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This review examines the complex role of neutrophils in the pathogenesis of cancer.
Neutrophils make an ambiguous contribution to the development of the tumor process:
on the one hand, they promote tumor growth, metastasis and invasion, support tumor an-
giogenesis, promoting the spread of the disease, however, on the other hand, neutrophils
restrain and limit tumor growth due to expressed tumor necrosis factors, reactive oxygen
species and induction of various chemokines and cytokines.
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BeepeHue

OHKoJIorYecKre 3a001eBaHMS SIBJISTIOTCSI OMHOM 13 OCHOBHBIX IIPUYMH CMEPTHU
BO BCEM MHPE U, CIIeIOBATEIbHO, CEPhE3HOM TTI00aIBHOM TTPOOIeMOI 3ApaBOOXpa-
HeHMs. 3a00J1eBaeMOCTh PAKOM OILICHUBAETCS MPUMEpHO B 19,3 MUIIITMOHA HOBBIX
caygaeB B 2020 romy ¢ ypoBHEM CMEPTHOCTH ITprMepHO B 10 MUIITMOHOB city4aes [ 1].

Hetitpoduibl cuuraroTcs MOIIHBIMU 3(P(PEKTOPHBIMU KJIETKaMU, BhI3bIBAIO-
LLIMMU BPOXXAEHHbIN 3aLLIMTHBIN OTBET MPOTUB pa3InuHbIX MaToreHoB. Helitpou-
JIBI SIBJISIIOTCSI HAaMOoJ1ee pacipoCTpaHeHHBIMU HIUPKYIUPYIOIIMMU JICHKOIIUTAMMU,
Ha ux pomo npuxoautes 50—70 % kinerok KpoBu. HeitTpoduibl mpeacTaBisiior
C00011 TIepBYIO JIMHUIO 3aLIUThI OT MH(EKIIN, TTO3TOMY OHU OBICTPO ITOCTYHAIOT
13 KPOBOTOKA B MECTO TIOBPEXKICHUS, TI€ YHUYTOXKAIOT IMaTOT€HBI ITyTeM (haroim-
TO3a, JIeTPaHyJISILINN 1 BEICBOOOXIeHNS BHEKIeTOYHBIX JJoByneK (NETs) [2, 3].

C opyroit cTOpOHBI, HENTPOPUIBI SIBISIOTCS CYIIECTBEHHOM YacThI0 MUKPOO-
KPY>KEeHUSI OITYyXOJIM, TIPY 3TOM IOKa3aHO, YTO OHU CIIOCOOHBI CTUMYJIMPOBATH POCT
oryxoJjeii. JlaHHOe IIPOTUBOpeYre MMEET KaK TEOPETUIECKOE, TaK 1 CYIIeCTBEHHOE
MMPaKTUYECKOE 3HAUeHHUE, T. K. TPeOyeT OCMBICJIEHUS POJI HEUTPODMIOB B KaHIIE-
poreHese, a TakKe TpeOyeT YIUTHIBATh MX POJIb ITPU TNTAHUPOBAHWY JieueHus [4, 5.

Lenb pa6oTbi

OL[GHI/ITB COOTHOHMICHME OHKOICHHBIX 1 aHTUOHKOTCHHBIX HOTGHL[I/II7I HCﬁTpO—
¢GMIIOB B YCIIOBUSX KaHIIEpOTeHe3a, a TAKXKe OLICHUTD POJIb HEUTPODUITOB B TIPO-
1ecce METacTa3upPOBAHUS OTTYXOJICH.

Ponb HeitTpodunoB B pasBuTMM paka

Honroe BpeMsi GYHKIIMOHAILHOE pa3HOOOpa3re HeHTPO(PUIOB yIIyCKaIoCh
13 BUIY 110 CPAaBHEHMIO C IPYTUMU MUEJIOMIHBIMU KJIETKaMU, OMHAKO, B HECKOJIb-
KUX UCCIICA0BAaHMSIX HeITaBHO ObLTa IOKa3aHa BhICOKAsI TeTepOreHHOCTh CPEIr HUX,
a TakxKe MX MJIaCTUYHOCTD [6]. Bbbls1o MoKkasaHo, 4To, JaXKe e/ aKTUBALMsl Heli-
TPO(UIOB BHI3BIBAET MOBPEXKICHNE OKPYKAIOIIMX TKaHEl, BBICBOOOXKIAast aKTHB-
HbIe (DOPMBI KMCIOPOIa U MIPOTEOIUTUIEeCKIE (PePMEHTHI, JaHHBIE KJIETKU, TEM
He MeHee, UMEIOT pellaollee 3HaYeHNe ISl pereHepaluy TKaHeld. DTO CBSI3aHO
C TEM, YTO HEUTPODUIIBI CHOCOOHBI MPOAYLIMPOBATH (HAKTOPBI POCTA U MPOAHTUO-
Te€HHbIE OCJIKM, KOTOPBIE CIIOCOOCTBYIOT PeBACKYJ/IIPU3alINU, a TAKXKE MHAYLIMPO-
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BaTh PEKPYyTUPOBaHNE MaKpo(aros, 4TO, B CBOIO OUepeb, IIOAACPXKUBACT U YCKO-
psIeT BOCCTaHOBJICHUE TKaHelt [4].

BcnencTBre Takymx IMpOTUBOIIOIOXHBIX (DYHKIINI POJIb HEUTPODUIIOB B pa3BH-
TUM paKa HeogHOo3HauHa. HeilTpodwisl pearnpyioT Ha pa3andHbIe MEOUaTOPHI,
BBICBOOOXKIaeMbIe B MUKPOOKPYKEHUM OITyXOJIH, YTO IIPUBOINT K AKTUBALINU X
JINOO MPOTUBOOITYXOJIEBbIX, TUOO MTPOOIyX0JeBbIX (DeHOTUIIOB [7]. [JaHHas1 Heli-
TpodUIbHAS IUIACTUIHOCTD 00YCI0BICHA BIMSTHUEM TpaHC(hOPMUPYIOIIETo hakK-
topa pocta 3 (TGFB), B-uarepdpepornom (MDH-B), MJI-35, a Takke KOHIIEHTpa-
L1ei MUTOKWHOB 1 KHCJIOPOIa B MUKPOOKPYKEHHUH OITYX0Ju [8].

Hetitpoduabr N1 xapakTepHu3yloTcsl BRICOKOM 9KCIIPecCruell MMMYHOAKTUBUPY -
JOIINX XeMOKITHOB 1 IIMTOKMHOB, BKITI04as (pakTop Hekpo3sa orryxonu o (TNF-a),
KOTOPBII aKTUBUPYET CIIEIIMAIbHBIE PELEIITOPHI, CIIOCOOHBIC PACIIO3HABATD 3J10-
KayeCTBEHHYIO KJIETKY W OJIOKMPYIOIINE e¢ JalbHeilee eIeHNe, a TAKKe CII0-
coOcTByIOIIME ee HeKpo3y [9]; Mmonekyiry MexkineTouHoi aare3un 1 (ICAM-1),
KOTOpasi, HallpuMep, B MOJEIN KCEHOTPAaHCIUIAHTAaTa MEJIaHOMBI CIIOCOOCTBYET
arperanuy 1 yaepXaHuio T-KJIEeTOK B OIYX0JI€BOM HUIIIE TIOCPEICTBOM CBSI3bIBA-
HUA ¢ B2-nmHTerpuHoM LFA-1, 9To MpUBOINUT K YIIYYIIIEHWUIO MMMYHHOTO KOHTPO-
JIsI U TOTEHIIMAJIBHO OIpaHUYMBACT pa3BUTHE onyxoiu [ 10]; petenTopHEIi 6e10K
Fas, comepkaimmii BHyTpUKJICTOUHBII JOMEH CMEPTU M YYACTBYIOIIUI B 3aIIpO-
rpaMMHUpOBaHHOM MeXxaHu3Me anonTo3a [11]. IIpoTuBoonyxoaeBasi akTUBHOCTb
HeriTpoduaoB N1 cBsizaHa C IIPSIMBIM YHUITOXEHIEM OITyXOJIEBBIX KJIIETOK ITyTeM
BBIPAOOTKU aKTUBHBIX (popM Kuciaopona (ADPK) u okcuma a3oTa Wi MHAYKIIUEH
aronTo3a, cBsI3aHHoro ¢ akTuBanueit Fas/TRAIL. JIpyrue MmexaHU3MbI BKJIIOYA-
IOT aHTUTEJIO3aBUCUMYIO KJIIETOUHO-0IIOCPEIOBaHHYIO HIMTOTOKCMIHOCTE (ADCC)
n akTuBanuio GyHkunn T-kiretox [12].

B npyrux ncciaenoBaHMAX ObUIO ITOKA3aHO, YTO HEUTPOoG Il N2 UTparoT IIpo-
OITyXOJIEBYIO POJIb C IIOMOIIbIO HECKOJIBKMX MeXaHU3MOB. OHI CIIOCOOCTBYIOT
PAa3BUTHIO OITYXOJIU ITyTEM BBIPAOOTKM aKTUBHEIX (popM Kuciopona (ADK) i ak-
TuBHBIX (opm azota (RNS), a Takke cTUMyISIIUM ITpoardepaiyi OIIyX0JIeBbIX
KJIETOK TTyTeM ceKpelunn HelTpodribHOoI 3mactassl (NE), crmocodcTByromeit
YCUJICHUIO MHBA3UU OITyX0JIe, IIPOrpecCupOBaHUIO MeTacTa3oB [13] u cekperun
MaTpUKCHOI MeTajutonporenHassl 9 (MMPY), aktuBupymoiiei (pakTopsl pocTa
pro-TGF-f n pro-TNF-a [14]. He#itpodrier N2 padboTaioT B Ka4eCTBE OITyXO-
JIEBBIX IIPOMOTOPOB 1 3KcTpeccupyioT XxeMoKMHBI CC 1 CXC, obnagaroniye aH-
TUOTeHHBIM 3 dekToM, pakTop pocta sHmoTeans cocynoB (VEGF), u petierrrop
CXCR4, xoTopoMy IPUHAIIEKUT KII0UEBasI POJIb B IIPOIIECCaX IIPOHMKHOBEHUS
KJIETOK OITYXOJIM CKBO3b MEXTKaHeBbIe Oapbephl [15].

Taxum 006pa3oM, ¢ OTHOM CTOPOHBI, MOJIEKYJIIPHO OTHUM U3 IIEPBBIX MEXaHU3-
MOB, TIOCPEICTBOM KOTOPBIX HEUTPO(DUIIBL CIIOCOOCTBYIOT POCTY OIIYXOJIM, SIBJISI-
eTcs BeicBoOoXneHre ADK, KoTopsie, B CBOIO OYepeb, BEI3BIBAIOT IIOBPEXICHIE
HHK, 9T0 71€3KUT B OCHOBE pa3BUTUSI paKa, IpoJirdepaliy KJICTOK U YBETUMICHUS
MYTaLIMOHHOM Harpy3ku [16].
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C nmpyroii CTOpOHBI, HEUTPODUIIBI CIIOCOOCTBYIOT OTAEICHUIO OITyXOJIEBBIX
KJIETOK OT 0a3ajIbHOII MeMOpaHbl, MTHTMOMPYsI HadaJIbHbIe (pa3bl KAaHIIEpOreHe3a.
I'mmepokcryeckoe MUKPOOKPYKeHIE OrpaHUIYMBAeT HAKOIUICHE HEUTPO(DUIOB
B OIYXOJISIX, HO MHOUIBTPUPYIOIINE OIIYX0JIb HEHTPODUIIBI IEMOHCTPUPYIOT BBI-
COKMIT TIPOTUBOOIYXOJIEBBIM IMOTEHIINAJ M3-3a MOBBIIIEHHOTO BHICBOOOXKICHMUS
A®K, KkoTOpBIE OrpaHUYMBAIOT MPOJIH(MEPALINIO OITYXOJIEBBIX KJICTOK M MHIYII -
pyiot anorrTo3 [17]. Bo3MOXHO, 94TO CTOJIb pa3HOHaMpaBieHHoe aeiicTBrne ADK
CBSI3aHO C pa3IMYHBIM KormaecTBoM npoayiupyeMbix ADK Heirpodmmamu. C on-
HO1 CTOPOHBI, IpY HU3KUX YpoBHIX ADK crmocoOCTByeT BBLKMBAHUIO PAKOBBIX
KJIETOK, TIOCKOJIBKY IIPOrPeCCUPOBaHME KIETOYHOTO IIMKJIA, BRI3BaHHOE (haKTopa-
MU pocTa 1 penenTopHbeIMU TUpo3nHknHa3zaMu (RTK), tpedyer ADK mis aktu-
Baumu [18]. C mpyroii cTOpoHBI, BEICOKHI ypoBeHb ADK MOXeT momaBiIsITh POCT
OITyXOJIM 32 CYET YCTOMYMBOI aKTUBALIM MHTMOUTOPA KIETOUHOTO IIMKJIA ¥ MH-
IYKIIY T0en KiIeTok [19].

Bnusinne HeliTpodunioB Ha MeTacTasupoBaHue

PacripocTpaHeHne omyxoaeBhIX KJIETOK M 00pa30BaHME METACTaTUISCKUX OYa-
rOB BO BTOPMYHBIX OpraHaX IpH OIIYXOJIEBOIl MPOTPECCUN IIPEACTABIISICT COOOM
MHOTO3TAITHBI IIPOIIECC, BKIIIOYAIOIINI PSII COOBITUI, OTHOCSIINXCS K Cyab0e
OITyXOJICBBIM KJIETKaM: IIPOLIECCH MHBA3UM B OKPY>KAOIIIE 3M0POBbIe TKAHU, MH-
(uIbTpaLy KPOBEHOCHBIX COCYIO0B, BBLKMBAHUSI, SKCTPaBa3allid BO BTOPUIHEIC
oyaru, rae GopMUPYIOTCS MUKPOMETACTa3bl, KOTOPBIC B UTOTE IMIPOJU(EePUPYIOT
B KJIMHUYECKM BBISIBIISIEMbIe MeTacTaTudeckue odaru [20, 21].

B nmocnenrue rogsl ObUIO IPOBEAECHO MHOXECTBO MCCIEA0BAHUI, B KOTOPBIX
OBLIIO JOKA3aHO, YTO HEUTPO(UIBI MOTYT BhICBOOOXIaTh cBOOOAHYI0 JIHK B 1e-
pudepnueckyro Hupkysaiuio B hopme NETs. Hutu JIHK, Bkiitouaroliye riCTOHbI
1 OeJIKU rpaHyJI HEUTPO(PUIBbHBIX KJIETOK, SIBIISIIOTCSI OCHOBHBIM KOMIIOHEHTOM,
TaK Ha3bIBaeMbIX, ceTOK. CeTKu, o01agalone aHTHOAKTepruaTbHBIMU CBOMICTBA-
MM, SIBJISIFOTCSI PE3YIbTaTOM HECKOJIbKIX BHYTPUKIIETOYHBIX U3MEeHEeHU. B mpo-
necce, HazerBaeMoM HeTo3 (NETosis), sapo HeiiTpodmia TepsieT cBoo ¢opmy,
IIPOUCXOIUT OeKOHACHCAIIMS eT0 XpOMaTruHa, MeMOpaHbI, OKPYKaloIIue SIpO
U TpaHyJIbl, PACTBOPSIIOTCS, U OeJIKU TpaHys coeauHstorcsa ¢ Hutsamu JIHK. Ta-
KUM o0pa3oM, noarotosiaeHHas jJoByka (NETS) BeicBOOOXKIaeTCs1 3a mpene-
JIBI KJIETKH U SIBJISIETCSI OTHOM 13 (POpM UMMYHOJIOTUYECKOTO OTBeTa HelTpodu-
JIOB [22—-24].

Omnnako NETs MoryT cnoco6cTBOBaTh IPOrpeCcCUPOBaHUIO OIYXOJIEBOTO pOCTa.
YcranosieHo, uTo NETS UrpaioT KIro4eByo peryasITOPHYIO POJIb B MUKPOOKPY-
JKeHUM OITyXOJIM, TAKYI0, KaK pa3BUTHE OTHAJICHHBIX METACTA30B 3a CUST CEKPEIINN
IpoTeas, T. €. MAaTPUKCHBIX METaJUIONIPOTENHA3, U 00pa30BaHUS IIPOBOCTIATIUTEIb-
HBIX HIUTOKMHOB. KpoMe TOro, JIOBYIIIKM HAaPSIMYIO YCUJIMBAIOT arpeCCUBHOCTD
OITYXOJIU, YCUJIMBAsI MUTPALIMIO OITyXOJIEBBIX KJIETOK U UX CIOCOOHOCTh K MHBA-
3un. TakKe ecTh JaHHBIE, KOTOPBIE CBUACTEILCTBYIOT O TOM, YTO OJ1arogapsi MH-
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JYKLIMU BbICOKOMOOUIbHON TpyIiIibl box 1 NETS unaynupyoT rnepexo 31uTe-
JINSI B ME3CHXUMY B OITyXOJIEBOM TKAHU M, TEM CaMbIM, CITOCOOCTBYIOT YCUJICHUIO
MHBA3MBHOCTHU OITyXOJIEBBIX KJIETOK [22, 25, 26].

Takum obpazom, pojib popmupoBaHuss NETs HeliTpodunamu ciienyet npu-
3HATh IPOTUBOPEUMNBOIA, T.K., C OMHOI CTOPOHBI, BEICBOOOXIECHINE BHEKJIETOU-
HBIX JIOBYIIIEK MMEET 3alllUTHOE 3HAUCHME, a, C IPYTOli, CIIOCOOCTBYET Pa3BUTHIO
KaHIIeporeHe3a.

BoiBoabl

Heiitpoduibl criocoOCTBYIOT pa3BUTHIO paKa 3a CUET YCUJICHUSI aHTHUOTeHe3a
nyteM skcripeccun xeMoknHOB CC u CXC, VEGF. Taxske HeiTpodMITEI cTToCc00-
CTBYIOT MHBAa3UHU ¥ METACTa3MPOBAHMIO OITYXOJIM ¢ IToMolIblo penieritopa CXCR4,
NE, MMP9, NETs.

Heiitpoduiibl TOpMO3ST IIPOrpecCUPOBaHIE OHKOJIOTMYECKOro 3a00JIeBaHs
3a cuet skcnpeccun TNF-a, ICAM-1, mexanusma ADCC.

Takum 06pa3oM, HEUTPOMUIIBI UTPAIOT IBOSIKYIO POJIb B ITATOIeHE3€ Pa3BUTHS
onyxoJeii. JlaHHass IpOTUBOPEYMBOCTD B dhPeKTax HEUTPO(DHIIOB CO3IAET IIPO-
OJIeMBI B OLIEHKE X UICTUHHOM POJI B OHKOreHe3e 1 (hOpMUPYET BOIIPOCHI, Ha KO-
TOpbIE ITOKA YTO HET OIpeAe/ICHHBIX OTBETOB. B 4aCTHOCTH, HEITOHSATHO, OT YEro
3aBUCUT U3MEHEHUE COOTHOLICHMUS IPO- ¥ AHTUOHKOTEHHBIX ITOTEHLINIA HEATPO-
(b110B, C KOTOPBIM MOXET OBITh CBSI3aHO Pa3BUTHUE OITYXOJIHU.
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