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ABSTRACT

Background. Colorectal cancer is ranked third in terms of incidence and second in terms of mortality around the
world. Molecular markers of chemoresistance allow to determine the prognosis of the disease and sensitivity of the
tumor to drugs.

Aim. To assess the predictive value of expression of regulators of tumor-associated inflammation TGFbl and
CXCLS in the tumor tissue in colorectal cancer.

Materials and methods. Patients were divided into 3 groups: group I included patients without relapse of the disease,
group II encompassed patients with relapse of the disease (within 6—16 months after the end of chemotherapy),
group III included patients with disease progression. Expression of TGFbl and CXCLS8 in the tumor tissue
before treatment in patients with stage II-1II colorectal cancer (n = 77) was determined using quantitative real-
time polymerase chain reaction (PCR) on the Bio-Rad CFX-96 Touch Real-Time PCR Detection System (USA).
Statistical data processing was performed using Statistica 13.0 software (StatSoft, USA).

Results. We found that in samples of poorly differentiated colorectal cancer, the level of TGFb and CXCL8 mRNA
was significantly higher than in moderately and well differentiated tumors. We did not reveal any relationship of
the level of TGFb1 and CXCLS transcripts in tumor samples of patients with stage II-III colorectal cancer with age
and the presence of mutations in the EGFR (Epidermal Growth Factor Receptor) signaling pathway (RAS, BRAF).
We found a strong positive correlation between the levels of TGFb1 and CXCLS transcripts for the entire sample
of patients with colorectal cancer. We have found that the expression of TGFbI and CXCLS genes was significantly
higher in the tumor tissue of patients with disease progression.

Conclusion. Overexpression of 7GFbI and CXCLS, which are involved in the mechanism of tumor-associated
inflammation, can be considered as a negative prognostic factor for the progression-free interval when using the
FOLFOX / XELOX regimen for the treatment of colorectal cancer.
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PE3IOME

Konopexranbueiii pak (KPP) mo 3a6oneBaemocTr B Mupe HaXOAUTCS Ha 3-M MECTE M Ha 2-M — 110 CMEPTHOCTH.
Moseky sipHbIe MapKepbl XHMHOPE3UCTEHTHOCTH ITO3BOJIAT ONPEAIIATH IPOTHO3 3a00JI€BaHMs U Uy BCTBHUTEIBHOCTD
OITYXOJIU K JICKAPCTBEHHBIM IIperaparam.

Heas. OneHnTs NPEUKTHUBHYIO 3HAUUMOCTB dKcnpeccun paxropoB TGEbl u CXCLS — perynsTopoB OIyXoib-
aCCOLMUPOBAHHOIO BOCHAJICHUs B OILyXxoJieBoi Tkanu npu KPP.

Matrepuajbl 1 MeToAbl. IlanueHTs! ObUIM pa3zeneHsl Ha Tpu rpynmbl: I — 6e3 penuanea, I — ¢ peunnusom (B
TeyeHue 6—16 mec mocie okoH4YaHus xumuorepanuu), III — ¢ mporpeccupoBaHueM 3abosieBaHUs. DKCIPECCUIO
TGFb1 u CXCL8 B ommyxoneBoii TkaHu 10 Havyana ieueHus nanueHToB ¢ KPP wa [I-111 craguu (n = 77) onpeaensiin
C UCIOJIb30BaHNEM KOJIMYECTBEHHOI MOJIMMEPa3HOil IEMHOM peaklny B peaJbHOM BPEMEHH Ha aMIuindukarope
CFX-96 BioRad (CILIA). Cratuctudeckasi 00pabOTKa JaHHBIX BBIIOJHEHA C HCIIOJIb30BAHHEM IMPOTPAMMHOTO
obecrieuenus Statistica 13.0 (StatSoft, CLLIA).

Pe3yabTathl. B o6pasunax auskoauddepenmpoBannsix omyxosnei mpu KPP yposens MPHK TGFb u CXCLS 6b11
CYIIECTBEHHO BBIIIE, YEM B OIYXOJEBBIX 00pa3Iax ¢ YMEPEHHOH U BBICOKOH (D HepeHIIMPOBKON. 3aBUCHMOCTH
ypoBus TpanckpuntoB TGFbl u CXCLS B 0o6pasuax omyxonu y narueHToB Ha [I-III craguu KPP ot Bo3pacta u
nanmynst Mmytauuii EGFR (Epidermal Growth Factor Receptor) curnansnoro mytu (RAS, BRAF) He BbIsiBIICHO.
VcTaHOBIIGHA TIOJOKHMTENbHAS CHJIbHAS KOPPEIALMOHHAS CBA3b MEXIy ypoBHsAMH TpanckpuntoB TGFbl u
CXCLS8 s Beeii Beroopku nanuenToB ¢ KPP. Okenpeccus renoB 7GFb1 u CXCLS 3Ha4MMO BBILIE B OIyXOJIEBOM
TKaHU MAILMEHTOB C POrPECCHPOBAHNUEM 3a00JIEBAHMS.

3akmouenne. ['nnepakcnpeccust TGFbl u CXCLS, y4acTBYIOIIMX B MEXaHH3ME OITyXOJIb-aCCOLMHPOBAHHOTO
BOCHAJICHHS, MOXKET PAcCMaTPUBATBHCS KaK HEraTHBHBIA (akTop MporHo3a BpeMeHH 0e3 MpOrpecCHpoBaHUs IPH
ucnonb3oBannu cxeMbl FOLFOX/XELOX neueHus: KOJOPEKTAILHOTO paKa.

KuiroueBnble cioBa: konopektansHblii pak, TGFbl, CXCL8, EGFR, omyxomneBas mporpeccus

Kondaukr unrepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIMIEH CTaThu.

Hcrounuk ¢puHAHCHPOBAaHUSA. ABTOPBI 3asBIAIOT 00 OTCYTCTBMH (PMHAHCHUPOBAHMS TPU NPOBEACHUH MCCIIEIO-
BaHUSL.

CooTBeTcTBHE MPUHIOUNAM THKH. VccienoBaHue o00pEeHO ITHYECKMM KOMHTETOM VHCTHTYTa MEIULINHEL,
9KOJIOTHH H (u3ndeckoil KyabpTypsl Yal'yY (mporokoa Ne 9 ot 15.09.2014).

[ nurupoBanusi: boromonosa M.A., Honrosa [I.P., AuroneeBa M.U., Abakymosa T.B., Maraguesa U.P.,
IMeckoB A.B., I'ennnr T.II. [NpenuxruBnas 3Haunmocts peryisitopoB Bocnanenust TGFbl u CXCL8 B omyxo-
JICBOM TKaHW MPH KOJIOPEKTAIbHOM pake. bromnemens cubupckoii meduyunsl. 2023;22(1):7-13. https:/doi.
org/10.20538/1682-0363-2023-1-7-13.
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INTRODUCTION

Colorectal cancer (CRC) is a malignant tumor that
develops in the colonic and rectal mucosa. CRC is
ranked third in terms of incidence and second in terms
of mortality around the world [1]. Molecular markers
of chemoresistance can be used for early diagnosis of
CRC, assessment of patient prognosis, and prediction
of tumor sensitivity to chemotherapy. In ordinary cells,
transforming growth factor beta 1 (TGFb1) stimulates
production of collagen and fibronectin, reducing
secretion of enzymes that are responsible for degrading
the extracellular matrix [2]. At different stages of
malignant transformation in colonic epithelial cells,
TGFbl acts both as a suppressor and a promoter of
tumor growth [3]. TGFDb1 is involved in inhibition of
cell proliferation, induces apoptosis and angiogenesis,
and has immunosuppressive effects [4-7]. Previous
studies have shown a relationship between a high level
of TGFD1 in the blood serum in patients with CRC and
a poor disease prognosis [8]. TGFb1 is also involved in
the epithelial — mesenchymal transition (EMT) [9-11].

It has been shown that CRC cells can produce
interleukin (IL)-8 (IL-8 / CXCLS8), which mediates
neutrophil chemotaxis [12]. Activated neutrophils
secrete CXCLS8, which can interrupt the apoptotic
effect of Bcl-2, prolong the presence of neutrophils
in the tumor stroma, and block the anti-inflammatory
effect of factors [13, 14]. CXCLS is also involved in
tumor vascularization [15].

Due to conflicting literature data on the role of
inflammatory mediators in carcinogenesis, the aim of
the study was to assess the predictive value of TGFb1
and CXCLS expression in the tumor tissue in CRC.

MATERIALS AND METHODS

A retrospective study was carried out at Ulyanovsk
Regional Clinical Oncology Center and Research Medi-
cal and Biological Center of Ulyanovsk State University
from 2014 to 2020. The study protocol was approved
by the Ethics Committee at the Institute of Medicine,
Ecology, and Physical Education of Ulyanovsk State
University (Protocol No. 9 of 15.09.2014).

Detailed characteristics of patients are given in
Table 1.

Table 1

Characteristics of patients with colorectal cancer included
in the study, n =77

Parameter Number of patients ‘
Gender:
—male; 42
— female 35

Table (continued)

Parameter Number of patients ‘

Age, years:

—25-44 9

—45-59 40

—60-75 28
Stage of the disease:

-1I 16

—1II; 37

-1v 24

Assessment of regional lymph node
metastasis (N):

—NO; 34

—NI1; 44

-N2 16
Degree of tumor differentiation:

— poorly differentiated; 7

— moderately differentiated,; 44

— well differentiated 26
Tumor location (side):

— left-sided 59

right-sided 18

The presence of mutations in the EGFR
signaling pathway:

—nRAS; 5
—kRAS; 21
— BRAF; 5
— undefined 12
Family history of the disease:
—yes; 12
—no; 49
— undefined 16
Polychemotherapy according to the
FOLFOX / XELOX regimen:
—adjuvant; 53
— palliative 24

Assessment of prevalence of stage 11-I11
primary tumor:

-T, 3
- T, 34
- T4a 9
-T 7

Presence of negative prognostic factors
(stage II-11I tumors):
—yes 23
—1no 30

Treatment efficacy was evaluated every 2 months
(after 4 courses of FOLFOX / 2 courses of XELOX),
as well as after completion of all chemotherapy
courses. The examination plan included: complete
blood count and blood biochemistry, urinalysis,
assessment of serum carcinoembryonic antigen
(CEA) and carbohydrate antigen (CA 19-9) levels,
chest radiography in two projections, abdominal,
pelvic, and retroperitoneal ultrasound, and endoscopic
methods (fiberoptic colonoscopy, if indicated). In case
of doubtful results of standard examination methods,
contrast-enhanced multislice computed tomography
(MSCT) or magnetic resonance imaging (MRI)
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of the chest, abdomen, and pelvis was performed.
At the end of treatment, patients were followed up
by an oncologist, with periodic health checkups in
accordance with standard WHO guidelines.

Depending on the response to FOLFOX /
XELOX chemotherapy regimens, the patients were
divided into 3 groups: group I included patients
without relapse of the disease (more than 3 years after
the end of chemotherapy), group II encompassed
patients with relapse of the disease (within 616
months after the end of chemotherapy), group III
included patients with disease progression during
chemotherapy.

A molecular genetic study of formalin-fixed
paraffin-embedded (FFPE) tumor samples by
polymerase chain reaction (PCR) was performed in
the following way. Histological sections of tumors
containing at least 80% of cancer cells were used as
biomaterial for the study. Sections of tissue blocks
obtained from resection margins of the same tumors
were taken as a conditional norm. DNA / RNA was
isolated from FFPE blocks from 10-15 pm-thick
tumor sections (with a total area of at least 2 cm?) using
SileksMagNA magnetic particles (Kit KIRFFPE0100,
Sileks LLC, Moscow, Russia).

Using the QuantumDNA-211 kit, the concentration
of DNA isolated from paraffin-embedded colorectal
tissue and suitable for amplification was determined,
and the presence of PCR inhibitors in the sample
was identified. In 92% of cases, the samples did
not contain PCR inhibitors and had a concentration
of DNA fragments suitable for PCR. Furthermore,
using the Insider NRAS-3 and Insider KRAS-2
Mutation Detection Kits (StepOne Plus, Evrogen Lab,
Moscow, Russia), the presence of RAS mutations
was determined. To analyze mutations in the BRAF
(V600OE) gene in tumor DNA samples, the kit
manufactured by Syntol (Moscow, Russia) was used.
For the transcript analysis, a reverse transcription PCR
was performed immediately after the isolation. Then
quantitative real-time PCR was performed in triplets
on the Bio-Rad CFX-96 Touch Real-Time PCR
Detection System (USA) using the DNA intercalating
dye SYBR. Primer sequences synthesized at Evrogen
Lab are given in Table 2. The GAPDH gene was used
as a housekeeping gene. Normalized expression of
target genes with respect to the housekeeping gene
was calculated using the Bio-Rad CFX Manager
Software [16].

Statistical data processing was performed using
Statistica 13.0 (StatSoft, USA). Non-normally

distributed variables were compared using the
nonparametric Mann — Whitney test and the Pearson’s
correlation coefficient. To analyze regression for
overall and relapse-free survival, the Cox regression
model and the Kaplan — Meier analysis were used. The
data were presented as the median and the interquartile

range Me (Q,—0,).

Table 2
Primer sequences in the studied genes [17]
Studied Primer annealing
Sequence o
gene temperature, °C
F5’-CGA CTC GCC AGA GTG
GTT AT -3’
TGFbI R5-AGT GAA CCC GTT GAT 39
GTC CA-3’
F5’-CTC CAAACC TTT CCA
ccece-y
CXCL8 R5’-GAT TCT TGG ATA CCA 60
CAG AGAATG - 3
F5’-GCA CCG TCAAGG CTG
AGAAC-3
GAPDH R5”-TGG TGA AGA CGC CAG 39
TGGA-3
RESULTS

Following our studies, we found that the level of
TGFbl mRNA in the tumor in patients with stage
II-IIT CRC did not depend on patient’s age and the
presence of mutations in the EGFR signaling pathway
(RAS, BRAF). Pronounced differences in the levels
of TGFbl mRNA in CRC were detected in poorly
differentiated tumors (Table 3).

A strong positive correlation was found between
the levels of TGFbl and CXCLS transcripts in all
CRC samples ( = 0.730; Rho = 0.852; p = 0.00001)

(Fig. 1).
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=
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Fig. 1. Scatterplot (Pearson’s correlation coefficient) of TGFbl
and CXCL8 mRNA values in the tumor in CRC patients

10 BionneteHb cMbupckom megmuuHbl. 2023; 22 (1): 7-13



Original articles

Table 3

Transcript level in 7TGFb1 and CXCL8 genes in FFPE colorectal cancer samples, Me (0,-0Q,)

Parameter

Normalized expression of TGFb1
in colorectal cancer samples

Normalized expression of CXCLS
in colorectal cancer samples

Patient’s age:
— over 55 years;
—under 55 years

1.845 (0.910-3.906)
2.702 (0.895-4.145)
»=0.690

1.968 (1.127-5.114)
2.210 (1.549-4.997)
»=0.560

CRC stage:
-1I
—1I

2.558 (1.427-7.167)
1.490 (0.867-3.769)
p=0.114

2.446 (1.469-5.348)
2.212 (1.320-5.657)
p=0819

Degree of tumor differentiation:

— poorly differentiated;
— moderately differentiated;
— well differentiated

7.168 (4.120-12.553)
2.568 (1.856-6.345)
1.427 (0.809-2.628)

p,=0.035,p,=0.023

8.770 (1.127-15.114)
2.262 (1.454-6.872)
1.408 (0.849-2.997)
p,=0.004, p,=0.012

The presence of mutations in the EGFR signaling

pathway (RAS, BRAF):
—yes;
—1no

1.630 (0.840-3.843)
2.578 (1.12-4.411)
p=0.371

1.597 (1.107-3.224)
2.822 (1.647-5.294)
p=0.246

Note: the nonparametric Mann — Whitney test was used; the differences between two independent groups were assessed; the differences were

statistically significant at p < 0.05.

It was found that the expression of TGFb1 in the
tumor differed significantly in groups of patients with
CRC, depending on the tumor response to standard
chemotherapy. In the group of patients with disease
progression during chemotherapy, the levels of TGFb1
mRNA were higher than in the group of CRC patients
with relapse of the disease (within 6—16 months after
the end of chemotherapy — group II) and the group
of patients without relapse of the disease (for more
than 2 years) — group I (p,= 0.009; p,= 0.0007). A
similar trend was observed when the level of CXCLS8
mRNA was analyzed (Fig. 2). Overexpression of
CXCLS8 in CRC was observed in the group of patients
with disease progression (group III) (p, = 0.0008;

p,=0.001).
b 5563 5.630
2208
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Fig. 2. TGFbl and CXCLS transcript levels in tumors of CRC
patients depending on the tumor response to chemotherapy:

* data are significantly different from those in group III
(p=<0.05)

The Cox regression analysis showed that the
progression-free survival depended on the expression
of TGFbl in the primary tumor (y2 = 8.158; p =
0.0043). The Kaplan — Meier analysis of relapse-free
survival (PFS) in CRC patients also showed the effect
of TGFbl expression on PFS. In the group of
patients with tumor TGFbI expression of more
than 2 (group I), the follow-up median was 11.3
months versus 62.9 months (group 0) (log-rank-test,
p=0.041) (Fig. 3).
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Fig. 3. Progression-free survival curve in CRC patients
depending on the expression of TGFb1 in the tumor

DISCUSSION

Ambiguous functioning of TGFbl in malignant
transformation and tumor progression may be explained
by the fact that, besides the two main pathways in
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which TGFb is involved [18], the cytokine contributes
to a number of signaling cascades, which are linked
through activation of TGFb-EGFR proteins [19,
20]. During CRC progression, mutation-associated
inactivation of the TGFb1 signaling pathway occurs.
TGFbl is believed to inhibit tumor growth in the
intestine due to inactivation of TGF beta receptors
(TGFb-R1 and R2) or intracellular SMADs (SMAD 2/
3/4)[21]. Cells that lack signals from TGFb1 increase
production of proinflammatory cytokines and thereby
cause transformation of colonic epithelium [22, 23].

Our data on the increase in TGFbl mRNA
expression in group III with a decrease in tumor
differentiation confirm the results of studies by A.
Calon et al. (2012) on more frequent cancer relapses,
advanced cancer stage at diagnosis, and reduced
survival of patients with colon cancer [24]. The loss of
the ability to suppress tumor growth (group III), which
accompanies TGFb1 overexpression, determines cell
selection for survival in CRC. In turn, secretion of
chemokines in the tumor activates immune infiltration
in the tissue and promotes migration of cancer cells to
the vessels, accelerating angiogenesis. The observed
coexpression of TGFbl and CXCLS genes in the
CRC samples may indicate a relationship between
the factors involved in the control over proliferation
(TGFb1) and proinflammatory microenvironment, in
particular CXCLS, during progression of CRC [24].
A shorter relapse-free interval during chemotherapy
in patients with overexpression of TGFbI and CXCLS
can be explained by the fact that TGFbl protects
cancer cells from apoptosis by activating the ErK
signaling pathway [25].

Therefore, we found significant differences in
the levels of TGFbl and CXCL8 expression in the
tumor tissue of CRC patients depending on the tumor
response to chemotherapy, tumor differentiation, and
the duration of the progression-free interval during
FOLFOX / XELOX chemotherapy.

CONCLUSION

Overexpression of TGFbl and CXCLS, which
are involved in activating the mechanisms of tumor-
associated inflammation, can be considered as a
negative prognostic factor for progression-free
survival using the FOLFOX / XELOX treatment
regimen for CRC.
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ABSTRACT

Aim. To assess the effect of an indolinone derivative (2-[2-[(SRS)-5-(hydroxymethyl)-3-methyl-1,3-oxazolidine-2-
yliden]-2-cyanoethylidene]-1H-indole-3(2H)-one (codename — GRS) on right ventricular contractility, endothelial
vasodilator function, and histologic changes in the lungs and heart in a rat model of monocrotaline-induced
pulmonary hypertension.

Materials and methods. Pulmonary arterial hypertension (PAH) was induced in Wistar rats by a single
subcutaneous administration of monocrotaline at a dose of 60 mg / kg. Starting from day 15 after PAH induction,
the rats received either GRS at a dose of 10 mg / kg or riociguat at a dose of 1 mg / kg orally once a day. Blood
pressure in the right ventricle, right ventricular weight, endothelial vasodilator function, and the histologic structure
of the lungs and heart were studied after the last administration of test substances.

Results. Twenty-eight days after monocrotaline administration, the rats developed PAH, as shown by the increase
in the maximal blood pressure in the right ventricle and the right ventricular weight / total heart weight ratio. GRS
after multiple administration reduced the maximal blood pressure in the right ventricle, had no significant effect
on its contractility, improved endothelial vasodilator function, and normalized blood pressure. Riociguat had a
hypotensive effect and did not alleviate endothelial dysfunction in experimental PAH.

Conclusion. The indolinone derivative GRS and riociguat, both soluble guanylate cyclase stimulators, lowered
blood pressure in the right ventricle. GRS also alleviated endothelial dysfunction in animals with experimental PAH.

Keywords: pulmonary arterial hypertension model, soluble guanylate cyclase stimulators, indolinone derivative
GRS, riociguat
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PE3IOME

Henws nccnenoBanus — n3yunth Bausaue GRS Ha cokpaTuTenbHyr0 aKTUBHOCTH MPABOTO KETyJ0YKa CEpAla,
Ba30MJIATHPYIONLYIO (DYHKIMIO SHAOTEINS M THCTOJOTMYECKME M3MEHEHHs B JIETKMX M CepJie Ha MOJENH
JIETOYHOH T'MIEePTEeH31H, BBI3BAaHHOI BBEIEHHEM MOHOKPOTAINHA Y KPBIC.

MartepuaJbl 1 MeTOABI. Y caMIIOB KpbIC JIMHUH Wistar BOCTIPOU3BOIUIIH JIETOUHYIO apTEPUATBHYIO TUIICPTCH3UIO
(JIAT') omHOKpaTHBIM HMOAKOKHBIM BBEJCHHEM MOHOKpoTaiuHa B jo3e 60 mr/kr. Haumnas c¢ 15-x cyt mocie
moaenupoBanusi JIAT kpeicam B TeueHue 14 cyT BBomwiM B xenyaok coeauHerne GRS B nosze 10 mr/kr wiu
puorryat B mo3e 1 wmr/kr. Ilocie mocieaHero BBEICHHS BCIICCTB HM3MEPSUIM JABICHUE KPOBH B IMPABOM
KEIyI0UKe Cep/Iiia, MacCy MPaBoro eIy 10uKa, OICHUBAIN Ba30JUIATUPYIOILYEO (DYHKIIHEO SHIAOTEIHS U U3ydalld
TCUCTOJIOTUYECKOE CTPOCHHUE JIETKUX U Cep/Lia.

PesyabTatnl. Uepes 28 cyT nocie BBe€HUS MOHOKPOTAIMHA Yy KPbIC pa3BuBajach Mojeib JIAL: mosbimamuch
MaKCHMaJbHOE JIaBJICHHE KPOBH B IIPABOM JKEJTyJJOUKE CEep/Illa M OTHOLIEHHE MaCChl CTeHKU IPAaBOTO XKEeTy09Ka
k Macce cepana. Coenurenne GRS npn KkypcoBoM BBEJJGHIH YMEHBIIAIO MAaKCHMAIILHOE JaBJICHHE KPOBH B Tpa-
BOM JKEITyI0UKe Cep/ia, He OKa3bIBAJIO CTATHCTHIECKH 3HAYMMOTO BIMSIHUS HA €T0 COKPATHTEIILHYIO aKTHBHOCTD,
YIIYYIIago Ba30AWIATHPYIOMIYI0 (YHKIHIO JHAOTENHS, HOPMAlIH30BaJ0 CHCTEMHOE apTepHAIbHOE MABIICHHE.
Puonuryar okas3pIBai THIOTEH3UBHBII 3P (EKT 1 He yCTpaHsIT ANCQYHKIHIO SHAOTENHUS MPH SKCTICPIMEHTATLHON
JIETOYHO apTepHAILHON TUIIEPTEH3UH.

3axirouenne. CTEMYISTOPEI PACTBOPUMON TyaHWJIATHHKIA3bI, Mpou3BoaHoe MHAONMMHOHA GRS um pmomnmryar
CHIDKAIOT JIaBJICHHE KPOBH B IIPABOM JKeITy10UKe cep/ua, coenunenre GRS ycrpanseT nposiBiIeHns SH10TeInalb-
HOU TUC(YHKIMHU Y )KUBOTHBIX ¢ MoJienbio JIAT.

KiroueBble c10Ba: MOJIEIb JISTOYHON apTepHANbHOM THIIEPTEH3UH, CTUMYIIATOPEI PACTBOPUMOM T'yaHUIIATIIKIIa-
351, Tpon3BoIHOE HHAOIMHOHA GRS, prornuryar

KOHq).]'Il/lKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C ny6n141<aunef/'1 HaCTOSIH.[efI CTaTbU.

Hctounuk ¢punancuposanusi. PaGora Boimonnena npu ¢unancosoi noamepxkke AO «Opranuka» u Qonma
«CxonkoBoy (cormamenue Ne I" 38/20 ot 17.11.2020).

CooTBeTcTBHE NPUHIUIIAM THKH. VccaenoBanue 0100peHO JTOKaIbHBIME dTHYECKUMHU KomuTeTamu Cuol' MY
(mpotokon Ne 5378 ot 24.10.2016), OO0 «Mdap» (mpotokon Ne 113/2019 ot 28.09.2021) u HUMDduPM Tomcko-
ro HUMII (mporoxon Ne 185092021 ot 11.10.2021).

Bulletin of Siberian Medicine. 2023; 22 (1): 14-22 15



Bykov V.V., Bykova A.V., Stankevich S.A. et al.

Pharmacological effects of a new soluble guanylate cyclase stimulator

Js uutupoBanust: beikos B.B., beikoa A .B., Crankesuu C.A., Anunes O.U., Cunexmenosa A.B., /lynaesa O.1.,
XazanoB B.A., Benreposckuii A.11., Yyt B.B. ®apmakosnoruueckne 3(ekTbl HOBOTO CTUMYJISITOPA PaCTBOPH-
MOH TyaHWJIATIUKIIA3bl IPU KCIIEPUMEHTATLHOM JIETOUHON apTepHaabHOM THIIEPTEH3UH. Bioiemens cubupckoul
meouyunst. 2023;22(1):14-22. https://doi.org/10.20538/1682-0363-2023-1-14-22.

INTRODUCTION

Pulmonary arterial hypertension (PAH) increases
the mean blood pressure in the pulmonary circulation
to > 25 mm Hg, causes hyperplasia of endothelium
and smooth muscle cells in the pulmonary artery
and perivascular inflammatory infiltrates and
fibrosis in the lungs, and leads to right ventricular
hypertrophy [1].

One of the causes of PAH is dysfunction of
pulmonary vascular endothelium accompanied
by a decrease in the production of vasodilator and
antithrombotic factors, namely nitric oxide (NO) and
prostacyclin [2]. NO deficiency disrupts activation of
soluble guanylate cyclase (sGC) in the vascular smooth
muscles and synthesis of cyclic 3°,5’-guanosine
monophosphate (cGMP), which is the secondary
messenger [3, 4]. In patients over 18 years old, PAH
and chronic thromboembolic pulmonary hypertension
are treated with the NO-independent sGC stimulator
riociguat. It increases sensitivity of sGC heme to
low NO concentrations by stabilizing NO — sGC
binding and increases cGMP production. This cyclic
nucleotide activates calcium-dependent ATPase in the
sarcoplasmic reticulum of the vascular smooth muscle
cells, leading to subsequent deposition of calcium
ions, pulmonary artery dilation, and an increase in
pulmonary circulation and lung functioning [5].

The new indolinone derivative (2-[2-[(5RS)-5-
(hydroxymethyl)-3-methyl-1,3-oxazolidine-2-yliden]-
2-cyanoethylidene]-1H-indole-3(2H)-one (codenamed
GRS) increases sGC activity independent of NO,
exerts antiplatelet effects, normalizes increased blood
pressure, and restores endothelial dysfunction [6, 7].

The aim of the study was to assess the effect
of the indolinone derivative (2-[2-[(5RS)-5-
(hydroxymethyl)-3-methyl-1,3-oxazolidine-2-
yliden]-2-cyanoethylidene]-1H-indole-3(2H)-one
(codename — GRS) on right ventricular contractility,
endothelial vasodilator function, and histologic
changes in the lungs and heart in a rat model of
monocrotaline-induced pulmonary hypertension.

The study focused on the effect of GRS on blood
pressure in the right ventricle, endothelial function,
and histologic structure of the lung and heart in the

rat model of PAH induced by the administration of
monocrotaline, a pyrrolizidine alkaloid found in the
Crotalaria spectabilis Roth plant. Monocrotaline
pyrrole, which is its active metabolite produced in
the liver, activates the extracellular calcium-sensing
receptor of vascular endothelial cells, binds to DNA,
inhibits cell division, and increases membrane
permeability, causing pulmonary and alveolar
endothelial cell apoptosis [8—10]. Riociguat was used
as a reference listed drug.

MATERIALS AND METHODS

The study used 60 male Wistar rats weighing 250—
320 g obtained from the Department of Experimental
Biological Models of Goldberg Research Institute of
Pharmacology and Regenerative Medicine, Tomsk
National Research Medical Center of the Russian
Academy of Sciences. The rats were kept in groups
of 5-8 animals in standard plastic cages (VELAZ,
Czech Republic) at 20-23 °C, relative humidity of
no more than 50 %, exhaust — supply ratio of 8 :10,
with a 12 : 12 light / dark cycle. Animal handling
was performed in accordance with the European
Convention for the Protection of Vertebrate Animals
(Directive 2010/63/EU). The study was performed in
accordance with the principles of Good Laboratory
Practice and was approved by the Ethics Committee at
Siberian State Medical University (Protocol No. 5378
of 24.10.2016), IPHAR LLC (Protocol No. 113/2019
of 28.09.2021), and Goldberg Research Institute of
Pharmacology and Regenerative Medicine of Tomsk
National Research Medical Center (Protocol No.
185092021 of 11.10.2021).

The rats were divided into 4 groups: group 1 —
intact animals (n = 12), groups 2—4 — animals with
PAH (n = 16 in each group); group 2 was the control
group which did not receive the test substances, group
3 received GRS, group 4 received the reference listed
drug riociguat (Selleckchem, USA).

PAH was simulated by a single subcutaneous
administration of monocrotaline at a dose of 60 mg / kg
(Sigma-Aldrich, USA). Monocrotaline was dissolved
in 0.5 N HCI, then the pH was adjusted to 7.4 using
0.5 N NaOH [11].
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The indolinone derivative (codenamed GRS)
at a dose of 10 mg / kg and riociguat at a dose of
1 mg / kg were administered orally once a day for
14 days, starting from Day 15 after the monocrotaline
administration. Pilot studies showed that the GRS
dose was close to ED, in terms of its antithrombotic
activity [6]. The dose of riociguat (1 mg / kg) was
close to its highest tolerated dose (0.03-3 mg / kg)
having an antihypertensive effect. Intact and control
group animals received 1 % starch solution using the
same regimen as for the test substances.

On Day 28 after PAH modeling, blood pressure in
the right ventricle was measured in half of the rats in
each group. Then they were euthanized, so that their
right ventricle weight and histologic structure of the
lungs and right ventricle were studied. In the other
half of the animals, we measured changes in blood
pressure in response to endothelium-dependent and
endothelium-independent vasodilators.

Blood pressure in the right ventricle was measured
using the MP150 high-speed data acquisition system
(BIOPAC Systems Inc., USA) and the TSD282
micro pressure sensor (OpSens, Canada). The rats
were anesthetized by isoflurane inhalation, then
the micro pressure sensor was introduced into the
right ventricle of the animals through the jugular
vein. The data were registered and processed using
AcgKnowledge 4.2 software for the MP150 system
(BIOPAC Systems Inc., USA). The maximum (P__ )
and minimum (P_ ) blood pressure in the right
ventricle was measured in mm Hg, the maximal rate
of pressure rise during one cardiac cycle (dP / dt__ )
was measured in mm Hg / sec, the contractility index
(CI) was calculated (1 / sec).

After registering the blood pressure in the right
ventricle, the rats were euthanized in the carbon
dioxide chamber. The heart and right ventricular wall
were weighed. Right ventricular hypertrophy was
calculated in mg / mg as the right ventricular wall
weight / total heart weight ratio (RVWW / THW).

The functional state of endothelium was assessed
as follows: the rats were anesthetized by isoflurane
inhalation, then an intra-arterial catheter was
implanted into the right carotid artery to measure
blood pressure. Bolus doses of pharmacological agents
were administered into the right femoral vein. Mean
blood pressure (MBP) was registered continuously
using the MP150 high-speed data acquisition system,
the DA100C module, and the TSD104A sensor
(AcgKnowledge 4.2.0 software, USA). Endothelium-
dependent vasodilation was registered as reduction

of MBP in response to intravenous acetylcholine
chloride (AC) administration at a dose of 5 mcg /
kg [12]. Endothelium-independent vasodilation was
registered as a fall in MBP in response to sodium
nitroprusside dihydrate (SN) administration ata dose of
10 mecg / kg [13]. The degree of vasodilation
was determined based on the area of the triangle
above the curve of MBP restoration after AC or
SN administration. The short leg of the triangle
represented a decrease in MBP (A MBP) in response
to a vasodilator agent (mm Hg), while the long leg
was the time of MBP restoration (sec) after the test.
Endothelial dysfunction coefficient (EDC) was
calculated by dividing the triangle area above the
MBP restoration curve after SN administration by the
triangle area after AC administration [14].

We conducted a histologic examination of
deparaffinized tissue sections obtained from the lung
and right ventricle stained with hematoxylin and eosin.
The histologic samples were examined using the Zeiss
Axio Lab.A1l microscope (Carl Zeiss AG, Germany)
at 50x magnification and photographed using ZEN
software (Carl Zeiss AG, Germany).

The results were statisticallyprocessed using
Statistica 8.0 software (StatSoft, USA). The data were
presented as M + m, where M is the mean value, m is
the standard error of the mean. Multiple comparison and
intergroup differences were assessed using the Kruskal —
Wallis test and the Mann — Whitney test, respectively.

RESULTS AND DISCUSSION

P in the right ventricle of intact rats was 24.0 +
2.9 mm Hg, while P_. was -3.3 + 1.1 mm Hg. The
values of dP/dt and CI were 53.7+4.4 mm Hg/sec
and 596 + 76 1 / sec, respectively (Table 1). These
values did not differ from the normal ones [15, 16].

Four weeks after monocrotaline administration
(control group), P_ in the right ventricle increased by
1.5 times, which indicated the development of PAH,
while P . decreased by 1.7 times compared with
blood pressure in the intact animals. The dP / dt_
value increased by 1.8 times (p < 0.05). CI was the
same as in intact rats. This indicated a compensatory
increase in cardiac contractions.

After continuous GRS administration, P in the
right ventricle was 42.6 + 3.1 mm Hg, which was
significantly lower than in the control group (p <0.05),
although it did not fully improve. P_. was —3.4 + 0.8
mm Hg, which was 1.6 times lower than the blood
pressure in the control group and did not differ from
that in the intact group.
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Table 1

Effect of GRS (10 mg / kg) and riociguat (1 mg / kg) on blood pressure in the right ventricle of the heart

of rats with simulated PAH, M + m

Group P ., mmHg P .. mmHg CI, 1/sec dP/dt , mm Hg/sec
Intact rats, n =6 240+2.3 -33+1.1 53.7+4.4 596 + 76
Rats with PAH (control), n = 8 543 +3.2° —5.6+0.3" 456+ 1.4 1, 082 + 62*
Rats with PAH, receiving:
—GRS,n=8 42.6+3.1" -3.4+0.8" 49.6 £3.6 902 + 60"
—riociguat, n =8 42.1 £4.0" -3.0+1.5 458 +1.5 930 + 72"

p <0.05 * compared with the intact animals; * compared with the control animals.

Differences in the values of CI and dP / dt_ in
the control and PAH groups were not statistically
significant.

After continual riociguat administration, P__in the
right ventricle was 1.3 times lower (42.1 = 4.0 mm
Hg) than in the control group (p < 0.05), although its
value was significantly higher than that in the intact
group. The values of dP / dt and CI did not differ
from those in the rats treated only with monocrotaline.
The values of P_ , CI, and dP / dt__did not have
significant differences in the GRS and riociguat groups
(p > 0.05) (Table 1).

The indolinone derivative GRS and riociguat were
equally effective in lowering P in the right ventricle
of the rats with simulated PAH. The GRS compound
also normalized P__ .

In the intact animals, the RVWW / THW ratio was
0.222+£0.006 mg/kg; in the rats with PAH, it increased
by 1.5 times (p < 0.05). These changes indicated right
ventricular hypertrophy, which developed due to

increased blood pressure in the pulmonary circulation.
The RVWW / THW ratio was still increased in the
GRS and riociguat groups (p > 0.05) (Table 2).

Table 2

Effect of GRS (10 mg / kg) and riociguat (1 mg / kg)
on the right ventricular weight to total heart weight ratio
in rats with simulated PAH, M + m

Group RVWW / THW, mg / mg
Intact rats, n =6 0.222 + 0.006
Rats with PAH (control), n =8 0.332£0.013"

Rats with PAH, receiving:
0.306 + 0.020"
0.314 £ 0.020"

GRS, n=38
riociguat, n =8

* p <0.05 compared with the intact animals.

After AC administration, MBP decreased from 111
+ 4 to 42 =2 mm Hg in the intact rats, and from 92 + 3
to 34 + 2 mm Hg in the rats with PAH. These changes
indicated a weakened response of blood vessels to
endothelium-dependent vasodilator AC (p < 0.05)
(Table 3).

Table 3
Effects of GRS (10 mg / kg) and riociguat (1 mg / kg) on endothelial vasodilator function in the rats with simulated PAH, M + m
Acetylcholine chloride, 5 mcg / kg
Group MBP, mm Hg | AMBP, mm Hg | Time of MBP restoration, sec | * @ F the triangle above the MBP
restoration curve, mm Hg / sec
Intact rats, n =6 111+4 42+2 56+ 11 1,121 + 151
Rats with PAH (control), n =8 92 +3" 34+£2" 58+6 993 £ 115
Rats with PAH, receiving:
—GRS,n=8 102+5 41 £ 3# 73+ 5" 1,489 + 151°
—riociguat, n =8 87+3" 29+2" 98 +13* 1,467 £ 228

Here and in Table 4: p < 0.05 compared with: * the intact animals; * the control animals; # the animals receiving riociguat.

Most studies observed MBP reduction in systemic
circulation in monocrotaline-induced PAH [17]. This
effect is caused by a decrease in cardiac output and
hypoxemia, leading to vasodilation [18]. PAH also
reduces the activity of angiotensin-converting enzyme
in the lungs, disrupting the production of angiotensin
IT and weakening its vasoconstrictive effect [19]. The

reduced MBP response to AC in the rats with PAH
confirms vascular endothelial dysfunction.

MBP and A MBP in the GRS group were higher
than in the group with PAH and were similar to those
in the intact group. Riociguat administration did not
affect MBP and AMBP, which remained the same as
in the group with PAH. The effect of GRS on A MBP
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after AC administration was more pronounced than
that of riociguat, which is probably associated with its
ability to increase NO production in the endothelium.

Riociguat considerably increased the time of MBP
restoration both after AC and SN administration. The
GRS compound delayed MBP restoration after AC
administration, but to a lesser extent than riociguat.
We assume that riociguat stimulates sGC more, binds
more strongly to enzyme molecules or stabilizes sSGC —

NO binding more [20]. The protective effect of GRS
on the endothelium was shown by a larger area of the
triangle above the MBP restoration curve compared
with its area after riociguat administration (p < 0.05).

After SN administration, MBP in the intact animals
decreased from 114 + 4 to 51 £ 2 mm Hg. In the
PAH animals, the MBP response to SN was weaker
(p < 0.05) (Table 4), indicating a decrease in sGC
sensitivity to the NO effect [20].

Table 4

Effects of GRS (10 mg / kg) and riociguat (1 mg / kg) on endothelial dysfunction in the rats with simulated PAH, M + m

Sodium nitroprusside dihydrate, 10 mcg / kg
Group MBP, A MBP, mm Hg Time o.f MBP Area of th.e triangle above the MBP EDC
mm Hg restoration, sec restoration curve, mm Hg / sec
Intact rats, n =6 114+ 4 51+£2 80+ 11 2,000 + 244 1.80 = 0.06
Rats with PAH (control), n =8 97 +£2" 44+ 1" 9 +7 2,169 £ 158 2.36 +£0.27
Rats with PAH, receiving:
GRS, n=38, 103+5 45+ 4% 105 + 10* 2,388 + 340 1.59+0.13"
riociguat, n = 8 88 £ 4 3127 178 15 2,833 £398 2.20+0.37

The indolinone derivative GRS after continual
administration at a dose of 10 mg / kg to rats with
PAH did not reduce MBP to a level lower than the
value in the intact animals. In the GRS group, A MBP
did not improve after SN administration, but it did
not become less than in the intact animals. The GRS
compound has an antihypertensive effect, while it
does not reduce normal blood pressure and maintains
its regulation by activating the oxidized form of sGC.
EDC in the GRS group was lower than in the control
group (Table 4).

As a hypotensive agent [5], riociguat reduced MBP
and A MBP in response to SN administration (p <
0.05). It is possible that in conditions of hypoxemia
and endothelial dysfunction, some sGC molecules
have lost heme and become oxidized, and riociguat
does not stimulate oxidized sGC molecules [20].

The histologic examination showed that
interalveolar septa became significantly thicker and
were sclerotized in the lungs of animals with PAH.
The alveoli were deformed, alveolar type II cells and
smooth muscles proliferated. Granulation tissue grew
in the alveolar lumen. Endothelial cell hyperplasia
and smooth muscle hypertrophy were observed in the
pulmonary arteries. Such pathological changes in the
lung tissue correspond to interstitial pneumonia (Fig.
1). Focal cardiomyocyte hypertrophy and interstitial
myocarditis developed in the myocardium of the right
ventricle (Fig. 2).

Administration of GRS and riociguat to the rats
with PAH considerably decreased the thickness of the

interalveolar septum; the alveoli became more open
and air-filled. Alveolar type 2 cell and smooth muscle
cell proliferation was less pronounced in the alveoli.
Endothelial and arterial smooth muscle cells did not
proliferate (Fig. 1). GRS administration reduced
inflammatory infiltration in the myocardium, but
cardiomyocyte hypertrophy persisted. Riociguat did
not affect the myocardial pathology in PAH (Fig. 2).

CONCLUSION

The need for effective PAH treatment remains
urgent [21]. Currently used drugs, such as endothelin
receptor antagonists, calcium channel blockers, and
iloprost, which is a prostacyclin analog, do not protect
endothelium, may lower systemic blood pressure,
and induce bleeding and other adverse effects. The
SGC stimulator riociguat is the treatment standard for
PAH, but it does not alleviate endothelial dysfunction
and can cause tachycardia, arterial hypotension, and
anemia [22, 23].

The new antithrombotic drug GRS, which is an
indolinone derivative and a sGC stimulator, is as
potent in lowering blood pressure in the right ventricle
as riociguat in experimental PAH; unlike riociguat,
it can also alleviate endothelial dysfunction. GRS
also prevents pathological remodeling of pulmonary
vessels.

The data obtained in this study indicate the
prospects of using the new antithrombotic drug, the
indolinone derivative GRS, for the prevention and
treatment of pulmonary arterial hypertension.
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Fig. 1. Histologic changes in the lungs of the rats with simulated PAH (a, b) and administration of GRS at a dose of 10 mg / kg (c,
d) and riociguat at a dose of 1 mg/ kg (e, f). Here and in Fig. 2: staining with hematoxylin and eosin, 50 magnification

a c

Fig. 2. Histologic changes in the right ventricular myocardium of the rats with PAH (a), and administration of GRS at a dose
of 10 mg / kg (b) and riociguat at a dose of 1 mg / kg (¢)
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An extract from the culture of a thermophilic Staphylococcus aureus strain
suppresses allergic inflammation in the airways in vivo and degranulation

of mast cells and basophils in vitro
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ABSTRACT

Aim. To study the anti-allergic effects of ruzam, an extract from the culture of a thermophilic Staphylococcus
aureus strain, in an in vivo model of asthma and its influence on degranulation of mast cells and basophils in vitro.

Materials and methods. Allergic asthma in guinea pigs was reproduced by two intraperitoneal injections of ov-
albumin followed by a series of inhalations of this antigen for 1.5 months. Ruzam (6 pg / kg) or a reference drug
(sodium cromoglycate, 3 mg / kg) was administered daily via a nebulizer during the last 6 days of immunization.
One day after completion of inhalations with ovalbumin and compared drugs, changes in the airways were assessed
using cytological, morphometric, and histologic methods. Rabbit blood basophils and rat peritoneal mast cells
were used to determine the effect of ruzam on IgE-independent degranulation induced by the compound 48 / 80
in vitro. The effect of ruzam was compared with that of hydrocortisone hemisuccinate. Basophils from the blood
of ovalbumin-sensitized guinea pigs were used to evaluate the effect of the drug on IgE-dependent degranulation
induced by ovalbumin. Granules of mast cells and basophils were detected by alcian blue staining to calculate the
degranulation index.

Results. In the asthma model, ruzam reduced the degree of airway obstruction by increasing the bronchoalveolar
lavage volume returned and suppressed neutrophilic and eosinophilic inflammation, while mobilizing other effec-
tor cells of the anti-pathogen immunity (lymphocytes and macrophages). Ruzam has proven to have a stronger
anti-allergic effect than sodium cromoglycate by several parameters. At concentrations of 8.4-840 png / ml, ruzam
inhibited degranulation of mast cells and basophils, induced by the compound 48 / 80, equally to hydrocortisone
hemisuccinate (10 M). At concentrations of 280 and 420 pg / ml, ruzam dose-dependently inhibited ovalbumin-in-
duced degranulation of basophils in sensitized guinea pigs.

Conclusion. The anti-allergic effect of ruzam was confirmed in test systems in vivo and in vitro. We speculate here
that the TLR2 signaling pathway may be involved in biological and pharmacological effects of this drug.

Keywords: ruzam, Staphylococcus aureus, thermophilic strain, asthma model, allergic inflammation, mast cells,
basophils, degranulation
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DKCTPaKT U3 KynbTypbl TepMmodunbHoro wramma Staphylococcus aureus
nopaBnfeT aJulepruyeckoe BocnajeHue B AbiXaTeNbHbIX NYTAX in vivo
1 AerpaHynAaLlmIo TYUYHbIX KNeToK n 6asodpunos in vitro

Kantoxxun O.B.', MpockypuHa 0.B.?, CyxaHoBa C.A.2, HoBukoBa H.B.?, KonraHoBa H.A.*

! [epewiti Mockosckuil 2ocyoapecmeennolii meouyunckutl ynueepcumem (Ilepsotit MITMY) um. H.M. Ceuenosa
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Poccus, 119991, e. Mockea, yn. Tpybeyxas, 8/2
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Poccus, 123104, o. Mocksa, yr. Manas bponnas, 20/1

4 Poccutickutl HayUOHAIbHbLIL UCCIe008amenbckull meouyunckuil ynusepcumem (PHUMY) um. H.H. ITupozosa
Poccus, 117997, e. Mockea, yr. Ocmposumsinosa, 1

PE3IOME

Hesnb — U3y4UTh MPOTHBOAIIIEPIHYECKOE ACHCTBUE py3aMa — IKCTPAKTa U3 KyJIbTYPhl TEPMO(GUIBHOTO IITaMMa
Staphylococcus aureus — Ha MOJEIN aCTMBI i1 Vivo, @ TAK)XKE €ro BIMSHHE HA JCTPAHYISIUI0 TYYHBIX KICTOK U
6azoduios in vitro.

Marepuajbl H MeTOJbl. AJIEPTUYECKYI0 aCTMY Y MOPCKHX CBHHOK BOCHPOM3BOAMIN JABYMS BHYTPHOPIOIINH-
HBIMH HHBEKIUSAMH OBaJbOyMUHA C TIOCIEIyIONIel ceprell HHrasInii 3TOro aHTUreHa B Teyenue 1,5 mec. Py3am
(6 MKr/KT) nnu pedepeHc-mnpenapar (KpOMOTJIMKAT HATPHUS, 3 MI/KT) BBOIWIM €KEAHEBHO C MOMOIILIO HeOymaii-
3epa B T€UEHME TOCIECAHUX 6 CyT mMMyHm3anuu. Yepes 1 cyT mocie 3aBepIIeHNs] HHTAISIMUN OBaIbOyMHHA W
CPaBHMBAEMBIX NTPEMAPATOB OLIEHUBAIHN H3MEHEHHS B ABIXATEIBHBIX ITyTSAX C TIOMOIIBIO IUTOIOTHIECKHX, MOP]O-
METPUYECKHX M THCTONOTHIECKUX METOIOB. JlyIst onpeieneHust BNustHUS py3ama Ha IgE-He3aBucnMyo nerpanys-
LU0, MHIYIUPOBaHHYIO coeanHeHneM 48/80 in vitro, ucnonp3oBain 6a30(pMIB KPOBH KPOIUKOB M IEPUTOHEAb-
HBIE TY4HBIC KICTKH KpbIc. D((HEKT py3amMa CpaBHUBAIH C TAKOBBIM THAPOKOPTH30HA FeMUCYKIMHATA. bazodusr
KPOBH CEHCHOMIN3UPOBAHHBIX OBATLOYMHHOM MOPCKHX CBHHOK HCIIOTB30BANIN TIPH OIEHKE JEHCTBUS MpemapaTa
Ha IgE-3aBuCHMYyIO feTpaHyIIAINIO, HHAYIUPOBAHHYIO OBaTbOYMUHOM. ['paHyibl TydHBIX KIETOK M 0a30(uioB
JUIS pacdeTa MHAEKCA AETPAHYISIUH OKPAIIHBAIH C TIOMOIIBIO aTbIIHaHOBOTO CHHETO.

Pe3yabTaThl. Ha Monenu acTMbl py3aM CHMXKall CTENEHb OOCTPYKIMH JIbIXaTEIbHbBIX ITyTeH, MOBBIIIAs 00bEM
BO3Bpata OPOHX0AJIBBEOSIPHOTO CMbIBA, U MOJABIIAT HEUTPOYUIBHOE M S03MHOGUIBHOE BOCTIAJICHHE, ITPH 3TOM
MOOHIN3YS Apyrue KIeTKu-3G(eKTOpsl MPOTHBOMHPEKIMOHHOrO oTBeTa (IUMounTsl 1 Makpodaru). ITo psaxy
KPUTEPHEB IPOTUBOAIEPTHUECKO 3QPEKTUBHOCTH Py3aM NPEBOCXOANI KPOMOITIMKAT HaTpHsl. Py3aM B KOHIEH-
Tparusix 8,4-840 MKr/MI1 HHTHOMPOBA JETPaHYJIALHMIO TYYHBIX KJIETOK U 0a30(HI0B, BEI3BAHHYIO COSNHEHHEM
48/80, B TOIi e CTENEHH, YTO U THAPOKOPTH30Ha reMucykiHat (10 M). Pysam (280 u 420 MKr/mi1) 10303aBH-
CHMO NOJABJII MHAYLUPOBAHHYIO OBAILOYMHUHOM AETPaHYJIALMIO 0a30(HIOB CEHCHOMIM3UPOBAHHBIX MOPCKHX
CBHUHOK.

3aximodenue. [loaTBepk1eHO MPOTUBOAIIEPTUUECKOE IEHCTBUE py3ama B TECT-CUCTEMaX in Vivo U in vitro. Beisu-
HyTa runote3a o TLR2-omocpenoBaHHOM Xapaktepe OHOOrniecKux/Gpapmakonorndeckux 3(pQpeKkToB npemnapara.

KuroueBble cioBa: pysawm, Staphylococcus aureus, TepMOQHUIBHBIH IITaMM, MOJEIb aCTMbI, alIEPrHYEcKOe
BOCIAJICHHE, Ty4YHbIE KICTKH, 6a30(MIIbI, IerpaHy IS
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KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIIMAIBHBIX KOHM)INKTOB HHTEPECOB,

CBSI3aHHBIX C MyOIUKaNNeil HACTOSIIECH CTaThH.

Hcrounuk ¢puHaHCHPOBAaHUA. ABTOPBI 3asBIAI0T 00 OTCYTCTBUM (PUHAHCHUPOBAHMUS TIPU IPOBEACHUH HCCIIEIO-

BaHUA.

CooTBeTcTBHE PUHIIMIIAM ITUKH. VccrienoBanne 0100peHO JOKaIbHBIM OroaTHUeckuM KomutetoM BHI[ BAB

(nporoxos Nel2 ot 28.03.2006).

Jsa uutupoBanusi: Kamoxun O.B., IIpockypuna O.B., Cyxanosa C.A., HoBukoa H.B., Kosranosa H.A.
DKCTpaKT U3 KyJIbTYpbl TepMOQHIBHOTO ITamMMa Staphylococcus aureus MOJaBIsAET aIEPIHYECKOE BOCHIATICHNE
B JIbIXaTEIbHBIX MYTSX i1 Vivo W JETPaHYIALMIO TYYHBIX KJIETOK M 0a30(uioB in vitro. Bomiemens cubupckou
meduyunsvt. 2023;22(1):23-32. https://doi.org/10.20538/1682-0363-2023-1-23-32.

INTRODUCTION

Structural components and products of micro-
organisms, primarily bacteria, have long been investi-
gated to find bioactive substances with a potentially
wide spectrum of pharmacological effects [1]. In this
regard, development of bacterial immunomodulators is
one ofthe mostpromisingresearch areas; its viability has
been proven in clinical trials and practical healthcare.
[2, 3]. Ruzam, developed by a group of Russian
scientists, belongs to this class of drugs. It is an extract
from the culture of a thermophilic Staphylococcus
aureus strain. Ruzam has been successfully used in
the treatment of allergy for three decades [4, 5]. The
effectiveness of this drug in the treatment of pollinosis,
bronchial asthma, allergic rhinitis, atopic dermatitis,
urticaria and angioedema, and latex, food, and insect
allergies, as well as in the prevention of respiratory
infections has been shown [4].

Currently, ruzam is approved for clinical use in
the form of a solution for subcutaneous injections.
Successful results of preclinical and clinical trials
of nasal and orally inhaled forms of ruzam in the
treatment of allergic respiratory diseases are quite
encouraging [6].

Previous studies on the anti-allergic effect of
ruzam showed that the drug is capable of suppressing
ovalbumin-induced inflammation in sensitized
animals in vivo and inhibiting IgE-dependent and IgE-
independent degranulation of mast cells and basophils
in test systems in vitro. The materials of this study
were presented by A.G. Chuchalin et al. back in 2003,
but only as a fragment of the review article. [5]. These
data are of great interest in the context of development
and implementation of new dosage forms of ruzam.
Besides, they explain the pharmacological effects
of the drug identified in clinical trials [4]. The
above encouraged to describe in detail the results of

earlier experiments and subject them to additional
mathematical processing and interpretation in the
light of emerging immunological paradigms.

MATERIALS AND METHODS

Ruzam is a complex of lipoproteins derived from
a culture of the thermophilic Staphylococcus aureus
strain C2. The drug was provided for testing by
Ruzam-M (Russia). Allergic respiratory inflammation
was reproduced in vivo according to the method
proposed by P.A. Hutson et al. [7] and modified as
described previously [8]. Ovalbumin (Sigma-Aldrich,
USA) at a dose of 10 mg / kg was intraperitoneally
administered twice with a 7-day interval to male
and female guinea pigs weighing 300400 g. Then
the animals inhaled (Pari LC Plus nebulizer (Pari
GmbH, Germany)) 1 ml of the ovalbumin solution
once every 4 days for 1.5 months. The concentration
of ovalbumin was gradually raised from 0.1 to 1%.
Ruzam at a dose of 6 pg / kg or sodium cromoglycate
at a dose of 3 mg / kg as a reference listed drug
were administered via the same nebulizer in the
form of an aqueous solution at a dose of 1 ml daily
during the last 6 days of immunization in the animal
groups “Ovalbumin + ruzam” and “Ovalbumin +
cromoglycate”, respectively. In the “Ovalbumin”
group, sterile water was inhaled via the nebulizer in
the last days of immunization in the same mode and
volume. Each inhalation lasted 180 seconds.

Aerosol particles characteristics were evaluated
using the aerodynamic particle sizer APS 3300 (TSI,
USA) and the cascade impactor with a subsequent
fluorometric analysis of the selected samples. The
average volumetric flow rate was 0.46 ml / min, the mass
median aecrodynamic diameter was 6.2 pum, the respirable
fraction of ruzam or sodium cromoglycate was 38.5
and 39.8%, respectively. Twenty-four hours after the
inhalation of the last dose of ovalbumin, changes in the
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airways were assessed using cytological, morphometric,
and histologic methods. Bronchoalveolar lavage fluid
(BALF) was collected under hexenal anesthesia injected
intraperitoneally through the endotracheal cannula by
double instillation of 10 ml sterile 0.9% NaCl solution
heated up to 37 °C into the lungs.

Then the BALF volume returned was evaluated.
The absolute number of cells per 1 ml (cytosis) in the
BALF after centrifugation at 200 g for 10 min was
determined. The number of neutrophils, eosinophils,
macrophages, and lymphocytes was counted in
Romanowsky-stained smears [9]. The density of
bronchus-associated lymphoid follicles (whitish
plaques with the diameter of 3—5 mm protruding above
the bronchial mucosa) was assessed in the macroslides
under the magnifying glass using the ocular measuring
grid proposed by G.G. Avtandilov [8].

For histologic studies, lung tissues were fixed by
Carnoy’s solution and embedded in paraffin. The 4—
5-um sections were stained with hematoxylin and eosin
to identify eosinophils, neutrophils, macrophages,
lymphocytes, and histiocytes, or with toluidine blue
(pH 2.0) to determine the number of mast cells. In
both cases, cells were counted at 400x magnification.
Mast cell degranulation was assessed in points:
1 point — the entire cytoplasm was densely filled with
dark purple granules, 2 points — vacant areas in the
cytoplasm were noted; sometimes separate granules
were located near the cell, 3 points — vacant areas
accounted for 50-70% of the cytoplasm, the nucleus
was bare, the granules were located loosely; 4 points —
vacant areas accounted for more than 70% of the
cytoplasm (granulolysis). The degranulation index
(DI) was calculated by the formula:

DI=XZ(ixn)/Zn,
where i is the degree of degranulation in points, and n,
is the number of cells with i degree (%) [10].

Peritoneal mast cells from Wistar rats were
obtained as described previously [11].

Basophils were isolated as part of a leukocyte
suspension from the blood taken from the heart of
rabbits or guinea pigs by two-stage sedimentation.
At the first stage, the blood was diluted with
ethylenediaminetetraacetic acid  (Sigma-Aldrich,
USA); at the second stage, it was diluted with a citrate-
containing liquid [12]. The effect of ruzam on IgE-
independent degranulation of mast cells and basophils
in vitro was evaluated at final concentrations of 8.4,
84, and 840 pg / ml. Hydrocortisone 21-hemisuccinate
sodium salt (Sigma-Aldrich, USA) at concentrations

of 107, 10, and 10 M was used as a reference listed
drug. Degranulation was induced by the compound
48 / 80 (Sigma-Aldrich, USA) (1 pug / ml), which is
a polymer that causes degranulation of mast cells and
basophils and liberates histamine [13].

The effect of ruzam on IgE-dependent
degranulation of basophils in vitro was assessed as
described previously [12]. The leukocyte suspension
(10* cells / ml) was isolated from the heart blood of
guinea pigs, which 1 month before were sensitized by
the intraperitoneal injection of 10 pg of ovalbumin
(Sigma-Aldrich, USA) with the aluminum hydroxide
adjuvant (100 mg of gel) according to the method
[14]. The suspension of leukocytes was incubated
in a medium with ruzam (280 and 420 pg / ml) or
without the drug (control) for 15 minutes at 37°C
and 5% CO,. Then a solution of ovalbumin at a final
concentration of 0.35% was added to the culture for
10 minutes to induce degranulation of basophils. The
reaction was stopped by adding cooled salt solution.
This cell suspension was centrifuged at 100 g for
7 min. Slides for microscopy were prepared from the
sediment. They were fixed and stained according to
the method [15]. To detect basophil granules, 0.5%
alcian blue (pH 1.0) was used. The nuclei were stained
with safranin O 0.1% solution in 1% acetic acid.
DI was calculated according to the same method that
was used in the histologic studies [10].

Treatment and control groups in in vivo studies
included 5 guinea pigs each. In in vitro studies, cell
culture triplets from each of the 3 animals were used
for each concentration of ruzam and the reference
listed drug as well as for controls.

Statistical data processing was performed using
Statistica 18 (StatSoft Inc., USA). Independent and
dependent samples were compared by quantitative
characteristics using the Mann — Whitney and Wilcoxon
tests, respectively. Quantitative data in tables and
figures were presented as the mean and the standard
deviation M + SE. The differences were considered
statistically significant at p < 0.05. A trend toward
statistical significance was noted at 0.05 <p <0.1.

RESULTS

Anti-allergic effects of ruzam in the model of
ovalbumin-induced airway inflammation in guinea
pigs

Two intraperitoneal injections of ovalbumin, and
then a series of inhalations of'this antigen to guinea pigs
reproduced chronic allergic airway inflammation. In
addition to morphological disorders, this inflammation
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was characterized by a decrease in the BALF volume
returned and an increase in the number of cells in
the BALF by more than 1.5 times, mainly due to
eosinophils and to a lesser extent due to neutrophils

(Table 1). The number and proportion of lymphocytes
did not change significantly. The absolute and relative
number of macrophages decreased in comparison with
the intact animals.

Table 1

The effect of ruzam and sodium cromoglycate on some parameters of bronchoalveolar lavage fluid in guinea pigs with ovalbumin-
induced allergic airway inflammation, M + SE

. Allergic airway inflammation
Parameter Intact animals - - -
Ovalbumin Ovalbumin + ruzam Ovalbumin + cromoglycate

BALF volume returned, % 65.6+£6.3 50.0 £5.8% 62.9 £ 1.0# 50.7+74
Cytosis, cells / ml 42.0£9.0 68.0 £ 16.0* 58.0+7.0 55.0+19.0
Macrophages cells / ml 320+29 22.2 +£2.4% 29.6 £ 2.4 12.6 + 3.0%
% 76.6+£59 32.7 £3.5% 51.1 £5.2¢ 22.9£5.5%

Lymphocytes cells / ml 33+04 43+14 6.0 £ 1.3%7 2.7+0.6

% 7.8+1.0 6.4+1.7 10.4 £2.2%7 49+1.1

Neutrophils cells / ml 0.30 +0.05 1.8 +0.9* 0.6 + 0.3#7 1.5+£0.5

% 0.64+0.13 2.7+ 1.4% 1.0 £ 0.5#% 2.7+0.1
Eosinophils cells / ml 62+2.0 39.5+3.3% 21.6 £ 2.9%#7 38.4 +3.6%
% 149+5.0 58.1 £4.8% 37.7 £ 5.1%#7 69.8 £ 6.6*

* p < 0.05 compared with the intact animals; # p < 0.05 compared with the “Ovalbumin” group; T p < 0.05 compared with the “Ovalbumin +

cromoglycate” group

Daily ruzam inhalations for 6 days at the final stage
of allergic inflammation modeling increased the BALF
volume returned. This parameter was equal to that in
the intact guinea pigs (Table 1). Sodium cromoglycate
did not change the BALF volume returned.

A trend toward a decrease in cytosis in BALF was
revealed in both groups of animals treated with either
ruzam or sodium cromoglycate. However, the number
of eosinophils and neutrophils reduced significantly
only in the “Ovalbumin + ruzam” group.

Sodium cromoglycate contributed to an even
greater decrease in the number of macrophages in
BALF, whereas with ruzam inhalations, the number
of these cells rose. As a result, this parameter in the
“Ovalbumin + ruzam” group did not differ from that in
the intact animals, but was more than twice higher than
in the “Ovalbumin + cromoglycate” group (Table 1).

The number of lymphocytes in BALF tended to
increase with ruzam and to decrease with sodium
cromoglycate. As a result, the absolute and relative
number of lymphocytes in the animals receiving
ruzam was about twice as high as in the guinea pigs
after reference drug inhalation.

Immunization of the guinea pigs with ovalbumin
led to significant morphological changes in the
airways, a combination of which can be characterized
as bronchitis and obstructive emphysema. Dystrophic
epithelial changes and extensive areas of desquamation
were detected. In the bronchial lumen, in addition
to desquamated epithelial cells, large numbers of

eosinophils and neutrophils and single macrophages
were present. Diffuse focal polymorphonuclear
leukocyte (eosinophil and neutrophil), lymphocyte,
and histiocyte infiltration was noted in the interalveolar
septa. The number of polymorphonuclear leukocytes
per field of view increased more than two-fold
in comparison with the intact animals (Fig. 1). A
statistically unconfirmed trend toward a decrease
in the number of mast cells per field of view was
revealed; degranulation parameters in these cells did
not change significantly. The density of bronchus-
associated lymphoid tissue increased approximately
two-fold (Fig. 2).

The tested and reference listed drugs in the model
of allergic airway inflammation approximately equally
reduced eosinophil and neutrophil infiltration in the
lungs: following ruzam inhalation, the number of
polymorphonuclear leukocytes in the interalveolar septa
decreased by 3.6 times, and after sodium cromoglycate —
by 3 times (Fig. 1). No significant differences between
the groups of guinea pigs receiving the compared drugs
were revealed for this parameter: in both cases, the
number of polymorphonuclear leukocytes decreased to
the same level as in the intact animals.

Inhalations with ruzam or sodium cromoglycate
did not significantly change the number of mast cells
and their degranulation parameters in the lungs of the
ovalbumin-sensitized guinea pigs. Besides, neither
of them had any effect on the density of bronchus-
associated lymphoid follicles (Fig. 2).
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Fig. 1. The effects of ruzam and sodium cromoglycate on the
number of polymorphonuclear leukocytes in the interalveolar
septa in the guinea pigs with ovalbumin-induced allergic airway
inflammation, M + SE: * p < 0.05 compared with the intact
animals; # p < 0.05 compared with the “Ovalbumin” group

The effect of ruzam on mast cell and basophil
degranulation in vitro

The compound 48 / 80 in the test systems in vitro
quite expectedly increased DI in rat peritoneal mast
cells by 6 times and in rabbit blood basophils by 2 times
in comparison with that in the intact cells (Table 2).

Ruzam in a wide range of concentrations (8.4 —
840 ng / ml) reduced the index of 48 / 80-induced mast
cell degranulation in rats more than two-fold (Table
2). However, the effect has not proven to be dose
dependent. The reference listed drug, hydrocortisone
21-hemisuccinate, has shown to inhibit degranulation
only at the highest concentrations used (10 M).

Similar patterns were revealed when evaluating
the effect of ruzam and the reference listed drug on
degranulation of rabbit blood basophils induced by
the histamine liberator (Table 2). Ruzam at all the
concentrations used reduced DI by 1.5 times, while
hydrocortisone 21-hemisuccinate demonstrated a
comparable effect only at the concentration of 10 M.

25
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The density of bronchus-associated lymphoid

Ovalbumin + Ovalbumin +
Ruzam Cromoglycate

Intact animals Ovalbumin

Fig. 2. The effects of ruzam and sodium cromoglycate on

the density of bronchus-associated lymphoid follicles in

the ovalbumin-sensitized guinea pigs, M + SE: * p < 0.05
compared with the intact animals

The addition of ovalbumin into the culture of basophils
obtained from the blood of guinea pigs previously
immunized with this antigen doubled DI in these cells
compared with that in unstimulated basophil cultures that
served as controls in this test system (Fig. 3).
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Fig. 3. The effect of ruzam on ovalbumin-induced degranulation

of basophils in the ovalbumin-sensitized guinea pigs in vitro,

M+ SE: * p<0.01 compared with spontaneous degranulation;

# p < 0.01 compared with ovalbumin-induced degranulation
without additional effects

degranulation

Table 2

The effects of ruzam and hydrocortisone 21-hemisuccinate on in vitro degranulation of mast cells and basophils induced
by the compound 48 / 80, M + SE

Degranulation index, units

Options for influencing the cultured cells Rat peritoneal mast cells Rabbit blood basophils

Intact cells 0.40 + 0.05 0.70 £ 0.05
S g No additional effects 2.40+0.10* 1.40+0.10*
5 840 pg / ml 1.10 £ 0.10%# 0.90 = 0.05#
=2 Ruzam 84 pg/ ml 1.10 + 0.10*# 1.00 +0.05
£ 3 8.4 ug/ml 1.12 £ 0.10%# 0.95 0.05
7 g Hydrocortison 10° M 110+ 0.05%# 0.80 £ 0.05#
=50 21-hemisuceinate 104 M 1.28 +0.05* 1.25+0.05*
= 105 M 1.50 £ 0.05* 1.65 £ 0.05%

* p <0.01 compared with the intact cells; # p < 0.01 compared with the cells stimulated by the compound 48 / 80 without additional effects
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Ruzam dose-dependently suppressed ovalbumin-
induced degranulation of basophils in the sensitized
animals. At the same time, at both concentrations used
(280 and 420 pg / ml), the drug reduced DI to a level
that was not significantly different from the control
values.

DISCUSSION

The morphological and cytological changes in the
model of allergic airway inflammation observed in our
study are generally consistent with the results of similar
studies in ovalbumin-induced asthma models [16,
17]. At the same time, when determining the number
of mast cells in the lung tissue and their DI, we did
not reveal significant differences compared with the
intact animals. We even revealed a slight trend toward
a decrease in the number of these cells, which partly
contradicts previously published data on expansion of
mast cells in the peribronchial tissue in patients with
asthma [18] and animals with chronic allergic airway
inflammation induced by ovalbumin [16].

Despite the fact that mature mast cells reside
in tissues for a long time and are able to withstand
repeated cycles of degranulation [19], some authors
point out the possibility of temporary depletion
of the population of these cells following intense
degranulation [20, 21]. We conducted a histologic
study of the lungs 24 hours after inhalation of the last
challenging dose of ovalbumin, which a priori should
cause massive and rapid degranulation of mast cells
in the airways. This, in turn, could lead to a short-
term decrease in the number of these cells in the lung
tissue, masking or leveling their expansion in other,
longer periods.

This limitation of the reproduced model did not
allow us to evaluate the effectiveness of ruzam and
the reference listed drug (sodium cromoglycate) by
changes in the number of mast cells in the lung tissue
and their DI in vivo. However, it did not reduce the
informative value of assessing the anti-allergic effects
of the compared pharmacological substances by other
important criteria.

Ruzam increased the BALF volume returned, which
indicated reduction of bronchial obstruction caused
by allergic inflammation. Sodium cromoglycate was
ineffective in this parameter.

A fundamentally different nature of the effect of
ruzam and the reference listed drug on the cellular
composition of BALF was revealed in the model
of ovalbumin-induced airway inflammation. A
combination of cytological changes caused by the use

ofruzam can be assessed as suppression of eosinophilic
and neutrophilic inflammation with simultaneous
mobilization of effector cells in the immune response
against pathogens (lymphocytes and macrophages).
The reference listed drug, on the contrary, did not
change the number of polymorphonuclear leukocytes
in BALF, but caused a trend toward a decrease in the
number of lymphocytes and macrophages.

At the same time, in the context of using both
drugs, similar-amplitude suppression of the eosinophil
and neutrophil infiltration of the interalveolar septa in
the lung tissue samples was found.

The development of allergic inflammation in
the airways was accompanied by hyperplasia of
bronchus-associated lymphoid tissue consisting of
many inducible lymphoid follicles. These ectopic
lymphoid formations, currently classified as tertiary
lymphoid tissues, are clusters of immune cells
that resemble secondary lymphoid organs in their
follicular structure. Inducible lymphoid follicles
are formed in peripheral non-lymphoid tissues in
response to the effects of various triggers, including
antigens [22].

In the model of allergic inflammation reproduced by
us, the development of tertiary lymphoid organs in the
bronchi was caused by repeated ovalbumin inhalations
to sensitized animals. The fact that a 6-day course of
inhalations with ruzam or sodium cromoglycate at the
final stage of allergic inflammation modeling did not
change the density of bronchus-associated lymphoid
follicles in the guinea pigs is quite understandable. It
is known that even a single exposure of the airways to
antigenic stimuli induces the development of bronchus-
associated lymphoid structures that exist for at least 4
weeks after antigen clearance, reaching a peak in their
development on days 8—12 [22]. Obviously, a course
of inhalations with ruzam or the reference listed
drug in our study was too short to cause noticeable
regression of lymphoid follicles, which had formed
earlier under the influence of allergenic stimuli and
had not completed a natural course of their evolution
and involution. Presumably, longer and / or earlier
use of ruzam in such a model in vivo could confirm
the anti-allergic effects of the drug by this parameter
as well.

Cross-linking of high-affinity IgE receptors (FcRI)
on mast cells by allergens causes rapid release of
proinflammatory mediators that stimulate not only
smooth muscle contraction and mucus secretion [23,
24], but also fibroblast proliferation and collagen
synthesis, which leads to airway remodeling in asthma
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and fibrosis of other tissues susceptible to allergic
inflammation [25-27].

Mast cells along with basophils play an essential
role in IgE-dependent allergic reactions [28]. When the
latter are degranulated, a large number of phlogogenic
mediators are released, provoking the development of
asthma, allergic rhinitis, urticaria, and many other, not
only allergic, diseases [30].

Given the above as well as the limitations that
we encountered when assessing the number and
functional state of mast cells in the in vivo model,
the data obtained in the in vitro test systems on the
pronounced ability of ruzam to suppress degranulation
of mast cells and basophils induced by the histamine
liberator and degranulation of basophils induced by
ovalbumin in the animals sensitized with this antigen
are very valuable. Therefore, the studied drug directly
blocked both IgE-dependent and IgE-independent
mechanisms of mast cell and basophil degranulation. It
is worth noting that ruzam was effective in suppressing
degranulation of cells in three mammalian species,
one of which (rabbit) did not belong to rodents. This
seems inspiring in terms of extrapolating the results
obtained from animals to humans.

The experimental data described in this study are
consistent with the results of clinical trials of ruzam
in the treatment and prevention of allergic diseases
highlighted in the recent review [4]. Biological effects
of the drug in the in vivo and in vitro models confirm
the ability of ruzam to suppress type 2 (Th2) immune
responses underlying the pathogenesis of most allergic
diseases.

Considering the chemical nature of ruzam (the
complex of bacterial lipoproteins), we believe that
the drug implements its biological / pharmacological
effects through Toll-like receptors (TLR) of innate
immunity. TLR2 and its heterodimers TLR1 / TLR2
and TLR / TLR6 are the most likely molecular
targets of ruzam in this case. TLR2-mediated signals
can both activate and regulate immune responses
depending on the nature and dose of ligands
(lipopeptides, lipoteichoic acids, proteoglycans),
the variant of homo- or heterodimerization of this
receptor, the initial state of the body, and a number
of other factors [31].

In the context of interpretation of the obtained
data, the previously revealed ability of lipopeptides to
suppress allergic inflammation via the TLR2 signaling
pathway in ovalbumin-induced asthma models in vivo
is of interest. This pathway contributed to T2—T1
polarization of the predominant immune response

and potentiation of immunoregulatory mechanisms
[32, 33]. Defective TLR2, on the contrary, aggravated
ultrastructural, cytological, and molecular signs of
ovalbumin-induced type 2 inflammation in the airways
of sensitized animals [34]. In in vitro test systems,
TLR2 ligands suppressed IgE-dependent [35, 36]
and IgE-independent mast cell degranulation [37].
We consider testing the hypothesis on the key role of
TLR2 and its heterodimers in pharmacological effects
of ruzam promising for further research not only to
refine the molecular mechanisms of its effect, but also
to expand and optimize the scope and methods of its
clinical use.

CONCLUSION

The anti-allergic effect of ruzam, the extract from
the culture of the thermophilic S. aureus strain C2,
was confirmed in the test systems in vivo and in vitro.
In particular, in the model of ovalbumin-induced
allergic asthma in guinea pigs, the drug reduced
the degree of airway obstruction and the severity of
neutrophilic and eosinophilic inflammation, while
mobilizing effector cells of the immune response
against pathogens (lymphocytes and macrophages).
And in the in vitro models, ruzam suppressed both
IgE-independent degranulation of mast cells and
basophils induced by the histamine liberator and IgE-
dependent degranulation of basophils in the sensitized
animals. A hypothesis was put forward about the
TLR2-mediated nature of the main biological and
pharmacological effects of the drug identified in this
study and described in other scientific papers.
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Prognostic value of the inferior vena cava diameter, lung ultrasound,
and the NT-proBNP level in patients with acute decompensated heart
failure and obesity
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ABSTRACT

Aim. To evaluate the clinical and prognostic value of the inferior vena cava (IVC) diameter, the sum of B-lines
according to lung ultrasound (LUS), and the NT-proBNP level in patients with acute decompensated heart failure
(ADHEF) and obesity.

Materials and methods. A single-center, prospective study included 162 patients with ADHF (66% men, age 68 +
12 years, left ventricular ejection fraction (LVEF) 44 (35; 54)%, median level of NT-proBNP 4,246 (1,741; 6,837)
pg/ml). 27.8% of patients were overweight, 55% of patients had obesity. Upon admission, all patients underwent a
standard clinical and laboratory examination, including lung ultrasound with the calculation of the sum of B-lines,
IVC ultrasound, and determination of the NT-proBNP level.

Results. Obese patients had a smaller sum of B-lines according to lung ultrasound than overweight patients and
those with normal weight [33 (21-51); 38 (27-54), and 42 (30-58), respectively; p = 0.002] and a lower level of
NT-proBNP [3,404 (1,630; 5,516); 4,458 (2,697; 5,969); 5,085 (2,871; 7,351) pg / ml, respectively, p = 0.013]. The
IVC diameter did not differ significantly depending on body mass index (BMI): with obesity — 2.3 (1.9-2.8) cm,
with overweightness — 2.3 (1.9-2.8) cm, and with normal weight — 2.2 (1.8-2.4) mm, p = 0.324.

According to the multivariate Cox regression analysis, the sum of B-lines > 7 at discharge (hazard ratio (HR) 8.90,
95% confidence interval (CI) 2.03-38.30, p = 0.003) and IVC > 2.4 cm at admission (HR 5.42, 95% CI 1.04-28.13,
p = 0.045) were independently associated with a higher risk of 12-month mortality from cardiovascular disease.

Conclusion. Therefore, lung ultrasound with B-line quantification and assessment of the IVC diameter may be
useful in obese patients with ADHF to stratify the risk of 12-month mortality from cardiovascular disease.
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MporHocTnyeckoe 3HaYeHNe AnameTpa HMKHeNn NOJION BEHbI,
ynbTpa3ByKoBoro ncciegosaHus nerkux n NT-proBNP y nauyveHToB
C AeKOMMEeH caL el XpoHNYeCcKon cepaevyHON He[OCTaTOYHOCTHN

N OXKNpeHnem

Ko6anasa X.[l.', Kabenbo MonTtona 9.3.', Cadpaposa A.D."? Tonkauesa B.B.', AbpamoB A.A."

! Poccuiickuil ynueepcumem opyoicool Hapooos (PYI[H)
Poccus, 117198, 2. Mockea, ynr. Muknyxo-Maxknas, 8

2 F'opoockas knunuveckas bonvnuya (I'KB) um. B.B. Bunozpadosa
117292, Poccus, 2. Mockea, y1. Basunosa, 61

PE3IOME

Hennb: n3ydyeHre KIMHAIECKOTO ¥ MIPOTHOCTHYECKOTO 3HAYCHUSI TUaMeTpa HinkHeH moroi Bens! (HIIB), cymmer
B-muanit mo manHBIM yiubTpasBykoBoro ucciemosanus (Y3U) merkux m NT-proBNP y marmueHToB ¢ oCcTpoit
JIeKOMITeHcanuel xpoHudeckoit cepaednoit Henocrarounoctu (OJIXCH) u oxupennem.

MatepuaJbl M1 MeTOAbI. B 0THOIIEHTPOBOE POCHEKTHBHOE UCCeI0BaHNe BKIoUeHb! 162 manuenta ¢ OJIXCH
(66% wmy>xunH, Bo3pacT 68 + 12 jer, ¢pakmus BeiOpoca neBoro xemynouka (OB JIK) 44 (35; 54)%, mennana
ypoBHst NT-proBNP 4 246 (1 741; 6 837) nr/mm). Umenn m30bITouHyto mMaccy Tena 27,8% mamueHToB, 55%
CTpajialii OXKMpeHHeM. BceM manmeHTaM NpH MOCTYIUIGHHH BBIIOJIHEHBI CTaHJAPTHOE KIMHUKO-1abopaTopHOe
oOcnenoBanue, Bkitodas ¥Y3U nerkux ¢ noacyerom cymmsl B-munmii, Y3 HIIB, NT-proBNP.

PesyabTarpl. [laneHTs! ¢ OXKUPEHUEM IO CPABHEHMIO C MALMEHTAMHM ¢ W30BITOYHOW M HOPMalbHOW Maccoi
Tena UMeIU MeHbllyto cyMMmy B-nmunuu npu Y3U nerkxux [33 (21-51); 38 (27-54) u 42 (30—58) cOOTBETCTBEHHO;
p =0,002], menbiunii ypoBenb NT-proBNP [3 404 (1 630; 5 516); 4 458 (2 697; 5 969); 5 085 (2 871; 7 351) nr/mn
cootBercTBeHHO, p = 0,013]. Jlnamerp HIIB cymiecTBeHHO HE OTJIMYAJICS B 3aBUCHMOCTH OT MHJEKCAa MAaCChl
Tesna: npu oxupenud — 2,3 (1,9-2,8) e, npu n3dsiTounoii Macce tena — 2,3 (1,9-2,8) cm, npu HopMasbHOI Macce
Tena — 2,2 (1,8-2,4) mm, p = 0,324.

ITo naHHBEIM MHOTrO(aKTOPHOTO perpeccHoHHOro aHaimmza Kokca, cymma B-mununii Gomee 7 mpH BBINHCKE
(orHomenwue puckos (OP, hazard ratio (HR)) 8,90; 95%-i1 noBepurensusrit uatepsain (A1) 2,03-38,30; p=0,003) u
HIIB 6o:ee 2,4 cm nipu noctyruienun (OP 5,42; 95%-it 1IN 1,04-28,13; p = 0,045) He3aBUCUMO aCCOLUMPOBAINACH
¢ GoJtee BEICOKOH BEPOSITHOCTBIO 12-MeCSIHOM CMEPTH OT CepJeIHO-COCy IUCThIX 3aboneBanuii (CC3).

3aximouenue. Takum o6pazom, Y3U nerkux ¢ moacuerom B-nmuamii n onenka auamerpa HIIB moryT ObITh moste3-
HeIMH y TarteHToB ¢ O/IXCH u oxxupenueM s cTpaTHQHUKALIH [0 PUCKY pa3BUTHS cMepTH oT CC3 B TeueHne
roja.

Kimouessble cioBa: O/IXCH, oxupenue, B-nunuu, Huxssist nonast BeHa, NTproBNP

KOHq)JII/IKT HHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U IOTCHUUAIBHBIX KOH(l)J'II/IKTOB HHTEPECOB,
CBA3aHHBIX C ny6m/n<au1/1ei«'l HaCTOHH.[eﬁ CTaTbHU.

HUcTounuk (l)I/IHaHCI/IPOBaHI/Iﬂ. ABTOpBI 3asIBJIIOT 00 OTCYTCTBUU q)HHaHCPIpOBaHI/ISI 1Ipy MMPOBCJACHUN UCCIIEN0-
BaHUA.

CooTBeTcTBHE NMPUHIUIAM 3THKH. Bce manmenTsl moamucanu MH(GOPMHPOBAHHOE COTJAcHE Ha ydacTHE B
nccnenoanun. MccaenoBanue on00peHo 3THUECKUM KomuTeToM Menummackoro nHeturyra PYJIH (mporokon
Ne 8 ot 16.11.2021).

Js nutupoBanus: Ko6anasa XK. /1., Kabenso Montroita @.0., Cadaposa A.®., Tonkauera B.B., AGpamos A.A.
[IporHocTHYECKOE 3HAYCHHUE AMAMETPa HIDKHEH ITOJIOW BEHBI, YJIBTPa3BYKOBOTO HccienoBaHus jerkux u NT-
proBNP y nauuenToB ¢ gekoMieHcanueil XpoOHH4eCKoN cepAeuHON HeI0CTaTOUHOCTU U OKUpEHUEM. broiiemens
cubupcroii meouyunsl. 2023;22(1):33-40. https://doi.org/10.20538/1682-0363-2023-1-33-40.
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INTRODUCTION

Congestion is one of the main causes of readmission
and mortality in patients with chronic heart failure
(CHF), regardless of left ventricular ejection fraction
(LVEF). Recently, the role of lung ultrasound with
an assessment of the sum of B-lines and the diameter
of the inferior vena cava (IVC) in patients with acute
decompensated heart failure (ADHF) for stratifying
the risk of cardiovascular complications has been
widely discussed [1]. The revealed relationship of
body mass index (BMI) with both natriuretic peptides
(NUP) and B-lines is of great clinical importance for
obese patients [2].

Obese patients experience sodium retention,
increased intravascular volume and blood pressure,
and increased afterload, which can lead to adverse
cardiac remodeling and contribute to development of
heart failure (HF). In patients with dyspnea and / or
edema and obesity, the diagnosis of HF is difficult,
since the genesis of these symptoms is not always
associated with the development of HF. In addition,
there is evidence of an inverse correlation between BMI
and the sum of B-lines on lung ultrasound in patients
with acute or chronic HF [1, 2]. Therefore, search for
effective methods for early diagnosis of congestion in
patients with ADHF and obesity is relevant.

The aim of the study was to evaluate the clinical
and prognostic value of the IVC diameter, the sum
of B-lines according to lung ultrasound, and the NT-
proBNP level in patients with ADHF and obesity.

MATERIALS AND METHODS

A single-center, prospective study included 162
patients with ADHF (66% men, average age 68 + 12
years, median LVEF 44 (35; 54) %) (Table 1).

Table 1
Characteristics of patients with ADHF

Parameter Value
Sex (male / female), n (%) 107 (66) / 55 (34)
Age, years, M = SD 68 £ 12
Duration of HF, years, Me (IQR) 2(0.3;5)
NYHA functional class, 7 (%)
1 5(4)
11 79 (48)
v 78 (48)
Left ventricular ejection fraction (LVEF), %,
M+ SD 40+ 14
Hypertension, n (%) 157 (96.9)
Myocardial infarction in the medical history, 71 (44)
n (%)
Atrial fibrillation, n (%) 97 (59.8)
Type 2 diabetes mellitus, 7 (%) 62 (38.2)

Table 1 (continued)
Parameter Value
36 (22.2)
4,246 (1,741; 6,837)
107 (92; 136)
54 (40; 69)
6.2 (5.3;8)

Chronic anemia, n (%)

NT-proBNP, pg / ml, Me (IOR)

Creatinine (mg / dl)

GFR CKD — EPI, ml/ min / 1.73m? M + SD
Glucose (mg / dl)

Note: HF — heart failure, GFR CKD-EPI — glomerular filtration rate
using the CKD — EPI equation.

The diagnosis of ADHF was established based
on generally accepted criteria: a rapid increase
in symptoms and / or signs of HF, structural and
functional changes in the heart, and an increase in the
NT-proBNP level. Exclusion criteria encompassed
the presence of acute coronary syndrome, end-stage
chronic kidney disease, cancer, severe anemia, fever,
primary lung pathology (pneumonia, exacerbation of
chronic obstructive pulmonary disease or bronchial
asthma), and chest injury.

All patients underwent a routine clinical
examination with an assessment of symptoms and /or
signs of HF. The level of NT-proBNP was analyzed by
the immunochemiluminescent assay (PathFast, Japan).

Echocardiography, lung ultrasound, and IVC
diameter measurements were performed using the
premiumultrasound machine Vivid E90 (GE Healthcare,
USA). When performing standard echocardiography
with an assessment of LVEF according to the Simpson’s
method, the maximum IVC diameter and collapsibility
during the respiratory cycle were also measured from a
subcostal view by a longitudinal scan (Fig. 1).

Fig. 1. Assessment of the IVC diameter

Lung ultrasound was performed in the first 48 hours
from admission using an abdominal sensor in 8 zones
along the anterolateral chest walls on both sides; the
presence of B-lines in each zone was assessed, and their
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sum was calculated (Fig. 2). The ultrasound pattern of
the lungs was considered normal, corresponding to the
absence of lung congestion, if the sum of B-lines was
less than 5. If the sum of B-lines was more than 5, lung
congestion was diagnosed [3].

Fig. 2. Lung ultrasound. Multiple B-lines.

The follow-up period was 12 months. In telephone
interviews 1, 3, 6, and 12 months after the discharge,
outcomes were assessed (death from HF and
readmission for decompensated HF). SPSS software
(version 23.0) and MedCalc Version 19 were used for
statistical data processing. Quantitative variables were
described as the mean (M) and the standard deviation
(SD) for normal distribution or as the median (Me)
and the interquartile range (/QR) for non-normal
distribution.

The Mann — Whitney test was used to assess
significance of differences between the two groups
of quantitative variables. Qualitative variables were
represented by absolute (n) and relative (%) values.

The Pearson’s chi-squared test was used to compare
the groups by the frequency of qualitative variables.

The receiver performance curve (ROC) was
used to determine the predictive cut-off value for
congestion parameters in normal-weight, overweight,
and obese patients with HF, stratifying it into fatal and
readmission values. The ratio of cases in the positive
group (prevalence), sensitivity, and specificity were
calculated. ROC curves were generated, and predictive
cut-off values were defined as the point on the curve
closest to 100% on the Y-axis. This was done by
determining overload parameters associated with the
highest sum of sensitivity and specificity [4].

The survival probability was estimated by
constructing Kaplan — Meier survival curves;
comparison was made using the log-rank test. The
impact on the risk of mortality or readmission for
HF was assessed by univariate and multivariate Cox
regression analyses. The differences were considered
significant at p < 0.05.

RESULTS

All patients were divided into 3 groups depending
on BMI: patients with normal weight < 24.9 kg / m?,
overweight patients 25-29.9 kg / m?, and obese patients
> 30 kg / m? Comparative characteristics of patients
depending on BMI are presented in Table 2. Obese
patients were younger, more likely to suffer from
diabetes mellitus (DM), had arterial hypertension (AH),
higher diastolic blood pressure (DBP), a smaller sum of
B-lines, and a lower NT-proBNP level than overweight
and normal-weight patients. There was no significant
difference in the IVC diameter depending on BMI.

Table 2
Comparative characteristics of patients with ADHF depending on BMI at admission
BMI, kg / m?
Parameter p
<249 25-29.9 >30
Sex (male / female) 14 (52)/13 (48) 35(77.8)/10 (22.2) 58 (64.4)/ 32(35.5) 0.023
Age, years, Me (IOR) 71.8 (66-82) 71.3 (62-80) 65.9 (57-76) 0.005
23.7(23;24) 27.8(27; 29) 35(32;38) <0.000

HF (NYHA), n (%):

- EI 19 (70) 28 (62) 3? 855)5) 0.007
-1v 8(30) 17 (38) 53(59)

Hypertension, n (%) 24 (88.8) 44 (97.8) 89 (98.8) 0.031
Diabetes mellitus, 7 (%) 6(22.22) 14 (31.1) 42 (46.6) 0.009
Smoking, n (%) 9(33.3) 15(33.3) 36 (40) 0.404
Atrial fibrillation, n (%) 15 (55.5) 25 (55.6) 57 (63.3) 0.337
Heart rate, beats / min, Me (IOR) 87.7 (68-100) 87.8 (75-100) 91.9 (78-100) 0.126
SBP, Me (I0R) 135.1 (120-150) 139.6 (120-160) 144.8 (120-167) 0.093
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Table 2 (continued)

BMI, kg / m?
Parameter p
<249 25-29.9 >30
DBP, Me (I0OR) 78.8 (70-84) 79.3 (40-80) 84.5 (80-90) 0.028
Dyspnea at rest, n (%) 10 (37) 16 (36) 28 (31) 0.490
Edema of the lower extremities at discharge, n (%) 2(7.4) 13 (28.8) 38 (42.2) 0.031
LVEEF, % 43.03 (28-55) 37.5(23-47) 41.4 (31-50) 0.384
Sum of B-lines, Me (IQR) 42 (30; 58) 38 (27; 54) 33 (21;51) 0.002
NT-proBNP, pg / ml, Me (IOR) 5,085 (2,871; 7,351) 4,458 (2,697; 11,969) 3,404 (1,630; 5,516) 0.013
Creatinine, memol / 1, Me (IQR) 102 (89; 163) 107 (95; 160) 107 (91; 133) 0.596
GFR CKD - EPI, ml / min / 1,73 m? 53 (34; 67) 49 (39; 65) 56 (43;70) 0.212
Glucose, mmol / 1, Me (IQR) 5.7(5.2;7.2) 6.12 (4.9; 8.1) 6.4 (54;84) 0.155
IVC diameter, cm, M + SD 2.22+0.51 2.33+£0.52 2.33+0.52 0.324

Note: BMI — body mass index, HF — heart failure, SBP — systolic blood pressure, DBP — diastolic blood pressure, GFR CKD — EPI — glomerular

filtration rate using the CKD — EPI equation.

During the 12-month follow-up, 85 events
(52.4%) were identified, including 29 deaths (18%)
and 56 repeated hospitalizations for CHF (34.4%).
At the same time, in patients with obesity, the
frequency of events was 47%: death — in 13% of
cases and repeated hospitalization for CHF — in 34%
of cases.

When constructing ROC curves to predict
outcomes in obese patients, cut-off values were
identified for the sum of B-lines according to lung
ultrasound and IVC diameter (Table 3). There were no

significant cut-off values for the NT-proBNP level in
this group of patients. The univariate Cox regression
analysis is presented in Table.4. The multivariate Cox
regression analysis (which included sex, age, LVEF,
HF functional class) confirmed independent predictive
value for the risk of cardiovascular mortality during
follow-up for the sum of B-lines >7 at discharge
(hazard ratio (HR) 8.90, 95% confidence interval (CI)
2.03-38.30, p = 0.003) and IVC diameter > 2.4 cm at
admission (HR 5.42, 95% CI 1.04-28.13, p = 0.045)
in obese patients with ADHF.

Table 3
Cut-off values for predicting outcomes in obese patients
Parameter Cut-off values Sensitivity Specificity AUC p
The sum of B-lines >7 77 74 0.71 0.026
Diameter of IVC, cm >2.4 78 68 0.73 0.0002
NT-proBNP, pg / ml >5,053.8 70 77 0.70 0.059
Table 4

Univariate Cox regression analysis of the risk of death from cardiovascular disease in patients with heart failure,
depending on the body mass index

BMI < 24.9 kg / m?, BMI =25-29.9 kg / m?, BMI >30 kg / m?,

Parameter n=06(22%) n=11(24%) n=12 (44%)
OR (95%CI) p OR (95%CI) p OR (95%CI) p
Atrial fibrillation 0.84 [0.17-4.20] 0.841 1.08 [0.51-2.28] 0.828 2.55[1.13-5.73] 0.023
Inferior vena cava 0.87 [0.04-2.09]7 0.930 1.04[0.52-2.09] 0.894 2.92[1.31-6.54] 0.009
LVEF < 40% 243 [0.44-133] 0304 1.59[0.93-2.68] 0.087 2.09 [1.05-4.16] 0.035
Sum of B-lines at discharge 1.09 [0.96-1.23] 0.162 1.03 [1.00-1.06] 0.024 1.06 [1.01-1.10] 0.011
Sum of B-lines > 7 at discharge 0.77 [0.12-3.69] 0.652 3.07 [1.44-6.53] 0.003 10.2 [2.76-37.7] <0.000
LogNTproBNP 1.25 [0.52-3.04] 0.609 1.59 [1.06-2.38] 0.023 1.82[0.89-3.70] 0.098
NT-proBNP 1.00 [1.00-1.00] 0.779 1.00 [1.00-1.00] 0.033 1.00 [1.00-1.00] 0.064

Note: BMI - body mass index, OR — odds ratio.
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The Kaplan — Meier curves for cumulative survival
probability (death from cardiovascular disease) in
obese patients depending on the sum of B-lines and
IVC diameter are shown in Fig. 3, 4.

1.0 L ] T
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Cumulative survival

Log Rank <0,000

0.4 i I
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Fig. 3. Kaplan — Meier curves for cumulative survival
probability (without death from cardiovascular disease)
depending on the sum of B-lines > 7 in obese patients according
to lung ultrasound at discharge
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Fig. 4. Kaplan — Meier curves for cumulative survival

probability (without death from cardiovascular disease)

depending on the IVC diameter > 2.4 cm in obese patients
according to lung ultrasound at discharge

DISCUSSION

In our study, in the patients with ADHF and
obesity, an inverse relationship was found between
BMI and both NTproBNP and the sum of B-lines.
The IVC diameter did not differ significantly among
patients depending on BMI. Our results are consistent
with those of a recent study by A. Palazzuoli et al.,
who found an inverse correlation between BMI and
the sum of B-lines according to lung ultrasound and
no correlation between the IVC diameter and BMI for
patients with acute or chronic HF [2, 5]. In addition,
we noted lower levels of NTproBNP and fewer

B-lines on lung ultrasound in obese patients, which
was also demonstrated by E. Joyce et al. [6]. A smaller
number of B-lines in obese patients may be associated
with pronounced subcutaneous fat [1, 2, 7]. At the
same time, to date, several hypotheses have been put
forward to explain a smaller number of B-lines and
lower levels of NTproBNP in patients with HF and
obesity.

According to the literature, overweight is associa-
ted with a lower risk of death in patients with HF,
which indicates a less severe course of the disease
[1, 2, 8, 9]. On the other hand, patients with HF and
obesity respond differently to HF treatment. Higher
BMI can be associated with both fluid overload and
excess fat accumulation. In the first case, the diuretic
response can be much more effective, and in the
second, on the contrary, it can even be reduced. A
retrospective analysis of the DOSE study found that
patients with a BMI > 30 kg / m? responded better
to loop diuretics than non-obese patients [10]. It is
also possible that the administration of intravenous
loop diuretics rapidly clears lung congestion, but has
less effect on the IVC diameter Since higher BMI
is associated with a better prognosis, patients with
obesity and HF may be less likely to develop lung
congestion than individuals with lower BMI [11, 12].
Our study revealed the prognostic value of the sum
of B-lines > 7 at discharge and the IVC diameter >
2.4 cm at admission for predicting 12-month mortality
from cardiovascular disease in patients with HF and
obesity, which is also consistent with the results of
studies by other authors [ 1, 2, 13—15].

The limitations of the study are related to arelatively
small number of patients. For lung ultrasound, we
used an 8-zone protocol, which has good diagnostic
accuracy and is more practical for clinical use in
emergency situations. When using other protocols (4-
or 28-zone protocols), other results are possible [16—
18]. Long-term studies in a larger cohort of patients
are required to further define the relationship between
BMI, IVC diameter, and the sum of B-lines.

CONCLUSION

Lung ultrasound with B-line quantification and
assessment of the [VC diameter may be useful in obese
patients with ADHF to stratify the risk of 12-month
mortality from cardiovascular disease.
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Prognostic value of myocardial flow reserve in patients with heart failure
with preserved ejection fraction
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ABSTRACT

Aim. To study the prognostic value of myocardial blood flow (MBF) and myocardial flow reserve (MFR) parameters
in patients with heart failure with preserved ejection fraction (HFpEF) and non-obstructive coronary artery disease
(CAD) in risk stratification of HFpEF progression during a 12-month follow-up.

Materials and methods. The study included 58 patients with non-obstructive CAD and HFpEF (LVEF 62 [58;
66]%). Dynamic CZT-SRECT was used to evaluate MFR and MBF at rest (rest-MBF) and stress (stress-MBF).
NT-proBNP levels were determined by the enzyme immunoassay. Diastolic dysfunction parameters were measured
using 2D transthoracic echocardiography. Left ventricular systolic global longitudinal strain (GLS) was assessed
using 2D speckle tracking.

Results. After a 12-month follow-up, the patients were retrospectively divided into 2 groups: group

1 (n=11) included patients with an unfavorable course of HFpEF, group 2 (n = 47) encompassed patients with a
favorable course of the disease. In group 1, the level of NT-proBNP was 3.8 times higher than in group 2 (284.5
[183.42;716.73] and 1,071.4 [272.4; 2,168.1] pg / ml, respectively). MFR values in group 1 were lower by 45.4%
(» <0.001) than in group 2 (1.19 [0.86; 1.55] vs. 2.18 [1.7; 2.55], respectively). In group 1, rest-MBF levels were
higher by 23.6% (p = 0.046) and stress-MBF was lower by 28.2% (p = 0.046) than in group 2. The multivariate
regression analysis revealed that NT-proBNP levels (odds ratio (OR) 3.23; p = 0.008), GLS (OR 2.27; p = 0.012),
and MFR (OR 8.09; p < 0.001) were independent predictors of adverse outcomes in HFpEF. Based on the ROC
analysis, MFR levels < 1.62 (AUC = 0.827; p < 0.001), GLS <-18 (AUC = 0.756; p = 0.002), and NT-proBNP
> 760.5 pg / ml (AUC = 0.708; p = 0.040) may be considered as markers of adverse outcomes. However, the
combined determination of NT-proBNP and MFR had a greater significance (AUC 0.935; p < 0.001) in risk
stratification compared with the monomarker model, while the addition of GLS did not increase the significance
of the analysis.

Conclusion. Levels of NT-proBNP, GLS, and MFR may be used as non-invasive markers of an adverse course
of HFpEF in patients with non-obstructive CAD, while the combined determination of NT-proBNP and MBF
increases the prognostic value of the analysis.

Keywords: heart failure, preserved ejection fraction, myocardial flow reserve, prognosis, natriuretic peptide
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MporHocTnyeckas posnb pesepBa MNOKapANaANbHOIo KPOBOTOKA
y 60NbHbIX C cCepAeYHON Hef0CTaTOYHOCTbIO C COXpaHeHHoN ¢paKuumn
BblGpoca

KonbeBa K.B.', ManbueBa A.H.', F'pakoBa E.B.', Mouyna A.B.', CongaTteHko M.B.’,
KanioxxuH B.B.?, 3aBagoBckun K.B.!

! Hayuno-uccneoosamenvcruil uncmumym (HUH) kapouonozuu, Tomcrkull HayuoHa bHblil UCCAe008amenbCKuil
meouyunckuii yenmp (HUML]) Poccutickou akademuu Hayx
Poccus, 634012, Tomck, yn. Kueeckaa, 111a

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

PE3IOME

Heas. M3yuenne ponu napameTpoB MHOKapauansHoro kposotoka (MBF) u peszepBa MuokapIuaibHOTO KPOBOTO-
ka (MFR) y manueHToB ¢ cepieuHON HETOCTATOYHOCTHIO C COXpaHeHHOH (pakiueii Beiopoca (CHc®B) u HeoO-
CTPYKTHBHBIM TTOpaykeHNeM KopoHapHBIX aprepuii (KA) B crpatndukanun pucka nporpeccuposanus CHc®B B
TeueHne 12 Mec HaOJIIOICHMS.

Marepuajbl U MeToAbl. B HccienoBanne BKIIOUEHO 58 ManMeHTOB ¢ HEOOCTPYKTHBHBIM mopaxkenneM KA u
CHc®B (DBJIXK 62 [58; 66]%). C momomrpto quaammudeckoit CZT-SRECT ouenuBanu nokazarenu MFR, MBF B
nokoe (rest-MBF) u nipu Harpy3ke (Ha GoHe BBeieHHs cTpecc-areHTa ageHo3unTpudocdara, stress-MBF). Ypos-
HU NT-proBNP onpenensiiiz ¢ moMonIpi0 UMMYHO(GEPMEHTHOTO aHamm3a. [lapaMeTpsl muacToamdeckoil AuchyHK-
UM U3MEPSUTH ¢ TIOMOIIBIO ABYMEPHOI TpaHCTOpaKaabHOU dXoKapauorpadun. Cucroandeckas riaodanbHast Ipo-
nonpHas nepopmarust JOK (GLS) onennBanack ¢ momomipio 2D-speckle tracking.

PesyabTatel. Yepes 12 mec HaOmoaeHUs OOIbHBIE PETPOCIIEKTUBHO OBLTH pa3/ieieHbl Ha JIBE TPYIIIbL: B TPYIIITY
1 (n = 11) Bouwu 6onpHBIE ¢ HEOMaronpuaTHbIM TeyeHneM CHce®B, B rpynmy 2 (n = 47) — ¢ GnaronpusTHbIM.
B rpymnme 1 ypoBens NT-proBNP 6511 Beimie B 3,8 pa3sa, yem B rpymme 2 (284,5 [183,42; 716,73] u 1071,4 [272,4;
2168,1] nr/ma coorBercTBeHHO). 3HaueHnst MFR Obuin Hipke B rpymme | Ha 45,4% (p < 0,001), yem B rpyme
2 (1,19 [0,86; 1,55] vs 2,18 [1,7; 2,55] cooTrBercTBeHHO). YpoBHH rest-MBF Obutn Beimie na 23,6% (p = 0,046),
a stress-MBF Hwxe Ha 28,2% (p = 0,046) B rpynne 1, yem B rpynmne 2. IIpy npoBeaeHHH MHOTO(AKTOPHOTO
perpeccronHoro ananuza ypoBHH NT-proBNP (otHomenune mancos (OL) 3,23; p = 0,008), GLS (OLL 2,27;
p=10,012) u MFR (O 8,09; p < 0,001) okazanuch He3aBUCUMBIMU NPEAUKTOPAMHU HEOIArONMPHUATHOTO TEUCHUS
CHc®B. [lo nanasim ROC-ananuza, yposau MFR <1,62 (AUC = 0,827; p < 0,001), GLS <-18 (AUC = 0,756;
p =0,002) u NT-proBNP >760,5 nr/mn (AUC = 0,708; p = 0,040) MoXKHO paccMaTpuBaTh B Ka4eCTBE MapKEpPOB
HeOIaronpusATHEIX ucxonoB. OnHako komOunupoBanHoe onpeneneHrne NT-proBNP ¢ MFR obmnagano 6onpieit
3naunmMocThio (AUC 0,935; p <0,001) B cTpaTuduKanum pucka o cpaBHEHHIO ¢ MOHOMapKEPHOH MOIEIbIO, TOTIa
kak no6asienne GLS He yBennMuuBago 3HAUMMOCTD aHAIH3A.

3aximodenne. Yposau NT-proBNP, GLS nu MFR moryT ucnonbs3oBaThCs B KaueCTBE HEMHBA3UBHBIX MapKepoB
HeGnaronpusitHoro TedeHuss CHc®B y nannenToB ¢ HeoOCTpYKTHBHBIM MopaxkeHneM KA, mpu 5ToM KOMOUHHPO-
BaHHoe onpenesneHre NT-proBNP u MBF yBennuuBaer nporHocTHUECKYIO 3HAUMMOCTb aHaIN3a.

KnroueBble ci1oBa: cepaedHas HEZOCTAaTOYHOCTh, COXpaHEHHas (pakius BbIOpoca, pe3epB MHOKapAHAIBLHOTO
KpOBOTOKA, ITPOrHO3, HATPUIYPETUUECKUI NENTHU]T
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B.B., 3aBagosckuit K.B. [Iporaoctuueckast poib pe3epBa MHOKapANAIbHOTO KPOBOTOKA Y OOJIBHBIX C CepIeTHON
HEJIOCTATOYHOCTHIO C COXpaHeHHOU (pakumu BeIOpoca. broremens cubupckou meduyunst. 2023;22(1):41-50.
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INTRODUCTION

Heart failure (HF), which was designated as a
new epidemic in 1997, remains a serious and dire
clinical and public health problem worldwide [1].
Approximately 50% of patients with HF are diagnosed
with preserved left ventricular ejection fraction
(LVEF) [2], and the prevalence of HF with preserved
ejection fraction (HFpEF) increases by about 1%
annually compared to HF with reduced LVEF [3]. At
the same time, 5-year survival of patients with HFpEF
is comparable to some types of non-hematological
cancers [4], and the cost of treatment is associated
with high economic costs, amounting to 1-2% of the
total healthcare expenditures. According to forecasts,
by 2030, the annual cost of treatment in this cohort of
patients will reach 69.8 billion dollars [5].

Currently, the mechanisms of development and
progression of HFpEF remain not fully understood [6].
At the same time, a lack of an accurate understanding
of its pathophysiology determines a lack of adequate
therapy according to current guidelines [7]. Recently,
a new innovative theory of the development and
progression of HFpEF has been proposed, which is
based on coronary microvascular dysfunction (CMD)
[8]. The results of a number of international studies
using invasive or non-invasive diagnostic methods
support the assumption that CMD occurs much more
often than previously established, including patients
with HFpEF [9]. V.L. Murthy et al. found that 53% of
patients with non-obstructive coronary artery disease
(CAD) and angina showed signs of mental stress-
induced myocardial ischemia [10]. According to a
meta-analysis of 56 studies involving 14,427 patients,
the proportion of patients with CMD in the general
population was 41% [9], while the prevalence of CMD
in patients with HFpEF increased to 75-85% [11, 12].

Myocardial flow reserve (MFR), quantified as the
ratio of hyperemic myocardial blood flow to resting
blood flow, is used for a functional assessment of
ischemia in large and small vessels. In the absence of
subepicardial coronary artery occlusion, it is a marker
of CMD [13]. Currently, magnetic resonance imaging
(MRI) of the heart and positron emission tomography
(PET) are among the main methods for diagnosing
CMD, but their use for assessing myocardial perfusion
parameters has not found wide application in clinical
practice due to complexity and high cost of the methods
[14, 15]. Another method for determining absolute
perfusion parameters is dynamic myocardial perfusion
single-photon  emission computed tomography
(SPECT) [16]. This technique has appeared relatively
recently, with the advent of a new class of gamma
cameras equipped with cadmium — zinc — telluride
(CZT) detectors. The method, along with PET, has
been sufficiently tested and validated, and is also more
accessible for visualizing microcirculatory changes in
the coronary bed [17]. However, the predictive value
of MFR and MBF parameters, obtained using CZT
detectors, in risk stratification of HFpEF progression
has not yet been evaluated.

The aim of the study was to investigate the
prognostic value of MBF and MFR parameters in
patients with HFpEF and non-obstructive CAD in risk
stratification of HFpEF progression during a 12-month
follow-up.

MATERIALS AND METHODS

The study was performed in accordance with
the Declaration of Helsinki and approved by the
local Ethics Committee at the Cardiology Research
Institute, Tomsk National Research Medical Center
of the Russian Academy of Sciences (Protocol No.
177 0 30.10.2018). An informed written consent was
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obtained from all patients prior to enrollment in the
study.

Inclusion criteria: 1) non-obstructive (< 50%)
CAD; 2) LVEF > 50% measured by echocardio-
graphy; 3) left ventricular diastolic dysfunction (DD)
/increased left ventricular filling pressure according to
echocardiography; 4) sinus rhythm; 5) NT-proBNP

> 125 pg / ml; 6) a signed informed consent to
participate in the study.

Exclusion criteria: 1) previous myocardial
infarction; 2) elective coronary revascularization and
/ or previous coronary revascularization; 3) systo-
lic blood pressure > 160 mm Hg; 4) symptomatic
hypotension with the mean systolic blood pressure <
90 mm Hg; 5) second- or third-degree atrioventricular
block, sick sinus syndrome; 6) persistent or
chronic atrial fibrillation and / or atrial flutter;
7) valvular insufficiency or aortic stenosis > grade
2; 8) hypertrophic and dilated cardiomyopathy;
9) previous pulmonary embolism with increased
pulmonary hypertension > 45 mm Hg; 10) severe
form of bronchial asthma and / or chronic obstructive
pulmonary disease; 11) pathology of the thyroid
gland; 12) glomerular filtration rate (CKD-EPI) < 30
ml/min/m?; 13) Child-Pugh class C liver failure; 14)
acute and chronic inflammatory diseases of the heart;
15) hemoglobinlevel <100 g/dl; 16) stroke or transient
ischemic attack within 90 days prior to inclusion in
the study; 17) obesity (body mass index > 35 kg / m?);
18) life-threatening uncontrolled arrhythmias.

Preparation for coronary computed tomography
angiography (CCTA) was carried out according to a
standard protocol. The preparation included taking
beta blockers and prednisolone, avoiding caffeine-
containing drinks and foods, excluding glucophage
(metformin), viagra, etc., painkillers (advil or
motrin). In addition, patients were instructed about
the contraindications of the procedure associated
with allergic reactions, pregnancy and kidney disease.
Before each scan, heart rate and blood pressure were
assessed. All patients received 0.5 mg nitroglycerin
sublingual.

For contrast-enhanced scanning, 70-90 ml of a
non-ionic contrast agent (iopamidol 370 mg, Bracco
Diagnostics, Italy) was injected intravenously through
an 18G catheter inserted through the cubital vein at
the rate of 5-5.5 ml / s followed by 60 ml of 0.9%
NaCl. Axial images, curvilinear multiplanar and
transverse reformations, and thin-slab maximum
intensity projections were used to analyze the data set.
All studies were analyzed on the hybrid tomograph

(Advantage Workstation 4.6, GE Healthcare).
According to the modified classification proposed by
the American Heart Association, coronary arteries
were divided into 16 segments [18].

Preparation of patients for dynamic myocardial
perfusion SPECT, study protocol, and recording and
processing of static and dynamic scintigraphic data are
described in previous works [16]. Twenty-four hours
prior to the study, beta blockers, nitrates, calcium
channel antagonists, caffeine, and methylxanthine
derivatives were discontinued. Studies were performed
in the morning, on an empty stomach, against the
background of sinus rhythm, according to a two-day
rest — stress protocol using the radiopharmaceutical
99mTc-methoxy-isobutyl-isonitrile  (99mTc-MIBI),
which was administered intravenously as a bolus
at a dose of 260—444 MBq. To perform the study
under stress, the stress agent adenosine triphosphate
(ATP) was used, which was administered using
an intravenous infusion pump at a dose of
160 pg / kg / min for 4 minutes.

To correct the attenuation, low-dose computed
tomography of the chest was performed. All studies
were performed on the Discovery NM/CT 570c
hybrid tomograph (GE Healthcare, Milwaukee, WI,
USA) equipped with a gamma camera with highly
sensitive CZT detectors. The total effective radiation
dose in the study (rest and pharmacological stress
test) was ~6.25 mSv.

The resulting scintigraphic images were processed
on the specialized Xeleris II workstation (GE
Healthcare, Haifa, Israel). Myocardial perfusion,
MBF, and MFR were assessed using specialized
software Corridor 4DM SPECT and 4DM Reserve
v.2015 (INVIA, Ann Arbor, MI, USA). For processing
quantitative characteristics, the Net Retention model
was used with attenuation correction.

According to myocardial perfusion SPECT data,
standard semi-quantitative indices of myocardial
perfusion impairment were determined: Summed
Stress Score (SSS) — the sum of points during exercise,
Summed Rest Score (SRS) — the sum of points at rest,
Summed Difference Score (SDS) — the difference
between exercise and rest, and also quantitative
parameters: Stress Myocardial Blood Flow (stress-
MBF) — myocardial blood flow during exercise,
Rest Myocardial Blood Flow (rest-MBF) — myo-
cardial blood flow at rest, and Myocardial Flow
Reserve (MFR).

Philips Affiniti 70 ultrasound system was used
to perform 2D transthoracic echocardiography.
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All examinations were performed by one highly
qualified specialist. The assessment of left ventricular
diastolic dysfunction (LVDD) was based on 4 main
parameters: early diastolic velocity of the lateral
wall of the left ventricle (lateral e’), the average
ratio of early diastolic mitral valve flow velocity to
the average early diastolic mitral annular velocity
(E/e’), left atrial volume index, and peak tricuspid
regurgitation velocity [19]. LVDD was diagnosed
in the presence of > 3 abnormal values. LV systolic
global longitudinal strain (GLS) was assessed using
2D speckle tracking.

Blood samples were obtained by venipuncture;
adequate samples were centrifuged. Serum was
separated and stored at —24 °C with one freeze — thaw
cycle. The level of NT-proBNP was determined by the
enzyme-linked immunosorbent assay (ELISA) using
the Biomedica ELISA kit (Austria). Adverse outcomes
were defined as the time to new symptoms / signs or
aggravating symptoms/signs of HF, hospitalization
for decompensated HFpEF, or death.

Statistical processing of the study results was
performed using STATISTICA 10.0 and MedCalc
11.5.0.0 software. The data were presented as the
median and the interquartile range Me (Q,~0,)).
To test statistical hypotheses in the analysis of
quantitative variables, the Mann — Whitney test was
used to compare two independent samples. When
analyzing qualitative variables, contingency tables
were analyzed using the Pearson’s y2 test. If there
were cells with an expected frequency of less than 5, a
two-tailed Fisher’s exact test or Yates’ correction (for
2x2 tables) was applied. To identify predictors of an
unfavorable course of HFpEF, a ROC analysis was
used with construction of characteristic curves and
calculation of area under the curve (AUC). To identify
factors that have a significant impact on the course
and prognosis of the disease, a multivariate analysis
was performed with calculation of an odds ratio (OR)
with a 95% confidence interval (CI). The critical
significance level p for all statistical procedures was
taken equal to 0.05.

RESULTS

After 12 months of follow-up, the patients were
retrospectively divided into 2 groups: group 1 (n =
11) included patients with an unfavorable course of
HFpEF, group 2 (n = 47) encompassed patients with
a favorable course of the disease (Table 1). Adverse
cardiovascular events recorded during the follow-up
period are shown in Fig. 1.

n=4 n=3 n=1 n=3
Hospitalizations Progression Cardiovascular New
for decompensated of HFpEF death symptoms/signs

HFpEF of HF

Fig. 1. Frequency of adverse cardiovascular events during
12-month follow-up

According to the main clinical and demographic
characteristics, the groups were comparable, except
for the NT-proBNP values (p < 0.001). In group 1,
the level of NT-proBNP was 3.8 times higher than in
group 2 (284.5 [183.42; 716.73] and 1,071.4 [272.4;
2,168.1] pg / ml, respectively).

In patients with an unfavorable course of HFpEF,
the absolute value of GLS was lower by 27.1%
(p = 0.003) than in individuals with a favorable
course of the disease (—14.5 [12; 18.9]% and —19.9
[14; 21.4] %, respectively; p = 0.003). Septal ¢’
was lower by 23.6% (p = 0.008) in group 1 than in
group 2 (5.5 [4.9; 6.7) versus 7.2 (6.9; 8.01) cm,
respectively). E/e’ values were higher by 14.7% (p =
0.041) and LAVI was higher by 17.8 (p = 0.021) in
patients with adverse outcomes of HFpEF compared
to patients with a favorable course of the disease
(Table 2).

Semi-quantitative parameters of LV myocardial
perfusion did not differ significantly in the studied
groups. MFR values were lower in group 1 by 45.4%
(» <0.001) than in group 2 (1.19 [0.86; 1.55] vs. 2.18
[1.7; 2.55], respectively). The value of rest-MBF in
patients with an unfavorable course of HFpEF was
higher by 30.1% than that in the group with a favorable
course of the disease (p = 0.046), while stress-MBF in
group 1 was lower by 28.2 % (p = 0.014) than in group
2 (Table 3).

MFR and rest-MBF levels were correlated
with NT-proBNP levels (» = —0.368; p = 0.007 and
r=0.354; p = 0.042, respectively). MFR values were
also correlated with LAVI (r = —-0.464; p = 0.001),
lateral e’ (» = 0.314, p = 0.012), and GLS (» = 0.504,
p = 0.009), while rest-MBF was correlated with E/e’
(r=0.512; p=0.002).
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Table 1
Clinical and demographic characteristics of patients depending on the course of HFpEF
Parameter Group 1, n=11 Group 2, n =48 p
Age, years, Me (0,0, 62 (54.0; 67.0) 60.0 (53.0; 68.0) 0.124
Men, n (%) 7 (63.6) 29 (60.4) 0.912
Body mass index, kg / m’, Me (Q,~0.) 32.4(29.9; 34.8) 30.19 (27.8; 33.3) 0.174
Hypertension, n (%) 8(72.7) 32 (66.7) 0.257
Diabetes mellitus, 7 (%) 3(27.3) 14 (29.2) 0.863
COPD, n (%) 2 (18.2) 11 (22.9) 0.315
Smoking, n (%) 3(27.3) 10 (20.8) 0.311
GFR, ml/min / 1.73 m’, Me (Q,~Q,) 69.8 (57.0; 78.5) 71.0 (59.0; 81.0) 0.745
Total cholesterol, mmol /1, Me (Q,~0..) 4.34 (3.76; 5.23) 4.67 (3.98; 5.54) 0.976
HbAlc, %, Me (Q,~Q..) 5.7 (5.2;6.8) 5.4 (5.3;6.9) 0.721
LDL-C, mmol /1, Me (Q,~0..) 3.19(1.78; 3.65) 1.65 (1.99; 3.34) 0.457
HDL-C, mmol /1, Me (Q,.~Q,.) 1.07 (0.85; 1.31) 1.06 (0.96; 1.26) 0.896
Triglycerides, mmol / 1, Me (Q,~0,,) 1.69 (1.23; 1.97) 1.67 (1.22; 1.92) 0.235
Hemoglobin, g / dI, Me (Q,~Q,,) 133 (127, 143) 135 (128; 142) 0.675
Potassium, mmol / 1, Me (Q,~Q.,) 4.56 (4.01; 5.12) 4.87(4.43;5.21) 0.346
Fibrinogen, g / 1, Me (Q,~0.) 3.27(3.14; 3.14) 3.17 (2.86; 3.43) 0.844
NT-proBNP, pg / ml, Me (Q,—0..) 1,701.4 (272.4; 2,168.1) 284.5(183.4;716.7) <0.001

Note: HbAlc — glycated hemoglobin; GFR — glomerular filtration rate according to the CKD-EPI equation; HDL-C — high-density lipoprotein
cholesterol; LDL-C — low-density lipoprotein cholesterol; COPD — chronic obstructive pulmonary disease

Table 2
Echocardiography parameters depending on the course of HFpEF, Me (Q,-0..)
Parameter Group 1, n=11 Group 2, n =48 2
Left ventricular ejection fraction, % 59.5 (56; 62.5) 61 (59; 64) 0.456
End-systolic dimension, mm 43 (38; 47) 41.5(36.5;45.5) 0.544
End-diastolic dimension, mm 56.0 (49.5; 59.0) 54.5 (47.5; 57.5) 0.398
LVMMI, g/ m? 99.0 (88.5; 112.5) 97 (85.5; 109.5) 0.276
E/A ratio 1.04 (0.79; 1.34) 0.99 (0.74; 1.2) 0.516
Lateral ¢, cm / m 5.5(4.9; 6.7) 7.2(6.9; 8.01) 0.008
Peak TRV, m /s 2.99 (2.95; 3.21) 2.92 (2.8;3.11) 0.056
E/e’ 14.5 (13.5; 15.0) 13 (125 14) 0.041
LAVI, ml / m? 38.3(35.7;51.1) 31.48 (29.5; 47.9) 0.021
-14.5 (-12;-18.9) -19.9 (14;21.4) 0.003

LV global longitudinal strain, %

Note: E/A — the ratio of the maximum blood flow velocity in the rapid ventricular filling phase to the maximum
flow velocity in atrial systole; E/e’ — the ratio of the early mitral inflow velocity to tissue Doppler e’; LVMMI — left
ventricular myocardial mass index; LAVI — left atrial volume index; TRV — tricuspid regurgitation velocity; lateral
e’ — early diastolic velocity of the lateral wall of the left ventricle.

Table 3

Coronary flow reserve and myocardial blood flow parameters depending on the course of HFpEF, Me (Q,~0.)

Parameter Group I, n=11 Group 2, n =48 p
Stress-MBF, ml / min/ g 1.07 (0.57; 1.22) 1.49 (1.09; 1.71) 0.014
Rest-MBF, ml /min/ g 0.72 (0.52; 1.22) 0.55(0.47;0.77) 0.046
MFR 1.19 (0.86; 1.55) 2.18 (1.7; 2.55) <0.001
SSS 3(0;4) 2(0;4) 0.563
SRS 0(0; 1) 0(0;2) 0.423
SDS 2(2;3) 1(0;3) 0.221

Note: MFR —myocardial flow reserve; standard semi-quantitative indices of impaired myocardial perfusion: SSS —
summed stress score; SRS — summed rest score; SDS — summed difference score.
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In the multivariate regression analysis, NT-
proBNP levels (OR 3.23; 95% CI 1.76-6.78; p =
0.008), GLS (OR 2.27; 95% CI 1.15-4.65; p = 0.012,
and MFR (OR 8.09; 95% CI 5.12-19.98; p < 0.001)
were independent predictors of an unfavorable course
of HFpEF. According to the ROC analysis, MFR
levels < 1.62 (AUC = 0.827; p < 0.001), GLS
< -18 (AUC = 0.756; p = 0.002), and NT-proBNP
> 760.5 pg / ml (AUC = 0.708; p = 0.040) may be

MFR GLS
100 —  100p 5
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= Specificity 758 =2 Specificity. 65.6
__g 60 - Criteion £1.62 E 50 = Critenon<-18
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? okl JAuc=0827 20 AUC = 0.756
P<0.001 P =0.002
0 e e e s 0 1 1 1 1
0 40 80 0 40 80

100-Specificity 100-Specificity

Sensitivity

considered as markers of poor outcomes (Fig. 2, a).
Comparison of the ROC curves showed no difference
in the predictive value of the markers (p = 0.953)
(Fig. 2, b). However, the combined determination of
NT-proBNP with MFR was more significant (AUC =
0.935; p <0.001) in risk stratification compared to the
monomarker model (Fig. 3), whereas the addition of
GLS (AUC = 0.885; p = 0.570) did not significantly
increase the predictive value of the analysis.

NT—proBNP 100 F
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80
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> 60|
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Fig. 2. Sensitivity and specificity of MFR, NT-proBNP, and GLS values in risk stratification of the unfavorable course of HFpEF in
patients with non-obstructive coronary artery disease (ROC analysis)
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Fig. 3. Combined determination of MFR and NT-proBNP in

the risk stratification of the unfavorable course of HFpEF in

patients with non-obstructive coronary artery disease (ROC
analysis)

DISCUSSION

The results of recent studies have shown that CMD
may play an important role in the pathogenesis of
HFpEF [12, 20], possibly because impaired perfusion
causes damage to cardiomyocytes, which leads to a
decrease in the functional reserve of the heart [21-24]
and development of myocardial fibrosis [16]. Despite
strong evidence in support of CMD, only a few studies
have evaluated its role as a predictor of adverse HFpEF
outcomes [15-19, 25, 26], and only one study found
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that a decrease in MFR on dynamic SPECT was an
independent predictor of a high risk of major adverse
cardiac events (MACE) [27].

The results of the COURAGE and ISCHEMIA
studies showed that coronary artery revascularization
was not associated with significant reduction of the
incidence of MACE [28, 29]. The first international
COVADIS study provided new evidence that the
presence of CMD is an important problem and
portends a high risk of MACE [30]. It was later found
that impaired MFR is associated with an increased
risk of all-cause mortality and the development of
MACE [31]. J. Schroder et al. showed that CMD,
assessed by Doppler echocardiography as coronary
blood flow wvelocity in the anterior descending
coronary artery, was also associated with an increased
risk of rehospitalization for angina and all-cause
mortality [32]. S. Kato et al. obtained and analyzed
MRI-assessed MFR data in 163 patients with HFpEF
(73 £ 9 years; 86 [53%] women). MFR values were
significantly lower in patients with HFpEF and adverse
cardiovascular events than in patients without them
(1.93 £ 0.38 vs. 2.67 = 0.52, p < 0.001) and were a
predictor of cardiovascular death and hospitalizations
for HF [33]. At the same time, significant negative
correlations were found between MFR and global
circumferential strain (» = —-0.29, p< 0.001), GLS
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(r= —0.33, p< 0.001), right ventricular longitudinal
strain (r=—0.26, p < 0.001), and serum BNP levels
(r=-0.32, p<0.001) [34].

A. Ahmed et al. showed that the severity of
microcirculatory disorders is inversely proportional to
the LV filling pressure, especially during exercise [22].
In another study including patients with suspected
CAD with preserved LVEF who underwent PET, a
decrease in MFR was associated with the presence
of DD (OR 2.58; 95% CI 1.22-5.48) and a high risk
of hospitalization due to decompensated HFpEF (OR
2.47; 95% CI 1.09-5.48) [17]. Patients with reduced
MFR levels on PET and DD demonstrated a more
than five-fold increased risk of hospitalization due
to decompensated HFpEF (p < 0.001). However,
JH. Lam et al. found no relationship between
echocardiography parameters of LVDD and CMD,
assessed using myocardial contrast echocardiography
at rest [33]. In another study that included patients
with systolic dysfunction (LVEF < 35%) and non-
obstructive CAD, MFR parameters were associated
with E/e’ values [34].

We have demonstrated for the first time that
patients with an unfavorable course of HFpEF had
lower MFR values according to dynamic SPECT,
probably due to more pronounced changes in the
microvascular bed. MFR and rest-MBF levels were
correlated with NT-proBNP levels (» = —0.368; p =
0.007 and » = 0.354; p = 0.042, respectively). MFR
values were also correlated with LAVI (r = —0.464;
p =0.001), lateral ¢’ (r = 0.314, p = 0.012), and GLS
(r =0.504, p = 0.009), and rest-MBF was correlated
with E/e’ (r=10.512; p = 0.002).

This suggests that factors that tip the balance
towards cardiomyocyte damage in patients with
existing CMD may worsen myocardial mechanics
and increase the risk of HFpEF progression even in
non-obstructive CAD. In particular, CMD leads to
a decrease in the bioavailability of nitric oxide, and
an increase in profibrotic cytokine signaling may
contribute to a decrease in coronary microvascular
rarefaction and an increase in myocardial fibrosis
observed in HFpEF [17]. This interaction of disorders
can synergize vascular and ventricular rigidity in
CMD [35].

On the one hand, in patients with CMD, diffuse
myocardial fibrosis leads to an endothelium-dependent
increase in peripheral vascular resistance and an
increase in resting blood flow. On the other hand, CMD
associated with chronic systemic inflammation may
contribute to periarteriolar fibrosis and microvascular

rarefaction, leading to a decrease in stress-MBF [36].
The correlation of dynamic SPECT parameters with
the biomarker of volume overload (NT-proBNP)
and diastolic function parameters indicates a closer
relationship between these processes, which, in
particular, indicates the pathogenesis of HFpEF [8]. In
addition, we found that the levels of NT-proBNP (OR
3.23; p=0.008), GLS (OR 2.27; p =0.012), and MFR
(OR 8.09; p < 0.001) were independent predictors of
an unfavorable course of HFpEF. According to the
ROC analysis, MFR levels < 1.62 (AUC = 0.827;
p < 0.001), GLS <-18 (AUC = 0.756; p = 0.002).
and NT-proBNP > 760.5 pg / ml (AUC = 0.708;
p = 0.040) can be considered as markers of adverse
outcomes. However, the combined determination
of NT-proBNP with MFR was more significant
(AUC = 0.935; p < 0.001) in risk stratification
compared to the monomarker model, while the addition
of GLS (AUC = 0.885; p=10.570) did not significantly
increase the predictive value of the analysis.

CONCLUSION

The levels of NT-proBNP, GLS, and MFR can
be used as non-invasive markers of an unfavorable
course of HFpEF in patients with non-obstructive
CAD, while the combined determination of NT-
proBNP and MBF has a greater prognostic value in
risk stratification of an unfavorable course of this
pathology during 12-month follow-up.
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Respiration in isolated cardiomyocytes and microviscosity of their
membranes in rats of different ages with heart failure

Korepanov V.A., Rebrova T.Yu., Afanasiev S.A.

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

ABSTRACT

Background. According to the latest epidemiological data, heart failure (HF) is diagnosed in 10% of adult
population over 70 years old. However, currently this diagnosis is being increasingly made in young and middle-
aged people. The pathogenesis of HF may be based on a decrease in respiration in cardiomyocytes with age, which
affects the function of energy-dependent processes in cells.

Aim. To study respiration in cardiomyocytes and microviscosity of their membranes in rats aged 2 and 15 months
with heart failure.

Materials and methods. The study was carried out on male Wistar rats. The animals were divided into 4 groups: 2
groups of intact rats aged 2 and 15 months (» = 12) and 2 groups of animals of similar ages (n = 10) with a model
of HF. In the latter, HF formed by day 28 after a double subcutaneous injection of isoproterenol hydrochloride at
a dose of 170 mg / kg with an interval of 24 hours. Isolated cardiomyocytes were obtained from enzyme-washed
rat hearts. Cell respiration was studied in a thermostated chamber in an incubation medium supplemented with
phosphorylation (ADP) and oxidation (succinate) substrates. The respiratory control (RC) ratio was calculated by
dividing V3 respiration state to V4. Membrane microviscosity characteristics were assessed by the eximerization
coefficient of pyrene fluorescence in the areas of protein — lipid and lipid — lipid interactions.

Results. RC in cardiomyocyte membranes of intact animals did not change with age. In 2-month-old rats with HF,
respiratory control ratio (RCR) did not change compared with the intact age-matched controls. In 15-month-old rats
with HF, there was a significant decrease in RC of cardiomyocytes (CM) compared with the intact animals of this age
and 2-month-old rats with HF. An age-dependent decrease in the microviscosity of CM membranes in the areas of lipid —
lipid interactions and no significant changes in the parameter at the sites of protein — lipid interactions were noted.
In 2-month-old animals with HF, the microviscosity of CM membranes in the areas of protein — lipid interactions
significantly decreased, and in 15-month-old rats it increased, compared with the intact controls. When carrying out
an intergroup comparison, an age-dependent increase in the microviscosity of CM membranes in the areas of protein —
lipid interactions and no differences in the parameter in the areas of lipid — lipid interactions were revealed.

Conclusion. In the intact rats, the absence of significant changes in respiration with age was revealed. In the
15-month-old animals with HF, respiration in CM was significantly lower than in the intact controls and 2-month-
old animals with HF. These changes may be due to the differences in the membrane microviscosity characteristics
in different periods of ontogenesis.

Keywords: cardiomyocyte respiration, membrane microviscosity, age-dependent changes, rats
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AKTVBHOCTb AbIXaHUA N30/IMPOBaHHbIX KAPANOMMOLINTOB
M MUKPOBA3KOCTb X MEMOPAH Y KPbIC pa3HbIX BO3PacToB
npu cepAevYHoO HeAOCTaTOUYHOCTH

KopenaHos B.A., Pe6poBa T.10., ApaHacbeB C.A.

! Hayuno-uccredosamenvcxkutl uncmumym (HUH) kapouonoeuu, TomcKkuil HAYUOHATLHBLIL UCCICO08AMENbCKULL
meouyunckuil yenmp (HUML]) Poccutickou akademuu HayKk
Poccus, 634012, 2. Tomck, yn. Kuesckas, 111a

PE3IOME

AKTYaJbHOCTB. [10 TOCIICHUM 3MUAEMHONIOTHYCCKUM JITAaHHBIM, cepiiedHas HemoctarouHocTh (CH) muarHocTn-
poBana y 10% B3pocioro Hacenenus crapuie 70 jer, Ipu 3TOM BCe Yallle JaHHbIM AUarHo3 CTaBAT JUIaM MOJIO-
JIOTO M cpenHero Bo3pacta. B ocHoBe marorene3a CH MOKeT jexaTh CHI)KCHHE JIBIXaHUS B KAPJAUOMHUOLUTAX C
BO3pACTOM, YTO OTPaXKAaeTCsl Ha paboTe YHEPro3aBUCHMBIX IPOIIECCOB B KIIETKAX.

Heab. M3y4unTh IpIXxaTelIbHYIO0 aKTHBHOCTh I MUKPOBSI3KOCTH MeMOpaH kapanoMuoutoB (KM) kpeic B Bo3pacTte
2 u 15 mec nipu ceplieqHON HEJOCTATOYHOCTH.

Matrepuajbsl U MeToabl. VccienoBanue mpoBeleHo Ha camiax Kpbic juHuu Wistar. CHopMHPOBaHO HeThIpe
IPYIIBI )KUBOTHBIX: JIBE TPYMIBI HHTAKTHBIX KPbIC B Bo3pacTe 2 u 15 mec (n = 12) u ABe TpyNIbl )KUBOTHBIX aHa-
JOTHYHBIX Bo3pacToB (1 = 10), y koTopsix Moaenuposanu pazsurue CH, hopmupoBasmyrocs x 28-M cyT mocine
JIByKPaTHOTO TIOAKO)KHOTO BBEICHMS M3aApuHa Tuapoxiopuaa B no3e 170 mr/kr ¢ unrepsaiom 24 4. M3ommpo-
BaHHbIE KapAHOMHUOLUTBI MOJTYYaJIH U3 IIPOMBITOrO ()epMEHTAMU cep/ua. V3yueHne akTHBHOCTH JbIXaHUS KIIETOK
MIPOBOJMIIM B TEPMOCTATHPYEMOH KaMepe B MHKYOAIIMOHHOM cpesie ¢ JoOaBIeHneM cyocTpaTos ¢hochopuauposa-
s (Al®) u okucnenus (cykuunat). PaccunteiBanu ko3¢ punmeHt asixatensHoro kouTposst (AK) kak otHomre-
HHUE CKOPOCTeH yOBUIN KUCIOPOAa B METa0OIHUECKUX cOCTOAHUAX V3 1 V4. MUKPOBSI3KOCTHBIC XapaKTEPUCTHKHI
MeMOpaH OLEHUBAIN MO KOA(PPUIHEHTY SKCUMEpU3au (IyOopeceHTHOrO 30Ha MUPEH B 30HaX OCIOK-THUITU/-
HBIX U JIMMNI-TAIHAAHBIX KOHTAKTOB.

PesyabTathl. [IpIxaTenbHblii KOHTPoab B KM MHTaKTHBIX XKHMBOTHBIX C BO3PACTOM HE HpeTepreBal U3MEHEHUH.
[Ipu CH y 2-mecsiunbIx kpbic JIK He n3MeHAICS OTHOCUTEIBHO HHTAKTHOTO BO3PACTHOIO KOHTPOJIsL. Y 15-mecsu-
HbIX kpblc ¢ CH mpoucxoaut 3Haunmoe cHipkeHue JIK B KM kak OTHOCUTENIBHO MHTAKTHBIX KUBOTHBIX 3TOTO
BO3PACTa, TaK U OTHOCUTEJIBHO 2-MecsiuHbIX KpbIc ¢ CH. OTMeueHo Bo3pacT-3aBUCUMOE CHIXKEHHUE MUKPOBSI3KO-
ct MeMOpan KM B 30HaX JIUITUI-TMIUHBIX B3aUMOACHCTBUN 0€3 3HAYMMBIX W3MEHEHUI MMoKaszaTels B MecTax
6eoK-TMnuAHBIX KOHTaKTOB. [Ipy CH y 2-MeCsIYHBIX )KUBOTHBIX MUKPOBSI3KOCTh MeMOpaH KM B 30Hax Oes1ok-Ju-
MUJIHBIX B3aUMOJICHCTBHI CYIIIECTBEHHO MOHIKACTCS, a y 15-MECAUHBIX MOBBIIACTCS OTHOCUTEIBHO HHTAKTHOTO
KOHTpOJIA B rpymne. MeXrpynrnoBoe CpaBHEHUE BBISIBUIIO BO3PACT-3aBUCHMOE YBEIMYEHUE MUKPOBSA3KOCTH MEM-
6pan KM B oGnacty 6€TOK-ITUIHAHBIX KOHTAKTOB U OTCYTCTBHE pa3inuuii B haze OONIMX JIUIHIOB.

3akioueHue. BosiBieHO OTCYyTCTBHE 3HAYMMBIX M3MEHEHUH JIBIXaHHSI C BO3PACTOM Y MHTaKTHBIX KpbIc. [Tpu CH y
15-MecstuHBIX KUBOTHBIX JbixaHue KM 3HaUUTENIbHO HUKE MHTAKTHOTO KOHTPOJIS U 2-MeCSYHbIX )KUBOTHBIX ¢ CH.
JlaHHBIE H3MEHEHHSI MOTYT OBITH O0YCIIOBICHBI PA3IIMYMEM MHKPOBS3KOCTHBIX XapaKTEPUCTHK MEMOPaH KIIETOK B
pa3HbIe IEPUO/IbI OHTOT€HE3A.

KuroueBble ci1oBa: qpIxaHue KapAHOMHOIIUTOB, MUKPOBS3KOCTh MEMOpaH, BO3pacT-3aBUCUMBIE U3MEHEHUSI, KPBICHI
KonpaukT unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX M MOTEHIMANBHBIX KOH(INKTOB HHTEPECOB,

CBSI3aHHBIX C MyOIUKaIKeil HACTOSIIEeH CTaThH.

Hcrounuku punancuponanus. VccienoBanue npoBeJeHO B paMKax TeMbl (hyHIaMEHTAIbHBIX HAYYHBIX HCCIIe-
nosanuit HUM xapauonornu Tomckoro HUMIL (Ne AAAA-A15-115123110026-3).

CooTBeTcTBHE MPUHIINNAM ITUKH. VcciieoBanne 0100peHO KOMUTETOM 110 OnoMeauiHcKoi atnke HUU kap-
nuonornu Tomckoro HUMI (mpotoxoi Ne 192 ot 18.12.2019).
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Jns uurupoBanusi: Kopenanos B.A., Pe6posa T.1O., AdanacreB C.A. AKTHBHOCTb ABIXaHHS H30JIMPOBAHHBIX
KapIHOMHOLIUTOB W MHKPOBS3KOCTh UX MEMOpaH y KPbIC Pa3HBIX BO3PACTOB NP CEPACYHON HEOCTATOYHOCTH.
bronnemens cubupckoii meouyunst. 2023;22(1):51-56. https://doi.org/10.20538/1682-0363-2023-1-51-56.

INTRODUCTION

Heart failure (HF) is a common outcome in a
multitude of cardiovascular diseases. According to
epidemiological studies, with age, the incidence of HF
increases from 3% in the age group of 46—-64 years
to 10% in the age group of 70 years and older [1].
Recently, a rising incidence of HF in younger adults
has been noted. The results of European studies have
shown an increase in the proportion of patients under
50 years with new-onset HF [2, 3]. A decrease in
respiration in cardiomyocytes (CMs) at later stages of
ontogenesis may be one of the possible pathogenetic
factors in the development of HF [4]. It is known that
the state of a lipid bilayer in biological membranes
affects their functioning and the functioning of
membrane-bound enzymes [5].

The aim of the study was to compare respira-
tion in CMs and microviscosity characteristics of
their membranes in rats of different age groups
with HF.

MATERIALS AND METHODS

The research was performed on male Wistar
white rats. The animals were divided into 4 groups:
2 groups of intact rats aged 2 and 15 months
(n = 12) and 2 groups of animals of similar ages
(n=10)withamodel of HF. The isoproterenol-induced
HF model was used in the study. Two subcutaneous
injections of isoproterenol hydrochloride (Isadrin,
Sigma, USA) with an interval of 24 hours (170
mg / kg of rat body weight) were performed. HF
developed by day 28 after the second injection [6].
By the time the groups were formed, the weight of
2- and 15-month-old rats averaged 199 (198; 203)
and 528 (500; 563) g, respectively. All manipulations
on the rats were carried out in compliance with the
provisions of the order of the Ministry of Health of
the Russian Federation of April 1,2016 No. 199n “On
Approval of the Rules of Good Laboratory Practice”.
The study was performed within the fundamental
research topic of the Cardiology Research Institute,
Tomsk NRMC AAAA-A15-115123110026-3. The
study was approved by the Bioethics Committee at
the Cardiology Research Institute, Tomsk NRMC
(Protocol No. 192 of 18.12.2019).

CMs were separated from the isolated heart.
The anesthetized rat was submitted to thoracotomy,
which provided access to the heart. The excised
heart was transferred into ice-cold Krebs — Henseleit
solution (mM) (NaCl — 118;KCl - 4.7, KH,PO, —
1.25; MgSO, — 1.3; CaCl, — 1.2; glucose — 10)
(pH = 7.35-7.40) (Sigma, USA). The connective
tissue was removed, isolating the aorta; and the organ
was washed from blood. Then it was transferred to
the perfusion chamber and perfused via the aorta with
oxygenated (95% O,, 5% CO,) Krebs — Henseleit
solutions with different content of Ca*" ions and
proteolytic enzymes (collagenase type Il (PanEco,
Russia) — 0.2 mg/ ml and pronase (Roche Diagnostics,
USA) — 0.1 mg / ml). At the end of the perfusion
procedure, the enzyme-washed heart was placed in
Krebs — Henseleit solution, the ascending aorta was
removed, and the heart was cut into 1-2 mm? pieces.
Then a suspension of isolated CMs was obtained by
gentle pipetting [4].

The concentration of total protein in the obtained
cell suspension was determined by the micro Lowry
assay using a set of Sigma reagents (USA). The
optical density in the studied samples was measured
by the NanoDrop spectrophotometer (USA) against a
reagent blank at A = 630 nm.

CM respiration was measured on the Expert —
001 fluid analyzer (Ekoniks, Russia) using the Clark
DKTP-02.4 sensor immediately after the isolation.
An aliquot of cell suspension (protein content of
0.5-1 mg) was placed in the thermostated (¢ = 25—
27 °C) 1 ml chamber with a pre-oxygenated incubation
medium (mM) (sucrose — 0.25; KCI - 10; KH,PO, —
5, MgCl, — 1.2; succinic acid — 5). Readings
for oxygen concentration in the medium after
stabilization and “warming” of CM corresponded to
the V2 respiration state — free respiration (sufficient
amount of oxygen and substrate for oxidation in the
medium, but the absence of the phosphorylation
substrate — ADP). We measured the rate of oxygen
consumption in the medium after adding 100 pl of
0.2 mM ADP solution into it (V3 respiration state)
and after its consumption (V4 respiration state).
Oxygen consumption by CM was calculated in
nM O,/ min / mg of protein in the sample. The
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respiratory control (RC) ratio was calculated by
dividing V3 respiration state to V4 [4].

The microviscosity of CM membranes was studied
by assessing lateral diffusion in the hydrophobic
region of the membranes using pyrene fluorescence
and calculating its eximerization coefficients (C))
C.=1,,/L,, at excitation wavelengths of 340 and 285
nm for lipid — lipid and protein — lipid interactions,
respectively [7]. The intensity of pyrene dimer
formation, characterized by C, values, was inversely
correlated with the membrane microviscosity. The
peak luminescence was recorded at 390 nm for pyrene
monomers and at 470 nm for pyrene dimers (excimers).
The fluorescence of fluorophore was measured on
the Cary Eclipse fluorescence spectrometer (Varian,
USA).

Statistical processing of the obtained data was
performed using the STATISTICA 10.0 software
package. Normal distribution of quantitative data was
checked using the Shapiro — Wilk test. Non-normal
distribution of quantitative data was assessed by the
non-parametric Mann — Whitney test. The results were
presented as the median and the interquartile range
Me (Q,; Q,). The differences were significant at
p <0.05.

RESULTS

Fig. 1 shows the results obtained in the assessment
of CM respiration in the studied groups of animals. It
can be seen that the groups of intact 2- and 15-month-
old animals had no significant differences in the RC
coefficient (p = 0.05). The value of this coefficient was
3.57 (3.32; 3.93) in 2-month-old rats and 3.36 (3.27;
3.40) in 15-month-old animals.

In the context of developed HF, the studied groups
of animals differed significantly (p < 0.01) in the
RC coefficient. At the same time, it was found that
in 2-month-old animals, this coefficient remained
virtually unchanged — 3.50 (3.19; 4.34) (p = 0.86).
On the contrary, in 15-month-old animals with HF,
the RC coefficient was significantly lower than in the
intact animals of the same age and reached only 2.77
(2.71; 2.78) (p < 0.05) (Fig. 1).

When comparing C, of pyrene fluorescence in areas
of protein — lipid interactions in CM membranes of
intact animals, no significant (»p = 0.11) age-dependent
differences were found (Fig. 2). On the contrary, when
comparing the microviscosity coefficients of CM
membranes in the zones of lipid — lipid interactions,
an explicit age dependence was established (Fig. 3). In
our study, the value of this coefficient in 2-month-old

animals was 1.25 (1.01; 1.48), and in 15-month-old
animals — 1.73 (1.37; 1.87) (p < 0.001).

6 - RC, relative

units
5..
4_
#+
3
i} —.—
2_
1_
0

2 months intact 15 months intact 2 months HF 15 months HF
Fig. 1. Respiratory control coefficient (relative units) of rat
cardiomyocytes; Me (Q,; O.).

RC — respiratory control; HF — heart failure. Significant dif-

ferences: # between age groups of animals with HF, p < 0.01;

+ between intact and experimental animals within one age
group, p < 0.05

When comparing C, of pyrene in the areas
of protein — lipid interactions in myocardial cell
membranes of animals with HF, a significant age-
dependent decrease in this parameter was noted
(p» <0.05). At the same time, in 2-month-old rats with
HF, this coefficient, in comparison with intact animals,
was significantly higher and reached 1.21 (1.06; 1.54)
(» < 0.01). However, in 15-month-old animals with
HF, this coefficient was found to be significantly
lower and reached 0.88 (0.70; 0.90) (p < 0.05) (Fig. 2).
In the zones of lipid — lipid interactions, no significant
differences in the microviscosity coefficients between
intact and experimental animals in both age groups
were found.

27 Ce,
relative units

15

0.5

0

2 months intact 15 months intact 2 months HF 15 months HF

Fig. 2. Cardiomyocyte membrane eximerization coefficient

(relative units) in zones of protein — lipid interactions, relative

units; Me (Q,; Q,): C, — eximerization coefficient; HF — heart

failure (here and in Fig. 3); # significant differences between

age groups of animals with HF, p < 0.05; + significant

differences between intact and experimental animals within
one age group, p < 0.01.
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Besides, no significant difference was found in these
coefficients between age groups when comparing both
subgroups of intact rats and animals with modeled HF

(Fig. 3).

2.5 (&
relative units
=
2
)
0.5 A
0 T T T 1

2 monthsintact 15 monthsintact 2 months HF 15 months HF

Fig. 3. Cardiomyocyte membrane eximerization coefficient

(relative units) in zones of lipid — lipid interactions, relative

units; Me (Q; O,): * significant differences between groups of
intact 2- and 15-month-old animals, p < 0.001

DISCUSSION

The absence of significant differences in CM
respiration between the intact animals of both age
groups may be due to the activation of adaptive reserve
capacities in CMs in adult animals. At the same time,
according to the literature data, RC values in both
groups fall within the reference norm (3-5 relative
units) [8]. Interestingly, in HF in young animals,
no significant change in RC was noted, which may
indicate greater adaptive reserve capacities in CMs in
young animals. In adult rats with HF, this parameter
significantly decreased both in young animals with
HF and in intact rats of the same age, which may be
due to disruption of adaptive responses in cells and a
decrease in function with age. It can also be assumed
that the injection of toxic doses of isoproterenol
increases synthesis of reactive oxygen species (ROS)
in the cell in response to the effect of this agent due to
intensification of energy production and an increase in
electron leakage from the electron transport chain. It is
in line with the results of our previous studies, which
showed that the activity of antioxidant enzymes in the
myocardium decreases with age [9].

The above hypothesis about the change in adaptive
reserve capacities of myocardial cells is quite
consistent with the data obtained from a comparative
analysis of the CM membrane microviscosity in the
same groups of animals. The differences in C_ between
the groups of intact animals of different ages may be
associated with age-dependent changes in cholesterol

metabolism. One of the main functions of this neutral
lipid is regulation of biological membrane viscosity
by changing lateral movement of fatty acid residues in
phospholipids [10]. With age, the level of cholesterol
in the body increases [ 11], which may affect its content
within the lipid bilayer of the membrane. The latter
leads to an increase in the viscosity of membranes,
which makes them rigid.

The data obtained in the groups of animals with
HF could indicate oppositely directed age-dependent
changes in the phospholipid composition of annular
lipids, which is reflected in the C_. These differences
may affect the activity of cellular enzyme systems that
provide energy metabolism.

CONCLUSION

Therefore, it was found that respiration in isolated
CMs of intact animals is not subject to significant
age-dependent changes. However, a trend toward its
decrease has been noted. This may indicate depletion
of compensatory mechanisms in the cell that maintain
the optimal respiration level. With the development
of HF, these differences become more pronounced,
which manifests itself by a significant decrease in
respiration in aged rats (15 months old) compared
to intact animals of the same age group. At the same
time, in 2-month-old rats with HF, the respiration
level remains the same as in intact animals.
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The article is devoted to the 75th anniversary of Nikolai A. Kornetov, founder

of integrative biomedical (clinical) anthropology, which combines the aspects of
morphological and clinical sciences for a clearer understanding of development, clinical
presentation, course, and outcomes of a disease
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Constitutional and morphological basis of the metabolic syndrome
in patients with schizophrenia and persons without mental disorders
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Perchatkina O.E.", Semke A.V.’

! Federal State Budgetary Scientific Institution Mental Health Research Institute, Tomsk National Research Medical
Center, Russian Academy of Sciences, 4 Aleutskaya street, 634014, Tomsk, Russian Federation

2 Siberian State Medical University,
2 Moskovsky trakt, 634055, Tomsk, Russian Federation

ABSTRACT

Aim. To identify differences or comparability of constitutional-morphological characteristics and indicators of the
fatty constitution between patients with schizophrenia and people with MetS and without mental disorders.

Materials and methods. We examined 63 patients with schizophrenia and MetS (25 women, 38 men), aged 30
[33;52], and 50 mentally healthy individuals with MetS (28 women, 22 men) aged 57 [49; 60]. The main criterion
for inclusion in the study was the presence of a verified MetS according to the criteria of the International Diabetes
Federation. Anthropometric examination was performed according to the method of V.V. Bunak (1941) with the
underlying calculation of integral indices. The determination of the fat component included: measuring waist
circumference; non-invasive bioimpedancemetry — body weight, BMI, total and visceral fat content; determination
of the total fat fold (electronic caliper). In the blood serum, the concentration of glucose, total cholesterol, HDL, TG
was determined using standard commercial kits, the calculation of LDL and the Atherogenic Index.

Results. Differences in the prevalence of the constitutional-morphological type and the type of somatic sexual
differentiation were not established in the groups. The level of visceral fat and BMI were higher in mentally healthy
individuals with MetS than in schizophrenic patients with MetS (p = 0.005 and p = 0.0001, respectively). Patients
with schizophrenia and MetS had low serum glucose levels compared with individuals without mental disorders
(» =0.0001). An increase in the level of TG and the Atherogenic Index was found in patients with schizophrenia
with MetS (p = 0.026 and p = 0.03, respectively), and the level of HDL was reduced (p = 0.022).

Conclusion. The constitutional and morphological basis of MetS in patients with schizophrenia and persons
without mental disorders is the same, however, changes in the fat constitution were determined for mentally
healthy individuals. Changes in the lipid profile and glucose concentration may be associated with the presence of
MetS-specific risk factors for patients with schizophrenia.

Keywords: schizophrenia, metabolic syndrome, constitution, BMI, visceral obesity, lipid spectrum.

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 Russian Science Foundation within the research project
No. 18-15-00011.

D4 Goncharova Anastasia A., goncharanastasya@gmail.com

Bulletin of Siberian Medicine. 2023; 22 (1): 57-64 57



Kornetova E.G., Goncharova A.A., Mednova L.A. et al. Constitutional and morphological basis of the metabolic syndrome

Conformity with the principles of ethics. All patients signed an informed consent to participate in the study. The
study was approved by the Ethics Committee at the Mental Health Research Institute, Tomsk NRMC (Protocol No.
99 of 17.04.2017).

For citation: Kornetova E.G., Goncharova A.A., Mednova I.A., Kornetov A.N., Saprina T.V., Perchatkina O.E.,
Semke A.V. Constitutional and morphological basis of the metabolic syndrome in patients with schizophrenia and
persons without mental disorders. Bulletin of Siberian Medicine. 2023;22(1):57—64. https://doi.org/10.20538/1682-
0363-2023-1-57-64.

KoHcTuTyunoHanbHo-mopgonornyeckme oCHoBbl MeTabonnuyeckoro
CMHAPOMaA Y NaLMeHTOB C wunsodppeHuen n nuy 6e3 ncnxmuecknx
pPaccTponcTB

KopHetoBa E.l'.", FoHuapoBa A.A.", MegHoBa U.A.", KopHetoB A.H.?, CanpuHa T.B.?,
MepuatknHa 0.3.', Cemke A.B.’

! Hayuno-uccredosamenvcrkutl uncmumym (HHUH) ncuxuueckoeo 300poebst, Tomckull HayuoHa bHblil
uccredosamenvcexull meduyurckuil yeump (HUMIL]) Poccutickoil akademuu Hayk
Poccus, 634014, 2. Tomck, yn. Aneymckas, 4

2 Cubupcruil 2ocyoapcmeennviil meouyunckutl yuueepcumem (Cuol' MY)
Poccus, 634050, Tomck, Mockosckuti mpakm, 2

PE3IOME

Iesb: BBISABUTH PA3IHYMS HIM CONOCTABUMOCTh KOHCTHTYLIMOHAIBHO-MOP(OJIOrHYECKUX XapaKTePUCTHK U TTOKa-
3aTeliell JKUPOBOH KOHCTUTYLIMH MEXKAY HAMEHTaMM ¢ MN30(pPEHHUEH U JHMIaMH C METa00IMYECKUM CHHIPOMOM
(MC) 6e3 ICHXUYECKUX PACCTPONCTB.

MarepuaJjbl 1 MeToabl. O0cnenoBansl 63 namueHTa ¢ musodppenneit u MC (25 xeHmuH, 38 My>K4nH) B BO3pacTe
30 [33; 52] net u 50 ncuxuyecku 310poBbIX aul ¢ MC (28 sxeHiuH, 22 MyX4uHbI) B Bo3pacte 57 [49; 60] neT.
OCHOBHBIM KPUTEpPHEM BKIIOYEHUS B UCCIIEOBAHHE SBILUIOCH Hanuuue BepuduuupoBannoro MC mo kpurepu-
ssM MexayHapoanoit Gpeneparuu nuadera (IDF). AnTpornoMerprudeckoe o0cie[0BaHNE BBIIIOIHEHO MO METOAUKE
B.B. bynaka (1941) ¢ nocienyomuM BIYUCIEHHEM HHTETPAJIbHBIX HHAECKCOB. 3MepeHune sxupoBoii KOMIOHEH-
ThI BKJTFOUAJIO: ITPOBEAECHNE U3MEPEHHS OKPYKHOCTH TaJIUK; HEMHBA3HBHYIO OMOMMIIEJaHCOMETPHIO — Macca Tena,
ungekc maccol Tena (MMT), coxepixanue oOIIero U BUCLEPATLHOTO JKUPa; ONpelelIeHue CyMMapHOi )KUpPOBOM
CKJIAJKN (37EeKTPOHHBIN Kanunep). B chIBOpoTKe KpoBH OnpeeneHa KOHIEHTPAIHs TIIFOKO3bI, OOILETO X0JecTe-
pHHAa, XoJecTepruHa JUnonpoTenoB Beicokoit motHocty (XC-JIIBII), tpurnuuepunos (TI) ¢ ucnonbs3oBanuemM
CTaHIapTHBIX KOMMepUYecKuX HabopoB, pacuet nokasateneit XC-JIITHII u nnaekca aTepOreHHOCTH.

Pe3yasTathl. Paznnuns B yacToTe BCTpEeUaeMOCTH KOHCTUTYIMOHAIBHO-MOP(OIOrHYECKOro TUIIAa U THIA cOMa-
THUYECKOH MONoBOH auddepeHnnannuy He ObUTM YCTAHOBIECHBI B TPYIIIaX CPaBHEHUs. YPOBEHb BHCIEPATHEHOTO
xupa 1 UIMT Obun 3HAYNTENBHO BBIIIE Y IICUXHYECKH 310poBbIX Jinn ¢ MC, yem GonbHBIX mm3oppennei ¢ MC
(»=0,005u p=0,0001 coorBercTBerHo). Ilanuents! ¢ mu3oppenuei 1 MC nmenn HU3KUH ypOBEHb KOHIIEHTpa-
[IUY TITFOKO3bI B CBIBOPOTKE KPOBH [0 CPABHEHHIO C JTUIIAMU 0€3 MCUXUUECKUX paccTpoiicT (p = 0,0001). O6Ha-
py»eHo nossienne ypoHs TI 1 uHaeKkca ateporeHHoCTH Y 601bHBIX mm3odpenueii c MC (p = 0,026 u p = 0,03
COOTBETCTBEHHO), a ypoBeHb XC-JIIIBII 6su1 cHinkeH (p = 0,022).

3axmouyenne. KoHcTuTtynuonanbHO-Mopdoornueckast ocHoBa GpopmupoBanuss MC y 00nbHBIX mU30(ppeHnei
U M1 6e3 TICHXUYECKUX PACCTPOICTB SBISIETCS OJMHAKOBOM, OJIHAKO NU3MCHCHHUS B )KUPOBOWH KOHCTUTYLIMU ObLIH
OIIPE/ICIICHBI ISt ICUXMYECKH 30POBbIX JIHL. VI3MEHEHUS B JIUINIHOM HPO(UIIE U KOHIICHTPALIUH TIIFOKO3bI MOT'YT
OBITH CBSI3aHBI C HATMYUEM CIIEIU(PHYHBIX I OONBHBIX MH30(pperneit pakropos pucka MC.

KuiroueBble cioBa: mm3oppenns, Metabonndeckuii cuaapom, konctutyius, UMT, BucLepanbHOe OXUpPEHHE,
JIMIUJIHBIA CHEKTP

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX M MOTEHIMANBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C TyONMKanuel HaCTOSMIEH CTaThu.

Hcrounuk punancupoBanus. Mcciaenosanue BpIIONHEHO pu GpuHaHcoBoi noaepxkke PH® B pamkax HayuHO-

ro npoekra Ne 18-15-00011.
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CooTBeTCTBHE NMPUHIUINAM 3THKH. Bee manueHTsl noanucani HHGOPMUPOBAHHOE COTJIacHe Ha y4acTHe B HC-
cnenosanuu. Mcecnenosanne 0100peHo stuueckum komuretom HUU nicuxudeckoro 3moposest Tomckoro HUMIL

(mpotokon Ne 99 ot 17.04.2017).

Jas uutupoBanus: Kopuerosa E.I'., l'onuapoBa A.A., Meanosa U.A., KopraetoB A.H., Canpuna T.B., [lepuar-
kuHa 0.9., Cemke A.B. KoHcTuTynmonanbHO-MOP(OIOTHUECKIe OCHOBBI META0OIMYECKOT0 CHHAPOMA Y MAIHEH-
TOB C mM30(peHnel 1 IuIl 0e3 ICUXUIECKUX PacCTPOHCTB. brornemens cubupckoii meouyunsl. 2023;22(1):57-64.

https://doi.org/10.20538/1682-0363-2023-1-57-64.

INTRODUCTION

The development of metabolic syndrome (MetS)
increases the risk of developing cardiovascular
diseases, insulin resistance, diabetes mellitus, as well
as vascular and neurological complications [1]. MetS
is associated with the risk of death for mentally healthy
individuals [2], for patients with schizophrenia, it is
increased by almost 2—4 times [3].

Antipsychotic therapy is a factor for the
development of MetS in patients with schizophrenia
and an increase in the deterioration of the metabolic
profile in the first two years of therapy, especially
for younger patients and for individuals with the first
episode [4]. Although various criteria for diagnosing
MetS are used, the prevalence of MetS increases
over time in the age group from 20 to 29 years:
according to ATP III A criteria the increase is from
38.9 to 53.0% and according to IDF, it is from 43.6
to 55.7% [5].

Treatment with conventional or atypical
antipsychotics is associated to varying degrees with
the incidence of metabolic disorders. In this series,
quetiapine, olanzapine, and clozapinum can be
distinguished as antipsychotics with the highest risk of
developing MetS, while aripiprazole and haloperidol
have a low risk [6].

Individual components of the fat constitution,
namely, an increase in waist circumference parameters
and body mass index (BMI), are associated with the
risk of developing MetS in patients with schizophrenia
[7]. Also, an increase in subcutaneous and visceral
fat was found during treatment with antipsychotics,
while the total body fat percentage did not increase
in patients with schizophrenia compared with healthy
controls [8].

Previously, constitution as a structural biomarker
was found to have a crucial role in the development of
visceral obesity in patients with schizophrenia while
they were treated with antipsychotics [9]. The asthenic
constitutional and morphological type was identified
as arisk factor for the development of MetS in patients

receiving risperidone, and the type of somatic sexual
differentiation was identified for quetiapine. This
was an extended application of the anthropological
method in psychiatry, which was traditionally used in
relation to the clinical presentation and the course of
mental disorders [10] to assess a response to therapy
and its safety. Some studies also demonstrated the
association of anthropometric parameters including
an increase in BMI and waist-to-hip ratio with the
risk of sudden cardiac death, which was explained by
the development of metabolic disorders in mentally
healthy population [11].

The study of the relationship between epicardial
fat, obesity, visceral fat, and MetS components
showed the contribution of the components to the
risk of developing coronary heart disease [12].
Schizophrenia patients were found to have a higher
incidence ofabdominal obesity, hypertriglyceridemia,
and adecrease in the level ofhigh-density lipoproteins,
while there was a slight decrease in the incidence
of hyperglycemia when compared with mentally
healthy individuals [13]. The predictive value of
high-density lipoprotein cholesterol (HDL-C) in
relation to MetS was recognized as the highest in
patients with schizophrenia receiving antipsychotic
therapy [14]. It should be noted that MetS has a
complex and systemic pathogenesis, however, along
with other possible predictors, sedentary lifestyle
and unbalanced diet play a fundamental role in its
development [15].

Studies demonstrate the contribution of individual
anthropometric indicators to the development of MetS
in both patients with schizophrenia and individuals
without mental disorders. Previously, no studies
were conducted aimed at comparing constitutional
factors in the formation of MetS between these two
groups.

The aim of the study was to identify differences
or comparability of constitutional and morphological
characteristics and indicators of the fat constitution
between patients with schizophrenia and people with
MetS without mental disorders.
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MATERIALS AND METHODS

The study was carried out in the clinics of the
Mental Health Research Institute, Tomsk National
Research Medical Center (NRMC), Russian Academy
of Sciences (second clinical department) and Siberian
State Medical University (endocrinology department).
All patients signed an informed consent to participate
in the study. The study was approved by the Ethics
Committee at the Mental Health Research Institute of
Tomsk NRMC (Protocol No. 99 of 17.04.2017).

Two study groups were formed: patients with
schizophrenia and mentally healthy individuals with
MetS. The main criterion for inclusion in the study was
the presence of a verified MetS diagnosis according
to the criteria of the International Diabetes Federation
(IDF) (2005) [16], which include the presence of
abdominal obesity (waist circumference > 94 cm in
men and > 80 cm in women) accompanied by 2 or more
of the following factors: an increase in triglycerides
> 1.7 mmol / | or receiving specific treatment for this
dyslipidemia; cholesterol < 1.03 mmol / I in men
and 1.29 mmol / | in women; a decrease in HDL or
receiving specific treatment for this dyslipidemia;
increased blood pressure>130/85 mm Hg or receiving
antihypertensive therapy; an increase in fasting blood
glucose > 5.6 mmol / | or the previous diagnosis of
type 2 diabetes mellitus. Criteria for inclusion in the
study were as follows: the age of patients from 18 to 60
years, a verified diagnosis of schizophrenia according
to the criteria for studies according to ICD-10 [17]
(for patients from a psychiatric hospital), belonging
to the Caucasian race, and an ability to give a written
informed consent. Exclusion criteria were the presence
of organic, neurological, and severe somatic disorders
leading to organ failure, and refusal to participate in
the study. All patients with schizophrenia at the time
of inclusion in the study received basic antipsychotic
therapy at therapeutic doses approved by the Ministry
of Healthcare of the Russian Federation.

An anthropometric examination was performed
according to the method of V.V. Bunak (1941)
[18], adopted at the Research Institute and the
Museum of Anthropology named after D.N. Anuchin
of Lomonosov Moscow State University. The
determination of constitutional and morphological
types and somatic sexual differentiation was carried
out using the calculation of the Rees-Eysenck Body
Index [19] and the Tanner scale [20].

The measurement of the fat component inclu-
ded measuring waist circumference (measuring

tape); non-invasive bioimpedancemetry (medical
device “Omron BF508”, Japan) — body weight,
BMI, total and visceral fat; total fat fold (electronic
caliper) which consisted of the sum of the fat
fold values of the shoulder, back, abdomen, and
lower leg.

Blood sampling was carried out after a 12-hour
overnight fasting by antecubital venipuncture into
clot activator tubes (CAT; BD Vacutainer). To isolate
serum samples, the tubes were centrifuged for 30
min at 2,000 g at 4 °C. Serum was stored at —20 °C
(or =80 °C) before the analysis. The concentration of
total cholesterol (TC), HDL, triglycerides (TG), and
glucoseinbloodserumwasdeterminedbytheenzymatic
colorimetric method using standard commercial kits
(Cormay, Poland). Low-density lipoprotein (LDL)
concentrations were calculated using the Friedewald
equation (1972) [21]. The atherogenic index was
calculated according to the formula proposed by
AN. Klimov (1977) [22].

The obtained data were tested for normal
distribution using the Kolmogorov — Smirnov test
(with the Lilliefors correction) and the Shapiro — Wilk
test. Quantitative data were presented as the median
and the interquartile range Me [Q; O.]. Qualitative
data were presented by frequency indicators
(n (%)). A statistical analysis was performed using
the Statistica software for Windows 12.0. Pearson’s
¥2 test was used to compare the frequencies. The
Mann — Whitney U-test was used to compare two
independent samples of quantitative data. The
threshold value of the achieved significance level was
p <0.05.

RESULTS

We examined 63 schizophrenia patients with
MetS (25 women, 38 men) aged 30 [33; 52] years and
50 mentally healthy individuals with MetS (28 wo-
men, 22 men) aged 57 [49; 60] years. The study
groups were comparable by sex (p = 0.084),
however, mentally healthy individuals with MetS
were significantly older than schizophrenia patients
(p =0.0001).

The groups were compared according to the
frequency of occurrence of the constitutional and
morphological type. We did not establish statistically
significant  differences between patients with
schizophrenia and mentally healthy individuals with
MetS (Table 1). In both groups, persons with the
andromorphic type prevailed — 65.1% and 56.0%,
respectively.
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Table 1
Constitutional and morphological types in the study groups
Patients with Mentally healthy
Indicators schizophrenia and | individuals with »
MetS MetS
Abs. % Abs. %

Asthenic 7 11.1 0 0.0 -
Mesomorph 35 55.6 24 48.0 0.453
Hypersthenic 21 33.3 26 52.0 0.055
Total 63 100.0 50 100.0 -

In relation to the type of somatic sexual
differentiation, differences were not established in
both study groups (p = 0.565) and pairwise comparison
(Table 2).

Table 2

Type of somatic sexual differentiation in the study groups

Indicators Abs. % Abs. % p
Andromorphic 41 65.1 28 56.0 0.339
Mesomorph 9 30.2 18 36.0 0.549
Gynecomorphic 3 4.8 4 8.0 0.697
Total 63 100.0 50 100.0 -

Comparison of indicators of the fat component in
body composition is presented in Table 3. It was found
that BMI and visceral fat levels were significantly
higher in mentally healthy individuals with MetS than
in patients with schizophrenia and MetS (p = 0.005
and p = 0.0001, respectively). This may be due to
their older age and, as a result, longer duration of
obesity and the risk of developing insulin resistance
and prediabetes.

Table 3

Indicators of the fat component in the body composition in
patients with schizophrenia and mentally healthy people with
metabolic syndrome, Me [0,; O,]

Patients with Mentally
Indicators schizophrenia and | healthy individ- 2
MetS uals with MetS
. 95.0 95.7
Body weight, kg [84.2; 105.7] (89.1; 106.5] | 0164
. 105.0 109
Waist, cm [96.5; 114.0] roi; 11s] | 0203
BMI 31.227.5;35.9] 337 0.005
' T [31.5;38.3] )
Total body fat 36.4 [30.5; 47.5] 408 0.176
Y L0 A [33.7; 48.4] :
Visceral fat level 11[9; 14] 13 [11; 17] 0.0001
121
Total fat fold 116 [86; 135] [101: 143] 0.167

It was found that patients with schizophrenia
and MetS had a low level of glucose in blood serum
compared to mentally healthy individuals with MetS,

which was statistically significant (p = 0.0001).
The increase in lipid spectrum indicators for the level
of TG and the atherogenic index was revealed in
patients with schizophrenia and MetS (p = 0.026 and
p = 0.03, respectively), and the level of HDL-C was
reduced (p = 0.022) (Table 4).

Table 4

Glucose and lipid profile in patients with schizophrenia and
mentally healthy people with metabolic syndrome, mmol / 1,

Me[Q; 0]

Indicators Patients with schizo- | Mentally healthy in-
phrenia and MetS | dividuals with MetS P

5.20 5.70

Glucose [4.70; 5.85] [5.40; 6.40] 0.0001
5.00 4.66

e [4.04; 5.61] [3.83;5.62] 0.783
2.00 1.85

TG [1.74; 2.41] [1.50; 2.10] 0.026
0.90 1.00

HDL-C [0.70; 1.10] [0.90; 1.20] 0.022
2.92 2.90

LDL [2.05; 3.72] [2.10; 3.92] 0.804

Atherogenic 4.26 3.67 0.030

index [3.42; 5.98] [2.67; 4.50] ’

DISCUSSION

The results obtained suggest that the constitutional
and morphological basis for the formation of MetS
in patients with schizophrenia and in mentally
healthy individuals is the same. The results are of
fundamental importance, since they confirm the
general pathophysiology of MetS [23] in different
groups of patients and the role of the bone component
of the constitution as a time-stable structural marker in
the mechanisms of MetS development. This indicates
that the constitution affects the risk of developing
MetS to a greater extent than antipsychotic drugs
and schizophrenia itself as a pathological process
accompanied by immune inflammation, even though
their significant contribution to MetS is well known
[24, 25].

However, differences were found in the fat
constitution, since such indicators as BMI and visceral
fat level increased in mentally healthy individuals with
MetS compared with patients with schizophrenia and
MetS. Previously, it was shown that the determination
of BMI has a prognostic value for clinical screening
of metabolic disorders in patients with schizophrenia,
namely, persons whose BMI was 28 kg / m? and above
had a higher risk of developing MetS than persons
with an indicator below this threshold value [26].
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Also, the literature provides evidence that for mentally
healthy individuals, the level of BMI is not defined
as a possible marker for the prognosis of metabolic
disorders [27].

Currently, one of the key pathophysiological factors
in the onset of MetS is an increase in the visceral fat
[15], it is believed that this parameter can be a reliable
predictor of the risk of developing metabolic disorders
[28]. There is also an opposite point of view, where the
study did not establish differences in the distribution
of visceral fat in patients with schizophrenia receiving
antipsychotic therapy and the control group according
to magnetic resonance imaging (MRI) [29].

Changes in the metabolism of glucose and
lipids in patients with schizophrenia are observed
after 2 weeks and reach a maximum after 3 months
while receiving antipsychotic therapy [30]. It was
determined that fasting plasma glucose, insulin, and
glucose in an oral glucose tolerance test increased
and insulin resistance formed in patients with the
first episode of schizophrenia, previously not treated
with neuroleptics, compared with mentally healthy
individuals, which may indicate the development
of glucose metabolism disorders in patients before
therapy [31].

In this study, individuals with schizophrenia and
MetS had low serum glucose level. Glucose level
increased in mentally healthy individuals with MetS,
which is consistent with an increase in indicators such
as BMI and visceral fat level in this group. Impaired
glucose metabolism reflects the formation of insulin
resistance, which leads to the development of visceral
obesity, dyslipidemia, and its progression [32].

In the first 6 months of antipsychotic therapy in
patients with schizophrenia, a correlation was found
between the development of metabolic disorders in
the form of dyslipidemia with low HDL levels and
an increase in waist circumference [33]. The effect of
a pharmacological agent on neurohumoral systems,
namely the metabolism of leptin, adiponectin,
ghrelin, orexin and cholecystokinin, dopaminergic,
serotonergic, adrenergic, and histamine receptors,
which are considered to be biomarkers of metabolic
disorders, is associated with the formation of MetS
[34], anincrease in TC, TG, and LDL-C, and a decrease
in HDL-C in patients with schizophrenia [35].

The revealed differences in the age of patients in the
comparison groups can be explained by the fact that
patients were included in the study at the same time,
which was determined by the design of the study. It can
be assumed that the older age of inpatients with MetS

reflects the general picture of MetS development in the
general population, where the overall prevalence of
MetS increases with age: 15-39 years — 13.9%; 40-59
years — 26.4%, > 60 years — 32.4% [36]. Previously,
gender and age differences were also shown for
patients with schizophrenia, namely, women with
MetS were older, had longer duration of MetS, and
developed it later than men with MetS [37].

The new results obtained in this study are
considered from interdisciplinary perspective, which
is widely used to assess mental health [38]. In this case,
the application of the anthropological approach in
psychoendocrinology made it possible to find clinical
and biological similarities and differences in the
characteristics of MetS in patients with schizophrenia
and individuals without mental disorders.

CONCLUSION

The comparative analysis of constitutional and
morphological characteristics in the groups of patients
with schizophrenia and MetS and mentally healthy
individuals with MetS did not show significant
differences in the constitutional and morphological
type or the type of somatic sexual differentiation. In
relation to the fat constitution, it was found that BMI
and the level of visceral fat were higher in mentally
healthy individuals with MetS than in patients with
schizophrenia. The analysis of the level of glucose and
lipid profile in the study groups revealed that serum
glucose and HDL-C levels were reduced, while TG
and the atherogenic index were increased in patients
with schizophrenia and MetS. The revealed changes
can probably be associated with the presence of MetS
risk factors specific to patients with schizophrenia.
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Diagnosis of sentinel lymph nodes in patients with cancer
of the larynx and laryngopharynx using a new radiopharmaceutical
based on technetium-99m-labeled gamma aluminum oxide

Medvedeva A.A., Chernov V.l,, Bragina 0.D., Zeltchan R.V., Choynzonov E.L.,
Chizhevskaya S.Yu., Rybina A.N., Gol'dberg A.V., Cheremisina O.V.

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

ABSTRACT

Aim. To study the possibility of using a radiopharmaceutical based on aluminum oxide labeled with *™T¢ ([*™Tc]-
AEO}) for the d1agn951s of sentinel lymph ngdes (SLN) in tumors of the larynx and laryngopharynx in comparison
with a phytate colloid ([*™Tc]-phytate colloid).

Materials and methods. The study included patients with cancer of the larynx and laryngopharynx (T, N M,)
(n = 54). In the prospective group (n = 30), [*"Tc]-Al,O, was used as a radiopharmaceutical, in the retrospective
group (n = 24), [*"Tc]-phytate colloid was used. All radiopharmaceuticals were introduced endoscopically into the
submucosal space along the periphery of the tumor. After 18 hours, single-photon emission computed tomography
(SPECT) and intraoperative SLN detection were performed.

Results. In the retrospective group, SLNs were detected in 20 out of 24 patients. A total of 32 lymph nodes were
identified in the retrospective group. The median number of detected lymph nodes in one patient was 1.3 [0-3], the
intensity of the radiopharmaceutical uptake on scintigrams was 2.2 [0.7-8.1], intraoperatively — 4 [1.6-9.0]. In the
prospective group, [*"Tc]-ALO, uptake in the lymph nodes of the neck was determined in 27 patients (90%); in
3 patients, SLNs were not visualized. A total of 57 lymph nodes were identified (in 27 patients). The median number
of visualized SLNs was 1.5 [0-5], the intensity of [*"Tc]-AlO, uptake according to SPECT and intraoperative
detection was 4.8 [0.7-19.4] and 6 [1.1-22.0], respectively.

Conclusion. The most significant advantage of using [*"Tc]-AlO, as a radiopharmaceutical is its high uptake
in SLNs, which leads to an increase in the sensitivity of the method as a whole up to 90 versus 83% when using
[*™Tc]-phytate colloid.

Keywords: radionuclide, colloid, laryngeal cancer, laryngopharyngeal cancer, sentinel lymph node, single-photon
emission computed tomography, gamma probe
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AvarHocTnka ctopoXxeBbiX AMM¢PaTNYECKNX Y3/10B Y 60/1bHbIX pakom
roptTaHun N rOPTaHOMMOTKIN C NPpUMeHeHIeM HOBOro OTe4YeCTBEeHHOro
paavnodapmMaLeBTUYECKOro JieKapCTBEHHOro Npenaparta Ha OCHoBe
MEUYEHHOro TexHeunem-99m ramma-okcuga altoMuHNA

MepsepeBa A.A., YepHoB B.U., Bparuxna O.[1., 3enbuaH P.B., YonH3oHoB E.J1.,
YumkeBckan C.10., PbibuHa A.H., Fonba6epr A.B., Yepemucuna O.B.

Hayuno-uccnedosamenvcxuti uncmumym (HUHW) onxonoeuu, Tomckutl HAYUoHANbHbIN UCCIE008AMENbCKUL
meouyunckuu yeump (HHUMIL]) Poccuiickou akademuu HayK
Poccus, 634009, 2. Tomck, nep. KoonepamusHuwiii, 5

PE3IOME

Henb. M3yunth BO3MOKHOCTh MCIIOJNB30BaHHS panohapManeBTHIECKOro JekapcTBeHHOro npemnapata (POJII)
Ha OCHOBE OKCHJIa amoMuHus, MedenHoro " Tc ([*"Tc]-ALO,), s TMarHOCTHKH CTOPOXKEBBIX IMM(ATHIECKUX
y310B (CJIY) mpu OImyXoJisiX FOpTaH! U TOPTAHOTJIOTKH B CpaBHEHHH ¢ (puTaTHBIM KosutouoM ([#™Tc]-durarHsrit
KOJIIOHT).

Marepuaiibl M MeTObI. B nccenosanue BomuM GONMBHBIE PAKOM TOPTaHU M ropranornotku craguid T, N M,

(n = 54). B mpocnextuHoi rpynme (n = 30) B kauecTe quarnoctuyeckoro POJII ucnomssosancs [*"Tc]-ALO,,
B PETPOCNEKTHBHOM Tpyrne (n = 24) — [ Tc]-durarupiii komoun. Bee POJIIT BBOAMINCH SHIOCKOMHYECKH B
MOJCIU3UCTOE MPOCTPAHCTBO MO Mepudepun OmyXxoiu, yepe3 18 4 mpoBoauiaack 01HO()OTOHHAS YMUCCHOHHAS

kommbtotepHast Tomorpadus (OPIKT) u uarpaonepaunonnas aerexmus CJIY.

Pesyabrartbl. B perpocniextiBHo# rpymmne CJIY Obutn BeisiBiieHb! y 20 TanieHToB U3 24. Bcero B peTpocieKTHBHOM
rpymrne Obuto oOHapyskeHo 32 auMmdarryeckux y3na. KoaudecTBo BBISBICHHBIX TUM(PATHYECKUX Y3JIOB Yy OJHOTO
6omnpHOTO cocramio 1,3 [0-3], uHTeHCUBHOCTD HakoruieHus PDJIIT Ha TomociuaTHrpamMmax — 2,2 [0,7-8,1],
uHTpaonepanuonHo — 4 [1,6-9,0]. B mpocnextusHoi rpynme akkymysius [®"Tc]-Al O, B muMdaTryeckux y3max
reu onpeaessiiack y 27 namueHtoB (90%), y 3 nanuento CJIY He BU3yaau3upoBaINCh. Beero ObIIO BBISBICHO
57 mumdoysinos (y 27 nmanuenron). Konudectra Busyanusupyembix CJIY coctaBuna 1,5 [0—5], HHTEHCHBHOCTD
nakorienus [*"Tc]-ALO, no manubiv O®OKT u uHTpaonepanuonHoii jgerexuun coctasuna 4,8 [0,7-19,4]
u 6 [1,1-22,0] COOTBETCTBEHHO.

3akuouenue. CyliecTBEHHBIM IOCTOMHCTBOM HCTIOJIb30Banus B kauectse POJII [*"Tc]-Al O, sinsercs ero BbI-
COKasi aKKyMYJIAIS B CTOPOXKEBBIX JINM(ATHIECKHX y371aX IPH OITYXOJISIX TOPTaHU U FOPTAHOTIIOTKH, YTO IIPHBO-
JIAT K YBEJIMYCHUIO YYBCTBUTEILHOCTH MeTO A B 1esioM 110 90 mpotus 83% npu npumenernu [**Tc]-purarHoro
KOJIJIOU 1.

KiroueBrble ci10Ba: paguoHyKIHIHBIN, KOJIOU], paK TOPTaHH, PAaK TOPTAHOTTIOTKH, CTOPOXKEBOU TUM(ATHISCKHIH
y3ei1, 0aHO(OTOHHASI YMUCCHOHHAS KOMITBIOTEpHAsi ToMOorpadusi, raMMa-30H1

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

Hcrounuk ¢unHancHpoBaHUs. ABTOPbI 3asBISIIOT 00 OTCYTCTBUM (MHAHCHPOBAHHS IPHU IPOBEICHUM
HCCIIeI0BaHNUSI.

CooTBeTcTBHE MPUHIMIIAM dTHKH. Bce manueHTs! moanucamn HHGOPMHPOBAHHOE COTJIACHE HA yYacTHE B HC-
cienoBaHuu. MccienoBanne 0100peHO JTOKATEHBIM 3THUSCKHM KOMUATETOM 0 OnoMeauiuHcKoit atuke HUN oH-
kosorun Tomckoro HUMII.

Jast uurupoBanusi: Mensenesa A.A., Uepnos B.U., bparuna O.J1., 3envuan P.B., Yoiinzonos E.JI., Umxkes-
ckast C.1O., Peiouna A H., F'onsnoepr A.B., Uepemucnna O.B. Jlnarnoctika CTOposKeBbIX TUM(PATHISCKUX y3II0B
y OOJIBHBIX PaKOM TOPTAHU U TOPTAHOTIIOTKHU C TPUMEHEHHEM HOBOTO OTEYECTBEHHOTO paiodapMaleBTHIECKOro
JIEKapCTBEHHOTrO Tperapara Ha OCHOBE MEUYEHHOI'0 TeXHenueM-99m ramMma-okcujaa almoMHuHus. boaremens cu-
bupcroit meouyunet. 2023;22(1):65-72. https://doi.org/10.20538/1682-0363-2023-1-65-72.
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INTRODUCTION

Surgery is one of the main stages in the treatment
of tumors of most localizations. However, surgical
intervention often causes a decrease in the quality of
life and social adaptation of patients. In this regard,
introducing organ-preserving and reconstructive
surgeries into clinical practice is extremely relevant.
As a result, correct determination of the spread of
the malignant process plays an important role in the
choice of treatment methods for cancer patients [1—
4]. Currently, the sentinel lymph node (SLN) status
is considered one of the important prognostic factors
for metastasis of some tumors [5-8]. SLN is a lymph
node that directly receives lymphatic drainage from a
tumor site. R.M. Cabafias was one of the first to coin
the term “sentinel lymph node” [9].

Radionuclide diagnosis is actively used in
oncological practice, supplementing conventional
imaging methods with valuable functional information
[10—14] The use of this method for SLN detection
makes it possible to accurately localize SLN both
intra- and preoperatively. In 1993, J.C. Alex and D.N.
Krag suggested to use intraoperative detection of SLN
with a portable gamma-ray scanner by measuring
the level of radiation in all lymphatic collectors after
administration of a radioactive colloid [15].

In recent years, rapid development of nuclear
medicine has been associated not only with
technological advancements, but also with introduction
of new highly specific radiopharmaceuticals. An ideal
radiopharmaceutical for SLN imaging should be
characterized by rapid clearance from the injection
site and active uptake in the lymph nodes. Researchers
believe that such characteristics can be encompassed in
the radiopharmaceuticals which are based on ligand —
receptor or antigen — antibody binding mechanisms.
One of such radiopharmaceuticals is currently [*™Tc]-
rituximab, which binds to the CD20 receptor, actively
expressed on the surface of B cells. Studies have
shown that [®™Tc]-rituximab is to a lesser extent
redistributed to the distal lymph nodes, compared with
colloidal radiopharmaceuticals, and more actively
leaves the injection site [16]. Besides, 99mTc-labeled
Lymphoseek™ was registered in the United States
and is being actively introduced into the clinical
practice. This radiopharmaceutical accumulates in the
lymph nodes by binding to CD206 on the surface of
macrophages [17].

Despite the emergence of targeted radio-
pharmaceuticals for SLN mapping, research is

ongoing to explore the possibilities of using 99mTc-
labeled colloidal preparations which are still the main
indicators for SLN visualization. The main criterion
for assessing a colloidal radiopharmaceutical is the
particle size. A colloid with a particle size of 50—
80 nm is considered optimal because it provides fast
radiopharmaceutical clearance from the injection site
and its high retention in the SLN [18, 19].

The aim of this study was to investigate the
possibilities of using a new radiopharmaceutical based
on aluminum oxide labeled with **Tc ([*"Tc]-ALO,)
for the diagnosis of SLN in tumors of the larynx and
laryngopharynx in comparison with a phytate colloid
([®™Tc]- phytate colloid) commonly used in Russia.

Both  radiopharmaceuticals are  colloidal
preparations, however, they differ in particle sizes:
[*™Tc]-phytate colloid is characterized by a fairly
large range of particle sizes — 40-10.000 nm, and
[*Tc]-AlLO, contains colloidal particles ranging from
50 to 100 nm in size. Preclinical and clinical trials of
[*™Tc]-ALO, have shown its safety and functional
suitability for imaging of lymph nodes [20-25].

MATERIALS AND METHODS

The study included patients with cancer of the
larynx and laryngopharynx T, N M, (n = 54). The
general inclusion criterion was the absence of signs
of metastasis in regional lymph nodes at the time of
the examination. The study was approved by the local
Ethics Committee and the Bioethics Committee at
Cancer Research Institute, Tomsk NRMC. All patients
signed an informed consent to participate in the study.

In the prospective group (n = 30), [*"Tc]-ALO,
was used as a diagnostic radiopharmaceutical, the
retrospective group (n = 24) was examined using
[*™Tc]-phytate colloid. The result of a histologic
examination ofremoved lymph nodes was the reference
method for analyzing the diagnostic effectiveness.

Radionuclide diagnosis of SLN includes
injection of radiopharmaceuticals, visualization,
and intraoperative detection of lymph nodes with
their  subsequent morphological examination.
Radiopharmaceuticals were injected endoscopically
into the submucosal space along the periphery of the
tumor in the region of the larynx or laryngopharynx at
2 sites (at 12:00 and 18:00 on the conventional dial).
The total administered radiopharmaceutical activity
was 40 MBq (20 MBq per injection site).

Single-photon emission computed tomography
(SPECT) was performed on the E.cam 180 gamma
camera (Siemens, Germany) 18-20 hours after the
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radiopharmaceutical injection using parallel-hole
high-resolution collimators for 140 keV radiation..

SPECT images were assessed visually (identifying
the number of areas with focal radiopharmaceutical
uptake corresponding to the localization of the regional
lymph nodes) and semi-quantitatively (calculating the
ratio of the number of impulses in the lymph node
with the highest radiopharmaceutical uptake to the
number of impulses at the injection site, %).

M

i

During the surgical intervention, intraoperative
SLN detection was performed using the Gamma
Finder II probe (USA) (Fig. 1). The lymph node
with the highest activity, in comparison with other
lymph nodes detected by the gamma probe, or the
only lymph node detected, was marked as SLN.
After removal of the SLN, the area of the lymphatic
collector was re-examined using the gamma
probe.

Fig. 1. Intraoperative assessment of sentinel lymph nodes using a gamma probe

All lymph nodes identified by the gamma probe
in the projection of the lymphatic collector were
removed. According to intraoperative radiometry,
the level of radiopharmaceutical uptake in the
projection of SLN was also calculated (in % relative
to the injection site). Removed SLNs were subject to
immediate cytological examination: with metastasis
in the lymph nodes, lymph node dissection was
performed.

The normality of data distribution was assessed
using the Shapiro —Wilk test. The median and the
interquartile range Me [Q, — Q,] were calculated to
measure the central tendency in the sample. The
Mann — Whitney U test and the Kruskal — Wallis
test were used to compare the intergroup differences
in the studied results for quantitative variables with
non-normal distribution. The sensitivity of the method
was assessed according to the formula TP / (TP +
FN) x 100%, where TP is a true positive result, and
FN is a false negative result. At the same time, we
took into consideration the number of patients with
radiopharmaceutical uptake in the projection of the
lymph nodes. The reference method for the analysis
was the result of the histologic examination of the

surgical material (the presence of lymph nodes in the
removed material).

RESULTS

In 7 out of 54 patients, no redistribution of the
radiopharmaceuticals from the injection site
along the lymphatic collector was noted. No
radiopharmaceutical uptake in the projection of the
lymph nodes was detected either scintigraphically or
intraoperatively using the gamma probe. Unilateral
localization of SLN was visualized in 85% of cases
(n=40), bilateral localization was detected in 7 patients
(Fig. 2, 3). At the same time, most often lymph nodes
were visualized in the projection of levels III and Va
of the neck — 47 and 33%, respectively, less often — in
the projection of levels Ila and IIb of the neck — 14 and
12%, respectively.

In the retrospective group, SLNs were detected
in 20 out of 24 patients. The results of SPECT and
intraoperative detection were in line; all lymph
nodes visualized by SPECT were also detected by
the gamma probe. The presence of [*Tc]-phytate
colloid in the lymph nodes was not observed in 4
patients (Table 1).
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Fig. 2. SPECT image of a patient with laryngeal cancer: 1 —
radiopharmaceutical uptake in the projection of the lymph
nodes of the neck on the left (n = 3); 2 — injection site

Fig. 3. SPECT image of a patient with laryngopharyngeal
cancer: 1— radiopharmaceutical uptake in the projection of the
lymph nodes of the neck on both sides (n = 5); 2 — injection site

Table 1

Characterization of the results obtained in the retrospective
group using [*"Tc]-phytate colloid, n = 24

Result SPECT, n

Intraoperative detection, n

True positive 20 20

True negative

False positive

False negative 4 4

A total of 32 lymph nodes were identified in the
retrospective group. The median number of detected
lymph nodes in one patient was 1.3 [0-3], the intensity
of the radiopharmaceutical uptake according to
SPECT and intraoperative detection was 2.2 [0.7-8.1]
and 4 [1.6-9], respectively (Table 2).

In the prospective group, [*"Tc]-ALO, uptake
in the lymph nodes of the neck was determined in
27 patients (90%); SLNs were not visualized in
3 patients. Identical results were obtained during
intraoperative detection (Table 3). A total of
57 lymph nodes were identified (in 27 patients). The
median number of visualized SLNs was 1.5 [0-5], the
intensity of [*"Tc]-Al O, uptake according to SPECT
and intraoperative detection was 4.8 [0.7-19.4] and 6
[1.1-22], respectively (Table 2).

Table 2
Comparative analysis of the results of radionuclide diagnosis
of sentinel lymph nodes in patients with cancer of the larynx

and laryngopharynx using [*"Tc]-phytate colloid
and [®"Tc]-ALO,

[*™Tc]-phytate o
Parameter colloid Tc]-ALO,
Number of visualized lymph 1.3 [0-3] 1.5 [0-5]
nodes, n, Me [Q, - Q] p<0.2

Intensity of radiopharmaceutical

22[0.7-8.1] | 4.8[0.7-19.4]
uptake according to SPECT, %,

Me[Q,-0)] p=0.027
Intensity of radiopharmaceutical 411.6-9] | 6[1.1-22]
uptake according to intraopera-
tive detection, %, Me [0, — 0] p<0.034
| Method sensitivity, % 83 | 90
Table 3

Characterization of the results obtained in the prospective
group using [*"Tc]-ALO, n =30

Result SPECT, n Intraoperative detection, n
True positive 27 27
True negative 0 0
False positive 0
False negative 3 3

According to the results of the histologic
examination of the removed lymph nodes, metastasis
was detected in 3 patients from the retrospective group
and in 3 individuals from the prospective group (all
affected lymph nodes corresponded to the side of the
primary tumor localization).

DISCUSSION

The comparative analysis of the results obtained
indicated significant differences in the nature of
the scintigraphic data obtained after the use of
radiopharmaceuticals with different sizes of colloidal
particles. The most significant advantage of using
[*™Tc]-ALO, is its high uptake in the lymph nodes,
which improves visualization of SLNs, facilitates their
search during surgery, and increases the sensitivity
of the method as a whole up to 90 versus 83% when
using [*™Tc]-phytate colloid.
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To date, surgery remains the main method for
treating cancer of the larynx and laryngopharynx.
The volume of surgery is determined by clinical and
morphological features of the tumor spread. One of
the basic factors that affects the treatment strategy and
the prognosis of the disease is assessment of the SLN
status. In cancer of the larynx and laryngopharynx,
the frequency of metastasis to regional lymph nodes
reaches 30% [26].

Many attempts have been made to identify
predictors of latent metastases in the lymph nodes, of
which the depth of invasion turned out to be the most
informative. However, this criterion does not provide
absolute confidence in the adequate assessment of
the state of the regional lymphatic drainage zones
[27]. Therefore, application of the concept of SLNs
in tumors of the larynx and laryngopharynx can help
reduce unnecessary intraoperative lymphadenectomy
and decrease the amount of radiation therapy
performed [28-30].

In general, methods for determining SLNs in
malignant tumors of the head and neck are more
related to oral cavity cancer, and the bulk of the
research is devoted to this localization. This is due to
a more aggressive course of this pathology, features
of lymphatic drainage, and difficulties in detecting
metastasis in regional lymph nodes, especially at
early stages of the disease. Cancer of the larynx and
laryngopharynx is characterized by a lower risk of
metastasis to the lymph nodes, however, the problem
of organ-preserving surgeries in this localization is
quite dire. Therefore, developing methods for proper
assessment of tumor spread at the preoperative stage
is highly relevant [28, 30-32].

CONCLUSION

A comparative study of the effectiveness of [*™Tc]-
Al O, for visualization of SLN in tumors of the larynx
and laryngopharynx in comparison with [*™Tc]-
phytate colloid showed that a significant advantage
of using [*"Tc]-AlL O, is its higher uptake in SLNs.
This phenomenon contributes to an increase in the
sensitivity of the method as a whole up to 90 versus
83% when using [*™"Tc]-phytate colloid.
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Morphological changes in the myocardium of rats with chronic alcohol
intoxication after treatment with new GABA- and glutamic acid derivatives
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ABSTRACT

Aim. To study pathohistological changes in the myocardium of rats with chronic alcohol intoxication (CAI) after
treatment with a new glutamic acid derivative glufimet (compound RSPU-238) and a new gamma-aminobutyric
acid (GABA) derivative (compound RSPU-260).

Materials and methods. Experiments were performed on female Wistar rats aged 10 months. The rats were
divided into the following groups: group 1 — intact females; group 2 —a control group which included animals after
CAI simulated by replacing drinking water with 10% ethanol solution for 24 weeks; groups 3 and 4 — experimental
groups, in which females were intraperitoneally administered with glufimet at a dose of 28.7 mg / kg and RSPU-
260 at a dose of 25 mg / kg once a day for 14 days after cessation of alcohol solution consumption; group 5 —a
group of animals receiving a reference listed drug mildronate at a dose of 50 mg / kg according to a regimen similar
to that of the studied compounds. Changes in microstructural and morphometric parameters of the left ventricular
myocardium were assessed using light microscopy.

Results. In animals after CAI the cardiomyocyte volume fraction decreased, while the interstitial and vascular
volume fractions increased. Degeneration of cardiomyocytes, such as their wave-like deformation, loss of
transverse striation, foci of plasmolysis, and fragmentation of muscle fibers were revealed. In rats treated with
glufimet, the structural changes in cardiomyocytes were minimal. Lower vascular plethora was observed; blood
vessels were characterized by single stasis and sludge. The cardiomyocyte volume fraction was 9.7% greater than
in control animals, while the interstitial and vascular volume fractions were 66.0 and 70.0% smaller, respectively.
The animals treated with the RSPU-260 compound had no significant degenerative changes in cardiomyocytes
and small vessels similar to the experimental animals injected with glufimet. Mildronate had a less pronounced
cardioprotective effect.

Conclusion. Administration of new GABA and glutamic acid derivatives to animals with simulated chronic
alcohol intoxication leads to improvement of the microstructure in cardiomyocytes compared with control rats.
This indicates pronounced cardioprotective effects of the studied neuroactive amino acid derivatives.

Keywords: chronic alcohol intoxication, cardioprotective effect, GABA and glutamic acid derivatives
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Mopdonornyeckme nsmeHeHnNA MMoKappaa Kpbic Nocne XpoHn4eckon
aNIKOroJsIbHOM MHTOKCMKaLMn Ha poHe NeYeHNA HOBbIMY NPON3BOAHBIMI
FAMK n rnyTaMrMHOBOW KNCNOTbI

HectrepoBa A.A.', NMpokodbes U.W.', Mepdunosa B.H.’, Eeciokos 0.10.%, KyctoBa M.B.",
TiopeHkoB U.H.'

I Boneoepadckuti 2ocyoapcemeeniviil meduyunckuil ynusepcumem (Boael MY)
Poccus, 400131, 2. Boneoepao, na. Ilaswux Bopyos, 1

2 Poccutickuil HayuoHanbhblll ucciedosamenbekuti meouyunckuu yuueepcumem (PHUMY) um. H U. [Tupozosa
Poccus, 117997, e. Mockea, yn. Ocmposumsanosa, 1

PE3IOME

Heap — usydeHne naToMopdoaornueckux N3MEHEHUH MUOKap/a KPbIC ITOCIe XPOHHUECKOW aIKOroJbHONH HHTOK-
cukanuu (XAHW) Ha hoHe Je4eHnst HOBBIMH ITPOU3BOIHBIMH INIyTAMUHOBOW KUCIIOTHI — IIIy(hUMETOM (COeMHEHUE
PI'TIY-238), ramma-amunomacisiHon kucinoTsl (I'AMK) — coennnennem PITIY-260.

Marepuajbl ¥ MeTObl. DKCIICPHMEHTHI TIPOBEJCHBI Ha caMKax Kpblc jmHuu Wistar, B Bo3pacte 10 Mmec, pas-
JIETICHHBIX Ha IPYNIBL | — MHTAKTHBIE CaMKH; 2 — KOHTPOJIbHAs IPYIIa, )KUBOTHBIE rocie XAU, kotopas moze-
JIMpOBajach 3aMEHOU NUTheBOU BoAbl HA 10%-i pacTBOp 3TaHONA B TeueHUE 24 Hel; 3 U 4 — HKCIEPUMEHTAIIb-
HBIE TPYIIIBI, B KOTOPBIX CaMKaM BBOJMIIM, COOTBETCTBEHHO, Mry(umMeT B jro3e 28,7 mr/kr n PI'TIV-260 B no3e
25 Mr/Kr BHYTPHOPIOIIMHHO, OJHOKPAaTHO B TeUeHHE 14 CyT mocie HpekpamieHus ankoronm3anuu. JKUBOTHbIE
TPYHIBl 5 MOJyYaiH HperapaT CpaBHEHHS MIIIJIPOHAT B 03¢ 50 MI/KI B aHAJIOTMYHOM C HCCIEAYEMBIMH COe-
JMHEHUSIMA peknme. OIeHNBaIN N3MEHEHHE MUKPOCTPYKTYPHBIX B MOP()OMETPHIECKHX ITapaMeTpOB MHOKapa
JIEBOTO JKEITyZ0UKa C MCIIOJIb30BAaHUEM CBETOBOI MHUKPOCKOIIHH.

Pe3yabTathl. Y xuBOTHBIX nocie XAW BBISBICHBI YMEHBIICHHE O0BEMHOM 0N KapJHOMHOIIUTOB C YBEIUYe-
HUEM TaKOBOW MHTEPCTHLIUS U COCYIOB, a TAKKE IECTPYKTHBHBIC U3MCHEHHS KapJHOMHOIIUTOB B BUJIC HX BOJIHO-
00pa3Hoii nedopMalnu, IOTEpH MONEPEYHON NCUSPYCHHOCTH, 0YaroB IUIa3Moiu3a 1 (pparMeHTaluy MBIIICYHBIX
BOJIOKOH. Y KpbIC ¢ Tepanuei rimydumerom mocie XAU cTpyKTypHbIE H3MEHEHHS MBIIICYHBIX KIETOK OBLUTH MH-
HUMAJIbHBI, COMPOBOKIATNCH HE3HAYUTEIBHBIM OTEKOM, COCY/IBI MEHEE MOJTHOKPOBHBI ¢ €IMHIYHBIMH CTa3aMU 1
cltapKamMu, 00beMHast I0JIs KapAHOMHOLUTOB Oblia Ha 9,7% BeINIe, a HHTEPCTUIHA U cocynoB — Ha 66,0 u 70,0%
COOTBETCTBEHHO HIKE. Y KHBOTHBIX, MoTy4aBIIHX coequHenne PITIY-260 mocie aakoronu3amnym, OTCYyTCTBOBa-
JIW BBIPQ)KECHHBIC JETCHEPATUBHBIC M3MEHEHUs KapJIMOMHOIMTOB W HAPYUICHUS MUKPOIMPKYJISIUU B MUOKapJe
aHAJIOTMYHO CaMKaM, KOTOPBIM BBOIMJIH Ty(uMeT. MUIIpOHAT OKa3bIBAI MEHEE BBIPAKEHHOE KapIUOMPOTEK-
TOpPHOE JICHCTBHE.

3axiroyeHue. BeeeHne )UBOTHBIM C MOJICITUPOBAHHON XPOHNYECKON aJIKOTOJIbHON HHTOKCHKALIUEH HOBBIX IPO-
n3BoHbIX [AMK M TiIyTaMMHOBO#H KHCIIOTBI BBI3BAJIO YJIYYIICHHE MUKPOCTPYKTYPHBIX M MOP()OMETPHYECKHUX
XapaKTepPUCTUK MUOKap/a M0 CPAaBHEHHIO C KOHTPOIBHBIMH KPbICAMH, YTO CBUAETEILCTBYET O BHIPAKEHHBIX Kap-
JIOTIPOTEKTOPHBIX 3P PEKTaX U3ydaeMbIX MPOU3BOHBIX HEHPOAKTUBHBIX AMHHOKHCIIOT.

KnrodeBble ciloBa: XpoHHYECKasi aIKOTONIbHAS MHTOKCHKAIWS, KapAHOMPOTEKTOPHOE JAeHCTBHE, TPOU3BOTHEIC
I'"AMK u rimyTaMuHOBOM KHCIIOTBI

KOHq)J’IHKT HHTEPECOB. ABTOpI)I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaIII/IeI71 HaCTOHIJ.[efI CTaTbU.

Hcrounuk ¢puHaHCHPOBAHHUA. ABTOPHI 3asBISIIOT 00 OTCYTCTBHN (\MHAHCHPOBAHUS IPH NMPOBEICHHN HUCCIENO0-
BaHMSI.

CooTBeTcTBHE NMPHHIMIIAM 3THKH. VcciienoBanue 0100peHo PernoHaibHbIM HCCIIEIOBATENBCKAM 3THYECKUM
komuTeToM Bosrorpaackoit obmactu (mporokon Ne 2034-2017 ot 15.09.2017).

Jlis nutupoBanusi: Hecreposa A A., IIpoxodses N.1., [Tepdumosa B.H., Esciokos O.10., Kycroa M.B., Tio-
perkos 1.H. Mopdonornueckne n3MeHeHUsI MHOKap/a KPBIC MOCIIE XPOHUIECKOH aKOTOJIBHOW HHTOKCHKAIIUK
Ha (hoHe JIeueHNsI HOBBIMH TTpon3BoHbIMU ["AMK 1 rimyTaMHHOBOM KUCIIOTEL. broement cubupckoll Meouyumbl.
2023;22(1):73-80. https://doi.org/10.20538/1682-0363-2023-1-73-80.
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INTRODUCTION

Diseases associated with alcohol consumption
remain some of the most studied pathological
conditions due to their high social significance.
According to the World Health Organization (WHO),
alcohol consumption is a leading risk factor for
premature death and disability among middle-aged
and young people [1]. Recently, an increase in the
consumption of ethyl alcohol has been recorded,
especially during the COVID-19 pandemic [2].

The consequences of alcohol consumption are
associated with cardiovascular and neuropsychiatric
diseases, cancer, as well as with liver, kidney, and
endocrine diseases [3]. According to numerous studies,
ethanol exerts one of the most damaging effects on the
heart. Alcoholic cardiomyopathy (ACM) is the most
prevalent form of ethanol-induced heart damage in
chronic alcohol intoxication (CAI) [4].

Ethanol has negative effects on cardiomyocytes
(CMs) damaging their membrane, receptors,
mitochondria, ribosomes, cytoskeleton, and DNA.
This is due to the small size of the ethanol molecule,
its high reactivity and large volume of distribution in
the body. Ethanol causes impairment of the plasma
membrane, activation of lipid peroxidation and
apoptosis, and disruption of signaling mechanisms
[5]. Ethanol affects the structure of the myocyte
cytoskeleton, connexons, and desmosomes, which
causes structural instability of cells [6].

As aresult, swelling and destruction of mitochondria
lead to energy deficiency in CMs. These processes are
accompanied by disorders of lipid metabolism and fatty
degeneration of the heart. lon exchange disorders cause
fragmentation of myofibrils. Hypoxia, energy deficiency,
electrolyte imbalance, and oxidative stress lead to

"CI'H;N

H;C00C COOCH;
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- +
CIH;N

severe atrophy and death of CMs and compensatory
replacement of myofibrils with connective tissue [7]. A
decrease in the volume fraction of CMs and changes
in their microstructure as well as disorders of the
excitation — contraction coupling and contractile protein
synthesis cause a decline in myocardial contractility and
development of heart failure (HF).

Currently, the principles of treatment for ACM
mainly include metabolic therapy (meldonium,
mexidol, etc.) and are directed to compensation
for already developed HF. However, there is still
no pathogen-specific correction of morphological
and functional disorders. In this regard, search for
pharmacological agents which exert cardioprotective
effect in CAI remains relevant.

New derivatives of glutamic acid and gamma-
aminobutyric acid (GABA) can be considered
as such agents. Previous studies have shown
cardioprotective effects of the glutamic acid derivative
glufimet (dimethyl ester of 3-phenyl glutamic
acid hydrochloride, RSPU-238 compound, Fig.
1, a) and the GABA derivative compound RSPU-
260 (a two-component composition of methyl-4-
amino-3- phenylbutanoate (mefebut) and L-arginine
hydrochloride in the ratio of 1:1, Fig. 1, b) in CAL
Recently, glufimet and RSPU-260 have demonstrated
their membrane-protective and antihypoxic effects.
Application of these compounds contributes to an
increase in inotropic myocardial reserve, improves
endothelium-dependent vasodilation, and reduces
lipid peroxidation [8, 9].

In this regard, the aim of the study was to assess
the alcohol-induced pathohistological changes in the
rat myocardium after treatment with glufimet and
RSPU-260.

COOCH; HZN\/COOH

NH

Fig. 1. Structural formulae of: a— glufimet, b — the compound RSPU-260

MATERIALS AND METHODS

Experiments were carried out on female Wistar
white rats, aged 10 months and weighing 280-320
g. The rats were delivered from the Stolbovaya

animal resource center (Russia, Moscow region).
The animals were housed and maintained under the
standard vivarium conditions with free access to food
and water in 12 : 12 light / dark cycle. The study was
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carried out in compliance with the Good Laboratory
Practice (GLP) requirements for preclinical trials in
the Russian Federation (Ministry of Health of the
Russian Federation, order no. 199n of April 1, 2016
“On the Adoption of Rules of Good Laboratory
Practice”), the International Recommendations of the
European Convention for the Protection of Vertebrate
Animals Used in Experiments or for Other Scientific
Purposes (1986), and the European Union Directive
2010/63/EU 22.09.2010 on the protection of animals
used for scientific purposes.

To simulate CAI, the rats were provided with a
10% (v/v) ethanol solution (RFK, Russia) sweetened
with sucrose (50 g / 1) as the only source of drinking
for 24 weeks [10].

The rats were divided into the following groups:
group 1 — intact females (n = 7); group 2 — control
group, females after CAI (n="7) receiving 0.1 ml saline
solution per 100 g of weight after discontinuation
of alcohol consumption; groups 3 and 4 — two
experimental groups in which the female rats after
CAI were administered with glufimet (n = 7) at a dose
of 28.7 mg / kg and RSPU-260 (n = 7) at a dose of
25 mg / kg; group 5 — a group of animals receiving
the reference listed drug mildronate (Grindex, Latvia)
at a dose of 50 mg / kg (n = 7). Glufimet and RSPU-
260 were synthesized at the Department of Organic
Chemistry, Herzen Russian State Pedagogical
University, St. Petersburg, Russia. Saline solution,
the studied compounds (dissolved in saline), and the
reference listed drug were injected intraperitoneally
once a day for 14 days, starting from the day following
CAI cessation.

The hearts were obtained from the lethally
narcotized animals (chloral hydrate, 400 mg / kg).
The muscle tissue blocks (0.5 x 0.8 cm) obtained from
the left ventricle were fixed in 10% neutral buffered
formalin for 24 hours. After being washed in running
tap water for 6 hours, the tissue blocks were dehydrated
and subsequently treated with xylene and placed in the
HISTOMIX medium (Biovitrum, Russian Federation).
Sectioning of the myocardial blocks was performed
with the rotatory microtome HM340E (Thermo Fisher,
USA), followed by mounting of the 5—6-um slices
on Polysine microscope adhesion slides (Thermo
Scientific, USA). Subsequent to deparaffinization
and rehydration, the myocardial sections attached to
the microscope slides were stained with hematoxylin
(NPF Abris+, Russia) and 0.5% alcoholic solution of
eosin (Labiko LLC, Russian Federation). The stained
sections on coverslips were mounted in the VitroGel

medium (ErgoProduction LLC, Russian Federation)
[11].

The morphometric examination involved the
assessment of the digitized microphotographs of the
rat myocardium processed with MCview software
(LOMO-microsystems, Russian Federation). For the
quantitative assessment of changes in the sections,
we determined the volume fraction of CMs, vessels,
and interstitium, thickness of CM wall, CM nuclear
area in the longitudinal section, and CM cross-
sectional area. To meet the data representativeness
criterion, the morphometric measurements were
taken in 10 randomly chosen fields of view for each
section. The qualitative analysis of microstructural
changes included the assessment of the following
pathohistological features: the presence of focal and
perivascular sclerotic lesions, atrophy (hypertrophy)
of individual muscle fibers or their groups, wave-
like deformation of CMs, foci of CM disintegration,
foci of interstitial accumulation of lymphoid and
lymphohistiocytic  infiltrates, microhemorrhages,
stasis and sludge in arterioles and venules, uneven
coloration of CMs and their nuclei. We used the semi-
quantitative method with a 1-4-point scale to assess
the pathohistological changes [12].

The statistical analysis was performed using the
Statistica 12.5 software. The Shapiro — Wilk test was
used to evaluate the normality of data distribution.
The Student — Newman — Keuls test was applied
for pairwise comparison. The quantitative variables
were presented as M + SD, where M is the mean, and
SD is the standard deviation. The differences were
considered statistically significant at p < 0.05.

RESULTS

The microscopic examination of the intact rats
revealed no pathological changes in the myocardium.
The cross-striated sarcoplasm of muscle fibers was
well defined, the nuclei with weak polymorphism
were located in the central compartment of CMs which
were surrounded by a thin layer of loose connective
tissue with single erythrostasis (Fig. 2, a).

CALI resulted in degenerative changes in the rat
myocardium, such as perivascular and intermuscular
edema with moderate hypertrophy and wave-like
deformation of CMs, loss of cross-striation, foci of
plasmolysis, and fragmentation of muscle fibers.
Round and oval nuclei were hyperchromic (Fig. 2, b).
Disturbances of microcirculation were manifested by
plethora of the vessels, aggregation of erythrocytes,
and petechial hemorrhages. Pronounced leukocyte
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infiltration was observed in the muscle tissue. The
morphometric analysis revealed an increase in the CM
cross-sectional area by 9.2% (p < 0.05), a significant
decrease in the CM volume fraction, and an increase
in the volume fractions of the interstitium (by 98.0%,
p < 0.05) and vessels (by 11.1%) in the female rats
with CAI compared with the intact animals (Table).

The animals receiving glufimet showed less
pronounced changes (Fig. 2, c¢). Cross-striation of
muscle fibers was preserved, no edema and wave-
like deformation were noted in CMs separated by thin
layers of loose connective tissue. We also found less
plethoric vessels and insignificant phenomena of stasis
and sludge of erythrocytes in the microvasculature.
The mean cross-sectional area of left ventricular CMs
in this group of animals was close to the value in the
intact rats and by 9.5% smaller than in the control rats
(p < 0.05) (Table). It is worth noting that treatment
with glufimet after CAI resulted in the greater volume
fraction of CMs (by 9.7%, p <0.05) and reduced volume
fraction of the interstitium and vessels (by 66.0 and
70.0%, respectively, p < 0.05). In addition, the mean
nuclear area in CMs significantly increased by 26.2%
(» <0.05) compared with the female rats after CAL

The compound RSPU-260 had pronounced
cardioprotective effects. After treatment with
RSPU-260, minimal pathological changes in CMs
and microcirculation, such as minor petechial
hemorrhages and stasis of erythrocytes, were noted
(Fig. 2, d). The interstitial volume fraction was
by 42.3% (p < 0.05) smaller, and the CM volume
fraction was significantly increased compared with
the control group.

In the animals treated with the reference listed
drug mildronate, the pathomorphological changes
were more pronounced than in the groups which
were injected with the experimental compounds
(Fig. 2, e). The microscopic examination revealed
hypotrophy of muscle cells, which was confirmed
by the morphometric analysis data — the mean cross-
sectional area of CMs was by 17.8% smaller than
in the rats after CAI and by 10.2% smaller than in
the intact animals. In the microvasculature, stasis
and sludge of erythrocytes and minor petechial
hemorrhages were noted. However, the CM volume
fraction was significantly greater and the interstitial
volume fraction was significantly smaller than in the
controls (p < 0.05) (Table).

Table

Changes in the morphometric parameters of the left ventricular myocardium in the experimental rats after CAI in the context
of treatment with the new GABA and glutamic acid derivatives, M + SD

Animal eroups CM cross-sectional CM nuclear CM thicknesses, CM volume Vascular volume Interstitial volume
group area, pm?2 area, pm?2 pm fraction, % fraction, % fraction, %
Intact group 241.4+£11.2 32.1+£2.7 128+ 1.6 924+14 27+1.1 49+0.8
CAI + saline 263.6 143 * 33.6+ 1.6 125+1.3 873+1.2%* 3.0+£0.9 9.7+1.1%
CAI + glufimet 2385+9.2% 424+46# 12.7+0.9 95.8+0.97 09+0.5% 33£0.77
CAI + RSPU-260 2453+ 133 % 30.7+5.0 11.6 +0.7 922+14% 22+09 56+1.17
CAI + mildronate 216.7+13.67 28.7+23" 11.1+1.2% 92.5+2.7% 24+0.6 S50+£1.17

* p <0.05 relative to the group of intact animals (Student’s  test);

# p <0.05 relative to the control group of animals with CAI receiving saline (Newman — Keuls test).

DISCUSSION

Replacing drinking water with 10% ethanol solution
for 24 weeks caused pathohistological changes in the
left ventricular myocardium of the experimental rats.
The morphometric analysis demonstrated a decrease
in the CM volume fraction, which indicates a decrease
in the number of functioning muscle cells and a rise
in the interstitial volume fraction due to proliferation
of fibroblasts and perivascular and intermuscular
fluid accumulation. In the control group of animals
after CAIl, destructive changes in the CMs were
revealed: they lost their cross-striation and had foci
of plasmolysis and fragmentation of muscle fibers.

Ethanol has damaging effects by directly affecting
cellular structures and via production of reactive
oxygen species and disruption of lipid metabolism and
intracellular calcium homeostasis [13].

Ethyl alcohol impairs cell membrane integrity,
increasing mobility and permeability of the phospholipid
bilayer. These changes lead to disruption of membrane-
associated proteins, resulting in disruption of their
transport and signaling. Ethanol easily diffuses through
the cell membrane and affects organelles in CMs,
especially mitochondria. Ethyl alcohol reduces the
membrane potential and activity of membrane respiratory
chain complexes, which also damages mtDNA.
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Morphological changes in the myocardium of rats with chronic alcohol

Fig. 2. Microscopic images of the left ventricular myocardium: a — in the intact rats, b — in the control group, ¢ — after treatment
with glufimet, d — after treatment with RSPU-260, e — after treatment with mildronate. Staining with hematoxylin and eosin, x400.

The described changes contribute to the
development of hypoxia and ATP deficiency in
alcohol-damaged cells. In support of this, the
presented study showed a trend toward an increase in
the vascular volume fraction which can be explained
by stimulated angiogenesis under hypoxic conditions.
Also, an increase in the cross-sectional area of CMs
was revealed, indicating compensatory myocardial
hypertrophy. In addition, mitochondrial dysfunction
leads to active production of reactive oxygen species
(ROS) involved in apoptosis of CMs [14], causing
fragmentation of contractile proteins and dysfunction
of the sarcoplasmic reticulum [15, 16].

In CAI, synthesis of CM structural proteins
changes and the excitation — contraction coupling
reduces [17]. Chronic alcohol consumption enhances
expressionoftypelandIll collageninthemyocardium,
leading to fibrosis of the cardiac muscle tissue [18].
In addition, ethanol induces Ca’" leakage from the
sarcoplasmic reticulum and decreases sensitivity of
myofilaments to calcium [19, 20]. The described
processes exacerbate hypoxia and induce the
development of fatty infiltration in the myocardium,
fragmentation of myofibrils, compensatory CM
hypertrophy, as well as necrosis and apoptosis with
the compensatory growth of connective tissue. As a
result, the contractile function of the myocardium

decreases and chronic HF develops leading to severe
disability and death.

The new glutamic acid derivative glufimet limited
the negative effects of ethanol on the myocardium. In
the rats treated with glufimet, degenerative changes
in CMs were minimal; they were accompanied by
minor edema. The microvasculature was less plethoric
with insignificant phenomena of stasis and sludge.
The mean cross-sectional area of CMs treated with
glufimet was significantly smaller than that in the
control rats with CAI and similar to that in the intact
animals. Cardioprotective effects of glufimet are
probably associated with incorporation of glutamate
and glycine fragments in its chemical formula.

Glutamic acid has a wide range of metabolic
effects. This amino acid can improve myocardial
tolerance to hypoxia due to intensification of
anaerobic glycolysis in the cytosol and regeneration
of NAD", participation in the malate — aspartate
shuttle, and activation of the electron transport chain
in mitochondria. In addition, glutamate probably
contributes to restoration of oxidative metabolism
due to replenishment of Krebs cycle intermediates,
for example, a-ketoglutarate [21]. It is known that
glycine is involved in detoxification reactions and
reduces the intensity of lipid peroxidation, being
a part of glutathione, a tripeptide with pronounced
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antioxidant activity. It also has cytoprotective and
anti-inflammatory effects [22].

The new GABA derivative RSPU-260 was as
effective as glufimet. In the animals treated with
RSPU-260 after 24-week alcohol consumption,
no pronounced degenerative changes in CMs and
disorders of myocardial microcirculation were
revealed. GABA, like glutamic acid, has metabolic
effects, being a precursor of succinate, a Krebs cycle
intermediate. Therefore, an increase in succinate,
the substrate of complex II of the electron transport
chain, stimulates ATP synthase and formation of ATP
in the cell [23]. In addition, GABA limits excessive
sympathetic influences on the heart, supporting
functional reserves of the myocardium. The RSPU-
260 compound contains L-arginine, a substrate for
synthesis of nitric oxide, a bioactive molecule with a
number of cardio- and endothelium-protective effects.

Mildronate had a less pronounced cardioprotective
effect. In the rats treated with the reference
listed drug, muscle fiber atrophy and minor
microcirculation disorders were observed. Mildronate
regulates energy metabolism by reducing synthesis
and biological activity of L-carnitine, stimulating
glucose metabolism [24].

CONCLUSION

The new GABA and glutamic acid derivatives
stabilized the microstructural and morphometric
parameters of the myocardium after CAI in the
experimental animals. The results can be used for
further research and development of new drugs to
optimize pharmacotherapy of heart diseases associated
with CAL
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Artificial neural networks in predicting impaired bone metabolism
in diabetes mellitus

Safarova S.S.
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ABSTRACT

Growing incidence of diabetes mellitus (DM), given significant socioeconomic consequences that low-trauma
fractures entail, determines a need to improve diagnostic standards and minimize the risk of medical errors, which
will reduce costs and contribute to better treatment outcomes in this category of patients.

Aim. To assess diagnostic capabilities of the method based on the use of an artificial neural network (ANN) for
predicting changes in reparative osteogenesis in diabetes mellitus.

Materials and methods. A single-center, one-stage, cross-sectional study included 235 patients with type 1 and
type 2 diabetes mellitus and 82 persons of the control group (the total of 317 patients). Further, the obtained data
were processed using the MATLAB software to develop an ANN with a training (80%) and test (20%) set. The
ANN model was trained by optimizing the relationship between a set of input data (a number of clinical and
laboratory parameters: gender, age, body mass index, duration of diabetes mellitus, etc.) and a set of corresponding
output data (variables reflecting the state of bone metabolism: bone mineral density, markers of bone remodeling).

Results. The ANN-based algorithm predicted estimated values of bone metabolism parameters in the examined
individuals by generating output data using deep learning. Machine learning was repeated until the error was
minimized for all variables. The accuracy of the validation test to predict changes in bone metabolism based on
patient data was 92.86%.

Conclusion. The developed ANN-based method made it possible to design an auxiliary tool for stratification of
patients with changes in bone metabolism in diabetes mellitus, which will help reduce healthcare costs, speed up
the diagnosis due to fast data processing, and customize treatment for this category of patients.
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UcKyccTBeHHbIe HEMPOHHbIE CeTU B NPOrHO3nMpoOBaHNN HapyLIeHNN
MeTabonn3ma KOCTHOI TKaHM NpU caxapHom agunaberte

Cadaposa C.C.

A3zepbatiosxcanckuil MeOUYUHCKULL YHUGEPCUMEm
Asepoationcan, Az1000, e. baxy, ya. A. I'acvimzade, 14

PE3IOME

ITo mepe pocrta 3a0071€BaeMOCTH CaXapHBIM AMAOETOM, H YUUTHIBAs CYLIECTBEHHbIE COLHATbHO-IKOHOMHYECKHE
MOCIIE/ICTBUSI, KOTOPBIE BIEKYT 3a COOON HU3KO TPaBMATHUYECKHE MEPEIOMBbI, BOSHUKAET HEOOXOJUMOCTh B KOP-
PEKLUH CTaHJAPTOB IUATHOCTUKHU U CBEJICHUH K MUHUMYMY PHCKa MEIUIMHCKUX OIIMOOK, YTO MTO3BOIUT CHU3UTh
3aTpaThl U JOOUTHCA JIYUIIHX PE3yIbTaTOB B JIEUEHUN JJAaHHOH KaTeropuu OOIbHBIX.

HeJb: olleHKa TUarHOCTUYECKUX BO3MOXKHOCTEH METO/1a, OCHOBAHHOI'O Ha IPUMEHEHUH UCKYCCTBEHHON HEHpPOH-
Hott cetnt (MHC) B kauecTBEe HHCTpyMEHTa IPOTHO3NPOBAHMSI H3MEHEHHUH IPOIIECCOB PEIapaTHBHOIO OCTEOreHe3a
IIPU caxapHOM Jradere.

MarepuaJjbl 1 MeTobl. BeiOopxka Obl1a chopmMmpoBaHa B X0/ie HCCIIeIoBaHMs 235 MaIeHTOB ¢ CaXapHBIM Axa-
6erom 1-ro 1 2-ro THIA 1 82 JHII KOHTPOJIBHO rpymisl (Beero 317 venosek). Jlanee HaOOp MOTyYSHHBIX TAHHBIX
6611 00paboTan mporpamMmusiM obecniedenreM MATLAB ns noctpoenns MHC ¢ obyqaromum (80%) u Tecto-
BBIM (20%) Habopom. Moaens MHC obyuanacs ImyTeM ONTHMA3AINH B3aHMOCBS3H MEX/Ty HaOOpPOM BXO/IHBIX JaH-
HBIX (TTOKa3aTeNH: MOJ, BO3PACT, HHJEKC MacCHl TeNa, JUINTEILHOCT AnabeTa U T.11.) ¢ HabOpOM COOTBETCTBYIOMINX
BBIXOJIHBIX JAHHBIX (TIEPEMEHHBIX, OTPAXKAIOMINX COCTOSHNE KOCTHOTO METa0O0JIM3Ma: MHHEPAIbHYIO IIIOTHOCTD
KOCTH, MapKepbl KOCTHOTO PEMOJICITUPOBAHNS).

PesyabTartel. basupyemsiit Ha UHC anroputm ¢ BEICOKOH TOYHOCTBIO CIIOCOOEH CIIPOTHO3UPOBATH 3HAUCHHS MO~
KazaTeneil MeTaboar3Ma KOCTHOH TKaHU 00CIEe0BAHHBIX MAI[MEHTOB, CTEHEPHPOBAB BBIXOAHBIE JAHHBIE C TIOMO-
b0 IyOokoro o0yuenus. [Ipouecc MammHHOro 00y4YeH s MOBTOPSICS 10 TEX MOP, TTOKa He MUHUMH3HUPOBANIach
ommOKa I BCEX MEPEMEHHBIX. TOYHOCTh BaINMAAIIMOHHOTO TECTa ISl MPOTHO3MPOBAHMS M3MEHEHUS! KOCTHOTO
MeTaboJIM3Ma Ha OCHOBE JAHHBIX MAIlMEHTOB cocTaBuia 92,86%.

3akiouenue. [IpumeHenue anmnapara UCKyCCTBEHHBIX HEMPOHHBIX CETEH MO3BOJIMIO CKOHCTPYHUPOBATH BCIIOMO-
ratebHbI HHCTPYMEHT JUTS CTpaTH(UKAIMK MAIIUEHTOB C CaXapHbIM THa0CTOM, HMCIOIINX HAPYIICHHS perapa-
THBHOTO OCTEOT'€HE3a, YTO MOKET IIOMOYb COKPATUTH 3aTpaThl HA 00CIIEIOBAHNE, YCKOPUTh AUArHOCTHKY 3a CUET
OBICTPOTrO Mporiecca 00PabOTKU TAHHBIX U CKOPPEKTUPOBATD MPOLIECC JICUCHUS JAHHOW KaTETOPUH MAI[HEHTOB.

KiroueBble ciioBa: caxapHslii [uaber, ocTeonaTus, HEeHPOHHBIE CETH

KondaukTt naTepecoB. ABTOp AEKIAPUPYET OTCYTCTBUE SBHBIX U MOTCHIIMAIBHBIX KOH(INKTOB HHTEPECOB, CBSI-
3aHHBIX C ITyOJIMKAIMEl HACTOSIIEeH CTaThH.

Hcrounuku puHaHCHPOBAHMS. ABTOD 3asBisieT 00 OTCYTCTBUM (PUHAHCHUPOBAHUS UCCIICNOBAHMS MIPH POBEIe-
HHH UCCIICIOBAHMSL.

CooTBeTcTBHE NPUHIHUNIAM 3THKH. Bee naryeHTs! nonucan nHGopMamoHHOE Corliacke Ha yuacTHe B KIIMHH-
4ecKOM HccienoBanun. FcenenoBanue 0100peHO JIOKAIbHBIM THYECKUM KOMUTETOM A3epOaiipkaHCKOro Me/u-
LUHCKOro yHuBepcureta (mporokoi Ne 02/14 or 12.10.2016).

[ uutupoBanus: Cadaposa C.C. HckyccTBeHHbIE HEHPOHHbIE CETH B IPOTHO3UPOBAHUHU HAPYIICHUH MeTa0o-
JIM3Ma KOCTHOM TKaHM IpH caxapHoM auabere. Biowiemens cubupcrou meouyunst. 2023;22(1):81-87. https://doi.
0rg/10.20538/1682-0363-2023-1-81-87.

Artificial neural networks in predicting impaired bone metabolism in diabetes mellitus

INTRODUCTION

Growing incidence of diabetes mellitus (DM), given
significant socioeconomic consequences that low-
trauma fractures entail, determines a need to improve
diagnostic standards and minimize the risk of medical

errors, which will reduce costs and contribute to
better treatment outcomes in this category of patients.
Metadata indicate higher incidence of bone fractures
in patients with type 1 and type 2 DM compared with
the general population [1-3]. Methods commonly
used to diagnose bone diseases in DM include
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analysis of hormonal and electrolyte homeostasis,
bone remodeling markers, and dual-energy X-ray
absorptiometry (DXA). All these methods have certain
limitations. In addition, diagnosis is complicated by
the peculiarities of the pathogenesis of DM and is
aggravated by impaired fracture healing [4].

Traditionally, the use of diagnostic methods can
be minimized by data mining techniques to identify
and analyze hidden information within data to better
predict results and accelerate and personalize the
diagnosis of bone changes in DM. These techniques
include artificial intelligence, statistics, machine
learning, and visualization [5].

Decision support systems (DSS) based on artificial
neural networks (ANN) are effectively used in clinical
diagnostics, which is why these tools are becoming
more and more popular for developing individualized
diagnostic approaches and predicting a number of
diseases, and, as a result, developing an optimal
treatment strategy due to a more accurate and rapid
analysis of interrelated processes in the body [1, 5].
Nevertheless, ANN has never been used in predicting
the risk of bone fractures in DM based on routine
clinical and laboratory tests.

The aim of the study was to assess the diagnostic
capabilities of the method based on the use of ANN as
atool for predicting changes in reparative osteogenesis
in DM.

MATERIALS AND METHODS

A single-center, one-stage, cross-sectional study
included 235 patients with type 1 and type 2 DM
and 82 persons of the control group (the total of 317
patients).The study was conducted in 2015-2017 at the
Department of Endocrinology of the Educational and
Therapeutic Clinic at Azerbaijan Medical University.
All parameters were evaluated once.

The exclusion criteria were: bone fractures in the
past medical history, treatment for osteoporosis in
the medical history, endocrine diseases, non-diabetic
liver and kidney diseases, and final stages of diabetic
nephropathy (stage I[IV-V).

For all patients, we indicated sex, age, duration
of DM, body mass index (BMI) and measured bone
mineral density (BMD), which was defined by T-
and Z-scores in the lumbar spine (T-SD L1-4; Z-
SD L1-4) and femoral neck (T-SD FN; Z-SD FN)
by DXA. The levels of glycated hemoglobin
(HbAlc), serum bone remodeling markers (alkaline
phosphatase (ALP), procollagen type I N-terminal
propeptide (PINP), and beta-C-terminal telopeptide
(b-CTx)), parathyroid hormone (PTH), calcitonin
(CT), vitamin D3 (25 (OH) D), and insulin were
determined. We measured HOMA-IR index,
glomerular filtration rate (GFR), and albumin. The
ionic balance in the blood was also determined: total
calcium (tCa) and ionized calcium (Ca?*), phosphorus
(P*), magnesium (Mg?*"), potassium ( K*), and sodium
(Na").

Statistical analysis. Following the previous
clinical and laboratory research, we developed an
ANN-based method to predict and assess the state
of bone tissue in DM. The data were collected from
individuals with type 1 and type 2 DM and processed
by variational mathematical methods of statistical
analysis using BioStatPro 6.2.2.0 software. Next,
the data set was processed by MATLAB software
(Attaway, 2022). The train — test split was 80% /
20%, respectively, with subsequent validation and
normalization. The ANN model was trained by
optimizing the relationship between a set of input
data (a number of clinical and laboratory parameters:
sex, age, BMI, duration of DM, etc.) and a set of
corresponding output data (variables reflecting the
state of bone metabolism: BMD, markers of bone
remodeling). The accuracy of the validation test for
predicting changes in bone metabolism in relation to
the training data was 92.86%.

Data set development. The study was single-center,
transverse and included the results of the examination
of 98 patients with type 1 DM and 137 patients with
type 2 DM. The control group included 82 individuals.
The characteristics of all 317 patients are shown in
Table.

Table

Clinical characteristics of patients, M (95% CI)

Parameter Type 1 DM, n =98 Type 2 DM, n = 137 Controls, n = 82
Age, years 55.8 (54.4-57.3) 58.4 (57.3-59.5) 55.9 (54.2-57.7)
Sex male / female 41/57 52/85 39/43
BMI, kg / m? 26.1 (25.6-26.5) 30.0 (29.4-30.6) 28.7(27.9-29.5)
DM duration, years 16.6 (15.4-17.8) 8.1(7.2-8.8) —
HbAlc, % 7.4 (7.1-7.8) 7.5(7.2-7.8) 4.9 (4.7-5.0)
C-peptide, ng / ml — 4.3 (1.64-7.4) 3.7(3.14.7)
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Table (continued)
Parameter Type 1 DM, n =98 Type 2 DM, n = 137 Controls, n = 82
HOMA-IR — 8.6 (7.5-9.6) 2.8(24-3.1)
tCa, mg/ dl 9.3(9.1-9.5) 9.4 (9.3-9.5) 9.5(9.4-9.7)
Ca?*, mmol /1 1.09 (1.07-1.11) 1.07 (1.04-1.08) 1.13 (1.11-1.15)
P*, mg/dl 5.4(5.2-5.6) 5.0 (4.8-5.2) 5.1 (4.9-5.2)
Mg, mg/dl 1.52 (0.69-2.45) 1.54 (1.45-1.63) 1.75 (1.61-1.89)
K*, mg/dl 4.4 (3.1-5.9) 4.3(4.14.4) 4.3 (4.1-4.5)
Na', mmol /1 142.2 (140.6-143.8) 140.9 (139.6-142.3) 138.5 (137.2-39.6)
Creatinine, mg / dl 0.85 (0.81-0.89) 0.79 (0.76-0.82) 0.75 (0.72-0.78)
GFR, ml/ min/ 1.73 m? 86.7 (83.1-90.4) 88.5(85.4-91.5) 95.2(91.8-98.6)
Albumin, g/ dl 4.2(4.14.3) 4.3 (4.14.4) 4.5 (4.3-4.6)
PTH, ng/ dl 51.16 (47.17-55.13) 51.69 (48.82-54.56) 45.09 (40.38-49.79)
Vitamin D ,;ng / ml 24.09 (21.32-26.86) 25.12(22.98-27.28) 30.41 (26.95-33.86)
CT, pg/ ml 12.07 (9.75-14.38) 10.23 (8.84-11.62) 5.5 (4.19-6.84)
ALP, UI/1 118.3 (110.1-126.4) 122.2 (116.2-128.1) 123.5(113.8-133.2)
PINP, ng / ml 40.58 (37.18-43.98) 42.08 (39.81-44.35) 47.09 (42.82-51.35)
b-CTX, ng/ml 0.525 (0.468-0.582) 0.495 (0.456-0.533) 0.424 (0.383-0.466)
T-score (T-SD L1-14) —1.4 (-2.2+-0.9)) —1.08 (-1.3;-0.8) —0.73 (-1.1;-0.3)
T-score (T-SD FN) —1.15 (-1.9+-0.7)) —1.12 (-1.3; -0.8) —0.64 (-1.0; -0.2)

In this study, we modeled ANN which included
the following input data: sex, age, weight, height,
BMI, duration of DM, duration of menopause,
blood glucose, HbAlc, albumin, creatinine, insulin,
C-peptide, HOMA-IR index, tCa, Ca*, P*, Mg**, K",

Input

iwh

Na’, GFR, PTH, CT, vitamin D,. Output data included
the following Parameters: ALP, PINP, b-CTX, T-SD
L1-4, Z-SD L1-4. The input value was converted to
the output value according to the activated functions

shown in Fig. 1.
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Fig. 1. Multilayer neural network

The proposed method for constructing a ANN-
based self-learning predictive system for intelligent
DSS that diagnoses clinical and pathogenic features
of reparative osteogenesis in DM encompasses the
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following steps: setting a problem, preparing input
data, dividing data into training and test sets, building
and training a neural network including a multilayer
perceptron (MLP) model, forming a training sample
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supply scheme that determines a set of input elements
and corresponding output neurons, additional training,
and, if necessary, redesigning based on an assessment
of the diagnosis accuracy. The elements of the input
signals were normalized (in the range from —1 to 1);
the input synapse was supplied not with the parameter
value, but with its equivalent, recalculated by the
formula:
X, () -X™
Ximax _ Ximm
where X(7) is the original signal, NX(?) is the received
normalized signal, X™"and X" are the minimum and
maximum values for the input parameter intervals in
the field supplied to synapse i.

The Bayesian Regularization algorithm (trainer)
was used to train the ANN. The backpropagation

learning algorithm was based on gradient descent
search algorithms that allow the correlation weight to

NX, (1) =

[4] modelGUI
INPUTS
sex I 1 ‘ tCa
age a2 | iCa
weight [ gy | P
height RO | Mg
BMI i_ 287 _' K
DM ’T Na
Menopaus | 0 | GFR
Glukoza [ 435 | PTH
HbA1c [ 82 | cT
Al N up | VitD3
Xolesterol [ pg3 |
Kreatinin | 089 |
Insulin B
Crep | 05 |
HOMAIR [ |

be modified to optimize the model. The test set was
used for validation grading at the end of each training
stage and testing at the end of training to get an idea
of how well the model coped with the problem. The
initial training of the model was carried out using the
data of laboratory and instrumental studies of 317
patients listed above (Table). After the implementation
of the above stages, the ANN was ready for the last
stage, which was predicting biomarkers of reparative
osteogenesis and BMD, which are informative for
early diagnosis of impaired bone remodeling in DM,
i.e. parameters used to control diagnostic processes.
Practical implementation of a neural network
model for assessing the risk of osteoporotic changes
in bone tissue in diabetes mellitus. The ANN was
constructed using MATLAB software (Attaway,
2022) [6], and a visual interface was developed using
the GUIDE tool to make it convenient for clinicians

(Fig. 2).

= X
OUTPUTS
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62 | ALP 204.4865
155 | PINP 75.3808
31| b_CTX 0.40841
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107
| Z114 14717
45 |
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Fig. 2. Example of a calculation carried out by the ANN

RESULTS

In type 1 DM, both biochemical bone remodeling
markers and DXA are informative indicators reflecting
the state of bone metabolism. Biomarkers of bone

remodeling can be of great importance in assessing the
state of bone tissue, when the measurement of BMD
is not informative enough, in particular, at the initial
stages of type 2 DM (the data are given in Table). Due
to the current situation, we applied the ANN to patient
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data to determine the accuracy of predictions. The data
from the examination of 317 patients were analyzed,
of which 80% and 20% were used as training and test
sets, respectively. An ANN-based DSS model was
created to predict the state of bone metabolism in a
particular patient with DM based on the input data:
duration of DM, HbA ¢ values, vitamin D, etc. While
developing DSS, some adjustments were made to
the model settings to improve its adequacy. Further
training was conducted during its practical operation.

4 Newural Network Training (nntraintool)

r Neural Network

The learning process continued until the errors in all
variables were minimized, and it was stopped at the
moment when the error in the control sample began
to increase. The accuracy of the validation test for
predicting changes in bone metabolism in relation
to the training data was 92.86%. The ANN-based
algorithm predicted with high accuracy the values
of the bone metabolism parameters in the examined
individuals, generating output data via implementation
of the hidden level (Fig. 3).

r Algorithms
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Fig. 3. ANN operation scheme

The results of the study showed the
effectiveness of the developed method based on the
construction of an intelligent DSS in identifying

the relationships between bone metabolism
parameters and a number of factors associated
with DM.
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DISCUSSION

Metabolic disorders caused by DM can negatively
affect BMD, increasing the likelihood of low-trauma
fractures which can lead to disability or death [I,
2]. Predicting a risk of fractures in DM patients is
more challenging because the DXA method and
the FRAX fracture risk calculator underestimate
the risk of fractures in DM patients due to higher
BMD [4]. Under these conditions, biomarkers of
reparative osteogenesis can show the quality of bone
tissue. However, high cost of these methods and low
availability of appropriate equipment in the regions
of Russia can complicate early diagnosis. A possible
solution to this problem is introducing advanced
computing technologies that can be integrated into
the diagnosis and prediction of changes in reparative
osteogenesis. At the same time, it should be kept in
mind that in each individual case, the doctor deals with
a pathological process with individual characteristics,
both known and unknown [1]. The use of artificial
intelligence methods reveals their wide possibilities
and high efficiency in establishing links between data
of clinical and instrumental studies and symptoms of
the disease, which makes it possible to consider such
systems as a practical tool for the doctor in the analysis
and processing of complex clinical data.

The effectiveness of applying the ANN
mathematical apparatus in clinical practice is justified
by a wide range of its predicting capabilities based on
processing of large, interconnected, multi-parametric
arrays of medical data, which eliminates the need for
expensive diagnosis and prevents improper treatment
[1, 7]. Data classification and clustering algorithms,
modeled in this study using ANN, showed efficiency
and good capability to predict the presence or absence
of low-trauma fracture risk in DM.

Author information

CONCLUSION

The developed method based on the mathematical
apparatus of ANN made it possible to design an
auxiliary tool for stratification of DM patients with
changes in bone metabolism, which will help reduce
healthcare expenses, speed up diagnosis through fast
data processing, and adjust the treatment process for
such patients.
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Subpopulations of B lymphocytes in patients with breast cancer
depending on the PD-L1 status
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ABSTRACT

Aim. To study the association between the functional potency and degree of maturity of B lymphocytes and PD-L1
expression in breast cancer patients.

Materials and methods. The study included 37 patients with the morphologically verified diagnosis of invasive
breast cancer of no special type (IBC NST). The PD-L1 status was determined immunohistochemically using
the Ventana SP142 assay (Roche, USA). Using the multiplex flow cytometry-based assay and high-throughput
sequencing of the tumor microenvironment, subpopulations of B lymphocytes and their CD27 and PD1 expression
profiles were determined, taking into account the PD-L1 status.

Results. In the tumor microenvironment, regardless of the PD-L1 status, expression signatures of five lymphocyte
subpopulations were determined. However, in PD-L1-positive patients, the levels of B lymphocytes and
immunoglobulin class-switched B lymphocytes were higher compared with PD-L1-negative patients. Evaluation of
the number of different B lymphocyte subpopulations by flow cytometry showed that PD-1-positive B lymphocytes
predominated in the tumor microenvironment in PD-L1-positive patients, regardless of the degree of lymphocyte
maturity.

Conclusion. The results of the study showed predominance of mature committed B lymphocytes and memory B
lymphocytes capable of synthesizing immunoglobulins of different classes and Th2 cytokines involved in type 2
immune response in PD-L-positive tumor microenvironment. It suggests that immunotherapy with PD-L1 inhibitors
is highly likely to activate cells with protumor potential and can ultimately contribute to breast cancer progression.
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Cy6nonynauuv B-num¢pountoB y 60/1IbHbIX paKOM MOJIOYHO XKenes3bl

B 3aBMCMMOCTM OT ctaTtyca PD-L1

Tawwupesa JI.A., Kannnuyk A.10., l'epaweHko T.C., CaenbeBa O.E., lNepenbmyTep B.M.

Hayuno-uccnedosamenvcrkuti uncmumym (HHUH) onxonocuu, Tomckuill HAYUOHATbHBIL UCCTE008AMENbCKULL

meouyunckuil yenmp (HUMI]) Poccutickou akademuu HayK

Poccus, 634009, 2. Tomck, nep. Koonepamuenwiii, 5

PE3IOME

Ieap. M3yunTb, HACKOIBKO (DYHKIHOHAIBHBIE MOTEHIMN M CTENEHb 3PeNIOCTH B-TMMQOLHUTOB CONMpPSIKEHBI CO
ctarycoMm skcipeccur PD-L1 omyxonu y O0JIbHBIX paKOM MOJOYHOM JKeNe3bl.

Marepuaabl U MeToabl. B nccienoBanue Bonum 37 manueHToB ¢ MOP(OIOrHueckrn BepHUIUPOBAHHBIM M-
arHO30M MHBA3WBHOI KapIIMHOMBI MOJIOYHOM keje3bl Hecnenuduueckoro tuna (MKHT). Craryc PD-L1 ompe-
JeTsiIcss IMMyHorucToxumuieckn tectoM Ventana SP142 (Roche, CIIIA). C ucnons3oBaHHeM METOIOB MYJIb-
THUIUIEKCHOW MPOTOYHON IUTO(MITyOPHMETPHU U BHICOKOIPOU3BOANTEIEHOIO CEKBEHHPOBAHHSI MUKPOOKPY KCHHUS
ObUIH ompeneseHsl cyonomyisinu B-mumdonnTos, ux npoduis skcrnpeccun CD27 u PDI1 ¢ yuerom craryca
PD-L1 onyxomnu.

Pe3yabTaThl. B MUKPOOKPY)KEHHH OITyXOJH y TAMEHTOB HE3aBUCHMO OT ctaryca PD-L1 ompenenstoTes skc-
TIPECCHOHHBIE CUTHATYPHI IATH CyOmomy i muMdonnToB. OqHaKo y OONBHBIX C MO3UTHBHBIM CTAaTyCOM B
MHKPOOKPY>KEHUH MEPBUIHON OITyXONH ypoBHH B-mmmdonnTos n B-muMpoImuToB ¢ mepekmodaeMbIM KIacCoM
Ig BBIIIE 1O CPaBHEHHUIO C MAIIEHTAMH, HMEIOIIUMH HeraTHBHBIN craTyc PD-L1. Onenka komudecTBa pasimd-
HBIX CyOmomynsnuii B-miMponnToB METOI0M POTOYHOM UTO(IYOPHMETPUH TTIOKa3aia, 4To y 00ibHBIX ¢ PD-
L1-103UTHBHBIM CTaTycoOM OIYXOJIM B MHKPOOKPYKeHHUH mpeobnanatoT PD-1-nmo3utuHble B-muMdonuTs! He3a-
BHCHMO OT CTETIEHH UX 3PEIOCTH.

3akirouenne. Pe3ysibTaThl HCCIEA0BAHUS MTOKA3bIBAIOT NPE00IalaHue 3peibIX KOMMHTHPOBAHHBIX B-nuMdonu-
TOB ¥ B-1uM(}OIMTOB MaMATH, CIIOCOOHBIX K CHHTE3Y MMMYHOITIOOYJIMHOB Pa3HBIX KJIACCOB U LINTOKHHOB, OTHO-
CSAILIMXCS K CIEKTPY MMMYHOBOCHAIUTENbHBIX peakiuii Th2 Tuna B Mukpookpyxernu PD-L1-03UTHBHBIX Omy-
XoJiei. DTO MOXKET SABIATHCS HEONArONMPUSTHBIM MPU3HAKOM TPH TUIAHUPOBAHUH MMMYyHOTepanuu aHTH-PD-L1
MHTUOMTOPaMH, TIOCKOJIBKY € BBICOKOIT BEPOSITHOCTBIO €€ MPUMEHEHHE MOXKET aKTHBHPOBATH KIETKH MUKPOOKPY-
XKEHHUS C MPOOIYXOJICBBIMH ITOTEHIUSIMH, YTO B KOHEYHOM UTOTe Oy/IeT CIOCOOCTBOBATh MPOrPECCHH KAPIIMHOM.

Ku1roueBble cjIoBa: pak MOJIOYHOM JKeJIe3bl, MUKPOOKpYskeHHe, B-mumdonutsr, PD-L1

KOH(bﬂHKT HHTEPECOB. ABTOpLI JACKIIApUPYIOT OTCYTCTBUE ABHBIX U NMOTCHLHAJIBHBIX KOHq;).IH/IKTOB HUHTEPECOB,
CBSA3aHHBIX C Hy6HI/IKaHI/Ieﬁ HACTOSIICH CTaThHU.

Hcroynuk punancupoBanus. Pabora Beimonnena npu ¢puHancoBo nogaepxkke PHD (mpoext Ne 20-75-10033).

CooTBeTcTBHE MPUHIHIIAM dTHKH. Bce nuna noanucany HHGOPMHUPOBAHHOE COTIACHE HA YYACTHE B UCCIIEIO-
Banuu. Mccnenosanue oq006peHo stuueckum komuretom HUU onkonorun Tomckoro HUMII (potokosn Ne 7 ot
25.08.2020).

Juast uutupoBanusi: Tammpesa JI.A., Kanmunuyk A.JO., I'epamenko T.C., CasenwseBa O.E., [lepensmyTtep B.M.
Cy6mnomnyssuun B-1uMQonnToB y G0IBHBIX paKOM MOJIOYHOM JKele3bl B 3aBUCUMOCTH OT ctatyca PD-L1. brwoane-
mensb cubupcrou meouyunsvl. 2023;22(1):88-95. https://doi.org/10.20538/1682-0363-2023-1-88-95.

INTRODUCTION

In the last decade, doctors began to actively
use a new class of immunotherapy drugs, immune
checkpoint inhibitors (ICIs), which block the PD-1
/ PD-L1-dependent mechanism of immune response
suppression in the tumor. New options for medical

oncologists were developed providing patients with
many years to live. However, the analysis of the
ratio of indications for prescription to the benefit
from these drugs in a cohort of American patients
clearly demonstrated an increase in the number of
indications but no proper increase in effectiveness [1].
Moreover, the evaluation of the effectiveness of ICI
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therapy indicates that a prolonged response is indeed
observed only in some patients. The other group of
patients have at best stabilization of the disease and at
worst — progression and hyperprogression of patho-
logy [2].

It is known that the type of the immune and
inflammatory response in the breast cancer
microenvironment can determine the response to
therapy and the course and prognosis of the disease.
However, to date, despite numerous studies, there are
no acceptable predictors of the response to ICIs other
than the assessment of PD-L1 expression and MMR
deficiency [3].

The role of B lymphocytes in the tumor is quite
controversial. It is well known that B lymphocytes
contribute to tumor progression. In particular, this
was shown in human ovarian cancer [4]. Being
some of the cellular elements of type 2 immune
and inflammatory responses, B lymphocytes are the
source of corresponding cytokines, which reduce the
antitumor response [5]. By synthesizing transforming
growth factor (TGF-B) and interleukin 10 (IL-10),
B lymphocytes can promote differentiation and
recruitment of regulatory T lymphocytes, resulting in
an increased immunosuppressive microenvironment
in the tumor and stimulating breast cancer metastasis
[6]. Antitumor antibodies synthesized by plasma cells,
which are descendants of B lymphocytes, can activate
macrophages and promote invasive tumor growth and
angiogenesis [7].

However, current data suggest that B lymphocytes
in the tumor are a favorable prognostic marker in
breast cancer [8]. In addition, there are observations
indicating antitumor effects of B lymphocyte
subpopulation with the CD27 memory cell phenotype.
The presence of these cells in the microenvironment
along with CD8+ T lymphocytes is associated with
a favorable prognosis in ovarian cancer [9]. It is
known that the presence of B lymphocytes in tumor
tertiary lymphoid structures is associated with a more
favorable disease prognosis [10]. Regarding the role
of PD1 expression on B lymphocytes, it is known
to be more a sign of maturity and weaker ability to
proliferate and switch antibody isotypes [11]. Thus,
in the context of immunotherapy, the protumor or
antitumor functional characteristics of B lymphocytes
are of great importance. It is important to understand
to what extent the functional potency and degree of
maturity of B lymphocytes are correlated with the
expression status of PD-L1 and the presence of the
PD1 receptor.

MATERIALS AND METHODS

Patients. The study included 37 patients with
a morphologically verified diagnosis of invasive
breast carcinoma of no special type (IC NST). The
average age of patients who were treated at Cancer
Research Institute, Tomsk NRMC, with estrogen
receptor positive (luminal A and B-1, -2) and
triple-negative cancer subtypes (T, , N, , M) was
527 £ 9.3 years. The patients did not receive
neoadjuvant chemotherapy prior to surgical treatment.
Fresh primary tumor samples were obtained during
surgery and were then stored at —80 °C. The study
was carried out in accordance with ethical standards
(the Declaration of Helsinki of the World Medical
Association “Ethical principles for medical research
involving human subjects” as amended in 2000 and
“Rules of Good Clinical Practice in the Russian
Federation”, approved by the Order of the Ministry
of Healthcare of the Russian Federation No. 266 of
19.06.2003). All patients signed an informed consent
to participate in the study. The study was approved
by the Ethics Committee at Cancer Research Institute,
Tomsk NRMC (Protocol No. 7 of 25.08.2020).

Assessment of tumor-infiltrating lymphocyte (TIL)
density in a primary tumor. The density of TILs in
the primary tumor was assessed according to the
recommendations of the International TILs Working
Group for the evaluation of tumor-infiltrating
lymphocytes [12]. To do this, a representative tumor
sample was stained with hematoxylin and eosin
according to the standard operating procedure. Next,
the proportion of stroma occupied by mononuclear
leukocytes was determined (Axio Scope Al (Zeiss,
Germany)). Areas with artifacts, areas of necrosis,
and pronounced hyalinosis were excluded from the
assessment. The value was expressed as a percentage
of the stromal area.

Determination of the PD-LI status. PD-L1
expression was assessed using the PD-L1 test
(SP142, Ventana) in the BenchMark ULTRA system
(Roche, USA). Staining of immune cells (ICs)
which are present in the intratumoral and adjacent
peritumoral stroma was assessed. These cells included
lymphocytes, macrophages, dendritic cells, and
polymorphonuclear leukocytes. ICs were estimated as
the fraction of the tumor area occupied by them with
PD-L1 immunostaining of any intensity. Human tonsil
tissue was used as a control. The test was considered
positive at IC > 1%.

Flow cytometry. Fresh frozen samples of the
primary tumor were used as the study material.
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To obtain a suspension of primary tumor cells, its
fragment was placed in the Medicon (50 pm, BD
Biosciences) and homogenized in 1 ml of phosphate-
buffered saline (BD Biosciences) for 1 min twice.
The suspension was then filtered through a cell
separation mesh (70 um, Falcon, Japan). The cells
were then washed twice and resuspended in 100
ul cell staining buffer (Sony Biotechnology) and
stained with a cocktail of monoclonal antibodies:
BV570-anti-CD45 (clone HI30, mouse IgG1, Sony
Biotechnology, Japan), PerCP/Cy5. 5-anti-CD3 (clone
UCHTI1, Mouse IgG1, Sony Biotechnology, Japan),
APC/Cy7-anti-CD20 (clone 2H7, Mouse 1gG2b, Sony
Biotechnology, Japan), BV785-anti-CD27 (clone
0323, Mouse IgGl, Sony Biotechnology, Japan),
BV510-anti-CD28 (clone CD28. 2, Mouse IgG1, Sony
Biotechnology, Japan), BV605-anti-CD279 (PD-1)
(clone EH12.2H7, Mouse IgG1, Sony Biotechnology,
Japan), BV421-anti-CD274 (PD-L1) (clone MIH3,
Mouse IgGl, Sony Biotechnology, Japan), and
AF647-anti-CD326 (EpCAM) (clone 9C4, Mouse
IgG2b, Sony Biotechnology, Japan). Unstained and
isotype controls were used. Isotype antibodies were
added to the corresponding isotype control in a similar
concentration. The analysis was performed on the
NovoCyte 3000 flow cytometer (ACEA Biosciences,
Agilent, USA). Cell populations were gated based on
determination of forward scatter (FSC) and side scatter
(SSC) parameters. Then the cells were analyzed for
fluorescence in Density Plot and Dot Plot modes.
The number of cells was presented as a fraction of all
lymphocytes.

Sequencing of primary tumor cell microenviro-
nment. Frozen tumor samples were taken from eight
patients (PD-L1 negative — four patients, PD-L1
positive — four patients). Seven-micrometer-thick
sections were prepared on PEN membrane frame
slides (Carl Zeiss, Oberkochen, Germany) pre-treated
with RNAZap (Thermo Fisher Scientific, Waltham,
MA, USA) and stained with hematoxylin and eosin.
PALM microbeam laser capture microdissection
(Carl Zeiss, Oberkochen, Germany) was used to
isolate cells from the tumor microenvironment. Four
samples of stromal fragments adjacent to tumor cells
were isolated from each tumor. A total of 32 samples
were collected. RNA was isolated using the Single
Cell RNA Purification Kit (Norgen, Canada). cDNA
libraries were prepared using the SMARTer Stranded
Total RNA-Seq kit v2 (Takara, USA). The size of
cDNA libraries was estimated using the HS D1000
ScreenTape kit and 2200 Tape Station (Agilent, USA)

and varied from 200 to 700 bp, with an average peak
size of 340 bp.

The concentration of cDNA libraries was
estimated using the Qubit 4.0 fluorometer (Thermo
Fisher Scientific, USA) and varied from 2.5 to
14 ng / pl depending on the number of cells in the
microdissected samples. Samples of cDNA libraries
were pooled, denatured, and sequenced on NextSeq
500 (Illumina, USA) in a single-end sequencing
read mode for 75 cycles. The number of clusters was
220 K / mm? (93% of clusters after filtration), and
the number of reads was ~12 million per sample. The
bioinformatic analysis included mapping of reads
using the STAR software (the GRCh38 reference
genome assembly and GENCODE.R27 annotation).
The number of reads in the coding and non-coding
regions of the genome in each sample was estimated
using the featureCounts tool. The xCell algorithm was
used to identify cell types in the microenvironment
[13]. The sequencing data were published in the GEO
database (No. GSE184196).

Statistical analysis. Categorical parameters were
compared using the Fisher’s exact test. Differences in
independent quantitative variables were assessed using
the Mann—Whitney test. All criteria were two-sided
and considered significant at p < 0.05. The analysis
was performed using GraphPad Prizm 9 software.

RESULTS

Patient characteristics. A total of 54% (20/37) of
all patients included in the study had PD-L1 positive
status and 46% (17/37) had PD-L1 negative status.
The clinical and pathological characteristics of the
two groups of patients were comparable. Menopausal
patients over 50 years of age, with a tumor size
between 20 and 50 mm, stage IIA grade 2 luminal B
subtype prevailed.

Expression signatures of B lymphocytes in the
breast cancer microenvironment. xCell analysis
detects signatures of five B lymphocyte subsets.
Signatures of all five lymphocyte subpopulations were
determined in the tumor microenvironment in patients
regardless of the PD-L1 status (Fig. 1).

The numbers of B lymphocyte subpopulations
were not equal within the study groups (Table).
Thus, PD-L1 negative patients had lower levels of
naive B lymphocytes compared to the levels of B
lymphocytes and memory B lymphocytes. The levels
of B lymphocytes differed more markedly in PD-L1
positive patients. Thus, B lymphocytes and Ig class-
switched B lymphocytes were predominant.
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Fig. 1. Heat map of B lymphocyte signatures in the primary tumor microenvironment in breast cancer patients, Me (Q ~Q.)

Table

The number of cells in the primary tumor microenvironment of breast cancer patients depending on the PD-L1 status according
to the xCell analysis, units, Me (Q,—0Q,)

Cell type PD-L1 status (intergroup)
U]
P negative positive p Eroup
0.0000 0.0000
4 (0.0000-0.0001) (0.0000-0.0001)
Naive B lymphocytes a 1 (a-b) = 0.0075 1 (a-b) < 0.0001 0.7876
»(ae)=0.0323 » (a—) < 0.0001
0.0530
0.0092 (0.0299-0.0713)
B lymphocytes b (0.0000-0.0362) p (b—d) <0.0001 0.0001
» (b-e) < 0.0001
0.0388
. 0.0168 (0.0107-0.0506)
Ig class-switched lymphocytes c (0.0000-0.0482) » (c—d) = 0.0005 0.0490
p (c—e) <0.0001
0.0001 0.0008
Plasma cells d (0.0000-0.0087) (0.0000-0.0159) 0.9170
0.0213 0.0000
Memory B lymphocytes ¢ (0.0046-0.0310) (0.0000-0.0029) 0.0847

A comparison of B lymphocyte levels between
patient groups depending on their PD-L1 status
revealed that patients with PD-L1 positive status had
higher levels of B lymphocytes and Ig class-switched B
lymphocytes in the primary tumor microenvironment
compared to PD-L1 negative patients (Fig. 2).

Assessment of B lymphocyte maturation and
PDI expression. As in the transcriptome analysis,
we detected B lymphocytes in the primary tumor
microenvironment in all patients. The variability of the
determined population composition is shown in Fig. 3.

The assessment of CD27 (lymphocyte maturation
marker) and PD1 (functional receptor molecule
for PD-L1) expression showed that CD27+PD1- B
lymphocytes were not found in the primary tumor
tissue in all patients, regardless of the PD-L1 status
in the primary tumor. CD27-PD1- B lymphocytes
were the most rare (in 12.5% (2 / 16) of patients
in both groups). CD27+PD1+ and CD27-PD1+ B
lymphocytes were found with comparable frequency
in the primary tumor tissue (81.2% (13 / 16) and
81.2% (13 / 16), respectively, p > 0.9999).
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Fig. 2. B lymphocyte subpopulations in PD-L1 negative and PD-L1 positive breast cancer patients
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Fig. 3. Intrapersonal heterogeneity of B lymphocyte composition in PD-L1 negative and PD-L1 positive breast cancer patients

The assessment of the number of different B lymphocytes prevailed in the tumor microenvironment
lymphocyte subpopulations in patients depending in PD-L1 positive patients, regardless of their maturity
on the PD-L1 status showed that PD-1 positive B (Fig. 4).
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Fig. 4. The number of B lymphocytes with different combination of CD27 and PD1 expression in patients, depending
on the PD-L1 status
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The number of CD27+PDI1+ B lymphocytes
in PD-L1 negative patients was 0.09 (0.00-0.89)
versus 1.67 (0.61-3.22) % in PD-L1 positive patients
(» = 0.0233). The number of CD27-PD1+ B
lymphocytes was 0.05 (0.00-1.53) % in PD-L1
negative patients and 1.41 (0.25-7.23) % in PD-L1
positive patients (p = 0.0016).

DISCUSSION

Inflammatory  infiltration in the  tumor
microenvironment reflects a combination of innate
immune responses and specific adaptive immune
responses to various antigens: tumor, tissue and
pathogenic antigens contaminating tumor tissue.
The ratio of these components of immune and
inflammatory responses in the microenvironment
is individual in each case. B lymphocytes are a key
link in the antibody genesis, a source of cytokines
belonging to “proinflammatory” (“protumor”) Th2
cytokines. Accordingly, the effect of the B cell
link of the immune response on tumor elements is
possible due to the synthesis of antibodies specific
to tumor antigens. The effect depends on the type
of immunoglobulins. Theoretically, both antibody-
dependent cytotoxic reactions involving granulocytes
and macrophages and “masking” of tumor antigens
by antibodies preventing cytotoxic effects of CD8+
T lymphocytes are possible. Tumor cells are also
affected by cytokines. Moreover, regardless of B
lymphocyte specificity to the tumor or non-tumor
antigen, activation of such cells by the corresponding
antigen causes secretion of Th2 cytokines, which
contributes to carcinoma progression: epithelial —
mesenchymal transition, invasion, angiogenesis, and,
finally, metastasis.

The results of our study allowed us to evaluate the
presence and activity of B lymphocytes at different
stages of functional differentiation from naive B
lymphocytes and Ig class-switched B lymphocytes to
memory B lymphocytes. The main results of the study
are the following: 1) B lymphocytes express PD1 and
PD-L1; 2) the number of differentiated forms of B
lymphocytes depends on the PD-L1 status. The number
of Ig class-switched B lymphocytes and memory B
lymphocytes is greater when PD-L1 is expressed in the
tumor infiltrate. Moreover, there are no cells without
PD1 expression among CD27+ B lymphocytes. These
results imply that B lymphocytes actively involved
in antibody genesis (with the ability to switch from
early IgM to IgG, IgA, or IgE immunoglobulins) as
well as memory B lymphocytes (with the potential to

develop secondary immune responses to repeatedly
exposed antigens) are most likely blocked through the
PD1/PD-L1 pathway. This phenomenon corresponds
to normal inflammation when there is an increase
in PD-L1 expression on various cells in the foci of
inflammation [5]. This prevents nonspecific damage
to the tissues where inflammatory responses occur and
ensures selective local activation of B lymphocytes
during ligand blockade.

CONCLUSION

The results show the predominance of mature
committed B lymphocytes and memory B lymphocytes
capable of synthesizing immunoglobulins of different
classes and cytokines belonging to type 2 immunity
in the microenvironment of PD-L1 positive tumors.
This may have an adverse effect, since the use of
immunotherapy with anti-PD-L1 inhibitors is highly
likely to activate cells with protumor potentials in the
microenvironment, which ultimately will contribute
to the progression of carcinomas.
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10-year stability of magnetite nanopowder prepared by the exploding
wire method: is it a useful feature for environment safety and biomedical
applications?
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ABSTRACT

Aim. To analyze the structural, magnetic, and cytotoxic features of magnetite nanoparticles (MNPs) prepared by
the exploding wire method and stored in a dark place at ambient temperature (65 £ 15% humidity, air pressure 760
+ 20 mm Hg., temperature 22 & 4 °C) for 10 years.

Materials and methods. The properties of MNPs were analyzed by X-ray diffraction (XRD), transmission electron
microscopy (TEM) and selected area electron diffraction (SAED), and vibrating-sample magnetometer (VSM).
Viability of human blood mononuclear leukocytes was determined using 0.4% trypan blue staining after 24-hour
culture with the nanopowder.

Results. The calculated size of the particles remained almost unchanged after 10 years of storage. The XRD and
SAED patterns showed that crystallinity was preserved for 10 years. The diameter of the crystalline component
of MNPs (D, ) was close to the particle size determined by TEM. It confirms high crystallinity of the tested
nanoparticles. Saturation magnetization (M) of the MNP powder after 10 years of storage was unexpectedly higher
than that of the as-prepared MNP powder. Reduced remanent magnetization (M, / M) was equal for both samples
within the margin of error. No cytotoxic effect of MNPs in vitro was detected in the long-term study.

Conclusion. No dramatic changes in the structural, magnetic, and cytotoxic features of MNPs were noted after
10 years of storage. It indicated 10-year stability of MNP powder that may be a useful feature for environment
safety and biomedical applications.

Keywords: magnetite nanoparticles, ambient conditions, nanopowder stability, human blood mononuclear
leukocytes, in vitro cytotoxicity
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HdecaTnneTHAA ctabUIbHOCTb HAHOMOPOLUKA MarHeTuTa,
NPUroTOBJIEHHOIO METOAOM 3JIEKTPOB3pPbiBa NPOBOAHNKOB: NONIe3HOe
CBOWICTBO 1A 3KoNlornyeckom 6esonacHocTy n 6uomegnLNHCKOro
ncnonb3oBaHNA?

XnycoB U.A.', OmenbaHuuk A.C.%2, PognoHosa B.B.?, Llynneyosa B.B.%,
Xasmnaxmartosa O.I'.2, lOpoBa K.A.%, JlutBuHoBa J1.C.2, HopkuH U.K.?

"' Cubupcruii 2ocydapcemeennoiii meouyunckuil ynugepcumem (Cu6I MY)
Poccus, 634055, ¢ Tomck, Mockosckuit mpaxkm, 2

2 Banmuiickuil gpedepanvviii ynusepcumem (BDY) um. U. Kanma
Poccus, 236016, . Karununepao, yar. A. Hescxoeo, 14

PE3IOME

Heus. [IpoBecTy aHanN3 CTPYKTYPHBIX, MATHUTHBIX U IUTOTOKCHYECKUX CBOWCTB HaHOouacTul MmarHetuta (MHUY),
MPUTOTOBJIEHHBIX METOJOM 3JI€KTPOB3PbIBA MPOBOJHUKOB U XPAHSMIUXCS B 3alMIIEHHOM OT CBETa MECTE NpHU
KOMHATHOH TemIiepatype (BlIaxHOCTb 65 + 15%, armocdepHoe naBineHue 760 + 20 MM pr. CT., TeMneparypa 22 +
4 °C) B Teuenue 10 ner.

Marepuansl n Meroabl. Coiictea MHY m3ydanu ¢ moMomp0 peHTreHOCTpyKTypHOTOo aHanmu3a (PCA), mpo-
cBeumBaronel 1eKTpoHHol Mukpockonuu ([I9M) ¢ uccnenoBaHneM 3JI€KTPOHHOM AM(PAKIUK Ha BHIOpaHHON
obmactu (SAED) u marautomeTpun ¢ Bubpupyromum oopasinom (VSM). KusHecrnocoOHOCTh MOHOHYKJICAPHBIX
JICMKOIIUTOB KPOBU 4eJIOBEKa onpeaessin okpamuBanueM 0,4%-M pacTBOPOM TPUIIAHOBOIO CHHETO Hocie 24-ya-
COBOT'0 COKYJIbTUBHUPOBAHUS C HAHOIIOPOILIKOM.

Pe3yabTaThl. PacueTHbIil pa3zMep 4acTHIl MPAKTHYECKH He m3MeHmcs nocie 10 et xpanenus. KapTus! smex-
TPOHHOI U PEHIeHOBCKON TU(PAKINK MOKa3alIH, YTO KPUCTAIINYECKas IPUPOJIa COXpaHsIach B TeueHne 10 ier.
Juametp kpucrammyaeckoil wacth MHY, onpenensiemsli, kak 00J1acTh KOT€PEHTHOTO PAcCEHBAHUS PEHICHOB-
ckoro usnyuenns (D, ) 6bu1 6:1130K K pasmepy 4acTuLl, onpeAeneHHomy ¢ nomousio IIOM (D), uto cBuze-
TENCTBYET 00 MX BBICOKOH KpUCTANTMIHOCTH. HamarnndenHocTs Hackimenus (M) as mopomka MHY mocne
10 neT XxpaHeHHs OKa3anach HEOXKHUJAHHO BBIIIE, YeM ISl CBeXKeNpUroToBieHHoro nopomka MHY. [Ipusenennast
OCTaToYHas HaMarHUYeHHOCTh (M, /M) ObLIa OIMHAKOBOI B TIPE/IENax MOTPENTHOCTH U3MEPEHHH [T 000HX 00-
pasnos. [Ipn [utnTensHOM HCCIIeIOBAHNH in Vitro mUToTOKCcHYeckoe Biamssnine MHY He ycTaHoBIICHO.

3axirouenue. KapannanpHble N3MEHEHUS CTPYKTYPHBIX, MAarHUTHBIX cBoiicTB MHUY nocine 10-neTHero xpanenus
He oOHapysxeHbl. Caenad BeIBOJ O 10-1eTHeH CTaOMIBbHOCTH 3JEKTPOB3PHIBHOIO HAHOMOPOIIIKAa MarHETUTA, KOTO-
past MOXKET OBITh IOJIC3HA B IIAHE €r0 SKOJIOIHYECKON 0e30MaCHOCTH U OMOMEANIIMHCKHUX TIPUIIOKEHUH.

KiaroueBble c10Ba: HAHOYACTHIILI MarHe€Ttura, KOMHAaTHBIC YCJIOBUA, CTaOMIIBHOCTD HaHOIIOPOIIIKa, JICHKOLIUTBI
KpOBHU Y€JIOBCKA, HTUTOTOKCUYHOCTDH in vitro

KongaukTt naTepecoB. ABTOPHI 3asBIISIIOT 00 OTCYTCTBHU KOH(MINKTA HHTEPECOB.

Hcrounnk ¢puHancupoBanus. VcciieqoBaHue BBITONHEHO U (GHHAHCOBOM moyiepxkke CHOMPCKOro rocyaap-
CTBEHHOT'O MEIMIIMHCKOTO YHHBEPCHTETa B paMkax IIporpaMMbl CTPATErHYECKOro aKajaeMHYECKOro JHACpPCTBA
«IIpuoputer — 2030%».

CooTBeTcTBHE NPUHIMIIAM 3THKH. VcciaenoBanne 0100peHO JTOKIBHBIM ATHYECKUM KOMUTETOM IHHOBaIOH-
Horo napka banrtuiickoro ¢enepansaoro ynusepcurera um. M. Kanra (3axmouenue Ne 2 ot 06.03.2017).

Jnsa umurupoBanus: XmycoB M.A., Omenssnuuk A.C., Pommonosa B.B., Illymnenosa B.B., Xasmaxmato-
Ba O.I',, IOposa K.A., Jlureunosa JI.C., Hopxur WU.K. [decsatunerHsas cTaOMIbHOCTh HAHOTIOPOIIIKA MAarHETHTA,
MIPUTOTOBJIEHHOTO METOJIOM 3JICKTPOB3PHIBA MTPOBOAHUKOB: TIOJIE3HOE CBOMCTBO ISl SKOJIOTHYECKOI Oe30macHo-
CTH ¥ OMOMEIUIIMHCKOTO HCIONBb30BaHuA? broiemerns cubupckot meduyunsl. 2023;22(1):96—102. https://doi.
org/10.20538/1682-0363-2023-1-96-102.
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INTRODUCTION

Since 1989, about 100 nanomedical applications
and products have been approved by the US FDA
and entered the global market. Since 2010, the
development of nanomedicines and the number of
marketed nanomedicines have significantly increased
due to the resulting healthcare benefits [ 1, 2]. Magnetic
nanoparticles (MNPs) are of interest due to their unique
magnetic properties and are widely used in different
fields, such as nanomedicine, engineering, agriculture,
energy, and environmental remediation [3].

MNPs are a class of materials with unique physical
and chemical properties, which may affect the
environment [4] and biological systems. Therefore,
determining hazards and risks associated with their
application is relevant. Risk assessment is crucial for
developing recommendations on MNP effects and
application [5]. Circulation of nanochemical agents
in the industry, environment, and among customers,
as well as their wastes and storage time are essential
for understanding the balance between efficiency and
safety of nanotechnologies.

In this regard, more attention should be paid to
concerns related to long-term stability of magnetic
iron oxide nanoparticles ex vivo, since nanoscale
magnetite (Fe,0,) oxidizes to maghemite (y-Fe,0,)
in ambient conditions. However, the duration of this
process has not been well described. There are very
few studies focused on MNP aging, for example, one
study showed that the process lasts 18 months in an
aqueous suspension [6]. We analyzed the structural,
magnetic, and cytotoxic properties of MNPs prepared
by the exploding wire method and then stored in a dark
place at ambient temperature (65 + 15% humidity, air
pressure 760 + 20 mm Hg., temperature 22 + 4 °C) for
10 years.

MATERIALS AND METHODS

The nanopowder was obtained by V.S. Sedoi
(the Institute of High Current Electronics, Siberian
Branch of the Russian Academy of Sciences, Tomsk,
Russia) by the exploding wire method (EWM) in
2007. A detailed methodology and experimental
setup used in the present study for structural and
magnetic evaluation were described earlier [7, §].
EWM makes it possible to obtain nanoparticles of
various compositions, including metallic iron (o-
Fe) and its oxides with good crystallinity, which is
confirmed by the high saturation magnetization value
of the obtained nanoparticles [9].

The crystal structure and phase composition of the
samples were examined by X-ray diffraction (XRD).
The morphology and microstructure were determined
by transmission electron microscopy (TEM) with
selected area electron diffraction (SAED). Magnetic
properties were studied using a vibrating sample
magnetometer (VSM) at room temperature (295 K) in
a field range of 1.1 T.

The cytotoxicity of MNPs was tested in vitro
using human blood mononuclear leukocytes (MNLs)
collected from the venous blood of healthy volunteers
(Protocol No. 948 of 09.02.2009; the local Ethics
Committee of Siberian State Medical University,
Tomsk, Russia; Protocol No. 5 of 16.05.2016; the
local Ethics Committee of Immanuel Kant Baltic
Federal University, Kaliningrad, Russia) [10].

Aseptic MNP ferrofluid in isotonic (0.9%) saline
(30 mg / 1, pH = 6.9) was prepared by ultrasonication
for 30 min at a power output of 100 W. No stabilizers
(sodium citrate, chitosan, etc.) were added because
of their possible effect on the cells. Moreover,
even stabilized ferrofluids demonstrated unequal
distribution of MNPs in the cell culture [11].

The MNL suspension in plastic tubes contained
1 x 10° viable cells per 1 ml of the synthetic nutrient
medium (Sigma-Aldrich, USA) containing RPMI-
1640, 10% fetal bovine serum, 50 mg /1 gentamicin, and
280 mg/1L-glutamine. This suspension was mixed with
the MNP ferrofluid immediately after ultrasonication at
a ratio of 10 : 1 to preserve the pH value of 7.2-7.3 in
the cell culture. The final MNP concentration in the cell
culture was ten maximum tolerated doses (10 MTDs =
3 mg /1) of MNPs in relation to iron ions. One MTD of
iron in water is equal to 0.3 mg / 1. Cell viability was
calculated on the Countess Automated Cell Counter
(Invitrogen, USA) using 0.4% trypan blue solution
(Invitrogen, USA) according to ISO 10993-5 after
24 hours of culturing at 5% CO,, 100% humidity, and
37 °C. The main antigen profile of MNLs (CD45, CD3,
CD14) was analyzed by flow cytometry [10].

The results were analyzed using Statistica 13.3 for
Windows. The data were presented as the mean and
the standard deviation M £+ SD. Due to non-normal
distributrion of variables (the Shapiro — Wilk test),
the Mann — Whitney U-test (p ,) was used to evaluate
statistical differences in the samples.

RESULTS AND DISCUSSION

The values for average particle size distribution (D)
are presented in Table 1. According to TEM, MNPs have
a spheroid or polyhedral shape with rounded edges (Fig.
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1). TEM images for the as-prepared samples performed
in 2007 showed that the particles had smoothed edges,
which may be attributed to poorer crystallinity of
the surface or to the fact that the equipment used 10

a

years ago had lower resolution. TEM images were
processed using ImageJ software. To analyze MNP
size distribution, the obtained distribution was fitted
with the lognormal distribution [11].

_p 2

1
; As-prepared
After 10-year storage

Frequency

100

Size

Fig. 1. TEM images of iron oxide powder: a — as-prepared; b — after 10 years of storage in ambient conditions, ¢ — histogram of size
distribution: scale bar is 100 nm.

The calculated MNP size remained almost the
same after 10 years of storage. MNPs demonstrated
lognormal size distribution with similar average
diameters for the as-prepared and long-stored samples
(Table 1).

The SAED pattern showed that crystallinity
persisted for 10 years (Fig. 2, a). Bright rings are
formed by spots related to the (111), (220), (311),
(400), (422), (511), and (440) axis of the face-centered
cubic structure of Fe O,. One weak intensity ring

marked as 110, was associated with a small content
of metallic a-Fe.

The quantitative phase analysis was performed with
Rietveld refinement (Table 1). The results of the XRD
measurements of iron oxide powder demonstrated that
the predominant phase in the particles was magnetite
(X-ray scan 04-015-3102), with a value of approximately
96—97 wt.%. In addition, a small amount of metallic
a-Fe (X-ray scan 04-014-0360) was observed with a
value of approximately 2—3 wt.% (Fig. 2, b, Table 1).

Table 1

Phase composition, particle size, and magnetic properties of the MNP powder, M (SD)

Phase composition, wt.% Structural properties Magnetic properties (295 K)
Year . .
Fe,0,/v-Fe,O, a-Fe Unidentified phases D,y nM D\ M M /M M, Am’/kg
2007 96 3 ~1 31(3) 34 (0.6) 0.14 (0.01) 71.1(0.9)
2017 97 2 ~1 32(4) 33 (0.7) 0.16 (0.01) 79.8 (0.4)*

* P, <0.05; the measurements were carried out in Tomsk in 2007, as well as in Tomsk and in Kaliningrad in 2017.

It should be noted that two ferrimagnetic iron
oxides magnetite and maghemite both have an inverse
spinel structure with similar lattice constants, and due
to peak broadening at the nanoscale, they cannot be
distinguished with conventional X-ray diffraction
techniques [12]. The average size of the coherent
scattering domain (D) was calculated with the Scherrer
equation (1).

D, ., =kA/ (B x cosb),

where the shape factor £ is 0.9 for spherical shape, A is
the wavelength of Cu Ko radiation (1.54178 A) and

is the full width at half-height [13]. For nanoparticles
with good crystallinity, this size was close to the
particle size determined by TEM (Table 1).

The saturation magnetization (M) for the aged
MNPs calculated according to Fig. 3 was slightly
greater than that for the as-prepared MNPs (Table 1).
Reduced remanent magnetization (M, / M) was equal
for both samples within the margin of error.

Two magnetic iron oxides, magnetite and
maghemite, have different values of saturation
magnetization (M".°, =92-100 and M *¢ . = 60—80
Am/ kg [14]).
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Fig. 2. SAED pattern of MNP powder stored for 10 years (a); XRD pattern of the as-prepared sample and the sample after 10 years
of storage (b) in ambient conditions
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Fig. 3. Hysteresis loop of MNPs powder at T = 295 K after 10
years of storage in ambient conditions

Obtained M, values were closer to the maghemite
phase, however, some decrease in magnetization can
be also related to the size effects (e.g. the presence
of a fraction of canted surface spins or antiphase
boundaries) [15, 16].

The cytotoxic effect of MNPs was not detected in
vitro using a cell counter (Fig. 4) for any year of a
long-term study (Table 2). The mean number of living
MNLs within the min — max spectrum of diameters
(7—18 pum) did not differ significantly after adding the
same MNPs at 10 MTDs in 2007 and 2017.

A total 0f 93—95% of MNLs with sizes of 7-11 um
(Fig.4) expressed CD45CD3 T cell antigens. Large
cells presented CD45CD14 markers of monocytes /
macrophages in 5—7% of the cases, which did not
depend on MNP use and year.
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Fig. 4. Calculation of cell viability (a) and size (b) using the
Countess Automated Cell Counter

Table 2

In vitro viability of MNLs after 24-hour co-culture with MNPs
at 10 MTDs, M = SD

Number of viable (not stained with tryptan
blue) cells, %, n=>5

N d
anopowder Control cell cultures Cell cultures
(without MNPs) with MNPs
:;é’rrﬁ%arzirs o 862+ 1.62 85.8 +3.02
y 87.5+2.06 85.6+2.71
storage
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CONCLUSION

The 10-year stability of the structural, magnetic,
and cytotoxic properties of electroexplosive magnetite
nanopowder, which was stored in the dark place at
ambient temperature, can be considered a useful
property to ensure a balance between its environmental
safety and biomedical properties as an inorganic
carrier for the diagnosis and treatment of cancer and a
wide variety of other diseases.
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Microbiota: its contribution to carcinogenesis and immunity in the lungs
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ABSTRACT

Microbiota (an assembly of bacteria, protists / archaea, fungi, and viruses inhabiting a human body) is currently
of great interest for science. It is determined by an association between changes in microbiota composition and
malignant transformation in different organs. Lungs have long been considered sterile or free from bacteria;
however, due to development of next-generation sequencing, this statement has been reconsidered. The metagenomic
approach allowed to identify microorganisms at molecular level both in healthy lung tissues and in malignant ones.

The next stage of research is investigation of the effects of microbiota on homeostasis and immune stability in the
lungs. The analysis of lung microbiota based on 16S rRNA gene sequencing revealed that microbiota of healthy
lungs is mainly presented by bacteria of the phyla Bacteroidetes, Firmicutes, Proteobacteria, and Fusobacteria.
In lung cancer, an increase in the number of bacteria of some certain genera and a decrease in microbiota diversity
on the whole are noted. Dysbiosis facilitates reproduction of pathogens and development of lung diseases. It was
detected that under normal conditions, microbiota maintains resistance of the lungs to bacterial colonization and
plays a crucial role in providing a balanced immune response in this organ.

Keywords: metagenomics, microbiota, lungs, lung cancer,16S rRNA, immunity
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PE3IOME

Mukpobrora (COBOKYITHOCTh OaKTEpHii, IpocTelinx/apxeii, rpuOoB, BUPYCOB, OOUTAIOINX B OPraHU3Me YesIOBe-
Ka) 1 MUKPOOMOM (X COBOKYIHBIH F€HOM) SIBJISIIOTCS] IPEIMETOM aKTHBHBIX Hay4YHBIX HcclenoBaHui. OcoOblil nH-
Tepec BI3BIBACT B3aUMOCBSI3b H3MEHEHHI COCTaBa MUKPOOHOTHI M 3JI0KQYeCTBEHHON TpaHC(HOPMALIMK PA3INYHBIX
opranos. JIerkue 01aroe BpeMst CHUTAIMCh CTEPHIBHBIM OPraHOM, OJHAKO 3TO NPEACTaBICHNE ObLIO IEPECMOTPEHO
Gnarozapsi pa3BUTHIO TEXHOJIOTUI CEKBEHHPOBAHMSI HOBOTO MOKOJICHHUs. MeTareHOMHBIH MOAXO0/1 TIO3BOJIMI HICH-
TUGUIMPOBATE MUKPOOPTaHM3Mbl HA MOJIEKYJIIPHOM YPOBHE B 3JI0POBBIX TKAHSX JIETKOTO U B OIyXOJISIX.

CreyronmM [IaroM CTauo BBISIBICHHE Pa3HOOOPA3HbIX ACIIEKTOB BIIMSHHIS MHKPOOHOTHI HAa TOMEOCTAa3 JIETOUHOM
CHCTEMBI M MOJIep)KaHUEe UMMYHHUTETA. AHAIN3 PE3yJIbTaTOB MCCIEIOBAHUN MUKPOOHOTHI JISTOYHON CHCTEMEI,
OCHOBaHHBIX Ha cekBeHHpoBaHHM TeHOB 16SpPHK, mo3Bosmi ycTaHOBHTH, YTO MHKPOOMOTA 3TOPOBBIX JIETKHX
IIPE/ICTAaBICHAa B OCHOBHOM OaKTepHsIMH, MPUHAIIESKAIMUMHA K THIIAM Bacteroidetes, Firmicutes, Proteobacteria u
Fusobacteria. Tlpn pa3BUTHH paka JITKOTO OTMEYEHO 3HAYHTEIHHOE MOBBIIICHNE YUCICHHOCTH OaKTepuii ompe-
JIETICHHBIX POJIOB U B IEJIOM CHIKEHHE pa3Ho00pasust MHKPOOHOTHL. J[ncOro3 criocoOCTByeT akTHBHOMY pa3MHO-
YKEHHIO NTaTOTCHOB M PA3BUTHIO HETATUBHBIX COCTOSHUIT JISTOYHOHN CHCTEMBI. Y CTAHOBIICHO, UTO B HOPME JIETOYHasI
MHKpOOHOTa 00€CIIeUnBaeT yCTOHIMBOCTD K 3aCEIICHUIO JISTKUX 00JI€3HETBOPHBIMH MUKPOOPTaHN3MaMH U UTPaeT
Ba)KHYIO POJIb B 00€CIIeUeHHH cOaNIaHCHPOBAaHHOTO HMMYHHOTO OTBETA B JIAHHBIX OpraHax.

KiroueBrble cjioBa: METareHOMHKa, MUKPOOHOTa, JIETKKE, pak Jierkoro,1 6SpPHK, nmmyH#uTeT
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INTRODUCTION

Lung cancer (LC) is currently recognized as one
of the most widespread causes of cancer mortality
in both men and women. Less than 20% of LC
patients live longer than 5 years after the diagnosis
was established [1]. At present, it is understood that
lungs are not sterile and free from bacteria. The
results of recent surveys show that lung microbiota
can affect homeostasis of human respiratory system
and play a role in LC development or in formation of
metastases in the lungs as a consequence of primary
cancer in other organs. Lung microbiota dysbiosis
affects the risk of developing cancer at several levels,
for example, by causing chronic inflammation or
activation of oncogenes. Studying the effects of human
respiratory microbiota on LC development and therapy
effectiveness may be crucial in assessing the risk of
pathology and developing a strategy for its treatment.

An assembly of microorganisms (bacteria, archea,
fungi, viruses, protists) living in the human body is
called microbiota, and their combined genome is
called microbiome [2, 3]. Currently, the relationship
between microbiota and cancer is being actively
investigated. Most experimental studies are devoted
to revealing the pathogenic properties of bacteria. For
example, bacterial toxins can disrupt cell cycle by
interfering with the synthesis of proteins responsible
for DNA repair, cell division, and apoptosis. Bacteria
affect the effectiveness of immunotherapy and the
development of host immune responses against cancer
cells [4].

Until recently, it was impossible to study bacteria
in the lungs using conventional culture methods.
Modern next-generation sequencing (NGS) makes
it possible to effectively detect bacterial DNA [5—
9]. This approach allowed researchers to identify

104 BlonneteHb cMbupckoit MeguumHbl. 2023; 22 (1): 103-112



Reviews and lectures

microorganisms at the molecular level in complex
biological samples. Depending on the bacterial
kingdom of interest, primers specific to conserved
regions of genomes are used: 16S rRNA and 18S
rRNA for bacteria and archaea, ITS1-ITS2 for fungi,
V4-V9 regions of 18S rRNA for protists. Shotgun
sequencing is used to identify viruses after primary
extraction of viral particles [10]. A combination of
conventional and novel methods of analysis, 16S
rRNA gene sequencing and matrix-assisted laser
desorption / ionization, and advancements in
bioinformatics analysis of big repositories over the
last five years made it possible to perform whole-
genome sequencing of microorganisms and identify
new species [11]. Interestingly, conventional culture
methods are more effective in detecting the species of
Mycobacterium genus [12].

Researchers are still discussing the effects of
microbiota on lung homeostasis and its role in
maintaining immunity. The aim of this review was
to summarize the results of studies on evaluating
microbiota contribution to the functioning of immunity
and the development of LC published over the past 10
years.

MICROBIOTA OF HEALTHY LUNGS

Bacteria colonizing the human body belong mainly
to Bacteroidetes, Proteobacteria, Actinobacteria,
Fusobacteria, and Cyanobacteria phyla [13-16].
Currently, it was determined that the numbers of
bacterial and human cells in the human body are
equal. The number of bacteria inhabiting healthy
human lungs is estimated from hundreds of thousands
to hundreds of millions per 1 ml of lung volume [17].

A sufficient amount of information was obtained
about the characteristics of lung microbiota
depending on certain physiological conditions of
the host organism. It was noticed that functional
stability is provided by bacterial taxa that make up
“healthy microbiota”. Thus, under normal conditions
Proteobacteria, Firmicutes, Fusobacteria, and
Bacteroidetes phyla are the largest in number [18,
19]. They also include Pseudomonas, Streptococcus,
Prevotella, Veillonella, Haemophillus, Neisseria
genera, inhabiting the respiratory tract. Firmicutes,
Bacteroidetes, Proteobacteria, Actinobacteria, and
Fusobacteria, as a rule, dominate in healthy lungs
[20, 21]. However, it should be noted that when
certain conditions change, some of the listed taxa
may perform destructive functions. In general, in
the absence of pathological conditions in the lungs,

spatial differences in microbiota composition are not
observed.

In most healthy people, oral commensals belonging
to Prevotella, Veillonella, and Streptococcus genera
are also found in lung microbiota, probably due to
swallowing of the pharynx content, although these
bacteria are not observed in all healthy individuals
[22, 23]. Lung microbiota is also distinguished into
pneumotypes according to quantitative and qualitative
characteristics of specific taxa. The first group
includes microbiome with a high bacterial count
enriched with bacteria from the oral cavity, such as
Prevotella and Veillonella (supraglotic predominant
taxa (SPT)). The second group includes microbiome
with a low content of Prevotella and Veillonella and
trace amounts of bacteria from the environment,
such as Acidocella and Pseudomonas (background
predominant taxa (BPT)). It was shown that the SPT-
pneumotype corresponds to a local Th17 immune
response. Its functioning determines the immune
status in normal and pathological conditions [24].
The relationship between pneumotypes and a risk
of developing lung pathology is the focus of many
studies. Besides, there are studies that confirmed that
microbiota of healthy lungs differs from that of the
oral cavity and other parts of the respiratory system
and consists mainly of Proteobacteria (up to 60%).

LUNG MICROBIOTA IN LUNG CANCER

Malignant transformation in LC promotes structural
changes in the microbiota composition. In LC
patients, Actinomyces and Peptostreptococcus genera
are most often detected in the lower respiratory tract.
Pathogenesis is also associated with the activity of oral
cavity bacteria (Streptococcus and Wechsler), which
are involved in triggering the ERK and PI3K signaling
pathways. Infections caused by Mycobacterium
tuberculosis and Helicobacter pylori, associated
with inflammation, enhance oncogenesis [25-27].
Eubacterium xylanophilum, Eubacterium eligens, and
Clostridium also contribute to the most acute course
of LC, their increased number is associated with
the development of small cell lung cancer. Certain
taxa (Acidovorax), in addition to cancers, can be
involved in the development of other lung diseases.
In the respiratory tract, Propionibacterium members
contribute to the development of mild LC; however,
their antitumor potential was demonstrated on
laboratory mice [28]. Currently, sufficient data have
been collected on the hypothetical effect of respiratory
microbiota on LC development [29].
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InLC, Firmicutesand TM7phylaandalso Eillonella,
Megasphaera, Atopobium, and Selenomonas genera
are most often detected in lung microbiota. Atopobium
and Selenomonas cause the development of milder
oncogenic processes, and Megasphaera contributes
to the development of acute LC. Representatives of
this taxon, along with Veillonella, can be used as
specific LC biomarkers for diagnosis and therapy of
this pathology. Filifactor and Treponema genera were
determined as significant markers of LC development

using bronchoalveolar lavage fluid as a study material
[30]. The number of 7M7 phylum members is
increased in COPD and also in LC, which indicates
possible development of oncogenic processes in case
of increased inflammation.

As a result of metagenomics studies on LC using
different material in combination with specific
conditions, a significant increase in specific bacterial
taxa and a simultaneous decrease in microbiota
diversity were detected (Table).

Table
Bacterial communities detected in patients with lung cancer
Bacteria Sample size Sample type References
H .influenzae
Enterobacter spp 216 Airway endoscopy [31]
Escherichia coli
Granulicatella
Abiothrophia 16 Sputum samples [35]
Streptococcus
Granulicatella
Streptococcus 10 Sputum samples [36]
Mycobacterium
Acidovorax 176 Lung tissue [38]
Brevundimonas
Acinetobacter 103 Bronchoalveolar [39]
L . lavage

Propionibacteium
Lactobacillus rossiae, Bacteroides pyogenes, Paenibacillus odorifer, Pseudomonas Bronchoalveolar

. . ’ 47 [41]
entomophila, Magnetospirullum gruphiwaldense lavage

The study of airway endoscopy material made it
possible to evaluate pathogenic properties of gram-
negative H.influenzae, Enterobacter spp., Escherichia
coli and gram-positive Mycobacteria [31]. In another
study of bronchoalveolar lavage fluid, S.H. Le et al.
found an increase in Veillonella and Megaspahaera
genera during the development of LC [32]. Currently,
researchers have no clear understanding of the
role of Streptococcus and Staphylococcus in LC
carcinogenesis. This may be due to difficulties of
identifying other bacteria or due to the fact that
bacteria may play a different role depending on a
variety of conditions. The discrepancies in the data
may be affected by lifestyle factors, specificity of
environmental pollution (for example, the use of
coal for heating), smoking, features of sampling the
material for analysis and other factors [33]. It should
be noted that an increase in Streptococcus members is
typical of lung cancer [34].

It is known that exposure to chemical pollutants, in
particular polycyclic aromatic hydrocarbons (PAHs),
increases the risk of developing LC. H.D. Hosgood
et al. examined the microbiota composition in non-
smoking women who used coal as fuel at home. An

increased content of Granulicatella, Abiothrophia,
and Streptococcus was detected in the sputum samples
[35]. An increase in Granulicatella (Granulicatella
adiacens) was associated with LC progression [36]

Smoking can multiply the risk of LC formation.
Currently, a lot of data have been collected about the
molecular mechanisms underlying tobacco smoking.
Smoking may contribute to the development of dysbiosis
in different parts of the body, causing many diseases
(asthma, COPD, and LC) [37]. Tobacco smoke directly
interacts with the respiratory epithelium and contributes
to impairment of immunological barriers. As a result,
taxonomic composition and phylogenetic diversity
of lung microbiota change (Fig. 1). The variability of
Firmicutes / Bacteroidetes proportion in non-smoking
/ smoking patients should be taken into account to
understand the role of microbiota in this case.

In context of studying microbiota, a hypothesis
was put forward about the synergistic effect of somatic
mutations and disruption of the epithelial barrier due
to tobacco smoking in the development of LC. A study
was conducted to understand the effect of 7P53 gene
mutations on the composition of lung microbiota in
in order to prove this hypothesis [38]. Initially, when
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comparing the samples obtained from tumor tissues
with those obtained from healthy ones, an increase in
the number of Proteobacteria and a decrease in the
number of Firmicutes were detected. The presence of
Acidovorax, Ruminococcus, Oscillospira, Duganella,

Environmental pollutants
Tobacco products

Disruption of immunological barriers, changes
in the quantitative and qualitative composition of
microbiota, an increased content of pathogenic taxa

¥

Development of respiratory diseases (asthma,
COPD, LC)

Ensifer, and Rhizobium genera was associated with
smoking. In particular, members of Acidovorax were
the most common taxa in smokers. The association
of Acidovorax members with LC development was
revealed in the presence of mutations in the 7P53 gene.

Microbiota

Fig. 1. Development of microbiota dysbiosis

An important issue is differences in microbiota
depending on the histopathological type of LC. S.
Gomes et al. revealed an increase in the proportion of
Brevundimonas, Acinetobacter, and Propionibacteium
taxa in patients with lung adenocarcinoma [39].
The presence of Enterobacter was characteristic of
squamous cell LC. The development of non-small
cell LC may also be accompanied by an increase in
the activity of intestinal microbiota. In one study,
bacteria of Phascolarctobacterium genus were
strongly associated with the development of squamous
cell LC [40]. Phascolarctobacterium faecium
and Phascolarctobacterium succinatutens species
detected in this study belong to microbiota in the
gastrointestinal tract. Despite their unique properties,
lung microbiota in tumors may have similarities with
healthy tissues. At the same time, the presence of
such rare bacterial species as Lactobacillus rossiae,
Bacteroides  pyogenes,  Paenibacillus  odorifer,
Pseudomonas entomophila, and Magnetospirullum
gruphiwaldense  was observed in  non-small
cell LC [41].

Patients with LC are most often characterized by
a decrease in the alpha diversity of lung microbiota
[42]. A similar phenomenon was observed in the
analysis of lung adenocarcinoma [43]. Regarding
beta diversity, there are data about the absence
of differences between malignant and healthy
tissues. When assessing the overall diversity of

microbiota, an increase in the Shannon diversity
index was also noted in LC patients compared with
healthy individuals.

MICROBIOTA AND IMMUNITY
IN THE LUNGS

Studies of the past decade showed that lung
microbiota maintains resistance of the lungs to
bacterial colonization and plays an important role
in providing a balanced immune response in the
lungs. The composition of lung microbiota and its
relationship with human immunity change with age,
probably due to environmental effects. The evolution
of these relationships leads to the development of
regulatory processes that determine resistance to
host antigens and non-dangerous agents and ensure
exclusion of pathogens and transformed cells [44].

The pathogenesis of many diseases can largely
be determined by specific interactions of bacterial
communities from different ecological niches of
the human body (Fig.2). Interaction of microbiota
components from different parts of the body
occurs during circulation of metabolic products,
proinflammatory cytokines, and other signaling
molecules. Bacterial translocation is an important
property which is manifested by migration of viable
resident bacteria from one niche to the other. In
this regard, hypotheses were formed about axes of
interaction between microbial communities.
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Fig. 2. Interaction between microbial communities from different ecological niches of the host organism

These include the “microbiota — brain — gut”,
“microbiota — gut—liver”, and “microbiota — gut — skin”
axes [45-47]. Despite the fact that these hypotheses
are largely contradictory, nevertheless they reveal
some features of the microbiota effect on physiological
processes. This is mainly associated with the activation
of innate and adaptive immunity mechanisms.

Lung microbiota closely interacts with other niches
of the host organism. Therefore, the development of
pulmonary diseases can be determined by impaired
stability of gut microbiota composition. Lung
microbiota and gut microbiota are currently thought
to function together, refuting previous ideas about the
presence of a “barrier” between them. Gut microbiota
stimulates production of various regulatory cytokines
and maturation of T and B cells, which provides
enhanced protection of the mucous membrane. This
effect not only persists in the gut, but also spreads
to other mucous membranes through lymphatic and
hematopoetic systems, affecting the immune response
in remote organs [48].

Gut microbiota is involved in synthesis of
biologically active molecules (mostly short-chain fatty
acids and vitamins), which can reduce inflammatory
processes. In  particular,  Faecalibacterium
prausnitzii and Akkermansia muciniphila express
anti-inflammatory interleukin 10 (IL-10) and an IL-
12 inhibitor, which can stop the severe course of
allergic asthma. Since malignant transformation is
associated with inflammation, inhibitory properties
of Faecalibacterium prausnitzii may have therapeutic
effects on the development of LC. This feature was
demonstrated on cancer A549 cell line with a decrease
in the expression of proinflammatory cytokines (IL-

1, TGF-B2, IL-1RA) [49]. According to the results
of these studies, it becomes possible to form the
hypothesis about the “microbiota — gut — lungs” axis
to reveal the etiology of pulmonary diseases.

Microaspiration and aspiration are the most likely
mechanisms in the association between gut microbiota
and lung bacteria. The products of bacterial metabolism
in the gastrointestinal tract can affect the intensity of
differentiation of specific immunity components: T
cells, regulatory T cells, and Th17s [50]. As a result,
the immune response and systemic inflammation
enhance, which reflects the way microbiota affects
adaptive immune homeostasis in the development of
diseases. There are also ways to transmit signals from
the gastrointestinal tract to the pulmonary system
through the bloodstream, which can affect the stability
of respiratory microbiota composition [51]. Further
research is needed to confirm the hypothesis about
these mechanisms.

Metagenomics  studies showed that the
manifestation of abnormal immune activity occurs
due to a decrease in the number of commensal
bacteria, which have properties beneficial for the
body. On the contrary, reproduction and activity of
pathogens increase; Gammaproteobacteria use by-
products of inflammatory responses for their growth
[52]. Studying the features of lower respiratory tract
microbiota composition revealed that pathological
processes are largely associated with a decrease in the
number of Bacteroidetes in healthy microbiota and
a shift towards the spread of Gammaproteobacteria.
Experimental studies conducted on humans and
laboratory animals made it possible to determine
members of this taxon as pulmonary pathogens [53].
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As a part of the pulmonary system, alveolar
macrophages and resident dendritic cells, as well as
other components of immunity are a primary barrier
for pathogenic microorganisms. They act as important
mediators of immune responses in the lungs and
are activated only if stimulated by harmful bacteria.
Macrophages and dendritic cells stimulate division of
regulatory T cells involved in the implementation of
acquired immune responses. In addition, their crucial
property is the ability to secrete signaling molecules:
prostaglandin E2, tumor growth factor beta (TGF-B),
and IL-10, which contributes to maintenance of
homeostasis [54]. Performing the functions of antigen-
presenting cells, alveolar macrophages, dendritic cells,
and pulmonary epithelium cells provide recognition
of pathogenic components (mainly of microbial
origin) through a system of pattern recognition
receptors (PPR). Activation of these receptors triggers
subsequent expression of signaling molecules.

vd T cells are important effectors and regulators of
the innate immune response to pulmonary infections
[55]. It was shown that inhaling non-pathogenic bacteria
that do not cause dysbiosis or infections promotes
activation of these cells, which prevents development of
the abnormal inflammatory response. These cells also
play a protective role against allergies [56—58]. Using
laboratory mice, it was shown that airway colonization
by certain bacterial strains in newborns protects against
acute allergic reactions in the respiratory tract [S9—61].
These and other studies convincingly demonstrate that
a contact of the host organism with bacteria at early
stages of development is crucial for formation of full-
fledged and functional immunity in the lungs [62].

The development of LC due to changes in lung
microbiotamay be caused either by increased sensitivity
of the immune system leading to chronic inflammation
or by a disrupted mechanism of pathogen recognition.
Sometimes healthy microbiota may contribute to
formation of an environment favorable to malignant
transformation of lung tissue cells. For example, some
bacteria may contribute to colonization of the lung
tissue by metastatic cancer cells. It was shown that
local application of antibiotics reduces formation of
metastases, which is associated with modulation of
the immune response. This also suggests that bacteria
should be used as therapeutic tools with caution.

CONCLUSION

Despite advancements in identifying the features of
human microbiota, this technique has some limitations.
For example, this method makes it possible to identify

microorganisms mainly only at the genus level, since
the analysis of short sequences of bacterial genomes
is available. As an alternative, a method of whole
genome sequencing was developed, which makes it
possible to identify species in the microbiota. Despite
the advantages of both approaches, they can only
detect dominating species in the population.

Given that the lungs are always affected by upper
respiratory tract bacteria and by the environment,
it can be assumed that microorganisms promoting
normal state of the human body sometimes can
contribute to oncogenic cell transformation or
development of other pathologies. Information about
changes in lung microbiota and the influence of
external factors on these processes will undoubtedly
contribute to a better understanding of LC etiology,
identify new targets for therapy, and help elaborate
new immunotherapeutic approaches to the treatment
of lung pathologies.
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ABSRACT

Important changes regarding the understanding of the pathogenesis of chronic heart failure (CHF) marked the
beginning of the millennium, and its first decade was called the decade of diastology. Even though numerous studies
convincingly proved that deterioration of the left ventricular (LV) filling pressure often precedes impairment of
its systolic function and a number of factors affect (especially at the onset) mainly the diastolic function without
changing the conditions of blood ejection, modern classifications and approaches to CHF treatment are primarily
based on the results of LV ejection fraction (EF) assessment.

In recent years, diastolic heart failure (DHF) has been often overlooked and replaced by the ambiguous term “CHF
with preserved EF”. However, sometimes authors use the term DHF extensively, since CHF based on myocardial
insufficiency develops only via two mechanisms (systolic and / or diastolic dysfunction), and excluding one of the
mechanisms allows to identify the underlying one. The term DHF can be used in clinical practice and cannot be
replaced by the diagnosis of CHF with preserved EF. CHF with preserved EF is a broader concept which includes a
full spectrum of cardiovascular diseases, complicated by the development of CHF without depression of the global
LV contractility and requiring differentiated approaches to therapy. In addition, the results of repeated studies on
LVEF in many patients may require reclassification of this CHF phenotype, which is established following the
analysis of the baseline value of global LV contractility. We join M.R. Zile in the appeal to stop discriminating
against the term “DHF” and present the boundaries of its correct application.
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PE3IOME

Havano TeicsiueneTus 03HaMEHOBAJIOCh BaKHBIMU M3MEHEHHUSIMHU, KaCAlOUIMMMUCS MPEJICTABICHUN O MaToreHese
XpOHUYECKOU cepaeuHoit HepoctaTounoctH (XCH), a ero mepBoe jecsTUICTHE CTAlM NMCHOBATh JCKAI0N JHa-
cronoruu. OJJHAKO HECMOTPSI HA MHOTOYHCIICHHBIC Pa0OTHI, B KOTOPBIX OBUIO YOCTUTEIBHO JIOKA3aHO, YTO YXY/I-
[ICHUE HAMOJIHeHHUs JieBoro sxeynouka (JIXK) Hepenko mpemiecTByeT HapyIICHHIO €ro CUCTOMMYECKO QyHKIMU
U LEJNBIA psiji GaKTOPOB BO3NEHCTBYET (OCOOCHHO B JCOHOTE) MPEUMYIIECTBEHHO HA THACTOIMYCCKYIO (DYHKIIUIO
cep/Iiia, He U3MCEHsIs YCIIOBHS BRIOpOCa KPOBH, COBPEMEHHBIC KilacCU(pUKauu u moaxoas! K repaniu XCH B miep-
BYIO OYepe/ib OCHOBAHBI Ha Pe3ysIbTaTax OIeHKH 3HadeHus Gppaxuuu Beiopoca (OB) JIK.

B mocienHmre ToabI 0 THACTOMHYECKON cepiednoi HenocTatouHoctu (JICH) Hepenko He3zacmykeHHO 3a0bIBAIOT,
MoaMeHssl HepaBHO3HauHBIM TepMuHOM «XCH ¢ coxpanenHoit ®By». BmecTe ¢ TeM WHOTIa MPUXOIMUTCS CTall-
KHBaThCs C pacIIMpeHHbIM mpuMeHeHneM Tepmuna JICH aBropamu, ncxomsmumu u3 toro, uto XCH, B ocHOBe
KOTOPOI! JTeKNUT MHOKapANaIbHAsl HEOCTaTOYHOCTh, Pa3BUBACTCS TOJNBKO MO ABYM MEXaHH3MaM (CHCTOIMIECKast
U (nnn) quacToiaudeckast JUC(HYHKINSA) U IPOCTOE UCKIIOUCHUE IIEPBOTO MOXKET 0€3 OTOBOPOK PacCMaTpUBATHCS
B KauecTBe noaTBepskaeHus Broporo. Tepmun JICH mMeer npaBo Ha IpHMEHEHNE B KIIMHUIECKOH MPAKTHKE U HE
MOXKET OBITh 3aMEHEH JUarHoCTHIecKuM 3akmodeHreM «XCH ¢ coxpanennoit @By, Tak Kak MOCIEIHSIS SBISETCS
GoJtee MMPOKKUM MOHATHEM, OXBATHIBAIOIINM BECh CIIEKTP 3a00JIeBaHUH CepIeIHO-COCYAUCTON CHCTEMBI, OCIIOXK-
Hstomuxcs passutueM XCH 6e3 nenpeccun ro6anbHON KOHTpakTIwibHOW QyHKImK JIK 1 TpeOyrommx mpume-
HeHus AuQdepeHINPOBaHHBIX TOIX0A0B K Teparnun. K ToMy e pe3yIbTaThl HOBTOPHBIX HCCIICIOBAHNI 3HAYCHHS
OB JIXK y MHOTHX TaLIMEHTOB MOTYT MOTpeOoBaTh peknaccudukarym toro pernornna XCH, ycTaHOBICHHOTO Ha
OCHOBaHUH aHAJM3a UCXOAHOI BETHINHBI 00CYkKIaeMOTr0 HHANKATOpa riIodansHoi cokpatumoctr JIK. ABTOpEI
JIEKIIUH TIPACOSTUHAIOTCS K H3BecTHOMY npm3biBy ML.R. Zile mpekpatuts muckpumunanuio Tepmunaa JJCH u npen-
CTaBIISAIOT TPAHUIBI €0 KOPPEKTHOTO IPUMEHEHHUSL.

KiroueBble ci1oBa: JICBBIT JKCIIYIOYCK, CUCTOJIA, JUACTOJIa, CE€p/ICHHAsA HEAOCTATOYHOCTD C COXpaHEHHOH (bpaKIII/IH
BI)I6pOCB., JAUaCTOJIMYECKas cepAevHasi HEAOCTAaTOYHOCTb, UACTOJIOI'Ms, BU3yalln3aluys cepaua

KoHdumkT mHTEpecoB. ABTOPHI JASKIAPUPYIOT OTCYTCTBHE SBHBIX M MOTEHIHAIBHBIX KOH(IUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanKeil HaCTOSIIeH CTaThU.

HUctounuk (I)I/IHaHCI/II)OBaHI/Iﬂ. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU (I)I/IHaHCI/IpOBaHI/ISI 1Ipy MPOBCACHUN UCCIIEN0-
BaHUA.

Jas uurupoBanusi: Kamoxun B.B., Tersikos A.T., becnanosa U./1., Kamoxxuna E.B., Uepnoroprok I".9., Te-
pentbeBa H.H., I'pakosa E.B., Konbesa K.B., Ycos B.1O., I'apraneesa H.I1., [TaBinenko O.A., I'openosa FO.B. Jlu-
aCTOJINYCCKAs Cep/icuHast HEJIOCTATOYHOCTE: TPAHUIIBI IPUMEHEHUS TePMUHA. Bioiemens cubupcKol Meouyubl.
2023;22(1):113-120. https://doi.org/10.20538/1682-0363-2023-1-113-120.
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INTRODUCTION

Chronic heart failure (CHF) and the conceptual
interpretation of its pathogenesis have been studied
for a long time. However, despite the fact that leading
cardiologists of Old and New Worlds repeatedly
attempted to give a detailed definition of CHF, not
a single definition was generally accepted. In our
opinion, attention should be paid to the laconic and
at the same time meaningful definition of the experts
from the American College of Cardiology and the
American Heart Association, which essentially has
not changed much since 2001: “a complex clinical
syndrome that can result from any structural or
functional cardiac disorder that impairs the ability of
the ventricle to fill with or eject blood” [1].

There are two points of great importance in the
presented definition. Firstly, the authors, as well as the
experts from the European Society of Cardiology [2],
rightly consider CHF not as an independent nosological
form of disease, but as a syndrome, which prompts the
doctor to identify the underlying cause of heart failure
in every clinical case, which is fundamental for the
correct formulation of the diagnostic conclusion and
the choice of therapy [3, 4]. Secondly, the definition
clearly states the key mechanisms of myocardial
insufficiency: ventricular inotropic and lusitropic
dysfunction. At the same time, the conjunction
“or” actually confirms recognition of the existence of
diastolic heart failure (DHF).

DHF has been known for a long time. Thinking
and doubting researchers have a clear understanding
that the so-called diastolic markers sometimes reflect
the functional state of the myocardium and its reserve
more accurately than systolic ones. It can be used more
reliably than other hemodynamic parameters to assess
the clinical status of a patient with CHF, the effectiveness
of therapy, and the disease prognosis [5—13].

Important changes regarding the understanding of
the pathogenesis of CHF marked the beginning of the
millennium, and its first decade was called the decade
of diastology [8, 14]. Even though numerous studies
proved convincingly that the deterioration of the
left ventricular (LV) filling pressure often precedes
impairment of its systolic function and a number of
factors affect (especially in the debut) mainly the
diastolic function of the heart without changing the
conditions of blood ejection [12, 15-20], modern
classifications and approaches to CHF therapy are
primarily based on the results of assessing the value
of LV ejection fraction (EF) [1, 2, 21].

In recent years, DHF has been undeservedly
forgotten and replaced by unequal terms based on
determining the value of LVEF (for example, “CHF
with preserved LVEF”) [1, 2, 22-24]. At the same
time, authors extensively use the term DHF since
CHEF based on myocardial insufficiency develops only
through two mechanisms (systolic and / or diastolic
dysfunction), and excluding one of them makes it
possible to identify the underlying mechanism [22,
25-28].

The aim of this lecture is to consider views on
the boundaries of the correct application of the term
“diastolic heart failure”.

LEFT VENTRICULAR SYSTOLIC
AND DIASTOLIC DYSFUNCTION

LV systolic (from Greek systolé — contracti-
on) dysfunction, which underlies classical systolic
heart failure, is characterized by depression of its
contractility. Traditionally, CHF is associated with
depressed global LV systolic function, an indicator of
which is a decrease in the LV ejection fraction (EF)
[1,2,21,29].

In general, the lower the EF value (the proportion
of LV volume that is ejected into the aorta in the
absence of abnormal blood flow into the systole), the
worse the quality of life and the disease prognosis
[1, 2, 21, 22]. However, the severity of clinical
manifestations of heart failure in patients with LV
systolic dysfunction does not always depend only on
the value of EF. Patients with very low EF may have
no symptoms or signs of heart failure, while patients
with preserved LVEF can sometimes be 21severely
decompensated [1, 22]. The discrepancy between
the severity of clinical manifestations of heart failure
and the level of depression of global LV contractility
noted by many authors can be partly explained by the
presence of valvular pathology, pericardial damage,
changes in loading conditions (preload and afterload),
rhythm and conduction disorders, or primary
pathology of the right ventricle. Manifestation of
CHF largely depends on the presence and type of LV
diastolic dysfunction, as well as the effectiveness of
hemodynamic and neurohumoral compensatory and
adaptive mechanisms [16, 21, 30].

It should be remembered that the development of
CHF is primarily associated with weakening of the
pumping function of heart and the normal value of
LVEF (systolic function). The exact calculation of
LVEF largely depends on the choice of the imaging
technique and the method of its calculation, as well as
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on the skills of the operator; it is not a reliable indicator
of intact cardiac output (LV pumping function). For
instance, LVEF does not always correctly reflect the
severity of global systolic dysfunction in primary and
secondary valvular regurgitation, which is found in
patients with CHF. In such cases, relative safety of
EF can be combined with depression of LV pumping
function (reverse blood flow leads to a decrease in
stroke volume) and does not fully exclude systolic
dysfunction, the signs of which can be detected using
more informative methods and imaging techniques, in
particular magnetic resonance imaging and two- and
three-dimensional speckle tracking method [21, 31-36].
The term “heart failure with preserved (normal)
LV systolic function” is usually used to refer to a
situation with clinically significant heart failure and
the absence of a pronounced decrease in the value of
LVEF. However, in view of the above considerations
regarding the accuracy of estimating the EF value,
most often determined using two-dimensional
echocardiography, when LV contractile dysfunction
is ruled out, it is better to use the term “heart failure
with preserved EF” rather than “heart failure with
preserved (normal) LV systolic function” [1, 21].
Again, the classification of CHF phenotypes is
based on the results of the LVEF assessment [2].
However, even in a state of relative rest, LVEF does not
belong to rigid biological constants and can change in
repeated examinations by one operator spontaneously
or under the influence of treatment, regardless of the
initial CHF phenotype, established by analyzing the

Initial
classification

HFrEF
(LVEF < 40%)

—

HFmrEF
(LVEF 41-49%)

HFpEF
(LVEF > 50%)

The value of LVEF upon re-examination

value of this parameter, which obviously requires
reclassification of heart failure, based on the changes
in the value of the discussed parameter of global LV
contractility (Figure) [1, 37].

LV diastolic (from the Greek diastolé — stretching)
dysfunction is most often understood as a pathological
condition when the ventricle cannot receive blood at
low pressure and fill without a compensatory increase
inatrial pressure (the average pressure in the pulmonary
veins at rest does not normally exceed 12 mm Hg)
due to impaired active relaxation of the myocardium
and / or deterioration of its wall compliance [5, 38,
39]. The term “diastolic dysfunction” is used to
refer to abnormalities in the active and / or passive
mechanical properties of the whole ventricle (global
diastolic dysfunction) or its segments (local diastolic
dysfunction) in the diastole, regardless of whether EF
is normal or reduced, and whether there are signs of
heart failure [6, 19, 38, 40—42].

Thus, for example, if in a patient with hypertension
without symptoms and signs of heart failure, an
echocardiographic examination demonstrates normal
EF and signs of LV diastolic dysfunction well
described in modern guidelines [12, 13, 43-46],
then this condition is referred to as asymptomatic
diastolic dysfunction. [47, 48]. If such a patient with
isolated LV diastolic dysfunction begins to experience
shortness of breath, fatigue, and palpitations, a physical
examination reveals signs of CHF, and laboratory tests
show an elevated level of natriuretic peptides, then we
can use the term DHF [6, 38, 40, 49-53].

Reclassification

LVEF <40% HFrEF
LVEF > 40% HFrecEF
LVEF <40% HFrEF
LVEF 41-49% HFmrEF
LVEF = 50% *
LVEF <40% HFrEF
LVEF 41-49% HFmrEF
LVEF = 50% HFpEF

Figure. Classification and reclassification of CHF phenotypes [1]: HFfEF — CHF with reduced ejection fraction; HFmrEF — CHF with mildly reduced
ejection fraction HFpEF — CHF with preserved ejection fraction; HFrecEF — CHF with recovered ejection fraction; * — CHF phenotype does not have a
generally recognized designation
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Thus, it is impossible to fully associate the concept
of “diastolic dysfunction” with DHF: DHF always
includes diastolic dysfunction, but the presence
of the latter does not yet indicate the presence of
the former [6, 47, 48]. In other words, the term
“diastolic dysfunction” describes disturbances in
the biomechanics of the heart in the diastole, while
the term “DHF” is used to refer to the syndrome
of heart failure in a patient with isolated diastolic
dysfunction [40].

The existence of primary DHF is traditionally
recognized. Wherein, it is believed that systolic
dysfunction with unfailing regularity occurs in patients
with diastolic dysfunction. The pathology of diastolic
relaxation usually precedes systolic dysfunction,
which appears later (the impaired filling pressure
will sooner or later negatively affect the efficiency
of the systole), but it is the appearance of systolic
dysfunction, which accompanies diastolic disorders,
that often manifests the clinical presentation of heart
failure [6, 16].

Many patients with the classic systolic form of
CHF also show signs of diastolic dysfunction [6, 16,
30]. Naturally, in this case, they do not talk about
DHF. However, taking into account the independent
clinical and prognostic value of LV inotropic and
lusitropic dysfunction, the diagnostic conclusion
should reflect “mixed” heart failure, for example,
“CHF with reduced LVEF (38%) and restrictive LV
diastolic dysfunction” [4, 42].

BOUNDARIES OF THE TERM APPLICATION

It is necessary to answer the question that many
clinicians ask [26, 27]: is heart failure with preserved
EF similar to DHF? Indeed, if LV systolic function
is preserved in a patient with manifested CHF, it
is logical to assume that LV diastolic dysfunction
should underlie the development of such heart
failure. However, despite the external validity, such
a conclusion may be erroneous and is subject to
reasonable criticism [28].

In our opinion, the known technical limitations of
the possibility of an accurate non-invasive quantitative
assessment of LV diastolic function [54, 55] are
not a peremptory reason to completely dismiss the
diagnosis of DHF in favor of the broader concept of
“heart failure with preserved EF”. To draw reasoned
conclusion about DHF in a patient with objective
signs of CHF and preserved LV EF, it is necessary
to exclude all other cardiac and extra-cardiac causes
that can lead to the development of heart failure with

normal systolic function (in particular, cor pulmonale,
pulmonary artery stenosis, primary tricuspid
regurgitation), on the one hand. It is also necessary to
confirm the presence of LV diastolic dysfunction (also
in the so-called diastolic stress test), on the other hand
[26, 28, 56].

The definition of LV diastolic dysfunction does not
include patients with mitral stenosis, in whom impaired
LV filling pressure and increased pressure in the left
atrium are caused by a mechanical obstruction to blood
flow in the left atrioventricular valve [6]. A similar
judgment can be made regarding some other diseases,
in which heart failure develops due to impaired LV
filling pressure caused by external causes (constrictive
pericarditis, pericardial effusion) [22, 26]. Since in
this pathology relaxation of the LV myocardium is not
impaired and / or myocardial stiffness is not increased,
after timely correction (for example, valvotomy or
effective removal of pericardial effusion), the left
ventricle regains the ability to receive blood at low
pressure and fill without a compensatory increase in
pressure in the left atrium [22].

Thus, it is necessary to distinguish between
heart failure that has developed following a primary
impairment of active relaxation of the ventricular
myocardium and / or deterioration of its wall
compliance and heart failure in which disturbances
of heart filling pressure, which underly it, are not the
result of LV diastolic dysfunction.

CONCLUSION

The term “diastolic heart failure” can be used in
clinical practice and cannot be replaced by an unequal
diagnostic conclusion “CHF with preserved LVEF”,
since the latter is a broader concept referring to a
full spectrum of cardiovascular diseases complicated
by the development of CHF without depression of
the global LV contractility and requiring the use of
differentiated approaches to therapy. In addition, the
results of repeated studies on the value of LVEF in
many patients may require reclassification of this CHF
phenotype, which is established by the analysis of the
baseline value of global LV contractility. We join
M.R. Zile [26] in the appeal to stop discriminating
against the term “diastolic heart failure”. However, it
is necessary to clearly understand the boundaries of its
correct application.
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Diagnosis of bacterial infection in patients with COVID-19:
is it a simple task? (literature review)

Karoli N.A., Rebrov A.P.
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112, Bolshaya Kazachya Str., Saratov, 410012, Russian Federation

ABSTRACT

Diagnosing bacterial infection in patients with novel coronavirus infection (COVID-19) is not an easy task.
Available data suggest that bacterial infection in patients with COVID-19 is rare and occurs in less than 10% of
cases. At the same time, data of individual studies and systematic reviews indicate that more than 70% of patients
with COVID-19 receive mainly empirical antimicrobial therapy with broad-spectrum antibiotics often before the
diagnosis of COVID-19 has been verified. Therefore, this widespread empirical use of antibiotics is not supported
by data on the need for their use.

The article discusses the literature data on the significance of commonly accepted methods for diagnosing bacterial
infection, with an emphasis on laboratory presence / absence tests. In everyday practice, the likelihood of bacterial
coinfection in patients with COVID-19 is assessed by clinical presentation of the disease and the results of standard
laboratory tests and imaging methods. However, when viral respiratory infection develops, this approach does not
always allow to diagnose bacterial coinfection with sufficient significance. This issue may be handled by available
modern test systems, the use of a combination of signs or additional laboratory criteria (for example, procalcitonin),
and the analysis of the overall clinical presentation by the doctor using knowledge about patient risk groups.
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PE3IOME

[Mpobnema nuarHocTHKN OakTepHasbHOW MH(MEKINH y OOJBHBIX HOBOM KopoHaBHpycHOU umHQekumen (HKI)
NPE/ICTABIISIET HEe TAKYIO IPOCTYIO 3a/1a4y, KaK BRINJISANT HA IEPBBIN B3MIIsL. MIMeronecs TaHHbIe CBHETEBCTBYIOT,
gro OakTepuanbHas nHpekuus y 6oapabix COVID-19 BeTpeuaercs peako u cocrasisier Meree 10%. [Ipu sTom
JJAHHBIC OT/EJIBHBIX MCCIENOBAHUH U CHCTEMAaTHYECKHX 0030pOB CBUJIETEILCTBYIOT, 4To Oonee 70% manueHToB
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¢ HKU nonydyanu aHTHOaKTEpHATIBHYIO TEPAIMIO, MPEHMYIIECTBEHHO IMpernapaThl IIHPOKOrO CIIEKTpa M YacTo
SMIUPUYECKHU, HepeaKo 10 noaydenus noarsepxaeHus HKU. Takum o6pa3zoM, 3TO MIHUPOKO pacnpoCTpaHEHHOE
OMIUPHUYICCKOE UCIIOJIb30BAHUE aHTI/I6I/IOTI/IKOB HE NNOATBEPKAACTCA JaHHBIMU O H606X0)II/IMOCTI/I UX MPUMEHEHUA.

B cratbe o0OcynmaroTcst JHMTEpaTypHBIC JaHHBIE O 3HAYUMOCTH OOIIETIPHHATBIX METOJOB JWAarHOCTHKH
OakTepHanbHON MH(EKIMHN C aKIIEHTOM HaJTabopaTOPHOE ITOATBEPIKICHNE €€ HAINYHUS/0TCY TCTBYSL. B HoBceHeBHOM
IIPaKTHKE COYETaHNE KIIMHIYECKOTO TeUeHNs 00JI€3HH 1 Pe3yJIbTaTOB CTaHIaPTHHIX JIAOOPATOPHBIX HCCIIEIOBAHUH,
JTAaHHBIX METOJIOB BU3YaJM3al[MU SIBISIIOTCS BEIYIIMMH B OLIEHKE BEPOSTHOCTH OaKTepraabHOW KOMH(EKIHH y
nanuenToB ¢ COVID-19. Oqnako B yCIOBUSIX pa3BUTHSI TPOITHOM K PECIIMPATOPHOI CHCTEMEe BUPYCHOH HH(EKINH
TAKOH MOAXOJ HE BCEr/a MO3BOJISIET C JOCTATOYHON CTENEHBIO JOCTOBEPHOCTH THArHOCTHPOBATH OAKTEPHAIBHYIO
konHpekIuo. [ToMous B ATOM MOTYyT MMEIOIIMECS] COBPEMEHHBIE TECT-CHCTEMBI, UCIOIb30BaHIE KOMOWHAIINH
NIPU3HAKOB WM JOIOJHUTEIBHBIX JJA00PaTOPHBIX KPUTEPHEB (HAaIpHMep, NMPOKaJbIUTOHUHA), a TAKXKe aHaIn3
BpavyoM 00mIeH KIMHHYECKON KapTHHBI 3a00JI€BaHNUS C HCIIOJIB30BAaHNEM 3HAHHUH O IPYIIIaX PUCKa IAIMeHTOB.

Kirouessle cioBa: COVID-19, OakrepnanbHas HHGEKIHS, AHaTHOCTHKA

KOHq)J’IHKT HHTEPECOB. ABTOpI;I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq;)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaHI/IeI71 HaCTOHH.[Cﬁ CTaTbHU.

Hcrounuk ¢puHAHCHPOBAHHUA. ABTOPHI 3asBISIOT 00 OTCYTCTBHM (\HHAHCHPOBAHUS TPH NMPOBEICHHN UCCIENO0-
BaHMSI.

Jns nuruposanmsi: Kaponn H.A., Pe6por A.I1. [luarnoctuka 6akrepuansHoit uHdekimn y 6ompHbix COVID-19:
TaKk Ju Bce npocto? (0630p nutepatypsl). bromiemens cubupckou meduyunst. 2023;22(1):121-131. https://doi.
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INTRODUCTION

2019 novel coronavirus infection (2019-nCoV),
COVID-19, is an infectious disease that emerged in
late 2019 and quickly spread around the world, having
a significant impact on all sectors of healthcare.
Since the beginning of the pandemic, doctors have
faced various problems, the main of which were
occasional lack of tests for prompt diagnosis and
lack of commonly accepted treatment methods. This
resulted in the situation when doctors frequently
prescribed empirical antimicrobial therapy with
broad-spectrum antibiotics to patients with lung
lesions as part of COVID-19 treatment, despite the
lack of evidence of bacterial coinfection. Empirical
antibiotic therapy was often prescribed to critically
ill patients when bacterial infection was suspected as
the underlying cause. Viral lung disease may lead to
bacterial superinfection, causing structural damage to
lung tissue and weakening of host immunity. During
previous influenza pandemics, the development
of bacterial coinfection and superinfection was
associated with increased mortality [1, 2]. Severe
COVID-19 infection manifested itself by clinical and
radiological symptoms and laboratory test results,
mimicking those of bacterial pneumonia, so empirical
antimicrobial therapy was a common practice early in
the pandemic.

At the same time, available data indicate that
bacterial infection in patients with COVID-19 is rare,

occurring in less than 10% of cases [3—8]. However,
the frequency of superinfection, especially in patients
hospitalized in intensive care units, increased to 14%
and, according to some data, up to 54% [4, 6, 9].
At the same time, data from individual studies and
systematic reviews indicated that over 70% of patients
with novel coronavirus infection received empirical
antimicrobial therapy with broad-spectrum antibiotics
often even before the diagnosis of COVID-19 infection
has been verified [4, 6, 10—16]. Therefore, empirical
antimicrobial therapy was prescribed although their
necessity was not confirmed by the tests.

Given high frequency of antimicrobial therapy in
COVID-19 (with such a low incidence of bacterial
infection), it is yet to be understood what criteria are
used by the doctor to make a decision to prescribe
antibiotics to patients with this pathology. Several
surveys of practicing physicians were conducted,
which demonstrated the following results. A survey of
414 Italian doctors revealed that prescribing antibiotics
to patients with novel coronavirus infection was
due to accompanying comorbidities (bone marrow
transplantation, presence of bronchiectasis), certain
microbial isolation (positive test for pneumococcal
urinary  antigen or pneumococcal shedding),
elevated levels of procalcitonin (PCT) (> 0.5 ng /
ml), radiographic and ultrasound impressions of the
thoracic cavity (presence of lobar consolidation),
hospitalization in the intensive care unit (ICU), or
mechanical ventilation [17].
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In a survey of 166 physicians from 82 different
hospitals in 23 countries, clinical presentation was
recognized as the most important cause for initiating
antimicrobial therapy, followed by laboratory
markers of inflammation and X-ray findings. PCT
was recognized as the most important factor among
the laboratory inflammatory markers, followed by
neutrophil and leukocyte counts and C-reactive
protein (CRP) level [18].

According to Spanish researchers, fever (> 38
°C), cough, dyspnea, arthralgia, fatigue, anorexia
and gastrointestinal symptoms, oxygen saturation
< 90%, tachypnea or tachycardia, and wheezing
on auscultation of the lungs were associated with
prescribing antibiotics [15]. The decision to initiate
antimicrobial therapy was made following elevated
levels of conventional inflammatory markers, such as
CRP (odds ratio (OR) 2.14, 95% confidence interval
(CI) 1.91-2.41; p < 0.05), PCT (OR 1.73, 95% CI
1.28-2.35; p < 0.05), or leukocytosis (OR 1.18, 95%
CI 1.01-1.38; p < 0.05), as well as increased levels
of inflammatory markers associated with COVID-19,
such as lactate dehydrogenase (OR 1.30, 95% CI
1.16-1.47; p < 0.05), interleukin 6 (OR 1.73, 95%
CI 1.16-2.59; p < 0.05), or ferritin (OR 1.93, 95% CI
1.59-2.35; p <0.05). The presence of any infiltrate on
X-ray was also the reason for initiating antimicrobial
therapy (p < 0.05).

A number of guidelines also set the criteria for
antimicrobial therapy prescription. For instance,
in order to detect fungal or bacterial pneumonia in
patients with novel coronavirus infection, as well
as to make a decision on the use of antibiotics, the
recommendations by the National Institute for Health
and Care Excellence (NICE) proposed to conduct the
following [19]:

— complete blood count;

— thoracic imaging (radiography,
tomography (CT) or ultrasound);

— bacterial culture tests of respiratory and blood
samples (e.g. sputum sample or tracheal aspirate,
blood culture);

— Pneumococcal and Legionella urinary anti-
gen tests.

Russian  guidelines recommend prescribing
antimicrobial therapy only if there are convincing
signs of bacterial infection: increased PCT (> 0.5 ng
/ ml), purulent sputum, leukocytosis (> 12x10°/ 1 in
the absence of previous use of glucocorticoids), and
an increase in the proportion of band neutrophils (>
10%) [20].

computed

Therefore, it is critical to conduct comparative
studies to identify patients with COVID-19 who are
candidates for empirical antimicrobial therapy, thereby
reducing the widespread overuse of antibiotics.

The aim of our analysis was to summarize the
results, risk factors, and methods of diagnosing
bacterial infection in COVID-19 patients.

The review was prepared by searching relevant
publications in PubMed, ResearchGate, and eLibrary
databases, using the following keywords: COVID-19,
SARS-COV2, diagnosis, and bacterial infection.
The presented review is based on original research
articles that discussed the evidence and significance
of bacterial infections in COVID-19 patients and
the conducted antimicrobial therapy. The review
also included case studies, case series, observational
studies, meta-analyses, and systematic reviews
published from late December 2019 to May 2022.

RESULTS

It should be noted that, regardless of novel
coronavirus infection, the diagnosis of a clinically
suspected bacterial infection (especially pneumonia)
is not always an easy task [21]. COVID-19 is a
viral infection, but its clinical manifestations may
be similar to those of bacterial pneumonia. Patients
often have respiratory symptoms, including fever,
cough, and dyspnea, and unilateral / bilateral changes
in the lung tissue according to thoracic imaging.
The most common radiological findings in these
patients are ground-glass opacity, consolidation, and
a combination of these two with a predominantly
peripheral distribution. However, there are no specific
radiological signs distinguishing between viral and
bacterial pneumonia, especially atypical bacterial
pneumonia. For example, one of the studies did not
reveal significant differences in clinical symptoms and
CT data in patients with novel coronavirus infection
and a positive / negative urine test for pneumococcal
infection [22]. This creates difficulties in differential
diagnosis, especially before COVID-19 is verified.

A study conducted on patients with novel
coronavirus infection compared the incidence of
clinically established bacterial infection (bacterial
pneumonia, urinary tract infections, ventilator-
associated pneumonia (VAP), and bloodstream
infections) with microbiological data [23]. In
approximately 20% of COVID-19 hospitalizations,
patients were diagnosed with bacterial pneumonia, and
nearly all cases were community-acquired. In 9% of
COVID-19 hospitalizations, patients were diagnosed
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with community-acquired urinary tract infections.
When microbiological results were used to detect
bacterial infections, only about 7% of hospitalized
COVID-19 patients had positive results for respiratory,
blood, and urine cultures. Microbiological culture
is a relatively insensitive method, especially during
antimicrobial therapy [24].

Diagnosis of bacterial respiratory tract infection
by bacterial culture test has two disadvantages: a
significant waiting time (usually about 72 hours) for
obtaining the result of a susceptibility test and low
sensitivity of microbiological culture, which does not
alwaysmakeiteasy todistinguish bacterial colonization
from infection [25-28]. It is impossible to ignore the
fact that the identification of bacterial pathogens does
not explain the causal relationship. Some patients may
be carrying large numbers of potentially pathogenic
bacteria either in their respiratory tract or in the
endotracheal site during intubation without developing
any clinically significant bacterial infection [29]. For
instance, according to the study by S. Khurana et al.
(2021), only 60% of samples obtained from patients
with novel coronavirus infection and clinical signs of
bacterial infection tested positive for bacterial culture,
including samples classified as contaminants [28].

Accordingto C. Huangetal. (2020), 98% of patients
with COVID-19 had bilateral lung lesions on chest
X-ray, and only 28% of patients provided sputum for
Gram stain or culture [30]. Concerns about performing
aerosol-generating procedures (e.g. bronchoalveolar
lavage) further limit the ability to obtain satisfactory
sputum samples for bacterial culture tests and other
microbiological tests [31-32]. It should also be taken
into account that in a number of countries, guidelines
for management of patients with community-acquired
pneumonia do not recommend routine staining and
culture of sputum in patients with non-severe chronic
obstructive pulmonary disease (COPD) or in patients
without the risk of multiple drug resistance due to
low sensitivity of these tests [32]. Urine sampling for
Legionella and pneumococcal antigen is not common
in Russia due to its high cost, while microbiological
testing of respiratory samples is routinely performed
in patients hospitalized for COVID-19. Consequently,
the possibility to diagnose bacterial infection in
outpatients with novel coronavirus infection is
significantly limited.

Standard laboratory methods are too slow to
make initial decisions on prescription of antibiotics,
requiring the use of rapid point-of-care testing. This
technology which is promoted as a solution to future

rational use of antimicrobials is now available and can
provide comprehensive panel results for respiratory
viruses, including SARS-CoV-2, within 45 minutes.
Recently developed rapid tests can improve both the
speed and sensitivity of examination [26, 33, 34].
Before the emergence of novel coronavirus infection,
the US Food and Drug Administration approved the
use of many multiplex PCR panels to aid in early
diagnosis of possible respiratory pathogens, including
Luminex xTAG RVP vl (Luminex Corporation),
Luminex xXTAG RVP Fast (Luminex Corporation),
FilmArray respiratory panels (BioFire Diagnostics),
BioFire FilmArray Pneumonia / Pneumonia plus
(BioFire PN/PNplus; BioFire Diagnostics, LLC, Salt
Lake City, UT), eSensor RVP (GenMark Diagnostics),
Verigene Respiratory Pathogens Flex Test (Luminex
Corporation), Luminex NxTAG Respiratory Pathogen
Panel (Luminex Corporation), and ePlex Respiratory
Pathogen Panel (GenMark Diagnostics) [35].

During the COVID-19 pandemic, SARS-CoV-2
was quickly incorporated into pre-existing syndromic
multiplex panels, such as QI AstatDx Respiratory 2019-
nCoV (Qiagen, Netherlands) and BioFire FilmArray
RP-2.1 (BioFire FilmArray Respiratory Panel-2 plus
SARS-CoV- 2; bioMerieux, France) [35]. The panels
are molecular multiplex PCR tests that increase the
sensitivity of detecting causative agents of pneumonia
and significantly reduce the risk of misdiagnosis of
coinfection during the COVID-19 pandemic. Some
studies have already discussed using some of them
to diagnose the bacterial coinfection in patients with
novel coronavirus infection [9, 36, 37]. According
to Z. Dhesi et al. (2020), the FilmArray Pneumonia
Panel revealed bacterial infection in 54% of patients,
while the microbiological culture data detected it
in only 28.2% of cases [9]. In another study, early
bacterial coinfection in patients with acute respiratory
distress syndrome was reported in 13 (27.7%) patients
with COVID-19: in 12 people following a PCR test
and only in one individual following conventional
bacterial culture test [38].

A systematic review and meta-analysis involving
the results of seven studies (558 patients with novel
coronavirusinfectionadmittedtothe ICU)demonstrated
that the FilmArray Pneumonia panel detected bacterial
infection in 33% of cases (95% CI 0.25-0.41, 12=
32%), while bacterial culture test revealed it in only
18% of patients (95% CI 0.02-0.45; 12=93%) [26].
Similar data on greater information value of multiplex
panels were reported by other authors [37]. In another
study, a rapid PCR test panel (ABI 7500 Real-Time
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PCR System, Applied Biosystems, USA) detected 31
more respiratory pathogens, including P. aeruginosa,
E. coli, M. catarrhalis, H. influenzae, S. pneumonia,
and S. pyogenes, than conventional bacterial culture
tests [39].

The need to obtain a high-quality sputum sample
limits the use of such panels outside the ICU, which
is not always possible in non-intubated patients, e.g.
due to the absence of cough. In addition, a number
of authors reported complicated interpretation of the
test results, limitations of the panel in the detection of
gram-negative bacteria, and sometimes overdiagnosis
of MRSA [36], albeit such panels could help resolve
the issue of distinguishing infection from colonization
via semi-quantitative results [26]. Although the
prospects of these tools for diagnosing infectious
diseases are great, their superiority over conventional
mainstay approaches, such as bacterial culture tests,
has not yet been unequivocally confirmed.

Another method aimed directly at the detection
of pathogens is microbial metagenomic sequencing
(MS). This is a rapidly developing technology
that allows to identify pathogen and microbiome
information simultaneously within 24 hours [5, 40].
Based on previous studies, it can be concluded that
MS has higher detection sensitivity than conventional
microbiological tests, which makes this method more
advantageous in modern microbial surveillance [5,
41]. A microbiome analysis is increasingly used in
clinical microbiology laboratories to identify rare and
hard-to-detect pathogens and coinfections directly
from clinical samples [40]. Characterization of the
respiratory microbiome was performed in various
respiratory diseases.

In VAP, sequencing of 16S rRNA amplicons
expanded microbiological diagnosis by
complementing standard culture and demonstrated
its potential use as a prognostic marker, since the
composition of the microbiome during intubation can
predict subsequent development of VAP [40]. MS of
COVID-19 respiratory samples demonstrated minimal
differences in the microbiome between patients
with different prognosis and patients with different
duration of mechanical ventilation. At the same time,
bronchoalveolar lavage samples are comparable in the
information value with samples obtained following
endotracheal aspiration [5, 40]. In a small Danish
study (34 patients), potential pathogens were detected
in 7 patients (21%) by the bacterial culture test, in 4
patients (12%) by the microbiome analysis, and in only
1 patient (3%) by the respiratory panel. The authors

considered that there was a reasonable agreement
between the results of the bacterial culture test and the
microbiome analysis, as 6 / 7 (85%) of the cultured
microorganisms in the aspirates were identified during
the microbiome analysis. When combining the results
of the microbiome analysis and conventional bacterial
culture tests in endotracheal aspirate samples, the
prevalence of bacterial / fungal coinfections increased
from 21 to 33% [40].

The increased sensitivity of multiplex panels
and 16S metagenomic analysis for the detection
of pneumonia-inducing pathogens, compared with
bacterial culture tests, was demonstrated in the
European multicenter study BioFire PNplus, Curetis
Unyvero [34]. The scope of application of the
microbiome analysis in respiratory specimens in the
clinical setting is yet to be determined, but its routine
use requires reduced processing time and cost.

PREDICTORS (BIOMARKERS)
OF BACTERIAL COINFECTION
AND SECONDARY INFECTIONS

Studying the predictive capability of various
clinical and laboratory tests as predictors of bacterial
coinfection and secondary infections is relevant. PCT
is recognized as the most promising indirect test in
terms of diagnosing bacterial infection in patients
with novel coronavirus infection [6, 20, 42, 43]. PCT,
a precursor of the hormone calcitonin, is stimulated by
IL-6, tumor necrosis factor, and cytokines associated
with bacterial infection and is inhibited by interferon
gamma, which is associated with viral infections
[44]. Expression of PCT is elevated in the epithelial
layer of cells when infected with bacterial infection.
A landmark article published in 1993 reported on the
ability of PCT to distinguish between bacterial and
viral infections [45]. A number of studies showed
that PCT surpasses CRP in distinguishing between
bacterial and viral infections [46], but the role of
PCT measurement in antimicrobial management is
controversial. PCT testing is approved by the US Food
and Drug Administration for the treatment of sepsis
and respiratory tract infections; but in the UK, current
guidelines of the National Institute for Health and
Care Excellence (NICE) do not include PCT testing
due to insufficient evidence [47].

Many studies showed that antimicrobial therapy
with the control of PCT levels yields good results in
patients with acute respiratory disease, exacerbation of
COPD, and sepsis [24, 44, 48, 49]. Numerous studies
demonstrated a higher level of PCT in patients with
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COVID-19 and bacterial coinfection compared with
patients with COVID-19 without signs of bacterial
infection, as well as changes in PCT after the initiated
antimicrobial therapy [24, 50-52].

During the first wave of the COVID-19 pandemic,
there was widespread use of PCT level detection
in NHS hospitals (UK). The number of hospitals
using PCT detection for emergency / acute hospital
admissions increased from 17 (11%) to 74 / 146
(50.7%), and its use in ICUs increased from
70 (47.6%) to 124 / 147 (84.4%). This increase occur-
red predominantly in March and April 2020, before
the release of the NICE guidelines. Approximately
half of the hospitals used PCT measurement as the
only test to decide on discontinuation of antimicrobial
therapy, and half of the hospitals used repeated
measurements [47].

In their study, M. van Berkel et al. (2020)
investigated PCT and CRP levels as prognostic
markers of possible bacterial coinfection in COVID-19
patients in the ICU. It was noted that CRP levels tend
to increase, while PCT is often low in patients with
novel coronavirus infection at admission [53]. Other
authors presented similar data on PCT as a prognostic
marker in COVID-19 [24].

In the study by G.P. Drewett et al. (2021), changes
in serum PCT levels were associated both with the
initiation of antimicrobial therapy in patients with
novel coronavirus infection and with the transition
from intravenous to oral drug delivery [54]. All
patients with high PCT levels (> 0.5 ng / ml) received
antibiotics in hospital, while 20% of patients with
moderate PCT levels (0.07— 0.5 ng / ml) and 40%
of patients with low PCT levels (< 0.07 ng / ml) did
not receive any antimicrobial therapy. These results
highlight the potential utility of PCT testing. Similar
data on lower frequency of prescribing antibiotics
(21%) in the absence of an increase in PCT level (<
0.25 ng / ml) were obtained by the authors of another
study [52].

The most appropriate threshold for PCT has not
been determined yet [19]. It was indicated that a
PCT level of more than 0.5 ng / ml could be used to
confirm bacterial infection, while a level of < 0.25
ng / ml was not associated with bacterial infection
[43]. According to M. van Berkel et al. (2020), the
negative predictive value in patients with PCT levels
<0.25 pg/1was 81%, whereas PCT >1.00 ug/lhad a
positive predictive value of 93% for the development
of bacterial infection [53]. Data from another study
suggested that the use of PCT levels as a marker for

reducing the use of antibiotics actually decreased the
duration of their use by two days in patients with novel
coronavirus infection [55].

However, not all studies confirmed the diagnostic
value of PCT [8, 44, 56, 57]. In a retrospective
analysis of the data from 60 patients with COVID-19,
no significant difference was found between peak
PCT levels in patients with positive and negative
bacterial culture tests [58]. Another case—control
study demonstrated that no difference was observed
between PCT levels in COVID-19 patients with
and without bacterial coinfection (p = 0.883) [56].
Besides, an increase in PCT levels can be detected
in patients with novel coronavirus infection without
bacterial coinfections, which would serve as a basis
for prescribing antibiotics. For instance, in one study,
microbiologically confirmed bacterial infection was
present in only 12% of patients with a PCT level of >
0.5 ng/ml [32].

Therefore, the significance of PCT in detecting
bacterial coinfection is not so clear, and further
research is needed to develop an accurate predictive
model or a method for diagnosing coinfection in
patients with novel coronavirus infection. The
NICE guidelines (UK) state that there is not enough
evidence for introducing a PCT level examination for
making decisions on prescription of antibiotics [19].
In October 2020, the study on the significance of PCT
levels in antibiotic use in hospitalized patients with
COVID-19 (PEACH), commissioned and funded by
the National Institute of Health Research (NIHR),
started [59].

Therefore, the significance of an elevated PCT
level in confirming the presence of bacterial infection
in patients with novel coronavirus infection is not
undoubtful: its increase may represent bacterial
infection or immune dysregulation, or actually be
a marker of the disease severity. However, low or
normal PCT levels may be useful to avoid prescription
or early discontinuation of empirical antimicrobial
therapy in non-critically ill patients. Besides,
serial measurements of PCT provide the insight
into inflammatory changes in the patient, where a
secondary increase should make the physician suspect
a bacterial superinfection [60]. Finally, PCT levels
can be controlled after the initiation of antimicrobial
therapy to reduce the duration of treatment [60].

Some authors emphasized the diagnostic value of
leukocytosis (especially neutrophilia) in patients with
COVID-19 in relation to bacterial infection [7, 8, 51,
61—-64]. The results of another study indicated that the
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level of leukocytes less than 8.2x10° cells / 1 allowed
to exclude bacterial infection in 46% of patients with
COVID-19 [25], while other authors recommended
focusing on a level > 10 x 10°/1[65].

Regarding the Ilevel of CRP, there are
recommendations that its high values in patients with
novel coronavirus infection do not necessarily imply
the presence of bacterial infection; however, its low
level characterizes a low probability of bacterial
coinfection [19, 53, 66]. In a study by German
researchers, patients with COVID-19 and confirmed
coinfections had higher levels of CRP and PCT
than patients without infection [67]. In bloodstream
infections, the increase in CRP and PCT levels was
more pronounced than in respiratory infections.

The study by P. Hedberg et al. (2022) showed that
the predictors of bacterial coinfection in patients with
COVID-19 were CRP levels of > 50 mg /1, CRP levels
of > 150 mg / 1, leukocyte count of over 12.0x10°
cells / 1, PCT levels of > 2.00, and the neutrophil-to-
lymphocyte ratio exceeding 20.0 [68].

H. Chen et al. (2021) considered prescribing
antibiotics only if the infiltrate was visible on chest
X-ray and the leukocyte count was > 10 x 10°/ 1, or
in severe illness requiring intensive care in the ICU.
If the CRP level was < 60 mg / 1 or the PCT level
was < 0.5 ng / ml, they recommended to refrain from
prescribing antibiotics [65]. According to the authors,
only 4 out of 114 patients would qualify for antibiotics
during a 14-day period.

It should be noted once again that serological
markers of inflammation usually associated with
bacterial infection, such as elevated PCT and CRP
levels, may appear in patients with novel coronavirus
infection without bacterial coinfection [69, 70].

RISK FACTORS FOR BACTERIAL INFECTION

It is often difficult to determine which patients
should be given antibiotics and which patients
may not benefit from them. The possibility of
identifying a probable bacterial pathogen in a
large number of admitted patients with novel
coronavirus infection is significantly limited.
Therefore, it is necessary to understand and iden-
tify risk factors for the development of bacterial
infections in hospitalized patients with COVID-19
and reveal markers of a bacterial coinfection in order
to form clearer indications for antimicrobial therapy.
All of these would contribute to rational antibiotic
use aimed at improving the quality and safety of
their application.

Risk factors for the development of bacterial
infection include age over 60 years, prolonged hospital
stay, need for mechanical ventilation, stay in the
ICU (severe course of COVID-19), chronic bacterial
infections in the past medical history (primarily those
of the respiratory tract), administration of steroids
and / or immunosuppressive therapy prior to and / or
during COVID-19 therapy, chronic renal failure with
a need for hemodialysis, and immunodeficiency (e.g.
chemotherapy for cancer; bone marrow or organ
transplantation; primary immunodeficiency; poorly
controlled HIV or AIDS) [3, 4, 16, 20, 29, 32, 50,
51, 66, 67, 71-74]. It is also impossible to ignore the
increased risk of catheter-associated bacterial infection
in patients with a severe course of novel coronavirus
infection following even short-term placement of a
central catheter [27, 75].

CONCLUSION

Therefore, the problem of diagnosing bacterial
infection in patients with COVID-19 appears quite
complicated. In routine practice, the combination of
the clinical course of the disease with the results of
standard laboratory tests and data provided by imaging
methods are foremost in assessing the likelihood of
bacterial coinfection in patients with novel coronavirus
infection. However, this approach does not always
allow to diagnose bacterial coinfection with a
sufficient degree of certainty when a patient develops
viral respiratory infection. Substantial assistance in
this matter could be provided by available modern test
systems along with a combination of symptoms and
additional laboratory criteria (e.g. PCT), supplemented
with the analysis of the overall clinical presentation
of the disease performed by a physician with the
knowledge of the patient risk group. Furthermore, the
data on extremely rare incidence of bacterial infection
in outpatients and its rare incidence in patients in the
first 5-10 days of hospitalization are very helpful in

this regard.
If the doctor doubts the presence of bacterial
coinfection, empirical antimicrobial therapy is

possible upon admission of the patient to the hospital
(in the first 24-48 hours). However, after receiving
laboratory test results, antimicrobial therapy should
be reviewed and immediately discontinued if there are
no criteria for its prescription. Consequently, young
patients and patients without concomitant pathologies
who are prescribed antibiotics for dry cough, fever,
flu-like symptoms, interstitial infiltrates, or elevated
CRP levels are likely to receive antimicrobial therapy
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without indications. Therefore, in the absence of

alternative data indicating the need for its use,
antimicrobial therapy should be suspended.
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ABSTRACT

Aim. To analyze modern methods for the diagnosis of trematodiasis in experimental and epidemiological studies.

Trematodiasis is a group of common parasitic diseases that are a socially sensitive health problem worldwide.
According to World Health Organization, more than 250 million people are affected by trematode infections
globally. The most common types of human trematode infections are diseases caused by Schistosoma, Fasciola,
Clonorchis, and Opisthorchis pathogens. Diagnosis of trematodiasis is often multistage and includes identification
of disease symptoms, analysis of medical history, and use of various laboratory tests. Clinical presentation of
parasitic infections often varies, making a definitive diagnosis difficult. Various tools are used to diagnose trematode
infections: epidemiological criteria, laboratory tests (complete blood count and blood biochemistry, serological
methods), instrumental methods (abdominal X-ray and ultrasound), and parasitological techniques, which often
have insufficient sensitivity and specificity. Therefore, development of modern and effective non-invasive methods
for detection of trematode infections with high sensitivity and specificity, including screening in endemic regions,
is relevant.

The present review analyzes the results of 90 clinical trials and experimental studies on the diagnosis of trematode
infections using the PubMed search engine and the eLibrary database. The review analyzes original articles
published from January 1, 2015 to December 31, 2021.

Most studies confirm that the absence of a standard diagnostic approach highlights obvious convenience of utilizing
a combined approach to reliable diagnosis of trematodiasis. An adequate combination of different diagnostic tests
makes it possible to diagnose the disease correctly, devise a correct treatment and follow-up strategy, and organize
preventive measures.
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immunoassay, molecular diagnosis, molecular genetic diagnosis, endoscopic examination, computed tomography
(CT), magnetic resonance imaging (MRI), ultrasound examination (US)
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dopcaiiT AUarHoCTUKN TPEMaToA030B: MHHOBaLIMM NPOTUB PYTUHHDbIX
MeTOof 0B

MepuHa E.A., XmeneBckas E.C., ®egopoBa O.C., BaHoB B.B.

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

PE3IOME

Henr nanHoro o63opa JUTEpaTyphl — MPOBECTH aHAIN3 COBPEMEHHBIX METOJOB JHATHOCTHKU TPEMATOJI030B B
SKCIIEPUMEHTANIBHBIX U SMHUIEMHOIOTNYECKUX UCCIIeI0BaHUSAX.

TpemMatomo3sl — paclpoCTpaHCHHbIC Mapa3sHTapHble 3a00JICBaHMS, SBIMIOLIMECS BaXHOH MpoGiieMoit
001eMUpPOBOTO 3/1paBooxpaneHusi. [10 maHHBIM BceMupHON OpraHu3aiuu 3IpaBOOXPAHEHUS, TPEMATO[03aMU
nopaxeHo 6onee 250 miH yenoBek. Hanbosee pacipocTpaHEHHBIMU BHAAMU TPEMATO030B YeIOBEKa SIBIISIOTCSI
3a00JIeBaHusl, BEI3BaHHBIC BO30ymuTensiMu Schistosoma, Fasciola, Clonorchis w Opisthorchis. JlnarnocTuka Tpe-
MAaroJ[030B 4acTO ObIBaeT KOMOMHUPOBAHHOW M MHOTOCTYIIEHYATON — BBISIBJIEHHE CUMIITOMOB 3a00JIeBaHusI, COOp
SMUIEMHUOJIOTHYECKOTO aHAMHE3a W HWCIOJIb30BaHKUE PA3JIMYHbIX JIaGOpaTOPHBIX HcclenoBanuii. Kimnnueckas
KapTHHA Mapa3suTapHbIX MHBA3WH Y4acTO BAPbUPYET, YTO 3aTPYIAHAET OKOHUYATEIbHBIN quarno3. J[js InarHoCcTuKu
TPEMATO030B HCIONB3YIOT pa3JINYHble JIUATHOCTHYECKUE HWHCTPYMEHTBI: OSIHIEMHOJIOTHYECKUE KPUTEPHH,
METO/IbI J1abopaTOPHON JUArHOCTUKU (OOIIMi ¥ OHOXUMHYECKHI aHaiu3 KPOBH, CEPOJIOTHYECKHE METOIBI),
HHCTPYMEHTAIbHBIE METO/bI (PEHTIEHOJIOTHYECKHE W YJIBTPa3BYyKOBbIE WCCIEIOBAHUS OPraHOB OPIOLIHON
MOJIOCTH), TMAapasUTOJOTHYCCKHE METO/Ibl, HEPeAKO O0O0JaIarolue HEJIOCTaTOYHON YYBCTBHTEIBHOCTHIO U
cre(UUHOCTBIO0. B 3T0M CBsi3u akTyasibHa pa3paboTka COBPEMEHHBIX U 3P ()EKTUBHBIX HEMHBA3UBHBIX CIIOCOOOB
JIETEKIINU TPEMATO/030B, B TOM YKCJIE JUISi CKpDUHHHTOBOW JIMATHOCTHKHU B DHIEMHYHBIX PETHOHAX.

B pabore mposexen anamu3 90 HaydHBIX MyONMKAIMH pe3yabTaTOB KIMHUYECKHX W HKCIICPHMEHTAIBHBIX
HCCIIEOBAaHUN B 00IacTM JIMArHOCTHUKH TPEMATOJ[030B C HCIIOIB30BAHMUEM JJICKTPOHHO-TIOMCKOBON CHCTEMBI
PubMed u HayuHoli snextponHoW OmOmmorexu Elibrary. B 00630pe TpencTaBIeHb OpPUTHHAIBHBIC CTaThH,
omy0mkoBanHbIe ¢ 1 staBaps 2015 1. mo 31 mexadps 2021 r.

BOJIBIIMHCTBO HCCIIEA0BAHUI OATBEPIKAAET, YTO OTCYTCTBHE CTAaHAAPTHOT'O IMArHOCTHYECKOTO MOAX0/1a oA4ep-
KUBAeT OYEBUIHOE YI00CTBO IPUMEHEHUSI KOMOMHUPOBAHHOTO MOAXO0/1a JUISl MOTy4YEHUS JOCTOBEPHOIO JMarHo3a
TpeMaro03a. AJJeKBaTHOE COYETAHNUE PA3IMYHbIX AUArHOCTHYECKUX TECTOB MO3BOJISCT HPABUIBHO IHArHOCTUPO-
BaTh 3a00JICBAHKE, COCTABUTH IPABHJILHBIN IUIAH JICYCHUS U TIOCIICYIONIEro HaOII0ICHHUs, OPraHU30BaTh MEpbI
MPOQUIAKTUKY.

KiioueBblie cjoBa: TpemMaros03, OMUCTOPXO03, KIOHOPXO3, IYOACHAIBHOC 30HIMPOBAHHUE, TeIbMHHTOOBOCKO-
M5, IMMYHO(DEPMEHTHBII aHaIN3, MOJICKYJISIPHO-TEHETHYECKas! IMArHOCTHKA, SHIOCKOIINYECKOE HCCIIeIOBaHHE,
kommbtotepHast Tomorpadus (KT), marautHo-pe3onancHas Tomorpadust (MPT), ynpTpazBykoBoe HCCIIeIOBaHNE
(Y31)

KOH('I).]'IHKT HUHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U MNOTCHIHUAJIBHBIX KOH(l)J'II/IKTOB UHTEPECOB,
CBsA3aHHBIX C COACPIKAHNEM HACTOSIICH CTaThHU.

Hcrounnk punancupoBanus. ccrienoBanue BEIOTHEHO pH prHaHCOBOI nonepxke PODU B pamkax HaydHO-
T0 npoekTa «aeHTH(UKAI HOBBIX ANArHOCTHYECKIX MapKePOB st pa3pabOTKH TEXHOIOTHH MOMYIISIIHOHHOTO
CKpHHHUHTA TpeMaTo1030B» Ne 19-515-70004.

Jast umtupoBanus: [lepuna E.A., Xmenesckas E.C., ®enoposa O.C., Mianos B.B. ®opcaiit auarHocTuku Tpe-
MaTO/I030B: MHHOBALMM IPOTUB PYTHHHBIX METONOB. broremenv cubupckou meduyunvl. 2023;22(1):132-142.
https://doi.org/10.20538/1682-0363-2023-1-132-142.

INTRODUCTION Organization (WHO), it affects more than 250 million
people in many countries on five continents [1-5]. The

Trematodiasis is a group of common parasitic most common types of human trematode infection are
diseases that are a socially sensitive health problem diseases caused by Schistosoma, Fasciola, Clonorchis,

worldwide. According to the World Health and Opisthorchis. People acquire trematodes while
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swimming via skin and mucous membranes, by
accidental ingestion of water containing parasite
cysts, and by consumption of inadequately processed
or raw fish.

Helminth invasion of the biliary tract is an
important medical problem, especially in tropical and
subtropical endemic areas [6]. Many endemic regions
(China, Philippines, Cambodia, Laos) have launched
national programs to achieve control of invasions [7].
Trematodiasis control worldwide is aimed at reducing
the risk of infection. For this purpose, mass prophylactic
anthelmintic treatment is offered in endemic areas.
All this is due to difficult diagnosis of these diseases,
which is often combined and multistage and includes
identifying symptoms of the disease, taking a biological
history, and using various laboratory tests. The clinical
presentation of parasitic infections often varies, making
a definitive diagnosis difficult. Various diagnostic
tools are used to diagnose trematodes: epidemiological
criteria, laboratory diagnostic methods (complete
blood count and blood biochemistry, serological
tests), instrumental methods (abdominal X-ray and
ultrasound), parasitological techniques [8]. Specific
diagnostic methods are detection of eggs in feces,
urine, and / or duodenal contents [6, 9]. However, it
is recognized that parasitological methods show low
sensitivity in detecting mild infestations; consequently,
there remains a need to develop more sensitive and
specific diagnostic tools to monitor the prevalence of
parasite invasion [9-12].

The aim of this literature review was to analyze
modern methods for the diagnosis of trematodiasis in
experimental and epidemiological studies.

METHODS

The present review analyzes the results of clinical
trials and experimental studies on the diagnosis
of trematode infections using the PubMed search
engine and the eLibrary database. The review
includes original articles published from January
1, 2015 to December 31, 2021. Primary search for
publications on the diagnosis of trematodiasis was
carried out. The keywords used for the search were
“trematodiasis”, “opisthorchiasis”, “clonorchiasis”,
“duodenal sounding”, “helminthovoscopy”, “enzyme-
linked immunosorbent assay”, “metabolomics”,
“proteomics”, “molecular genetic diagnosis”, “PCR”,
“endoscopic examination”, “CT”, “MRI”, “ultra-
sound”, “X-ray”. Approximately 350 publications in
Russian and over 1,500 publications in English were

identified.

At the first stage, we selected articles the title
of which mentioned methods for diagnosing
trematodiasis; at the same time, we excluded reviews
and articles duplicating information. At the second
stage, we analyzed abstracts of the publications and
excluded works in which routine methods and stool
microscopy were used as the only research methods.
At the third stage, we selected articles with access
to the full text; as a result, a detailed analysis of 90
publications containing data on original modern
research in the field of diagnosing trematodiasis was
carried out.

MODERN MICROSCOPY TECHNOLOGIES

The results of the analysis indicate wide
geographical coverage of the studies: most of them
were performed in the endemic regions of Southeast
Asia; however, some studies were carried out in
Europe, USA, and Africa [12—-15]. To confirm the
diagnosis of most trematode invasions, microscopy of
patient stool samples is used, since the method is simple
and affordable; however, it only detects invasion of
medium and high intensity [12, 16]. The sedimentation
method has greater sensitivity and versatility at low
invasion intensity [15, 17, 18]. Microscopy of stool,
urine or duodenal samples requires a laboratory with a
light microscope and qualified experienced personnel,
which is not always available in endemic areas.

Some researchers propose a solution to the
above problems with modern compact microscopes
compatible with smartphones. So, in the study [19,
20], a comparison of a standard microscope and two
mobile microscopes — Foldscope and CellScope —
was carried out for the diagnosis of S. haematobium.
Sensitivity was 55.9 and 69.6%, specificity reached
93.3 and 100%, respectively. Given possible technical
improvement (increased sensitivity, increased fields
of view), these devices can become pilot technology
for the production of portable diagnostic microscopes.

At the same time, for the differential diagnosis of
schistosomiasis, a rectal biopsy can be used, which
makes it possible to achieve high sensitivity of a
microscopic examination in comparison with standard
serological tests [21].

ENZYME IMMUNOASSAYS

Enzyme immunoassay is a common and frequently
used method in parasitology. The most common
technique is enzyme-linked immunosorbent assay
(ELISA). This method is based on detection of
specific antibodies to present parasites secreted by the
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body or parasite antigens themselves determined in
venous blood or urine. This method has advantages
over stool microscopy, since parasite antibodies are
detected even in case of slight invasion. A study
investigating seroprevalence and the relationship
between the number of O. viverrini eggs in infested
individuals and the specific antibody response showed
that ELISA (based on total IgG and IgG4 antibodies
to O. viverrini) has higher sensitivity in the analysis
(98.4 and 89.8%, respectively) than the modified
formalin-ethyl acetate technique (70.3%). The study
also noted a positive correlation between the number
of O. viverrini eggs in one gram of stool and IgG
antibody levels [7].

However, with enzyme immunoassays, both false
positive and false negative results are possible: the
former appear against the background of a previous
invasion, the latter — in severe immunodeficiency [22,
23]. An important disadvantage of ELISA is also the
presence of cross-reactions due to antigenic similarities
of various parasites. In this regard, an important task
is to increase the sensitivity and specificity of the
method.

Thus, to confirm the invasion by S. japonicum,
the diagnostic potential of cathepsin B was studied
(SjCatB). The results showed high sensitivity (86.7%)
and specificity (96.7%), which indicates the promising
diagnostic potential of this marker [24, 25].

The results of the literature review indicated
that extravesicles [24, 26], P-selectin [27], soluble
egg antigens [28-31], and serum immunoglobulins
[32] were used to develop diagnostic tools for
schistosomiasis. As part of the experimental work,
specific proteins were studied in animals [33, 34],
e.g. saposin-like proteins (SjSAP4 + Sj23-LHD (large
hydrophilic domain)) provided the best diagnostic
result with the sensitivity of 87.04% and specificity
of 96.67% [24, 35-37]. A study of the inflammatory
marker YKL-40 (chitinase-3 like-protein-1, also
called human cartilage glycoprotein 39) in preschool
children showed that it could be a potential biomarker
of S. haematobium [38]. Serum carbonic anhydrase
1 (CA1) was proposed as another line of S. mansoni
diagnosis [39].

To simplify screening, the point-of-care circulating
cathodic antigen assay is utilized (POC-CCA), in
particular, kits for detecting S. mansoni are used [23,
34, 40-44].

A work evaluating the use of three functionally
active recombinant forms of the main secreted
cathepsins  (rFhCL1, rFhCL2, rFhCL3) and

cathepsin B, rFhCB3 as antigens in indirect ELISA
for serological diagnosis of F. hepatica infection in
experimental and natural conditions showed that the
level of antibodies to all three cathepsins L remained
high during chronic invasion, but quickly decreased
after drug treatment, which can be used to assess the
effectiveness of deworming [45, 46].

Currently, the availability of omics studies makes
it possible to study the parasite proteome and use
these data to create new diagnostic kits. To improve
the sensitivity, specificity, or field applicability of
diagnostic kits, a search was performed for serum
and urine biomarkers to determine S. haematobium
invasion [22]. Another study evaluated the possibility
of using milk instead of blood serum for early
diagnosis of fascioliasis in dairy goats [47].

In the study on methods for diagnosing F. hepatica
using ELISA, a group of researchers proposed to use
a multiepitope construct of three protein epitopes
cathepsin L1, a saposin-like protein 2 (SAP-2), and
a 16.5-kDa tegument-associated protein (FhTP16.5),
showing its high antigenicity and specificity [48].
At the same time, cathepsin L1 as a separate marker
can act as a suitable antigen as well [49-52]. Some
researchers studied fractionated parasite cells by
conducting ELISA of proteins of different mass,
rapidly yielding a reproducible method for obtaining
antigens with acceptable sensitivity and specificity
[53].

Monoclonal  antibodies  (MoAb)  against
recombinant F. gigantica glutathione peroxidase
(rtFgGPx) can be used for immunodiagnosis of
both early and advanced fascioliasis in animals and
humans [54, 55], and recombinant adenylate kinase
3 is proposed as a marker for the serodiagnosis of
clonorchiasis [56]. Determining the cathepsin level
in O. viverrini invasion also shows good results
(sensitivity and specificity of 62.1 and 84.1%,
respectively), so it can become an alternative
immunodiagnostic tool for human opisthorchiasis
in endemic areas [57, 58]. The use of monoclonal
antibodies in O. viverrini invasion proved to be
promising due to high diagnostic accuracy with
the possibility of using urine samples instead of
stool samples. Comparison of the concentrations of
monoclonal antibodies in urine samples and stool
samples showed a positive relationship between
antibody concentrations and the number of eggs in
one gram of feces, as well as high specificity [59-61].

In another study that used gold nanoparticles, a
more than 3-fold rise in the sensitivity of the method for

Bulletin of Siberian Medicine. 2023; 22 (1): 132-142 135



Perina E.A., Khmelevskaya E.S., Fedorova O.S., Ilvanov V.V.

Foresight in the diagnosis of trematodiasis: innovations versus routine

detecting O. viverrini antigens was achieved compared
to the classical method, increasing the sensitivity to
93.8 vs. 91.3%, respectively. The innovation allowed
to reduce the number of reaction steps, which leads to
a decrease in the waiting time for the results without a
decrease in the quality of the analysis [62].

MOLECULAR GENETIC METHODS

Another method that has become widespread in the
diagnosis of parasitological diseases is the polymerase
chain reaction (PCR), based on detection of parasite
antigens in various samples — blood serum, urine, stool.
When comparing modern invasion detection methods,
PCR surpasses standard microscopy of stool and urine
samples and most often shows fairly high sensitivity
and specificity [41, 46, 63—66]. When compared with
standard methods of parasitological diagnosis, PCR
shows a significant increase in the disease prevalence
[67]. Thus, in a study, PCR revealed 13-15% more
cases of invasion compared to microscopy [68].
With the improvement of methods for extracting
DNA from samples, the sensitivity of the method can
reach 100%. For example, when using the method in
the experiment of mechanical disruption of parasite
eggs by bead beating, a 100% positive result in the
diagnosis of S. haematobium was achieved compared
to 85% using the standard extraction procedure [69].

Along with PCR, recombinase polymerase
amplification (RPA) is carried out, which allows to
increase sensitivity from 66 to 87%, respectively,
with 100% specificity of both methods. In fascioliasis,
RPA helps to detect 47% of infections not detected
by microscopy [70, 71]. The real-time RPA for
diagnosing urogenital schistosomiasis targeting the S.
haematobium Dra 1 sequence had clinical sensitivity
and specificity of 98.4 and 100%, respectively,
compared to the real-time PCR assay also targeting
the Dra 1 sequence [72].

Another modification of PCR is loop-mediated
isothermal amplification (LAMP) — a DNA
amplification technique in one tube, which allows
for molecular diagnosis to be carried out much
cheaper and faster than PCR. A study on diagno-
sing S. haematobium invasion using LAMP
showed similar sensitivity and specificity compared
to PCR (100%). For S. mansoni, sensitivity was
higher for LAMP amplification (100%) than for PCR
(99%) [73]. The same method was used to study
stool specimens from patients with suspected
C. sinensis infection, achieving high sensitivity and
specificity [74].

In another study, traces of F. hepatica infection
were also determined in comparison with the standard
PCR method [75]. This disease is characterized
by difficult detection, often despite the symptoms,
standard parasitological methods do not detect the
presence of eggs. In this article, LAMP analysis
showed a positive reaction even if there was only one
helminth egg in the sample. In addition, visualization
of the result is also quite simple — a color change in the
solution is observed under ultraviolet light. Similar
results were presented in a study comparing classical
parasitological methods (direct wet preparation
and concentration method), PCR, and LAMP for
the diagnosis of F. hepatica in sheep fecal samples
[18]. Also, the LAMP analysis allows to avoid cross-
reactions with other species. In a study evaluating
LAMP for the detection and monitoring of S. mansoni
transmission foci in the intermediate host (snail of the
genus Biomphalaria), the LAMP method was shown
to be three times more efficient than parasitological
testing and more convenient for field use than other
molecular methods [76].

Quite a lot of studies are being carried out to search
for new targets for the diagnosis and differentiation
of various invasions and the search for new antigens
and their combinations [10, 15, 18, 24, 33, 65, 77-84].
As new markers, saposin-like protein [37], miRNAs
isolated from serum extravesicles [85, 86], and
cathepsin L3 are used in schistosomiasis [87], 27-kDa
purified parasite antigen is used in fascioliasis [14],
and intergenic spacer region of F. hepatica DNA [17]
and schistosomule antigen are used in S. mansoni
invasion [88].

The sensitivity of PCR-based methods depends on
the number of copies of the gene, the number of parasite
eggs, the quality of DNA, and PCR inhibitors in the
sample. There are studies on improving PCR methods
by influencing the /752, cox1, and cyb genes [82].

With the ever-improving capabilities of sequencing
and bioinformatics tools for analyzing sequences and
other highly repetitive genomic elements, real-time
PCR as a diagnostic tool is becoming more common.
A cluster analysis of the S. japonicum genome was
carried out, on the basis of which a primer — probe
set was developed. The resulting real-time PCR test
was shown to reliably detect as little as 200 pg of S.
Jjaponicum genomic DNA, and when testing tiny stool
samples containing a single helminth egg, the designed
primer — probe set detected DNA in all samples
[89]. Multiplex real-time PCR for the diagnosis of
S. haematobium and S. mansoni was analyzed on
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serum samples [13]. Sensitivity and specificity values
based on multiplex real-time PCR for diagnosing S.
haematobium and S. mansoni were calculated in the
range of 87.9-100%.

Despite the advances in the use of molecular genetic
methods in the diagnosis of trematodiasis, the study
of new potential targets causes difficulties associated
with insufficient sensitivity and cross-reactions. Thus,
in the study of real-time PCR based on SjR2 and
SJCHGSC19, it was shown that these markers can
be used to diagnose S. mekongi infections in human
blood serum, but the tests had low sensitivity and
cross-reactions with samples positive for S.mansoni
or S. haematobium [16].

IMAGING METHODS

Considerable attention is paid to imaging
technologies in the diagnosis of helminthiases [90].
One study examined cases of appendicitis associated
with schistosomiasis [91]. As a result, the features of
computed tomography (CT) data were determined,
which can be used as criteria for early detection of
S. japonicum — large diameter, calcifications in the
appendix wall together with the sigmoid colon and
calcifications in the caecum, signs of perforation or
abscess. Another study in Africa found that in patients
diagnosed with schistosomiasis based on serological
criteria, standard urinary tract and liver ultrasound is
not informative, and it is possible to simplify clinical
management of these patients [92].

MRI can be used for O. felineus invasion. It is shown
that against the background of invasion, the MRI image
has a characteristic pattern that is not typical of other
diseases of the hepatobiliary tract. [93]. This method
allows to determine areas with the greatest changes,
which will allow to apply these methods in the future in
routine diagnosis of opisthorchiasis. MRI is necessary
for the diagnosis of neuroschistosomiasis in the invasion
by S. japonicum, S. mansoni, and S. haematobium [94].

There are isolated cases in clinical practice when
standard helminthological methods indicate the
absence of invasion, but the endoscopic presentation
allows to visualize release of liver fluke eggs into the
lumen of the large intestine. One study showed that
the histologic examination confirmed the diagnosis
of schistosomiasis — intestinal samples contained
multiple eosinophilic granulomas with S. mansoni
eggs [95]. In individuals infested with S. mansoni,
the effectiveness of point shear-wave elastography of
the liver and spleen and correlation of its results with
ultrasound parameters were shown [96].

As a result of such studies, we can talk about the
auxiliary role of instrumental diagnostic methods that
complement standard microscopic, serological or
molecular biological methods.

OMIX TECHNOLOGIES

Thanks to the development of state-of-the-art
molecular genetic methods, a significant breakthrough
has been achieved in recent years in creating parasite
protein libraries and studying their functions in life
and adaptation to changing environmental conditions.
Studies of the proteome are very important, since
proteins are directly involved in implementation
of genetic information and maintenance of the vital
activity of the parasite, and their composition is
directly determined by helminth and microorganism
ecology.

The studies provided abundant data on .
haematobium proteins at various stages of the parasite
life cycle and conducted a genomic and proteomic
analysis of trematodes [97, 98]. The authors propose
to use a data array to identify diagnostic markers,
including the ones for assessing the intensity of
invasion. As part of another study, a study of O.
viverrini was conducted, three specific proteins
were found — potential markers of O. viverrini [99].
A proteomic analysis of S. mekongi was carried out
along with an analysis of their excretory / secretory
protein composition [100] and proteomic screening of
recombinant egg antigens to determine low-intensity
S. mansoni invasion [30]. "

The number of such studies is growing, the array
of data on proteins and helminth genes increases. As
a result, personalized medicine develops, facilitating
quick and individual diagnosis, identifying the degree
of invasion associated with changes in the body, and
developing point-of-care diagnostic methods and
highly specific screening.

CONCLUSION

Improving the technologies for diagnosing
trematodiasis is a significant task for public health,
which is associated with spread of invasions in various
regions of the world, significant financial costs for
anthelmintic therapy, and monitoring of the disease
in the population. Given the heterogeneity of parasitic
invasions, including clinical variability, genetic
diversity, the presence of different stages of pathology
in the population, and the need for differential
diagnosis of poly-helminth infection, there is a need to
develop highly sensitive and highly specific screening
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tests. The review of the literature showed that in recent
years there has been pronounced research dynamics in
this area. Modern microscopy technologies are being
developed (including digital interpretation of data),
tools for immunological analysis are being improved,
classical methods of molecular genetic detection are
being modified. Considerable attention of researchers
is paid to the role of imaging methods in diagnosing
pathological conditions associated with trematodiasis.
Using omics technologies (diagnostic agents based
on proteomic and metabolomic research methods) as
promising diagnostic tools is discussed.
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Clinical and pathogenetic aspects of neutrophilic bronchial inflammation
in asthma patients with cold-induced airway hyperresponsiveness
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ABSTRACT

The review presents data on the effect of neutrophilic bronchial inflammation on the clinical course, external
respiration, and formation of the airway response to cold air in patients with asthma. According to the results of
modern studies, activation of the structural and functional state of neutrophils in a mixed inflammatory pattern
is associated with an increase in disease severity, more difficult achievement of asthma control, pronounced
impairment of bronchial patency due to stimulation of epithelial destruction and remodeling, and development and
maintenance of cold-induced airway hyperresponsiveness.

The mechanisms activating the Thl cytokine profile and oxidative and halogenation stress and determining the
activity of neutrophils and persistence of chronic inflammation lead to oxidative damage to lung parenchyma and
epithelial dysfunction, which contributes to cold-induced bronchoconstriction. Cytolysis and NETosis, acting as
alternative pathways of neutrophil death in the airways of asthma patients, are considered in terms of final stages of
induced activity of neutrophil lysosomes in the mixed asthma phenotype.

Keywords: asthma, mixed inflammatory pattern, neutrophils, proinflammatory cytokines, oxidative stress, cold-
induced airway hyperresponsiveness
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xuanbHoi actmoit (bA). CornacHo pe3ynbTaTtaM COBPEMEHHBIX MCCISJOBAHMUM, aKTHBALUS CTPYKTYPHO-(QYHKIIU-
OHAJIBHOTO CTaTyca HEUTPO(HIIOB MPH CMEIIAHHOM MaTTEPHE BOCIHAJCHUS CBS3aHA C YTSDKEICHHEM TEUCHUS U
0oJiee CIIOKHBIM JIOCTH)KEHUEM KOHTPOIIST 3a00JIeBaHMs, BBIPAKCHHBIM HApyLICHHEM MPOXOAUMOCTH OpOHXOB
BCJIE/ICTBHE CTHMYJISILIMU DITUTENNATIBHON AECTPYKINH U PEMOACITUPOBAHHUS, PA3BUTHEM U MOJIePKaHUEM XOJIO-
JIOBOI T'MIIEPPEaKTUBHOCTHU JIbIXaTEIbHBIX MyTEH.

MexaHH3MBl aKTUBAIMN OUTOKHHOBOTO mpodumist Thl, okcHAaTHBHOTO M TalOreHUPYIOIIETO cTpecca, 00yCiIoB-
JIMBAIOIIE aKTHMBHOCTh HEHTPO(QHIOB M NMEPCHCTEHIUIO XPOHUYECKOTO BOCHAIEHHS, IIPHBOAT K OKCHAAHTHO-
My MOBPEXKJICHHUIO TTAPEHXHMBI OPOHXOB M SIHUTEIHAIBHON ANC(YHKIMH, YTO CIIOCOOCTBYET XOJIOZOBOMY OpOH-
xocrasMy. LluTonu3 1 HeTo3, BEICTYNAIOIIE B KaYeCTBE aJbTepPHATHBHBIX allONTO3Y ITyTel rndenu HerTpoduion
B JIBIXaTEJIBHBIX IyTSX aCTMAaTHKOB, PACCMATPUBAIOTCS C MO3UIMH (DMHAIBHBIX 3TallOB MHIYIHPOBAHHON aKTHB-
HOCTH JIN30COM HEHTPO(HIOB NP cMeIIaHHOM (eHoTnie BA.

KnroueBble cnoBa: OpoHXHaNbHAS aCTMa, CMEIIAHHbINA TATTEPH BOCTANEHUs, HEUHTPODHIIBI, TPOBOCTIANUTENbHbIE
IUTOKNHBI, OKCHJATUBHBIN CTPECC, XOJI0A0Bas THIIEPPEAKTUBHOCTD AbIXATENBbHBIX MyTeH, 0030p

Konpaukt untepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTCHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIICH CTaThu.

Hcrounuk ¢puHAHCHPOBaHUS. ABTOPBI 3asBISIOT 00 OTCYTCTBMU (MHAHCHPOBAHMS TPU NPOBEACHUH MCCIIENO-
BaHUSL.
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BRONCHIAL NEUTROPHILS AND FEATURES
OF THE CLINICAL COURSE OF THE DISEASE

Bronchial asthma (BA) has long been associated
with eosinophilic inflammation. However, studies
show that a number of patients have increased
airway infiltration by neutrophils [1-3]. It indicates
a potentially important role of neutrophils in BA
development associated with phenotypic features of
the disease. In a certain number of BA patients, a mixed
pattern of bronchial inflammation is formed, which is
characterized by a large number of eosinophils and
neutrophils and accompanied by a more severe course
of the disease [4, 5]. Clinically, this is manifested by
persistence of symptoms, a decrease in asthma control,
a decline in the lung function, and, to a greater extent,
small airway patency [3].

It is estimated that an eosinophilic inflammatory
phenotypeisaccompanied by agoodresponse ofasthma
patients to treatment with inhaled corticosteroids
(ICS), antileukotriene drugs (ALT), and interleukin
(IL)-5 blockers [6]. Severe patients with a mixed
BA phenotype have more frequent exacerbations of
the disease, are difficult to treat with ICS, ALT, and
require prolonged use of systemic corticosteroids
(SCS) [4, 5], often responding poorly to the proposed
therapy [7]. According to the literature data,
neutrophilia accompanies resistance to corticosteroids

and therapeutic resistance to high doses of SCS. It is
associated not only with the severe course of BA, but
also with the severity of its exacerbations [8].

In the period of extremely severe exacerbations
and fatal attacks, the neutrophilic inflammation that
dominates in the respiratory tract can lead to death [7,
8]. Thus, when studying bronchial biopsy specimens
obtained from patients with severe exacerbations
of BA and endotracheal intubation for respiratory
failure, it was shown that during the exacerbation, the
bronchial mucosa is heavily infiltrated by eosinophils
and, to a greater extent, by neutrophils [9]. At the
same time, a number of researchers do not exclude the
presence of neutrophilia in bronchial secretion in such
patients even before exacerbation due to the previous
severe course of BA during treatment with high doses
of ICS [10].

However, neutrophils are responsible not
only for the severity of BA and resistance to ICS
therapy, but are directly related to the nature of the
pathological process in the respiratory tract, initiating
or accompanying various exogenous reactions,
for example, when exposed to cold air [3, 11]. The
aggressive effect of cold leads to the formation
of cold airway hyperresponsiveness (CAHR) in a
significant number of BA patients (60—80%), which
is accompanied by the aggravated course of BA in
winter, difficulty in selecting adequate therapy due to
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activation of neutrophilia, and emergence of a mixed
(eosinophilic / neutrophilic) inflammatory pattern in
the airways [3].

Difficulties in treating such patients are associated
primarily with low efficiency of conventional anti-
inflammatory therapy regimens due to the persistently
high level of activated sputum neutrophils [3]. Patients
with a mixed pattern of airway inflammation, even in
mild BA, despite the controller therapy with ICS, more
often experience respiratory discomfort and the need to
use emergency drugs than patients with an eosinophilic
pattern of inflammation. They also have lower values
of FEV, and FEF,, _; and more pronounced bronchial
lability in response to inhaled short-acting ,-agonist
and during bronchoprovocation with cold air [3]. In
patients with a mixed pattern of airway inflammation,
CAHR occurs 2 times more often than in patients
with an eosinophilic pattern of inflammation [3]. The
problem of endogenous regulation of inflammation,
chemotaxis, proliferation, differentiation, apoptosis,
and functioning of granulocytes in maintaining
disturbed homeostasis in BA patients with CAHR
remains little studied.

EXPRESSION OF PROINFLAMMATORY
CYTOKINES AND THE NEUTROPHILIC
LINK OF BRONCHIAL INFLAMMATION

Under the influence of a cold trigger, granulocyte
neutrophils generate reactive oxygen species
(ROS) and other mediators of cellular oxidation
in the bronchi of BA patients [11]. The latter are
represented as signaling molecules that regulate
the activity of the nuclear factor NF-kB, which is
one of the main transcription factors responsible for
adaptive cell responses and is associated with the
intensity of inflammation in BA and expression of
proinflammatory cytokines [12, 13]. An elevated level
of proinflammatory cytokines activates a cascade of
inflammatory reactions that determine the severity of
BA [13].

The impact of cold on the respiratory system of
BA patients is accompanied by an increase in the
concentration of IL-10, IL-5, and IL-1b in the sputum
[14], which fits into the concept of antagonistic
and synergistic relationships between Th2 and Thl
cytokines in BA. A pivotal role in the Th2 response
of the asthma-specific transcription factor GATA-3,
which is involved in the expression of Th2 cytokines,
differentiation of CD4+T cells into Th2 cells, and
inhibition of Thldevelopment and mediates such

components of the clinical course of the disease
as CAHR and airway remodeling, has been proved
[13, 15, 16].

If previously BA was classified as predominantly
Th2 cell-mediated inflammation, in recent years there
has been a paradigm shift, and it becomes increasingly
clear that its severity is largely associated with
neutrophils, which are present in large numbers in
the sputum of asthma patients with CAHR [17]. The
priority role in the development of neutrophilia with
a mixed pattern of chronic bronchial inflammation in
BA patients is attributed to the increased expression of
non-Th2 cytokines, such as [L-17 and proinflammatory
interferon (IFN) vy [1, 5]. They may participate in
the immune response to the effects of physical and
chemical environmental factors [17, 18].

The expression of IL-17 1is associated with
neutrophil NETosis, which often develops in BA
patients along the non-lytic pathway with the formation
of enucleated cytoplasts that induce differentiation of
naive CD4+ helper T lymphocytes (CD4+Th0) into a
subpopulation of T helper 17 (Th17) cells — producers
of IL-17 [5, 19]. The enucleated cytoplasts found
in the lungs in addition to neutrophil extracellular
traps (NETs) result from nuclear desegmentation,
disintegration of the nuclear envelope into multiple
vesicles, and eruption of decondensed chromatin
through ruptured neutrophil plasma membrane with
cytolemma resealing. If the discarded double-stranded
DNA can interact with dendritic cells (DC) localized
among the epithelial cells of the airways through TLR2
receptors, causing the formation of CD4+Th2, then
DC activation by cytoplasts, on the contrary, causes
differentiation of ThO cells into antigen-specific Th17
cells [5, 11].

Cytokines and activated enzymes interacting
in Th17 and Thl inflammatory responses modify
the structure of the airways in BA patients, causing
progression of bronchial obstruction with airway
remodeling [20]. It has been known that IL-17 directly
affects airway epithelial cells, fibroblasts, and smooth
muscle cells [21], controlling both neutrophilic and T2
links of the inflammatory cascade [22]. Differentiation
ofairway Th2 cells into double positive Th2/Th17 cells
is of interest. According to in vivo studies, increased
expression of Th2 / Th17 cells in bronchoalveolar
lavage fluid is associated with the most severe airway
obstruction and hyperresponsiveness, leading to an
increase in corticosteroid resistance in BA [2, 18, 23].

Overproduction of Thl7-related cytokines,
including IL-17A and IL-17F, is thought to be a major
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driver for neutrophil recruitment and activation by
induction of cytokines and chemokines CXCLS, IL-6,
G-CSF, GM-CSF, IL-8, CXCLI, and CXCLS5, whose
expression correlates with the severity of BA and
neutrophilia of bronchial inflammation [24]. Thus, the
neutrophilic inflammatory phenotype of BA (> 40% of
neutrophils in the sputum) is associated with a decline
in lung function, progression of disease symptoms,
and an increase in the sputum concentration of IL-1b
and MIP-3 alpha / CCL20 [4].

IL-8 plays an important role in neutrophilic and
systemic inflammation, which primes the respiratory
burst of neutrophils [25]. Among proinflammatory
cytokines and chemokines, IL-8 preactivates
respiratory reactions in cells [26]. As a chemokine,
IL-8 plays a key role in neutrophil chemoattraction:
it stimulates the migration of neutrophils from the
bloodstream to the site of inflammation, increases
the concentration of intracellular Ca?* in them,
which ensures the movement of leukocytes and
activates the pentose phosphate pathway in these
cells, causing the production of free radicals and
degranulation and exocytosis of neutrophilic enzymes
[27]. Integration of 1L-8 with IL-1, GM-CSF, TNFa,
and other proinflammatory cytokines constitutes a
cytokine field that activates neutrophils [27], which,
in turn, independently synthesize and produce
neutrophilokines (GM-CSF, TNFa, IL-1, IL-6, IL-8),
involved in the cooperation of phagocyte system cells
and acting in a paracrine manner on macrophages and
in an autocrine manner on neutrophils [28].

There is an opinion that neutrophils stimulated by
IL-8 in BA lead to airway eosinophilia by modifying
the migration of eosinophils through the basement
membrane of the bronchial mucosa. Thus, due to
increased migration of eosinophils induced by the
neutrophil + IL-8 complex, the possibility of disease
exacerbation is multiplied [29].

Expression of IL-8, TNFa, and other chemokines
is controlled by NF-kB, which has a stimulatory
effect on numerous genes involved in immune,
acute phase, and inflammatory responses and
airway smooth muscle responses [12]. In turn, NF-
kB is activated by a direct synergistic effect of
TNFa and the bifunctional enzyme CD38, which is
expressed in cells of the immune system, as well as
in vascular and bronchial leiomyocytes. The CD38
molecule, which combines the activity of adenosine
diphosphate (ADP) ribosyl cyclase and cyclic ADP-
ribose hydrolase (cADPRH), serves as a marker of
immunopathological processes characteristic of BA

[30]. TNFa-induced expression of CD38 potentiates
the expression of multiple proinflammatory genes,
increasing smooth muscle contractility, which leads to
increased airway resistance to air flow and contributes
to the development of bronchial obstruction [30,
31]. Under the influence of cold air in patients with
CAHR, there is an increase in the concentration of IL-
1b, IL-8, and TNFa [17]. There is a close relationship
between the concentration of TNFa in the sputum
and the severity of bronchoconstriction in response to
inhalation of cold air [17].

In addition, it is likely that in patients with CAHR,
there is a decrease in antiviral immunity due to the
suppression of the antiviral and immunomodulatory
activity of IFN through the activation of NF-kB and
the expression of genes encoding proinflammatory
cytokines [32]. This may cause persistence of infection
in the airways and is considered as one of the potential
independent mechanisms in the uncontrolled course
and exacerbation of the disease [2, 13].

RESPIRATORY BURST AND AIRWAY
MYELOPEROXIDASE ACTIVITY

The proinflammatory cytokines GM-CSF, TNFa,
and IL-8 modulate the activity of NADPH oxidase
in neutrophils via priming. NADPH oxidase is
a multicomponent enzyme system catalyzing
NADPH-dependent reduction of oxygen to the
superoxide anion O,>, i.., capable of oxidizing
reduced nicotinamide adenine dinucleotide phosphate
(NADPH) and redeploying electrons from NADPH
to molecular oxygen [26]. This process (respiratory
burst) is regulated by many receptor and non-receptor
reactions, which culminate in conformational changes
in NADPH oxidase components and their readiness to
interact with one other [26, 33].

The assembly of a single NADPH oxidase
complex occurs at the center of the respiratory burst
and is triggered by the activation of cell receptors,
kinases, and guanosine triphosphatases, leading to
phosphorylation and membrane relocation of oxidase
components [26, 33]. Taking the first electron, an
oxygen molecule turns into a superoxide radical anion
O,"; with further reduction, either an H" ion is added
to form a hydroperoxide radical HO ', or an electron is
formed to shape a superoxide anion O,*".

During the respiratory burst, the aggressive
superoxide anion radical is removed spontaneously
or under the effect of superoxide dismutase (SOD).
Either an electron or an H" ion is attached to O,
and a hydroperoxide anion HO, is formed, which
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is then reduced to a more stable hydrogen peroxide
H,O,. At this stage, myeloperoxidase (MPO) released
from neutrophil lysosomes is incorporated into the
respiratory burst, converting oxidative stress into
halogenation stress based on synthesis of highly
reactive halogen-containing compounds [34, 35].
Hypochlorous acid (HOCI) is the main product of the
interaction between MPO and H,O, — the most active
precursor of free radicals among reactive halogen
species (RHS) [34, 35].

The cascade of free radical reactions caused by
oxidative stress causes disruption of the structure and
function of biomembranes and damage to all vital
molecules in cells of the respiratory tract, leading to
disorganization of the lung parenchyma and stroma [36].
MPO involved in the respiratory burst of neutrophils,
when interacting with H,O,, catalyzes the oxidation of
halide ions (CI, Br, I"), contributing to the production
of hypohalogenites, hypohalogenite derivatives (HOCI,
HOBr, HOI), and their ionized forms (hypochlorite,
hypobromite and hypoiodite) [36]. As a result of the
occurring reactions, a link between oxidative stress and
halogenation stress is provided [34, 37].

MPO from azurophilic granules of neutrophils
is secreted into the intercellular space as a result of
degranulation during the respiratory burst. In asthma
patients with CAHR, neutrophil degranulation in
sputum occurs to the level of destruction [11]. Total
degranulation, which, as a precursor of destruction,
realizes the maximum oxidative capacity of neutrophils
at the peak of the respiratory burst, is preceded by the
activation of oxidases, which is proportional to the
needs of bronchial inflammation in ROS and RHS.
Enhanced synthesis and intragranular deposition of
MPO, followed by extracellular exocytosis of the
enzyme and products of its catalytic activity, prolong
oxidative stress and provoke inflammatory damage
to the epithelial parenchyma, accompanying the
bronchial response to cold exposure.

Accumulation of peroxidase in neutrophils,
stimulated by the accelerated utilization of HOCI,
hypochlorite anion, and other ionized forms of
hypohalogenites in the bronchial matrix, ends with
functional depletion of cells, depletion of peroxidase-
positive granules, disruption, and cytolysis with
primary destruction of the cytoplasm, then — of the
nucleus and cell lysosomes [11]. A differential sign of
transformation of physiological degranulation (as alink
in cellular adaptation to cold stress) into pathological
destruction is vacuolization and fragmentation of the
neutrophil cytoplasm in BA [38].

In contrast to degranulation, in which structure-
preserving granules with enzymes deposited in
them are secreted into the intercellular space, during
neutrophil destruction, labilization of lysosome
membranes occurs, and the Ilysosomal matrix
penetrates into the environment. In sputum smears, the
concentration of MPO in granulocytes is determined
by the oxidation reaction of benzidine in the presence
of H,0, [38]. This reaction shows dense, diffuse, or
granular location of a black-colored product in the
cytoplasm of granulocytes, which marks peroxidase
activity under conditions of intense synthesis and
accumulation of the enzyme in granules. Due to the
compact arrangement of granules larger than 0.3—
0.4 um, the cytoplasm of neutrophils is either filled
with an intensely stained diffuse and granular material
that masks or incompletely masks nuclear segments,
or acquires a homogeneous black color, with which
benzidine, oxidized by MPO, prevents detection of the
cell nucleus [38].

Against the background of the clear and vacuolated
cytoplasm in neutrophils during degranulation and
destruction, peroxidase-positive inclusions marked
with benzidine are present in the form of sparse or
single, softly colored small granules, up to 0.2-0.3
um in length [38]. The low concentration of MPO in
neutrophils is regarded as a consequence of increased
utilization of the enzyme during the generation of
RHS, degranulation, destruction, and cytolysis of
cells associated with respiratory burst and production
of free radicals. All of the above stimulates the
persistence of inflammation and the formation of an
excessive airway response to cold exposure and leads
to a decline in the lung function and a decrease in
asthma control [3, 38].

NEUTROPHIL PROFILE AND DESTRUCTION
OF BRONCHIAL EPITHELIUM

The most pronounced destruction of the
epithelium is observed in patients with BA with a
mixed inflammatory pattern due to ongoing intense
destructive processes in the neutrophil pool [2, 39].
Destruction of the bronchial epithelium has a negative
impact on airway patency and control of the disease,
contributing to the formation of an increased response
of the bronchi to cold exposure with the emergence of
CAHR [39].

The generation of ROS and RHS exported by
neutrophils is considered as a cause of free radical
damage to mitochondrial cristae and destruction of the
endoplasmic reticulum of the bronchial epithelium,
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followed by cell death [40]. It is assumed that in this
case, apoptotic signals are transmitted to the epithelium
not via a direct pathway, from ligation of the death
receptor to activation of the caspase cascade and cell
death, but via a pathway mediated by de-energization
of epitheliocytes [40]. Actively developing epithelial
dysfunction in BA is associated with low expression
of antioxidant defense factors, in particular, SOD,
which contributes to an increase in the susceptibility
of epithelial cells to the aggressive effect of oxidants
[41]. Activation of the neutrophilic link of bronchial
inflammation [42] is also associated with more
pronounced mucociliary dysfunction in patients with
BA who respond to cold air exposure [43]. Thus, in
patients with CAHR, a close relationship was found
between disorders in the structural organization of
goblet cells, a large number of sputum neutrophils,
and the severity of cold-induced bronchospasm, which
served as a risk factor for escalation of mucociliary
dysfunction [43].

According to a number of sources, oxidative
damage to the airway epithelium leads to exocytosis
from intraepithelial nerve endings of C-fibers (non-
adrenergic / non-cholinergic) in substance P and
neurokinins A and B — neurotransmitters with
pronounced bronchoconstriction and vasodilator
effects [41]. The produced substances activate
mast cells, macrophages, and T and B lymphocytes
and serve as chemoattractants for eosinophils and
neutrophils. Inhibition of the vasoactive intestinal
peptide (VIP), synthesized by neurosecretory cells of
the bronchial epithelium, occurs, production of PgE,
is impaired, surface cell receptors, proinflammatory
cytokines, chemoattractants, and GM-CSF are
expressed [41].

There is evidence that epithelial cells from bronchial
biopsies of patients with BA are characterized by a
significant increase in the production of GM-CSF
and expression of proinflammatory IL-6 and IL-8, the
concentration of which increases drastically under the
influence of exogenous factors [2]. Airway exposure
to cold air in patients with CAHR is accompanied
by overproduction of IL-8 and TNFa, an increase in
cytosis, and a rise in the proportion of neutrophils
in the sputum, leading to a cytokine imbalance
associated with bronchospasm [17]. In parallel, there
is a decrease in the number of cells of the bronchial
epithelium, which is associated with induction of
Thl cytokines and a shift in humoral inflammation to
the Thl cytokine profile. In addition, the decrease is
associated with epithelial destruction, parenchymal

modification of the airways, expression of the NF-
kB factor, and release of proinflammatory cytokines
during oxidative damage [2, 17]. The bidirectional
behavior of NF-kB, which induces cytokines and
is induced by cytokines, controlling the expression
of genes encoding proinflammatory cytokines, is
a fundamental point that brings together oxidative
functions of neutrophils and proinflammatory
activity of the airway epithelium, which makes an
important contribution to the pathogenesis of airway
hyperresponsiveness and remodeling [30].

In addition to oxidative damage, neutrophils
produce proteases. The combined effect of both
factors causes direct non-specific damage to lung
tissues. The production of matrix metalloproteinases
(MMPs) contributes to the degradation of the
extracellular matrix in BA [2]. As it turned out, MMP-
9 can degrade components of the extracellular matrix,
including type IV basement membrane collagen,
which makes a significant contribution to the integrity
of the endothelium and (or) epithelium [2]. Studies
show that remodeling is caused by the differentiation
of mesenchymal cells of the bronchial subepithelial
layer into myofibroblasts [44] with thickening
of the reticular basement membrane, interstitial
fibrosis, and atrophy of the surface epithelium [45].
Therefore, activation of the neutrophilic component
of granulocytic inflammation in patients with BA
is not only associated with the destruction of the
airway epithelium and airway hyperresponsiveness,
but also manifests escalation of airway remodeling,
transferring BA into a more severe form.

CYTOLYSIS AND NETOSIS AS VARIANTS
OF DEATH OF BRONCHIAL NEUTROPHILS
ALTERNATIVE TO APOPTOSIS IN BA

If destruction of granulocytes is a process that
reflects the general biological patterns in the dynamics
of their functional activity [46], then intensification of
destruction and cytolysis are interpreted as the result
of stimulated functional activity associated with
progressive inflammatory alteration, lysis of the cell
membrane, cell isolation, and necrosis [47].

In BA, granulocytes show an IL-5-dependent
increase in the expression of bcl-2 genes, which
causes suppression of apoptosis, prolongation of the
damaging activity of granulocytes, and an increase
in the proportion of dying cells [48]. Antiapoptotic
factors regulating apoptosis are formed in the focus
of inflammation, while the intermembrane space
of neutrophil mitochondria contains proapoptotic
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proteins that penetrate into the cytosol during
apoptosis [49].

In respiratory diseases, mitochondrial membranes
are the most vulnerable link in the pathogenesis
of damage to subcellular structures. Changes in
mitochondria cause disturbances in biological
oxidation and cellular respiration, lead to a decrease in
the intensity of energy exchange, ATP deficiency, and
destruction of other organelles and the cell as a whole
[5]- A decrease in the ability of neutrophils to undergo
apoptosis correlates with destruction of mitochondrial
cristae and indicates de-energization of cells [46, 49],
while in patients with BA, there is a twofold (by 2.1
times compared with controls) increase in the pool of
low-energy cells characterized by destruction of cristae
and outer membrane mitochondria [46]. Activation of
lysosomal acid phosphatases is also directly involved
in the stimulation of neutrophil cytolysis, which
causes an increase in the activity of neutrophil acid
phosphatase by 22.0% in BA [49].

It is most likely that the mechanism responsible
for the decrease in the number of neutrophils
in the airways of asthma patients, in addition to
cytolysis, includes such an alternative to apoptosis
as “classical” NETosis, a process of programmed
oxygen-dependent cell death aimed at producing
highly active neutrophil extracellular traps (NETSs)
(an important tool for phagocytosis and elimination of
pathogens and inflammation products) in response to
the effects of stimuli [S0-53]. Proinflammatory agents
stimulating NETosis can include H,O,, bacterial
lipopolysaccharides, phorbol myristate acetate, IL-8,
and the cleavage product of the fifth complement
component during its activation in the blood serum
(C5a), but only after priming of neutrophils with
interferons (IFNy + C5a, IFNa+C5a) or GM-CSF
(GM-CSF+C5a) [51]. It is believed that almost
all neutrophils are capable of NETosis due to the
presence in these cells of regulatory mechanisms
for starting a program that ends with the formation
of NETs [50].

The formation of NETs begins with neutrophil
priming, triggering of the NADFH oxidase complex,
respiratory burst, and generation of ROS that induce
neutrophil elastase and PAD-4, converting arginine
and methylarginine residues into citrulline in histones
of the nucleus [51, 54]. As a result, chromatin
decondensation occurs with a simultaneous violation
of the structural integrity of the membranes in
cytoplasmic granules [51, 53]. When decondensed
chromatin (DNA strands, histones) is mixed with

lysosomal granule enzymes, reticulated NETs are
secreted into the extracellular space [50-53].

NETs include MPO, neutrophil elastase, cathepsin
G, gelatinase, antibacterial peptides, histones,
humoral pattern recognition receptor pentraxin 3,
and peptidoglycan recognition proteins [51]. During
the formation of NETs by mixing nuclear chromatin
with the contents of lysosomal granules, the activated
neutrophil still retains its viability and functional
activity. Death of an activated (“damaged”) cell occurs
only after the release of reticulated structures into the
extracellular space [49]. Therefore, we are talking
about the existence of “vital” NETs that play a role
in non-type 2 inflammation, correlate with the level
of IL-17 and bronchoalveolar lavage neutrophilia [5,
19], and are found in the airways of patients following
attacks of rhinovirus infections that provoke BA
exacerbations [19]. Vital release of chromatin by
neutrophils primed with proinflammatory cytokines
GM-CSF and IL-5/IFN-y and retaining their effector
functions for some time after the formation of NETs
develops much faster than the classical (“suicidal”)
NETosis. However, in any case, after the destruction
of the pathogen and the completion of the infectious
process, NETs should be eliminated via DNase |
and lysis by macrophages. Overproduction of NETs,
as well as disturbances of mechanisms for their
elimination, for example, in the absence of DNase
I, can cause the development of inflammation or
autoimmune pathology [55].

Thus, even alternative pathways of neutrophil
death in the airways — cytolysis as an outcome of
enzymatic activity of cells induced by the respiratory
burst and NETosis as a tool for the secretion of
inflammatory mediators by ROS-stimulated NETs —
can be considered from the standpoint of their role
in the pathophysiological mechanisms of neutrophil
activity in a mixed inflammatory BA phenotype.

Based on the above data, some potential areas for
further research on the mixed inflammatory pattern
in asthma patients with CAHR can be identified. It is
advisable to study NETs as a marker of IL-17-mediated
neutrophilic inflammation, which negatively affects
clinical manifestations of BA, since the inducing effect
of NETs on the differentiation of CD4+ T cells into
Th17 cells and production of IL-17 was established
[19]. As it is known, IL-17A and TNFa induce the
production of the neutrophil chemokine CXCL-8 by
the bronchial epithelium due to impaired inhibition of
CXCL-8 expression by an internal repressor protein,
which causes hyperreactivity and dysfunction of the
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epithelium [56]. Normalization of the cytoplasmic
translocation of the CXCL-8 repressor protein in the
bronchial epithelium is a potential therapeutic target in
neutrophilic BA. In addition to determining the level
of IL-17 (IL-17A, IL-17F) in the sputum and bronchial
epithelium of asthma patients with CAHR, which plays
a key role in neutrophilic inflammatory phenotype,
it is necessary to identify the components of the IL-
17 signaling pathway that activates the transcription
of IL-17A target genes encoding proinflammatory
cytokines. The key component of the canonical IL-
17 signaling pathway is the TRAF6 regulator (factor
6 associated with the tumor necrosis factor receptor)
whose modification leads to the activation of the NF-
kB and MAPK pathways.

Finally, taking into consideration that recruitment
of neutrophils to the airways is associated with an
increase in the level of proteolytic enzymes, including
neutrophil elastase and MMP-9 [57], it is promising
to study the activity of these enzymes in the sputum,
since they cause destruction of collagen fibers and
are involved in airway remodeling. High levels of
neutrophil elastase and MMP-9 can be considered as
markers of proteolysis activation, which intensifies
airway remodeling and is controlled by the effects of
IL-17A.

As potential targets in BA therapy in patients
with CAHR with a mixed inflammatory pattern,
development of biological preparations based on
monoclonal antibodies should be considered. These
include inhibitors and antagonists of Th17 cells, IL-17,
TNFa, IL-8, IL-6, NF-kB-dependent proinflammatory
cytokines, and Th1 immune responses.
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ABSTRACT

A significant issue for global healthcare is recruitment and retention of doctors and nurses, especially in rural areas.
It threatens continuity and accessibility of medical care for a large segment of the population.

The aim of this article was to summarize currently available data on healthcare recruitment practices, particularly
in rural areas, and key factors influencing retention of healthcare professionals. This will allow to develop evidence-
based strategies for recruitment and retention of healthcare workers in the Russian Federation and reduce personnel
shortage. International and Russian full-text articles were searched for in PubMed, ScienceDirect, Cochrane
Library, Google Scholar, and eLibrary databases.

All the studied factors influencing recruitment and retention of healthcare professionals in rural areas were grouped
into four main categories: financial, social, professional, and personal. Modern healthcare recruitment strategies
were divided into three groups: financial, organizational, and instructional.

The review results suggest that the Russian Federation uses the majority of global strategies to recruit and retain
healthcare professionals in rural areas. However, there are some activities that have not been adopted in our country.
They may be included in healthcare management practices to increase the effectiveness of regional programs for
development of human capital in healthcare.
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Lesb0 TaHHOTO HCCIEIOBAHUS SBISETCSA 0000IICHIE UMEIONINXCS HA CETOHSIITHAN JeHb JaHHBIX O MPAKTHKAX
MIPUBJICYCHUS] METUIIMHCKOTO TIEpCOHANA, MPEXKIIE BCETO B CEIBCKYI0 MECTHOCTB, M KITFOYEBHIX (haKTOpax, BIH-
SIFOIIUX Ha yAepkaHue paOboTHUKOB B cepe 3ApaBOOXpaHEHHs, YTO B OyaynieM MOMOXKET pa3paboTaTh HayqHO
000CHOBaHHBIE MEPOTIPUATHS M TTOJXO/BI K MIPUBJICYCHHUIO U YACPKAaHUIO MEUIIMHCKOTO MIEpCOHAIa U TEM CaMbIM
MTO3BOJIUT COKPATHTh KaapoBBIi Aeduiut B cucreMe 3npaBooxpaneHus Poccuiickoit denepannn. [louck orede-
CTBEHHOW W 3apyOeXHOH IUTepaTypsl MmpoBeneH B 0azax maHHbIX PubMed, Science Direct, Cochrane Library,
Google Scholar, eLibrary.

Bce n3ydaemble B HaCTOSILEM HCCIEI0BaHUHU (DAKTOPBI, BIAMSIONINE HA MPUBJICUEHNE U YASPKAHUE MEAUIIMHCKIX
PabOTHUKOB B CENbCKOH MECTHOCTH, OOBEIUHEHBI B YETHIPE OCHOBHBIE I'PYMIIL: (PUHAHCOBBIE, COI[HANBHbIE, Ka-
pbepHsie (mpodeccuoHaNbHbIE), THYHOCTHbIE. COBPEMEHHBIE CTPATETHH MO IPHUBJICYEHHIO IEPCOHANIA MOXKHO pa3-
JICTINTD Ha TPH HAIPaBJICHHs: QUHAHCOBbIE, OPraHU3ALMOHHbIE U 00pa30BaTEIbHbIC.

Pe3yabTaThl 0030pa CBHIETEILCTBYIOT, YTO B Poccuiickoii Denepanun peanusyercs 00iblias 4acTh MHPOBBIX
MIPAKTHK IO MPUBJICYCHUIO U YIASP)KAHUIO CIICIIHAINCTOB B CENILCKUX paloHax. OJHAKO CYIIECTBYIOT MEPOIIPHs-
THsI, KOTOPBIE HE HAIIIM CBOETO IPUMEHEHUs B HallleH cTpane. JlaHHbIe TPaKTHKU MOTYT CTaTh JONOJIHHTEIBHBIMH
pu (OPMHUPOBAHUH PETHOHAIBHBIX IIPOTPAMM I10 Pa3BUTHIO KaAPOBOTO IMTOTEHIMANA 3[JPAaBOOXPAHECHHSI, YBEINIH-
Baronye ux 3pHeKTHBHOCTS.

KitioueBble ci10Ba: NpHUBICUCHNE, YACPKAHUE, MEANIIMHCKHE PAOOTHUKH, CEIbCKHUE PAHOHBI, CTpaTeruu, 0030p

KOHq).]'IPIKT HUHTEPECOB. ABTOpLI JACKIIApUPYIOT OTCYTCTBUEC SIBHBIX U MOTCHIHAJIbHBIX KOHq;)III/IKTOB HUHTEPECOB B
CBsA3HU C Hy6n1z11<a111/1e171 Z[aHHOﬁ CTaTbhu.

Hcrounuk ¢puHAHCHPOBAaHUS. ABTOPBI 3asBISIOT 00 OTCYTCTBMH (MHAHCHPOBAHMS TPH NPOBEACHUH MCCIIEI0-

BaHUA.

Jas untupoBanus: Yurpuna B.I1., Trodwmn [1.C., leeB N.A., KoGsixoa O.C. MupoBbIe IPaKTHKH PUBJICYC-
HUS ¥ YJICPKaHUS MEIUIIMHCKUAX paOOTHUKOB B CEIBCKUX paifoHax (0030p IUTEpaTyphl). brostemensb cubupcKkoul

Global best practices in recruiting and retaining healthcare workers in rural areas

meouyunbl. 2023;22(1):153—-163. https://doi.org/10.20538/1682-0363-2023-1-153-163.

INTRODUCTION

Continuity and accessibility of medical care
worldwide are threatened by a shortage of healthcare
professionals in rural areas [1]. The World Health
Organization (WHO) estimates a projected shortfall
of 17 million health workers by 2030 [2]. The World
Economic Forum estimates that by 2030, there will
be a shortfall of 14.5 million healthcare professionals
[3]. According to Rosstat data, there was a shortage of
24.7 thousand doctors and 127.1 thousand paramedical
staff in the Russian Federation in 2021 [4]. Most
researchers agree that causes of this may include
problems in medical education, low social status of
physicians, high workload, poor working conditions,
and low salary [5]. Besides the absolute shortage of
healthcare workers, uneven distribution of health
professionals by specializations and geographical
areas is registered [6, 7].

To solve this problem, strategies on recruiting
and retaining health workforce are being developed
and implemented around the world [8, 9].
Since motivation of healthcare professionals is

influenced by a complex of interrelated factors,
a well-chosen combination of various measures
is required for their effective recruitment and
retention [10].

The aim of this article was to summarize currently
available data on healthcare recruitment practices,
particularly in rural areas, and study the key factors
influencing retention of healthcare professionals. This
will allow to develop evidence-based strategies for
recruitment and retention of healthcare workers in the
Russian Federation and reduce personnel shortage in
the future.

The PubMed, ScienceDirect, Cochrane Library,
Google Scholar, and eLibrary databases were used to
search for publications. The following keywords were
used: “attract”, “recruitment”, “retention”, “health
workers” etc. We considered articles published in
2015-2022. Several issues required a more detailed
data analysis. A total of 3,890 sources were analyzed,
from which 540 studies with representative samples
were chosen. The final version of the review included
65 articles on strategies to recruit and retain medical
workers.
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FEATURES OF RECRUITMENT
AND RETENTION OF HEALTHCARE
PROFESSIONALS IN RURAL AREAS

The decision of specialists to stay in or leave rural
areas is complex and influenced by a variety of factors
[11]. Based on the examination of published studies,
all factors can be divided into four categories.

Financial  factors include salary, training
reimbursement, benefits, and allowances. In most
studies, salary was one of the key incentives for
specialists to work inrural medical facilities. According
to J. Witt et al. (2017, n = 2, 478, Canada), salary,
working hours, and frequency of home visits were
the most important factors in considering a place of
work [12]. N. Nurelhuda et al. (2018, n =455) showed
that medical students thought that regional healthcare
should provide them with a scholarship throughout
their studies [13]. In a similar study in Indonesia (2016,
n =400), F. Efendi et al. (2016) obtained comparable
data and revealed the importance of modern, high-
quality equipment [14]. Based on the findings of
S.C. Okoroafor et al. (2021, n = 198, Nigeria), higher
salary increased the probability of working in rural
areas by 2.7 times, while accommodation or housing
allowances increased the odds by 4 times [15].

Following the outcomes of an in-depth interview
by L. Berman et al. (2021), Malaysian doctors
(n = 472) would be 6.67 times more likely to
prefer a rural career if incomes were raised by 50%
(95% confidence interval (CI): 5.66-8.08). [16].
V.A. Smiianov et al. (2017, n = 167) found that most
doctors would agree to an increase in workload for
an additional fee, but they were unlikely to change
their place of work for a higher-paying job [17].
0O.A. Doshchannikova (2020, n = 561) discovered
that 16.8 + 1.6% of doctors decided to leave the
rural are after the end of the Socioeconomic Support
Program. “Low salary” (39.3 + 2.1%) and “family
circumstances” (21.3 = 1.73%) were the most common
explanations [18]. A survey of 259 doctors and 215
medical students in Zambia by M.L. Prust et al. (2021)
found that participants would prefer to work in hard-
to-reach areas if they were offered accommodation in
rural areas (odds ratio (OR) = 5.04, 95% CI: 4.12—
6.18), accommodation in the city (OR =2.21, 95% CI:
1.86-2.62), or an allowance after four years of work
in a rural medical facility (95% CI: 1.69-2.33) [19].

Social factors include living and working
conditions. According to the survey of nurses carried
out in Australia by M. Prengaman et al. (2017),

availability of materials and equipment for work
had the greatest effect on recruitment and retention
of nurses in rural areas [20]. S.C. Okoroafor et al.
(2022, Nigeria, n = 145) revealed that availability of
school education for children increased the chances
of working in rural areas by 6.17 times, provision of
accommodation — by 14.6 times, and improvement of
living and working conditions — by 14.4 times [21].
The key factors in the study by U. Lawan et al. (2017,
n = 262, Nigeria) were infrastructure and equipment
(92.3%), improvement of living conditions (91.2%),
availability of clean water and electricity (91.5%),
and schools for children (91.5%) [22]. According to
S.B. Boadi-Kusi et al. (2018, n = 333, Nigeria),
improved living conditions were major factors for
71.2% of respondents in their decision to move to
rural areas [23].

The study by L. Berman et al. (2021) showed
that accommodation, the quality of the working
environment, and workload were the most important
factors in choosing a place of work. Respondents also
were 2.04 times more likely to select a job in rural
areas with better living conditions (95% CI: 1.71-2.44)
and 1.7 times more likely to choose a job with a better
workspace environment (95% CI: 1.47—-1.96) [16].

Professional factors include continuing education
opportunities, scientific and educational activities,
professional development at the expense of the
employer, career growth, and professional community
support [24-26]. V.A.T. Nguyen et al. (2020, 2021,
n = 167) [25, 26] demonstrated the significance of
these factors in Vietnam. In a survey by S.
Mollahalilolu et al. (201, n = 1,340), rural health
professionals said that remote location of a medical
facility hindered development of their professional
skills [27]. Career growth was essential to 71.3%
of participants in the research by S.B. Boadi-Kusi
et al. (2018) [23]. According to O.A. Doshannikova
(2020), 19.7 £ 1.68% of doctors would leave the rural
area due to “a lack of career growth and professional
advancement opportunities” [18]. G.Yu. Okuneva
et al. (2021) found that 35.9% of senior medical
students (n =280) did not want to work in rural regions
due to a lack of professional development and career
growth [28].

However, C. Morken et al. (2018, n = 16) showed
that professional advancement opportunities had no
significant influence on retention of medical workers
in rural areas [29]. According to S.C. Okoroafor et al.
(2021,) Doctors and Candidates of Sciences were 4%
less likely to work in remote regions [15].
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Personal factors include demographic information
(age, gender), education level, marital status, place of
birth, and place of residence.

According to the findings of an Israeli study
(n = 6,673), rural healthcare workers were 17 times
more likely to stay in the rural area for work (95%
CI: 6.8-43.8), while those without work experience
in remote areas were 28% less likely to continue
working in rural areas (95% CI: 0.66-0.92).
Furthermore, women were significantly less likely to
choose jobs in rural areas than men (OR = 0.66, 95%
CI: 0.56-0.78) [30].

According to the survey of 184 students from West
Africa by C.S. Sidibé et al. (2019), a place of residence
(p =0.003) and location of an educational organization
in rural areas (p = 0.03) are associated with a stronger
inclination to stay and work there [31]. L. Berman et

al. (2021) discovered that students who had previously
lived in rural regions (OR = 3.4, 95% CI: 1.71-6.79)
and those who had an employer-sponsored training
agreement were significantly more likely to say that
they would continue working there (OR =3.66, 95%CTI:
2.22-6.04) [16]. M.L. Prust et al. (2021) confirmed the
importance of having work experience in rural regions
when choosing a place of work [19].

Marital status is another significant factor in
making a decision to work in rural areas [32-34].
When personal files of 30,569 Iranian family medicine
doctors were examined, it was found that the marital
status was a significant predictor of choosing a job in
the rural area (OR = 1.34, 95% CI: 1.25-1.43) [33].
Furthermore, S.C. Okoroafor et al. (2021) discovered
that practitioners with children were 6 times more
likely to work in rural medical facilities [15].

Table
Factors influencing recruitment and retention of healthcare professionals
Author Year n* Country Factors influencing recruitment and retention of healthcare workers

Witt et al. 2017 | 2,487 Canada Salary, working hours, and the frequency of doctor’s home visits

Nurelhuda et al. 2018 455 Sudan Provu.img. scholarships during the study period, improving the equipment of medical
organization

Okoroafor et al. 2021 198 USA Accommodation, bonuses, improved working conditions

Berman et al. 2021 472 South Africa | Accommodation, workload, working conditions, career growth, living in a rural area

Efendi et al. 2016 400 Indonesia | Education scholarships, salary, working conditions, modern equipment

Ashkenazi et al. 2019 736 Isracl Workmg conditions, professional advancement, partner’s employment, parents’ living
in the rural area

Nguyen et al. 2020 167 Vietnam | Continuing medical education, advanced training, parents’ living in the rural area

Prengaman et al. 2017 16 Australia Suppon from the professional community, availability of necessary resources and
equipment

Morken et al. 2018 16 USA Job satisfaction, work — life balance, support from family and professional community

Taati Keley et al. 2016 | 6,673 Iran Male gender, living in the village, practical training and work experience

Boonluksiri et al. 2018 | 10,018 Thailand | Rural location of an educational institution

Ehsani-Chimeh et al. | 2018 | 30,569 Iran Salary, marital status, developed infrastructure

Flores et al. 2021 102 Philippines | Working conditions, marital status, professional advancement, salary, accommodation

Prust of al. 2019 474 Zambia Work experience in rural areas, improvement of living conditions / provision of
accommodation, scholarships

Sidibé et al. 2019 186 West Africa | Living in a village, location of an higher education institution in the rural area

Mollahalilodlu et al. | 2015 1,340 Turkey Career advancement and professional development opportunities

Okoroafor et al. 2022 145 Nigeria ;’;’;);gmg and living conditions, availability of high-quality school education in rural

Lawan et al. 2017 261 Nigeria Developed infrastructure, available drinking water and electricity, schools for children

Boadi-Kusi et al. 2018 337 Gana Financial incentives, improvement of living conditions, career growth

g(zzhz}tlzrlmlkova 2020 561 Russia Salary, career and professional growth, family ties, living conditions

Okuneva G.Yu. etal. | 2021 230 Russia Financial incentives, accqmmodatlon, ru.ral hfest}./lfe, opportunities for professional
and career development, improved working conditions

* number of participants

Best practices in recruiting and retaining
healthcare professionals in rural areas

Based on the analysis of publications, all strategies
may be grouped into three broad categories: financial,
organizational, and educational.

Financial strategies to recruit and retain
healthcare professionals

There are three ways to use financial measures to
recruit and retain healthcare workers. The first way
is a long-term monthly bonus in the form of a fixed
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salary increment. In India, for example, such a system
was implemented: by 2011, 1,319 specialists had
been employed, and the number of vacant positions in
medical organizations decreased from 90 to 45% [35].
In Bangladesh, financial benefits in the amount of
33% of the base salary rate, but no more than $ 38 per
month, are given to physicians working in rural areas
[36]. Tanzania pays daily allowances and subsidizes
housing, and measures are taken to accommodate
physicians arriving in sparsely populated areas in
houses of other medical practitioners before the
former rent accommodation [37].

The second type of financial measures is a
scholarship for students who want to pursue
specialized training. According to Z. Marsh et al.
(2019), more than 220 nurses were recruited in the
United Kingdom within three years after the program
implementation [38]. There is also a one-time
payment option available, with a minor pay rise. In
China, a program was implemented that takes into
consideration work experience in rural areas: with
work experience of more than 5 years, a bonus of
50-200 thousand yuan is paid; graduates of medical
schools who have worked in rural areas for more
than 1 year receive a bonus of 10-30 thousand yuan.
Since the program implementation, the proportion of
healthcare professionals who are willing to work in
rural areas has increased from 1.09% in 2013 to 6.49%
in 2016 [39].

Organizational strategies for recruiting
and retaining healthcare workers

According to the findings of the study, financial
benefits were secondary and less effective than non-
financial factors [29]. According to C. Marchand et al.
(2017), strategies focused on professional recognition
and job satisfaction are more significant than financial
ones [40]. L. Tudor Car et al. (2021) obtained similar
results in their research [41]. According to N. Sirili et
al. (2018), developing individual plans for professional
and career growth is effective in retaining practitioners
in rural medical facilities [37]. Mentorship programs
also have a significant influence on retention of
healthcare professionals in remote areas. According
to D.M. Gumede et al. (2021), implementation of
mentorship programs in 2002 enabled to recruit more
than 300 doctors to work in hard-to-reach areas of the
Republic of South Africa [42].

According to R. Schaefer et al. (2021),
implementation of a flexible work schedule and an
opportunity of part-time employment for doctors and

paramedical staff allowed to retain the most efficient
workers, prevent professional burnout, and guarantee
stability and continuity of work [43]. A similar strategy
was successfully implemented in Australia: according
to the findings of the research by V.P. Weale et al.
(2017, n=108), it allowed to improve job satisfaction
and maintain a work — life balance [44]. Professional
development opportunities in medical organizations
had a substantial effect on job satisfaction in the study
conducted by A. Honda et al. (2015, Mozambique)
[45].

Educational strategies for recruiting
and retaining healthcare professionals

Itis essential to meet the need of healthcare workers
for training and education throughout their careers. In
the project described by R. Shah et al. (2021), 611
healthcare workers were distributed to five hard-
to-reach areas of Guinea in 2017. Of them, 18% of
workers were going to leave after 12 months; with
the remaining employees, semi-structured interviews
were conducted, showing that continuing education
opportunities motivated doctors to work in hard-to-
reach areas [46].

The Republic of South Africa implemented an
educational program for physicians at rural medical
organizations (decentralized), which is focused on
physicians’ needs. By 2020, nine participants had
graduated and were still working in hard-to-reach
areas [47]. Since 2007, a training course for rural
students at rural medical colleges has been established
in Wisconsin, USA: 51% of students continue to
work in rural areas [48]. Such educational programs
have been used effectively in Canada, Australia,
the Philippines, the Republic of South Africa, Mali,
Thailand, and other countries [49-51].

T. Woolley et al. (2018, n = 283) revealed that
31% of graduates of socially responsible medical
education institutions based at rural medical facilities
continue working in remote areas, compared to 7%
of graduates of ordinary higher education institutions
(p <0.001) [52]. A study conducted by M.R. McGrail
etal. (2016,n=610) in Austria discovered a significant
correlation between respondents’ birth and education
in a rural area and their choice of a successive place
of work: 74-91% of respondents with a rural place
of birth and 87-95% of those educated in rural areas
managed to remain in that area for the first five years
after accreditation, whereas this effect was amplified
when combined with a rural place of birth (OR 24;
95% CI: 13-43) [53]. In the study by P. Boonluksiri
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et al. (2018) that included 10, 018 physicians, 21% of
whom lived in the rural area, 5, 774 persons (57.6%)
decided to work in rural medical organizations; those
who completed a similar program in Thailand were
considerably more likely to stay in rural regions
compared to other peers (62.3% and 49.0%, p <0.001)
[54].

Since 2014, a model of early application and
priority enrollment in residency based at rural medical
facilities has been implemented in Norway. According
to M. Gaski et al. (2018, n = 388), the proportion of
graduates who applied for a residency program ahead
of time and decided to work in remote areas (29%) was
twice as big as the percentage of other respondents
(15%) [55].

BEST PRACTICES IN RECRUITING AND
RETAINING HEALTHCARE WORKERS
IN RURAL AREAS IN THE RUSSIAN
FEDERATION

Most of the described strategies are successfully
implemented in the Russian Federation. The program
Zemsky Doctor (Rural Doctor) has been implemented
since 2012, while Zemsky Feldsher (Rural Paramedic)
has been implemented since 2015. Medical workers
(doctors, paramedics) who arrive in a rural area,
an urban-type settlement, or a small town with the
population of up to 50 thousand people receive
a one-time payment of up to two million rubles'.
According to V.M. Chernysheva et al. (2022), the
implementation of the Zemsky Doctor and Zemsky
Feldsher programs in the Siberian Federal District
did not lead to an increase in staffing. From 2016 to
2020, availability of physicians decreased from 15.1
to 13.5 (per 10,000 population), and availability of
paramedical personnel reduced from 59.1 to 54.2 (per
10,000 population). The comparison of participation
in the program with staffing was the study limitation;
the number of workers who left the profession was not
taken into consideration [56].

According to D.A. Bugaev et al. (2019), the largest
number of agreements within the Zemsky Doctor
program were signed in the Stavropol Krai in 2012
(n = 259), and the smallest — in 2016 (n = 70) [57].
According to the study by V.V. Zubkov et al. (2019),

during the program implementation (2012-2017),
the shortage of physicians in the rural areas of the
Khabarovsk Krai decreased by 30%, and 202 doctors
were recruited in medical facilities in all districts of
the region [58]. According to M.V. Kinchagulova
(2018), the total number of physicians in rural areas of
the Tyumen Oblast increased by 30.2% (844 persons)
in 201-2021 as a result of the program implementation
[59]. According to the findings of A.V. Danilova
(2018), 466 medical practitioners moved to rural
areas of the Voronezh Oblast from 2012 to 2017, 74
people moved to work settlements, and 23 — to urban-
type settlements [60]. From 2012 to 2021, 52,000
healthcare workers were involved in the program
implementation. Approximately 6,000 workers were
recruited in 2021 due to one-time payments.

Other types of support are also being implemented
in a number of Russian regions. Since 2013, the
Leningrad Oblast has been offering financial benefits
in the form of annual payments totaling 120 thousand
rubles. In 2017, 530 people received such benefits
among hospital specialists, such as anesthesiologists,
resuscitators, neonatologists, psychiatrists,
psychotherapists, and phthisiologists [61]. Physicians
in the Kaliningrad Oblast receive a one-time payment
in the amount of 300 to 900 thousand rubles' after their
first employment in a government-funded medical
organization. Specialists who live in rural areas are
reimbursed for accommodation and utility bills and
are offered mortgage assistance programs and partial
rent coverage in Leningrad, Pskov, Murmansk,
Novgorod, Vladimir, Orenburg, Voronezh, and a
number of other regions [60, 62, 63]. According to
O.A. Doshchannikova et al. (2018), the program
aimed at supporting young professionals in rural areas
helped to recruit more than 1,200 doctors in the Nizhny
Novgorod Oblast between 2006 and 2017 [64].

In the Khanty-Mansiysk Autonomous Okrug —
Yugra, measures of social support for people who
arrived from other Russian regions and signed
employment contracts include coverage of relocation
costs for workers and their family members within the
territory of the Russian Federation; paid vacation of
seven calendar days for relocation; a one-time payment
in the amount of two official salaries and an allowance

! Resolution of the Government of the Russian Federation (2022) On Amendments to Appendix 5 to the State Program of the Russian Federation

“Development of Healthcare” No.739 of 22.04.2022.

2 Resolution of the Government of the Russian Federation (2014) On establishing the order of providing social support measures for certain groups of
individuals, who completed training programs in government-funded organizations specializing in post-graduate and residency programs No. 520 of

15.08.2014
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for each family member; and reimbursement of
rental costs for invited professionals in the range of
50 to 100% of the cost!. Furthermore, graduates of
secondary and higher technical education institutions
under the age of 30 who have signed an employment
contract with a medical organization are entitled to a
one-time payment in the amount of up to two monthly
salaries.

Since 2017, the Orenburg Oblast has been using
mentorship strategies to improve the level of skills
of young experts throughout their first 12—24 months
of employment. This approach involved 65 medical
organizations, 1,470 young experts, and 740 mentors
in 2017-2019.2

Similar strategies are implemented in the
Ulyanovsk Oblast. Since 2013, over 2,000 healthcare
workers have participated in the mentorship program,
and the number of employed graduates climbed from
64 to 83% in 2016-2018°.

Another important strategy implemented in
the Russian Federation to recruit and retain young
professionals is a stimulating monthly payment
throughout the study in medical universities after
signing an employer-sponsored training agreement.
In the Sakhalin Oblast, for example, students are
provided with coverage of extracurricular paid
educational services, reimbursement of rental costs
for accommodation throughout the study period,
coverage of traveling costs to the place of internship
and practical training in residency, and an additional
payment throughout this period*.

CONCLUSION

According to our review, there are several factors
that influence the decision of healthcare professionals
about rural practice, as well as their recruitment and
retention in the rural area. All of the factors examined in
this research are grouped into four categories: financial,
social, professional, and personal. At the same time,
these factors have different significance for various
types of professionals. The most frequently described
factors in the literature were financial ones: salary,
scholarships and allowances throughout the training

period, which were significant for young professionals.
Personal factors, such as rural background, as well as
education and practical training in rural areas, are of
special interest. Numerous studies have demonstrated
their relationship with retention and willingness to
work in hard-to-reach areas. At the same time, more
research is required to comprehend the characteristics
of a future rural physician, including rural background,
gender, character traits, and other factors, which will
serve as the basis for selection and recruitment policy
and pre-enrollment counseling for school leavers and
senior high school students.

Currently, several strategies have been
implemented to solve the problem of recruiting
and retaining practitioners in rural areas — often a
combination of various methods has been employed.
The choice of specific measures should be based
on a profound understanding of the characteristics
of human resources in healthcare, which requires
a comprehensive analysis of the labor market, staff
distribution by the geographical area, and factors
influencing the decision to stay in or leave rural
areas.

According to the findings of the study, current
methods may be divided into three types: financial,
organizational, and educational. Based on the research
results, the first, most effective, cost-effective, and
affordable group of strategies includes educational
measures. Based on international best practices,
educational measures include practical training in
rural areas to familiarize students with the specifics of
work in rural medical facilities; decentralized training
at rural medical facilities; work with school leavers
living in rural areas as part of an admission campaign;
placement of medical colleges and universities in
rural areas; and development of career advancement
programs that meet the needs of rural healthcare
professionals.

The second set of measures includes financial
benefits, such as scholarships for students who study in
the employer-sponsored program, one-time payments
for rural workers, and an increased salary coefficient.
It is important for professionals to be able to choose

! Order of Healthcare Department of the Khanty-Mansiysk Autonomous Okrug — Yugra (2015) On approving draft Provisions on establishing remuneration
for healthcare workers in medical facilities subordinate to the Healthcare Department of the Khanty-Mansiysk Autonomous Okrug — Yugra No. 13-np of

29.10.2015

2 Resolution of the Ministry of Health of the Orenburg Oblast (2017) On approving provisions on mentorship programs in government-funded medical

facilities No. 1949 of 07.09.2017

3 Resolution of the Government of the Russian Federation (2019) On approving Provisions on mentorship in civil service in the Russian Federation No. 1296 of

07.10.2019

+ Passport of the regional project “Staffing of medical facilities with highly qualified professionals (Sakhalin Oblast)”
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one of the previously mentioned financial incentive
strategies.

The third group includes organizational measures,
such as an increase in job satisfaction due to
improved working conditions in rural areas, flexib-
le work schedules, improved living conditions
(raising the physician’s social status), opportunities
for carecer growth, and creation of horizontal
communications between urban and rural medical
organizations.

Although current methods recognize multiple and
interrelated effects of various factors, they are often
challenging and do not allow for development of
strategic actions. Furthermore, there is no assessment
of the effectiveness of implemented measures in
most countries, which hinders their distribution and
transfer. Monitoring and assessing the implemented
best practices are necessary to detect implementation
restrictions, change policies if needed, learn
important lessons, collect evidence, and deepen the
understanding of how and why certain measures work
in some circumstances but are ineffective in others.
As a result, monitoring and assessment should be
included into the implementation plan.

According to the findings of this review, the
Russian Federation uses most of the global best
practices for recruiting and retaining healthcare
professionals in rural areas. However, some measures
have yet to be implemented in our country, such as
development of individual professional and career
growth plans for respondents who are Doctors and
Candidates of Sciences, integration of flexible work
schedules for physicians of rare specialties, training at
rural medical organizations, including decentralized
training, and development and implementation of
residency programs at rural medical organizations
with field accreditation.

These best practices may be included in healthcare
management practices to increase the effectiveness of
regional programs for development of human capital
in healthcare.
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Mysterious plastic bronchitis: a little-known disease in medical practice
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ABSTRACT

The article presents a clinical case of a 51-year-old patient first seeking medical care with complaints of paroxysmal
cough bringing up bronchial casts. The diagnosis of plastic bronchitis was verified. The disease which has not been
well described in the literature, difficulty of verifying the underlying diagnosis due to polysymptomatic clinical
presentation characterized by the mortality rate of 50-80%, COVID-19 coinfection, resistance to therapy, and little
concern of medical specialists determine the relevance and value of this clinical case.
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3arafjouHble «pe3nHOBbIe» C/ienKn 6pOHX0B:
MaJion3BecTHoe 3ab6oneBaHVe B MeANLNHCKOI NPpaKTNKe
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PE3IOME

[pencraBiieHo KIMHUYECKOE HAONIONEHHE MAMeHTKH, BIEpBbIe 0OpaTHBINEHCS 3a MEAMIMHCKOH ITOMOIIBIO B
Bo3pacTe 51 rona mo moBoJy MPUCTYMOOOPA3HOTO KAl C OTXOXJICHHEM CIENKOB OpoHXOB. Bepuduimposan
nrarno3 ymMoruractuaeckoro Oporxuta. Ho3onorus, panee He Hamreamasi MoJpoOHOTO OTpaXKEHHs B JINTEpa-
Type, TPYAHOCTb BepH(UKAIUH OCHOBHOTO JHAarHo3a Ha ()OoHe MOJINCHMIITOMHONW KIMHHYECKON KapTHHBI, Xapak-
TepU3YIOIIeHCs JeTanbHOCThI0 B 50-80%, coueTaHHOE TeueHHe C HOBOH KOPOHABHPYCHON MH(EKIMEH, a TakKe
PE3UCTEHTHOCTh K IIPOBOJMMON Teparuy U HU3Kas HACTOPO)KEHHOCTb MEAUIIMHCKOTO COOOIIECTBA ONPEAENIIOT
AKTyaJIbHOCTb M [IEHHOCTh JJAHHOTO KIMHUYECKOT0 HAaOIIOICHNSL.
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KitioueBble cj10Ba: Clienky OPOHXOB, IIACTUYECKUH OPOHXHT, TUM(OIUIACTHYECKUI OPOHXHUT, OPOHX000CTPYK-

THUBHBIN CUHAPOM

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,

CBSI3aHHBIX C MyOIUKaNNeil HACTOSIIECH CTaThH.

Hcrounnk puHaAHCHPOBAHMS. ABTOPbI 3asBIISAIOT 00 OTCYTCTBHM (PMHAHCUPOBAHMS MPH MPOBEJCHUH HCCIEN0-

BaHMU.

[ uurupoBanus: Bummnsk [.A., Illesuenko O.B., 3apmaeBa M.b., Koiineibaesa A.M. 3aranounble «pe3nHO-
BbIE» CJIETIKM OPOHXOB: MaJION3BECTHOE 3a00JIeBaHNE B MEAULIMHCKOI MpaKkTUKe. broinemens cubupckou meouyu-
Hot. 2023;22(1):164—169. https://doi.org/10.20538/1682-0363-2023-1-164-169.

INTRODUCTION

Increased interest in respiratory pathology in
recent years is explained by the pandemic of the
SARS-CoV-2 coronavirus. However, bronchial
obstruction syndrome in adults can also be caused
by rare nosological entities, which include plastic
bronchitis.

Plastic bronchitis (PB) (chronic fibrinous bron-
chitis, pseudomembranous bronchitis, mucoid impac-
tion, Hoffman’s bronchitis, lymphatic (lymphoid,
lymphatic plastic) bronchitis) is a chronic recurrent
bronchial inflammation, characterized by the for-
mation of rubbery plugs (in the form of bronchial
casts that are denser than normal mucous secretions)
causing airway obstruction and respiratory failure
[1-7].

The first descriptions of bronchial casts date back
to the time of Galen (131-200 AD) who characterized
them as “expectorated arteries and veins” [4, 8]. In
1750, Bussiere reported a postmortem examination
of a patient suffering from tuberculosis. The patient
was also found to have a bronchial cast in situ [4].
In 1902, M. Bettman described several cases of
PB with bronchial casts and R. Shaw documented
cases of mucoid impaction in 1951 [8]. By 1960,
about 300 cases had been described in the literature
[9, 10]. About 420 PB cases had been registered by
2008 [2, 10].

When searching for the term “plastic bronchitis” in
the English-language text database PubMed in 2022,
one could find 513 publications. Meanwhile, a detailed
search for “adult plastic bronchitis” showed only
one-fourth of these publications — 127. From 1965 to
2022, the number of manuscripts devoted to this topic
increased, with the largest number of articles, reviews,
and cases published in the last decade.

In our country, there are only few publications

describing such clinical cases so far. Most of them,
as well as in the foreign literature, are related to
pediatrics. This can be explained by the peculiarities
of the disease. It is diagnosed more often in children
and at a young age. In adults, the disease is registered
very rarely [1-6, 8, 9]. These cases in the absence of
infectious and allergic genesis can be called casuistic.
It is more common in women than in men [5]. At the
same time, there is an opinion that it is slightly more
frequent in men [4]. A higher prevalence is registered
in dry and hot areas due to the changes in physical and
chemical properties of airway secretions as a result of
mucosal dehydration [10].

Unfortunately, there have been no large-scale
epidemiological studies of PB in adults. The true
incidence and prevalence rates cannot be accurately
determined because it is likely that many episodes
of the disease are left undiagnosed. The largest pool
of observations of lymphatic PB in adults (n = 44)
was published in 2022 by C. O’Leary et al. [11]. In
Russia, the observational data of the largest cohort
of PB patients (n = 20) for the period from 1990 to
2012 were published by V. Molodtsova et al. [5]. In
2021, Japanese scientists Y. Murata et al. described
a case of the oldest patient. The 74-year-old woman
had multiple myeloma and PB associated with a viral
infection (influenza A virus) [11]. The problem is
highly alarming not only due to underdiagnosis of this
condition, but also because of a high mortality rate,
which reaches 50—-80%, according to some authors [4,
6,7,9].

The etiology and pathogenesis of the disease still
remain completely uncertain (Table).

The clinical presentation of PB includes cough,
dyspnea, crackles in the lungs, and cough bringing
up bronchial casts. The course of the disease is
complicated by atelectasis, bronchial obstruction
syndrome, and fatal asphyxia [1, 3, 4].
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Table

Etiology of plastic bronchitis*

Etiology

Associated diseases

Primary and secondary
lymphatic abnormalities

Congenital heart failure (heart defects) following surgical correction (Fontan, Glenn, Blalock — Taussig proce-
dures). Chest trauma. Lymphatic abnormalities, lymphangiectasia, lymphangiomatosis

Viral infections SARS-CoV-2

Influenza A virus, adenovirus infection, rhinovirus infection, respiratory syncytial virus, parainfluenza virus,

Other lung diseases

Bronchial asthma, bronchopulmonary aspergillosis, bronchiectasis, cystic fibrosis

Bacterial infections

Streptococci, Haemophilus influenzae, Mycobacterium tuberculosis, Klebsiella, etc.

Hematological diseases

Acute respiratory distress syndrome in sickle cell anemia

Occupational diseases Silicosis

Cancer

*Adapted from [4], [13].

The diagnosis of PB is confirmed by the presence
of casts that have been coughed up or visualized
during fibrobronchoscopy (FBS). A full clinical and
laboratory examination is required for diagnosis [10].
The gold standard for verification and treatment of
PB is dynamic contrast-enhanced magnetic resonance
lymphangiography and intranodal lymphangiography,
lymphatic embolization [10, 11] (Fig. 1).

CLINICAL CASE

Female patient V., 51 years old, born in Kogalym,
is a doctor herself. The patient first sought medical
help in April 2020, complained of paroxysmal cough
bringing up bronchial casts. The casts had dense

Suspected plastic bronchitis

Kaposi’s sarcoma with possible involvement of lymphatic vessels. Endobronchial metastases in kidney cancer

consistency (rubbery), white color (Fig. 2) and were
coughed up mainly at night and in the morning,
sometimes accompanied by abundant liquid sputum
of milky white color. “Nagging” cough, “choking”
with sputum at night, increased body temperature,
shortness of breath, and difficulty exhaling during
normal physical activity.

The patient became acutely ill in March 2020,
when the clinical symptoms of acute respiratory viral
infection appeared (body temperature increased to 38
°C, runny nose, paroxysmal cough). The therapy (with
antiviral drugs, expectorants, mucolytics) resulted
in few positive changes: cough improved, body
temperature lowered, rhinorrhea disappeared.

Supportive therapy

h

Removal of casts during

Ability to obtain a cast for pathologic examination

.

v

FBS
No
Cleaning of airways
Yes Inhaled glucocorticoste-
& roids and bronchodilators

Pathology suggestive

of eosinophilic inflammation

Serous, fibrinous, chylous inflammation

in case of eosinophilic
casts

h 4

Acrosolized tissue
plasminogen activator or

heparin

Fungal sensitivity,
optimization of asthma treatment

Correction of cardiac dysfunction (if any)

Dynamic contrast-enhanced MR lymphangiography
and intranodal lymphangiography with embolization
of pulmonary lymphatic vessels (if local experience is
available)

Fig. 1. Algorithm of diagnosis and management of PB patients [4]
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Two weeks later, the patient first complained of
abundant expectoration of milky-white sputum. For
the first time, she coughed up small rubbery bronchial
casts. Past medical history: hypertension and type
2 diabetes mellitus verified 5 years ago. In 2010,
she underwent left mastectomy for breast cancer.
Objective examination findings: postoperative scar in
the area of the left breast, no abnormality detected,
body mass index 33.3 kg / m?, rough breathing on the
left side in the lower parts of the lungs, and oxygen
saturation of 96%.

Based on the available data, the patient was
diagnosed with acute bronchitis. The antibacterial
therapy that was prescribed did not have any effect.
A month after a contact with a COVID-19 patient, a
woman reported that her condition aggravated: body
temperatureincreasedto39°C, coughbecamestronger,
the volume of sputum increased, dyspnea appeared.
The patient was diagnosed with COVID-19. Doctors
made a differential diagnosis with pneumonias of
different infectious genesis, tuberculosis, and allergic
lung damage. The FBS findings were remarkable: on
the left, the upper lobe bronchus orifice was obturated
with cheesy necrotic mass, mucosa was hyperemic,
the lumen contained a moderate amount of turbid
sputum. The patient received treatment according to
the temporary clinical guidelines for COVID-19, as
well as symptomatic therapy. During the FBS, the
patient’s necrotic tissue was removed and airways
were cleared. After discharge, the patient’s condition
rapidly deteriorated: dyspnea became worse, cough
became hacking and more intense, the volume of
expectorated sputum increased. The patient started
to cough up bronchial casts again at night and in the
morning (Fig. 2).

Each paroxysm ended with coughing up a
cast. Due to the deterioration of symptoms, the
patient was referred to the Ural Research Insti-
tute of Phthisiopulmonology (23.06.2022-13.07.
2022).

Lung computed tomography (CT) revealed
bilateral polysegmental lung lesion in the regression
phase, left lung lesion — ground glass opacity, reactive
lymphadenopathy of intrathoracic lymph nodes. A
cytological examination of the casts was performed:
mucus clumps with groups of bronchial epithelial cells
having reactive cellular changes, few macrophages
with leukocytes (bronchial casts), admixture of
traumatic tap blood. There was no data indicating
tumor growth (Fig. 3). The available data suggested
the diagnosis of PB.

Fig.2. Patient V., 51 years old. Sputum in the form of
bronchial casts

A woman was consulted by V. Parshin, thoracic
surgeon, Doctor of Medical Sciences, Professor,
corresponding member of the Russian Academy
of Sciences, Head of the Surgical Department of
the .M. Sechenov Clinical Center. The patient was
also remotely consulted by Maxim Itkin, thoracic
surgeon, Professor of Radiology at the Hospital of the
University of Pennsylvania, Director of the Center for
Lymphatic Imaging and Interventions (Philadelphia,
USA). Based on the features that can be considered
the disease criteria, which are: ground glass opacity of
one lung according to lung CT, sputum in the form of
bronchial casts, lymphadenopathy of the intrathoracic
bronchial nodes, obesity, increased expectoration of
sputum after eating fatty foods, absence of convincing
data about an allergic process, PB of suspected
lymphatic genesis was confirmed. The detection of
neutral fat in bronchial lavage fluid would have been
an additional criterion, but this procedure was not
carried out.

In February 2021, doctors performed ligation of the
thoracic duct above the diaphragm and transection of
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the lymphatic vessels of the left lung root according to
the root skeletonization method at the Department of
Thoracic Surgery of the Sechenov University Clinical
Hospital No.1.

Thirty minutes prior to the surgical intervention,
the patient was offered to drink 200 ml of a fatty
mixture (sour cream (20%), cream (10%), and
butter) to detect a lymphatic vessel leakage. After
that, the chest was opened and a lymphatic vessel
causing abundant lymphorrhea was found. A cyst
of the thoracic lymphatic duct was also detected
intraoperatively. In the early postoperative period,
the patient started to adhere to an oral diet of fat-free

food gradually extending a range of food products.
Final diagnosis: thoracic duct cyst (parabronchial,
collateral cyst on the left). Lymphatic plastic
bronchitis (chylobronchorrhea). Lymphadenopathy
of the mediastinum. Recommendations: low-
fat diet (1 month), expanding meals after 1-1.5
months, restriction of physical activity for 2 months,
correction of body weight. One year later, the
woman had no complaints, the above symptoms
were eliminated completely, the patient did not
follow the diet. According to the lung CT (April
2022), the patient still had pulmonary fibrosis of
the left lung.

Fig. 3. Cytological examination of bronchial casts of patient V

DISCUSSION

Difficulties making the diagnosis in this case
were associated with the clinical polymorphism of
the disease, low awareness of specialists about this
pathology, COVID-19 coinfection, which could have
both initiated and masked the disease, and the lack of
convincing data during the examination for a lymphatic
vessel defect causing the patient’s symptoms.

The true etiology of the pathological changes
in the observed woman remains an open question.
Several causes and factors may be involved. In
recent years, some scientists have supposed that
abnormal communication and leakage of lymphatic
fluid into the airway are some of the main PB causes.
Lymphatic duct obstruction can explain PB in cardiac
surgery, heart failure or trauma [9, 12]. Many cases
of idiopathic PB in adults are associated with lymph,

which allows us to rename the diagnosis in these
patients into “lymphatic plastic bronchitis (lymphatic
PB)” [7, 11]. It is possible that the left mastectomy
performed 12 years ago caused pathological changes
in this patient. Increased pressure in the lymphatic
vessels observed in congenital lymphangiectasia or
lymphangiomatosis can lead to retrograde lymph
flow, drainage of lymph into the bronchial lumen, and
chylothorax development [13].

CONCLUSION

The disease has not been well described in the
literature. It is difficult to diagnose due to the poly-
symptomatic clinical presentation and manifestations
that coincide with different bronchopulmonary
pathologies. The disease is characterized by the
mortality rate of 50-80%, COVID-19 coinfection,
resistance to therapy, and low awareness of medical
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specialists about it. These reasons determine the
relevance and value of this clinical case.
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ABSTRACT

In the new millennium, humanity has faced with a global challenge in the form of the novel coronavirus infection

(COVID-19). In addition to systemic and respiratory symptoms, SARS-CoV-2 causes neurological disorders, as it is
a neurotropic virus. Many scientists assume that SARS-CoV-2 can enter the nervous system through the functional
receptor of angiotensin-converting enzyme 2, which is present in glial cells, neurons, skeletal muscles, and other
organs. Neurological complications are manifested by damage to the central nervous system, peripheral nervous
system, and cranial nerves, as well as by mental disorders. Mental illnesses develop due to neuroinflammation and
neuronal death after brain infection with SARS-CoV-2.

The article describes a clinical case of a 63-year-old man with the co-occurring novel coronavirus infection and
obvious mental disorder who has never had any mental illnesses before. The given clinical example demonstrates
the importance of studying the cause-and-effect relationship between COVID-19 and mental illness. In the medium-
and long-term perspective, COVID-19 is expected to result in mental health disorders during COVID-19 recovery.
Besides, an increase in the number of patients with mental disorders who were mentally healthy before COVID-19
infection is also expected.

Keywords: SARS-COV-2, COVID-19, coronavirus, mental illnesses, mental disorders
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PE3IOME

B HOBOM TBICSIUETIETHH YEIOBEYECTBO CTOJIKHYJIOCH € TII00aIbHON POo0IeMoil — HOBOW KOPOHABHPYCHON HH(EK-
i COVID-19, Be3Bannoi Bupycom SARS-CoV-2. [ToMrMO CHCTEMHBIX ¥ PECHHPATOPHBIX CHMIITOMOB, BUPYC
SARS-CoV-2 BbI3bIBaeT HEBPOJIOTHUECKHE PACCTPOHCTBA, TaK Kak 00J1alaeT HEHPOTPOITHOCTEI0. MHOTHE yUeHbIe
npexnonaramor, 9To SARS-CoV-2 criocobeH MpoHnKaTh B HEPBHYIO CHCTEMY depe3 (QyHKIHOHAIBHBIA PerenTop
AQHTMOTEH3WH-TIPEBPAIIAIOIETo (pepMeHTa 2, KOTOPHIH MPHUCYTCTBYET B INIMANBHBIX KJIETKaX, HeHpOHax, CKeleT-
HBIX MBIIIIAX 1 APYTUX opraHax. OCIOXHEHUSI CO CTOPOHBI HEPBHON CHCTEMBI NPOSIBISUINCH TIOPAKSHUSIMH pa3-
JUYHBIX CTPYKTYp: HEHTPAIbHON HEPBHOW CHCTEMBI, NepH(epHIecKoil HEPBHOH CHCTEMBI  YePEITHO-MO3TOBBIX
HEPBOB, a TaKKe IICHXUIECKIMH paccTpoiicTBaMu. [Icuxnueckne 3a001eBaHMs Pa3BUBAIOTCS BCISCTBHE HEHPO-
BOCHAJIEHHS 1 THOENN HeHpoHOB Tocie 3apakeHust Mmozra SARS-CoV-2.

Omnucan KIMHAYECKUH CTydail HOBOW KOPOHaBUPYCHOH MH(MEKINHU y MYyXUHHBI 63 JE€T C BHEPBbHIC BBISIBICHHBIM
MICUXUYECKUM paccTporCTBOM. IIpHBENEHHBIN KIMHUYECKUNA TPUMEP JEMOHCTPUPYET BAKHOCTh U3YUEHUS MpH-
YHHHO-CIeACTBeHHON cBsA3u Mexay COVID-19 u ncuxuyeckum 3abosieBanueM. B cpenHecpodHOi M 10NTro-
cpouHOli mepcnekTuBe oxkupaercs, uto COVID-19 mpusener x mpodieMaM NCHXHYECKOTO 30POBbS B MEPHOL
MOCTKOBHUIHOTO BOCCTAHOBIICHUSI, TAK)K€ OKHIAETCS yBEIWUEHHE KOJIMYECTBA MAIMEHTOB C MCUXUIECKHUMH Pac-
CTPOWCTBaMHU, KOTOPbIE OBLTH MICHXUYECKH 340pOBHI 10 3apaxkenus COVID-19.

Kawuessie cioBa: SARS-COV-2, COVID-19, kopoHaBUpYC, IICUXUYECKUE 3a00JIEBAHMS, ICHXUYCCKUE pac-
cTpoicTBa

KOHq).]'Il/lKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U MNOTCHIUAJIBHBIX KOH(l)J'II/IKTOB UHTEPECOB,
CBA3aHHBIX C Hy6J'[I/IKaIH/IeI~/'I HaCTOS{H.[efI CTaTbU.

Hcrounnk ¢puHaHCHPOBAHHUS. ABTOPHI 3asBISIOT 00 OTCYTCTBUM (PMHAHCHPOBAHMS MPHU IPOBEICHUH HCCIIE0-
BaHMSI.

CooTBercTBMEe NPUHIMIAM JITUKH. lccrenoBaHue om0OpPEHO JOKATBHBIM ASTHYECKUM KomuTeToM 3KMVY
uM. M. OcnanoBa (mpotokox Ne 1 ot 21.01.2021).

Jnsa uurupoBanus: /xymaramueBa M.b., Asranos JI.H., IOnnames B.JI., Axmaneesa JI.P. Knuandeckuii cimy-
Yaif ICHXUYECKOT0 PACCTPOUCTBA Ha (JOHE HOBOW KOPOHABUPYCHOM HHPEKIHU. broiemenb cubupcKroll MeOuyuHsi.
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INTRODUCTION

The coronavirus infection (COVID-19) is a global
public health emergency which has a great impact on
mental health. To date, it has been determined that
COVID-19 affects not only the lungs, but also cells
of the central nervous system. Data on the SARS-
CoV-2 neuroinvasion [1-3] and neuropsychiatric
consequences of the disease caused by it are increasing
[4]. It is known that 0.9-4% of infected people develop
psychotic spectrum disorders. The link between
COVID-19 and mental illness has been established by
many observational studies, but a causal relationship
cannot yet be reliably detected.

M. Taquet et al. [5] found that the first
psychiatric diagnosis is more common in patients
with COVID-19 within 14-90 days after the first
COVID-19 symptoms, and a psychiatric diagnosis
may be an independent risk factor for COVID-19.
The scientists expand their findings by assessing the
incidence rates and relative risks of 14 neurological
and psychiatric diagnoses in patients within 6 months

after COVID-19 was diagnosed. Cerebral edema and
partial neurodegeneration were described in post-
mortem reports, which indicates that the virus might
contribute to the development of acute psychiatric
symptoms and long-term  psychoneurological
consequences of COVID-19.

Neuropsychiatric conditions are accompanied by
profound changes in the morphology and function of
microglia, leading to the secretion of proinflammatory
cytokines. Meanwhile, aberrant phagocytosis affects
neural circuits. Conceptually, long-term disruption
of neuroglial function ultimately affects synaptic
integrity, the excitation — inhibition balance, and
information processing, making a fundamental
contribution to the pathogenesis of neuropsychiatric
disorders. J. Rogers et al. suggest that emerging
neuropsychiatric manifestations may be due to brain
exposure to the virus, indirect immune responses or
ongoing treatment [6]. However, mental disorders
developing at the acute stage of the disease may arise
due to fears about the consequences of the disease, such
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as social isolation and quarantine [7], unemployment,
financial difficulties [8], and stigma [9].

CLINICAL CASE

Patient A., 63 years old, was admitted to a
repurposed inpatient hospital for infectious diseases
in Aktobe in April 2021. The patient complained of
dyspnea on exertion, cough, insomnia, lower quality
of sleep, absence of taste and smell, fever up to 39°C,
and severe generalized weakness.

According to the medical history, the patient was
diagnosed with hypertension and coronary heart
disease. The patient regularly takes lisinopril 5 mg,
atorvastatin 20 mg, acetylsalicylic acid + magnesium
hydroxide 75 mg. Bad habits include smoking for 35
years, half a pack a day.

From the anamnesis vitae: no mental illnesses in
the family history. The patient grew and developed
according to his age.

The objective examination findings: severe general
condition, lucid, normal physique. Body temperature
is up to 38-39 °C. The pharynx is hyperemic, moist.
The heart rate is 97 beats per minute (tachycardia), the
blood pressure is 160 / 90 mm Hg. Saturation level
is 91% in room air. A nasopharyngeal PCR swab
for SARS-CoV-2 is positive. Breathing is weakened
in the lower parts of the lungs, small bubbling and
moist rales are heard on auscultation. The respiratory
rate is 2224 breaths per minute.

The laboratory tests: C-reactive protein — 80 mg / |
(normal range < 10 mg / 1), D-dimer — 980 mg / 1
(<250 mg /1), ferritin — 216 pg / ml, interleukin (IL) —
11.6 pg / ml, other inflammatory markers were
within the normal range. The complete blood count:
lymphopenia — 9%, thrombocytopenia — 156 / 1,
leukocytosis — 19 / 1, creatinine — 157.0 umol / 1,
urea — 15 mmol / . Chest X-ray revealed bilateral
polysegmental pneumonia.

The mental state of the patient at admission
was characterized by fussiness, anxiety, and motor
restlessness. The patient was admitted to the infectious
disease hospital on the 11" day from the disease onset.
On the 4™ day of hospital stay, due to a change in his
mental state characterized by agitation, aggressive
behavior, and insomnia, the patient was examined by a
psychiatrist and a neurologist. During the examination,
the patient complained of insomnia, anxiety, and fear
for his life, repeated that “everyone will die from the
coronavirus, the Chinese are to blame, they want to
kill us, Nazarbayev and Tokayev betrayed me, they
made a mistake, they committed a sin, all of us are

in danger”. When asked by doctors, he said that
“death has come, we must face it with dignity”, and
asked the neighbors in the ward to bathe and dress in
clean clothes. During the 4 days of hospital stay, he
became uncommunicative, secluded himself, behaved
suspiciously, declared that the end of the world would
come soon, “the spirit of the deceased brother wants
to take his soul”. In the last two nights, he did not
sleep, it seemed to him that “the devil came to take his
soul”. He started calling the Ministry of Emergency
Situations and President Vladimir Putin using a
mobile phone.

The mental status: lucid, untidy looks, contactable,
tense, suspicious, anxious, without a sense of distance,
speech in the form of a spontaneous monologue.
During the conversation, he jumped up from his chair,
went out into the corridor, came to the windows, then
returned and said: “The Chinese are to blame, they
want to kill us, Nazarbayev and Tokayev betrayed me,
they made a mistake, they committed a sin, all of us
are in danger”. He did not reveal painful experiences,
stayed in the world of worries and concerns. He
looked around, listened, sometimes smiled to himself.
Thinking was inconsistent, paralogical, accelerated.
His behavior was characterized by motor restlessness
and impulsiveness with signs of severe emotional
instability. Intellectual mnestic functions were not
greatly affected despite the limited range of interests.
The clinical presentation of acute psychosis was
dominated by a severe affective delusional disorder
and the inability to critically assess his condition.
The patient was diagnosed with organic delusional
disorder.

The neurological status: no focal neurological
symptoms were detected.

CONCLUSION

Therefore, some of the neurological complications
of COVID-19 are mental disorders. Patients with a
concomitantpathology areatrisk forsevere COVID-19.
Severe hypoxia and hypoxic encephalopathy are
manifested by diffuse brain damage and death of its
cells. Some patients may develop severe delirium,
others — encephalopathy, drowsiness, and impaired
consciousness.

This patient had an increased immune response.
High levels of IL-6 indicate a decrease in body
immunocompetence. The host immune response
to the SARS-CoV-2 infection and possible direct
viral infections of the central nervous system are
potential mechanisms that can cause neuropsychiatric
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consequences [10]. Proinflammatory cytokines are
known to cause axon degeneration by changing the
activity of neurons and glia. That will change the
mental status and lead to neurocognitive disorders,
headache, encephalitis, myelitis, stroke, myopathy,
Guillain — Barré syndrome and polyneuropathies
[11]. Systemic inflammation exacerbates cytokine-
mediated brain damage and hematogenous spread of
SARS-CoV-2 into the brain [12].
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Best practices in the use of human immunoglobulin preparations for
intravenous administration in the treatment of rare neurological diseases
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ABSTRACT

Aim. To describe best practices in using human normal immunoglobulin in patients with immune-mediated
neurological disorders according to the data of one clinical center.

Materials and methods. From 2016 to 2021, 20 patients with various autoimmune disorders of the peripheral and
central nervous system were treated with human normal immunoglobulin at the Neurology Unit No.1 of Pavlov
First Saint Petersburg State Medical University. Treatment efficacy was assessed by changes in the neurological
examination data according to specialized scales for specific diseases or clinical manifestations (INCAT, QMGS,
MoCA, EDSS). Safety of the therapy was assessed considering the instructions to the drug.

Results. In the vast majority of patients, treatment allowed to stabilize the course of the disease or was accompanied
by pronounced regression.

Conclusion. The considered clinical cases of the use of human normal immunoglobulin preparations demonstrate
the possibility of their use in the treatment of a number of autoimmune neurological diseases for unregistered
indications.

Keywords: human normal immunoglobulin, myasthenia gravis, chronic inflammatory demyelinating polyneuro-
pathy, multifocal motor neuropathy, autoimmune encephalitis, Guillain — Barré syndrome, immunotherapy,
intravenous administration
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PE3IOME

]_Ie.]]blO pa6OTI)I SABJIACTCA 0606HICHI/IC OIIbITa IPUMEHCHU S I/IMMyHOFHO6y.IH/IHa YCJI0BCKAa HOPMAJIBHOTO Yy IMalfueH-
TOB ¢ UMYHOOIIOCPEAOBAHHBIMU HEBPOJIOTMICCKUMU 3a00JICBaHUSIMH I10 JIAaHHBIM OJHOT'O KIIMHUYECKOI'O IIEHTPA.

Marepuaabsl 1 Meroabl. C 2016 mo 2021 r. nHa 0Gaze HeBponormdyeckoro otaeneHus Ne 1 TICII6BIMY
uM. VL.I1. TTaBoBa npoBeeHO J€YCHHEe HMMYHOIJIOO0YJIMHOM YeJIOBeKa HOpMabHbIM 20 TAIMEHTOB C Pa3INYHbI-
MM ayTOMMMYHHBIMH HEBPOJIOTHYECKMMHM 3200JI€BaHUAMHU MEPUPEPUUECKOIl U LIEHTPAIbHOW HEPBHOI CHCTEMBI.
OueHky 3(GEKTHBHOCTH JCUCHHUS IPOBOIMIIN, AaHAM3UPYS AMHAMUKY JAHHBIX HEBPOJIOTMYECKOI0 OCMOTpa B CO-
OTBETCTBUH CO CIICLHAIN3UPOBAHHBIMH 1711 KOHKPETHBIX 3a00JICBaHN MM KIMHUYECKUX MPOSBICHUIT IKAJIaMK
(INCAT, QMGS, MoCA, EDSS). be3onmacHOCTbh Tepanuy OLEHUBAIN C Y4€TOM HHCTPYKIHMHU MO MPUMEHEHHUIO
JIGKapCTBEHHOT'O IIpenapara.

Pe3yJIl)TaTl>l. V N0JaBIISONIEro YKCIIa MAIMEHTOB JICUEHUE ITO3BOJIUIIO CT3.6I/U'[I/I3I/IpOBaTB TeueHre 0OJIE3HU WITH
COIPOBOKIATIOCH BBIPAXKEHHBIM PETPECCOM CUMIITOMOB.

3akiiroueHue. PaCCMOTpeHHbIe KIIMHUYCCKHUE Clly4Yaun NPUMCEHCHHUS NperapaToB I/IMMyHOrJIO6yIII/IHa YCJIOBCKa
HOPMAJIbHOT'O A€EMOHCTPUPYIOT BO3SMOXKHOCTb UX HUCIOJIb30BAHUS B JICUCHUU psia ayTOUMMYHHBIX HEBPOJIOIrHYC-
CKHX 3a00JIeBaHUH 110 HE3apCruCTpUpPOBAHHBIM ITOKa3aHUAM.

KuroueBble ci10Ba: MMMYHOTTIO0YJIMH YeJI0BEKa HOPMAIBbHBIH, MUACTEHUsI, OCTpasi U XPOHUUECKasi BOCIIAIUTEIb-
Hasl IEeMUEIMHU3NUPYIOLIAs IOJIMHEHPONaTHsl, MyJIbTU(OKaIbHASI MOTOPHAS HEHpONaTHs, Ay TOMMMYHHBIH SHIIe(a-
T, cuaapom ['uilena — bappe, IMMyHOTeparusi, BHyTpPUBCHHOE BBEICHHE

KonpaukT uaTEepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOHMOIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HACTOSIIECH CTaThH.

HUctounuk q)ﬂHchHpOBaHPHI. ABTOpI:I 3asIBIISIIOT 00 OTCYTCTBUHU (l)I/IHaHCI/IpOBaHI/Iﬂ py MPOBECACHUUN UCCIIEN0-
BaHUA.

Jsa uutupoBanus: Tepemenko H.M., Kymuup S.b., A6pamosa M.IL., ['otoBunkoB A.A, Kpacuos B.C., Co-
kosoB A.1O., Totonsn H.A., Amenun A.B. OnpIT nmpUMeHEHHUs IpenapaToB MMMYHOTJIOOYIMHA YeJOBeKa s
BHYTPUBEHHOT'O BBE/ICHUS B JICYCHUH PEJIKUX HEBPOJIOTHYECKHX 3a001eBaHui. bloiemens cubupcrol meouyunbl.

2023;22(1):174—182. https://doi.org/10.20538/1682-0363-2023-1-174-182.

INTRODUCTION

Currently, for the treatment of a wide range
of immune-mediated diseases of the central and
peripheral nervous system (Guillain — Barré syndrome,
chronic inflammatory demyelinating polyneuropathy
(CIDP), autoimmune encephalitis, etc.), drugs with
various patented names and a single international non-
proprietary name “human normal immunoglobulin”
are used. The dosage forms of these drugs are intended
primarily for intravenous administration and are often
referred to as “intravenous immunoglobulins” (IVIG).

IVIG preparations contain human multispecific
immunoglobulins (Ig), predominantly of class G,
obtained from the blood plasma of healthy donors, which
contain antibodies (AB) to a variety of antigens, given a
high level of viral safety is ensured [1, 2]. They may
differ in the ratio of Ig A and Ig G and in the mechanisms
of antigen inactivation. For the maximum therapeutic
effect, the drug must contain at least 95% Ig G with
distribution in subclasses 1-4 comparable to normal
serum and with a minimum amount of Ig A [2, 3].

IVIGs are used not only in replacement thera-
py for various immunodeficiencies, but also as immu-
nomodulatory agents; however, the mechanism of their
pharmacological and biological effects is not fully un-
derstood. Depending on the predominant participation
of Fab- (fragment antigen binding) or Fc- (fragment
crystallizable) fragments of immunoglobulin in the re-
actions, two possible mechanisms are considered [1, 3].

Thefirstgroup includes Fab-mediated neutralization
of autoantibodies, proinflammatory cytokines, and
activated complement components, induction of
apoptosis, inhibition of leukocyte adhesion molecules,
and restoration of the idiotypic — anti-idiotypic
network. It is believed that anti-idiotypic AB can bind
auto-AB, for example, to Nm acetylcholine receptors
in myasthenia gravis or to gangliosides in Guillain —
Barré syndrome [3]. The second probable mechanism,
involving the Fc fragment, includes activation or
inhibition of macrophages, monocytes, and dendritic
cells, as well as suppression of autoreactive B cells
and interaction with natural killers [3]. The listed
effects partly develop already in the process of
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infusion, however, a clinically significant effect after
IVIG administration is usually recorded after the
second day and lasts about 3—5 weeks, depending on
the half-life of a particular drug, which is determined
both by the properties of the molecule and, in some
cases, by factors of the body. It is the pharmacokinetic
parameters that determine the average duration
of the IVIG course, which ranges from 3 to 5 days
[3]. According to studies, IVIG drugs have an anti-
inflammatory effect at high doses, while at low
doses they can have an undesirable proinflammatory
effect [1]. When choosing an IVIG preparation for
treatment of autoimmune neurological diseases, the
absence of restrictions on single and daily doses,
the maximum allowable rate of administration, and
the stabilizer used in the manufacturing are very
important [2]. According to the current guidelines
in the Russian Federation (https://grls.rosminzdrav.
ru), indications for the use of IVIGs in neurology are
limited to Guillain — Barré syndrome (GBS), chronic
inflammatory demyelinating polyneuropathy (CIDP),
and multifocal motor neuropathy (MMN) (Table 1).

Table 1

Human normal immunoglobulin preparations for intravenous
administration registered in the Russian Federation for the
treatment of neurological diseases (State Register of Medicines,

09.02.2021)
Trade name of IVIG *

Kiovig, Immunoglobulin Sigardis,
Immunoglobulin Sigardis MT, Privigen,
Octagam, Intratect, Octagam 10%,
Gabreglobine-IgG, Flebogamma 5% DIF,
1.G.Vena, Gamunex-C

Disease

Guillain — Barré
syndrome

Chronic inflammatory
demyelinating
polyneuropathy

Privigen, Intratect, Gamunex-C

Multifocal motor
neuropathy

Kiovig, Intratect

Note: according to the instructions to the drug, Pentaglobin,
Imbioglobulin, Immunovenin, Gabreglobine, and Immunoglobulin
human normal (manufactured by Microgen and Nizhny Novgorod
Regional Blood Center named after N.Ya. Klimova) intended for
intravenous administration can only be used for replacement therapy
for immunodeficiencies.

Despite the fact that in some cases the use of IVIGs
is optimal in terms of safety and efficacy, there is a
fundamental problem in the form of the absence of
indications for some rare neurological disorders in the
instruction to the drug. Human normal immunoglobulin
preparations are widely used in international practice
for treatment for myasthenia gravis (MG), idiopathic
inflammatory myopathies, stiff person syndrome,
CIDP associated with monoclonal gammopathy of
undetermined significance (MGUS), some forms

of epilepsy, and active multiple sclerosis in women
during pregnancy. In these diseases, off-label use of
IVIGs takes place. At the same time, they are included
in the standards of medical care for CIDP, MG, and
acute disseminated encephalomyelitis (ADEM) [3, 4].
The aim of this work was to describe best practices in
using human normal immunoglobulin in patients with
immune-mediated neurological disorders according to
the data of the Neurology Department No.1 at Pavlov
First Saint Petersburg State Medical University.

MATERIALS AND METHODS

A monocenter, observational, retrospective and
prospective cohort study on the efficacy and safety
of IVIG in the treatment of immune-mediated
neurological diseases was conducted on the basis
of the neurological department No.1 of Pavlov First
Saint Petersburg State Medical University in 2016—
2021. The study included 20 people (14 women and
6 men), median onset of the disease was at the age
of 49.5 [35.3; 58.5] years. Of these, 3 patients were
diagnosed with MMN, 9 — with CIDP, 3 — with MG, 2
with autoimmune encephalitis, 2 — with neuromyelitis
optica spectrum disorders (NMOSD), 1 — with stiff
person syndrome (Table 2). IVIG preparations were
used following medical indications according to the
instructions or by the decision of an expert board of
physicians in cases of off-label use when assessing the
risk—benefitratio (accordingto the order ofthe Ministry
of Health and Social Development of the Russian
Federation No. 494 of 09.08.2005 “On the procedure
for using drugs in patients for health reasons” and the
Federal Law No. 323-FZ of 21.11.2011). The therapy
used human normal immunoglobulin preparations of
various trade names.

All patients signed an informed consent to IVIG
treatment. Medicines were administered intravenously
by trained medical staff directly in the patient’s ward.
The procedure was carried out in accordance with the
instructions and clinical recommendations or according
to the data of expert working groups in the case of off-
label application. Prior to infusion, adequate hydration
was performed, hematocrit, IgA, and creatinine levels
were determined [2], and thromboembolism risks
were assessed. In order to prevent the development of
systemic post-infusion reactions, premedication with
paracetamol (1,000 mg, orally) and chloropyramine
(20 mg, intramuscularly) was performed in all cases
[5]. During the infusion and within an hour after its
completion, the patient was under the supervision of a
physician assessing the somatic status.
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The dynamics of the neurological status was
assessed daily using scales developed for the
respective diseases (INCAT, QMGS, MoCA,
EDSS). Safety of IVIG therapy was assessed by the
presence and severity of adverse events [5]. Follow-
up from the initiation of the therapy ranged from 2 to
30 months.

Statistical processing of the obtained results was
not carried out due to the small sample size and the
heterogeneity of the data.

RESULTS

The main characteristics of the patients, as well as
regimens and results of IVIG therapy are presented in
Table 2.

Among patients with CIDP, the phenotype of
sensorymotor neuropathy was present in 7 patients,
predominantly motor phenotype — in 2 individuals. In
4 cases, a progressive course of polyneuropathy was
observed, in 5 — recurrent. Two patients (22%) with
CIDP after two courses of IVIG therapy according
to the INCAT scale showed partial regression of
symptoms. Five patients (56%) had stabilization
and no progression of symptoms after two courses
of therapy with IVIG at a dose of 2 g / kg. In four
(80%) out of five patients with a recurrent course,
new exacerbations were prevented during the entire
follow-up period.

In a patient with CIDP associated with MGUS,
within 7 months of continuous monthly IVIG therapy
with a starting dose of 2 g/ kg (134 g within 5 days) in
the first month and subsequent monthly course doses
of 1 g/ kg (67 g within 3 days), complete clinical
remission was observed. A patient with an atypical
variant of CIDP and concomitant podocytopathy
after a course of therapy at a total dose of 2 g / kg
developed an exacerbation 5 days after the end of the
therapy.

In the case of a patient with stiff person syndrome,
after 7 courses of regular IVIG therapy (at a dose of
1-2 g / kg), a clinical improvement was observed in
the form of a decrease in axial and limb hypertonicity,
as well as a decrease in the severity of dysarthria.

In 2 patients with autoimmune encephalitis
associated with antibodies to GAD, after 6 and
12 months of treatment, respectively, stabilization of
the condition, no progression of cognitive deficit, and
regression of epileptic seizures were observed.

In a patient with an exacerbation of NMOSD in
the second trimester of pregnancy and a clinical
presentation of complete transverse myelitis at the

cervical level, after a course of IVIG, significant
regression of symptoms was noted with changes in the
EDSS score from 4.0 to 2.5. Against the background of
subsequent administration of the drug at maintenance
doses for 2 months, no exacerbations were observed
during the six-month follow-up.

A patient with NMOSD associated with SLE and
severe lymphopenia underwent IVIG anti-relapse
therapy for 3 months monthly, at a starting dose of
2 g/ kg and a maintenance dose of 0.4 g / kg until the
level of lymphocytes was restored. No exacerbations
and negative trend in the EDSS score were registered
during the follow-up. Subsequently, the therapy was
shifted to rituximab.

All patients with stage [Vb and V MG according
to MGFA showed partial regression of symptoms and
an improvement by 13 points according to the QMGS
scale. Tolerability of IVIG therapy was assessed as
good. No infusion reactions were reported in any of
the cases. No delayed adverse events were observed
during the follow-up period.

DISCUSSION

The results of our observational study indicate
that long-term course use of IVIG preparations in
a heterogeneous group of neurological patients in
most cases leads to stabilization of the disease course
and regression of symptoms. Immunoglobulin was
effective and safe not only in cases of its use according
to indications, but also in off-label application, due to
a lack of other optimal or approved treatment options
for severe diseases of the peripheral and central
nervous system. The starting and maintenance doses
were determined by the instructions to the drug or
clinical guidelines and expert working groups in the
case of off-label use. The duration of therapy and
follow-up varied, from 5 days to 2.5 years, depending
on the disease and clinical situation.

Our positive experience with the use of IVIG in the
treatment of a number of autoimmune neurological
diseases confirms the data obtained by other authors
[2—4]. It is known that IVIGs are approved for the
treatment of a number of diseases and are a first-
line therapy in emergency neurological practice. For
example, in patients with GBS, IVIGs are effectively
used at a dose of 0.4 g/ kg / day for a course of 3 to
5 days (up to 2 g /kg per course) [3, 4]. There were
no patients with GBS among the participants in our
observational study, and, therefore, a comparative
assessment of the effectiveness of IVIG in this
pathology was not carried out.
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IVIG is used as a drug of choice in the treatment
of CIDP, including CIDP associated with diabetes
mellitus and uncontrolled arterial hypertension, as well
as in an atypical course of the disease, including motor
phenotypes [6—8]. The generally accepted starting dose
is 0.4 g/ kg / day, from 3 to 5 days (up to 2 g / kg per
course). In the maintenance regimen for CIDP, IVIG
can be administered according to different schemes:
a) a total dose of 0.4 g/ kg within 1 day, 1-2 times a
week; b) 1 g / kg within 2-3 days every 3—4 weeks;
¢) 2 g/ kg within 3-5 days every 4-6 weeks.

When the patient’s condition stabilizes during
IVIG therapy for 6-12 months, gradual dose
reduction or an increase in the interval between
injections is recommended. A combination of
glucocorticosteroids (GCS) and IVIG is allowed, as
well as administration of IVIG after completion of
the course of plasmapheresis [6—8]. In our cohort of
patients, the majority of individuals were diagnosed
with CIDP, and in all but one case, positive dynamics
was noted after 1-2 courses of immunotherapy. An
exception was the case of atypical CIDP with an acute
onset, etiologically associated with podocytopathy,
characterized by an aggressive course and resistance
to GCS, plasmapheresis, and IVIG. The features
of the disease in the patient were the presence of a
pronounced nephrotic syndrome caused by minimal
change disease (non-proliferative glomerulonephritis
with podocytopathy). Presumably, such clinical
presentation of CIDP is typical when the target of an
autoimmune attack is neurofascin, which is localized
both in the peripheral nervous system and in the
podocyte cytoskeleton [9].

Within 5 days after the infusion, there was no
increase in neurological deficit, but then bulbar
disorders and tetraplegia began to rapidly increase,
leading to intubation and follow-up in the intensive care
unit. In the future, a combination of cytostatic therapy
(cyclosporine and rituximab) and corticosteroids (oral
prednisolone) had a dramatic positive effect. The
lack of an adequate response to immunoglobulin can
probably be explained by the gradually progressive
nephrotic syndrome.

The off-label use of IVIG may be effective in
the treatment of paraproteinemic demyelinating
polyneuropathy associated with MGUS with Ig A and
Ig G [10, 11] and as second-line therapy in patients
with inflammatory myopathies (dermatomyositis,
polymyositis). The dose may vary from 0.4 g / kg to
2 g / kg, depending on the severity of clinical symp-
toms. Currently, there are no unambiguous data on the

effectiveness of IVIG in inclusion body myositis and
necrotizing autoimmune myositis [4, 12, 13].

With MMN, the effectiveness of IVIG has been
proven as the only method of pathogen-specific
therapy. The starting course dose should be at least
2 g / kg for 3-5 days. The total maintenance dose can
be 1 g/ kg for 2-3 days every 2—4 weeks or 2 g / kg
for 3—5 days every 1-2 months, although in our work
in one case it was possible to reduce it to 0.5 g / kg.
As a rule, patients with MMN require long-term,
continuous maintenance therapy with IVIG [14, 15].

Stiff person syndrome is a rare autoimmune
neurological disease associated with the presence of
antibodies to glutamate decarboxylase (GAD) and
amphiphysin. Currently, there areno generally accepted
schemes for its therapy, however, along with GCS,
IVIG and plasmapheresis have proven efficient. IVIG
is administered at a course dose of 2 g / kg, followed
by repeated courses at a dose of 1 g/ kg. The duration
of treatment and the interval between injections are
determined by the level of autoantibodies and the
severity of clinical symptoms [16]. In our cohort, a
patient diagnosed with stiff person syndrome received
7 courses of IVIG infusions, during which a steady
decrease in the severity of clinical manifestations was
observed.

AE is a group of rare immune-mediated
inflammatory diseases of the central nervous system. Its
clinical presentation is dominated by encephalopathy
of non-infectious origin, associated with the presence
of autoantibodies of different specificities (to proteins
of presynaptic terminals — GAD or amphiphysin; to
synaptic proteins in neurons — GABAa,b receptors,
AMPA receptors, VGC channels, NMDA receptors,
etc.). Along with GCS and plasmapheresis, IVIG is
referred to as first-line therapy, with a recommended
dose of 2 g / kg per course. Second-line drugs include
rituximab and cyclophosphamide [17]. In our study,
for the patient with ineffective previous treatment
with rituximab, IVIG therapy was accompanied by
stabilization of the disease course throughout the year.

IVIGs are not included in the standard treatment
regimen for multiple sclerosis (MS) and NMOSD.
However, in MS and NMOSD, they are used in certain
clinical situations, namely in children, in pregnant
women, sometimes in severe exacerbations or verified
immunodeficiency [3, 18-20]. In NMOSD, therapy
with IVIG preparations to prevent the development
of relapses can be carried out in the presence of
contraindications to immunosuppressants [20]. In our
cohort, in one patient with NMOSD, an exacerbation
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developed during pregnancy, and in the second patient,
it developed due to lymphopenia, the genesis of which
was initially unclear, and later SLE was diagnosed as
a comorbid condition. IVIG treatment in both cases
was accompanied by rapid suppression of disease
intensity, in the second case — after ineffective anti-
relapse therapy with GCS and rituximab.

Of course, our observational study has a number
of significant limitations, such as a small sample and
demographic heterogeneity of patients, analysis of a
wide range of diseases, use of various IVIG drugs,
and a lack of randomization and a comparison group.
Nevertheless, the results of the study seem to be
important evidence of the efficacy and safety of IVIG
preparations in the treatment of a number of immune-
mediated diseases of the nervous system. They are often
used in situations when other approved treatments are
not effective or contraindicated, or when there is no
approved therapy for certain nosological entities.

CONCLUSION

The use of IVIGs for the treatment of rare severe
neurological diseases is possible not only within the
approved indications, but also in the off-label fashion,
taking into account known data on the pathogenesis
and after assessing the risk — benefit ratio for patients
in accordance with the order of the Ministry of Health
and Social Development of the Russian Federation
No. 494 of 09.08.2005 “On the procedure for the
use of medicines in patients for health reasons” and
Federal Law No. 323-FZ of 21.11.2011. These drugs
have a good efficacy / safety ratio and in some cases
may be the only means of treating life-threatening
conditions and preventing profound disability.
Potential systemic infusion reactions (fever, myalgia,
asthenia, nausea, anaphylaxis) can be prevented by
premedication. Further studies of IVIG preparations
are required to determine their optimal doses,
frequency of administration, as well as the duration of
therapy for various neurological diseases in order to
scientifically substantiate the expansion of the list of
diseases for their use in the standards of medical care
for neurological patients.
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XYPHAN «BIOJINETEHb CUBUPCKOWU MEAULINHDI»
NMPEACTABJIEH HA CJIEAYIOWUX PECYPCAX

Unpaywall - 6pay3epHoe paciumpeHvie. OHO HaxoauUT 6ecnnaTHble Konmu
Hay4HbIX CTaTel, OpUrMHasbl KOTOPbIX HaxoAATcA nog paywall. B oTkpbiToi 6a3e
AaHHbIX cepBuca ecTb 6onee 31 MAMNIMOHa HayUYHbIX My6anKauuii

Baidu - knTalickas KoMnaHus, NpefocTaBsaiolasn Be6-cepBuChl, OCHOBHbIM 113
KOTOPbIX ABNIAETCA NMOMCKOBAs CUCTEMa C TaKUM e Ha3BaHMeM — uiep cpeam
KUTaNCKMX MONCKOBBIX CUCTEM

Scilit — 310 Bceobbemntowlan 6ecnnatHan 6a3a AaHHbIX A1A yYEHbIX,
MCMOJb3yioLLas HOBbI METO/] COMOCTABNEHUS AaHHbIX 1 HAEKCMPOBaHUA
Hay4HbIX MaTepranoB. Halum ckaHepbl eXxeAHEBHO M3BJIeKaloT NociegHne
NaHHble n3 CrossRef n PubMed

PerynspHo o6HoBNsieMasn KoneKLms nepruoanyeckmx nsgaHnii Kutaa no
LIMPOKOMY KPYry OUCUMMIIVH

|" I I BrKkrpgaHHble — 310 6ecnnatHas 1 OTKpbITas 6a3a 3HaHWIA, KOTOPYIO MOTYT
A ML YnTaTb U PeAaKTVPOBATh Kak JIIOAN, TaK 1 MaLUVHbI

SClmago Journal & Country Rank — 310 06LiefoCTynHbIV MOPTa, KOTOPbIN
BKJ/0YAET HayYHble MoKa3aTenu XKypHasioB 1 CTpaH, pa3paboTaHHble Ha OCHOBe
NHpopMaLmK, cogepKaLlernca B 6ase gaHHbix Scopus® (Elsevier B.V.). 911 noka-
3aTeNiv MOXKHO MCMONb30BaTh AN OLEHKU U aHanm3a HayuHbIX obnacTen.
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1
aa !'l'l!"ﬂ!_ -— “ccnefoBaTenbCKUM My6anKaLyAM, 33aapXMBUPOBaHHBIM B PasfiNUHbIX
T Ty ,?'.._ o —

Konnekuuax Apxmea NHTepHeTa.

HepoAccucTeHT — cepBep Hay4HOro 13faTenbCcTBa NpeAHasHaveH ana
HE"LlJ O aBTOPOB, PeakTOPOB 1 PELIEH3EHTOB Hay4HbIX *KypHanoB. CepB1C No3BonAeT
SECUCMEHT aBTOMaTM3MPOBaTb PabOTY C TEKCTaMM HayUHbIX CTaTel C MOMOLLbIO
NCKYCCTBEHHOTO UHTENNEKTa
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