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AHHOTAIIUA

B 0630pe 0600111eHBI COBPEMEHHBIE IPEZICTABJIEHNsA 0 POJIH reMarosHIedantndeckoro 6aprepa (I'9B) B passuruu auMpom
LeHTpaIbHON HepBHOH cucteMbl (ITHC). B HacTosIIIee BpeMs YCTaHOBJIEHO, UTO I'DB sABJIseTCsA BBICOKOAKTUBHOMN CTPYKTYPOH.
C 0Z1HOII CTOPOHBI, OH 3allUIIAeT TKAaHb MO3Tra OT XUMUYeCKUX, (GU3NUECKUX U UHBIX BO3/IEHCTBUH, a ¢ APYrof — YHUKAIBHO
npucnocobiieH i nepeaayn curianos Mexay [THC u apyrumu yactsamu opranusma. Kierku I'9B pearnpyioT Ha CUTHAIIBL,
nocrynatonye u3 [THC mwim KOMIapTMEHTOB KPOBH, KOTOPBIE MOTYT CTUMYJIMPOBAaTh U3MEHEHUs B UX OapbepHBIX, TPAHC-
IIOPTHBIX U CEKPeTOPHBIX PyHKIMAX. IMMyHHasA npusuiernpoBaHHocTs ITHC He abcosmoTHa. B HOpMe SKeTpaBazariis JUM-
ormuros uepes I'DB uMeer pelarolee 3HaYeHUe /111 KMMYHHOTO HaZI30pa B HEPBHOU TKAHH, XOTS U XKECTKO PETyJINPYeTCs.
IToBpexnaenue I'DB sABiseTcsa OJHUM U3 IIEHTPAIbHBIX 3B€HbEB B ITaTOreHe3e MHOTUX 3a00J1eBAaHUM HEPBHOH CUCTEMBI, a
Hecrnenuduyeckas NPOHUIAeMOCTh I'D6 MOXeT cyllecTBEHHO BO3pAcTaTh IIPU Pa3IMYHON COMATHYeCKOH IaTOJIOTHU.
B 1iesiom uMMyHoJIorHYeckas JUCYHKIUSA U BOCIIAJIEHUe — OCHOBHBIE (DaKTOPBI B HApyIIeHuH esocTHocTH I'96. Mexa-
HHU3MBI MeTacTa3upoBaHus 3710kadecTBeHHBIX 1uMboM B ITHC ocTarores Mason3ydeHHbIMH, XOTA YoKe celuac IOHATHO,
YTO JIJIA UX OCYLECTBJIEHNs HEOOXOIUMBI B3AUMO/IEHCTBUA MEXK/Y [IUPKYJIUPYIOIIMMHY OIlyX0JIEBBIMU KJIETKAMHU U KOM-
no”He"Tamu ['DB, py 5TOM HeKOTOpBIe IIUTOKUHBI MOTYT JIeHiCTBOBATh KaK aTTPAKTAHTBI JJI MeTACTa3UPYIOIINX KJIETOK,
a mpoliece pasBUTHUA OITyXOJIM BKJIIOYAeT B ce0s HEeCKOJIbKO 3TAIoB OT 9KCTpaBa3allly JI0 JIOKaJIbHOM nposnudepanu u
aKTUBAIIMU HEOAHTUOTIeHe3a.

Kmuioueasvtle cao6a: HEXOMKKUHCKast TMMQOMA, reMaTosHelhaTIecKuii Gapbep, aToreHes, IieHTpaIbHasA HEPBHAA CHCTEMA.
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ABSTRACT
The review summarizes modern researches about the role of the blood-brain barrier (BBB) in the development of lympho-
mas of the central nervous system (CNS). Currently, it has been established that the BBB is a highly active structure. On the
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one hand, it protects the brain tissue from chemical, physical and other influences, and on the other hand, it is uniquely
adapted for transmitting signals between the CNS and other parts of the body. BBB cells respond to signals from the CNS
or blood compartments that can stimulate changes in their barrier, transport, and secretory functions. The immune privi-
lege of the CNS is not absolute. Normally, extravasation of lymphocytes through the BBB is crucial for immune surveillance
in nervous tissue, although it is tightly regulated.

Damage to the BBB is one of the central links in the pathogenesis of many diseases of the nervous system, and the nonspe-
cific permeability of the BBB can increase significantly in various somatic pathologies. In general, immunological dysfunc-
tion and inflammation are the main factors in the violation of the BBB integrity. The mechanisms of metastasis of malig-
nant lymphomas in the CNS remain poorly understood, although it is already clear that their implementation requires
interactions between circulating tumor cells and BBB components, while some cytokines can act as attractants for meta-
static cells, and the process of tumor development includes several stages from extravasation to local proliferation and
activation of neoangiogenesis.

Keywords: non-Hodgkin’s lymphoma, blood-brain barrier, pathogenesis, central nervous system.
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AIUAEMHAOJIOIUS IIOPAYKEHU A
IIEHTPAJIbHOM HEPBHOM CUCTEMBI
IIPU JUOPY3HOU B-KJIETOYHOM
KPYITHOKJIETOUHOM JINM®OME

Juddysnas B-kinerouyHas KpYIMHOKJIETOUHAS
mumpoma (JIBKKJI) sBnsiercss Hambosiee YacThIM
BapHaHTOM HEXO/KKUHCKUX JuMoM (710 30—40 %
Bcex cyIy4yaeB 3a00JIeBaHUsA) U IPEJICTABIISIET COOOU
OGMOJIOTUUECKH TeTepOTeHHOe 3a00JIeBaHNIE, B KOTO-
POM BBIIEJIIIOT pPAa3IN4YHble KJIWHUYECKHUE BapH-
aHThI [1, 2]. Kak mpaBuiio, 3a601eBaHe BOSHUKAET B
CHEIUATTM3UPOBAHHBIX  JUMQOUAHBIX  OpraHax.
Opnaxko mo Tpetu JIBKKJI MoryT BO3HUKATh B DKC-
TPaHOJTAIBHBIX YYACTKAX, YaIlle BCETO B JKETY0UHO-
KHUIIIEYHOM TPaKTe, KOXKe U MATKUX TKAHAX, KOCTSIX
WIN MOYEIOJIOBOM TPAaKTe, a TaKiKe IeHTPaTbHOHU
HepBHOH cucreme (ITHC) [3, 4].

OueBUIHO, YTO CYIIIECTBYET HEY/IOBJIETBOPEHHAS
MMOTPEOHOCTh B JUATHOCTHYECKUX WHCTPYMEHTAX,
HOBBIX TIO/IXOJIaX K CTPaTH(MUKAIMU HA TPYIIIIbI
pucka 1 Metofax nmpoduiakTuku nopaxesnus [THC
y manuenTtoB c¢ JIBKKJI. Bmecre ¢ TeM peakoCTh
JBKKJI ¢ BoBineuenueMm ITHC, TssxecTh OOJIBHBIX U
OTpaHHUYEHHAs JAOCTYIHOCTb Il OUOIICHH IOpa-
JKEHHOHN MO3TOBOH TKaHU IIPENATCTBYIOT aKTUBHOMY
HU3yYEeHHUIO JIAHHOH OIYXO0JIH, a Hallle TOHUMAaHHE ee
0COOEHHOCTEH OCTaeTcsl BeChMa OrpaHUYeHHBIM [5].

Ilepsuunaa JABKKJI ITHC saBiserca camocTos-
TeJIbHOU (opmMoil JsuM@OM, BCTpEUYAETCs PETKO
(oxo0s10 5 % HOBOOOpa30BaHUN IEHTPAJIBHON HEPB-
HOU CHCTEMBI U 1—2 % BCeX CIyYaeB HEXOKKIUHCKUX
JuMGbOM) U B OOJIBIITMHCTBE CJIyYaeB 3aKaHINBAETCS
daTanpHO. MeanaHa >KU3HU OGOJIBHBIX COCTABJISET
3.5—7 Mec [6]. JIJis omyxoJin XapaKTepHO IHopaske-
HHE TOJIOBHOTO MO3ra, CIIMHHOTO MO3Ta, YePenHo-

EPIDEMIOLOGY OF CENTRAL NERVOUS
SYSTEM DAMAGE IN DIFFUSE LARGE
B-CELL LYMPHOMA

Diffuse large B-cell lymphoma (DLBCL) is the
most common variant of non-Hodgkin’s lymphomas
(up to 30—40% of all cases) and is a biologically het-
erogeneous disease with various clinical variants [1,
2]. As a rule, the disease occurs in specialized lym-
phoid organs. However, up to a third of DLBCL can
occur in extranodal sites, most commonly in the gas-
trointestinal tract, skin and soft tissues, bones or
genitourinary tract, and the central nervous system
(CNS) [3, 4]

Clearly, there is an unmet need for diagnostic
tools, new approaches to risk stratification, and
methods for the prevention of CNS involvement in
patients with DLBCL. At the same time, the rarity of
DLBCL involving the CNS, the severity of patients,
and the limited availability of the affected brain tis-
sue for biopsy hinder the active study of this tumor,
and our understanding of its features remains very
limited [5].

Primary DLBCL of the CNS is an independent
form of lymphomas, is rare (about 5% of neoplasms
of the central nervous system and 1—2% of all cases of
non-Hodgkin’s lymphomas) and in most cases ends
fatally. The median life of patients is 3.5—7 months
[6]. The tumor is characterized by lesions in the
brain, spinal cord, cranial nerves, eyes, and menin-
ges in the absence of tumor foci outside the CNS
[6, 7]. According to the type of involvement of parts
of the nervous system, it can be classified into lepto-
meningeal, parenchymal, ocular, or combined
lesions [8]. At the same time, spinal cord lesions are
extremely rare in primary DLBCL of the CNS [9].
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MOB3TOBBIX HEPBOB, IJIa3 U MO3TOBBIX O0OJIOUEK B
oTcyterBue ouarop omyxonu BHe L[HC [6, 7]. ITo
THITy BOBJIEYEHUS OT/AEJIOB HEPBHON CHCTEMBI OHA
MOXKeT OBITh KJacCH(UIIPOBAHA HA JIENTOMEHHH-
reaJbHbIE, IAPEHXUMATO3HbIE, [JIa3HbIE JTH KOMOU-
HUpoBaHHBIe mopakeHus [8]. IIpu sTom mopake-
HUA CIMHHOTO MO3Ta KpaiiHe peKo BCTPEedaroTCs
npu nepsuunon JIBKKJI ITHC [9].

ITopaxenue IITHC MoxxeT BOBHUKATh ¥ BTOPUYHO
nipu JIBKKJI, 06bIYHO B TEYEHHE TIEPBOTO IO IIOCTIE
JIMaTHOCTHKY CUCTEMHOM OITyXoyu [10, 11]. Bropuu-
Hoe nopaxkenue IITHC mpu cucTeMHBIX BapHaHTaXx
JIBKKJI perucrpupyetcs IpruOJIU3UTETBHO B 5 % CITy-
YaeB U MOKeT BO3HUKATh Ha PA3JIMYHBIX TATaX IPO-
rpeccuu omyxostu [12]. OHO peiko 0OHAPYKUBAETCA B
JlebI0Te CHCTEMHOTO 3a00JIeBaHUs, MOXKET MaHU(e-
CTUPOBAaTh B TeYEHUE HECKOJbKUX MECAIEB IOCse
BepudUKaIUU INArHO3a, YTO MOKET CBUJETEIHCTBO-
BaTh O CYIIECTBOBAHUH HEPACIIO3HAHHOTO OYara yxe
Ha MOMEHT IIOCTAaHOBKM JAuarfHosa. Takke BoBJeue-
Hue B onyxoJieBbIi mporece IIHC mpu IBKKJI moxet
BBIABJIATHCS B MOMEHT PeruinBa 3a00I€eBaHUsA, UTO
BCETZ]a XapaKTePU3yeTcsl KpaiiHe He6IarOIpUsATHBIM
MPOTHO30M JIJIsl KM3HU NanueHTa [5, 13]. Tak, meau-
aHa oO0IIel BBIKMBAEMOCTU ITAIIEHTOB, MMEIOIINX
petuaus JIBKKJI ¢ nmopaxxkenuem ITHC, cocrasiser
BCEro HECKOJIBKO MecsAIes [10].

ITo cpoky BOBHUKHOBEHUS U XapaKTepy BOBJIeUe-
HUA HEPBHOM CHCTEMBI BTOPUYHOE BOBJIEUEHHE
IIHC npu /IBKKJI M0:KHO pas/ieJIUTh Ha TPU Bapu-
aHTa: cucreMHas JuM@oMa, coueTanasacs ¢ mopa-
sxkenreM [[THC B mebrore 3ab0s1eBaHus; TOpaKeHHe
ITHC B MOMEHT CHCTEMHOTO PEUNBA MJIH ITPOTpec-
CUpOBaHUA W HW30JUpOBaHHBIA penwauB B ITHC
(oTcyTCTBHE MOpaKEHUsI APYTUX OPTAHOB U CHUCTEM)
[14, 15].

CorylacHO JIUTEPATYPHBIM JIaHHBIM, HA MOMEHT
obHapy:xkenusi ouaros omyxosiu B IITHC mpu peru-
nBe 32001€BaHUS IPUMEPHO MOJIOBUHA AIEHTOB
UMEIOT IIPOTPECCUPYIONIYI0 CHCTEMHYIO JUMGPOMY
[3]. ¥V GonbHBIX K€ ¢ U30JIUPOBAHHBIM PEIUAHUBOM
onyxosu B ITHC cucremHOe 3a00J1€BaHIE YACTO pas-
BUBAeTCs I03Ke, B TeUeHHe HeCKOJbKUX MeCAIIEB.
Takum 00pa3oM, CHCTEMHbBIE IPOSIBJIEHUS JIUM-
(oMbl OOBIYHO COIPOBONKAAIOT OOHApPYKEHHE
[IapeHXUMAaTO3HOTO WJIM JIEITOMEHUHTeaJIbHOTO
IIopa)keH!sI HEPBHOM TKaHU [16].

ITo laHHBIM CTATUCTUKU HA JIENITOMEHUHTeaIb-
HyI0 TUMGOMY IIPUXOAUTCS JIBE TPETHU CJIyUaeB BTO-
puunbix auMdom ITHC, octanbHas yacTh MpecTaB-
JieHa TapeHXWMAaTO3HBIM MMOpa’KeHWeM mo3sra [17].
ITpu 5TOM BOBJIEUEHHE MO3TOBBIX 000JI0UEK MOXKET
OBITH PE3YJIBTATOM IIPSIMOTO PACIIPOCTPAHEHUS OITY-
XOJI C COCEIHUX KOCTHBIX OYaroB, reMaTOT€HHOH

CNS involvement can also occur secondary to
DLBCL, usually within the first year after the diagno-
sis of a systemic tumor [10, 11]. Secondary CNS
involvement in systemic DLBCL is recorded in
approximately 5% of cases and may occur at various
stages of tumor progression [12]. It is rarely detected
at the onset of a systemic disease, it can manifest
itself within several months after the verification of
the diagnosis, which may indicate the existence of an
unrecognized focus already at the time of diagnosis.
Also, the involvement of the CNS in the tumor pro-
cess in DLBCL can be detected at the time of disease
recurrence, which is always characterized by an
extremely unfavorable prognosis for the patient’s life
[5, 13]. Thus, the median overall survival of patients
with recurrent DLBCL with CNS involvement is only
a few months [10].

According to the time of occurrence and the
nature of the involvement of the nervous system, the
secondary CNS involvement in DLBCL can be divided
into three variants: systemic lymphoma, combined
with CNS lesions at the onset of the disease; the CNS
lesions at the time of systemic relapse or progression
and isolated recurrence in the CNS (absence of
lesions in other organs and systems) [14, 15].

According to the literature data, at the time of
detection of tumor foci in the CNS with a relapse of
the disease, approximately half of the patients have
progressive systemic lymphoma [3]. In patients with
isolated tumor recurrence in the CNS, systemic dis-
ease often develops later, within a few months. Thus,
systemic manifestations of lymphoma usually
accompany the detection of parenchymal or lepto-
meningeal lesions of the nervous tissue [16].

According to statistics, leptomeningeal lym-
phoma accounts for two thirds of cases of secondary
CNS lymphomas, the rest is represented by paren-
chymal lesion of the brain [17]. At the same time, the
involvement of the meninges can be the result of
direct spread of the tumor from neighboring bone
foci, hematogenous dissemination, or spread along
the neurovascular bundles [11].

Parenchymal lesion of the CNS in lymphoma can
be manifested by single or multiple foci, have a peri-
ventricular and/or superficial location [9]. Based on
neuroimaging data, it is impossible to differentiate
secondary CNS lesions in DLBCL and primary CNS
lymphoma [18], although there is evidence that sec-
ondary brain damage in DLBCL is mainly mani-
fested by multiple supratentorially located foci,
while single foci are characteristic of primary CNS
lymphoma [16].

The addition of rituximab, a targeted drug of
monoclonal antibodies to CD20, to standard chemo-

Journal homepage: http://jsms.ngmu.ru

133



Boponaesa E.H. udp. / Journal of Siberian Medical Sciences T. 6, N? 2 (2022)

JIICCEMHUHAIY WJIN PaclpocTpaHeHUs IO COCy-
JIMCTO-HEPBHBIM ITyyKaMm [11].

ITapenxumaro3Hoe nopaxkenue IJTHC npu aum-
pome MOKET MPOABIATHCA €JUHUYHBIM WJIN MHO-
JKECTBEHHBIMU OuaraMmu, UMeTh [1IepUBEHTPUKYJISAD-
HOe U/WIu TIOBEPXHOCTHOE pacmosiokeHue [9]. Ha
OCHOBe JIJaHHBIX HeHpOBU3yaIM3aInii HEBO3MOXKHO
nuddepennuposats BTopuuHble nopakeHus [THC
npu JIBKKJI u nepBuunyo sumdpomy ITHC [18],
XOTSI UMEIOTCS JJAHHbBIE, UYTO BTOPUYHOE ITOpaKeHNe
moasra npu JIBKKJI B 0CHOBHOM IIpOABJIAETCA MHO-
JKECTBEHHBIMH CYIPAaTEHTOPHUAIBHO PACIIOIOXKEH-
HBIMH OYaraMu, TOTZA KaK /IS MEePBUYHOU JIFM-
dowmsr ITHC xapakTepHbl eIUHUYHBIE OUaru [16].

JlobGaBJileHre TapreTHOrO Iperapara MOHOKJIO-
HaIbHBIX aHTuTesn K CD20 purykcumaba K CTaH-
JIApTHON XUMHOTepanuu 3aboJieBaHUs, K COXKaJle-
HUIO, HE CHU3WIO YaCTOTY PEIUUBOB JAaHHOU OIy-
XOJMW ¢ TOpakeHHeM HEePBHOM TKAaHU B CBA3U C
MaJIBIM IIPOHUKHOBEHMEM ero 4epe3 reMaTo3HIle-
dammueckuii 6apbep (I'D6). Mennana uHTEPBAIA OT
nocranoBku auarHosa JIBKKJI qo Bosieuenus ITHC
TaKKe MPAKTUYECKU He U3MEHWIACh U COCTABJIAET
oT 6.5 710 7 Mec.

COBPEMEHHDBIE ITPEACTABJIEHUA
O CTPOEHN 1 ®YHKIINU I'EMATO-
OHINEPAIMYECKOI'O BAPHLEPA

TemaTosHIedamueckuii 6apbep IMPEACTABISAET
co00ll aHATOMUYECKYIO CTPYKTYPY, OTTPAaHUIMBAIO-
IIIyI0 HEPBHYIO TKaHb OT KPOBEHOCHOM CUCTEMBI Opra-
HHU3Ma, KOTOPasI BKJIIOUAET B ce0s1 CrIeIMaTn3uPOBaH-
HbIE COCYJUCTble Oapbephl: TeMaTOPETUHAJIbHBIN,
reMaTOHEPBHbIN, TeMaTOJAOUPUHTHBIA U TeMaTo-
CIIMHHOMO3TOBOH. DNUTeNINaTbHble KJIETKU COCYIU-
CTOTO CIUIETEHHS TeMaTOJIMKBOPHOTO Oaphepa u
TAHULUTBI, PACIIOJIOKEHHBIE BJI0JIb PAHUIL JKeJIy/I04-
KOB UM OKOJIOKEJIy/IOUKOBBIX OpPTaHOB, MOTYT CYH-
Tarbcsa orhesaMu I'Db, MOCKOJIbKY OHHM TakXke IIpe-
JIOTBPAIIAIOT HEPeryJInpyeMoe IIONaJaHue KOMIIO-
HEHTOB KpOBU B CIMHHOMO3IOBYIO JKUJKOCTb U
WHTEPCTUITAAIBHYIO JKUIKOCTb TOJIOBHOTO MO3ra [19].

OtcyrerByeT I'Ob B 1m1ecTy aHATOMUYECKUX 30HAX
ITHC, GOJIBIITUHCTBO U3 KOTOPHIX YUACTBYIOT B IIPO-
Ieccax HeUpOTyMOPAJIbHOHN PEryJIsIIUK: POMOOBUI-
Hasg SMKa, MIUIIKOBUIHOE TeJI0, HEeUpOrumnodus,
MIPUKpeIUIEeHHAasA IUIACTUHKA, CyOMOPHUKAIBHBIA U
CyOKOMHUCCYypaJIbHBINA OpTaHbI [19].

Ha xsietounom ypoBHe I'Sb cocTout u3 sHjoTe-
JINATIBHBIX KJIETOK, aCTPOLIUTOB, IIEPUITUTOB, HEHPO-
HOB, Makpo¢aroB MUKPOIJINH, a TAKXKE BHEKJIETOU-
HOTO MaTPHUKCA U ITMKOKAJIUKCA, KOTOPbIE BXOJAT B
COCTaB HEMPOBACKYJIAPHOU enuHULBI [20] (puc. 1).

therapy of the disease, unfortunately, did not reduce
the recurrence rate of this tumor with damage to the
nervous tissue due to its low penetration through the
blood-brain barrier (BBB). The median interval from
the diagnosis of DLBCL to CNS involvement also
remained virtually unchanged and ranged from 6.5
to 7 months.

MODERN IDEAS ABOUT THE STRUCTURE
AND FUNCTION OF THE BLOOD-BRAIN
BARRIER

The blood-brain barrier is an anatomical struc-
ture that separates the nervous tissue from the circu-
latory system of the body, which includes specialized
vascular barriers: blood-retinal, blood-nerve, blood-
labyrinth and blood-spinal cord. Epithelial cells of
the choroid plexus of the blood-cerebrospinal fluid
barrier and tanycytes located along the borders of
the ventricles and periventricular organs can be con-
sidered as components of the BBB, since they also
prevent the unregulated entry of blood components
into the cerebrospinal fluid and interstitial fluid of
the brain [19].

There is no BBB in six anatomical zones of the
CNS, most of which are involved in the processes of
neurohumoral regulation: rhomboid fossa, pineal
body, neurohypophysis, lamina affixa, subfornical
and subcommissural organs [19].

At the cellular level, the BBB consists of endothe-
lial cells, astrocytes, pericytes, neurons, microglia
macrophages, as well as extracellular matrix and gly-
cocalyx, which are part of the neurovascular unit
[20] (Fig. 1).

The most apical structures in endothelial cells are
the tight junctions. Their main transmembrane com-
ponents are claudins, occludin, and adhesion mole-
cules. Below the tight junctions, there are adherens
junctions formed by transmembrane proteins — cad-
herins and nectins [21].

The luminal surface of endothelial cells is lined
with glycocalyx. It prevents the direct effect of plasma
components on the endothelial luminal membrane,
and also functions as a mechanosensor and signal
transmitter to the endothelium [22].

Endothelial cells perform barrier, transport, met-
abolic functions, as well as induce the differentiation
of astrocytes and support the functions of pericytes.
The latter ones form the second cell layer in capillar-
ies and postcapillaries [23]. They are very closely
attached to endothelial cells and share a basement
membrane with them. The basement membrane of
microvessels is composed of laminins, collagen IV,
fibronectin, glycosaminoglycans, and glycoproteins.
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Fig. 1. Structure of the blood-brain barrier, neurovascular unit (according to [20])

Hawubosee amukaJbHBIMU CTPYKTYPAMU B 9HZOTE-
JIMAJIbHBIX KJIETKAX SIBJIAIOTCS IUIOTHBIE COETUHEHUA.
WX OCHOBHBIE TpaHCMEMOpPaHHbIE KOMIIOHEHTHI —
KJIayZIUHbI, OKKJIIOJIMH U MOJIEKYJIBI aare3un. Hinke
IUIOTHBIX KOHTAKTOB PACIIOJIOXKEHBI ITPUCOETNHIIO-
e KOHTaKThl, 00pa30BaHHbIE TPAaHCMEMOPAHHBIMH
OesTKkaMu — KaJ[repuHaMU 1 HEKTHHaMH [21].

IIpocBeTHYI0 TIOBEPXHOCTh 3HOTEJTHAJIBHBIX
KJIETOK BBICTWJIAET TJIMKOKaIukc. OH TIpefoTBpa-
IaeT MpSMOe BO3JIEHUCTBHE KOMIIOHEHTOB ILIa3MbI
Ha DSHJIOTEJUAJIBHYI0 IIPOCBETHYID MeMOpaHy, a
TakyKe BBINOJHsAET GYHKIIUM MeXaHoceHcopa U
IepeJladul CUTHAJIOB B BHIOTENNH [22].

JH/IOTETNAIbPHBIE KJIETKHM BBHIMIOJIHAIOT Gapbep-
HYI0, TPAHCIIOPTHYI0, 00MEHHYI0 (QYHKITUH, a TAaK:Ke
UHAYOUPYIOT U@ @epeHnpoBKy acTpPOIUTOB U
MOIEP>KUBAIOT (PYHKIMK MepUIUToB. Ilociemnue
00pa3yIoT BTOPOH KJIETOUHBIN CI0H B KATMJLIAPAX U
nocTkanwuisipax [23]. OHU OYeHb TECHO IPHUKpe-
IUIEHbI K SHJIOTETUIHHBIM KJIETKAM U HMEIOT
obmryro ¢ HuUMu 6asaynbHy0 MeMOpaHy. bazanpHas
MeMOpaHa MHKPOCOCY/IOB COCTOUT U3 JIAMHUHUHOB,
kosutaresa IV, GubpoHeKkTHHA, TIMKO3aMHUHOTINKA-
HOB U TJIMKOIPOTeNHOB. OHAa QYHKIIMOHUPYET KaK
KapKac, TPHUKPEIJIEHWE SHJOTEIUS Ha KOTOPBIM

It functions as a scaffold, the attachment of the endo-
thelium to which is mediated by integrins, and, along
with other components of the neurovascular unit,
contributes to the impermeability of the CNS micro-
vasculature [24].

Astrocytes are the most common type of brain
cells. Astrocyte processes surround cerebral capillar-
ies, arterioles and venules and regulate a number of
physiological processes in the CNS, such as neuro-
transmission, synaptic plasticity, functional hyper-
emia, and convective flow of the interstitial fluid of
the brain [25].

Neurons also have a significant impact on the
functioning of the BBB. In particular, they induce the
expression of BBB-associated proteins in endothelial
cells, regulate their permeability, as well as the width
of the lumen of cerebral vessels [22].

Brain microglia originates from yolk sac cells
migrating into the CNS during embryonic develop-
ment. In the adult human brain, microglial cells
are closely associated with the vasculature and
produce proinflammatory mediators (cytokines,
chemokines, nitric oxide, prostaglandins, matrix
proteases, and reactive oxygen species) [26]. An
important protective function of microglia is its
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OTIOCpeNlyeTcsI MHTeTPUHAMH, U, HAPALY C APYTUMH
KOMITOHEHTaMU HEUPOBACKYJIAPHON €IMHUIIBI, CIIO-
cOOCTBYyeT HENPOHUIIAEMOCTH MUKPOIIUPKYJIATOP-
Horo pycia ITHC [24].

AcTporThl — HauboJiee pacIpOCTPAHEHHBIA THIT
KJIETOK TOJIOBHOTO MO3ra. OTPOCTKU aCTPOIUTOB OKPY-
JKAIOT MO3TOBBIE KAIMJULAPBI, aPTEPUOJIBI U BEHYJIBI U
peryupytoT psj pusnosiornyeckux mpoteccos B [THC,
TaKMX KaK HeHWpOMeTUaIVsi, CHHAIITHYECKasl TUTACTHY-
HOCTbh, (PYHKIIMOHAIbHASI TUIIEPEMHUS M KOHBEKTUBHBIH
ITOTOK MHTEPCTUITUATTLHOM KUTKOCTH Mo3ra [25].

HelipoHBbI Tak:Ke OKa3bIBAIOT CYIIECTBEHHOE BJIU-
AHMe Ha (QyHKuuonuposanue I'Db. B wacrtHOCTH,
OHHM WHAYUUPYIOT 3Kcnpeccuro I['Db-accoruupo-
BAHHBIX OEJIKOB B DHOTEIUAJIBHBIX KJIETKaX, Pery-
JIMPYIOT UX MMPOHUIIAEMOCTbh, a TAK)Ke IIHPUHY IIPO-
cBeTa CoCcyZI0B Mo3ra [22].

MuKporiusi TOJIOBHOTO MO3Ta IIPOUCXOIUT W3
KJIETOK JKEJITOUHOTO MeIka, Murpupyiomux B [[THC
BO BpeMs 5MOpPHOHAIBHOTO pPa3BUTHA. B mosre
B3POCJIOTO YeJIOBEKA KJIETKU MUKPOTJIUU TECHO CBSI-
3aHBI C COCYAUCTOHN CETHIO U MPOAYIIUPYIOT IIPOBOC-
MaJINTeJIbHble MeNATOPhl (ITUTOKWHBI, XeMOKHUHBI,
OKCHJI a30Ta, IPOCTATJIAHANHBI, MATPUKCHBIE ITPOTE-
a3pl U akKTUBHBIE (pOpMBI Kucaoposa) [26]. Baxkuoit
3aIUTHON DYHKITMEH MUKDPOTJINU SBJISIETCS €€ CII0-
COOHOCTH OBICTPO MUTPUPOBATH B MECTA TOBPEKIE-
HUS TOJIOBHOTO MO3Ta U U3MEHATH CBOIO MOPQOJIO-
U0 ¢ 00pa3oBaHUEM CIENHATU3UPOBAaHHOU (daro-
IUTApPHOM CeTH, MpenATCTByomel nuddy3nn Bpes-
HBIX BEIIECTB B MO3TOBYIO IapEHXUMY. JJaHHBIN THII
KJIETOK TaK)Ke CII0COOCTBYeT pa3pelleHHI0 BocIase-
HUS B TOJIOBHOM MO3T€ TTOCJIEe TPABMBI [27].

Takum oOpaszom, riaBHas ¢yHKnus [9b —
O6aprepHasa. OHa 3aKJII0YaeTCs B OTPAHIMYEHUH [T0Ta-
JIAaHVS B TKAHb MO3Ta KJIETOK U BEIIECTB, TEPEHOCH-
MBIX KpoBbIO [28] (puc. 2). B ee ocHOBe siexkar cie-
ZIYIOIIYie MEXaHU3MBbI:

1) IUTOTHBIE KOHTAKTBI, KOTOPBIE IPEJ0TBPAIIAIOT
napaneuioyasApHylo  Auddys3uo  pacTBOPEHHBIX
BeIl[eCTB U KJIETOK KPOBU B MO3T;

2) CHeUaIN3UPOBAHHBIN JIUMUHBIA COCTaB
SHJIOTEJIUSI COCY/IOB MO3Tra, KOTOPBIH HHTHOUpYeT
OTIOCPEIOBAHHBIM MUKDOBE3UKYJIaMU KUJKOdas-
HBIH TPAHCITUTO3;

3) aKTHUBHOE ITPOXOK/EHIE BEIIECTB B HAIIPABJIe-
HUH MO3T — KPOBb UJIN JIUKBOP — KPOBbB 32 CUET HKC-
npeccun kietkamu [DB  6GeskoB-TpaHCIIOPTEPOB
addokca, a uMeHHO OesikoB cemerictBa ABC-
tpaHcnoprepoB (ATP-binding cassette — ABC), uro
OTPAaHUYMBAET IIOTJIOIIEHWE MO3TOM 3HAOTEHHBIX
MaKpPOMOJIEKYJT U KCeHOOUOTHUKOB [22].

Bmecte ¢ Tem HebGosbINE TUTOPUIBHBIE MOJIE-
KyJpl MOryT TiepecekaTh ['DB myrem naccuBHOU

ability to quickly migrate to sites of brain damage
and change its morphology with the formation of a
specialized phagocytic network that prevents the
diffusion of harmful substances into the brain
parenchyma. This cell type also contributes to the
resolution of inflammation in the brain after
injury [27].

Thus, the main function of the BBB is a barrier. It
is about limiting the entering of cells and substances
carried by the blood into the brain tissue [28] (Fig. 2).
It is based on the following mechanisms:

1) tight junctions that prevent paracellular diffu-
sion of solutes and blood cells into the brain;

2) a specialized lipid composition of the cerebral
vascular endothelium that inhibits microvesicles-
mediated fluid-phase transcytosis;

3) an active brain — blood or cerebrospinal fluid —
blood passing of substances due to the expression of
efflux transporter proteins by BBB cells, namely pro-
teins of the ABC transporter family (ATP-binding
cassette — ABC), which limits the absorption of
endogenous macromolecules and xenobiotics by the
brain [22].

At the same time, small lipophilic molecules can
cross the BBB by passive transmembrane diffusion.
In order to provide the brain with substrates for
energy production, synthesis of proteins and nucleic
acids, maintenance of pH and electrolytes, the trans-
port of small polar molecules (glucose, amino acids,
nucleosides, ions, prostaglandins and others)
through the cell membranes of the BBB is carried out
by soluble carrier proteins. Peptides and large pro-
teins are transported through the BBB by receptor-
mediated transcytosis and endocytosis, which are
not only energy-dependent and saturable, but also
depend on vesicular transport [29].

In addition to the barrier function, the BBB has
specialized functions that are responsible for CNS
homeostasis, nutrition and communication between
brain tissue and other parts of the body.

THE STRUCTURE AND FUNCTIONS OF THE
BLOOD-CEREBROSPINAL FLUID BARRIER

The choroid plexus of the blood-cerebrospinal
fluid barrier and tanycytes, in addition to preventing
the penetration of blood cells into the cerebrospinal
fluid and interstitial fluid of the brain, provide the
transport to the brain of a number of substances cir-
culating in the systemic bloodstream, removal of
potentially harmful substances from the brain,
release of molecules that transmit signals to cells in
the brain parenchyma, as well as response to stimuli
arising both in the brain and coming from the
blood [22].
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Puc. 2. MexaHU3Mbl TPAHCIIOPTA BEIIECTB Uepe3 reMaTosHIedamndeckuii 6aprep (mmo [28])
Fig. 2. Mechanisms of transport of substances across the blood-brain barrier (according to [28])

TpancMeMbpanHol auddy3un. B nensax ke obecre-
YeHUs MO3Ta CyOCTpaTaMu JIJIs BBIPAOOTKY DHEPTUH,
CUHTe3a 0eJIKOB M HYKJIEMHOBBIX KHCJIOT, ITOJJIED-
’)kaHuA PH W 3JIEKTPOJIMTOB, TPaHCHOPT MAaJIbIX
MOJIAPHBIX  MOJIEKYJT (TJIFOKO3BI, aMUHOKHCJIOT,
HYKJIEO3U/IOB, NOHOB, IIPOCTAIJIAH/IUHOB U JIPYTUX)
yepes KJIeTouHble MeMOpaHbl ['AB ocyiecTBiisercs
PacTBOPUMBIMH OeTKaMU-HOCUTEISIMU. [IenTumasr u
KpyInHble OesIku TnepeHocsATcss udepe3 DB myrem
PelEeNnTOP-0II0CPEOBAHHOTO TPAHCIIUTO3a U 3H/IO-
[IUTO3a, KOTOpble HE TOJIBKO JHEPrO3aBUCHUMBI U
HACBHIIIAEMbI, HO W B3aBHUCAT OT BEe3UKYJIIPHOTO
TpaHcmopra [29].

I[Momumo 6aprepHO#l dyHkiun, Db umeer cre-
IHTH3UPOBAHHbIE QYHKIINH, KOTOPbIE OTBEYAIOT 32
romeocta3 I{THC, nutanve u cBA3b MeXAy TKAHbBIO
MO3ra v IpyruMu 4aCTAMU TeJia.

The blood-cerebrospinal fluid barrier is repre-
sented by ependyma, consisting of ciliated ependy-
mocytes. According to modern concepts, these cells
provide trophic and metabolic support to the cells of
the brain microenvironment, take part in the pro-
duction and secretion of cerebrospinal fluid, ste-
roidogenesis, selective penetration of water into cells
or its removal from cells, control of the sodium level
in the extracellular fluid, and ensure the formation of
the ependymal (blood-cerebrospinal fluid) bar-
rier [28].

The barrier role of ependymocytes is provided by
the presence of different types of intercellular con-
tacts and anchor proteins. In the area of the apical
surface, ependymocytes are interconnected by means
of adherens junctions; in the middle part between
the cells there are gap junctions. The same contacts

Journal homepage: http://jsms.ngmu.ru

137



Boponaesa E.H. udp. / Journal of Siberian Medical Sciences T. 6, N? 2 (2022)

CTPOEHUE U ®YHKIINN
TEMATO/JINKBOPHOI'O BAPHEPA

Cocynucroe  CIUIeTeHHE — TeMaTOJIMKBOPHOTO
6appepa W TAHUIUTHL, ITOMUMO IIPEIOTBPAIEHUS
MIPOHUKHOBEHUS B CIMHHOMOB3TOBYIO JKH/IKOCTb U
MHTEPCTUIUAIIBHYIO >KUJIKOCTh TOJIOBHOTO MO3Ta
KJIETOK KPOBH, 00ECIEeYHBAIOT TPAHCIOPT B MO3T
pAla TUPKYJUPYIOIIUX B CHCTEMHOM KPOBOTOKE
BEIIeCTB, VyJaJIEHHEe IOTEHIHATbHO  BPEIHBIX
BEIIleCTB U3 MO3Ta, BbIIEJIEHIE MOJIEKYJI, IIepefato-
IITUX CUTHAJIBI KJIETKaM B IapEHXMMe MO3Ta, a TAaKKe
pearupoBaHue Ha CTHMYJIBl, BO3HUKAIOIIUE KaK B
MO3Te, TaK U MPUXO/SAIINE U3 KPOBH [22].

FeMaTOTMKBOPHBINA Oaphep IpPeICTaBIEH SIIE€H-
MO, COCTOSAIIEH M3 PECHUTUYATHIX SIIEHAUMOIIN-
TOB. COIJIACHO COBPEMEHHBIM ITPE/ICTABJIEHUAM, 3TH
KJIETKU OKa3bIBAIOT TPOPUUECKYI0 W MeTabosmde-
CKYIO HOJIZIEP:KKY KJIETOK MUKPOOKPY>KEeHUSA MO3Ta,
MIPUHUMAIOT YIacTHe B BRIPAOOTKE U CEKPEINU Liepe-
OpOCITMHAJIBHOU KUJIKOCTH, CTEPOUIOTEHE3Ee, N30H-
paTeIbHOM NPOHUKHOBEHUH BOABI B KJIETKU WJIH
BBIBEJIEHUH €€ U3 KJIETOK, KOHTPOJIe YPOBHS HATPUS
BO BHEKJIETOYHOM KUJKOCTH U 00eCIeunBaioT $hop-
MUPOBaHHE CaMOT0 3IE€HUMAIBHOTO (reMaTOIHK-
BOpHOTO) 6apbepa [28].

BaprepHas posip 5IEHJUMOIUTOB ObOecrevdnBa-
€TCSI HUTMIUEM PA3HBIX TUIIOB MEKKJIETOUHBIX KOH-
TaKTOB M SKOPHBIX OesIkoB. B obmactu anukaabHOM
MMOBEPXHOCTU AIEHAUMOIUTHI COETUHIIOTCA MEXKIY
€000 IIOCPE/ICTBOM a/IT€3UBHBIX KOHTAKTOB, B CPE/I-
Hell yacTu Mexy KJIeTKaMM IIPHUCYTCTBYIOT Inejie-
BbIe KOHTAKThI. Takue e KOHTAKTHl UMEIOTCS MEKITY
SIIEHIUMOLUTAMU U acTponuTamu. Kpome sToro, B
otmenbHbIX obsactsax ITHC smeHauMOIATEI COeIH-
HSIOTCS IOCPEJICTBOM IIOTHBIX KOHTAKTOB [30].

B xesymoukax Mosra sleHANMAaIbHblE KJIETKU
COBMECTHO C MHKpOCOCyZilaMu (HOPMUPYIOT COCYAH-
CTO€ CIUIETEHNE, IPOAYIIUPYIOIIee JINKBOP. Y JTIoei
obpasyercsi 0K0JIO 500—600 MJI JINKBOpA B ieHb. OH
obecrieurBaeT MUTATEJIPHYI0 M TOMEOCTATUUECKYTO
Cpezy JIIsl MO3Ta U IUPKYJIUPYET Yepes JKeTyT0IKO-
BbIe, CyDapaxHOU/IaJIbHbIE U IIAPABACKYJIAPHBIE ITPO-
CTPaHCTBA, a TaKXKe uyepe3 IapeHXUMY T'OJIOBHOTO
Mo3ra. JINKBOP MOJTHOCTHI0 0OMEHUBAETCS B UeJIOBe-
YeCKOM MO3Te IIPUMEPHO TPILKABI 32 CYTKHU [30].

Cocynucroe crjieTeHuE SBJISIETCS UMMYHOAKTHB-
HOHN TKaHbl0. OHO MpEACTaBJISIET COOOU IUIOIIAIKY
JU11 oOMeHa JIEMKOIMTOB W MMMYHHOTO Haj30pa.
Ero xjieTku akTUBUPYIOT SKCIPECCUIO IIPOBOCIIAIH-
TeJIbHBIX [IUTOKUHOB, MOJIEKYJI KJIETOUYHOH aJ/Ire31H
M ITJIAaBHOT'O KOMILJIEKCa THCTOCOBMECTUMOCTH [21].

Bosbliry1o posih B IOZ/IEp;KaHUY TOMEOCTa3a MO3ra
UTPAIOT CHEIVAIN3UPOBAHHbIE KJIETKU SIIEHIUMbI —
TAHUITUTHI, KOTOpble MOPQOJIOTHUECKU OTINYAIOTCA
OT KyOOBU/IHBIX 3IIEH/IUMAJIbHBIX KJIETOK, BBICTHJIAI0-
IITHIX JKEJIYZ0YKY, TEM, UYTO Y HUX HET PeCHUUEK.

exist between ependymocytes and astrocytes. In
addition, in certain parts of the CNS, the ependymo-
cytes are connected through tight junctions [30].

In the ventricles of the brain, ependymal cells,
together with microvessels, form the choroid plexus
producing cerebrospinal fluid. Humans produce
about 500—600 ml of cerebrospinal fluid per day. It
provides a nutrient and homeostatic environment
for the brain and circulates through the ventricular,
subarachnoid, and paravascular spaces, as well as
through the brain parenchyma. Cerebrospinal fluid
is completely turned over in the human brain approx-
imately three times per 24-hours [30].

The choroid plexus is an immunoactive tissue. It
is a platform for the exchange of leukocytes and
immune surveillance. Its cells activate the expres-
sion of pro-inflammatory cytokines, cell adhesion
molecules, and the major histocompatibility com-
plex [21].

An important role in maintaining brain homeo-
stasis is played by specialized ependymal cells — tan-
ycytes, which morphologically differ from the cuboi-
dal ependymal cells lining the ventricles in that they
do not have cilia.

MECHANISMS OF CHANGES IN BBB
PERMEABILITY AND RELATIVE IMMUNE
PRIVILEGE OF THE CNS

The BBB permeability changes with the course of a
person’s life: it is the highest in the first weeks of a child’s
life and extremely low in old age [21]. At the same time,
the BBB is not static; it interacts with the CNS microen-
vironment and responds to its needs. Thus, its permea-
bility can change under the action of signals from endo-
thelial cells to astrocytes and neurons.

An increase in the BBB permeability, strictly
speaking, is considered a pathological condition. The
BBB disruption refers to a barrier dysfunction due to
the loss of tight junctions, macropinocytosis, forma-
tion of fenestrae or cannula/vesicle-tubular struc-
tures, which allows substances such as serum pro-
teins to enter the CNS. However, the term “BBB dis-
ruption” is often used much looser to describe the
changes that allow leukocytes to enter the brain tis-
sue [31].

There are several interrelated mechanisms that
disrupt the barrier function of the BBB [21]:

1. Mechanical disruption of the BBB integrity,
which leads to the endothelium dysfunction and
hemorrhage into the brain tissue, and can be associ-
ated not only with traumatic brain injury, but also
with intracranial hemorrhage and reperfusion injury
after cerebral ischemia.
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MEXAHW3MbI USMEHEHUWA ITPOHUITAE-
MOCTAU I'9b 1 OTHOCUTEJIbHAA NTMMYH-
HAA ITPUBWIETNTPOBAHHOCTDB ITHC

[Iponunaemocts I'DBb MeHseTcA ¢ TeueHUEM
JKM3HU YesioBeKa: HauboJiee BHICOKA OHA B IepBbIE
HeJleJIN JKU3HU pebeHKa M KpallHe Majia B CTapo-
ctu [21]. [Ipu sTom I'DB He craTuyeH, OH B3aUMO-
neiictByeT ¢ Mmukpocpenoil IIHC u pearupyer Ha ee
notpe6HOCTH. Tak, €ro NPOHUIIAEMOCTh MOKET
MEHATHCA MO JEHWCTBUEM CHUTHAJIOB OT HHIOTEJIH-
JIHHBIX KJIETOK K aCTPOIUTAM U HEMPOHAM.

[ToBeimenue nmponuriaemoctu I'D6, crporo roBops,
CUMTAETCs MATOJIOTHYECKUM cocTosiaueM. [lox Hapy-
mreHreM I'9B TOHMMATOT TOTEPI0 HOPMAaJIbHOH Gaphep-
HOH (DYHKITUH B pe3yJIbTaTe yTPAThl IVIOTHHIX KOHTAK-
TOB, fBJIEHUS MAaKpPOIHMHOIIUTO3a, OOpa30BaHUI
(eHecTp WK KaHIOJb/BE3UKYJI0-TPYOUATHIX CTPYKTYP,
uTo TI03BOJIsAeT MpoHUKaTh B IITHC Takum BerecTBam,
KaK ChIBOPOTOUHbBIE Oesku. OTHAKO TEPMUH «HapyIIle-
Hue I'9b» wacro ucrosbayercss ropaszno 6ojiee CBO-
0OTHO /151 OTTUCAHUS M3MEHEHWH, TTO3BOJIAIOIINX ITPO-
HHKaTh B MO3TOBYIO TKaHb JIEHKOITATAM [31].

CylecTByeT HECKOJIBKO B3aUMOCBA3AHHBIX JPYT
C /IpyroM MeXaHW3MOB, HapyIIAIIIHUX OaphbepHYIO
dyuknuio I'96 [21]:

1. MexaHuueckoe HapyllleHHue 1eJI0cTHOCTU ['9b,
YTO IPUBOJUT K TTOBPEKAEHUIO SH/IOTEINS U KPOBO-
U3JIUAHUIO B TKAHb MO3Ta U MOKET OBITh CBSI3aHO HE
TOJIBKO C YEPETHO-MO3TOBON TPAaBMOU, HO U BHYTPH-
JepelnHbIM KPOBOU3JIUAHHEM U penepdy3nOHHON
TpaBMOU IIOCJIE UIIIEMUH MO3Ta.

2. BocniasieHue, KOTOPOE SIBJISIETCS KJTFOUEBBIM OHO-
JIOTHYECKUM IIPOIECCOM B OTBET Ha TPABMBbI 1 TH(DEK-
[IMH, TaK)Ke MPUBOAUT K U3MEHEHUIO0 OAPbEPHBIX U
unrepdeiicupx Qynkuuii ['D6. Hanprumep, npu Hell-
poBocnasieHuu WU CHUCTEMHOM BOCIIQINTEIHLHOM
TIpo1iecce MOBPeXKeHNe IVIOTHBIX KOHTAKTOB 3H/I0Te-
JINOITUTOB MOXKET MPOUCXOAUTH IO/ BO3JIEUCTBHEM
Mezuaropa BocrnaseHus IL-1B, a MMEHHO: JaHHBIN
WHTEPJIENKUH TPUBOAUT K CHIDKEHUIO SKCIIPECCHU,
HapYIIEHUI0 JIOKAJIU3aUN WIN IOCTTPAHCIIAINOH-
HOH MOAUMUKAIIH OEJIKOB IJIOTHBIX KOHTAKTOB.

lpyrue BoCIaJUTENIbHBIE MEIUATOPhl — Opagu-
KUHUH, TUCTAMUH, CEDOTOHNH, apaxul0HOBasA KHC-
JIOTa — TOBBIIAIOT MapanesuUTIoIAPHYI0 IPOHUIIae-
mocTh I'9b. Takke BO BpeMsl CUCTEMHOTO BOCIIasie-
HUSA TIPOUCXOJUT JleTpajialiusd TJIMKOKAJINKcAa U
0a3aJIbHOM IUIACTUHKU, YTO MPUBOJUT K YBEIUYE-
HUI0O TPOHUIIAEMOCTH 3JHJIOTEJIUS W TMOBBINIEHUIO
a/ire3uu JIEMKOITUTOB K cTeHKe cocy/ioB B ITHC.

3. IIpoHUKHOBEHUE JIEWKOIUTOB B ITapaBaCKy-
JIAPHOE IPOCTPAHCTBO MO3TA.

Ecin panee ITHC paccmarpuBanack Kak abco-
JIIOTHO WMMYHOIIDUBUJIETHPOBaHHAsA 00J1acTh, B
HACTOsII[ee BPEMSI CUMTAETCS, YTO UMMYHHAasi IIPUBU-

2. Inflammation, which is a key biological process
in response to injury and infection, also leads to
changes in the barrier and interface functions of the
BBB. For example, in neuroinflammation or a sys-
temic inflammatory process, damage to tight junc-
tions of endotheliocytes can occur under the influ-
ence of the inflammatory mediator IL-13, namely:
this interleukin leads to a decrease in expression,
altered localization, or post-translational modifica-
tion of tight junction proteins.

Other inflammatory mediators — bradykinin, his-
tamine, serotonin, arachidonic acid — increase the
paracellular permeability of the BBB. Also, during
systemic inflammation, the degradation of the glyco-
calyx and basal lamina occurs, which leads to an
increase in endothelium permeability and an adhe-
sion of leukocytes to the vessel wall in the CNS.

3. Migration of leukocytes into the paravascular
space of the brain.

If earlier the CNS was considered as an absolutely
immunoprivileged area, it is now believed that the
immune privilege of the CNS is relative [22]. It is
believed that leukocytes in a healthy brain paren-
chyma are absent or occur in extremely small quanti-
ties. Their content in the cerebrospinal fluid of a
healthy person can reach up to 5000/ml, and about
80% of the cells are CD4+ T cells. Thus, in the cho-
roid plexus and meningeal compartments, T cells
contribute to the immune defense of the brain, medi-
ate responses to a brain tissue lesion and also regu-
late the physiological functions of the CNS [32].

Astrocytes are immunologically active elements
and are a type of cells in the CNS that express the
major histocompatibility complex class II [25].

Pericytes also contribute to the immune
response in the nervous tissue. Due to their prox-
imity to endothelial cells, they are powerful modu-
lators of BBB functions, causing increased BBB
permeability through physical dissociation of cells
or secretion of factors (cytokines, chemokines) that
alters endothelial diffusion, which facilitates the
transport of immune cells to the brain, causes the
spread of neuroinflammation by stimulating both
resident and recruited from the bloodstream
immune cells [22].

The exchange of immune cells between the blood
and the brain under normal conditions is a highly
regulated process. Their migration in the CNS may
occur through the postcapillary venules into the sub-
arachnoid space, through the blood-cerebrospinal
fluid barrier of the choroid plexus into the cerebro-
spinal fluid, and through the blood-brain barrier into
the brain parenchyma. The process of their “cross-
ing” of the vascular wall can occur via trans- or para-
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nerupoBanHocTh ITHC otHOcuTenpHa [22]. Cuwnra-
€TCs, UTO JIEUKOIUTHI B 3/I0POBOU IMapeHXHUMe T'OJI0B-
HOT'O MO3Ta OTCYTCTBYIOT MJIM BCTPEYAIOTCS B KpaiHe
HebosbInX KosimdectBax. Cojiep:kaHue WX B JIUK-
BOpE 37I0POBOTO UEJIOBEKA MOXKET JIOCTUTATh 10
5000/M1 1 okoyio 80 % wierok sBisAwTess CD4+
T-kerkamu. Taxk, B COCyZINCTOM CIUIETEHUU U MEHUH-
reaJIbHbIX KOMIIapTMeHTax T-KJIETKH BHOCAT CBOH
BKJIaJ] B UMMYHHYIO 3aIllUTy MO3Ta, OIOCPEIYIOT
PEeaKIyu Ha MMOBPEKEHUE MO3TOBOUM TKAaHHU, a TAKIKE
perynupytot ¢usunosmorunueckue ¢pynknuu [THC [32].

ACTDOITUTBHI SABJISIIOTCA UMMYHOJIOTHYECKH aKTHB-
HBIMH 3JIEMEHTaMU U IIPEICTABJISIOT COOOH TUTI KJTe-
Tok B IIHC, sKcIIpeccHpyIOIIX OCHOBHON KOMILIEKC
rucrocosmectumoctH 11 kaacea [25].

CBoii BKJIa/I BUMMYHHBIN OTBET B HEPBHOU TKaHU
BHOCAIT U MEePUIUTHI. Biiarozaps cBoei GJIM30CTH K
SH/IOTEJIUAJIbHBIM KJIE€TKAM OHHU SIBJISTIOTCSA MOII-
HBIMH Mozyiaropamu ¢yHkiud I'DB, BbI3bIBasg
MOBBIIIEHHYIO poHUIlaeMocTb ['9b nmyrem ¢pusmnue-
CKOU IUCCOITMAITUY KJIETOK UJIN CEKpeny (GaKTOPOB
(IMTOKMHOB, XeMOKWHOB), H3MEHSIOIINX SHA0TEIN-
anpHyl0 Aud@ysu, 9to o006Jierdyaer TPaHCIOPT
WMMYHHBIX KJIETOK B MO3T, BBI3bIBAE€T PACIPOCTPa-
HEeHUe HEeHWpOBOCHAJIEHHSA IIyTEM CTUMYJIAIMH Kak
PE3UIEHTHBIX, TAK U PEKPYTUPOBAHHBIX M3 KPOBO-
TOKa MMMYHHBIX KJIETOK [22].

OOMeH UMMYHHBIMH KJIETKAMHU MEK/Ty KPOBBIO U
MO3TOM B HOPME SIBJISETCA CTPOTO PETYIUPYEMBIM
nporeccoM. Jkerpasaszanusd ux B LIHC mosxkeT rmpoxo-
JIUTH Yepes3 MOCTKATMISIPHbIE BEHYJIbI B CyDapaxHO-
WUJIAJIbHOE MTPOCTPAHCTBO, Yepe3 TeMaTOJTUKBOPHBIH
Gapbep B COCYIUCTOM CIUIETEHUU B JIMKBOP U depe3
reMaTo3HIeDaTNIECKUH 6apbep B TAPEHXUMY MO3Ta.
[Tporece «mepecekaHUsI» UMU COCYAUCTOH CTEHKU
MOZKET ITPOUCXOIUTD TPAHC- WU HapalesITIoIsIPHO U
BKJIIOUAET B ce0s1 pAMT CTaUN afire3uH, IepeKaThIBa-
HUS, 3aXBaTa, MPOIOJI3aHUA U Tuarnezesa [33].

Cocynucras cucrema [THC, Gytyust CTPYKTYpHO U
(PYHKIMOHAIBHO OTJIMYHON OT JApPYyTUX OPTaHOB,
OTJIMYAeTCs B CBOEM KOHTPOJIE MUTpanuu JUMGpOo-
nuToB. HauapHbIE CTaIUH ITPOIecca OTIOCPEYIOTCS
B3aUMOJIEVCTBHEM MOJIEKYJI aire3ur (CEeJIEKTUHOR)
SHJIOTEJTUAIBHBIX KJIETOK € [VIMKOIPOTEUIaMHU
(uHTErpUHAMU) IMOBEPXHOCTH AKTUBUPOBAHHBIX
aumornutoB. Tak, mosiekysna aaresuu ICAM-1 skc-
mpeccupyercss B OOJIBIIIOM KOJHYECTBE B COCy/Iax
IIHC, 1 mosTOMy cYyUTaeTcsA, YTO OHA MOKET UTPaTh
Ba)KHYIO POJIb B PEKPYTUPOBAHUH KJIETOK U3 KPOBO-
obpaieHus B TKaHb Mo3ra [34].

B pesysnbraTe B3aMMOJEUCTBUA MENKIYy XEMOKH-
HAMHU, CEKPETHUPYEMBIMH SHAOTEHEM, U COOTBET-
CTBYIOIIIUMH XEMOKUHOBBIMH PEIENTOPAMHU, DKC-
MpeCcCUpPyeMbIMU Ha JIUMQOIUTAX, TPOUCXOIAT KOH-
(opmanoHHbIE U3MEHEHUsI WHTETPHUHOB, CIIOCO0-

cellular pathway and includes a number of stages of
adhesion, rolling, trapping, crawling and diapede-
sis [33].

The CNS vascular system, while structurally and
functionally distinct from other organs, differs in its
control of lymphocyte migration. The initial stages of
the process are mediated by the interaction of adhe-
sion molecules (selectins) of endothelial cells with
glycoproteins (integrins) of the surface of activated
lymphocytes. For example, the adhesion molecule
ICAM-1 is highly expressed in the CNS vessels, and
therefore it is believed it can play an important role
in cell recruitment from the blood circulation to the
brain tissue [34].

As aresult of the interaction between chemokines
secreted by the endothelium and the corresponding
chemokine receptors expressed on lymphocytes,
integrins undergo conformational changes, thereby
contributing to their firm adhesion to endothelial
cells. Further, lymphocytes “crawl” along the endo-
thelial barrier against the blood flow, which is also
mediated by selectins. Activation of the intracellular
part of the adhesion molecule stimulates the rear-
rangement of the endothelial cell cytoskeleton, which
facilitates the diapedesis of cells through it into the
perivascular space of the brain [34].

The lymphocyte can also migrate in the blood —
brain direction just at the sites of tight junctions,
weakened under the influence of pro-inflammatory
factors. Selectins expressed by endothelial cells are
retained in intracellular vesicles called Wiebel bod-
ies. The latter respond to inflammatory mediators,
providing rapid regulation of selectin expression on
the luminal membrane. Since endothelial cells are
the main CNS cells expressing the IL-1R1 receptor
(type 1 receptor for IL-1), IL-1f is an important
mediator that ensures the transport of leukocytes
through the BBB during both neuroinflammation
and general inflammatory responses of the

body [33].

MECHANISMS OF CROSSING THE BBB BY
TUMOR LYMPHOCYTES

The stages of migration of lymphoma -cells
through the BBB are similar to the penetration of
normal lymphocytes into the CNS, while the differ-
ences are due to different physiological, molecular,
and mechanical characteristics of healthy immune
and tumor elements (Fig. 3) [35]. It has been estab-
lished that the adhesion of tumor cells occurs at the
level of capillaries and postcapillary venules. At the
same time, they require much more time for extrava-
sation in the CNS. Arrested in the vasculature of the
brain cells first take an elongated shape, and then

140

Journal homepage: http://jsms.ngmu.ru



Voropaeva E.N. et al. / Journal of Siberian Medical Sciences Vol. 6, No. 2 (2022)

CTBY# TEM CaMbIM UX ITPOYHOH a/ir€3UHU K SHAOTETU-
IBbHBIM KJIeTKaMm. [lanmee JIMMQOUIUTHI «IIOJI3YT»
BJIOJIb DHIOTEIMAJILHOTO Gaphepa IPOTHUB KPOBO-
TOKa, YTO TaKKe OIIOCPEZI0BAHO ceJIeKTUHAMU. AKTH-
BaIsA BHYTPUKJIETOUHON YaCTH MOJIEKYJIbI aJ[T€31H
CTUMYJIUPYET IepeCTPOUKY IIUTOCKEJIETa HHOTETH-
oIuTa, YTO 00JIeryaeT quaresie3 Yepe3 Hero KJIeToK
B IIEPUBACKYJIAPHOE IIPOCTPAHCTBO Mo3ra [34].
JImmdorur Takke MOXKET MHUTPUPOBATh B
HaIlpaBJIeHUU KPOBb — MO3T HENOCPEJCTBEHHO B
MeCTax IUIOTHBIX KOHTAKTOB, «OCJIAOJIEHHBIX» O]
JIECTBHEM TIPOBOCIIAJIUTEIbHBIX (PAKTOPOB. IKC-
IpeccupyeMble  SHJIOTEJIUIBHBIMH  KJI€TKaMU
CEJIEKTHUHBI Y/IeP>KUBAIOTCS BO BHYTPUKJIETOUHBIX
Be3UKYyJIaX, Ha3bIBaeMbIX Tesiamu Bubers. [Tocen-
HUe pearupyloT Ha MeANaTOPhl BOCHAayeHH:d, obe-
creunBasi ObICTPYIO PEryJIAINI0 SKCIPECCUU CeJIeK-
THHOB Ha MPOCBETHOH MeMbpaHe. [T0CKOIbKY 9H/I0-
TeJIMOLUTHI ABJIAIOTCA OCHOBHBIMU KieTkamu LTHC,
skcnpeccupyomumu  pernentop IL-1R1 (penernrop
1-ro tTuma k IL-1), IL-1[ sBJsieTcs Ba’KHBIM MeIHATO-
poM, o0ecmeunBaOIUM TPAHCIOPT JIEHKOIIUTOB
yepe3 I'9B kak mpu HEWPOBOCHAJIEHUH, TaK U IPU
00IIEBOCTIATUTEIHHBIX PEAKITUAX Opranusma [33].

MEXAHWU3MbI ITEPECEYEHUA I'9b
OIIYXOJIEBBIMU JINMM®OILIUTAMMN

dranbl MUTpanuy JUMGOMHBIX KJIETOK Yepes
I'Sb uMeroT €X0/ICTBO ¢ IPOHUKHOBEHUEM HOpMaJlb-
vpix siuMoorutoB B ITHC, oriuuusa ke o6ycsIoB-
JIEHBI PAa3JIMYHBIMHA (DU3HUOJIOTUUYECKMMU, MOJIEKY-
JIIPHBIMHA U MEXaHUYECKUMH XapaKTePUCTHKAMU
37I0POBBIX MMMYHHBIX U OIIYXOJIEBBIX BJIEMEHTOB
(puc. 3) [35]. YcraHoBI€HO, YTO a/ire3usl OMyXOJie-

XeMOKHUHBI, CEJIEKTHHBI, HHTEIPUHBI
Chemokines, selectins, integrins

round up and stretch the walls of the vessels. Diape-
desis itself through holes in the endothelium proba-
bly proceeds quickly, but it takes several days for
metastatic elements to reach the extraluminal posi-
tion. Although extravasation of individual cells is the
dominant mechanism for the formation of brain
metastases, in some cases the intravascular prolifer-
ation of tumor cells can occur, leading to complete
vascular obstruction and disruption of the BBB [36].

Some studies have shown that patients without
CNS lymphoma had significantly lower levels of
MMP-9 (matrix metalloproteinase 9), CCL2 (C-C
motifligand 2), sVCAM-1 (soluble vascular cell adhe-
sion molecule-1) in cerebrospinal fluid in compari-
son with patients with the nervous tissue involve-
ment, which was not observed when studying these
molecules in blood serum. These data indicate a
higher specificity of cerebrospinal fluid biomarkers
compared to serum biomarkers in predicting and
diagnosing lymphoma metastasis in the CNS [37].

sVCAM-1 is involved in the arrest of tumor cells
and their subsequent extravasation through the
brain endothelium. A higher level of its expression
may increase the possibility of tumor cells interact-
ing with the endothelium and their migration into
the CNS [38].

Cytokines and chemokines play an important role
in the processes of BBB crossing by lymphoma cells.
They modulate interactions between tight junction
proteins, which are the first barrier that cells must
overcome to enter the CNS. It is also known that
CCL2, CXCR4/CXCL12 and CXCR5/CXCL13 (che-
mokine receptors of the CXC family) play an impor-
tant role in the CNS tropism of diffuse large B-cell

MeTa}'IJIOHpOTeI/IHaSI:I, rerapuHasa

Metalloproteinases, heparinase VEGF

@&
U

OmnyxoJsieBbIi Anresus Tpancmurpanus ®daza «IIOKOsI» Herpaganusa ¥3510B0ii pocr,
suMporuT K CTEHKe Y UHBA3UsA B IIEPUBACKYJIIPHOM 9KCTPANEJLTIOJIIPHOTO HEOAHTHOTEeHe3
B KPOBOTOKE cocyza Transmigration TIPOCTPAHCTBE MaTpHKca Nodular growth,
Tumor-infiltrating ~ Adhesion and invasion Non-cycling phase Degradation neoangiogenesis
lymphocyte to the vessel in the perivascular space  of the extracellular
in the bloodstream wall matrix

Puc. 3. drambsl MeTacTa3upoBaHust TUMGOMHBIX KJIETOK Yepe3 reMaTosHIehaTndeckuii bapbep
Fig. 3. Stages of lymphoma cells metastasis through the blood-brain barrier
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BBIX KJIETOK ITPOUCXO/UT HA YPOBHE KAMWJUIAPOB U
MIOCTKANTMJUIAPHBIX BeHyJI. [Ipu aTOM UM TpebyeTcst
3HAYUTEIHLHO OOJIBIIIE BpEMEHH /ISl SKCTPaBa3aIiinu
B IIHC. 3ayiep>xaHHbIe B COCYTUCTOU CETU TOJIOBHOTO
MO3Ta KJIETKM CHayaja NPUHUMAIOT BBITSHYTYIO
(opmy, a 3aTeM OKPYIJISAIOTCS U PACTATUBAIOT CTEHKH
cocyznoB. CaM Jiuamesie3 yepes OTBEPCTUS B SHZOTE-
JINY, BEPOSTHO, IPOTEKAET OBICTPO, HO JIOCTHUKEHUE
MEeTaCTaTHYECKIMU DJIEMEHTAMHU SKCTPATIOMITHAITb-
HOTO IIOJIOJKEeHUS 3aHHMMAaeT HeCKOJIbKO JHeU. XOoTs
SKCTpaBa3alMs OTAEbHBIX KJIETOK SBJISETCS IOMU-
HUPYIOIIUM MEXaHU3MOM (POPMUPOBAHUS MeTacTa-
30B B F'OJIOBHOM MO3T€, B HEKOTOPBIX CJIy4asiX MOXKET
MPOUCXOAUTH BHYTPHUCOCYIUCTAs Mposiudeparus
OIIYXOJIEBBIX KJIETOK, YTO IPHUBOJUT K IIOJTHOH
obcTpyKIuu cocyzia 1 Hapyiienuio ['95 [36].

B HeKOTOpBIX HCCIeIOBAaHUIX OBUIO TOKa3aHO,
yro marueHTsl 6e3 mopaxkenus LIHC mmumdomoit
UMeTd 3HaYyuMo OoJiee HuU3KWe ypoBHU MMP-9
(MaTpuKkcHas MeTa/UIONpPOTEMHAa3a Q — matrix
metalloproteinase 9), CCL2 (xeMOKHH cemelcTBa
CC — C-C motif ligand 2), sVCAM-1 (pacTBopumast
dbopma MoJIeKyIbI AATE3UN COCYIUCTOTO DHIOTEITUS
Ttuma 1 —soluble vascular cell adhesion molecule-1) B
JINKBOPE B CPABHEHUU C TTAIIIEHTaMU C BOBJIEYEHEM
HEPBHOH TKAHU, UTO He HAOJIIOIAJIOCH IIPU U3YUEHUH
JIAHHBIX MOJIEKYJI B CBIBOPOTKE KPOBHU. JTHU JIAHHbBIE
VKa3bIBAIOT Ha 60J1ee BHICOKYIO CENU(PUIHOCTH OMO-
MapKepoOB JIMKBOpPA IO CPaBHEHHUIO C CHIBOPOTOY-
HBIMH OMOMapKepaMH B IPOTHO3UPOBAHUU U JHA-
THOCTHKe MeTacTazupoBanus tuMdomsl B ITHC [37].

PactBopumass ¢dopma MOJIEKYJIBl  aATe3UU
sVCAM-1 ygacTByeT B 3aJlepKKe OIIyXOJIEBBIX Kile-
TOK U [TOCJIEAYIONIEN X SKCTPaBa3aluy yepes SH0-
TeJIN TOJIOBHOTO MO3Ta. BoJjiee BHICOKUI ypOBEHD €€
SKCIIPECCHU MOKET YBEJTMIUBATH BO3MOKHOCTD B3a-
HUMOJIENICTBUSA OIyXOJIEBBIX KJIETOK C HH/IOTETHEM U
npounkHoBenus ux B [THC [38].

Baxkuyro posip B mporieccax mnepecedyeHus ['9b
JAUM(OMHBIMU KJIETKAMHU WTPAOT LUTOKUHBI U
XeMOKUHbI. OHU MOZYJIUPYIOT B3aUMOJIENCTBIE
MexXy OelKaMU IUIOTHBIX KOHTAKTOB, SIBJISIOIIU-
MHUCS IIEPBBIM 6aPhEPOM, KOTOPBIUA KJIETKU JOJIKHBI
npeonosiety Ay nomnazanus B I[HC. HsBecTHO
takke, yto CCL2, CXCR4/CXCL12 u CXCRj/
CXCL13 (peunenTopbl xeMOKHHOB ceMmeirictBa CXC)
UTPAIOT BA)KHYIO posib B TponusMme Kk ITHC kietok
nuddys3HON B-KyIeTOUHOU KPYHTHOKJIETOYHOHN JIMM-
¢dompr. IMutokun CCL2 MOXKeT MpOAyIUpOBATHCS
HEUpOHAMHM, ACTPOIIUTAMU, MHUKPOTJIMEN, a TaKxkKe
KJIETKAMH COCYJIUCTOTO CILIETEHUs. Y MAINEeHTOB C
BrOpuuYHBIM nopaxkenuem [{HC sumbomoit ormeua-
€TCs1 BHAUUTENIbHO OoJstee Bhicokuil ypoBeHb CCL2 B
JIMKBOPE, Y€M B CBIBOPOTKE KpOBH [37].

lymphoma cells. The cytokine CCL2 can be produced
by neurons, astrocytes, microglia, and choroid plexus
cells. Patients with secondary CNS lymphoma have
significantly higher CCL2 levels in cerebrospinal
fluid than in serum [37].

Proteolytic enzymes produced by cells involved in
inflammatory processes and capable of destroying
almost all macromolecules in the extracellular
matrix, called matrix metalloproteinases, as well as
vascular endothelial growth factor (VEGF), disrupt
the integrity of tight junctions. And MMP-9 is also
crucial for the cleavage of the basement membrane,
which facilitates the penetration of tumor lympho-
cytes into the CNS [22].

Thus, according to the studies, such molecules as
MMP-9, CCL2, sVCAM-1 play an important role in
the metastatic cascade of lymphoid tumors. Their
elevated levels correlate with metastasis of leuke-
mias and lymphomas in the CNS. It is also possible
that they are closely associated with increased tro-
pism of tumor lymphoid cells to the vascular endo-
thelium of the nervous tissue [37].

SURVIVAL MECHANISMS OF MALIGNANT
CELLS IN THE CNS

Studies show that for the successful formation of
tumor foci in the CNS, malignant cells must not only
reach the brain vascular system, attach to the endo-
thelial cells of microvessels, extravasate into the
parenchyma, but also be able to further proliferate in
the brain tissue and induce neoangiogenesis [39].

The BBB, as described above, is the densest endo-
thelial barrier in the body and creates an obstacle to
the movement of not only solutes, but also cells. Due
to these properties, it can play a dual role in the for-
mation of metastases: on the one hand, protecting
the CNS from the penetration of tumor cells, and on
the other hand, actively participating in the protec-
tion of metastatic cells after their penetration into
the nervous tissue [36].

Experiments have shown that the contribution of
endothelial cells to the spread of tumor cells through-
out the body is apparently organ-specific. While in
the lungs and liver, endotheliocytes crawl onto the
surface of metastatic cells, in the brain, their retrac-
tion is observed. It has been suggested that after the
migration of tumor cells into the CNS, the BBB is
restored and prevents the delivery of drugs and
immune cells to the tumor [36].

BBB endothelial cells may provide an ideal
environment for the survival of tumor cells in the
CNS in close proximity to them. After crossing the
BBB, metastatic elements are not only protected
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ITporeosuTiyeckue ¢depMeHThI, BbIpabaThIiBae-
Mble YIACTBYIOIIMMU B BOCIATIUTEIBHBIX IIPOIIeccax
KJIETKaMH U CIIOCOOHBIE Pa3pyllaTh IMPaKTHUECKH
BCe MaKPOMOJIEKYJIbI, Haxo/AIuecs B MeKKJIeTO4-
HOM MaTpHKcCe, Ha3bIBaeMble MATPUKCHBIMU MeTaJsl-
JIOTIPOTENHA3aMH, a TaKXKe COCYAHUCTBIN DHJIOTEIH-
anpHbIA dakTop pocta (VEGF) Hapymaror mesoct-
HOCTbH IUIOTHBIX KOHTAaKTOB. A MMP-9 elne u numeet
pelaioliee 3HaYEHUE JIJIsl PacIlleIIeH s 6a3aIbHOM
MeMOpaHbl, YTO 00JIerJyaeT MPOHUKHOBEHUE OITyXO-
seBbIx tuMdorutoB B [THC [22].

Taxum 06pa3oM, COTIIACHO MTPOBEAEHHBIM HCCIIE-
JIOBaHHUAM, Takue MoJekysbl, kak MMP-9, CCL2,
SsVCAM-1, urpaloT Ba)XKHYI0 pOJIb B MeTacTaTuie-
CKOM Kackajie omyxosjed JUM@OUIHON MPUPOIHI.
VIx moBBIIIIEHHBIE YPOBHU KOPPEIUPYIOT C MeTacTa-
3upoBaHueM Jeliko3oB u jgmuMmdom B IJHC. Bos-
MOXKHO TaK’Ke, UTO OHU TeCHO CBSI3AHBI C yCHJIEHNEM
TpOIIU3Ma OIIyXOJIEBBIX JIUMQOUIHBIX KJIETOK K
SH/IOTEJIUIO COCY/TOB HEPBHOM TKaHU [37].

MEXAHW3MbI BBIZKNBAHU A 3JI0KA-
YECTBEHHBIX KJIETOK B ITHC

UccenenoBaHus TMOKA3bIBAIOT, YTO JJIA YCIEII-
Horo o6pasoBanus ouaros omyxosu B ITHC 371o0xaue-
CTBEHHbIE KJIETKH JIOJI?KHBI HE TOJIBKO JIOCTUYb COCY-
JIUCTOX CHCTEMBI MO3Ta, IPUKPEMUTHCSA K SHJIOTEH-
QIBHBIM KJIETKAM MHUKDPOCOCY/IOB, 3KCTPaBa3UpPO-
BaTh B IIAPEHXHUMY, HO €Ille ¥ OBITh CIIOCOOHBIMH
Jlajiee TpoTueprupoBaTh B MO3TOBOU TKAHU U UH/TY-
IMPOBaTh HEOAHTHOTeHe3 [39].

I'9b, kak OBLIO ONMHCAHO BBIIIE, MPEJCTABIISET
€000 camMbIH IJIOTHBIM SHAOTETUAIBHBIN 6apbep B
OpraHU3Me U CO3/a€eT IPEISTCTBUE ISl IBUKEHUS
HE TOJIbKO PACTBOPEHHBIX BEIECTB, HO U KJIETOK. 3a
CYET HTHUX CBOMCTB OH MOXKET UTPATh JIBOSAKYIO POJIh
B (GOPMHUPOBAHUU METACTA30B: C OJHOU CTOPOHHI,
zamuiaa [JHC oT NpOHUKHOBEHHUS OIIyXOJIEBBIX
KJIETOK, & C JPYyrOd — aKTUBHO YYacCTBYs B 3aIUTE
METACTaTHYECKUX KJIETOK ITOC/Ie TPOHUKHOBEHUS UX
B HEPBHYIO TKaHb [36].

B skcriepumeHTax MOKa3aHO, YTO BKJIA/T SHOTEITH-
JTBHBIX KJIETOK B IIPOIECCHI PACIIPOCTPAHEHHU S OITyXO0-
JIEBBIX KJIETOK I10 OPTaHU3MY, ITO-BHIIMOMY, OpTaHO-
crernuduued. B To BpeMs Kak B JIETKUX M II€UEHH
5HJIOTETUOIUTHI « HAIIOJI3aI0T» Ha TIOBEPXHOCTH MeTa-
CTAaTHYECKHX KJIETOK, B TOJIOBHOM MO3Te HabJTI0/IaeTCst
WX peTpakiusA. BpICKa3aHO IIPEJIIOIOKEHNE, YTO
TI0cJIe IPOXOXK/IeHNA OIyXoJieBbIX ki1eTok B [THC I'9b
BOCCTAaHABJIMBAETCS U  IMPEIATCTBYET  JIOCTaBKe
JIEKAPCTB 1 IMMYHHBIX KJIETOK K OITyX0JH [36].

IHIoTeMnaTbHbIE KIeTKU ['9B MoryT obecreyn-
BaTh HJIEAJBHYIO CPeAy JUIsl BBDKUBAHHSA OIyXOJe-
BbIX KJIeToK B ITHC B Hemocpe/icTBEHHOH 0JIM30CTH
ot Hux. [locse nepeceuenusn I'Sb meracraTuueckue

from the body’s immune surveillance, but also the
cellular components of the nervous tissue itself are
able to release substances favorable for tumor
growth [40].

Once in the CNS, the growth and spread of malig-
nant cells depends entirely on the establishment of
an adequate blood supply. The activity of angiogen-
esis is determined by the balance between proangio-
genic and antiangiogenic molecules at the local tis-
sue level. It can occur both due to true germination —
i.e. by branching of new capillaries from pre-existing
vessels, and be the result of expansion, splitting and
fusion of pre-existing vessels caused by the prolifera-
tion of endothelial cells in the blood vessel wall.
VEGF plays a key role in physiological and patholo-
gical neoangiogenesis. It stimulates not only the pro-
liferation and migration of endothelial cells, but also
induces the expression of metalloproteinases by
these cells [41].

In conclusion, we would like to note that the pro-
cess of metastasis is highly selective for cells that can
complete all stages of this process. In addition, the
following fact attracts attention: some types of malig-
nant neoplasms metastasize to the brain more often
than others [42]. It is believed that most primary
tumor cells are capable of metastasizing, their dis-
semination occurs very early, and this phenomenon
may be based on specific genomic changes in malig-
nant cells [43].
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3JIEMEHTHI HE TOJIbKO 3alUINEeHbl OT WUMMYHHOTO
HAJ[30pa OpraHU3Ma, HO ellle U KJIETOYHbIE KOMIIO-
HEHTBhI CAMOU HEPBHOU TKAaHH CIIOCOOHBI BBIZIEJIATH
BeIllecTBa, 6JIaTOMIPUATHBIE JIJISI POCTa OIIYyX0JIH [40].

[Tocsie monaganusa B ITHC pocr u pactnpocTpaHe-
HU€ 3JI0KAYECTBEHHBIX KJIETOK IOJIHOCTHIO 3aBUCUT
OT YCTQHOBJIEHHS a/IeKBATHOTO KPOBOCHAOGXKEHWSI.
AXTHBHOCTh aHTHOTEHEe3a ompezessercs OaylaHcoM
MEX/Ty MPOAHTHOTEHHBIMH U AHTHAHTHOT€HHBIMHU
MOJIEKYJIAMHU Ha JIOKA&JIPHOM TKaHeBOM ypoBHe. OH
MOKET IIPOUCXOIUTD KaK 32 CYET UCTUHHOTO ITpopac-
TaHUS — T.€. [yTEM Pa3BETBJIEHUs HOBBIX KaITHJLIA-
POB U3 YK€ CYIIECTBYIOIIUX COCYIOB, TaK U SBJIATHCS
pe3yJIbTaTOM pacCIIUpPEHHs, PaCHIeNJIEHUs U CIIUs-
HUSI paHee CYIIEeCTBOBABIINX COCY/IOB, BBI3BAHHBIX
mpostudeparnyeil 3H/10TeTNAIBHBIX KJIETOK B CTEHKE
KpOBeHOCHOTO cocyzia. Pakrop pocra cocynoB VEGF

Journal homepage: http://jsms.ngmu.ru

143



Boponaesa E.H. udp. / Journal of Siberian Medical Sciences T. 6, N? 2 (2022)

WUTPaeT KJIIYEBYIO POJIb B (PU3UOIOTUUECKOM U I1aTO-
JlorudeckoM HeoaHruorenese. OH CTUMYJIUPYET He
TOJIBKO MPOTHdEPALINIO K MUTPAIIUIO SH/IOTETNAITb-
HBIX KJIETOK, HO U UHYIUPYET SKCIIPECCUIO MEeTasI-
JIOTIPOTENHA3 STUMU KJIETKaMHU [41].

B saksoueHHre XO4YEeTCs OTMETHUTh, YTO IMPOIEeCe
MEeTacTa3uPOBAHUS SIBJISIETCS BBHICOKOCETEKTUBHBIM
JUTSI KJIETOK, KOTOPbIE MOTYT 3aBEPIIUTb BCE ATATIBI
aTtoro mporecca. Kpome Toro, obpaimiaer Ha cebst
BHUMAaHUe CJIEAYIONINI GaKT: HEKOTOPbIE BUbI 3J10-
KaueCTBEHHBIX HOBOOOpA30BaHUU dallle APYTHUX
JIAIOT MeTacTasbl B MO3T [42]. IIpu aTOM cunTaercs,
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