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AHHOTaUuA

AKkTyanbHOCTb. AKTyanbHOW 3aga4ven noBbleHUs adEKTUBHOCTU paHHEN OUAarHOCTUKM OHKOMOrMYeCKUX
3aboneBaHnin ABNAETCS MOUCK BbICOKOCMELMMUYHBIX OMYXOMNEBbIX MapKepoB B OMOMOrMYecKMX XUOKOCTAX
opraHvama. 3HaunTenbHas 4acTb 3K30COM accoLMMpoBaHa C NOBEPXHOCTbIO (DOPMEHHbIX ANIEMEHTOB KPOBH,
oaHako GenkoBbIN CNEKTP TakMx 3K30COM paHee He mccnegoBarncs. Mcnonb3oBaHne cyMMapHbIX 3K30COM
KpOBM (3K30COM MNna3mbl 1 3K30COM, aCCOLMMPOBAHHbIX C MOBEPXHOCTLIO KIMETOK KPOBM) MOXET HE TONbKO
3HaYMTENbHO NMOBbLICUTbL CMELMMUYHOCTb 1 YyBCTBUTENBHOCTb CYLLECTBYHOLLMX METOLAOB, HO U BbISIBUTH HOBbIE
OHKOMapKepbl ANs XUAKOCTHOW Guoncun. Llenb paboTbl — nonck kaHaMaaTHbIX 6ENKoBbIX OHKOMapKEPOB
paka Mono4vHow xenesbl (PMXX) nytem cpaBHeHns 2D-NpoTEOMHbIX KapT CyMMapHbIX 3K30COM KPOBM 340P0-
BbIX )XEHLUMH 1 6onbHbix PMXK. MaTtepuan n MmeToAbl. K30COMbI BblAEMNEHbI U3 KPOBU 300POBbIX KEHLLMH 1
6onbHbIX PMXX MeTonom ynsTpadunsTpaumm ¢ nocneayoLwmm ynstpaueHTpudyrnpoBaHnemM 1 oxapaktepu-
30BaHbl MPY MOMOLLY TPAHCMUCCUOHHOW 3MEKTPOHHOW MUKPOCKOMUM U UMMYHOLIMTOXUMWUW. KOHLEHTpaLmio
6enka B ak3ocoMax onpenensany npu nomowm kommepyeckoro Habopa NanoOrange Protein Quantitation kit
(Invitrogen). MpoTeom ak3ocom mccrnenoBaH ¢ noMmollbio 2D-anekTpodopesa ¢ nocnenytowlen naeHTndu-
Kaumer 6enkoB METOAOM Macc-CrieKTpoMeTpuun. Pe3aynbTaThl. [ony4eHbl BbICOKOOYMLLEHHbIE NpenapaThbl
MUWKPOBE3UKYIT CyMMapHOI KpoBW pa3mepom He 6ornee 100 HM, Ha MOBEPXHOCTU KOTOPbIX UMMYHOLIMTOXU-
MUYECKM ObInKn BbISIBNEHbI cneumdmryeckne Ans ak3ocom mapkepbl (CD63, CD9 n CD24). CpaBHUTENbHbIN
aHanm3 NpoTEeOMHbIX KapT 3K30COMarbHbIX GEnKoB 340POBbIX XeHLWUH 1 BonbHbix PMXK, nonyyeHHbIx ¢
nomoLbo 2D-anekTpodopesa, MO3BONUI YCTAaHOBUTL 3HAYMMbIE Pa3nUyuns B ypOBHE 3Kcnpeccumn 1 Habope
6enkoB B HopMe 1 naTtornorun. Metogom nenTuaHoro mHrepnpuHTa naeHTUnumMpoBaHo 11 NepcneKkTUBHbIX
npoteomHbIx MapkepoB PMXK, 13 Hnx LRG u y-Lenb FGB BbisiBNEeHbI B COCTaBe 9K30COM BriepBble (CornacHo
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6ase Exocarta). Metonom MALDI-TOF macc-cnektpoMeTpun naeHtuduumposaHo 99 6enkos B npenapaTax
3K30COM KPOBW 300POBbIX XEHLLMH 1 60MnbHbIX PMXK, 13 HUX 35 % BbISIBNEHbI B COCTaBe 3K30COM BeEpPBbIe
(cornacHo 6a3e Exocarta). B coctaBe cymmapHbIX 3Kk30COM KPOBW OHKOMOrMYecknx 60nbHbIX BbiiBNEHO 17
(53 %) 6enkoB, accoummpoBaHHbIx ¢ PMXK. 3akntoveHue. [NonyyeHHble pesynbraTbl CBUOETENBCTBYIOT O TOM,
4YTO CyMMapHble 3K30COMbl KPOBU SABMSIOTCA MEPCMNEKTUBHBLIM UCTOMHMKOM AMAarHOCTUYECKOro Matepuana
NS novcka NnpoTeoMHbIx Mapkepos PMXK. NoeHTndunumMpoBaHHble NPOTEOMHbIE OHKOMapKepPbl B UX COCTaBe
TpebyloT fanbHenLen Banuaauuu.

KnroyeBble crnoBa: 3K30COMbl, TPaHCMUCCUOHHAaA 3NeKTPpoHHass MUKPOCKOMUA, MacC-CneKTpoMeTpus,
NnpoTeoMHblIe MapkKepbl, pakK MOIOYHOM Xene3bl.
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Abstract

To improve early detection of cancer, search for tumor markers in biological fluids is of great importance. A
significant portion of exosomes is associated with the surface of blood cells, however, the protein spectrum
of such exosomes has not been previously studied. The use of total blood exosomes (plasma exosomes and
exosomes associated with the surface of blood cells) can not only significantly increase the specificity and
sensitivity of existing methods, but also suggest new tumor markers for liquid biopsy. Objective. Search for
candidate protein tumor markers of breast cancer by comparing 2D-proteomic maps of total blood exosomes
of healthy females (HFs) and breast cancer patients (BCPs). Methods. Exosomes were isolated from plas-
ma and total blood of HFs and BCPs by ultrafiltration followed by ultracentrifugation and were characterized
using transmission electron microscopy (TEM) and immunocytochemistry. Protein concentration in exosomes
was determined using the NanoOrange Protein Quantitation kit (Invitrogen) commercial kit. Proteomes of
exosomes were studied using 2D electrophoresis followed by protein identification by mass spectrometry.
Results. Highly purified samples of vesicles from plasma and total blood of no more than 100 nm in size were
obtained, on the surface of which markers specific for exosomes were detected by monoclonal antibodies
CD9. A comparative analysis of the proteomic maps of exosomal proteins of the HFs and BCPs obtained by
2D-electrophoresis allowed us to establish significant differences in the expression level and protein set in
normal and pathological conditions. The 11 proteomic markers of breast cancer were identified by the peptide
fingerprint method, of which LRG n y-chain FGB were detected in the composition of exosomes for the first
time (according to the Exocarta database). Using MALDI-TOF mass spectrometry, 99 proteins were identified
in the exosome preparations of the blood of HFs and BCPs, of which 35% were detected in the composition
of the exosomes for the first time (according to the Exocarta database). 17 (53%) proteins associated with
breast cancer were detected in total blood exosomes of cancer patients. Conclusion. The results obtained
indicate that total blood exosomes are a promising source of diagnostic material for the search for proteomic
markers of breast cancer. The identified proteomic tumor markers require further validation.

Key words: exosomes, transmission electron microscopy, mass-spectrometry, proteomic markers, breast
cancer.
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JIABOPATOPHbBIE U 3KCMNEPUMEHTAJIbHbLIE UCCJIIEOAOBAHUA

Beenenue

Pax momounoii xxene3sl (PMIK) 3aaumaet mepBoe
MECTO Cpe/Ii OHKOJIOTHYECKUX 3a00JIeBaHUHN KEHIIIHH.
3a0oeBaeMOCTh U CMEPTHOCTh OT HETO NMPOAOIIKa-
IOT HEYKJIOHHO BO3pAacTaTh BO BCEX CTpaHax MUpa,
B CBSI3M C 4eM IpoliemMa paka MOJIOYHOH IKeJe3bl
nmpuoOpeTaeT conmanbHoe 3HaueHue. [Ipumenenwue
COBpPEMEHHBIX METOIOB JIEYeHHs 103BOJIsET B 96 %
noouThes S-netHer BebkuBaeMoctd mpu PMXK I cra-
muu [1]. OmHako y 3HAYMUTENEHOTO YKCia OONBHBIX
JIMarHOCTUPYETCS pacpOCTPaHEHHBIN paK MOJIOYHOM
JKelesbl. B psizie nccie0BaHuii npoIeMOHCTPUPOBAHA
3¢ PeKTUBHOCT, MaMMOTpadry PU paHHEM BbISIBIIC-
nuu PMOK, onHako KpUTHKU METOAA YKa3bIBAIOT HA
BBICOKYIO YaCTOTY JIOXKHOHETaTUBHBIX U JIOKHOITO3H-
TUBHBIX pe3yasTaros [ 1]. Takum 00pa3om, akTyambHOM
po6seMoi MOJIEKYISIPHON METUIIMHEI SIBJISIETCS pa3-
paboTKa paHHEr0 HEMHBA3UBHOTO TUATHOCTHYECKOTO
MeTona, obecneunBaromero BeisiBaenne PMOXK na
ACUMIITOMaTHYHOW CTaIHH.

B nacrosiiee Bpemst BeayTcsi pa3paboTKi HOBBIX
METOJIOB PAHHEH TUATrHOCTUKH paKa, B TOM YUCIIC HA
OCHOBE aHallM3a COAEPKUMOTO MHUPKYIUPYIONINX B
KpoBHU 3k30coM [2]. K sKk30coMamM OTHOCAT BHEKIIE-
To4YHbIE Be3uKynsl nuameTpom 30—-100 HM, cexpeTu-
pyeMbIe Pa3IMYHBIMU KJIETKAMHU BO BHEKJIETOYHOE
npocTpaHcTBO [3]. B OMONMOTHYECKUX KUIKOCTAX
9K30COMBI SIBIISIIOTCS CTaOMIIBHBIMHA CTPYKTYpPamH,
[P TOM OHHU HECYT YHUKaJIbHbIE OCITKOBBIE MapKEPhI
MIPOAYLHUPYIOINX UX KJIEToK [2, 3], uTo onpexaensieT
HHTEpPEC K ATUM BE3UKYJIaM KaK K UCTOYHHUKY Oua-
rHoCcTHYecKoi nHpopmarwu [2, 4]. JlelcTBUTETBHO,
aHannu3 OENKOBOTO COCTaBa HUPKYIUPYIONUX B
KPOBU OHKOJIOTMYECKHX OONBHBIX 9K30COM SIBIISICTCS
MEePCHEKTUBHBIM HalpaBJICHUEM MOMCKA OIyXoJie-
crenu(prIecKuX MapKepoB 3JI0Ka4eCTBEHHBIX HOBO-
obpazoBanuit [5]. HecOMHEHHBIM MPEUMYIIECTBOM
HCCIIEZIOBAHUS ITPOTEOMA IK30COM SIBJIIETCS BOZMOXK-
HOCTh YIJIUTh MaKOPHbIC OCJIKHU TUIa3Mbl KPOBH U
MTOBBICUTH KOHIIEHTPAIIHIO OITyXOJeCTenn(puuecKux
OCITKOB, B TOM YHCJIE 1 MEMOpaHHBIX. bemkn sx30coM
cocrapisitoT Menee 0,01 % obiero nmporeoma rias-
MBI [6], ¥ TOTO JOCTATOYHO KaK JJIsi COCTaBICHUS
MIPOTEOMHBIX KapT, TaK W JUIsl UACHTU(DHUKAIIMY K-
30COMAaJIBHBIX MMPOTEOMHBIX MAapKEPOB TPH TTOMOIITH
Macc-CIIeKTPOMETPHH.

[TockonbKy paHee OBUIO MOKa3aHO, YTO IS OCY-
LIECTBICHUS MEXKKICTOYHONU KOMMYHHUKAIIUU SK30-
COMBI CBSI3BIBAIOTCS C TIOBEPXHOCTHIO KIIETOK [ 7], MBI
TIPETTONIOKHIIH, YTO SK30COMBI MOTYT OBITH CBSI3aHbI H
¢ (hOpPMECHHBIMHU JIEMEHTaMH KPOBH. J{eHCTBUTENBHO,
B MMUJIOTHOM UCCIICAOBAHUN HAMU TIOJYUYCHBI TAHHBIC
0 HAJMYWU K30COM Ha TOBEPXHOCTH (HOPMEHHBIX
AJIEMEHTOB KpPOBH [8].

Leabio ucciaeaoBaHuA SIBUJICA MOUCK KaHIH-
JIATHBIX OCJIKOBBIX OHKOMAapKEpPOB paka MOJOYHOM
XKeJae3bl MyTeM cpaBHeHHS 2D-NpoTeoOMHBIX KapT
CYMMapHBIX 3K30COM KPOBH 3JI0POBBIX KCHIIUH H
6ompHBIX PMIK.

CUBUPCKIM OHKONOTMYECKW XXYPHAT. 2020; 19(2): 49-61

MarepuaJj 1 MeTOBbI

OO0pasnpl KpoBH 6 3M0POBBIX KEHIIWH, CPETHUN
Bo3pact 44 + 4 roxa, ObLH oy4eHb! U3 LIeHTpaipHOiM
knuHu4eckoi 6opHUIBI CO PAH u 8 mepBuYHBIX
6omnpHeIx PMXK T1-2NOMO — 3 HoBocubupckoro
00JIACTHOTO OHKOJIOTHYECKOTO Aucnancepa (tao. 1).
HccnenoBanue mpoBOAMIM C COOMIOACHUEM MPHH-
IIATIOB TOOPOBOJIBLHOCTH U KOH(MHUICHITHATHLHOCTH B
cootBercTBUU ¢ OcHOBaMU 3akoHozaTeNnbcTBa PD 00
oxpaHe 310poBbs rpaxaaH. OOpa3ubl KPOBH MOCIE
3a00pa MyTeM BEHEITYHKLNHU B BaKyTeHHEPBI, COAep-
xamue K, EDTA, xpannnu ipu 4 °C u o6pabarbisanu
B TEUCHHUE ONMIKaMIIero yaca.

CyMMapHble 3K30COMBI BBIJICHSIN U3 KPOBU
3IIOPOBBIX KEHIUH 1 00bHBIX PMOK myTem ynbrpa-
(buIBTpaMH C MOCICAYIOMNUM YIIBTPAICHTPUDYTH-
poBanueM. B wacTHOCTH, K 00pa3iy KpOBU 00BEMOM
4,5 M1 106aBiIsITM paBHBIN 00beM Oydepa, amonpyto-
IIMH 3K30COMBI, aCCOLIMUPOBAHHBIE C (POPMEHHBIMU
aneMeHTaMu [9], 1 HHKYOHUPOBaJId Ha POTAMOHHON
Mmemanke 10 00/MHH B TeueHHE 5 MUH ITPU KOMHAT-
HOH Temmepatrype. ©opMeHHbIE 37IeMEHTHI 0CaX1aIN
neHTpudyrupoBanuem B redenne 20 muH mipu 290 g
u 4 °C, cynepHaraHT MOBTOPHO EHTpU(pyrupoBain
B Teuerne 20 muH ripu 1 200 g u 4 °C. [Ing ynanenus
KJIETOYHOTO J1eOprca 00pa3ibl I1a3Mbl IEHTPUDYTH-
posamu ipu 17 000 g 4°C B Teuenue 20 mun. [l yna-
JIeHHsI Be3UKyT pasMepom boiee 100 HM cyrnepHaTanT
pasBomunu B 3 pasa ¢ocdarHo-comeBsIM Oydepom
(10 MM docdarnsiii 6ydep, 0,15 M NaCl, pH 7.5)
(®b) u punprpoBanu yepes GUILTP ¢ TUAMETPOM
nop 100 am (Minisart high flow, 16553-K, Sartorius).
DK30COMBI OCKIANN YIABTPANCHTPUPYTHPOBAHUEM
(100000 g, 90 muH, 4 °C), ocagok pecycreHaupOoBaIn
B 10 Ma @b u aBax B! yIbTpaeHTpUyrupoBay mpu
TEX € YCIOBHAX. DK30COMBI PECYCIEHAMPOBAIN B
200 Mk @b, 3aMopakUBaIM B )KUJKOM a30Te U Xpa-
i nipu —80 °C.

JlJisl HeraTUBHOTO KOHTPACTUPOBAHHSI SK30COMBI
copOupoBau Ha MEAHBIE CETKH C (POPMBAPOBOI MOA-
JIOKKOH, CTAaOMIIM30BaHHON YITIEPOIOM, B TEUEHUE
1 mun u 10 cex xkoHTpactupoBanu 2 % pacTBOPOM
(hochopHO-BONIb(HPAMOBOIT KUCIIOTHI.

Jnst BeIABICHUS cieqU()UUECKUX MapKepoB K
10 MKt cycniensun 3x30com go6asistu 10 M 0,5 %
OBIYBETO CHIBOPOTOYHOTO anbOymMuHa B Db, BHOCHIH
no 3 Mk (100 MKr/mMiT) MOHOKJIOHAJIBHBIX aHTUTEI K
peuenropy CD9 (Abcam) u MHKYOHPOBAJIH B TCUCHUE
18 4 Ha meiikepe Elpan 358S, 3aTrem copOupoBanu Ha
cetku. [lanee cetku mpombiBamu @b 1 MHKyOHpoBaIH
2 4 ¢ KOHBIOTATOM Oenka A ¥ HaHOYACTHI] 30JI0Ta BO
BJI2YKHOW Kamepe MpY KOMHATHOHM TeMIepaType, 3aTeM
npoMbiBaiy @b B TeueHue 2 MUH U KOHTPACTUPOBA-
11 pochopHO-BOIB(DPAMOBOI KHCIOTOH B TECUCHHE
10 cexk.

[ToaroToBneHHBIE CETKU M3y4ald B MPOCBEYH-
BalOILIEM 3JIEKTpoHHOM MuKpockone JEM 1400 (Jeol,
Japan) npu yckopsitorem Hanpsbxernu 80 kB. U3o-
OpaXeHHs MOTyYaly ¢ TOMOMIBIO I POBOI (poToKa-
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Mepsl Veleta (EM SIS, Germany). Pazmepsr cTpyKkTyp
M3MEPSUTH Ha MOHHTOPE MH(PPOBOH (HOTOKaAMEPHI C
nomotbio mporpammel iTEM (EM SIS, Germany).

JJisl OIICHKHM KOHIIGHTpalnuu Oenka K30COM HC-
MoJIb30Bajn KoMMepueckuii Habop NanoOrange
Protein Quantitation kit (Invitrogen) B cooTBeTCTBUHI
C PEKOMEHANNSAMHI TPOU3BOUTEIIS.

Juist Tenb-371eKTpoPOPEeTHUECKOr0 pa3ielieHUs
0eNKN 9K30COM OCaXKAAIM CMEChlo XJopodopma ¢
MeTtaHosoM (1:4). Jlis sToro k 100 MK 9K30COM J10-
6anmsun 300 MK TeHOHU3UPOBAaHHOM BOABI, 400 MKIT
Metanona, 100 MkJ1 xstopodopma, TIIATEIEHO TIepeMe-
LIMBaIM 1 HeHTpudyruposanu npu 14 000 g B Tedenue
1 MuH. 3aTeM BEpXHIOI0 BOJHO-METAHOJIEHYIO (a3y
otneisui, BHocuan 400 MK MeTaHOIIa, TIIATEILHO
nepemMenmBany 1 nentpudyruposanmu mpu 20 000 g
B TeueHue 15 MuH. OcajoK BRICYIIMBAIN HA BO3AYXE
[Py KOMHATHOM TeMIIepaType U pacTBopsuiu B Oydepe
s 2D-anekrpodopesa [8].

Jist mony4eHHus: TPOTEOMHBIX KapT 3K30COM
ucrnoiyib3oBaiu meron 2D-anekrpodopesa [10].
Paznenenue GenkoB Metomom 2D-anexTpodopesa
ITPOBOJIFITH C UCTIOJIH30BAHMUEM CTPHUITOB C IMMOOMIIH-
30BaHHBIM TpanueHToM (IPG-ctpunsr, 7 cm), pH 4-7
(Bio-Rad Laboratories, CIIIA), kak ObUTIO ONMUCaHO
panee [8]. B xauecTBe cTaHmapTHOH cMecH OEIKOB
JUTSL OTIpefieNieHns Macc U pl mcmonbp3oBamu HabOp
MapkepoB 1t 2D-amekrpodopesa «Markers for Two
Dimensional Electrophoresis» (1789 k/la, pl-criektp
7,6-3,8, Sigma). Busyanusaiuio OSJIKOBBIX ISATEH B
TelIsiX MOCIIe 3aBEPIISHs BTOPOTro HarpasieHus 2D-
anekTpodopesa OCymEeCcTBISLTA METOIOM OKpaIlnBa-
HUS HUTPAToM cepedpa Tuocyabhatom Hatpus [11].

Jiist aHanm3a OKpalieHHbIe cepeOpOoM reli CKaHH-
posanu ¢ paspemeHremM 300 Todek Ha JIIOHM ITPH TOMO-
1w kanuopoBouHoro aeHcuromeTpa GS-800 (Bio-Rad
Laboratories, CIIIA) 1 cTaTHCTHYECKH aHATH3UPOBA-
JIM C MCTIOJh30BAaHUEM MPOTPAMMHOTO O0ecIieueHHs
PDQuest (version 8.0, Bio-Rad Laboratories, CLLIA).
AHanm3 OEITKOBBIX MSITEH COCTOSIT U3 CIIEAYIONINX 3Ta-
ITOB: BBIYHCIICHHE OTHOCHTEIBHOTO 00heMa OEITKOBBIX
TSITEH, PACCYUTAHHOTO KaK OTHOIIICHUE BHIPAYKEHHOM B
MUKCEJISIX UHTEHCUBHOCTH TISITHA K CYMMapHOM UHTEH-
CUBHOCTH BCEX IISTEH Ha TeJie; BEIpAaBHUBAHUE TeJICH;
comocTaBJeHne OeTKOBBIX MmsiTeH. JloCTOBEpHOCTH
MOJTYYEHHBIX PE3YJBTATOB OIIEHUBAIIH I10 t-KPUTEPHIO
CreronenTa npu p<0,05.

J1s Macc-CeKTpOMEeTPUIECKO UACHTU(DUKAITTT
0EIKOB 9K30COM, 110 KOTOPBIM HAOIIONAINCh OTITUIHS
MEXJIy HCCIEeyeMbIMU T'PYIIIaMH, TPOBOJUIH HX
MOATOTOBKY: BBIPE3aHUE U3 TeJIsl, IEOKPAIIBAHUE OT
HUTpara cepedpa, BOCCTAHOBJICHUE TUCYIIb(OUTHBIX
CBsi3el B MOJIEKyle Oelka M alKWJIMpPOBAHUE OCTarT-
KOB IMCTEWHA, PACIIEIJICHHEe OEIKOB Ha IMEeNTHIBI
TPHUIICUHOM HEIMOCPEJCTBCHHO B relle, DKCTPAKIIUs
MENTHJIOB U3 Telisl, OYMCTKa OT COJIeH U AeTepreH-
TOB M KOHIGHTPHPOBAHHE IMENTHIOB C TTOMOIILIO
texaosoruu ZipTip (pupmer «Milipore», CIIA)
COITIACHO MPOTOKONIY (UPMBI-IPOU3BOUTENS. Paz-

52

JIeJICHUE TIOJIyYCHHBIX B PE3YJIbTaTe TPUITHYECKOTO
TUJIPOJIN3a TENTUAOB MPOBOJAMIN MeTooM BIXKX
C UCIIOJIb30BaHUEM BBICOKOA(P(EKTUBHOTO KUIKOCT-
Horo xpomarorpada Agilent 1290 Infinity LC System
(pupmner «Agilent Technologies», Inc., CILIA). Macc-
CHEKTPOMETPHUECKYIO JACTEKLMIO OCYLIECTBISUIN Ha
KBaJ[PYTIOIb-BPEMSIIPOJIETHOM MacCC-CIIEKTPOMETPE
BbICOKOTO paspemenus Agilent 6550 iFunnel Q-TOF
(pupmer «Agilent Technologies», Inc., CILIA).

s onpeneneHusi NEPBUYHOM MOCIIEN0BATENb-
HOCTH 3K30COMAaJIbHBIX OE€JIKOB, IIPerapaTUBHBIC KO-
nudecTBa OelKoB pazaersuiu npu momomu 10-20 %
SDS-nuck snextpodopesa u OKpalIuBaid MpH MO-
Mo Kymaccu R-250 (Sigma, USA). ®parmenTst
ITAAT, coneprkarue ucciemyeMble 0eTKN, OTMBIBAITH
ot Kymaccu R-250 u SDS u moasepranu TpUTICHHO-
U3y, Kak Obuto omucaHo panee [12]. [lentunHbie
(hparMeHThI OETIKOB SKCTPArupOBAIIN U3 TeJIsl, KOHLICH-
TPUPOBAIIN M 00ECCOTUBAIN Ha MUKpOKoiIoHKax C18
ZipTips (hupmsr «Miliporey, CHIA). Cmech nentumoB
AIIOMPOBAITH ¢ MUKPOKOJIOHKH Ha MUILICHb IPUOOPHON
TUTACTHHBI HACHIILICHHBIM PACTBOPOM MaTpHKCa.

[lonyuyeHue u perucTpanuio Macc-cIeKTpPOB
HPOU3BOIMIIN Ha TAHAEMHOM BPEMSIIIPOJIETHOM Macc-
cnekrpomerpe MALDI-TOF autoflex speed series
LIFT («Bruker Daltonics», ®PI'). Unentuduxannio
0€JIKOB MPOBOJMIIH Iy TEM IIOMCKA COOTBETCTBYOILIUX
KaHIUIaTOB B aHHOTHUPOBAHHBIX Oa3ax maHHBIX NCBI
u SwissProt ¢ ucnonb3oBaHreM HporpaMmbl Mascot
(Matrix Science Ltd., London, www.matrixscience.
com/search_form_select.html), kak OpuTO OnUCaHO
panee [12]. Ananu3 uaeHTUGHUITNPOBAHHBIX OCITKOB
npoBoauin 1o metoauke Q. Yang et al. [13].

Pesyabrarsl

Jlist momcka KaHJUIATHBIX OEJIKOBBIX OHKOMAapKe-
poB PMXK Ha nepBom 3Tare paboTsl ObiiH chopMu-
POBaHbI TPYIIBI KIMHUYECKH 3/10POBBIX JKEHIIMH U
nepBUYHBIX 00bHBIX PMOK, BeIIEICHBI 1 OXapaKTe-
PHU30BaHbI CyMMapHBIE 3K30COMBI KPOBU.

Jst noATBep K ACHUS SK30COMaJIbHOM IPUPO/IbI BbI-
JIeNIEHHBIX MUKPOBE3UKYN «OOIIeCTBOM 10 H3yUEHHIO
BHEKJIETOUHBIX BE3UKYJ» PEKOMEHJIOBAHBI OLlEHKa
pasMepa U BBISIBICHHE 3K30COMaIbHBIX MEMOpPaHHbBIX
WJIM IIATO30JIBHBIX OenkoB [14]. CoueTanue yibTpa-
(uneTpanuy 1 ABOMHOTO YIIbTpaneHTpr(yrupoBaHus
MO3BOJISICT TIOJIYYUTh Mpemnaparbl BE3UKya 0e3 Mmpu-
Mmecel yactun 6omnee 100 HM, a hopma 1 pazmep ITUX
BE3UKYJI COOTBETCTBYIOT XapaKTEPUCTHKAM IK30COM,
BBIJIEJICHHBIX U3 APYTUX OMOIOTHYECKUX KUIAKOCTEH
[15, 16]. B nonmy4eHHBIX HaMU ITpenaparax OCHOBHAs
4acTh BE3UKYJI U3 KPOBH 3/I0POBBIX JKEHILMH 1 OHKO-
JIOTHYECKHUX OOJBHBIX MMena pasmepsl 40—-100 HM u
MOP(}OIIOTUIECKUE XaPAKTEPUCTHKH IK30COM (puc. 1).
ConeprkaHue BE3UKYII C TOBPEXICHHON MeMOPaHOii B
npenaparax He npesblimano 10 %, 10151 MUKpOBE3HKYI
(pazmepom menee 30 HM) cocTaBuia He Oosee 15 %.

Jl1s xapakTepu3aIui 3K30COM B TEKyIIeH padoTre
OBLIM MCITONB30BAHbBI aHTHUTENA K PeLleNTOpaM ceMei-
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cTBa TeTpacnannHoB CD9, koTopkle OITOCPEyIOT a-
re€3HI0 5K30COM Ha NOBEPXHOCTH KIETKHU-PELUNNAEHTA
U SIBJISIOTCS 0053aTeNIbHBIM CTPYKTYPHBIM KOMIIO-
HEHTOM MeMOpaHbl 3k30coM [14]. [IpakTruecku Bce
CyMMapHBbI€ 3K30COMBI KPOBH CBSI3bIBAJINCH C AHTH-
tenamu Kk CD9, yacTuiibl 30J10Ta BBISIBISUIMCH HA UX
moBepxHocTH (puc. 1).

J1g cpaBHUTENHFHOTO aHaAIM3a IPOTeOMa CyMMap-
HBIX 9K30COM KPOBH 3/I0POBBIX JKCHIIHH U OOJBHBIX
PMX 6putn momyuens! 2D-mipoTeoMHbIE KapThl (110
Tpu 2D-anekrpodoperpammer/odpasen) (puc. 2).
Brino ycTaHOBIIEHO, YTO B COCTaBE 3K30COM IpH-
CYTCTBYIOT O€NIKM C MOJEKYIsIpHO# Maccoi oT 10
1o 250 k/la. Haubonee 3HauMMBble Pa3anyuus MEKIY
IIPOTEOMHBIMHU KapTaMy CyMMapHBIX 3K30COM KPOBU
3JI0POBBIX JKEHIIMH ¥ 001bHBIX PMJK ObLiu Haii/ieHbI B
OMHHA/ILATH 00NACTAX ANEKTPOPOPETHUECKON KAPTHI.
BrsiBneHHBIC pa3nuyus 3aKII0YAINCh B TOSBICHUN/
HNCYE3HOBEHUM OCJIKOB M M3MEHEHHMM HKCIPECCUU

NPHUCYTCTBYIOIIMX B HOpMe OenkoB. B wacTHOCTH,
Ha0I110/1aJ10Ch TOSIBIICHHE OCTIKOBBIX MATEH (001acTh
2, 9) u ucuesHosenue naTHa (ob6nacts 1 (I1)) mpwu
PMXK. benxossie msataa (oomactu 1 (I), 3, 4, 5, 6, 7,
8,10, 11) umenu OOJbIINN OTHOCUTEIbHBINA 00beM Ha
NpOTeOMHBIX KapTrax 6onpHBIX PMXK 1o cpaBHeHunio
C KOHTPOJIBHO rpymIoi (puc. 2).

WnenTuduunpoBaHHble IPYU OMOIIN ENTHIHO-
ro (UHTrepIpHHTA dK30COMaNbHbIC OeNKkK Hanbojee
ornuuaromuxcs 11 obmacTeld MpOTEOMHBIX KapT
npercTaBieHbl B Ta0I. 2. Panee B cocTaBe 9K30COM Me-
TOJIOM MacC-CIIEKTPOMETPHUH yKe ObLITH O0OHAPYKEHBI
11 3 13 (85 %) uaeHTHQHUIIUPOBAHHBIX HAMHU OEJKOB,
OHHU aHHOTHPOBaHHI B 0a3e maHHBIX Exocarta (www.
exocarta.org). JlelunH-060raTslii Y-2-TIUKONPOTEHH
(LRG) n a-uemns ¢ubdpunorena (FGB) oObHapyxeHbI
HaMHU B COCTAaBE IK30COM BIICPBBIE.

Panee meronom MALDI-TOF macc-criektpomerpuu
ObuTH naeHTH(GUIPOBaHbI 54 U 45 OeJIKOB B IIpenapa-

Puc. 1. Mopdonornyeckasa xapakTrepuctu-
Ka CyMMapHbIX 3K30COM, BblENEHHbIX 13
KPOBU 300POBbIX XEHLUMH (a) 1 6onbHbIX
PMXX (6). Ok30cOMbI MeYEHbI aHTUTENaMK

K peuenTtopy CD9. [InvHa macwtabHomn
nunHun cootetcTByeT 100 HM. TpaHc-

MWCCUOHHAsA 3NEeKTPOHHAasA MUKPOCKOMUS,

HeraTMBHOE KOHTpacTMpoBaHue docdopHO-
BONb(PaMOBOW KNCMOTOWN

Fig. 1. Morphological characteristics of total

exosomes isolated from the blood of healthy

women (a) and patients with breast cancer

(b). Exosomes are labeled with antibodies

to the CD9 receptor. The length of the scale
line corresponds to 100 nm. Transmission

electron microscopy, negative contrast with

phosphoric tungsten acid
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Puc. 2. TunnyHble NpOTEOMHbIE KapTbl CyMMapHbIX 3K30COM KPOBM 340POBbIX KEHLLUUH (a) 1 GOMbHBIX pakoM MOoYHoM xernesbl (6).
[iBymepHas anekTpodgoperpamma okpatleHa cepebpom. Mo ocu abecumce — n3oanekTpuyeckoe oKycMpoBaHue, No 0cu opamHaT —
SDS-MAATl-anekTpodopes. MonekynsipHble Macchl 6enkoB B k[la npuBeneHbl crieBa. B okpy»kHOCTU 3akntodeHbl 6enku, MO OTHOCUTESb-
HOMY 06bEMY ¥ HanMuMIo KOTOPbIX HabnganMcek OTNNYMSE MEeXAY UccredyeMbIMU rpynnamm
Fig. 2. Typical proteomic maps of the total blood exosomes of healthy women (a) and patients with breast cancer (b).
Two-dimensional electrophoregram is painted silver. The abscissa axis is isoelectric focusing, the ordinate axis is SDS-PAGE electro-
phoresis. Molecular weights of proteins in kDa are given on the left. In the circle are proteins, according to the relative volume and pres-
ence of which differences were observed between the studied groups
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Characteristics of patients with breast cancer

ITapamerp/Parameter

Jlromunaneuenii moarun/Luminal subtype

TpYoKAbI-HeTaTUBHBIN MOATHTY/

Triple negative subtype

Ki67

Cranus/
Tumor stage

CrerneHb
3JI0KQ4E€CTBEHHOCTH/
Tumor grade

10-15

T1
T2
NO
MO

1I

Ta6bnuua 1/Table 1
Xapaktepuctuka 6onbHbix PMX

KonuuectBo

OOJIBHBIX/

Number of

patients
6 (75 %)

2(25 %)

% 8 (100 %)
4 (50 %)
4 (50 %)
8 (100 %)
8 (100 %)

8 (100 %)

JK30COMbI KpoBM 3 3K30COMbI B0bHBIX PMH

Puc 3. uarpamma BeHHa — Ovinepa naeHTUMUMPOBaHHbIX
6enKoB CyMMapHbIX 3K30COM KPOBMU

Fig. 3. Venn-Euler diagram of identified proteins of total blood
exosomes
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Puc. 4. Tennosas kapTa naeHTUMLMPOBaHHbIX 6ENKOB B cOCTaBe CyMMapHbIX 9k30COM KpoBU 6onbHbIx PMXK, accouumpoBaHHbIX ¢
pa3BUTMEM 3r0Ka4eCTBEHHbIX HOBOOGpa3oBaHuii (a) u PMXK B yactHocTn (6)
Fig. 4. The heat map of the identified proteins as a part of the common blood exosomes of breast cancer associated with the develop-
ment of malignant neoplasms (a) and breast cancer in particular (b)
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NpeHTudmumpoBaHHble Npy noMoLwm nenTuaHoro UHrepnpuHTa 6enkn cymmapHbIX 3K30COM KPOBU

Homep
msATHA/
Spot number

1 (D)
1 (1)
2
3
4
57
5D
5 (D)

7(0)
7 (II)

10

NaeHTudpnumnpoBaHHblie npu nomowmn MALDI-TOF macc-cnekTpoMeTpun 6enku cyMMapHbIX 3K30COM

Total blood exosome proteins identified by MALDI-TOF mass-spectrometry in healthy women

Howmep 6Genka B
Oase/
Gene Name

AOMSQ6
A6NCL7
ASMU93
HOYGS3
014862
015054
015520
060832
095602
095831
P00738
P00739
PO1871
P02545
P02679
P02750
P02760
P02765
P02766
P02768

Ta6nuua 2/Table 2

Total blood exosome proteins identified with peptide fingerprint

Howmep Gernka B 6aze

Uniprot/ Protein Hasanue Genka/
number in Uniprot Protein name
base

P02768 Serum albumin
P06396 Gelsolin
P02768 Serum albumin
P02765 Alpha-2-HS-glycoprotein
P02750 Leucine-rich alpha-2-glycoprotein
P00738 Haptoglobin beta chain
P00739 Haptoglobin-related protein
P06727 Apolipo-protein A-IV
P10909 Clusterin
P02679 Fibrinogen gamma chain
P02768 Serum albumin
P02760 Alpha-1-microglycoprotein
P00738 Haptoglobin alpha chain
P02766 Transthyretin
P02790 Hemopexin

Teoperndeckuii Mon

Bec Oenka, Da/

Theoretical protein

weight (Da)
71362
86095
71362
40123
38405
27265
39029
45398
53064
52138
71362
20846
15945
13761
52417

KPOBU 340POBbIX XXeHLWWH

Teopernueckas H303IeK-
TpUUecKas TouKa Oeika/

Theoretical isoelectric
point of protein

5,92
5,90
5,92
543
6,46
6,32
6,63
5.8
5,89
5,37
5,92
6,13
5,57
5,31
6,55

Ta6bnuua 3/Table 3

Hanwuue B 6a3e manHbix Exo-

Ha3zanwme Genka/ Aob6peBuatypa Oeinka/
Protein name Protein Abbreviation Carta/ G
ExoCarta Database Availability

Immunoglobulin lambda constant 7 IGLC7 +
Ankyrin repeat domain-containing protein 33B ANKRD33B =
Uncharacterized protein C170rf100 C170rf100 -
Microfibrillar-associated protein 5 MFAPS5 S
Interferon-inducible protein AIM2 AIM2 -
Lysine-specific demethylase 6B KDM6B +
Fibroblast growth factor 10 FGF10 -
H/ACA ribonucleoprotein complex subunit 4 DKC1 +
DNA-directed RNA polymerase I subunit RPA1 POLRI1A -
Apoptosis-inducing factor 1 AIFM1 -
Haptoglobin beta chain HP +

Haptoglobin-related protein HPR
Ig mu chain C region IGHM +
Prelamin-A/C LMNA 4
Fibrinogen gamma chain FGG +
Leucine-rich alpha-2-glycoprotein LRGI =
Alpha-1-microglycoprotein AMBP +
Alpha-2-HS-glycoprotein AHSG +
Transthyretin TTR +
Serum albumin ALB 3

CUBUPCKIM OHKONOTMYECKW XXYPHAT. 2020; 19(2): 49-61

95



LABORATORY AND EXPERIMENTAL STUDIES

P02787
P02790
P05976
P06396
P06727

PODOX6
P10909
P11801
P23109
P26440
P31327
P31749
P48506
P49748
P49763
P53674
P61224
P78356
Q08426

Q11201

Q49A33
Q49MG5

Q4LEZ3

Q504T8
Q69YQO
Q6P1J9
Q62502

Q77553

Q86VE0

Q8NSCO
QYH6Z4
QYHBI5
QYUKO5

Serotransferrin
Hemopexin
Myosin light chain 1/3
Gelsolin
Apolipo-protein A-1V
Immunoglobulin mu heavy chain
Clusterin
Serine/threonine-protein kinase H1
AMP deaminase 1
Isovaleryl-CoA dehydrogenase
Carbamoyl-phosphate synthase [ammonia]
RAC-alpha serine/threonine-protein kinase

Glutamate-cysteine ligase catalytic subunit

Very long-chain specific acyl-CoA dehydrogenase

Placenta growth factor
Beta-crystallin B1
Ras-related GTP-binding protein B
Phosphatidylinositol 4-kinase type 2-beta
Peroxisomal bifunctional enzyme

CMP-N-acetylneuraminate-beta-galactosamide-
alpha-2,3-sialyltransferase 1

Putative zinc finger protein 876
Microtubule-associated protein

Alanine and arginine-rich domain-containing
protein

Midnolin
Cytospin-A
Parafibromin
Putative GED domain-containing protein

MAM domain-containing glycosylphosphati-
dylinositol anchor protein 2

Myb-related transcription factor, partner of
profilin

Zinc finger protein 781
Ran-binding protein 3
Uncharacterized protein C3orf14

Growth/differentiation factor 2

HpI/IMe‘{aHI/ICZ KypCHUBOM OTMEYCHBI YHUBEPCAJIbHBIC OeIKu.

Notes: italics indicate universal proteins.

OkoH4aHue Tabnuubl 3/End Table 3

TF
HPX 4
MYLI1
GSN
APOA4
IGHM
CLU
PSKH1
AMPDI1 -
IVD =
CPS1
AKT]I
GCLC -
ACADVL =
PGF -
CRYBBI =
RAPIB +
PIP4K2B =
EHHADH +

+

+ o+

ST3GALI1 —

ZNF876P -
MAP9 —

AARD -

MIDN =
SPECCIL +
CDC73 _
DNM1P46 -

MDGA?2 =

MYPOP —

ZNF781 =
RANBP3 +
C3orfl4 -

GDEF2 +

Ta6bnuua 4/Table 4

NpoentndmumposaHHbie npu nomowm MALDI-TOF macc-cnektpomeTpuu 6enku CyMMapHbIX 3K30COM
KpoBu 60nbHbIX PMX

Total blood exosome proteins identified by MALDI-TOF mass-spectrometry in patients with breast cancer

Howmep Genka B 6a3e/ HasBanue Genka/

56

Gene Name

014543
015050

Protein name

Suppressor of cytokine signaling 3

TPR and ankyrin repeat-containing protein 1

Hanmuuue B 6a3e qaHHBIX

A66peBuarypa Genka/ ExoCarta/
Protein Abbreviation  Availability in ExoCarta
Database
SOCS3 -
TRANKI <
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043399
095243
095613
P69905
P00738
P00739
P02538
P02647
P02671
P02679
P02750
P02760
P02765
P02766
P02768
P02787
P02790
P04259
P06727
P10909
P16233
P55199
P62987
Q13424
Q13522
Q14005
Q14320
Q15024
Q15776
Q16775
Q4G0S7
Q52M93
Q5MOINO
Q68144
QSIUS5
QSIYEO
Q8NYHS
Q8NDDI
Q8NEQ6
Q8WXS5
QYNZU7
QIUKW4
QYY4ES

Tumor protein D54
Methyl-CpG-binding domain protein 4
Pericentrin
Haptoglobin alpha chain
Haptoglobin beta chain
Haptoglobin-related protein
Cytokeratin-6A
Apolipoprotein A-I
Fibrinogen alpha chain
Fibrinogen gamma chain
Leucine-rich alpha-2-glycoprotein
Alpha-1-microglycoprotein
Alpha-2-HS-glycoprotein
Transthyretin
Serum albumin
Serotransferrin
Hemopexin
Cytokeratin-6B
Apolipo-protein A-1V
Clusterin
Pancreatic triacylglycerol lipase
RNA polymerase II elongation factor
Ubiquitin-60S ribosomal protein L40
Alpha-1-syntrophin
Protein phosphatase 1A
Pro-interleukin-16
Protein FAMS0A

Exosome complex component

Zinc finger protein with KRAB and SCAN domains 8

Hydroxyacylglutathione hydrolase

Coiled-coil domain-containing protein 152

Zinc finger protein 585B

Coiled-coil domain-containing protein 158

Dual specificity phosphatase
Epoxide hydrolase 4

Coiled-coil domain-containing protein 146

Exonuclease mut-7 homolog

Uncharacterized protein Clorf131

Steroid receptor-associated and regulated protein

Voltage-dependent calcium channel gamma-8 subunit

Calcium-binding protein 1

Guanine nucleotide exchange factor VAV3

E3 SUMO-protein ligase ZNF451

HpI/IMe‘IaHI/ICZ KypCUBOM OTMEYCHBI YHUBEPCAJIbHBIC OeIKu.

Notes: italics indicate universal proteins.
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OkoH4aHue Tabnuubl 4/End Table 4

TPD52L2 +
MBD4 -
PCNT -
HBAI
HP
HPR -
KRT6A
APOALI
FGA
FGG
LRG1 -
AMBP
AHSG
TTR
ALB
TF -
HPX
KRT6B
APOA4
CLU
PNLIP -
JEILIL -
UBAS52 -
SNTA1
PPPIRIA
IL16 -
FAMS0A -
EXOSC7 +
ZKSCANS -
HAGH
CCDC152
ZNF585B -
CCDCI158 +
DUPD1 -
EPHX4 -
CCDC146 -
EXD3 -
Clorf131 -
SRARP -
CACNG8 -
CABP1 +
VAV3 -
ZNF451 +

+ o+ o+ o+ + + + +

+ + o+ o+

o7
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TaxX CyMMapHBIX 3K30COM KPOBH 3/10POBBIX KCHIIMH
u 60s1bHBIX PMOK cooTBeTCTBEHHO, M3 HUX 12 O€IKOB
SIBIISTIOTCS] yHUBEPCATBHBIMHE (pHC. 3). Panee B cocTaBe
9K30COM METOJIOM Macc-CIEKTPOMETPUH YKe ObLIH
oOHapysxeHbl 35 % uaeHTU()UIUPOBAHHBIX HAMHU
0enKoB, OHM aHHOTHPOBaHBI B 0a3e maHHBIX Exocarta
(www.exocarta.org) (Tadi. 3, 4). C ucnois30BaHHEM
6a3b1 manabix dbDEPC 3.0 (database of Differently
Expressed Proteins in Human Cancer) [13] ycra-
HOBIICHO, YTO B COCTaBE€ CyMMapHBIX SK30COM KPOBH
6ompHBIX PMXK 28 (88 %) 6emkoB accormupoBaHo co
37I0KaueCTBEHHBIMH HOBOOOPa3oBaHUSAMH (puc. 4a), 13
Hux 17 (53 %) — c pazsutuem PMXK (puc. 46). Cornac-
HO JIUTEpaTypPHBIM JJAHHBIM, U3 WICHTA(DUITMPOBAHHBIX
¢ momotipio MALDI-TOF macc-ciekrpomeTpun Oe-
KOB, aCCOLIMUPOBaHHBIX C pazsutueM PMK, rumep-
IKCTIIPECCUPOBaHHBIMU sBIsIIOTCS 9 (53 %) OenkoB,
THIIO3KCIpeccupoBaHHBIME — 6 (35 %), skcnpeccust
He m3mensierca y 2 (12 %) Oenxos.

Obcy:xnenue

ManouHBa3uBHAsI TIPOLIEAYpa B3SATHS BEHO3HOM
KpPOBH TPEJCTABISIET albTePHATHBY TPATUIIMIOHHON
ouoricnu. VIMEHHO MMOATOMY Ha CETONHSIIIHUAN JTeHb
aHanu3 OEJIKOBOTO COCTaBa HIUPKYIUPYIOIIUX B KPOBU
9K30COM SIBIISIETCSl MIEPCIICKTUBHBIM HAMPaBICHHEM
MOKCKA OITyXOoJiecTIeNn(PUIHBIX MapKEPOB 3JI0Kade-
CTBEHHBIX HOBOOOPA30BaHUIA.

[pencrarnennas pabora sIBISETCS MUIOTHOH B
[MOUCKE MPOTCOMHBIX OIMYyXOJIE-aCCOIUUPOBAHHBIX
MapKepOB B COCTaBE CYMMApPHBIX 9K30COM KPOBH, ITyJI
KOTOPBIX (POPMHUPYETCS U3 IK30COM TLIA3MBI M IK30-
COM, aCCOIMMPOBAHHBIX C TOBEPXHOCTHIO (POPMEHHBIX
3JIEMEHTOB. B nuTeparype mMpOKO MpeacTaBlIeHbI
JIAaHHBIE TI0 TIOUCKY TIPOTEOMHBIX OITyXOJIEBBIX Map-
KEpOB B COCTaBe 3K30COM Iu1a3mel [ 17, 18], obcyxma-
FOTCS JIOCTOMHCTBA HUCIOJIB30BaHUs OCITKOB 3K30COM
IJ1a3Mbl TI0 CPAaBHEHUIO ¢ Oesikamu TiasMel [19],
OJTHAKO JIaHHBIC 00 aCCOIMUPOBAHHBIX C KICTOUHOM
MMOBEPXHOCTHIO DK30COMax HEMHOTOYHCIIeHHBI. Ha
CETOTHSIIHNHN I€Hb U3BECTHO, YTO AK30COMBI HECYT
Ha CBOCH MOBEPXHOCTH CIEUPUIECKUE PELEITO-
PBI, KOTOpBIC OOSCIICUNBAIOT UX B3aUMOJICHCTBUE C
KIIETKAaMHU-MHAIICHSIMHA. B TO e BpeMs KIIETKH pas-
JIUYHBIX THTIOB MOTYT CBSI3bIBATH U HHTEPHAIN30BATh
nUpKyaupyromme dk30combl [20-23]. [lyn nupkynu-
PYIOLIMX B KPOBH SK30COM (DOPMHPYIOT IK30COMBI,
CEKpeTUpPyEMbIE JICHKOIIUTAMH, SPUTPOIIUTAMH, TPOM-
OOITUTaMHF 1 SHIOTEITHOITUTAMH (T.€. THOO0 POpMEHHBIC
AJIEMEHTBl KPOBU MIIU KJIETKH, HETIOCPEICTBEHHO
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