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300 JIET POCCUUCKOWU AKALEMUU HAYK

B 2024 r. Poccuinckas akapeMuss Hayk oTMmedaet 300-netume. 3a Tpum

cToNleTUSs WUCTOPUM aKajeMUU MEHSJICb ee COCTaB, rocyfapCTBEHHbIN

CTaTyc, Hay4yHass HanpaBJsieHHocTb. Ho oaHO ocTaBanocb HEM3IMEHHbIM —
posib aKafieMUM HayK KaK FNaBHOIO0 HAy4YHOr0 YYpPEeXXAEeHUs CTPaHbl.
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3a rofbl CBOEro npaBfieHWs MOCAefHUI Lapb 1 nepBbii nMmnepatop leTp lNepBbin coenan
MHoroe ans Poccuun: cosgan ¢noT, ocHoBan akageMuio HayK, mocTpoun Ha 6010TUCTOM MeCTHO-
CTW Lenbin ropos! AkafgeMus Hayk ctana pofoHadyalbHULLEN BCEW CUCTEMbl HayYHOW OeaTenb-
HOCTW B cTpaHe. Poccus B3sna kypc Ha Hayky n obpasoBaHue.

Ewe fo odpmumanbHoOro oTkpbITUS akafeMuu Hayk mMmnepatop
CTan akTMBHO pa3pabaTbiBaTb 3neMeHTbl byaylien MHPpacTpyKTy-
pbl. NepBbiM fenom [letp [MepBbin coenan obLiefoCcTynHLIM CBOE
nn4yHoe cobpaHue KHUT U HaHan bubnuoTekaps, KOTOPbIA LOKEH
Bbln cneguTb 3a cobpaHmeM 1 nononHaTe ero. Takxke B 1714 1. MeTp
opraHusosan nybanyxbin Mysen — KyHctkamepy, $poHAbI KOTOPOro
copepXanu pasnunyHble pegkoctu. B pokymeHTax o6 yypexpeHun
AxkagemMumn Hayk un xypoxectB KyHcTkaMepa paccMmaTpuBanach Kak
HeoTbeMJieMas 4acTb akafeMuu Hayk, a OHA — KakK UHCTPYMEHT,
CNnocobCTBYOLWMI feATeNbHOCTM aKaLeMUKOB.
B Haww gHM Mbl 0TMeYaeM AeHb 0CHOBaHWUS akageMunn Hayk Kak
[JeHb poccuinckon Haykm — 8 despans. MiMeHHo 8 despana 1724 r.
(28 aHBapsa no ctapomy ctuito) CeHaTt onybankosasn ykas o6 yuypex-
JlaBpeHTuii JlaBpeHTbeBny  AeHun «Akagemun, unun Coumneteta Xy[oxecTs 1 Hayk». OgHako caM
bnomeHTpocT MNeTp lNepBbit He ycnen TOp>XKeCTBEHHO OTKPbITb akageMuto. 3To cae-
nana ero BTopas >xeHa umnepatpuua EkatepuHa | B nekabpe 1725 .

[lepBbIM Npe3npeHTOM akafeMuu Hayk ctan nenb-menuk JlaBpeHTun BnioMeHTpocT. He-
CMOTPS Ha CBOW MHOCTPaHHble KOPHW, BAtoMeHTPOCT NnepBoe BpeMs 0CTaBasiCs eANHCTBEHHbIM
“3 akageMunkos, poauswmnmce B Poccuu. [Npu noarotoBke AOKYMeHTOB 00 yypexxaeHUn akage-
MWW HayK OH pyKOBOACTBOBAJICH yCTAaHOBKaMWN nMMepaTopa 1 ycrneLwHo Ben gena oT ero UMeHW!,
a 3aTeM M OT UMeHN umnepaTpuubl EkatepuHbl.

CnycTta 12 net nocne 0CHOBaHMSA akafeMuW HayK M3BECTHbIN dpaHuy3ckuin dusnk Lopty ne
MepaH nucan: «lleTepbyprckas akafeMumsa co BpEMEHM CBOEM0 POXKAEHMUSA MOAHANACh HA BblAa-
lOLLytOCS BbICOTY HaykK, A0 KOTOpon akagemum Mapuxckas n JloHpoHckas fobpanuck ToNbko 3a
60 net ynopHoro Tpyga».

Bo Bce BpeMeHa akageMuyeckoe coobLyecTBo 0CO3HaBanN0 rMaBHY Lefib akafeMnn Hayk:
paclmpaTb Npegenbl YenoBeYeCKnx 3HaHUIN, pa3BnBaTb Hayku, oboraliaTe UX HOBbIMU OTKPbI-
TUAMMK M NpocBeLLaTb YenoBeyecTBo. Beab Hayka bbina 1 ocTtaeTcs ABuratenem nporpecca.

MHdopMauus B3sTa c noptana «HayuHaa Poccus» (https://scientificrussia.ru/)
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Comparative analysis of the prognostic value of CURB-65 and CRB-65 scores

and their modifications in assessing in-hospital mortality in patients
with community-acquired pneumonia
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ABSTRACT

Background. Mortality associated with community-acquired pneumonia (CAP) continues to be a crucial health
problem worldwide. Correct assessment of CAP severity and the level of care is pivotal in the disease outcome.

Aim. To evaluate the prognostic value of the CURB-65 and CRB-65 scores and their modifications in determining
the risk of in-hospital mortality in patients with CAP.

Materials and methods. The retrospective study included 1,412 patients with CAP aged over 18 years. In a
population of 1,020 patients, which was subsequently split into test (» = 676) and training (n = 344) samples
in the ratio 2 : 1, we compared the predictive value of the CURB-65 (confusion, urea > 7 mmol / 1, respiratory
rate > 30 / min, low blood pressure (BP), and age > 65 years) and CRB-65 (confusion, respiratory rate > 30 / min,
low blood pressure (BP), and age > 65 years) scores in identifying patients at high risk of in-hospital death. The
specified scoring systems were modified by changing the cut-offs for each criterion to increase their accuracy. For
comparison, we used the ROC analysis with the calculation of the area under the curve (AUC).

Results. The modified CURB-65 score with new cut-off values (age > 72 years, respiratory rate > 21 / min, urea
level > 9.5 mmol / 1, systolic blood pressure < 105 mm Hg, and diastolic blood pressure < 65 mm Hg) was more
accurate than the original one in predicting death and was named CURB-72. The AUC for CURB-72 and CURB-65
was 0.946 (95% confidence interval (CI): 0.916-0.967) and 0.905 (95% CI: 0.869-0.934), respectively (p = 0.0034).
The modified CRB-65 (CRB-72) score also outperformed the original model, but showed no statistically significant
difference. While comparing the modified scoring systems, the new CURB-72 score surpassed the CRB-72 score
and demonstrated maximum accuracy in identifying CAP patients at risk of in-hospital mortality (p = 0.0347).

Conclusion. The modified CURB-65 (CURB-72) and CRB-65 (CRB-72) scores demonstrated potential for
assessing the prognosis of CAP and are superior to classical scoring systems. CURB-72 showed the highest
sensitivity and specificity.

Keywords: community-acquired pneumonia, pneumonia, CRB-65, CURB-65, mortality, prognosis, pneumonia,
scores
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CpaBHUTENbHbIN aHAIN3 MPOrHOCTUYECKON 3HAYMMOCTHU LLKan
CURB-65, CRB-65 n nx mogndukauuin B oueHKe rocnntasibHom
NneTanbHOCTN Y NaLMeHTOB C BHEOONIbHUYHON NHEBMOHNeEN

BuHokyposa [1.A.", Kynukos E.C.', Depgocenko C.B., l'y6apeBa A.M.’, MueBopckasn E.B.’,
Ocunos .B.', ApxxaHuk M.B.", CrapoBonTtoBa E.A.", ApkaHuk A.A.?

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

2 [TAO «Mockosckuil KpeOummwlil OaHK»
Poccus, 107045, 2. Mockea, JIykos nepeynok, 2, cmp. 1

PE3IOME

Benenne. CmepTHOCTE OT BHeOOIbHIYHOM MHeBMOHNH (BII) ocraercs cepbe3Hoi MpobiieMoi cCHCTEM 3/1paBOOX-
paHeHus pa3HbIX cTpaH. [IpaBHiIbHAs OLlEHKA TSHKECTH M MECTa JIeUeHNUs OONFHOTO NMEeT pellaroliee 3HaueHHe B
ucxoje 3a00JICBaHUs.

Heas. Ouernuts nporaoctideckyto 3HaunMocty mkan CURB-65 u CRB-65 ¢ ux Momudukanueii B onpeaeaeHun
PHCKa CMEPTH y TOCITUTATH3UPOBAHHbBIX O0NBHBIX ¢ BIL

Matepuajsl u MeTobl. B perpocniexkTuBHOE nccnenoBanue BKounan 1 412 manuentos ¢ BII crapiue 18 mer.
Ha nonymsmun 1 020 GonbHBIX, ¢ HOCIEAYIOIUM pa3ieieHueM Ha TeCTOBYIO (n = 676) u oOyuaroutyio (n = 344)
BBIOOPKH 2 : 1, BBINOJIHEHO CpaBHEHHE NMporHoctuueckoit nenHoct mkan CURB-65 (cmytanHOCTh CO3HaHMSA,
MOYEBHHA > 7 MMOJIb/JI, 4acToTa AbixaHus > 30/MuH, HU3KOe apTepuaibHoe naBinenue (A/l) u Bospact > 65 jet)
n CRB-65 (uckioueHa MOYEBHHA) B MACHTU(HUKAINUU MAIMEHTOB C BBHICOKHMM PHUCKOM TOCIUTAIBHON CMEpTH.
ITpoBenena MoaudUKaLMs YKa3aHHBIX LKA C U3MEHEHHEM TOYCK Pa3/ieNIieHHs M0 KaXJOMy U3 KPUTEPHEB I
MOBBIMICHNS UX TOYHOCTH. {715 cpaBHEeHHUs ncnonb3oBaiics aHann3 ROC-kpuBbix ¢ BerancieaneM AUC (tutomanu
0] KPUBOH).

Pe3yasTatel. Monudunuposannas mkaira CURB-65 ¢ HOBbIMU Toukamu paszeneHus (Bo3pact > 72 JeT, yacToTa
JIbIXaHus > 21/MUH, ypOBEHb MOYEBUHBI > 9,5 MMoub/J1, cuctomuueckoe AJ] < 105 MM pT. CT. U IMACTOIHYECKOE
AJl < 65 MM pT. CT.) OKa3ajach TOYHEE UCXOIHOHU B IPOrHo3upoBaHuu cMeptu U HazBana CURB-72. JIna CURB-
72 u CURB-65 AUC cocrasuna 0,946 (95%-ii noseputenbubiii uatepsai (95% JAN) 0,916-0,967) u 0,905 (95%
JI1 0,869-0,934) cootBerctBenHo (p = 0,0034). M3menennas momens CRB-65 (CRB-72) taxke mper3omuia
HCXOJHYIO, HO CTATHCTHYECKH 3HAYMMO OHH He paziandanuck. [Ipu cpaBHEHHN MOANGHUIMPOBAHHBIX KA MEXKILY
cob6oii HoBas mkasna CURB-72 npoaeMoHcTpUpoBaia MAKCUMAIbHYIO TOYHOCTD B BBISABJICHUH MarueHToB ¢ BIT ¢
PHUCKOM FOCHHUTANBHOM JieTanbHOCTH, TipeB3oiias CRB-72 (p = 0,0347).

3akaouenne. Momudunuposanasie CURB-65 (CURB-72) u CRB-65 (CRB-72) neMOHCTpHpPYIOT MOTEHIIHA B
onenke nporuo3a BIT u mpeBocxonsT kinaccudeckue mkansl, npu 3toM CURB-72 nemoHcTpupyeT HanOoIbIIyIo
qyBCTBUTEIIBHOCTD U CHEIH(UIHOCTS.

KiroueBsble ciioBa: BHeOonbHNYHAs THEBMOHUS, CRB-65, CURB-65, cMepTh, TPOTrHO3, THEBMOHUS, IIKAJIBI

KOHq)J’IHKT HHTEPECOB. ABTOpI;I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U MNOTCHIUAJIBHBIX KOH(l).]'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C r[y6n1/11<a111/1e1‘?1 HaCTOHH.[eﬁ CTaTbHU.

Hcrounuk ¢uHAHCHPOBAHUSA. ABTOPHI 3asBISIOT 00 OTCYTCTBHMM (MHAHCHPOBAHHUSA IIPH IIPOBEJCHUH
HCCIIEeA0BAHMS.

CooTBeTCTBHE NPMHIMIAM ITHKH. Bce manyeHTs! noanucant MHGOPMUPOBAHHOE COTJIacHe Ha ydacTHE B HC-
clIeZIOBaHUU U 00pabOTKy IEepPCOHAJBHBIX AaHHBIX. MccnenoBanue oqo0peHo 3THYecKUM KomuTeToM Cubl' MY
(3akmouenue Ne 5789 or 26.02.2018).

Js mutupoBanusi: Bunokyposa JI.A., Kymukos E.C., ®enocenko C.B., I'ybapeBa A.M., [Tmesopckas E.B.,
Ocunos I1.B., Apxanuk M.b., CraposoiiroBa E.A., Apxxanuxk A.A. CpaBHUTEIbHbBIH aHaIU3 IPOTrHOCTHYE-
ckoit 3Haunmoctn mkan CURB-65, CRB-65 n ux mMoxndukanuii B OlleHKe TOCHHUTAILHON JIETATBHOCTH Yy Ta-
INEHTOB C BHEOONBHMYHON NHEBMOHUEW. bronremens cubupckoti meduyunvt. 2024;23(1):7-14. https://doi.
org/10.20538/1682-0363-2024-1-7-14.
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INTRODUCTION

Community-acquired pneumonia (CAP) remains
one of the main causes of high morbidity, mortali-
ty, and high costs for healthcare systems in different
countries [1, 2]. According to the 2016 Global Burden
of Disease Study, more than 336 million episodes of
lower respiratory tract infections (LRTIs) were report-
ed worldwide, corresponding to 65.9 million hospital-
izations and 2,377,697 deaths [3]. Despite modern
advances in medicine, a deep understanding of the
etiology and pathogenesis of the disease, and possibil-
ities of antibacterial therapy, according to the World
Health Organization, LRTIs ranked fourth among all
causes of death in 2019 [4].

One of the key stages for a favorable outcome in
CAP is an initial assessment of the severity and prog-
nosis of the disease, allowing the doctor to determine
the level of care, the volume of necessary research,
and the intensity of therapy.

There are a number of systems for assessing the
prognosis of CAP in the world. The most popular
among them are the Pneumonia Severity Index (PSI)
[5] and the CURB-65 score (confusion; urea > 7 mmol
/1; respiratory rate > 30 / min; systolic blood pres-
sure (SBP) (< 90mm Hg) or diastolic blood pressure
(DBP) (< 60mm Hg); and age > 65 years) [6].

Both scoring systems were developed to facilitate
decisions on the level of care based on the risk of a poor
outcome in CAP. At the same time, PSI consists of
20 variables, including such laboratory tests as blood
pH, which, in some cases, complicates its practical
application. This scoring system classifies patients
into five risk classes depending on the severity of the
disease (based on the score) and assumes outpatient
treatment for patients of risk classes I-II, short-term
hospitalization for patients of risk class III, and full
hospitalization for risk classes IV and V (with a high
probability of resuscitation and intensive care (ICU)
for the latter).

The CURB-65 score classifies patients into low-
, intermediate-, and high-risk groups based on only
five parameters, each of which is attributed one
point. Patients with score 0—1 should be treated as
outpatients, with score 2 are indicated short-term
hospitalization, with score 3—5 — hospitalization with
a high probability of transfer to the intensive care
unit (ICU) with the maximum score [6]. The CRB-65
score, a simplified version of the CURB-65, does not
include blood urea assessment and can be determined
in just a few minutes at any stage of care. In this case,
low-risk group is assigned to patients with score 0,

intermediate-risk group — to patients with score 1-2,
and high-risk group — to patients with score 3 and 4 [6].

There is no doubt that emergency room doctors
with high work intensity and patient flow do not
always resort to predictive models to make decisions
on where to treat a patient. So, according to S.A.
Rachina et al. (2016), doctors in Russian hospitals use
both scores in routine practice only in isolated cases
[7]. Foreign colleagues also come to disappointing
conclusions. So, in the study by D.J. Serisier et al.
(2013) involving practicing doctors, only 11.8% of
pulmonologists and 21% of emergency room doctors
were able to correctly determine severity classes on
the PSI score. 20.4% of pulmonologists and 15% of
emergency room doctors were able to perform the
CURB-65 assessment successfully [8]. Thus, it is
obvious that more complex scores, which include
many parameters for assessment, are more likely to
remain unclaimed in real clinical practice.

The aim of this study was to assess the prognostic
value of the CURB-65 and CRB-65 scoring systems in
hospitalized patients with CAP in determining the risk
of an unfavorable outcome of the disease, followed by
modification of these scoring systems to improve their
accuracy.

MATERIALS AND METHODS

A retrospective study using a continuous sampling
method included data obtained from 1,412 patients
aged 18 years and older, hospitalized in emergency
hospitals in Tomsk with a diagnosis of CAP in 2017.
The study did not include patients with nosocomial
pneumonia, pulmonary tuberculosis, malignant
tumors of the lungs, and radiologically confirmed
septic pneumonia. All patients signed an informed
consent to participate in the study and for personal
data processing. The study was approved by the Ethics
Committee at Siberian State Medical University
(Protocol No. 5789 0f 26.02.2018).

Within this study, we assessed > 200 parameters,
including features of the CAP development, data on
the socio-demographic status, complaints, medical
history, objective status, results of laboratory and
instrumental studies, information about treatment at
the pre-hospital and in-hospital stages, and information
about the course of the disease during hospitalization
and outcomes. The article provides a comparative
assessment of the prognostic value of the CURB-
65 and CRB-65 scores in identifying patients with
an increased risk of in-hospital death. Modification
of these scoring systems was also carried out with
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changes in the cut-off value for each of the criteria
to increase their accuracy. To evaluate parameters
for each of the scoring systems, we included physical
examination data, blood urea level (for CURB-65),
and age determined at the time of patient admission to
the emergency room.

The analysis of the obtained data was carried
out using the statistical software package MedCalc,
version 18.9.1. Quantitative variables were presented
as the median and the interquartile range Me (Q,;
0.,), qualitative variables — as absolute and relative
frequencies 7 (%). To analyze the prognostic value of
the CURB-65 and CRB-65 scores, the ROC analysis
was used with calculating the area under the curve
(AUC) and 95% confidence interval (CI) for AUC,
determining the cut-off value using the Youden
index and sensitivity and specificity for this point,
as well as establishing the statistical significance of
differences between AUCs for scoring systems and
their modifications. The results were considered
statistically significant at p < 0.05.

RESULTS

The study analyzed data obtained from 1,412 peo-
ple (790 men (55.9%) and 622 women (44.1%)). The
age of the patients was 61 (40; 76) years (from 18 to
103 years). In-hospital mortality was registered for
128 (9.1%) patients. A comparative assessment of the
CURB-65 and CRB-65 scoring systems was carried
out on the population of 1,020 patients with CAP.

The risk of death increased directly with an in-
crease in scores for each scoring system (Table 1).

Table 1

Relationship between the number of unfavorable factors
(score) and the risk of in-hospital death, » = 1,020

Score | Discharged, n (%) Died, n (%)

CURB-65 0 137 (100) 0(0)

1 98 (97.0) 3(03)

2 64 (87.7) 9 (12.3)

3 13 (56.5) 10 (43.5)

4 2 (25.0) 6 (75.0)

5 0(0) 2 (100)
CRB-65 0 170 (99.4) 1 (0.6)

1 121 (93.8) 8(6.2)

2 21 (65.6) 11 (34.8)

3 1(11.1) 8(83.9)

4 1(33.3) 2 (64.7)

Next, the general sample (n = 1,020) was split into
test (n = 676) and training (n = 344) subsets in the

ratio 2:1. No statistically significant differences were
observed between them.

To compare the predictive value of the scoring
systems, ROC curves were constructed for the gener-
al sample (Fig. 1) and for the test sample (Fig. 2). In
both cases, AUC for the CURB-65 score was great-
er than for the CRB-65 score and was 0.870 (95%
CI: 0.848-0.890) for CURB-65 and 0.839 (95% CI:
0.815-0.861) for CRB-65 (p = 0 .0036) in the general
sample, and 0.905 (95% CI: 0.869-0.934) and 0.889
(95% CI: 0.851-0.920) in the test sample, respectively
(» = 0.3692). In the test sample, the differences be-
tween the curves were subtle and not significant.
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Fig. 1. Comparison of the ROC curves for the CURB-65 and
CRB-65 scores in the general sample
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Fig. 2. Comparison of the ROC curves for the CURB-65 and
CRB-65 scores in the test sample
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The study hypothesized that modification of the
scoring systems would increase their diagnostic
value. To test this hypothesis on the test subset, the
ROC analysis was performed for each of the factors,
searching for the most accurate cut-offs. As a result,
new cut-off values for each parameter were obtained
in the study population (Table 2).

Table 2

Cut-off values in the classical and modified CURB-65
and CRB-65 scoring systems

Classical Modified s
Parameter CURB-65/ CURB-72%/
CRB-65 scores | CRB-72* scores
Age, years > 65 > 72
Cognitive impairment Yes Yes
Blood urea, mmol / 1 >17 >9.5
Respiratory rate, min > 30 >21
Systolic blood pressure, mm Hg <90 <105
Diastolic blood pressure, mm Hg <60 <65

*due to the new cut-off value based on age > 72 years, the modified
scores were given the names CURB-72 and CRB-72.

ROC curves were constructed for each of the mod-
ified scoring systems in the test sample and compared
with the ROC curves constructed for the classical
scores (Fig. 3, 4)
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Fig. 3. Comparison of the ROC curves for the CURB-65 and
modified CURB-65 (CURB-72) scores

AUC for the modified CURB-72 score surpassed
the one for the classical CURB-65 model and was
0.946 (95% CI: 0.916-0.967) and 0.905 (95% CTI:
0.869-0.934), respectively (p = 0.0034). When
CRB-65 was modified to CRB-72, AUC increased

from 0.889 (95% CI: 0.851-0.920) to 0.910 (95%
CI: 0.874-0.938) but was not significantly different
(p=0.0724).
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Fig. 4. Comparison of the ROC curves for the CRB-65 and
modified CRB-65 (CURB-72) scores

The new CURB-72 score demonstrated maximum
accuracy in identifying patients with CAP at risk of
in-hospital mortality, surpassing CRB-72 (p = 0.0347)
(Fig. 5).
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Fi1g. 5. ROC curves comparing the moditied CURB-65
(CURB-72) and CRB-65 (CRB-72) scores

The cut-off value for both scoring systems (both
modified and classical) was > 1 point. As a result,
the modified CURB-65 score (CURB-72) with the
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modified cut-off values showed the highest sensitivity
and specificity (Table 3), which allowed for the most
accurate identification of not only patients at high risk
of death, but also patients with a favorable prognosis
of the disease. Implementation of the proposed
modified scoring system in routine clinical practice
can reduce the burden on hospitals by redistributing
low-risk patients to outpatient treatment.

Table 3

Characteristics of the ROC curves for the classical and
modified CRB-65 and CURB-65 scores

Score AUC, 95% CI Sensitivity | Specificity
CRB-65 0.889 (0.851-0.920) 70.00 92.68
CURB-65 0.905 (0.869-0.934) 90.00 74.84

Modified scores
CRB-72 0.910 (0.874-0.938) 76.67 90.76
CURB-72 0.946 (0.916-0.967) 93.33 85.99
DISCUSSION

W.S. Lim et al. (2003) developed and validated the
CURB-65 and CRB-65 scoring systems for predicting
30-day mortality in patients with CAP. In the study
population (n = 1,068), 9% of patients died [6].

The present study assessed outcomes only during
hospitalization, which lasted 11 (9; 13.6) days, and did
not track the health status of discharged individuals
(n=1,412). Among the patients included in the study,
9.1% died.

In the general sample in the present study, the
mortality rate in patients with the CURB-65 score of
> 2 was slightly higher than in the study by W.S. Lim
et al. [6]. Scientists demonstrated that among CAP
patients with the CURB-65 score of 2, death occurred
in 9.2% of cases (intermediate risk of death), with
the score of > 3 — in 22% (high risk of death). In our
work, in patients with the score of 2, mortality was
12.3%, with the score of 3 — 43.5%. There were only
two patients with the score of 5, and both of them died
(Table 1).

In addition, W.S. Lim et al. concluded that low-risk
patients (CURB-65 score of <2 and CRB-65 score of
< 1) can be provided with outpatient care. At the same
time, according to our data, among patients with the
CURB-65 score of 1, three (3%) died, and in the group
with the CRB-65 score of 0, death was registered in
one case, and, according to the decision-making strat-
egy, these patients had to be treated in the outpatient
setting [6]. Our results suggest that the predictive abil-
ity of the CURB-65 and CRB-65 scoring systems is
not perfect. The opinions of other scientists on the sig-

nificance of these scoring systems in identifying pa-
tients with mild CAP are ambiguous, and a number of
studies question their accuracy [9, 10].

Thus, according to A. Ilg et al. (2019), among
patients with the CURB-65 scores of 0 and 1,
15.6% were hospitalized in the intensive care unit,
and 0.6% died [10]. At the same time, according to
the meta-analysis by M.H. Ebell et al. (2019), the
authors concluded that the CRB-65 score is effective
in identifying patients at low risk of death and
demonstrated that when this scoring system is applied
to stratify patients, the risk of outpatient mortality in
this group of patients is no more than 0.5% [11].

In the study, we came to the conclusion that the
cut-off value for both scoring systems is > 1, and
if at least one criterion in both the CURB-65 and
CRB-65 scores is identified, the patient undoubtedly
requires hospitalization. When comparing the CURB-
65 and CRB-65 scores with each other, the former
outperformed the latter in the general sample, but in
the test sample, no differences were found.

The question of the significance of urea in the
CURB-65 score remains open. According to various
researchers, the CURB-65 and CRB-65 models
demonstrate comparable value [12, 13]. So, in
the meta-analysis by J.D. Chalmers et al. (2010),
it was concluded that there are no significant
differences between the scores in predicting death
from CAP [14].

The present study demonstrated the maximum ac-
curacy of the modified scales (CURB-72 and CRB-
72) at higher blood pressure values and lower respi-
ratory rates, which could result in an underestimated
risk of death in classical scoring systems. In gener-
al, while the importance of assessing respiratory rate
(as a sign of respiratory failure) is beyond doubt, the
role of hypotension is the subject of debates and has
been questioned by some scientists. So, H.Y. Li et al.
(2015) demonstrated that CURB-65 can be simplified
by excluding low blood pressure, which improves the
prediction of mortality in patients with CAP [15]

In the population we studied, a decrease in SBP
to a level of < 90 mm Hg was detected only in 34
(26.6%) of deceased patients. In turn, a decrease in
DBP to a value of < 60 mm Hg was registered in 38
(29.7%) of the deceased. In addition, only 36 patients
had a respiratory rate > 30 / min. Moreover, out of 128
deceased patients, this criterion was identified only in
22 cases (17.2%). The data obtained were compara-
ble to the results in the work by Q. Guo et al. (2023),
where respiratory rate > 22 / min and SBP < 100 mm
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Hg demonstrated higher odds ratio and greater reli-
ability than generally accepted parameters of classical
scoring systems (AUC 0.823 versus 0.519; 0.688 ver-
sus 0.622, respectively) [16].

Thus, respiratory rate > 21 / min, SBP < 105 mm
Hg, and DBP < 65 are more suitable for predicting
mortality, as evidenced by significant improvements
in AUC values for both scores. For urea, we concluded
that the most accurate cut-off values should be higher
than in the classical scores and amount to 9.5 mmol / 1
instead of 7 mmol / 1.

The modified CURB-65 (CURB-72) score
exhibited not only higher sensitivity in determining the
risk of death, but also higher specificity, which allows
to more accurately identify low-risk patients who can
be treated in the outpatient setting, thus reducing the
burden on hospitals. According to our data, the cut-
off value for both modified scoring systems was > 1.
That is, patients with the score of 1 or more should be
hospitalized.

CONCLUSION

Given the high mortality associated with CAP,
search for new ways to assess the risk of in-hospital
death remains an important goal in modern science.
The study proposed a new methodological approach
to improve the predictive value of the CURB-65 and
CRB-65 scores. We obtained results indicating that
the modified CURB-65 (CURB-72) and CRB-65
(CRB-72) scores demonstrate potential in assessing
the prognosis of CAP and surpass the classical scoring
systems. At the same time, the CURB-72 score
has maximum sensitivity and specificity. Further
prospective studies with larger cohorts in different
populations and settings are required.
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Comparative analysis of EEG in patients with schizophrenia receiving
various atypical antipsychotics
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ABSTRACT

Aim. To conduct a comprehensive analysis of EEG recordings of schizophrenia patients receiving atypical
antipsychotics as monotherapy.

Materials and methods. We examined 94 patients with schizophrenia aged 33 [28; 40] years with a disease
duration of 10 [4; 15] years. The patients were divided into 5 groups depending on the antipsychotic drugs they
took: 1) risperidone — 31 patients; 2) quetiapine — 20 patients; 3) aripiprazole — 11 patients; 4) olanzapine —
13 patients; 5) clozapine — 19 patients. EEG was recorded during wakefulness with closed eyes (background test),
3-minute hyperventilation, and rhythmic photostimulation in all patients. To describe and interpret the received
recordings, the EEG classification according to J. Micoulaud — Franchi et al. was used.

Results. EEG modifications (score > 1A) were observed in 61.7% (n = 58) of patients. In the group of patients
receiving risperidone, EEG modifications were found in 48.4% of cases, in patients taking quetiapine — in 70%
of cases, aripiprazole — in 63.6% of cases, olanzapine — in 61.5% of cases, clozapine — in 73.7% of cases. The
frequency of epileptiform patterns in patients receiving olanzapine was significantly higher than in those taking
risperidone (p = 0.033) and clozapine (p = 0.032). Slowing in the EEG (score > 1) was more often observed in
patients taking clozapine — 63.2% (n = 12), olanzapine — 61.5% (n = 8), and quetiapine — 60% (n = 12). Slower EEG
waves were less common in patients receiving aripiprazole — 45.5% (n = 5) and risperidone — 45.2% (n = 14). In
the group of patients with EEG slowing (score > 1), the dose of chlorpromazine equivalent was significantly greater
compared to patients with normal EEG (p = 0.00046).

Conclusion. The data obtained demonstrate changes in EEG parameters during monotherapy with atypical
antipsychotics and indicate their dose-dependent effect on the bioelectrical activity of the brain.
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CpaBHUTeNbHbIN aHaNN3 3N1ieKTpo3HUedanorpammbl y 60/bHbIX
wusodppeHnen, NoNyyalLWMX pasfnyHble aTUNNUYHbIe aHTUNCUXOTUKN

FankuH C.A.", KopHetoBa E.l.""?, UBaHoBa C.A."?

! Hayuno-uccreoosamenvckuti uncmumym (HUH) ncuxuueckozo 300pogwbs, ToMCKUlL HAYUOHAbHBIL UCCTIE008AMENb-
ckuii meouyunckuil yewmp (HUMI]) Poccuiickoii akademuu HayK
Poccus, 634014, 2. Tomck, yn. Aneymckas, 4

2 Cubupcxuil 2ocyoapcmeennviil meouyunckutl ynusepcumem (Cubl’ MY)
Poccus, 634050, Tomck, Mockosckuti mpakm, 2

PE3IOME

Hens. [IpoBecTn KOMIUIEKCHBIH aHanm3 3amuceil anekTporniedanorpaMmsl (9217) GONBHEIX MH30(QPEHUEH, TT0-
JIy4aBIIMX aTUNUYHbIE AHTUIICUXOTUKU B PEKUME MOHOTEPAIIUU.

Matepuansl u MeToabl. O6cienoBanbl 94 GonpHBIX muI30ppeHuei B Bo3pacte 33 [28; 40] ner ¢ aAnUTENBEHO-
ctoio 3a0oneBanus 10 [4; 15] metr. CopmupoBaHO MATH TPYyMI HANIWEHTOB Ha OCHOBAaHHH MPUHUMAEMbBIX UMH
AHTHIICUXOTHYECKHX TpenapaToB: 1) pucnepuaoH — 31 mamuent; 2) kBetuanud — 20; 3) apumunpazon — 11; 4)
onan3anuH — 13; 5) kno3anuH — 19 nanuenToB. D01 peructpupoBaiack BO BpeMs O0IPCTBOBAHHS C 3aKPBITHIMHI
rna3zamu (GpoHoBas mpoda), 3-MUHYTHOW THIEPBEHTIIISLUHA U PUTMUYECKON (POTOCTUMYJISIMU Y BCEX MAI[HEHTOB.
Jlns omrcaHus M MHTEPIPETAH OyYSHHBIX 3alHCeH Henonb3oBanach kaccupukamms 91 mo J. Micoulaud-
Franchi u coasr.

Pesyabratsl. V3menenus (monudukanun) va 99T (kmace > 1A) nabmroganuce y 61,7% (n = 58) namueHToB.
B rpynne nanueHToB, IPHHUMABIINX PHCIEPUIOH, Mogudukannyu 31" Obliu 0OHapyxeHsl y 48,4%, KBeTHANNH —
70%, apununpason — 63,6%, onanzanud — 61,5%, kno3anuH — 73,7%. YactoTa SnuinenTudOpMHBIX HATTEPHOB
y NalMEHTOB ObLIa CTATHCTHYECKH 3HAYMMO BBIIIE TIPU IPUEME OJIaH3aIlMHA 110 CPABHEHMIO C PUCIICPUAOHOM
(p = 0,033) u xnozanunoM (p = 0,032). 3amemnenne DOI (knace > 1) yaine HabM0OAATOCh Y OONBHBIX, TPHHU-
MaBIIUX KJ03anuH — 63,2% (n = 12), onanzanus — 61,5% (n = 8) u kBetuanud — 60% (n = 12). Pexe menneHHbIe
BOJHBI HAa OOI" BcTpeuanuch y OONbHBIX, IPHHUMABIINX apununpason — 45,5% (n = 5) u pucnepunon — 45,2%
(n = 14). B rpynne 6oipHbIX ¢ 3aMemieHnem D3I (kimacc > 1) XJI0pnpOMa3sHHOBBIH SKBUBAJICHT OKA3aJCsl CTaTH-
CTHYECKH 3HAUYMMO BBIILIE 110 CPABHEHHUIO C MarMeHTaMu ¢ HopManeHoi D01 (p = 0,00046).

3akaouenue. [TomyueHHble JaHHBIE IEMOHCTPUPYIOT U3MEHEHUS Moka3aTesneit D01 B mpoliecce Tepanuu OTAesb-
HBIMU aTHIAYHBIMH aHTHIICUXOTHKAMH M CBUJICTEIBCTBYIOT 00 UX J0303aBHCUMOM 3P QeKTe Ha OHOINIEeKTpUIe-
CKYIO aKTUBHOCTb MO3Ta.

KimroueBble ciioBa: mm30ppeHns, aHTUIICUXOTHKH, Teparus, SIeKTpodHIedatorpadus, 3ameIeHue, mapoKCcus-
MaJibHasl aKTUBHOCTh

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

HcTounnk punancuposanus. MccienoBanne NpoBeIeHO B paMKax BhINOIHEHUs roc3aganus Ne 075-01392-23—
00 «IIepcoHann3upoBaHHas AUATHOCTUKA U TEPAIHs OOJNBHBIX MOJMMOPOUIHBIMH PACCTPOHCTBAMH HIM30(PEHHU-
4eckoro u adpekTUBHOTO criekTpay, Ne 1230419000064

CooTBeTcTBHE NPUHIMIIAM THKH. Bce maruenTs! MOAIIcay CoTlacie Ha yJacTHe B HCCIeI0BaHHH U 00paboT-
Ky HEpPCOHAIIBHBIX JaHHEIX. MccnenoBanue ogo0peHo JT0KaIbHBIM 3THIeckuM KomuteToM pu HMU nenxuaecko-
ro 310poBbst Tomckoro HUMIJ (mporokon Ne 157 ot 18.11.2022).

Jas murupoanus: [ankun C.A., Kopuerosa E.I'., lIBanoBa C.A. CpaBHUTEIBHBIN aHAIN3 3JCKTPOIHIIE(ATO-
rpaMMbl y OOJNBHBIX MIM30(PEHHUEH, MOJYUYAONINX PA3InIHbIC aTUITHYHBIC aHTHIICUXOTUKHU. Broanemens cubup-
cxoul meouyunsl. 2024;23(1):15-22. https://doi.org/10.20538/1682-0363-2024-1-15-22.
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INTRODUCTION

The study of the effect of psychotropic drugs on
the human electroencephalogram (EEG) began in
the first half of the 20" century. In 1933, the founder
of electroencephalography H. Berger described the
changes inthe EEG caused by barbiturates and morphine
[1]. The first studies that reported anomalies caused by
antipsychotic drugs appeared in the early 1970s and
used phenothiazine as an example [2]. In 1970-1971,
H. Dasberg and S. Robinson described changes related
to the toxic effects of drugs, which turned out to be
secondary to pre-existing cerebral disorders [2, 3].
Phenothiazine antipsychotics caused slight slowing, an
increase in amplitude, synchronization, and expansion
of alpha activity in the EEG [2, 3]. H. Dasberg [3]
explained that human behavior changes through the
effect of antipsychotics in the EEG.

As is known, many patients with mental disorders
have various changes in the EEG [4-8]. Approximate-
ly 20-40% of patients with mood disorders and 20—
60% of patients with schizophrenia have persistent
disturbances in the bioelectric activity of the brain
[8, 9]. In a relatively big proportion of patients with
schizophrenia, changes in the EEG are detected in the
form of generalized slowing (delta and theta waves),
asymmetry, the presence of sharp waves and spike-
and-wave complexes (paroxysmal patterns) [9].

However, a meta-analysis by S. O’Sullivan et
al. suggested that most of the changes in the EEG in
patients with mental disorders can be explained by
taking psychotropic drugs and in this case the EEG
cannot be used for the diagnosis of mental disorders
[10]. However, EEG can help in determining whether
patients suffering from mental disorders are taking
prescribed medications, or whether different doses of
medications cause side effects in the central nervous
system (CNS) [10, 11].

One way or another, taking antipsychotics of
different classes is accompanied by changes inthe EEG.
The literature mainly reports generalized slowing in
background activity, an increase in paroxysmal theta
or delta activity, and the development of epileptiform
discharges [12—14]. Despite the appearance of various
new antipsychotics over the past thirty years, only a
few studies have been devoted to changes in the EEG
caused by atypical antipsychotics [13, 15-18]. Some
authors suggest that changes in the EEG caused by
taking certain antipsychotics are associated with a
good therapeutic response [14].

F. Centorrino et al. [15] showed that EEG chang-
es were more severe when using second-generation

antipsychotics than the first-generation ones, with a
high risk of EEG modifications when using clozapine
(47.1%) and olanzapine (38.5%), and a moderate risk
when using risperidone (28%). In their study, severe
modifications (spike discharges) were observed in
patients taking clozapine (5.9%), olanzapine (7.7%),
and risperidone (4.0%), but not in individuals taking
haloperidol [15]. Risk factors contributing to signifi-
cant changes in the EEG were the presence of arterial
hypertension, the use of an atypical antipsychotic, the
presence of bipolar affective disorder, and old age.

F. Pillmann et al. [16] analyzing the EEG in 43
patients treated with olanzapine showed an increase
in diffuse slowing (48.8%), intermittent slowing
(34.9%), and epileptiform activity in some patients
(9.3%). A study involving 54 patients treated with
olanzapine found significant slowing in the EEG
(70.4%), the appearance of sharp waves (22.2%), and
paroxysmal discharges of slow waves (14.8%) [17].
The combination of olanzapine with other antipsy-
chotics increased the number of EEG modifications,
while co-treatment with benzodiazepines reduced the
number of EEG changes [17].

In another study, EEG was evaluated in 81 patients
receiving quetiapine, olanzapine or haloperidol as
monotherapy [18]. Adverse EEG changes were
detected in one patient (5%) receiving quetiapine,
in 13 (35%) patients receiving olanzapine, and in 5
(22.8%) patients receiving haloperidol. Epileptiform
activity was observed only in 4 patients (10.8%)
treated with olanzapine [18].

Thus, the prevalence of EEG modifications seems
to vary depending on the type of antipsychotic drug
taken. According to studies, the prevalence of EEG
changes in people taking clozapine ranges from 25 to
53% [13, 15]. Quetiapine causes fewer changes in the
EEG [18]. However, the number of EEG studies is
very limited.

In this regard, the aim of the study was to conduct a
comprehensive analysis of EEG recordings in patients
with schizophrenia receiving atypical antipsychotic as
monotherapy. We suggested that changes in the EEG
may depend on the dose of antipsychotics taken.

MATERIALS AND METHODS

The study was conducted in accordance with the
ethical principles set out in the Declaration of Hel-
sinki of the World Medical Association in 1964, as
amended in 1975-2013, and approved by the local
Ethics Committee at Mental Health Research Institute
of Tomsk NRMC (Protocol No. 157 of 18.11.2022).
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All the examined patients signed an informed consent
to participate in the study and have their personal data
processed.

The selection of patients to participate in the study
was carried out at the clinic of the Mental Health
Research Institute of Tomsk NRMC of the Russian
Academy of Sciences. The study included 94 patients
with schizophrenia (50 men and 44 women) aged 33
[28; 40] years; the duration of the disease was 10 [4;
15] years, and the age of schizophrenia onset was 23
[20; 28] years. The inclusion criteria were: age of
patients 18—60 years, a verified diagnosis of schizo-
phrenia according to the criteria of ICD-10, and an
informed consent to participate in the study. The ex-
clusion criteria were: the presence of pronounced or-
ganic, neurological, and somatic symptom disorders
leading to organ failure, and refusal to participate in
the study.

All patients at the time of inclusion in the study re-
ceived basic antipsychotic therapy at therapeutic dos-
es approved by the Ministry of Health of Russia; the
therapy lasted for 4 [1; 9] years. We formed 5 groups
of patients based on the antipsychotic drugs they took:
1) risperidone — 31 patients, 2) quetiapine — 20 pa-
tients, 3) aripiprazole — 11 patients, 4) olanzapine —
13 patients, 5) clozapine — 19 patients. All doses of
medications taken were brought to uniformity in terms
of a chlorpromazine equivalent (CPZeq).

Electroencephalography was performed in an
electrically shielded room with dim lighting. During
the study, patients were sitting in a state of calm,
relaxed wakefulness. The EEG was recorded using
the NEUROFAX EEG-1200K encephalograph (Ni-
hon Kohden, Japan) according to the International
1020 system, with monopolar connections in 16
standard leads: Fp , Fp,, F,,F,F,F,C,C,P,, P,
0,0,T,T,T,and T, with a sampling frequency
of 1 kHz, Fz as a grounding electrode and reference
electrodes on the earlobes. EEG of all patients was
recorded during wakefulness with closed eyes (back-
ground test), 3-minute hyperventilation, and rhyth-
mic photostimulation. EEGs were recorded in the
morning (between 9 and 12 o’clock), after breakfast.
The total duration of the EEG recording was at least
15 minutes.

All patients during the EEG recording were under
the supervision of a functional diagnostics doctor,
and in case of signs of falling asleep or EEG signs
of drowsiness, the recording was stopped. The anal-
ysis and interpretation of EEG data was carried out
separately by two experienced certified neurophysio-

logists. In case of disagreement in the interpretation of
the data, the EEGs were re-evaluated and discussed to
reach a consensus. The EEG Classification by Micou-
laud—Franchi et al. was used to describe and interpret
the obtained recordings [19], developed to assess the
effect of psychotropic drugs (Table 1).

Table 1

EEG modifications using the classification
of Micoulaud — Franchi et al.

Slowing score Excitability score

Class Description | Class Description
Absent
1 (predominant A Absent
alpha)

Sporadic epileptiform discharges
or sharp waves during hyperven-
tilation or photostimulation
Sporadic epileptiform discharges

2 Theta slowing | B

Theta slowing

3 with delta C or sharp waves throughout the
bursts recording
4 Delta slowing D Long lasFmg epileptiform
discharges

The statistical analysis was performed using the
Statistica for Windows V. 12.0 software (Statsoft
Inc.). Compliance with the law of normal distribution
was checked using the Lilliefors-corrected Kolmog-
orov — Smirnov test and the Shapiro—Wilk test. Data
with a normal distribution were presented as the
mean and the standard deviation M + SD. In the ab-
sence of a normal distribution, data were presented as
the median and the interquartile range Me [Q; O,].
Qualitative variables were represented by frequency
parameters in absolute and relative units # (%). To
compare EEG parameters (EEG types according to
the EEG classification of Micoulaud—Franchi et al.),
the y2 test was used. Average daily doses of anti-
psychotics were compared in accordance with EEG
changes using the Student’s #-test. The Spearman’s
rank correlation coefficient was used to identify the
relationships between the studied parameters. The
threshold level of statistical significance p was as-
sumed to be 0.05.

RESULTS

According to the data obtained, EEG modifications
(class >1A) were observed in 61.7% (n = 58) of the
patients included in this study. In the group of patients
receiving risperidone, EEG modifications were found
in 48.4% of cases, in patients taking quetiapine — in
70% of cases, aripiprazole — in 63.6% of cases, olan-
zapine — in 61.5% of cases, clozapine — in 73.7% of
cases (Table 2).
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Epileptiform patterns (class B and C) were more
often detected in the group of patients taking olanzapi-
ne—30.7% (n=4). Less frequently, paroxysmal activity
was detected in 20% of patients taking quetiapine
(n = 4), in 18.2% of patients taking aripiprazole
(n = 2), in 12.9% of individuals taking risperidone
(n = 4), and in 10.5% of patients taking clozapine
(n = 2). The frequency of epileptiform patterns was
significantly higher in patients taking olanzapine
compared with risperidone (p = 0.033) and clozapine
(»=0.032).

EEG slowing (class >1) was more often ob-
served in patients taking clozapine — 63.2% (n = 12),
olanzapine — 61.5% (n = 8), and quetiapine — 60%
(n = 12). EEG slowing was less common in

patients taking aripiprazole — 45.5% (n = 5) and
risperidone — 45.2% (n = 14). However, according to
the y2 test, these differences did not reach statistical
significance (p > 0.05). Extremely severe EEG modi-
fications (class 4C or 4D) were not found in the study
sample.

We also failed to find correlations between the
presence (class >1A) and severity of EEG changes
(classes 2 and 3, B and C) and clinical data (age,
duration of the disease, age of schizophrenia onset and
the duration of therapy) collected from patient clinical
records (p > 0.05).

The results of comparing the average daily doses
of antipsychotics, depending on the presence or ab-
sence of EEG changes, are presented in Table 3.

Table 2

Percentage of EEG changes (class >1A) depending on the type of the atypical antipsychotic taken in patients with schizophrenia

. . . Dose EEG modifications (class >1A)

Antipsychotic n Age of patients, Me [Q ; O] CPZeq, mg/day, M+ SD h %
Risperidone 31 351[29; 39] 290.3 +89.8 15 48.4
Quetiapine 20 33 [25; 45] 598.6 +£455.3 14 70
Aripiprazole 11 30 [21; 35] 193.9+ 80 7 63.6
Olanzapine 13 34 (27, 40] 307.7+171.8 8 61.5
Clozapine 19 33 [32; 44] 163.3+£79.9 14 73.7

Table 3

Comparison of average daily doses of atypical antipsychotics in accordance with the presence (class >1A)
and absence of EEG changes in patients with schizophrenia

. . EEG modifications (class >1A) Absent (class = 1A)
Antipsychotic P
n Dose (CPZeq, mg/day), M + SD n Dose (CPZeq, mg/day), M + SD
Risperidone 15 296.7 + 81.2 16 284.4+99.5 0.452
Quetiapine 14 657.9 +503.4 6 460.3 £310 0.291
Aripiprazole 7 190.4 +103.1 4 199.9+101.2 0.993
Olanzapine 8 262.5+178.8 5 380 +148.3 0.754
Clozapine 14 168.1+82.4 5 150+ 79.5 0.909
All 58 3353+272.6 36 298.9 +176.1 0.00029*

Here and in Table 5, * the reliability of statistical differences at p < 0.05.

There were no statistically significant differences
in the average daily doses (mg per day) of atypical an-
tipsychotics between patients without and with EEG
modifications (risperidone: p = 0.452; quetiapine:
p = 0.291; aripiprazole: p = 0.993; olanzapine:
p = 0.754; clozapine: p = 0.909). However, when the
doses of all antipsychotics were averaged, it could be
seen that in patients with EEG changes (class >1A),
the dose of chlorpromazine equivalent was signifi-
cantly greater (p = 0.00029).

Tables 4 and 5 contain the results of comparing the
average daily doses depending on the assessment of
paroxysmal activity and EEG slowing.

The average daily doses of antipsychotics did not
significantly differ in patients depending on the pres-
ence or absence of paroxysmal activity (risperidone:
p=0.191; quetiapine: p =0.261; aripiprazole: p=0.177;
olanzapine: p = 0.848; clozapine: p = 0.725) (Table 4),
as well as on the presence or absence of EEG slowing
(risperidone: p = 0.386; quetiapine: p = 0.154; aripip-
razole: p = 0.374; olanzapine: p = 0.754; clozapine:
p = 0.588) (Table 5). However, taking into account
the average doses of all atypical antipsychotics, it was
found that in the group of patients with EEG slowing
(class >1), the dose of the chlorpromazine equivalent
was significantly higher (p = 0.00046).
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Table 4

Comparison of average daily doses of atypical antipsychotics depending on the assessment of paroxysmal activity

. . EEG(:;;?E‘ZI)UOHS Absent (class = A)
Antipsychotic Dose Dose P
" CPZeq, mg/day, M = SD " CPZeq, mg/day, M = SD

Risperidone 4 250+ 129.1 27 296.3 +84.3 0.191

Quetiapine 4 631.9+132.5 16 590.3 +126.8 0.261

Aripiprazole 2 199.9+414 9 170.3 £45.5 0.177

Olanzapine 4 200+ 141.4 9 225.5+168.5 0.848

Clozapine 2 121.8+39.8 17 168.2 +£82.7 0.725

All 16 323.2+153.8 78 320.9 +156.3 0.171
Table 5

Comparison of average daily doses of atypical antipsychotics depending on the assessment of paroxysmal activity
EEG modifications (class >1) Absent (class = 1)
Antipsychotic Dose Dose p
" CPZeq, mg/day, M + SD " CPZeq, mg/day, M = SD

Risperidone 14 289.3 +78.9 17 291.2 +100.4 0.386

Quetiapine 12 709.4 +517.7 8 432.5+298.4 0.154

Aripiprazole 5 146.6 + 50.6 133.3£81.6 0.374

Olanzapine 8 262.5+178.8 5 280 + 148.3 0.754

Clozapine 12 175.8 +86.2 141.9 +68.3 0.588

All 51 343.2+£233.93 43 295.4+176.5 0.00046*

DISCUSSION paroxysmal slow-wave discharges, but the risk of sei-

In the present study, the EEG data of 94 patients
with  schizophrenia who received clozapine,
olanzapine, quetiapine, aripiprazole or risperidone
as monotherapy were studied. The largest percentage
of EEG modifications (class >1A) was found in the
group of patients taking clozapine (73.7%), which
is slightly higher than in other studies [13, 15, 18].
However, severe modifications (class 4C and 4D)
were not detected in any of the patient groups.

The frequency of modifications associated with
the presence of epileptiform patterns when taking the
above antipsychotics is consistent with research data
[13, 15, 16]. However, in contrast to the results of
the study conducted by F. Centorrino et al. [15], the
frequency of paroxysmal activity for clozapine was
significantly lower (10.5%,) whereas for olanzapine it
was higher (30.7%).

It is known that the risk of seizures caused by an-
tipsychotics is higher for patients taking olanzapine
and clozapine than for those taking risperidone and
aripiprazole [20]. In this regard, EEG monitoring is
recommended when the average daily dose is 20 mg
for olanzapine and 400 mg for clozapine [21, 22]. Like
clozapine, olanzapine can cause EEG changes, such
as the appearance of slow waves, sharp waves, and

zures is considered low [22].

We found no differences in the frequency of
paroxysmal activity depending on the average daily
doses of any antipsychotic. Thus, it can be assumed that
there is no dose-dependent effect of antipsychotics on
convulsive activity. However, the number of patients
with epileptiform patterns in our study was small.
Studies on larger samples could confirm or refute this
assumption.

EEG slowing was observed in the majority of the
studied patients — 51 (54.3%), which is also consistent
with the literature data [15—18]. The most common
EEG modification in patients taking antipsychotics
was diffuse slowing of bioelectrical activity (73.9%).
Diffuse EEG slowing is often associated with the
effect of psychotropic drugs and compared with the
effect of electroconvulsive therapy [23]. There is an
assumption that diffuse or paroxysmal EEG slowing
during antipsychotic therapy may indicate a favorable
outcome of the therapy [14]. However, some research-
ers [12, 13] found that patients with a long duration of
therapy had EEG slowing and explained this phenom-
enon by an increase in the severity of the disease [13].

In our opinion, it is impossible to exclude the
influence of the disease duration on these parameters,
since schizophrenia is a pathology requiring specific
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treatment[24,25]. In our study, we found no differences
in the frequency of EEG slowing depending on the
average daily doses of any atypical antipsychotic.
However, taking into account the average doses of
all antipsychotics, it was found that the dose of the
chlorpromazine equivalent was significantly higher
in the group of patients with EEG slowing. Thus,
we assume that with an increase in the therapeutic
dose of antipsychotics, we can expect an increase in
slow-wave activity in the EEG and, as a consequence,
generalized slowing in the bioelectrical activity of the
brain. Another important result of the study was the
fact that the effect of antipsychotics on the EEG was
found to correspond to the spectrum of their atypia
described by M. Carli et al. [26].

CONCLUSION

The study revealed several interesting results. First-
ly, the most frequent EEG changes were observed in
patients taking clozapine compared to other atypical an-
tipsychotics. These changes were more related to EEG
slowing. Secondly, epileptiform patterns were most of-
ten detected in the group of patients taking olanzapine
compared to other antipsychotics, although olanzapine
also caused EEG slowing. Thirdly, we found a dose-de-
pendent effect of atypical antipsychotics in relation to
EEG slowing. A higher percentage of EEG slowing
episodes appears to be associated with higher doses of
the chlorpromazine equivalent. Thus, the data obtained
indicate the need for the use of electroencephalography
in monitoring antipsychotic therapy.
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Metastasis suppressor kisspeptin (KISS1) in the blood serum of lung
cancer patients
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ABSTRACT

Aim. To conduct a comparative assessment of the content of kisspeptin (KISS1) metastasis suppressor in the blood
serum of apparently healthy individuals and patients with lung cancer (LC) and to analyze the associations between
the KISS1 level and clinical and pathological characteristics of the disease.

Materials and methods. The study included 74 LC patients and 46 apparently healthy individuals. Stage I LC
was diagnosed in 8§ patients, stage II LC — in 7 patients, stage IIIl LC — in 28 patients, and stage IV LC — in
31 patients. According to the histologic pattern, 32 tumors were characterized as adenocarcinoma, 29 — as
squamous-cell carcinoma, 11 — as small-cell LC (SCLC), and 2 — as large-cell lung carcinoma. The pre-treatment
KISS1 level in the blood serum was determined using the enzyme-linked immunosorbent assay kit (KISS1, Cloud-
Clone Corp., USA).

Results. The median serum KISS1 level in LC patients was 213 (range 7.8-716) pg / ml and was significantly
higher than in the control group — 83.4 (0-180) pg/ ml (p < 0.0001). The ROC analysis of the diagnostic value of
serum KISS1 level demonstrated that the sensitivity of the test in relation to the healthy controls was 70% at a cut-
off value of 152 pg / ml, and the specificity was 85% (AUC — 0.817; p < 0.0001). In stage I-1I LC, the sensitivity
did not exceed 50%. The level of KISS1 in the blood serum did not depend on the histologic type of the tumor. No
significant differences in the serum KISS1 levels were observed both between non-small cell lung cancer (NSCLC)
on the whole and neuroendocrine SCLC and between the main histologic types of NSCLC. The level of KISS1
increased with the disease stage (p < 0.05). However, none of the TNM staging system indices significantly influ-
enced the level of the marker. No differences were found between serum KISS1 levels in patients with central or
peripheral localization of the tumor.

Conclusion. The KISS1 level was elevated in LC patients compared to healthy controls and was a stage-dependent
marker. It has high diagnostic specificity but insufficient sensitivity, especially at early stages of the disease. Based
on the results of this study and literature data on the role of KISS1in NSCLC, we conclude that clinical implications
of KISS1 in this disease require further research.
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Cynpeccop meTtacrasmpoBaHua kuccnentuH (KISS1)
B CbIBOPOTKE KPOBU 60/1IbHbIX PAaKOM J1erkoro

FepwrTenH E.C." 2, KoBaneBa O.B.', KysbmuH 10.b." %, Andpepos A.A."?, PoroxxuH 4.B.,
Anyweswny 0.0.%2, Crunugm U.C.', Kywnunckui H.E." 2

! Hayuonanvuwiti meouyunckuil uccieoosamenvckutl yenmp (HMHUIL]) onxonozuu um. H H. Broxuna
Poccus, 115522, 2. Mockea, Kawupckoe wocce, 24

2 Mockoeckuii 2ocydapcmeenuviti Mmeouxo-cmomamonozudeckuti ynugepcumem (MI'MCY) um. A.HU. Esdoxumosa
Poccus, 127473, 2. Mocksa, yn. [Jenecamckas, 20/1

PE3IOME

Lesb — cpaBHUTENIBHAS OLIEHKA COZIEPXKAHUS cynpeccopa MeTacTasupoBanus kuccrentuHa (KISS1) B ceiBopoTke
KpPOBHU MPaKTUYECKU 3[0POBBIX Jrozeil u 6osbHBIX pakoM jerkoro (PJI), anamus B3aumocBsszu ypoBHs KISS1 ¢
OCHOBHBIMH KIMHUKO-MOP(OIOTHYECKMMH 0COOEHHOCTAMU 3a00JI€BaHUS.

Marepuansl u Metoabl. O6cnenoBansl 74 60mbHBIX PJI 1 46 310pOBBIX IOHOPOB. Y 8 MAIMEHTOB JUATHOCTHPO-
BaHa [ cranus, y 7—11, y 28 — III, y 31 — IV cranus. Ilo ructonoruyeckomy cTpoeHuo 32 OmyXoiu npeaCcTaBIIsIn
co00ii aleHOKapIUHOMY, 29 — IUIOCKOKJIETOYHBIH, 11 — MEIKOKJICTOYHBIH U JBE — KPYIHOKJIETOUHBIH pak. Co-
nepxanue KISS1 B CBIBOPOTKE KPOBH OIMPEICIISUTH JIO JICYCHUsS] HA0OpaMHU PEaKTHBOB JIIT HMMYHO(GEPMEHTHOTO
anamusa (Kisspeptin 1 — KISS1, Cloud-Clone Corp., CILIA).

PesyabTatbl. Menuana conepsxanns KISS1 B kpoBu 6onbHbIX PJI cocTaBmina 213 (mpenens koiebanuii 7,8—716)
/M1 1 OblTa 3HAYMMO BBIIIE, YeM B KOHTposbHOH rpymme: 83,4 (0—180) or/mia (p < 0,0001). ROC-ananmu3 nua-
THOCTHYECKOH 3HAYMMOCTH CHIBOPOTOUHOTo ypoBHS KISS1 mokasan, 9To 4yBCTBHTEIBHOCTH JAHHOTO TECTa OT-
HOCHTEIIFHO 30POBOTO KOHTPOJIS IIPH IOPOroBOM ypoBHE 152 mr/mi cocraBisier 70%, cnenudpmaaocts — 85%
(AUC - 0,817; p < 0,0001). ITpu I-II cragnu 3ab6oneBaHus TyBCTBUTEIBHOCTH He npeBbimaeT 50%. Conepxanue
KISS1 B criBOpoTKE KPOBHU HE 3aBICUT OT THCTOJIOTUIECKOTO TUITA OITYXOJH. 3HAYMMBIX pasimunii yposaei KISS1
kak Mexxty HMPJI B uenom u HeliposnnokpuaaeiM MPJI, Tak 1 MeXly OCHOBHBIMHU T'HMCTOJIOTUYECKUMU TUIIAMU
HMPJI ve Habmonaercs. Yposenb KISS1 Bo3pacraer ¢ yBenmuerneM cranun 3adoneBanus (p < 0,05), omHako HI
OIMH U3 MHAEKCOB cucTeMbl TNM 3HauMMO He BIHSET HA ypoBeHb Mapkepa. He oOHapykeHO pa3mudauii Mexy
CHIBOPOTOYHBIME ypoBHAME KISS1 y manneHToB ¢ neHTpansHOH win nepudeprdeckon JTOKaIN3anue omryXou.

3aximoyenue. YposeHns KISS1 B ceiBopoTke KpoBH 00nbHBIX PJI MOBBIIIEH O CPaBHEHUIO C KOHTPOJIEM U SIBIIS-
eTcsl CTaAusA-3aBUCUMBIM MapkepoM. OH 06J1a1aeT BBICOKOH IMarHOCTHUECKOH CEe(PUIHOCTBIO, HO HEAOCTaTOU-
HOW YyBCTBHTENBHOCTBIO, B 0OCOOCHHOCTH Ha PaHHMX CTagusx 3a0oneBaHua. OCHOBBIBAsCh HA COOCTBEHHBIX pe-
3yJbTaTax v JaHHbIX JuTepaTypsl o ponu KISS1 npu HMPJI, nonaraem, 4To KIMHHYECKOE 3HAYCHUE KUCCIIENTHHA
IIPU JaHHOM 3a00J1€BaHNH 3aCITy’KUBAET JabHelIero 0osee yriyOIeHHOTO N3y IeHHs.

Kiouessle ciioBa: pak jerkoro, KISS1, ceiBopoTka kxpoBH

KOHq).]'IP[KT HHTEPECOB. ABTOpI)I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaHI/IeI71 HaCTOﬂIHeﬁ CTaTbHU.

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

CooTBeTCTBHE NPHMHIUINAM 3THKH. Bce manueHTs! noanucan MHGOPMUPOBAHHOE COIJIacHE Ha ydacTHE B HC-
cnenoBanuu. MccnenoBanue ogo0peHo iokaabHbIM 3THIecKuM KomuteroM HMUIL onkonoruu um. H.H. bioxuna
(nportoxoun Ne 6 ot 06.06.2023).

Jns uutupoBanus: epmreita E.C., KoBaneBa O.B., Ky3smun 10.b., Andepos A.A., Poroxun [.B., Sxymre-
B O.0., Crwman U.C., Kymummackuit H.E. Cynpeccop meractasupoBanus kuccnentuH (KISS1) B cviBo-
pPOTKE KpPOBH OOJBHBIX PAaKOM JIETKOTO. bronremens cubupckoi meduyunvl. 2024;23(1):23-29. https://doi.
0rg/10.20538/1682-0363-2024-1-23-29.
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INTRODUCTION

Kisspeptin, or metastatin, a product of the KISS/
gene, is now considered to be a metastasis suppressor
for different tumors. The KISSI gene, which encodes
a protein composed of 145 amino acid residues
(kisspeptin-145) that subsequently cleaves into minor
functionally active proteins, was discovered in 1996
as a melanoma metastasis suppressor gene [1, 2].
Metastasis suppression after the restoration of KISS1
expression was also demonstrated in several other
cell lines characterized by high metastatic potential
[3-5]. Under normal conditions, the physiological
role of kisspeptin includes the invasion of placental
trophoblasts as well as the regulation of gonadotropin
secretion [6]. The mechanisms mediating the ability of
this protein to suppress metastasis formation are still
insufficiently explored. However, it is known that it
exerts its effects through the GPR54 receptor associated
with G-proteins from the Gg/11 subfamily [7, §].

The largest expression of the KISS! and GPR54
genes is observed in the placenta and various brain
structures, including the hypothalamus and basal
nucleus [9], while low expression is found in the
pancreas, kidneys, lungs, prostate, and small intestine
[7]. The expression level of KISSI has ambiguous
prognostic value in different malignant tumors.
Particularly, it correlates with the invasiveness of some
human tumors, including renal cell cancer, melanoma,
esophageal cancer, bladder cancer, breast cancer,
ovarian cancer, and prostate cancer [10]. The study
of metastasis suppressor genes and their products not
only increases the understanding of the mechanisms
of tumor progression, but also has practical value for
the diagnosis, prognosis, and the establishment of new
molecular targets for antitumor therapy [11]. In terms of
noninvasive and possibly early diagnosis of tumors, the
most interesting approach consists not in the study of
gene and protein expression in tumor tissue, but rather
in the identification of their soluble forms circulating
in the peripheral blood. Quite a few works devoted
to the study of circulating kisspeptin in patients with
pancreatic [12], colorectal [13], and gastric cancer [14]
have been published. The data on the role of the KISS/
gene and its product, kisspeptin, in lung cancer (LC)
are scarce and rather ambiguous [15-18].

The aim of this study was to conduct a comparative
assessment of KISS1 content in the blood serum of
apparently healthy persons and patients with lung
cancer and to analyze the associations between
the marker level and the clinical and pathologic
characteristics of the disease.

MATERIALS AND METHODS

The study included 74 LC patients (54 males
and 20 females) aged 31-85 years (median —
74 years) undergoing examination and treatment
at the N.N. Blokhin National Medical Research
Center of Oncology, and 46 apparently healthy
persons (22 males and 24 females) aged 29-
76 years (median — 45 years). The clinical diagnosis
was confirmed in all patients by the results of
the morphologic assessment of the tumor according
to the 2021 WHO Classification of Lung Tumors
(WHO, 2021). Stage I LC was diagnosed in 8 pati-
ents, stage I —in 7 patients, stage [II —in 28 individuals,
and stage IV — in 31 patients. By the histologic
pattern, 32 tumors were characterized as
adenocarcinoma (AC), 29 - as squamous-cell
carcinoma, 11 — as small-cell LC (SCLC), and 2 — as
large-cell lung carcinoma.

All procedures performed in the study involving
patients and healthy controls comply with the
standards of the Ethics Committee of the Research
Center and the Declaration of Helsinki (1964) and its
further amendments, or equivalent ethical norms. All
participants included in the study signed an informed
voluntary consent. The study was approved by the
local Ethics Committee at N.N. Blokhin National
Medical Research Center of Oncology (Protocol No.
6 0f 06.06.2023).

KISS1 content in the blood serum obtained by a
standard procedure before the initiation of a specific
treatment was measured with the help of the reagent
kit for direct enzyme-linked immunosorbent assay
Kisspeptin 1 — KISS1 (Cloud-Clone Corp., USA)
according to the manufacturer’s instructions. The
registration of the results was performed using the
automatic immune enzymatic analyzer BEP 2000
Advance (Siemens Healthcare Diagnostics, Germany).
The content of the marker was expressed in picograms
(pg) per 1 ml of blood serum.

The data obtained were processed using the
GraphPad Prism 9.0 program package. The
nonparametric Mann — Whitney and Kruskal —
Wallis tests, the median test (Me (25-75%)), and
the Spearman’s rank correlation coefficient were
used to compare the parameters and analyze their
relationships. The analysis of the diagnostic value
of the test based on the assessment of its sensitivity
and specificity was performed by constructing ROC
curves and calculating the area under the curve
(AUCQ). Differences and correlations were considered
statistically significant at p < 0.05.
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RESULTS

At the first stage of the research, KISS1 content in
the blood serum of LC patients was compared to that
of healthy controls to evaluate the possible diagnostic
value of this marker. Median serum KISS1 concentra-
tion in LC patients was 213 (range 7.8-716) pg / ml
and was significantly higher than in the control group —
83.4 (range 0-180) pg / ml (Fig. 1, a; p <0.0001).

KISS1 KISS1/LC
<0.0001 100 —
80
X
2 60 <
Z
Z 40
w
20 -
0 T T T T 1
0 20 40 60 80 100
U
a Control LC b Specificity, %

Fig. 1. Comparative analysis of KISS1 content in the blood

serum of LC patients and the control group (a), ROC analysis

of KISS1 in LC patients (b): area under the curve (AUC) is
0.829 (p < 0.0001)

The ROC analysis of the diagnostic value of the
KISS1 level in the serum of LC patients demonstrated
(Fig. 1, b) that the sensitivity of this test in relation to
healthy controls was 70% at an optimal cut-off value
of 152 pg / ml, and the specificity was 85% (AUC was
0.817 with a 95% confidence interval (CI) of 0.759—
0.899; p < 0.0001). The analysis of the marker level
depending on the disease stage (Table 1) indicates that
at early (I-II) clinical stages, the sensitivity did not
exceed 50%.

The serum KISS1 level in male patients was sig-
nificantly higher than in female patients (Me 221 and
162 pg / ml, respectively; p <0.05). Similar significant
differences were also observed in the control group. A
weak but statistically significant positive correlation
was found between serum KISS1 level and the age of
LC patients (r, = 0.31; p = 0.007). Meanwhile, in the
control group, the KISS1 — age correlation was nega-
tive: r =-0.29; p = 0.048.

Next, we assessed serum KISS1 content in re-
lation to the histologic type of LC. The comparison
was made both between the groups of SCLC and non-
SCLC (NSCLC) as a whole and between various types
of NSCLC (Figure 2).

It was established that serum KISS1 content did
not depend on the histologic type of the tumor, since

no significant differences were found either between
the combined NSCLC and neuroendocrine SCLC pa-
tient groups or between patients with various NSCLC
variants. However, in all histologic types of LC, the
KISS1 level was significantly higher than in the con-
trol group.

Based on the observation above, further analysis of
associations of serum KISS1 levels with the indices of
tumor advancement and localization was performed
for the LC group as a whole, without considering the
histologic pattern of the tumor (Table).

KISS1 KISS1
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Fig. 2. KISS1 content in the blood serum of LC patients
depending on the histologic type of the tumor

Table

KISS1 content in the blood serum of LC patients in relation
to clinical and pathological characteristics

KISS1, pg / ml
Parameter
Me 25-75% p
Gender
—male (n = 54); 221 149.8-316 0.042
— female (n = 20) 162 77.7-230
Stage:
1(n=28), 188 69.9-275
I (n="7), 148 45.1-193 0.042
I (n = 28); 241 157-351
IV (n =31) 216 139-296
Tumor size (T):
- T1-T2; 187.6 111.0-271.0 0.179
- T3-T4 224.8 128.0-317.1
Nodal status (N):
—NO; 2104 88.8-293.9 0.569
- N+ 215.8 119.5-314.2
Distant metastasis (M):
—MOo; 201.6 88.4-303.5 0.405
- M+ 218.5 159.1-311.8
Localization:
— central; 224.8 106.9-316.6 0.248
— peripheral 178.1 109.9-255.2
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A statistically significant increase in the serum
KISS1 concentration was observed along with pro-
gression of the disease stage (p < 0.05 according to
the median test), but none of the TNM system criteria
(the size of the primary tumor T, the presence of both
regional N and distant metastases M) significantly
affected the level of the marker. No differences were
found between serum KISS1 levels in patients with
central or peripheral localization of LC.

DISCUSSION

We found that the level of KISSI protein, the
product of corresponding metastasis suppressor gene,
in the blood serum of LC patients is significantly
elevated compared to healthy controls and increases
with progression of the disease. The study group
included both patients with classical NSCLC, and
those with neuroendocrine SCLC. However, no
fundamental differences in serum KISS1 levels were
found between these two LC types. No differences
were found in different histologic variants of NSCLC.
The analysis of the diagnostic value of serum KISS1 in
LC demonstrated rather high (85%) specificity of this
test in relation to healthy controls, but its sensitivity
was only 70% for all participants and did not exceed
50% at early stages of LC.

The increase in the level of the soluble form of the
metastasis suppressor KISS1 in the blood serum of
LC patients as a whole, and particularly at advanced
stages of the disease, is somewhat paradoxical from
a fundamental point of view, but is consistent with
the data of some publications devoted to the study of
circulating KISS1 (in the blood serum or plasma) [12—
14; 16]. All these studies demonstrated an increase in
the level of this protein in patients with various tumors
(pancreatic, colorectal, and gastric cancer) compared
to healthy controls. Though in the most detailed of
these publications [ 12], neither significant associations
between KISS1 levels and the clinical and pathological
characteristics of pancreatic cancer nor any effects of
this marker on the overall and relapse-free survival of
patients were found.

The study by S. Zheng et al. [19] demonstrated that
KISS1 expression atthe mRNA level in NSCLC patients
was significantly lower at advanced disease stages and
was inversely correlated with regional metastasis. The
authors also found that K/SS/ expression was higher
in primary tumors than in the secondary metastatic
focus, which indirectly confirms the functional role
of KISS1 as a metastasis suppressor. Similar results
were obtained by Y.B. Sun et al. [15]; according to

their data, not only was KISS1 and KISSIR expression
lower at stage [V NSCLC compared to stage I1IB LC,
but also soluble KISS1 levels in the blood serum at
the advanced stage were decreased. At the same time,
the survival of patients with high tumor KISS1 and
KISS1R expression was better than that of patients
with tumors not expressing these proteins. At the same
time, E.M. Karapanagiotou et al. [17] did not find any
differences in plasma KISS1 levels between NSCLC
patients and healthy controls, as well as between
patients with locally advanced and metastatic cancer.

The results of our study, which indicate that KISS1
content in the blood serum increases with the progression
of lung tumors, are consistent with the results of L. Gatti
et al. [16], who demonstrated elevation of its level in
NSCLC patients as compared to controls and a decrease
in its level after surgery or chemotherapy.

CONCLUSION

Currently, studying possible clinical implications
of genes and proteins that function as metastasis sup-
pressors in various cancers is becoming of particular
interest. They are considered primarily as potential
targets of new types of molecular-targeted therapy and
as possible prognostic or diagnostic markers.

The present study demonstrates that the level of one
of such proteins, KISS1 or kisspeptin, significantly in-
creases in the blood serum of LC patients as compared
to healthy controls regardless of the histologic type
of the tumor and is a stage-dependent marker in this
disease. It has sufficiently high diagnostic specificity
(85%), but is not sensitive enough, especially at early
stages of the disease. Based on our results and rather
controversial literature data on the role of KISS1 in
NSCLC, we conclude that the clinical significance of
kisspeptin in LC deserves further in-depth study.
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Transcriptional regulation of lactate dehydrogenase activity in rat kidney
cells in diabetic nephropathy

Eprintsev A.T., Presnyakov E.S., Selivanova N.V.

Voronezh State University
1, Universitetskaya Square, Voronezh, 394063, Russian Federation

ABSTRACT

Aim. To study the features of transcriptional regulation of the activity and isoenzyme composition of lactate
dehydrogenase in the kidneys of Rattus norvegicus L. in diabetic nephropathy.

Materials and methods. The study included 20 male laboratory rats (Rattus norvegicus L.) divided into two equal
groups: “Norm” — intact rats injected with 0.9% NaCl intraperitoneally and “Diabetes” — animals with alloxan-
induced diabetes (DM1 model). The activity, subcellular localization, and mobility of lactate dehydrogenase
(LDH, EC 1.1.1.27) isoenzymes were studied using spectrophotometry and electrophoresis. LDHA and LDHB
gene transcripts were analyzed by the polymerase chain reaction.

Results. Analysis of the LDH activity showed that this parameter increased by more than 6 times in the animals
with diabetic nephropathy compared to the control group. Moreover, the increase in the rate of the LDH activity
was a consequence of the enzyme activation in all the studied compartments of the cell and is consistent with
the parameter in the homogenate. The increase in the LDH activity in diabetic nephropathy may result from
redistribution of the activity rate between the available isoforms and may be associated with an increase in the
transcription rate of genes encoding subunits A and B of this enzyme.

Conclusion. The increase in the LDH activity is likely associated with the activation of renal gluconeogenesis,
the main substrate for which is lactic acid reabsorbed in the renal glomeruli. The revealed increase in the LDH
activity in the kidneys of rats with diabetic nephropathy may be associated with adaptation of their metabolism to
the pathological state.

Keywords: lactate dehydrogenase, diabetic nephropathy, isoenzyme, regulation, transcription

Conflict of interest. The authors declare the absence of obvious or potential conflicts of interest related to the
publication of this article.

Source of financing. The study was supported by the RFBR (project No. 20-04-00296).

Conformity with the principles of ethics. The study was approved by the Ethics Committee for Biomedical
Research at Voronezh State University (Protocol No. 42-04 of 05.09.2022).

For citation: Eprintsev A.T., Presnyakov E.S., Selivanova N.V. Transcriptional regulation of lactate dehydrogenase
activity in rat kidney cells in diabetic nephropathy. Bulletin of Siberian Medicine. 2024;23(1):30-36. https://doi.
org/10.20538/1682-0363-2024-1-30-36.

P4 Selivanova Natalia V., kir2202@yandex.ru

30 Bulletin of Siberian Medicine. 2024; 23 (1): 30-36



Original articles

TpaHCKpUNUVOHHaA perynauna GyHKLNOHNPOBaHUS
NnakTaTgernaporeHasbl B K/eTKax Noyek Kpbic npu guabeTnyeckonm

HedponaTum

EnpuHues A.T., MpecHsakos E.C., CennsaHoBa H.B.

Boponesicckuii cocyoapcmeennwiil yHuseepcumem (BI'Y)
Poccus, 394063, 2. Boponeoic, Ynusepcumemckas na., 1

PE3IOME

Heablo nanHOW pPabOTHl SABIAJIOCH H3Y4YEHHE OCOOCHHOCTEH TPAHCKPHUILMOHHON Pperyisiluud aKTUBHOCTU U
U30(epPMEHTHOr0 COCTaBa JIAKTATIEI HAPOreHa3bl B IOYKaX Rattus norvegicus L. npu nuadernueckoit Hedponaruu.

Marepuansl U Metoasbl. [IpoBeneHo uccienosanue 20 caMIioB 1ab0OpaTOpHBIX KpbICc Rattus norvegicus L., pas-
JIETICHHBIX Ha JBE paBHbIe Irpynmsl: « HopMa» — HHTaKTHBIE KPBICHI, KOTOPBHIM BHYTPHOpIOmMHHO BBogH 0,9%-
i NaCl, u «/luaber» — KUBOTHBIC C AJUIOKCAHOBBIM jamadetoM. McciemoBanach aKTHBHOCTh, CYOKJIETOYHAs
JIOKAJIM3alysl ¥ TOJBIKHOCTE M30(pepMeHToB iakrataeruaporenassl (JIAT, K@ 1.1.1.27) ¢ ucnons3oBaHuem
CHEKTPO(HOTOMETPUUECKUX, NIEKTPOPOPETHIECKUX METONOB, a TaKXKe HCIOJIb30BAJIach MOJIMMepas3Has IerHast
peaxuus B peaJbHOM BPEMEHHU AT aHaIu3a TPaHCKpUNToB reHoB LDHA n LDHB.

PesyabTathl. Ananu3 aktuBHOCTH JI/IT" Mokasan, 4To mJaHHBIH apaMeTp BBIPOC Oojiee 4eM B 6 pa3 y )KUBOTHBIX C
IrabeTHaecKkoi HeporaTHel o CpaBHEHUIO C KOHTPOIBHOU Ipymmoit. Bozpactanne ckopocTn hyHKIMOHHPOBAHUS
JIAT sBisieTcst cIeCTBHEM aKTUBH3AIMY ()epMEHTa BO BCEX HCCIIEyEeMbIX KOMIIAPTMEHTAX KJICTKU U COTJIACYETCS
¢ TOKaszaTeneM B roMmoreHare. BeposrtHo, yBemmuenme aktuBHoctH JIJIT mpm nuabermdeckod HedpomaTHu
SIBIICTCS CIICICTBUEM IepepactpeelIeH s CKOPOCTH (QYHKIHOHUPOBAHHS MEKTY UMEIOIMIUMHUCS H30(OpMaMu 1
CBSI3aHO C YCHJICHHEM CKOPOCTH TPAHCKPHIIUK T'€HOB, KOJUPYIONINX CyOBbequHHIBI A 1 B manHoTO (hepmenra.

3axiouenue. Y cunenue padotsl JIJIT, BepoaTHO, IBIIAETCS CISICTBUEM aKTHBU3AIMH TI0YEYHOT O IIIIOKOHEOTeHe3a,
OCHOBHBIM CYOCTpaToM Juisi KOTOPOTO SIBISIETCS MMEHHO MOJOYHAs KHCIOTa, peaacopOupyeMasl B MOYEUHBIX
KiyOoukax. BersiBnennoe yBennuenue aktusHocTd JI/II' B moukax Kpeic Ipu AuadeTn4ecKoi HepponaTuu MOKeT
OBITH CBA3aHO C afanTalyei NX OHOXMMHUECKOTO METa0OIN3Ma K AaTOJIOTHUECKOMY COCTOSHHIO.

KnrodeBble ci10Ba: makTaTAerHApOTreHasa, tnadeTndeckast Hepornatus, 130(pepMEHT, PeryIIsys, TPAHCKPHITIHS

KOHq).]'Il/lKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIBHBIX KOH(i)J'II/IKTOB UHTEPECOB,
CBA3aHHBIX C ny6nm<auneix’1 HaCTOS{H.[efI CTaTbHU.

Hcrounnk ¢punancuposanus. Vccnenoanue BHINONHEHO pu GpruHaHCOBOI monaepxke PODU (mpoekt Ne 20-
04-00296).

CooTBeTcTBHE IPUHIUIIAM ITHKH. VcciienoBanne 0g00peHo STHYECKUM KOMHUTETOM I10 9KCIEPTH3e OHMoMeTu-
nuHCKUX uccnenosanuii BI'Y (mpotokon Ne 42-04 ot 05.09.2022).

Jns uutupoBanus: Enpunnes A.T., [Ipecusikos E.C., CenuBanoBa H.B. TpaHckpununoHHas peryisinus GyHK-
IIMOHNPOBAHMS JIAKTATACTHIPOTeHA3bl B KJIETKaX MOYEK KpbIC MpH AnabeTHdeckoi Hedponatun. browiemens cu-
oupckoti meouyuns. 2024;23(1):30-36. https://doi.org/10.20538/1682-0363-2024-1-30-36.

INTRODUCTION

Diabetes mellitus is one of the most important med-
ical, social, and economic problems worldwide [1]. The
main danger of this pathology is associated with the
development of various complications, which include
diabetic nephropathy (DN). Every year the number of
people with diabetes mellitus grows, therefore, the risk
of developing this disease increases for each person [2].
The mechanism of DN is based on the development of

sclerotic changes in the renal glomeruli, which lead to
impaired kidney function and chronic renal failure. The
main problem of this pathology is that there are no pro-
nounced symptoms at initial stages of diabetes mellitus.
By the time the symptoms manifest and a diagnosis of
DN is made, the disease is already progressing very ac-
tively and becomes practically incurable [3].

The kidneys maintain high resting metabolic rate in
the human body [4] and occupy the second place in terms
of oxygen consumption and mitochondrial content, after

BlonneteHb cMbnpckon meguuuHbl. 2024; 23 (1): 30-36 31



Eprintsev A.T., Presnyakov E.S., Selivanova N.V.

Transcriptional regulation of lactate dehydrogenase activity in rat kidney cells

the heart [5]. Such an active mechanism of energy pro-
duction is crucial for maintaining normal kidney func-
tion, which requires active transport and reabsorption of
dissolved substances, including amino acids, sugars and
other essential elements, back into the blood. However,
in DN caused by diabetes mellitus, damage to the kidney
tissues is observed, which can cause metabolic changes
in them, including activation of glycolysis and fatty acid
metabolism, as well as mitochondrial dysfunction and
impaired ATP production [6].

The kidneys contain lactate dehydrogenase (LDH,
EC 1.1.1.27), which is involved in the final stage of an-
aerobic glycolysis and performs reversible conversion of
pyruvate into lactate [7]. But there is very little informa-
tion about the activity of this enzyme in DN, which is a
relevant and interesting topic to study.

MATERIALS AND METHODS

The study included male laboratory rats (Rattus nor-
vegicus L) weighing about 150-200 g (Stezar breed-
ing station, Russia). The study was approved by the
Ethics Committee for Biomedical Research at Voronezh

State University (Protocol No. 42-04 of 05.09.2022).
The study was performed in accordance with the prin-
ciples of humanity set out in the European Council
directives (86 / 609 / EEC) and the Declaration of Hel-
sinki.

The DN model in type 1 diabetes mellitus was creat-
ed by a single intraperitoneal injection of a 5% solution
of alloxan diluted in 0.9% sodium citrate at a dose of 150
mg / kg of live weight [8]. The animals (r = 20) were
randomly divided into 2 equal experimental groups:
“Norm” — intact rats injected with 0.9% NaCl intraperi-
toneally, and “Diabetes” — animals with alloxan-induced
diabetes. To control the incidence of diabetes mellitus
in the experimental group of rats, the blood glucose lev-
el was determined using the glucose meter Sattelit Plus
PKG-02.4. Blood sampling was performed from the cau-
dal vein in the morning on an empty stomach. Creatinine
clearance was assessed by the concentration of creatinine
in the blood serum and urine using the Jaffe’s method
using the Creatinine Vital kit (Vital Development Cor-
poration LLC, Russia). The calculation was carried out
according to the formula:

urine volume in 24 h (ml) X urine creatinine (mmol/I)

Creatinine clearance((ml/min)/kg) =

The anesthetized animals were decapitated 3 months
after the administration of alloxan, and the kidneys were
extracted. Kidney tissue was homogenized in a 10-
fold volume of the isolation medium containing 1 mM
EDTA; 2 mM KCI; 3 mM DTT; 0.35 M sucrose; and
50 mM Tris-HCI buffer (pH = 7.8). Centrifugation was
carried out for 5 minutes at 3,000 g and a temperature of
4 °C. A supernatant (homogenate) was selected, which
was later used to measure the activity of the enzyme. Cy-
toplasm and mitochondria were separated by differential
centrifugation [9].

The cross-contamination assay was used to assess the
purity of the studied fractions, measuring the activity of
succinate dehydrogenase [10] and alcohol dehydroge-
nase [11].

LDH activity was measured by spectrophotometry
at a wavelength of 340 nm. A decrease in the optical
density of the solution associated with the utilization of
NADH during the conversion of pyruvate to lactate in
the spectrophotometry medium of the following compo-
sition was evaluated: 5 mM MgCl; 10 mM KCI; 1.25
mM NADH; 3 mM pyruvate; 10 mM potassium phos-
phate buffer, pH = 7.8.

Separation of LDH isoenzymes was performed by
polyacrylamide gel electrophoresis at a temperature of
4 °C. For the gel to be seen, a tetrazolium salt-based

serum creatinine (mmol/I) x 0.001

rat weight (kg)

method was used, which is based on the emergence of
a blue-colored compound formazan, that is a product of
HCT reduction [12].

The nucleotide sequences of the rat LDHA and LDHB
mRNA genes were obtained from the international Gen-
Bank sequence database (https://www.ncbi.nlm.nih.gov/
gene /?term=lactatet+dehdrogenase+rat). Identification
of gene homology and comparative analysis of their
composition were carried out using the BLAST software
(https://blast.ncbi.nlm.nih.gov /). The Primer- BLAST
program located on the NCBI website was used for the
selection of primers. The obtained sequences were tested
for specificity to the desired genes in the Primer- BLAST
and for the formation of crosslinking and other second-
ary structures in the ClustalOmega program. Specific
primers for LDHA and LDHB rat LDH genes (LDHA:
forward 5°-ctcagcgtcccatgtatcct-3’; reverse 5°-tgagatttc-
ccccagaccac-3’; LDHB: forward 5°- ctggattctgetcg-
gtttcg-3’; reverse 5’°- tgaggtcagccacacttagg-3’) were se-
lected based on the analyzed sequences.

RNA was isolated by phenol chloroform extraction
[13], followed by visualization by agarose gel electropho-
resis (1%) [14]. Reverse transcription was carried out in
order to obtain cDNA using the M-MuLV reverse tran-
scriptase enzyme and oligo(dT) primers (SibFerment,
Russia) for the synthesis of the first cDNA chain according
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to the manufacturer’s instructions. The real-time poly-
merase chain reaction was carried out on the LightCycler
96 PCR analyzer (Roche, Switzerland). The Extra-mix
for PCR HS-Taq PCR kits (DiaM, Russia) were used as
reagents. SYBR Green I was taken as a dye. Amplifica-
tion parameters: preliminary denaturation at 95 °C for
5 min, then a cycle: 95 °C - 20, 59 °C - 30, 72 °C —
40 s (detection), final elongation — 72 °C — 10 min.

To verify the reliability of the data obtained, all ex-
periments and measurements were carried out using
8x biological and 5x analytical replicates. Calculations
were carried out in the Microsoft Office Excel 2007 pro-
gram, and their further analysis was performed in the
Stattech program (StatTech v. 1.2.0; Stattech LLC, Rus-
sia). Quantitative variables were checked for normality
of distribution using the Shapiro — Wilk test. The figures
present the data as the mean and the standard error of
the mean (M + SE). The results of the experiment were
analyzed using the Student’s t-test with the calculation
of the mean and the standard deviation. The correlation
analysis using the Pearson’s correlation coefficient was
performed to identify the relationships between the pa-
rameters. All the data presented in this paper are statisti-
cally significant, p < 0.05.

RESULTS

The data obtained when measuring the concentration
of glucose in the blood of the rats are shown in Fig. 1.
It demonstrates that in the rats included in the “Norm”
group, the concentration of glucose in the blood fluctuated
within 4.1 + 1.3 mmol / 1 throughout the entire experi-
ment, whereas in the animals exposed to prolonged al-
loxan intoxication, this parameter significantly exceeded
normal values and was approximately 15.5 £ 2.7 mmol / L.
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2 4
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1 2 4 12

Experiment Week

HM~Norm W Prolonged alloxan intoxication

Fig. 1. Glucose concentration in the blood of experimental

animals. Norm — healthy rats; Prolonged alloxan intoxication —

animals with alloxan-induced diabetes. * p <0.01. Here and in
Fig. 24, 6, the method used is Student’s #-test

A significant increase in blood glucose levels is the
evidence of diabetes mellitus initiation.

We determined creatinine clearance in the blood se-
rum of the experimental animals to assess glomerular
filtration rate. The results presented in Fig.2 show that
creatinine clearance increased by 1.64 times (3.05 and
1.83 ml / min / kg; p < 0.05) compared with the control
group, which may indicate the development of an early
stage of DN.

It was revealed that the level of protein excretion in
the urine increased by 3.6 times by the second month
of the experiment (from 8.1 to 28.9 mg / day; p < 0.03)
(Fig. 3). At week 12 of the experiment, the value of the
studied parameter decreased slightly and was 25.9 +
0.1 mg / day. In the control group (rats injected with sa-
line), the protein concentration in the urine fluctuated at
the level of 7.89-8.01 mg / day, which corresponds to
physiological values.
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4 4
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Creatinine clearance, mmol/kg

8 weeks 12 weeks

Fig.2. Determination of creatinine clearance in the blood serum

of the animals with prolonged alloxan intoxication. Start — the

beginning of the experiment; Norm — healthy rats; Diabetes —
animals with alloxan-induced diabetes; * p < 0.05
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Fig. 3. Determination of protein concentration in the urine
in the animals. Norm — healthy rats; Diabetes — animals with
prolonged alloxan intoxication; * p < 0.05.
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The analysis of the rate of LDH activity showed that
this parameter increased by more than 6 times in the kid-
neys of the animals with DN compared with the control
group (2.3 and 14.5 U / gram of wet mass; p <0.01) (Fig.
4, a).

6-

2 20 1 2
£ E 5
> o
z 3 -
5 15 1 % “24.
g
g 5 3
< 10 4 5
=)
B £ 2]
Z 5 %
2 < 1

0 4 0

Norm Diabetes b Norm Diabetes

a
[ | Cytoplasm M Mitochondria

Fig. 4. Lactate dehydrogenase activity in the homogenate (a),
cytoplasm and mitochondria (b) of rat kidneys. * p < 0.01;
** p<0.03

LDH activity is observed both in the cytoplasm and
mitochondria (Fig. 4, b), which is confirmed by the liter-
ature data on the subcellular localization of the enzyme
under study.

Polyacrylamide gel electrophoresis conducted with
subsequent manifestation of LDH activity showed the
presence of 4 forms of the enzyme in the kidney cells
of both groups of animals with Rf 0.04; 0.18; 0.26, and
0.32 (Fig. 5).

P1
P2,
P3|
P4
F
2 8 1 2 c 1 2

a 1

Fig. 5. Isoenzyme composition of lactate dehydrogenase in
kidney cells of intact rats (1) and animals exposed to prolonged
alloxan intoxication (2): a — homogenate; » — cytoplasmic
fraction; ¢ — mitochondria; P1-4 — protein bands; F — front line

A real-time polymerase chain reaction was performed
to assess the expression level of genes encoding lactate
dehydrogenase A and B subunits. As the analysis of the
data obtained shows (Fig. 6), both genes are actively

transcribed in the kidneys of rats with DN, but are less
active in the kidneys of healthy animals. Moreover, with
the development of this pathology, the expression of the
LDHA gene increased by almost 3 times, and the expres-
sion of the LDHB gene — by more than 4 times.
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Fig. 6. Relative transcription level of LDHA and LDHB genes
in the kidneys of healthy rats (Norm) and animals with diabetic
nephropathy (Diabetes). * p < 0.01

DISCUSSION

The analysis of the results of blood and urine bio-
chemistry in healthy rats and animals with prolonged al-
loxan intoxication showed that the latter have impaired
kidney function against the background of diabetes mel-
litus. Thus, the data obtained confirm DN development
in the experimental group of rats.

An increase in the LDH activity in the kidneys of the
rats with DN may be associated with a need to utilize
lactate entering the kidneys from the blood. It is known
that in type 1 diabetes mellitus, there is a significant in-
crease in renal gluconeogenesis, the main substrate for
which is lactic acid reabsorbed in the renal glomeruli.
This fact also explains the reason for the accumulation
of glycogen in diabetic kidneys [15]. The LDH activity
is observed both in the cytoplasm and in mitochondria,
which is in line with the literature data on the subcellular
localization of the enzyme under study [16].

A slight increase in the LDH activity in the mito-
chondria of the rats with alloxan-induced diabetes may
be associated with the cell’s need for additional energy
to adapt the body to oxidative stress caused by alloxan
administration. In addition, it is known that acceleration
of mitochondrial oxidation of lactic acid is observed
with intensive development of the nervous system, food
deprivation, and physical overstrain [17]. The reliability
of the data obtained was confirmed by the determina-
tion of cross-contamination with succinate dehydroge-
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nase (mitochondrial enzyme) and alcohol dehydroge-
nase (cytoplasmic marker), which was approximately
11-14%. This fact testifies to the successful separation
of factions.

Four isoforms of the enzyme were found in the kidney
cells of both groups of animals when studying the iso-
enzyme composition of LDH. The increase in the LDH
activity in DN may not be associated with the synthesis
of additional forms of the enzyme, but is a consequence
of the redistribution of the activity rate between the ex-
isting isoforms. Interestingly, in the cytoplasmic fraction
of both intact (healthy) rats and animals with prolonged
alloxan intoxication, the presence of four forms of the
enzyme is also observed. At the same time, only two iso-
forms were found in the mitochondria.

The analysis of the level of gene expression revealed
the relationship of this parameter (» = 1) with the LDH
activity in rat kidney cells under normal and pathological
conditions. The increase in the rate of LDH activity in the
kidneys of the rats with prolonged alloxan intoxication
is likely associated with the increase in the transcription
rate of genes encoding subunits A and B of this enzyme.

CONCLUSION

Induction of prolonged alloxan intoxication allowed
to determine a number of biochemical disorders (the
level of protein excretion in the urine increased by 3.6
times (from 8.01 to 28.94 mg / day; p < 0.03), creatinine
clearance — by 1.64 times (3.05 and 1.83 ml / min / kg;
p < 0.05) compared with the control group of animals)
associated with the development of DN against the back-
ground of high blood glucose. The analysis of the LDH
activity showed that this parameter increased by more
than 6 times in the kidneys of the animals with DN com-
pared with the healthy animals.

It may be due to the increase in the concentration of
transcripts of genes encoding subunits A and B of this
enzyme. At the same time, no changes in the isoenzyme
composition of LDH were detected. Increasing LDH ac-
tivity may be necessary to activate renal gluconeogene-
sis, the main substrate for which is lactic acid reabsorbed
in the renal glomeruli [17]. Thus, during the study, we
revealed the increase in the rate of LDH activity in the
kidneys of the rats with DN, which may be associated
with the adaptation of their metabolism to the patholog-
ical condition.
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ABSTRACT

Aim. To evaluate changes in the transcriptome of head and neck squamous cell carcinoma (HNSCC) tissue cells
in patients after proton therapy.

Materials and methods. Biopsy material obtained from 3 HNSCC patients before and after proton therapy at a
total dose of 10 isoGy was homogenized, purified, and concentrated. Then total RNA was isolated with further
purification and concentration with the RNA Clean & Concentrator kit (Zymo Research). Library quantitation
was assessed using the Qubit 2.0 instrument (Invitrogen, Life Technologies). After isolation of 1 pg total RNA for
sequencing, libraries were prepared on the Illumina platform using the TruSeq RNA Sample Prep Kit v2 with a
10-cycle enrichment step according to the manufacturer’s recommendations. The quality of RNA and the resulting
libraries was checked using the Agilent 2100 Bioanalyzer system (Agilent Tec. Inc., USA). The RIN parameter
for RNA was at least 7. The library concentration was assessed by real-time PCR on the CFX96 Touch Real-Time
PCR Detection System (Bio-Rad, USA). Final libraries were pooled in equimolar ratios before sequencing on the
Illumina HiSeq 2500 platform using 50 base-pair paired-end reads. The Q20 parameter for all samples was > 97%,
and the number of reads averaged 60.2 million per sample. Raw reads were processed using the RTA 1.17.21.3 and
Casava 1.8.2 (Illumina). The enrichment analysis was performed using the PANTHER 17.0 software.

Results. The transcriptome analysis of HNSCC after proton radiation therapy (5 x 2 isoGy) at a total dose of
10 isoGy revealed 1,414 significantly differentially expressed genes. The 10 most and least expressed genes
and their associated signaling pathways were identified. A number of signaling pathways associated with the
underexpressed genes were detected in HNSCC after proton therapy, such as: STATS; PD-1 signaling pathway;
marked MET-mediated activation of PTK2 signaling pathway, PDGF signaling; CD22-mediated regulation of
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BCR; and FCERI-mediated MAPK activation. In addition to the above signaling pathways, activation of collagen
degradation, FCGR3A-mediated phagocytosis, and FCGR3A-mediated interleukin (IL)-10 synthesis are of interest.
In the enrichment analysis among highly expressed genes, keratinization and biological oxidation processes were
activated in HNSCC tissues after proton therapy.

Conclusion. Proton therapy in HNSCC leads to overexpression of genes involved in the regulation of keratinization
and biological oxidation processes as well as to underexpression of genes associated with suppression of signaling
pathways: STATS, PD-1, MET-mediated activation of PTK?2 signaling pathway, PDGF signaling; CD22-mediated
regulation of BCR; FCERI-mediated MAPK activation, collagen degradation, FCGR3A-mediated phagocytosis
activation, and FCGR3A-mediated IL-10 synthesis. All signaling pathways of underexpressed genes function in
HNSCC cells if there is no negative influence on the tumor from outside (irradiation or delivery of antitumor
drugs). The predominance of suppressed signaling pathways over activated ones most likely indicates a decrease in
the functional potential of cells after proton therapy. The dose-dependence of proton therapy effects requires further
study of changes in cellular and molecular-genetic signatures of HNSCC after proton therapy at different doses.

Keywords: head and neck squamous cell carcinoma, transcriptome, proton therapy, signaling pathways
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WccnepoBaHme TpaHCKpUNTOMAa NIOCKOKIETOYHOIO paKa rosioBbl U Wwew
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Poccusa, 117198, 2. Mocksa, yn. Mukayxo-Maxnas, 6

? Hayuonanvhvlil MEOUYUHCKULL UCCIe008AMENbCKULL YeHMP aKyuepemaa, 2unekoio2uu u nepunamonozuu (HMUL]
AIIT) um. axao. B.U. Kyraxosa
Poccus, 117997, o. Mockea, yn. Akademuxa Onapuna, 4

3 Unemumym cucmemnozo npozpammuposanus um. B.I1. Heannuxosa Poccutickou akademuu nayk (MCI1 PAH)
Poccusa, 109004, 2. Mocksa, yn. Anexcanopa Condxcenuybina, 25

* Meouyunckuii paouonozuueckuii Hayunviti yenmp (MPHL]) um. A. L{oi6a — punuan Hayuonanono2o meouyunckozo
uccne0osamenbckoeo yewmpa paouonozuu (uruan « HMHUL] paouonocuuy)
Poccus, 249036, 2. Obnunck, yn. Mapwana Kykosa, 10

> Hayuonanvholii Meuyunckuil ucciedosamenvcxuil yenmp (HMUL]) paouonozuu
Poccus, 249036, 2. O6nunck, yn. Koponesa, 4

¢ Hayuno-uccredosamenvckuti uncmumym mopghonozuu yenoseka (HUUMY) um. axkao. A.I1. Asyvina
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PE3IOME

Leab — OlIeHUTH H3MEHEHUS TPAHCKPUTITOMA KJIETOK TKaHHU TUIOCKOKIETOYHOTO paka ronossl u men ([IPT'L) y
MAIUEeHTOB MOCIIe MPOTOHHOTO 00Ty deHNSI.

MatepuaJjibl 1 MeTObl. buorncuiinelii MaTepua, nony4eHHslid oT Tpex nauuenTos IIPT'IH 1o u nocie nporon-
HOro o0yryueHus: B cymMapHoii 1o3e 10 u3ol'p, ObLT MOABEPrHYT TOMOT€HU3ANH, OYUCTKE U KOHLEeHTpauun. [1o-
cie dero Obuia BeieneHa totansHast PHK ¢ mocnenyromeit ounctkoit u konuentpanueir Habopom RNA Clean
& Concentrator (Zymo Research), komuuectBo oneHuBanu ¢ nomoiupio npudopa Qubit 2.0 (Invitrogen, Life
Technologies). ITocne Beigenenus ToransHoit PHK u3 1 Mkr ms cexBenupoBanust Ha matdopme [llumina Obuin
NPUTOTOBJICHBI OMOIHOTEKH ¢ Uctonb3oBaHreM Habopa TruSeq RNA Sample Prep Kit v2 ¢ aTanom oboramieHus
B 10 LMKIOB B COOTBETCTBHU ¢ pekoMeHmauusmu npousBomurens. Kagectso PHK u momydyennsix Oubmanorex
MPOBEPSUIOCH C TIOMOLIBIO CHCTEMBI KalMULIPHOTO AiekTpodopesa Agilent 2100 Bioanalyzer (Agilent Tec. Inc.,
CIIA). ITapametp RIN mist PHK cocraBnsn He menee 7. KoHuenTpanuto OubIMOTEK OLIEHUBAIH € TIOMOIIBIO MO-
JMMepa3Ho LEMHON peakiuu B peanbHoM BpemeHu Ha nmpudope CFX96 Touch Real-Time PCR Detection System
(Bio-Rad, CIITA). OxonuarenbHble OHOTHOTEKH 00BEANHSIIN B SKBUMOIISIPHBIX TPOMOPLHUSIX [Iepe]] CEKBEHHUPOBa-
nueM Ha mwiatdopme [llumina HiSeq 2500 ¢ ucronp3oBanneM napHO-KOHIEBBIX IIpouTeHuit o 50 ocHoBanwuii. [Ta-
pametp Q20 st Bcex 00pa3LoB coctaBui 0osee 97%, a KOIMYECTBO MPOUTEHUH B CpejHeM paBHsIoCh 60,2 MIIH
Ha oOpasew. Coipbie mpouTeHus ObLIH 00paboTanbl ¢ ucnosb3oBanrneM RTA 1.17.21.3 u Casava 1.8.2 (Illumina).
Amnanu3 oboraiieHus ObUT BBIIOJIHEH ¢ IOMOIIbI0 Iporpammuoro obecneuennss PANTHER 17.0.

PesyabTaThl. B xone Tpanckpunromuoro ananusa [TPT1I nocie nstukpatHoro o6irydeH s HalMEeHTOB IPOTOHAMHU
(2 m30I'p) B cymmapuoii nose 10 uzol'p 6bu10 06HapyxeHo 1 414 3HaunMo auddepeHIranbHO IKCIPECCHPOBAHHBIX
reHoB. Brinenens! 10 Hanbosee M HauMeHee IKCHPECCHPYEMbBIX I'€HOB U aCCOLMUPOBAHHBIC C HUMH CHUTHAJIBHbIC
nytu. B [IPT'T nocne o6mydeHust npoToHaMu OOHApPYXKEH sl CUTHAIBHBIX MyTel, CBA3aHHBIX C HU3KOJKCIIPEC-
cupoBaHHbIMH reHamu, Takux kak STATS; curnansueiii myts PD-1; ormeuena MET-onocpenoBanHasi akTuBaius
curnanbHoro myti PTK?2, nepenaua curnanos PDGF; CD22-onocpenosannas perynauus BCR; aktusanus MAPK,
onocpenoBannas FCERI. Kpome BblleHa3BaHHBIX CHTHAJIBHBIX IyTeil oOpamiaer Ha ce0s BHUMAaHUE aKTHUBALHS
nporiecca pacnana koiarena, FCGR3A-omocpenosannoro ¢darouutosa 1 FCGR3A-omocpeoBaHHOTO CHHTE3a
unrepneikiuna-10 (IL10). [Ipu ananuze oboramieHus cpeu BEICOKOIKCIpeccupyeMbix reHoB B Tkauu [1PT'1I ocie
IIPOTOHHOTO 00 TyYeHUsl ObLIN aKTHBUPOBAHBI ITPOLIECCH OPOTOBEHHUS U OMOJIOTMYECKOT0 OKHUCIICHHSI.

3axaouenne. O6myuenue nporonamu npu [TPT'TI npuBOANT K rHIIEP3KCIPECCHN T€HOB, BOBICYEHHBIX B PETy-
JISIIUIO MIPOLIECCOB OPOTOBEHUS M OMOJIOTMYECKOTO OKUCIICHUST; THIIOIKCIIPECCHH TEHOB, CB3aHHBIX C MOABJICHNU-
eM curHaneibix myteil: STATS, PD-1, MET-onocpenoBanHOl akTuBanuu cursanbHoro mytu PTK2, nepenaun
curHanos PDGF; CD22-onocpenoBannoii perymsanuu BCR; aktusanun MAPK, onocpenoBannoit FCERI, npo-
necca pacnana komiarena, akruauu FCGR3A-omocpenoBannoro ¢aromuroza # FCGR3A-omocpenoBaHHOTO
cunTe3a IL10. Bee curHansHble IyTH THIOAKCIPECCHPOBAHHBIX T€HOB (YHKIHOHHPYIOT B Kietkax [TPTIII, ecan
HETaTHBHOTO BIIMSHHS HA OIyXOJb HE OKa3bIBAaeTCSI U3BHE (OOJIydeHHE MM IIOCTYIUICHHE HMPOTHBOOITYXOJIEBBIX
npemnapaTos). [IpeoOnananne moaBICHHBIX CUTHAIBHBIX IyTel HaJ aKTHBHPOBAHHBIMY, BEPOSTHEE BCETO, CBUIE-
TENILCTBYET O CHIDKCHUH (DYHKITHOHAIIBHOTO MOTEHIIHAIIA KJICTOK IT0ciIe 00IydeHHs IpOoTOHaMH. Jl0303aBHCHMOCTD
sddexroB IIT 00ycraoBmHBacT HEOOXOMUMOCTD JaIbHEHIIEr0 M3yUSHUs] H3MEHEHNI KICTOYHBIX M MOJEKYJISIp-
Ho-reHeTndeckux curaatyp [IPT'III nocne npoToHHOTO 00IydeHNUs pa3HBIMHA JTO3aMH.

KuroueBble cl10Ba: IIIOCKOKIETOUHBIH Pak FOJIOBEI M IIEH, TPAHCKPHUIITOM, TPOTOHHOE O0TydeHUe, CHIHAIIbHbIE
yTH

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

Hcrounuk ¢punancupoBanusi. PaGora BemonHeHa npu (GHMHAHCOBOW MoAJep)Kke MUHHUCTEPCTBa HAyKH U BBIC-
nrero oopaszosanus Poccuiickoit @enepanmu (cornamenue Ne 075-15-2021-1356 ot 7.10.2021 (unentuduxatop
P® 0951.61321X0012, Ne 15.CHH.21.0011)). OGcueTs! BBINOIHEHBI IPH pUHAHCOBOIT Mo iepkke MuHuCTEepCTBa
HAYKH | BbIclIero oopasosanus Poccuiickoit @enepanuu (cornamenne Ne 075-15-2022-294 ot 15.04.2022).

CooTBeTcTBHE MPUHIKNAM 3THKH. Bce manueHTs! noamicany NHGOPMUPOBAHHOE COTJIACHe Ha yJacTHE B HC-
crnenoBaHny. VccienoBanme oq00peHO HE3aBUCHMBIM KOMHTETOM II0 3THKe (TpoTokon Ne 634 ot 17.11.2021,
nportokoa Ne 684 ot 02.03.2022).

Jast uurupoBanus: /[xymanusizoa 3./1., Bumnskosa I1.A., Yupkoa M.B., Kaprynesuu E.A., Epemuna 1.3.,
I'opnon K.b., Kanpun A.Jl., ®arxynunos T.X. MccnenoBanue TpaHCKPUNTOMA IUIOCKOKJIETOYHOIO paka rojio-
BBl W IICH IOCJTE MPOTOHHOTO OOMydYeHUs. broanemensv cubupckoi meduyunsvl. 2024;23(1):37-47. https://doi.
org/10.20538/1682-0363-2024-1-37-47.
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INTRODUCTION

Head and neck squamous cell cancer (HNSCC)
ranks 7th in the overall incidence of malignant neo-
plasms with 0.7 million new cases per year [1, 2].
Characteristic features of HNSCC are frequent recur-
rences and low 5-year survival rates for both local-
ized and advanced stages of the disease (69 and 34%,
respectively) [1]. Low patient survival is associated
with late diagnosis, poor response to various treat-
ments, and high recurrence rates [2—4]. In most cases,
HNSCC is diagnosed at a locally advanced stage, for
which radiation therapy (RT) with or without concom-
itant radiosensitizing chemotherapy is one of the main
treatment approaches used in 80% of cases [5].

Proton therapy (PT) is one of the most promising
types of corpuscular radiation. Its implementation
into clinical practice allows to minimize the occur-
rence of radiation-related adverse events. The ther-
apeutic effect of PT consists in persistent damage to
the genetic material of tumor cells, leading to their
death [6]. At the same time, the cytotoxic effect of
protons is caused both by direct damage to the DNA
chain of tumor cells and by indirect induction of re-
active oxygen species (ROS) formation [7] and stim-
ulation of apoptosis (due to caspase-3 activation by
protons) [8].

In our previous review [9], we described the bio-
logical effects of PT. Nasopharyngeal squamous cell
cancer is considered to be one of the main indications
for PT due to its complex anatomy and proximity to
critical anatomical structures and organs, such as op-
tic chiasm, temporal lobes and brain stem, pharyngeal
constrictor muscles, and salivary glands [10]. Several
studies demonstrated a significant reduction in the in-
cidence of acute post-radiation complications in pa-
tients with nasopharyngeal squamous cell carcinoma
receiving PT compared to patients receiving classical
RT [11].

The accumulating clinical experience in applying
proton radiation therapy significantly outpaces basic
radiobiological research and contributes to the in-
creasing number of proton centers in different coun-
tries of the world [12]. However, limited knowledge
about the molecular and genetic changes induced by
PT in tumor cells hinders the development of new
therapeutic and combination strategies. This study is
devoted to the description of transcriptional changes
in HNSCC cells after PT.

The aim of the study was to evaluate changes in
the transcriptome of HNSCC tissue cells in patients
after PT.

MATERIALS AND METHODS

Biopsy material of tumor tissue was obtained from
3 patients with HNSCC before and after PT at the
total irradiation dose of 10 isoGy (relative biologi-
cal effectiveness (RBE) coefficient 1.1). All patients
signed an informed consent to participate in the study.
The study was approved by the independent Ethics
Committee (Protocol No. 634 of 17.11.2021, Protocol
No. 684 of 02.03.2022). The study was carried out in
compliance with the ethical principles set out in the
WMA Declaration of Helsinki “Ethical principles for
medical research involving human subjects” amended
in 2000 and Rules of Good Clinical Practice in the
Russian Federation adopted by the order of the Min-
istry of Health of Russia No. 266 of 19.06.2003. The
study participants were identified only by the patient
number.

The patients were irradiated with protons using a
fixed horizontal proton beam in the sitting position on
the PT complex Prometheus (Protom, Russia). All pa-
tients underwent daily verification of the position us-
ing integrated cone beam computed tomography. The
thickness of the slices was 1 mm. Patient fixation was
performed using a reinforced thermoplastic mask and
head restraints.

Biomaterial processing was performed using
aseptic techniques and sterile materials. Total RNA
was isolated from the tissue after homogenization
with Teflon beads in QIAzol (Qiagen), followed
by purification and concentration with the RNA
Clean & Concentrator kit (Zymo Research).
Quantitation was assessed using the Qubit 2.0 in-
strument (Invitrogen, Life Technologies). After iso-
lation of 1 pg total RNA for sequencing, libraries
were prepared on the Illumina platform using the
TruSeq RNA Sample Prep Kit v2 with a 10-cycle
enrichment step according to the manufacturer’s rec-
ommendations.

The quality of RNA and the resulting libraries
was checked using the Agilent 2100 Bioanalyzer sys-
tem (Agilent Tec. Inc., USA). The RIN parameter for
RNA was at least 7. The concentration of libraries
was assessed by real-time PCR on the CFX96 Touch
Real-Time PCR Detection System (Bio-Rad, USA).
Final libraries were pooled in equimolar ratios before
sequencing on the Illumina HiSeq 2500 platform us-
ing 50 base-pair paired-end reads. The Q20 parameter
for all samples was > 97%, and the number of reads
averaged 60.2 million per sample. Raw reads were
processed using the RTA 1.17.21.3 and Casava 1.8.2
(llumina).
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The nf-core/rnaseq pipeline version 3.0 was used
to obtain expression matrices from FASTQ files. The
pipeline was run with the GRCh38 reference genome,
alignment was performed using the STAR tool, and
quantification was performed using the Salmon tool.
The differential gene expression analysis was per-
formed between tumor samples before and after PT.
It was performed independently using several tools,
such as DESeq2, EBSeq, limma-voom, NOISeq, and
edgeR. For each tool, tables with differential gene ex-
pression scores were generated. The results obtained
were compared using the Hobotnica metric [13].

Hobotnica is a tool for assessing the quality of
differential expression tools. The tool is based on the
quality quantification approach based on the ability
to separate data from different experiments based on
distance matrices. Cut-off values for differential gene
expression were |log2FC| > 1, p < 0.05 for DESeq2,
limma-voom and edgeR, g > 0.9 for NOISeq, and
[log2FC| > 1, PPDE > 0.95 for EBSeq. For multiple
comparisons, the Bonferroni correction and the Wald
maximin criterion (extreme pessimism criterion) were
used to calculate the p value. Based on the comparison
results, DESeq2 performed better when comparing
tumor samples before and after PT. The enrichment
analysis was performed using the PANTHER 17.0
software. The threshold for statistical significance for
including a signaling pathway in the list of enriched
pathways was p < 0.05 (Table 1).

Table 1

The assessment of the differential gene expression tool quality
using the Hobotnica tool

Tool Hobotnica score
DESeq2 1
EBSeq 0.96
edgeR 0.5
limma-voom 0.5
NOISeq 0.67

To establish significance, the data were analyzed
by the paired Student’s f-test using the GraphPad
Prism 8 statistical software package (GraphPad Soft-
ware). The significance level was set at p < 0.05. For
multiple comparisons, the Bonferroni correction and
the Wald maximin criterion (the criterion of extreme
pessimism) were used, which are generally considered
as the most cautious ones.

RESULTS

The transcriptome analysis of HNSCC tumor tissue
after proton radiation therapy (5 x 2 isoGy) at a total
dose of 10 isoGy revealed 1,414 significantly differen-
tially expressed genes. We identified 10 genes based
on the minimum (with the most reduced expression)
and maximum (with the most increased expression)
LOG2FC values. The lowest expression after PT was
observed in the following genes: CLEC4E, IGHV2-70,
P2RXI1, SLC543, MYBPCI, RP11-551L14,1, FCRLA,
FAM304, IGHV2-26, IGHV2-5 (Table 2).

Table 2

The most underexpressed genes in HNSCC biopsy samples after proton therapy

Genes p-value | LOG2FC Deciphering the name Functions
. . . Encodes a member of the C-type lectin / C-type lectin-like domain
CLEC4E 1.89E-06 -5.0 C-Type Lectin Domain Fami- (CTL/CTLD) superfamily involved in cell adhesion, cell-to-cell signal-
ly 4 Member E . . . . . .
ing, glycoprotein metabolism, inflammation, and immune response

Immunoelobulin Heav Provides antigen-binding activity and immunoglobulin receptor-binding

IGHV2-70 8.57E-06 -5.1 & Y activity; participates in the activation of the immune response, defense
Variable 2-70 . . .
against another organism and phagocytosis
The protein encoded by this gene belongs to the P2X family of G-pro-
P2RX1 3.99E-05 -5.2 Purinergic Receptor P2X 1 tein-coupled receptors. It functions as an ATP-controlled ion channel
and provides fast and selective permeability for cations
SLC543 2 37E-05 52 Solute Carrier Family 5 Involved in 1n9s1t01 metabohsm; qansmembrane transport of monosac-
Member 3 charides; import of myo-inositol across the plasma membrane
MYBPCI 0.000185 -5.2 Myosin Binding Protein C1 Involved in the contraction of transverse striated muscles
RP11-551L14,1 | 0.011218 -5.3 No data No data
FCRLA 0.000857 53 Fe Receptor Like Protein A Involved in humoral immunity: 'flntlbody-mduced destruction of
IgG-coated antigens and cells
FAM304 0.000853 -5.3 Family W ith Sequence Simi- Its exact function is unclear, but its activation has been linked to cancer
larity 30 Member A
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Table 2 (continued)

Genes p-value | LOG2FC Deciphering the name Functions
IGHV?2-26 0.002372 54 Immunoglobuhn Heavy Involved in activation of the immune response; defense against another
Variable 2-26 organism; phagocytosis.
Immunoelobulin Heav Provides antigen-binding activity and immunoglobulin receptor-binding
IGHV2-5 0.018504 -5.4 & y activity. Activates immune response; defense against another organism;
Variable 2-5 .
phagocytosis.

The highest gene expression in HNSCC biopsy
samples after PT was observed in the following genes:
PIK3R2; CTD-307407,11; GOLGAG6LY; GPIBB;
NPIPA2; RP11-96020,4;, AC008132,13; SNX31;
RPI1-127D3,4; RPL21P119 (Table 3).

In order to determine whether significantly highly
expressed and low-expression genes belong to differ-
ent signaling pathways, we performed the enrichment
analysis for each of these groups of genes separate-
ly. In tumor tissue samples after PT, compared to
tumor tissue before it, among low-expression genes,
the signaling pathways presented in Table 4 were de-
tected more than others. A number of signaling path-

ways related to low-expression genes were detected
in HNSCC after PT, such as: STATS; PD-1 signaling
pathway; marked MET-mediated activation of PTK2
signaling pathway, PDGF signaling; CD22-mediated
regulation of BCR; FCERI-mediated MAPK activa-
tion. In addition to the above signaling pathways, col-
lagen degradation, FCGR3A-mediated phagocytosis
activation, and FCGR3A-mediated interleukin (IL)-
10 synthesis attract attention (Table 4).

In the enrichment analysis among highly expressed
genes, the processes of keratinization and biological
oxidation were activated in HNSCC tissue after PT
(Table 5).

Table 3

The most highly expressed genes in the samples of HNSCC biopsies after proton therapy

Genes p-value LOG2FC Deciphering the name Functions
L . Phosphorylates phosphatidylinositol and similar
PIK3R2 0.001165114 4.9 Phosphomosmde-3-Kmase Regulatory compounds, creating secondary messengers import-
Subunit 2 . . .
ant in growth factor signaling pathways
CTD-307407.11 2 72E-06 46 No data Involved in the development.of the eyes, limbs,
heart, and reproductive system
GOLGAG6LY 1.59E-07 4.5 Golgin A6 Family Like 9 No data
GPIBB 4.01E-10 43 Glycoprotein Ib Platelet Subunit Beta Promotes platelet adhesion.
Nuclear Pore Complex Interacting Protein . .
NPIPA2 8.65E-10 4.0 Family Member A2 Involved in mRNA transport and protein transport
RP11-96020,4 3.93E-11 3.8 No data No data
AC008132,13 1.07E-11 3.6 No data No data
SNX31 7.48E-13 3.4 Sorting Nexin 31 Involved in intracellular protein transport
RP1-127D3,4 7.48E-13 3.4 No data No data
RPL21P119 4.15E-12 34 Ribosomal Protein L21 Pseudogene 119 Pseudogene
Table 4
Signaling pathways of HNSCC associated with low-expression genes after proton therapy
Number of genes from the ref- | Number of genes related Fold FDR Proba-
Reactome pathways erence list of the database to this signaling pathway | enrich- | p value | bility of false
in a normal human population | in the submitted samples ment positives
Activation of STATS
R-HSA9702518.2 10 4 15.63 |3.15E-04| 1.60E-02
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Table 4 (continued)

Number of genes from the ref- | Number of genes related Fold FDR Proba-
Reactome pathways erence list of the database to this signaling pathway | enrich- | p value | bility of false
in a normal human population | in the submitted samples ment positives
PD-1 signaling pathway
R-HSA-389948 3 29 7 9.43 2.58E-05| 2.22E-03
Collagen degradation 64 14 855 [7.25E-09| 6.03E-06

R-HSA-1442490.4

MET -mediated activation of signaling

pathway PTK2 30 6 7.81 2.42E-04 1.31E-02
R-HSA-8874081.2

PDGF signaling

R-HSA-186797 5 54 8 5.79 1.48E-04| 9.44E-03
AKT1 E17K signaling pathway in cancer

R-HAS-5674400.2 26 5 7.51 9.44E-04| 4.13E-02
CD22-mediated BCR regulation

R-HSA-5690714.3 67 9 5.25 1.13E-04| 7.43E-03
Interferon-gamma signaling

R-HSA-877300.6 91 12 5.15 1.00E-05 1.09E-03
FCERI-mediated MAPK activation

R-HSA-2871796.3 89 11 4.83 4.03E-05| 3.14E-03
FCGR3A-mediated synthesis of IL-10 100 12 469 2376-05| 2.11B-03

R-HSA-9664323.2

Here and in Table 5: 1 Fold enrichment is defined as the percentage of genes in the submitted samples belonging to the indicated pathway compared
to the background set of genes. 2 +/-. A positive sign indicates overrepresentation of this category of genes in the experiment (more genes than
expected). Conversely, a negative sign indicates underrepresentation. All signaling pathways showed overrepresentation.

Table 5
Activated signaling pathways of HNSCC associated with highly expressed genes after proton therapy
Number of genes from the ref-| Number of genes related Fold FDR
Reactome pathways erence list of the database in a | to this signaling pathway | enrich- | p value Probability of
normal human population in the submitted samples | ment false positives

Formation of the keratinizing membrane
R-HSA-6809371.5 129 14 6.96 4.57E-08 1.14E-04
Biological oxidation
R-HISA-211859.3 220 15 4.37 3.83E-06 4.77E-03

The data obtained in the course of this research
work are unique in their kind, as there is limited in-
formation on PT-induced changes at the transcrip-
tome level in the literature. This is due, firstly, to the
difficulty of collecting biopsies from patients, since
for such analysis it is necessary to collect material
before PT and after irradiation in order to identify
significantly altered signatures. Secondly, not all
centers have the necessary expensive equipment
for PT, and often clinicians limit themselves to pre-
scribing classical photon radiation therapy. Thirdly,
transcriptional analysis and bioinformatic data pro-

cessing are rather complicated and require highly
qualified specialists.

DISCUSSION

The transcriptome is a dynamically changing
system influenced by various factors. As a precision
oncology assay, the transcriptional analysis has only
recently begun to be used [14, 15]. There are no data
in the literature describing changes at the level of the
HNSCC transcriptome induced by PT. Understanding
the transcriptional heterogeneity of HNSCC contrib-
utes to the development of diagnostic and prognostic
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biomarkers that will enable to select personalized
therapy, leading to increased positive responses to
antitumor therapy and improved outcomes / increased
number of positive responses to treatment.

The key role for the activation of signal transduc-
ers and activators of transcription 5 (STATS) has been
found in many malignancies. In most cases, STATS
enhances squamous epithelial cell growth, increases
migration and invasion of cells in squamous cell can-
cer, and induces phenotypic and molecular changes
associated with epithelial — mesenchymal transition
[16]. In HNSCC, STATS activation correlates with
enhanced tumor growth, invasion, and epithelial —
mesenchymal transition [17]. Suppression of STATS
was observed after PT in HNSCC.

Non-receptor protein — tyrosine kinase 2 (PTK?2),
also known as focal adhesion kinase (FAK), is a mul-
tifunctional regulator of cell signaling between tumor
cells and the tumor microenvironment. Activated
PTK2 is involved in the regulation of several cellu-
lar functions: adhesion, proliferation, and migration
[18, 19]. Proteomic analysis showed that PTK2 / FAK
overexpression is a biomarker of radioresistance of
HNSCC. Combinations of PTK2 / FAK inhibition
with radiation therapy are currently being investigated
as a therapeutic strategy to improve local control in
HPV-negative PRGS [20].

Activation of the PD-1/ PD-L1 signaling pathway
is associated with the induction and maintenance of
immune tolerance in tumor tissue by suppressing ef-
fector T cell functions [21]. PD-L1 expression levels
in HNSCC correlate significantly with marked clin-
ical progression and poor patient survival [22]. The
activity of PD-1 and its ligands PD-L1 or PD-L2 is
responsible for the activation, proliferation, and cyto-
toxic secretion of T lymphocytes [23]. Our transcrip-
tome analysis revealed suppression of this signaling
pathway.

IL-10 synthesis in HNSCC tumor tissue was also
reduced after PT. In the process of carcinogenesis, IL-
10 functions both as a pro-oncogenic cytokine, inhib-
iting antitumor immunity, and as an antitumor cyto-
kine, performing an antianginal role [24]. Importantly,
it is involved in the control of tumor cell proliferation
and invasion via the JAK / STAT signaling pathway
[25,26].

The PDGF / PDGEFR signaling pathway plays a
key role in tumor progression [27]. PDGF overex-
pression promotes tumor cell growth [28] and induces
angiogenesis [29] by affecting cells in the tumor mi-
croenvironment, thereby inducing tumor progression.

In addition, there is evidence that increased PDGF ac-
tivity in the tumor is associated with drug treatment
resistance caused by impaired capillary blood flow in
the tumor due to increased interstitial fluid pressure
[30]. In the present study, PT caused suppression of
the PDGF signaling pathway in HNSCC.

The mitogen-activated protein kinase (MAPK) sig-
naling pathway is a key mediator that integrates extra-
cellular signals to control cell proliferation, survival,
differentiation, senescence, and drug resistance [31].
HNSCC patients with high intratumoral expression of
p-MAPK1/3 (p-ERK1/2) are characterized by worse
survival [32]. It is believed that the altered kinase
signaling network including EGFR, PDGFR, PAKI,
PTK2 (FAK), and MAP2K2 seems to regulate aber-
rant changes in tumor tissue accompanying relapse
[33].

In addition to the above, detection of changes in
HNSCC after PT at the transcriptomic level will allow
to divide patients into groups with a different progno-
sis and response to treatment. For example, the sur-
vival of patients with HNSCC can be stratified by the
intensity of the keratinization process, especially in
patients with non-HPV-associated HNSCC. Activa-
tion of the keratinization process in HNSCC is associ-
ated with a poor prognosis and shorter overall survival
of patients [34].

CONCLUSION

PT in HNSCC leads to overexpression of genes
involved in the regulation of keratinization and bio-
logical oxidation processes as well as to underexpres-
sion of genes associated with suppression of signaling
pathways: STATS, PD-1, MET-mediated activation of
PTK2 signaling pathway, PDGF signaling; CD22-me-
diated regulation of BCR; FCERI-mediated MAPK
activation, collagen degradation, FCGR3A-mediated
phagocytosis activation, and FCGR3A-mediated IL.10
synthesis.

Summarizing the results obtained during the
transcriptome study of HNSCC after PT at a total dose
of 10 isoGy, the predominant number of suppressed
signaling pathways over the activated ones is of
great interest. At the same time, some of the detected
signaling pathways correspond to the data described
in the literature, while some of the pathways altered
during the study differ from the available data. All
signaling pathways of underexpressed genes function
in HNSCC cells if there is no negative influence on
the tumor from outside (irradiation or delivery of
antitumor drugs). The predominance of suppressed
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signaling pathways over activated ones most likely
indicates a decrease in the functional potential of cells
after proton therapy. The dose-dependence of proton
therapy effects requires further study of changes in
cellular and molecular-genetic signatures of HNSCC
after proton therapy at different doses.
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ABSTRACT

Aim. To study the effect of forced exercises on the content and parameters of oxidative phosphorylation in brown
adipose tissue of mice with type II diabetes mellitus.

Materials and methods. To model the disease, we used a high-fat diet and physical exercises in the form of forced
treadmill running for 4 weeks. The content of oxidative phosphorylation enzymes in brown adipose tissue was
determined by Western blotting.

Results. Modeling diabetes in experimental animals was accompanied by expansion of adipose tissue. However, in
brown adipose tissue, the content of all oxidative phosphorylation components decreases. Apparently, during type
I diabetes mellitus modeling in mice, there is a decrease in the “energy efficiency” in brown adipose tissue, which
is partially offset by an increase in its content in the body.

Regular physical activity in mice with type II diabetes mellitus, in contrast to healthy animals, contributes to a
decrease in the content of brown adipose tissue. At the same time, the content of most oxidative phosphorylation
components in brown adipose tissue increases, in some cases0 it even exceeds the baseline values. The latter is
typical of a variable load mode — when the execution time of exercises periodically changes.

Conclusion. The obtained results suggest that metabolic rearrangements in brown adipose tissue may serve as
some of the mechanisms of preventive and projective effects of physical activity in type 2 diabetes mellitus.

Keywords: brown fat, running load, diabetes, obesity
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OkucnutenbHoe pocopunupoBaHme B TKaHN OYpoOro Kupa y Mmbiwiei
C Mmopernblo caxapHoro guab6erta Il TMna nocne npuHyANTeNbHbIX 6€roBbiX

Harpysok

3axapoBa A.H.', MunoBaHoBa K.I'.', OpnoBa A.A.", Konnantan O.B.}, lLlysanos U.10.",

KanuneBuu J1.B."?

! Hayuonanonwiii uccredosamenvcxkuii Tomckuil 2ocyoapemeennoiii ynusepcumem (HU TI'Y)

Poccus, 634050, 2. Tomck, np. Jlenuna, 36

2 Cubupcruil 2ocyoapcmeennulit meouyurnckuti ynugepcumem (Cubl MY)

Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

Lesb: U3y4nuTh BIUSHUC TPUHYIUTCIBHBIX (PU3UUCCKUX HATPY30K HA COEPIKAHUE U MTOKA3aTEIIH OKHCITUTEILHOTO
dhochopunupoBaHus B TKaHH OYpOTo KUpa Y MBIIIEH ¢ Mojenbto caxapHoro quabera (C/I) 11 tuma.

MarepuaJjnl u MeToAbl. 11 popMupoBaHus MOIeH 3a00I€BaHNS UCTIONB30BANIACh BBICOKOXKUPOBAs HeTa, (HH-
3WYeCcKHe Harpy3KHU B BUJIE IPHHYAUTEILHOTO Oera MpoBoAMINCE B TeueHue 4 Hen. Coneprkanue pepMEeHTOB OKHC-
JHUTEeNBHOTO (hochoprunupoBaHus B Oypoil KUPOBOI TKAHHU ONPEAENISIIOCH METOIOM BECTEpH-OJIOTTHHTA.

Pesyabrarsl. PopmupoBaHue 1MabeTHYECKUX PACCTPONHCTB Y SKCIIEPUMEHTAIbHBIX )KMBOTHBIX COIPOBOXKIACTCS
BO3pacTaHUEM KOJIMYECTBA Kak Oenoi, Tak u Oypoii xupoBoil TkaHu. OHAKO B Oypoil )KUPOBOM TKaHH MPH STOM
CHIDKAETCSl COZICP)KaHHE BCEX KOMIOHEHTOB CHCTEMbI OKUCIUTENIBLHOTO (ochopuiuposanus. [lo-BuanuMomy, pu
tdopmupoannu mogenu C/I II Tvna y Mplieil MpOUCXOIUT CHIKEHHE «IHEepreTudeckoii agpdexrnHOCTI» Oypoit
JKMPOBOH TKaHM, YTO YACTUYHO KOMIICHCHPYETCS YBEIIMYCHUEM €€ COJICPIKAHUS B OpPraHU3MeE.

PerynspHsle ¢pu3nueckue Harpy3ku y Meitei ¢ mozensto CJ1 Il Tuna, B oT/IH4Ke OT 370pOBBIX )KHBOTHBIX, CITIOCO0-
CTBYIOT CHIDKEHHIO COZIepKaHHs Oypoil )KMpOBOil TkaHU. B To ke Bpemst pu 5ToM B OypoM »KHpe BO3pacTaeT co-
JieprkaHue OONBIIMHCTBA KOMIOHEHTOB CUCTEMBI OKHCIIUTENHEHOTO (hOChOPMINPOBAHNS, B HEKOTOPBIX CIIydasx —
Jla)ke BbIIe HICXOAHBIX 3HaueHuH. [locneanee xapakTepHo U1l HArpy30K, IPUMEHSEMbIM B IEPEMEHHOM PEKUME —
KOTJ]a BpeMs BBIIIOJIHEHHS Harpy30K NepHOANYECKU U3MEHAETCS.

3akiroueHue. HOJIy‘IeHHI)Ie PE3YIBTATHI ITO3BOJIAIOT NPEANIOIONKUTDL, YTO MeTaboIHYeCKue HepeCTpOfIKPI 6yp0171
)KI/IpOBOﬁ TKaHU MOI'yT CIIY’KUT OAHHUM U3 MEXaHU3MOB HpO(i)I/IJlaKTI/I‘{eCKI/IX " IPOCKTOPHBIX 3(1)(1)6KTOB (1)I/I3I/I‘le-
CKUX HArpys3oK IIpyu caXxapHOM [nzla6e’re BTOPOT'O THUIIA.

KuroueBsble cioBa: Oypslii xup, OeroBast Harpy3ka, caxapHblil THa0eT, O)KUPEHUE

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX M MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNneil HACTOSIICH CTaThH.

Hcrounuk punancupoBanus. Mcciaenosanue BBIIONHEHO 3a cueT rpanTa Poccuiickoro HayuHoro ¢onna (Ne 19-
15-00118, https://rscf.ru/project/19-15-00118-p).

CooTBeTCTBHE NPUHIHUIIAM 3THKH. I/ICCJ’[CZ[OBaHI/Ie oz[o6peHo KOMHUTETOM 110 OMOATHKE BHOIOrHYecKOro WH-
CTUTYTa HaL[I/IOHaJ'IBHOFO HCCIIEI0BATENIbCKOT0 TOMCKOTO TroCy1apCTBEHHOTO YHUBEPCUTETA (HpOTOKOJ’I Ne 32 ot
02.12.2019).

[ uutupoBanus: 3axaposa A.H., Munosanosa K.I'., Opnosa A.A., Konnanrait O.B., lllysanos W.10., Kanu-
nesud JI.B. OxucaurensHoe GpocdopunrupoBaHre B TKAHH Oyporo Kupa y MBIILICH ¢ MOJIENIBIO CaXapHOTO auadera
II Tvna mocne NpUHYANTETBHBIX OCTOBBIX HATPY30K. brosiemens cubupckou meduyunsl. 2024;23(1):48-55. https://
doi.org/10.20538/1682-0363-2024-1-48-55.

INTRODUCTION

Brown fat (also known as thermogenic fat) is a
type of adipose tissue whose main function is ther-
mogenesis [1, 2]. Brown adipose tissue is capable of
expending energy, unlike white fat, which stores it. As

a result, brown adipose tissue has a regulatory effect
on metabolism and may be involved in the control of
blood glucose levels [3].

Patients with type II diabetes may have a lack of
brown fat, which can lead to poor glucose manage-
ment and an increased risk of complications. Some
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studies suggest that stimulating brown fat storage may
improve glucose management and reduce the risk
of diabetic complications [4]. Ways to stimulate the
growth of brown adipose tissue may include physical
activity, consumption of certain foods, and the use of
medications [5].

Physical activity of varying intensity launches
a large number of biochemical, molecular, genetic,
and epigenetic mechanisms that underlie the body’s
adaptive response to physiological stress [6, 7]. In
particular, physical activity has been shown to have
a positive effect on metabolic disorders [7, 8]. Ani-
mal experiments have shown that exercise increases
insulin sensitivity and improves high-fat diet-induced
glucose tolerance not only in the animals themselves,
but also in their offspring [9]. Circadian rhythms have
also been shown to influence the effects of exercise.
Glucose uptake by muscles and insulin tolerance also
have a circadian nature, and physical training does not
affect the circadian rhythm of these parameters [10].

In connection with the above, the aim of the re-
search was to study the effect of forced exercises on
the content and parameters of oxidative phosphoryla-
tion in brown adipose tissue in a mouse model of type
II diabetes mellitus.

MATERIALS AND METHODS

Male mice of the C 57bl/6 line were used as the
object of the study. The mice were obtained from
the vivarium of the Tomsk National Research
Medical Center of the Russian Academy of Sciences,
Goldberg Research Institute of Pharmacology and Re-
generative Medicine. The age of the mice at the begin-
ning of the experiment was 32 weeks. Animal keeping
regime: 12 h/ 12 h light / dark cycle, light cycle starts
at 6 a.m., free access to food and water, room tempera-
ture 24 °C.

The study was conducted in accordance with the
principles of the Basel Declaration and approved
by the Bioethics Committee at the Biology Insti-
tute of Tomsk State University (Protocol No. 32 of
2.12.2019). The study was carried out in accordance
with the principles of humanity set out in the Europe-
an Council Directives (86/609/EEC) and the Declara-
tion of Helsinki.

The experiment lasted 16 weeks. Until week 12,
the mice were divided into 2 subgroups:

— animals receiving a high-fat diet — 28 mice.

—animals receiving a standard diet — 28 mice.

Type II diabetes mellitus (T2DM) and a high-fat
diet for 12 weeks, developed specifically for this ex-

periment, were used to model T2DM. The composi-
tion and energy value of the feed are described in de-
tail in our previous work [11].

Starting from week 12 of the experiment, each
group of animals was divided into two subgroups —
those exposed (main group, n = 21) and those not
exposed (control group, n = 7) to forced treadmill
running.

Subgroups of mice from the main group were ex-
posed to forced running exercise at different times of
the day:

Group A — mice exposed to forced treadmill run-
ning during the light cycle (from 8:00 to 10:00), 7 an-
imals;

Group B — mice exposed to forced treadmill run-
ning during the dark cycle (from 19:00 to 21:00), 7
animals;

Group C — the time of forced treadmill running
alternated (alternating light / dark cycle): weeks 1 and
3 — in the dark cycle (from 19:00 to 21:00), weeks
2 and 4 — in the light cycle (from 8:00 to 10:00),
7 animals.

To normalize physical activity, the BMELAB
SID — TM 10 treadmill for mice was used [12].

The animals had been exposed to forced treadmill
running 6 times a week for 4 weeks. The duration of
the exercise was gradually increased from 10 to 60
minutes during the first 6 days (an increase of 10
minutes per day) and did not change over the next 3
weeks. Every week, the elevation angle of the tread-
mill (from 0 to 10°) and its rotation speed (from 15 to
18 m / min) were changed. Once a week exercise was
not performed (on the 7™ day).

Body weight was measured using laboratory scales.
Body weight of each animal was measured separately.
Measurements were taken 11 times over 16 weeks.

The experimental animals were decapitated 24
hours after the last exercise. White and brown adi-
pose tissue was extracted. The collected samples were
weighed, then frozen in liquid nitrogen and stored in
the freezer at —80 °C.

To homogenize the adipose tissue, 500 ul buffer
per 50 mg of tissue was applied using the Vortex —
Genie 2 laboratory mixer for 15 minutes at 4 °C with
metal balls. Then the tissue was placed in the refrig-
erated mini rotary shaker for 1 hour, then left in the
shaker rack in the cold for 15 minutes, and then again
placed in the Vortex — Genie 2 laboratory mixer for 15
minutes at 4 °C.

After this, the tubes were transferred to a centri-
fuge at 4 °C and spun for 5 minutes at 8,000 rpm.
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Then the lipid layer was carefully removed, placed
again in the centrifuge for 15 minutes, after which
clear supernatant under the remaining lipid layer was
collected. Total protein in the sample was determined
by the Bradford method.

Polyacrylamide gel electrophoresis was carried out
under denaturing conditions according to the method
described by Laemmil, with 5% stacking and 10%
separating gels using the electrophoresis system (elec-
trophoresis cell (Mini — PROTEAN Tetra Cell, USA),
current source (PowerPacBasic, USA)). The amount
of total protein applied to each well was 10 pg. Using
the transfer system (Trans — Blot Turbo, USA), pro-
teins were transferred from the gel to a PVDF mem-
brane (Bio-Rad, USA) with further blocking with 5%
skim milk (Bio-Rad, USA) in TBSt 1X (TBS supple-
mented with 0.1% Tween 20) for 1 h at room tem-
perature.

Target proteins were determined by overnight
incubation at 4 °C in 5% dry milk in TBSt with a
1:1000 dilution with rabbit polyclonal antibodies
against citrate synthetase (cat. no. ab96600, abcam,
UK), with rabbit polyclonal antibodies against hex-
okinase (cat. no. ab227198, abcam, UK), and a cock-
tail with antibodies Total OXPHOS Rodent WB (cat.
no. ab110413, abcam, UK), containing 5 mouse anti-
bodies, each against the subunits NDUFBS, SDHB,
UQCRC2,MTCOI1, and ATP5A. The sample was then
incubated with secondary antibodies conjugated with
horseradish peroxidase (anti-mouse, cat. no. 1706516,
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anti-rabbit, cat. no. 1706515, Bio-Rad, USA) for 1 h at
room temperature in 5% dry milk in TBSt.

Antigen — antibody complexes were visualized
using the ECL kit (SuperSigna West Dura, Thermo
Scientific, USA) and gel documentation systems
(ChemiDoc - It 2, UVP, UK). The densitometric anal-
ysis was performed using the Imagel software. The
Western blotting data were presented in relative units
compared to the standard sample (the same sample
was present on all blots). The values of the standard
sample were taken as 100%.

The data were presented as the mean and the error
of the mean (M + m). After checking the normality
of data distribution using the Kolmogorov — Smirnov
test, the results were analyzed using the two-way Kru-
skal — Wallis analysis of variance. Statistical process-
ing of the results was carried out using the GraphPad
Prism application package.

RESULTS

Figure 1 shows the dynamics of the body weight in
the mice during the experiment. Already starting from
week 4, a statistically significant increase in the body
weight was observed in the mice receiving a high-fat
diet (» <0.05). The average body weight of the animals
receiving a high-fat diet was 35.2 + 2.0 g, and the av-
erage body weight of the animals receiving a standard
diet was 32.7 = 1.3 g. At week 12, the differences be-
tween the high-fat diet group (body weight 44.3 £2.6 g)
and the standard diet group (32.2 £ 1.2 g) increased.
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+««@++ Dark cycle = @== Alternating cycles

Fig. 1. Changes in the body weight of mice during the experiment: a — high-fat diet group; b — standard diet group. Here and in Fig.
2,3, M+ m, n=6.*— statistically significant differences with the values at week 1 (p < 0.05), # — statistically significant differences
with the group without physical exercises (p < 0.05)
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Starting from week 12, both groups were divided adipose tissue of the mice. The results are presented
into 4 subgroups, in which the animals were exposed as a percentage of the control sample. As can be seen
to physical activity at different times of the day (light from the presented results, the content of citrate syn-
cycle, dark cycle, alternating cycles). At week 16 (fi- thase in brown adipose tissue did not depend on the
nal) of the experiment, we observed that in the high- type of nutrition and increased slightly only when

fat diet group (45.6 = 4.5 g) and standard diet group forced treadmill running was used during a phase shift

(32.8 £ 2.4 g), the difference in the body weight re- in the circadian rhythm (Fig. 3, ).

mained statistically significant (p < 0.05). ATP5A concentrations (Fig. 3, ) were reduced
In the group receiving a fat diet, statistically sig- in the high-fat diet group compared to the standard

nificant differences (p < 0.05) in the body weight diet group. Physical exercise in the high-fat diet group

compared to the control group were observed in all helped increase the content of this protein; the effect
3 subgroups exposed to physical activity. The most of evening exercise and training in the alternating
effective was alternating exposure to physical activity regimen was more pronounced. In the standard diet
(39.2 £ 4.4 g). In this group, the body weight was 1.2 group, on the contrary, physical exercise led to a de-
times lower than in the control group. crease in the content of this protein.

Figure 2 shows the amount of abdominal white ad- MTCOI concentration (Fig. 3, ¢) was significantly
ipose tissue and brown adipose tissue in the mice after reduced in the mice fed with a high-fat diet compared
completion of the experiment. The increase in the body to the standard diet group. Physical exercise in the
weight in the mice was largely due to an increase in the standard diet group increased the content of this pro-
amount of white adipose tissue, but the content of brown tein if applied in the alternating regimen.
adipose tissue in the body also increased significantly. It The concentration of SD HB (Fig. 3, d) in the
is important to note that forced physical exercise, while high-fat diet group decreased slightly compared
causing a decrease in the amount of white adipose tis- to the standard diet group. Physical activity in the
sue in all subgroups, had a much weaker effect on the high-fat diet group increased the content of this pro-
content of brown adipose tissue. Only physical activity tein. The effect of exercise was more pronounced
performed with a phase shift in the circadian rhythm during the dark cycle and alternating cycles. In
helped reduce the amount of brown fat by half. the mice fed with a standard diet, on the contrary,

Figure 3 shows the results of determining the con- physical exercise led to a decrease in the content of
tent of citrate synthase and OXFOS proteins in brown this protein.
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Fig. 2. Mass of white and brown adipose tissue in mice at 16 weeks of the experiment: light columns — high-fat diet group; dark
columns — standard diet group. Here and in Fig. 3: * — statistically significant differences with the standard diet group (p < 0.05),
# — statistically significant differences with the control group (p < 0.05).
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Fig. 3. Content of citrate synthase and OXFOS proteins in brown adipose tissue of mice: llght columns — high-fat diet group, dark
columns — standard diet group. Citrate synthase (a), ATP5A (b), MTCOL (c), SD HB (d), UQCRC2 (e¢), NDUFBS (/)

The concentration of UQCRC?2 (Fig. 3, e) was re-
duced in the high-fat diet group compared to the stan-
dard diet group. Exercise in the high-fat diet group re-
sulted in a significant a decrease when applied during
the light or dark cycle, and in an increase when applied
during the alternating cycles. In the mice fed with a
standard diet, physical exercise led to similar, but less
pronounced changes.

The concentration of NDUFBS (Fig. 3, f) was re-
duced in the high-fat diet group compared to the stan-
dard diet group. Physical exercise in the high-fat diet
group increased the content of this protein, especially
if used in the alternating regimen. In the mice fed with
a standard diet, on the contrary, physical exercise led
to a decrease in the content of this protein.

DISCUSSION

The results obtained indicate that the use of a high-
fat diet in mice leads to the increase in body weight
and development of obesity (body weight was more
than 25% greater than in the control group). Forced
physical exercise in the form of daily treadmill run-
ning has a pronounced effect on metabolism in mice
with a model of type II diabetes mellitus. First of all,
this manifested itself by a decrease in the body weight
of the animals and depended on the time of the day
when the exercise was performed. Both gain and loss
of body weight mainly occurred due to changes in the

amount of white abdominal fat; the content of brown
fat changed to a lesser extent.

At the same time, significant metabolic changes
were observed in brown adipose tissue. Modeling type
II diabetes mellitus was accompanied by a decrease
in the content of all oxidative phosphorylation system
(OXPHOS) components. The content of MTCO1 and
NDUFBS decreased to the greatest extent. Apparent-
ly, during the formation of a model of type II diabetes
mellitus in mice, there was a decrease in the metabolic
efficiency of brown adipose tissue, which was partially
compensated by an increase in its content in the body.

The effects of exercise on brown fat levels have
been somewhat controversial. According to the lit-
erature, regular physical activity helps increase the
amount of brown fat in the body [13]. Thus, healthy
young men who exercised daily for 12 weeks had
more active brown fat than those who did not exercise
[14]. We observed similar results in the mice with-
out metabolic disorders fed with a standard diet — they
showed an increase in the brown fat content after reg-
ular forced physical activity. However, in the mice
with a model of type II diabetes mellitus, we observed
the opposite effect — the content of brown fat in the
body decreased with regular physical activity. This
may be due to the fact that in these animals, during the
development of pathology, the content of brown fat
increased fivefold.
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However, a decrease in the content of brown
fat after exercise in the mice with a model of type
II diabetes mellitus was accompanied by an increase
in the content of most OXPHOS components; in
some cases, their values even exceeded the base-
line ones. The latter is typical of exercise applied in
the alternating regimen — when the time of exercise
performance periodically changes. Similar changes
were observed for citrate synthase. Apparently, in
metabolic disorders, the effects of physical activi-
ty can be realized not by increasing the amount of
brown adipose tissue, but by improving its metabolic
efficiency.

As mentioned above, promoting brown fat storage
may improve glucose management and reduce the risk
of diabetic complications [15]. Apparently, metabolic
changes in brown adipose tissue may serve as some of
the mechanisms for preventive and predictive effects
of physical activity in T2DM.

CONCLUSION

The results obtained allow to draw several impor-
tant conclusions.

Firstly, the development of diabetic disorders
in experimental animals is accompanied by an
increase in the amount of both white and brown
adipose tissue. However, in brown adipose tissue,
the content of all oxidative phosphorylation system
components decreases. The content of MTCOI
and NDUFBS8 decreases to the greatest extent.
Apparently, during the formation of a model of type
II diabetes mellitus in mice, there is a decrease in the
metabolic efficiency of brown adipose tissue, which
is partially compensated by an increase in its content
in the body.

Secondly, regular physical exercise in mice with
a model of type II diabetes mellitus, in contrast to
healthy animals, helps reduce the content of brown
adipose tissue. At the same time, the content of most
OXPHOS components in brown fat increases, in
some cases even above the baseline values. The latter
is typical of exercise performed in the alternating
regimen, when the time of exercise performance
periodically changes. Similar changes are observed
for citrate synthase.

The results obtained suggest that metabolic chang-
es in brown adipose tissue may serve as some of the
mechanisms for the preventive and predictive effects
of physical activity in type II diabetes mellitus.
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Neutrophil extracellular traps in the anti-infectious defense

of human organism
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Titova E.G., Rogozhina L.S.
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1, Ostrovityanova Str., Moscow, 117997, Russian Federation

ABSTRACT

Background. Neutrophil extracellular traps (NETs) are net-like structures that have been investigated in
inflammatory diseases. However, the presence of NETs in infected persons without clinical symptoms has not been
yet studied.

Aim. To reveal NETs in healthy persons during and after the HIN1 influenza pandemic as well as to study the
functional activity of NETs.

Materials and methods. The study included two groups of volunteers (#n = 10 in each group) aged 20-25 years.
The first group of volunteers was examined in the absence of acute diseases during one month before the study
and in the absence of chronic diseases in the medical history. Volunteers of the second group were in contact with
patients with influenza, but did not get sick. The comparative study also included patients with acute inflammation
in the abdominal cavity (appendicitis, cholecystitis, abscess; 12 patients) and 9 patients with non-specific ulcerative
colitis. Neutrophils were isolated from the blood by the traditional method of Ficoll density centrifugation. The
number, morphology, and functional activity of NETs were determined (by capture of Klebsiella pneumoniae).
SYBR Green I-based fluorescence microscopy was used to visualize and quantify NETs.

Results. In healthy volunteers who were not in contact with infected patients, spontaneous NETs formation did
not occur. Neutrophils of persons who were in contact with infected patients spontaneously formed NETs. In
this case the number of NETs reached 8.58 + 0.51%, and the size of NETs amounted to 39.68 + 3.52 um. NETs
effectively captured cells of the tested microorganism, which was accompanied by retraction of network fibers
and transformation of the network structure into a cloud-like one, which retained 89.38 + 5.86 microbial cells. For
comparison, the NETs in patients with acute inflammation in the abdominal cavity captured and bound 20.2 + 1 .67
microbial cells and with non-specific ulcerative colitis — 5.53 + 0.34 cells.

Conclusion. High binding capacity of NETs is a factor contributing to effective defense of the body against the
development of an infectious disease with manifested clinical symptoms.

Keywords: functional activity of NETs, neutrophil extracellular traps, cloud-like appearance, healthy volunteers,
HIN1 influenza, Klebsiella pneumoniae, inflammatory diseases
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MpoTuBonH$peKUMOHHaAA 3alWUTa OpraHn3Ma YenoBeKa

C yyactTnem HemTpoPubHbIX ceTen

Kasumunpckun A.H., Canmacm XK.M., Nopaaun I'.B., MaHnHa M.U., CtynuH B.A., Kum A.3,,

TutoBa E.l'., Poroxuna J1.C.

Poccuiickuil nayuonanvuwiil uccredosamenvekuii meouyunckuil ynusepcumem (PHUMY) um. H U. ITupozosa

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

PE3IOME

Beenenmne. HelitpodminbHsle sxcTpakierounsie JoBymkr (HOJI) B hopMme ceTeil Hcce0BaHbI IPH BOCTIATTUTENb-
HBIX 3a00seBaHusIX. [IpucyTcTBIE HEHTPOQMIBHEIX ceTel y HHQHUITMPOBAHHBIX JI0el 6e3 KIMHIIECKIX CHMIITO-
MOB HE U3YUCHO.

Heas. Bersenenne HOJ1 y Heboneromux moaeit B neprox manaemun rpurna HIN1 u BHe 3TOTO eprofa, a Takke
nccnenoBanne GyHKINOHANBHOM akTuBHOCTH HDJIL.

IManuenTsl 1 MeToabl. J[Be rpymnmsl BojoHTepoB (1o 10 genoBek) B Bo3zpacte 20-25 ner. IlepBas rpymmna no-
OpOBOJIBIEB 00CIEJ0BaHA B CIIOKOWHBIH AMNAEMHUOJIOTHYSCKUIl TEPHOJ, IPU OTCYTCTBHUHU OCTPBIX 3a00JIeBaHuii B
TeueHue 1 Mec 10 UCCIeN0BaHHUA U XPOHHYECKUX 3a00JeBaHMil B aHaMHe3e. BononTeps! 2-i rpynmnel KOHTaKTH-
poBaiu ¢ OOJILHBIMU TPUIIIIOM, HO IIPU 3TOM He 3a0oieBanu. B uccienoBanue Takxe ObUIM BKIIOYEHBI OOJIbHBIC
(12 4enoBek) ¢ OCTPbIM BOCHAJICHHEM B OPIOIIHOI MOJOCTH (AINEHIULUT, XOJICUHUCTHUT, abcuecc) U 9 — ¢ He-
crienu(pUUECKUM SI3BEHHBIM KOJIUTOM. HelTpoduiib! BbIIEIANN U3 KPOBH TPAAULIMOHHBIM METOJIOM Ha TPaJIHEHTE
¢uxomta. Onpenessiia KOauIecTBo, Mopgosoruio U GyHkiroHansHyto aktuBHocTs HDJI (o 3axBaty Klebsiella
pneumoniae). 1ns Busyanuzauuu u noacyera HOJI ucnonb3oBanu (ryopecieHTHYI0 MUKPOCKOIHUIO C KpacuTelIeM
SYBR Green.

Pe3yabTaThl. Y 310pOBBIX BOJOHTEPOB, HE KOHTAKTUPOBABIIMX C OOJIBHBIMH, CIIOHTAHHOTO (opmupoBanus HIJI
He BO3HHKaN0. HelTpoduitbl ke T0OpOBOIIBIIEB, KOHTAKTUPOBABIIHX C OOJBHBIMU, CIIOHTAHHO ()OPMUPOBAITH HE-
tpodunsHbie cet. Kommyecteo HOJI y Hux nocturano 8,58 + 0,51%, a pasmepst HOJI — 39,68 + 3,52 mxm. HDJI
3 PEKTUBHO 3aXBATHIBAIN KJIIETKH TECTOBOIO MUKPOOPTaHU3Ma, YTO COMPOBOKIAIOCH PETPAKIHEH BOJIOKOH CETH
U mpeo0pa3oBaHUEM CETEBUIHON CTPYKTYPHI B ByajeoOpasHyro, koTtopas yaep:xkusaeT 89,38 £+ 5,86 MUKPOOHBIX
KIEeTOK. J{J1sl CpaBHEHUS: HEUTPpOPHIbHAS CETh OOJFHBIX C OCTPBHIM BOCTIATIEHHEM OPIOIITHOM MOJIOCTH 3aXBAaTHIBACT
u cBs3biBaet 20,2 + 1,67 MUKPOOHBIX KJIETOK, PU HECTIEUPHUIECKOM SI3BEHHOM Kojute — 5,53 £ 0,34,

3akurouenne. Bricokasi cBs3bIBarOMIas ClIoCOOHOCTh HEUTPOPHIIBHBIX ceTel sBisieTcs (hakTopoM 3P eKTUBHOM
3aIUTHI OT Pa3BUTHS HHOEKLIHOHHOTO 3a00J1eBaHus ¢ MaHU(ecTaleil KITHHIYECKUX CHMITOMOB.

KiroueBble cioBa: QyHKIMOHAIbHAS aKTUBHOCTh HEHUTPODMIBHBIX ceTel, HEUTPO(HUIbHbIE SKCTPAKIETOYHbIC
JIOBYIIKH, ByaneoOpasHas popma, He Oonerouue BonoHTepsl, rpunt HIN1, Klebsiella pneumoniae, Bocianurenb-
HbIe 3200JIeBaHUs

KOHq).]Il/lKT HHTEPECOB. ABTOpBI JACKIIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6JII/IKaIII/Ieﬁ Hac*rosnueﬁ CTaTbHu.

Hcrounnk ¢punancupoBaHUs. ABTODHI 3asBISIOT 00 OTCYTCTBUM (PMHAHCHPOBAHMS P IPOBEICHUH HCCIIE0-
BaHMSI.

CooTBeTcTBHE NPUHIUIAM 3THKH. Bee y4acTHUKM HCClIeJOBaHUS TTOANUCATH JOOPOBOIbHOE HHOPMUPOBaH-
Hoe cornacue. MccnenoBanue onodpeno studeckum komureroM PHUMY um. H.U. TTuporosa (mpotoxon Ne 203
or 21.12.2021).

Jast uurupoBanusi: Kasumupcekuii A.H., Canmacu XK.M., [opsiaun I'.B., [Tanuna M.U., Ctynun B.A., Kum A.3.,

Turosa E.I'., Poroxuna JI.C. [IpoTHBOMH(EKIIMOHHAs 3al[UTa OPraHU3Ma YeJIOBeKa C y4acTHEM HEHTPOPHIbHBIX
cetel. broanemens cubupcrou meduyunwt. 2024;23(1):56—63. https://doi.org/10.20538/1682-0363-2024-1-56-63.

INTRODUCTION

Neutrophils form neutrophil extracellular traps
(NETs) as a body defense mechanism against patho-
gens. In previous studies on responses of cells of in-
nate immunity (neutrophils) to viral infections (han-
taviruses, adenoviruses, human immunodeficiency

virus, influenza viruses), data were obtained on the
formation of NETSs in patients with various acute viral
diseases [1-3]. At the same time, researchers found
that excessive formation of NETs is dangerous, as it
can cause tissue damage and lead to complications of
the underlying disease [3—6]. The role of neutrophils
in viral infection has its own particular features, and
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the threshold at which protective functions are sur-
passed by damage mechanisms, including immuno-
pathological ones, is still quite unclear.

Recent studies have established that influenza vi-
ruses are capable of inducing the formation of NETs
in the blood of healthy donors in vitro [7, 8]. At the
same time, it was found that the formation of NETSs
in the form of net-like structures, as a response of in-
nate immunity cells contributing to the fight against
acute viral infection, is accompanied by a pronounced
antiviral effect that helps control the virus at the sys-
temic level [9]. It is generally accepted that NETs are
absent in the blood of healthy people and are found
only during inflammation. NETs have been described
in detail, but their presence in the body of people with-
out clinical manifestations of the disease is unknown.
There is no exact data on the presence of NETSs in the
peripheral blood of people who are in contact with in-
fected individuals but do not become ill. In addition,
the mechanisms underlying the formation of NETs are
still unclear.

Most researchers are not aware of wvarious
morphological forms of NETs; their functional activity
has not been studied. One approach to elucidating
these issues is to determine the content of NETsS,
their morphological structure, and functional activity
in people who do not become ill during and after an
influenza pandemic.

Th aim of the study was to reveal NETs in healthy
persons during and after the HIN1 influenza pandemic
as well as to study the functional activity of NETs.

MATERIALS AND METHODS

The study included two groups of volunteers (n =
10 in each group) aged 20-25 years. The inclusion cri-
terion was the absence of acute diseases at the time of
the study and chronic diseases in the medical history.
The exclusion criterion was acute infectious diseases
within a month before the day of the study.

Volunteers of the first group were examined in
May — June 2022. During this period, the lowest
morbidity rates for influenza and COVID-19 were
recorded. Members of this group had no contact with
people suffering from acute respiratory diseases.

Volunteers of the second group were examined
in December 2022. During this period, the epidemic
threshold for HINI1 influenza was exceeded in
children and adults. Moreover, the volunteers of the
second group during the month preceding the study
were in constant contact with HIN1 influenza patients
but did not get sick themselves.

The study also included patients treated in Mos-
cow clinical hospital No. 51. Patients of the first group
(n = 12) were hospitalized with acute inflammation in
the abdominal cavity (acute appendicitis, acute chole-
cystitis, abscess). Patients of the second group (n = 9)
were diagnosed with non-specific ulcerative colitis.

The blood test was carried out at the Department
of Pathophysiology and Clinical Pathophysiology
of Pirogov Russian National Research Medical
University. All procedures were performed in
accordance with the ethical standards of the WMA
Declaration of Helsinki (as amended in 2004) and
the patient’s written informed consent. The study was
approved by the Ethics Committee at Pirogov Russian
National Research Medical University (Protocol No.
203 of 21.12.2021).

Determining NETs content. Obtaining cell frac-
tions of neutrophils. The Vacutainer EDTA blood
collection tubes were used to sample blood from vo-
lunteers to prevent clotting. Isolation of neutrophils
from the EDTA-treated venous blood was performed
by Ficoll density gradient centrifugation. To do this,
the blood was diluted 4 times with sodium phosphate
buffer solution, pH 7.4, and layered on the Ficoll —
Hypaque density gradient. The top layer density was
1.077 g / cm?, and the density of the bottom layer
was 1.190 g / cm®. After centrifugation (1,600 rpm,
30 min), neutrophils accumulated at the interface be-
tween the gradients (98—100% purity). Neutrophils
were twice washed with sodium phosphate buffer
(50 mM, pH 7.4) to remove Ficoll impurities. Sedi-
mentation of blood cells was performed by centrifu-
gation (1.200 rpm, 15 min). The isolated neutrophils
in the RPMI-1640 medium were used for cell culture
experiments. The viability of the isolated neutrophils
was 95 % (test with 0.1% trypan blue solution).

Immunofluorescence detection of NETs. Fluores-
cence microscopy was used for detection and quanti-
fication of NETs [10]. The results were expressed as
a percentage, as the ratio of the number of NETs to
the total number of cells in the field of view. NETs
were detected using the SYBR Green I fluorescent dye
(Evrogen, Russia), which is able to bind specifically
to double-stranded DNA. Microscopy, quantification,
and photo registration of cells and extracellular struc-
tures were performed at x1,000 magnification.

Capture of the test microorganism. The functio-
nal activity of NETs was determined using the test for
capturing Klebsiella pneumoniae (ATCC 700603). To
do this, the microbial culture of Klebsiella pneumoniae
in the RPMI-1640 medium at a concentration of
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103/ pl was added to neutrophils immobilized on the
poly-L-lysine-coated glass slides. Net-like structures
captured the test microorganism in accordance with
the potential functional activity of NETs. After
staining (SYBR Green, 15 min) and removing excess
dye during microscopy, the number of Klebsiella
pneumoniae cells associated with each NET was
determined.

The STATISTICA 12.0 software package (StatSoft
Ink., USA) was used for statistical data processing.
The results were reported as the mean and the standard
error of the mean (M =+m). Comparison of quantitative
variables was performed using the Mann — Whitney
U-test and the Kruskal — Wallis test. The differences
were considered statistically significant at p < 0.05.

RESULTS

Quantitative and qualitative characteristics of
NETs were determined in in vitro research. We deter-
mined variants of their morphological structure, quan-
tity, size, and functional activity (in the test with the
capture of Klebsiella pneumoniae).

The results of the study in two groups of volun-
teers (those who had no contact with infected people
(Group 1) and those who had contact with infected
people, but did not have clinical signs of the disease
(Group 2)), are shown in Table.

Table

Results of the study of NETs in healthy volunteers, M + m
Parameters of NETs

Characteristics of th Morp - .
aracgri;i;: o gica(l) stillf;t(ilre umber of | Size of
0,
of NETs NETs, % | NETs, um

Volunteers who had no
contact with infected - 0.00 0.00
patients, n =10

Volunteers who contacted
with infected patients and
did not get sick, n =10

net-like 8.58 £ 39.68 +
structure 0.51%* 3.52%

* p <0.05 compared to the controls

In healthy volunteers who had no contacts with in-
fected people and were examined not during the pan-
demic (Group 1), spontaneous formation of net-like
NETs did not occur. The neutrophils of the volunteers
from Group 1 were presented as classic mature seg-
mented granulocytes (Fig. 1).

In healthy volunteers who contacted with infected
people (Group 2), the results were different. In this
case, neutrophils spontaneously formed net-like traps
(Fig. 2, 3). The number of neutrophil extracellular
traps was 8.58 = 0.51%, and the size of NETs

amounted to 39.68 = 3.52 um. Neutrophils in this
group spontaneously formed net-like structures

without any additional stimulation. Consequently,
volunteers who had contacts with infected patients
were infected themselves, and their neutrophils were
previously activated.

Fig. 1. Neutrophils of healthy people who had no contact with
infected patients. Staining with CYBR Green I, x1,000.

Fig. 2. NETs of people who had been in contact with infected
patients but did not get sick: incubation time 1 hour. Staining
with CYBR Green I, x1,000.

Fig. 3. NETs of people who had been in contact with infected
patients but did not get sick: incubation time 1 hour. Staining
with CYBR Green I, x1,000.
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In the next series of experiments, the functional
activity of the NETs found in the healthy volunteers
who had contacts with infected patients (Group 2) was
determined in the test with the capture of Klebsiella
pneumoniae (ATCC 700603).

Neutrophils of the volunteers from Group 2 were
added to the cells of the test microorganism Klebsiel-
la pneumoniae placed on the glass slides (Fig. 4).
The neutrophils of the disease-free volunteers
who were examined during an unfavorable
epidemiological period formed NETs (Fig. 2, 3)
and captured the cells of the test microorganism. It
was accompanied by retraction of network fibers
and transformation of the net-like structure into a

cloud-like one. Moreover, the size of the newly
formed cloud-like traps, together with the captured
cells of Klebsiella pneumoniae, became 2-3 times
smaller than the size of the original net-like traps
(Fig. 6). Our observations show that the capture of
the test microorganism cells was very effective. An
extensive array of Klebsiella pneumoniae cells was
almost completely cleared of this pathogen, and all
microorganisms were trapped inside the cloud-like
structures (Fig. 4). Each cloud-like structure that
originated from the net-like NET of the volunteers
who were not ill but had contacts with infected people
captured and retained 89.38 + 5.86 cells of Klebsiella
pneumoniae (Fig. 5).

Fig. 4. Cells of Klebsiella pneumoniae (ATCC 700603) placed on glass slides. Staining with CYBR Green I, x1,000

Fig. 5. Net-like NETs effectively capture and bind Klebsiella pneumoniae cells and turn into cloud-like structures. Incubation time
of NETs with Klebsiella pneumoniae cells is 2 hours. Staining with CYBR Green I, x1,000
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For comparison, the functional activity of neu-
trophils in the disease-free volunteers was compared
with the results obtained in the test with the capture
of Klebsiella pneumoniae in two other groups of
patients. We studied the capture and binding of test
microorganism cells by NETs in patients with acute
infection and inflammation in the abdominal cavity
(acute appendicitis, acute cholecystitis, abscess) and
in patients with non-specific ulcerative colitis.

The functional activity of NETs in patients with
acute infection and inflammation in the abdominal
cavity was reduced. Each NET in such patients cap-
tured and bound 20.2 + 1.67 microbial cells. The bind-
ing capacity decreased by more than 4 times compared
to clinically healthy, disease-free volunteers (Fig. 6).

The study of the capturing and binding capaci-
ty of NETs the in patients with ulcerative colitis
revealed a very weak functional activity of NETs
in this group of patients. The number of Klebsiella
pneumoniae microorganisms captured by NETs in
patients with ulcerative colitis was only 5.53 = 0.34
microbial bodies. Thus, the results of the compara-
tive study of cell binding capacity in relation to the
test microorganism (Fig. 7) showed that NETSs in the
healthy volunteers who had contacts with infected
patients had the highest binding capacity. High bind-
ing capacity of NETs in such patients, apparently,
was a factor in their effective protection from the
development of the infection with manifestation of
clinical symptoms.

Fig. 6. Weakening of pathogen binding in patients with acute inflammation in the abdominal cavity. Net-like NETs of patients with
inflammation in the abdominal cavity capture and bind Klebsiella pneumoniae cells and turn into cloud-like structures. Incubation
time of NETs with Klebsiella pneumoniae cells is 2 hours. Staining with CYBR Green I, x1,000
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Fig. 7. Capture and binding of the Klebsiella pneumoniae pathogen by NETs in healthy people and in patients with various

inflammatory diseases: on the vertical axis — the number of microbial bodies captured by one neutrophil structure, on the horizontal

axis — healthy volunteers who had contact with infected patients (1); patients with acute inflammation in the abdominal cavity (2);
patients with non-specific ulcerative colitis (3)
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NETs in the patients with acute infection and
inflammation in the abdominal cavity (appendicitis,
cholecystitis, abscess) had a reduced capturing and
binding capacity; however, it still remained at a
fairly high level. The transformation of the net-like
NETs into cloud-like structures in such patients was
accompanied by weakening of their binding capacity
in relation to the cells of the test microorganism.

NETs in the patients with ulcerative colitis had the
lowest ability to bind pathogen cells. The weakening of
the capturing and binding capacity of NETSs in patients
with this chronic autoimmune disease indicates reduced
functional activity of NETs and, apparently, underlies
comorbidity in patients with ulcerative colitis.

CONCLUSION

Obtaining  detailed information about the
morphological variants of NETs is based on the
adequate method for their visualization, which we
described earlier [10]. The results of the in vitro study
demonstrateB the structure of NETs and changes in
their morphology during the response of neutrophils
to the pathogen, which indicates the crucial role of
these innate immunity cells in the body defense against
infection.

The results obtained showed that the group of
disease-free volunteers who were in contact with
infected people were protected from infection due to the
effective work of the neutrophil link of innate immunity.
Their neutrophils were already pre-activated, as they
were able to spontaneously form NETs. Net-like traps
very effectively captured pathogen cells, developed
fiber retraction, and turned into compact cloud-like
structures. Then these structures naturally underwent
phagocytosis; intracellular hydrolysis developed, and
antigen presentation occurred. From this moment, the
adaptive immunity response began.

Inthe patients with acute infection and inflammation
in the abdominal cavity (appendicitis, cholecystitis,
abscess), the experiment confirmed weakening of the
capturing and binding capacity of NETs, which in the
clinical setting can increase the risk of developing
complications of the underlying disease.

The functional activity of NETs was drastically
weakened in the patients with ulcerative colitis, which
explains increased sensitivity to infection and high
comorbidity in these patients.

The results of the study show that body defense
against infection with the participation of innate

immunity cells consists in the effective capture
and binding of the pathogen. Weakening of the
binding capacity of NETSs carries a potential risk of
complications.

The authors draw attention to the fact that this is
the first study devoted to the study of the functional
activity of NETs in the human body.
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Association of polymorphic loci of the GSS gene with the risk
of acute biliary pancreatitis

Samgina T.A.', Kochetova L.V.?
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3, Karla Marksa Str., Kursk, 305041, Russian Federation

? Krasnoyarsk State Medical University
1, Partizana Zheleznyaka Str., Krasnoyarsk, 660022, Russian Federation

ABSTRACT

Aim. To investigate the role of single nucleotide polymorphisms (SNPs) rs13041792, rs1801310, and rs6088660 in
the GSS gene and environmental factors in the development of acute biliary pancreatitis (ABP) and its complications.

Materials and methods. The material for the study was blood samples obtained from 84 patients with ABP and
573 healthy individuals. Both groups were comparable in terms of gender and age. To diagnose ABP, we used the
clinical guidelines recommended by the working group of the Russian Society of Surgeons. DNA was isolated by
phenol / chloroform extraction. Multiplex genotyping of SNPs was performed by the iPLEX assay on the MALDI-
TOF MassARRAY -4 genetic analyzer. Statistical data processing was performed using Statistica 10 and SNPStats
software.

Results. We found that insufficient consumption of fresh vegetables and fruits increased the probability of ABP in
carriers of genotypes G/A-A/A atrs1801310 in GSS (p = 0.02). The analysis revealed the association of the T allele
at rs6088660 with the odds for developing acute pancreatitis (p = 0.007) and digestive fistulas (p = 0.02). A high
probability of death was associated with rs1801310 (G/A genotype, p = 0.002) and rs6088660 (C/T genotype, p =
0.01) in the GSS gene.

Conclusion. SNPs rs6088660 and rs1801310 in the GSS gene can be used to predict the course of ABP.
Keywords: acute biliary pancreatitis, rs13041792, rs1801310, rs6088660 in the GSS gene
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Accouymaumna BapnaHTOB HYKNeOoTUAHON NociefoBaTeNbHOCTU reHa GSS
C PUCKOM Pa3BUTUA OCTPOro 6unmnapHoro naHkpearura

CamruHa T.A.', KouetoBa J1.B.?

I Kypcruti 2ocyoapemeennuiii meouyunckuil ynugepcumem (KI'MY)

Poccus, 305041, Kypcx, ya. K. Mapkca, 3

2 Kpacrospckuil 2ocyoapcmeennblit meouyunckuti ynusepcumem (Kpacl' MY) um. npogp. B.®@. Bouino-fceneyrozo

Poccus, 660022, Kpacnospck, yn. Ilapmuzana Kenesnsxa, 1

PE3IOME

Hesnb: uccrenoBats BKJa BApHaHTOB HYKJICOTHIHOHN mocnenoBateabHOCTH 1513041792, rs1801310 u rs6088660
resa GSS ¥ HEKOTOPBIX CPEOBBIX (PAKTOPOB B pa3BUTHE ocTporo OmnuapHoro nankpearuta (OBII) u ero ocnox-
HEHUM.

Marepuansl u Metoabl. Ot 84 manuenTtoB ¢ OBII u 573 310pOBBIX UHIUBHIOB OBUIH MOTYYEHBI 00pa3Ibl KPO-
BHU Juis BeIneneHus reHoMuoi JIHK. O0e rpynmbl GbUTH COMOCTAaBUMEI TIO MO W BO3pacTy. JlmarHocTuky 3a60-
JIeBaHMs TIPOBOAMIIN C HCIIONB30BaHUEM KIMHHYECKUX peKOMeHIauuii, pazpabotaHHbIX padoyeit rpymmoii Poc-
cuiickoro obmectBa xupypros. I'enomuyto THK Beimensm craHAapTHBIM METOAOM (PEHOIBHO-XJIOPOPOPMHON
9KCTpakimu. MynbTUILICKCHOEe TeHoTumupoBanue SNPs mpoBoaunu no texnonoruu iPLEX Ha reHetmueckom
ananmuzarope MALDI-TOF MassARRAY-4. Ctatuctudeckyro o0pabOTKy JaHHBIX OCYIIECTBIISUTH C UCTIONB30Ba-
HHeM IporpaMmsl Statistica 10, SNPStats.

Pe3yabTaThl. YCTaHOBICHO, YTO HEOCTATOYHOE YIOTPEOICHHE CBEXKUX OBOLICH U (DPYKTOB TTOBBIIIACT PUCK Pa3-
Butus OBI1 y Hocuteneii rerotuioB G/A-A/A 151801310 GSS (p = 0,02). [IpoBeneHHBIN aHAIN3 YCTaHOBMII aCCO-
nuanuio amrens T rs6088660 ¢ BeposSTHOCTBIO pa3BUTHS THOHHOTO napanankpeatuta (p = 0,007) U TUTeCTUBHBIX
cueii (p = 0,02). Beicokast BeposSTHOCTb CMEPTEIBHOTO HCX0/1a ObliTa cBsizaHa ¢ HocuTenbcTBOM SNPs rs1801310
(rerorun G/A, p = 0,002) 1 rs6088660 (renotun C/T, p =0,01) rena GSS.

3axinioueHue. BapuanTel HykieoTuaHoU nocaenosatenbHocTd 1s6088660 u rs1801310 rena GSS MOXKHO UCTIONB-
30BaTh AJIs MporHo3upoBanus Tedenus ObII.

KiroueBsle cjioBa: ocTpelii OnnnapHbiil maHkpeaTut, rs13041792, rs1801310 u rs6088660 rena GSS

KongaukTt untepecoB. ABTOpHI IEKIAPUPYIOT OTCYTCTBUE SBHBIX U MOTCHIHAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOJIMKanyel HacTOsIIEeH CTaTbH.

HcTounuk ¢puHaHCHpOBaHMS. ABTODHI 3asBISIOT 00 OTCYTCTBUH (\HHAHCHPOBAHUS IIPU IPOBEICHUH HUCCIENO-
BaHMSI.

CooTBeTcTBHE NPUHIUINAM 3THKH. Bee nuia, y4acTByomine B UCCIIEI0BaHNUH, MTOANNCATA HHPOPMUPOBaHHOE
corjacie Ha ydyacTHe B HcClienoBaHuH. cciaenoBaHue 0Z00peHO PernoHaIbHBIM ITHUYECKUM KOMHUTETOM IpH
KI'MYV (nporoxon Ne 3 ot 11.03.2013).

Jnsa uutupoBanus: Camruna T.A., KoueroBa JI.B. Acconmanus BapHaHTOB HYKJICOTHIHOW TOCIIEIOBATEIb-
HocTH TeHa GSS ¢ pHUCKOM Pa3BUTHA OCTPOTO OMIHMAPHOTO MaHKpeaTwuTa. brosnemens cubupcKol Meouyumbl.
2024;23(1):64—68. https://doi.org/10.20538/1682-0363-2024-1-64-68.

INTRODUCTION

Acute biliary pancreatitis (ABP) is a complication
of cholelithiasis which occurs following an impair-
ment of bile and pancreatic juice outflow. ABP is a
multifactorial disease taking place due to the interac-
tion of genetic and environmental factors. Most of the

research in the world is devoted to studying the role of
genes regulating the synthesis of pancreatic enzymes,
the kallikrein — kinin system, and cytokines, that play
the crucial the role in the pathogenesis of ABP [1-3].
Environmental risk factors include consumption of
fatty, fried, spicy foods that stimulate the exocrine
function of the pancreas, insufficient consumption of
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fresh vegetables and fruits rich in vitamins and anti-
oxidants, as well as alcohol abuse and smoking [4, 5].

Disturbances in redox homeostasis that develop in
ABP due to premature intraductal activation of pan-
creatic enzymes and hypertension lead to an increase
in the concentration of calcium ions in acinar cells.
It is this mechanism that serves as a link between the
activation of trypsinogen, nuclear factor kB (NF-kB),
the development of mitochondrial dysfunction, and
cell death [6].

The depletion of intracellular glutathione observed
at the onset of acute pancreatitis [7, 8] prompted us to
study the contribution of genes regulating glutathione
metabolism to the pathogenesis of ABP. Only a few
works on this issue are known in the literature [9].

The main enzyme for glutathione biosynthesis is
glutathione synthetase, which is expressed in the liver
and pancreas. No studies on its role in the develop-
ment of ABP and its complications have been con-
ducted in the world yet.

The aim of this study was to investigate the con-
tribution of single nucleotide polymorphisms (SNPs)
rs13041792, rs1801310. and rs6088660 in the GSS
gene and environmental factors to the risk of ABP and
its complications.

MATERIALS AND METHODS

We examined and treated 84 ethnically Russian
(self-identification) patients with ABP (24 women
and 60 men) who received inpatient treatment at the
surgery departments of hospitals in Kursk (clinical
sites of the Department of Surgical Diseases No. 2)
in 2015-2021. The material of the study was blood
samples obtained from 84 patients with ABP and
573 (161 women and 412 men) healthy individuals
who were selected following regular health check-
ups carried out during the same period. The mean
age of the patients was 48.9 = 13.1 years, the mean
age of healthy individuals was 47.8 + 12.1 years.
ABP was diagnosed wusing clinical guidelines
recommended by the working group of the Russian
Society of Surgeons [10]. All participants signed a
voluntary informed consent to participate in the study.
The study was approved by the regional Ethics
Committee at Kursk State Medical University
(Protocol No. 3 of 11.03.2013). All study participants
answered the questions of the questionnaire which
helped analyze the effect of environmental risk factors
on the disease [11].

Genomic DNA was isolated by the standard phe-
nol / chloroform extraction. Multiplex genotyping of

SNPs was performed by the iPLEX assay on the MAL-
DI-TOF MassARRAY-4 genetic analyzer (AgenaBio-
science, USA).

To compare categorical variables between the
groups, the ¢? test was used; to compare quantitative
variables, the Student’s #-test (for normally distributed
variables) and the Mann — Whitney test (for non-
normally distributed variables) were used. Since
the distribution of the studied quantitative blood
parameters was statistically significantly different
from the normal one (p < 0.05, Kolmogorov — Smirnov
test), these parameters were presented as the median
and the interquartile range. To assess the influence
of the studied SNPs on the normalized quantitative
parameters, the linear regression analysis was used.

Associations of alleles and genotypes with the
probability of developing the disease were assessed
by the odds ratio (OR). The OR and 95% confidence
interval (CI) were calculated by the logistic regression
analysis with adjustment for sex and age using the
SNPStats statistical package. To assess the associations
of DNA markers with clinical characteristics (clinical
forms, symptoms, nature of the course, severity of the
disease, treatment efficacy), we also used the logistic
regression analysis. Multiplicity adjustment of tests
was performed by the permutation test (Pperm) using
the PLINK program.

RESULTS

The genotype frequencies of the studied SNPs in
the GSS gene met the Hardy — Weinberg principles in
both study groups. We did not find associations of the
studied SNPs with ABP.

The analysis of the role of environmental risk
factors (alcohol abuse by frequency, volume, and
duration; smoking; the content of proteins, fats and
carbohydrates in the food consumed) in the risk of de-
veloping the disease found that insufficient consump-
tion of fresh vegetables (less than 27 g/ day) increased
the risk of ABP in carriers of G/A-A/A at rs1801310
in the GSS gene (Table 1). Only statistically signifi-
cant results are presented.

The analysis of the effect of SNPs on laboratory
parameters, such as the level of amylase, oxidized
glutathione, and blood leukocytes, established an
association of rs1801310 in GSS with leukocytosis
(Table 2).

The study also found that the frequency of the GG
(rs1801310) GSS genotype was the lowest in patients
with severe acute pancreatitis (p = 0.01) compared to
mild and moderate forms of the disease.
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Table 1
The influence of environmental factors on the development of acute biliary pancreatitis in carriers of the studied SNPs in the GSS gene
(rs1801310)
No risk factor Presence of a risk factor
Genotype T Patients with OR (95% CI)!, Healthy Patients with OR (95% CD)',
Healthy individuals ABP P individuals ABP P
G/G 61 (35.5) 13 (40.6) 0.74 (0.33-1.62) 13 (59.1) 16 (30.8)
4.12 (1.38-12.28) 0.02

G/A-A/A 111 (64.5) 19 (59.4) 0.6 9 (40.9) 36 (69.2) ( )

! 0dds ratio and 95% confidence interval of associations of SNPs with the likelihood of developing the disease;
2significance levels for the most significant genetic models of associations of SNPs with the likelihood of developing the disease.

Table 2
Associations of SNPs with quantitative parameters of the blood
in ABP patients
Parameter Me 01/03 I
GSS G>A 7.50 6.50/11.80
(rs1801310) 9.10 6.75/15.00 0.0005"
7.90 6.60/11.20

Note. D — dominant model.
*statistical significance of the association of SNP with normalized
blood parameters (linear regression analysis).

The analysis of the associations of SNPs in the GSS
gene with the likelihood of complications found that
T allele at rs6088660 (OR=1.62, 95%CI 1.14-2.29,
p =0.007) was associated with the development of puru-
lent acute pancreatitis and the formation of digestive fis-
tulas (allele T, OR=4.54, 95%CI 1.19-17.33, p = 0.02).

A high probability of death was observed in car-
riers of the G/A genotype at rs1801310 (OR=6.76,
95%CI 1.51-30.38, p = 0.002) and C/T genotype at
rs6088660 (OR=4.01,95%CI 1.24-13.04, p =0.01) in
the GSS gene.

DISCUSSION

Disturbances of redox homeostasis underlie many
acute and chronic diseases; therefore, the study of the
role of genes regulating glutathione metabolism en-
zymes is of great interest for researchers. When study-
ing the effect of rs1801310 in the GSS gene on the risk
of developing uterine fibroids, O.Yu. Bushueva et al.
found no association of the locus with the disease [12].
However, associations of rs1801310 and rs6088660 in
the GSS gene with the likelihood of ischemic stroke in
men and women have been established [13].

Yu.E. Azarova et al. in the study on type 2 diabetes
established an association of rs13041792 and rs6088660
in the GSS gene with changes in fasting blood glucose
in men, an association of rs6088660 in GSS with a de-
crease in hydrogen peroxide in women, as well as an
association of rs1801310 in GSS with a decrease in total
glutathione in women [14]. W. Tang et al. established

an association of rs13041792 in the GSS gene with the
level of protein C in the blood plasma [15].

The logistic regression analysis established cor-
relations between the expression of genes encoding
glutathione metabolism enzymes with each other and
with the genes encoding antioxidant enzymes (GPX2,
GSTPI). Their co-expression with candidate genes for
pancreatitis also attracts attention. GSS gene expres-
sion was positively associated with the level of GGT6
gene mRNA (r=10.283, p=0.0001). SNPs rs1801310
and rs6088660 were associated with increased tran-
scriptional activity of the GSS gene in the pancreas
(p = 0.01) and liver (p < 0.05). Numerous eQTLs as-
sociated with the expression of molecular chaperones
in the pancreas have been identified for SNPs of genes
encoding glutathione metabolism enzymes.

Allele A at rs13041792 in the GSS gene was as-
sociated with increased expression of the HSPEI
(p = 0.0056, p = 0.11), HSPAIA (p = 0.0032,
B = 0.16), HSPBPI (p = 0.0037, p = 0.15), HSPA4
(p =0.034, = 0.095), HSPHI (p = 0.026, = 0.12),
and DNAJAI (p=0.019, £=0.12) genes and decreased
expression of HSPA124 (p = 0.0019, g =-0.27). Al-
lele T at rs6088660 in GSS was associated with re-
duced expression of the chaperone genes HSPE!
(p = 0.030, p = —0.071), HSPAIA (p = 0.016,
p=-0.11), HSPAIB (p = 0.0019, p =—-0.13), HSPH1
(p = 0.021, p = —0.10), and DNAJBI (p = 0.022,
[ =-0.11). Allele G at rs1801310 in the GSS gene was
associated with an increase in mRNA of the HSPBI
gene (p = 0.023, f = 0.083). Allele G at rs1801310
was positively correlated with the expression level
of the CTSG gene (p = 0.048, f = 0.13). Allele G at
rs1801310 in the GSS gene was associated with in-
creased expression of AMY2A4 (p = 0.05, f = 0.075),
CTRL (p = 0.011, g = 0.081), PRSSI (p = 0.043,
S =0.046), and SPINKI (p = 0.032, = 0.096) genes.
Allele A atrs13041792 in GSS was associated with an
increase in the transcriptional activity of the SPINK/
gene (p = 0.032, £ =0.096). Allele T at rs6088660 in
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the GSS gene was associated with an increased level
of CPA3 gene expression (p = 0.035, f=-0.12).

CONCLUSION

In the course of the study, we found that insufficient
consumption of fresh vegetables and fruits increases
the likelihood of developing ABP in carriers of the
G/A-A/A genotypes at rs1801310 in the GSS gene (p
= 0.02). The analysis of associations of SNPs of the
GSS gene with an increased risk of complications es-
tablished an association of the T allele at rs6088660
with the development of purulent acute pancreatitis (p
= 0.007) and the formation of digestive fistulas (p =
0.02). A high risk of death was observed in carriers of
the G/A genotype at rs1801310 (p = 0.002) and C/T
genotype at rs6088660 (p = 0.01) in the GSS gene.

SNPs rs6088660 and rs1801310 of the GSS gene
can be used to predict the course of ABP.
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The role of 3D speckle-tracking echocardiography in predicting long-term

outcomes after a first myocardial infarction
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ABSTRACT

Aim. To determine the role of 3D echocardiography parameters in the prognosis of long-term cardiovascular
complications in patients with a first acute myocardial infarction (AMI).

Materials and methods. A prospective, single-center, observational study included 46 patients with a first AMI
and successful PCI without a history of heart failure (HF) and shortness of breath upon admission. The examination
of patients was performed in accordance with the Russian standards of medical care provision. Additionally, 3D
echocardiography was performed, and N-terminal pro-brain natriuretic peptide (NT-proBNP) was determined. The
main outcomes assessed were hospitalization with HF, sudden cardiac death, and combined endpoint. Median
follow-up was 554 days (IQR 550-785).

Results. During the follow-up period, 9 hospitalizations with HF, 3 sudden cardiac deaths, and 12 combined
endpoints were registered. The effect of 3D echocardiography parameters on the development of sudden cardiac
death and combined endpoint has not been revealed. The effect of the studied parameters on the development of
HF during the follow-up period that required hospitalization was evaluated. A statistically significant increase in
the LV sphericity index was revealed in the group of patients with the registered outcome. We found significant
direct correlations of left ventricular volume indices with prescription of diuretics in the post-discharge period;
hospitalization with HF in the post-infarction period with the level of NT-pro-BNP, left atrial volume with the
duration of index hospitalization, duration of eventless survival with ST elevation. We found a negative correlation
of radial strain with prescription of diuretics in the post-discharge period. Predictors of hospitalization with HF in
the post-infarction period were identified — parameters of radial strain, area strain, and circumferential strain, which
were included in the model for calculating the risk of the outcome under study.

Conclusion. In patients with the first AMI in the absence of clinical signs of HF, to calculate the risk of hospitalization
with HF within 550 days after M1, it is advisable to take into account the level of radial strain and use a prognostic
model (1), including parameters of circumferential and area strain (according to 3D echocardiography data).
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Ponb cnekn-TpeKuHr axokapanorpadum B TpeXmepHoOM pexnme
ANA NPOrHo3MpPoBaHNA OTAANIGHHbIX ICXOA0B Nocsie NnepBoro nHdapkKra
MnoKappaa

TumodeeBa T.M." %, Epumosa B.I1.%, CadpapoBa A.D."?, Ko6anasa »K.[.'

I Poccutickuil ynusepcumem opyacovt napooos (PYIH)
Poccus, 117198, . Mockea, yr. Muknyxo-Maxknas, 8

? F'opoockas knunuyeckas 6oavhuya (I'KF ) um. B.B. Bunoepaodoea J[3M
Poccus, 117292, 2. Mockea, yr. Basunosa, 61

PE3IOME

Hens: onpenenenue ponu napaMeTpoB dxokapauorpaduu B 3D-pexnme (3D-Dx0KI') B mporaose pasButus cep-
JIEYHO-COCYAUCTBIX OCIIOXKHEHUH B OTAAICHHOM IIEPHO/IE y TAIIMEHTOB C IIEPBEIM OCTPHIM HH(ApKTOM MHOKapIaa
(OUM).

MaTtepuajbl 1 METO/Ibl. B POCIIEKTHBHOE OJTHOLIEHTPOBOE HAOIIOAATENBHOE UCCIICOBAHNE BKIIOYEHBI 46 ma-
1ueHToB ¢ nepBbiM OUMM, yCHENIHBIM YPECKOXKHBIM KOPOHAPHBIM BMEIIATEILCTBOM 0e3 aHaMHE3a CepleqHOMH
HenocratouHoctH (CH), oxpimiku npu moctymieHun. O0cie0BaHre TaMeHTOB BBIMOIHIN B COOTBETCTBHU C
POCCHHCKUMH CTaHAAPTAMU OKa3aHUs MEJUIIMHCKON MOMOILIH, JIOTIOJHUTEIBHO BBITOIHSIN TPEXMEPHYIO 3X0Kap-
nuorpaduio U ONpeneNsuin  Mo3roBoid Hatpuilyperndeckuii TopMoH (NT-proBNP). OCHOBHBIMH OIIEHUBa€MBIMU
ucxojamu 0buIH rocuTanusanus ¢ CH, cepaedHo-cocyaucras cMepTh 1 KOMOMHUPOBaHHAsk KOHEYHas TOUka. Me-
nuaHa nepuona HaomoaeHus — 554 cyt, IQR 550-785.

Pe3yabTaTthl. 3a niepro HaOIOICHHS 3apEerHCTPUPOBAHO AeBsITh rocnutanu3anuii ¢ CH, Tpu cepaedno-cocyan-
cThle cMepTH, 12 KOMOMHUpPOBaHHBIX Touyek. BiausHus napamerpos 3D-OxoKI' Ha pa3BuTHE ceplleuHO-COCYAU-
CTOI CMEpTH U KOMOMHUPOBAaHHOW KOHEYHOW TOUKH He moiyueHo. OLeHNBaIK BIUsSHNAC H3y4aeMbIX I1apaMeTpoB
Ha pazButue CH B TeueHue nepuoaa HabmroIeHUs, NOTpeOOBaBIICH TOCIMTaIN3alMU. BBISIBIEHO CTaTUCTHYECKU
3HAYMMOE IOBBIIICHHE UHJEKCA CPEpPUIHOCTHU JIEBOTO XKEITyJ04Ka B IPYIIE MalMEeHTOB C 3aperHCTPHPOBAHHBIM
MCXO/IOM. BBIsBIICHBI 3HAUMMBIE MIPSMbIC KOPPEISLMOHHbBIE CBS3U 0OBEMHBIX ITOKa3aTesei JIEBOro JKellyJJ0uKa ¢
Ha3HAYCHUEM JIUYPETUKOB B MOCTTOCIUTANBLHOM Hepuoje; rocnuranuzanun ¢ CH B moctuH(papKTHOM nepuoe
¢ ypoBHeM NT-pro-BNP, 06beMOM JieBOr0 mpeacepaus U MpOa0KUTEIbHOCTRIO HHICKCHOW MOCHHUTATN3AINH,
cpoka OeccoObITHITHOW BbDKMBaeMOCTH ¢ aneBanueil ST; oTpunatenbHas KOPPENSLMOHHAs CBSI3b PaANKAIBHOM
nedopmanyu ¢ Ha3HaYCHHEM JMYPETHKOB B IIOCTTOCIUTAIBLHOM IIepHo/ie. BBISBICHBI IPEANKTOPBI TOCIHUTAIHN3A-
nuu ¢ CH B mocTuH(bapKTHOM MEepHOoIE — MOKa3aTeIu paauaibHOM Aedopmanny, a Takke qeGopMaiiiu IIONIa K
¥ LUPKYJSIPHOM JeopManny, KOTOpbIe BOLIUTH B MOJIEJIb pacyeTa pUCKa HACTYIUICHHS H3y4aeMOro HCXOa.

3aximodenne. Y nanueHToB ¢ nepsbiM OVIM npu orcyTcTBuu KauHUYeckux npusHakoB CH ans pacuera pucka
rocrimranm3anuu ¢ CH B teuenne 550 cyt nmocie MIM menecooOpa3HO yUHTHIBATh YPOBEHb paanainbHON nedop-
MalUH U UCIOJIb30BaTh MIPOrHOCTHYECKYIO MOJeNb (1), BKITIOYAIOIIYIO TI0Ka3aTeIH UPKYIISIpHOI nedopManuu u
nedopmaruu mrontaay (o raHsM 3D-Dx0KT).

KiroueBsble ci10Ba: TpexMepHas SXokapauorpadus, nHGapKT MHOKapa, ceplieyHast HeIoCTaTOYHOCTh
KondaukT uHTepecoB. ABTOPHI ACKIAPUPYIOT OTCYTCTBUE SBHBIX U MOTEHIHAIBHBIX KOH(IUKTOB HHTEPECOB,

CBSI3aHHBIX C MyOIUKaKeil HACTOSIIEH CTaThH.

HUcTounuk (l)HHaHCHpOBaHI/IH. ABTOpLI 3asIBJIIOT 00 OTCYTCTBHUU (bPIHaHCI/IpOBaHI/IH Ipyu OPOBEACHUU HUCCIIENO0-
BaHUA.

CooTBeTcTBHE MPUHIMIIAM dTHKH. Bce manueHTs! moamucann HHOOPMHPOBAHHOE COTJIACHE HA YYaCTHE B HC-
cienoBanny. Vcenenopanue 0100peHO KOMUTETOM T10 3THKe MemunuHckoro nactutyta PYJITH.

Jost nurupoBanusi: Tumodeesa T.M., Edumona B.I1., CapapoBa A.®D., Kobamasa XK./I. Ponb crexi-TpekuHr
sxokapauorpaduy B TpEXMEPHOM PEXKUME ISl IIPOTHO3UPOBAHUS OTIAJICHHBIX HCXOJIOB MOCIIE IEPBOro HH(ap-
KTa MUOKapaa. broiremens cubupckotl meouyunsl. 2024;23(1):69-76. https://doi.org/10.20538/1682-0363-2024-
1-69-76.
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INTRODUCTION

Acute myocardial infarction (AMI) is associated
with a high risk of adverse outcomes: more than half
of surviving patients require readmission within the
same year [1]. One of the key factors in the unfavor-
able prognosis is reduction of left ventricular (LV)
function [2], traditionally assessed by LV ejection
fraction (EF) [3]. However, this generally accepted
parameter has a number of significant limitations, in-
cluding significant inter- and intraoperator variability
and underestimation of subclinical LV dysfunction.
At an early stage, weakening of some muscle layers in
the heart is compensated by others, which contributes
to relative preservation of LVEF. In recent decades,
to more accurately assess the systolic function of the
heart, three-dimensional echocardiography (3D Echo)
with a speckle tracking assessment of longitudinal,
circumferential, and radial strain and LV rotation pa-
rameters has been used. In addition, determination of
LV volume and sphericity index with 3D Echo pro-
vides more correct data indicating early post-infarc-
tion remodeling [4—8].

Therefore, the aim of the study was to determine
the role of 3D Echo parameters in the prognosis of
long-term cardiovascular complications in patients
with a first AMI.

MATERIALS AND METHODS

A prospective, single-center, observational study
included 46 patients hospitalized in the ICU of Vino-
gradov City Clinical Hospital. Inclusion criteria: first
AMI diagnosed according to the fourth universal defi-
nition of MI [3]; successful primary PCI in patients
with ST-segment elevation MI (STEMI), early (within
24 hours) PCI in patients with non-ST-segment ele-
vation MI (NSTEMI), i.e. achieving TIMI 3 flow in
the affected vessel; no history of heart failure (HF),
shortness of breath on admission, Killip 1.

Exclusion criteria: use of diuretics and
vasopressors, pulmonary pathology, development of
complications of AMI (rupture of the interventricular
septum, separation of the papillary muscle), severe
disturbances of cardiac rhythm and conduction at the
time of inclusion, including atrial fibrillation / flutter.

The study complied with ethical standards set out
in the WMA Declaration of Helsinki “Ethical Prin-
ciples for Medical Research Involving Human Sub-
jects” and the “Rules of Good Clinical Practice in the
Russian Federation.” All individuals participating in
the study signed an informed consent to participate in

the study. The study was approved by the Ethics Com-
mittee at RUDN University.

Upon admission, all patients included in the
study underwent history taking, a standard physical
examination, electrocardiography, chest X-ray,
Echo, coronary angiography, and angioplasty with
stent placement. Laboratory tests were performed in
accordance with the Russian standards of medical
care provision: complete blood count and blood
biochemistry, including determination of the
troponin I level upon admission and 6—12 hours
after hospitalization, and additional determination of
N-terminal pro-brain natriuretic peptide (NT-proBNP).

Echo was performed on the best-in-class Vivid E90
device (GE Healthcare, USA) upon discharge, fol-
lowed by post-processing on the EchoPAC™ station
(GE Healthcare, USA) with semi-automated assess-
ment of LVEF. LV diastolic function was assessed in
accordance with current recommendations [9].

All patients during the in-hospital period and for a
year after discharge received standard dual antiplate-
let therapy before and after the intervention.

The primary outcomes assessed were hospitaliza-
tion for HF, sudden cardiac death, and a composite
endpoint. Data were obtained from a unified medical
information and analytical system, as well as from
telephone contacts during the follow-up (fixed fol-
low-up 550 days; median follow-up (random censor-
ing) 554 days (IQR 550-785)).

Statistical data analysis was performed using the
SPSS software (version 23.0). Quantitative variables
were described as the arithmetic mean and the stan-
dard deviation (M + SD) (for normal distribution) or as
the median and the interquartile range (Me [IQR]) (for
non-normally distributed variables). The significance
of differences between the two groups in quantitative
variables was assessed using the Man — Whitney U
test (for normal distribution) or the Student’s #-test (for
non-normally distributed variables). For qualitative
variables, the significance of differences between the
groups was assessed by the Pearson’s chi-square (y2) /
Fisher exact test depending on the minimum expected
number. The differences were considered statistically
significant at p < 0.05. The direction and strength of
a correlation between parameters were assessed us-
ing the Spearman’s rank correlation coefficient. The
dependence of binary parameters on quantitative and
categorical ones was identified by the binary logis-
tic regression (univariate and multivariate) analysis
with determination of the odds ratio (OR). The ROC
analysis was used to evaluate the prognostic value by
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determining the area under the curve (AUC). The
influence of the studied parameters on the risk of
developing endpoints was assessed using the univa-
riate and multivariate Cox regression analysis with
determination of the hazard ratio (HR). Quantita-
tive variables with negative values were analyzed by
taking the modulo.

RESULTS

Clinical, demographic, laboratory, and Echo
characteristics of patients are presented in Table 1.

Table 1
Characteristics of patients, n = 46
Parameter Value
Age, years, M £ SD 61.13 £8.84
Men, n (%) 32 (69.6)
Body mass index, kg / m?%, M + SD 28.26 +3.99
Smoking, n (%) 18 (39.1)
SBP / DBP, mm Hg, M + SD 141.10 +23.86/ 81.84 £ 12.76
History of atrial fibrillation, n (%) 3(6.5%)
STEMI, n (%) 12 (26.1)
Anterior M1, n (%) 22 (47.8)
Single-vessel disease, 7 (%) 14 (30.4)
Type 2 diabetes mellitus, 7 (%) 10 (21.7)
Dyslipidemia, n (%) 20 (43.5)
Glucose, mmol / 1, Me [IOR] 6.89 [5.59; 8.70]
NT-proBNP, pg / ml, Me [IOR] 580.0 [264.60; 989.00]
Troponin I, ng / ml, Me [IQR] 0.26 [0.03; 4.65]
Troponin II, ng / ml, Me [IOR] 7.79 [1.54; 30.61]

Note. SBP — systolic blood pressure; DBP — diastolic blood pressure; Tropo-
nin I — the level upon admission to the intensive care unit; Troponin II — the
level 6-12 hours after hospitalization.

To identify predictors of adverse outcomes, the
patients were divided into groups with and without
recorded outcomes. During the follow-up, 9 hospi-
talizations with HF, 3 sudden cardiac deaths, and
12 composite endpoints were registered. The influ-
ence of 3D Echo parameters on the development of
sudden cardiac death and the composite endpoint was
not identified. The influence of the studied parameters
on the development of HF during the follow-up peri-
od requiring hospitalization was assessed. A statisti-
cally significant increase in the LV sphericity index
was revealed in the group of patients with a registered
outcome (Table 2).

The obtained associations of clinical data with 3D
Echo parameters in the study group following the cor-
relation analysis are presented in Table 3.

To identify predictors of the development of the
studied endpoint using the binary logistic regression
analysis, a prognostic model was developed using 3D
Echo parameters (the analysis also included significant
risk factors for HF, ST-segment elevation, MI loca-
lization, number of affected coronary arteries, levels
of NT-proBNP, troponin, EFLV, LV diastolic function
parameters, 2D-GLS, all 3D Echo parameters). The
identified dependence is described by equation (1):

P——x100%
1+e-z
z=2.615-0.102 x CS—0.286 x AS
where P is the probability of developing HF requiring
hospitalization (%), CS is the index of circumferential
strain, %, and AS is area strain, %.

Table 2

Comparative characteristics of patients with and without hospitalization with HF in the long-term period after MI, n = 46

Parameter Hospitalization with HF, n =9 No outcome, n =37 P
Age, years, M = SD 63.0 [61.0; 73.0] 61.0 [57.0; 66.0] 0.146
Men, n (%) 6 (66.7) 26 (70.3) 0.975
Body mass index, kg / m?, M + SD 27.60 +3.27 28.48 £ 4.60 0.613
Smoking, n (%) 3(33.3) 18 (48.6) 0.539
Hypertension, n (%) 9 (100.0) 27 (73.0) 0.172
Dyslipidemia, n (%) 7(77.8) 13 (35.1) 0.290
Single-vessel disease, n (%) 3(33.3) 11 (29.7) 0.833
Multivessel disease, 7 (%) 6 (66.7) 26 (70.3) 0.833
STEML, n (%) 3(33.3) 9(24.3) 0.581
LVEF upon admission, %, Me [IOR] 47.0 [45.0; 54.0] 50.0 [45.0; 52.0] 0.845
LVEF at discharge, %, Me [IOR] 52.0 [45.0; 54.0] 54.0 [51.0; 58.0] 0.265
LAVIL, ml/ m?, Me [IQOR] 27.0 [22.0; 40.0] 28.0 [21.0; 31.0] 0.454
E/e’, Me [IQR] 6.6 [5.6;7.2] 6.5[5.7;7.9] 0.825
PASP, mm HG, Me [IQR] 28.0 [25.0; 36.0] 21.0 [14.0; 27.0] 0.108
3D LVEEF, %, Me [IQR] 51.0 [47.0; 54.0] 51.0 [48.0; 55.0] 0.617
3D Spl, M+ SD 0.38+£0.04 0.33£0.07 0.025*
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Table 2 (continued)

Parameter Hospitalization with HF, n =9 No outcome, n =37 P
3D LVEDV, ml, Me [IQOR] 106.0 [99.0; 152.0] 113.0 [98.0; 140.0] 0.901
3D LVESYV, ml, Me [IQR] 52.00 [46.0; 78.0] 57.0 [48.0; 66.0] 0.945
3D MBV/CO, 1/ min, Me [IQR] 4.5[3.8;4.6] 4.1[3.6;4.7] 0.438
2D-GLS, %, Me [IQR] —-14.0 [-14.0;-12.0] —14.6 [-17.0; -11.0] 0.290
3D-GLS, %, Me [IQR] —11.0 [-13.0; -7.0] -9.0 [-13.0; -7.0] 0.738
3D circumferential strain, %, Me [IOR] —11.0 [-13.0; -6.0] —12.0 [-15.0; -10.0] 0.309
3D area strain, %, Me [IOR] —18.84 £7.21 -18.8+4.97 0.987
3D radial strain, %, Me [IOR] 28.00 +12.87 27.86 +9.26 0.971
3D torsion, °, Me [IQR] 3.56[1.3; 7.3] 4.30[1.8; 8.1] 0.504
3D twist, °/cm, Me [IQR] 0.90[0.30; 1.15] 1.10 [0.6; 1.4] 0.319

Note. BMI—body mass index; LAVI — left atrial volume index; E/e’ — the ratio of peak early mitral inflow velocity (E) to the early diastolic mitral
annular velocity; PASP — systolic pressure in the pulmonary artery; Spl — left ventricular sphericity index; LVEDV — left ventricular end-diastolic
volume; LVESV — left ventricular end-systolic volume; MBV / CO — minute blood volume/cardiac output; GLS — global longitudinal strain
* differences in the parameters were statistically significant

Table 3
Associations of 3D echocardiography parameters
3D parameter Parameter R p*
BMI 0.324 0.028
3D LVEDV

Mineralocorticoid antagonists in the post-hospital period 0.303 0.041
2D-GL —0.52 <0.001

3D LVESV _ GLS : : 0.520 0.00
Diuretics in the post-hospital period 0.370 0.011

3D Spl History of hypertension 0.455 0.001
Radial strain BMI —0.303 0.040
Diuretics in the post-hospital period —0.469 0.001

NT-pro-BNP level 0.399 0.026

Hospitalization with HF LAVI > 34 ml / m? 0.422 0.003
Duration of index hospitalization 0.338 0.022

HF-free period ST-segment elevation upon admission —0.805 0.050

* correlation is statistically significant

The resulting regression model is statistically
significant (p = 0.004). Based on the Nigelkirk’s
coefficient of determination, the model (1) determines
35.4% of the wvariance in the probability of
hospitalization with HF.

According to the wvalues of the regression
coefficients, the parameters of circumferential strain
and area strain have an inverse relationship with the
probability of hospitalization with HF. Characteristics
of the factors are presented in Table 4.

Thus, with an increase in the circumferential
strain by 1%, the odds for hospitalization with HF
within 1.5 years after the first AMI decrease by 2.49
times; with an increase in the area strain index by
1%, the odds for hospitalization with HF decrease by
1.67 times.
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Table 4

Characteristics of the relationship between model predictors (1)
and the probability of hospitalization with HF in the
long-term follow-up period in patients after a first AMI

Predictors OR; 95% CI p
Circumferential strain, % 0.40; 0.20-0.80 0.010*
Area strain,% 0.60; 0.41-0.89 0.012*

Note. OR — odds ratio, CI — confidence interval.
* the influence of the predictor is statistically significant

Figure 1 compares the values of the adjusted hazard
ratio with 95% CI for the studied factors included in
model (1).

The cut-off value of the logistic probability function
P (1) was determined using the ROC analysis. The
resulting curve is shown in Figure 2.
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Fig. 1. Hazard ratio estimates with 95% CI for the studied
predictors of the model (1) for hospitalization with HF
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Fig. 2. The ROC curve characterizing the dependence of the
probability of hospitalization with HF on the values of the
prognostic function (1)

AUC was 0.85 + 0.09 (95% CI: 0.68-1.00). The
value of the logistic function (1) at the cut-off point
was 26.6%. P (1) values greater than or equal to 26.6%
were associated with a high risk of hospitalization
with HF, and lower P (1) values were associated with
a low risk. The sensitivity and specificity of the model
(1) at the cut-off were 77.8 and 89.2%, respectively.

Table 5 shows an example of using the prognostic
model (1) in two patients with a first AMI. We calcu-
lated logistic regression values P (1) taking into ac-
count the values of the predictors and inferred high
and low risk. Patient 2, who was at high risk based on

the model, was hospitalized with HF on day 291 of the

follow-up.
Table 5
Example of using the prognostic model (1)
Patient 1 Patient 2
Woman, 64 years Woman, 58 years
Patient old, history of old, history of
hypertension, STEMI, | hypertension, STEMI,
single-vessel disease | single-vessel disease
NTproBNP, 556 630
pg/ml
Troponin I, II, 0.98-1.46 0.76-1.72
ng / ml
LAVI 29 ml / m? LAVI 32 ml / m?
(<34 ml/m?) (<34 ml/m?)
Echocardioeraph Baseline LVEF 44% | Baseline LVEF 40%
graphy 2D GLS 16% 2D GLS 10%
CS 12.2% CS 6%
AS 18.8% AS 9.8%
e [ 2=2615:0102%6 -
- 4 ’ 0.286x9.8=-0.8
Index P = 1= 549 i er=223
naex cosn P=1/3.23=31.0%
P=1/559=1.8% o
(>23.8%)
(<23.8%) High risk
Low risk &
Hospitalization . Registered after 291
with HF Not registered days

In the univariate analysis of the dependence of

changes in the risk of hospitalization with HF on 3D
Echo parameters using the Cox regression method,
statistically significant predictors of the development
of this endpoint were identified (Table 6).
Table 6

Characteristics of predictors of hospitalization with HF

in the long-term follow-up period in patients after the first AMI
HR; 95% CI p

0.76; 0.597-0.968 0.026*
0.91; 0.831-0.995 0.039*

Predictors

Circumferential strain, %
Radial strain, %

Note. HR — hazard ratio. * the influence of the predictor is statisti-
cally significant.

According to the data obtained, with an increase in
circumferential strain by 1%, the risks of developing
the starting point are reduced by 1.32 times, for radial
strain — by 1.1 times.

DISCUSSION

In our study, in patients with first AMI with and
without ST-segment elevation in the history of HF,
non-invasive parameters of volumes, geometry and
strain of the LV myocardium were studied according to
3D Echo data. Their prognostic value was established
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in relation to the development of cardiovascular
complications within 1.5 years.

In patients hospitalized with HF within 1.5 years
after AMI, a significant increase in the LV sphericity
index according to 3D Echo data was shown. This
result is consistent with a study by H.F. Mannaerts et
al., which included 33 patients with AMI. The follow-
up lasted 12 months, and the sphericity index was
shown to be the strongest echocardiography predictor
of adverse post-infarction LV remodeling [6].

In a study by R.K. Ola et al., the information value
of 3D parameters, such as LVEDV and sphericity
index, as predictors of myocardial remodeling was
also shown. These parameters were examined by the
authors at 7 days and at 6 months after acute STEMI.
The presence of adverse remodeling was defined as an
increase in LVEDV, measured using 3D Echo, by 15%
or more after 6 months. It was found, in particular, that
the sphericity index in the group with adverse post-
infarction remodeling was significantly higher than
in the group with preserved LVEF (0.41 + 0.05 and
31 £ 0.05, respectively; p < 0.001), but decreased in
both groups after 6 months of follow-up (0.35+ 0 .05
and 28 + 0.05, respectively; p < 0.001). Thus, the
authors concluded that determination of the sphericity
index allows for early identification of patients at high
risk of developing adverse myocardial remodeling
after AMI [7]. Similar results were obtained in a study
by M.L.Vieira et al. [10].

Predictors of the development of HF requiring
hospitalization within 1.5 years of the post-infarction
period, according to the multivariate binary
regression analysis in our study, were parameters
of circumferential strain and area strain. With an
increase in circumferential strain by 1%, the chance of
hospitalization with HF within 1.5 years after the first
AMI decreases by 2.49 times; with an increase in the
area strain by 1% — by 1.67 times; in radial strain — by
1.1 times. These factors were included in the prognostic
model we developed (p = 0.004). According to the
results of the univariate Cox regression analysis, with
an increase in circumferential strain by 1%, the risks
of developing the endpoint are reduced by 1.32 times
(p =0.026), in radial strain — by 1.1 times (p = 0.039).

A number of studies have also been published
describing the use of strain indices measured by 3D
Echo in post-AMI patients. The study by L. Xu et
al. included 110 STEMI patients who underwent
primary PCI. All patients underwent 3D Echo
with the determination of longitudinal, radial, and
circumferential strain in the three-dimensional

mode, as well as longitudinal strain and routine Echo
parameters in the two-dimensional mode. Similar to our
results, it was found that 3D and 2D longitudinal strain,
as well as 3D radial strain, are independent predictors
of LV remodeling [11]. In a study by A. Sugano et al.,
it was confirmed that changes in circumferential strain
were a predictor of adverse LV remodeling and showed
that its decrease was associated with the presence
of microvascular obstruction according to MRI in
patients with STEMI who underwent primary PCI. This
observation is of great importance, since it is known
that the presence of microvascular obstruction is also an
independent predictor of adverse LV remodeling [12].

In a study by N. Iwahashi et al. [13], as in our study,
the prognosis for the development of cardiac death
and hospitalization with HF in patients with STEMI
and PCI was studied according to 3D Echo. It was
found that 3D examination parameters were stronger
predictors of outcomes compared to two-dimensional
ones. Specifically, 3D longitudinal strain was the
strongest predictor, followed by circumferential strain.
3D-GLS > —-11.0% was an independent predictor of
the studied outcomes (¥2 = 132.2, p < 0.001). When
combined with circumferential strain > -18.3%,
patients were found to have an extremely high risk
of adverse outcomes. Another study by this group
of authors [14] examined the clinical and prognostic
significance of 3D Echo parameters obtained over
time in 272 patients with a first STEMI and PCI.
Patients were followed-up for an average of 108
months. The primary endpoint was the occurrence
of major cardiovascular events: sudden cardiac death
and HF requiring hospitalization. It was shown that
deterioration of 2D-GLS and 3D-GLS over 1 year was
a significant prognostic factor (y2=36.7, p < 0.001).

CONCLUSION

In patients with a first AMI, regardless of LVEF
upon admission in the absence of clinical signs of HF,
to calculate the risk of hospitalization with HF within
550 days after M1, it is advisable to take into account the
level of radial strain and use the prognostic model (1),
including parameters of circumferential and area strain
(by data from 3D Echo). P (1) values > 26.6% indicate
a high risk of hospitalization with HF (sensitivity and
specificity of 77.8 and 89.2%, respectively).
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ABSTRACT

Aim. To study the parameters of the matrix metalloproteinase (MMP) / tissue inhibitors of metalloproteinase
(TIMP) system in assessing the clinical course of pulmonary tuberculoma.

Materials and methods. We examined 87 patients (55 men and 32 women), average age 33 [28; 43] years,
with a morphologically and bacteriologically confirmed diagnosis of tuberculoma, who received treatment at
St. Petersburg Research Institute of Phthisiopulmonology. In all patients, computed tomography of the chest,
fiberoptic bronchoscopy, and lung function tests were performed. In the blood serum, concentrations of MMP-1,
-8, -9, and their tissue inhibitor TIMP-1 were determined using ELISA (R&D Systems, USA), and the activity of
a,-macroglobulin (MG) was determined by the enzyme assays. For statistical data processing, Statistica 10.0 and
R were used.

Results. In the study group, single and multiple tuberculomas were revealed in 37 and 63% of cases, respectively,
necrotic areas — in 50% of patients, external respiration disorders — in 48% of cases, and catarrhal bronchitis
(CB) — in 77% of cases. Tobacco smokers (TS) were identified in 69% of cases. Significant differences between
MMP concentrations allowed us to distinguish four patterns from the characteristics adopted for the clinical and
radiological assessment of disease intensity. It was shown that an increase in the levels of MMP-1 and MMP-9
can be a predictor of tuberculoma progression caused by a diffuse process with necrotic areas and bronchogenic
dissemination (pattern 1, 2). Changes in the levels of MMP-8, TIMP-1 or MG (pattern 3, 4) were associated with
permanent exposure to a non-specific component of inflammation (TS or CB).

Conclusion. Changes in the MMP / TIMP system parameters can be used as objective laboratory protein biomarkers
to assess the clinical course of pulmonary tuberculoma.

Keywords: extracellular matrix, matrix metalloproteinases, tissue inhibitors of metalloproteinases, pulmonary
tuberculoma
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MokasaTenu cncrembl <MaTPUKCHbIE MeTa/IJIoONpPoTenHasbl 1 UHFIMGUTOPDI
nepundepunyeckoin KpoBU» B OLLeHKE KIMHNYECKOro TeYeHnA Ty6epKynembl
nerkmx
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PE3IOME

Heab. M3yunth BO3MOXHOCTH HCIIOJIb30BAHUS IOKa3aTeNeil CHCTEMBl «MAaTPUKCHBIE METAJUIONPOTEHHA3bI
(MMII) / uaruburopsl nepudepruueckoil KPOBMU» B OLICHKE KIIMHUYECKOTO TEUSHHUS TyOepKyJIeMbI JIETKOTO.

Marepunannl u MeToabl. O6cienoBanbl 87 00MbHBIX (55 Myx4rMH U 32 KEHIMHBI), CpenHUi Bo3pacT 33 [28;
43] ropa, ¢ 6aKTepUOIOrHYecKr 1 MOP(HOIOrHIecKH Bepr(pHLIUPOBAHHBIM JHAarHO30M «TYOepKyJieMay, HaXOHB-
mxcs Ha nedeHnd B PI'BY «CII6 HUN®d» Munsapasa Poccun. BeeMm nanueHTaM BBITOJHEHBI KOMITBIOTEPHAS
ToMorpadusi OpraHoB TpyIHOH KieTkH, GrUOpoOpOoHXOCKONMS U OleHKa (GyHKIWK BHenHero apixanus (OBJ).
B criBopoTke kpoBu onpexensui koHneHtpaunn MMII-1, -8, -9 u ux tkaneBoro uaruouropa TUMII-1 meTtomom
ELISA (R&D Systems, CIIIA), a Takxke akTUBHOCTb 02-MakporioOynuHa (MI') sH3MMaTHUECKUM METOJOM IO
TOPMOXKEHUIO rHaposu3a N-OeH30mi-L-aprunuHaTiioBoro ¢upa. [Ipumensitu Statistica 10.0 u R.

Pe3yasTatsl. B nccnemyemoii rpymnme eqMHUYHBIE 1 MHOXKECTBEHHBIC TyOepKyJieMbl onpexneneHsl B 37 u 63%
ClTy4aeB COOTBETCTBEHHO, HaNIM4IHe pacnana — B 50%, Hapymernust ®BJI — B 48% n HecrienuduIecKue mopaxeHus
TpaxeoOpOHXHAIBHOTO JiepeBa B B KartapanbHoro san00ponxura (K9b) — B 77% ciydaes. TabakokypHiabu-
ku (TK) BorsaBiens: B 69% ciydaeB. BeigeneHno geTsipe KoMOMHANMY (MIATTEpHA) U3 XapaKTEPHCTHK, MPUHATHIX
JUTSL KJIIMHUKO-PEHTTCHOJIOTNIECKOH OLCHKN aKTUBHOCTH CIEIH(HUECKOro IPOIecca, COOTBETCTBYIONIHE Pa3Ind-
HOH cTereHH noBbIIeHHs KoHeHTpanuii MMII B nepudepruaeckoit kposu. [loka3aHo, 9TO MOBHIIIEHHE YPOBHS
MMII-1 u MMII-9 MOXeT SBISATHCS MPEANKTOPOM HMPOrPECCHPOBAHNS TyOEepKyJIEMbl, 00YCIOBIEHHOTO PACIIpo-
CTPaHEHHBIM IIPOLIECCOM C HATMYMEM pacliafia ¥ OpOHXOTeHHOH nucceMuHanmu (marrepHel Ne 1, 2). M3meneHus
yposast MMII-8, TUMII-1 nnu MI' oTpakaroT 3HAYMMOCTH BKJIaJia IEPMaHEHTHOTO BO3EHCTBUS Hecrenuduyie-
ckoro komnonenTa Bocranenns (TK i KOB) B oneHKy TshkecTn crienmuHIeckoro Iporecca U He HCKIII0YaroT
BO3MOXKHOCTH €T0 IporpeccupoBaHms (maTTepHsl Ne 3, 4).

3aximoyenue. M3menenns nokasatenein cucteMbl « MMII / uHrnOuTOPHI Nepudepudeckoidl KpOBM» MOTYT OBITh
HCIOJIL30BAaHbI B KAY€CTBE OOBEKTHBHBIX JTA0OPATOPHBIX OETKOBBIX OMOMAPKEPOB JUISl OLIEHKH KIMHUYECKOTO Te-
YeHHUs CIenU(UUECKOro npouecca Npu TyOepKyJieMe JIeTKHX.
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INTRODUCTION

Pulmonary tuberculoma is a clinical form of
tuberculosis that is presented by encapsulated caseous
foci of more than 1.0 cm in diameter. These foci are
different in genesis and are radiologically characterized
by rounded shadows. Tuberculoma mainly originates
from infiltrative and focal pulmonary tuberculosis
[1]. In addition, tuberculoma can be imitated by a
caseoma in cavernous tuberculosis. The proportion
of tuberculoma in the tuberculosis prevalence in the
Russian Federation is about 10%.

Clinical variants of the disease course reflect
morphological differences in the development of
specific inflammation. In case of a remitting course,
tuberculoma results from resolution of an extensive
pneumonic inflammatory infiltrate during its fading
and demarcation. Caseous necrosis in this case
has a homogenous nature, sometimes with foci of
calcification (homogeneous tuberculomas). In case of
a progressive course, on the contrary, tuberculoma is
represented by a caseous pneumonic process growing
from the center to the periphery, without grossly visible
encapsulation and often without pronounced clinical
manifestations (lamellar pattern of tuberculoma) [2, 3].

The assessment of the direction of specific
inflammation in tuberculoma remains clinically
relevant, as limited tuberculosis inflammation typically
lacks signs of intoxication and bacterial excretion.
The formed fibrous capsule prevents penetration of
chemotherapy drugs into the focus of inflammation.
Radiological signs of inflammation intensity in the
presence of a fibrous capsule are limited and require a
dynamic assessment of the size of tuberculoma for 2—
3 months [4].

The potential danger of tuberculoma without
bacterial excretion is determined by the probability
of its progression due to possible drug resistance of
the pathogen and the risk of treatment interruption by
the patient due to subjective self-assessment of the
condition. A morphological examination of the surgical
material is the most objective method for predicting the
direction of tuberculosis progression. At the same time,
invasive methods for obtaining biological material
have their limitations and contraindications, therefore,
the search for protein biomarkers will contribute
to expanding the arsenal of methods for objective
assessment of the clinical course of the pathology [5].

Different phases of the clinical course of tuberculoma
are based on changes in the lung parenchyma mediated
by disturbances in the extracellular matrix (ECM)
metabolism, characterized by an increase in the
volume of the lesion, necrotic areas, thinning of the
tuberculoma capsule, or its fibrotic transformation [5].
Matrix metalloproteinases (MMPs) belong to the family
of extracellular zinc-dependent proteolytic enzymes
involved in the ECM metabolism. They are end effectors
of the innate immune response. The pathophysiological
role of MMPs is associated with their involvement in
the development and maintenance of inflammation and
modeling of the effects of cytokines, growth factors, and
hormones. This allows to consider MMPs not only as
markers of tissue destruction and remodeling but also,
possibly, as contributors to the inflammation intensity.
According to the substrate specificity, various families
of MMPs are distinguished: collagenases, gelatinases,
stromelysins, etc. [6].

Infection of cells with M. tuberculosis leads to
an increase in the expression of pro-MMPs, causing
an imbalance between activated MMPs and their
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inhibitors, contributing to the destruction of lung tissue
and dissemination [7]. The imbalance in the MMP /
tissue inhibitors of metalloproteinase (TIMP) system
underlies structural changes in the lung parenchyma,
determining external respiration disorders in various
lung diseases, including tuberculosis [8, 9].

An important condition for obtaining significant
prognostic data is an adequate choice of methods for
statistical processing of the material. The use of symptom
analysis is effective when it is necessary to evaluate a
dataset that is informative only when considered as a
whole [10]. An advantage of this method is the ability to
form groups that differ in a combination of characteristics
that are not revealed when assessed in isolation.

The aim of the study was to investigate the
parameters of the MMP / TIMP system in assessing
the clinical course of pulmonary tuberculoma.

MATERIALS AND METHODS

We examined 87 patients (55 men and 32 women),
average age 33 [28; 43] years, with a morphologically
and bacteriologically confirmed diagnosis of
tuberculoma, who received treatment at St. Petersburg
Research Institute of Phthisiopulmonology from 2017
to 2021. Exclusion criteria were: diabetes, pregnancy,
and chronic obstructive pulmonary disease. The control
group consisted of 20 apparently healthy age- and sex-
matched individuals. In 95% of the cases, tuberculoma
formed due to the involution of infiltrative pulmonary
tuberculosis against the background of long-term
chemotherapy for up to 1 year. In case of bacterial
excretion before treatment initiation, in 90% of cases,
strains with multi-drug resistance of the pathogen to
anti-tuberculosis drugs were detected.

The enzyme-linked immunosorbent assay (ELISA)
was used to measure the concentrations of MMPs in
the blood serum: collagenases MMP-1 and MMP-§;
gelatinase MMP-9; and their tissue inhibitor TIMP-
1 using the ELISA reagent kit (R&D Systems, USA)
according to the manufacturer’s instructions. The activity
of a,-macroglobulin (MG) was assessed by the enzyme
assays based on inhibition of alpha-N-benzoyl-L-arginine
ethyl ester hydrolysis (ICN, Biomedicals Inc., USA).

In all patients, computed tomography (CT) of the
chest was performed on the SOMATOM Sensation
64-slice CT scanner with the assessment of structural
changes in the lung parenchyma (Nodule Analysis and
Lung Volume Analysis software package (LUNA16)
and Lung Volume Analysis (Canon Medical
Informatics, Inc., USA)) [11]. Lung function tests
(spirometry, body plethysmography) were performed

using the MasterScreen PFT diagnostic system
(VIASYS Healthcare, Germany) in accordance with the
criteria established by the American Thoracic Society
and European Respiratory Society (ATS / ERS) [12].
Fiberoptic bronchoscopy was performed using the BF-
B2 flexible fiberoptic bronchoscope (Olympus, Japan).

For statistical data analysis, the Statistica 10.0.
(StatSoft Inc., USA) and R (free software environment)
software packages were used. The logarithmic scale
(Log) was used for a number of metric variables
(parameters of the MMP / TIMP system) to reduce
the asymmetry of distribution. Data were presented as
the median (Me or MeLog) and the interquartile range
(O,; O,). We used the Fisher’s exact test, the Mann —
Whitney U-test, and the Spearman’s rank correlation
coefficient (). The symptomatic analysis revealed the
most significant patterns for the parameters of the MMP /
TIMP system; they were represented as logical functions
of categorical variables [10]. In this case, the pattern
was considered as a combination of characteristics
from radiological, functional, and endoscopic research
methods, represented as a certain logical function
described by the polynomial over the finite field of
characteristic 2. All patients signed an informed consent
to participate in the study. The study was approved by
the local Ethics Committee at St. Petersburg Research
Institute of Phthisiopulmonology (Protocol No. 9 of
15.09.2016).

RESULTS AND DISCUSSION

The study group of patients with tuberculoma was
not homogeneous according to their radiological and
functional characteristics. In half of the cases, necrotic
areas were identified, in 54 (63%) of patients, X-ray
revealed multiple necrotic foci. The median of the total
volume of the foci was 5,700 mm?® [2,920; 13,600], and
the median of the total volume of necrotic areas was
192 mm?® [0; 590]. The main parameters characterizing
lung capacity were within acceptable ranges, although
disturbances in airway patency were detected in every
second patient (Table 1).

Among external respiration disorders, obstructive
lung disease prevailed (60%). Restrictive lung disease
was detected in isolated cases (7.1%), and no mixed
patterns were found.

Non-specific changes in the bronchial mucosa with
clinical manifestations of diffuse catarrhal bronchitis
(CB) and a history of smoking were found in more
than half of the patients. The median smoking index
was 15 pack years [6.30; 22.50], with a smoking
history of over 10 years in 87% of cases.
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Table 1
Lung function parameters in patients with tuberculoma
Nor-
Parameter Me[Q; 0.l p mal
value
o .
FVC, % from the predicted | ¢ ¢5 195 80:1217, >0.05 | 80-120
value
o .
FEV,, % from the predicted | o 75 193 0.100.21, 50.05 |80-120
value
Gaensler index, % 78.6 [71.4;84], >0.05 >70
P ;
i\l/;ll\l/llfF, % from the predicted 77.0 [56.0:94.01, >0.05 =60

Note. FVC —forced vital capacity; FEV - forced expiratory volume
in one second, Gaensler index = FEV,/ FVC (modified Tiffeneau
index), MMEF — mean maximal expiratory flow between 25 and 75%
of FVC; p — a statistical significance threshold compared to healthy

individuals (Mann — Whitney U-test).

The intensity of the inflammation was characterised
by a moderate increase in the levels of collagenases
(MMP-1 and MMP-8) and a significant increase in
gelatinase (MMP-9) against the background of decreased
MG activity and the absence of significant changes in
the TIMP-1 level in the peripheral blood (Table 2).

The binary analysis did not reveal any significant
differences in metric variables (parameters of the
MMP / TIMP system) for any of the selected
categorical variables (Table 3).

The symptomatic analysis revealed that each of
the biomarkers corresponded to certain combinations
of the results (patterns). The formation of patterns is
possible for any number of characteristics, but in this
case, a combination of three of them was sufficient to
obtain significant differences.

Table 2
Concentrations of the MMP / TIMP system parameters in patients with tuberculoma, Me [Q,; O]
Analytes Patients with tuberculoma Healthy controls p

MMP-1Log, ng / ml 1.74 [1.31;2.30] 1.17 [0.89;1.72] 0.002
MMP-8Log, ng / ml 3.27 [2.64;3.94] 2.58[2.22;2.70] 0.003

MMP-9, ng / ml 1,638.00 [50.80;2,557.69] 71.99 [51.33;73.94] 0.00004
TIMP-1Log, ng / ml 6.72 [6.58;6.89] 6.66 [6.55;6.80] 0.05

MG, nmol / min 1.70 [1.40;2.16] 3.00 [2.46;3.28] 0.00003

Note. The level of statistical significance compared to healthy controls — p (Mann—Whitney U-test).

Table 3

Concentration of the MMP / TIMP system parameters depending on the clinical and radiological characteristics
of inflammation in patients with tuberculoma, Me and MeLog [Q; O,]

Pathological changes AHATHTb!
MMP-1Log, ng / ml | MMP-8Log, ng / ml MMP-9, ng / ml TIMP-1Log, ng/ml | MG, nmol / min
Signs of necrosis 1 1.57 [1.02; 2.09] 3.15[2.59; 3.83] 1721.00 [950.00; 2665.00] 6.68 [6.57; 6.84] 1.94 [1.35; 2.25]
2 1.85[1.46; 2.37] 3.50[3.21; 3.93] 1771.00 [950.00; 2665.00] 6.77 [6.60; 6.93] 1.90 [1.57;2.10]
Number of 1 1.84 [1.41;2.23] 3.12[2.73; 3.50] 1544.00 [924.00; 2343.00] 6.74 [6.61; 6.92] 1.841.38; 2.10]
tuberculomas 2 1.96 [1.48; 2.46] 3.39[3.07; 3.98] 1905.00 [1140.00; 2643.00] 6.71 [6.59; 6.89] 2.04[1.43; 2.25]
External respira- | 1 1.54 [1.02; 1.96] 3.51[3.36; 3.64] 1823.00 [1079.00; 2638.00] 6.74 [6.57; 6.98] 2.09 [1.35; 2.78]
tion disorders 2 1.89[1.38;2.74] 3.49 [3.07; 3.89] 1769.00 [1100.00; 2185.00] 6.68 [6.59; 6.83] 1.96 [1.43;2.16]
Catarrhal 1 1.84 [1.41;2.24] 3.60 [2.77; 4.44] 1355.00 [761.00; 2036.00] 6.58 [6.52; 6.82] 2.09[1.35; 2.78]
bronchitis 2 1.80 [1.36; 2.27] 3.21[2.68; 3.76] 1778.00 [1058.00; 1778.00] 6.75 [6.65; 6.93] 1.96 [1.43;2.16]
Tobacco 1 1.74 [1.01; 2.46] 3.03 [2.72; 3.42] 1574.00 [651.00; 2447.00] 6.59 [6.54; 6.78] 2.30[1.59; 2.99]
smoking 2 1.85 [1.56; 2.26] 3.53 [3.05; 3.98] 1863.00 [1186.00; 2376.00] 6.73 [6.59; 6.93] 1.98 [1.50; 2.20]

Note. 1 —no signs of necrosis, single tuberculomas, no external respiration disorders, no catarrhal bronchitis, non-smoking patients; 2 — signs of
necrosis, multiple tuberculomas, external respiration disorders, catarrhal bronchitis, smoking patients.

Stratified sampling based on the levels of colla-
genase MMP-1 and gelatinase MMP-9 allowed to
identify pattern 1 — a combination of the number of
tuberculomas, external respiration disorders, and CB
(p = 0.01). Two-fold differences in MMP-1Log made
it possible to differentiate a more severe subgroup of
patients with multiple tuberculomas in combination
with either external respiration disorders or CB. The

median MMP-1 (n = 37) in the group of patients with
severe disease reached 1.96 ng / ml (1.66; 1.9), while
in the group with moderate disease (n = 35), it was
1.23 ng / ml (0.86; 1.56).

Similarly, in the group with severe disease, Me
MMP-9 was 2,008 ng / ml (1,148; 2,648), while in
the group with moderate disease, it was 1,351 ng / ml
(874; 1,971).
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Parameters of the mmp / timp system in assessing the clinical course

It is assumed that the progression of tuberculoma
increases as the volume of affected lung tissue enlarges.
The formed pattern suggests that a conclusion about
the progression of inflammation based solely on
differences in its prevalence is not always correct
According to pattern 1, an increase in the volume of
morphologicalchangesinthelungparenchymabecomes
clinically significant when accompanied by external
respiration disorders. The present study established
a direct correlation between external respiration
disorders and the volume of lung lesions (» = 0.27;
p = 0.03, Spearman’s rank correlation coefficient),
which is consistent with literature data indicating
a significant relationship between changes in
ventilation and gas exchange parameters of the lungs
in tuberculoma and the severity of such changes as
the volume of the largest cavity, total volume of
necrotic areas, presence of pleural involvement, and
the prevalence of seeding foci [13].

The composition of pattern 1 also indicates a
significant negative impact on the course of the primary
infection in the lungs of non-specific inflammatory
responses in the bronchial mucosa. CB, impairing
the bronchial drainage function and changing the
microcirculation in the affected bronchopulmonary
segments, contributes to the aggravation of the process
[14]. Differences in the concentration of MMP-1Log
allowed to form pattern 2, which combined the
characteristics of the total lesion volume, the total area
of necrosis, and the presence of CB (p =0.0017).

The group with a higher concentration of
proteinase included patients (» = 42) who had multiple
tuberculomas with the presence of CB or areas of
necrosis. In this group, the median MMP-1Log was
6.63 ng / ml (3.62; 9.83). In the group of patients who
had no areas of necrosis or no combination of multiple
tuberculomas with CB (n = 19), the median MMP-
1Log was 2.5 times lower, amounting to 2.56 ng / ml
(1.56; 4.09). The significance of pattern 2 confirms the
relevance of the dynamic assessment of changes in
the volume of affected tissue used in clinical practice
as one of the criteria for assessing the course of the
disease.

It is known that tuberculomas with areas of
necrosis progress more frequently than those without
them (44.7 vs. 10.5%). Moreover, small foci tend to
further decrease in size, while large tuberculomas are
primarily characterized by the preservation of necrosis
with an increase in its volume. The progression of
tuberculomas is caused by lysis of caseous necrosis
with subsequent cavernization of tuberculoma and

bronchogenic dissemination of its contents [15].
Destruction of tuberculoma occurs as a result of
its exposure to proteolytic enzymes, and the leading
role in the formation of a caseous focus belongs to
MMP-1 [16].

Thus, the composition of patterns formed during
the analysis of subgroups associated with statistically
significant differences in MMP-1Log and MMP-9
levels represents the most unfavourable combination
of clinical and radiological characteristics of
tuberculoma in terms of the clinical course of the
disease. Such characteristics as the presence of multiple
tuberculomas with external respiration disorders and
inflammation of the tracheobronchial tree, as a rule,
reflect the progression of specific inflammation.

Differences in the concentration of neutrophil
collagenase (MMP-8) allowed for the formation of
pattern 3, based on a combination of at least two of
the characteristics discussed. For example, in the
group of smoking patients with multiple foci (n = 39),
the concentration of proteinase reached 3.83 ng / ml
(3.21; 4.46) in contrast to a more favourable group
(n = 9) where such factors were absent. MMP-8Log
in this case was 1.2 times lower and amounted to
3.09 ng / ml (2.73;3.50).

Tobacco smoking is a risk factor that aggravates
the severity of the disease, contributing to the
prolongation of non-specific inflammation, and is
one of the causes of irreversible external respiration
disorders [17]. It was found that the patients of
the subgroup with pattern 3 differed by 1.2 times
from the rest of the patients in the Gaensler index
(r = 0.27; p = 0.02), the main forced expiratory
maneuver parameter, whose decrease is crucial in the
diagnosis of lower airway obstruction.

The found relationship between the total volume
of foci and the number of segmented neutrophils
(r =0.60; p = 0.04), which are the source of MMP-8,
is in agreement with literature data on the increase in
the number of peripheral blood neutrophils in patients
with a progressive course of the disease as compared
to its regressive and stable course [18].

Changes in the level of TIMP-1 and MG allowed
for the formation of pattern 4, determined by the
influence of a combination of CB and tobacco
smoking (p = 0.004). It was found that in the presence
of both characteristics, the level of TIMP-1Log
was significantly higher (»p = 0.004), amounting to
6.77 ng / ml (6.67;6.94), whereas in the absence of
these factors, the concentration of TIMP-1Log was
6.52 ng / ml (6.47;6.67). A similar 1.5-fold decrease
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was found for MG (p = 0.04). The activity of the
inhibitor was reduced to 2.00 nmol / min (1.50; 2.25)
in the more severe subgroup according to clinical and
radiological characteristics, while in other patients,
it remained at the reference level of 2.61 nmol / min
(2.10; 3.09).

The validity of the composition of pattern 4 is
explained by the literature data on the presence
of bronchial pathology of a non-specific genesis
in patients with smoking experience of more than
10 years, the so-called smoker’s cough [19]. The
revealed combination characterizes failure of
inhibitory protection and corresponds to endoscopic
presentation of non-specific CB of high prevalence.

Analyzing all 4 patterns, it should be noted
that their composition characterizes both specific
(necrosis, lesion volume) and non-specific (CB and
tobacco smoking) components of inflammation, which
indicates the nonlinear nature of the relationship
between the MMP / TIMP system parameters and
manifestations of the process intensity according to
clinical and radiological criteria. Thus, changes in
the parameters of the MMP / TIMP system can be
considered as objective laboratory biomarkers for
assessing the clinical course of specific inflammation
in pulmonary tuberculoma.

CONCLUSION

Theuse ofthe symptomatic analysis made it possible
to form four patterns, corresponding to different levels
of MMPs in the blood, from the characteristics used to
assess the clinical course of the disease. An increase
in the concentration of MMP-1Log and MMP-9 in
peripheral blood may be a predictor of the progression
of multiple tuberculomas in the presence ofnecrosis and
bronchogenic dissemination (patterns 1, 2). Changes
in the levels of MMP-8, TIMP-1 or MG emphasize the
significance of the permanent effect of non-specific
inflammation components on the assessment of the
process severity and do not exclude the possibility
of its progression (patterns 3 and 4). The integrative
approach combining the evaluation of serum protein
biomarkers with the results of clinical and radiological
studies is a highly promising non-invasive tool for
predicting the direction of development of pulmonary
tuberculoma without bacterial excretion.
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Multifactorial, biomarker-based model for assessing the state of patients
with schizophrenia

Cheremnykh E.G., Savushkina O.K., Prokhorova T.A., Zozulya S.A., Otman I.N.,
Pozdnyakova A.N., Karpova N.S., Shilov Yu.E., Klyushnik T.P.

Mental Health Research Center
34, Kashirskoe Highway, Moscow, 115522, Russian Federation

ABSTRACT

Relevance. Objective comparison of biological markers and real clinical presentation is especially difficult in
mental disorders, which are classified according to a large number of diagnostic criteria and a wide variety of
symptoms. Therefore, the development of an effective system of biochemical markers and assessment of their
relationship to optimize the diagnosis and treatment of schizophrenia are relevant.

The aim of the study was to develop a statistical model that combines known and tested biochemical markers for
mental illnesses in patients with schizophrenia.

Materials and methods. The study included 47 women aged 18-50 years (median age — 22 years) with the
diagnosis of schizophrenia (ICD-10, F20) and 25 healthy women of the same age. The model was based on the
functional activity of complement, thrombodynamics parameters, markers of inflammation, glutamate and energy
metabolism, and antioxidant defense, which were shown to be associated with the severity of schizophrenia. The
listed markers were evaluated in plasma, platelets, and erythrocytes of sick and healthy individuals.

Results. Statistical software found pair correlations and features of the distribution of all markers as random vari-
ables in the examined groups and evaluated correlations between pairs of markers. Ten biomarkers were identified
and united into a system that was adequately described by the logistic regression model. The model was evaluated
using the Pearson’s test (y2(11) = 57.6, p = 0.001) and calculation of correct predictions (91 and 80%) for samples
of patients and healthy people, respectively.

Conclusion. Calculating the logistic equation resulted in the probability that the patient has schizophrenia involving
the immune system, hemostasis, and oxidative stress. This model can be considered as a new formalized approach
to the preclinical diagnosis of mental illnesses.
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MHorodakTopHaa mogesnib OLLleHKN COCTOAHNA 60/bHbIX WN30ppeHnen
Ha OCHOBe cucTeMbl GMomapkepos

Yepemubix E.Il'., CaBywkuna O.K., lpoxoposa T.A., 3o03yna C.A., OrmaH U.H.,
MosaHakosa A.H., Kapnosa H.C., lUunos. I0.E., KniowHuk T.I.

Hayunvui yenmp ncuxuueckozo 30oposvs (HLI13)
Poccus, 115522, 2. Mockea, Kawupckoe wiocce, 34

PE3IOME

AkTyansHOCTb. [IpobieMa 0OBEKTHBHOTO CONOCTaBICHHUS OHOIOTHIECKUX MAapKEPOB U PeabHON KIMHUIECKO
KapTHHBI 0COOCHHO CIIOKHA TIPH MICUXWIECKUX PacCTPOICTBAX, KOTOPBIE KIIACCH(DUIMPYIOTCS 110 OOIBIIOMY KOJIH-
94eCTBY JUArHOCTHIECKHX KPHTEpHEB U OOIbIIOMY pa3HooOpasmio cuMnToMoB. IToaTomy paspadorka 3¢ hexTus-
HOHM CHCTEMBI OMOXMMHYECKHX MapKepOB M OLEHKA WX B3aUMOCBSI3H JUIS ONTHMH3AIMH JUATHOCTUKH H JICICHHS
mr30(PEHNUN SBISIOTCS aKTyaIBHOM.

ean uccnenroBaHus — pa3padboTaTh CTATUCTHYECKYIO MOJIENb, 0OBEIMHSIONLYI0 H3BECTHBIE U IPOBEPEHHBIC IS
MICUXUYECKHX 3a00IeBaHUI OMOXUMHYECKHE MapKePHI TSI MAMEHTOB ¢ MU30()peHUEH.

Marepuannl 1 Meroabl. O6cnenoBano 47 GOJBHBIX JKEHINUMH B Bo3pacte 18—50 ner (MeauaHHOE 3HAUCHHE —
22 roga) ¢ auarso3oM «umzodpenus» (MKbB-10, F20) u 25 310poBBIX )KEHIIMH TaKOTo XKe Bo3pacTa. B kadecTse oc-
HOBBI MOJIEJIN OBUTH MCIIONIB30BaHbl (DYHKIIMOHATIbHAS aKTHBHOCTh KOMIIEMEHTA, II0Ka3aTelIl TPOMOOJMHAMUKH,
MapKephl BOCHAJICHHs, MapKephl TIIyTaMaTHOTO M SHEPreTHYECKOr0 MeTaboJIM3Ma U aHTHOKCHIAHTHOW 3aIlUTBhI,
CBsI3aHHBIC, KaK OBUIO IIOKAa3aHO paHee, C TSHKECThIO TeueHus mu3oppeHnn. [lepeurcieHHble MapKephl OLEHUBAIH
B IJIa3Me, TPOMOOIMTaX U SPUTPOLMTAX KPOBH OOJIBHBIX U 3[J0POBBIX.

PesyabTarel. C MOMOIIBIO CTATHCTHYECKOH NPOTPaMMbI BBISBICHBI ITapHbIE KOPPEISIIAM M OCOOCHHOCTH
pacmpernienieHuss BCeX MapKepoB KaK CIyYalHBIX BEIMYMH B OOCIENOBAHHBIX TPYINIax, a TaKXkKe OICHEHH
3aBHCHMOCTH MEXIy ITapaMH MapKepoB. BBISBIICHEI feciaTh OHOMapkepoB, 00BEAMHEHHBIX B CHCTEMY, KOTOpast
aJIeKBaTHO OIHMCHIBACTCS JIOTHCTHYECKON Moesbio. MoJielb oleHeHa ¢ nmoMmomipto kpurepus [Tupcona (3*(11) =
57,6; p = 0,001) u BeMUMCIICHNS TPaBWIBHBIX Tpenckazanuit (91 u 80%) mo BeIOOpKaM OOJIBHBIX M 3IOPOBBIX
COOTBETCTBEHHO.

3axurioueHue. Pe3ynbTaToM BEIYHUCIICHUS IOTHCTHYECKOTO YPaBHEHHUS SBISIETCS BEPOSTHOCTh HATTMYHSA Y TTAIlIEHTA
30 PEHMYECKOT0 TpoIiecca, B KOTOPHIA BOBJICYCHBI IMMYHHAs CHCTEMa, TeMOCTa3 U OKHCIHUTENBHBIN cTpecc.
Dra MOJENh MOXET pacCMaTpPHBATHCS KaK HOBBIM (POPMAaTM30BAaHHBIA IMOIXOM K AMATHOCTHKE NCHXHYECKUX
3a00J1€BaHUI HA JOKIMHUYECKOM JTarle.

KawueBrble cioBa: mm3ohpeHus, cucTeMa OHOMapKepOB, MapHbIe KOPPEISINH, JIOTUCTUIECKAsT PerpecCUOHHAs
MOJIENb

Konpaukt nHTEpecoB. ABTOPHI ACKIAPUPYIOT OTCYTCTBHE SBHBIX U IMOTEHIHAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOosIIeH CTaTbu.
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INTRODUCTION large number of diagnostic criteria and a wide variety
of symptoms. The clinical status of patients with the

Objective comparison of biological markers and same diagnosis may differ.
real clinical presentation is especially difficult in Schizophrenia is a heterogeneous mental illness
mental disorders, which are classified according to a with a wide variety of clinical manifestations caused by
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different etiological factors and biological background.
Therefore, the development of an effective system
of biochemical markers and the assessment of their
relationship to optimize the diagnosis and treatment
of schizophrenia are relevant.

We suggest several groups of markers as a basis
for such system.

1. Complement and hemostasis.

These two evolutionarily allied systems,
complement system (CS) and hemostasis, have
numerous connections that allow to consider them as
a single system that regulates the entire set of immune
interactions.

In recent years, special attention of researchers has
been focused on the two processes—CS and coagulation
in the fluid phase as tools for an instant response to
external and internal threats and, at the same time, as
sources of adverse pathological processes.

Coagulation may increase uncontrollably, and
simultaneous amplification of the two systems
contributes to critical complications of various
pathologies. It is known that disseminated
intravascular coagulation and multiple organ failure
result from dysregulation of CS and increased positive
feedbacks between CS and coagulation [1]. However,
the interaction of these cascades contributes to the
intensification of pathological processes not only
in critical situations. A significant role of the CS —
coagulation interaction in increasing resistance to
therapy for atherosclerosis, cancer [2], mental illness
[3], and diabetes was revealed [4]. The direction
and overall level of interaction between CS and
coagulation are determined by genetic conditions and
the condition of the body at each time point.

2. Inflammatory markers

Among numerous pathogenetic hypotheses of
schizophrenia, an important place is attributed to the
study of the role of inflammation in the development
of the disease. Due to the existence of neuroimmune
relationships, activation of neuroinflammation in
the brain [5] is associated with the development
of systemic inflammatory responses, accompanied
by an increase in the level of various inflammatory
mediators in the patients’ blood [6]. It was previously
indicated that biomarkers which reflect the intensity
of the ongoing pathological process in the brain in
schizophrenia and interrelate with the severity of the
disease and the clinical state of patients are: [7, 8]:

— activity of leukocyte elastase (LE), a serine
protease released by activated neutrophils during
degranulation at the site of inflammation;

— functional activity of the main endogenous
inhibitor of LE — acute phase protein, al-proteinase
inhibitor (al-m), synthesized in the liver;

—level of antibodies to protein S-100b (abS100-b) —
a marker of astroglial activation, which also acts as a
neurotrophic factor for serotonergic neurons.

3. Glutamate metabolism and antioxidant defense
enzymes.

An important aspect of endogenous psychoses
(schizophrenia) is the involvement of the glutamate
system in the development of the pathological process
[9]. The reduction of NMDA receptor (NMDAR)
activity on inhibitory GABA interneurons leads to
an increase in glutamatergic neurotransmission and
various symptoms that occur in acute psychosis.
Evidence has been obtained that NMDAR
hypofunction is associated with oxidative stress
which also contributes to the development of mental
pathology associated with schizophrenia [10].

Pathophysiological processes associated with
disorders in the glutamatergic system, glutamate
metabolism, and oxidative stress, caused in particular
by disturbances in the glutathione system, are
involved in the formation of the acute phase response
with the manifestation of positive symptoms, as
well as in the emergence of negative symptoms and
cognitive deficits.

Abnormalities of the glutamatergic system and
glutamate metabolism have been detected in the
studies on the brain [11] and blood of patients with
psychosis [12].

Changes in the activity of the glutamate metabolic
enzyme glutamate dehydrogenase (GDG), glutathione-
dependent enzymes glutathione-S-transferase
(GST) and glutathione reductase (GR), as well as
mitochondrial complex IV — cytochrome c oxidase
(COX) in platelets were detected for mental illnesses
[13].

It is not possible to assess biochemical connections
in the entire set of interactions between the markers due
to the complexity of the overall system, which also has
positive and negative feedbacks, thus complicating the
decision-making process based on analytical data. So,
as a model that combines all of the listed markers, we
decided to consider a logistic regression model, whose
synthesis is aimed at providing objective grounds for
the psychiatric diagnosis of patients.

The aim of the study was to develop a statistical
model that combines known and tested biochemical
markers of mental illnesses in patients with schizo-
phrenia.
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MATERIALS AND METHODS

Clinical and biological research was carried out at
Mental Health Research Center. The study was ap-
proved by the Ethics Committee at Mental Health Re-
search Center (Protocol No. 301 of 05.09.2016) and
was carried out in compliance with the current ethical
standards and rules of biomedical research approved by
the WMA Declaration of Helsinki (1975/2000 edition).

The study included 47 women aged 18-50
years (median age — 22 years) with the diagnosis of
schizophrenia (ICD-10, F20) admitted to the hospital
at the acute stage of the disease and 25 healthy women
of the same age.

The listed markers were evaluated in plasma, plate-
lets, and erythrocytes of patients and healthy people.

Inclusion  criteria:  verified diagnosis  of
schizophrenia (F20) according to the ICD-10
classification, acute psychotic state. Exclusion criteria:
age under 18 and over 50 years, organic damage to the
central nervous system, brain injury, severe somatic
symptom disorders at the stage of decompensation,
exacerbation of inflammatory or infectious diseases,
use of psychoactive substances.

CS was assessed by the tailor-made method
for assessing the functional activity of CS in test
organisms — ciliates Tetrahymena pyriformis, the death
of which when exposed to blood plasma is associated
with activation of CS. The method described in [14]
consists in cyclic counting of living protozoan cells
in a blood plasma solution. The calculation is carried
out on the BioLat device [15] using the AutoCiliata
software developed by us.

The functional activity of the complement in
the blood plasma was assessed using the calculated

parameter: faCS=100x1/ T
of death of half of the cells.

Coagulation markers — clot density (D) and initial
speed of clot formation (Vi) were assessed by the
thrombodynamics method [16]. Inflammation markers
(LE activity and functional activity of a/-z, as well
as the level of antibodies to the S-100b protein) were
assessed in accordance with the methods presented in
the work [7].

A marker of glutamate metabolism and a parameter
of energy metabolism (the activity of GDH and
COX, respectively) were assessed in platelets.
Markers of antioxidant defense (the activity of
glutathione-dependent enzymes) were assessed in
platelets (GST, GR) and erythrocytes (GSTer, GRer)
in accordance with the methods presented in the works
[12, 13, 17].

Theresults of marker measurements in the examined
groups were assessed using the Statistica.10 program
tools, such as descriptive statistics, the Shapiro — Wilk
test, the Spearman’s rank correlation coefficients, the
quantile regression model, and logistic equations.

5» Where T, is the time

RESULTS

In accordance with the Shapiro — Wilk test
(W>0.946; p <0.05), only two predictors in the group
of 47 patients (COX and GDH) and only one predictor
in the group of 25 healthy people (GDH) (W > 0.918;
p < 0.05) followed a normal distribution. Therefore,
to analyze the statistical parameters in these groups,
medians, coefficients of variation, and interquartile
ranges were used (Table 1). To assess the relationship
between the predictors, the nonparametric Spearman’s
rank correlation coefficient was used (Table 2, 3).

Table 1

Descriptive statistics of predictors in the group of patients and healthy controls
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Group of patients, n =47 Group of healthy controls, n = 25
Parameter Me (Q,5; O, Coefficient of variation Me (Q,; O,5) (iof:rﬁi;?g;
JfaCS 4.61 (3.12; 6.76) 50.9 6.75 (6;7.5) 15.32
Vi 54.5 (51; 57) 8.92 52.6 (47; 55) 11.78
D 22,480 (20,743; 24,671) 14.04 22,029 (20,623; 23,627) 11.23
LE 234.4 (210.5; 265.7) 16.69 197 (187; 200) 5.91
al-n 40.70 (33.7; 47.4) 20.31 33.7 (32; 35) 9.31
abS-100b 0.78 (0.69; 0.89) 17.86 0.77 (0.68; 0.79) 9.28
COX 5.10 (4.2;5.71) 22.34 5.47 (5.05; 6.27) 18.85
GDH 5.93 (5.11; 6.86) 22.97 6.87 (5.77; 8.28) 19.04
GR 9.12 (7.54; 10.32) 30.85 10.50 (8.86; 11.78) 27.24
GST 14.73 (11.54; 17) 24.27 17.25 (13.96; 19.22) 18.68
GRer 2.10 (1.66; 2.37) 19.74 1.65 (1.41;2) 27.71
GSTer 2.61(2.23;3.43) 35.69 2.09 (1.57;2.74) 41.2
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Table 2
Spearman’s rank correlations (SRC) of 12 markers for the group of patients
Parameter faCS Vi D LE al-7 abS-100b COX GDG GR GST GRer GSTer
faCS 1 —0.41 —0.23 —0.04 0.08 -0.12 0.01 0.06 0.04 0.09 —-0.05 0.01
Vi -0.41 1 0.26 0.1 —0.06 0.05 —0.15 -0.23 0.03 -0.17 -0.17 -0.17
D -0.23 0.26 1 0.05 0.23 -0.23 -0.01 —0.15 0.17 0.15 -0.01 0.08
LE —0.04 0.1 0.05 1 —0.14 —0.08 —-0.15 0.1 0.2 0.01 -0.07 -0.04
al-7 0.08 -0.06 0.23 -0.14 1 —-0.07 0.17 0.26 -0.01 0.12 0.12 0.21
abS-100b —0.12 0.05 -0.23 | -0.08 | -0.07 1 0.15 0.04 0.01 -0.22 0.1 0.03
COoX 0.01 —0.15 —0.01 —0.15 0.17 0.15 1 —0.13 -0.34 -0.13 0.13 0.01
GDG 0.06 -0.23 —0.15 0.1 0.26 0.04 —-0.13 1 0.19 0.21 0.17 -0.12
GR 0.04 0.03 0.17 0.2 -0.01 0.01 -0.34 0.19 1 0.49 0.17 0.13
GST 0.09 —0.17 0.15 0.01 0.12 —0.22 —0.13 0.21 0.49 1 0.15 0.37
GRer -0.05 | -0.17 | -0.01 -0.07 0.12 0.10 0.13 0.17 0.17 0.15 1 0.35
GSTer 0.01 -0.17 0.08 -0.04 0.21 0.04 0.01 -0.12 0.13 0.37 0.35 1
Note. Correlations in bold are significant at p < 0.05.
Table 3
Spearman’s rank correlations (SRC) of 12 markers for the group of healthy controls
Parameter faCS Vi D LE ol-7 abS-100b COX GDG GR GST GRer GSTer
faCS 1 0.25 -0.07 0.11 -0.35 0.19 -0.17 0.07 0.09 -0.04 0.15 0.13
Vi 0.25 1 0.15 0.04 -0.3 0.31 —0.32 -0.29 —0.26 —0.18 —0.04 0.11
D -0.07 0.15 1 0.1 -0.02 -0.16 0.14 —0.08 0.15 -0.22 —-0.08 —0.28
LE 0.11 0.04 0.1 1 0.07 —-0.05 0.36 0.54 -0.43 0.14 0.09 0.05
al-7 —-0.35 -0.3 —0.02 0.07 1 -0.45 0.07 0.1 —0.28 -0.09 0.1 0.01
abS-100b 0.19 0.31 —0.16 —0.05 —0.45 1 —0.15 —0.26 0.11 0.02 0.28 —0.05
COX -0.17 -0.32 0.14 0.36 0.07 -0.15 1 0.47 0.13 0.68 -0.11 0.07
GDG 0.07 —0.29 —0.08 0.54 0.1 -0.26 0.47 1 0.18 0.55 -0.27 -0.3
GR 0.09 -0.26 0.15 —0.43 —0.28 0.11 0.13 0.18 1 0.25 —0.03 -0.36
GST —0.04 —0.18 -0.22 0.14 -0.09 0.02 0.68 0.55 0.25 1 -0.19 0.08
GRer 0.15 —0.04 —-0.08 0.09 0.1 0.28 —0.11 -0.27 -0.03 -0.19 1 0.26
GSTer 0.15 0.11 -0.28 0.05 0.01 -0.05 0.07 -0.3 -0.36 0.08 0.26 1

Note. Correlations in bold are significant at p < 0.05.

Correlation modifications in the groups of patients
and controls presumably reflect changes in the stud-
ied system, which can be assessed by the analysis of
paired correlations due to numerous direct and indi-
rect relationships between the markers.

To identify the fact of similar distribution of the
predictor pairs for which at least a weak correlation
(SRC = 0.3) even in one group was detected, quantile
regression plots were constructed (O—Q). Figure shows
0-0 plots for pairs of predictors in the patient group
with a detected correlation compared to O—Q plots in
the healthy controls. Each plot is accompanied by two
equations — for a polynomial regression model and for
a linear equation model using the least squares method.

All biochemical markers are in complex rela-
tionships, the strength of which can vary random-
ly. Quantile regression shows how strong /weak
the correlation between pairs of markers is, and this
correlation is usually nonlinear. Therefore, quadratic
quantile regression plots make it possible to assess
the strength of the relationship. When accumulated,
this information can be the basis for constructing
network models of biochemical interactions. Such

BlonneteHb cubmpckon MeauymHbl. 2024; 23 (1): 85-93

models for each specific pathology will help identi-
fy critical points of therapeutic intervention, which
optimization will reduce the number and side effects
from medications.

After assessing the statistical characteristics of
the two samples under study, an analytical equation
(model) was obtained that will contribute to evalua-
tion and classification of a set of markers character-
izing whether an individual belongs to the group of
patients or healthy controls.

For this purpose, we used the logistic regression
model with the following features: the regression re-
sult was calculated as a probability of event occur-
rence. The dependent variable must be categorical, in-
dependent variables may not be normally distributed,
or linearly related, or equally dispersed, which is typi-
cal of our measurement results (Table 1-3). The result
of the logistic regression equation (1) is the probabil-
ity of a person’s attribution to the group of patients or
healthy controls in accordance with the results of the
study of predictor markers. The variable P was add-
ed as a binary variable, which is equal to “0” for the
group of patients and “1” for the healthy group.
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Group of patients (47) Group of healthy controls (25)
. s Vi=41.15+3.27%(faCS) — | Vi=-10.86+12.94%(faCS) —
: e 0.115%(faCS)* ] || 0.53%(faCS)
: o Vi = 57.96-0.68*(faCS); v Vi = 44.1+1.14%(faCS);
#F r=-0.3771; p = 0.0090 | = r=-0.1937; p = 0.3536
v & | SRC=-0.41 e = | SRC=0.25
' == | GR=-13.17+6.29*(COX) — T GR =-10.2+4.58%(COX) —
o —0.35%(COX) | | 0.15%(COX)y
£ GR = 12.033-0.7*(COX); ool s GR = 10.51+0.05*(COX);
B r=-0.3002; p = 0.0403 B r=0.0178; p = 0.9326
= | SRC=-0.34 iy o+ SRC=0.13
T | GR=-10.22+1.91%(GST) - T 7| GR=1037-
1] 0.04%(GST) | | 0.91%(GST) + 0.05%(GST)
£ GR = 3.23+0.36%(GST); | Pk | GR=7.86+0.17*(GST);
r=0.4876; p = 0.0005 || ¥=0.1862; p=0.3728
—4| SRC =0.49 = 7 7 SRC=0.25
B GSTer = 0.61+0.02*(GST) + v — GSTer =-1.65+0.17*(GST) +
; o= 1] 0.01%GSTY : 1 0.003%(GST)?

i s GSTer = 1.52+0.09*(GST); i. P GSTer = 1.46+0.04*(GST);
i r=10.3189; p = 0.0289 || = r=0.1415; p = 0.4880
S| SRC=0.37 3 SRC =0.08

) 1| GRer=-0.6+0.26*%(GST) — = ]| GRer =0.44-0.003*(GST) +
7 || 0.004%(GSTY d Fo 0.004*(GST)?

3 P i | GRer = 1.77+0.02%(GST); vl i GRer =2.14-0.03*(GST);

1 Z || r=0.1584; p=0.2877 s r=-0.1880; p = 0.3680
SRC =0.35 e . 4 SRC=-0.19

GDH = 7.79-0.05%(LE) + 1 == GDH =-146.06+1.44*(LE) —
< 0.0002*(GST)? 1 I| 0.003*(LE)
e GDH = 4.56+0.006*(LE); e ) || GDH =-2.49+0.05*(LE);
g r=0.1770; p = 0.2340 , i| r=0.4226; p=0.0353
SRC=0.1 2 =4 SRC=0.54

—1| GR=-13.49+0.13*(LE) - 7 | GR =-89.3+0.76*(LE) -
-~ || 0.0001*LEy 4 ~ 1| 0.001%(LEy
= GR =4.5527+0.02*(LE); + - || GR=30.66—0.1%(LE);
| == | ¥=0.2513; p = 0.0883 | I| r=-0.3999; p =0.0477
Lo | SRC=02 A )l SRC=-043
T GST = ~7.1+5.4%(COX) — T T GST=-21.89+10.38%(COX) —
: 0.21%(COX)? 5 | 0.61%(COX)
| ,,.-""' GST = 15.85-0.26%(COX); ' | GST =5.5+2.0%(COX);
| o r=-0.0842; p=0.5737 | i| 7=0.6808; p =0.0002
4| SRC=-0.13 s | SRC =0.68
| GDH=-008+121%COX)+ | T | GDH=-13.49+58%COX) -
- 0.0002*(COX)? AT 1 0.378*(COX)
A GDH = 6.31-0.06*(COX); ! | GDH =3.73+0.56*(COX);
- r=-0.0453; p=0.7622 | 1 #=0.4553; p=0.0222
mer—r—r—+—r—1 | SRC =-0.13 it SRC = 0.47

Figure. Dependencies of pairs of predictors in two groups
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P=1/(1+e?), (1)
where Z=a +axx +a*x

The coeflicients a-a-..a were calculated using
the Logit Regression procedure in the Statistica 10
software. The general logistic equation for all twelve
markers is implausible:

x*(13)=--,p=1.0[18].

By removing one predictor at a time, a logistic
model was built to find predictors that lead to an im-
plausible result. Two parameters turned out to be such
predictors: clot density (D), reflecting the state of the
coagulation system, and leukocyte elastase (LE) ac-
tivity which is a marker of neutrophil degranulation.

The resulting equation included 10 independent
variables (faCS, Vi, al- &, abS-100b, COX, GDG,GR,
GST, GRer , GSTer) and the dependent binary vari-
able P (2).

P=1/(+e?, 2)

where Z = 5.78 + 0.399 x (faCS) — 0.014 x Ji —
0.4 x (al-m) — 8.24 x (abS-100b) + 1.9  (COX) +
0.58 x (GDG) + 0.33 x (GR) — 0.17 x (GST) — 2.02 x
(GRer) +0.27 x (GSTer)

The value of the loss function was 17.7; it was the
minimum value among all other variants of the equa-
tions. Pearson’s criterion y*(11) =57.6, p=0.001. The
significance of regression coefficients was assessed
using the Wald test (Table 4).

Table 4

Significance of regression coefficients

Parameter Wald test D
Intercept 1.84 0.175
faCS 5.49 0.019
Vi 3.95 0.046
al-m 134 <0.001
abS-100b 0.54 0.462
COX 10.5 0.001
GDH 4.80 0.029
GR 6.01 0.014
GST 3.56 0.059
GRer 2.32 0.127
GSTer 0.87 0.350

Note. Correlations in bold are significant at p < 0.05.

Estimating the likelihood of a logistic equation
gives a general idea of its coefficients. In accordance
with this criterion, predictors with their own coeffi-
cients were identified, the equation for which had the
smallest loss function value.

Correctly predicted value “0” (attribution to the
group of patients) — 91,5%.

Correctly predicted value “1” (attribution to the
group of healthy controls) — 80%.

DISCUSSION

Based on the coefficient of variation, it was
revealed that the markers in the group of patients have
greater variability than the markers in the healthy
group (Table 1). There are 8 highly variable markers
in the group of patients (faCS, al- x, GR, GST, COX,
GDH, GSTer, GRer), 3 moderately variable markers
(D, LE, abS-100b), and only one weakly variable
marker (V7). In the healthy group, the variability of
markers was as follows — only 3 markers (GR, GRer,
GSTer) were highly variable, 6 markers (faCS, Vi, D,
COX, GDH, GST) were moderately variable, and 3
markers (al- 7, LE, abS-100b) were weakly variable.
The lower / upper quartile ranges also differed for all
markers of the two groups. This result is quite typical
of biochemical markers when comparing groups of
patients and healthy controls.

Changes in the correlations in the patients and
controls presumably reflect modifications in the system
under consideration, which can be assessed using
the analysis of paired correlations due to numerous
direct and indirect relationships between the markers.
Pairwise Spearman’s rank correlation coefficient
revealed only a few weak correlations in the group
of patients and slightly stronger ones in the group of
healthy people. Therefore, at the next stages of the
study, the assessment of paired correlations together
with the quantile regression will help identify critical
correlations, which modifications are responsible for
the development of the pathological process.

To evaluate paired correlations of random
variables, quantile regression plots were constructed
(0-0), since it is known that two random variables
are distributed identically and have the dependence
similar to that of their quantiles. Quadratic quantile
regression plots make it possible to evaluate the
strength of the correlations. When accumulated, this
information may be the basis for constructing network
models of biochemical interactions. Such models for
each specific pathology will help identify critical points
of therapeutic intervention, which optimization will
reduce the number and side effects from medications.

For all pairs of predictors (Fig.), their dependencies
are optimally approximated by the quadratic equation,
while the nature of the equations for pairs from
2 groups is different.

The nonlinearity of dependencies of marker pairs
is most likely a general law for describing the inter-
actions of biochemical molecules. Thus, for CS / Vi,
nonlinearity arises due to feedback in the entire com-
plement — coagulation system. For LE/GDG and LE /
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GR pairs, the relationship is nonlinear due to complex
interactions of neutrophils and platelets, which serve
as a source of model markers for assessing modeled
brain cell enzymes.

When comparing individual markers in the patient
group with those in healthy people, it is impossible
to unambiguously determine whether an individual
belongs to the group of patients, i.e. there are patients
whose studied markers not always differ from the
normal values. Therefore, the assessment by individual
markers is not effective. A model that includes a set
of markers and their correlations is of interest from a
fundamental point of view, and the practical aspect of
this issue is related to the possible use of the results
obtained for early diagnosis of the disease.

The review of current literature showed that the
creation of biomarker panels for schizophrenia is a
relevant area for research. For example, models have
been developed using proteins of the NMDA receptor
signaling pathway and tryptophan metabolism [19], as
well as inflammatory and immune biomarkers [20].

At this stage, the developed model can demonstrate
a new formalized approach to the diagnosis of mental
illnesses. In general, for the practical application of
models, it is necessary to conduct studies on different
clinical groups of patients with schizophrenia with
a set of models that will be used for optimizing the
diagnosis and therapy.

CONCLUSION

Applying statistical procedures, ten biochemical
markers were identified and united into a system that
is described by the logistic model and reflects the
involvement of immune responses, hemostasis, and
oxidative stress in the development of the pathological
process in schizophrenia. These parameters are: the
functional activity of the complement system, the
initial rate of fibrin clot formation, the functional
activity of ol-proteinase inhibitor, the level of
antibodies to protein S-100b in the blood plasma, the
activity of glutamate dehydrogenase and cytochrome
¢ oxidase in platelets, and the activity of glutathione-
S-transferase and glutathione reductase in platelets
and erythrocytes. Two parameters (clot density when
assessing coagulation and leukocyte elastase activity)
were not included in this system, which is probably
due to the peculiarities of the course of schizophrenia
within the psychopathological syndrome considered in
the present work.

The model was assessed by the Pearson’s test
(x¥(11) = 57.6, p = 0.001) and calculation of correct

predictions (91 and 80%) for the entire sample
consisting of two groups (patients and healthy
controls).

This work can be considered as a new approach to the
diagnosis of mental illnesses. As a rule, most biochemical
markers are not specific; only their combination and
identification of the most critical correlations will help
create effective models demanded in clinical practice.
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Changes in the cardiovascular profile in patients 3 and 12 months
after COVID-19 pneumonia: parameters of arterial stiffness,
global longitudinal strain, and diastolic function of the left ventricle

Yaroslavskaya E.l.", Shirokov N.E.’, Krinochkin D.V.’, Migacheva A.V.', Korovina 1.0.?,
Osokina N.A.', Sapozhnikova A.D.}, Petelina T.l."

I Tyumen Cardiology Research Center, Tomsk National Research Medical Center (NRMC) of the Russian Academy
of Sciences
111, Melnikaite Str., Tyumen, 625026, Russian Federation
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55, Kotovskogo Str., Tyumen, 625023, Russian Federation

ABSTRACT

Aim. To study changes in the brachial — ankle pulse wave velocity (baPWV), ankle — brachial index (ABI), diastolic
function, and global longitudinal strain of the left ventricle (LV) 3 and 12 months after COVID-19 pneumonia.

Materials and methods. The dynamics of vascular age and LV global longitudinal strain was studied in 154
patients 3 and 12 months after COVID-19 pneumonia (51 + 12 years, 48% were women). The control group
consisted of 55 sex- and age-matched individuals.

Results. During the follow-up, the average baPWV decreased (13.2 [11.8; 15.1] cm / sec vs. 13.0 [11.8; 14.1] cm
/'s; p <0.001), and the frequency of its elevated values declined (45.4 vs. 35.1%; p = 0.008). The average ABI
increased (1.09 [1.04; 1.14] vs. 1.11 [1.06; 1.17]; p = 0.012), but remained within the normal range. LV global
longitudinal strain (LV GLS) (—19.6 £+ 2.2 and —19.7 + 2.5%; p = 0.854) and the frequency of reduced LV GLS
(21.4 and 26.6%; p = 0.268) did not change significantly and did not differ from values in the control group. Global
longitudinal strain in the LV basal inferoseptal segment improved (—19.2 + 3.6% vs. —20.1 + 4.0%; p = 0.032). The
early diastolic mitral annular velocity decreased (8.4+ 3.0 cm /s vs.8.0+£2.5cm/s; p=0.023). The LV isovolumic
relaxation time was greater than in the control group (101.8 + 22.3 ms at the 1st visit vs. 92.9 £ 21.5 ms; p = 0.012;
105.9 £ 21.9 ms vs. 92.9 + 21.5 ms at the 2nd visit; p < 0.001). A positive correlation was found between baPWV
(r=0.209; p = 0.009) and ABI ( = 0.190; p = 0.021) and strain parameters of the LV basal segments 12 months
after discharge.

Conclusion. Patients with optimal visualization on echocardiography at 12 months after COVID-19 pneumonia,
compared to the results of the examination 3 months after the disease, had deteriorated parameters of LV diastolic
function. LV GLS was within the grey zone and did not change significantly. An improvement in arterial stiffness
was noted, associated with an improvement in the strain of basal LV segments.

Keywords: COVID-19, pulse wave velocity, ankle — brachial index, echocardiography, longitudinal myocardial
strain
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AnHamunka ceppevyHO-COCyANCTOro cTatyca nauuneHToB yepes 3

n 12 mecsaues nocne nHeBMmoHun COVID-19: nokasaTenu cocyancrom
KeCTKOCTU, ANacToNnn4Yeckon pyHKLMM n npoaonbHon aedpopmaymmu
NIeBOro enypouka

filpocnaBckas E.IA.", lLinpokos H.E.", KpuHoukuH [.B.', Murauesa A.B.', Koposuna 1.0.2,
OcokuHa H.A.', CanoxxHukoBa A.A.', MNetenuHa T.N.!

I Tiomenckuil kapouonoeudeckuil nayunvitl yermp, ToMCKUll HAYUOHALHBII UCCTCO0BAMENbCKUTL MEOUYUHCKUTL
yeump (HUML]) Poccuiickoul axademuu HayK
Poccus, 625026, 2. Tromenw, yn. Menvuuxatime, 111

2 Obnacmnas knunuueckas 6onronuya Ne 1
Poccus, 625023, 2. Tiomenw, yn. Komogckozo, 55

PE3IOME

Hesb: m3y4nTh AMHAMUKY CKOPOCTH IynbcoBoil BomHE (brachial-ankle pulsewave velocity, baPWV), noxppked-
Ho-TueueBoro nuaekca (ankle-brachialindex, ABI), nuacTonndeckoi GyHKIIMH U TPOJOITBHON Ie(OpMAIHH JICBO-
ro xenynouka (JIXK) gepes 3 u 12 mec mocne maeBMonun COVID-19.

MarepuaJjbl U MeToabl. J[MHAMuKa MOKa3aTeseil COCYIUCTOro Bo3pacrau npoaoibHoi nedopmarmu JDK uzy-
yeHa y 154 nmanuenTos depe3 3 u 12 mec nocne nHeBMoHMH COVID-19 (51 + 12 net, 48% sxenmun). I'pynmy
KOHTPOJIS COCTAaBUIIN 55 COMOCTaBUMBIX MO MOy U BO3PAcTy MaIl[EHTOB.

Pe3yabTaThl. 3a BpeMs HaOrOeHHUS CHU3MIACH ycpenHeHHas baPWV (13,2 [11,8; 15,1] cm/cek nportus 13,0
[11,8; 14,1] em/c, p < 0,001) 1 yacTOTa BBISBJICHHS €€ MOBBIMICHHBIX 3HaYeHUH (45,4 mpotus 35,1%, p = 0,008).
Ycepennennoe 3nauenue ABI Beipociio, ocraBasich B npenenax Hopmsl (1,09 [1,04; 1,14] mportus 1,11 [1,06; 1,17],
p =0,012). 'mo6aneras npoaoneHas nepopmarms JOK (LV GLS) (19,6 + 2,2% u —19,7 £ 2,5%; p = 0,854) u 4ya-
cToTa BhIsBIIeHHs cHIbKeHHOM LV GLS (21,4 u 26,6%; p = 0,268) 3Ha4MMO HE U3MEHUINCH U HE OTIMYAIUCH OT
MOJYYEHHBIX B rpymnme KoHTpouist. [IpogonsHas nedopmariust 6a3aabHOTo HIXKHE-TIeperopoaouHoro cermenra JIDK
yiyqnmnack (—19,2 £ 3,6% nporus —20,1 + 4,0%; p = 0,032). Panrenactonnyeckasi CKOPOCTb CENTANBHOH YacTH
MUTPAITBFHOTO KOJbIIa CHU3WIACh (8,4 + 3,0 cm/c mpotus 8,0 + 2,5 cm/c, p = 0,023). Bpemst H30BOTIOMIYECKOTO
paccnabuenns JK Obi10 6ombiiie, 4eM B rpymie KoHTpois (Ha 1-m Busure 101,8 + 22,3 mc nporus 92,9 + 21,5 mc;
p =0,012; na 2-m Buzute 105,9 £ 21,9 mc nporus 92,9 + 21,5 mc; p < 0,001). BrsiBiiena nonoxurenbHast KOp-
pensponHas ¢Bsa3b baPWV (r = 0,209; p = 0,009) u ABI (» = 0,190; p = 0,021)) ¢ mapamerpamu aedopmanuu
cerMeHToB 6azanbHOro ypoBHs JIXK yepes roji mocie BBIMTUCKH.

3aka0oyenne. Y JHI[ C ONTUMANbHOM BH3yanm3anued IpH 3XOKapAuorpadHuy depe3 roj Mocie IMHEBMOHHH
COVID-19 B cpaBHEHHUH ¢ pe3yibTaTaMH OOCIEIOBAaHUS Yepe3 3 MeC OTMEYAeTCs yXYIIICHHUE IMapaMeTpOB AU-
actonmueckord ynkmmu JDK. LV GLS Haxomunace B mpenenax «cepoi 30HBD M 3HAYUMO HE M3MEHMIach. Ot-
MEUEHO yIydlIeHHe IOKa3aTeled COCYAUCTON JKeCTKOCTH, CBSI3aHHOE C yIydIlIeHHeM Ae(opMalvy CerMEeHTOB
6azanpHOTO ypoBHS JIK.

Kirouessble ciaoBa: COVID-19, ckopocTs pacripocTpaHeHUs M1yJIbCOBOM BOJIHBL, JOABLKEUHO-IICUEBON HHJIEKC,
sxokapauorpadus, TpomoabHas aedopManus MHOKapaa

KoH(]IUKT HHTepecoB. ABTOPBHI AEKJIAPUPYIOT OTCYTCTBHE SBHBIX U MOTEHIMAIbHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOJIMKAIUeH HACTOSAMIEH CTaThH.

Hcrounuk Q)mlancnpOBaHmI. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU (I)I/IHaHCI/IpoBaHI/ISI py MPOBCACHUUN UCCIIEN0-
BaHUA.
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CooTBeTcTBHE NMPUHIMIIAM ITHKH. Bce mauneHTs! noamucand HHGOPMUPOBAHHOE COTJIACHE Ha y4acTHE B HC-
crnenoBannu. MccnenoBanne 0JJ00peHO JOKaIbHBIM STHYECKMM KOMUTETOM TIOMEHCKOTO KapANOIOTHYECKOr0O Ha-
yuHoro neHrpa, Tomckoro HUMI] (mpotokosn Ne 159 ot 23.07.2020).

Jast uurupoBanus: Spocnasckas E.N., [llupoxos H.E., Kpunouxun /[.B., Murauyesa A.B., Koposuna 1.0., Oco-
kuHa H.A., Canoxuukosa A./l., [lerenuna T.M. Jlunamuka cepe4HO-COCYUCTOTO CTaTyca MalueHToB uepes 3
u 12 mecsueB nocne mHeBMoHNE COVID-19: nmokaszarenu cocyaucTol KEeCTKOCTH, TUACTOIMYECKON (YHKIUH 1
MIPOIOIIBFHOM AeopManny JIEBOTO JKeIynouKa. broiremens cudupckou meduyunsl. 2024;23(1):94—104. https://doi.

org/10.20538/1682-0363-2024-1-94-104.

INTRODUCTION

Increased arterial stiffness is known to impair myo-
cardial relaxation and increase left ventricular (LV)
end-diastolic pressure [1]. The study of the relation-
ship between arterial stiffness and myocardial strain
properties is of sustained interest. A chronic increase
in afterload has been shown to accelerate LV remod-
eling and development of heart failure [2]. A study of
248 individuals without structural heart disease re-
vealed an independent relationship between brachial —
ankle pulse wave velocity (baPWV) and LV global
longitudinal strain (GLS) [3]. J.W. Hwang et al. demon-
strated that increased baPWV contributed to impaired
LV GLS in patients with arterial hypertension (AH)
and preserved LV ejection fraction (LVEF) [4].

Arterial stiffness is naturally associated with aging
but may be accelerated by concomitant metabolic and
cardiovascular pathology. One of the mechanisms that
underlies changes in blood vessels during aging and
cardiovascular diseases is a decrease in the number
of elastic fibers and an increase in collagen content.
Another mechanism is endothelial dysfunction, which
develops as a result of inflammation, oxidative stress,
and changes in smooth muscle tone in muscular arteries.
COVID-19 is a multisystem disease with extensive
damage to the cardiovascular system, causing increased
arterial stiffness [5]. Today, complications of the
experienced infectious process come to the forefront;
most of these complications directly affect the vascular
system. A significant number of COVID-19 survivors
have been shown to develop persistent metabolic
changes with vascular wall damage similar to that
seen in AH, type 2 diabetes mellitus, and metabolic
syndrome [6]. Mild inflammatory components play a
role in the development of early vascular aging after
COVID-19 [7, 8].

All of these may lead to the onset or progression
of both AH and atherosclerotic vascular wall damage,
especially after a complicated course of COVID-19.
Considering that functional disorders develop faster

than structural ones, the study of arterial stiffness after
COVID-19 is very relevant, but such studies are still
few. L. Ikonomidis et al. proposed to use the ratio of
carotid — femoral pulse wave velocity (PWV) to LV
GLS as a parameter for assessing ventricular — arterial
coupling, which in turn affects LV diastolic function,
the severity of concentric hypertrophy, and the degree
of impairment of coronary flow reserve [9].

We hypothesized that in patients who have had a
complicated course of COVID-19 in the long term
after the disease, arterial stiffness increases, and
LV GLS parameters worsen in comparison with the
examination data in the early recovery period, which
could be a reflection of early vascular aging.

The aim of the study was to determine changes in
and relationships between baPWYV, ankle — brachial
index (ABI), and LV GLS 3 and 12 months after
COVID-19 pneumonia.

MATERIALS AND METHODS

The study included patients of the “Prospective
Registry of COVID-19-Associated Pneumonia Sur-
vivors” (state registration certificate No. 2021622535
of 18.11.2021). The study complied with the ethical
standards of the Declaration of Helsinki as amended
in 2000 and the “Rules of good clinical practice in the
Russian Federation”, approved by Order of the Min-
istry of Health of the Russian Federation No. 266 of
19.06.2003. The study was approved by the local Ethics
Committee (Protocol No. 159 of 23.07.2020) and re-
gistered in international clinical trials registry clinical-
trials.gov (No. NCT04501822). Patients were identi-
fied according to the 1C medical information system
of infectious disease hospitals in the period from April
2020 to January 2021. Inclusion criteria: laboratory-
confirmed diagnosis of COVID-19 pneumonia, age
18 years or older, and patient’s consent to participate
in the study. Non-inclusion criteria: exacerbation of
chronic diseases, hemodynamically significant heart
defects, history of cancers younger than 5 years, tu-
berculosis, other diseases accompanied by pulmonary
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fibrosis, chronic hepatitis, HIV. Exclusion criteria:
pregnancy, cancer detected during the follow-up pe-
riod, refusal to participate in the study, suboptimal
echocardiography (Echo) imaging. All patients signed
an informed consent to participate in the study.

An outpatient examination of 350 patients meet-
ing all the criteria was performed 3 months + 2 weeks
(92 [82-99] days) and 12 months = 3 weeks
(367 [362-381] days) after discharge. Of the 380 pa-
tients included in the study, 28 were excluded for vari-
ous reasons. At the first visit, 271 patients had optimal
visualization quality during echocardiography, and
at the second visit — 244 patients. Of the remaining
examined subjects, vascular age parameters were as-
sessed after 3 months (1st visit) in 339 (97%) subjects
and after 12 months (2nd visit) in 286 (82%) subjects.
The parameters of LV GLS and LV segmental lon-
gitudinal strain were studied 3 months after pneu-
monia in 271 (77%) patients with optimal visualiza-
tion during echocardiography and after 12 months in
244 (70%) patients. Changes in vascular age indices
and LV strain properties could be assessed in 154
(44%) patients (main group). The control group con-
sisted of 55 sex- and age-matched patients with op-
timal visualization quality during echocardiography.
They were included in the study at the same time as
the main group and had neither a single positive result
of the polymerase chain reaction identifying SARS-
CoV-2 nor clinical manifestations of COVID-19.

Data from the acute phase of COVID-19 were
assessed using discharge summaries from medical
records. The average proportion of lung tissue damage
in the examined patients according to computed
tomography (CT) during hospitalization was 50.0%;
8.5% of patients were treated in intensive care units,
45.7% received hormonal therapy, 5.9% — biologically
active therapy. 17.0% of patients had mild pneumonia,
31.3% — moderate, 38.1% — severe, and 13.6% —
extremely severe pneumonia.

During the wisits, all the study participants
underwent determination of elastic properties of the
peripheral arterial wall by volumetric sphygmography
on the VaSera VS-1000 Series sphygmomanometer
(Fukuda Denishi, Japan). We assessed baPWV on the
right and left; ABI on the right and left as the ratio of
systolic blood pressure (BP) at the ankle to systolic
BP at the arm. The averaged values between the right
and left sides were analyzed. In accordance with the
specified hardware conditions for interpretation of the
results, baPWV was considered to be normal at < 13.5
cm / sec; normal ABI values were considered to be

1.0 < ABI < 1.3 (vascular age was not assessed in the
control group, since it was determined in less than half
ofthe patients in this group). Echo was performed on the
best-in-class Vivid S70 ultrasound diagnostic system
with data storage in DICOM format and subsequent
data analysis on the Intelli Space Cardiovascular
workstation using the TomTec software (Philips,
USA). LV GLS > -18% was considered to be reduced
[10, 11]. The symptoms of anxiety — depressive
disorders (according to the GAD7 and PHQ9 scales),
stress disorders (according to the Perceived Stress
Scale (PSS-10)), and the quality of life (according to
the SF-36 questionnaire) were assessed.

Statistical analysis was carried out using the SPSS
21 software application package (SPSS Inc., Chicago,
IL, USA) and Statistica 12.0. The distribution of vari-
ables was assessed using the Kolmogorov — Smirnov
test. For normal distribution of quantitative variables,
parameters were presented as the mean and the stan-
dard deviation (M + SD). For distribution other than
normal, parameters were presented as the median and
the interquartile range Me [Q,; O..]. The significance
of differences in continuous variables was assessed
depending on the data distribution using the Student’s
t-test for dependent variables or the Wilcoxon test.
To compare qualitative variables, the McNemar test
was used. Correlations between pairs of quantitative
variables were assessed using the Pearson’s chi-squared
test for normal distribution, and Spearman’s rank cor-
relation coefficient for non-normal distribution. Com-
parison with the control group was performed using the
Kruskal — Wallis test or one-way analysis of variance
for quantitative variables, and by the y2 test or Fisher’s
exact test for qualitative parameters. The results were
considered statistically significant at p < 0.05.

RESULTS

The mean body mass index (BMI) in the main
group corresponded to overweight at both visits and
increased over the follow-up period (Table 1). The
number of smokers decreased by 9.2%, but drinking
alcohol several times a week increased by 5%.
Symptoms of anxiety — depressive and stress disorders
and subjectively perceived quality of life did not
change significantly. The prevalence of cardiovascular
diseases increased due to the newly identified 7 cases
of AH and 6 cases of coronary artery disease (CAD).
At the same time, no significant change in BP and heart
rate was registered. The average baPWV decreased
by 0.2 cm / sec, and the frequency of detection of
its elevated values decreased by 10.3%. The average
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value of ABI increased by 0.02, remaining within
the normal range. The number of patients with
normalization of lung CT data increased by 5.4%.
The main group did not differ from the control
group in age and sex composition, significant
differences in BMI appeared only at the end of the
observation period. Individuals who had COVID-19
pneumonia in the early recovery period drank alcohol
less frequently, more often showed symptoms of

anxiety, and had worse physical characteristics of
health than the control group. Patients of the main
group did not differ from the control group in the
frequency of AH, but 3 months after discharge, they
showed a trend toward higher systolic BP than in
the control group, and their diastolic BP was higher
throughout the observation. In the control group, only
one patient had diabetes mellitus, and there were no
diagnosed cases of CAD.

Table 1
Changes in clinical parameters of patients after COVID-19 pneumonia and the control group
Patients after COVID-19
neumonia Control group,
Parameter After 3 monrt)hs, After 12 months, p n= SgS ’ p* P
n=154 n=154
Age, years, M = SD 513+ 11.5 — - 51.8+10.8 0.943 —
Female gender, % 48.1 — — 56.4 0.290 —
Body mass index, kg / m%, M + SD 28.5+4.4 29.3+4.38 <0.001 27.4+42 0.093 | 0.013
Smoking or recently quit, n (%) 62 (40.3) 46 (31.1) 0.002 15 (41.7) 0.877 | 0.266
do not drink 34 (22.4) 39 (26.7) 0.302 5(13.9) 0.259 | 0.107
L several times a year 70 (46.1) 53 (36.3) 0.002 18 (50.0) 0.670 | 0.131
Alcohol drinking, (%) several times a month 42 (27.6) 40 (27.4) 0.690 | 7(194) | 0314 | 0329
once/several times a week 6(3.9) 13 (8.9) 0.039 6 (16.7) 0.013 | 0.220
Identifying anxiety symptoms using the GAD7 scale, n (%) 47 (30.7) 36 (25.4) 0.185 4 (11.1) 0.017 | 0.067
Ldg)t/tt)ifying depression symptoms using the PHQ9 scale, 49 (32.0) 36 (25.4) 0.262 8(22.2) 0249 | 0697
Identifying stress symptoms using the Perceived Stress
Scale—IyO, i 9 ymp £ 16 (10.5) 12 (8.5) 1.000 2(5.6) 0.533 | 0.738
Generalized'score's of the Physical component 43 ‘;?551 6] [4 4?’;572 4] 0.143 4 5.57?';)2.7] 0.096 | 0.282
SF-36 questionnaire, 67.0
Me[Q,; 0,] Mental component 66.7[59.7,71.4] | 67.7[59.3; 71.9] | 0.341 [60.9: 713] 0.855 | 0.879
Arterial hypertension, 7 (%) 111 (72.1) 118 (77.1) 0.039 38 (69.1) 0.671 | 0.238
Coronary artery disease, 1 (%) 21 (13.6) 27 (17.6) 0.031 0(0.0) 0.004 | 0.001
Type 2 diabetes mellitus, 7 (%) 20 (13.0) 21 (13.6) 1.000 1(1.8) 0.018 | 0.014
) ) ) FCI 51(71.8) 55(72.4) 0.388 15(88.2) 0.219 | 0.244
S‘();iemve heart failure according to NYHA, FCII 17 (23.9) 18 (23.7) 1000 | 2(11.8) | 0.344 | 0348
FC I 3(4.2) 3.9 1.000 0(0.0) 1.000 | 1.000
Office blood pressure, mm Systolic 129 [117;140] | 128[116;139] | 0.511 |120[110;135]| 0.068 | 0.081
Hg, Me [Q,; O] Diastolic 82 [75; 92] 85 [80; 92] 0.164 | 80[70;81] | 0.011 | 0.001
Heart rate per minute, Me [Q,.; O] 63 [58; 70] 62 [56; 68] 0.400 72 [66;78] 0.857 | 0.183
Normalization of lung CT data, % 38.8 44.2 <0.001 - — -
Parameters of vascular wall elasticity
Average baPWV value, cm / sec, Me [Q,; O] 13.2 130 <0.001 - - -
[11.8;15.1] [11.8; 14.1]
l;r(izl)lency of detection of elevated baPWV (> 13.5 cm / sec), 69 (45.4) 54.(35.1) 0.008 3 3 3
Average ABI value, Me [Q,; O..] 1.09[1.04; 1.14] | 1.11 [1.06; 1.17] | 0.012 — - —
Detection of reduced ABI (less than 1), n (%) 44 (29.7) 35(23.5) 0.451 — — —
Detection of increased ABI (1.3 and above), n (%) 3(2.1) 3(2.1) 1.000 - - -

Note. NYHA — New York Heart Association; FC — functional class; CT — computed tomography, p — level of statistical significance of differences

between the groups of patients.

p* — significance of differences between the control group and those who had COVID-19 pneumonia 3 months after discharge; p** — significance
of differences between the control group and those who had COVID-19 pneumonia 12 months after discharge.
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During hospitalization, the reference values of
C-reactive protein (CRP), lactate dehydrogenase
(LDH), aspartate aminotransferase (AST) (moderate
increase), alanine aminotransferase (ALT) were
significantly exceeded with subsequent normalization
(with the exception of CRP: its average values after
discharge decreased, butdid notreach the normal value)
(Table 2). At 12 months after discharge, there was a
significant decrease in levels of total cholesterol (TC),
triglycerides, and low-density lipoprotein cholesterol
(LDL-C). At the same time, the mean values of these
parameters in the outpatient setting were higher than
the reference values except for triglycerides. During
outpatient follow-up, the liver function tests worsened,
the levels of creatine phosphokinase, creatinine,

leukocytes, CRP, including high-sensitivity CRP,
ferritin, and interleukin (IL) 1 and 6 increased. There
was a trend toward a decrease in the level of glycated
hemoglobin, its average value approached the normal
ones. The N-terminal pro b-type natriuretic peptide
(NT-proBNP) level decreased. The frequency of
use of beta-blockers (34.0 vs. 42.5%; p = 0.027)
and statins (46.9 vs. 59.5%; p = 0.001) increased
over the follow-up period. The frequency of use of
the following groups of drugs did not change:
adenosine-converting enzyme inhibitors (26.5 and
30.1%; p = 0.327), antiplatelet agents (aspirin /
clopidogrel) (19.0 and 19.6%; p = 0.754), diuretics
(46.3 and 49.7%; p = 0.458), hypoglycemic agents
(11.7 and 12.3%; p = 1.000).

Table 2
Changes in laboratory parameters of individuals with optimal Echo visualization after COVID-19 pneumonia
Parameter Hos.pitalization '3 months after .12 months after p between 3
period, n =154 discharge, n =154 | discharge, n =154 | and 12 months

TC, mmol /1, Me [Q,; O..], M+ SD, N 0-5 4.0[3.3;4.8] 5514 51+13 <0.001
TG, mmol /1, Me [Q,; O..], N 0-1.7 - 1.3[0.9; 1.7] 1.1[0.8; 1.6] 0.039
LDL, mmol /1, M+ SD N 0-3 - 31+1.2 31+1.0 0.004
ALT, units / 1, Me [Q,; O], N males <40; females <31 32.0[17.3;57.1] 21.0 [15.9; 27.5] 24.0 [18.6; 30.8] 0.008
AST, units/l, Me [Q,; O,.], N males <38; females <32 32.7 [23.9; 46.0] 19.4 [16.0; 24.2] 21.9[18.6; 25.8] 0.002
Lactate dehydrogenase, units / 1, Me [Q,; O], N 0-248 | 421.5[292.0; 592.0] | 183.9 [159.9; 204.3] | 181.6 [159.0; 200.4] 0.064
Creatine phosphokinase, units/l, Me [Q,; Q.], N males 108.0 100.0 118.0 <0.001
<190; females <167 [63.0; 227.0] [72.1; 139.6] [84.1;165.1]

Creatinine, pmol/l, Me [Q,; O..], 80.0 74.5 77.2 <0.001
N males 62—106; females 44—80 [69.0; 97.0] [65.3; 83.2] [67.4;87.2]

Fasting glucose, mmol / I, Me [Q,; 0.1, N 3.3-6.1 7.216.5;9.1] 5.4[5.0;5.9] 5.4[5.0; 6.0] 0.806
Glycated hemoglobin, %, Me [Q,; 0., N 4.5-6.0 - 6.7 [5.7; 8.0] 5.8 [5.5;6.2] 0.070
Leukocytes, 10°/1, Me [Q,.; O..1, N 4.0-9.0 5.9[4.4;7.8] 5.2[4.3;64] 5.5[4.6; 6.5] 0.001
Lymphocytes, %, M + SD, Me [Q,; O,,], N 19-37 23.0+11.3 1.8[1.5;2.2] 1.9[1.6;2.2] 0.387
CRP, mg /1, Me [Q,;; O,;], N<3 58.5[15.9; 115.6] 3.5[1.7;6.2] 4.2[2.9;7.6] <0.001
hsCRP, mg /1, Me [Q,; O], N<3 - 3.8[1.7;7.0] 4.1[2.6;7.5] <0.001
Ferritin, mg / ml, Me [Q,; O], N males 20-300; N 67.8 106.8 0.002
females 10-120 [24.5; 151.6] [37.9; 184.2]

D-dimer, pg/ml, Me [Q,; 0.1, N 0.1-0.5 0.4 [0.2; 0.6] 0.3[0.1; 0.4] 0.1[0.1;0.2] 0.527
NT-proBNP, pg/ml, Me [Q,; O], N under 75 years 3 67.4 58.7 0.007
<125, over 75 years <400 [29.1; 155.8] [30.9; 98.1]

Interleukin 8, pg / ml, Me [Q,; O,.], N<8.11 - 13.7[10.3; 17.3] 13.8[10.3; 17.2] 0.739
Interleukin 1, pg / ml, Me [Q,; O..], N 0-5 pkg/ml - 2.0[1.6;2.8] 2.2[1.6;3.1] 0.001
Interleukin 6, pg / ml, M + SD, N <9.7 - 30+1.2 3.5+0.9 <0.001

Note. HDL — high-density lipoproteins; LDL — low-density lipoproteins; ALT — alanine aminotransferase; AST — aspartate aminotransferase;
hsCRP — high-sensitivity C-reactive protein, N — normal values.
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Larger values of LV volume during hospitalization
can be explained by the infusion load, which was
pathogenetically justified in the acute period of the
disease. The larger anteroposterior dimension of the
right ventricle (RV) can be explained by the load
on the pulmonary circulation caused by pneumonia
(Table 3). During the observation period, the area
of RV decreased; the fraction of change in the area
of RV increased, indicating structural and functional
recovery of the RV. However, such parameters of RV
function as tricuspid annular plane systolic excursion
(TAPSE), peak tricuspid regurgitation velocity,
S’ tricuspid annular velocity, acceleration time of
blood flow in the RV outflow tract in the main group,
though being within the normal range, did not reach
the values of the control group in dynamics, which
indicates limitation of RV function after COVID-19
pneumonia.

In terms of LV parameters, COVID-19 pneumonia
survivors showed a significant decrease in LV end-
systolic volume and a slight increase in LV ejection
fraction at one year after discharge, suggesting an
improvement in LV systolic function in the late
recovery period. However, the deterioration of LV
diastolic function parameters draws attention: early
diastolic mitral annular velocity at the septal annulus
(e’ sept) significantly decreased (and one year after
discharge, it showed a trend toward a lower value
than in the control group), there was a trend toward
a decrease in LV early diastolic filling deceleration
time (DT) and the ratio of the early diastolic velocity
of transmittal flow to the early diastolic velocity of
the mitral annulus (E/e’). The worse diastolic function
compared to the control group is also evidenced by the
longer LV isovolumic relaxation time (IVRT) during
the whole observation period in the main group.

Table 3
Changes in the echocardiography parameters of persons after COVID-19 pneumonia and the control group, M = SD
Patients after COVID-19
Hospitalization pneumonia Control
Parameter period, After 3 After 12 p group, p* p**
n=154 months, months, n=355
n=154 n=154

. . ml 113.1£24.1 90.2+22.8 89.3£20.6 | 0.521 | 88.1+£21.7 | 0.620 | 0.664

LV end-diastolic volume (EDV) ml/ m’ - 465499 | 456486 | 0.167 | 462491 | 0.950 | 0.585

. ml 36.4+12.3 29.3+10.7 27.4+7.3 0.031 | 28.6+10.1 | 0.608 | 0.849

LV end-systolic volume (ESV) ml / m’ - 151449 | 140:31 | 0009 | 149445 | 0.902 | 0.346

LV myocardial mass according to the g - 145.9434.6 | 148.9£32.3 | 0.449 | 136.4+£33.8 | 0.055 | 0.009

area-length method g/ m? 75.6x152 | 76.1+13.1 0.736 | 71.2+12.3 | 0.039 | 0.012

LV ejection fraction (2D Simpson), % 68.2+5.8 68.1+4.8 69.4+3.9 0.004 | 68.3+4.8 | 0.832 | 0.062

Time of blood flow deceleration in LV outflow tract, ms - 215.0+£32.2 | 215.7+£30.9 | 0.889 |209.7+29.5| 0.292 | 0.217

LV isovolumic relaxation time, IVRT, ms — 101.8422.3 | 105.9421.9 | 0.113 | 92.9+21.5 | 0.012 |<0.001

DT, ms — 216.6£61.9 | 205.8451.5 | 0.054 | 194.4+£39.7| 0.123 | 0.338

LV early diastolic filling velocity, E, cm /s - 71.2+15.5 69.4+14.6 | 0.137 | 71.8+16.2 | 0.823 | 0.313

LV late diastolic filling velocity, A, cm /s — 68.8+16.3 68.4+154 | 0.731 | 66.2+14.2 | 0.284 | 0.476

fr?;{lylfslazmlﬁferveclz;‘;y at the lateral part of the mitral - 11.03.6 | 109434 | 0349 | 11.1£3.0 | 0.578 | 0.552

Early diast701ic velocity at the septal part of the mitral 3 8.443.0 80425 0.023 38426 0272 | 0.076
annulus, e’ sept, cm/s

E/e’ - 9.7£3.1 9.5£2.8 0.051 9.9+2.4 0.303 | 0.180

Maximum left atrial volume ml - 47.9+13.6 | 48.3£129 | 0474 | 47.1£12.2 | 0.823 | 0.412

ml / m? - 24.8+6.6 24.745.9 0.953 | 24.7£52 | 0.674 | 0.895

Anteroposterior dimension of the RV mm 26.943.3 25.5+2.4 25.842.7 0.539 | 25.3+2.4 | 0.631 | 0.440

mm / m? - 13.3£1.5 13.3+1.5 0.319 13.4+1.6 | 0918 | 0.727

Diastolic area of the RV cm? - 15.7+4.0 14.843.3 | <0.001 | 14.9+3.1 | 0.289 | 0.723

cm?/ m? — 8.1£1.7 7.5+1.4 <0.001 7.9£1.5 0.354 | 0.129

Fraction of change in RV area, % - 50.8+8.8 53.0+£8.4 0.004 | 52.9+8.3 | 0.117 | 0.678

TAPSE, mm - 22.742.5 22.742.3 0.973 | 24.2+2.4 [<0.001|<0.001

Peak tricuspid regurgitation velocity, cm /s - [1,5;.12,3] [1.92;‘12.3] 0.553 [1.61;.92.1] 0.004 | <0.001

Velocity S’ of the tricuspid annulus, cm/s - 9.8+2.6 9.7+2.7 0.289 12.6+1.8 |<0.001 | <0.001

Acceleration time of blood flow in RV outflow tract, ms - 113.2422.9 | 113.7421.3 | 0.929 | 123.2+26.2 | 0.003 | 0.007

Note. DT — deceleration time of LV early diastolic filling.
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The absence of significant differences in LV GLS in
comparison with the control group and the frequency
of detection of reduced LV GLS comparable to the
control group (Table 4) allows to evaluate the state of
LV systolic function in the main group as satisfactory.
Improvement in segmental strain values was noted in
the inferior and lateral segments of the L'V basal level,
with this improvement reaching statistical significance

in the basal inferoseptal segment (Table 4). It is worth
noting that the value of longitudinal strain in this
particular segment 3 months after discharge tended to
be lower than in the control group. There was some
improvement in the values of segmental strain of LV
middle level segments, but it did not reach statistical
significance. The strain of the apical level segments
worsened insignificantly.

Table 4

Changes in LV strain parameters in individuals 3 and 12 months after COVID-19 pneumonia and the control group, %, M+SD

o . Patients after COVID-19 pneumonia Control group
Longitudinal strain parameter, % After 3 months, After 12 months, p n=55 > p* p**
n=154 n=154

Global (LV GLS) -19.6£2.2 -19.7+£25 0.854 -19.9+£27 0.556 0.653
Global strain >-18% 33 (21.4) 41 (26.6) 0.268 15 (27.3) 0.376 0.926
Basal anterior segment -17.3+42 -16.7+4.0 0.156 -17.3+4.0 0.965 0.435
Basal anteroseptal segment -16.8+3.3 -16.7+3.4 0.727 -17.3+£3.5 0.494 0.316
Basal inferoseptal segment -19.2+£3.6 —20.1+4.0 0.032 —20.1+3.9 0.060 0.851
Basal inferior segment -16.6 £3.0 -16.8+3.2 0.596 -16.5+3.2 0.728 0.435
Basal inferolateral segment —-173+3.8 -17.7+4.1 0.321 -17.5+3.6 0.787 0.502
Basal anterolateral segment —18.2+4.2 —18.0+4.0 0.459 -18.5+4.6 0.484 0.474
Middle anterior segment -17.6+4.2 -17.4+4.0 0.556 —17.8+4.5 0.970 0.720
Middle anteroseptal segment —20.8+3.6 —20.5+3.4 0.424 -20.8+3.6 0.926 0.850
Middle inferoseptal segment -212+34 —21.9+33 0.093 —222+35 0.125 0.808
Middle inferior segment -20.4+3.0 —20.3+3.1 0.925 —20.3+3.0 0.699 0.984
Middle inferolateral segment -17.9+3.7 -18.0+3.9 0.974 -17.7+£3.7 0.482 0.343
Middle anterolateral segment -19.1+3.4 -19.2+3.7 0.838 -19.1£3.9 0.664 0.787
Apical anterior segment —213+£52 —21.3+5.0 0.792 —21.8+5.1 0.846 0.912
Apical septal segment —24.0+4.7 -239+4.6 0.954 —243+4.0 0.647 0.620
Apical inferior segment —232+4.6 —23.0+4.5 0.472 —23.8+4.1 0.658 0.701
Apical lateral segment —21.2+4.6 —20.9+5.0 0.539 —21.1+4.1 0.836 0.879
Apical segment -22.5+4.0 -223+42 0.324 -22.8+3.9 0.887 0.746
Basal level -17.6 £2.2 -17.7+2.6 0.448 -17.9+2.7 0.400 0.627
Middle level -19.5+£2.0 -19.6 £2.5 0.734 -19.6 £2.6 0.722 0.865
Apical level —22.5+4.0 —223+42 0.693 —22.7+3.8 0.639 0.489

Our study did not reveal the previously described
[2, 3] associations of arterial stiffness parameters
with LV GLS, which may be due to dysregulation of
arterial — ventricular interaction caused by COVID-19.
One year after discharge, arterial stiffness parameters
(average baPWV (r = 0.209, p = 0.009) and average
ABI (r = 0.190, p = 0.021) demonstrated a positive
correlation with parameters of segmental strain of the
LV basal level.

DISCUSSION

In the in-hospital period, CRP values were many
times higher than the reference values, indicating
extremely high activity of the inflammatory process
and severity of tissue damage. In the recovery period,
CRP values never reached the norm and, moreover,

increased at one year after discharge, indicating a
persistent potential for an increased inflammatory
response in the late recovery period of the disease.
High levels of high-sensitivity CRP and IL-8 during
the recovery period, as well as increased levels of IL-1
and IL-6, indicate a persistent vascular inflammatory
process, which may imply a threat of vascular
complications.

The deterioration of the cardiovascular status
during the observation period is evidenced by both the
increase in the incidence of cardiovascular diseases
(AH - by 5%, CAD — by 4%) and the need to prescribe
beta-blockers, which increased by 8.5%, and statins —
by 12.6%. The latter explains the fact that lipid profile
values improved, but liver function tests worsened and
the level of creatine phosphokinase increased.
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The data on normalization of RV function obtained
by us are in agreement with positive dynamics of
CT lung data in our patients. The improvement of
LV systolic function was indicated by the revealed
decrease in LV end-systolic volume and a slight
increase in LVEF, but the improvement of LV GLS was
insignificant, and LV diastolic function deteriorated,
as evidenced by the dynamics of tissue and pulse-wave
Doppler parameters. Taking into account the worse
parameters of L'V diastolic function in the main group
in comparison with the control group, COVID-19 can
be considered as a pathogenetic factor of LV diastolic
function disorders in our patients along with the
progression of cardiovascular pathology.

Patients in the present study showed some
improvement in arterial stiffness parameters during
the follow-up period, as evidenced by a small but
statistically significant decrease in baPWV, as well
as a 10.3% decrease in the frequency of its elevated
values. The increase in average ABI within normal
values does not contradict this conclusion. These
results can be interpreted as a return to baseline (before
COVID-19) values of functional parameters of the
vascular wall. However, the frequency of detection of
abnormalities at the 2nd visit was still high (baPWV
— 35.1%, ABI — 25.6%). Considering the negative
dynamics we found in diastolic function parameters,
as well as the high incidence of disturbances in
arterial stiffness parameters one year after COVID-19
pneumonia, longer-term follow-up is necessary to
study the degree of reversibility of vascular changes
and their prognostic consequences.

The improvement of arterial stiffness parameters
according to our results is associated with
improvement of LV basal segmental strain. Since
it was previously shown that in the early recovery
period after COVID-19, a decrease in LV segmental
strain is characteristic mainly for LV basal segments
[12], this result can be interpreted as the restoration
of LV strain properties, impaired in the acute period
of COVID-19.

We found the only study with 1-year follow-up
of arterial stiffness and LV GLS after COVID-19.
Greek researchers I. lkonomidis et al. examined
70 patients (54.5 years) 4 and 12 months after the
diagnosis of COVID-19 and 70 individuals without
COVID-19 matched by basic clinical characteristics
[13]. The mean values of carotid — femoral PWV in
the group after COVID-19 decreased insignificantly
in the dynamics (12.09 and 11.19 m /s, p = 0.883),
but still there was a trend toward higher values than in

the control group (11.19 vs. 10.04 m / s, p = 0.057).
Twelve months after COVID-19, LV GLS values
showed a trend toward improvement compared to
values at 4 months (—19.55 vs. —20.32%, p = 0.069),
although they remained lower than in the control
group (—20.32 vs. —21.98%, p = 0.003) [13].

We also found an insignificant improvement in LV
GLS 12 months after COVID-19, and its value was
closer to the data of group of I. Ikonomidis et al. 4
months after COVID-19 infection. This can probably
be associated with a more severe course of COVID-19
in our patients: in the acute period, they all required
hospitalization and 8.5% of them required mechanical
ventilation, while in 34.3% of patients in the study
by I. Ikonomidis et al., the course of the disease was
mild and did not require hospitalization, and none of
the Greek patients required mechanical ventilation.
The LV GLS values obtained in our study can be
attributed to the so-called grey zone, when the values
can be regarded as both normal and pathological (LV
GLS from —18% to —20%) [11]. It should be noted
that according to the Greek researchers’ data, the RV
function parameters significantly improved, and one
year after COVID-19 reached the parameters of the
control group [13], which is fully consistent with our
results.

The clinical significance of our study lies in
identifying the negative dynamics of LV diastolic
function in the long term after a complicated course
of COVID-19. The assessment of arterial stiffness
and LV diastolic function in this population may be
an important prognostic factor and a marker of an
increased risk of cardiovascular complications and
thus will help identify a group of patients who need
additional measures of secondary prevention.

A limitation of the study is the lack of data on
arterial stiffness, LV longitudinal strain, and diastolic
function before COVID-19 and during the acute
period of the disease. It should be taken into account
that the identified disorders, in addition to the direct
effect of the virus, may be caused by its indirect effect
through the development of new and aggravation of
already existing cardiovascular diseases. In addition,
our sample is limited to individuals with optimal Echo
imaging.

CONCLUSION

Patients with optimal visualization on echocar-
diography one year after COVID-19 pneumonia,
compared with the results of the examination after
3 months, have worsening parameters of L'V diastolic
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ABSTRACT

Every year, the number of people diagnosed with Alzheimer’s disease is rapidly increasing. Despite numerous
studies, it was not possible to select a therapy that would reliably slow down the course of the disease and result in
its complete cure. In this case, any consideration of the issue related to the search for drugs to eliminate cognitive
and psychoemotional disorders in Alzheimer’s disease is a pressing problem that deserves special attention.

We collected articles from the PubMed database published over the past 10 years. The aim of this review was
to analyze the latest experimental data and results regarding the relationship between Alzheimer’s disease and
the activity of neuropeptides, such as oxytocin, vasopressin, and neuropeptide S, and describing the effects that
occur upon their administration. This will allow for a more complete understanding of the problem and update
information on this issue. The ability of neuropeptides to restore impaired cognitive functions in an animal model
of Alzheimer’s disease is examined in more detail.

Detailed information on the relationship and positive effect of the studied neuropeptides on Alzheimer’s disease
allows to consider these neuropeptides as potential drugs for the treatment of this disease.
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PE3IOME

C KaXI[BIM TOJIOM KOJHMYECTBO JIIOAEH C ANarHOCTHPOBaHHOI 00Je3HBI0 AnbUreiiMepa CTPEMHUTENBHO yBEINIH-
Baercs. HecMOTps Ha MHOTOYMCIIEHHBIE HCCIIEIOBAHMUS, TOXOOpATh TEepamnio, KOTopasi Obl HaIeKHO 3aMeIsIa
TeueHne O0JIe3HN U NMPHUBOAMIA OBl K IOJHOMY H3JIEUCHHIO, HE yAanock. B TakoM ciydae moboe paccMOTpeHne
BOIIPOCA, Kacaromieecs MOMCKa JIEKapCTBEHHBIX BEIIECTB JUIs KOPPEKINH KOTHUTHBHBIX U IICHX0IMONNOHATBHBIX
HapyIICHUH pH pa3BUTUHU 00Je3HH ANBITeiMepa, SBISETCS aKTyalbHOW Mpo0IeMol, 3acyKHUBalomei 0co0oro
BHIMAaHUSL.

IpoBoauics coop crareii u3 6a3sl gaHHBIX PubMed, ony6nikoBaHHbIX 3a mocieanue 10 ner. Ienbio HacTosIe-
ro 0030pa SABIISETCS aHAIN3 MOCIEIHUX SKCIIEPUMEHTAIbHBIX JAHHBIX H PE3YJIbTAaTOB, KACAIOLIMXCS B3aUMOCBS3H
Mexay Oone3Hblo AublrefiMepa M aKTUBHOCTBIO TaKMX HEHPONENTHIOB, KaK OKCHTOLHMH, Ba3OIPECCHH H
HelponenTtHy S, a TakKe OIMUCHIBAIOMINX 3P (EKThI, KOTOPbIE BOSHUKAIOT IIPH UX BBEICHUH. JTO MO3BOJIUT Ooee
[IOJIHO TOHATH MPOOJIEMaTHKY M 00ECTIEUNT aKTyaIH3aluIo CBEICHUII 1o JaHHOMY Borpocy. Hanbomee noapo6Ho
paccMarpuBaeTcs CHOCOOHOCTh HEWpPONENTHIIOB BOCCTAHABIMBATH HAPYIICHHbIE KOTHUTUBHBIC (GYHKLHU Yy
11a00paTOPHBIX )KUBOTHBIX C MOJIENBIO O0Ne3HH AJbIreiimepa.

ﬂeTaJ'lLHO H3JI0OKCHHas I/IH(i)OpMaIII/Iﬂ O HaJIMYMU B3aUMOCBS3U U IMOJIOKHUTCIBHOM BIIMAHHUU U3YYaCMbIX Heﬁpo-
NECNTUa0B HA 00J1e3Hb Am)ureﬁMepa TO3BOJIAET pacCMaTpuBaTh JJaHHBIC HeﬁpOHeHTI/IZ[LI B KQUY€CTBC IMOTCHI[HMAJIb-
HBIX JICKAPCTBEHHBIX MPEIapaToB AJid JICHEHHUSA JaHHOI'O 3a00JICBaHUS.

Kiwuessble ciioBa: 6oiie3Hb ANblreliMepa, HEHPONEITHABL, OKCUTOIIMH, Ba30IPECCHH, HEUPOIENTH S

KoHpaukT nHTepecoB. ABTOPHI 3asBIISIOT 00 OTCYTCTBHH SBHBIX U HOTEHINAIBHBIX KOH(INKTOB HHTEPECOB MIPH
MIPOBEACHUH UCCIIEAOBAHMS.

HUcrounuku d¢unancupoBanusi. Pabora BbIlOJHEHAa B pamMKax NpoekTa «3epKalibHbIe JIaOOpaTOpUN»
HanumoHanbHOro HMcciienoBaTeabcKoro yHuMBepcuTera «Bpicimas mixosna sxoHomukm» (Cankt-IletepOypr)
(cornamenue o HayuHoM cotpyanudectee GPI'BOY BO KpacI' MV um. npod. B.®. Boiino-SIcenenxkoro Munzapasa
Poccun ¢ HUY BIIID Ne cc/6.18.1-11.1/220922-33 ot 22.09.2022).

Jns uutupoBanus: AsnusikyisieBa A.M., Kuagakosa E.K., Kyssmuna C.B., I'opuna f1.B., Jlonatuna O.JI. Pons
HelponenTuaoB (OKCUTOIMH, Ba30NPECCHH, HEHponenTr S) B pa3BUTUH KOTHUTHUBHBIX HAPYHICHUH TpH Ooe3-
HU Anbureiimepa. bronnemens cubupckoi meouyunst. 2024;23(1):105-115. https://doi.org/10.20538/1682-0363-
2024-1-105-115.

INTRODUCTION

Alzheimer’s disease (AD) is the most common
neurodegenerative disorder. Current estimates indicate
that 44 million people worldwide are diagnosed with
dementia at present. It is predicted that by 2050, this
number will increase by more than 3 times as the
population ages. The prevalence of AD increases
approximately twofold every 5 years after the age of
65 [1].

Although significant efforts have been made to
study this disease, it is difficult to treat due to its
complex multifactorial pathological physiology.
To date, there is no therapy that has been proven to
influence the pathology and course of the disease.
Currently, approved drugs provide only temporary
symptomatic relief, so the search and development
of new drugs for the treatment of AD is underway
[1,2].
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This disease is caused by hereditary mutations
in the genes encoding the transmembrane amy-
loid precursor protein (APP), or the proteins prese-
nilin 1 and presenilin 2 [3], associated with Abeta
(AB) metabolism, which is the main biomarker
of AD [4].

Early diagnosis and proper treatment of the
disease can significantly improve the quality of life
and functioning of patients, as well as reduce the
severity of cognitive (memory loss, disorientation)
and  neurobehavioral  disorders  (depression,
apathy, delusions, hallucinations, sleep disorders).
Cholinesterase inhibitors (Donepezil, Galantamine,
and Rivastigmine) and a glutamate NMDA receptor
antagonist (Memantine) are drugs approved by
clinical guidelines for the basic treatment of AD [5,
6]. Unfortunately, these drugs cannot provide a full
recovery, but can only reduce the severity of cognitive
and behavioral disorders. This is the reason for the
active search for new medicinal substances that would
not only slow down the development and severity of
symptoms, but also provide targeted effects on key
links in the pathogenesis of the disease.

HYPOTHALAMIC HORMONES:
OXYTOCIN AND VASOPRESSIN

Vasopressin (AVP) and oxytocin (OXT) are two
related neuropeptides that differ in only two amino
acids. They are evolutionarily ancient and highly
conserved neuropeptides in phylogeny that regulate a
wide range of physiological functions [7].

Neuropeptides are produced mainly in the
supraoptic nuclei (SON) and paraventricular nuclei
(PVN) of the hypothalamus [8] and are transported
to the posterior pituitary gland, where they are stored
and ultimately released into the bloodstream, exerting
an endocrine effect [9]. They are also synthesized
in some other cells of the central nervous system
and peripheral organs. Thus, AVP is additionally
synthesized by cells of the suprachiasmatic nucleus,
bed nucleus of the stria terminalis, and medial
nucleus of the amygdala [10]. OXT is also produced
by neurons of the peripheral nervous system: in
osteoblasts of the bone marrow, liver, in nerve fibers
of the gastrointestinal tract, subcutaneous adipose
tissue [11], cardiomyocytes, adipose tissue, beta
and alpha cells of the islets of Langerhans in the
pancreas [12].

An interesting fact is that magnocellular neurons
of the SON and PVN can release OXT and AVP from
non-synaptic areas such as dendrites [13] via bulk

transmission. This type of transmission results in a
much more diffuse signal, which can potentially affect
a large number of neurons within the intercellular
space, since the distance over which such a signal
propagates significantly exceeds the size of the synaptic
cleft. The release of OXT and AVP is caused by
various osmotic, reproductive, and social stimuli. The
excretion of OXT and AVP occurs during childbirth
as well as aggressive and social interactions. OXT is
also released during mating, lactation, and in response
to subtler social stimuli, including vocalization, eye
contact, and touch [14].

When released into the systemic circulation,
neuropeptides have an endocrine effect. Thus,
AVP regulates salt and water balance, and OXT
stimulates uterine contraction and lactation [9]. In
addition to endocrine effects, these neuropeptides
play an important role in the organization of central
processes. The OXT/ A VP system is involved in the
formation of social, working, spatial, and episodic
memory, mediated by the CA2 and CA3 regions of the
hippocampus, the amygdala, and the prefrontal cortex
[15]. These neuropeptides model important processes
in the hippocampus, such as neuronal excitability,
synaptic plasticity, and social recognition memory.
They influence not only memory formation, but also
regulate social learning and behavior, including peer
recognition, social attachment, and parental behavior
(Fig. 1).

Currently, it is known that one receptor for OXT
(OXTR) and three receptors for AVP (AVPRIA,
AVPRI1B, AVPR2) exist. These receptors, with
the exception of AVPR2, are widely distributed in
all regions of the hippocampus, especially in the
CA2 region, which is involved in both encoding
and retrieval of social memory and development
of social aggression [16]. The OXT / AVP system
is plastic, and its functions depend on the context,
which includes life experience and the cause of stress
or injury [17].

There is compelling evidence of the neuro-
tropic effects of OXT. For example, administration
of OXT stimulates neurogenesis in the hippo-
campus, whereas deletion of OXTR in mice causes
irreversible pathological changes in the hippocampus.
Selective removal of OXTR within adult-
borne granule cells (abGCs) disrupts gene expression
programs that influence dendritic growth and
spine development. As a result, cells with
underdeveloped synapses and impaired function are
formed [18].
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Fig. 1. Central and peripheral effects of oxytocin and vasopressin on the body

ALZHEIMER’S DISEASE AND SOCIAL
COMMUNICATION DISORDERS

Characteristic signs of behavior during the
development of AD and dementia are agitation
and aggressive and impulsive behavior, whose

emotional processing

memory
disorder

; disorder
COGNITIVE IMPAIRMENT
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of Alzheimer’s
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excitation
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manifestation only intensifies as the disease
progresses. These symptoms are associated with
disturbances in emotional processing, especially
inability to perceive and recognize the emotions of
others [19]. All this leads to impaired social cognition
and difficulties in social interaction (Fig. 2).

disorientation

~ anxiety )

Fig. 2. Symptoms of Alzheimer’s disease
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Most studies were focused on assessing cognitive
function, but the assessment of psychoemotional im-
pairment may be a sensitive method for studying the
clinical state in AD, which may lead to the introduction
of new and effective treatment methods [20]. There
are large-scale studies that support the effectiveness of
psychosocial interventions to slow the progression of
cognitive impairment in patients with AD. These psy-
chosocial interventions include reminiscence therapy,
art therapy, a walking program, and much more [21].

THE RELATIONSHIP BETWEEN
ALZHEIMER’S DISEASE AND
NEUROPEPTIDES

The functioning of the OXT / AVP system alters
in neurodegenerative diseases. Based on this, it was
suggested that these neuropeptides may play an im-
portant role in the development of social, emotional,
and cognitive dysfunction in AD.

Oxytocin and Alzheimer’s disease

OXT is considered to be a potential drug for the
treatment of AD, since various studies have found
that this neuropeptide has a wide range of effects that
can lead to positive changes in the complex therapy
of the disease. Social recognition memory allows a
person to remember relatives and identify them as
already familiar. This ability is important for normal
social behavior and formation and stability of social
interactions. One of the symptoms of AD is inability
to recognize people patients know, which creates
additional difficulties for patients and caregivers.

Newman’s social behavior neural network (SBNN)
hypothesis proposes interconnections between brain
regions, such as the amygdala, bed nucleus of the
stria terminalis, lateral septum, medial preoptic
area, ventromedial hypothalamus, and anterior
hypothalamus. The SBNN is believed to control various
types of motivated social behavior, including defensive
aggression, social recognition memory, parental
behavior, and social communication. It is important to
note that OXT / AVP and their receptors are found in all
regions of the SBNN, which indicates their involvement
in the regulation of social behavior [22].

OXT plays an important role in the regulation of
social recognition memory during social interactions,
whereas conditional deletion of OXTR in the CA2 /
CA3a regions of the hippocampus impairs the forma-
tion of social recognition memory. In the experiment,
Y. T. Lin et al. compared the performance of wild-type
mice and OXTR knockout mice in a three-chamber

sociability test. A group of knockout mice had a de-
fect in retaining long-term social recognition memory,
since 7 days after training their memory deteriorated
significantly. The data obtained suggest that OXTR
signaling is particularly important for maintaining
long-term social recognition memory [23].

The results of another study show the importance
of OXTR for the identification of various social
stimuli, not only in the CA2 / CA3 region, but also in
the dentate gyrus. When a Cre-expressing virus was
injected into the anterior dentate gyrus of 8-week-old
male mice with a conditional knockout of OXTR, an
impairment in the ability to discriminate social stimuli
was observed. The animals did not show preference for
a new individual and had discrimination coefficients
significantly lower than those in the control group [24].

Long-term potentiation (LTP) underlies learning
and memory formation. In neurodegeneration and ag-
ing, LTP decreases, which is manifested by a decline
in human cognitive abilities. Due to the accumulation
of AP in the brain, suppression of LTP in the hippo-
campus is observed in AD. J. Takahashi et al. studied
synaptic plasticity in hippocampal slices of male mice
5-7 weeks old. OXT was found to reverse the LTP
impairment caused by perfusion of Ap 25-35 into the
hippocampus. This effect was mediated by OXTR,
since LTP restoration was impaired when an OXTR
antagonist was administered. The authors also asso-
ciated this effect with phosphorylation of ERK kinase
and the influx of Ca?" ions through Ca?'-permeable
AMPA receptors, since the addition of their antago-
nists to the hippocampal slices impaired the ability of
oxytocin to restore LTP [25].

A number of studies confirm the positive effect
of OXT on spatial memory. Intracerebroventricular
administration of native OXT into the ventricle and
intranasal administration of an OXT derivative to
mice (ddY line) contributed to the restoration of
spatial memory in the Y-maze and the Morris water
maze, impairments in which were caused by the
administration of AP 25-35. This improvement
was induced by OXT, since administration of the
OXTR antagonist led to inhibition of improvements
in spontaneous alternation and deterioration of
spatial memory. The role of the neuropeptide may
be associated with the restoration of spatial memory
impairments  specifically in neurodegenerative
conditions [26].

Intracerebroventricular administration is imprac-
tical and somewhat traumatic, and neuropeptides ad-
ministered in this way have a low ability to penetrate
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the blood — brain barrier [26]. Due to these disadvan-
tages, alternative intranasal administration appears to
be more promising due to its non-invasive nature and
ease of use.

A number of studies have proven that intranasal
administration of OXT will facilitate the penetration
of the peptide into the brain in the required amount.
A study of the pharmacokinetics of the neuropeptide
after intranasal administration showed that more than
95% of OXT was transported to the brain directly
from the nasal cavity [27]. The peptide penetrates the
brain by direct transport of the substance through the
olfactory and trigeminal nerve fibers innervating the
nasal cavity [28].

S.0. El-Ganainy et al. studied the effect of intrana-
sal administration of OXT on rats (Sprague — Dawley
line) with a model of AD. In the Morris water maze
test, a decrease in the latent period was observed,
which indicated that rats had a high ability of spatial
learning after treatment with OXT. There was a de-
crease in AP 1-42 in the hippocampus in a group of
rats that were treated with OXT in combination with
galantamine. OXT treatment also suppressed the ac-
tivation of caspase-3, which inhibited the process of
apoptosis and prevented neuronal death and formation
of neurofibrillary tangles. This was consistent with
the results of a histopathological study, which noted
orderly arrangement of hippocampal pyramidal cells
and an improvement in their morphology [29].

Microglia are immune cells in the brain that play a
key role in the occurrence of neuroinflammation [30].
Deposition of AP, tau protein, and neuronal damage
leads to microglial activation, which contributes to the
persistence of inflammation and the formation of reac-
tive oxygen species [31]. Activated microglia stimu-
late neurons to overproduce AP, causing synaptic loss
and the formation of extracellular plaques and neuro-
fibrillary tangles. This leads to increased activation of
microglia [32], and a positive feedback loop is formed
that contributes to the development of AD.

Since activated microglia are considered one of the
important components in the pathogenesis of AD, it
is necessary to search for and study the ability of sub-
stances to inhibit their activation, which is what the
authors of the following study did. IHC analysis of
brain sections from old APP / PS1 mice (with muta-
tions in the amyloid precursor protein and presenilin-1
genes) revealed increased Iba-1 (lupus anticoagulant)
immunoreactivity in the CA1 region of the hippocam-
pus, which indicated activated microglia. Intranasal
administration of OXT to control groups caused a

decrease in lba-1 immunoreactivity around amyloid
plaques compared to the controls receiving normal sa-
line. When a purified culture of microglia was exposed
to AP, its activation was observed, accompanied by an
increase in Iba-1 and CD68 immunoreactivity (cluster
of differentiation 68). Treatment of the culture with
OXT contributed to the attenuation of microglial acti-
vation induced by AP [33].

In AD, developing neuroinflammation is
characterized by drastically increased production of
proinflammatory cytokines (interleukin (IL)-1, IL-6,
tumor necrosis factor alpha (TNFa)) and activation of
enzymes that synthesize low-molecular inflammatory
mediators [34]. It should be noted that there are data
supported by experiments on the anti-inflammatory
activity of OXT. Pretreatment of microglial cells
suppressed the synthesis of proinflammatory cytokines
provoked by the administration of lipopolysaccharide.
The anti-inflammatory effects of OXT are associated
with inhibition of eukaryotic initiation factor-2a (elF-
2a)-targeting kinases. It results in inhibition of the
p/elF20/ATF4 pathway, decreased expression of
TNFo and IL-6, and inhibited activation of inflam-
masomes, which suppresses the synthesis of IL-10 [35].

When the medial part of the hypothalamus is
damaged, thelevel of OXT mRNA decreased, whichled
toincreased activation ofthe nuclear factor-xB (NF-kB)
pathway and increased expression of TNFo and IL-
1B mRNA, which may be the reason for a decrease
in anti-inflammatory protection [36]. Pretreatment
of primary microglia and BV-2 microglia cells (cells
isolated from C57/BL6 mice) with OXT resulted in
significant inhibition of lipopolysaccharide-induced
microglial activity, as reflected by suppression of the
expression and release of cyclooxygenase-2 (COX-2)
and inducible synthase nitric oxide (iNOS). During
neuroinflammation,  proinflammatory  cytokines
accumulate in glia, which can lead to neuronal damage
and progression of neurodegenerative diseases [37].
Due to this, an important element of AD therapy
is inhibition of neuroinflammation, which can be
achieved through the use of OXT as a drug.

The results of a recent study that revealed the ef-
fect of OXT on the generation and deposition of amy-
loid plaques are worth noting. Mice (APP/PS1 strain)
treated with OXT showed a decrease in plaque area
and decreased A immunoreactivity in the hippocam-
pus. The neuropeptide also affected the morphology
of amyloid plaques. The main groups of mice that re-
ceived OXT had plaques with a denser core than the
control groups [33]. There is a hypothesis that dense-
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core plaques have a restriction mechanism, possibly
similar to tuberculosis granulomas. With its help, mi-
croglia protect the brain from degeneration associated
with AD. Highly polymerized and compacted AP in
the nuclei has a less damaging effect and limits the
spread of AP oligomers and protofibrils throughout
the brain [38].

Since one of the symptoms of AD is increased
anxiety, the presence of an anxiolytic effect in OXT
makes this neuropeptide even more interesting. The
effect of OXT on anxiety levels was studied using
the light / dark box test. When the neuropeptide was
administered into the PVN of male Wistar rats, a de-
crease in anxiety was observed. Preliminary infusion
of the transient receptor potential channel antagonist
SKF96365 into PVN blocked the anxiolytic effect of
OXT [39].

Vasopressin and Alzheimer’s disease

AVP is known to regulate water balance and blood
pressure. It is also a neurotransmitter involved in the
modulation of social communication, spatial memory
and influencing memory consolidation and retrieval.
One of the characteristic symptoms of AD is impaired
spatial memory and social recognition memory, which
manifest in the form of disorientation and inability to
recognize familiar faces. As the results of the study
showed, intranasal use of AVP (4-8) for 4 weeks (the
main metabolic fragment of AVP, differing in chem-
ical structure, but having a similar effect) significant-
ly improved working and long-term memory in mice
with a model of AD (APP/PS1 line), which was prov-
en in the Y-maze test. In addition, a decrease in the
latency period was found in the Morris water maze
test, which indicates an improvement in spatial mem-
ory [40].

The study by C.J. Finton et al. shows the impor-
tance of the duration of AVP therapy for a significant
effect on spatial memory. The significance of the ef-
fect on spatial memory depends on the duration of
AVP therapy. Chronic intranasal administration of
the neuropeptide showed a positive effect on spatial
memory, while a single administration of AVP before
testing had no significant effect [41].

The effect of a V1aR antagonist was studied to
confirm the relationship between the AVP level and
spatial memory. Intraperitoneal administration of
SR49059 to Wistar rats prior to the Morris water maze
test revealed the effect of AVP on spatial memory and
learning. The results of Western blotting and ELISA
showed a significant decrease in the expression of

AVP and V1aR, which confirms the association be-
tween the level of the neuropeptide and spatial mem-
ory [42].

In addition to its ability to restore impaired spa-
tial memory, AVP is also important for normal social
recognition and formation of social memory. Studies
show that blocking AVP receptors, as well as a de-
crease in the level of this neuropeptide, cause social
memory impairment. Thus, mice with OXTR and
AVPRI1b knockout in hippocampal CA2 pyramidal
neurons have impairments of social memory and im-
paired detection of social novelty [43]. When tested in
AVP knockout rats (Brattleboro strain), impairments
in recognition of new objects and conditional learn-
ing, as well as a decrease in the ability to social dis-
crimination are observed [44].

The hippocampus is one of the key structures as-
sociated with learning, memory, and thinking, the ac-
tivity of which depends on the rate of excitation of
neurons in this part of the brain. The neuropeptide
is able to modulate the electrophysiological changes
caused by AB. AVP-induced changes in spontaneous
discharges in the hippocampus in the CA1 region may
help protect synaptic plasticity and cognitive func-
tions, the impairment of which underlies many neuro-
degenerative diseases [45].

Social memories are formed partly as a result of in-
formation encoding by the hippocampus. The CA2 re-
gion of the hippocampus and in particular the AVPR1b
expressed there are required for memory formation. In
behavioral testing, mice (GENSAT QZ27 line) inject-
ed with adeno-associated virus (AAV) and wild-type
mice were exposed to an unfamiliar female and re-ex-
posed to the original or new female after a 2-hour re-
tention interval. At the same time, optical stimulation
of the nerve endings of PVN neurons innervating CA2
was present or absent in the tests. Optical stimulation
during initial contact (memory acquisition) improved
social recognition, i.e. the olfactory exploration of the
female decreased upon repeated exposure. However,
optical stimulation had no effect on the sociability
of the mice. Stimulation during subsequent contact
(memory recall) did not cause improvement. Adminis-
tration of the AVPR1b antagonist to CA2 blocked the
enhancement of social recognition. This suggests that
the AVP PYN=CA2 pathway, which depends on AVPR1b
signaling, promotes the acquisition of new memories,
enhancing social memory. The authors of the study
suggested that targeted therapy with AVPRI1b ago-
nists could become potential treatment for patients
with dementia who have reduced social memory [46].
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Neuropeptide S and Alzheimer’s disease

Neuropeptide S (NPS) is an endogenous peptide in
the central nervous system that selectively binds and
activates NPS receptors. NPSR mRNA expression
occurs throughout the central nervous system, with
significant amounts expressed in the olfactory nuclei,
thalamus, anterior and posterior hypothalamus, as
well as the cortex, amygdala, and hippocampus. The
NPS / NPSR system regulates many physiological
and pathological functions, including arousal,
wakefulness, learning and memory, anxiety, food
intake and energy balance, drug addiction and pain.
During experiments, it was found that in animals this
neuropeptide promotes learning, improves memory,
and also reduces anxiety [47].

Mice with AD (APP/PS1 line) showed a noticeable
decrease in NPSR in the hippocampal region compared
with wild-type mice. It can be assumed that the basis
of AD symptoms is a lack of NPS effects, caused by a
decrease in the amount of NPSR [48].

Increased anxiety is one of the symptoms of AD.
NPS has a powerful anxiolytic effect, which makes
it possible to consider it as a potential substance for
the treatment of diseases accompanied by anxiety.
Characteristic phenotypic features of NPS precursor
knockout mouse models include learning and
memory deficits, as well as increased anxiety [49].
NPS promotes anxiolysis in the amygdala and its
mechanism of action depends on NPSR-mediated
phospholipase C signaling. This ability of the
neuropeptide is confirmed by the administration of a
phospholipase C inhibitor (U73122), which prevents
NPS-induced anxiolysis [50].

Scientists have found that the effects of NPS in the
PVN are mediated by actions on local OXT neurons.
NPS activates a subpopulation of OXT neurons in
the PVN, which is confirmed by an increase in the
intracellular concentration of Ca*" ions in neurons
of this subpopulation and an increase in the release
of OXT by somatodendrites in the PVN. In turn,
the activated OXT-PVN subpopulation mediates
the anxiolytic effect of NPS, which is confirmed by
the results of behavioral testing. Pre-administration
of an OXTR antagonist blocks NPS-induced
anxiolysis [51].

To study the effect of NPS on memory, this
neuropeptide was administered once into the lateral
ventricle of male Swiss Kunming mice 5 minutes
after training. When tested on day 3 after training,
the test group spent significantly more time with the

new non-social object than the control group. Thus,
the introduction of NPS made it possible to prolong
object recognition memory.

As is known, AD is accompanied by a progressive
decline in memory; when AP 1-42 was administered
to test mice, a significant impairment in object
recognition memory was observed. The progression
of'this condition was eliminated by the administration
of NPS [52]. Research by R.W. Han et al. showed
that infusion of NPS into the basolateral amygdala
of Kunming mice after training improved long-
term non-social object recognition memory, which
was reduced by intraperitoneal administration of
propranolol [53].

NPS plays a key role in the regulation of memory
and learning in rodents [54]. Inhibition of NPSR
activation causes impairment of olfactory spatial
memory. Endogenous NPS plays an important role in
the regulation of olfactory spatial memory, possibly
due to the activation of NPSR-bearing neurons in
the olfactory cortex and subicular complex of the
hippocampus, but the precise mechanisms involved
in olfactory spatial memory impaired by NPSR
antagonists have yet to be determined [55].

P. Zhao et al. proved the influence of NPS on the
key pathogenetic links of AD. The effect of NPS was
analyzed in both wild-type mice and mice (APP/PS1
line) with a genetic model of AD. Eight-month-old
mice were continuously injected intravenously with
NPS for 2 weeks, and then hippocampal ELISA
was performed. According to the results of the
analysis, a decrease in the intensity of formation
and subsequent deposition of AP plaques was
observed due to a decrease in y-secretase activity
and APP phosphorylation at Thr668 compared to
the ELISA results of the control group of mice that
were intravenously injected with normal saline.
Moreover, when performing the Morris water maze
test, a gradual decrease in the latency period was
noted during the five days of training. This suggests
that NPS can not only improve spatial memory in
wild-type mice, but also effectively restore cognitive
impairment and significantly increase the number of
active neurons in the hippocampus in mice.

The neuropeptide normalized the expression of
synapsin I and PSD95 in the hippocampus, suggesting
that NPS probably restores memory deficits by
reversing impairments in hippocampal synaptic
plasticity [48]. Together, these experimental data make
it possible to consider NPS as a potential candidate for
the treatment of AD.
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CONCLUSION

All studies discussed in this review article
have shown a relationship between the action of
neuropeptides and the pathogenesis of AD. The
exact mechanism of the potential therapeutic effect
of neuropeptides has yet to be revealed, but the trend
in the scientific field and the number of modern and
fairly large publications suggest that this may happen
in the nearest future.

When studying such a complex issue, it is
important to conduct not one, but a series of studies,
to compare the effects of treatment with neuropeptides
and drugs that are currently included in clinical
guidelines for the treatment of AD. It is also necessary
to conduct a battery of behavioral tests for a more
thorough understanding of the condition of the test
animals and to perform tests at different periods of
time with the possibility of further comparison of
previously obtained and newer results with each other
to determine the delayed effects of treatment.
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Modern possibilities of MRI-based diagnosis of multiple sclerosis.
Literature review
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ABSTRACT

Multiple sclerosis remains the most common demyelinating disease of the central nervous system and ranks first
among neurological diseases that lead to disability in young people. The most important diagnostic and prognostic
marker, especially at an early stage of the disease, is magnetic resonance imaging (MRI), which currently remains
the only method that allows to explore the entire central nervous system in vivo.

The review presents literature data on modern achievements in MRI-based diagnosis of multiple sclerosis. Key
attention is paid to such promising methods as assessment of brain and spinal cord atrophy, brain perfusion MRI,
and diffusion tensor imaging. Implementation of these approaches in MRI can help solve the problem of early
diagnosis of multiple sclerosis and determine more reliable markers of a response to ongoing therapy.
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CyxanoBa K.C.

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

PE3IOME

PaccestHHBIH ckIepo3 ocTaeTcss HanboJee YacTo BCTPEIaeMbIM JEMHEIHHU3UPYIOMNM 3a001eBaHNEM LICHTPalTb-
HOHM HEepBHOU CHCTEMBI M 3aHIMAET IIEPBOE MECTO CPEIU HEBPOJIOTMIECKHUX 3a001eBaHN, TPUBOAAMNX K HHBAIIU-
JIM3aLHH JINI MOJIOAOTO Bo3pacTa. Hanbonee BayXHOM JTyd4eBON MOJATbHOCTBIO C ANArHOCTHYECKON M IIPOTHOCTH-
4eCKOH TOYEK 3peHHs, 0COOCHHO Ha paHHEel! cTaguy 3a00JIeBaHus, SIBISIETCS MATHUTHO-PE30HAHCHASI TOMOTpadus
(MPT), koTopasi B HACTOSIIIIEE BPEMS OCTACTCSI €AMHCTBEHHBIM METOJIOM, IIO3BOJIIOIIUM HUCCIIEA0BATh LICHTPAITb-
HYIO HEpBHYIO CHCTEMY Ha BCEM HMPOTSDKSHUH in Vivo.

P4 Degtyarev Ilya Yu., ilya.degtyarev.4201@mail.ru
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B HaCTOAIIEM o630pe IPUBEACHBI IUTEPATYPHBIC TaHHBIE O COBPEMEHHBIX TOCTUKCHUAX MaFHI/ITHO—pCSOHaHCHOﬁ
JIMarHOCTUKHU PACCEeSTHHOTO cKiepo3a. KiltoueBoe BHUMaHUE yIenseTcsl TAKUM €€ MEePCIeKTUBHBIM acIeKTaM, Kak
OLIeHKa aTpOo(UH FOJIOBHOTO U CITHHHOTO MO3ra, OIIeHKa Mepdy3un TOJIOBHOTO MO3ra U An(Ppy3HOHHO-TEH30pHAs
MPT. Buenpenue nanusix nmoaxonoB B MPT momoraer npuOIH3uTh pelieHrne NpoOieMbl paHHEeH ANarHOCTHKU
PacCeAHHOr0 CKJIEPO3a U NOBBICUTH PIHd)OpMaTI/IBHOCTb OLEHKH KJIMHUYECKOTO OTBETA HA IIPOBOANMYIO TEPAITUIO.

KioueBsble cjioBa: MarHUTHO-pE30HAHCHAs TOMOTpadusi, paccestHHbIN ckiiepo3, DWI, MP-niepdyszus

KonpaukT nHTEpecoB. ABTOPHI 3asBIISIOT 00 OTCYTCTBHH SIBHBIX U IIOTEHIUAJIBHBIX KOH(IMKTOB HHTEPECOB MPU
IIPOBEACHUU HCCIEN0BaHMS.

Hcrounnkn puHaHcHpOBaHHS. ABTOPHI 3asBISIIOT 00 OTCYTCTBHU (PUHAHCHPOBAHMS IIPU NIPOBEIECHUN HCCIIE0-
BaHMSI.

Ja murupoanus: [ertsapes W.10., 3aBanosckas B.JI., Kypaxos A.Il., 3opkansiieB M.A., Anuduposa B.M.,
CyxanoBa K.C. CoBpeMeHHbIE BOBMOKHOCTH MarHUTHO-PE30HAHCHOW JIMAarHOCTUKH PacCesTHHOro ckieposa. O0-
30p JUTEPATYphl. broiiemens cubupckou meouyunst. 2024;23(1):116—125. https://doi.org/10.20538/1682-0363-

2024-1-116-125.

INTRODUCTION

Multiple sclerosis (MS) is the most common
autoimmune demyelinating disease of the central
nervous system (CNS), characterized by the
formation of multiple foci of demyelination and a
variety of neurological symptoms. MS ranks first
among neurological diseases leading to disability
in young people. The disease is characterized by
fully or partially reversible episodes of neurological
disability that usually last from several days to
several weeks [1].

More than 2.8 million people worldwide are
diagnosed with MS [2]. MS is now more common
in women, but this has not always been the case.
Since the early 1900s, the sex ratio has been nearly
equal, but since then it has steadily increased toward
predominance of women, currently approaching 3:1
[3]. Although the first manifestation of the disease
can occur at any age, in most patients with MS it
occurs at the age of 20—40 years. The disease has
a huge negative impact on their functional activity,
financial security, and quality of life. The costs of
medical care for MS are extremely high and increase
as disability progresses [4].

PATHOGENESIS

To date, the pathogenesis of MS remains not fully
understood, mainly due to limited understanding of
the ethology of this disease. Various risk factors for
the development of MS have been identified so far,
such as serum vitamin D levels, genetic predisposi-
tion, and certain viral infections [5]. However, none
of these factors has been recognized as etiological.

This suggests that the etiopathogenesis of the disease
is multifactorial [6].

Although the triggering mechanisms of MS
remain unknown, the dominant scientific view on the
pathogenesis of this disease is that the activation of
autoaggression against myelin proteins, which form a
multilayered sheath around the axons and cell bodies
of neurons, plays a major role in its occurrence [7].
Thus, disruptions in immune mechanisms have been
proposed as the main factors in the pathogenesis of
MS. This is due to the fact that T and B lymphocytes
are selectively sensitized by specific target antigens
(probably autoantigens), which are expressed only
in the central nervous system. This is indirectly
confirmed by the discovery of a correlation between
a decrease in the number and activity of circulating
regulatory T cells in the peripheral blood with
exacerbation of disease symptoms [8].

Currently, numerous forms of MS (cerebrospinal,
spinal, cerebellar, optic, brainstem and others) are
not separately identified and are not indicated in the
diagnosis. To standardize terminology and increase
the homogeneity of clinical studies, an internation-
ally recognized and unified classification of MS was
introduced, which distinguishes four variants of its
clinical course (phenotype):

1. Relapsing remitting MS (RRMS) is charac-
terized by the presence of periodic exacerbations
with almost complete recovery or the presence of
minimal residual neurological deficit and the ab-
sence of progression of symptoms in the period be-
tween relapses.

2. Primary progressive MS (PPMS) is
characterized by the presence of steady progression
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of neurological deficits from the onset of the disease
in the absence of obvious exacerbations.

3. Secondary progressive MS (SPMS) is
characterized by steady progression of the disease
after a certain period of the relapsing remitting course.

4. Progressive MS with exacerbations is
characterized by the presence of exacerbations of
the disease with a steady aggravation of neurological
symptoms.

Establishing the type of MS course in a particular
patient is a key aspect in the diagnosis of this
disease. An accurate description of the clinical
course (phenotype) of the disease is important for
predicting, planning, and clarifying the scope of
necessary clinical trials, as well as for choosing the
optimal treatment strategy [9].

This classification was partially revised in
2013 [10]. It now takes into account additional
criteria for MS, such as its activity and progression
(based on clinical presentation and MRI), thereby
stratifying patient characteristics along two axes
that can be assessed separately [11]. Thus, MS
can be active or inactive, progressive or non-
progressive. Distinguishing disease activity from
disease progression has proven to be clinically
meaningful, as MS treatment methods may be
effective in actively progressive forms, but not
in inactive progressive forms. The addition of
MS classification to MRI data also reflects the
understanding that, along with clinical observation,
other parameters can be used to establish the
characteristics of the course of this disease [11].

There is also clinically isolated syndrome (CIS),
which is an early manifestation of MS. CIS involves
an acute clinical attack affecting one or more areas
of the central nervous system, which can lead to
the onset of relapsing remitting MS. According to
studies, CIS converts to RRMS after 20 years only
in 21% of patients with a normal MRI image of the
brain during CIS and in 82% of patients if MRI had
one or more clinically asymptomatic lesions of the
white matter of the brain [12].

At early stages of MS, clinical data alone are
not enough to diagnose it accurately. On the other
hand, instrumental and laboratory studies cannot
always provide the necessary accuracy in diagnosing
MS. It should also be noted that a large number of
publications about numerous methods proposed
for the diagnosis of MS do not reflect their real

significance, since most of them do not analyze
the assessment of their diagnostic effectiveness
(primarily sensitivity and specificity). Unfortunately,
the generally accepted magnetic resonance criteria
for MS are used only as basic ones, making it
impossible to conduct a reliable assessment of the
risk of disease progression.

Another problem remains establishing the
exact type of course of MS, as well as predictors
of the transition of RRMS to SPMS, which must
be taken into account for timely and effective
correction of appropriate therapy. The development
of various methods, including both imaging and
laboratory diagnosis, to solve these problems is an
extremely relevant area in the development of MS
diagnosis.

CRITERIA FOR MAGNETIC RESONANCE
MANIFESTATIONS OF LESIONS
IN MULTIPLE SCLEROSIS

It is well known that the features of pathological
processes in  MS, including inflammation,
demyelination, axonal loss, and gliosis, can be studied
in vivo using both traditional and advanced medical
imaging methods [13]. MRI is the most important
radiation modality for MS from the point of view of
its diagnosis and prognosis, especially at the early
stage of the disease, which currently remains the
only method that allows to study the entire central
nervous system in vivo. Traditional MRI pulse
sequences in the diagnosis of MS can determine
the number, location, and activity of demyelinating
lesions, although the sensitivity of these sequences is
thought to be highly variable.

On the other hand, routine MRI has low
sensitivity in detecting the heterogeneity of focal
lesions and pathological changes observed in the
tissue of the central nervous system outside the foci
of demyelination. In addition, MRI is unable to
separately quantify the level of damage to various
CNS tissue components, such as myelin, axons, and
glia [14].

It is preferable to visualize demyelinating
processes on high-field MRI scanners (with a
magnetic induction value equal to or greater than
1.0 T). T2-WI sequences with long TE (time echo)
and TR (time repetition) are the most sensitive to
damage to the brain matter in MS. This is due to
the fact that demyelinating lesions in MS have a
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longer T2 relaxation time compared to apparently
unchanged white matter.

Numerous comparisons of neuroimaging data
and histologic studies made it possible to identify a
pathological substrate corresponding to changes in
signal characteristics in various MRI modes. Thus,
as a result of disruption of the protein — lipid bilayer,
a decrease in the amount of lipids and an increase
in water content, foci of demyelination in MS are
visualized as areas of a magnetic resonance signal
of increased intensity on T2-WI and decreased
intensity on T1-WI. The MR signal from recently
formed lesions is determined mainly by edema
and from long-existing ones — by gliosis. Thus,
MRI is capable of reflecting the polymorphism of
pathological changes observed in the central nervous
system in MS [15].

The currently accepted MRI criteria for MS are
the McDonald criteria, first published in 2001 and
then revised and updated in 2005 and 2010. The last
revision was carried out in 2017. As with previous
revisions of these criteria, the diagnosis of MS
requires a combination of clinical and radiological
signs. MS canbe diagnosed ifany of the following five
groups of criteria are met, depending on the number
of clinical attacks, the presence of dissemination in
space and dissemination in time [16, 17].

Foci of demyelization in MS usually have a round
or oval shape, and their diameter varies from a few
millimeters to a centimeter or more [18]. To a certain
degree, differences in the shape of the lesions is due
to the passage of the tomographic slice at an angle to
the cerebral venule, which often represents the center
of the demyelination focus in MS. At the initial
stage of the disease, the lesions appear elongated
in the form of so-called Dawson’s fingers, which is
probably associated with inflammatory edema of the
brain matter along the medullary venules [19].

It should be noted that the typical localization
of lesions in MS is the periventricular white
matter, including the corpus callosum, subcortical
white matter, and infratentorial region. Isolated
hyperintense lesions on T2- ~ WI adjacent to the
body or temporal horn of the lateral ventricle are
very characteristic of MS and are rarely found in
other pathologies [20].

The diagnostic potential of MRI is enhanced by
the use of contrast enhancement, which involves
intravenous administration of a contrast agent (CA).
Firstly, contrast-enhanced MRI can determine the

degree of disease activity, which has important
prognostic value and great clinical value in choosing
the most effective therapeutic strategy. Secondly,
this method allows to obtain additional evidence
of the dissemination of demyelination foci over
time by simultaneous visualization of both active
foci that accumulate CA and inactive ones that
do not accumulate it. Thirdly, CA injection can
help identify atypical lesions and detect latent
structural lesions that are not visible on non-contrast
images [21].

Contrast agents based on trivalent gadolinium,
which belongs to the group of positive paramagnetic
agents, do not normally penetrate the blood — brain
barrier (BBB). It is believed that in MS it passes
through the capillary walls and lingers for some time
in the extracellular space [22].

Neuroimaging and pathomorphological
comparisons confirm that the accumulation of CA
occurs exclusively in active demyelination foci with
pronounced inflammatory changes in the form of
edema and cellular infiltration. At the same time,
contrast-enhanced MRI may be more sensitive
in detecting subclinical activity of RRMS than
assessing the clinical status. With the accumulation
of CA, pathological areas can change the shape
and size. Usually, at first these are foci that evenly
accumulate CAs, which subsequently, as the disease
progresses, transform into foci that accumulate CAs
in the “ring” or “semi-ring” type, after which the
degree of CA capture by such foci decreases, since
they become “chronic”.

At the same time, there are known difficulties in
the differential diagnosis of both typical and atypical
forms of MS with tumor lesions of the central
nervous system. Thus, lesions in MS in certain
cases can be mistaken for hematogenous metastases
accumulating CA, as well as primary brain tumors
(in the so-called pseudotumor form of MS). At the
same time, the “ring-shaped” type of their contrast
is considered more characteristic of tumor lesions,
while “ring-shaped-rupture” type is more typical of
demyelination foci in MS [23].

MODERN POSSIBILITIES OF MRI-BASED
DIAGNOSIS OF MULTIPLE SCLEROSIS

Effective treatment methods have made early
diagnosis of MS highly desirable, and MRI criteria
for MS have been revised to exclude conditions
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that mimic the disease more accurately. However,
identifying changes detected on MRI as clinically
significant in MS still presents known difficulties due
to the fact that traditional MRI data (total number and
volume of lesions) poorly correlate with the degree
of neurological deficit. This phenomenon called the
clinico-radiological paradox led to the need to study
pathological processes developing in the central
nervous system along with demyelination and to
develop new methods for assessing ultrastructural,
biochemical, and functional changes in the central
nervous system [24].

To date, there is no consensus on how to assess
and monitor response to MS treatment. Currently,
the concepts of “response” and “non-response”, as
well as the time frame for this criterion, are widely
discussed in the scientific literature. Typically,
failure to respond to treatment is determined based on
three factors or a combination of factors, including
increasing severity of neurological deficit, relapse
rate, and the presence of active T2 lesions (defined as
new lesions that increase the total number of lesions)
or contrast-enhancing lesions on MRI. On the other
hand, the clinical significance of detecting minimal
MS activity using MRI data is controversial, which
raises the issue of further development of guidelines
regarding the determination and monitoring of the
response to treatment [25].

It is now generally accepted that focal lesions
detected by routine MRI represent only one aspect
of the disease [26]. At the same time, advanced
MRI technologies that have emerged over the
past few decades have made it possible to detect
microstructural changes in the brain in patients with
MS, even in apparently normal white matter [27].
In addition, cortical lesions and atrophy of the gray
matter of the brain may be important additional
features of this disease [28].

It has been established that atrophy of the
brain and spinal cord is becoming one of the main
manifestations of MS and represents a very relevant
finding [29]. In addition to tissue loss caused by locally
destructive white matter lesions and secondary tissue
loss due to tract-specific loss of axons and neurons,
there are many other potential mechanisms for this
process, including iron accumulation, mitochondrial
damage, microglial activation, and oxidative stress
[30]. Thus, brain atrophy begins at the early stages of
MS and progresses annually in untreated patients at

arate of 0.5-1.0% per year, regardless of the clinical
subtype of the disease [31]. It is worth noting that
global brain atrophy can be observed not only during
the onset of the first symptoms of MS, but even at
its preclinical stages [32—34]. Atrophy has a stronger
association with neurological deficits and cognitive
impairment compared to traditional MRI criteria for
nerve tissue damage in MS [35].

Brain atrophy can be easily measured using
a wide range of MRI techniques. Qualitatively,
atrophy can be established based on an increase in
the cerebrospinal fluid spaces in combination with
a decrease in the volume of brain tissue, as well as
by measuring the width of the ventricles of the brain
or the cross-sectional area of the corpus callosum.
For more efficient and reproducible measurements in
research and clinical trials, fully automated computer
methods for segmenting diagnostic images based
on high-resolution T1-WI are usually used, which
allows for separate assessment of the white and gray
matter of the brain and, by determining their ratio,
identifying regional atrophy. However, the results of
such studies should be interpreted carefully, as CNS
volume is also influenced by non-MS factors, such as
medications taken, daily fluctuations and hydration
status, as well as MS-related edema, inflammation,
and gliosis [36, 37].

Unfortunately, atrophy scoring criteria are not yet
used in daily clinical practice due to many technical
problems and a lack of consensus on the choice of
a standardized method for their determination [38].
In this regard, the development of portable, fully
automated methods for measuring atrophic changes
in the brain, which are promising for widespread use
in the future, continues [39].

In addition to the above data on morphological
changes in the brain in MS, there are reports in the
literature about changes in perfusion both in lesions
and in tissues with a normal image of the brain [40].
Common MRI techniques for assessing cerebral
perfusion include dynamic susceptibility contrast
(DSC) magnetic resonance, dynamic contrast-
enhanced (DCE) MRI, and arterial spin labeling
(ASL) MRI. All of these methods can quantify
cerebral blood flow velocity (CBF), cerebral blood
volume (CBV), and mean cerebral transit time
(MTT) of CA. The DSC and DCE methods involve
visualization of the dynamic passage of a gadolinium-
containing contrast agent bolus. The first one is
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based on T2* weighted sequences, and the second
one is based on T1-weighted sequences. Unlike DSC
and DCE, the ASL method is based on the use of
contrast properties of endogenous water molecules,
which, being part of the blood, are marked using
radiofrequency inversion pulses before they reach
the brain [41].

It is still unclear whether changes in perfusion in
MS are aprimary process or simply anepiphenomenon
caused by Wallerian degeneration or atrophy [38,
39]. However, accumulating evidence suggests that
changes in cerebral perfusion in MS are an important
part of this disease. Thus, there is evidence that a
decrease in perfusion in the medulla can occur even in
its apparently intact areas [42]. It has also been shown
that hypoperfusion is not necessarily associated with
demyelination areas. Moreover, it is assumed that
changes in perfusion precede atrophy and lesion
formation [43]. Additionally, a relationship between
cerebral perfusion and the distribution of white
matter lesions has been observed in a broad cohort
of MS patients. In particular, white matter lesions
in patients with secondary progressive MS were
found in regions characterized by lower perfusion
than in contralateral healthy regions. In contrast,
in patients with RRMS, brain lesions were more
common in areas with increased perfusion. This fact
indicates that remyelination processes, which are
more effective at the early stage of the disease, may
be associated with changes in local perfusion [44].

Another study found a statistically significant
decrease in CBF in the frontal cortex, thalamus,
and caudate nucleus in patients with MS, without
evidence of loss of gray matter volume and decrease
in cortical thickness, and such abnormalities were
more common in SPMS compared to RRMS [45].
The reasons for these changes in cerebral perfusion
in MS are not fully understood, and today there are
several hypotheses trying to explain them. Firstly,
hypoperfusion may be associated with neuroaxonal
loss. However, most studies did not find a
relationship between perfusion and brain atrophy,
while others reported only a partial relationship
between changes in perfusion and the degree of
brain damage detected on T2-weighted images.

In addition, decreased perfusion was also
not associated with parameters of brain atrophy,
supporting the idea that it may be driven by other
mechanisms. Other possible explanations for the

origin of cerebral atrophy include a decrease in energy
requirements or a slowdown in tissue metabolism,
primary  ischemia, impaired cerebrovascular
reactivity, mitochondrial dysfunction, and even
a latent process of neurodegeneration before its
manifestation at the macromorphological level. In
this case, knowledge of the extent of atrophic changes
in the brain may provide more therapeutic options
than detection of a pronounced and widespread
demyelination process.

The relationship between brain perfusion
and contrast enhancement of lesions in MS is of
considerable scientific interest. The literature provi-
des data according to which in patients with
RRMS, there is an increase in CBF and CBV by
20% compared to the baseline values 3 weeks before
the accumulation of CA in lesions, a CBF and CBV
increase by 25% during the period of CA accumulation,
and a slow decrease in CA accumulation in the lesions
in MS compared to baseline values within 20 weeks
after initial gadolinium enhancement [46].

Patients need to undergo MRI repeatedly and
frequently to monitor rapidly occurring changes
in the central nervous system during periods of
manifestation of MS and its increased activity. MR
perfusion study is the mainstay for objectifying
hemodynamic disorders in MS. However, this
study is associated with an increased risk of dose-
dependent deposition of gadolinium in brain tissue
due to frequent repeated administration of CA.

Thus, impaired cerebral perfusion in MS is
most likely one of the links in a complex cascade
of pathophysiological processes occurring in this
disease. However, it is yet to be determined whether
the phenomena described above are closely related
phenomena of the same order (possibly secondary
to known immunological abnormalities in MS)
or simply represent disparate aspects of MS. The
identified correlations of changes in cerebral
perfusion with various types of MS course raise the
question of the advisability of using MRI perfusion
parameters as markers for the early diagnosis of MS
and the characteristics of its course.

Another promising advanced neuroimaging
technique is diffusion tensor MRI (DTI), which
allows for the assessment of the integrity of neural
pathways. DTI can analyze and evaluate elements
of the microstructural architecture of the brain that
are not visualized using traditional pulse sequences.

Bulletin of Siberian Medicine. 2024; 23 (1): 116-125 121



Degtyarev I.Yu., Zavadovskaya V.D., Kurazhov A.P. et al.

Modern possibilities of MRI-based diagnosis of multiple sclerosis

Thus, DTI provides important additional information
about the spatial organization of nerve fibers,
directional coherence of axons, and the degree of
integrity of a particular neural tract [47]. DTI has
provided valuable insight into the pathogenesis of
MS both within lesions and in the white matter of
the brain, which appears intact according to routine
MRI.

Animal models have shown that DTI can
differentiate axonal damage caused by demyelination,
suggesting that DTI can be used to evaluate
neuroprotective treatments. Thus, DTI has a high
diagnostic potential, making it possible to detect
changes in MS lesions at the earliest stages of the
disease, including in the white matter of the brain
whose macromorphological characteristics are
unchanged. DTI can also be used to describe the
microstructures of biological tissues by quantifying
water diffusion processes in affected brain regions in
MS. Moreover, DTI makes it possible to determine
the extent of white matter lesions more accurately
than using T2-weighted images [48]. DTI parameters,
including fractional anisotropy (FA), radial diffusivity
(RD), and mean diffusivity (MD), can accurately
characterize the state of neuronal structures and their
disorders in patients suffering from MS [49].

This method is based on a non-invasive assessment
of the molecular (Brownian) motion of water, which
in biological tissues is limited by various cellular
structures. In the white matter tracts of the brain,
water mainly diffuses parallel to the direction of the
axons (axial diffusivity), and visualization of this
physical process allows for detailed mapping of the
structural integrity of the white matter at the micro
level. Using directional magnetic gradients in three
planes within DTI, it is possible to evaluate water
diffusion processes in directions perpendicular to
the neural tracts (radial diffusivity). In this regard,
axial diffusivity is thought to reflect the integrity of
axons, and radial diffusivity reflects the degree of
their myelination, while FA is an integral parameter
characterizing the degree of the diffusion direction
in a specific volume of the medulla. In this case,
a low FA coefficient corresponds to a low degree
of vectoriality of water diffusion, while a high FA
coefficient is a consequence of highly directional
movement of water along axons.

It has been established that lesions of the medulla
in MS are associated with reduced values of the FA

coefficient, which indicates that structural disorders
of the nerve conduction tracts occur as part of this
disease. It has been suggested that a decrease in the
FA coefficient may act as a marker of acute brain
lesions and, therefore, be one of the criteria for disease
activity. RD represents the rate of water diffusion
perpendicular to axons, which is largely related to the
processes of demyelination and remyelination [50].
It was found that increased RD values are potentially
associated with lesions detected on T2-weighted
images, as well as with myelin damage. It was also
shown that an increase in this coefficient can also be
determined in the white matter of the brain, in which,
according to traditional MRI, structural changes are
completely absent. A relative increase in RD values
was also observed in affected nerve fibers, which is
consistent with Wallerian degeneration [51].

Unfortunately, obtaining high-quality diffusion
tensor images is associated with technical difficulties,
which limits the clinical use of DTI. However, recent
advances in image post-processing technology have
improved the reliability of DTI in assessing nerve
fiber integrity, resulting in increased sensitivity
for detecting changes in MS compared to standard
MRI [52].

CONCLUSION

Thus, today there is no generally accepted and
reliable neuroimaging technique for assessing the
course of MS, and the diagnostic criteria used
for this are based mainly on clinical relapses and
the presence of brain changes detected on MRI.
Although traditionally used MRI sequences
provide high sensitivity for diagnosing MS, they do
not reliably identify predictors of deterioration in
the clinical course of MS, and the results of such
studies poorly correlate with the clinical status of
the patient.

The introduction of new technologies implemen-
ted within the framework of MR imaging can
contribute to solving the problem of early diagnosis
of MS and determining more reliable criteria for
response to therapy. A better understanding of
the relationship between perfusion changes, MS,
and clinical outcomes may be important to obtain
new potential markers to assess the effects of
pharmacological and rehabilitation interventions.

In addition, the use of DTI for these purposes
seems very promising. But the current body of
research using DTI is relatively limited, indicating
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that these studies are at an early stage. However,
these data already indicate that the quantitative
parameter of FA measured by DTI successfully
correlates with impairments in MS. Low level of
evidence suggests that FA indicates tissue damage in
a range of disorders, but the evidence is insufficient
to support its use as a diagnostic test or as a predictor
of clinical outcomes.

Thus, data collection methods, data processing,
and data interpretation require further improvement,
followed by standardization and validation,
before new technologies are ready for widespread
clinical use.

REFERENCES

1. Brownlee W.J., Hardy T.A., Fazekas F., Miller D.H. Diag-
nosis of multiple sclerosis: progress and challenges. Lan-
cet. 2017;389(10076):1336-1346. DOI: 10.1016/S0140-
6736(16)30959-X.

2. Dobson R., Rice D.R., D’hooghe M., Horne R., Learmonth Y.,
Mateen F.J. et al. Social determinants of health in multiple scle-
rosis. Nat. Rev. Neurol. 2022;18(12):723-734. DOI: 10.1038/
s41582-022-00735-5.

3. Dobson R., Giovannoni G. Multiple sclerosis — a review.
Eur. J. Neurol. 2019;26(1):27-40. DOI: 10.1111/ene.13819

4. Gbaguidi B., Guillemin F., Soudant M., Debouverie M., Mathey
G., Epstein J. Age-period-cohort analysis of the incidence of
multiple sclerosis over twenty years in Lorraine, France. Sci.
Rep. 2022;12(1):1001. DOI: 10.1038/s41598-022-04836-5.

5. Tarlinton R., Khaibullin T., Granatov E., Martynova E., Riz-
vanov A., Khaiboullina S. The interaction between viral and
environmental risk factors in the pathogenesis of multiple
sclerosis. Int. J. Mol. Sci. 2019;20(2):303. DOI: 10.3390/
ijms20020303.

6. Liu R., Du S., Zhao L., Jain S., Sahay K., Rizvanov A. et al.
Autoreactive lymphocytes in multiple sclerosis: Pathogenesis
and treatment target. Front. Immunol. 2022;13:996469. DOI:
10.3389/fimmu.2022.996469.

7. Ttadelmann C., Timmler S., Barrantes-Freer A., Simons M.
Myelin in the central nervous system: structure, function, and
pathology. Physiol. Rev. 2019;99(3):1381-431. DOI: 10.1152/
physrev.00031.2018.

8. Verma N.D., Lam A.D., Chiu C., Tran G.T., Hall B.M., Hod-
gkinson S.J. Multiple sclerosis patients have reduced resting
and increased activated CD4+CD25+FOXP3+T regulatory
cells. Sci. Rep. 2021;11(1):10476. DOI: 10.1038/s41598-021-
88448-5.

9. Pitt D., Lo C.H., Gauthier S.A., Hickman R.A., Longbrake E.,
Airas L.M. et al. Toward precision phenotyping of mul-
tiple sclerosis. Neurol. Neuroimmunol. Neuroinflamm.
2022;9(6):€200025. DOI: 10.1212/NXI1.0000000000200025.

10. Tartaglia M., Canevelli M., Malimpensa L., Belvisi D., Bai-
one V., Ferrazzano G. et al. Neurophysiological and clinical
biomarkers of secondary progressive multiple sclerosis: A
cross-sectional study. Front. Neurol. 2023;14:1138600. DOI:

10.3389/fneur.2023.1138600.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

Kappos L., Bar-Or A., Cree B.A.C., Fox R.J., Giovannoni G.,
Gold R. et al. EXPAND Clinical Investigators. Siponimod
versus placebo in secondary progressive multiple sclero-
sis (EXPAND): a double-blind, randomised, phase 3 study.
Lancet. 2018;391(10127):1263-1273. DOI: 10.1016/S0140-
6736(18)30475-6.

Filippi M., Preziosa P., Meani A., Ciccarelli O., Mesaros S.,
Rovira A. et al. Prediction of a multiple sclerosis diagnosis
in patients with clinically isolated syndrome using the 2016
MAGNIMS and 2010 McDonald criteria: a retrospective
study. Lancet Neurol. 2018;17(2):133—-142. DOI: 10.1016/
S1474-4422(17)30469-6.

Eshaghi A., Prados F., Brownlee W.J., Altmann D.R., Tur C.,
Cardoso M.J. et al. MAGNIMS study group. Deep gray matter
volume loss drives disability worsening in multiple sclero-
sis.  Ann. 2018;83(2):210-222. DOI: 10.1002/
ana.25145.

Granziera C., Wuerfel J., Barkhof F., Calabrese M., De Stefa-
no N., Enzinger C. et al. MAGNIMS Study Group. Quantita-
tive magnetic resonance imaging towards clinical application
in multiple sclerosis. Brain. 2021;144(5):1296-1311. DOLI:
10.1093/brain/awab029.

Goischke H.K. Comorbidities in multiple sclerosis-a plea for
interdisciplinary collaboration to improve the quality of life of
MS patients. Degener. Neurol. Neuromuscul. Dis. 2019;9:39—
53. DOIL: 10.2147/DNND.S204555.

Neurol.

. Lunde H.M.B., Assmus J., Myhr K.M., Bg L., Grytten N. Sur-

vival and cause of death in multiple sclerosis: a 60-year lon-
gitudinal population study. J. Neurol. Neurosurg. Psychiatry.
2017;88(8):621-625. DOI: 10.1136/jnnp-2016-315238.
Thompson A.J., Banwell B.L., Barkhof F., Carroll W.M.,
Coetzee T., Comi G. et al. Diagnosis of multiple sclerosis:
2017 revisions of the McDonald criteria (2017). Lancet Neu-
rol. 2018;17(2):162—173. DOI: 10.1016/S1474-4422(17)
30470-2.

Wang K.Y., Uribe T.A., Lincoln C.M. Comparing lesion de-
tection of infratentorial multiple sclerosis lesions between
T2-weighted spin-echo, 2D-FLAIR, and 3D-FLAIR sequenc-
es. Clin. Imaging. 2018;51:229-234. DOI: 10.1016/j.clin-
imag.2018.05.017.

Ineichen B.V., Cananau C., Platt N.M., Ouellette R., Moridi T.,
Frauenknecht K.B.M. et al. Dilated virchow-robin spaces are
a marker for arterial disease in multiple sclerosis. BioRxiv.
2023;2023. DOI: 10.1101/2023.02.24.529871.

Filippi M., Preziosa P., Banwell B.L., BarkhofF., Ciccarelli O.,
De Stefano N. et al. Assessment of lesions on magnetic res-
onance imaging in multiple sclerosis: practical guidelines.
Brain. 2019;142(7):1858-1875. DOI: 10.1093/brain/awz144.
Yarraguntla K., Seraji-Bozorgzad N., Lichtman-Mikol S.,
Razmjou S., Bao F., Sriwastava S. et al. Multiple Sclerosis
Fatigue: A Longitudinal Structural MRI and Diffusion Tensor
Imaging Study. J. Neuroimaging. 2018;28(6):650-655. DOI:
10.1111/jon.12548.

Oghabian M.A., Fatemidokht A., Haririchian M.H. Quantifi-
cation of blood-brain-barrier permeability dysregulation and
inflammatory activity in ms lesions by dynamic-contrast en-
hanced MR imaging. Basic Clin. Neurosci. 2022;13(1):117—
128. DOI: 10.32598/bcn.2022.575.1.

Bulletin of Siberian Medicine. 2024; 23 (1): 116-125 123



Degtyarev I.Yu., Zavadovskaya V.D., Kurazhov A.P. et al.

Modern possibilities of MRI-based diagnosis of multiple sclerosis

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

124

Sun Y., Yu H., Guan Y. Glia connect inflammation and
neurodegeneration in multiple sclerosis. Neurosci. Bull.
2023;39(3):466-478. DOI: 10.1007/s12264-023-01034-9.
Tanaka F., Umino M., Maeda M., Nakayama R., Inoue K.,
Kogue R. et al. Pseudocontinuous arterial spin labeling:
clinical applications and usefulness in head and neck enti-
ties. Cancers (Basel). 2022;14(16):3872. DOI: 10.3390/can-
cers14163872.

Gasperini C., Prosperini L., Tintoré M., Sormani M.P., Filip-
pi M., Rio J. et al. MAGNIMS Study Group. Unraveling
treatment response in multiple sclerosis: A clinical and MRI
challenge. Neurology. 2019;92(4):180-192. DOI: 10.1212/
WNL.0000000000006810.

Tommasin S., Gianni C., De Giglio L., Pantano P. Neuroim-
aging techniques to assess inflammation in Multiple sclero-
sis. Neuroscience. 2019;403:4-16. DOI: 10.1016/j.neurosci-
ence.2017.07.055.

Granberg T., Fan Q., Treaba C.A., Ouellette R., Herranz E.,
Mangeat G. et al. In vivo characterization of cortical and
white matter neuroaxonal pathology in early multiple scle-
rosis. Brain. 2017;140(11):2912-2926. DOI: 10.1093/brain/
awx247.

Bergsland N., Horakova D., Dwyer M.G., Uher T., Vaneck-
ova M., Tyblova M. et al. Gray matter atrophy patterns in
multiple sclerosis: A 10-year source-based morphometry
study. Neuroimage Clin. 2017;17:444-451. DOIL: 10.1016/].
nicl.2017.11.002.

Tauhid S., Neema M., Healy B.C., Weiner H.L., Bakshi R.
MRI phenotypes based on cerebral lesions and atrophy in
patients with multiple sclerosis. J. Neurol. Sci. 2014;346(1-
2):250-254. DOI: 10.1016/j.jns.2014.08.047.

Mahad D.H., Trapp B.D., Lassmann H. Pathological mecha-
nisms in progressive multiple sclerosis. Lancet Neurol.
2015;14(2):183-193.DOI: 10.1016/S1474-4422(14)70256-X.
Rebsamen M., McKinley R., Radojewski P., Pistor M.,
Friedli C., Hoepner R. et al. Reliable brain morphometry from
contrast-enhanced T1w-MRI in patients with multiple sclero-
sis. Hum. Brain Mapp. 2023;44(3):970-979. DOI: 10.1002/
hbm.26117.

Tsagkas C., Geiter E., Gaetano L., Naegelin Y., Amann M.,
Parmar K. et al. Longitudinal changes of deep gray matter
shape in multiple sclerosis. Neuroimage Clin. 2022;35:103137.
DOI: 10.1016/j.nicl.2022.103137.

Yamout B., Al Khawajah M. Radiologically isolated syn-
drome and multiple sclerosis. Mult. Scler. Relat. Disord.
2017;17:234-237. DOI: 10.1016/j.msard.2017.08.016.
Labiano-Fontcuberta A., Mato-Abad V., Alvarez-Linera J.,
Hernandez-Tamames J.A., Martinez-Ginés M.L., Aladro Y.
et al. Gray matter involvement in radiologically isolated
syndrome. Medicine (Baltimore). 2016;95(13):¢3208. DOI:
10.1097/MD.0000000000003208.

Cagol A., Schaedelin S., Barakovic M., Benkert P., TodeaR.A.,
Rahmanzadeh R. et al. Association of brain atrophy with
disease progression independent of relapse activity in pa-
tients with relapsing multiple sclerosis. JAMA Neurol.
2022;79(7):682—692. DOI: 10.1001/jamaneurol.2022.1025.
Krajnc N., Bsteh G., Berger T. Clinical and Paraclinical
Biomarkers and the Hitches to Assess Conversion to Secon-

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

dary Progressive Multiple Sclerosis: A Systematic Re-
view. Front. Neurol. 2021;12:666868. DOI: 10.3389/
fneur.2021.666868.

Hemond C.C., Bakshi R. Magnetic resonance imaging
in multiple sclerosis. Cold Spring Harb. Perspect. Med.
2018;8(5):a028969. DOI: 10.1101/cshperspect.a028969.
Uher T., Krasensky J., Malpas C., Bergsland N., Dwyer M.G.,
KubalaHavrdova E. et al. Evolution of brain volume loss
rates in early stages of multiple sclerosis. Neurol. Neuro-
immunol. Neuroinflamm. 2021;8(3):¢979. DOIL: 10.1212/
NXI1.0000000000000979.

Wang C., Beadnall H.N., Hatton S.N., Bader G., Tomic D.,
Silva D.G. et al. Automated brain volumetrics in multiple
sclerosis: a step closer to clinical application. J. Neurol. Neu-
rosurg. Psychiatry. 2016;87(7):754-757. DOI: 10.1136/jnnp-
2015-312304.

Lagana M.M., Pelizzari L., Baglio F. Relationship between
MRI perfusion and clinical severity in multiple sclerosis. Neu-
ral. Regen. Res. 2020;15(4):646—-652. DOI: 10.4103/1673-
5374.266906.

Hernandez-Garcia L., Lahiri A., Schollenberger J. Re-
cent progress in ASL. Neuroimage. 2019;187:3—16. DOI:
10.1016/j.neuroimage.2017.12.095.

Debernard L., Melzer T.R., Alla S., Eagle J., Van Stockum
S., Graham C. et al. Deep grey matter MRI abnormalities and
cognitive function in relapsing-remitting multiple sclerosis.
Psychiatry Res. 2015;234(3):352-361. DOI: 10.1016/j.pscy-
chresns.2015.10.004.

Ingrisch M., Sourbron S., Herberich S., Schneider M.J.,
Kimpfel T., Hohlfeld R. et al. Dynamic contrast-en-
hanced magnetic resonance imaging suggests normal per-
fusion in normal-appearing white matter in multiple scle-
rosis. Invest. Radiol. 2017;52(3):135-141. DOI: 10.1097/
RLI.0000000000000320.

Lagana M.M., Pelizzari L., BaglioF. Relationship between
MRI perfusion and clinical severity in multiple sclerosis. Neu-
ral. Regen. Res. 2020;15(4):646-652. DOI: 10.4103/1673-
5374.266906.

De la Pefia M.J., Pena I.C., Garcia P.G., Gavilan M.L., Mal-
pica N., Rubio M. et al. Early perfusion changes in multiple
sclerosis patients as assessed by MRI using arterial spin label-
ing. Acta Radiol. Open.2019;8(12):2058460119894214. DOI:
10.1177/2058460119894214.

Lapointe E., Li D.K.B., Traboulsee A.L., Rauscher A. What
have we learned from perfusion mri in multiple sclerosis?
AJNR Am. J. Neuroradiol. 2018;39(6):994-1000. DOI:
10.3174/ajnr.A5504.

Gharaylou Z., Sahraian M.A., Hadjighassem M., Kohanpour
M., Doosti R., Nahardani S. et al. Widespread Disruptions of
White Matter in Familial Multiple Sclerosis: DTI and NOD-
DI Study. Front. Neurol. 2021;12:678245. DOI: 10.3389/
fneur.2021.678245.

Oladosu O., Liu W.Q., Brown L., Pike B.G., Metz L.M.,
Zhang Y. Advanced diffusion MRI and image texture anal-
ysis detect widespread brain structural differences between
relapsing-remitting and secondary progressive multiple scle-
rosis. Front. Hum. Neurosci. 2022;16:944908. DOI: 10.3389/
fnhum.2022.944908.

BlonneteHb cMbupckoit MeguunHbl. 2024; 23 (1): 116-125



Reviews and lectures

49.

50.

Hori M., Maekawa T., Kamiya K., Hagiwara A., Goto M.,
Takemura M.Y. et al. Advanced diffusion MR imaging for
multiple sclerosis in the brain and spinal cord. Magn. Reson.
Med. Sci. 2022;21(1):58-70. DOI: 10.2463/mrms.rev.2021-
0091.

Chen J., Zhou C., Zhu L. et al. Magnetic resonance diffusion
tensor imaging for occult lesion detection in multiple scle-
rosis. Exp. Ther. Med. 2017;13(1):91-96. DOI: 10.3892/
etm.2016.3950.

Authors’ information

51.

52.

Tae W.S., Ham B.J., Pyun S.B., Kang S.H., Kim B.J. Cur-
rent clinical applications of diffusion-tensor imaging in neuro-
logical disorders. J. Clin. Neurol. 2018;14(2):129-140. DOLI:
10.3988/jcn.2018.14.2.129.

Granberg T., Fan Q., Treaba C.A., Ouellette R., Herranz E.,
Mangeat G. et al. In vivo characterization of cortical and
white matter neuroaxonal pathology in early multiple scle-
rosis. Brain. 2017;140(11):2912-2926. DOI: 10.1093/brain/
awx247.

Degtyarev Ilya Yu. — Teaching Assistant, Division of Diagnostic Radiology and Radiation Therapy, Siberian State Medical University,
Tomsk, ilya. degtyarev.4201@mail.ru, https://orcid.org/0000-0002-8812-4168

Zavadovskaya Vera D. — Dr. Sci. (Med.), Professor, Head of the Division of Diagnostic Radiology and Radiation Therapy, Siberian
State Medical University, Tomsk, wdzaw(@mail.ru, https://orcid.org/0000-0001-6231-7650

Kurazhov Alexey P. — Dr. Sci. (Med.), Professor, Division of Diagnostic Radiology and Radiation Therapy, Siberian State Medical
University, Tomsk, kurazhovap@mail.ru, https://orcid.org/0000-0003-1316-5421

Zorkaltsev Maksim A. — Dr. Sci. (Med.), Associate Professor, Division of Diagnostic Radiology and Radiation Therapy, Siberian
State Medical University, Tomsk, zorkaltsev@mail.ru, https://orcid.org/0000-0003-0025-2147

Alifirova Valentina M. — Dr. Sci. (Med.), Professor, Head of the Neurology and Neurosurgery Division, Siberian State Medical
University, Tomsk, v_alifirova@mail.ru , https://orcid.org/ 0000-0002-4140-3223

Sukhanova Kristina S. — Radiologist, Siberian State Medical University, Tomsk, athos227930@gmail.com , https://orcid.org/0000-
0001- 9449-8564

(P<) Degtyarev Ilya Yu., ilya.degtyarev.4201@mail.ru

Bulletin of Siberian Medicine. 2024; 23 (1): 116-125

Received 24.04.2023;
approved after peer review 25.05.2023;
accepted 14.09.2023

125



YVJK 616.36-018.26:576.3 _
https://doi.org/10.20538/1682-0363-2024-1-126-133 (cc BY 4.0

Hepatic stellate cells and their role in the formation of the progenitor
cell niche

Zhdanov V.V.', Chaikovskii A.V.', Pan E.S.2

" Goldberg Research Institute of Pharmacology and Regenerative Medicine (GRIPRM), Tomsk National Research
Medical Center (NRMC) of the Russian Academy of Sciences
3, Lenina Av., Tomsk, 634028, Russian Federation

2 Research Institute of General Pathology and Pathophysiology
8, Baltiyskaya Str., Moscow, 125315, Russian Federation

ABSTRACT

The processes of proliferation and differentiation of progenitor and stem cells in the body are ensured by a specific
microenvironment, the stem cell niche. Universal components have been identified for all niches: supporting
cells, extracellular matrix, and soluble biological factors. A niche is a dynamic system whose activity depends on
regeneration needs.

The review presents data on the structure of the hepatic stem cell niche and one of its main components — stellate
cells and their role in pathology.
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B o630pe NpEaACTaBJICHbI JaHHBIC O CTPOCHHWU HHUIIU CTBOJIOBBIX KJIETOK IEYECHU, OMHOM U3 €€ OCHOBHBIX KOMIIO-

HCHTOB — 3B€31YaThIX KJICTKaX U UX POJIK B IMTATOJIOTUM.

KaroueBble ¢jI0Ba: HUIIA CTBOJIOBOM KJICTKH, 3BE34aThIC KIICTKH, IPOTCHUTOPHBIC KIICTKH, pEreHepalus

KonpaukT nHTEpecoB. ABTOPHI 3asBIISIOT 00 OTCYTCTBHH SIBHBIX U IIOTEHIUAJIBHBIX KOH(IMKTOB HHTEPECOB MIPU

IPOBCACHUU UCCIICJOBAHMA.

Hcrounukn ¢QuuancupoBanusi. ABTOpPH 3asBIAIOT 00 OTCYTCTBUHM (DMHAHCHPOBAHUS TPU IIPOBEICHHUH

HUCCIICIOBaHMs.

Jnsa uurupoBanmsi: Xnanos B.B., YaiikoBckuit A.B., [lan O.C. Ponp 3Be3qUaThIX KIETOK B (POPMUPOBAHUU
HUIIW TPOTEHUTOPHBIX KIETOK Ne4YeHU. broanemenv cubupckoil meouyurnvl. 2024;23(1):126—133. https://doi.

org/10.20538/1682-0363-2024-1-126-133.

THE CONCEPT OF A STEM CELL NICHE

For the first time, Wolf and Trentin proposed
the concept of the existence of local mechanisms
of tissue regulation that provide quantitative control
over the structures of hematopoiesis. The concept of
hematopoietic inductive microenvironment (HIM)
was introduced — certain areas of hematopoietic
tissue in which local regulation of blood stem
cell maturation in a certain direction is carried
out [1]. Later, Schofield proposed using the term
“niche” to refer to the microenvironment of
hematopoietic stem cells (HSCs), and the first
concepts of regulation of the stem / progenitor cell
population were formed [2].

According to modern concepts, a niche is a
specialized local formation that has histologic and
functional characteristics typical of various tissues,
in which specific progenitor cells are located
[3, 4]. A niche is a dynamic system that ensures
tissue homeostasis by controlling the processes of
proliferation, differentiation, mobilization and homing
of progenitor cells, maintaining a balance between
dormancy and self-renewal [5-7].

Thus, the stem cell (SC) niche can be considered
an elementary functional unit of the regeneration
process [3, 6, 8]. The interaction of neighboring
regulatory cells with stem cells is critical for the
establishment of the stem cell niche, both through
secreted signaling factors and through direct cell —
cell interactions [9].

NICHE TYPES

All SC niches can be divided into two types:
stromal and epithelial [10].

The stromal niche. An example of this type of
niche is the microenvironment of a hematopoietic
stem cell. In the niche, there is a wide stromal zone
containing progenitor cells. The interaction between

cells is an important feature, as they have a paracrine
and autocrine effect on each other [7, 11].

The epithelial niche. This niche type is
characterized by cytoarchitectonics when the cells
are arranged in the form of certain layers. In this case,
stem / progenitor cells form direct contacts with other
cells, including daughter cells, and, importantly, with
the basement membrane [12].

NICHE COMPONENTS

In general, a niche is formed by the following
components:

1) cells of the microenvironment;

2) extracellular matrix which is a mechanical
framework for a niche, as well as a medium for storing
and transmitting signaling molecules, hormones, and
growth factors;

3) blood vessels;

4) nerve endings.

1. Cells of the microenvironment are represented
by various types of cells that directly contact stem cells
and also secrete various regulatory factors [3, 13]. The
importance of cells in the SC microenvironment was
first shown in the works by T.M. Dexter et al., who
found that when hematopoietic stem cells are added
to stromal non-hematopoietic cells, the lifespan of the
HSC culture increases from 1-2 weeks to 14 weeks
[2]. Common components of the stem cell niche,
characteristic of niches in various organs and tissues,
are fibroblasts, endothelial cells, and macrophages
[3, 13-16]. These cellular elements determine the
proliferation and differentiation status of progenitor
cells through the synthesis of cytokines, chemokines,
growth factors, other regulatory substances, and
components of the extracellular matrix [6, 17]. In the
liver, Kupffer cells (liver macrophages) can interact
with hepatocyte precursor cells, influencing their
proliferation and differentiation either through direct
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contacts or through the production of certain humoral
factors [16].

2. Extracellular matrix. For a long time, the
extracellular matrix was considered a fairly inert
component of tissues that does not take special part in the
life of cells. However, over the past 25 years, research in
this direction has allowed to obtain completely new data
[18, 19]. The intercellular substance is a fairly dynamic
element of the SC niche, influencing the production,
degradation, and remodeling of its own components.
Naturally, first of all, the extracellular matrix creates
a platform or a framework for the functioning of
progenitor cellular elements. The extracellular matrix
is specific in biochemical composition for each tissue
and reflects the characteristics of the cells present in
this tissue [3, 18, 20].

It is known that rigidity is the main property of
the extracellular matrix, through which cells sense
external influence and respond to environmental
changes accordingly. This phenomenon is known
as mechanotransduction, which is the conversion of
mechanical stimuli into an intracellular biochemical
response. Moreover, the interactionbetween the cell and
the extracellular matrix is reciprocal: cells constantly
remodel the matrix in their microenvironment, and
these dynamic modifications subsequently control cell
behavior [18, 21].

NICHE INNERVATION, NERVE ENDINGS

In addition to the mentioned cellular elements of the
SC niche (fibroblasts, macrophages, and endothelial
cells), nerve fibers are important elements of the
niche. The existence of myelinated and unmyelinated
nerve fibers in the bone marrow has been shown,
most of which are located next to the arterioles in
the hematopoietic tissue [5, 6, 22]. The sympathetic
and parasympathetic subsystems of the autonomic
nervous system play an important role in regulating
the HSC niche.

The release of mediators by terminals affects the
production of hematopoietins and the activity of
elements of the blood SC microenvironment [3, 19,
22]. The fibers of the sympathetic and parasympathetic
nervous systems also end in synapses and various
types of liver cells. By stimulating a1B-, alD-, B1-,
and P2-adrenergic receptors, proliferation of hepatic
stellate cells and oval cells is activated (both cell
types express adrenergic receptors) [23]. Oval
cells also carry muscarinic M3 receptors, which,
when stimulated by acetylcholine, increase their
proliferation [24].

BLOOD VESSELS

Blood vessels of the microvasculature are an im-
portant element of any niche [2, 5]. Endothelial cells
and pericytes are of particular importance. In the bone
marrow, endothelial cells form a barrier between he-
matopoietic cells and blood and regulate the migration
of blood cells into the bloodstream [25]. The endothe-
lial cells lining the sinusoidal capillaries (sinusoidal
endotheliocytes) are the basis of a unique capillary
network present in the bone marrow and liver.

These elements contribute to the specialized peri-
vascular microenvironment where the majority of
HSCs are located [26]. Endothelial cells participate
in the regulation of homeostasis and stimulation of
tissue regeneration both through direct interaction
with local stem and progenitor cells and through the
secretion of angiocrine factors [27]. It is known that
in adult animals, sinusoidal endothelial cells of the
bone marrow largely ensure the regeneration of hema-
topoietic tissue [28]. Similar endothelial cells line the
capillaries of the liver, with each hepatocyte located in
close proximity to a sinusoidal endothelial cell in such
a way that their plasma membranes contact. During
liver regeneration, endothelial cells create a vascular
niche with an instructive role. Through the produc-
tion of angiocrine factors, it stimulates regenerative
processes, similar to factors derived from endothelial
cells that support hematopoiesis [29].

PROGENITOR CELLS OF VARIOUS TISSUES
AND ORGANS. COMPOSITION AND
FUNCTION OF STEM CELL NICHES IN
DIFFERENT TISSUES

Identification and characterization of stem cell
niches still remain a serious problem from the point
of view of their biology. This is due to the difficulty
in identifying cells in certain areas, including the
limited number of known markers using which they
could be distinguished from other cells of a particular
tissue with which they have morphological similarity
[3, 6]. To date, SC niches have been identified in
hematopoietic tissue [14], skin [30], intestines [31],
striated muscles [32], and the central nervous system
[15]. The niche of hepatic [33] and pancreatic [34]
progenitor cells is being actively studied.

LIVER

It is known that hepatocytes and cholangiocytes
have a high regenerative potential and are able to
ensure restoration of liver tissue with moderate cell
death and local damage [35]. In addition to hepatocytes
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and cholangiocytes, several types of progenitor
cells located in different areas of the lobule play an
important role in the process of liver regeneration. In
cases where hepatocyte proliferation is impaired due
to chronic pathology, such as chronic viral hepatitis or
non-alcoholic fatty liver disease, hepatocytes cannot
effectively mediate parenchymal regeneration [36]. In
this case, hepatic progenitor cells are activated, that,
as a rule, are sufficient for the regeneration of biliary
and hepatocellular epithelium [37].

There are three known populations of progenitor
cells in the liver [38]. The first group is located in
the canals of Hering, hepatic stem cells (HpSCs,
hepatic stem / progenitor cells), which participate in
the regeneration of small biliary ducts and the liver
parenchyma itself. Hepatic stem cells (HpSCs) are
optional bipotent hepatoblast progenitor cells [38;
39]. They express a combination of epithelial cell
adhesion molecules (EpCAM), neural cell adhesion
molecules (NCAM), cytokeratin-19, albumin and
are negative for alpha-fetoprotein (AFP) [37].
Progenitor cells of the biliary tract (BTSCs, biliary
tree stem/progenitor cells) can be designated as
the second group of hepatocyte precursors. It is a
heterogeneous population of cells expressing various
transcription factors (SOX9, SOX17 and PDX1), as
well as surface (EpCAM, LGRS and/or CD133) and
cytoplasmic markers (CK7, CK19). Cells of this
type also support the renewal of cholangiocytes in
large intrahepatic and extrahepatic biliary ducts [40].
The third type of progenitor cells is a group of self-
renewing Axin2+ hepatocyte cells adjacent to the
central vein [38].

NICHE OF LIVER PROGENITOR CELLS

Like any other niche, the niche of progenitor cells
in the liver contains a certain set of cells that directly
contact SCs, form intercellular substance, and secrete
regulatory factors [41], thus exerting both direct
and indirect effects on progenitor elements [33]. SC
niches in the liver are formed by different types of
cells: hepatocytes; sinusoidal cells [16]; endothelial
cells — line the hepatic sinusoids [42]; perisinusoidal
cells — stellate cells of the liver (Ito cells) — are located
in the space of Disse; leukocytes [43]; as well as
connective tissue cells (fibroblasts, mast cells) and
angioblasts [36].

All these cell types constantly interact with each
other and with hepatocytes through the mediation of
the extracellular matrix, constituting a single structural
and functional system that ensures homeostasis of

hepatic acini and is dependent on complex specialized
functions of hepatocytes [44]. Kupffer cells maintain
an adequate microenvironment for hepatocytes due
to early activation of lysosomal hydrolases in them,
activation of the N-acetylglycosamine, mannose and
galactose receptor, which can mediate the pinocytosis
of some glycoproteins of the extracellular matrix.
Kupffer cells also participate in the remodeling of
the extracellular matrix, locally secreting collagenase
type 4, matrix metalloproteinases (MMP-1, MMP-
13), gelatinases, and stromelysin [45].

The precursors of hepatic stellate cells and
endothelial cells have almost the same phenotypic
characteristics as their mature descendants (stellate
cells and endothelial cells), however, there are
differences. For example, stellate cell precursors
minimally express retinoids, whereas they are found
in abundance in mature Ito cells; endothelial cell
progenitors do not express CD31 (PECAM), which is
a hallmark of mature endothelium.

The products of microenvironment cells, such
as fibroblasts and mesenchymal stem cells, include
matrix factors (hyaluronans, collagen type III and IV)
[42], minimally sulfated proteoglycans, and laminins
[46]. These also include soluble signals, such as
leukemia inhibitory factor (LIF), hepatocyte growth
factor (HGF), and epidermal growth factor (EGF)
[47]. In in vitro experiments, the addition of any of
these factors, as well as hyaluronic acid substrates,
to liver cell culture caused the differentiation of
HpSCs into hepatoblasts [47, 48]. When the liver is
damaged, stellate cells are activated, subsequently
producing collagen type I, sulfated proteoglycans, as
well as high levels of cytokines and growth factors
[49]. In addition to signaling from the niche to stem
/ progenitor cells, there is also a feedback from stem
/ progenitor cells to the niche. HpSCs can activate
stellate and endothelial cells through the Hedgehog
signaling pathway, which leads to the synthesis of
certain matrix components (collagen type IV, laminin,
syndecans, and glypicans) that are associated with
physiological liver regeneration [44].

Hepatic stellate cells (Ito cells, HSCs) were first
described in 1876 by Kupffer, who named them
“Sternzellen”. In the literature, hepatic stellate cells
are found under various names (Ito cells, lipocytes,
perisinusoidal cells or parasinusoidal cells, fat
storing cells). Currently, the widely accepted and
preferred term for these cells is hepatic stellate cells
[50; 51]. Like Kupffer cells and liver endothelial
cells, stellate cells are non-parenchymal cells located
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perisinusoidally in the space of Disse, in the recesses
between hepatocytes, limited by the basolateral surface
of hepatocytes and the antiluminal side of sinusoidal
endothelial cells (SECs) [52].

A series of studies revealed the ability of HSC
to deposit retinoids and lipids. Liver stellate cells
synthesize proteoglycans, which are the main
component of the extracellular matrix of the liver
tissue, and their synthesis is 6 times higher than
that of hepatocytes. They also the main source of
collagen types I, III, IV, V, VI, tenascin, laminin,
and fibronectin. This type of cell also synthesizes
four types of matrix metalloproteinases [50]. HSCs
also closely interact with endothelial cells and nerve
endings through their numerous processes passing
through the space of Disse.

In the cytosol of stellate cells, there is a rough
endoplasmic reticulum, a reduced perinuclear
Golgi apparatus, and the cell itself has cytoplasmic
processes, some of which are interhepatic, and
others are subendothelial [50]. Cell processes have
microspikes, with the help of which the Ito cell
establishes contacts with hepatocytes, receiving from
the latter chemotactic stimuli that cause contraction
of the stellate cell [53]. Ito cells contain vacuoles
of two types (sap and contractile). Sap vacuoles are
cell membrane-bound structures of various sizes
that have a diameter of no more than 2 pm, and
lysosomes are their precursors. Contractile vacuoles
are not connected to the membrane and are larger,
exceeding 8 um [50, 51, 54].

Stellate cells are of two types: resting and activated.
Under normal physiological conditions, HSCs are in
the so-called inactivated state, and their main function
is to accumulate lipids and vitamin A [55]. Due to
their plasticity (depending on their functional state)
and ability to transdifferentiate, stellate cells perform
various functions that are sometimes conflicting.
With various types of damage (viral hepatitis, toxic
hepatitis), HSCs receive signals from hepatocytes and
immunocompetent cells, activate, and transform into
myofibroblast-like cells [50, 51]. When activated,
HSCs are modified, acquiring a flat shape, and lose
their characteristic lipid vacuoles [55]. At the same
time, the granular endoplasmic reticulum of the cells
increases due to the activation of protein synthesis,
and many contractile microfilaments appear in the
cytoplasm.

Activation of stellate cells includes two phases:
initiation (phase 1) and sustained activation (phase
2) [50]. The first phase is triggered by paracrine

stimulation from damaged hepatocytes, Kupffer cells,
and endothelial cells. In the second phase of activation,
a number of morphofunctional changes occur in
the cell: proliferation, chemotaxis, fibrogenesis are
activated, contractility appears, matrix degradation
and loss of retinoids occur, proinflammatory,
profibrogenic, and promitogenic stimuli that act in an
autocrine and paracrine manner are released [56].

The assumption about the important role of Ito
cells in the process of liver regeneration was first put
forward in the works by G. Kent et al. [57]. Their
close anatomical location with hepatocytes in the
space of Disse and around progenitor cells makes
HSC perfect for the role of the main component in
the niche of resident stem cells in the liver, as well
as a stimulator of hepatocyte proliferation [35, 38,
40, 48].

Ito cells participate in the restoration of the liver
parenchyma, both due to the synthesis of growth
factors, chemokines, eicosanoids and other small
molecules with paracrine, juxtacrine, autocrine
functions or chemoattractantactivity, and the synthesis
of macromolecules of the extracellular matrix, as
well as its remodeling [59]. Activated HSCs produce
a significant number of cytokines: hepatocyte growth
factor (HGF), epidermal growth factor (EGF),
erythropoietin, neurotrophin and transforming
growth factor alpha (TGFa). TGF-a and EGF act in
the same way as autocrine factors, stimulating the
proliferation of HSCs. Hepatic stellate cells are the
only source of HGF in the liver. Hepatocytes are the
main point of application of HGF [60]. When the liver
is damaged, activated HSCs proliferate and migrate
to areas of inflammation and necrosis of hepatocytes,
producing large amounts of extracellular matrix
components [50].

CONCLUSION

Our studies on a model of liver cirrhosis caused
by the administration of carbon tetrachloride (CT) and
a 5% ethanol solution showed that the content of Ito
cells in the organ parenchyma (CD45-CD133+) in this
pathology model increases by 267.2% compared to
baseline values [61]. According to numerous data, in
addition to the liver, stellate cells are present in other
organs, including the pancreas [41], kidneys [62], and
lungs [63].

Thus, we can conclude that stellate cells are the
key elements of the tissue microenvironment and
participate in the regulation of liver tissue regeneration.
Moreover, there is evidence that stellate cells are
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progenitor elements and are capable of differentiating
into tissue-specific cells [41, 58, 60, 64].
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Vulvovaginal atrophy: current methods of diagnosis and treatment

Zainetdinova L.F., Telesheva L.F., Medvedev B.l., Khakhulina V.V.
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ABSTRACT

Aim. To review modern methods of diagnosis and treatment of vulvovaginal atrophy (VVA), which is one of the
manifestations of genitourinary syndrome of menopause in peri- and postmenopausal women.

Materials and methods. A review of domestic and foreign literature on the prevalence and modern methods of
diagnosis and treatment of VVA was carried out.

Results. Unlike vasomotor symptoms, VVA progresses with age, causing a significant impairment in women’s
quality of life. Symptoms usually begin to bother perimenopausal patients, but their frequency and severity increase
significantly in postmenopausal women. Diagnosis of VVA can present some difficulties, as many women perceive
their condition as a natural manifestation of aging and do not seek medical care. Currently, drug and non-drug
therapies for VVA have been proposed, each of which has its own characteristics, indications, and contraindications.
However, the safety and effectiveness of some of them have not been fully proven.

Conclusion. VVA is common in peri- and postmenopausal women. Modern aspects of the diagnosis and treatment
of this pathology can significantly improve the quality of life of patients with VVA symptoms. However, further
research is needed to confirm safety of the proposed treatment methods, and search for new techniques is required.
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BynbBoBarmHanabHasa aTpo¢us: COBpeMeHHble MeTOAbl ANAarHOCTUKN
N neyeHuns (063op nutepaTtypbl)

3anHetauHoBa J1.0., Tenewesa J1.0., Measepes 6.U., Xaxynuna B.B.

FOoicno-Ypanvcruii cocyoapemeennvlii meouyunckuil ynugepcumem (FOYI'MY)
Poccus, 454092, 2. Yenabunck, yn. Boposckoeo, 64

PE3IOME

Henbro myGiuKanuy sBiseTcst 0030p COBPEMEHHBIX METOAOB TUArHOCTHKY U JICUSHUSI BYJIbBO-BarMHAJIBHOMN aTpo-
¢un (BBA), xoTopas sSBIISIETCSI OOHUM M3 MPOSIBICHUH TeHUTOYPHUHAPHOTO MEHOIAy3aJIbHOI0 CHHIPOMA y JKeH-
LIVH B NI€PU- U IOCTMEHOIAy3€.

DL Zainetdinova Larisa F., sea-gull6@yandex.ru
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Matepuaasl u MeToabl. [IpoBesieH 0030p OTEYECTBEHHBIX M 3apYOEKHBIX HCTOYHUKOB, IOCBSIICHHBIX Pacipo-
CTPaHEHHOCTH, TUATHOCTUKE U MeTo/1aM JiedeHuss BBA.

Pe3y.]'[l)TaTl>l. B otnuawme ot Ba30MOTOPHBIX CUMIITOMOB, BBA IporpecCcupyeT ¢ BO3pacToM, BbI3biBast 3HAYUTEIIb-
HOC HapylICHUE KadeCTBa JKHU3HU KCHIIWH. CI/IMHTOMLI, KaK npaBujiIO, HAYUWMHAIOT 0OCCIIOKOUTD MaluCHTOK B IIC-
puUMEHOIAay3€, HO UX YaCTOTa U BBIPAXKCHHOCTH 3HAYUTEIILHO BO3PACTAalOT B IOCTMEHOIIAY3€. I[I/IaFHOCTI/IKa BBA
MOKET NPEACTABJIATE HEKOTOPLIE TPYAHOCTH, TaK KaK MHOI'UE KCHIIWHBI BOCIIPUHUMAIOT CBO€ COCTOSIHUE KakK
€CTCCTBCHHOC IMPOSABJIICHUE CTApCHUSA OpraHu3Ma U HE 06pa]l[aIOTC${ 3a MCZLI/IL[I/IHCKOI‘/‘I IIOMOULIBIO. B Hacrosmiee
BpEMsI IPEJIOKECHBI MEIMKAMEHTO3HBIE U HEMEAUKAMEHTO3HBIC METOAbI JICUCHU ST BBA, Ka)KZ[LIﬁ 13 KOTOPbIX UME-
€T CBOU OCO6€HHOCTI/I, TNOKasaHus U IPOTUBOIIOKA3aHUs. OnHako 0€30MMacHOCTh U 3(1)(1)CKTI/IBHOCTL HCKOTOPBIX U3
HHUX IIOJIHOCTBIO HC OKa3aHa.

3akuiouenune. BynpBo-BarnHanbpHas aTpoQus 9acTo BCTPEYAETCs y KEHIIWH MEPU- U TIOCTMEHOIay3alIbHOTO BO3-
pacra. CoBpeMeHHBIE acTIeKThl TUATHOCTUKU W JICUCHHS TAHHOW IaTOJOTHUH MO3BOJIIIOT 3HAYUTENFHO MTOBBICUTH
Ka4eCTBO JKM3HHM IAIMEHTOK ¢ cuMmromMamMu BBA, ogHako HEOOXOAMMEBI JalbHEHINNE MCCIICIOBAHUS IS IOJI-
TBEPXKACHUS O€30IaCHOCTH NPEAIaraéMbIX METOAOB JICUCHHS M TOUCK HOBBIX.

KnroueBble ciioBa: ByIbBO-BarMHANBHASL aTPOQHS, TEHUTOYPHUHAPHBIN MEHONAY3aIbHBIN CHHIPOM, HIEpH- U T10-
CTMEHOIIay3a

KonpaukT nHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTCHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOJIMKaLel HaCTOsIIeH CTaTby.

Hcrounuk ¢puHAHCHPOBAHHUA. ABTOPHI 3asBIISIOT 00 OTCYTCTBHU (DHHAHCHUPOBAHUS IIPH NPOBEICHHN HUCCIIEN0-
BaHMSI.

Jast uutupoBanus: 3aiineraunosa JI.@., Tenewesa JI.®., Mensenes b.1., Xaxynuna B.B. BynbBoBarunanbHast
aTpo(usi: COBpEeMEHHbBIC METOIbI IUATHOCTHKH | JicueHus (0030p JuTeparypsl). broaiemens cubupckoi meouyu-

not. 2024;23(1):134—143. https://doi.org/10.20538/1682-0363-2024-1-134-143.

INTRODUCTION

One of the urgent problems in gynecology, which
reduces the quality of life of women in menopause,
is the genitourinary syndrome of menopause (GSM).
The term GSM was proposed in 2014 by the North
American Menopause Society (NAMS) and the
International Society for the Study of Women’s
Sexual Health (ISSWSH), and was endorsed by the
Russian Society of Gynecological Endocrinology and
Menopause (ROSGEM) in 2015. This is a symptom
complex associated with a decrease in estrogens and
other sex steroids, including changes that occur in
the external genitalia, perineum, vagina, urethra, and
bladder [1, 2].

Symptoms of GSM typically begin in the
perimenopause and progress into the postmenopausal
period leading to functional and anatomical changes
[3]. The incidence of GSM in perimenopausal women
is 15-19%, and in postmenopausal women, it is 40—
90% [4-9]. The prevalence of vulvovaginal atrophy
(VVA), as one of the GSM manifestations, is 19% in
women aged 40—45 years, in peri- and postmenopause,
it ranges from 36 to 90% [5, 6, 10]. According to

K. Levine et al. in sexually active women aged 40—
65 years, symptoms corresponding to VVA occur in
57% [11]. However, despite the wide prevalence of
VVA and GSM in general, this disease is often not
diagnosed and treated [11-14].

Histologic changes in the vaginal epithelium in
peri- and postmenopausal women include its thinning
with signs of keratinization and a high nucleus-
to-cytoplasmic ratio, the predominance of basal and
parabasal cells, and a sharp decrease in the number of
intermediate, surface cells and glycogen. This leads
to a decrease in the number of lactobacilli and an
increase in the pH of the vagina. Hypoestrogenic state
of the vagina also includes smooth muscle atrophy,
changes in the composition of the connective tissue
with an imbalance in type I / III collagen, elastin, and
hyaluronic acid, which leads to a decrease in tissue
strength and elasticity and possibly fibrosis and
obliteration of the vagina.

Thinning of the vaginal epithelium increases
susceptibility to injury, which leads to bleeding,
petechiae, ulceration, and inflammation [9, 15-19].
A small number of lactobacilli can cause vaginal
colonization with anaerobic bacteria, inflammation,
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and abnormal discharge and predispose to urinary
tract infection. [20, 21]. According to the literature,
in women with VVA, a microbiological examination
of the vaginal discharge may show a pattern of
normocenosis (44%), atrophic vaginitis (42%),
bacterial vaginosis (12%), and non-specific vaginitis
(1.7%). There is an increase in the number of
neutrophils in atrophic vaginitis compared to vaginal
atrophy [22-25]. According to some authors, an
increase in anaerobic microflora can contribute
to the appearance of VVA symptoms in peri- and
postmenopausal women, but not all researchers agree
with this [26-28].

VVA is manifested by such symptoms as dryness,
burning, itching, irritation, discomfort and pain
in the vagina, bloody discharge during and after
sexual contact, sexual dysfunction, and superficial
dyspareunia, unlike deep dyspareunia, which is
characteristic of endometriosis [14]. This is a chronic
pathology that progresses over the years. According to
E. Moral et al., vaginal dryness is the most common
and distressing symptom, affecting up to 93% of
women. The severity of this symptom can be moderate
or severe in 68% of cases [7].

Diagnosis of VVA is based on anamnestic data,
assessment of the patient’s complaints, gynecological
examination with the determination of clinical signs,
as well as laboratory tests. The medical history
should include questions about the characteristics of
sexual function, the presence of reduced libido and
superficial dyspareunia [14]. On examination, the
vaginal epithelium is thinned, pale, smooth due to
impaired blood supply, there may be prolapse of the
walls of the vagina. The thinned vaginal epithelium is
easily injured during gynecological examination, and
there may be subepithelial hemorrhages [29].

In addition, laboratory tests, such as vaginal
pH assessment, vaginal maturation index (VMI),
and vaginal health index (VHI), are used. With a
decrease in estrogen levels, the vaginal environment
becomes alkaline (pH > 4.5). With all these changes,
the number of lactobacilli decreases and the growth
of opportunictic and obligate anaerobes increases.
VMI shows the degree of maturation of the vaginal
epithelium by the balance between superficial,
intermediate, and parabasal cells. With estrogen
deficiency, the number of superficial cells sharply
decreases or completely disappears, the number
of cells in the intermediate layer decreases, and the
number of cells in the parabasal and basal layers
increases [29, 30].

VHI is one of the most commonly used parameters
in the diagnosis of VVA. It allows specialists to
evaluate the elasticity of the vagina, the nature and
volume of secretions, pH, the presence of petechiae on
the epithelium, and moisture. With vaginal atrophy,
VHI does not exceed 15. However, clinical signs do
not always correlate with laboratory data. [29, 31].

The Vulvovaginal Symptoms Questionnaire
[32, 33], the Day-to-Day Impact of Vaginal Aging
Questionnaire [34], and the Vaginal and Vulvar
Assessment Scale Questionnaire [35] were highly
effective for assessing VVA symptoms and GSM in
general. However, despite its high prevalence, VVA
is underdiagnosed and undertreated mainly due to the
trend of many women to perceive it as a normal sign
of natural aging [9, 16, 36-38].

Therapy for VVA and other manifestations of
GSM should be started as early as possible, before
the onset of irreversible atrophic manifestations, and
continued for a long time, since symptoms may return
[39—41]. The main goal of treatment is to relieve
symptoms. Drug and non-drug treatments are used for
this purpose. In 2020, the North American Menopause
Society published updated guidelines [42]. For mild
manifestations, lubricants and moisturizers are used at
the first stage of treatment. They are devoid of side
effects and can be used for a long time. This treatment
option is recommended for women for whom the
use of vaginal estrogen preparations is unacceptable
[43, 44]. Vaginal lubricants are especially indicated
for women who are concerned about vaginal dryness
during sexual intercourse. They may be water soluble
and at the same time tend to dry out. Silicone-based or
oil-based lubricants are stronger but less lubricating.

Vaginal humectants are insoluble hydrophilic
polymers with characteristic bioadhesiveness and
the ability to retain moisture that is released locally,
mimicking physiological vaginal discharge. They can
also contain a large amount of excipients that affect
the pH and osmolarity of the solution [43]. They can
be used not only during sexual intercourse, but also
regularly, as they have a fairly long-lasting effect,
increasing the moisture content of the vaginal mucosa
and lowering the pH. The frequency of use is directly
proportional to the severity of vaginal atrophy. Topical
use is recommended in the evening, at bedtime for
7-10 days, and then twice a week to maintain the
effect.

Moisturizers most commonly contain hyaluronic
acid, a glycosaminoglycan produced by fibroblasts,
which is a major component of the extracellular
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matrix found in connective and nervous tissue and
epithelium, including the vagina. Hyaluronic acid is
a strong antioxidant, increases the level of moisture
in the cells, and reduces the symptoms of atrophy.
When tissues are damaged, hyaluronic acid can
stimulate fibroblast migration and proliferation,
neoangiogenesis, tissue re-epithelialization, and
collagen fiber deposition. With regular, daily or every
2-3-day use of a hyaluronic acid-based product, the
severity of vaginal dryness is reduced, and this effect
is comparable to the effect of topical estrogen therapy
[45, 46]. Hyaluronic acid with phytoestrogens is
part of the Estrogial preparation, which contains the
sodium salt of hyaluronic acid, extracts of clover,
calendula, and hops and can be used as monotherapy
in patients with symptoms of vaginal atrophy in case
of unwillingness or contraindication to the use of
estrogens [47, 48].

The non-hormonal drug Multi-Gyn-Liqui-Gel,
which is a gel based on the patented 2QR complex,
betaine, glycerol, and xanthan gum, is used to
eliminate vaginal dryness and stimulate natural
hydration, prevent itching and the development of
pathological conditions of the vagina and has the
ability to neutralize pathogens and maintain vaginal
hydration. This natural, safe agent protects the natural
microflora and can be used in patients with breast
cancer [49, 50].

A.G.Kedrovanotes agoodreliefof VVA symptoms
when Flamena is used in women after gynecological
operations or in the process of combined treatment of
tumors of the female reproductive system. Flamena is
a gel containing active ingredients (dihydroquercetin,
lecithin, glycine, and sangviritrin), which diffuses
well through the walls of the vagina, moisturizing
them and improving microcirculation. Treatment
is carried out for 14-21 days until the symptoms of
dryness, burning, itching, and irritation of the mucous
membranes are relieved. Then it is possible to switch
to maintenance therapy 2-3 times a week [51].
G. Capobianco etal. showed the effectiveness of the use
of Lactobacillus acidophilus, estriol, and correction of
the pelvic floor dysfunction to eliminate the symptoms
of VVA in postmenopausal women [52].

Other possible components of vaginal moisturizers
are ozonides, ozone intermediates that act as a
biological reservoir that retains the therapeutic
effect of the molecule. In connection with biological
tissues, ozonides are rapidly activated, stimulating
local microcirculation, inducing neoangiogenesis,
promoting tissue repair, and inhibiting proin-

flammatory prostaglandins [53]. Fibroblasts are
known to play an important role in re-epithelialization,
synthesis of collagen fibers, regeneration of the
extracellular matrix, tissue remodeling, and release
of such endogenous growth factors as FGF, PDGF,
TGF-B, and VEGF [54, 55]. Ozone stimulates the
formation of collagen and fibroblasts in the wound,
as well as growth factors PDGF, TGF-B, and VEGF
[56]. Ozone promotes wound healing by activating
the transcription factor NF-xB and regulating
inflammatory responses [57, 58]. Ozone may influence
the expression of proinflammatory cytokines, such
as interleukin-1 (IL-1) and tumor necrosis factor
o (TNFa), as well as adaptive immune responses,
including cyclooxygenase-2 (COX-2) gene activation
via activation of NF-kB [59, 60].

Non-hormonal VVA therapy provides relief of
mild symptoms, while estrogen therapy is most
effective in treating moderate and severe symptoms
of vaginal atrophy [61]. Topical estrogen hormone
therapy is used as the second step in case of failure of
vaginal lubricants and moisturizers [62, 63].

Topical VVA therapy includes the use of natural
estrogens in the form of tablets, creams, suppositories,
or rings [64]. Estriol is the most effective and safest
treatment for VVA symptoms, since it has the lowest
affinity for estrogen receptors, does not convert
to estradiol, and its systemic effects are extremely
limited. The absence of a systemic effect of estriol is
explained by the binding time to the receptor, which
does not exceed 4 hours. [39].

The intravaginal administration of estriol has
no age restrictions and can be prescribed to women
over 60 years of age. At the beginning of treatment,
drugs are prescribed daily at a therapeutic dose for
2-4 weeks (saturation therapy): estriol (vaginal
suppositories) 0.5 mg, estriol (vaginal cream) — 1
mg / g; as there is improvement, 2 times a week for
a year, then the duration of treatment is determined
individually (maintenance therapy) [65]. The
rationale for this regimen is that estrogen absorption
is the highest during the first few days of treatment,
when the vaginal epithelium is atrophic and highly
vascularized. Once the epithelium matures, uptake
of local estrogen decreases and therefore lower doses
of estrogen are sufficient to prevent repeated atrophy
[64].

Repeated intravaginal administration of estriol
results in a small cumulative effect. However, doses of
up to 0.5 mg of estriol twice a week are not associated
with a significant increase in serum estrogen levels

Bulletin of Siberian Medicine. 2024; 23 (1): 134-143 137



Zainetdinova L.F., Telesheva L.F., Medvedev B.l., Khakhulina V.V.

Vulvovaginal atrophy: current methods of diagnosis and treatment.

after short-term (1 week) and long-term (12 months)
treatment [42, 65]. The use of low-dose estriol in
VVA does not require protection of the endometrium
with progesterone. However, the systemic effects of
estrogens are limited to low doses but not completely
eliminated, especially at early stages of treatment
[66]. Local estrogen therapy leads to a decrease in
vaginal pH, an increase in the number of lactobacilli,
maturation of the vaginal epithelium, and a decrease
in the severity of dyspareunia and dryness symptoms
[67—69].

One of the options for treating the symptoms of
vaginal atrophy is the use of combined vaginal therapy:
lyophilized culture of Lactobacillus casei rhamnosus
(at least 2 x 107 CFU of viable lactobacilli), 0.2 mg
estriol and 2.0 mg progesterone [70, 71], as well as an
ultra-low dose of estriol (0.03 mg) and a lyophilized
culture of Lactobacillus acidophilus KS400 (100 x 10°
CFU of viable lactobacilli) [72]. Probiotic lactobacilli
restore homeostasis in the vagina by enhancing
the barrier function of the epithelium, affecting the
secretion of antimicrobial peptides and mucosal
immunity, and blocking the adhesion of pathogens.
This allows not only to maintain the proliferation
and maturation of the vaginal epithelium, but also to
restore the lactobacillus microflora [70-72].

The presence of vasomotor symptoms is an
indication for menopausal hormone therapy (MHT).
However, up to 25% of women receiving MHT
will continue to experience symptoms of urogenital
atrophy. It is recommended that such women take
vaginal estriol after reducing the severity or cessation
of vasomotor disorders [62, 65].

Topical application of low doses of estrogen can
cause side effects, such as burning sensation and
swelling of the vaginal mucosa, which can reduce
adherence to treatment [73]. There is also evidence
that local estrogen therapy is not effective in 23—42%
of treated women [74].

More than 60% of peri- and postmenopausal
women with a history of breast cancer suffer from
VVA symptoms. However, even topical estrogens
present significant risks, especially in the estrogen-
dependent histologic variant. Therefore, in the case
of a history of estrogen-sensitive tumors, such as
breast, endometrial, ovarian cancer, it is necessary
to individually compare the risk and benefit together
with an oncologist [36, 75]. Clinical data from large
observational studies, such as Women’s Health
Initiative, Observational Study (WHI-OS), and the
Nurses’ Health Study, did not find an increased risk

of endometrial cancer in women who used vaginal
estrogens [76].

In February 2013, the US Food and Drug
Administration (FDA) approved a selective estrogen
receptor modulator, ospemifene, for the treatment of
symptoms of VVA in menopausal women. It acts as
an estrogen agonist in the vagina and has no clinically
significant estrogenic effect on the endometrium or
mammary glands. However, the safety of ospemifene
has not been proven in women with a history of
breast cancer or an increased risk of breast cancer or
thromboembolism. The disadvantages of ospemifene
compared to vaginal estrogens include the need for
daily use and systemic side effects (flushing, potential
risk of thromboembolism) [77].

Vaginal use of dehydroepiandrosterone sulfate
(DHEA) for the treatment of GSM symptoms is due
to the fact that DHEA is a precursor hormone and is
converted into estrogen and androgens (testosterone,
androstenedione and dihydrotestosterone) upon
intravaginal administration [2]. The use of DHEA
compared with placebo is an effective remedy for
vaginal dryness, burning, itching, and dyspareunia
and increases libido [78]. However, it has not yet
been registered in the UK and Russia, and there are no
data confirming its safety in patients with a history of
breast cancer [79].

H.A. Torky et al. used oxytocin gel to treat
symptoms of VVA in postmenopausal women. During
treatment with oxytocin, there was an increase in the
thickness of the vaginal epithelium and relief of VVA
symptoms due to the ability of oxytocin to stimulate
proliferation processes, increase the intensity of
blood flow in the mucous membrane, and increase the
secretion of growth factors [73].

The use of fractional laser and radiofrequency
technologies is a new trend that is gaining popularity
in the treatment of VVA. The most widely used
technologies include fractional microablative CO,
laser, non-ablative photothermal erbium-yttrium-
aluminum garnet (YAG) laser and radio frequency
(RF) energy devices. Laser or radiofrequency waves
act by heating the connective tissue of the vaginal wall
up to 40-42 °C. The effect of thermal energy on the
walls of the vagina and vulva stimulates biological
processes, such as proliferation, neovascularization,
and synthesis of collagen and growth factors, which
restores the elasticity and moisture of the vaginal
mucosa and levels the symptoms of atrophy [80—82].

The effectiveness of laser therapy in the treatment
of VVA has been assessed by VHI and the female
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sexual function index (FSFI) in many studies and
is comparable to that of topical estrogens [82—87].
Although the authors generally note that the procedure
is well tolerated and proceeds quickly and painlessly,
there have also been reports of increased pain in the
vagina, scarring, fibrosis, impaired urination, and
dyspareunia [88]. For the treatment of vaginal atrophy,
three cycles are performed at an interval of 30—40 days,
then once a year as maintenance therapy. However, the
safety and efficacy of using a laser in vaginal atrophy
has not been fully proven; it is not clear how long the
effect of the treatment lasts [36, 88].

Temperature controlled transcutaneous
radiofrequency (TTCRF) and, more recently,
low-energy dynamic quadripolar radiofrequency
(DQREF) can be used to treat VVA symptoms, sexual
dysfunction, and urinary dysfunction [89-91]. No
side effects, including burns or injury, have been
reported. The treatment is well tolerated by patients.
However, the number of patients is usually small, and
the effectiveness of the method should be evaluated in
larger studies [90].

Intramucosal (into the vaginal wall) injections
of platelet-rich plasma is another direction in VVA
treatment, which is under study. Injections are
made once every 7—14 days, the course of treatment
includes 26 procedures. Platelet-rich plasma
(PRP) is an increased concentration of autologous
platelets suspended in a small amount of plasma after
centrifugation. The concept of PRP therapy lies in
the ability of platelets to secrete numerous growth
factors that are contained in platelet granules and
are released from them during the process of platelet
activation. Growth factors stimulate cell proliferation,
differentiation, and migration to the injection site.

PRP therapy has a remodeling effect, supports
tissue regeneration at the injection site, activates
fibroblasts that create collagen and elastin, and also has
antimicrobial and antifungal effects. PRP therapy is a
safe and physiological method, since the patient’s own
blood components are used. PRP therapy is effective
for treating dryness of the vaginal mucosa, burning,
itching, discomfort, pain during sexual intercourse,
discharge from the genital tract, inflammation of the
vaginal mucosa when there is atrophy, as well as for
restoring the microflora and, in general, occupies a
leading position in anti-age medicine [92]. Stopping
smoking may be an important factor in alleviating
VVA symptoms, as smoking is associated with an
increase in estrogen metabolism leading to vaginal
atrophy [75].

Thus, VVA still remains a poorly understood and
underdiagnosed disease. It affects the quality of life
of millions of peri- and postmenopausal women.
Over the past decade, various approaches have been
developed to correct disorders of the urogenital tract
associated with age-related estrogen deficiency, which
create ample opportunities for the treatment of GSM
symptoms. However, there is still no comprehensive
data on the effectiveness and safety of many of the
proposed drug and non-drug treatments.
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ABSTRACT

In the interests of practical healthcare, routine classifications should be modified as rarely as possible. At the same time changes
should be discarded only on sufficient grounds, for example, when there are no obvious advantages of a new classification over
the existing ones or they can no longer be modified by introducing fundamental changes and amendments. In this regard, the
evolution of approaches to the classification of chronic heart failure (CHF) is prominent. It becomes particularly relevant due
to the fact that currently experts of the Russian Society of Cardiology (RSC) are actively discussing a new draft classification
of CHF. The authors of the lecture gave a brief historical insight and reviewed the main classifications of CHF used in North
America, Europe, and Russia. The new classification of CHF proposed by RSC experts, which is actually a modified classification
of North American colleagues, does not have obvious advantages over the currently used CHF classification in Russia (since
2002). The latter is based on the classification by Vasilenko — Strazhesko which is familiar to domestic internists, since it has
become an indispensable part of their clinical practice and has stood the test of time. In addition, its underlying principles provide
the potential for its flexible modification.
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He[0CTaTOYHOCTU POCCMINCKOro KapAMonornyeckoro obuecrsea:
eCTb /1N oYeBUAHbIe NpenMyLLecTBa nepea AelicTByOWMMN?
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PE3IOME

B uHTepecax NpakTHYECKOro 3APaBOOXPAHEHUS MEHSITH IPUBBIYHBIE KJIACCH()UKAIMU HYKHO KaK MOXXHO
PeXKE, XOTd U OTKA3bIBATHCA OT NEPEMEH CICAYET TOJIBKO IIPHU AOCTATOYHBIX OCHOBAHUAX, HAIIpUMEP, KOoraa
OTCYTCTBYIOT OYE€BHUAHBIC IIPEUMYIICCTBA HOBO# Knaccu(bnxaunn nepen ﬂeﬁCTBymmHMH HJIN HCIIOJIHOCTBIO
HUcYeprnaHbl BOBMOXHOCTHU UX MO}lI/I(l)I/l](aLII/Il/I IIyTEM BHECEHHSA NPUHIHUITHUAIBHBIX W3MEHEHUH U HOHOHHGHHﬁ.
B aToM 1utaHe mokasartenbHa 9BOJIONHNS OAXO00B K KiIacCH()UKAIIMKA XPOHHYECKOI cepeuHOi He0CTaTOYHO-
ctu (XCH), nprobperaromas 0co0yI0 aKTyaJbHOCTh B CBSI3M C TEM, 4TO B HACTOsII[ee BpeMs dKkcrnepramu Poc-
cuiickoro kapauosorundeckoro obmecrsa (PKO) akTuBHO 00cyxnaercst mpoekT HoBoH kinaccudukannun XCH.
ABTODBI JIGKIIUY CACTAIH KPATKUIl HCTOPUYECKUH IKCKYPC M PaccMOTpenn ocHOBHbIe Kiaccudukamuu XCH,
npumeHstomuecs B CeBepHoit Amepuke, Epore u Poccuu.

IMpennaraemas sxcnepramu PKO HoBast knaccudukanus XCH, npexcrasisiomas co60i GakTuaecky Buaon3Me-
HEHHYIO KJIACCU(PHKALUIO CEBEPOAMEPUKAHCKHUX KOJUIET, HE UMECT OUCBHIHBIX MPEHMYIIECTB Mepe]] NeHCTBYIO-
e B Poccun ¢ 2002 . kinaccudukanueid cepJeyHoil HeJJOCTATOYHOCTH, OCHOBAHHOW HA MPUBBIYHOM JUIS OT-
CYECTBCHHBIX MHTepHHUCTOB Kinaccudukanuu H.J[. Ctpaxkecko u B.X. Bacuienko, koTopas BoOILIa B IUIOTh U
KpPOBb POCCUICKMX MEIUKOB U BbIAEpKajia NpoBepKy BpeMeHeM. K ToMy ke NPUHLIUIIBL, 33JI0)KEHHBIE B €€ OCHOBY,
00ecneunBaT MOTCHIMAT Ui €€ THOKOW MOTU(PHUKAINK, BO3MOXKHOCTH KOTOPOU HE SIBJISIFOTCS TOJHOCTHIO
HCYEepIIaHHBIMHU.

KiroueBble cjioBa: XpoHHMYECKas CepAeYHAas HEZOCTATOYHOCTh, KiaccHpHKauus, CTaaus, (YHKIHOHAIHHbIA
Kiace, ppaxuus BeIOpoca

KOH(b.]'IPIKT HHTEpPeCoB. ABTOpBI ACKIApUPYIOT OTCYTCTBHUE SIBHBIX U NOTCHIIUAJIBHBIX KOH(i)J'II/IKTOB HUHTEPECOB,
CBsI3aHHBIX C Hy6JII/IKaL[I/Ieﬁ HACTOSIIEH CTaThH.

HcTouyHuk puHAHCHPOBAHMSA. ABTOPHI 3aABIISIIOT 00 OTCYTCTBUH (PHHAHCHPOBAHHUS MIPH NMPOBEACHUH HCCIIE-
JIOBaHMUSL.

Jast uurupoBanusi: Kamoxun B.B., Terusikos A.T., becnanosa U1./I., Kamoxxuna E.B., Uepnoroptok I".9., Te-
pentbeBa H.H., I'pakoBa E.B., Konbesa K.B., I'apraneesa H.I1., Jlusmun M.K., Ocranko B.JIL., [llanosaii A.A.,
[Mymaukosa E.JO., Anrekaps B.JI. I[IpoexT HOBOH kiaccu(UKaKM XPOHUUECKOH CepeYHON HETO0CTaTOYHOCTH
POCCHICKOTO KapAMOJIOTHYECKOTr0 O0IIIEeCTBa: €CTh JIM OYEBUIHBIE TPEUMYIIIeCTBA epe AeicTByronmmu? browe-
menb cubupcrou meouyunwl. 2024;23(1):144—-155. https://doi.org/10.20538/1682-0363-2024-1-144-155.

INTRODUCTION

The philosophical encyclopedic dictionary,
published in 150,000 copies by the publishing house
“Soviet Encyclopedia” in 1983, provides the following
detailed definition of the term “classification” (Latin

classis — rank, class and facio — to do, lay out): “a
system of subordinate concepts (classes of objects)
of any field of knowledge or human activity, often
presented in the form of diagrams (tables) of various
forms and used as a means to establish connections
between these concepts or classes of objects, as well

Bulletin of Siberian Medicine. 2024; 23 (1): 144-155 145



Kalyuzhin V.V., Teplyakov A.T., Bespalova I.D. et al.

New draft classification of chronic heart failure of the Russian Society

as to navigate in the diversity of concepts or relevant
objects” [1]. At the same time, the authors distinguish
artificial and natural classifications. In the latter, the
most essential features are taken as the basis, from
which the maximum of derivatives follows, so that
classification serves as a source of knowledge about the
objects being classified. Artificial classifications lack
these properties, since they are based on one or more
insignificant, but easily distinguishable features. As an
example, we can cite a primitive descriptive approach
to classification based on a dichotomous division: sick —
healthy; pregnant — not pregnant, heart failure +/-.

Itis clear thatin such an inexact science as medicine,
it is almost impossible to construct a completely
natural classification, similar to the periodic system
of chemical elements by Mendeleev. But at all times
many medical scientists have sought to create such
a classification that would be as close as possible to
a natural one in terms of this dichotomous division:
natural — artificial.

A classification constructed in compliance with
all logical requirements and being a convenient tool
for clinical practice can be still used after more than
one paradigm shift. At the same time, the dialectical
nature of the development of scientific knowledge
is clearly manifested in most classifications. At each
stage of the development of scientific thought, the
authors of one or another classification summarize
the obtainted knowledge, marking the beginning of
a new period of evolution, which almost inevitably
results in a revision of the dominant paradigm, which
can become an incentive to develop a more advanced
classification [2].

We fully support the opinion of B.I. Shulutko [3]
who stated that in the interests of practical healthcare,
it is necessary to change habitual stereotypes (in
particular, classifications) as rarely as possible.
Although changes should be introduced only
when reasons for them are sufficient, for example,
when there are no obvious advantages of the new
classification over the existing ones, or they cannot
be modified by introducing fundamental changes and
additions. In this regard, the evolution of approaches
to the classification of chronic heart failure (CHF) is
indicative, acquiring particular relevance due to the
fact that currently experts of the Russian Society of
Cardiology (RSC) are actively discussing a draft new
classification of CHF, which, according to its authors,
has advantages over existing ones [4, 5].

The aim of this lecture was to discuss the draft new
classification of CHF proposed by RSC.

HISTORY OF THE ISSUE

Before we begin discussing the main issue of the
lecture, let us give a brief historical insight into it.
Researchers first attempted at creating a meaningful
classification of CHF a long time ago. Even Jean-
Nicolas Corvisart des Marets, determining the size of
the heart intravitally using percussion, which he did
perfectly, and comparing these data with the results of
the autopsy, distinguished two types of cardiomegaly
(heused the term “aneurysm™): active (with an increase
in the thickness of the walls of heart chamber and an
increase in its contractility) and passive (with thinning
of the walls of the heart chamber and a decrease in its
contractility) [6]. Having laid the foundations for the
concept of cardiac remodeling, the pioneer of modern
cardiology presented careful considerations about
left and right ventricular (including secondary to left
ventricular) heart failure. He insightfully described in
the form of a 3-member formula the most common
scenario of transformation of the size, shape, and
function of the heart after its damaging overload.
Pressure overload of the left ventricle (L V) —formation
of an “active aneurysm” of the LV — development
of a “passive aneurysm” of the left atrium and right
ventricle, and also gave an excellent description of the
three stages (periods) of a cardiac aneurysm of what
would now be called CHF1'.

At the first stage, which a competent physician
may suspect due to the patient’s predisposition to
its development, the patient complains of weakness,
shortness of breath, and palpitations upon exertion,
without any findings during a physical examination,
with the exception of cardiomegaly. At the second
stage, the severity of symptoms increases: the
patient instantly gets tired and often wants to rest,
the heartbeat becomes stronger and faster, and
breathing becomes extremely difficult with minimal
physical exertion (“The patient cannot climb three
or four steps at once without being obliged to stop
due to shortness of breath”). And even at rest, when
the patient is unable to breathe freely lying and, to
facilitate breathing, is forced to sit up, swelling of the
feet and ankles appears in an upright position, which
usually disappears during the night. At the third stage,
the severity of symptoms and signs of CHF reaches a
peak, at which the patient’s life is in immediate danger

! Corvisart J.N. An essay on the organic diseases and lesions of the heart and great vessels. Translated by J. Gates. Boston: Bradford and Read, 1812: 344.
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every minute ( “Death always intervenes to terminate
the painful scene which this combination of symptoms
presents”’). The severity of shortness of breath reaches
the level of suffocation, edema syndrome progresses
(up to anasarca), fluid accumulates in large cavities,
diuresis decreases, a significant dilation of the veins
in the neck and a painful enlargement of the liver are
detected, the edge of which becomes dense. Thus,
Jean-Nicolas Corvisart des Marets, albeit using general
ideas, quite accurately outlined the continuum of heart
failure (in fact, from risk factors to its terminal stage)
which is a paradigm used in all modern classifications
of CHF, without exception, based on identifying the
stages of the pathological process.

We will not bore the reader for too long with
an insight into the distant past; let us move on to
the current classifications of CHF. The most time-
tested classification is the one by New York Heart
Association (NYHA!). P.D. White and M.M. Myers?
convincingly substantiated more than 100 years ago
that there is a need to supplement the diagnostic
conclusion in patients with cardiovascular pathology
with intranosological characteristics of their functional
status, which is currently perceived as an axiom,
and the NYHA classification of CHF based on this
principle has received international recognition. This
classification is used everywhere and is considered
as a cornerstone in determining treatment strategies
in all modern guidelines and recommendations on
heart failure [7-9]. The discussed classification makes
it possible to assess the level of decrease in physical
activity and the degree of clinical manifestations of
CHF. However, it cannot be used to assess the severity
of heart disease, which is the cause of functional
disorders, since the severity of symptoms (especially
in the case of effective therapy) does not necessarily
reflect the degree of myocardial dysfunction that
causes them or correspond to it, which reduces the
predictive power of the classification result [7, 10—14].

Another repeatedly noted limitation of the NYHA
classification of CHF is its low reproducibility [8,
15], since when assessing the functional status of
a patient with CHF, one should take into account
the distinct subjectivity of both the doctor and the
patient in determining which limitation of physical
activity is slight or, conversely, significant, as well
as what kind of physical exertion is habitual for the

patient [16]. This subjectivity naturally leads to poor
reproducibility of the results of functional class (FC)
assessment in the same patient by different doctors
[15, 16-18]. To objectify the FC assessment, it is
most often proposed to evaluate exercise tolerance
(distance covered in 6 minutes, threshold load, etc.)
and the maximum volume of oxygen consumed in a
functional test [9, 19]. However, this approach does
not always provide a drastic increase in classification
accuracy [20-22].

Medical scientists hoped that an approach based
on additional identification of the stage of the
pathological process could at least partially solve the
problems with the above-mentioned shortcomings
of the NYHA functional classification of CHEF.
This approach made it possible to more reliably and
objectively classify patients with CHF during the
development of heart and vascular disease, as well as
prescribe treatment in strict accordance with the stage
of development of the pathological condition. At the
end of 2001, the medical journals Circulation and
the Journal of the American College of Cardiology
published further recommendations for the assessment
and treatment of CHF in adults proposed by a working
group of the American College of Cardiology
(ACC) and the American Heart Association (AHA).
The proposed recommendations for the first time
divided the development CHF into 4 stages: from a
threat of developing CHF with the presence of risk
factors (stage A) to the terminal stage (stage D)
[23]. The same stages were preserved in subsequent
recommendations, including those of 2022 [8]. This
classification complements, but does not replace, the
NYHA functional classification, which reflects the
severity of CHF symptoms in patients who can be
classified as stage C or D [8].

As for the first part of the ACC and AHA
classification, at stage A (allows to describe a patient
at high risk of developing heart failure, but does
not have structural or functional disorders of the
pericardium, myocardium or heart valves) and B
(diagnostic conclusion applicable to the patient with
structural abnormalities of the heart, who has never
had symptoms or signs of heart failure), there is no
CHF as such, since the latter is defined as a complex
clinical syndrome with corresponding symptoms and
signs [8]. Thus, half of the heart failure classification

! New York Heart Association. Diseases of the heart and blood vessels: nomenclature and criteria for diagnosis, by the Criteria Committee of the New York
Heart Association / Charles E. Kossmann chairman [and others]. Boston: Little, Brown, 1964:463.
2 White P.D., Myers M.M. The classification of cardiac diagnosis. JAMA. 1921;77:1414-1415. DOIL: 10.1001/jama.1921.02630440034013.
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discussed is actually only applicable in a clinical
situation without heart failure.

A reasonable question arises about the extent
to which CHF is actually asymptomatic in a patient
with so-called structural heart disease, which the
classification suggests designating “stage B” in the
diagnostic conclusion. For example, you are visiting
a patient who seems not to have any symptoms and
has been suffering from arterial hypertension for a
long time, and a routine echocardiography revealed
concentric myocardial hypertrophy and a type of
LV diastolic dysfunction with impaired relaxation,
as well as a high level of natriuretic peptides in the
blood serum. Does anyone really think that, if asked
in a straightforward way, such a patient is likely to
deny the presence of shortness of breath, fatigue, and
palpitations during intense and prolonged physical
activity? Obviously, the vast majority of patients with
so-called pre-heart failure will answer affirmatively.
We will definitely interpret such complaints in this
patient with isolated cardiovascular pathology as
a manifestation of latent heart failure and not, for
example, detraining.

American experts in the 2013 guideline [24]
in patients with stage B CHF, who are essentially
different from patients with stage C in that they have
never had symptoms or signs of heart failure, still
allowed the presence of such symptoms (even with
physical activity exceeding normal), corresponding to
FC I (Table 1). The choice of features that allow for
dual interpretation as the basis for classification cannot
but cause cognitive dissonance, since the members
of the classification must be mutually exclusive. It is
like at first they tried to prove to you that crocodiles
do not fly, and then they say that they fly, only low.
Taking into account the fact that Russian leading
cardiologists have repeatedly expressed reasoned
objections to the introduction of stage A CHF into the
Russian classification [25, 26], it is not surprising that
this approach was not adopted in Russia.

Table 1
Comparison of stages and functional classes of CHF [24]
Stage of CHF | Functional class according to NYHA classification
A No heart failure
B I
I
I
c i}
v
D

In Russia, the approach to the classification of
CHF which takes into account the division into
stages and FC was different. The classification of
stages of CHF by N.D. Strazhesko and V.H. Vasi-
lenko (approved at the XII All-Union Congress of
Therapists in 1935) which is continuously updated
is well known to several generations of doctors who
have successfully used it in their daily practice in
diseases of the cardiovascular system with primary
damage to the left side of the heart. It is quite simple
to determine stages I and Il of untreated CHF right
at the patient’s bedside: stage I is latent heart failure,
which manifests itself only during physical activity;
stage IIA is clinically pronounced monoventricular
(left ventricular); stage IIB is severe biventricular
(right ventricular, secondary to left ventricular) [15].
With the phenotype of treated CHF, when in a patient
with compensated heart failure there is no information
on the so-called hemodynamic changes (symptoms
and signs of stagnation in the pulmonary and systemic
circulation may be absent with full compensation),
its stage I or II can be accurately established based
on the results of an echocardiography assessment of
remodeling (the presence and severity of spherification
and thinning of the walls) and LV function (primarily
diastolic). Asymptomatic LV dysfunction, adaptive
LV remodeling or maladaptive LV remodeling should
be diagnosed, which correspond to stages I, IIA or IIB
CHF. The modification of the classification made in
2002 by Society of Experts in Heart Failure (SEHF)
will be discussed below [27]. At the same time, the
fundamental difference between stage III CHF and
stage [ B CHF is the presence of irreversible structural
changes in target organs (heart, lungs, blood vessels,
brain, kidneys) [27].

It should be admitted that a more detailed
classification of the stages of CHF by N.D. Strazhesko
and V.H.Vasilenko has significant advantages over
the trivial approach proposed by American peers,
who, as if taking the entire palette of achromatic
shades to white and black, propose to distinguish only
two stages of clinically pronounced CHF. The first
one is conservative — curable stage C of symptomatic
heart failure (the severity of clinical manifestations
within this stage may differ greatly, ranging from
latent left ventricular heart failure corresponding to
FC I in the distant past to severe actual biventricular
heart failure with anasarca). The second one is
stage D which is referred to using different terms
“terminal”, “refractory” or “progressive” heart
failure). At this stage, optimal pharmacotherapy, as
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well as cardiac resynchronization therapy, are not
effective, which causes repeated hospitalizations
and justifies the need for such advanced treatments
as heart transplantation and mechanical circulatory
support, and/or transition to palliative care [8]. The
attempt to describe the entire course of events in
clinical heart failure using two stages is certainly
better than the primitive dichotomous +/— approach
(heart failure: present/absent). But it certainly
represents a step back from the views that existed
at the beginning of the last century, and even in the
time of Jean-Nicolas Corvisart des Marets.

Classification by N.D. Strazhesko and V.H. Vasi-
lenko also has some shortcomings, for which it is
often criticized by heart failure specialists. The most
common reason for criticism of the classification is
its so-called rigidity, which consists in the fact that
the authors use a staged approach as gradations,
which excludes the transition from higher stages
to lower ones [16, 28]. Indeed, the classification
under discussion was approved back in 1935, when
the possibilities for effective pharmacological
or surgical correction of severe CHF were more
than modest. The doctor actually observed the
“natural” progressive course of heart failure,
and therefore the classification did not provide
for revising the established stage in the opposite
direction [15]. But even at present, when no one
doubts that the introduction into clinical practice
of the achievements of clinical pharmacology and
cardiac surgery often ensures positive changes in
the parameters characterizing the process of cardiac
remodeling, experts only allow for so-called step-up
restaging (“the stage of CHF may worsen despite
treatment”) [29]. Taking into account the above,
the possibility of repealing the provision excluding
the transition from higher to lower stages should be
discussed [15, 16].

The principles underlying the classification of CHF
by N.D. Strazhesko and V.H. Vasilenko provide the
potential for its flexible modification, the possibilities
of which, in our opinion, still exist. This was the
case in 2002, when SEHF proposed a combined
classification that took into account the division
by stages and FC for discussion. In the official
commentary of the SEHF to the classification under
discussion, attention is drawn to the continuity of this
edition with the classifications by N.D. Strazhesko
and V.H. Vasilenko, adopted in Russia, and NYHA,
which is used worldwide [29]. At the same time, the
classification no longer included all the additions

to the 1935 original version that were made during
its long history. But new concepts were introduced
into it including “asymptomatic LV dysfunction”,
“adaptive remodeling of the heart and blood vessels”,
“maladaptive remodeling of the heart and blood
vessels”, “final stage of organ remodeling”. The
proposed modification of the classification ensured the
accuracy of determining the stage of the pathological
process, even when cardiac decompensation is
effectively corrected, due to reliance on the results of
an echocardiography examination, on the one hand,
and when it is possible to objectify the change in the
patient’s functional status during treatment or the
“natural” course of the disease by reflecting FC in the
diagnostic conclusion, on the other.

Taking into account the fact that timely and correct
recognition of heart failure, as well as the diagnosis
of the notorious pre-heart failure (percussion should
not be used to detect concentric LV hypertrophy or
left atrial dilatation), is not conceivable without an
ultrasound assessment of the structure and function
of the heart, the ideas that echocardiography is not
available or adaptive and maladaptive remodeling
is difficult to asses should be rejected. Ensuring the
universal availability of such an examination is the
responsibility of regional and federal health care
authorities.

On the other hand, the echocardiography
examination in patients with heart failure is also
necessary because, in accordance with all the latest
recommendations of authoritative international and
national cardiological organizations [7, 8], CHF
should be classified depending on the value of the
LV ejection fraction (EF). Let us recall that in the
International Statistical Classification of Diseases
and Related Health Problems, 11th revision (https://
icd.who.int), different codes are used for left
ventricular heart failure with preserved, mildly
reduced, and reduced LVEF: BD11.0, BD11.1, and
BD11.2, respectively.

We do not question the heuristic nature of
discussing the important issue of the boundary
between ‘“normal” and “reduced” LVEF (apparently,
it will not be possible without taking into account
sexual dimorphism) [30-32]. Until a consensus is
reached on this issue, a partial solution to the problem
is to indicate a specific value for LVEF along with
the CHF phenotype in the diagnostic conclusion. At
the same time, we can discuss as much as we want
reasonable doubts concerning the practical feasibility
of identifying three CHF phenotypes based on the
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initial ultrasound assessment of LVEF (with reduced,
mildly reduced, and preserved LVEF), as well as
reclassifying heart failure, based on the changes in
the global contractile activity of the LV, established
during subsequent echocardiography examinations.
However, if Russian classification rejects such a
division or simplification of establishing phenotypes
to a dichotomy (with reduced and preserved LVEF),
it would mean that we do not keep up with the rest
of the world. In this regard (solely for the unification
of terminology), we urge to stop simplifying CHF
phenotyping to a dichotomy based on the value of
LVEEF.

Taking into account numerous experimental and
clinical studies, the results of which cast doubt on
the idea that systolic dysfunction of the heart is the
main and only hemodynamic cause responsible for
the occurrence and clinical manifestations of CHF,
the characteristics of the state of LV diastolic function
should be mentioned in the diagnostic conclusion as
well (especially in patients with CHF and preserved
LVEF) [15, 33-37]. Consequently, highlighting such
a category in the classification is another direction
of possible modifications of the current CHF
classification.

DRAFT CLASSIFICATION OF CHF BY RSC

Holding the idea that the current classification of
SEHF in 2002 is no longer consistent with modern
ideas about the evolution of heart failure, strategies
for its prevention and treatment, RSC experts initiated
a discussion on the feasibility of making changes to
the Russian classification of heart failure by stages [4].
The draft classification of CHF proposed by RSC was
published in the ninth issue of the Russian Journal of
Cardiology in 2023 (Table 2) [5].

Table 2
Classification of CHF proposed by RSC (draft, 2023) [5]

The risk of developing heart failure. The presence of diseases and
conditions with a high risk of developing CHF.

Pre-heart failure. Absence of CHF symptoms and signs in the
present and in the past. Presence of signs of structural and/or
functional cardiac damage and/or increased levels of the brain na-
triuretic peptide.

Stage 1. Clinically manifested heart failure: the presence of
CHF symptoms and signs in the present or in the past, caused by a
disruption in the structure and/or function of the heart.

Stage 2. Advanced, clinically severe heart failure: severe symp-
toms and signs of CHF at rest, repeated hospitalizations due to CHF,
despite attempts to optimize CHF therapy or intolerance to CHF
therapy.

When getting acquainted with the project, it
is impossible not to note the striking similarity of
the proposed document with the classification of
North American colleagues, which, as noted above,
does not have obvious advantages over the Russian
classification of 2002, which has not been actively
used in our country for more than 20 years. On the
Internet, you can find the brilliant saying “medical
science has stepped far ahead, — our task is to catch
up with”, which accurately describes the continuous
nature of the development of scientific knowledge.
However, we do not understand what new scientific
information on the etiology, pathogenesis, clinical
presentation, and prevention of CHF has accumulated
that has led to the fact that, after almost 25 years of the
21st century, an urgent paradoxical need has appeared
to return to the ideas of the beginning of the century in
order to keep up with progress.

In accordance with the international universal
definition, which is cited by RSC experts [4], heart
failure is a clinical syndrome with symptoms and/or
signs caused by structural and/or functional disorders
of the heart, confirmed by elevated levels of natriuretic
peptides and/or objective signs of pulmonary or
systemic stagnation [38]. However, in this project,
when describing the clinical manifestations of heart
failure, instead of writing “symptoms and/or signs”,
phrases with conjunction “and” are only used, for
example, “symptom(s) and signs(s)” [5].

As for the initial stages of the cardiovascular disease
continuum designated in the American prototype as
stages (A and B), when there is essentially no heart
failure (complex clinical syndrome with corresponding
symptoms/signs), in the Russian project they are not
referred to as stages, while preserving the first two
lines of the CHF classification (classification of heart
failure in patients without heart failure). The presence
of sections of the CHF classification in which heart
failure is denied (the so-called shift to the left) is
explained by the need to focus on the initial stages
of the cardiovascular disease continuum with an
emphasis on those diseases and conditions in which
the risk of developing CHF is especially high, which
is extremely important for a physician to pay attention
to preventive strategies that reduce cardiovascular
risks [4].

There is no need to explain the importance of
primary prevention, the measures of which are
especially successful in high-risk groups to Russian
internists, brought up on the ideas of S.P. Botkin and
LI. Mechnikov, who learned well from university
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days that preventing diseases is much easier than
treating them. All that is necessary to ensure the
effectiveness of these measures, in addition to
knowledge regarding specific risk factors for CHF
and the perceived need to influence those that can
be modified, is to promptly diagnose correctable
factors, scrupulously record them in the diagnostic
conclusion and do everything to control the situation
with the help of non-drug methods and optimal
pharmacotherapy in accordance with current
guidelines [39-42]. Based on didactic considerations,
the emphasis on preventive strategies can be put
in a detailed scheme of the cardiovascular disease
continuum, in which it is permissible to include its
earliest links (even starting not with the major risk
factors of CHF, but with the risk factors of the risk
factors — the so-called primary risk factors). But the
classification of heart failure, which, as we noted

above, ideally serves as a source of knowledge about
the objects being classified, should not go beyond its
main function, which is to distinguish patients with
CHF according to the stage of the syndrome. In light
of what is stated in the classification of CHF, one can
accept a “shift to the left” as no more than latent heart
failure, which manifests itself only when more blood
is needed from the circulatory system.

The work discussed also provides a brief
description of the classification criteria relating only
to CHF with reduced (< 50%) LVEF (Table 3). The
latter causes confusion and a number of questions,
one of which we will allow ourselves to ask. It is
unclear whether the authors of this classification do
not recognize the existence of “normal systolic” heart
failure or maybe they postponed the development of
classification criteria for CHF with preserved LVEF
until better times.

Table 3
Classification signs of CHF with reduced LVEF
Laboratory (the level of Echocardio-
Parameter Clinical natriuretic peptide is higher graphic (LVEF
than normal) <50%)
. Manifestations of existing diseases (arterial hypertension, coronary
The risk of CHF heart disease, diabetes mellitus, etc.)
Pre-heart failure Manifestations of existing diseases + structural and/or functional . 3
changes of the heart (for example, left ventricular hypertrophy)
Stage 1 CHF Shortness of breath, pasty shins + +
Shortness of breath, pastiness (swelling) of the shins + accumulation
L. .. . . . + +
Stage 2 CHF of fluid in the cavities (hydrothorax, hydropericardium, ascites)

Note. CHD — coronary heart disease.

In accordance with the data in Table 3, the
presence or absence of structural changes in the
heart (for example, LV hypertrophy) is supposed to
be confirmed by the results of a clinical examination
(apparently, palpation and percussion), since the
analysis of echocardiography is used only to assess
the value of LVEF. For the same reason, clinical
signs (in particular, an attempt to distinguish
swelling of the legs from their pastiness) will have
to be used to distinguish between the first and second
stages of CHF. We foresee great difficulties (for
example, whether the presence of a minor right-
sided hydrothorax would justify the conclusion
about the terminal stage of the syndrome), which we
encountered until the SEHF experts supplemented
the classification criteria of the stages of CHF with a
number of echocardiography parameters, introducing
into the classification by N.D. Strazhesko and

V.H. Vasilenko such concepts as “asymptomatic LV
dysfunction”, “adaptive remodeling of the heart and
blood vessels”, and “maladaptive remodeling of the
heart and blood vessels”.

In accordance with the project under discussion,
RSC experts offer examples of how diagnostic
conclusions are formed in order to allow for a
better understanding of the practical meaning of
the classification. It should be noted that examples
of diagnosis formulation in any document require
great courage from its authors, since any inaccuracy,
including that associated with the imperfection
of the classification itself, becomes the subject of
criticism. Figuratively speaking, they step into the
line of fire. This is probably why the authors of many
clinical guidelines avoid such examples. We are
convinced that examples of diagnosis formulation
should become an integral part of clinical guidelines,
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without which they should not be approved by the
Scientific and Practical Council of the Ministry of
Healthcare of the Russian Federation.

Let us consider examples of descriptions of each stage
(“pre-stage”) of CHF (Table 4), which are controversial

and require feedback. To begin with, we should note
that the uniform requirement for diagnosis classification
has been violated. As is well known, a diagnosis that
is not classified anywhere, regardless of its content, is
regarded as incorrectly formulated [43, 44].

Table 4

Examples of clinical diagnosis formulation in a patient with CHF

Examples of clinical diagnosis formulation [5]

Questions and comments

Essential hypertension, stage II. Risk 3. Dyslipidemia.
High risk of CHF

The high risk is reported twice in the diagnosis.

May the risk of developing CHF be different (for example, low), with essential
hypertension? If not, why is it mentioned in the diagnosis? The authors write in order
to “make doctors focused at managing patients more thoroughly.” However, we do
not understand what “more thorough patient management” is. Is it even possible that
a competent clinician will not prescribe optimal pharmacotherapy in accordance with
current recommendations if high risk is not mentioned repeatedly in the diagnosis?
Unfortunately, a bad doctor will not do this even after having described a high risk
three times in the diagnostic conclusion.

Is arterial hypertension a risk factor only for CHF or also for CHD, cardiac arrhythmias,
peripheral artery pathology, cerebrovascular diseases, and chronic kidney disease? It
is unclear to us if a clinician should describe each high risk separately in the diagnosis
(“High risk of CHF. High risk of coronary heart disease. High risk...”) or enumerate
the risks?

In the presence of comorbid pathology, in a combined clinical diagnosis, the
practitioner should re-describe high risk after each disease and condition in which the
likelihood of developing CHF is especially high (the list is quite extensive: arterial
hypertension, obesity, coronary heart disease, atrial fibrillation, cardiomyopathy,
diabetes mellitus, chronic kidney disease, chronic obstructive pulmonary disease,
antitumor therapy) [4]?

Type 2 diabetes mellitus. CKD, stage 3a. Pre-heart
failure.

Let us ignore the fact that the diagnosis of diabetes mellitus and chronic kidney disease
is not complete, but it is unknown what structural and /or functional changes in the heart
allowed to justify “atrial insufficiency” (we can only call such terminology a mockery
of the “great, verbose and mighty” Russian language). If there is LV hypertrophy,
then the diagnosis apparently did not include information about symptomatic arterial
hypertension in a patient with diabetic nephropathy (which should also be classified).
Would not it be better to specifically describe these structural and/or functional changes
in the heart in the diagnosis (for example, the shape and severity of LV hypertrophy),
without replacing it with an elaborate and vague term?

Coronary heart disease: stable angina pectoris FC 2.
Coronary artery bypass grafting in 2018 CHF, stage 1.
FC2.

Coronary heart disease: postinfarction cardiosclerosis
(myocardial infarction in 2020). CHF, stage 2. FC 3. LV
aneurysm. Right-hand hydrothorax.

CONCLUSION

The new classification of CHF proposed by RSC

The use of a dichotomous classification of the stages of CHF leads to the fact that such
a diagnosis makes it more difficult to understand that this is a patient with multiple
heart failure than when using the current classification of CHF (this has already been
mentioned above).

The authors refused to distinguish CHF phenotypes according to the value of LVEF.

provide the potential for its modification, which is
possible to carry out.

experts, which is actually a modified classification of
North American colleagues, does not have obvious
advantages over the heart failure classification
that has been adopted in Russia since 2002 and is
based on the classification by N.D. Strazhesko and
V.H. Vasilenko, which is familiar to Russian
internists. The latter, in the figurative expression of
V.Yu. Mareev [45], has become an integral part of
the knowledge of Russian internists and has stood the
test of time. In addition, the principles underlying it
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Monogenic diseases associated with cardiomyopathy genes

and their phenotypic manifestations
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Research Institute of Medical Genetics, Tomsk National Research Medical Center (NRMC) of the Russian Academy
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10, Naberezhnaya Ushayki Str., Tomsk, 634050, Russian Federation

ABSTRACT

The aim of the present study was to summarize the data on the spectrum of genetic diseases and their phenotypic
manifestations in case of structural and functional defects in 75 genes, pathogenic variants of which are associated
with the formation of different types of cardiomyopathy (CMP). The search for scientific publications was carried
out in foreign (PubMed) and Russian (eLibrary) digital libraries. The data analysis was performed using the Simple
ClinVar, An Online Catalog of Human Genes and Genetic Disorders, and STRING databases.

It was shown that the vast majority of CMP genes are pleiotropic. Monogenic diseases caused by mutations
in CMP genes are characterized by a wide range of pathological manifestations in various organs and systems
(cardiovascular, nervous, endocrine, musculoskeletal systems, connective tissue, skin and appendages, organs of
vision and hearing, kidneys) as well as by metabolic and immune disorders. Therefore, if a patient (regardless
of the primary diagnosis) has pathogenic / likely pathogenic variants or variants of uncertain significance in the
CMP genes, we recommend a detailed and comprehensive clinical examination. This is important for clarifying
the effects of rare genetic variants, identifying significant clinical and prognostic features for CMP and monogenic
diseases associated with CMP genes, and identifying risk groups and controllable triggers that contribute to the
manifestation of pathogenic genetic variants.

Keywords: cardiomyopathy genes, monogenic diseases, phenotypic manifestations
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PE3IOME

Llenp HACTOSIIETO UCCIIEAOBAHMS 3aKII0Yanach B 0000IIEHHN JaHHBIX O CIIEKTPE HACNIEJICTBEHHBIX 3a00JIeBaHI
U uX (EHOTUNHMYECKHUX MPOSBICHUIX NP CTPYKTYpPHO-(DYHKINOHAJIBHBIX HAapyLIEHHUs X B 75 TeHaX, MaTOreHHbIe
BapUaHThl KOTOPBIX CBs3aHBI ¢ HOPMUpPOBaHHEM pa3nuuHbIX TUMOB Kapauomuonatuil (KMIT). TTonck HaydHBIX
nmyOaMKaiyii mposezeH B 3apy6exHbix (PubMed) u oteuecTBeHHBIX (eLibrary) anekTpoHHBIX OnbOIHOTEKaX. AHa-
JIU3 TaHHBIX BBITIOJIHEH ¢ Ucmonb3oBanueM 06a3 Simple ClinVar, An Online Catalog of Human Genes and Genetic
Disorders, a Takxe narepueT-pecypca STRING.

[Tokazano, uTo moxamisitoniee GoMbIMHCTBO TeHOB KMIT o0namaror miueHoTpornu3mMoM M IPH MOHOTCHHBIX
3a00JICBaHUSX, BBI3BAHHBIX MYTAalUSIMH B JaHHBIX T'€HAX, PETHCTPUPYIOT IIHPOKHUN CHEKTP MATOJOTHYCCKHX
MIPOSIBIICHHUH B PA3JIMYHBIX CUCTEMAaX OPraHoB (CepAeYHO-COCYIUCTON, HEPBHOMU, SHIOKPUHHOM, KOCTHO-MBIIICYHOMH
CHUCTEMBI U COCIMHUTEIHHON TKaHU, KOKH U MPUAATKOB, OPTaHOB 3pPEHUS U CIIyXa, MOYCEK), a TAKKE HAPYIICHUS
MeTa0oNIM3Ma U UMMYHHTETA. B CBSI3M C 3TUM BHE 3aBUCHMOCTH OT MEPBHYHOTO JTHATHO3a NPHU BBHISBICHUU Y
nanueHToB B reHax KMII maTtoreHHBIX / BEpOSATHO MATOT€HHBIX BApPUAHTOB WM BAPUAHTOB C HEONPEACICHHOMN
3HAYMMOCTBIO PEKOMEH Ty €TCsI IPOBEICHUE ICTATHHOTO U KOMIUIEKCHOTO KITMHUYIECKOT0 00CIIEIOBaHUS. DTO UMEET
Ba)XKHOE 3HAUCHHE ISl YTOYHEHHS 9P (EKTOB PEAKHX BAPHAHTOB T'€HOB, BBIICICHUS KIMHHYECKH U IIPOTHOCTUICCKU
3HaYMMBIX Tipu3HaKkoB Uit KMIT u MoHOTeHHBIX 3a00sieBaHUH, CBsI3aHHBIX ¢ TeHamu KMII, a Takke BBIABICHUS
TPYIII PUCKA U YIPABISIEMBIX TPUTTEPOB, CIIOCOOCTBYIOIIUX TPOSIBICHUIO MATOrCHHBIX TCHETHIECKUX BAPUAHTOB.

KuroueBble cjioBa: reHbl KapﬂMOMMOHaTMﬁ, MOHOI'CHHBIC 33.60J'[eBaHI/IH, (beHOTunuqecxne TIPOsIBJICHU S

KoHpaukT mHTepecoB. ABTOPHI 3asBISIOT OTCYTCTBHE SIBHBIX M IOTEHIMAIBHBIX KOH(MIMKTOB WHTEPECOB,
CBSI3aHHBIX C MMyOJIMKaIMel TaHHOW CTaThH.

Hcrounuk ¢puHancupoBanusi. PaGora BeioHeHa npyu GpuHaHCHMpoBanuK ['oc3ananus MUHUCTEPCTBA HAYKH U
BhIciiero oopasosanus (Ne 122020300041-7).

Jsa uutupoBanus: Kydep A.H., Hazapenko M.C. CriekTp peHOTUIIMYECKUX MPOSBICHUH MOHOT€HHBIX 3a00I1e-
BaHUi, CBA3aHHBIX C TCHAMU KapauoMuonatuil. boiemens cubupckoi meduyunst. 2024;23(1):156—165. https://

doi.org/10.20538/1682-0363-2024-1-156-165.

INTRODUCTION

One of the key problems of modern biomedical
research is to understand the regularities of
implementation of the genetic program and identify the
mechanisms of formation of genetically determined
phenotypes, including pathological ones [1, 2].
Advances in the field of molecular genetic research,
systems biology, and systems medicine allow to take a
fresh look at the issue of transformation from genotype
to phenotype [3].

Cardiomyopathies (CMPs) represent a clinically
and etiologically heterogeneous group of myocardial
pathologies and are a remarkable example of the
complexity of pathological phenotype formation. CMPs
can have a monogenic, oligogenic or polygenic basis
[4-6], which develops into a pathological phenotype
over decades (and is manifested more often in adults)
and in some cases only under certain environmental
triggers [5, 6]. Clinically, CMPs can be separated into
hypertrophic (HCM), dilated (DCM)), restrictive (RCM)
and arrhythmogenic right ventricular cardiomyopathy
(ARVC); dysfunctions of certain genes are often
considered to be their causes [6-8].

However, similar ~ myocardial disorders
can be caused by both external and internal
environmental factors (for example, drug-induced,
diabetic, peripartum, stress-induced, inflammatory
(myocarditis) CMP, etc.), and pathogenic variants
in genes thought to cause CMPs are also detected in
patients with these conditions [9—11]. In some cases,
there is a combination of several types of CMP or
a transition from one form to another as the disease
progresses [12—14], and CMPs can also represent a
symptom of other complex pathological phenotypes
[11, 15].

Dozens of genes are known, pathogenic / likely
pathogenic variants of which can lead to one of the
types of CMP. The number and spectrum of causative
genes vary for different CMPs, but negative variants in
the same genes (and even the same variants) can lead
to both different and same types of CMPs [16]. There
is a growing body of evidence that, on the one hand,
mutations indifferent genes can lead to the development
of similar phenotypes (in particular, to CMP), and, on
the other hand, pathological variants in the same gene
can contribute to the formation of different clinical
phenotypes and traits, even not associated with the
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underlying pathology [4, 6, 17, 18]. Identification
of phenotype features, as well as clarification of the
spectrum of possible disorders in the presence of
pathogenic gene variants is of interest not only from
a fundamental point of view (to determine the scope
of specific genes), but also has clinical significance,
in particular for translational medicine [3, 19]. The
aim of this study was to summarize the data on the
spectrum of genetic diseases and their phenotypic
manifestations in structural and functional defects of
the CMP genes.

DATA SOURCE AND ANALYTICAL TOOLS

Information about the genes of primary CMPs does
not completely match in different sources (ClinGen,
SimpleClinVar, Online Mendelian Inheritance in Man
(OMIM) databases, etc.), which is due to differences
in the criteria used for classifying genes as significant.
In the present study, the Simple ClinVar database
(https://simple-clinvar.broadinstitute.org/, accessed
on February 2023), was used as a source of information
on CMP genes.

The analysis of the scope of the CMP genes
was performed on the basis of Online Mendelian
Inheritance in Man (OMIM) (https://www.omim.
org/) data on monogenic diseases that can be caused
by mutations in the CMP genes under discussion. To
describe the features of phenotypic manifestations of

monogenic diseases caused by mutations in the CMP
genes, we used MeSH, a vocabulary thesaurus used for
indexing citations in MEDLINE (https://www.ncbi.
nlm.nih.gov/mesh/). The online STRING (https:/
string-db.org/) resource was also used to characterize
the CMP genes. The search for scientific publications
was carried out in foreign (PubMed) and Russian
(eLibrary) digital libraries.

CHARACTERISTICS OF THE PRIMARY
CARDIOMYOPATHY GENES

According to Simple ClinVar, pathogenic / likely
pathogenic variants of 75 genes can lead to one of
the forms of primary CMPs; 40 of these genes are
reported for HCM, 50 genes for DCM, 11 genes for
ARVC, and 7 genes for RCM (Figure). Most of the
CMPs genes are protein-coding genes, FLNC-ASI and
TTN-AS1 belong to non-coding RNA genes. Along
with specific genes (which are characterized as causal
to one type of CMP), there are genes variants of which
can lead to different types of CMPs. For example,
variants in the ACTN2, DES, LMNA, and TMEM43
genes are considered causal for HCM, DCM, and
ARVC; variants in the MYH7, TNNI3, TNNT2, and
TTN are considered causal for HCM, DCM, and RCM
(Figure). In other words, pathogenic variants in the
same CMP genes can lead to different pathological
phenotypes affecting the functioning of the heart.

ALPK3, BRAF, CACNAIC, CASR, CAV3, GLA, ACTC1, CSRP3, LAMP2, MT - ABCCS, BAG3, DMD, EMD, EYA4, FKTN,
IPH2, MT-TG, MYH78, MYL2, MYL3, T1, MYBPC3, MYHE, NEXN, HAND2, KLFS, LAMAA4, LD83, MYPN,
MYOB, MYOZ2, NCF1, PRKAG2, PTPN11, PLN, RAF1, TCAP, TNNCI, . MYZAP, NEBL, NKX2-5, PLEKHA3, PPPIR13L,
SLC30A5, TRIME3, UQCRCI TPM1, VCL PRDM1E, REM20, SCNSA, 5C02, SDHA,
’ ’ SGCD, TAFAZZIN, TNNI3K, TTN -A51
CRYAB, FLNC
HCM-19 " pom-25 /o
:‘u o ./-;:“
.\'-._ ARVC -5 ;/' "._. /.- . f - FINC-AS1
CTNNA3, DSC2, JUP, AN 2.5 - .
PKP2, TAX1BP3 | — —— 'y e S .
: N 2 & | 7 T———| MYHJ, TNNI3, TNNTZ, TTN
ACTNZ, DES, LMNA, N =
TMEM43 L
DSG2, DSP

Figure. Common and specific genes for different monogenic CMPs
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According to the Tissue Expression Database
(https://tissues.jensenlab.org/) and STRING [20, 21],
the CMP genes under discussion are expressed in
many tissues, including various parts of the heart
(right ventricle, cardiac muscle, left and right atrium,
ventricle, atrium), embryonic tissues (21 genes),
tissues of the female reproductive system (17 genes),
testicles (9 genes), fetus (13 genes), sensory organs
(6 genes), rectum (5 genes), gallbladder (3 genes),
in adipocytes (2 genes), platelets (4 genes), etc. [20,
21]. In particular, the PKP2, UQCRCI, VCL, RAF1,
MYH7B, SDHA, DSC2, NCFI, TMEM43, FLNC,
PTPNI1,MYPN, HANDZ2, DMD, LMNA, BAG3, EMD,
KLF5, JUP, MYH6, LAMP2 genes are expressed in
embryonic structures (BTO:0000174 according to
[20]), the BAG3, DMD, VCL, SDHA, NCF1, PTPNI11
genes are expressed in the sensory organs, etc.
Expression in different types of tissues and at different
stages of ontogenesis suggests that dysfunction in
CMP genes can affect the functioning of not only the
cardiovascular, but also other organ systems.

According to STRING [21], 71 proteins encoded
by the CMP genes were functionally related (the
average local clustering coefficient is 0.656), a
total of 683 functional or physical interactions were
registered (on average, 19.2 per protein) with the
expected 35 interactions (protein-protein interactions
enrichment p < 1.0e-16). The protein products of only
7 genes were not included into the network: NCF1,
TAXIBP3, KLF5, SLC3045, PLEKHA3, PRDMI16
and CASR. The integration of proteins encoded by
the CMP genes into a single network is expected due

to criteria for their selection for analysis, but this also
implies the possibility of involvement of these genes
in common pathological conditions when other organ
systems are affected.

THE SPECTRUM OF MONOGENIC DISEASES
ASSOCIATED WITH THE CMP GENES
(ACCORDING TO OMIM) AND THEIR
CLINICAL MANIFESTATIONS

Monogenic diseases are not indicated for 13 genes
in the Online Mendelian Inheritance in Man (OMIM)
database: forthe HAND2, KLF5 MT-TG,MT-TI, MYH7B,
MYZAP, NEBL, PLEKHA3, PPPIRI3L, SLC3045,
TAXIBP3, TRIM63, TTN-ASI genes [22]. For the 62
remaining genes, a total of 191 diseases are listed, with
only two pathologies being reported as predisposition
(the CASR gene — to idiopathic generalized epilepsy;
SCN5A gene — to sudden infant death syndrome). In
most cases, autosomal dominant (72.8%) or autosomal
recessive (17.3%) inheritance is noted, less frequently —
mixed autosomal dominant / autosomal recessive
(4.0%), autosomal dominant / digenic dominant (1.2%),
and X-linked (4.6%) inheritance of the disease in the
presence of pathological variants are observed. In five
cases, somatic mutations are considered as the cause of
the pathology (for cancers).

The CMP genes are characterized both by a
different number of monogenic diseases and by their
diversity. The largest number of diseases (from 5 to
11) was registered for LMNA, SCN5A, MYH7, BRAF,
NKX2-5, DSP, TTN, CASR, CAV3 genes (Table 1).

Table 1

CMP genes characterized by the largest number of monogenic diseases according to OMIM

DCM, 1A; Charcot — Marie — Tooth disease, type 2B1; Emery— Dreifuss muscular dystrophy type 2, (AD); Emery — Dreifuss muscular
dystrophy type 3, (AR); heart — hand syndrome, Slovenian type; Hutchinson — Gilford progeria syndrome; familial partial lipodys-
trophy, type 2; Malouf syndrome; mandibuloacral dysplasia; muscular dystrophy, congenital; restrictive dermopathy 2 — 11 diseases

Atrial fibrillation, familial, 10; Brugada syndrome 1; DCM, 1E; heart block, nonprogressive; heart block, progressive, type I1A; long
QT syndrome 3; sick sinus syndrome 1; ventricular fibrillation, familial, 1; susceptibility to sudden infant death syndrome — 9 diseases

DCM, 1S; HCM, 1; Laing distal myopathy; left ventricular noncompaction 5; myosin storage congenital myopathy (AD and AR);

Lung adenocarcinoma, somatic; cardiofaciocutaneous syndrome; colorectal cancer, somatic; LEOPARD syndrome 3; melanoma, ma-

Atrial septal defect 7, with or without AV conduction defects; conotruncal heart malformations, variable; hypoplastic left heart syn-

Arrhythmogenic right ventricular dysplasia 8; DCM with woolly hair and keratoderma; dilated cardiomyopathy with woolly hair,
keratoderma, and tooth agenesis; epidermolysis bullosa, lethal acantholytic; palmoplantar keratodermas striata II; woolly hair-skin

Gene Monogenic diseases
LMNA
in total
SCN5A4
in total
MYH7 scapuloperoneal myopathy — 7 diseases in total
BRAF . . . . .
lignant, somatic; non-small cell lung cancer, somatic; Noonan syndrome 7 — 7 diseases in total
NKX2-5 L . . . . .
drome 2; hypothyroidism, congenital nongoitrous, 5; tetralogy of Fallot; ventricular septal defect 3 — 7 diseases in total
DSP
fragility syndrome — 6 diseases in total
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Table 1 (continued)

Gene Monogenic diseases
TTN DCM, 1G; HCM, 9; rpuscular dystrop}}y, li.m.b—girdle, (AR) 10; myopathy, myofibrillar, 9, with early respiratory failure; congenital
myopathy-5 with cardiomyopathy; tardive tibial muscular dystrophy — 6 diseases in total
CASR Hyperparatk.l}{roidism,. neonz.ital; hypo.calcem.ia (AD); hypocalcemia (AD) with Bartter syndrome; hypocalciuric hypercalcemia, type
I; predisposition to idiopathic generalized epilepsy 8, late onset — 5 diseases in total
CAV3 HCM, familial; creatine phosphokinase, elevated serum; long QT syndrome 9; distal myopathy, Tateyama type; rippling muscle dis-
ease 2 — 5 diseases in total

Note. AD and AR designate autosomal dominant and autosomal recessive inheritance, respectively.

Four monogenic diseases were associated with 14
genes (ABCCY, ACTC1, ACTN2, CACNAIC, CRYAB,
FKTN, FLNC, LDB3, MYH6, MYO6, MYPN, PTPN1 1,
SDHA, TNNT2), and the number of diseases indicated
in OMIM does not exceed three for the remaining
genes.

From the above list of monogenic diseases for the
CMP genes (Table 1), it is obvious that pathological
manifestations of mutations in these genes are
detected not only in the cardiovascular system, but
also in other organs. In MeSH terminology, genetic
diseases caused by pathogenic variants in the CMP
genes can manifest as symptoms of damage to various
organ systems (Table 2). According to OMIM and
MeSH data, damage to the cardiovascular system
accompanies monogenic diseases caused by 56 CMP
genes, damage to the musculoskeletal system and
connective tissue is caused by 24 CMP genes, skin
and appendages, and metabolic disorders — by 8 genes
each, pathology of the central nervous system is
associated with 6 CMP genes. In addition, endocrine
system disorders, pathology of the kidneys, eyes,
immunity, hearing, and some other disorders were
recorded with mutations in 4 or less genes.

It is worth noting that the “ranking” of CMP genes
by the number of nosologies indicated in OMIM is not
fully consistent with the that in relation to the organ
systems in which such disorders occur. Full accordance
is observed only for the LMNA gene (maximum number
of inherited diseases and the number of affected
systems) and a number of genes with a small number of
monogenic diseases indicated in OMIM (for example,
for the ALPK3, CSRP3, JPH2, LAMA4, CTNNA3
and some others genes, only cardiovascular system
is indicated). Similar estimates were obtained for the
BRAF, CASR, and CAV3 genes, which have a high
“ranking” both in terms of the number of nosologies
and the number of disorders in monogenic diseases of
affected organ systems (Table 1, 2). It is important to
emphasize that the list of disorders presented in MeSH
that are characteristic of monogenic diseases caused by

pathogenic variants in the CMP genes is not complete
and does not take into account all pathological features
that are characteristic of the respective diseases.

The table does not include the MeSH “Immune
System Diseases” category, which is found only for the
NCF1 gene (characterized by Phagocyte bactericidal
dysfunction).

A variety of clinical manifestations in monogenic
diseases caused by pathogenic variants in the CMP
genes is also registered within individual organ
systems (Table 2) [22]. CMP genes dysfunction can
lead to other heart pathologies (various arrhythmias,
heart and vascular defects, etc.). Thus, variants in the
ABCCY9 and SCN54 genes lead to atrial or ventricular
fibrillation. A number of CMP genes (CTNNA3,
DSC2, DSG2, DSP, PKP2, TMEMA43) act as causative
factors for the development of arrhythmogenic
right ventricular dysplasia or arrhythmias among
symptoms, syndromes, and diseases. For example,
tachycardia is caused by SCN54 and CACNAIC in
Brugada syndrome, and by PRKAG?2 gene in Wolff —
Parkinson — White syndrome [22].

According to clinical observations, atrial fibrillation
may represent the initial stage of cardiomyopathy
manifestation (in particular in carriers of pathogenic
/ likely pathogenic variants in CMP genes) [23], and
the phenotype of arrhythmogenic CMP may occur in
other genetically determined cardiomyopathies [24].
However, arrhythmias do not always manifest in
patients with monogenic CMPs even in the presence
of the same pathogenic variant, as was observed,
in particular, in patients with HCM caused by the
p.GIn1233Ter substitution in the MYBPC3 gene [25].

It should be highlighted that out of 62 CMP genes
associated with monogenic diseases according to
OMIM, no diseases manifested by the pathology of
the cardiovascular system are mentioned for 6 genes —
CASR, SCO2, EMD, LAMP2, NCF1, and UQCRC]I.
This indicates that information in the OMIM database
about possible monogenic diseases caused by
pathogenic variants in the CMP genes is incomplete.
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The musculoskeletal system and connective tissue
are the second most frequently affected tissues by the
presence of pathogenic variants in the CMP genes.
Anomalies of the muscles, skeleton, and connective
tissue, muscular dystrophy, myopathies, and some
other disorders were registered for mutations in
24 genes (Table 2). In particular, various forms of
myopathy are caused by mutations in the ACTN2
gene (congenital myopathy with structured cores and
Z-line abnormalities; distal myopathy, type 6, with
adult onset), BAG3 (myofibrillar myopathy, type 6),
etc. [22].

Pathogenic variants in the CMP genes are also
associated with the development of other monogenic
diseases, manifested by pathological changes in the
skin and hair (including restrictive dermopathy, skin
pigmentation disorders, keratosis, woolly hair, etc.),
cancers (melanoma, leukemia and other cancers),
neurological disorders (neurodegenerative changes,
seizures, epilepsy, ataxia, autism, etc.), metabolic
(changes in lipid metabolism, mitochondrial pathology,
storage diseases, etc.) and endocrine disorders
(pathology of the parathyroid gland and adrenal glands)
(Table 2), as well as various syndromes characterized
by a wide range of structural and functional disorders.
At the same time, on the one hand, complex clinical
phenotypes are registered in some types of CMP,
and, on the other hand, cardiomyopathies (or other
myocardial disorders) can act as a symptom of a
genetic disease or syndrome [22].

Thus, DCM caused by pathogenic variants in
the DSP gene is combined with woolly hair and
keratoderma; a left ventricular noncompaction can
be registered in DCM and HCM (in both cases, the
causative variant is localized in the ACTN2 gene).
CMP as a symptom is observed in Barth syndrome
(DCM, neutropenia, proximal myopathy, physical and
motor development delay are registered; the causative
gene is TAFAZZIN); Danon disease (HCM, myopathy,
mental retardation, the causative gene is LAMP2),
LEOPARD syndrome (characterized by myocardial
hypertrophy, multiple lentigines, electrocardiography
conduction abnormalities, hypertelorism, pulmonary
stenosis, abnormal genitalia, growth retardation, and
sensorineural deafness; pathogenic variants of PTPN1 1,
RAF1, BRAF can act as causative genes); Malouf
syndrome (DCM, skeletal anomalies, reproductive
disorders, mental retardation, where the causative
gene is LMNA), Naxos disease (arrhythmogenic right
ventricular dysplasia, palmoplantar keratoderma and
woolly hair, the causative gene is JUP) and others [22].

It is worth noting that damage to other organ systems
is observed in monogenic diseases caused by different
CMP genes. Thus, skin and hair structure disorders were
detected in arrhythmogenic right ventricular dysplasia
(the causative gene is DSC2); cardiofaciocutaneous
syndrome (BRAF); lethal acantholytic epidermolysis
bullosa, striate palmoplantar keratoderma II (DSP
gene), Cantil syndrome (ABCCY gene), restrictive
dermopathy 2 (LMNA gene), etc. Mutations in the CMP
genes can lead to sensory organ damage both as isolated
phenotypes (EYA4, MYO6 cause deafness; CRYAB
causes cataract) and as individual symptoms (mutations
in the GLA, PTPNI11, RAF1, BRAF, FKTN genes) [22].

Cancers are caused by somatic mutations in the
BRAF gene (adenocarcinoma, colorectal cancer,
melanoma, non-small cell lung cancer) and the
PTPNII gene (juvenile myelomonocytic leukemia),
and pathogenic variants in the SDHA gene lead to
paraganglioma 5. In addition, it should be noted that
for syndromes caused by mutations in the CMP genes,
malformations of various organ systems, physical and
mental retardation, and disorders in the reproductive
system are observed [22].

As already noted, the data provided in MeSH on
phenotypic manifestationsinmonogenic diseases caused
by mutations in the CMP genes cannot be considered
complete, and as these patients are described in more
detail, their phenotypic features and, accordingly, the
scope of the genes will be refined. Thus, significant
associations were found between pathogenic variants in
the PTPN11 gene and pulmonary stenosis (both valvular
and supravalvular) and pulmonary valve dysplasia [2].
It has been shown that children and young adults with
Noonan syndrome, who have pathogenic variants in the
PTPN11 gene, despite their slim build, are characterized
by an unfavorable metabolic profile (low level of high-
density lipoproteins, a trend toward higher triglyceride
levels, higher HOMA-IR median, impaired glucose
metabolism according to glucose tolerance test) [17].
Rare cases of early-onset cardiomyopathy associated
with pathogenic variants in the ALPK3 gene (DCM,
HCM, mixed DCM/HCM phenotype with progression
to HCM) combined with craniofacial anomalies have
been described [13].

The spectrum of monogenic diseases caused by
pathogenic variants in CMP genes is expanding.
Thus, based on the expression patterns and study of
protein - protein interaction networks using in silico
tools, the TTN gene is considered as a candidate
for arthrogryposis type 10 (a congenital disease
of the musculoskeletal system manifested by joint
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contractures, muscle underdevelopment, and changes
in the spinal cord) [26].

In general, based on the summarized data on the
phenotypic features of monogenic diseases caused
by pathogenic variants in the CMP genes and taking
into account the functional connectivity of the
proteins encoded by these genes, we can expect the
involvement of CMP genes in normal variability
and formation of predisposition to pathological
conditions of the cardiovascular, musculoskeletal,
nervous, endocrine, and other organ systems. The
traits associated with these organ systems may be
of interest for a more detailed study in patients with
various CMPs, including monogenic forms.

CONCLUSION

Despite the fact that the data are incomplete (due
to the peculiarities of formation of any information
resources), the information above allows to make
several generalizations. Firstly, it is obvious that the
CMP genes are pleiotropic, and pathogenic variants
localized in these genes can lead to disorders in
various organ systems. Secondly, the expression
in various organs and the functional connectivity
of the proteins encoded by CMP genes suggest
the involvement of many genes in determining the
structural and functional features of organ systems for
which changes were registered in the already known
monogenic diseases. Thirdly, monogenic diseases
are caused by pathogenic gene variants with a strong
effect, and, accordingly, monogenic diseases are
characterized by extreme phenotypic manifestations
(even in the case of incomplete penetrance and
expressivity). Therefore, that polymorphic variants
of these genes can make a certain contribution to
the normal variability of traits of the relevant organ
systems and take part in the formation of a polygenic
basis of various disease determinations.

This statement is confirmed by the data of genome-
wide association studies (GWAS), according to which
polymorphic variants of the CMP genes are involved
in the formation of variability not only of parameters
reflecting the functional state of cardiovascular system
(ECG and Echo parameters, blood pressure, etc.), but
also in disorders of various organ systems (endocrine,
urogenital, musculoskeletal, organs of vision and
hearing, etc.), biochemical parameters and blood cell
composition [27]. In our opinion, taking into account the
complexity of genetic determination (from monogenic
to polygenic component), incomplete penetrance
and expressivity of genetic variants, and the possible

modifying effect of various genetic factors on the clinical
presentation of CMP [25, 28, 29], this aspect requires
more detailed consideration.

In addition, the data above also define some
important areas of research that may have significant
clinical relevance in the future. First of all, this
concerns a detailed clinical examination of patients
with a diagnosed genetic disease, which is or may
be caused by CMP genes. The examination should
be comprehensive and not limited to the detailed
characterization of previously described symptoms
and traditionally examined parameters or systems of
organs. So, V. Lodato et al. [3] note that physicians
observing CMP in children “can face the most bizarre
scenarios”. And the diagnostic process requires
knowledge in cardiology, pediatrics, metabolism,
radiology, and genetics (both clinical and molecular)
and personalized management. As such data
accumulate, it will be possible to identify clinically
and prognostically significant traits for CMPs and
other monogenic diseases associated with CMP
genes, as well as markers that may contribute to the
phenotypic manifestation of the pathogenic genetic
variant. A detailed phenotypic description of patients
is important to clarify the effects of rare variants of the
CMP genes detected by molecular genetic testing, as
well as variants of uncertain significance (VUS). This
approach may allow for early identification of risk
groups and manageable triggers that contribute to the
manifestation of pathogenic gene variants.

This study was based on the analysis of CMP
genes. At the same time, it seems appropriate to assess
the scope of the genes of other monogenic diseases,
as well as a to perform a deeper, comprehensive
examination of individuals with an established or
suspected diagnosis of various hereditary diseases.
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Features of the lung microbiota in tuberculosis infection
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ABSTRACT

Normal lung microbiota is a small number of transient microbes; however, respiratory pathology may be associated
with persistent microbial colonization of the lungs. It remains a poorly understood and mysterious part of the
pathogenesis of tuberculosis infection.

The review considers the general pathogenetic mechanisms of the effect of lung microbiota in respiratory pathology
and presents the main methodological difficulties in the study of the lung microbiome. This review is aimed at
analyzing the results of the available studies on diverse microbial composition of human lungs in tuberculosis using
metagenomic sequencing methods. Despite high variability of the presented data, we can conclude that dysbiosis in
tuberculosis is more often characterized by a decrease in bacterial diversity and enrichment of lung microbiota with
anaerobic bacteria. Acinetobacter, Campylobacter, Moraxella, Pseudomonas, Staphylococcus, and Streptococcus,
as well as some other microorganisms are indicated as important pathogenetic factors of dysbiosis in pulmonary
tuberculosis, the role of which is yet to be elucidated.
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0Oco6eHHOCTN MUKPOOMOTbI Nerkux Nnpu Ty6epkKynesHom nHpekunn

Opnosa E.A., Orapkos O.b., KonecHukosa J1.U.

Hayunovui yenmp npobnem 300po6vs cemvu u penpodykyuu venogexa (HL I13CPY)
Poccus, 664003, 2. Upkymck, yn. Tumupszesa, 16

PE3IOME

MuKpoOHOTa JIETKHX MPEICTaBIsIeT cO00il MasTHUK, KOTOPBIH KOJICONETCS MEXAY ABYMSI CTATHYECKUMHU COCTO-
SHUSIMH — OT HEOOJIBILIOr0 KOJMYECTBA TPAH3UTOPHBIX MUKPOOOB B HOPME 10 MOJIelNiel yCTONYMBOH MUKPOOHOH
KOJIOHM3AIIMK TIPY NATOJIOTHH. MUKPOOHOTA JIETKUX OCTACTCS MAIOU3YUCHHON U 3araJloyHON 4acThIO MaTOreHe3a
TyOepKyne3Ho! HHMEKIHH.

B HacTosAIEM 063ope OTPpaXKCHbI 06HII/IC HAaTOTCHECTUYCCKUE MEXAHU3Mbl BJIMAHUS MI/IKpO6I/IOTLI JIETKUX TIpU
pecnnpaTopHoﬁ NaToJIOTUu U NpeACTaBJICHBI OCHOBHBIC METONOJIOTUYECKUE TPYAHOCTU B U3YUYCHHUHU JICTOYHOTO
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MHKpOOHOMa. PaccMOTpeHbI pe3ynbTaThl JOCTYIHBIX HCCICIOBAHUI, MOCBSIICHHBIX H3YYCHHIO OCOOCHHOCTEH
MHKPOOHOTO pa3HooOpa3usi JIETKHX 4YeNOBeKa MpH TyOepKylese ¢ MPUMEHCHHEM METOJ0B METareHOMHOTO
CeKBeHUpOBaHHs. HecMOTPsI Ha BRICOKYIO BapuabenbHOCTh MPEACTABICHHBIX JAHHBIX, AMCONO3 TIPU TyOepKyIie3e
Yale XapaKTepH3yeTCsl CHUKCHHEM OaKTepHaJIbHOTO pa3sHOOOpasds W OOGOralieHHeM JIETOYHOW MHUKPOOHOTHI
aHadpOOHBIMH TIpeACTaBUTENsIMH. Acinetobacter, Campylobacter, Moraxella, Pseudomonas, Staphylococcus
U Streptococcus, a Takxe HEKOTOPbIC IPYrHe MHKPOOPTaHM3MbI YKa3bIBAIOTCS KAK BaKHBIC MATOrCHETHYCCKHE
(akTopsl qUCcOHO3a MPH TYOEPKyJIie3e JIErKUX, POJib KOTOPBIX €lIe MPEICTOUT BBISICHHUT.

KiroueBsble cjioBa: MUKpOOHOTa, MEKPOOHOM, JIETKHE, TyOepKyie3, MeTareHOMHKa

KOHq).]IHKT HHTEPECOB. ABTOpLI JACKIIapUPYHOT OTCYTCTBUEC SABHBIX W NOTCHUUAJIBHBIX KOH(i)JII/IKTOB HUHTEpEC-
COB,CBsA3aHHBIX C Hy6m/11<au1/1e171 HACTOSIICH CTaThU.

Hcrounnk punancupoBanus. PaboTa BEIONIHEHA B paMKax TEMbI TOCyapcTBEHHOTO 3aganust Ne 121022500179-0.

Jns nuruposanmsi: Opnosa E.A., Orapkos O.b., Konecaukosa JI.M. Oco6eHHOCTH MUKPOOUOTBI JISTKUX TIPH TY-
Oepkyne3Hoit nHpekuuu. broatemens cubupcroii meduyunst. 2024;23(1):166—-175. https://doi.org/10.20538/1682-

0363-2024-1-166-175.

INTRODUCTION

Modern approaches, including studies based on
metagenomic sequencing, have confirmedthe existence
of lung microbiota, a community of microorganisms
that colonize lung tissue. It differs from the microbiota
of other biotopes of the human body in its low biomass
and dynamic diversity of composition because the
respiratory tract is a heterogeneous environment with a
low nutrient content and high levels of phospholipids,
antimicrobial peptides, and immune system cells that
prevent microbial colonization [1]. A low bacterial
load in the lungs is physiologically maintained to
ensure efficient gas exchange.

Lung microbiota, along with the microbiota of the
gastrointestinal tract (GIT), significantly contributes
to the development of respiratory diseases and can
thus be considered a pathogenetic factor. In this
case, the balance between microbial immigration and
elimination is disrupted, and the composition of the
lung microbiota varies depending on the pathology.
The most studied changes in lung microbiota are
associated with exacerbation of chronic obstructive
pulmonary disease (COPD) [2], asthma [3], cystic
fibrosis [4], obstructive apnea [5], and pulmonary
infections [6]. Less studied are pulmonary dysbiosis
in HIV [7] and various forms of lung cancer [8].

Although tuberculosis (TB) remains one of the
leading infectious diseases of the lungs, the number
of studies on the lung microbiota in TB remains very
limited, in contrast to changes in the intestinal, skin, and
urogenital microbiomes. Previously, we discovered
saprophytic Bacillus licheniformis and Brevibacillus
spp. in the composition of biofilms when inoculating

sputum from patients with pulmonary TB [9, 10].
Using DNA sequencing, the microbial diversity of
caseous necrosis of surgically excised TB lesions
was studied [11]. In addition, domestic research has
been devoted to the bacteriological analysis of the
bronchial microbiota in patients with TB [12] and the
lung microbiota in mice in a model of experimental
TB [13].

Currently, next-generation sequencing and
metagenomic analysis are the gold standards in
the study of infectious lung diseases and human
microbiota [14-16]. A systematic search identified
20 original studies that examined the composition
and structure of lung microbial diversity in human
TB using metagenomic sequencing. The aim of
this review was to summarize the pathogenetic
mechanisms underlying the influence of respiratory
microbiota on lung health and to analyze the available
studies on human lung microbiota in the context of
pulmonary TB. Special attention is paid to the unique
methodological difficulties that arise when analyzing
the lung microbiome (the genetic component of the
microbiota).

LUNG MICROBIOTA AS A PATHOGENETIC
FACTOR

Currently, the microbiota is considered to be a
factor supporting the immune homeostasis of the
lungs and a participant in the pathological process
in respiratory diseases. The general pattern of the
pathological process in lung diseases is a disruption
of the biocenosis of the lung, which is usually
unfavorable for the proliferation of bacteria. The

Bulletin of Siberian Medicine. 2024; 23 (1): 166-175 167



Orlova E.A., Ogarkov O.B., Kolesnikova L.I.

Features of the lung microbiota in tuberculosis infection

conditions for microbial growth in the lungs radically
change due to the influx of nutrient-rich mucus and
edema, the establishment of oxygen gradients [17],
an increase in the concentration of proinflammatory
molecules that promote bacterial growth [18], and
disruption of local immune defense mechanisms [19].
The lower respiratory tract (trachea and lungs) is not
a homogeneous tissue but consists of regions with
varying oxygen levels, pH, temperature, mucus content,
and immune cell populations. Pathological changes in
the lungs are rarely homogeneous. Much more often,
areas of damaged tissue are formed in which local
inflammation and changes in microenvironmental
conditions occur. In turn, a positive feedback loop is
established between microbiota dysbiosis and lung
disease. Such changes give a differential advantage
in survival to some types of bacteria and impair the
growth of others; therefore, the composition of the
lung microbiota differs in different diseases [20].

Although the Iungs are highly aerated organs,
their microbiota contains species with different
oxygen requirements. Members of the Bacteroidota
(Prevotella and Porphyromonas) and Fusobacteriota
phyla are obligate anaerobes, whereas Bacillota,
Pseudomonadota, and Actinomycetota consist of
both obligate aerobic (Pseudomonas and Neisseria)
and facultative (Streptococcus and Haemophilus) and
obligate anaerobic (Veillonella) genera. A decrease
in oxygen levels in the lungs occurs with irreversible
airway obstruction when the surface area available
for gas exchange decreases by 90 %, which promotes
the growth of anaerobic microorganisms [21]. An
anaerobic or oxygen-depleted microenvironment
that is optimal for the enhanced growth of anaerobic
microorganisms is formed in COPD, emphysema,
pulmonary fibrosis, and caseous necrosis in a TB
focus [22]. During inflammation, the local pH in the
lungs can decrease, which promotes the development
of acidophilic microorganisms, such as Lactobacillus
(phylum Bacillota) infection in COPD. The general
ratio between Bacteroidota and Bacillota changes in
favor of the latter because most Bacteroidota are pH
sensitive and cannot develop in an acidic environment
[20]. Numerous inflammatory =~ metabolites
(catecholamines, inflammatory cytokines), elevated
temperature, and free ATP are also growth factors for
some bacterial species [21].

Healthy airways produce relatively little protective
mucus (about 100 ml per day). To avoid the protective
properties of the mucous layer, some microorganisms
use specific mechanisms, for example, the formation

of biofilms — bacterial populations enclosed in a
secreted polymer matrix, attached to each other and the
biotic surface [23]. Although the growth of biofilms in
healthy lungs remains questionable because of the very
low bacterial load and mucociliary clearance, biofilms
may have pathogenetic significance in many diseases.
In patients with cystic fibrosis, high mucus production
and impaired mucociliary clearance are observed in the
respiratory tract. Its increased production leads to local
foci of anoxia, increased temperature, and promotes
persistent bacterial colonization [21]. For example,
areas with high mucus levels provide an additional
competitive niche for Pseudomonas aeruginosa [24]
and the nontypeable Haemophilus influenzae [25].
This form additionally helps pathogenic bacteria to
become more resistant to antibiotics [23]. However,
according to our observations, modern clinical strains
of Mycobacterium tuberculosis (MTB) in most cases
do not form biofilms in vitro but are capable of
producing them in mixed cultures [9]. Drug resistance
factors or the host environment surrounding the
pathogen may interfere with the production of MTB
biofilms [10].

Thus, lung dysbiosis does not always play the role
of a leading link in the pathogenesis of respiratory
diseases, and cause-and-effect relationships can
be multidirectional depending on the pathology.
General pathogenetic mechanisms of the influence
of microbiota on lung health can be described as an
imbalance between immigration and elimination of
microorganisms, changes in the composition of the
microbiota due to microanatomical differentiation of
biotic and abiotic conditions, and the use of specific
pathogen-associated mechanisms by microorganisms.

LUNG MICROBIOTA IN TUBERCULOSIS

Despite more than a century of studies on MTB,
gaps remain in the understanding of the factors
determining the pathogenesis and clinical outcome
of pulmonary TB. Multidirectional interactions of
immune cells with MTB [26, 27] and probably with
lung commensals [28-30] play an important role.
A systematic search identified 20 studies aimed at
analyzing the characteristics of lung microbiota in
humans with TB using metagenomic sequencing
methods. More than half of them were published in
the previous 3 years and are not included in the latest
available reviews [30, 31]. An analysis of the data
obtained from these studies is briefly presented in
Table. Most studies have been conducted on sputum
samples using 16S rRNA gene amplification and

168 BionneteHb cMbupckoit MeguumHbl. 2024; 23 (1): 166-175



Reviews and lectures

sequencing. Bronchoalveolar lavage (BAL) fluid
was used less frequently, as shotgun metagenomic
sequencing. Thus, the design of the conducted studies
imposes certain limitations on the interpretation of
the data obtained. In some cases, the study results are
highly variable and contradictory.

The works by Z. Cui et al. [32] and F. Valdez-
Palomaresetal.[33]showedthatactive TBisassociated
with higher taxonomic diversity in lung microbiota. On
the contrary, most other studies report a decrease [34—
39] or an insignificant change [40—43]. Many studies
have found differences in the relative abundance of
taxa between patients with TB and controls, sometimes
down to the species level. Although it is difficult to
compare the general view between different studies,
several studies have shown that in TB patients,
the microbiota is enriched in members of the phyla
Actinomycetota (presumably due to the detection of
MTB) [37, 43] and Pseudomonadota [35, 40, 43], the
family Bacillaceae [36, 44], the genera Acinetobacter
[39, 44], Campylobacter |45, 46], Moraxella [33, 44],
Pseudomonas [34, 39], and the species Staphylococcus
aureus [38, 47]. Regarding the occurrence of the
phyla Bacteroidota [37, 40] and Bacillota [35, 37], the
genera Rothia [42, 44] and Streptococcus [35, 41, 48],
controversial results that are directly opposite to each
other have been obtained. Many other microorganisms,
such as Cupriavidus, Porphyromonas, Neisseria,
Haemophilus, Selenomonas, and Fusobacterium,
have been considered by various authors to be likely
important pathogenetic factors in TB infection.

The enrichment of the pulmonary microbiota

with  anaerobes  (Prevotella, = Campylobacter,
Staphylococcus, Streptococcus, Selenomonas,
Fusobacterium, Porphyromonas) and the

accumulation of various metabolites of anaerobic
fermentation in the lungs observed in TB are
associated with changes in pulmonary immunity and
the progression of TB infection. Thus, an increase in
the proportion of Prevotella in the lungs correlates
with the concentrations of short-chain fatty acids
(propionate and butyrate) [52]. These compounds
suppress the production of interferon (IFN)y and
interleukin (IL)-17A in response to stimulation of
peripheral human blood mononuclear cells by MTB
antigens. This immunological effect increases the
susceptibility of HIV-infected patients to TB and
possibly contributes to the progression of latent TB to
active disease. Elevated pulmonary short-chain fatty
acid levels are also associated with Treg cell induction
[53]. Their population increases significantly in the

blood of patients with active TB and suppresses the
production of IFNy [54] and proliferation of MTB-
specific effector T cells [55].

Anti-tuberculosis treatment is long-term (at least
six months) and includes a combination of narrow-
and broad-spectrum anti-tuberculosis drugs. Long-
term antibiotic treatment is considered to have
deleterious effects on the structure and composition
of microbial communities coexisting in the host. Only
one of the analyzed studies did not confirm the effect
of anti-tuberculosis drugs on the lung microbiota
[50]. Other studies have shown a significant decrease
in microbial diversity during treatment with anti-
tuberculosis drugs [43, 51]. G. Xiao et al. demonstrated
a differential effect of treatment on the composition
of the lung microbial community with decreased
abundances of S. aureus, Pasteurella multocida,
E. coli, and N. gonorrhoeae and an increase in the
number of Prevotella melaninogenica, P. jejuni,
Ralstonia pickettii, Neisseria subflava, and Prevotella
intermedia [38].

Some studies have noted low relative abundance of
mycobacteria (the percentage of single reads from the
total metagenome) [36, 40]. We also obtained a similar
result during a pilot study of the microbial diversity
of caseous necrosis in several tuberculomas [11]. In
addition, Y. Hu et al. showed that there are differences
in lung bacterial communities between smear-positive
(MTB") and smear-negative TB patients (MTB") [37].
Such changes in the satellite microbiota of the lung
appear to play a significant role in the pathophysiology
of TB, which remains to be elucidated.

LIMITATIONS IN LUNG MICROBIOME
STUDIES

It must be emphasized that researchers of lung
microbiome (both normal and pathological) are faced
with methodological difficulties unique to this niche.
Almost all studies on lung microbiota have focused
on sputum or BAL fluid samples, and there are
significant technical difficulties in collecting samples
from the lower respiratory tract. Although some
studies have generally found minimal contamination
of bronchoscopy specimens with upper respiratory
tract microbiota [56], others have demonstrated
that specimens may be significantly contaminated
with nasopharyngeal bacteria [57]. This imposes
significant limitations in differentiating the microbiota
of the lungs from that of the upper respiratory tract.
Invasive methods, such as open lung biopsy, allow
one to obtain more reliable material for research [11,
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58, 59] but are almost always difficult to access. In
this way, unaffected areas of the lungs from patients
with various forms of cancer obtained during surgical
operations were studied as healthy tissue [58], but even
these samples can be considered as ‘“‘conditionally
healthy”, since patients before surgery received potent
immunosuppressive and antibacterial therapy, which
can influence the lung microbiota of patients [60].

It is also worth noting that the extremely low
bacterial load in healthy lungs leads to a suboptimal
signal-to-noise ratio [61], and methods for subtracting
the noise component have not yet been standardized
and differ between studies. Noise refers to the signal
from bacterial DNA, which is the background in
endoscopic and surgical sterile equipment, in solutions
for nucleic acid extraction, etc. [62]. Specimens with
low absolute abundance of bacterial DNA are subject
to some degree of stochastic results, named sequencing
stochasticity [63].

In shotgun metagenome studies, human DNA is
also sequenced; therefore, in respiratory samples with
low microbial biomass, the vast majority of sequenced
reads are from human genomic DNA [64]. Although
16S rRNA gene sequencing allows for the analysis
of taxonomic composition to the species level in
some cases [65], the underlying DNA amplification
also limits the general view of the microbiome to
taxa with inherently high abundances. In addition,
the cell walls of some microorganisms (for example,
mycobacteria, fungi, capsular forms of bacteria) are
resistant to standard DNA extraction techniques [66].
For these reasons, Y. Hu et al. considered that the
16S approach is not the best way to study the TB-
associated microbiome, since it is associated with
technical limitations in amplification and sequencing
of mycobacterial 16S rRNA gene [37].

Lung biogeography — microanatomical differences
inmicrobial diversity —can be a source of bias in studies
depending on the method of BAL collection (invasive
or noninvasive) and the location of collection. The
studies conducted contain controversial results [56,
67]. Based on this, when planning an experiment,
careful selection of conditions for all stages of sample
preparation of biological material and special caution
when interpreting the results are required.

CONCLUSION

Metagenomics is becoming an increasingly
actively used approach for studying the characteristics
of the pathogenesis and diagnosis of respiratory
diseases. Although the study of the lung microbiome

was not initially included in the Human Microbiome
Project, sufficient evidence has accumulated over
the past 10 years indicating the involvement of a
dynamic oligobacterial community of the lung in
the pathogenesis of TB. However, differences in the
study groups, types of clinical samples, and analysis
methods still do not allow to definitely conclude about
changes in the composition and structure of the lung
microbiota during the disease. Each study makes a
trade-off between the sensitivity and specificity of the
applied methods. More systematic and detailed work,
for example, combining metagenomics with in vitro
cultivation and phenotyping of microorganisms, will
likely reveal the complex interactions between MTB
and the satellite microbiota of the lung and will also
help to determine the specific changes that affect the
prognosis of patients with TB.
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300 JIET POCCUUCKOU AKALEMUU HAYK

Mpa3aHuYHbIA Bevep, nocBsiweHHbIn 300-netuo Poccuinckon akapeMum
HayK, cocTtosincs B locypapctBeHHoM KpemnesckoM paBopue 8 ¢depans
2024 ropa. CobbiTe cobpano BegyLMX y4yeHbiX cTpaHbl. OTeyeCTBEeHHbIX
uccnepoBatenen nosgpaBunum c buneem npesumpeHt Poccun Bnagumup
Bnapumuposuu MytuH n npesnaeHT PAH NeHHaauin ikoBneBuy KpacHukoB.

B xome oduumanbHOM YacTu npasgHUMKa COCTOASIOChH BpPyYeHUe rocyfapCTBEHHbIX Harpag,
Bbl4aloLLMMCS akageMnkam v npeMuin npesnpeHTa B 061acTi Hayky M MIHHOBaL M NS MOMOAbIX
yyeHblx. Beuep npogomkunca MacwtabHbiM NpasgHUYHbIM KOHLLEPTOM, 0TPa3vBLUMM UCTOPULO
pa3BuTua Poccninckon akageMmm Hayk U 0TeYeCTBEHHOM KyNbTypbl B My3blKe, TaHLax, banete u
KOCTIOMUPOBAHHbIX MOCTaHOBKAX.

[pe3npeHT cTpaHbl Nepeyncnna BaxKHelLwme nnaHupyemMble npeobpa3oBaHns B gesaTesb-
HocTn Poccuiickon akagemum Hayk. B nepsyto ovepegb PAH pgomkHa akTMBHO y4yacTBOBaTh B
NPUHATUM KITHOYEBbIX FOCYAapPCTBEHHbIX PELUEHNI — MMEHHO C 3TOW LLeNbto ee rnaBa 6bi1 BKt0-
yeH B CoBeT be3sonacHocTn Poccuinckon @epepaunn. MnaHnpyertcs, 4To akageMus Hayk bypet
NPOBOAUTL 3KCMEPTU3Y 3HAYMUMbIX HAYUYHO-TEXHOJIOTMYECKUX MPOEKTOB CTPaHbl, @ TAKXKe LUKOJIb-
HbIX 1 BY30BCKMX Y4ebHMKOB.

B.B. lytuH otmeTnn, yto Poccuiickon akagemuu Hayk bydeT oTBefeHa BefyLias pofib B
nccnepoBaTenbCkMX MporpaMMax Mo Kiato4eBbiM HampaBieHUAM, TaKMM Kak KOCMOC, MUKPO3-
JIeKTPOHMKa, KBaHTOBbIe 1 BroTexHonormu, reHetuka. [NomMumo storo, Ha PAH Bo3naraetcs oT-
BETCTBEHHOCTb 3a LesTeNbHOCTb Bhicllen aTTecTallMOHHOM KOMUCCUU U ANCCEPTALMOHHbIX CO-
BeToB. [1pe3unpeHT fobasun, 4yto ANa peannsaymm obLmx Lenen akageMmm LOKHbI CIJI0YEHHO
paboTaTb Bce pervoHanbHble oTaeneHns u LueHTpol PAH. Ewe ogHo BaxkHoe npeobpa3oBaHne —
yBeNMYeHVEe Ponun akafeMumn Hayk B npoBefeHnn dyHaaMeHTanbHbIX nccnenosaHuin. B coctas
Poccuitickon akageMumm HayK LOSKHbI BOMTU Poccninckmnin LLeHTp Hay4YHOW MHPOpMaLLIMK 1 n3ana-
TenbcTBO «Hayka», ocHoBaHHoe B 1727 . «OTMeuy, 4To 061K 06beM rocpacxofoB Ha HayYHble
nccnefoBaHMa M paspaboTky rpakAaHCKOro Ha3HavyeHus B bnuxkarllve Tpu roga npesbIiCUT
nonTopa TpuaanoHa pybnei», — 3aasun B.B. NyTuH.




ulletin.ssmu.ru

ISSN PRINT: 16820363 1SSN ONLINE: 1819-3684 | Efﬁir::?;.";:;(:f e = bulletin ENG | PYC
BronneteHb cMbupckoit MeaULMHBI

Q PaciumpeHHblid nouck
NABHAS OMYPHANE  MOMKABMHET | MOMCK  |CBEXWAHOMEP|  APXMB HOBOCTH zom:u

Hay4HO-NpaKTHYECKHii peLieH3HpyeMbii ORI i

TlpaBHAa AAA ABTOPOB

BULLETIN OF SEERAN NEROHE

CHEMpPCKOM PepAaKIHOHHAA KOAAETHA
PeneHzHpoBanHe

meanumHbl/Bulletin of Siberian Medicine» 5 erynapHboiM STHKa OyOAHKaIHi
THBIM M3[aH
MCCNIefoBaHMA, ¢
1eULMHCKHX T
1HOW MELMLMHCK

A U MHHOBAUMOHHAA ¢‘d

IGLER

AUMOHHAA MeanUn

NOAHAET Wrp!

MEONUMHCKY

Global (5 | Google

= || PTB

|Scopus NN

5

ISSN 1682-0363 (print)

ISSN 1819-3684 (online)

BIOJIIETEHb CMBUPCKOW MEAULINHDI
2024.T.23.N2 1.1-175



