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AnHoraumus. Pak smunukoB (PS) — omHo u3 Haumbonee pacmpocTpaHEHHBIX
THHEKOJIIOTMYECKUX OHKOJIOMYECKHX 3a00JIeBaHUii, KOTOPOe MMEET CaMblil Xy
[POTHO3 W CaMblii BBICOKMH YPOBEHb CMEPTHOCTH CPEIM OHKOIMHEKOJIOTMYECKHX
narosnoruif. OmyxojeBoe MHKPOOKPY)XCHHE, KOMIIOHEHTaMH KOTOPOIO SBISIOTCS
KJIETKM MMMYHHOW CHCTEMBI, OIpENENseT OMYXOJIEBYIO MPOrPECCHI0 U BIUSCT Ha
addexruBnocty xumuorepanud. OmyxoneaccouunpoBanubie Makpodaru (OAM) —
KJIIOYEBbIe KJIETKM BPOXKICHHOIO MMMYHHMTETa B OIYXOJIEBOM MHKPOOKPYKEHHH.
OAM wurpaloT BaXHYIO pOJIb B PAa3BUTUM M MPOrPECCUPOBAHUU  OIMYXOIH.
B omyxoneBol TKaHM SMYHUKA MPOTHOCTUYECKYIO 3HAYMMOCTB JUIS HpECKa3aHHs
METACTa3UPOBAHUSI U PEeLUIUBHpOBaHMs uMeeT Oamanc M1/M2 makpodaros, 4To
[IOKAa3aHO Ha HECKOJBKUX KOropTax NauueHToB. Ho 1O CHX IOp OTKPBIT BOIPOC,
MOCPE/ICTBOM Kakux MexaHu3MoB OAM onpeznenstoT Kak NPOrpecCHIo OIYXOJH, TaK
U ee YyBCTBHTEJBHOCTb K XMMMOTEpanuu. B acumruueckoil sxuaxoct makpodaru
CIocoOHBI 00PA30BBIBATh KOHIJIOMEPAThl C OMyXOJIEBbIMH KieTkamu (chepoussi),
CrocoOCTBYsl METAcTa3MpOBAHHUIO. Takue METAaCTaTUYECKHUE €IMHUILbI OTIMYAroTCS
BBICOKOM MHBA3UBHOCTBIO W YCTOHMUMBOCTBIO K XuUMHOTepamuu. Kpome Toro,
Makpoard MOArOTABIMBAIOT METACTATHYECKYIO HHILIY JUI [EPUTOHCAITbHON
JIUCCEMUHALIMK OIYXOJIM 33 CYET aKTHBAlMM MECTHBIX ME30TEJHMaJbHBIX KIETOK U
¢ubpobnacroB. IloHMMaHHE TaKUX CIIOKHBIX MEXKICTOYHBIX B3aUMOICHCTBUI
JEXKUT B OCHOBE MOBBILECHUA 3(P(OEKTUBHOCTH IPOTHBOOIYXOJIEBOH TepaIiu.
B nmanHOoM 0030pe omucaHbl OcHOBHbIe cyomomynsiun OAM B omyxomd u
ACLIUTHYECKOMN JKUAKOCTU U MX POJIb B IPOIPECCUPOBAHUM PAKA SMYHHUKOB.
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Cokpaiuenusi [Abbreviations]: BBII — BeDKHBaeMocTh 6e3 mporpeccun [Progression-
free  survival, PFS]; MWI'X —  UMMYHOTHCTOXHMHYECKOE  HCCIEIOBaHHE
[Immunohistochemistry, IHC]; OAM — omyxosneaccouurpoBanHbie Makpodaru [Tumor-
associated macrophages, TAMs]; OB — o01i1ast BBKHBaeMOoCTh [Overall survival, OS]; PS5 —
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pak sMYHUKOB [Ovarian cancer, OC]; OMII — snuTenuanbHO-Me3eHXUMaIbHBINA Nepexo]]
[Epithelial-mesenchymal transition, EMT]; CNA — abeppauuu uncna xornuit JTHK [Copy
number alterations]; HGSOC — cepo3Hast kaplMHOMa SIMYHHUKA BBICOKOW CTENEHH 3JI0-
KayecTBEHHOCTH [High-grade serous ovarian carcinomal; SNV — OIHOHYKJICOTHIHBIN Ba-
puaHT [Single nucleotide variant].
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Summary. Ovarian cancer (OC) is one of the most common gynecological ma-
lignancies. OC has the worst prognosis and the highest mortality rate, not only amid
gynecological cancers, but also compared to the most spread breast cancer. High mor-
tality rate is associated to asymptomatic course of the disease, tumor evolution and
high tumor aggressiveness. OC differs from other tumors in its ability to implantation
metastasis through the peritoneal fluid. The frequency of metastasis is increased by
the accumulation of ascitic fluid. Both tumor cells and stromal cells facilitate the ac-
cumulation of ascitic fluid. They secrete factors that elevate the permeability of the
capillaries in the abdominal cavity for diverse proteins and fluid. The main factors in-
volved in these processes are vascular endothelial growth factor (VEGF) and cyto-
kines IL-6 and IL-8. An increased concentration of common protein leads to a viola-
tion of the normal oncotic pressure between the peritoneal fluid and plasma, followed
by the flow of fluid into the abdominal cavity. In addition, tumor cells in peritoneal
cavity disrupt lymph flow through blockage of lymphatic vessels that also contributes
to the accumulation of excess fluid due to impaired reabsorption. Ascitic fluid consists
of cellular components and products of their metabolism: cytokines, chemokines and
growth factors. The cellular component of ascitic fluid includes tumor cells, stromal
component and immune cells. Tumor cells detach from the primary tumor and enter
the peritoneal cavity, where they move along with the flow. In ascitic fluid, tumor
cells can be represented by free-floating single cells, but more often, they interact with
each other or the surrounding stromal and immune components to form multicellular
conglomerates — spheroids. The tendency to form spheroids is related to inability of
single floating cells to survive due to anoikis — a specific type of apoptosis that occurs
due to the interruption of cell adhesion. The tumor microenvironment (TME), where
immune cells are one of the most important components, determines tumor progres-
sion and affects the effectiveness of chemotherapy. The key cells of innate immunity
in the TME are tumor-associated macrophages (TAMs).

In several OC patient cohorts, the balance of M1/M2 macrophages in tumor tissue
has been shown to have a prognostic value for predicting metastasis and recurrence. A
number of studies have demonstrated a positive correlation of the total number of
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CD68-positive TAMs in tumor tissue with a poor prognosis. A meta-analysis of nine
studies including 794 patients found that a higher MI(INOS+ or HLA-
DR+)/M2(CD163+) ratio was associated with a favorable outcome in OC. In addition,
an increased M 1/M2 ratio predicted better progression-free survival (PFS) and 5-year
survival for patients with OC. In contrast, lower PFS correlated with a high density of
CD163+ TAMs and a higher CD163/CD68 ratio. The density CD206+ macrophage
was not predictive, but a higher CD206+/CD68+ cell ratio was strongly associated
with worse PFS and overall survival (OS). An association of specific subpopulations
of macrophages, expressing various markers, with clinical and pathological parame-
ters in OC has also been found. In the peripheral blood of OC patients, the proportion
of PD-L1+ CD68+ cells among all CD68+ cells and the intensity of PD-L1 staining
for CD68+ cells were significantly higher compared to the healthy group. Immuno-
histochemical and immunofluorescence analysis of ovarian tumor samples showed
that a reduced M1(HLA-DR+ or iNOS+)/M2(CD163+ or VEGF+) ratio and an in-
creased density of COX-2+ macrophages were predictors of poor survival. Microarray
analysis showed that human TAMs express significantly higher levels of insulin-like
growth factor 1 (IGF1) than undifferentiated myeloid cells. Under in vitro conditions,
TAMs can enhance the proliferation and migration of ovarian tumor cells by increas-
ing IGF1. The infiltration of CD163+TAMs correlates with higher expression of
ZEBI, which controls the epithelial-mesenchymal transition (EMT) in OC cells.
CD68+ TAM infiltration and HMGBI1 expression strongly correlated with lymph
node metastasis and poor survival.

Macrophages in ascitic fluid reside both in a free unicellular state and as part of
tumor spheroids, forming the core of the latter. The M2 subpopulation of macrophag-
es is predominant in the composition of spheroids. Soluble factors produced by mac-
rophages protect tumor cells from anoikis, prepare the premetastatic niche, and sup-
port tumor cell proliferation. The results of flow cytometry performed eight weeks af-
ter the injection of tumor cells into the peritoneal cavity of mice showed an increased
accumulation of F4/80+, CD11b+ and CD68+ macrophages, expressing M2 macro-
phage markers (CD163, CD206, CX3CR1), in the peritoneal fluid. Analysis of pa-
tients' ascitic fluid revealed the presence of large spheroids composed of EGFR+ tu-
mor cells surrounding EGF+ macrophages located in the center, thus explaining a
possible model of spheroid formation. In ascitic fluid, EGF secreted by macrophages
induces the migration of EGFR+ tumor cells. EGF promotes adhesion of EGFR+ tu-
mor cells to macrophages through the interaction of ICAM1 molecules and aMf2 in-
tegrin. Another mechanism of spheroid formation can be related to macrophage-
produced CCL18 that activates the EMT in tumor cells. In vivo, tumor spheroids
overexpressing ZEB1 (an EMT marker) and containing TAMs in their structure,
demonstrated a rapid ability to disseminate.

Transcriptomic analysis of tumor cells and TAMs isolated from the ascitic fluid of
patients with high-grade serous ovarian cancer (HGSOC) showed several signaling
molecules that ensure the interaction between tumor cells and macrophages. They in-
clude cytokines, that induce STAT3 signaling (IL-10, IL-6, LIF), and TGFB1, which
are mainly expressed by TAMs, and WNT7A, expressed by tumor cells, as well as
various genes belonging to the S100 family, chemokines, ephrins, and their receptors.
TGFp1, tenascin C (TNC) and fibronectin (FN1) produced by TAMs in ascites acti-
vate tumor cell migration. The main factors produced by macrophages are shown in
the Table.

Thus, in ovarian cancer, TAMs have clinical significance both due to infiltration
into the tumor mass and due to close interaction with tumor cells in ascitic fluid.
Therefore, the search for new markers associated with TAMs is required to predict an
effect of anti-cancer therapy and a prognosis of OC for individual patients. Under-
standing the mechanisms of macrophage-induced tumor progression will allow find-
ing new potential targets for blocking metastasis to improve OC outcome.
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BBenenne

Pak smunmkoB (PSI) — pacrmpocTpaHeHHOE OHKOJOTHYECKOE 3a0OJIeBaHHE,
AMEIOIIEe CaMbIil XyAIIUNA MPOrHO3 M BHICOKWHM YPOBEHbh CMEPTHOCTH IO CpPaB-
HEHHIO C OCTAJIBHBIMH OHKOTHHEKOJIOTHYECKHMHU TATOJNOTHSIMA (paK IIeHKH
MaTKH M PaK dHAOMETpPHUS) U 3JI0KAYeCTBEHHBIMH HOBOOOPA30BAHHUSIMH MOJIOY-
Ho xene3sl. B 2018 1. B Mupe 3apeructpupoBano mopsinka 300 ThIC. HOBBIX
cinydaeB PS5, Bxmiouast 14 318 cimyuaeB B Poccuiickoit denepamnmm, u OKOIO
184 thIC. cMmepTeld [1]. B 2020 . mons PS B cTpykType OHKOJIOTHYECKOi 3a00-
JIeBaeMOCTH HaceneHus Poccuun cocrasisuia 2,4% cpean obonx monos u 4,4%
cpenu KEeHCKOTo HaceneHus [2].

Bricokass 3aboneBaemMocth PSl compoBokmaeTcs HU3KHMH ITOKA3aTEISIMU
(35-45%) msruerHeit BeDKMBaeMocTH. K ToMy ke oTMedaeTcs HU3KUH ypo-
BeHb (30%) BBIABiEHMS marmeHToK ¢ P Ha pamamx cramusx [3]. Beicoxwmii
YpOBEHB CMepTHOCTH OT P BBI3BaH OECCHMITOMHBIM TEUEHHEM OITYXOJIEBOTO
mporecca M HECBOEBPEMEHHBIM BBISIBIICHHEM HEOIUTACTUYECKOTO MPOoIIecca, 4To
0COOCHHO Ba)KHO JJISI JKEHIIMH MOJIOZOTO BO3pacTa, a TakKe MAalHueHTOK C WC-
XOZIHO arpecCUBHBIM IOBEICHUEM OIyXOoiu. KIIMHWYecKoi mpoOiieMoi Takxke
SIBIISIETCSL OTCYTCTBHE HAJICKAIIETO CKPUHHIHTA, YTO MPUBOINUT K AUATHOCTHKE
P4 ma mo3gaux cragusax [4, 5]. IlaruiieTHIS BELKHBAEMOCTD HAIIMCHTOB C JHC-
CEeMUHHUPOBAHHBIMH OITyXOJISIMH COCTaBIsieT okoio 25% ua Il crannu u He 60-
nee 5% na IV cramguu [6, 7].

Bonee 90% 31m0KauecTBEHHBIX OMYXOJEH SIMYHUKOB MMEIOT ANIMUTENHAIBHOE
MIPOUCX OXKACHHE. DNMUTEMANBHBI PS — 3T0 TeTeporeHHoe 3a0oseBaHue, MOI-
pa3mensiomnieecst Ha ISITh THCTOMIOTHYECKUX TOATUIIOB B COOTBETCTBHH C TIPOHC-
XO)KICHUEM KIIETOK, ITATOT€HE30M U IPOTHO30M: CepO3Has KaplHHOMAa BEICOKON
crerienn 3nmokadectBeHHOCTH (HGSOC; wactota o 62%), SHIOMETPHOUIHAS
kapurHoMa (ENOC; wactora mo 20%), cBernoknerounas kaprauaoma (CCOC;
gactoTa 10 8%), mynunHo3Has KapruHoMa (MOC; gacrora 1o 5%) u cepo3Has
KapupHOMa HU3KOH crenenn 3iokadectBeHHocTH (LGSOC; 5%) [6, 8]. Cepos-
Hasl KapIUHOMAa BBICOKOW CTETIEHH 3JI0KAa9EeCTBEHHOCTH YACTO AUATHOCTHPYETCS
Ha MO3JHHUX CTAIHUSIX U SIBIISETCS arPECCHBHBIM THCTOTHUIIOM C CAMBIM BBICOKAM
YpPOBHEM CMEpPTHOCTH [9].

B nacrosimiee BpeMsi, HECMOTpPS Ha XOpPOIIMA OTBET MPH JICUEHWUH TEPBOM
TUHACH CTaHJAPTHOW XWMHOTEpANii HAa OCHOBE IUIATHHBI/TAKCAHOB (IMCILIA-
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THH/KapOOIUIaTHH W IMAKIUTAKCEN/I0IEeTaKCeN), PEIUANBEI, CBA3aHHBIC C MHO-
JKECTBEHHOM JIEKAPCTBEHHOW YCTOMYMBOCTHIO, BBISIBIISIIOTCS B TEUEHHUE KOPOTKO-
ro nepuona BpeMeHu y 70% mnanuentos [10]. Baxxnyro posib B omyXoJeBoi mpo-
TPECCHH B PE3UCTEHTHOCTH OIYXOJH K XUMHOTEPATTHH UTPAIOT OITyXO0JI€ACCOITH-
npoBaHHbIe Makpodparu (OAM) kak camash MHOTOUMCIICHHAs MOMYJISALUS HUM-
MYHHBIX KJIETOK B OITyXOJIEBOM TKAaHU W aCIUTHIECKOM >kuakocTa [11].

OAM — KJII0YEBBIE KIETKH BPOXKIEHHOTO UMMYHHUTETa B MUKPOOKPYKECHUHU
OTYXONM W PETYIUPYIOT OIyXOJEBBIA POCT, MMPOTUBOOMYXOJIEBHIN aJalTHBHBINA
WMMYHHBIH OTBET, aHTHOTEHE3, PEeMOJEIHPOBAHUE BHEKIETOYHOTO MaTpUKCa,
WHTpaBa3aluio U 3KkcTpabazamniio. OAM co3aaroT O1aronpusITHBIC YCIOBUS IS
METAaCTaTUIECKIX KIETOK BO BTOPUYHBIX OpraHax W MOIYIHPYIOT (P (eKTHB-
HOCTb Pa3M4YHBIX BUAOB Tepanuu [12]. [IpuHsATO cumtarh, uro M1-mogo0HBIC
Makpodaru MpOSBISIOT MPOTHBOOITYXONEBYI0 aKTHBHOCTB, CIIOCOOCTBYSI aKTH-
BallMM AaJalTHBHOTO WMMYHHOTO OTBETa H BOCHAJNCHHSA, TOrAa Kak
M2-nomoOHBIe Makpodard, HampoTHB, IMOAABISIOT WMMYHHYIO (YHKIIMIO B
MHUKPOOKPY)KEHIH OITyXOJIH, WHIYIUPYIOT aHTHOTEHE3, MOJIEPKUBAIOT POCT
omyxoyid U MetactrasupoBanue [13]. OmHako 3Ta KiraccupUKaIys OCHOBaHA Ha
HabmromaeMoM (heHOMEHE in Vitro W JHIIb CXEMAaTHIHO OTPakaeT BEKTOPHI I10-
JSIpU3aAd MakpoaroB in vivo, B TOM YHCIE UX TOJSPU3AIIIO B OITyXOJIEBOM
MHUKpPOOKpYkeHHHU. B kaxmoM ture paka OAM MOTryT HMETh CHelu(uIecKue
(EHOTHITBI ¥ MOTYT OBITh HPENCTABICHBI TeTepOreHHBIMH Homymsmusamu. [Tpu
aHanm3e poiH MakpodaroB B IporpeccupoBaHud P crmemyer ydmThIBaTH Kak
OAM, MHPUIBTPUPYIOIIHE ONMyX0Jb, Tak B OAM, TECHO B3aMMOJCHCTBYIOIIHE
C OITYXOJICBBIMH KJICTKaMHU B aCIIATUICCKOH >KUIKOCTH.

Hexs nanrOro 0030pa — CHCTEMATH3AIMS M IIPSICTABICHUE COBPEMEHHBIX JaH-
HBIX 0 pori OAM B IpOrpeccHpoBaHUN paka SIMYHUKOB U UX (DEHOTHITIYECKOM H
(YHKIIMOHAIBHOM Pa3HO00pa3ny, a Takke aHAIM3 BO3MOXKHBIX TEPAallCBTHIECKUX
TIOTXOJIOB B JICUCHHUH Paka SIMIHUKOB MTOCPENCTBOM Bo3ercTBust HAa OAM.

BuyTpuonyxoseBbie Makpodaru

Psig mccnenoBaHuil MPOJEeMOHCTPUPOBATT TIOJIOKUTENFHYIO KOPPEISIHIO 00-
miero komuuectBa CD68-mmozutBHBIX OAM B OnyxojieBod TKaHHW ¢ HeOJiaro-
npusATHBIM TIporHo3oM P [14, 15]. Cess3p monspu3aruu Makpodaros (M1 u
M2) ¢ BBEDKMBAaEMOCTHIO OONBHBIX PAaKOM SIMYHUKOB TIPOJEMOHCTPHPOBAHA B
MHOTOUHCIICHHBIX HCCIENOBAaHMUAX. MeTaaHamM3 IEeBATH MCCIEIOBAHMNA, BKIIIO-
Yarommx 794 manueHTa, BBISBIII, YTO OoJiee BhICOKOe cooTHomeHne M1(iINOS+
nmn HLA-DR+)/M2(CD163+) cBs3aHo ¢ GmaronpusTHBIM ucxomoM P [16].
Kpome Toro, moBwImeHHOe cooTHOImeHHe M1/M2 accommupoBaHO C JIydIIen
BBDKHBaeMOCThIO 0e3 mporpeccupoBanus (BBIT) u obmieii S5-netHeld BhIKHBae-
moctu tipu PS [15, 16]. Hanporus, camxkenne BBII koppenupyer ¢ BbICOKOM
mnotHocThio CD163+ OAM wm Gonee BoicokuM cooTHomennem CD163/CD68
[16]. UmmyHOTHCcTOXMMHYecKki (MT'X) aHanu3 oOpa3roB SMUTEIHAILHOTO pa-
ka smuaukoB III-IV craguii BeIsiBHII, uTO OOJiee BhICOKME mokasarenn BBIT u
obmred BekrBaeMocTd (OB) oTMeYatich y MalMeHTOB ¢ HU3KUM YPOBHEM JKC-
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npeccun CD163 mo cpaBHEHMIO CO CiTydasiMu ¢ BbICOKOU 3kcmpeccruert CD163
[17]. CaHmxkenune cootHorieHns M1/M2 Habnronanock npu PS5 Ha mo3mHuX cTa-
musix (III-I1V), mpu 3trom konmugectBo CD163+ OAM 1ON0XKHUTEIHHO KOPPEITH-
pOBaJIo CO CTauel 3a00IeBaHUs U pa3MepOM OCTaTOYHOM ormyxomu [15]. Acco-
muanys M1(CD14+CD80+)/M2(CD14+CD163+) ¢ OB u BBII HaGmronanacs y
MAIMEHTOB C pa3HBIMH THcToTHamMu PSl, BKirouass meracraTmdeckue (GpopMbl
3abonesanus [18]. ITnoraocts CD206+ makpoharoB He MMena MPOrHOCTHYE-
CKOro 3HaudeHws, HO Oonee BhICOKOe coorHomenune CD206/CD68 okasanock
CBSI3aHHBIM ¢ Xyammmu nokazatemsvu BBIT u OB [19].

Kaxk ymomunanocs Beimre, OAM MOTYT UMETh YHUKAIBHBIC TSI KAXKAOTO pa-
Ka ()CHOTHUIIBI M MOTYT OBITH IIPECTABICHBI TETEPOTeHHBIMH CYOIOMYIIAIUSMHI,
IKCIIPECCUPYIONIAMH CIIeIpuyeckne Mapkepel. B psme mccnemoBanuii oOHa-
py’KeHa accoIfanus CyOoromysui MaKkpo(aroB ¢ KIMHIYECKUMH U ITaTOJIOTH-
YeCcKUMU mapamerpamu PSI.

Tak, B nmepudepryeckoit kpou naiueHTok ¢ PA nons PD-L1+ CD68+ xie-
ToK cpenu Bcex CD68+ xinerok m mHTEHCHMBHOCTH oOkpammBanust PD-L1 nHa
CD68+ kneTkax 3HAYATENHHO BBIIIE MO CPABHEHHUIO CO OHKOJIOTWYECKH 3/I0pPO-
BeIMH numiamu [20]. Kpome Toro, 3T mapaMeTpbl TOBBIMIEHBI TIPHA TO3IHUX CTa-
musx paka [20]. UT'X 1 uMmMyHODITyOpEeCIIEHTHBIH aHAJN3 00Pa3IoB OMyXOoJei
SIMYHUKA TI0Ka3alld, 9YTO CHIDKeHHoe cootHomeHne MI(HLA-DR+ wm
iNOS+)/M2(CD163+ nmu VEGF+) n nosbimienHas miotHocTh COX-2+ mak-
podaroB SBISIFOTCS MPEAUKTOpaMU IJI0X0H BbDKMBaeMoctd [21]. Kpome Toro,
OAM mpu P4 skcnipeccupyroT nHrHOUTOp akThBammu T-kinerok B7-H4 [22].
Baxxno, uto mogasieHne akTMBHOCTH B7-H4 BoccraHaBianmBaio CIOCOOHOCTH
Makpo(daroB cCTUMynHpoBaTh T-KIETKH M CIIOCOOCTBOBAJIO PETPECCHU OMyXOIH
in vivo [22].

Nudpunsrpanus CD163+ OAM koppenupyeT ¢ 60iiee BRICOKOW SKCIpeccueit
oenka ZEB1, KOTOpBIN ABISETCS MHIYKTOPOM SIMUTEITHATLHO-ME3CHXUMAIILHOTO
niepexona (OMIT) [23]. Dkcnpeccus ZEB1 obHapyxkena B OAM, a KOTHYECTBO
ZEB1+ makpodaros xoppenupyer ¢ 0onee HU3KOH BBDKHBAGMOCTHIO U Oojiee
BBICOKOW 3Kcrpeccrert xeMokuHoBoro perientopa CCR2 n MaTpukcHOW Mera-
noriporerHa3zsl MMP9 y narentoB ¢ PS [23]. UT'X-uccnenoBanue oOpasios
nmarueHToB ¢ PA mokaszano, uto uHpunerpamms CD68+ OAM u skcnpeccus
siIEpHOTO HerncToHoBOrO Oenka amporepuna (HMGB1) TecHO KoppenupyroT ¢
METacTa3upOBaHUEM B JHMM(pATHICCKHEC 3Bl M IUIOXOH BBEDKABAEMOCTBIO.
OAM, BbIJCTICHHBIE M3 acIlUTa ManueHToB ¢ PSl, ycunuBanm mumdaHruorenes
Ha MOIETH in Vitro, MHIYIHPYS MPONU(pEPaHioO i MATPALINAIO SHIOTSITHAIBHBIX
KJIIETOK JIMM(aTHIeCKuX cocyaoB [24]. MUKpOMAaTPHYHBIA aHAJIN3 TIOKa3all BbI-
COKHMI YpOBEHb T€Ha HMHCYyIHHOmNono0Horo (akropa pocra 1 (IGF1) 8 OAM
narueHToB ¢ PS mo cpaBHeHuio ¢ HemudQepeHIINPOBAaHHEIMA MHEIOHTHBIMH
kietkamu. In vitro ycranoBneno, 4to IGF1-mosutuBHRIe OAM ycmimBaioT
nposiepamuio 1 MUTPAIHAIO OITYXOJIEBBIX KIETOK SIMUHUKA [25].

Takum 00pa3oM, OCHOBHBIM IapaMeTpOM, CBS3aHHBIM C MpPOrHO30M PS,
CIIY’)KHAT He oOlee KOJIMYECTBO Makpodaros, a cooTHoreHne M1/M2 makpo-
¢aros. IIpeobiananue makpodaroB M1 cBs3aHO ¢ OJMArOMPHUATHBIM HCXOJIOM
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3a0o0JeBaHus, B TO BpeMs Kak OorbIinast 10yt M2 MakpodaroB, a Takke Ipyrux
cyonomymsuit (COX-2+, B7-H4+, IGF1+ u T.11.) XoppenupyeT ¢ HU3KUMH T10-
kazarensimu OB u BBII.

Acuutuyeckue Makpogaru

BoNBIIMHCTBO 310KaYeCTBEHHBIX OIyXONIeH METacTa3upyeT, HCIIONb3Ys JIMpa-
TUYECKUHN W/WJIA TeMATOTeHHBIN TyTH, B TO BpeMs Kak pu P51 ormyxorneBbie KIETKH
TIPEUMYIIIECTBEHHO PACIPOCTPAHSIOTCS Yepe3 TEePUTOHEANBHYIO0 KHIKOCTh [26].
Takoil BapuaHT MeTacTa3UpOBaHMs HA3bIBA€TCSd MMIUIAHTaUMOHHbIM. Haunnas co
BTOPOW CTaJlM Pa3BHUTHsI OMYXOJH, Y MarueHToB ¢ PS5 Habnromaercs maTonmoruye-
CKOE CKOIUICHHE aCITUTHICCKOM KUAKOCTH [27].

AcrTrdecKast )KUIKOCTh HAKAIUTMBACTCS B PE3yNbTaTe YBEMMUYCHUS TUIOMIAIN
MIOTNEPEYHOr0 CEUEHHST MHKPOCOCYIOB, BBICTHIJIAIOMINX OPIONIHYIO MONOCTh. Ormmy-
XOJIEBBIC KIIETKH aKTHBHO CEKPETUPYIOT (hakTop pocta supotens cocynos (VEGF)
u tTOKUHEI [L-6 n IL-8, 9T0 MpUBOMUT K MOBBITIIEHHON MPOHUIIAEMOCTH KaITHJLIsI-
OB IS pa3IMIHBIX OENKOB, (PaKTOPOB POCTa U KUAKOCTH. BBICOKast KOHIIEHTparus
obmiero Oenmka B aCITUTHYECKOH KUAKOCTH YMEHBIAET Pa3HUILy MEKITY ITepHTOHE-
QITBHBIM, OHKOTHYECKIM M IDIa3MAaTHICCKAM IABICHUSIMH, YTO HAIPABIIET ITOTOK
KHJKOCTH B OPFOITHYIO MoJIocTh [28, 29]. KpoMe Toro, ormyxoleBbie KIeTKH, BO3-
NEHCTBYS Ha TAM(ATHIECKHE COCYABI, IPUBOIAT K UX OOCTPYKIHH, YTO BIICYET 32
co00ii HapyllleHHe Iporiecca peabcopOIy N30BITOYHON KUIKOCTH, YBEITMUCHUE
BSI3KOCTH M U3MEHEHUE HaITpaBJIeHns Toka Ml [26, 30, 31].

B cocTaB acriuTHyeckon KHUIKOCTH BXOIAT KICTOUHBIC JIEMEHTHI U TIPOIYK-
THI X METAa0ONM3Ma: IUTOKWHBI, XEMOKHHBI, POCTOBEIE (hakTophl. KireTounsrit
KOMITOHEHT aCIIUTUYCCKON JKHUAKOCTH TPEINCTABICH OIyXOJCBBIMH, CTPOMAJIb-
HBIMU 1 UMMYHHBIMH KJ1eTKamu [29]. OmyXxoneBbie KIIETKH OTICISIFOTCS OT Tep-
BUYHOU OITYyXOJHU M MEPEXOT B ACHUTHICCKYIO KHUIKOCTB.

B acruTrgeckoit YKUIKOCTH OITyXOJIEBHIE KIIETKH MOTYT OBITh IIPEICTABICHBI
CBOOOIHO TUTABAIOMIMMH ONMHOYHBIMHU KJIETKAMH, HO 3a9acTyl0 OITyXOJICBBIC
KIIETKH, B3aHMOJICHCTBYS APYr C IPYTOM U C OKpYXKarolied cTpomol, ¢hopMu-
PYIOT MHOTOKJIETOYHBEIE KOHTJIOMepaTsl — cepomnnsl. TeHneHns K 0Opa3oBa-
HUIO CeporIoB OOYCIOBJICHA TEM, YTO OAWHOYHEIC IUIABAIONINE KIIETKH IMOJ-
BEpKCHBI aHOUKHUCY, YaCTHOMY CIIydJalo aronTo3a, MPOUCXOIIIIEMY B PE3yIIbTa-
Te HapyImeHUs aare3nu KieTok [32]. B cocraBe chepornIoB oImyxoJieBbIe KIETKH
(GOPMHUPYIOT MEXKIETOUHBIE CBS3M Jpyr C APYrOM W/WIM C WMMYHHBI-
MH/CTPOMAITLHBIMU 3JIEMEHTaMH: Makpodaramu u (uodpodmactamu [33]; Tem
CaMBbIM TIOBBIIIAETCS BBDKUBAEMOCTH OIYXOJICBBIX KiIeTOK [34]. Makpodaru u
¢ubpoOITacThl 3a4acTyr0 (GOPMHUPYIOT IEHTPAIBHYIO YacTh ceponsia U yaep-
KHUBAIOT omyxoJieBble KieTku [13, 35]. Chepounsl SBIAIOTCS METACTATHIECKON
eIMHUIEH paka sIMIHUKOB OJIaroiapsi BHICOKOH WHBA3WBHOCTH W YCTOHYHBOCTH
K xumuoTepanuu [35, 36]. OnyxoneBble KJISTKH B cOCTaBe c(hepoHIOB MpeTep-
neBatoT yacTHuHbId (OMIT), HEOOXOAMMBIH IS MMOANECPKAHUS CTPYKTYpHI cde-
poua, 4TO BaYKHO VISl BBDKWBAHHSL, MPONHQEpanny 1 MEeTacTa3upoBaHUs TPH
PA [36, 37].
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[TonHOTeHOMHOE CEKBEHHPOBAaHME 00pa3IOB IMEPBHYHON OIyXOIH H cepo-
UIOB, BBICICHHBIX W3 ACHUTHYECKOW XKUIKOCTH, BEIBIJIO HAJMYME TPeX Kia-
CTEepOB, XapakTepuayrommxcs crenupuaeckumu npoduissmu CNA (abepparuun
gucna konui JIHK) [38]. TlepBoiid kimactep ObUT TpeACTaBICH KISTKAMH Tiep-
BHYHOH OITyXOJTH, @ BTOPOH M TPeTHi — onmyxojieBbIMU chepornnamu. Chepon sl
BTOPOTO KJacTepa OTIMYAINCh OT TPETHETO TEM, UYTO NEMOHCTPHPOBAIN IIPO-
¢unp CNA, aHaNOrWYHBIA KJIETKAM IEPBHYHON omyxomnu. 36,8% OZHOHYKIIEO-
TAOHBIX BapraHToB (SNV) 0OKa3ajaoch OJMHAKOBBIM JIJISI KJIETOK IEPBHYHBIX
ormyxoneit u cpeponno, 35,7% SNV BCTpewanoch TONBKO B HEPBHYHBIX OITY-
xomsix U 25,7% SNV Obum CBOWCTBEHHHI TONBKO chepongaM. [lo MHEHHIO aB-
TOPOB HCCIICIOBAHUS, HAJNINE YHUKAIBGHBIX MYTaIli B cheponaax oOBsICHSICT-
¢Sl TEM, UTO B XOJI€ KIIOHAJIFHOTO Pa3BUTHS OITYXOJIH TIEPBUYHBIE KIIOHBI KIETOK
MOT'YT TIEPEXOJUTh B ACHUTHUECKYIO KUIKOCTh M (hOPMHUPOBATH CHEPOUIBI WITH
morubaTh. Takum 00pa3oM, aHANH3 OIyXOJEBBIX KIETOK B COCTaBE ACIUTHYE-
CKOW XHMIKOCTH MOXET MPEIOCTABISITE MHPOPMAIMIO O MYTAI[HOHHOM JIaH[-
mrayTe IepBUYHOM OmyXonu. MIHTepecHO, YTO OITyXOJIeBhIe KICTKH B aCIIUTHYE-
ckoi kuakoctn umeroT mytarnuio p.G12D B mporoonkorene KRAS, koTopas
CBsI3aHA C MPHOOPETEHUEM YCTOWYMBOCTH K aHOWKHCY W JaJbHEHIIeH croco0-
HOCTH K pocTy 1 iposidepanuu [38].

OnyxoneBble KICTKH, (GUOpPOOIAcCTBl U Makpodard aKTHBHO CEKPETHPYIOT
pa3MYHbIC ITUTOKUHBI, ()aKTOPBI pOCTa U JPYTHe BeliecTBa, GopMupys Oyaro-
MPUATHYIO Cpeny Kak Ui OIyXOJH, TaK W Ui OYAYIINX METacTa3oB MOCPEN-
CTBOM TIOATOTOBKH IPEMETACTaTHUECKHX M METACTaTHYEeCKHMX HUI. B 3ToM
TUTaHE aCIUTHIECKAs! KHUIKOCTh CIIYKUT CPEOH I MepeHOCca TAHHBIX MOJIEKYIT
B JpyrHe TKaHW W OpraHbl. Tak, mpeMeracTaTHuecKas HHUIIa (GpopMHpYyeTcs B
pe3yabTaTe aKTHBAIMK TEPUTOHEATBHBIX (HOPOOIACTOB W ME30TETHATBHBIX
KieTok ¢akropoM pocra omyxonu 1 (TGF-B1), hakropom pocTa remnaronuTosn
(HGF), poct-3aBucuMbiM oHKOoreHOM 1 (GRO-1) 1 mHCYTHHONIOO00HBIM (haKTO-
pom pocta (IGF-1) [39, 40].

OAM — camast MHOTOUHCIICHHAS TIOMYJISIIIAST UMMYHHBIX KJIIETOK B aCITUTHYC-
cko# xuakocTu. B acrmtnyeckoit xuakoctn OAM dare BCero mpeicTaBiIeHBI
M2 cyOmonymsinueld, KOTopas XapaKTepH3yeTCsl BBICOKOH JKCIpeccHed «cKa-
BeHpkep perenTopoBy CD163 u CD204, a Takke MMMYHOCYITPECCUBHBIX (ak-
TopoB (1tuTOKUHOB IL-10 1 IL-18 1 xemoxknnoB CCL18 u CCL22). Makpodaru
M1 ¢eHoTHIIA DKCTIPECCUPYIOT ITUTOKWHBI HHTEepdepor ramma (IFN-y) u 1L-12.
Kpome Toro, BcrpeuaroTcss Makpogarn cMemaHHOro (peHOTHIa, IKCIPECcCupy-
romue CD163 u IL-10, xapakrepHbie 111 M2 cyonomynsnuu, a takke CD86 u
¢dakrop Hekposa omyxonn o (TNF-a), xapakrepHbie st M1 cyOmonmymnsiuu.
OAM M2 (eHoTHITIA TTOJICPKUBAIOT POCT, METACTA3UPOBAHKE PaKa SHYHUKOB U
WHIYIHPYIOT YCTOMYMBOCTH K XuMuotepanu# [41, 42].

OAM, BBIZICTICHHBIE U3 ACIUTHYECKON >KHUIKOCTH manueHToB ¢ PSI, nemon-
CTPUPYIOT MPOOITYXOJIEBBIE CBOMCTBA. TaK, B COCTABE aCIUTHIECKOMN JKUIKOCTH
BBISIBJICHBI JBE cyoromyisnun Makpogdaros: M1 (CD14+/CD80+/Glutl+) u M2
(CD14+/CD163+). IIpeobnamanne M1 makpodaroB cBs3aHO C XOpOIIMM OTBE-
TOM Ha TUTATHHOCOJIEPIKAIIINE TIPerapaThl U Ooree JTUTeNbHON o0mel u O6e3pe-
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[IUIUBHON BBDKHBAeMOCTBIO OONBHBIX PS  [43]. TpaHCKpHITOMHBIN aHaIH3
OAM, BBIZICNICHHBIX W3 aCIIUTHYCCKOHN XKUAKOCTH NanueHToB ¢ PA (cepo3nas u
CBETJIOKJICTOYHASI KapIUHOMA), BBIIBIJI JIBE CHTHATYPHl T€HOB: CHTHATYpY A,
XapaKTEPU3YIONIYIOCS THIIEpPIKCIIpeccheil mpoomyxoneBbix Mapkepo (CD163,
PCOLCE2, IL-6), oTHOCSIIUXCS K PEMOJICITUPOBAHNIO BHEKJIETOYHOTO MAaTPHK-
ca, U curHaTypy B c HU3KOI 3Kcrpeccreld MPOOHKOTeHHBIX U UMMYHOCYIpEC-
CHBHBIX MapKepOB W TOBBIIICHHOH PEryIsIiell TeHOB, CBSI3aHHBIX C CUTHAJINH-
roMm uHTepdhepoHa [42]. g MaIlMEeHTOB, JEMOHCTPHPYIOIIUX CHTHATYPY A,
XapakTepHa KOpOTKast 00Iast BEKHBAEMOCTb, a ISl OONBHBIX ¢ CUTHATYpOit B —
OJIarONpPUATHBINA KITMHWYECKHH ncxon [42].

CexsenupoBanne PHK mokazano, uto CD163+ wim CD206+ OAM, BbIzme-
JICHHBIE W3 acCIUTHUYECKOM kuaKkocTd manueHToB ¢ HGSOC, nMeroT moBEIIICH-
HYIO 3KCIIPECCHIO IIPOOITYXOJIEBEIX (PAKTOPOB POCTa M LMHUTOKWHOB, HAIpUMeEp,
muranga xemoknHa 18 (CCLI18), dakropa crBonoBeix kierok (KITLG wmum
SCF), cemadopuna 6B (SEMAG6B), 6enka S100B, ¢dakropa pocta 3HIOTENUS
cocynoB B (VEGFB), u MeauaTopoB, 1MoIaBIIsSIONIMX OIMyXOJIEBBIA POCT, B 4aCT-
HoctH, XeMokrHOB CXCL10 u CXCL11, unrepneiikuna 15 (IL-15), muToKMHOB
10 u 14 cemetictBa (hakropa Hekposa omyxonu (TNFSF10 u TNFSF14) [44].
[NoBbImeHHas HKCTIpeccHst OENKOB, YIACTBYIOMINX B PEMOICITUPOBAHNN BHEKIIE-
toyHoro matpukca (ADAMTS2, CTSB, FBLNS5) u ¢akTopoB KOMILJIEMEHTa
(C1QC u CR1L), Takxe O0buta oOHapyxkeHa B OAM, skcrpeccupyromux CD163
nnu CD206. OAM u3 acuMTHYECKON KUIKOCTH TAKXKE MPOLYIHPYIOT XEMOKHU-
vBl CCLS5, CXCL8, CCL18, CXCL2, CXCL3 1 aHTaroHWCT perenTopa HHTep-
neiikuHa 1 (IL1RN), gelicTBysl Kak aTTPakTaHTHI I PEKPYTHPOBAHHS HOBBIX
MOHOITUTOB/Makpogaros [44].

C momompio cexkBeHnpoBanus PHK egmHWYHBIX KIIETOK IOKa3aHO, YTO B
acruTHYecKoH kuakocty nanueHToB ¢ HGSOC TpaHCKpUNITOMHBIA MTpodHiTh
MakpogaroB mpeacTaBieH cooTHomenneM M1 Makpodaro, BEICOKO dKCIIpec-
CHUPYIONIMX TeHbl perentopa wuHTephepona y (IFNGRI), CD36, PHK-
renukassl DDX5 n aHTUTEeHA siepHOr aUPepeHITMPOBKH MUCITOUIHBIX Kile-
TOK (MNDA), 1 M2 makpoharos, 3KCIPECCHPYIOIINUX T'€HbI BOCIAIUTEILHOIO
¢dakropa amutorpanciiantata-1 (AIF1) n nomena ummyHorinooOynuHa (VISG4).
Taxoke aBTOPHI HCCIENOBAHUS OOHAPYXUIIH, YTO HEaJIbIOBaHTHASI XUMHOTEPa-
MAs CIOCOOCTBYET cMeleHHI0 MakpodaransHoro genoruna ¢ M1 B cropoHy
M2, 4T0, BO3MOXXHO, HHAYIHPYET XUMHOPE3UCTCHTHOCTh npu PSA. Ommako
TPaHCKPUNTOMHBINA Mpod@mie OAM 1oj Bo3JAeHCTBHEM HEOa bIOBAHTHOW XH-
MHOTEpanuu He uzyqancs [45].

Maxkpodaru B acCHUTHYECKONW KHUIKOCTH HAXOMATCS KaK B BUAC CIMHUYHBIX
KIeTok [37], Tak U B COCTaBe OMYXOJEBBIX cheponnoB, GopMHUpYs LEHTp che-
pouna. B coctaBe cheponmoB Makpodarun B OCHOBHOM TpecTaBiIeHbl M2 cy0-
nomyJisinueit [46]. benku, npoxynupyemMbie MakpodaraMmu, 3aildiiaT OmyXo-
JIEBBIE KJIETKH OT aHOMKHCA, YIACTBYIOT B IIOATOTOBKE MPEMETACTATHUCCKAX H
METAaCTaTUIEeCKUX HUII, a TaKKe IMONACPKUBAIOT IPONU(EPaIHIO OIMyXOIEeBBIX
KIeTok [46—48]. Pe3ynmbrarthl MpOTOYHONW ITUTOMETPHH, MPOBEIECHHOW CITYCTS
BOCEMb HEIeNTb ITOCIIe BBEACHHS OITyXOJNEBBIX KIETOK B MEPHTOHCAIBHYIO II0-
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JIOCTh MBIIIEH, TIOKa3alii oBbIIeHHOE conepxkanue F4/80+, CD11b+ u CD68+
Makpo(aroB B IEPHTOHEATHHON KHJKOCTH, SKCIPECCHPYIOMUX MapKepsl M2
Makpodaros (CD163, CD206 u CX3CR1) [13].

JokazaHa Kito4deBask poib MakpogaroB B (OPMHUPOBAHHH OMYXOJEBBIX
cheponIoB U, CIEAOBATEIBHO, B Pa3BUTHH YCTOMIMBOCTH K XUMHOTEPAIINH U
METaCcTa3upPOBaHWUU. AHANW3 ACIUTUUYECKOW JKUJIKOCTH manueHToB ¢ PS BbI-
SIBIJT HATMYHE KPYMHBIX chepomnion, cocrosmmx n3 EGFR+ omyxoneBbIx Kie-
Tok 1 EGF+ maxpodaroB, pacmoioXeHHBIX B HEHTpPE, YTO OOBSCHSIET BO3-
MOJKHBIH crioco0 ¢opmupoBanus chepounos [13]. Perenrop snuaepMaibsHOTO
¢dakropa pocta EGFR ycuimBaer pocT, HHBa3uIO H METaCTa3MPOBAHUE OIYXO-
neit [49]. B acumtrueckoil ®KuIKOCTH 3mmaepMaibHblil haktop pocta (EGF),
CeKpeTHUpyeMblii Makpodaramu, nHAyMpyeT Murparnuo EGFR+ omyxoneBbix
kietok. EGF cnocooctByer aaresmm EGFR+ omyxoneBwIx KJIETOK K Makpo-
(haram mocpeZICTBOM B3aUMOJICHCTBHS MOJIeKyI KieTouHor aaresnn ICAM1 u
uHTerprHa aMp2. [IpumeHeHne >paoTHHUOA, IIPOTHBOOITYX0JIEBOTO TIperapa-
Ta, OJOKHPYIOIIETO aKTHBHOCTH THPO3WHKHHA3blI perentopa EGF, cHmxkaer
konmumaectBo OAM u mHTHOHpyeT (opMmupoBaHue chepounoB in vivo [13].
Taxoke U3BeCTEH APYTroil MexaHU3M oOpazoBaHus chepoumon [50].

Xemokun CCL18, nmponymupyemblii Makpodaramu, HHIYIUPYET dKCIpec-
cuto Oenka ZEB1 B omyxomneBbIX KIIeTKax, MpUBOIIMEeMy K 3amycky OMII, u
CTUMYIHPYET CEKPeruio Makpo(daraabHOTO KOJOHHUECTHMYIHPYIOMEro (ak-
topa (M-CSF). B skcniepumenTe in vivo omyxolieBble CEepOoHIbl ¢ THIIEPIKC-
npeccuerd ZEB1 n Hanmmanem OAM JeMOHCTPHPOBAIH BBICOKYIO CITOCOOHOCTD
K JUCCEeMHHAINH, a UX HAIWYHE CYIIECTBEHHO CHIKAJIO BEDKHBAEMOCTH MO-
JeNbHBIX KUBOTHBIX. [TogaBiienne ZEB1 Hapymano obpa3oBaHue cheponoB
W CHIDKAJIO METaCTaTHUCCKUM moTeHITHa KieTok P [50].

Maxkpocdarnu, HaxoIsIIrecs B OIMyXOJICBOM MHKPOOKPYKEHHH, CITyXaT Oc-
HOBHBIM HMCTOYHHKOM TPOAHTHOTCHHBIX (DAaKTOPOB W NPHHUMAIOT y4acTHUE B
PETYIALNY aHTHOTEHE3a TIOCPEICTBOM BIUSHHS Ha (YHKIMOHAIEHOE COCTOSTHHE
SHIIOTESHATBHBIX KIIETOK [51].

Tak, crtocoOHOCTH BIUATH Ha (PYHKIIMOHAT KIETOK SHAOTENHS ITOKa3aHa IS
CD33+CD68+MHCII-CD206+ M2 makpoaroB, BBIJICICHHBIX W3 aCIUTHYC-
ckoit xuakoct nanueHToB, 1 MHCII-M2 makpodaroB, moay4eHHBIX U3 aclv-
THYECKOH >KUIKOCTH MBIIIEH C paKOM SIMYHUKOB. [1pn 3TOM MeXaHM3M JIeHCTBUS
HE3aBHCUM OT TJIaBHOTO MpoaHTrHoreHHoro ¢akropa VEGF, a onocpenosan pe-
enTopoM KosioHuectumyaupyroiero gakropa 1 (CSF1R) [52]. UccnenoBanus
Ha MBIIIMHBIX MOJEISAX ITOKA3aHd, YTO MPOHUIIAEMOCTh M MEKKIICTOUHBIE CBS3U
SHOTEIHAIBHBIX KJIETOK OPIOIIHOM TOJOCTH OMOCPEIOBAaHbI KUHA30W 1, sBis-
folmeicst peryastTopom amontos3a (ASK1).

B pesynprare m3MeHeHHH depe3 MEXKIIETOUHBIE COSTNHEHUS YHIOTEIHAIb-
HBIX KJIETOK OCYIIECTBIISICTCS aKTHBHAS TPAHCMHTPAIHSI Makpo(paroB B IepH-
TOHEabHYI0 ToJocTh. Kak okaszamoch, ASK1 npuauMaer yuyactue u B HopMu-
poBaHHU CEPOUIOB B aCIUTUIECKOM KHIKOCTH [53]. B Monenw in vivo nepu-
nut ASK1 npuBoana K yMeHbIeHu o konndectBa CD68+ Makpodaros B cocra-
Be cdeponioB, HO MpH 3ToM obiee koiamdectBo OAM ocraBajgoch HEM3MEH-
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HBIM. DTO HaONIOJICHUE CBHIETEILCTBYET O TOM, 4To ASK1 urpaer BaxxHyIO
ponb B opmupoBaHuu cheponoB, coaepkanux OAM, U B epUTOHEATHHOM
metacrazupoBanuu P [53].

Kak yxe ymoMuHAanIOCh paHee, acIUTHYECKas! JKUAKOCTb COACPIKHUT pa3iind-
HBIC PaCTBOPUMEIC (haKTOPbI, HCTOUHUKAMH KOTOPBIX ciyxar OAM, omyxoie-
BEIC KJICTKH M CTPOMAITBHBIE AJIEMCHTHI.

Otu PaKTOphl MPUHUMAIOT AKTHBHOE yJ4acTHe B TiporpeccupoBanuu P [13,
50, 54]. B pe3ynpTaTe TPaHCKPUITOMHOTO aHAIM3a BBISIBIIEHO HECKOIBKO CHT-
HAJIBHBIX MOJIEKYI, 00CCIEUNBAIOMINX B3aUMOICHCTBHE OIYyXOJIEBBIX KIETOK U
OAM B acuutnueckoi >xuakoctu manueHToB ¢ HGSOC: muTOKUHBI, WHIYIH-
pytomue STAT3 curnamuar (IL-10, IL-6, LIF), Tpancdopmupyroniuii dpakrop
pocta TGF1, skcnipeccupyrontuiics OAM, ren WNT7A, nponyuupyeMblid ommy-
XOJIEBBIMHU KJIETKaMH, TE€HBI, Koaupyromue oeinku cemeiictea S100, XeMOKHHBI,
3(PHUHBI B UX PELICTITOPEI.

[To cpaBHeHHIO ¢ omyxoneBbIMU KileTkamMi B OAM actuTHYeCKON KUIKOCTH
obHapykeHa BbIcoKas dkcrpeccus 1L-10, TGFb1, S1I00A8, S100A9 u IL10RA
[55]. TTomumo TGFB1, OAM aciuTHUECKOH KUIKOCTH TMPOIYIIHPYIOT TeHACIIHH
C (TNC) u pudponektur (FN1), KOTOpble CTUMYTHPYIOT MHTPALIUIO OITyXOJIe-
BBIX KJIETOK [33].

Ha murpammio OmyxoJeBBIX KIETOK TAaKKE BIHMACT BBICOKAS ADKCIIPECCHS
Makpogaramu ¢pakropa ummyHocymnpeccurn CCL18 [56, 57]. YpoBeHb skcnpec-
cun CCL18 B actmTrueckoit >kuakoct mipu PS5l 3HAYNTENFHO MPEBEITIIAeT TaKO-
BOIi B IEPUTOHEATHHON KUIKOCTH TPH JOOPOKadSCTBEHHBIX THHEKOIOTHIECKIX
HOBOOOpa3oBaHmX. VccnenoBanne in vitro TMOKa3alio, YTO KyIETHBHPOBAHHE
kietouHbix nuHUNE CaOV3 1 OVCAR3 B npucyTCTBUM aCIIUTHIECKON KHUIKO-
ctu, comgepxkamiert CCL18, moBwImIaeT MUTPAIIUIO OMYXOJEBBIX KIIETOK. AKTHB-
HOCTh MUTPAIIMH TMOJIOKUATEIHHO 3aBucena oT kormneHTpanun CCL18 B pacTBo-
pe [58].

Hanmuue cdeponnoB ¢ BeicokuM conepxkanuem CD68+ wmakpodaros
(>14,5%) xoppenmupyeT ¢ HU3KOH TATHIETHEH BBDKMBACMOCTBIO OONBHBIX P51
[13]. UnTepecHo, uTOo Makpodard acIHTHYECKOW KHJIKOCTH W Makpodard,
HaxOJISIIINECS] B OMYXOJEBOM TKaHW, UMEIOT HeKoTopbie pazmuuus [40, 59]. B
ACHUTHYCCKOW JKAIKOCTH MakKpo(ardm HKCIPECCHPYIOT HSKTOHYKICOTHIA3BI
CD39 u CD73, Torma xak TKaHeBbIe Makpodaru JeMOHCTPUPYIOT HU3KUH ypo-
BeHb dkcrpeccnn CD39 u BoBce He akcnpeccupyior CD73. DKTOHYKICOTHIA3HI
CD39 u CD73 npeBpaiarot cBOOOIHBIN BHEKIIETOUHbIH AT® B aneHo3uH, KO-
TOPBIIA BBITIONHSIET ()YHKIIMIO XEMOKWHA JIJISI MOHOITUTOB [59].

Taxum 00pa3oM, Makpodaru SBISIOTCS OTHUM H3 KITFOUEBBIX KOMIIOHEHTOB B
ACIUTHIECKOM MHKPOOKPYXKEHUHU ormyxonu simaanka. OAM akTHBHO CEKpeTH-
PYIOT B OKpy’Karoliee pOCTPaHCTBO MHOXKECTBO MOJICKYJ (TabiHIia), KOTOpbIe
CTUMYJHPYIOT MPOTPECCHPOBAHIE OMYXOIH W WHAYIHUPYIOT PE3NCTEHTHOCTH K
TEeparmH.
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KuroueBble ¢pakTopbl, npoayuupyembie OAM B aCHMTHYECKOMH KUIKOCTH,
H HX POJIb B MPOTrpecCHPOBAHUH PAKa SIMYHUKOB
[Key factors produced by TAM:s in ascitic fluid and their role in the progression of ovarian cancer]

®PaxTtop [Factor] ®ynkiys [Function] Ccplika [Reference]
YBenu4yrBaeT MUTPALIMIO OMYXOJIEBBIX Kie-
CCL18 TOK, y4acTBYeT B 00pa3oBaHuu cHepouIoB [56-58]
[Induces migration of tumor cells,
spheroid formation]
EGF. ASK1 AxTHBUPYIOT 00pa3oBaHue cheporoB [49, 53]
? [Spheroid formation] ?
VYceunuBaer nponuepannio U MUTPALHIO
IGF1 OIIyXOJIEBBIX KIIETOK [25]
[Induces proliferation of tumor cells]
HMGBI VYeunuBaet muMQoreHHOE METacTa3uPOBAHKE [24]
[Induces lymphatic metastasis]
IL-10. TL-18 DakTOpbl UMMYHOCYIIPECCHH [41,42]
> [Immunosuppressive factor] >
CXCL10. CXCL11 [HonaBnstOT OMyX0n€eBbIi POCT [44]
> [Suppressors of tumor growth]
CXCL2. CXCL3 [puBnexaroT MOHOLUTBI/Makpodaru [44]
> [Monocyte/macrophage recruiting]
ADAMTS?2, PeMonennpyoT BHEKIETOUHBINA MATPUKC [44]
CTSB, FBLNS [Extracellular matrix remodeling]
TGFB1, IL-10, IL-6, Axrtusupytor STAT3 curnanusr [55]
LIF [Activate STAT3 signaling]
Y BeNU4YMBAIOT MUTPALIUIO
TNC, FN1 OIIYXOJIEBBIX KIETOK [33]
[Induces migration of tumor cells]

Ipumeuanue. CCL18 — xemokuHoBbil nurang 18 ¢ morusom C-C; EGF — snunepmanbHbiit
¢axrop pocra; ASK1 — kunaza 1, perynupyromas curtan amonrosa; IGF1 — uncynunomno-
no6OHbIH (akrop pocta 1; HMGBI1 — 6enok rpymibsl Beicokoi moasmkHocT Bl; IL-10 — uH-
tepneiikun 10; IL-18 — unrepneitkun 18; CXCL10 - xemokuHOBBIH nurana 10 ¢ MOTHBOM
C-X-C; CXCLI11 — xemoxunoBblit murang 11 ¢ motuBom C-X-C; CXCL2 — XeMOKHUHOBBIH
jmrang 2 ¢ motuBoM C-X-C; CXCL3 — xemokuHOBbIM auradn 3 ¢ moruBoM C-X-C;
ADAMTS2 — fe3uHTerpuH M METaUIONpoTea3’a ¢ MOTUBOM 2 TPOMOOCHOHIMHA THMma 1;
CTSB — karencun B; FBLNS — ¢ubynun 5; TGFB1 — tpancdopmupyrommii gpakrop pocra
B1; IL-6 — unTepneiikun 6; LIF — dakrop unrubupopanus neiikemun; TNC — tenaciun C;
FN1 — ¢pubponexrun 1.

[Note. CCL18 - C-C Motif Chemokine Ligand 18; EGF - Epidermal Growth Factor; ASKI -
Apoptosis Signal-regulating Kinase 1; IGF1 - Insulin-like Growth Factor 1; HMGBI - High-
Mobility Group protein B1; IL-10 - interleukin 10; IL-18 - interleukin 18; CXCL10 - C-X-C
motif chemokine ligand 10; CXCL11 - C-X-C motif chemokine ligand 11; CXCL2 - C-X-C
motif chemokine ligand 2; CXCL3 - C-X-C motif chemokine ligand 3; ADAMTS2 - A Disin-
tegrin And Metalloprotease with Thrombospondin Type 1 Motif 2; CTSB - Cathepsin B;
FBLNS - Fibulin 5; TGFpI1 - Transforming Growth Factor B1; IL-6 - interleukin 6; LIF - Leu-
kemia Inhibitory Factor; TNC - Tenascin C; FN1 - Fibronectin 1].

3akio4eHue
Takum obpazom, OAM SBISIOTCS OMHWMH U3 KIIOYEBBIX WTPOKOB B pa3BHU-
THU ¥ TIPOTPECCHPOBAHUM paka SMYHUKOB IIOCPEICTBOM B3aUMOJACHCTBHS C

OIIYXOJIEBBIMHU KIICTKAMH KaK B HepBH‘IHOfI OIIyXOJIn, TaK U B aCHHTH‘{eCKOﬁ
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XKHUIKOCTH, ¥ CTUMYJIMPOBAHUS MHUTPAIH, HHBA3UH, 00pa30BaHUS IIpeMeTacTa-
TUYIECKIX/METACTATUICCKIX HUII, XUMHOPE3UCTCHTHOCTH U IMMYHOCYIIPECCHH.
B cBs3u ¢ ueM Ba)XHO OOpaTHTH NMPHUCTATFHOC BHUMAHKE HA W3ydeHHE (peHOTH-
MMAYECKOTO Pa3HOOOpa3us MakpoharoB, KOTOPOE TAKKE OTPaKaeT WX (YHKIIHO-
HallbHYIO0 aKTUBHOCTH. [loHmmanme B3ammopeictBuit OAM ¢ omyxoleBBIMA
KJIETKaMH ITO3BOJIUT Pa3padoTaTh CTpPAaTeTHH TapreTHHra Makpogaros. B mpo-
rpeccupoBaHnu PS5 MeXKIETOUHBIE B3aWMOACUCTBUS 3aHUMAIOT IIEHTPAJIHHOE
MECTO, TaK KaK UMEHHO OHH OOECIIE€YMBAIOT aKTUBHOE MMIUIAHTAIIMOHHOE Me-
cracrasupoBanue. [lonck HOBBIX MuIIeHeH Ha ocHoBe OAM mo3BONUT pa3pado-
TaTh MPHHIUIIAAIGHO HOBEIE TepaleBTHYecKne moaxonsl. Kpome toro, paspa-
00TKa 3 (HEKTUBHBIX MapKEepOB MPOTHO3a TCUEHHUs 3a00JIeBaHMS U IpeicKas3a-
HUS A(PHEKTHBHOCTH XMMHOTEPAIIUN TIO3BOJHUT PAMOHAIH3UPOBATH TEPAITHIO
Ha OCHOBE y4UeTa pHCKa METAaCcTa3MpOBaHUS U penuauBupoBanws PSl.

CnucoK HCTOYHUKOB

1. Bray F., Ferlay J., Soerjomataram I., Siegel R.L., Torre L.A., Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 can-
cers in 185 countries / CA: A Cancer Journal for Clinicians. 2018. Vol. 68, Ne 6.
PP. 394-424. doi: 10.3322/caac.21492

2. 3nokadecTBeHHbIe HOBOOOpa3zoBanusi B Poccun B 2020 romy (3aboneBaeMOCTh U CMEPTHOCTB) /
noxt pen. A.Jl. Kanpuna, B.B. Crapunckoro, A.O. [lax3anosoit. M. : MHUOMU um. ILA. I'ep-
ueHa — puran GI'BY «HMUL] pamuonorum» Munsapasa Poccun, 2021. 252 c.

3. Edwumosa O.A., CadonoBa M.A. DnupeMHUONOrHs paka sSIMYHUKOB HA PAHHUX CTAIMsX //
Acta Medica Eurasica. 2018. Ne 4.

4. CoupupnonoBa H.B., Jlemypa A.A., lllykun B.1O. Ouenka conmyrcTByroliel rTHHEKOIOTU-
YeCKOH IaTOJNOTMK B TPYNIE MAlMEHTOK PENpOLYKTUBHOIO BO3pAcTa C ONMYXOISIMU M
OITyXOJICBUHBIMU 00pa30BaHUsIMU sIMYHUKOB // Memuiunckuii andasur. 2020. Ne 16.
C. 10-14. doi: 10.33667/2078-5631-2020-16-10-14

5. Momenimovahed Z., Tiznobaik A., Taheri S., Salehiniya H. Ovarian cancer in the world:
epidemiology and risk factors // International Journal of Women's Health. 2019. Vol. 11.
PP. 287-299. doi: 10.2147/IIWH.S197604

6. Narod S. Can advanced-stage ovarian cancer be cured? // Nature Reviews Clinical Oncol-
ogy. 2016. Vol. 13, Ne 4. PP. 255-261. doi: 10.1038/nrclinonc.2015.224

7. Matulonis U.A., Sood A.K., Fallowfield L., Howitt B.E., Sehouli J., Karlan B.Y. Ovarian
cancer // Nature Reviews Disease Primers. 2016. Ne 2. A. 16061. doi:
10.1038/nrdp.2016.61

8. Reid B.M., Permuth J.B., Sellers T.A. Epidemiology of ovarian cancer: a review // Cancer
Biology & Medicine. 2017. Vol. 14, Ne 1. PP. 9-32. doi: 10.20892/j.issn.2095-
3941.2016.0084

9. Baci D., Bosi A., Gallazzi M., Rizzi M., Noonan D.M., Poggi A., Bruno A., Mortara L.
The ovarian cancer tumor immune microenvironment (TIME) as target for therapy: a fo-
cus on innate immunity cells as therapeutic effectors // International Journal of Molecular
Sciences. 2020. Vol. 21, Ne 9. A. 3125. doi: 10.3390/ijms21093125

10. Henderson J.T., Webber E.M., Sawaya G.F. Screening for ovarian cancer updated evi-
dence report and systematic review for the US preventive services task force // Journal of
the American Medical Association. 2018. Vol. 319, Ne 6. PP. 595-606. doi:
10.1001/jama.2017.21421

11. Osborn G., Stavraka C., Adams R., Sayasneh A., Ghosh S., Montes A., Lacy K.E., Kris-
teleit R., Spicer J., Josephs D.H., Arnold J.N., Karagiannis S.N. Macrophages in ovarian

121



denomunuueckoe paznoodpaszue makpogazoe npu paKe AUYHUKOE

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

cancer and their interactions with monoclonal antibody therapies // Clinical and Experi-
mental Immunology. 2021. uxab020. doi: 10.1093/cei/uxab020

Larionova 1., Tuguzbaeva G., Ponomaryova A., Stakheyeva M., Cherdyntseva N., Pav-
lov V., Choinzonov E., Kzhyshkowska J. Tumor-associated macrophages in human
breast, colorectal, lung, ovarian and prostate cancers // Frontiers in Oncology. 2020.
Ne 10. A. 566511. doi: 10.3389/fonc.2020.566511

Yin M., Li X, Tan S., Zhou H.J., Ji W., Bellone S., Xu X., Zhang H., Santin A.D., Lou G.,
Min W. Tumor-associated macrophages drive spheroid formation during early transcoe-
lomic metastasis of ovarian cancer // The Journal of Clinical Investigation. 2016.
Vol. 126, Ne 11. PP. 4157-4173. doi: 10.1172/JCI87252

Monfort A., Owen S., Piskorz A.M., Supernat A., Moore L., Al-Khalidi S., Bohm S.,
Pharoah P., McDermott J., Balkwill F.R., Brenton J.D. Combining measures of immune
infiltration shows additive effect on survival prediction in high-grade serous ovarian car-
cinoma // British Journal of Cancer. 2020. Ne 122. PP. 1803-1810. doi: 10.1038/s41416-
020-0822-x

Zhang M., He Y., Sun X., Li Q., Wang W., Zhao A., Di W. A high M1/M2 ratio of tumor-
associated macrophages is associated with extended survival in ovarian cancer patients //
Journal of Ovarian Research. 2014. Ne 7. A. 19. doi: 10.1186/1757-2215-7-19

Yuan X., Zhang J., Li D., Mao Y., Mo Y., Du W., Ma X. Prognostic significance of tu-
mor-associated macrophages in ovarian cancer: a meta-analysis / Gynecologic Oncology.
2017. Vol. 147. Ne 1. PP. 181-187. doi: 10.1016/j.ygyno.2017.07.007

Lan C., Huang X., Suxia L., Huang H., Cai Q., Wan T., Lu J., Liu J. Expression of M2-
polarized macrophages is associated with poor prognosis for advanced epithelial ovarian
cancer // Technology in Cancer Research & Treatment. 2013. Vol. 12, Ne 3. PP. 259-267.
doi: 10.7785/tert.2012.500312

Maccio A., Gramignano G., Cherchi M.C., Tanca L., Melis L., Madeddu C. Role of
M1-polarized tumor-associated macrophages in the prognosis of advanced ovarian cancer
patients // Scientific Reports. 2020. Ne 10. A. 6096. doi: 10.1038/s41598-020-63276-1
Page C., Marineau A., Bonza P.K., Rahimi K., Cyr L., Labouba 1., Madore J., Delvoye N.,
Mes-Masson A.-M., Provencher D.M., Cailhier J.-F. BTN3A2 expression in epithelial
ovarian cancer is associated with higher tumor infiltrating T cells and a better prognosis //
PLoS One. 2012. Vol. 7, Ne 6. €38541. doi: 10.1371/journal.pone.0038541

Qu Q.-X., Quin H., Shen Y., Zhu Y.-B., Zhang X.-G. The increase of circulating PD-L1-
expressing CD68(+) macrophage in ovarian cancer / Tumor Biology. 2016. Ne 37.
PP. 5031-5037. doi: 10.1007/s13277-015-4066-y

He Y.-F., Zhang M.-Y., Wu X, Sun X.-J., Xu T., He Q.-Z., Di W. High MUC2 expres-
sion in ovarian cancer is inversely associated with the M1/M2 ratio of tumor-associated
macrophages and patient survival time / PLoS One. 2018. Vol. 8, Ne 12. €79769. doi:
10.1371/journal.pone.0079769

Kryczek 1., Zou L., Rodriguez P., Zhu G., Wei S., Mottram P., Brumlik M., Cheng P.,
Curiel T., Myers L., Lackner A., Alvarez X., Ochoa A., Chen L., Zou W. B7-H4 expres-
sion identifies a novel suppressive macrophage population in human ovarian carcinoma //
Journal of Experimental Medicine. 2006. Vol. 203, Ne 4. PP. 871-881. doi:
10.1084/jem.20050930

Cortes M., Sanchez-Moral L., Barrios O., Fernandez-Acenero M., Martinez-Campanario M.C.,
Esteve-Codia A., Darling D.S., Gyorfty B., Lawrence T., Dean D.C., Postigo A. Tumor-
associated macrophages (TAMs) depend on ZEBI for their cancer-promoting roles //
European Molecular Biology Organization Journal. 2017. Ne 36. PP. 3336-3355. doi:
10.15252/embj.201797345

Zhang W., Tian J., Hao Q. HMGBI1 combining with tumor-associated macrophages en-
hanced lymphangiogenesis in human epithelial ovarian cancer / Tumour Biology. 2014.
Ne 35. PP. 2175-2186. doi: 10.1007/s13277-013-1288-8

Liu L., Wang X., Li X., Wu X., Tang M., Wang X. Upregulation of IGF1 by tumor-
associated macrophages promotes the proliferation and migration of epithelial ovarian

122



A./. Kazaxoea, M.A. Paxkuna, H.B. Jlapuonoea

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

cancer cells // Oncology Reports. 2018. Vol. 39, Ne 2. PP. 818-826. doi:
10.3892/0r.2017.6148

Yeung T.-L., Leung C.S., Yip K.-P., Au Yeung C.L., Wong S.T.C., Mok S.C. Cellular
and molecular processes in ovarian cancer metastasis. A review in the theme: cell and mo-
lecular processes in cancer metastasis / The American Journal of Physiology. 2015.
Vol. 309, Ne 7. PP. 444—C456. doi: 10.1152/ajpcell.00188.2015

Huang L.-L., Xia H.H.-X., Zhu S.-L. Ascitic fluid analysis in the differential diagnosis of
ascites: focus on cirrhotic ascites // Journal of Clinical and Translational Hepatology.
2014. Vol. 2, Ne 1. PP. 58-64. doi: 10.14218/JCTH.2013.00010

Bunnepr A.b., Konomuen JI.A., FOnycoBa H.B., BanoBa A.A. AcuuT Kak mpeameT uc-
cliefioBaHUi mpu pake suuHUKOB // CuOupckuit oHkonoruueckuii xypHam. 2019.
Ne 18 (1). C. 116-123. doi: 10.21294/1814-4861-2019-18-1-116-123

Rickard B.P., Conrad C., Sorrin A.J., Ruhi M.K., Reader J.C., Huang S.A., Franco W.,
Scarcelli G., Polacheck W.J., Roque D.M., Carmen M.G., Huang H.-C., Demirci U.,
Rizvi I. Malignant ascites in ovarian cancer: cellular, acellular, and biophysical determi-
nants of molecular characteristics and therapy response // Cancers (Basel). 2021. Vol. 13,
Ne 17. A. 4318. doi: 10.3390/cancers13174318

Feki A., Berardi P., Bellingan G., Major A., Krause K.-H., Petignat P., Zehra R., Per-
vaiz S., Irminger-Finger 1. Dissemination of intraperitoneal ovarian cancer: discussion of
mechanisms and demonstration of lymphatic spreading in ovarian cancer model // Critical
Reviews in Oncology/Hematology. 2009. Vol. 72, Ne 1. PP. 1-9. doi:
10.1016/j.critrevonc.2008.12.003

Kipps E., Tan D.S.P., Kaye S.B. Meeting the challenge of ascites in ovarian cancer: new
avenues for therapy and research // Nature Reviews Cancer. 2013. Ne 13. PP. 273-282.
doi: 10.1038/nrc3432

Gilmore A.P. Anoikis // Cell Death and Differentiation. 2005. Ne 12. PP. 1473-1477. doi:
10.1038/sj.cdd.4401723

Steitz A.M., Steffes A., Finkernagel F., Unger A., Sommerfeld L., Jansen J.M., Wag-
ner U., Graumann J., Miiller R., Reinartz S. Tumor-associated macrophages promote
ovarian cancer cell migration by secreting transforming growth factor beta induced
(TGFBI) and tenascin C // Cell Death & Disease. 2020. Ne 11. A. 249. doi:
10.1038/s41419-020-2438-8

Motohara T., Masuda K., Morotti M., Zheng Y., El-Sahhar S., Chong K.Y., Wietek N.,
Alsaadi A., Karaminejadranjbar M., Hu Z., Artibani M., Gonzalez L.S., Katabuchi H.,
Saya H., Ahmd A.A. An evolving story of the metastatic voyage of ovarian cancer cells:
cellular and molecular orchestration of the adipose-rich metastatic microenvironment //
Oncogene. 2019. Ne 38. PP. 2885-2898. doi: 10.1038/541388-018-0637-x

Gao Q., Yang Z., Xu S., Li X., Yang X, Jin P, Liu Y., Zhou X., Zhang T., Gong C.,
Wei X., Liu D., Sun C., Chen G., Hu J., Meng L., Zhou J., Sawada K., Fruscio R,
Grunt T.W., Wischhusen J., Varga-Hernandez V.M., Pothuri B., Coleman R. Heterotypic
CAF-tumor spheroids promote early peritoneal metastasis of ovarian cancer // Journal of
Experimental Medicine. 2019. Vol. 216, Ne 3. PP. 688-703. doi: 10.1084/jem.20180765
Winter S.J., Miller H.A., Steinbach-Rankins J.M. Multicellular ovarian cancer model for
evaluation of nanovector delivery in ascites and metastatic environments // Pharmaceu-
tics. 2021. Vol. 13, Ne 11. A. 1891. doi: 10.3390/pharmaceutics13111891

Capellero S., Erriquez J., Battistini C., Porporato R., Scotto G., Borella F., Di Ren-
zo MLF., Valabrega G., Olivero M. Ovarian cancer cells in ascites form aggregates that
display a hybrid epithelial-mesenchymal phenotype and allows survival and proliferation
of metastasizing cells / The International Journal of Molecular Sciences. 2022. Vol. 23,
Ne 2. A. 833. doi: 10.3390/ijms23020833

Kim S., Kim S., Kim J., Kim B., Kim S.I., Kim M., Kwon S., Song Y.S. Evaluating tumor
evolution via genomic profiling of individual tumor spheroids in a malignant ascites //
Scientific Reports. 2018. Vol. 8. A. 12724. doi: 10.1038/s41598-018-31097-y

123



denomunuueckoe paznoodpaszue makpogazoe npu paKe AUYHUKOE

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Uruski P., Mikuta-Pietrasik J., Pakuta M., Budkiewicz S., Drzewiecki M., Gaiday A.N.,
Wierzowiecka M., Naumowicz E., Moszynski R., Tykarski A., Ksiazek K. Malignant as-
cites promote adhesion of ovarian cancer cells to peritoneal mesothelium and fibroblasts //
The International Journal of Molecular Sciences. 2021. Vol. 22, Ne 8. A. 4222. doi:
0.3390/ijms22084222

Wang J., Liu C., Chang X., Qi Y., Zhu Z., Yang X. Fibrosis of mesothelial cell-induced
peritoneal implantation of ovarian cancer cells // Cancer Management and Research.
2018. Vol. 10. PP. 6641-6647. doi: 10.2147/CMAR.S183043

Worzfeld T., Pogge von Strandmann E., Huber M., Adhikary T., Wagner U., Reinartz S.,
Miiller R. The unique molecular and cellular microenvironment of ovarian cancer // Fron-
tiers in Oncology. 2017. Ne 7. P. 24. doi: 10.3389/fonc.2017.00024

Adhikary T., Wortmann A., Finkernagel F., Lieber S., Nist A., Stiewe T., Wagner U.,
Miiller-Briisselbach S., Reinartz S., Miiller R. Interferon signaling in ascites-associated
macrophages is linked to a favorable clinical outcome in a subgroup of ovarian carcinoma
patients // BMC Genomics. 2017. Ne 18. A. 243. doi: 10.1186/s12864-017-3630-9

Maccio A., Gramignano G., Cherchi M.C., Tanca L., Melis L., Madeddu C. Role of M 1-
polarized tumor-associated macrophages in the prognosis of advanced ovarian cancer pa-
tients // Scientific Reports. 2020. Ne 10. A. 6096. doi: 10.1038/s41598-020-63276-1
Worzfeld T., Finkernagel F., Reinartz S., Konzer A., Adhikary T., Nist A., Stiewe T.,
Wagner U., Looso M., Graumann J., Muller R. Proteotranscriptomics reveal signaling
networks in the ovarian cancer microenvironment // Molecular & Cellular Proteomics.
2018. Vol. 17, Ne 2. PP. 270-289. doi: 10.1074/mcp.RA117.000400

Izar B., Tirosh 1., Stover E.H., Wakiro 1., Cuoco M.S., Alter 1., Rodman C., Leeson R.,
Su M.J., Shah P., Iwanicki M., Walker S.R., Kanodia A., Melms J.C., Mei S., Lin J.-R.,
Porter C.B.M., Slyper M., Waldman J., Jerby-Arnon L., Ashenberg O., Brinker T.J.,
Mills C., Rogava M., Vigneau S., Sorger P.K., Garraway L.A., Konstantinopoulos P.A.,
Liu J.B., Matulonis U., Johnson B.E., Rozenblatt-Rosen O., Rotem A., Regev A. A sin-
gle-cell landscape of high-grade serous ovarian cancer // Journal of Natural Medicines.
2020. Ne 26. PP. 1271-1279. doi: 10.1038/s41591-020-0926-0

Takaishi K., Komohara Y., Tashiro H., Ohtake H., Nakagawa T., Katabuchi H.,
Takeya M. Involvement of M2-polarized macrophages in the ascites from advanced epi-
thelial ovarian carcinoma in tumor progression via STAT3 activation // Cancer Science.
2010. Vol. 101, Ne 10. PP. 2128-2136. doi: 10.1111/1.1349-7006.2010.01652.x
Cavazzoni E., Bugiantella W., Graziosi L., Franceschini M.S., Donini A. Malignant asci-
tes: pathophysiology and treatment // The International Journal of Clinical Oncology.
2013. Ne 18. PP. 1-9. doi: 10.1007/s10147-012-0396-6

Yin M., Shen J,, Yu S., Fei J., Zhu X., Zhao J., Zhai L., Sadhukhan A., Zhou J. Tumor-
associated macrophages (TAMs): a critical activator in ovarian cancer metastasis / On-
coTargets and Therapy. 2019. Vol. 12. PP. 8687-8699. doi: 10.2147/OTT.S216355
Sigismund S., Avanzato D., Lanzetti L. Emerging functions of the EGFR in cancer //
Molecular Oncology. 2018. Vol. 12, Ne 1. PP. 3-20. doi: 10.1002/1878-0261.12155

Long L., Hu Y., Long T., Lu X., Tuo Y., Li Y., Ke Z. Tumor-associated macrophages
induced spheroid formation by CCL18-ZEB1-M-CSF feedback loop to promote transcoe-
lomic metastasis of ovarian cancer // The Journal for InmunoTherapy of Cancer. 2021.
Vol. 9, Ne 12. €003973. doi: 10.1136/jitc-2021-003973

Larionova 1., Kazakova E., Gerashchenko T., Kzhyshkowska J. New angiogenic regula-
tors produced by TAMs: perspective for targeting tumor angiogenesis // Cancers (Basel).
2021. Vol. 13, Ne 13. A. 3253. doi: 10.3390/cancers13133253

Moughon D.L., He H., Schokrpur S., Jiang Z.K., Yaqoob M., David J., Lin C., Iruela-
Arispe M.L., Dorigo O., Wu L. Macrophage blockade using CSFIR inhibitors reverses the
vascular leakage underlying malignant ascites in late-stage epithelial ovarian cancer / Cancer
Research. 2015. Vol. 75, Ne 22. PP. 4742-4752. doi: 10.1158/0008-5472.CAN-14-3373

Yin M., Zhou H.J., Zhang J., Lin C., Li H., Li X., Li Y., Zhang H., Breckenridge D.G.,
JiW., Min W. ASKI1-dependent endothelial cell activation is critical in ovarian cancer

124



A./. Kazaxoea, M.A. Paxkuna, H.B. Jlapuonoea

54.

55.

56.

57.

58.

59.

growth and metastasis / Journal of Clinical Investigation insight. 2017. Vol. 2, Ne 18.
€91828. doi: 10.1172/jci.insight.91828

Duluc D., Delneste Y., Tan F., Moles M.-P., Grimaud L., Lenoir J., Preisser L., Ane-
gon L, Catala L., Ifrah N., Descamps P., Gamelin E., Gascan H., Hebbar M., Jeannin P.
Tumor-associated leukemia inhibitory factor and IL-6 skew monocyte differentiation into
tumor-associated macrophage-like cells // Blood. 2007. Vol. 110, Ne 13. PP. 4319-4330.
doi: 10.1182/blood-2007-02-072587

Reinartz S., Finkernagel F., Adhikary T., Rohnalter V., Schumann T., Schober Y., Nock-
her W.A., Nist A., Stiewe T., Jansen J.M., Wagner U., Muller-Brusselbach S., Muller R.
A transcriptome-based global map of signaling pathways in the ovarian cancer microenvi-
ronment associated with clinical outcome // Genome Biology and Evolution. 2016. Ne 17.
A. 108. doi: 10.1186/s13059-016-0956-6

Schutyser E., Struyf S., Proost P., Opdenakker G., Laureys G., Verhasselt B.,
Peperstraete L., Van de Putte 1., Saccani A., Allavena P., Mantovani A., Damme J.V.
Identification of biologically active chemokine isoforms from ascitic fluid and elevated
levels of CCL18/pulmonary and activation-regulated chemokine in ovarian carcinoma //
The Journal of Biological Chemistry. 2002. Vol. 277, Ne 27. PP. 24584-24593. doi:
10.1074/jbc.M112275200

Korbecki J., Olbromski M., Dziggiel P. CCL18 in the Progression of Cancer // The Inter-
national Journal of Molecular Sciences. 2020. Vol. 21, Ne 21. A. 7955. doi:
10.3390/ijms21217955

Lane D., Matte L., Laplante C., Garde-Granger P., Carignan A., Bessette P., Rancourt C.,
Piché A. CCL18 from ascites promotes ovarian cancer cell migration through proline-rich
tyrosine kinase 2 signaling // Molecular Cancer. 2016. Ne 15. A. 58. doi: 10.1186/s12943-
016-0542-2

Montalban del Barrio 1., Penski C., Schlahsa L., Stein R.G., Diessner J., Wockel A.,
Dietl J., Lutz M.B., Mittelbronn M., Wischhusen J., Hausler S.F.M. Adenosine-generating
ovarian cancer cells attract myeloid cells which differentiate into adenosine-generating
tumor associated macrophages — a self-amplifying, CD39- and CD73-dependent mecha-
nism for tumor immune escape // Journal for ImmunoTherapy of Cancer. 2016. Vol. 4,
Ne 1. A. 49. doi: 10.1186/540425-016-0154-9

References

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics
2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin. 2018;68(6):394-424. doi: 10.3322/caac.21492
Zlokachestvennye novoobrazovaniya v Rossii v 2020 godu (Zabolevaemost' i smertnost')
[Malignant neoplasms in Russia in 2020 (morbidity and mortality)]. Kaprin AD,
Starinskiy VV and Shakhzadova AO, editors. Moscow: MNIOI im. P.A.Gertsena — filial
FGBU «(NMITs radiologii» Minzdrava Rossii; 2021. 252 p. In Russian

Efimova O, Safonova M. Epidemiology of ovarian cancer in early stages. Acta Medica
Eurasica. 2018;4:9-18. In Russian, English Summary

Spiridonova NV, Demura AA, Shchukin VYu. Otsenka soputstvuyushchey
ginekologicheskoy patologii v gruppe patsientok reproduktivnogo vozrasta s opukholyami
i opukholevidnymi obrazovaniyami yaichnikov [Evaluation of concomitant gynecological
pathology in the group of patients of reproductive age with tumors and tumor-like for-
mations of the ovaries]. Meditsinskiy Alfavit. 2020;16:10-14. In Russian

Momenimovahed Z, Tiznobaik A, Taheri S, Salehiniya H. Ovarian cancer in the world:
epidemiology and risk factors. Int J Womens Health. 2019;30(11):287-299. doi:
10.2147/1IWH.S 197604

Narod S. Can advanced-stage ovarian cancer be cured? Nat Rev Clin Oncol.
2016;13(4):255-61. doi: 10.1038/nrclinonc.2015.224

Matulonis UA, Sood AK, Fallowfield L, Howitt BE, Sehouli J, Karlan BY. Ovarian can-
cer. Nat Rev Dis Primers. 2016; 2:16061 doi: 10.1038/nrdp.2016.61

125



denomunuueckoe paznoodpaszue makpogazoe npu paKe AUYHUKOE

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Reid BM, Permuth JB, Sellers TA. Epidemiology of ovarian cancer: a review. Cancer
Biol Med. 2017;14(1):9-32. doi: 10.20892/.issn.2095-3941.2016.0084

Baci D, Bosi A, Gallazzi M, et al. The ovarian cancer tumor immune microenvironment
(TIME) as target for therapy: a focus on innate immunity cells as therapeutic effectors. Int
J Mol Sci. 2020;21(9):3125. doi: 10.3390/ijms21093125

Henderson JT, Webber EM, Sawaya GF. Screening for ovarian cancer: updated evidence
report and systematic review for the US preventive services task force. JAMA.
2018;319(6):595-606. doi: 10.1001/jama.2017.21421

Osborn G, Stavraka C, Adams R, et al. Macrophages in ovarian cancer and their interac-
tions with monoclonal antibody therapies. Clin Exp Immunol. 2021;uxab020. doi:
10.1093/cei/uxab020

Larionova I, Tuguzbaeva G, Ponomaryova A, Stakheyeva M, Cherdyntseva N, Pavlov V,
Choinzonov E, Kzhyshkowska J. Tumor-associated macrophages in human breast, colo-
rectal, lung, ovarian and prostate cancers. Front Oncol. 2020;10:566511. doi:
10.3389/fonc.2020.56651 1

Yin M, Li X, Tan S, Zhou HJ, Ji W, Bellone S, Xu X, Zhang H, Santin AD, Lou G,
Min W. Tumor-associated macrophages drive spheroid formation during early transcoe-
lomic metastasis of ovarian cancer. J Clin Invest. 2016;126(11):4157-4173. doi:
10.1172/JCI187252

Montfort A, Owen S, Piskorz AM, Supernat A, Moore L, Al-Khalidi S, Béhm S, Phar-
oah P, McDermott J, Balkwill FR, Brenton JD. Combining measures of immune infiltra-
tion shows additive effect on survival prediction in high-grade serous ovarian carcinoma.
Br J Cancer. 2020;122(12):1803-1810. doi: 10.1038/s41416-020-0822-x

Zhang M, He Y, Sun X, Li Q, Wang W, Zhao A, Di W. A high M1/M2 ratio of tumor-
associated macrophages is associated with extended survival in ovarian cancer patients. J
Ovarian Res. 2014;7:19. doi: 10.1186/1757-2215-7-19

Yuan X, Zhang J, Li D, Mao Y, Mo F, Du W, Ma X. Prognostic significance of tumor-
associated macrophages in ovarian cancer: A meta-analysis. Gynecol Oncol.
2017;147(1):181-187. doi: 10.1016/j.ygyno.2017.07.007

Lan C, Huang X, Lin S, Huang H, Cai Q, Wan T, Lu J, Liu J. Expression of M2-polarized
macrophages is associated with poor prognosis for advanced epithelial ovarian cancer.
Technol Cancer Res Treat. 2012;12(3):259-67. doi: 10.7785/tert.2012.500312

Maccio A, Gramignano G, Cherchi MC, Tanca L, Melis L, Madeddu C. Role of M1-
polarized tumor-associated macrophages in the prognosis of advanced ovarian cancer pa-
tients. Sci Rep. 2020;10(1):6096. doi: 10.1038/s41598-020-63276-1

Le Page C, Marineau A, Bonza PK, Rahimi K, Cyr L, Labouba I, Madore J, Delvoye N,
Mes-Masson AM, Provencher DM, Cailhier JF. BTN3A2 expression in epithelial ovarian
cancer is associated with higher tumor infiltrating T cells and a better prognosis. PLoS
One. 2012;7(6):€38541. doi: 10.1371/journal.pone.0038541

Qu QX, Huang Q, Shen Y, Zhu YB, Zhang XG. The increase of circulating PD-L1-
expressing CD68(+) macrophage in ovarian cancer. Tumour Biol. 2016;37(4):5031-7. doi:
10.1007/s13277-015-4066-y

He YF, Zhang MY, Wu X, Sun XJ, Xu T, He QZ, Di W. High MUC?2 expression in ovar-
ian cancer is inversely associated with the M1/M2 ratio of tumor-associated macrophages
and patient survival time. PLoS One. 2013;8(12):¢79769. doi:
10.1371/journal.pone.0079769

Kryczek I, Zou L, Rodriguez P, Zhu G, Wei S, Mottram P, Brumlik M, Cheng P, Curiel
T, Myers L, Lackner A, Alvarez X, Ochoa A, Chen L, Zou W. B7-H4 expression identi-
fies a novel suppressive macrophage population in human ovarian carcinoma. J Exp Med.
2006;203(4):871-81. doi: 10.1084/jem.20050930

Cortes M, Sanchez-Moral L, Barrios O, Fernandez-Acenero M, Martinez-Campanario
MC, Esteve-Codia A, Darling DS, Gyorfty B, Lawrence T, Dean DC, Postigo A. Tumor-
associated macrophages (TAMs) depend on ZEB1 for their cancer-promoting roles. The
EMBO Journal. 2017;36:3336-3355. doi: 10.15252/embj.201797345

126



A./. Kazaxoea, M.A. Paxkuna, H.B. Jlapuonoea

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Zhang W, Tian J, Hao Q. HMGBI1 combining with tumor-associated macrophages en-
hanced lymphangiogenesis in human epithelial ovarian cancer. Tumour Biol. 2014
Mar;35(3):2175-86. doi: 10.1007/s13277-013-1288-8

Liu L, Wang X, Li X, Wu X, Tang M, Wang X. Upregulation of IGF1 by tumor-
associated macrophages promotes the proliferation and migration of epithelial ovarian
cancer cells. Oncol Rep. 2018;39(2):818-826. doi: 10.3892/0r.2017.6148

Yeung TL, Leung CS, Yip KP, Au Yeung CL, Wong ST, Mok SC. Cellular and molecu-
lar processes in ovarian cancer metastasis. A review in the theme: cell and molecular pro-
cesses in cancer metastasis. Am J Physiol Cell Physiol. 2015;309(7):444-56. doi:
10.1152/ajpcell.00188.2015

Huang LL, Xia HH, Zhu SL. Ascitic Fluid Analysis in the Differential Diagnosis of Asci-
tes: Focus on Cirrhotic Ascites. J Clin Transl Hepatol. 2014;2(1):58-64. doi:
10.14218/JCTH.2013.00010

Villert AB, Kolomiets LA, Yunusova NV, Ivanova AA. Ascites as a subject of studies in
ovarian cancer. Siberian journal of oncology. 2019;18(1):116-123. doi: 10.21294/1814-
4861-2019-18-1-116-123 In Russian

Feki A, Berardi P, Bellingan G, Major A, Krause KH, Petignat P, Zehra R, Pervaiz S,
Irminger-Finger 1. Dissemination of intraperitoneal ovarian cancer: Discussion of mecha-
nisms and demonstration of lymphatic spreading in ovarian cancer model. Critical Re-
views in Oncology/Hematology. 2009;72(1):1-9. doi: 10.1016/j.critrevonc.2008.12.003
Kipps E, Tan DS, Kaye SB. Meeting the challenge of ascites in ovarian cancer: new ave-
nues for therapy and research. Nature Reviews. Cancer. 2013;13(4):273-82. doi:
10.1038/nrc3432

Gilmore AP. Anoikis. Cell Death and Differentiation. 2005;12 Suppl 2:1473-7. doi:
10.1038/sj.cdd.4401723

Steitz AM, Steffes A, Finkernagel F, Unger A, Sommerfeld L, Jansen JM, Wagner U,
Graumann J, Miiller R, Reinartz S. Tumor-associated macrophages promote ovarian can-
cer cell migration by secreting transforming growth factor beta induced (TGFBI) and
tenascin C. Cell Death and Disease. 2020;11(4):249. doi: 10.1038/s41419-020-2438-8
Motohara T, Masuda K, Morotti M, Zheng Y, El-Sahhar S, Chong KY, Wietek N,
Alsaadi A, Karaminejadranjbar M, Hu Z, Artibani M, Gonzalez LS, Katabuchi H, Saya H,
Ahmed AA. An evolving story of the metastatic voyage of ovarian cancer cells: cellular
and molecular orchestration of the adipose-rich metastatic microenvironment. Oncogene.
2019;38(16):2885-2898. doi: 10.1038/s41388-018-0637-x

Gao Q, Yang Z, Xu S, Li X, Yang X, Jin P, Liu Y, Zhou X, Zhang T, Gong C, Wei X, Liu
D, Sun C, Chen G, Hu J, Meng L, Zhou J, Sawada K, Fruscio R, Grunt TW, Wischhusen
J, Vargas-Hernandez VM, Pothuri B, Coleman RL. Heterotypic CAF-tumor spheroids
promote early peritoneal metastatis of ovarian cancer. The Journal of Experimental Medi-
cine. 2019;216(3):688-703. doi: 10.1084/jem.20180765

Winter SJ, Miller HA, Steinbach-Rankins JM. Multicellular Ovarian Cancer Model for
Evaluation of Nanovector Delivery in Ascites and Metastatic Environments. Pharmaceu-
tics. 2021;13(11):1891. doi: 10.3390/pharmaceutics13111891

Capellero S, Erriquez J, Battistini C, Porporato R, Scotto G, Borella F, Di Renzo MF,
Valabrega G, Olivero M. Ovarian Cancer Cells in Ascites Form Aggregates That Display
a Hybrid Epithelial-Mesenchymal Phenotype and Allows Survival and Proliferation of
Metastasizing Cells. International Journal of Molecular Sciences. 2022;23(2):833. doi:
10.3390/ijms23020833

Wang J, Liu C, Chang X, Qi Y, Zhu Z, Yang X. Fibrosis of mesothelial cell-induced peri-
toneal implantation of ovarian cancer cells. Cancer Management and Research.
2018;10:6641-6647. doi: 10.2147/CMAR.S183043

Kim S, Kim S, Kim J, Kim B, Kim SI, Kim M, Kwon S, Song YS. Evaluating tumor evo-
lution via genomic profiling of individual tumor spheroids in a malignant ascites. Scien-
tific Reports. 2018;8:12724. doi: 10.1038/s41598-018-31097-y

127



denomunuueckoe paznoodpaszue makpogazoe npu paKe AUYHUKOE

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Uruski P, Mikuta-Pietrasik J, Pakuta M, Budkiewicz S, Drzewiecki M, Gaiday AN, Wier-
zowiecka M, Naumowicz E, Moszynski R, Tykarski A, Ksiazek K. Malignant Ascites
Promote Adhesion of Ovarian Cancer Cells to Peritoneal Mesothelium and Fibroblasts.
International ~ Journal — of  Molecular  Sciences.  2021;22(8):4222.  doi:
10.3390/ijms22084222

Worzfeld T, Pogge von Strandmann E, Huber M, Adhikary T, Wagner U, Reinartz S,
Miiller R. The Unique Molecular and Cellular Microenvironment of Ovarian Cancer.
Frontiers in Oncology. 2017;7:24. doi: 10.3389/fonc.2017.00024

Adhikary T, Wortmann A, Finkernagel F, Lieber S, Nist A, Stiewe T, Wagner U, Miiller-
Briisselbach S, Reinartz S, Miiller R. Interferon signaling in ascites-associated macro-
phages is linked to a favorable clinical outcome in a subgroup of ovarian carcinoma pa-
tients. BMC Genomics. 2017;18(1):243. doi: 10.1186/s12864-017-3630-9

Maccio A, Gramignano G, Cherchi MC, Tanca L, Melis L, Madeddu C. Role of M1-
polarized tumor-associated macrophages in the prognosis of advanced ovarian cancer pa-
tients. Scientific Reports. 2020;10(1):6096. doi: 10.1038/s41598-020-63276-1

Worzfeld T, Finkernagel F, Reinartz S, Konzer A, Adhikary T, Nist A, Stiewe T, Wag-
ner U, Looso M, Graumann J, Miiller R. Proteotranscriptomics Reveal Signaling Net-
works in the Ovarian Cancer Microenvironment. Molecular & Cellular Proteomics.
2018;17(2):270-289. doi: 10.1074/mcp.RA117.000400

Izar B, Tirosh I, Stover EH, Wakiro I, Cuoco MS, Alter I, Rodman C, Leeson R, Su MJ, Shah
P, Iwanicki M, Walker SR, Kanodia A, Melms JC, Mei S, Lin JR, Porter CBM, Slyper M,
Waldman J, Jerby-Arnon L, Ashenberg O, Brinker TJ, Mills C, Rogava M, Vigneau S, Sorger
PK, Garraway LA, Konstantinopoulos PA, Liu JF, Matulonis U, Johnson BE, Rozenblatt-
Rosen O, Rotem A, Regev A. A single-cell landscape of high-grade serous ovarian cancer. Na-
ture Medicine. 2020;26(8):1271-1279. doi: 10.1038/s41591-020-0926-0

Takaishi K, Komohara Y, Tashiro H, Ohtake H, Nakagawa T, Katabuchi H, Takeya M.
Involvement of M2-polarized macrophages in the ascites from advanced epithelial ovarian
carcinoma in tumor progression via Stat3 activation. Cancer Science. 2010;101(10):2128-
36. doi: 10.1111/5.1349-7006.2010.01652.x

Cavazzoni E, Bugiantella W, Graziosi L, Franceschini MS, Donini A. Malignant ascites:
pathophysiology and treatment. The International Journal of Clinical Oncology.
2013;18(1):1-9. doi: 10.1007/s10147-012-0396-6

Yin M, Shen J, Yu S, Fei J, Zhu X, Zhao J, Zhai L, Sadhukhan A, Zhou J. Tumor-
Associated Macrophages (TAMs): A Critical Activator In Ovarian Cancer Metastasis.
OncoTargets and Therapy. 2019;12:8687-8699. doi: 10.2147/0OTT.S216355

Sigismund S, Avanzato D, Lanzetti L. Emerging functions of the EGFR in cancer. Molec-
ular Oncology. 2018;12(1):3-20. doi: 10.1002/1878-0261.12155

Long L, Hu Y, Long T, Lu X, Tuo Y, Li Y, Ke Z. Tumor-associated macrophages in-
duced spheroid formation by CCL18-ZEB1-M-CSF feedback loop to promote transcoe-
lomic metastasis of ovarian cancer. The Journal for ImmunoTherapy of Cancer.
2021;9(12):e003973. doi: 10.1136/jitc-2021-003973

Larionova I, Kazakova E, Gerashchenko T, Kzhyshkowska J. New Angiogenic Regula-
tors Produced by TAMs: Perspective for Targeting Tumor Angiogenesis. Cancers (Basel).
2021;13(13):3253. doi: 10.3390/cancers13133253

Moughon DL, He H, Schokrpur S, Jiang ZK, Yaqoob M, David J, Lin C, Iruela-Arispe
ML, Dorigo O, Wu L. Macrophage Blockade Using CSF1R Inhibitors Reverses the Vas-
cular Leakage Underlying Malignant Ascites in Late-Stage Epithelial Ovarian Cancer.
Cancer Research. 2015;75(22):4742-52. doi: 10.1158/0008-5472.CAN-14-3373

Yin M, Zhou HJ, Zhang J, Lin C, Li H, Li X, Li Y, Zhang H, Breckenridge DG, Ji W,
Min W. ASK1-dependent endothelial cell activation is critical in ovarian cancer growth
and metastasis. Journal of Clinical Investigation insight. 2017;2(18):¢91828. doi:
10.1172/jci.insight.91828

Duluc D, Delneste Y, Tan F, Moles MP, Grimaud L, Lenoir J, Preisser L, Anegon I, Cata-
la L, Ifrah N, Descamps P, Gamelin E, Gascan H, Hebbar M, Jeannin P. Tumor-

128



A./. Kazaxoea, M.A. Paxkuna, H.B. Jlapuonoea

associated leukemia inhibitory factor and IL-6 skew monocyte differentiation into tumor-
associated macrophage-like cells. Blood. 2007;110(13):4319-30. doi: 10.1182/blood-
2007-02-072587

54. Reinartz S, Finkernagel F, Adhikary T, Rohnalter V, Schumann T, Schober Y, Nockher
WA, Nist A, Stiewe T, Jansen JM, Wagner U, Miiller-Briisselbach S, Miiller R. A tran-
scriptome-based global map of signaling pathways in the ovarian cancer microenviron-
ment associated with clinical outcome. Genome Biology and Evolution. 2016;17(1):108.
doi: 10.1186/513059-016-0956-6

55. Schutyser E, Struyf S, Proost P, Opdenakker G, Laureys G, Verhasselt B, Peperstraete L,
Van de Putte I, Saccani A, Allavena P, Mantovani A, Van Damme J. Identification of bio-
logically active chemokine isoforms from ascitic fluid and elevated levels of
CCL18/pulmonary and activation-regulated chemokine in ovarian carcinoma. The Journal
of Biological Chemistry. 2002;277(27):24584-93. doi: 10.1074/jbc.M 112275200

56. Korbecki J, Olbromski M, Dziegiel P. CCL18 in the Progression of Cancer. The Interna-
tional Journal of Molecular Sciences. 2020;21(21):7955. doi: 10.3390/ijms21217955

57. Lane D, Matte I, Laplante C, Garde-Granger P, Carignan A, Bessette P, Rancourt C,
Piché A. CCL18 from ascites promotes ovarian cancer cell migration through proline-rich
tyrosine kinase 2 signaling. Molecular Cancer. 2016;15(1):58. doi: 10.1186/s12943-016-
0542-2

58. Montalban Del Barrio I, Penski C, Schlahsa L, Stein RG, Diessner J, Wockel A, Dietl J,
Lutz MB, Mittelbronn M, Wischhusen J, Héusler SFM. Adenosine-generating ovarian
cancer cells attract myeloid cells which differentiate into adenosine-generating tumor as-
sociated macrophages - a self-amplifying, CD39- and CD73-dependent mechanism for
tumor immune escape. Journal for ImmunoTherapy of Cancer. 2016;4:49. doi:
10.1186/s40425-016-0154-9

59. Rickard BP, Conrad C, Sorrin AJ, Ruhi MK, Reader JC, Huang SA, Franco W, Scarcelli
G, Polacheck WJ, Roque DM, Del Carmen MG, Huang HC, Demirci U, Rizvi L
Malignant ascites in ovarian cancer: cellular, acellular, and biophysical determinants of
molecular characteristics and therapy response. Cancers (Basel). 2021;13(17):4318. doi:
10.3390/cancers13174318

Hugpopmayusa 06 asmopax:

Ka3zakoBa AnHa /IMUTpHeBHA — MarucTp aBTOHOMHOM MarucTepckoil nporpammsl «TpaHc-
JISILIMOHHBIE XMMHYECKHEe U OMOMEIMIIMHCKHE TEXHOJIOTHNY; 1a00paHT J1abopaTopuu TpaHC-
JSIMOHHON KJIETOYHOH M MONEKYISIpHOM OnomenuimHbl, HaydHO-uccienoBaTebCKuil vH-
crutyt Ouonoruu u Ouodusmku, HanmonaneHblil uccnenoBarensckuit ToMckuii rocyaap-
crBeHHbli yHuBepeuTteT (Poceust, 634050, r. Tomck, np. Jlenuna, 36).

ORCID iD: https://orcid.org/0000-0003-0194-6677

E-mail: a.kazakova99@mail.ru

Paknna Muiauna AJsleKCAaHAPOBHA — MarucTp aBTOHOMHOM MAarumcTepcKoi MporpamMbl
«TpaHCIALMOHHBIE XUMHYECKUE U OMOMEIUIIMHCKIE TEXHOJIOTUW»; J1abopaHT J1abopaTopuu
TPaHCISILMOHHON KIETOYHOW M MOJEKYJSIpHOH OroMenuumubl, HaydaHo-uMccnenoBaTeabCKuii
HHCTUTYT Oojorud u ouodusuku, HanmonaneHblil nccnenoBatensckuit Tomckuit rocyaap-
crBeHHbI yHuBepcuTeT (Poceust, 634050, r. Tomck, np. Jlenuna, 36).

ORCID iD: https://orcid.org/0000-0001-8334-7445

E-mail: militsarakina@mail.ru

JlapuonoBa Upuna BanepbeBHa — kaHI. Mel. HAyK, C.H.C. 1a0OpAaTOPUH TPAHCISILIUOHHOMN
KJICTOYHON U MOJNEKYISIpHOM OnoMenuumubl, HaydHo-HcCe10BaTeNbCKU HHCTUTYT OHOIIO-
rud u O6uodusuku, Tomckuii rocynapcrBennsiii yauepeuret (Poccus, 660050, r. Tomck,
np. Jlenuna, 36); c.H.c. yaboparopur OHOJOTHMHM OMyXONEeBOM mporpeccur, HaydHo-
HCCIIEIOBATENbCKUIT MHCTUTYT OHKOJNOTMHM, TOMCKHN HAalMOHANBHBIA HCCIIEI0BATEIbCKUMA
meauuuackuil neHtp PAH (Poccus, 634009, r. Tomck, nep. KoonepaTushslii, 5).

ORCID iD: https://orcid.org/0000-0001-5758-7330

E-mail: larionova0903irina@mail.ru

Asmopul 3aa6na10m 06 omcymcmeuu KOHQuuKma unmepecos.

129



denomunuueckoe paznoodpaszue makpogazoe npu paKe AUYHUKOE

Information about the authors:

Kazakova Anna D, Masters Student of “Translational chemical and biomedical technolo-
gies” program; Laboratory Assistant, Laboratory of Translational Cellular and Molecular
Biomedicine, Tomsk State University, 36 Lenina Ave., Tomsk 634050, Russian Federation.
ORCID iD: https://orcid.org/0000-0003-0194-6677

E-mail: a.kazakova99@mail.ru

Rakina Militsa A, Masters Student of “Translational chemical and biomedical technologies”
program; Laboratory Assistant, Laboratory of Translational Cellular and Molecular Biomedi-
cine, Tomsk State University, 36 Lenina Ave., Tomsk 634050, Tomsk, Russian Federation.
ORCID iD: https://orcid.org/0000-0001-8334-7445

E-mail: militsarakina@mail.ru

Larionova Irina V, Cand. Sci. (Medicine), Senior Researcher, Laboratory of Translational
Cellular and Molecular Biomedicine, Tomsk State University, 36 Lenina Ave., Tomsk
634050, Russian Federation; Senior Researcher, Laboratory of Cancer Progression Biology,
Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of
Sciences, 5 Kooperativny Str., Tomsk 634009, Russian Federation.

ORCID iD: https://orcid.org/0000-0001-5758-7330

E-mail: larionova0903irina@mail.ru

The Authors declare no conflict of interest.

Tocmynuna 6 pedakyuro 15.02.2022 2.; noemopro 25.04.2022 2.;
npunama 27.04.2022 2.; onybauxosana 20.05.2022 2.

Received 15 February 2022; Revised 25 April 2022,
Accepted 27 April 2022; Published 20 May 2022.

130




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Eurostandard \050Coated\051, 25%, GCR, Medium \050UCA 36%\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


