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The Role of Stromal Proteolytic Systems in Cancer Progression (Review)
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10 Pogodinskaya Str., 119121 Moscow, Russia

OukoJsiornueckre 3ab0oJieBaHUs SIBJISTIOTCS SKU3HEYTPOIKAIOIIEHN MMaToJIOrHel, 3aHUMAIoIeld BTOpoe
MeCTO CpeJyl IPUYHH 3a00J1€BaeMOCTH M1 CMEPTHOCTH IIOCJIE CEPAEYHO-COCYIUCTHIX 3abosieBanmii. BoisicHe-
HHe MeXaHU3MOB IIpoliecca KaHIleporeHe3a I103B0JIsIeT PACIIUPUTh apCeHaJl CPeJCTB [JIs IpeSyIIpesKIeHUs
Pas3BUTUsI KDUTUYECKUX COCTOSTHUN IIPU 9TOM 1aTOJIOIUU.

B HacToAmee BpemMsa NIpOTEOJIMTAYECKUE CUCTEMBI OITyX0JI€BOTO MUKPOOKpy:keHus (OM) paccmarpu-
BAIOTCS B KaYeCTBE KJIIOUEBBIX PETYIATOPOB IIPOIIECCOB OITyX0JIEBOI IMPOrPECCHH, 00eCIIeunBaIOIIIX OIIy -
XO0JIEBBIY POCT, UHBA3UIO U MeTacTa3upOBaHUe.

B 0630pe paccMOTpeHBI CTPYKTypa ¥ pob OM B mporpeccud ommyXoJtu. [IpuBOsITCA COBpEMEHHbIE TaH-
HbIE O POJIX IPOTEOIUTUYECKUX CUCTEM BO B3aUMOeHCTBIUU KJIETOK CTPOMBI C KJIETKaMU OIIyXOJIU IIpU pas-
JINMYHBIX TUIIAX PaKa YeJ0BEeKa.

Hawu6oJiee N3y4Y€HHBIMU IIPOTEOJIUTUYECCKUMU CUCTEMaMU, BOBJIECYUEHHBIMU B OITyXOJIEBYIO IIPOTrPECCUIO,
AIBJISIIOTCSA CUCTEeMa MaTPUKCHBIX MeTasionporenHasd (MMII), cucreMbl akTUBaTOpa IJIA3MUHOT€HA YPOKHU-
HasHoTOo THNA (UPA-crcTeMa), a TakKe pa3INYHbIe KaTeIICUHEI, TPAH3UMEI U 9J1acTa3a. VIHrnoupoBanme
BHEKJIETOUYHOI'O IIPOTe0/113a IIPU Pa3BUTUU OHKOJIOTHYECKOT0 IIpoIiecca pacCMaTprUBaeTcs B KauecTBe Jleii-
CTBEHHOI'0 II0JX0/Ja B Tepalluu paka.

Knaroueswte crosa: KAHUepozeHes;, onyxoJjieeoe MUkpookpydcerHue; Cmpoma; MampukcHsle memanionpo-
meunasvl; uPA-cucmema; npomeoJiua; onyxoJjesas npozpeccus; uHesa3us, menacmasuposaHue

Oncological diseases belong to life-threatening pathologies being the second most frequent cause of mor-
bidity and mortality after cardiovascular diseases. Clarification of carcinogenesis mechanisms makes it possible
to expand the stock of tools available for prevention of critical illness accompanying this pathological condi-
tion.

Nowadays, proteolytic systems of tumor microenvironment (TME) are regarded as key regulators of a tumor
progression including tumor growth, invasion and metastazing. The review discusses TME structure and role
in cancer progression.

Recent data decipher the role of proteolytic systems in the interaction stromal cells with tumor cells in dif-
ferent types of cancer in humans. The most known proteolytic systems contributed to cancer progression are
matrix metalloproteinase system (MMP), urokinase-type plasminogen activator system (uPA-system), various
cathepsins, granzymes, and elastase. Inhibition of extracellular proteolysis in the course of an oncological
process is considered an effective approach to cancer therapy.

Keywords: carcinogenesis, tumor microenvironment, stroma, matrix metalloproteinases, uPA-system; pro-
teolysis; cancer progression; invasion; metastasis
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BBenenue

B Hacrosiiee BpeMsi MpU JIEYEHUH paKa
OCHOBHBIMH TepalleBTUYeCKUMU MUIIIEeHAMU
SIBJISIIOTCST 3JIOKQ4Y€CTBEHHBIE KJIETKH, U TPAKTH-
YeCKW WTHOPUPYIOTCS He PaKOBbIE KJIETOYHBIE

Introduction

Malignant cells are traditionally considered as
the most popular therapeutic targets in cancer
treatment while non-cancer cell components from
tumor microenvironment (TME) are less known.
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KOMIIOHEHTBI, [IPUCYTCTBYIOILINE B OIIyX0JIEBOM
MUKPOOKpysxeHnu (OM). Kak n3aBecTHO, OIIyX0JIb
COCTOHUT U3 ABYX CTPYKTYPHBIX KOMIIOHEHTOB —
OIIYXOJIEBBIX KJIETOK M CTpPOMBI. OIyXoJieBble
KJIETKM BKJIOYAIOT KJIETKU, KOTOPbIE ABJISAIOTCS
pe3y/abTaToM 3JI0Ka4eCTBEHHOM TpaHCchopMaIu
Y KJIOHBI 9THUX KJIETOK, 00pa3yroImecs B IpoIecce
npoaudepanuu. CTpoMa ONyXoJd COCTOUT M3
TaKUX CTPYKTYPHBIX 3JIEMEHTOB, KaK KJIETKU U
BHEKJIETOUYHBLI COeIWHHUTEJbHOTKAHHBLINA MaT-
pukc (CTM), cocynsl u HepBHBIE OKOHYaHHUA [1].
IlokasaHO, 4YTO OIlyX0JieBasA CTPOMa BBIIIOJIHAET
He TOJIBKO TPO(PUYECKYIO, MOLYJIUPYIOLIYI0 U
OIOPHYIO (PYHKIIMHU, HO TAKKe yIACTBYET B IIPO-
neccax mnpoJsimdepanuu U audd@epeHInpoBKU
OITyXO0JIEBBIX KJIETOK, KOTOpPbI€ aCCOLIMMPOBAHBI C
WHBAa3UBHBIM POCTOM U MeTacTa3upoBaHueM [2].
OHAKO OMyX0JIb TaKKe CEKPETUPYET LeJIbIH P
peryJisiTOpHbIX (haKTOPOB, BIUSIONINX HA Pa3BU-
THe yKa3aHHBIX IPOIIeccoB. Takum 06pa3om, CTpo-
Ma BJIMsIET Ha pa3BUTHE OIYXOJIM U CaMa OITyX0JIb
BJIMAET Ha pa3BUTHE CTPOMBI [3].

CrpoMa siBJIsIeTCS Ba)KHEUIIIUM KOMITOHEH-
ToM OM. OM — 39TO YHUKaJIbHAA Cpefa, afalTu-
pymotasics K moTpeOHOCTAM PacTyIIel OmyXoJy,
MTO3BOJISAIONIAS OIyX0JU Pa3BUBAThHCS U CIIOCO0-
CTByIOIIIaA ee 3jI0KayecTBeHHOCTU. OM BRJIIOYaer
B ce0s1 Bce KJIETOYHbBIE 1 MOJIEKY/ISIPHbIE KOMIIO-
HEHTBI, OKpPy Kaloll}ie OIyX0JIb, B TOM YHCJIE KJIeT-
KU UMMYHHOU CHCTEMBI, KJIETKU KPOBH, 9HJIOTE-
JUaJbHbIE KJETKH, JSKAPOBBIE KJETKU WU
BHekJeTouHBIA CTM [4, 5]. Momean, OnuChIBAO-
me Baussaue OM Ha pa3BUTHE paka, JeMOHCTPU-
PYIOT CJIO5KHOCTB B3aUMOJeCTBUI MEYK Ty OITyXO-
JBIO U Pa3JIUYHBIMU KOMITIOHeHTaMu OM, MHOTHE
13 KOTOPBIX BOBJIEYEHBI B OIyXOJEBBIH POCT, a
TaK)Ke CIIOCOOCTBYIOT YCTOMYMBOCTH K TePaIuy,
HalleJIeHHOU Ha pakoBbIe KJieTKu [6-10]. Poab OM
B OITyXOJIEBOH MpOTpeccuu ObLIa MOATBEPIKIeHA
Ha pasJIMYHbIX 3KCIIEPUMEHTATbHBIX MOJEJISIX
paka. B Hacrosiee BpeMs CTOUT 337a4a MO CO3-
JIAHWUIO TepaleBTUYECKUX MPENnaparoB, HANpaB-
JieHHbIX Ha OM [11, 12].

CuuTaeTcsi, YTO B3aUMOJENCTBUE MEKIY
CTPOMOM M OIyXOJIEBBIMU KJE€TKAaMH HUTrpaer
pelIaIyo poJb B OIIyX0JIEBOU IIpOTrpeccuu u
TepareBTUYeCKON pe3ucTeHTHOCTH [1, 2, 4, 11].
JTO nelicTBHEe OOYCJIOBJIEHO KaK IIPUCYITUMH
CTpPOME CBOMCTBAMHU, TaK U aJAITUBHBIM OTBETOM
CTPOMBI Ha TepalieBTUYeCKOe BMEIATEeJIbCTBO.
[TokasaHo, 4TO coYeTaHWEe ABTOHOMHBIX PAKOBBIX
KJIETOUHBIX MYTallui C U3MEHEHUSIMU CTPOMBI
IIPOMOTHUPYET OIIYXOJIEBYI0 IIPOTPECCUI0 U
Hen30e)KHO MIPUBOIUT K 3a00JIEBAaHUIO C JI€TATh-
HBIM ucxonom [10].

AcconuHupOBaHHBIE C OIIyXO0JIbI0 CTPOMAJIb-
HbIE€ KJIETKU BBIIEJSIOT MHOKECTBO Pa3JIMUHbBIX
MeInaTopoB W (PaKTOPOB POCTA, CIOCOOCTBYIO-
IIIAX OITYX0JIEBOH IIPOTPECCHH, U, TAKUM 00pa30oM,

the tumor, however, contains at least two structural
components, malignant cells and stroma. Cancer
cells result from malignant transformation and
clones of those cells are produced through prolifer-
ation. Tumor stroma consists of structural elements
that include cells, matrix (ECM), vessels and nerve
terminals [1]. Tumor stroma performs not only
trophic, modulating, and supporting functions. It
is also contributes to proliferation of malignant
cells and differentiation processes that are associ-
ated with invasive growth and metastasis [2]. How-
ever, tumor also secretes a whole number of regu-
latory factors affecting development of the said
processes. Thus, stroma affects cancer develop-
ment and the cancer itself affects stroma develop-
ment [3].

Stroma is an essential component of TME.
TME represents a unique environment adapted to
the requirements of a tumor growth allowing tumor
to develop and promoting the malignancy. TME
comprises all cellular and molecular components
surrounding the tumor that include immune system
cells, blood cells, endothelial cells, adipocytes, and
ECM [4, 5]. Models describing TME influence on
tumor development demonstrate complexity of in-
teraction between a tumor and various TME com-
ponents, many of which are involved in tumor
growth and assist resistance to a therapy targeted at
cancer cells [6-10]. TME role in tumor progression
has been proven on various experimental cancer
models. The present-day challenge is to create phar-
maceutical drugs targeted at TME [11, 12].

Interaction between stroma and cancer cells
is considered to play a decisive role in tumor pro-
gression and therapeutic resistance [1, 2, 4, 11],
which is caused both by properties inherent in the
stroma and by stroma’s adaptive response to ther-
apeutic intervention. It has been shown that a com-
bination of autonomous cancer cell mutations and
stroma alterations promotes cancer progression
and leads inevitably to a lethal disease [10].

Stromal cells associated with a tumor release
various numerous mediators and growth factors fa-
cilitating cancer progression, thus, supporting can-
cer cell proliferation, invasion and formation of
metastases, as well as resistance to anti-cancer ther-
apy [2, 13]. Stromal cells also secrete various prote-
olytic enzymes leading to degradation and remod-
eling of ECM [13]. Two proteolytic systems are most
important in these processes: urokinase-type plas-
minogen activator system (uUPA-system) and matrix
metalloproteinase system (MMP), as well as their
regulators — endogenous inhibitors and activators.
The multi-functional uPA-system performs both
proteolytic and regulatory functions in normal
physiological conditions and during pathological
process development, it also plays a major role in
activating precursors of secreted MMP that are re-
sponsible for ECM destruction and remodeling in

GENERAL REANIMATOLOGY, 2019, 15; 5

www.reanimatology.com



108

DOI:10.15360/1813-9779-2019-5-106-126

Reviews

MOJIJIEP>KUBAIOT NpOJUdepanunio pakoBbIX KJe-
TOK, MHBA3WI0 W OOpa3oBaHUE MEeTacTasoB, a
Tak)Ke HEBOCIIPUUMYHUBOCTD K MPOTUBOPAKOBOM
Tepanud [2, 13]. CTpoMaibHbIe KJIETKN CEKPETH-
PYIOT Tak)Ke pa3HOOOpa3HbIe TPOTEOTUTHIECKIIE
¢dhepMeHTHI, IPUBOJSIINE K IeTPaJalliid U PEMO-
JIeJupoBaHuio BHekJieTouHOro CTM [13]. Bask-
HeliIllee 3HaYeHUE B 3TUX ITPOIeCcax UMEIOT JIBe
MMPOTEOJTUTUYECKHUE CUCTEMbI — CHCTEMA AKTUBA-
TOopa IJIa3MUHOI€Ha YpPOKUHA3HOro tuma (uPA-
cucTeMa) U CUCTeMa MaTPUKCHBIX METaJJIONPO-
TenHas (MMII), a Takke HUX PeEryaATOpPbl —
9HJIOTeHHbIe MHIUOUTOPHI U aKTUBATOPHEL. [Tosu-
¢dyHknmoHasbHass UPA-cucTemMa OCyIecTBJsSeT
KaK IIPOTEOJINTUYECKUE, TaK U PeryasaTOpHbIE
(PYHKIMU IPU HOPMAJIbHBIX (DU3UOJIOTUUECKUX
YCJIOBUAX U [IPU Pa3BUTHUM NIATOJIOTUYECKUX IIPO-
LIECCOB, a TAKKe UI'PAeT BeLylLIyI0 pOJb B aKTUBa-
[IUU [IpeAIIeCTBEHHUKOB cekpeTupyeMbix MMII,
KOTOpPBIE OTBEYAIOT 3a NECTPYKLIUIO U PeMOEIIN-
poBanue CTM B TeueHMEe OIyX0J1€BOU ITPOrpeccuu
[14, 15]. dectpykuus u pemogenuposanue CTM
BJIMsIET KAaK Ha KJIETOYHYIO [IUTOCKEJIETHYIO Opra-
HM3AaIUIo B IIeJIOM, TaK U Ha IyTU CUTHAJIbHOU
TPaHCAYKLIWH, UHAYLIHUPYIOLIKE IIPOLeCChl MUIPa-
I, UHBA3UU U MeTacTa3upOBaHUs KJIETOK [16].
OpHaKo Ha OIIyXO0JIeBYIO IIPOTPECCUI0 MOI'YT OKa-
3bIBATh BJIMAHNUE AaKTUBHOCTD U IPYTUX IIPOTE0JIN-
TUYeCKux (epMeHTOB KJeTok OM, Hampumep
KaTeTICUHOB, 9KCIPECCUSI KOTOPBIX B CBOIO OUe-
pellb 3aBUCUT OT CTaIUU U TUIA PaKa, T.e. OT KJe-
TOYHOTI'O «KOHTEKCTa» [13].

OueBUIHO, UTO IPU JIEYEHUHU paKa IOJI0KHU-
TeJIbHBIHN 3(p(PEKT TepaneBTUYeCKIX METOIUK OB
OBI CyIIIeCTBEHHO MTOBBIIIEH ITPY HHIUONPOBAHUH
OITyXOJIb-IIPOMOTHUPYIOIINX CBOUCTB OM, U B TOM
qucye CTpoMbl [12]. TakuM 06pasom, paciupeHme
3HAHUH 0 IaBHEUINX (haKTOpaX, y4aCTBYIOIIUX
B OIIyX0JIeBOM Iporpeccuu B pamkax OM, nmeer
pelaioiee 3Ha4YeHue JJIs1 pa3pabOTKU COBPEMEH-
HBIX TepaneBTUUYECKHUX ITOJX0N0B JJeYeHUH PaKa.

Pouib 011yX0/1€BOro MUKpPOOKPYKEHHA B OIy-
X0J1eBO# mporpeccun. OnyxoseBasi IPOrpeccust
3aBUCHUT OT JBYXCTOPOHHETO B3aUMOJENCTBUSA OITy-
xoJi1 1 OM. OnyxosieBast TpaHcopManys siBJisieT-
Cs1 MHOT'OCTYIIEHYAThbIM IIPOLIECCOM, B pe3yJsibTare
KOTOpOro TpaHcOpMHUpPOBAHHBbIE KJIETKU IIPU-
oOpeTaloT HOBbIe (HhEeHOTUNIMYECKUE CBOWCTBA,
JIaBHBIMH U3 KOTOPBIX ABJIAIOTCA: aBTOHOMHOCTD
pOCTa, HEYYyBCTBUTEJIbHOCTb K aHTUPOCTOBBIM CUT -
HaJlaM, HEOTPaHWYEHHBIH MpoJindepPaTUBHBIN
MTOTEHIINAJ, CIOCOOHOCTh K MTHBa3WUBHOMY POCTY 1
MeTacTa3UpPOBAHUIO, HECTAOMJILHOCTh TeHOMa,
YCTOHYMBOCTb K arlONTO3Y, N30eranre MMMYHHOTO
HaJ30pa 1 MeTadboJTIYeCKOe TIEPEITPOrpaMMUPOBa-
Hue [17]. B keTkax, IoBepraomxcs OIyx0aeBon
TpaHcdopMaluu, MPOUCXOJAT TeHEeTUUYeCKUe U
aNUIeHeTUYeCKYe HapyIIeHNs], KOTOpble IPUBOIAT
K AaKTUBAIIMU KJIETOYHBIX IPOTOOHKOTE€HOB, MHAK-

the course of cancer progression [14, 15]. ECM de-
struction and remodeling affects both cytoskeletal
organization on the whole and signal transduction
pathways inducing the processes of cell migration,
invasion, and metastasis [16]. However, cancer pro-
gression might also be influenced by the activity of
other proteolytic enzymes of TME cells, too, for in-
stance, cathepsines, expression of which, in turn,
depends on the cancer stage and type, i.e. on cell
‘context’ [13].

The positive effect of therapeutic methods
would be evidently higher in case of inhibition of
tumor-promoting features of TME including
stroma [12].Thereby, increasing the knowledge on
essential factors involved in tumor progression
within TME is crucial for development of up-to-
date therapeutic approaches in cancer treatment.

The role of tumor microenvironment in
tumor progression. Tumor progression depends on
bilateral interaction of tumor and TME. Tumor
transformation is a multi-stage process, as a result
of which transformed cells acquire new phenotypic
properties, the most important of which include
growth self-regulation, insusceptibility to anti-
growth signals, unlimited proliferative potential,
ability of invasive growth, metastasis, genome insta-
bility, resistance to apoptosis, avoidance of immune
surveillance, and metabolic reprogramming [17]. In
cells undergoing tumor transformation, genetic and
epigenetic disorders take place, resulting in activa-
tion of cellular proto-oncogenes, inactivation of sup-
pressor genes and genes controlling apoptosis and
DNA repair, which finally leads to formation of a
clone of cells capable of unregulated proliferation.
Transformed cells acquire capability of metabolic re-
programming characterized, first of all, by shift of
their energy supply from mitochondrial oxidative
phosphorylation to aerobic glycolysis, which in-
creases the speed of metabolic reactions and facili-
tates fast proliferation [4]. Metabolic adaptation is
an essential condition of cancer cells’ survival in dif-
ficult environments, which supports functioning of
their energy and biosynthesis pathways [18]. Though
the main oncogenic changes in cancer cells are ini-
tiated by tumors themselves, subsequent progres-
sion and therapeutic response depend on the inter-
action between cancer cells and TME.

Different types of tumors are associated with
heterogeneous and adaptive TME supporting their
survival and growth [3]. During tumor progression,
TME undergoes cardinal changes aimed at provid-
ing tumor development by creating a niche where
cancer cells not only survive but also get the capac-
ity for differentiation, proliferation and metastasis
is a situation of hypoxia, shortage of nutrients, and
necrosis [19]. Different cellular components of
TME, for example, tumor-associated fibroblasts,
adipocytes, pericytes, mesenchymal stem cells, en-
dothelial cells, lymphocytes, immune cells, etc.,
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TUBALlUY F'€HOB-CYIIPECCOPOB U I'€HOB, KOHTPOJIU-
pyomux anonrtod u penapanuio JHK, uyro, B
KOHEYHOM CYeTe, IPUBOAUT K 00pa30BaHUIO KJIOHA
KJIETOK CO CLIOCOOHOCTHIO K HEPETYJIMPyEeMO ITPo-
audeparnuu. [Ipu aTom TpaHchopMUPOBAHHBIE
KJIETKY TIPUOOPETAIOT CIIOCOOHOCTH K MeTab0 It -
4YEeCKOMY IIepelporpaMMHUpPOBAHUIO, XapaKTepu-
3yIOlIeMyCsi, B IIEPBYIO OuYepenb, COBUIOM MX
aHeprooOecneuyeHusT OT MHUTOXOHIPHUATHLHOTO
OKHCIUTENBbHOTO (hpochopuIupoBaHusi K aspo-
OHOMY INIMKOJIM3Y, YTO YBEJMYMNBAET CKOPOCTh
MeTaDOJNYECKUX pPeaKIMid ¥ CHOCOOCTBYET
orpIcTpoii mposmdeparuu [4]. MeTabosmueckas
amanTtanus fABJseTCS BAKHEUIINM YCJIOBUEM
BBIKUBAHUS PAKOBBIX KJIETOK B HebJaromnpu-
SAITHBIX YCJIOBUSAX, KOTOpasi o0ecrieynBaeT QyHK-
[IMOHUPOBAHNE UX SJHEPTETUYECKUX 1 OMOCHUHTE-
Tudeckux nytei [18]. M XoTd OCHOBHBIE
OHKOTE€HHbIE U3MEHEHUSI B PAKOBBIX KJI€TKaX NHU-
OUUPYIOT CAMU OITyXO0JIH, II0CJIeAyIoIas IIporpec-
CUsl U TepaleBTUYECKUN OTBET 3aBUCAT OT B3au-
MOZAENCTBUS MKy PAKOBBIMHU KJleTKaMu 1 OM.
PazsimuHbIe BUABI OITyX0Jel aCCOLMUPOBaHbI
C reTeporeHHbIM W amanTuBHbIM OM, KoTOpoe
obecrneynBaeT UX BbKUBaHUE U PocT [3]. Bo Bpems
omyxosieBoil mporpeccun OM mnperepreBaer
3HAUYUTeJbHbIEe M3MEHEHUs, HallpaBJeHHble Ha
obecrieueHre pa3BUTHSA OIYXOJIH ITYTEM CO3/TaHUS
HUIIIM, B KOTOPOU PAKOBbIE KJIETKU HE TOJBKO
BBDKHBAIOT, HO U I10JIy4alOT BO3MOKHOCTH HJIA
g depeHIIMpoBKY, TpoJindeparuu U MeTacTa-
3UPOBAHUA B YCJIOBUAX TUIIOKCUM, IedUIUTa
[MTaTe/JIbHbIX BEIleCTB U Hekpoaa [19]. PaznuyHbie
KJIETOYHBbIE KOMITOHEHTHI OM, HallpuMep accoIum-
pOBaHHBIE C OMYX0JbI0 PUOPOOTIACTHI, ATUIOIH-
ThI, NEPUIUTH], ME3eHXMWMAaJbHbIE CTBOJIOBbIE
KJIETKH, 9H/IOTEJINAIbHBIE KJIETKU, JIUMPOIIUTHI,
MMMYHHBbIE KJI€TKU U [Ip., HOAIEePKUBAIOT Pa3BU-
THE OIIYXOJIM IOCPEJCTBOM CeKpeluu (PaKTOpPOB
pocta, Monyssinuei BHekIeTouHoro CTM, meTabo-
JMYECKOH ajanTanyei, akTUBaIlell OHKOTeHOB, a
TaKsKe MproOpeTeHreM IMMYHHOH U JIEKapCTBEH-
HOM pe3ucTeHTHOCTH [3]. OM mo3BoJIsIeT MPOoJ0JI-
SKUTBH [10JTy4YeHVEe PAKOBBIMU KJIETKaMU 9HEPIUU U
Pa3IUYHBIX OMOJIOTUYECKA aKTUBHBIX MOJIEKYJI,
HeOoOXOIUMBIX JIJIST VX MIPOJIA(eparyu Kak oCpeI-
CTBOM TeHETHUYECKUX W3MEHEHUH B KJIETKaX,
HampaBJIEHHBIX HA 3KCIIPECCUI0 OIMpeesIeHHbIX
¢dhepMeHTOB, TaK U 3a CUET KOOPAUHAIIUYN PA3JTNY-
HBIX MeTaboJsimdeckux myted [20]. B HacTosIiee
BpeMmsI IIpoTeouTHYecKre cucrteMbl OM paccmar-
PUBAIOTCA B KQ4eCTBE KJII0YEBbIX PEryJIATOPOB IIPO-
IIECCOB OITYXOJIEBOH IPOTPECCUH, 00ECTIEYNBAIOIITIX
OITyXOJIEBBIN POCT, MHBA3UIO U MeTacTa3npoBaHue
(13]. OHM (DYHKIIMOHUPYIOT KaK KOMIIOHEHTHI
OOIIMPHOIT MHOTOHAITPABJIEHHOI CETH, BKJTIOYAIO-
1eli B cebsT pas/imuyHble KOMIIOHEHThI OM.
CTpyKTypa onmyxoseBoii crpoMsl. OnyxoJe-
Basi CTpoMa — BaskHeHIIni komrnoHeHT OM; B ee

support tumor development through secretion of
growth factors, modulation of ECM, metabolic
adaptation, activation of oncogenes, and acquisi-
tion of immune and drug resistance [3]. TME allows
cancer cells to continue receiving energy and vari-
ous biologically active molecules that are necessary
for their proliferation via genetic modifications to
alter expression of certain enzymes and through
coordination of various metabolic pathways [20].
Proteolytic systems of TME are currently consid-
ered as key regulators of tumor progression regula-
tors providing tumor growth, invasion and metas-
tasis [13]. They function as components of a vast
multi-directional network comprising various TME
components.

Tumor stroma structure. Tumor stroma is an
essential component of TME; it includes both cell
components, such as fibroblasts, mesenchymal
stromal cells, osteoblasts, chondrocytes, and ECM
[5, 11]. Stroma composition varies from tumor to
tumor because cells recruited by a tumor from sur-
rounding tissues differ depending on the tumor lo-
cation and type. Tissues that may comprise stromal
cell sources include bone marrow, connective tis-
sue, fatty tissue, blood vessels [21, 22]. The main
functions of stroma are trophic, modulatory, and
supporting functions. The process of tumor stroma
formation has much in common with the wound
healing process [23] that requires interaction of var-
ious macromolecules and cells and includes such
basic processes as neo-angiogenesis, infiltration of
fibroblasts and immune cells, and remodeling of
ECM, which is a critical element in cancer progres-
sion [16]. It has been currently established that
tumor stroma that is necessary for invasion and
metastasis has at least six cellular sources: fibrob-
lasts [24], pericytes [25], bone marrow mesenchy-
mal stromal cells [25], adipocytes [22], macrophages
[26], and immune cells [27]. Each cellular element
of the tumor stroma makes its contribution into
tumor progression. For example, endothelial cells
supply tumor with nutrients, provide pathways for
metastasis via angiogenesis, and assist resistance to
chemotherapy and radiation [28-30]. Pericytes also
facilitate angiogenesis and resistance to anti-angio-
genic therapy [31, 32]. Adipocytes support tumor
progression mostly through secretion of growth fac-
tors and cytokines; they also play an essential role
in resistance to chemotherapy, radiotherapy, hor-
monal therapy, and target-specific therapy [33].
Thanks to their versatile and complex mechanisms,
immune cells might facilitate transition both to pro-
tumorgenic cell phenotypes (epithelial-mesenchy-
mal transition, angiogenesis, and resistance to ther-
apy), and, on the contrary, support anti-tumor
phenotypes (immune surveillance) [31, 34-36].

Tumor ECM structure. ECM is a biologically
active three-dimensional frame for cancer and stro-
mal cells, supporting them in the space [37] and
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COCTaB BXOOAT KaK KJIETOYHbIe KOMIIOHEHTHI,
Takue Kak (puopob/IacTel, Me3eHXUMaIbHbIE
CTpoMaJIbHbIE KJIETKH, OCTE00JIaCThI, XOHIPOIIU-
TBI, Tak U BHeKJieTouHbIi CTM [5, 11]. CocTas
CTPOMBI BapbUpyeT MEX 1y OIYyXOJIAAMH, TaK KaK
KJIETKH, PEKPYTHUPYyeMbIe OIIyX0JIbI0 U3 OKPY;Kal0-
WX TKaHel, pas3jnvyaioTcsi B 3aBUCUMOCTHU OT
JIOKAJIN3aluy OIyX0Jd U ee Tuna. K yucmay Tka-
Hell, KOTOpble MOTYT SIBJATHCS UCTOYHUKAMU
CTPOMAaJIbHBIX KJIETOK, OTHOCATCA CJenyIollue:
KOCTHBIU MO3T; COeIMHUTEJIbHAs TKaHb; SKUPOBasi
TKaHb; KDOBEHOCHBIE cocynpl [21, 22]. K uucay ee
OCHOBHBIX (PYHKIUH OTHOCAT TPO(PUUECKYIO,
MOJIyJIMPYIOIIYIO U oropHyIo. [Iporecc o6pasoBa-
HUSI OITYX0JIEBOM CTPOMBI UMEET MHOTO ODIIETO C
MPOIIECCOM 3aKUBJIEHUSI paH [23], Tpebylomum
B3aMMOJIENCTBHA pa3HOOOPa3HBIX MAKPOMOJIEKYJT
U KJIETOK, U BKJIIOYaeT TaKNe OCHOBHBIE ITPOIECCHI
KakK HeoaHTHOTreHe3, MH(pUIbBTpamnuo ¢uopoodIa-
CTOB M UMMYHHBIX KJIETOK, a TAK)Ke PeMOJeJInPO-
BaHMe BHekJeToYHOro CTM, KOTOpOe AABJIsAeTCA
KPUTHUYECKUM 3JIEMEHTOM B MIPOTPECCUPOBAHUY
paka [16]. B HacToAlIlEe BpeMs YCTaHOBJIEHO, YTO
omyxoJsieBasi CTpoma, HeoOXogumasi [JIsI OCy-
[IECTBJIEHUS IPOI[eCCOB MHBA3UU U METACTA3UPO-
BaHUs, UMEET, 110 KpaliHell Mepe, 1IeCTb KJIeTo4-
HBIX ICTOYHUKOB: (puOpO0OJIacThI [24], TEPUITUTHI
[25], Me3eHXMMaJbHbIe CTPOMAJIbHBbIE KJIETKU
KOCTHOTO MO3Ta [25], aiunonuTsl [22], Makpodaru
[26] 1 UMMYyHHBIe KJeTKU [27]. Kaskaplil KiaeTod-
HBIH 3JIEMEHT OITyX0JIeBOM CTPOMBI BHOCUT CBOH
BKJIAJL B OIIyXO0JIEBYIO ITporpeccuo. Tak, Hanpumep
9HJOTETNAJIbHBIE KJIETKU 00€CIIeYnBaIOT OITyX0JTb
MMUATATEJbHBIMUA BeIeCTBAMHU, NPEeTOCTABISIOT
IIyTH JJI1 METACTa3UPOBAHUs 3a CYeT aHTMOreHe-
33, a TaK’Ke CIIOCOOCTBYIOT YCTOWYMBOCTH K
xumuoTepanuu U paguanuu [28-30]. [lepunyrel
TaK’Ke COeMCTBYIOT aHTMOreHe3y U yCTONUUBO-
CTH K aHTHAHTUOTeHHOM Tepanuu [31, 32]. Anqumo-
LUTHI IOIEP>KUBAIOT OIIYX0JIEBYIO IIPOTPECCUI0
IAaBHBIM 00pa3oM MTOCPENICTBOM CEKperun (PakK-
TOPOB POCTa ¥ UUTOKMHOB, & TAKKe UT'PAIOT Cyllle-
CTBEHHYIO POJIb B PE3UCTEHTHOCTHU K XUMUOTepa-
1Y, JIy4eBOU Tepanuy, TOpMOHAJbHOU Tepanuu
U 1esqeBol Tepanuu [33]. IMMyHHBIe KJIETKU 3a
CueT pa3HOOOPA3HBIX U CJIOKHBIX MEXaHH3MOB
MOTYT CIIOCOOCTBOBATh IIEPEXO/TY KaK K IIPOTYMO-
POTE€HHbBIM KJIETOYHBIM (peHOTHUIIaM (3MUTETHUATb-
HO-Me3€eHXMMAaJbHBIA TIepexoji, aHTUOTeHe3 U
YCTOWYHMBOCTH K Tepaluu), Tak U, HA000POT, MOJI-
Jlep’KUBaTh IPOTUBOOIIyX0JieBble (DEHOTUIIBI
(uMMYHHBIN Hagzop) [31, 34-36].

Crpykrypa omyxouaesoro CTM. BuexJieTou-
HbIl CTM mpeacTaBisieT cOO0M OMOJIOTUYECKU
AKTUBHBINA TPEeXMEPHbBIN KapKac /sl PaKOBBIX U
CTPOMAJIBHBIX KJIETOK, 00€CITIeYNBAIOIINIT X TTOT-
JEPKKY BO BHEKJIETOYHOM IIpOoCTpaHcTBe [37],
KOTOPBIM TaK)Ke CIOCOOCTBYeT MapakpUHHOMY
KJIETOYHOMY curHaiuHTy [38]. B oOpasoBanum

also facilitating paracrine cellular signaling [38].
Different (blast) cells are engaged in ECM forma-
tion: fibroblasts, chondroblasts, osteoblasts, odon-
toblasts, cementoblasts, etc., by section of ECM
components. ECM composition varies depending
on the type of tissue; about three hundred different
proteins have been identified therein [39]. Tumor
stroma ECM is structurally different from normal
— it is stiffer and denser [40], because, due to ma-
lignancy, fibroblasts express a large amount of pro-
teins making ECM stiffer. Besides, tumor ECM’s
stiffness is aggravated by LOX (lysyl oxidase)-medi-
ated cross-linking of collagen fibrils [41]. Altered
ECM facilitate growth survival and migration of
cancer cells, and induces angiogenesis [5]. It also
features the capability of suppressing the expres-
sion of tumor suppressor PTEN, which was demon-
strated in vivo in mouse cancer cells and human
breast cancer [42]. Another investigation showed
that breast cancer cell culture in the presence of
ECM formed by tumor-associated fibroblasts sig-
nificantly accelerated cell growth compared to
ECM formed by non-activated fibroblasts [43].
These results concur with earlier data showing that
fibroblasts associated with human prostate carci-
noma promoted proliferation in the culture of
SV40T-immortalized prostate epithelial cells and
induced tumor growth in vivo [44].

Tumor stroma’s proteolytic systems. One of
the most important mechanisms of tumor interac-
tion with stroma is engagement of proteolytic sys-
tems in the process. Based on their catalytic mech-
anism, five basic classes of proteinases were
identified in the human body: aspartic, cysteic, met-
alloproteinases (including various MMP), serine
and threonine proteinases. Different endogenous
inhibitors were found for each of them; cystatins in-
hibit predominantly cysteic proteases; serpins are
most effective against serine proteases; the target of
metalloproteinase tissue inhibitors (TPTI) is metal-
loproteinases. However, there is some flexibility in
these interactions as some serpins might also in-
hibit cathepsins (cysteic, serine, and aspartic pro-
teinases), while some cystatins can inhibit metallo-
proteinases [45, 46]. There is a similarity between
members of one family of proteinases; nevertheless,
each proteinase is characterized by its own level of
expression and activity that determines the specifics
of its interactions and targets.

In tumor tissues, proteolysis is performed by
different proteinases, the key of them being MMP,
uPA and cathepsins, many of which are used as
prognostic markers and targets for development of
anti-cancer medicines [47, 48]. uPA-system compo-
nents and various MMP are particularly important
in the development of invasion and metastases due
to their ability to break down almost any element of
the extracellular matrix and basal membranes

[49-52] (fig.). At present, they are assigned the cru-
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CTM npuwHHMAIT y4JacTyhe pasjaudHble (6Jract-
HbIE) KJIEeTKH — (puOpo6IacThl, XOHAPOOJIACTHI,
0cTe00/1aCcThI, OMOHTO0JIACTEI, IEMEHTO0JIaCThI 1
Ip., KOTOpbIe CEKpeTupyT KOMIOHeHTbl CTM.
CoctaB CTM passimyaeTcs B 3aBUCUMOCTH OT BHJIa
TKaHU; B HEM UJIEHTU(UIIMPOBAHO OKOJIO TPEXCOT
pasnauyHbIX 6eakoB [39]. CTM ormyxoJsieBoii cTpo-
MBI OTJIMYAETCSI I10 CBOEH CTPYKTYpe OT HOPMaJIb-
HOT'0 — OH 00JIee KeCTKUI U MJIOTHBIH [40]. dTO
CBsI3aHO C Te€M, UTO Ipu pake pubpobIacThI IKC-
MIPECCUPYIOT OY€Hb OOJIBIIIOE KOJTMYECTBO OEJTKOB,
4TO TOBBIMIAeT ;kecTkocTb CTM. Kpome Toro,
SKECTKOCTH orryxosieBoro CTM ycyrybuisiercst LOX
(JIM3UJIOKCH1a3a)-0TIOCPEIOBAHHON  CIITUBKOU
KOJLJIareHOBBIX (pUOPUJT 3a cueT 0Opa3oBaHUsA
ToTepevHbIX CBsA3el [41]. IaMeHeHHbIN BHEKJIEe-
TouHbINT CTM cITocOOCTBYIOT POCTY, BBIKUBAHUIO
Y MUT'DAllMU PAKOBBIX KJIETOK, a TAKKe MHIYLIU-
pytot aarHoreHes [5]. Takyke oH 06J1a/1a€T CIIOCO0-
HOCTBIO IMONABJIATH IKCIIPECCHUIO OIyXOJIeBOrO
cynpeccopa PTEN, 4To OB1710 IPOIEMOHCTPUPOBA-
HO in vivo Ha PaKOBBIX KJIETKAaX MBIIIH, a TAKKe
IpU pake MOJIOYHOH KeJie3bl desioBeKa [42]. B
JIPYTOM HMCCJIEI0BAaHUY OBLIO IIOKA3aHO, YTO KYJTh-
TUBHUPOBaHNE PAKOBBIX KJIETOK MOJIOYHOMU JKeJie-
3bI B mpucyTcTBuu CTM, 06pasdyemMoro acconum-
POBaHHBIMH C oOIyXoJbl0 (ubpobractamuy,
CyIIIeCTBEHHO YCKOPSJIO KJETOYHBIA POCT, IO
cpaBrenuio ¢ CTM, o6pa3dyeMbIM He aKTUBUPO-
BaHHBIMU (prbpodIacTamu [43]. ITH pe3yIBTaThI
COIVIACYIOTCA C JaHHBIMH, II0JIyY€HHBIMU paHee,
KOTOpBbIE ITOKa3aJsu, YTo (pubpobJracThbl, aCCOIMHU-
pOBaHHbIE C KAaPIMHOMOM MPOCTAThI YeJIOBEKA,
criocoO6cTBOBaM Mpoaudepanud B KYJIBType
SV4A0T-uMMOpPTaIN30BaHHBIX  JMUTEJHNATbHBIX
KJIETOK IIpe/ICTaTeJIbHOU sKeJle3bl, a TAKKe UHIY-
OMPOBAJIH POCT OIYXOJIN N Vivo [44].
IIporeomuTHYECKHE CHCTEMBI OITYX0JIE€BOH
crpombl. OJJHUM U3 Ba)KHEUIINX MeXaHW3MOB
B3aUMOJIeHCTBHUS OITyXOJIU CO CTPOMOM SIBJISIETCS
BOBJIeYEHHE B 9TOT MPOIECC TPOTEOJTUTUIECKUX
cucreM. B opranuame desioBeka ujeHTUPUITUPO-
BAHO MATHh OCHOBHBIX KJIACCOB IIPOTEMHA3 Ha
OCHOBe UX KaTaJIUTUYECKOro MexaHnu3Ma — aclia-
paruHOBBIE, IMCTENHOBBIE, METAJIJIOIIPOTENHA3HI
(B TOM yucje pasnuunasle MMII), cepuHOBBIE U
TPEOHWHOBBIE MPOTENHA3BL. J[JI1 KasKI0T0 N3 HUX
HaWeHbl Pa3JIUYHbIE 9HIOTeHHbIE UHTUOUTOPHI;
[UCTAaTUHBI TPENMYIIECTBEHHO WHTUOUPYIOT
[IMCTENHOBBIE IMPOTEasbl; CEPIUHBLI HauboJsee
3 (peKTUBHBI IPOTUB CEPUHOBBIX NIPOTEA3; JIJIs
TKAaHEBLIX HMHTHUOUTOPOB METAJJIONMPOTENHAS
(TUMII) MumIeHAMU ABJIAIOTCA METaJJIONPOTEN-
Hasbl. OJTHAKO CYIIeCTByeT HEKOTOPAasi THOKOCTH
3TUX B3aMMOJEHCTBUMN, MOCKOJIbBKY HEKOTOpHhIe
CEpITUHBI TAKKE MOTYT MHTMOUPOBATH KaTETICHBI
(IMCTEMHOBBIE, CEPUHOBBIE M acllaparnHOBbIE
IIPOTEUHAa3bl), & HEKOTOPbIe LUCTAaTAHbI MOTYT

WHTUOWPOBATh METAJIJIONPOTenHa3bl [45, 46].

cial role in the interaction between stromal and
tumor cells [53]. Cystein proteases, for example,
lysosomal cathepsins B and D, might also partici-
pate in ECM destruction; however, their activation
requires low lysosome pH and subsequent migra-
tion to the invasive area of a tumor [48, 54-56].

Stromal cells continuously interact with can-
cer cells and can either compete or ‘corroborate’
with them, resulting both to tumor growth suppres-
sion and tumor progression [11]. They express var-
ious proteases and, as cancer cells, contribute to
tumor progression. It has been shown that fibrob-
lasts, endothelial cells and infiltrating immune cells
are sources of cysteic cathepsins, some MMP and
uPA; wherein among infiltrating immune cells,
tumor-associated macrophages are principal ‘sup-
pliers’ of stromal proteinases (table). The tumor
growth and development processes same as tran-
sition to malignancy have been shown as fre-
quently related to deregulation of normal proteol-
ysis mechanisms that causes alterations in the
activity of numerous proteinases, though in cancer,
their increased activity is observed in most cases
[57]. That is why many proteases are regarded as
potential therapeutic targets.

uPA-system. uPA and MMP proteolytic sys-
tems are crucial for tumor development. uPA-sys-
tem is a multifunctional extracellular proteolytic
system playing a key role in fibrinolysis, destruction
of ECM and basal cellular membrane; it also per-
forms regulatory functions by activating universal
intracellular signal pathways in a non-proteolytic
way ([58,59]. uPA-system includes several compo-
nents: serine protease — uPA, its receptor — uPAR,
and two endogenous inhibitors — PAI-1 and PAI-2.
The effect of uPA-system is aimed at conversion of
inactive plasminogen into plasmin, serine pro-
teinase of a wide range of action engaged in many
pathophysiological processes that need ECM and
basal membrane remodeling [60]. In the plasmino-
gen molecule, uPA hydrolyzes the sole peptide
bond (Arg561-Val562), wherein plasminogen is
converted into plasmin [61]. Same as plasmin, uPA
is synthesized as a precursor — pro-uPA, which is
activated during binding with uPAR [62], mostly
under the influence of plasmin [63]. The latter un-
derlies the existence of a feedback between plasmin
and uPA, with the help of which these proteinases
can activate each other resulting in reactivation and
their accumulation in the pericellular space. Pro-
uPA activation might also take place under the in-
fluence of some other proteinases, such as cathep-
sins B and L, thermolysin, trypsin, and
kininogenases [64]. In addition to plasmin, MMP is
the other main target of uPA-system; uPA activates
precursors of secreted MMP — pro-MMP in aggre-
gate capable of hydrolyzing all main components
of ECM, releasing bioactive molecules and growth
factors. Increased expression of uPA-system’s com-
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AxtuBauus MMP-3,
MMP-9, MMP-12
u MMP-13

Bueknerounsiiit CTM

MeMOpaHa KJIeTKH

Crpoma H KJIeTKH,
BXOJsLIHE
B cocraB OM

Pemonenupopanue CTM,
nerpaaauns 6a3ajabHoi
MeMOpaHbl, 0CBODOKIEHHE
M AKTHBALMUSI JIATEHTHBIX
¢pakTopos pocra,
LHTOKHHOB, HHTEPJIEHKHHOB,
CTUMYJISAILAS SMHTETHATBHO-
Me3eHXHMAaJILHOI0 Tepexoaa

BA3AJIbHASI MEMBPAHA
OIyXoJib

Mm"pauml, HHBa3HsA
U MeTacTasupoBaHue

Plasmin

Activation of MMP-3,
MMP-9, MMP-12,
MMP-13

Cells membrane

Extracellular matrix (ECM)

Tumor stroma
and cells included
in TME

Remodeling ECM,
degradation
of the basement membrane,
release and activation
of latent growth factors,
cytokines, interleukins,
stimulation of the epithelial-
mesenchymal transition

BASEMENT MEMBRANE
TUMOR

Migration, invasion, metastasis

YuacTHe NpoTeoIMTHYECKHX CHCTEM OITyX0JIeBOH CTPOMEI B OITyX0JIE€BOM MPOTPECCHH.
Participation of proteolytic systems of tumor stroma in tumor progression.

Cpeny 4JIEHOB OJJHOTO U TOTO $Ke CeMeNCTBa Ipo-
TeWHa3 CYILIECTBYeT CXOACTBO, OJHAKO KayKaas
IIpOTENHa3a XapaKTepU3yeTCsl CBOUM YPOBHEM
3KCIIPECCUM W aKTUBHOCTHU, OIPeNessIoNuMu
crieripuKy ee B3aUMOIEHCTBUIN U MUIIIEHEN.

BHekJIeTOUHBI IIPOTEO0JIN3 B OMYXOJEBBIX
TKaHAX OCYLLECTBJISAETCA Pa3JINYHbIMU IIPOTEUHA-
3aMU, KJIOYEeBbIMU U3 KOTOPBIX SABJSAIOTCS pas-
JquuyHble MMII, uPA u KarencuHbl, MHOTHUE U3
KOTOPBIX UCIIO/Ib3YIOTCA B Ka4yeCTBE IPOTHOCTH-
YeCKUX MapKepoB U MUIIEHEW NJis1 CO3[aHUs
JIeKapCTBEHHBIX IPENaparoB AJIs JIeUeHUs paka
[47, 48]. cKiounTeJIbHOE 3HAYCHUE [J1 PA3BU-
THS TPOILECCOB WHBA3WM U METACTA3UPOBAHUSA
UMEIOT KOMIOHEHThI UPA-CHUCTeMBbI U Pa3JINYHbIE
MMII 6Jtaromapst UX CIIOCOOHOCTHU PACIIETIATh
OCHOBHBIE KOMIIOHEHTBI BHEKJIETOYHOTO MAaTPUK-
ca u 6asabHBIX MeMOpaH [49-52] (puc.). B HacTos1-
1ee BpeMsi UMEeHHO M OTBOJIUTCSI OCHOBHAS POJIb
BO B3aUMOJAEUCTBUM MEKAY CTPOMAJIbHBIMU U
OITyXOJIeBBbIMHU KJjieTKaMmu [53]. [lucTenHOBEBIE IPO-
Teasbl, HAIIpUMeD, IN30COMaJIbHbIe KaTeIICUHbI B
n D, TakyKe MOIyT y4acTBOBAaTb B NECTPYKLHU
CTM, omHAKO 151 IX aKTUBHOCTHU TpebyeTcss HU3-
KUl ypoBeHb pH B TM30coMax, a Takske HeoOX0Iu -
MO JaJibHelIllee nepeMelleHre B WHBAa3UBHbBIN
y4acTOK omyxoJiu [48, 54-56].

CTrpomaJibHbI€ KJIETKHA MOCTOSTHHO B3aNMO-
JEVCTBYIOT C PAKOBBIMU KJIETKAMH M MOTYT JINOO
KOHKYPHUPOBaTh, TU0O0 «COTPYAHUYATH» C HUMH,
4TO IPUBOOUT KaK K IIOJABJICHUIO OITyXOJIEBOIO
poOCTa, TaK U K oIyxoJieBoi mporpeccuu [11]. OHu
9KCIIPECCUPYIOT pas3JIMYHble IIpOTea3bl U Kak
pakoBble KJIETKU BHOCAT HApsIAy C HUMHU CBOU
BKJIaJ, B OIIyXOJIeBYIO Iporpecculo. [lokasano, 4to

ponents was discovered in different oncological
diseases [60, 65].

uPA-system components are expressed by can-
cer cells far more than by cells of normal tissues;
these molecules significantly contribute to cell pro-
liferation, apoptosis, chemotaxis, adhesion and mi-
gration, activation of pathways for epithelial-mes-
enchymal transition (EMT) and signal transduction
pathways that are directly associated with tumor
progression and therefore play an essential role in
invasion [53, 60, 66-75]. A relation between expres-
sion of uPA, uPAR, and PAI-1, on the one hand, and
clinical and pathological signs of high risk and most
adverse prognosis for cancer patients, on the other,
has been proven [60, 69, 76]. Overexpression of uPA
and uPAR on the cancer cell surface is associated
with the terminal stage of malignant cell transforma-
tion that is responsible for invasion and metastasis;
besides, uPA is involved in degradation of basal
membrane and interstitial protein, which facilitates
disease progression [47]. PAI-1 is an inhibitor of uPA
and should seemingly prevent invasion and metas-
tasis caused by uPA action. However, investigations
show that excessive expression of PAI-1 can both re-
duce formation of metastases and, on the contrary,
assist their formation [77-79]. Increased expression
of PAI-1 is a negative prognostic signs in different
types of human cancer, for example, in case of inva-
sive breast cancer [80]. In contrast to PAI-1, high level
of PAI-2 during cancer is always associated with de-
crease of tumor growth and metastasis [81].

The role of uPA in cancer was studied using (a)
the embryonal chicken fibroblast cell line upon
their transformation by viral oncogene Src of
Schmidt-Ruppin strain, (b) cell cultures of murine
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JkcnpeccHs NPOTEMHA3 Pa3JIMYHBIMHU THIIAMH CTPOMAJIBHBIX KJIETOK.
Expression of proteinases by different types of stromal cells.

Cells Proteinases

Macrophages cathepsins B, C, D, H, L, S; MMP-2, 9, 14; plasmin; tPA, uPA
Neutrophils cathepsins B, C, D, H; elastase; MMP-9

Lymphocytes cathepsins C, D, H; granzymes B; MMP-3, 9

Fibroblasts cathepsins B, C, D, L; MMP-2, 3,9, 11, 13, 14; uPA

Mast cells cathepsins C, D, G; elastase; granzymes B; MCP4; MMP-2, 9

Mesenchymal stem cells

cathepsins B, D; MMP-2

Tie2-expressing monocytes

cathepsin B; MMP-2

Endothelial cells

cathepsins B, D, L, S; MMP-2, 3, 14; uPA

Pericytes MMP-9

IIpumeuanwue. Cells — kieTky; macrophages — makpodaru; neutrophils — neiirpoduisr; lymphocytes — nmumdonursr; fi-
broblasts — ¢ubpobaacTsl; mastocytes — Ty4qHble KJIeTKY; mesenchymal stem cells — Me3eHxuMaIbHbIE CTBOJIOBbIE KIETKY;
expressing monocytes — akcipeccupyiomue MoHonuTsl; endothelial cells — sHmoTeTMaTBHBIE KIIETKY; pericytes — MepUINTEI;
proteinases — mporenHassl; cathepsins — kaTencunsl; plasmin — nIa3mMuH; elastase — asracrasa; granzymes — IPaH3UM.

¢ubpobacTel, 9HAOTENHATbHBIE KJIETKU U
UHPUJIBTPUpPYIOIIYEC  HUMMYHHBIe  KJIETKU
SABJISIOTCS UCTOYHUKAMHU [IUCTEMHOBBIX KaTEIICH-
HOB, HeKOTOpbIXx MMII 1 uPA, a cpegu nHPUIBT-
PUPYIOIIUXCA HWMMYHHBIX KJIETOK OOHUMH U3
OCHOBHBIX «IIOCTaBIIIUKOB» CTPOMAJIbHBIX TPOTEU-
Ha3 fABJIAIOTCA aCCOLMUPOBAHHBIE C OIIYXOJIbIO
Makpodaru (tabs.). [TokazaHo, 4TO MPOIECC OITy-
XO0JIEBOTO POCTA U PA3BUTHS, KaK U IEPEXO K 3J10-
Ka4eCTBEHHOCTH, 4YaCTO CBS3aHBbI C Neperyanpo-
BaHMEM HOPMAJIbHBIX MEXaHU3MOB IIPOTE0JIN3A,
4TO MIPUBOJIUT K U3MEHEHUSM B aKTUBHOCTHA MHO-
TOYHCJIEHHBIX TPOTENHA3, XOTS MMPU PaKe B O0JIb-
IITHCTBE CJyYaeB HAOJI0AaeTCs MMOBBIIIIEHNE UX
AKTUBHOCTH [57]. B cBA3U C 9TUM MHOTHE IIpOTea-
3bl PACCMATPUBAIOTCA B Ka4eCTBE MOTEHIAATb-
HBIX TEPANIeBTUYECKUX MUIIIEHEN.

Cucrema uPA. [IpoTeonutTrnyeckre CUCTEMBI
uPA 1 MMII siBastioTcst HanboJiee 3HAYMMBIMU B
pasBuTHHU onyxoJiu. UPA-cucrema npencraBiiseT
€c000# MYTBTU(PYHKIINOHATHLHYIO BHEKJIETOYHYIO
IIPOTEOJIUTHYECKYIO0 CHCTEMY, KOTOpas Hrpaer
KJIIOUYEBYIO POJIb B Iporecce (GpubpmHOIM3a, B
paspyuiernu BHekseTouHoro CTM u 6a3anbHON
KJIETOYHOU MeMOpaHBbI, a TaKKe OCYIIECTBJISIET
perysiTopHble (PYHKIMU aKTUBUPYsI YHUBEpPCaJlb-
Hbl€ BHYTPHUKJICTOYHbIEC CUTHAJIbHBIE ITyTH HEIIPO-
TEOJINTUYECKUM cIrtocoooM [58, 59]. uPA-cucrema
BKJII0YAaeT HECKOJIbKO KOMIIOHEHTOB — CEPUHO-
BYyIO ITpoTeasy uPA, ee penerrrop uPAR, u nBa sHI0-
reHHbIX MHTUOUTOPOB PAI-1 m PAI-2. JleticTBue
uPA-crucTeMbl HAIpaBJIEHO Ha IIpeBpallleHue
HEaKTUBHOTO MJIA3MUHOTEeHA B IIJIA3MUH, CEPUHO-
BYIO IIPOTeMHAa3y MIMPOKOIr0 CIeKTpa JAeNUCTBUS,
BOBJIEYEHHYIO B OOJIBIIIOE KOJMYECTBO IMaTopu-
3MOJIOTHYECKUX IIPOIIECCOB, TPEOYIOIIUX pemMo/ie-
smpoBanusi CTM u 6a3ansHO# MeMOpansbr [60]. B
MOJIeKyJIe IJIadMuHoreHa UPA ruiposusyer equH-
CTBEHHYIO NTENTUAHYIO CBsI3b (Arg561 — Val562) u
IIPYU 9TOM IJIA3MUHOTEH MpeBpaIaercs B MJjaas-
MuH [61]. Kak u ntasmus, uPA cuHTesupyercs B
¢dopMe TnipeiieCTBeHHNKA — Pro-uPA, KOTOPbIT
aKTUBUPYETCA IIpU cBA3bIBaHUA ¢ UPAR [62] mipe-

embryonal fibroblasts transformed by sarcoma
virus, and (¢) human melanoma and rhab-
domyosarcoma cell lines [82, 83]. Those studies
demonstrated that all cells subjected to cancer
transformation produced uPA, which was later con-
firmed in tumor transplantation experiments [84].
However, the investigation of human colorectal
cancer got opposite results: during colon adenocar-
cinoma, uPA expression was found in stromal cells
only whereas was not found in tumor tissue [85,
86]. Currently, it has been proven that stromal cells
produce the main components of uPA-system and
their expression varies depending on the type of
cancer [58]. In case of prostate cancer, uPA are syn-
thesized mostly by macrophages [87], and in case
of colon cancer and ductal breast cancer — by fi-
broblasts [88, 89]. As for uPAR, in case of prostate
cancer it is expressed not only by neutrophils but
by macrophages, too [89]; in case of colon cancer,
uPAR is synthesized by macrophages and tumor
cells [85, 90]; and in case of ductal breast cancer —
mostly by macrophages [90]. During squamous cell
skin cancer, uPA [91] and uPAR [92] are expressed
by cancer cells only.

It has been shown that expression of uPA and
uPAR by tumor-associated stromal cells intensifies
cancer cell migration and invasion and is an ad-
verse prognostic sign in many types of cancer. The
essential role of tumor-associated fibroblasts in
the progression of multiple myeloma has been
demonstrated in vivo and in vitro [93]. It has been
shown that clonal plasma cells in bone marrow re-
sults from close interaction between extracellular
matrix and fibroblasts responsible for increased
expression of uPA, uPAR and MMP. During ovarian
epithelial cancer, uPA and uPAR expression was
observed not only in tumor cells but also in the
stroma of most primary tumors and areas affected
by metastases [94]. In invasive breast carcinoma,
overexpression of uPA, uPAR and PAI-1 was found
both in the tumor tissue and in myoepithelial
cells, myofibroblasts and macrophages [95-98].
However, in the investigation of TME influence on
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UMYIIeCTBEHHO MOJ JeiicTBUEeM MJja3MuHa [63].
10 00yCIaBIMBAET CYIIIECTBOBAaHNE MESK Y T171a3-
MHUHOM U UPA 06paTHOII CBSI3U, C IOMOTIITHIO KOTO-
poil 9T MPOTENHA3bI MOTYT AKTUBUPOBATh IPYT
JIpyra, YTO IPUBOJUT K PEaKTUBALMY U UX HAKOII-
JeHUI0 B TMEepUIe/IIIJIPHOM IPOCTPAHCTBE.
[Ipouecc akTuBanuu pro-uPA MOKeT IIpouCxo-
JUTh TaKsKe IO0J JeiiCTBUEM HEKOTOPBIX APYTUX
MMPOTENHAa3, TAKUX KaK KaTelcuHbl B u L, Tepmo-
JIU3VH, TPUIICUH U KaJIJIMKpeuHsbl [64]. [ToMmumo
IJIa3MHHA, OMHUMH 13 OCHOBHBIX MHUIIIeHeH UPA-
cucreMsl aBJA0TCA MMIT; uPA akTusupyer npen-
IIECTBEHHUKU cekperupyeMbix MMII — mpo-
MMII, KoTOpble B COBOKYITHOCTH CIIOCOOHBI
TUJPOJIN30BaTh BCE€ OCHOBHBIE KOMIIOHEHTHI
CTM, BbICBOOOKIasi OMOAKTUBHBIE MOJIEKYJIBI 1
¢dakTopsl pocta. [ToBbIlIeHHAsA 9KCIIPECCUST KOM-
MOHEeHTOB UPA-cucTeMbl ObI7Ia OOHapYyKeHa TIPHU
pas3JIMYHBIX PaKOBBIX 3ab0JsieBaHUsX [60, 65].

KomnoneHTs! UPA-cHrCTEMBI 9KCIIPECCUAPYIOT-
Cs1 PAKOBBIMH KJIETKAMU B OOJIBIIIEN CTETIEHU, YeM
KJIETKaMU HOPMaJIbHBIX TKaHEl; OHU y4acTBYIOT B
npoJsndgepanum KJIeToK, alolTo3e, XeMOTAKCHCE,
a[are3Vy U MUTPAIVY, B AKTUBAILIMU ITyTel anuTe-
JWAJbHO-Me3eHXUMaJIbHOTO nepexoga (AMII) u
IyTel CUTHAJIBHOU TPAHCAYKIIUY, KOTOPbIe Hello-
CpeJICTBEHHO aCCOI[MUPOBAHBI C OIIYX0JIeBOH ITPO-
rpeccuei, 1 TeM CaMbIM UTPAIOT KJIIOUEBYIO POJIb
B pa3BUTUU HHBA3UBHBIX IIpoliieccoB [53, 60,
66-75]. JJokazaHa B3auMOCBA3b MEXKIY 9KCIIpEC-
cuel uPA, uPAR u PAI-1 ¥ KIUHUKO-IIATOJIOTHAYe-
CKMMM IIPA3HAKaMHU BbICOKOI'O PUCKA U XyALIEro
MMPOTHO3a JJIsI MAallUEHTOB C OHKOJOTUYEeCKUMU
3aboneBanusamu [60, 69, 76]. Tak, cBepXaKcIIpec-
cuA uPA 1 uPAR Ha MOBEpXHOCTU PaKOBBIX KJIETOK
accoIMMpPoOBaHa C KOHEYHOU cTauei Tpancdop-
MaIlly 3JI0KA4€CTBEHHBIX KJIETOK, KOTOPAs OTBET-
CTBEHHA 3a WHBA3WID U MeTAaCTa3WupOBaHHUE.
Kpowme Toro uPA y4acTByeT B ierpamamniuy 0a3astb-
HOII MEMOpPaHbBI M BHYTPUKJIETOYHBIX O€JIKOB, YTO
CIIOCOOCTBYET OIyX0J1eBOH nporpeccu [47]. PAI-1
sIBJIsAETCST MHrHOUTOpoM UPA, U, Ka3aaoch ObI,
JIOJI’KeH MMpeAoTBpallaTh THBA3UIO U METACTA3M-
poBaHue, BbI3BaHHbIE neiicTBueM UPA. OmHAKO
HCCJIeJOBaHUs IMOKa3bIBAIOT, YTO M30BLITOYHAS
akcripeccusi PAI-1 MOKeT Kak CHIPKATh 00pa3oBa-
HUEe MeTacTa30B, TaKk K HA00OPOT, CITOCOOCTBOBATH
1x 00pa3oBaHuIo [77-79]. IIOBBIIIIEHHBIA YPOBEHD
akcripeccuu PAI-1 aBJisgeTCA HeraTuBHBIM IIPOTHO-
CTUYECKUM IPU3HAKOM IIPU PA3JIUYHBIX BHUIAX
paka JyeJl0BeKa, HAMpUMEpP NPU NHBA3UBHOM paKe
MOJIOYHOU kese3bl [80]. B omimume ot PAI-1,
BBICOKNH ypoBeHb PAI-2 nipu pake Bceraa cBsi3aH
C yMeHBbIIIEHHEM OITyX0JIeBOI'0 POCTa U MeTacTa3u-
poBaHud [81].

Pouts UPA mipu pake 6blTa I3y4eHa Ha KJIeTO4-
HBIX JTUHUSAX 9MOPHOHAJBHBIX KYPUHBIX QUOpPO-
OsacToB TIpW WX TpaHC(HOpPMAIMM BUPYCHBIM
oHkoreHom Src mramma llImmpra-Pynnuza, B

breast carcinoma progression in situ (DCIS) and
its transition to invasive carcinoma (IDC), it
turned out that human breast myoepithelial cells
can slow down DCIS development thanks to inhi-
bition of proteolysis activated by uPA-uPAR inter-
action under the influence of PAI-1. In vivo exper-
iments have shown that this process takes place
thanks to inhibition of intracellular signal path-
ways of interleukin 6 (IL-6), which is one of essen-
tial cytokines involved in cancer development
[99]. The experiments on MDA-MB-231 cell cul-
tures have demonstrated that IL-6 produced by
tumor cells induces the expression and secretion
of MMP-2, MMP-9 and cathepsin-B in monocytes,
promotes tumor growth, invasion and metastasis
[100]. The investigation of the role of tumor-asso-
ciated fibroblasts in breast cancer development
carried out on MDA-MB-231 culture has shown
that interaction of fibroblasts with cancer cells
amplifies the expression of insulin-like growth fac-
tor 1 (IGF-1) in fibroblasts and PAI-1 in cancer
cells; overexpression of both IGF-1 and PAI-1 pro-
motes RhoA-signaling in cancer cells, which as-
sists cell migration and invasion [101]. As regards
the PAI-2 role in stromal cells, it is supposedly re-
lated to maintenance of stroma integrity and
preservation of its structure. In vitro experiments
have shown that in pancreas gland adenocarci-
noma, stromal cells need PAI-2 for normal remod-
eling of collagen regulating interaction of fibrob-
lasts and their binding with collagen inside ECM
[66]. In experiments carried out in vivo, PAI-2 ex-
pression in fibroblasts was associated with de-
creased metastasis and longer survival while PAI-
2 deficit caused tumor growth and local invasion
due to poorer stroma integrity [66].

Overexpression of uPA-system components is
currently regarded as a clinically meaningful
biomarker in different types of cancer and its com-
ponents are used as therapeutic targets for develop-
ment of new therapeutic approaches aimed at cre-
ation of drugs inhibiting uPA-system action [47, 102,
103]. One of the most potent uPA inhibitors is
Mesupron, a highly specific synthetic inhibitor
based on 2-naphthamidin, the effect of which is in-
tended to slow down tumor growth during pancreas
gland cancer and breast cancer [104]. Peptides or
peptidomimetics and antibodies have been sug-
gested as uPA inhibitors; low-molecular antagonists
of PAI-1 and antibodies have been suggested against
PAI-1; and against uPAR — low-molecular peptides
and monoclonal antibodies aimed at blocking the
interaction between uPAR and uPA, also antisense
RNA and target toxins [47, 53, 60, 105, 106].

Matrix metalloproteinases and their in-
hibitors. MMB the expression of which grows dras-
tically in tumors, play an essential role in the devel-
opment of destructive processes (invasion and

metastasis); they also perform regulatory functions
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KYJIBTYpe 9MOpHOHATBHBIX (pOP06JIaCTOB MBIIIIY,
TPaHC(POPMHUPOBAHHBIX BHUPYCOM CAapPKOMBI, a
TaK)Ke Ha KJIETOYHBIX IMTHUSX MeJIJaHOMBI 1 pabio-
MHOCApPKOMBI YesI0oBeKa [82, 83]. 3Tu uccyiemosa-
HUSA TI0KA3aJIv, YTO BCe KJIETKH, MMOJBEPTIINECs
OIlyX0JIeBOU TpaHchopMaIuy, NpoaynupoBaIn
UuPA, 4TO OBLIO Tajiee OATBEP KIEHO B 9KCITEPU-
MEeHTax I10 TPaHCIJIAHTAIlUU onyxoJei [84]. OgHa-
KO IIpY U3Y4YEHNH KOJIOPEKTAJIBHOI'0 PaKa 4eJIoBe-
Ka OB  TIOJIyYeHBI  MPOTHUBOIIOJIOKHBIE
pesyabTaTbl — MOpU aJeHOKApPIIMHOME TOJICTOU
KUIIIKY 9KcTIpeccrsi uPA Ob1s1a 0O0Hapy»KeHa JINIIb
B CTPOMaJTBHBIX KJIETKaX (1 He 0OOHApY KeHa B OITy-
xoJieBou TKaHu) [85, 86]. B Hacrosiee BpeMs
JOKa3aHo, YTO CTPOMaJIbHbIE KJIETKU IPOAYIIY-
PYIOT OCHOBHBIE€ KOMIIOHEHTBI UPA-CHACTEMBI, IPHU-
4eM UX 9KCIIPeCCHUs BapbUPyeTCs B 3aBUCUMOCTHU
oT BUja paka [58]. Tak mpu pake mpejacTarebHON
sKeJie3bl CuHTe3 UPA B OCHOBHOM OCYIIECTBJIAETCA
Makpodaramu [87], a Ipu pake TOJICTOU KUIIIKU U
IIPOTOKOBOM paKe MOJIOYHOI sKeJjie3bl — (PUOpo-
6actamu [88, 89]. Uto kacaercst uPAR, To Ipu pake
MIpeCTaTe/IbHOU 5KeJie3bl ero 9KCIIPeCCUpPYIOT He
TOJBKO HEUTPO(dUJIbI, HO TaKKe U Makpodaru
[89], mpu pake ToJicToi kuiku uPAR cuHTE3UpY-
eTcsi MakpodaraMu U OMYXOJIEBBIMU KJIETKAMU
[85, 90], a Tpu IPOTOKOBOM pake MOJIOYHOU sKeJie-
3bl — B OCHOBHOM Makpoaramu [90]. [Tpu maoc-
KOKJIETOYHOM pake Koxxu UPA [91] u uPAR [92] akc-
IIPECCUPYIOT TOJIBKO PAKOBbIE KJIECTKU.

ITokasano, uto arcupeccud uPA u uPAR cTpo-
MaJbHBIMHU KJIETKAMH, ACCOIMMPOBAHHBIMU C
OIIYyXOJIbIO, YCHJMBAeT WHBA3UI0 W MUIPAILHAIO
PAaKOBBIX KJIETOK U SIBJISIETCS MIJIOXUM IIPOTHOCTH-
YeCKUM NPU3HAKOM IIPU MHOTHUX THUIAX paka.
CymiecTBeHHas1 poJib ACCONUMUPOBAaHHBIX C OITYXO0-
JbI0 pubpPo6IACTOB B MPOrPECCUPOBAHUU MHO-
sKeCTBEHHOW MHUeJIOMbI Yesj0BeKa ObLjIa Mpoie-
MOHCTpPHUpOBAaHa in vivo u in vitro [93]. beLio
MMOKA3aHO, YTO pa3MHOKeHNE KJIOHAJIbHBIX I1J1a3-
MaTUYeCKUX KJI€TOK B KOCTHOM MO3Te MPOUCXOUT
B pe3yJibraTe TeCHOI0 B3aUMOJENCTBUS MeKIy
BHEKJIETOUYHLIM MaTPUKCOM W (pubpobdiacTamu,
KOTOPBIE OTBEYaIoT 3a [IOBBIIICHHYIO 9KCIIPECCHUIO
uPA, uPAR u MMII. Ilpu anure/inajbHOM pake
SIMYHUKOB aKcpeccust UPA i uPAR HabJTI01a/1aCh
He TOJIbKO B OIIYXOJI€BBIX KJIETKAaX, HO U B CTPOMe
OOJIBIIMHCTBA ITEPBUYHBIX OITyX0JIEH U YIACTKOB,
opakeHHbIX Metacradamu [94]. IIpu nHBa3uB-
HBIX KapIIMHOMAaX MOJIOYHOH KeJie3bl MOBbIIIEeH-
Has akcripeccusi UPA, uPAR u PAI-1 6b11a 06HapY-
’KeHa Kak B OIlyX0JIeBOM TKaHU, TaK U B
MHO3TIUTETHAIBHBIX KJIETKaX, MUOpuOpobdIacTax
u Makpogarax [95-98]. OpHaKo Ipu Uccaen0Ba-
HuM BaussHUA OM Ha nporpeccupoBaHue KapIiu-
HOMBI MOJIOYHOU skesie3bl in situ (DCIS) u ee tiepe-
X0J, B MHBa3UBHY10 KapuuHoMy (IDC), okasaJjocs,
YTO MHUOSMIUTEINAIbHBIE KJIETKU MOJOYHOU
sKeJsIe3bl 4esJ0BeKa MOI'yT TOPMO3UTh pa3BUTHE

by releasing regulatory factors from ECM. MMP are
endopeptidases, the enzymatic activity of which de-
pends on Ca?* and Zn?* [107]. MMP belong to in-
duced proteinases, vast majority of which is secreted
from the cell, while six MMP are membrane-bound
enzymes [108]. MMP were classified into several
groups based on their structure and substrate speci-
ficity: collagenases, gelatinases, stromelysins, ma-
trilysins, membrane-bound MMP (MT-MMP), and
other non-classified MMP [109]. In the body, MMP
are synthesized as inactive precursors (pro-MMP),
which structure contains a domain included in ‘cys-
teic switch’ that has a cysteine residue preventing
MMP binding with metal ions and thus keeping en-
zymes inactive [110-113]. This domain is removed
when MMP is activated [114]. The main activator of
secreted MMP is plasmin and membrane-bound
MMP — furin [59, 115-117]. Activation of pro-MMP
occurs in a stepwise manner: after activation by pro-
teinases, subsequent activation involves MMP, such
as MMP-3 and MMP-7 [109].

The action of MMP is aimed at destruction
and remodeling of ECM and basal cell mem-
branes; in aggregate, MMP are capable of hy-
drolyzing all essential components of ECM.
Gelatinases MMP-2 and MMP-9 hydrolyze specif-
ically type IV collagen — the basis of basal mem-
branes, which allows tumor cells to migrate; while
MT-MMP promotes ECM destruction in the peri-
cellular space [117-119]. Besides, MMP perform
also important regulatory functions by activating,
inactivating and modifying properties of a whole
number of biologically active molecules, such as
growth factors, cytokines, interleukins, etc., as a
result stimulating cell growth, proliferation and
migration and assisting invasion process develop-
ment [107, 120]. For example, MMP-2 (as well as
some other MMP) can activate transforming
growth factor B (TGF-beta), which promotes ep-
ithelial-mesenchymal transition — an important
stage of metastasis [118, 121].

MMP activity is regulated by endogenous met-
alloproteinase tissue inhibitors — TIMP [109].
There are four types of TIMP: TIMP-1, TIMP-2,
TIMP-3, and TIMP-4 [122]. They all can inhibit
MMP activity with different efficacy. TIMP-1 in-
hibits predominantly MMP-1 and MMP-7; TIMP-2
is an effective inhibitor of MMP-2; TIMP-3 can in-
hibit MMP-2 and MMP-9; and TIMP-4 inhibits
MMP-14 and MMP-2. It is worth mentioning that
TIMP-2 is the only member of the TIMP family that
specifically interacts on cell surface both with
MMP-14 and with pro-MMP-2, thus promoting
pro-MMP-2 activation; i.e. TIMP-2 can act simulta-
neously both as a MMP inhibitor and activator [14].
The balance between MMP and TIMP in a tissue
determines the actual activity of MMP, ECM degra-
dation, tissue remodeling, and tumor’s proteolytic
potential [123]. It has been shown that TME distur-
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DCIS, 4To cBSI3aHO C UHTHOMPOBAHUEM ITPOTEOJIH-
33, aKTUBHpyeMoro B3aumoeiicteuem uPA-uPAR,
o getictBueM PAI-1. QKCIIEpUMEHTHI in vivo
MMOKA3aJI, YTO TOT NPOIeCC MTPOUCXOAUT 3a CUET
TOPMOKEHHUsI BHYTPUKJIETOYHBIX CHUIHAJIBHBIX
nyTei nHTepJieiikuHa 6 (IL-6), KOTOphIii sABJIsIeTCA
OIHHM M3 OCHOBHBIX IUTOKMHOB, y4aCTBYIOIIIUX B
pas3BUTHHU paka [99]. DKcneprUMeHThI Ha KJIETOY-
HBIX KyJIBTYypax MDA-MB-231 nokasany, 4rto IL-6,
MIPOAYLIPYEeMbIN OIIYX0JIeBBIMU KJIETKAaMU, UH]TY-
LIUPYET dKCIIpeccuro u cekpenuo MMII-2, MMII-9
Y KaTelcHa B B MOHOIMTAX, YTO CIOCOOCTBYET
OIIyX0JIEBOMY POCTY, UHBAa3UU U METACTA3UPOBa-
Huto [100]. MI3yuyeHue poJix OIyX0JIb-aCCOLUUPO-
BaHHBIX (MOPOOJIACTOB B Pa3BUTUU PaKa MOJIOY-
HOU sKeJsie3bl, IIPOBelEHHOE Ha KYJIBType
MDA-MB-231, nmokasaJio, YTO B3aUMOJIelCTBUE
(pubpob1acTOB € paKOBBIMHU KJIETKAMU YBEJTIYH-
BaeT 9KCIPECCUI0 MHCYINHOIIOA00HOTO0 (hakTopa
pocta 1 (IGF-1) B ¢pubpobracTax v 9KCIIPECCUIO
PAI-1 B paKOBBIX KJI€TKaX; [IOBbIIIIEHHAA dKCIIPEC-
cusa Kak IGF-1, kak u PAI-1, npoMoTupyeT B pako-
BBIX KJIeTKax RhoA-CUTHAIUHT, KOTOPBIH CII0CO0-
CTBYET MUTpallMU KJIETOK U nHBaszuu [101]. Yrto
Kacaercsd uccjaenoBanuda poau PAI-2 B crpoMalib-
HBIX CTPYKTypax, TO IIpelrnoJiaraercs, 4To OHa
CBsI3aHa C MOJJiepyKaHUeM IIeJIOCTHOCTUA CTPOMBI
U COXpaHeHWeM ee CTPYKTYpEL. [Ipu aneHokapnu-
HOMe IOYKeTyI0YHOM sKejie3bl B 9KCIIepUMeHTax
in vitro, 6p1JI0 MOKa3aHo, uTo PAI-2 HeoOXogUM
CTPOMAJIBHBIM KJI€TKaM JIJII HOPMaJIbHOTO PEMO-
JeJJMPOBaHUA KOJIareHa, perynpyouniero B3au-
MojericTBre (puOpo6IaCTOB U UX CBSI3BIBAHUE C
KoJiiaresoM BHyTpu CTM [66]. B ncciienoBanusax
in vivo skcripeccusi PAI-2 B ¢pubpobsactax 6b11a
ACcCOMMMPOBAaHa CO CHUYKEHUEM METACTa3nupOBa-
HUs U OoJiee JINTEJTbHBIM IMEPUOIOM BBIXKHBA-
Hus, a fepunut PAI-2 BbI3bIBaJI OITYX0JIEBBINA POCT
¥ JIOKAJIbHYI0 WHBA3WIO, YTO OBIJIO CBA3AaHO CO
CHUSKEHMEM [1eJIOCTHOCTU CTPOMBI [66].
[ToBbI1IeHHAsA 9KCIIPECCUA KOMIIOHEHTOB UPA-
CUCTEeMBI PaCCMATPUBAETCS B HACTOsIIIee BPEMS B
KavyeCcTBe KJIWHUYECKH 3HAYMMOTO OMOMapKepa
MIpU Pa3JINYHBbIX BUJIAX PaKa, & €€ KOMIOHEHTHI
HCIOJIB3YIOTCSI B Ka4eCTBe TepalneBTUYeCKUX
MUIIIEHEH, KOTOpbIe CHy’KaT st pas3paboTku
HOBBIX TepaleBTUYeCKUX MOJIX0/I0B, HAIIPaBJIEHHBIX
Ha co3/aHue TperapaToB, TOPMOSSAIIUX JeUCTBUE
uPA-cucremsl [47, 102, 103]. OnauM 13 HauboJiee
MOIITHBIX HHIUOUTOPOB UPA sABJIsIeTCS Me3yIpoH
(Mesupron), BbICOKOCTENM(PUIHBINA CUHTETHYE-
CKUI UHTUOUTOP Ha OCHOBe 2-Ha(pTaMUIUHA, Teli-
CTBHE KOTOPOI'O HallpaBJIeHO Ha TOPMOYKEHUE OILy-
X0JIEBOT0 POCTA ITPU paKe MOHKeJTYI0YHOU sKesIe3bl
U1 MOJIOYHOM KeJie3bl [104]. Tak:ke B KaueCTBe UHI'H-
6uTopoB UPA OBLIU TPEIJIOMKEHBI TTENTUIBI WU
MIeNTUIOMUMETUKU U aHTuTes1a; IpoTuB PAI-1 —
HU3KOMOJIERYJIAPHBIEe aHTaroHucTel PAI-1 1 anTH-
TeJs1a; IpoTUB UPAR — HU3KOMOJIEKY/IsIpHBIE I1ell-

bance of MMP/TIMP correlation inside TME may
lead to metastasis [14].

In normal tissues, MMP expression is very low
or absent. MMP are induced by enzymes. During
cancer, MMP activity in tumor tissue grows drasti-
cally, which largely determines development of
tumor progression, invasion and metastasis of al-
most all types of cancers [124, 125]. That is why
many MMPs were at first cloned from tumor cells
(126, 127]. However, MMPs are synthesized not only
by tumor cells, but also by the cells of blood vessels
feeding the tumor and by various cells present in
TME (table) [128]. In vitro and in vivo invasive
melanoma and carcinoma investigations have
shown an important role of TME for MMP-2, MMP-
9, and MMP-14 induction in tumor cells [129, 130].
In melanoma specimens, the proteolytic activity of
MMP-2 and MMP-9 was concentrated in tissue
areas surrounding groups of melanoma cells, i.e.
where tumor and stromal cells interact, while in the
inner part of the tumor mass, no activity of those
proteases was revealed [131]. On the contrary, the
expression of MMP-14 during melanoma occurred
mostly in tumor cells and during human carcino-
mas — in peritumoral stroma [132, 133]. In case of
breast carcinomas, MMP-13 expression was ob-
served mostly in stromal fibroblasts; and in the case
of squamous cell cancer, on the contrary, MMP-13
was localized in tumor cells [134]. The investigation
of MMP role in glioma development has shown that
the main condition of tumor growth is MMP-2 ex-
pression by stromal cells [135]. One of the latest
studies concerning TME role in stimulating migra-
tion and invasion has analyzed the morphological
and molecular changes occurring during combined
culture of fibroblasts and MG-63 osteosarcoma cell
line [136]. The findings evidenced that the main
source of MMP in the tumor microenvironment are
fibroblasts, where the expression of MMP-9 was sig-
nificantly higher than in MG-63 cells. In the pres-
ence of fibroblasts, intensified migration of MG-63
cells, increased expression of IL-6 and YKL-40 (car-
tilage glycoprotein, which gene is highly expressed
in various human malignant neoplasms), and over-
expression of VEGE especially in MG-63, were ob-
served. Hence, TME fibroblasts can promote tumor
progression by expressing an increased amount of
MMP responsible for ECM destruction, cell migra-
tion, and tumor metastasis.

The expression and proteolytic activity of
MMP in tumor tissues depends on the tissue and
tumor type and stage. One of the studies carried
out on the metastatic prostate cancer model
demonstrated that the activity of MMP-2, MMP-7,
and MMP-9 increased upon transition to invasive
metastatic carcinoma, and that their expression
differed in different types of prostate cells (stromal
cells, macrophages, and epithelial luminal cells)
[137]. The authors also discovered substantial dif-
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TUJIbI I MOHOKJIOHAJIbHbIE AaHTUTEJIa, HallPaBJIEH-
Hble Ha OJIOKMpoBaHUe B3aumojercTre UPAR c
uPA, a Takske aHTHCMBICJIOBBIe PHK 1 11€71€BBIE TOK-
CUHBI [47, 53, 60, 105, 106].

MaTpHKCHbIE METAJJIONPOTENHA3bl M UX
HHruouTopsL. MMII, sKcripeccusi KOTOPHIX B OIY-
XOJISIX PE3KO YBEeJUYUBAETCS, UTPAlOT KJII0YEBYIO
poOJIb B PasBUTHUM [ECTPYKTHUBHBIX IIPOLIECCOB
(MHBa3Ws M METACTA3UPOBAHME), A TAKKE BBITIOJI-
HSIIOT PETyIATOPHbBIE (DYHKIINH, BEICBOOOKIAsT U3
CTM peryasaTopHsie ¢pakTopsl. MMII npencras-
JISTIOT co60# aHI0TeNnTHUIa3bl, (PepMeHTaTUBHAS
AKTUBHOCTH KOTOPBIX 3aBUCHUT OT MOHOB Ca’** u
Zn* [107]. MMII oTHOCATCA K MHIYLIHUPYEeMbIM
MpOTernHa3aM, OCHOBHAsI 4aCTh KOTOPBIX CEKPETH-
pyercda U3 KjaeTky, 1 mectb MMII ABIA10TCA MEM-
6panocBsizaHHbIME (pepmeHTamu [108]. Ha ocHO-
BE CTPYKTYPHI U CyOCTpaTHOH CreruUIHOCTH
MMII pasnesieHbl Ha HECKOJIBKO IPYIIIL: KoJLIare-
HAa3bl, jKeJIaTUHAa3bl, CTPOMEJIU3UHbI, MAaTPUJIN3U-
HbI, MeMOpaHocBsizaHHbie MMII (MT-MMII), u
Ipyrue HekjaaccuduuupoBanuele MMII [109]. B
opranuaMe MMII cuHTE3UpPYIOTCA B BHUIE
HEaKTUBHBIX IIpeIlIeCTBEHHUKOB (1po-MMII), B
CTPYKTYpe KOTOPBIX UMeeTCs JOMEH, BXOIAIINN B
COCTaB «IIMCTEMHOBOI'0 IepeKYaressa», COaep-
sKalllero 0CTATOK IUCTENHA, IIPeIOTBPAIIAIOIIETo
cBsA3bIiBaHME MMII c mvoHaMu MeTaJslJI0B, U, TAKUM
obpasoM, yaepskuBamwIero (epMeHTHI B
HeaKTUBHOU ¢dopMe [110-113]. ITOT NOMEH yAaa-
asierca npu aktuBanuu MMII [114]. OcHOBHBIM
aKTUBATOPOM cekperupyeMbix MMII asjdgercsa
TUTa3MHH, 2 MEMOPaHOCBSA3aHHBIX — (QypUH [59,
115-117]. AkTrBanuA npo-MMII mpouCXoouT CTy-
neH4yaTo. [locae akTWBamuu TpPOTeMHA3aMU B
JanbHelIlell aKTUBAIMU NPUHUMAIOT y4acTue
MMII, takue kak MMII-3 1 MMII-7 [109].

HetictBue MMII HanpaBJ/ieHO Ha AECTPYKIIMIO
u pemopesimpoBanue CTM, a Takke 6a3aaIbHBIX
KJIETOYHBIX MeMOpaH; B coBokymHocTH MMII crio-
COOHBI THIPOJTN30BaTh BCE OCHOBHBIE KOMITOHEH-
Tl CTM. Kenarunasbel MMII-2 1 MMII-9 cieru-
dudyecku ruaposu3yoT KoJjjiareH [V Tuma —
OCHOBY 6a3aJIbHbIX MEMOPaH, UTO TIO3BOJISIET OITY-
X0JIEBBIM KJIeTKaM MUTpUpoBars, a MT-MMII crio-
cob6cTyOT nectpykimu CTM B mepuresuosp-
HOM npocTtpaHcTse [117-119]. Kpome Toro, MMII
BBIIIOJIHSIOT TAKSKE BAYKHbIE PETYJISITOPHBIE (PYHK-
[IUY, aKTUBUPYS, UHAKTUBUPYS U MOTUPULIUPYS
CBOYICTBA IIeJIOTO Psifia OMOJOTHYECKU aKTUBHBIX
MOJIEKYJI, TAKUX KaK (PaKTOPbI pOCTa, IUTOKUHBI,
WHTEPJEUKUHBI U JIP., YTO TaKKe IIPUBOJIUT K CTHU-
MYJISIIAU POCTA, TpoJinepalivii U MUTPALNH KJle-
TOK, Pa3BUTHIO UHBA3MBHBIX IIpo1eccoB [107, 120].
Hanpumep, MMII-2 (1 HexoTopbIe apyrue MMII)
MOTYT aKTUBUPOBATh TPAaHCHOPMUPYIOIINH (pak-
Top pocra [ (TGF-beta), KOTOpBIHf cCHOCOOCTBYET
3NUTe/INAIbHO-ME3eHXUMaIbHOMY Iepexony,
Ba)KHOMY JTally MeTacTa3uposanud [118, 121].

ferences in the contribution of those proteases in
the prostate cancer development: MMP-2 assisted
neovascularization of immature blood vessels,
MMP-7 increased the size of blood vessels without
affecting the tumor, while MMP-9 not only in-
creased the vessel size but also reduced the inci-
dence of focal invasion of gland epithelium and fa-
cilitated infiltrative invasion independent on the
vascular system [137].

The investigation of the role of MMP and their
inhibitors in stromal fibroblasts and monocytes dur-
ing four different types of breast cancer (type A, type
B, HER-2-positive tumors, triple negative breast can-
cer) has shown that MMP-11 expression in mono-
cytes correlated with an adverse prognosis in all
cases. In type ‘A’ tumors, the expression of MMP-9,
MMP-11, and TIMP-2 in fibroblasts correlated with
adverse prognosis and in type ‘B’ tumors — the ex-
pression of MMP-14 in monocytes and TIMP-2 in fi-
broblasts. In case of HER-2-positive tumors, the ex-
pression of MMP-9 in monocytes correlated with
adverse prognosis and in case of triple negative
breast cancer — the expression of TIMP-1 in mono-
cytes [138]. These data indicate, firstly, the important
role of stromal cells in breast cancer development;
secondly, the role of particular MMP and their in-
hibitors in disease development; and, thirdly, that as-
sessment of their expression might be used as a prog-
nostic marker in breast cancers of different types.

Slowing down of MMP expression and/or ac-
tivity is considered capable of preventing effectively
cancer invasion and metastasis. There are many
methods to block MMP; nevertheless, none of them
has been introduced into clinical practice [136,
139]. MMP initiate a whole range of pathways that
themselves can both accelerate the tumor develop-
ment process and suppress it. These findings point
to the necessity of using different drugs to suppress
tumor progression. At present, strategies are being
brought to the forefront, which are aimed at creat-
ing drugs targeted at molecules produced in TME
under the influence of MMP. One of such drugs is
Bevacizumabum (Avastin), which represents mon-
oclonal antibodies to VEGF released under the in-
fluence of various MMPs, such as MMP-2, -10, -11,
-7, -9, -4 [140-143]. The effect of Bevacizumabum
is to prevent VEGF binding to its receptor (VEGFR)
found on the surface of endothelial cells and, thus,
suppressing tumor growth and metastasis [144].
Bevacizumabum is employed in clinical practice to
treat different cancers, such as segmented intes-
tine, breast, pancreatic and prostate cancers.

Conclusion

TME represents a unique system that includes
a heterogeneous population of cells secreting bio-
logically active molecules (growth factors, cytokines,
proteinases, etc.), and ECM [5]. The expression and
processing of proteinases in stromal and tumor cells
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AxtuBHoCcTh MMII perynupyercs sHIOTeH-
HBIMU TKaHEBLIMHU UHTUOUTOPAMU METAJIJIOIIPO-
TenHa3d — THIMII [109]. MI3BeCTHO 4YeThbIpe TUNA
TUMIT —TUMII-1, TUMII-2, TUMII-3 u TUMII-4
[122]. Bce oHM MOTYT MHTUOMPOBATh AKTUBHOCTH
MMP c pa3noii apdertuBHOCThIO. Tak, TUMII-1
MpenMyIIeCTBeHHO HHru6mpyer MMII-1, MMII-7;
TUMII-2 siBasieTcst 3 PEeKTUBHBIM HHTUOUTOPOM
MMII-2; TUMII-3 MokeT mHruOupoBarb MMIT-2
u MMII-9, a TUMII-4 uarubupyer MMII-14 n
MMII-2. Citenyer orMeTuTh, yTo TMIMII-2 gBssger-
Cca eIUHCTBEHHBLIM 4JjeHOM ceMmercTtBa THMII,
KOTOPBIH crnenuduyeckd B3aUMOJENCTBYET Ha
KJIETOYHOW TTOBEPXHOCTH Kak ¢ MMII-14 Tak u ¢
npo-MMII-2, 9To ciocobCTBYET aKTUBAIINY TTPO-
MMII-2, To ectb TUMII-2 MOKeT OGHOBPEMEHHO
NefiCTBOBATh KaK MHTUOUTOP U akTuBaTrop MMIIT
[14]. bBananc mexxay MMII u TMIMII B TKaHu onipe-
JeJideT peasibHYI0 akTuBHOCTHE MMII, nerpana-
nuto CTM, peMonennpoBaHWe TKAaHU, a TaKKe
NIPOTEOJUTHYECKUN NTOTeHIIHal onyXoJei [123].
IlokasaHo, uTo Hapymenue BHyTpu OM cOOTHO-
menuss MMIT/TUMII moskeT IpUBOIUTH K MeTa-
CTa3upoBaHUIO [14].

B HOpMaJIbHBIX TKaHAX 3Kcrpeccusa MMII
HaxOAWUTCs HA OYeHb HU3KOM YPOBHE WUJIU OTCYT-
ctByeT. MMII sIBJIAIOTCS MHAYLIUPYEeMBbIMH dep-
MeHTaMu. [Ipu pake aktusHOoCcTE MMII B omyxo-
JIeBOU TKaHW pPe3KO IIOBBINIAETCS, 4YTO B
3HAYUTEJILHOU CTEINeHU OmpejessieT pa3BUTHE
OITyX0JI€BOU MPOTPeCcCry, UHBA3UIO U MeTacTa3u-
poBaHVe IpaKTUYeCKU IIPU BCeX BUax paka [124,
125]. UMeHHO moaToMy BHepBble MHOrne MMII
OBITM KJIOHUPOBAHBI U3 OITyX0JIEBBIX KJIETOK [126,
127]. Oppako MMII cuHTe3upyeTcss He TOJIBKO
OITyXOJIEBBIMU KJIETKaMH, a TAK)Ke KJIeTKaMU KpPO-
BEHOCHBIX COCYA0B, IUTAIOIIUX OIIyX0JIb, ¥ pa3-
JUYHBIMM KJEeTKaMM, HaxogAammmucad B OM
(tra6s.) [128]. MccaemoBaHusi, IpOBeeHHbIE B
cucTeMax in vitrow in vivo Ipyu UHBa3WBHOU MeJla-
HOMeE ¥ KapIMHOMe, II0Ka3aJu BayKHY10 poJsib OM
A naayknuu MMII-2, MMII-9 u MMII-14 B omy-
XOJIEBBIX KJIeTKax [129, 130]. B o6pasiax meJiano-
MbI [IPOTEOJUTHUYECKad aKTUBHOCTbL MMII-2 u
MMII-9 6bL1a TOKAJIM30BaHA HA YYaCTKAaX TKaHMY,
OKPYSKaIOIIUX IPYNIIBI KJIETOK MeJaHOMEBI, T.e.
TaM, Te IPOUCXOAAT B3aWMOIENCTBUE MEXIy
OIIyXOJIEBBIMY U CTPOMAJIBHBIMHU KJIETKAMH, B TO
BpeMsi KaK BO BHYTpPeHHEH 4acTU OMyXO0JeBOH
MacChl aKTUBHOCTH 3THUX IIPOTea3 He HabJIIoma-
Jock [131]. Oxcapeccuss MMII-14, Hao60poT, Ipu
MeJIaHOMe B OCHOBHOM IIPOUCXOOMJIA B OIyXOJIe-
BBIX KJIETKAX, a TP KapIIMHOMAaxX 4YeJIOBeKa — B
IepuTyMoOpasbHOU cTpoMe [132, 133]. Acnipeccus
MMII-13 npu KapuuHOMax MOJIOYHOU >KeJjie3bl
HabJTI0ja/1ach B OCHOBHOM B CTPOMAJILHBIX (DUO-
pobJtacTax, a IpH IJI0OCKOKJIETOYHOM pake, Ha000-
POT, B OIIyX0JIEBBIX KjeTkax [134]. I[Ipu uccieno-
BaHMHU poJsii MMII B pa3BUTUHM WIMOM OBLIO

differ; hence, their contribution to tumor progres-
sion differs as well [145]. Contemporary studies
demonstrate that investigations of different types of
human cancer should take into account the whole
complex of proteolytic interactions that depends
not only on the contribution of tumor cells’ pro-
teinases but on the contribution of TM proteinases
including endothelial cells, fibroblasts, adipocytes,
pericytes, immune cells, and mesenchymal stem
cells [3, 57]. Novadays it is evident that a better de-
ciphering of mechanisms of invasion and metasta-
sis can be achieved only in experimental systems
combining tumor and stromal cells. However, TM
has its own characteristic features in different types
of cancer, and the experimental systems to be em-
ployed should simulate the natural near-tumor en-
vironment including stroma and tumor-associated
cells in each type of cancer. This may lead to appear-
ance of a new strategy for preventing critical condi-
tions in oncology.
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IIOKAa3aHOo, YTO OCHOBHBIM YCJIOBHEM OIIYX0JIEBOIO
pocra AaBJisgeTcs skcupeccuss MMII-2 ctpomads-
HBIMU KJieTKamMu [135]. B ogHOM 13 1ocJjegHux
nccaegoBaHu, Kacatomemcs posii OM B cTUMY-
JIIIIY TIPOIECCOB MUTPAIIUN U MHBA3UU, OBIIN
MMPOaHAJIM3UPOBaHbI MOP(OJOTUUYECKUE U MOJIe-
KyJIApHble HW3MEHEHHUsd, IPOUCXOAAINNE IIpU
COBMECTHOM KYJBTUBHUPOBaHUM PUOP0OIACTOB
4yeJIoBEKa U KJETOYHOU JUHUU OCTEO0CAPKOMBI
MG-63 [136]. IlosiyueHHBIe pe3yJbraTbl CBUJE-
TeJIbCTBOBAJINU, YTO OCHOBHBIM UCTOYHUKOM MMII
B MHUKPOOKPY>KEHUH OITyXOJIU ABJISAIOTCSA (prdpo-
0J1acThl, B KOTOPBIX aKcmpeccuss MMP-9 6biia
CyIIIeCTBeHHO 00JIee BBICOKOM, 4YeM B KeTkax MG-
63. B mpucyrcrBun ¢pubpobs1acToB HAOIIIOIAIOCH
yCUJIeHVe MUTI'Paliu Ki1eToKk MG-63, IToBbIIIeHre
akcnpeccud IL-6 u YKL-40 (xpsIieBoi IJIMKOIIPO-
TEWH, TeH KOTOPOTO SIBJISIETCSI BBICOKO 9KCIIPECCH-
POBAHHBIM MPU PA3JIUYHBIX 3JIOKAYECTBEHHBIX
HOBOOOpa30BaHUAX YeJIOBEKA), a TAKKE CBEPX-
akcmpeccusi VEGF ocobenno B MG-63. Takum
obpasom, pudpobdaacTer OM MOTyT CTOCOOCTBO-
BaTh OIYXOJE€BOU IPOrPecCUM JKCIPEeCCUpysi
IOBBILIIEHHOEe KoandecTBo MMII, koTophle oTBe-
4aloT 3a pasdpyurenne CTM, MUTrpanuio KJIETOK U
MeTacTa3UpPOBaHUeE OIIyXOJIN.

JKCcHpeccusi U MPOTEOJUTHYECKAsA aKTUB-
HOCTb MMII B OonyX0JI€BBIX TKAHAX 3aBUCUT OT
TKaHM, BUJA OIYXOJIY U CTEIIeHU ee pa3BUTHs. Tak
B OJHOM M3 HCCJIEJJOBAaHUMN, POBEJEHHOT0 Ha
MOJIeJIM METACTATUYECKOT0 PaKa IpeicTaTe TbHON
sKeJIe3bl, ObLIIO MPOAEMOHCTPUPOBAHO, YTO AKTUB-
Hoctyu MMII-2, MMII-7 u MMII-9 yBesinunBa uch
MpHU Mepexojie K MHBAa3UBHOU MeTacTaTU4eCKOu
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KapOUHOMeE, a TAK)Ke, YTO UX IKCIIPECCUs OTInYa-
J1aCh B Pa3/IMYHBIX TUIIAX KJIETOK IIPOCTATHI (CTPO-
MaJIbHbIX KJIeTKaX, Makpodarax u snuTesnab-
HBIX IPOCBETHBIX KJeTKax) [137]. ABTOpBI TaKKe
0OHAPY’KUJIU CYIIeCTBEHHBIE PA3JIMYMS BO BKJIa-
Jle 9THUX IIpOoTea3 B pas3BUTHE pakKa IIPOCTaThbl:
MMII-2 crocoGcTBOBa/Ia HEOBACKYISIPU3AITAN
He3peJIbIX KPOBEHOCHBIX cocynos, MMII-7 yBe-
JMYVBasia pa3aMep KPOBEHOCHBIX COCYIOB 0e3
BJIMAHUA HA OIYyX0Jib, a MMII-9 He TOJIBKO yBe-
JUYMBajia pasMep COCyla, HO TaK)Ke CHUKaJja
YaCTOTy 04aroBOY MHBA3UU KeJIE3UCTOTO JIIUTe-
JIVISI ¥ CIIOCOOCTBOBAJIA HE3AaBUCUMOMU OT COCYIM-
CTOM cucTeMbl THQUIBTPATUBHON MHBA3UM [137].

HccnenoBanue poau MMIT 1 UX HHTUOUTO-
POB B CTpOMaIbHBIX PUOPOHIACTAX U MOHOIIUTAX
[P YeThbIpex pa3/JNYHbIX TUIIAX paKa MOJOYHON
skesiednl (Tuml A, Tun B, HER-2-1103uTUBHLIE OILy-
XOJIY, TPOMHOU HETAaTUBHBIA pak MOJIOYHOM sKeJie-
3bl) II0OKa3aJo, 4To akcnpeccua MMII-11 B MoHO-
OUTax KOppeJimpoBasa C IJIOXAM IIPOTHO30M BO
Bcex ciydasax. [Ipu onyxosiax tuna A ¢ MJI0XUM
IIPOTHO30M KOoppeJupoBaJa akcrpeccusa MMII-9,
MMII-11 u TUMII-2 B pubpobsacrax, a mpu oIry-
x0J1AX TUna B — sxkcnpeccuss MMII-14 B MoHOLIU-
Tax u TUMII-2 B ¢ubpobsacrax. [Ipu HER-2-
IIO3UTHUBHBIX OIIyXOJIAX C IJIOXMM IIPOTHO30M
KoppeJimpoBaJa akcrnpeccusa MMII-9 B MoHO1IM-
Tax, a IpU TPOMHOM HeTraTUBHOM paKe MOJIOYHOU
sKese3bl — aKcnpeccusa THIMII-1 B MoHoOuTax
[138]. OT; maHHBIE YKa3bIBAlOT, BO-IIEPBBIX, Ha
Ba)KHYIO POJIb CTPOMAJIbHBIX KJIETOK B Pa3BUTHUU
paka MOJIOYHOH jKeJjie3bl, BO-BTOPBIX, HA POJb
oTebHbIXx MMII 1 UX MHTUOUTOPOB B Pa3BUTHUU
3aboJieBaHMsA, a B-TPETHUX, HA TO, YTO OI[EHKA WX
9KCIIPECCUU MOKET OBITh MCIIOJIb30BaHa B Kade-
CTBe IIPOTHOCTUYECKOTO MapKepa IIpU pasjnd-
HBIX TUIAX paka MOJIOYHOH yKeJsle3bl.

Cunraercs, 4TO TOPMOKEHHE 3KCIIPecCuu
u/mam aktuBHocTu MMII MoskeT aekTuBHO
IIpeAoTBpaIlaTh OIyX0JIeBYIO MHBA3UIO U MeTacTa-
3upoBanue. CyIecTByET MHOKECTBO CIOCOOOB
6s1okupoBanust MMIT, omHAKO HU OIMH M3 HUX He
OBIJT BBEJIEH B KIIMHUYECKYIO TTPAaKTURY [136, 139].
MMII 3anmyckaioT meJiblif psif OyTei, KOTOpble
camu 110 cebe MOTYT KaK YCKOPATH IIPOIIecC pa3Bu-
THUA ONYXO0JIY, TaK U II0JABJIATH €ro. ITU JaHHbIE
YKa3bIBAIOT Ha HEOOXOAMMOCTh MCIOJIb30BAHUS
Ppas3JIMYHBIX IIPEaparoB [Js IIO4aBJICHUAA OIIyXO-
JIeBOU mporpeccuu. B HacTosiiiee BpeMs Ha nep-
BBIH IIJIaH BBIJBUTAIOTCSI CTPATErnuy, HallpaBJIeH-
HbIE Ha CO3/JaHNe [IPEeNaparos, TeicTBUEe KOTOPbIX
HaIpaBJIeHO Ha MOJIEKYJIbI, 0Opasytomuecsi B OM
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3akJrouenue

OM mpencraBjsieTr c000W YHHKAJIbHYIO
CUCTEMY CUCTEMY, BKJIIOYAIOIIYI0 reTepOTeHHYIO
TTOMYJISIIINIO KJIETOK, CEKPeTUpyeMble OroJsioruye-
CKU aKTHBHBIE MOJIEKYJIbI ((PaKTOPBI pOCTA, ITUTO-
KUHBI, IPOTEUHA3bI U JIp.) U BHEKJIETOUHbIN CTM
[5]. ArCcTIpeccus ¥ NPOIeCCUHT TPOTENHA3 B CTPO-
MaJIbHBIX ¥ OITyXOJI€BBIX KJIETKAaX pa3/In4aoTCs, U,
cJef0BaTeJabHO, UX BKJIATl B IPOTPECCUPOBaHUE
OIIYyXOJIX TakyKke pasdnandeH [145]. CoBpeMeHHbIe
HCCJIeJ0BAaHUA JEeMOHCTPUPYIOT, YTO IIPU UCCJIe-
JOBaHUAX Pa3HbIX TUIIOB PaKa 4YeJIOBeKa CJIeayeT
MIPUHUMAaTh BO BHUMaHNeE BeCh KOMILJIEKC IIPOTEO0-
JIUTUYECKUX B3aUMOIEVCTBUM, KOTOPbBIN 3aBUCUT
He TOJIBKO OT BKJIa[la IPOTEeNHa3 OIyXO0JIEBbIX KJIe-
TOK, HO TaKsKe OT BKJaja nporenHas OM, BKJIIO-
4Jas 9HAOTe UaJIbHbIE KJETKH, (PUOPOOJIACTHI,
aIUMOLNUTBI, I€PULUTb], UMMYyHHbIE KJIETKH U
Me3eHXMaJbHbIe CTBOJIOBBIE KJIETKH [3, 57]. Ha
CEeroOgHSANIHUNA JeHb CTaJ0 OYEBUIHO, UTO JOCTH-
SKeHMe JIy4lIero IOHNMaHNu s MeXaHU3MOB pa3BU-
THUA TAKUX IIPOIECCOB, KAK NHBA3USI U METACTA3 M-
poBaHue, MOKeT OBITh NOCTUTHYTO TOJBKO B
9KCITEPUMEHTAIbHBIX CUCTEMAX, 00beIMHSIOTITIX
OIlyXOJIeBble ¥ CTPOMaJIbHble KJjaeTKHU. OgHakKo
IpU pas3JInYHbIX BUAaXx paka OM wmMmeeT cBOU
XapaKTepHbIe 0COOEHHOCTH, TTI09TOMY UCIIOJTh3Ye-
Mbl€e CUCTEMBI TOJHKHBI MOAEJTNPOBATh eCTECTBEH-
HYIO OKOJIO-OIIyXOJIEBYIO Cpefy, BKJIIOYAIOLIYIO
CTPOMY U aCCOLIMMPOBAHHBIE C OITYXOJIBIO KJIETKU,
MIPU KAKI0M U3 BUI0B PAKA, YTO MOKET NPUBECTHU
K CO3/IaHUI0 HOBOM CcTpareruu mpeaoTBpalleHust
KPUTUYECKUX COCTOSTHAM TPU OHKOJIOTHM.

BaarogapHocTh. PaboTa BBITTOJTHEHA B paM-
kax [IporpamMmbl (pyHIAMEHTAJbHBIX HAy4YHBIX
HCcaeq0BaHUM rocyJapCTBEHHbBIX aKaleMUN HayK
Ha 2013-2020 roasl.
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