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ABSTRACT

Aim. To perform a direct comparison of the diagnostic efficacy of [*"Tc]Tc-ADAPT6 and [*"Tc]Tc-(HE),-G3in
HER2-positive breast cancer patients before the systemic treatment.

Materials and methods. The study included 11 patients with HER2-positive breast cancer (T1-4N0-2M0-1)
before the initiation of systemic treatment. All patients underwent a radionuclide examination with [®"Tc]Tc-
ADAPT6 and [*"Tc]Tc-(HE),-G3 with the interval of 34 days. Single-photon emission computed tomography
(SPECT) /computed tomography (CT) was performed 2 and 4 hours after [*"Tc]Tc-ADAPT6 and [*"Tc]Tc-
(HE),-G3 administration, respectively.

Results. The analysis of [*"Tc]Tc-ADAPT6 and [*"Tc] Tc-(HE),-G3 distribution showed their high uptake in the
kidneys and liver. Breast tumors were visualized in all cases. The average tumor uptake of [99mTc]Tc-ADAPT6
was 4.7 £ 2.1, which was significantly higher than in the [99mTc]Tc-(HE)3-G3 injection (3.5 £ 1.7) (p < 0.005,
paired ¢-test). The tumor-to-background ratio (15.2 + 7.4 and 19.6 + 12.4, respectively) had no statistical differences
in both cases (p > 0.05, paired #-test). Liver metastases were visualized in patients 1 and 5 and corresponded to the
projection of metastases according to contrast-enhanced abdominal CT. The accumulation of [*"Tc]Tc-ADAPT6
and [®"Tc]Tc-(HE)3-G3 in the projection of metastases in both cases was significantly higher compared to the
primary tumor (1.3 and 1.7 times higher in patient 1; 2.2 and 3.5 times higher in patient 5, respectively).

Conclusion. Both [®*"T¢]Tc-ADAPT6 and [*"Tc]Te-(HE)3-G3 demonstrated the diagnostic efficacy in visualizing
a primary HER2-positive tumor in breast cancer patients. However, [99mTc]Tc-ADEPT6 had higher accumulation
values, which makes it a more promising diagnostic agent.
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PE3IOME

Hesb: npoBecHUE MPSAMOrO CPABHCHHUSI AMATHOCTHYECKOM 3ddekTiuBHOCTH npenapatoB [*MTc]Tc-ADAPT6 u
[*¥"Tc]Tc-(HE),-G3 y 60mbHb1x HER2-103MTHBHBIM paKOM MOIOYHOM JKeTe3bl IO Hayaaa CHCTEMHOTO JIEYEHHS.

Marepuainl 1 MeToabL. B nccnenopanue BxiroueHsl 11 601pHbIx HER2-M03UTHBHBIM pakoM MOJIOYHO# Kee3bl
(T1-4N0-2MO0-1) no Hayanma cuCTeMHOro JieueHus. Bcem OonpHbIM B MHTepBajie 3—4 IHEH BBIOJHSUIUCH
PaIMOHYKIIMIHBIC HCCIICNOBAHNS C HCIONB30BaHMEM Iperapatos [®"Tc]Tc-ADAPT6 u [*"Tc]Tc-(HE),-G3.
OnHOpOTOHHAsI IMUCCHOHHAsI KOMITbIOTEpHAst TOMOrpadusi/komnblotepHas Tomorpadus (KT) mpoBoxunack yepes
2 1a mpenapata [®"Tc]Tc-ADAPT6 u uepes 4 u ms [*"Tc] Te-(HE),-G3.

PesyasTatsl. [Ipn anammse pacrpeneneHuss 000HMX IpemapaToB OONBIINIT 3aXBaT HOPMAIBHBIMU TKAaHSIMH OBLI
OTMeYeH B MOYKax U nedeHu. OIyXonu MOJIOYHBIX JKelle3 BU3yalIN3HpOBAIICh BeeX ciaydasx. CpemHuid 3axBar
OIYXOJbI0 TIPH WCToNb30Banuu mnpernapara [®"Tc]Tc-ADAPT6 cocraswn 4,7 + 2,1, 9To GBUIO 3HAYHTEINB-
HO BEIME, YeM npH [*"Tc]Tc-(HE),-G3 (3,5 £ 1,7) (p < 0,005, mapusrif 7-tect). COOTHOIIEHHE OMyXOIb/(oH
(152 £ 7,4 u 19,6 + 12,4 cOOTBETCTBEHHO) B 000MX CIIy4asx HEe UMEJIO CTaTHCTHIECKHX paznmmumii (p > 0,05,
HapHEIH f-TecT). MeTacTassl B I€UCHb BH3YaIH3HPOBAHBI y MAMeHTOK Ne 1 U 5, YTO COOTBETCTBOBAIO MPOEKIHH
MeracTta3oB 1o gaHHEIM KT opraHoB OpIOIIHOI MONOCTH, BBITOJHEHHOW C KOHTPACTHPOBAHUEM. AKKYMYIISIHS
[*"Tc]Tc-ADAPT6 u [*"Tc] Tc-(HE),-G3 B npoeKuy MeTacTa3os y 06eHX GONBHBIX ObUIa 3HAYHTEIHHO BBINIC
[0 CPaBHEHHMIO C IepBHUYHOI omyxombio (B 1,3 1 1,7 paza y manmentku Ne 1; B 2,2 u 3,5 pasa y nanuenTku Ne 5
COOTBETCTBEHHO).

3akmouenue. Ipenapatel[* "Tc]Tc-ADAPT6 u [*"Tc]Tc-(HE),-G3 npoaemoHcTpupoBany cBoro 3 dexTHs-
HOCTh B OTHOIIEHUH BU3yann3auuy nepBUIHBIXHER2-I03UTHBHBIX omyXomei MoIo4HBIX xene3. [Ipn aToM akky-
myusinust [®"Tc] Te-ADAPT6 mmena Goiee BHICOKHE MOKA3aTeNN HAKOIUICHHSI, YTO JIEaeT 3TO COeAnHEHne boee
MEPCIIEKTUBHBIM JHArHOCTHIECKIM areHTOM.

KuroueBble ciioBa: pak MOJIOYHOM Kene3bl, 0THOQOTOHHAs SMUCCHOHHAS! KOMITBFOTEPHAst TOMOTpadusi, KOMIIbIO-
tepHast Tomorpadus ODIKT/KT, DARPinG3, ADAPT6, HER2/neu
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KoHpauKT nHTepecoB. ABTOPHI ACKIapUPYIOT OTCYTCTBHE SIBHBIX M MOTEHIMAIBHBIX KOH(IUKTOB UHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HacTosIeH CTaThU.

Hcrounuk ¢punancupoBanus. PaGora BemonHeHa B paMKkax rpaHTa MUHHCTEPCTBa HAYKU U BBICIIET0 00pa3oBa-
nud (cornmamenne Ne 075-15-2022-1103) o teme «Pa3paboTka TapreTHEIX MOJIEKYJI HA OCHOBE KapKacHBIX OEITKOB
JUTSL TUarHOCTHKY 1 TepaIny 3710KavyeCTBEHHBIX HOBOOOPA30BaHUI: TEPAHOCTUUECKUI OAXO/I».

CooTBeTcTBHE MPUHIMIIAM dTHKH. Bce manueHTs! moamucam HHQOPMHPOBAHHOE COTJIACHE HA yYacTHE B HC-
cienoBannu. MccenenoBanue onoodpeHo onostuuecknm komureroM HUM orkonorun Tomckoro HUMII (mpotokon
Ne 6 ot 04.03.2022).

Jst uutupoBanus: bparnna O /1., lees C.M., 'ap6yxos E.1O., l'onsaoepr B.E., YUepros B.1., Tonmmades B.M.
[Ipsimoe cpaBHEHUE IUATHOCTHYECKOH A(p(HEKTUBHOCTH pasuohapMaleBTHIECKHX HPernapaToB Ha OCHOBE allb-
TEPHATHUBHBIX KapKacHBIX MpoTenHoB [®*MTc]Tc-ADAPT6 u [*"Tc]Te-(HE)3-G3 y 6ombhbix HER2-mo3uTHBHBIM
PaKoOM MOJIOYHOM kenesbl. broanemens cubupckoi meduyunst. 2023;22(3):6-13. https://doi.org/10.20538/1682-

A direct comparison of the diagnostic efficacy of alternative scaffold-based

0363-2023-3-6-13.

INTRODUCTION

Overexpression of the human epidermal growth
factor receptor 2 (HER2 / neu) occurs in 20-25%
of breast cancer patients and indicates a need for
targeted therapy, which significantly improves
overall and relapse-free survival rates [1, 2]. Despite
the availability and prevalence of commonly used
immunohistochemistry (IHC) and fluorescent in situ
hybridization (FISH), there are still problems that
significantly limit the assessment of the HER2 / neu
status in patients with breast cancer. In particular,
the impossibility of performing a simultaneous
assessment of tumor spread and a molecular analysis
of identified sites remains obvious and is due to
difficulties or the impossibility of performing a core
biopsy [3, 4].

One of the solutions to these problems is targeted
radionuclide diagnosis [5], which is currently being
actively studied and uses alternative scaffold proteins
with optimal characteristicsasa*targeting” modulefor
delivering radioisotopes to tumor cells [6—8]. Thus, the
results of phase I clinical trials of [*"Tc]Tc-ADAPT6
(ClinicalTrials.gov Identifier: NCT03991260)
and [®"Tc]Tc-(HE)3-G3 (ClinicalTrials.gov ID:
NCT04277338) in breast cancer patientsdemonstrated
good tolerability and absence of adverse reactions
both at the time of injection and for the entire follow-
up periods. Also, in both cases, differences in the
accumulation of radiopharmaceuticalsin patients with
HER2-positive and HER2-negative breast tumors
were shown (p < 0.05, Mann — Whitney test), and
optimal dosages and study periods after the injection
of labeled proteins were revealed: 500 py and 2 hours
for [*"Tc]Tc-ADAPT6 and 3,000 p and 4 hours for
[®mT¢]Te-(HE)3-G3 [9, 10].

The results of the preclinical comparative analysis
of [*"Tc]Tc-ADAPT6 and [*"Tc]Tc-(HE),-G3
showed high uptake of both radiopharmaceuticals by
the HER2-positive SKOV-3 cdll line compared to the
HER2-negative MDA-MB-468 cell line [11]. The aim
of the study wasto perform adirect comparison of the
diagnostic efficacy of [®¥"Tc]Tc-ADAPT6 and [¥"Tc]
Tc-(HE)3-G3 in HER2-positive breast cancer patients
before the initiation of systemic treatment.

MATERIALS AND METHODS

Thestudy wasapproved by theBioethicsCommittee
at Cancer Research Institute of Tomsk NRMC
(Protocol No. 6 of 04.03.2022) and registered before
recruitment of patients (ClinicalTrials.gov Identifier:
NCT05376644). The study included 11 breast cancer
patients (T1-4NO-3M0-1) with overexpression of
HER2 / neu in the primary tumor before the initiation
of chemo / targeted therapy (Table 1). All patients
signed an informed consent to participate in the study.

Inall patients, the HER2/neu expression status was
established according to the immunohistochemistry
(IHC) of the biopsy material obtained from the primary
tumor according to the American Society of Clinical
Oncology (ASCOQO) / College of American Pathologists
(CAP) guidelines (2018). Tumors were classified as
HER2-positiveif an IHC score was 3+. The study was
carried out according to the standard methodology.
Lesions of the lymph nodes in al patients were
confirmed by the results of the histologic examination.

Before treatment, al patients underwent
mammography (Giotto Image), osteoscintigraphy with
®mTc pyrophosphate (Siemens Symbia Intevo Bold),
computed tomography (CT) of the chest (Siemens
Somatom Emotions 16 ECO), and ultrasound
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Table 1

Characteristics of breast cancer patients before the administration
of [*"Tc]Tc-ADAPT6 and [*"Tc]Tc-(HE)3-G3

fﬂin; Age, years | HER2 in primary breast tumor (IHC) ER, PR, K|Ei)7r ;gt)rtgp in primary Cllnlcdvaagleizt)gg;etumor

1 61 3+ (IHC) ER +; PR +; Ki67 40% IV (T4N3M1)
2 48 3+ (IHC) ER +; PR +; Ki67 18% 11B (T2NIMO)
3 26 3+ (IHC) ER +; PR +; Ki67 45% 11B (T2N1MO)
4 49 3+ (IHC) ER +; PR +; Ki67 20% | (TINOMO)

5 41 3+ (IHC) ER +; PR +; Ki67 45% IV (TINIMZ)
6 65 3+ (IHC) ER +; PR +; Ki67 60% 11B (T2N1MO)
7 59 3+ (IHC) ER —; PR —; Ki67 55% ITA (TIN1MO)
8 55 3+ (IHC) ER —; PR —; Ki67 18% 11B (T2N1MO)
9 38 3+ (IHC) ER +; PR + Ki67 25% 11B (T2N1MO)
10 65 3+ (IHC) ER —; PR —; Ki67 18% | (TINOMO)

1 63 3+ (IHC) ER +; PR + Ki67 10% | (TINOMO)

Note: ER — estrogen receptor, PR — progesterone receptor, Ki67 — marker of cell proliferation.

examination of the mammary glands, regiona lymph
nodes, and liver (GE LOGIQ E9). Patients 1 and 5
additionally underwent contrast-enhanced abdominal
CT. The size of the primary tumor and metastatic
lymph nodes was determined according to the
ultrasound findings.

Radionuclide  studies. Radiopharmaceuticals
[©"Tc]Tc-ADAPT6  and  [®"Tc]Tc-(HE)3-G3
were prepared using the aseptic technique at the
Department of Radionuclide Therapy and Diagnosis
of Cancer Research Ingtitute of Tomsk NRMC
immediately before the study. Labeling was carried
out according to the methods described earlier [12,
13]. The radiochemical yield was 97 & 1% for [*"Tc]
Tc-ADAPT6 and 97 + 2% for [®"T¢]Tc-(HE)3-G3.
The protein dose was 500 [ for [®*"Tc]Tc-ADAPT6
and 3,000 p for [*MTc]Tc-(HE)3-G3. Consecutive
intravenous injections of ready-made compounds
[#¥"Tc]Tc-ADAPT6 and [*®"Tc]Tc-(HE)3-G3 were
performed in all patientswith an interval of 34 days.

All patients underwent single-photon emission
computed tomography (SPECT) [/ computed
tomography (CT) of the chest using a Siemens
Symbia Intevo Bold scanner equipped with a high-
resolution low-energy collimator. SPECT / CT scans
were performed 2 hours after the injection of [®¥™Tc]
Tc-ADAPT6 and 4 hours after the injection of [*"T(¢]
Tc-(HE)3-G3. The images were reconstructed using
the XSPECT Reconstruction Protocol (Siemens) based
on the Ordered Subset Conjugate Gradient (OSCG)
method. A 3D Gaussian filter with a 10-mm FWHM
(soft tissue) was used. The images were processed
using the Syngo.via software package (Siemens).

Maximum standardized uptake values (SUVmax)
normalized for the body surface were calculated for
the primary tumors and the liver. SUVmax were also
determined in the contralateral symmetrical areas of
the breast to cal cul ate the tumor-to-background ratio,
aswell asin areas of the liver free from metastases
to calculate the liver / metastasis ratio. To assess
the uptake of the radiopharmaceuticals in healthy
organs, which may contribute to the occurrence of
background in typica metastatic sites, SUVmax were
also measured in unaffected lymph nodes, lungs (S3
of the right lung in the projection of the aortic arch),
and bones (five thoracic vertebrae).

The data were presented as M + m, where M is
the mean and m is a standard deviation. A paired
t-test was used to compare the uptake values and
derived parameters. The differences were statistically
significant at p < 0.05.

RESULTS

According to the results of IHC, all 11 patients
were diagnosed with HER2-positive breast cancer
(3+). Liver metastases were detected in two patients
(patients 1 and 5). When analyzing the distribution
of both radiopharmaceuticals, their greater uptake by
healthy tissues was noted in the kidneys and the liver,
while a greater uptake in the liver was detected using
[®"Tc]Tc-(HE)3-G3 (the distribution is shown in
Fig. 1). The uptake of [*"Tc]Tc-ADAPT6 (SUVmax
0.3 £ 0.1) in the contralateral breast area was
significantly higher than that of [*"Tc]Tc-(HE)3-G3
(SUVmax 0.2 + 0.1) (p < 0.01, paired r-test). At the
same time, the uptake of both radiopharmaceuticals
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did not differ in the unaffected lymph nodes
(p > 0.05, paired r-test). The accumulation of the
radiopharmaceuticals in unaltered lung tissue was
0.4 + 0.2 for [®*"Tc]Tc-ADAPT6 and 0.4 + 0.1 for
[®"Tc]Tc-(HE)3-G3; in bones— 0.6 + 0.2 and 0.9 +
0.5, which had no significant difference according to
the statistical analysis (p > 0.05, paired ¢-test) (Fig. 2).
Accumulation of the radiopharmaceutical was also
visualized in the salivary and thyroid glands.

[**"Tc]Tc-ADAPT6E

[#9™Tc]Te-(HE),-G3

Patient 8

Breasttumorswerevisualizedusingboth[*™Tc] Tc-
ADAPT6and[*"Tc] Tc-(HE)3-G3. Theaveragetumor
uptake of [*™Tc]Tc-ADAPT6 was 4.7 + 2.1, which
was significantly higher than for [®*"Tc] Tc-(HE)3-G3
(85 1.7) (p < 0.005, paired ¢-test). At the same
time, the tumor-to-background ratio (15.2 = 7.4 and
19.6 + 12.4, respectively) when using both com-
pounds showed no significant differences (p > 0.05,
paired t-test) (Fig. 3).

Patient 11

Patient 9

Fig. 1. Comparison of SPECT / CT using [*"Tc¢]Tc-ADAPT6 and [*™Tc] Tc-(HE)3-G3 in patients with HER2-positive breast cancer
(SUV is6.8inal images)
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Fig. 2. Accumulation (SUV) of [®¥™Tc]Tc-ADAPT6 and [*"Tc] Tc-(HE)3-G3 in healthy tissues: « — mammary gland; b — unaffected
lymph nodes; ¢ —liver; d —lungs (S3 of the right lung in the projection of the aortic arch); e — bones (fifth thoracic vertebra)
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Also, when using both [*"Tc]Tc-ADAPT6 and
[®"Tc]Tc-(HE)3-G3, metastatic lymph nodes were
detected in all patients (Fig. 4).

Liver metastases were visualized in patients 1
and 5 using both [®*"Tc¢]Tc-ADAPT6 and [®MTc]
Tc-(HE)3-G3 and corresponded to the projection
of metastases according to contrast-enhanced
abdominal CT (Fig. 5). In both cases, morphological

Tumor, SUV
Tumor-to-background ratio

Coronal plane

Patient 2 ADAPTE

Patient 2 DARPinG3

Sagittal plane

verification of the foci was not performed due
to refusal of the patients to undergo a biopsy.
Interestingly, the accumulation of [®*"Tc]Tc-
ADAPT6 and [*"Tc]Tc-(HE)3-G3 in the projection
of metastases in both patients was significantly
higher compared to the primary tumor (1.3 and 1.7
times in patient 1; 2.2 and 3.5 times in patient 5,

respectively).

Fig. 3. Accumulation (SUV) of [®*"Tc]Tc-ADAPT6 and

[®"Tc] Te-(HE)3-G3 in primary tumors and contralateral

symmetrical areas of the breast in patients with HER2-
positive breast cancer

Transverse Plane

Fig. 4. Accumulation of [*™Tc]Tc-ADAPT6 and [*"Tc] Tc-(HE)3-G3 in metastatic lymph nodes in HER2-positive breast cancer
patient. 2

Bulletin of Siberian Medicine. 2023; 22 (3): 6-13 11



Bragina O.D., Deyev S.M., Garbukov E.Yu. et al.

A direct comparison of the diagnostic efficacy of alternative scaffold-based

Coronal plane

Sagittal plane

| Patient 5 DARPInG3 ‘ Petient 5 ADAPT6 |

DISCUSSION

Performed phase 1 clinical trials of [®¥™Tc]
Tc-ADAPT6 and [*"Tc]Tc-(HE)3-G3 clearly
demonstrated the possibility of their use not only as
primary tumor imaging agents, but al so as markersthat
can effectively assess the HER2 / neu status in breast
cancer patients [9, 10]. Taking into account the results
of both analyses, a direct comparison of both [¥™Tc]
Tc-ADAPT6 and [*"Tc]Tc-(HE)3-G3 was naturally
required by a complex of preclinical and clinical
studies. Summarizing the data obtained, [*"Tc]Tc-
ADAPT6 showed its greatest efficacy in assessing
the HER2 / neu status in breast cancer patients and,
therefore, in selecting patients for targeted therapy.
At the same time, [*"Tc]Tc-(HE)3-G3 showed
its sensitivity to a change (decrease) in the HER2
/ neu expression in response to targeted therapy
with trastuzumab, and, therefore, it can be used for
monitoring an early response to systemic treatment

[11].
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Clinical and prognostic value of leptin resistance in the hospital period
of myocardial infarction
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ABSTRACT

Aim. To evaluate the prevalence of leptin resistance (LR) and its clinical and prognostic value in association with
metabolic disorders and features of the proinflammatory state in the hospital period of myocardial infarction.

Materialsand methods. The study included 114 men diagnosed with ST segment elevation myocardial infarction
(MI). On day 1 and 12 of MI, the levels of leptin and leptin receptor were measured in patients, and the free
leptin index (FLI) was calculated. Leptin resistance (LR) was recorded at leptin > 6.45 ng / ml and FLI > 25.
A comparative analysis of clinical and anamnestic characteristics, biochemical parameters, and cardiovascular
prognosis was carried out between patients with and without LR. Statistical data processing was carried out using
the Statistica 10.0 software package and SPSS 17.0 for Windows.

Results. The prevalence of LR in the hospital period of MI was 64%. LR was associated with cardiovascular
pathology in the family history, arterial hypertension, dyslipidemia, and obesity. The presence of LR was
accompanied by a significant increase in the level of glucose, free fatty acids (FFA), and interleukin (IL)-6 on day 1
of MI and by a significant rise in insulin, C-peptide, tumor necrosis factor (TNF)-alpha, and plasminogen activator
inhibitor-1 (PAI-1) throughout the hospital stay. Patients with LR were characterized by multi-vessel and more
severelesions of the coronary bed and were more often subject to early post-infarction angina, recurrent M1, rhythm
and conduction disturbances during hospital stay for MI.

Conclusion. Patientswith M1 are characterized by high prevalence of LR during the hospital stay. LR is associated
with cardiovascular risk factors, metabolic disorders, formation of insulin resistance, and increased proinflammatory
and prothrombogenic factors. The identified features in the presence of LR probably contribute to the development
of adverse cardiovascular events in the hospital period of M.

Keywords: leptin, leptin resistance, hospital period, myocardial infarction
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KnuHnkKo-nporHocrnyeckasa 3HaUMMoCTb 1IeNTUHOPE3NCTEHTHOCTH
B rocnuTasnbHOM nepuoge nHpapkKkra mmokapga

Fop6aTtoBckas E.E.', Tpy3aeBa O.B."?, AbineBa l0.A.', benuk E.B., YuacoBa E.l'.",
Tapacos P.C.", Kawrtanan B.B."?

! Hayuno-ucciedoeamenpCckuil UHCIUmym KOMRICKCHbIX npodiem cepoeuno-cocyoucmoix 3abonesanuii (HUH KIICC3)

Poccus, 650002, 2. Kemeposo, Cocrnogulii 6ynveap, 6

2 Kemepoescxuii 2ocyoapcmeenviii meouyunckutl ynueepcumem (Keml MY)
Poccus, 650056, 2. Kemeposo, yr. Bopowunosa, 22a

PE3IOME

Iesnb: OLEHUTH PACHPOCTPAHEHHOCTh JieNTHHOPEe3ucTeHTHOCTH (JIP) M ee KIMHUKO-IPOTHOCTHYECKYIO 3HAYHM-
MOCTb BO B3aUMOCBSI3H C META0OJIHYECKUMH HAPYLICHUSIMH U OCOOCHHOCTSIMH IIPOBOCHIAIMTEIFHOTO CTAaTyca B
TOCHHUTANbHOM nepuoe nHpapkra Muokapaa (MUM).

Marepuansl 1 MeToabl. B nccnenoBanue BkiroueHs! 114 My>XK4nH ¢ yCTaHOBJIEHHBIM auarHo3oM MM c noabe-
MoM cermenTa ST. [lanuenram Ha 1-e u 12-e cyr UM u3Mepsii KOHLEHTPALUIO JIENITHHA, PELEenTopa JEeNTHHa,
paccuutsiBany uHjaeke cBodboauoro nentiHa (MCJI). JlenTHHOPE3HCTEHTHOCTh (PMKCUPOBAIH ITPU YPOBHE JIENTH-
Ha Gonee 6,45 ur/mn u UCJI 6onee 25. [IpoBeneH cpaBHUTENBHBIN aHANIN3 KJIMHUKO-aHAMHECTUUECKUX XapaKTepH-
CTHK, OMOXMMHUECKUX TTOKa3aTesIel U KapAMOBaCKYJSIPHOTO MIPOTHO3a MEXK/Ty HalueHTamMu ¢ Hanudarem JIP u 6e3
JIP. Cratucrudeckyto oOpabOTKy JaHHBIX IIPOBOJMIIM C HCIIOIb30BaHUEM HPOTrpaMMHOro makera Statistica 10.0
u SPSS 17.0 for Windows.

PesyabTatsl. Pacnpoctpanennocts JIP B rocniuransaoM nepuosae UM cocrasuiia 64%. JlenTHHOPE3UCTEHTHOCTh
acconMMpoBaHa ¢ (aKTOPaMH PHCKa CepAeYHO-cocyqHuCThIX 3aboneBanus (CC3) — HacleqCTBEHHAs OTATOIICH-
HOCTb 10 CEpAECYHO-COCYJUCTON MAaTOJIOTHH, apTepualbHas TMICPTEH3UsS, AUCIUINICMUs, OXKUPEHUe. Y Halu-
entoB ¢ JIP HaGmonamuce paBHBIC JTOJNU IOpPaXKEHHS IEepeaHed M 3aIHel CTEHKH JIEBOTO elynouka. Hammune
JIP conpoBoskaaock CTATUCTUYECKH 3HAYMMBIM YBEJINUCHUEM COJIEPIKaHNEM IITFOKO3bI, CBOOOIHBIX KHPHBIX KHC-
JOT ¥ uHTepleliknHa-6 B 1-e cyt UM, uncynuna, C-nientua, GakTopa HEKpo3a OIMyXoJiM aib(a U MHruouTOpa
aKTUBATOpa IJIa3MHHOI€HA 1-ro THUIa Ha MIPOTSKEHUU BCEro rocnuranbHoro nepuona. Ilanuentst ¢ JIP xapakre-
PH30BAINCh MHOTOCOCYAUCTBIM U 0OOJIee TSDKEIBIM ITOpaKeHHEM KOPOHAPHOTO pyciia, OBLIM Yalle IOJBeP)KEHEI
panHel nocTHH(APKTHOW cTeHOKapaAny, penunuBy M, HapymieHHsIM pUTMa U IPOBOAMMOCTH B FOCIIUTAIEHOM
nepuoge UM.

3axumouenne. g mammenToB ¢ UM xapakTepHa BBICOKAsl pacIpOCTpaHEHHOCTE JIP B ToCIIUTaIbHOM TIEPHOJIE.
JlenTHHOPE3NCTEHTHOCTE accolMrpoBana ¢ pakropamu pucka CC3, HapyIIeHHIMH METa00IM3Ma, (POPMHUPOBAHHU-
€M HMHCYJTHHOPE3UCTeHTHOCTH, YCHJICHHEM IPOBOCTIANINUTENBHBIX M MIPOTPOMOOTEHHBIX (h)aKTOpOB. BEIsBIEHHEIE
ocobeHHOCTH Tpu Hann4aun JIP, BEposATHO, MOTYT COCOOCTBOBATh PAa3BUTHIO HEOIATONMPUATHBIX KapANOBAaCKy-
JISIPHBIX COOBITHI B TOCIHTAILHOM miepuonie M.

KunroueBble cioBa: enTHH, pelenTop JICNTHHA, JICNITHHOPE3UCTEHTHOCTD, TOCITUTAIBHBIN ITepruo, HHPApKT MU-
okapaa

KonpaukTt nHTEpecoB. ABTOPHI JCKIAPUPYIOT OTCYTCTBHE SIBHBIX U MOTCHIMAIBHBIX KOH()JINKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOJIMKalel HaCTOsIIeH CTaTby.

Hcrounuk ¢pmnancupoBanus. VccinenoBanue BBITOMHEHO B paMkax (yHmamentansHoit Temsr HUW KIICC3
Ne 0419-2022-0002 «Pa3paboTka HHHOBAMOHHBIX MOJEJICH YHpPaBJICHUSI PUCKOM Pa3BUTHS OOe3HEH CHCTEMEI
KPOBOOOpAIIEHHs C y4eTOM KOMOPOHUIHOCTH Ha OCHOBE M3Yy4eHHUS (pyHIaMEHTAIbHBIX, KIMHUYECKUX, SIHIEMHO-
JIOTMYECKUX MEXaHU3MOB U OPraHU3alIMOHHBIX TEXHOJIOTUI MEIUIIMHCKON IOMOILY B YCIOBHSX IPOMBIILIEHHOIO
peruona Cnudupm».

CooTBeTCTBHE NPUHIMNAM ITHKH. Bce manueHTs! noanucany HHGOPMHUPOBAHHOE COTJIacHe Ha ydacTHe B HC-
cienoBanuu. VccnenoBanue o100peHO TIOKaIbHBIM dTHYeckuM komureromM HUM KIICC3.
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INTRODUCTION

Leptin has historically been one of the most
important adipokines, playing a key role in the
regulation of energy metabolism. In addition to the
main effect, leptin exerts many pleiotropic effects,
including those on the cardiovascular system (CVS).
Therole of leptinin cardiovascular disease (CVD) has
been widely discussed over the years. Elevated leptin
levels have potentially atherogenic, thrombotic, and
angiogenic effects on the CVS. High concentrations
of leptin stimulate proliferation and hypertrophy of
smoothmusclecellsinthevessel wall andaccumulation
of cholesteral estersin foam cells. They also enhance
the proinflammatory activity of interleukin (IL)-6
and activate platelet aggregation [1]. Leptin-induced
aldosterone secretion contributes to hypertension
and endothelial dysfunction [2]. However, most of
the evidence is obtained from cellular and animal
models, so the role of leptin in human CVS and the
fact whether leptin directly affects cardiac function or
actsthrough aleptin-regulated neurohumoral pathway
remain unclear.

Relatively recently, the phenomenon of leptin
resistance (LR) has been discussed in modern literature.
LR isacondition that develops as aresult of adefect in
intracellular signaling at the level of the leptin receptor
or in the context of a decrease in leptin transport across
the blood — brain barrier. As aresult, leptin isnot able to
exert physiological effects, despite its elevated level [3].
In CVS, LR has an adverse effect on the cardiovascular
response to stress and promotes cardiac remodeling
[4]. To date, a lack of precise criteria for assessing
the presence of LR makes studying this phenomenon
difficult. Therefore, data on the contribution of LR to the
development and prognosis of CVD, and, in particular,
myocardia infarction (MI), are scarce; moreover, they
are extremely contradictory.

The am of the study was to evauate the
prevalence of LR and its clinical and prognostic value
in association with metabolic disorders and features
of the proinflammatory state at the in-hospital phase
of MI.

MATERIALS AND METHODS

The study was conducted in accordance with the
principles set forth in the Declaration of Helsinki

and approved by the local Ethics Committee at
the Research Ingtitute for Complex Problems of
Cardiovascular Diseases. The study included 114
men diagnosed with ST segment elevation myocardial
infarction (STEMI). The average age of the patients
was 60.0 [56.0; 70.0] years. The exclusion criteria
were age over 75 years, as well as the presence of
concomitant clinical conditions such as anemia, type
1 and type 2 diabetes, cancers, autoimmune diseases,
and kidney and liver failure. All patients signed an
informed consent to participate in the study.

In the examined individuals, the prevailing
anamnestic risk factors for M| were arteria
hypertension (AH), smoking, angina pectoris in the
medical history, as well as cardiovascular pathology
in the family history. More than 60% of patients
were overweight and with varying degrees of obesity.
The features of the developed MI included the
predominance of Q wave MI and equal damage to
the anterior and posterior walls of the left ventricle
(LV). Preserved left ventricular gection fraction
(EF) was registered in about 65% of patients with MI
(Table ).

Table 1
Clinical and anamnestic characteristics of the examined patients,
n=114
Parameter Absolute value Relative
value, %
Age, years, Me [Q,; Q] 60.0 [56.0; 70.0] -
Medica history
Cardiovascular pathology in the
family history PR 52 456
Smoking 58 50.8
Arterial hypertension 102 89.9
Dysdlipidemia 20 17,5
Clinical manifestations of angina
pectoris before M1 ° 54 ar4
Previous myocardial infarction 31 27.2
Chronic heart failure 9 7.9
Body massindex (BMI)
—under 25kg/ m? 38 333
—25.0-29.9kg/ m% 54 474
—30.0-39.9 kg / m? 22 19.3
Coronary artery disease
One-vessel coronary artery disease 64 56.1
Dpuble~vesse| coronary artery 35 307
disease
Multivessel coronary artery disease 15 13.2
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Table 1 (continued)

Parameter Absolute value Relative
value, %
Myocardia infarction (M)

Qwave Ml 96 84.2
Non-Q wave M| 18 158
Localization:
—Anterior wall of the LV
~ Posterior wall of the LV o s
- Pos_terlor wall of the LV and right 9 79
ventricle (RV)

Left ventricular ejection fraction (LVEF)
< 50% 74 64.9%
40-49% 34 29.8%
> 40% 6 5.3%

On days 1 and 12 of MI, the levels of leptin and
leptin receptor were determined in all patients by the
enzyme immunoassay using standard commercial test
systems (BioVendor, Czech Republic; eBioscience,
Austria). The free leptin index (FLI) was calculated
as the ratio of total leptin concentration (ng / ml) to
the soluble leptin receptor concentration (ng / ml)
multiplied by 100. LR was recorded at leptin levels >
6.45 ng / ml and FLI > 25 [5].

A comparative analysis of metabalic,
proinflammatory, and adipokine profile parameters
between patients with and without LR was carried
out. The assessment of the glucose level, lipid
profile (total cholesterol (TC), triglycerides (TG),
high-density  lipoprotein  cholesterol  (HDLC),
low-density lipoprotein cholesterol (LDLC)), and
C-reactive protein (CRP) in the blood serum was
carried out using standard commercia test systems
from Thermo Fisher Scientific on an automated
biochemistry analyzer Konelab 30i (Finland). The
content of C-peptide, insulin, IL-6, plasminogen
activator inhibitor-1 (PAI-1), tumor necrosis factor-
alpha (TNF-a), and C-reactive protein (CRP) in the
blood serum was determined using the enzyme-linked
immunosorbent assay using standard commercial tests
systems (BioVendor, Czech Republic; eBioscience,
Audtria; Cloud-Clone Corp. USA) according to the
manufacturer’s protocol. To assess insulin resistance
(IR), the QUICKI index (Quantitative Insulin
Sensitivity Check Index) was calculated: QUICKI
= 1/[log(I0) + log(GO0)], where 10 is basal plasma
glucose (mmol /1), and GO is basal insulin (U / ml).
The severity of IR was assessed according to A. Katz
et al. [6]. The mean QUICKI value of 0.382 + 0.007
indicated normal tissue sensitivity to insulin; QUICKI
values equal to 0.331 + 0.010 and 0.304 + 0.007
indicated moderate and severe tissue IR, respectively.

Coronary angiography was performed by the
Judkins technique on the Innova angiographic system
(USA). Xenetix-350 was used as a radiopague agent.
The SYNTAX Score was used to assess the severity
of coronary lesions. An unfavorable outcome during
an ealy in-hospita phase was registered with
the development of early post-infarction angina,
recurrent acute myocardial infarction (AMI), and
life-threatening cardiac arrhythmias and conduction
disorders.

As reperfusion therapy, al patients underwent
primary percutaneous coronary intervention with
stenting of the infarct-related artery. Continuous 24-
hour infusion of nitroglycerin and heparin at standard
doses with control of hemodynamic parameters and
activated partial thromboplastin clotting time (aPTT)
was performed. During the in-hospital phase of MlI,
we used B-blockers (in 100% of patients), angiotensin-
converting enzyme inhibitors (89.4%), calcium
channel blockers (88.5%), diuretics (31.7%), nitrates
(17.3%), aspirin (98%), heparin (100%), clopidogrel
(100%), and statins (100%).

Statistical data processing was carried out using
Statistica 10.0 and SPSS 17.0 for Windows. The
Kolmogorov — Smirnov test was used to check
normality of data distribution. The data were
presented as the median and the interquartile range
Me [Q;; Q.]. The Mann — Whitney test was used to
compare two independent samples. The differences
were considered statistically significant at p < 0.05.
The frequency analysis was carried out using 2x2
contingency tables. The logistic regression analysis
with the calculation of odds ratio (OR) and 95%
confidence interval (CI) was performed. In all
statistical procedures, the differences were considered
statistically significant at p < 0.05.

RESULTS

In patients with MI, during the entire observation
period, an increased level of leptin was registered
relative to the reference interval of 2.0-5.6 ng / ml.
Thus, on days 1 and 12 of M1, the leptin concentration
in patients with MI was 11.6 [6.6; 20.5] ng / ml and
11.5 [5.4; 13.9] ng / ml, respectively. The content of
the leptin receptor did not go beyond the established
reference interval and amounted to 40.8 [28.8;
46.1] ng / ml on day 1 of MI and 34.8 [27.1;
46.6] ng / ml on day 12. FLI was 32.7 [14.3; 70.5] on
day 1 and 31.9 [16.2; 64.5] on day 12. At the time of
patient division into groups with and without Ml, the
prevalence of LR was 64%.
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LR in patients with myocardial infarction was
associated with the presence of CVD risk factors:
cardiovascular pathology in the family history,
AH, and dydlipidemia. Patients in both groups
were overweight, however, patients with LR were
characterized by different degrees of obesity, in
contrast to patients without LR. In patients with LR,
equal damage to the anterior and posterior wall of
the LV was observed, in patients without LR, equal
damage to the posterior wall of the LV was noted.
Q wave MI was significantly more common in the

group of patients with LR. Patients with LR were
characterized by an intermediate and critical decrease
in LVEF (Table 2).

A comparative analysis of the metabolic profile
revealed a significant increase in the level of glucose
(»p = 0.02), insulin (»p = 0.02), and C-peptide (p =
0.03) on day 1 of Ml, ariseininsulin (»p = 0.01) and
C-peptide (p = 0.03) on day 12 of the disease, and a
decrease in the QUICKI index (p = 0.03) throughout
the entire hospital stay in patients with LR compared
to patients without LR (Table 3).

Table 2
Clinical and anamnestic characteristics of patients with and without leptin resistance, abs. (%)
Parameter Patientswith LR, n=73 | Patientswithout LR, n =41
Medical history p
Cardiovascular pathology in the family history 39 (53.4%) 13 (31.7%) 0.02
Smoking 32 (43.8%) 18 (39%) 0.52
Arterial hypertension 72 (98.6%) 30 (73.2%) 0.01
Dyslipidemia 16 (21.9%) 4 (9.8%) 0.001
Clinical manifestations of angina pectoris before M1 35 (47.9%) 19 (46.3%) 0.61
Previous myocardial infarction 20 (27.4%) 11 (26.8) 0.82
Chronic heart failure 6 (8.2%) 3(7.3%) 0.63
Body mass index (BMI)
—under 25kg/ m? 15 (20.6%0) 21 (51.2%) 0.01
—25.0-29.9kg/ m? 29 (39.7%) 20 (49.8%) 0.08
—30.0-39.9kg/ m? 29 (39.7%) 0 (0%) 0.001
Myocardial infarction (MI)

Q wave Ml 64 (87.7%) 32 (78.1%) 0.04
Non-Q wave M| 9 (12.3%) 9 (21.9%) 0.02
Localization of MI:

—Anterior wall of the LV; 34 (46.6%) 16 (39%) 0.03
— Posterior wall of the LV; 30 (41.1%) 25 (61%) 0.01
— Posterior wall of the LV and RV 9 (12.3%) 0 (0%) 0.001

Left ventricular ejection fraction (LVEF)
> 50% 40 (54.8%) 34 (83.0%) 0.001
40-49% 28 (38.4%) 6 (14.6%) 0.02
<40% 5 (6.8%) 1(2.4%) 0.01
Table 3

Comparative characteristics of carbohydrate and lipid metabolism parameters and proinflammatory and prothrombotic

state in patients with and without leptin resistance, Me [Q,; Q]

Patientswith LR Patients without LR
Parameter
Day 1 Day 12 Day 1 Day 12
Glucose, mmol / | 6.7 [5.6; 8.6] 6.1 [5.4;7.2] 5.9 [5.4;6.9] 5.9 [5.2;7.2]
Insulin, iU / mi 10.9% [5.8; 18.7] 12.2% [4.7; 19.5] 7.5 [2.8; 12.8] 5.3 [3.2;10.2]
C-peptide, ng / ml 1.23* [0.62; 2.1] 1.2 *[0.58; 1.89] 0.99 [0.56; 1.47] 0.99 [0.56; 1.47]

QUICKI index 0.34* [0.31; 0.39] 0.31 * [0.29; 0.39] 0.38 [0.33; 0.45] 0.39 [0.35; 0.50]
FFA, mmol /1 1.64* [1.21; 1.94] 0.64 [0.5; 1.1] 1.10.8; 1.26] 0.5 [0.43; 0.79]
CRP mg/ ml 25.0 [8.3; 52.4] 8.3 [5.0; 15.0] 20.0 [9.6; 29.0] 7.0 [3.0; 25.0]
IL-6, pg/ ml 17.5% [13.3; 25.8] 9.6[3.3; 11.0] 12.7 [10.9; 20.0] 10.4 [4.8; 16.3]
TNF-q, pg / ml 20.6* [1.4; 23.3] 19.8% [1.9; 24.9] 1.92 [0.7; 11.5] 2.36 [0.84; 12.4]
PAI-1, ng/ml 127.8* [39.9; 153.6] 88.65* [32.4; 148.0] 89.1 [72.0; 140.8] 60.14 [30.43;72.62]

* statistically significant differences between groups of patients with and without LR, p < 0.05.
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In the group of patients with LR, 45 people
(61.8%) had moderate and severe IR, in the group of
patients without LR, this phenomenon was observed
in 12 patients (29.2%). The correlation anaysis
revealed a significant direct correlation between the
level of insulin on day 12 of MI and FLI (» = 0.509,
p = 0.02), as well as an inverse correlation between
the QUICKI index on day 12 and FLI (r = —0.367,
p =0.01).

Among the lipid metabolism parameters in the in-
hospital phase of MI, only the level of free fatty acids
(FFA) on day 1 of the disease was higher in the group
of patients with LR than in the group without LR
(p =0.03).

In patients with M1, the level of CRP was higher
than norma values throughout the observation

period, however, there were no significant differences
between the study groups. In patients with LR on day
1 of the disease, an increase in the concentration of
IL-6 (by 1.4 times) and TNFa (by 10.7 times) was
observed; on day 12, a rise in the level of TNFa (by
8.3 times) was noted compared to patients without
LR. The values of PAI-1 in the group of patients with
LR were significantly higher throughout the entire in-
hospital phase of Ml compared to the group without
LR (Table 3).

Patients with LR were characterized by both
moderate and severe lesions of the coronary bed.
In patients without LR, only a minor lesion of the
coronary artery was found (Table 4).

LR in patients with M| was more often associated
with multivessel coronary artery disease (Figure).

Table 4

Comparative characteristics of patients with and without LR, depending on the severity of coronary lesions
according to the SYNTAX score, abs. (%)

Severity of coronary lesion Patients with LR Patients without LR
Minor lesion (< 22 points) 55 (75.4%) 41 (100%)
Moderate lesion (23-32 points) 9 (12.3%) 0 (0%)
Severe lesion (> 32 points) 9 (12.3%) 0 (0%)
39
40
35
30
25
& p=0.02
15 A——|
10 4
5
0

1CA

m Patientswith LR,

2CA

3CA

m Patients without LR

Figure. Characteristics of coronary bed lesions

The logistic regression analysis revealed the most
significant parameters for verification of LR in patients
with M1 during the in-hospital phase of the disease.
The closest relationship with LR was reveaed for
BMI, the number of affected arteries, and LVEF.

Among the carbohydrate and lipid metabolism
parameters, a rise in the content of glucose in the
blood serum on day 1 of the disease by 1 mmol /
| increased the chances of detecting LR by 2.2
times, FFA — by 6.3 times. Among the markers of
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proinflammatory and prothrombotic state, the closest
relationship with LR was determined for I1L-6 on day
1 of MI (Table 5).

Table 5
Markers of the proinflammatory and prothrombotic state
in MI patients with LR
Parameter OR 95% ClI p
BMI, kg / n? 2.34 1.07-5.20 0.03
Number of affected arteries 6.21 | 1.24-31.24 0.03
LVEF, % 0.53 0.23-0.84 0.01
Glucose on day 1, mmol /| 221 1.07-4.57 0.03
FFA on day 1, mmol /1 6.35 | 1.332-30.22 0.02
IL-6onday 1, pg/ ml 1.19 1.09-1.20 0.03

When anayzing adverse outcomes in the in-
hospital phase of MI, it was found that patients with
LR are more susceptible to cardiovascular events.
Early post-infarction angina and recurrent AMI
developed in 10.9% (8 / 73) and 6.8% (5 / 73) of
patients, in patients with LR; in patients without LR,
these complications were not registered. Conduction
disorders were significantly (p = 0.03) more often
recorded in patients with LR. This complication
occurred in 34.2% (25/ 73) of patientswith LR and in
12.2% (5/ 41) of patients without LR. On the whole,
the incidence of adverse events in the in-hospital
phase of Ml in patients with LR was greater than in
patients without LR. Thus, in the group of patients
with LR, it was 44.4%, while in patients without LR,
it was 12.2% (p = 0.01).

According to the logistic regression analysis, the
prognostic value in relation to the risk of adverse
cardiovascular events in the in-hospital phase of Ml
was determined for FLI both on days 1 and 12 of
the disease, for BMI and the levels of FFA and 1L-6
—on day 1 of MI, and for TNFa — on day 12 of MI
(Table 6).

Table 6

The risk of developing adverse cardiovascular events
in patients in the in-hospital phase of MI

Parameter OR 95% ClI p

BMI, kg / m? 1.66 1.03-2.69 0.03
FLI on day 1 117 1.03-1.26 0.03
FLI on day 12 1.18 1.01-1.37 0.04
FFA on day 1, mmol /1 291 1.18-4.74 0.02
IL-6 onday 1, pg/ ml 1.15 1.01-1.32 0.04
TNF-a on day 12, pg / ml 142 1.0-2.02 0.04
DISCUSSION

Currently, data on studying the incidence of LR
in MI are extremely scarce in the scientific literature.

However, the relevance of this issue is undeniable,
since the assessment of LR in CVD will reduce the
risk of developing cardiovascular complications in
the future. In addition, the issue of choosing criteria
for the LR assessment remains unresolved. To date,
there is no generally accepted method to establish
the presence of LR, as there is no single rule for its
selection. One of the approaches to the diagnosis of
LR isthe presence of elevated leptin levels.

Many authors believe that hyperleptinemia is
evidence of insensitivity to leptin and serves as an
indirect sign of LR [7]. It is assumed that a high
level of leptin is due to impaired interaction between
leptin and its receptors, as a result of which LR
develops. However, elevated levels of leptin can only
characterize the concentration of the hormone which
production increases without reflecting changes that
led to hyperleptinemia [4]. The second approach is
to evaluate the FLI. This method makes it possible to
assess the rel ationship between leptin and the receptor
and reflects the functional activity of leptin [8]. Both
approaches were used in the present study. Thus,
according to our data, the incidence of LR in the in-
hospital phase of M1 was 64%.

High prevalence of LR may be due to the inclusion
of more than 60% of overweight and obese patientsin
the study. LR is characterized by impaired sensitivity
of leptin receptors in the hypothalamus and peripheral
tissues, which leads to a decrease in the feeling of
satiety, excessive intake of nutrients, and an increase
in body fat, expressed in higher BMI [9].

In the present study, we analyzed the relationship
between LR and metabolic, proinflammatory,
and adipokine profiles in patients with MI. When
studying the carbohydrate metabolism parameters,
hyperglycemia was detected on day 1 of the disease
in patients of both groups. The pathogenetic
mechanisms underlying hyperglycemia in the acute
phase of M| have not been fully elucidated. Blood
glucose levels can be transiently elevated either as
a stress response to an acute process or as a result of
inflammatory and adrenergic adaptation to ischemic
injury leading to release of catecholamines, steroids,
and induction of glycogenolysis [10]. However,
patients with LR had a significantly higher glucose
level on day 1 after Ml compared to patients without
LR. One explanation to this phenomenon in LR may
be the inability of leptin to exert a physiological
hypoglycemic effect. Leptin lowers blood glucose
levels both through the central nervous system (by
binding to its receptor on GABAergic neurons,
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in particular  pro-opiomelanocortin  (POMC)
neurons and agouti-related proteins (AgRP) in
the hypothalamus) and through a direct effect on
peripheral tissues — the pancreas, muscles, and
the liver [11]. As a result, glucagon synthesis is
suppressed, glucose uptake is increased, and glucose
production by the liver isinhibited. However, in LR,
the transmission of intracellular signals is impaired
either at the level of the leptin receptor or against
the background of a decrease in leptin transport
through the blood — brain barrier [12]. Consequently,
sensitivity of tissues to leptin is reduced despite its
abundant amount, leading to an increased content of
glucose in the blood plasma.

According to the scientific literature, leptin is
involved in the regulation of sensitivity to insulin,
whereas the presence of LR can serve as one of the
triggers for the development of IR. More than 60% of
patientswith L R and about 30% of patientswithout LR
had moderate and severe IR according to the QUICKI
index. Apparently, high prevalence of IR in the LR
group is associated with a significantly higher insulin
level inthese patients. Under physiological conditions,
leptin inhibits biosynthesis and secretion of insulin
by pancreatic B-cells. When sensitivity to leptin is
impaired, its physiological effect disappears, leading
to increased insulin synthesis despite hyperleptinemia.
In addition, it has been experimentally shown that
insulin stimulates the production and secretion of
leptin by fat cells, thereby maintaining a high level
of leptin [13] and forming a “vicious circle”. The
above assumption is confirmed by the results of the
correlation analysis — the FLI had a direct relationship
with insulin concentrations and an inverse relationship
with the values of the QUICKI index on day 12 after
the M| onset.

Decreased sensitivity to insulin observed in Ml
also affected FFA metabolism [14]. According to our
data, an increased level of FFA was observed on day 1
after M1 in both groups, while LR was associated with
a more pronounced increase in the content of FFA in
the blood. At early stages of IR formation, the amount
of FFA increases due to a loss of the inhibitory effect
of insulin on lipolysis in adipocytes. The incidence
of IR in the group of patients with LR was 2.1 times
higher than in the group of patientswithout LR, which
apparently explains the significant increase in the
concentration of FFA in this group of patients. The
association of IR and FFA is confirmed by the data of
the correlation analysis. An inverse relationship was
found between the QUICKI index and the content of

FFA on day 1 after MI (» = -0.424, p = 0.02). On
day 12 after MI, the content of FFA decreased in both
studied groups, which is probably due to increased
utilization of FFA by the myocardium, which are
necessary for synthesis of ATP, the main substrate for
energy production for cardiomyocytes.

Patients of both groups were characterized by
an increase in markers of proinflammatory and
prothrombotic state throughout the entire observation
period. Acute myocardial ischemia causes cellular
damage and death of various components of the
myocardium — cardiomyocytes, endothelial cells,
fibroblasts, and interstitium. This, in turn, initiates
an acute inflammatory response and leads to release
of various proinflammatory mediators that induce
recruitment of inflammatory cells to the area of MI
and enhance the inflammatory response after M1 [15].
High content of PAI-1 in the in-hospital phase of Ml
can be maintained by TNFa, which is one of the most
powerful activators of PAI-1 synthesis [16]. However,
patients with LR were characterized by a significant
increase in the concentration of IL-6, TNFa, and PAI-
1 in the blood serum compared to patients without
LR.

One possible explanation to this phenomenon may
be a high concentration of leptin observed in LR.
Hyperleptinemia functionally activates circulating
monocytes and dendritic cells and stimulates their
proliferation. As a result, increased production of
IL-6 and TNF-a is induced [17]. High concentrations
of leptin aso activate B lymphocytes via the JAK2 /
STAT3 signading pathways, causing the secretion
of IL-6 and TNFa. Binding of leptin to the leptin
receptor on B lymphocytes results in the formation of
a receptor complex that allows JAK2 to be activated
by phosphorylation. Activated JAK2 phosphorylates
several tyrosine residues and provides a docking
site for STAT3. STAT3 translocates to the nucleus
and modulates the transcription of genes, including
proinflammatory cytokine genes [18]. In addition, a
high level of leptin probably enhances the expression
of PAI-1 in vascular endothelia cells through the
activation of ERKL1/2, resulting in its increased
secretion [19].

The identified changes in body reactivity in LR,
being potentially atherogenic and thrombotic, probably
contribute to the development and progression of
atherosclerotic lesions of the coronary arteries [20].
The results obtained confirm this assumption. Thus,
patients with LR had a higher degree of coronary
damage according to the SYNTAX Score. Multivessel

Bulletin of Siberian Medicine. 2023; 22 (3): 14-24 21



Gorbatovskaya E.E., Gruzdeva O.V., Dyleva Ya.A. et al.

Clinical and prognostic value of leptin resistance in the hospital period

coronary artery disease was also more common in
the group of patients with LR compared to patients
without LR.

Extensve and profound myocardial injury,
characterized by predominant damage to the anterior
wall of the LV and Q-wave MI, was most common
in the group of patients with LR. Hyperleptinemia
disrupts NO-dependent vasorelaxation induced by
acetylcholine, reducing blood flow to tissues and
contributing to the aggravation of ischemic heart
damage. Elevated leptin levels may act synergistically
with other factors such as inflammation. In particular,
the response of the hypothalamic — pituitary —
adrenal axis to inflammation causes activation
of the sympathetic nervous system, leading to
coronary vasoconstriction, affecting both macro- and
microcirculation and contributing to more profound
myocardial damage. In addition, it was found that IR
increases sensitivity of the myocardium to ischemia,
thereby leading to a decrease in left ventricular
contractility. Thus, according to our data, patientswith
LR were significantly more likely to have reduced
LVEF compared to patients without LR.

When carrying out the logistic regression analysis,
we found a possibility of verifying LR in patients
during the in-hospital phase of MI using BMI, the
number of affected arteries, LVEF, as well as the
concentration of glucose, FFA, and IL-6 on day 1 after
MI. Patients with LR were more likely to experience
adverse cardiovascular events compared to patients
without LR. Patients with LR in the early in-hospital
phase of M| were characterized by the development of
early post-infarction anginaand recurrent AMI. These
complications did not occur in the group of patients
without LR.

One of the reasons for the development of early
post-infarction angina and recurrent AMI is a
stenosing lesion of other branches of the coronary
arteries. The development of early post-infarction
angina and recurrent AMI in patients with LR may
be explained both by elevated leptin level s throughout
the in-hospital phase of Ml and by the revealed
changes in metabolism that accompany LR. Leptin
has a direct effect on platelet aggregation, since the
leptin receptor isalso present on platelets. Thus, in LR
characterized by elevated leptin levels, ADP-induced
platelet aggregation increases [21]. According to our
study, LR increases the content of prothrombotic and
antifibrinolytic protein — PAI-1.

PAI-1 has antiprotease activity and is the main
physiological inhibitor of tissue and urokinase-type

plasminogen activators. Elevated levels of PAI-1 lead
to inhibition of intravascular fibrinolysis, which may
potentiate atherothrombosis. LR is also accompanied
by apronounced increase in proinflammatory cytokines
with proatherogenic effects. The proatherogenic effect
of TNFa on the endothelium is due to its role in the
production of reactive oxygen species, a decrease
in the biocavailability of NO, and an increase in the
permesability of the endothelium for components and
cells of the circulating blood. As a result, the above
effects observed in LR can provoke the development
of arterial thrombosis and, as a result, early post-
infection angina and recurrent AMI.

Rhythm and conduction disorders were typical
of patients with LR. For patients with STEMI,
the most common complication of arrhythmia is
atrial fibrillation (AF). Currently, there are studies
proving the role of LR in the development of
A.F. Anaszewicz et al. conducted a comparative study
of 80 patients with AF and 169 patients without AF and
confirmed that patients with AF have higher levels of
leptin. In addition, a1 pg / ml rise in the blood leptin
concentration increased the risk of AF by an average of
2%. [22]. The observed changes in the body reactivity
in LR might lead to more pronounced ischemia and
myocardial necrosis, thereby contributing to the
morphological and electrophysiological changes
necessary for the development of AF.

According to the results of our study, an increase
in the FLI, one of the criteria for LR, may increase
the odds for developing cardiovascular complica-
tions in the in-hospital phase of MI. In addition,
according to the data of the logistic regression
analysis, the prognosis can be affected by BMI,
FFA, and IL-6 on day 1 of MI and by TNF-a on day
12 of MI, an increasein which is observed in patients
with LR.

CONCLUSION

Patients with M| are characterized by high
prevalence of LR in the in-hospital phase of MI.
LR is associated with CVD risk factors, metabolic
disorders, IR formation, and increased markers of
the proinflammatory and prothrombotic state. The
identified features in the presence of LR may contribute
to the development of adverse cardiovascular events
in the in-hospital phase of MI.

REFERENCES

1. Koh K.K., Park S.M., Quon M.J. Leptin and cardiovascular
disease: response to therapeutic interventions. Circulation.

22 BionneTteHb cMbUpckon MegmuuHebl. 2023; 22 (3): 14-24



Original articles

2008;117(25):3238-3249. DOI: 10.1161/CIRCULATIONA-
HA.107.741645.

2. LuS.C,, Akanji A.O. Leptin, Obesity, and Hypertension: A Re-
view of Pathogenetic Mechanisms. Metab. Syndr. Relat. Dis-
ord. 2020;18(9):399-405. DOI: 10.1089/met.2020.0065.

3. Barateiro A., Mahu |., Domingos A.l. Leptin resistance and
the neuro-adipose connection. Front Endocrinol (Lausanne).
2017;8:45. DOI: 10.3389/fendo.2017.00045.

4. Poetsch M.S., Strano A., Guan K. Role of leptin in cardiovas-
cular diseases. Front. Endocrinol (Lausanne). 2020;11:354.
DOI: 10.3389/fendo.2020.00354.

5. MisraM., Miller K.K., Almazan C., Ramaswamy K., Aggar-
wal A., Herzog D.B. et a. Hormona and body composition
predictors of soluble leptin receptor, leptin, and free leptin
index in adolescent girls with anorexia nervosa and controls
and relation to insulin sensitivity. J. Clin. Endocrinol. Metab.
2004;89(7):3486-3495. DOI: 10.1210/j¢.2003-032251.

6. Katz A., Nambi S.S., Mather K., Baron A.D., Follmann D.A.,
Sullivan G. et a. Quantitative insulin sensitivity check index:
a simple, accurate method for assessing insulin sensitivity in
humans. J. Clin. Endocrinol. Metab. 2000;85(7):2402—2410.
DOI: 10.1210/jcem.85.7.6661.

7. Zhou Y., Rui L. Leptin signaling and leptin resistance. Front.
Med. 2013;7(2):207-222. DOI: 10.1007/s11684-013-0263-5.

8. Owecki M., Nikisch E., Miczke A., Pupek-Musiaik D.,
Sowinski J. Leptin, soluble leptin receptors, free leptin in-
dex, and their relationship with insulin resistance and BMI:
high normal BMI is the threshold for serum leptin increase in
humans. Horm. Metab. Res. 2010;42(8):585-589. DOI:
10.1055/s-0030-1253422.

9. Myers M.G. J., Leibel R.L., Sedley R.J, Schwartz M.W.
Obesity and leptin resistance: distinguishing cause from ef-

fect. Trends Endocrinol. Metab. 2010;21(11):643-651. DOI:
10.1016/j.tem.2010.08.002.

10. Paolisso P., Foa A., Bergamaschi L., Donati F., Fabrizio M.,
Chiti C. et al. Hyperglycemia, inflammatory response and in-
farct size in obstructive acute myocardia infarction and MI-
NOCA. Cardiovasc. Diabetol. 2021;20(1):33. DOI: 10.1186/
512933-021-01222-9.

11. D’souza A.M., Neumann U.H., Glavas M.M., Kieffer T.J.
The glucoregulatory actions of leptin. Mol Metab.
2017;6(9):1052-1065. DOI: 10.1016/j.molmet.2017.04.011.

12. Gruzdeva O., Borodkina D., Uchasova E., Dyleva Y., Bar-
barash O. Leptin resistance: underlying mechanisms and diag-

Authors’ contribution

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

nosis. Diabetes Metab. Syndr. Obes. 2019;12:191-198. DOI:
10.2147/DM SO.S182406.13.

Zhao S., Kusminski C.M., ElImquist JK., Scherer P.E. Leptin:
less is more. Diabetes. 2020;69(5):823-829. DOI: 10.2337/
dbi19-0018.

Park H.K., Ahima R.S. Physiology of leptin: energy homeo-
stasis, neuroendocrine function and metabolism. Metabolism.
2015;64(1):24-34. DOI: 10.1016/j.metabol.2014.08.004.
TavluevaE.V., Yarkovskaya A.P., Alekseenko A.V., Uchaso-
va E.G., Gruzdeva O.V., Barbarash O.L. The level of proin-
flammatory markers in patients with myocardial infarction in
different types of dual antiplatelet therapy. Complex Issue of
Cardiovascular Diseases. 2017;6(4):27-35 (in Russ.). DOI:
10.17802/2306-1278-2017-6-4-27-35. [

Sillen M., Declerck P.J. (2020) Targeting PAI-1 in Cardio-
vascular Disease: Structural Insights Into PAI-1 Functionality
and Inhibition. Front. Cardiovasc. Med. 2020;7.:622473. DOI:
10.3389/fcvm.2020.622473.

Santos-Alvarez J., Goberna R., Sanchez-Margalet V. Human
leptin stimulates proliferation and activation of human cir-
culating monocytes. Cell Immunol. 1999;194(1):6-11. DOI:
10.1006/cimm.1999.

Agrawal S., Gollapudi S., Su H., Gupta S. Leptin activates
human B cells to secrete TNF-a, IL-6, and I1L-10 via JAK2/
STAT3 and p38MAPK/ERKL1/2 signaling pathway. J. Clin.
Immunol. 2011;31(3):472-478. DOI: 10.1007/s10875-010-
9507-1.

Singh P., Peterson T.E., Barber K.R., Kuniyoshi F.S., Jensen
A., Hoffmann M. et al. Leptin upregulates the expression of
plasminogen activator inhibitor-1 in human vascular endothe-
lial cells. Biochem. Biophys. Res. Commun. 2010;392(1):47—
52. DOI: 10.1016/j.bbrc.2009.12.158.

Beltowski J. Leptin and atherosclerosis. Atherosclerosis.
2006;189(1):47-60. DOI: 10.1016/j.atherosclerosis.2006.03.003.
Sillen M., Paul J. Declerck P.J. Targeting PAI-1in cardiovas-
cular disease: structural insights into PAI-1 functionality and
inhibition. J. Front. Cardiovasc. Med. 2020;7:622473. DOI:
10.3389/fcvm.2020.622473.

Anaszewicz M., Wawrzenczyk A., Czerniak B., Bana§ W.,
Socha E., Lis K. et a. Leptin, adiponectin, tumor necrosis
factor o, and irisin concentrations as factors linking obesity
with the risk of atrial fibrillation among inpatients with car-
diovascular diseases. Kardiol. Pol. 2019;77(11):1055-1061.
DOI: 10.33963/K P.14989.

Gorbatovskaya E.E. — analysis of the data, drafting of the article. Gruzdeva O.V. — conception and design, drafting of the article.
Dyleva YaA., Belik E.V., Uchasova E.G. — collection and processing of the material. Tarasov R.S. — collection and processing of the
material, analysis of the data. Kashtalap V.V. — critical revision of the manuscript for important intellectual content.

Authors’ information

Gorbatovskaya Evgeniya E. — Post-Graduate Student, Research Laboratory Assistant, Laboratory for Homeostasis Research,
Research Institute of Complex Problems of Cardiovascular Diseases, Kemerovo, eugenia.tarasowa@yandex.ru, https://orcid.org/0000-

0002-0500-2449

Bulletin of Siberian Medicine. 2023; 22 (3): 14-24 23



Gorbatovskaya E.E., Gruzdeva O.V., Dyleva Ya.A. et al. Clinical and prognostic value of leptin resistance in the hospital period

Gruzdeva Olga V.—Dr. Sci. (Med.), Professor of the Russian Academy of Sciences, Head of the Laboratory for Homeostasis Research,
Research Institute of Complex Problems of Cardiovascular Diseases, Kemerovo, o_gruzdeva@mail.ru, https://orcid.org/0000-0002-7780-
829X

Dyleva Yulia A. — Cand. Sci. (Med.), Senior Researcher, Laboratory for Homeostasis Research, Research Institute of Complex
Problems of Cardiovascular Diseases, Kemerovo, dyleva87@yandex.ru, https://orcid.org/0000-0002-6890-3287

Belik Ekaterina V. — Cand. Sci. (Med.), Researcher, Laboratory for Homeostasis Research, Research Institute of Complex Problems
of Cardiovascular Diseases, Kemerovo, sionina.ev@mail.ru, https://orcid.org/0000-0003-3996-3325

Uchasova Evgeniya G. — Cand. Sci. (Med.), Senior Researcher, Laboratory for Homeostasis Research, Research Institute of Complex
Problems of Cardiovascular Diseases, Kemerovo, evg.uchasova@yandex.ru, https://orcid.org/0000-0003-4321-8977

Tarasov Roman S. —Dr. Sci. (Med.), Associate Professor, Head of the Laboratory for Endovascular and Reconstructive Cardiovascular
Surgery, Research Institute for Complex Issues of Cardiovascular Diseases, Kemerovo, roman.tarasov@mail.ru, https://orcid.org/0000-
0003-3882-709X

Kashtalap Vasily V. — Dr. Sci. (Med.), Associate Professor, Head of the Department of Clinical Cardiology, Research Institute for
Complex Issues of Cardiovascular Diseases, Kemerovo, v_kash@mail.ru, https://orcid.org/0000-0003-3729-616X

(><) Gorbatovskaya Evgeniya E., eugenia.tarasowa@yandex.ru
Received 19.01.2023;

approved after peer review 10.03.2023;
accepted 23.03.2022

24 BionneTteHb cMbUpckon MegmuuHebl. 2023; 22 (3): 14-24



VK 616.124.2-02:615.277:616-008.8 _
https://doi.org/10.20538/1682-0363-2023-3-25-35 (cc BY 4.0

Prognostic value of humoral markers in patients with
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ABSTRACT

Aim. To carry out a12-month study on the prognostic role of humoral markersresponsible for the main mechanisms
of initiation of cardiotoxic myocardial damage (endothelin-1, soluble Fas-L, N-terminal pro-brain natriuretic
peptide (NT-proBNP), tumor necrosis factor-a, interleukin (IL)-1p, matrix metalloproteinase (MMP)-2 and MMP-
9, soluble form of the ST2 protein (sST2), atissue inhibitor of metalloproteinase-1, and tetranectin) in assessing the
risk of progression of anthracycline-related left ventricular dysfunction.

Materialsand methods. The study included atotal of 114 women aged 48.0 (46.0; 52.0) yearswithout concomitant
cardiovascular diseases and risk factors who received chemotherapy with anthracyclines in the past. The levels
of serum biomarkers were determined using the enzyme immunoassay. Transthoracic echocardiography was
performed at baseline and at 12 months of follow-up.

Results. After 12 months of follow-up, all patients were retrospectively divided into 2 groups: group 1 (n = 54)
included patients with an unfavorable course of anthracycline-related cardiac dysfunction (ARCD), group 2
(n = 60) encompassed patients with a favorable course of the disease. According to the ROC analysis,
MMP-2 > 338.8 pg / ml (sensitivity 57%, specificity 78%; AUC = 0.629; p = 0.025), MMP-9 > 22.18 pg / ml
(sensitivity 89%, specificity 87%; AUC = 0.886; p < 0.001), sST2 > 32.4 ng / ml (sensitivity 64%, specificity
70.5%; AUC = 0.691; p = 0.002), and tetranectin < 15.4 pg / ml (sensitivity 69%, specificity 72%; AUC = 0.764;
p <0.001) were identified as predictors of an adverse course of ARCD. When comparing ROC curves, it was found
that the concentration of MMP-9 (p = 0.002) was the most significant predictor of the progression of ARCD.

Conclusion. MMP-2 and -9, soluble ST2, and tetranectin can be considered as non-invasive markers for assessing
the risk of ARCD progression. At the same time, an increased level of MMP-9 is the most significant predictor of
ARCD progression.
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MporHocTnyeckan ponb rymopasnbHbIX MapKepoB Yy 60/IbHbIX
c anchyHKUMIA NeBOro Kenyaouka, UHAYLUNPOBaHHOI NpueMom
AHTPAUVKIVNHOB

Fpakosa E.B.', KonbeBa K.B.’, Linno. C.H.?, bo6bineBa E.T.?, bepe3ukoBa E.H.?,
Kanio»xuH B.B.3, Tennakos A.T.'

! Hayuno-uccreoosamenvckuil uncmumym (HHUH) kapouonocuu, TomMcKuil HQUUOHANbHBILL UCCAEO08AMENbCKULL
meouyunckuii yenmp (HUMI]) Poccutickoii akademuu Hayk
Poccus, 634012, Tomcxk, yn. Kueeckas, 111a

? Hosocubupckuti 2ocydapcmeenbiii meouyunckuil ynusepcumem (HIMY)
Poccus, 630091, Hosocubupck, Kpacuwiii np., 52

3 Cubupckuti 2ocyoapcmeenuviti meouyunckuil ynusepcumem (Cubl MY)
Poccus, 634050, Tomck, Mockosckuii mpaxm, 2

PE3IOME

Hean. B xone 12-Mecs4HOr0 UCCIIEAOBAHUS U3YUUTh IPOTHOCTHUYECKYIO POJb I'yMOPAJIbHBIX MapKepOB, OTBET-
CTBEHHBIX 332 OCHOBHbIC MEXaHM3Mbl MHUIMHPOBAHUS KapJHUOTOKCHUYECKOrO MOBPEKAECHUS MHOKapia (3HAOTe-
nuH-1, pactBopumsbiii Fas-L, NT-proBNP, ¢axrop Hekpo3sa omyxonu anbda, HHTepiIeHknH- 1, MaTpUKCHBIE Me-
touonpoTtenHassl-2 (MMII-2) u -9 (MMII-9), pactBopumas dpopma Genka ST2 (sST2), TkaHeBoi MHrHOHTOD
METaJUTONPOTeHHa3bl-1 ¥ TETpaHEKTHH), B OLIEHKE PHCKa MPOrPECCHPOBAHUS AUC(YHKIMH JIEBOTO KETyI04Ka
(JX), uHAyMpoBaHHOM NPUEMOM aHTPALIUKIMHOB.

Martepuaasl u metoasl. O6cnenoBans 114 xenmuH B Bozpacte 48,0 (46,0; 52,0) net 6e3 cOMyTCTBYIOMINX Cep-
JIEYHO-COCYAMCTHIX 3a00eBaHuid U ()AaKTOPOB PUCKA, IMOMYYaBIINX B aHAMHE3¢ XUMHOTEPANICBTUICCKOE JICUCHUE
aHTpANUKIMHAMH. YPOBHH OMOMapKepOB B CHIBOPOTKE KPOBH OIPEICISUIA C IMOMOIIBI0 UMMYHO(PEPMEHTHOTO
aHanmu3a. TpaHcTopakaigbHas dXoKapauorpadus Oblia BEITOJHEHA UCXOIHO U Yepe3 12 Mec HaOIoACHUS.

PesyabTatpl. Uepe3 12 Mec Bce ManMeHTKH OBUIM PETPOCIIEKTHBHO pa3ZelieHbl HA ABE TPYMIBL 1-10 Tpym-
my (n = 54) cocraBunm OonbHBIE ¢ HEOMArompusATHBIM TeueHHeM mucyHkmmu JDK, mHIynmpoBaHHOH mpHe-
MOM aHTpauuKiInHamH, 2-10 rpymnny (n = 60) — ¢ OmaronpusataeiM. [lo manaeiM ROC-aHanm3a, KOHIEHTpanuu
MMII-2 > 338,8 nr/min (4yBcTBUTENBHOCTE 57%, cnemuduyanocts 78%; AUC = 0,629; p = 0,025), MMII-9 >
> 22,18 nr/mn (ayBcTBUTENBHOCTE 89%, cermuanocts 87%; AUC = 0,886; p < 0,001), pactBopumoii Gpopmbr
oenka ST2 > 32,4 Hr/ma (4yBCTBUTENBHOCTE 64%, cienuduyanocts 70,5%; AUC = 0,691; p = 0,002) u TeTpanek-
TuHa < 15,4 nir/mn (ayBeTBUTENBHOCTE 69%, cniennpuanocts 72%; AUC = 0,764; p < 0,001) Oputr uaeHTUOUIN-
POBaHbI Kak MPeAUKTOpHl HebnaronpustHoro teyeHns auchynkuun JDK. Ipu cpaBHennn ROC-KpUBBIX YCTaHOB-
JeHo, 4To KoHueHTpauus MMII-9 (p = 0,002) Opi1a HanboIee 3HAYMMBIM TPEAUKTOPOM.

3akiaouenne. Matpukcasie MMII-2 u -9, pactBopuMsblii ST2 U TeTpaHEeKTHH MOTYT OBITH PACCMOTPEHBI Kak
HEWHBa3MBHBIC MapKepbl AJIs OLCHKU pHcKa mporpeccupoBanus auchynkimu JIK, nHIyupoBaHHO# npueMom
aHTPALMKINHOB. [IpH 3TOM MOBBIIIEHHBIH ypOBeHb MaTpuKcHOIt MMII-9 sBiseTcst Hanboee 3HAaYMMBIM MPETUK-
TopoM nporpeccupoBanus auchynkipn JOK, nHIyMpOBaHHO! IPHEMOM aHTPALMKINHOB.

KnrodeBble ci10Ba: IUC(YHKIUS I€BOTO KETy109KA, AaHTPAUKIMHBI, TyMOPaTbHBIE MapKePHI, IPOTHO3

KOHq).]'IPIKT HHTEPECOB. ABTOpH JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq).IH/IKTOB HUHTEPECOB,
CBA3aHHBIX C ny6n1/11<a111/1e171 HACTOSIIEH CTaThH.

HUcrounuk ¢punancupoBanusi. PyHaaMeHTaIbHOE HAyyHOE UccienoBaHue «l3yueHne MexaHu3MOB CTPYKTYp-
HOTO 1 (PyHKIIHOHAIFHOTO PEMOIEIMPOBAHNUS MHOKap/ia MIPU Pa3HbIX (EHOTUIAX XPOHUUECKOH CepIeyHON Hemo-
CTATOYHOCTH MIIIEMHYECKOW U HeHIeMH4YecKoi aTronorum» (Ne 122020300045-5).
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CooTBeTcTBHE NMPUHIMINIAM ITHKH. Bce manneHTs! noanucany HHGOPMUPOBAHHOE COTJIacHe Ha y4acTHe B UC-
cienoBanuu. MccnenoBanue ogo00peHo JIOKanbHbIM dTHYeckuM komuteroM HUU kapauonorun Tomckoro HUMI

(nportoxos Ne 177 ot 30.10.2018).

Jast umrupoBanus: ['pakosa E.B., Konbesa K.B., [llunos C.H., boosuiesa E.T., bepesuxosa E.H., Kantoxun B.B.,
TenmsixoB A.T. [Ipornoctrueckas poib IyMOPAJIBHBIX MapKepPOB Yy OOJIBHBIX C AUC(YHKIMH JIEBOTO JKEITyA0UKa,
WHYLIMPOBAHHON IPHMEMOM aHTPALMKIMHOB. Brosnemens cubupckot meduyunot. 2023;,22(3):25-35. https://doi.

0rg/10.20538/1682-0363-2023-3-25-35.

INTRODUCTION

Currently, severa anticancer drugs are most
commonly used to treat neoplasms. These drugs
are highly effective, but at the same time have a
potentialy high risk of developing cardiotoxicity:
cyclophosphamide, doxorubicin, trastuzumab,
fluorouracil, cisplatin, and immunosuppressive
drugs (that block cytotoxic T-lymphocyte-
associated protein 4, programmed cell death
protein-1, and programmed cell death receptor
ligand) [1]. At the same time, anthracyclines
are some of the main components in treatment
regimens for patients with breast cancer (BC),
leukemia, lymphoma, and sarcoma, however,
anthracycline-induced  cardiac  dysfunction
remains acommon clinical problem, jeopardizing
the effectiveness of anticancer therapy [2].

Subclinical damage to myocardia cells
exerted by anthracyclines can manifest itself
by asymptomatic anthracycline-related cardiac
dysfunction (ARCD), as well as by symptomatic
heart failure [2]. It has been established that
the risk of developing ARCD increases with an
increase in the administered cumulative dose of
anthracyclines, the age of patients, previous or
concomitant radiation therapy, and the presence
of cardiovascular pathology or risk factors [3,
4]. Cardiomyocytes are considered as the main
cellular target of the toxic effect of anthracyclines
on the heart due to the effect of doxorubicin on the
mitochondrial redox cycle, which leads to their
death and progression of cardiac dysfunction [5].

Recently, other cell types, such as cardio-
vascular progenitor cells, cardiac fibroblasts, and
endothelial cells, have been identified as potential
cellular targets, creating a more complex and
intriguing scenario in the pathogenesis of

ARCD [6]. It is discussed that the mechanisms
of this pathology are implemented through
mitochondrial dysfunction (mitochondrial NADH
dehydrogenase), changes in iron homeostasis,
generationofoxidativestress withthe help of NRF2
and reactive oxygen species (ROS) by nitric oxide
mediated by neuronal NO synthase, development
of endothelial dysfunction, stimulation of
apoptosis (induction of p53 protein), pyroptosis
(activation of proinflammatory molecules), and
various caspases, as well as through induction
of the signaling pathway influencing interstitial
and perivascular fibrosis with the participation
of matrix metaloproteinases (MMPs) and
transforming growth factor-g [1, 6-10]. However,
the role of these factors in further progression of
ARCD has not yet been determined.

The aim of this research was to carry out
a comprehensive study on the prognostic
role of humoral markers responsible for the
main mechanisms of initiation of cardiotoxic
myocardial damage (endothelin-1, soluble Fas-L,
N-terminal pro-brain natriuretic peptide (NT-
proBNP), tumor necrosis factor-a, interleukin
(IL)-1B, MMP-2 and MMP-9, soluble form
of the ST2 protein (sST2), a tissue inhibitor of
metalloproteinase-1 (TIMP-1), and tetranectin) in
assessing the risk of ARCD progression during a
12-month follow-up.

MATERIALS AND METHODS

The study was approved by the local Ethics
Committee at Cardiology Research Institute of
Tomsk NRMC (Protocol No. 177 of 30.10.2018). All
patients signed an informed consent to participate in
the study.

It was a prospective, observational, single center
study. From December 2020 to September 2021,
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114 women aged 48.0 (46.0; 52.0) years who met
the inclusion / exclusion criteria were consecutively
included in the study.

Inclusion criteria: 1) women with BC without
cardiovascular disease in the medica history; 2)
previous polychemotherapy to treat BC: acombination
of doxorubicin and cyclophosphamide (AC regimen),
or a combination of doxorubicin, cyclophosphamide,
and docetaxel (TAS regimen); 3) cancer in remission;
4) newly diagnosed ARCD (symptomatic or
asymptomatic); 5) asigned informed consent.

Exclusion criteria: 1) type 1 and type 2 diabetes;
2) coronary artery disease; 3) arterial hypertension;
4) vavular defects and cardiomyopathy of any
etiology; 5) heart failure with an alternative cause
of manifestation; 6) glomerular filtration rate (CKD-
EPI) <50 ml / min/ m?; 7) Child — Pugh class C liver
failure; 8) hemoglobin level < 100 g / I; 9) chronic
alcohol abuse or mental disorders; 10) previous
pulmonary embolism with pulmonary hypertension
(systolic pressure in the right ventricle > 45 mm Hg);
11) severe form of bronchial asthma and chronic
obstructive pulmonary disease; 12) pathology of
the thyroid gland; 13) pathology of the reproductive
system.

The cumulative dose of doxorubicin was 300—
360 mg / m?, and al patients underwent radiation
therapy. All patients underwent a 6-minute walk
test to assess the functional class (FC) of heart
failure. ARCD was diagnosed in accordance with the
European guidelines on cardio-oncology (2022) [11].
According to the criteria, 36 patients had symptomatic
ARCD or FC I-I1I heart failure, and 78 patients had
asymptomatic ARCD.

Echocardiography. The Philips Affiniti 70 enhanced
imaging ultrasound machine was used to perform
two-dimensional (2D, B-real time) transthoracic
echocardiography. All studies were performed by one
highly qualified specialist at baseline and at 12 months
of follow-up. In the analysis of echocardiography
parameters, linear dimensions of the heart were
assessed (measurements at the basal, middle, and
apical levels): thickness of the interventricular
septum (IVS); posterior wall thickness (PWT) of the
left ventricle (LV); end-systolic dimension (ESD),
and end-diastolic dimension (EDD) of the LV. Left
ventricular ejection fraction (LVEF) was calculated
using the Simpson’srule.

Biochemistry test. Blood sampling was performed
by venipuncture, and serum samples obtained after
centrifugation were stored at —24 °C with one freeze —

thaw cycle. Serum biomarker levels were determined
using the enzyme immunoassay — NT-proBNP
(Biomedica immunoassays, Austria), MMP-2 and
MMP-9 (eBioscience, USA), TIMP-1 (Biomedica
immunoassays, Austria), sST2 (Presage® ST2 assay,
Critical Diagnostics, USA), tetranectin (eBioscience,
USA), endothelin-1 (BG Medicine, Waltham, USA),
soluble Fas-L (Human ELISA Kit, USA), IL-1B
(Boster Biological Technology, USA), and tumor
necrosis factor (TNF)a (TNFSFIA Immunoassay,
Minneapolis, USA).

Adverse cardiovascular events and follow-up.
Adverse cardiovascular events were hospitalizations
due to progression of symptoms of heart failure, a
decrease in the functional class of heart failure by
1 or more (according to NYHA), an asymptomatic
decrease in LVEF by 10 or more absolute units (%),
emergence of symptoms / signs of heart failure.
After detection of LV dysfunction and inclusion in
the study, all patients were prescribed optimal drug
therapy. After adjustment of treatment, follow-
up began. At 12 months of follow-up, following a
patients' visit to the clinic, we collected and analyzed
data on the presence of adverse events and the time of
their onset, changes in drug therapy over this period,
and the clinical status of patients. Echocardiography
was performed to assess the asymptomatic decrease
in LVEF.

Statistical analysis. Statistical processing
of the study results was carried out using the
STATISTICA 100 and MedCac 11.5.0.0
software packages. The datawere presented asthe
median and the interquartile range Me (Q,; Q,,).
To test statistical hypotheses when comparing
two independent samples, the Mann — Whitney
U-test was used. The Wilcoxon signed rank test
was used to compare two dependent samples. For
qualitative variables, contingency tables were
analyzed using the Pearson’s %2 test. To identify
predictors of an unfavorable course of the disease,
the ROC analysis was used with the construction
of characteristic curves and the calculation of area
under the curve (AUC). The univariate regression
analysis with the calculation of odds ratio (OR)
and 95% confidence interval (CI) was used to
evaluate the effect of biomarker levels on the
risk of developing adverse cardiovascular events.
The critical significance level p for all statistical
procedures was taken equal to 0.05.
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RESULTS

Initially, we examined 114 women aged 48.0
(46.0; 52.0) years without concomitant cardiovascular
diseases and risk factors who previously received
chemotherapy with anthracyclines. After 12 months
of follow-up, all patients were retrospectively divided
into 2 groups: group 1 (» = 54) included patients
with an unfavorable course of ARCD, group 2

(n = 51) encompassed individuals with a favorable
course of the disease. Baseline clinical and
demographic characteristics of patients did not differ
between the groups, except for the levels of MMP-2,
MMP-9, sST2, and tetranectin (Table 1). In patients
in group 1, MMP-2 concentrations were higher by
8% (p = 0.017), MMP-9 — by 15.7% (p < 0.001),
SST2 — by 26.9% (p < 0.001), while tetranectin was
lower by 24.5% (p < 0.001).

Table 1
Baseline clinical and demographic characteristics, Me (Q,;. Q)
Parameter Group 1, n =54 Group 2, n = 60 p

Age, years 48 (46; 50) 50 (48; 52) 0.918
CD of doxorubicin, mg/ m? 360 (300; 360) 360 (300; 360) 0.817
Body massindex, kg / m? 24.7 (21.8; 25.8) 23.0(21.1; 25.6) 0.781
Polychemotherapy regimen, n (%):

-AGC; 29 (53.7) 36 (60.0) 0.747

-TAC 25 (46.3) 24 (40.0) 0.516
Stage of breast cancer, n (%):

—2A-2B; 34 (62.9) 39 (65.0) 0.712

—3A-3B 20 (37.1) 21(35.0) 0.716
Heart rate, beats/ min 75 (68; 83) 72 (69; 81) 0.615
Systolic blood pressure, mm Hg 115 (112; 124) 115 (110; 120) 0.981
Diastolic blood pressure, mm Hg 70 (68; 79) 72 (69; 80) 0.761
Smoking, n (%) 7(12.9) 9(15.0) 0.153
COPD, n (%) 4(7.4) 5(8.3) 0.614
Menopause, n (%) 40 (74.1) 43(71.1) 0.515
GFR, ml / min / m? 89 (78; 96) 88 (76; 98) 0.192
6MWT, m 554 (451; 574) 558 (461; 598) 0.291
Total cholesterol, mmol /| 5.2 (4.85; 5.7) 5.25(4.8;5.7) 0.616
Potassium, mmol /| 4.2 (3.9,4.7) 4.3 (3.96; 4.56) 0.761
Hemoglobin, g /| 109.5 (100; 117) 108.5 (101; 117.5) 0.173
NT-proBNP, pg/ ml 324.7 (263.05; 378.2) 316.6 (260.1; 377.7) 0.832
MMP-2, ng / ml 376.8 (329.5; 426.7) 348.1 (295.3; 381.7) 0.017
MMP-9, ng / ml 23.6 (21.4; 24.6) 19.9 (19.4; 20.7) <0.001
TIMP-1, ng/ ml 1,191 (998.3; 1,651.1) 1,087 (912; 1,429.1) 0.412
Soluble ST2, ng/ ml 41.2 (32.1; 47.6) 30.1 (27.3; 34.9) <0.001
Tetranectin, ng/ ml 13.9(12.7; 16.8) 18.4(16.9; 20.7) <0.001
Endothelin-1, ng / ml 6.96 (5.34; 7.61) 6.32 (4.79; 7.03) 0.756
Soluble Fas-L, ng / ml 117.9 (103; 137.5) 109.1 (99.7; 128.3) 0.376
Interleukin-1B, ng / ml 5.4 (4.7, 6.3) 5.9 (4.9;6.1) 0.541
Tumor necrosis factor-a, ng / ml 5.3(4.9;6.2) 5.6 (4.8;6.7) 0.172

Note: AC-regimen — a combination of doxorubicin and cyclophosphamide; TAC-regimen — a combination of doxorubicin,
cyclophosphamide, and docetaxel; CD — cumulative dose; MMP — matrix metalloproteinase; GFR — glomerular filtration rate
(according to the CKD-EPI eguation); TIMP-1 — tissue inhibitor of metalloproteinase-1; 6BMWT — 6-minute walk test; COPD —

chronic obstructive pulmonary disease.

Baseline echocardiography parameters were
also comparable in both groups. However, after 12
months of follow-up, in group 1, LVEF significantly
(p < 0.001) decreased by 8% from 50 (48; 51) to 46
(39; 49.5)%; ESD increased by 3.0% (p = 0.037),

EDD rose by 4.0% (p = 0.001), the size of the left
atrium increased by 3.1% (0.049), the 6-minute walk
test distance decreased (p = 0.045) by 5.1%. In group
2, LVEF significantly (p = 0.005) increased by 7.4%
from 50 (47; 53) to 54 (51; 55)%.
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Table 2
Dynamics of echocardiography parameters and 6-minute walk test distance, Me (st; Q75)
Parameter Baseline » At 12 months »
Groupl,n=54 Group 2, n =60 Group1l,n=54 Group 2, n =60
LVEF, % 50 (48; 51) 50 (47; 53) 0.699 46 (39; 49.5) 54 (51; 55) <0.001
LA, mm 31 (30; 35) 30(29; 33.3) <0.001 32 (31; 37) 31 (29.5; 34) <0.001
EDD, mm 50 (48; 51.0) 48 (45; 50.5) 0.079 52 (48; 54) 48 (45; 49) <0.001
ESD, mm 36 (34; 38) 36 (33; 38.5) 0.889 37 (36; 39) 34 (32; 36) <0.001
IVS, mm 10.5 (10; 11) 10.5(10; 11) 0.783 11 (10; 11) 10.5 (105 11) 0.041
PWS, mm 11 (10; 12) 11 (10; 12) 0.076 11 (10; 12) 11 (10; 12) 0.008
GLS, % |-16.1 (-14.8;-18.3) | —15.9 (-13.6; -17.8) 0.162 -145 (-13.1; -17.2) -15.1 (-13.3; -17.9) <0.001
6MWT, m 412 (364, 466) 429 (356; 470) 0.617 391 (332; 412) 476 (400; 517) <0.001

Note: GLS- global longitudinal strain of theleft ventricle; EDD —end-diastolic dimension; ESD —end-systolic dimension; LA —left atrium; IVS—
interventricular septum; PWS — posterior wall thickness of the left ventricle; 6MWT — 6-minute walk test; LVEF — left ventricular ejection fraction.

Following the ROC analysis, the concentrations of
MMP-2 > 338.8 pg / ml (sensitivity 57%, specificity
78%; AUC=0.629; p=0.025), MMP-9>22.18 pg/ ml
(sensitivity 89%, specificity 87%; AUC = 0.886;
p < 0.001), sST2 > 32.4 ng / ml (sensitivity 64%,
specificity 70.5%; AUC = 0.691; p = 0.002), and

AUC=0.691
p =0.002

AUC = 0.886
p< 0.001

tetranectin < 15.4 ng / ml (sensitivity 69%, specificity
72%; AUC = 0.764; p < 0.001) were identified as
predictors of an adverse course of ARCD during
12 months of follow-up (Fig. 1). When comparing the
ROC curves, it was found that the level of MMP-9
(p = 0.002) was a more significant predictor (Fig. 2).

AUC =0.629
p=0.025
Fig. 1. Sensitivity and
specificity of sST2,
MMP-2, MMP-9, and
tetranectin levelsin the risk
AUC =0.764 . .
p<0.001 stratification for an adverse

course of ARCD during
12-month follow-up
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MMP-2, ng/ml
MMP-9, ng/ml
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Fig. 2. Comparison of the ROC curves for concentrations of
humoral markersin assessing the risk of ARCD progression
during 12-month follow-up

Based on the univariate regression analysis, it was
found that MMP-2 overexpression >338.8 ng/ml (OR
1.92; 95% CI 1.09-3.93; p = 0.003), MMP-9 > 22.18
ng / ml (OR 4.76; 95% CI 2.98-14.54; p < 0.0001),
sST2>32.4ng/ ml (OR 2.01;95% CI 1.54-4.18; p =
0.012), and a decrease in tetranectin expression < 15.4
ng/ ml (OR 2.98; 95% CI 1.23-4.97; p = 0.001) were
associated with the progression of ARCD during the
12-month follow-up (Table 3).

Table 3
Results of the univariate regression analysis
Variable OR 95% ClI P
MMP-2 (<338.8/>338.8ng/ml) | 1.92 | 1.09-3.93 | 0.003
MMP-9 (<22.18/ > 22.18 ng /ml) 4.76 | 2.98-14.54 | <0.0001
sST2 (<32.4/ > 32.4 ng /ml) 2.01 | 1.544.18 | 0.012
Tetranectin (>15.4/ <154 ng/ml) | 298 | 1.23-4.97 | 0.001

DISCUSSION

Doxorubicin, first isolated in the early 1960s,
remains one of the most effective anthracycline
antibiotics with antitumor activity against BC [2].
However, its use has dose-dependent cardiovascular
toxic effects, which lead to changes in cardiomyocytes,
vessals, and endothelium, which can potentially lead
to the development of severe and irreversible LV
dysfunction [2-4, 11]. Some of the triggers for the
formation of anthracycline-induced damage to the
myocardium are generation of ROS, development

of endothelial dysfunction, and inhibition of
topoisomerase 2B in cardiomyocytes. Inhibition of
topoisomerase 2 by doxorubicin in cardiomyocytes
leads to damage to mitochondria and activation of the
internal p53-mediated and external Fas-L pathways of
apoptosis [12].

In contrast to the triggers of ARCD initiation,
triggers of its further progression are myocardial
fibrosis and tissue hypoxia, which is most likely
provoked by endothelial dysfunction, development
of perivascular fibrosis, and induction of apoptosis
of cardiomyocytes [13]. It has been proven
that myocytolysis, focal myocardia necrosis,
focal myocardial fibrosis, and diffuse interstitial
pulmonary fibrosis are significantly associated with
the use of anthracyclines [14]. Myocardial fibrosis,
previously considered as a non-specific sign, is now
a major component of anthracycline-induced cardiac
remodeling, even after low cumulative doses [15].
Ultimately, direct death of cardiomyocytes and
subsequent fibrosis contribute to cardiac dysfunction
and a decreased cellular response to hypoxia [16].
In our study, we found that biomarkers of fibrosis,
such as sST2, MMP-2, MMP-9, and tetranectin, were
involved in further progression of ARCD.

MMPs are present in a healthy heart in an inactive
form. MMP activation in patients with heart failure,
especially activation of gelatinasesMMP-2 and MM P-
9, is associated with adverse LV remodeling and
dilatation [17]. MMP-2 and MMP-9 are secreted by
cardiac fibroblasts, cardiomyocytes, and endothelial
and immune cells [18], and their expression can
be increased during oxidative stress, endothelial
dysfunction, and inflammation [19-21]. Doxorubicin
causes a significant increase in the generation of
ROS and a rapid rise in the expression and activation
of MMPs, which explains the presence and activity
of MMP-2 and MMP-9 in ARCD [20]. MMP-2 and
probably aso MMP-9 are stimulated by oxidative
stress at both transcriptional and post-trandational
levels.

First, oxidative stress enhances MMP-2
transcription, including de novo expression of
intracellular N-terminal truncated MMP-2, through
an alternative promoter in the first intron [22].
Second, intracellular MMP-2 is directly activated
by peroxynitrite via S-glutathiolation, opening its
catalytic site [23]. MMP-2 is best known not only
for proteolyzing extracellular matrix proteins, but it
is also active inside cardiomyocytes, where it cleaves
sarcomeric proteins [23, 24].
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Changesin theextracellular matrix and pronounced
transcriptional activation of some specific MMPs in
ARCD have been demonstrated in several animal
models [14, 25]. In rats, the effects of doxorubicin
were associated with stimulation of plasma MMP-2
and MMP-9 activity and tissue expression of MMP-
2, which was associated with stimulation of AKT1
activation, superoxide dismutase inhibition, increased
superoxide levels, induction of iNOS expression, and
caspase-3 activation. [25]. In a model of non-ischemic
anthracycline-induced chronic cardiomyopathy in
rabbits, the immunohistochemical analysis revealed
increased MMP-2 expression in both cardiomyocytes
and fibroblasts [14]. An increase in MMP-2, MMP-7,
and MMP-9 and arise in the levels of TIMP-3 and
TIMP-4 were noted in the group of children receiving
high doses of anthracycline [26].

Our study demonstrated that patients with an
unfavorable course of ARCD had higher MMP-2 and
MMP-9 levels than patients with favorable outcomes.
According to the ROC analysis, concentrations of
MMP-2 > 338.8 pg / ml (AUC = 0.629; p = 0.025)
and MMP-9 > 22.18 pg / ml (AUC = 0.886;
p < 0.001) were identified as predictors of an unfa-
vorable course of ARCD. At the same time, it was
found that the concentrations of MMP-9 (p = 0.002)
were more significant predictors. These data prove that
MMPs are undoubtedly involved in the pathogenesis
of ARCD.

Tetranectin, a potential new biomarker for heart
failure, is expressed in the myocardium and is
associated with cardiac fibrosis. It is suggested that
tetranectin is involved in tissue remodeling due to
its ability to stimulate plasminogen activation and
expression in developing tissues, such as bones and
muscles [27]. It was also found in endothelial and
epithelial tissues, especially in cellswith ahigh storage
function, such as parietal cells and absorptive cells
of surface epithelium in the small intestine, exocrine
gland ducts, and pseudostratified columnar epithelium
in the airways. Mesenchymal cells also exhibit a
positive staining reaction for tetranectin, which is
most prominent in mast cells, but is also present in
some lymphocytes, plasma cells, macrophages,
granulocytes, striated and smooth muscle cells, and
fibroblasts [28, 29].

For many years, this biomarker has been evaluated
in cancer patients and found to be present in the
extracellular matrix in some human carcinomas
(tumorsof the breast, colon, and ovaries), whereas|ow
plasma tetranectin levels have been associated with

an increased risk of cancer progression and mortality
[30]. In the case of ovarian cancer, a decrease in plasma
tetranectin wasastronger predictor of apoor prognosis
than a cancer stage [28]. It was shown that serum
tetranectin concentrations decrease not only in cancer,
but aso in non-cardiovascular conditions (sepsis,
inflammatory diseases) [31]. Recently, tetranectin has
been found to be a potential new diagnostic biomarker
for heart failure that accumulates in the myocardium
and is associated with cardiac fibrosis. The results of
the study showed significant expression of tetranectin
in the human myocardium and its correlation with the
degree of tissue fibrosis, possibly due to its role in
extracellular matrix remodeling [32].

K. McDonald et al. were the first to put forward
and prove the hypothesis that a decrease in the level
of circulating tetranectin indicates its accumulation
in the myocardium to combat myocardia interstitial
fibrosis. Therefore, it is possible that a decrease
in circulating tetranectin may predispose to the
development of heart failure [32]. In another study,
higher plasma tetranectin levels were inversely
correlated with the risk of atherosclerosis [33].
Y. Chen et a. reported lower serum tetranectin
levels in patients with coronary artery disease
compared to healthy subjects and hypothesized that
atherosclerosis-associated endothelial injury may
lead to accumulation of tetranectin in the intima in
complexes of atherosclerotic plaqueswith lipoprotein
(a) and / or fibrin, thus reducing its serum levels [34].
We demonstrated that circulating tetranectin levels
were reduced to a greater extent in patients with an
unfavorable course of ARCD compared to patients
with afavorable course of the disease (p < 0.001); and
its decrease < 15.4 ng / ml (AUC = 0.764; p < 0.001)
was identified as a predictor of an adverse course of
ARCD during the 12-month follow-up.

Oneof themain biomarkersthat signal sthepresence
and severity of adverse cardiac remodeling and tissue
fibrosis that occur with myocardial infarction, acute
coronary syndrome, or progression of chronic heart
failure is sST2 [35]. In patients with ARCD, sST2
levels most likely reflect periarteriolar fibrosis,
which may result from endothelial dysfunction. ROS
generation, apoptosis, and endothelial dysfunction may
contribute to periarteriolar fibrosis and microvascular
rarefaction, leading to sST2 overexpression [36].
Following the ROC analysis, the concentration of
sST2 > 32.4 ng / ml (AUC = 0.691; p = 0.002) was
also identified as a predictor of an unfavorable course
of ARCD during 12 months of follow-up.
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The best option for predicting the development of
LV dysfunction from the point of view of acardiol ogist
is to develop multi-biomarker panels, which would be

used in specially designed system algorithms [37].

CONCLUSION

Thus, it was found that overexpression of MMP-2,
MMP-9, and sST2 and hypoexpression of tetranectin

can be considered as non-invasive markers for

assessing therisk of ARCD progression. The levels of

MMP-9 are the most significant predictors of ARCD

progression (p = 0.002).
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Association of MnSOD and GPX1 gene polymorphisms with
a risk of chronic dust-induced bronchitis

Zhukova A.G."? Kazitskaya A.S."?, Yadykina T.K.!, Gulyaeva O.N.’
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23, Tsiolkovskogo Str., Novokuznetsk, 654041, Russian Federation

ABSTRACT

Aim. To assess the association of the MrnSOD (rs4880) and GPX! (rs1050450) gene polymorphisms with arisk of
developing chronic dust-induced bronchitis in workers of the coal mining industry.

Materials and methods. The study included 182 coal miners with prolonged exposure to high concentrations of
coal dust, including 116 people with a previously established diagnosis of chronic dust-induced bronchitis (CDB)
and 66 people without pathology of the bronchopulmonary system, working under the same sanitary and hygienic
conditions. Polymorphisms of the MnSOD (rs4880) and GPX1 (rs1050450) genes were studied using polymerase
chain reaction.

Results. For the first time, we established a statistically significant association between the polymorphisms of the
MnSOD (rs4880) and GPXI genes (rs1050450) and CDB. Thus, the chance of detecting the homozygous A/A
(vVa/va) MnSOD genotype in miners with CDB was 2 times higher than in the comparison group ( ¥? — 5.42;
p = 0.02; odds ratio (OR) 2.21; 95% confidence interval (CI) 1.13—4.33), while the chance of detecting the ho-
mozygous G/G (Pro/Pro) GPX1 genotype in miners with CDB was amost 6 times higher than in the comparison
group (x2 — 21.47; p = 0.001; OR 5.89; 95% Cl 2.65-13.08). It was found that the combination of AA/GG geno-
types of the MnSOD/GPX1 genes was significantly associated with a 1.5-fold risk of developing CDB (¥? — 11.49;
p <0.001; relativerisk (RR) 1.59; 95% Cl 1.36—1.84), while the chance of detecting this combination of genotypes
in miners with bronchopulmonary pathology was 15 times higher than in the comparison group (OR 15.09; 95%
Cl 1.99-114.64).

Conclusion. Carriage of homozygous genotypes A/A at the rs4880 MnSOD locus and G/G at the rs1050450
GPX1I locus was shown to be a marker of genetic predisposition to the development of CDB. The combination of
homozygous genotypes of the studied AA/GG MnSOD/GPX1 genes indicated a 1.5-fold risk of developing CDB.
Carrying one of the three combinations of the MrnSOD and GPXI genotypes (GG/AA, AA/AA, and AG/AA)
indicated resistance to the development of CDB.

Keywor ds: gene polymorphism, MrSOD, GPX1, coal and rock dust, chronic dust-induced bronchitis

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. Thiswork was carried out according to the state assignment within the budgetary topic of the
Research Institute for Complex Problems of Hygiene and Occupational Diseases No. AAAA-A19-119013190126-6.

Conformity with the principles of ethics. All patients signed an informed consent to participate in the study.
The study was approved by the Biomedical Ethics Committee at the Research Institute for Complex Problems of
Hygiene and Occupational Diseases (Protocol No. 3, § 1 of 04.28.2022).

For citation: Zhukova A.G., Kazitskaya A.S., Yadykina T.K., Gulyaeva O.N. Association of MnSOD and GPX1

gene polymorphisms with arisk of chronic dust-induced bronchitis. Bulletin of Siberian Medicine. 2023;22(3):36—
42. https://doi.org/10.20538/1682-0363-2023-3-36-42.

< Zhukova Anna G., nyura_g@mail.ru

36 BionneTteHb cMbUpckon MegmumHbl. 2023; 22 (3): 36-42



Original articles

Accouymauma nonvumopdunsmosn reHoB MnSOD n GPX1
C PUCKOM Pa3BUTNA XPOHNYECKOro NbU1eBOro 6poHxura

Kykoa A.l.""?, Kasuukasa A.C."?, AgbiknHa T.K.!, l'ynsaesa O.H.'

! Hayuno-ucciredosamenbCckuil UHCIMUMYm KOMNJIEKCHBIX NPOOIeM 2usuerbl U POpecCUOHANbHBIX 3A001e6aHUT

(HUU KIIT'TI3)
Poccus, 654041, . Hosoxysneyx, ya. Kymysoesa, 23

2 Kysbacckuii cymanumapno-nedazozuyeckuti uncmumym (KITIH), Kemepoeckuil 20cydapcmeenmviil yHusepcumen

(Keml'Y)

Poccus, 654041, 2. Hosokysueyx, yn. Luonxosckoeo, 23

PE3IOME

Heaw. OueHuTsb CBsI3b NOMUMOPGHBIX J0KycoB reHoB MnSOD (rs4880) u GPXI (rs1050450) ¢ puckom pa3BuUTHs
XPOHHYECKOTO MbUICBOT0 OPOHXUTA y PAaOOTHUKOB OCHOBHBIX IPO(eccuii yriieJoObIBaIOIIEH OTpaciy.

MarepuaJjibl 1 MeTOABI. B nccinenoBanue BkiroueHs! 182 paboTHNKA YrOJNBHBIX IIAXT C AJUTEIBHBIM BO3JIEHCTBUEM
BBICOKMX KOHLIEHTpAaLUil YroJbHO-IOPOAHON MBLIM, CPEeAM KOTOPhIX 116 uenoBek C paHee yCTaHOBJIEHHBIM
JIMarHO30M «XpOHHYecKuil mbiieBod Oponxut» (XIIB), 66 — nmua 6e3 matomorny OPOHXOJIETOYHON CHCTEMBI,
paboTaromye B TeX e CAaHNTApHO-TUTHEHHYecKux ycioBusx. [lomumopdusmer renoB MnSOD (1s4880) u GPX1
(rs1050450) u3yyanu ¢ moMOUIbIO OJTUMEPa3HON IIETTHON peakiuu.

Pe3yabTathl. BriepBrie ai1s monnMophu3MoB TeHOB ()epMEHTOB aHTHOKCHAAHTHOMW 3amuThl — MnSOD (rs4880) u
GPX1I (1rs1050450) ycranosieHa cTatucTHiecku 3HadnMast acconuanus ¢ XI1b. Tak, manc oOHapyXUTh TOMO3H-
rotHblii renoTHn A/A (Val/Val) MnSOD y maxtepos ¢ XIIB B 2 pasa Bblllie, 4eM B rpyiie cpasaenus (x2 — 5,42;
p = 0,02; orHomenmne mancos (OIL) 2,21; 95%-i nosepurensHsIit HHTEpBaT (95%-it W) 1,13-4,33), Torna xax
mraHc oOHapyXuTh roMo3uroTHsIil reHotunt G/G (Pro/Pro) GPXI y maxrtepos ¢ XI1Bb mouru B 6 pa3 BbIIIe, 9eM B
rpymie cpasHerust (x> —21,47; p=0,001; OLL 5,89; 95%-it AU 2,65—13,08). BosiBIIeHO, 9TO COUeTaHHE TEHOTHIIOB
AA/GG renoB MnSODIGPX1 cTaTHCTHYECKH 3HAYMMO CBSI3aHO C IOy TOPAKpaTHBIM puckom passutust X116 (y* —
11,49; p < 0,001; otHOCHTEeNBHBIH puck 1,59; 95%-it IU 1,36-1,84), Torna kak manc 0OHAPYKUTh 3TO COYCTAaHHE
TEHOTHIIOB y MIAXTEPOB C MATOJNOTHell OPOHXOIErOuHOM cHcTeMBI B 15 pa3 Bbimie, ueM B rpymme cpaBHeHus (OLLI
15,09; 95%-it 1N 1,99-114,64).

3axioyenue. [lokazaHo, 4TO MapKepoM T'eHETHYECKOH MpeapaciojoxkeHHocTH K pasButuio XIIb sBisercs
HOCHUTEIHCTBO TOMO3UTOTHHIX TeHOTUNIOB A/A B nokyce rs4880 MnSOD u G/G B nokyce 151050450 GPX1. Coue-
TaHHE TOMO3UTOTHBIX T€HOTHUIIOB U3y4eHHBIX TeHOB AA/GG MnSOD/GPX1 cBUAETENBCTBYET O OIYyTOPAKPATHOM
pucke pa3sutust XI16. HocuTenbCTBO 0JHOrO U3 TpEeX codeTaHuil reHOTUNoB reHoB MnSOD u GPXI1: GG/AA,
AA/AA n AG/AA cBuzeTensCcTBYET 0 pe3UCTeHTHOCTH K popmupoBanuio XI1b.

Kawuessblie cioBa: nomumopdusm renos, MnSOD, GPXI, yronbHO-TIOpOIHAs MbLIb, XPOHHYCCKUAN IBUICBOM
OpOHXHT

KOH('I).]'II/IKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U MOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’[HKaHHCﬁ HaCTOS[H.[efI CTaTbHU.

Hcrounnk ¢punancupoBanus. PaboTta BeINOIHEHA IO TOCYAaPCTBEHHOMY 33/IaHUIO B PAMKax OIOJDKETHOH TEMEI
HayuHo-nccnenoBaTebCKoro HHCTUTYTa KOMIUIEKCHBIX TPOOJIEM THTHEHB M MPO(ECCHOHANBHBIX 3a00JIeBaHIH
(Ne AAAA-A19-119013190126-6).

CooTBeTcTBHE NMpaBWJIaM 3THKH. Bce maumeHTsl moamucany HHPOPMHUPOBAHHOE COIJIACHE HA YYacTHE B
uccnenosanun. Mccnenosanue onodpeHo komuteroM o onomennuuuckoit stuke HUU KIIT'TI3 (mpotokon Ne 3,
§1 or 28.04.2022).

Jns uutupoBanus: XKXykosa A.I'., Kasunkas A.C., Snpixknnaa T.K., ['ynsesa O.H. Accouunarms nonmumoppu3sMoB
reHoB MnSOD u GPXI ¢ puckoM pa3BHTHSI XPOHHYECKOTO MBUIEBOTO OpOHXUTA. Bronemens cubupckou meouyu-
Hot. 2023;22(3):36-42. https://doi.org/10.20538/1682-0363-2023-3-36-42.
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INTRODUCTION

Chronic dust-induced bronchitis (CDB) in miners
is a special form of bronchial inflammation in response
to exposureto high concentrations of coal dust withthe
development of diffuse atrophic and sclerotic changes,
accompanied by impaired bronchia motility and
respiratory failure [1, 2]. The key mechanism of the
pathological response to long-term coal dust exposure
is excessive activation of free radical processes (FRP)
and changes in the activity of antioxidant defense
enzymes [3-5].

Manganese superoxide dismutase (MnSOD) and
glutathione peroxidase (GPx) are the key antioxidant
enzymes which provide the first line of defense
against oxidative stress [6—9]. Experiments on long-
term exposure to coal dust showed changes in the
expression of antioxidant defense components in
different organs in rat models, including MnSOD,
catalase, and GPx [10].

There are practicaly no studies that describe
genetic variationsin antioxidant defenseinindividuals
with long-term exposure to coal dust at work. Among
the antioxidant enzymes in CDB, the polymorphism
of the glutathione-S-transferase (GSTT) gene family
isthe most studied one. The glutathione S-transferase
gene family provides resistance of cells and tissuesto
toxic substances and products of lipid peroxidation. It
has been shown that carriers of the GSTTI+ genotype
which is responsible for normal production of the
enzyme are most susceptible to the development of
CDB, and carriers of the GSTT! null-genotype are
resistant to CDB development [11, 12].

The aim of the study was to assess the association
of the MnSOD (rs4880) and GPX1 (rs1050450) gene
polymorphisms with a risk of developing CDB in
workers of the coal mining industry.

MATERIALS AND METHODS

Individuals employed in the man mining
occupations in south Kuzbass mines (an underground
tunneller, a stope miner, a mining machine operator)
aged 39-58 years were examined in the clinic of the
Research Institute for Complex Problems of Hygiene
and Occupational Diseases. A total of 182 coal miners
with long-term exposure to high concentrations
of coa dust (exceeding the maximum permissible
concentration by up to 35times), including 116 miners
previousdy diagnosed with chronic dust-induced
bronchitis (CDB), were examined. Occupational
bronchopulmonary pathology was diagnosed after
the examination at the clinic of the Research Institute

for Complex Hygiene Problems and Occupational
Diseases by the medical expert board using federal
guidelines.

The comparison group (66 workers) that underwent
a preventive medical examination consisted of indi-
vidual swithout bronchopulmonary pathol ogy, working
under the same sanitary and hygienic conditions. The
examined groups of miners are comparable in age and
work experience, the difference between the groups
is statistically insignificant (p > 0.05). The average
work experience of minerswith CDB was 24.39 + 0.5
years, in the comparison group—23.1 + 1.2 years. The
average age of miners with CDB was 48 + 0.6 years,
in the comparison group — 46 + 0.7 years.

The following inclusion criteria were used in the
study: Russian ethnicity; male gender; employment
in the main occupations in the coal mines of south
Kuzbass; at least 10 years of working underground;
signed voluntary informed consent to participate
in the study; clinically confirmed diagnosis of
CDB for individuals included in the experimental
group. The exclusion criteria were as follows:
belonging to indigenous or settler descendant ethnic
groups, mental disorders; malignant neoplasms and
autoimmune diseases; refusal to sign an informed
consent to participate in the study. For the comparison
group, an additional exclusion criterion was any
bronchopulmonary  pathology, including both
occupational and general somatic pathology.

For genetic studies, venous blood was taken on
an empty stomach in vacutainers with K.EDTA as
an anticoagulant. Extraction of genomic DNA from
blood cells was performed by phenol — chloroform
extraction followed by ethanol precipitation [13].
Polymorphic variants of the genes were analyzed by
real-time polymerase chain reaction using competitive
TagMan probes complementary to the polymorphic
DNA sequence on DTprime-4 (DNA-Technology
LLC, Moscow, Russian Federation). Test systems
for molecular genetic analysis were developed by
the Institute of Chemical Biology and Fundamental
Medicine of the Siberian Branch of the Russian
Academy of Sciences and synthesized by SibDNK
LLC (Novosibirsk, Russian Federation). MnSOD
(rs4880) and GPX1 (rs1050450) gene polymorphisms
were studied.

Statistical analysis of the results obtained was
carried out using the IBM SPSS Statistics 22 software
(license agreement No. 20/604/3-1 of 22.04.2016).
The normality of the distribution of quantitative
variables (age and work experience of patients) was
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checked using kurtosis and asymmetry parameters.
Quantitative variables were presented as the mean (M)
and the standard error of the mean (). Under normal
distribution, Student’s parametric ¢test was used
to compare two independent samples. The critica
significance level (p) a which the null hypothesis
would be rejected was 0.05.

The correspondence of the actual distribution of
polymorphic variants of the MrSOD and GPX1 genes
to the theoretically expected one was determined
according to the Hardy — Weinberg equilibrium.
Pearson’s y? value was calculated to assess differences
in the distribution of genotypes in patients with CDB
and healthy individuals. The critical value of the
significance level of differences was p = 0.05. The
significance of differences in parameters was assessed
by calculating the odds ratio (OR) and relative risk
(RR) with the determination of the limits of the 95%
confidence interval (CI). If the OR is more than 1,
it means that the chances of finding a risk factor are
higher in the group with an outcome (disease). If 95%
Cl does not include 1, that is, both limits are > 1 or <1,
a conclusion is made about the statistical significance
of the identified association between the factor and the
outcome at p < 0.05.

RESULTS AND DISCUSSION

The correspondence of the actual distribution
of MnSOD (r4880) and GPX! (rs1050450) gene
polymorphisms to the theoreticaly expected one
was determined according to the Hardy — Weinberg
equilibrium (Table 1). In the comparison group,
the frequency of the A allele of the GPXI gene was
two times higher than the frequency indicated in the
dbSNP database of the NCBI open access information
resource for the general population (0.6924 compared
to 0.3219). However, no deviation of the obtained
data from the expected frequencies was observed,
the significance level was above 0.05 both for each
genotype (x> — 0.26-1.17-1.32; p > 0.05) and the
total (y2 — 2.75; p > 0.005). For the MnSOD gene, no
deviations from the frequency indicated in the doSNP
database were observed in both study groups.

The results obtained indicated that the Hardy —
Weinberg equilibrium conditions were met (Table 1)
with p > 0.05 for all studied genotypes, which made
it possible to interpret the data obtained and conduct
further analysis using the Pearson’s x? test to assess
the distribution of genotypes between miners with
CDB and individualsin the comparison group.

Table 1
Distribution of alleles and genotypes of the MNnSOD (rs4880) and GPX1 (rs1050450) genes in the study groups
Geno- | Absolute Genotype | Allele Theoretically Theoretically expected | Hetero- r
Group Gene tvpe numbers frequency, | frequen- | expected genotype| number of individuals | zygos- | Hardy—

yp % cy, % frequency, % with a given genotype ity Weinberg
A/A 48 41.4 61.6 38.0 44 0.35
A/G 47 40.5 - 47.3 55 1.13
cbs G/G 21 18.1 38.4 14.7 17 473 0.9
Total 116 1 1 1 116 2.38
MnSOD = 4 16 24.25 50.0 25.0 165 0.02
Comparison A/G 34 51.5 - 50.0 33 50,0 0.03
group G/G 16 24.25 50.0 25.0 16.5 ’ 0.02
Total 66 1 1 1 66 0.06
A/A 14 12.9 321 10.3 1 0.67
A/G 42 385 - 43.6 48 0.64
cbs G/G 53 48.6 67.9 46.1 50 436 0.15
Total 109 1 1 1 109 1.46
GPXI A/A 34 52.3 69.2 47.9 31 0.26
Comparison A/G 22 33.9 — 42.6 28 426 117
group G/G 9 13.8 30.8 9.5 6 ’ 1.32
Total 65 1 1 1 65 2.75

*p > 0.05.

In the course of our study, the MnSOD (rs4880)
and GPXI (rs1050450) gene polymorphisms were
considered separately. A molecular genetic study of
MnSOD and GPXI gene polymorphisms revealed

statistically significant differences between patients
with CDB and the comparison group (Table 2). The
chance of detecting the homozygous A/A genotype
in MnSOD (r4880) in miners with CDB was two
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times higher than in the comparison group (x* — 5.42;
p<0.02; OR —2.21; 95% CI 1.13-4.33).

It has been shown that the A/A (Va/Va) genotype
of the MnSOD gene causes a change in the secondary
structure of the MnSOD signal sequence (from a-helix
to B-sheet structure), resulting in a decrease in the
transport of the antioxidant enzyme into mitochondria
[14]. In addition, a change in the secondary structure
reduces the activity of MrSOD by 30-40% and the
efficiency of detoxification of superoxide anion
radicals [6, 8, 15], which is one of the factors of
excessive FRP activation. Thus, earlier rat model
experiments focusing on long-term exposure to coal
dust showed a decrease in SOD activity by 1.9 times
and an increase in the sensitivity of lung tissue to FRP
induction in vitro [10].

The study of the GPXI (rs1050450) gene
polymorphism showed that the chance of detecting
the homozygous genotype G/G (Pro/Pro) in miners
with CDB was amost 6 times higher than in the
comparison group (x> — 21.47; p = 0.001; OR —5.89;
95% CI 2.65-13.08). Previoudly, carriers of the G/G
(Pro/Pro) genotype had high activity of glutathione
peroxidase (GPx1) and a high level of free radica
oxidation products in blood plasma. In addition, the
G/G (Pro/Pro) GPX1 genotype providesamoreintense
antioxidant response to damaging effects compared to
the G/A (Pro/Leu) and A/A (Leu/Leu) genotypes [9].
In turn, the homozygous genotype A/A isthe genotype
of resistanceto the devel opment of CDB, the frequency
of which in the comparison group was 4 times higher
than in miners — 52.31% and 12.85%, respectively.

Table 2

Distribution of MNSOD and GPX1 genotypes in the comparison group and in patients with chronic dust-induced bronchitis

Comparison CDB, . OR,
Gene Genotype group, abs. (%) abs. (%) xp 95% ClI
A/A (Val/val) 16 (24.24) 48 (41.38*) 2.21;1.13;4.33
MnSOD (rs4880) A/G (Alalval) 34 (51.52) 47 (40.52) 5.42; 0.02 0.64; 0.35; 1.18
G/G (AlalAla) 16 (24.24) 21 (18.10) 0.69; 0.33; 1.44
G/G (Pro/Pro) 9(13.84) 53 (48.62*) 5.89; 2.65; 13.08
GPX1 (rs1050450) A/G (Pro/Leu) 22 (33.85) 42 (38.53) 21.47, 0.001 0.82; 0.43; 1.55
A/A (Leu/Leu) 34 (52.31) 14 (12.85%) 0.13; 0.06; 0.28
* — significance of differences compared to the comparison group.
Table 3

Combinations of MNSOD (rs4880) and GPX1 (rs1050450) gene polymorphisms in coal industry employees

Group Combination of genotypes
AA/GG GG/AA AA/AA AG/AA

CDB patients 23 1 5 9
Comparison group 1 8 11 17

5 11.49; 12.20; 8.91; 12.52;
xp p<0.001 p<0.001 p=0.003 P <0.001
OR 15.09 0.06 0.21 0.22
95% ClI 1.99-114.64 0.01-0.48 [0.07-0.63 0.09-0.54
RR, 159 0.16 0.46 0.49
95% ClI 1.36-1.85 0.03-1.04 0.22-0.95 0.29-0.84

Note: the table presents the combinations of genotypes that have a statistically significant association with the development of
chronic dust-induced bronchitis and resistance to its devel opment.

Next, we determined whether there were significant
differences in combinations of genotypes of the
MnSODIGPXI antioxidant enzyme genes between
coad miners with CDB and hedthy individuals
(Table 3). The analysis showed that the combination
of AA/GG genotypes of the MnSODI/GPXI genes
had a statistically significant association with a 1.5-
fold risk of developing CDB (y? — 11.49; p < 0.001;

RR — 1.59; 95% CI 1.36-1.84), while the odds of
detecting this combination of genotypes in miners
with bronchopulmonary pathology were 15 times
higher than in the comparison group (OR — 15.09;
95% CI 1.99-114.64). This may be due to a significant
decrease in MnSOD activity and excessive activation
of GPx1 and FRP in organs, in particular in the
lungs [16]. Carriers of the combination of AA/GG
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genotypes who have a high genetic risk of developing
CDB should be advised to change their job, have a
regular health checkup, and participate in preventive
measuresif they were previously exposed to coal dust.

Three combinations of polymorphic genotypes
of the MnSODIGPX1 genes: GG/AA (x* — 12.20;
p <0.001; OR - 0.06; 95% CI 0.01-0.48; RR — 0.16;
95% CI 0.03—1.04), AA/AA (x2 — 8.91; p = 0.003;
OR — 0.21; 95% CI 0.07-0.63; RR — 0.46; 95% CI
0.22-0.95), and AG/AA (> —12.52; p <0.001; OR —
0.22; 95% Cl 0.09-0.54; RR—0.49; 95% Cl 0.29-0.84)
are associated with resistance to the development of
CDB (Table 3). This may be due to preserved normal
activity of the antioxidant defense enzymes MnSOD
and GPx1 and maintenance of anormal redox balance.

CONCLUSION

Based on the obtained results, we can conclude
that the carriage of homozygous genotypes A/A at
the rs4880 MnSOD locus and G/G at the rs1050450
GPXI locus is a marker of genetic predisposition
to the development of CDB, and their combination
AA/GG in the MnSOD/GPXI genes indicates a 1.5-
fold risk of developing CDB. The rs1050450 GPX1
polymorphism homozygous for the A alele forms
resistance to CDB development. Carrying one of the
three combinations of genotypes in the MnSOD and
GPXI genes (GG/AA, AA/AA and AG/AA) aso
indicates resistance to CDB.
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Constitutional risk factors for the development of glaucoma
and cataracts in the Europioid population of Russia
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ABSTRACT

Aim. To identify endogenous risk factors for the development of glaucoma and cataracts based on the results of a
comparative analysis of the nature of complex genetic trait distribution, including variants of genes for anumber of
cytokines and receptors for them, metalloproteinases, and their tissue inhibitorsincluded in the genome of patients.

Materials and methods. The study included 501 people of the Caucasian race born and living in the Siberian
region of Russia. They were divided into three groups of patients — patients with primary open-angle glauco-
ma (POAG) (n = 99), patients with senile cataract (» = 100), and the control group (n = 302) without
ophthalmic pathology. Genotyping of the analyzed polymorphic loci was carried out by real-time PCR using the
SYBRGreen I dye and TagMan probes and by restriction fragment length polymorphism (RFLP) for different
polymorphisms.

Results. Theresultsof the study on thefrequency of the analyzed genetic traitsamong patientswith POAG compared
to the control group showed the presence of combined genetic traits. The frequency of their detection in POAG
was high and characterized by the two-digit value of the odds ratio, high values of specificity (99—100%), and high
diagnostic coefficient. A direct comparison of the distribution of two ensembles of genes which protein products
are involved in the extracellular matrix remodeling revealed a significant number of genetic traits characteristic
of both diseases. This indicates significant differences in the implementation of the genetic predisposition to their
development.

Conclusion. The data obtained indicate the possibility of developing reliable laboratory criteria (riskometers) for
predicting predisposition to the devel opment of POAG and early diagnosis at the stage of preclinical manifestations.

Keywords: primary open-angle glaucoma, cataract, extracellular matrix, TGFBI — TGFBR2, MMP — TIMP,
immunogenetics
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and Experimental Lymphology — a branch of the Federal Research Center “Institute of Cytology and Genetics of
the Siberian Branch of the Russian Academy of Sciences” FWNR-2022-0009 (registration number 122022800132-
1) and S. Fyodorov Eye Microsurgery Federal State Institution “ Developing a complex system for diagnosing
and monitoring patients with primary open-angle glaucoma with the assessment of visual functions and treatment
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KoHcTuTyunoHanbHble paKTopbl puicka NepBUYHO OTKPbITOYrOJIbHOM
rnayKkombl v KaTapaKTbl y eBponeouaHoro HaceneHma Poccun

KoHeHkoB B.W.’, LLleBueHko A.B.', Mpokodbes B.D.', TpyHos A.H.?, YepHbix B.B.2

I Hayuno-uccaedogamensCkutl uHCMumym KIuHUYeCKoU U 9KCNepUMeHmaibHoU IumMponocuu — uauan
Dedepanvroeo ucciedosamenbckozo yeumpa « Muemumym yumonozuu u cenemuxu Cubupcko2o omoenenust
Poccuiickou axademuu nayky (HUHKIJI — punuan ULul” CO PAH)

Poccus, 630060 2. Hosocubupck, yn. Tumaxosa, 2

2 Hayuonanvhwitl meduyunckuil uccreoosamenvckuil yeump (HMUL]) « MHTK "Muxpoxupypeus 2raza’”
um. axao. C.H. @edoposay, Hogocubupckuil punuan
Poccus, 630096, . Hosocubupck, yn. Koaxuockas, 10

PE3IOME

He.l]b! BBISIBJICHUE DHAOI'CHHBIX (baKTOpOB PUCKaA pa3BUTHA I'NIAYKOMBI U KaTapaKThI 110 pE€3yJibTaTaM CpaBHUTEIIb-
HOT'0 aHaJIin3a XapaKTepa pacrpeACICHUS KOMIUICKCHBIX TCHETHICCKUX IPU3HAKOB, BKIIOYAKOIINX B cebst BapuaH-
ThI TCHOB pAAa HATOKWHOB U pEUCHTOPOB K HUM, METAJJIOIIPOTENHA3 U UX TKAHEBbIX I/IHI‘I/I6I/ITOp0B, BXOIAIIUX B
TCHOM ITAIlUCHTOB.

Matepuasl 1 MeToabl. O0cnenoBan 501 yenoBeK eBPONEONIHOTO MPOUCXOKICHNUS, POAUBIINXCS U IPOKHUBAIO-
mux B cHOMpCKoM pernoHe Poccum, pasaeneHHbIX Ha TPH IPYIIBI MAIHEHTOB — C IEPBHYHON OTKPBITOYTOJNBHOM
rnaykomoii (ITOYT) (n = 99), co crapueckoii karapakroii (n = 100), koHTponbHas rpynma (n = 302) 6e3 odranb-
Monaroioruy. ['eHOTHIHPOBaHHEe aHATTM3UPYEMBIX TOTUMOP(HBIX MO3UIHMIH OCYIIECTBIISIIN METOAaMHU pean-TaiiM
[LIP ¢ nucnonp3oBanneM HHTEpKagupytomero kpacutens SYBRGreen I, TagMan 30HI0B 1 METOJIOM PECTPUKTHO-
ro aHanu3a JIuH npoAaykToB ammuindukammu ([1IPP-ananu3) — 11 pa3HIX TOTUMOPQHBIX TEHOB.

Pe3yabTathl. Pe3ynbraThl HCcae10BaHUS YaCTOT BCTPEYaEMOCTH aHAIU3UPYEMbIX T€HETHUECKHX NIPU3HAKOB Cpe-
1 anueHToB ¢ [IOVT oTHOCHTENbHO AaHHBIX KOHTPOJIBHOM IPYIIIBI TOKA3aIH HATMYHe KOMOMHUPOBAHHBIX T'e-
HETUYECKUX IPU3HAKOB, YaCTOTa BHIABICHHUSA KOTOpHIX NpH [IOVYI BBICOKa M XapakTepu3yercs IBYX3HauHBIMU
HOKa3aTesIMH OTHOILCHUSI IIAHCOB, BBICOKMMH 3HaYCHUSIMHU ToKa3aresnel cnenuduanoctd 99—-100% u BeIcOKUMH
3HAUCHUSIMU BEJIMYMHBI TUarHOCTHYecKoro koddunuenta. [IpsiMoe cpaBHeHne XapakTepa paclpeeleHus JBYX
aHcaM0Jiell TeHOB, OeTKOBbIE IPOYKThI KOTOPBIX YYaCTBYIOT B IIPOLIECCAX PEMOIEITUPOBAHMS BHEKJIETOUHOTO Ma-
TPHKCA, BHIIBIJIO 3HAUUTEIBHOE KOJIMUYECTBO M'eHETUUCCKHUX NPU3HAKOB, XapaKTEPHBIX KaK Ul OJJHOTO, TaK U JJIS
JIPYTroro 3aboJieBaHus, YTO CBUACTEIBCTBYET O 3HAYUTEIBHBIX PA3IMYMAX B pPeali3allii TeHeTHIeCKOH npeapac-
HOJIO)KEHHOCTH K UX PAa3BUTHIO.

3axaouyenne. [TorydeHHbIe TaHHBIE CBUAETEIBCTBYIOT O IPUHIMITHATILHON BO3MOXXHOCTH pa3pabOTKH TOCTOBEp-
HBIX J1a0OPaTOPHBIX KPUTEPHEB (PHCKOMETPOB) IIPOTHO3a MPepacIioiokeHHOCTH K passutio [IOYI u pannei
JIMAarHOCTHKY Ha CTaIHU JOKINHUYECKHUX HPOSBICHHUI.

KiroueBble ciioBa: nepBUYHAs OTKPBITOYTOJbHAS IVIAyKOMa, KaTapakTa, BHEKJIETOUYHbIH MaTtpukc, IGFBI —
TGFBR2, MMP — TIMP, ummyHoreHeTuka

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

Hcrounux ¢punancuposanms. VccienoBanue NpoBOAWIOCh B paMKax rocyaapcrseHHoro 3ananus HUMKIJI —
¢dunmman ULul" CO PAH FWNR-2022-0009 (peructpanuonnsiii Homep 122022800132-1) » HMUL] «MHTK "Mu-
kpoxupyprust riaza” um. akan. C.H. denoposa» «Pa3paboTka KOMIIEKCHON CUCTEMbI IMArHOCTUKU U MOHUTOPUH-
ra OOJIbHBIX IIEPBUYHOMN OTKPHITOYTOJIBbHOM INIAYKOMBI C OLICHKOW COCTOSIHHS 3pUTENBHBIX QYHKLHUHA U 2P PeKTHB-
HOCTH JieueHus (MeIMKaMEeHTO3HOE, JIa3epHOe, XUpypruueckoe)» (perucrpaunonubiii Homep Ne 121072800028-3).

CooTBeTCTBHE NPUHIOUIAM 3THKH. Bce NanUeHTBI IMOoAIUCaIn I/IH(i)OpMI/IpOBaHHOC corjlacue€ Ha IPOBEACHUC
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oreparuy, 3a00p KPOBH, a TAK)KE UCIIOIB30BAHHIE JAHHBIX UCCIICNOBAHMS B HAy4YHBIX LensiX. VccnenqoBaHue ono-
openo strmuecknM komuteroM HUUKIJI — ¢pmman U ul” CO PAH (nmpotokon Ne 177 ot 02.02.2003) u xomure-
TOM Io OromenuuuHCKo# 3tuke HoBocubupckoro ¢pmmana HMULL « MHTK "Mukpoxupyprus riaza" uMm. akaji.

C.H. ®enoposay (mpotokon Ne 2 ot 2.09.2018).

Jst umrupoBanns: Konenkos B.1., [llesuenko A.B., IIpokopres B.®., Tpynos A.H., Uepusix B.B. Konctury-
LHOHAJIbHEIE (DAKTOPBI PUCKA IIEPBUYHOM OTKPBITOYTOJIBHOM I1ayKOMBI M KATAPAKTHI y €BPOIIEONTHOTO HACEICHHS
Poccun. Bromemens cubupckoti meduyunot. 2023;22(3):43-53. https://doi.org/10.20538/1682-0363-2023-3-43-53.

INTRODUCTION

The extracellular matrix (ECM) is awell-organized
3-dimensional architectura network that plays
an important structural and functional role in the
organi zation and remodeling of tissues, aswell asinthe
regulation of cellular processes [1]. The building blocks
of these ultrastructures are collagens, proteoglycans
and glycosaminoglycans, elastin and elastic fibers,
laminins, fibronectin, and other proteins / glycoproteins
[2]. ECM provides interaction between cells in organs
and tissues, coordinating multiple commands for the
transmission of intracellular and intercellular signals.
As a consequence, ECM affects morphogenesis,
development, and homeostasis of tissues through
regulation of cellular physiology, growth, proliferation,
differentiation, and adhesion. ECM undergoes intensive
remodeling under pathological conditions, playing a
key rolein the progression of many diseases, including
ophthalmic pathologies [3, 4].

Like most complexly organized physiological
systems, the functional state of ECM is largely
determined by genetic factors, the most important
of which are structures of polymorphic sites in
regulatory regions of genes of both ultrastructural
ECM components and humoral factors affecting its
activity (growth factors, cytokines, chemokines,
matrix metalloproteinases, their tissue inhibitors,
etc.). Combinations of structural variantsin regul atory
regions of these genes, usually located in promoter
regions, determine the intensity of protein expression
and the level of synthesis by producer cells [5].
These parameters define the concept of “quantitative
trait loci”, which are attracting increasing attention
of researchers in the field of medical genetics [6].
Given the undoubtedly polygenic nature of a person’s
genetic predisposition to development of most
diseases, studies on the association of pathological
processes not so much with single candidate genes as
with functionally related complexes of polymorphic
genotypesis of the greatest interest.

The aim of the study was to identify endogenous
risk factors for the development of glaucoma and
cataracts based on theresults of acomparativeanaysis
of the nature of complex genetic trait distribution,
including variants of genes for a number of cytokines
and receptors for them, metalloproteinases, and their
tissue inhibitors included in the genome of patients.

MATERIALS AND METHODS

The study was carried out in accordance with the
principles of the Declaration of Helsinki “Ethical
Principles of Medical Research Involving Human
Subjects”, the Federal Law of the Russian Federation
No. 323 FZ of 21.11.2011 “On principles of health
preservation of citizens of the Russian Federation”,
and requirements of the Federal Law No 152-FZ of
27.07.2006 (ed. of 21.07.2014) “On personal data’
(with amendments that came into effect on 01.09.2015).
The study included 501 people of the Caucasian race
born and living in the Siberian region of Russia.

Following the ophthalmic examination
(determination of visual acuity, binocular indirect
ophthalmoscopy, perimetry, echoophthalmography,
optical coherence tomography, measurement of
intraocular pressure), they were divided into three
groups of patients. Group 1 included 99 patientswith a
verified diagnosis of stage I (advanced) primary open-
angle glaucoma (POAG) (ICD-10 code H40.1), 52
(52.53%) malesand 47 (47.47%) females. The average
age of patientsin this group was 62.8 + 4.3 years.

Group 2 encompassed 100 patients with senile
(uncomplicated) cataract, 81 (81%) femaes and 19
(19%) males, 63.5 + 0.4 years old. Exclusion criteria
were inflammatory eye diseases, diabetic retinopathy,
neovascular glaucoma, uveitis, hemophthalmos,
verified autoimmune diseases and tumors, as well as
diabetes mellitus without ocular complications. The
control group (similar in age and ethnic composition
to groups 1 and 2) included 302 people without
ophthalmic pathology.
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All  patients underwent an immunogenetic
examination a the Laboratory for Clinical
Immunogenetics of the Research Institute of Clinical
and Experimental Lymphology, a branch of ICIG
SB RAS. Genotyping was carried out by real-time
PCR using SYBRGreen | dye (Litech, Russia)
for rs1800629, rs361525, rs1800630, rs1143627,
rs2243250, rs1800872, rs1800896 and TagM an probes
for rs1800795, rs243865, and rs3918242 (Syntol,
Russia); by restriction fragment length polymorphism
(RFLP) for rs4073 [7], rs4898 [8], rs8179090 [9],
rs3025058 [10], rs1800469 [11], Gene ID 7046,
D50683, L07594 [12].

The comparison group was analyzed by 11
polymorphic sites (Table 1). Patients with glaucoma
and cataract were examined for 8 cytokine genes:
ILS- A251T (rs4073), ILI174- A197G (rs227593),
TGFB- C509T (rs1800469), TGFBRI, TGFBR II,
TGFBR III receptor genes (Gene ID 7046, D50683,
LO7594, respectively), metalloproteinase inhibitor
genes TIMPI -C372T (rs4898), TIMP2 -G 418C
(rs8179090).

In the statistical analysis of the results of genetic
studies, we calculated the frequency of genotypes
and their combinations, the odds ratio (OR) and the
95% confidence interval (CI) [13]. The distribution
of genotypes was tested by the Hardy — Weinberg
equilibrium.

To evaluate the results obtained, in addition to the
common methods of statistical processing, we used
computational methods of biocinformatics based on
the probability theory of pattern recognition, based
on the Bayes theorem (inverse probability theorem
or hypothesis theorem) and the modified Wald’s
sequential probability test—aheterogeneous sequential
pattern recognition procedure that allows to determine
the diagnostic value of variables by calculating
diagnostic coefficients (DCs) [14]. DC is a decimal
logarithm of ratios of smoothed variables multiplied
by 10. DC is represented by positive or negative
numbers. At the same time, the greater the value of
the DC, the more differential diagnostic information
it carries. DCs of each found genetic trait are summed
up, and when the limit values (threshold) are reached,
the probability of the presence or absence of one of the
alternative diseases (conditions) is established.

When calculating the integral characteristics of
genetic traits as diagnostic and prognostic criteria,
in addition to calculating DC, the specificity of the
biomarker (Sp) was calculated as the probability of a
truly negative proportion [15].

The differences in the genotype frequencies were
determined by the two-tailed Fisher’s exact test with
2 x 2 contingency tables. Statistical processing of
the obtained results was performed using IBM SPSS
Statistics 23 software package (USA). The differences
were considered statistically significant at p < 0.01.
The critical significance level in multiple comparisons
was assumed with account of the Bonferroni correction
[16, 17].

RESULTS

The comparison of the distribution of single and
complex genetictraitsin groupsof patientswith POAG
and cataract with similar datafrom the reference group
of healthy individuals without signs of ophthalmic
diseases was carried out in 11 polymorphic sites
(Table1).

Table 1

Polymorphic sites of the studied genes in groups of patients
with POAG and cataract and individuals without ophthalmic

pathology
Parame- | Polymorphic | Locus (chro- | Reference se-
ters site mMOosome) guence number
Cytokine genes
1 TNFA -238 G/A 6021.3 rs361525
2 TNFA -308 G/A 6021.3 rs1800629
3 TNFA -863 C/A 6021.3 rs1800630
4 IL] B -31CIT 2q14.2 rs1143627
5 1.4 -590 C/T 5g31.1 rs2243250
6 IL6 -174 G/C 7p21. rs1800795
7 IL10 -592 C/A 193132 rs1800872
8 ILI10 -1082 A/G 1g31-32 rs1800896
Metall oproteinase genes
9 MMP2 -1306 C/T 16q12.2 rs243865
10 MMP3 | -1171 SA/6A 11g22.3 rs3025058
11 MMP9 -1562 CIT 20913 rs3918242

The results of the study of the POAG patients are
presented in Table 2. During the initial analysis of the
significance of differences between healthy individuals
and POAG patients using the two- tailed Fisher’s
exact test, we reveaed variables whose frequency
significantly differed towards both an increase and a
decrease in the POAG group with the significance of
differences p < 0.01.

To obtain more significant values, which can be
transferred into clinical practice to develop additiona
laboratory early diagnostic and prognostic criteria, we
used the Bonferroni correction. It was used as away to
eliminate the effect of multiple comparisons that occurs
when it is necessary to build a family of statistical
conclusions, which avoids false conclusions about the
presence of differences between groups, whereas in fact
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the null hypothesis about the absence of differences is
true. The application of thisapproach madeit possibleto
select traits whose frequency differed most significantly
in the group of POAG patients from the distribution
of similar genetic traits in a sufficiently significant
healthy group while maintaining the significance level
of differences p < 0.01.

Aspart of complex genetic traits, whose frequency
is significantly changed among POAG patients, both
variants of cytokine genes with proinflammatory and
anti-inflammatory activity and variants of matrix
metalloproteinase genes are identified. Among the
cytokine genes for these traits, variants of the TNFA
and /L 10 genes are most often detected, and among
the metalloproteinase genes, variants of the MMP2
gene are commonly detected. Variants of the /L /B and
MMP3 geneswerenotincludedinany of thecomplexes
that significantly differ in the frequency of occurrence
in the groups. The traits themselves are complex and
include from two to six loci, variously combined and
associated with different gene expression levels.

Among the complex genetic traits most closely
associated with the development of POAG, the
following complexes are distinguished: IL6-
174:1L4-590:1L10-592:MM P2-1306:M M P9-1562,
TNF-238:1L6-174:1L4-590:1L10-592:MMP2-1306,
TNF-308:1L6-174:1L4-590:1L10-592:MMP2-1306,

and TNF-308:1L4-590, TNF-308:TNF-238. Their
prognostic value, according to the DC, exceeds
11.0, which corresponds to the reliability of the
prognostic conclusion of over 95%. The combined
genetic traits TNF-238:1L4-590:1L10-1082, IL10-
1082:MMP2-1306:MMP9-1562, and TNF-308:1L10-
1082:MMP2-1306 were practically not detected
among patients with POAG, which indicates their
probable protective value.

The comparative analysis on the frequency of
occurrence of genetic traits in POAG patients and
healthy individuals revealed formally similar, but
different in content results. Thus, the analysis of the
significance of differences according to the two-tailed
Fisher’s exact test revealed a significant group of 844
traits. The application of the Bonferroni correction as
a way to eliminate the effect of multiple comparisons
made it possible to select the traits whose frequency
most significantly differed in the group of POAG
patients as opposed to heathy individuas (p <
0.01). Among the complex genetic traits associated
with the development of cataract, traits containing
various variants of the TNF gene in all three studied
sites prevailed. However, the 4 or A4 variant in the
position -308, associated with an increased ability of
cells to produce this proinflammatory cytokine, was
predominant (Table 3).

Table 2
The distribution frequency of the analyzed genetic traits in patients with POAG and healthy individuals
Polymorphic site Genotypes PO(QG Cor;/irol, OR 95% ClI Sp Dc p_cor
TNF-308 AA 7.07 0.66 | 1141 | 2.33-55.90 | 99.34 | 10.3 | 0.0033
TNF-308:TNF-238 AA-GG 6.06 0.34 | 18.84 | 224-15850 | 99.66 | 12,5 | 0.0091
TNF-308:1L4-590 AA-CC 7.07 0,34 | 2237 | 272-184.21 | 99.66 | 13.2 | 0.0024
1L10-592:MM P2-1306 CA-TC 26.26 7.89 4,16 2.15-8.02 92.11 5.2 0.0008
TNF-308:1L10-592:MMP2-1306 GG-CA-TC 19.19 5.70 3.93 1.85-8.32 94.30 5.3 0.0080
TNF-238:1L10-592:MMP2-1306 GG-CA-TC 24.24 7.05 4.22 2.13-8.37 92.95 54 0.0015
IL6-174:1L10-592:M M P2-1306 GC-CA-TC 17.35 3.07 6.63 2.65-16.57 96.93 75 0.0023
1L4-590:1L10-592:M M P2-1306 CC-CA-TC 17.17 351 5.70 2.37-13.71 96.49 6.9 0.0022
TNF-308:1L6-174:1L10-592:MMP2-1306 GG-GC-CA-TC 14.29 2.63 6.17 2.29-16.58 97.37 7.3 0.0092
TNF-238:1L6-174:1L10-592:MMP2-1306 GG-GC-CA-TC 16.33 3.08 6.13 243-1.44 96.92 7.2 0.0038
1L6-174:1L4-590:1L 10-592: MM P2-1306 GC-CC-CA-TC 12.24 0.88 15.77 | 3.46-71.91 99.12 114 0.0053
1L6-174:1L10-592:M M P2-1306:M M P9-1562 GC-CA-TC-CC 13.27 2.22 6.73 2.33-19.45 | 97.78 7.8 0.0098
TNF-238:1L6-174:1L4-590:1L10-
592:MMP2-1306 GG-GC-CC-CA-TC| 11.22 0.88 | 1422 | 3.09-6548 | 99.12 | 11.1 | 0.0073
ILE-1741L4-5901L 10-592MMP2-1306M- | o0 oo ca-Tece| 1122 | 044 | 2832 | 36022267 | 9956 | 140 | 00090
MP9-1562
Note (in all tables): p_cor - adjusted p value in the two-tailed Fisher’s exact test (Bonferroni correction).
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Table 3
The distribution frequency of the analyzed genetic traits in patients with cataract and healthy individuals

Polymorphic site Alleles/Genotypes | Cataract, % | Control, % | OR 95% ClI Sp DC p_cor
IL1B-31 T 50.50 64.46 0.56 0.41-0.78 4950 | -1.1 | 0.0012
IL1B-31 C 49.50 35.54 178 1.28-2.46 64.46 14 0.0012
TNF-308 AA 12.00 0.66 20.45 4.49-93.12 99.34 | 12.6 | 0.0003
IL1B-31 CcC 28.00 13.59 247 1.42-4.29 86.41 31 0.0057
TNF-863:TNF-308 CC-AA 11.00 0.67 18.42 4.01-84.64 99.33 | 12.2 | 0.0007
TNF-863:MMP2-1306 CA-TT 9.00 0.87 11.32 2.40-53.42 99.13 | 10.2 | 0.0045
TNF-308:TNF-238 AA-GG 12.00 0.34 39.82 | 511-310.52 | 99.66 | 155 | 0.0007
TNF-308:IL1B-31 AA-TC 7.00 0.35 2153 | 2.61-177.27 | 99.65 | 13.0 | 0.0036
TNF-308:1L6-174 AA-GC 6.00 0.00 21.81 | 2.65-179.55 | 100.00 | 15.8 | 0.0018
TNF-308:MMP9-1562 AA-CC 8.00 0.71 12.09 2.52-57.94 99.29 | 105 | 0.0040
IL6-174:1L10-1082 GC-GG 3.00 16.47 0.16 0.05-0.53 97.00 | -7.4 | 0.0054
TNF-863:TNF-308:TNF-238 CC-AA-GG 11.00 0.34 36.09 | 4.60-28340 | 99.66 | 15.1 | 0.0013
TNF-863:1L6-174:1L10-1082 CC-GC-GG 1.00 12.35 0.07 0.01-0.54 99.00 | -10.9 | 0.0088
TNF-863:MMP2-1306:MMP9-1562 CA-TT-CC 8.00 0.44 19.65 | 242-159.36 | 99.56 | 12.6 | 0.0088
TNF-308:TNF-238:IL1B-31 AA-GG-TC 7.00 0.36 21.08 | 2.56-173.56 | 99.64 | 129 | 0.0085
TNF-308:TNF-238:1L6-174 AA-GG-GC 6.00 0.00 21.29 | 2.59-175.31 | 100.00 | 15.7 | 0.0054
TNF-308:TNF-238:MMP9-1562 AA-GG-CC 8.00 0.36 2391 | 295-193.77 | 99.64 | 134 | 0.0013
IL6-174:1L4-590:1L10-1082 GC-CC-GG 0.00 10.06 0.08 0.01-0.64 100.00 | -13.2 | 0.0100

In this group of patients, a significantly higher

Obtaining data on the similarities and differences

proportion of genetic traits closely associated with
the development of the disease was found. Thus, of
the traits whose frequency is significantly increased
in cataract, 12 are characterized by a two-digit DC,
99-100% specificity, and a two-digit OR.

The following traits have the maximum
prognostic value: TNF-308:TNF-238, TNF-863:TNF-
308:TNF-238, TNF-308:TNF-238:MMP9-1562, TNF-
308:1L6-174, TNF-308: IL1B-31, TNF-308:TNF-
238:1L6-174, and TNF-308:TNF-238:IL1B-31. At
the same time, their composition in all cases includes
TNFA -308 AA. Complex genetic traits with high
protective value were also identified: 1L6-174:IL
4-590:1L 10-1082, and TNF-863:1L6-174:1L10-1082.

in the distribution of single and complex genetic
traits among POAG and cataract patients prompted
us to investigate these results in more detail.
IL17A-197 A/G, TGFB-509 C/T, and IL8 -251
A/T genes were added to the comparative anaysis
of the distribution of genetic traits in both groups of
patients due to dataon the active involvement of their
protein products in the regulation of inflammatory
processes and remodeling of the ECM. Genes of
tissue metalloproteinase inhibitors TIMP1-372 C/T,
TIMP2-418 G/C, constituting a single regulatory
complex with MMP, and TGFB receptor genes:
TGFBRI, TGFBR II and TGFBR III were also added
to the analysis (Table 4).

Table 4
Distribution frequency of the analyzed genetic traits in patients with POAG and cataract

Polymorphic site Alleles/Genotypes PO(QG Catg/f)aa’ OR 95% ClI Sp DC p_cor
IL1B-31 T 64.65 50.50 179 1.20-2.68 49.50 11 0.0092
IL1B-31 C 3535 | 49.50 0.56 0.37-0.83 64.65 -15 0.0092
TGFBR2 C 98.48 91.50 6.04 1.74-20.95 8.50 0.3 0.0040
TGFBR2 G 152 8.50 0.17 0.05-0.57 98.48 —7.5 0.0040
TGFBR2 CcC 96.97 84.00 6.10 1.72-21.65 16.00 0.6 0.0084
IL1B-31:MMP2-1306 TT-TC 2222 5.00 5.43 1.96-15.00 95.00 6.5 0.0036
TNF-238:IL1B-31:MMP2-1306 GG-TT-TC 22.22 5.00 543 1.96-15.00 95.00 6.5 0.0072
IL8-251:1L17-197:MMP9-1562 TA-GG-CC 21.21 4.08 6.33 2.08-19.21 95.92 7.2 0.0088
TNF-863:TNF-238:1L1B-31:1L4-590 CC-GG-cc-cC 101 16.00 0.05 0.01-0.41 98.99 | -12.0 | 0.0060
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Table 4 (continued)

Polymorphic site Alleles/Genotypes %

POAG,

Catﬁ/z"‘“’ OR 95% Cl sp | bc | pcor

TNF-863:TNF-238:IL1B-

31 TIMP2-418 CC-GG-CC-GG 4.04

21.00 0.16 0.05-0.48 95.96 —7.2 | 0.0092

TNF-308:1L6-174:1L17-

197:-MMP2-1306 GG-GC-GG-TC 15.31

1.00 17.89 | 2.31-138.31 | 99.00 11.8 0.0051

IL6-174:1L17-197:MMP2-

1306:TGFBR2 GC-GG-TC-CC 15.31

1.00 17.89 | 2.31-138.31 | 99.00 11.8 0.0037

IL8-251:1L17-197:MMP9-

1562: TGFBR2 TA-GG-CC-CC 20.20

3.06 8.02 2.30-27.97 96.94 8.2 0.0066

TNF-308:1L6-174:1L17-197:MMP2-

1306: TIMP2-418 GG-GC-GG-TC-GG 15.31

1.00 17.89 | 2.31-138.31 | 99.00 11.8 0.0060

TNF-308:1L6-174:1L17-197:M-

MP2-1306:TGFBR2 GG-GC-GG-TC-CC 14.29

0.00 17.82 | 2.31-137.72 | 100.00 | 14.7 | 0.0000

IL6-174:1L17-197:M-

MP2-1306:TIMP2-418: TGFBR2 GC-GG-TC-GG-CC | 1531

1.00 17.89 | 2.31-138.31 | 99.00 11.8 0.0047

TNF-308:1L6-174:1L10-592:1L17-

197:TIMP2-418: TGFBR2 GG-GC-CA-GG-GG-CC | 13.27

0.00 16.44 | 2.12-127.60 | 100.00 | 14.4 | 0.0067

TNF-308:1L6-174:1L17-197:MMP2-

1306:TIMP2-418:TGFBR2 GG-GC-GG-TC-GG-CC | 1429

When analyzing these results, three main aspects
are of interest. Firstly, with the Bonferroni correction,
the number of significantly different genetic traits
increases significantly compared to the group
of healthy individuals with a given level of the
significance p < 0.01. Secondly, the composition of
complex genetic traits includes a large number of
variants of newly included genes, which confirms the
correctness of their inclusion in the study. Thirdly, the
number of highly significantly different traits increases
significantly, which increases their prognostic value.
We increased the significance level of the differences
by five times from 0.05 to 0.01 in order to select the
analyzed genetic traits suitable for possible transfer
into clinical practice.

The predominant participation of TNFA gene
variants in the formation of complex genetic traits
differentiating comparable diseases is again of great
interest when analyzing the results obtained. The
results of the study showed a significant increase in
the frequency of the T aleleinthe ILIB gene at -31T
in the group of POAG patients (p = 0.0046), whereas
in the study of patients of the Balkans' population, the
protective role of ILIB rs16944 in the development
of this disease was shown [18]. More significant
differences between the groups were found in the
study of the distribution of the TGBR 2 gene. D50683
C was detected in more than 98% of POAG patients,
which is significantly more common than in patients
with cataract (OR = 6.04; p = 0.002).

The same pattern was reveal ed for the homozygous
TGFBR2 CC genotype. To date, there has been no

0.00 17.82 | 2.31-137.72 | 100.00 | 14.7 0.0000

data on the effect of TGBR 2 gene polymorphism on
the expression of its protein products, however, the
available data on a significant increase in the content
of the TGFB2RII protein in the trabecular network of
POAG patients suggest the presence of such alink in
the development of fibrotic processes in POAG [19].
Significant changes in the level of TGFB isoforms in
the intraocular fluid of POAG patients were described
by us earlier [20].

A comparison of the distribution of gene variants
involved in the ECM remodeling revealed significant
differences between the groups of patients. The
number of genetic traits, which presence in the
patient’s genome is significantly associated with
the development of POAG increases, which is
characterized by two-digit values of OR in the range
from 16.44 to 17.89, the DC of up to 14.7, and
specificity of 99-100%. Twelve such complex genetic
traits are presented in Table 4. There are also genetic
traits, whose frequency is significantly increased in
patients with cataract.

The data obtained in the digital format are clearly
illustrated in Figure, which presents the patterns of
frequency distribution of the studied genetic traits in
both diseasesin a diagram.

The figure clearly demonstrates pronounced
differences in the frequency of occurrence of
complex genetic traits, although a zone of repeated
combinations is visible in the central part of the figure,
which probably reflects the presence of common links
in the pathogenesis of eye diseases associated with
inflammation, fibrosis, and ECM remodeling.
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Figure. Graphical representation of differences in the frequencies of combinations of polymorphic variants in the studied genesin
POAG M and cataract I the numbers and scale of the radial axes correspond to the numerical valuesin Table 4.

DISCUSSION

We began the analysis of the distribution of
polymorphic gene variants by comparing data
of patients with POAG with similar data in the
control group, which included 302 individuals of
the Caucasian race born and permanently living in
Russia. The results of the study showed significant
deviations in the distribution of the studied traits both
for a number of variants of individual genes and for
their combinations. The analysis of single-nucleotide
polymorphism (SNP) distribution revealed anincrease
in 1L10-1082 A and 1L10-592 A among patients
with POAG, with a corresponding relative decrease
in alternative G and C variants, which is confirmed
by changes in the frequencies of the corresponding
genotypes. The -1082 G/A polymorphism in the
promoter region is associated with higher IL-10
production in the presence of the G alele relative
to the 4 allele in the same position [21]. These data
may indirectly indicate that among patients with
POAG, alleles of the IL-10 gene associated with low
production of the corresponding cytokine with anti-
inflammatory activity synthesized by Th2 cells and
suppressing the production of cytokines by Thl cells
are more common.

It is worth noting that complex genetic traits
closely associated with POAG, as a rule, include
gene variants with both proinflammatory and anti-
inflammatory activity.

The analysis of the obtained data showed that
among patients with cataract, the frequency of
occurrenceof the 4 alleleand A4 genotypein TNF-308
wasincreased. It waspreviously shownthat the4 allele
is associated with an increased level of production of
this proinflammatory cytokine [22]. There are only
isolated meta-analysis data on a weak association of
the development of POAG with the 4 allele and the
AA genotype of the TNFA — 308G/A (OR 1.6-1.7),
more pronounced in Mongoloids. None of the other
polymorphisms was significantly associated with the
risk of POAG [23].

In our study, no isolated association of any of the
three polymorphic variants of this gene with POAG
or cataract was noted. However, in the composition of
significantly associated complex genetic traits, various
genotypes of this gene were repeatedly identified. In
contrast to the group of patients with POAG, among
patients with cataract we found an increase in the
frequency of the C variant and the homozygous CC
genotype in the 7ILBI -31 gene. At the same time,
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in the group of patients with POAG, an increase in
the frequency of 7L10-1082 A was reveded with a
corresponding relative decrease in alternative variants
G, which indicates the spread of the variant associated
with a low ability of cells to produce IL-10 among
patients with cataract.

The addition of IL17A-197 A/G, TGFB C/T,
and IL8 -251 A/T cytokine genes, TIMP1-372 C/T,
TIMP2-418 G/C tissue metalloproteinase inhibitor
genes, which form a single regulatory complex with
MMP, and TGFB receptor genes TGFBRI, TGFBR 11,
and TGFBR III more fully characterizes the state of
ECM in comparable diseases.

Products of these genes are involved in the
processes of vital activity in cells producing
structural elements of the ECM, in the regulation
of elasticity, looseness or stiffness of the ECM,
in angiogenesis and lymphangiogenesis, in tissue
fluid exchange, in the homeostatic nature of its
composition, in cell migration, apoptosis, etc.
Practically, the analysis includes two ensembles of
genes — the genes of cytokines and their receptors,
as well as the genes of metalloproteinases and their
tissue inhibitors. Along with the possible practical
application of the results obtained for prognostic
purposes, comparing the nature of the distribution
of genes involved in the ECM remodeling is also of
fundamental importance, allowing to identify general
and specific traits underlying a genetic predisposition
to the development of eye diseases of various
genesis.

Although the genes analyzed in this study have
only partially been included in the genes responsible
for remodeling of human eye tissue structures in
glaucoma so far [24], we believe that the high degree
of association of their variant complexes with eye
diseases of various genesis makes their analysis
promising for further research. Previously, the
association of POAG with TIMP polymorphisms in
Mongoloids [25] and MMP-TIMP polymorphisms in
Caucasians [26] was shown.

CONCLUSION

The comparative analysis of the results of the
study on the frequency of the analyzed genetic traits,
including cytokine and metalloproteinase genes,
in patients with POAG and hedthy individuals
showed the presence of complex genetic traits,
whose frequency is extremely high among POAG
patients, which is characterized by two-digit OR, high
specificity (99-100%), and high DC.

Alternative results were obtained by us in a
comparative analysis of the frequency of genetic
traits in groups of patients with cataract and healthy
individuals. The application of the Bonferroni
correction as a way to eliminate the effect of multiple
comparisons made it possibleto select thetraits whose
distribution frequency most significantly differed in
the group of patients with cataract compared to the
distribution of similar genetic traits in the control
group of 302 healthy individuals while maintaining
the given p < 0.01.

The direct comparison of the distribution of two
gene ensembles whose products are involved in the
processes of ECM remodeling — genes of cytokines
and receptors to some of them (TGFBI — TGFBR?2),
aswell as genes of metalloproteinases and their tissue
inhibitors (MMP — TIMP) revealed a significant
number of genetic traits characteristic of both
diseases, which indicates significant differences in
the implementation of genetic predisposition to their
development.

Thereceived dataindicateafundamental possibility
of developing reliable laboratory criteria(riskometers)
for early diagnosis and prognosis of predisposition to
the development of POAG and cataract before the
development of clinical and laboratory signs of the
disease at ayoung age.
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Application of a hydrogel derived from porcine dermis
for experimental treatment of superficial wounds
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ABSTRACT

Aim. To study the efficacy of dermal hydrogel application in the experimental treatment of superficial scarified
woundsin rats.

Materials and methods. The hydrogel was obtained from porcine dermis by alkaline hydrolysis. The DNA
concentration was determined using the Nano Drop ND-1000 spectrophotometer. The study included 30 male
Sphinx rats. Scarified wounds were created on the rat skin, then the rats were divided into two groups: group 1 —
rats without treatment, or control group (» = 15), group 2 — rats with wound treatment with the dermal hydrogel
for 5 days, or experimental group (» = 15). On day 3, 7, and 14 of the experiment, we explanted skin samples from
the wound area and performed routine H& E staining.

Results. On day 3 of the experiment, moderate inflammation, edema, and collagen fiber disorganization were
revealed in the experimental group, and pronounced inflammation with purulent exudate was found in the control
group. On day 7 of the experiment, inflammation and foci of stratified epithelium were detected in the control
group. The histologic analysis of the skin samples from the experimental group showed pronounced plethora of
the vessels, necratic changes of the dermis, and edema. The total thickness of the epidermis and the thickness of
its stratum corneum were greater than in the control group samples. On day 14, the differences between the groups
were minimal and the epidermis was thickened in the experimental group animals.

Conclusion. The study examined the effects of the dermal hydrogel on scarified wounds in rats. We found faster
skin regeneration (by 1.5-2 days) in the experimental group compared to the controls. Besides, the rats of the
experimental group were characterized by an increase in the number of fibroblasts in the dermis and thickened
epidermis in the affected area.

Keywords: dermal hydrogel, scarified wound, morphological analysis, extracellular matrix
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MpumeHeHMe ruaporena Ha OCHOBe AepMbl CBUHbMW
ANA 3KCNepUMEHTaNIbHOIO JleYeHUA NOBEPXHOCTHbIX PaH

MenkoHsaH K.1.', Koaman A.A.", PycuHnosa T.B.', Yynpbinuu I'.I.', Kaprawesckaa M.},
Kaprawesckum U.WN.', Cropoxyk C.B.', CenesneBa U.U1.% lN'ypeBnu K.I'3

! Kybanckuii 2ocyoapcmeennoiii meouyunckutl ynueepcumem (KyoI'MY)
Poccus, 350063, 2. Kpacnooap, yr. Mumpoghana Ceduna, 4

2 Huemumym sxcnepumenmanvholl u meopemuyeckou duogusurxu Poccuiickoil akademuu nayx (UTOF PAH)
Poccus, 142290, o. Ihwuno, yn. Mucmumymckas, 3

3 Mockosckuti 2ocyoapemeeniiviii Meouxko-cmomamono2udeckutl ynueepcumem (MIMCY) um. A.H. Esdoxkumosa
Poccus, 127473, 2. Mocksa, yn. [Jenecamckas, 20/1

PE3IOME

Hens — n3ydenne 3pPeKTHBHOCTU UCIIOIB30BAHMS JEPMAIBEHOTO THIPOTENs IIPH SKCIIEPUMEHTAIBHOM JICUSHIH
MOBEPXHOCTHBIX CKapU(HUIIPOBAHHBIX PaH Y KPBIC.

MaTepuaJbl 1 MeTOABL. ['UIpOreh MOMyYaa U3 CBUHOM IEPMbI XUMHYECKHM METOJIOM C TIPUMEHEHUEM I11eI0Y-
HOTO THJpoIH3a. B mony4yeHHbIx o6pa3nax ruzgporens onpeneisiiu coaepxxanue JJHK ¢ momonipio criekrpodoro-
Mmetpa Nano Drop ND-1000. MccrenoBanue npoBeaeHo Ha 30 camuax KpbIC mopoasl cuHke. Kppicam HaHOCHITH
CKapu(UIMPOBaHHbIC PaHbI, 3aTEM YXUBOTHbIE ObUIH pa3[eseHbl Ha JBE IPYMIIBL: rpynmna 1 — 0e3 jedeHus, niu
KOHTpOJIbHast rpymma (n = 15), rpynma 2 — jieueHne pansl JepMajibHBIM THApOreieM B TedeHue 5 ¢yt (n = 15). Ha
3-u, 7-e u 14-e CyT 3KCIUTaHTHPOBAIUCH 00OPA3Lbl KOXXU U3 O0JIACTH PaHBI, KOTOPHIE TTOABEPTaCh THCTOIOTHYE-
CKOMY HCCIIEZIOBAHHUIO.

PesyabTatel. Ha 3-u cyT skcriepuMmenTa B 00pa3lax KOJKU )KUBOTHBIX IPYMIIBl 2 0OTMEYAJIOCh YMEPEHHOE BOCIIA-
JICHHE C TIOBEPXHOCTHBIM OTEKOM U AUCKOMIUIEKCAlMEell KOJLIareHOBBIX BOJIOKOH, & KOHTPOJIbHON IPYIIIbI — BBIpa-
’KEHHOE BOCHaJIeHHE C THOMHBIM dKccyaaTtoM. Ha 7-e cyT skcreprMeHTa y KpbIC KOHTPOJIBHOM IPYIIIbl HAOII0 1311
BOCIaJICHHE, OIHAKO OTMEYaJIN 04ary npoudepanuy MHOIOCIOMHOro snuTenus. [ McToIornueckuil anamms Koxu
JKUBOTHBIX TPYIIIBI 2 MPOAEMOHCTPUPOBAJ 00Jiee BBIPaKEHHOE MOJIHOKPOBHE COCY/I0B, HEKPOTHYECKHE H3MEHE-
HUS IepMBI ¥ ee oTeK. OO1as ToJIMHA STIHIePMICa U TOJIIMHA €r0 POroBoro ciios Obuia Goublie, 4eM B 00pasiax
KOHTpPOJIbHOH rpynmsl. Ha 14-e cyT skcniepyMeHTa pa3nudus Mexy U3y4aeMbIMU IpyNaMy OblIIM MUHUMAJIbHBI,
OTMeYal{ YTOJNIIEHUE SIHJIEPMICa Y )KUBOTHBIX I'PYIIIBI 2 110 CPABHEHUIO C KOHTPOJIBHON TPYIIIOH.

3axinoyenne. B mpoBeeHHOM HCClIe0BAaHUU NIPOAEMOHCTPHPOBAHO, YTO IIPH UCIIOJIB30BAHUY THIPOrelis Ha OC-
HOBE JIEPMBI CBUHBH JUTSl JICUSHUSI CKapH(DUIIMPOBAHHBIX PaH KPBIC TIOJIHOE BOCCTAHOBICHUE KOXKH B TOPAKEHHON
obyracty HacTynano Ha 1,5-2 cyT GvICcTpee, 4eM B KOHTPOJIEHOH rpymite. [ToMrMo 3Toro ObII0 3aperuCTPHPOBAHO
yBEIHIEeHHEe KOJINYecTBa (UOPOOIACTOB B IepMe H YTOJIIEHNUE SUAEPMICa OTHOCHTEIIBHO aHAJIOTUIHOTO MOKa-
3aTelis y KpbIC KOHTPOJIBHOM IPYIIIBL.

KiroueBble cj10Ba: aepMaibHBIA THAPOTENb, CKapupHLUUPOBaHHAs paHa, MOP(HOJIOrHIeCKUil aHaIN3, BHEKJIETOY-
HBIA MaTpUKC

KOHq).]Il/lKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SAIBHBIX U INOTCHIUAJIBHBIX KOHq)III/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6JII/IKaIII/IeI71 HaCTOS{H.[efI CTaTbHu.

Hcrounnk ¢puHaHCHpPOBaHUS. ABTODHI 3asBISIOT 00 OTCYTCTBUM (PMHAHCHPOBAHMS IPH MPOBEICHUH HCCIIE0-
BaHMSI.

CooTBeTCTBHE NPUHIMIAM 3THKH. VccienoBanue 6bU10 000pSHO JIOKATbHBIM HE3aBUCHMBIM STHYECKUM KOMHU-
teroM ®PI'BOY BO Ky6I'MY Munzapasa Poccun (mpotokon Ne 102 ot 01.10.2021).

Jast uutupoBanms: MenkonsH K.M., Ko3wmaii S.A., Pycunosa T.B., Uynpsun I'.I1., Kapramesckas M.U., Kap-
tammesckuit U.U., Cropoxyk C.B., Ceneznea U.U., I'ypesnu K.I'. [IpuMeHeHne ruaporess Ha OCHOBE I€PMBI CBU-
HBH JJTsI OKCIIEPUMEHTAIBHOTO JICUSHHUsI TOBEPXHOCTHBIX paH. broinemens cubupckotl meduyunsl. 2023;22(3):54—
60. https://doi.org/10.20538/1682-0363-2023-3-54-60.
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INTRODUCTION

Hydrogel dressingsarethe most promising material
for the treatment of superficial wounds, as they prevent
the formation of adhesions in the adjacent tissues,
exert an analgesic effect, and have a positive effect on
wound healing dueto the contained biologically active
components. Hydrogel dressings are semi-permeable
to promote wound hydration, eschar rehydration, and
autolytic wound debridement [1].

Hydrogels based on natural biologically active
polymers(collagen, hyaluronicacid, chitosan, alginate,
etc.) are biocompatible and biodegradable, have
low cytotoxicity, and regulate the proliferation and
functioning of fibroblasts, keratinocytes, macrophages,
and endothelial cells [2]. These biomaterials can
acquire anti-inflammatory and antibacterial properties
when growth factors and bioactive peptides are added.

A promising material for biopolymer-based
hydrogels is the extracellular matrix (ECM), which
consists of collagen, elastin, glycosaminoglycan, and
other biologically active molecules [3]. The source of
ECM in most casesareanimal tissues, in particular, the
dermis of pigs and cattle, however, the technologies
for their processing are quite expensive and time-
consuming [4]. Recently, there has been an increased
interest in the development of an optimal method for
obtaining hydrogels based on ECM of animal tissues.
The aim of this study was to evaluate the developed
hydrogel based on porcine dermal ECM as a wound
dressing for the experimental treatment of superficial
wounds in laboratory animals.

MATERIALS AND METHODS

The research was carried out in compliance with
the principles of humanity set out in the directives
of the European Community (86/609/EEC) and the
requirements of the Declaration of Helsinki, revision
2013. All manipulations met the requirements of the
Order No. 708n of the Ministry of Health of Russia of
23.08.2010 “On Approval of the Rules of Laboratory
Practice”, the Bioethics Committee, and the Federal
Law of the Russian Federation on the Protection
of Animals (Article 4 of the Law of the Russian
Federation “On the Protection of Animals from
Cruelty” of 01.12. 1999).

Thematerial for the creation of the dermal hydrogel
wasthe skin of the Landrace pig (male, aged 2 months)
weighing 13.4 kg. The animal was anesthetized with
solutions of Zoletil (1 mg / kg; Zoletil 100, Virbac,
France) and Xylazine (4 ml / kg; Rometar, Spofa,
Czech Republic). Dermal samples with athickness of

0.5 £ 0.05 mm were obtained from the lateral surface
of the body after preliminary mechanical removal of
the epithelial layer with an electrodermatome (disk
knife diameter 100 mm) under sterile conditions.
The collected dermis was stored for 1-6 months at
—80 °C for preliminary cryodestruction of the cellular
elementsin the dermis.The porcine skin samples were
chemically decellularized, in particular treated with
5% agueous NaOH solution, at a sample weight per
solution volumeratio of 1:5 for 22.5 hours. After that,
the samples were washed with deionized water until
a stable neutral pH was reached. DNA content was
determined in the dermal hydrogel samples with the
Nano Drop-1000 spectrophotometer (Thermo Fisher
Scientific Inc., USA) using the reagent kit (General
DNA Quantification Kit, Abcam, UK) according
to the manufacturer’s protocol.The efficiency of the
obtained derma hydrogel was studied on 30 mae
Sphinx rats (weight 160-200 g, age 3-4 months),
kept in a vivarium with a balanced diet and natural
light. The rats were divided into two groups. group
1 —rats without dermal hydrogel treatment or control
group (n = 15), group 2 — rats with dermal hydrogel
treatment (n = 15). Under general gaseous anesthesia
with Isoflurane (induction 2-5%, flow 0.25-4%;
Laboratorios Karizoo, Spain), scarified wounds 30 x
20 x 2 mm in size were created in the rats in the area
of the withers along the marked surface. The wounds
intherats of group 2 weretreated daily for 5 dayswith
0.5 g dermal hydrogel. After the surgery, al animals
wereinjected with the analgesic drug Ketoprofen 10%
(5 mg / kg; Nita-Pharm, Russia) and the antibiotic
Convenia (4 mg / kg; Convention, Zoetis, USA). On
day 3, 7, and 14 of the experiment, the skin samples
(8 mm in diameter) were explanted in adjacent native
tissues using a skin biopsy device (Medax, Italy);
then these samples were histologically stained with
hematoxylin and eosin.

Statistical processing of the obtained results on the
content of DNA and morphometric datawas carried out
using the Graph Pad Prism version 6.04 and Microsoft
Excel 2016 software. The results were presented as
M + S, where M is the arithmetic mean, and S is the
standard deviation. The differences were considered
significant at p < 0.05, the significance of differences
was calculated according to the Mann — Whitney test.
To quantify histologic changes in the porcine dermis,
computer morphometry was used by the Imagel
program (National Institution of Health, USA) and the
IHC metrics plugin. Epidermal changesin the samples
were evaluated using the Freehand Selection Tool.
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RESULTS

The porcine skin samples after chemical
decdllularization acquired a gel-like structure after 22.5
hours (Fig. 1). The dermal hydrogel was clear, dense,
and homogeneous. The finished dermal hydrogel
contained a 1% solution of an antimycotic antibiotic
(Gibco, Thermo Fisher Scientific, USA) and was stored
under sterile conditions at atemperature of +4 °C.

The hydrogel based on the porcine dermis was
an oxyphilic structure, which was predominantly
homogeneous due to pronounced swelling of the
polymers (Fig. 2, b).

The comparative quantitative analysis of the
DNA content in the derma hydrogel and native

dermal samples showed that the amount of DNA in
the dermal hydrogel decreased to 33.19 ng / mg of
dry matter, p < 0.05 (17.43%) relative to the DNA
content in the native dermis (190 .45 (100%) ng /
mg of dry matter). The data obtained corresponded
to the quality criterion for decellularized tissues —
no more than 50 ng of DNA per 1 mg of dry tissue
mass [5].The results of the study of dermal hydrogel
showed that it has a fairly pronounced reparative
effect and accelerates the process of wound healing
in comparison with the animals in the control group.
Thus, onday 9 of the study, theratsof group 2 showed
no visual signs of inflammation, tissue necrosis, or
scarring (Fig. 3).

Fig. 2. Morphological analysis of the hydrogel: a — native porcine dermis, 5 —dermis after 5 hours of treatment, ¢ — dermis after
22.5 hours of the treatment

'..

Fig. 3. The animals after the creation of a superficial scarified wound: a, b —the control group, no treatment; ¢, d —the
experimental group, treatment with dermal hydrogel; a, ¢ —right after the surgery; b, d — day 9 of the experiment
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In the skin samples of untreated rats obtained on
day 3 of the experiment, pronounced necrotic changes
were observed, as well as obvious signs of inflammation
and fibrinous purulent exudate (Fig. 4, a). On day 3 of
the experimenta treatment, the wounds treated with

dermal hydrogel had moderately pronounced signs
of inflammation. However, structural changes in this
case were manifested through a pronounced edema of
the wound surface with collagen fiber disorganization

(Fig. 4, d).

R el o s

P\
Sy e e W T a2
d i . 4058 L .. 3o
Y Al

Fig. 4. Porcine skin from the wound area with adjacent tissues: @, b, ¢ —the control group, no treatment; d, e, f— group 2, treatment
with dermal hydrogel. a, d —day 3; b, e —day 7; ¢, f— day 14 of the experiment. Hematoxylin — eosin staining, x 100 magnification

On day 7, signs of inflammation were observed
in the skin samples of the control rats, in particular,
moderately pronounced infiltration. Against the
background of resolving inflammation, signs of
epidermal regeneration were noted in the form of foci
of stratified epithelium proliferation (Fig. 4, b). The
analysis of the skin samples of the animals of group
2 on day 7 showed more pronounced plethora of the
microvasculature, necrotic changesin the dermis, and
its edema (Fig. 4, e). Thickness of the epidermisin the
rats of group 1 was 64.09 [52.82; 71.40] um, which
is less than that in the control animals (23.10 [16.56;
33.17] um. The thickness of the stratum corneum
in the epidermis of the control rats was aso less
(p <0.05).

In the study of the porcine skin samples obtained
14 days after the gel was applied, the differences in
the groups of animalswere minimal: there was adight
difference in the thickness of the epidermis between
the animals of group 2 (183.25 [155.07; 202.20]
um) and control rats (168.11 [144.26; 190.01] pm;
p <0.05; Fig. 4 ¢, /).

DISCUSSION

The most promising material for treatment of
wounds are hydrogel dressings, whaose high therapeu-

tic efficacy as wound healing agents is proved by
positive results of many studies [6]. It is known that
hydrogels play a key role in the delivery of bioactive
molecules and cdlular products to the damaged
area, unlike other types of modern wound dressings.
Biological hydrogels promote autolysis of necrotic
tissues, and their main property is a high degree of
hydration to ensure a bactericidal effect and create
optimal conditions for healing [7, 8].

Currently, an active search is underway for
the most “perfect” collagen-containing hydrogel.
There are numerous studies and developments for
obtaining hydrogels from various tissues. The closest
to our proposed method of processing the dermis to
obtain a hydrogel is the method proposed by N.V.
Kalmykova et al. [9]. The author obtained an ECM
from the dermis of cattle in several ways— by treating
with a IM NaOH solution and a NaOH solution at a
lower concentration with the addition of Na,SO, and
H.BO, solutions and subsequent lyophilization of the
obtained material. As aresult of the processing of the
dermis, they received a lyophilized ECM with a high
content of collagen, but an additional processing step
was necessary to obtain its hydrogel form.

In another study, F.T. Rodrigez et al. [10]
developed a wound healing material based on the
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porcine dermis treated with solutions of concentrated
alkali and akaline earth metal salts. The resulting
material wasfurther treated with across-linking agent,
glutaraldehyde. However, the addition of crosslinkers
can affect the toxicity and immunogenicity of the
resulting material. Q.W. Tan et al. [11] obtained
a hydrogel from porcine adipose tissue, which
was decdlularized using solutions of sodium
dodecyl sulfate, pepsin, and hydrochloric acid,
which are quite expensive. The dermal hydrogel
proposed by us was obtained on the basis of porcine
dermis, which is a less immunogenic biological
material than synthetic materials or materials
obtained using synthetic detergents. In addition,
in our proposed method, there is no additional
lyophilization step.

In the study, when using dermal hydrogel for the
treatment of scarified wounds, on day 14, complete
restoration of the skin in the affected area, a large
number of fibroblasts, and thickening of the epidermis
were noted compared to the animals in the control
group. This is also confirmed by the data of other
researchers, for example, H. Fujisaki et al. [12] noted
that collagen hydrogels containing mainly typelV and
| collagens support adhesion, proliferation, and growth
of fibroblasts. It is known that collagen has a positive
effect on early stages of wound healing, as it promotes
platelet aggregation, stimulates the formation of
granulation tissue, etc. Collagen lysis contributes to
the enrichment of the wound with amino acids, which
leads to the activation of protein biosynthesis in skin
cells. Thus, in a study by T. M. Cherdantsevaetal. [13],
there was a lower increase in the area of granulation
tissue, a slower decrease in the number of mast
cells, and a decrease in their area and degranulation
coefficient compared to animals in the control group.
The author noted that in other studies on the effect of
collagen-containing wound dressings, the ability of
collagen to reversibly bind growth factors, protecting
them from proteolysis, was revealed, which explains
slower formation of granulation tissue in the group of
rats whose burn wound was treated with a collagen
matrix. Thus, due to its bioactive properties, the
dermal hydrogel obtained by us promotes accelerated
healing of scarified wounds, which correlates with
the data of other researchers on the study of collagen-
containing wound dressings. The simplicity and low
cost of the technology for obtaining hydrogel from
porcine dermis make it a potentialy promising and
competitive domestic biological material for wound
healing.

CONCLUSION

The study demonstrated the effectiveness of using
adermal hydrogel based on the porcine dermal ECM
in the experimental treatment of superficial scarified
wounds. The use of the dermal hydrogel on scarified
animal woundsledto earlier full recovery of theskinin
the affected area, a greater number of fibroblasts, and
more significant thickening of the epidermis compared
to the control animals. The devel oped dermal hydrogel
makes it possible to effectively protect the wound
from bacterial microflora, accelerate wound healing,
and create optimal conditions for active regeneration
in the affected area. Further research on the use of
dermal hydrogel as a therapeutic drug for wounds of
various types will alow for the creation of a highly
effective wound healing agent that has significant
advantages among existing wound dressings.
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Beta-adrenergic receptor reactivity of erythrocyte membranes in patients

with left or right atrial dilatation against the background of atrial
fibrillation

Muslimova E.F.', Popova V.0.2, Rebrova T.Y.', Archakov E.A.’, Batalov R.E.', Afanasiev S.A.
! Cardiology Research Institute, Tomsk National Research Medical Center (NRMC) of the Russian Academy of Sciences
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ABSTRACT

Hyperactivation of the sympathoadrenal system (SAS) leads to desensitization of f1-adrenergic receptors (31-AR).
This contributes to aggravation of myocardial contractile dysfunction and development of arrhythmias, including
atrial fibrillation (AF). An indirect indicator of the viability of B1-AR is B-adrenergic receptor reactivity of eryth-
rocyte membranes (-ARM).

Aim. To evaluate B-ARM in patients with different forms of AF, including left (LAD) or right (RAD) atrial dilation.

M aterialsand methods. The sample included 38 patients, 65.8% of whom had paroxysmal AF, 21% had persistent
AF, and 13.2% had long-standing persistent AF. All patients received surgical treatment for AF by radiofrequency
ablation or cryoablation. LAD was detected in 39.4% of patients, RAD — in 34.2% of patients. Beta-ARM was
determined before treatment, aswell as at 3 days and at 12 months after ablation.

Results. The groups of patients with different forms of AF, as well as patients with LAD / RAD and without it
showed comparable values of B-ARM at different measurement periods. In the group of patients without LAD /
RAD, B-ARM increased 3 days after ablation compared to B-ARM before the treatment (p = 0.002 / p = 0.004)
and returned to the pre-treatment level after 3 months. At the same time, in the group of patientswith LAD / RAD,
B-ARM did not significantly change before the ablation and in different periods after it.

Conclusion. In patients with AF without LAD / RAD, we detected an increase in f-ARM 3 days after the ablation
compared to the level before the treatment and a decrease in the intensity of SAS 3 months after the surgery. In the
presence of LAD / RAD, no changes in the f-ARM were revealed.

Keywor ds: beta-adrenergic receptor reactivity of erythrocyte membranes, atrial fibrillation, atrial dilatation
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B-agpeHOpeaKTBHOCTb MeM6paH SpuTPOLMTOB Yy NaLNEeHTOB
C AunaTauuen NeBoro Ui NpaBoro npeacepann Ha ¢poHe pnbpuNAALUN

npeacepanin

Mycnumosa 3.0.', Monosa B.0.%, Pe6posa T.10.', Apuakos E.A.", batanos P.E.",
AdaHacbeB C.A.'

! Hayuno-uccneoosamenvcruil uncmumym (HUH) kapouonocuu, Tomckull HAyuoHaIbHbII UCCIE008AMENbCKUL MEOU-
yunckul yeump (HUMIL]) Poccutickoil akademuu Hayx
Poccus, 634012, 2. Tomck, yn. Kueeckas, 111a

2 Cubupcruil 2ocyoapcmeennwlit meouyunckutl ynusepcumem (Cubl MY)
Poccus, 634050, 2. Tomck, Mockosckuii mpaxm, 2

PE3IOME

I'mnepaktuBanms cummnaroaapenanoBoil cucrteMsl (CAC) npuBoIMT K AeceHcHTH3anuu [1-agpeHoperenTopos
(B1-AP). D10 ciocoOCTBYeT yCyryOIeHHIO COKPATUTENbHON TUC(HYHKINK MHOKAp/a ¥ Pa3BUTHIO apUTMHI, B TOM
yucne Gudpmwisaiun npencepanii (OIT). KocsennbiM nokaszarenem cocrositensHocTy B1-AP sBisiercs B-anpeHo-
peaKkTHBHOCTb MeMOpaH 3puTpouuToB (B-APM).

Hens: ounenxa B-APM y mannenToB ¢ pasueiMu dopmamu OI1, B Tom umcne ¢ qunaranueit aesoro (JJIIT) wmm
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uepes 3 ¢yt mociie abnanuu 1o cpasHeHuo ¢ f-APM o neuenus (p = 0,002/p = 0,004) u uepes 3 Mec BepHYJI1ach
K YPOBHIO JI0 jieueHus. B To sxe Bpems B rpymne nauuentos ¢ JJIIT/ATIIT B-APM 3naunmo He MeHsu1ach 0 U B
pa3HbIe EPHO/IBI TTOCTIE a0Ialuy.

3axaouenne. Y nanuentos ¢ OIT 6e3 JJITT/AIII BesBieno nossimenue B-APM depes 3 cyt nocie abnannu mo
CPaBHEHHIO C YPOBHEM JI0 JIeueHUs U cHwkeHue HampsokeHHocTH CAC uepes 3 mec. lpu Hammanu JJITT/JITITT
nuHamuKa B B-APM orcyrcTBOBaNA.
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npencepauit

KoHduuKT HHTEpecoB. ABTOPbI ACKIAPUPYIOT OTCYTCTBHUE SBHBIX M IOTCHINAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanKeil HaCTOSIIEeH CTaThH.
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CooTBeTCTBHE NMPUHIMIAM 3THKH. Bce yYacTHHKM HCCIIENOBaHHS MOJMUCand MHGOPMUPOBaHHOE T06pO-
BoOJIbHOE cornacue. MccnenoBannue 0100peHo JIOKaIbHbIM 3THYecKMM KomuTetoM HUU kapauonorun ToMckoro
HUML] (mmpotoxon Ne 208 ot 20.01.2021).
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il Ha (oHe GuOpWLIALME Tpeacepauit. Brotemens cubupckot meduyunst. 2023;22(3):61-67. https://doi.
0rg/10.20538/1682-0363-2023-3-61-67.

INTRODUCTION complications, lead to a decline in the quality of life,
disability, and high mortality [1]. Currently, atrial

Cardiac rhythm disturbances are some of the most fibrillation (AF) is one of the most common cardiac
common problemsin cardiol ogy practice. Arrhythmias rhythm disturbances. Patients with AF experience
are associated with an increased risk of cardiovascular an observable decline in the quality of life, exercise
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tolerance; at the sametime, |eft ventricul ar dysfunction
appears and / or progresses with the development of
heart failure in patients with AF [2].

It is known that the development of cardiovascular
diseases, including cardiac rhythm disturbances, is
accompanied by a persistent increase in the activity
of the sympathoadrenal system (SAS). The level of
catecholamines (adrenaline and norepinephrine)
increases in the blood and myocardium, and it can
affect the number and functional state of f1-adrenergic
receptors (B1-AR) in cardiomyocytes [3].

Hyperactivation of the SAS leads to desensitization
of B1-AR and a decrease in the number of receptors on
the membrane of cardiomyocytes, which contributes to
aggravation of myocardial contractile dysfunction [4].
This, inturn, canlead to afurther increasein sympathetic
activation, thereby forming a vicious cycle [5].

Evaluation of the functionality of f1-AR and the
SAS activity is important for predicting the severity
of the course of cardiovascular diseases, including
cardiac rhythm disturbances. In particular, based on
this approach, a method for predicting ventricular
tachycardia in patients with coronary heart disease
has been developed [6]. The B-adrenergic receptor
reactivity of erythrocyte membranes (f-ARM) is an
indirect indicator of the SAS activity. It is determined
by the distribution density of f-AR on cell membranes,
the degree of their affinity with plasma catecholamines,
and the concentration of catecholamines. The method
for evaluating B-ARM is based on studying the effect
of various adrenergic agents on osmotic resistance of
erythrocytes. A B-blocker, which binds to B-AR of the
cell membrane and reduces the degree of hemolysis,
is used [4].

Thus, the aim of this study was to evaluate -ARM
in patients with different types of AF, including those
with left or right atrial dilation.

MATERIALS AND METHODS

The study sample included 38 patients (25 (65.8%)
men and 13 (34.2%) women) admitted to the Department
of Cardiac Pacing and Heart Arrhythmia Surgical
Treatment of Cardiology Research Institute, Tomsk
National Research Medical Center (NRMC) of the
Russian Academy of Sciences. The age in the sample
was49 (26; 77) years. All clinical and laboratory studies
were conducted in accordance with the ethical standards
of the Biomedical Ethics Committee and the 1964
Declaration of Helsinki and its subsequent amendments.

All patients were diagnosed with atrial fibrillation
(AF) based on the results of ECG and daily monitoring

[7]. All patients underwent surgical treatment for AF
using radiofrequency ablation (RFA) or cryoballoon
ablation (CBA) according to the generally accepted
method. The intervention included pulmonary vein
antrum isolation with a circular electrode and a
complete block of atrio—venouselectrical conduction.

The clinica characteristics of the patients are
presented in Table 1. Before surgical treatment of AF,
the patients underwent an echocardiography during
the examination. Echocardiography was performed
using a Philips HD15 device (Netherlands) from
standard positions with an evaluation of the size of the
heart chambers and the left ventricular (LV) gection
fraction using the Simpson method. Some patients, in
addition to AF, had other cardiac rhythm disturbances:
3 (7.9%) patients — ventricular extrasystole, 1 (2.6%)
patient — supraventricular extrasystole, 2 (5.3%)
patients — first-degree atrioventricular block.

Table 1

Clinical characteristics of patients, n (%)
Parameter Value
Paroxysmal/persi stent/long-standing

persistent AF, 1 (%) 25(65.8)/8(21) /5(13.2)
RFA / CBA, 1 (%) 31(81.6) /7 (18.4)

AF rhythm at admission, n (%) 18 (47.4)

Chronic heart failure, NYHA class

L, 7 (%) 11(28.9)/3(7.9)/3(7.9)
Coronary heart disease, n (%) 7(18.4)

Essential hypertension, n (%) 22 (57.9)

Diabetes mellitus, n (%) 1(2.6)

Obesity, n (%) 13(34.2)
Left ventricular gjection fraction, %,

65.5 (59.0; 69.0
Me (Q-0) ( )
End-systolic volume, ml, Me (Q—Q.) 34 (29; 46)
End-diastolic volume, ml, Me (Q—Q,) 104 (89; 119)
Left ventricular sphericity index,

0.54 (0.51; 0.56
Me (Q-Q) ( )
Left atrial dilation, n (%) 15(39.4)
Right atrial dilation, n (%) 13(34.2)
Left ventricular dilation, n (%) 3(7.9)

Note: FC — functional class.

In order to determine B-ARM, venous blood
samples were taken from patients in a vacutainer with
EDTA before ablation and 3 days, 3 months, and
12 months after it. We used the commercial kit
“B-ARM-Agat” (Agat-Med LLC, Russia) in
accordance with the manufacturer’s protocol. The
method is based on the fact that the hemolysis of
erythrocytes placed in a hypoosmotic medium is
inhibited in the presence of a B-blocker. The value
of B-ARM was calculated using the formula: (Eol +
Eo2)/(Ek1 + Ek2) x 100%, where -ARM is the value
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of the adrenergic receptor reactivity; Eol and Eo2 are
optical densities of experimental samples; Ek1 and
Ek2 are optical densities of control samples.

Statistical analysiswas carried out using the SPSS,
version 13 software (IBM, USA). Quantitative data
were previously checked for normality of distribution
using the Shapiro — Wilk test. Further analysis of
guantitative variableswas performed using the Mann—
Whitney test or the Kruskal —Wallistest. Theanalysis
of dependent data was performed using the Wilcoxon
test. The results were presented as the median and the
interquartile range Me (Q,—Q,). The strength of the
linear relationship between quantitative parameters
was assessed using the Spearman’s rank correlation
coefficient ». The relationship between qualitative
data was determined using the Pearson’s y2 test or the
two-tailed Fisher’s exact test. The differences were
statistically significant at p < 0.05.

70— p=0.465

RESULTS

The changes in B-ARM were evaluated before
ablation in 37 patients, 3 days after ablation — in 35
patients, 3 months after ablation —in 17 patients, and
12 months after ablation — in 4 patients. Beta-ARM
was 19.7% (12.9; 27.5), 24.1% (15.1; 32.1), 20.3%
(9.3; 29.3), and 32.5% (20.0; 43.2), respectively.
There was a slight B-ARM increase 3 days after
ablation compared to B-ARM before the treatment
(Figure), but the significance level was p = 0.060.
After 3 months, the B-ARM value was similar to the
level before ablation (p = 0.758). After 12 months, the
level of B-ARM increased by 1.5 times compared to
the value before the treatment, however, due to the
small sample of patients at this point, the differences
did not show statistical significance (p = 0.465). We
did not include the 12-month point in the further
analysis due to asmall sample size.

p=0.758
i —
p=0.060

0= |

40—

30—

p=0352

1 p=0465

!

T T
B-ARM before B-ARM 3 days
ablation, %

after ablation, %

T

T
B-ARM 3 months  B-ARM 12 months
after ablation, %

after ablation, %

Figure. Changes in B-ARM before and after ablation

In the study sample, a direct linear correlation
was found between B-ARM before ablation and end-
systolic volume (r = 0.331, p = 0.046), as well as | eft
ventricular sphericity index (» = 0.436, p = 0.007).
However, there was no significant linear relationship
between B-ARM before ablation and left ventricular
gjection fraction (LVEF) in patients with AF
(r=-0.169, p = 0.316).

Beta-ARM before ablation, 3 days and 3 months
after ablation was comparable between the groups
of patients with different types of AF. In addition,
B-ARM did not change significantly after ablation
compared to the point before therapy in groups with
different types of AF. Patients with persistent and
long-standing persistent AF compared to patients

with paroxysmal AF showed an expected decrease in
LVEF and an increase in end-systolic volume (ESV)
and end-diastolic volume (EDV). The results are
presented in Table 2.

In the studied sample, left atrium dilation (LAD)
wasdetectedin 5 (20%) of 25 patientswith paroxysmal
AF, in 6 (75%) of 8 patients with persistent AF, and in
4 (80%) of 5 patients with long-standing persistent AF
(p =0.003). Patientswith LAD had higher ESV, EDV,
and LVSI (Table 3).

There were no significant differences in B-ARM
both before ablation and at different periods after
the treatment between the groups of patients with
and without LAD (Table 3). In the group without
LAD, a significant increase in B-ARM was detected
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3 days after ablation compared to B-ARM before the
treatment (p = 0.002), and 3 months after ablation,
B-ARM was similar to the level before the treatment

(p =0.678). Atthe sametime, inthe group of patients
with LAD, B-ARM did not change significantly before
and in different periods after ablation.

Table 2

Echocardiography parameters and B-adrenergic receptor reactivity of erythrocyte membranes in patients with different types of atrial

fibrillation, Me (Q,; Q.)

Parameter Paroxysmal AF Persistent AF Long-standing persistent AF p
LVEEF, % 67 (64; 70) 64 (47, 67) 62 (44; 63) 0.045
ESV, ml 32 (27; 38) 38 (31; 71) 48 (46; 76) 0.007
EDV, ml 96 (86; 108) 112 (96; 127) 126 (121; 131) 0.007
LV Sl 0.54 (0.52; 0.56) 0.57 (0.52; 0.59) 0.56 (0.56; 0.58) 0.394
B-ARM before ablation, % 24.1 (14.2; 27.5) 15.1 (11.0; 26.3) 17.1(16.2; 17.8) 0.476
B-ARM 3 days after ablation, % 24.6 (17.4; 36.6) 16.0 (11.3; 31.5) 21.6 (15.1; 23.3) 0.438
B-ARM 3 months after ablation, % 18.9 (8.5; 26.7) 21.3(15.1; 40.9) 26.1(11.9; 40.4) 0.664

Note: LVSI —left ventricular sphericity index.

Table 3

Echocardiography parameters and B-adrenergic receptor reactivity of erythrocyte

membranes during left atrial dilation, Me (Q,; Q,)

Parameter With LA dilation Without LA dilation P
LVEF, % 64 (47; 67) 67 (64; 70) 0.064
ESV, ml 39 (32; 77) 32 (28; 38) 0.024
EDV, ml 118 (97; 140) 98 (86; 112) 0.013
LVSI 0.57 (0.55; 0.60) 0.54 (0.52; 0.56) 0.048
B-ARM before ablation, % 18.7 (15.7; 33.0) 17.2 (12.0; 24.6) 0.171
B-ARM 3 days after ablation, % 20.8 (13.5; 32.1) 24.4 (16.7; 33.8) 0.474
B-ARM 3 months after ablation, % 21.3(10.9; 34.0) 18.9 (8.8; 25.8) 0.606

Among all patients included in the study, right
atrium dilation (RAD) was detected in 5 (20%)
patients with paroxysmal AF, in 4 (50%) patients
with persistent AF, and in 4 (80%) patients with long-
standing persistent AF (p = 0.020). Patients with
RAD had lower LVEF, higher ESV, EDV, and LVSI
(Table 4). Also, B-ARM before ablation was 1.4 times
higher in the patients with RAD than in those without
dilation before ablation, but the difference did not

reach statistical significance (p = 0.07). With RAD,
B-ARM values remained at the same level both before
ablation and after therapy at different times.

At the same time, in the group without RAD, a
statistically significant increase in B-ARM at 3-days
point was detected compared to B-ARM before
ablation (p = 0.004), and then a return of B-ARM to
the pre-ablation level after 3 months was noted (p =
0.959).

Table 4
Echocardiography parameters and B-adrenergic receptor reactivity of erythrocyte membranes during RA dilation
Parameter With RA dilation Without RA dilation p

LVEEF, % 62 (46; 66) 67 (64; 70) 0.030
ESV, ml 46 (31; 77) 32 (28; 38) 0.022
EDV, ml 121 (96; 145) 98 (86; 109) 0.018
LVS 0.57 (0.56; 0.60) 0.54 (0.51; 0.56) 0.012
B-ARM before ablation, % 23.6 (15.9; 36.1) 17.2 (12.0; 24.6) 0.070
B-ARM 3 days after ablation, % 22.9(14.3;37.1) 23.8 (15.6; 30.9) 0.945
B-ARM 3 months after ablation, % 22.4(10.9; 34.0) 19.6 (8.8; 25.8) 0.601

DISCUSSION

It iswell known that SAS hyperactivation is arisk
factor for cardiac rhythm disturbances. Elevated levels
of catecholamines stimulate f1-AR of cardiomyocytes,

which leads to activation of adenylate cyclase, an
increase in the content of intracellular cAMP, and
activation of protein kinase A. Hyperphosphorylation
of ryanodine receptors promotes |eakage of Ca?* from
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the sarcoplasmic reticulum, resulting in a decrease in
the cardiac contractile function and an increased risk
of arrhythmia [8].

Hyperactivationof theSA Sal sol eadstopathol ogical
remodeling of B-AR. There is a dissociation of the
receptor from G-proteins and a decrease in the density
of receptors on the cell membrane up to cessation
of receptor synthesis, which leads to progression of
myocardial contractile dysfunction. Anincreased |oad
on the left ventricle inevitably leads to an increase
in pressure and overload of the atria, causing their
subsequent dilation [3, 5].

Beta-ARM makes it possible to indirectly
evaluate the functional state of f-AR. In most healthy
individuals, this parameter is within the range of
2.0-20.0%, which indicates an increase in the osmotic
resistance of erythrocytes as a result of blocking -AR
with an adrenergic blocker. An increase in f-ARM
indicates receptor desensitization [4].

In our sample of patients with AF, B-ARM did
not exceed the conditional norm before ablation.
On day 3 after ablation, a slight increase in B-ARM
values was observed compared to the level before
ablation (although the significance level was not
reached), which can be regarded as a response of
the SAS to surgical intervention. After 3 months,
B-ARM returned to the values before ablation.
It can be assumed that, in general, there was no
significant desensitization of B-AR in the study
sample. However, in the studied sample, a direct
linear correlation was found between f-ARM before
ablation and ESV, as well as LVSI. In the group of
patients with a long-standing persistent AF, the ESV
values exceeded the limits of the reference values
(> 43 ml / m?) [9], which, together with an increase in
B-ARM, indicates a deterioration in the LV systolic
function.

It has been shown that the values of B-ARM
significantly exceed the limits of the conditional
norm in patients with myocardial infarction (46.8%),
and the valuesturned out to be even higher in patients
with advanced heart failure (58.8%) [10]. However,
in the case of cardiac rhythm disturbances, lower
levels of B-ARM also cannot be considered as an
absolutely favorable indicator. Beta-ARM less than
51.26% and lower in patients with coronary heart
disease is an independent predictor of ventricular
tachycardia [6].

In our sample of patients with AF, the values of
B-ARM in groups with different types of AF were
comparable before ablation, as well as 3 days and

3 months after ablation. In addition, there were no
significant changes in B-ARM in each group of
patients with different types of AF.

At the same time, patients with persistent and
long-standing persistent AF had reduced LVEF and
higher ESV and EDV compared to these parameters
in patients with paroxysmal AF, which indicates a
deterioration in the LV systolic function. In addition,
the group of patients with paroxysmal AF had the
lowest prevalence of LAD and RAD.

It is well known that atrial dilation can create
a substrate for electrophysiological myocardial
remodeling, which, together with progressive
structural remodeling, forms the basis for the onset of
AF. The presence of this rhythm disturbance, in turn,
contributes to further atrial remodeling [11].

In the studied sample, in groups of patients without
atrial dilation, an increase in B-ARM above the
conditional norm was detected 3 days after ablation.
This can be explained by the normal response of the
SAS to stress. After 3 months, the level of f-ARM
again returned to the level before ablation, while not
exceeding the limits of the conditional norm, which
makes it possible to assess the restoration of the
functional activity of B-AR.

However, in groups of patients with LAD / RAD,
B-ARM values remained at the same level both before
ablation and after the therapy at different times,
while the values were at the upper limit or above
the conditional norm. According to the feedback
mechanism, which accounts for desensitization, the
smaller the number of receptors on cell membranes,
the higher the level of catecholamines in the blood
[4]. The values of B-ARM in patients with atrial
dilation may be due to increased activity of the SAS
and indicate protective desensitization that maintains
myocardial contractile reserve within the conditions
of its structural changes.

Thus, the evaluation of the functioning of Pl1-
AR and the SAS activity is of great importance for
predicting the severity of the course of cardiovascular
diseases.

CONCLUSION

Thus, higher values of B-ARM before ablation
directly correlated with higher values of ESV and
LVSI, which indicates a deterioration in LV systolic
function. However, there was no correlation between
B-ARM before ablation and LVEF. Patients with
different types of AF had comparable levels of B-ARM.
Patients with AF without left / right atrial dilation
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showed an increase in B-ARM 3 days after ablation
compared to the level of B-ARM before the treatment
and a decrease in SAS tension after 3 months. In the
presence of left / right atrial dilation in patients with
AF, there were no changes in f-ARM.
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ABSTRACT

Aim. Toinvestigate the preval ence of generalized anxiety disorder symptomsand their associationswith behavioral
attitudes and perception of the future among the Russian youth.

Materials and methods. The study involved 1,300 people aged 16-25 years and was conducted online in October
2022 using online questionnaires, which included the GAD-7 screening questionnaire on the severity of anxiety
symptoms.

Results. According to the questionnaire, 25.5% of young people who participated in the study reported medium
to high intensity of anxiety symptoms. These respondents were significantly more likely to perceive the image of
the country’ future negatively (p = 0.002). In addition, the largest proportion of people who reported a desire to
leave the country (38.6%) was registered among young people who were at risk of generalized anxiety disorder.
The authors emphasize that the study results should be interpreted in relation to the time period of data collection.

Conclusion. The study showed that generalized anxiety disorder symptoms negatively affected the subjective
image of the future among young people and highlighted the need for primary psychological prevention in thisage
group.

Keywords: anxiety, youth, perceived future, screening, generalized anxiety disorder
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PacnpocrpaHeHHOCTb CMMNTOMOB reHepann3oBaHHOrO TPEBOXKHOIo
paccTponcTBa 1 NX CBA3b C NOBeAeHYeCKMMMN YCTaHOBKamMu
1 BocnpuaTnem 6yayuiero ctpaHbl y pOCCUIICKOI MOJTIOAEXKN

MewkoBckan A.l."2, NanknH C.A." 2, JlapuoHoBa A.B.', KopHetoB A.H.}

! Hayuonanoholil uccredosamenvckuil Tomcrutl 2ocyoapemeennniil ynueepcumem (HU TI'Y)

Poccus, 634050, Tomcxk, np. Jlenuna, 36

2 Hayuno-uccaedosamenvckutl uncmumym (HUHU) ncuxuueckoz2o 300poews, Tomckuil HAyuoHaibHblil
uccredosamenvexull meouyurckull yenmp (HUMI]) Poccutickoil akademuu Hayk

Poccus, 634014, Tomcxk, ya. Aneymckas, 4

} Cubupcruii 2ocydapcmeennviii meouyunckuti ynusepcumem (Cubl' MY)

Poccus, 634050, Tomck, Mockosckuti mpakm, 2

PE3IOME

Henb: u3y4nTh pacnpoCTPAHEHHOCTh CHMIITOMOB TeHEPATM30BAHHOTO TPEBOIKHOTO PACCTPOICTBA CPEIH POCCHUIi-
CKOM MOJIOJIC)H B COBPEMEHHBIX PEATHSIX M ONPEICTUTh HX CBSA3b C MOBEICHYECKHMH YCTAHOBKAMH M BOCIIPHSI-
THEeM OyAyIero.

Marepuansl u Metoasbl. Mccnenosanue, ydactie B kotopoM npuHsid 1 300 yenoBek B Bo3pacte 16-25 iner,
HIpOBOAMWIOCH B OKTsi0Ope 2022 1. B oHNalH-opMaTe MOCPESICTBOM 3arOIHEHUS dJICKTPOHHBIX ()OPM aHKETHI U
CKPUHHUHT-OIPOCHHUKA YPOBHS BBIPAXKEHHOCTH cUMITOMOB TpeBoru I 'TP-7 (GAD-7).

Pe3yansTaThl. CornacHo CKpUHHHT-OIIPOCHUKY, CHMIITOMBI T€HEPAJI30BAaHHOTO TPEBOXKHOTO pacCTpoiicTBa ObIIH
BBIIBIICHBI y 25,5% y4acTHHKOB HccieoBaHus. MoIoJible JMIa ¢ PUCKOM I'eHepaIn30BaHHOTO TPEBOKHOTO pac-
CTpOWCTBA CTATHCTUYECKH 3HAYMMO Yallle BOCIPHHUMAIN 06pa3 Oyayliero crpansl pe3ko HeratusHo (p = 0,002).
Kpowme Toro, HanGosbIIIee YiCiIo COOOIMBIINX O JKeJTaHUH IOKHHYTH cTpany (38,6%) Obu10 3aMKCHPOBaHO Cpe-
I MOJIOZBIX JIFOJIEH C PUCKOM I'€HEepaIM30BaHHOTO TPEBOKHOTO PacCTPOHCTBA. ABTOPHI MOAYEPKHUBAIOT, YTO pe-
3yJIBTATHI CIIEyeT NHTEPIPETHPOBATE C IIPHUBA3KON K BpEMEHHOMY HEpHO.y cOOpa JaHHBIX.

3akaoyenne. CHMITOMBI T€HEPATH30BAaHHOTO TPEBOJKHOTO PACCTPONCTBA ACCOLMHUPOBAHBI C HETATHBHOM OIIEH-
KO OyIyIIero cpeau MOJIOAEKH, ITO CBHAETEIbCTBYET O HEOOXOAUMOCTH EPBUIHOHN IICHXOIOTHIECcKoi mpohu-
JIAKTUKHU B 3TOM BO3pacTHOM rpyne.

KawueBble ciioBa: TpeBora, MOJIOJCKb, BOCIPHATHE OY/IYIIEro, CKPHUHUHT, TCHEPATM30BAHHOE TPEBOXKHOE
paccTpoicTBO

KonaukTt uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOMUKaNneil HACTOSIICH CTaThH.

Hcrounnk ¢uHaHCHpPOBaHUs. Pe3yibTaTel MONYYSHbI B pPaMKax BBITOJHEHHS TOCYJAPCTBEHHOIO 3aJaHHs
Muno6prayku Poccun, npoext NeFSWM-2022-0006.

CooTBeTcTBHE MPUHIUIIAM ITHKH. Bce pecrioHeHTHI 1any HHPOPMHUPOBAaHHOE COTJIaCHE HA yYacTHE B HCCIIe-
JIOBaHUHM | ITyOJIMKALUIO TAaHHBIX B aHOHMMHOM 1 00001eHHOM BHJe. ViccnenoBanue 0100peHO STHIECKHM KOMU-
teroM HU TT'Y (mporokon Ne 291 ot 19.09.2022).

Jast umtupoBanusi: Ilemkosckas A.l'., Tankun C.A., Jlapuonosa A.B., KopueroB A.H. PacnpocTpaneHHOCTh
CHUMIITOMOB I'€HEPAJIM30BAHHOT'O TPEBOXKHOT'O paCCTpOﬁCTBa U UX CBA3b C MOBECACHYECKUMHU YCTAaHOBKAMU U BOC-
NpUATHEM OYyIIero CTPaHbl y POCCHHCKON MOJNOACKH. broinemens cubupckoi meduyunst. 2023;22(3):68—73.
https://doi.org/10.20538/1682-0363-2023-3-68-73.

INTRODUCTION

Thehealth and psychological well-being of Russian
young people, who are largely subjects of socia
change, areof key importanceinthemodern realitiesof
the country’ sdevelopment. The COVID-19 pandemic,

whose consequencesfor themental health of theyoung
working-age population will be observed for a long
time [1, 2], the increase in international tension, which
has an additional impact on the emotional state, social
and psychological adaptation, and uncertainty about
the future significantly increase the risk of developing
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mental disorders, especially anxiety disorders [3].
Symptoms of anxiety and phobic disorders are among
the most common mental health impairmentsin young
people and are recorded more often in them than in the
older population [4, 5]. Numerous studies have shown
that symptoms of generalized anxiety disorder affect
cognition by triggering emotion-driven decision-
making, and aso enhance avoidance behavior
[6-10]. In particular, clinical samples show similar
observations, for example, astudy by E.M. Mueller et
a., which included patients with generalized anxiety
disorder [11]. The results of psychological studies on
anxiety as a future-oriented mood state [12], which
includes concern about what might happen and the
expectation of a future threat [13, 14], emphasize the
impact of anxiety on a negative evaluation of one’'s
own future and a negative perception of the future in
general [15].

Considering the above, the aim of the study
was to investigate the prevalence of generalized
anxiety disorder symptoms in Russian youth and to
understand the association of anxiety symptoms with
young people’ s behavioral attitudes and perception of
the future.

MATERIALS AND METHODS

The study was conducted in compliance with the
principles of the Declaration of Helsinki, approved
by the Ethics Committee at Tomsk State University
and was completely anonymous. Data collection
was performed in the format of an online survey in
October 2022 by sharing alink to an online form with
guestions for the respondent. The survey included
three question blocks: (1) demographic (sex, age,
academic major, educationa ingtitution); (2) the
GAD-7 assessment questionnaire to diagnose anxiety
symptoms and the risk of generalized anxiety disorder
[16, 17]; (3) questions on perceived future, including
perception of expected changes in the country over
the next five years evaluated with the five-point Likert
scale, and behavioral attitudes (motive and readiness
to emigrate).

All respondents signed an informed consent
to participate in the study and publish the data in
an anonymous and generalized form. The study
was carried out in compliance with al Russian
and international regulations on scientific research
involving human participants and in accordance
with the Federal Law No. 152-FZ of 27.07.2006 “On
Personal Data’.

Intotal, the study involved 1,300 people aged 16 to

25 (18117, 19]) years, including 700 women (53.8% of
the sample) and 600 men (46.2%). All the participants
were students of higher educational institutions and
vocationa training colleges of Tomsk and the Tomsk
region with mgjors in natural sciences (319 people,
24.5% of the total), socia sciences (350, 27%), and
engineering sciences (630, 48.5%).

The data were processed using the Statistica 12.0
software package for Windows (StatSoft). The data
were presented as the median and the interquartile
range Me [Q,; Q,] as well as in absolute and relative
units (%). Normality of data distribution was verified
using the Shapiro—Wilk test. The dataobtained did not
fit the normal distribution. The Pearson’s test (2 test)
and the Mann — Whitney U test were used to identify
the significance of the differences in parameters
between the groups. Correlations between the studied
parameters were assessed using the Spearman’s rank
correlation coefficient (r). The differences were
considered statistically significant at p < 0.05.

RESULTS

To investigate the prevalence and severity of
anxiety and GAD symptoms in the young people,
we analyzed data from the GAD-7 questionnaire of
1,300 participants. Based on the results, we divided
al the respondents into two groups in accordance
with the existing guidelines: group 1 with a minimal
(04 points) or moderate (5-9 points) level of anxiety
symptoms, n = 969 (74.5%), and group 2 with a
medium (10-14 points) or high (15-21 points) level
of anxiety symptoms, n = 331 (25.5%), which was
considered as the risk of generalized anxiety disorder
(Fig. 1). The resulting groups were comparable in
terms of gender (p = 0.116) and age (p = 0.418).

B Minimal or moderate level of anxiety
M Risk of generalized anxiety disorder

Fig. 1. Results of the assessment of generalized anxiety
disorder symptoms (GAD-7) in Russian youth
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Next, we analyzed the respondents’ answers to
questions clarifying the perception of Russia' s future
and migration behavior, particularly the motive and
readiness to emigrate, taking into account the severity
of reported anxiety symptoms. Wefound that the share
of the respondents with a negative perception of the
country’s future was relatively low and ranged from
6.1 to 10.6% in groups of respondents with different
levels of anxiety symptoms. However, the Pearson’s
test revealed significant differences in perception of
the future between the groups (p = 0.002). Moreover,
negative perception of the future showed a significant
positive correlation with the severity of reported
anxiety symptoms (r, = 0.372; p < 0.001). Thus,
young people who were at risk of generalized anxiety
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disorder based on the results of the GAD-7 assessment
were significantly more likely to perceive the image of
the country’s future negatively (Fig. 2).

A similar analysis was carried out with respect to
dataontheintention of young peopleto emigrateif there
issuch an opportunity. Thelargest share of respondents
who reported a motive to leave the country (38.6%)
was among young people with medium to high level
of anxiety symptoms who comprise the group at risk of
generalized anxiety disorder (Fig. 3). Young people at
risk of generalized anxiety disorder were significantly
more likely to report amotive to leave the country (p <
0.001). The motive to emigrate also showed a positive
correlation with the severity of anxiety symptoms in
the surveyed sample (r, = 0.418; p < 0.001).

It will get alittle better

It will get alot better

It will get alittle worse

B
B Nothing will change
a

It will get alot worse

:

Minimal or moderate level of anxiety

Risk of generalized anxiety disorder

Fig. 2. Generalized anxiety disorder symptoms and perceived future of the country among Russian youth

If you had an opportunity to leave Russia, would you do it?

Minimal or moderate level of anxiety

Not sure

No

Yes

Risk of generalized anxiety disorder

Fig. 3. Generalized anxiety disorder symptoms and migration intentions among Russian youth
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DISCUSSION

The study results showed that a quarter (25.5%)
of the surveyed young people had a high risk of
generalized anxiety disorder. This parameter exceeds
the average statistical data [6, 18, 19], which indicates
the influence of current media and socio-political
environment on the psychologica well-being of
young people. At the same time, the presence of
generalized anxiety disorder symptoms among a
relatively large number of young people requires
attention from the psychological services of higher
education institutions and vocational training colleges
and psychological support services for the genera
population, since the identified anxiety parameters
indicate vulnerability of this share of young people
and a high risk of psychological distress, reduced
level of social adaptation, and other mental health
disorders. It isworth mentioning that, according to the
majority of clinicians, unaddressed anxiety disorder
in adolescents and young adults often progressed into
depression in the future [18, 19].

We also found that in some young people the risk
of generalized anxiety disorder was associated with
a trend to perceive the future negatively. The data
obtained were consistent with the results of previous
studies [20, 21]. For example, in their study, LA.
Ralnikova [20] found that the level of anxiety affects
perceived structure of the future: the more severe the
level of anxiety, the lower the indicators of the future
structure and the higher its uncertainty. Moreover,
comparing our results with previous data obtained
by the Levada Center in 2018 [22], 2019 [23], and
2020 [24], we observe a slight decrease in the positive
expectations in youth and an increase in the share of
those who reported a motive to emigrate. However,
we emphasize that our results should be interpreted
with reference to the time period of data collection.

Generaly, anxiety symptoms including great
severity associated with therisk of generalized anxiety
disorder in youth are a significant socioeconomic and
medical problem. Generalized anxiety disorder often
leadsto adisruptionin social and professional activity
and does not allow to maintain a fully-fledged lifestyle,
which is especially important for working-age young
people. Nevertheless, despite the importance of this
disorder for public health, the vast majority of anxiety
disorders remain undiagnosed, even in economically
developed countries [25]. The prevention of anxiety
disorders by other psychological tools obtained with
the help of a psychologist and a psychotherapist is

of particular importance. Taking into consideration
the age group in which anxiety symptoms prevail,
we should mention the work of an educational
psychologist, which consists in creating a favorable
psychological climate, supporting students personal
and professional growth, ensuring psychological
security in students, teachers and employees, and
supporting and strengthening their mental health and
well-being.

CONCLUSION

The study showed that severity of anxiety
symptoms associated with the risk of generalized
anxiety disorder affects the subjective perception
of the future in Russian youth. The obtained results
can be used to provide psychological counseling to
young people who are prone to experiencing anxiety
in constructing a holistic view of the future, designing
life prospects during crisis, as well as assistance in
experiencing crisis periods.
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The level of metabolic hormones in young people with arterial
hypertension against the background of abdominal obesity

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

Research Institute of Internal and Preventive Medicine — Branch of the Institute of Cytology and Genetics, Siberian
Branch of the Russian Academy of Sciences (IIPM — Branch of IC&G SB RAS)
175/1, B. Bogatkova Str., Novosibirsk, 630089, Russian Federation

ABSTRACT

Aim. To study the level of metabolic hormones in young people with arterial hypertension (AH) against the
background of abdominal obesity (AO).

Materials and methods. The study included 498 people who were divided into two groups. The experimental
group encompassed 250 people with AH, of which — 159 people had AO, the average systolic pressure — 141.9
+ 13.9 mm Hg, diastolic pressure — 95.6 + 7.5 mm Hg. The control group included 248 people comparable to
the experimental group by gender and age, of whom 104 people had AO, the average systolic pressure — 118.5 +
9.8 mm Hg, diastolic pressure — 77.8 + 7.4 mm Hg. The levels of amylin, C-peptide, ghrelin, glucose-dependent
insulinotropic polypeptide (GIP), glucagon-like peptide-1 (GLP-1), glucagon, insulin, pancreatic polypeptide (PP),
and peptide YY (PYY) were determined by the multiplex analysis. The level of glucose was determined by the
enzymatic method. Statistical processing of the results was carried out using the SPSS 13.0 software.

Results. Patients with AH had higher levels of amylin, C-peptide, and glucose and lower levels of PYY. There
was no significant difference between the experimental group and the control group for the rest of the studied
parameters. In the experimenta group, the C-peptide, GLP-1, glucagon, and insulin levels were associated with
AO. In the control group, the association of AO with the levels of C-peptide, insulin, and glucose was shown. The
odds of AH in people under the age of 45 years were associated with a decrease in the level of PYY, arisein the
amylin levels, and an increase in waist circumference.

Conclusion. Of the studied metabolic hormones, an increased level of amylin and reduced PYY can serve as
potential biomarkers indicating high odds of developing AH in people under 45 years of age. AO is a factor that
contributes to the development of AH at ayoung age.

Keywords: abdominal obesity, metabolic markers, arterial hypertension
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ypOBEHb meTabonnuecknx rOpMoOHOB Yy MOonoAabiX ﬂlOAGI?I

C apTepmaanoﬁl rvmepTeH3|ne|7| Ha ¢0|-|e aGAOMIIIHaHbHOrO oXunpeHunAa

MonoHckan A.B., KawurtaHoBa E.B., CraxHéBa E.M., LLipamko B.C., CagoBckun E.B.,
Neposckux C.P,, LLlep6akosa J1.B., Tap6y3oBa E.B., Xyaakosa A.[l., Paruxo 0.U.

Hayuno-uccreoosamenvckuii uHcmumym mepanuu u npoQuaAaKmuiecko meouyunsl — guauan PedepaibHozo
20CY0apcmeeHH020 DI0IHCEMHO20 HaYUH020 yupecoenus: « Dedepanvhulil uccredogamenvckuil yenmp Hnemumym
yumonozuu u cenemuxu Cubupckozo omoenenus Poccuitickoti akademuu nayxy (HUUTIIM — ¢punuan UL ul’

CO PAH)

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

PE3IOME

Iesb: uccienoBaTh ypoBeHb FTOPMOHOB METa00JIM3Ma Y MOJIOZBIX JIFOJCH ¢ apTepransHoi runeprensueii (Al) Ha
(dhone abpomuHaBEHOTO OXKkUpeHHs (AO).

Marepuajbl 4 MeToAbl. B nccnenoBannu npuHsiy yyactue 498 yenoBek, KOTOpbIe BOILIM B ABe Tpymmbl. Oc-
HoBHas rpymmna — 250 yenosek ¢ Al', u3 Hux 159 ¢ AO, cpennee cucronnyeckoe aasnenue (CL) — 141,9 + 13,9 mm
pT. cT., nuactonuueckoe aasienue (1) — 95,6 + 7,5 mm pt. cT. [pynmna koHTposs — 248 4eT0BeK, COMOCTAaBUMBIX
C OCHOBHOI1 IpyImnoi 1mo noxiy u Bospacty, ¢ AO — 104 yenoseka, cpexanuii yposens CJl u JJJ1 —118,5+9,8 u 77,8
+ 7,4 MM PT. CT. COOTBETCTBEHHO. MeTO0M MyJIbTHILICKCHOTO aHAJIM3a ONPeeIIsIn YPOBEHb aMuiInHa, C-nenTu-
Jla, TpeNrHa, TII0K030-3aBUCUMOT0 HHCYIMHOTponHoro nonunentuaa (I'NIT), rmrokarononogo6Horo nentuaa-1
(I'TII-1), rmrokaroHa, WHCyNWHA, maHkpeatndeckoro nosiumentuaa (IIIIIT), mentuma YY. YpoBeHB ITIFOKO3BI
OIIPENEISUIN SH3UMaTHYeCKUM MeTonoM. CrathcTuyeckas oOpaboTKa pe3yJabTaToB IPOBOIMIACH B MPOrpaMMe
SPSS 13.0.

Pe3yabTathl. Y mamueHToB ¢ Al oTMeueHbI Oosiee BHICOKHIT ypOBeHb amiinHa, C-enTuaa, rII0K03bl 1 Ooiee
Hu3Kkuil ypoBeHb nentuzaa YY. JlocTOBEpHOH pa3HHIBI MEXIY OCHOBHOW M KOHTPOJBHOH IpynImoi mo ocraib-
HBIM M3y4YaeMbIM ITOKa3aTelsIM He BhIIBIEHO. B ocHoBHOH rpynmne ¢ AO ObuM cBsi3aHbl Mokasarenu C-nenTtuna,
I'TIII-1, rrokaroHa, nHCyauHA. B KOHTpOnBHOI rpynne Obuta mokaszaHa cBsizb AO ¢ ypoBHeM C-mentusa, MHCY-
JIMHA U TMoKo3bl. OTHOCHTENBHBII IaHe Haanuus Al y mozeit B Bo3pacTe 10 45 net ObUT CBsI3aH CO CHIKEHHEM
ypoBHA nentuaa YY, ¢ TIOBBIIIEHHEM YPOBHS aMIINHA U YBEIUYEHUEM OKPYKHOCTH TaJIUU.

3aka04yenne. 113 n3y4eHHBIX HAMH TOPMOHOB METa0O0JIM3Ma ITOBEIIIEHHBIH YPOBEHb aMHJINHA ¥ CHIDKEHHBIH 110-
Kazarenb rentuga YY MOTYT CIIy>KHTh B KaUueCTBE MOTEHIMAIBHBIX OMOMapKepoB, yKa3hIBAIOIIUX Ha BBICOKYIO
BEPOSATHOCTH pa3BuTHi Al y mozeit 1o 45 ner. AGIOMHUHAIBHOE OXKHpPEHHE SBISIETCS (PAaKTOPOM, KOTOPBIH CII0-
cobctByert passutHio Al B MolomoM Bo3pacre.

KiroueBble ci1oBa: abIOMHHAIBHOE OXKUPEHKE, MapKepbl MeTaboIn3Ma, apTepraibHast THIIePTeH3Us

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIMAIBHBIX KOH()INKTOB HUHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HACTOSIICH CTaThH.

Hcrounnk puHaHcupoBaHuu. PaboTa BBINOIHEHA B PAMKaX roCyIapCTBEHHOTO 3a/1aHus « OMUAEMHOIOTHYECKHIA
MOHHUTOPHHT COCTOSIHUS 3710POBbSl HACEICHUS M U3y4EHHE MOJIEKYJIIPHO-TEHETHUECKUX 1 MOJIEKYIJIIPHO-OUOJIOTH-
YeCKHX MEXaHU3MOB PAa3BUTHS PACIIPOCTPAHEHHBIX TEPANEeBTHYECKHUX 3a001eBanui B CHOMPH U1 COBEPIICHCTBO-
BAaHU TOJXOJI0B K MX AMArHOCTHKe, mpodunaktuke U nedeHnio» (per. Ne 122031700094-5) u B pamkax rpaHra
PH® Ne 21-15-00022, B pabote ucrnonb3oBanbl Matepuaisl onokostekunn HUUTIIM — ¢punman ULul" CO PAH.

CooTBeTcTBHE NMPUHIOMNAM THKH. Bce y4acTHUKM HCCIeOBaHUS IIOJIIHCATH MHGOPMHUPOBAHHOE COTJIACHE.
HccnenoBanue onobpeno stumdeckum komuretom HUMUTIIM — ¢umman UIulT CO PAH (mporokon Ne 167 ot
26.11.2019).

[ nuruposanms: [lononckas 51.B., Kamranosa E.B., Craxuésa E.M., llIpamko B.C., Canosckuii E.B., Jlenos-
ckux C.P., Illepbakosa JI.B., 'apOy3oBa E.B., Xynsakosa A.Jl., Paruno FO.11. YpoBeHs MeTab0IM4eCKUX TOPMOHOB
Yy MOJIOZIBIX JIFO/IEH ¢ apTepuaibHOl runepTreHsuei Ha poHe abJJOMHUHANBHOTO OXKHUPEeHUs. broiemens cubupckoil
meduyunsl. 2023;22(3):74-79. https://doi.org/10.20538/1682-0363-2023-3-74-79.
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INTRODUCTION

The prevalence of arterial hypertension (AH),
which is the leading risk factor for cardiovascular

disecases (CVDs),

among the adult population

reaches 45% [1, 2]. Obesity (primarily abdominal
obesity (AQ)) as a factor that causes an increase in
AH is registered in the population, including young
people, with increasing frequency [3, 4]. Both AO
and AH contribute to CVDs, and their combination
is associated with an even higher risk and a heavier
course of AH. Some of the main causes of AH in
obesity include hyperinsulinemia, insulin resistance,
an imbalance of gastrointestinal hormones, such as
ghrelin, amylin, YY peptide, glucagon-like peptide-1,
and others, but the pathogenesis of AH in obese and
non-obese people may differ. Despite improvements
in the understanding of the pathogenetic mechanisms
of AH and obesity, not all processes that underlie the
comorbidity of obesity and AH have been studied,
especially at a young age. Therefore, the aim of our
research was to investigate the level of metabolic
hormones in young people with AH and AQ.

MATERIALS AND METHODS

The study was carried out on the basis of a sample
from the population screening of young residents (aged
2544 years) of Novosibirsk, which was conducted
at the Research Ingtitute of Internal and Preventive
Medicine — Branch of the Ingtitute of Cytology and
Genetics, Siberian Branch of the Russian Academy of
Sciences from 2013 to 2016. We selected 3,000 men
and women aged 2544 years from the database of the
Territorial Compulsory Health Insurance Fund using

n =498 — 337 male; 161 femae

/

n =250

Group with AH

N\

a random number generator; 1,512 people responded
to the invitation and took part in the screening. They
filled out questionnaires, gave an informed consent to
participatein the study, underwent anthropometric and
instrumental examinations, and biologica material
was obtained from them.

The experimental group included all persons with
newly diagnosed AH with systolic pressuregreater than
140 mm Hg and / or diastolic pressure greater than 90
mm Hg, according to the clinical guidelines “Arterial
hypertension in adults’ approved by the Ministry of
Health of Russia in 2020 [5]. The exclusion criterion
was diabetes mellitusindicated in the questionnaire or
fasting plasma glucose level greater than 7 mmol / |
[6]. AO was recorded with a waist circumference of
more than 80 cm in women and more than 94 cm in
men [7]. Patients without AH, comparable in gender
and age, were randomly recruited in the control group.
The characteristics of the studied groups are shown in
Figure.

In al patients, blood for the biochemistry test was
taken in the morning on an empty stomach from the
ulnar vein no earlier than 12 hours after the last meal.
The levels of amylin, C-peptide, ghrelin, glucose-
dependent insulinotropic polypeptide (GIP), glucagon—
like peptide-1 (GLP-1), glucagon, insulin, pancreatic
polypeptide (PP), and YY were determined by the
multiplex analysisusing theHuman MetabolicHormone
V3 kit (EMD Millipore Corporation, Germany) on the
Luminex 20 MAGPIX flow cytometer. Glucose was
determined by the enzymatic method using the Thermo
Fisher reagent kit (Finland) on the KONELAB Prime
301 biochemical analyzer (Finland).

n =248

Control group

Age: 38.7 = 5.5 years
SBP 141.9 + 13.9 mm Hg

Age: 38.4 + 5.5 years
SBP118.5 + 9.8 mm Hg
DBP77.8+7.4mmHg
170 males

167 maes
83 femaes

/

DBP95.6 + 7.5 mm Hg

78 females

/

N

With AO: n =159
Mae-97
Female — 62

Without AO: n =91
Male-70
Female — 21

With AO: n =104
Male—69
Female — 35

Without AO: n =144
Mae-101
Female — 43

76
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Statistical processing of the results was carried
out in the SPSS 13.0 software. The normality of
data distribution was checked by the Kolmogorov —
Smirnov test. Anamnestic data were presented as
the mean and the standard deviation M + SD. Non-
normally distributed quantitative variables were
presented as the median and the interquartile range
Me [Q25%; Q75%]. Normal distribution was seen
only in two of the biochemical parameters studied by
us; they were also presented as the median and the
interquartile range Me [Q25%; Q75%)]. The groups
were compared using the nonparametric Mann —

Whitney test. The correlation analysis was carried
out using the Spearman’s rank correlation coefficient.
To identify the associations of the presence / absence
of AH with the studied parameters, the multivariate
logistic regression analysis was performed. The
differences were statistically significant at p < 0.05.

RESULTS AND DISCUSSION

In young patientswith AH, we found an imbalance
of metabolic markers compared to healthy controls.
Against the background of AO, these shifts are most
pronounced (Table).

Table

The level of metabolic markers in young people with and without arterial hypertension, depending on the presence or absence of
abdominal obesity

Control group Study group
Parameter
Me [Qu; Q] p* Me [Qu5 Q] p* b

) without AO 4477 [39.4; 43 8] 719 [204; 73 2] 0.0001
Amylin, pg/ml WithAO 447 [38.5; 55.7] 0.551 72.2[26.5; 75.8] 0.16 0.0001
: without AO 0.86 [0.55; 1.95] 0.86 [0.54; 2.01] 0.903
C-Peptide, ng/ ml WithAO 1.48[0.70; 2.78] 0.003 1.99 [0.89; 3.58] 0.0001 0.036
. without AO 156.3 [94.5; 256.2] 156.1[107.8; 209.4] 0.707
Ghrelin, pg / ml WithAO 156.6 [91.9; 302.7] 0.808 170.7 [116.3; 297.1] 0.124 0.422
without AO 77.0 [43.5; 121.1] 78.6 [43.3; 117.9] 0.931

GIF pg/mi WithAO 83.9 [40.8; 124.7] 0.456 83.1[44.0; 133.0] 0.573 0.96
] without AO 583.6 [330.5; 788.7] 644.6 [299.1; 815 3] 0.081
GLP-1, pg/ ml WithAO 643.7 [381.2; 940.1] 0.054 7203 [374.9; 935.7] 0.017 0571
without AO 43.6 [28.1; 58.7] 452[27.9; 57.9] 0.041

Glucagon, pg / ml withAO 43.3[28.9; 72.4] 0.695 48.8[36.1; 67.5] 0.043 0.196
) WIthoutAO | 1,934.6[ 406.9; 2,889.7] 2,072.9[1,256.4; 2,776 3] 0.366
Insulin, pg / ml WithAO 23433 [931.0;3,262.1] 0.028 2.365.1 [1,256.4; 3,082 3] 0.048 0512
oo o/ i Without AO 125.9 [59.9; 1853] 0.468 90.0 [47.4; 185.1] 0.23 0.343
 pg WithAO 135.4 [59.4, 201.7] 122.9 [62.0; 1983] 0.743
Without AO 3104 [79.5; 372.5] 208.5 [69.3; 303.4] 0.011

YY, pg/ml withAO 310.4 [48.2; 420.6] 0.936 208.5 [82.6; 303.4] 0.636 0.273
lucose ol /] |_Without AC 5.6 [5.2;5.9] 0.002 59[5.6;6.1] 0.505 0.0001
’ withAO 5.8 [54;62] 5.91[5.5; 6.4] 0.116

The level of amylin, a multifunctional peptide
hormone, that is produced by the pancreas along with
insulin and participatesin carbohydrate metabolism, in
our study was 1.6 times higher (p = 0.0001) in patients
with AH compared to the control group. The effect
of AO on the level of amylin was not revealed. M.T.
Kailasam et al. [8] also found an increase in plasma
amylinin AH, but, unlike our results, body massindex
in their study was a strong predictor of an increase in
circulating amylin.

Patients with AH aso had higher levels of
C-peptide, which is a fragment of endogenously
produced proinsulin, and glucose (by 1.5 (» = 0.003)
and 1.1 (p = 0.0001) times, respectively). In the study
by S.I. Safronova et al. [9], the level of C-peptide

was also higher in hypertensive patients compared to
normotonic ones.

The level of the YY peptide in AH patients was
1.6 times lower (p = 0.006) compared to the control
group, which is not consistent with the data obtained
by E. Haj-Yehia et al. [10], where AH was more
common in patients with high YY levels due to the
direct vasoconstrictive effect of the peptide (in the
authors’ view). The difference can be explained by the
fact that E. Haj-Y ehiaet al. studied patients with acute
myocardial infarction.

There was no significant difference between the
experimental and control groups in the rest of the
studied parameters. Since the groups differed in
waist circumference (p = 0.0001), further, in order to
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consider the influence of AO, we analyzed the studied
parameters depending on the presence / absence
of AO. The results obtained in the study of serum
metabolic markers are presented in Table.

In the control group, the level of dtatistical
significance of differences p < 0.05 for C-peptide,
insulin, and glucose was found between the subgroups
with and without AO. The level of C-peptide was
1.7 times higher, and the level of insulin was 1.3
times higher in the subgroup with AO. The glucose
concentration in this subgroup was 4% higher. Also, in
the control group, therewas atrend toward an increase
(p = 0.054) in GPP-1 in patients with AO.

For the AH group, the differences between the
subgroups were in the levels of C-peptide, insulin,
GLP-1, and glucagon. C-peptide was 2.3 times higher
in the subgroup with AO and AH, GLP-1 was 12%
higher in patients, glucagon was 8% higher, and
insulin was 15% higher compared to patients with AH
but without AO. The remaining parametersin the AH
group aso did not depend on the presence of AO. The
level of C-peptide was the highest in the subgroup
with AO and AH.

When conducting the correlation analysis to assess
the relationship of the studied biomarkers with the
parameters characterizing AH, a weak correlation of
systolic pressure parameters with amylin (» = 0.224;
p = 0.0001), C-peptide (» = 0.156; p = 0.001), and
glucose (r = 0.23; p = 0.0001) was revealed. Diastolic
pressurewas correl ated with the same parameters: with
amylin (» = 0.260; p = 0.0001), C-peptide (» = 0.175;
p=0.0001), and glucose (» = 0.224; p = 0.0001). There
was no correlation with age for the studied markers.

To assess the odds of AH a a young age,
the multivariate logistic regression anaysis was
performed, where the dichotomous parameter of
the presence / absence of early AH was taken as a
dependent variable, and the studied biomolecules
and waist circumference were taken as independent
variables. The relative chance of early AH was
associated with a decrease in the level of YY
(Exp(B) = 0.99; p = 0.0001; confidence interval (CI):
0.988-0.994), an increase in amylin levels (Exp(B) =
1.04; p = 0.0001; CI: 1.032-1.059), and an increase in
waist circumference (Exp(B) = 1.05; p = 0.0001; CI:
1.019-1.062). Thus, with adecreasein the concentration
of YY by 1 pg/ ml and an increase in amylin by 1 pg
/ ml, the odds of having AH at a young age increase
by 1 and 4%, respectively. With an increase in waist
circumference by one centimeter, the odds of having
AH in people under 45 years increase by 5%.

CONCLUSION

Of the studied metabolic markers, an increased
level of amylin and a reduced level of YY can serve
as potential biomarkers indicating high odds of AH in
people under 45 years, and AO is a modifiable factor that
contributes to the development of AH at a young age.
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ABSTRACT

The review summarizes and analyzes the results of domestic and major foreign studies of recent years concerning
the preval ence of metabolic syndrome components and the explanation of their rolein the mechanismsof sarcoidosis
development. A deep understanding of the pathogenesis of metabolic syndrome (MS) in terms of the rolein it of
risk factors for a severe course and complications of most socially sensitive noncommunicable diseases clustered
within MS can underly the development of effective pathogen-specific approaches to MS treatment.
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U OOBSCHEHHUs UX POJNHM B MEXaHU3MaxX Pa3BUTHUS capkouno3a. I'yGokoe MOHMMaHUE AaTOreHe3a JaHHOro 3a60-
JICBaHUS C NO3MLMH Y4acTHsi B HEM KiiacTepa (akTOpOB PHCKA TSHKEIOTrO TCYCHUS M OCIIOKHEHHUN OOJBIIMHCTBA
COIMATIbHO 3HAYUMBIX HEMH(EKIIMOHHBIX 3a00eBaHuil, 00beIMHCHHBIX pamkaMu MC, MOXET Jiedb B OCHOBY pa3-
paboTKH 3)(PEKTUBHBIX TATOMCHETHYECKUX MOAXO0/I0B K JICYCHHUIO.

KiioueBble ¢JI0BA: CApKOU/103, META0OINYECKUI CUHAPOM, OKUPEHUE, ATEPOCKIIEPO3, CaXapHbIA 11a0eT, AUCIIH-
MUJIEMUS

KonpaukTt uaTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOIMKanuel HaCTOSMIEH CTaThH.

Hcrounuk ¢puHAHCHPOBAaHUA. ABTOPBI 3asBIAI0T 00 OTCYTCTBMM (UHAHCHPOBAHMUS IPU IPOBEACHUH HCCIIEIO-
BaHUAL.

Jns nuruposanms: becnanosa 1./1., Pomanos /1.C., Jleancosa O.A., bparuna E.1O., Komasuesa F0.1., Mutpu-
yeHko Y.M., TereneBa A.B., Kanroxxuna E.B., [Toposckuii S1.B., bykpeesa E.b. Capkonmo3 kak acconuupoBaHHOE
¢ MeTabOoJIMIECKUM CHHAPOMOM 3aboneBanue. Biowiemens cubupckoti meouyunsl. 2023;22(3):80-87. https://doi.

0rg/10.20538/1682-0363-2023-3-80-87.

INTRODUCTION

The growth of interest of fundamental and applied
sciences in the problem of metabolic syndrome
(MS) is explained both by the drastically growing
prevalence of its components (visceral obesity,
hyperglycemia, dyslipidemia, arterial hypertension,
hyperuricemia, etc.) and by their proven involvement
in the pathogenesis of adverse outcomes in a range
of noncommunicable diseases, determining high
level of morbidity, disability, and mortality and
a significant decrease in the quality of life of the
population at the present time [1-3]. Currently, the
list of diseases clustered within MS is not limited to
coronary heart disease and type 2 diabetes mellitus.
This group of pathologies includes all diseases
caused by atherosclerosis, cancers of different
localization, metabolic diseases (gout, urolithiasis
and cholédlithiasis, fatty liver disease), and connective
tissue diseases, etc. [4—11]. In this regard, the need to
consider sarcoidosis as a disease associated with MS
seems to be quite reasonable.

Timely diagnosis and effective treatment of
sarcoidosis continue to be among the most relevant
issues for the medical community. The attention of
clinicians and researchers to this pathology is due to
a number of reasons. Sarcoidosis is a multisystem
inflammatory  disease of unknown etiology,
manifested by the formation of specific granulomas in
the affected tissues. The socio-medical significance of
this pathology is explained both by a recent increase
in its incidence, a trend toward a progressive course,
high level of disability in the able-bodied population
and by complicated diagnosis and monitoring of the

disease course due to variability of its manifestations
and the lack of etiotropic therapy. The variety of
clinical manifestations of sarcoidosis is determined
not only by the target organ affected by granulomas,
but also by the influence of comorbid pathology,
which also complicates the diagnosis of the disease
and the strategy of managing patients [12—14].

The epidemiology of sarcoidosis is characterized
by an increase in the incidence and disability of the
population in different countries, including Russia
and the CIS countries [15]. The prevalence, incidence
rate, and clinical characteristics of sarcoidosis are
determined by geographic, ethnic, social, and even
professional affiliation, as well as by gender, age,
and premorbid history [16, 17]. The most reasonable
explanation for the recent increase in the incidence of
sarcoidosis may be the widespread epidemic level of
the prevalence of MS components [15, 18-20]. At the
sametime, it isimportant to take into account that MS
and itsindividual components can be considered both
as risk factors for the development of sarcoidosis and
as aconseguence of corticosteroid therapy, which also
characterizes the relevance of research in this area.

A number of scientific articles provide data on
the influence of MS components on the prevalence
of sarcoidosis and vice versa. Thus, South Korean
researchers conducted an epidemiological study that
showed that in patients with metabolic disorders,
the incidence of sarcoidosis, calculated per 100,000
population, was significantly higher than in patients
without metabolic disorders: in patients with diabetes
mellitus (DM) — 2.40 versus 0 .76, in patients with
arterial hypertension — 1.81 versus 0.74, in patients
with dydipidemia — 2.60 versus 0.74. It was also
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shown that these categories of patients not only have
a higher risk of developing sarcoidosis but aso a
significantly higher risk of death [21].

Colleaguesfrom thelstanbul University of Medical
Sciences conducted a study of 47 patients with
sarcoidosis and 45 apparently healthy individuals.
MS was diagnosed according to the NCEP-ATP
[l criteria; the level of insulin resistance was also
assessed by calculating the HOMA-IR index. The
groups did not differ significantly in gender and age.
The comparative analysis of body mass index (BMI),
waist circumference (WC), triglycerides, and blood
glucose levels showed significantly higher values of
these parameters in patients with sarcoidosis than in
the control group. 80% were diagnosed with stage
2 sarcoidosis, and almost half of the patients in the
main group received steroids. The relative risk of
developing MSin patients with sarcoidosis was 7.66,
while the relative risk of developing insulin resistance
was 5.48 [22].

Another group of Turkish scientists conducted a
study that included 133 patients with newly diagnosed
sarcoidosis, 133 age- and sex-matched controls, and
51 patients with rheumatoid arthritis (RA); all patients
were investigated before receiving pathogen-specific
therapy. A comparative analysis of the frequency
of occurrence of MS and its individual components
was carried out in accordance with the NCEP-ATP
III criteria. It was found that MS was significantly
more common in the sarcoidosis group than in the
control group. These results were comparable with the
data in the group of patients with RA. An important
conclusion of this study, as the authors emphasize,
is the evidence that MS components are associated
with sarcoidosis and can be regarded as risk factors
for its development, independent of the effects of
corticosteroid therapy [23].

Sarcoidosis is a multisystem disease that is
characterized by lesions of not only respiratory
organs but other body systems. Extrapulmonary
manifestations of sarcoidosis include damage to the
eyes, nervous system, heart, kidneys, etc., which can
aggravate the prognosis [24].

Some studies have shown an association between
the course of sarcoidosis and a number of MS
associated diseases. In particular, amutual aggravating
effect of sarcoidosis and coronary heart disease has
been established. In the presence of postinfarction
cardiosclerosis and circulatory failure, a decrease
in forced vital capacity (FVC) was explained by a
decrease in myocardial contractility due to systolic

and diastolic dysfunction of the left ventricle. At
the same time, a decrease in functional parameters
coincided with the timing of cardiac disease [20]. In
this regard, it is difficult to differentiate the presence
of cardiac sarcoidosis in patients, which aso reduces
left ventricular contractility and ultimately affects
a decrease in the function of the respiratory system
[25]. Clinically, symptoms of a heart disease are
observed in only 5% of sarcoidosis cases, but in a
series of autopsies, it was found that 27% of patients
with sarcoidosis had granulomatous infiltration in the
heart [26, 27].

Currently, thereisno evidence that severe coronary
artery stenosis is characteristic of sarcoidosis, but
angina-like complaints have been described [28].
At the same time, sarcoidosis, like atherosclerosis,
has a chronic inflammatory nature, which underlies
microvascular damage and endothelial dysfunction
and determines a high cardiovascular risk in patients
of this category [29, 30]. Therefore, damage to the
cardiovascular system in sarcoidosis can be caused
not only by damage to the heart muscle by a specific
process, but also by comorbid pathology [31]. In this
regard, research can be aimed at establishing common
links in the pathogenesis, namely, determining the
role of MS components.

Thus, Russian scientists of the Moscow City
Scientific and Practical Center for Combating
Tuberculosis determined the association of
dyslipidemia with the activity of the inflammatory
process and insufficient antioxidant defense in
sarcoidosis, which increases the cardiovascular risk
in patients of this category [32]. These results are
consistent with the data presented in a review by
Italian authors, who confirmed that the pathogenesis
of sarcoidosis is associated with increased oxidative
stress (protein carbonylation and lipid peroxidation)
and changes in the lipid profile of the circulating
blood. Lipid metabolism disorders, including a
decrease in high-density lipoprotein cholesterol
levels and apolipoprotein A-l concentrations, cause
damage to the plasma membrane and bronchia and
capillary endothelial cellsin patients with sarcoidosis.
Foreign researchers also confirm that dyslipidemia is
associated with oxidative stress, a decrease in overall
antioxidant defense, and, consequently, an increased
risk of atherosclerosis [33, 34].

To assess the prevalence of DM in patients with
sarcoidosis and to establish the relationship between
these diseases, Egyptian researchers conducted ameta-
analysisthat included 19 studies (» = 18,686,162). The
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mean prevalence of DM in patients with sarcoidosis
was 12.7% (95% confidence interval (CI) 10-16.1):
the highest prevalence was in North America with
21.3% (13.5-31.8); in Europe, it was 10.4% (7.9-
13.7), and in Asia, it was 10% (1.8-39.7). Patients
with sarcoidosis had higher rates of DM compared to
the control group in all areas (odds ratio (OR) 1.75;
95% CI 1.49-2.05) [35].

This meta-analysis did not look for reasons for
high prevalence of DM in patients with sarcoidosis,
and the possible impact of corticosteroid therapy
was not taken into account. A team of authors from
Thailand and Sweden believe that high prevalence
of DM in patients with sarcoidosis in North America
can be explained both by higher prevalence of obesity
in this continent and by the use of higher doses of
corticosteroids in the treatment of sarcoidosis, which
may potentiate the development of type 2 DM [36].
This statement is supported by a large population-
based Swedish cohort study in which patients with
sarcoidosis treated with corticosteroids demonstrated
a high risk of developing type 2 DM within 2 years
after the diagnosis of sarcoidosis compared to patients
with untreated sarcoidosis [37].

According to most experts, the main component
of MSis abdominal obesity due to the proven role of
metabolically and endocrine active viscera adipose
tissue in the development of associated pathologies
[38,39]. Obesity exacerbates symptoms of sarcoidosis,
and corticosteroid therapy increases BMI. Prospective
epidemiological studies conducted to investigate
the role of obesity as a potential risk factor for the
development of sarcoidosis are worth noting. Three
studiesin the United States and one study in Denmark
demonstrated a higher risk of developing sarcoidosis
among obese patients compared to non-obese patients,
risk estimates ranged from 1.42 (95% CI 1.07-1.89)
to 3.59 (95% CI 2.31-5.57) [40]. A health study of
59,000 African American women [41] found that
obesity (BMI > 30 kg / m?) at baseline was associated
with a 40% increase in the prevalence of sarcoidosis.
Given obesity at the age of eighteen and a subsequent
increase in body weight by 30 kg or more, an increase
in the incidence of sarcoidosis was noted.

In a prospective health study of 116,430 American
women who had been followed up for 14 years,
270 patients developed sarcoidosis, and obesity was
associated with a 70% increased risk of developing
sarcoidosis [42]. A population study in Olmsted
County, Minnesota (USA) [43], which included
345 patients with sarcoidosis and the same number

of apparently healthy controls, found a positive
correlation between BMI and the risk of developing
sarcoidosis. The odds ratio for developing sarcoidosis
in people with obesity compared to those with a
normal or low BMI was 2.54 (95% CI 1.58-4.06).

Understanding the mechanism of the mutual effect
of obesity and sarcoidosis is extremely important in
terms of substantiating new areas of prevention and
treatment, since excess body weight can be not only
a modifiable risk factor for this pathology, but also
aggravate its course. Russian researchers indicated
obesity as one of the most informative criteria
for predicting the recurrent course of respiratory
sarcoidosis [44], and BMI was identified as a risk
factor for the development of extra-thoracic forms of
sarcoidosis [19]. In order to understand the mechanism
of the mutual influence of obesity and sarcoidosis,
it should be taken into account that obesity, even in
the absence of respiratory diseases, can affect many
physiological respiratory factors, including static and
dynamic spirogram parameters, as well as bronchial
hyperreactivity, mechanical function of the upper
respiratory tract, neuromuscular strength, and gas
exchange [45].

It is also known that the average respiratory
rate in patients with obesity is 30-50% higher than
in individuals with normal body weight [46, 47].
Dyspnea on exertion associated with overweight
underlies the decline in physical functioning in
patients [48]. Indicators characterizing the severity
of obesity (WC, waist — hip ratio (WC / HR), and
subscapular skinfold thickness) have an inverse
correlation with tidal volume, which is explained by
the high position of the diaphragmatic dome [45, 49,
50]. The EPIC-Norfolk study of British patients of
both sexes found an inverse relationship between WC
/ HC and FEV: and FVC [51]. It is also known that
obesity is associated with such respiratory diseases
as chronic obstructive pulmonary disease (COPD),
bronchial asthma, pneumonia, and obstructive sleep
apnea (OSA) [52-54].

The impact of obesity on the development and
severity of OSA in patients with sarcoidosis has not
been fully studied. Two published studies in Turkey
reported that 66 and 52% of patients with sarcoidosis,
respectively, had OSA [55, 56]. An earlier study
using polysomnography showed that OSA was
observed only in patients with a BMI greater than 30
kg / m? [57]. The relationship between obesity and
sarcoidosis was assessed in terms of the impact of
high BMI on symptoms of fatigue, dyspnea, health
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status, and spirometry in 184 Serbian patients with
sarcoidosis [58]. Compared to healthy controls of
the same age and gender, patients with sarcoidosis
were more likely to be overweight or obese, have a
lower baseline dyspnea index (BDI) and lower FEV:
values, more pronounced fatigue scores, and reported
worse well-being. When the authors examined the
independent and combined effects of sarcoidosis and
BMI, they found that sarcoidosis itself contributed
to aggravation of dyspnea and decreased subjective
health scores.

Obesity may be both a consequence of sarcoidosis
treatment and a risk factor for the disease, probably
due to the metabolic and proinflammatory state of
visceral adiposetissue. That iswhy abdominal obesity
is associated with a number of noncommunicable
diseasesin addition to type 2 DM and atherosclerosis:
with obstructive lung diseases (bronchial asthma,
COPD), connective tissue diseases (RA, psoriatic
arthritis, systemic lupus erythematosus), metabolic
diseases (urolithiasis and choldlithiasis, fatty liver
disease, gout), etc. [S9—63].

According to modern concepts, visceral adipose
tissue is classified as an organ of the endocrine and
immune systems, which is confirmed by characteristic
structural and functional changes. Fundamental
studies in recent years have shown that adipose tissue
in obesity is infiltrated with mononuclear leukocytes
[38, 64, 65] and characterized by a proinflammatory
and prooxidant state. This is confirmed by the
ability of adipocytes to produce not only adipokines,
but also proinflammatory cytokines and reactive
oxygen species [38, 39, 64—66]. Biologically active
substances synthesized by adipocytes in large
quantities have significant systemic effects. The
decisive role of chronic low-grade inflammation in the
mechanisms of development of MS and its individual
components has been proven by a large number of
studies that show statistically significant relationships
between metabolic parameters (severity of obesity,
hyperglycemia, dyslipidemia, hyperuricemia, etc.) not
only with the level of acute-phase proteins in blood,
but also with the level of proinflammatory cytokines
(interleukin (IL)-1B, IL-6, IL-8, TNFa, INFy, etc.)
[38, 39, 64—66]. The proinflammatory background set
by MS cannot but affect the course of other diseases,
in the pathogenesis of which the inflammatory
process plays a leading role. In this regard, it can be
assumed that the mechanism of association between
sarcoidosis and M S is implemented through the same
proinflammatory factors.

CONCLUSION

Thus, the analysis of scientific publications
showed that sarcoidosis can be characterized as
an MS-associated disease. On the one hand, MS
components are modifiable risk factors for the
onset and severe course of sarcoidosis, and on the
other hand, they are the result of corticosteroid
therapy for this disease. A deep understanding of
the pathogenesis of the association between these
two pathological conditions can form the basis for
the prevention of severe sarcoidosis, its control, and
effective pathogenetically grounded approaches to
treatment.
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All you need to know about sarcopenia: a short guide for an internal
medicine physician in questions and answers

Bikbavova G.R., Livzan M.A., Tikhonravova D.V.

Omsk State Medical University
12, Lenina Str., 644099, Omsk, Russian Federation

ABSTRACT

Sarcopenia is associated with social, economic, and individual burdens, including loss of independence, poor
quality of life, and disability. In ashort period of time, ideas about sarcopeniatransformed from geriatric syndrome
todisease. Initially, sarcopeniawas considered in the context of gradual age-related deterioration in the functioning
of all physiological systems. Over the years, it became clear that it can develop a second time, as a consegquence of
various diseases and pathological conditions.

To date, there have been no generally accepted diagnostic criteria for sarcopenia. There are several tests and tools
available for screening sarcopenia, the choice of which depends on physical capabilities of the patient, capabilities
of the medical institution, and the purpose for which it is detected (research or clinica practice).

From the point of view of human health, sarcopenia increases the risk of falls and fractures; impairs the ability to
perform daily activities; is associated with the progression of mgjor diseases and cognitive impairments; leads to
movement disorders; contributes to a decrease in the quality of life, loss of independence or a need for long-term
care. The presence of sarcopeniaincreases both the risk of hospitalization and hospitalization costs.

The aim of the literature review is to provide an analysis of up-to-date information on the causes, pathogenesis,
screening, diagnosis, treatment, and conseguences of sarcopenia, myosteatosis, and sarcopenic obesity. The search
for literature containing information on relevant studies was conducted in PubMed and Google Scholar by the
following keywords: sarcopenia, dynapenia, myosteatosis, sarcopenic obesity, nutritional status, malnutrition.

Keywor ds: sarcopenia, dynapenia, sarcopenic obesity, malnutrition, myosteatosis
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Bce, 4TO HY>KHO 3HaTb O CAapKOMEeHWUN: KpaTKnin rma
ANA COBpeMeHHOro TeparnesTa B BONpocax n oTBeTax

buk6aBoBaT.P., Jluszan M.A., TuxoupasoBa [.B.

Omckuti eocyoapcmeennblil Meouyurckuu ynugepcumem (Oml'MY)

Poccus, 644099, 2. Omck, ya. Jlenuna, 12

PE3IOME

CapKOHeHHH CBsA3aHa C COLMaJIbHbIM, DKOHOMUYCCKUM U WHAUBUIYAJIbHBIM 6peMeHeM, BKJIFOYAOUUM [OTEPIO
HE3aBUCHUMOCTH, HU3KOC KAa4C€CTBO )KU3HHU U HHBAJIMAU3AaLHUIO. 3a KOpOTKI/Iﬁ MPOMENKYTOK BpEMEHU IPEACTABIICHUSA
0 CapKOII€CHUU HpeO6paBOBaHI/ICL C répuaTpruieCKoro CUHApomMa a0 3a0osieBanus. M3HayaibHO CapkoneHus pac-
cMarpuBajlaCb B KOHTEKCTE MOCTCIEHHOI'O BO3PACTHOIO YXYAUICHUSA pa60TBI BCEX (1)I/ISI/IOJ'IOFI/I‘{€CKI/IX CUCTEM.
C rogaMu CTaJIO IOHATHBIM, YTO OHA MOXET Pa3BUTLCSA BTOPUYHO, KaK CJICACTBUEC PA3JIMYHBIX 3a00JIeBaHU U
MaTOJIOTMYECKUX COCTOSIHHH.

Ha cerogusmmamnii neHn O6HIerI/IHSITI)IX JAUArHOCTUYCCKUX KPUTCPUEB CAPKOIICHUH HE CYHIECTBYCT. Z[OCTyHHO
HECKOJIBKO TECTOB U MHCTPYMEHTOB JId CKPUHHWHI'Aa CAPKOIICHUH, BI:IﬁOp KOTOPBIX 3aBUCUT OT (1)I/I3I/I‘{SCKI/IX BO3-
MOKHOCTEH nangueHTa, BO3MOXXHOCTH MEAUIIMHCKOT'O YUPEIKACHUA U LCIH, C KOTOpOfI MIPOBOJUTCA €€ BBISIBJICHUC
(Hay‘{HO-PICCHeI[OBaTeJIBCKaS{ pa60Ta WJIA TIpaKTUYECKast Z[eSITeIIBHOCTI)).

C TOYKH 3pEHUsS 30POBbS YETIOBEKA CApKOIICHUS YBEIMUMBACT PUCK MAaJEHUH U MEPETOMOB; YXyAIIaeT CIoco0-
HOCTb BBIMIOJIHSTH IOBCEAHEBHYIO JEATEIBHOCTD; CBSI3aHA C IIPOIPECCHPOBAHUEM OCHOBHBIX 3a00/I€BaHUN U KOT-
HUTHUBHBIMH HapyLUICHHSMH; IPUBOJUT K HAPYIMICHUSM OABIKHOCTH; CIIOCOOCTBYET CHIKEHHIO Ka4eCTBA KU3HH,
MOTepe HE3aBUCUMOCTH MIIH HEOOXOIUMOCTH B UTMTEIBHOM yXoze. Hamuune capkoneHnn yBeIUIUBaeT PHCK To-
CIHTATIM3AINI U CTOUMOCTB JICYECHUS BO BPEMsI TOCITHTATH3ALHH.

Llens 0030pa — MpeAcTaBUTh aHANIN3 aKTyaJlbHOW MH(GOPMALUH O NPHYMHAX, NATOreHe3e, CKPHHUHIE, AUAarHO-
CTHKE, JICYSHUHU U MOCJIEICTBUIX CapKOIECHNH, a TAK)KE€ MUOCTEATO3€ U CapKOIIEHUYECKOM OKMpeHUH. [lonck yu-
TepaTypbl, cojiepkaleil HHPOPMALUIO O COOTBETCTBYIOLIMX MCCIIEIOBAaHMAX, MPOBOIMICS B cuctemax PubMed
n Google Scholar mo TakuM KJIIOYEBBIM CIIOBaM, KaK CapKOIEHHMs, TUHAICHHS, MUOCTEAT03, CapKOIEHUYECKOe
O)KMPEHHE, HYTPUTUBHBIN CTATyC, MaJIbHY TPHIISL.

KaroueBble cjioBa: CapKOIICHUSA, AUHAIICHUS, CAPKOIICHNYECKOE O)KUPECHUE, MAJIBHYTPULIUA, MUOCTEATO3

KOHq).]Il/lKT HHTEPECOB. ABTOpLI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq)III/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’IPIKaIIPIeI71 HaCTOS{H.[eﬁ CTaTbHu.

Hcrounnk ¢puHaHCHPOBaHUS. ABTODHI 3asBIISIOT 00 OTCYTCTBUM (PUHAHCHPOBAHMS IPHU MPOBEICHUH HCCIIE0-
BaHMSI.

Js uutupoBanusi: bukbasosa I'.P., Jluzan M.A., Tuxonparosa /[.B. Bce, 4uTo Hy»HO 3HaTh O capkore-
HHMU: KPaTKUH TUJ JUIS COBPEMEHHOIO TepareBTa B BOIPOCaxX M OTBeTax. biomiemens cubupckoi mMeouyuHoi.
2023;22(3):88-97. https://doi.org/10.20538/1682-0363-2023-3-88-97.

WHAT IS SARCOPENIA? BACKGROUND,
DEFINITION, AND TERMINOLOGY

Sarcopeniais generally regarded as an age-related
progressive condition characterized by impaired
skeletal muscle function and weight loss, associated
withanincreasedrisk of falls, fractures, hospitalization,
and mortality. M. Critchley described the loss of
muscle mass in elderly people in 1931. The term
sarcopenia was proposed by the American professor
I. Rosenberg in 1989 (Greek “sarx” — body, flesh
and “penia” — deficiency) [1]. In 2010, the European

consensus on definition and diagnosis proposed the
first definition of sarcopenia. This term is understood
as a condition characterized by progressive and
generaized skeletal muscle disorder with increased
risk of adverse outcomes, such as deterioration in the
quality of life, physical disability, and mortality [2].
In 2016, sarcopenia was officially recognized as a
disease in the International Classification of Diseases
(ICD-10: M62.84).

So, inashort period of time, ideas about sarcopenia
were transformed from a geriatric syndrome to a
disease. The status of the disease gives “increased
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awareness” of this problem [3] and stimulates research
interest and commercial interest of pharmaceutical
companies in the development of new drugs.
According to experts, sarcopeniawill become aglobal
problem by 2045, which is associated with an increase
in human life expectancy [4].

Primary sarcopenia is a consequence of age-
related changes in the muscle tissue. In certain cases,
it can develop a second time, as a consequence of
other diseases and pathological conditions (cancer,
chronic heart failure, liver cirrhosis, inflammatory
bowel diseases, etc.) due to systemic inflammation,
limited physical activity (bed rest), malabsorption
syndrome, obesity, endocrine disorders, and nutrient
deficiency [5].

Sarcopeniacan be acute, lasting lessthan 6 months,
and chronic, lasting at least 6 months [6]. There is a
term presarcopenia, which is defined as an isolated
decrease in muscle mass with normal muscle strength
and function. Classifying sarcopenia into acute,
chronic, and presarcopenia is necessary for early
intervention and management of the disease using
available methods to improve the quality of life and
life expectancy of patients.

Itisreasonabl eto separatetheuseof such sarcopenia
characteristics as muscle mass (quantitative disorder)
and musclestrength and function (qualitativedisorder),
since muscle strength depends not only on their mass
[7]. To define muscle strength, it is proposed to use
the term dynapenia [8], while the term sarcopenia is
a broader concept [9]. Some scientists suggest_using
the term dynapenia only in relation to elderly and
senile people [10]. However, the Foundation for the
National Institutes of Health, which is established by
the US Congress, suggests using the term dynapenia
in patients of any age [9].

The combination of sarcopeniaand obesity iscalled
sarcopenic obesity (SO). It is a loss of muscle mass
and fat accumulation that synergistically increase life-
threatening consequences. SO is associated with an
increased risk of disability, cardiovascular diseases,
metabolic syndrome, and mortality [11]. The ability
of adipose tissue to produce signaling molecules and
influence metabolism, that is, to work as an organ of the
endocrine system, was discovered relatively recently,
becoming one of the main achievements in this field
[12]. Among the effector organs is muscle tissue,
the paracrine regulation of which is implemented by
adipocytes. Under physiological conditions, muscle
tissue contains a minimal amount of fat which is used
as an energy source during aerobic activity, while

excessive pathological muscle fat infiltration is called
myosteatosis [13]. Fat deposition in the muscles can
occur between the muscles (intermuscularly), in the
extracellular region, but within the same muscle
(intramuscularly), and inside cells (intracellularly).
Thus, there is a change in muscle architectonics and
a significant decrease in the functional activity of
muscles [14].

WHAT IS THE PREVALENCE
OF SARCOPENIA?

The prevalence of sarcopeniavariesfrom 5to 13%
among people over 6070 years and from 11 to 50%
among people over 80 years [15, 16]. According to
other studies, the prevalence of sarcopenia among the
elderly is 29% and among individuals living in long-
term care institutions — 33% [17]. The International
Clinical Guideline on Sarcopenia recommends annual
screeninginall personsover 65 yearsof ageinhospitals
and clinics using the SARC-F questionnaire (A Simple
Questionnaire to Rapidly Diagnose Sarcopenia) [18].

WHAT ARE THE RISK FACTORS
FOR SARCOPENIA?

Muscle mass starts to decrease from the third to
the fourth decade and progresses at a rate of 0.5-1%
per year with a drastic decline after the eighth decade
[19]. Muscle strength also decreases in parallel, but
not in direct proportion to the loss of muscle mass.
Such factors as malnutrition, physical inactivity,
and polymorbidity in the elderly are involved in the
development of primary sarcopenia, while taking
medication, malabsorption syndrome, systemic
inflammations, endocrine disorders, obesity, and
malnutrition are involved in the development of
secondary sarcopenia (Figure).

The theory of the emergence of sarcopenia is
discussed taking into account the impact of interna
and external risk factors. Internal factors include the
influence of proinflammatory cytokines, oxidative
stress, mitochondrial  dysfunction, and insulin
resistance. In addition, double-blind studies have
shown that the heritability of some parameters of
muscle mass and strength reaches 80%. External risk
factors for sarcopenia include exposure to radiation,
dietary habits, smoking, alcohol and / or drug abuse,
infectious agents, social environment, and physical
activity. The interaction of internal and externa
factorsisacomplicated, parallel, and dynamic process
that leads to an imbalance between protein synthesis
and proteolysis in skeletal muscles [20].
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Figure. Factors contributing to the development of sarcopenia

METHODS OF SARCOPENIA
DIAGNOSIS [ HOW TO DIAGNOSE
SARCOPENIA?

Currently thereareno generally accepted diagnostic
criteria for sarcopenia. There are severa tests and
tools available for screening sarcopenia, the choice
of which depends on the physical capabilities of the
patient, the capabilities of the medica institution,
and the purpose for which it is detected (research or
clinical practice). Sarcopenia should be diagnosed
from the moment when the patient reports about such
symptoms as falling, slow walking speed, difficulty
getting up from a chair, weight loss, exhaustion, and
weakness [22].

To identify sarcopenia, the European Consensus
recommends using the SARC-F questionnaire which
includes five questions concerning the degree of
difficulty in performing routine activities (strength,
walking, chair stand test, climbing stairs, faling
during the previous year). The SARC-F questionnaire
has good sensitivity and high specificity [22].
Its advantages are reliability, simplicity of use,

convenience for screening, fast results, and low cost
[23].

The Ishii screening test is a method that evaluates
the probability of sarcopenia using three variables:
age, grip strength, and calf circumference [24]. The
calculation includes two steps and is represented by
the following equations. Calculation of probability
points: for men 0.62 x (age — 64) — 3.09 X (grip
strength — 50) — 4.64 x (calf circumference — 42); for
women 0.80 x (age — 64) — 5.09 x (grip strength — 34)
—3.28 x (calf circumference — 42).

The red flag method [25] is used for screening
sarcopenia during a standard medical consultation.
Table1 presentsthemain componentsof thistechnique.
In addition to collecting complaints and examining
a patient, eating habits (for example, whether the
patient consumes enough protein-containing foods)
and physical activity (playing sports, working in
the country or in the garden in the spring — autumn
period and / or walking) are analyzed. The authors
of the method suggest proceeding to more complex
procedures for assessing sarcopenia when red flags are
identified.
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Table 1

The red flag method for screening sarcopenia

Parameter Red flags
Weakness
Examination Visual identification of muscle loss
Reduced gait speed
Weight loss
Decreased muscle strength in the arms and legs
. Fatigue
Complaints
and anamnestic Falls
data ) "
Impaired mobility
Loss of energy
Difficulties doing exercises and daily activities
Nutrition
Clinician’s Body mass
assessment
Physical activity

Determination of skeletal muscle strength: hand-
grip dynamometry (grip strength) isasimple, reliable,
and inexpensive method that is recommended for
practical use. Levelslower than 27 kgin menand 16 kg
in women are diagnostically significant in sarcopenia.
Low grip strength is a predictor of long hospital
stays, functional limitations, poor quality of life, and
mortality [26, 27]. In cases where the use of hand-grip
dynamometry is not possible, it is recommended to
use the chair stand test. The patient is offered to get up
from the chair 5 times in arow and sit down without
the help of hands, while measuring the time during
which the patient will be able to complete the task. A
time interval greater than 15 secondsis diagnostically
significant. Another version of the test with a chair
is when times the patient gets up and sits down on a
chair within 30 seconds are counted [25].

Such criteria as the total mass of skeletal muscles,
the mass of appendicular muscles (muscle mass of
skeletal muscles of the upper and lower limbs), and
the cross-sectional area of muscles in various zones
areimportant in order to determine the mass of skeletal
muscles. There are several imaging techniques that
make it possible to evaluate the above criteria; these
include magnetic resonanceimaging (MRI), computed
tomography (CT), dual-energy X-ray absorptiometry
(DXA), bioimpedance analysis, and ultrasound.

The procedure for conducting and describing the
results obtained with MRI and CT is time-consuming,

therefore, a method for calculating the lumbar index
a the third lumbar vertebra (L3) was developed
and tested [25]. The advantage of this method is its
accuracy, reproducibility of the results, as well as the
fact that thelumbar index can be determined during CT
or MRI performed for other purposes (for example, in
cancer patients). The disadvantages of these methods
arerare application in primary health care due to their
high cost, requirements for highly qualified personnel,
and ionizing radiation load, which makes it difficult to
use them during follow-up in response to prescribed
treatment. An important point is that the cut-off points
of low muscle mass are not currently defined [28].

Dua Energy X-Ray Absorptiometry (DXA) is
also used to quantify sarcopenia (muscle mass) and
calculate the content of adipose tissue. Abroad, this
method is considered as the method of choice due
to low radiation doses, speed of implementation,
and non-invasiveness. The disadvantages of this
technique include the facts that the equipment is
not mobile and that different manufacturers report
different results [6].

The bioimpedance analysis is less accurate for
measuring quantitative parameters of sarcopenia,
since this technique evaluates the distribution
of fluid in the body, while the rest of remaining
values are calculated ones, so there can be an
error in measurement. Another disadvantage of the
method is that its accuracy is affected by the position
of the electrodes, room temperature, and body
temperature [29].

Currently, methods for ultrasound diagnosis of
sarcopenia are being actively developed, however,
despite the improvement of equipment and software,
the technique is operator-dependent, which has a
significant impact on the representativeness of the
results [30]. At the same time, the European Working
Group on Sarcopenia in Older People [6] recommends
this examination due to its reliability, convenience,
cost, and timing, indicating its future potential. During
the study, the thickness and cross-sectional areaof the
pennate (feather-like) muscles, echogenicity, beam
length, and angle of inclination, for example, of the
quadriceps femoris, are evaluated [31].

The measurement of calf circumference in the
elderly is aso useful as a diagnostic indicator in
conditions where other methods for determining
the quantitative characteristics of muscle mass are
not available [32]. With all the conventions of the
interpretation, the size of the calf less than 31 cm in
general suggests a decrease in muscle mass [33].
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Screeningtoolssuchasthe Timed Upand Go(TUG)
test are used fo determine physical performance. When
measuring the gait speed, the patient walks 4 meters at
a normal speed, the medical staff records the walking
time and calculates the speed (in m / s) [34]. The
recommended cut-off point for determining severe
sarcopeniais0.8 m/ sorless. The TUG test involves
getting up from the chair, walking 3 meters to the
mark, turning around, returning, and sitting back on
the chair [35]. An indicator of severe sarcopenia is the
time > 20 seconds. The Short Physical Performance
Battery (SPPB) test is a comprehensive test, but it is
moreoftenusedin research thanin clinical assessment,
as it takes at least 10 min to complete it. The SPPB

test includes an assessment of gait speed, a balance
test, and a chair stand test. The maximum score
is 12, and a score of < 8 indicates poor physical
performance [25].

Several international groups are currently involved
in the development of screening and diagnostic
criteria for sarcopeniac the European Working
Group on Sarcopenia in Older People (EWGSOP);
the Asian Working Group on Sarcopenia (AWGS),
the International Working Group on Sarcopenia
(IWGS), the Foundation for the National Institutes of
Health (FNIH) established by the US Congress. The
diagnostic criteria for sarcopenia which were offered
by these groups are presented in Table 2.

Table 2
Diagnostic criteria for sarcopenia proposed by various research teams studying this problem
- Criteria
Research team Definition Muscle mass Muscle strength Physical performance
Probable sarcopenia— criterion 1. Appendicular Skeletal Muscle
The diagnosis is confirmed additionally | Mass Index (AMMI): the ratio of Gait speed M
by criterion 2. the total skeletal muscle mass of M < 27kg andW<08m/s
EWGSOP-2 [6] If the paii_er_lt hascriterial, 2, and 3, then | the upper and IO\_/ver extremities
sarcopeniais severe. to the patient’s height per square, W < 16 kg SPPB - total score < 8
1. Low muscle strength kg/ mz (dynamometry)
2. Low muscle quantity or quality M <7.0kg/ m? TUG > 20 seconds
3. Low physical performance W <55kg/ m?(DXA)
Combination of low muscle mass and AMMI'M < 0.789 or < 19.75 kg M <26 kg Gait speed M
FNIH [9] weakness (DXA) W<16kg andW<08m/s
W < 0.512 or < 15.02 kg (DXA) | (dynamometry) )
M < 7.23kg/ m?
IWGS [36] Combination of low muscle mass and | W < 5.67 kg / m? (DXA) _ Men and women
reduced physical performance M < 7.23kg/ m? <lm/s
W < 5.67 kg/ m2 (BIA)

Note: M —men, W —women.

The European Working Group on Sarcopenia
in Older People (EWGSOP) conducted its second
meeting in 2018 [6]. Since their first meeting in
2010, researchers and clinicians have accumulated
information, studied in detail many aspects of this
problem, and identified issues that required resolution.
One of the issues is, for example, that many
practitioners are aware of sarcopeniaand may suspect
it in a patient, however no unique diagnostic criteria
and management methods have been presented, while
the consequences of sarcopenia are quite alarming
[37-39].

Another important achievement was the
understanding that timely diagnosis of muscle
strength deficiency is still of paramount importance
when comparing the significance of such sarcopenia
parameters as muscle strength and muscle mass

[40]. Measuring muscle strength is more applicable
from a practical point of view, while measuring
muscle mass is technically difficult due to reasons
described above. In addition, according to studies,
muscle strength is a more significant marker in
terms of predicting poor patient outcomes [26,
27]. Scientists pay attention to the fact that the
practical significance of this characteristic will also
increase with the improvement of tools and methods
for assessing the quantitative characteristics of
muscle mass.

HOW TO TREAT SARCOPENIA?

Primary and secondary sarcopenia are a
consequence of many diseases both in elderly or
younger patients with comorbidities of varying
severity, so the focus should be placed on the
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treatment of underlying diseases. The positive impact
of treatment strategies aimed at controlling diabetes
mellitus, reducing inflammatory status, decreasing
weight in obesity, and enriching diet with foods rich
in various nutrients is obvious [41].

Thereisnodoubt that physical activity and moderate
strength workouts are beneficial for the elderly, which
has a positive effect on muscle strength, muscle mass,
and performance [25]. Moreover, strength workout is
the most effective and available method for preventing
the progression of sarcopenia that improves many
aspects of overall health [42]. There are no studies in
the field of standardization of physical activity, which
creates difficulties in assigning the amount of physical
activity that aparticular patient needs. Only EWGSOP
pays attention to the fact that the duration of physical
exercise should be at least 3 months and combined
programs should be recommended for patients with a
sedentary lifestyle [6].

Currently convincing evidence of the impact of
various therapeutic diets on the course of sarcopenia
has not been obtained yet. However, observational
studies have shown that an increasing protein intake
to 1.2 g/ kg daily in the elderly has a positive effect
on muscle mass and, to a lesser extent, on muscle
strength. Wesak old people or old people with acute or
chronic diseases need more dietary protein (1.2-1.5g/
kg of body weight per day) [43]. It has been suggested
that dietary supplements, such as [B-hydroxy-B-
methylbutyrate, creatine, and vitamin D, have an
impact on physical performance. It has been proven
that supplements of p-hydroxy-p-methylbutyrate
apparently increase muscle mass, while their effect
on muscle strength and physical performance is
controversial [44]. The meta-analysis demonstrated
that vitamin D supplements increase muscle strength
but do not affect their mass [45]. Based on this
information, it seems reasonable for clinicians and /
or nutritionists to pay attention to the calorie content,
the quality and quantity of incoming protein, as well
as the level of vitamin D in the elderly and consider
the possibility of personalized prescription of dietary
supplements.

Precision medicine is defined as a new paradigm
that focuses on persondized, predictive, and
preventive approaches and represents a completely
new way to treat sarcopenia. Modern innovative
technologies including smartphone software,
neuromuscular electrical stimulation, smart home
technologies, and interactive games with virtual
reality elements help to personalize sarcopenia

treatment programs [46]. These methods will help the
elderly to remain independent and at the same time
receive adequate physical activity and control their
diet depending on individual needs. For example,
the software, including remote measurements and
monitoring of the intensity of physical activity,
helps doctors remotely obtain information about the
activity of patients and monitor their compliance
with a scheduled treatment plan and progress in
exercise. Robotic devices can also become useful
tools in passive and active patient education [47]. A
smart home includes many connected devices that
can help older people stay independent by providing
them with better experiences than regular exercise.
For example, smart refrigerators have the function
of helping old people maintain adequate nutrition
by tracking daily food intake, providing them with
individual meal plans and purchasing groceries
through online systems. Of course, further research
is needed to determine the role of currently available
technologiesin the treatment of sarcopenia.

The Food and Drug Administration (FDA) has
not approved any specific drugs for the treatment of
sarcopenia. The possibility of using such drugs as
growth hormone, anabolic or androgenic steroids,
selective androgen receptor modulators, protein
anabolic agents, appetite stimulants, myostatin
inhibitors, B-receptor blockers, angiotensin-converting
enzyme (ACE) inhibitors, and troponin activators is
being considered.

These groups of drugs have different efficacy.
For example, growth hormone increases muscle
protein synthesis and muscle mass but does not
improve muscle strength or function [48]. The effects
of anabolic steroid supplements differed between
genders: an increase in weight and muscle mass in
men and weight gain mainly due to increased fat mass
in women [49]. In both men and women, testosterone
supplements increased muscle strength [S0]. Herbal
supplements, such as curcumin, alkaoids, catechins,
proanthocyanidin, gingerols, and segaols, have shown
a moderate effect on skeletal muscle function [51].
Ghrelin and megestrol acetate, which are used as
appetite stimulants, can increase body weight and
muscle mass [52]. Myostatin, produced by muscles,
prevents muscle anabolism [53]. Bimagrumab, a
human monoclonal antibody that modulates activin
type 1B receptors, increases muscle volume, muscle
mass, and physical performance [54]. ACE inhibitors
and troponin activators have a positive effect on
muscle mass [55].
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CONCLUSION

Scientific and technological progress in medical
technology has made it possible to find out the causes
of many diseases, decipher their pathogenesis, create
new drugs, and develop preventive strategies. This
has led to an increase in the life expectancy of the
world’s population [56]. However, population aging
has emerged and requires a comprehensive public
health response. Muscle mass and strength tend to
decrease with age after the peak in adolescence. Thus,
the term sarcopenia was coined. In a short period of
time, ideas about sarcopenia have transformed from
ageriatric syndrome to adisease. Initially, sarcopenia
was considered in the context of gradual age-related
deterioration of al physiological systems, leading
to reduction of individual vitaity reserves, which
causes increased vulnerability to stress factors and
increases the risk of adverse health consegquences.
Over the years, it became clear that in certain cases it
can develop a second time, as a consequence of other
diseases and pathological conditions.

At the moment, there are ill many gaps in
our knowledge about sarcopenia, namely the
mechanisms of its occurrence, universal screening
methods, diagnostic tools, validated control points,
cut-off points, and outcomes. The research results
gradually provide answers to the questions, but at the
same time new problems appear and require further
research and study.
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ABSTRACT

Recognizing the fact that isolated left ventricular (LV) diastolic dysfunction (DD) underlies approximately 50%
of all heart failure cases requires a deep understanding of its principal mechanisms so that effective diagnostic
and treatment strategies can be developed. Despite abundance of knowledge about the mechanisms underlying
DD, many important questions regarding the pathophysiology of diastole remain unresolved. In particular, the
role of endosarcomeric cytoskeleton pathology in the deterioration of the so-called active (relaxation of the LV
myocardium and the atrioventricular pressure gradient at the beginning of diastole, closely related to it in a healthy
heart) and passive (myocardial stiffness) characteristics of diastole needs to be clarified.

The lecture briefly discusses the complex hierarchy of DD mechanisms (from the sarcomere to the whole heart)
and covers the role of the giant protein titin in the latter, which is the main determinant of intracellular stiffness.
Impairment of myocardial relaxation and deterioration of its wall compliance under a wide range of pathological
conditions (pressure overload, ischemia, inflammation, cardiotoxic effects, oxidative stress, etc.) underlying DD
can be explained by a shift in titin expression toward its more rigid N2B isoform, hypophosphorylation by protein
kinases A and G or dephosphorylation by serine/ threonine phosphatase 5 of its molecule in the extensible protein
segment containing a unique N2B sequence, hyperphosphorylation of PEVK regions of titin by protein kinase C,
aswell asinhibition of the Ca?+-dependent titin — actin interaction.

The results of deciphering these mechanisms can become a tool for developing new approaches to targeted
therapy for diastolic heart failure that currently does not have effective treatment, on the one hand, and the key to
understanding the therapeutic effects of drugs already used to treat chronic heart failure with preserved LV ejection
fraction, on the other hand.

Keywor ds: heart failurewith preserved gjection fraction, diastolic heart failure, left ventricle, diastolic dysfunction,
mechanisms, endosarcomeric cytoskeleton, titin, alternative splicing, post-translational modification
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Ponb 6enKoB 3HA0CAPKOMEpPHOro ckesieTa B MeXxaHU3Max 4uactoinyeckom
ANcPyHKLUMN NeBOro xenypouka: poKyc Ha TUTVH

KanioxuH B.B.", Tennakos A.T.%, becnanoBa U.A.", KanioxxuHa E.B.', YepHoropikT.3.',
TepeHnTtbeBa H.H.?, l'pakoBa E.B.?, KonbeBa K.B.?, YcoB B.10.%, FTapraHeeBa H.I.',
JinBwny U.K.', NMetposa U.B.’, Jlacykosa T.B.'

I Cubupckuii 2ocyoapemesennviil meouyunckuil ynusepcumem (Cubl MY)
Poccus, 634050, Tomck, Mockosckuti mpakm, 2

? Hayuno-uccnedosamenvcrkuu uncmumym (HUH) kapouonozuu, Tomckutl HAYUOHATbHbII UCCIE008AMENbCKUL
meouyunckutl yenmp (HUML]) Poccutickoii akademuu HayK
Poccus, 634012, Tomck, yn. Kueeckas, 111a

3 Cypeymexuii 2ocyoapemeennwiii yrusepcumem (Cypl'y)
Poccus, 628412, Cypaym, np. Jlenuna, 1

PE3IOME

[Ipu3HaHue TOro, 4To M30JIMpOBaHHAs Auactonnueckas aucoyHkuwms (/1) neoro xenymouxa (JIK) nexur B
ocHOBe puMepHO 50% Bcex ciiydaeB cepAeYHON HeIOCTaTOUHOCTH, TPeOyeT IITy00KOro MOHMMAHUS €€ OCHOBHBIX
MEXaHH3MOB, YTOOBI MOXHO OBLIO pa3padotaTh 3G eKTUBHBIC IMATHOCTUYECKUE U TEPANIeBTUUSCKUE CTPATETUH.
HecMoTpst Ha TO, 4TO B HacTosIIEee BPEMs JOCTATOYHO MHOTO U3BECTHO O ME€XaHU3MaX, Jiexamux B ocHoBe JI/1,
HEMaJIo Ba)XHBIX BOIIPOCOB, KAaCAIOIIMXCS MaTO(PHU3NOIOTHH JHACTOJIBI, CIlIe 0XKUIAI0T CBOETO pelieHus. B yact-
HOCTH, HYXJIaeTCs B yTOYHEHUH POJIb MATOJOIMU 3HIOCAPKOMEPHOrO CKeleTa B YXYALIEHHUH TaK Ha3bIBaEMBIX
aKTUBHBIX (penakcanus muokapaa JOK u TecHO cBsi3aHHBIN ¢ Hell B 3710pOBOM CepIle aTPUOBEHTPUKYIISIPHBIH
IpaJyeHT JaBJIeHHUs B Hayaje AUacTOJIbl) U MACCUBHBIX (MUOKApIUAIbHAS )KECTKOCTh) XapaKTEePUCTUK THACTOIIBI.

B nexmum xpaTko paccMmaTpuBaeTcs cloKHas uepapxus MexaHn3MoB JIJ{ (oT capkomepa 10 LENOro cepaua) u
00Cy’KaeTcsl yJacTHe B MOCIEJHUX TUTAHTCKOTO OelKa TUTHHA, KOTOPHII SBISCTCS OCHOBHOHM IEeTepMUHAHTON
BHYTPHKJIETOYHOH jkecTKoCTH. Jlexkamme B ocHoBe J1/] HapylIeHne akTHBHOTO pacciIabieHust MHOKapa U yXya-
HIEHHE NOAATIMBOCTH €r0 CTEHKH IPU MIMPOKOM CHEKTpE MaTOJOTHUECKUX COCTOSHUH (Ieperpyska IaBIeHHEM,
UIIEeMUs], BOCIIAIEHHE, KapAMOTOKCHYECKUE BO3JCHCTBUS, OKUCIHTEIBHBIA CTpECC M Ip.) MOTYT OOBSCHSATHCS
CMEIIEHHEeM JKCIIPECCUHM THTHHA B CTOpOHY ero Ooinee skectkoidl N2B-m3opopmsl, rumodochoprimpoBanueM
nporerHKHHa3aMu A u G w nehochopriiipoBaHueM CepuH/TpeoHuH (ocaraszoll 5 ee MOJIEKYJIbl B CErMEH-
Te PacTsHKUMOI JacTu Oenka, copepKaliuM yHHKanbHyro N2B mocienoBaTensHOCTh, runepdochopmnpoBaHu-
eMm PEVK ajieMeHTOB TUTHHA mpoTenHKHHAa30# C, a Takke HapymenneMm Ca?-3aBHCHMOrO THTHH-aKTHHOBOTO
B3aUMOJIEHCTBHS.

Pesynprars! pacmmpoBKH 3THX MEXaHH3MOB MOTYT CTaTh HHCTPYMEHTOM JUIS pa3pabOTKH HOBBIX ITOJXOJOB K
HAIIPaBJICHHOH KOPPEKIINHU He NMeronel 3¢ GeKTHBHOTO JTeUEHHS THACTOIMIECKON CepAedHOIl HEJOCTaTOYHOCTH,
C ONHOH CTOPOHBI, M KIIOYEM I MOHMMAHUS CaHOTEHHBIX 3()(EKTOB MpErnapaToB, yXKe HMPUMEHSEMbIX IS
Tepaniy XPOHMYECKOH cepJeuHOI HEeI0CTaTOYHOCTH C COXpaHEHHOH (pakiuel BeIOpoca JIK — ¢ mpyroi.

KuroueBrble cioBa: cepaevHasi HEAOCTAaTOYHOCTD C COXpaHeHHOﬁ @paKuHeﬁ BI)I6p0C3, JAUACTOJIMYECKas CepAcUHast
HEAOCTATOYHOCTD, JIEBBIN KEIIYAOYCK, NUACTOJINYECKass ZII/IC(inHKHI/ISI, MCXaHHU3MBI, SHHO(IapKOMepHLIﬁ CKCJICT,
THUTHH, aJ'II)TepHaTI/IBHHﬁ CHHaﬁCHHF, NOCTTPAaHCIIAUOHHAsL MOZ[I/I(i)I/IKaIII/ISI

KoHpanKT nHTepecoB. ABTOPHI ACKIApPUPYIOT OTCYTCTBHE SBHBIX M HMOTEHIUAIbHBIX KOH(IUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIMKalUel HaCTOsIIeH CTaTbH.

HcTrounuk q)ﬂHal—lcnpOBaHﬂﬂ. ABTOpLI 3asBJISIIOT 00 OTCYTCTBUU (I)I/IHaHCI/IpoBaHI/ISI py MPOBCACHUUN UCCIIEN0-
BaHUA.

I nurupoBanus: Kamoxun B.B., Tersakos A.T., becmanosa . /., Kamoxwuna E.B., UepHoroptok I'.D., Te-
pertseBa H.H., I'pakoBa E.B., KonbeBa K.B., Ycos B.1O., 'apraneesa H.I1., Jlupmmn U.K., ITerposa 1.B., Jlacyko-
Ba T.B. Ponb GenKoB 2HIO0CAPKOMEPHOTO CKEJleTa B MEXaHH3MaX AUACTOIMYECKON TUC(YHKINH JIEBOTO KETyA0U-
ka: pokyc Ha TuTHH. Brouemens cubupckoti meduyunsl. 2023;22(3):98-109. https://doi.org/10.20538/1682-0363-
2023-3-98-109.
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INTRODUCTION

Diastolic dysfunction (DD) of the left ventricle
(LV) is often referred to as a key link in the
cardiovascular continuum, developing into clinically
significant chronic heart failure (CHF) not only in
common cardiovascular diseases (ischemic heart
disease, arterial hypertension) [1-6], but also in
pathologies that are rare in many regions of the world,
in particular, endemic parasitic diseases (for example,
Chagas disease and opisthorchiasis) [7—11].

Intact ventricular diastolic function is crucia for
maintaining anormal level of blood circulation, aimed
at the fullest satisfaction of the metabolic needs of
body tissues, by ensuring a balance between stroke
volume and the amount of blood entering theventricles
in diastole, not only at macro-, but also at micro-time
intervals, despite the fact that the conditions of both
blood flow to the heart and its ejection constantly
change. While DD naturally leads to an increase in
the filling pressure of the heart, sooner or later it also
adversely affects the efficiency of ventricular systole
[12-14].

Recognizing that isolated LVDD underpins
approximately 50% of all cases of heart failure,
which has a poor evidence base for improving the

prognosis, requires a deep understanding of its
underlying mechanisms so that effective diagnostic
and therapeutic strategies can be developed
[13, 15-21].

Despite the fact that the mechanisms underlying
DD are well studied, many important issues related
to the pathophysiology of diastole are still to be
resolved. In particular, the role of the endosarcomeric
cytoskeleton pathology in the deterioration of the
so-caled active (relaxation of the LV myocardium
and the atrioventricular pressure gradient at the start
of diastole, closely related to the LV myocardia
relaxation in a healthy heart) and passive (myocardial
stiffness) components of diastole needs to be clarified
[22-26].

The aim of this lecture was to discuss the role of
pathology of endosarcomeric cytoskeleton proteins
in the mechanisms of LV DD, which have a hierarchy
that is difficult to understand.

HIERARCHY OF DIASTOLIC DYSFUNCTION
MECHANISMS
Hierarchy of the main mechanisms of DD (from

sarcomere to the whole heart) is presented in the most
general form in the Table [27].

Table

Hierarchy of the main mechanisms of impaired ventricular filling [27]

Level of change

Note

Myofibrils (sarcomeres)

At the level of myofibrils, increased stiffness and impaired relaxation may be due to modification of proteins that
make up thick and thin filaments, the endrosarcomeric cytoskeleton (in particular, titin, nebulin, aa-actinin-2,
myomesin), as well as myosin binding protein-C [28-32].

Cardiomyocyte

At the cardiomyocyte level, the ionic (Ca2+) transport system and the interaction of myofibrils play an important
role in the pathogenesis [33]. At the same time, the change in the state of the system of membrane intracellular
channels (for example, ryanodine receptors type 2), calcium uptake proteins by the sarcoplasmic reticulum
(phospholamban, Ca?* ATPase of the sarcoplasmic reticulum), sarcolemmal ion exchanger (sodium-calcium
exchanger) and ion pumps (Na + / K+ ATPase) is of great importance [34—37].

Extracellular matrix

The diastolic properties of the ventricle are directly related to the state of extracellular matrix proteins (colla-
gens, proteoglycans / glycosaminoglycans, elastin, fibronectin, laminin, and some other glycoproteins). The
predominant glycoprotein of the extracellular matrix is collagen, the fibers of which surround each myocyte and
provide connections between muscle fibers (the endomysium surrounds and connects individual cardiomyo-
cytes, perimysial fibers divide cardiomyocytes into groups, the epimysium surrounds and groups a large number
of muscle fibers, for example, papillary muscles) [38]. Extracellular matrix rremodeling, which occurs in many
cardiovascular diseases, naturally leads to depressed myocardial compliance and is characterized by an increase
in the total content of collagen and a change in the ratio of its types (adecreasein type I11 collagen found most
commonly in tissues exhibiting elastic properties and an increase in the content of type | collagen which confers
strength to the tissue and the molecules of which are cross-linked) [39].

At the organ level, ventricular filling is affected by systemic and intracardiac hemodynamic parameters (e.g.,
changes in afterload, the presence and severity of septal defects, and valvular insufficiency), geometric factors

Heart (the type of ventricular remodeling largely determines chamber and myocardial stiffness), and external limita-
tions (constrictive pericarditis, pericardial effusion).
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Table (continued)

Level of change

Note

left atrium [16].

Since the mechanisms of development and
progression of diastolic heart failure have a complex
hierarchy, it can be reasonably assumed that primary
and secondary prevention will be effective only
with a balanced (multifaceted) effect on various
aspects of the pathogenesis [27]. At the same time,
it is necessary to take into account the etiological
heterogenic causes of heart failure which may include
absolutely any cardiovascular disease, the features
of the pathogenesis in which undoubtedly leave an
imprint on the mechanisms and, very importantly, the
sequence in which impairments of active myocardial
relaxation develop and its stiffness increases [12,
44-48]. However, in most cases, the pathology of
diastolic relaxation usually precedes an increase in
ventricular stiffness [14, 42, 49]. As a rule, a decrease
in cardiac output occurs later and is actually inevitable
in patients with severe DD, since impaired filling
eventualy leads to a decrease in the cardiac index
value [42, 50, 51].

The high diastolic stiffness of the damaged
myocardium is stereotypically associated with the
structural rearrangement of the extracellular matrix,
characterized by changes in the quadlitative and
quantitative characteristics of interstitial proteins
(primarily collagen), but with the development
of DD modifications of proteins that make up the
endrosarcomeric cytoskeleton are apparently no less
important [52—54].

TITIN AND ITS ROLE IN THE MECHANISMS
OF THE LEFT VENTRICULAR DIASTOLIC
DYSFUNCTION

A significant difference between the
myocardium and skel etal muscles, the contraction
of which can normally be prolonged, is that the

DD refers to such a pathological condition when the ventricle cannot receive blood at low pressure and fill with-
out acompensatory increasein atrial pressure due to impaired active myocardial relaxation and / or deterioration
of'its wall compliance [39, 40]. It is necessary to distinguish between heart failure that has developed as a result
of a primary impairment of active relaxation of the ventricular myocardium and / or deterioration of its wall
compliance from that when the underlying impaired heart filling was not caused by ventricular DD [41]. The
definition of LVDD does not include patients with mitral stenosis, in whom a mechanical obstruction of blood
flow at the level of the left atrioventricular valve causes impaired ventricular filling and an increase in left atrial
pressure [42]. A similar statement can be made in relation to constrictive pericarditis or pericardial effusion [16,
43]. Sincein this pathology there is no impairment of myocardial relaxation and / or an increase in myocardia
stiffness, after timely treatment (for example, valvotomy or effective removal of pericardial effusion), the LV
regains the ability to receive blood at low pressure and fill without a compensatory increase in pressure in the

contraction in the muscle fiber of the heart always
breaks naturally, and the relaxation cannot be
prevented even with artificial extension of the cell
excitation time. This feature of the myocardium
Is due to the need for mandatory relaxation to
reduce pressure in the ventricles, without which
it is impossible to fill them with blood from the
venous bed during diastole. Complete recovery of
length istypical even for isolated cardiomyocytes
that do not experience any load.

This elastic straightening of myofibrils (elastic
recoil) can be explained by some elastic formations
in them that contract when shortened and straighten
when relaxed [51, 54]. Similarly, the elastic structures
of the myocardium make it more elastic than skeletal
muscles, protecting sarcomeres from overstretching,
which is theoretically possible during an overload of
blood volume. Even when the muscle fiber of the heart
is stretched with great force that is not encountered
under physiological conditions, the length of the
sarcomere increases very moderately, which prevents
the complete extension of actin filaments from the
interaction with myosin [54]. Elastin and collagen
fibers of the extracellular matrix can poorly fulfill
this function, since elastin is stretched only under
the action of a sufficiently large force, and collagen
proteins are practically inextensible (the extracellular
matrix takes on the load only when stretched to large
degrees) [54].

The significantly lower extensibility of the
isolated cardiac muscle compared to the skeletal
one is largely due to the presence of a well-
developed endosarcomeric cytoskeleton in the
cardiomyocyte. The state of several proteins of
the endosarcomeric cytoskeleton is known to
determine the elasticity of the cardiac muscle
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fiber: titin (also known as connectin), nebulin,
a-actinin, myomesin, etc. [32, 55-57]. But titinis
the main determinant of intracellular stiffness, in
the physiological range of the sarcomere length
(1.9-2.2 um) it causes 90% of passive tension in
the cardiomyocyte (the elasticity of titin in the
myocardiumis 20 times higher than in the skel etal
muscle) [27, 53, 58-60].

Titinisthelargest of theknown single peptides,
consisting of a sequence of about 30,000 amino
acids, the listing of which would take a third of
this issue of the journal. Taking into account the
molecular weight approximately equal to 3 MDa
(up to 18% of all myocardia proteins), it is no
coincidence that titin is called giant [54, 61, 62].

Titin with its N-terminus is anchored in the
Z-line and is located in the I-band (the light
band of the sarcomere, which like an elastic
spring undergoes elongation when the muscle is
stretched). Inthe A-band, titin with its C-terminus
is attached to myosin (each myosin thread binds
6 titin molecules) (Figure), actually covering half
of the sarcomere [51, 63]. When the sarcomere
contracts to alength that isless than the unloaded
or “passive’ one, the elastic spring in the I-band
compresses (Figure, ). When the sarcomere

Titin anchoring Titin
element elastic segment
Z-line
Titin anchoring ,Titi n
dement elastic segment
Z-line

IS stretched, titin exerts resistance, which is
expressed in the creation of a resting tension
(Figure, b).

During systole, when titin is compressed,
potential energy isaccumulated. During diastole,
titin acting like a spring (elastic recoil force)
applies this energy and develops the so-called
restoring force to restore the initial sarcomere
length, as a result of which the myocardium
rapidly “straightens out” and the blood is sucked
into the LV cavity, since at the beginning of
diastole, the LV volume changes faster than
the blood flow that should flow into it. At the
beginning of systole, which is another part of
the compression / stretch cycle, a stretched
giant protein that accumulated elastic potential
energy by the end of diastole transforms it into
kinetic energy. This energy transformation and
the optimal sarcomere length provided by the
elastic titin components in diastole, when in
accordance with the Frank — Starling law, the
maximum contraction force is achieved, are
extremely important factors for maintaining the
systolic function of the cardiomyocyte, which,
however, is not the subject of this lecture [51,
54, 64-66].

Actin
Myosin
Actin
Figure. Titin in the sarcomere I-band
Actin (simplified scheme) (adapted from [63]): a —
systole; b — diastole. Not adjusted to scale. To
_ keep it simple, only two thin filaments (actin)
Myosin and two titin molecules per thick filament
(myosin) are shown, with titin A-bands and
Actin myosin heads omitted. A short inelastic titin

I-band segment located at the A/l junction and
regulatory proteins of thin filament are also
omitted
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In the structure of titin, there are: 1) sequentially
connected immunoglobulin-like  domains (lg-
segments), which are identified in the proximal (close
to the Z-line), intermediate (alternatively spliced only
in the N2BA-isoform), and distal part of the protein
(close to the A-band); 2) a segment consisting of
proline, glutamic acid, valine, and lysine residues
(PEVK); 3) the unique N2B sequence (found in the
myocardium, but not in skeletal muscles), to which the
N2A element isadded inthe N2BA isoform, similar to
that found in the skeletal muscle [54, 63, 67].

The elasticity of titin molecules, which determines
both active (relaxation) and passive (stiffness)
characteristics of the ventricular myocardium in
diastole, is determined by the length and composition
of the segments of the so-called extensible part of the
protein in the I-band. Two main isoforms of titin have
been described. The first one is a short (up to 26,926
amino acids in the human myocardium) and rigid
N2B-isoform, which has a short extensible segment in
the I-band. Due to its shorter length, higher resistance
is created when the sarcomereis stretched. The second
isoform is a more compliant N2BA-isoform with up
to 34,350 amino acids, with a long elastic segment,
characterized by a high content of immunoglobulin
(the most extensible) and PEVK (more elastic)
elements, aswell asthe presence of the N2A sequence
[20, 25, 54, 63].

There is species-specific expression of the isoform
profile: the N2B isoform dominates in rodents (the
N2BA/N2B ratio is 20:80), while N2BA is dominant
in most large mammals and in humans (the N2BA/
N2B ratio ranges from 60: 40 to 80:20). In this case,
two isoforms can coexist in one sarcomere, and each
isoform functions independently. The co-expression
of isoforms in different ratios leads to the modulation
of the passive mechanical properties of the sarcomere
and makes it possible to regulate diastolic parameters
[54, 68].

A shift in expression toward the N2B isoform may
determine an increase in diastolic ventricular stiffness.
Moreover, the expression of various forms of titin
(N2BA and N2B) largely determines the variant of
myocardial remodeling that developsin various forms
of myocardial damage and overload by the type of
eccentric and concentric hypertrophy (concentric
remodeling), which is characterized by the formation
of classical systolic and diastolic CHF, respectively
[53, 69-72].

In the experiments that focused on heart failure in
dogs caused by accelerated pacing and spontaneous

systemic arteria hypertension in rats, an increase
in diastolic myocardial stiffness is associated with
an increase in expression of the N2B-isoform of
titin (more rigid), while in experimental infarction
in rats and in patients with end-stage ischemic
cardiomyopathy, the expression of the N2BA isoform
that is sometimes caled fetal is more pronounced
[73—76]. Although the results of studies aimed at
identifying the relationship between titin isoforms and
myocardial stiffness generally correspond with each
other well, the mechanisms that lead to isoform shift
in heart failure remain unclear [27, 30, 77, 78].
Obvioudly, the structura rearrangement of the
sarcomere, which underlies long-term adaptation,
depends on the type of overload (volume or pressure)
or damage to the myocardium (ischemic, metabolic,
or cardiotoxic) and requires reconfiguration of
alternative splicing [54, 76]. When there is a need
for increased stroke volume (for example, aortic
insufficiency or a loss of a significant proportion of
viable cardiomyocytes due to myocardial infarction),
the N2BA / N2B ratio shifts toward the long
(N2BA) titin isoform. On the contrary, if the load is
predominantly forceful (in particular, with systemic
arterial hypertension, LV outflow tract obstruction,
or aortic stenosis), the ratio shifts toward a shorter,
more rigid N2B titin isoform [54]. The last scenario,
in which the RNA-binding motif protein 20 (RBM20)
is the repressor, is a classic one for the development
of DD and heart failure with preserved LVEF [31, 39].
However, it is possible to exactly reproduce
some scenario in the experiment, but, in clinical
practice, a patient with comorbid pathology often
has a combined type of damage and overload of the
myocardium. For example, a patient with metabolic
syndrome developed myocardial infarction which
then led to papillary muscle dysfunction and
relative mitral valve insufficiency. This all makes it
difficult to understand the mechanisms of alternative
splicing restructuring. However, it is clear that the
final reorganization of alternative splicing will be
determined by the characteristics of the dominant
mechanical stress of the myocardium, an important
sensor of which is titin together with other proteins
of the endosarcomeric cytoskeleton. Titin interacts
with these proteins with its N-terminus in the Z-line
(a-actinin, telethonin and others) and its C-terminus
in the A-band (for example, myomesin), aswell asin
the I-band and M-line (for example, obscurin), which
are important points of mechanotransduction [32,
53, 54, 76, 79]. Altering the expression of numerous
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titin-based mechanotransduction-associated proteins
(for example, CRYAB, ANKRD1, muscle LIM
protein, p42, CAMK2D, p62, NBR1, FHLs) makes it
possible to regulate myocardial stiffness [54, 80, 81].
The functional state of the thyroid and pancreas
also affects the sarcomere stiffness. A change in the
isoform pattern toward a more rigid N2B-titin may
be caused by hyperthyroidism and hyperinsulinemia,
in which the phosphatidylinositol 3-kinase/Protein
kinase B/mTOR axis is activated with an increase
in RBM20 transcription. Conversely, low levels of
triiodothyronine and insulin contribute to a shift in
the isoform pattern toward a compliant N2BA titin
[79, 82—85]. Another hormone angiotensin II whose
mal adaptive chronic activity surplus is observed in
diastolic heart failure [19, 86, 87] increases myocardial
stiffness by affecting the titin isoform profile, activating
the mitogen-activated protein kinase/ELK1 signaling
pathway, and increasing RBM20 transcription [88].
Changes in the expression of titin isoforms may
take days or weeks, but the adjustment of the titin
contribution to passive myocardia tension can aso
occur quickly (even within one cardiac cycle) [80].
As for the short-term modulation of cardiomyocyte
elasticity, post-translational modification of titin is
closely related to the mechanisms of rapid adaptation
of the myocardium to varying hemodynamic
requirements to the heart (for example, during
exercise), when it is necessary to rapidly change the
parameters of blood expulsion and its inflow to meet
the metabolic needs of body tissues [67].
Catecholamines, nitric oxide, and natriuretic
peptides can reduce the stiffness of titin springs,
rapidly modulating diastolic function. Thus, [1-
adrenergic agonists activate the signaling pathway
through protein kinase A (CAMP-dependent), which
phosphorylates thetitin molecul e in the segment of the
I-band protein extensible part containing the unique
N2B sequence (influence on PEVK elements can lead
to the opposite effect), mainly in the N2B isoform
(the elasticity of the N2BA isoform increases), which
leads to a decline in its elasticity and an increase
in myocardia extensibility, contributing to better
ventricular filling [54, 79]. Nitric oxide and natriuretic
peptides modulate titin elasticity in the same direction
with the participation of another second messenger,
cGMP-dependent protein kinase G, which aong
with proteinase A phosphorylates the same site in
the N2B structure [54, 67, 89, 90]. In addition to the
above protein kinases, protein kinase CaMKII and
protein kinase D, which also phosphorylates the titin
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molecule in the segment containing the unique N2B
sequence, have a similar effect on the extensibility of
titin [54, 91].

Protein kinase C also phosphorylates the titin
mol eculeinthesegment of thel-band proteinextensible
part. Unlike the above-mentioned protein kinases A
and G, phosphorylation of titin PEVK elements by
protein kinase C (for example, during stimulation of
al-adrenergic receptors), the expression of which is
increased in a wide range of pathological conditions
(myocardia hypertrophy, heart failure with preserved
LVEF) and cardiovascular diseases (coronary heart
disease, essentia hypertension), isaccompanied by an
increase in myocardial elasticity [54, 92-94].

Impaired phosphorylation of certain parts of the
titin molecule or activation under the influence of
certain factors of its dephosphorylation by serine
/ threonine phosphatase 5 (for example, HSP90
chaperone, oxidative stress inducers and products
or proinflammatory cytokines) are considered titin-
dependent mechanisms of developing increased
myocardial stiffness and diastolic heart failure [12,
49, 53, 54, 95-98]. Since differentiated segments of
individual titin isoforms in the I-band extensible part
can be phosphorylated by different protein kinases,
which leads to different effects, it is important to
clarify the status of titin phosphorylation when a
comprehensive understanding of the mechanisms
of changes in myocardial stiffness during the
development of heart failure with preserved LVEF is
required [80, 99].

The diastolic stiffness of a cardiomyocyte does
not only depend on the titin length (compliance),
but is also determined by the titin — actin interaction,
which is Ca2+-dependent. Thus, the dependence of
passive myocardial stress on Ca2+ concentration was
described, whichisassociated with theability of PEVK
domains of titin I-band to bind to actin at an increased
macroelement concentration, leading to a owdown
in sliding of titin and actin [54]. It is well known that
the alteration of proteins regulating Ca2+ metabolism,
suchastheCa2+ ATPaseof thesarcoplasmicreticulum,
its modulator phospholamban, other channels of the
sarcoplasmic reticulum and their modulators (for
example, FK506-binding protein 12.6) and the Na+/
Ca2+ exchanger is accompanied by impaired removal
of Ca2+ from the cytosol and, as aresult, a slowdown
in relaxation [27, 100, 101]. Finally, titin-dependent
diastolic easticity may be determined by the work of
stretch-activated potassium channels, the dysfunction
(including a genetically determined one) of which can
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increase the risk of developing CHF with preserved
LVEF [102-104].

An acute and chronic increase in the passive
stiffness of titin leads to an increase in its mechanical
deformation and potentially nears the time of its
degradation (half-life can vary from severa hours to
two or three days), the multi-stage process of which
is very difficult to understand. The role of ubiquitin-
proteasome and autophagosoma — lysosomal
(autophagy) systems, proteases (such as calpains and
matrix metalloproteinase-2, and heat shock proteins
arediscussed. However, to date, the exact mechanisms
of degradation / protection of thetitin molecule, given
itsimpressive mass and length (about 1 um), have not
been fully studied [23, 78].

The impaired active myocardial relaxation and
deterioration of its wall compliance in a wide range
of pathological conditions (pressure overload,
ischemia, inflammation, cardiotoxic effects, oxidative
stress, etc.) underlying DD can be explained by a
shift in titin expression toward its more rigid N2B
isoform, hypophosphorylation by protein kinases
A and G or dephosphorylation by serine / threonine
phosphatase 5 in the segment of the extensible part
of the protein containing the unique N2B sequence,
hyperphosphorylation of titin PEVK elements by
protein kinase C, aswell asimpaired Ca2+-dependent
titin — actin interaction.

CONCLUSION

Maladaptive shifts in aternative splicing of titin
and the pathology of'its post-translational modification
associated with impaired active relaxation of the
myocardium and / or worsening compliance of itswall
are the key mechanisms of the development of LVDD
and diastolic heart failure. On the one hand, the results
of deciphering these mechanisms can become a tool
for developing new approaches to targeted therapy
for patients with diastolic heart failure that does not
have effective treatment. On the other hand, they
can become the key to understanding the therapeutic
effects of drugs already used to treat chronic heart
failure with preserved LV gjection fraction.
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The role of PASS and STITCH in the verification of unknown properties
of pyruvate and lactate. Literature review and fragments of authors’ own
research

Kolotyeva N.A.", Gilmiyarova F.N.?, Gusyakova O.A.?, Semashkova E.A.2

! Brain Research Institute, Research Center of Neurology
80, Volokolamskoye Highway, Moscow, 125367, Russian Federation

2 Samara State Medical University
89, Chapayevskaya Str., Samara, 443099, Russian Federation

ABSTRACT

The aim of the study was to identify the predicted spectrum of biological activity of pyruvate and lactate using
modern computer modeling methods and to determine potential protein partnersin intermolecular interaction.

Materials and methods. The biological activity spectrum of pyruvate and lactate by the structural formula was
determined using the PASS (Prediction of Activity Spectra for Substances) software. Potential protein interaction
partners for small molecules were predicted using the Search Tool for Interactions Chemicals (STITCH).

Results. Analyzing the obtained results in silico reveals that pyruvate and lactate exhibit diverse biological
activities, molecular mechanisms, and pharmacological effects. These include regulation of lipid, protein, and
carbohydrate metabolism and effects on enzyme activity and gene expression. The data on the antihypoxic,
antiischemic, antitoxic, immunomodulatory, antiinflammatory, antiviral, vasoprotective, and cytoprotective effects
are presented. The neuroprotective and antineurotoxic effects of pyruvate and lactate are predicted.

Conclusion. The spectrum of biological activities of lactate and pyruvate were revealed by computer modeling
methods, and protein interaction partners were characterized. The small molecules we studied have a coordinating
role in the functioning and modulation of mediator, hormonal, receptor, immune, inflammatory, antibacterial, and
antiviral responses and gene expression. The use of natural intermediates as therapeutic agents for the treatment
of ischemic stroke, acute neurological disorders, and neurodegeneration is discussed, which is underlain by the
stimulating effect of metabolites on neuroplasticity. These properties may be manifested through conformational
rearrangement of receptors, active binding centers, expression of multiple genes, and changes in the functional
manifestations of catalytic and other proteins. The obtained data will obviously expand our understanding of the
role of small moleculesin intermolecular metabolite — protein interactions.

Keywords: small molecules, pyruvate, lactate, biological activity, computer modeling, PASS, STITCH
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PASS n STITCH B Bepudukaymmn HemsBeCTHbIX CBONCTB NUpyBaTa N nakrara.
0630p nuTepatypbl U pparMmeHTbl COOCTBEHHbIX NCCe[O0BaHNI

KonotbeBa H.A.", Tunbmusaposa ®.H.% lN'ycakosa 0.A.%, CemawkoBa E.A.2

I Hnemumym mosea, Hayunwitl yenmp neeponozuu
Poccus, 125367, 2. Mockea, Borokoramckoe wocce, 80

2 Camapckuii 2ocyoapemeennviil meouyunckuil ynusepcumem (Caml MY)
Poccus, 443099, 2. Camapa, yn. Yanaesckas, 89

PE3IOME

l],em) HUCCJICIOBAHUS 3aKJIIOYACTCS B BBISIBJICHUU IPOTHO3UPYEMOI'O CIIEKTPa OHOJIOrHYECKOM aKTHBHOCTH nupysa-
Ta ¥ JJaKkTaTa ¢ IPUMECHEHHUEM COBPEMEHHBIX METOA0B MOACIIUPOBAHNMSA, ONPEACIICHUE MMOTCHIUAJIbHBIX OCJIKOBBIX
NapTHEPOB AJIs1 MEKMOJIEKYIISIPHOTO B3aMMOJleﬁCTBMﬂ.

Matepuaisl 1 MeToabI. OnpeeeHne CrieKTpa ONOIOrHYecKol aKTHBHOCTH NTUPYBATa U JIAKTaTa 110 CTPYKTYPHOH
(dhopmyne npoBomiM B iporpaMmMaoM obecriedeHnu Prediction of Activity Spectra for Substances (PASS). Ilpo-
THO3UPOBAHKE MTOTEHIMAIBHEIX OSIKOBBIX TApTHEPOB B3aUMOICHCTBHS ISl MAJIBIX MOJIEKYJI BBITOJHSUIN B CHCTEME
Search Tool for Interactions Chemicals (STITCH, nHCTpyMEHT HoKCKa B3aMMOICHCTBYIONINX XUMHUYECKHX BEIIECTB).

Pe3yabTaThl. AHaMHM3UPYs MONydEHHBIE Pe3yIbTatThl in silico, oOpamaer Ha ce0s BHUMaHHE IPOSBICHUE pa3-
HOOOpa3HOH GHOJIOTMYECKOI aKTHBHOCTH MOJICKYJISIPHBIX MEXaHH3MOB, OKa3bIBAEMBIX (papMaKOIOTHIECKUX (-
(exTOB mupyBarta u aktata. Cpean HAX Peryssinus JUIHIHOTO, 6ETKOBOTO, YIIICBOAHOTO 0OMEHOB, BIMSHHIE HA
AKTHBHOCTH ()epPMEHTOB, IKCIIPECCHIO TeHOB. [IpHBOIATCS TaHHBIC aHTUTHIOKCHIECKOT0, aHTHHIIEMHIECKOT 0, aH-
THUTOKCHYECKOT0, UMMYHOMOIYIHPYIOIIET0, IPOTHBOBOCTIAIUTEILHOTO, IPOTHBOBHPYCHOT0, Ba30IIPOTEKTOPHOTO
U IUTOIIPOTEKTOPHOTO JIeHcTBUil. CIIpOrHO3MPOBaHO HEHPOIPOTEKTOPHOE, AHTHHEHPOTOKCHIECKOE AeiicTBHE ITH-
pyBata M JaKTaTa.

3aka04yenne. MetogaMu KOMIBIOTEPHOTO MOJIETMPOBAHUS PACKPHIT CIIEKTP OHMOJIOTMYECKOi aKTUBHOCTH JIAKTa-
Ta U MUPyBaTa, a TAK)Ke 0XapaKTePU30BaHbl OENKU-TTAPTHEPHI 110 B3aUMOJICHCTBHIO. M3yuaemble HAMHU Malble MO-
JIEKYJTBl BBITONHSIOT KOOPAWHAMOHHYIO PO B (DYHKIIMOHHUPOBAHUH U MOJIYJISIIMU MEIMATOPHOTO, TOPMOHAIIb-
HOTO0, PEIENTOPHOTO OTBETOB, HUMMYHOJIOTHUECKUX, BOCIAUTENbHBIX, AHTHOAKTEPHANBHbIX, MPOTHBOBUPYCHBIX
peakiui, skcnpeccuu reHoB. O0CykIaeTcs UCMONb30BaHUE €CTECTBEHHBIX HHTEPMEINATOB B KaUeCTBE Teparnes-
THYECKUX CPEACTB JUIsl JT€UEHHS HIIEMUYECKOTO HHCYIbTa, OCTPhIX HEBPOJIOTHUECKHUX PACCTPOICTB, Helpoaerexe-
paluu, 4To UMeeT B CBOEH OCHOBE CTUMYJIHpYIOIee JeHCTBIE META0OIUTOB Ha MPOIECCH MITACTUYHOCTH MO3Ta.
IposiBneHne 3TUX CBOICTB, BEPOSATHO, peanu3yeTcs uepe3 KOHGOPMaMOHHYIO EPECTPOIKy PelenTOpOB, aKTHUB-
HBIX LIEHTPOB CBA3BIBAHHS, SKCIIPECCHH MHOXKECTBA TCHOB, U3MEHEHUE (DYHKIIMOHAIBHBIX MPOSIBICHUH KaTaauTH-
YEeCKHUX U Apyrux Oenkos. [TomydeHHbIe 3HAaHNS, OUEBUIHO, PACHIUPAT HAIlle MOHUMAHUE POITH MaJIbIX MOJIEKYI B
MEXMOJIEKYJISIPHBIX B3aUMOJIEHCTBUSAX METaOOTHT—OETIOK.

KawueBsble cji0Ba: Majble MOJICKYIIbI, ITUPYBAT, JIAKTAT, KOMIIBEOTEPHOE MOJICIIMPOBAHUE, OMOJIOTHYECKAst aKTHB-
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INTRODUCTION transport of substances and transmission of signals,
playing a role in maintaining cellular homeostasis

The study of the role of metabolitesin intercellular [1-3]. For economic and practical reasons, assessing
interaction systemsis currently relevant. In particular, intermolecular interaction of millions of chemica
protein — small molecule interactions can regulate compounds with thousands of ligands in the
and control a variety of cellular processes, such as experiment is difficult, so it is advisable to conduct
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a preliminary assessment of the biological activity of
specific chemicals in silico [4, 5].

Biological activity is the main characteristic
of compounds with a known chemical formula,
since its presence can be the basis for the use of the
substance in medicine or it can limit its use due to
the manifestation of undesirable side or toxic effects.
The use of computer modeling can reduce the volume
of necessary experiments by dozens of times in
comparison with a blind search [6].

The focus of our attention is on small molecules
pyruvate and lactate. One of the most important
intermediate components of metabolism and a
source of energy for mitochondria is pyruvate, which
participates in the processes of cell matrix remodeling
[7, 8]. Lactate is no longer considered as a dead-end
product of anaerobic metabolism. Being an energy
substrate, it plays an important role in regulating the
function of many cells, participating in the processes
of tissue proliferation and differentiation and
angiogenesis [9, 10].

The article is devoted to in silico modeling and
elucidation of biological activity and molecular
mechanisms underlying the description of molecular
structure, taking into account the search for structure—
property relationships. Our understanding of cellular
signal transduction may contribute to the elucidation
of new interactions between lactate and pyruvate with
proteins.

The aim of the study was to identify the predicted
spectrum of biological activity of pyruvate and lactate
using modern computer modeling methods and to
determine potential protein partnersin intermolecular
interaction.

MATERIALS AND METHODS

PASSversion 1.917 (Prediction of Activity Spectra
for Substances) software is intended for prediction of
the biological activity spectrum of a compound by its
structural formula based on the analysis of structure —
activity relationships using a training sample of
compounds. Theprogram hasinformationonstructures
and known biological activities of over one million
molecules. Biological activity for new compounds is
predicted using Multilevel Neighborhoods of Atoms
(MNA) descriptors, which are necessary to describe
the structure of molecules in an organic compound,
taking into account the search for structure — property
relationships for heterogeneous samples [6].

The spectrum of biological activity predicted by
the PASS computer system includes pharmacological

effects, specific toxicity, side effects, effects of
molecules on metabolism, molecular transport, gene
expression, identification of undesirable targets, and
molecular mechanisms of action. The prediction
result is presented as Pa (“to be active’) and Pi (“to
be inactive) probabilities with values from 0 to 1
[11]. We took Pa over 0.5 as the optimal value of the
probability of activity. The prediction of the biological
activity spectrum was presented as an ordered list of
Pa and Pi probability estimates.

Potential protein interaction partners for small
molecules were identified using the Search Tool for
Interactions of Chemicals (STITCH) version 5.0. The
STITCH platform includes over 9,600,000 proteins
from 2,031 eukaryotic and prokaryotic genomes
and 430,000 chemical compounds. This program
combines data on existing protein — small molecules
interactions from DrugBank, GPCRligand (GLIDA),
Matador, Therapeutic Target Database (TTD),
Comparative Toxicogenomics Database (CTD), NCI —
Nature Pathway Interactions, Reactome, BioCyc, and
Kyoto Encyclopedia of Genes and Genomes (KEGG)
databases.

Since there can be overlaps between different
manually generated datasets, STITCH considers
repetitive interactions only once. Other major
sources of intermolecular linkages are experimentally
validated interaction data sets, which include data
from ChEMBL, PDSP Ki Database, and Protein Data
Bank. Sources of protein — chemical interactions are
supplemented by automated text analysisand structure-
based prediction methods. The text mining pipeline
includes collaborative copying and processing of all
MEDLINE abstracts and available full-text PubMed
Central open access articles; NIH RePORTER grant
abstracts were also taken into account [1].

To assess the effect and validity of protein — ligand
binding, as well as the variability in affinity of known
ligands, it is important to know the binding capacity
between the compound and its target. Typically,
this binding affinity is quantified as the inhibition
constant Ki, and the 1C50 (haf-maximal inhibitory
concentration) value is also taken into account [12].

The standard SMILES entry was used to search
for identifiers and common chemical names that are
stored in the small molecul einformation database. The
program cal cul ates the parameter p —the probability of
protein — small molecule interaction. In STITCH, the
interaction network can be mapped and tuned using
different settings: by degree of evidence, confidence,
molecular action or binding affinity. In our work, we
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used the binding affinity index. The program predicts
intermolecular interactions at a confidence threshold
of 0 to 1 (low, medium, high, highest). We used a
medium confidence threshold of p > 0.4 [1].

RESULTS AND DISCUSSION

PASS program for assessing the biological
activity of small molecules. 1n the PASS computer
environment, it is possible to analyze a total of 2,736
types of biological activities. Analyzing the data
obtained, we can note the highest number of predicted
bioactivities for pyruvate compared to lactate (1,926
and 1,792, respectively). It should be noted that

pyruvate has a greater ability to exhibit molecular
mechanisms of action and exert pharmacological
effects, whereas lactate exhibits more adverse, toxic,
and metabolic effects.

The studied predicted manifestations of small
molecules and experimentally confirmed data are pre-
sented in Table 1. The findings indicate that pyru-
vate and lactate affect cellular processes: they act as
cytoprotectors, stimulators of leuko- and erythro-
poiesis and platelet aggregation, and inhibitors of throm-
bopoiesis and platelet adhesion due to their ability to
activate the hypoxia-inducible factor-1 alpha (HIF-
la) — erythropoietin (EPO) signaling pathway [13].

Table 1

Predicted effects of pyruvate and lactate in the PASS program

Effect Palac Pilac Pa pyr Pi pyr Experimentally proven data
Fibrinolytic 0.716 0.024 0.812 0.004 [14]
Lipid metabolism regulator 0.784 0.008 0.812 0.006 [15]
Hypercholesterolemic 0.727 0.019 0.757 0.003
Leukopoiesis stimulator 0.803 0.003 0.727 0.005 [13]
Platelet aggregation stimulator 0.353 0.009 0.706 0.005
Erythropoiesis stimulator 0.673 0.007 0.698 0.005 [13, 16]
Cytoprotector 0.554 0.017 0.670 0.009 [17]
Antivira (rhinovirus) 0.623 0.009 0.663 0.005 [18]
Antihypoxic 0.743 0.004 0.650 0.002 [19]
Neuroprotective 0.646 0.066 0.648 0.05 [16, 20, 37-39, 41]
Antiischemic 0.414 0.154 0.611 0.005 [17, 19, 25, 40]
Restorer 0.480 0.019 0.610 0.011 [21]
Antiviral (picornavirus) 0.588 0.027 0.605 0.018 [18]
Antiinflammatory 0.614 0.026 0.600 0.004 [19, 22]
Platelet adhesion inhibitor 0.592 0.001 0.592 0.014
Vasoprotector 0.681 0.024 0.564 0.025 [23]
I mmunomodul ator 0.811 0.023 0.554 0.04 [15]
Antineurotoxic 0.639 0.044 0.545 0.06 [17,24,39]
Inhibitor of thrombocytopoiesis 0.854 0.006 0.519 0.004
Antitoxic 0.599 0.006 0.516 0.012 [21]

Note: Pyr—pyruvate, lac —lactate, Pa — probability of presence; Pi — probability of absence.

Pyruvate and lactate have anti-inflammatory and
antiischemic effects, increase myocardial contractility
and energy state, protect tissuesfrom ischemic damage
and oxidative stress by enhancing sarcoplasmic
reticular Ca2+ transport, and increase NADPH
production to maintain redox state of glutathione [19].

Pyruvate exerts neuroprotective effects, preventing
death of postischemic astrocytes by inhibiting
lactate dehydrogenase leakage, reducing redox
ratio, and inhibiting activation of apoptotic events,

such as cytochrome c¢ release from mitochondria
and fragmentation of caspase-3 and poly(ADP-
ribose)polymerase. Pyruvate can accelerate its own
metabolism by increasing pyruvate dehydrogenase
activity and thus restore cellular levels of ATP in
postischemic astrocytes [17, 20]. According to V.N.
Yartsev, the vasoprotective effect of pyruvate and
lactate is probably realized through a direct effect on
the neurogenic tone of blood vessels [23]. Due to these
predicted and experimentally confirmed properties,
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pyruvate has been used as a therapeutic agent for the
treatment of stroke and acute neurological disordersin
studies by D. Frank [25].

Simulated antiviral effect of pyruvate and lactate
against rhinovirus and picornavirus is worth noting.
Lactate is highly likely to have an antiviral effect
on arboviruses and papillomaviruses. There is an
assumption that the virus loses its infectious activity
due to conformational rearrangements in the structure
and a loss of replication activity [18].

There is evidence of the involvement of these
intermediates in various types of metabolism: lipid,
protein, and carbohydrate (Table 2). We have
identified the effect of pyruvate and lactate on the
regulation of lipid metabolism, with a significant
hypercholesterolemic effect. It is worth noting that
these small molecules inhibit trans-2-enoyl-CoA
reductase, which is involved in the biosynthesis
of unsaturated fatty acids and elongation of
mitochondrial fatty acids. Adipocytes have been

experimentally shown to be the main source of lactate
in white adipose tissue. Lactate levels range from
0.35-9.67 mM at a fat tissue density of 0.9 g/ ml.
It has been noted that adipocyte-derived lactate is
a signaling metabolite that promotes activation of
inflammatory macrophages by direct binding to the
prolyl hydroxylase domain protein 2, highlighting
the relationship between immunological processes
and metabolism in obesity [15].

We revealed that pyruvate and lactate exert an
inhibitory effect on enzymes of protein metabolism,
such asalaninetransaminase, serine-3-dehydrogenase,
gamma-glutamyl  transferase, and tryptophan
transaminase. These intermediates are known to
affect a number of carbohydrate metabolism enzymes:
glycerol-3-phosphate dehydrogenase, L- and D- forms
of lactate dehydrogenase, NAD-dependent malate
dehydrogenase, NADP-dependent decarboxylating
malate dehydrogenase, malate oxidase, pyruvate
dehydrogenase complex [16].

Table 2
Probable molecular mechanisms of pyruvate and lactate action

Molecular mechanism of action Enzyme code Pa pyr Pi pyr Palac | Pilac
Phosphoenol pyruvate phosphotransferase inhibitor EC2.7.3.9 0.91 0.001 0.922 0.001
Pyruvate decarboxylase inhibitor EC4.1.11 0.887 0.002 0.938 0.001
Aspartate — phenylpyruvate transaminase inhibitor EC 2.6.1.70 0.854 0.003 0.816 0.004
Glutamine — phenylpyruvate transaminase inhibitor EC2.6.1.64 0.83 0.004 0.807 0.005
Pyruvate dehydrogenase inhibitor cytochrome EC 1222 0.812 0.002 0.59 0.005
Phenylpyruvate decarboxylase inhibitor EC4.1.1.43 0.808 0.002 0.614 0.004
Pyruvate dehydrogenase inhibitor EC 1.2.4.1. 0.799 0.002 0.856 0.002
L -lactate dehydrogenase inhibitor EC1.1.23 0.778 0.001 - -
Phosphoenol pyruvate carboxykinase inhibitor EC4.1.1.38 0.769 0.002 0.8 0.002
D-lactate dehydrogenase inhibitor EC1124 0.765 0.001 0.783 0.002
Oxal oacetate tautomerase inhibitor EC5.32.2 0.723 0.001 0.881 0.001
Glycerol-3-phosphate oxidase inhibitor EC11321 0.705 0.002 0.616 0.004
Malate dehydrogenase inhibitor EC1.1.1.37 0.674 0.005 0.705 0.004
Oxal oacetate decarboxylase inhibitor EC4.1.1.3. 0.674 0.002 0.742 0.003
Glycerol-3-phosphate dehydrogenase inhibitor EC1.1.1.8 0.669 0.003 0.698 0.003
Malate dehydrogenase acceptor inhibitor EC1.1.1.37 0.62 0.011 0.594 0.018
Malate oxidase inhibitor EC1.1.33 0.567 0.008 0.522 0.016
D-mal ate decarboxylating dehydrogenase inhibitor EC1.1.1.83 0.557 0.003 0.723 0.002
NADPH-dependent malate dehydrogenase inhibitor EC1.1.1.40 0.529 0.003 0.5 0.003
L actate — mal ate transhydrogenase inhibitor EC 1.1.99.7 0.524 0.001 0.808 0.001
Inhibitor of NADP-dependent decarboxylating malate dehydrogenase EC1.1.1.82 0.471 0.002 0.522 0.003

The influence of natural intermediates on gene
expression is worth noting (Table 3). Pyruvate and
lactate upregulate the expression of the HMOXI
gene, which encodes the stress-induced protein heme

oxygenase-1, regulating the viability, proliferation,
and differentiation of many cell types. In the studies
by RA. Zager et al. (2014), the use of pyruvate
resulted in an increase in cytoprotective messenger
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RNA oxygenase-1 and IL-10, a selective decrease in
proinflammatory MCP-1 and TNFa, and an increase
in ATP levels [26]. Pyruvate attenuates the secretion
of amphoterin in cells by inducing heme oxygenase-1
through activation of the phosphatidylinositol-3-kinase
pathway, protein kinase, and nuclear factor 2 [27].

It is interesting that pyruvate and lactate increase
the expression of the 7P53 gene, a transcription
factor that regulates the cell cycle. It is known that
the p53 protein acts as a suppressor of malignization,
so the TP53 gene is attributed the properties of an
antioncogene [28]. An inhibitory effect of pyruvate on
the expression of the gene encoding MMP-9, aprotein
of the matrix metall oproteinase family, was predicted.
Anincreasein the level of the p53 protein contributes
to the inhibition of the growth of non-small cell lung
cancer cells, stops their invasion and migration,
and induces apoptosis [29]. Pyruvate reduces the
expression of the tumor necrosis factor (TNF) gene.
It is known that this gene encodes a multifunctional
proinflammatory cytokine, which is mainly secreted
by macrophages and is involved in the regulation of
cell proliferation, differentiation, and apoptosis. It
has been shown to reduce lung tissue infiltration in
radiation-induced lung injury by reducing the level of
proinflammatory cytokines IL-1p, IL-6, TNFa, GM-
CSF, M-CSF, TGF-B1, and HMGBI [26, 30].

Table 3

Effect of pyruvate and lactate on gene expression

Effect on gene expression
BRAF gene expression
inhibitor
TP53 gene expression enhancer | 0.676 | 0.031 | 0.507 | 0.022
MMP-9 gene expression

Papyr | Pipyr | Palac| Pilac

0.724 | 0.003 - -

0.606 | 0.015 | 0.15 | 0.065

inhibitor
Inhibitor of TNF gene 0589 | 0.014 | 0.163 | 0.084
expression
HMOXT gene expression 0549 | 0.027 | 0.553 | 0.017
enhancer
EIF4E gene expression 0544 | 0,005 | 0.015 | 0.005
inhibitor
TERT gene expression inhibitor - - 0.621 | 0.016

The inhibitory effect of pyruvate on the expression
of the EIF4E gene was predicted by the PASS
computer program, and its activation is associated
with carcinogenesis. Pyruvate inhibits BRAF gene
expression. The B-RAF protein, a proto-oncogene, is
apart of the RAS/ MAPK signaling pathway, which
regulates cell growth, proliferation, differentiation,
migration, and apoptosis [31]. Lactate has been

predicted to inhibit the expression of the telomerase
reverse transcriptase (TERT) gene, which is the
catalytic subunit of the enzyme. The TERT gene is
mainly active in progenitor and cancer cells, and to a
lesser extent — in somatic cells, playing an important
rolein aging.

STITCH system for identifying intermolecular
interaction partners. We searched for intermolecular
interaction partners for pyruvate and lactate in the
STITCH software. The number of interactions for
pyruvate was 109 and for lactate — 384, with amean
significance level p > 0.4. Interactions of the studied
small molecules with receptors, transfer proteins,
hormones, and enzymes were noted, and molecu-
lar models were constructed from them. In Table 4,
partner proteins typical of pyruvate and lactate are
predicted with a high degree of certainty. The in-
teraction of pyruvate and lactate as substrates with
lactate dehydrogenase and its various isoforms is
confirmed.

The probability of pyruvate and lactate binding
to pyruvate kinase, which stimulates POUSF1-
mediated transcription activation and plays a
common role in the caspase-independent death of
tumor cells, is predicted. The ratio between a highly
active tetrameric form and an almost inactive dimeric
form of pyruvate kinase determines whether glucose
carbon will be directed to biosynthesis or used for
glycolytic ATP production. The transition between
the two forms contributes to the control of glycolysis
and is important for the proliferation and survival of
tumor cells [32].

Pyruvate and lactate are equally likely to interact
with solute carrier family proteins (SLC16, SLC5)
and mitochondrial pyruvate carrier (MPC) 1 and 2.
Acting through lactate receptors HCARL / GPR8L1 or
being transported by monocarboxylate transporters
(MCT) across the cell membrane, metabolites
influence the functional activity of cells in various
tissues (endothelium, adipose tissue cells, neurons),
which leads to changes in metabolism, proliferation,
and differentiation [33, 34].

The studied natural intermediates pyruvate and
lactate are highly likely to act as ligands for vascular
endothelial growth factor (VEGF). In particular,
the effects of lactate as a proangiogenic factor
acting through an increase in VEGF expression
are of interest. In some tissues, lactate is taken
up and oxidized by macrophages, and lactate-
mediated macrophage polarization promotes muscle
revascularization and regeneration. The ability of
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lactate to alter tumor vascular morphogenesis and
perfusion has been established, thereby defining the

relationship between metabolism in tumor tissues
and angiogenesis [34, 35].

Table 4
Partner proteins in the interaction with pyruvate and lactate

Protein Description p pyr plac
PKM Muscular pyruvate kinase 0.985 0.898
HAO1 Hydroxyacid oxidase 0.973 0.717
LDHA L -lactate dehydrogenase A 0.969 0.998
LDHC L -lactate dehydrogenase C 0.968 0.990
LDHB L-lactate dehydrogenase B 0.968 0.986
LDHALGA L actate dehydrogenase A type 6A 0.960 0.929
LDHAL®6B L actate dehydrogenase A type 6B 0.957 0.915
LDHD L actate dehydrogenase D 0.910 0.911
SLC16A1 Solute carrier family 16, member 1 0.909 0.994
SLC16A3 Solute carrier family 16, member 3 0.909 0.969
SLC16A 7 Solute carrier family 16, member 7 0.900 0.969
SLC5A8 Solute carrier family 5, member 8 0.900 0.954
MPC1 Mitochondrial pyruvate carrier 1 0.900 0.908
MPC2 Mitochondrial pyruvate carrier 2 0.900 0.900
VEGFA Vascular endothelial growth factor A 0.814 0.879

Note: p—the probability of asmall molecule— protein interaction.

Table 4 showsthe proteins that indicate interaction
of pyruvate with such protein — enzymes as pyruvate
carboxylase, mitochondrial phosphoenol pyruvate
carboxykinase, dihydrolipoamide dehydrogenase, and
dihydrolipoamide transacetylase — the components
of pyruvate dehydrogenase complex. The interaction
of pyruvate with various malate dehydrogenase
isoforms has been predicted: cytosolic NADP-
dependent isoform (MEL), mitochondrial NADP-
dependent isoform (ME3), and mitochondrial NAD-
dependent isoform (ME2). There is evidence that
pyruvate is associated with glycerol-3-phosphate
dehydrogenase and phospholipase A2, which
catalyzes calcium-dependent hydrolysis of two acyl
groups in 3-sn-phosphoglycerides. This releases
glycerophospholipids and arachidonic acid, which are
themselves precursors of signaling molecules.

Pyruvate has been predicted to be a ligand of
cystathionine gammarlyase, which implements
methionine sulfidation; it activates sulfurtransferase,
which carries out cyanide detoxification and
thiosulfate biosynthesis. Both of these proteins
generate an endogenous form of hydrogen sulfide,

which isasynaptic modulator, asignaling molecule, a
neuroprotector, and a regulator of blood pressure [36].
Pyruvateisableto interact with cytochrome b5, which
is a membrane-bound hemoprotein that functions
as an electron carrier for several membrane-bound
OXygenases.

The data on the relationship of lactate with many
receptors, including HCAR1, HCAR2, and HCAR3
hydroxycarboxylic acid receptors, which exhibit their
effects using the G-protein-mediated pathway, are of
interest. In addition, it has been shown that lactate
can interact with the alpha-2 adrenergic receptors
ADRA2A, ADRA2B, ADRA2C that mediate
catecholamine-induced inhibition of adenylate cyclase
by G-proteins. Toahigh degree, theintermediate under
study interacts with opioid, dopamine, muscarinic
cholinergic, bradykinin, glutamate, lysophosphatidic
acid receptor, and G-protein-coupled receptor, which
indicates the involvement of lactate in nerve impulse
transmission [37]. Neuroprotective effect is probably
related to the MTRNR2 protein, which reduces the
production of the amyloid betapeptidein Alzheimer’s
disease [38]. The function of lactate as a ligand for
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neurotransmitters, such as glutamate, dopamine,
acetylcholine, histamine, and prostaglandin E2, is
worth mentioning.

Thus, the metabolic role of lactate in reducing the
devel opment of neurodegenerative processes has been
predicted and experimentally proven; some scientists
consider lactate as a mediator or hormone involved
in memory formation and neuroprotection [39]. The
use of lactate in clinical studies in the trestment of
ischemia and neurodegenerative diseasesis discussed,
which is determined by the stimulating effect of lactate
on neuroplasticity. In particular, the role of lactate as
a neuroprotective factor in Alzheimer’s disease is of
interest, which is determined by its ability to provide
metabolic coupling between astrocytes and neuronsin
active brain regions and participate in the regulation
of cerebral angiogenesis [40, 41].

We noted ahigh probability of interaction of |actate
with adrenaline, somatostatin, melatonin, pancreatic
polypeptide, and melanin-concentrating hormone. In
addition, lactate can interact by a receptor-mediated
mechanism with serotonin receptors and galanin and
prostaglandin E hormone receptors.

The high ability of lactate and pyruvate to affect
immune responses and inflammatory processes, as
predicted by the PASS platform, is worth noting.
Lactate binds to interleukin (IL)-8 and IL-6 —
powerful acute-phase inducers involved in the
final differentiation of B cells, lymphocytes, and
monocytes; IL-10, which inhibits cytokine synthesis
(y-interferon, IL-2, IL-3, TNF, and GM-CSF); IL-
la, which is involved in the immune response and
stimulatestherel ease of prostaglandin and collagenase
from synovia cells. Pyruvate, in turn, acts as aligand
for the IL-31 receptor.

These findings have been confirmed in a number of
ex vivo and in vivo experiments. Intracellular pyruvate
content has been shown to correlate positively with
IL-1B and IL-10 levels in patients with community-
acquired pneumonia. Increased levels of pyruvate
partially support the ability of hyporeactive monocytes
to produce cytokines [42]. Antiinflammatory and
potential therapeutic effects of pyruvate in an
experimental model of appendicitisin rats were noted
[43]. The clinical application and therapeutic effect of
pyruvate nasal spray in alergic rhinitis are discussed
[44, 45].

The ability of lactate to be an interaction partner
for different groups of chemokines has been noted.
Thus, the chemokine CCL5 is an attractant for blood
monocytes, T helpers, and eosinophils and causes

histamine release from basophils. Binding to the
chemokines CCR1, CCR3, CCR4, and CCRS, it is
one of the major HIV-suppressive factors produced
by CD8+ T cells. The chemokine CXCL1 activates
neutrophils and may play a role in inflammation by
exerting its effect on endothelial cells. D. Zhang et al.
(2019) showed that lactylation of lysineresidues serves
as an epigenetic modification that directly stimulates
macrophage chromatin gene transcription. Histone
lactylation contributes to the understanding of lactate
functions and its role in various pathophysiological
manifestations of infectious and noninfectious nature,
which may indicate a close functional relationship
between the metabolic state and the expression profile
of cells [46].

CONCLUSION

The spectrum of biological activities of lactate
and pyruvate was revealed by computer modeling
methods, and the interaction partner proteins were
characterized. The small molecules we studied have a
coordinating rolein the functioning and modul ation of
mediator, hormonal, receptor, immune, inflammatory,
antibacterial, and antivira responses and gene
expression. The use of natural intermediates as
therapeutic agentsfor the treatment of ischemic stroke,
acute neurological disorders, and neurodegeneration
is discussed, which is underlain by the stimulating
effect of metabolites on neuroplasticity.

These properties may be manifested through
conformational rearrangement of receptors, active
binding centers, expression of multiple genes, and
changes in the functional manifestations of catalytic
and other proteins. The obtained data will obviously
expand our understanding of therol eof small molecules
in intermolecular metabolite — protein interactions.
Publications in this area appeared only in 2009 and
were summarized in a systematic review by X. Li et
al. [47]. In 2022, an original viewpoint on the protein —
small molecule interaction appeared. The term
metabolic entanglement was coined by the authors.
The presence of ligand-binding pockets in protein
structures for small molecules is to be deciphered,
which will alow for integration of metabolomics and
protein interactomics [48].
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ABSTRACT

Aim. Following the analysis of literature data, to determine significant factors of intestinal obstruction in patients
with colorectal cancer.

Materialsand methods. We analyzed 84 literature sources from the Scopus, Web of Science, Google Scholar, and
PubMed databases, as well as open access articles on Google.

Results. The predominant causes of anastomotic leaks after operations for colorectal cancer are discussed, the
role of the microbiome in the development of postoperative complications is analyzed. The intestinal microbiome
of patients with colorectal cancer contains bacteria that are not normally found under physiological conditions.
These bacteria contribute to the development of disease, suture failure after surgery for intestina obstruction,
and progression of carcinogenesis. This effect is due to the production of bacterial metabolites, the effect on the
human immunity, and competition with obligate intestinal microflora. On the other hand, the use of drug therapy,
including antibiotics, leads to mass death of obligate bacteria. Therefore, it is important to search for drugs and
treatment methods that, if possible, do not have a significant negative impact on the microbiome, but are capable
of destroying pathogenic microorganisms. The concept of Russian authors was proposed, which consists in the
intraluminal use of rifaximin-a for the prevention of purulent and septic complications and anastomotic leaks
during reconstructive surgeries on the distal colon.

Conclusion. Anastomotic |eaks after operations for colorectal cancer are largely facilitated by the imbalance of the
intestinal microbiome typical of this group of patients, which can be eliminated by the use of antimicrobial drugs.

Keywords: intestinal microbiota, cancer, intestinal obstruction, anastomotic leak
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Bo3moxKHasA ponb 0c06eHHOCTeN KNLWEeYHOro MUKpo6uoma y nayneHToB
C KOJIOpeKTalbHbIM PakoM KaK MpN4YMHa HeCOCTOATENIbHOCTM aHaCTOMO3a

Kocapesa I1.B." 3, KoHeB P.A.2, TogoBanos A.[.", Cusakosa J1.B.", CamogenkuH E.l."
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PE3IOME

Hens nccnenoBaHus: Ha OCHOBE aHANIN3a JINTEPATYPHBIX JAHHBIX OMPEJEIUTh 3HAUNMbIE ()aKTOPHI KUIIIETHOH He-
MPOXOJMMOCTH y MAIlEHTOB C KOJIOpeKTanbHbIM pakoM (KPP).

Marepuanabl U MeToabl. [Ipoananu3upoBano 84 nUTEpaTypHBIX MCTOYHHKA M3 0a3 maHHBIX Scopus, Web of
Science, Google Scholar, PubMed, a Taxoke Haxoasmuxcs B cBobonHOM noctyne B Google.

PesyabTatsl. O6CysxaatoTcsl peodagaroye NpUINHbI HECOCTOSTEIbHOCTH aHACTOMO30B T10CiIe ONepalyii mo
noBoay KPP, ananusupyercst poib MUKpoOHOMa B pa3BUTHH ITOCIIEONEPALHOHHBIX OCI0KHEHUH. MUKPOOHOM KH-
nreyHrka 6onbHBIX KPP conmepxut 6akTepru, KOTOpble B HOpME He 00HAPyKHMBAIOTCS B (PU3HOJIOTNYECKHX YCII0-
BUSIX, M CaMH 9TH OaKTEpUH CIIOCOOCTBYIOT Pa3BUTHIO 3a00JIEBaHMs, @ TAK)KE HECOCTOSATEIEHOCTH KUILIEYHOTO [I1Ba
[ocyie ONepalyy Mo MOBOAY KUIIEYHOH HEeNPOXOAUMOCTH, MPOrPECCUPOBAHUIO Npoliecca KaHLeporeHesa. JToT
a¢dexT 00ycnoBneH NpoayKuuei 6akTepHatbHBIX MeTa0OJIUTOB, BIMSHIEM Ha UMMYHHYIO CUCTEMY YelIOBeKa U
KOHKYpEHIIMel ¢ obmuratHoit Mukpodiopoit kumeynuka. OTHaKO MCIIOIb30BaHNE MEIUKAMEHTO3HOTO JICUCHUS,
B TOM YHCJIe aHTHOMOTHKOB, IPUBOJUT K MaccOBOH rudeny o0iuraTHoil MUKpogopsl. [103ToMy BakeH HOHMCK
TaKuX MpernapaToB U METOMOB JIEUEHHsI, KOTOPbIE 110 BO3MOYKHOCTH HE OKa3bIBAIOT CYILIECTBEHHOTO HErATUBHOI'O
BJIMSIHUSL HA MHUKPOOHOM, HO CIIOCOOHBI YHMYTOXKATh IAaTOr€HHBIE MHKPOOPTaHM3MBI. [Ipe/ioxkeHa KOHIeTIHs
POCCHIICKMX aBTOPOB, 3aKJIFOYAIOIIAsICS BO BHYTPHUIIPOCBETHOM ITPUMEHEHUH prakCUMIHA-0. TS TPO(UIAKTUKH
THOMHO-CENITUUECKUX OCJIOKHEHUH M HECOCTOSITENbHOCTH aHACTOMO30B IIPU PEKOHCTPYKTUBHBIX ONEpaLlUsX Ha
JIUCTAJIbHOM OT/IeJIe TOJICTOI KUIIKH.

3axuouenne. HecocTosTenbHOCTH aHACTOMO30B IOciie ornepanwii o nosoxy KPP B 3HauuTenpHOM Mepe crmocod-
CTBYIOT clieliu(pUIecKue Ui TOr0 KOHTUHTEHTa TTAlIMCHTOB HAPYIICHUS KUIICYHOTO MUKPOOHOIIEHO3a, KOTOPHIE
MOTYT OBITh YCTPaHEHBI HCIIOJIB30BAaHUEM aHTHOAKTEPHAIBHBIX MIPEHapaToB.

KuroueBble ciioBa: Ml/IKp06MOTa KUIICYHUKA, paK, KUIIECYHas HEIPOXOAUMOCTb, HECOCTOATECIIbHOCTh aHACTOMO3a

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

HUcTounuk q)lﬂ-[al-lcl/lpOBaHPlﬂ. ABTOpLI 3asIBIISIOT 00 OTCYTCTBUHU (l)I/IHaHCI/IpOBaHI/ISI py MPOBECACHUUN UCCIIEN0-
BaHUA.

Js uutupoBanus: Kocapesa [1.B., Kones P.A., 'onoBanos A.Il., Cusaxosa JI.B., Camonenkun E.J. Bo3mox-
Hast pOJIb 0COOEHHOCTEH KHUIIEYHOTO MUKPOOHOMA y TAIIMEHTOB C KOJIOPEKTAIbHBIM PAKOM KaK MPHYHHA HECOCTO-
ATENBHOCTH aHacToMo3a. broatemens cubupckoti meduyunot. 2023;22(3):120-131. https://doi.org/10.20538/1682-
0363-2023-3-120-131.

INTRODUCTION cancer (CRC) affects more than 250,000 people
each year and is the cause of about athird of cancer
Currently coloncancerisoneof theleadingcauses  deaths [3].

of morbidity and mortality in the Russian Federation Genetic predisposition to the disease plays a
[1], which reflects the global trend [2]. Colorectal
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certain role in the formation of colorectal cancer,
in particular, mutation of the K-Ras gene can be
accompanied by a constant level of its activity,
which allows cellsto evade apoptosis and proliferate
rapidly and uncontrollably [3]. However, most cases
of CRC are sporadic and are largely associated with
a combination of manageable environmental risk
factors [4].

According to the World Health Organization, risk
factorsmay includerace, age, poor family history and
genetic predisposition (referring for less than 25% of
CRC cases [5]), previous inflammatory diseases of
the colon, including familial adenomatous polyposis,
adenoma [6, 7].

Intestinal obstruction (10) in CRC may
occur due to the development of the disease (e.g.,
tumor overgrowth), anticancer therapy (e.g.,
scarring after radiation therapy), or due to other
causes [8]. Usually, IO in such patients leads
to severe consequences, and its treatment often
presents great difficulties [9].

For many patients with malignant neoplasms
of the gastrointestinal tract, dissemination of the
abdominal cavity with tumor cells (peritonea
carcinomatosis) is a common route of metastasis
and progression of the disease. Despite the
encouraging results shown by cytoreductive
surgery and intraperitoneal chemotherapy, most
patients who develop peritoneal carcinomatosis
associated with gastrointestinal cancer have a
poor prognosis, and malignant ileus is a common
terminal phase of the pathological process [10].
The prognosis in the case of intestinal perforation
uncomplicated by carcinomatosis due to 10
can aso be fatal, especially in the case of fecal
peritonitis [11]. There is no doubt that malignant
obstruction of the colon is directly associated with
cancer recurrence and lower overall survival,
regardless of the disease stage and adjuvant
chemotherapy [12].

The incidence of anastomotic leaks after surgery
for CRC varies, averaging up to 15% of cases. At the
same time, the factors leading to this complication
are different and can be generalized as patient-
related factors (the presence of chronic infections,
internal and endocrine diseases) and as surgeon-
related factors (the choice of the method of surgical
intervention, etc.) [13—18]. According to other data,
the incidence is 4-5% [19], 12% [20]. It is known
that the risk of anastomotic leaks is higher in male

patients than in female patients [21]. However, the
factors that correlate with 1O in patients with CRC
are diverse and remain unclear; the dominant factor
has not been determined yet [22].

MATERIALS AND METHODS

We analyzed 84 literature sources from Scopus,
Web of Science, Google Scholar, and PubMed
databases, aswell as open access articles on Google.
The analysis of the literature data was carried out
taking into account ethical standards developed in
accordance with the Declaration of Helsinki of the
World Medical Association “Ethical Principles for
Medical Research Involving Human Subjects’ as
amended in 2000 and the Rules of Clinical Practice
in the Russian Federation approved by the Order of
the Ministry of Healthcare of the Russian Federation
No. 266 of 19.06.2003.

RESULTS

Basic approaches to the prevention of 10 in
patients with CRC. Since the development of
anastomotic leaks after bowel surgery for CRC
is a life-threatening complication [23], and a
failure to properly heal anastomosis can lead to
the development of peritonitis, these patients
require additional care associated with longer
hospital stays and increased costs. High morbidity
and mortality rates and a less favorable cancer
prognosis are noted in these patients, therefore,
the search for optima biomarkers of anastomotic
failure, including microbiological parameters, is
extremely important [24]. Especially since surgical
trauma seems to cause such complex reactions as
genotypic and phenotypic changesin the commensal
microbiota, increasing their pathogenic potential,
which causes tissue destruction and anastomotic
leak [25].

Undoubtedly, adequate medical treatment,
including appropriate fluid therapy, early initiation
of antibiotics, and treatment of concomitant diseases
in accordance with international guidelines, are
important for patient recovery after surgery for 10
associated with CRC [11].

Experimental and clinical studies have shown
that combined perioperative systemic antibiotic
prophylaxisandprol ongedtopical antibioticsagai nst
common enteric gram-negative and gram-positive
pathogens in intestines after mechanical cleansing
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are effective in preventing intestinal anastomotic
leaks [26]. All of the above indicates that the search
for optimal ways, approaches, and methodological
conceptsregarding the treatment of such acomplex
group of CRC patients who were diagnosed
with 10 is undoubtedly extremely relevant at the
present time.

The role of the intestinal microbiota in the
development of 10 in patients with colorectal cancer.
Normal microflora. Recent studieshavedemonstrated
that the gut of patientswith CRC contains microbiota
that differs from that in the healthy colon, and that
this microbiota may contribute to the onset of a
malignant disease, intestinal suture failure after
surgery for 10, and progression of carcinogenesis
[26, 27].

The microbiota consists of various bacterial taxa
that inhabit the epithelial barriers of various host
organs. Microbiota (microbiome) is a metabolically
active ecosystem that interacts with epithelial
and stromal cells and plays an important role in
human health, performing various functions, such
as production of important metabolites, prevention
of pathogen infections, and control of overgrowth
of certain groups of bacteria to prevent changes in
the local environment by toxic bacteria. In addition,
microbiotais important for the activation of the host
immunity. The number and diversity of microbial
species in the intestine increase in the longitudinal
direction from the stomach to the colon [28]. Short-
chain fatty acids produced by obligate microflora are
the main source of butyrate, propionate, and acetate,
which are used as an energy source in the intestine
and help proliferation and differentiation of intestinal
epithelial cells [5].

In the last decade, numerous studies have
established a clear relationship between changes in
the composition of the gut microbiota and various
human pathol ogies: obesity and associated metabolic
disorders (for example, type 2 diabetes and non-
alcoholic fatty liver disease), autoimmune diseases
(for example, type 1 diabetes and inflammatory
bowel disease), and some types of cancer that are
characterized by changes in the microbiome and gut
[28,29].

In addition, the microbiota greatly contributes
to the development of lymphoid tissue and can
modulate the innate and adaptive host immunities.
Gut microbiota interacts with elements of a full
immune response through dendritic cells or through

stimulation of epithelial receptors, even in the
absence of bacterial translocation [30].

Based on localization, researchers distinguish
between two types of intestinal microbiota
parietal (microbiota of mucous membranes) and
luminal microbiota. Currently, luminal microflora
is analyzed to a greater extent due to the ease of
collecting fecal samples. On the contrary, parieta
microbiotaisusually examined using intestinal tissue
biopsy obtained duringendoscopy[31,32]. Moreover,
the composition of the microbiota varies between
the epithelial cell layer, the mucus layer, and the
lumen [33].

It is the parietal microbiota that is involved in
stimulating mucus secretion and production of
short-chain fatty acids, such as acetate, butyrate,
and propionate, which are considered regulators
of intestinal physiology and mediators of the host
immunity. Butyrate is involved in colonocyte
metabolism, enhances the barrier function of the
intestine by increasing the production of mucus
and the formation of tight junctions, stimulates the
immunity of the mucous membranes, and aso has
antiinflammatory and antitumor effects, since it
inhibits the proliferation of cancer cells [31, 32]. The
antitumor effect of butyrate is due to its inhibitory
effect on histone deacetylases (HDAC), which
promote carcinogenesis. Due to the metabolic shift
of cancer cells toward glycolysis, unused butyrate
accumulates and inhibits procarcinogenic HDACs.
In addition, recent studies show that butyrate can
improve the healing of colonic tissue in surgica
animal models, especially at the site of reconnection
of colon ends, anastomosis, and after surgical
resection [32].

Acetate produced by anaerobes, in particular
Bifidobacterium, isinvolved in defense mechanisms
against external agents, such as enterohemorrhagic
Escherichia coli infection [31]. As it was shown in an
experiment on rats, after colectomy, the composition
of parietal microflora changes with a significant
increase in the number of microorganisms of the
genera Enterococcus, Escherichia and | or Shigella
in the microbiome. However, it is still unclear to
what extent the change in parietal microflora can
be reflected in shifts in luminal microflora isolated
during a bacteriological examination [31].

Pathological changes in the intestinal microflora
in CRC. Dysbiosis is defined as the abnormal
and predominant presence of pathogens in the
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environment or as alterations in the considered
normal proportion of different specimens composing
the microbiota. This new ecosystem is also called
the pathobiome [30].

A growing body of evidence indicates that
disruption of the gut microbiota composition is
strongly associated with CRC. Recent studies have
identified Streptococcus bovis, enterotoxigenic
Bacteroides fragilis, Fusobacterium nucleatum,
Enterococcus  faecalis, Escherichia coli, and
Peptostreptococcus anaerobius aspotential initiators
of CRC [34, 26].

When the balance of normal microflora is
disturbed, the number of intestinal probiotic
species of microorganisms belonging to the genera
Bifidobacterium and Lactobacillus decreases, and
the number of bacteria producing enterotoxins
Bacteroides, Escherichia coli, and Clostridium
difficile increases. Bacteria secrete a variety of toxic
factorsthat damageintestinal epithelial cells, causing
a chronic inflammatory response and development of
CRC, in particular by activating intestinal mucosal
macrophages via M cells. In addition, chronic
inflammation under conditions of high levels of
oxidative stress |eads to aloss of barrier functions of
epithelia cells and disruption of humoral and T cell
immunity [35].

Changes in the balance of gut bacteria can lead
to changes in the levels of gut microorganism
metabolites, such as short-chain fatty acids (SCFAs),
polyphenols, vitamins, tryptophan catabolites,
and polyamines; abnormal levels of SCFAs and
molecules associated with amino acid metabolism
like polyamines are involved in cancer progression
and metastasis in various types of tumors [28]. These
microbia metabolitesinteract with the host immunity
and cause release of genotoxic virulence factors.
Such microorganisms include Bacteroides fragilis,
Fusobacterium nucleatum, FEnterococcaceae Of
Campylobacter, Peptostreptococus, Enterococcus
faecalis, Escherichia coli, Shigella, Salmonella,
and Streptococcus gallolyticus [28, 29, 36]. To date,
an excess of Fusobacterium in the intestine can be
considered a potential biomarker for CRC [29].

Fusobacterium  nucleatum IS the most
frequently observed species in the colorectal tumor
microenvironment and affects the progression of the
disease through multiple mechanisms [37]. Excess
colonization of the intestine by microorganisms
of the genus Fusobacterium is associated with the

activation of macrophages after the activation of
certain miRNAS, in particular MRNA-21; miRNA-21
activates interleukin-10 (IL-10) and prostaglandin
E2 and causes a decrease in antitumor suppressor
functions of T cells. A recent study showed that
Fusobacterium promotes chemotherapy resistancein
CRCby affecting innate immunity receptors TLR4 and
MYD8S, as well as specific mRNAs (mRNA18a and
MRNA4082) responsible for autophagy activation.
Thus, patients with high levels of Fusobacterium
are more susceptible to chemotherapy failure and
disease recurrence [29]. The so-called Western diet,
characterized by a high intake of sugar and animal
fat and low in fiber, is in particular associated with
an increase in Bacteroides [31]. An increase in
Fusobacterium nucleatum and Bacteroides fragilis iS
strongly associated with the occurrence of CRC dueto
inflammatory mechanisms, while Faecalibacterium
prausnitzii IS a protective factor, producing butyrate
[38].

A hypothesis has been proposed regarding the
relationship between Fusobacterium nucleatum and
CRC. According to this hypothesis, the proposed
pathogenic mechanism involves the activation of
the B-catenin signaling pathway that causes cell
proliferation (as a consequence of FadA binding
with E-cadherin located on intestinal epithelial
cells). The observation that F. nucleatum is more
prevalent in patients with CRC than in healthy
individuals 1is statistically significant. However,
the number of F. nucleatum and Bacteroides
fragilis (both in the stool sample and in the tumor
tissue) appears to increase along with adenoma to
adenocarcinoma progression [30].

Peptostreptococcus spp. 1S relevant in patients
with CRC. A recent study showed that patients
with bacteremia caused by Peptostreptococcus spp.
have an increased risk of CRC. This microorganism
produces many saccharolytic and fermented
products, including acetic, isobutyric, isovaleric,
and isocaproic acids, and may contribute to the
acidic and hypoxic tumor microenvironment, which
promotes bacterial colonization. However, no major
research has been done in this direction to date. As
for the procarcinogenic effect, it is known that this
microorganism contributes to the accumulation
of reactive oxygen species by affecting TLR2 and
TLR4 [29, 36].

Peptostreptococcus anaerobius is an anaerobic
bacterium that selectively lives in excess in the
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colonic lumen and on the mucous membranes of
patients with CRC, but its mechanisms of pathogenic
and carcinogenic effects remain unidentified. To date,
P. anaerobius is known to attach to the intestinal
mucosa and accelerate the development of CRC in
ApcMin /+ mice.

In vitro studies and transmission electron
microscopy demonstrate that P. anaerobius attaches
selectively to CRC cell lines (HT-29 and Caco-2)
compared to normal colonic epithelial cells (NCM460)
via the P. anaerobius cell wall protein, which binds
directly to colonic cells via the integrin a2/B1 receptor,
often overexpressed in human colorectal tumors and
cell lines. The interaction between PCWBR2 and
integrin a2/B1 induces active cell proliferation, which
also involves the nuclear factor kB (NF-xB) activation
pathway, which in turn induces a proinflammatory
response as indicated by elevated levels of cytokines,
such as IL-10 and interferon-y, in tumors of ApcMin/+
mice treated with P. anaerobius. The identified
relationship may be a promising therapeutic target in
the management of CRC [39].

Streptococcus gallolyticus (Streptococcus bovis)
is detected in approximately 20-50% of patients
with CRC, whileits prevalence in this biotopein the
population is no more than 5% [5].

An increase in the enterotoxigenic variant
of Bacteroides fragilis has been noted in stool
samples of patients with CRC; B. fragilis degrades
the E-cadherin protein and activates nuclear beta
catenin signaling and induces c-Myc expression and
cell proliferation [5]. B. fragilis toxin activates the
Wnt and NF-£B signaling pathways and enhances
the release of proinflammatory molecules by the
epithelium [28]. The presence of enterotoxigenic B.
fragilis aswell as F. nucleatum inthe colonic mucosa
is associated with more advanced CRC associated
with elevated levels of inflammatory mediators,
including MMP-9 [40].

Bacteroides, especialy in combination with
Escherichia coli, are crucia to the development of
CRC (which was confirmed in experiments on mice),
including its familial forms. Both the action through
the activation of NF-xB and mucin degradation
are mentioned among the mechanisms. However,
they usually do not exhibit carcinogenic properties
independently, outside of associations with other
bacteria [29].

E. coli is characterized by the expression of
genotoxins, such as cyclomodulins CIF (cycle

inhibiting factor), cytotoxic necrotizing factor
(CNF-1) or colibactin; in colonocytes, CNF-1 also
affects the actin cytoskeleton, causing reversible
cellular senescence, which is potentially associated
with chromosomal aberrations and genomic
instability [29].

Colibactin is another genotoxin of bacterial
origin that can interfere with the cell cycle and
promote epithelial cell proliferation through DNA
damage, mutations, and genomic instability, which
is followed by tumor growth [5]. Higher expression
of B. fragilis toxin and colibactin genes was found
in patients with familial adenomatous polyposis
compared to healthy individuals. In addition, some
microbial metabolites obtained from food can
cause genotoxic and cytotoxic effects. Clostrudium,
Bacteroides, and E. coli have been reported to have
this capacity [30]. Some strains of E. coli and B.
fragilis produce genotoxins [30].

In CRC patients, Ruminococcus bromii,
Clostridium clostridioforme, and Bifidobacterium
longum have low prevalence compared to normal
population [5]. S. bovis/gallolyticus can colonize
and grow in colon tissues through the binding of
collagen and histone-like protein A to collagen I,
IV, fibronectin, and fibrinogen in colonic tissues [5],
and also acts through the activation of NF-kB and
IL-8 [ 29]. Clostridium difficile is currently the most
common cause of healthcare-associated infections,
with an increase in the prevalence, severity, and
mortality of nosocomial and community-acquired
clostridial infections accounting for approximately
one-third of al clostridial infections. Thereisalso an
increased incidence of asymptomatic colonization,
especially in high-risk patients [41].

Therole of Clostridiain this processis evidenced
by the studies by individual authors. Pathogenic
microflora is responsible for the excess of free
radicals, especialy Enterococcus faecalis [5]. E.
coli toxin (colibactin toxin) causes cross-links and
double-strand breaks in DNA [28]. The virulence of
such an aggressive microorganism as Pseudomonas
aeruginosa is regulated by the presence of specific
fermentation products [33].

Possible role of viruses and fungi in the
pathological process. The gut microbiome is not
limited to bacteria only, but aso includes viruses
and microscopic fungi. A high viral DNA load is
observed in tumors compared to normal benign
tissue, which mainly concerns vira infections,
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such as human papillomavirus, polyomavirus
infections, human herpesviruses [28]. In addition,
Orthobunyavirus, Inovirus and Tunalikevirus,
Bacteroides fragilis, Fusobacterium nucleatum and
genotoxic Escherichia coli, which are involved in
the formation of CRC, are also relevant. Moreover,
a early and late stages of cancer development, the
mechanisms of the influence of microorganisms on
the progression of the disease are different [28].

Metabolites of the microbiota. While some
bacteria, such as F. nucleatum, E. coli, or B. fragilis,
interact directly with the host by binding to receptors
on tumor or immune cells, many effects caused by
bacteria can be due to secreted metabolites. The gut
microbiome is a vast source of secretory proteins
and metabolites, constituting a common reservoir of
metabolites in the tumor microenvironment [29].

During carcinogenesis, inflammatory cytokines
(IL-6 and others) [42] and chemokines produced
by cancer cells attract immature myeloid cells
and helper T cells involved in inflammation. The
pro-oncogenic microenvironment is characterized
by the synthesis of growth factors, angiogenic
factors, and tissue remodeling enzymes, as well as
suppression of the antitumor T cell response, which
contribute to tumor progression. In dysbiosis, the
permeability of the intestinal wall increases, the cell
wall lipopolysaccharides of some bacteria enter the
host, which induces the immune system to secrete
cytokines and trigger a cascade of reactions that
ultimately lead to inflammation. Local inflammation
promotes tumor progression through protumorigenic
cytokines and chemokines, which act as growth
factors and promote angiogenesis [28].

In general, the impact of the altered microbiota
isambiguous. Thus, F. nucleatum is associated with
alower level of CD3* T cells, increased production
of TNFa, IL-6, IL-12, and IL-17 (all of which have
a prooncogenic effect), which are involved in many
immune responses. However, the Fap2 protein
produced by this microorganism can prevent the
antitumor effect of NK cells and other T cells that
bind to inhibitory receptors [30].

In contrast, some microorganisms appear to
have a direct protective effect against tumor growth,
such as those that produce short-chain fatty acids
(butyrate or acetate). According to previousy
published data, Bifidobacterium appears to be able
to inhibit tumor progression by reducing infection
by enteropathic microorganisms and reducing

the production of bile products. Moreover, some
microbes may exhibit antitumor activity through
interactions with the immune system. This positive
effect is associated with stimulation of phagocytes,
increased NK cytotoxicity, and increased production
of immunoglobulins, including IgA (which
promotes mucosal barrier activity). Data from
experimental studies show that Bifidobacterium can
also contribute to the antitumor immune response by
inhibiting the NF-xB signaling pathway. Similarly,
Faecalibacterium prausnitzii may have a positive
effect by inducing IL-10 secretion and modulating
Treg response. IL-10 can control the proliferation
of Thl7 cells, stopping the progression of cancer.
In addition, IL-10 suppresses TNFa production and
iNOS expression [30].

CRC is usualy treated with cytotoxic agents,
such as 5-fluorouracil, capecitabine, and oxaliplatin,
which interfere with DNA replication. Platinum-
based anticancer drugs, such as oxaliplatin, cause
severe toxicity to many organ systems, including the
intestine. Its toxicity also affects the gut microbiome
asit damagesrapidly regenerating intestinal mucosal
cells, disrupts immunological barriers, and alters
environmental cytokines and inflammatory markers.
High levels of F. nucleatum have been shown to
promote chemoresistance in CRC, as F. nucleatum
attaches to host epithelial E-cadherin, promoting
colorectal carcinogenesis through Fusobacterium
adhesion. F. nucleatum hasal sobeenfoundtomediate
chemoresistance through targeting specific miRNAs
and autophagy elements. Its direct association
with CRC recurrence has even been proposed as a
method for predicting patient outcomes or changing
chemotherapy regimens [40].

Thus, CRC is characterized by altered production
of bacterial metabolites directly involved in cancer
metabolism. New evidence suggests that a high-fiber
diet with polyunsaturated fatty acids, polyphenals,
and probiotics, known to regulate the gut microbiota,
may not only be a potential mechanism to reduce a
CRC risk in primary prevention, but also contribute
to an enhanced response to cancer therapy when
used as an adjuvant to conventional treatment of the
disease [28].

The gut microbiota composition altered in
the postoperative period can lead to serious
complications, including anastomotic failure and
surgical site infections. In addition, intestinal
microbiota can be used as a possible biomarker
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in predicting long-term outcomes after surgical
treatment for CRC [43].

Thus, the gut microbiota of patients after
colorectal surgery changesdueto surgical stress. The
development of complications after colon surgery
for CRC (including anastomotic failure and surgical
siteinfections) may depend on bacterial shifts, which
may also affect the prognosis and survival in patients
with postoperative CRC [43].

Evidence has been accumulated for 60 years that
anastomotic failure is caused by pathogens, classic
examples of which are E. faecalis and P. aeruginosa,
which have the ability to degrade collagen and / or
host matrix metalloproteinase-9 (MMP-9) [26].
Specific bacterial infections increase the risk of
anastomotic failure. In particular, Pseudomonas
aeruginosa and Enterococcus faecalis (as bacteria
that strongly affect collagen) have been shown to
play arolein thisprocess, whilelocally administered
antibiotics turned out to be more effective [24].

Anastomotic leaks, which are a very serious
problem [44], are currently associated with
Enterococcus faecalis, since this pathogen has high
collagenase activity and activates MMP-9, which
are the main contributors to tissue destruction and
intestinal inflammation. MMPs are a group of
proteolytic enzymes that mediate the degradation of
the extracellular matrix and regulate the release of
growth factors, chemokines, and adhesion proteins.
High levels of MMP-9 and MMP gelatinase with
type IV collagen as the main substrate have been
shown to be a marker of invasion and worsen
cancer outcome in patients with CRC. The fact that
strains of E. faecalis appear to play an important
role in the pathogenesis of anastomotic leaks and
remain in anastomotic tissues despite current bowel
preparation before surgery suggests that microbiome
suppression and the presence of a microbiome may
be overlooked elements playing a role in local
recurrence. These collagenase-producing E. faecalis
strains can also interact with resident macrophages
[40, 30]. Anastomotic leaks in CRC are associated
not only with Enterococcus spp., producing beta-
lactamase, but also with Escherichia Spp. asthe most
common pathogens [45].

Collagenase-producing familiesBacteroidaceae,
Lachnospiraceae [46], and Clostridium difficile [41,
30] are also important for intestinal anastomotic
failure. It was found that high abundance
of Bacteroides fragilis is associated with a

worse prognosis, while low abundance of
Prevotella, Bacteroides, and Faecalibacterium
prausnitzii Seemsto be amore favorable prognostic
factor [47].

Impact of colorectal surgery on the gut
microbiota. To date, theimpact of colorectal surgery
on the gut microbiota has not been fully clarified
[43]. Undoubtedly, the use of isotonic laxatives
(e.g., polyethylene glycol) as a preoperative
preparation adversely affects the microbiota. At the
same time, under favorable circumstances, in non-
oncological patientswho received such preoperative
preparation, the parameters of the intestind
microbiota approach the normal range on average
by day 14 after surgery [43]. It has been established
that patients with CRC have an increased number
of E. coli and Staphylococcus in the postoperative
period [43].

Perioperative medications can also change the
microbiome composition. Antacids neutralize
gastric secretion, which can disturb the balance of
acid-sensitive organisms in the intestine. Vasoactive
drugs, which are often used in critically ill patients,
can cause intestinal hypoxia affecting bacterial
virulence. Opioids impair gastrointestinal peristalsis
and motility, thereby reducing mechanical removal
of excess bacteria from the lumen. This can lead to
intestinal obstruction, dysbiosis, and / or bacteria
overgrowth.

Perioperative interventions may cause increased
multiplication of virulent bacterial strains
(e.g., Enterococcus, Pseudomonas) capable of
transforming into strains with a more aggressive
tissue-destroying phenotype. These changes may
contribute to the development of anastomotic leaks
[33]. Instead of aggressive preoperative preparation
with saline laxatives and broad-spectrum antibiotics,
gentle bowel cleansing with nutritional supplements
andnon-microbicidal antivirulenceagentsiscurrently
considered, which does not lead to mass destruction
of the microbiome that is common nowadays. A
successful practice is manifested by adecreasein the
number of Enterobacteriaceae bacteriain this group
of patients [40]. Carbohydrate food additives that
suppress the virulence of P. aeruginosa, E. faecalis,
and Serratia marcescens without affecting their
growth are also considered [40].

However, one of the modern reviews conducted
in accordance with the Oxford Center for Evidence-
Based Medicine guidelines and principles (databases
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used included PubMed, Cochrane Library, Embase,
Scopus, and Google Scholar), summarizing published
data on the prevention of anastomotic leaks after
colorectal surgery, argued that mechanical bowel
preparation does not reduce the risk of anastomotic
failure, as well as the choice of surgical approach
and strategy, excluding low ligation of the inferior
mesenteric artery; while the use of an oral antibiotic
reduces the incidence of anastomotic leaks [48].

Some authors recommend the use of
postoperative antibiotics affecting Escherichia coli
and Enterococci as the most common pathogens
[49, 50]. At the same time, some modern authors
suggest using antibiotics, such as gentamicin in
combination with erythromycin, as preoperative
preparation [20].

Recent studies by foreign authors provide dataon
the comparative efficiency of various oral antibiotics,
including both selective and broad-spectrum ones.
Selective antibiotics are known to target only
certain (aerobic, Gram-negative) bacteria, while
local anaerobic bacteria are mostly not affected. The
disadvantage of broad-spectrum antibiotics is that
they lead to more extensive destruction of bacteria,
which can lead to microbial dysbiosis [51].

Thefollowing regimensare given: kanamycinand
metronidazol e orally with ashort course of parenteral
cefmetazole, kanamycin with erythromycin orally
and parenteral cefotiam for 48 hours, kanamycinwith
erythromycin orally and cefmetazole administered
parenteraly, polymyxin B with tobramycin and
amphotercin B orally and cefuroxime intravenously,
etc. [51].

Many authors prefer topical (oral or intraluminal)
use of antibiotics in this case [52, 53]. Russian
authors report the successful intraluminal use of
Alfa Normix® suspension (rifaximin-o) for the
prevention of purulent — septic complications and
anastomotic failure during reconstructive surgery in
the distal colon [54].

CONCLUSION

Today therole of the pathobiomein the formation
of 10 and suture failure during anastomosis is
undeniable, along with the fact that the use of
antibiotics can disrupt the endogenous microbiome
and cause resistance of pathogens to antibiotics.
Therefore, it is important to search for such drugs
and treatments that, if possible, do not have a
significant negative effect on the microbiome, but

are able to destroy pathogenic microorganisms [25]
and, thereby, prevent intestinal suture failure and
cancer progression.
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ABSTRACT

The aim of the literature review was to highlight modern scientific sources on the formation and clinical
manifestations of cognitiveimpairment in children and adol escentswith type 1 diabetes mellitus (DM) after diabetic
ketoacidosis (DKA). Type 1 DM is one of the most prevalent endocrine disorders in childhood and adolescence.
DKA isthe most common acute complication of type 1 DM that may cause cognitive impairment. Cerebral edema
is the main cause of cerebral vascular insufficiency in patients with DKA. However, the mechanisms underlying the
development of cognitive dysfunction in DKA have not been fully elucidated.

The leading hypotheses include development of neuroinflammation, oxidative stress, disruption of neurogenesis,
and neurodegeneration. Hypoxic —ischemic injury and changesin the brain neuroanatomy may al so cause cognitive
dysfunction. Disruption of some brain structures has been reported after DKA episodes, primarily affecting the
white matter. Clinical studiesin the pediatric population support the presence of a correlation between the severity
and frequency of DKA and the severity of cognitive impairment. Cognitive dysfunction in children and adolescents
after a DKA episode can manifest through decreased attention, impaired memory and executive function, and
reduced |Q. The earliest possible diagnosis of cognitive impairment in pediatric patients with symptoms of DKA in
the context of type 1 DM can improve the treatment prognosis for this endocrinopathy.
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PE3IOME

Llens wmccnemoBaHHWs — OCBEHIEHWE COBPEMEHHBIX HAyYHBIX HCTOYHHKOB IO BOmpocaM (OPMHPOBAHUS H
KIMHAYECKUM TIPOSBICHUSIM KOTHUTHBHBIX HApyIICHHH y JeTell W MOIPOCTKOB C caxapHeiM amaberom (CJI)
1-ro Tuma mocne nepeHeceHHoro anadermyeckoro keroanunosa (AKA). C/l 1-ro Tuna sBiseTcs OJHUM M3 pac-
MIPOCTPAHEHHBIX YHAOKPHHHBIX 3a00JIeBaHMN B IETCKOM M MOAPOCTKOBOM Bozpacte. JIKA — mambonee wactoe
octpoe ocnoxkHenne CJI 1-ro Tuma, KOTOPBIH MOXKET BBI3BIBATh KOTHUTHBHBIE HapymeHus. OTeK TOJIOBHOTO
Mmosra mpu JKA sBrsieTcss OCHOBHOI NMPUYMHON, MPUBOIAIIEH K LepeOpaabHOl HETOCTATOYHOCTH. MeXaHH3MbI
(hopmupoBaHH KOTHUTUBHOH aucdyHKunu npu JJKA monMHOCTBIO HE BBISICHEHBI.

Benymumu runore3aMu SBISIOTCSA: BO3HMKHOBEHHE HEHpOBOCHAIIEHHS, OKCHIATHUBHBIM CTpecc, HapylleHue
IpoLecCOB HelporeHesa M HeWpopaereHepanus. | 'MIOKCHUYECKHU-UIIEMUYECKHE HApYIIEHHS U H3MEHEHHs B
HEeHpPOaHATOMHHU TOJIOBHOTO MO3ra TAaKXKE MOTYT SIBISITBCS NPUYMHAMH KOTHUTHUBHOW nuchyHKInU. OTMEueHO
HapyLIeHHEe HEKOTOPBIX CTPYKTYp rojioBHoro mosra mocie JIKA, B mepBylo ouepens Oenoro BelecTBa.
KnuHnueckue uccneoBanus, IpOBEICHHbBIC B IEIUATPUUYECKOI MOMYJIISIIIUY, TOATBEPKAAIOT KOPPEIALMIO MEXKAY
TKECThIO U yacToToi JIKA M BBIPaKCHHOCTHIO KOTHUTUBHBIX HapyiieHud. KorHuTHBHAS AUCHYHKIHS Y AeTeh
1 noapocTkoB nocie JJKA MoxeT nposiBIsAThCSA B CHUKCHUN BHUMaHUS, HAPYIIEHUH IAMATH U UCIIOIHUTEIbHON
¢dyHKIMY, a TaKXKe B HU3KOM ypoBHe Q. MakcumansHO paHHsIsl JMarHOCTHKA KOTHUTHBHBIX HApyLICHHUH B IIeAna-
Tpudeckoil npakruke npu CJI 1-ro Tuna ¢ npossienusMu JJKA MoxeT yaydInTh TepaneBTUYECKUN IPOTHO3 PU
JICUCHUHU TaHHOM SHJIOKPUHOMATUH.

KiroueBsble ciioBa: caxapublii fuadet 1-ro Tuma, quadeTHYecKuil KeToannua03, KOTHUTUBHBIC HAPYIICHUS, IETH
U TIOIPOCTKH

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHE SIBHBIX U MOTEHIIMAIBHBIX KOH()INKTOB HWHTEPECOB,
CBSI3aHHBIX C ITyOJIMKanuel HaCTOSIIEH CTaThH.

Hcrounuk ¢puHaHCHPOBAaHUSA. ABTOPBI 3asBIAIOT 00 OTCYTCTBHH (UHAHCHPOBAHMUS IPU IPOBEACHUH HCCIIENIO-
BaHUAL.

Jnsa nurupoBanusi: Maromenosa K.I11., Beikos 10.B., Barypun B.A. J/lnabetnyecknii KeTOAMI03 U KOTHUTHB-
HBIC HAPYIICHUs y JIeTedl W MOAPOCTKOB. Broinemens cubupckou meduyunvl. 2023;22(3):132-140. https://doi.
0rg/10.20538/1682-0363-2023-3-32-140.

INTRODUCTION

Type 1 diabetes mellitus (DM), one of the most
prevalent metabolic disorders in children, presents an
important public healthcare problem dueto itsrapidly
increasing incidence [1-3]. According to available
data, amost 15 million children across the globe
have type 1 DM, with its prevalence growing steadily
(by 2-5% each year), especialy in the developing

countries [3, 4]. The steadily growing prevalence of
thisendocrinopathy, especially among young children,
leads to an increase in its acute complications [4].
According to the International Society for
Pediatric and Adolescent Diabetes (ISPAD), diabetic
ketoacidosis (DKA) is the most prevalent acute
complication of type 1 DM [5-9]. The prevalence
of DKA at the time of diagnosisin pediatric practice
ranges from 12.8 to 80%, with the mean of 38.8% [4,
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10-12]. DKA is the most frequent cause of death in
children with type 1 DM, while the mortality rate for
DKA is 0.3-0.5% in developed countries and much
higher (about 10%) in developing countries [13—16].

DKA occurs due to the interaction between
insulin (deficiency) and counterregulatory hormones
(excessive concentrations) [13, 17]. While insulin
deficiency leads to hyperglycemia and ketosis, an
excess of counterregulatory hormones (epinephrine,
cortisol, and growth hormone), which are produced
in large amounts during stress, exacerbates
hyperglycemia by suppressing the effect of insulin
and increasing glycogenolysis in the liver [7, 17].
The characteristic manifestations of DKA are
hyperglycemia, ketosis, and metabolic acidosis [7,
18]. DKA may be the primary manifestation of type 1
DM, but it may also develop further along the course
of the disease and presents a serious relapsing issuein
children and adolescents [5]. It has been demonstrated
that 25-40% of children with newly diagnosed type
1 DM are also diagnosed with DKA, and in patients
with a chronic disease course, DKA may develop
due to poor compliance with treatment guidelines or
malfunction of equipment used for DM treatment (for
instance, failure of an insulin pump) [19]. According
to the published data, the severity of DKA at thetime
of diagnosis affects the long-term clinical course of
type 1 DM: children with DKA and newly diagnosed
type 1 DM have poorer glycemic control and lower
residual B-cell function for 2 years after the diagnosis,
as well as a lower remission rate [20-22].

Cerebral circulation insufficiency is the most
prevalent complication of DKA in children and
adolescents with type 1 DM [12, 23]. Cerebral
edema (CE) associated with serious neurological
impairments has long been acknowledged as a rare
but severe complication of DKA in children [24].
Severe, clinically evident manifestations of CE occur
in about 1% of DKA episodes and often lead to death
or persistent, chronic neurological symptoms [19,
24-26]. Insignificant (subclinical) manifestations of
CE can be observed in the majority of children with
DKA, even in cases when the clinical changesin the
neurological status are minimal or absent [19, 27,
28]. It has been shown that changes in brain MRI in
children and adol escents persist for 3 months after CE
is diagnosed in patients with a DKA episode in the
medical history [9].

This review describes cognitive impairments
accompanying DKA in patients with type 1 DM as
a pathological condition, with statistically significant

differences in cognitive function compared to healthy
children and adolescents.

PATHOPHYSIOLOGICAL MECHANISMS
OF THE DEVELOPMENT OF COGNITIVE
IMPAIRMENTS IN DK

The mechanisms leading to brain damage in
DKA with subsequent development of cognitive
impairments are not yet fully understood and
currently remain a field of active research [19, 29].
Animal research experiments and clinical studies in
the pediatric population have demonstrated that DKA
may result in damage to neurons and astrocytes in
patients with neuroinflammation [30, 31], apoptosis
[32, 33], and impaired processes that suppress
proliferation of neuronal cells (neurogenesis) [34, 35]
and neurodegeneration [36]. Acute hyperglycemia
which accompanies DKA may exacerbate oxidative
stress, which could also trigger the development of
cognitive deficits in children and adolescents with type
1 DM [37-39]. Data suggest that pathophysiological
changes accompanying DKA adversely affect the
brain, initiating an inflammatory response and
development of vasogenic cerebral edema, which
may trigger the development of cognitive dysfunction
[29]. Animal studies have shown that DKA causes
reactive astrogliosis and microglia activation in the
brain, and these changes were most evident within the
first 24 hours after the onset of DKA, although some
inflammatory changes remained even 72 hours after
the onset of DKA [29]. These persistent inflammatory
disorders suggest ongoing brain damage even after
DKA resolution [29].

Some authors reported the identification of specific
biomarkers that indicate brain damage in children
and adolescents with DKA [40]. S.T. Nett et al. [41]
showed el evated plasmalevel sof interleukin (IL)-6 and
tumor necrosis factor alpha (TNFa), a key indicator of
astrocyte reactivity and neurodegeneration, in 45% of
children with DKA, which had a positive correlation
with the impairment in consciousness, indicating
that systemic inflammation accompanies brain
dysfunction in decompensated type 1 DM. Calcium-
binding protein (S100PB) secreted by astrocytes was
elevated in DKA and was considered as an indicator
of neuronal death, including one occurring during the
inflammatory response [42].

S. Hamed et al. [43] observed elevated levels of
neuron-specific enolase (NSE) in children with DKA
at baseline and 12 and 24 hours after the initiation of
DKA treatment in type 1 DM. The authors concluded
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that the serum level of NSE was elevated on day
1 after the onset of DKA and correlated with the
severity of hyperglycemia, ketosis, and acidosis [43].
S.L.  Wootton-Gorges et al. [44] reported
neuronal damage in DKA evidenced by a reduced
N-acetylaspartate-to-creatine ratio (NAA / Cr), one
of the markers of viability and normal functioning of
neurons. Another inflammation marker in DKA is the
kynurenine pathway with its kynurenine / tryptophan
ratio, which may be elevated before DKA treatment
in children and adolescents [45]. The elevated
kynurenine / tryptophan ratio may result in excessive
production of neurotoxins, which exacerbate cerebral
circulation insufficiency [45].

It has been shown that ketone bodies can have a
differential effect on brain capillary endothelial cells
and increase the release of vasoactive peptides,
for instance, endothelin-1 (ET-1) and vascular
endothelial growth factor (VEGF), which adversely
affect the cognitive function [46]. Development
of hyperlipoproteinemia and emergence of toxic
products of tryptophan catabolism are additiona side
effects stemming from dysregulation of metabolism in
DKA, and they can have an adverse effect on cognitive
functions [47].

Diabetic vasculopathy or angiopathy has long
been considered as the cause of brain damagein DKA
patients with subsequent development of cognitive
dysfunction [48, 49]. DKA is known to cause CE and
adecrease in cerebral blood flow with a potential long-
term adverse effect on brain development in children
and adolescents [23]. MRI-based studies in children
and anima models demonstrate the impaired blood
supply to the brain and metabolism ateration patterns
accompanying DKA that are similar to the changes
often observed in hypoxic — ischemic brain injury
[19, 50]. It has been shown that cerebral hypoxia
and / or ischemia associated with other conditions
(for instance, altitude sickness, cardiac arrest or
pediatric sleep-disordered breathing) may be linked
to the development of cognitive impairments, which
provides additional evidence for the involvement of
hypoxic — ischemic disorders in the pathophysiology
of cerebral circulation insufficiency in children and
adolescents with DKA [51].

Acute hyperglycemia accompanying DKA may
damage developing neurons and myelin in children
withtype1 DM, whichisconsistent with data obtained
in experimental models of DM that demonstrate
degenerative changes in neurons and glial cells in
vivo, along with disruption of myelin sheaths and a

decrease in myelin in hyperglycemia [39]. Changes
in the composition of brain sphingolipids (ceramides
and sphingomyelin) caused by DKA may also trigger
membrane remodeling in some cell populations,
which may disrupt cell — cell interaction and result in
brain tissue damage [52].

DKA asoleadsto changesintheneuroanatomy of the
brain [19, 53]. Published MRI data reveal abnormalities
in the gray and white matter of the brain in children and
adolescents who previoudy had an episode of DKA
[19]. The most pronounced changes were observed in the
white matter of the brain, especialy in the frontal lobes
and are most noticeable in younger children who had
the most severe acidemia that accompanied DKA [54].
Other authors report on persisting brain abnormalities
in patients, detectable even 3 months after an acute
DKA episode [9, 55]. Significant correlations have
been reported between the decline in the overall volume
of the gray and white matter of the brain and delayed
memory at initial presentation, as well as subsequent
impairment of sustained attention 6 months after the
diagnosis of DKA [19].

F.J. Cameron et al. [54] investigated brain
morphology and cognitive functions in children aged
6-18 years with and without DKA at presentation and
a four time points: 48 hours, 5 days, 28 days, and
6 months after it. They demonstrated a significant
correlation between changes in the brain morphol ogy
and the cognitive deficits observed at different time
points. Another study [55] assessed whether the
severity of clinical symptoms (presence of DKA at the
time of diagnosis) corresponded to the differences in
patients’ cognitive functions and brain structure. The
results showed a lower volume of the left temporo —
parieto — occipital cortex in children with type 1 DM
compared to the control group, which correlated with
the severity of cognitiveimpairments. M.J. Marzelli et
al. [56] discovered that young children with type 1 DM
and frequent episodes of DKA in their medical history
had decreased volumes of brain matter in key regions
of the brain associated with cognitive functioning,
compared to healthy individualsin the control group.

Thus, it may be said that the duration of post-DKA
morphological and functional disorders of the CNSin
children and adolescents may vary from 48 hoursto 6
months. However, the time frames during which peak
damage occurs and during which changes may be
reversed remain unknown, which requires additional
research [57]. Therefore, cognitive functions should
be studied starting at 48 hours after a DKA episode
with an almost six-month follow-up period [57].
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CLINICAL MANIFESTATIONS
OF COGNITIVE IMPAIRMENTS IN DKA

An assessment of cognitive impairments has
been the subject of numerous studies, some of which
reported a significant correlation between type 1 DM
and a decline in cognitive function in children and
adolescents, including those having DKA [40, 41,
53, 58, 59]. In ameta-analysis aimed at assessing the
association betweentype 1 DM and cognitivefunction,
P.A. Gaudieri et al. [60] concluded that this endocrine
disease adversely affects various cognitive spheres in
childhood and adolescence. The authors also reported
that this correlation was more noticeable in children
with an early onset of type 1 DM (an onset in early
childhood) [60]. A different group of authors showed
that children with type 1 DM have a lower level of
intelligence compared to healthy children without DM
[58, 59].

DKA often leads to morphological and functional
changes in the brain which are associated with
adverse neurocognitive outcomes [40, 53]. It has
been shown that 40-70% of children with type 1
DM complicated by DKA exhibit diverse types of
cognitive deficits, such as decreased attention, poor
memory, impaired executive function, and low 1Q
[41]. According to several clinical, neuroimaging, and
experimental studies, DKA may cause both light and
severe cognitive impairments over the course of the
disease, and these impairments develop even in the
absence of subclinical manifestations of CE during
decompensation [18, 40]. According to some studies,
there is a trend in pediatric patients with newly
diagnosed type 1 DM and DKA toward a decline in
cognitive functions along the course of the disease
compared to patients of the same age with type 1 DM
and no symptoms of DKA [9]. For instance, children
and adolescents with type 1 DM complicated by
DKA at presentation coped worse with mathematical
tasks than their siblings without DM in the control
group [61]. S. Ghetti et al. [57] estimated whether an
episode of DKA which occurred when type 1 DM was
diagnosed or later, along the course of the disease,
affects cognitive function in children and adolescents.
The study involved 758 children with DKA and 376
children in the control group (with type 1 DM without
DKA) aged 6-18 years. The authors demonstrated a
correlation between the severe course of DKA and a
lower coefficient of mental development [57].

The presence of DKA episodes in the medical
history also correlated with a lower verbal
intelligence gquotient in children with type 1 DM and

a decline in cognitive function [9, 61—63]. This study
revealed memory deficits in children with type 1 DM
and a history of DKA compared to children with a
similar duration of DM and similar glycemic control,
but without a history of DKA [64]. M.A. Cato et
al. [65] reported a correlation between learning and
memory impairment and ahistory of DKA in patients
who had their first DKA episode 2 years prior to the
assessment.

At the moment, it is not clear whether a single
episode of DKA causes a long-term decline in
cognitive functions in children and adolescents with
type 1 DM [57]. However, it has been proven that the
clinical severity of a DKA episode correlates with the
severity of cognitive dysfunction 6 months after the
diagnosis; therefore, DKA severity may be associated
with the degree of CNS damage [54]. Still, not all
clinical studiesreveal an association between ahistory
of DKA and cognitive dysfunction. For instance, a
study revealed that children with type 1 DM and DKA
were not cognitively impaired compared to children
with type 1 DM and no DKA [66]. Therefore, based
on the described clinical studies, it is possible to
assume a relationship between DKA and the severity
of cognitive impairments in children and adolescents
with type 1 DM.

ASPECTS OF DIAGNOSIS AND
MANAGEMENT OF COGNITIVE
IMPAIRMENTS IN DKA

Cognitive dysfunction after an episode of DKA
can be diagnosed using specialized neurophysiological
methods adapted for children and adol escents and used
in practical management of type 1 DM [67, 68]. For
instance, the Wechdler Intelligence Scale for Children
(WISC) is used to detect impairments of general
intellectual ability and its componentsincluding verbal
and non-verbal intelligence [69]. The Benton Visual
Retention Test is used to measure visual perception
and visua memory in children aged 8 years and older
[70]. The Wisconsin Card Sorting Test is used to
assess clinically important aspects of attention deficits
[71]. The Stroop Color and Word Test is used to assess
cognitive dysfunction in children and adolescents [72].

At present, despite the discovery of numerous
pathophysiological mechanisms which may underpin
the development of cognitive deficits after an
episode of DKA, no specific (etiotropic) treatment
has been developed for this cerebral dysfunction
[73]. The following pharmacological agents can be
potentially used to treat this condition: polypeptide
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drug cortexin [74], hopantenic acid preparations [75],
and memantine, a NMDA receptor antagonist [76],
but the efficacy of these drugs in treating DKA in
patients with type 1 DM has yet to be demonstrated in
controlled studies. The possible non-pharmacol ogical
interventions include regular physical exercise and
athletic activities, which have shown their efficacy in
ameliorating mild cognitiveimpairment in adol escents
with type 1 DM [77]. Much emphasis is placed on
preventive measures aimed at maintaining a normal
glycemic profile in order to reduce the risk of a DKA
episode, and, as a conseguence, minimize cognitive
impairment [78].

CONCLUSION

DKA in children with type 1 DM is the most
prevalent acute complication that can be an important
trigger of cerebral circulation insufficiency further
along the course of thedisease. The pathophysiology of
cognitive impairmentsin DKA remains understudied,
even though children and adolescents with DKA
are precisely the group of patients requiring special
attention due to the severity of their disease, with a
complicated and often negative prognosis in terms
of brain dysfunction. Therefore, the search for new
possible mechanisms underlying the development of
cognitive deficits in this complication of type 1 DM
in children and adolescents is a promising area of
research in modern endocrinology.

Another major issue is that the theories about
mechanisms of cerebral circulation insufficiency in
children with DKA involve a wide variety of factors
and the presumed mechanisms are of different nature
and include neuroinflammation, apoptosis, disruption
of neurogenesis, and neurodegeneration. Many
research questions exist in relation to the duration
of the formation of functional and morphological
CNS impairments after a DKA episode in
children and adolescents. The time periods during
which the manifestations of cognitive dysfunction
are at their peak and the aspects of potential
reversibility of these imparments are dill
understudied. Furthermore, not all clinical studies
reveal an association between a history of DKA and
cognitive dysfunction.

Thus, the pathophysiological mechanisms that
cause cerebral circulation insufficiency, along with
the clinical manifestations of this pathology, are
far from being fully understood, and further studies
are needed in this direction within evidence-based
medicine. At the same time, it can already be clearly

assumed that timely and the earliest possible diagnosis
of cognitive dysfunction during treatment of type 1
DM complicated by DKA may improve therapeutic
approaches to this disease.
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ABSTRACT

The problem of decreasing perinatal mortality is one of the pressing problemsin modern obstetrics. Unfortunately,
current methods of monitoring the intrauterine state of the fetus that are at the disposal of an obstetrician —
gynecologist (cardiotocography, Doppler velocimetry) do not guarantee fetal wellbeing in the near-term outlook,
and the number of tests is limited due to safety concerns. Consequently, there is ongoing search for aternative
methods of obtaining information about theintrauterine state of the fetus (phonocardiography, electrocardiography).
Using IT and mathematical data analysis has considerably enlarged the phonocardiography potential, including
implementation of remote monitoring of the fetal health state.

A Tomsk-based company Diagnostika + LCC developed software and hardware appliance FetalCare aimed at
24-hour monitoring of the intrauterine state of the fetus based on audio data on the fetal cardiovascular system.
Cardiointervalograms (CIG) obtained by phonocardiography allow to estimate the state of the fetus based on
standard assessment criteria: basal heart rate, heart rate variability, presence of accelerations and decelerations,
short-term variation (STV), and long-term variation (LTV). The developed appliance is non-invasive, relatively
cheap, portable, and safe both for the mother and the fetus.

Keywords: perinatal mortality, phonocardiography, cardiotocography, remote monitoring of the intrauterine state
of the fetus
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PE3IOME

CHIDKGHHE TIepUHATaJbHOW CMEPTHOCTH — OJHA U3 KIIOUEBBIX MNpoOJIIeM COBPEMEHHOTO aKyIIepcTBa.
K coxanenuro, mMeromuecs B apceHalle y aKyIIepOB-THHEKOJIOTOB METOIbI HaOMIOAEHHS 32 COCTOSTHHEM IUIOZA
(xapruoToKorpadus, IONIUIEPOMETPHs) HE alOT TapaHTHU €ro OJIarONOJydHOTO COCTOSHHS B OJiDKanImer
MIEPCIICKTUBE, a KOJIMYECTBO IPOBOANMBIX HCCIEIOBAHUH OrpaHHYEHO M3 COOOpakeHHH 0Ee30IIacHOCTH, TaK Kak
JI0 CHX IIOp HE OIpEJENICHO BIUSAHUE yIbTpa3ByKa Ha pa3BUBAIOLIMICS IUIOA. B cBA3M ¢ 3TuM npopomxkaercs
n3ydeHHe anbTepPHATUBHEIX (HE CBS3aHHBIX C yJIHTPAa3BYKOBBIM H3IyUEHHEM) METOIOB HOJIyYEeHHsS HHPOPMAIIH
0 COCTOSIHMH ILTOJa — (OHOKapauorpaduu, anekTpokapanorpadun. Mcenons3oBanne nUQPOBEIX TEXHOIOTHI H
MaTeMaTHIEeCKHX METOJOB aHAJIN3a JAHHBIX CYIIECTBEHHO PacIIMPIIIO BOZMOXKHOCTH (pOHOKAapAHOrpaduu, B TOM
qycie pealu3aluio HIeH JUCTAHIUOHHOIO MOHUTOPUPOBAHUS COCTOSIHUS M0,

B kommannu OO0 «/luaraoctuka +» (r. ToMck) paspabora nporpaMMHo-anmnapatHeiid komiuieke FetalCare, mpen-
Ha3HAYEHHBIH JUIS KPyTJIOCYTOYHOTO MOHUTOPHPOBAHUS COCTOSIHUSI IJI0/1a HA OCHOBE ayANOAAHHBIX JeATEIIbHOCTH
€ro CepAevHO-COCYAUCTOH cHucTeMbl. llomydeHHbIe IyTeM (OHOKapauorpaduu KapAHOHHTEPBATIOTPAMMBI
MO3BOJISIIOT CYAUTH O COCTOSIHUH ILTOJa HA OCHOBAHHU CTAHJAPTHBIX KPUTEPHEB OIEHKH: 0a3aIbHOTO PUTMAa, Ba-
puabensHOCTH, HaMU4us aknenepaunii n aeuenepanuii, STV (short-term variation), LTV (long-termvariation).
Co3maHHBIl TPOrpaMMHO-aNIIapaTHBIT KOMIUIEKC HEHMHBA3WBHBIH, CPAaBHHUTEIHFHO HEAOPOTOH, MOPTATHBHBIM,

0e30MmacHbIi B MPUMEHEHUH IS MaTepH U IIOA.

KnroueBble cioBa: mnepuHaTanbHas CMEPTHOCTB, (OHOKapaHorpadus, KapAHOTOKOrpadus, IUCTAaHIMOHHOE

MOHUTOPUPOBAHUE COCTOSHUS IJI0Aa

KOHq)JIP[KT HHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HHTEPECOB,

CBA3aHHBIX C Hy6J'II/IKaIII/Ieﬁ HaCTOHH_[ef/'I CTaTbHU.

HUcTounuk (l)I/IHaHCI/IPOBaHI/IfI. ABTOpBI 3asIBJISIOT 00 OTCYTCTBUU q)HHaHCPIpOBaHI/ISI 1IpH MMPOBECACHUUN UCCIIEN0-

BaHUA.

Jast uurupoBanus: Penna E.C., Kocreneii 5.B., bypees A.ILL, FOpwes C.1O., Ilerpos U.A, Tuxonosckas O.A.,
Muxeenko I'.A. MonuToprupoBaHue BHyTpHyTPOOHOTO cocTossHus 1uoaa. Mcropus Bonpoca. HoBble BO3MOKHO-
ctu ponokapauorpaduu. brortemens cubupckou meouyunel. 2023;22(3):141-149. https://doi.org/10.20538/1682-

0363-2023-3-141-149.

INTRODUCTION

Search for methods for decreasing perinatal
mortality and morbidity remains one of the pressing
problems in modern obstetrics. Improvement of
perinatal care has led to a decrease in perinatal

mortality, but fetal mortality and neonatal morbidity
are still high.

The highest neonatal mortality rates (2019) are
registered in the countries of Africa (up to 40.2%o),
West and South Asia (up to 40.39%o), the lowest
ones are in Japan (0.86%o), Europe (from 1.81%o
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in Slovenia), Australia (2.36%0) and New Zeaand
(2.64%0), Canada (3.18%0), and the USA (3.53%o).
Asof 2019, leadersin the infant mortality ranking are
Iceland with 1.6 (per 1,000 births), Slovenia— 1.7, and
Finland and Japan — 1.9; the Russian Federation ranks
534(6.5) [1].

In 2018 in the Russian Federation, 11,659 (7.23%o)
cases of perinatal mortality (per 1,000 live births
and stillbirths) were registered, 8,894 of them are
stillbirths (5.51%0). In 2019, the rate decreased to
7.10%0 (including 5.44%o of stillbirths). In 2020,
perinatal mortality increased insignificantly to 7.25%o
(including 5.67%o of stillbirths). In 2021, perinatal
mortality was 7.32 %o (including 5.77 %o of stillbirths).
In the Tomsk Region in 2018, perinatal mortality
was 5.66%o (5.07%0 of stillbirths), in 2019 — 7.4 %o
(6.22 %0 of dtillbirths), in 2020 — 7.5 %o (6.8 %o oOf
stillbirths), in 2021 — 5.76%o (5.24 %o of stillbirths).
Over 4 months of 2022, given adecilein the birth rate
(2,981 children in 2021, 2,752 — in 2022), perinatal
mortality and stillbirth rates aggravated in contrast
to 2021: perinatal mortality was 6.1%o, stillbirth —
5.4 %o [2-4].

The most common causes of antepartum fetal death
are intrauterine hypoxia (43%), intrauterine infection
(20%), diabetic fetopathy (17%), multifetal pregnancy
(15%), and fetal congenital anomalies (5%). With an
increase in gestation, the risk of stillbirth decreases:
60.3% at 22—37 weeks, 34.8% in 37-40 weeks, and
4.9% at 40 weeks and more [5].

Many Russian and foreign studies are devoted to
sudden intrauterine fetal death of unspecified genesis.
Attempts to explain it with thrombophilia, placental
insufficiency, and developmental defects fail in 50%
of cases [6—8]. Moreover, in this case even the risk-
based approach is ineffective — 50% of sudden fetal
deaths are registered within the group of multiparous
women with a low perinatal risk [9, 10]. Given that, it is
necessary to develop methods and toolsfor continuous
monitoring of the intrauterine state of the fetus and
search for causes and pathogenetic mechanisms of
antepartum fetal death to provide emergency care in
the presence of decompensation markers [9, 11-13].

Currently applied cardiotocography (CTG) and
Doppler velocimetry are well-studied, informative,
and evidence-based methods, but they are performed
only in a medical institution, which is problematic
during annual seasonal epidemics or occasional
pandemics [14], when it is necessary to minimize
contacts of pregnant women. Implementation of
telemedicine technologies may resolve this issue.

Daily remote monitoring of the intrauterine state of
the fetus, given risk factors for intrauterine growth
restriction (IUGR) or a present IUGR, starting from
32 weeks of pregnancy, is a desirable agorithm
allowing to minimize severe fetal distress or arisk of
intrauterine death [13,16,17].

Review of the literature shows an ongoing interest
in remote fetal monitoring. Abroad, the first tests with
the use of remote fetal electrocardiography (ECG)
date back to 1980, fetal phonocardiography and
vector electrocardiography — to 2008, accelerometry
— to 2011. In current Russian healthcare practice,
there is no one common method of remote fetal
monitoring, which is explained by high price of
imported equipment, lack of Russian alternatives, and
underdeveloped legal framework for telemedicine.
Therefore, reconsidering the fetal monitoring strategy
and developing new effective methods for intrauterine
fetal hypoxia prediction remain relevant.

The aim of the study was to perform review of the
literature on methods for monitoring the intrauterine
state of the fetus in modern obstetrics.

CURRENT METHODS OF DIAGNOSIS AND
STRATEGY FOR MONITORING
THE INTRAUTERINE STATE OF THE FETUS

Currently thereareseveral methodsfor thediagnosis
of the fetal state available: heart rate auscultation
with fetoscope, cardiography, Doppler ultrasound of
the fetomaternal circulation, actography. Apart from
actography, al other methods require visits to the
hospital and assistance of medical specialists.

According to the clinical guidelines“Physiological
Pregnancy”, established by the Ministry of Health
of the Russian Federation in 2020, the scope of
fetal monitoring includes an interview concerning
fetal movement, gravidogram and fetal heart rate
(HR) auscultation every visit after 20 weeks, and
CTG starting from 33 weeks every 2 weeks. In case
of abnormalities in the gravidogram (fundal height
of less than 10 or more than 90%.), changes in fetal
movement, tachycardia or bradycardia, additional
ultrasound and CTG are required.

With pronounced fetal growth restriction with
anticipated weight of less than 3%. given no Doppler
echocardiography anomalies or oligohydramnios,
delivery is recommended at 36-38 weeks of
pregnancy [15]. Prior to this term, indications for
hospitalization to level 3 inpatient services are only
inversion of Doppler echocardiography parameters,

Bulletin of Siberian Medicine. 2023; 22 (3): 141-149 143



Repina E.S., Kosteley Y.V., Bureev A.Sh. et al.

Monitoring of the intrauterine state of the fetus. Question history

oligohydramnios or fetal anomalies registered with
CTG.

The most significant markers of intrauterine
hypoxia include fetal movement anomalies and
pathological changes in CTG. Here a rather long
period of outpatient monitoring starts, within which
a CTG is recommended 1-2 times a week. The
higher monitoring frequency, the more effective the
algorithm, but this intensity might be excessive for
many healthcare institutions. Monitoring becomes
impossible during a seasonal increase in acute
rhinovirus infections and flu, epidemics, pandemics,
or if awoman lives far from a healthcare institution.

ACTOGRAPHY

Functional fetal development is reflected
through changes in fetal movement patterns [17,
21-23]. Movements represent early neura activity,
spontaneously generated by the central nervous
system. The nature of movements is defined by fetal
metabolic state and its neurological development. A
decrease or changes in the nature of movement may
be a sign of intrauterine fetal anomalies, while total
absence of movement isasign of fetal death.

Actography (a count of fetal movements by a
woman herself) is an accessible, free, but subjective
and insufficiently informative method of monitoring
the intrauterine state of the fetus. A movement count
and feta HR auscultation were the main methods
to evaluate the state of the fetus up to the middle
of the XX century, when phonocardiography and
electrocardiography appeared [18].

According to Cochrane Review group [19, 20], a
daily fetal movement count and absence of movements
were analyzed in 5 studies involving 71,458 women.
It was proved (with low significance level) that
daily actography has an insignificant effect or does
not influence C-section frequency (1,076 women,;
relative risk (RR) 0.93, 95% confidence interval (CI)
0.60-1.44), the use of obstetrical forceps or vacuum
extraction (1,076 women; RR 1.04, 95% Cl 0.65—
1.66). At the same time, the everyday fetal movement
count decreases the level of anxiety in mothers-to-be
(1,013 women; standardized MD 0.22, 95% CI from
—0.35 to —0.10). Actograpy is proved to have little
or no effect on the frequency of preterm delivery
(1,076 births; RR 0.81, 95% CI 0.46-1.46). It was also
mentioned that the fetal movement count increases the
frequency of CTG to monitor the state of the fetus [20].

Since 2011, devices to monitor fetal movement
(accelerometers) within 24 hours and remotely have

been developed [13, 17]. Currently in Russia, a system
of fetal movement registration is being developed,
which consists of movement detectors (which register
vibrations caused by fetal movement) and a recorder
[17]. The result of the test is shown on the screen as a
movement count regardless of movement amplitude.

CARDIOTOCOGRAPHY

The study of fetal cardiac function, in contrast
to actography, has become a promising method due
to higher information value. It is proved that with
development of hypoxia, caused by endogenous and
exogenous factors, cardiac function is the first to
change [11, 22].

Cardiac function is an important indicator of the
intrauterine state of the fetus, and it was the heart
function that started systematic research of the
functional state of the fetus. Cardiac performance
is controlled by the central and peripheral nervous
systems. Oxygenation anomalies in the nervous
system lead to changesin the nature of impulsesto the
heart, and consequently, in the heart rate [11].

Study of the fetal heart rate dates back to 1818,
when a Swiss scientist Francois Mayor suggested using
auscultation of the fetal heart rate through a mother’s
anterior abdominal wall to define whether the fetus is
dead or alive. The next step was heart rate auscultation
with a stethoscope, suggested by J. Kargaradec. It was
concluded for the first time that the intrauterine state
of the fetus depends on its cardiac activity. In 1906,
M. Kremer was the first to record fetal ECG through a
mother’ s abdominal wall.

In 1950, the founder of electronic fetal heart rate
(FHR) monitoring, Edward Hon (USA) declared a
new principle of processing fetal ECG resultsrecorded
through a mother’s anterior abdominal wall. The
principle of such processing consisted in measuring
each R-R-interval, then calculating instantaneous
heart rate, and presenting it in form of a graph.

Cardiotocography (CTG), based on Doppler
shift, was introduced in clinical practice in early
70s of the XX century and is still widely used. An
electronic system in a heart rate monitor transforms
changes in each R-R interval into instantaneous HR
(bpm) [11]. Initially, parameters to visually evaluate
fetal cardiac activity were developed; later, scores
for CTG evaluation were suggested; among the
most widely spread are the Ficher’s scale (1976), the
modified Kreb’s scale, and the scale of International
Federation of Gynecology and Obstetrics (1987). It
is worth noting that the use of this method allowed
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to increase the accuracy of fetal state evaluation
only to 73-76%. In 1970, G. Dawes and C. Redman
declared the beginning of the devel opment of software
aimed at automatically analyzing CTG data, based
on determination of short-term variation (STV) in
real time. Using the method proposed by G. Dawes
and C. Redman, the accuracy of evaluating the state
of the fetus is 83.6% (E.R. Guzman et a., 1996),
72.8% (A.M. Vintzileoset al., 1993), and 67.8% (E.V.
Poplavskaya, 2005) [24].

ULTRASOUND

Ultrasound fetometry accurately registers fetal
growth restriction. Placenta description may reveal
early preclinical stages of placental deficiency, but
as an isolated marker, placentometry has rather low
specificity. Evaluating the volume and quality of
amniotic fluid is important in antenatal hypoxia
diagnosis, as significant changes in amniotic fluid
characteristics serve as an indirect sign of kidney
perfusion and the state of fetal microcirculation [22,
27, 28].

Doppler ultrasound of the uterine artery, umbilical
cord vessels, and intrafetal blood flow became a
routine procedure in obstetrics. A combination of
Doppler ultrasound and CTG alows to increase the
efficiency of diagnosing the state of the fetus.

Absent or reversed diastolic blood flow is a sign
of impairment in the fetal adaptive and compensatory
response; it is manifested by centralization of
the blood flow and development of disseminated
intravascular blood coagulation with vasoconstriction
of vessels in the gastrointestinal tract and kidneys,
which leads to their heavy ischemic injuries. After
birth, such injuries clinically manifest by necrotizing
enterocolitis, oligoanuria, hematuria, proteinuria,
intracranial hemorrhage, neurological complication,
and respiratory distress syndrome (RDS) [22]. The
interval between the moment of registering critical
blood flow characteristics in the umbilical artery and
fetal death varies from 0 to 71 days [22].

Currently, in critical circulatory anomalies, apart
from measuring the umbilical artery pulsatility index,
it is recommended to study blood flow in the middle
cerebral artery and ductus venosus and determine
the cerebro — placental ratio [15]. The frequency and
volume of the tests to monitor the state of the fetus
depend on the degree of blood flow anomalies. At the
sametime, the use of the methods based on the Doppler
shift (ultrasound, ECG) is limited for safety reasons,
as the impact of ultrasound on a developing fetus is

yet to be defined [29, 30]. According to the ALARA
(As Low As Reasonably Achievable) principle,
the test must only be run when justified to ensure
minimal impact in minimal time period to achieve an
adequate result [27, 31]. Therefore, ongoing use of
Doppler ultrasound for dynamic fetal monitoring is
inappropriate.

PHONOCARDIOGRAPHY

Attheend of the XIX century, fetal cardiac activity
was first registered with the help of phonocardiography
(PCG) (a method for evaluating cardiac activity and
valvular apparatus based on recording and analyzing
sounds appearing at heart beat). In 1891, E. Pestalozza
demonstrated first phonograms at the X International
Medical Congress in Berlin. In the middle of the
1950sin Russia, at the Research Institute of Obstetrics
& Gynecology of the USSR Academy of Medical
Sciences, under the supervision of N.L. Garmasheva,
the first phonocardiograph was developed, allowing
to simultaneously register feta heart beat and
uterine contractions [32]. The main parts of the
phonocardiograph are microphone, transforming
sound vibrations into electrical ones; frequency filters,
combined with signal intensifiers; and a registering
device. Using different types of microphones (rifle,
stethoscope, logarithmic) and band-pass filters allows
to identify significant acoustic phenomena and
register sound vibrationsin full aswell asin a selected
frequency band.

Inthe aerly 60s of the XX century, L.S. Persianinov
et al. [33] studied a method of combined use of PCG
and ECGtodiagnoseacute hypoxiaduring delivery and
detect fetal heart beat anomalies. Accuracy evaluation
of the method undertaken by V.N. Demidov and
A.A. Aristov showed that in 80% of cases PCG may
detect chronic fetal hypoxia (ECG and PCG register a
reduced amplitude of QRStoneand voltage, adecrease
of mechanical systole duration, and arrhythmia), and
in 71% of cases, it may help to suspect umbilical cord
pathology (nuchal cord, true knot, velamentous cord
insertion) [34]. PCG has been used in a number of
Russian institutions but did not gain popularity due to
alack of capacities for mathematical data processing
to analyze the adequacy of cardiointervalograms and,
consequently, a hardware — software complex for
arranging a monitoring system.

In recent years, digital technologies have been
developing quickly and methods for mathematical
analysis have been introduced, which increases the
capacities of PCG. Development of this method as an
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aternative to ultrasound cardiography is considered
relevant [12, 13]. Today PCG is actively used in
cardiology to diagnose heart failure, cardiac defect,
and pulmonary hypertension. New approachesto PCG
application in the diagnosis of ischemic heart disease
arebeing discussed. There are dataon projectsdevoted
to the use of this method for screening cardiovascular
diseases [35].

Such advantages as noninvasiveness, safety,
and relatively unexpensive equipment provide the
basis for successful PCG implementation in modern
perinatal medicine.

Taking into consideration the research and use
of PCG to register and interpret fetal heart sounds,
a number of issues may arise. Pregnancy term,
subcutaneous tissue thickness, fetal and placenta
position, and mother’'s breathing patterns may
influence signal intensity and amplitude. More
often than with CTG, a signal loss or a change in its
amplitude is explained by changes in the position
and type of the fetus and application force of the
detector to the mother’s anterior abdominal wall.
A large number of sounds on the part of the mother
(abdominal aorta, uterine artery pulsation, breathing
movement, abdominal sounds) and on the part of the
fetus (fetal movement, breathing movement) create
difficulties in signal filtration. The specifics of fetal
blood circulation (patent foramen ovale, an arterial
duct between main the pulmonary artery and the aortic
arch, the absence of pulmonary circulation) change
the PCG pattern [11, 28].

Thus, the main task of PCG adaptation to
obstetrics is development of algorithms of external
noise-cancelling and construction of an adequate
cardiointervalogram, which alows to make
conclusions about the intrauterine state of the fetus.

In Russia, there are successful phonography-
based developments. For example, Diagnostika +
LLC (Tomsk) has devel oped a software and hardware
appliance FetalCare aimed at 24-hour fetal monitoring
[36-39]. After detecting audio data, their primary
processing takes place aimed at increasing sound
quality. The result of PCG primary processing goes
through an algorithm for detecting sounds similar to
heart sounds, which generates an intensified audio
signal and segmentation results of potential heart tones
in PCG. This algorithm differs from other existing ones
by itsincreased detection accuracy in the context of an
amplitude change. To increase its reliability, external
algorithms are in place, they classify the results by
heart tone segmentation. At the end of the study, a

graph of potential R-R intervals is processed by the
algorithm for constructing an cardiointervalogram.
The results of the study are presented as a report in PDF
(Portable Document Format) [36-39]. Currently, on
the basis of this equipment, software aimed at medical
and technical support of a doctor and a pregnhant
woman is being developed. A doctor's workspace
may exist as a separate software or become an element
of a medica ingtitution IT system. A telemedicine
module based on artificial intelligence will allow to
differentiate between technical and medical issues in
the course of testing, producing an emergency signal
in case of critical parameters and recommendations
for frequently asked questions.

INTERPRETATION OF DATA RECEIVED
IN PCG. CARDIOINTERVALOGRAM

The main component of heart rate evaluation of a
fetus, a baby, or an adult is an interval between two
heart beats. A cardiointervalogram alows to receive
anintegral estimate of cardioregulation withaminimal
number of tested parameters. basal heart rate, heart
rate variability, instantaneous frequency of oscillatory
activity, accelerations and decelerations. It is not
important which method is used for rhythm detection,
as in PCG, like in CTG, standard parameters are
used, therefore, for PNG we use standardized scales
elaborated for CTG.

The following standard integral indices are
analyzed. Basal heart rate is a parameter of
interaction between parasympathetic and sympathetic
nervous systems (sympathetic system is dominant at
early pregnancy terms, thus fetal HR is higher, after
reaching a certain level of parasympathetic maturity,
the balanceisachieved and the average HR decreases).

Heart rate variability (irregularity in the heartbeat)
istheresult of aninteraction between parasympathetic
and sympathetic divisions of the autonomic nervous
system. The difference in the cardiac interval duration
ison average 20—30 msec (or 2-3 bpm). HR anomalies,
occurring from beat to beat and having specific
direction and amplitude, appear on CTG in theform of
HR oscillations. Basal HR variability is characterized
by short-term and long-term oscillations.

Instantaneous oscillations (STV) reflect frequency
differences, calculated on average every 1/16 of a
minute. STV is controlled by the parasympathetic
nervous system, measured in msec, and is a sensitive
indicator of fetal tissue oxygenation. STV is only
evaluated and interpreted with computer processing
of therecord. STV predictive valueis being discussed
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and was proved, for example, in a cohort study of 28,
000 emergency childbirths in Great Britain [25].

Opposite results were received in the origina
prospective TRUFFLE study, which evaluated
whether low STV index in combination with Doppler
pulsatility index in the ductus venosus at early stages
of IUGR may increase 2-year survival rate among
infants without neurological anomalies in contrast
to computer-assisted CTG only counting STV. The
result of the research was a clinical recommendation
not to conduct preterm delivery given low STV until
circulation in the ductus venosus becomes normal, as
such an algorithm did not improve prognosis [26].

Long-term oscillations (long-term variation, LTV)
are cyclic variations in basal HR with a frequency of
3-5 cycles per minute with an amplitude from 5 to
20 bpm on average, which depend on the state of the
fetus and are controlled by the sympathetic nervous
system. Changes in LTV are characteristic of feta
oxygenation and its compensatory responsesto stress.

STV and LTV change with a decrease in oxygen
level in the blood. Given hypoxemia development,
first, HR variability increases (since in oxygen
deficiency, suprarenal cortex is activated, blood
pressure rises, and a response to baroreceptor signals
is generated). Then with hypoxemia aggravation in
combination with acidemia, HR variability decreases
due to functional CNS depression. STV reacts to
hypoxiaearlier than LTV.

CONCLUSION

Currently in obstetrics, thereis no one best optimal
method for constant monitoring of the intrauterine
state of the fetus. In one of the conclusions of the
TRUFFLE study, everyday standard CTG was proven
inefficient in the high-risk group of antepartum fetal
death. Monitoring the intrauterine state of the fetus by
phonocardiography may become that missing link that
will allow to decrease perinatal mortality. It is beyond
argument that phonocardiography is more than just a
cardiointervalogram. It is yet to prove its diagnostic
efficacy at different degrees of fetal abnormalities. The
efforts will be justified if a combination of acoustic
and mathematical anaysis alows to increase the
capabilities of predictive perinatal medicine.
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Metabolic potential of gut microbiota in helminth infections
as a way to achieve bronchial asthma control
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ABSTRACT

The aim of the review was to analyze modern experimental studies and clinical trials aimed at assessing metabolic
activity of gut microbiotain bronchial asthma (BA) and helminth infections.

Being one of the most common chronic heterogeneous respiratory diseases, bronchial asthma secures its place
among global heath problems of great socioeconomic importance. In recent years, a lot of data has been
accumulated indicating that the state of gut microbiotais an important factor determining the state of human health
and affecting immune mechanisms underlying the development of allergic diseases in childhood. Dysbiosis of gut
microbiotais due not only to changesin its composition, but also to disturbances in its metabolism. In accordance
with the “gut — lung axis’ concept, maintaining healthy gut microbiota and correcting its disorders, including
strategies aimed at activating synthesis of short-chain fatty acidsin the intestine, may become anew way to prevent
and treat chronic respiratory diseases in childhood. In turn, experimental and epidemiological studies have shown
the immunomodulatory activity of helminths. It is assumed that their impact on the composition and function of
gut microbiota is one of the mechanisms by which helminths influence the immune response of the host and the
course of BA.
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BpoHxuanpHas acTMa OTHOCHUTCS K YHCIY TIJIOOalbHBIX IMPOOIEM 3ApPaBOOXPAHEHHUS, MMEIOUIMX OOJBIIYIO
COL[HaJ'IbHO-f)KOHOMI/l'-ICCKy}O 3HAYUMOCTB, SBJIACTCA OJHUM M3 CaMbIX PAaCHpPOCTPAaHCHHBIX XPOHUYCCKUX
reTCPOTrCHHBIX 3360J’leBaHPII>’I ABIXAaTCIBbHBIX nyTer?'l. B IMOCJICAHUE TOJbl HAKOIIJICHO MHOXCCTBO JaHHBIX,
yKa3bIBalOHlHX Ha TO, 4YTO COCTOSHHEC Ml/IKpO6HOTbI KHUIICYHUKA SBJIACTCA OJHUM U3 Ba)I(HCﬁLUHX q)aKTOpOB,
ONPECACTIAOIUX COCTOAHUE 310POBb YE€JIIOBEKA, B TOM YHCJIC BJIMAIOUINX Ha PIMMyHHbIe MEXaHU3MbI Pa3BUTUA
ajuiepruyeckux OosiesHed B JeTckoMm Bo3pacre. JIMcOMOTHYECKOE COCTOSHME MHUKPOOMOTHI KHUIIECYHHKA
00YCIIOBJICHO HE TOJBHKO M3MEHEHWSIMH CTPYKTYpbl, HO M HapylIeHHsMH ee Mmerabonu3ma. B cooTBeTcTBHH
KOHIICTIIINEH «OCh KHIIEUYHUK — JICTKHUE» MOAACPKaHUEe HOPMAIbHOW MHKPOOHMOTHI KHINICUHHKA, KOPPEKIUS €€
Hapyl.l.leHHﬁ, B TOM YMCJIE CTPATEIrvu, HAIPaBJICHHBIC Ha aKTUBALIUIO CHUHTEC3a KOPOTKOLCIIOYCYHBIX XUPHBIX
KHCJIOT B KHIIIEYHUKE, MOTYT CTaTh HOBBIM CIIOCOOOM MPOGHIAKTHKU M JICYCHUS] XPOHUUECKHX PECITUPATOPHBIX
3abosneBaHuil y gereil. B cBoio ouepenb, B IKCHEPHUMEHTAIBHBIX WU SMHUAEMHOJIOTHYECKUX HCCIIEAOBAHUAX
IIOKa3aHa MMMYHOMOZYJIMpPYIOIIas CHOCOOHOCTh IeIbMUHTOB. [Ipenmosaraercs, 4To BO3AEHCTBHE Ha COCTaB
u q)yHKLII/I}O KHUIICYHOI'O MHKpOGI/lOMa SBJIICTCA OAHHMM W3 MEXAHU3MOB, IMOCPEACTBOM KOTOPBIX I'€JIbBMHUHTLI
BJIMAKOT Ha l/IMMyHHbIﬁ OTBET OpraHru3Ma Xo3sguHa U TECHCHUE BA

KitroueBble cjioBa: KHICYHAs MHKPOOMOTA, TEIbMHHTHBIC HHBA3WH, KOPOTKOICTIOUCUHBIC JKUPHBIC KUCIIOTHI,
OpoHXHaJbHAsI aCTMA

KonpaukT naTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHE SIBHBIX U MOTEHIMAIBHBIX KOHQIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HaCTOSIIEeH CTaThH.
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«Mukpobuora B cucTeMe “Tapa3suT—XO35SHH” M €€ METaOOIUYECKHI TMOTCHIMAT KaK WHCTPYMEHT YIPaBJICHUS
OpOHXHANBEHOU acTMOI», Ne 22-75-00078).

Jast uurupoBanusi: Cokonosa T.C., Mansuyk B.H., 3aiiuesa A./l., ®enoposa O.C., Kapnosa M.P. Mera6oinu-
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acT™Moit. Broanemens cubupckoi meduyunsi. 2023;22(3):150-158. https://doi.org/10.20538/1682-0363-2023-3-

150-158.

INTRODUCTION

The increase in the prevalence of chronic
noncommunicable diseases, including those of
alergic etiology, is one of the main hedthcare
problems according to world statistics. Investigation
of risk factors, development of preventive measures,
and search for new approaches to the treatment of
socialy sensitive diseases are priorities for public
health programs. Bronchial asthma (BA) is one of the
most common chronic respiratory diseases affecting
patients of all ages. Its course is accompanied by a
significant decrease in the quality of life of patients and
their families, as well as by heavy economic burden.
That is why this problem remains highly relevant in
the global agenda of medical science [1].

Epidemiological studies suggest a possible
association between a high prevalence of alergies
and reduced exposure to certain infectious agents
and microbiota in childhood as a result of changes
in dietary habits, improved hygiene conditions,
inappropriate use of antibacterial drugs, and other
factors, while living in rural areas, contacts with pets,

and higher susceptibility to helminth infections exert
a protective effect [2]. Currently, there are several
hypotheses that explain the relationship between the
prevalence of alergic diseases and environmental
changes that have occurred in recent decades, such
as urbanization, changes in housing and nutrition,
and reduced microbial and parasitic exposure [3-5].
According to the hygiene hypothesis, insufficiency
of infectious stimulation in childhood is associated
with changes in the immunity that predispose to the
development of allergies [3]. Later, the biodiversity
hypothesis was put forward, which suggests that
contacts with the natural environment enrich the
human microbiome, reducing the risk of developing
chronic noncommunicable diseases [5].

A lot of data have been accumulated indicating that
the gut microbiotais one of the most important factors
determining human health, including the effect on the
immune mechanisms of the development of allergic
diseases in childhood [6]. At the same time, recent
studies demonstrate the significance of not only the
taxonomic composition of microbiota, but also of its
metabolic activity. Along with this, there are data on
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the relationship between helminth-induced changesin
the microbial composition and suppression of allergic
inflammation in BA [7, 8]. Currently, the effects of
microbiota — helminth interactions on asthma control
remain largely unknown. The aim of this review was
to analyze current experimental studies and clinical
trials aimed at assessing the metabolic activity of gut
microbiotain patientswith BA and helminthinfections.

MATERIALS AND METHODS

We analyzed scientific publications of the results
of clinical trials and experimenta studies aimed at
investigating the effect of gut microbiota in asthma
against the background of helminth infection. The
search was carried out using the PubMed (https://
pubmed.ncbi.nlm.nih.gov/) and eLIBRARY (https:/
www.elibrary.ru/) databases. The review presents
origina articles published from January 1, 2012 to
July 01, 2022. The analysis was carried out according
to the following algorithm.

Stage 1. Initial search for publications on the
topic of gut microbiota and its metabolites in BA
and (or) helminth infection. We used the following
keywords in the search: short-chain fatty acids /
metabolites / microbiota / asthma or short-chain fatty
acids /metabolites / microbiota / helminths. We also
searched for studies corresponding to the listed terms
in the references in the selected publications.

Stage 2. The titles and abstracts of 1,833 articles
selected during the initiad keyword search were
considered. Reviews and origina articles that did not
contain dataon gut microbiotaand its metabolitesin BA
and / or helminth infection were excluded. Therefore,
52 publications were selected for a detailed analysis.

Stage 3. Evaluation of full texts of the publications
(n = 52). At this stage, articles that study the
taxonomic composition of gut microbiota without
assessing the level of metabolites were excluded. In
addition, articles studying the use of a special diet in
the experimental model were excluded. Therefore,
9 publications describing gut microbiota and its
metabolites in asthma and 6 articles describing gut
microbiota and its metabolites in helminth infection
wereincluded in the review.

GUT MICROBIOTA AND ITS METABOLIC
ACTIVITY IN BA

Recently, interactions between gut and lung
microbiota (the gut — lung axis) and their effect on
immunity have been actively studied [9, 10]. In
accordance with this concept, maintaining normal gut

microbiota or correcting its disturbances can become
a tool for prevention and treatment of respiratory
diseases. Gut microbiota is a key modulator of
immune, metabolic, and cellular functions that
responds to inflammatory signals associated with BA;
it may mediate disease susceptibility, severity, and
phenotype [11].

The results of experimental and epidemiological
studiesdemonstratethat establishment of gut microbiota
a an early age plays a key role in the development of
BA. Low diversity of gut microbiota in the first month
of life is associated with development of the disease
at school age [12]. The results of other prospective
studiesalso indicatethat low biodiversity and dysbiosis
of gut microbiota in infancy are associated with arisk
of developing BA in childhood [10, 13, 14].

The analysis of the taxonomic composition of gut
microbiota showed that ahigh risk of BA isassociated
with a low representation of the Faecalibacterium,
Bifidobacterium, Roseburia, Alistipes, Ruminococcus,
and Dialister generaand ahigher content of Veillonella
[13, 15]. Another study also showed an association of
underrepresented Bifidobacterium, Faecalibacterium,
and Akkermansia generawith ahigh risk of developing
BA [16]. However, in a Canadian cohort study of
more than 300 children, therisk of developing BA was
associated with adecrease in the rel ative abundance of
Veillonella bacteria [14]. Studies have also shown that
the composition of gut microbiota differs in patients
depending on the severity and phenotype of BA [17]. It
was noted that in patients with severe BA, an increase
in the Streptococcus and Escherichia-Shigella genera
was revealed [18]. Despite the differences in the gut
microbiota composition in various studies, there is
an association between low microbiota diversity and
abundance of short-chain fatty acid (SCFA)-producing
bacteriain children with BA.

One of the potential health biomarkers often
considered in microbiome research is relative
abundance of bacteria producing SCFAs, such
as acetate, propionate, and butyrate [19, 20]. The
main producents of butyrate are bacteria of the
Faecalibacterium genus and the Ruminococcaceae
and Lachnospiraceae families, propionate is mainly
produced by  Bacteroides,  Propionibacterium,
Roseburia, and Selenomonas, while acetate is
mostly produced by Bifidobacterium, Clostridium,
Ruminococcus, and Lactobacillus [21]. A decrease
in the synthesis of butyrate and other SCFAs leads to
a lack of energy supply and degenerative changes in
intestinal epithelium. The permesability of theintestinal
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barrier for food and bacterial antigensincreases, which
contributes to the development of chronic inflammatory
bowel diseases. Thisgreatly exacerbatesthe imbalance
in the gut microbiota [22]. It is important to note that
the anti-inflammatory effects of SCFAs are not limited
to the gut. The species diversity of the gut microbiota
with an increase in the content of bacteriathat ferment
plant fibers with the formation of SCFAs is associated
with a decrease in T helper 2 cell-mediated allergic
airway inflammation [23].

A number of experimental studies with modeling
allergic airway inflammation showed that its milder
course was associated with ingestion of SCFAs
(butyrate, propionate, acetate) or a high-fiber diet
[23-27]. It has been shown that oral administration
of butyrate to mice was associated with a decrease
in the number of eosinophils and neutrophils in
bronchoalveolar lavage fluid and an increase in CD25
+ FoxP3 + regulatory T cells (Treg) in the lung tissue
[25, 27]. It has also been found that the administration
of SCFAs to mice during pregnancy had a protective
effect against the development of allergies in the
offspring [25, 26]. Another study showed that
propionate or a high-fiber diet could attenuate house
dust mite-induced airway inflammation in mice by
activating G protein-coupled receptor 41 (GPR41)
[23]. The anti-inflammatory effect of butyric acid and
other SCFAs is realized mainly due to the inhibition of
histone deacetylase (HDAC) and nuclear transcription
factor (NF-xB) and stimulation of Treg, providing
a decrease in the production of proinflammatory
cytokines and a shift in the Th1/ Th2 balance toward
Th1 [28-31].

In the Canadian Hedthy Infant Longitudinal
Development (CHILD) cohort study, M.-C. Arrieta et
al. showed that a reduced concentration of acetate in
stool samples of children at the age of three months
was associated with a risk of developing BA [14].
Another prospective study showed that infants with
high levels of acetate in stool samples were lesslikely
to be diagnosed with food allergies, and a reduced
risk of developing BA was noted with high levels
of butyrate and propionate [25]. In children with
BA, stool samples showed a decrease in butyrate-
producing bacteria, including Faecalibacterium
and Roseburia spp., and a lower level of butyrate
compared to the control group [15]. In adult patients
with BA (n = 44), regardless of the phenotype of the
disease, a significant decrease in the total content of
SCFAs in stool samples and a decrease in the absolute
concentrations of individual acids and total content of

isoacids were revealed compared to the controls [32].

In arandomized, placebo-controlled trial including
patients with BA (r = 17), inulin supplementation for
one week was shown to improve asthma control as
measured by the Asthma Control Questionnaire and
reduce eosinophil counts and sputum HDAC9 gene
expression [33]. Despite evidence that oral SCFA
attenuates allergic inflammation in experimental
studies, ways to successfully prevent the development
of allergiesin humansremainunclear. At present, other
metabolites of intestinal bacteria with proinflammatory
and anti-inflammatory potential have been studied,
such as biogenic amines, polyunsaturated fatty
acids (PUFAs), and oxylipins [34-36]. Studies of
metabolites in various biological samples (serum,
urine, stool samples) in adults and children with
BA demonstrate the association of the disease with
changes in the levels of certain metabolites, such as
tyrosine, tryptophan, sphingolipids, phospholipids,
bile acids, PUFAs, SCFAs, etc. [36, 37]. Taken
together, these results point to the need to evaluate the
metabolic activity of the gut microbiota aong with its
species diversity.

EPIDEMIOLOGICAL STUDIES ON THE
RELATIONSHIP BETWEEN ALLERGIES
AND HELMINTHS

Epidemiological studiesfound that in regions with
high prevalence of helminth infections, not only the
prevalence of BA in the population varies, but also the
severity of its clinical manifestations. This is thought
to be due to the modulating effect of helminths on
the human immunity [38—40]. The effect of helminth
infection on the course of alergic diseasesis realized
through various mechanisms and depends on the type
of the parasite and the duration and intensity of the
infection [40].

Studies in different regions have shown a positive
relationship between infection with the nematode
Ascaris lumbricoides and the prevalence and uncon-
trolled course of BA, especially in childhood [40—43].
In patients suffering from ascariasis, an increase in the
level of immunoglobulin (Ig) E, total and specific to the
alergens of Blomia tropicalis and Dermatophagoides
pteronyssinus, was found [43]. Researchers have noted
similar effects in patients infected with Strongyloides
stercoralis and Toxocara [44, 45]. On the contrary,
numerous studies have shown a negative relationship
between helminth infection (4. lumbricoides, T. trichu-
ria, Opisthorchis felineus, Ancylostoma, Schistosoma)
and skin test sensitivity or the level of specific IgE to
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various allergens [46—49]. Researchers have noted that
patients with Necator americanus infection have a
milder course of BA [40, 50].

Theresults of epidemiological studies demonstrate
adecrease in the risk of allergic diseases in residents
of areas endemic for helminth infections [47, 51].
Scientists have observed lower levels of interleukin
(IL)-5 and IL-4 and an increase in the production
of anti-inflammatory IL-10 in S. mansoni-infected
asthmatic patients compared to patients not affected
by helminth infection [52]. The effect of O. felineus
infection on the course of BA is characterized by a
change in the immune response toward suppression
of Th2-dependent mechanisms due to an increase in
the expression of genes encoding IL-10 and tumor
necrosis factor-f and a decrease in the level of 1L-4
and IL-5 [53]. A number of studies have established
an association between anthelmintic therapy and the
progression of clinical symptoms of allergy and an
increase in immune reactivity [53-55].

METABOLIC ACTIVITY OF MICROBIOTA
AND HELMINTH INFECTION

Changes in the abundance and diversity of gut
communities vary depending on the helminth species.
It has been noted that the presence of helminth
infections is associated with an increase in microbial
diversity and a rise in the concentration of SCFAs in
the large intestine [56, 57]. Influencing the composition
and function of the gut microbiomeis hypothesized to
be one of the mechanisms by which helminths affect
host immunity [8].

Experimental studiesand clinical trials have shown
that helminth infection affects the concentration of
SCFAs in the intestine and blood serum. An increase
in the total level of SCFAs, acetate, and propionate
in the stool samples was revealed to be characteristic
of Heligmosomoides polygyrus infection in the
experimental animals compared to the control group.
However, no statistically significant difference in the
butyrate content was found [58]. The study by M.M.
Zaisset a. (2015) also demonstrated an association of
H. polygyrus infection in mice with an increase in the
total SCFA and acetate levels [7].

A. suum infection is associated with an increase
in the content of propionate and butyrate and a trend
toward an increase in the concentration of acetate [7].
It has been experimentally shown that transplantation
of helminth-modified microbiota in the absence of
experimental helminth infection reduces the level
of proinflammatory cytokines in recipient mice in

a BA model. This can be considered as a potential
approach to the prevention of exacerbations of this
pathology [7]. It has also been shown that the effect
of helminth infection on SCFA levels depends on the
diversity of the gut microbiota [59]. For example,
the concentration of acetate and butyrate in the
fecal samples of the laboratory mice infected with
Hymenolepis diminuta was higher than in the animals
with helminth infection against the background of
administrated antimicrobial drugs [59].

There are few publications on the assessment of
the metabolic activity of gut microbiota against the
background of helminth infections in humans which
al show contradictory results. This may be due to
limited sample sizes, differences between the studied
cohorts, and the type of parasitic infection. When
assessing the composition of gut microbiota and its
metabolites in the stool samples from patients with
S. stercoralis infection, an increase in microbial
apha diversity and a decrease in beta diversity were
revealed along with a change in the abundance of
certain types of microorganisms and a decrease in the
concentration of SCFAs compared to the participants
without helminth infection [60, 61]. According to the
results of another study, patients with celiac disease
(n=8) and N. americanus infection showed no change
in the level of SCFAs, but a trend toward an increase
in the studied metabolites was noted [7].

Liver flukes can have a significant impact on
the gut microbiota and its metabolites. In a study
involving children suffering from O. felineus
infection, an increase in the content of certain
bacteria involved in the production of SCFAs and
possessing anti-inflammatory potential was revealed
(Lachnospira,  Ruminiclostridium,  Eubacterium
eligens, Faecalitalea, Barnesiella) [62]. Another
experimental study showed that the chronic stage of
0. felineus infection was associated with an increase
in the levels of fatty acids in the blood serum [63].
Infection with another trematode species, O. viverrini,
in the laboratory animals caused an increase in the
abundance of Methanobrevibacter, Akkermansia,
and Burkholderia-Paraburkholderia in the stool
samples [64]. However, studies evaluating the level
of intestinal metabolites, including SCFAs, have not
been performed in patients with O. felineus infection.

CONCLUSION

The conducted systematic review demonstrates
the growing interest in the research of microbial
metabolites in the context of the “gut — lung axis”
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concept and indicates the need to assess not only
the taxonomic composition, but also the functional
activity of the gut microbiota. The results of modern
studies have shown that the main microbiota factors
associated with BA are a decrease in the diversity
and metabolic potential of the gut microbiota, mainly
due to a decrease in the production of SCFAs, and a
cooccurring increase in the representation of certain
opportunistic bacteria. Experimental studies provide
evidence for the effectiveness of a high-fiber diet or
oral SCFA in reducing allergic airway inflammation
and reducing the risk of developing BA. However,
clinical data on the potential of this diet and SCFA for
asthma control are currently insufficient.

The analysis of research results indicates that
helminths and intestinal bacteria may interact
to promote immune homeostasis through anti-
inflammatory  metabolites, such as SCFAs.
Harnessing the immunomodulatory potential of
helminths while avoiding side effects associated
with infection represents a potentia option for
managing BA. Currently, the effects of microbiota —
helminth interactions on asthma control remain
largely unknown and further research is needed to
confirm this hypothesis. The disclosure of the role of
the gut microbiota and its metabolites as factors of
pathogenetic influence and modification of the course
of BA in the context of helminth infection presents a
prospect for the development of new preventive and
therapeutic strategies for BA control.
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ABSTRACT

Coronary artery bypass grafting (CABG) is the most preferred method of myocardia revascularization in
multivessel coronary artery disease and severe progressive forms of the disease. The material of choice for CABG
of the left anterior descending artery (LADA) is the internal mammary artery (IMA). However, even when using
IMA as a conduit for CABG, one should be aware of a possibility of graft failure, which indicates a need for
constant vigilance in this category of patients. Endovascular interventions on coronary arteries make it possible
to efficiently and safely revascularize an occluded bypass graft, minimizing existing risks and improving both the
quality of life of patients and their subsequent survival. The article considers aclinical case of the devel opment of
recurrent anterior myocardia infarction in the patient due to occlusion of the mammary graft to the LADA.

Keywords: coronary artery bypass grafting, revascularization, internal mammary artery, stenting, myocardial
infarction
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JUIsl KOPOHAPHOTO LIYHTUPOBAHMS MEPEIHEN MEXOKETyJAOYKOBOM BETBH JIEBOM KOPOHApPHOM apTEpUU SBISETCS
BHYTpPEHHA rpyAHas aprepus. OHaKO AaXke IPU UCTIOIb30BAHHUH IIIyHTA U3 BHYTPEHHEH Py AHOM apTepuH, clieayeT
HOMHHTB O €r0 BO3MOXKHOM AUCOYHKIUH, YTO AUKTYET HEOOXOIUMOCTh IIOCTOSIHHOW HaCTOPOXKEHHOCTH y JaHHOU
KaTeropuy MalMeHTOB. DHJOBACKY/ISIPHbIC BMEIIATEIbCTBA HA KOPOHAPHBIX apTEpHUsIX MO3BOJISIOT 3(PdHEKTHBHO
¥ 0e30MacHO, CBOJS K MHHUMYMY CYIIECTBYIOIIHE PUCKH, NMPOBECTH PEBACKYJIAPHU3AIMIO OKKIIO3UPOBAHHOTO
IIyHTa, o0ecreunBas yaydlIeHHe KaK KauecTBa JKM3HU OOJBHBIX, TAK M MOCIEIYIOIIYI0 MX BBDKHBAEMOCTh. B
CTaThe PacCMOTPEH KIMHMYECKHU CiTydail pa3BUTHS MOBTOPHOTO MH(papKTa MHOKap/a MepeaHeil CTeHKH JICBOTO
JKeJTyJ04Ka B CBSI3U C OKKJIIO3MEH MaMMapHOT0 LIyHTa K IepeIHel MeXKeTy10UKOBOM BETBH JIEBOH KOPOHAPHOH
apTepuu.

KuioueBble cjI0Ba: KOPOHAPHOE LIYHTUPOBAHKE, PEBACKYJISPU3aLHsl, BHYTPEHHSS IPy/HAS apTEPHsi, CTCHTHPOBA-
Hue, NHApKT MHOKapaa

KOHq)J’IHKT HHTEPECOB. ABTOpI;I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq).IH/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6III/IKaHI/IeI71 HACTOSIIEH CTaThH.

Hcrounuk puHaHCHPOBaHHUsl. ABTOPHI 3asBIISIOT 00 OTCYTCTBHH NCTOYHMKA (DHHAHCHPOBAHUSL.

Jas uutupoBanms: 3axapbsH E.A., IllaroB JI.B., I'puropses IL.E., Pankosckas M.C. Knunuueckuii cimyuait
CTEHTHPOBAHMS MaMMAapHOTO HIYHTA y MAI[eHTa ¢ HOBTOPHBIM MH(APKTOM MHOKap/a IepeHel CTEHKH JIEBOTO
xemynouka. broanemens cubupckot meduyunvt. 2023;22(3):159-164. https://doi.org/10.20538/1682-0363-2023-

A clinical case of myocardial infarction after coronary artery bypass grafting

3-159-164.

INTRODUCTION

According to the World Health Organization,
cardiovascular diseases are the leading cause of death
in the world, among which coronary artery disease
(CAD) permanently occupies a leading position
[1]. Coronary artery bypass grafting (CABGQG) is the
preferred method of revascularization in severe
progressive forms of the disease and multivessel
myocardial damage, taking into account the consent
of the patient and the anatomical features of lesion
localization [2].

A meta-analysis of the effectiveness of CABG
and percutaneous coronary intervention (PCI) in
ischemic heart failure with the participation of 54,173
patients (CABG (n = 29,075) and transluminal
balloon angioplasty (» = 25,098)) in 2002-2019
has shown the best long-term results after major
surgical interventions. The risk of death, myocardial
infarction, and repeat revascularization procedures
was lower in the group that underwent CABG than
in the group of patients after PCI, in the absence of a
statistically significant difference in the occurrence of
stroke [3].

The interna mammary artery (IMA) is currently
the gold standard conduit for bypassing the left
anterior descending artery (LADA). The study by
F.D. Loop et al. discussed the prospects for the use
of IMA graft based on 10-year survival and cardiac
events, as a result of which the internal mammary
artery bypass (IMAB) to the LADA was defined as

the gold standard of coronary revascularization [4].
Despite the high clinical effectiveness of CABG,
there is a group of patients with recurrent clinical
manifestations of coronary artery disease after
surgery, including those who underwent surgeries
using IMA for grafting.

B.D. Morchadze et a. anayzed the results of
repeat revascularization surgeries in 92 patients
with coronary artery disease. The main reasons
for recurrent angina pectoris in the general group
were shunt dysfunction (77%) and progression of
atherosclerosisin native coronary arteries (CA) (23%)
[5]. According to the literature, the main causes of
mammary graft dysfunction include thrombosis,
progression of atherosclerosis, shunt rupture, as well
as its compression by a tumor, artificial pacemaker or
post-traumatic hematoma [6—10].

This report describes a case of recurrent
myocardial infarction of the anterior wall of the left
ventricle (LV) due to occlusion of a mammary graft
to the LADA.

CLINICAL CASE

A 60-year-old patient was admitted to the Regional
Vascular Disease Center for the treatment of patients
with acute coronary syndrome with complaints of
intense burning pain behind the sternum radiating to
the left half of the chest, left arm, interscapular region,
severe weakness, and cold sweat. He had considered
himself ill for 11 years, when, after a myocardial
infarction of the anterior wall of the LV, CABG of
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the right coronary artery (RCA) was performed, using
IMAB to the LADA with the LV aneurysm plication.
For a long time, the patient had noted arterial
hypertension (maximum blood pressure 180/100
mm Hg). Previous surgical interventions included
appendectomy in 2006 and cholecystectomy in 2017.
Clinician-observed, the patient's general condition
was of moderate severity; the patient was alert. The
heart sounds were muffled. The heart rhythm was
regular, 56 beats per minute; no noises were heard.

Blood pressure in both arms was 160 / 90 mm Hg.
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Breathing was vesicular, 18 breaths per minute, no
abnormal breath sounds were heard. The abdomen
was soft and painless.

Electrocardiography (ECG) revealed sinus
rhythm, bradycardia, and left axis deviation.
Blockade of the anterior — superior fascicle of theleft
bundle branch was also revealed. The examination
showed signs of anterior ST-elevation myocardial
infarction (Fig. 1). The rapid diagnostic test for the
qualitative detection of troponin | in the whole blood
was positive.
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Fig. 1. Electrocardiogram before coronary angiography. Here and in Fig. 2, 3: speed 25 mm / s, voltage 10 mm / mV

According to ECG, the heart cavities were not
dilated; there were no abnormalities in the pulmonary
artery; the aorta, the cusps of the aortic and mitral
valves were compacted, with the sufficient cusp
opening. Moderate concentric LV myocardia
hypertrophy was revealed. The septa appeared to be
continuous. There was hypokinesis of the anterior
LV segments. The global myocardial contractility
was moderately reduced (LV gjection fraction 40%).
Diastolic dysfunction of the LV myocardium was
of the relaxation type. At the time of the study, the
distance between the pericardial layers along the LV
contour was noted to be 5 mm.

The patient underwent coronary angiography.
Atherosclerosis and calcification of the coronary
arteries were found. Stenosis of the orifice of LADA
was 98%. The patient had chronic occlusion of the
proximal third of the LADA. The middle third of the

circumflex branch of the LCA had irregular contours.
Stenosis of the proximal third of the RCA was 70%.
There was chronic occlusion of the distal third of the
RCA. The graft to the RCA was functioning. The
proximal third of the graft to the LADA was occluded.
In the area of occlusion, recanalization and predilation
with balloons were performed: 1.0 x 15 mm and 2.5
x 15 mm, pressure 6-8 atm for both, respectively.
A BioMatrix Flex stent 3.0 x 24 mm, under the
pressure of 14 atm, was introduced and installed in the
predilation zone. A check-up examination reveaed
that the functioning stent fully extended, occlusion of
the graft to the LADA was eliminated, the vessel was
patent, TIMI 3 flow.

The patient had no complications in the early
postoperative period. The ECG showed positive
changes (Fig. 2, 3). The patient was discharged 9 days
later in improving condition.
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Fig. 2. Electrocardiogram 17 hours after percutaneous coronary intervention
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Fig. 3. Electrocardiogram 1 week after percutaneous coronary intervention

DISCUSSION

In this case, the cause of acute insufficiency of the
mammary graft to the LADA was acute thrombotic
occlusion, which led to repeat myocardia infarction
of the anterior LV wall. PCI is the best procedure for
revascularization in such cases. However, performing
PCI using IMAB has additional risks compared to
its performance in the native coronary bed. Due
to the tortuous course of the IMA, there is a risk of
its unintentional perforation or dissection with the
development of adverse events during the procedure
[6-8, 11]. Repeat open revascularization is indicated
in a case of early graft failure (fresh anastomosis,
complicated anatomy or tortuous graft course, as well
as resternotomy for non-coronary reasons) [12]. At the
sametime, the acute onset, age, the presence of diabetes
mellitus, low LV gjection fraction, and the devel opment
of myocardial infarction are the risk factors for poor
outcomes in this category of patients [13].

To date, the use of IMA as a conduit remains
the method of choice for LADA bypass due to its

greater durability, the anatomical proximity of the
artery to the heart, less further thickening of the
intima, aswell as ahigher quality of life after surgery
in comparison with the use of such transplants as
radial or gastroepiploic arteries and great saphenous
vein [14, 15]. Differences in the perioperative state
of grafts and long-term patency may be caused by
their different characteristics, in particular, tissue
heterogeneity when using the great saphenous vein.
However, arterial grafts can also be heterogeneous.
For example, the IMA has an enhanced endothelial
function and produces more nitric oxide and other
relaxing factors, while radial and gastroepiploic artery
grafts are more prone to spasms [16].

The study by D.P. Taggart highlighted that
atherosclerotic lesions of the IMA graft were rarely
noted. It was found that 10-15 years after CABG,
the patency of the IMA was about 90-95%, while the
saphenous vein was affected in about 50% of cases
after 5-10 years with severe atheroma formation
[17]. However, even when using IMA, possible shunt
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occlusion should be kept in mind, which dictates the
need for constant vigilance in al patients who have
undergone such revascularization surgery. As a rule,
repeat surgery is associated with a high operational
risk, especially in debilitated, decompensated
patients, as well as in the presence of concomitant
diseases. Endovascular interventions allow to provide
revascularization of the occluded shunt effectively and
safely, minimizing the existing risks and securing the
improvement in both the quality of life and subsequent
survival of patients.

Repeat endovascular revascularization is safe
and effective even in the presence of unfavorable
prognostic factors (elderly population, manifesting
type 2 diabetes mellitus, chronic heart failure). In the
long term (3 years|ater), the intervention still displays
high anti-ischemic efficacy, which ensures regression
of LV myocardia remodeling and improvement in
intracardiac hemodynamics [18].

This strategy is reflected in the ESC / EACTS
Guidelines on Myocardial Revascularization (2018),
where indications for repeat revascularization in
patientswith shunt occlusion are extensive myocardial
ischemia and severe clinical symptoms that do not
respond to conservative therapy. It is noted that repeat
CABG isassociated with higher risks of intraoperative
mortality, therefore, PCI is the method of choice. The
IMA isthe preferred vessel for repeat CABG if it has
not been used before [19].

Thus, in the long term after surgical intervention,
thereremainsarisk of atherosclerosis progression both
in native arteries and in grafts, which determines the
need for careful monitoring of the patient’s condition
after CABG during follow-up. The use of PCI in
patients after previous CABG isthe method of choice.
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ABSTRACT

As aresult of the clinical study NCT04817501 “Phenotypic characterization of circulating tumor cells (CTCs) in
tumors of the female reproductive system”, we devel oped a method for preoperative prediction of arecurrence risk
in patients with stage T1 endometrial cancer (Patent No. 2762493 of 21.12.2021).

The article presents a clinical case of the use of multicolor flow cytometry in liquid biopsy of breast cancer (BC).
CTCs were detected in the blood of a patient with T2NOMO BC, stage I1A before the initiation of treatment.
Using multicolor flow cytometry, various CTC phenotypes were studied and the Her2/neu and ki-67 markers
were determined. These markers were aso studied in the biopsy and surgical material of the BC tissue using
immunohistochemistry. As a result of the study, it was shown that the molecular profile of CTCs in the blood
taken before fine needle aspiration biopsy coincided with that of cancer cells in the BC tissue. In addition, the
calculated risk of tumor progression before biopsy predicted recurrence of cancer in this patient 20 months before
its occurrence. The obtained results show the practical utility of multicolor flow cytometry in liquid biopsy of
cancers. The ability to evaluate CTCs by various molecular parameters can be useful for diagnosing, predicting,
monitoring, and determining treatment strategies for cancer patients.
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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 study was supported by the grant awarded by the President of the Russian Federation
MD-2017.2020.7.

For citation: Kaigorodova E.V., Grishchenko M.Yu. Application of multicolor flow cytometry in liquid biopsy
of breast cancer. Bulletin of Siberian Medicine. 2023;22(3):165-170. https://doi.org/10.20538/1682-0363-2023-3-
165-170.

< Kaigorodova Evgenia V., zlobinae@mail.ru

Bulletin of Siberian Medicine. 2023; 22 (3): 165-170

165



Kaigorodova E.V., Grishchenko M.Yu.

NMpumeHeHNe MHOrouBeTHON NPOTOYHON LUTOMETpUN
B XKNAKOCTHOI 6Moncum paka MosioYHOW »Kenes3bl

Kanropogosa E.B." 2, IpuweHko M.}10.%3

I Hayuno-uccneoosamenvckuii uncmumym (HHH) onkonozuu, TomMcKull HAYUOHATbHBLI UCCIE008AMENbCKUL MEOU-

yurckuil yeump (HUMIL]) Poccutickoil akademuu Hayk
Poccus, 634050, 2. Tomck, nep. KoonepamusHuwiii, 5
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PE3IOME

B pesynpTare mnpoBeaeHus kiamHH4Yeckoro wuccienoBaHus NCTO04817501 «deHOTHNUYECKUI CIIEKTp
LUPKYJIUpYOMHUX omyxoneBblx ki1eTok (LIOK) npu omyXossx xKeHCKOH penpoayKTHBHOM CUCTEMBI» pa3paboTaH
croco0 JoOMepaoHHOT0 MPOrHO3UPOBAHKS PHCKa PELHIMBa Y OOJBHBIX pakoM sHaoMerpust T1 craanu (maTeHT
Ne 2762493 ot 21.12.2021).

[IpencraBieH KIMHUYECKUH NpUMEp MPUMEHEHUS MHOTOLBETHOH NPOTOYHON IIMTOMETPUM B SKUIKOCTHOMU
6uorncun paka MosouHoH xxenessl (PMIK). B kposu 6ospH0# PMOK T2NOMO ITA cramuu no Hagana gedeHns OblH
BoisiBlieHbI [JOK. MeTo1oM MHOTOIIBETHO IMTPOTOYHON IIUTOMETPHH UCCIIe0BaHbI pasdnuunbie perotumsl [JOK u
omnpeneneHsl Mapkepbl Her2/neu u Ki-67. B 6uornicuitHoM 1 onepanoHHOM Matepuaie Tkanu PMK meroom M-
MYHOTHUCTOXMMHUH OBLTH TAK:KE UCCIICIOBAHBI JAaHHBIC MapKephl. B pe3ynbTaTe moka3zaHo, 4TO MOJIEKYJISIPHBIH ITPO-
¢unb [JOK B xpoBH, B3sTOH 10 MpOLEyphl TOHKOUTOJILHON OMOIICHY, COBITAall C MOJIEKYJISIPHBIM PO(dHUIIEM OITy-
XoJIeBbIX KieTok Tkann PMOK. Kpome 3Toro, paccuuTaHHBIH PUCK Pa3BUTHS OILyXOJIEBOH IPOTrPECCHH JI0 OHOIICHH
CIPOTHO3UPOBAl BO3HUKHOBEHUE PELMMBA Y JaHHOU nanueHTku 3a 20 mec 10 ero nossiueHus. [lomydeHHble
Pe3yJIbTaThI IIOKa3bIBAIOT IIPAKTHYECKYIO 110163y MHOTOIIBETHON POTOYHOHN IIUTOMETPHH B JKHKOCTHOM OHOIICHH
OHKOJIOTHUeCKHX 3aboineBanuii. Bo3amoxkHocTs onenky [IOK 1o pa3imuHbIM MOJICKYIISIPHBIM ITapaMeTpaM MOXKET
OBITH IOJIE3HOH VISl TUAarHOCTHKY, TIPOTHO32, MOHUTOPHHIA M OIIPE/ICJICHUS CTPATETHH JICUSHUsI OOJILHBIX PAKOM.

KuioueBble cjI0Ba: )KMAKOCTHAs OMOIICHS, PaK MOJIOYHOH JKele3bl, MHOTOLIBETHAS IPOTOYHAs uToMeTpusi, Her2/
neu, Ki-67, MUPKyTHPYIOIINE OyXOJIEeBBIE KICTKH

KonpaukT nuHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HaCTOSIIEeH CTaThH.

Hcroynuk puHancupoBanus. VccienoBanue BHIOIHEHO NP GHHAHCOBOU Moepkke rpanTa [Ipe3unenra PO
M/1-2017.2020.7.

Jast uurupoBanusi: Kaiiroponosa E.B., ['pumienko M.IO. [IpuMeHeHre MHOTOLIBETHOM MPOTOYHON ITATOMETPUH
B )KUIKOCTHOM GHOIICHH paKa MOJIOYHOM XKeje3bl. Broiemens cubupckou meduyunst. 2023;22(3):165-170. https://
doi.org/10.20538/1682-0363-2023-3-165-170.

Application of multicolor flow cytometry in liquid biopsy of breast cancer

INTRODUCTION

Breast cancer (BC) occupiesaleading placeinterms
of incidence and is among the five deadliest cancers in
the world and in Russia [1]. It is a well-known fact that
the main reasons for failure to treat BC are recurrence
of the disease and its hematogenous metastasis.

Circulating tumor cells (CTCs) are involved in both
recurrence and metastasis of cancer. The CTC population
is known to be heterogeneous [2-5]. The presence
of CTCs is not aways accompanied by metastasis

formation, apparently because not all cancer cells that
have entered the circulation have properties sufficient
for it [2, 6]. Even localized tumors without clinically
visible metastases have been shown to be sources of
CTCs [3, 7, 8]. It is estimated that 3.2 x 108 tumor cells
detach from one gram of tumor tissue per day, but most
of them quickly proceed to apoptosis due to the loss of
adhesion to the extracel lular matrix, hemodynamic shear
forces, or immune system attacks [9, 10].

Liquid biopsy was introduced as a new diagnostic
concept in 2010 to analyze CTCsintheblood of cancer
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patients and has now expanded to analyze circulating
tumor-derived factors, in particular circulating tumor
DNA (ctDNA), as well as extracellular vesicles
(EVs), microRNAs, mRNAS, long non-coding RNAS,
circulating extracellular proteins, and tumor-educated
platelets (TEPs) [11-25].

Tomsk NRMC in collaboration with Tomsk
Regional Cancer Dispensary carried out a clinical
study NCT04817501 “Phenotypic characterization
of circulating tumor cells (CTCs) in tumors of the
female reproductive system”, following which a
method for preoperative prediction of a recurrence
risk in patients with stage T1 endometrial cancer
was developed (Patent No. 2762493 of 21.12.2021)
[26]. The predictive model was based on multicolor
flow cytometry data on the number of different CTC
populations, including circulating cancer stem cells,
CTCs with markers of epithelial — mesenchymal
transition (EMT), and atypical / hybrid cell
populations.

The am of the study was to show the practical
application of multicolor flow cytometry and the
efficiency of the developed predictive model in the
diagnosis and prognosis of breast cancer.

CLINICAL CASE

In March 2021, patient P, 48 years old, turned
to an oncologist with complaints of a neoplasm in
the left mammary gland. The examination by a
mammologist reveded that the mammary glands
were symmetrical; the nipples and halos were
without abnormalities; abundant serous discharge
from the nipple was observed; atumor (4 cm) in the
upper inner quadrant of the left mammary gland was
detected by palpation.

No skin flattening was noted. Regional lymph
nodes were not enlarged. The patient was referred
for mammaography, bone scintigraphy, and computed
tomography (CT) of the chest. In addition, venous
blood was taken from the patient to study the presence
and molecular profile of CTCs using multicolor flow
cytometry.

In the course of the study, using fluorochrome-
conjugated monoclona antibodies to CD45, Epcam,
CK, mucl6, CD44, CD24, CD133, Ncadherin,
Her2/neu, Ki67, and NucBlu Live reagent, various
populations of CTCs were identified. Liquid biopsy
showed that 72% of CTCswere Her2/neu positive and
35% were Ki-67 positive (Fig. 1).

Fig. 1. Results of flow cytometry on the assessment of various populations of CTCs in the blood of patient P., 48 years old, before
the biopsy

In addition, atypical / hybrid Epcam+CD45+ cells
at a concentration of 19.3 cells / mm?® were detected
in the blood of this patient. We calculated the risk of
tumor progression using the model proposed in patent
No. 2762493, based on data on the number of different
CTC populations (the number of Epcam+CD45-
cells, CTCs with the Epcam+CD45-CD44-CD24-
Ncadherin+ phenotype, the number of circulating

cancer stem cells without Epcam expression on the
membrane with the Epcam(m)-CD45-CD44+CD24-
phenotype (cells/ ml), the number of atypical / hybrid
forms of CTCs with the Epcam+CD45+ phenotype
(cells / ml)). The risk of recurrence in this patient
was 75%.

Mammography onthe MG Adani machine (radiation
exposure was 0.003 mSv) revealed accumulation
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of pathological microcalcifications at the border of
the inner quadrants of the LV. The area of changes
was 44 x 19 x 26 mm. Impression: cancer of the left
mammary gland manifested by microcalcifications.
BI-RADS5.

Chest CT of 31.03.2021 (CT Simens device, dose
4.80 mGy) revealed amassin the | eft breast. No focal
pathological lesions were found in the lungs.

Bone scintigraphy of 5.04.2021 using the pirfotechum
radiopharmaceutical with an activity of 370 mBgand an
effective radiation dose of 0.80 mSv did not reveal any
scintigraphy signs of afocal skeletal lesion.

According to the ultrasound findings on the US
Philips 1U22 apparatus, a mass in the left mammary
gland (34 x 11 x 17 mm) was found (BI-RADS 5).
Axillary lymphadenopathy on the left was detected.
Signs of diffuse fibrocystic breast disease were noted.
The echotexture of the liver was not disturbed. Biopsy
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of the mass using a biopsy gun was performed.
Impression of the histol ogic examination of the biopsy
material (No. 8469-71\21) of 06.04.2021: non-specific
invasive breast carcinoma (ICD-O code 8500/3),
G 2 (3 + 2 + 1), with structures of ductal carcinoma
in situ, G 2.

Immunohistochemistry of the biopsy material
using the Leica Bond-Max immunohistochemistry
staining system and antibodies against estrogen
receptor (clone 6F11, Leica), progesterone receptor
(clone 16, Leica), c-erB-2 (Her2/neu) (Polyclonal
Rabbit, Dako), and Ki-67 (clone SP6, Cell Marque)
showed positive homogeneous staining of tumor cells
for estrogen receptors and heterogeneous staining for
progesterone receptors (Fig. 2, a, b), Her2/neu 3+
membrane staining (Fig. 2, ¢); about 30% tumor cells
were positive for the Ki-67 marker (Fig. 2, d), which
corresponded to luminal B2 BC.

Fig. 2. Photographs of the immunohistochemical study of the biopsy material obtained from patient P., 48 years old.

Immunohistochemical staining of breast cancer tissue using antibodies: @ — against Estrogen receptor (clone 6F11, Leica), the

image obtained using the digital slide scanner Aperio AT2, Leica at medium magnification; b — against progesterone receptor (clone

16, Leica); the image obtained using the digital slide scanner Aperio AT2, Leica at medium magnification; ¢ — against c-erB-2

(Her2/neu) (Polyclonal Rabbit, Dako); the image obtained using the digital slide scanner Aperio AT2, Leica at high magnification;

d — against Ki-67 (clone SP6, Cell Marque), the image obtained using the digital slide scanner Aperio AT2, Leica at medium
magnification.
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According to the results of the study, patient
P., 48 years old, was diagnosed with cancer of the
upper inner quadrant of the left breast (ICD code
C50.2) T2NOMO, stage I1A. This patient underwent
6 courses of neoadjuvant chemotherapy (DCHP).
In September 2021, she underwent a subcutaneous
mastectomy on the left with a biopsy of the sentinel
lymph nodes at Cancer Research Institute of Tomsk
NRMC. Impression of sentinel lymph node cytology
(dide no.. 2124cito 28.09.2021) showed the
presence of lymphoid elements. The impression of
the pathomorphological examination of the surgical
material (No. 27486-5051): invasive carcinoma of no
specia type G2 (ICD-O code 8500/3). No metastatic
lesion was detected in the sentind lymph node.
CurativepathomorphosisaccordingtotheRCB grading
system — RCB-I, according to G.A. Lavnikova —
[1l degree, pathological type ypT1INOMX. No tumor
was detected along the resection margins.

Until May 2022, the patient received transtuzumab,
then tamoxifen. On 15.07.2022, according to the chest
CT, areas of compaction in thelungswithout dynamics
were identified. The impression of the ultrasound
examination of 15.07.2022: incomplete involution of
the right breast. Residual signs of fibrocystic breast
disease on the right. Condition after a subcutaneous
mastectomy on the left, sentinel lymph node biopsy,
expander installation (September 2021). No echoscopy
evidence of disease progression was obtained. Diffuse
changesin the liver were noted. Chronic cholecystitis.
Bone scintigraphy of 21.11.2022 did not reveal any
scintigraphy signs of non-proliferative focal skeletal
lesions. The impression of the ultrasound examination
of 18.11.2022: axillary lymphadenopathy on the left.
Fine-needle aspiration biopsy was performed. The
cytological examination of the lymph node puncture
showed the presence of metastasis.

Thus, according to the results of the examination
13 months after the surgery, data for regional BC
recurrence were obtained. In December 2022, the
patient underwent axillary lymphadenectomy. The
impression of the pathomorphological study (No.
39063-76/22 of 26.12.2022): metastasis of invasive
breast carcinoma (1CD-O code 8500/6) to the lymph
node, with invasion of the tumor into the capsule of
the lymph node and extracapsular spread into the
perinodal adipose tissue, signs of lymphovascular
invasions. Data for neural invasion were not found.
Currently, the patient has independently sought
care at Blokhin National Medica Research Center
of Oncology, where she is receiving radiation

therapy and chemotherapy with anastrozole and
transtuzumab.

CONCLUSION

Thus, the use of multicolor flow cytometry in
liquid biopsy of BC made it possible to identify
heterogeneous populations of CTCs. Asaresult of the
study, it was shown that the molecular profile of CTCs
in the blood taken before fine needle aspiration biopsy
coincided with the molecular profile of tumor cells in
the BC tissue. In addition, our calculated risk of tumor
progression before biopsy predicted a recurrence
of the disease in this patient 20 months before its
occurrence. The obtained results show the practical
utility of multicolor flow cytometry in liquid biopsy
of cancers. The ability to evaluate CTCs by various
molecular parameters can be useful for diagnosing,
prognosing, monitoring, and determining a treatment
strategy for cancer patients.
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NMPEACTABJIEH HA CJIEAYIOWUX PECYPCAX
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Unpaywall - 6pay3epHoe pacwvpeHue. OHO HaxoauT 6ecnnaTHble Konumn
Hay4HbIX CTaTel, OPUrHasbl KOTOPbIX HaXoAATcA nog paywall. B oTKpbiToin 6ase
[laHHbIX CepBYiCca ecTb 601ee 31 MUNIMOHA HayUHbIX My6NMKaLuia

Baidu - kuTaiickas KOMMaHuA, npefocTaBiAaoLwan Be6-CepBI/ICbI, OCHOBHbIM 13
KOTOPbIX ABNAETCA NONCKOBAA CUCTEMA C TAKMM Xe Ha3sBaHUEM — naep cpean
KUTANCKMX MONCKOBbIX CUCTEM

Scilit — 310 Bceobbemniowan 6ecnnatHan 6a3a faHHbIX 451A YYEHbIX,
1Cnosb3ytoLlan HOBbI METOA COMOCTaBNEHNA JaHHbBIX U MHAEKCUPOBAHUA
Hay4HbIX MaTePUanoB. Halim cKaHepbl eXXeJHEBHO V3BNEKAIOT MOCNeHNe
naHHble 13 CrossRef n PubMed

PerynspHo o6HOBNsieMasn KOMeKLMsi Nepruoanyeckmx nsgaHui Kutasa no
LINPOKOMY KPYry AUCLMMIVH

BMKM,anHbIe - 370 becnaTHas 1 OTKpbITaA 6asa 3HaHUN, KOTOPYIO MOTYT
UNTATb N PeOaKTUPOBATb Kak JIIOAN, TaK N MaLlUVHbI

SClmago Journal & Country Rank — 310 06Lief0CTynHbIV MOPTaJs, KOTOPLIN
BKJ/IOYAET HayYHble NoKa3aTeNu XKypHasoB 1 CTpaH, pa3paboTaHHble Ha OCHOBe
MHpOpMaLMK, cogepKaLlenca B 6ase gaHHbIx Scopus® (Elsevier B.V.). 9Tu noka-
3aTeny MOXKHO 1CMOJb30BaTh AJIA OLEHKM 1 aHasM3a HayuYHbIX 0bnacTen.

[laHHbIV cepBUC 06ecrneyrBaeT NOIHOTEKCTOBBIN MOWCK MO BCEM
nccnefoBaTeNnbCKUM My6MKaLmnam, 3aapXMBMpPOBaHHbIM B Pa3fvyHbIX
Konnekumax Apxmea ViHTepHeTa.

HeﬁpOACCI/ICTeHT — CepBep Hay4yHOro n3aartenbCTBa NpegHasHavyeH anA
aBTOPOB, PeAaKTOPOB 1 peLeH3eHTOB Hay4HbIX )KYPHanoB. CepBI/IC no3BonAeT
aBTOMaTU3NpPOBaTb pa60Ty C TEKCTAMUN Hay4YHbIX cTaTel C MOMOLLbIO
NCKYCCTBEHHOTIO NHTENNEKTa
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