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Beenenue. Pax xenynka (PXK) sBnsercs onHuM U3 pacnpo-
CTpaHEHHBIX OHKOJOTHMUYECKHMX 3aboieBaHuil kak B Poccuu, Tak
u B Mupe. PaHHSS IMAarHOCTHKA NaHHOW IMATOJIOTHH IIPECTaB-
JISeT BaKHYIO IpoOneMy. 3a MocieJHHE HECKOIbKO JIET ObLIH
MIPOBEJICHBI HCCIIE0BAHMS 110 HCIOJIB30BAHUIO HEHHBA3WBHOM
JKUJKOCTHOH OHMOINCHM TPH OITyXOJSIX Pa3iIMUYHBIX JIOKAJH3a-
Ui, KOTOpasi MpoCTa B UCIONB30BAaHUU U TIO3BOJISIET U3YUHTh
BHEKJICTOUHBIE BE3WKYJBI IUIa3Mbl KpOBH. B Hacrosimiee Bpemst
JTAaHHOC HATPABICHHE SIBISIETCS MEPCIEKTUBHBIM B COBPEMCH-
HOM MOJIEKYJISIPHOW OHKOJIOTHH.

Hean. Uzyuyenue coxepxkanus OenkoB 20S mporeacom,
Hsp27 u LC3B B 3k30coMax Iuia3Mbl KPOBH MPU PaKe KEIya-
Ka, MO CPABHEHHUIO C K30COMAaMH, BBIAEIEHHBIMH y OOJBHBIX
¢ aTpo(UUYECKUM TacTPUTOM C YYETOM MeTabOIMYecKUX Ha-
PYIICHUH ¥ OXKUPEHUSL.

Marepuajibl u MeToabl. B uccinenosanue Bonutu 18 6oib-
HBIX PAaKOM JKeJTy/Ka, IIPOXOIMBIINX JIeueHne B kinHukax HUN
onxkosorun Tomckoro HUMII. ['pynmy cpaBHEHHS COCTaBHIH 6
GOJBHBIX C aTpOUUYECKUM TacTpUTOM. BosbHbIE ObUTH pasie-
JICHBI HAa TPYNIBI B 3aBUCUMOCTH OT CTaJHU OITyXOJEBOTO IPO-
necca. T1-2 cramust omyxonu OblTa OTMEYEHA y 12 MalUeHTOB,
a T3-4 — y 6 manueHToB. DK30COMBI IU1a3MBbl KPOBU BBIICIISIN
C OMOIIBI0 MeTozia yibTpareHTpudyrupoanns. TunupoBanue
npoBoamiu ¢ momoisio Mapkepa CD9. Coxepkanue OenkoB
20S mporteacom, Hsp27 u LC3B B 3Kx30coMax mia3Mbl MPOBO-
WM MeToZoM BecTepH OJIOTTHHL.

Pe3yabrarsl. B pesymbrare mpoBeEeHHOTO HCCIECHOBAHHS
ObT OTMEUEH POCT IK30COM IUTa3Mbl KPOBH C COAEpKaHHEM
20S nporeacom u LC3B B 3,8 u 1,4 pa3za, cOOTBETCTBEHHO,
y OONBHBIX C paKkoOM JKETyAKa, [0 CPAaBHEHWIO C MalUeHTaMH
6e3 omyxouneBoii marosnorun (arpoduueckuM ractputom). [pu
9TOM conepxkanue Hsp27 B sk30coMax, BBIIEJICHHBIX U3 ILIa3-
MBI KpOBH OOJIBHBEIX, ObIIO cHIDKeHO B 2,3 pasa. Ilpu mccre-
JIOBaHUM He OblTa BBISBICHA B3aMOCBSI3b CTAJUH OIyXOJIEBOTO
nporecca u coxepxkanust 20S mporeacoM B 9K30COMax KPOBH.
Opnako poct conepxkanust LC3B B 9k30comMax ObLT COTPSHKCH
C POCTOM CTaAWH OIMyXOJIEBOTO IpoIEecca.
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Introduction. Stomach cancer is one of the most common
oncological diseases in Russia and worldwide. Early diagnosis
of this pathology is an important issue. In recent years, studies
have been conducted on the use of a non-invasive liquid biopsy
for tumors of various localizations, which is easy to use and
allows studying extracellular plasma vesicles. This is currently
a promising area of modern molecular oncology.

Aim. To analyse the content of proteins 20S proteasomes,
Hsp27 and LC3B in plasma exosomes in gastric cancer com-
pared with exosomes isolated from patients with atrophic gas-
tritis, taking into account metabolic disorders and obesity.

Materials and Methods. The study included 18 patients
with gastric cancer treated in the clinics of the Cancer Re-
search Institute, Tomsk NRMC. The control group consisted
of 6 patients with atrophic gastritis. The patients were divided
into groups according to the stage of the tumor. Tumor stage
T1-2 was observed in 12 patients and T3-4 in 6 patients. Blood
plasma exosomes were isolated by ultracentrifugation. The typ-
ing was done using a CD9 marker. The content of 20S pro-
teasome, Hsp27 and LC3B proteins in plasma exosomes were
determined by Western blotting.

Results. The study found that plasma exosomes containing
20S proteasomes and LC3B were 3.8 and 1.4 times higher in
patients with gastric cancer compared to patients without tumor
pathology (atrophic gastritis). At the same time, there was a
2.3-fold reduction in the level of Hsp27 in exosomes isolated
from the patients’ blood plasma. The study did not reveal the
relationship between the stage of the tumor process and the
content of 20S proteasomes in blood exosomes. However, an
increase in the LC3B content in exosomes was associated with
an increase in the stage of the tumor process.
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BeiBoabl. Bruienen poct 20S mporeacom m LC3B B k-
30COMax IUIa3Mbl, BBIACJICHHBIX Y OOJBHBIX C PAKOM IKEIYIKa.
[pu sTom ypoBenb Oeinka Hsp27 B sk30coMax ObLI CHHXKEH y
GOJIBHBIX CO 3JIOKAYCCTBEHHBIMH OIyXossiMH. OTMeEueHa CBS3b
comepkanus Oenka LC3B um craameil omyxomeBoro mporecca,
4To TpeOyeT JanpHelInero m3ydeHus. B mpoBexeHHOM uccie-
JOBaHUU CHOPMHUPOBAHBI M OOOCHOBAHBI IOAXOABI JUIS IPH-
MEHEHHsI MapKepOB KUJIKOCTHON OHONCHU IPH ()OPMUPOBAHUM
TPYIIT pUCKa U JIMAarHOCTHKH paka skenyaka. [Ipm aTom ocoboe
3HAaYCHUE MPHIACTCS METAOONINYSCKUMH HApPYIICHHUSAM KakK OC-
HOBHBIM TPHUITEPaM OIyXOJEBOHl MPOrpeccu.

KimoueBsbie ciaoBa: 20S nporeacomsr, Hsp27; LC3B; ak-
30COMBI; PaK KeIyaKa

s nurupoanusi: Crnmpuna JI.B., Asryctunosnu A.B.,
Bapkbimiea A.A., bormanosa B.A., Adanacses C.I., CBapos-
ckuit J[.A., IOnycoBa H.B. Conepxanue OenkoB 20S mporte-
acom, Hsp27 u LC3B B sk30coMax mia3Mbl KpOBH OOJBHBIX
PaKoM JKeJy/Ka, CBS3b ¢ METa0OJIMYECKUMH HapyIICHUsIMU. Bo-
npocel onxonoeuu. 2024; 70(5): 894-902.-DOI: 10.37469/0507-
3758-2024-70-5-894-902

Conclusion. The growth of 20S proteasomes and LC3B
in plasma exosomes isolated from patients with gastric cancer
was revealed. At the same time, the level of Hsp27 protein in
exosomes was reduced in patients with malignant tumors. The
relationship between LC3B protein levels and the stage of the
tumor process was noted, which requires further investigation.
The study developed and justified criteria for the use of liquid
biopsy markers in risk stratification and diagnosis of gastric
cancer. Metabolic disorders were identified as the main drivers
of tumor progression, and their significance was emphasized.
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BBenenune

Pak xenynka (PXK) siBnsieTcst ogHUM U3 pacmpo-
CTPAHCHHBIX OHKOJOTMYCCKUX 3a00JI€eBaHU KakK B
Poccun, Tak m B mMupe. PaHHSS auarHocTHka, a
COOTBETCTBCHHO HA3HAUCHUE aJ[CKBATHOI'O JICUCHHUSI
MIPEJCTABIISIOT BAKHYIO TPOOIEeMy B COBPEMEHHOM
MOJICKYJISIPHOM OHKOJIOTHH. 3a MOCJEHUEC HECKOIb-
KO JIeT OBITH MPOBECHBI HCCIIEOBAHMUS 110 UCITOIb-
30BaHUI0 HEWHBA3WBHOW JKHUJKOCTHOW OWOIICHH |
IIOBTOPHOI'O B3ATHUA O6p33HOB IJids MOHUTOpPHHIa
BBISBJIICHUSI KaK MEPBUYHOW OITyXOJH, TaK W peIu-
JuBa 3a00JICBaHHS B PEXKUME PEAJIbHOTO BPEMEHHU
U OIeHKH J(PGEKTHBHOCTH JICUCHHUS W IPOTHO3a
TeUeHUs] OHKoyoruueckoro mpomecca [1]. Uccre-
JOBAHUEC BHCKJICTOYHBIX BC3UKYJI IUIa3Mbl KPOBHU
MPEJCTABIISIET COOO0M MEePCIeKTHBHOE HalpaBJICHUE.
B HACTOAIICEC BPEMSA HMMCIOTCA JaHHBIC O BO3MOXK-
HOCTH OOHApYXEHUS 3HAYMMBIX OEJIKOB, BHEKJIETOU-
HbIX HYKJICMHOBBIX KHUCJIOT B COACPIKUMOM 5K30COM
[2], KOTOpBIE MOTYT OTpa’kKaTh MHTCHCHBHOCTH TIPO-
IIECCOB OHKOTeHEe3a, ()OPMHUPOBAHUE WHBA3UBHOTO U
METACTaTUYECKOTO MOTEHIIMAJA B OIYXOJIH, a TAaK¥Ke
CITy’)KaT MapKepoM pa3BUTHS PE3UCTEHTHOCTH 3JI0-
KaueCTBEHHOIO Tpolecca K IMPOTHBOOMYXOJIEBOMY
JICUYEHUIO.

W3BecTHO, 4YTO COCTaB OIMYXOJIEBBIX 3K30COM
KPOBH COOTBETCTBYET OHOJIOTHYECKUM CBOMCTBAM
TpaHC(HOPMHUPOBAHHOHN KieTku. K yHUBepcaIbHBIM
CHUCTEMaM, OTPaXKAIIIUM aKTUBHOCThH IPOIECCOB
OTIYXOJIEBOW TPOTPECCHH, OTHOCAT BHYTPHUKIETOU-
HBI€ KaCKaJbl PEryJLIUU COACPIKAHNUA U CO3PEBAHUS
OCITKOB, a TAKKe DPHEPTETHYECCKOTO OOMEHa. YBEIH-
YeHHE aKTUBHOCTH IIPOTEACOM SIBJISICTCS 3HAYUMBIM
IIPU3HAKOM, aCCOUMUPOBAHHBIM C OHKOT'CHE30M IIpU
PX [3]. BrisaBneHa cBsi3b aKTUBHOCTH IPOTEACO-
MaJIbHOW CHCTEMBI ¢ A(Q(EKTUBHOCTBIO JICUCHHS
U pa3BUTHEM PE3UCTCHTHOCTH [4, 5]. B pasBurum
PX npunHmMmaroT yuyactre OCJNKH TEIJIOBOTO IIIOKA.
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B uactHOcTH, BBISBIEHa posib HSP27 B mporec-
cax WHHIMAINK W OIyXOJIEBOUW Tporpeccuu [6, 7].
Taxske ObUIO MOKA3aHO, YTO JAHHBIH MapKep MOXET
OTpakaTb OCOOCHHOCTH OTBETa OIYXOJIM Ha Jiede-
HUe, POPMHUPOBAHUSI PE3UCTEHTHOCTH, & CHIDKCHHE
€ro KOHLIEHTPALMU OOBIYHO CBSA3BIBAIOT C IUIOXHM
oTBeTOM omyxoiau Ha Tepanuto [8]. Kpome Toro,
BBISIBIICHA CBSI3b COJCpKaHUS OENKoB ayTodaruu
LC3A ¢ mporaozom 3abosneBanus y 00mpHBIX PIK
[9]. B mpoBeneHHBIX paHee HUCCIECAOBAaHUAX OBLIO
MOKa3aHo, YTO JaHHBII MOKa3areib He TOJBKO CBS-
3aH ¢ pacnpoctpanenueM onyxonu, HER2, PD-L1
CTaTycoM OMYXOIH, HO M OTpaxaeT d(P(PEeKTUBHOCTD
npoBogumoro jedeHus [10, 11, 12].

B Hacrosiiiee Bpemst IIUPOKO pa3BUBACTCS MPeE-
CTaBJICHWE O IHUPKYIMPYIOMUX MapKepax MpH 3J10-
Ka4eCTBEHHBIX HOBooOpazoBanmsx [13]. Ilomarator,
YTO TMOMCK PaHHUX MapKepOB TUATHOCTHKH, MPO-
rpeccupoBaHusl 3a00/IeBaHNs ¢ MPUMEHEHUEM I101-
XOJIOB JKUAKOCTHOW OuWorcum sBiseTcss Haubojee
[EPCHEKTUBHBIM. 3a IOCICIHUE TPU AECATHICTHS
MOKa3aTeN OXXHMPEHUSI MOCTEHNEHHO POCIH, NpH-
yem BcemupHast opraHuzanys 3apaBOOXpPAaHEHHS
(BO3) coobmmmiia 0 TpPEeXKpaTHOM YBEIUYCHUH C
1975 r. [14]. OcHoBbIBasiCh Ha TMOCIETHUX PE3YJb-
TaTax MeTa-aHaJln3a, N30BITOUHBIN BEC U OKUPEHHE
MOBBILIAIOT PUCK pa3BUTHA paka kenyaka [15]. B
CBS3M C JTHM IIeJb HCCIIEAOBAaHUS 3aKI0Yajach
B M3Y4YeHUH coaepkaHus OenkoB 20S mporeacom,
Hsp27 u LC3B B sK30cOMax IUIa3Mbl KPOBH IPH
PX, no cpaBHeHHIO ¢ 3K30COMaMHM, BbIJIEIEHHBIMU
y OOJBHBIX C aTpO(UYECKHM TacTPUTOM C yYETOM
METa0O0IMYECKUX HAPYLICHUH U OXKUPEHUS.

Marepuajbl M1 MeTOABI

B uccrnenoBanmne Bomwmm 18 GompHBIX PXK, mpo-
xomuBIINX JieueHue B kiamHukax HWW onkonoruu
Tomckoro HUMII. I'pynmy cpaBHEHHSI COCTaBHIIH
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6 OOJBHBIX C aTPO(PHUUECKUM TacTPUTOM. BONbHBIC
ObUTM pa3lesieHbl Ha TPYMIbl B 3aBUCUMOCTH OT
craauu omyxonesoro nporecca. Craausa T1-2NOMO
Opl1a oTMedeHa y 12 manmeHTtoB, a T3-4NOMO —
y 6 maunuentoB. bojbHbIE ObUIM pacmpeneseHbl Ha
JIBe Tpynnbl: ¢ noBbimeHHbIM nutanueMm (MMT ot
25 mo 30) — 9 4yen., u ¢ oxupeHueM | creneHu
(UMT 30-35) — 9 uen. Bce manueHThl MPOXOAUIN
KOMOHMHHUPOBAHHOE JICYEHHE C YUETOM pPacHpocTpa-
HEHHOCTH Tpoliecca.

[IpoBenenne nmaHHOW pPabOTBI OXOOPEHO OTH-
yeckuMm komuterom HUM  onkonoruun Tomckoro
HUMII. Bce npouenypsl ¢ BoBIe4eHHEM OOIBHBIX
ObUTH TIpOBeEHBI B COOTBETCTBHU ¢ IIpoToxomom
XeJNbCUHCKOM JeKJIapaluu II0 I[paBaM 4YeJOBeKa
(1964 r.), mpotokon Ne 22 ot 28.11.2022. Bce 60ib-
HBIE TTOINHICHIBAIIM HHPOPMUPOBAHHOE COIVIACHE HA
y4acTHe B MCCIIEOBaHMU. MaTepuaioM HCCIeq0Ba-
HUs ObuIa IJ1a3Ma KPOBM MALMEHTOB.

Buidenenue sx30com. DK30COMBI TIa3MBI KPOBH
BBIJICJISUIM C TIOMOILBIO YABTPA(QUIBTPALIMHU C YIIBTpa-
ueHTpudyrupoBanueM. BeHno3nyio kpoBb (18 mi)
cobmpanu B TPOOUPKH C 3-3aMEIICHHOW Kajue-
BOM COJIBIO 3THJICHIWAMHHTETPAYKCYCHOM KHCIIOTHI
(DATA) (BD Vacutainer Plus Tubes, BenukoOpu-
TaHus1). POpMEHHbBIE 3IEMEHTBHl KPOBH OCAXIAIH
ueHTpudyrupoBanremM B TeueHue 20 MHH. IpH
1 200 g (6aker-potop, Labofuge 400R, Thermo
Fisher Scientific, CIIIA) u Temneparype 4 °C. [us
yIalieHHusl KJIETOUHOTro JeOpuca oOpasibl IUIa3Mbl
neHTpudyruposamu mpu 17 000 g (yrmoBoii porop,
uentpudyra 5415R, Eppendorf) u Ttemmeparype
4 °C B Teuenne 20 muH. {19 ymajmeHUs BE3HKYI
Oonee 100 HM cynepHaraHT pa3OaBisiin B 5 pa3
PBS (10 MM ¢docdarasim 6ydepom; 0,15 M NacCl,
pH 7,5) u nponyckaiu uepe3 GUIbTp pasMepoM 1op
100 am (Minisart high flow, 16 553-K, Sartorius).
s ocaxaeHust 3k30coM (GMIbTparT LEHTpUdYyTH-
posanu nipu 100 000 g (6aker-porop, Optima XPN
80, Beckman Coulter, CIIIA) u Temmneparype 4 °C
B TedeHHe 90 MHH., 0CaJOK peCyClNEeHIUpPOBAIN B
10 mu docdarno-coneBoro Oydepa (PBS) u nBax-
Jbl IEHTPU(QYTUPOBAIN TIPU TEX )K€ YCIOBUSX. BbI-
JIeJICHHBIC DK30COMBI peCyCHeHANPOBAIN B 350 MK
PBS. ANHKBOTHI 3K30COM 3aMOPKUBAIIA B JKHIKOM
azoTe U xpaHwiM npu temmneparype —80 °C.

Tunuposanue snexnemounwvix ge3uxyi. CorgacHO
peKoMeHAasIME MexXTyHapoIHOro oOliecTBa H3-
yueHus: BHeKkJeTouHbIX Be3ukya (ISEV) 2024 roma
[https://doi.org/10.1002/jev2.12404], TunmpoBanue
BHEKJIETOUHBIX BE3UKYJ IPOBOJUTCS C IOMOIIBIO
CIIEAYIOIINX METOAOB: TPAHCMHUCCHOHHAS JIEKTPOH-
Hast mukpockonus (TOM), ananu3 Tpaekropuil Ha-
Hogactuil (NTA) um TunmpoBaHme Ha Ma)KOpHBIC
TETPaclaHUHbl C HCIOJIb30BAaHUEM INPOTOYHON IH-
TOMETPHH.

Onexmpounas muxpockonus sk3ocom. s He-
TaTUBHOTO KOHTPAcCTUPOBAaHUSI 00pas3lbl 3K30COM
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copOMpoBai Ha MeJIHBIE CETKH ¢ (OPMBapOBOU
MIOJJIOKKOM, CTaOMIM30BAaHHOM yITIEpOAOM, B Teue-
Hue 1 mun. u 10 cex. u koHTpactupoBanu 2 % pac-
TBOpoM (ochopHO-BOIE(DpaMOBOH KUCITOTH. CeTKH
ObUIM HM3yYeHBl C HCIIOJIB30BAHUEM IPOCBEYMBAIO-
IIEr0 3JIEKTPOHHOro Mukpockorna Jem 1400 (Jeol,
Snonus), M300paKEHHsI IMOJYyYEHbI C IOMOIIbBIO
mudposoit kamepsl Veleta (Olympus Corporation,
Slmonwms).

KonnuecTBeHHast oneHka Oenka B DK30COMax.
st OlleHKW KOHIIGHTpaluu Oelka B 9K30coMax
MIPUMEHSUTH HA0Op KOJMYECTBEHHOTO OIpEICIICHHUs
NanoOrange Protein (Molecular Probes, CIIIA) B
COOTBETCTBHUU € PEKOMEHIALUSIMH HPOU3BOIUTEIIS.

Ananuz mpaexmopuu nanouacmuy. Pacmpene-
JICHNE W KOHLEHTpaLUs H30JUPOBAHHBIX BE3UKYII
ObUIM HCCIIEZOBAaHBl C TMOMOIIBIO METO/A aHaJH-
3a Tpaekropuit Hanoudactun (NTA) ma mnpubope
NanoSight® LM10 (Malvern Instruments, Bemnko-
Oputanus). Jlns onTUMU3AIMM M3MEpeHH 00pas-
Bl dK30COM pazbaBimsiii B PBS B cooTHOmeHmsx
1:100, 1:1000 u 1:10000. ITomyuyeHHblEe AaHHBIE
00palaThIBAIMCh C HCIIONB30BAaHHEM MPOTPaAMMHO-
ro obecrnieuenust NST 2.3. Bo Bpemsi ananusza us-
MEPSUIUCh CPEAHUM TMAPOAMHAMUYECKUN AUAMETP
(pa3mep BE3MKyNl M MX pacHpeseieHHe) M KOHLCH-
Tpauusi Be3ukyia. [lomydeHHbIe HaHHBIC MO3BOJISIIOT
CPaBHHUTb HaONIONAaeMble XapaKTEPUCTUKU YaCTHIL
C OXHMJAEMBIMHU IapaMeTpamMH AJIsl BHEKJIETOYHBIX
BE3UKYJl. B 4acTHOCTH, eciy YacTHIbI HMEIOT pa3-
MEpBI U pacnpeesieHue, COOTBETCTBYIOIIUE U3BECT-
HBIM JaHHBIM O BHEKJICTOUHBIX BE3HMKYyJaX, U HX
KOHLCHTpaLusl HAXOIUTCS B OXKHMIAEMbIX Ipeienax,
9TO CHYXXHUT TOATBEPXKICHHEM HX HICHTUYHOCTU
Kak Be3ukya. Takum oGpasom, NTA He Tompko mo-
3BOJISICT BBISIBUTH HPUCYTCTBHE BHEKJICTOYHBIX Be-
3UKYJl B 00pasiie, HO U 00eCIeurnBaeT JOCTOBEPHYIO
XapaKTEPUCTUKY MX (U3UUECKUX IapaMeTpoB, UTO
SIBIISIETCSL BaYKHBIM DTArloM BepH(UKAIHH.

Ilpomounas  yumomempus.  AnbIErUA-Cyllb-
(aTHBIC JTaTEKCHBIC YACTHULBI AHMAMETPOM 4 MKM
(Thermo Fisher Scientific, CIIIA) nHkyOupoBamu
¢ anrurenamu npotuB CD9 (abl34 375, Abcam)
wm CD24 (bsm-50 424M, Bioss) npu KomHaT-
HOW TemIieparype B TeueHue 14 4. mpu oCTOpOXK-
HOM TEpeMeIlnBaHuU. AJIMKBOTHI 3K30COM (OKOJIO
30 MKr 5K30COMaJbHOTO Oeika) WHKyOHpoBaIH
C KOMIUICKCAMH AaHTHUTEJIO-JIATEKCHbIE YacTUIBI B
100 mxn PBS mpu temneparype 4 °C B TeueHue
14 4. mpu OCTOPOXKHOM IepeMelrBaHuu. Peak-
muto  OnmokupoBain 0,2 M DIUIMHOM B TCUCHHE
30 mun. ipu temmeparype 4 °C. KoMmrurekcol «9k-
30COMBI—AHTHUTEI0—JIaTeKCHBIE YaCTHIBDY JIBAXKbI
OTMBIBaJIM MTPOMBIBOUHBIM Oydepom (PBS ¢ nobas-
neHueM 2 % Oblubell CHIBOPOTKHM, JACIUICTHPOBAH-
HOW OT 3K30COM), HHKYOUPOBaJIH C OJIOKUPYIOIIMM
nmmyrormooymmaoM G (IgG) (BD  BioSciences,
CIIA) mpu KOMHAaTHOW TeMIepaType B TeUeHHE
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10 MuH., OTMBIBAJIH, 3aTEM MPOBOAMIN UHKYOAITHIO
¢ FITC-xoHBIOTUPOBaHHBIMA AHTUTEIAMH IPOTUB
tetpacnanunoB (CD63, CD81, CD9, CD24) (BD
BioSciences, CIIIA) mpu Temmeparype 4 °C B Te-
yeHue 50 wmuH. Kommuiekchl OTMBIBAaIU JIBaK[bl
MIPOMBIBOUHBIM Oy(hepoM U HCCIACIOBAIN OOpasiibl
Ha 1uTomerpe FACS Canto II (BD BioSciences,
CIIIA), nanHBIC aHATU3UPOBAIH C HCIOIH30BAHU-
eM mporpammHoro obecmeduenns FACS Diva 6.1.
Menuana HHTEHCUBHOCTH ()IIyOPECIICHIIMH 3K30COM
ObUTa TIpOoaHATM3WPOBaHA, 10 CPABHEHHIO C M30TH-
nuueckum koHTposieM (BD BioSciences, CIIA) u
OTPHIIATEIHbHBIM KOHTPOJIEM.

Jluzuc npomeacom. Jns nu3uca 3K30COM, HX
anukBoThl (30 MK, 7 MKI 3K30COManbHOrO Oej-
ka) B TedeHne 90 MWH. WHKyOHpPOBAJIH Ha JBAY C
7 Mk nmzuc-oydepa (125 MM Tpuc-HCI; pH 7-8;
750 MM NaCl; 0,5 % SDS; 5 % Triton X-100) ¢ go-
OaBneHueM 3 MKJ mpoteazHoro kokreins (1,3 MM
anporunuHa (Sigma, CIIIA), 0,33 MM mnencraru-
Ha A (ICN, CIIA), 1 mxr/mn nefimentuaa (ICN,
CIIA)). Hanee B TeueHne 7 MUH. MHKYOHpOBaJIN
npu temneparype 95 °C u uentpudyrupoBaiu mnpu
13 000 g B TeueHue 5 MuH.

Becmepn-6nommune. CynepHaTaHThl 00pa3lioB
"HaHocumn Ha 13 % ITAA-reaxs mna SDS-PAGE
anextpodopesa nmo Lemmli. [ns Bepuduranuu mo-
Jy4eHHBIX JAHHBIX B Tellb HaHOCWIIM MapKep Mo-
nexkymsipaoro Beca (10-250KD) («Affinity», KHP).
IMocne onekrpodopeza OenKkM TEPEHOCHIM HA
PVDF-memopany (Immobylon, Millipore, CILA).
MemOpany OnokupoBanu pactBopoM 1X iBind
(Invitrogen, CILIA). Cpsa3blBaHHE C TEPBUYHBIM
anTutesnioM K 20S-nporeacomam (aHTu- Proteasome
20S alpha 5 («Affinity», Kwurait); Hsp 27; LC3B;
(«Service Bio», Kurait); 1:2000), mpoMbIBKY, CBS-
3pIBaHMEe CcO BTOpWYHbIM aHTHTedoM (IgA-HRP
antureno, Santa Cruz Biotechnology, 1:5000)
MPOBOAMIM C HCIOJB30BAaHHEM ABTOMATH3MPOBAH-
Horo ycrpoiictBa iBind Western Device (Thermo
Fisher Scientific, CIIIA). [danee meMOpaHy HHKY-
OoupoBanu ¢ pactBopom jerekiiud Amersham ECL
(Amersham, CIIIA). Busyanu3zaius Obljia BBIITONTHE-
Ha B cucteme ChemiDoc Touch (Bio-Rad, CIIA).
[170THOCTE TIONIOC OLIEHWBAIHM C WCIIOJIIb30BAaHUEM
KOMIbIOTEpHOM mporpaMmbl ImageLab. Pesynbrars
OBLTH CTaHAAPTU3UPOBAHBI ¢ yueToM ypoBHS CD63
B 9K30COMaxX U BBIPQKEHBI B YCIOBHBIX EIMHHIIAX
ot ypoBHst 20S-11poTeacoM B 3K30COMax y OOJbHBIX
¢ arpo()UYEeCKUM TacTPUTOM.

Onpeoenenue KoHYyeHMpayuu 2r0Ko3bl U Mmpu-
ayunenuyepuoos. KOHIIEHTpaNNIO TIFOKO3Bl U TPH-
AlMJITITUIEPOIOB CHIBOPOTKU KPOBH  OIPEACIISUIIN
YHHDUIUPOBAHHBIME METOJIAMH UCCIICIOBAaHUS C
noMotpo HabopoB Bekrop bect (Poccus).

Onpeoenenue cooepacanus uncyruna. Conepxa-
HUE UHCYJIUHA oueHuBanu npu nomomu MDA nHa-
6opoB Bekrop bect (Poccus).

VOPROSY ONKOLOGII = PROBLEMS IN ONCOLOGY. 2024;70(5)

CraTHCTHYECKYI0 00pabOTKYy pe3ysIbTaToB IMpO-
BOJIMJTHA C TIPUMEHEHHNEM IakeTa porpaMm Statistica
12.0. HopmanbHOCTh IPOBEPSIIN C MOMOILBIO KpH-
tepuss Kommoropoa — CwmmupHOBaA. Pe3ynsrars
OTIpE/IETIEHNS] IKCIIPECCUU T€HOB MPEICTABIEHBI KaK
meanana (Me) (Q1; Q3). 3HauMMOCTh pa3NUYHii
HE3aBUCUMBIX MapaMeTpoB B 2 rpynmax OLCHUBa-
JI1 C UCIOJb30BAaHUEM Kpurepus MaHHa — YUTHHU.
Kputepuit Kpackena — Yosumca npuMeHsIM MOpu
OLIEHKE 3HAYMMOCTH pa3inyuii Oojee yem B 2 TpyI-
nax. Pasmuaus cumranu 3HaduMbIMH Tipu p < 0,05.

Pesyabrarbl

Wnentndurkanuio BBIICIEHHBIX BHEKIETOYHBIX
BE3MKYJI OCYIECTBIISUIN C TIOMOII[bIO0 METOJIOB TPaHC-
MHCCHOHHOW DJIEKTPOHHON MuKpockormuu (TOM),
ananu3a Tpaekropun yactull (NTA) u TunupoBaHus
Ha Ma)KOpHBIE TeTpacrnaHuHbl. TOM BbIsIBHIIA YeT-
KO BH3YaJIM3HUPYIONIHECs yameoOpa3Hble YacTHIIBI C
HU3KOH 3JIEKTPOHHOH IJIOTHOCTBIO, KOTOPBIE OBLIH
UACHTU(UIIMPOBAHBl KaK JK30COMBI. BrIneneHHbIe
9K30coMBI OosbHBIX PXK skcnpeccupoBain TUIHY-
HBIE 3K30cOoMalbHBIE Mapkepsl, CD9, CD24, CD63,
CD81, uTo moATBEpAMIIO TUIHPOBAHHE HK30COM C
aHTUTEIaMM K Ma)KOPHBIM TeTpacnaHuHaM. JlaHHbIe
TUTIUPOBAHUS TIPECTABICHBI Ha pHC. 1.

B pesynbrare nmpoBeAEHHOTO HCCIEIOBaHUS OBLIO
OTMEYEHO yBenmmueHue conepxanus 20S mporeacom
u LC3B »3Kx30c0M m1a3Mbl KPOBU MALIUEHTOB C PAKOM
xkemynka B 3,8 u 1,4 pa3a, COOTBETCTBEHHO, 110 CpaB-
HEHHIO C OONBHBIMH aTpodUUecKuM racTpuToM. [Ipu
aToM conepkanue Hsp27 B 9k30coMax, BBIICICHHBIX
13 TDIa3MBI KPOBH OOJNBHBIX PAKOM JKEITyIKa OBLIO
CHIKEHO B 2,3 paza (tabmn. 1). [Ipu sToM u3MeHeHmi
KOHIIEHTPALIMU TJIFOKO3bI, TPUIIUIIEPUIOB U COIEp-
YKaHWSl WHCYJMHA Yy STHX TMAIlMEHTOB HE OTMEUYEHO.

[Ipu uccnenoBaHuM CBSI3U C pa3MEPOM OITyXOJH
OTMEUYEHO CHUXeHHe ypoBHA Hsp27 B sk30comax,
BBIIEJICHHBIX Y MaIMeHToB co cragueil T3-4, mo
CpaBHEHHUIO ¢ OOJBHBIMHU CO cTamueil 3a00JIeBaHUS
T1-2 (tabm. 1). Kpome Toro, oTME4eH pOoCT KOHIICH-
Tpalyy IIIOKO3bl M TPHAIMITIMIEPHIOB KPOBU C
pacipocTpaH€HHOCTRIO 3a0ojeBaHus. JlaHHBIE TIO-
Kazarenu ObuIM TOBBINIEHBI B 1,2 u 1,4 pasza co-
OTBETCTBEHHO, B TpymIe OOJBHBIX CO CTaauel 3a-
OoneBannss T3-4, mo cpaBHEHHIO C OOJBHBIMU CO
craguerr T1-2 (puc. 3B).

IIpn nccnenosanum coxepxkanust 20S mporea-
coM, Hsp27 u LC3B B sk30coMax Iu1a3Mbl KPOBH
ObUTH BBISIBIIEHBI M3MEHEHHs ypoBHsA 20S mporea-
com u LC3B (tabn. 2). Ormeuen poct ypoas 20S
mporeacoM B 4,32 pa3a y OONBHBIX ¢ 1 CTemeHbIo
oxupenuss (UMT > 30), mo cpaBHEHUIO ¢ MalyeH-
TamMu C TOBBIIIEHHBIM TuTanueM (MUMT ot 25 mo
30). IIpu stom konmuectBo Oenka LC3B B sx30c0-
Max cHWxkainock B 2,0 pa3a ¢ yBennuennem MMT
B HCCIIEyeMbIX TPYIaX MaIMeHTOB.
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Puc. 1. Conmepxanue 6enxoB CD63, Hsp27, 20S nporeacom, LC3B B 3k30comax kpoBu. 2, 3 — arpoduueckuii ractpur; 5, 6, 7, 8, 9, 10 —
pak JKeyaka
Fig. 1. The content of CD63, Hsp27, 20S proteasome, LC3B proteins in blood exosomes. 2, 3 — atrophic gastritis; 5, 6, 7, 8, 9, 10 —
stomach cancer
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Puc. 2. TunupoBaHue BHEKIETOUHBIX BE3MKyJl. THIHPOBAHME BHEKJIETOUHBIX BE3UKYI. (A) TpaHCMHUCCHOHHAs 3NMEKTPOHHAS MUKPOCKOINUS
1oKa3aja HaJlM4ue Be3uKya pasMepoM He Oosnee 100 HM, Ha BCTaBKE MOKa3aHbI Mayble BHEKJICTOUHbBIC BE3WKYJIbl, MACIITAOHbBIC JTUHUU
cooterctBytoT 100 HM; (b) PacnpenencHue pa3MepoB BHEKICTOUHBIX BE3UKYN y HMAIIUCHTOB C aTpOo(HUIECKUM racTpuroM (1) M pakoM keymka
(2), no nanubM aHanu3a tpaekropuit yactui (NTA); (B) Dxenpeccus CD24, CD63 u CD81 Ha CD9-103UTHBHBIX BHEKJIETOUHBIX BE3UKYJIaX
IUIa3MbI KPOBH MAILMEHTOB ¢ aTpoduyeckuM ractputoM (1), MarueHToB pakoM skemymka (2). V3oTHnuueckuii ¥ OTPHIATENbHBIH KOHTPOIU
(yarekcHble yacTHIbl ¢ KOHbrorupoBaHHbiMU ¢ FITC anturenamu k CD9 n CD81 (3). IIpuBeneHsl cpenHue 3HAUYSHUsT MEIMaHbl MHTEHCUBHOCTU
mroopecueniun (MFI). SG — pax skenyaka (gastric cancer); AG — arpodudeckuii ractput (atrophic gastritis); Controls — koHTponu
Fig. 2. Typing of extracellular vesicles. Typing of extracellular vesicles. (A) Transmission electron microscopy showed the presence of
vesicles no larger than 100 nm, the insert shows small extracellular vesicles, scale lines correspond to 100 nm; (B) The size distribution
of extracellular vesicles in patients with atrophic gastritis (1) and gastric cancer (2) according to particle trajectory analysis (NTA); (B)
Expression of CD24, CD63 and CD81 on CD9-positive extracellular plasma vesicles of patients with atrophic gastritis (1), patients with
gastric cancer (2). Isotypic and negative controls (latex particles with FITC conjugated antibodies to CD9 and CD81 (3). The average values
of the median fluorescence intensity (MFI) are given. SG — gastric cancer; AG — atrophic gastritis

Tadnmnua 1. Conepxxanne 20S nporeacom, Hsp27 m LC3B B 3k30coMax IUIa3Mbl KPOBH IPH pake KeJyAKa,
10 CPAaBHEHUIO C IK30COMAMHU, BbIJAeJEHHbIMH y 00JILHBIX ¢ aTpoduyeckum racrpurom, Me (Q1-Q3)
Table 1. The content of 20S proteasomes, Hsp27 and LC3B in plasma exosomes in gastric cancer
compared to exosomes isolated from patients with atrophic gastritis, Me (Q1-Q3)

Iokazatenn Atpodrdeckuii ractpur | OOmas rpymmna pak xeryaKa T1-2 T3-4
Conepxanune 208 alpha 5, Yen. En. 1,05 (1,03; 1,07) 4,06 (2,12; 22,57)* 4,32 (1,35; 10,70) | 3,80 (2,23; 22,57)
Copnepxanne Hsp27, Yen. En. 2, 64 (1,09; 4,19) 1,16 (0,74; 2,66)* 2,66 (1,16; 2,66) | 1,03 (0,65; 1,87) *
Conepxanne LC3B, Ycu. En. 1,34 (1,09; 1,59) 1,91 (1,16; 6,13)* 1,91 (1,68; 1,91) | 2,59 (1,16; 6,13)

* 3naunmocts pasimanii (p < 0,05), 110 cpaBHEHHIO ¢ GONBHBIMU ¢ aTPOYUUICCKUM racTpuToM; # 3HA4MMOCTb pasiuymii (p < 0,05), mo cpaBHEHHIO ¢ GONBHBIME pakoM skemyaka T1-2.
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Puc. 3. KoHIeHTpaluy [IIOKO3bI, TPUIIHLEPUIOB U COACPKAHMS MHCYINMHA B IUTa3Me KPOBH: A — y OOJIBHBIX PAKOM JKENy/IKa B 3aBUCHMOCTH OT
VMT; b — y GOJBHBIX PAKOM JKENylKa B 3aBUCHMOCTH OT CTaJHH OIyXOJIEBOIO mponecca. * — 3HaunMocTs pasmmauii (p < 0,05), mo cpaBHEHHIO
¢ GombHBIME pakoM sxenymka 1 UMT or 25 no 30; # — 3Haunmocts pasmmunii (p < 0,05), Mo cpaBHEHMIO ¢ OOJIBHBIMU pakoM kemyaka T1-2.
Fig. 3. Blood plasma glucose, triglyceride and insulin concentrations: A — in gastric cancer patients according to BMI; b — in gastric
cancer patients according to the stage of the tumor process. * — Significance of differences (p < 0.05) compared with gastric cancer patients
and BMI from 25 to 30; # — Significance of differences (p < 0.05) compared with gastric cancer patients T1-2

Tadnuua 2. Conep:xxanune 20S nporeacom, Hsp27, LC3B B 3Kk30comMax Mmia3Mbl KPOBU Yy 0OJBbHBIX PaKOM
:keayaka B 3apucumocta ot UMT, Me (Q1-Q3)

Table 2. The 20S proteasomes, Hsp27, LC3B content in plasma exosomes in gastric cancer patients,

depending on BMI, Me (Q1-Q3)

TTokazaTenu

BonbHble pakom xenyaka ¢ UMT=25-30

Bonbubie pakom sxenyaka ¢ UMT > 30

Conepxanue 20S alpha 5, Yen. En.

3,80 (3,24; 22.,57)

432 (2,12 ;11,05) *

Copepxanne Hsp27, Yen. En.

1,34 (1,00; 2,14)

1,16 (0,74; 2,66)

Copepxkanne LC3B, Ven. En.

3,99 (1,66; 7,05)

1,91 (1,16; 2,97) *

* 3HAQYMMOCTh PA3NINYMil, 0 CPAaBHEHHIO ¢ OONMbHBIMU pakoM xkemyaka 1 UMT ot 25 mo 30.

CTOUT OTMETUTBH, YTO CONEP)KAHHE HHCYIMHA,
KOHIICHTPAIIUS TIIIOKO3bl U TPHUTIUIICPUIIOB TTOBBI-
mwainocsk B 1,23; 1,19 u 1,4 pa3a cOOTBETCTBEHHO B
rpymmnax 6oipHBIX ¢ UMT > 30, mo cpaBHEHHIO C
MMallMeHTaMH ¢ TMOBBIICHHBIM NuTanneM (MUMT ot
25 no 30) (puc. 3a).

Oo6cy:xneHue

B pesymbrate mNpOBEAEHHOTO HCCIIEIOBAHMS
OBLTH BBISBICHBI OCOOCHHOCTHU pacrpeeeHus oe-
koB 20S mporeacom, Hsp27 u LC3B B sk30comax

VOPROSY ONKOLOGII = PROBLEMS IN ONCOLOGY. 2024;70(5)

miasMel KpoBu npu PXK. AxTuBanus oHKOreHesa,
COTIPOBOXKJIaeMasi POCTOM AKTUBHOCTH MPOTEACOM
W uHUOManMed ayrodaruu, Oblia 3aUKCHpOBaHA
B 9K30cOoMax KpoBH. [laHHBIA (akT coracyercs
C paHee TIONYYeHHBIMH IaHHBIMH O TIOBBIIICHUH
KOJIMYECTBa MapKepOB [aHHBIX ITPOLECCOB B TKa-
Hu omyxomu [11, 12]. B panee mpoBemeHHBIX WC-
CIIEAOBaHMAX OBLIM OTMEUEHB! (DAaKThl MOBBIIICHUS
cogepkanust 20S mporeacoM y OOJNBHBIX C PaKoOM
SIMYHUKOB [2], UTO CBUIETEIBCTBYET O BO3MOKHO-
CTH ONpE/CICHUs] JaHHBIX MapKepoB B JK30COMax
MIa3Mbl KPOBH OONBHBIX CO 3JIOKa4€CTBEHHBIMHU
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HOBOOOpa3oBaHUSAMHU. Takke OTMEYEHO, UTO CO-
nepxkanne Oenka LC3B MoxkeT OBITH CBA3aHO C
pacnpocTpaHeHreM omyxonu >keiynaka [11, 12], a
Takke ¢ dPPEKTUBHOCTHIO TIPOBOIUMOTO JICICHHUS.
[TomoOHble pe3ynbraTbl ObLIM 3aUKCUPOBAHBI IS
MaNWUBIPHOTO paka IMWTOBUIHOW jkene3sl [16].

CHmxeHne cofepkaHusi OEIKOB TEIUIOBOTO MIOKa
Hsp27, ormMedenHOe B IPOBEICHHOM HCCJICIOBAHUH,
BEPOSITHO, CBA3AHO C MPOIIECCaMHU OIMYXOJIEBOM Mpo-
rpeccuu [4, 5]. B pabore H. Ge u coaBr. Oblna mo-
Ka3aHO, UTO JAHHBIA MOKA3aTeIh HE acCOIMHUPOBAH
C  KIUHUKO-MOP(OIOTHYECKUMH  OCOOCHHOCTSIMHU
omyxomn# [6].

W3BecTHO, YTO MeTaboNMYeCKHe HAPYIICHUS
YBEIMYUBAIOT pUCK pasutus PXK u sBistoTcst He-
6maronpusATHEIM (akTopamMu TmporHo3a [15, 17].
AKTUBHOCTh TPOTCOJUTUUYCCKUX IPOLECCOB BO3-
pactaeT Kak Ha (hOHE OKUPEHHUs, TaK M IPU pas-
BUTHU 3J0KAYECTBEHHBIX omyxoned [18], uto Tak-
JKe OBLJIO TIOATBEPIKIICHO B JIAHHOM HCCJICIOBAHHU.
CBsI3p MEX]Iy CHIDKCHHEM YpPOBHS OEJIKOB, acCOITH-
HUPOBaHHBIX C ayTodaruei, U OXKUPCHUEM BBISBUIH
B pabore [19]. B mpoBeneHHOM HCCIIEIOBAaHUN TaK-
JKe TIOKa3aHO CHWKeHue cozepxkanus Oenka LC3B B
9K30COMax OOJIBHBIX C OKHpeHHEeM | cTeneHu, 4to
coueranoch ¢ nosbimieHueM MMT, pocrom conep-
’KaHUsl WHCYJIMHA, TIIOKO3bI U TPUTIUICPHUIOB.

B panHee mpoBeneHHBIX WCCIETOBAHUIX OBLIO
OTMEUEHO, YTO HAKOIJICHUE >KUPOBOU TKAHU B pas-
JUYHBIX OpraHaxX WrpacT KJIIOYEBYIO pPOJb B Hapy-
meHn? (DYHKIMH KIETOK dTUX OPTaHOB, YTO MOXKET
MPUBECTH K PA3JIMYHBIM XPOHUUYESCKUM 3a00JICBaHU-
sIM, BKJItO4ast pak. M30bITOYHOE HAKOIUICHWE KHpa
B OpraHu3Me, 0COOCHHO B OpIOIIHOW 00J7acTH, CBS-
3aHO C PE3WCTCHTHOCTHIO K HMHCYAUHY. [l0CKONBKY
WHCYIIMH W WHCYJIWHONOMOOHBIA (akTop pocra-I
(M®DP-I) urparor 3HAYUTENBHYIO POJIb B TpoJude-
palyu KJIeTOK, W3MEHEHHE PE3UCTEHTHOCTH K WH-
CyJAMHY MOXKET BBI3BIBATH HAPYIICHUE AaromnTo3a U
criocobcTBOBaTh Kauteporenesy [20]. Kpome Toro,
MIPOBOCHAIUTEIIEHBIC aUINOIUTOKUHBI, TaKHe Kak
JISTITUH ¥ aUIIOHEKTHH, KOTOPbIC BHIPA0ATHIBAIOTCS
B OTBET Ha OXXHPEHHUE, MOTYT 3aIlyCKaTh MPOBOCIIA-
JUTENbHBIC MPOIECCHl U CTUMYIUPOBATH PA3BUTHE
paka. M HAoOOpOT, y JNHIl C O)XKUPEHHEM B OTBET
Ha TIOBBIIICHHYIO BBIPA0OTKY MPOBOCIATUTEIBHBIX
IIUTOKWHOB CHIKAETCS YPOBCHD aUTIOHCKTHHA, MH-
Iyuupytouiero amontos [21].

Huszkuii ypoBeHb aJMIOHEKTHHA KOPPEIUpPYET
C PEe3HWCTEHTHOCTHIO K WHCYJAMHY W TOBBIIICHHBIM
ypOBHEM HHCyAuHA [22]. YpOBHU LUPKYIUPYIOIIE-
ro uncynuda u MOP-I yacTo noslmaloTcs y JIMil €
M30BITOYHON MAcCOW Telna M OXKHPEHHEM Kak Cle[l-
CTBHE CHIDKCHHOW UYBCTBHUTEIBHOCTH K HHCYIUHY,
00yCJIOBJICHHON YacTUYHO W3MEHEHUSMHU YPOBHS
amunonekTuHa. CyIecTBYyeT CBsSI3b MEXKIY YBEIH-
yeHueM HWMMT U NOBBIILIEHHOW PE3UCTEHTHOCTHIO
K WHCYJIUHY, 8 TaK)KE€ YPOBHEM WHCYJIMHA HATOIIAK
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[23, 24]. BpLI0 TOACYMUTAHO, YTO KaXKJ0€ IMOBHIIIC-
nue 3HaueHus MUMT Ha 1 kr/m? yBenmuuuBaeT ypo-
BEHb MHCYJIMHA HaTomak Ha 8,5 % [25].

Takum oOpa3oM, OBLIM IONYYCHBI IOATBEPIK-
JIAIOIIME CBEJACHHS O BO3MOXHOCTH HPHMEHEHUS
MOJIXOZI0B JKUAKOCTHOW OMOTICHU IS MCCIIEIOBAHUS
ocobennocteit PXK, ¢opmupoBanus rpymm pucka,
OCOOCHHO y TAI[MEHTOB C META0OJIMYCCKUMHU Ha-
pymeHusMu. BrisBieHHble  (DaKThl, HECOMHEHHO,
TpeOyIOT JaNbHEHIIEro MCCIIEAOBAHUS, ONHAKO B
JAHHOW paboTe IMOydeHBbl Pe3yNbTaThl, COBITAAI0-
e ¢ MojoOHBIMH PaboTaMu, MPOBEJACHHBIMH Ha
OIyXOJIEBOM TKaHHU.

3akJjoueHue

BrisBiier poct 20S mporeacom u LC3B B ak-
30coMax IUIa3Mbl, BBIIACICHHBIX Y OosbHBIX ¢ PXK.
[Ipu sToM ypoBens Oenka Hsp27 B 9k30comax ObLI
CHIDKEH y OONIBHBIX CO 3JIOKAUYeCTBEHHBIMHU OITyXO-
JIAMHU, B CpaBHCHUU C MAUCHTAMH C IMPCAPAKOM.
OtMedeHa cBs3b comepskanmst Oenmka LC3B, mera-
OoJIMYecKUX HapyLIeHUH CO CTaaueill OIyX0JIeBO-
ro mponecca y OonpHBIX PXK Ha Qone oxupenus,
YTO, HECOMHEHHO, TpeOyeT JalbHEHIIero H3yYeHHsI.
BrisBnena accouumanus mexay UMT, conep:xanueM
20S mporeacom n LC3B Oenmka B 3K30COMax IIia3-
Mbl OonbHBIX PX, 4TO MOXET yka3piBaThb Ha BO-
BJICYEHHOCTh META0OJMYECKNX HM3MEHEHWH B MpO-
LECChl OMYXOJIeBOM mporpeccud. Takum oOpaszom,
B IPOBEJIICHHOM HCCIIEI0BaHUN C(HOPMHUPOBaHBI U
000CHOBaHBI TOJXO/BI ISl PUMEHEHUST MapKepOB
KHUJIKOCTHOH Ouorncuu mnpu (HOPMHUPOBAHHUU TPYIII
pucka u quarmoctuku PX. IIpm stom ocoboe 3Ha-
YeHHe TpHUAAeTCS MeTaOOIMYECKUM HapyIICHHIM
KaK OCHOBHOMY TPUITEDPY OITyXOJIEBOM IPOIPECCHH.

Kongnuxm unmepecos

ABTOpBI 3asBISIOT 00 OTCYTCTBUM KOH(NIMKTa HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

Cobnodenue npasun ouoImMuxu

IpoBeneHre NaHHOW pabOTHI OOOPEHO ITHUCCKUM KOMHUTE-
toMm HUW onxonorun Tomckoro HUMILI. Bce mpouenypsr ¢
BOBJICYCHHEM OOJBHBIX OBLTH MPOBEICHBI B COOTBETCTBHH C
I[Tpotokonom XenbCHHCKON JEKIApaluy IO MpaBaM 4YesioBe-
ka (1964 t.), mporokon Ne 22 or 28.11.2022. Bce GonbHbIe
TO/IMHCHIBANK HHPOPMHUPOBAHHOE COINIACHE HA Y4acTHe B HC-
CJIC/IOBAHUH.

Compliance with the rules of bioethics

The work was approved by the Ethical Committee of the
Cancer Research Institute of the Tomsk National Research
Medical Center. All procedures involving patients were
performed in accordance with the Protocol of the Declaration
of Helsinki (1964). All patients signed an informed consent
to participate in the study. (Protocol No. 22 of 28.11.2002).

Dunancuposanue
Pabora BeimonHeHa npu (uHaHCOBOH Tomuepxkke PI'BOY
BO Cu6I'MY Munszipasa Poccum.

BOMNPOCbI OHKOJIOTUWN. 2024;70(5)



3KCNEPUMEHTAJIbHbIE UCCNEAOBAHWUS/ EXPERIMENTAL RESEARCH

Financing
This work was funded by the Siberian State Medical
University of the Ministry of Health of Russia.

Yuacmue asmopos

Crmpuna JI.B. — nammcanme TekcTa CTaThu, aHANN3 W WH-
TepIpeTanys TaHHbIX;

AdanacseB C.I. — (popmynupoBKa 1IeIN HCCIIEI0BAHNS;
ABryctuHOBHY A.B. — HayuHOE penaKkTHpOBaHUE, KIMHAYE-
CKO€ COMPOBOXKJIEHHE HCCIICIOBAHNS;

bapkeimesa A.A. — BbIIeNeHHE IK30COM, TEXHUUECKOE pe-
JaKTUpoBaHue, opopmieHne Oudmuorpaduu;

borganosa B.A. — BbljeneHne dK30COM, AM3alH HCCIEIO0-
BaHH,;

Ceapogckuii JI.A. — (opMHpOBaHHE TPYII MAIUEHTOB;
IOnycoBa H.B. — yuactue B HcCleOBaHUN.

Bce aBTophl 000pMIM (PMHATBHYIO BEPCHIO CTAaThH MEpeN
MyONMUKanued, BBIPasHIM COIacHe HECTH OTBETCTBEHHOCTH
3a BCE aCIEKTBI pabOTHI, MOAPA3yMeBAIONIee HaIeKaIee H3-
yYeHHE U PEIICHHe BOMPOCOB, CBA3AHHBIX ¢ TOYHOCTHIO I
100pOCOBECTHOCTBIO JTI000H YacTu paboThl.

Authors’ contributions

Spirina L.V. — drafted the article, analyzed and interpreted
the data;

Afanasyev S.G. — formulated the purpose of the study;
Augustinovich A.V. — performed scientific editing, clinical
support of the study;

Barkysheva A.A. — performed isolation of exosomes,
technical editing, organised the reference list;

Bogdanova V.A. — designed the study, isolated the exosomes;
Swarovsky D.A. — organised patient groups;

Yunusova N.V. — participated in the study.

All authors have approved the final version of the article prior
to publication and have agreed to accept responsibility for all
aspects of the work, including proper review and resolution
of any issues related to the accuracy or integrity of any part
of the work.

JIMTEPATYPA / REFERENCES

1.

Zhang Z., Wu H., Chong W., et al. Liquid biopsy in gastric
cancer: predictive and prognostic biomarkers. Cell Death Dis.
2022; 13(10): 903.-DOI: https://doi.org/10.1038/s41419-022-
05350-2.

Yunusova N., Kolegova E., Sereda E., et al. Plasma exosomes
of patients with breast and ovarian tumors contain an inactive
208 proteasome. Molecules. 2021; 26(22): 6965.-DOLI: https://
doi.org/10.3390/molecules26226965.

Deng Y.Q., Gao M., Lu D., et al. Compound-composed
Chinese medicine of Huachansu triggers apoptosis of
gastric cancer cells through increase of reactive oxygen
species levels and suppression of proteasome activities.
Phytomedicine.  2023; 123:  155169.-DOI:  https://doi.
org/10.1016/j.phymed.2023.155169.

Sun L., Chen Y., Xia L., et al. TRIM69 suppressed the
anoikis resistance and metastasis of gastric cancer through
ubiquitin—proteasome-mediated  degradation of PRKCD.
Oncogene. 2023; 42(49): 3619-3632.-DOL:  https:/doi.
org/10.1038/s41388-023-02873-6.

Monittola F., Bianchi M., Nasoni M.G., et al. Gastric cancer
cell types display distinct proteasome/immunoproteasome
patterns associated with migration and resistance to proteasome
inhibitors. J Cancer Res Clin Oncol. 2023; 149(12): 10085-
10097.-DOL: https://doi.org/10.1007/s00432-023-04948-z.

Ge H., He X, Guo L., Yang X. Clinicopathological
significance of HSP27 in gastric cancer: a meta-analysis.

10.

12.

13.

14.

15.

1e.

17.

18.

19.

20.

VOPROSY ONKOLOGII = PROBLEMS IN ONCOLOGY. 2024;70(5)

Onco Targets Ther. 2017; 10: 4543-4551.-DOI: https://doi.
org/10.2147/0TT.S146590.

Liu T, Liu D., Kong X., Dong M. Clinicopathological
significance of heat shock protein (HSP) 27 expression
in gastric cancer: a updated meta-analysis. Evid Based
Complement Alternat  Med. 2020; 2020: 7018562.-DOLI:
https://doi.org/10.1155/2020/7018562.

Liu Z., Liu Y., Long Y., et al. Role of HSP27 in the multidrug
sensitivity and resistance of colon cancer cells. Oncol Lett.
2020;  19(3):  2021-2027.-DOIL:  hittps://doi.org/10.3892/
01.2020.11255.

Giatromanolaki A., Koukourakis M.I., Georgiou I., et al.
LC3A, LC3B and beclin-1 expression in gastric cancer.
Anticancer Res. 2018; 38(12): 6827-6833.-DOI: https://doi.
org/10.21873/anticanres.13056.

Kim J.S., Bae G.E., Kim K.H., et al. Prognostic significance
of LC3B and p62/SQSTMI1 expression in gastric
adenocarcinoma. Anticancer Res. 2019; 39(12): 6711-6722.-
DOL: https://doi.org/10.21873/anticanres.13886.

. Spirina L.V., Avgustinovich A.V., Afanas’ev S.G., et al.

Expression and content of protein LC3B in gastric cancer
tissue, relationship with expression of mTOR, AMPK in
gastric cancer tissue and HER2 and PD-L1 status of the
tumor. Bull Exp Biol Med. 2021; 172(2): 202-205. DOIL:
https://doi.org/10.1007/s10517-021-05376-0.

Spirina L.V., Avgustinovich A.V., Bakina O.V,, et al. LC3B,
mTOR, AMPK are molecular targets for neoadjuvant
chemotherapy in gastric cancers. Curr Issues Mol Biol.
2022;  44(7): 2772-2782.-DOI:  https://doi.org/10.3390/
¢imb44070190.

Repetto O., Vettori R., Steffan A., et al. Circulating proteins
as diagnostic markers in gastric cancer. Int J Mol Sci. 2023;
24(23): 16931.-DOLI: https://doi.org/10.3390/ijms242316931.
World Health Organization. Obesity and Overweight.-URL:
http://www.who.int/news-room/fact-sheets/detail/obesity-and-
overweight.

Azizi N., Zangiabadian M., Seifi G., et al. Gastric cancer risk
in association with underweight, overweight, and obesity: a
systematic review and meta-analysis. Cancers (Basel). 2023;
15(10): 2778.-DOI: https://doi.org/10.3390/cancers15102778.
Kosanesa U.B., Ciupuna JI.B., Ymxkesckas C.1O., et al. Dke-
npeccus u conepxkanue Oenka LC3B B TKaHM ManwuisipHOrO
paka IIUTOBHUIHOM JKeNe3bl, CBS3b C KIMHUKO-MOP(HONOrU-
YeCKUMHU TapaMeTpaMu omyxonu. Bomp ouxon. 2022; 68(4):
439-444 -DOL: https://doi.org/10.37469/0507-3758-2022-
68-4-439-444. [Kovaleva LV., Spirina L.V., Chizhevskaya
S.Y., et al. LC3B protein content and expression in the
papillary thyroid cancer tissue, relation with the clinical and
morphological parameters of the tumor. Voprosy Onkologii =
Problems in Oncology. 2022; 68(4): 439-444.-DOI: https://
doi.org/10.37469/0507-3758-2022-68-4-439-444. (In Rus)].
Zhuang C.L., Wu H.F,, Jiang H.J., et al. Muscle attenuation,
not skeletal muscle index, is an independent prognostic
factor for survival in gastric cancer patients with overweight
and obesity. Nutrition. 2024; 122: 112391.-DOI: https://doi.
org/10.1016/j.nut.2024.112391.

Guerra J., Matta L., Bartelt A. Cardiac proteostasis in obesity
and cardiovascular disease. Herz. 2024; 49(2): 118-123.-DOL:
https://doi.org/.1007/s00059-024-05233-6.

Cohen M., Guo E., Pucchio A., et al. Maternal obesity reduces
placental autophagy marker expression in uncomplicated
pregnancies. J Obstet Gynaecol Res. 2020; 46(8): 1282-
1291.-DOI: https://doi.org/10.1111/jog.14315.

Cannata D., Fierz Y., Vijayakumar A., LeRoith D. Type 2
diabetes and cancer: what is the connection? Mt Sinai J

901



DOI 10.37469/0507-3758-2024-70-5-894-902

Med. 2010; 77(2): 197-213.-DOI:  https://doi.org/10.1002/ Nutr Metab Cardiovasc Dis. 2020; 30(9): 1554-1563.-DOLI:
msj.20167. https://doi.org/10.1016/j.numecd.2020.05.008.

21. Friedenreich C.M., Ryder-Burbidge C., McNeil J. Physical ~ 24. Zhang H., Li D., Liu X., et al. Fasting insulin and risk of
activity, obesity and sedentary behavior in cancer etiology: overall and 14 site-specific cancers: evidence from genet-
epidemiologic evidence and biologic mechanisms. Mol On- ic data. Front Oncol. 2022; 12: 863340.-DOI: https://doi.
col. 2021; 15(3): 790-800.-DOI: https://doi.org/10.1002/1878- org/10.3389/fonc.2022.863340.

0261.12772. 25. Holmes M.V., Lange L.A., Palmer T,, et al. Causal effects of

22. Kadowaki T., Yamauchi T., Kubota N., et al. Adiponectin and body mass index on cardiometabolic traits and events: a Men-
adiponectin receptors in insulin resistance, diabetes, and the delian randomization analysis. Am J Hum Genet. 2014; 94(2):
metabolic syndrome. J Clin Invest. 2006; 116(7): 1784-92.- 198-208.-DOI: https://doi.org/10.1016/j.ajhg.2013.12.014.
DOI https://doi.org/10.1172/JCI29126.

23. Song Q., Huang T., Song J., et al. Causal associations of body Hocrynuna B pepakuuto / Received / 17.04.2024
mass index and waist-to-hip ratio with cardiometabolic traits [Ipomna penensuposanue / Reviewed / 13.06.2024
among Chinese children: A Mendelian randomization study. IMpunsta x neyarn / Accepted for publication / 13.06.2024

Cgenenusi 00 aBropax / Author’s information / ORCID

Jromvuna Buxroposra Crnmpuna / Lyudmila V. Spirina / ORCID ID: https://orcid.org/0000-0002-5269-736X,
SPIN: 1336-836.

Anexcannpa BmaguvmupoBra ApryctuHoBmd / Alexandra V. Augustinovich / ORCID ID: https://orcid.org/0000-
0003-3796-7218, SPIN: 2952-6119.

Apxana ApxanoBHa bapkermesa / Arzhana A. Barkysheva / ORCID ID: https://orcid.org/0009-0005-2068-0036.

Beponuka AnekcannposHa bormanosa / Veronika A. Bogdanova / ORCID ID: https://orcid.org/0009-0003-8473-
4182.

Cepreit I'ennanseBua AdanaceeB / Sergey G. Afanasyev / ORCID ID: https://orcid.org/0000-0002-4701-0375,
SPIN: 9206-3037.

Jmutpuit Aunpeesnu Ceaposckuii / Dmitry A. Swarovsky / ORCID ID: https://orcid.org/0000-0002-8985-009X.

Harames BamepreBna HOnycoma / Natalya V. Yunusova / ORCID ID: https://orcid.org/0000-0003-4595-4177,
SPIN: 3513-1888.

@080

EY MG RO

902 BOMNPOCbI OHKOJIOTUWN. 2024;70(5)


https://doi.org/10.1016/j.ajhg.2013.12.014

