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Brenenne. B Hactosmiee Bpemsi Oonblioe BHHMaHHE yrie-
JSEeTCS W3YYCHUIO OHMOIOTHUECKUX OCOOCHHOCTEH OIyXOiH
Kenmynka. Aytodarus SBISeTCS YHUBEPCAIbHBIM KJIETOYHBIM
MIPOLIECCOM, CBSI3aHHBIM C aJaNTalield OIyXOMM K H3MEHSIO-
IIMMCS yCIIOBHSAM, U BIHSET HA 3()(PEKTUBHOCTH IPOBOIIMOTO
JICUCHUA.

Hean. HW3ydyenue conmepxanust OenkoB LC3B, Beclin-1,
ATGI12, ATG7, ATGSL, ATGI16L, ATG3 B TKaHH OIyXOJIH
JKeJTylKa B 3aBHCUMOCTH OT KIIMHHUKO-MOP(OIOrHYECKUX OCO-
OeHHOCTEH 3JI0KaYeCTBEHHOTO IIPOIIECcca, a TAKXKe BIUSIHUE HX
coziep>KaHMsT Ha HCXOZ 3a00JeBaHUs, CPOKU JI0 MPOTPEcCHpO-
BaHMU.

Marepuajbl U MeTobl. B ucciienosanun ydactsosanu 22
OopHBIX onepabensHBIM pakoM xenyaka (PXK), kotopeiM ObiI0
MpPOBE/ICHO KOMOMHUPOBAHHOE JIeYeHHE, BKIFOYAIOIEe MpPeIo-
nepanuoHHyro nonuxumuorepanuto mno cxeme FLOT ¢ nocie-
JYIOIINM XHPypTUUecKuM BMmemratenscTBoM. Coneprkanne Gen-
koB LC3B, Beclin-1, ATG12, ATG7, ATGSL, ATG16L, ATG3
B OITyXOJIM OIIEHMBAJIU C NOMOIIBIO Meroza Becrepn brorTunr.

Pesyabrarel. B pesynbrare mpoBeieHHOrO HCCIe0BaHUs
BBIIBIICHO TOBbINIeHHE cozepxkanus Beclin-1, ATG7, ATG16L
10 Mepe pocTa pa3Mepa HNEpBHYHOU OIYXONW M IOSBICHUS
pPETHOHApHBIX METacTa3oB, UYTO CBA3aHO C AaKTHBAIMeH ay-
Todaruu B XOJE MPOIPECCHPOBAHUS OITyXOJEBOIO IMpOLECcCca.
OtMmeueHo, uTo B cityyae nonoxurenbHoro HER2-craryca Ha-
Omromanock moBblmeHue conepxkanus LC3B, ATG7, ATGSL B
2,8; 1,3 u 1,2 pa3a cooTBeTCTBEHHO, 10 cpaBHeHHI0 ¢ HER2-
HETaTHBHBIMH OITyXosiMU. [Ipu 3TOM B citydae HOJIOXKUTEINb-
Horo PD-L1-craryca ormedeH poct comepkanmsi LC3B B 2.4
pasa, Mo CpaBHCHUIO C OMYXOJIIMH C HETaTUBHBIM CTaTyCOM.

B ciyuae mporpeccupoBanusi 3aboieBaHUs HaOMIOMANCS
poct comepxanust ATG12, ATGSL ATG16L B 1,3; 1,2 u 2,0
pa3a COOTBETCTBEHHO, [0 CPAaBHEHMIO C TAKOBBIM y OOJIBHBIX
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Introduction. Much attention is currently being paid to
studying the biological characteristics of a gastric tumor. Au-
tophagy is a universal cellular process that is associated with
tumor adaptation to changing conditions and affects the ef-
ficacy of treatment.

Aim. To study the content of LC3B, Beclin-1, ATGI12,
ATG7, ATGSL, ATG16L, ATG3 proteins in gastric tumor tis-
sue in relation to clinical and morphological features of the
malignant process, as well as the effect of their content on the
outcome of the disease, time to progression.

Material and Methods. The study involved 22 patients
with operable gastric cancer (GC) who underwent combined
treatment, including preoperative polychemotherapy accord-
ing to the FLOT scheme followed by surgery. The content of
LC3B, Beclin 1, ATG12, ATG7, ATGS, ATG16L, AG3 proteins
in the tumor was evaluated by western blotting analysis.

Results. The study showed that the content of Beclin-1,
ATG7 and ATG16L increases with the size of the primary
tumor and the appearance of regional metastases, which is
associated with the activation of autophagy during tumor
progression. It was noted that LC3B, ATG7 and ATG5L were
2.8-, 1.3- and 1.2-fold increased in HER2-positive tumors
compared to HER2-negative tumors, respectively. In PD-L1-
positive cancers, a 2.4-fold increase in LC3B content was
observed compared to tumors with negative status. In pa-
tients with progression, ATG12, ATG5L and ATG16L were
increased 1.3, 1.2 and 2.0-fold, respectively, compared to
patients without progression. The fatal outcome resulted in
a 1.8-fold increase in ATG16L content compared to patients
with a favorable disease outcome. There was an association
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6e3 mporpeccupoBanus. [Ipu pa3sBUTHM CMEPTEIBHOIO MCXOzA
3a0oJeBaHnsl OTME4eHO IoBbImeHHe conepkanust ATGI6L B
1,8 pasa, mo cpaBHEHUIO ¢ OOJIBHBIMU C OIATONPHUSATHBIM HCXO-
JIOM OITyXoJIeBoro mnporecca. Kpome Toro, ormedena accouua-
Iy ¢ cofeprkanneM HHIyKTopa Beclin-1, KoTOpbIii mOBBIIIAICS
B 1,4 paza y OOJNBHBIX CO CTaOWJIM3alMel OITyXOJIEBOTO MpO-
ecca, 1o CpaBHEHUIO ¢ OOJIBHBIMH, Y KOTOPBIX 3a(UKCHPOBaH
YACTUYHBIH OTBET OITYXOJIH.

3aximouenune. Takum 00pa3oM, BBISBICHBI ACCOIMAINN
MeX/ly pocToM conepkanusi OenkoB Beclin-1, ATG7, ATG16L
C pa3MepoM INEePBUYHOM OIyXOJIM ¥ IOPa’KEHHEM PErHnOHapHBIX
nuMmdarnyeckux y3ioB. Iloka3aHa 3aBUCHMOCTb MEXIY aKTH-
Banuell ayrodarueil W MOJICKYIAPHBIMU XapaKTepHUCTUKaMU
oryxoiu. [loiydeHHbIE HaHHBIE CBUCTEIBCTBYIOT O 3HAYNMOM
ponu aytodaruy B Ipoleccax OHKOTeHe3a IMPH pake JKeNy/IKa,
YTO OINpPEJCISeT HE TOJIbKO OMOJIOTMYECKHE M MOJEKYISPHBIC
0COOCHHOCTH OITyXOJIM, HO TaKKe OKA3bIBAIOT BIMSIHUE Ha d(¢-
(DEeKTHBHOCTb MPOBOAUMOTO JICUCHHS.

KiroueBbie cioBa: pak xemynka; ayrodarus; HER2; PD-
L1; nporpeccupoBanue; ucxoy 3adoiaeBaHUs

Jns uurupoBanus: AsryctuHoBud A.B., Adanacees C.I,
Crnupuna JI.B., Kimrommna T.C., CxBopuosa [[.A. Conepxanue
0EJIKOB, aCCOIIMMPOBAHHBIX C ayTodarueil B TKaHU OITyXOJH
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2024; 70(5): 887-893.-DOI: 10.37469/0507-3758-2024-70-5-
887-893

with the 1.4-fold increase in Beclin-1 content in patients
with stabilization compared to patients with partial tumor
regression.

Conclusion. Thus, we found associations between the in-
crease of Beclin-1, ATG7, ATG16L proteins with primary tu-
mor size and regional lymph node involvement. A correlation
between autophagy activation and molecular characteristics of
the tumor has been shown. The data obtained indicate that
autophagy plays an important role in the oncogenic processes
of gastric cancer. This ‘self-digestion” determines the biological
and molecular characteristics of the tumor and influences the
efficacy of the treatment.

Keywords: gastric cancer; autophagy; HER2; PD-L1; pro-
gression; outcome of the disease
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BBenenune

Pak sxemynka (PXK) ocraercsa 3Haummoi mpo-
OnmeMoil coBpeMeHHO# oHkoyorum [1]. M3BecTHO O
BO3PAaCTaHUU KOJIMYECTBA OOJNBHBIX C PacHpocTpa-
HeHHbIMU (opmamu 3aboneBanust [2]. Ilokasawno,
910 3((PEKTHUBHOCTD JICUCHHUS] JAHHON KaTeropuu
MAaIMEHTOB OCTAeTCs HEBBICOKOU [3].

B nacrosiiiee Bpems Oonblioe BHUMaHHE TPH-
NaéTcsl U3YYCHUIO OMOJIOTHYECKUX OCOOCHHOCTEH
omyXxonau kemynka [4]. Aytodarus sBiasercs yHH-
BEpCaJbHBIM KJICTOYHBIM MPOLECCOM, CBA3aHHBIM
C ajanTamueil OmyXonW K HM3MEHSIONMMCS ycC-
nousim [5]. TlomararoT, 4TO aKTUBAIMs JaHHO-
ro Ipolecca CONMPOBOXKIAETCS Pa3BUTHEM pe3H-
CTEHTHOCTH [6].

Jleuenune OonmpHBIX omnepabenbHbiM PXK cBsizano
C pa3BUTHEM CXEM TEePHUOTIEPAIIMOHHON TEparuu ¢
OlpesesIeHNeM 3HAUMMBIX OHKOT'€HHBIX (aKTOPOB,
T. k. HER2 u PD-L1 [7, 8]. OgHako 3HAYUMBIX
MapKepoB, CIIOCOOHBIX TmpezacKkazath (P eKTHB-
HOCTh JICUEHHd, 10 CHUX MOp HE BbIsABIEHO. M3-
BECTHO, 4TO WHpUIMpoBanue H. pylory Biauser
Ha aJanTalMoOHHbIE BO3MOXXHOCTH OpraHu3Ma, B
YaCTHOCTH, COIIPOBOXK/IAETCS MHUITHAINEN ayToda-
run [9, 10]. M3BecTHO, 4TO ayTodarus crocoOHa
BIUATH Ha ypoBeHb dkcrpeccuu PD-L1 nuranmos
u PD-1 peuentopoB B omyxonu skenynaka [11], B
YaCTHOCTH, MPH OJIOKUPOBAHUH ayTo(aruu yBeiIH-
guBaetcs comepkanue PD-L1 6enxoB B Tpanchop-
mupoBaHHOi TkaHu. [Ipouecc ayrodarum HaumHa-
ercsi ¢ aktuBanuu Qaxrtopa Beclin-1, koropsrii
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y4acTByeT B (POPMHPOBAHHUH ayTO(ParoCoOMbl IMPH
yuactuu kommekcoB ATG12, ATG7, ATGSL,
ATG16L, ATG3 u 6eaka LC3B [12]. Iloka3ana
IIPOTHOCTUYECKAsI POJIb OEITKOB, aCCOIMUPOBAHHBIX
¢ aytodarueii, y 6onpabIx ¢ PX [13, 14], xoTo-
pble Takke MOTYT TPEACTaBIATh MEPCIEKTUBHBIC
MHIIEHU A MPOTUBOOIYXoJeBOH Tepamuu [15].
[Tokazano BnusiHMe ayTodaruy B IMpoOIECCe OHKO-
reHesa, a Takke Ha pa3BUTHE PE3UCTEHTHOCTH K
IIPOTHUBOOITYXO0JIEBOM Tepanuu 3a CUET BIMAHUSI Ha
narunoupoBanne ATG12- u ATG7 accomuupoBan-
Hyto aytodaruto [16, 17]. lllupoko npusHaHHBII
KaHOHUYECKUU MOAXOA TMOAPa3yMeBaeT N3MEHEHHE
AKTUBHOCTH KOMITOHEHTOB BHYTPHKJIETOYHOTO CHUT-
Hanunra, Hanpumep, MAPK, AKT/mTOR u np.
[18, 19]. Kpome Toro, mosiaratroT, 4To U3MEHEHHE
YYBCTBUTENBHOCTH K S-(TOpypauuiy BO3MOXKHO
3a cueT MomuduKkanuu mpormeccoB ayrodaruu [20].
B uenom BblsiBiIeHHBIE (DAKTHI MOKAa3bIBAIOT BKJIA
aytodarui B TPOIECCHl OHKOI'CHE3a, a TaKkKe
MPEJICTABISIOT 3HAYMMble MUIICHH IS MPOTHUBO-
omyxoseBoit Tepanuu [21]. JlutepaTypHble naHHBIC
CBHJICTENHCTBYIOT O IPOTHBOPEYUBBIX AaCIEKTaX
BKiaga ayrodaruu B passutuu PXK, sddekrusno-
cTu Tepamuu. llenb MPOBEAEHHOTO HCCIEAOBAHUS
3aKJIIoYanach B HM3YyYEHWH COJep)KaHUs OeIkoB
LC3B, Beclin-1, ATG12, ATG7, ATG5L, ATG16L,
ATG3 B TKaHHU OMyXOJH >KEJIyJKa B 3aBUCUMOCTHU
OT  KJIMHUKO-MOP(OJIOTHYECKHX OcoOeHHOCTeH
3JI0KaY€CTBEHHOTO TIpOIlecca, a TaKKe BIHSHUE
HX COAEpKAaHMS Ha MCXOX 3a00JIeBaHUS, CPOKU 0
MIPOrPECCUPOBAHUSI.

BOMNPOCbI OHKOJIOTUWN. 2024;70(5)
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MarepuaJjibl M1 MeTOAbI

B uccnenoBannu ydactBoBajgo 22 OOIBHBIX OIle-
pabenpHBIM PXK, KOTOpBIM OBUIO TIPOBENEHO KOM-
OMHUPOBAaHHOE JIEUCHHE, BKJIIOYAOIIEE MpPEAoTe-
pauuoHHy0 xumuorepanuto no cxeme FLOT. Ilpu
nonoxurensHoM PD-L1-cTaryce AOMONMHUTETHHO
HazHadajcs neMOponn3ymald B CTaHJApTHOM PEKH-
Me BBeAeHus; npu no3utuBHoM HER2-ctaryce —
TpacTy3ymMad C TOCIEAYIOUINM XUPYPTUUECKUM
nedeHrieM. Jlo Hauama nedeHWs OOJBHBIE OBLITH
paszieneHsl Ha TPYIIBl B 3aBUCUMOCTH OT pa3mepa
nepBUYHON omyxonn (cramus T2 3adukcupoBaHa y
4 narmuentoB, T3 — 16 yen., T4 — 2 d4en.) u Ha-
JUYWs TTOPaXEHHBIX JUM(aTHYeCKUX Y3J0B (CTa-
nuss NO ormeuena y 4 mamuentoB, N1 — y 14
O0osbHBIX, N2 — y 4 nmanueHToB). [TonoxuTenbHbIN
HER2-craryc omyxonu otmedeH y 4 0onbHBIX, PD-
L1 nonoxutenbHblil cratyc — y 4 O6onpHBIX. Y 12
OOJNBHBIX OTMEYEH YaCTHYHBIM OTBET TOCIe Mpo-
BeJIeHHOTO JiedeHus U y 10 OONBHBIX — cTaOuIu-
3arus. OTMEUEHO TPOTPEeCCHpPOBAHUE 3a00JIEBAHUS
y 4 OOJBHBIX B TEYEHHE IEPBBIX IIECTH MECSIICB
MoCJie MPOBEICHHOTO KOMOWHUPOBAHHOTO JICUCHHUSL.
JlarnHoe mcciaemoBaHusl OBUIO OMOOPEHO ATHYCCKUM
komuterom HHWUM onkonorum Tomckoro HWMIL
PAH (mmpotokoi Ne 5 ot 01 derpans 2021 ).

Mamepuan uccredosanus. Marepuanom wuccie-
JIOBAaHHS CIYXKHIIM OHWOICHIHBIE 00pa3lbl OMyXO-
JeBOW W HEW3MEHEHHOW TKaHU Kenynka (TKaHb,
HaxoJfIlascsd Ha paccTOSIHUM He MeHee | cMm oT
TPaHUIBI OIYXOJH), TIOJYYEHHBIE TIPU TPOBEICHUHN
JUarHOCTHYECKOW BHUAEOraCTPOCKONHH, KOTOPHIE
B TOCJEIYIOIMEM 3aMOPKUBAIN M XPaHWIU MPH
-80 °C.

Onpedenenue PD-L1 u HER2-cmamyca onyxo-
au. PD-L1-cTaryc omyxomu OIEHUBATIHN C TTOMOIIBIO
Metona uMmyHorucroxumun (UI'X). Ionoxutens-
ve1ii PD-L1-cratyc omyxomn IMarHOCTHPOBAIN B
cily4ae, KOTJIa KOJMYECTBO ITO3UTUBHBIX KIIETOK
obuto Gomee 5 (CPS > 5). [NammenTsl ¢ ypoBHEM
skcnpeccun HER2 B omyxomn 3+ (meromom MI'X)
i 2+ (merogqom MI'X) M MONOKHUTEIHHOM pe-
synbrare FISH wccnmemoBanus wMMeNnn TO3UTHBHBINA
HER2-cratyc.

Tonyuenue comoeenamog. 3aMOPOKEHHYIO TKaHb
(100 MT) M3MenpIaII B KUAKOM a30Te, 3aTeM pecy-
cnerauposBaiu B 300 mxit 50 MM tpuc-HCI Oydepa
(pH = 7.,5), comepxamiero 2 MM aneHO3UHTpHU(OC-
¢ara (AT®), 5 MM xnopung marausg, | MM 1u-
THOTpenuTona, | MM STUICHANAMHHTETPAYKCYCHOM
kucnotel (D[TA) u 100 MM xmopua Harpus. ['omo-
reHar neHTpudyrupoBanm 60 mun. npu 10 000 g
u 4 °C.

Dnexmpocghopes. Dnextpodope3 TPOBOAMIU 10
Laemmli B 13 % monmakpumaMugHOM TeJe.

Becmepn-6nommune.  llocne  anekrpodopesa
MOJUNENTU Bl TepeHocuan Ha PVDF-memOpany

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

(Immobylon, Millipore, CIIA). HWmmyHOneTek-
[UIO BBIMOJHSJIM C aHTHTENaMH K OenKaM, acco-
nurpoBaHHeM ¢ ayrodaruerr (LC3B, Beclin-1,
ATGI12, ATG7, ATG5L, ATGI16L, ATG3), Bkir0-
YCHHBIX B COCTaB HAabOpa AJsl U3ydeHHs ayTodaruu
(«Affinity», KHP). Cranaaprusaiusi mpoBOAKUIACH
OTHOCUTENILHO [P-akTHHA. Pe3ynbTrarhl BhIpakaiud B
MPOIIEHTaX OT COZACP)KaHMS IOKa3aTeleil B Hen3Me-
HEHHOW TKaHMU (PUCYHOK).

ATG 7, 72 KDa

ATG5L, 56KDa, 35 KDa

Beelin, 52 KDa

ATG12, 22 KDa, 12 KDa

- ATG 16L, 69 KDa

. ATG3, 40 KDa

ConeprxaHue OJIKOB, aCCOLMHPOBAHHBIX ¢ ayTodarueil B TKaHU paka
HKEITyIKa
Autophagy-associated protein content in gastric tumor tissue

Craructudeckyto 00paboTKy pe3ylbTaToB IpO-
BOAWJIY C IPUMCHECHHEM ITaKeTa mporpaMM Statistica
12.0. HopmanbHOCTb IPOBEPSIN C MOMOILBIO KpH-
tepust KommoropoBa — CwmupHoBa. PesynsraTsl
OTIPEIETICHNS] IKCIIPECCUU T€HOB MPEICTABICHBI KaKk
menuana (Me) (Q1; Q3). 3HaumMocTh paznuyuii
HE3aBHCHMBIX NapaMeTpPoOB B 2 TPYMIAaxX OLECHUBA-
JU C UCHOJb30BAaHHMEM KpuTepus MaHHa —YUTHH.
Kpurepuit Kpackena — VYosuinca npuMeHSUIM IpU
OLIEHKE 3HAYMMOCTH pa3iuduii Oojee yem B 2 TpyI-
nax. Pasnuums cunranu 3HaduMbiMH Tipu p < 0,05.

Pesyabrarsl

B pesynbrare mpoBEeNeHHOTO MCCIIEAOBAaHUS BbI-
SIBIICHO TIOBBIIIEHUE cojepxanus Beclin-1, ATG7,
ATGI16L B 3aBHCHMOCTH OT pa3Mepa MEepBUYHOMN
OTIYXOITM, YTO CBS3aHO C aKTHBAIMEH B XOIe Mpo-
IPEeCcCUPOBaHUs OIyXOJEeBOro mpoiiecca (tadm. 1).
[TomoOHas kapTHHA HAONIOMACTCS TIPU TOPAKCHHUH
pErHOHApHBIX JUM(ATHUECKUX Y3JI0B U POCTE KO-
JUYECTBA TOPAKCHHBIX ITHUM(ATHYECKUX Y3IIOB:
MPOUCXOANT yBenuueHue coxepxkanus ATGSL,
ATGI16L, ATG3.
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Taoauna 1. Dxenpeccusi u cogep:xkanue 6eaxos LC3B, Beclin-1, ATG12, ATG7, ATG5L, ATG16L, ATG3
B TKAHHU OMYXOJIH JKeJyIKa B 3aBHCHMOCTH OT pa3Mepa ONYX0JH, HAJIMYHSI PerHOHAPHBIX METACTa30B

Table 1. Expression and protein content of LC3B, Beclin-1, ATG12, ATG7, ATGSL, ATG16L, and ATG3
in gastric tumor tissue depending on tumor size, presence of regional metastases

Pa3smep mepBuuHO# omyxonn INopaxenue pernoHapHbIX JTUM(OY3IOB
INokazaTenn
T2 T3 T4 NO N1 N2
55,70 (37,00; 70,00 (20,00; 83,00 (7,72; 32,15 (11,98; 89,03 (60,55; 44,65 (13,51;
Genox LC3B 60,55) 119,90) 168,00) 119,90) 168,00) 122,50)
Kputepuit Kpyckana — Yomnuca, p > 0,05 Kpurepuit Kpyckana — Yomnuca, p > 0,05
95,62 (88,006; 113,57 (90,57; 28,20 (28,20; 108,33 (95,62; 69,60 (57,53; 141,26 (121,74
Genokx Beclin-1 103,17) 141,26) 28,20) 140,04) 111,53) 160,78)
Kputepuit Kpyckana — Yomuca, p < 0,05 Kpurepuit Kpyckana — Yomuca, p < 0,05
105,60 (95,23; 86,61 (65,59; 79,81 (79,81; 96,26 (92,53; 79,81 (70,19; 67,54 (11,65;
Genox ATG12 115,96) 110,36) 79.,81) 106,62) 83,40) 123,43)
Kputepuit Kpyckana — Yomuca, p < 0,05 Kpurepuit Kpyckana — Yommca, p < 0,05
119,21 (92.,85; 100,72 (71,62; 109,19 (109,19; 97,89 (83,53; 102,35 (69,04; 101,33 (99,09;
Genoxk ATG7 145,56) 103,25) 109,19) 124,24) 109,19) 103,57)
Kpurepnit Kpyckana — Yomnuca, p < 0,05 Kpurepnit Kpyckana — Yommuca, p < 0,05
102,29 (96,39; 86,88 (75,08; 88,63 (88,63; 90,12 (82,33; 88,63 (69,34; 115,02 (112,94,
Genox ATGSL 108,18) 115,02) 88,63) 102,29) 89,91) 117,10)
Kputepnit Kpyckana — Yomnnuca, p < 0,05 Kpurepuit Kpyckana — Yomnuca, p < 0,05
136,60 (110,71; 72,10 (43,24 101,76 (101,76; 94,96 (58,71, 64,98 (46,33; 145,99 (125,56;
Genok ATG16L 162.,49) 143,84) 101,76) 136,60) 101,76) 166,41)
Kputepuit Kpyckana — Yommmca, p < 0,05 Kpurepuit Kpyckana — Yommca, p < 0,05
95,80 (92,85: 98,91 (84,14; 84,15 (84,15; 97,81 (94.,86; 84,15 (80,92; 130,58 (113.,40;
Genox ATG3 98,74) 121,44) 84,15) 99,85) 87,35) 147,76)
Kputepuit Kpyckana — Yomuca, p < 0,05 Kpurepnit Kpyckana — Yommuca, p < 0,05

Tadauna 2. Dxenpeccusi U cogep:xkanue 6eaxos LC3B, Beclin-1, ATG12, ATG7, ATG5L, ATG16L, ATG3
B TKaHM omyxouu :kejayika B 3aBucumoctH oT HER2 u PD-L1 craryca omyxoJmu

Table 2. Expression and protein content of LC3B, Beclin-1, ATG12, ATG7, ATG5L, ATG16L, and ATG3
in gastric tumor tissue depending on HER2 and PD-L1 status of the tumor

ITokazarenn

HER2 craryc omyxonu

PD-L1 craryc omyxomu

HeraTHBHBIN

MO3UTHBHBIN

HeraTUBHBIN

MMO3UTHUBHBIN

6emox LC3B

60,55 (20,00; 110,00)

171,50 (11,98; 231,98)*

58,13 (20,00; 110,00)

139,00 (7,72; 175,00)**

6emok Beclin-1

103,17 (69,60; 121,74)

112,60 (111,53; 113,66)

103,17 (69,60; 121,74)

112,51 (111,53; 113,48)

oemox ATG12

89,82 (70,19; 97,28)

112,56 (111,53; 113,66)

89,82 (70,19; 115,96)

90,34 (83,40; 97,28)

oemox ATG7

99,09 (74,20; 103,57)

112,60 (111,53; 113,66)*

99,09 (74,20; 109,19)

102,64 (102,35; 102,92)

6emox ATGSL

88,63 (80,82; 108,18)

104,13 (89,91; 118,35)*

96,39 (80,82; 112,94)

86,88 (83,84; 89,91)

6enox ATG16L 101,76 (46,33; 125,56)

104,13 (89,91; 118,35)

110,71 (79.21; 162,12) | 51,59 (38,20; 64,98)

Genox ATG3 96,87 (87,35; 100,95)

105,20 (80,92; 129,48)

98,74 (87,35; 113,40) 88,90 (80,92; 96,87)

* 3HAYUMOCTb PA3INYMil 10 CPaBHEHHIO ¢ GonbHbIME ¢ oTpHiarenbhbiM HER2 cratycom omyxomn, p < 0,05; ** 3HaumMoCTh pasnuumii 0 CPABHEHMIO ¢ OOIBHBIMH C OTPHIATEIBHBIM

PD-L1 crarycom omyxomu, p < 0,05.

K 3HaunMbIM Mapkepam, CBSI3aHHBIM C TIpUME-
HEHUEM TapreTHBIX MPEnaparoB, a TaAKKE UMMYHO-
tepanun otHocaT HER2, PD-Ll-ctaryc omyxomu
[7, 8]. B pesynsrare mMpoOBEIEHHOTO HCCICAOBAHUS
OTMEUYEHO, 4TO B ciydae mnojoxkuteiabHoro HER2-
craryca HaONIOalOCh TOBBIIICHHUE COJACPKAHUS
LC3B, ATG7, ATG5L B 2,8; 1,3 u 1,2 pa3a coorBet-
CTBEHHO, 0 cpaBHeHUI0 ¢ HER2-oTpumaressHpIMu
omyxoismMu (Tadm. 2). [lpu 3ToM TIpH TTOJIOKUTETh-
HoMl skcripeccun PD-L1 ormeuen pocT conepxaHust
LC3B B 2,4 pa3a, IO CpaBHCHHIO C OITyXOJISIMU C
HETaTUBHBIM CTaTyCOM.

890

B ciyuae mporpeccupoBaHusi 3a0o0JieBaHHs Ha-
omomaiics poct comepxkanus ATG12, ATGSL
ATGI6L B 1,3; 1,2 u 2,0 paza COOTBETCTBEHHO,
10 CPaBHCHHUIO C TAKOBBIM Yy OOJBHBIX 0€3 TIpo-
rpeccupoBanus (Tabm. 3). M3BecTHO, 4TO BBICOKOE
conepxanne ATG16L B omyxonu kenyaka CBA3aHO
¢ OnmarompusTHBIM TPOTHO30M TEUYEeHHs 3a00IieBa-
Husg [23]. OaHako B MPOBENEHHOM HCCIEAOBAHUU
MTOKa3aHo, YTO TIPY Pa3BUTHU CMEPTEIHHOTO MCXOa
3a00JieBaHMsI OTMEYEHO IIOBBIIICHUE COJNEPIKAHUS
ATGI16L B 1,8 pa3za, mo cpaBHEHUIO C OOJIHHBIMH C
ONarompUATHBIM HCXOJIOM OITyXOJIEBOTO IpoIlecca.
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Taoauna 3. Conep:xanue 6enxkos LC3B, Beclin-1, ATG12, ATG7, ATGSL, ATG16L, ATG3
B TKAHHM OMYXOJIH JKeJyIKa B 3aBHCHMOCTH NMPOrPecCHPOBAHUSI M HMCX0Aa 3a00JeBAHUS

Table 3. Protein content of LC3B, Beclin-1, ATG12, ATG7, ATGSL, ATG16L, and ATG3
in gastric tumor tissue according to disease progression and outcome

Hannuue nporpeccupoBanust Ucxon
IToxazaTens
Be3 mporpeccupoBaHus C mporpeccrupoBaHrEM Kubt MepTBbI
6enox LC3B 60,55 (19,30; 166,56) 83,00 (24,86; 93,46) 60,55 (19,30; 166,56) 59,16 (24,86; 93,46)

oenok Beclin-1

111,53 (69,60; 121,74)

108,42 (103,17; 113,66)

112,51 (69,60; 121,74)

103,17 (103,17; 103,17)

oenok ATGI12

83,40 (70,19; 97,28)

111,48 (95,23; 127,73)*

86,61 (70,19; 115,96)

95,23 (95,23; 95,23)

6emox ATG7

102,35 (74,20; 103,57)

126,57 (92,85; 160,29)

102,64 (74,20; 109,19)

92,85 (92,85; 92,85)

6emox ATG5L

88,63 (80,82; 108,18)

107,37 (96,39; 118,35)*

89,27 (80,82; 112,94)

96,39 (96,39; 96,39)

6emox ATG16L

79,21 (46,33; 110,71)

162,31 (162,12; 162,49)*

90,49 (46,33; 125,56)

162,49 (162,49; 162,49)**

oemox ATG3

96,87 (84,15; 100,95)

111,17 (92,85; 129,48)

92,85 (82.85; 102,85)

97,805 (84,15; 113,40)

* 3HAYUMOCTD PA3IIMYMA, TI0 CpaBHEHHIO ¢ GOJbHBIMK Ge3 TporpeccupoBanmst, p < 0,05; ** 3HAYUMOCTH PasIMYHii, 10 CPABHEHHIO ¢ GOIBHBIMU ¢ OIAroNpHATHHIM HCX0OM (MepTBbI), p < 0,05

Tadauua 4. Conep:xxkanue 0enxos LC3B, Beclin-1, ATG12, ATG7, ATG5L, ATG16L, ATG3 B TkaHu
OMYXO0JIH sKeJayIKa U 3PPeKTUBHOCTH KOMOMHHUPOBAHHOIO JIeYeHHsI Y OOJIBHBIX PAKOM jKeJylAKa

Table 4. Protein content of LC3B, Beclin-1, ATG12, ATG7, ATG5L, ATG16L, and ATG3 in gastric tumor
tissue and efficacy of combined treatment in gastric cancer patients

TTokazarens

Perpeccus

Crabunusanus

6enox LC3B

65,27 (20,00; 175,00)

60,55 (19,30; 119,90)

6emox Beclin-1

78,83 (57,53; 111,53)

113,66 (113,48; 121,74)*

oemox ATG12

81,60 (70,19; 115,96)

95,23 (89,82; 97,28)

6enoxk ATG7

100,72 (69,04; 109,19)

102,92 (92,85; 103,57)

oemox ATGSL

89,27 (69,34; 108,18)

96,39 (83,84; 112,94)

oenox ATG16L

83,37 (46,33; 110,71)

125,56 (79.21; 162,12)

oenok ATG3

85,75 (80,92; 98,74)

100,95 (96,87; 113,40)

* 3HQUMMOCTh PA3NIMYMil, 0 CPABHEHHIO ¢ OONBHBIMU ¢ perpeccueil omyxomu, p < 0,05

B Tabn. 4 mpexacraBieHbl JaHHBIE O CBSI3U CO-
JepKaHusl OEJIKOB, acCOLMMPOBAHHBIX C ayTodaru-
eil, B TKaHW OmyXonu ¢ S(PPEKTHUBHOCTHIO KOMOH-
HUPOBAaHHOTrO JiedeHHs. OTMedeHa accoluanus c
copepkanueM uHAykTopa Beclin-1, koTOpbIii OBBI-
maiics B 1,4 pa3a y O0IBHBIX CO CTAOMIM3AIMCH, IO
CPaBHEHHIO ¢ OOJIbHBIMH C YAaCTUYHOW PErpeccHei.

Oo6cy:xneHue

CrnenoBarenbHO, B OITyXOJEBOM TKaHHW JKEJIYA-
Ka OTMEYEHa aKTUBauus ayTo(haruu CONpPsLKEHHAsS
C pPOCTOM pa3Mepa ONYyXOJIM U paclpOCTPaHEHHEM
MaToJIOrMYecKoro Tporiecca. BrisBIeHHbIC (HaKThI
COIVIACYIOTCSl C paHee NPOBEACHHBIMH HCCIIEIOBaA-
HUSIMU, T7e Obljla TOKa3aHa BOBJIEYEHHOCTh JaHHO-
ro mpolecca B OHKOreHe3 U (OpPMUPOBAHUE OTBETA
omyxonu Ha yedeHue [13, 22].

B panee mnpoBeneHHBIX HCCIETOBAHUAX ObLIa
MOKa3aHa 3aBUCHUMOCTb MEXIY ITOJIOKHUTEIbHBIM
HER2-cratycom omyxonu u axkTtuBaimed aytoda-
rUH B Kyabrype kietok PX [8], uro Obuto Tax-

K€ TIOAITBEPXKJICHO Ha KIMHUYECKOM Marepuaie. B
padore X. Wang u coast. (2019) Obuta mokazana
B3aMMOCBSI3b BIMSIHUSL ayTO(arud Ha H3MEHEHHE
JKCIIPECCHN OEJIKOB MPOrpaMMHUPOBAHHON KJIETOY-
Hoit rubenu [11]. TlogoOHbIe (akThl OBLIM TaKkKe
MOATBEPK/ICHBI B JTAHHOW pabore, mMoKa3aHa CBS3b
Mexny no3uTuBHbIM PD-LI-ctarycom omyxomu u
poctom Oenka ayrodarocom LC3B.

B menom mnpexacraBieHHbIE JAaHHBIE CBHIICTEIIb-
CTBYIOT O NPOTHOCTHYECKOW poiu aytodaruu s
O6ompHBIX PJK. B wacTHOCTH, HajdMdme MPOTPECCH-
poBaHHs 3a00JeBaHMs, a TaKKe pa3BUTHE CMeEp-
TEJIBHOTO HCXOAa COMPOBOXKIAIOCH aKTHBAI[UCH
ayTodaruy, 4TO SIBJISETCS CBUAETEILCTBOM HHU3KON
3pPEKTUBHOCTH KOMOMHUPOBAHHOTO JICYCHHUS Y
JAaHHOM KaTeropuy IalueHTOB.

Ponpb ayrodarum B MoguduKanuu OTBETa OMyXO-
T Ha JICYCHUE TIPEJICTABIICHA BO MHOTHX HCCIIE/IO-
BaHMsIX [20]. DTH HaHHBIE CIOCOOCTBYIOT Pa3BUTHIO
MPEJCTaBICHUI 00 MCIOJIB30BAHUHU €€ OCJIKOB B Ka-
YeCcTBE MHILIECHEH JAJIsl TApreTHOW Tepanuu, a TakxkKe
JUIsE OPMUPOBAHUS TPYII PHCKA.
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3akiaouenue

TakuM 00pa3oM, BBISBICHBI ACCOIMAIIMN MEXK-
oy poctoM coaepkaHust Oenxos Beclin-1, ATG7,
ATG16L, pazmepoM NepBUYHON OMYXOJIM U TOpa-
KEHUEM PEerHOHapHbIX JuMdarnyeckux y3ios. [lo-
KazaHa 3aBHCHMOCTb MEKAY aKTUBalMel ayTodaruu
U MOJICKYJSIPHBIMH  XapaKTEPUCTUKAMH  OITYXOJIH.
B uyacrtaocTn, momoxurenbHeii HER2 m PD-L1-
cTaryc OBUIM CBSI3aHBI C MOBBIIICHHEM COJICPIKAHHUS
Oenka aytodarocom LC3B, a takke ATG7, ATGSL.
3adukcupoBaHbl aCCOLMALIUN MEXKIy COACpKaHHEM
n3y4yaeMbIX OEJIKOB, Pa3sBUTHEM IIPOIPECCUPOBAHUS
3a00eBaHMs U €r0 CMEpTEeNbHBIM ncxonoM. [loka-
3aHO, YTO OTBET OITyXOJIM Ha MPOBEJACHHOE JICUeHHE
COMPSKEH C BBICOKMM ypoBHeM Oemka Beclin-1.
BrisiBieHHBIE (DaKThl CBUICTENBCTBYIOT O 3HAYUMON
ponu aytodaruu B mporeccax oHkKoreHesa mpu P,
YTO OmpeesisieT He TOJIbKO OMONOTMYECKHe, MOJie-
KyJSIpHbIE OCOOCHHOCTH OIyXOJNH, HO M 3P PEKTHB-
HOCTBH MPOBOAMMON TEparu.

Kongpnuxm unmepecos

ABTOpBI 3asBISIOT 00 OTCYTCTBUM KOH(DIMKTA MHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

Cobnrodenue npag nayuenmos u npagui OUOIMUKU
IIpotokon uccnenoBaHus OZOOPEH KOMHTETOM MO OHOMe-
qurHckor atuke HUU onkomornm Tomckoro HUMIL PAH
(mpotokon Ne 5 or 01 despans 2021 r.). Bee namuentsl
TOJMUCATH MHPOPMHUPOBAHHOE COIIACHE HA YYacTHE B HC-
CJICZI0BAHUH.

Compliance with patient rights and principles of bioethics
The study protocol was approved by the Biomedical Ethics
Committee of the Cancer Research Institute, Tomsk National
Research Medical Center, Russian Academy of Sciences
(protocol code 5; dated 01 February 2021). All patients gave
written informed consent to participate in the study.

Qunancuposanie

UccnemoBanue momyunio (uHaHcoByto nomuepxky GTBOY
BO Cu6I'MY Munsnpasa Poccum.

Financing

The study was financially supported by the Siberian State
Medical University.

Yuacmue asmopog

ABTOpBI JICKITAPUPYIOT COOTBETCTBHE CBOETO aBTOPCTBA MEXK-
nynapoxasiM kputepusm ICMIE.

AsryctuHoBrd A.B. — paspaboTka au3aiiHa HccaenoBaHU,
HAIUCAHUE TEKCTa CTaTby,

AdanacpeB C.I. — HaydHOE pelaKTUPOBAHHE;

Crupuna JI.B. — cOop marepuana, aHau3 ¥ HHTEPIPETAIUs
JTAHHBIX;

Kmommna T.C. — craructuyeckas oOpaboTka, MpoBeieHne
7a00PaTOPHBIX MCCIEIOBAHHUI;

CxsopioBa JI.A. — mpoBe/ieHHE JTA0OPATOPHBIX HCCIIEI0BA-
HUH.

Bce aBropbl 000puiIM (UHAIBHYIO BEPCUIO CTAaTbU IeEpes
myONMKalyel, BRIPa3wi(i) COrIacHe HECTH OTBETCTBEHHOCTD
32 BCE acmekThl paboTHI, MOAPAa3yMEBAIOLIYI0 HajleKaliee
U3Y4YCHUEC W PCHICHUC BOIPOCOB, CBA3AHHBIX C TOYHOCTHIO
WM 100POCOBECTHOCTBIO JIF000H YacTH paboThL.

892

Authors’ contributions

The authors declare that their authorship is in accordance
with the international ICMIJE criteria.

Augustinovich A.V. — developed the research design and
drafted the manuscript;

Afanas’ev S.G. — performed scientific editing;

Spirina  L.V. — collected the material, analysed and
interpreted the data;

Klyushina T.S. — performed statistical analysis and laboratory
tests;

Skvortsova D.A. — performed laboratory tests.

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

JIMTEPATYPA / REFERENCES

1.

10.

Machlowska J., Baj J., Sitarz M., et al. Gastric cancer: epi-
demiology, risk factors, classification, genomic characteristics
and treatment strategies. Int J Mol Sci. 2020; 21(11): 4012.-
DOIL  https://doi.org/10.3390/ijms21114012. URL: https://
www.mdpi.com/1422-0067/21/11/4012.

Patel T.H., Cecchini M. Targeted therapies in advanced gas-
tric cancer. Curr Treat Options Oncol. 2020; 21(9): 70.-DOL:
https://doi.org/10.1007/s11864-020-00774-4. URL: https://
link.springer.com/article/10.1007/s11864-020-00774-4.

Fong C., Johnston E., Starling N. Neoadjuvant and adjuvant
therapy approaches to gastric cancer. Curr Treat Options
Oncol. 2022; 23(9): 1247-1268.-DOLI: https://doi.org/10.1007/
s11864-022-01004-9. URL:  https:/link.springer.com/arti-
cle/10.1007/s11864-022-01004-9.

Levy JMM., Towers C.G., Thorburn A. Targeting autopha-
gy in cancer. Nat Rev Cancer. 2017; 17(9): 528-542.-DOI:
https://doi.org/10.1038/nrc.2017.53. URL: https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC5975367/.

Yang Y., Shu X., Xie C. An overview of autophagy in he-
licobacter pylori infection and related gastric cancer. Front
Cell Infect Microbiol. 2022; 12: 847716.-DOI: https://doi.
org/10.3389/fcimb.2022.847716. URL: https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC9033262/.

Cao Y., Luo Y., Zou J., et al. Autophagy and its role in gas-
tric cancer. Clin Chim Acta. 2019; 489: 10-20.-DOL: https:/
doi.org/10.1016/j.cca.2018.11.028. URL: https:/linkinghub.
elsevier.com/retrieve/pii/S0009898118306090.

Avgustinovich A.V., Bakina O.V., Afanas’ev S.G., et al.
Safety and Efficacy of Neoadjuvant Chemoimmunotherapy
in Gastric Cancer Patients with a PD-L1 Positive Status: A
Case Report. Curr Issues Mol Biol. 2023; 45(9): 7642-7649.-
DOI:  https://doi.org/10.3390/cimb45090481. URL: hittps:/
www.ncbi.nlm.nih.gov/pmc/articles/PMC10529065/.

Zhang J., Fan J., Zeng X., et al. Correction: Targeting the au-
tophagy promoted antitumor effect of T-DM1 on HER2-pos-
itive gastric cancer. Cell Death Dis. 2023; 14(9): 633.-DOI:
https://doi.org/10.1038/s41419-023-06061-y. URL: https:/
www.ncbi.nlm.nih.gov/pme/articles/PMC10522602/.

Sakatani A., Hayashi Y., Saiki H., et al. A novel role for
Helicobacter pylori cytotoxin-associated gene A in negative
regulation of autophagy in human gastric cells. BMC Gas-
troenterol. 2023; 23(1): 326.-DOIL: https://doi.org/10.1186/
s12876-023-02944-8. URL: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC10517455/.

Asrycrunosud A.B., Cnupuna JLB., Adanacees C.I., et
al. Biusuue Helicobacter pylori u Bupyca Dmmireiina—bapp

BOMNPOCbI OHKOJIOTUWN. 2024;70(5)



3KCNEPUMEHTAJIbHbIE UCCNEAOBAHWUS/ EXPERIMENTAL RESEARCH

11.

12.

13.

14.

15.

16.

Ha W3MEHEHHE OSKCIPECCHH TPAHCKPHIIMOHHBIX, POCTOBBIX
¢axropos, PD-1, PD-L1, PD-L2 u Genka LC3B B TkKa-
HU paka xenyuka. Mugpeky Oon: Hosocmu, mHerus, 0Oyue-
nue. 2023; 12(2): 14-22.-EDN: DRQIGC.-DOI: https://doi.
0rg/10.33029/2305-3496-2023-12-2-14-22. URL: https://eli-
brary.ru/item.asp?id=54137596. [Augustinovich A.V., Spirina
L.V, Afanas’ev S.G., et al. The effect of Helicobacter pylori
and Epstein—Barr virus on changes in the expression of tran-
scription, growth factors, PD-1, PD-L1, PD-L2 and LC3B
protein in gastric cancer tissue. Infect Dis: News, Opinions,
Education. 2023; 12(2): 14-22.-EDN: DRQIGC.-DOTI: https://
doi.org/10.33029/2305-3496-2023-12-2-14-22. URL: https://
elibrary.ru/item.asp?id=54137596. (in Rus)].

Wang X., Wu WK.K., Gao J., et al. Autophagy inhibition
enhances PD-L1 expression in gastric cancer. J Exp Clin
Cancer Res. 2019; 38(1): 140.-DOI: https://doi.org/10.1186/
s13046-019-1148-5. URL: https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC6440013/.

Li YJ., Lei Y.H.,, Yao N., et al. Autophagy and multidrug
resistance in cancer. Chin J Cancer. 2017; 36(1): 52.-DOL
https://doi.org/10.1186/s40880-017-0219-2.  URL:  hittps:/
www.ncbi.nlm.nih.gov/pmc/articles/PMC5482965/.

Cao Q.H., Liu F., Yang Z.L., et al. Prognostic value of
autophagy related proteins ULK1, Beclin 1, ATG3, ATGS,
ATG7, ATGY, ATG10, ATG12, LC3B and p62/SQSTM1
in gastric cancer. Am J Transl Res. 2016; 8(9): 3831-
3847.-URL: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC5040681/.

Giatromanolaki A., Koukourakis M.L., 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. URL: https:/ar.iiarjournals.
org/content/38/12/6827.

Kim J.S., Bae G.E., Kim K.H., et al. Prognostic significance
of LC3B and p62/SQSTM1 expression in gastric adenocar-
cinoma. Anticancer Res. 2019; 39(12): 6711-6722.-DOI:
https://doi.org/10.21873/anticanres.13886. URL: https:/ar.i-
iarjournals.org/content/39/12/6711.

Nie Y., Liang X., Liu S., et al. WASF3 knockdown sensitizes
gastric cancer cells to oxaliplatin by inhibiting ATG12-medi-
ated autophagy. Am J Med Sci. 2020; 359(5): 287-295.-DOLI:
https://doi.org/10.1016/j.amjms.2020.02.007. URL: https:/
linkinghub.elsevier.com/retrieve/pii/S0002962920300732.

17.

19.

20.

21.

22.

23.

Ma L., Wang Z., Xie M., et al. Silencing of circRACGAPI
sensitizes gastric cancer cells to apatinib via modulating auto-
phagy by targeting miR-3657 and ATG7. Cell Death Dis. 2020
11(3): 169.-DOIL:  https:/doi.org/10.1038/s41419-020-2352-0.
URL: https://www.nature.com/articles/s41419-020-2352-0.

. Pan Z., Tan Z., Li H., et al. Diosmetin induces apoptosis

and protective autophagy in human gastric cancer HGC-27
cells via the PI3K/Akt/FoxOl and MAPK/INK pathways.
Med Oncol. 2023; 40(11): 319.-DOI: https://doi.org/10.1007/
$12032-023-02180-w. URL:  https://link.springer.com/arti-
cle/10.1007/s12032-023-02180-w.

Wang K., Tang J., Fan S., et al. ABBV-744 induces au-
tophagy in gastric cancer cells by regulating PI3K/AKT/
mTOR/p70S6k and MAPK signaling pathways. Neopla-
sia. 2023; 45: 100936.-DOI:  https://doi.org/10.1016/].
ne0.2023.100936. URL: https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC10539879/.

Shi X., Li H., Dan Z., et al. Melatonin potentiates sensitivity
to S-fluorouracil in gastric cancer cells by upregulating auto-
phagy and downregulating myosin light-chain kinase. J Can-
cer. 2023; 14(14): 2608-2618.-DOI: https://doi.org/10.7150/
jca.85353. URL: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC10539390/.

Rahman M.A., Ahmed K.R., Rahman M.H., et al. Potential
therapeutic action of autophagy in gastric cancer manage-
ments: novel treatment strategies and pharmacological inter-
ventions. Front Pharmacol. 2022; 12: 813703.-DOIL: https:/
doi.org/10.3389/fphar.2021.813703. URL: https://www.fron-
tiersin.org/articles/10.3389/fphar.2021.813703/full.
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. URL: https:/ar.iiarjournals.
org/content/38/12/6827.

Tang J., Wang D., Shen Y., et al. ATGI6L2 overexpression
is associated with a good prognosis in colorectal cancer. J
Gastrointest Oncol. 2021; 12(5): 2192-2202.-DOTI: https://doi.
org/10.21037/jgo-21-495. URL: https://jgo.amegroups.org/
article/view/56969/html.

Tloctymmna B pemakuuio / Received / 24.11.2023
IIpomna penensupoBanue / Reviewed / 20.12.2024
IIpunsTta x medarn / Accepted for publication / 21.12.2024

Caenenusi 006 aBropax / Author Information / ORCID

0003-3796-7218, SPIN: 2952-6119.

SPIN: 9206-3037.

SPIN: 1336-836.

8810-5191.

Anekcannpa Bnamumupona AprycruHoBud / Alexandra V. Augustinovich / ORCID ID: https://orcid.org/0000-
Cepreii I'ennanbeBuu AdanaceeB / Sergey G. Afanas’ev / ORCID ID: https://orcid.org/0000-0002-4701-0375,
Jlrommuna Bukropora Crwmpuna / Lyudmila V. Spirina / ORCID ID: https://orcid.org/0000-0002-5269-736X,
Taresina Cepreena Kirormmaa / Tatiana S. Klyushina / ORCID ID: https://orcid.org/0000-0003-3206-7800, SPIN:

Hapes AnekceeBna CksoprioBa / Darya A. Skvortsova / ORCID ID: https://orcid.org/0009-0003-8648-3823.

@080

E MG HD

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

893


https://jgo.amegroups.org/article/view/56969/html
https://jgo.amegroups.org/article/view/56969/html
https://orcid.org/0009-0003-8648-3823

