed
significantly only in the presence of hypertension,
which was registered in 15 (50%) survivors and
in 9 (90%) deceased patients (p = 0.032).

Chest radiography revealed that infiltrative
changes in the lung parenchyma during
hospitalization emerged in 7 (23.3%) hospitalized
patients with a favorable outcome and in 2 (20%)
hospitalized patients who died. These radiographic
changes with corresponding clinical manifestations
were registered > 48 hours from the moment
of hospitalization. Therefore, hospital-acquired
pneumonia was diagnosed, the development of
which was associated with the progressive course of
the underlying disease and / or invasive mechanical
ventilation [7].

Progression of UTI was characterized by
leukocyturia and bacteriuria according to urinalysis
in 100% of patients. At the time of US verification,
all patients underwent bacteria culture tests of blood
and urine. It was found that UTI in all examined
patients was caused by one pathogen, most often
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from the Enterobacteriaceae family. The dominant
pathogen was Escherichia coli (in 73% of patients)
and Enterococcus faecium (in 13% of cases); much
less frequently (not more than in 1 case), the infection
was caused by Klebsiella pneumoniae, Acinetobacter
baumannii, etc. Positive blood culture test was
obtained in 3 (7.5%) patients: Klebsiella pneumoniae
was identified in 1 patient, Escherichia coli — in 1
patient, and Enterococcus faecium — in 1 patient.
The comparison groups did not differ significantly
in the choice of drugs for initial antibiotic therapy
(ABT), which was based on the stratification of
patients by the presence of antibiotic resistance
and complied with current clinical guidelines [8].
Thus, amoxicillin + clavulanic acid was received by
5 (12.5%) patients, cefuroxime — by 1 (2.5%) patient,
cefotaxime — by 12 (30%) patients, ceftriaxone —
by 3 (7.5%) patients, cefepime — by 1 (2.5%) patient,
cefoperazone + sulbactam — by 1 (2.5%) patient,
ciprofloxacin — by 6 (15%) patients, levofloxacin —
by 6 (15%) patients, ertapenem — by 3 (7.5%)
patients, and meropenem — by 2 (5%) patients. In
33 (82.5%) patients, 1 (1; 2) substitution of the anti-
infective drug / modification of ABT regimen was
required due to aggravation of the clinical course
of the disease (in 15 (37.5%) patients) or following
the results of the microbiological examination and

antibiotic sensitivity test in case of doubtful efficacy
of initial therapy — in 18 (45%) patients.

At the time of US verification in patients with a
lethal outcome, the SOFA score was 6 (4; 7) points,
while in the survivors, it was significantly lower — 3
(1; 5) points (p = 0.001).

Results of blood tests

The detailed analysis of the hemogram did not
reveal significant differences in most of the studied
parameters. In contrast to the recovered patients, the
group of fatal patients differed in thrombocytopenia
at both time points: 235 (178; 392) x10° / 1 vs.
105 (82; 194) x10° / 1, respectively, at baseline
(p =0.019) and 262 (203; 358) x10° /1 vs. 101 (97;
174) x10°/1, respectively, after 48 hours (p = 0.058).
At the same time, the comparison groups did not
differ significantly in MPV and platelet distribution
width (PDW).

Changes in the most significant leukopoiesis
parameters of peripheral blood are presented in the
Table. The comparison groups were characterized
by a steady increase in the neutrophil count in the
first 48 hours from the moment of US verification
without significant differences in the number of
mature and immature granulocytes, lymphocytes,
and NLR value (Table).

Table
Changes in the leukopoiesis parameters of peripheral blood in the first 48 hours after US verification, Me (O,; O,)
Parameter Group 1 — hospitalized patients with | Group 2 — hospitalized patients with »
a favorable outcome a lethal outcome 12
Leukocytes, 10°/ 1, at baseline 11.74 (8.15; 21.60) 10.27 (5.90; 17.80) 0.391
Leukocytes, 10°/ 1, after 48 hours 10.86 (6.14; 15.63) 12.17 (10.10; 12.70) 0.942
Neutrophils, %, at baseline 85.4 (75.2; 88.9) 88.0 (69.7; 93.2) 0.571
Neutrophils, %, after 48 hours 79.7 (71.3; 85.1) 85.2 (84.2; 89.3) 0.215
Neutrophils, 10°/ 1, at baseline 9.27 (5.40; 18.96) 8.94 (5.20; 9.57) 0.524
Neutrophils, 10°/1, after 48 hours 7.91 (4.61; 13.45) 11.06 (10.25; 12.12) 0.616
NEUT-GI, S], at baseline 158.6 (154.1; 161.2) 152.9 (148.2; 159.2) 0.065
NEUT-GI, SI, after 48 hours 157.3 (151.3; 160.1) 148.4 (144.4; 154.9) 0.160
NEUT-RI, SI, at baseline 59.2/(49.1; 62.6) 48.3 (46.9; 56.8) 0.086
NEUT-RI, SI, after 48 hours 56.9 (50.8; 60.5) 54.8 (47.8; 61.7) 0.670
Changes in NEUT-RI (T2-T1), SI units —1.65 (-3.85; 0.35) 4.15 (-0.20; 9.70) 0.033
Changes in NEUT-RI (T2-T1), SI, % —3.24 (-6.92; 0.69) 7.44 (-0.49; 19.24) 0.038
Lymphocytes, %, at baseline 7.3(4.7;16.3) 7.4 (5.5;13.1) 0.941
Lymphocytes, %, after 48 hours 12.4 (8.2; 16.6) 8.4 (4.7;9.0) 0.197
Lymphocytes, 10°/ 1, at baseline 1.12 (0.76; 1.64) 0.65 (0.60; 1.06) 0.058
Lymphocytes, 10°/ 1, after 48 hours 1.42 (0.81; 2.01) 0.80 (0.51; 1.02) 0.175
NLR 12.84 (4.52; 21.46) 14.54 (7.39; 19.86) 0.658
NLR 6.91 (4.49; 11.62) 15.87 (5.34; 65.93) 0.345
Monocytes, %, at baseline 6.0 (4.5;7.7) 4.4(3.1;5.2) 0.038
Monocytes, %, after 48 hours 6.4 (4.7, 9.0) 4.3 (3.6;6.7) 0.185
Monocytes, 10°/ 1, at baseline 0.80 (0.41; 1.12) 0.55(0.21; 0.59) 0.132
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Table (continued)

Group 1 — hospitalized patients with | Group 2 — hospitalized patients with
Parameter p
a favorable outcome a lethal outcome 12
Monocytes, 10°/ 1, after 48 hours 0.69 (0.37; 0.88) 0.44 (0.44; 0.46) 0.161
Eosinophils, %, at baseline 0.4 (0.1; 1.4) 0.0 (0.0; 0.2) 0.021
Eosinophils, %, after 48 hours 0.7 (0.3; 1.6) 0.0 (0.0; 0.0) 0.062
Eosinophils, 10/ 1, at baseline 0.065 (0.030; 0.125) 0.010 (0.010; 0.040) 0.055
Eosinophils, 10°/ 1, after 48 hours 0.085 (0.050; 0.155) 0.105 (0.090; 0.120) 0.531
Basophils, %, at baseline 0.3 (0.2; 0.5) 0.2 (0.1;0.2) 0.067
Basophils, %, after 48 hours 0.3(0.2; 0.4) 0.6 (0.3; 0.7) 0.236
Basophils, 10°/1, at baseline 0.040 (0.020; 0.070) 0.025 (0.015; 0.030) 0.062
Basophils, 10°/ 1, after 48 hours 0.030 (0.020; 0.040) 0.040 (0.010; 0.090) 0.716
1G, %, at baseline 0.90 (0.50; 2.65) 1.70 (0.50; 2.70) 0.562
1G, %, after 48 hours 0.75 (0.40; 2.55) 0.50 (0.15; 4.10) 0.509
1G, 10°/1, at baseline 0.11 (0.04; 0.60) 0.49 (0.08; 0.77) 0.349
IG, 10°/ 1, after 48 hours 0.08 (0.03; 0.25) 0.17 (0.06; 0.57) 0.693

Note. SI— scatter intensity.

It should be noted that the group of patients with a
lethal outcome was characterized by smaller relative
monocyte and eosinophil counts in the blood at
baseline. At the same time, the eosinophil count in
this group at the time of US verification was actually
close to zero, amounting to 10 k1 / ul (Table).

Despite the fact that NEUT-RI in the comparison
groups did not differ significantly at baseline and 48
hours after US verification, the nature of changes in
this parameter in the groups in the first two days was
multidirectional (p < 0.05). In the group of patients
with a lethal outcome, NEUT-RI increased by almost
7.5%, while in the group with a favorable outcome, it
decreased by more than 3% (Table).

Verification of potential early predictors
of mortality in US by the ROC analysis

Predictors of an unfavorable outcome in US can be:

—proportion of monocytes from the total leukocyte
count at baseline < 5.5% with the sensitivity of
88.9% and specificity of 57.1% (AUC 0.732, 95%
CI (0.561; 0.864), p = 0.032);

— proportion of eosinophils from the total
leukocyte count at baseline < 0% with the sensitivity
of 66.67% and specificity of 82.14% (AUC 0.756,
95% CI (0.587; 0.882), p = 0.011) and absolute
eosinophil count < 0.01 x 10°/ 1 with the sensitivity
of 75.0% and specificity of 83.3% (AUC 0.802, 95%
CI (0.609; 0.927), p = 0.009);

— absolute basophil count at baseline < 0.03 x
10°/ 1 with the sensitivity of 87.5% and specificity
of 66.7% (AUC 0.718, 95% CI (0.540; 0.856),
p =0.028);

— NEUT-GI at baseline < 153.2 SI units with the

sensitivity of 66.7% and specificity of 79.0% (AUC
0.754, 95% CI (0.543; 0.903), p = 0.021);

— NEUT-RI at baseline < 59.3 SI units with the
sensitivity of 100.0% and specificity of 47.4% (AUC
0.737, 95% CI (0.524; 0.891), p = 0.024) and an
increase in this index after 48 hours by > 0.9 ST units
with the sensitivity of 75.0% and specificity of 87.5%
(AUC 0.852,95% CI1(0.623; 0.969), p=10.001) or by
> 1.34% with the sensitivity of 75.0% and specificity
of 87.5% (AUC 0.844, 95% CI (0.614; 0.965),
p=0.003);

— platelet count at baseline < 144 x 10°/ 1 with
the sensitivity of 66.7% and specificity of 82.8%
(AUC0.762, 95% CI (0.597; 0.885), p = 0.007) and
after 48 hours < 174 x 10°/ 1 with the sensitivity
of 80.00% and specificity of 75.86% (AUC
0.769, 95% CI (0.593; 0.896), p < 0.007). The
identified critical values of factors that increase the
probability of a lethal outcome are presented in the
Figure.

DISCUSSION

Regardless of the localization of the source
of infection, sepsis is a life-threatening condition
characterized by systemic inflammation with the
development of dysfunction of various organs,
hemodynamic disorders, systemic hypotension, and
tissue hypoxia. The mechanisms of sepsis cannot but
affectthe blood system, which is most often associated
with the development of coagulation disorders
and thrombocytopenia, as well as multidirectional
changes in the leukocyte formula [9].

In sepsis, low platelet count is a well-known
biomarker of disease severity. Recently, researchers
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Figure. Factors associated with mortality in urosepsis: T1 — baseline value; T2 — evaluation after 48 hours

have focused ontherole ofplateletsinthe pathogenesis
of multiorgan failure and have considered them
as a potential therapeutic target in sepsis [10]. It
is assumed that the predominant processes here
include peripheral platelet consumption, determined
by platelet activation, chemotaxis, and isolation
in the microcirculation. Immune destruction and
disseminated intravascular coagulation are also
discussed [11]. In the present study, the group of
deceased patients was characterized by decreased
platelet counts at both time points. It is worth noting
that the platelet counts at the time of US verification
and after 48 hours were < 144 x 10°/ 1 and < 174,
respectively, and were associated with a lethal
outcome.

In sepsis, infection is known to trigger a
complex and prolonged host response involving
both innate and adaptive immunity. An imbalance
in the production of pro- and anti-inflammatory
immunoregulatory molecules and inadequate
involvement of effector cells impair the host response
to infectious agents and cause tissue damage. Recent
studies including patients with US have confirmed
that significant depletion of circulating CD4+ and
CD8+ lymphocytes was associated with a lethal
outcome in this group of patients [12].

In our study, a significant increase in the absolute
neutrophil count was recorded in the first 48 hours
in both groups. In the group of patients with an

unfavorable outcome of US treatment, a trend toward
absolute lymphocytopenia (< 1.0 x 10?/1) with lower
baseline monocyte counts was noted. The eosinophil
count in this group of patients approached zero.

Eosinopenia is often observed in severe non-
parasitic infections characterized by a shift in
hematopoiesis toward an increase in the number
of neutrophil granulocytes in peripheral blood.
According to H. Shaaban et al. (2010), eosinophil
count < 50 cells / ul with the sensitivity of 81% and
specificity of 65% was associated with the presence
of sepsis in adults [13]. A systematic literature
review noted that of 39 analyzed studies on the role
of eosinophils in sepsis, 11 studies demonstrated an
association between eosinopenia and sepsis, and 8
studies found persistent eosinopenia > 48 hours after
admission to the ICU. The authors concluded that
persistent peripheral eosinopenia was a marker of
bacterial sepsis and was independently associated
with adverse outcomes, such as death or re-
hospitalization [14].

In our study, the baseline eosinophil count (values
at the time of US verification) of 0% and monocyte
count of < 5.5% in the leukocyte formula, as well
as the absolute eosinophil count of < 10 cells / pl
and the absolute basophil count < 30 cells / pl were
registered as predictors of a lethal outcome. The
obtained data regarding the prognostic value of the
basophil count in peripheral blood in US patients
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correlate with the data obtained by X. Chen et al.
(2023), who found that the absence of basophils in
blood in patients with sepsis in ICU was associated
with critical progression of the disease, positively
correlated with 28-day mortality, and served as an
independent predictor of an unfavorable outcome for
this group of patients (odds ratio (OR) 3.425, 95%
CI (3.717-3.165), p < 0.001) [15].

Monocytes play an important role in the
development of sepsis. However, the diagnostic and
prognostic value of changes in the monocyte count
is controversial. Some authors report an increase in
the number of monocytes in peripheral blood, while
others describe monocytopenia associated with
increased mortality [16, 17].

Modern capabilities of hematology analyzers
allow to additionally assess such parameters as
NEUT-GI and NEUT-RI, which, in our opinion,
have a prognostic potential in US. These parameters
characterize the innate immune response: an
increase in NEUT-GI reflects intensification of
the inflammatory process, and NEUT-RI reflects
the metabolic activity of the neutrophil population
[18]. NEUT-RI can potentially correlate with the
development of sepsis [19]. Thus, NEUT-RI can
predict the emergence of IGs in the peripheral
blood, thereby acting as an early marker of bacterial
infection. At the same time, an increase in the
NEUT-RI levels correlated with an increase in the
concentration of immunoglobulins in peripheral
blood within 72 h from the development of infection
[20]. Similarly, in the study by R.J. Dinsdale et al.
(2017), the NEUT-RI value was significantly greater
in patients with sepsis after burn injury compared
to patients without sepsis, indicating the possibility
of early diagnosis of sepsis [18]. The study by E.
Mantovani et al. (2023) demonstrated that NEUT-RI
showed AUC > 0.80 and better prognostic value of
a negative result than procalcitonin and C-reactive
protein in patients in ICU for the diagnosis of US
(87.4 vs. 83.9% and 86.6%, p = 0.038) [20].

Despite the fact that in our study, the comparison
groups with US did not differ significantly in the
NEUT-RI value at baseline and after 48 hours, the
nature of changes in this parameter in the first two
days in the groups was multidirectional (p <0.05).
Thus, in the group of patients with a lethal outcome,
the NEUT-RI value continued to grow from lower
values, while in the group with a favorable outcome,

atrend toward a decrease in this parameter was noted.
The ROC analysis revealed that the baseline value
of NEUT-RI < 59.3 SI units and the increase in this
parameter by > 0.9 SI units after 48 hours predicted
the onset of a lethal outcome. It is worth noting
that baseline NEUT-GI < 153.2 SI units was also
associated with a lethal outcome in US patients. It is
possible that delayed activation of neutrophils with
relatively low baseline granularity in US reflects a
delayed and inadequate response to infection, which
may be associated with an increased risk of a lethal
outcome in US.

CONCLUSION

The results of the study showed that certain
blood parameters can serve as predictors of a lethal
outcome in US. For example, it was found that the
low platelet counts at the time of US verification and
after 48 hours, as well as changes in the values of
some parameters in the leukocyte formula may be
associated with a lethal outcome.

Such parameters as NEUT-GI and NEUT-RI may
also play an essential role in predicting the outcome
of sepsis. Their changes in the first days of the disease
can be evidence of the disease severity and indicate
an inadequate immune response to infection.

Therefore, the hematologic parameters analyzed
in this study may be effective for assessing the
risk of a lethal outcome in US and may be used as
predictors of its development. Further studies and
clinical observations may help to clarify their role
in prognosis and treatment of this group of patients.

REFERENCES

1. Guliciuc M., Maier A.C., Maier 1.M., Kraft A., Cucuruzac
R.R., Marinescu M. et al. The Urosepsis-A Literature Review.
Medicina (Kaunas). 2021;57(9):872. DOI: 10.3390/medici-
na57090872.-

2. Hotchkiss R.S., Karl I.E. The pathophysiology and treatment of
sepsis. N. Engl. J. Med. 2003; 348(2):138-150. DOI: 10.1056/
NEJMra021333.

3. Cardoso T., Ribeiro O., Costa-Pereira A., Carneiro A. & a
SACiUCI Study Group. Community-acquired and health-
care-related urosepsis: a multicenter prospective study. Crit.
Care. 2008;12(2):P8. DOI: 10.1186/cc6229.

4. Weiss S.L., Peters M.J., Alhazzani W., Agus M.S.D.,
Flori H.R., Inwald D.P. et al. Surviving sepsis campaign in-
ternational guidelines for the management of septic shock and
sepsis-associated organ dysfunction in children. /nt. Care Med.
2020;46(1-1):10-67. DOI: 10.1007/s00134-019-05878-6.

5. Porat A., Bhutta B.S., Kesler S. Urosepsis. In: StatPearls [Inter-
net]. Treasure Island (FL): StatPearls Publishing; 2022.

bionneteHb cMbUpcKo megnumHbl. 2024; 23 (3): 116-125 123



Fedosenko S.V., Rodionova Yu.O., lvanova A.l et al.

Parameters of leukopoiesis and thrombocytopenia in early urosepsis

6.

10

11.

12.

13.

14.

Singer M., Deutschman C.S., Seymour C.W., Shankar-
Hari M., Annane D., Bauer M. et al. The Third International
Consensus Definitions for Sepsis and Septic Shock (Sepsis-3).
JAMA. 2016;315(8):801-810. DOI: 10.1001/jama.2016.0287.

. Shebl E., Gulick P.G. Nosocomial Pneumonia. In: StatPearls

[Internet]. Treasure Island (FL): StatPearls Publishing; 2023.

. Federal Clinical Guidelines. Antimicrobial therapy and pro-

phylaxis of infections of kidneys, urinary tract, and male geni-
tal organs. M., 2022 (in Russ.).

. Orfanu A.E., Popescu C., Leustean A., Negru A.R., Tiliscan C.,

Arama V. et al. The importance of haemogram parameters in
the diagnosis and prognosis of septic patients. J. Crit. Care
Med. (Targu Mures). 2017;3(3):105-110. DOI: 10.1515/jccm-
2017-0019.

. Greco E., Lupia E., Bosco O., Vizio B., Montrucchio G.

Platelets and multi-organ failure in sepsis. Int. J. Mol. Sci.
2017;18(10):2200. DOI: 10.3390/ijms18102200.
Serebryanaya N.B., Yakutseni P.P. Platelets in the develop-
ment of sepsis, septic shock, and multiorgan failure. Medi-
cal Immunology. 2020; 22(6): 1085-1096 (in Russ.). DOI:
10.15789/1563-0625-BPI1-2090.

De Pablo R., Monserrat J., Prieto A., Alvarez-Mon M. Role of
circulating lymphocytes in patients with sepsis. Biomed. Res.
Int. 2014;2014:671087. DOI: 10.1155/2014/671087.

Shaaban H., Daniel S., Sison R., Slim J., Perez G. Eosinopenia:
Is it a good marker of sepsis in comparison to procalcitonin
and C-reactive protein levels for patients admitted to a critical
care unit in an urban hospital? J. Crit. Care. 2010;25(4):570—
575. DOI: 10.1016/j.jcrc.2010.03.002.

Al Duhailib Z., Farooqi M., Piticaru J., Alhazzani W., Nair P.

Authors’ contribution

15.

16.

17.

18.

20.

The role of eosinophils in sepsis and acute respiratory distress
syndrome: a scoping review. Can. J. Anaesth.2021;68(5):715—
726. DOI: 10.1007/512630-021-01920-8.

Chen X., Zhu X., Zhuo H., Lin J., Lin X. Basophils absence
predicts poor prognosis and indicates immunosuppression of
patients in intensive care units. Sci. Rep. 2023;13(1):18533.
DOI: 10.1038/s41598-023-45865-y.

Radzyukevich Y.V., Kosyakova N.I., Prokhorenko I.R. Partic-
ipation of monocyte subpopulations in progression of experi-
mental endotoxemia (EE) and systemic inflammation. J. Immu-
nol. Res. 2021;2021:1762584. DOT: 10.1155/2021/1762584;
Chung H., Lee J.H., Jo Y.H., Hwang J.E., Kim J. Circulating
monocyte counts and its impact on outcomes in patients with
severe sepsis including septic shock. Shock. 2019;51:423-429.
DOI: 10.1097/SHK.0000000000001193.

Dinsdale R.J., Devi A., Hampson P., Wearn C.M., Bam-
ford A.L., Hazeldine J. et al. Changes in novel haematological
parameters following thermal injury: A prospective observa-
tional cohort study. Sci. Rep. 2017;7(1):3211. DOI: 10.1038/
s41598-017-03222-w.

. Lee J., GuJ., Seo J.E., Kim J.W., Kim H.K. Diagnostic and

prognostic values of neutrophil reactivity intensity (NEUT-
RI) in pediatric systemic inflammatory response syndrome
and sepsis. Ann. Clin. Lab. Sci. 2023;53(2):173-180.
Mantovani E.M.A., Formenti P., Pastori S., Roccaforte V.,
Gotti M., Panella R. et al. The Potential Role of Neutro-
phil-Reactive Intensity (NEUT-RI) in the Diagnosis of Sepsis
in Critically Il Patients: a retrospective cohort study. Diag-
nostics (Basel). 2023;13(10):1781. DOI: 10.3390/diagnos-
tics13101781.

Fedosenko S.V. — conception and design, coordination of the study, drafting of the article, review of literature, final approval of the
manuscript for publication. Rodionova Yu.O. — compilation of the database, acquisition and interpretation of clinical data. Ivanova A.I. —
statistical processing of the data, interpretation of the data, drafting of the article. Arzhanik M.B. — conception and design, statistical
processing of the data, interpretation of the data, critical revision of the manuscript for important intellectual content. Semenova O.L. —
statistical processing of the data. Nesterovich S.V. — coordination of the study, critical revision of the manuscript for important intellectual
content. Starovoitova E.A. — critical revision of the manuscript for important intellectual content, final approval of the manuscript for
publication. Zima A.P. — interpretation of the laboratory data, critical revision of the manuscript for important intellectual content.
Vinokurova D.A., Kamaltynova E.M. — critical revision of the manuscript for important intellectual content, drafting of the manuscript.
Kalyuzhin V.V. —review of literature, interpretation of the data, final approval of the manuscript for publication.

124

Authors’ information

Fedosenko Sergey V. — Dr. Sci. (Med.), Associate Professor, Professor of the Division of General Medical Practice and Polyclinic
Therapy, Siberian State Medical University, Tomsk, s-fedosenko@mail.ru, http://orcid.org/0000-0001-6655-3300

Rodionova Yulia O. — Head of the Division of Clinical Pharmacology, Clinical Pharmacologist, Teaching Assistant, Division of
Intermediate-Level Therapy with a Course in Clinical Pharmacology, Siberian State Medical University, Tomsk, rodionova.yo@ssmu.ru,
http://orcid.org/0000-0001-6819-6968
Ivanova Anastasia 1. — Student, Medical Biology Department, Siberian State Medical University, Tomsk, nastya-170502@mail.ru,
http://orcid.org/0009-0001-7948-1665
Arzhanik Marina B. — Cand. Sci. (Pedagogy), Associate Professor, Division of Medical and Biological Cybernetics, Siberian State
Medical University, Tomsk, arzh m@mail.ru, http://orcid.org/0000-0003-4844-9803

Bulletin of Siberian Medicine. 2024; 23 (3): 116-125



OpwuruHasibHble CTaTbu

Semenova Oksana L. — Senior Lecturer, Division of Medical and Biological Cybernetics, Siberian State Medical University, Tomsk,
oksleon@list.ru, http://orcid.org/0000-0002-6866-5020

Nesterovich Sofia V. — Cand. Sci. (Med.), Chief Physician of the university clinics, Siberian State Medical University, Tomsk,
snesterovich@mail.ru, http://orcid.org/0000-0003-2098-2964

Starovoitova Elena A. — Dr. Sci. (Med.), Associate Professor, Head of the Division of General Medical Practice and Polyclinic
Therapy, Siberian State Medical University, Tomsk, elena-starovoytova@yandex.ru, http://orcid.org/0000-0002-4281-1157

Zima Anastasia P. — Dr. Sci. (Med.), Professor, Pathophysiology Division, Siberian State Medical University, Tomsk, zima2302@
gmail.com, http://orcid.org/0000-0002-9034-7264

Vinokurova Daria A. — Head of Internal Medicine Clinic, Teaching Assistant, Division of Intermediate-Level Therapy with a Course
in Clinical Pharmacology, Siberian State Medical University, Tomsk, vinokurovadarial@gmail.com, http://orcid.org/0000-0002-8422-
8349

Kamaltynova Elena M. — Dr. Sci. (Med.), Associate Professor, Professor of the Division of Pediatrics with a Course in Pediatric
Diseases at the General Medicine Department, Siberian State Medical University, Tomsk, eleant21@yandex.ru, http://orcid.org/0000-
0002-2234-5355

Kalyuzhin Vadim V. — Dr. Sci. (Med.), Professor, Head of the Advanced Therapy Division with a Course in Rehabilitation,
Physiotherapy and Sports Medicine, Siberian State Medical University, Tomsk, kalyuzhinvv@mail.ru, http://orcid.org/0000-0001-9640-
2028

(P<) Ivanova Anastasia I., nastya-170502@mail.ru
Received 18.03.2024;

approved after peer review 03.04.2024;
accepted 25.04.2024

bionneteHb cMbUpcKo megnumHbl. 2024; 23 (3): 116-125 125



) OPUTWUHA/IBHBIE CTATbU

YIAK 616.127-005.8-036.11-02:577.122.38
https://doi.org/10.20538/1682-0363-2024-3-126-135

Prognostic value of elevated transaminase levels as predictors of adverse
outcomes in patients with acute myocardial infarction

Hoang T.H."?, Maiskov V.V.**, Merai |.A.*>*, Kobalava Zh.D.?

! Pham Ngoc Thach University of Medicine
02, Duong Quang Trung Str., Ho Chi Minh city, 72410, Vietnam

2 Tam Duc Heart Hospital
04, Nguyen Luong Bang Str., Ho Chi Minh City, 756335, Vietnam

3 Peoples’ Friendship University of Russia (RUDN University)
6, Mikluho-Maklaya Str., Moscow, 117198, Russian Federation

* Vinogradov Municipal Clinical Hospital
61, Vavilova Str., Moscow, 117292, Russian Federation

ABSTRACT

Aim. To assess the prevalence of elevated serum liver transaminases (LTs), including alanine aminotransferase
(ALT) and aspartate aminotransferase (AST), and their impact on in-hospital and long-term mortality in patients
with acute myocardial infarction (AMI).

Materials and methods. The prospective observational study included 416 consecutive AMI patients (median
age 65 years, 40.9% female, 46.9% with ST elevation) without prior liver diseases, who underwent coronary
angiography within 24 hours after hospitalization. AST and ALT levels were measured upon admission. LTs
were considered as abnormal when their levels exceeded the local upper limit of normal. Clinical endpoints were
all-cause in-hospital and 18-month mortality. Associations between clinical endpoints and various risk factors,
including LT levels, were assessed by the multivariate logistic regression analysis.

Results. Elevated LT levels were seen in 28.6% of AMI patients: an isolated increase in ALT was noted in 17.8%
of patients, while an isolated increase in AST was registered in 25% of cases. In-hospital and 18-month mortality
was 5.8 and 11.3%, respectively. Abnormal LT levels were associated with the presence of ST elevation (odds
ratio (OR) 1.873, 95% confidence interval (CI) 1.218-2.881, p = 0.004), lower systolic and diastolic blood pressure
(OR 0.993, 95% CI 0.986-1.0, p = 0.04 and 0.979, 95% CI 0.964-0.994, p = 0.007, respectively), higher Killip
class (OR 1.510, 95% CI 1.142-1.999, p = 0.004), and higher creatinine level (OR 1.010, 95% CI 1.003-1.016,
p = 0.004). In the multivariate analysis, elevated LT levels were independently associated with in-hospital and
18-month mortality (OR 3.607, 95% CI 1.199-10.848, p = 0.022 and 2.182, 95% CI 1.011-4.708, p = 0.047,
respectively).

Conclusion. Elevated LT levels were present in about a third of patients with AMI. They were associated with
specific clinical, biological, and prognostic features, including in-hospital and long-term mortality in AMI patients.

Keywords: acute myocardial infarction; alanine transaminase; aspartate transaminase; in-hospital mortality; long-
term mortality, prognosis
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PE3IOME

esb. OLeHUTH PacPOCTPAHEHHOCTH MTOBBILICHHOTO YPOBHS allaHHHAMUHOTpaHCc(epasbl (aTaHUHTPAHCAMUHA3BI,
AJIT) n acnapraramuHoTpancdepassl (acmaprarrpancamutassl, ACT) y O0TBHBIX ¢ OCTPBIM HH()APKTOM MHOKap-
na (OMIM) 1 UX BO3MOKHOE ITPOrHOCTHYECKOE BIMSHUE HA FTOCIUTAIBHYIO U J0JATOCPOYHYIO CMEPTHOCTb.

Marepuanasl u Metoibl. [IpocrnexTHBHOE HaOIIOATENBHOE HCCIENOBaHUE BKIOYano 416 mocienoBaTellb-
HBIX manueHToB ¢ OMM 6e3 U3BECTHOrO Ha MOMEHT TOCHHTAIHM3ALMK 3a00JIeBaHys TeUeHH (MeraHa Bo3pacra
65 ner, 40,9% sxenumH, 46,9% c nogbemoM cermenta ST), KOTOPBIM BBINONHSIN KOPOHAPOTpa(UIO B TEUECHUE
nepBbIX 24 4 mocie noctymieHus B cranuoHap. CeiBopoTounsle nokazarenu ACT u AJIT ompenensnucs cpasy
IpU MOCTYIUICHUH. 3HaueHus CBhIBOPOTOYHBIX TPaHCAMHUHA3 CUYUTAJIMCH IMMOBBIICHHBIMHU, €CJIU UX YPOBEHDb ITPEBLI-
I1aJT BEPXHIOI0 IPAHUILy HOPMBI, ONPEIENIEHHO Juist TokanbHOH nabopaTopun. KOHEUHBIME KITMHUUECKUMHU TOY-
KaM# 00CepBaIIOHHOT0 HCCIIEN0BaHUs ObLIM ONPe/IeIeHbl BHYTPUOONIbHUYHAS U | 8-MecsauHas cMepTHOCTb. CBsi3b
MEXAY KIMHUICCKUMU KOHEYHBIMU TOYKaMH U BEPOSATHBIMU q)aKTOpaMI/I PpuCKa, BKJIKO4Yast YPOBEHB CbIBOPOTOYHBIX
TPaHCAMMHA3, OLEHHBAIMCH C IPUMEHEHHEM MHOTO(AaKTOPHOTO JOTHCTHYECKOTO PErPECCHOHHOTO aHaJIN3a.

Pe3yanTatsl. [loBblIeHHBIE 3HAYCHNS TPaHCAMUHA3 HAOI0AaINCh y 28,6% maruentos ¢ OVIM: n3onnpoBanHoe
noBeimenne AJIT ormevanocs y 17,8% OomnbHbIX, uzonupoBanHas runeppepmentemuss ACT — B 25% ciyuacs.
BryTtpubonsnmynas u 18-mecsiuHas CMEpTHOCTh B uccienoBanun coctasuwin 5,8 u 11,3% coorBercreenHo. Ilo-
BBIIIICHUE YPOBHSI TPaHCAMUHA3 ObLJIO CBSI3aHO C perucTpaiuei noasrema cermenra ST Ha 3JeKTpOKaprorpaMme
(orHomenue manco (OLI) 1,873; 95%-ii noseputenbublil naTepBan (JN) 1,218-2,881; p = 0,004), Gonee HU3-
KHUM CHCTOJIMYCCKUM U JIMACTONMUCCKUM aprepuaiibHbiM naienreM (OIL 0,993; 95%-it 11 0,986-1,0; p = 0,04
u 0,979; 95%-it 11 0,964-0,994; p = 0,007 cOOTBETCTBEHHO), BBICOKHM KJIACCOM OCTPOM CEpIICUHON HEI0CTa-
tounoctu 1o mikane Killip (OLI 1,510; 95%-it 1N 1,142—1,999; p = 0,004) 1 nOBBIIICHUEM YPOBHS KpEaTHHHHA
(OI1I 1,010; 95%-it AN 1,003-1,016; p = 0,004). B MHOTO(baKTOPHOM aHAIH3E MOBBIICHUE TPAHCAMIHA3 HE3aBU-
CHUMO OBLIO aCCOIMUPOBAHO C BHYTPUOONbHIYHOM 1 18-Mecssunoii cmepTHOCTRIO (OIL 3,607; 95%-it IU 1,199—
10,848; p = 0,022 u 2,182; 95%-it 11 1,011-4,708; p = 0,047 cOOTBETCTBEHHO).

3axk04yenne. [ToBBIIIEHHBIH YPOBEHb TpaHCaMHUHAa3 0OHapykeH y Tpetr manueHTos ¢ OMM. On acconnnpoBan
C OMpeeTeHHBIMI KIMHIIECKIMHU, OMOTOTHUECKUMH M IPOTHOCTHIECKHMH OCOOCHHOCTSIMH, BKJTIOWAsl OTPHIlA-
TENIFHOE TIPOTHOCTUYECKOE BIMSIHUE Ha BHYTPUOOIBHUYHYIO 1 IONTOCPOYHYIO CMEPTHOCTH marueHToB ¢ OVIM.

KunroueBble c10Ba: aaHUHTpaHCAMUHA3a, acllapTaTTpaHCAMHUHAa3a, BHYTPHOOIEHIYIHAS CMEPTHOCTB, J0JIT0CPOY-
Hasi CMEPTHOCTb, OCTPBIH HH(PAPKT MUOKap/a, IPOTHO3
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KonduankT nHTepecoB. ABTOPHI 3asBIISAIOT 00 OTCYTCTBUH SIBHOTO WIIM MOTEHIATEHOTO KOH()INKTa HHTEPECOB,

CBSI3aHHOTO C ITyOJMKaIeil JaHHOW CTaThy.

Hcrounuk ¢punancupoBaHus. ABTOPBI 0OBSBISIIOT 00 OTCYTCTBHH (pMHAHCHPOBAHMS IIPH IIPOBEJCHUH HCCIIe-

JIOBaHWs.

CooTBeTcTBHE NPUHIHUIIAM 3THKH. Bcee YYaCTHUKHU oANHMCaIn I/IHCbOpMI/IPOBaHHOC COorjlacue Ha y4acTHue B HC-
crenoBanuu. VccmemoBanme OI[OGPCHO 3THYECKUM KOMUTEeTOM Poccuiickoro YHUBCPCUTETA pr)K6I:I Hapoa0B UM.

[atpuca JIlymymOBI.

Jas murupoBanus: Xoanr Y.X., Maiickos B.B., Mepaii 1.A., Kobanasa X./I. [IporHoctudeckasi EHHOCTh
MOBBIIICHHOTO YPOBHSI TPAaHCAMHMHA3 B KAUCCTBE MPEAUKTOPA HEOIArOMPUATHOTO UCXO0Ja Y OOJBHBIX C OCTPHIM
uHbpapKkTOM MUOKapaa. Broanemens cubupckoti meduyunst. 2024;23(3):126—135. https://doi.org/10.20538/1682-

0363-2024-3-126-135.

INTRODUCTION

Acute myocardial infarction (AMI) is a critical
manifestation of coronary artery disease (CAD),
characterized by obstruction of coronary artery,
leading to myocardial ischemia and subsequent
necrosis of myocardial tissue [1]. AMI causes acute
heart failure, resulting in reduction of cardiac output,
tissue perfusion, and passive venous congestion [2].
These hemodynamic alterations significantly affect
the liver, which receives about one-quarter of the
total cardiac output [3]metabolism, clearance, and
host defense are tightly dependent on an adequate
microcirculation. To guarantee hepatic homeostasis,
this requires not only a sufficient nutritive perfusion
and oxygen supply, but also a balanced vasomotor
control and an appropriate cell-cell communication.
Deteriorations of the hepatic homeostasis, as
observed in ischemia/reperfusion, cold preservation
and transplantation, septic organ failure, and hepatic
resection-induced hyperperfusion, are associated
with a high morbidity and mortality. During the last
two decades, experimental studies have demonstrated
that microcirculatory disorders are determinants
for organ failure in these disease states. Disorders
include 1.

In clinical practice, serum levels of alanine
transaminase (ALT) and aspartate transaminase
(AST) are routinely assessed to evaluate liver
function [4]. ALT, primarily localized in hepatocytes
with minimal distribution in cardiac, renal, and
muscular tissues, serves as a specific marker for
hepatic dysfunction [4]. In contrast, AST is derived
not only from hepatic tissue but also from various
other tissues, including the heart, erythrocytes,
skeletal muscles, kidney, and brain. Elevated AST
levels are observed following ischemic cell death

in these tissues [4]. While previous studies have
demonstrated an association between abnormal
transaminase levels and cardiovascular outcomes
[5-8]as a proxy marker of NAFLD, and death from
cardiovascular disease (CVD, the prevalence of
elevated transaminase levels and related outcomes in
patients with AMI remain understudied.

The aim of the study was to assess the prevalence
of elevated serum liver transaminases and factors
associated with them in a cohort of AMI patients and
to evaluate their impact on in-hospital and long-term
all-cause mortality.

MATERIALS AND METHODS

A single-center, prospective, observational study
was conducted in the Vinogradov Municipal Clinical
Hospital (Moscow, Russia) from January 2021 to
December 2022. The study included patients aged >18
years presenting with AMI who underwent coronary
angiography < 24 hours from symptom onset. The
exclusion criteria were: patients diagnosed with type
3,4, and 5 myocardial infarction (MI), as well as those
whodeveloped MIduring hospitalization. Additionally,
individuals with elevated liver transaminases (LTs)
indicative of hepatitis B or C, cirrhosis of the liver, fatty
liver disease, hepatobiliary obstructive disease, bone
disease, pancreatitis, infectious diseases or individuals
after a known episode of alcohol consumption prior to
the index event (the AST / ALT ratio of more than 2)
were excluded from the study [9]. The AMI diagnosis
was established following the Third Universal
Definition of MI [10].

We collected baseline demographic and
clinical characteristics, cardiovascular risk factors,
comorbidities, physical examination data, as well
as blood test and imaging findings (including
electrocardiography, echocardiography, and
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coronary angiography). Patients with incomplete
medical history were excluded from the dataset.
All blood samples obtained upon admission were
analyzed in the core laboratory of Vinogradov
Municipal Clinical Hospital.

Cardiac troponin [ levels were measured using the
Access 2 Immunoassay System (Beckman Coulter,
USA) with a 99"-percentile upper reference limit of
0.02 ng / 1. LTs were measured using the Beckman
Coulter Clinical Chemistry Analyzer (AU 680) and
considered abnormal when the levels exceeded 50
U /1 for ALT and 50 U /1 for AST. Furthermore,
liver injury was classified according to the extent of
liver enzyme elevation: mild (1-2 times higher than
the upper limit of normal (ULN)), moderate (> 2—
5 times higher than the ULN), and severe (> 5 times
higher than the ULN) [11, 12]. Risk stratification of
MI patients was assessed using the GRACE (Global
Registry of Acute Coronary Events) 2.0 score [13].

The primary endpoint was in-hospital mortality,
which was obtained from medical records. The
secondary endpoint was 18-month mortality.
Mortality was defined as all-cause death that was
recorded in patient medical records and death
registers. Long-term mortality was evaluated using
structured telephone interviews at 1, 3, 6, 12, 15, and
18 months after discharge. At the study closing date,
all follow-up information was available. The study
complied with the principles of the Declaration
of Helsinki and was approved by the local Ethics
Committee at the Institute of Medicine, RUDN
University. All patients signed an informed consent
to participate in the study.

Statistical analysis

Statistical analysis was performed using the
IBM SPSS Statistics 25.0 software package (SPSS
Inc., Chicago, IL, USA). Categorical variables were
described as frequencies and percentages, while
continuous variables were presented as the median and
the interquartile range (Me (Q,; Q,)). The Chi-square
test or the Fisher’s exact test was used to compare
categorical variables, and the Kruskal — Wallis test
was used for to compare continuous variables between
the groups. The univariate and multivariate logistic
regression models were used to identify risk factors
associated with elevated LTs in AMI patients, as well
as factors associated with in-hospital and 18-month
mortality. Odds ratio (OR) and 95% confidence interval
(CI) were calculated. The differences were considered
statistically significant at two-tailed p < 0.05.

RESULTS

Baseline clinical characteristics

The study included a total of 411 patients, 170
(40.9%) patients were female, 195 (40.9%) patients
presented with ST-elevation. The median age was
65.0 years. The group of patients with elevated ALT
and (or) AST levels differed significantly from the
general sample and the controls by the incidence of
ST-elevation, Killip class II-IV heart failure, higher
creatinine levels, chest pain intensity, lower diastolic
blood pressure, and higher troponin levels. Other that
that, no significant differences between the groups
were noted.

Table 1

Baseline characteristics of MI patients

Parameter Patients, n =416 | Normal AST and ALT values, n =297 | Elevated AST and ALT, n=119 )4
Age, years, Me (Q; Q,) 65 (56; 74) 65 (55; 74) 65 (57;76) 0.595
Women, 1 (%) 170 (40.9) 126 (42.4) 44 (37) 0.322
ST-elevation, n (%) 195 (46.9) 126 (42.4) 69 (58) 0.005
History of cardiovascular diseases

Arterial hypertension, 7 (%) 370 (88.9) 259 (87.2) 111 (93.3) 0.084
CAD, n (%) 177 (42.5) 132 (44.4) 45 (37.8) 0.229
Previous MI, 7 (%) 85 (20.4) 67 (22.6) 18 (15.1) 0.106
Previous myocardial

revascularizyation, n (%) 49 (11.8) 40 (13.5) 9(7.6) 0.096
Previous HF, n (%) 33 (7.9) 20 (6.7) 13 (10.9) 0.163
Diabetes mellitus, n (%) 85 (20.4) 57 (19.2) 28 (23.5) 0.347
Previous stroke, 7 (%) 32 (7.7) 20 (6.7) 12 (10.1) 0.308
Previous atrial fibrillation, n (%) 43 (10.3) 30 (10.1) 13 (10.9) 0.859
CKD, n (%) 32 (7.7) 24 (8.1) 8(6.7) 0.839
PVD, n (%) 12 (2.9) 7(2.4) 5(4.2) 0.336
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Table 1 (continued)

Parameter Patients, n =416 | Normal AST and ALT values, n =297 | Elevated AST and ALT, n=119 D
Chronic lung disease, n (%) 60 (14.4) 40 (13.5) 20 (16.8) 0.440
Peptic and duodenal ulcer, 7 (%) 39 (9.4) 30 (10.1) 9 (7.6) 0.464
Anemia, n (%) 107 (25.7) 72 (24.2) 35(29.4) 0.321
Chest pain, n (%) 380 (91.3) 277 (93.3) 103 (86.6) 0.034
Dyspnea, n (%) 81 (19.5) 56 (18.9) 25 (21) 0.681
Killip class II-1V, n (%) 98 (23.6) 61 (20.5) 37 (31.1) 0.029
Systolic BP, mm Hg., Me (O ; 0,) 138 (120; 160) 140 (120; 160) 130.5 (111.5; 160) 0.063
Diastolic BP, mm Hg., Me (O ; O,) 80 (74; 90) 80 (77; 90) 80 (67.7; 83.2) 0.005
Troponin I, ng / ml, Me (Q; 0,) 0.39 (0.10; 2.88) 0.25(0.09; 1.69) 1.83 (0.30; 7.45) <0.001
Hemoglobin, g /1, Me (0; Q,) 137 (123; 146) 136 (123; 146) 138 (122; 148) 0.734
ALT,U/1,Me (Q; Q) 25 (18; 40) 21 (15;28) 53.3 (36; 87) <0.001
AST,U/1,Me (Q; Q) 29 (23;49.2) 25 (21; 31) 77 (55; 129.9) <0.001
Creatinine, pmol /1, Me (O ; O,) 95 (82; 109) 94 (81.2; 108) 96 (84; 121) 0.029
GFR <60 ml/ min/ 1.73 m? n (%) 160 (39.5) 110 (37.2) 54 (45.4) 0.149
LVEF, %, Me (Q; Q.) 45 (40; 55) 45 (40; 55) 44 (40; 53) 0.288
No lesion (stenosis) < 50% CA, n (%) 55(13.2) 38 (12.8) 17 (14.3) 0.749
Three-vessel CAD, n (%) 203 (48.8) 153 (51.5) 50 (42) 0.084
PCIL, n (%) 328 (78.8) 235 (79.1) 93 (78.2) 0.894
GRACE score, Me (Q; Q,) 117 (97.2; 142.7) 116 (95.5; 140.5) 119 (99; 152) 0.081
Mortality
In-hospital, n (%) 24 (5.8) 11 (3.7) 13 (10.9) 0.009
18-month, n (%) 47 (11.3) 27(9.1) 20 (16.8) 0.038

Note. BP — blood pressure; PVD — peripheral vascular disease; CAD — coronary artery disease; CCI — Charlson comorbidity index; MI —
myocardial infarction; CA — coronary artery; HF — heart failure; LVEF — left ventricular ejection fraction; CKD — chronic kidney disease; PCI —

percutaneous coronary intervention.

Assessing the results of transaminase tests

The increase in LT levels was detected in
119 (28.6%) patients (ALT alone or AST alone
in 17.8 and 25% of cases, respectively). Most of
transaminase alterations were mild elevations (Table
2). In the ST-elevation subgroup, 35.4% (n = 69) of
patients had elevated AST and ALT, 30.8% (n = 60)
of patients had elevated AST, and 19% (n = 37) of
the study population had elevated ALT. In non-ST-
elevation subgroup, 22.6% (n = 50) of patients had
elevated AST and ALT, 18.6% (n = 41) of patients
had elevated AST, and 14% (n = 31) of the study
population had elevated ALT.

Table 2
Transaminase levels in patients upon admission
Parameter ALT,n=416 | AST,n=416
Normal range, n (%) 342 (82.2) 312 (75)
1-2 times higher than ULN, 7 (%) 54 (13) 64 (15.4)
>2-5 times higher than ULN, n (%) 17 (4.1) 28 (6.7)
>5 times higher than ULN, n (%) 3(0.7) 12 (2.9)

Factors associated with abnormal transaminases
at baseline

The univariate analysis showed that abnormal
ALT and (or) AST levels at baseline were associated

130

with higher prevalence of ST-elevation, a higher
Killip class, higher creatinine levels, and higher
systolic and diastolic blood pressure.

Table 3

Univariate logistic regression analysis to assess predictors
of abnormal ALT and (or) abnormal AST in patients
with acute myocardial infarction

Parameter OR 95% CI p
ST-elevation (yes / no) 1.873 1.218-2.881 0.004
Systolic BP (per mm Hg) 0.993 0.986-1.0 0.04
Diastolic BP (per mm Hg) 0.979 0.964-0.994 0.007
Killip class (per class) 1.510 1.142-1.999 0.004
Creatinine (per umol / 1) 1.010 1.003-1.016 0.004

Abnormal liver function and outcome

All-cause mortality rates were 5.8 and 11.3% for
in-hospital and 18-month mortality, respectively.
Elevated ALT and AST levels were three times
more common in the group of in-hospital mortality
compared to patients with normal LT levels (10.9
vs. 3.7%; p = 0.009) and two times more common
in the 18-month mortality group (16.8 vs. 9.1%,
p = 0.038) (Table 1). Table 4 and Table 5 present
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the results of the multivariate logistic regression
analysis, indicating that abnormal LT levels were a
significant and independent predictor of in-hospital
(OR 3.607; 95% CI: 1.199-10.848; p = 0.022) and
long-term mortality (OR 2.182; 95% CI: 1.011-
4.708; p = 0.047). Additionally, factors associated

with increased OR for in-hospital and long-term
mortality included the presence of anemia, three-
vessel coronary artery disease (CAD), and Killip
class > II. It is worth noting that older age was

independently associated only with the long-term
outcome.

Table 4
Multivariate logistic regression analysis of predictors of in-hospital mortality in acute myocardial infarction
Parameter Univariate regression model » Multivariate regression model »
OR (95% CI) OR (95% CI)
Age (per year) 1.098 (1.051-1.147) <0.001 1.030 (0.975-1.088) 0.287
Diabetes mellitus (yes / no) 2.495 (1.052-5.916) 0.038 1.084 (0.349-3.368) 0.889
Atrial fibrillation (yes / no) 3.198 (1.195-8.556) 0.021 2.217 (0.659-7.460) 0.198
Anemia (yes / no) 8.149 (3.277-20.268) <0.001 3.977 (1.313-12.051) 0.015
GFR <60 ml/min/ 1.73 m? (yes / no) 4.722 (1.821-12.246) 0.001 1.439 (1.443-4.677) 0.545
Three-vessel CAD (yes / no) 4.296 (1.573-11.734) 0.004 4.572 (1.346-15.530) 0.015
Killip class >II (yes / no) 45.737 (10.526-198.727) <0.001 26.432 (5.621-124.287) <0.001
Elevated ALT and (or) AST (yes / no) 3.189 (1.386-7.337) 0.006 3.607 (1.199-10.848) 0.022
Note. GFR — glomerular filtration rate.
Table 5
Multivariate logistic regression analysis of predictors of long-term mortality in acute myocardial infarction
Parameter Univariate regression model » Multivariate regression model »
OR (95% CI) OR (95% CI)

Age (per year) 1.102 (1.066-1.139) <0.001 1.060 (1.018-1.104) 0.005
Diabetes mellitus (yes / no) 2.002 (1.028-3.898) 0.041 1.103 (0.488-2.493) 0.814
Atrial fibrillation (yes / no) 2.334 (1.041-5.234) 0.040 1.170 (0.434-3.158) 0.756
Anemia (yes / no) 5.410 (2.871-10.192) <0.001 2.722 (1.291-5.739) 0.009
GFR <60 ml/ min/ 1.73 m? (yes / no) 2.781 (1.488-5.196) 0.001 1.233 (0.549-2.739) 0.611
Three-vessel CAD (yes / no) 3.959 (1.955-8.017) <0.001 3.260 (1.431-7.426) 0.005
Killip class >II (yes / no) 6.295 (3.326-11.915) <0.001 3.397 (1.634-7.062) 0.001
Sex (female) 2.605 (1.395-4.865) 0.003 1.353 (0.592-3.091) 0.474
Previous stroke (yes / no) 4.263 (1.876-9.686) 0.001 2.333 (0.802-6.218) 0.124
Previous MI (yes / no) 2.002 (1.028-3.898) 0.041 1.237 (0.540-2.837) 0.615
Elevated ALT and (or) AST (yes / no) 2.020 (1.084-3.764) 0.027 2.182(1.011-4.708) 0.047

DISCUSSION

The results of this study demonstrate that elevated
LT levels were observed in approximately one-third
of patients with AMI. Furthermore, the presence of
ST-elevation, higher Killip class, lower systolic and
diastolic BP, and elevated creatinine levels exhibited
associations with abnormal LT levels. In addition,
abnormal serum LT levels were independently
associated with a worse clinical prognosis —
increased risks of both in-hospital and long-term all-
cause mortality.

The prevalence of elevated LT levels among AMI
patients is known to vary depending on the defined
cut-off values and the studied population sample. For
instance, using cutoff values recommended by local

guidelines (ALT > 50 U / 1 for men and ALT > 40
U /1 for women; AST > 40 U /1 for men and AST
> 35 U /1 for women), M. Gao et al. found elevated
ALT in 38.9% and elevated AST in 71.9% of 2,417
consecutive ST-elevation MI (STEMI) patients [14].
These values are higher than the ones in our study:
19% for ALT and 30.8% for AST.

Similarly, J. Moon et al. reported the hypoxic
liver injury prevalence of 22% among 456 STEMI
patients undergoing primary PCI [15]. Another
study reported the prevalence of increased LT of
19.5% among 1,176 STEMI patients [16]. Both
studies used serum LT levels twice higher than ULN
as cut-off values (> 80 U /1 for ALT and >80 U /1
for AST). Using hypoxic liver injury criteria, which
define hepatic injury as a sudden, transient ten-fold or
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greater rise in ULN values in two or more consecutive
samples for lactate dehydrogenase, ALT, and AST
within 48 hours from the acute coronary event, R.
Birrer et al. revealed the prevalence of hepatic injury
of 27% among 87 AMI patients admitted to intensive
care units [17]. Such variations underscore the
importance of standardized diagnostic criteria and
the need to consider patient population heterogeneity
in assessing elevated LT levels in AMI.

In our study, we found that elevated LT levels
were associated with signs of hypoperfusion, such
as hypotension, and signs of kidney dysfunction and
heart failure, including Killip Classification. This
observation is in line with with previous findings [11,
14], which suggest that hepatic cell damage is linked
to reduced perfusion in the centrilobular region of the
liver, where blood flow is less robust due to its more
distant location from the hepatic artery and portal
veins. This reduction in blood flow may stem from
the rapid deterioration of cardiovascular function,
leading to liver ischemia.

Furthermore, the interaction between liver and
heart pathophysiology shares common mechanisms
with cardiorenal syndromes, such as increased
venous congestion and (or) reduced cardiac output,
which can exacerbate kidney function impairment
[18], as demonstrated by the independent association
between increased creatinine levels and elevated
LTs in our study . The results of our study further
support the association between elevated LT levels
and unfavorable short- and long-term prognoses.

Recent studies have shown that the presence of
ST-elevation is associated with elevated serum LT
levels. They have also demonstrated an association
between elevated serum LT levels and adverse
clinical outcomes in patients with AMI [14-16, 19—
21]. J. Li et al. analyzed 712 AMI patients without
known liver disease, revealing the in-hospital
mortality rate of 27% (n = 192). The multivariate
logistic regression analysis identified that ALT >
2 times higher than the ULN was an independent
predictor of in-hospital mortality (OR 2.240, 95% CI
1.331-3.771; p = 0.002), while the AST level did not
exhibit such an association [19].

Similar findings were reported by A. Huseynov et
al., assessing the prognostic value of elevated LTs in
predicting in-hospital major adverse cardiac events
(MACE), defined as a composite endpoint in AMI:
aneed for repeated target vessel revascularization by

PCl,coronary artery bypass grafting among STEMI
patients, and all-cause mortality [20]. The study
revealed the total in-hospital MACE rate of 9.8%,
primarily driven by all-cause mortality (8.4%). In
the logistic regression model, both ALT (OR 1.0018,
95% CI: 1.0008-1.0028, p = 0.0003) and AST (OR
1.0011, 95% CI: 1.0005-1.0018, p = 0.0006) were
independently associated with MACE after adjusting
for age and cardiac enzymes (troponin I and creatine
kinase) [20].

Additionally, M. Gao et al. investigated the
association of serum transaminases with 2-year
mortality in 2,417 STEMI patients and found that
both ALT and AST levels > 95"-percentile value
were associated with an increased risk of adverse
outcomes (OR 1.051, 95% CI: 0.302-3.652) and
(1.796, 95% CI: 0.588-5.481), respectively, after
adjusting for confounding factors [14].

Several potential mechanisms were proposed to
clarify the link between the elevated LT levels and the
increased risk of in-hospital and long-term all-cause
mortality in patients with AMI. The liver, known
for its high metabolic activity and perfusion rates, is
directly affected by acute circulatory changes, such
as hypotension resulting from AMI, which can lead
to increased levels of ALT and AST [11].

Besides, elevated LTs may occur due to hepatic
congestion resulting from acute right ventricular
dysfunction [22]. Current research underscores the
role of factors, such as venous congestion, reduced
oxygen uptake by hepatocytes, and reperfusion
injury, in contributing to this LT elevation [22,
23]. While elevated serum LTs may originate from
ischemic myocardial tissue, their increase often
indicates secondary hypoxic liver injury, particularly
common during AMI.

Furthermore, a recent meta-analysis including
data from over 9.24 million participants and 242,953
cases of all-cause mortality revealed a moderately
significant correlation of AST with all-cause
mortality, along with geographical variations in the
correlation between ALT elevation and a risk of
all-cause mortality in the general population [24].
Interestingly, additional studies have documented
elevation of common markers, including ALT and
AST, in patients with heart failure and cardiovascular
disease, wherein liver injury resulted from ischemia
or congestion [25-28]. These findings further
corroborate the observed association between liver
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LT elevation and increased in-hospital and long-
term mortality in AMI patients.

In addition to the increased LT activity, our study
identified several clinical parameters associated with
increased in-hospital and 18-month mortality rates in
patients with AMI, which is in line with findings of
earlier research [29-35]. It is worth noting that the
presence of anemia, three-vessel CAD, and higher
Killip class upon admission were all found to be
significantly associated with adverse outcomes.

Anemia has long been recognized as a
prognostic factor of poor outcomes in patients
with cardiovascular diseases, including AMIL
Its association with increased mortality rates is
attributed to its role in exacerbating myocardial
ischemia through decreased oxygen delivery to the
myocardium and increased myocardial workload [31,
36, 37]. Similarly, the severity of CAD, particularly
when characterized by three-vessel lesion, has
consistently been linked to higher mortality rates
in patients with AMI. This association is largely
determined by extensive myocardial damage and an
increased risk of adverse cardiac events associated
with severe CA involvement [33, 38].

A higher Killip class at presentation, which
reflects the severity of heart failure, has been
identified as a significant predictor of mortality in
AMI patients in our study. The higher Killip class
was indicative of more extensive myocardial damage
and hemodynamic compromise, leading to poorer
outcomes [32, 39]. Additionally, age served as one of
the mostimportantrisk factors foradverse outcomesin
hospitalized patients with acute coronary syndrome,
including AMI. Advanced age was associated with
age-related physiological changes, comorbidities,
and diminished physiological reserve, all of which
contributed to an increased mortality risk [40]. Taken
together, these findings underscore the multifactorial
nature of mortality risk in patients with AMI and
highlight the importance of comprehensive risk
assessment incorporating clinical and demographic
factors in guiding treatment strategies and improving
patient outcomes.

This study had several potential limitations.
Firstly, it was constrained by its single-center setting
and a relatively small sample size. Secondly, despite
efforts to exclude patients with various liver diseases
based on medical records and risk factors potentially
influencing LT levels, we admit that undiagnosed

liver conditions or medications affecting liver
function may have gone undetected. Additionally,
the presence of AST in organs other than the liver
complicates the interpretation of elevated serum LT
levels, and the exact source of elevated enzymes
cannot be discerned. Furthermore, liver enzyme
levels were assessed only once, upon admission to
the intensive care unit following revascularization,
which presents another limitation.

CONCLUSION

Elevated LT levels upon admission were found
in about one-third of patients presenting with AMI,
which is significantly associated with ST-elevation,
systolic and diastolic blood pressure, Killip class of
HF, and creatinine levels. Our study showed that
high LT levels were associated with an in-hospital
and long-term mortality. These findings may be
used for elaborating future personalized treatment
strategies for AMI patients.
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ABSTRACT

The lecture considers the results of research conducted by Russian and foreign scientists concerning the
characteristics of all types of metabolic disorders and hormonal imbalance in undifferentiated connective tissue
dysplasia (CTD). Understanding the role of hormonal and metabolic disorders in the development and course of
diseases associated with CTD is of great importance for the development of pathogenetically grounded algorithms
for the diagnosis, treatment, and prevention of emergency conditions.
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PE3IOME
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Teuennn accouunpoBaHHbix ¢ JICT 3aboseBannii nmeer Goiblioe 3HAUSHUE ISl Pa3pabOTKU MaTOreHETHIECKH
000CHOBAaHHBIX AJITOPUTMOB JTUATHOCTUKH, JICUCHUA U l'lpO(bl/IJ'[aKTI/IKI/I HEOTJIOKHBIX COCTOSIHUM.

KiroueBsble cjioBa: qucIuia3us COSIUHATENBHON TKaHH, HAPYIIEHHS 00MEHA, TOPMOHAIBHBIN CTaTyC

Konpaukrt nnTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTCHIIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOJIMKanuel HaCTOSIIEeH CTaThH.

Hcrounuk ¢puHaAHCHPOBAHHUA. ABTOPHI 3asBISIOT 00 OTCYTCTBHM (PHHAHCHPOBAHUS TPH MPOBEICHHN HUCCIEN0-
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INTRODUCTION

The concept of connective tissue dysplasia
(CTD) implies structural and functional disorders of
connective tissue and their systemic manifestations
in multiple organs. CTD syndrome is marked by
a number of specific pathological conditions of
connective tissue, which are designated as genetic
disorders of collagen metabolism, since they are
associated with congenital metabolic and structural
defects of collagen. In addition to a number of
hereditary syndromes described in detail (Marfan
syndrome, Ehlers — Danlos syndromes, Stickler
syndrome, etc.), pathological changes in the form
of incomplete, suppressed, undifferentiated forms
combined into a group of undifferentiated connective
tissue diseases (UCTD) are of great social and
medical significance [1]. They do not meet the
diagnostic criteria of the above listed genetically
determined syndromes, but at the same time they
are characterized by a set of signs indicating the
presence of connective tissue disease with multiple
organ damage [2].

Due to the systemic nature of the manifestations,
the symptoms of UCTD are of interest for various
clinicians, including not only pediatricians and
therapists, but also specialty physicians, such as
cardiologists, surgeons, gynecologists, urologists,
pulmonologists, etc. [3]. Researchers are interested in
studying and making practical use of the knowledge
obtained about this pathological process because
of its high prevalence, the diversity of phenotypic
characteristics, the trend toward a progressive
course and adverse outcomes, and the relevance of
the search for prognostically significant markers

of a severe course and complications of associated
pathology [4].

Currently, there is no generally accepted
classification of UCTD that would be recognized
by all researchers and clinicians. No consensus was
reached regarding diagnostic criteria, terminology,
or assessment of the severity of this condition.
However, patients with UCTD represent a large
group with multiple organ disorders of varying
severity and require an interdisciplinary approach in
their medical care [3—6].

METABOLIC DISORDERS IN CTD

The formation of this pathological process is
based on a genetically determined defect in the
development of the mesenchymal matrix of the body.
It is accompanied by a decrease in the strength of
the connective tissue framework supporting systems
and organs, with subsequent morphofunctional
disorders closely related to changes in the hormonal
and metabolic state [7]. Hormonal and metabolic
parameters can form a panel of biological markers of
CTD at the preclinical stage, which determines the
relevance of this literature review.

According to a number of authors, CTD is a
hereditary metabolic anomaly, which is based on
impaired formation and maturation of connective
tissue structures in the body, which leads to the
development of dysplastic changes in tissues and
contributes to the occurrence of diseases of the
musculoskeletal system and internal organs [8]. It is
believed that impaired synthesis of collagen, the main
structural element of connective tissue, underlies
organ dysfunction in CTD. Proteins including
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glycosaminoglycans — glycoproteins perform a
structural function in various mucous secretions and
cell membranes, being an important component of the
intercellular matrix. Intermolecular bond disruption
leads to collagen disorganization [9]. In practice,
the state of collagen is assessed by the level of a
number of amino acids — its structural components
in the biological media of the body. Oxyproline is
one of the main amino acids of collagen, a biomarker
reflecting the catabolism of this protein. An increase
in the concentration of oxyproline in a 24-hour urine
test is associated with the severity of CTD and an
increased level of other amino acids in the blood,
namely hydroxyproline, lysine, and proline [3].

The presence of CTD significantly affects
tolerance and adaptation to exercise. Patients
with UCTD often suffer from exercise-related
musculoskeletal disorders and are predisposed to
re-injury [10]. In this regard, the presence of CTD
implies a personalized approach to the exercise
regime in these patients.

According to a number of authors, the asthenic
body type associated with malnutrition is one of
the most important phenotypic signs of CTD and
is statistically significantly more often observed in
this pathology than in the general population [11].
Protein — energy malnutrition in UCTD is registered
in 40% of cases and is accompanied by all types of
metabolic disorders, which makes active search for
mechanisms that explain this association relevant
[12]. There is a point of view that nutrient deficiency
as an adaptation mechanism in the prenatal period
leads to complex metabolic changes that determine
collagenopathy and associated dysfunction of
body systems. Since the hypothalamic — pituitary
— adrenal axis (HPA axis) represents one of the
adaptational systems of the body [13], the features of
the gestational period can preset the state of the HPA
axis and contribute to an unfavorable prognosis of
developing diseases in adulthood.

This concept is highlighted by literature data that
low body weight of newborns is associated with
arterial hypertension in both children and adults,
as well as with increased excretion of androgens
and glucocorticoids. Increased activity of the HPA
axis contributes to more active catabolic processes
with progressive body weight loss in patients with
hypoproteinemia and hypoalbuminemia. High
sympathetic tone ensures an increase in the intensity

of the basal metabolic rate and a sharp decrease
in energy expenditure. Increased catabolism in
malnutrition is characterized by depletion of
glycogen and fat depots at the beginning. Then,
with a significant deficiency of nutrients, protein
breakdown occurs in muscle tissue, and the level
of transport proteins in the blood decreases. Protein
deficiency leads to immune suppression associated
with both limited synthesis of immunoglobulins
and ineffective antioxidant defense, which together
contribute to deficiency of intracellular energy,
disruption of adequate transport of micronutrients,
and damage to cell membranes [12].

Protein metabolism disorders in CTD are also
manifested by changes in the vascular and platelet
component of hemostasis, as evidenced by the
presence of platelet function disorders in most
children [14]. The relationship between the severity
of anemia and the number of clinical signs of CTD
was found. This is confirmed by low levels of
hemoglobin, red blood cells, ferritin, and serum iron
[15]. Researchers consider different mechanisms of
anemia development in CTD. However, most tend to
believe that disruption of submembrane cytoskeleton
in red blood cells plays a crucial role in reducing the
life span of red blood cells, which significantly affects
elasticity and reduces their elastic deformation when
passing through the microvasculature [16, 17]. In
particular, it has been shown that an imbalance of
antioxidant enzymes (superoxide dismutase and
catalase) is observed in adolescents with UCTD. In
turn, this can lead to the accumulation of aggressive
hydroperoxides in the blood plasma, which damage
blood cells, and contribute to the development of
lipid peroxidation in erythrocyte membranes [18].

Neonatal body weight deficiency was also found
to be associated with insulin resistance and impaired
glucose tolerance afterwards. Since skeletal muscles
and adipose tissue are the main peripheral tissues
affected by insulin in adults, body weight deficiency
and malnutrition at birth can be considered as
adaptive manifestations [19]. However, researchers
from Donetsk National Medical University showed
that in children with UCTD and functional dyspepsia
(FD), insulin and cortisol levels were significantly
lower than in children without signs of CTD and
in healthy individuals [20]. Increased catabolism
in people with body weight deficiency and related
stress are also associated with a decrease in enzyme
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activity and insulin synthesis, and an increase in the
cortisol / insulin index is observed.

In malnutrition associated with CTD, energy
metabolism changes significantly, mainly from
carbohydrate to lipid. Moderate malnutrition is
accompanied by increased fat breakdown, in which
non-esterified fatty acids (NEFA) become an
important source of energy. Under these conditions,
the biosynthesis of fatty acids from cholesterol is
activated, which is necessary for the satisfactory
functioning of the digestive system and the complete
synthesis of corticosteroids, which regulate
adaptation reactions. With more severe protein
— energy deficiency and grade III malnutrition in
patients with slowing fat catabolism, the absorption
of NEFA worsens, and the level of cholesterol and its
fractions in the blood decreases, which contributes
to disrupted structure and impaired function of cell
membranes and a decrease in the concentrations of
corticosteroids and fatty acids [12].

Impaired lipid metabolism in CTD is a key link
in the pathogenesis of many diseases in people of
any age. It is believed that the content of free and
bound fatty acids in the blood serves as an additional
biomarker of CTD [3]. Researchers discuss the
significance of the pathology of cell membranes and
lipid and fatty acid composition of blood plasma
in the pathogenesis of arterial hypertension and
other cardiovascular diseases [21]. It is now known
that deficiency of polyunsaturated omega-3 fatty
acids underlies the occurrence of cardiovascular
pathology. Cardiovascular diseases in children are
some of the most common childhood pathologies
[22, 23]. Changes in the architectonics of the heart
and great vessels in young people with CTD and
their dysfunction are explained, among other things,
by impaired lipid metabolism.

Impaired mineral metabolism is another important
link in the pathogenesis of CTD, given the essential
role of macro- and microelements in the formation
of the connective tissue structure. According to the
literature data, the majority of patients with CTD
experience changes in the macro- and microelement
composition of biological media. Thus, in persons
with CTD, deficiency of the following elements
has been described: silicon, selenium, potassium,
calcium, copper, manganese, magnesium, and zinc.
All of the above elements are more or less involved
in bone mineralization, collagen synthesis, and

maturation [24]. A comparative analysis of clinical
and laboratory data from underweight children with
and without CTD showed that in the absence of
statistically significant differences in anthropometric
parameters, including bioelectrical impedance
analysis, in patients without CTD, the content of
mineral substances in the body was within the
reference values [25].

The analysis of the literature data showed that
researchers mainly focus on studying the role
of calcium and magnesium in the pathogenesis
of morphofunctional disorders associated with
CTD [26]. The deficiency of these elements is
associated not only with a decrease in the strength
of the bone skeleton according to densitometry,
but also with a disruption of the vascular wall
structure and impaired function of the nervous
system. At the same time, low magnesium levels
negatively correlate with the severity and number of
phenotypic signs of CTD [27, 28]. It is also known
that hypomagnesemia underlies the development of
insulin resistance and increases the risk of impaired
glucose tolerance. Often, children with CTD
exhibit deficiency of not just one, but a number of
microelements. As expected, the most frequently
described combination is deficiency of calcium
and magnesium, however, some researchers have
described combined deficiency of microelements
which actively participate in collagen formation,
such as zinc, selenium, iodine, and copper [29].

HORMONAL DISORDERS IN CTD

The above mentioned metabolic disorders in
CTD have complex hormonal regulation, which is
confirmed by the results of research characterizing
hormonal imbalance in CTD. Since diabetes mellitus
(DM) is an extreme manifestation of carbohydrate
metabolism disorders and the formation of vascular
and neurological complications in this pathology is
associated with the involvement of connective tissue
in the pathological process, an attempt was made
to study the features of the association between
UCTD and DM. It was found that UCTD negatively
affects the prognosis and course of type 1 diabetes
[30] and type 2 diabetes, which is manifested by
earlier depletion of regulatory mechanisms and
decreased opportunities for rehabilitation and
psychological adaptation. UCTD in combination
with type 2 diabetes is considered as an independent
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cardiovascular risk factor for cardiac arrhythmias,
valvular dysfunction, and autonomic imbalance,
contributing to sympathicotonia, electrical instability
of the myocardium and prolonged PQ interval and
increasing the risk of sudden cardiac death [31].

The analysis of the results of a large-scale study
on the functional state of the main body systems
demonstrated that patients with UCTD were more
likely to have uncompensated DM and developed
late complications two times more often and 2 to
3 years earlier than patients without CTD [32].
Symptoms of CTD were regarded as predictors of
the development of comorbid pathology in patients
with type 2 diabetes, which primarily implied
cardiovascular and musculoskeletal diseases [32].
In children and adolescents with type 1 diabetes and
CTD, complications, such as diabetic neuropathy
and nephropathy, develop earlier from the onset of
the disease and have a more severe course than in
patients without dysplasia, which allows to consider
them as a special risk group [33].

Thyroid pathology is considered to be the most
frequently diagnosed pathology in patients with
CTD. Autoimmune thyroiditis occurs in more than
37% of patients, which is significantly more common
than in the control group [34]. Thyroid hormones are
involved in the regulation of growth and skeletal
maturation [4]. It is known that free thyroxine and
trilodothyronine activate the synthesis of type 1
collagen and osteocalcin in bones. The biological
effects of thyroid hormones and thyroid-stimulating
hormone include inhibition of fibroblast proliferation
and chondrocyte differentiation in various types of
connective tissue, which underlies an increase in
bone density in hypothyroidism [35].

Krasnodar researchers also showed that
autoimmune pathology of the thyroid gland and
basal and/or postprandial hyperinsulinemia are the
most common of all endocrine diseases identified
in patients with UCTD, diagnosed in 37.7% and
43.4% of cases, respectively, which is statistically
significantly higher than in the control group [34].
Various research groups have shown that in young
people with UCTD, autoimmune thyroiditis is
diagnosed in 32.5% of cases and in women of fertile
age — in 42.9% of cases, which is more often than
in the general population. At the same time, the
frequency and severity of visceral, osteoarticular, and
skin phenotypic signs of UCTD are more significant

than in individuals with UCTD who do not have
thyroid pathology. Also, in this category of people,
higher titers of antibodies to thyroid peroxidase and
thyroglobulin are recorded, in contrast to healthy
controls, which allows to consider all patients
with UCTD as a risk group for the development
of autoimmune thyroid pathology [36]. The high
risk of developing autoimmune thyroiditis and
hypothyroxinemia in joint hypermobility syndrome
makes it reasonable to examine patients in order
to diagnose thyroid dysfunction that would require
subsequent targeted personalized therapy and iodine
prophylaxis in this target group [35].

Impaired development of the reproductive system
in adolescents is a consequence of UCTD. In girls,
the most common problem is menstrual dysfunction,
characterized by early menarche, hypomenorrhea
and amenorrhea, as well as by uterine bleeding
during puberty. In turn, hormonal and metabolic
changes accompanied by menstrual dysfunction
aggravate the course of CTD. The assessment of
the hormonal status of teenage girls with UCTD
and menstrual disorders showed that younger girls
(11-13 years old) with UCTD had an increased level
of follicle-stimulating hormone (FSH) and decreased
content of luteinizing hormone (LH), the LH / FSH
index was reduced up to 0.7, which corresponds to
gonadotropin function in infants and luteal phase
deficiency.

In a group of adolescent girls with UCTD
(14-16 years old), 55% were also diagnosed with
immaturity of the reproductive system, which may
be associated with UCTD (pubertal maturity index
< 1.0). However, 45% of patients had high sexual
maturity rating (2.0-2.5) [37]. The hormonal status
of adolescents with UCTD of both sexes was
characterized by a higher level of gonadotropins
than in healthy peers. Moreover, in patients with
minimal manifestations of dysplasia, the FSH level
was significantly higher than in the control group
and in patients with moderate and severe dysplasia,
and the LH level was significantly higher than in the
control group.

However, in severe dysplasia, gender-specific
hormonal status was revealed. Thus, in the group of
girls with severe CTD, FSH levels were significantly
reduced and had an inverse correlation with the
severity of dysplasia. In the group of boys, elevated
FSH and LH levels were noted in mild UCTD, while
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patients with severe UCTD had low concentrations
of the two hormones [37]. This indicates that
in severe cases, inhibition of the gonadotropin
function of the pituitary gland occurs, whereas with
minimal dysplastic changes, gonadotropin activity
is high. Researchers explain hyperprolactinemia in
adolescents with UCTD as a reaction caused by an
inadequate response of the body to stress. It is known
that patients with UCTD have a cluster of emotional,
personal and temperament characteristics, which
also requires in-depth study [38, 39].

The presence of CTD in boys may also underlie
delayed puberty, including symptoms that require
surgery, such as micropenis, hypermobility, testicular
hypoplasia, and varicocele [40]. Varicocele can
also be one of the manifestations of CTD in men.
During the examination of 721 adolescent patients
diagnosed with varicocele, it was found that patients
who had recurrent varicocele had more than seven
verified diagnostic signs of CTD, which makes it
possible to consider UCTD as a cause of varicocele
recurrence. A 10-100 increase in the level of sex
hormones (estradiol and testosterone) in the blood
of the pampiniform plexus was characteristic of such
patients, which may indicate hormonal regulation in
this pathology [40].

The presence of UCTD in patients is associated
with a high risk of gestational complications, such
as threatened miscarriage and incipient abortion,
cervical incompetence, premature rupture of
membranes, and retrochorial hematoma [41, 42]. The
examination of 80 pregnant women with threatened
preterm labor and cervical incompetence revealed
the prevalence of phenotypic signs of UCTD in more
than 90% of cases [43]. The above-described features
of hormonal imbalance and sexual development in
adolescents may partially explain the data obtained
on the negative impact of UCTD on the reproductive
function of both women and men.

Malnutrition is a symptom complex of great
medical and social significance due to a high risk of
adverse prognoses associated with the presence of this
syndrome. It is believed that a large part of metabolic
disorders is genetically determined, and mutations
of genes encoding adipokines and their receptors are
pivotal. Adipokines are hormone-like substances,
secreted by adipose tissue, an imbalance of which
can lead to metabolic disorders. The biological
effects of adipokines in abdominal obesity, metabolic

syndrome, and associated pathologies have been well
studied [44, 45]. Since there is a lack of data on the
pathogenesis of malnutrition in patients with CTD
and high frequency and severity of nutritional status
disorders, an attempt was made to assess the level of
anumber of adipokines and their receptors in patients
with CTD and malnutrition. It was found that in such
patients, the adipokine profile was characterized by
a decrease in the levels of leptin and resistin in the
blood and an increase in the concentration of soluble
leptin receptors and adiponectin [19].

CONCLUSION

Thus, CTD contributes to the formation of
pathology of various systems and organs and has a
wide variety of manifestations. Metabolic disorders
and hormonal imbalance are not only a manifestation
of this pathology, but also underlie the progression
of associated clinical conditions.

Understanding the role of hormonal and metabolic
disorders in the development and course of diseases
associated with CTD is of great importance for the
development of diagnostic algorithms based on
pathogenetics and targeted treatment, including
metabolic therapy and effective personalized
algorithms for preventing the progression and
complications of the pathological process which
would improve the quality of life.
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On the pathogenesis of COVID-19: the role of transforming growth factor
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ABSTRACT

Proteins of the transforming growth factor beta (TGF-B) family regulate numerous cellular processes that are
essential in the pathogenesis of acute respiratory distress syndrome (ARDS), contributing to increased alveolar
epithelial permeability, activation of fibroblasts, and extracellular matrix remodeling. TGF-f is involved in the
pathogenesis of inflammatory respiratory diseases during the development of COVID-19. SARS-CoV-2 leads to
complex immune responses that include the release of inflammatory cytokines, increased activity of mast cells, and
the release of mast cell secretome, in particular profibrotic enzymes and cytokines, including TGF-p.

Tryptase- and chymase-positive mast cells play a major role in pulmonary fibrosis and embolism in COVID-19.
Mast cell chymase is angiotensin-converting enzyme 2-independent due to extracellular formation of angiotensin
II in the interstitium; it also activates TGF-f and other molecules, thereby playing a role in tissue remodeling. Mast
cell B-tryptase increases the secretion of TGF-B1 by airway smooth muscle tissue and the expression of a-smooth
muscle actin (a-SMA). TGF-f also induces the generation of mitochondrial reactive oxygen species (ROS), which
enhances the production of ROS in lung fibroblasts. TGF-f is crucial for induing the synthesis of extracellular
matrix components by fibroblasts.

The review is devoted to the structure of TGF-p, the sources of its secretion and functions, the mechanism of its
involvement in the pathogenesis of COVID-19, and the possibility of its use as a prognostic marker of COVID-19
severity.

Keywords: transforming growth factor beta, mast cells, COVID-19, acute respiratory distress syndrome,
inflammation
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K Bonpocy o natoreHese COVID-19: ponb TpaHcpopmupylowero pakropa

pocTa 6eTa

ByaHeBckun A.B.", OBcaHHuKOB E.C.}, LnwkuHa B.B.’, AnekceeBa H.I'.", MepBeeBa N.M."?,

Kutoan A.l.", AuTakoBa J1.H.'

! Boponecckuil 2ocyoapcmeenmoiii meouyunckuil ynueepcumem um. H.H. Bypoenxo (BIMY um. H.H. Bypoenko)

Poccus, 394036, . Boponeoc, yr. Cmyoenuecxas, 10

2 Boponeaiccras oonacmuas kaunuyeckas donvruya Ne 1 (BOKE Ne 1)

Poccus, 394066, 2. Boponesic, Mockosckuu npocnexm, 151

PE3IOME

Benku cemeticTBa Tpanchopmupyroiiero gpakropa pocta 6eta (TGF)B peryaupyroT MHOTOYHCICHHBIC KICTOUHBIC
MPOLECCHI, KOTOPBIE UTPAIOT BAXKHYIO POJIb B MIATOT€HE3E OCTPOro pecnupatopHoro aucrpecc-curapoma (OPC),
CIOCOOCTBYIOT MOBBIIIEHHIO IPOHUIIAEMOCTH aJIbBEOJIIPHOTO SIHUTEIHS, aKTUBALMH (HHOPOOIACTOB M PEMOICIIH-
POBaHHUIO BHEKJIETOYHOTO MaTpukca. Tpanchopmupyronmii pakTop pocta 6era y4acTByeT B IaTOTeHE3e BOCIAIH-
TEJIBHBIX 3a00NIeBaHMi JbpIXxaTenbHoi cuctemsl mpu pa3sutud COVID-19. SARS-CoV-2 nmpuBOANT K CIOXHBIM
UMMYHHBIM PEaKLUsIM, KOTOPbIE BKJIIOYAIOT BHICBOOOIKICHHE BOCTIAIUTEIIBHBIX [[UTOKHHOB, TIOBBIIICHUE aKTHUB-
HOCTH TYYHBIX KJIETOK M BEICBOOOXKICHHE MPOIYKTOB UX CEKPETOMA, B YACTHOCTH NPOPHUOPOTHIECKHX (ePMEHTOB
Y IIUTOKUHOB, B ToM unciie TGF-f.

TpunTasa- 1 XHMMa3a-TOJIOKHUTEIbHBIE TYUHbIE KJIETKH HIPAlOT OOJBIIYIO POJIb B JISTOYHOM (HOpo3e 1 IMO0INH
npu COVID-19. Xnumas3a TyqHBIX KJIETOK SIBIISICTCS] HE3aBUCHMBIM OT aHTHOTSH3WHITPEBpAIaonero GhepmMenTa 2-ro
THUITa TyTeM 00pa30BaHUs aHTHOTEeH3UHA |] BHEKIIeTOYHO B MHTEpCTHINH, a Takxke akTuBupyer TGF-f u npyrue
MOJIEKYJIbI, TEM CAMBIM UIpasi poJib B pEMOJAEINPOBAHNUY TKaHEH. bera-TpunTasa Ty4HBIX KICTOK yBEIUYUBACT CE-
kperro TGF-B1 rimaskoii MBIIICUHOM TKAHBIO BIXATEIBHBIX My TeH U 3KCIPECCHIO 0-TJIaIKOMBIIICYHOTO AKTHHA —
a-SMA. TGF-f Taxke HHAYyOUpYeT IeHepanuio MUTOXOHIPUAIBHBIX aKTHBHBIX (hopM kuciopona (ADK), uro
ycunuBaeT BEIpaboTky ADK B pubpobdiacrax nerkux. TGF-f urpaer kirodeByro poiib B HHAYKIIMH CHHTE3a KOM-
MIOHEHTOB BHEKJIETOYHOTO MaTpHKca (puoOpodIacTaMu.

Hacrosimmii 0030p MOCBAIIEH paccMOTpeHuto cTpyKTypbl TGF-B, 0coOGeHHOCTSIM ero cekpenun U (QyHKIHU.
[Ipencrasnen mexanusM ero yuactusi TGF- B matorenese COVID-19, a Tax:ke BO3MOKHOCTH €T0 UCIIOIB30BAHUS
B Ka4eCTBE MPOTHOCTUYECKOT0 MapKkepa creneHu Tshkect TedueHus COVID-19.

KonaroueBsble cioBa: Tpancopmupyronmii gpakrop pocra 6era, COVID-19, Tydnble KIeTKH, OCTPBIA pecrupaTop-
HBII TUCTPECC-CUHIIPOM, BOCHIAJICHUE

KOHq)JIP[KT HHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U MOTCHIUAJIBHBIX KOH(bJ'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C ny6nnkaunei/’l HaCTOﬂH.[eﬁ CTaTbHU.

HUctounuk (l)PIHaHCHpOBaHPIfI. ABTOpBI 3asIBJISIIOT 00 OTCYTCTBUU q)HHaHCPIpOBaHI/ISI 1Ipy MMPOBCJACHUN UCCIIEN0-
BaHUA.

[ uurupoBanus: bynnesckuii A.B., OBcannukos E.C., Hlumxkuna B.B., Anexceea H.I'., [lepseea 11.M., Ku-
tosiH A.I'., AntakoBa JI.H. K Bonpocy o narorenese COVID-19: pons Tpanchopmupytoiero gakropa pocra Gera.
broanemens cubupckoii meduyunv. 2024;23(3):145-154. https://doi.org/10.20538/1682-0363-2024-3-145-154.

INTRODUCTION

The COVID-19 pandemic, which ended in May
2023, has lasted for more than three years. During
this time, research and discoveries in the field of
immunology made a breakthrough. COVID-19
affected more than 700 million people around the
world causing more than 6.9 million confirmed
deaths [1]. One of the long-term manifestations of
COVID-19 that follows an acute phase of infection
is post-COVID-19 syndrome.

Severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), which causes COVID-19,
can trigger complex immune responses, such as
activation of proinflammatory cytokines, an increase
in mast cell (MC) degranulation, and release of MC
compounds. 2, 3].

The receptor for SARS-CoV2 is angiotensin-
converting enzyme 2 (ACE2), which binds to
spike protein on the surface of SARS-CoV2.
MCs synthesize ACE2 and tryptase contributing
to the development of cytokine storm with
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high levels of proinflammatory cytokines,
including tumor necrosis factor alpha (TNFa),
interleukin-6  (IL-6), IL-1B, thymic stromal
lymphopoietin (TSLP), and others. [1, 4]. MCs
are activated by SARS-CoV-2 ribonucleic acid
(RNA) through the retinoic acid induced 1 (RAI-
1) protein, toll-like receptor (TLR)-3, TLR-7, and
TLR-8 (TLR). High concentrations of TNFa have
been reported both in plasma and tissues of patients
with COVID-19 [1, 4].

The baseline expression of ACE2 mRNA in lungs
is quite low compared to other organs, but it increases
in alveolar cells after SARS-CoV-2 infection. [5].
ACE2 is cleaved by transmembrane serine protease
2 (TMPRSS?2) and a disintegrin and metalloprotease
17 (ADAM17), facilitating COVID-19 penetration
into cells of the patient. [S]. SARS-CoV-2 increases
the level of ACE2 mRNA, transforming growth
factor beta (TGF-f3), connective tissue growth factor
(CTGF), and fibronectin (FN) [5]. Consequently,
binding of SARS-CoV-2 to ACE2 leads to an
increase in transcription of genes associated with
lung fibrosis [5].

A rise in the number of MCs influences rather
high frequency of COVID-19-associated pulmonary
embolism, since MCs were reported to induce
thrombosis through activation of coagulation factors
and thrombocytes. Tryptase- and chymase-positive
MCs play a significant role in pulmonary fibrosis
and embolism in COVID-19 [3]. Chymase is ACE2-
independent due to formation of angiotensin II
(Angll); it also activates TGF-P and other molecules
and induces tissue remodeling. Chymase-associated
formation of Angll occurs extracellularly in the
interstitium [6].

FEATURES OF THE STRUCTURE
AND SYNTHESIS OF TGF-$

Proteins of the TGF-B family are present in
all multicellular organisms and play an essential
role in development of organs, wound healing,
immune responses, and oncogenesis [7—11]. Each of
TGF-B-1, -2, and -3 (hereinafter collectively referred
to as TGF-f, unless indicated otherwise) are secreted
either as the small latent complex (SLC) which
consists of a bioactive homodimer non-covalently
associated with its pro-peptide (latency-associated
protein; LAP) or as a large latent complex (LLC) in
which the SLC is covalently bound to LTBP-1, -3,

or -4. Whereas LTBP-1 and - can associate with all
TGF-B isotypes, LTBP-4 binds only to TGFpB-1 and
at a lower affinity than the other LTBPs [10, 12—14].

The LTBPs form latent complexes with
TGF-B by covalent bonds to the TGF-B pro-
peptide (LAP) through disulfide bonds in the
endoplasmic reticulum [9]. LAP in turn is
cleaved from the mature TGF-B precursor in
the trans-Golgi network, but LAP and TGF-
remain strongly bound through non-covalent
interactions [9, 15]. It is important to note that each
monomer of LAP consists of a number of relatively
rigid a-helices and B-sheets, but the active cytokine
is held in place by multiple contacts with a single
flexible loop, which has been termed the latency
lasso and effectively holds the active TGF-p [8].
As long as this lasso maintains close interactions
with the active cytokine, TGF-B can be stored in
the extracellular space with almost no evidence of
active TGF-f signaling or cellular responses [8].

LTBP were originally considered to play a role
in maintaining TGF-B latency and directing the
latent growth factor to the extracellular matrix.
However, LTBP-1 also participates in TGF-B
activation by integrins and may also regulate its
activation by proteases and other factors [9]. LTBP-
3 is involved in skeleton formation, including tooth
formation. LTBP-2 and LTBP-4 are identified as
TGF-B-independent activators that have important
functions in the regulation of TGF-P and stabilize
bundles of microfibrils and regulate the assembly
of elastic fibers [9]. Genetic ablation of both short
and long isoforms of LTBP-4 leads to an increase
in TGF-f activity in lungs, which is consistent with
the previous observation that LTBP-4L interacts
with TGF-B in a more effective way [12]. However,
significant amounts of LTBP-1 and LTBP-4 are
secreted without SLS, just like LTBP-2, which
cannot interact with SLC [12]. TGF-p together with
LAP can form complexes with LTBP-1, which are
generated by fibroblasts [16].

Activation of TGF-f1 and LAP cleavage
are induced by an acidic environment or are
implemented by extracellular proteases, including
thrombospondin-1, plasmin, cathepsin D, matrix
metalloproteinase (MMP)-2 and -9, furin convertase,
and integrins [10]. The LAP domain of TGF-f has
the RGD sequence (arginine — glycine — aspartic
acid), which mediates binding to integrins [13].
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Alpha V beta 6 (avp6) integrin was demonstrated
toactivate TGF-B1, and alpha V beta § (avp8) integrin
was shown to activate TGF-B1 via membrane-bound
MMPs [10]. The molecules of the integrin family,
which interact with RGD, can activate latent TGF-B1
and TGF-B3 [17]. The avp1 heterodimer has recently
been shown to be a regulator of latent TGF-f in
fibrosis, and the integrins av5 and a51 participate
in the activation of myofibroblasts [18]. Alpha V
beta 8 integrin is a cell surface receptor for the LAP
of the multifunctional cytokine TGF-p [19]. Altered
expression of the integrin subunit B8 (ITGBS) is
found in human chronic obstructive pulmonary
disease, cancers, and cerebrovascular malformations
[19]. The inflammatory process can change the level
of TGF-P through specific mediators that influence
gene transcription [19]. Thus, IL-1p increases the
accessibility of transcription factors to the ITGBS8
promoter in lung fibroblasts through chromatin
remodeling [19].

Signaling of the TGF-B superfamily can be
mediated through the Smad- and non-Smad
pathways, in particular through the activation of
mitogen activated protein kinase (MAPK), including
extracellular signal-regulated kinase (ERK), p38,
and c-Jun N-terminal kinase (JNK); as well as
through the phosphoinositide 3-kinase (PI(3)K)/Akt
pathway, and the NF-xB pathway [10].

In addition to the non-proteolytic latent TGF-$3
activation mechanism, proteolytic —mechanisms
also take part in that process. They include two
types of proteases: glycoside-containing proteases
(N-glycanase and neuraminidase) and serine proteases
(plasmin, cathepsin D, and MMPs) [20, 21].

LTBPs are structurally related to the fibrillin
family of proteins, which includes fibrillin-1 and
fibrillin-2. Fibrillin-1 is an inhibitor of TGF-$
signaling and an integral component of microfibrils
[22]. Microfibrils cover the core of elastic fibers and
contribute to the temporal and spatial regulation
of TGF-B activation [16]. Microfibrils consist of
fibrillins, which are associated with glycoproteins
and protein microfibrils. These microfibrils bind
TGF-B, and fibrillins are the key components that
provide scaffolds for elastic fiber formation [23].

Fibrillin-1 expression persists throughout life,
while the expression of fibrillin-2 is limited to the
development of fetal tissues [13]. Furthermore,
fibrillin-1 together with the bound molecules, masks

fibrillin-2 epitopes, blocking its bioactivity [16].
Fibrillins function as scaffolds for the elastic fiber
formation, that contribute to the maintenance of tissue
homeostasis and regulate growth factor signaling in
the extracellular space [14]. Fibrillin-1 is a modular
glycoprotein that consists of 7 latent TGF-B-binding
domains and mediates cell adhesion through integrin
binding to the RGD motif in its 4" domain [14].
The activation of integrin-mediated TGF- is quite
important for immune system, oncogenesis, and
functioning of fibroblasts [11]. Both avf36 and avf8
integrins regulate TGF-p signaling by binding to
a linear tripeptide depending on the tensile force
created by the actin cytoskeleton [11].

L. Zilberberg et al. in their research in 2012
analyzed both in vitro and in vivo the role of fibrillin
microfibrils in the synthesis of LTBP-1, -3 and -4
[22]. The authors showed that fibrillin-1 is important
for integration of LTBP-3 and LTBP-4 into the
extracellular matrix (ECM), but not for LTBP-1,
because the presence of fibronectin is important for
the association of LTBP-1 with ECM [22].

TGF-p AS A REGULATOR OF NUMEROUS
CELL FUNCTIONS

TGF- B is produced by fibroblasts, epithelial,
endothelial and smooth muscle cells in the airways
[24]. In addition, TGF-B induces the synthesis
of various ECM proteins by fibroblasts, such as
collagens, elastin, proteoglycans, and fibronectin
[24]. TGF-B is expressed by infiltrated eosinophils,
lymphocytes, and MCs [24]. Lymphocytes and
thrombocytes also contain TGF-f3 [24].

Latent TGF-f s highly expressed in airway and
alveolar epithelia, alveolar macrophages, and ECM
of the lungs, where the inhaled microorganisms
face host body defense mechanisms during their
pulmonary phase [26]. Its maximum concentration
in the respiratory system is observed in the bronchial
epithelium [24]. Enhanced TGF-B1 signaling during
inflammation initially leads to local suppression
of the host immune system via direct inhibition of
effector immune cells like T cells and dendritic cells
[26].

TGF-B plays a key role in inducing the production
of ECM components by fibroblasts [23]. TGF-f itself
plays a significant and complex role in the immune
response of the respiratory tract, mediating various
proinflammatory or immunosuppressive effects [27].
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TGF-B1 stimulates the attraction of inflammatory
cells in the airways and stimulates the secretion
of additional growth factors and proinflammatory
cytokines [27]. And vice versa, TGF-B1 can suppress
both proliferation of lymphocytes and production
of particular cytokines [27]. Thus, IL-13 interacts
with IL-4, inducing alternative activation of M2
macrophages. That interaction promotes the release
of TGF-B1 platelet-derived factor [28]. This phase
is characterized by short-term expansion of resident
fibroblasts, formation of a temporary matrix, and
proliferation of airway progenitor cells and type 2
pneumocytes [28].

TGF-B plays an essential role in regulating
ECM components in the airways: it increases
synthesis of proteins, such as fibronectin, enhances
antiprotease activity, stimulates expression of
desmosomal proteins by bronchial epithelial cells,
which promotes activation of proteins involved
in intercellular junctions and contributes to the
formation of the basement membrane in alveolar
epithelial cells [29]. Finally, TGF-B contributes to
the mechanisms involved in the control of epithelial
cell growth and differentiation. For example, TGF-3
induces differentiation of normal bronchial epithelial
cells, regulates growth of cells via inhibition of cell
proliferation, and induces apoptosis of epithelial
cells in the lungs [29].

TGF-B regulates the expression of proteins
involved in the fibrous cascade, including the
regulation of expression and activity of extracellular
remodeling proteases, including MMPs, tissue
inhibitors of metalloproteinases, and endothelin-1
expression [10]. Endothelin-1 contributes to
persistent fibrosis by inducing fibroblasts to produce
and secrete TGF- by ECM and also regulating the
activity of the Rho family of GTPases, which take
part in TGF-B-induced fibrosis [10]. In general,
TGF-p is a key regulator of ECM production and,
therefore, enhanced TGF-B signaling is a crucial
factor in progression of fibrosis [10].

TGF-B has been shown to suppress the
proliferation of CD4+ T cells via inhibition of the
autocrine production of IL-2 [15]. In CD8+ cytotoxic
T cells (TC cells), TGF-B-activated Smad proteins
cooperate with activating transcription factor 1
(ATF1), suppressing the expression of interferon-y
and cytolytic factors, such as perforin, granzyme, and
Fas-ligand, thus inhibiting the anti-tumor activity of

these cells. TGF-B also modulates proliferation and
other functions of B cells, natural killer cells (NK-
cells), monocytes, macrophages, and granulocytes.
TGF-B plays a pleiotropic role in lymphocyte
regulation, and this is especially apparent in T cells
[15].

TGF-B1 induces alpha-smooth muscle actin
(a-SMA) and collagen synthesis in fibroblasts both
in vivo and in vitro and also plays a significant role
in tissue repair and the development of fibrosis [30].
During these processes, fibroblasts differentiate into
fibromyoblasts characterized by increased expression
of a-SMA [30].

TGF-B1 suppresses plasmin and plasmin-
mediated MMP activity in flexor tendon cells
cultured in vitro via activation of PAI-1[21]. It is
possible that TGF-B1 also suppresses MMP and
plasmin activity in other ways, such as through the
suppression of tissue-type plasminogen activators
(tPA), wurokinase-type plasminogen activators
(uPA), and / or membrane-bound MMP expression
in tenocytes [21]. TGF-B is aberrantly activated
during the degradation of ECM because of high
activity of MMP [12].

TGF-p1 and IL-6 have opposite effects on
regulation of cathepsin B and L activity in A-549
human lung epithelial cells [29]. The proinflamma-
tory cytokine IL-6 induced an upregulation of
cathepsin L, whereas TGF-f1 suppressed cathepsin
B and L expression. Cathepsins B and L are expressed
cysteine proteinases that play an important role
in lysosomal bulk proteolysis, protein processing,
matrix degradation, and tissue remodeling [29].

M. Jain et al. in 2013 demonstrated that TGF-f3
triggers the production of mitochondrial reactive
oxygen species (ROS), which in turn activates the
transcription of nicotinamide adenine dinucleotide
phosphate oxidase 4 (NOX4). That enhances the
production of ROS in lung fibroblasts in patients
with idiopathic and scleroderma-induced lung
fibrosis [31].

FEATURES OF MOLECULAR INTERACTION
OF TGF-p AND IMMUNOCOMPETENT
CELLS IN COVID-19

The anatomy of the lungs is vulnerable to
external stimuli and pathogens, and, as a result,
inflammation, allergic reactions, and carcinogenesis
take place. Increased regulation of TGF-f ligands is
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observed in the majority of lung diseases, including
pulmonary fibrosis, emphysema, bronchial asthma,
and lung cancer [32]. Based on the published data,
patients with COVID-19 or post-COVID syndrome
may develop pulmonary fibrosis. The prognosis for
this serious complication also deserves attention of
medical professionals and the scientific community.
The morphological characteristics of pulmonary
fibrosis include thickening of the alveolar septa,
collagen deposition, and fibroblast proliferation, as
well as, diffuse inflammation.

After infection with COVID-19, the TGF-B
pathway inhibits cell apoptosis and induces fibroblast
proliferation and myofibroblast differentiation,
developing pulmonary fibrosis [33]. In the early
stage of SARS-CoV-2 infection, a number of
inflammatory responses and dysregulation of the
fibrinolytic and coagulation pathways can promote
activation of the latent form of TGF-f in the blood
and lungs [33].

TGF-B causes fibrosis, which is a common
complication in patients with severe forms of
COVID-19. Acute respiratory distress syndrome
(ARDS) in COVID-19 patients can lead to terminal
pulmonary fibrosis [34]. TGF-B activation promotes
the differentiation of fibroblasts into myofibroblasts
and also regulates remodeling of the fibrous
component in ECM [34].

With the development of COVID-19, SARS-
CoV-2 penetrates into the upper respiratory tract
through ACE2 receptors, which are located on the
surface of the pulmonary epithelium [35]. The virus
infects type Il pulmonary alveolar cells during their
migration into the lower respiratory tract [35]. In
patients with COVID-19, interstitial pulmonary
edema occurs in the acute phase of ARDS, and
the formation of hyaline membranes results from
diffuse damage to the alveoli, while fibrosis of
the interalveolar septa and fibroblast proliferation
develop in the phase of chronic remodeling [28].
SARS-CoV-2 is supposed to increase the TGF-f
concentration by reducing the regulation of the
ACE?2 receptor through its interaction with the spike
protein. Consequently, as the regulation of ACE2 is
decreased, the level of angiotensin II increases, and
that enhances the activity of the TGF-f intracellular
signaling pathway [36-39].

TGF-B has been shown to suppress the number of
circulating NK-cells in patients with COVID-19 [26].

The activation of TGF-f increases the permeability
of the endothelial and epithelial cells, which leads
to an influx of fluids and proteins into the alveoli.
This process worsens gas exchange in the lungs
and results in arterial hypoxemia and respiratory
failure [40]. Superficial proteins of epithelial and
endothelial cells are surrounded by a dense mesh of
glycans, called the epithelial / endothelial glycocalyx
layer. Disruption of this layer is mediated by SARS-
CoV2 [41].

Our research team showed the increase in MC
activity and changes in their phenotype in lung
tissues of patients who died from COVID-19 [42].
MC, located in close proximity to fibroblasts, are
sensitive to mechanical stress in fibrotic lungs and,
therefore, can be stimulated by breathing process
in rigid and fibrous lungs [43, 44]. MC granules
may contain large amounts of profibrotic enzymes
and cytokines, such as TGF-B, IL-4, IL-10, IL-13,
chymase, tryptase, and growth factors [43], which
promote fibroblast activation [45].

Mast cell B-tryptase increases the production of
TGF-B1 by airway smooth muscle and stimulates
o-SMA secretion, leading to functional changes in
muscle tissues [46]. TGF-B1 mediates the expression
of genes involved into fibrotic process, including
collagen, proteases, and fibronectin, through a Smad-
dependent mechanism [27]. Airway smooth muscle
cells (ASMCs) contain a lot of TGF-f1-3 [28].
Plasmin and serine protease regulate the production
of a biologically active form of TGF-§ by ASMCs
as well as the release of extracellular TGF-$ [24].
The release of TGF- activated by plasmin induces
autocrine synthesis of type I collagen by ASMC
[24]. Macrophages are also important agents that
contribute to lung fibrosis. The activation of TGF-j3
/ Smad and IL-6 / STAT3 signaling pathways can be
involved in the M1— M2 polarization transition of
macrophages in cases of COVID-19 [47].

SERUM TGF-p LEVELS IN COVID-19

The most severe complication of SARS, caused
by coronavirus infection, is pulmonary fibrosis,
which develops in 45% of patients within 3 to 6
months after infection [48]. Increased expression
of TGF-B in COVID-19 patients may be the cause
of pulmonary fibrosis [49]. It was found that
patients with ARDS with lower levels of TGF-3
in the bronchoalveolar lavage fluid had fewer days
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spent in intensive care units and mechanically
ventilated [50].

Patients with COVID-19 have an increased
level of TGF-B1 in their serum and plasma, and
this correlates with the severity of their condition
[26]. The level of immunosuppressive cytokines,
such as TGF-B and IL-10, increased after SARS-
CoV-2 infection and there was no correlation with
gender [33]. Increased serum levels of TGF-f in
the early days of COVID-19 infection may indicate
the potential development of severe bleeding
complications, including the need for intensive care
and a risk of death.

S. Frischbutter et al. (2023) noted a significant
increase in serum levels of TGF-f within the first two
weeks after the onset of symptoms in COVID-19
patients [51]. This early increase of serum TGF-f3
impairs the ability of NK-cells to eliminate the
cells infected with the virus [51]. Thus, patients
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with mild COVID-19 (n = 27) had concentrations
of 165.4 pg / ml £ SD 105.4, patients with moderate
COVID-19 (n = 11) had slightly higher levels of
240.6 pg/ ml = SD 150.2, and patients with severe
COVID-19 (n=25) had greater serum TGF- levels
of416.3 pg/ ml£SD 161.7 (»p <0.0001) compared
to patients with mild or moderate COVID-19 [51].
The authors suggest that patients with serum TGF-3
levels of above 254.75 pg / ml are at high risk (92%)
of progression of a severe form of COVID-19
infection [50]. TGF-B can be considered and
recommended as a predictive marker of COVID-19
severity [51, 52].

A MODEL OF TGF-$ INVOLVEMENT
IN THE PATHOGENESIS OF COVID-19

A model of TGF-f activation in the development
of COVID-19 is presented in the authors’ scheme
(Figure).

Myofibroblast

Latent TGF-B1 t )
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Figure. A model of TGF-f activation in the development of COVID-19 (authors’ scheme modified according to [8])

Explanation: the receptor for SARS-CoV2 is ACE2, which binds to Spike protein on the surface of coronavirus. This interaction

causes the release of cytokines by various cellular agents. With the development of COVID-19, the activity of MC and synthesis of

their products increase, including profibrotic mediators, such as tryptase, chymase, and TGF-B. TGF-f induces the differentiation

of fibroblasts into myofibroblasts. TGF-3 also induces the production of mitochondrial ROS, which enhances their production in
pulmonary fibroblasts.

MC chymase is the ACE2-independent pathway
of Ang II formation in ECM. It also activates TGF-f
and other molecules, thus contributing to tissue
remodeling. Beta-tryptase of MC increases the

production of TGF-B1 by fibroblastic differon and
rises the expression of a-SMA.

TGF-B is produced in airway fibroblasts,
endothelial and smooth muscle cells, then it is
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accumulated in ECM as latent TGF-B (LTBP).
LTBPs form latent complexes with TGF-B by
covalently binding to the pro-peptide TGF-§3, LAP,
via disulfide bonds in the endoplasmic reticulum.
Latent TGF-B1 activation from ECM is initiated
by integrins through binding to the RGD sequence
(arginine — glycine — aspartic acid) in the LAP —
TGF-B domain. This activation is also induced by
acidic pH or is carried out by extracellular proteases,
such as thrombospondin-1, plasmin, cathepsin D,
MMP-2, MMP-9, and furin convertase.

CONCLUSION

There is no doubt that TGF-B is involved in
the pathogenesis of inflammatory diseases of the
respiratory system in COVID-19. TGF-B regulates
numerous cell processes, which play an importantrole
in ARDS development, increases the permeability
of the alveolar epithelium, activates fibroblasts, and
promotes ECM remodeling. SARS-CoV-2 causes
prolonged activation of immune cells, development
of complex immune responses, and production of
a large number of cytokines, including profibrotic
enzymes, in particular, TGF-p.

Tryptase- and chymase-positive MCs play a
significant role in the development of pulmonary
fibrosis and pulmonary embolism in COVID-19,
including through activation of the TGF-f pathway.
MC chymase is the ACE2-independent pathway of
Ang II formation in ECM. It also activates TGF-f3
and other molecules, thus contributing to tissue
remodeling. Beta-tryptase of MC increases the
production of TGF-B1 by airway smooth muscle
cells and rises the expression of a-SMA. TGF-f
also induces the production of mitochondrial ROS,
which enhances their production in pulmonary
fibroblasts.

TGF-B plays a crucial role in the regulation
of airway ECM components: it increases the
synthesis of proteins, such as fibronectin, enhances
antiprotease activity, and stimulates the expression
of desmosomal proteins by bronchial epithelial
cells, which promotes the activation of proteins
involved in intercellular junctions and the formation
of the basement membrane of alveolar epithelial
cells. Thus, the blood TGF-B level, considered
by many scientists as a predicting marker of
COVID-19 severity, has the potential to be used as
a marker of fibrotic processes in other respiratory
diseases.
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Galectins: a potential pharmacological target
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ABSTRACT

Aim. To consider the use of galectin-1 and galectin-3 inhibitors as potential pharmacological targets in antitumor
and antifibrotic therapy.

The lecture includes the analysis of experimental research and review articles presented in the PubMed database.
A brief description of the structure of galectins is given. Their generally accepted classification and features of the
structure of the carbohydrate recognition domain in galectin-1 and galectin-3 are presented. The main part of the
lecture describes the results of research on the development of carbohydrate-based (B-galactoside derivatives or
analogues) and non-carbohydrate-based (peptide-based, carboxamide derivatives) inhibitors capable of interacting
with galectin-1 and galectin-3.

The results of experiments performed on animal models and tumor cell cultures demonstrate that the antitumor
effect of galectin antagonists is realized through the suppression of proliferation and metastasis, activation of
tumor cell apoptosis, and modulation of the antitumor immune response. Antagonists of galectin-1 and galectin-3
potentiate the effect of antitumor drugs and have an antifibrotic effect. Some of the compounds discussed in the
lecture are undergoing clinical trials. The data presented in the lecture open up opportunities for the development
and synthesis of new molecules of potential galectin-1 and 3 inhibitors.
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PE3IOME

Henbio paboTHI SBISCTCS PACCMOTPEHUE HCIOJIB30BAHNSI HHTHOMTOPOB TaJICKTHHA- 1 U TalleKTHHA-3 KaK ITOTeHIN-
QIIBHBIX JIEKaPCTBEHHBIX CPEJICTB IIPOTUBOOITYXOJICBOH 1 aHTH(PHUOPOTHIECKOH Tepanuy.

Jlexius paszpaboTaHa Ha OCHOBE aHANM3a SKCIEPHMEHTANIbHBIX M OO30PHBIX CTaTel, MPEACTABICHHBIX B 0ase
naHHbiX PubMed. Jlana KpaTkast XapaKTepUCTHKA CTPOCHHS TaJIeKTHHOB, IIPEICTaBICHbI UX OOLIeNpHUHsTas Kilac-
cuuKanus 1 0COOCHHOCTH CTPYKTYPHOIT OpraHU3aLMH YIJICBO/I-PACIIO3HAIOLIEr0 JOMEHA TJIeKTHHA-1 1 rajek-
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THHA-3. B OCHOBHOMW 4acTH JIEKI[MM ONMUCAHBI Pe3yJIbTaThl HCCICAOBAHUN MO pa3pabOTKe MOJIEKYI-HHIMOUTOPOB
YIJIEBO/IHOM (TTPOM3BO/IHBIC WIIM AQHAIOTH [-rajakTo3u/1a) U HEYIJIeBOJHOW (Ha OCHOBE MENTHIOB, TPOU3BOIHbIC
KapOoKcaMHIa) CTPYKTYPBI, CIOCOOHBIX B3aUMO/ICHCTBOBATH C FAJICKTHHOM- 1 U rajJeKTHHOM-3.

Pe3yabTaThl SKCIIEPUMEHTOB, BBIIOJHEHHBIX Ha JJAOOPATOPHBIX )KUBOTHBIX M KYJBTYpaxX OITYyXOJIEBBIX KIICTOK,
JIEMOHCTPUPYIOT, YTO IPOTUBOOIIYX0JIEBOE JIeIICTBUE AHTArOHUCTOB FAJICKTUHOB PEalU3yeTCsl Yepes3 MOJaBICHUE
npoiudepaniy, MeTacTa3upoBaHMsl, aKTUBALMIO AIlONTO3a OIMYXOJEBBIX KJIETOK M MOAYJISIIUIO IIPOTHBOOITYXO-
JICBOTO UMMYHHOI'O OTBETa. AHTarOHMUCTBI FaJIeKTHHA-1 U rajgekTuHa-3 NOTEHUUPYIOT JeHCTBUE IPOTUBOOIIYXO-
JIEBBIX JICKAPCTBEHHBIX CPEJICTB M OKa3bIBAIOT aHTU(QHOpOoTHUIECKHH 3(PeKT. P paccMOTpEeHHBIX COeMHEHNUIT
NIPOXOAUT (ha3y KIMHHYECKUX HcciaenoBanuil. [IpecTaBieHHbIe B ICKIUY JaHHbBIE OTKPHIBAIOT BO3MOXHOCTH JUIS
pa3pabOTKH ¥ CHHTE3a HOBBIX MOJIEKYJ — IOTEHINAIBHBIX HHTHOUTOPOB TAJICKTHHA-1 1 TajieKTuHa -3.

KiroueBble c10Ba: rajgekTHH-1, TaleKTHH-3, HHTUOUTOPHI TJIEKTHHA, IPOTUBOOIMYXOJIEBbI NMMYHHUTET, OIY-
Xoub, Gudpo3

KOHq)J’IHKT HHTEPECOB. ABTOpI;I JCKIApUPYIOT OTCYTCTBUE SIBHBIX U MNOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaHI/IeI71 HaCTOHH.[eﬁ CTaTbHU.

Hcrounuk ¢puHAHCHPOBAHHUA. ABTOPHI 3asBISIOT 00 OTCYTCTBHN (\HHAHCHPOBAHUS TPH MPOBEICHHN NCCIENO0-
BaHMSI.

Js untupoBanusi: Cepedpsikoa B.A., Bamzosa O.E., ['onosuna E.JI., KouyGeit B.B. ['anekTHHBI: MOTEHIIH-
anbHas (papMakoJorHuecKas MHUIICHb. broiemens cubupckoi meduyunsl. 2024;23(3):155-162. https://doi.
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INTRODUCTION

Studies of antitumor immunity molecular
mechanisms substantiate the rationality of target
approaches to cancer therapy. Galectins are one of the
promising targets that support the immunosuppressive
microenvironment of tumor cells [1-7]. Galectin-
mediated mechanisms dysregulating immune responses
that promote tumor growth and metastasis include
inhibition of activation and induction of apoptosis of T
lymphocytes, expansion of Foxp3™ T-regulatory cells
and their immunosuppressive activity, stimulation
of differentiation of tolerogenic dendritic cells,
suppression of natural killer pool, and polarization of
macrophages towards M2 phenotype [3, 8—11].

Involvement of galectins in proliferation of
fibroblasts and their high expression in lung, liver, and
myocardium tissue fibrosis also allows considering
galectins as targets for antifibrotic therapy [12—
15]. The role of galectin-3 in fibroblast activation
includes synthesis of type I collagen and a decrease
in matrix metalloproteinase activity with suppression
of extracellular matrix element degradation [12].
Overexpression of galectin-1 enhances angiogenesis
and production of extracellular matrix elements
through activation of the PI3K/Akt pathway leading
to keloid tissue formation [16].

The lecture aims to consider the current state
of developing galectin-1 and galectin-3 inhibitors

as potential drugs for antitumor and antifibrotic
therapy.

GALECTINS

Galectins, carbohydrate-binding proteins, are
expressed by a wide range of cells. They have
nuclear, cytoplasmic or extracellular localization and
play a major role in inflammation, tumorigenesis,
angiogenesis, and fibroblast differentiation.
The structural component common for galectin
molecules is the carbohydrate recognition domain
(CRD) with a highly conserved amino acid
sequence (about 135 amino acid residues), which
binds p-galactosides as part of glycoprotein and
glycolipid receptors. Depending on CRD number
and structural organization, galectins are classified
into prototype galectins which contain one CRD and
can be monomers or homodimers (galectin-1, -2, -5,
-7, -10, -11, -13, -14 and -15); chimeric galectins
consisting of an N-terminal collagen-like domain
and a C-terminal domain containing a single CRD
(galectin-3); tandem-repeat galectins containing two
CRDs connected by a linker peptide (galectin-4, -6,
-8,-9,-12) [1, 3, 10, 17-20].

Among the galectin family, special attention
should be paid to galectin-1 and galectin-3, the high
expression of which is associated with fibrosis and
poor prognosis in various types of cancer including
colon, thyroid, pancreatic, bladder, stomach, kidney
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carcinomas, squamous cell carcinoma, melanoma,
lymphomas, and neuroblastoma [2, 10, 21-24].
Galectins specifically recognize the Gal-GlcNAc
(LacNAc) branches of N-glycans bound to cell
surface glycoproteins [19, 24]. The galectin-1 CRD
preferentially recognizes galactose-1-4-N-acetyl-
glucosamine sequences on N- or O-linked glycans
[25]. The galectin-1 CRD includes five subsites
(A-E). Subsite C is highly conserved being the main
recognition site for P-galactopyranoside residues.
The tryptophan residue (Trp68) that establishes
hydrophobic interactions between the aromatic ring
and CH groups of galactose is highly important
in recognizing the galactose part of molecules.
Specific hydrogen bonds are formed between the
hydroxyl groups of the carbohydrate ligand and
amino acid residues (His44, Argd8, Asn46, Asn6l,
and Glu71) of subsites C and D [26, 27]. The CRD
of galectin-3 consists of eight amino acids such as
Argld4, His158, Asn160, Argl62, Asnl74, Trp181,
Glul84, and Argl86 conditioning its interaction
with carbohydrates. The interaction of galectin-3
with natural disaccharide ligands (Lac/LacNAc)
occurs through hydrogen bonds and van der Waals
forces. Hydrogen bonds are formed between OH
groups of galectin (C-4 and C-6) and Glc/GlcNAc
(C-3) through His158, Asn160, Argl62, Glu184, and
Asnl74; van der Waals forces bond galectin and Glc/
GlcNAc residues via Trp181 and Argl86 [28, 29].
The immunoregulatory activity of extra- and
intracellular galectins makes it possible to develop
therapeutic approaches based on eliminating effects
of these molecules by altering their expression or
direct blocking by specific inhibitor molecules.

GALECTIN INHIBITORS

Studies aimed at developing potential inhibitors of
different galectin subtypes are focused on obtaining
selective compounds with high bioavailability [17].
The main parameters of synthesized molecules
conditioning their prospects are as follows: high
affinity for the target galectin (values of the
dissociation constant (K,) in a low nanomolar range,
the ability to compete with endogenous ligands in
biologically significant concentrations), selectivity
for various carbohydrate recognition domains of the
target galectin, and cellular uptake and stability in
biological media [30].

Most  known  galectin  antagonists  are
glycomimetics and are B-galactoside derivatives

or analogs that target the canonical carbohydrate
binding site of galectins. These include aryl-O- and
S-galactosides and lactosides, carbohydrate-based
triazoles and isoxazoles, O-galactosylaldoximes,

phenylthio-p-d-galactopyranoside analogues,
N-acetyllactosamine thioureido derivatives,
talosides, and various polyvalent sugar-based
compounds [31-33]. Monoclonal antibodies,

galactose-based polymers, synthetic multivalent and
small ligands usually have low affinity and limited
bioavailability when administered orally [17].

B.A.Salameh et al. succeeded in synthesizing a
collection of stable 3-(1H-[1,2,3]-triazol-1-yl)-1-thio-
galactosides containing galectin-3 inhibitors (K =107
um), comparable in effect to natural disaccharide
inhibitors such as lactose and N-acetyllactosamine
[34]. Hydroxyl groups are known to impart polarity to
thiodigalactoside molecules. Replacement or removal
of any hydroxyl group not involved in interaction
with galectin-3 may increase ligand affinity and oral
bioavailability [35].

In a transplantable melanoma model (B16/
F10 melanoma cell culture) and an orthotopic
breast tumor model (breast tumor cell line 4T1),
intratumoral administration of thiodigalactoside
was accompanied by an increased count of CD§”
T-lymphocytes infiltrating the tumor, a decreased
count of CD31" endothelial cells, and proliferation
of tumor cells [21, 36]. Thiodigalactosides were
found to inhibit antioxidant protective effect of
galectin-1 on hydrogen peroxide-induced apoptosis
of endothelial cells [36].

K. Peterson et al. synthesized fluorinated
derivatives of phenyltriazolylthiodigalactoside and
investigated their inhibitory effect on galectin-1
and galectin-3. Symmetrically substituted phenyl-
triazolylthiodigalactosides showed high affinity
for galectin-3 (K, up to 1-2 nm), asymmetric
thiodigalactosides containing one triptrophenyl-
triazole and one coumaryl fragments showed high
affinity (K, =7.5 nm) and 46-fold higher selectivity
for galectin-3 versus galectin-1 [37].

An experiment on xenografts of a lung
adenocarcinoma syngeneic model in C57/Bl/6
mice showed that oral administration of low-
molecular-weight galectin-3  inhibitor GB1107
(3.,4-dichlorophenyl-3-deoxy-3-[4 (3, 4, 5-trifluoro-
phenyl) )-1H-1, 2, 3-triazol-1-yl]-1-thio-a-D-
galactopyranoside) suppressed the growth of
adenocarcinoma and blocked metastatic spread.
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Compound GBI1107 promoted the polarization
of tumor stroma macrophages towards the M1
phenotype and infiltration of tumor tissue with CD8'T
cells. Additional block of PD-L1 (programmed cell
death ligand) with monoclonal antibodies promoted
increased expression of [FNy, granzyme B, perforin
1, and Fas ligand by cytotoxic CD8'T lymphocytes
and tumor cell apoptosis, assessed by increased
expression of caspase 3 [22].

Using competitive NMR spectroscopy, F. Hogye
et al. assessed K of three symmetric derivatives of
thiodigalactoside, bis-(B-D-galactopyranosyl)-sulfane
modified by different aromatic substituents. According
to the results obtained, bis-{3-O-[(naphthalene-2-yl)
methyl]-B-D-galactopyranosyl}-sulfane,  bis-{3-O-
[(quinolin-2-yl)methyl]-B- D-galactopyranosyl} -
sulfan and bis-(3-O-benzyl-B-D-galactopyranosyl)-
sulfan bind to galectin-3 94, 30 and 24 times
stronger than the reference compound bis-(B-D-
galactopyranosyl)-sulfan. The authors highlighted the
major importance of cation-m interactions in binding
of aralkylthiodigalactoside derivatives to the ligand
[38].

D. Vrbata et al. synthesized multivalent analogues
of C-3 aryl-substituted thiodigalactoside inhibitors
based on N-(2-hydroxypropyl) methacrylamide.
Using enzyme immunoassay and bio-layer
interferometry, 4 compounds were selected - with
the substitution of 4-acetophenyl, 4-cyanophenyl,
4-fluorophenyl, and thiophen-3-yl, which possessed
high affinity for galectin-3. Experiments on
tumor cell cultures showed that the cyanophenyl-
substituted glycopolymer demonstrated the greatest
antiproliferative, antimigration, antiangiogenic and
immunoprotective activity [6].

1,4-disubstitutedtriazoleswere foundtobehigh-
affinity inhibitors of galectin-3. Conformational
analysis of 1,4-di- and 1,4,5-trisubstituted
galactose C3-triazoles showed that the triazole
C5 substituent interfered with galectin proteins
and, thereby, caused their lower affinity versus
corresponding 1,4-disubstituted triazoles. The
introduction of two 1,4-disubstituted triazole
fragments into thiodigalactoside was accompanied
by a lower affinity for galectin-3 [39].

Using surface plasmon resonance (SPR)
technology, M.F. Marchiori et al. found that
synthetic glycoconjugates of methyl 3-O-methyl-
{[(3-phenyl)-2-propane-1-0ic]-1H-1,2,3

-triazol-4-yl}-0-d-galactopyranoside and methyl
3-O-methyl-[(6-aminohexan-2-oic)-1H-1,2,3-
triazol-4-yl]-a-d B-galactopyranoside bind
with high affinity (K=7.96 um, K =4.56 um,
respectively) to galectin-3 through specific cation-n
(Argl44) and ionic (Aspl48) interactions. By
connecting two independent CRDs of galectin-3
and creating a non-covalent cross-link between the
two monomers, glycoconjugate methyl-{1-(1H-
1,2,3-triazol-4-yl)-2-[2-(2-ethoxy)ethoxy|ethyl-4-
O-(B-d-galactopyranosyl)-p-d-glucopyranoside} -
4-0O-(pB-d-galactopyranosyl)-p-d-glucopyranoside
achieves a submicromolar affinity for galectin-3
(K, =0.15 pm, K =19 pum) [28].

J. Stegmayr et al. assessed the absorption of
previously synthesized galetin-3 inhibitors — a
1H-1,2,3-triazol-1-ylthiodigalactoside =~ derivative
and an o-d-galactopyranoside derivative in
vitro on a colon adenocarcinoma cell culture
(Caco-2). The authors showed that the 1H-1,2,3-
triazol-1-ylthiodigalactoside derivative was only
slightly absorbed by cells and likely exerted its
effect in the extracellular compartment. The o-d-
galactopyranoside derivative is characterized by
high permeability through cell membranes [30].

Modification of glycomimetic molecules by
introducing benzyl substituents into the 3-hydroxyl
groups of p-d-galactopyranosyl-(1—1)-thio-p-d-
galactopyranoside (TDG) made it possible to obtain
compounds that inhibit binding of galectin-1 and
galectin-3 on the cell surface [40].

F. Zetterberg et al. developed a relatively new
class of promising drug structures of potential
galectin-3  inhibitors, namely 1,3-substituted
a-d-monogalactopyranosides. Higher affinity of
monosaccharide molecules for the ligand was
achieved through a combination of interactions of
orthogonal multipolar fluoroamide, phenylarginine,
sulfur-n- and halocarbonyl bonds [35]. Compound
GB1490 (galectin-1: K =0.4 pm; galectin-3: K =2.7
um) is a galectin-1 inhibitor obtained by replacing
six-membered aryltriazolyl substituents in the a-d-
thiogalactoside molecule. It prevents galectin-1-
induced apoptosis of Jurkat cells and it demonstrated
high bioavailability (F% > 99%) in experiments on
mice when taken orally [41].

Doubly 3-O-coumarylmethyl-substituted
thiodigalactosides demonstrated high affinity for
galectin-3 in a mouse model of bleomycin-induced
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pulmonary  fibrosis [42].  Thiodigalactosides
GBO0139 and GBI1211 obtained from disubstituted
monogalactosides and having a high affinity for
galectin-3, reduce the expression of profibrotic
genes in liver myofibroblasts and exhibit antifibrotic
activity in a model of carbon tetrachloride-induced
liver fibrosis and bleomycin-induced lung fibrosis
in C57BL/6 mice. Thiodigalactoside GB0139
(NCT03832946) is currently in phase IIb clinical trials
for the treatment of idiopathic pulmonary fibrosis for
inhaled use. Compound GB1211 (5-bromopyridin-
3-yl-3-deoxy-3-[4-(3,4,5-trifluorophenyl)-1H-
1,2,3-triazol-1-yl]-1-thio-a-d-galactopyranoside) is
undergoing phase Ila clinical trials as a potential drug
for the treatment of liver cirrhosis (NCT03809052)
and cancer (NCT05240131) [17].

M. Filipova et al. synthesized multivalent
glycopolymer inhibitors of extra- and intracellular
galectin-3 by combining poly-LacNAc-derived
oligosaccharides (GalP4GlcNAc) with copolymers
of N-(2-hydroxypropyl) methacrylamide. Authors
demonstrated that the synthesized glycopolymers
significantly suppressed galectin-3-induced
apoptosis of T-lymphocytes and migration of tumor
cells in melanoma, colon, breast and prostate cancer
[43].

Multivalent glycan ligands synthesized from
B-cyclodextrin demonstrated a 153-fold higher
affinity for galectin-3 versus monomeric glycan
ligand. Maximum affinity for galectin-3 was found
for the heptavalent ligand containing GalNAc (Tn
antigen). Synthetic multivalent ligands based on
B-cyclodextrin were shown to inhibit the binding of
galectin-3 to human airway epithelial cells [44].

A typical disaccharide ligand of galectins is
N-acetyllactosamine  (LacNAc, GalB4GIcNAc).
A structure-affinity relationship study based on
enzyme-linked immunosorbent assay of a series of
fifteen N-(2-hydroxypropyl) methacrylamide-based
glycopolymers with varying numbers of LacNAcs
showed that the architecture and type of presentation
of LacNAc (individual or clustered on di- or trivalent
linkers) provided 300-fold increase in avidity for
galctin-1 versus galectin-3 [45].

M. Raics et al. studied binding of two selenium-
containing galectin-3 inhibitors such as di(p-D-
galactopyranosyl) selenide in which two galactose
rings are linked by one selenium atom, and di(p-D-
galactopyranosyl) diselenide with a diselenic bond

between two sugar units. Using NMR spectroscopy
and fluorescence anisotropy titration, the studied
compounds were found to bind to canonical S-shaped
site of galectin-3. Di(B-D-galactopyranosyl) selenide
demonstrated a stronger affinity for galectin-3 than
di(B-D-galactopyranosyl) diselenide, but lower than
thiodigalactoside which is the known inhibitor of
galectin-3 [46].

Galectin inhibitors were found to be able to
potentiate the effect of antitumor drugs. Thus,
galectin-3 inhibitor of GCS-100 (NCTO01843790)
induces p53-mediated apoptosis of acute myeloid
leukemia cells (myeloma cell lines U266 and
RPMI8226) and enhances the effect of BH3-
mimetics (drugs that inhibit anti-apoptotic proteins
of the Bcl-2 and Mcl-1 family promoting the survival
and chemoresistance of tumor cells [47]. Inhibition
of galectin-3 by the antagonist GCS-100 increases
apoptosis of prostate adenocarcinoma cell line (PC3)
induced by cisplatin [48]. In a mixed culture of
acute lymphoblastic leukemia (BCP-ALL) cells and
bone marrow stromal cells (OP9), galectin-1 and
galectin-3 inhibitors GM-CT-01 and GR-MD-02
increase sensitivity of tumor cells to vincristine
and nilotinib, which was assessed by inhibition of
proliferation and a lower number of viable cells [24].

One of the promising inhibitors of galectin-3 is
a compound obtained from natural carbohydrate
polymers that is the complex polysaccharide of
belapectin (GR-MD-02). In a transplantable model of
sarcoma (MCA-205 cells), prostate adenocarcinoma
(TRAMP-CI1 cells) and breast carcinoma (4T1 cells)
in C57BL/6 and BALB/c mice, it was established that
belapectin in combination with aOX40 (monoclonal
antibody against 0X40 (CD134)) reduces the content
of myeloid derived suppressor cells (M-MDSC)
in tumor tissue, proliferation of regulatory Foxp3*
CD4" T lymphocytes and increases the density of
effector CD8" T cells more effectively than with
a0X40 monotherapy, which is accompanied by
suppression of tumor growth and increased survival
of experimental animals [49]. In phase [ of the clinical
trial, it was found that intravenous belapectin in
combination with pembrolizumab (anti-PD-1 mAb)
in patients with metastatic melanoma and squamous
cell carcinoma of the head and neck leads to elevation
of proliferating activated effector memory CCR7~
CD45RACD4* T cells and lower blood levels of
monocytic myeloid suppressor cells [50].
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An alternative to carbohydrate-based galectin
antagonists are non-carbohydrate inhibitor molecules
such as heterocyclic compounds, peptide-based
inhibitors and peptidomimetics (OTX008/PTX008
and Anginex (B-pep25)) [33]. PTX008, allosteric
inhibitor of galectin-1, suppresses aggregation,
adhesion, and migration of acute lymphoblastic
leukemia cells (early B-cell precursor ALL, BP-
ALL) and increases their sensitivity to vincristine
[51]. OTX008 (PTXO008), galectin-1 inhibitor,
suppresses the growth and increases oxygenation of
tumor cells of human squamous cell carcinoma of
the larynx (SQ20B) in an experimental mouse model
(Athymic Nude, Nu/Nu) [31], enhances inhibitory
effect of sorafenib on proliferation of hepatocellular
carcinoma cells (MHCC97L) [52]. In combination
with the chemotherapeutic agent of irofulven,
PTXO008 causes regression of ovarian tumor growth
experimentally induced in mice (athymic nude,
Nu/Nu) by introducing a human epithelial ovarian
carcinoma cell line (MA148) [32].

Recently, new non-carbohydrate compounds
binding C-terminal domains of galectin-3 and
galectin-8C have been proposed. They are derivatives
of N-arylsulfonyl-5-aryloxy-indole-2-carboxamide
which are Cpd53 (galectin-3: K =4.12 um, galectin-
8C: K;=6.04 um) and Cpd57 (galectin-3: K =12.8
pm, galectin-8C: K =2.06 um) compounds. Using
molecular docking, the amino acids Argl44 of
galectin-3 and Ser213 of galectin-8C were found to
contribute to increased selectivity [5].

CONCLUSION

Galectininvolvementintumor cell transformation,
metastasis, stimulation of angiogenesis and
suppression of antitumor immune responses allows
considering these carbohydrate-binding proteins as
multifunctional targets for cancer therapy. Results of
numerous studies assessing the effect of molecules
with different structures on galectin-mediated effect
indicate prospects of research in development of
selective antagonists of galectin family individual
members, and rationality of their combined use
with antitumor drugs in order to enhance the
chemotherapeutic effect. The high risk of tissue
fibrosis of various localizations associated with
increased expression of galectin-1 and galectin-3
indicates potential modulating effect on fibroblast
proliferation by eliminating the effect of galectins
using antagonists.
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Intracranial arachnoid cyst in a 28-year-old man. A clinical case with

a fatal outcome
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ABSTRACT

Most intracranial arachnoid cysts are thought to be non-tumorous, congenital, intra-arachnoid cerebrospinal fluid
collections that account for about 1% of all intracranial space-occupying lesions. In children, the prevalence of this
pathology is 2.6%; in adults, it reaches 1.4%. The disease is more often registered in men. Most often arachnoid
cysts are supratentorial. Their most common locations are in the middle cranial fossa and the retrocerebellar cistern.
Less often they can be detected on the convexity of the brain hemispheres; however, cases of arachnoid cysts at
more unusual sites have also been described, including in newborns. The pathology is often characterized by an
asymptomatic course, while certain symptoms may have an acute onset, which is due to compression of brain
structures caused by the large cyst size.

This article describes a clinical case of a large intracranial arachnoid cyst in a 28-year-old man. It was not verified
in the antemortem diagnosis, but was revealed according to the autopsy findings (macroscopic features of the cyst,
histologic presentation with specific morphological changes, and findings of computed tomography of the cerebral
hemispheres).
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Conflict of interest. The authors declare the absence of obvious or potential conflict of interest related to the
publication of this article.

Source of financing. The authors state that they received no funding for the study.
For citation: Krakhmal N.V., Naumov S.S., Vtorushin K.S., Minekhanov T.R., Zavyalova M.V., Vtorushin S.V.

Intracranial arachnoid cyst in a 28-year-old man. A clinical case with a fatal outcome. Bulletin of Siberian Medicine.
2024;23(3):163—171. https://doi.org/10.20538/1682-0363-2024-3-163-171.

AanHOI/Ip,aﬂbHaﬂ BHYTPMMO3roBaa KNCta y My>K4nHbli 28 ner.
KnuHnuyecknn cnyqa|7| cfieTaJsibHbIM UCXoAOM

Kpaxmanb H.B."?, Haymos C.C.", BropywuH K.C.', MunexaHos T.P.', 3aBbsainoBa M.B."?,

BropyuwwuH C.B."?

! Cubupckuii 2ocydapcmeennviii meouyunckuil yrusepcumem (Cu6l’ MY)
Poccus 634050, 2. Tomck, Mockosckuii mpaxkm, 2

P4 Naumov Sergey S. serg.nau2011@gmail.com

bionneteHb cM6UPCKO MeanLmHbl, 2024; 23 (3): 163-171

163



Krakhmal N.V., Naumov S.S., Vtorushin K.S. et al.

2 Hayuno-ucciedosamenvckuilt uncmumym (HUHW) onxonoeuu, Tomckuil HAyuoHaibHblll UCCAEO08AMENbCKULL
meouyunckuii yenmp (HUMI]) Poccutickoii akademuu Hayk
Poccus 634009, 2. Tomck, nep. Koonepamusnuwiii, 5

PE3IOME

ApaxHouaJabHbIe BHYTPHMO3IOBbIE KUCTBI MPEJCTABIAIOT CO0O0il Yalle BPOXKICHHBIC, OTIPAHUYCHHbIC JIHCTKA-
MU MayTUHHOW 00OJIOYKH MPOCTPaHCTBA (00pa30BaHMA KUCTO3HOTO CTPOCHHS), 3alIOJTHEHHbBIC CITMHHOMO3TOBOM
JKHJKOCTBIO, PaCTIPOCTPAaHEHHOCTh UX COCTAaBISIET 0 1% OT Bcex 00BEeMHBIX 00pa30BaHMIl JaHHOI JTOKaIU3aIHy,
nporiece B OOJBIIMHCTBE CIIy4acB UMeEeT J10O0pPOKaYeCTBEHHBIH XapakTep TeueHHs. Y JieTel 4acToTa BbISBICHUS
MATOJIOTHH COCTABIAACT 2,6%, 3TOT IMOKA3aTeNb y B3POCIBIX MMAIIEHTOB COOTBETCTBYET 3HaYCHUIO 1,4%, HECKOIBKO
qaiie 3a00JeBaHie PErUCTPUPYETCs cpeu My4nH. Hanboee 4acTo 1o j00HbIe KHCThI UMEIOT CYIIPaTeHTOpUAb-
HOE PACIOJIOKEHHE, IPEUMYIIIECTBEHHO OHH JIMarHOCTUPYIOTCS B CPEHEH YepenHoi sSIMKe, B peTpouepedemsip-
HO# 00J1aCTH, peXke X MOKHO OOHAPYKUTh B KOHBEKCHTAIBHBIX OT/Ie1aX OONBIIMX MOIYLIAPUi, TAKXKe OTIUCAHBI
cirydan 6oJiee peIKUX 0COOBIX JIOKAIM3ALMIL, B TOM YHCIIE Y HOBOPOXKACHHBIX. [1aTONOrns 4acTo XapakTepusyercs
6ECCUMITOMHBIM TCYEHHEM, TIPU ATOM BO3HUKHOBEHHE OIPE/IEIICHHOI CHMITOMATHKH MOXKET UMETh OCTPOE Hava-
110, 00YCJIOBJICHO KPYITHBIMHU pa3MepaMH KHCT CO CIaBJICHHEM CTPYKTYpP T'OJOBHOTO MO3ra.

B craTbe npeacTaBiIeHO ONMCAHUE ClIydasi BHYTPUMO3TOBOM apaXHOM/IAIbHON KHCTHI OOJIBIINX Pa3MEPOB y MyXK-
4quHBI 28 JIeT, He BepHU(UIMPOBAHHOW MPYKH3HEHHO U BBISBICHHOMN JIMIIL IOCMEPTHO Ha OCHOBAHMH JIAHHBIX
MaTOJIOr0aHATOMUYECKOI0 HCCIEA0BaHUS (MAaKPOCKONMYECKHE OCOOCHHOCTH O00pa30BaHMs, TMCTOJIOrHYEcKas
KapTHHA ¢ XapaKTePHBIMH MOP(OIOrHUSCKUMU U3MEHEHUSIMUA U TAHHBIC KOMIIBIOTEPHOU TOMOTpadUH OOIBIINX
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INTRODUCTION

Intracranial arachnoid cysts (IAC) are most
often congenital collections of cerebrospinal fluid
delimited by the layers of the arachnoid mater.
They account for about 1% of all intracranial space-
occupying lesions. The process in most cases is
benign. There is a classification according to which
primary (developmental cysts) and secondary cysts
are distinguished. The former are caused either by
splitting of the arachnoid membrane during fetal
development with the subsequent formation of sacs
and abnormal accumulation of cerebrospinal fluid
in them or by a failure of the frontal and temporal
embryonic meningeal merging, resulting in a
duplication within the Sylvian fissure [1]. Secondary
cysts are more likely to be a consequence of previous

infections or traumatic damage to brain structures.
They can also result from surgical interventions and
intracranial hemorrhages, while the communication
with the ventricular system of the brain can be
preserved but is often absent [1-4].

The literature presents data on cases of multiple
[IACsinonepatient[5]. There is also information that
congenital IACs can be associated with a mutation
of the FOXC?2 gene on chromosome 16 [6] and can
also cooccur with Arnold — Chiari malformation
[7]. Medical cases of IACs were first described by
R. Bright in 1831 [8]. The research results obtained
by W.N. Al-Holou et al. report that the incidence
of the pathology is about 2.6 and 1.4% in children
and adult patients, respectively [5, 9]. It is known
that the disease is detected somewhat more often in
men [5, 8].
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Most often arachnoid cysts are supratentorial.
Theirmostcommon locations are in the middle cranial
fossa (34%) and the retrocerebellar cistern (33%).
Less often they can be detected on the convexity of
the brain hemispheres (14%) [5]. However, cases
of arachnoid cysts at more unusual sites have also
been described, in particular, in prepontine cisterns,
quadrigeminal plate, and between the cerebral
hemispheres [10—12].

This pathology is registered in various age groups.
Such cysts are often asymptomatic for a long time
and become an incidental finding during structural
and functional neuroimaging for unrelated symptoms
and complaints [1]. A symptomatic [AC is arare case
and more often recorded in children [13]. However,
researchers have described giant arachnoid cysts in
young men who had acute neurological symptoms
caused by severe compression of brain structures;
the sizes of the cysts were 12.3 x 16. x 7.9 cm and
6.5 x11.5 x 12.5 cm [14, 15].

There have been few studies addressing the
morphology of arachnoid cysts. The main studies
date back to 1972-2000. So, K. Rabiei et al. (2014)
presented a detailed description of the morphological
features of these formations and showed possible
differences in the structure of the epithelial lining
and extracellular components in the walls of the
studied cystic brain lesions, including the presence
of squamous and ciliated epithelium, as well as glial
and neuronal components in typical arachnoid tissue.
The discovered structural features of IACs allowed
the authors to suggest that they have different barrier
properties and characteristics of fluid flow, which
may be a determining factor in assessing growth
rates and susceptibility to relapse [16].

This article describes a clinical case of a large
intracranial arachnoid cyst in a 28-year-old man.
It was not verified in the antemortem diagnosis,
but was revealed according to the autopsy findings
(macroscopic features of the cyst, histologic
presentation with specific morphological changes,
and findings of computed tomography of the cerebral
hemispheres).

CLINICAL CASE

On May 26, 2021, Patient F., 28 years old, was
admitted to the University Clinics of Siberian State
Medical University (Tomsk) via the emergency
room. According to the medical history, the patient

complained of the body temperature rising to 37.2°C,
severe weakness, and headache. These symptoms
appeared acutely on the day of hospitalization.
He came to the pharmacy, where his condition
deteriorated significantly. The pharmacy staff called
an ambulance.

The medical history reports that the patient
had several tick bites in May. The patient was
not examined for this reason and did not take any
preventive measures from tick-borne encephalitis
and Lyme disease (tick-borne borreliosis). Taking
into account the symptoms and medical history, the
patient was transported to the Infectious Disease
Clinic of Siberian State Medical University. Upon
admission, the clinical examination revealed that the
patient was in a severe condition, body temperature
was 37.3°C, blood pressure — 100/60 mm Hg,
heart rate — 88 bpm, and saturation rate (SpO,) —
98%. The patient was conscious but had difficulty
communicating. Facial hyperemia and sweating were
noted. Neurological status during the examination in
the emergency room revealed hyperesthesia, nuchal
rigidity (four fingerbreadths), severe pain at the
cranial nerve exits, palpebral fissure S > D, tongue
deviation to the right, and decreased muscle strength.

Given such symptoms as the acute onset of the
disease, the presence of severe weakness, fever,
and headaches, high tick activity, and episodes of
tick bites in history, upon admission to the clinic,
the patient was diagnosed with A84.0 Far Eastern
tick-borne encephalitis (Russian spring — summer
encephalitis), form of neuroinvasive encephalitis,
acute onset, severe condition. In accordance with
this diagnosis, an examination and treatment plan
were determined. Given the severe condition, the
patient was immediately transported to the intensive
care unit.

On May 27, 2021, the neurological examination
showed that the patient was in a poor condition,
which deteriorated gradually; neurological deficit
increased; there was a trend toward hypotension.
The patient was unconscious. He did not answer
questions and did not follow commands, which
made it impossible to conduct coordination and
other tests. The following was observed: palpebral
fissures and nasolabial folds D = S, eye pupils
D = S narrowed, gaze fixed in the center. There were
nuchal rigidity (four fingerreadths) and positive
Kernig and Brudzinski signs. Reflexes and tone of
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the upper and lower extremities were preserved.
Abdominal reflexes were preserved. Pathological
foot and hand signs were not detected. There were
no reliable signs of pelvic disorders. On May 27,
2021, mechanical ventilation was used to support
the patient’s breathing. The patient started receiving
inotropic therapy with a gradual increase in the dose
of administered drugs.

Upon emergency admission, a lumbar puncture,
magnetic resonance imaging (MRI) of the brain,
as well as an enzyme-linked immunosorbent
assay (ELISA) of blood were conducted to detect
antibodies (Ab) and antigens (Ag) to tick-borne
encephalitis and borreliosis virus in order to clarify
the diagnosis and chose the treatment strategy. The
result of cerebrospinal fluid examination (lumbar
puncture): colorless, slightly turbid liquid (volume
2.5 ml); protein 0.2 g / 1 (reference 0.22-0.33 g/ 1);
cytosis 26 in 1 pl (reference 4-5 in 1 pl); glucose
3.4 mmol / 1. Cerebrospinal fluid (CSF) analysis:
neutrophils 89%, lymphocytes 8%, monocytes
3%, plasma cells 0, eosinophils 0, basophils 0.
Blood ELISA result was as follows: anti-tick-borne
encephalitis IgM (—), IgG 160 U / ml; Lyme IgM (-)
and IgG (-) antibodies.

MRI of the brain revealed the presence of
an oval-shaped intracranial cystic lesion in the
left frontal lobe (66 x 48 x 55 mm). There was
expansive growth of a heterogeneous structure with
signs of high protein content (the doctor speculated
about the dysembryogenetic origin of the identified
neoplasm). The contours of the cystic tumor were
uneven and unclear. The cyst had a capsule of 2-5
mm thick. Areas of calcification were identified in
the lower part of this formation. The anterior horn of
the lateral ventricle was deformed and compressed.
In the anterior sections, the interventricular septum
was displaced to the right up to 6.8 mm. The sella

turcica had a regular shape and size. The suprasellar
cistern prolapsed into the sellar cavity, the pituitary
gland was pushed to the bottom and flattened to 22
mm (changes similar to the empty sella syndrome).
The intracranial segment of the right vertebral artery
was narrowed to 1 mm; the left vertebral and basilar
arteries were 2.5 mm.

The MRI protocol described the presence of areas
of acute brain ischemia in the cortical parts of the
right parietal lobe and in the cortical parts of the
left parasagittal parietal lobe; their dimensions were
up to 4 x 6 mm. The convexity subarachnoid space
in the left parietal — occipital region was narrowed
and was not distinct during the examination. Figure
1 shows MRI images of the brain. The changes in
blood parameters, including those with a significant
deviation from the reference values, are presented in
Table. The patient’s coagulogram and other blood
biochemistry and general urinalysis parameters were
within the normal range. The electrocardiogram
(ECG) dated May 28, 2021 revealed the vertical
axis of the heart, sinus rhythm of 96 beats per min,
incomplete right bundle branch block; increased
load on the right atrium; disruption of ventricular
repolarization in leads 3 and aVF; changes in the
ST segment and T wave with weak elevation in the
precordial leads (ECG data suggest the possible
presence of pericarditis, myocarditis, and / or
cerebrovascular disorders); QT interval was within
the normal range.

After conducting brain MRI and receiving an
impression about the presence of a volumetric
neoplasm in the left frontal lobe, a telemedicine
consultation with a neurosurgeon was requested.
Taking into account the symptoms, MRI results,
and results of additional laboratory and instrumental
research, the neurosurgeon diagnosed an abscess
of the frontal lobe of the left hemisphere as the

Fig. 1. Brain MRI. A cystic lesion in the left frontal lobe
pressing against the adjacent brain tissues and adjacent
structures (a, b)
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underlying disease. It was recommended to transfer
the patient for further treatment to the Neurosurgery
Department. However, it was impossible to transport
the patient and perform surgery due to the severity of
the patient’s condition. Therefore, it was decided to
hold a second consultation when the hemodynamics
stabilized.

Table
Patient’s blood parameters
Changes in blood parameters
Blood t

00Q COUntS M\ ay 26, 2021 | May 28, 2021 | May 29, 2021
Red blood cells | 4.24 x 10'2/1 | 486x10"2/1 | 4.9x10"?/1
Hemoglobin 133g/1 155¢g/1 162 g/1
White blood 9x10°/1 | 192x10°/1 | 185x10°/1
cells
Hematocrit 40% 45% 45%
Platelets 245x10°/1 | 339x10°/1 | 268x10°/1

Over the next 3 days, the patient’s condition was
assessed as severe with negative dynamics (stage
3 coma). Heart rate was 126 beats per minute. Eye
pupils D = S did not respond to light. On May
28, 2021, the body temperature rose to 37.6°C;
leukocytosis dramatically increased (19.2 x 10°/ 1);
a pronounced trend toward hypotension appeared;
blood pressure was 80-60 / 5040 mm Hg;
hypernatremia of 160.2 mmol / 1 and hypokalemia
of 2.32 mmol / |1 were detected. According to the
progress notes, the condition was assessed as
extremely severe and terminal with a pronounced
trend toward hypotension.

On May 30, 2021, asystole was recorded.
Medical staff started to perform cardiopulmonary
resuscitation (CPR). Although CPR was effective
and the heart rhythm restored in 5 minutes, blood
pressure remained extremely low and unstable.
Fifteen minutes later, with a newly emerging episode
of asystole and signs of severe hypotension, medical

staff started performing CPR which lasted for 30
minutes. CPR was not successful. The biological
death was pronounced. The final clinical diagnosis
was formulated as follows:

Underlying disease: an abscess in the frontal lobe
of the left brain hemisphere.

Complications: cerebral edema. Multiple organ
dysfunction syndrome. Asystole. Cardiopulmonary
resuscitation: mechanical ventilation, indirect heart
massage, norepinephrine injection.

Concomitant diseases: incomplete bundle branch
block.

The body of the deceased was sent for autopsy
to the Anatomic Pathology Department of Siberian
State University clinics.

PATHOLOGY EXAMINATION

The gross examination showed significant
morphological changes in the brain and lungs.
The meninges had a typical anatomical structure.
The brain was enlarged due to edema (1,600 g).
The brain was soft. The furrows and convolutions
were unevenly smoothed. On the surface of the
cerebellar hemispheres there was a distinct occlusal
groove caused by the herniation into the foramen
magnum. The cerebellum was flabby and watery;
the structure was preserved on sections. The pons
and brainstem were characterized by soft, flabby
consistency; the anatomical structure remained
intact. In the horizontal section of the white matter
of the frontal lobe of the left hemisphere, a large (6.8
x 5 x 5 cm), clearly demarcated cystic structure with
a thin transparent smooth capsule was found. It was
located subcortically and had an oval shape. This
cyst was represented by jelly-like masses of soft and
elastic consistency of a yellowish-brown color with
the presence of thin, dense layers of whitish tissue
(Fig. 2). In the areas adjacent to the cyst, the brain

Fig.2. Arachnoid cyst in the brain (macroscopic
changes). The cyst appears as an oval-shaped, soft,
elastic, yellowish-brown jelly-like masses with

a thin, lucent capsule (a, b)

bionneteHb cM6UPCKO MeanLmHbl, 2024; 23 (3): 163-171 167



Krakhmal N.V., Naumov S.S., Vtorushin K.S. et al.

Intracranial arachnoid cyst in a 28-year-old man. A clinical case with

was flabby. The boundary between the white and the
gray matter was not distinct. The cyst compressed
the brain tissue. It made the shape of the anterior
horn of the lateral ventricle slit-like; its cavity was
not visually determined.

During the autopsy and examination of the chest
organs, it was noted that the layers of the pleura were
not changed; the lungs had the correct anatomical
shape and were of normal size. The rest of the lung
tissue was homogeneous, elastic, dark red in color;
foamys, slightly pinkish liquid and liquid dark cherry-
colored blood flowed abundantly from the surface
of the sections. Gross autopsy did not reveal any
significant pathological changes in other organs and
tissues. Tissue fragments of internal organs were
taken for the microscopic examination. The brain
tissue fragments and fragments of the cystic lesion
in the left frontal lobe of the brain and lungs were
taken with specific marking.

The microscopic examination of brain tissue
specimens revealed pronounced edema with the
formation of areas of pronounced rarefaction of
the neuropil, congestion in intra-organ vessels,
diapedesis-type perivascular hemorrhage in single
fields of vision, and leukostasis in the lumen of
some capillaries. Pronounced edema was also
detected throughout tissue fragments taken from
the cerebellum and brain stem. The histologically
described cystic formation in the frontal lobe of the
left hemisphere was represented by abundance of
chaotically located small-cell fibrous eosinophilic
structures. The structures resembled multiple cystic
cavities with deformed lumens and thin walls. Some
cavities had homogeneous eosinophilic content.

In the peripheral areas of this cyst, an unevenly
expressed inflammatory infiltrate was found with the
presence of lymphoid cells, large cells like monocytes
and macrophages with abundant cytoplasm;
segmented leukocytes predominated in the cellular
composition. The cyst was covered with one layer
of closely adjacent columnar epithelial cells, on
the apical part of which, multiple cilia were clearly
detected. It also contained a large number of blood
vessels, such as arteries, veins, as well as capillary-
like vessels with thin walls in a state of pronounced
congestion. In some fields of vision, only few large
cells were identified, whose cytoplasm contained
multiple round nuclei (multinucleate cells); small
basophilic calcifications were also found in the

cyst wall (Fig. 3). In the sections of the brain tissue
adjacent to the cyst in the left frontal lobe, foci of
acute ischemic damage were found with disruption
of the matter structure. Signs of edema were
significantly more pronounced; unchanged red blood
cells were minimally detected in the foci.

Plethora and pronounced alveolar edema were
observed throughout the fragments of lung tissue.
In sections of the lower lobe of the left lung, the
structure of the lung tissue was disrupted due to the
presence of abundant purulent inflammation foci
with a large number of segmented leukocytes and
purulent bodies; erythrocytes were also detected in
the exudate. Numerous red blood cells were also
detected in the exudate. In some fields of vision,
the interalveolar septa were not differentiated due
to the described purulent exudates. In some fields
of vision, the alveolar septa were not differentiated
due to this exudate, which was most pronounced and
had a predominant localization around the bronchi.
The walls of the bronchi were unevenly thickened
due to edema and pronounced inflammatory
infiltrate. The boundaries of the bronchi in some
fields of vision were not clearly differentiated, the
walls were destroyed, the bronchial epithelium was
absent, diffuse necrotic areas of the epithelium were
identified. Masses of detritus and abundance of
neutrophils with purulent bodies were found in the
lumens of the bronchi. Leukostasis was detected in
the capillaries of the lungs.

The morphological changes in the lung
tissue described in the microscopic examination
corresponded to focal purulent hemorrhagic
bronchopneumonia of the indicated localization
accompanied by alveolar edema and severe acute
congestion with the presence of leukostasis. It should
be noted that only microscopy revealed significant
histologic changes in the myocardium: unevenly
expressed stromal edema, partial fragmentation of
muscle fibers with the presence of inflammatory
infiltrate with lymphocytes, single plasma cells,
and larger cells like macrophages and segmented
leukocytes in the stroma between the myocytes.
This infiltrate was detected in the interstitium and
extended to cardiomyocytes in many fields of vision.
In the zones with a more pronounced inflammatory
infiltrate, the contours of myocytes were unclear,
foci with partial destruction of muscle fibers and
leukostasis in the capillaries were detected. In the
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Fig.3. Arachnoid cyst in the brain (microscopic images). Staining with hematoxylin and eosin;
a—b, e~h x10/0.22; c—d x40/0.65
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myocardium, uneven blood supply to the vessels,
mild arteriosclerosis, and small foci of adipose tissue
growth in the stroma were also identified.

The described pathomorphological changes
corresponded to acute diffuse focal serous
myocarditis with the morphological signs of
acute heart failure. Based on the analysis of the
medical history and taking into account the clinical
presentation, gross changes, and microscopy results
of organ tissue fragments, a pathology diagnosis
was formulated.

PATHOLOGY DIAGNOSIS

Underlying disease: intracranial arachnoid cyst of
the brain (cyst size 6.8 x 5 x 5 cm), type I1l according
to the Galassi classification, with predominant
localization in the frontoparietal region of the left
hemisphere with foci of acute cerebral ischemia.

Complications: cerebral edema with dislocation
and herniation of the cerebellar trunk into the
foramen magnum. Coma. Hospital-acquired left-
sided lower lobe focal purulent hemorrhagic
bronchopneumonia. Sepsis (leukocytosis 19.2 x
10°/1, neutrophils 87.6%; lymphopenia 1.1 x 10°/ 1,
lymphocytes 5.9%; leukostasis in the capillaries of
the myocardium, lungs, brain). Acute diffuse focal
serous myocarditis. Acute heart failure. Pulmonary
edema.

Concomitant diseases: incomplete right bundle
branch block (based on clinical data). Atherosclerosis
of the aorta with the presence of type II-IV plaques,
prevalence 10%.

CONCLUSION

In our article, we presented a clinical case of a
28-year-old male patient with IAC in the anterior
horn of the left lateral ventricle. The cyst was
discovered in a young man only posthumously. The
diagnosis was established based on the results of a
pathology examination. The case shows the presence
of certain difficulties in diagnosing the pathology,
including differential diagnosis in the presence of
various factors in a particular patient.

In this case, the following aspects were of
particular importance: no history of previous
neurological symptoms, the acute onset of the
disease during the peak seasonal incidence of
tick-borne encephalitis and Lyme disease in the
endemic area, extremely rapid development of
another pathology in a hospital setting, in particular,

pneumonia with changes in laboratory parameters
typical of acute inflammation, (leukocytosis). The
factors described above in the clinic resulted in an
incorrect diagnosis of the pathological process, but
the outcome of the disease most likely could not
have been changed.
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ABSTRACT

Aim. To study the clinical presentation and differential diagnosis of a rare hereditary disease glycogen storage
disease type IV with progressive skeletal myopathy in a case report of a family.

Materials and methods. Two patients were followed up in the specialized neurology unit of the regional clinical
hospital and in the outpatient setting.

Results. Long-term follow-up and examination in two clinically similar cases of myopathy in siblings allowed
us to diagnose a hereditary metabolic disease. The congenital muscular form of glycogen storage disease type
IV was manifested by myopathy and peripheral tetraparesis with the development of bone deformities. Difficulty
in the diagnosis was due to isolated myopathy progression with no signs of liver involvement. The diagnosis
was established with account of clinical manifestations, the progressive course of the disease, electromyography
findings, and the results of molecular genetic testing for pathogenic mutations associated with hereditary
neuromuscular diseases.

Conclusion. Glycogen storage disease type IV can clinically manifest itself by progressive myopathy without liver
involvement and changes in blood biochemistry. The presented clinical cases in siblings are identical. Myopathy
does not have clinical features that are significant for the differential diagnosis with other hereditary neuromuscular
diseases. Genetic testing identified a mutation in the GBE! gene and is considered as the main diagnostic criterion
of the disease.
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PE3IOME

I_Iem,. UccnegoBanne KIMHHYECKON KapTUHBI U I[I/I(i)q;)epeHIII/IaHI)Haﬂ JAUArHoCTUuKa pPeaKOro HacJICACTBEHHOTO
3a00JeBaHns — 00JIE3HN HAKOIUICHHUS TiukoreHa 1V tuma c TOpaKE€HNUEM CKEJIETHOU MYCKYJIAaTypbl Ha IPUMEPE
CeMEHHOro ciy4as.

Matepuajbsl 1 MeToabl. HabimoneHne 1ByX NAlMEHTOB B YCJIOBHAX CIELHAIM3HPOBAHHOTO HEBPOJIOTHYECKOTO
OTIeNeHns 00JaCTHON KIMHUYECKOH OONMBHUIIBI U aMOYIIaTOPHO.

PesyabTartsl. [nuTensHoe HaOmOACHHE U 00CIIEI0BaHKE B JIBYX KIIMHUYECKH CXOXKUX CIIydaeB MUOIIATUH y CHO-
COB I103BOJIMJIO YCTAHOBUTH JMAarHO3 HACIIECTBEHHOI 00JIe3HN 0OMeHa BelecTB. BpoyxieHHas MbliiedHas popma
00JIe3HN HAKOILICHHs IIIMKOoreHa [V Tvna mposiBisiiach CHHIPOMOM MUOIIATUH, epU(PEPHUIECKUM TeTparnape3oM
C pa3BUTHEM KOCTHBIX Jedopmaruii. CI0)KHOCT IMAarHOCTUKH 00y CIIOBJICHA IPOTrPECCUPOBAHNEM N30IMPOBAHHO-
0O MUOIIATHYCCKOI'0 CHUHAPOMA IIPU OTCYTCTBUHU CUMIITOMOB ITOPAKCHUA IIEYCHU. I[l/laFH03 YCTAHOBJIEH C YUCTOM
KIMHUYECKHUX HPOSIBICHHUI, IPOrPECCUPYIOIIEro TeUeHHs 3a00JIeBaHus, JaHHBIX JIEKTpOMHOrpaduu, pe3ybTa-
TOB MOJIEKYJIAPHO-TEHETHUYCCKOI'0 UCCIIEAOBAHN NTATOT€HHbBIX MyTaLlPIIZ, ACCOUMUPOBAHHBIX C HEPBHO-MbIIICYHbI-
MU OOJIC3HSIMU.

3axaiouenne. bose3sns HakomIeHus rimkoreHa [V THIla MOXeT KIMHUYECKM MaHH(ECTHPOBATh B BUJIE TIPOTPEC-
CHpYIOIIeH MHONaTHH Oe3 MaToJIOTUH NeUYSHN ¥ N3MEHEHUH OMOXMMHUYECKUX ToKa3arenel kposu. [Ipencrasien-
HBIe KIMHAYECKHE CIIydan y CHOCOB MAEHTHYHBI. MHOMATHYECKUH CHHIPOM HEe MMeeT KIMHHIECKHX OCOOEHHO-
CTeH, 3HAUMMBIX Ui AuQQepeHnnaIbHON THarHOCTHKN C JIPYTHMH HACIEICTBEHHBIMU HEPBHO-MBIIICYHBIMU
OonesHsamu. ['eHeTHUeCKOe HCCIe0BaHNEe BBISIBHIO MyTanuio B reHe GBEI M paccMaTpHBAeTCsl KaKk OCHOBHOM
JIMAarHOCTUYECKUH KPUTEPH 3a00IeBaHusL.

KioueBble cioBa: 00Je3Hb HAKOIIJIEHUS TIIHKOTreHa [V TUIa, MUOIIaTHsA, HEPBHO-MBIILIECYHBIC 0oJie3HI

Konduaukt nHTEepecoB. ABTOPHI IEKIApUPYIOT OTCYTCTBHE KOH(PINKTOB HHTEPECOB, CBSI3aHHBIX C MyOIUKaIMeH
HACTOSILIECH CTATbH.

HUcTouHuk q)ﬂHchHpOBaHﬂﬂ. ABTOpr 3asIBIISIOT 00 OTCYTCTBHUHU (bPIHaHCI/IpOBaHI/Iﬂ py MPOBEACHUUN UCCIIEN0-
BaHUA.

s uutupoBanus: Penoceesa U.d., [lonmonnukosa T.B., [InneBny O.C. Muonatudeckuii CUHAPOM TIpH 00-
JIe3HH HAKOIUIeHHs TiuKoreHa [V Tuma Ha mpumepe ceMeiHOro ciyuas. brouiemens cubupckoll mMeouyuHbl.
2024;23(3):172—177. https://doi.org/10.20538/1682-0363-2024-3-172-177.

INTRODUCTION

Advances in the field of genetics in recent years
have expanded the understanding of the diversity
of storage diseases and the prospects for their
early diagnosis, which determines the relevance
of research and systematization of clinical aspects
of this pathology. Glycogen storage diseases are a
group of hereditary enzymopathies that occur due to

genetically determined defects in enzymes involved
in glycogen metabolism. Metabolic disorders lead
to changes in the structure of glycogen and its
accumulation in organs and tissues, which underlies
the formation of clinical manifestations. Glycogen
storage diseases are characterized by a wide range of
clinical phenotypes [1, 2].

Currently, more than 20 types of glycogen
storage diseases, including subtypes, are known.
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Nine types have been studied the most, differing in
the characteristics of enzyme deficiency, clinical
manifestation, and prognosis variability — from a
favorable course to severe progressive forms with a
fatal outcome in childhood. As the study of various
aspects of this pathology proceeds, their classification
is improved [1-3].

Glycogen storage diseases are attributed to the
group of orphan diseases, their prevalence in the
population is 1 : 20,000-1 : 43,000 [1, 3]. Low
prevalence of hereditary storage diseases in the
population, clinical polymorphism, and a large
number of phenocopies determine the difficulty in
diagnosing them [4-7]. Glycogen storage disease
type IV is an autosomal recessive disorder manifested
by amylo-1,4:1,6-glucan transferase deficiency
caused by a mutation in the GBE gene encoding this
enzyme, which leads to the accumulation of glycogen
with an amylopectin-like structure in various organs
and tissues including liver and muscles [1, 2].

Glycogen storage disease type IV is located on
3p12.2 chromosome [1, 2, 6]. The prevalence of
this type of glycogen storage disease is between
1 : 600,000 and 1 800,000 [7]. There are
several known clinical types of glycogen storage
disease type IV: classic hepatic, non-progressive
hepatic, fatal perinatal neuromuscular, congenital
neuromuscular, childhood neuromuscular, adult
neuromuscular with isolated myopathy. Various
and topically heterogeneous syndromes of diffuse
damage to the nervous system are possible [2, 6,
7]. The accumulation of genotype and phenotype
correlations in this rare disease is now important.

CLINICAL CASE 1

Patient M., 7 years old, was examined in the
neurological department of the regional hospital
with complaints of periodic pain in the back and
lower extremities. The parents noted that the child
had weakness in the muscles of the back and limbs,
impaired gait and posture. The child has been ill
since birth and has a disability. It is known from
the medical history that this was the first pregnancy,
at the time the mother had anemia and threatened
miscarriage in the first trimester. The boy was born
at 40 weeks, spontaneous vaginal delivery. Birth
weight was 3,340 g, body length was 56 cm. The
Apgar score was 9/9 points.

After birth, diffuse hypotonia and hyporeflexia
were noted. At an early age, the child was followed

up with the diagnosis of “Spinal cord ischemia at the
lumbar level, movement disorder.” Weakness in the
limbs, hypotension, and delayed motor development
were noted in the patient. The parents were healthy,
the mother was 34 years old, and the father was 43
years old. The patient’s five-year old brother had
similar symptoms; his three-year old sister was
healthy. The child was repeatedly examined and
received courses of treatment in multidisciplinary
hospitals. The general condition was not affected,
and no somatic symptom pathology was detected.
The child’s condition was interpreted as a movement
disorder with delayed motor development due to
perinatal pathology of the nervous system and
subsequently as a possible hereditary neuromuscular
disease.

Taking into account the slowly progressing motor
disorders and the ineffectiveness of the treatment
(metabolic therapy combined with exercise therapy,
massage and physical therapy), myopathy was
considered in the differential diagnosis. The level
of creatine phosphokinase (CPK) in the blood
throughout the entire follow-up period was within
the normal range. The results of electromyography
(EMG) revealed vague signs of primary muscle
damage. Repeated EMG revealed symptoms of an
anterior horn lesion, and, therefore, spinal muscular
atrophy type 1 was included in the differential
diagnosis. Magnetic resonance imaging (MRI) of the
brain and lumbar spine and spinal cord did not reveal
any pathology.

Neurological status. The child was active, mental
and speech development was age-appropriate. The
functions of the cranial nerves were not impaired.
Muscle tone in the extremities was reduced and
symmetrical. Tendon reflexes were of medium
intensity in the arms, while in the legs, they were low
and symmetrical. Muscle strength in the extremities
was 3—4 points; itwas decreased in the distal parts. The
patient had muscle hypotrophy in the limbs and back;
pronounced lumbar hyperlordosis, thoracolumbar
scoliosis, and flat valgus feet. The patient rose
from sitting and lying positions supporting himself.
The gait was waddling. Sensitivity, statics, and
coordination were regular.

To clarify the type of myopathy, whole exome
sequencing was performed. A search was conducted
for pathogenic mutations associated with muscle
dystrophies, as well as other hereditary diseases with
similar phenotypic manifestations. A previously
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described heterozygous mutation in intron 5 of the
GBEI gene (chr3:81698005A>G, r1s192044702)
leading to disruption of the canonical splice site
(c.691+2T>C, NM_000158.3) was identified.

The mutation has been described in compound
heterozygous form along with other mutations
in patients with glycogen storage disease type
IV. Based on the data obtained, it should be
regarded as pathogenic. In the same GBEI gene,
a previously undescribed heterozygous mutation
in exon 7 (chr3:81692139C>T, rs369574719)
leading to an amino acid substitution in position
262 of the protein (p.Arg262His, NM_000158.3)
was identified. Homozygous and compound
heterozygous mutations in the GBEI gene have
been described in patients with glycogen storage
disease type IV (OMIM: 232500). Pathogenicity
prediction algorithms evaluate this mutation as likely
pathogenic (SIFT: 0.000, Polyphen2 HDIV: 1.000,
Polyphen2 HVAR: 1.000, MutationTaster: 1.000,
PROVEAN: -4.760, LRT: D). A mutation leading
to amino acid replacement in the same position
of the protein (p.Arg262Cys) was described in a
compound heterozygous form together with another
mutation in a patient with glycogen storage disease
type IV (OMIM: 232500.0016). According to all the
information obtained, the identified mutation should
be regarded as likely pathogenic.

b

Upon further follow-up, progression of
myopathy and secondary skeletal complications
were noted (Fig. 1). Over time, the following
symptoms progressed in the patient: the hypotrophy
of the skeletal muscles of the limbs and back,
thoracolumbar scoliosis to the left, lumbar
hyperlordosis, flat back syndrome, flat valgus feet,
retraction of the Achilles tendons, shortening of the
right lower limb by 2 cm, secondary contracture of
the right knee joint, first degree joint dysfunction,
secondary extension contracture of the ankle joints,
second degree joint dysfunction, weakness in the
extremities, which was more pronounced in the
proximal parts — up to 3 points, symmetrical tendon
hyporeflexia.

The gait was waddling, involving extra muscles.
The patient could not jump, run, or walk on his
heels. Blood biochemistry test did not reveal any
abnormalities. Clinically and following the results
of additional examinations, no somatic symptom
pathology was identified. Based on clinical
manifestations, the progressive course of the
disease, EMG data, and the results of molecular and
genetic testing, a clinical diagnosis was established:
“Congenital metabolic disease. Glycogen storage
disease type IV, congenital muscular form,
myopathy syndrome, peripheral tetraparesis, bone
deformities”.

Fig. 1. Patient M.: a — hypotrophy of the muscles of the
extremities and back, lumbar hyperlordosis, flat back
syndrome, flat valgus feet; b — curvature of the spine

to the left in the lower thoracic and lumbar regions,
shortening of the right lower limb

bionneteHb cMbUpcko megnumHbl. 2024; 23 (3): 172-177 175



Fedoseeva I.F., Poponnikova T.V., Pinevich O.S.

Myopathy in glycogen storage disease type IV: case report of a family

CLINICAL CASE 2

Patient G. is a 5-year-old brother of patient M.
presented above (Fig. 2). The parents noted weakness
in the muscles of the back and limbs, impaired gait
and posture. The child has been ill since birth and
has a disability. The child was born from the 2nd

He was followed up by a neurologist from an
early age due to perinatal pathology of the nervous
system, myopathy syndrome, and delayed motor
and speech development. Courses of outpatient and
inpatient treatment were conducted 2—3 times a year,
no effect was observed. The patient was examined
in a regional hospital. The blood level of CPK and
aminotransferases was within the normal range. MRI
of the brain, lower thoracic and lumbar spine did not
reveal any pathological changes. EMG confirmed
myopathy without any signs of anterior horn lesion.
Abdominal ultrasound revealed hepatomegaly.

Neurological status. The mental and speech
development were age-appropriate. The functions
of the cranial nerves were not impaired. Muscle
hypotrophy of the limbs and shoulder girdle, diffuse
hypotonia, pterygoid shoulder blades, and a decrease
in muscle strength in the arms and legs to 3—4 points
were noted. Tendon hyporeflexia was noted in the

Y 4

pregnancy, during which the mother was diagnosed
with anemia and had threatened miscarriage in the
first trimester. The child was born at 37-38 weeks
of gestation by C-section due to breech presentation.
Birth weight was 2,860 g, body length was 55 cm.
Apgar score was 7/8 points. There was a delay in
motor, mental and speech development.

Fig. 2. Patient G.: a — hypotrophy of the muscles of
the extremities and back, lumbar lordosis, flat back
syndrome, flat valgus feet; b — curvature of the spine
to the right in the lower thoracic and lumbar regions,
pelvic asymmetry

limbs, without asymmetry or pathological reflexes.
The gait was waddling, involving extra muscles.
The patient used myopathy-specific movements
when standing up (Gower’s sign). Sensitivity was
not impaired. Thoracolumbar scoliosis to the right,
lumbar hyperlordosis, flat back syndrome, and
pelvic asymmetry were noted. The patient had flat
valgus feet with flattening of the longitudinal arch.
The clinical diagnosis was established: “Congenital
metabolic disease. Glycogen storage disease type
IV, muscular form (clinically), myopathy syndrome,
peripheral tetraparesis, secondary bone deformities”.

CONCLUSION

The presented clinical cases of glycogen storage
disease type IV reflect the diversity of clinical forms
of this pathology and demonstrate the complexity of
differential diagnosis in cases of skeletal muscle damage
without manifestations of hepatic pathology. Myopathy
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dominates in the clinical presentation and does not have
specific features that make it possible to distinguish this
disease from other hereditary myopathies. The absence
of an increase in the blood CPK level characteristic of a
primary muscle lesion during the entire follow-up period
increased the diagnostic value of EMG for making the
diagnosis. The ambiguity of the interpretation of EMG
results determines the relevance of the differential
diagnosis of muscular dystrophy with spinal muscular
atrophy. The similarity of clinical symptoms in siblings,
the progressive course of the disease, symmetrical and
systemic muscle tissue damage, and development of
the secondary bone deformities served as the reason
for a genetic test. Clarifying the diagnosis was possible
only with the use of DNA diagnosis and identification
of mutations in the GBEI gene. Thus, genetic testing
is an effective method in the differential diagnosis of
neuromuscular diseases, the results of which can be used
as a reliable guideline for medical genetic counseling.
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U3paTtenbckuu aoM Cubupckoro rocyaapcTBeHHOro
MeAULIMHCKOro YHUBEepcUTeTa npeacTaBasieT Ceputo KHUr

«Hacmemue TOMCKOM MEIULMHbI»

Khura nocesiweHa 130-neTHemy tobuneto kacenpbl rocnutanbHOM Xpyprim
Cubl'MY. MpuBeaeHbl Grorpaduyeckme gaHHble 79 COTPYAHMKOB KITMHUKM U
kadeapbl rocnutaneHom xupyprum B nepuog ¢ 1892 no 2022 r. im npealwectsyeT
nogpobHas cTaTtbsl, XapakTepusytoLLlasi OCHOBHbIE Hay4YHO-NpaKTUYecKne

[OCANTANEHONEX WY RN M|

a T un-cotynuc'rou OOCTUXEHMWS KOMNMEeKTMBa Ha KaXaoM UCTopU4eckom oTpeske. B nsgaHum
—— YNOMAHYTbI HE TOJSIbKO BblAakowWwmnecsa Xxmpypru, 3ses3abl MMpOBOVI BENUYnHbI, HO N
-

psiaoBble nNpodheccopa, AOLEHTbI, aCCUCTEHTbI, Bpaun-0pAMHATOPbI, MHOTUE 13
KOTOpPbIX CBsi3anu ¢ kadheapor 1 KINMHUKON BCHO CBOK TpyaoByto 6uorpaduto. Mpu
N3NOXEeHUV maTepuana Hapsay ¢ TPaaULMOHHBIMU NCTOYHUKaMK MHbopMmaLmum
MCronb3oBaHbl aBTobrorpadguyeckne JOKYMEHTbI, JaHHbIE N3 CEMENHbIX apXUBOB,
NPOV3BOACTBEHHbIE XapaKTEPUCTUKN HepeaKo C COXPaHEHNeM aBTOPCKOro CTUNS.

370 No3BONSET NofHee oLy TTb atTmocdepy B obLiecTBe 1 paboyem
KONNEKTUBE B pa3Hble roapl CyLLECTBOBaHMS KNMHUKK. TekcToBas MHdopmaums
conpoBoxaeHa 6oraTbIM UNMIOCTPATUBHLIM MaTepuanom, MHorne cotorpacum
ony6nvkoBaHbI BNepsble.

M3paHve npenHasHayeHo Ans XMpypros, CTYAEHTOB CTapLUMX KypcoB
BpayebHbIX hakynbTeToB, CNeuuanMcToB No NCTOPUN MEANLIMHBI.

TpéxTOoMHasi UNNOCTPUpPOBaHHas
NIeTONUCb OAHOIO U3 CTapenLmx
1 Hanbonee aBTOPUTETHbIX
MeAMUMHCKMX By30B Poccum —
CMGMDCKOFO (TOMCK?FO) rOE‘,y,Ela?CTBeHHOF? HAACTFHPOBAHHME CTPARNLL

MEAMLMHCKOTO YHUBEPCUTETA SABMSAETCA N0 CyTW NEPBOV CEPbE3HON NOMbITKON IEPOTIHCH
ocBeTUTb bornee Yem 140-NeTHIO NCTOPUIO ATOrO NPOCaBNEHHOIO
yHuBepcuTteTa.OCoOEHHOCTBI0 M3aaHUs SIBNSETCS ero 6oratenwnin MNNCcTpaTUBHLIN
matepwvan, BkrovatoLwwmii 6onee YeTbipéx Toicsiy potorpacpuii (B Tom uncne paHee
NpakTU4eCKN HEN3BECTHbIX), U HUKOrAA He NybnvkoBaBLUMECs 40 3TOro KpaiHe
NBOMNbITHLIE U MHTEPECHbIE haKTbl O XM3HU YHUBEPCUTETA, M0 CTYAEHTOB 1
npodeccopoB, BOCMOMWHAHMSA U pacckasbl BbIMyCKHUKOB U NpenofaBaTeneit By3a.
[ns camoro LUMPOKOro Kpyra
yuTaTenen, UHTepecyLLMXCs
VNCTOPUEN POCCUNCKNX YHUBEP-
CUTETOB, OTEYECTBEHHOIO BbIC-
LLEro MeauLmMHekoro obpaso-
BaHWS 1 HayKuW, pasBUTMEM

KIMUHUYECKUX U Hay4Ho-meaun-
ARANEMMK X

LMHCKNX LLUKOI, 34paBOOXpPaHEHUA,

n"“]‘p"ﬂ nHHTpHEBHq nctopuen TOMCKa,PCMGMpm,
INIOKOB 2

B kHUre npeacraeneHbl Guorpadums u 0630p Hay4How,
negjarornvyeckon 1 obLeCTBeHHOM AeATeNbHOCTY
BblJAIOLLIErocst y4eHOro, TepanesTa, KNMHULWUCTa, akageMuka
AMH CCCP, l'eposi Counanuctmyeckoro Tpyaa, naypeara
CranuHckon npemun Amutpus [imutpuesunya HAbnokosa
(1896-1993).

[nsa Bpayen, CTyAEHTOB, BCEX UHTEPECYIOLUMXCH UCTOPUEN
MEAULIMHDI.
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