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Ienu, 3agauu ¥ TeMaTHKa )XypHaia
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Ha paCCMOTPEHUH B JIDYTUX HAay4HBIX XypHasax.
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paboThI 110 pa3paboTKe HOBBIX U 10 YCOBEPIIEHCTBOBAHUIO CYII|ECTBYIOIMX NPO(UIaKTUIeCKHX, AUarHOCTUYECKHUX, 1edeOHbIX U peabunura-
LIMOHHBIX METO/IOB.

Ha ocnoBanuu pertiennst BAK MunucrepctBa 06pa3oBanust v Hayku P® »xypHan BXoauT B «[lepeueHb MepUOJHUeCKUX U3aHUM, B KOTOPBIX
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JIEproJIorysi U UMMYHOJIOTHs (MeJULIHCKHE HayKu), 3.2.7. AJUIepro/iorusi 1 UMMyHosiorust (6HMo/ioruueckie HayKu)».
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YeCKHX BBIITYCKOB KypHasa: http://journals.rudn.ru/medicine/announcement/view/327

OnekTpoHHbIY afpec: medj@rudn.ru

JIutepatypHbIi pefakTop K.B. 3eHKUH
KoMmnrblorepHas Bepcrka: M.B. Pozoga

ITouToBEIN afpec pefaKkIui
117198, Mockga, Poccus, yin. Muknyxo-Maknas, . 10
e-mail: medj@rudn.ru

Afpec u3faTenbCTBA:
115419, Mocksa, Poccus, yn. OppkoHUKHA3e, A. 3
Ten.: +7 (495) 955-07-16; e-mail: publishing@rudn.ru

Topnucano B neuats 10.12.2024. Beixog B cBeT 25.12.2024. dopmar 60%x84/8
Bymara odcetHas. [Teuats odcerHast. [apHutypa «Tinos, Roboto».
Yei. meu. 1. 13,65. Tupask 500 3k3. 3axa3 Ne 1716. LleHa cBobogHast.

DefiepabHOE TOCYAAapPCTBEHHOE aBTOHOMHOE 00pa3oBaTe/ibHOe YUPeXKeHHe BBICIIero 00pa3oBaHust
«Poccuiickuii yHUBepCUTeT ApYyKObl HapogoB umeHu [larpuca Jiymym6e» (PYIH)
117198, Mocksa, Poccus, yn. Muknyxo-Maknas, .6
Ortneuarano B Tunorpaduu UITK PYTH
115419, Mocksa, Poccus, yn. OpKkoHUKuz3e, 1.3
Ten. +7 (495) 955-08-61; e-mail: publishing@rudn.ru

© Poccuiickuii yHUBEpCHUTET APY>KObI HApoZioB, 2024



RUDN Journal of Medicine

ISSN 2313-0261 (Online); 2313-0245 (Print)

Publication frequency: 4 issues per year (quarterly).

Included in the list of peer-reviewed scientific publications of the higher attestation Commission of the Russian Federation.
Languages: Russian, English.

The journal articles are posted at databases: Russian Index of Science Citation, Scopus, Electronic Journals Library Cyberleninka,
Directory of Open Access Journals (DOAJ).

Aim, tasks and topics of the journal

The “RUDN JOURNAL OF MEDICINE?” is a quarterly journal that publishes peer-reviewed medical research papers since 1997.

A major goal of the journal is to integrate the results of basic and clinical research and rich experience of domestic and foreign experts in
the field of clinical medicine and biomedical problems. Primary areas covered range from oncology, physiology and neurobiology, allergology
and immunology, to medical genetics and microbiology, as well as infectious diseases.

Each issue is devoted to a specific medical topic that is announced in advance. We accept original research including important new tools
and techniques, reviews, and clinical cases.

Papers may be submitted in Russian and/or English.

Authors must ensure that the article was not published elsewhere before, either as a whole or in part, in Russian or other languages.
They should also guarantee that the paper submitted is not under consideration in other scientific journals.

The journal is intended for rresearchers, lecturers, graduate students and young scientists, practitioners who do research to develop new
and improve existing preventive, diagnostic, therapeutic and rehabilitation methods.

The Editorial Board of the journal encourages individual researches and research teams to collaborate in preparing issues devoted to
specific topics: http://journals.rudn.ru/medicine/announcement/view/327

Contact e-mail: medj@rudn.ru

Review editor K.V. Zenkin
Computer design: M.V. Rogova

Postal Address of the Editorial Board:
10 Miklukho-Maklaya St., 117198 Moscow, Russian Federation
e-mail: medj@rudn.ru

Address of the Publishing House
3 Ordzhonikidze St., 115419 Moscow, Russian Federation
Ph. +7 (495) 955-07-16; e-mail: publishing@rudn.ru

Printing run 500 copies. Open price.

Peoples’ Friendship University of Russia Named After Patrice Lumumba (RUDN University)
6 Miklukho-Maklaya St., 117198 Moscow, Russian Federation

Printed at RUDN Publishing House:

3 Ordzhonikidze St., 115419 Moscow, Russian Federation
Ph. +7 (495) 955-08-61; e-mail: publishing@rudn.ru

© Peoples’ Friendship University of Russia named after Patrice Lumumba, 2024



BectHuk PYJH. Cepusa: MeguuuHa 2024 Tom 28 N2 4

http://journals.rudn.ru/medicine

COLAEPXAHUE

TEMA HOMEPA: OHKOJ10OIM1A

Jumaniyazova E.D., Lokhonina A.V., Sentyabreva A.V., Kosyreva A.M.

Molecular genetic signatures of head and neck squamous cell carcinoma and their changes induced by proton
irradiation (MoneKynsipHO-TeHeTHYeCKHe CUTHATYPHI TUI0CKOK/IETOYHOTO paka roJIOBhI U IIer U UX N3MeHeHus],
WH/TYI[UDOBAHHBIE TIPOTOHHBIM OOMTYUEHUEM) .....c.vverseerersrssssssssssssssssssssssesssssssesssssessssssssessssssssssssssssssssssssesesssesessssssssnes 413

Gerashchenko T.S., Patysheva M.R., Fedorenko A.A., Filatova A.P, Vostrikova M.A,, Bragina 0.D.,

Fedorov A.A., lamshchikov PS., Denisov E.V.

Chemotherapy-induced developmental trajectories of monocytes in breast cancer (i3meHeHHe TpaeKTOpUi
Pa3BUTHSI MOHOIL[UTOB T10/], IEMCTBHEM XUMHUOTEPAiK § OOTBHBIX PAKOM MOJIOUHOM JKETE3BI) ..covvenveeneeneeeeneeeneenees 427

Khozyainova A.A., Menyailo M.E., Tretyakova M.S., Bokova U.A., Korobeynikova A.A.,

Gerashchenko T.S., Rodionov E.O., Miller S.V., Denisov E.V.

Tumor hybrid cells in non-small cell lung cancer: population structure and contribution to prognosis

(OmnyxoneBbie THOpPHU/HBIE KJIETKH MPU HEMETKOK/IETOUHOM pake JIErKoTo: MOMY/ISLIAOHHBINA COCTaB

Y KJTHHAUECKAST BHAUMMOCTD) c.vveeeuveeesveeesseesaseeessseasssesssesassesassessssssasssesssssssssssssssssnsessssssssssssssssesssessssssassesasssssssssssssssns 439

KocbipeBa A.M., [IxxymaHusasoBa 3.[., Ipxanunosa [.LL., CeHTa6peBa A.B., MupoLwHuyeHko E.A,
®etucos T.U., JloxoHnHa A.B.

MO]IeKYJIHpHO-61/IO]IOFI/I‘—IECKI/IE U UIMMYHOT'MCTOXUMHYECKHE 0COOeHHOCTH HE,ZLI/Id)CbEPEHL[I/IpOBaHHLIX
TI/IEOMODMHBIX CAPKOM ....eeuvveeeuveesureeaseeasseessseesssssassssssssssassssassessssesassssassssssssssssssssssesassssasssssssssessssssssssassessssessssesssssensns 452

AHppees I1.10., Mowypos W.I1., KopoTkux H.B., LUnwkuHa B.B., CamonneHko T.B., NoprowkuHa E.C.,
AHTakosa J1.H.
O30HOTEPAITHSA 3/I0KAUECTBEHHBIX HOBOOOPAZOBAHM ......veevveeereeereereaseesessseesesssesssesssesssesssesssesssssssesssesssssssesssssssanns 466

rmcrorsiorns

Sentyabreva A.V., Vasyukova O.A., Zorkina Ya.A., Andryuschenko A.V., Kostyuk G.P,

Eremina |.Z., Kosyreva A.M.

Distribution of B-amyloid and pTau in brain cortex depending on age and mental state (Pacripezenenve

B-amunonza v pTau B KOpe TOJIOBHOTO MO3ra B 3aBUCUMOCTH OT BO3PacTa Y IICUXUAaTPUUECKOTO CTaTyca) ............ 488

XUPYPIUa

Protasov A.V., Mekhaeel M.Sh.F,, Salem S.M.A.

The choice of the optimal mesh implant for hernioplasty operations depending on the properties of mesh

implants (BIO0p ONTUManbHOTO CETYATOTO MMIUIAHTATA /i/Ist OTlepaLiidii TePHUOT/IACTHKY B 3aBUCUMOCTH

OT CBOMCTB CETUATBIX UMIITIAHTATOR) c..uuvveeeerrreeesurreeeaiuseesassseeesssseessssssssassssssssssssssesssessesssssssassssessssssssssssssssenssasesssnsees 499

CTOMATOJIOruNA

KysHeuoB A.M., UmaHoBa X.3., l'ycapos A.M., Aukesuy 0.C., 3opuy M.E., KopoTkosa H.J1.,
Konbinoea Y.0., Harannuenko A.M.
KocTtHas nyacTika paciiie/iMH aabBeoIsIpHOTO OTPOCTKA: K BOMPOCY O COBPEMEHHO! NapajurmMe JIe4eHus . ........... 508



BectHuk PYH. Cepus: MeguuuHa 2024 Tom 28 N2 4

http:/journals.rudn.ru/medicine

®APMAKOJIOINA

Marchenkova L.A., Safdari A., Uspenskaya E.V.

New approaches to quality control of drugs from the group of branched polymers on the example of dextran.
(MECTHOE NMprUMeHeHHEe TUMOJ10/1d MdJ/ieaTd B JIEHEHWU CMEIIaHHbIX U F]Iy6OKI/IX M/IaJeH4YeCKHNX I'eMdHI'MOM:
COOBIIIEHUE O [IBYX CITYUANX) +veuvererrerrersensessessersesseessessessesssessessessasssessessssssessessesssessessessesssessessssssessessessssssessessesssensens 537

T’MHEKOJ10Ins

KonecHukoBa E.B., Ocunosa J1.K., XKapos A.B.
@DakKTOpbI prCKa peLiIMBUPOBAHNS BY/IbBO-BArMHATBHBIX MHPEKIIUM ....coverierieeieeieeeeeeeeteeieeteeeeeeeseeeeesseeae 548



RUDN Journal of Medicine 2024 Vol. 28 No 4

http://journals.rudn.ru/medicine

CONTENTS

THEME OF THE ISSUE: ONCOLOGY

Jumaniyazova E.D., Lokhonina A.V., Sentyabreva A.V., Kosyreva A.M.
Molecular genetic signatures of head and neck squamous cell carcinoma and their changes induced by proton
ITTAAIALION ..ot bbb bbb bbb bbb b bbb bbb 413

Gerashchenko T.S., Patysheva M.R., Fedorenko A.A., Filatova A.P, Vostrikova M.A., Bragina 0.D.,
Fedorov A.A., lamshchikov PS., Denisov E.V.
Chemotherapy-induced developmental trajectories of monocytes in breast Cancer..........cccceeeveeeererereeeseserrerreenns 427

Khozyainova A.A., Menyailo M.E., Tretyakova M.S., Bokova U.A., Korobeynikova A.A.,
Gerashchenko T.S., Rodionov E.O., Miller S.V., Denisov E.V.
Tumor hybrid cells in non-small cell lung cancer: population structure and contribution to prognosis ................... 439

Kosyreva A.M., Jumaniyazova E.D., Dzhalilova D.Sh., Sentyabreva A.V., Miroshnichenko E.A.,
Fetisov T.l., Lokhonina A.V.

Molecular-biologic and immunohistochemical features of undifferentiated pleomorphic sarcomas........................ 452
Andreev PYu., Moshurov I.P, Korotkih N.V., Shishkina V.V., Samoilenko T.V., Goryushkina E.S., Antakova L.N.
Malignant neoplasms 0ZOMNE thETAPY ......ccceevieviirriiriieeiieeieeteetesrresteesteetesaeeeestessesssessseessesssesssesssesssessseessesssesssanss 466
HISTOLOGY

Sentyabreva A.V., Vasyukova O.A., Zorkina Ya.A., Andryuschenko A.V., Kostyuk G.P,
Eremina |.Z., Kosyreva A.M.
Distribution of B-amyloid and pTau in brain cortex depending on age and mental State .........c..ccccevererreenenenneeneene 488

SURGERY

Protasov A.V., Mekhaeel M.Sh.F,, Salem S.M.A.
The choice of the optimal mesh implant for hernioplasty operations depending on the properties
o) i L] T hn0] 0] = LSRR 499

DENTISTRY

Kuznetsov A.M., Imanova Kh.Z., Gusarov A.M., Yackevich 0.S., Zorich M.E.,
Korotkova N.L., Nagajchenko A.M.
Alveolar clefts bone grafting: on the issue of modern treatment paradigm...........ceeceeeverrerrierrerriersenseesesreesseesseenns 508

PHARMACOLOGY

Marchenkova L.A., Safdari A., Uspenskaya E.V.
New approaches to quality control of drugs from the group of branched polymers on the example of dextran....... 537

GYNECOLOGY

Kolesnikova E.V., Osipova L.K., Zharov A.V.
Risk factors for recurrence of vulvovaginal infections............cceevveivieriiieriieiinierieeieee et sae e aeeae e 548






.ﬁ BectHuk PY[QH. Cepus: MEAULIUHA 2024;28(4)
F' RUDN Journal of MEDICINE. ISSN 2313-0245 (Print). ISSN 2313-0261 (Online) http://journals.rudn.ru/medicine

TEMA HOMEPA: OHKOJ10I sl
THEME OF THE ISSUE: ONCOLOGY

DOI: 10.22363/2313-0245-2024-28-4-413-426
EDN GKJBSB

REVIEW
OB30P

Molecular genetic signatures of head and neck squamous cell
carcinoma and their changes induced by proton irradiation

Enar D. Jumaniyazova! -~ 2, Anastasia V. Lokhonina®2 ),

Alexandra V. Sentyabreva’3 ', Anna M. Kosyreva®3

! Research Institute of Molecular and Cellular Medicine, RUDN University, Moscow, Russian Federation
2 National Medical Research Center of Obstetrics, Gynecology and Perinatology named after Academician V.I. Kulakov,
Moscow, Russian Federation
3Avtsyn Research Institute of Human Morphology of Petrovsky National Research Centre of Surgery, Moscow, Russian
Federation
> enar2017@yandex.ru

Abstract. Head and neck squamous cell cancer (HNSCC) is the seventh most common malignancy in the world. The
overall incidence of HNSCC is increasing and is projected to increase by about 30 % annually by 2030. Clinically, HNSCC is
characterized by an aggressive course: rapid local spread, resistance to various methods of antitumor treatment, and frequent
recurrences. Despite improvements in diagnostic and therapeutic approaches over the last two decades, mainly due to the
respective heterogeneity of these tumors, the outcomes of patients with HNSCC have not shown significant improvements,
especially for patients with late TNM stage, with an overall five-year survival rate of 50 %. Approximately 75 % of HNSCC
patients are treated with radiation therapy either alone or as part of a comprehensive treatment regimen. To date, one of the
main ways to improve the efficacy of radiation therapy in HNSCC is considered to be a combination of maximum allowable
increase of radiation dose in the target tumor and reduction and minimization of such dose in the surrounding healthy tissues.
From this point of view, proton therapy (PT) has a pronounced advantage over various types of photon irradiation. Despite the
growing interest of scientists in PT, studies aimed at identifying molecular and genetic changes induced by PT are scarce, while
in our opinion they are very important for understanding intracellular mechanisms leading either to tumor cell destruction or
to the development of radioresistance. This review summarizes the available knowledge on the changes in the main signaling
pathways of HNSCC tumor cells under the influence of PT.
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Introduction

Head and neck squamous cell cancer (HNSCC)
is the seventh most common malignancy in the world.
The overall incidence of HNSCC is increasing and is
projected to increase by about 30 % annually by 2030 [1,
2]. The most significant risk factors for the development of
HNSCC include smoking, alcohol consumption, exposure
to environmental pollutants, and infection with viral agents,
namely human papillomavirus (HPV) and Epstein-Barr
virus [3], additional predisposing factors include betel
nut chewing (a species of tree-like plants of the genus
Areca of the Palm family, the use of which is common
in Southeast Asian countries), malnutrition, poor oral
hygiene [4, 5]. Clinically, HNSCC is characterized by an
aggressive course: rapid local spread, resistance to various
methods of antitumor treatment and frequent recurrences
[6]. Despite improvements in diagnostic and therapeutic
approaches over the last two decades, mainly due to the
respective heterogeneity of these tumors, the outcomes
of patients with HNSCC have not shown significant
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improvements, especially for patients with late TNM
stage, with an overall five-year survival (OS) of 50 %
[7]. Therapeutic options for HNSCC include minimally
invasive, organ-preserving surgery, radiation therapy (RT),
and multimodal treatment strategies. For patients with
early-stage HNSCC, both surgery and intensive RT provide
comparable results in terms of local disease control and
overall survival [8]. After surgery, postoperative RT with
or without adjuvant chemotherapy is recommended for
patients with risk factors including perineural invasion and/
or lymphovascular invasion and when positive resection
margins (i.e., resection margins with tumor cells detected in
them) are identified. As a rule, a combination of surgery, RT
and chemotherapy is required at advanced stages (locally
advanced stage, or in the presence of distant metastases)
[9]. Approximately 75 % of HNSCC patients are treated
with RT as the main (independent) or as part of complex
treatment [10]. Thus, in the early stages of the disease,
RT can replace the need for surgical intervention. In some
complex clinical situations, for example, in tumor lesions of
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the larynx, RT allows to perform antitumor treatment while
preserving the organ, which is a fundamentally important
aspect from the psychological point of view for a number
of patients [11]. However, the planning and implementation
of RT in patients with HNSCC is complicated due to the
close proximity of a large number of critical organs at risk
(OAR). Even with the introduction of Intensity Modulated
Radiation Therapy (IMRT) in the clinic, it is not possible
to completely avoid irradiation of nearby organs, which
subsequently leads to the development of late postradiation
complications [12, 13]. To date, one of the main ways
to improve the efficacy of RT in HNSCC is considered
to be a combination of maximum permissible increase
of radiation dose in the target tumor and reduction and
minimization of such dose in the surrounding healthy
tissues. From this point of view, proton therapy (PT)
has a pronounced advantage over various types of
photon irradiation. [14, 15]. A number of studies have
demonstrated a significant reduction in the radiation dose
to OAR with PT compared to IMRT [16-18].

PT is a promising variant of RT, the wide application
of which is expected to solve many problems [19].
Protons are positively charged particles that penetrate

tissue to a limited depth and give up most of their energy
at the end of their path [20]. This physical phenomenon
of protons has been called the Bragg peak [21]. The
pronounced peak of ionizing radiation, or Bragg peak,
occurring at the end of the protons’ run through matter
causes that the integral dose is almost always lower
and the irradiation of healthy tissues is less than in
photon therapy [22]. Due to such a dose distribution
in the substance, it is possible to carry out irradiation
with high effective doses against the background of
a reduced radiation load on the surrounding healthy
tissues, which improves the tolerability of treatment
and reduces the number of postradiation complications
in HNSCC patients.

The main effect of protons on tumor cells is DNA
damage, including nucleotide base modifications, a basic
sites and single-strand breaks, the latter being the most
common type of PT-induced direct damage. In addition
to direct damage, PT has an indirect cytotoxic effect
through the formation of reactive oxygen species (ROS)
[23], which activate caspases to induce apoptosis [24],
(Fig.1). In a past review article, we highlighted the
biological effects of PT [25], (Table 1).

Figure 1. Proton therapy effects on cancer cells
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Table 1

Specific features of proton therapy exposure

Evaluation parameters

Peculiarities of proton therapy

Physical properties

Protons emit maximum energy, reaching the “target”, i.e. the tumor; while the
surrounding tissues (healthy) receive minimal radiation dose [23], [26].

Cancer cell DNA

Proton irradiation induces clustered DNA damage, with the formation of short DNA
fragments that are difficult to repair by the cellular repair mechanism, leading to

high cell death [27].

Action on tumor

Cancer cells as a whole

Proton irradiation leads to the accumulation of ROS, which in turn activate

It reduces invasion and migration of cancer cells by inhibiting integrins and matrix

caspases that trigger cancer cell apoptosis [28].

metalloproteinases (MMPs) [29].

Cancer-associated

It reduces protumorigenic properties and induces rapid senescence of cancer-

fibroblasts associated fibroblasts [30].
Proton irradiation stimulates reprogramming of M2 macrophages possessing a
pro-tumor phenotype into M1 antitumor ones through activation of NFkB, MAPK
Tumor microenvironment Macrophages and IRF/STAT [31].

It activates the expression of high mobility group box 1 (HMGB1), which is
responsible for the activation of antigen-presenting cells [32].

T-lymphocytes

Proton irradiation activates the recruitment of CD8+ [33], CD4+ and T-reg

lymphocytes [32].

Despite the growing interest of scientists in PT,
studies aimed at identifying molecular and genetic
changes induced by PT are scarce, whereas in our
opinion they are very important for understanding the
intracellular mechanisms leading to either tumor cell
destruction or the development of radioresistance [34].
In this review, we summarize the available knowledge of
the changes in the main signaling pathways of HNSCC
tumor cells under the influence of PT.

P53 signaling pathway

HNSCC is characterized by a high level of genetic
instability [35], which is primarily due to inactivating
mutations in tumor growth suppressor genes [36].
Like most solid tumors, HNSCC is characterized by
mutations in the TP53 gene, [37] which in “normal”
mode of operation provides genomic stability and in
case of detecting violations is able to stop the cell cycle
and start the process of DNA repair, and in case of
impossibility to correct the damage — starts apoptosis
[38, 39]. The hallmark of p53 is high sensitivity to
DNA damage or oncogene activation in the cell [40].
Inactivating mutations of p53 are characteristic of
more than 80 % of HPV-negative HNSCC, which
necessarily lead to loss of its function [41]. Inactivating
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mutations in the TP53 gene are events of early stages of
carcinogenesis. The presence of p53 mutations in any
subtypes of HNSCC is associated with poor overall
survival, resistance to therapy, and increased recurrence
rates [41]. Talking about RT-induced changes in the
TP53 gene, it is important to note that it is assigned
one of the main roles in deciding the “fate” of cancer
cells after irradiation. In several studies [42, 43, 44] it
has been demonstrated that under the influence of RT,
tumor cells die by apoptosis rather than by necrosis or
autophagy. Radiation exposure increases the amount of
p53 protein in cells, mainly by stimulating its translation
and inhibiting its degradation [45].

Activation of the p53-mediated signaling pathway
can cause cell cycle arrest followed by DNA repair,
which promotes cell survival; if DNA repair is not
possible, apoptosis is induced or the cell becomes
senescent, which ultimately leads to tumor cell
death [44]. Bravata et al. showed on breast cancer cell
lines that proton irradiation leads to TP53 pathway
activation [46]. Lee et al. demonstrated on the example
of three kinds of cancer cells, lewis lung carcinoma
cells, hepatoma HepG2 and Molt-4 leukemia cells, that
proton irradiation induces an increase in p53 expression
with subsequent apoptosis of cancer cells [47]. Taking
into the consideration that HNSCC is characterized
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by a high level of hypoxia (like the above tumors) in
the tumor node, similar activation of p53-dependent
signaling pathway is likely to occur in this MNs. In
addition, proton irradiation activates caspases and
increases the generation of ROS via p53. The increase
of ROS can activate p53 and vice versa according to
the feedback principle [43].

EGFR signaling pathway

A well-known molecular genetic feature of HNSCC
is the overexpression of a receptor with tyrosine kinase
activity-epidermal growth factor receptor (EGFR)
[48]. Thus, EGFR overexpression is thought to be
found in approximately 80 % of HNSCC cases, and
in terms of disease course, it is associated with a poor
prognosis of the disease [49]. The prevalence of EGFR
overexpression has led to the introduction of Cetuximab,
a targeting drug that is a monoclonal antibody directed
against EGFR, into the antitumor therapy of HNSCC.

HER family ligands including epidermal growth
factor, heparin-binding, amphiregulin, transforming
growth factor-alpha, epiregulin and beta-cellulin have
affinity for EGFR. [50]. Upon binding to one of the
ligands, activated EGFR activates various intracellular
signaling cascades, e.g., JAK/STAT, PI3K/AKT,
MAPK [51]. In cancer cells, these signaling cascades
are responsible for the processes of cell proliferation,
invasion, migration and metastasis [52].

Despite its transmembrane position, EGFR is
able to move into the cell nucleus where it functions
as a transcription factor. Such a phenomenon can be
induced by ionizing radiation and it is associated with
the acquisition of resistance to RT by cancer cells. In
turn, EGFR inhibition sensitizes radioresistant cancer
cells by modulating DNA repair. Overexpression of
other receptor tyrosine kinases including HER2 and
MET contribute to resistance to agents targeting EGFR
[53, 54].

A study by Park et al. demonstrated the efficacy of
combining the EGFR inhibitor Gefinitib with proton
irradiation on non-small cell lung cancer cells [55].
Unusual results were obtained when oral squamous cell
carcinoma’s cells were irradiated with protons: EGFR
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suppression was revealed [56]. Irradiation with another
type of corpuscular irradiation, carbon ions, also led
to a decrease in the activity of EGFR and PI3K/AKT/
mTOR pathways [57]. In contrast, Stahler et al. did not
observe activation of EGFR and downstream targets
AKT and ERK1/2 after carbon ion irradiation in their
experiment [58].

MET signaling pathway

The MET proto-oncogene encodes RTK and is
a regulator of one of the most important signaling
cascades of carcinogenesis, primarily causing epithelial-
mesenchymal transition (EMT) [59]. In turn, EMT
enhances cancer cell migration and invasion and thereby
determines the process of metastasis in HNSCC [54].
Although c-MET has several functional domains,
it binds to a single ligand-hepatocyte growth factor
(HGF) [60]. The binding of HGF to c-MET iniects the
catalytic activity of RTC, which activates other cell
signaling pathways such as RAS/RAF/ERK, PI3K/
AKT/mTOR, JAK/STAT and NOTCH, resulting in
uncontrolled proliferation of cancer cells [61]. In
HNSCC, c-MET mutations are infrequent, occurring
in approximately 2—13 % of cases, whereas MET
copy number increase and overexpression of its ligand
HGF are common [62] and are associated with poor
prognosis and poor overall survival [63]. Increased
expression of c-MET is associated with metastasis to
lymph nodes in HNSCC, and overexpression of HGF
is associated with resistance to anoikis (a type of cell
death) [64]. Activation of c-Met promotes increased
expression of plexin containing domain 2 through
activation of ERK1/2-ELK1 signaling. This leads to
cancer cell plasticity through the induction of epithelial-
mesenchymal transition and an increase in the number
of stem cells in the tumor, resulting in RT resistance
of HNSCC. Inactivation of c-Met by knockdown or an
inhibitory pharmacological agent not only reverses the
EMT process, but also diminishes the CD44+CD133-
CSC population in radioresistant HNSCC cells, which
significantly slows tumor progression [65].

In view of the fact that EGFR and c-MET activate
common downstream components of signaling cascades
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such as MAPK and PI3BK/Akt/mTOR, the MET signaling
cascade may be considered as a promising target
for the treatment of HNSCC in cetuximab-resistant
patients [54]. In addition, this signaling pathway is
believed to interact with other signaling pathways such
as STAT and Wnt, contributing to tumor progression and
resistance to antitumor agents and RT [66]. In writing
this review, we did not find any studies on how this
signaling cascade is altered after proton irradiation.
However, there are reports indicating that c-Met is
overexpressed in most HPV-negative HNSCC cell lines
after ionizing irradiation.

PI3K/Akt/mTOR signaling pathway

Disorders in the PI3K/AKT/mTOR signaling
cascade in HNSCC are common, occurring in
90 % of cases [67]. The first constituent member
of the signaling cascade-PI3K, which belongs to
a class of enzymes that are essential for cell growth,
differentiation, and survival-is activated by RTKSs (e.g.,
as mentioned above, such as EGFR). Other members
of the pathway include mTORC1, mTORC2 and Akt.
mTORC?2 is required for phosphorylation of Akt and
activation of other signaling molecules of the PI3K
pathway [68]. Phosphorylated Akt activates mTOR
or inhibits Bad, caspase 9 and other proteins, thereby
regulating cell proliferation, differentiation, apoptosis
and migration. PI3K is thought to phosphorylate ph
osphatidylinositol-4,5-bisphosphate and convert it to
another form, phosphatidylinositol-3, 4, 5-triphosphate
[69]. Phosphatidylinositol-3, 4, 5-triphosphate can be
dephosphorylated by phosphatase and tensin homolog,
which in turn blocks the PI3K/AKT/mTOR pathway
[70, 71].

Activation of this signaling cascade in HNSCC
cancer cells leads to the development of resistance
to antitumor therapies, especially RT [72], which is
associated with the induction of DNA repair [73]. After
PT, there is a decrease in AKT phosphorylation followed
by inhibition of signaling pathways, leading to decreased
radioresistance [74]. Carbon ion irradiation resulted in
decreased PI3K/AKT/mTOR activity in non-small cell
lung cancer cells [57]. The study conducted on the cell
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line of glioblastoma multiforme U87 showed that proton
irradiation of tumor cells under conditions of acute
hypoxia leads to activation of the PI3K/AKT/mTOR
signaling pathway [75].

JAK/STAT signaling pathway

Another signaling pathway associated with the
malignancy of HNSCC is JAK/STAT. A transmembrane
protein called Janus kinase (JAK) perceives information
from outside the cell and directs the signal inside the
cell by phosphorylating STAT, which is a transcription
factor. Activation of this signaling cascade is associated
with resistance to various anticancer treatment
approaches-chemotherapy, RT, and targeted therapy
[76, 77]. It is unusual that activation of the participants
of this signaling cascade is associated not only with
changes in cancer cells directly, but also in the tumor
microenvironment. For example, STAT3 activation leads
to changes in the tumor microenvironment: it acquires
immunosuppressive potential due to increased synthesis
of cytokines TGF-1, IL-6, IL-10, and VEGF, which, in
turn, ensures tumor escape from recognition and lysis
by cytotoxic T-lymphocytes [78]. In vitro inhibition
of STAT3 has been shown to be associated with a less
pronounced development of immunosuppressive
phenotype of HNSCC cells [79]. In contrast, STAT5
activation observed in PRGS correlates with increased
cancer cell proliferation, invasion and EMT activity
[80]. In our recent study on transcriptomic changes of
HNSCC after PT, we observed suppression of STAT5
activity [81].

MAPK signaling pathway

The mitogen-activated protein kinase (MAPK)
signaling cascade has an important regulatory function
in cancer cells. Such processes as proliferation of cancer
cells, their subsequent differentiation, metastasis,
and in addition the processes of angiogenesis and
resistance to antitumor treatment are caused by the
activation of the MAPK signaling pathway [82]. The
MAPK signaling pathway includes RAS (H/K/NRAS),
RAF (A-/B-/C-RAF), mitogen-activated protein
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kinase (MEK, MEK1/2), extracellular signal regulated
kinases (ERK, ERK1/2), adaptor molecules (GRB2,
SHC1/2/3/4) and dual specificity phosphatases
(DUSP3/5/6/7/9), which are negative regulators of
ERK [83]. It has been demonstrated that activation of
several kinases, including BRAF, KRAS, HRAS and
ERK1/2, induces carcinogenesis and stimulates cancer
cell invasion [84].

In HNSCC, mutations affecting members of
the MAPK signaling pathway occur in about 18 %
of cases [85]. These mutations are predominantly
localized in BRAF, HRAS, KRAS, and ERK genes
[86]; most of the mutations of the MAPK signaling
pathway in HNSCC are inducers of carcinogenesis. High
intratumoral expression of p-MAPK1/3 (p-ERK1/2) in
HNSCC patients correlates with low survival rates [87].

Hyperexpression of one of the participants of the
p38/MAPK signaling pathway, MAP2KE6, in patients
with HNSCC is associated with resistance to RT and
poor prognosis of the disease [88]. In a study by Meerz
et al., MAPK activation was detected in 3-D cell cultures
of HNSCC after proton irradiation. In addition, the
authors demonstrated radiosensitization of HNSCC
cells when combining PT with selective inhibitors of
key members of the MAPK pathway — for ERK1/2
(Ulixertinib); for JINK 1/2/3 (SP600125); for p38a/f/y/6
(Ralimetinib). The most pronounced radiosensitization
effect was demonstrated by a selective ERK1/2
inhibitor [89]. Another work devoted to the effects of
proton irradiation on the cell line of colorectal cancer,
which revealed the inhibitory effect of PT on MAPK
phosphorylation in cancer cells, is also noteworthy [90].

The NOTCH signaling pathway

The NOTCH signaling cascade starts with 4
receptors (NOTCH1-4) to which 5 ligands (JAG1 and
2 and DLL1, 3 and 4) can bind. After ligand binding to
the NOTCH receptor, the y-secretase complex releases
an intracellular NOTCH domain called NICD. NICD
moves into the cell nucleus, which activates transcription
of NOTCH target genes -HES and HEY [91]. A large-
scale genomic analysis conducted in 2015 revealed
that NOTCH 1-3 mutations are present in 17 % of
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HPV-positive and 26 % of HPV-negative HNSCC cases
[41, 92].

An increase in the activity of NOTCH signaling
pathway participants was observed in HNSCC cells,
and their inhibition leads to a decrease in proliferation
and invasion of cancer cells [91]. Activation of the
signaling pathway through NOTCH1 by Wnt-signaling
stabilizes the population of cancer stem cells (CSCs),
which is associated with frequent recurrences and
active metastasis. Hovinga et al. demonstrated that
Notch inhibition significantly improves response to
radiation by reducing proliferation and self-renewal of
CSCs in tumor explants [93]. In addition, survival of
CSCs is maintained by activation of Akt and STATS3,
which are almost always activated in cancer cells. These
together account for tumor radioresistance [94]. On
human glioma cell lines it was shown that carbon ion
irradiation suppresses Notch signaling at all levels of
transcription and translation of proteins participating
in this pathway [95]. Proton boron capture therapy in
GBM cells induces a Notch signaling activation, able to
regulate cell fate through the modulation of autophagy/
apoptosis transition [96].

PDGF/PDGFR signaling pathway

The peculiarity of this signaling pathway is that
simultaneous expression of platelet-derived growth
factor (PDGF) and platelet derived growth factor
receptor (PDGFR) is observed in cancer cells, which
creates an autocrine loop that promotes aggressive
tumor behavior. The PDGF ligand family includes
several members: PDGFA, PDGFB, PDGFC, and
PDGFD, which form homo- and heterodimers [97].
Upon ligand binding to the receptor, intracellular
tyrosine kinases are activated and form multiple
binding sites for downstream signaling molecules,
thereby activating various signaling pathways such as
PI3K/Akt/mTOR signaling cascades, MAPK signaling
cascade, JAK/STAT and Notch signaling cascade [98].

The PDGF/PDGEFR signaling pathway has been
assigned a major role in tumor progression [99]. PDGF
has been found to have a stimulatory effect on malignant
cell transformation, cancer cell migration, and cancer
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cell survival [100, 98]. PDGF overexpression promotes
tumor cell growth [101] and induces angiogenesis [102],
affecting cells in the tumor microenvironment, thereby
provoking tumor progression and dissemination [103,
104]. In addition, there is evidence that increased PDGF
activity in tumors is associated with resistance to drug
treatment, which is associated with impaired blood flow
in tumors due to increased interstitial fluid pressure
[105]. Aebersold et al. found that more than half of
tumor samples from 95 patients with oropharyngeal
cancer stained positive for PDGF-BB, and this was
associated with a greater risk of metastasis [106]. After
proton irradiation, suppression of this signaling pathway
was observed in HNSCC cells [81].

PD-1/PD-L1 signaling pathway

The PD-1/PD-L1 signaling pathway controls the
induction and maintenance of immune tolerance in the
tumor microenvironment [107]. PD-L1 is expressed
by tumor cells, it is a so-called “adaptive immune
mechanism” to avoid antitumor response by inhibiting
T cell activation, decreasing cytokine production and
inducing T cell cytolysis [108, 109]. Primary tumors
and metastases, particularly in HNSCC, and even
different regions of the same tumor node can differ
significantly in PD-L1 expression levels [110, 111,
112]. Data regarding the prognostic value of PD-L1
expression in HNSCC are conflicting in the literature.
A meta-analysis evaluating PD-L1 expression and the
association with survival in HNSCC patients, found
no significant difference in overall survival between
PD-L1-positive and -negative patients [113]. Currently,
five monoclonal antibodies targeting PD-1 and PD-L1
have been approved by the FDA. Two of them target
PD-L1, atezolizumab and durvalumab, and nivolumab,
pembrolizumab and cemiplimab target PD-1.

Proton irradiation of the KYSE450 (esophageal
squamous cell carcinoma) cell line increased PD-L1
expression [114]. The combination of RT with
immunotherapy for the treatment of HNSCC has long
attracted the attention of researchers. When RT is
combined with immune checkpoint inhibitors, it can
potentiate the synergistic effects, where RT contributes
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to the normalization of the tumor vascular system,
enhance the expression of leukocyte adhesion molecules
on endothelial cells, and stimulate the secretion of
chemokines that attract CD8+ T cells [115]. And a recent
study revealed a synergistic effect of combining proton
irradiation and immunotherapy on mouse oral cancer
cell lines [116].

Conclusion

PT is a promising option for RT of HNSCC,
minimizing the number of post-radiation complications
and significantly improving the quality of life of
patients undergoing antitumor treatment. However,
radioresistance leads to treatment ineffectiveness in
some cases. In the course of writing this review article,
we encountered the fact that the described molecular-
genetic signatures of this malignancy are not few, but
they lack specificity, and the number of works devoted to
the description of PT effects at the level of intracellular
signaling pathways is limited. This determines the urgent
need to search for molecular genetic biomarkers to
predict response to PT. The understanding of molecular
genetic changes induced by PT in tumor cells of HNSCC
will allow to create effective combinations of antitumor
therapies to avoid radioresistance.
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MoneKkynsipHo-reHeTU4EeCKUEe CUrHaTypbl MNJIOCKOK/1IETOYHOro paka
rosioBbl U LLEN U UX U3MEHEHUS,
MHAYLMUPOBaHHbIE NMPOTOHHbIM 06/ly4YeHueM

9.[1. JrxymaHusizoBa' > A.B. JToxonuna®?

A.B. CenTsiopeBa®® =, A.M. KocbsipeBa"?

"HayuHo-uccienoBareibCkuii IHCTUTYT MOJIEKY/ISIPHOU U KJIETOUHOM MEAUIUHBI, POCCUACKUY YHUBEPCUTET [[PYKObI
HapogoB, 2. Mockea, Poccutickas Pedepayus
’HaloHanbHbIA MeIULMHCKUIA MCC/IeJ0BaTe/IbCKH LIEHTP aKyLlIepCTBa, TMHEKOIOTUH 1 TTePUHATOIOTMH UMEHH aKafleMUKa
B.U. Kynakosa, 2. Mockea, Poccutickast @edepayus
SHay4Ho-HCC/ie0BaTeNbCKUN MHCTUTYT MOPGOIOriy YerioBeKa uMeHH akazemuka A.IT. AeipiHa, ®TBHY «Poccuiickuii
HayuHbIM [|eHTp XUPypruu uMeHu akasiemuka b.B. ITerpoBckoro», e. Mockea, Poccutickas ®edepayus
< enar2017@yandex.ru

AnHoTanus. [1710CKOKIeTouHbIi pak roossl U mieu (TTPT'II) 3aHuMaeT cejbMOe MeCTo B JlecsiTKe Haubosiee pacripocTpa-
HEeHHBIX 3/I0KayeCTBeHHBIX HOBOOOpa3oBaHuii B Mupe. OTMeuaeTcsi pocT ob1eli 3aboneBaemocty [TPTILI, 1 mporHoO3upyeTcs,
yro K 2030 rozy oHa OyzeT yBesunBathcs ipuMepHO Ha 30 % exxeropHo. Kmayecku ITPTII XapakTepu3yeTcst arpeCCUBHBIM
TeyeHHeM: OBICTPLIM JIOKa/IbHBIM PaclpoCTpaHeHWeM, Pe3UCTeHTHOCTHIO K Pa3/IMYHBIM METO/[aM MPOTUBOOITYXOIEBOTO JIeUeHH s
1 4acTbIMM peliiguBaMy. HecMOTps Ha yCOBepIIEHCTBOBAHUS JUarHOCTUYECKUX U TepaneBTUYeCKUX MOJXO0/0B 3a NOC/IeAHIe
[IBa IeCSITUMETHS, T7IaBHBIM 00pa30M H3-3a COOTBETCTBYIOILeH TeTepOreHHOCTH 3TUX OMyX0Jiel UCxoabl nauyenTos ¢ [TPT'TI
He TM0Ka3aJiv CyIleCTBeHHbIX y/yullleHui, 0COOEHHO B OTHOILIEHWH MALMeHTOB C no3aHel ctagueli TNM, c obiieit nsiTuieTHe
BBDKMBAEMOCTBIO cocTaBrsitoiiei 50 %. IlpumepHo 75 % nanuentoB [TPT'II Ha3HavaeTcs yiydeBast Tepamnusi B KaueCTBe
CaMOCTOATE/ILHOTO BH/la TEPANMY WM B COCTaBe KOMIIEKCHOTO jiedeHHst. Ha cerofHsMIHMN AeHb OJHUM U3 OCHOBHBIX ITyTei
roBbIIIeHNs 3¢ deKTHBHOCTH /yueBoit Tepanuu ripu [P cuntaeTcst coueTaHre MaKCHMaJIbHO JIOIYyCTHUMOTO TIOBBILIIEHNS
[103b1 OO/TyUYeHHsI B OITYXO/IM-MHULIEH! ¥ CHYDKEHHsI TIPY MUHUMH3aLH TAKOBOU B OKPY’KAIOILVX 3J0POBBIX TKaHsX. C 3TOM TOUKH
3peHusi poToHHast Tepanus ([1T) o6mazaeT BEIpaKeHHBIM MPEUMYILIeCTBOM 0 CPABHEHHUIO C Pa3UYHBIMU BUJAMH ()OTOHHOTO
obnyuerusi. HecMoTpsi Ha pacTyiiuii nHTepec yuyeHbIX K I1T, icciejoBaHui, HaripaBIeHHBI Ha BhISIB/IEHWE MOJIEKY/ISIpHO-
reHeTHUeCKUX U3MeHeHHH, nHAynupoBaHHbIX [1T, HefocTaTouHo, TOTA KaK, Ha Halll B3IVIsZl, OHU OYe€Hb Ba)KHBI /171t TOHUMaHUsI
BHYTPHK/IETOYHBIX MEXaHHU3MOB, BeYILMX MO0 K YHUUTOKEHHUIO OIyX0JIeBBIX KJIETOK, TM00 K Pa3BUTHIO PaIMOPe3VCTEHTHOCTH.
B nanHOM 0630pe 060011jeHbI UMEIOIIHeCs: 3HaHUS 00 U3MEHEeHUSIX OCHOBHBIX CUTHAJIBHBIX MyTel OMyXo/eBbix KiaeTok [TPITIT
riof, fetictBuem I1T.

KnroueBble ¢/10Ba: TJI0CKOK/IETOYHBIHN PaK rOJIOBBI U 111U, TPOTOHHAS Teparvisi, TPOTOHbI, CUTHA/IbHBIE ITyTH; CUTHA/IBHBIA
KacKajl; MOJIEKY/IIPHO-TeHeTUYeCKYe CUTHATYypPhI

Hudopmanus o puHaHcupoBanuu. PaboTta BhITIO/IHEHa NPU MOAAEP)KKe TPEXCTOPOHHETO COTVIallleHHsi POCCHIACKOTO HayqHOTO
tdonpma Ne 24-24-00296 ot 29.12.2023 110 TIpOEKTY «BivsiHYE TIPOTOHHOM Teparnuy Ha MOJIEKYJISIPHBIN TTOPTPET MUKPOOKPY>KeHHS
OITyXoJield TO/IOBbI M 1ien» KoHKypca 2023 roga «IIpoBesenrie (yHaMeHTambHbIX HAyUHbIX UCC/IE0BAaHMM 1 MTOMCKOBBIX HAYYHBIX
WCCIeI0BaHUNA MaJTbIMHU OT/Ie/TbHBIMUA HayUHBIME rpymaMi» Mmexxay PH®, JloxonnHoi A.B. u PYIH.

Bxknap aBTopoB. [>xymaHusasosa 3./[]. — KOHLIeTLINS U HaNMCaHUe PYKOMNMCH, COCTaB/IeHre WTocTpauuy; JloxonnHa A.B. —
MPOBepKa MHTeJUIEKTYa/IbHOTO COZeP>KUMOro pykorcH; CeHtsiopeBa A.B. — HarmicaHue pykormcy, KoceipeBa A.M. — npoBepka
WHTeJIJIEKTYa/IbHOTO COZIePKUMOT0 PYKOITUCH. Bce aBTOPBI BHEC/H CYIIleCTBEHHBIN BK/Ia/| B Pa3pabOTKy KOHLIEMLIMU, TIPOBe/ieHIe
WCCTIeI0BaHMS Y TOATOTOBKY CTaThH, IPOYIM M Of00pHIM (UHASIBHYIO BEPCHIO TIepe/ myOmMKaLyen.
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Chemotherapy-induced developmental trajectories
of monocytes in breast cancer

Tatiana S. Gerashchenko! 8, Marina R. Patysheva' ', Anastasia A. Fedorenko"?
Anastasia P. Filatova' ', Maria A. Vostrikova' ~, Olga D. Bragina' ",

Anton A. Fedorov' ', Pavel S. Iamshchikov' ', Evgeny V. Denisov’

! Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences, Tomsk, Russian
Federation
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Abstract. Relevance. Monocytes are circulating immune cells which are traditionally divided into three subsets. The
contribution of each subset to breast cancer pathogenesis is controversial. Moreover, there is no data regarding the programming
of monocyte subsets towards antitumor activity induced by chemotherapy. Aim. To study the trajectories of monocyte subsets
and transcriptomic changes in blood monocytes during neoadjuvant chemotherapy (NAC). Materials and Methods. Mononuclear
cells were purified from the peripheral blood of nine triple-negative breast cancer (TNBC) patients before NAC and on the 3
and 21% day after the first NAC cycle (AC regimen). Total cell concentration and viability (Calcein/DRAQ?7) were assessed by
flow cytometry. Single-cell RNA sequencing was performed on a Genolab M platform (GeneMind Biosciences) using the 10x
Genomics technology for fixed samples. Data were analyzed using Seurat, SingleR, and the dynverse R package for trajectories.
Results and Discussion. The trajectory analysis indicated that monocytes were clustered into three subsets: classical, non-classical,
and intermediate. Classical monocytes were characterized by high expression of CD14, CSF3R, S100A8, S100A9, VCAN,
LYZ, SELL, and GRN genes, whereas non-classical monocytes expressed FCGR3A, MTSS1, TCF7L2, CSF1R, SPN, EVL, and
LYN. The developmental trajectories of monocytes were significantly affected by chemotherapy. Transcriptionally, classical
monocytes were subdivided into two clusters: one characterized by proliferative signals and the other by stress signals. By day
21% after NAC, developmental trajectories of monocytes and their subset composition were observed to recover. Chemotherapy
promoted the pro-inflammatory activity of monocytes. Conclusion. Peripheral blood monocytes of TNBC patients are capable
of recovering their subset composition after NAC by the 21 day after the first cycle of chemotherapy.

Keywords: breast cancer, single-cell RNA seq (scRNA seq), monocytes, chemotherapy, developmental trajectories
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Introduction

Monocytes are immune effector cells belonging to
the myeloid lineage of leukocytes. They are primarily
generated from a common myeloid progenitor
(CMP) in the bone marrow, a source they share with
neutrophils and conventional dendritic cells (DCs). In
inflammatory conditions, such as cancer, monocytes
can be produced and released extramedullary by the
spleen, a large peripheral reservoir of monocytes [1].
Monocytes comprise approximately 10 % of circulating
blood cells and contribute to innate immunity by
phagocytosis, secretion of mediators, recruitment of
lymphocytes, etc. However, the primary function of
monocytes is to migrate to tissue and mediate immune
defense, mostly by differentiating into tissue-resident
macrophages [2—4].

Based on their morphology and surface expression
of CD14 and CD16 receptors, monocytes are divided
into three main subsets: classical (CD14™ CD16"),
intermediate (CD14"* CD16%), and non-classical
(CD14°CD16") [5]. Classical monocytes constitute
90 % of the circulating monocyte pool, whereas the
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remaining 10 % consist of intermediate and non-
classical subsets [6]. Functionally, monocyte subsets
significantly differ from each other. Classical monocytes
have immunoregulatory properties, as they can migrate
to the site of inflammation to maintain or resolve it. In
the blood, they mostly exhibit pro-inflammatory activity,
producing TNFa, IL-6, IL-1[3, and other cytokines [7].
Non-classical monocytes can strongly adhere to the
endothelium and thus are involved in patrolling and
repair of vasculature [8]. They have a longer lifespan
lasting seven days, compared to classical monocytes
which circulate in the blood for approximately a day
[9]. Classical monocytes are thought to differentiate into
non-classical through an intermediate state triggered
by signals from the vascular endothelium [10-12].
Microarray and flow cytometry data demonstrate that
intermediate monocytes share the vast majority of gene
transcripts and proteins with classical and non-classical
monocytes, thereby representing a bridge linking the
two subsets [6].

As macrophage precursors, monocytes are known
to be critical regulators of the antitumor immune
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response and tissue regenerations [9]. They orchestrate
immune reactions in the tumor microenvironment,
affecting disease outcomes and anticancer therapy
efficiency [3]. However, the involvement of
monocyte subsets in cancer varies. Thus, classical
monocytes contribute to phagocytosis, promotion of
angiogenesis, remodeling of the extracellular matrix,
recruitment of lymphocytes, and their differentiation
into macrophages and DCs in cancer tissue [13].
Monocyte-derived macrophages mostly provide
tumor-supporting activity [1,3]. On the other hand,
the role of non-classical monocytes in cancer formation
is less clear. They are able to extravasate during
inflammation and display anti-inflammatory properties
[9]. Nonetheless, their role is widely described as
protective as they can scavenge endothelium-derived
cellular debris, pathogens, and even cancer cells [14].
Higher non-classical monocyte percentages correlate
with a favorable overall survival in lung cancer, while
the prevalence of classical monocytes correlates with
shorter overall survival [15]. In a mouse model of
melanoma, a high concentration of non-classical
monocytes in the lung vasculature is linked to reduced
tumor metastasis to the lungs [16]. Although the
intermediate state of monocytes is fluid, these cells
are also believed to play a protective role. There is
data about their involvement in the inhibition of cancer
metastasis by promoting NK cell activation through
FOXO1 and interleukin-27 [10].

The initial monocyte ratio is an important parameter
of antitumor immunity. Due to the diverse activities of
monocyte subsets, they may specifically impact tumor
progression. However, their functionality may be altered
by cancer treatment, especially chemotherapy. It is
known that monocytes are reprogrammed by treatment,
which can change their total amount, subset composition,
subsequent differentiation to macrophages, and other
characteristics [3]. However, there is still no data on how
the subset differentiation and transcriptional profiles of
monocytes are affected during chemotherapy. Here we
applied single-cell sequencing of blood mononuclear
cells to reveal, in high resolution, the development
trajectories and transcriptional changes in monocytes
of TNBC patients undergoing chemotherapy.

ONCOLOGY

Materials and methods

Patients

Nine patients with triple-negative breast cancer
(TNBC), treated at the Cancer Research Institute of the
Tomsk NRMC between February 2022 and June 2023,
were enrolled in the study. All patients had histologically
confirmed TNBC (invasive ductal carcinoma of the IA-ITIB
stage) and received neoadjuvant chemotherapy (NAC). All
patients received eight cycles of chemotherapy comprising
four rounds of adriamycin with cyclophosphamide
followed by four rounds of platina and taxanes. The
detailed clinical information is given in Table 1.

Table 1
Patient cohort details

CaselD | Age |Stage | TNM exprigsion exprZZsion ex;'rgzon Ki67,%
1 64 lIA {T2NOMO 0 0 1+ 13
2 69 A [TINTMO 0 0 1+ 70
3 63 IIA {T2NOMO 0 0 0 70
4 48 lIA {T2NOMO 2+ 2+ 0 95
5 53 B | TANTMO 0 0 0 Q0
6 55 I |T2N1MO 0 3+ 0 80
7 40 lIA  {T2NOMO 0 0 0 30
8 42 IIA {T2NOMO 0 0 0 90
9 31 lIA  {T2NOMO 0 0 2+ 80

Note: ER — estrogen receptor, PR — progesterone receptor,
HER2 — tyrosine-protein kinase erbB-2 receptor, Ki67 — protein,
tumor proliferation marker.

Blood samples were collected before the first cycle
of adriamycin with cyclophosphamide and then on the
3 and 21 days after the first full course of NAC, with
informed consent signed by patients. All experiments
were performed following the guidelines and regulations
of the Local Committee for Medical Ethics of the Cancer
Research Institute of Tomsk NRMC, and according to
the guidelines of the Declaration of Helsinki and the
International Conference on Harmonisation’s Good
Clinical Practice Guidelines (ICH GCP) with written
informed consent from all subjects. The study was
approved by the review board of the Cancer Research
Institute of the Tomsk NRMC on 29 August 2022 (the
approval protocol #16).
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PBMC isolation and storage

Mononuclear cells were purified from peripheral
venous blood using Ficoll density gradient
centrifugation. Total cell concentration and viability
(Calcein/DRAQ?7) were assessed by flow cytometry
(Cytoflex, Beckman Coulter). The total number of live
blood cells in an aliquot was up to 8x10° cells. Cell
suspensions were frozen in 90 % fetal bovine serum
(FBS) + 10 % DMSO freezing medium (Helicon,
Russia) for seven days at -80 °C, then transferred
to liquid nitrogen for long-term storage at -196 °C
(up to six months). At the time of the experiment,
collected single-cell suspensions from the biobank
were thawed and fixed following the Fixation of
Cells & Nuclei for Chromium Fixed RNA protocol
Profiling CG000478 | Rev A. The tubes containing
cell suspensions were stored short-term at +4 °C until
single-cell library preparation.

Construction of single-cell RNA libraries
and sequencing

Fixed samples (n=15) were hybridized with probes
and pooled in two pools according to the Chromium
Next GEM Single Cell Fixed RNA Sample Preparation
User Guide (10x Genomics CG000527 | Rev D). Single-
cell emulsions were obtained using Chromium X. RNA
Gene expression libraries were produced following
the manufacturer’s recommendations. Quality control
was performed on Qsep 400 (BiOptic Inc., China).
A total of 311 to 6,388 cells were targeted per sample,
with a minimum of 9,648 reads/cell. Libraries were
sequenced using Genolab M (GeneMind, China),
with paired-end sequencing and dual indexing, in the
following regime: 28 cycles, 10 cycles, 10 cycles, and
90 cycles for Read 1, i7 index, i5 index, and Read 2,
respectively.

Data processing, cluster annotation,
and data integration
Count matrices were obtained using the cell ranger
multipipeline (version 7.0.0, 10x Genomics). The raw
count data were imported into R (version 4.1.2) and
analyzed with the Seurat R package (version 5.0.0) [17].
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Low-quality cells in each sample were identified and
excluded from the analysis based on thresholds for the
number of genes and UMIs, which were determined
visually using VInPlot. Cells with a high mitochondrial
content (>10 %) were also excluded.

Following quality control, all samples were merged
into an integrated Seurat object. Gene expression
counts were normalized using the SCTransform
Seurat function. SCTransform also identified highly
variable genes, which were used to generate principal
components (PCs). Data integration of different samples
was performed using the Harmony package. After
integration, dimensionality reduction and cell clustering
were performed using the RunUMAP, FindNeighbors
(top 30 PCA vectors), and FindClusters (resolution 1.0)
functions. Trajectory inference was calculated using
the MST method implemented in the dynverse R
package (version 0.1.2). The starting point was defined
automatically by the expression of two marker genes,
CD14 and CD11b. The heatmap was plotted using the
plot_heatmap function from the dynverse R package.
The top 20 features were selected automatically [18].

Results and Discussion

Single-cell RNA sequencing identifies three
distinct monocyte clusters in breast cancer
patients

We conducted single-cell RNA sequencing (scRNA-
seq) of 15 mononuclear cell samples from nine breast
cancer patients (some probes were presented only in
one or two time point) undergoing the first cycle of
chemotherapy. Blood samples were collected across
three time points: before chemotherapy and then 3
and 21 days after chemotherapy. To study monocyte
development and transcriptional changes during NAC,
we isolated the monocyte cluster from mononuclear
cells using Seurat functions. The UMAP visualization
identified a cluster of monocytes with three subsets
(Fig. 1). We analyzed 5,721 monocyte cells in total,
among them 4,426 were classical monocytes (CD14*,
CD167), 331 — intermediate monocytes (CD14*CD16%),
and 964 — non-classical monocytes (CD16*, CD14~.
Intermediate and non-classical monocyte counts in
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the blood of breast cancer patients reached 22 %,
exceeding the 15 % seen in healthy donors [6, 9, 19].
It is consistent with previous data on higher levels of
CD16 monocytes in the blood of cancer patients [20, 21]

Monocytes develop from the classical
to the non-classical phenotype through
an intermediate form

To explore the trajectory of monocyte differentiation
in breast cancer patients, we conducted scRNA-seq
analysis of peripheral blood mononuclear cells before
chemotherapy (Fig. 2). Based on the expression of
canonical monocyte development markers CD11b,
CD14, and CD16, trajectory analysis indicated the
starting differentiation point among classical monocytes
(Fig. 2A). Both classical and non-classical monocytes
divided into several clusters with an intermediate
subset in between (Fig. 2B). We defined seven distinct
transcriptional profiles in classical monocytes and two
profiles in non-classical monocytes (Fig. 2B).

Transcriptional patterns of classical and non-
classical monocyte subsets differed from each other
significantly. Classical monocytes were characterized
by high expression of CD14, CSF3R, S100A8, S100A9,
VCAN, LYZ, SELL, GRN, and some other genes (Fig. 2C).
Non-classical monocytes expressed FCGR3A (CD16
protein), MTSS1, TCF7L2, CSF1R, SPN, EVL, LYN,
while lacking some classical monocyte markers: CD14,
CSF3R, S100A8, S100A9, and others. The intermediate

subset showed more similarities with the classical
phenotype, despite exhibiting a decreased expression
of classical markers accompanied by an expression of
non-classical marker genes, such as CSF1R, SPN, and
EVL (Fig. 2C). No specific transcription markers of the
intermediate subset were detected.

We found that monocyte populations were
characterized by differential expression of myeloid
markers. Thus, classical monocytes uniquely expressed
a set of neutrophil-associated genes: CSF3R (receptor
for granulocyte colony-stimulating factor, G-CSF-R),
S100A8, S100A9, SELL, which highlighted their similarity
to common myeloid progenitor cells. In contrast, non-
classical monocytes highly expressed the macrophage
lineage receptor CSF1R gene (macrophage colony-
stimulating factor receptor). This may indicate that
classical monocytes belong to the early developmental
period, as monocytes diverge from neutrophils at the
myeloblast stage in the bone marrow. Meanwhile, CSF1R
expression in non-classical monocytes suggests their
similarity to macrophages and their terminal position in
the developmental lineage. Notably, prior studies using
flow cytometry and microarray analysis have identified
high expression of CSF3R in the classical subset and
CSFIR in the non-classical subset of blood monocytes
[6, 22]. In addition, the expression of SELL (CD62L),
which characterizes the degree of monocyte maturation
from progenitors to fully differentiated cells, has been
observed only in the classical subset [23] (Fig. 2C).

Figure 1. A. UMAP visualization of monocyte clustering. Monocyte subsets are labeled in colors of the corresponding UMAP
clusters. Each dot on the UMAP represents a single cell. B. Percentages of monocytes at three time points: before NAC, the 31
day after NAC, and the 21¢t day after NAC
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Figure 2. Monocyte assay using blood samples from TNBC patients before chemotherapy. A. Developmental trajectory
of monocytes. B. Clustering of monocyte subsets; C. Heatmap of differentially expressed genes (DEGs, logFC > 0.25)
in M1-M10 clusters of classical, intermediate and non-classical monocyte subsets

Our data shows a transcriptional shift in the
monocytes’ profile, confirming that the developmental
trajectory of monocyte subsets proceeds from classical
to non-classical. Additionally, a study of monocyte
kinetics demonstrated that three monocyte subsets
differentiate sequentially, beginning from the classical
phenotype, and are circulate simultaneously at different
stages of maturation [24].
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Chemotherapy disrupts the monocyte
developmental trajectory and divides
it into two transcriptionally distinct branches
Administration of adriamycin and cyclophosphamide
in TNBC patients led to a decrease in both the relative
blood monocyte count and the percentage of classical
monocytes (Fig. 1B). Although monocytes are mature
cells not undergoing further differentiation, chemotherapy
is known to activate monocyte migration into the tissue,

OHKOJOI 14



Gerashchenko TS et al. RUDN Journal of Medicine. 2024;28(4)

promote their differentiation to M2 macrophages, and
alter cytokine secretion patterns [25-27]. Our data
indicated that chemotherapy significantly affected the
transcriptional profiles of monocytes alongside their
developmental trajectories.

Overall, conventional developmental trajectories
were disrupted. Monocytes, starting from the
classical subset, separated into two expressional
clusters. Each matured independently, giving rise
to the corresponding non-classical forms (Fig. 3A,
B). The first cluster (groups M1-M5) demonstrated
a proliferative activation and was characterized by high
expression of genes mediating proliferation (NR4A3,

MAP3KB), metabolic processes (ATP13A3, SLC7A5),
regulation of transcription (ZNF331), and inhibition
of B cells (SAMSN1). Meanwhile, the second cluster
of monocytes (groups M6-M8) showed a response to
environmental stress. The monocytes actively expressed
genes associated with apoptosis (FOS), downregulation
of cellular proliferation (DUSP1), tumor suppression
(KLF6), and cellular motility (S100A4). The first,
proliferative cluster likely represents a pool of renewed
monocyte populations emerging from the bone marrow,
whereas the second cluster of monocytes in a stressed
state comprises chemotherapy-altered cells.

Figure 3. Monocyte assay using blood samples of TNBC patients on the 3 day after the 1% course of chemotherapy.
A. Developmental trajectory of monocytes. B. Clustering of monocyte subsets. C. Heatmap of differentially expressed genes
(DEGs, logFC > 0.25) in M1-M8 clusters of classical, intermediate and non-classical monocyte subsets
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Monocyte subset composition recovers by 21 days
after chemotherapy administration

By day 21 after adriamycin and cyclophosphamide
administration, the subset composition of monocytes
recovered and was close to normal (the time point before
NAC). The developmental trajectory unfolded directly
from the classical subset through the intermediate
state to the non-classical subset (Fig. 4A, B). It likely
occurred due to the short lifespan of monocytes in
peripheral blood and the potential for enhanced renewal
of the circulating monocyte pool from bone marrow
progenitors. However, we observed that intermediate
monocytes did not have such a renewal potential. Their
relative number significantly decreased from 5 % at
baseline to 2 % after NAC (Fig. 1B).

Transcriptional profiles of classical and non-
classical monocytes began to return to normal as well
(Fig. 4C). Interestingly, a set of genes, including LYZ,
VCAN, CD14, S100A8, S100A9, CSF3R, S100A12, and

GRN, was highly expressed by classical monocytes
before chemotherapy and during the 1% cycle of
treatment. MTSS1, RHOC, TCF7L2, and CSF1R
were non-classical markers, which were expressed
before treatment and recovered by the 21 day after
chemotherapy. As markers of monocyte subsets, these
genes demonstrated a stable expression during treatment.
On the other hand, genes like CD36, SELL, TREM1,
and PXN in classical monocytes and IFITM2, LRRC25,
LST1, and MS4A7 in non-classical monocytes had fluid
expression patterns that changed throughout treatment.
It is worth noting that on the 21 day after NAC,
classical monocytes were enriched in TREM, a pro-
inflammatory gene that amplifies immune responses,
while non-classical monocytes overexpressed IFITM2
and LRRC25 associated with interferon production and
inflammatory response [28—-30]. We hypothesize that
both classical and non-classical monocytes enhance
their pro-inflammatory activity after chemotherapy.

Figure 4. Monocyte assay using blood samples from TNBC patients on the 215t day after the 1%t cycle of chemotherapy.
A. Developmental trajectory of monocytes. B. Clustering of monocyte subsets. C. Heatmap of differentially expressed genes
(DEGs, logFC > 0.25) in M1-M7 clusters of classical, intermediate and non-classical monocyte subsets

434

OHKOJOI 14



Gerashchenko TS et al. RUDN Journal of Medicine. 2024;28(4)

Conclusion

Systemic chemotherapy is a cytotoxic treatment
that affects both circulating monocytes and their
progenitor cells in the bone marrow. In TNBC patients,
administration of the first cycle of NAC resulted in
a splitting of the classical monocyte pool into two
clusters, with a prevalence of proliferative signals in
the first cluster and stress response activation in the
second. The subset composition recovered by the 21
day post-treatment, accompanied by an activation
of pro-inflammatory monocyte activity. This study
revealed changes in the developmental trajectory and
transcriptional profile of monocytes during the first cycle
of NAC. However, it remains unclear how a complete
chemotherapy course, typically including 4-8 cycles,
can impact the biology of monocytes. Further studies
are required to clarify the transcriptional dynamics and
fate of monocyte subsets throughout the entire course
of NAC treatment.
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N3meHeHue TpaeKTOpVIFI pa3BuTUA MOHOLUUTOB NoAa AeACTBUEM
XUMUoTepanmm 'y 60NbHbIX PaKoOM MOJIOYHOMN Xene3bl

T.C. I'epameHko’
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! HayuHo-1CC/1e/10BaTeIbCKUA MHCTUTYT OHKOJIOTMY, TOMCKUM Hal[MOHA/TBHBIN UCCIeA0BATEIbCKUN MEIUIIMHCKUM [IEHTD
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AnHoOTanysA. AKmyanbHOCmb. MOHOIUTH] — [UPKY/IMPYIOIIHe IMMYHHBIE KJIeTKH, KOTOPbIe TPaAULIMIOHHO AesATCs Ha TPU
cybnonysayy. Bkiag Kaxkaol cy6ronyisuy B aToreHe3 paka MOJIOUHOM JKeie3bl 10 CUX MOpP 0CTAeTCsl POTHBOPEUHBLIM.
Kpome Toro, 0TCyTCTBYIOT JJaHHbIE O IIPOrPaMMUPOBAHKY CYOMOIMY/IALI MOHOLIUTOB B CTOPOHY IIPOTUBOOITYX0J/1eBOI aKTUBHOCTH
1o JeficTBUeM XUMHUOTepanvu. [fenb. VI3yunTh TpaeKTOpUU pa3BUTHs CyONOMy/IsiLivi MOHOLIMTOB KPOBU U MX TPAHCKPUIITOMHbIE
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W3MeHeHUs B X0fle HeoaibloBaHTHOU xumuoteparuu (HAXT). Mamepuanbi u MemoObl. MOHOHYK/IeapHble KJIeTKU ObUTH MOy YeHbI
13 niepuQeprueckoil KPOBH JIEBSTH MAL[HEHTOK C TPYIK/IbI HETaTUBHBIM pakoM MosiouHoi xene3sl (TNBC) go Hauama HAXT,
Ha 3-i1 1 21-ii jeHb T0CJIe NIepBOTo LMK/IAa HeoaZbioBaHTHOM xumuoTepanuu (pexkuM AC). KoHrieHTpanysi ¥ )KU3HeCII0CoOHOCTh
kietok (Calcein/DRAQ?7) 6bl1a oljeHeHa MeToZioM npoTouHoi uromerpun. CekBeHrpoBaHue PHK eMHUUHBIX KTETOK MPOBO-
qu Ha iatgopme Genolab M (GeneMind Biosciences) c ucrons3oBanueM TexHosoruu 10x Genomics i GMKCUPOBaHHBIX
06pa3srioB. [laHHbIe ObLIN TPOAHATM3UPOBAHBI C TIOMOIIBIO Seurat, SingleR u makera dynverse R [i/1s1 oripe/iesieHust TpaeKTOPUi
pasBuTusi. Pe3yabmamsl u 0bcyxcOeHue. AHanM3 TpaeKTOpUiA Pa3BUTHS MOKa3asl, YTO MOHOLUTHI IPYIIUPYIOTCS B TPH CyOmomy-
JISILIMK: K/JIacCUUYecKUe, HeKylacCHUecKre U poMe)XyTouyHble. Kiaccuueckrie MOHOLIMTHI XapaKTepU3YOTCsl BBICOKOM 3KCIIpeccueit
reHoB CD14, CSF3R, S100A8, S100A9, VCAN, LYZ, SELL v GRN, Torja Kak Heknaccuueckue skcripeccuposaiv FCGR3A,
MTSS1, TCF7L2, CSF1R, SPN, EVL u LYN renbl. X¥MUOTeparusi CyLeCTBEHHO B/IWsIeT Ha TPAeKTOPUX Pa3BUTUSI MOHOLIMTOB.
Ha ocHOBaHHM TPaHCKPUIITOMHOTO aHa/lM3a YCTAaHOBJIEHO, UTO CyOIOMyJISILiKs K/IacCUYeCKUX MOHOLIMTOB TIOJpa3ziessieTcst
Ha /jBa K/1acTepa: OfMH XapaKTepu3yeTcsl akTUBalel CUrHa/IbHBIX MyTel rponvdepalyy, Apyroil — aKTUBaLieil CTPeCCoOBBIX
CUTHAJIOB, CBSI3aHHBIX C aKTUBAIlMeH aronTo3a, CHWKeHHeM KJIeTOYHOU niposvdeparyy 1 noasmwkHocTy. K 21-My aHio mocie
Heoa/IbI0BAaHTHOW XMMHUOTeparnvy HabmioiaeTcst BOCCTAHOBJIEHHE TPAaeKTOPUI Pa3BUTHSI MOHOLIMTOB 1 UX CyOMOMysISILIMOHHOTO
cocraBa. XMMHOTeparys ClI0COOCTBYET MOBBIILIEHHUIO TPOBOCIA/INTEIbHON aKTUBHOCTH MOHOLIUTOB. Bbi800bl. MOHOLIUTHI
niepudeprueckoii KpoBr 60mpHbIX THPMIK criocoOHbI BOCCTaHABIMBAThH CBOM CyOMOMY/ISIIMOHHBIN COCTaB K 21-My /IHIO rocie
MepBOro LUK/a XMMUOTeParuy.

KiroueBbIe cj10Ba: pak MOJIOUHOM >kese3bl, cekBeHHpoBaHue PHK enuHnuHbIX Ki1eToK (SCRNA seq), MOHOLIUTBI, XUMHU-
oTepanus, TPaeKTOPUU PasBUTHS
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Tumor hybrid cells in non-small cell lung cancer:
population structure and contribution to prognosis

Anna A. Khozyainova ~, Maxim E. Menyailo IZ’ Maria S. Tretyakova —,
Ustinia A. Bokova ', Anastasia A. Korobeynikova ', Tatiana S. Gerashchenko ',

Evgeny O. Rodionov ~, Sergey V. Miller =, Evgeny V. Denisov

Cancer Research Institute, Tomsk National Research Medical Center, Tomsk, Russian Federation
X max89me@yandex.ru

Abstract. Relevance. Non-small cell lung cancer (NSCLC) is the leading cause of cancer-related mortality worldwide due
to the high recurrence and metastasis rates. It is generally accepted that metastases and recurrences are formed by tumor cells
with a highly invasive, stem and chemoresistant phenotype. Tumor hybrid cells (THCs) formed by the fusion of tumor cells with
a wide range of normal cells: macrophages, fibroblasts, mesenchymal stem cells, etc. are considered to be potential metastasis
and recurrence-initiating cells. However, the phenotypic diversity of THCs, and their association with disease progression remain
poorly understood. The aim of the study was to characterize the population composition of THCs in NSCLC and its association
with clinicopathological characteristics, metastasis and recurrence. Materials and Methods. A total of 50 patients with NSCLC
were included. Fresh frozen samples of tumor tissue obtained during resection and morphologically verified were used to
analyze types and number of THCs. THCs were analyzed by flow cytometry in primary tumors using markers for tumor cells,
cancer stem cells, leukocytes, macrophages and fibroblasts. Results and Discussion. THCs were detected in all NSCLC patients.
Most THCs demonstrated leukocyte, macrophage and stem characteristics. The number and frequency of THCs depended on
neoadjuvant chemotherapy. THCs with leukocyte and stem cell markers (pan-CK*CD45*CD44*CD73") were associated with
locoregional recurrence, whereas THCs with macrophage and stem cell markers (EpCAM*CD45*CD44*CD73"CD163*) — with
distant metastases. Conclusion. This study is the first to comprehensively describe the population composition of THCs in
NSCLGC, their association with clinicopathological characteristics, neoadjuvant chemotherapy and disease prognosis. Detection
of prognostically relevant THCs could be an effective approach for predicting the risk of metastasis and recurrence of NSCLC
and the basis for the development of therapy focused on the prevention of cancer progression.

Keywords: tumor fusion, tumor hybrid cells, non-small cell lung cancer, flow cytometry, metastasis, recurrence
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Introduction

Lung cancer claims over a million lives around the
world every year and is the leading cause of cancer-
related mortality [1]. Non-small cell lung cancer
(NSCLC) accounts for 85 % of all lung cancer cases [2].
The relative 5-year survival rate for NSCLC does not
exceed 35 % [3]. Among patients without signs of tumor
spread the value reached 65 % [3]. While among patients
with lymph nodes or distant organ metastases the value
was 37 % and 9 %, respectively. Thus, predicting and
preventing the risk of NSCLC progression is an urgent
task for modern oncology.

The main players in metastasis are considered to
be abnormally motile cells of the primary tumor that
have undergone epithelial-mesenchymal transition [4,
5, 6]. Deprived of intercellular contacts, such cells
are able to penetrate into surrounding tissues and
blood and lymphatic vessels, thereby ensuring
spreading throughout the body [5]. Considering that
most metastatic “seeds” die while circulating in the
bloodstream, and their successful reaching the distal
organ does not guarantee further development of
metastases, it becomes obvious that true metastasis-
initiating cells must have a certain phenotype
that allows them to successfully overcome both
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mechanical stress and escape from the immunological
surveillance [7].

Recurrences are most likely caused by populations
of tumor cells and cancer stem cells that are capable
of self-renewal and regeneration and are resistant to
chemotherapy and radiation therapy [8]. However,
consensus on the classification criteria, origin and
clinical significance of recurrence-initiating cells has
not been reached.

In recent years, there has been increasing
evidence that metastases and recurrences can
be formed by tumor hybrid cells (THCs) [9-11].
The phenomenon of hybrid cells is widely
known in normal physiological processes, for
example, in wound regeneration and healing, and
osteoclastogenesis. However, these cells are also
found in pathological conditions, for example, in
cancer [12, 13]. Tumor cells are capable of merging
with both themselves and various immune cells:
leukocytes (macrophages, dendritic cells, and
lymphocytes), fibroblasts, mesenchymal stem, and
other cells [14]. THCs acquire new properties that
are not typical for parental cells, such as increased
proliferation and migration, drug resistance, decreased
apoptosis, and evasion of immune surveillance
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[15-17]. THCs are found in a variety of malignancies
and are associated with poor prognosis [18].
However, the phenotypic diversity of THCs remains
poorly understood. In addition, most of the data have
been obtained in vitro models and are valid for THCs of
macrophage origin. In this regard, this study was aimed
to characterize the population composition of THCs in
NSCLC and its association with clinicopathological
characteristics, metastasis and recurrence.

Materials and methods

The study included 50 patients with NSCLC treated
at the Cancer Research Institute of the Tomsk National
Research Medical Center (Table 1). Fresh frozen
samples of tumor tissue obtained during resection and
morphologically verified were used to analyze types
and number of THCs.

All patients gave voluntary informed consent to
participate in the study and personal data processing
according with the World Medical Association
Declaration of Helsinki (WMA Declaration of
Helsinki — Ethical Principles for Medical Research
Involving Human Subjects, 2013).

Preparation of cell suspension

Cell suspension was prepared from fresh frozen
tumor samples. Tumor material was washed twice
with phosphate-buffered saline (PBS) and placed
in Dulbecco’s Modified Eagle Medium (DMEM),
serum-free culture medium, in which the tissue
was minced with a scalpel into 1-2 mm fragments.
Next, tumor fragments along with the medium were
transferred into C-Tubes (Miltenyi Biotec, Germany)
and mechanically homogenized using a gentleMACS
Octo Dissociator device (Miltenyi Biotec, Germany).
After homogenization, the resulting suspension was
passed through a 70 pm cell filter (NEST Biotechnology,
China).

The filtered cell suspension was centrifuged for
3 minutes at 300 rcf, the supernatant was removed, and
the sediment was dissolved in PBS immediately before
staining with an antibody cocktail.

ONCOLOGY

Table 1
Clinicopathological characteristics of non-small cell lung cancer
patients
Characteristics N (%)
Age 62.5+9.3 50 (100)
Male 39 (78)
Sex
Female 11 (22)
T1 7(14)
Tumor size T2 20 (40)
T3 16 (32)
T4 7(14)
NO 23 (46)
Lymphoggnous NT 14 (28)
metastasis
N2 13 (26)
Yes 19 (38)
Distant metastasis
No 31 (62)
1 10 (20)
2 12 (24)
Stage
3 26 (52)
4 2(4)
G1 5(10)
Grade G2 36 (72)
G3 9(18)
Yes 38 (76)
Locoregional recurrence
No 12 (24)
Adenocarcinoma 25 (50)
Histologic type
Squampus cell 25 (50)
carcinoma
Neoadjuvant Yes 20 (40)
chemotherapy No 30 (60)
Yes 40 (80)
Smoking
No 10 (20)

Flow cytometry
Markers of parental cells which were used to
determine the number and types of THCs are presented
in Table 2.
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Table 2
Markers and antibodies used to identify tumor hybrid cells

(mamji;tet[”er) Dye Antibody clone Description
Live-or-Die (Biotium, Turkey) 405/545 - Viability marker
CD45 (Beckman Coulter, USA) APC-Alexa Fluor 700 J33 Leukocyte common antigen [19]
Pan-cytokeratin (pan-CK, Miltenyi Biotec, Germany) FITC REA831 Tumor cell marker [20]
CD326 (Elabscience, China) Elab Fluor Violet 450 9C4 Tumor cell marker [21]442
S100A4 (BioLegend, USA) PerCP Cy 5.5 NJ-4F3 Fibroblast marker [22]
FAP (eBioscience, USA) Super Bright 600 F11-24 Fibroblast marker [23]
CD44 (BD, USA) APC H7 C26 Cancer stem cell marker [24]
CD73 (Elabscience, China) PE AD2 Cancer stem cell marker [25]
CD68 (Elabscience, China) Elab Fluor 647 Y1/82A Macrophage marker [26]
CD163 (eBioscience, USA) Super Bright 645 GHI/61 M2 macrophage marker [27]

The tumor cell suspension was stained with
85 pl solution contained of “Live-or-Die” dye
and PBS, vortexed and incubated for 10 minutes.
Then, monoclonal antibodies against CD45,
CD163, FAP, CD44, CD73, and EPCAM were
added and incubated for 15 minutes in dark. The
cell suspension was then washed twice to remove
unbound antibodies using a 0.5 % PBS+BSA
(Bovine Serum Albumin) solution for 10 minutes
at 2000 rpm. The precipitate was incubated with
fixation buffer from the Flow Cytometry Fixation/
Permeabilization Kit (Biotium, USA) for 20 minutes.
After washing twice 5 minutes at 2200 rpm with
PBS and 2 % BSA, a permeabilization buffer from
the Flow Cytometry Fixation/Permeabilization Kit
(Biotium, USA) was added, which was mixed with
antibodies to pan-cytokeratin, CD68 and S100A4.
After 30 minutes of incubation in dark, the cell
suspension was washed twice in 0.5 % PBS+BSA
for 5 minutes at 2200 rpm. The supernatant was
discarded, 100 pl of PBS was added to the cell
pellet, mixed and analyzed on a CytoFLEX flow
cytometer (Beckman Coulter, USA). To improve the
accuracy of the results, take into account nonspecific
antibody binding and adjust color compensation,
FMO (Fluorescence Minus One) controls and
unstained controls were used. The results were
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analyzed using the CytExpert program (Beckman
Coulter, USA). The number of events attributed
using selected markers to THCs was assessed. Data
were extrapolated to 10000 cells. The gating strategy
is shown in Fig. 1. Based on the forward (FSC) and
side scatter (SSC) light parameters, an area with
cells was selected and singlets were separated using
a strategy for excluding doublets by area and height
(FSC-A vs. FSC-H). Based on the fluorescence
intensity of the “Live-or-Die” reagent, an area with
living cells was selected, which were further gated
by antibodies fluorescence intensity against markers
of the target populations.

Statistical analysis

Statistical analysis was carried out using the SPSS
Statistics v23 software (IBM, USA). The nonparametric
Mann-Whitney test was used for two independent
samples; data were presented as median (Me) and
interquartile range (Q1-Q3). Association of overall,
metastatic-free and recurrence-free survival with THCs
was analyzed using the Kaplan-Meier method and
the log-rank test. Association of clinicopathological
characteristics and metastasis and recurrence frequency
with THCs with were assessed using the Pearson’s >
test Differences were considered statistically significant
at p<0.05.
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Figure 1. The flow cytometry algorithm for tumor hybrid cells identification

Note: A— Forward scatter (FSC) vs. side scatter (SSC) dot plot of cells; B — Singlets separation on the FSC-A/FSC-H histogram; C—Cell
viability, as visualized by “Live-or-Dye” staining: positive cells are dead, negative cells are alive; D — Identification of pan-CK*, EpCAM* and
pan-CK*EpCAM" cells; E — Identification of pan-CK*CD45* and pan-CK*CD45" cells; F — Identification of EpCAM*CD45* and EpCAM*CD45"
cells; G — Identification of pan-CK*EpCAM*CD45* and pan-CK*EpCAM*CD45™ cells; H — Identification of pan-CK*CD45*CD68",
pan-CK*CD45*CD163* and pan-CK*CD45*CD68*CD163* cells; I-Identification of EpCAM*CD45*CD68*, EpCAM*CD45*CD163*
and EpCAM*CD45*CD68*CD163* cells; J — Identification of pan-CK*EpCAM*CD45*CD68*, pan-CK*EpCAM*CD45*CD163* and
pan-CK*EpCAM*CD45*CD68*CD163* cells; K — Identification of pan-CK*CD45 FAP*, pan-CK*CD45 S100A4* and pan-CK*CD45~
FAP*S100A4* cells; L—Identification of EpCAM*CD45 FAP*, EpCAM*CD45°S100A4* and EpCAM*CD45 FAP*ST100A4* cells;
M-Identification of pan-CK*EpCAM*CD45 FAP*, pan-CK*EpCAM*CD45-S100A4* and pan-CK*EpCAM*CD45 FAP*ST100A4" cells;
N — Identification of pan-CK*CD45*CD44*, pan-CK*CD45*CD73* and pan-CK*CD45*CD44*CD73" cells; O — Identification of
EpCAM*CD45*CD44*, EpCAM*CD45*CD73* and EpCAM*CD45*CD44*CD73* cells; P — Identification of pan-CK*EpCAM*CD45*CD44*,
pan-CK*EpCAM*CD45*CD73* and pan-CK*EpCAM*CD45*CD44+*CD73" cells.

ONCOLOGY 443



Xossunosa A.A. u op. Bectaux PYITH. Cepusi: Mepnunsa. 2024. T. 28. Ne 4

Results and Discussion in one patient (Table 1, Supplement). Associations

THCs were detected in all NSCLC patients. with clinicopathological characteristics, metastasis
In total, six populations and 84 subpopulations and recurrence were identified for 25 subpopulations
of THCs were identified. At the same time, 76 of THCs (Table 3).
subpopulations were represented by at least one cell

Tumor hybrid cells populations and subpopulations associated with clinical features of NSCLC able:3
THC populations THC subpopulations Abbreviations
pan-CK*CD45* TL1
THCs with leukocyte features EpCAM*CD45* TL2
pan-CK*EpCAM*CD45* TL3
pan-CK*CD45*CD163* T™1
EpCAM*CD45*CD163* TM2
THCs with macrophage features
pan-CK*EpCAM*CD45*CD68*CD163* T™M3
pan-CK*CD45*CD68* T™4
EpCAM*CD45-S100A4* TF1
THCs with fibroblast features pan-CK*CD45 FAP*S100A4* TF3
pan-CK*EpCAM*CD45-S100A4* TF4
pan-CK*CD45*CD44* TLS1
EpCAM*CD45*CD44* TLS2
pan-CK*EpCAM*CD45*CD44* TLS3
THCs with stem and leukocyte features
pan-CK*CD45*CD44*CD73* TLS4
pan-CK*CD45*CD73* TLS5
EpCAM*CD45*CD44*CD73* TLS6
pan-CK*CD45*CD44*CD163* TMS1
pan-CK*EpCAM*CD45*CD44*CD68*CD163* TMS2
EpCAM*CD45*CD44*CD73*CD163* TMS3
THCs with stem and macrophage features
pan-CK*CD45*CD73*CD68* TMS4
pan-CK*EpCAM*CD45*CD44*CD73*CD68*CD163* TMS5
pan-CK*CD45*CD44*CD68* TMS6
pan-CK*CD45-CD44*S100A4* TFS1
THCs with stem and fibroblast features pan-CK*CD45-CD44*FAP*S100A4* TFS2
pan-CK*CD45-CD73*FAP*S100A4* TFS3
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Tumor hybrid cells types, number and frequency
in NSCLC
THCs with markers of leukocytes and macrophages,
as well as THCs with stem, leukocyte and macrophage
features were abundant (Table 4).

Table 4
Top 10 tumor hybrid cells subpopulations in NSCLC

In lung adenocarcinoma (LUAD), the number of
THCs carrying markers of leukocytes (TL2 and TL3
subpopulations) and macrophages (TM2), as well as
THCs with stem and leukocyte features (TLS2, TLS3)
were higher than in lung squamous cell carcinoma
(LUSC; p <0.05, Table 5). In addition, THCs carrying
leukocyte (TL2, TL3) and macrophage markers (TM2)
and THCs with stem and leukocyte features (TLS2)
were higher in NSCLC patients without neoadjuvant
chemotherapy (NACT) than in therapy-naive cases
(p <0.05, Table 5). Interestingly, THCs with leukocyte
(TL2) and macrophage markers (TM2, TM1) and THCs
carrying stem and leukocyte markers (TLS2) were lower
in smokers than in non-smoking patients (p < 0.05,

THC subpopulations Number of cells, Me (Q1-Q3)
TL1 1236 (453-2810)
TLS1 843 (340-2405)
T™1 285 (106-449)
TMS1 221 (87-427)
TF1 18 (1-38)
TFS1 10 (0-27)
TL2 9 (4-27)
TLS2 7 (2-16)
TL3 3(0-11)
™2 3(0-8)

Note: Me, median.

Table 5).

Tumor hybrid cells number in NSCLC depending on clinicopathologic parameters, rable s
neoadjuvant chemotherapy, distant metastasis, and recurrence

TL2 TL3 T™2 ™1 TLS2 TLS3 TFS1
LUAD 16 (8-42) 5(2-18) 5(1-20) 27 (1-112) 12 (4-35) 5(0-15) 0(0-4)
LUSC 6(2-11) 1(0-4) 1(0-3) 61 (6-160) 5(2-10) 1(0-3) 1(0-4)
p 0.00315 0.0135 0.0018 0.592 0.0100 0.0349 0.464
NACT+ 7 (2-10) 0(0-2) 1(0-3) 56 (6-133) 3(1-9) 0(0-5) 2(0-9)
NACT- 14 (6-38) 5(2-17) 5(1-11) 28 (1-119) 10 (4-32) 4 (0-16) 0(0-2)
p 0.0111 0.0006 0.0080 0.713 0.01142 0.0025 0.055
Smoking + 8(4-13) 3(0-9) 1(0-5) 0(0-6) 6 (0-35) 3(0-9) 1(0-32)
Smoking— 20 (14-58) 4(0-9) 9(3-30) 1(1-4) 13 (2-94) 1(0-5) 0 (0-20)
p 0.008 0.91 0.0112 0.0167 0.0087 0.43 0.051
MTS+ 8 (5-21) 5(1-17) 0(0-0) 22 (6-114) 6(3-18) 3(0-92) 2(0-31)
MTS- 9(4-27) 2 (0-6) 0(0-1) 51 (2-179) 8(2-15) 1 (0-50) 15 (0-236)
p 0.667 0.065 0.285 0.703 0.681 0.050 0.0217
Rec+ 11 (8-27) 0(0-8) 0(0-0) 2 (0-60) 9(5-11) 0(0-7) 0(0-4)
Rec— 8 (4-25) 3(0-11) 0(0-1) 0(0-9) 6(2-19) 3(0-10) 1(0-4)
p 0.433 0.160 0.380 0.017 0.785 0.20 0.490

Note: LUAD, lung adenocarcinoma;

Rec, locoregional recurrence; +/—, yes/no; p, significance level.
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LUSC, lung squamous cell carcinoma; NACT, neoadjuvant chemotherapy; MTS, distant metastasis;
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THC with leukocyte (TL1) and macrophage
features (TM1) and THCs carrying leukocyte and
macrophage and stem cell markers (TLS1 and TMS1)
were frequently detected in NSCLC patients.

THC with fibroblast features (TF1) were often
observed in smokers compared to non-smoking patients
(84.6 % (22) versus 50.0 % (6); p = 0.024).

In NACT-treated patients, the frequency of THCs
with leukocyte (TL3) and macrophage (TM3) features
and THCs with stem, leukocyte and macrophage
markers (TLS3, TL.S4, TLS5, TMS2, TMS3) was lower
than in patients without NACT (p < 0.05, Table 6). In
contrast, THCs carrying markers of fibroblasts (TF3)
and THCs with stem and fibroblast (TFS2) features
was frequently detected in patients with NACT than
in therapy-naive cases (p < 0.05, Table 6).

Table 6
Tumor hybrid cells frequency in NSCLC depending on neoadjuvant
chemotherapy
THC subpopulations NACT+ NACT- p
TL3 28.6 (10) | 66.7(10) | 0.012
T™3 21.1 (4) 51.6 (16) | 0.032
TLS3 29.4(10) | 62.5(10) | 0.026
TLS4 17.6 (3) 51.5(17) | 0.021
TLS5 8.3 (1) 50.0(19) | 0.01
T™S2 21.1(4) 51.6(16) | 0.032
TMS3 10.0 (1) 47.5(19) | 0.03
TF3 65.2 (15) 18.5 (5) 0.01
TFS2 65.0 (13) 23.3(7) | 0.003

Note: NACT, neoadjuvant chemotherapy; p, significance level.

Tumor hybrid cells associated with NSCLC distant
metastasis and recurrence

Patients with distant metastases demonstrated an
increase in the number of THCs with stem and leukocyte
features (TLS3) (p < 0.05, Table 5). In addition, TLS5,
TMS3 and TMS4 subpopulations were most frequent in
metastatic patients than in patients without metastases
(p <0.05, Fig. 2 A).

In contrast, patients without distant metastases
demonstrated an increase in the number of THCs
carrying stem cell and fibroblast markers (TFS1)
(p < 0.05, Table 5). Non-metastatic patients also had
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a high frequency of TFS3 and TF4 THCs than cases
with metastases (p < 0.05, Fig. 2 A).

Patients with locoregional recurrence demonstrated
an increase in the number of THCs with macrophage
markers (TM1; p < 0.05, Table 5). TM4, TLS4, and
TMS6 subpopulations were also most frequent in
recurrent patients than in cases without recurrence
(p <0.05, Fig. 2 B).

Figure 2. Frequency of distant metastasis (A) and
recurrence (B) in NSCLC patients with (+) and without (=)
different THC populations

Note: *, p < 0.05.

It is important to note that the TMS3 subpopulation
was an independent predictor of distant metastases,
whereas TLS4 — locoregional recurrence when taking
into account clinicopathological parameters. At the
same time, the prognostic significance of the TMS4 and
TLS5 subpopulations remained only for male patients
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(TMS4, p = 0.041) and highly graded tumors (TLS5,
p = 0.033) (data not shown).

Tumor hybrid cells associated with survival
of NSCLC patients
Poor overall survival (OS) rates were associated
with THCs carrying stem and macrophage markers
(TMS3 and TMS5) and THCs with stem and leukocyte
features (TLS6) (p < 0.05, Fig. 3).

Figure 3. Overall survival of NSCLC patients depending on the
presence of different tumor hybrid cells populations

Note: TMS3, EpCAM*CD45*CD44*CD73*CD163%;
TMS5, pan-CK*EpCAM*CD45*CD44*CD73*CD68*CD163%;
TLS6, EpCAM*CD45'CD44*CD73".

Considering clinicopathological characteristics, the
prognostic significance of TMS3 was valid only for grade 2
(p=0.021), TMS5— smokers (p = 0.011), TLS6 — LUAD
(p = 0.032) and TMS4 — male smokers (p = 0.042).

Despite significant advances in NSCLC diagnosis of
and therapy, the prevention of metastasis and recurrence
still remains an unresolved problem. Even with timely
diagnosis, most patients demonstrate disease progression

ONCOLOGY

in the postoperative period [28—30]. In this regard, the
identification of metastasis- and recurrence-initiating cells
and the development of approaches for their elimination
is a priority task of modern oncology. A number of studies
have shown that THCs may be one of the potential players
in metastasis and recurrence [17, 18, 31]. Here, we first
describe population composition of THCs in NSCLC
and analyze their association with clinicopathological
characteristics, metastasis and recurrence.

Regardless of the histological type, the majority
of THCs harbor leukocyte and macrophage features.
However, the number of THCs with markers of
leukocytes and macrophages and THCs with stem
features is significantly higher in LUAD than in
LUSC. The number and frequency of THCs depend
on NACT. Hybrid cells with leukocyte and macrophage
characteristics and THCs with stem, leukocyte and
macrophage markers are prevalent in patients without
NACT. Distant metastases and recurrence are associated
with THCs. Hybrid cells carrying stem and macrophage
markers (EpCAM*CD45'CD44*CD73*CD163%)
are associated with distant metastases regardless of
clinicopathological characteristics. Locoregional
recurrence is associated with THCs with stem and
leukocyte features (pan-CK*CD45°CD44*CD73").

Previous study showed that NSCLC patients have
giant KRT8/18/19" or EpCAM* and CD14"'CD45"
hybrid cells of macrophage origin in the bloodstream,
which are associated with shorter overall and disease-
free survival [32]. Another study demonstrated that
merging of mesenchymal stem cells and lung cancer
cells leads to the formation of THCs with stem and
epithelial-mesenchymal transition features and increased
motility [33]. It has been also shown that cancer cells
fuse with M2 macrophages, and such cells demonstrate
stem-like characteristics (CD44°CD24") and contribute
to breast cancer metastasis [34].

However, the main limitation of this study is the use of
a limited set of markers, which does not allow the phenotypic
diversity of THCs to be fully characterized. Accordingly,
future research should be based on the use of high-throughput
methods, for example, single-cell sequencing, as shown
previously in other cancers [35, 36], which will allow not
only to assess the diversity of THCs in detail, but also to
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understand the mechanisms of their formation and interaction
with other tumor, immune and stromal cells.

Conclusion

Taken together, this study provides a detailed
characterization of THC population composition in
NSCLC that depends on neoadjuvant chemotherapy
and is associated with locoregional recurrence and
distant metastases.
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cells that exhibit metastatic potential. bioRxiv. 2023;10.
doi: 10.1101/2023.10.24.563815

OI'IYXOﬂeBbIe FMGPMAHbIe KNeTKU Npu HEMEJIKOK/TIEeTOYHOM pakKe
NErKkoro: ﬂOﬂYﬂﬂLI,MOHHbIVI COCTaB U K/JiInHn4yeckKkasa 3Ha4yMMoOCTb

A.A. Xo3auHoBa , M.E. Mensiiio 8, M.C. TperbsikoBa , Y.A. bokoBa ,

A.A. KopobeitHukoBa

C.B. Musiep

, T.C. 'epaieHko

, E.O. PoguioHoB ,

, E.B. [leHucoB

HayuHo-uccieioBaTeIbCKU UHCTUTYT OHKOJIOTMH, TOMCKUIM HallMOHa/IbHBIN MCCIe0BaTeIbCKUM MeIULIMHCKUIN 1IeHTp,
2. Tomck, Poccutickas ®edepayus
>< max89me@yandex.ru

AnHoTanus. AkKmyanbHocmb. HemenkokieTouHbli pak jgerkoro (HMPJT) sieisieTcst ojHAM U3 Haubosiee pacripoCTPaHeHHbIX

3/I0Kaue CTBEeHHbIX HOBOOOpa3oBaHuii. OCHOBHBIMH MTPUUMHAMHU CMePTHOCTH 0T HMPJI SIBJSIFOTCS PeLUAUBLI U OTAa/IeHHbIe

ONCOLOGY

449


https://orcid.org/0000-0002-5475-5981
https://orcid.org/0000-0003-4630-4934
mailto:max89me%40yandex.ru?subject=Maxim%20Evgenievich%20Menyailo
https://orcid.org/0000-0002-5040-931X
https://orcid.org/0000-0003-2179-5685
https://orcid.org/0000-0002-2633-9884
https://orcid.org/0000-0002-7283-0092
https://orcid.org/0000-0003-4980-8986
https://orcid.org/0000-0002-5365-9840
https://orcid.org/0000-0003-2923-9755
mailto:max89me%40yandex.ru?subject=Maxim%20Evgenievich%20Menyailo
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MeTacTasbl. [IpUHATO CUMTATh, UTO METACTa3bl ¥ PelAVBLI JOPMHPYIOTCS Oy X0/IeBbIMU K/IeTKaMH, 00/1a/Jaf0LIIMU BEICOKMM
VMHBa3sUBHBIM U XMMUOPE3UCTeHTHbIM (eHOoTUIIoM. 1o nocefHUM JaHHBIM, TAKUMU K/IeTKaM{d MOT'YT ObITb OIyXOJ/ieBble
rubpuHbIe K/IeTKH, (GOPMUPYIOLIHeCs B pe3y/bTaTe CJIMSHUS OIyXO0JIeBbIX KIeTOK C LIMPOKHUM CIIEKTPOM HOPMaJIbHBIX
KJIeTOK: Makpodaramu, ¢prdpobractamMu, Me3eHXUMAaJIbHBIMH, CTBOIOBBIMU K/IeTKaMH U T. 1. OfIHAKO COCTaB, (heHOTHIHUeCcKoe
pasHoobpa3sue OI'K 1 uX CBA3b C KIMHUKO-I1aTO/IOrMUeCKUMH MTapaMeTpaMH | rporpeccupoBaiieM HMPJT ocTaroTcst mI0Xo
n3yueHHbIMH. Llesib HaCTOSIIIIero UCCIeJ0BaHNsl — 0XapaKTepH30BaTh MOMY/ISLIMOHHBIN COCTAB OMyXOJIeBbIX ITMOPHIHBIX K/IE€TOK
ripu HMPJT 1 ero cBsi3b C K/IMHUKO-NAaTOIOrMYeCKUMY I1apaMeTpaMy, MeTacTasvpoBaHUeM U peLjuiMBUpoBaHieM. Marepurasbl
u MeTozibl. B uccnenosanue 6bu10 BKIFoueHo 50 marueHToB ¢ HMPJI. Vcriosib30Baarch MOP(hOIOruuecKy BepudUIipOBaHHbIE
CBEXXe3aMOPOKeHHbIe 00pa3iibl OMyX0/IeBON TKaHH, MOJyUeHHbIe TIPU Pe3eKI|H Jierkoro rno nosogy HMPJI. OmnyxosieBbie
rUOpUAHbIE KJIETKWA aHaIM3UPOBaId METOOM MPOTOYHOM LIUTOGIYOPUMETPUH C UCTIO/Ib30BAHHEM MapKEPOB OMYXOJIeBbIX
KJIeTOK, OITyXOJIeBBIX CTBOJIOBBIX KJ/IETOK, IEMKOIIMTOB, MakpodaroB 1 ¢pubpobnactoB. PesynbTrarsl v 0bcyxgeHue. OnyxoneBble
rubpuiHbIe KIeTKHU ObTd 0OHapy>KeHbl y BceX naiueHToB HMPJI. BoNbIIMHCTBO OMYyXO0/IEBBIX THOPUAHBIX K/I€TOK ObUIH
C JTEHUKOLMTapHBIMY, MakpodaraJbHBIMU U CTBOJIOBBLIMH TIpH3HaKamMu. Ko/muecTBO U 4acTOTa OMyX0JieBbIX THOPUIHBIX KITETOK
3aBHCe/IM OT HEeOaiblOBaHTHOM XUMMOTepanyu. OnyxosneBble THOPHAHbIE KJIETKU C MapKepaMy CTBOJIOBOCTH U JIEMKOLIUTOB
(pan-CK*CD45'CD44'CD73") Obl/u CBsI3aHbI C JIOKOPErMOHAPHBIMU pelLiyinBaMu, Toraa kak OI'K ¢ MapkepaMu CTBOJIOBOCTH
n Makpogaros (EpCAM*CD45'CD44*CD73*CD163*) — ¢ remaToreHHbIMU MeTacTa3aMu. BeiBogbl. BriepBble KOMIUIEKCHO
OIMCaH MOMY/ISILMOHHBIN COCTaB OIyX0/1eBbIX 'MOpUAHBIX KieToK pyi HMPJI 1 ero accorpanysi ¢ KTMHHAKO-TIaTO/I0rYe CKUMH
XapaKTepHUCTUKaMH, HeoalbloBaHTHOW XMMHOTeparivei 1 IporHo30oM. BrisiBlieHre MPOrHOCTHYeCKY 3HAYMMBIX OIyXO0JIeBbIX
TUOPUAHBIX KJIETOK MOXET ObITh MTOTEHIMA/TBHBIM TIOJX0A0M [IJIs TIPEACKa3aHUs PUCKa MeTacTa3upOBaHUsI U PELIUJUBUPOBAHUS

HMPJT 1 ocHOBaHMeM [171s1 TI0A00pa Teparvy, HarpaB/ieHHOM Ha CHUKeHYe BEPOSITHOCTH TPOrPeCCUPOBAHMS JaHHOTO 3ab0/1eBaHusl.
KroueBble €j10Ba: OIyXoJieBble TMOPU/IHBIE K/IETKH, HEMEJTKOK/IETOUHBIHM PaK JIerkoro, MpOTOYHas LIUTO(QIyOpUMeTpUs,
MeTacTa3upoBaHue, PelUUBUPOBaHIE
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MonekynsapHo-61onoruyeckme U UMMYHOrMCTOXUMUYECKUE
ocobeHHocTu HeanddepeHLUPOoBaHHDbIX NSIEOMOPGHbIX CapKOM

A.M. KoceipeBa®? ', 3./1. lhkymaHus30Ba' =

JLIIL xkanunoBa®? =, A.B. CentabpeBa’?

E.A. Mupomuuuenko? ~, T.W. ®erucos® ~, A.B./Ioxouuna'*

"HayuHo-uccnenoBarebCKuid IHCTUTYT MOEKY/ISIPHOW U K/IETOYHOW MeAWLIMHBI POCCHICKOTO YHUBEPCHUTETA JPYXKOBI
HapoJIoB, 2. Mockea, Pocculickas @edepayus
2Hay4HO-KUCC/IeI0BaTeIbCKUN MHCTUTYT MOPGOJIOTUH UeoBeKa uMeHu akagemuka A.IT. Apiipina ®TBHY «PoccuiicKuii
HayuHBbII [JeHTP XUPYPruy UMeHH akajiemuka b.B. ITeTpoBckoro», e. Mockea, Pocculickasi @edepayus
3 HaroHa/ibHbIM MeJUIIMHCKUI MCC/Te[0BaTe/IbCKUM 1ieHTp oHKosoruy uMenn H.H. Bioxuna Munsgpasa Poccun, 2. Mockea,
Poccutickas ®@edepayus
4 HaumoHanbHbIN MeJULIMHCKUN UCCIe/|0BaTeNbCKUM 1IeHTP aKyllIepCTBa, TMHEKOJIOTMY U TIePUHATOJIOTMH UMEeHHU aKaZleMHUKa
B.U. Kynakoga, 2. Mockea, Poccutickass Pedepayust

< enar2017@yandex.ru

AunHoTanusa. AkmyaisbHocmb. HeguddepenuupoBanHas nineomopdHas capkoma (HIIC) sBnsieTcss OAHUM U3 HaW-
Hosee pacrpocTpaHeHHBIX MTOJTUIIOB CAPKOM MATKUX TKaHel. ITonnMopdu3M omyxosieBbIX KJIETOK U BHICOKAasl CTeNeHb
3/I0KaueCTBEHHOCTH 00yC/IaBIUBalOT arpeccruBHbIN noteHan HIIC. B cBsi3u ¢ peIKOCTBIO BCTPEUaeMOCTH U BHICOKOH
reteporeHHocTh0 HITC KoMueCTBO MCC/Ie[J0BaHUM, OMTUCHIBAIOIIUX KJIETOUHBIN COCTAB U MOJIEKY/ISIPHO-OMO/IOTHUe CKUEe
XapaKTepUCTHUKH, BeCbMa OorpaHuueHo. IJeab pabombl — OLjeHKa KJIeTOYHOTO COCTaBa M 3Kcnpeccuu reHos HIIC.
Mamepuanbl u Memodsbl. B ucciefgoBanuu npoaHanusupoBamu 6uomarepuan ot 10 manuenTtos ¢ HIIC. B ucciegoBanuu
WCII0JIb30Ba/M NepBruHble aHTuTena K CD163 (mapkep M2 makpodaros) u Fibroblast activation protein (FAP — mapkep
¢ubpobnactor) u BropuuHbie Caprine-Anti-Rabbit [gG HRP. HRP-MeTKU BTOPUYHBIX aHTUTEJT TIPOSIB/ISIIA C TTIOMOIIBI0
DAB. [lns1 o1jeHKM MUKPOOKDPY)KeHHsI UCIT0/Ib30Ba/ I aHTUTe A A aBToMarusrpoBaHHoro UI'X creitnepa BOND-III:
CD68-mapkep makpodaros, CD19-mapkep B-nmumdboruros, CD56-Mapkep HeMpOIH/JOKPUHHBIX OIyXoJjel, 6eok MeTa-

© Koceipera A.M., [I)xymanusizoBa J./., xamunosa [I.I1., CentsbpeBa A.B., Mupomnuuenko E.A., ®etucos T.U.,
JloxonuHa A.B., 2024
This work is licensed under a Creative Commons Attribution 4.0 International License
https://creativecommons.org/licenses/by-nc/4.0/legalcode
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cra3upoBanus, Ki67 antureny-mapkep nponudepanuu, Bel-2-onkonporenny. OKpaiiBaHue Ha aBTOMaTH3UPOBaHHOM
UT'X creitnepe BOND-III mpoBoawiu 1Mo CTaHJapTHBIM MPOTOKO/IaM. B roMoTeHU3UpOBaHHBIX 00pa3iiax onyxoJyeBoi
TKaHH Y TIepUTYMOPabHOM 06/1aCTH C KOMWUeCTBOM K/1eTOK 105/MJI C 1je/ibl0 OLeHKHM MUKPOOKDY KeHHs OMyX0JId B OKPY-
)Karolel TKaHU MPOBOJU/IH LIUTOGIIyOpHMeTpHUUeCKOe HCCIejoBaHie OTHOCHTe/IbHOTrO KomruectBa CD14+ u CD16+
MoHo1iuToB, CD68+ makpodaros, CD86+ M1 makpodaros, CD163+ u CD206+ M2 makpodaros, CD4+ T-numdbouuToB
xennepoB U CD45+ neiikorjutos Ha mpubope MACSQuant Analyzer. Metozom ITLIP B o6pa3njax onyxoJieBoii TKaHU
Y MePUTYMOpaJbHOM 06s1acTH onpefensiu ypoeHu 3kcnpeccud MPHK HIF1A, VEGF, MMP2, ARG1, NOS2, u EGFR.
HOns seigenenuss PHK ucnonb3oanu Habop RNA Solo, a g1 obparHo#t TpaHckpuniuu — MMLV RT Kit. Peakijuro
aMITUUKALIUY C eTeKTHPOBaHWEM B pe)KHMe pealbHOr0 BpeMeHH npoBoawin Ha Real-Time amrmuindukatope DTprime.
Pesyabmambi u obcyscoenue. s HIIC xapakTepHa skcripeccusi CD56, FAP, CD68. Cpeu K/1eTOK MUKPOOKPYKeHHSsT
B HIIC npeobnagator makpodaru u CD16-moHotuThl. B onyxoneBsix kinetkax HIIC yBenuueH ypoBenb 3kcripeccud EGFR
10 CPaBHEHHIO C TIepUTYMOpanbHON 0b6macTeio. YpoBHU 3Kcnipeccunt ARG1, NOS2, HIF1A, VEGF u MMP2 B onyXomsix
MMEIOT UHIWBUYa/bHbIE DA3/IUUMs U He SBstoTcsA crieruduueckumu aast HIIC. Bbigodbl. B xoge uccienopanus 6b1im
IIpOaHa/IM3UPOBaHbl KJIE€TOUHBIM COCTaB U 3KcIpeccus reHoB B ob6pasnax HIIC. [l olleHKU KIMHNUeCKOM 3HaYMMOCTH
Ka)KZ0ro U3 MapKepoB HeoOX04UMO JanbHelillee HaO/MoeHUe 3a aljieHTaMu.

KiroueBbIe cj10Ba: CapKOMbI MATKHX TKaHel, Heu(depeHLIPOBaHHbIe TIsIeOMOP¢HbBIE CaPKOMbI, MUKPOOKpY)KeH1e
OIYXOJIH, KJIeTOYHBIM COCTaB, SKCIIPeCCHsl TeHOB
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Molecular-biologic and immunohistochemical features
of undifferentiated pleomorphic sarcomas

Anna M. Kosyreva®? ', Enar D. Jumaniyazova' =

Dzhuliia Sh. Dzhalilova®? ', Alexandra V. Sentyabreva’? ",

Ekaterina A. Miroshnichenko? ', Timur I. Fetisov? ~, Anastasia V. Lokhonina®’*

! Research Institute of Molecular and Cellular Medicine, RUDN University, Moscow, Russian Federation
2 Avtsyn Research Institute of Human Morphology of Petrovsky National Research Centre of Surgery, Moscow, Russian
Federation
3 N.N. Blokhin Russian Cancer Research Center, Moscow, Russian Federation
4 National Medical Research Center of Obstetrics, Gynecology and Perinatology named after Academician V.I. Kulakov,
Moscow, Russian Federation
X enar2017@yandex.ru

Abstract. Relevance. Undifferentiated pleomorphic sarcoma (UPS) is one of the most common subtypes of soft tissue sarcomas.
The polymorphism of tumor cells and high degree of malignancy account for the aggressive potential of UPS. Due to the rarity
of occurrence and high heterogeneity of UPS, the number of studies describing the cellular composition and molecular-biological
characteristics is very limited. Objective is to assess the cellular composition and gene expression of UPS. Materials and Methods.
Biomaterial from 10 patients with UPS was analyzed in the study. In this study we used primary antibodies to CD163 (marker
of M2 macrophages) and Fibroblast activation protein (FAP — marker of fibroblasts) and secondary Caprine-Anti-Rabbit IgG
HRP were used. HRP-tagged secondary antibodies were manifested using DAB. Antibodies for automated BOND-III IHC stainer
were used to evaluate the microenvironment: CD68-marker of macrophages, CD19-marker of B-lymphocytes, CD56-marker
of neuroendocrine tumors, metastasis protein, Ki67 antigen-proliferation marker, Bcl-2-oncoprotein. Staining on an automated
BOND-III THC stainer was performed according to standard protocols. In homogenized samples of tumor tissue and peritumoral
area with the number of cells 10%ml in order to assess the microenvironment of the tumor and surrounding tissue, cytofluorimetric
study of the relative number of CD14+ and CD16+ monocytes, CD68+ macrophages, CD86+ M1 macrophages, CD163+ and
CD206+ M2 macrophages, CD4+ helper T-lymphocytes and CD45+ leukocytes was performed on the MACS Quant Analyzer
device. The mRNA expression levels of HIF1A, VEGF, MMP2, ARG1, NOS2, and EGFR were determined in tumor tissue and
peritumoral samples by PCR. The RNA Solo RNA kit was used for RNA isolation, and the MMLV RT Kit was used for reverse
transcription. The amplification reaction with real-time detection was performed on a DTprime Real-Time Amplifier. Results
and Discussion. The expression of CD56, FAP, CD68 is characteristic for UPS. Among the cells of the microenvironment,
macrophages and CD16-monocytes predominate in UPS. EGFR expression level is increased in tumor cells of the UPS compared
to the peritumoral region. The expression levels of ARG1, NOS2, HIF1A, VEGF, and MMP2 in tumors have individual differences
and are not specific to the UPS. Conclusion. In our study, we analyzed the cellular composition and gene expression in UPS
samples. Further follow-up of patients is necessary to evaluate the clinical significance of each marker.

Keywords: soft tissue sarcomas, undifferentiated pleomorphic sarcomas, tumor microenvironment, cellular composition,
gene expression
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BeepneHue

Capkombl msirkux TKaHe (CMT) nipeacTaBsitoT
reTeporeHHYH0 TPYMIY 3/10KaueCTBeHHBIX HOBOOOpa-
3oBaHul (3HO), nepBUYHO BO3HUKAIOLIUX B MSTKUX
TKaHSX U UMERIINX Me3eHXUMa/IbHOe TIPOUCXOXKe-
Hue. Cpeai BCeX IUarHOCTUPOBAaHHBIX ciaydaeB 3HO
Ha CMT npuxoputcs He 6osee 1% [1] [Siegel u gp.,
2023].

Knaccudukanus BO3 2020 roga npusHaeT 6osee
70 TUCTOIOTMYECKUX U MOJIEKY/ISIPHBIX NOATUIIOB CMT,
JUTSI KOKZOTO M3 KOTOPBIX XapaKTepHbl 0COOEHHOCTH
K/IMHHWYeCKOro TeueHUs U rporHo3a. Heauddepeniu-
poBaHHas 1nieomopgdHas capkoma (HIIC), koTopyto
KOT/Ia-TO Ha3bIBa/M 3710KaueCTBeHHOU Gpubpo3HOi
TUCTUOLUTOMOM, SIBJSI€TCS OJHUM U3 Haubosee
pacnpocTpaHeHHbIX TioaTunoB CMT [2, 3]. [Tonu-
MOpP(hU3M OMyX0JIeBBIX K/IETOK U BbICOKasi CTeNeHb
3/I0KaueCTBEHHOCTH 00yC/IaB/IMBalOT arpeCcCUBHbIN
noreniuan HIIC [4]. Kak nipaBusio, naienTam ¢ HITC
Ha T1epBOM 3Tarle jie4yeHUs MpejJiaraeTcs Xupypruyde-
CKasi pe3eKIyisi, IPX HeoOXOAUMOCTH C TTOC/Ie YOIl
XUMUO- U JIyuyeBOH Teparnuei. [11g narjueHToB, y KO-
TOPBIX XMPYPruyecKoe BMeIlaTe/IbCTBO HEBO3MOJKHO,
peKOMeH/lyeTCsl Ha3HaueHue JIyueBOW Teparuu Ui
xuMroTepanur. OnHako 3¢ (GeKTUBHOCTb MPOTUBOOITY-
XOJIEBOTO JIeUeHUs 0CTaeTCsl Hey/0B/IeTBOPUTE/IbHOM,
a 5-7eTHss BbDKUBaeMocCTh cocTtaBnseT 30—50 % [5].

ONCOLOGY

B cBsi3u € peJKOCTBIO BCTPEYaeMOCTU 1 BHICOKOM
reteporeHHOCTh0 HIIC KonmyecTBO HMCC/ieJoBaHUM,
OTTMUCBHIBAIOITUX K/IeTOYHBIM COCTAaB U MOJIEKY/ISIPHO-
OuvooruuecKre XapakKTePUCTHKHU JAaHHOTO MO THTIA
CMT, BecbMa orpaHruueHo.

Henb nccnegoBaHus: olleHKa KJIETOUHOTO COCTaBa
u 3Kcripeccuu reHos HIIC.

MaTepMaHbI n MeToabl

IManueHTHI

buoncuiiHbii MaTepran OmyxoJeBoi U MepuTyMo-
pasIbHOM TKaHH (pacroioyKeHHOM Ha pacCTOsTHUU 1 cm
OT TPaHULIbI OIyXOJIM) NaLeHTOoB nonydamu u3 ®I'bY
«HatmoHanbHBIN MeUITUHCKUN UCCIe/0BaTeTbCKUN
ueHTp oHkosioruu uM. H.H. broxuna» MuH3gpasa
Poccun. B uccienoBanyy rpoaHaan3upoBam bromMa-
Tepuas oT 10 naLyeHTOB, [10/y4YeHHbIN B X0/e XUPYP-
TMUEeCKOro 3Tara JieueHusi, ’HpopMaLys 0 MaleHTax
nipezctaBieHa B Tabnwiie 1. Y Bcex maijueHToB Oblia
[MarHoCTHPOBaHa U TMCTONOTMYeCKY BepuULIMpOBa-
Ha HeaubdepeHI[MPOBaHHas TyieoMopdHasi capkoma
MSATKUX TKaHell. [JaHHOe uccies0oBaHue IPOBOAM-
JIOCh B COOTBETCTBUU C MPUHLUIIAMU Xe/TbCUHCKOU
JleK/iapaljiy, BCeMU MarjieHTaMu ObIJI0 MOATIHCaHO
NMCbMeHHOe UH(OPMHPOBAaHHOE COT/IacHe Ha yyacThe
B HUCCJIeZJOBAHNH.
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Tabnuua 1/ Table 1
O6L,as xapaKTepucTUKa NauMeHToB/
General characteristics of patients

MapameTpbl / MaumnenTbl, n (%) /
Parameters Patients, n (%)
O6Lee konuyecTBo / Total number 10 (100 %)
Mon / Gender
My>x4uHbl / Men 7 (70 %)
XeHwuHbl / Women 3 (30%)
Bospacr (rogbl) / Age (years)
MegawnaHa / Median 64
59—-82
[wnanasoH / Range

T ctapusa / T stage
1 1(10%)
2 8 (80 %)
3 0(0%)
4 1(10%)

N ctagus / N stage

0 10 (100 %)

1 0(0%)

M ctapus / M stage
0 8 (80 %)
1 2 (20%)

Nokanusauus / Localization
BepxHss koHeYyHocTb / Upper extremity 5(50 %)
HWXHss KOHeuHoCTb / Lower extremity 5(50%)
3nu3op 3aboneBaHus / Disease episode
Bnepsble BbisBNeHHas onyxonb / Tumor 4 (40%)
detected for the first time o
6 (60 %)
Peungus / Recurrence

I'ncronornyeckoe 1 MIMMYHOIHCTOXHMHUYECKOe
HCC/IejoBaHue

®parmeHThI onyxosu pukcrposanu B 10 % 3a-
OydepeHHOM (hopMasvHe, TIPOBOAW/IN 10 CITUPTaM
BO3pacTarolllel KOHL|eHTpaLiy, 3a/I1Baly B TUCTOMUKC,
W3roTaB/IMBa/IM FMCTO/IOTUUeCKHe Cpe3bl, MOHTUPO-
Ba/IU UX Ha CTeKJIa /JI1 UMMYHOTMCTOXMMUYECKOTO
nccienosanus Super-Frost. ['mcronornyeckue cpesbl
JleriapaiHU3UPOBA/M O CTaHAAPTHOMY MPOTOKO-
7y ¥ AieMacKupoBaiu B uutpatHom Oycdepe pH 6,0
¢ 0,5 % TBuH-20 nipu 100 °C. ITocse npoOMBIBKHU
B ocdarHOo-coneBoMm Oydepe (PBS, pH 7,2) 6/10ku-
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pOBaJi 3H/OTeHHYIO Nepokcugasy 3 % pacTBOpoOM
H,O,, 3arem GnokupoBam Genkoebiv Oydepom (PBS
¢ 0,1 % ObIUBMM CHIBOPOTOYHBIM a/TbOyMHUHOM) TIPU
KOMHATHOU TeMnepaType B TeueHue 30 MUHYT /11
MUHUMHU3aLMY HecreliupruuecKoro CBs3bIBaHUs aH-
tuTen. Vcronb30Bany nepeuuHble anturena k CD163
(ab182422) (mapkep M2 makpodaros) u Fibroblast
activation protein (FAP — mapkep ¢ubpo6siactoB)
(ab28246) 1 Bropuunbie Caprine-Anti-Rabbit IgG HRP
(SAA544Rb19, CloudClone). HRP-mMeTKr BTOPUUHBIX
aHTUTeJI TIPOSIBJISUIU C TIoMoIb0 DAB.

151 OLleHKY MUKDPOOKPY>KeHHS WCI0J/1b30BaIn
aHTuTesa Ajs aBToMatru3upoBaHHoro MI'X creitHepa
BOND-III:

— CD68 (514H12) obuumii maHMakpoaraabHbIN
Mapkep;

— CD19 (BT51E) mapkep B-numdonuTos;

— CD56 (CD564) mapkep HelipO3H/I0KPUHHBIX
oryxoJieii, 6eJI0K MeTacTa3upoOBaHUs;

— Ki67 antureny (MM1) mapkep nponudeparuu;

— Bcl-2 oHKOMpOTEUHY.

OxkpamyBaHue Ha aBToMatusupoBaHnHoMm UI'X
cretinepe BOND-III mpoBoguau no cTraHAapTHBIM
MPOTOKOJIaM.

IIporounas nuroduiyopomeTpus

B romoreHu3npoBaHHbIX 00pas3ijax OIyXoaeBoi
TKaHU U TIePUTYMOPAJbHON 00/1aCTU C KOJTMUeCTBOM
K/1eTOK 10%/MJT C 11e/1b10 OLIEHKH MUKPOOKDYXeHUSI
OTYyXO/M U OKpY>Katolllell TKaHW NPOBOJU/IU LIUTO-
(nyopumeTpHuuecKoe UcciefloBaHe OTHOCUTEBHOTO
kommuectBa CD14+ u CD16+ moHoiuToB, CD68+ ma-
kpodaros, CD86+ M1 makpocdaro, CD163+ u CD206+
M?2 makpodaros, CD4+ T-nuM@oLuTOB Xenrnepon
u CD45+ netikorutoB Ha mpubope MACSQuant®
Analyzer («Miltenyi Biotec», 'epmanust) ¢ ucnosb-
30BaHueM cieAyrolux antuten («Miltenyi Biotec»,
I'epmanus): anti-Human CD4-FITC; anti-Human
CD163-APC; anti-Human CD16-PE; anti-Human
CD68-PE-Vio-770; anti-Human CD45-VioBlue;
anti-Human CD14-FITC; anti-Human CD86-PE;
anti-Human CD206-PerCPVio700. I'efitupoBanue
BBITNOJIHAIA C UCM0J/Ib30BaHUeM aHTU-CD14 u aHTuU-
CD45 MOHOK/IOHa/MBHBIX aHTUTEI.
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I111P-PB

MeTo0M TIOTUMePa3HOM 1eNTHOW peakiiuu
B peaslbHOM BpeMeHH B 00pas3liax OmyX01eBOi TKaH!
Y TepUTyMOpaIbHON 00/1aCTH OTIpe/iesisiii YPOBHHU
skcrpeccu MPHK renoB HIF1A, VEGF, MMP2, ARG,
NOS2 v EGFR. [1na Beigenenus PHK ncnons3oBanu
Habop RNA Solo, a /151 06paTHOM TPaHCKPHUTILIAN —
MMLYV RT Kit («EBporen», Poccust). Peakiuto amrim-
(vKaLMy C JeTeKTUPOBaHKEeM B pe)XHMe peabHOro
BpeMeHHU poBoAuM Ha Real-Time amrindukarope

DTprime («HK-Texnonorus», Poccus). OTHOCH-
Te/IbHYI0 KoOHIleHTpaLuo MPHK yKa3aHHBIX reHOB
pacCYUThIBa/IM METOL0M MPSIMOTO CPaBHEHUS JaHHBIX
no ¢popmyne: [A] /[B], = E*“(, rae [A],— HauanbHas
koHueHTpalus MPHK rena B TTLP-cmecy, [B] — Ha-
vanbHas KoHeHTpaums MPHK GAPDH B I11IP-cmecy,
E — 3¢dexTUBHOCTb peakljuy (IpUHUMAIKN paB-
HoH 1,98), AC(T) — pa3HOCTb NTOPOTOBBIX LIMK/IOB
GAPDH ¥ UCKOMOTO reHa.

Tabnuya 2/ Table 2
MocnepoBaTenbHOCTU UCNONb3yeMblix NpaliMepoB/Sequences of used primers
leH [MocnepoBaTeNbHOCTb
Gene Sequence
Forward GCACCGTCAAGGCTGAGAAC
GAPDH
Reverse TGGTGAAGACGCCAGTGGA
Forward TCATCTGGGTGGATGCTCACAC
ARG1
Reverse GAGAATCCTGGCACATCGGGAA
Forward GCCCATTCCGCGTCTGAGT
HIF1-A
Reverse ACTTGTGGGTGCTGGCACTG
Forward CGCTACGATGGAGGCGCTAA
MMP2
Reverse GGGGCAGCCATAGAAGGTGT
Forward GCTCTACACCTCCAATGTGACC
NOS2
Reverse CTGCCGAGATTTGAGCCTCATG
Forward CCCCCTGACTCCGTCCAGTA
EGFR
Reverse CCCAACTGCGTGAGCTTGTT
Forward GGGCAGAATCATCACGAAGT
VEGF
Reverse GGTGAGGTTTGATCCGCATA

CrarucTuueckue MeTo/bl

CrarucTryeCcKUi aHaIu3 MoJyYeHHbIX JaHHbIX
MPOBO/IN/IM B TIporpaMme «Statistica 8.0». J/laHHbIe
BbID@)Ka/Id B BU/Je MeJiiaHbl U UHTEPKBapTU/IbHOTO
pa3maxa Me (LQ(25 %); UQ(75 %)). [lns ycraHoBNIeHUs
JI0CTOBEPHOCTH pa3/IMurii MeXK/ly IoKasaTesisiMy, B 3a-
BHCUMOCTH OT XapakTepa pacrpezieneHusi MomyuYeHHbIX
JlAHHBIX, UCII0/Ib30Ba/Id KPUTEPHUH MHOKeCTBEHHOT'O

ONCOLOGY

cpaBHeHus Kpackena — Yosuivca, JanHa. Pasmvuns
CUMTA/IM CTaTUCTUUECKU 3HaUUMBbIMU T1pU p<0,05.

Pe3ynbraTtbl M 06Cy)XAeHMe

C nomompio VII'X rcciefoBanusa Obljla OLeHeHa
3Kcnpeccusi 0e/TKOB, OTBEUAOIIMX 3a MPoJIHdepariuio
(Ki-67), anonto3 (Bcl2), mapkepoB makpodaror (CD68,
CD163), B-nmumdorutos (CD19), 6esika K/1eTOUHOM
aare3un (CD56), mapkepa ¢ubpobnactos (FAP).
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Ta6nuya 3/ Table 3

WUrX uccnepoBaHue ypoBHS 3KCnpeccumn 6enkoe, oTeevalowux 3a nponudepaumio (Ki-67), anontos (Bcl-2), mapkepos makpodaroe
(CD68, CD163), B-numdouutor (CD19), 6enka knetouHou agresuu (CD56), Mapkepa ¢pubpobnactoe (FAP)
B OMyXOJ/IEBOM Yy3J1e NNeoMop¢HbIX cCapKoM/
IGC study of the expression level of proteins responsible for proliferation (Ki-67), apoptosis (Bcl-2), markers of macrophages (CD68,
CD163), B-lymphocytes (CD19), cell adhesion protein (CD56), fibroblast marker (FAP) in the tumor node of pleomorphic sarcomas

N2 Ki-67 Bcl-2 CD68 CcD19 CD56 CD163 FAP
o o EAnHWYHBIE OoTp
1 <<30% + <30 % A +++ +++
Single Neg
OoTp OTp OTp
0 0
2 30% + 30% Neg Neg Neg +
3 >50% " ~30 EAUHHbIe - N "
Single Neg
o o OoTp OTp OTp
4 <30% +++ <30% Neg Neg Neg +
5 >50% - ~30—50% Otp + OTp ¥
Neg Neg
o 20_EN o OoTp OTp OTp
6 >50 % +++ 30—50% Neg Neg Neg +
7 30-50% + ~30—50% Otp + ¥ Otp
Neg Neg
8 <30% et 30—50% OoTp + E}J,VII;WI‘-IHbIe +++
Neg Single
9 <30% + <30% + + OTp +
Neg
30—50%
10 <30% gzp TUraHTCcKuMe KneTku gzp +++ gzp Ej;p
9 Giant cells 9 9 9

[Mpumeyarus: OTp — oTpuLaTENbHAA peakLUms.

Note: Neg — negative reaction

Cornacuo UI'X uccnenoBanuto u3 10 o6pasios
171e0oMOpP(HBIX CapKoM 4 XapaKTepr30Baa0Ch BbICO-
Kot 3kcripeccueit Ki-67 (6onee 30 % Ki-67+ kmeTok
B mipenapare) (Puc. 1A), Toraa kak B 6 obpasijax ypo-
BeHb 3Kkcnpeccuu Ki-67 6b11 Huke 30 % (Puc. 1B).
B 4o06pa3tjax rnaeoMop(dHbIX CApPKOM BbISIBJISIICS BbI-
COKUI ypoBeHb 3kcripeccuu Bel-2 (Puc. 1B), Hu3kas
skcripeccusi Bel-2 obHapyskeHa B 4 obpa3uax (Puc. 1)
1 B ogHOM obOpastie Bcl-2-monoxxuTenbHble KJI€TKU
He BbIsiB/IsLTUCH (Puc. 10).

Okcripeccus Ki-67 sBasgeTcs o4HUM U3 CaMbIX
Ha/Ie>KHbIX UH/IMKAaTOPOB Nposii(epaTUBHON aKTUB-
HOCTH PakoBbIX KieToK. Ki-67 npezcrasssietT coboit
si7lepHbIN aHTHTeH, SKCIpeCcCUPYIOLINICS BO BeX (hasax
KJIeTOUHOT0 1IUKJIa, 3a uckiarodenrem GO. Kak u ais
apyrux 3HO, BbICOKUI ypoBeHb 3Kcripeccuu Ki-67
nipu CMT koppenupyeT ¢ HebIaronpusiTHBIM TIPOTHO-
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30M [6]. Kpome 3TOrO, BBICOKMI YPOBEHB SKCIIPECCUHN
Ki-67 B o6pa3ijax CMT 3HaUMTe/IbHO KOPPEeIUpyeT
C 4acTOTOM JioKa/bHBIX peruauBoB [7]. 3HO c un-
nekcoMm Ki-67 > 20 % xapakTepu3yrTCsl ObICTPBIM
MeTacTa3upOBaHWeM U HU3KHUMU T0Ka3aTessiMK 0011jeid
BbDKHBaemocTH [8].

JpyruMm orjeHuBaeMbIM VI'X-mapKepoM sIBU/ICS
6esiok B-knetouHoit umdomei 2 (Bcl-2), seistoruiics
K/TFOUEBBIM Pery/IsITOPOM aHTUAONTOTUYECKOW aKTHB-
HOCTH. BbiCOKuMi ypoBeHb 3kcripeccru Bel-2 oGHapy»keH
nipu 6osibiiom kormmuectse 3HO [9]. [ToBbiiieHre ypoBHst
sKcrpeccun Bcl-2 xapakTepHo B rieprof] SMOpHOHAIBHO-
T'0 pa3BUTHS, a TAK)Ke ero OBepaKCIpeccysi Hab/moaeTcs
B OTBeT Ha K/IeTOUHbIM cTpecc. HapyiieHus B riporjecce
aronTo3a WrparT BayKHYIO POJIb B MHULMALMK U IPO-
rpeccuy omnyxosieBoro pocra. Kpome Toro, narosoruu
aronTo3a CHWKAT 3(PGeKTUBHOCTbL XUMHUOTEPAITUH.

OHKOJOI 14
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PucyHok 1. leTeporeHHocTb akcnpeccun Ki-67 (A, B) 1 Bel-2 (B—[,) Ha rmcTonormnyeckmx cpesax HIC.
A — akcnpeccus Ki-67 6onee 50 % kneTok (x200, 06. 3); b — akcnpeccusa Ki-67 MeHee 30 % kneTok (x200, 06.1);
B — BblpakeHHas akcnpeccus Bel-2 (x200, 06.5); ' — Huakasa akcnpeccus Bel-2 (x200, 06.7);
[ — oTpuuaTenbHas peakums ¢ aHTUTenamum k Bel-2 (x200, 06.10)

Figure 1. Heterogeneity of Ki-67 (A, B) and Bcl-2 (B—[,) expression on histologic sections of UPS.
A —Ki-67 expression more than 50 % of cells (x200, Ob.3); B — Ki-67 expression less than 30 % of cells (x200, Ob.1);
B — marked expression of Bcl-2 (x200, Ob.5); ' — low expression of Bcl-2 (x200, Ob.7); I — negative reaction with antibodies
to Bel-2 (x200, 0b.10)

[To maHHBIM UTEpaTypPhl BbICOKast 3Kcripeccusi Bel-2
accolMHpoBaHa C HeOaronmpUsATHLIM IMPOTHO30M
3aboneBanus [10]. BCL-2 u accorurpoBaH c Heba-
TOTIPUSTHBIM TIPOTHO30M 3aboneBanust [10]. B CMT
BBICOKYIO 3KCIPECCHI0 JaHHOTO MapKepa CBSI3bIBaOT
C XMMHUOPE3UCTeHTHOCTRIO, TaK, THI'MOMPOBaHe UIeHOB

ONCOLOGY

cemetiictBa Bcl-2 npusesio k 6osee addekTBHOMY OT-
BeTY K/IETOUHBIX JIMHUM JIeHOMHUOCAapPKOMBI Ha BBeJleHHe
nJokcopyburivHa [11]. B 4 u3 10 HamMu ucciemyemMbix
obpasiiax ObUT 00HAPYKEH BLICOKHI YPOBEHD SKCIPECCHM
Bcl-2, uTo BeposiTHee Bcero, MPOrHO3MpYyeT arpecCUBHOE
TeueHHe 3a00/1eBaHUs y JaHHBIX MMAl[UeHTOB.
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B uccnemosanum The Cancer Genome Atlas
(TCGA), Brnrouatoiriem 206 CMT, B HIIC Obli1 BbI-
sIB/IeHbl BbICOKHE YPOBHH OIyX0J1b-aCCOLMMPOBAaHHBIX
Makpodaros [12]. B apyrom uccienoBanuu [13] komue-
CTBEHHO OL{eHU/I YPOBEHb OIyX0/Ib-aCCOLIMMPOBaHHBIX
Makpo@aros, C MOMOILLbI0 UMMYHOTHCTOXUMUUE CKUX
MapkepoB CD68 (ob61jero mapkepa Makpogaros)
1 CD163 (mapkepa M2 makpodaros). [1neomopdHbie
THITbI CAPKOMBI ITPO/IEMOHCTPUPOBAJIM CaMble BbICOKHE
roKasaTenu Kak Makpogaros CD68+, tak u CD163+.
B xopie Hatlero vccriesjoBaHUsl Mbl IOy YU/N HECKOJIBKO
HEeCKOJIbKO pa3/IMuarolLirecs pe3y/ibTaThbl pe3y/bTaThl.

Bo Bcex ucciesyeMbIX rMCTO/IOrMYeCKUX TIperapa-
Tax ObLTH BhIsIB/IeHbI CD68+ Makpodaru. Vx uncio
BapbUpOBaso: B 5 o6pa3iax HabmoAanocs BbICOKOe
konmyectBo CD68+ knetok (30—50 %) (Puc. 2A),
meHee 30 % MakpodaroB BISBIEHO B IPYTUX 5 00-
pasuax. B ogHOM ciiyyae ornpepesnsiiuch TUTaHTCKUe
CD68+ knetku (Puc. 2B). Ognako CD163+ makpodaru
(M2 ¢denotuna) He onpegensinuck (Puc. 2I'), Tonpko
B 2 obpa3uax Hab/roanach oIoKUTe/TbHas peakiys
c auturtenamu K CD163 (Puc. 2B). Mb1 00BsicHsIEM
noflobHoe siB/ieHe, B TTePBYIO ouepe/ib, HeOOIbIINM
KOJTMUeCTBOM 00pas31i0B, B3SATHIX /i1 UCC/IeJOBAHUSI.

PucyHok 2. CD68+ Mmakpodaru (A, B) n CD19+ numdoumntbl (B=A) B HINC. A — Bbicokoe Ymcno CD68+ makpodaros (x200,
06.5); b — ruranTckme CD68+ knetku (x400, 06.10); B — CD163+ makpodaru (x400, 06.7); I — oTpuuaTeNibHaa peakums
¢ aHTUTeNnamm k CD163+ (x200, 06.10)

Figure 2. CD68+ macrophages (A, B) and CD19+ lymphocytes (B—A,) in UPS.
A — high number of CD68+ macrophages (x200, Ob.5); B — giant CD68+ cells (x400, Ob.10);
B — CD163+ macrophages (x400, Ob.7); I — negative reaction with antibodies to CD163+ (x200, Ob.10)
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HecmoTps Ha TO, 4TO MoOJIeKyJ/ia aJire3suy HepB-
HbIX K/1eToK-1 (NCAM1) unu CD56 u3BecTHa cBoel
pOJIbIO (PEHOTUIHMYECKOIO0 MapKepa eCcTeCTBeHHbIX
kusiepoB (NK) K/eTok, Ha caMOM /iefie OH MOYKET 9KC-
TIpeCCUPOBaThC MHOTMMU JPYTMMU MOATIOY/ISALIASMU
WMMYHHBIX KJ/IeTOK, BK/rouasi NK'T-kieTku, ramma-ziessra
(y6) T-xknetku, CD8 T-KneTKu, MOHOLIUTHI, [IeHAPHUT-
Hble K/eTKU [14]. 3TOT ITMKONPOTerH CyriepceMeiicTBa
MMMYHOT/IOOY/TMHOB 3KCTIPeCCHUPYeTCsl TIPU Pa3/TnIHbIX
3HO u BoBJ/ieueH B TIPOI[eCChl MEKK/IeTOUHOU afire-
31H, POCTa aKCOHOB, CUHAIITUYeCKOW IJTACTUYHOCTH,
KieToyHoM mamsiTu [15]. B 7 obpasiax rieoMopdHbIx
capkoM (Tabs1. 2) 6buta 0OHapyKeHa MOJIOKUTe TbHasT
peakiusi ¢ antutesiamu K CD56. [Tpuuem B 3THX 06-
pasijax ruieomopdHbix capkom NK kieTku He Ob11n
WeHTU(ULIMPOBAHBI, a OKpallIMBaHUe Ha0/Ir0#anoch
BOKPYT OITyX0/ieBbiX KeTok (Puc. 3A-b). MakcumanbHo
BbIp&KeHHas1 3KCIIPeCCrsl OMyXosieBbIMU KiieTkamMu CD56
ObL1a BeIsiBleHa B 3 obpa3iax (Puc. 3A), B Apyrux 4-x
omyxoneBbix obpa3ijax (Puc. 36) CD56 3kcripeccupo-
BaJICSl HA HU3KOM YPOBHe.

CD19+ B-mumo1uThI BbISIB/IEHBI TOJBKO B 3 00-
pa3uax u3 10, Ipu 3TOM TOIBKO B OHOM 0oOpasiie
Habsomanock Beicokoe urciao CD19+ mumdouuTos,
KOTopble 06pa3oBbIBa/v ouaroBble ckoruieHus (Puc. 3B).
B aByx apyrux obpasiax CD19+ B-mumMboruter Ob1mm
eqvHUYHBIMU B Tipernapare (Puc. 3I'). B ocTanbHbIX
CJTydasix B OIyXo/isix He 066110 06HapyxeHo CD19+ M-
¢doumros. 1o ganHbIM MUTepatypbl HIIC xapakTepu-
3yHOTCS JOMUHUPOBAaHUEM OMYX0/Ib-aCCOLIMMPOBAHHBIX
MakpodaroB Haji TUMGOLUTaMU, UHOUIETPUPYIOLMMU
omnyxonb [13].

Benok akrtuBarmu ¢pubpobnactos-a (FAP) ripes-
ctaBnisieT coboii cepuHOBYO TipoTeasy 11 Tura, koTopast
crneli(prUeCcKy SKCIpeccUpyeTcsi akTHBUPOBAaHHBIMU
¢ubpobmacramu. B mociegame rofpl 60/bIIIOe BHUMA-
HUe yZensieTCsl UCC/Ie[0BaHUIO TIPO- U IIPOTUBOOITYX0JIe-
BbIX CBOMCTB FAP B CBsI3U C ero BLICOKOM 3KCTpeccuei
B 3HO. Pe3ynbTarhl MOKa3bIBaKOT, YTO IKCIIPECCUS
FAP cBsizaHa C pOCTOM OMYXO0JIM; OKa3bIBAeT BIHSHUE
Ha nposirdepalyo U NHBa3!I0 OIyX0JeBbIX K/IeTOK,
aHTMOreHe3, SMYTeManbHO-Me3eHXUMaJIbHbIN Mepexof,
VIMMYHOCYTIPECCHIO U JIeKapCTBEHHYIO yCTOUUMBOCTh
[16]. [Tpu okpammBaHuM aHTUTeaMu K FAP Oblia

ONCOLOGY

obHapy»keHa ero skcrpeccusi B 8 u3 10 rcciei0BaHHbIX
obpasros (Puc. 3 B, I').

ITo faHHBIM IPOTOYHOM LIUTOMETPUH, CPeJiy KIIeTOK
MUKpooKpy>kenust HITC npeo6agami CD16 MOHOLATEI
u CD68 makpodaru (Puc. 4A). 13 o011ieli TeHAeHIUH
BbIOMBasICs obpasers (OT4), B koropoM npeobnagammi
CD206-makpodaru Hag CD86 u CD163 (Puc. 4B).
W3 anamHe3a 3ab0/1eBaHys TaljieHTa U3BECTHO, UTO
B x0fie JyuTenbHOro Tedenust HITC (MponomKuTeibHOCTb
2 rozia) MpoOBOAW/IACH XUMHUOTEpaIus, JTyueBast Teparusi
Y Ha3HauaJICsl TapreTHbIM periapar. Bo3MoXHO, IMEHHO
Tpe/IIeCTBYIOLIME MeTO/bI JIeUeHHs BbI3Ba/IM U3MEHEHUsT
KJIETOYHOI'0 COCTaBa MUKPOOKPY>KeHUs OITyXOJIH.

MeTtopowm ITL[P-PB 6nu1a orjeHeHa 5KCIpeCCust
reHOB B 0Opa3iiax OT 8 maiyeHToB, UTO CBS3aHO C He-
XBaTKOl OWomarepuana oT nauueHToB 9 u 10 moce
Npe/jLeCTBYIOLMX MeTOZI0B UccieoBaHus. [1o faHHbIM
[T1IP-PB, ypoBau s3kcnipeccunt ARG1, NOS2, HIF 1A,
VEGF v MMP2 He pa3nuuaauch MeXay obpasiiaMu
OTyXOJTH ¥ TKaH! MePUTYMOPaJIbHOM 00/1aCTH, KOTOPYIO
MBI MCII0/Ib30Ba/I B Ka4eCTBe KOHTPOJIS. BbisiBIeHO
yBesmueHre ypoBHs 3kcripeccu EGER B HIIC no cpas-
HEHHIO C TKaHbIO TTepUTyMopanbHoi obractu (Puc. 5).
[To faHHBIM UTEpaTyphbl, BEICOKUI YPOBEHb SKCIIPeC-
cviv EGFR B HIIC koppenupyeT ¢ He6/1arornpusiTHbIM
TPOTHO30M [4].

Y nByx marueHToB (2 v 7) Habsoanach HU3Kast
skcnpeccust ARG1, NOS2, HIF1A, VEGF B onyxonu
TI0 CPAaBHEHMIO C NEPUTYMOPaIbHOM 00/1aCThiO (Tabst. 3).
[TonbITKa conocTaBIeHns TAKUX Pe3yJIbTaToB C KIWHU-
yeCcKUMU 0COOeHHOCTSAMU TeueHUs1 3abomeBaHus y 3THX
MAaLMeHTOB Ha JaHHOM STalle He NpUBesia K yCIiexy.
[TarueHT 8 XapakTepu30Ba/cs yBeJdyeHUeM YPOBHS
skcnipeccun NOS2, HIF1A, VEGF v MMP2. Bricokast
9KCIIPeCCHsi JaHHbIX TeHOB, BO3MO)XKHO, CBfi3aHa C [/IU-
Te/IbHbIM PeLVBUPYIOIINM TeueHreM 3a00/eBaHus
(c 2018 ) v npeALLIeCTBYIOIIEN XUMHAOTepanuen 1 iy-
YyeBOH Teparei.

[To cpaBHEHHIO C TIEPUTYMOPAIBLHON 06/1aCThIO
y 3 mauyeHToB U3 8 Hab/MHAI0Ch CHIDKEHUE YPOBHS
9KCIIpeccry Mapkepa M2 npoTHBOBOCHAUTE/IbHbBIX
MakpodaroB — ARG1, y 3 naljueHTOB, HallpOTUB, €ro
TOBLILLIeHKe. YPoBeHb 3Kcripeccun NOS2 — Mapkepa
MPOBOCIA/IUTENbHBIX peakLii BO3pacTasl o CpaBHe-
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PucyHok 3. CD56+ onyxosneBble kneTku (A, B), CD163+ makpodaru (B, IN) n FAP+ dunépotnacTsl (4, E) B HINC. A — Bbipa)keHHasd
akcnpeccus CD56+ (x400, 06.1); B — ymMepeHHas akcrpeccua CD56+ B ornyxonesblix kneTkax (x400, 06.7); B — ckonneHne
CD19+ numdoumTos (x200, 06.9); I — eanHM4dHble CD19+ numdoumnTbl (x400, 06.1); [, — BbiCOKOe Yncno FAP+ durbpobrnactos
(x400, 06.4); E — ymepeHHoe uncno FAP+ dubpobnacTtos (x400; 06.9)

Figure 3. CD56+ tumor cells (A, B), CD163+ macrophages (B, ') and FAP+ fibroblasts (A, E) in UPS. A — marked expression of
CD56+ (x400, Ob.1); B —moderate expression of CD56+ in tumor cells (x400, Ob.7); B — cluster of CD19+ lymphocytes
(x200, 0Ob.9); I — single CD19+ lymphocytes (x400, Ob.1); A — high number of FAP+ fibroblasts (x400, Ob.4);

E — moderate number of FAP+ fibroblasts (x400; Ob.9)

HUIO C TIepUTYMOpasIbHON 06/1aCThIO Y 3 MaleHToB, Y 2,
HamnpOTUB, CHWXKAJICSl. YPOBEHb 3KCIpeccuu (PakTopa,
uHAyLMpyeMoro rurnokcuen, HIF1A Bo3pactan 'y 4
TIAIMeHTOB, a y 3 3 8 Hab/Mo1aM0Ch CHIKEHHE YPOBHS
5KCTIPeCCHH 10 CPaBHEHHUIO C ITepUTYMOpabHON 00/1a-
cThi0. 1o JaHHBIM TMTEpaTyphl, yBeTMUeHUE YPOBHS
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skcripeccu HIF 1A KoppenupyeT ¢ popMUpOBaHHEM
HEKpO03a U HeraTUBHBIM MPOTrHO30M [17]. YpoBeHb 3KC-
npeccun VEGF (dbakTopa pocTa 3H/[0TeNHsi COCYA0B)
OBbLT CHYDKEH 10 CPaBHEHUIO C TepUTYMOpabHOM 06/1a-
CTBIO Y 4 MaiueHToB, uTo xapakrepHo s HIIC [18].
Torzma Kak y 2 malyeHTOB, HAaPOTUB, HAOMIOJAM0Ch
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PucyHok 4. Mukpookpy>xeHne HINC. A — oTHOCUTENbHOE
yncno CD4 — T-numdounToB xennepos, CD45 — neitkounTos,

CD14 — moHouutoB, CD16 — MOHOLNTOB,
CD68 — makpodaros, CD86 — M1 maxkpodaros,
CD163 — M2 makpodaros,
CD206 — M2 makpodaros. b — oTHocuTeNnbHoe Yncno
NMM@OLIMTOB ¥ MOHOLIMTOB Y 8 NauneHToB

Figure 4. UPS microenvironment. A — relative number
of CD4 — helper T-lymphocytes, CD45 — leukocytes,
CD14 — monocytes, CD16 — monocytes,

CD68 — macrophages, CD86 — M1 macrophages,
CD163 — M2 macrophages,

CD206 — M2 macrophages.

b — relative number of lymphocytes
and monocytes in 8 patients
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PucyHok 5. YposHu akcnpeccun EGFR, ARG1, NOS2,
HIF1A, VEGF n MMP2 B neputymopasnbHoit o6nactu (M0)
n B obpasuax HINC. Kputepunint MaHHa-YnTHM, *p < 0,05

lpumedanue: MO — nepuTymMopanbHasa 061acTb.

Figure 5. Expression levels of EGFR, ARG1, NOS2, HIF1A, VEGF
and MMP2 in the peritumoral region (M0) and in tumor samples
of UPS. Mann-Whitney criterion, *p < 0.05

Note: MO — peritumoral area.
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yBenudeHue ypoBHs 3kcrnpeccud VEGF. VEGF
nipezcTaBsieT cO00M OAWH U3 KITFOUEBBIX UHAYKTOPOB
anruoreHesa. Bzaumogeiicterue VEGF-A c pelienrtopom
VEGF 2 (VEGFR2) akTHBUpYeT IIMPOKUN CIIEKTP
BHYTPH- Y BHEK/IETOUHBIX COOBITHM, CTIOCOOCTBYS BbI-
JKMBaHHIO, Mposr¢epariii U MUTPaLjiM OIyX0JIeBbIX
KJIETOK, a Takke A1 depeHIMPOBKY SH/0TeMaabHbIX
KJIeTOK, pacCllMpeHre COCYL0B U MOBLILIEeHNe TPOHU-
1]laéMOCTU COCYIUCTOM cTeHKH [19].

Y 3 maiueHToB Hab/IOAI0Ch CHIKEHE YPOBHS
skcripeccu MMP2| a y 3, HanipoTuB, ee IMOBLILLIEHHE.
[To panHbIM uTepatypsl, MMP2 urpaet BakHy0
pOJib B MHBA3UHU OIyXO0J/IeBbIX KJIETOK U MeTacTasu-
poBanuu [20].

Ta6nuya 4/ Table 4
M3meHeHue ypoBHen akcnipeccun ARG1, NOS2, HIF1A, VEGF
1 MMP2 B HIMC no oTHOLLEHUIO K MepuTyMopasbHow o6nactu/

Changes in expression levels of ARG1, NOS2, HIF1A, VEGF,
and MMP2 in the UPS relative to the peritumoral region

MaunentN®/ 1 jpeq | Nos2 | HIF1A | veeF | mmp2
Patient N©

1 005 | 084 | 071 | 062 | 016
2 006 | 025 | 008 1 13
3 11 170 48 001 | 064
4 26 0 0,08 48 5,0
5 32 0,08 47 0,1 0,01
6 2362 | 61 86 003 | 0009
7 03 0 014 | 024 | 185
8 1,0 16,5 33 20 | 1860

B onyxosneBbix kieTkax HITC 6bI0 OTMeUEHO
yBeMyeHre ypoBHs 3kcnpeccur EGEFR 1o cpaBHeHHIO
C TepPUTYMOPAIbHOM 00/1aCThI0. YPOBHU 3KCIIPECCUN
ARG1, NOS2, HIF1A, VEGF v MMP2 B onyxonsix
HMMeJIY UHAUBYYaJbHbIe pa3/Inuusl.

BbiBogbl

B xopie o1jeHKH K/IeTOUHOIo COCTaBa U 3KCIpecCcruu
reHoB B oOpas3ijax onmyxosu ot 10 maruenTos ¢ HIIC
oOHapy»keHo, uTo AJis gaHHoro Tuna CMT xapak-
TepHa 3kcripeccusi CD56, FAP, CD68. Cpenu KieTok
MUKpOOKpYy>xeHust B HITC npeo6saziaroT Makpodaru
n CD16-moHouTel. B onyxoneBsix kinetkax HIIC
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yBenv4eH ypoBeHb 3Kcrpeccuu EGFR, a ypoBHU
skcrnipeccun ARG1, NOS2, HIF1A, VEGF v MMP2
B OIyXO0/IIX UMEIOT UH/UBH/ya/IbHbIE Pa3/Muus U He sIB-
nsitotes cnenduueckumu asist HITC.

17151 OLleHKY K/IMHUYe CKOU 3HAYMMOCTH KaXKZ0ro
13 MapKepoB He0OXOAMMO /labHelliee HabrOeHIe
3a nayueHTamMu. BBUly pejKoCTH M BBICOKOM reTepo-
reHHOCTH AaHHoro noatuna CMT nake He3HaUHUTe /b~
HOe [IOTIONTHEeHHe K MOJIeKY/IsipHO-0MoIoruue CKOMY
«tioprpety» HIIC moc/ty>kKuT 0CHOBOM Ayist OyAyImx
WCC/IeZIOBaHUM JaHHOTO 3ab0/1eBaHMs.
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030HOTepaI1I/I$I 3J/1I0Ka4YeCTBEHHDbIX HOBOOﬁpa3OBaHMI7I
ILFO. Aupapee’? ', II.II. Momypos"? ~, H.B. KopoTtkux"? ',
X

B.B. IITumkuna’ ~, T.B. Camoiinenko® ~, E.C.T'opromkuna®? ', JI.H. AHTakoBa’

! BopoHecKuii 001aCTHOM KNUHWYeCKHUI OHKOJIOTUYeCKUH JucriaHcep, 2. BopoHesic, Pocculickas ®@edepayus
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AnHoranusa. AkmyaibHocmb. Pa3Butre 3¢ (eKTHBHBIX TepareBTHUeCKUX MOAXO0Z0B [JIs JIeueHHUs 3/10KaueCTBeHHbIX
HOBOOOpPa30BaHUIA SIB/ISIETCS OHOU U3 TPUOPHUTETHBIX 3a/iau COBpeMeHHBIX OMOMeIUIMHCKIX MCC/IeloBaHuN. HeyTenmensHbe
[JaHHBIe 3TH/IeMIOIOTHYeCKUX TTOKa3aTesiell ¥ CTaTUCTUUeCKUX BBIK/IaZIOK 3a00/1eBaeMOCTH IUKTYIOT He0OX0AUMOCTb pa3paboTKu
Y BHeJ]peHus Bce Ooriee 3)eKTUBHBIX METOJOB JieUeHVs], a TaKKe ero MOAY/ISALMA. B 3kcrieprMeHTanbHBIX paboTax Ha KIeTOUHBIX
JIMHUSIX, )KUBOTHBIX MOJE/ISIX U B X0Je KIMHUYeCKUX MCC/IeJOBAHUM OTMEUarOTCs TIOOXKUTe IbHBIe Orosornueckue 3¢ QeKThl
030HOTepanyy, 3aK/IF0YArOLIecs B CIOCOOHOCTH 030HA OKa3bIBaTh aHTHHEOIIACTHUECKOe BIIUSIHUE Ha OMyXOJX U CeHCHOMU-
3MpOBaTh UX K XMMHO/TyUeBOMY JieueHUI0. Teparius 3/10KadeCTBeHHBIX OITyXOJIel SIBsSeTCs KTUeBbIM 00BeKTOM COBPEMEHHBIX
OrOMeJULIMHCKUX UCCIeNoBaHuM. Lleab: 06001[eHre IKCITepUMeHTaTbHBIX U KJIMHUUeCKHUX JaHHBIX O MeCTe 030HOTeparviu
B JIEUeHHHU 37I0KaueCTBEHHBIX HOBOOOpa3oBaHuil. JIuTeparypa, BK/IIOUeHHast B HACTOSILIN CHCTeMaTHYeCKuii 00630p, Oblia rosryueHa
B pe3y/ibTaTe He3aBUCHMOTO TIOMCKa JINTePaTyphl, MPOBEIEHHOTO B CyieyomuX O6a3ax AaHHbIX: Elibrary.ru, KubepJlenrHka,
LleHTpasbHas Hay4Has MeIMLMHCKas 6ubmmoTeka, Google Scholar, Semantic Scholar, PubMed u Cochrane. O6Hapy»eHo,
yTO0 3()(eKTh 030Ha OCHOBAHBI Ha €ro PeakUsiX C OpraHnyeCKUMH COeIMHEHNSIMU: BOI0PAaCTBOPUMBIMH U JTUTIO(UILHBIMA
AHTHOKCH/IAaHTaMH, a TaK)Ke HeHaChIIL[eHHBIMU >KUPHBIMU KUC/IOTaMH, B Pe3y/bTare Yero reHepupyloTCs PeakKTUBHbIE (POPMBI
KHC/IOPOJA U JIMTIOTIepeKHCH, KOTOpbIe 00/1alatoT CBOMCTBaMH MeCCeH/PKePOB, B3aUMO/EHCTBYS C pa3/THUHbIMU KJ/IeTOUHBIMU
Y TKaHeBbIMU CTPYKTypamu. CUMTaeTCs], UTO paHHKe Orosorrdeckyre 3G GeKThl peanu3yoTcs 3a CUET aKTUBHBIX GOpM KHC/IOPOZa,
a TI03JHYE 3a CYeT JITOoTepeKrceil. Bbigodbl. B psifie ncciejoBaTeNbCKUX paboT, KOTOpbIe ObITH NPOBe/ieHbl HA MHOTOUHCTEHHBIX
KY/IETYpax OIMyXO0JIeBBIX KJIETOK, )KUBOTHBIX MOJIE/ISIX U B YCIOBUSIX KIIMHUUECKOTO MPHMeHEHHs], yCTaHOBJIEHBI TI0JIOKUTeTbHbIe
6uonornueckre 3¢ GeKTbl 030HOTeparvH, CBSI3aHHbIE C BO3MOYKHOCTBIO 030Ha OKAa3bIBaTh LIATOTOKCUYECKOE U LUTOCTAaTHUeCKOe
B/IMSTHAE Ha OMYXOJIM Pa3luYHOTO TMCTOreHe3a M JIOKaIM3aLyi, a TakKe CeHCHOUIN3UpoBath 6acToTpaHCc(hOPMUPOBaHHBIE
KJIETKY K MOHH3UPYIOIeMY H3/TyUeHHI0 U XUMHUOTeparieBTUYeCKUM areHTaM.

KroueBble €/10Ba: 030H, 030HOTeparysi, XMMUOTepanvsi, paJuoTepartis, pak

Hudopmanys o huHAHCMPOBAaHUH. ABTOPEHI 3asiB/ISIIOT 06 OTCYTCTBHUH BHeITHero (pUHaHCHPOBaHUSI.
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aHajM3 JaHHbIX; Motnypoe W.I1. — HayuHOoe KOHCY/IETHPOBAHHEe, OKOHUATE/TbHOe YTBEPIKIeHNe JI/Ist IyOIUKALAN PYKOIIHCH,
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Malignant neoplasms ozone therapy

Pavel Yu.Andreev"? ', Ivan P. Moshurov:? ', Nataliya V. Korotkih"? ™, Viktoria V. Shishkina® ",

Tatiana V. Samoilenko® ', Elena S. Goryushkina’? ', Lyubov N. Antakova* =

"Voronezh Regional Clinical Oncological Dispensary, Voronezh, Russian Federation
2N.N. Burdenko Voronezh state medical university, Voronezh, Russian Federation
*tsvn@bk.ru

Abstract. The development of effective therapeutic approaches for the treatment of malignant neoplasms is one of the priorities
of modern biomedical research. Disappointing data from epidemiological indicators and statistical calculations of morbidity
dictate the need to develop and implement increasingly effective treatment methods, as well as its modulation. In experimental
work on cell lines, animal models and in clinical studies, the positive biological effects of ozone therapy are noted, consisting in
the ability of ozone to have an antineoplastic effect on tumors and sensitize them to chemoradiotherapy. Therapy of malignant
tumors is a key object of modern biomedical studies. The aim of this work was to summarize experimental and clinical data on
the place of ozone therapy in the treatment of malignant neoplasms. The literature included in the current systematic review was
obtained from an independent literature search performed in the following databases: Elibrary, Cyberleninka, Central Scientific
Medical Library, Google Scholar, Semantic Scholar, PubMed and Cochrane. It was found that the biological effects of ozone
are based on its reactions with organic compounds: water-soluble and lipophilic antioxidants, as well as unsaturated fatty acids,
resulting in the generation of reactive oxygen species and lipid peroxides, which have messenger properties, interacting with
various cellular and tissue structures. It is believed that early biological effects are realized due to reactive oxygen species, and
late ones due to lipoperoxides. Conclusion. In a number of research works, which were carried out on many cultures of tumor
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cells, animal models and in clinical use, the positive biological effects of ozone therapy were established, associated with the
fact that ozone has a cytotoxic and cytostatic effect on cyclic histogenesis and localization, and also sensitizes blastotransformed
cells to ionizing agents and chemotherapeutic agents.

Key words: ozone, ozone therapy, chemotherapy, radiotherapy, cancer
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BeepeHue

O30H npe/icTaBsisieT cOO0M a/VIOTPOITHYI0 MOAU(U-
KAl MOJIEKY/ISIPHOTO KMC/IOPOJa C TpexaToMapHOU
crpykrypoii — O, [1]. B cTranoHapHO# Touke, COOT-
BETCTBYIOLIEH TePMOJUHAMUYECKOMY SKBUIHOPUYMY,
JITMHA KaXK/I0W U3 CBSi3el MeXK/ly aToMaMH KHUCIopo/ia
B COeJIMHEHMH cocTasseT ~ 1,2792 A, npuuém ogna
W3 HUX HOCUT XapakTep ABOWHOM. [IpocTpaHcTBeHHast
KOH(UTypalyst MOJIEKY/IbI 00pa3yeT TPeyroabHY0
CTPYKTYPY, B KOTOPOU OOKOBBIE aTOMBI KMUCJIOPOa
pacrnoJiararoTcd 1oz ymioM & 116,46° oTHOCUTeTbHO
1eHTpa/TbHOTO [2]. O30H siB/IsSIeTCsT abMOTeHHBIM HecTa-
OUBHBIM COEIMHEHWEM U B KOHCTAHTHBIX YCJIOBUSIX
B HaWOOJIBIINX KOJTMUeCTBAaX COAEPIKUTCS B COCTaBe
cTparocdepHbIX ra3oB. TeM He MeHee, 030H CKOHLIEH-
TPUPOBaH U B HWJKHUX CJI0SIX aTMOC(epbl, B TOM UnC/ie
U B TeX, KOTOPbIe Mpe/iCTaB/eHbl B HEMOCPeICTBeHHOU
61130CTH OT 3eMHOM TIOBEPXHOCTH, COCTABJISISI 3HAUH-

468

TeJIbHYIO YaCTb OKUC/UTesel B Bo3ayxe [3]. Hecmotps
Ha TO, UTO 030H 00/1a/]laeT OKHUC/IUTETbHBIMU CBOM-
CTBaMHU, UCC/Ie[0BaTeIbCKUN UHTEPeC K U3yUeHUI0 ero
Ouoornyeckrux CBOUCTB U 3(h(heKTOB MPOCI/IEKUBALTCS
c koHLa XIX cronetus, korga B 1896 rony Hukoma
Tecna 3amaTeHTOBa 030HOBLIN reHepaTop. Ha cerof-
HSIIITHUN [IeHb U3BeCTHO OoJiee CTa HO30/I0rMYeCKUX
KaTeropui, C 11e/Ibl0 JieueHHUs1 KOTOPBIX Tpe/ijiaranach
o30HOoTepanus [4]. B uncio 3TUX HO30/0TU BXOAST
U 3/10KaueCTBeHHbIe HOBOOOpAa30BaHUS Pa3/IMUHBIX
JIOKa/Ih3al[yi.

I[Tporiecchbl omyxo0/1€BOro pocta TeCHO B3aUMOCBSI-
3aHbI C COCTOSIHUEM TUTIOKCUH, B KOTOPOU MpeObIBaeT
MUKDPOOKPY’KeHHe Ma/IMrHaHTHOro (okyca [5, 6], co3-
JaBasi TIPeATIOChITKY /IJIs1 aHTHoreHe3a [ 7], usmeHeHust
B 9KCITPeCCHHU TeHOB O/1acToTpaHChOpMUPOBAHHBIMU
K/ieTKamu [8, 9], akTUBaUuM crielfupruueCcKux CUr-
Ha/IbHBIX Kacka/1oB [10], HULMAIK 3TTUTe/THAILHO-

OHKOJOI 14



Andreev PYu et al. RUDN Journal of Medicine. 2024;28(4)

Me3eHXMMaJIbHOro riepexoza [ 11—15], peopranusanyu
Y peMo/e/TMpPOBaHNs KOMIIOHEHTOB BHEK/IETOYHOTO
Marpukca [ 16—18], HuBeMpoBaHUs UIMMYHHOM arpec-
cuu [19—21] u apyrux afjlanTUBHbIX MEXaHU3MOB,
HeoOXOUMBIX /ISl CyIIleCTBOBAHHS U POCTa OITyXOJIH,
a Takxke ee pacripoctpaHeHnus [22]. /JlaHHble MOp-
(honornueckrx UCC/e0BaHUI MO3BOSIIOT TOBOPUTH
0 BEPOATHOM CYI|eCTBOBAHWU B OIYXOJIY TOPOYHOTO
rurnokcuyeckoro kpyra [23, 24]. Ero cyTh cBOAUTCS
K TOMY, UTO TIpeZLLeCTBYIOLas TUTTIOKCUS] UHAYLUPYeT
3KCIPeCCHI0 CeMeliCTBa TPaHCKPUIILIMOHHBIX TUITOKCHeN
nHayuupoBaHHoro ¢akrtopa HIF [23, 24], koTopble
B CBOIO Ouepe/b BIUSIFOT Ha SKcrpeccuto 6ostee 100 re-
HOB, O71arofjapst UeMy aKTHBUPYIOTCSI aHTHOKCH/JAHTHBIE
CHCTEMBI, peTy/IUPYeTCsi pefoKC-6anaHC, MHULUHPYeTCs
anruorexes [25]. Tem He MeHee, MopdoiOTUYeCKHe 0Co-
GeHHOCTH KPOBEHOCHBIX COCYZIOB B X0/le HeOaHToTeHe-
3a UaCTO CBOZATCS K UX CTPYKTYPHO-(YHKLIMOHATBHON
Je(peKTHBHOCTH, TPOMCXOJUT PeopraHu3aliyisi KOMIIo-
HEHTOB MHTEePCTULMAIBHOIO MaTpyKca. B psje ciyuaes
BaCKyJ/IsipHasi CUCTeMa OIyX0/I1 Majib(hOpMHPOBaHa;
HEKOTOpbIe COCY/IbI 3aKaHUMBAIOTCA CJIETIO, YACTb U3 HUX
He UMeeT 000/IOUKH U3 ITI/JKUX MHOLIUTOB, OTCYTCTBYeT
OasanpHast Membpana [26]. TTono6Has HecocTosiTeTbHAs
CTPYKTYpHasl OpraHu3aLisi COCyLUCTOU CeTH OIyXO0JIN
COTIPOBO’K/IAETCST HEAOCTATOUHBIM YPOBHEM CHa0OKeHHsT
OIyX0JIeBbIX TKaHel KpOBbIO [27], BceCTBUE Yero
CTereHb TMIMOKCUM YCU/IMBAEeTCs, 3aMblKasi TOPOYHBII
KPYT.

[MomuMo peanu3aiiuu crelfdduyeckux uTohu-
3M0JIOTUYeCKUX MeXaHU3MOB U TKaHeBbIX SIBJIeHUH,
CrOCOOCTBYIOIIUX PAa3BUTHIO OIyXOJIH, COCTOSTHHE
TMIIOKCHUU TaKXKe MPernsTCTByeT TepareBTUYeCKOMY
3¢ dekTy noHU3MpYIOLero usayuenus [28—31]
Y JIeKapCTBeHHOM Tepamuu, co3zaBas JOIOJTHU-
TeJ/IbHbIe C/I0’KHOCTH JieueOHO-UarHoCTHYe CKOTo
xapakrepa [32—37]. Takum 06pa3om, mapupoBaHUe
TUINOKCHUUYECKOTO COCTOSIHUS, a TAK)Ke BMellaTe/Ib-
CTBO B pe/IOKC-CTaTyC MaJUrHAHTHOTO ()OKyca MOTYT
C03/1aTh MPeANOCHIIKU A/l CHUKEHUSI ero XUMHUO-
PaZiiope3uCTeHTHOCTH U CesaTh Oosiee ySI3BUMBIM
K TepaneBTUUYeCKHUM Bo3jelcTBUsIM. HecmoTps
Ha NIPOOKCH/JaHTHbIEe CBOKCTBA 030HA U CYILL|eCTBYIO-
LMK lyaau3M B BOMPOCAX ero puMeHeHus], TaKKe
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XOPOIIIO W3BECTHBI U MOJIOKUTE/IbHbIE OHUOIOTHYEe CKHe
3¢ deKThI, THUIIMMPYeMbIe 3TUM coeiuHeHueM. Cpeau
HUX — y/yullleHhe MUKPOLUPKY/ISILUN, CTUMYJISILIUS
perapaTUBHbBIX MTPOI[eCCOB, YBeTMUeHHe OKCUTeHAI[U!
TKaHet [38] u camwkenne HIF-1a [39, 40] (Tabnwuiia).
B psie sKcrieprMeHTa/bHBIX paboT Ha KIeTOUHBIX
JIMHUSIX, )KUBOTHBIX MOJIeJIsiX, @ TakXXe B Xojle K/Tu-
HUYeCKUX HUCC/IeIOBAaHUM MPOJEeMOHCTPHUPOBAHBI
AHTUHEOTIaCTHUeCKHe CBOMCTBA 030HA U CTIOCOOHOCTD
K CHIDKEHUIO XUMHOPaIMOPe3UCTEeHTHOCTH OITyXO0JIe.

MexaHn3m gencTenst 030Ha
n 6uonornyeckne apdekTbl ero NpUMeHeHuUs

Buonoruueckue 3¢ ¢dexTsl 030Ha OCHOBaHbI Ha €ro
peakLusaX ¢ OpraHuueCKMMH COeJMHEHUSIMU: BOZlOpa-
CTBOPUMBIMH U MUNOGUIBHBIMU aHTUOKCHIAHTAMH,
a Takke HeHaChIleHHbIMU JKUPHBIMUA KUCI0TaMH,
B pe3y/ibTaTe uero reHepupyrTcs akTUBHbIe (HOPMbI
kucnopoga (A®PK) u nunonepekucu, KOTopelie 06/1a-
[lal0T CBOKWCTBAMU MeCCeH/PKepOB, B3aUMO/IelCTBYS
C pa3/IMYHbIMU LIeJUTHOJISIPHBIMU M TKAHEBBIMU CTPYK-
TypaMH.

CuuTaetcs, uto paHHUe Guonoruueckue 3PdeKTs
peanu3yroTcs 3a cuet ADK, a no3gHue — 3a cyer
nunonepekuceii [41]. B yc/ioBusix yMepeHHOT0 OKCH-
[ATHBHOTO CTpecca, ONI0CPelOBAaHHOIO 030HOBOM 3KC-
MO3ULIMeN, UHULMMPYeTCsl SKCIIPeCCHsi FeHa siZIepHOro
sputpougHoro dakropa (Nuclear Factor Erythroid
2-like 2; NFE2L2), Haxogs1ierocsi Ha AJIMHHOM I1jieye
( BTOPOW ayTOCOMBI YesIoBeKa, LIMTOreHeTuye CKUU
Jokyc 2q31.2. I'en NFE2L2 comepXuT 5 3K30HOB,
Kozupys beskoBbii pogyKT NRF2 [42]. B pesynbrate
TIOCTPaHCKPUIILIMOHHBIX TIpe0Opa30BaHuii CHHTe3UpY-
10TCA 14 cruiaic-BapyuaHTOB [IePBUYHOIO TPAHCKPUIITA,
12 13 KOTOPBIX SBJSIOTCSA O€T0K-KOAUPYIOIIUMH,
a OCTaJIbHbIe [1Ba — COXPAaHAIT He3KCLU3UPOBaH-
HBIM O/[UH W3 MHTPOHOB U He TpaHCIupyroTcs [43].
B KauecTBe KOHCEHCYCHOM IOC/Ie[,0BaTeJIbHOCTH
6enkoBoro npoaykra NRF2 6sb11a BeiOpaHa n3ohopma
13 605 aMUHOKUC/IOTHBIX OCTaTKOB C MOJIEKY/ISIPHOU
Maccoii #68 kDa [44]. CTpyKTypHO-(YHKLMOHA/TbHAs
OpraHu3alysi BTOpUUHOU KOH(opmaruu 6eKa CBo-
JUTCS K HAIMYMIO HECKOJIbKUX (PYHKLIMOHATbHbBIX
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nomeHoB: NH,-KOHL|eBOH THAPOGUIBHBIN JOMEH,
obnaparommii [JJHK-cBA3bIBaOMMMY CBOMCTBAMU;
LeHTpaibHbIK AoMeH ¢ CNC-roMosoruei, KoHCep-
BaTHUBHBIN y OenkoB cemeirictBa NFE2; ocHOBHOM
OHK-cBsasbiBatomumii gomeH 1 COOH-koH1eBol J0-
MEeH C XapaKTepHO! BTOPUYHOM YK/IaJKOW MO TUIY
JIEULJUHOBOW MOJTHUM, COCTOSILLIUM U3 3apsSiXKeHHBIX
aMUHOKHUC/IOTHBIX OCTaTKOB U BBITTOIHSIOIINNA (DyHK-
uuro aumepu3saumu. [Tocpencrsom JHK-cBg3bIBarOILIMX
nomeHoB NRF2 B3auMozielicTByeT C peryasiTOpHbIMU
3/IeMeHTaMU FeHOB, BJIMsS Ha UX KCIIPeCCUI0 U pe-
aan3alyio reHeTUYeCKol MH(OpMaLiH, a 3a CUéT
JVMepU3UPYIOLLero JoMeHa — 00pa3yeT MOoJIeKy/Isip-
Hble KOMIIJIEKChI C HeKOTOPBIMU ApPYyruMu Oekamu
[45, 46]. B ycnoBusix kietouHoro crpecca NRF2
repeMelaeTcs B si7ipo, e HaKalIMBaeTcs, a 3aTeM
(opmupyeT retepojuMepHble KOMITTIEKChI C MeJTKUMU
6enkamu Maf (musculo aponeurotic fibrosarcoma
proteins) [47]. Komriiekc Maf-NRF2, BeicTymas B posid
TPaHCKPUILMOHHOTO (DaKTOpa, CBSA3BIBAETCS C MPO-
MOTPHBIMH 00/1aCTSIMU LIUTONIPOTEKTUBHBIX T€HOB.
HykneoTuHble ocief0BaTe/IbHOCTH, U3BECTHBIE
kak ARE (Antioxidant Response Element), siBnisitoTcst
caiitoM cBsi3biBaHust NRF2, 3a cueT yero perynupyercs
skcripeccus 6omee 200 reHos [48, 49]. Monekysip-
Hoe B3aumozeiicteue PMF1 (Polyamine-Modulated
Factor-1) B obsactu jedimHoBOM MoHuU NRF2
MPUBOJAUT K (OPMUPOBAHUIO TPAHCEeMCTBYIOLLETO
KOMII/IeKCa U ero CBS3bIBAHUIO C LIUCPEry/ISTOPHbBIM
snemeHToM PRE (Polyamine Responsive Element)
reHa SSAT. nuuyanus TpaHCKPHUIILIMKA KOMITJIEKCOM
NRF2-PMF1 uHAyLUUpYyeT TUIEPIKCIPECCUI0 TeHa
SSAT, accolMMpoBaHHY0 C aHTUHEOI/IaCTUYeCKOM
aKTUBHOCTBIO TToMaMuHOB [50]. B3auMogeicTBys
C albTePHATHUBHBIM CIyIalic-BapUaHTOM §-cyObenu-
HULIbI 5YKapUOTUUeCKOT0 3/IOHTHUpYyIoIero ¢akropa
tpaHcsisiuuu 1 (eEF1B6S), NRF2 cBsi3biBaeTcsi € pery-
JSITOPHBIMU 3/IeMeHTaMu TeryioBoro moka (HSE —
Heat Shock Element) B reHax 0e/IKOB TeIJI0BOTO
1I0Ka U MHAYLUPYeT UX TpaHCKpunuuio [51]. Takum
06pa3oM, yMepeHHbBIH OKUC/TUTEeNbHBINA CTPecc, Oro-
Cpe/loBaHHBIN 030HOBOM 3KCIIO3UIIMEN TKaHel, MOXeT
CO37iaBaTh YCJI0BUS /11 UTONPOTEKTUBHBIX PeakLyuil
Y HOpMaJlM3aliy peJJOKC-CTaTyca K/IeTOK, aKTUBUPYS
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3KCIIPeCCHUI0 CyNIepOKCUUCMYTasbl, [JIyTaTUOH I1e-
POKCH/1a3bl, TIyTaTUOH S-TpaHcdepasbl, KaTanasbl,
remokcureHassl-1, HA JI®OH-XMHOH-OKCHUpeIyKTas3kl,
tdepmenToB II da3bl 1eKapCcTBeHHOTO MeTaboM3Ma
U Ipyrux OesikoB, BUSIOLINX Ha TOMe0CTa3 KJIeTKH,
OKCUTeHal[MI0 TKaHel, KUHeTUKY SH3MMaThueCKUX
peakLi 1 MPOLIeCChl, CBSI3aHHbIe CO 3/I0KaueCTBeHHON
TpaHchopmarmeit [52, 53].

dKcnepuMeHTasbHble MOAEeNn 030HOBOM
3KCNO3uLuMm in vitro

ITnonepckue uccnenosanus 60-x rofos, MOCBY-
eHHble OromorudeckuM 3¢ dexKram BO3eUCTBUS
030Ha Ha KYJIbTYPhI K/IeTOK C MaJIMTHAHTHOW TPaHC-
(hopmarueit, mpoUIN CBET Ha ITUTOTOKCHAYE CKUU
XapakTep ero BIUSHUS, CONIPOBOXAABILIMNCS CTPYK-
TYPHBIMM HapylLIeHUsIMA XPOMOCOMHOTO afrapara.
B 1962 rogy Fetner R.H. oguuM 13 nepBeIX UCCe-
JloBaJs BAMUsIHME 030HA Ha OyacToTpaHchopmupo-
BaHHbIe KieTKH. KietouHasi cyonunus KB, kotopast
npezicTaBsisieT c000l KepaTuH-00pa3yroIye KIeTKu
HeLa, nHKkybOupoBanach B CTaHJapTHBIX J1abopaTop-
HBIX YC/IOBUSIX, a 3aTe€M TofiBeprasaach 06paboTke
rasoBoii cmechto O,/0, ¢ coiepkaHeM 030Ha 8 ppm
(parts per million) Ha eguHMIly 06BeMa KHCTOpOZA
B TeueHue 5—10 MuHyT [54]. 3aTeM KO/OHUU pe-
WHKYOHPOBa/IMCh B KOJXUILIMH-COZIep>Kalljeid cpezie
B TeueHUe 24 yacoB U obpabaTwiBaavCh rUNOTO-
HUYEeCKUM pPaCTBOPOM Y MPOMHMOHOBOW KUCIOTOM.
bnarogaps npozsenaHHbIM MaHUNY/ISALUAM KJIETKH
HaXOJUIUCh B MeTa(a3HOM COCTOSIHUM Mepej U3ro-
TOBJIEHHEeM MUKporpernaparoB [54]. B pe3ynibraTe
MHKPOCKOITUPOBAHHUS TIPerapaToB ObIIN YCTaHOB/IEHBI
XPOMOCOMHBIe abeppaljiu B BH/je XPOMAaTUAHBIX
PaspeIBOB, KOTOPhIE OTUET/IMBO PO C/IEXKUBAIOTCS
Ha MUKpodoTorpadusix cyoOMeTareHTpUue CKOH
Y MeTalLleHTPUUeCKOW XPOMOCOM, TMpe/CcTaBlIeHHbIX
B myoOsiukaiuu [54]. TToBpeXkaeHus TeHeTUUeCKOTro
arirapara K/IeTOK IMpe/[CTaB/IsIIA COO0M IKCITOHEeH-
L[Ua/JbHYI0 (PYHKLUIO OT 030HOBOM 3KCIO3ULIUH,
COIJIaCysICh C KOHLIENTya/IbHBIMU MPeCTaBIeHUSIMU
YICCJIe/l0BaTeIbCKOr0 KOJIJIEKTHBA, B COOTBETCTBUM
C KOTOPBIMM a/IbTepaTUBHBIE SIBJIEHHS] B XpPOMOCOMax
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3aBUCSAT OT KOHLIEHTpaLUu CBOOOJHBIX paJjuKaioB
Y UX TIPOHUKHOBEHUS B AP0 KiaeTku [54]. CTporo
roBopsi, Habroaembie 3G eKThl BO3eHCTBHUS 030-
Ha HOCWJTU /10303aBUCHUMBIN XapakTep [54]. Panee
Fetner R.H. noka3an 6akTepuiiiHOe eHCTBYE 030HA
Ha KosioHuu Escherichia coli [55] u XxpoMocoMHbIe
abeppaluu B KjeTKax KOpHeBOI MepucTeMbl 60-
6oBoro pactenus Vicia faba [56]. B atux paborax
Obl/ia TaK)Ke OTMeueHa [j0303aBUCHMasi CTelleHb
BBIP)KEHHOCTH OaKTepULUAHOTO U MyTareHHOTo
JIefiCTBUS 030Ha.

B 1980 roxy B )xypHane «Science» 0bL1H OIy-
OIMKOBaHBI pe3y/bTaThl SKCIIepUMeHTanbHOM paboThl,
KOTOpbIE MPOJIU/IY CBET Ha aHTUHEOT/IaCTUYeCKUe CBOM-
cTBa 030Ha [56]. B KauecTBe MO/e/IbHOM CUCTEMBI ObUTH
WCII0/Ib30BaHbl KY/IbTYPbl KJIETOK a/leHOKapLIMHOMbI
JIETKUX, aZleHOKapLHOMbI MOJIOUHOM >Kejle3bl, Kap-
IIMHOCAPKOMbI MaTKH Y KapI[MHOMBI 3HJ0MeTpust [56].
Kynbrypa nerounsix AuraouaHbx ¢prubpobaacton
YyeJioBeKa BBICTyTIa/a B POJIM KOHTPOIBHOW CpeJibl.
Bosnyx, coneprkaruii 030H B konuuectse 0,3—0,8 ppm,
T0/IaBaJICS B KaMepy C MHKyOHpYyeMbIMH K/TeTKaMH TIPH
temreparype 37 °C B TeueHue 8 gHeit [56]. B pe3ysib-
Tare 3KCIIepUMeHTaIbHON PaboThl ObI/T yCTaHOBIEH
JI0CTOBEPHBIN MHIMOWPYIOIIHIA 10303aBUCUMBIN ekt
030Ha Ha POCT Bcex 6sacToTpaHC(HOPMUPOBAHHBIX
L|eJUTFOJISIPHBIX KyJIbTYp. I1py HackIleHuH cpejibl 030-
HUPOBaHHBIM Bo3ayxoM 0,3—0,5 ppm Hab/roamacsy
40—60 % peaykuus KyJabTypaabHOTO pocTa [56].
bnacrorpancdopmMrpoBaHHbIe KY/IbTYpPbl, MOTyUHBLIVE
030HOBYIO 3KCIIO3ULMIO YPOBH# 0,8 ppm B HarHeTaeMoM
BO3/lyXe, I6eMOHCTPUPOBA/IA TEHJEHLIMIO K YMEHbLIeHHIO
pocta 6osee yueM Ha 90 % [56]. B To ke BpeMst TUHUS
HOpMaJIbHBIX (hrbp06IacTOB 0CTaBamach MHTAKTHOM
B YCJIOBUSIX SKCIO3ULIMKA 030HOM B f1o3e 0,3—0,5 ppm
C COXpaHeHMeM KaHOHMYeCKOW MOop(doJioruyeckomn
CTPYKTYPbI K/IeTOK U CKOPOCTBIO POCTa, COOTBETCTBY-
I01Lleld KOHCTaHTHBIM yc0BUsM [56]. Tem He MeHee,
no3a 0,8 ppm oKa3biBajia UHIMOUpYIOLIlee BO3/eliCTBIe
Ha pOCT HOPMaJIbHOH Ky/IbTypbl (hribpobsactoB [56].
[Tocne 14 naccakel KyJIbTUBMPOBaHUS KOJIOHUU HOP-
MaJibHBIX rOpo6acTOB MpH 3KCNo3uLiuu B f103e 0,5
ppm OBIZI0 YCTAaHOB/IEHO, UTO KJIETKU MpeTepIieBaroT
Mop¢osiornueckre M3MeHeH!s B BU/le BaKyO/IH3aLvy,
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a Takke rpajiyajbHoe 3aMe/ljleHue UX MUTOTHYeCKON
akTUBHOCTH [3]. OnucanHbie 3P heKThI aBTOPHI UCC/Ie-
[0BaHUs CBSA3aJIU C KIIeTOYHBIM CTapeHreM HOpMallbHbIX
¢ubpobnactos [3].

B 1987 ropy B I'epmaHu# ObIH TTPOIEMOHCTPU-
POBaHbI Pa/IioCeHCHOUTU3UpYtolHe 3(hdeKThl 030Ha
Ha 4 KJIeTOUHBIX JIMHUSIX TMHEKOJIOTUYeCKUX OIy-
xoJield. McceoBaHue MpoOBOAMIOCH Ha Ky/IbTypax
HegudepeHIMPOBaHHON HeKIacCU(DUITMPOBaHHOM
OBapuaJbHOW KapLIMHOMBI, IByX COMUAHBIX OBapu-
a/IbHBIX a/|leHOKapLIMHOM U 3H/IOMeTpHabHOU Kap-
LIUHOMBI. B KauecTBe KOHTPOJILHOW TPYMIIbI ObLIN
WCII0/Ib30BaHbl KOXKHBIE PubpobsacTel [57]. TTocne
WHKYOMpOBaHUS Lle/UTIO/SIPHBIe KY/IbTYpbl 00pabaThi-
BaJIUCh 030HOM B KOHLleHTpaLusax 0,03 ppm, 0,1 ppm
u 0,3 ppm u 06ayuanuck usotonamu>2°Ra,*Ir u ©°Co
B 100 eguHuLax akTuBHOCTU Rd. B pe3ynbraTe BO3-
AericTeus KomOuHanuKu’*°Ra + O, Ha KOHTPOJIbHYO
TPYIIIY U3 KOXKHBIX (prOp06IacToOB UK ee OTAeNbHOTO
06yueHus pafyieM He ObUIO 3apPeTHCTPUPOBAHO LIUTO-
ToKcrueckoro 3¢ddekra [57]. HanpoTus, obmyueHue
UpHeM 1 K0Oa/bTOM COMPOBOKA/IOCh yTHETEHHUEM
nposiugepaTvBHON aKTUBHOCTU KJIETOK KOHTPOJIbHOM
rpynnsl [57]. IlpeaBapuTtenbHast 9KCIO3ULKS 030HOM
KY/IbTYPBl SH0MeTPUaIbHON KapLiMHOMBI C ITOCJIe-
OVIOIIUM 00/TyueHreM pajiieM COTIPOBOXK/anach
LUTOCTaTUUeCKUM 3 (eKToM, a uepe3 [iBe Heflenu
KOJIOHMS TM3UPOBanachk [57]. B KynbTypax K/ieTok
OBapra/IbHOU KapLIMHOMbI MUHMMa/IbHas /103a 030Ha
0,03 ppm oka3biBa/ia IJMTOCTaTUUECKOEe BO3/eHCTBYE,
B TO BpeM4 Kak B fo3ax 0,1 u 0,3 ppm 030H NpOsBIISI
IUTOTOKCHUUeCKHe CBoMcTBa [57]. ObmyueHue pagruem
KOJIOHW} OBapra/bHOW KapLMHOMBI [1eMOHCTPUPOBAso
LUTOCTaTU4YecKuit 3¢ eKT, B TO Bpemsi Kak KOMOrHa-
1151 00/1yyeHMs pajjieM U 030Ha B MUHUMaJTbHOM /j03€e
0,03 ppm oKa3bIBaJIo IUTOTOKCHUECKOe BivsiHUe [57].
B pesynbrare uccienoBaHus ObIM YCTaHOBJIEHbI
PaiioCeHCUOMMN3UPYIOIIe CBOMCTBA 030HA U €ro
LIUTOTOKCUYEeCKHe CBOKCTBA IPU U30/1MPOBAHHOM
ripumeHeHuu [57].

B 1990 rogy konnekTys aBTOpOB U3 MIHCTUTYTa
VMMYHOJ/IOTUM U SKCIIePUMEHTaJbHON XUPYPruun
B I. ButTene (®PI") BeipacTU/IU K/I€TOUHBbIE KYJIBTY-
PBI U3 YesI0BeUeCKUX OMyX0Jield MOJIOUHOM JKese3bl,
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KOJIOPEKTa/IbHOTO Paka U I7IMOM, KOTOPbIe ObLIN pe3u-
CTeHTHHBI K 5-¢pTopypanuny [58]. BripaiiieHHbIe TUHUN
KJIeTOK, a Tak>Ke JIMHUS CTBOJIOBBIX K1eToK ADC-612/86
rpeTepriesiv U30JIMPOBaHHOE BO3/€MICTBHE 030HOM
B KoHUeHTpauusax 0,1; 0,2; 0,5 1 1,0 ppm, a Takxke ero
KOMOMHAIHIO C 5-(hTOpypaLiioM B fo3ax 26 MKI/MJ,
50 mkr/m 1 100 mMkr/m [58]. Takum 06pa3om, KOHIIer-
L[1si, KOTOpasi Jieryia B OCHOBY 3TOW CEpUU SKCIIepUMEH-
TOB, 3aK/IHouasach B aHamu3e 3(pPeKToB BO3eiCTBUS
030HOM Ha XMMHOPE3UCTEHTHOCTb OMYXO0JIEBBIX KYJlb-
Typ [58]. [TosiyueHHbIe JaHHbIE CBU/I€TETHCTBOBATU
B M0JIb3Y CHW)KEHUSI pe3UCTEHTHOCTH K 5-TopypaLuiy
B Ky/IbTypax paka MOJIOYHOM >Kejie3bl U KOJIOpeKTalb-
HOTO paka, OHaKO B C/Iy4ae C TMHUEeH KJIeTOK ITTUOMBbI
nozoOHbIN 3¢ dekT He moaTBepAuncs [58]. [Mocne
00paboTKH KybTYPaIbHBIX Cpej 030HOM U 5-pTopy-
paruIoM Hab/roAaIoCh 0303aBUCMMOe HHTHOMPOBaHKe
pocta KojoHui [58]. 3aBucrMasi OT KOHI[eHTpaluu
MPUMEHSIEMBIX areHTOB CTereHb UHTHOMPOBAHUSI POCTa
TMPOC/IeXXHBAJIACh TIPSIMOTIPOTIOPLIMOHA/IBHBIM 06pa3om:
yeM B OO/BIIMX KOHLIEHTPAIUSAX 030Ha U 5-(hTopypariy-
Jla OCyIeCTB/sIach 00paboTKa cpef, TeM B OO/bIIeH
CTeTeHu yrHeTasach rposudepaTuBHasi aKTUBHOCTh
K/1eToK [58].

B sTom e rogy B 'epMaHuu mMcciaefoBaaoch
B/IMSIHWE 030HA Ha KY/IbTYpYy K/IETOK U3 pe3eLrpo-
BAHHOU OIyX0/1eBOM TKaHU SSTMYHUKOB [59]. 3ajaua
JKCTIepUMeHTa/IbHOUM paboThl COCTOs/Ia B CPaBHEHUU
MOJIeKY/ISIPHBIX 3(P(HeKTOB KHCIOPOJHO-030HOBOM
CMeCH Ha Ky/IbTypy OMyX0JIeBbIX K/I€TOK U LIeJUTIO/ISIP-
HYIO JIMHUIO U3 HOPMaJIbHBIX SIMYHUKOB. B pe3ynbTaTe
LIeHTpUPYTrUPOBaHUS KYIbTyPaTbHBIX KIETOK ObLITH
MpOaHaIM3uPOBaHbl OMOXUMHUUECKUE TTI0Ka3aTeTn
MUTOXOH/I[pUa/bHOM (PpaKIluM U CylepHaTaHTa.
YcTaHoB/eHBI CyllleCTBeHHbIE U3MEHEeHUsI MPU KC-
nosuriuu cmeckio O,/O, OmyX0JieBbIX K/I€TOK B IPO-
bunsax geTeKLuu C/eyoLUUX MOJEKY/: CHIYKeHUe
KOHIIeHTpaluM HUKOTHHAMU/a/JleHUHANHYK/Ie0TH/ 1a
(HA/[) u yBenuueHue KoHLleHTpaLuu 2,3-audocdor-
JuLiepaTa B MUTOXOHJpUaIbHOM (paKLMK; CHDKEHUE
KOHIIeHTPALMM JIN30/Iel[uTHHa B cyrnepHaraHTe [59].
ViccnenoBaTenbCKUM KOMVIEKTUB CBsI3a/l CHUKEHUE
koHLeHTpauuu HA /] B HeomniacThyeckoy JIMHWM C TaK
Ha3biBaemMbIM 3¢ dektom [NacTepa. Ero cymHoOCTb
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COCTOMT B [TePeK/IF0YeHNH yTUIN3aL|U1 [JIFOKO3bI Ha a3-
POOHBINM MyTh B C/Tyuae O0CTAaTOYHOW OKCUTeHAITUH
K/1eTok [59]. B To ke Bpemsi Bo3JeliCcTBUe Ta30BOM
CMeCH Ha Ky/IbTypy HOPMaJ/IbHBIX K/IETOK He COMpO-
BOX/]a/I0Ch OMOXUMUYeCKUMHY U3MeHeHUsIMU. Takum
o0pa3oM, ObIO YCTaHOB/IEHO MHAYLIMPYIOLLee BIUSHUE
KHUCJIOPOJHO-030HOBOM CMeCH Ha a3pOOHBIN My Th
IVIMKO/IN3a B KJIeTKax C MaJIMTHAaHTHOM TpaHchopma-
Ljeil B CBSI3Y C MHTeHCU(UKaLell OKUCIUTETbHOTO
nekapookcuivpoBaHus ¢ yuactueM HAJT [59].

B 2007 rogy B Journal of Cellular Physiology
ObLTM OmyO/TMKOBaHBI pe3y/IbTaThl UCCIe0BaHMUS,
TIOCBSILLIEHHOT O B/IMSIHUIO 030HA Ha K/IeTOUHble JIMHUU
yesioBeueckor Heripobmactombl SK-N-SH 1 SK-N-DZ
[60]. B pe3ynbrare BO3/elCTBUS Ha K/IeTOUHbIE CPe/ibl
OKCHUI€HHPOBaHHbIM U 030HUPOBAHHBIM PaCTBOPOM
BOZIbI HAab/TI0a/I0Ch MHIMOMPOBaHKe K/IeTOYHOTO PO-
cra. B knetkax SK-N-SH umenu mecto Hapy1eHus
KJ/IETOYHOTO LIUK/a B mocTcuHTeTUueckol (G2) daze
3a CUeT M3MEeHeHUsI SKCIIPeCCUU LIUK/IMH-3aBUCUMOM
kuHa3bl-1 (CDK1), qukauHa B1 v nipensiTcTBUi B UX
MOJIEKY/ISIpHOM B3aumogerictBuu [60]. B aTux aByX
KJIETOYHBIX TMHUAX OTMeYa/oCh YBeJMUeHre YPOBHS
6esikoB Weel u CHK1. B knetounoit muanu SK-N-DZ
aronToreHHOE B/IMsIHKE PacTBOpa OBLIO aCCOLIMUPOBAHO
C aKTMBaLMel Kacrasbl-3 1 pacrnazom Komriekca [Tomm
(AJd-pubo3a) nmomumepasbl-1 (PARP) npu yuactuu
nipoarionToreHHoro 6esika Bax. KombuHupoBaHHOe BO3-
nerictBue Ha muHy0 SK-N-SH nucrinaryHa, 3Torosyja
v remMumrabusa B coyetanuu ¢ O,/O, NOTeHMMPOBasIo
3(eKT KaXKA0ro 13 XMMHUOTepaneBTUUeCKUX Tperiapa-
TOB I10 CPABHEHHIO C UX U30/IMPOBAHHBIM NIPUMEHEHHEM
[60]. Tem He MeHee, pe3ysbTaThl 00PAOOTKU KYJIETYD
SK-N-DZ kombuHanmeli XuMuoTepareBTUue CKui
npenapatr — O,/0O, He OTIMYATUCD Yy YIllIeHHBIMA
aHTUHEeOIIaCTUUeCKUMHU 3¢ deKTaMu OT U30I1UPOBaH-
Horo npumenenus O,/O, [60]. Takum 06pa3om, aBTOpEI
WCC/IeI0BaHUsI paCCUUTHIBAIOT Ha MOTEHLIMMPOBaHUE
MHTHUOMPYIOILET0 BJIMSIHYS Ha OITyXOJIeBbI POCT 3a CUeT
KOMOuHMpOBaHus xumuoTeparmu ¢ O,/O, 1 ¥x cuHep-
reTyecKux 3PdeKTax B OTHOILIEHWH TIPOHepaTUBHON
aKTUBHOCTH 0O/1acTOTpaHC(HOPMUPOBAHHBIX Ky1eToK [60].

B 2015 roay Ha KneTouHow vuHuu HeLa Obuim
MPOJIeMOHCTPUPOBAaHbI NIPOANONTOreHHbIE CBOMCTBA
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030Ha 3a CueT MHAYKIMM CUHTe3a (hakTopa HeKpo3a
onyxosu anbda (TNF-a), Meguaropa, okasbIBaroLLero
aHTUTYMODPOTreHHOe BJ/IMSIHHe Ha HEeKOTOpble OIyXO0-
v [61, 62]. IIlupoko M3BeCTHAas Ky/abTypa K/IeTOK
L[epBUKa/IbHOM KapuyHoMbI Hel.a nHKyOupoBaiachk
BO B/IakHOH cpejie npu 37 °C 1 5 % CO, fio nosyyeHus
KOH(QTIO3HTHOTO CJ1051 KY/IBTYPbI, TIOC/Ie Yero o6pabarbi-
BaJlaCh TPUIICUHOM U CyOKy/IbTHBHUpPOBasachk [63]. 3arem
KOJIOHMH 00pabaThIBa/IMCh ra30BOM CMEChHI0 Pa3/IMUHBIX
KOHLIEHTPaLMi 030Ha, MOIy4YaeMbIX C TIOMOLIbIO Me-
JVLIMHCKOIO 030HaTopa C BO3MOKHOCTBHO KOHTPOJIS
notoka. [IpriMeHsieMble 03bI 030Ha COOTBETCTBOBAJIN
10; 20; 30 u 40 mkr/mn [63]. TTocsie 06paboTKK 030HOM
KY/IbTypPbI BO3BPALLla/IMCh B UHKYDATop, a 3 deKkToI
030HOBOH 3KCIIO3ULIUM NIPOBEPSIIMCH Yepe3 pasHble
uHTepBasbl BpeMenu: 0; 6; 18; 24; 30; 42 u 48 yacos
[63]. MeTomomM MMyHO(MEPMEHTHOTO aHa/K3a ObII0
YCTaHOBJIEHO, YTO TMOCJ/Ie BO3J€MCTBUS 030HA B KJ/IeT-
Kax Ky/JbTYp Hab/oanochk yBeauueHre SKCIpeccun
TNF-a, 3aryckasliiiero CUrHajbHble IyTH aronTosa
[63]. KonuenTpauyy TNF-o koppesivipoBanu C 030
030HOBOM 3KCMO3ULIMUA. MakcruMasbHas [j03a 030Ha
(40 MKT/MJT) COTIPOBOKZAIaCh HaubosIee BbIpaXKeHHBIM
MpOaronToreHHbIM BAUsiHUEM [63].

B 2017 rogy nosiBUIMCh JaHHbIe, ONHUCHIBAIO-
e 6uonoruueckue 3¢ (eKTbl 030Ha Ha KJIETOUHYHO
JIMHUIO aJleHOKapLIMHOMBI TOJICTOM KUILIKU Yeji0BeKa
HT29 [64]. uTepec uccnenoBaTenbCKOW TPYMIIIbI
3aKJ/IH04asICs B U3yYeHUH BO3MOKHOIO LIUTOTOKCHYe-
CKOTO BIMSIHUS 030HA Ha KY/bTYPY aJeHOKapLTHOMBbI
M30/IMPOBAHHO ¥ B KOMOMHAIMY C XUMUOTepareBTH-
YyeCKUMHU TpernaparaMu 5-(pTopypaLy/IoM U LIUCIIa-
TUHOM [64]. TTocse 24-yacoBOro MHKYOUpPOBaHUS
Ky/nbTypbl 00pabatsiBanuch 030HOM (10—50 mKr/
mi1); ucriiatiHoM (5—1500 pM) u30/MpoBaHHO UK
B KOMOMHALIMM C 030HOM B A03ax 10; 20; 30 u 50 MKr/
m; 5-¢ropypanunom (0,1—100 pM) 1U301MpOBaHHO
WY B KOMOMHALIMK ¢ 030HOM B g03ax 10; 20; 30 u 50
MKT/MJI, TIOCJIe Yero KJIeTKd CHOBa MHKYOHUPOBaInUCh
B TeueHue 24 yacoB [64]. B koHeuHOM cueTe ObLTH
TIO/TyYeHbl JaHHbIe O LIUTOTOKCHUYeCKUX CBOMCTBAX
030Ha B OTHOLLEHWU KIETOK aZleHOKapLIMHOMBI U UX
ceHCUOWIM3aIMK K 5-PTOpypanuiy ¥ HUCTI/IaTHHY
[64]. KombuHMpOBaHHOE BO3/[€HICTBYE 030HOM U XU-
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MUOTeparieBTHYe CKMM IperapaToM oTeHLJMMPOBaIo
LUTOTOKCHUUeCKUM 3pdekT Ha 15—20 %, cTeneHb
BbIpa’KeHHOCTU KOTOPOI'0 KOPPeJIUpoBaso C L0301
TIPUMEHSIEMbIX areHToB [64].

B 2020 rogy uccnepnoBarenbckas rpynna u3 Ura-
JIY TIOJTyYr/ia JaHHBIe O CHHePry3Me KaHHabuanoa
u cmecu O,/O, B OTHOLIEHUH LIUTOTOKCHYECKOTO
3ddekTa Ha KJIeTOUHbIe JIMHUUW aJleHOKapIIUuHO-
Mbl IPOTOKA MaHKpeaTHuueckou xene3sl PANC-1
u MiaPaCa-2 [65]. [TpennKybaiys KyJIbTyp IMPOBO-
JW1ach B HOPMOKCUYeCKUX YCI0BUAX B TeueHUe 24
YacoB, MOCJIe Yero Yyalky NoMelaarncCh B TUMTOKCH-
ueCKui UHKyGaTop 1 obpabareiBamuck cmeckio O,/0,
B TeueHre 30 MUHYT. 3aTeM KYyJbTYPbI BO3Bpalliaiu
B YCJIOBHSI HOpMOKcHueckor uHKyO6armwm (37 °C, 5%
CO2 u BnaxxHOCTBIO 95 %) Ha 6 uacoB [65]. Liukn
TIOBTOPSI/ICA ellje OJWH pa3 ISl AOCTYKeHHUs ABYKpar-
HOM 5KCMO3ULUUA CMEChIO ra30B, MOC/Ie Yero Cpejbl
MHKYOMpPOBAa/MCh B CTaHAAPTHBIX YCIOBUSIX B TeUEHHE
1—3 nHeli v B HUX 100aBs/IM KaHHAOUAMO, @ TaKXKe
XUMHUOTepareBTUueCcKue Trperaparsl reMiuTabux
WJIM TIaK/MTaKCesa B pa3/uuHbIX fo3ax [65]. beiio
YCTaHOBJIEHO, UTO U30/IMpOBaHHasi 00paboTKa cpef
KaHHabuanonom umm cmecero O,/O, 3HaYNTETBHO
CHM’KaJjia >KU3HeCroCOOHOCTb Ky/IbTypabHbIX Kile-
TOK M yTHeTaJia poCT Ky/AbTyphl [65]. B oTHOIIeHUN
kombuHanmit O,/O, + reMmuuTabun + KaHHabWAKMON
u O,/O, + + naknmrakces + KaHHaOMUAMO/ ObLIN 11O~
JlyueHbl ciefytoiue ceefenus [65]. Kak B muHuu
PANC-1, tak u B iuauu MiaPaCa-2 6b11 JOCTUTHYT
3HauWTe/bHbIN LIUTOPeYKTUBHBINA 3P (eKT, KOTOPBbIii
B HauOoJibIIeld cTereHU ObI/T BLIDAYKEH B TTOC/IeAHeH
[65]. Y KusHecrniocobHocTh KiieTok MiaPaCa-2 nocie
o6pabotku O,/O, + remuurabun (100 pM) + kan-
Habuzauon (25 pM) cHu3uIack Ha ~ 95 % uepe3 48
yacoB [65]. ABTOPHBI UCC/ie/IOBaHUS 3aK/THOUUIIN, UTO
KaHHabuauon B covetanuu ¢ O,/O, ceHcnbunmsupyer
Ky/IBTYPBI K TeMLIUTabUHY U TlakK/IuTakceny [65].

B HezaBHeii sKcriepyMeHTa bHON pabore, omy-
O6/imKoBaHHOM B XypHasie “Annals of Translational
Medicine” B 2021 ropgy, 661710 TTI0Ka3aHO MPOAMOI-
TOreHHOE B/IMSIHME 030Ha Ha JIMHUIO KJIeTOK remna-
TOLe/UTFOJIIPHOM KapLiuHOMBI yesioBeka BEL 7402
1 SMMC7721 [66]. KieTouHble KyIbTYpPbI TTO/TyYau
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030HOBYIO 3KCIIO3ULIMIO B fo3ax 5; 10; 15; 20; 30
1 40 MKr/MJ1, a 3aTeM UHKyOHUPOBaUCh B TeUEHUE
24; 36 u 48 yacoB, mocje yero LUTOTOKCUUe CKUN
3¢ deKT 030Ha OI[eHUBAJICS C UCMO0J/b30BaHUEM /Tha-
THOCTUYECKOM CUCTEMBI BhISIBJIEHUS KUBBIX KJ€TOK
CCK-8, koTopasi oKpallliBaeT >KH3HeCI0COOHbBIe
LieJITIO/ISIpHBIE CTPYKTYPHI B OpaHKeBbiH 1iBeT [66].
B pe3ynbrare Obl1a yCTaHOBJ/IEHA peyKLUs ITPO-
nudepaTUBHOM aKTUBHOCTH KiieTok oT 50 10 80 %,
3aBUCSLIAsA OT A03bl. 3HAYEHHWE KOHLIeHTPaLUH T0-
nymakcumanbHoro uHrubuposanus (IC, ) cocrasuio
4,867 mkr/mi [66]. C momorisio Habopa KpacuTesiei
AxpusiviHa oparkeBoro/atuauym opomuza (AO/EB)
0BT UAeHTU(GUIIMPOBAH J0CTOBEPHBIM MPOArOTO-
reHHbIN 3 PeKT 030Ha Ha KY/IbTYpbl, IO CPaBHEHUIO
C KOHTPOJIbHOM I'PYINOW He MOo/yvyaBIlieil 5KCI03u1-
uuto [66]. MeTo0M TTPOTOYHOM IUTOMETPUHU ObLT
yCTaHOBJIEH ()AaKT OCTAHOBKHU KJ€TOUHOTO LIMKJa
B CHUHTeTHYeCKOU ¢a3ze Muto3sa [66]. MUKpOKOTTHUPO-
BaHMe TpenaparoB, COZeprKall{UX KIeTKH, KOTOpbIe
obOpabaTtbiBaIMCh 030HOM, BBISBUIJIO UX MOP(OJIO-
ruyecKkre u3MeHeHUs, COCTOsIMe B U3MEHEHUSIX
(dopMmbI KieTok U safpa [66]. O30HUpOBaHHbIE KIeTKH
BEL7402 neMOHCTpHUpOBaIX U3MEHEHHUS B MOJISIPU-
3al[U¥ MUTOXOH/pUabHbIX MeMOpPaH U HaKaruluBaau
A®K 66]. Kpome Toro, MeTozioM BeCTepH-0/I0TTHHTa
ObUTM OTMeUeHbl U3MEHEHUS TIPOTeOMa OIyX0JIEBbIX
KJIETOK C YBeJIM4YeHHeM 3Kcrnpeccuu uroxpoma G,
Kacrnasbl-3, Kacna3ssl-9, p-JNK, guccouupoBaHHBIX
kKomruiekcoB rou(A J®-pubo3sa)-monrmepas u CHU-
>keHue cuuresa BCL-2 [66].

B mocnieiHuye rozibl Bce OOJIBIIHIA UCC/IeI0BATETb-
CKHI UHTepecC K cebe MPUKOBBIBAIOT MEePCIEeKTHBbI
HCM0J/1Ib30BaHHUS B TepareBTUUECKUX LeJIIX XOI0/-
Hoii myia3mbl (Non-thermal plasma, cold atmospheric
plasma), TexHO/IOTMH KOTOPOM UMEIOT BLICOKHI OHOMe-
IULIMHCKUM roTeHLWan [67, 68]. T1na3Ma ripescTaBisieT
co00i1 0ZIHO 13 UeThIpeX KIacCUueCKUX arperaTHbIX
COCTOSIHMM MaTepuu (HapsAy C >XKUJKHAM, TBepJbIM
1 Ta3000pa3HbIM) [69] U, MO CylI[eCTBY, ABAAETCS
KBa3WHEUTpabHON MOHU3UPOBAHHOK ra3000pa3HOM
CpeJioii, KOTopasi COZiep)KUT B cebe 3apshkeHHbIe Ya-
CTHIIBI, B TOM YKCJIe UOHBI; CBOOOZHBIE /TEKTPOHBI;
371eKTPOHHO-BO30y>K/IeHHbIe aTOMbI U MOJIEKYJIbI,
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BKJ/ItOUasi 030H; MTO3UTHUBHO 3apsKeHHbIe YaCTULbI,
¢orons! u fpyrue [70, 71]. B uepesie skcriepuMeHTab-
HBIX paboT Ha KJIETOUHBIX Ky/IbTypaxX Obl yCTaHOB-
JieH BBICOKWHY TYMOPUIMAHBIN MOTEHIHA XOIOHON
T71a3Mbl, KOTOPBIM BO MHOTOM OOYC/IOBJIEH 3a CueT
MPUCYTCTBYIOLETO B Hell 030Ha U Apyrux A®K,
a Takxe a3ora [72]. AHanmu3 a¢ddekToB 06paboTKU
XOJIOZHOM T1/1a3MOM K/IeTOYHOM JIMHUM LiepBUKalb-
HoU kapuuHoMbl Hel.a nmoka3zan HakomieHue ADK
Y a30Ta B SKCTpaLe/UTHO/ISIPHOM KOMITIOHEHTE Cpe/ibl
C nmoc/ieAyrolleld UHTepHaau3aneld 3TUX BbICOKO
PeaKLMOHHOCIIOCOOHBIX areHTOB B IIUTOI/Ia3My U MU-
TOXOH/ZIPYHY, I7le OHU aKKYMY/IUPOBaIUCh, UHAYLUPYS
V3MeHeHMe MoJsipU3ald MUTOXOH/IpHUAaIbHBIX MeM-
OpaH ¥ aKTUBAL[MIO CUTHA/IBHBIX KaCKaZloB arorTo3a
c-Jun NH,-repmunaneHoi kunasoi (JNK) u p38 [72].
Bo3pgelicTBre TesiMeBoi U BO3AYILHOM 171a3M, a TaKxkKe
V30/IMPOBAHHOM 030HOBOM 5KCIIO3ULIMY Ha K/IETOYHYIO
JIMHUIO IMoMbl C6 OKa3blBasa LIUTOTOKCUYE CKUM
3¢ heKT C AB/IeHUSAMH Jle3UHTerpaljuy IuToMeMopaH
Y JIN30COM, a TaK)Xe MHTPaLle/UIIO/IIPHOM U UHTPaMU-
TOXOHZPUATBHON aKKyMYJISILIUM PEaKTUBHbIX (hOpM
kucsopoza [73]. B KynbTypax Obl1 uieHTU(UITMPOBaH
MapKep paHHero anonTto3a ¢ocdareuacepuH U He-
KpOTU3UpOBaHHbIe KyieTKU [73]. [TosiydeHbl JaHHbIE
00 WHUIMALIMY aronTo3a Yepe3 CUrHa/IbHBIM KacKaj
ERK1/2/MAPK B knetkax rarobaactomsl T98G mipu
BO3/IeHiICTBUU XOJIO/[HOM M1a3Msbl [74]. Posib 030Ha
B KOHTEKCTe aHTMHeOIJJaCTUYeCKOr o 1elCTBUS I1/1a3-
MBI TipoZieMoHCcTprpoBaHa Mokhtari u coaBTopamu
B 2018 rogy Ha K/JI€TOUHBIX JTUHUSX Paka MOJIOUHOU
»)kene3bl SKBR3 u MCF7; paka nozxenysouHou
)Kene3bsl ASPC-1; ajieHOKapLiMHOMBI JieTKuX A-549;
octeocapkoMbl G-292 1 KaplIMHOMBI TOJICTOM KHIII-
Ku SW742 [75]. YrHeTarolllee Bo3eiCTBYE T/1a3Mbl
Ha POCT LIe/UTFOJISIPHBIX KY/IBTYP MOATBEPKAE€HO Ha BCeX
IIeCTH TUHUSX. B ocHOBe HHrHOUpytomero sgdekra
Jie>Kajio TIPUCYTCTBHE 030HA B cpefie [75]. Haubosee
N0/IBep>KeHHbIMU K [1eMCTBUIO M71a3Mbl OKa3aaucCh
knetku SKBR3 u MCF7 (pak M0JIOUHOM >Kene3bl),
a Haubosiee pe3uCTeHTHBIMA — SW742 (KapLHOMa
TOJICTOM KMIIKH). BhIpa)keHHOCTb UHTUOUPYIOITETro
3¢ dekTa Ha poCT KOJIOHUH 3aBUCesa OT BpeMeHU
3KCIIO3HIUH [75].
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Elije olHUM CBU/IETETbCTBOM CEHCUOUTU3UPYIO-
IMX CBOMCTB 030HA K XUMHUOTEparieBTUUeCKOMY areHTy
CTaJjI0 M3yuyeHHe KOMOMHALIMK JOKCOPYOUIIMHA U 030HA
Ha uesuttosipHoi muHuu MCF-7, deHoTMnMUecKku co-
OTBeTCTBYHOILIEH K/IeTKaM OMyXO0JId MOJIOYHOU >Kesle3bl
moMuHanbHOoro A nmogruna. B 2022 rogy Karagulle
Y COaBTOPBI MPOAEMOHCTPUPOBAIN CeHCUOUIU3UPY-
Ioll[ee B/IMsSIHHE 030HA K I0KCOPYOUIIMHY B KaueCTBe
aZ'bIOBAHTHOT'O areHTa B YCJIOBUSIX MOC/IeA0BaTe/IbHOU
KoMHKyOarmu. CHavasa Ky/lbTypbl MHKYOHPOBaIMCh
B Cpe/ie, HaChIIIIEHHOM JOKCOPYOULIMHOM B TeUeHUe
CYTOK B Z1030BOM Juarna3oHe (1—50 MKMo/ib/11) ipu
temnepatype 37 °C c moceayrolieid HHKyOaueu
B cpefie, oOoramieHHON 030HOM C KOHLIeHTpaLuei
30 Mkr/mi [76]. B KoHeuHOM cueTe ObIT I0CTOBEPHO
yCTaHOBJIeH (DaKT yBe/JUUeHUs LUTOTOKCHUYEeCKOTO
3¢ dekTa KOMOMHAIIUY AOKCOPYOHI[MHA C 030HOM
B /10303aBUCMMOI MaHepe. AHaju3 >KM3HeCIoco0-
HOCTH 6/1acTOTpaHC(HOPMUPOBAHHBIX K/IETOK METOZIOM
MTT-TecTa BbIIBUI ee cHUKeHUe Ha 70 % 110 cpas-
HEeHUIO C KOHTPOJIbHOW TPYMIION TIPU KOHL|EHTPaLUU
JIOKCOpPYOUI[MHA, COOTBETCTBYIOMIeH 50 MKMOJIB/JI.
MeTo0M MPOTOYHOM LIUTOMETPHH OBLIO YCTaHOB/IEHO,
YTO JIOKCOPYOUIMH B KOMOMHAI[M C 030HOM OKa3bIBaeT
Oosiee BbIpPa’KEHHOE TPOATIONTOreHHOE BO3/eiCTBYE
Ha kieTku MCF-7, mo cpaBHeHMIO C UHKYyDaljue
B YC/IOBUSIX U30/IMPOBAaHHOTO TIPUMEHEeHUs! JOKCOpY-
ouruHa. Kpome TOro, UMMyHOTHCTOXUMHUYE CKUMU
MeTO/IaMH /IeTeKTUPOBaIach SKCIPeCCUs TAKMX OUO-
MapKepoB, KaK MaTpPUKCHAsl MeTa/IJIoNpoTenHasa —2
1 9 (MMII), KoTOpBIM B TIOCeAHUE TOAbI BMEHSIETCS
TIPOrHOCTUYECKasl POJib TIPU Pake MOJIOUHOM KeJle3bl.
YnomsiHyTeie MMII O0THOCSTCS K TPyIIIe LIUHKOBBIX
SH/0MNENTH/a3, KaTaJuThuecKas: PyHKLsT KOTOPbIX
CBsi3aHa C JeKOMII03ULINel CTPYKTYP 3KCTpaLle/Tosp-
HOTO MaTpuKca U 6a3anbHbIX MeMOpaH, UTO BHOCUT
CylLlleCTBEHHBIM BK/Ia/l B MeTacTa3upOBaHUe Pa3/IMUHbIX
3/I0KayeCTBEHHbIX OMYyXO0J/ei, B TOM UHC/e U paka
MOJIOUHOM >KeJie3sl [76, 77].

B pamMkax 3KcrepuMeHTaAbHOU paboThI
Karagulle O.0. u kosuter 66110 TIPOJEMOHCTPUPOBAHO
cnenytoiiee: cCOOCTBEHHO AOKCOPYOUIIMH He OKa3bl-
BaJl B/IUSIHUSI HAa SKCIIPECCUI0 OMyX0JIEBbIMU KJleTKa-
MM MeTaJ/JIONIPOTerHas, B TO BpeMs KakK COYeTaHHe
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3TOr0 XMMHOTepareBTUYeCKoro rpernapara ¢ 030HOM
B 3HAUMTEJILHOU CTeTeH! CII0COOCTBOBA/IO CHIKEHHIO
cuHTe3a MMII-2 u MMII-9 [78]. ABTOpHI paboTHI,
TIOMHMO BCET0 MPOYero, U3yurau 3¢(eKTobl JOKCOpY-
OuLIMHA OT/e/TBHO, a TakKe ero KOMOMHAIIWIO C 030HOM
Ha HeOoIyXoJIeByH0 JIMHUIO KieTok L989, snsromtyrocs
JlepUBaTOM MBILIUHBIX prbpobiacToB [78]. B pe3ysib-
Tare ObUTH CJie/IaHbI TFOOOTIBITHBIE BBIBOABI, CBSI3aHHbIE
C LIUTONPOTEKTUBHBIMHU CBOWCTBaMU 030HaA. VIHKyOars
mvHvy 1,989 B cpejie ¢ JOKCOPYOMITMHOM UHAYIMPOBaa
LUTOTOKCHMYeCKUH 3¢ (eKT nmocsieHero, B TO BpeMs
KakK KOMOMHHMPOBAHHAs CpeZia C 030HOM TIPersITCTBO-
Basla CHI)KEHHIO )KHU3HeCrocobHOoCTH K1eToK [78].
B sTOM Xe rozy 66111 OIMyO/IMKOBaHBI pe3y/IbTaThl
vccnenoBanus Yildirim A.G. U Kosier, oCBslleHHbIe
M3y4eHHI0 3 PeKTOB 030HUPOBAHUS KJIETOYHOM KY/IbTY-
pel MDA-MB-231, koTopas fIBlsieTCsl pa3HOBUAHOCTHIO
TPYDK/bI HETaTUBHOTO Paka MOJIOUHOM >kesie3bl. VcTopust
mvau MDA-MB-231 6epet cBoe Hauaso B 1973 roay,
Koryia y 51-yietHelt 60/IbHOM, TIEpeHeCIIIeH pafuKaIbHYI0
MacTakToMHI0 B 1969 roaty, OblM BbIZie/IeHbI U KYJ/IbTH-
BUPOBaHbI KJIETKU T/IeBpaibHOTO BhioTa [79, 80]. I1pu
3TOM MaL¥eHTKa MoIy4Yn/ia Kype NoIMXUMUOTepanun
o cxeme 1uKIodochamu + aipuaMHUIVH + aMeTorTe-
PVH 3a TPY HeZle/I1 0 BMelllaTe/IbCTBa B IUIeBPa/IbHYI0
TM0JIOCTh C Ala/ibHellIel Ky/IbTUBAL[el BhILLEYTIOMSI-
HyToM uHuu [79, 80]. XapakrepHoii LIUTOreHeTUYe-
CKOM 0cobeHHOCTRIO KiieToK MDA-MB-231 sBnsietcst
aHeyIuIouus CO CpeJHUM KOJIM4eCTBOM XPOMOCOM,
CTPeMSILLIUMCS K TPUTUIONHOMY Habopy B [juaria3oHe
60—70. B jansHelImmx ucciefoBaHUsIX C Pa3BUTHEM
VMMYHOTMCTOXMMHUUECKUX METOZ0B B TaTOMOP(OJI0-
ruu ObIJIO YCTaHOBJIEHO, UTO Ky/ibTypa MDA-MB-231
SIB/ISIETCS] PA3HOBUIHOCTBIO TPYIK/bI HETaTHBHOTO PaKa
MosiouHOM >xene3bl [79, 80]. Yildirim A.G. 1 coaBTOpbI
WHKYOMPOBa/M BBIIEYTIOMSHYTYIO JIMHUIO B TeUeHHe
TPeX CYTOK C exke[HeBHOM 06paboTKO# Ky/IBTYp 030HH-
POBaHHBIM U30TOHUUYECKUM PaCTBOPOM XJI0pU/ia HAaTpUst
Tpems BapualusiMi 103 — 5, 10 u 20 MKr/mi B COOT-
BETCTBUHU C UccienyeMbiMy rpynmamu [81]. Tpu sTom
KOHTPOJIbHAS Ky/IbTYpa Obl/la MHTAKTHOM, B OTHOILIEHH!
KOTOpOU He MpuMeHsijiack 00paboTka 030HUPOBaHHBIM
pactBopoM [81]. AHanM3 NoyueHHbIX JAHHbIX MTOKa3asl
JIOCTOBEPHOEe CHIKeHHe >XU3HeCTI0COOHOCTH K/IeTOK
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MDA-MB-231, Nk KOTOpPOK 3aperucTpupOBaH uepes
72 yaca B rpyIirne C MaKCUMaJTbHOW 3KCTIepUMeHTaIbHOU
KoHLleHTpaLuel 20 Mkr/mi [81]. KosekTUB aBTOpOB
TaK)Ke U3y4u/ MUTPaLMOHHbIe CTIOCOOHOCTH Oia-
CTOTPaHC(HOPMUPOBAHHBIX KJIETOK METO/IOM «scratch
assay», CyLJHOCTb KOTOPOT'O 3aK/IFOUYaeTCsl B OLIeHKe
XapakTepa U JUHAMUWKU 3aKpPbITUSI TaK Ha3bIBaeMOU
«MCKyCCTBEHHOUW paHbI» B MOHOC/IOe KyIbTyphI [81].
[TonyyeHHbIe CcBeJleHUs1 YKa3bIBalOT Ha TO, UTO TeH-
JIeHIIUSI K MAT DAl OMYyXOJeBbIX KIeTOK CHI)KAeTCst
B pe3y/ibTaTe 030HUPOBaHMs, IPUYEM B HaUOObIIeH
CTETIeH! 3aKPBITHE «PaHbl» UHTUOUPYETCS B MaKCH-
MajIbHOM f03e 030Ha (20 Mkr/mm) [81].

JlaHHbIe TPaHCKPUIITOMIKH, TOJTyYeHHbIE METOZIOM
TMOJTMMepasHOM LIEMHOM peakLuK B peaslbHOM BPEMeHH,
T10KAa3a/IM, UTO 030HOBas1 SKCIMO3ULUS MUHULIMMPYET 3KC-
TIPeCCUI0 TaKKX FeHoB, Kak p53, CASPI u CASP3. B Toxke
Bpewmsi reH BCL.2, posib KOTOPOTO COCTOMT B MIHTMOMPOBAHUH
ariortro3a [81], ;eMOHCTpUpYeT CHYKeHHe KCIPeCcCchy,
CTereHb KOTOPOM MPUMEPHO OJMHAKOBa BO BCEM /jUaria3oHe
TIpUMeHsIeMbIX KOHLIeHTpaLlvii 030Ha [82].

B nocneHMe rofibl B KOHTEKCTe pa3paboTKy -
(heKTHBHBIX TOZIXOZI0B K JIEYeHUIO TPYDK bl HETaTUBHOTO
pakKa MOJIOYHOM >KeJie3bl 3HAUMTe/bHas! POJib OTBOJAUTCS
HaHoCTpyKTypam [83]. Tak, Song 1 coaBTOpKI Tpe/icTa-
BW/IA PUIU3WHT-CUCTEMY, OCHOBaHHYIO Ha 030H-COZiep-
JKaIlX HaHOUACTULIAX, U3 KOTOPBIX BBICBOOOXKIEHHE
030Ha KOHTPO/IMPYeTCst MUKPOBOTHaMU [83]. KiroueBbivu
pe3y/bTaTaMy UCC/IeI0BAHMS CTa/I0 0OHAPY>KeHHe 10CTO-
BEPHBIX CHEPreTUYeCKUX MPOTUBOOIYXO0JIEBbIX CBOMCTB
pa3paboTaHHON HAaHOCHUCTEMbI-HOCHUTEJISI 030Ha C aHTHU-
PD-1 aHTUTE1IaMM B MOZIE/SX TPWKIbI HETaTUBHOTO PaKa
MOJIOUHOIH >KeJie3bl Kak in Vitro, Tak u in vivo [83].

Zheng D. 1 Kosisieru poBe/v UCC/ieI0BaHUsT CBOM-
CTB JIUTTOCOMO-TIOZIOOHBIX HAHOCTPYKTYP, COAEPIKAIIAX
030H, B X0/Ie KOTOPBIX YCTaHOBI/TA MIX MHOTOOOEII[AFOIIHIM
aHTHHEeOI/IaCTUYeCKUM noTeHMan. B xome usyueHus
JIATIOCOMAJTbHBIX HAHOCKCTeM ObLT yCTaHOB/IEH MX CHHED-
TM3M C MOHM3WPYIOIIUM U3/TyUeHreM, 3aKTF0UatOIIANCs
B MH/TYKIIWH arlonTo3a B K/IeTKax C OIMyX0/ieBou TpaHcdop-
Marfel Kak in vitro, Tak u in vivo [84, 85]. Viccnenosa-
Te/TLCKMM KOJITIEKTUBOM OBITO M3yUueHO Oropacripe/ieieHue
030H-COZiepXKallMX HAHOCTPYKTYP Ha K/IeTOUHOM YPOBHE
MeTOZIOM (hTF0OpeCIIeHTHON MUKPOCKOTIMH — B 1TUTO30J1e
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OTYeT/IMBO BU3Yya/IM3UPOBA/IMCh MeUYeHble YaCTULIbL, UTO
HaIryISIAHO ZIEMOHCTPUPYET CIIOCOOHOCTD JaHHBIX HAHO-
YaCTUL] K UHTepHa/IM3aLluM B KY/IbTYpasibHble K/IeTKH
MBIIIMHOW KapLIMHOMbI MOJIOUHOM >Kejie3bl (/Hus 4T1),
Ye/I0BeYeCKOM MeTacTaThieCcKoU IPOTOKOBOM KapLIMHOMBbI
MOJIOUHOM >keste3bl (uHust BT549) 1 uenoBeueckoii MeTa-
CTaTU4eCKO! a/leHOKapLIMHOMBI U3 I/IeBPa/IbHOIO BbITNIOTa
(yuanst MDA-468) [84, 85]. ABTOpBI OTMEUarOT CEHCH-
OMM3ALMIO KY/IBTYPa/IbHBIX K/IETOK K MOHU3UPYIOLIEMY
W3/Ty4YeHHUIO B pe3y/ibTare MPUMEeHeHHs 030HCO/epyKarlx
HaHOCTPYKTYP, YBe/IMueHue CTerieHd UHPUIbTpaLin
MUKPOOKPY>KEHHSI OITyX0JIell IMMYHOKOMITETEHTHBIMU
K/IeTKaMH, a Tak’ke MHTMOMpOBaHKe POCTa TIePBUYHbBIX
OIyXO0JIel U MeTacTaTuuecKnX (POKyCOB Ha MOZeJIsIX in
vivo [84, 85].

B mekabpe 2023 roga B )xypHarne «Tissue and Cell»
Obu1a ony6sikoBaHa pabora Karagiille A.G. u coas-
TOPOB, B PaAMKaxX KOTOPOM OCYILeCTB/IS/IOCh U3yUeHre
3¢ (}eKTOB 030HOTEpaNMK Ha Lie/JTI0JISIPHOMN TMHUN
BT-474, xoTopble SIBASAIOTCA JeprBaTaMy KJIETOK pakKa
MOJIOUHOM >Keie3bl IFOMHHAIBHOTo B moaTuma [86, 87].
KonrtienTyansHOM 0CHOBOM MCC/Ie/JOBaHUS CTasl0 U3Y-
YyeHMe BO3MOKHOCTH CeHCUOMIM3aL[K 030HOM TPaHC-
(hopMHPOBaHHBIX KJIETOK K XMMUOTEpareBTUUe CKOMY
areHTy W3 TPYMITbl aHTPALIMKIMHOBBIX aHTUOMOTHKOB
JOKCOpyOMIIMHY. B KauecTBe KOHTPOTLHOM K/IeTOUHOM
Ky/IbTYPhI aBTOPbI UCIO/b30Basu JTuHUIO [L.929, dheHo-
TUTTNYeCKU TIPeJCTaB/ISIONy0 coboit pubpobracTer
[86, 87]. [IpumeHsss KOMOMHALIMIO JOKCOPYOHITMHA
C 030HOM B pa3/MMuHbIX Ao3ax, Karagiille O.0. u komiern
coo011aroT 06 yBeTMueHUH TPOArioNTOreHHOTO BIIVSTHYS
JIOKCOpyOHI[Ha B KOMOWHAITMHM C 030HOM Ha OMYyXO0-
JieByt0 JIUHWIO BT-474, B TO BpeMs Kak B Ky/bType
HOpMaJIbHBIX (prbpobIacTOB yBeMUeHue aromnTo3a
He OTMeuanoch. BrillieykazaHHas KOMOWHALMS Tepa-
TeBTUUECKUX CPe/ICTB CHIKAJIa KU3HEeCITOCOOHOCTh
onyxoJieBbIX KieTok BT-474 v, HanpoTuB, yBeMuMBaa
TaKOBYIO B ciydae c nquHuent 1,929 [86, 87]. Takum
06pa3oMm, aBTopbl pabOoThI 3aK/TFOUM/IH, UTO KOMOMHALYS
JOKCOPyOHIIHA C 030HOM yBe/IMUMBaeT aHTUIIPOJIU-
(hepaTvBHOE U MPOATIONTOTeHHOE BAUSIHUE TIePBOrO
Ha OIyXOJIEBbIe K/IETKH, B TO BpeMs KaK LIUTOTOKCHY-
HOCTb JIOKCOPYOHI[HA B OTHOIIIEHUN HOPMaJIbHBIX
KJ/IeTOK HHUBeIMpyeTCst 030HOM [86, 87].
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3¢ ¢dekTbl, OKa3biBaeMble 030HOM

Tabnuya

Nen/n

AddekTbl

OnwucaHue (Moaenb/Bo3aeicTBHE)

Ccbinka

MpookcnaaHTHble CBOMNCTBA

YnyyweHne MUKpPOLMPKYNALUK, CTUMYNALNA penapaTUBHbIX NPOLLECCOB,
yBeNu4YeHne OKCMreHaumm TkaHen, cHmxenne HIF-1a

[38—40]

YMepeHHbIN OKUCUTENbHbIN
cTpecc

Pa3BnTMe UMTONPOTEKTMBHbIX peakLuuin u HopManmsaumm pefokc-cTatyca
KNeTOK, Yepes aKTUBaLMIO 9KCNPECCUN CynepoKCMaaNCMyTasbl, FyTaTuoH
nepokcuaasbl, FyTaTMoH S-TpaHcdepasbl, katanasbl, remokcureHasbl-1, HAQOH-
XUHOH-oKcuapeaykTasbl, depmeHToB Il hasbl nekapcTBEHHOro MeTabonM3mMa
1 Apyrux 6enKoB, BAUSIOLMX HA FOMEOCTas KNeTKu

[52, 53]

I'Iospe)Kp,eHme reHeTu4yeckoro
annaparta

Mopenb: kepaTuH-o6pasytoLine knetku Hel a;
Bospencteune: rasosom cmecbio 02/03 ¢ coaep)kaHnem o30Ha 8 ppm

(54]

AHTUHEoNNacTu4yeckne CBOK-
cTBa

Mogenb: KynbTypa KNeTok afeHOKapLMHOMbI JIErKUX, afeHOKapLMHOMbl MOSTOYHOM
XXenesbl, KapuMHOCapKOMbl MaTKMN N KapUuUHOMbIl 9HOOMETPUS,

BospeicTBue: BO3ayx, cogepkaluii 03oH B konuuectse 0,3—0,8 ppm B TeueHune
8 aHei. JInHus HopmarnbHbIX PUOPO6IACcTOB OCTaBaNacb MHTAKTHOW B YCTOBUAX
aKcnosnumm o3oHoM B fose 0,3—0,5 ppm.

[56]

PapunoceHcubunusupytowme
adpdeKTbl

Mogenb: KynbTypa KneTok HeandbdepeHUMPOBaHHOWM HeknaccMPuLmMpoBaHHOM
oBapuasibHOW KapLUHOMbI, IBYX CONIMAHbIX OBapuasbHbIX afeHOKapLUHOM
1 SHAOMETPUaNbHOW KapLUHOMBI;

BospeiicTBue: 030H B KoHLeHTpaumsx 0,03 ppm, 0,1 ppm 1 0,3 ppm v 061yvanuch
nsotonamm 226Ra, 192Ir 1 60Co B 100 eamHMLaX akTUBHOCTM Rd

(57]

LinToctatnyeckuin apdexT

Mogenb: KynbTypa K/1eTOK 0BapuanbHON KapLyHOMbI, Bo3gencTamne: 03oH 0,03 ppm

(57]

LInTonpoTeKTUBHbIE CBONCTBA

MpoaBnAOTCA 3a CYET perynauumn MeTannonpoTenHas, CHUXKEHNE CuHTesa
MMTI1-2 n MMIT-9

(78]

LinToToKCcMueckmnin ap ekt

Mogenb: KynbTypa KfeToK 0BapuasibHON KapunHOMbI; BO3AencTBMe: 030H 0,1
n 0,3 ppm;

Mogenb: KNeTkun renaTouentofpHOnN KapumHoMbl Yenoseka BEL7402
n SMMC7721.

Bospencteue: 030H 5; 10; 15; 20; 30 n 40 mkr/mn,

UHKy6aumsa B TeueHue 24; 36 n 48 yacos;

Mogenb: KneTku uenntonsipHon nnHumM MCF-7, heHoTUNnYeCcKn COOTBETCTBYHOLLEN
KJIETKaM OMyX0nu MOJIOYHOW Xene3bl IIoMUHanbHoro A noatuna. Bosgeicteue:
MHKy6aLua B cpefie, HacblLLEeHHOW JOKCOPYBULIMHOM B TEYEHWE CYTOK B O30BOM
AnanasoHe (1—50 Mkmonb/n) npu TeMnepatype 37 °C ¢ nocneaytoLeit MHKy6aLmei
B cpefie, o6oralléHHOM 030HOM C KOHLeHTpauuein 30 MKr/Mi.

[57, 66, 76]

MpoanonToreHHble CBONCTBA

3a CYET MHAYKUUKN cuHTe3a hakTopa Hekposa onyxonu anbda (TNF-a),
0Ka3blBaloLLEro aHTUTYMOPOreHHOEe BIIVAHME Ha HEKOTOPbIe OMyXonu;
Mogenb: KynbTypa KNeTok LepBuKanbHOW KapuuHombl Hela;

BosgeiicTBue: 030H B KoHUeHTpauum 0; 20; 30 n 40 mkr/mn. 3ddekTbl 030HOBOM
9KCMo3unLMM NpoBepPANUCH Yepes pasHble UHTepBasbl BpemeHu: 0; 6; 18; 24;
30; 42 v 48 yacoB. MakcuManbHas [o3a 030Ha (40 MKI/M1) conpoBoOXAanach
Han6osiee BbIpaXeHHbIM NPOoanonTOreHHbIM BIUSHUEM.

[61—63]

10.

BnusaHue
Ha XMMWOPE3UCTEHTHOCTb

Mopaenb: KNeTKu onyxosiei MOJIOYHOM Xene3bl, KOJIOPeKTaIbHOro paka u riavom,
pesuncTeHTHble K S5-hTopypauuny;

BospencTtBue: 030HOM B KoHUeHTpauumax 0,1; 0,2; 0,5 n 1,0 ppm, a Takxxe ero
KoM6uHaumio ¢ 5-pTopypaunnom B go3sax 26 Mkr/mn, 50 Mkr/mn n 100 MKr/mn.
CHW)XeHWe pe3nCTEHTHOCTM K 5-hTopypaunny nMeeT J0303aBUCKMbIN addeKT
B Ky/bTypax paka MOJIOYHOW Xene3bl U KONTOPEeKTaNibHOro paka, B cryyae ¢ IMHUen
KNETOK rNTMOMbI MOA06HbIN 3 heKT He NOATBEPAMIICS; BbisIB/IeHa CEHCUOUIM3aLms
030HOM K 5-Topypauuiy u LucnnaTuHy.

[58—64]

ONCOLOGY
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Ozone exposition effects

Table

Ne Effects

Description (model/treatment)

References

1. Pro-oxidant properties

Ozone improves microcirculation, stimulates reparative processes,
increases tissue oxygenation and downregulates HIF-1a

[38—40]

2. Mild oxidative stress

Ozone induces cytoprotective reactions and normalize the redox status
of cells via upregulation of superoxide dismutase, glutathione peroxidase,
glutathione S transferase, catalase, heme oxygenase I, NADH: ubiquinone
oxidoreductase, phase Il drug metabolizing enzymes and other proteins
responsible for cell homeostasis

[52, 53]

3. DNA damage

Model: Keratin-positive HeLa cells Treatment: 0,/O, gas mixture with 8 ppm
dose of ozone

(54]

4. Antineoplastic properties

Model: lung and breast adenocarcinoma lines; carcinosarcoma of uterus
line; endometrial carcinoma line
Treatment: ozone exposition in dose of 0.3—0.8 ppm

[56]

Effects of ozone on radioresistant
cell lines

Model: cell line of undifferentiated and unclassified ovarian
carcinoma; 2 solid ovarian adenocarcinoma; endometrial carcinoma
Treatment: ozone exposition in dose of 0.03, 0.1 and 0.3 ppm with
irradiation by??°Ra,'?Ir and®°Co (100 Rd units)

(57]

6. | Cytostatic effect

Model: cell culture of ovarian carcinoma. Treatment: ozone exposure in
dose of 0.03 ppm

(57]

7. | Cytoprotective properties

Metalloproteinase regulation; downregulation of MMP-2 and MMP-9

(78]

8. | Cytotoxic effect

Model: cell culture of ovarian carcinoma. Treatment: ozone exposure in
dose of 0.1 and 0.3 ppm;

Model: hepatocellular carcinoma cell lines BEL7402 and SMMC7721.
Treatment: ozone exposure in dose of 5,10, 15, 20, 30 and 40 pg/ml with
further incubation within 24, 36 and 48 hours;

Model: the MCF-7 line which derives from cells of breast cancer of luminal
A subtype. Treatment: incubation with doxorubicin in different doses
(10—50 pmol/L), accompanied by ozone in doze of 30 pg/ml.

[57, 66, 76]

9. | Proapoptotic effect

Ozone exhibits proapoptotic effect via TNF-a induction, which, in
turn, shares antitumorigenic properties in several malignant tumors.
Model: HeLa cell line (cervical carcinoma). Treatment: ozone exposure at
different concentrations 0, 20, 30 and 40 pg/ml. The effects of exposure
have been verified after 0, 16, 18, 24, 30, 42 and 48 hours of incubation.
The most pronounced effect was observed in the case of maximal dose
(40 ug/ml).

[61—-63]

Effects of ozone on chemoresistant
10. | cell lines

Model: 5-fluorouracil-resistant cells of breast cancer, colorectal cancer
and gliomas. Treatment: ozone exposure in concentrations of 0.1,0.2, 0.5
and 1.0 ppm alone and combined with 5-fluorouracil in dose of 26 pug/ml,
50 pg/ml and 100 pg/ml. Dose-dependent reduction of chemoresistance
was observed in breast and colorectal cancer cell lines, whereas lack of
reduction of chemoresistance was evidenced in glioma lines.

[58, 64]

XX1BOTHbIEe MOAeNn 030HOBOI 3KCMNO3ULUN

B Hauane 70-X rofioB cTanu NOSBASTHCS JJaHHbIE
0 PaJi0CEeHCUOUTM3UPYIOIIMX CBOMCTBAX 030HA B OTHO-
IIIeHUH KCITePUMEHTa/IbHBIX OMyXosiel 1abopaTopPHbIX
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>KUBOTHBIX [88—91]. B 1975 rogy Hernuss P. u co-
aBTOPbI, OCHOBBIBASICh Ha pe3y/ibTaTaX COOCTBEHHBIX
WCC/IeIOBAaHUH Ha )KUBOTHBIX MOJEJISIX, TIPeJIOKUIN
030H B KaueCTBe a/[bFOBAHTHOT'O KOMITOHEHTA PaJiioTe-
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parnuu B oHkoruHekosioruu [92]. B 1976 Grundner H.G.
Y COaBTOPBHI BBITIOJTHUIN Yepesly SKCIepUMeHTa/IbHbIX
paborT, B X07ie KOTOPBIX UCC/IeI0BaMNCh 3(eKThl 030Ha
B KOMOMHAIIMY C pajuoTeparnyeli py KaHIjepoMaro3e
OpIOIIMHBI JTab0pPaTOPHBIX MbILel. B AByX repBbix
JKCIIepPUMeHTax He ObII0 0TMeUYeHO TIOTeHIUPYIOILero
B/IMSIHUSL O30HA [PY BHYTPHMBEHHOM BBeZIeHUU U I1e-
PUTOHUAJIBHBIX MHCYDDIALUSIX Ha HOHU3UPYIOLLiee
usnyuenue [93, 94]. Tem He MeHee, 3TOT ke KOJI/IEKTUB
aBTOPOB B CBOeM TpeTheld paboTe, ormyOMMKOBaHHOM
B TOM JKe TOZLy, OTMcan HHrubupyrolee felCTBre 030Ha
Ha Ky/IbTypy aCLIUTHBIX KJIETOK JP/rxa, KOTopoe Obi1o
Harbosiee BbIpayKeHHBIM B KOMOMHALIMY C paiuoTepa-
nvei [95].

B 2008 roay 6b1710 TIPOIEMOHCTPUPOBAHO aHTH-
HeOoI/IaCTUYeCKOoe BIUSIHUE KMCIOPOAHO-030HOBOM
CMeCH Ha KUBOTHOW MOZie/IM CKBaMO3HOM KapLiMHOMBI
rosioBsl U 1ier. KceHorpacdtHast Moziesis HOBooOpaso-
BaHMs ObUIa MoJyueHa MyTeM UHOKYJ/ISLIUU CyCIieH-
3UM BBICOKO arpeCCUBHBIX OIYXOJIeBBIX K/IeTOK VX2
B KormmuecTBe 1—2x107 B opcaibHYIO TTOBEPXHOCTD
cpefiHel TpPeTH TPaBOr0 yXa HOBO3e/IaH/JCKUX OesTbIx
KponukoB [96]. Mnuiuauys ¢opMUpOBaHUS OMyXO0-
JIU ¥ ee pOCT HaO/mozancs B TeueHue 14 gHel, Korja
CcpeJHUI pa3Mep C(pOPMUPOBABILNXCS OMyX0sel Co-
craBui 6,082 mm3+ 515 mm2 [96]. B uccinemgoBanuu
TIPUHKMAH ydacTre 42 )KUBOTHBIX, KOTOPbIe ObUIH
pasziesieHbl c/iydyaiiHbIM 0Opa3om Ha 3 rpymnmbl. 2Ku-
BOTHbIE W3 MepBOM rpyIisl (n=14) nomyyaau Teparnuto
O,/O,; B OTHOLLIEHUHU KPOJIMKOB U3 BTOPOU IPYTIIbI
(n=14) npumeHsiIaCk OKCUTIeHOTeparius; TpeTbs IPyIia
(n=14) cTasa KOHTPOJBLHOW B OTCYTCTBUH ra30BbIX
uHCyQdmsuyii. JKUBOTHBIM U3 1€PBOM 1 BTOPO# IPYTII
OCYLLeCTB/ISTMCh UHTpariepuTOHeabHble HHCYPQisi-
1817051 03/02 u O2 cooTBeTCTBeHHO [96]. B pe3ynbrare
UHTparnepuTOHea bHbIX MHCYyQhsanmi O,/O, B mepsoi
rpymre Hab/ofanack 7/14 BBDKUBAaeMOCTh U OTMe-
yasiach IMOJIHasi perpeccusi ONyxo/u y 6 >KMBOTHBIX
B OTCYTCTBHE PeTIOHApHbIX U OTJja/IeHHbIX MeTacTa30B.
Bo BTOpOI1 rpymnme c UHTpanepuTOHeaabHON UHCY (-
(nsLpelt KucIopoia BbDKMBaeMOCThb cocTaBssiia 3/13
[96]. OpyH KposuK 1orub HakaHyHe Tpe/CTOsIBLIeH
OKCUTI'eHOTeparvy B CU/Ty HeM3BeCTHbIX PUYKH. B 1Byx
CJIyvyasix U3 Tpex BbDKUBLIMX XKUBOTHBIX MPOLIECC HAaX0-

ONCOLOGY

JWJICSI B COCTOSIHUM peMuccuu [96]. B TpeTweit rpyririe
BBDKWUJIO JIMIIb OFHO YKUBOTHOE, B C/lydae C KOTOPbIM
yCTaHOBJ/IEHa CIIOHTaHHas perpeccusi onyxosau. VH-
cybdaaiusa Kuciopoia Uiy KUc/JI0poHO-030HOBOM
CMeCH He COTIPOBOXK/[a/1ach TTOOOUHBIMU PeakKLHsIMU
Y He OTpaykasiach Ha CTaHAAPTHBIX [TapaMeTpax KPOBU
[96]. Kpome Toro, >KMBOTHBIE 13 I1ePBOM TPYMIIbI TIOC/Ie
VHTparnepuTOHea bHbIX UHCY(D ALNN 1eMOHCTPUPO-
Ba/I1 TOJIEPAHTHOCTB K PeUMMIL/IaHTAL|UU OIyXOJIeBbIX
KJIETOK, O/JHAKO IMMYHOCYTIpeCCHBHas Teparus KOM-
OvHaLMel JekcameTa30oHa M LIMK/IOCTIOPMHA A BHOBb
Jlesiazia BO3MOXXHOU TepeBUBaeMOCTh oryxosiu [96].
B sToMm xe rogy B xKypHane «Ozone: Science &
Engineering» Bbimia pabota, B KOTOpo# ObuTH OMy0/1u-
KOBaHBbI JIJaHHbIe O BJIMSHUU 030HA Ha KUHETHUKY JIWC-
CeMMHALMU OMyX0JIeBbIX K/IeTOK Ha MeTacTaThyeCcKon
mozenv [97]. JTabopaTOpHBIM MbIIIaM OCYIIeCTB/IsAIaCh
VHOKYJISIIUS KJIETOK aclIATHOM OMyXoJiy Op/vxa U Kiie-
TOK capkKombl 37 B peTpoOysibbapHOe KpOBEHOCHOe
crutetenue. [Tocne UMITIaHTALMN Oy XO0JIEBBIX K/IETOK
JKUBOTHBIM POBOAX/IACh 030HOTepanys (1 M) myreM
PeKTa/bHbIX anrIMKalui B pasHeix go3ax O,: 9, 26
u 42 Mr/n B TeyeHre 12 ceaHcoB. bblio ycTaHOB/EHO,
YTO CTereHb TeMaTOreHHOW JUCCeMUHALMK OIyX0JIx
Ha ()oHe 030HOTeparyy CHUKaaach [10303aBUCHMBIM
obpa3om, 10 CpaBHEHHIO C KOHTPOJIbHOW T'PYIINOH,
B OTHOLLEHWU KOTOPOU JleueHUe He MPOBOAU/IOCH
[97]. B cnyuae ¢ 030 9 MI// 0TMeUaioch CHYDKeHHe
CTereHu JucceMuHaluu B 1,75 pasa; go3sa 26 mr/n
Y 42 Mr/n f,eMOHCTPUPOBAH ee CHIKeHue B 2,3 1 7 pa3s
COOTBeTCTBEeHHO [97]. B Apyrom skcrnepumMeHTe 030-
HOTeparnus fpeJliecTBOBaia UHOKY/ISLIMU MbILLIaM
KJ/IeTOK JIerOYHOM KapLHoMsI JIbtonca. Ha npotsokennn
15 fHel KMBOTHBIM OCYLECTB/ISZIOCh UHTPanepuTo-
Hea/lbHOE BBeJleHre 030Ha B f03ax 4; 11; 20 u 35 mr/n
B 00beme 80 mui/kr [97]. Uepe3 24 yaca ¢ MOMeHTa
roc/ieiHet UHbeKLIUU MBILLaM [10JKOKHO BBOZJMIICS
1 MWIJTMOH KJ/IeTOK JIETOUYHOM KapLMHOMBI JIbtouca,
TI0CJIe Yero Npor3BOM/IaCh OLleHKa JMHAMUKU pa3BU-
THs onyxonu. Hawnyuiive pe3ynbTaTsl 030HOTepaniu
OTMeueHbl B MUHMMAJIbHOM [103€, COOTBeTCTBOBAaBILIEH
4 Mr/mi, TIpyu KOTOpoi uepe3 23 gHs Habmtomancs
HauMeHbIMH 06beM omyxomu & 2300 MM, o cpaB-
HeHuto ¢ 11 mr/mn (~ 3000 mm3), 20 mr/mi (4500 mm?),
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35 mr/mi (% 3000 MM?) ¥ KOHTPOJTBHOM TPYTITION ~
(6000 mm?®) [97]. OkcriepuMeHTabHAs CepUs TpeiBa-
psina III a3y KoHTpoMpyeMoro paHJ0MHU3UPOBaHHOTO
K/IMHUYECKOT0 MCC/Ie[J0BAaHMS Ha MaleHTax C pakoM
TpeZicTaTe/IbHO Kesle3bl, B paMKaX KOTOPOro OOTbHBIM,
MPOXOVBIINM pajuoTeparvio®Co, TakKe MPOU3BOAIH-
JIUCh peKTa/bHble HHCYPdsiyy o30Ha. [IpumeHeHue
030Ha CrIOCOOCTBOBAJIO CHYKEHHIO MOOOYHBIX I()PeKTOB
v ypoBHs PSA B kpoBu [97].

B 2014 rony B xypHase «Clinical Cancer Research»
ObLTM OTTyO/TMKOBAHbI pe3y/IbTaThl UCCIIe[OBaHuUS,
MOATBEP KJarole aHTUHeOoIJIaCTuYeCKui 3 ekt
WHTpalepuTOHea/JbHOr0 BBe/leHUs. KUCIOPOLHO-
030HOBOM CMeCH B KCeHOrpapTHOM MO/ie/Ti CKBaMO3-
HOU KapL{HOMBI T'0JIOBBI U 11IeH, onricaHHbIi Schulz
u coaBropamu B 2008 roay [98—100]. Uuaykius
HOBOOOpa30BaHUS OCYIL[eCTBIIs/Iach BBeZileHUEM Cy-
CITeH3WH TanuIJIOMaBUPYC-aCCOLMMPOBaHHBIX V X2
KJIETOK B yIIX HOBO3€IaHACKUX OesbIX KPOJIUKOB.
B rpymmne KMBOTHBIX, KOTOPbIM BBOAU/IACh KUCJIOPOAHO-
030HOBasi CMeCh, Hab/MFOAAMMCh U3MeHeHUs] B KUHETHKe
OITyXOJIEBOTO POCTa B CTOPOHY yMeHbIlleHus 06bemMa
u perpeccuu. [Toce MHOKY/ALMY Ma/TUTHAHTHBIX Kile-
TOK TIMKOBBIN 00beM HOBOOOpa30BaHUs TIPUXOIUICS
Ha 13 + 2 genb, coctaBasasa =~ 2500 mm?® [98—100].
VHTpanepuToHeabHasi 030HOTepanys pefyLypoBaa
POCT OMyXO0JIH, CHI>Kasa ee 0obeM 10 ~ 500 Mm® 1 Tipe-
MSITCTBOBA/Ia MeTacTa3uPOBaHMUIO. B rpyrimne >KUBOTHBIX,
KOTODBIM BBOJWJICSI 030H, HaO/IIOa/I0Ch yBe/TnueHe
JIEMKOLIUTOB B KPOBH, a TaK)Ke yBe/IMUeHUe CTereHn
vHunbTpauu onyxoau CD3* T-numdoruramu. 13-
BECTHO, 4TO MHuUAbTpayus onyxonu CD3+ u CD8+
KJIeTKaMU HOCHUT I10JI0KUTeJIbHBIM NTPOrHOCTUYe CKUM
XapakTep 1 OTpakaeT MPOTHUBOOITYX0JIEBbII IMMYHHbIN
craryc [98—100]. B pamkax ucc/eoBaHusi ObUT BbI-
MOJTHEH aHa/IU3 3KCIpeccuu 84 reHOB, OTPaXKaroIux
a/laniTYBHbIE W3MeHeHUs] B MUKPOOKPYKeHHH OITyXOJIH,
KMHETHKY BOCIA/MTE/bHbIX PeaKkLuil U pery/siluio
pa3/IMUHBIX 3BeHbeB UMMYHHOM crcTembl [101].

B 2015 roay Kiziltan H.S. u coaBTOp®I Tipo/e-
MOHCTpHPOBaX 3P HeKTUBHOCTH KOMOMHUPOBAHHOMN
pafiuio- U 030HOTEepanuu Ha 3KCIepuMeHTaaIbHON
Moziesid KaHljepomaro3a OprommHsl. [IIBeiiiiapckum
MbIIIaM-aib0rHOCaMm (n = 60) Mpou3Be UHTparepu-
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TOHeaIbHYI0 HHOKY/ISLMI0 1.5%10° KIeToK acIiUTHOM
KapuuHoMbI Jpavxa [102]. XKuBoTHsie 611 paszerne-
HbI Ha 6 rpynm. MeliiaM 13 nepBol ¥ BTOPOM I'PYIII
BBIMOTHAIMCh UHTPalepPUTOHeaIbHbIe anIIuKaLuu
1 MJT KMC/IOPO/IHO-030HOBOM cMechio (95 % O, 1 5%
O,) B Teuenue 10 gHeit B nose 20 u 40 M/ cooTBeT-
CTBEHHO. B OTHOLIeHUU TpeThbel IPyIbl OCYIecT-
Brsiachk paguorepans ®°Co ¢ GpakIMoOHUpOBaHUEM
200 cI'p B fieHb B TeueHure 5 CyTOK. 7KUBOTHBIM U3 YeT-
BEPTO M MATOM TPyNIN NPOBOAMIACE PaAUOTepanus
B TAKOM JKe pe)XrMe, a TaKKe 030HOTeparnus MeToZ0M
VHTparepruTOHea/bHbIX aNfuIMKaLUi 1 M1 B TeueHue
10 mHeit B f03e 20 1 40 Mr/n cootBeTcTBeHHO [102].
[ITecTas rpyrmmna noJsyyasjsa UHTpanepuTOHeaJlbHYI0
vHokysinuio 0,9 % (usronoruueckoro pacteopa
B TeueHue 10 aueit [102]. Haunyuriyto BeDKHBae-
MOCTb IIPOZIEMOHCTUPOBAIN MBILIU U3 IISITON TPYIIIIHI,
To/TyYaBIlye KOMOMHUPOBAHHYIO Tepariui0 HOHU3UPY-
IOLMM U3/TyYeHHeM U 030HOM B MaKCHMaJ/IbHOU [j03e
(40 mr/n) [102]. BepkuBaeMOCTh B TeueHue 16 qHei
cocraBuna 80 %, B To BpeMs Kak B KOHTPOJIbHOU
rpyTIIiTie )XUBBIX 0Cco0eil He ocTanock. B rpymnmax
1 (030H 20 Mr/n) u 2 (030H 40 Mr/n) BBDKUBaeMOCTb
Ha 16 cytku cocraBuia 20 u 50 % COOTBETCTBEHHO,
a B rpymre 3 ¢ paguorepanueii — 70 % [102]. Takum
obpa3oM, KOMOMHUPOBaHHAST PAIUOTEPAITHS C 030HOM
B BBICOKOM [j03€ MPOZIeMOHCTPUPOBasia Hauly i
TroKa3arte/ib BbpkuBaeMocTtu [102]. Belio ycTaHoB/eHO,
YTO M30JIMPOBaHHAs 030HOTepaIus Wiu pUMeHeHue
030Ha B COYETAHWU C MOHU3UPYIOLMM U3/TyueHUEM
OKasblBaeT peZlyLiupylolijee BO3/eMCTBUE Ha BbIpa-
JKeHHOCTb OTeKa U 00/1aJjaeT aHTUHEOT/IaCTHYe CKUMU
cBouctBamu [102].

B apyrom uccnenoBanny Obutr TIoKa3aHbI 3 eKThI
030HOTeparyy Mpy BHYTPHOITyX0/IeBOM BBeZJeHHUH 030-
HUPOBaHHOU BO/IbI. B KauecTBe Mo/|e/TbHOUM CUCTEMBI
HCTI0/Tb30Balach MHOpeHast TUHUS 1ab0paTOPHBIX
MbIieit camok BALB/c, KoTopbIM ObUTH TIEPEBUTHI
K/IETKH KapL[UHOMBI MPsiMoii KUK RCB2657 (1x10°)
B /IOPCaJIbHYIO TOBEPXHOCTH Tesa MoAKokHO [103].
[To3uTHBHAas MHAYKLUS ONyXO/IU U JOCTHKEHHe el
JIMHEMHBIX pa3mMepoB 7—10 M1 IBASIIMCh KPUTEPUEM
otbopa ocobeii Ayis SKCIepUMeHTaIbHON paboThI.
JKuBoTHBIe ObLTM pa3zesnieHbl Ha LIeCTh TPYIIIL:

OHKOJOI 14



Andreev PYu et al. RUDN Journal of Medicine. 2024;28(4)

1) uaTparymMopanbHOe BBefleHre 030HUPOBaHHOM
BO/IBI C /10301 030Ha 20,8 MMOJB/JT; 2) UHTPATyMO-
pajibHOe BBeJleHHe 030HUPOBAHHOMW BOZBI C 10301
030Ha 41,6 MMoJIb/; 3) UHTPaTyMOpPaJIbHOE BBeZleHHe
030HMPOBAHHOW BOABI C 10301 030Ha 104 MMOmb/1I;
4) UHTpaTyMOpa/bHOe BBeJJleHe 030HUPOBAaHHOM BO/bI
c mo30i 030Ha 208 MMosB//; 5) Tpynrna >KUBOTHBIX,
B OTHOLLIEHWM KOTOPBIX JieueHHe He TIPOBOJUJIOCH;
6) UHTpaTymMopa/bHOe BBeJleHHe CTePUIbHOW JIUC-
TUIMPOBaHHOW Bozbl [103].

Bbb110 ycTaHOBIEHO, YTO BHYTPUOITyXO0/€BOe
BBeJleHHe 030HHPOBAHHOU BOZbI OKa3bIBAeT CeJleK-
TUBHBIN HEKPO30TeHHbI! 3(eKT B OTHOIIIEHUY TKaHel
C ormyxosieBoi TpaHchopMalivieit B OTCYTCTBUE aJibTe-
PUPYIOLLIeT0 BO3/IeCTBYS Ha MHTaKTHbIe TKaHu [103].
O30HMpOBaHHAs BOZA MPENATCTBOBAIA POCTY OITyXOIH
Y MH/lyLIMpOBaJla BO3HUKHOBEHHe HEKPOTHUeCKUX (ho-
KyCOB. [10 MHEHMIO KOJIJIEKTHBA aBTOPOB, peain3ariys
Buonornueckrx 3¢¢eKToB 030HUPOBAHHOM BOABI CBSI-
3aHa c reHepaiueit A@K [103]. B 2018 roay cranu
M3BECTHBI Pe3y/IbTaThl CC/IeA0BaHUs KOMOMHHUPOBaH-
HOM paiio- U 030HOTepanuu, KOTopasi MpOBOJUIACh
Ha )KMBOTHOM MOJIe/I1 C HUTPOXUHOJIMHOBOW MH/YK-
LMel 3/10KaueCTBEHHOTO0 HOBOOOpa30BaHUs si3bIKa.
Oxkcug HutpoxuHonuHa (4NQO) UPOKo u3BecTeH
KaK MyTareHHbIM areHT, CII0COOHBIN UHULIUMPOBATh
KaHLleporeHes, ¥ 4aCTO NPUMEHSIFOILMICS B )KUBOTHBIX
Mo/esisTX paka si3bika [104, 105]. B ganHoM ciiyuae
MH/YKLMS KaHLjeporeHe3a Oblla OCHOBaHa Ha Jj00aB-
seanu 4NQO B nUThEBYIO BOAY KpbIC. CaMKHU KPBIC
B Ko/iMuecTBe 36 MITYK ObLIM pa3ziesieHbl Ha 5 TPy
[106]. TTepBas rpyria BK/Ito4Yaia B cedst KpbIC C PAKOM
AI3bIKa, B OTHOLLIEHUY KOTOPBIX He OCYILeCTB/ISI0Ch
TeparnieBTHUeCKUX MeponpusiTvii [106]. Bropas rpynmna
cocrosiia U3 ocobeli, B OTHOILIEHUH KOTOPBIX TIPOBO/H-
nack paguotepanus (%°Co, dppakiponrposanue 500 cI'p
B JleHb B TeueHue 4 nHelt). TpeTbs rpymimna Obi1a npea-
CTaBJieHa >KUBOTHBIMH, KOTOPbI€e MOy U/ KOMOMHHUPO-
BaHHOe JiedyeHHe 030HOM (KMCIOPOZIHO-030HOBasi CMeCh:
95% O,, 5% O,, 1 M) ¥ HOHU3UPYIOLIUM U3/TyYeHHEM
(°°Co, dpakumonvposanue 500 cI'p B 1eHb B TeueHHe
4 nHel), KpPbIChI U3 YeTBEPTON — JIMILIb 030HOTEPAIui0
(KuCI0pozIHO-030HOBast cMeck: 95% O,, 5% O,, 1 mi)
[106]. [TsrTas rpynmna (KOHTPO/IbHAs) COCTOsIIA U3 37[0pO-
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BBIX 0CO0€H, KOTOPBIM Obljla TPOM3BeZieHa PeKTalbHast
WHBEKIUSA 5 MJT GU3HO0TIOTMUeCKOT0 pacTBopa. Pe3yrb-
TaTOM UCCJIe/[OBAHMUS CTajI0 OUEBHIHOE TIPEUMYIIIECTBO
KOMOUWHAI[UU pafiroTepanuu 1 o30Ha [106]. I'pynma
JKUBOTHBIX, B OTHOIIIEHUH KOTOPBIX OCYIIeCTB/IS/IOChH
KOMOWHHPOBaHHOE jieueHHe, TTPOZieMOHCTPHUPOBaia
Oonee AyIUTETbHYIO BBDKUBAaEMOCTb M MeHee BbIpa-
JKEHHYIO CTereHb TMCTOMaTo/I0OTHYeCKUX 3MeHeHU!
B OMMyXx0Jiu si3biKa [106].

KnuHunyeckne nccnefoBaHus 030HoTepanuu

OpHO 13 nepBbIX KIIMHAYeCKUX UCCIIeJ0BaHNH, T10-
CBsIIIIEHHBIX OrosoruueckuM 3¢ deKram 030HOTeparnuu,
B JIeYeHHUH 3/10KayeCTBeHHbIX HOBOOOpa3oBaHHii ObII0
BbiTiosiHeHO B 2004 roay B Vicniaaum [107, 108]. Kon-
LlenTyanbHas OCHOBA PabOTHI 3aK/TFOYanach B KOPPeKLIMU
TUMOKCUYECKUX SIB/IEHWN B MUKPOOKPY)KEHUH OITyXO0JT!
Y yBe/IMYeHWUH CTelleH! ee OKCUreHaluu. V3BeCTHO, 4TO
TUTMOKCHUUEeCKOe COCTOsTHUe 61acToTpaHC(hOPMUPOBaH-
HBIX KJIETOK SIB/IIeTCS] OLHOU U3 BeyLIMX [IPUUMH pe3u-
CTEHTHOCTH OITyXO/I K MOHU3UPYIOLLEMY U3TyUYEHUIO
u xummroTepanuu [109—111]. Takum o6pa3om, UCXoast
13 TUIOTETHYECKOM BO3MOXXHOCTH HOPMasM30BaTh rap-
LjMa/IbHOe HarpsbKeHUe KMCI0poJa B MUKPOOKPYKeHU!
onyxonu, Clavo B. 1 coaBTopb! U3ydanr BO3MOKHOCTH
ayToreMoTpaHC(]y31r 030HUPOBaHHOW KPOBH /17151 pea-
Jii3aimu Tou 3ajauu [112]. MccnemoBanue npoBo/u-
7ochb Ha rpymrie 60bHBIX (N=18) C OMyXO0/ISIMH TOOBBI
v meu (n=14); OHKOTMHEKOI0THYeCKOM HO30/1I0THel
(n=2) 1 MeTacTaszaMH B KOCTHbIe CTPYKTYpPbl I'PYAHON
K/1eTKH (n=2), KOTOPBIM OCyIIiecTB/Isiiu 3a60p 200 M
BEHO3HOU KPOBU. 3aTeM KPOBb CMellrBanach ¢ 200 mn
KHCJIOPOJIHO-030HOBOM cMecH U TpaHCdy3upoBaiach
6o/bHBIM. AyTOTemMOTpaHChy3usi KpoBU, 06pabo-
TaHHOM ra30BOM CMeChi0, TIOBTOpsiyiach 3 pa3a [112].
[TapuuanbHOe HanpsKeHWe KUC/I0poJa B OIyXO/IU
PEerucTpUpoBanoCh MyTeM pa3MeleHus 37eKTPOJ0B
pO,-rucrorpaa BHyTpb. Pe3ynsraTom nccienosa-
TebCKOM paboThI CTAsI0 yBeIrueHue MapLuaabHOTO
JABJIeHUS] KUC/IOPO/A B OIYXO0JISIX C HU3KOM CTeIeHbI)
okcureHanyu. TeMm He MeHee, B OTHOLIIEHUM HOBOOOpa-
30BaHMY, B KOTOPBIX 3HAYeHUs NapLiMaJIbHOrO [JaB/IeHust
KHMCJIOpO/Zia COCTABJIS/IU BbILIE CPeJHEro roKasareJis,
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Habs1r0/1a/1Cst IPOTHBOTIONOKHBIN 3P deKT, CBA3aHHbIHA
co camwkenuem pO, [112]. B kayecTBe 6roxumuye-
CKMX MEXaHU3MOB, OOBSICHSIFOIMX OKCUTeHUPYIOIIAN
MOTEeHLMa/1 030Ha, aBTOPbI UCC/Ie[0BaHUS MTpe//iaratT
TaK Ha3blBaeMbIi 3 ekt bopa, cornpoBoXjaroIuics
CMell[eHreM KPUBOM IUCCOLMALIMU OKCUTeMOT/I00MHA
BIPaBO ¥ BBICBOOOXKIEHUEM KHC/IOpOAa B TKaHsx [112].
Heckonbkumu Mecsitiamu no3gHee Clavo B. v coaBTo-
pamu ObITH OITyOIMKOBaHBI JaHHBIE O IPUMEeHeHU!
030Ha B KaueCTBe a/[bIOBAHTHOM Teparnuu B JIeYeHUN
omyxosiei royioBsl U 1ier [113]. B TeueHue Tpex neT
aBTOPbI IPOBO/W/IM KOMIIApaTUBHbIN aHa/IN3 JIeUYeHUst
19 nareHTOB C Hepe3eKTabeTbHBIMH OIyXOJISIMH TO-
noBbI ¥ 1en (craaus [V), kotopeie ObLM pa3zeneHbl
Ha 2 rpynrsl: 1) 6obHbBIe, CpeJHUI BO3PaCcT KOTOPBIX
COCTaB/IsA/ 54 T0/ia, C HU3KOM CTereHbI0 BOB/IEUEHHOCTH
B I1potiecc MMpatrueckrx y31oB (8 %), MpoXoAUBLIMX
KypCbl XUMHOpaJuoTepanuu; 2) 60/bHbIe, CpeIHUI
BO3pacT KOTOPBIX coCTaBsisi 64 ropa, ¢ 66/blel cTe-
TIeHbI0 BOB/IEUEHHOCTU TMM()aTUUEeCKUX Y37I0B, XyALIAM
TIPOrHO30M, B OTHOLIIEHWH KOTOPBIX [POBOZAM/IACH pa-
[MOTepanus ¥ 030HOTeparivsi ayToreMoTpaHC(y3MOHHO
WA METOJIOM peKTasibHbIX UHCYhdisiiuii [113]. Boino
YCTaHOBJIEHO, UTO B TPyTIiTe OObHBIX C 030HOTeparnue
Ha0/TI071a/10Ch yBesTnueHue o011ieil Me/jaHbl BbDKUBae-
MOCTH, KOTOpasi COCTaB/isiyia 8 MeCsIL|eB 110 CPABHEHUIO
¢ nepBoii rpynmotii (6 mecse) [113].

B 2007 roxy 6bl1a mokasaHa 3 GheKTUBHOCTh 030-
HOTepanuu B ieyeHnH brchocdoHaT-acColMpoOBaHHOTO
OCTEeOHEKPO3a UeTFoCTH Y O0/TBHBIX CO MHOYKeCTBEHHOU
muesniomoi. OTMeHa 6uchochoHaToB U 15-JHEBHBIN
KyPC JledeHus], BKJTFOUaBIINiA B ceOst aHTHOMOTHKOTe-
panuio aMOKCULIWUTMHOM C K/1aByJIaHOBOW KMC/IOTOM
Y METPOHM/IA30JI0M B COUETAHUM C anilJIMKaTUBHOMN
030HOTepanueu, yayullaay pe3y/bTaTbl XUpypruue-
CKOro jieyeHust [114].

B 2008 rony Menéndez S. 1 coaBTOPbI B paMKax
III ¢a3bl KOHTPOIMPYEMOTO PAHJOMU3UPOBAHHOTO K/TH-
HUYeCKOT0 MCC/Ie[J0BaHusI IPOBe/Y aHamu3 3(peKTHBHO-
CTH paJii0Teparyy UHTPaKarCy/IsIpHOM a/ieHOKapLIMHOMBI
ripocTatkl. bosibHBIE ObLUTH pa3zenieHbl Ha 2 TPYIIBL:
1) paguorepanus®Co (n=35); 2) paguoreparnus *°Co
+ peKTasibHble UHCYh LA 030Ha (n=35). ABTOPEI
OTMEeTHW/T! MeHbIIlee KOJIMUeCTBO MOOOUHBIX 3¢ dek-
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TOB paZiioTepanuy B BUJe pajuojepMaTnTa, [IUCTUTa
Y MPOKTUTA, a TaK)Ke CHIKeHWe YpoBHsS PSA B KpoBu
BO BTOPOM IPyIIe NalMeHToB C 030HOTepanyei [97].

B 2012 roay KoJiJIeKTUBOM aBTOpPOB U3 Wtanuu
ObLTH OMyOMMKOBaHbI laHHbIe B )KypHase «European
Journal of Integrative Medicine» o mpuMmeHeHUU
030HOTepanuu B JleYeHUU HeMeJIKOK/IeTOYHOIO paka
nerkoro [115]. BoneHbie (n=40) Obl1K pa3geneHbl
Ha /IBe rpyNIbl. B OTHOLIEHNY NALMeHTOB U3 NIepBOM
rpynmnsl (n=20) ocylecTBsi1aCh ayTOreMoTepanus
030HWPOBAHHOM KPOBBIO C CoZiep)kaHveM 030Ha 30
MKT/MJT! pa3 B HeJle/t0 B TeueHue 12 HeJlesb; TTOKOXK-
Hble MHBEKL[UU 1 M1 puTOMpernapara omesisl 6enoit
(Viscum album) Tpmx/bI B He/lesTt0 Ha MPOTSHKEHUU
12 Hefenb; XMMHUOTepaneBTUYeCKOe JIeueHre COITIaCHO
WUTa/IbTHCKUM pekoMeHjaiusMm [115]. Bropas rpynmna
NaleHToB Oblyla KOHTPO/ILHOM (N=20) U mosiyyasa
XAMHOTeparneBTUUecKoe yieueHue. Yepes 12 Hepenb
B [1epBOM rpyrrie HabmoAanoCh yyullieHde KauecTsa
JKU3HU U CHW)KEHUEe MapKepoB OKCHIATUBHOTO CTpecca
B KpoBH [115].

B HenaBHeli pabote Megele R. u coaBTOpHI Npu-
BOJSAT CEPUI0 KJIMHUYeCKUX C/ly4yaeB IPUMeHeHUs
MHTpaTyMopa/bHoi Teparu O,/O, B ledeHnn 60/IbHBIX
ro6/1acTOMOM, OTMeuast yBe/TMdeHe BEDKUBAeMOCTH
OonbHBIX [116].

BbiBOAbI

Ha MHOroumc/ieHHbIX KyJIbTypax OMYyXOJIeBbIX
KJIETOK, SIB/ISIFOLMXCS lepUBaTaMM 3MUTe/IHaTbHbIX
Y Me3eHXUMaJIbHbIX OIMyXO0JjieH, [VIMOM, Heor1a3Mbl
CMeIIaHHOT0 TMCTOreHe3a (KapLjuHOCapKoMa 3H/|0-
MeTpusi), )KUBOTHBIX MozZiensix (Mus musculus, Rattus
norvegicus, Oryctolagus cuniculus), a Takxe B xofe
K/IMHUYEeCKUX UCC/eoBaHu (DOMbHBIE C OMyXO/IsMHU
TOJIOBBI U 111eW, OHKOTMHEKO/IOTMUeCKOW HO30/10THel,
MeTacTa3aMH B KOCTHbIE CTPYKTYPhbI TPYZHOU KJ/I€TKH,
MHOKeCTBEHHOM MHeIOMOM, pakoM MPOCTaTkl, HeMeJI-
KOKJIETOUHBIM PaKOM JIETKOTO 1 IJTH00/1aCTOMOM) yCTa-
HOBJIeHBI TIOJIO)KUTeNbHBIe Oronornyeckue 3¢deKTs
030HOTEpar1H, CBsI3aHHbIe C BO3MOXXKHOCTBIO 030Ha OKa-
3bIBaTh LIUTOTOKCUYECKOE U LUTOCTaTHueCcKoe B/IUsSHUe
Ha OIYXO0JIM pa3/IMUHOr0 TMCTOreHe3a 1 JIOKaIu3aLuid,
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a TakXke CeHCMOW/IN3UPOBaTh O1acTOTpaHCHOPMU-
pOBaHHbIE KJIETKU K MOHU3UPYIOLEMY U3/TyUYeHHIO
Y XUMHOTeparieBTUYeCKMM areHTam. Ba)KHbIM BBIBOJIOM
T10 UTOraM 0630pa MUPOBOM JTUTEPATyPbl B KOHTEKCTE
KJIMHUYeCKUX UCCIeJOBaHUM 030HOTeparivu 3/10Ka-
YeCTBEHHBIX HOBOOOPA30BaHUH SIB/ISIETCS OTCYTCTBHE
3HaYUMBbIX OIPaHAYEHU 110 MCTI0/Ib30BaHUI0 MeTo/a
B BH/le TOKCUUHOCTH ¥ Ha/TUUMsi TOOOUHBIX 3(hHeKToB.
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Abstract: Relevance. Alzheimer’s disease (AD) is the most cause of disability and dementia, which is the 7th leading cause
of death worldwide. Diagnosis of AD includes detection of amyloid plaques and hyperphosphorylated tau protein (pTau) in
the brain. However, in recent years the amyloid hypothesis of AD development has been criticized and revised, and a growing
pool of data emerges indicating more complex pathogenetic mechanisms leading to neurodegeneration in AD. The aim of our
work was to evaluate the presence and distribution of amyloid plaques and pTau fragments in different regions of the cerebral
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cortex in patients > 60 years old with diagnosed dementia and without cognitive impairment, as well as in people <60 years
old. Materials and Methods. The amount of B-amyloid and pTau fragments in three groups of patients was measured on IHC
stained histological sections in the regions of parahippocampal, temporal, and occipital cortex. Results and Discussion. Amyloid
plaques were detected in all patients over 60 years of age (with and without dementia), while in younger individuals 60 years of
age they were found in 66% of cases. The largest amyloid-f burden was observed in the occipital cortex. pTau was detected in
all cortical areas in the three groups of patients. Also, the amount of pTau was higher in the occipital cortex in patients over 60
years of age both with and without dementia than in the group of people under 60 years of age. Conclusion. Thus, accumulation
of pTau occurs earlier than f-amyloid. The amount of pTau was higher in patients over 60 years of age with clinically manifested
dementia, while in some regions the amount of amyloid conglomerates is higher in cognitively intact patients. The findings point
to much more complex mechanisms of the neurodegenerative diseases development with the formation of amyloid plaques being
a consequence rather than cause of the disease.
Keywords: Alzheimer’s disease, B-amyloid, tau-protein, age-related diseases
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Introduction

Alzheimer’s disease (AD) is the most cause of
disability and dementia, which is the 7th leading cause
of death worldwide. [1]. AD is an age-related disease
and usually occurs in older people >60—65 years of
age. AD also refers to socially significant pathologies,
which means that social support should be provided
from the federal budget in accordance with Federal
Law N 323-FZ “On the fundamentals of protecting

HISTOLOGY

the health of citizens in the Russian Federation” [2].
Limited epidemiological studies and extrapolation of
data obtained in other countries suggest that in 2020, in
the Russian Federation there could live about 1.4 million
patients with AD, while by 2035, their number will reach
2—3.6 million [3]. However, there is still no unified
registry for patients with AD, as well as accessible and
effective methods of intravital diagnosic approaches,
especially early ones, which would allow validating the
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diagnosis [4]. Only about 10% of all cases are taken
into account in official morbidity statistics [5]. Current
clinical guidelines indicate that the main part in the
pathogenesis is violation of metabolism of amyloid
precursor protein (APP) and the formation of insoluble
[-amyloid conglomerates, as well as accumulation of
hyperphosphorylated tau protein, which stabilizes the
neuronal cytoskeleton microtubules. According to the
amyloid theory, its hyperphosphorylation is initiated
by already formed amyloid plaques. while the clinical
manifestation and severity of the disease depends on the
accumulation and distribution of these pathognomonic
morphological AD signs [6, 7]. However, in recent
years, the amyloid hypothesis of AD development has
been criticized and revised, while a growing pool of data
indicate much more complex pathogenetic mechanisms
leading to neurodegeneration in AD. The aim of our
work was to evaluate the presence of amyloid plaques
and hyperphosphorylated tau protein fragments, as
well as their distribution in different regions of the
cerebral cortex, in patients >60 years old with diagnosed
dementia and without cognitive impairment, as well as
in people <60 years old.

Materials and Methods

Patients

Autopsy material for a retrospective study and
anamnesis data from the medical records of patients
>60 years old with diagnosed dementia were provided
by the pathology department of Alekseev Psychiatric
Clinical Hospital No. 1. Autopsy material and medical
history data from patients > 60 years of age without
diagnosed dementia and patients <60 years of age
were provided by the pathology department of the City
Clinical Hospital No. 31 of the Moscow Department
of Health (Table). Pathoanatomical autopsies were
carried out in accordance with the order of the
Ministry of Health of the Russian Federation No. 354n
dated 06.06.2013 “On the procedure for conducting
pathological autopsies”. The study was approved by
the local ethics committee of Alekseev Psychiatric
Clinical Hospital No. 1 (Protocol No. 2 of October
28, 2020).
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Immunohistochemical and morphometric study

After fixing brain tissue samples (fragments 1x 1x0.5cm)
in 10 % buffered formalin (BioVitrum, Russia), they were
processed through alcohols of increasing concentration
and poured into histomix according to the standard
protocol, after which histological sections 5 pm thick were
prepared. Immunohistochemical staining, morphological
and morphometric assessment of histological preparations
of the brain were carried out. Primary antibodies used:
anti-Af3 1—42 1:1000 (ab201060, Rabbit); anti-TAU-2
1:1000 (sigma5530, Mouse); secondary antibodies:
Donkey-anti-Rabbit HRP 1:500 (Novex lifetechnologies
A16035); Goat-anti-Mouse HRP 1:500 (ab6789). The
average number of amyloid plaques was assessed
at a magnification of x100 (standard field of view
96,000 pm2), and fragments of phosphorylated tau
protein (pTau) — at a magnification of x400 (field of
view 25,000 pm2). Counting was carried out in the areas
of the parahippocampal, temporal and occipital cortex.
The areas were recommended by the National Institute
on Aging — Alzheimer’s Association guidelines for the
neuropathologic assessment of Alzheimer’s disease [8].

Statistical analysis

The morphometric study data were statistically
processed using GraphPad Prism 8.1 software. Statistical
differences between groups were assessed by multiple
comparisons using the nonparametric Kruskal — Wallis
test with the Dwass — Steele — Crichlow — Fligner
post-hoc test. p < 0.05 differences between groups were
considered significant.

Results and Discussion

In the group of patients with clinically confirmed
dementia, $-amyloid deposits were detected in 100 %
of cases, while the size of amyloid plaques and the
intensity of their staining varied significantly both
between cortical regions in one patient and between
patients in the corresponding cortical regions. In the
occipital and temporal regions of the cortex, these
structures were observed in 100 % of cases, while in
the parahippocampal region of the cortex they were
found only in 66 % (4/6) of patients (Fig. 1).
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Table
Data from medical records of patients included in the study
Patient Age Sex Major disease Age-related diseases
Patients > 60 years with diagnosed dementia
Diffuse small-focal cardiosclerosis. Stenosing atherosclerosis Hypertension,
N1 84 F : ;
of the coronary arteries atherosclerosis
Diffuse small-focal cardiosclerosis. Stenosing atherosclerosis Hypertension,
N2 86 F ; .
of the coronary arteries atherosclerosis
Diffuse small-focal cardiosclerosis. Stenosing atherosclerosis Hypertepsnon, diabetes
N3 74 F : mellitus type 2,
of the coronary arteries )
atherosclerosis
Diffuse small-focal cardiosclerosis. Stenosing atherosclerosis Hypertension,
N4 75 F ; ;
of the coronary arteries atherosclerosis
N5 89 F Cardiac arrhythmia, unspecified No data
N6 82 F Postinfarction cardiosclerosis No data
Patients > 60 years without diagnosed dementia
N7 94 F Postinfarction cardiosclerosis Hypertensmn_,
atherosclerosis
N8 72 F Chronic cerebral ischemia with encephalopathy Hypertensmn_,
atherosclerosis
Diabetes mellitus
N9 98 F Ischemic cardiomyopathy, atherosclerosis of the coronary arteries type 2, Hypertension,
atherosclerosis
N10 76 F Ovarian adenocarcinoma Atherosclerosis
Patients < 60 years
N11 52 F Neuroendocrine tumor of the pancreas tail Hypertensmn_,
atherosclerosis
N12 48 F Child-Pugh C alcoholic liver cirrhosis Hypertensmn_,
atherosclerosis
N13 58 M Adenocarcinoma of the colon splenic flexure Hypertenswq,
atherosclerosis
N14 47 M Child-Pugh C liver cirrhosis of mixed origin (HCV + toxic) None
N15 48 M Adenocarcinoma of the sigmoid colon None
N16 39 M Pancreatic necrosis None

Similar morphological changes were observed
in a group of elderly patients without diagnosed
dementia. Conglomerates of $-amyloid were also
detected in all samples of the occipital and temporal
cortical regions, while in the parahippocampal region
were visualized in 75 % (3/4) of patients (Fig. 1).

At the same time, in the group of patients
<60 years old, amyloid plaques were detected in
only 66 % (4/6). In the occipital, temporal and
parahippocampal regions of the cortex, a positive

HISTOLOGY

immunohistochemical reaction with antibodies to
B-amyloid was recorded only in 16 % (1/6), 33 % (2/6)
and 16 % (1/6) of cases, respectively (Fig.1).

At the same time, pTau fragments were detected in
100 % of patients in each group in all studied regions
of the cerebral cortex (Fig. 2).
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Al A2 A3
B1 B2 B3
C1 Cc2 C3

Figure 1. Distribution of amyloid plaques in the occipital (1), temporal (2), and parahippocampal (3) regions of the cerebral cortex
in patients >60 years old with diagnosed dementia (A1, A2, A3), patients >60 years old without diagnosed
dementia (B1, B2, B3) and patients <60 years old (C1, C2, C3). Immunohistochemical staining, primary antibodies
anti-AB 1—42 (Rb) + secondary antibodies Donkey-anti-Rabbit HRP, staining with hematoxylin, magnification x100
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Al A2 A3
B1 B2 B3
C1 C2 C3

Figure 2. Distribution of fragments of phosphorylated tau protein (pTau) in the occipital (1), temporal (2)
and parahippocampal (3) regions of the cerebral cortex in patients >60 years old with diagnosed dementia (A1, A2, A3),
patients >60 years old without diagnosed dementia (B1, B2, B3) and patients <60 years old (C1, C2, C3). Immunohistochemical
staining, primary antibodies anti-TAU-2 (Rb) + secondary antibodies Goat-anti-Mouse HRP, counterstaining with hematoxylin,
magpnification x400
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Analysis of the distribution of B-amyloid
conglomerates revealed a significant increase in the
mean number of amyloid plaques per standard visual
field in the occipital region of the cerebral cortex in both
elderly patients with and without diagnosed dementia
compared with the group of patients <60 years of age.
However, no differences were found for regions of the
temporal and parahippocampal cortex, despite a trend
towards an increase in the number of amyloid plaques
in patients without dementia compared to patients with
confirmed dementia (Fig. 3).

When assessing the distribution of pTau fragments
in the occipital region of the cortex, an increase in
the number of these structures was observed, similar
to the distribution of f-amyloid deposits — in both
groups of elderly patients it was significantly greater
than in patients <60 years old. In the temporal and
parahippocampal cortical regions, the number of pTau
fragments was significantly higher in patients with
dementia compared to the group of patients <60 years
old, while no differences in this indicator were found
between the groups of elderly patients without confirmed
dementia and patients <60 years old (Fig. 3).

In accordance with the amyloid hypothesis
of Alzheimer’s disease [7], still dominant among
researchers and clinicians, it is assumed that as the
disease progresses, brain regions are affected in a certain
order. Typically, the highest concentration of senile
plaques, neurofibrillary tangles and neuronal death
are detected in the mediobasal regions of the frontal
and temporal lobes and the hippocampus; at the next
stage, the posterior parts of the temporal and parietal
lobes are involved in the pathological process, and
the last ones are the frontal and occipital lobes of the
brain [6]. However, recent studies using mathematical
modeling have shown that amyloid plaques more likely
form simultaneously in different cortical regions and
subcortical structures than spread from primary affected
areas to others [9]. In turn, neurofibrillary threads and
tangles formed as a result of phosphorylation and
subsequent misfolding of pTau manifest themselves in
the entorhinal cortex, hippocampus and amygdala, and
only then do they appear in various areas of the cortex.
However, although it was previously believed that pTau
fragments are formed after the formation of 3-amyloid

494

deposits as a consequence of its toxic effects [10,11],
it was later found that pTau is detected much earlier,
including in young people aged <30 years [12, 13].

Figure 3. Distribution of amyloid plaques and fragments
of phosphorylated tau protein (pTau) protein in the occipital,
temporal, and parahippocampal cortex of the brain in
patients <60 years old (<60 years, n = 6) patients >60 years
old without diagnosed dementia (> 60 years D-, n = 4), and
patients > 60 years old with diagnosed dementia (> 60 years
D+ n=6)

Note: *—p < 0.05. Multiple comparisons using the nonparametric
Kruskal — Wallis test.
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Our results confirm later literature data
regarding the distribution and order of occurrence
of pathognomonic morphological signs of AD: pTau
fragments were identified in all patients, and their
number was statistically significantly higher in all
studied cortical areas in patients with diagnosed
dementia compared to the group of patients <60 years.
A significant increase in the number of amyloid plaques
was recorded only in the temporal region of the cortex.
At the same time, the localization and average number
of amyloid plaques and pTau fragments in a standard
visual field area did not correlate with the clinical
manifestations of the disease, the rate of its progression
and the severity of the course in patients included in
this study.

These observations can be explained by the
complex polyetiological nature of AD and the
influence of a large number of modifiable and non-
modifiable factors — for example, inflammation.
As people age, cells inevitably age too, which is
manifested by the acquisition of the senile pro-
inflammatory secretory phenotype (SASP) and the
formation of inflammaging — systemic chronic low-
level inflammation [14]. It is important to note that
the vast majority of patients included in the study
had a history of concomitant somatic age-associated
diseases, which were identified as risk factors for the
development of dementia [15]. The most frequently
mentioned disease was atherosclerosis, as well as
type 2 diabetes mellitus, which are characterized by
a systemic increase in the expression of inflammatory
markers [16]. It is worth noting that some of the data
from the medical records of patients with dementia
was censored, and it was not possible to further
clarify the presence or absence of age-associated
diseases. Inflammatory responses, both systemic and
limited to the central nervous system, are a debated
risk factor not only for Alzheimer’s disease, but also
for other mental illnesses such as schizophrenia [17].
However, it is AD that is an age-associated pathology
with a high level of prevalence and a tendency to
further increase; in addition, effective diagnosis and
therapy for this neurodegenerative process have not
yet been developed.

HISTOLOGY

Conclusion

The presented data are evidence of the
heterogeneous formation and distribution of
pathognomonic signs of AD in the cerebral cortex —
amyloid plaques and pTau fragments. It was noted that
accumulation of pTau occurs earlier than -amyloid. The
average number of pTau fragments was significantly
increased in patients with manifested dementia, while
in some cortical regions the number of amyloid
conglomerates was higher in cognitively intact elderly
patients. Considering this, as well as the growing
volume of data regarding more complex mechanisms
underlying the pathogenesis of neurodegenerative
diseases in general and AD in particular, it is advisable
to continue experimental studies in the paradigm of
non-amyloid hypotheses.
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PacnpegaeneHue B-amunouga v pTau B KOpe roloBHOro Mo3ra
B 3aBMCUMOCTM OT BOo3pacTa U NCUXMaTpUYecKoro cratyca
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AnHoTanus: AxmyanbHocmb. Bonesns AnbireiiMepa (BA) siBnsieTcst ofHON 13 Haubonee paclipoCTpaHEHHBIX IPUUUH
WHBa/IMZHOCTH ¥ OCHOBHOM IMPUYMHOM Pa3BUTH IeMEHLIMM M HaXOAUTCS Ha 7-M MeCTe CpeJii BeYILHX IIPUUMH CMePTH BO BCEM
mupe. [JuarHoctuka BA BK/rOUaeT orpeziesieHHe aMUJIOMIHBIX OJisiiieK U rurnep¢ochopunipoBaHHOro Tay-rpoterHa (pTau)
B royioBHOM Mo3re. O7iHaKO B TIOC/Ie{HHe TO/ibl aMUJIOH/{HAs TUTIOTe3a pa3BUTHsl BA mozBepraeTcst KpUTHKe U TIepecMOoTpy,
Y TIOSIB/ISIETCST BCe Oorblile JaHHBIX, CBU/ETeIbCTBYIOLINX 0 O0Jiee CJIOKHBIX MaTOreHeTUUeCKUX MeXaHW3MaX, IPUBOZSIIX
K HelipogiereHeparuu rpu BA. Ienbto Haitlelt paboThl ObII0 OLIeHUTH IPUCYTCTBHE Y pacipeiesieHeM aMUIOUHBIX O/1siek
U ¢parmeHToB pTau B pa3sHbIX perMoOHax KOpbl TOJIOBHOTO MO3ra y MarjueHToB >60 jieT ¢ JUarHoCTUPOBaHHOM JjeMeHLel
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1 6e3 KOTHUTHUBHBIX HapyILEeHWH, a Takxke y moged <60 siet. Matepuasbl 1 MeToAbl. Ha IMMYyHOTMCTOXUMUUECKH OKPAIIeHHBIX
THCTOJIOTMYeCKUX CpPe3ax B 30HaX IaparvmnrokKaMraabHON, BUCOYHOU U 3aThIIIOYHON KOPBI OLIEHUBA/IM KOJIMUECTBO [3-aMuionza
u hparmenToB pTau B Tpex Tpymnrax nayeHToB ¢ BA. Pe3yibmamsl u 0bcyscoeHue. AMUNOUIHBIE OJISIIKY BBISBIISUTUCH Y BCEX
nanueHToB crapiue 60 sieT (¢ u 6e3 JeMeHIMU), TOTAA Kak y jui| miaziie 60 ieT OHU BCTpeyanuch B 66 % ciyuaes. [Tpuuem
HauboTbIlIast MJIOTHOCTD 3-amMusionja Hab/ozaIach B 3aThIJIOUHOM 30HEe KOpbI. pTau 00Hapy>KUBAJICS BO BCEX 30HAX KOPbI Y TPeX
rpyTIax MalydeHToB, OJHAKO B 3aTHUIOUHOM 30He KOPHI y TTaljueHToB cTapiie 60 jieT ¢ u 6e3 geMeHIMH KoyrmdecTBO pTau 66110
3HAYMMO BBILIIE, UeM B Tpyrre juL miazire 60 jet. Bbigoobl. Takum 06pa3om, HakoryieHHe pTau MPOUCXOJUT PaHblile, YeM
[-amunonzga. Kpome Toro, kommuectBo pTau Bblille y marpieHToB cTapiie 60 ieT ¢ MaHH(eCTUPOBaBILEH 1eMeHL1eH, Torja Kak
B HEKOTODPBIX pervoHax KOpbl KOJIMUeCTBO KOHIVIOMEPATOB aMU/I0K/ia BhIllle Y KOTHUTHBHO COXPAHHBIX MOXKUJIBIX MMal{ieHTOB.
[MonyueHHbIe JAHHBIE YKA3bIBAIOT Ha O0JIee C/I0KHBIM MeXaHU3M Pa3BUTHsI HelpoiereHepaTUBHbIX 3a00/1€BaHUM, PU KOTOPBIX
06pa3oBaHKe aMUIOU/IHBIX OJISIIIIEK MOXKET SIBJISITHCS C/Ie/ICTBUEM, a He MPUYUHON 3a00/1eBaHuUsl.
KnroueBble ciioBa: 60s1e3Hb AnblreiiMepa, 3-aMmunons, Tay-6eok, Bo3pacTHble 3a00/1eBaHUs
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The choice of the optimal mesh implant for hernioplasty operations
depending on the properties of mesh implants

Andrey V. Protasov ~, Mekhaeel Sh. F. Mekhaeel > Sameh M. A. Salem

RUDN University, Moscow, Russian Federation
P><l mekhaeel60@yahoo.com

Abstract. Silver and titanium were the first used elements in the era of hernia-strengthening biomaterials about a hundred
years ago, reaching up to 150 types nowadays. The uniqueness of Deeken and Lake Mesh Classification system is its dependence
of the properties of the used materials in classifying them, where three main categories of meshes was established; permanent
synthetic, absorbable (of biological origin) derived; furtherly divided into composite, non-composite types, and hybrid meshes. The
physical characteristics of each category are determined by the pore size, thread diameter, thickness and density. Moreover, tear
resistance, suture retention, uniaxial tensile and planar biaxial tensile testing, ball burst, make it possible to refine the properties
of the mesh implant. This article is devoted to understanding the types of mesh materials used for repair of the anterolateral
abdominal wall hernias by highlighting the properties of their scaffold materials, coating and barriers, as well as their improvement
through coating by different several materials improving their properties in order to meet the needs of sufficient and satisfactory
hernia repair seeking for leadership in choosing mesh implants.

Keywords: hernia, mesh implants, Deeken and Lake Mesh Classification system
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Introduction

The manuscript presents a literature review of
the structures of mesh materials according to their
components and mechanical characteristics to establish
their ideal application for hernia repair. sources included
Research Gate, Springer, PubMed, ScienceDirect, online
library, SAGES manual on hernia surgery, as well as
modern research on the biomedical application of carbon
nanomaterials, including graphene, in dissertation works
in order to select the optimal option.

Silver and titanium were the first biomaterials to be
used for reinforcement of hernia starting from the 40’s
of the last century, which were replaced by permanent
synthetic mesh materials in the next decade reaching
up to 150 types of mesh materials nowadays. The
uniqueness of Deeken and Lake Mesh Classification
system over other classifications; is that it clarifies the
nuances in order to explain the properties of the used
materials dividing them into 3 main groups; permanent
synthetic, resorbable, and biological tissue-derived
materials which are furtherly divided into subgroups
depending on; reinforcement materials, coatings and
barriers [1—4].

The physical characteristics

1. Pore sizes; microporous (< 100 pm), small pores
(100—600 pm), medium pores (600—1000 pm), large
pores (1000—2000 pm).

2.Fiber diameter; very large (> 200 pm), large
(175—200 microm.), medium (150—175 pm.), small
(125—150 pm.) and very small (<125 pm).

3.Thickness; extra thick (>1.5mm), thick (1—
1.5 mm), medium (0.75—1 mm), thin (0.5—0.75mm)
and very thin (< 0.5 mm).

500

4. Area density; heavy weight (>90g/m2), medium
weight (50—90g/m2), lightweight (35—50 g/m2) and
ultra-light-weight (< 35g/m2).

5. Suture retention strength; the maximum load
sustained prior to failure of the suture.

6. Tear resistance testing; is the performed effort
to understand the resistance of the material provides
against propagation of tear once the tear has been
initiated.

7.Ball burst testing; Estimating strain, stiffens and
ultimate tensile strength of the tested mesh material.

8. Uniaxial tensile testing; to understand the
resistance of the material provides against tension
applied in two orthogonal directions simulating the
conditions of the human abdomen.

9. Lap shear testing; Measuring the maximum
load measured in Newton which the suture can resist
achieving tissue reinforcement [2].

The first category includes permanent synthetic
polymers [5, 6]:

1. Polyprolene (PP): A nonabsorbable, high
tensile strength, nonpolar, electrostatically neutral,
and highly hydrophobic, coated or uncoated; mono or
multifilamentous. Heavy or light weight were the latter
decreasing the incidence of recurrence through escaping
intense inflammatory reaction and thick scar formation
therefore avoids mesh contraction [7, 8].

2. Polyester (PET): Multifilamentous, polar,
hydrophilic, and coated by collagen preventing
adhesions, so be used intraperitoneally degradable
during infections [7].

3. Extended Polytetrafluoroethylene (ePTFE):
Having minimal inflammatory reaction and lower scar
density; incomparison to PP and PET. However, its
fixation with fine material is mandatory as it can be
easily broken [9].
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4.Polyvinylidene fluoride (PVDF): Is superior to
PP and PET regarding its resistance to degeneration and
hydrolysis, moreover, decreasing foreign body response
is considered as an additional advantage as reported in
some studies [10, 11].

Coatings, the permanent anti-adhesive coating
group for all current designs possess Titanium.
Moreover, permanent synthetic meshes are paired with
resorbable barriers, biological tissue-derived barriers
or resorbable coatings e.g., Omega 3[5].

Barrier materials which act as an anti-adhesive
layer are classified into:

1. Permanent non-composite, include expanded
PTEF (ePTFE).

2.Permanent Composite, include (ePTFE) with the
exception of one silicone design (Surgimesh®).

3.Resorbable (biologically derived) include:
Sodium hyaluronate/carboxymethelcellulose/
polyethylene glycol hydrogel, glycolide/caprolactone/
trimethylene carbonate, glycolide/ E caprolactone,
type I collagen, polyglycolic acid/trimethylene
carbonate, Polyvinylpyrrolidone/polyethylene glycol
and finally the omega-3 fatty acid which represents
the only available resorbable coating are represented
in Table 1 [5].

Table 1
The properties of each type of the first-generation mesh implants
Pore ’ Tensile
Product Material | Size Absorbability Weight Filament strength Advantages Disadvantages
(Manufacturer) (mm) (g/m2) (N/cm)
Vicryl (Ethicon) PGA 0.4 (60_';%')&3)/5) 56 Multifilament | 78.2+10.5 E;?é;ﬁtue: Recurrence.
Dexon (Syneture) PGA 0.75 (60—F9u(;|¥jays) 56 Multifilament N.A. N.A. Adhesions
Full Low risk of
Sefil (B-Baun) PGA 0.75 (60—90 )c/ia s) 56 Multifilament N.A. Secondary N.A.
y infection.
Evokes a chronic
Marlex (BARD) PP 0.8 No 80—100 Multifilament 58.8 N.A. inflammatory
reaction.
3D Max (BARD PP 08 No 80—100 | Multifilament | 124.7 Ri)da‘:rfed Adhesions.
Polysoft (BARD) PP 08 No 80—100 | Multifilament N. A. E.lIFZQ?JﬁS Adhesions
Prolene (Ethicon) PP | 08 No 80-100 | Multifiament | 1565 | Clmmates Adhesions
surgipro PP 0.8 No 80—100 | Multifilament 418 Flexible. | Meomplete wound
(Autosuture) Healing
Prolite (Atrium) PP 0.8 NO 80—100 Multifilament 138 Flexible Adhesions.
Trelex (Meadox) PP 0.8 No 80—100 Multifilament N.A. Flexible Adhesions.
Atrium (Atrium) PP 058 No 80—100 | Multifilament | 56.2 N/cm T?;:?éi?liito Adhesions.
Premilene PP 0.8 No 80—100 Monofilament 41.4 Flexible. Adhesions.
(B-Braun)
Serapren (smooth) PP 0.8 No 80—100 Multifilament N.A. Flexible. Adhesions.
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End of the table 1

Product Pore Weight Tensile
Material | Size Absorbability 9 Filament strength Advantages Disadvantages
(Manufacturer) (g/m2)
(mm) (N/cm)
Parietene PP 0.8 No 80-100 | Multifilament | 389%52 | Flexible. Adhesions.
(Covidien)
Prolene Light PP | 1-36 No 36—48 | Monofilament 20 Flexible. Adhesions.
(Covidien)
Optilene PP | 1-3.6 No 36—48 | Monofilament 58 Eliminates Adhesions.
(B-Baun) pain.
Mersilene - Eliminates .
: POL 1-2 No 40 Multifilament 19 - - Adhesions.
(Ethicon) infection.
Heavy o . .
Goretex (Gore) ePTFE | 0.003 No Weight Multifilament 16 Flexible Adhesions.

Note: PP — Polypropylene; POL — Polyester; E-PTFE — Expanded polytetrafluoroethylene; PGA — Polyglycolic acid; N.A. — Information

not available [6].

Hybrid meshes are created by combination of
two materials aiming to obtain advantages of both;
i.e. permanent synthetic and resorbable materials;
a co-polymer of glycolide and lactide or glycolide/ E
caprolactone; providing mechanical support at the sites
of defect, followed by gradual absorption, moreover,
the combination of some types of permanent synthetic
mesh materials and biologically tissue derived anti-
adhesive barrier i.e. Zenapro® which is a composite
of polyprolene (PP) and a non-cross-linked porcine
small cell intestinal submucosa [5].

The second major category of meshes is furtherly
subdivided into: non-coated without barriers or even

reinforced, and coated barriers. Uncoated barriers
include:

1) Poly-4-hydroxybutyrate (P4HB).

2) Ultra-pure fibroin from silk.

3) Polyglycolic acid (PGA).

4) Co-polymer of glycolide and lactide.

5) Co-polymer of polyglycolic acid and
trimethylene carbonate and Co-polymer of glycolide.

6) Lactide and trimethylene carbonate.
Coated barriers by resorbable composite include:
(Poly-4-hydroxybutyarate scaffold paired with a hydrogel
of sodium hyaluronate/carboxymethelcellulose/
polyethyleneglycol [5]. As shown in Table 2.

Table 2
The properties of each type of the second generation meshes
Pore Tensile .
Product Material Size Absorbable Filament strength Weight Advantages Disadvantages
(Manufacturer) (g/m2)
(mm) (N/cm)
Vypro, Vypro Il PP/ Partially
(Ethicon) pol;glzctm >3 (42 days) Multifilament 16 25and 30 | Eliminates pain. Recurrence
Gore-Tex Dual Mesh 0.003— e Heavy Eliminates .
Plus (Gore) e-PTFE 0.022 No Multifilament 16 Weight adhesions. Infection.
Parietex (Covidien) POL/ >3 Partially Multifilament 16 75 Ellmln_ates Infection.
collagen (20 days) adhesions.
Composix EX Dulex y ) Light Minimizes .
(BARD) PP/e-PTFE 0.8 No Monofilament N.A. Weight adhesions. Infection.
Proceed (Ethicon) PP/ Large Partially Monofilament 56.6 45 Eliminates Adhesions.
cellulose (<30 days) recurrence
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End of the table 2
Pore Tensile .
Product Material Size | Absorbable Filament strength Weight Advantages Disadvantages
(Manufacturer) (9/m2)
(mm) (N/cm)
DynaMesh IPOM _ ) ) . I .
(FEG Textiltechnik) PP/PVDF 1-2 Partially Monofilament 11.1 60 Biocompatibility. Adhesions.
Sepramesh . _ Partially . Reduces v
(Genzyme) PP/sodium 1-2 (<30 days) Monofilament N.A. 102 adhesions. Non-flexible
Partially Reduced
Ultrapro (Ethicon) PP/PGC-25 >3 Monofilament 55 28 inflammatory Adhesions
(<140 days)
response.
Reduced .
Ti-Mesh (GfE) . PP./ >1 No Monofilament 12 16 inflammatory Low tensile
titanium strength
response.
) Poor anti-
’ . PP/omega Partially . 170 £ -
C-Qur (Atrium) 3 >1 (120 days) Monofilament 201N 50 N.A. ;?2;::?;

Note: PP: Polypropylene. E-PTFE: Expanded polytetrafluoroethylene. POL: Polyester. PVDF: Polyvinylidene fluoride. PGC-25:
poliglecaprone 25.N.A, Information not available in literature [6].

The third category of hernia meshes ‘Biological into: Non-crosslinked: and Crosslinked as presented
meshes’, which had been introduced to overcome the in Table 3 [5].
complications of synthetic meshes are furtherly divided

Table 3
The properties of each type of the third generation meshes.
Product ) Tensile .
(Manufacturer) Material Strength (MPa) Advantages Disadvantages
. Porcine (small Intestinal No refrigeration is required. Requires hydration.
Surgisis (Cook) submucosa) 4 Long history of safety data Susceptible to collagenases
FlexHD (JandJ) Human (acellular dermis) 10 No refrlgeratlon or *N. A.
rehydration is required
No refrigeration or Hvdration

AlloMax (Davol) Human (acellular dermis) 23 rehydration is required. rgquired

Available in large sizes

No refrigeration or
11 rehydration is required. *N.A.
Available in large sizes.

Porcine/Bovine (xenogenic

CollaMend (Davol) acellular dermis)

Limited long-term
follow up.

Porcine/Bovine (xenogenic

Strattice (LifeCell) acellular dermis)

18 Available in large sheets.

No refrigeration or
39 rehydration is required. *N.A.
Available in large sizes.

Permacol Porcine/Bovine (xenogenic
(Covidien) acellular dermis)

Limited long-term
follow up.

Porcine/Bovine (xenogenic

XenMeatrix (Davol) acellular dermis)

14 Available in large sheets.

Note: *N.A. Information not available in literature [6].

Mesh fixation using tacks, screws, or clips migration and neuralgia which are avoided by
has led to numerous postoperative complications, using Self-gripping meshes: ProGrip™ is PP self-
including, vascular injury, bowel obstruction, mesh gripping, lightweight, isoelastic; macroporous knitted
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monofilament, hydrophilic mesh with absorbable
micro-grips providing self-adhesive fixation during
the first months after implantation with an absorption
time more than 18 months. Moreover, absorption of
40 % of the mesh weight decreases postoperative
foreign body sensation and chronic pain. In addition
to providing a tack-free fixation during laparoscopic
hernioplasty with superior fixation strength compared
to Bard 3D Max™ light textile with SorbaFix™
tacks or fibrin sealant, fast recovery, easy to use,
and faster than tacks and glue decreasing the cost
of laparoscopic inguinal procedure are additional
advantages of ProGrip™ orienting it to be a part of
the green medical market products [13—16].

Adhesix™ is a self-gripping, double-sided
mesh, made of two components. A knitted,
monofilament polypropylene mesh (rough side)
covered by a resorbable layer of polyethylene
glycol (PEG) and polyvinylpyrrolidone (PVP)
(smooth side), which upon moistening form
a hydrogel that cross-links to the underlying
tissue within 5 minutes and resolves within 7 days
reducing, mesh weight to <40 g/m2 allowing easy
movement and repositioning. However, poor
integration, seroma formation and shrinkage are
drawbacks of meshes Adhesix™ [17, 18].

Antibiotic coated mesh shows the following
spectrums of bacterial strain inhibitions [19]:

1. Ampicillin coated PP meshes: S. aureus and
E. coli [20].

2. Gentamicin coated polyprolene/ poliglecaprone
(PP/ PGC) and PE — polyester: S. aureus and when
coated to PVDF — polyvinylidenfluoride: S. aureus
E. coli, S. epidermidis [21,22].

3. Cefazolin coated PGA-TMC — polyglycolic
acid— trimethylene carbonate; S. aureus while when
loaded on PE — polyester meshes: MRSA infection
[23, 24].

4. Vancomycin coated PE — polyester meshes:
S. aureus and MRSA infections [25].

5. Levofloxacin coated PP and PCL —
polycaprolactone meshes: S. aureus, E. coli, while when
loaded with silver on PLLA — poly-L-lactide mesh:
MRSA infection [26, 27].
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6. Ciprofloxacin coated PP meshes: S. aureus,
E. coli infection. PCL/L-DOPA meshes coated by
ofloxacin have the same zone of prevention [28, 29].

7. Rifampicin coated meshes: S. aureus and
E. coil, while when loaded with other antibiotics like
minocycline or ofloxacin: MRSA infection [1, 30].

3D Meshes

3D printing is bio-dimensional imaging of surgical
meshes via layer-by-layer deposition of materials on
the mesh surface which is obtained by 7 procedures:
() fused deposition model (FDM), also known as
material extrusion, (IT) powder bed fusion, (III) vat
photopolymerization, (IV) material jetting, (V) binder
jetting, (V1) sheet lamination, and (VII) directed energy
deposition, were the choice of procedure depends on
many factors; type of mesh material, time of production,
cost, availability of equipment, and technical expertise;
i.e. FDM is used for the development of non-biological,
while powder bed fusion has applications in drug
delivery systems. The advantage of such layer-by-
layer fabrication system is that the printed layers and
compounds used can be tailored to achieve a coordinated
balance between drug release and device degradation
therefore enhancing tissue repair, moreover, upon
loading with contrast-materials, 3D printed meshes
were visible on CT [31—37].

Moreover, 4D-printing seems to resolve the
limitations of 3D-printed devices to recapitulate the
dynamics of living tissues by introducing “time” as
a new factor, where smart thermo-polymers capable
of shape changes in response to physicochemical
or biochemical stimuli (e.g., temperature, pressure,
presence of molecules, pH) which can be extruded via
FDM approaches. These stimuli-responsive polymers
allow the mesh to progressively adapt and respond
to changes in the host-tissue environment, enhancing
tissue ingrowth and implant compliance. Moreover,
this technology can optimize drug delivery systems,
enabling drug-loaded printed meshes to release their
medication only and specifically when needed e.g.,
release of antibiotics in the presence of bacterial toxins,
release of cytokines and growth factors to stimulate cell
migration and vascularization [38, 39].
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The choice of suitable mesh implant for
hernioplasty is a multifactorial process, depending
upon many factors; physical properties, advantages
and disadvantages of the given implant as well as
patient factors e.g., concomitant morbidities which can
increases the incidence of postoperative site infection
and the operative field anatomical site, virginity and
appropriate site of mesh implantation.

Among the three successive generations of mesh
implants; the first generation: permeant non-absorbable
mesh implants have the benefit of being long lasting
with good tensile strength, beside hybrid mesh subtype
possesses having the advantages of both mixed types.
The second generation: coated-mesh implants, have the
advantage of being light-wight and partially absorbable.
The third generation: biological mesh implants are being
biologically inert and completely absorbed by the patient
tissues. Furthermore, new upgrades have involved theses
mentioned generation achieving the self-gripping mesh
implants, carbon nano-coated mesh implants as we all
3D and even 4D mesh implants aiming at achieving
the concept of the most optimal mesh implants with
maximum benefits and minimum drawbacks (green
meshes).

Conclusion

The concept of optimal or best mesh is unfit for
practical application, as the selection of appropriate
mesh for every type of hernia repair operation is guided
by the properties of the mesh to be chosen in order to
fulfill the requirements of the favorable repair.
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Bbi60op onTUMaNbHOro ceTyaToro MUMNJIaHTaTa Aasa onepawumn
repHMon1IaCTUKN B 3aBUCUMOCTU OT CBOMCTB CeTyaTbIX UMMNJIAaHTATOB
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Poccuiickuii yHuBepcuteT Apy»k0bl HapogoB, 2. Mockea, Poccutickas dedepayust
< mekhaeel60@yahoo.com

Annoranusa. CepeOpo U THTaH OBbLM MEPBLIMU HCIOB3YeMbIMU 3/IeMEHTaMH B 3py OMOMaTeprasioB, YKPEeIUISIOMNX
I'PBIXKY, OKOJIO CTa JIeT Ha3aj, U B HAaCTosiIIee BpeMsi UX KOJIMUeCTBO AocTturaeT 150 BHI0B. YHUKaIbHOCTh CUCTEMBI K/IaCCH-
¢uKaLuK ceTyaTbIX UMIUIaHTATOB [IyKeH 1 JIeliK 3aK/Ir0uaeTCsl B ee 3aBUCUMOCTHU OT CBOMCTB UCIIO/Ib3yeMbIX MaTepHasoB Ipy
UX KjaccuuKanuy, rje ObIIM yCTaHOB/IEHbI TPH OCHOBHbIE KaTeTOPHUH CeTUYaThIX MMIUIAHTATOB: TIOCTOSHHBIE CUHTeTUYeCKUe,
paccachiBaro1ecs: (610I0rnuecKoro NPOUCXOXK/eHNs), fjajiee pasfeneHHble Ha KOMITO3UTHbIE U HEKOMITO3UTHbIE TUIIbL,  TaKKe
ruOpUHBIE CeTUaThble UMIUIAHTAThL. PHU3NUeCcKre XapaKTePUCTUKY KaXKJ0HM KaTeropyu OTpe/iefistoTCsl pa3sMepoM Top, AHaMeTpoM
HUTH, TOMIMHON U TVIOTHOCTBI0. KpoMe TOro, MpouHOCTh Ha pa3pbiB, COXpaHEHHe IIIBOB, UCIIbITaHKe Ha OJJHOOCHOE pacTshKeHHe
1 TIJIOCKOCTHOE IBYXOCHOE PacTsDKeHHe, pa3phiB 1IapyKa M03BOJISIOT YTOUHUTh CBOMCTBA CeTyaTroro uMmrianrara. Crares
TMOCBsIIIIeHa M3YYEeHUIO TUIIOB CeTUaThIX MaTepUasoB, UCIIOIb3YeMBIX [JIsl JIeUeHHUs TPbDK IepeHeO0KOBOM CTEHKH JKHUBOTA,
C OIMMCaHKUEM CBOMCTB MX KapKaCHBIX MaTepHasoB, MTOKPLITHS U 6apbepoB, a TAK)XKE UX YCOBepLIeHCTBOBAHUIO.

KiroueBrble c/10Ba: rpboKa, ceTyaTble UMILIAHTAThl, CUCTeMa KlacCU(UKalUY CeTUaThIX UMIJIaHTaToB JJukeH U Jlelik.

Nudopmanus o puHaHCHpOBaHUH. ABTODHI 3asIB/ISIIOT 00 OTCYTCTBUM (PMHAHCUPOBAHUS.
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KocTHas nnacTuka pacLLe/iuH afibBeoJIIPHOro OTPOCTKa:
K BONPOCY O COBPeMEeHHOM napaaurme sie4yeHus

AM. Ky3uenoB' ', X.3. imaHoBa' IB’ A.M.Tycapos! ', O.C. SlukeBuu®

M.E. 3opuu® ', H.JI. KopotkoBa“* ', Y.0O. KonsliioBa' ~, A.M. HaraiiueHko'

'TlepBbIiit MOCKOBCKHUI rOCYJapCTBEHHBIN MeAULIMHCKUH yHUBepcuTeT uM. .M. CeueHoBa, e. Mockaa, Poccutickas
dedepayus
’beniopyccKuii rocyAapCTBeHHBIN MeULMHCKUI yHUBepcHTeT, 2. MuHck, Pecnybauka Beaapych
SMeMIIMHCKUH cepBUC «DKOMeICEePBUC», 2. MUHCK, Pecnybauka Beaapych
“TIpUBO/DKCKUI HCCIIei0BaTe/IbCKUM MeAULIMHCKII yHIBepcHTeT, 2. Hudichuil Hogeopoo, Poccutickas @edepayus
< hannaimanova@yandex.ru

AnHoTanus. AkmyaabHocmb. OflHUM U3 Haubo/iee PacpOCTPAHEHHbBIX TTIOPOKOB Pa3BUTHS SBJISETCS BPOXK/AEHHAsI
paciiesiMHa ryobl, Heba U anbBeoISIPHOTO OTPOCTKA. KocTHas MiacTHKa aibBeoIsIpHOTO OTPOCTKA SB/SIETCS] HEOTheMIeEMOM
YacThIO peabM/IMTAL[K MALMEHTOB, CTPA/AI0IMX 3TOM raTosiorveil. B qaHHOM 0630pe IuTepaTypbl pACCMOTPEHbI COBpEMEH-
HBIe acIleKThl XUPYPryuuecKoil KOpPeKLMH pacliie/IfH albBeosIpHOT0 0TPoCcTKa. [ToAX0p! K BEITIOTHEHUIO JAHHOMW OTepariuy
CyILleCTBeHHO M3MEeHSUIMCh C TeueHHeM BpeMeHH. EIMHOM KOHLIeIIY Ha CerofiHsIIHUN /IeHb He CYII[eCTBYeT BBH/Y TOTO, UTO
BMEIIIaTe/IbCTBO MOXKET B/IUSITh HA POCT BEPXHEH UeIi0CTU, ¥ TOTO, UTO TIO/IXO0/IbI, TPUMEHsIeMbIe B ZIeTCKOM XUPYPrUy, MOTYT
ObITb He3(PEKTUBHBI y B3POC/IbIX MAl[MeHTOB. BechMa akTyalbHbIM BOMPOCOM OCTAETCs TAKXKE BBIOOP KOCTHO-TI/IACTUUECKUX
MarepuasoB, MOCKOJIbKY Pe3y/IbTaThl IPUMEHEeHHs ITUX MaTepUasioB MPU JPYTUX MaTolorUsiX BapbUPYIOT. Lleab ucciedogaHus —
CHCTeMaTH3aLysi IaHHBIX 0 KOCTHO-TI/IACTUYECKUX OTlepaLivsiX MpY paclle/IMHaX ajbBeosIPHOTO OTPOCTKA Y TIAL[EHTOB Pa3HbIX
BO3pACTOB U aHA/IM3 OMyOIMKOBaHHBIX HAyUHBIX paboT. Mamepuabl u Memodbi. O630p U aHATU3 IUTEPATYPHBIX UCTOUHUKOB
TIPOBO/MJICS T10 K/TFOUEBBIM C/I0BaM Ha 3JIEKTPOHHBIX pecypcax 6a3 ganHbix PubMed, Google Scholar, eLibrary, 66114 HCO/Tb-
30BaHbI 3apyOeKHbIE U POCCHICKHE UCTOUYHHUKH. AHaIM3UPOBA/IMCE HayuHast IMTeparypa, HareuataHHas ¢ 1901 mo 2024 rr.
Pesynbmambi u obcysicoeHue. Ha faHHbBIM MOMEHT GOJIBIIIMHCTBO aBTOPOB CKJIOHSIETCS K BBIMOJTHEHHIO OTEepalivy B IEPUO]] PAHHETO
CMEHHOT0 TIPUKYCa TIPY HaJIM4MK 3auaTka 00KOBOTO pe3iia, MO0 Mo3Hero CMEHHOT0 MPUKYca ([0 pope3bIBaHus K/IbIKa) Py
ero oTcyTcTBud. [IpoBe/ieHe orepanyy y B3pOC/IbIX MALMEeHTOB CBS3LIBAIOT C OObIIel cTerneHbo pe30opOLyy TpaHCIIaHTaTa
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Y JIOTIOJIHUTETBHBIMU TPYAHOCTAMU. Cpeii KOCTHO-TIACTUUeCKUX MaTepHaoB MpeANouTeHHe OTIAeTCs ayToKocTy. Haubosnee
TIOMY/ISIPHBIM OCTaeTCs aBaCKY/ISIPHBIM ayTOTPAaHCIIIaHTAaT 13 06/1acTH rpebHs OAB3AO0IIHON KOCTH. [IpeAnpHHUMAFOTCS TTOTITKU
yXo7ia OT IpUMeHeHHs] ayToMaTepyuasoB U COKpalljeHHsT UX KOJIMUEeCTBa C L{e/IbI0 YMeHbIIIeH!s TOBPesKAeHUsI JOHOPCKHX 30H.
B C/IOKHBIX C/Ty4asix MOKET BO3HUKHYTb He0OX0JUMOCTh MPUMEHEHUsI MeTOIUK C UCII0/Ib30BaHHUEM PeBaCKY/ISIPU3UPYEMbIX
ayTOTPaHCIIJIAHTAaTOB UJ/IM ITPOTe3UpOBaHuUsl. bonbllioe 3HaueHNe IIpU/aeTCs OPTOLOHTHUECKOH MOTOTOB/IEHHOCTH NAL[IeHTOB.
Bb1800b!. TToAxoy K MaLyeHTaM C pacilie/TMHOHN a/lbBeoJIsIPHOTO OTPOCTKA JI0/KeH ObITh b depeHIMPOBaHHbIM. Ba)KHO yUUTHIBATL
BO3pAaCT MaLeHTa, COMaTUUeCKUH U CTOMATOIOTMYeCKUIA CTaTyChl [Jis BbIOopa Hanbosee KOPPEKTHON TaKTHKY BeJIEHUSI.

KitroueBble ¢/10Ba: pacilie/lMHa albBeosIPHOTO OTPOCTKA, Pacije/lMHa ryosl 1 Heba, KOCTHast IVIACTHKA, KOCTHO-TUIACTHUeCKHe
MarepHasIbl

Hudopmanus o hpuHAHCHPOBaHUH. ABTOPHI He TI0/Iy4and (PMHaHCOBYIO ITOAZEPIKKY AJIs1 HAMMCAHKUS U ITyO/MKaliK CTaThH.
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Alveolar clefts bone grafting:
on the issue of modern treatment paradigm

Alexey M. Kuznetsov' ', Khanna Z. Imanova' |g, Artem M. Gusarov' ,
Oleg S. Yackevich’? ~, Maryanna E. Zorych? ~, Nadezhda L. Korotkova®* ',
Ulyana O. Kopylova' ', Artem M. Nagajchenko'

!Sechenov University, Moscow, Russian Federation
Belarusian State Medical University, Minsk, Republic of Belarus
3Clinic "Ecomedservise”, Minsk, Republic of Belarus
“Privolzhsky Research Medical University, Nizhny Novgorod, Russian Federation
< hannaimanova@yandex.ru

Abstract. Relevance. One of the most common birth defects is congenital cleft lip, palate and alveolar ridge. Modern aspects

of surgical correction of alveolar clefts are discussed in this literature review. Approaches to performing this operation have
changed significantly over time. A unified concept does not exist to this day due to the fact that the intervention can affect the
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growth of the upper jaw, and the fact that approaches used in pediatric surgery may not be effective in adult patients. The choice
of osteoplastic materials also remains a very pressing issue, since the results of using these materials for other pathologies vary.
The aim of the study is to systematize data on osteoplastic surgeries for alveolar clefts in patients of different ages and analyze
of published scientific works. Materials and Methods. The authors analyzed scientific data in the search engines PubMed,
Google Scholar and eLibrary. Scientific literature published from 1901 to 2024 was analyzed. Results and Discussion. At the
moment, most authors are inclined to perform the operation during the period of early mixed dentition in the presence of a lateral
incisor rudiment, or late mixed dentition (before the eruption of the canine) in its absence. Performing surgery in adult patients
is associated with a greater degree of graft resorption and additional difficulties. Among osteoplastic materials, preference is
given to autologous bone. The most popular remains an avascular autograft from the iliac crest region. Attempts are being made
to avoid the use of autologous materials and to reduce its quantity in order to reduce donor morbidity. In complex cases, it may
be necessary to use techniques using revascularized autografts or prosthetics. Great importance is attached to the orthodontic
preparedness of patients. Conclusion. The approach to patients with alveolar cleft should be differentiated. It is important to take
into account the patient’s age, somatic and dental status to select the most correct management tactics.
Keywords: alveolar cleft, cleft lip and palate, bone grafting, osteoplastic materials
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BeeneHue pebeHKa, a B TIOC/IeIyIOILEeM, TTPY HETTOJTHOLIEHHOH pea-

BpoxzenHas paciienvHa ryoel u Heba (BPI'H) siB-
JISIETCSI TSDKEJTBIM TTOPOKOM 3MOPHOHAIBHOTO Pa3BUTHS,
TpeOyIOIUM KOMITJIEKCHOTO CBOEBPEMEHHOTO JIEUeHMS.
PacnipocTpaHeHHOCTb JaHHOW TTaTOJIOTHUU IUPOKO
BapbUPYeT U 3aBHUCUT He TOJBKO OT TeHeTUYeCKUX
(hakTOpOB, HO ¥ B 3HAUUTE/ILHOU CTeIeH! OT BHeLll-
HecpeZioBbIX BAUsiHUM [1]. B cpejHeM Ha KaXKyto
TBICSIUY HOBOPOXX/IEHHBIX POXKZAeTCs OAUH pebeHOoK
c BPTH [2].

Hanuune BPI'H oka3biBaeT HeraTUBHOE B/IUSTHUE
Ha IICUX0JIOTUUeCKoe U (yHKI[MOHAIbHOEe COCTOSTHUE
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OunMTaIK, ¥ B3pOCIIOro YesoBeKa. HapyieHue scre-
THUYeCKHMX TIPOTIOPLIMH /UL, POOJIEMBI C TTMTAHUEM,
peublo, IbIXaHUeM, CJTyXOM, HaJTudre COMyTCTBYHOIIAX
TaToJIOTHi, CTUTMaTU3alys AeTel U UX ceMeil — Bce
3TO He MOJKeT MPOUTH OeccieJHO /st TUYHOCTH [3, 4].
CornacHo gaHHeIM Yusof M. S., IIKO/IbHUKY (TTal[AeHTEI
7—18 net) c BPT'H umeroT 60/1ee HU3KOe KaueCTBO
YKU3HU T10 CPaBHEHUIO CO CBePCTHUKAaMU [4]. YuuThiBas
BCE 3TO, HEBO3MOYKHO TIePeOIIeHUTh Ba)KHOCTh peabu-
JIUTAL[UOHHBIX MEPOTIPUATUN ¥ KOMIUIEKCHON paboThI
KOMaH/Ibl CTIeI[MaTUCTOB C 3TUMH Tal[ieHTaMU.
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Peabunuranus nanuentoB ¢ BPT'H gauTtenbHa
1 MHoroaTarnHa. OHa rogpa3ymeBaeT paboTy He TO/IBKO
C XMPYPrOM Y OPTOJOHTOM, HO U C OTOPUHO/IAPUHI0JI0-
rOM, FeHeTUKOM, JIOTOMe/|OM, TICUXO/I0rOM U JPyTHMU
crienanucraMy. HeorsemsieMol 4acTbr0 XUPYpru-
YyeCKoW peabUTUTALINU SIBJISIETCS OTlepaLiysi KOCTHOM
TJIACTUKU PaCLLie/IMHbI aIbBe0JISIPHOTO 0TPOCTKa [5].

KocTHas nyiacTvka paciiie/ivHbl aJbBeossIpHOTO
orpocTtka (KITAO) — onepariusi, HaripaB/ieHHasi Ha 3a-
MelleHre fedeKTa KOCTHOM TKaHU U BOCCTAHOB/IEHHE
HeIpepbIBHOCTY a/IbBeO/IIPHOTO OTPOCTKA BepXHel
YeIHCTH. DTO BMeLlaTeIbCTBO pelllaeT C/eyrolue
3a/,auu:

— CTaOWIM3aLUI0 BepXHEUeTFOCTHBIX CeTMEeHTOB,
0cobeHHO TIpH JBYCTOPOHHEH paciiie/iiHe;

— CO3/laHMe YCJIOBUH [i71s1 IPOpe3bIBaHus 3y00OB
B periapaTvBHbIN pereHepar Ipyu BTOPUYHOK KOCTHOM
T/1aCTHKE;

— CTabuIM3aryio pe3y/ibTaToB OPTOJOHTUYECKOTO
JieueHus;

— y/y4lleH’e yCJIOBUM /151 IPOBe/leHus 1ocJie-
JIyIo1Ilel CTOMaTOrHaTUUeCKOW peabuMTalvmg;

— yCTpaHeHHe OpOHa3albHOU (PUCTY/IbI;

— KOPPEKLIMI0 aCUMMETPUU UeTH0CTHO-/TULIEBOM
obmactH, 6rarozapst Co3aHNIO Ha CTOPOHE PacClIie/MHbI
KOCTHOU OTIOPHI Zijisi KPbljla HOCA ¥ MATKUX TKaHeur
BepxHel TyObI;

— BO3MOXKHOCTb [POTe3MPOBaHUsI Ha [IeHTa/IbHbIX
VIMILIaHTaTax;

— ynyulleHue peud [6—8].

Ienbrw ganHoTo 00630pa SBASETCS aHAIU3
JIUTepaTyphbl U CUCTeMaTH3alys JaHHBIX O KOCTHO-
IJ1IaCTUYeCKUX Orepalusax Npu pacliesMHax aabBe-
OJISIPHOTO OTPOCTKA y Mal[MeHTOB Pa3HbIX BO3PacTOB.

MaTepman bl ® ME€TOA Dbl

O630p 1 aHa/IN3 JIMTEPATyPHBIX UCTOUYHUKOB MTPOBO-
JWATICS TIO KJ/IFOUeBBIM C/I0BaM Ha 3JIeKTPOHHBIX pecypcax
6a3 manabix PubMed, Google Scholar, eLibrary, 6111
MICTI0/Tb30BaHbI 3apy0e)KHbIe ¥ POCCHICKHe NCTOUHUKH.
AHanmM3upoBanuCh Hay4YHast IMTepaTypa, HareyaTaHHast
¢ 1901 o 2024 rT.

DENTISTRY

Pesynbratbl 1 obcyxaeHue

Knaccupukanumn

Kpatine Ba)KHO /1151 TOHUMaHUsl TeMbI OTpe/je/IuThb-
Cs1 C OCHOBHBIMU KJ1aCCU(PUKALIMOHHBIMY TIOHSATUSIMHU.
B pamkax Hartieii cratbu 1jeecoobpasHo 0CTaHOBUTBCS
Ha knaccr¢ukauyu BusoB KITAO u paccMoTpeTh Ma-
TepHaJbl, C IOMOLLbIO0 KOTOPBIX OHA OCYILeCTB/ISeTCS.

KITAO, B 3aBUCHMOCTH OT BO3PacTa BHIIOJTHEHUS
BMelIIaTe/IbCTBA, MOYKET ObITh:

— TIepBUYHOM (TIPOBOJUTCS MapasiiesbHo C rep-
BUYHOM XeU/I0MIaCTUKOM B BO3pacTe 0T 3 MecsLeB
[0 2 n1ieT);

— paHHel BTOPUUHOM (TIPOBOJUTCS Tiepes Tipope-
3bIBaHHEM ITOCTOSIHHBIX 3y0OB B Bo3pacTe OT 2 70 5 /1eT);

— BTOPUYHOMU (ITPOBOAWTCS B [T€PUOJ, CMEHHOIO
npyKyca bo paHHero (B 6—8 e, 0 mperiosiarae-
MOT0 BpeMeHH Ipope3bIBaHts JlaTepa/IbHbIX Pe3LioB),
60 mo3aHero (B 9—12 net, 0 npe/IionaraeMoro
BpeMeHHU IpOope3bIBaHUs KJ/IbIKOB));

— TI03[HEeil BTOPUUHOW/TPETUUHOW (TIPOBOAUTCS
TI0CJIe TIPOpe3bIBaHus TOCTOSIHHBIX JlaTepa/IbHbIX Pe3Lj0B
W/TU KJILIKOB, He3aBUCMMO OT BO3pacTa TaijieHTa) [6,
8, 9].

Taxoke BoriZesA0T NOBTOPHYIO0 KITAO, OHa BbI-
TIOJIHSIeTCSI TIPU HeJ0CTAaTOUHOM 006beMe KOCTHOTO
pereHepara rnocJje npejiiecTBYIOLLel onepauyy s
paLMoHaIbHOTO NpoTe3upoBaHus [6—8].

Ucnonb3yemsle gt KITAO maTtepurariel, 10 Bepcur
Dissaux C. u zp. (2021), MO)XHO CHUCTEMaTU3MPOBATh
CJTeYIONMM 00pa3oMm:

— ayTOTpaHCII/IaHTaThbl;

— BCIIOMOrare/ibHble MaTepuasbl (BelecTBa, pu
n00aB/ieHNHM KOTOPBIX B ayTOTPAHCIIAHTAT yMeHb-
1aeTCs CTereHb pe30pOLUK KOCTHOUW TKaHH; K HUM
otHoCaT PRP/PRF u pa3nuuHbie K/IeTOUHbIE MaTpPHULIbI
(ckadpposabr));

— 3aMeHMTeJM KOCTH (BeLeCTBa, [T0Ka3bIBaroLL1e
B psifie UCC/Ie/I0BaHUM CXOHbIE C ayTOTPAHCTI/IaHTaTaM1
pe3yJbTaThl, U BelljeCTBa, Ha KOTOpbIe BO3/1ararTCs
TaKue HaZIeXXbl, TpeOyroLIHe OTI0THUTE/TBHBIX UCCTe-
JIOBaHMIA; K HUIM OTHOCST OHMOKepaMUKYy, KOMITO3UTHbIE
MaTtepuaJibl ¢ jobaieHeM BMP-2, K/ileTouHytO Tepa-
o) [9, 10].
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ITo mpoucxoXXAeHNI0 KOCTU ayTOTPaHCII/IaHTaThl
JIeqsIT Ha:

— MeMOpaHOo3HbIe (ayTOTPaHCIUIaHThI CO CBOJA
yeperia U U3 HIDKHEHN UesloCTH), uMeroIue obiiee
TIPOMCXO0XKeHe C BepXHeUe/FoCTHOU KOCThIO;

— 9H/IOXOHJpasibHble (ayTOTPaHCIIaHTaThI U3 KO-
CTel Ty/noBuIla U KOHeYHocTel) [11—13].

ITo Ty KpoBOCHAOKeHUST KOCTHBINM ayTOTPaHC-
TIJIAHTaT MOXET ObITh:

— aBaCKy/IsSIPHLIM (He MeeT COOCTBEHHOTO KPO-
BOCHAOKeHMs);

— peBacKy/asipU30BaHHBIM (MMeeT He3aBUCUMYIO
CUCTEMY KPOBOCHaO»KeHHs C TIEPCTIEKTUBOM BOCCTaHOB-
JIeHUsI TIUTAaHUS OT COCYZI0B, HAXOZSIIUXCS B PELUITH-
eHTHOM 00/1aCTH), TO €CThb MPe/[CTaB/ISIOIIUM COO0M
CcBOOOHBIN MOCKYT [7,14].

CTpYKTYpPHO ayTOTPaHCIIAHTAThl KOCTeM MOTyT
ObITh:

— KOPTUKA/IbHbIMU;

— KOPTHKAJ/IbHO-TyOuaThIMU;

— ry06uarbiMy;

CoZleprKalliMK TaK)Xe Jpyrrve KOMIIOHEHThI
(HagKoCTHULTY, (hacLio, KOXKY C TTOJKOXKHOM YKUPOBOM
KieTuaTKou) [7, 14].

Bce Bbilllenepeync/ieHHble KaaccupUKaliiu
He SBJIAIOTCS KOHCTaHTaMU. OHU MOTYT U3MEHSIThCS
C TeueHHeM BpeMeHH U MPeJCTaB/IATbCS M0-pPa3HOMY
aBTopaMu. HeoOxoanmo ripesk/ie BCero rmoHUMaTh
CMBIC/T TeX WM UHBIX JAeHCTBUM/TIOAXO0/0B K MaljieHTaM
¥ BMelllaTeabCTBy. OJJHUM 13 K/IFOUEeBLIX BOIIPOCOB,
TpeOyHOLMX TTyOOKOT0 OCMBICTIEHUS, SIBJISIETCST BO3PACT
BMeLlaTebCTBa.

Kakoii Bo3pacT onTuMasieH AJjis onepanuu?

YT06BI BHUKHYTH B CyTh pacCcMaTpuBaeMoi
rpo06eMbl, COBEPIIUM KPaTKUW 3KCKYpPC B UCTO-
puto. 1o XX BeKa XUPYpPru OrpaHuuYMBaJIUCh JUILLIb
MSATKOTKaHHbIMM MaHeBpamu [15]. C HacTymnieHuem
XX Beka TMosIBUUCH TiepBbie coobiienus o KITAO.

WcTopust 3aKpbITHS a/lbBEO/IIPHON paclie/TMHbI
KOCTBIO Hayasach C «’KYTKOW», KaK BIIOC/IeICTBUN
Bhipasuics Koberg W.R. [16], onepauuu. Eiselsberg F.
B 1901 roay nepecagus asaHr¥ MU3MHLIA KUCTU Ha CO-
CyAUCTOU HOXKKe B 00/1acTh fedheKTa BepxHel YemoCTH
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19-netHeit geByikuy [17]. Janee Haya/mv MOSIBISTHCS
coo0O1ieHus o 6oee ryMaHHBIX MeTozax: Lexer E.
B 1908 coobrma 06 MCI0/Tb30BaHUM TPAHCTIAHTATOB
13 O60sTbITIe0epI[OBOM KOCTH Y /IeTel CTapIlero Bo3pac-
ta [18], Drachter R. B 1914 rofy ycrieiHo npumeHusI
Ty >Ke JIOHOPCKYH0 00/1aCTb 17151 3aKPBITHSI JBY CTOPOHHEH
paciiie/iiHbl 7-eTHeMy Manbuuky [19], B 1931 roay
Veau V. coBepLLIWT HeCKO/IBKO ITOIBITOK BBITO/IHEHHUS T10-
no6Hoi MeToaukY [20]. OTH MeTopl ObLM HarlpaB/IeHbI
1o 6oJIbIIIel YaCTH Ha TPETUUHYIO KOCTHYIO T/IACTHKY.
OribIT ¥ HabMIOJEHNs TUX XUPYProB, OHAKO, He ObLTH
CTO/b YOeIuTeIbHBIMU, U METOJMKA LIMPOKOTO TMPUMe-
HeHUs1 He Haxogua. CeroziHs BbITIO/IHEHUe TPeTUUHON
OCTeOTIaCTHKH, 0COOEHHO Y MarjueHToB crapiie 18 ser,
CBS3bIBAIOT C MOBBILIEHHBIM PUCKOM I10T€PH TPaHC-
TJIaHTaTa U ZIOTOJTHUTe/TLHBIMU TPyAHOCTSIMU [21, 22].

B 1950-e 1 1960-e rofpl MHOTUX XUPYPrOB OXBATHUII
5HTY3H1a3M I10 MOBOZY MepBUYHON KOCTHOM IMIaCTUKH.
W pes nonHoLieHHOM paHHe# peabumTaliy Obia py-
BJIEKaTe/IbHOM, TaK)Ke BO3/Iarajiuch HaJleX/ibl Ha 3TOT
3Tan KakK Ha CpeZiCTBO NMPOQUIaKTUKH JedopMaLiyii
BepxHell 4e/l0CTH U Hoca [23, 24]. 3Tu HafleXK Akl
He OMpaBJa/iCh B TeUeHHUe JeCATUIeTUH, CTalu M0-
SIB/ISITHCSI MHOTOUKMC/IEHHBIE COOOIIIeH s O BBICOKOM CTe-
nieH! pe30pOLMHY TPAHCIUIAHTAaTa, HapyLLeHUsIX 3yOHOTo
psifia U, 4To HauboJsiee BaKHO, TOPMOYKEHHU POCTa Cpefi-
Helt 30HbI MLia [25—27]. Tak, kK npumepy, Jolleys A.
B 1968 rogy cpaBHU/ rpymily AeTeid, KOTOPbIM Oblia
BBITIO/THEHA JlaHHasI TIpoLie/lypa, C IPYIoi O0MbHBIX,
B KOTOPOU He MPOBOAW/IACh IepBUUHAsA OCTEOM/IaCTHKA.
[Tpu 3TOM OH He 0OHAPYKUJT KAKUX-TTMO0 OUeBHUJHBIX
rpenmyliecTB. Maso Toro, 610 yCTaHOB/IEHO, UTO
y TalieHTOB K3 TIepBOii IPYIIMbI ObI/I0 3HAUNTETbHOE
OrpaHHYeHHe POCTa BepXHeH UeMtoCTH B IIONePeYHOM
Y [TlepeJjHe3a/iHeM HarlpaB/ieHHsIX C YBe/IlMueHreM TeH-
JleHI M (DOpMUPOBaHMS TIepeKpeCTHOTo TIpuKyca [25].
E1le oyH U3 0CHOBOIIO/IOXKHUKOB MeTOZia TIepBUYHOM
panHeli ocreoryiactuku Pfeifer G. B 1966 rogy, moce
HaOsirofieHNs 3a pe3y/IbTaTaMu MOoJ00HbBIX OTepaLuii,
TIpULIIeN K YOe)KIeHH 0 00 OTpULiaTeTbHOM BO3/IeHCTBUN
OrepaTMBHOIO BMelllaTe/bCTBa Ha (OPMUPOBaHKe
3ybouentocTHOM cuctemsbl [26]. B HacTosiiee BpeMst
nepeuuHast KITAO B 60/BLIMHCTBE KITMHUK HE BBITTOJI-
HaeTcsa [5—7].
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B cBs31 € HejocTaTKaMu, NPUCYLLIMMU [TePBUYHOU
Y TPETUYHON KOCTHOW TUIaCTUKE, UHTEpPeC CO BpeMeHeM
Bce OoJblile cMelaics B CTOpoHy BropuuHoi KITAO.
K cepenune 1960-x rogoB BTOpUUHAasi OCTEOMIACTUKA
Obl1a BHeZIpeHa Bo MHOTHe LieHTpbl [28—30]. Boyne P.J.
v Sands N.R. B 1972 rony cdopMynvMpoBaiv COBpeMeH-
Hble TPUHLUIBI 3TOM onepaliuu [31]. TpaauLioHHast
BTOPHUYHAs OCTEOIJIaCTHKA ITPOBOAUTCS B MEPUOZ, KOTa
POCT BepXHeli UesIt0CTH B TPaHCBep3a/IbHOM U Ilepe/iHe-
3a/{HEM HarpaB/IeHUsIX yKe 3aKOHUEH, a MPOZ0JDKAeTC s
TOJILKO BepTUKaJ/IbHBIN POCT Ye/toCcTU. IIpoBoaumas
B nepuof; Mexxay 8—12 rogamu (koria KopeHb IoCTo-
STHHOTO KJ/IbIKa chopMHpOBaH Ha 1/2—2/3), KocTHast
T71aCTHKA He BAUSIeT Ha Pa3BUTHE CPeJJHEN 30HbI THLa
U obecrieuriBaeT MPOYHYIO OCHOBY /IJIsl lalbHEeHIIIero
ripope3biBaHuA KibIKa [32, 33]. I1pu npoBegeHuy no3z-
Hei1 BropuuHoi KITAO (rocsie npope3sbiBaHus KITBIKOB)
y TIal[MeHTOB HaOJII0AaeTCst yCKOpeHHasi pe30opoLust
KODHS KJIbIKa, ¥ UM yallie TpeOyeTcs JeHTalbHask UM-
raHTanus [34].

TpaZMLIMOHHO KIIBbIK, IPU/erarmliui K pacuje-
nvHe, ObIT KIIOUeBbIM 3y00OM, MCIOJIb3yeMbIM 15t
onipegesienusi BpeMenu BropuuHoit KITAO. OgHako
HEKOTOpbIe CIleluauCThl Haua/u MPaKTUKOBATh
BBINTO/ITHEHV e BTOPUYHOM OCTeOIVIaCTUKU B paHHUM
Mepuo/i CMeHHOTO Tipukyca (B 6—38 siet) fo mpope-
3bIBaHUs 60KOBBIX pe3ioB. B 2007 rogy Ozawa T.
Y Ip. COOOLIUIN, YTO Y TIALJUEHTOB C TPUJIeraoLuM
K pacllie/IiHe 3a4aTKOM JlaTepa/ibHOro peslia, KOTO-
peiM Obisa mpoBeZieHa BropuuHast KITAO go mpope-
3bIBaHMS pe3lja, Habsofanacs MeHblias pe3op0orus
TpaHCIIaHTaTa. JlaTepasibHbIi pe3eL| Ipope3bIBascs
B TPAHCIUIAHTAT U, TaKUM 00pa30M, TpernsTCTBOBA
aTpouyeCcKUM mnporeccaMm B TPaHCIJIAHTUPOBAH-
HOM KocTH. VcceoBaTesny NPUILLIMA K BBIBOZY, UTO
BropuuHyto KITAO cnefyet npoBOgUTh B pAaHHEM
repyo/ie CMEHHOI0 TIPUKyCa IIPU Ha/JUuWy Y Manu-
eHTa 3auaTka H0KOBOTO pe31ia, TaK KaK 3TO IM03BOJIsIeT
COXPaHUTH JlaTepasbHbINA pe3el] U IPUBECTH K CUM-
METPUYHOU U 370p0BO 0KK/t03uK [35]. B 2016 rony
Dissaux C. u fip., cpaBHuB pe3ynbTaThl KITAO y nanum-
eHTOB 5 U 10 j1eT, NpULIA K aHAJIOTUYHOMY BBIBOZY,
OCTaBUB I10/] BOIIPOCOM BJIMsSIHWE paHHe! oreparjun
Ha poct jquria [36]. B 2019 roay Doucet J.C. u ap.
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obHapy>xumu, uto KITAO B Bo3pacTe 6 jieT He BUsiIa
Ha POCT Cpe/iHell 30HkI JiMila, OlleHnBaeMbIii 1o SNA
(Sella-Nasion-A) yruy, 10 CpaBHEHUIO C TPaJAULIMOH-
HOI omepaljie, MpOBOJMMOM B Bo3pacte 9—11 et
[37]. CnenoBaTesibHO, aTepaibHbIN pe3el] MOXKeT
OBITh /IOTIOJTHUTE/ILHBIM K/TFOUEBBIM 3yOOM J1J1s1 oTipe-
JleJIeHUs] CPOKOB BTOPUYHOM orepaLjuu. Y naljueHToB
C 3a4aTKOM JlaTepajbHOTo pesna BropuuHas KITAO
B TIepHo/] paHHero CMEeHHOTO MPUKYCa CrocoOCTByeT
COXPaHEeHHIO0 KOCTU U 3[,0POBOM OKKJII03MK. OHAKO
YTOOBI MPeAOTBPATUTE Pe30pOLIMI0 TPaHCII/IaHTaTa,
3Ty ONepaLyIo He ClelyeT MPOBOSUTE 0 NPOpe3bIBa-
HUS KJIBIKOB IIDU OTCYTCTBUY 3auyaTKa JlaTepajbHOIo
pe3ua. Onpoc, NpoBefieHHbIN cpeau 53 MyJIbTUUC-
LIUIJIMHAPHBIX TPYII CleLUaJlCcTOB 110 JIeUeHHUI0
pacliesiuH aulla, mokKasas, uto BropuuHas KITAO
B BO3pacTe OT 6 0 8 sieT 1 B Bo3pacTe oT 8 f0 13 ner
MIPOBO/IW/IACh XUPYPraMU CO CXOxeld yacToTou (47 %
1 49 % COOTBeTCTBEHHO) y Tal[MeHTOB C paclle/u-
Hamu [38]. HegaBHMe myOIMKaIiuy Tak>Ke Mo/1ep-
)KUBaroT 6osiee panHui mogxon [39, 40].

[ToMHMO pacCMOTpPEeHHBIX BHJ OB KOCTHOM
IJIACTUKY CYLLeCTBYeT TakXe Takoe IOHSTHe, KaK
«beckoCcTHast KOCTHasI TJIACTUKa» WM, TI0-APYyTromy,
ruHruBoriepuocTteoryiactuka (I'TIIT). I'TIIT Briep-
Bble npegnoxuna Skoog T. B 1965 rogy. I'TIIT — sto
rporeflypa, IIpu KOTOPO JleCHeBO-HaJKOCTHUUHbIe
JIOCKYTHI C 060enX CTOPOH paclije/IMHbI IePBUYHO
YLIMBAIOTCS B M/la/ileHueCTBe Hajl MepTBbIM IPOCTPaH-
CTBOM KOCTHOW I1leJi BepxHel yuentoctu [41]. Kak
MpaBuUJIO, B LieHTpax, ucrnosab3yrowux I'TIII, nepen
omeparyeit cOMMXarT anbBeOJIIPHbIE CerMeHThI
C TIOMOLbI0 Ha30a/bBeOJIIPHOTO MOJIAMHTa U/IU
aKTHBHBIX TpeJoNepaliOHHbIX OPTOAOHTHUYECKUX
arinapaToB, TakuX Kak ycrpoiictBo Latham. I'TITI,
OJJHAKO, He TI0JTHOCTBIO YCTpaHseT HeoOX0JUMOCTh
BTOPUYHOM KOCTHOM IJIACTUKY Y IO aBJISIOLIero
YyKC/ia MaueHToB, U ObIJI0 TT0Ka3aHo, YTO OHA BhI-
3bIBaeT OrpaHUUYeHHe POCTa BepXHel Ue/t0CTH, YTO
MIPUBOAUT K TOMY, UTO OOJbILIEMY UHCTY TIAl[HeHTOB
B Jla/ibHelIeM oTpebyOTCs OpTOrHaTU4YecKue
BMeIliare/ibcTBa [42—44]. HecMoTpsi Ha BCe MU-
HYCbI U KOJIMUeCTBO NIPOTUBHUKOB, CIIOPBI BOKPYT
JlaHHOMW mpoLielypbl OKOHUATe/IbHO He pa3pelleHbl.
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Bo3MoykHO, Hanbosiee yOequTebHBIN apryMeHT
B T10J1b3y THHTUBOTIEPUOCTEOT/IACTUKY ObLT BHIIBUHYT
B 2010 rogy Meazzini M.C. u gp. VIx npoTokon Kop-
PEeKLMY OJHOCTOPOHHUX PACLe/IVH Mpe/lyCMaTpUBaeT
PaHHIOK TMHIMBOAJ/bBE0/IOIVIaCTUKY B BO3pacTe
18—24 mecsueB HapsAy C 3aKpbITHEM pacllieIMHbI
TBepzoro Heba. Y 100 % narjreHToB, OrepUpOBaHHBIX
10 JaHHOMY TIPOTOKOJIY, B JjajibHelIIeM He ObLI0
IOKa3aHUM K BBIITOJTHEHUIO KOCTHOW MJ/IaCTUKHU.
K HepjocTaTkam MeTOLUKH aBTOPHI BCE K€ OTHOCSIT
orpaHuueHue pocra yentoctelt (y 27 % nayueHTOB
B IpyIille paHHel KOCTHOMW M/IAaCTUKU CO BpEMEHeM
oOHapy>KeHbI TIOKa3aHus K ocTeoTomu# 1o Jle-Pop 1
no cpaBHeHuto ¢ 10 % B rpymre geTeil cO BTOpUY-
Hoi KITAO) [42]. OgHako Ba)KHO OTMETUTh OoJiee
cTapiuuii Bo3pact kKoroptsl paHHel I'TIIT Ha MoMeHT
ornepalyy, B OTVIMYUM OT BO3pacTa MalyeHTOB IIpU
tpagumonnoi I'TIT, a Takke BbimosHeHue ['TITT
B KOHTeKCTe 00I1[ero rnpoTokoia.

He MeHee Ba)KHBIM BOTIPOCOM $IBJISIETCSI BEIOOD
MaTepHrasioB, C [IOMOILLBIO KOTOPBIX OCYILeCTBIIAeTCs
KITIAO.

KocTHo-ny1acTHueckue MarepHuasbl:
OT MPOLLJIOro K OyAymemMy

B nutepaType onrcaHa BO3MOXKHOCTb TIpUMe-
HEHUsI HEBEPOSITHO OOJBIIIOr0 KOTMUeCTBa KOCTHO-
MJIaCTUUeCKUX MaTeprasioB MPU paclie/ivHe albBe-
OJIIPHOTO OTpPOCTKa. Bo3HuKaroT Borpochl: «Kak
He TI0TepsIThCs BO BceM MHOroo6pa3uu? Ha uTo omnu-
patbcsi?» OTBETUTH Ha 3TU BOMPOCHI HECTIOXKHO, eCJTH
BCITOMHUTh CBOMCTBA, KOTOPLIMU J0/DKEeH 00/1a7aTh
WJieaibHbIN KOCTHBIN TPaHCIIAaHTAaT:

— OCTEOKOHAYKTHBHOCTB, TO eCTh 0becrieueHre
Kapkaca (ckaddosga) Aast pocta KOCTU ITyTeM BpacTa-
HUSI KJIETOK U3 PeLiUMUeHTHOM 061acTy;

— OCTEeOMHAYKTHUBHOCTb, TO €CThb Hajuure (ak-
TOPOB, MPUB/IEKAIOIIMX OCTEONPOreHUTOPHBIE K/IETKH,
VHAYLUPYIOIIWX ¥ MOZETUPYIOLHUX 0CTeoreHe3 C MU-
HMMaJ/bHOM BOCMAIUTE/bHON peakLuei;

— OCTEeOTreHHOCTh, TO €CTh CITIOCOOHOCTh OCTe-
OTeHHBIX KJIETOK IOHOPCKOM 001aCTH TIepeHOCUTLCS
BMeCTe C TPAHCII/IAaHTaTOM ¥ BHOCUTh BKJIaJi B TIPOLIECChI
(hopMHpoBaHs HOBOUM KOCTHOU TKaHU;
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— WMMYHOJIOTHYECKasi THEPTHOCTB;

— obecrieueHre CTPYKTYPHOU TTOAI€PXKKHU [JI/IST
COTIPOTHBJ/IEHUS] CHJIaM MBIIIIEYHOTO COKpaIlleHUs
1 pyOII0OBBIM TIpOLIeCcam;

— CrmocoOHOCTD BbIZIEP)KUBATh PaHHee BO3Bpa-
1eHre K (QyHKI[MOHUPOBAHUIO;

— MUWHMMAaJbHAas UM HyJieBasi JOHOPCKast MOp-
OMIHOCTB;

— OTCYTCTBHE TOKCHUECKOTO U MaryoHOoro B/vsi-
HUI Ha PeLUNUeHTHYI0 00/1acTh;

— OTCYTCTBUE BJIUSTHUSI HA POCT TIALIUEHTA;

— OIOPKETHOCTH;

— HEOHKOT'eHHOCTH [45].

Torza Bo3HUKAET JIPyTroi BOTIPOC: «CYIIeCTBY-
€T JIU MaTepuaJi, OTBEYAoIUi B MOJIHON Mepe BCeM
5TUM TpeOoBaHUAM?» IIpu BceM >KelTaHWUU OTBETHTh
yTBepAUTETbHO Ha JaHHBbI MOMEHT HeJib3st. OfIHaKO
eCTb MaTepHaJl, 00/1aJaroIuii OOJIbIIIeN YaCThIO 3TUX
CBOMCTB — 3TO ayTOMaTepHasl. AyTOTPaHCIIJIAaHTAThI
JI0 CHX TIOP OCTAIOTCS «30JI0ThIM CTaHZAPTOM» KOCTHOM
TIJIAaCTUKUA BO BceM Mupe. OcoOeHHO 1IeHHO TO, UTO
cobcTBeHHast KOCTHasl TKaHb 00/1a/jlaeT BCEMH TPeMsi
MeXaHHU3MaMH OCTeOUHTerparuu (0CTeOreHHOCTHIO,
OCTeOWH/TyKIWel, 0CTeOKOHAYKIIMel) [46]. XoTs cTout
OTMETHUTh, UYTO OOJbIIIOe 3HAUEHHE JJIsI TIPYDKUBIIE-
HUSI UMEIOT TaK)Ke TeXHUKa OTlepalluy, MO/[TOTOBKa
K BMeILIaTe/IbCTBY U COCTOSTHHE BOCITPUHUMAIOIIIEr0
noxa. [axke criocob XpaHeHHsT KOCTH TTocjie 3abopa
JI0 UMIT/IaHTAL[WY B a/TbBEO/ISIPHBIN eeKT BaxkeH. Tak,
HaripumMmep, Hassanein A.H. u 1p. B 2012 rogy cpaBHAM
)KM3HECTTOCOOHOCTD K/IeTOK ry0uaToro TpaHCIIaHTaTa
TTO/IB3/IOIIIHOM KOCTH TIPH XpaHeHUU TPaHCIIaHTaTa
Ha JIb/ly U TIPU KOMHATHOH TeMmiepartype. VccienoBa-
TeJIV TIPUIIUIM K BBIBO/Y, UTO XpaHeHHe TPaHCI/IaHTaTa
Ha JIbAY, a He TPU KOMHATHOM TeMIlepaType yBeu-
YHBaeT BbDKMBAEMOCTh KJIETOK: uepe3 2 yaca Mocjie
3ab0pa TKaHel B OXJIaXK/J€HHOW KOCTU KOJTUUeCTBO
JKM3HEeCII0COOHBIX K/IeTOK ObLI0 OoJbIie Ha 22 % [47].

HecmoTpsi Ha TO, UTO CEroiHst B apCeHasie XMpypros
HeT HUYero, UTo /IaBasio ObI I0CTOBEPHO JIyUIITHe pe-
3y/bTaThl, 00/1a/1ast IPU 3TOM aHAJIOTUYHBIM TIPOdUIEM
0e3011acCHOCTH, UeM ayTOTKaHH, HayuHble UCCIIeIOBAaHUS
TIOC/IeJHUX JIeT HarlpaB/IeHbl Ha TIOUCKU 3aMeHUTe el
KOCTHOM TKaHH, TKaHEBYIO UH)KEHEPHIO, a He Ha TIOMCKU
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HOBBIX JJOHOPCKMX y4acTKoB [48,49]. [TocToliHas 3aMeHa
ayTOTPaHCIIaHTaTaM [MO3BOJIUT 3HAYUTE/ILHO COKPATHTh
BpeMms oIepalyyi U 0TKa3aTbCsl OT TPaBMUPOBAHUS
[JOHOPCKHUX y4aCTKOB.

Utak, paccMoTpyM HauboJsiee U3BeCTHBIE B HAllle
BpeMsl KOCTHO-TIJIAaCTUYeCKHe MaTepuasbl yepes Mpu-
3My BBILLIeNIepeYrC/IeHHbIX CBOMCTB. Takxe nposesemM
CpaBHUTeJBHBIN aHanmu3 (cM. Tabm. 1).

AyTOTpaHCI/IaHTaThI

HauboJsee yacTo JOHOPCKMMU y4acTKaMH [i7Is
B34THSA ayToTpaHcaaHTaroB rnpu KITAO ssisrorcs:
rpeOeHb TIO/[B3/I0LITHOM KOCTH, HYDKHSIS UeJTIOCTh, CBOJ,
yepera, pedpo, OyrpucTocTs 60/bIIEOEPI[OBOM KOCTH.
Kak npaBusio, UCI0/1b3yOTCS aBaCKyJ/IsipHble ayTo-
TPAHCIVIAHTAThL. B C/IOKHBIX CUTYaIUsIX MOXKET ObITh
pPaccMOTpeHO MpUMeHeHHe CBOOOIHBIX JIOCKYTOB (CM.
pazfen «CioyKHbIe CTy4yau: UTo /Ie/laTh?»).

B 3TOM pasgerne GyayT pacCMOTpeHbI aBaCKY/IsIpHbIE
ayToTpaHCIUIaHTaThl. [lepes TeM Kak TiepeiTH K Ux 00-
CY’K/IeHHI0, 0CTaHOBUMCSI Ha HEKOTOPbIX (pri3noioruye-
CKMX 0COOEHHOCTSIX HaXOXK/IeHHsT Pa3HbIX T0 CTPYKType
Y TIPOUCXO’KJ€HUI0 aBaCKYJ/ISIPHBIX TPAHCIIJIAHTAaTOB
B peLUIMeHTHOM 30He KpaHuodalraipHoi 06macTy.
B dynmamenTanbHbIx uccaegoBaHusx 1970—1980-x
rOZI0B Be/ach JUCKYCCHS O pa3Muusx B (PU3HU0/IOTUN
TPAHCIJIAHTaTOB MeMOPAaHO3HOTO M YH/I0XOH/pab-
Horo npoucxokaenusi. B 1974 rogy Smith J.D. u ap.
B MCCJIeJOBAHUM Ha KPOJIMKaX 0OHAPY>KUJIH, UTO MeM-
OpaHO3HBIe ayTOTPAHCI/IAHTaThI (M3 00/1aCTH Uepera)
TIOUTH He T0fiBepsKeHbI Pe30pOLuH, B OTJIMYUH OT 3H-
JIOXOH/Ipa/TbHBIX (M3 00/1aCTH TTOB3/I0IITHON KOCTH),
B KOTOPBIX Uepe3 rof] Mocjie MMIIaHTaLu| Hab/mojanack
pe3opbius 110 64 % [45]. B ucciemoBaniy Ha KpoIdKax
u 00e3bsiHax Zins J.E. u ap. B 1983 rogy Takxe oripese-
JIA/A, YTO TPAHCIUIAaHTUPOBAaHHAsi MeMOpaHO3Hast KOCTh
coxpansieT 60K 00beM, ueM H/I0XOHApaIbHast
KOCTb, TIOCKOJIbKY TIepBasi peBacKy/Ispu3upyeTcs Obl-
crtpee [12].

B npotuBoBec 3Ttomy Wolfe S.A. Bbipa3un
MHeHHe, YTO JJOHOPCKUM y4aCTOK U ero MpOUCX0XK-
JleHre He UMeIOT 3HaueHUs], BakKHa JIULLIb CTPYKTypa
TpaHcriaHTara. Wolfe S.A., BripoueM, TipeirourTarn
KOPTHKa/IbHO-TY0UYaThIM MOAB3/OIIHBIM TPAHCIUIAHTa-
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TaM KOPTHUKaIbHO-TyOuaThle TpaHCIUIaHTaThI U3 00s1a-
ctu uepetna [50]. Ozaki W. u ap. B 1998—1999 rogax
Ha OCHOBaHWU psiJia UCC/IeJOBaHUM Ha KPOJIMKaX IpU-
11/IM, TI0 CyLL{eCTBY, K TAKOMY >Ke BbIBOZY. VIcrionb3ys
(1r00pOXPOMHBIE MapKepbl U KOMITbIOTepHbIe TOMO-
rpadbl, 3TH yueHble 0OHAPYKU/IH, UYTO KOPTUKA/IbHbIE
TPaHCIJIaHTaThl, He3aBUCUMO OT 3H/I0XOH/Pa/IbHOI0
Wi MeMOPaHO3HOTO MTPOUCXOKIEHHSI, XOPOILLIO COXpa-
HSIOT 00beM, a rybuarasi KOCTh HIPKHel UeTFoCTH UIH
MO/IB3/I0IIHOM KOCTH IeMOHCTPUPYeT HauOObIIIYIO
pe3opbiuro. KpoMe Toro, He 61710 BLISIB/IEHO CyIIje-
CTBEHHOM pa3HUIIbI B CKOPOCTH Pe30pOLuu Mexay
SH/IOXOH/PaTbHBIMU 1 MeMOPaHO3HBIMU KOPTHKA/IbHbI-
MU KOCTHBIMU TPaHCTI/IaHTaTaMU. BOsIbIas CKopocThb
pe3op0OLuy ry6uaToro BelecTBa CBS3bIBaach C TeM, UTO
CUJIb PEMO/IeTTMPOBAHMSI 3aCTaBISIOT ryOuaThie KOCTHbIE
ayTOTpAHCIUIAHTaThl Pa3BUBaTh Oosiee MIOTHYO, Hosee
B3alMOCBSI3aHHYHO U O0Jlee MexaHUUeCKU CTaOUIbHYO
MHKPOapxutekTypy [51—53]. Takum 06pa3om, CTemneHb
pe3op01ru KoppesmpyeT ¢ MUKPOapXUTEeKTYPO ayTo-
TPaHCII/IaHTaTa, a He C ero NnpoucxoxgeHrueM. OHaKo
TI03BO/TUM Ce0e HallOMHUTb, UYTO KOCTH MeMOPAaHO3HOTO
TIPOUCXOXKAeHUs1 OeIHBI Ha ryOuaTyro TKaHb M COCTOSIT,
B OCHOBHOM, U3 KOPTHUKAJILHOTO BemecTBa. Koctu »xe
3H/IOXOHPATBEHOTO TIPOUCXOXKEHHS TI03BOJISIOT 3a0paTh
Gonbimii 00bem rybuaToit TKaH| TIPH He0OXOJUMOCTH.

[IpexncraBisieT UHTepeC TakXe UCCIe[0BaHNUe
Rosenthal A.H. u gp. (2003r.), B KOTOPOM OHU TOXKe
Ha KpOJIMKax U3yuaau (pU3H0JIoTHI0 repecakeHHbIX
KOCTHBIX KOMITIOHEHTOB. O/{HaKO, B OTVIMYMHU OT UCCIIe-
noBanuii Ozaki W., yueHble pa3melija/ii KOPTUKaIbHbIE
¥ ry0JaTbie TPAHCIUIAHTAThl PA3HOTO MTPOUCXOKIEHUS
He B MO3ULIMI0 «onlay» (IIpyU KOTOPOU TpaHCI/IaHTaT
HaKJ1a/IbIBalOT Ha MOBEPXHOCTH Jle(eKTa), a B MO3H-
LU0 «inlay» (TIpy KOTOPOM TpaHCIIaHTaT pa3MellatoT
BHYTpH JedekTa), Mogo0HO TeXHUKe pa3MelleHus
TPaHCIIJIAHTATOB TP pacliie/IMHax a/J1bBeoJIsIPHOTO
oTpocTKa. Pe3ynbTaThl MoKasaau, u4Tto, B OTIMUYHE
oT «onlay» pa3MmellleHHsI KOCTHBIX TPaHCI/IaHTaToB,
npu «inlay» Mo3uLMK BCe KOCTHbIE TPAHCILJIAHTAThI
XOPOILIO COXPaHsUIM CBOM 00BbeM 1 yBe/TMUMBA/IUChH B HEM
C TeueHreM BpeMeHH. [Ipy 3TOM HarOOJIBILINIA IPUPOCT
Habroz1acst B TyOUaToi TKaHW SHJ0XOHAPATbHOTO
TIPOUCXOKAeHus1. BbiBoz TakoB: HabsroaeTcst pa3Hast
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CTereHb pe30pOLIMK ¥ OCTeOCHHTe3a IPH pa3Melrie-
HUU T'yOuaThIX TPAHCIJIAHTAaTOB B Pa3Hble TO3ULINH;
peryaupyroTcsl BCce 3TU MPOLIeCChI, CyAsi TI0 BCEMY,
MeCTHBIMH (PaKTOpaMH (CKOpee BCero MexaHuueCKon
cpezioii). KocTHbIe TpaHCIIIaHTaThl, [10-BUMMOMY,
TOBTOPSIIOT XapaKTepPUCTUKU KOCTH, B KOTOPYIO OHU
OBbLTH TTOMeIIIeHbl, @ He COXPAHSIOT CBOU MPUPOJHBIE
XapaKTepUCTUKU [54].

1. I1oos30owHas Kocmb

[TozB3moLIHAs KOCTh yrKe [JaBHO SIB/ISIETCS] CTaH-
JlapTOM, C KOTOPbIM CPaBHHUBAIOT JIpyrye JOHOPCKHe
ob6sactu. C 70-x Mo HacTosiljee BpeMsi, HeCMOTPSI
Ha MHOTOUMC/IEHHbIe CPAaBHUTE/IbHbIE UCCIe0BaHUS
MeyK/ly MOJB3/I0LLIHBIM ayTOTPAHCII/IAHTaTOM U IPyTUMU
aHaTOMUYeCKUMH yJ4aCTKaMH U MaTephajiaMu, 3Ta 00-
J1aCTh 3aHUMaeT JIMAUPYIOLLIYe [TO3ULIMY B PEKOHCTPYK-
1Y anbBeosisipHbIX pacienvH [10]. CekpeT mogo6HOro
ycriexa KpoeTcsi B IPOCTOTe XUPYPruyeckoro A0CTyma
1 BO3MOKHOCTH 3abopa [JOCTaTOUYHOTO KOJINYeCTBa
Matepuasa [31].

TpaHcriaHTaT MOXKeT 3abUpaTbCst U3 TepeiHero
U 3a/IHEero y4acCTKOB I0oZiB3/I0LIHOrO TpebHs. Hanbosee
yzno0eH TiepeiHHI yuaCTOK BBHY BO3MOXXHOCTH JIBYX-
KOMaH/IHOTO TT0JIX0/]a ¥ COKpaIlleHHs1, TaKuM 06pa3om,
BpPeMeHH OMepaTHBHOrO BMellarenscTsa [6,45]. JocTyn
MOYKeT OCYIL[eCTBISAThCS MO0 K/lacCuuecku (C pas-
pe3oM 2—4 cm), MO0 MaIOMHBA3UBHO (C TTOMOIIIBIO
pas/IMUHBIX YCTPOMCTB: TpernaHa, UpeCKOXXHOM UITIbI,
LWIMHZPUYECKOT0 0CTe0TOMa U T.11.). B cucremarnye-
ckoM 0630pe SahaA. u ap. (2019r.) cooO11jaeTcs 0 TakKux
MperMyl1iecTBaX MUHUMAa/IbHO MHBa3UBHOIO IOCTYyIa
riepef TpaZULIMOHHBIM, KaK YKOpOUYeHHe BpeMeHH Ol1e-
paLuy, MeHblllasi TOTPeOHOCTh B aHaIbreTHKax, Oosiee
ObIcTpast BbIMUCKA U3 00BHULIBT [55].

TpaHcTIaHTaTHl MOTYT TIPeJCTaBAsATh COOOM
¢parmeHT rybuatoii KoCTH, KOPTUKA/IbHOM T/IACTUHKY,
OpaTbCsi B BU/le KOCTHOM CTPY>KKHU MO0 Ccofiep>KaThb
Kak rybuaroe, Tak 1 KOpTHKa/IbHOE BeIeCTBO B OHOM
6noke. HemasioBaXkHO TO, uTO 3Ta 06/1acTh Oorara ry6-
yaTol TKaHblo [45,56,57]. I'ybuarasi KOCTb COEP)KUT
Oo/TbIIIOe KOJTMUECTBO OCTEOTeHHBIX K/IETOK U JIeMOH-
CTpYpYyeT OBICTPYIO PeBaCKY/ISIPU3ALIUI0, B OTJIUUNN
OT KOPTUKAJbHOM KOCTH, KOTOpasi COXpaHsieT 00beM
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3a cueT rnoj3yyero 3ameirenus [58, 59]. Vcronb3o-
BaHHe Tr'yO0uaTOM KOCTH TIOZAB3/I0IIHON 00/1acTH TIpH
BropruHOM KITAO K/IMHUYeCKH fiaeT 6oJiee yCrienHble
pe3ynbratsl [56]. [Ipu Tpetrnunoii xxe KITAO 6onee
CTaOW/TbHBIM, Ha/IE)KHBIM U YI00HBIM [/ 1a/TbHEHIIIero
TIPOTe3UPOBAHMS SIBMISETCSI KOCTHBIN O/T0K TIO[B3/0IITHOM
KOCTH (10 CPaBHEHMIO C UCK/TFOUMTETBHO I'yOuaThiM
TpaHCIIaHTaToMm) [57].

OCHOBHOW HeZIoCTaToK 3abopa KOCTH 13 MOAB3/011I-
HOM 00/1aCTH — IOHOPCKasi MOPOUTHOCTD, T/IaBHBIM
TIpOsIBJIEHWEM KOTOPOM SIB/ISIeTCS TIOC/ieorepaljuoOHHast
607b B 06/1acTH TpebHs MOAB3/I0IITHOM KOCTH. [IprunHOoi
TIoC/IeorepalMoOHHBIX 0oseli B MecTe 3ab0pa KOCTH
SIBJISIETCS TIOBPEXK/€HNE CYXOXKUTHUN OOKOBBIX MBIIIIL]
JKUBOTA U OOJIBIIION STOAMYHOMN MBILIILBI C COOTBET-
CTBYIOIL[EM CTOPOHBI. IHTeHCHBHOCThL 60T BO MHOTOM
3aBUCHT OT TEXHUKH OTepalyd, U HEKOTOpbIe Ucce-
JIOBaHMS CXOZSTCS BO MHEHHWH, UTO 3Ty 60/b UacTo
niepeolieHUBalOT [60—62]. Bo/BIIMHCTBO MALlMeHTOB
€o0011jatoT 0 60/ HU3KOM UHTEHCUBHOCTH, KYTTUPYeMOM
napateTtamosioM. Baquain Z.H. u ap. (2009) u Matsa S.
u 71p. (2012) coo0r11aroT, YTO MareHTbl MOTYT XOAUTh
B TeueHUe 24 yacoB MOC/ie orepalyy U BOCCTaHaB/U-
BalOT HOPMaJILHYHO TIOXOKY MakCcumMyM uepe3 10 gHeit
[63,64]. Bo Bpemena Bergland O. (1986) nnu Hall H.D.
& Posnick J.C. (1983) npebbiBaHue B O01bHMIIE OBLTO
JIOBOJIBHO [IJTUTETbHBIM, C T€X MOP OHO COKPaTU/IOCh
o 1 unm 2 gHeli [65]. Takxke, TOCKOMBKY Oo/bImast
YacTh MaLeHTOB — JIeTU, OTKPBITHIM 0CTaBaJICsI BOTMIPOC
0 BO3MOYKHOM HapyIlIeHHH pocTa 3Toi obmactu. OfiHaKo
3TU OMaceHUs He TIOATBePAWINCH KITMHAYeCKHU [64].

HecMoTpst Ha Bce npeumyiijecTBa, 066em pe3op-
OLMM MO/[B3/I0IIHOTO AyTOTPAHCIIJIAHTATa, COTIaCHO
JTaHHBIM psifia MCC/ieioBaTe/ei, 0CTaeTCs BHICOKUM
(mo 40 % B 1 rop), uTO MOATANKHWBAaeT HEKOTOPHIX XU-
PYPIOB K MCTOJ/Ib30BaHMIO JIPYTHX JIOHOPCKUX 00acTeid
[65—67].

2. HudcHAAa yenocmsb
HwkHsis yemoCTb — 3TO BTOpast 10 MOMY/ISPHOCTH
TI0C/Ie TO/B30IIHOTO 'PebHs JoHOpCKast 3oHa rpu KITAO.
Kak ripaBusio, ayToTpaHCIiaHTaT 3a0MpaeTcst u3 00/1acTu
niogbopopouHoro cuMdusa [68—70], pexxe U3 HDKHeYe-
JIFOCTHOM BeTBH [71, 72]. K 0CHOBHOMY NperMYILeCTBY
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MOYKHO OTHECTH «JIOKa/IM3aL|1i0» BMelllaTe/IbCTBa, ero
OrpaHHWYeHre OfIHMM OIepaLyOHHBIM MosieM. [Tpruuem
[JAHHOE OIepaLMOHHOE T10J1e SB/IeTCS [PUBBIYHBIM U XO-
POLLIO 3HAKOMBIM 17151 OOJTBLIMHCTBA Ye/TFOCTHO-/THLIEBBIX
XUPYProB. X0Th HEBO3MOKHOCTb MPUB/IEUeHHsI ABYX Opu-
raji ¥ yBe/IMuMBaeT BpeMsi OrepaLiii, HeBUIMMbIE LLIPaMBbl,
OTCYTCTBUE BbIpayKeHHBIX IT0C/Ie0NepaLiOHHbIX OoJ1el,
HeOOBITION CPOK TOCITUTAIU3Al|H [Ie/Iat0T 3Ty 00/1aCTh
JOCTaTOUHO TpUBJieKaTebHOM [73, 74]. HeomHoKpaTHO
ObUIO TOKA3aHO, UTO ayTOTPAHCIIAHTaThl U3 00/1acTh
cuMdU3a 1py paciiie/IMHaX MOT'YT /laBaTh aHa/IOTMUHbIe
pe3y/bTaThl 0 CPABHEHHIO C MOZB3/I0LIHBIMY ayTOTPaH-
crutagraramu [68—70].

Tem He MeHee, MOCKOJIbKY Yallle BCEr0 UCMO/Ib-
3yeTcsi cUM(U3 HU)KHEUN UetoCTH, CyIeCTBYIOT
OTpaHUYEHMS], CBSI3aHHbIE C KOMUeCTBOM MaTepHarna,
JOCTYITHBIM /7151 3a60opa. DTH OrpaHUueHust BO MHOTOM
VH/JUBUAYaIbHbI U CBS3aHbl C aHATOMUEH OTZe/IbHbIX
naueHToB [74]. TIo3ToMy 00bIUHO 3TOT ayTOMaTepH-
as1 UCTOJIb3yeTCsi TIPU HeOOJbIITNX OHOCTOPOHHUX
paciiiesiiHaxX aJbBeoJIIPHOTO OTpocTKa [75, 76]. st
TIOTy4eHUsI afleKBaTHOTO 00bemMa Mareprasa v yMeHb-
LIeHWs CTeleHU MOBPeXJeHUs JOHOPCKOU 30HBbI
HEKOTOpble XMPYPI'U BIIOJIHE YCIEIIHO MPaKTUKYIOT
CMeITMBaHUe ayToMarepuasna U3 o61acTu HUKHeN
YeJIFOCTHU C JPYyrUMU cybcTaHUUsIMU (Harpumep,
¢ matepuasioM Bio-Oss, 6eTa-TpukanbLutidocdarom)
[72, 76, 77].

OCHOBHBIMU PUCKaMU 3TOTO JJOHOPCKOI'O yyacTKa
SIB/ISIFOTCS TIOTEHLMaIbHbIe TIOBPEXKeHUS 1eCeH UIn
KOpHeii 3y00B, 0COOeHHO KOT/ja TPaHCTIIaHTaT 3abupa-
eTcsi B paHHeM Bo3pacTte [68, 73]. TIpu ucroyib30BaHUN
HIVDKHeUYe/IFOCTHOrO ayTOTPaHCIUIaHTaTa y JeTel He-
KOTOPLIMH aBTOpPaMu C000I111aeTcst 0 60siee BICOKOM
TIPOLIeHTe PeTUHUPOBAHHBIX K/IbIKOB 10 CPaBHEHUIO
C TIO/IB3/I0IIIHBIM ayTOTpaHCIIaHTaToM [78]. Bo3mox-
Ha TakXXe JleHepBalls TKaHel IPU TpaBMe HY)KHero
a/bBeOJIIPHOTO WIW MEHTA/IbHOTO HEPBOB [72—74].
Kpome Toro, yzjaneHve HiXHeue/Ir0CTHOTO cuM¢r3a
Y B3POCJIBIX MOXKET TIPUBECTH K [JOITOBPEMEHHBIM
cToMKUM fiecdekTaM (PopMbl HUKHEN uestocTH [79].
TiaTenbHOe pefonepalOHHOE TJIaHUPOBaHuUe Mo-
MoraeT CHU3UTb PUCK OCI0KHEHUH [0 MUHUMAJIbHBIX
3HaueHuu [45, 77].
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3. Ce00 uepena

AyToTpaHCIIJIaHTaThl CO CBO/a Yeperia yCIelrHo
TIPUMEHSIIOTCS TIPU KOHTYPHOM TJIaCTUKe JIULIEBOTO
CKeJleTa, TIOCKO/IbKY Pa3MeIatoTCsl TIPY 3TOM B TIO3UILIUIO
«onlay». B cityuae ke c paciije/liHaMU aJIbBeO/ISIPHOTO
OTPOCTKA, TTPY KOTOPBIX TPAHCIIAHTAThI pa3MeITatoTCs
B TO3UILIMIO «inlay», CUTyal[usi He TaKasi Of[HO3HAYHasi
13-3a HeOOJIBIIIOTO KO/TMUeCTBa ryouaToi Koctu [54, 80].
Pe3y/bTaThl UCIIOH30BaHUS ITOTO ayTOTPAHCI/IaHTaTa
TIpY pacirie/IMHax MpoTuBopeurBbl. OJHA MCCTeIoBaTe-
JIA COOOIIAFOT O XOPOILUX pe3y/ibTaTax, COMOCTaBUMbIX
C WCITO/Tb30BaHUEM ITOZIB3/I0IITHOTO TPaHCIIaHTaTa,
Y aHAJIOTUYHOM WM iaxke Oosiee 6/1aronpUsITHOM IPO-
duste pe3opbiumm [80—~82]. [Ipyrue ke He HaXOAST
3HAUUTe/IbHBIX TPEeUMYIL[eCTB MPUMeHeHHs TOU Me-
TOZIMKH U COODIIIAIOT O pe3y/IbTaTax, MeHee YCITeIITHbIX
TI0 CPaBHEHMIO C TTOJB3/0LIIHOM KOCThIO [21, 83, 84].

B nutepartype coo011jaeTcsi 0 HEBLICOKOM YPOBHE
ocnoxkuenui (ot 0,25 % [85] g0 5,5 % [86]), Ho oc-
JIO)KHEHUS 3TH TTOTeHI[UAIbHO SIB/SIFOTCS TPO3HBIMU,
a TIOTOMY HeTOHSTHO, HAaCKOJIbKO OTpaBAaHO UCIIOJIb-
30BaHue 3TOM JOHOPCKOU 30HBI. [IprMepsbl ocnoxHe-
HWIA: JIMKBOpes], pa3pbIB TBEP/IOM MO3rOBOM 000/I0UKH,
OCTEOMUETTUT CBOZIa Ueperia, IOBPEXXIEeHUsI COCY/IOB,
BKJTIOUasi CHHYCBI, 31TH- U CyOlypasibHble TeMaTOMBI, He-
Bposiornueckre ocnokHenus [85—87]. HeomHo3HauHO
TaKKe Haiuuue pyOIia B Bojiocax: C OJJHOH CTOPOHBI,
€ro y7I00HO CKPBITh 3a HUMH, a C APYTOU — Yy ITHUX
TNaLMeHToB U 6e3 TOro J0CTaTOYHO IIIPAMOB Ha roJioBe
rocsie psizia onepanuii. Kpome Toro, orepaijroHHOe
BpeMsi TIPY UCTI0/Tb30BaHUM 3TOM 30HbI YBEIMUUBALTCS
13-3a HEBO3MO)XKHOCTH ZIBYXKOMaH/IHOTO Tozxoza. Of-
HaKO T0C/IeornepalioHHast 60/1e3HeHHOCTb He CHUJIbHO
BBID@)KeHA U XUPYPrUueCcKui JOCTYIT OTHOCUTE/THHO
Jjerox [81].

4. Bonbwebepyosas Kocmb

BosnbiiebepiioBasi KOCTh SIB/ISIETCSI XOPOLLIO 3ape-
KOMEH/IOBaBIINM Cebsi JOHOPCKUM YYacTKOM B Op-
TOMEAUY U TPaBMarToJI0TUM. bomblias yacTe oneita
WCTIONMb30BaHus 60/bi1e6epLOBbIX TPAaHCIIAHTATOB
TPUXOJUTCS Ha B3POC/IbIX, B OCHOBHOM IIPU TPaBMax
[88]. C Touku 3peHUst KOPPEKLIMH pacliie/IMH 3Ta 30Ha
HWHTepeCHa B KaueCTBe aJbTePHAaTUBHOIO NCTOYHHUKA
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3abopa rybuaroit Koct, 0CoOeHHO Korza TpebyeTrcs
HeOOo/IbITIoe ee KOJTMUECTBO. 30HA M03BOJISIeT paboTaTh
JIBYyM XUpypram OofHOBpeMeHHO, XapaKTepHu3yeTcs
MeHbITIer UHTPaoIlepalluOHHON KPOBOTIOTepel U Me-
Hee BbIpa)KeHHBIMU I10C/Ie0TepPaljuOHHbIMU O0ISIMH
10 CPaBHEHUIO C TIO[B3/I0ITHOM KOCThIO [89, 90].
TeMm He MeHee eCTh psiJj HeIOCTaTKOB. Y fleTeit
B 00s1acTH 31Mdu3a HAXOAUTCS 30HA POCTA, KOTOPYIO
Ba)KHO OCTaBUTb UHTAKTHOM, MO3TOMY 3ab0p MaTe-
puana y fieteii 10/KeH TIPOMU3BOIUTRCS Hbke [89].
Takx>xe 00beM TpaHCIIaHTaTa, KOTOPBIM MOXKHO 3a0path
13 60/1bII0¥ 6epIjoOBOM KOCTH, MEHbIIIe, YeM U3 TI0/[-
B3/I0IIHOM. 10 JaHHBIM JIUTEPaTyphl, ¥ B3POC/bIX OH
orpanuyeH 25 mi [91, 92]. ¥ meTeii MOXKHO OCYITIeCT-
BJIAATH 3a00p Ha 06enx Horax Mpu He0OXOAUMOCTH.
KonruecTBO KOPTHKAIBLHOM KOCTH TaKXe IMMATUPOBAHO
[92, 93]. 3abop 6o/BIIIOTO KOTMYECTBA MaTepHuasa
ypeBar nepesiomamu. Tak, Haripumep, Hughes C.W.
u Revington P.J. cTONKHYMCE € JBYMS TlepesioMaMu
Gonbi1e0epI[0BO KOCTH B TPyTMIIe U3 75 MaljieHToB
C a/IbBeOJIIPHBIMU PaCIlie/TMHAMU, TIPHU TOM UTO 3a00p
OrpaHAYMBaJICA UL 5—10 M/ KOCTHOTO BeljecTBa
[93]. B 1jesiom, CIOXKHO C YBepEHHOCThIO OL|€eHHUBATh
pe3y/bTaThl UCTIOIb30BaHUs TaHHOW 00/1aCTH, TaK Kak
MyO/MKalyi Ha 3Ty TeMY Majio B MUPOBOM JIUTepaType
Y TI0 X JIaHHBIM HeJTb3sl OZJHO3HAUHO CYAUTh 00 3h-
(hekTUBHOCTH MOA00HOTO TI0AX0Aa (Majible BBIOOPKH,
Cpok Habsmoznenusi, orcytctBre 3D orjeHKH) [94—96].

5. Pebpo

PeGpo, B 0CHOBHOM, UCITO/Ib30BAJIOCh [iIsl [TePBUY-
Hot KITAO [97—99], uTo celiuac sBsieTcss KpatiHe
pe/IKuM BMelllaTe/IbCTBOM. BeposiTHO, B HacTosiiee
BpeMsI LIeHTPhI 00JIblile TIPeIIOUUTAIOT TTePBUYHYIO
['TIIT [42], uem u3B/IeueHre U pa3MellieHHe pebepHOro
TpaHcryiaHTara. [Tokasareny ycrexa HeCKOIbKO COM-
HUTEJIbHBI [71s1 00erX MEeTO/IMK, XOTsI, OCHOBBIBasiCh
Ha CyL|eCTBYIOLLIeH IUTepaType, MaJloBEPOSITHO Ha/TMUKe
KaKUX-/100 rperMyIiiecTB pebepHOro TpaHCIIIaHTaTa
repeJ TMHIUBOIIEPUOCTEO/IaCTUKOM.

B cMeHHOM >ke IpUKyce peGpo TOUHO He SIBISeTCs
MeTOJIOM BbIOOPA, TaK KaK MpPersATCTBYeT MPOpe3bIBaHUI0
3y0OB U JabHel1Iel OPTOJOHTHYECKOM KOppeKImH [99,
100]. K Tomy >xe 3TOT criocob 3abopa TpaHCIIaHTaTa
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MeliaeT pabore JBYX KOMaHZ K3-3a G/IM30CTH JJOHOD-
CKOro MecTa K rosnoBe. Takke MeTOAMKa He JIMIIIeHa
TIOTeHLIMaTbHBIX 0CTIOKHEHUH B BUjle Me>KpeOepHOi
HeBpa/Iruu, pybiieBaHus], TPYAHOTO CKOro3a (TIpu
3abope xpsia), mHeBMoTopakca [101—103].

BcnomorareibHbIe MaTepHasIbl
Kak y»ke ObIO CKa3aHO BbIIIIe, 3TU MaTepyasibl
CTIOCOOCTBYIOT COXpaHeHHWI0 0ObeMa TPaHCIIJIaHTH-
POBaHHOM KOCTH, yMeHbl1iasi pe30pOLHI0, U YCKOPSIIOT
3a)KHBJ/IEHUE.

1. PRP/PRF

Cy6cTaniuu, boratbie TPOMOOIUTAaMH, /IaBHO HC-
TIO/Ib3YIOTCS B Pa3HBIX 00/1aCTSIX KITMHIYeCKON MeIULI-
Hbl. TpomMOOLIMTEI, coziepyKaliyie 60IbIIoe KOJTMUeCTBO
(haKTOpOB pPOCTa, OKA3bIBAIOT MOI0KUTE/TBHOE B/IUSIHUE
Ha riporjecchl pereHepaiuu. [1pu KITAO nobaeneHvem
11a3Mel, oboraijeHHol Tpomborutamu (PRP), u du-
OpuHa, oborarenHoro Tpombouutamu (PRF), xupypru
TIBITAIOTCSI TPETISITCTBOBATH TpoLieccaM pe3opOuuu
KOCTHOU TKaHU. OCyIL[eCTB/SIETCS 3TO TEOPETUUECKU
yepes y/IyyllleH/e 3a)KUBJ/IeHNs] paH, CTUMYJISILIMIO Heo-
aHrvoreHesa u ocreoreHesa [104]. B kiimHnueckou >xe
TIPAKTHKe Pe3y/IbTaThl OT PUMeHeHHsI 3THX CyOCTaHLMH
BapbUPYIOT. CTOUT OTMETUTB, UYTO OHU TaKKe MOTYT
3aBUCeTh OT crioco6oB nosydyeHust PRP u PRF u n3Ha-
YaIbHOW KOHL|EHTPALMK TPOMOOLITOB. DTH MapaMeTphl,
K COKaJIeHHU0, CJI0KHO CTaHJapTU3HMPOBaTh.

B psife nccnenoBaHuid, B KOTOPbIX Y4aCTBOBAaIN
Kak B3pocJbie [104, 105], Tak u getu [106, 107], npu
nobasnennu PRP umu PRF k nozaB3zoHOMYy ayTo-
TPaHCIIIAHTATY COOOIIIaeTCst 0 3HAUMTETLHOM CHIDKe-
HUM pe3opOimu kocTHOM TKaHu. Takke Dayashankara
Rao J.K. u gp. [106] oTmeuatoT Gosee GraronpusiTHoe
BIMsSIHUE METOUKY C obaBieHrieM PRF Ha cocTosiHue
napogoHTa npu BropuuHoi KITAO mo cpaBHeHUO
C KOHTPOJIbHOM Tpynnou. OfHaKO pa3HOT/IaCUs
OCTAIOTCSl, IOTOMY UTO B HEKOTOPBIX UCC/Ie/l0BaHUSIX
He BBISBJISIeTCS CTATUCTUYECKU 3HAYMMasi pa3HuLla
nipu fobaeenun PRP/PRF K 1ojB301IHOMY TpaHC-
riadTary [108, 109]. Takum 06pa3om, TIPUMEHSTh
unu He npuMeHsiTe PRP/PRF — Bonpoc ciopHbii
B HalllK JIHMU.

CTOMATONOT NA
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2. Ckagpgonowl

Ksetounsie MaTpuLibl (ckagdosbl) XOpoLo us-
yueHbl U aKTUBHO [PUMEHSIFOTCS TIPY PeKOHCTPYKLIMK
a/IbBEO/ISIPHOTO OTPOCTKA M HapaliMBaHUU KOCTH B UM-
TJIAHTOJIOTUU. DTOT MO3UTUBHBIN OMBIT, K COXKaJIeHHIO,
Heb3s1 SKCTParoMpoBaTh Ha MaLMeHTOB C PaCLLe/In-
HaMHU 13-3a UHBIX QU3NONIOTHYECKUX 0COOeHHOCTeN
TKaHeH B 00/1aCTH a/ibBeOJIIPHOTO Jled)eKTa Y MarjieHToB
¢ BPT'H. MHdopmaiuu 1o ucrosb3oBaHuio ckaddomngoB
B KaueCTBe M30/IMPOBAHHOIO MEeTO/la MPH paclie/iiHax
HEMHOro B jiuTeparype. Yailie BCero Ux UCIoOJb3ylOT
B KauecTBe /100aBKH K ayTOJIOTMYHOM KOCTH /TMOO K KOC-
THOMY MopdoreHeTHueckomy 6enky-2 (BMP-2) [110].

MO)XHO BBIZI€/IUTH [|Ba TUIMA KJI€TOYHBIX MaTpHLI:
TpocThie «cKaddonabl», HanpaB/soLL1e He00CTeore-
He3, U «MeMOpaHHbIe Oaprepbl» (MeMOpaHbI), KOTOpbIe
TaK>Ke O/IOKUPYIOT BpacTaHWe MATKUX TKaHei [10].

HemocpegcrBeHHo ckaddosigbpl MOTYT OBIThH
pa3Hble, HAlIpUMep: AeNpOTeMHU3UPOBAHHAS ObIUbS
kocth (DBB), uenioBeueckuii jeMuHepaTM30BaHHBIN
KOCTHBIW MaTpukc (DBM), nemyHepann3oBaHHbIN
3ybHoit matpukc (DDM) [10]. DBB, no-BuaumMomy,
He laeT KaKHUX-/M00 MpenuMyl[eCTB 110 CPABHEHHUIO
C M30J/IMPOBaHHBIM IMO/IB3/I0IIHBIM ayTOTPaHCIIIaHTa-
ToM [111]. XoTs, Kak criocob yMeHbIlIeHHsT IOHOPCKOU
MopbugHocTH, DBB ycrienHo ucnosmb3yeTcs: HeKo-
TopbiMU aBTOpamu [77, 112]. Elfahmawary T.1. u ap.
B xofe KJ/IKT-aHanu3a onpepennau, 4yTo MeHbIve
cuM(u3apHble TPaHCIUIAHTaTbl HYKHEH YeTtoCTH, ayT-
MeHTHpOBaHHbIe DBB, Ob11 paBHBI O0/1ee 00beMHBIM
TpaHCIVIaHTaTaM rpebHs TIOB3/I0IIHON KOCTU C TOUKU
3peHus1 KOCTHOTO 3aroTHeHus], pe30pOLuu TpaHC-
TIaHTaTa U TVIOTHOCTH KOCTH uepe3 6 MecslieB rocie
ortepaiuu [113]. DBM, cyzst o HeKOTOpbIM Iy 0/irKa-
L[USIM, MOXKeT y/IYUIIUTb pe3y/bTaThl 10 CPaBHEHUIO
C WCI0J/Ib30BaHUEM M30/IMPOBAHHOTO MOZB3/0LIHOI0
ayTtoTpaHcriiantara. Maclsaac Z.M. v ip. cpaBHW/IA
CKOpPOCTb NPOpPe3bIBaHUS K/IbIKOB Uepe3 TPaHCII/IaHTaThl
rpeOHsI 1O/IB3/0IIHOM KOCTH CO CKOPOCTBIO TIPOpe3bIBa-
HYSI Uepe3 aHaJIOTMYHbIe TPAHCIUIAHTAThI B KOMOWHALN
¢ DBM. Yuenble HabroAamu 6osee paHHee Mpope3bl-
BaHUe KJILIKOB B rpyriie 6e3 DBM, HO 6o/iee BBICOKHE
TI0Ka3are/iv PYKUBJIEHNS M BbDKMBAaeMOCTH KOCTHOTO
TpaHCIIaHTaTa B rpymre c fobaBnenuem DBM [114].

DENTISTRY

Mem6paHbI HaMPaBJISIOT POCT KOCTU U GJIOKUPYIOT
BpacTaHWe MITKUX TKaHel U, TakuM 00pa3oM, UMeroT
TeH/IeHLII0 U30/IMPOBaTh ¥ COXPAHSATh 00beM KOCTHOTO
TpaHcriaHTata. MeMOpaHHbIe Oapbepbl TOXKe ObIBAarOT
pa3sHble: MeMOpaHbI U3 TTOTMMOIOYHOM 1 TIO/TUT/IMKOJIe-
BOU KUCIOT, OrofierpaupyeMblie MeMOpaHsI, OecKiie-
TOUHBIH iepMasbHbIN MaTpukc (ADM) [10]. Hekotopsie
yCIexyl MpU NMPUMeHeHnH MeMOpaH Tak)Ke OIHCaHBbI.
Xiao W.L. u gp. (2016) rnipoBenu paHAOMU3HUPOBaHHOE
CpPaBHUTE/ILHOE UCC/IeJOBaHUe C 00beMHOM OIIeHKOM
[BYX IPYIIT: OCHOBHAs IPyIIIa C ucrons3osanieM ADM
B COYETAHWH C TIO/B3/OLIHOM KOCTbIO U KOHTPOJ/IbHAsI
rpynma 6e3 ADM. B 3Tom uccieoBaHUM MPUHSIIA
yuactre 60 marueHToB. O1jeHUBAIU Pe30pOIHi0
KOCTHOT'0 TpaHcruiaHTara ¢ moMorso KJIKT uepes
1 Hegem0, 3 Mecsla U 6 MecsLeB TOC/Ie OrepalyH.
CkopocTb pe3op0biuu KocTu Oblsla CHUKeHa B TPYTIIe
«ADM + 1ofB3/IOITHBIN ayTOTPAHCIIAHTaT» TI0 CPaBHe-
HUIO C KOHTPO/bHOM rpymmoit (31,69 % npotus 36,50 %)
[115]. Epmioa O.FO. u ip. coo0iriatoT 0 60/bIIeM ycrie-
Xe TPY HUCIT0/Ib30BAHUM TPAHCIJIAHTaTOB MOAB3/0LLI-
HOM KOCTHU C CO3Z,aHUEeM JIOXKa [/ TPAHCIIJIaHTaTOB
u3 OuojerapazupyeMoii MeMOpaHbI 110 CPaBHEHUIO
C U30/IMPOBaHHbIM MPUMEeHeHNeM ayTOTPAHCII/IAHTATOB.
OHH TaK)Ke OTMeuaroT, UTo, 110 UX MHEeHHI0, MeMOpa-
Ha YaCTUYHO 3aMelaeT (QyHKIMI0 HaJIKOCTHULIBI, TaK
Kak y nagueHtoB ¢ BPT'H ciu3ucTo-HaZKoCTHUUHbIE
JIOCKYTBI, YKPBIBAIOIIMe TPAHCILIAaHTaT, 4aCTo PyOL{0BO
W3MeHeHbI, UICTOHYeHbI [116].

3amMeHUTe T KOCTH
K 3To0ii rpynme mareprasioB OTHOCSIT BellleCTBa,
TOKa3bIBalOIIMe B psifie UCCIef0BaHUN CXOAHbIe
C ayTOTpaHCIJIaHTaTaMU pe3y/bTaThl, U BellleCTBa,
Ha KOTOpbIe BO3/1araloTcsi Takve HaZleXK/Ibl, TpeOyroliie
JIOTIOJTHUTETbHBIX UCCIe0BaHUN.

1. buokepamuka
BrokepamuKa runoTeTuuecky MoKeT NpeZiCTaB/sATh
coboli ueanbHBIN 3aMeHUTesb KOCTH. [1eio B TOM, UTO
oHa 00/1azjaeT xoporiei 60COBMECTUMOCTBIO U OCTe-
OMH/JYKTHUBHBIM ITOTeHL[MA/IOM. Takyke 3TOT Marepuall
nipeicTaBsisieT coO00¥ KapKac, KOTOPBI Me/JIeHHO pac-
CacChbIBAeTCHd, ITO3BOJISASA HOBOH KOCTHU BbIPpACTH U crabu-
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NM3UpOBaThCs. IIpryeM CKOPOCTh paccachiBaHUs MPH
TIPOM3BO/ICTBE MOYKHO PETy/TMPOBATh ITyTeM U3MeHEeHHsT
COOTHOLLIEHUsI KOMIIOHEHTOB KasbLius U hoccara [10].

OpHako Ha JaHHOM 3Tarie KpaliHe Majo UCCIefo-
BaHM MOCBSAIIIEHO UCTIO/Tb30BaHUI0 OMOKEPaMUKH TIPH
paciienMHax, Heo0X0JMMbI IaTbHEeHIIe NCC/eJOBaHs
Ha 3Ty Temy. Ho Te uccienoBaHusi, KOTopbie ory0/iu-
KOBAHBI, CBUJIETE/ILCTBYIOT 00 00Ha/Ie)KUBAIOIINX pe-
3y/ibTaTax. Pe3ynbTarhl, COMIOCTaBUMBbIE C ayTOKOCThIO,
ObUT 0OHApY’KeHBI TTPU UCTIOIb30BaHUM OUOCTeK/Ia
u Geta-Tpukanbuiidocdara (b-TCP) [117, 118]. TTpu
WICTI0/Th30BaHUY TH/IPOKCHAIIAaTUTA U Cy/b(haTa Kablys
€o00I111a710Ch 0 pe3y/bTaTax, MPeBOCXOAIUX ayTOMa-
tepuan [119, 120].

2. KomnosumHble Mamepuabl
¢ dobaeneHuem BMP-2

Kocraebiii MopdoreHeTnueckuii 6eok-2 (BMP-2)
siB/isseTCsl Haubosee M3BeCTHBIM (PAaKTOPOM pOCTa,
WHAYLUPYIOMUM KocTeobpa3oBaHue. TOT GakTop
pocTta 06bIUHO KOMOUHUDYETCS C APYTUMHU MaTepu-
ajaMH, TaKUMU KaK OeCK/ieTouHasi KoJijlareHoBast
ryoka (ACS), b-TCP, DBM [10]. Ha gaHHBI! i MOMEHT
OTCYTCTBYIOT CTaHAAPTU3UPOBAHHBIE TPOTOKOJIBI
npuMeHeHusi BMP-2. HaubGosee yacTo ucrosb3yemast
KOoHLleHTpauuss BMP-2, no faHHBIM JIUTepaTypel,
cocrasnsget 1,5 mr/mn [121—123]. Huke 3T0i KOH-
LleHTpaLy KOCTHBI 3aMeHUTE/b MOTHOCTBIO He3g-
tdexTuBeH [121], BbICOKHE Ke KOHLIEHTPALIUU MOTYT
MIPUBOAUTD K OCJI0KHEHUSIM U3-3a TUIIePCTUMY/ISLIUN
TKaHel. Goss J.A. ¥ Ap. BBISIBUIU KOPPe/sILAI0 MexX-
[y TIOBBIIIEHHBIMU fj03aMu BMP-2 1 yBennueHrnem
YaCcTOThI CTEHO30B Hoca [124].

Bonbiias yactb mybOavKaLuii moka3biBaeT aHa-
JIOTUUHY0 3(pPeKTUBHOCTD MPU NIPUMEHEHUN CMeCH
BMP-2 c ACS/ b-TCP/ DBM/ ruaporesnem 1o cpaBHe-
HUIO C IPYUMeHeHreM B MOHOBapyaHTe I0/B3/[0LIHOI0
TpaHcnianTtata [123, 125, 126]. Scalzone A. u ap.
B CUCTeMaTHueckoM 063ope 2019 1., cpaBHUBAOIIEM
MeTOJIUKY C hcnoab3oBanueM BMP-2 u meTouky
C WCI0JIb30BaHUEM TOJILKO ayTOKOCTH IPYU BTOPHY-
Hoil KITAO, npuiuim K TakoMy ke BeIBoAy [127].
Pe3ynbTaTel, CXOLHBIE C aYyTOKOCTBIO, NIPe/ICTaBIISIOT
LIeHHOCTh BBHU/Y IOJTHOT'O OTCYTCTBUS HeOOX0AU-
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MOCTH TPaBMHPOBAaTh JOHOPCKUE 30HBI IIPU TaKOM
TIOAXO0Ze.

[TocneonepaljiOHHBIN JIOKA/IbHBIN OTEK JleCeH
SIBJISIETCSI YaCThIM MTOO0YHBIM 3(h(PeKTOM UCITOMB30-
BaHust BMP-2 [121, 125]. Heo6x0quMo TOAUepKHY Th
TaK)Ke TO, YTO KOCTHbIe MOp(doreHeTHUYeCKre OesKu
Y X peLieNTOPhI CBSI3aHbI C pa3/IMYHbIMU BU/IAMU paka
(J1IerKux, MOJIOUHOM >Kesie3bl, MPOCTaThl U T.7.). BMP
MOT'YT UrpaThb POJIb KaK IPOMOTOPOB OITyXOJIU, TaK
Y CyTIpeCcCOpOB, B 3aBUCUMOCTH OT K/IETOYHOM CpeZibl
Y 103UpoBKHU [128]. OgHako, cyis Mo UMerIIUMCS
B HACTOsL|ee BpeMs JaHHBIM, Y aLMeHTOB, JIeyaluxcs
c npumeHeHreM BMP-2, He cyiiecTByeT OHKO/IOTHYe-
CKOTO PUCKA, KOTOPBIH Obl BEIXOJWJI 32 PAMKH UCXOHOTO
(hoHOBOTrO pUCKa y Tex, KTO He M0/[Beprasics JeueHnto
BMP-2 [129—131]. TTocKo/ibKY [JaHHBIX O JIOJTOCPOY-
HOU 3¢ deKkTrBHOCTH U Ge3onacHocT BMP-2 y neteii
TOKa, Ha Hall B3IVIsiZl, HE0OCTAaTOYHO, IPUMEHSITh €ro
c/lefyeT BCe »Ke C OCTOPOKHOCTBIO.

3. Knemounas mepanus

[Tpeumy1iecTBa neueHUs1 KyJTbTUBUPOBaHHBIMU
ayTOreHHbIMH KJIeTKaMH COCTOAT B TOM, UTO 3TH KJ/IeT-
KU He 00/1a[jat0T aHTUTeHHOCThI0. KieTouHast Teparust
SIBJISIETCSI OTHOCUTE/IbHO HOBBIM HallpaB/IeHUEM,
vccaeZj0BaHUM M0 MPUMEHEHUI0 3TOU TeXHOJ0TUHU
KpaiiHe Maji0o HAa MOMEHT IyOIMKaIMK 3TOW CTaTbHU.
KrneTku, npumeHsieMble B 3TOW 00/1aCTH, CII0KHBI
B Ky/IbTUBMPOBaHUH, & CTOUMOCTb IIPOBeJIeHUsI TaKUX
WCC/Ie[JOBaHUM BbICOKA, UTO, BEPOSITHO, CZlep>KMUBaeT
MHOTruX ucciaenoBareneii [10]. B cuctemarnueckou
063ope 2021 roma Alkaabi S.A. u ap. o6Hapyxu-
nu b 3 my6/MKauuM, B KOTOPbIX TOBOPHUIOCH
00 1Cro/1b30BaHUU KJIETOUHOU Tepanuu 6e3 1pyrux
pereHepUpYOLUX CyOCTaHI[UN. ABTOPBI MIPUIIN
K 3aK/IFOUEHUIO 0 HEBO3MOXKHOCTH CJe/1aTh BBIBOZbI
006 3¢ deKTHBHOCTH MTPUMeHeHHUs] MeTOUKH TIPU pac-
[e/IMHAaX, BBU/Y TeTepOreHHOCTH UMEeRIIUXCS aH-
HbIX. Du F. v 1p. 0OHapy>kKu/Iy aHaloTUYHbIe Pe3yb-
TaThl IO CPaBHEHUIO C ayTOKOCThIO. Bajestan M.N.
U Ap. coobuuau o 6e30mMacHOCTU MPUMEHeHUs
KJIETOK U He TIPe/I0CTaBU/IM JaHHBIX 00 3 deKTus-
HocTu. Khojasteh A. u ip. cpaBHU/IM UCTIO/Tb30BaHKe
MO/ B3 OLIHOT0 TPAHCIJ/IAHTAaTa C UCIIOIb30BaHUEM
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KOMOUWHAIIMM «CTBOJIOBBIE K/IETKU + TO/B3/I0IIHbII
WY HYDKHEeYeJTFI0CTHOUM TpaHCHIaHTaT», BhISBUIN
Gosblyto 3¢ (heKTUBHOCTH KOMOMHUPOBAaHHOTO TIO/-
xoza [132]. CyiecTBYIOT TakKe Apyryue eJUHUYHbIe
uccnenoBanus [133, 134], rosopsiiue o 601ee wiu
MeHee yCIellIHbIX pe3yJbTaTaX, HO UX BCe PaBHO
HeI0CTaTOYHO JIJIs1 TOTO, UTOOBI /Ie/1aTh MOTHOLEHHBIe
BBIBO/IHI.

CJ/10)XHBIE C/Ty4Yau: uTo Je/1aTh?

Haneko He Bcerjla UCTIOIb30BaHUE aBaCKYIIsIp-
HBIX ayTOTPAHCII/IAHTAaTOB, 3aMeHUTe/Iel KOCTH U UX
KOMOWHAIMH MPUBOAUT K XOPOIIUM pe3y/IbTaTaM.
B HeKoTOpBIX ciiyuasx faxke psiJ| TOBTOPHBIX OTiepaliyii
MOJKET YBeHUaThCsl Heyadel, U Ha 3TO eCTh CBOU
npuunHbl. Kakure-mi60 otaenbHble MPUUUHBI MOTYT
TIPUBOJUTD K TVIOXUM UCXOZAM, JTUOO TaKhe UCXO/IbI
MOYKeT /laBaTh KOMOMHAI[WS M3 pa3HbIX NMPUUWH. UTak,
pacCMOTPUM UX.

1. Bosb1ioii Ajsi paciijeiiHbl pa3mep AedekTa
(6onee 10 MM [135]). MecTHOrO MOTeHI[Ka/a pereHe-
pal[iy B TAaKUX CJIy4asix MOXKET OBITb HEeJJ0CTaTOUHO
I/ aIeKBaTHOTO BOCCTAHOB/IEHUS HETIPePbIBHOCTU
a/IbBEOJISIPHOTO OTPOCTKA MPU UCIOIb30BaHUM aBa-
CKY/ISIDHBIX KOCTHO-TIJIaCTUYeCKHUX MaTepuasos [7,
14, 136].

2. HeyznoBneTBOpUTe/IbHOE COCTOSTHUE BOCIIPU-
HuMarolero Jioxa. [Tauuentsl ¢ BPT'H B pamkax
KOMIIJIEKCHOUW peaOW/IMTAI[UU C paHHETO /IeTCTBa
TIO/IBEPTAIOTCS BMeIllaTeIbCTBaM B 00/1aCTH paciije-
nuH. JTrobas onepanys siBIsieTCsl TPABMOU U COTIPO-
BOXKJaeTCs BIOC/IeICTBUM 0Opa3oBaHueM pyOLIOB
U purbpo30M, BbIpa’)KEHHBIM B pa3HOU CTENeHH Y pas-
HBIX MalueHToB. ®UOP03 U pyOIbI CTOCOOCTBYIOT
yXyJIIeHUI0 KPOBOCHA0KeHUsI TKaHel U, KaK UTOT,
TUTNOKCUM. s IpU>KUBEHUS ayTOTPaHCIJIaHTaTa
Y 0CTeoreHe3a BaXKHO HajMuWe aJeKBaTHOMW BacCKy-
napusanuu [14, 22, 116].

3. CoctosiHue nioi0CcTy pra. [TosocTs pra fJomKHa
ObITH CAaHMPOBaHa Ha MOMEHT orepaiy. Kapuec, mo-
pa’keHUsI IapOJIOHTa, HealeKBaTHasi TUTUeHa MOJI0CTH
pTa— BCe 3TO He CII0COOCTBYeT XOPOLIKM pe3y/bTaTam
[5, 22].

DENTISTRY

4. TInoxast OpTOJOHTHYECKast IOATOTOB/IEHHOCTS [9,
77]. Cm. pa3fen «repuoneparioHHbIN MeHeKMEHT».

5. Hu3kast KOMI/IaeHTHOCTh natyeHrTa. s joctu-
YKEHUsI XOPOILMX Pe3y/bTaToB OIepaliii B HUX 10/DKHbI
OBbITb 3aMHTEepeCcoBaHbI Bee: naiueHT ¢ BPT'H, Bpauw,
poauTeny (ecav NaldeHT HeCOBEPIIEeHHOEeTHUM).
HeobxoiM0 COTpPYyIHHYECTBO MaljieHTa C BpauoM
Y CTPOTO€ BBITIOTHEHHe BpaueOHBIX TpericaHunii (Kak
[0, TaK ¥ 1mocJje ornepauuu) [5].

6. HeygoBieTBopuTebHOe 0011lee COCTOsTHUE
nareHTa. Croja OTHOCAT CJIOXKHBIM IICUX0JIOrUYe-
CKUM U COLIMAbHBIA CTaTyC, HaJIMUMe BPOXKJE€HHbIX
¥ TIproOpeTeHHBIX cOMaTHUeCKUX 3abosieBaHui, chop-
MHPOBaHHbIE B TeUeHHeE )KU3HU BPeJHbIe PUBBIYKH [5].
OOb11jee cocTOsiHUE TMALIeHTa B/IMsIeT TaKXXe Ha CO-
CTOSIHWE BOCIIPMHUMAIOLLIErO JI0XKa U UHOT/IA MOXKET
XapaKTepU30BaTh ero KOMIJIaeHTHOCTb.

7. Bo3pacTt nauueHnTta. Pasmep nedekra Moxer
yBe/IMUMBaTHCS B IIPOLieCcce B3pOC/IeHUs 1U3-3a MoTe-
pu 3y00B BCJieiCTBUE MJIOXOTO COCTOSTHUS MTOOCTH
pra. C BO3pacToM COCTOsIHME peLuIIMeHTHOrO JI0XKa
YXyZALIaeTcsl U3-3a NpeJieCTBYIOLIMX OMepaTUBHBIX
BMelllaTe/IbCTB. TakKe, Kak MpaBU/Io, YXyALLIaeTCs
ob1gee cocTosiHMe opraHu3mMa. Kpome Toro, moryT
Hab/MI0aThCs CKesleTHbIe aHOMAaJTUU OKKJTIO3HUH 3y0-
HBIX PSIZIOB, OCJIO)KHEHHbIe HeYy/J0OBIeTBOPUTETbHBIM
OPTOJOHTHUYECKHUM U OPTOIleiMYeCKUM JleYeHueM
[5, 22].

8. HexkoppekTHas TeXHHKa oIlepali, HU3KHUU
YPOBeHb MOATOTOBKU XUPYpPra, HeJ0CTaTOYHOe KO-
JIMYeCTBO OIbITA B JIeUeHNH JJaHHOM narosioruu. Tax,
K npumMmepy, Sakamoto Y. u Ap. MpoBeu peTpocrek-
THBHBINA aHa/IN3, LleJIbI0 KOTOPOro ObIIO BBISIBUTH,
BJ/IMSIET JIU KJIMHUYECKUU OTBIT XMPypra Ha BbDKU-
BaeMOCTb TPaHCIUIAHTATOB MPU KOCTHOU IJIaCTUKe
pacILe/IMH a/lbBeOIIPHOTO OTPOCTKA WU/IH JO0CTaTOYHO
XUPYpPruvecKoy MoAroToBKU. VcciieoBany pesy/bTarsl
orepaluii OfJHOTO XUpYpra, rnpoornepuposasiiiero 100
TNaLMeHTOB C pacle/JIMHOM albBeoJIIPHOIO OTPOCTKA
€ 2012 o 2019 roapl. YueHble NPUILLLU K BBIBOJY, UTO
KOJINUeCTBO OIbITAa XUPYpra BJIMsJIO Ha pe3y/bTaThbl
KIIAO [136].

B cnyuasx, korja gedekrt He nojjaeTcsi CTaH-
[lapTHOM KOpPPEKLIUU, XUPYPI, KOTOPBIi BeJeT MaLu-
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€HTa, Ha Halll B3IVIs/l, JO/DKEH YeCTHO CIIPOCUTH Ce0st:
«Bepro /1 4, UTO CMOTY CZlenaTh 3Ty OnepaLyi 3TOMy
MaLeHTy JIydllle, ueM TOCeAHHN XUPYPT, WM JTyullle,
yeM TpebiAyIy0? CTOUT JIM MBITaTbCS BBIMOMHITh
OJTHY U Ty >Ke Oorepalyio ouepeiHON pa3 U 0)KUJaTh
ZIPyTOTO pe3ynbTata?» Ec/u XUpypr He yBepeH B CBOUX
CHJIax, TO, BO3MOXKHO, Oosiee TIpaBU/ILHBIM OyzeT b0
repeHanpaBuTh MaljMeHTa K JpyroMmy Xupypry (Ha-
NIpUMep, MUKPOXHUPYPTY), MO0 (B KpalHUX CTyYasix)
npuberHyTh K MpOTe3UpoBaHUI0. HepaljnoHaibHbIM
TIO/IX0], YCJIOKHSIET YC/IOBUS PabOTHI /ISt IPYTUX CIeLy-
aJIMCTOB, TaK Kak Kak/Joe cJieflytoljee BMellaTe/bCTBO
yXyZlllaeT COCTOsTHHE BOCIPHHHUMAFOILIETO JIoXKa ISt
rocreyollei onepawyu, 4To B TOM UKC/Ie CHU)KaeT
BepOsITHOCTH ycrexa [137].

Ocraetcs Bonpoc: «Heyxxenu B ciiyuae Hey/10B/1eT-
BopuTe/bHbIX pe3ynsTatoB KITAO c ucrionb3oBaHueM
aBACKYJ/ISIPHBIX KOCTHO-TIJTACTUYECKUX MaTepuaioB
He cyIiecTByeT 60/1ee 3hPeKTUBHBIX CII0COO0B ITOMOILH
Y eIMHCTBEHHBIV BbIXOJ — [MOCTaHOBKA MpoTe3a?» Her,
riepe/i TeM Kak MpUOerHyTh K POTe3UPOBaHHUI0, MOXKHO
pPacCcMOTpeTh BapUaHT UCIOb30BAHKUS PEBACKY/ISIPU3U-
PYEMBIX KOCTHBIX ayTOTpaHCIIaHTaToB. CBOOO/AHbIE
JIOCKYTbI MOTYT CJTy>KATh METOZIOM «CITaCeHUsI» B Jei-
CTBUTEBHO CIOXKHBIX ciydasx. Kak mpaBusio, Takue
oriepaliy TIoKa3aHbl IPYU OOIIMUPHBIX (/17151 PaCILeyH)
JedeKTax U OTCyTCTBUU Y/[0B/IETBOPUTE/bHBIX Pe3yJ/ib-
TaTOB OT Psi/ja aBaCKY/ISIPHbIX KOCTHBIX I/1ACTHK, Yalle
y B3pPOCJ/IbIX MaLeHToB [5, 22].

CBobOOHBIe KOCTHBIE TOCKYTHI TaK)Ke, KaK
Y aBaCKyJIsIpHbIe ayTOTPAHCIJIAHTaThI, 00eCcreun-
BaIOT TTO/I/IEPXKKY /1711 TKaHel BepXHel ry0Obl v HOCa,
MO3BOJISIIOT B Zla/IbHEHIIIEM yCTaHABIUBATh 3yOHbIe
HMMIIJIaHTaThl, O1aroiapst BOCCTAaHOBIEHUIO HeTpe-
PBIBHOCTH 3yOHOTO psija. [1aBHOE MpeumMylieCTBO
peBacKy/IsIpU3UpPyeMbIX ayTOTPAHCIJIAHTAaTOB — B UX
He3aBHCHUMOCTH OT COCTOSIHUSI BOCIPUHUMAIOILero
noxa [7, 14]. Kpome Toro, 66110 TI0OKa3aHo, YTO OHU
MOTYT Y/Iy4IllaTh JIOKa/IbHBIN CTaTyc 6/arogaps HO-
BOMY MCTOUYHUKY KPOBOCHaOxeHus [22].

Tun ucnosb3yemMoro cBoOOHOTO JIOCKYTa J10J1-
>KeH OTIpe/ie/iAThCs pa3MepoM fiepekta U KOHeUHOU
Le/Ibl0 peabunuTanuyu. TUMUYHBIMU TPUMepPaMH
CcBOOOHBIX KOCTHBIX JIOCKYTOB SIBJISIFOTCSI Majsiobep-
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L{OBbIH, MTO/AB3/[OIIHBIN, JIONIATOUHBIN U Ap. Pa3HbIMU
aBTOpaMM OMUCaHbl pa3/MuHble BapUAHTHI IIPUMe-
HeHHs peBacKy/sipU30BaHHBIX ayTOTPaHCIJIaHTAaTOB
npu pacuenuHax [138—140]. KoctHeie fedeKTbl
TIPU pacliile/IMHaX ajabBeOoJIIPHOTO OTPOCTKA 0OBIYHO
OrpaHHYeHHbIe, 32 HEKOTOPBIMU UCK/IIOYeHUsIMU. [1pu
OOIMPHBIX JedeKTax 1je/ecoobpa3HO TPUMEHSITh
Ma100epIiOBBIH, TOTIATOYHBIA WU TIOZB3/[OIITHBIN
nockyThl [141]. K mpumepy, onucaH criocob ofiHOMO-
MEHTHOTO 3aKpBITHs Zie()eKTOB aibBeoISIPHOTO TPeOHs
TIpU [IBYXCTOPOHHUX paclije/IMHaX TO/B3/0LIHbIM
peBacKy/isspusrupyemMbiM jockyTom [140]. Ipu orpa-
HUYEHHBIX )Ke JedeKTax MOTYT ObITh paCCMOTPEHBI
BUCOUHO-TEMEHHOW KOCTHO-(acliuaabHbIN JIOCKYT,
JTyueBOl CBOOO/HBIN JIOCKYT MPEeATIeUbs U TIOCKYT
Me/IiabHOTO MbIiIesiKa OeapeHHoi Koctu [139, 141].
[ToB3AOLIHBIN JIOCKYT TOXe MOT ObI IPUMEHSITHCS
C 3TOM 1]e/TbI0 BBUY OOJIBILIOTO KOTMUeCTBa Mpen-
MYILIeCTB, O/[HAaKO TTOCKOJIbKY OH, TIOMUMO KOCTHOTO
KOMITOHEeHTa, TpeOyeT BK/TFOUeHHsI B €er0 COCTaB BHY-
TpPeHHel KOCOU MBIIILIbI )KUBOTA /IJIs1 a/IeKBaTHOTO ero
MUTaHUs, 3TO TIPUJAET eMY JIOTIONTHUTE/IbHBIA 00BeM.
JlomaTouHblli CBOOOHBIN JTOCKYT TPYAHO aZlalTUPOBATh
no ¢opme [139]. TemeHHOV peBacKynsIpU3MpyeMblii
JIOCKYT HETIJIOX0 MO/Ie/TUPYeTCs MO/, OrpaHUYeHHbIN
nedekr [142, 143], ogHako, KakK ¥ aBacKyJ/IsipHbIe JI0-
CKyTBI CO CBOJIa Ueperia, COJ€P>KUT MaJjio rybuaroro
BeIIeCTBa, KOTOpPOe MOXeT ObITh He0OX0qUMO s
TIOJTHOLIEHHOT0 3aroJiHeHus ey [139, 143]. Takum
06pa3om, U3 KOCTHBIX CBOOOZHBIX JIOCKYTOB, B 00JIb-
IIIMHCTBE CJIyvaeB, TIPU Pe3WCTEeHTHBIX paclije/IMHax
aJIbBEOJIIPHOTO OTPOCTKA MPUMEHSIFOTCS JI0CKYThI
u3 obnacreti 6eapa v npearieuss [138].

JIocKyT MeAHa/IbHOT0 MbIIIe/IKa
OepeHHOH KOCTH

JIoCKyT MeAraibHOTO MbIlIenka 6e[peHHOM KOCTH
(medial femoral condyle flap, MFCF), unm, kak ero
Ha3bIBaloT B Poccum, Ha/IKOCTUYHO-KOPTUKATbHBIN
6enpennbiit mockyT (HKBJI), 6611 BriepBbie MprMeHeH
B 1991 roay Sakai K. u ap. [14, 141]. DTOT /I0CKYT
HeOo/bIION MO pa3mepaM u ¢opme, 3abupaetcs
Ha COCYAMCTON HOXKKe U3 MeJjraibHO# 06actu beapa,
JIETKO aZialiTUPYeTCsl B peLUIieHTHOM 30He. [Toce
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3ab0pa pa3melaeTcss MHTPAOPA/IbHO, BITOTHSIOTCS
aHaCTOMO3bI: HUCXOSALME KOJIEHHbIE apTePUU U BEHBI
aHaCTOMO3UPYIOTCS C TULIEBBIMU apTepUsIMU Y BeHAMU
«KOHeI[-B-KOHeI]». [ToMrMo coOCTBEHHOTO UCTOU-
HUKa KPOBOCHAOKEHUS, IOCKYT CO/IEP>XXKUT B CBOEM
COCTaBe HaJKOCTHHILLY, UTO TTIOMOTaeT MoALep>KABaTh
BBICOKWM pereHepaTuBHbIA U 0CTEOUHYKTUBHBIU
MOTeHLIMaI B 30He ero nprMeHeHus1. bosiblias yacThb
omnbITa ucnonb3oBanuss HKBJI oTHOCUTCS KO B3pOC/IbIM
marenTtam [14], xotst HepasHO (B 2021 1.) Colen D.L.
U [Ip. onucaau MeTOAUKY ucnosb3oBanud MFCF
y JeTel. DTH aBTOPBI COOOIIAIOT 0 Oe30TacHOCTH
ero NpUMeHeHUsI B TeiuaTpruu. TakKe ONMUCHIBAIOT
TeXHUKY, MTO3BOJISIONIYI0 W30eKaTb TPaBMUPOBAHUS
30H pocTa [144].

Uccnenoanuii ¢ ucnosib3oBanuem HKBJT as
nanueHToB ¢ BPT'H He Tak MHOrO, OJJHaKo Te, KO-
TOpBIe eCTh Cero/iHsi, roBopsAT 00 3¢ pekTuBHOCTH
Metoga. B HHMUC v YJIX B 2017—2019 rr. u3yvanu
MaLyeHTOoB C paclle/TMHON aJbBeo/ISIPHOTO OTPOCTKA
B Bo3pacTte 18—47 net. 22 nayueHTa paszeianiu
Ha 2 Ipynnbl: OCHOBHYIO rpynmny u3 11 marnueHTos,
KOppeKILYs paciieJuH KOTOPOUW OCYILeCTB/IsIach
c vucrniosnb3oBaHreM HKBJI, ¥ KOHTpO/IBHYO IPyII-
ny u3 11 nauueHTOB, KOCTHYIO MJIaCTUKY KOTOPBIM
OCYLeCTBJISIJIM aBaCKy/IIPHBIMHM ayTOTPaHCILJIaH-
TaTaMu. 18 u3 22 naueHTOB UMeJIM B aHaMHe3e
oT 1 f0 3 HeyJauHBIX KOCTHO-TIJIaCTUUe CKUX
orepalyii pa3JMUYHbIMU aBaCKyJAsPHBIMU TPaHC-
[JIaHTaTaMu, y 4 ManyueHTOB MONBbITOK YCTPaHEeHUs
nedekra He TIPOBOIU/IOCH. B 0CcHOBHOI rpyrire y 9
n3 11 nauueHTOB MOyYeHBl XOPOLIMe Pe3yJbTaThbl
(B 2 cmyuasix OTTOp)KeHUe), B KOHTPOJbHOM I'pyIIre
nosaydeHbl 10 HeyIOBIETBOPUTENIBHBIX Pe3y/IbTaTOB
U 1 yI0B/IeTBOPUTE/IBbHBIN pe3ysbrat. Takke y 006enx
CPYIII [0 ¥ TIOCJIe OIeparjiy UCC/Ie0BaCs XapakTep
KPOBOTOKa. Y BCeX MallMeHTOB /I0 orepaluy Obuiu
3aperrCcTpUpPOBaHbI HapyIlIeHWsI KPOBOTOKA B 00macTu
paciyenussl. [Tocie onepalyuy B rpyIine nayueHToB
C IpUMEHEeHUEeM MUKPOXUPYPTrUueCKOW TeXHUKHU
0TMeuasioCh 3HauuTebHOe yayullleHue MUKPOLIUPKY-
asuuu (yBesnndeHue nepgdy3um, CKOPOCTH KPOBOTOKa,
nHgekca PEI, ymeHblleHre BpeMeHU HaKOIJIeHUs
KOHTpacTa), B OT/IMYMU OT KOHTPOJIbHOW I'PYMIIbI,

DENTISTRY

B KOTOPOM CyllleCTBeHHbIX U3MEHeHUU XxapakTepa
KPOBOTOKa He Habmozpanock. Takke uccieoBaTenu
OTMETHU/IM OTCYTCTBHE Pe30pOIH pPeBacKyIsipr30-
BaHHBIX ayTOTPAHCIIAHTATOB Uepe3 6 MecsLeB Moce
onepanuu. Takum obpasom, npumeHernne HKBJI
MOXXeT OBITh HEIIJIOXUM BBIOOPOM IJisi HEKOTOPBIX
nauueHToB [22]. Gaggl A. u ap. (2011 r.) uccnepo-
BaJ/IU TPYIITY U3 5 B3POC/IbIX NALHeHTOB, UMEIOLINX
ajbBeoJIsIpHbIe pacllie/IMHbI, He MoJJaroLirecs
CTaHZapTHBIM MeToZ,aM jedeHus. Bcex maijreHTOB
omnepupoBasu ¢ TpaHciiaHTanyeit HKBJI. ABTOpBI
COOOIIM/IM O XOPOIINX pe3y/bTaTax BO BCeX CIydasx,
OTTOP’>KeHUH JIOCKYTOB U Cepbe3HbIX OC/A0KHEHUN
He ObIIO HM y ofHOTO ManueHTa [139]. Psag apyrux
aBTOPOB TaK)Xe /IeMOHCTPUPYeT 00Hae)KUBaroIye
pe3ynbTarel Ipyu npuMeHennd MFCF y nanneHTOB
¢ pacuienvHamu [145, 146].

JIyueBo¥ CBOOOHBIH JIOCKYT NpeAIiedbs

JlyueBoii cBOOOJHBIH IOCKYT TipeAriieubs (radial
forearm free flap, RFFF), BriepBble onucaHHbIM
B 1983 ropy, siBnisieTcst «paboueit J10MaAKON» BO MHO-
I'MX HarpaB/leHUSIX PeKOHCTPYKTUBHOW XHUPYPTrHUU.
Ero MArkoTKaHHBIM KOMITOHEHT TOHKHH, THOKHUIA,
OH MMeeT JJIMHHYIO HaJ|e)KHYIO0 COCYHUCTYIO0 HOXKY
(JTyueBO¥ COCYAMCTBIA MyYOK), UTO MO3BOJISIET UC-
TI0/Tb30BaTh OOJIBILINE YYACTKH KOXKU ITPU HeOOIIbIIIOM
obBeMe MOAKOXKHOM >KUPOBOH KiieTuaTku. O/IHAKO,
Kor7ia 3a01paeTcst y4acToOK JTy4eBoi KOCTH, CO371aeTcsl
BBICOKHM pUCK TiepesioMoB. [1pu 3a6ope MSITKOTKaH-
HOT'O KOMITOHEHTa MOJKeT IOTpeO0oBaThCs 3aKpPhITHE
JTOHOPCKOW 30HBI ayTOTPAHCIIJIaHTaTOM KOoxku [139, 141].
UYro KacaeTcs ero NpuMeHeHUs B NeAlaTpyH, aBTOPbI
JTaHHOTO 0030pa He HalllJT! JaHHBIX 0 0e30TacHOCTH
NpUMeHeHUs JaHHOTO JIOCKYTa C BK/IFOUeHHeM KOCTHOTO
KOMIIOHeHTa y Aieteld. OfHaKO, HECMOTPS Ha MUHYCHI,
3HauuTebHOoe npenmyiectBo RFFF B ToM, 4TO OH
MO3BOJISIET YCTPAHUTh OAZHOMOMEHTHO C OrpaHUueH-
HBIM KOCTHBIM Jle()eKTOM TOUTH JIF0Oble MATKOTKaHHbIe
JedeKTbl peLIMITMeHTHOM 06/1acTH TIPY OPOHA3a/IbHOM
co001IeHNH, [J1sT 3aKPBITHSI KOTOPBIX MOYKeT OBbITh HeJl0-
cratouHo Oym3nexariyx TkaHedt [138]. CpaBHuTenbHas
XapaKTepUCTHKa KOCTHO-TIJIACTUUeCKUX MaTepUasioB
nipezcraBieHa B Tabsnurie.
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CpaBHuTeanan XapaKTepucTukKka KOCTHO-MJ1aCTU4eCKUX MaTtepuanos

Tabnuya

Tvun matepuana

MpenmyLecTsa

HepocTtaTku

Ocob6eHHOCTH

AT n3 rpe6Hs

McToCOBMECTUMOCTb
HeumMMyHoreHHocTb
Bo3Mo)HoOCTb 3a6opa 60/1bLIOr0

BonbLie 6011e3HEHHOCTb

«30/10TOMN CTaHAapT», 0CO6EH-

OHHbIX py6L0B
MeHbLue nocneonepauuoHHas 6ones-
HEHHOCTb

noAB3A0LLHOMN Bugumble pybubl HO C MMHMMaJsIbHO UHBA3MUB-
KOCTU KkonmdecTsa Marepiana Pesop6umsa o 40% B 1 rog HOW TEeXHUKOW
MpocToTa xMpypruyeckoro focryna
OpHoBpeMeHHast paboTa ABYX KOMaH
[UCTOCOBMECTUMOCTL BoamMoXxHoOCTb cqcyAMCTow/Hengom TpaBMbl
(nof6opOAOYHbIM HEPB, HUXHWIA anbBeoNsip-
HevMMyHOreHHOCTb HbIli HepB)
. Ho on WOHHOE non
HuXHeventocTHoW OpHo onepaLMoHHoe none KonuyecTBeHHble orpaHuyeHusi npu 3abope
OTCyTCTBUE BUAMMbIX NOCNeonepaLm- -
AT martepuana

Puck noBpexaeHust 3y60B 1 AieceH, HapyLLeHus
MpOpe3bIBaHNS KITbIKOB. [Mpy HenpaBubHOM Tex-
HVKe BO3MOXKHa AeopMaLms HKHEN YentocTy

AT KocTu cBoaa
Yyepena

McTocoBMECTUMOCTb
HenMMyHOreHHOCTb

B03MOXHOCTb CKPbITb Py6Libl
MeHbLue nocneonepaunoHHas 6ones-
HEHHOCTb

Nerkun goctyn

HOTeHLl,I/IaJ'IbeIe cepbe3Hble OCNOXHEeHUA
(nukBoOpes, paspbiB TBepAO MO3TOBOWA
060104KM, MOBPEXJeHNe COCYA0B, BKItOYast
CUHYCbI, 3NW- U cy6aypasibHas remaToma)
Hanuyue py6ua Ha ronoee

AT 13 60onbLUON
6epLIOBOI KOCTU

[McTocoBMeCTUMOCTb
HenmmMMyHoreHHocTb
AnbTepHaTUBHbIW UCTOYHWK ry6yaTom
KOCTHU

OfHoBpeMeHHas paboTa ABYX KOMaHA,
MeHbLuUe nocneonepaunoHHas 6ones-
HEHHOCTb

MeHbLe nHTpaonepaumoHHasa Kpo-
BonoTeps

Puck nepenomoB

Bo3MOXHOCTb MoBpeXAeHuUst 30Hbl pocTa
y peten

KonuyecTBeHHble orpaHuyeHust npu 3abope
MaTtepuana

Bonblie 6011e3HEHHOCTb
B03MOXHOCTb COCYANCTOW/HEPBHOW TPaBMbI
(MexpebepHas HeBpasnrus)

Buokepamuka

Xopolune 0CTEOKOHAYKTUBHbIE U OCTe-
OWHAYKTUBHbIE CBONCTBA

CHWKeHWe BpeMEHW orepaLumn 1 Mop-
6UAHOCTM

CHUWXXeHWe BENNYMHbI KPOBONOTEPU
MeHbLue 601€3HEHHOCTb
PesynbTaTbl aHanorMyHbl ayToKoCTH

. McTocoBMeCTMMOCTb UcTopuyeckun npumeHsancs
Pe6epHbiit AT Bonblue onepaunoHHoe BpemMs o
HeMMMyHOreHHoCTb N5 nepeuyHom KA
€ YHOTEHHOC Bugumble pybubl A ep 0 0
Puck nHTpaonepaLoHHOro NnHeBMOTOpaKca
Mnoxo noaaaeTcsi OPTOAOHTUYECKO KOPPEKLM
BuocoBmecTUMOCTb

HeobxoanMbl fAanbHeliime
nccnefoBaHns, JaHHbIX Heflo-
CTaTOYHO A5 MOSTHOLIEHHOr 0
aHanusa

KomMnosuTHble
MaTtepuanbl

c njo6aBfieHnemM
BMP-2

CHWKeHWe BPEMEHM onepaLum U Mop-
6uaHoOCTN

CHUWXXeHWe BENNYMHbI KPOBONOTEPH
MeHbLuUe 6011e3HeHHOCTb
PesynbTaTbl aHanorMuHbl ayToKOCTH

Bbicokasi cTouMocTb

MecTHble TKaHeBble peakLun (OTeK AeceH)
CTeHO3bl HOCa MpUY NOBbILWEHHbIX A03aX
Ponb BMP B pa3BUTUN OHKONIOMTMYECKUX
npoteccos

HeobxoanMbl AanbHelme
nccnepoBaHus

BMP-2 ncnonbayetcs B KOM-
6WHauunun, Kak npaBuno,
co ckabdongamum nnu 6mo-
KepamMukomn

KneTtoyHas Tepanus

McTocoBMECTUMOCTb
HenvMMyHOreHHOCTb

CHUWXXeHWe BPeMEHU onepaLuum 1 Mop-
6UAHOCTM

CHWXEHWe BEIMYMHbI KPOBOMOTEPU
MeHblLue 60/1€3HEHHOCTb

PesynbTaTbl aHanorMyHbl ayToKocTy (?)

Bbicokasi cTouMocTb
CnoXxHoCTb KyNnbTUBUPOBaHUA KJTETOK

Heob6xoanMbl aanbHelwme
nccnefoBaHus, JaHHbIX Hefo-
CTaTOYHO A5l MOSTHOLLEHHOr O
aHanusa
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OKoHYaHue Tabnnubl

Ycnex He 3aBUCUT OT COCTOSIHUSA BOC-

Tun matepuana MpenmyLuecTaa HepocTatku 0OcobeHHoCTH
McTOoCOBMECTUMOCTD CHOCO6 «CraceHmsi»
HeuMMyHOreHHOCTb LOnuTenbHas onepauus, TpebytoLas MUKpO-

XUPYypru4yecKnx HaBblKOB

CB0O60AHbIN NIOCKYT, UCTOYHUK

He noasepxeH pe3op6uumn
Mo3BonAeT 0HOMOMEHTHO 3aKPbITbh
nedeKTbl MArKMX TKaHel

[nuHHas cocyancTast HoXKa

BacKynapusauuu:
MPUHUM ro 10X Puck n JTOMOB MNpU bEMHOM KOCTH
MECF p aloLLEero fioxa CK NepesiomMoB np 06beMHOM 3abope Koc HUCXOAAWME KONEHHbIE
MwuHMManbHas foHopckas Mopbua- | OanTenbHblil Nepuog rocnutanusaumm cocvabl
HOCTb Puck oTTop)XeHuss nockyta YAB!. .
. PeumnueHTHble cocyabl: Nu-
MoaxoauT Ans NnpuMeHeHus y aeteit | Onepauusa TpebyeT NnaHUpoBaHUs LEBbIE COCYAbI
He niofiBepxeH pe3op6Lmum ¥
JInTenbHaaA on na, T A MUKPO-
MMCTOCOBMECTUMOCTb Anwtenshas onepauus, Tpedytolua po
XUPYPryYecKnx HaBbIKOB
HeumMMyHoreHHocTb N . Cnocob «cnaceHus»
BbICOKMIN pUCK NepenomMoB iy4eBOn KOCTH o
Ycnex He 3aBUCUT OT COCTOSIHUSI BOC- CBO60AHbIN IOCKYT, UCTOUHUK
NPUHMMAatOLLLEro JoXxa BbiCoKas A0HOPCKas MOPGMAHOCTL BacKynapusauuu:
RFFF p » L nuTenbHbIR Nepuog rocnutanuaaunm ynAap Hmw:

Puck oTTOp)XeHust nockyTa

Onepauusi TpebyeT NnaHMpoBaHMUs

HeT paHHbIX 0 6€30MacHOCTU NPUMEHEHUS
JIOCKYTa C BK/IIOYEHMEM KOCTU y AeTeN

NydyeBble COoCyabl.
PeuunueHTHble cocyabl: nn-
LeBble cocyabl

lNpumevarune: AT, ayToTpaHcnnaHTaT, BMP-2, KocTHbIN MopdoreHeTuyecknin 6enok-2; MFCF, nockyT MeananbHOro Mblllenka
6enpeHHon kocTu; RFFF, nyyeBoii cBOGOAHbIM NOCKYT MPpeanieybs.

Comparative characteristics of osteoplastic materials

Table

Material type

Advantages

Disadvantages

Peculiarities

Histocompatibility Nonimmunogenic
Ability to obtain large amount of ma-

Increased pain

Current gold standard, partic-

lliac crest BG terial for grafting Visible scars ularly with minimally invasive
Ease of surgical access Resorption up to 40 % in 1 year technique
Simultaneous work of two teams
Vascular or neurologic injury (mental nerve,
. - . . inferior alveolar nerve)
Histocompatibility Nonimmunogenic D dvol b £
. Same operative field ecreased volume ot bone gra t .
Mandible BG - . The risk of damage to teeth and gums, disrup- -
Absence of visible postoperative scars | . f cani .
Decreased postoperative pain tion o canine er.uptlon .
If the technique is incorrect, deformation of the
lower jaw is possible
Histocompatibility Nonimmunogenic | Potential serious complications (cerebrospinal
. Hidden scar fluid leak, dural tear, vascular injury including
Calvarial BG . . . . -
Decreased postoperative pain sinuses, epi- and subdural hematoma)
Ease of surgical access The presence of a scar on the head
Histocompatibility Nonimmunogenic
An alternative source of cancellous | Risk of fractures
_ bone Possibility of damage to the growth plate in
Tibial BG - . -
Simultaneous work of two teams | children
Decreased postoperative pain Decreased volume of bone graft
Decreased blood loss
Increased pain
Vascular or neurologic
injury (intercostal neuralgia) Historically used for primary
Rib BG Histocompatibility Nonimmunogenic | Increased operative time BG
Visible scars
Risk of intraoperative pneumothorax
Poor orthodontic tooth movement
DENTISTRY 525
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End of the table 1

Material type

Advantages

Disadvantages

Peculiarities

Bioceramics

Biocompatibility

Good osteoconductive and osteoinduc-
tive properties

Reduced operation time and morbidity
Decreased postoperative pain
Decreased blood loss

The results are similar to autologous
bone

Further research is needed,
the data is insufficient for
a full analysis

BMP-2 Composite
Bone Substitutes

Reduced operation time and morbidity
Decreased postoperative pain
Decreased blood loss

The results are similar to autologous
bone

High price

Local tissue reactions (swelling of the gums)
Nasal stenosis at higher doses

The role of BMP in the development of onco-
logical processes

Further research is needed
BMP-2 is typically used in
combination with scaffolds
or bioceramics

Histocompatibility Nonimmunogenic
Reduced operation time and morbidity

Further research is needed,

Not subject to resorption Possibility of
immediate closure of soft tissue defect
Long vascular pedicle

Risk of flap failure
The operation requires planning There is no data
on the safety of bone flaps in children

Decreased postoperative pain High price N s
Cell therapy Decreased blood loss Difficulty in culturing cells the data |s.|nsuff|0|ent for
L a full analysis
The results are similar to autologous
bone (?)
Histocompatibility Nonimmunogenic | Lengthy operation requiring microsurgical skills | The method of «salvation»
Success does not depend on the con- | Risk of fractures when harvesting large amounts | Free flap, source of vascular-
MFCF dition of the receiving bed of bone ization:
Minimal donor morbidity Long-term hospitalization descending genicular vessels.
Suitable for use in children Risk of flap failure Recipient vessels: facial
Not subject to resorption The operation requires planning vessels.
Histocompatibility Nonimmunogenic Lgngthy operatlgn requiring microsurgical skills The method of «salvation»
High risk of radius fractures
Success does not depend on the con- | . - Free flap, source of vascular-
dition of the receiving bed High donor morbidity ization:
RFFF Long-term hospitalization )

radial vessels.
Recipient vessels: facial
vessels.

Note: BG, bone graft; BMP-2, bone morphogenetic protein-2; MFCF, medial femoral condyle flap; RFFF, radial forearm free flap.

ITepuonepaljuOHHBIM MeHeKMEHT
Ycnex orepaTMBHOrO BMellaTe bCTBa 3aBUCUT
OT MHOTMX ()aKTOpOB.

1.IlpeponepanoHHasi MOATOTOBKA

[Tepen onepariueii crieyeT:

1. O1leHUTb COBMECTHO C OPTOZIOHTOM He00X0-
JIMMOCTbD Tpe/ioTepaliiOHHOTO OPTOJOHTHYECKOTO
neuenrst. ONTUMaIbLHOM SIB/ISIETCSI CUTYaLMsI, KOTZa
[l0 orepariiy BepXHssl Ue/IFOCTh y)Ke pacliipeHa
1 3yOBbI TI0O BO3MO)KHOCTH BBIDOBHEHBI B 3yOHOM fyTe.
IlokasaHo, 4TO y OPTOAOHTUUYECKH TIOATOTOB/I€HHBIX
MareHToB CTereHb MoC/eonepaljioHHON pe30poLyu
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TPaHCI/IaHTaTa BbIpa’kKeHa MeHbILIEe U, COOTBETCTBEHHO,
pe3y/bTaThl orepaluu ayute [9, 77, 147]. Xupypru-
YyeCKoe BMellaTe/bCTBO C/leflyeT pacCMaTpUBaTh Kak
KOMITOHEHT KOMIL/IEKCHOT'O OPTOZIOHTUYECKOI'0 JIeUeHNs],
a He HaobOpOT.

2. BribpaTh onTHMasbHBINA BO3pacT BMelllaTe/b-
cTBa (M0 BO3MOKHOCTH). Ecnu nauyeHT — KaHAWaT
Ha BTopruuHyto KITAQO, nipu HaxoXJeHUU 3auaTKa
60KOBOTO pe3ra Ha GYHKIIMOHA/TBLHOW CTOPOHE
pacIiesIMHbl CyIiecTByeT HeoOX0AUMOCTh BbBITION-
HeHUs1 KOCTHOM MJIaCTUKY B O0/iee paHHEM BO3pacTe
(B panHto10 (ha3y cMeHHOro npuKyca). Eciu 3auarka
6okoBOrO pesiia HeT, TO Ljesecoobpa3Ho OpaTh ma-

CTOMATONOI 1A
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L|MeHTa Ha OllepaLyIo [epefi Ipope3bIBaHMEM KJIbIKa
[35—37].

3. OueHuTh pa3mepsl AeeKTOB MATKUX TKaHel
1 Kocteld. O1jeHKa MATKOTKaHHOTO Jie)eKTa Hy>KHa /151
TOT0, UTOOBI BHIOPATh ONTUMAJTBHBIN 110 (hopMe 1 pas-
Mepy JIOCKYT C Y4eTOM COXPaHEeHHs ero KpOBOCHabke-
HUA I YKPBITUSA TpaHcIlaHTara. OLjeHKa pasmepoB
KOCTHOTO fieheKTa BepXHel ue/t0CTU TIPOBOAUTCS
C TIeJIbIO M/IAHUPOBaHKs 06beMOB TPaHCTIIAHTHPYEMOTO
KOCTHOTO (hparMeHTa, KOTOPbIA HEOOXOAUMO B3SITh /151
yCTpaHeHusi paciienuHbl [83].

B nocnegHee BpeMsi mpruoOpeTaeT MOMY/ISIPHOCTb
orpeiesieHre o6beMa Zie)eKTOB a/ibBeOISIPHOM pac-
I[e/TMHBI C TOMOIIIbI0 3D-TexHonoruii. Knunnueckas
OLIeHKa He BCer/ia TOYHa U Hafie)kKHa. YTOObI OLIeHUTh
MaKCHMaJIbHO TOUHO 00BeM U apXUTEKTOHHUKY Jedek-
Ta, 1o AaHHeM KT ¢ ucrnonb3oBaHueM crieLiaabHOro
MPOTrPaMMHOTO 00ecrieueHrst MOJIeJTUPYIOT JedeKT.
Mopenu nevataroT Ha 3-D npuHTtepe. 3D-neyaTHbIe
MO/IeJT! TI0JIe3HbI, TTIOCKOIbKY OHM 00eCreunBaroT Tak-
TWIbHBIE OLYLLeHHs], KOTOpbIe MOI'YT [IOMOYb XUpypram
TIOHATh HEeMPaBUW/IbHYIO0 aHATOMUUECKYHO CTPYKTYPY,
OrpaHHyYeHusl NPY PEKOHCTPYKLIMU U (aKTUUeCKUN
06Bem Koctu. Bosiee TOro, Mofie/v MO3BOJISFOT XUPYypram
TJTaHAPOBATh OTepariiy 1 HarpsiMyo OTpe/ieNisiT 00beM
HeoOXOMMOT0 TpaHCIUIaHTaTa. [71o6anbHO JaHHast
TEeXHOJIOTHs [IOMOraeT CHU3UTh KOJIMYeCTBO peoriepaLyi
TaK Kak OHH B TOM YMCJIe CBS3aHbl C HEMPaBU/IbHbIM
orpejie/ieHMeM HY)KHOTO KojlhyecTBa Marepuana [77,
148, 149].

4. BeIOpaTh MOAXOSAIINI KOCTHO-TI/IACTHYe CKUH
MarepuaJi, MpUHUMasi BO BHUMaHKe B TOM UMC/Ie BO3PAaCT
natpenTa. [Tpu Bropuunoii KITAO wesiecoobpa3Ho rpu-
MeHeHHe rybuyaToro TpaHCIUIaHTaTa, B 6osiee cTapiiem
BO3pacTe — KOPTHKA/bHOT0/KOPTHUKAIbHO-TyOuaToro
[9, 56, 57].

5. [TogrotoBuTh NaneHTa COMaTuyeCcKy U CaHu-
pOBaThb MOIOCTH pTa. JItoObie ouaryu MHGEKLH TTOBbI-
IIalOT PUCK BO3HUKHOBEHUs 0CIoKHeHHi. O6ocTpeHe
XPOHHUYeCKUX 3aboeBaHui U OCTpbIe 3a00sieBaHUS
CHIWKAIOT JKU3HEHHbIe CUJIbI OpraHu3Ma U TOXKe He CII0-
COOCTBYIOT XOpOILIMM HcxoAaM. TTopaxkeHus TIONOCTH
pTa Tak>Ke JI0/DKHBI OBITh YCTpaHeHskI 3apaHee [5,22].

DENTISTRY

6. YUuThIBaTh, YTO MPHU HAJTMUWH IByXCTOPOHHEM
paciiie/ivHbI B TIJIaH JieYeHUs! TO/DKHO BXOAUTE 2 orle-
PaTHBHBIX BMeIllaTe/IbCTBa, TaKXKe BaxkHO [9, 77].

2. Xypypruueckoe BMellaTe/ibCTBO

Bo Bpems omnepaijuu He0OXOJUMO BBITIOJIHUTh
3 ocHoBormoJiaratorue Bermu [6, 150, 151].

Bo-nepBbIX, 3aKpbITh OPOHa3a/IbHYI0 (QUCTYIIY.
CnencTBHEM Ha/IMUMS COOOITIEHHST MEXK/Y TIO/I0CTSIMHU
HOCAa ¥ PTa sBJIsIeTCS CKJIOHHOCTh K BO3HUKHOBEHUIO
3aboseBanuii JIOP-opraHoB ¥ MOMOCTH PTa U3-3a CO-
BMeILleHHsT pa3HbIX 3Ko6uoToros [152, 153].

Bo-BTOpBIX, pa3MeCcTUTh B paciile/lMHy ajibBe-
OJISPHOTO OTPOCTKA A0CTAaTOYHBIM 00beM KOCTHO-
M/1IaCTUYEeCKOr0 MaTepuara.

B-TpeThux, 00ecreunTh aleKBaTHOE YKPBITHE
TpPaHCTIJIaHTaTa CJIM3UCTO-HAAKOCTHUYHBIMU JIOCKY-
TaMu. TKaHU [JOJ/DKHBI ObITh YIIIUTHI TePMETHUHO, HO 6e3
HaTsDKeHUs.

Xop orneparuu [6, 150, 151]:

Bo/HBIM pacTBOPOM X/IOPTEKCUAMHA OPOIIIA0T
TOJIOCTU HOCA U pPTa, IpoTHpatoT 3yOnl. B obsactu
BMelllaTe/IbCTBa OCYIIeCTB/ISIOT UHPUIBTPALIAIO TKa-
Heli (hu3no/I0rMUeCcKUM pacTBOPOM ¢ AobaByieHreM
MeCTHOT'O aHeCTeTHKa U a/ipeHa/iMHa. [Iu3aiiH pa3pe3oB
VH/IMBU/IyasieH U 3aBUCUT B TOM UHCJIe OT Mpejriosara-
eMOTO TIJlaHa MepeMelrieHust MATKUX TKaHel (puc. 1a).
Pa3pes3 fies1at0T BIOJIb a/TbBeOISIPHOM 11[eJTH, JOXOAsIIel
10 3a/THEeH TTIOBePXHOCTH OCTABIIIEr0Csi HOCOTYOHOTO
CBHIIIA Ha TBepj0M Hebe. VIHOT/a 3a/iHsIsl YacTh CBUIIA
TI0JTHOCTBIO BBISIB/ISIETCS TOJTBKO BO BpeMsI JIMCCEKITUH.
Pa3pe3 Ha BeCTHOY/ISIDHOM CTOPOHE a/TbBEOJIIPHOM IIIeJTH
MPOCTUPAETCs K TPYLIeBUIHOMY OTBepCTHIO (puc. 10).
Ocy11eCTB/ISIOT AUCCEKLUIO MMOJHAJKOCTHUYHO, 10C/Ie
Yero MPUCTYTIAIOT K YIIIMBAHHIO C/TU3UCTBIX HOCA U Heba.
Ha cm3ucTtyto Hoca, TPOXOJAILYI0 BAOJb [IHA TTOJIOCTH
HOCa ¥ YaCTUYHO BBIBEPHYTYIO 3 00/1aCTH PaCII|e/THHbI,
HaK/1a/IbIBAlOT IIBbI «M3HYTPU KHAPY>Ku» (T10 HarpaB-
JIEHUIO OT 3ajjHeil yacTu (PUCTY/IbI K Mpe//IBepUI0
pra). IHorAa mMeliaroT HUKHUE HOCOBbIe DAKOBUHBI,
1 TpebyeTcs UX mepeMelrieHre Wik PeayKIus. 3aTemM
YILLIMBAIOTCS CJTM3UCTO-HA/IKOCTHUYUHbBIE JIOCKYThI TBEp-
JloTO Heba W SI3bIYHOM MOBEPXHOCTH aTbBeOISIPHOTO
oTpocTKa (puc. 1B).
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r a

PucyHok 1. KocTHad nnacTuka pacLuenvHbl afbBeoNapHOro oTpocTka no de Barros Dias B.S. v ap. [155], xog onepauuu.

A — o 3annaHNPOBaHHBIM IMHUAM OCYLLECTBASIOT pa3peabl (MMHWUM OTMEeYeHbI NMyHKTUPOM); B — B onepaumoHHol paHbl
B MpoLiecce ANCCEKLMM MOCNE OCYLLECTBAEHNSA pa3pe30B; B — ylumBatoTes cnnsmcTble Hoca 1 Heba; ' — B o6nacTb AedekTa
yKNaAblBaeTCA KOCTHO-MNACTUYECKMIN MaTepual, Hanpumep, Kak Ha pucyHKe, rae 1 — KopTukasbHas MaacTuHKa, 2 — BbICTUIIKA
13 MemMbpaHbl, 3 — ryéuyaTblil ayToTpaHcnnaHTaT; [ — B1A paHbl Nocne onepaumm

Figure 1. Alveolar cleft grafting by de Barros Dias B.S. et al. [155], progress of the operation. A — Cuts are made along the
planned lines (the lines are marked with a dotted line); B — the appearance of surgical wound during the dissection process after
making the incisions; B — the mucous membranes of the nose and palate are sutured; I — osteoplastic material is placed in the

area of the defect, for example, as in the picture, where 1 — cortical plate, 2 —membrane lining, 3 — cancellous autograft;

I, — the appearance of wound after surgery
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[Tocne co3paHust «kkapMaHa», KOTOPbIN MOXXHO
MpeJiCTaBUTh B BU/Ie UeTLIPEXYT0/IbHOW MUPaMU/IbI
(puc. 1B), B Hero NJIOTHO pa3MeljaeTcsi KOCTHO-
TIacTHuUecKuii Matepuar (puc. 1r; Tabn. 1). Hekotopsie
XUPYPTH MPAKTUKYIOT «yKperuieHre» [THa MOJI0CTH
HOCa KOPTUKaILHOM TIJIaCTUHKOM ayTokocTH [151].
PacripocTpaHeHHO! MPaKTUKOU SIB/ISIETCSl BBICTHIAaHUE
«KapMaHa» pa3MuHbIMA MembOpaHamu [7, 115, 116].
ITpu Heo6X0AMMOCTH KOCTHO-TIACTHUeCKUI MaTepra
(bUKCUpyeTCsi TUTAHOBBIMM MUHU-TI/IACTUHAMU, OO
6uope3opbupyeMbIMU TsIacTUHaMU. PUKcarust 61o-
pe3opOupyemMbIMH TJIaCTUHAMHU TpebyeT OT Xupypra
GostbIelt KBaMMpUKALIMK, HO UMeeT TIPeuMyIilecTBa:
TaKue M/IaCTUHBI MeHbIIIe TIPeMSITCTBYIOT MPOope3biBa-
HUIO 3y060B, He TPeOyIOT MOBTOPHOTO BMeIllaTe/IbCTBa
C LIeJIbI0 UX ya/ieHusi, CHKAIOT BIMSTHHE Ha POCT
Y pa3BHTHeE BepXHel Yel0CTH, YMEHBIIAIT 00beM
(UKCcHpyroLLell KOHCTPYKLIMH, UTO CIIOCOOCTBYeT Oosiee
G71aronpUsATHOMY 3a>KUBJIeHUI0 [7, 9, 154].

B KOHIIe HaK/Ia/IbIBAlOTCs ILIBBI HA BeCTHOY/ISIPHOM
CTOpPOHE a/IbBeOISIPHOTO OTPOCTKA BepXHel YemtoCTHy,
TakuM 00pa3oM, edeKT «3akpbiBaeTcsi» (puc. 17). [ist
yditeit MOOMTBHOCTH JIOCKYTOB NPH OO/BIINX AedekTax
MOTYT JIe/laTbCsI HAaCeUKH Ha HaIKOCTHHLIE (T10C1absiro-
mipe paspe3bl). OHaKo 3T0 TpedyeT 0CTOPO)KHOCTH, TaK
Kak /IeBaCKy/IsIpu3alLiys e CHeBbIX JIOCKYTOB He SIB/ISIeTCS
Xopolilel nepcrieKTBon. Takyke MHOTa He MpeJCTaB-
JISIeTCsI BO3MOYKHBIM 3aKPbITh fleheKT 0e3 HaTsKeHUst
TIpU/IEKALMMU K paciiie/iiHe TKaHsAMU. B Takux ciyuasx
MOTYT pacCMaTpPUBATbCs Oosee CIOKHBIE JIOCKYTHI,
HarpyMep: CJIM3UCTO-MBbIIIeUHbIN JIOCKYT Ha JIMLIEBOU
aprepun (FAMM), poTallMOHHBIH ITIeUHBIN JIOCKYT B BH/IE
«Tiaiblia», I3bIYHbIN JTOCKYT U Apyrue [137].

3.IocneomnepaljioHHOE BeJjeHe.

HazHauenue antrOroTrKoB npu KITAO, Kak rpaBu-
JI0, OTPaHUYMBAETCS OIHUM JHeM. [1po/IoHTMpOBaHHbIe
CXeMBbl, COIVIaCHO JIaHHBIM JINTEPATyPhbl, He UIMEIOT CyIlle-
CTBeHHBIX TiperMy1ecTB [ 150, 156]. VI3 aHTHOMOTHKOB
00OBIYHO UCTIONB3YIOTCSA LjehaI0CIIOPUHBI, KITMHAAMULIH
Y aMOKCULW/UTWH [157]. [1711 ymeHblLeHUs oc/ieonepa-
LIMOHHOM 00/I MOTYT MPUMEHSITHCS Pa3/IMIHbIe CIIOCOOBI
00e300/1MBaHMs: HADKOTHYECKHe Y HeHapKOTUYeCKUe
aHa/IbreTHKH, 6710Kazibl HepBOB U Zp. [Ipy 3TOM Hy>KHO
OPHEeHTHPOBAThCs Ha BHIPAKEHHOCTb O0/TEBBIX OIIYIL[eHHI

DENTISTRY

C UCTI0/Tb30BaHKEM, HarlpUMep, BU3ya/lbHO-aHaJIOTOBOU
mKasiel [ 150, 158]. Ocoboe BHHUMaHYe yeseTcst TUTheHe
nosioctu pra. [Tocsie onepaliu MOXKHO Cpa3y HauyMHaTh
YHCTUTD 3yObl MATKOU 3yOHOI 11]eTKOW M IPUMEHSITh
XJIOPreKCUMHOBbIE BAaHHOUKHU [1J1s1 pTa 2 pasa B /ieHb
B TeueHue 1 Hezeny. [TaijeHTaM peKOMeHyIOT BCTaBaTh
Y XO[WTb Cpa3y MocJjie onepalyy. B TeyeHune qByX HeJe/b
TMALeHThI HAaXOAATCA Ha «MSITKOH» JueTe, Ha 1 Mecsil
OrpaHUYMBAIOTCSI MHTeHCHBHBIE (hH3MuecKue Harpy3Ku.
[1IBb1 cHUMaroTCst uepes 2 Heflen. OPTOAOHTHYECKOE
JieueHUe MOYKHO TIPOZI0/DKaTh uepe3 6 Hegenb [150].
TakrKe BaykeH MOHUTOPHHI BHYTPUPOTOBOT'O OTeKa Cpasy
TI0C/Ie OrepaLiy, 0COOEHHO Cpe/iy TIALEeHTOB, KOTOPbIM
HCTIONMb30Ba/ BMP-2, Tak Kak eCTb pUCK BOSHUKHOBEHUSI
3aTpyAHeHUs AbIXxaHus 1 Tpyu3Ma [157, 158].

51 olleHKH TI0C/1eoriepaljuOHHbIX Pe3y/IbTaToB
MOTYT MCTO/Ib30BaThCsl pa3/iMuHbie 1Kasbl: Bergland,
Chelsea, Kindelan u fp. 3Tu 1IKabl IPUMEHUMBI [1/15
2D peHTreHOBCKMX CHUMKOB. HejocTaTok vx B TOM, UTO
9KCIIePThI MOT'YT TPAKTOBATh pe3y/bTaThl [0-Pa3HOMY,
OL[eHKY CJIOXKHO CTaH/apTu3upoBaTh. TpexmMepHbId
peHTreHorpadhrueCcKri aHa/Iu3 SB/ISIeTCs 00J1ee TOUHBIM,
HO CB$3aH C MOBBIILIEHHBIMU Jj03aMK 001yuenus [159].

B otganeHHom moc/ieoriepalluOHHOM TIepuozie
MOTYT TJIAHUPOBAThCS TaKue BMellaTe bCTBa, Kak
JleHTa/IbHasi UMIUIaHTal[¥isl, OpTOTHATUUeCKe OTIepalfyy,
3CTeTUYeCKHe orepalui. JTH «MaHeBPbl» TIOMOTatoT
HarboJ1ee 1MOTHO peabMTMTUPOBATh MALIMEHTOB U yTyu-
IIUTHL KaUueCTBO UX »KU3HU [5].

BbiBOAbI

1. Tlaumentsl ¢ BPI'H HyX[ar0TCAd B KOMILJIEKC-
HOU peabusuTaiuu. BaxkHol UacThio 3TOM peabu-
JIUTALYU SIBJIIeTCS orepaLys 110 BOCCTaHOB/IEHUIO
HeIpepbIBHOCTY a/IbBEO/IIPHOTO OTPOCTKA BepXHel
YyeJIIOCTU. B Hamy AHM onTHMaIbHBIM BO3PacTOM
[JIs BBITIOJIHEHHUS 3TOTO BMelLlaTe/ bCTBa SIBJSIeTCS
TIPOMEXYTOK C 6 fo 12 net. B cinyyae Hamnuud 3a-
yaTKa G0KOBOTO pe3iia, Cy/s 10 TIOC/IeJHUM [JaHHbIM,
Oosiee mpeIOYTUTE/IEH TIEPHO/] PAHHETO CMEHHOT0
nprkyca (6—8 siet). B mpoTHBOMO/IOKHOM C/ly4ae
oIepaLUIo Jyyllle BBIIIOJHUTH [0 TIPOpe3bIBaHUs
K/bIKa (9—12 ner).
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2. AyTOTpaHCIUIAaHTaThl OCTAIOTCS «30/I0THIM
CTaHAAPTOM» KOCTHOM TJIACTUKU. ABaCKYJISPHBIN
ayTOTpaHCITaHTAT U3 06s1acTy rpebHs TOB3/0IIHON
KOCTH 3aHUMaeT JIUAUPYIOIIYe TT03ULUN U SIBISIeTCS
B HAllli JHUA CTAH/IapTOM, C KOTOPBIM CPaBHUBAIOT
Jpyrye KOCTHO-TI/TaCTHUeCKHe MaTepHalIbl.

3. HecmoTpsi Ha TO, UTO ayTOTPAHCIIIAHTATHI
JI0 CUX TIOP SIB/ISTFOTCS «PabourMu JIoLIaKaMu», POKyC
BHHMaHUsI C HUX BCe OoJsIbIlle CMel[aeTCsi B CTOPOHY
pereHepaTUBHOM MeJULIMHBI, @ He Ha TTOMCK HOBBIX
JIOHOPCKUX y4acTKoB. HayuHoe coo6iiiecTBo Bo3/a-
raeT Ha/leXKJbl Ha OyayIiue JOCTXKeHUs B 001acTu
pereHepaTyMBHONM MeJULIHEI, Be/ib B IepCIIeKTHBe
OHU MOTYT ITOMOYb XHPYPraM IMOJTHOCTbIO N30aBUTHCS
OT TPaBMHPOBaHMUsI IOHOPCKUX YUaCTKOB.

4. Tloaxop K Tal[MeHTaM C paciie/IMHOMN albBeo-
JISIPHOTO OTPOCTKA JI0JKeH ObITh AnddepeHIInpoBaH-
HbIM. MeTozvKa, paboTaroias y 0[HOTO TaljleHTa,
MOYKET OKa3aThCsl TOPOUHBIM KPYTOM JJIs Apyroro. Baxk-
HO YUHUTHIBATh BO3PACT Mal[eHTa, aHaMHe3, MeCTHBIH
¥ 0OLMIA CTaTyChI U [pyTHe 10Ka3aTesiu Jjis Bbibopa
HanboJsiee KOPPEKTHOMN TaKTUKHU BeJ|eHUs TallueHTa.
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Abstract. Relevance. Colloidal blood substitutes — polyglukins — have been used in infusion therapy for 70 years
and are widely represented in modern pharmaceutical regulatory documentation. Glucose polymer with a (1 - 6) glycosidic
linkages (dextran), as the main active pharmaceutical ingredient of polyglukins, has exceptional properties, such as long-term
circulation in the bloodstream, inertness, volemic, detoxification, and antithrombotic effects. Quality authentication control of
polyglukins usually includes FT-IR spectroscopy, while systems of polymeric micelles require characterization of dispersion and
the electrophoretic properties that are in unambiguous correspondence with their biological activity. The aim of the study was
to develop new approaches based on laser scattering methods to identify polymer-based blood substitute drugs to complement
existing regulatory documentation, and assess their biological activity using the Spirotox method. Materials and Methods.
Reopolyglukin (Rpg) — an aqueous solution of dextran with a molecular weight of 30—40 kDa (Dex35) and 0.9% sodium
chloride; water with different contents of the heavy isotope 1H , Malvern Zetasizer ZSP equipment for measuring hydrodynamic
radius (d, nm), zeta potential of colloids (§, mV); Biotesting method with Spiostomum ambigia cell for evaluating survival time
in different dilutions of Rpg. Results and Discussion. Determination of submicron dispersity in the initial Rpg and in dilutions
of water isotopologues indicates the presence of particles d, (Median) = 10 nm with a volume concentration V = 18% and a low
polydispersity index PDI ~ 0.2. It is shown that the size distribution of nanoparticles is influenced by a noticeable effect is the
concentration of the isotope. Biopharmaceutical analysis with the usage of Protozoa based on the Arrhenius kinetic model
showed a decrease in the toxicity of aqueous solutions of Rpg in an environment with a reduced content of the isotope iH.
New approaches based on the use of laser analysis methods have been developed to characterize the dispersion properties and
colloidal stability of polymer-based blood substitutes. Conclusion. The results obtained can be included into the new edition of
a pharmacopeial article on Reopolyglukin preparations.
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Introduction

Dextran (Dxt) —is a polysaccharide composed of
glucose monomers linked by a-1,6-glycoside bonds in
a 1:6. ratio. Additionally, the Dextran molecule may
feature a-1,2, a-1,3 and a-1,4-bonds forming side chains
containing approximately 2-10° units of glucose [1]
(Fig. 1).

It is known that the glycoside bond (1 - 6) is
atypical for plants (starch) and animals (glycogen), and
there are no body enzymes capable of breaking down
such polysaccharides. However, this characteristic gives
dextran a significant advantage as a blood substitute —
the duration of circulation in the bloodstream and
withdrawal almost unchanged, which eliminates its
cumulation [2]. The bacteria of the Lactobacillaceae
family (Leuconostoc mesenteroides, Leuconostoc
paramesenteroides biological species) and Weissella
(Weissella cibaria, Weissella confusa) possess probiotic
potential and produce dextran from sucrose (dextranase
enzyme) which finds application in the pharmaceutical
industry [3]. Depending on the environmental
conditions (T, C° and pH) it is possible to obtain a low-

538

(Mr 20—50 kDa), medium- (Mr 50—70 kDa) and
high-molecular (Mr>100 kDa) dextrans [4]. The most
demanded in medicine are dextrans with a molecular
mass of 30—40 kDa and 70 kDa, characterized by
inertia, volumetric, detoxifying, diuretic, antithrombotic
effect [5]. However, in the sugar industry, dextrans are
undesirable compounds causing significant production
losses due to Leuconostoc bacteria living on the sugar
beet [6].

The history of the dextran’s application began
in 1943 at the Department of Physical Chemistry,
University of Uppsala (Sweden), headed by Nobel
laureate T. Svedberg. When developing new
technologies for sugar factories of Sockerbolaget AB
company, dextran was obtained as a "by-product”
[7]. Together with pharmaceutical companies, the
technology was brought to the Macrodex commercial
product status [8]. Dextran-based drugs (Mr 35—
40 kDa and 50—70 kDa) belong to the group of
hemodynamic blood substitutes designed to restore
hemodynamic disorders (blood microcirculation)
and to treat shock of various origins. Quality
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2, 3, 4, 5-tetrahydroxy-6-[3,4,5-trihydroxy-6-[[3, 4, 5-trihydroxy-6-(hydroxymethyl)oxan-2-ylJoxymethylloxan-2-yl]
oxyhexanal

Figure 1. 2D-Chemical structure of Dextran (Mg ~ 40,000 Da) (inset shows a Dxt dimer with a side substituent)

control of parenteral, sterile dextran-based drugs —
polyglukins — includes determination of authenticity
by polarimetric, spectrometric (FT-IR) and chemical
methods. Purity is determined according to pH,
viscosity, average molecular weight, density, biological
toxicity tests. However, particle size analysis for
‘Particle size’ and ‘Visible mechanical inclusions’
are not available in the current "DEXTRAN 40, 60,
70 FOR INJECTION" Standarts [9]. It is known
that particle size correlates with stability, solubility,
bioavailability, and rate of redistribution in the body.
In addition, the control of invisible mechanical
inclusions — foreign insoluble particles (except gas
bubbles), that may accidentally be present in medical
products, is necessary to prevent their entry into the
systemic circulation.

The aim of the study was to develop a new approach
based on laser scattering methods for the identification of
drugs — polymer blood substitutes to supplement existing
standards, as well as to evaluate their biological activity
using the Spirostomum ambigua biotesting method.

PHARMACOLOGY

Materials and Methods

The object of the study was the drug reopolyglukin
(batch Ne 016167/01 of RP "Belpharm”, Republic
of Belarus), which is an aqueous solution of 0.9%
sodium chloride and dextran with a molecular mass
of 30—40 kDa (Dex35). Composition per 1 ml: dextran
(avg. mol. mass 30,000—40,000) — 100 mg (as a 10%
solution in water for injection); as an excipient, NaCl —
9 mg. Theoretical osmolarity — 330 mOsm/L. The
solution is transparent, colorless, or slightly yellow.
The drug was used in its initial concentration or
diluted 1:100 with the use of solvents: bidistilled water
(ratio /~140 ppm, electrical resistance >18 MQ x cm™
at 25 °C, TOC< 5 ppb, Merck Millipore), deuterium
depleted water ({H/iH~4 ppm, Merck, Darmstadt,
Germany), and heavy water (99,9% D,0, ALDRICH,
Darmstadt, Germany).

The particle size was analyzed by laser light
scattering (Dynamic Light Scattering, DLS) using
a laser nanosizer Zetasizer Nano ZSP (Malvern, UK).
For measuring the size of submicron (nano-) particles
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from 0.1 nm to 10000 nm in the studied samples of
Rpg 10% and the 1:100 dilution, DLS technology
was used to measure the diffusion of particles due to
Brownian motion followed by size conversion to the
Stokes-Einstein equation (1) [10]:

kgT

= — 1
D= R (1)
where D is the diffusion coefficient, kB is the Boltzmann
constant, T is the absolute temperature, 1) is the viscosity
of the liquid, R is the hydrodynamic radius of the
particle.

To characterize the width of the particle size
distribution, the polydispersity index (PDI) was used
as a measure of the heterogeneity of particle sizes in
the sample. PDI values are calculated by fitting the
autocorrelation function in the DLS software. Since
the polydispersity of a sample is the standard deviation
of the distribution divided by the average radius, to
calculate the polydispersity index the resulting value
is squared:

PDI=22. 2)

G2
where G? is (G-)? and G is the average decay rate, which
is proportional to the average translational diffusion
coefficient D, which is used to calculate the radius.

The study of the biological activity of Rpg
dilute aqueous was conducted using the cell culture
Spirostomum ambigua (S. ambigua) [11]. The
mechanism of ligand-receptor interaction includes
the stage of interaction of the xenobiotic with the
cell, the disintegration of the intermediate complex,
accompanied by a change in the concentration of the
cell biosensor due to conformational changes in the
receptor, degradation, synthesis of new receptors, and
formation of the CxL_ intermediate state (Fig.2).

Statistical data processing was conducted using
the Student’s t-test, as well as the one-way analysis of
variance (ANOVA, Analysis Of Variance) developed
by Sir Ronald Aylmer Fisher in the Origin Pro program.
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The differences were considered statistically significant
atp <0.05.

Figure 2. Kinetic scheme of ligand-receptor interaction S.
ambigua with toxicant: C-cell, L-ligand, n-stoichiometric

coefficient, CXL_— intermediate state (cell after interaction
with the ligand), Ke is the equilibrium constant fast stage, f
is the rate constant of the cell transition to the dead state,
DCis a dead cell [12]

Results and Discussion

Estimation of the size, size distribution,
and {-potential of dextran colloids based on
dynamic light scattering data

Particle size and particle size distribution are very
important factors for assessing the effectiveness of
a medication 13. Functions of light scattering intensity
(I,%) were obtained and analyzed for the characterization
of dispersed systems and description of the properties of
colloidal particles in the liquid dextran pharmaceutical
solution, including the hydrodynamic diameter of particles
(d, nm); volume concentration (V, %) — hydrodynamic
diameter of particles (d, nm); the grain size distribution
of the sample (polydispersity index, PDI), as well as
(-potential (mV) as an indicator of particle surface charge
and the measure of electrostatic interaction.

According to the Mie theory and the Rayleigh-
Gans-Debye (RGD) approximation, light scattering
occurs independently on each particle [14, 15]. The
total intensity of the scattered light is proportional
to the concentration of particles in the sample. The
RGD approximation may be disrupted with increasing
concentration due to the interaction that occurs between
particles [16, 17]. This is reflected in the relation
between the diffusion coefficient D and the particle
radius (see eq. 1). In connection with this, we also
conducted studies of the effect of dilutions of 1:100
on the dispersion properties of a Rpg solution (Fig. 3).
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Figure 3. Size distribution of nanoparticles in the reopolyglukin solution in units of intensity (I, %) and volume concentration (V, %):
(a) and (b) in the original 10% solution; (c) and (d) at a dilution of 1:100

The figures show unimodal, narrow peaks of
colloidal particle distribution in dextran 10% solution,
both in intensity units (I, %) and volume concentration
units (V,%): DL Mean— /-6 M U DV’ Mean— 0,0 I

The monodispersity of the sample is confirmed by
the polydispersity index PD1=0,22, the values of which
are sensitive to the presence of aggregates in solutions:

PHARMACOLOGY

the homogeneity of particles in the population leads
to a narrow resultant size distribution and small PDI
values, which determines the monodispersity of the
sample (see. fig. 3 (a, b). The polydispersity index value
in the diluted 1:100 sample Rpg decreases (PDI = 0,20),
which suggests a greater homogeneity of the colloidal
solution (Table 1).
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Table 1

Characteristics of dispersibility of colloidal blood substitute samples according to DLS method

Size = SD, nm
Test sample Polydispersity index, PDI Zeta potential, mV
Intensity, % Volume,%
Reopolyglukin 10% 7626 56+1,9 0,22 -0,7
Dilution 1:100 (0,1%) 10,7 £4,0 74427 0,20 -0,6

The reopolyglukin solution contains, according
to the pharmaceutical prescription, 0.9% sodium
chloride solution. It can be seen that the introduction
of electrolyte into the solution causes the dynamic
equilibrium between the counterions of the adsorption
and diffuse layers to shift towards the adsorption layer.
Some fraction of counterions of the diffuse layer passes
to the adsorption layer, the diffuse layer shrinks, and
the zeta potential value decreases (Table 1).

It is known that in deuterium—depleted water in the
content of heavy isotope of hydrogen — deuterium — the

20
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018
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§14 .
k&

124

10 1

8_

6 4
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0_ LI | LI | T

1 10 100 1000
Size, d(nm)
a

rate of chemical reactions, as well as solvation of ions
and their mobility, changes [18]. The so-called kinetic
isotope effect is manifested, which gives a control
function to the kinetic properties of aqueous media. In
connection with the interest to study the relationship
between the deuterium content and the disperse
properties of the colloidal system of reopolyglukin,
we have tested the properties of colloidal systems when
diluted with samples of deuterium—depleted water
(light water), with natural content (bidistilled) and heavy
D,0 water (Fig. 4, Table 2).

b

Figure 4. Size distribution of nanoparticles in reopolyglukin solution in 1:100 dilution with bidistilled water, with reduced
deuterium content (“light” water) and heavy water D,0: (a) in intensity units (I, %); (b) volume concentration (V, %)
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Table 2

Characteristics of dispersibility of colloidal blood substitute samples according to the DLS method at dilution with
the different deuterium content water

Dilute samples (1:100) Imensnyjjze + SD, HMVOIume' - Polydispersity index, PDI Zeta?p(:rtﬁ?tial,
Deuterium-depleted water (“light” water) 79+22 6,4+18 0,45 -57
Bidistilled water 10,7+4,0 74+27 0,20 -0,6
D,0 (heavy water) 10,2+29 8024 0,21 -8,65

It can be seen that the smallest size of colloidal
particles is characterized by a 1:100 dilution of Rpg in
water depleted in deuterium content (red distribution
curve). Despite the presence of an additional peak
at 190 nm, which is reflected in the PDI value, the
volume occupied by nanoparticles in the ddw dilution
is the smallest. The smallest fraction of scattered light
is the least in heavy water dilution medium (black
distribution curve) with an extra peak of the submicron
size group at 300 pm. The table data also demonstrates
differences in the zeta potential in colloidal blood
substitute media with different concentrations of the
heavy hydrogen isotope: D,O and “light” water show
greater diffuse layer blurring (Table 2). The impact of
the NaCl electrolyte (0.9% solution) on the thickness
of the diffuse layer of ions of the double electric layer
is most pronounced when in the presence of colloidal
blood substitute containing a natural deuterium content
of approximately 145 ppm: & = -0,6 mV (Table 2).

Arrhenius kinetics model-based
biopharmaceutical analysis with Sp. ambigua
protozoa

The rate of mortality of the test item was examined
using the Arrhenius hypothesis to evaluate the biological
activity of samples that were diluted Rpg with a solvent
that contained varying amounts of isotopologues: based
on graphical dependencies in the “lifetime — T, K”
coordinates, the activation energy of the cell transition
process to the DC state could be found (Fig. 2):

Ink= InA— Ea .l
R

; b
where k is the rate constant, Ea is the activation
energy (kJ/mol), R is the gas constant (8.314 J/(mol K)),
A is the pre-exponential factor, T is temperature (K).

PHARMACOLOGY

According to the proposed dependency, a cellular
biosensor that is similar to an enzyme-substrate
complex forms in an intermediate state during the
ligand-induced death process. The apparent activation
energy (Ea) of 176 kJ/mol was determined using the
tangent of the straight line’s angle of inclination to
the abscissa axis in semilogarithmic coordinates:
E =176 kJ/mol (Fig. 5).

Conclusion

The research, which included the use of aqueous
isotopologues for the preparation of dilutions,
examined the dispersed submicron, nanosized, and
biopharmaceutical properties of the colloidal blood
substitute reopolyglukin, which contains dextran with
a molecular weight of 30—40 kDa (Dex35). The results
are presented for the first time in this work. The lack of
directions for dispersion phase particle characterization
was revealed by a review of current dextran regulation
papers. Then, the polydispersity index, the size of
colloids, and the electrokinetic potential can be used
as standards for medication quality control.

It was feasible to assess the apparent activation
energy of death and the average life span of ciliates
in different reopolyglukin media by describing their
behavioral characteristics using the cellular biosensor
Spirostomum ambigua.

The outcomes of a comprehensive investigation
into the characteristics of a reopolyglukin solution 10%
can function as the primary or essential supplementary
examinations required to ascertain the legitimacy and
biological efficacy/toxicity of colloidal blood substitutes,
which are extensively employed in the management of
shock states.
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Figure 5. Dependence of Sp. ambigua cell biosensor lifetime (“dose-response”) in reopolyglukin dilution with bidistilled
water (1:100): (a) direct coordinates; (b) semi-logarithmic coordinates (n=3)

A remarkable observation is the variation in the cultured in a medium containing several aqueous
behavioral characteristics of the cellular biosensor isotopologues diluted 1:100. (Table 3).

Table 3
Results of the Spirotox method in the study of biological activity of dilutions (1:100) of reopolyglukin by aqueous isotopologues*
Reopolyglukin sample diluted 1:100
Test parameters
Light water (ddw) D/H=4 ppm | Bidistilled water (bd) D/H=140 ppm Heavy water 99,9% D,0
In the first 2 minutes: loss At the time of planting in the medium
Free, active movement in of orientation in space, slow and throughout the entire cultivation
volume throughout the entire movement. period, there is a loss of orientation in
cultivation period After 2 minutes: free, active space and slow movement within the
movement in volume volume
Behavioral character of
ciliates in a cultivated
environment
Lifetime, (T=297 K) 276+8,7 23516,2 143+12,6

Note: *insets are images of Spirostomum ambigua cells in cultured medium.
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006/1a/1aeT UCKTFOUUTETEHBIMU CBOWCTBAMU, TAKUMHU, KaK AJTUTEbHOUM LIUPKY/SLHEeH B KDOBOTOKE, UHEPTHOCTBIO, BOJIEMH-
YyeCKHUM, [|eTOKCHKAI[MOHHBIM, aHTUTPOMOOTHUeCKUM ZieiicTBHeM. KOHTPO/Ib KaueCcTBa TOJUI/IIOKUHOB Ha TOJJTMHHOCTD
BKJIIOYAeT, KaK MMpaBuo, criekrpoMetputo B MK-o6acTH, Torja Kak CUCTeMbI MIOTMMEePHBIX MULE/T TPeOYIOT XapaKTepH-
CTUKY JUCIIEPCHBIX U 3/1eKTPO(OPETHYECKUX CBOMCTB, HAXO/SAIIUXCS B O[[HO3HAYHOM COOTBETCTBUHU C UX OUOJIOTHYE CKOT
aKTUBHOCTHIO. I]enb paboThl — pa3paboTKa HOBBIX MO/IX0/I0B HA OCHOBE METO/I0B JIa3epPHOT0 PacCesiHUs K UAEeHTUPUKALIUN
TIperiapaToB-T10JIMMepHBIX KpOBe3aMeHHUTelel [J1s1 JOTI0JTHEHHs! CyIIieCTBYIOI[eil HOpMAaTHBHOM AOKYMEHTAI|H, a TaKxXe
OLIeHKH MX O0M0JIOTHYeCKOW aKTUBHOCTUA MeTO/[0M Spirotox. Mamepuanbl u memodsl. PeonosurmokvH (Rpg) — BogHBIN
pacTBop JekcTpaHa MoJieKyssipHoit Maccoit 30—40 k[Ja (Dex35) u 0,9 % xnopua HaTpusi; BoJa C pa3MUHbIM COJieprKa-
HUEM TSDKeJIoro U30Tora; obopyznoBanue Malvern Zetasizer ZSP st usmepeHust ruipoJuHaAMUUeCKOTO pajuyca, J3eTa-
MOTeHLIMaa KOJJIOUI0B; SPirotoX-TecT /ijist OLIeHKH OMOIOTMUeCKOM aKTUBHOCTU Pa3/IMUHbIX pa3BeieHui Rpg. Pe3yabmambi
u obcyxcoeHue. OnipeiesieHrie CyOMUKPOHHOM JUCTIEPCHOCTH B UCXO/IHOM Rpg U B pa3Be/IeHUsIX BOJHBIX M30TOIMOJIOTOB
JleMOHCTpHpYeT npucyTcTBUe yactul] d, (Median)~10 HM ¢ 06bemMHOl KoHLleHTpalLueii V=18% 1 HU3KMM 3HaueHHeM MH/eKca
nonugucnepcHocty PDI~0,2. TTokasaHo, yTO Ha pacrpejeneHre HaHOUACTHUL] [T0 pa3MepaM OKasbIBaeT 3aMeTHOe BUsIHUe
KOHIL|eHTpanus u3oTona $H. buogapmarieBTuueckuii aHaimMs3 ¢ IpUMEeHeHUeM MPOCTeAIIMX Ha MOZie/Id AppeHHYCOBCKOM
KUHETUKH T0Ka3a/l CHUKeHHe TOKCUUHOCTH BOJIHBIX PaCTBOPOB Rpg B cpejie C MOHMKeHHBIM COZlep)XaHueM u30Tomna 1 H.
Bb1600bi. Pa3paboTaHbl HOBBIX MO/X0/[bl, OCHOBAaHHbIE HAa TTPUMEHEHUH JIa3€PHBIX METO/[OB aHA/IU3a, [/Isl XapaKTePUCTUKU
JIMCTIepCHBIX CBOMCTB U KOJIJIOUAHOM YCTONUMBOCTH MOJMMEPHBIX KpoBe3aMeHUTesel. Bbigoos!. ITonyueHHbIe pe3y/ibTaThl
MOTYT OBbITb BK/IIOUEHBI B HOBYIO PeaKL1I0 (hapMaKOTeHBIX CTaTel Ha MpernapaThl PeononvrioKHa.

KroueBble cj10Ba: reMoiiHaMHuUeCKHe KpOBe3aMeHHUTeH, JieKCTpaH, Leuconostoc mesenteroides IpofiyLieHT, Jla3epHOe
CBeTOpaccestHye, KOJIJIONHast yCTOMUMBOCTD, NHAEKC MOMUAMCIIEPCHOCTH, ONTHYeCKast akTUBHOCTb

HNudopmanus o punancupopanuu. [1y06ivKarys BeinoHeHa B pamkax npoekta Ne 033320-0-000 CucTeMbl rpaHTOBOM
IO/, eP’KKU Hay4HbIX ITpoekToB PYIH.
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BKJIaZl B pa3paboTKy KOHLIETIL[U, ITPOBe/IeHHe UCCIe/JOBaHHs U MTOATOTOBKY CTaThH, MPOYIHM U 0400priu GUHANTBEHYIO BepCUI0
Tiepef, MyO/IuKaryew.
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dakTopbl pucKa peLuauBMPOBaHUSA BY/IbBO-BaruHabHbIX MHGeKLUi

E.B. Kosecuukosa' ', JI.LK. Ocunosal ‘z, A.B. )apos'?

! KybaHCKMIA TOCy/IapCTBeHHBIN MeIUIIMHCKHN YHUBEpCUTeT, 2. KpacHodap, Poccutickas ®edepayus
2 Kpaeas knuHuueckast 6osbHuIa Ne 2, 2. KpacHodap, Poccuiickas ®efepariis
D<A milka82@list.ru

AnHoTanms. AkmyaabHocmb. Ha cerofiHSIIIHUY JeHb BOCIAIUTeNbHbIE U HEBOCITA/IUTeIbHble UH(EKI[UU HUKHUX
OT/IeJIOB yPOTE€HUTATBHOTO TPAKTa MPeJCTaB/IsIOT Cepbe3HYI0 MeJUIIMHCKYI0 TPo0IeMy U SBJISIIOTCS OHOUM U3 BeAYIINX
TIPUYMH oOpallieHust 3a MeJULIMHCKOM TIOMOIL[bIO K THHEKoJIoraM. OTU UH(GEKIMY COCTABJISIIOT 3HAYUTENBHYO0 107110 (0T 55 110
80 %) cpesy 3aboeBaHuU PeNPOAYKTUBHOM crcTeMbl. Hanbomnee yacTo BCTpeUaroMMUCs CUMITTOMAMU BYJ/TbBO-BarMHA/IBHBIX
nHpekumii (BBU) siBasiroTcst AMCKOMQOPT B 00/1aCTH MOJIOBBIX OPTaHOB, BbIfle/IeHUs, 3y, TOBEPXHOCTHAs AUCIIapeyHUs
Y HerpUsTHBIN 3arax. KpoMe 0CHOBHBIX K/IMHUYeCKUX NIPU3HAKOB BocraneHus rpu BBY Mo)keT MpUCyTCTBOBATh KapTHHA
nucbuo3a Biarasmina, IpoTekaroiasi Oe3 IBHBIX NTPU3HAKOB BocnasneHusi. Takum o6pazom, BBU nposiBAsitOTCS IIUPOKUM
CTIEKTPOM K/TMHUUYECKUX CUMITTOMOB U SIB/ISIFOTCSI COOMPAaTe/IbHBIM MTOHSATHEM HeCKOJIBKUX HO30/I0THYeCKUX eJUHUL]. BblB0Obl.
HecMmoTpst Ha cyliecTBoBaHMe OOJBIIOrO KOJIMUECTBAa METO/[OB IMarHOCTHKY U jiedeHust BBU KpaiiHe akTyanbHOU U CJIOKHON
ocraeTcs rpobieMa peluMBUPYIOIIVX BY/IbBO-BarMHATbHBIX WH(EKIHA, KOTOpble MOTYT MPUBOJUTD K Pa3/IMUHBIM M1aT0JI0-
TMUeCKUM COCTOSTHUSIM KaK B PENPOJYKTUBHOW CHUCTEME, TaK U B NICUXO3MOLMOHATLHOM U CeKCyalbHOU cepe MarjeHToK.
OTH cocTosiHUsS TPeOYIOT CBOEBPEMEHHOTO BhIsIB/IEHHS U 3((GeKTUBHOTO jiedeHus1. [103ToMy 0CoOyr0 aKTyaabHOCTh CeTOHs
ripuobpeTaeT HayuHBIN TIOWCK, HarpaB/IeHHBIN Ha BBISIBIeHUe PUUKH (aKTOPOB pUCKa) peruuBUPOBaHUs 3a00/1eBaHusI.
O[HaKo /1a>ke MPY UCK/TIOUEeHUH PaclpOCTPaHEHHBIX ()aKTOPOB PHCKA YaCTO He YAAeTCs IPeJjoTBPaTUTh 000CTpeHue AncOro3a
BJlarajuviia y narjieHToK.

KiroueBble cy10Ba: 1cO103 Biaravila, peLdAUBAPYIOIIWE 1UCcOM03 BIaraauia, Aucbruo3 Biaaranuia u BUTaMuH [/,
(onmeBast KUCJIOTa, >Kese30, BUTaMuH /[], osrieBast KMC/IOTa, XKese30 U BPOXK/€HHbI UIMMYHHUTET

HNudopmanys o puHaHCHPOBaHUM. ABTODHI 3asB/ISIOT 00 OTCYTCTBUY BHEIIHEr0 (GMHAHCHPOBAHUSL.
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Risk factors for recurrence of vulvovaginal infections

Ekaterina V. Kolesnikova' ', Lyudmila K. Osipova' > Alexander V. Zharov"?

! Kuban State Medical University, Krasnodar, Russian Federation
2 Regional Clinical Hospital No. 2, Krasnodar, Russian Federation
D<) milka82@list.ru

Abstract. Relevance. Currently, inflammatory and non-inflammatory infections of the lower urogenital tract are a serious
medical problem and are one of the main reasons for seeking medical help from gynecologists. These infections account for
a significant share (from 55 to 80 %) of diseases of the reproductive system. The most common symptoms of vulvovaginal
infections (VVI) are discomfort in the genitals, discharge, itching, superficial dyspareunia and unpleasant odor. In addition to
the main clinical signs of inflammation, there may be the symptoms of vaginal dysbiosis that occurs without obvious signs of
inflammation. Thus, VVI is manifested by a wide range of clinical symptoms and is a collective term for several nosological entities.
Conclusion. Despite the existence of various methods for diagnosing and treating VVI, the problem of recurrent vulvovaginal
infections, which can lead to various pathological conditions both in the reproductive system and in the psychoemotional
and sexual sphere of patients, remains extremely relevant and complex. These diseases require timely detection and effective
treatment. Therefore, scientific research aimed at identifying the causes (risk factors) of relapse of the disease is becoming
especially relevant today. However, even with the exclusion of general risk factors, the exacerbation of vaginal dysbiosis in
patients is often impossible to prevent.

Keywords: vaginal dysbiosis, recurrent vaginal dysbiosis, vaginal dysbiosis and vitamin D, folic acid, iron, vitamin D,
folic acid, iron and innate immunity
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BesepeHue

BynbBo-BaruHanbHble nHpekuu (BBW) kpatine
pacrpoCcTpaHeHbl CPeJy >KeHILWH BO BCEX CTpaHax MUPa,
He3aBUCHMO OT UX COLIMA/IbHO-3KOHOMUYECKOTO TI0JIOKe-
HUs1. ITU MH(PEKLIMK COCTaB/ISIIOT 3HAYUTE/TEHYIO 10JTH0
(ot 55 110 80 %) cpeay 3ab001eBaHMIA PEITPOAYKTUBHOMN
cucremsl [1]. YacTo BcTpeuaroiumcs mpusHakom BBU
SIB/ISIeTCsT TUCKOMGOPT B 00/1aCTH TIOJIOBLIX OPTaHOB,
BblJle/IeHus, 3y/], TOBEPXHOCTHAs JUCTIapeyHUs U He-
TIPUATHBIN 3anax. [1py 3ToM OHM He Bcer/a npefcTaB-
JIeHbI KJIaCCMYeCKUM BOCMajieHueM, a MOTYT HOCUTh
XapakTep McO103a, XapaKTepU3yIOLIerocsi i3MeHeHHeM
MUKpPO(dI0pbl 63 BoCMa/eHUs: CJIU3UCTOU 000/IOUKU
BY/IbBBI M Briarasuima. [1o cytu, 1ucbuos Baarammia
AB/sIeTCsE COOMpaTe/TbHBIM TEPMHUHOM, BK/TIOUAIOIIUM
B cebs1 Kak OakTepuanbHbIi BarnHo3 (BB), Tak 1 KaH-
Ivno3HbIN ByibBoBaruHUT (KBB), Hecrerudbuue ckuii
(aspo6HbIit) BarvHUT (AB), a Tak)Ke CMelllaHHbIA BarMHAT
Y pa3/MuHble BapUAHThI UX KOMOWHalui [2]. KpatiHe
3HAUUMOU MeJUKO-COIMAIbHOM ITPO0/IeMOi SIB/ISTFOTCS
peLyIMBUDPYIOIMe By/IbBOBarMHaAbHbIe WH(PEKLIMU
(PBBU), koTOpbIe MOT'YT NIPUBOAUTH K BbIPaXKEHHBIM
MCUXOCOMAaTUYeCKUM PacCTPOMCTBaM U CeKCyabHOU
IUChYHKIVU, CHIPKATh TPYAO0CIOCOOHOCTD YKEeHIIUH
Y KaueCTBO UX »Ku3HU B 1jesioM [3] Kpome Toro, PBBU
CTI0COOCTBYIOT Pa3BUTHIO MHGMEKIU MOUEBBIBOSIIINX
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TyTeli, BOCTa/IMTe/IbHBIX 3a00/1eBaHkI OpraHOB Majioro
taza (B3OMT), noBeILIAIOT PUCK 3apa’KeHUs1 MH(EK-
LMSIMU, TIepeIatoIMMHUCs o10BbIM TiyTeM (UTITIIT),
Bkstouasi BUY, Bupyc npoctoro repneca (BIIIY), Bupyc
nanu/ioMbl uenoBeka (BITY), u, kak ciecTBYe, TTOBbI-
111asi PUCK Pa3BUTHsI HEOTIIACTYECKUX MPOLIECCOB B LI€H-
Ke MaTKH, BJjiarasuiiie u ByibBe [4—6]. B pe3ynbrare
MHOTOUMC/IEHHBIX UCC/IeJOBaHUI YCTaHOB/IEHA TeCHast
cBs13b PBBU ¢ Gecriioayem, yrpo30i BHIKU/BILIA U TIPEXK-
JleBpeMEeHHBIX POJOB, HeCBOEBPEMEHHbBIM U3/TUTHEM
OKOJIOTI/IO/IHBIX BOJ], BHYTPUYTPOOHBIM MH(HULPOBaHHEM
/1073, BOCTIA/IMTEbHBIMU NPOLIECCAMU B TTOCIEPOJ0BOM
U riocsieabopTHOM Tiepuoge [7]. Takum obpazom, PBBU
OKa3bIBalOT KpaliHe HeraTMBHOe B/IMSTHUE KaK Ha (pr3u-
YyecKoe, TaK U Ha [ICUXO0/IOTMUEeCKOe 3/I0pPOBbe JKEeHIIVHBI,
TpeOyIOT CBOEBPEMEHHOTO BBISIB/IEHHUS 1 3 (EKTUBHOTO
neuenusi. Ocobyro aKTyaslbHOCTb Ha CeroHALLHIM /IeHb
ripuobpeTaeT HayuYHbIM MTOUCK, HAaIllPaB/IeHHbIN Ha BbI-
sIBJIeHHe MPUYKH ((paKTOPOB pPrCKa) peL{IMBUPOBaHMUS
3abosteBanu [9, 10].

PacnpocTpaHeHHOCTb

B neiom wacToTa pacnpocTpaHeHHOCTH Baru-
Ha/bHBIX AUCOM030B KomebseTcst ot 60 10 90 % [11].
PacrnipoctpanenHocTs BB 3aBUCUT OT Bo3pacTa KeHIUH
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u Bapeupyert ot 15 10 80 %, AB —ot 7,9 g0 23,7 %,
a ¢ KBB xotst 651 pa3 B »ku3HHU cTankuBanock 70—75 %
»KeHIIWH [12]. XoTs ripsiMasi 3aBUCUMOCTb MEX/1y BO3-
pactoM U Hamvuvem bB He ycTaHOB/IeHa, y XKeHIIUH
U JieByIIIeK Muiazie 25 yieT 3abosieBaHNe BCTpevaeTcst
pexxe. Kpome Bo3pacTta, MeeT 3HaUeHHe TaKKe pacoBast
NIPUHA/JIEXKHOCTb JKeHIUH. Tak, y adhpoamepruKaHOK
U 1IaTUHOaMepuKaHoK bB BcTpeuaeTcs ropaszo vaitie,
yeM y >KeHIIMH HapogioB CeBepa [13]. HacToTa xe
peunauBrpoBanus bB B cpegHem cocrasnsieT ot 50
10 67 % [9]. T1pu 3TOM peLuMBHUPYIOIIUM CUUTAETCS
BB, MOBTOPHBIN 3MM304, KOTOPOTO (TI0C/e eueHus)
BO3HMKaeT yepe3 3 MecCsLja U paHbllle, a peLiuiuBU-
pytoiiuM KBB — B cityuae 6oree 4 TOBTOPSIIOIITUXCS
3MU30/I0B B TeueHHUe roja (Bcrtpeyaetrcs y 40—50 %
>keHITvH) [14]. B Poccun B 11€/10M OT peruiBUPYOIIX
BBU crpaparor 30—40 % >keHI1H perpofyKTUBHOIO
BO3pacTa, Mpy 3TOM JIMAMPYeT peluarBrpytoiuii BB
(50—70 %), a BTOpOe MeCTO I0 pacrpoCTpaHEHHOCTU
3aHMMaeT peruavBupyomyii KBB (B cpegnem 30 %)
[15]. TTo ganHbiM HMU akyiiepcTBa v THHEKOJIOTUU
nm. [1.0. Otra, 40—50 % xenuuH ¢ PBBU nmerot
TpU U 6osee 3113070B 060CTPEHNI B TeUeHHe rofa,
u 20—30 % >xeniuH ¢ PBBU umeroT nisith U 6071ee
3MH30/I0B B TeueHHe roja [16].

dakTopbl pucka peuuamsuposaHusa BBU

PBBMU gBig10TCS MMOIU3TUOOTMYHBIM 3a00/1eBa-
HueM. [Ipu 3TOM K/ItOUeByrO posib B passutud PBBI
urpaet aucbasaHc MUKPOQIOphI Barasuilia, BbI3BaH-
HBII 9H/IOTeHHBIMU 1 3K30TeHHBIMU (haKTOpPaMH, TIOMCK
KOTOPBIX MPOAO/IKAETCH U B HACTOSIILee BpeMs.

NHdekumnoHHble paKTopbl

NIIIIII HepeaKo coueTarOTCsA C HApyLIeHUeM
6buouieHo3a Biaranuia. Tak, keHIHbI ¢ BB nme-
10T B 3,5 pa3a BblIllle PUCK 3apaxkeHuss Mycoplasma
genitalium, B OT/TMYMe OT >KEHIIIMH C HOPMOIIEHO30M
[17]. Takke uacTo oGHapy>kuBaeTcst couetanue bB ¢ uH-
dekrusamuy, Bei3BaHHbIMU T. vaginalis, C. trachomatis,
N. gonorrhoeae, BITY u BUY, npuuem BB u UIIIIIT
VIMEIOT arOHUCTUYeCKKe OTHOLLeHusl. C OfIHOM CTOPOHBI,

PHARMACOLOGY

HU3Kast YUC/IeHHOCThIO Lactobacillus spp. u 6osee
BbIcOKui pH Braranmiia nmpu BB crioco6cTByeT pocty
MUKPOOPraH13MoB, Bei3biBatoimx MUIIIIII, ¢ apyroit —
Haymuue UITIIII noBsliaeT puck pasBUTUA BaruHaslb-
Horo ucbuosa, Hanpumep, KBB — Ha 34,74 % [18, 5].
[ToBbILLIEHHBI PUCK UHOULIMPOBAHUS U TIEPCUCTEHLIMU
BITY y >keHIIWH ¢ [UCOHM030M B/larasuiia CBS3bIBatOT
CO CHIWKeHMeM TaKuX 3alUTHBIX (DaKTOPOB, KaK MOJIOU-
Hast KMCJIOTa, MepeKrch BOAOPOAA M aHTUMHUKPOOHBIX
nierrtuzioB [19]. Kpowme Toro, Lactobacillus spp., siBnsi-
IOIL{HeCsl ICTOYHUKOM OaKTepHOLIHOB ¥ KOMITOHEHTOB
KJIETOUHBIX CTeHOK OaKTepuii, MOT'yT MOJY/TMPOBATh
VMMYHHbIe peakLMM X03sMHa, BK/IFoUast IPOTUBOBUPYC-
Hble ¥ IPOTUBOOMYX0J/IEBble KOMIIOHEHTHI JIOKAJIbHOTO
ummyHuTeTa [20—23]. OtcytcrBue Lactobacillus spp.
u | -Mos1ouHOM KMC/I0TBI, 06/1a/1ar011]el BUPYIULUHON
aKTUBHOCTBIO ITPU HU3KOM pH, CBSI3bIBAIOT TakKe C BbI-
JlefieHreM Bupyca npocTtoro repreca 2 (BIII'-2), B To
»Ke BpeMsi 3MU30/[bl 3apakeHus Wi oboctpenus BIIT -2
Ha 30 % yBenuuuBaroT pyck pa3suTus BB [18]. Takum
oOpa3oM, Ha/IMuMe BarMHaAbHOTO ArcOro3a TpebyeT
o0s3aTenbHON AuarHoctuku Bcex UIIIIIT u cBoes-
peMeHHOro uX jedeHus. ['oBopsi 06 MH(EKLIMOHHBIX
(axkTOopax pucKa, HeJb3sl He YIIOMSHYTh, UTO 4acCTO
OakTepuM CyIIeCTBYIOT B CJIOXKHBIX TTOTMMUKPOOHBIX
coobijectBax (buorieHKax), OKpy>KeHHBIX BHEK/TeTOU-
HbIM MaTpuKcoM [20]. Tak, y natpenTok ¢ 6B B 70 %
C/ly4yaeB BCTPeUaroTCs aCCOLMALIMM Pa3IUuHbIX Ipa-
MOTPULIaTe/IbHBIX MUKPOOPTaHU3MOB (JOMUHUPYIOT
yartie Escherichia coli v Klebsiella spp.) u B8 30 %
CJ/TyyaeB — I'PaMIIOJIOKUTENbHBIX, C TIpeob/iajaHieM
Staphylococcus aureus u Streptococcus agalactiae [12].
CriocobHOCTh K (hOPMHUPOBAHHIO OUOTIIEHOK MOYKET
SIBIIITBCS] OHOM M3 TPUYMH YCTOMUMBOCTU TUCOH030B
K CTaH/IJapTHOU Teparnuy, a Takke BO3MOKHOM TIPUUMHOM
perAMBUPOBaHUS 3a001eBaHys [24]. MHOTOUMCIEHHBI®
MCCIIeJOBaHMsI [T0KAa3a/Ii, YTO MUKPOOHOTa KUILIeYHHKA
TaK)Xe UrpaeT Ba)KHYIO PETY/IHPYIOLLYIO POJib B MOJ-
Jlep>KaHuM 3[J0POBOI0 COCTOSIHUS PENIPOAYKTUBHOTO
TpakKTa. YcTaHoB/eHo, uto Lactobacillus, konoHu3upy-
IOIIMe peKTabHYH 00/1aCTh, SIBJISIFOTCS pe3epByapoM
BarvHa/bHLIX Lactobacillus, a HapyIieHre BH/JOBOTO
cocTaBa MUKpOOMOMa KHIIIeYHUKA CO CHIDKeHHEeM
KOJTMYeCTBa JIaKTOOaKTepu (AucOaKkTepro3) yacTo
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TMIPUBOZIWT K CHYDKEHUIO X YMCIIEHHOCTU B BarMHA/Tb-
HOM MUKpPOOHOMe 1 pa3BUTHIO aucbuo3sa [25]. Takum
o6pa3om, MUKpo(Iiopa KHILIeYHHKA UrPaeT KJIFOUeBYIO
pOJb B TIOAI€P’KaHUM HOPMaJTbHOTO OMOTOTa ypore-
HUTAJbHOTO TPaKTa, a XpOHWYeCKUi AucbakTepros
KUILIEUHUKA MOKeT OBbITb TPUUNHON BOSHUKHOBEHUSI
PBBU.

leHeTUyecKue N aTHMYECKUe d)aKTopr

BraranuimHbii MUKpOOHOM MOYKET 3aBUCETh OT Te-
HeTUUeCKUX ()akTOPOB M STHUYECKOM NIPUHA/IIEXKHOCTH.
Kak y»ke ObLIO CKa3aHO BbIille, yaille BB BcTpeuaercs
y adppoamepukaHok (51 %), pexe (32 %) — y natu-
HOaMepUKaHOK 1 eBporieonioB (23 %), a y KOpeHHbIX
HapozoB CeBepa XaHTbl U MaHCU — JIULIb Yy 7 %
>KeHIUH [26]. C offHOM CTOPOHBI, JaHHbIe pa3/IUuus
MOTYT OBbITh 00y C/IOBIEHbI 0COOEHHOCTSIMU MUTAHUS,
YPOBHEM CTpecca 1 CeKCyaIbHOTO NOBeZleHUs JKeHIIH
pa3HOM ITHUYECKOU MprHa/ieskHoCTH [26]. OnHako
psiJ aBTOPOB CUUTAET, uTo Hosiee 3HAUMMYHO POJib, UM
Ky/IbTypHBbIe pa3/inuvisi, B (JOPMUPOBAHMH BarHA/IbHOTO
MUKPOOMOMa UTparoT reHeTHuecKre pakTopbl (0coOeH-
HOCTU UMMYHHOMW CHCTeMbI, 0COOeHHO BPOXK/J€EHHOTO
VMMYHUTETA, JIUTaH/bl Ha [I0BEPXHOCTH SIUTE/INO-
LINTOB, KOJTMYECTBO U COCTAB BarHA/JIbHOIO CeKpeTa
u ap.) [27]. Hanipumep, y eBpOIeCcKUX, KaBKa3CKUX
Y a3UaTCKUX >KeHIL[UH OTMedaeTcsi Oosibiiiee BUZOBOe
pa3HooOpasue TaKToOalW/IT B BariHaIbHOM MUKPOOHO-
Me, ueM y a)poamMepUKaHOK U JIaTHHOAMepUKaHOK [28],
a HeJjaBHee KcciieioBaHre Kosizie v c0aBTOPOB B paMKax
npoekTa « MUKpOOMOM YesioBeKa» BBISIBU/IO DOJIbIIIOE
CXO/ICTBO B COCTaBe MUKPOOHOMa MeXXy pOJICTBEHHH-
Kamu 1epBoi ctenieHu pozcTsa [29]. C apyroit CTOPOHBI,
HeJlaBHYe UCC/e/J0BaHus, IIPU MPOBeleHUU KOTOPBIX
TIPUMEHSTUCH KY/IbTYPHO-3aBUCUMbIE U HE3aBUCUMbIe
TOZXO/ibl, BOBCE He BbISIBW/IM 3THUUYECKUX pa3/Inuui
B pacrnpoCTpaHeHHOCTH b6eccumriroMHOro BB y >keH-
IIIUH HerPOU/IHOM U eBporieouiHOM pac [30]. B To ke
BpeMsi pe3y/bTaThl MaciTabHoro uccienoBanuss GWAS
(Genome-wide association study), npe/icTaB/ieHHbIe
B 2024 ropy, yKa3bIBarOT Ha Ha/IMUKe Y JKeHIL[MH C peLiy-
JVBUPYIOIIYM BariHUTOM OJHOTO aCCOLIMMPOBaHHOIO
BapyaHTa Ha xpoMocoMe 10 ¥ 0JHOro NOTeHLMaIbHO
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accorurpoBaHHoro reda KRT6A, skcnipeccupyrorLerocs
BO BpeMs1 Ju(depeHLaliiK B SMTUTeMMaIbHbIX TKaHSX,
UTO MOATBEPKJaeT POJib TeHEeTUKU B pasButuu PBBU
[31]. B mrobom ciyuae ucciie[oBaHUNA T€HOTHUITHPO-
BaHMsI, CBA3aHHBIX C 0COOEHHOCTSIMU BaruiHaJIbHOTO
MHUKPOOHOMa, HeZIOCTaTOYHO, 1 JAHHOEe HarpaB/ieHe
TpebyeT manbpHelero udydyenus [9].

FopMoHanbHble paKTopbl

Ha cocTosiHie BarmHaabHOrO MUKpobroMa 3Ha-
YUTENbHO B/IMSIET TOPMOHA/IBHBIN CTATyC >KeHLUHBI.
Co3peBaHue MHOI'OC/IOUHOIO IIJIOCKOTO 3IIUTe NS
Y CHHTe3 B HeM [VIMKOTeHa MPOUCXOZSAT MO/, ieiCTBUEM
3CTporeHoB. VIMeeT 3HaueHUe U BIUSHUE TOPMOHA/Ib-
HOro (pOHA Ha COCTOSIHUE JIOKaJIbHOTO UMMYHUTETA
CJIM3UCTBIX. VI3BECTHO, UTO M3MeHeHNsl BarHa/IbHOI'O
MHMKPOOHOMa OTMEYaroTCsl B IpernybepTaTHOM M TIOCTMe-
HOTay3a/IbHOM TTepHo/iax, Py 6epeMeHHOCTH, a TaKkKe
Ha (hoHe rpremMa rOpMOHa/bHBIX KOHTPALIeNTHBOB [32].
[axke B TeueHHe MEHCTPYa/IbHOI'O LJUKJIa BarHA/IbHbIN
MHUKpPOOMOM TpeTeprieBaeT orpe/ie/ieHHble U3MeHeHus],
B [1epBYIO OUepe/ib B BU/ie YBeJIUYeHUs U CHIDKEeHUS
YHC/IEHHOCTH JIaKTOOAM/UT ¥ aHa’poboB, a Takxke
n3MeHeHus1 pH BaruHanbHOTO cekpeta [33]. [laHHbie
M3MeHeHHs TaKKe 00yC/IoB/eHbI (Gr3U0/I0THUe CKUMHU
KOosieOaHUSIMUA YPOBHSI TT0JIOBBIX TODMOHOB B TeueHHe
MEeHCTpYya/IbHO-0BapyaJbHOr0 LUK/aa. IMEeHHO 5Th
0cobeHHOCTH 00BSICHSIOT HauboJsiee YacToe BO3HUK-
HOBeHUe peluauBoB bB u gpyrux BBU Bo Bpems
WY Cpa3y nocje MeHCTpyaLuu, Korja KoJnuecTBO
Aakmobayunn CHWXaeTCsl U yBeTMUnBaeTcs anbda-
pa3HooOpa3ue BarMHabHOro MUKpobuoma [34]. B me-
pUMeHOMay3a1bHOM U IIOCTMEHOIay3a/IbHOM Teproax
Hapsly C TOPMOHA/IbHBIMU KO/IeOaHUSIMUA MEHSIeTCst
KOJIMYeCTBEHHBIM U BU/JIOBOM COCTaB BarMHAIbLHOTO
MHKPOOHOMa, a CHID)KeHHe YPOBHS 3CTPOTeHOB TIPUBO-
JUT K aTPOUU U CHIKEHUIO COZepKaHusl TIMKOreHa
B 3IIUTEJIVH, SIB/ISIOLeroCcsi OCHOBHBIM ITUTaTe/IbHBIM
BeIl[eCTBOM /IJIs1 TakToOakTepwit [35]. OfHaKo Ha U3-
MeHeHHe U pa3HooOpa3uie BariHaIbHOT0 MUKpobroma
B 3TOM Ie€pPUO/ie MOT'YT OKa3bIBaTb BIMSHUE TaKXKe pe-
TIPOAYKTUBHBIM aHaMHe3 KeHILMHbI, UCTI0/Ib30BaHue
KOHTpaLenuuu 1 gpyrue ¢akrtopsl [35]. Tem He MeHee,
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TUIO3CTPOreHHOEe COCTOSIHYE OIHO3HAUYHO HeoOX0 MO
paccMatpuBarth Kak (aktop pucka PBBU u npoBoauTh
CBOEBPEMEHHYIO ero Koppekuuto. YTo ke KacaeTcs
OepeMeHHOCTH, TO B TeUeHHe BCEero reCTaliOHHOTO
TpoLjecca YpoOBHU 3CTPOreHa U IporecTepoHa yBe-
JIMYMBAIOTCS, OCTUrasi MUKa B TPEThEM TPUMECTpe
Y BO3BpalllasiCh K UCXOLHBIM 3HaYeHUsIM uepes M9Th
JHel Tocsie pozioB. [To Mepe pa3BuTHs OepeMeHHOCTH
M3MeHsIeTCs U COCTaB BarvHaJbHOTO MUKpoOMoMa:
MHUKPOOHOe pa3HOOOpasue yMeHbIIIaeTCsl, @ KOJMUeCTBO
pa3nmuuHbIX BUJOB Lactobacillus yBenmuuBaetcs [33].
OpHako B iUTepaType UMerOTCsl IPOTUBOIIOIOXKHBIE
pe3yJbTaTbl OTHOCUTE/ILHO yBeTMUeHUs UWIA YMeHb-
[1eHUs pa3HO00pa3yst BaruHaJIbHOTO MUKPOOHOMa
y 6epeMeHHBIX, UYTO, BO3MO)KHO, 0OBSICHSIeTCS pa3-
JIMYHBIM 3THUYECKUM MIPOUCXOXKIEHUEM UCCIeyeMbIX
keHIyH [33]. B To >ke BpeMsi BArMHa/IbHbIA MUKPOOHOM
y 6epeMeHHBIX MPU MpeXXJeBPeMeHHBIX pPoJjaX YacTo
XapaKTepy3yeTcsl CHHKeHUEeM PacrpoCTPaHeHHOCTH
Lactobacillus Hapsiny ¢ yBe/vudeHUeM KOJTMUeCTBa
Lactobacillus iners, paccMaTprBaeMbIX CETOHS Kak
(hakTOp prCKa MpeXkjeBpeMeHHbIX POJIOB B CPOKe Oosiee
16 Hefesib GepeMEHHOCTH.

3ayacTyro NpOTUBOPEUMBLIe JaHHbIE HAYUHOU JTU-
TepaTrypbl yKa3bIBalOT Ha U3MEHeHUs BarHaIbHOI'0 MU-
KpoOroMa y >KeHIIVH, UCTIO/b3YIOIUX FOPMOHATBHYTO
KOHTpavenuio. Tak, HeKOTOpble aBTOPbI yKa3bIBaKOT
Ha CHWXeHHe ypOBHA BaruHasabHbIX Lactobacillus
Y, KaK CJ1e[|CTBHe, aKTUBAL[UIO YCI0BHO-I1aTOreHHON
MUKPOQJIOPHI Y )KEHILMH Ha ()OHe mpreMa 3CTPOreH-
cofieprKalix KOMOMHUPOBAHHBIX OPabHBIX KOHTpPa-
tenTtuBoB (KOK) [10]. B To >xe BpeMsi ipyrue aBTOPbI
He 0OHapyXuu CBsi3u Mexxay npuMeHeHreM KOK,
JIHT'-BMC u cocTaBoM/pa3Ho0Opa3rieM BaruHaIbHOTO
MUKpobroMma [36], a 1oBobHO 60IBLII0NM psiff UCCeso-
BaTeJiel, HarpoTUB, yTBepKaatoT, uTo KOK oka3biBatoT
GraroTBOpHOe B/IMSIHYE Ha BarvHaIbHBIA MUKPOOHOM
u gomuHupoBaHue Lactobacillus [37]. Tem He meHee,
C y4eTOM OTCYTCTBHSI KPYIHBIX [JOCTOBEPHBIX HAYYHBIX
HCC/Iel0OBaHU O BO3MO)XHOM CUCTEMHOM BJIUSIHUU
KOK Ha cocTaB BarMHaJIbHOTO MUKPOOHOMa Hefb3sl
TIOTHOCTBIO UCK/TFOUUTD U3 BO3MOXKHBIX ()aKTOPOB pUCKa
PBBMU pgnuTenbHOE WCMO/Ib30BaHWE TOPMOHATBHOU
KOHTpaL|eNLUHU.

PHARMACOLOGY

B nocneiHvie TofibI TOSBU/ICS psif paboT, yKa3biBa-
IOLL[MX Ha HApPYILIeHUs B COCTOSIHUY BarHAJIbHOTO MU-
KpoOKoMa y MaryeHTOK C CHHPOMOM TOJTMKHACTO3HBIX
snyHUKOB (CI15), uTo TakKe MOATBEPKAAeT BAUSHUE
T'OPMOHA/IBHOTO CTaTyca Ha COCTaB MUKPOG/IOPBI U PUCK
passutus PBBU. Tak, B 2020 rogy XoHT 1 COaBTOPEI
ycraHoBuHu bosbinee anbda-pasHoobpasue, 10CTO-
BepHOe CHIKeHHe KOJTMUeCTBa JTaKTo0aKTepuii U yBe-
NMYeHUe YUCIeHHOCTH GakTepuii pogoB Mycoplasma
u Prevotella y >xenwuH ¢ CITH oTHOCHTe/NBHO KOH-
TPOJIbHOM TpyTibi [38]. ABTOPBI Aiaxe Mpe//IoKUIN pac-
cmarpuBaTth Mycoplasma B KauecTBe MOTEHLIMAIbHOTO
6uomapkepa CIT. Cxoxue pe3ysbTarhbl ObLTH MOTyYeHbI
Y B KPYITHOM TIOTEePeUYHOM UCC/IeJOBaHUM, IPOBE/eH-
HoM B 2023 roay Ha 1446 yuyactHuKax (713 60IbHBIX
CITA u 733 uccnenyemMbIX U3 KOHTPOJILHOMW TPYTITIBI):
y 60obHbIX CITSI B cpaBHEHUU C KOHTPOJIEM BBISIB-
JieHbl O0Jiee BLICOKOE pa3HOOOpa3ue BarmHaIbHOTO
MuKpobuoma, 6osiee HU3KHM ypoBeHb Lactobacillus
U NoBbIlIIeHHoe cofiep>kanne Gardnerella u Ureaplasma.
ITpu 3Tom kKosmuuecTBO G. vaginalis TIOI0XKUTETEHO
KOPPeJIMPOBAJo C CbIBOPOTOYHBIMHA YPOBHAMU AMI,
scTpaguona u nporecrepoHa (p = 0,004; 0,005; 0,03
COOTBETCTBEHHO). He Mck/toueHa ¥ posib KULLIEYHOTO
JrcbaKkTepro3a, HepeJKo BCTPeUuarolerocs y 60/IbHBIX
c CIT4, Ha pa3BuTHe y HUX BarMHAJbLHOTO AuCOr03a
u PBBU [33].

MMrneHunyeckue, CeKkcCyaJibHble
n noeeaeH4yeckue (I)aKTopr

3HauMMoe B/IMUSIHUE Ha COCTOSTHHE BarvuHa/IbHO-
ro MuKpobuoma u puck peruariea BBU oka3biBatoT
0C00eHHOCTU MHTUMHOM T'UrHeHbl, 00pa3a JKU3HU
Y CeKCya/IbHbIX OTHOLIEHWH XeHIUHbI. Tak, Baru-
HaJIbHOE CTIPUHLIEBAHUE CBSI3aHO C MOBBIIIIEHHBIM PH-
ckoM BB, criocobcTByeT BocnammMTe/TbHBIM IpoLieccam
Y TIOBbILIAeT PUCK TPOHUKHOBEHUS U KOJTIOHU3ALIMKU
natoreHHbIX 6akTepuii [5]. Crann S.E. 1 COaBTOPBI
yKa3aJid Ha HeraTWBHOe BJIUsIHME Ha OMOLIeHO3 Bia-
rajyiga 4acToro UCroJib30BaHus KeHI[UHaMHU [1J1s1
VHTUMHOW TUTMEeHbl MOIOLIUX CPE/CTB U refei AJsi
Ayilia, a TeM Oosiee MpUMeHeHHe He MpeJHa3HaYeHHbIX
JU1si UHTUMHOM 06/1aCTH 1e3MH(ULIMPYIOIINX CPeZCTB,
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BJIQ)KHBIX Ccasi(heToK, Maces, KpeMOB U JIOCbOHOB [I/Is]
Tena [39]. B To e Bpems Bitew A. 1 coaBTOpPbI MOKa-
3a/I4, UYTO pe/iKasi UHTUMHAasl TMrueHa, Kak U pefiKas
CMeHa HIKHeT0 Oesibsi, TIOBBILIAIOT PUCK pa3Butus bB
[40]. B kauecTBe BO3MOXXHOTO (paKTOpa prCKa Baru-
Ha/bHOTO AXCOMO03a PacCMaTPUBAIOTCS TaKKe uacToe
Y [JIMTe/IbHOe TIPYMeHeHHe BarvHalbHbIX TaMIIOHOB,
HeraTWBHO B/IUSIFOIIMX HA UMMYHHBIN Oapbep U K/ieTou-
HY!IO LIeJIOCTHOCTb, @ TaKXKe JIUTe/IbHOe UCTI0/b30BaHNe
eXXe/THeBHbIX TUTHeHWYeCKUX TIPOK/IaZiok [12]. Takum
obpa3omM, B KaueCcTBe 0fiHO3HauHOTO (pakTopa PBBU
MOKHO pacCMaTpHUBaTh BarMHa/IbHbIe CIIPUHLIEBAHKS,
B TO BpeMs KakK B/IMSIHUe LLMPOKOTO CIIeKTpa CpefCTB
JIJIs ”YHTUMHOM >KeHCKOMW T'MryeHbl Ha BarMHA/IbHBIN
MUKPOOHOM TPeOyIOT 0TOTHUTEbHBIX YTOUHSIOIINX
uccefoBaHui [5].

Cpenu daktopoB PBBU, cBsizaHHBIX C CEKCY-
abHOM aKTUBHOCTBIO, PACCMAaTPUBAIOTCs OO/IBIIIOE
KO/IMUEeCTBO NapTHEPOB, UCII0/Ib30BaHUe CeKCyaIbHbIX
aKcecCyapoB, OpPa/IbHbIA U aHabHBIN CEKC, a TAKKe
rOMOCeKCyasbHble U OHceKcyaibHble KOHTaKThI [41].
Kpome Toro, 0 HacTos1ero BpeMeHu BelyTCs CIo-
PBI O BOSMOXXHOCTH Iepesaud bB rosoBeiM nyTem,
WJTH, TI0 KpaliHel Mepe, 0 ToM, uTo BB MokeT ObITh
CIIPOBOLIMPOBAaH CeKCyaabHbIMU KOHTaKTamu [12].
Tak, uccieoBaHUs C MPUMEHEHUEeM MeTO/IOB CeKBe-
HUPOBaHUs1 MoATBepAUIM 0bumie BB-acconmmpoBaH-
HbIX OakTepuii B CyOrpenyiyaIbHOM ITPOCTPAHCTBE
Y JUCTAJIbHOM OT/ieJie ypeTphl y 6eCCUMIITOMHBIX
MapTHEPOB-MY’KUMH MallUeHTOK C peLjuIMBUPYIOLLUM
BB, uTo MOXeT NPUBOJUTE K [TOBTOPHOMY PeLiVBY
3aboneBanus [24]. Hartpumep, MAoTHOe KCC/IeJOBAHUE,
ripoBefieHHOe B 2021 ropy, 1oKasajio CHAKeHVe YaCTOThI
peLivBOB bB y >KeHILMH, UbM [TOCTOSIHHBIE NTapTHEPbI
TPOILTA KOMOWHUPOBaHHOE JieueHe MeTPOHH/]a30/10M
Y MECTHBIM KJIMHJ@MULIMHOBBIM reieM. OZIHaKo BCe ellle
TpeOyIOTCs pacIiMpeHHbIe U YTTyOeHHbIe KITHHIYeCKre
WCCJIeJOBaHMs1, HallPaB/IeHHbIE Ha U3yYeHUe KTH0UeBbIX
MUKPOOHBIX (hakTopoB PBB, acCOLIMMPOBaHHBIX C TI0-
JIOBBIMM TIapTHepamu [24].

Cpeau rioBesieHuUecKux (hakTopoB pricka PBBU
paccMaTpuBalOTCs KypeHHe, CTpecc M 0COOeHHOCTH M-
TaHWS1 JKeHIVH. Tak, HeKOTopble 3MUeMU0/IOrHYeCKre
WCCIeZl0BaHMs TIpeJCTaBU/Iv KypeHre CUrapeT B Kaue-
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cTBe «MoauduLpyemoro» dakropa pucka BB [42].
BaruHanbHast ¢uiopa KypuIbLIUL] XapaKTepu3yeTCs
MEeHBLINM COJlep>KaHHeM lakmobayui, a Takxe Hosee
BBICOKMM YPOBHEM OMOTeHHBIX aMHUHOB, CITOCOOHBIX
BJ/IUSITb Ha BUPYJIEHTHOCTb yCJIOBHBIX [1aTOT€HOB
1 CIOCOOCTBYIOIIUX TTOSIBJIEHUIO HETPUSTHOTO 3a-
raxa BarvHaJIbHBIX BbifieneHui [43]. OTHOCUTENBHO
He/IaBHO yUeHbIe CTa/ld U3y4aTh B/IUSHUE CTpecca Ha
COCTOsTHHE BarvHabHOrO MUKpobuoma. V3BecTHo,
YTO XPOHUYECKHUH TICUXOCOLMATIBHBIN CTPECC aKTUBH-
pyeT ruroTanaMo-runogpusapHo-HaA0ueYHUKOBYIO
Y CUMIIaTOaZipeHasIOBYI0 CUCTEMBI U COMPOBOXKAAETCSI
TIOBBILLIEHWEM YPOBHS KOPTH30/1a, KOTOPBI He TO/IBKO
MIPUBOJUT K AUCQYHKINY BPOXKIEHHOTO UMMYHHUTETA
CIIU3UCTBIX (CHM)KeHUe aKTHUBHOCTH HeHTPOQUIIOB,
AHTUMUKDPOOHBIX MENTU/IOB U Ap.), HO U OIOKUpyeT
3CTPOreH-UH/YLIMPOBaHHOE HaKoIlJIeHHe TJIMKOTreHa
B KJ/IETKAaX BaruHaJBHOTO 3MUTe/Hs, Hapyliast 6asaHc
BarvHa/ibHOM cpefbl [44]. [lanHbil 3¢ deKT 0co6eHHO
3HauMTesIeH BO BpeMsi OepeMeHHOCTH, KOT/ia TIalleHTa
¥ TUIOZHbIe 0060JI0UKH TIPOU3BOAST BBICOKHE YPOBHU
KOPTUKOTPOTUH-PUIN3UHT TopMoHa. OiHaKo pe-
NIpeCcCUBHast poJib KOPTH30/1a B OT/IOXKEHUH [JIMKOTeHa
B BarvHa/IbHOM 3TIMTE MY TI0Ka ZI0Ka3aHa TOJIbKO B IKC-
nepyMeHTax Ha KMBOTHBIX, UTO TpeOyeT MpoBe/jeHus!
M0/[0OHBIX UCC/IeI0BAaHUM Y JTIOZIEH.

B nocnegHue rogpl B KauecTBe (hakTopa prcka
PBBU paccmaTtpuBaroTcsi 0COOeHHOCTU TTUTAHUS.
B niepByto ouepe/ib, 5TO CBSI3aHO C BJAUSTHUEM [IU€ThI
Ha COCTaB ¥ (yHKLUM KUILIEUHOTO MUKpPOOHOMa,
OKa3bIBalOL[ero MpsIMOe B/IMSIHUE Ha BarMHa/IbHBIN
ouorieHo3 [45]. /laHHast B3aMMOCBS3b MOXKET YaCTUY-
HO OOBSCHUTBL OOJIBIITYIO pacIpoCcTpaHeHHOCTh BB
B CTPaHaxX C HU3KMUM YPOBHEM >KM3HH ¥ OTPaHUUeHHBIMU
pecypcamu, HampyuMmep, B ctpaHax Adpuku [46]. TIpu
3TOM B YCJIOBUSX AeUIUTa TUTaTe/TbHbIX Bel[eCTB
B OpraHu3Me BO3HUMKAIOT HapyllleH!s KaK BPOXKJJeHHOT0,
TaK ¥ IPUOOPETEeHHOT0 UMMYHHUTETA C TOBBILLIEHHOMN
BOCIIPUMMYMBOCTBIO K UH(QEKLIMOHHBIM MpoLieccaM
Y CKJIOHHOCTBIO K MX peliuinBrupoBanuio [45]. C gpyroi
CTOPOHBI, XapaKTepHasi /I/If1 pa3BUTBLIX CTPaH JueTa,
Gorarasi yrineBoZiaMy U )KMUPaMu, B COUETaHUH C Jleu-
LIUTOM MOJIOUHBIX IPOJYKTOB U MUKPO3JIEMEHTOB CI10-
CoOCTByeT pa3BUTHIO KaK MeTabOoMMueCKUX HapyLleH!H,
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TaK U AUCOMOTHYECKUX TIPOLIECCOB B KMIIIEUHHKE U, KaK
CJIe/ICTBHE, B BariHA/IbHOM MHUKPOOHOMe, CIT0COOCTBYSI
pa3Butuio PBBU [10]. Ba)kHO OTMETHUTb, UTO UMEHHO
JeduIuTy BATAMUHOB U MUKPO3/IEMEHTOB TTOCBSIIIIEHO
OO/BILIMHCTBO COBPEMEHHBIX UCC/IeZI0BAaTe/TbCKUX PaboT,
HarpaB/eHHbIX Ha U3yYeHUe B3alMOCBSI3U MUTAHUS
C PUCKOM DPa3BUTHS KMILIEYHOTO ¥ BaruHaJAbHOTO JUC-
01O030B.

OednunT MUKPOHYTPUEHTOB
Kak pakTop pucka PBBU

B nocsieiHve rofibl MosiB/sieTcst Bce Horbliie uccie-
[I0BaHWH, HarlpaB/IeHHBIX Ha BbIsAB/IEHUE B3aMOCBSI3U
MeXy AedULMTOM TOr0 WIM MHOTO MUKDPO3/leMeHTa
WM BUTaMUHA U PUCKOM Pa3BUTHSI IUCOMOTHUE CKUX
TIPOL[eCCOB B BarnHaJIbHOM MUKpPOOHOMe, BK/IIOUast
PBBU. OcobeHHO MHOTO pabOT MOCBSIIIEHO B/IUSI-
HUIO Aeduiuta BUTamMuHa D Ha puck pa3Butus bB
u gpyrux BBU. Tak, uccienoBanus oATBEPAUIN, UYTO
nedurmt ButamrHa D y 6epeMeHHBIX CBsI3aH C IOBbI-
LIeHHbIM pUCKOM pa3sutus bB [47]. TIpu aTom geduimr
BUTaMHHa D criocobCcTByeT ycuieHHOM BbIpaboTKe
TIPOBOCIIA/IUTE/TbHBIX LINTOKWHOB y OepeMeHHBIX, UTO
TIOBBIILIAET PUCK NpepbIBaHUs GepeMeHHOCTH. HecMoTpst
Ha pe3y/bTaThl HEKOTOPbIX UCC/Ie/J0OBaHUI, He BbISIBUB-
1IMX B3aMMOCBsA3b BUTaMUHa D ¢ puckom passutusi bB,
OOMBIIIMHCTBO aBTOPOB BCe Ke Tpe//laratoT pacCMaTpu-
BaTh Jle(ULUT JaHHOTO BUTaMMHA B Ka4eCTBe OIHOTO U3
(akTopoB pucka pa3sutusi PBBU kak y bepeMeHHBIX,
TaK U y HeOepeMeHHbIX KeHIVH [48]. Hapsay c BuTa-
MuHOM D Matsumoto N. u coaBTopsl B 2021 rogy Takxke
BBISIBU/IA 3HAYUTEJ/IbHYIO OTPULIATE/IbHYH0 KOPPeJISLIUIO
MeXxay KomruuectBoM Bacteroides v Lachnospiraceae
¥ iotpebrneHrieM Oenka, HaTpys, JKeJie3a, BUTaAMHUHOB B6
u B12, ipu Tom, uto Lactobacillus paccmaTprBaroTCs
B KaueCTBe [JOBOJIbHO YCTOMUMBBIX OAKTepHii OTHO-
CUTebHO ()aKTOPOB OKpY»Karollel Cpefibl, BK/IHOUast
nedbuT MUKpOHYTpUEHTOB [49]. B Gosiee paHHUX
paboTax TakKe yKa3bIBaeTCs, UToO roTpebseHue ¢o-
JIVeBOU KUCJIOTHI, BUTaMKHa E 1 KanbLus cCHUXKaeT
puck BB, a neduiur xene3a y bepeMeHHbIX >KeHILUH
TIOBBIIIaeT PUCK ero pa3Butus [50]. [Tpu 3Tom ponb
(honmeBol KUC/IOTHI B MAaTOreHe3e U MporpecCUpoBaHuN
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BB u gpyrux BBU usyueHa HeoctarouHo. Hekotopbie
paboThI YKa3bIBAIOT HA HETaTHBHOE B/IMsIHYE AedulnTa
BUTaMMHa B9 Ha QyHKLMOHMPOBaHHEe Pa3/IMUHbIX KOM-
TOHEHTOB MMMYHHOM CHCTEMBI, UTO, B CBOKO OUepe/ib,
MOJKeT MOBBICUTh BOCIIPUMMUYMBOCTB K BB 1 ipyrum
BBU [51]. K coxxanenuto, uccaeloBaHUMN Ha 3Ty TeMY
He TaK MHOTO, JIUIIb B ABYX paborax 2007 u 2011 roxos
BBI/[BUTA/TACH TIPETIONIOKEHHUSI, UTO JeuiiuT hoIMeBoi
KWCJIOTHI CBSI3aH C PUCKOM BO3HUKHOBeHUs bB, ofHako
TOUHBIM MeXaHH3M 3TOM CBSI3U OCTaBa/ICS HEsICHbIM [52].
[Toxe OBIIO yCTaHOB/EHO, YTO (oHeBasi KUC/I0Ta
y4acTByeT B MOAJ|€p>KaHWHM UMMYHHOT'O OTBeTa, OMOo-
cpenoBanHoro Th1, To ecTb crioco6CTBYeT a/ieKBaTHOM
paboTe alaTHBHOTO UMMYHHUTETA, UTO CHIKAeT PUCK
pa3eutusi BBU [53]. DTy 1aHHbIe ObUIM MOATBEPXKIE-
HBI U B HeJlaBHeM HccienoBanuu 2023 rofja, KoTopoe
TI0Ka3aso, YTo Cofiep>kaHue (o/eBoi KUC/IOThI B ChIBO-
POTKe KPOBU U B 3PUTPOLIUTAX OTPULIATEIbHO CBSI3aHO
c BB, a 106aBK# (0/1aTOB MOT'YT UTPaTh BaXKHYIO POJib
B npoduakTrke u eueHuu bB [54]. Uto ke KacaeTcs
KeJie3a, TO OHO SIB/ISIeTCSI He0OXOJUMbIM METal/IoM JJIst
MeTabo/MM3Ma 1 KOJIOHM3aLUK OO/BIIMHCTBA IPaMOTpH-
LjaTe/IbHbIX U HEKOTOPBIX IPaMITO/I0KUTETbHBIX MUKPO-
OpraHH3MOB, a TaKxe rpubos, B Tom umcie C. albicans
[550]. ITpu atom Lactobacillus paccMaTpyBarOTCs Kak
peaKasi rpyma OakTepuid, He HY)KAAIOLIUXCS B JKeJie-
3e. To eCTb MOXXHO IPeATIOIOKUTD, UTO B YCIIOBUSX
nedurTa >kene3a akTUBHOCTD Lactobacillus He Oyznet
MEHSTbCS, B TO BpeMs Kak HY)K/JaloLl1ecs B JKeJje3e
yCI0BHBIe W abCOMIOTHBIE TTaTOreHbl MOTYT 00b-
eIUHATHCS B MUKPOOHBIe accouyaliuy (OMOTIeHKH)
[UIs1 yIOB/IETBOPEHHST CBOMX TOTPeOHOCTel B xKesese,
yCWIvBasi CBOU BUPYJIeHTHBIe cBoiicTBa [56]. C npy-
rol CTOPOHbI, HEMAJIOB)KHYIO POJIb JKeIe30 UrpaeT
U B QYHKLMOHMPOBAaHUM UIMMYHHOM CHCTeMBbI, 0COOeH-
HO BPOXKJ€HHOTO0 UMMYHUTeTa. TakK, kene30 BXOAUT
B COCTaB ()epMeHTOB, OTBEUAOL[1X 3a IlepeBapyBaHue
(paroumTo3) maToreHOB B Makpodarax v HeuTpoguax,
TNOBbILIast 3(PeKTUBHOCTb 1 3aBeplLeHHOCTb (aroLu-
TO3a U CII0COOCTBYSI YHUUTOXXEHUIO BHY TPUKJ/IETOUHBIX
GakTepuii, HarlprMep, FTOHOKOKKOB Y MUKOTI/Ia3M. YCTa-
HOBJIEHO, UTO JIIO[jY, CTPaJarolliie HapyLleHUsIMUA CO
CTOpPOHBI FOMeO0CTasa KeJe3a, CK/IOHHbI K Pa3BUTHIO
MH(EKLMOHHBIX 3a00/1eBaHUM, BbI3bIBAEMbIX OTIIOP-
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TYHUCTUYECKUMU NaToreHaMu, KpoMe TOro, Ae@uuuT
JKere3a MOKeT NPUBOAUTD K aKTHMBaLMK MULIe/Talb-
HBIX U IPOXOKeBBIX TpuboB [56]. B To >ke BpeMs Ha
TeueHHe MH(EKLIMOHHOTO TPoLiecca MOKeT HeraTUBHO
BJ/IUATH KaK Ae(ULIUT, TaK U eperpyska >keae3om,
ycyrybsstoiasi ero TskecTsb [57]. B mrobom ciryuae
He BbI3blBaeT COMHEeHUsI 3HauMMOe BJIMSIHHe CTaTyca
)Kejie3a B OpraHM3Me Ha pa3BUTHE WH(EKLMOHHBIX
U IMCcOMOTHYECKUX TIPOLIeCcoB. B nmutepatype nMmeroTcs
eIMHUYHBbIe paboThI 0 B3aUMOCBSI3U YPOBHSI >Keje3a
C TIepCUCTeHLMeH B opraHu3Me aHaspobos, Mycoplasma
gentium, Mycoplasma hominis u C. Albicans [58]. Tak,
B UccenoBanny 2016 roza npefCTaB/ieHbl pe3y/ibTaThl
OoJslee yCIeIHOM Tepanuu KaHAW/03a POTOBOM M0JIO0-
CTH TIpH ZJ00aB/IeHNH K TPOTUBOTPHOKOBOMY JIeUeHHIO
rpernaparoB kesie3a [59], a B uccneoanuu 2022 rozga
YCTaHOBJIEHO, YTO 15 NaLyeHToB ¢ XK/JA xapakrepeH
nucbaKkTepro3 KUIIeYHUKa, 0COOeHHO B IUCTA/TBHBIX
ero otzenax [60]. B To >xe Bpemsi, JIMIIIb OAHO UCCIIe-
JIOBaHUe, MOCBSITIEHHOe CBsi3U epuiinTa >kene3a ¢ BB,
Ob110 TIpoBezieHo B 2005 rofy U MoKasaso, uTo CyOK/Iu-
HUYeCKui JedUIUT >Ke/ie3a Ha TperpaBUIapHOM JTarie
TeCHO Y He3aBUCUMO CBs3aH C pa3BuTveM BB Ha paHHuX
cpokax 6epemeHHOCTH. TakuM 00pa3oM, UCCIe0BAHMUS
0 B/IMSTHUM JleULIMTa XKesle3a Ha PUcK pa3Butusi PBBU
Ha CerOAHSALIHUM [IeHb PaKTUYeCKU OTCYTCTBYHOT, UTO
3HAYNTeJIbHO aKTyaIu3UpyeT HayUHbIU TIOMCK B JAHHOM
HarpaB/IeHUH.

3aknyeHue

[Mownck nepBoNprYKH 1 (PAKTOPOB PHCKA BarMHaIb-
HOTO MCO103a, JIeXKaIero B OCHOBE PeLUANBUPYIOLUX
BY/IbBO-BarMHa/IbHbIX UH(EKLUM, SIBJSIETCS CII0KHON
Y KpaiiHe aKkTyaJbHOUW HayyHOoU 3ajadeil. Koppekuus
BbISIB/IEHHBIX (DAKTOPOB peLiiMBUPOBaHNS 3a00/1eBaHus
MO’KeT He TObKO 00eCTieunTs MoTHOLIEHHOe JieueHue,
HO U JIJTUTE/IbHYI0 NMPOPUIAKTUKY JUCOMOTHYE CKUX
TPOLIeCCoB BO Biiaranuiiie. Bospacratoruii B mociefHye
rO/Ibl MHTEpeC K U3yUeHUI0 BIUSHUS MUKPOHYTPUEHTHO-
ro fiepuiiTa Ha pa3BUTHeE PeL/MBUPYIOIIMX BarkHa b~
HBIX UH(eKIMii TpeOyeT MpoBejeHNs JaTbHeNIINX 1C-
CJ/1eJlOBaHUM, KOTOpbIe MOTYT ChITPaTh I0JI0KUTETbHYIO
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pOJIb B JIeUeHUH, POPUIAKTHKE U CHI)KEHHUH YaCTOThI
peLIMBUPOBaHKS BY/IbBO-BarHaIbHbIX UH(EKLIUA.
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