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Pedepar

Heanb. AHan3 sKCIIpecCHH KIIOYEBBIX OEJIKOB peryisTopos anonrto3a (Bcl-2, kacnasei-3) u ayrodaruu (Beclin 1,
Vps34, p62 u LC3) B T-mumdonnrax nepudepuieckoil KpoBH OOIBHBIX CUCTEMHONW KPacHOW BOIYAHKOM.
MeTtoapl. O0bexTOM HccienoBanus Obn T-TUMPOIUTHI epUpEepUIeCKOi KPOBH 30POBBIX TOHOPOB U OOJIBHBIX
CUCTEMHOI KpacHOH Bon4aHKoU. Jlu1s mosyuenus T-KJIETOK UCIOIb30BaIA METO MUMMYHOMAaTrHUTHOU cenlapanyu.
st aHanmu3a sKCrpeccun OENKOB IPUMEHSIIM METO/ BecTepH-010T. OO0paboTKy pe3yabTaToB MPOBOJUIH B CTa-
THcTHYecKoH cpene R. Jlng npeacTtaBieHus JaHHBIX UCIIOIB30BAIH OOKCILIOTHL. I'pyIIIbI CPaBHUBAJIH C UCHOJb-
30BaHuEM Kpurepus MaHHa—YUTHU.

Pesyabrarsl. [lo pe3ysibsraram nccie0BaHKs aoNTOTHYECKUX OEIKOB Mbl YCTaHOBHIIN MTOBBILIEHHOE COZIEPKAHUE
Kacrasbl-3 ¥ OTCYTCTBHE 3HAUMMOI'0 H3MEHEHHsI B COJIP)KaHUH aHTHATIONTOTHYecKoro Oenka Bcel-2 y OonbHbIX cu-
CTEMHOH KpacHOH BOTYAHKOI, YTO CBHAETEIBCTBYET 00 aKTHBHOM allONTOTHYECKOI fesiTenbHOCTH. CpaBHUTEINb-
HbIi ananu3 Beclin 1 u Vps34 nokazain ux MoBBIILIEHHOE COJEPIKaHUE B KJIETKaX OOJNBHBIX, YTO yKa3bIBACT HA aK-
TuBaluio aytodaruu. [IpoBenéHublii anatu3 nByx nzodopm Oeska LC3 BIsBII UX HU3KOE COIEPIKAHKE B IPYIINE
6ompHBIX. [Tockonbky pa3dpoc mokasareneil CHIBHO OTANYANICA OT CPEAHEro 3HAYCHHS, Mbl IPOAHATIU3UPOBAIIN
3T MOKa3aTeNId B 3aBUCUMOCTH OT TSKECTH 3a0oyieBaHUs. B rpynme ¢ ocTpbIM TeYEHHEM BBISIBIEHO BBHICOKOE CO-
nepxanue 6enka LC3-1, conepxxanue 11 popmbl 06110 HIDKE. B rpymme ¢ mogocTpbiM TEYCHHEM KOJTHYECTBO 00eHuX
n30(opM HIKE, YeM B IPYTUX I'pyniax. B rpynmne ¢ XpoOHH4YECKUM TE€YCHUEM YCTAHOBJICHO 3HAUYNTENIBHOE TIOBBI-
meHue konuuectsa 6enka LC3-11 u cunxenne coorHomenus: LC3-1/LC3-11.

BeiBoa. [IpoBenéHHOE ucciae0BaHUE 110Ka3aJ10, YTO B 3aBUCUMOCTH OT XapaKTepa TEUEHUsI CUCTEMHOM KpacHOM
BOJIYaHKH MeHseTcsl copepkanue nuzodopm Oenka LC3, 4To MOXKHO MCIOIb30BaTh AJis AuddepeHuanbpHon aua-
THOCTHKHU QopM 3a00IeBaHMSL.
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Abstract

Aim. To analyze the expression of key apoptosis (Bcl-2, caspase-3) and autophagy (Beclin 1, Vps34, p62 and LC3)
proteins regulators in peripheral blood T-lymphocytes of patients with systemic lupus erythematosus.

Methods. The object of the study was peripheral blood T-lymphocytes of healthy donors and patients with systemic
lupus erythematosus. To obtain T cells, we used the immunomagnetic separation method. Protein expression was
analyzed using the Western blot method. Statistically analyzing the results was performed using the R software
environment. The data was represented using boxplots. Groups were compared using the Mann—Whitney test.
Results. According to the results of the study of the apoptotic proteins, we found an increased content of caspase-3
and the absence of significant changes in the content of the anti-apoptotic protein Bel-2 in patients with lupus, which
indicates active apoptotic activity. A comparative analysis of Beclin 1 and Vps34 showed their increased content
in the cells of patients, which indicates the activation of autophagy. The analysis of two isoforms of LC3 protein
revealed their low content in the group of patients. Since the scatter of indicators was very different from the average
value, we analyzed these indicators depending on the severity of the disease. In the acute course group, high content
of protein LC3-1 was detected, the content of form II was lower. In the group with the subacute course, the number
of both isoforms is lower than in the other groups. In the group with a chronic course, significant increases of protein
LC3-II and a decrease in the ratio of LC3-I/LC3-II were found.

Conclusion. The study showed that depending on the severity of systemic lupus erythematosus, the content of
protein LC3 isoforms changes, which can be used for differential diagnosis of disease forms.

Keywords: Bcl-2, caspase-3, Beclin 1, Vps34, LC3, apoptosis, autophagy, systemic lupus erythematosus.
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AkTyaabHocTh. CucTeMHasi KpacHas BOJYaH-
ka (CKB) — cuctemHoe ayTouMMyHHOeE 3a0oie-
BaHHE HEM3BECTHOW 3THojoruu. KnumHuueckue
NPOSIBJICHUS], BUJUMBIC B OOJIBIINHCTBE OPraHoOB,
WHULHUHUPYIOTCS CUHTE30M ayTOAHTHUTEN K sAzep-
HBIM aHTUT€HAaM, CBIBOPOTOYHBIM OeikaM u Oe-
KaM KJETOYHOU moBepxHocTU [1-3]. OgHum u3
HauboJiee YacTO BCTPEUYAIOIINXCS MAaTOreHeTHYe-
ckux mexaunu3moB npu CKB OriBaeT HapyiieHue
romeocTasa T-mumdonutos [4, 5]. AnonTo3 pery-
JUpPYeT U MOAACPKUBAET rOMeocTas nepudepuye-
ckux JtuMponurtos. CienoBareabHO, HAPYLICHUS
MMMYHHTETA, TAKHE KaK UMMYHOAC(QULIUT U ay-
TOMMMYHUTET, BO3HUKAIOT M3-32 HENPaBUIbHON
peryiasanuu amnonrtosa auMpouuTos. AdeppaHT-
Heli anonto3 npu CKB, 0coOeHHO NOBBIILICHHBII
anomnTo3 TUuM(QOUHTOB, OB J0Ka3aH B psAIe JKC-
nepuMeHToB [2, 6, 7]. Kpome Toro, xpoHudeckas
numdornieHus [2] 1 KOMIapTMEHTAIN3UPOBAaHHOE
BbICBOOOKIeHNE ayToaHTureHa [8] mpu CKB mo-
TyT OBITH PE3yJIFTATOM YCHJICHHS aIronTo3a LHpP-
KyJIupyoomux T-KJIeToK.

IlomuMo anonTo3a, B HENaBHUX UCCIEOBAHUAX
ObLTa MOKa3aHa pojb ayTodaruu B MOAACPKaHUU
romeoctasa nuMmponutos [9-11]. Ayrodarus —
KaTa0OoJIMYEeCKUI MpOoLecC, ONOCPEIOBAHHBIN JH-
30COMaMHU, y4acTBYIOIIMHA Kak B 0a3ajbHOM 000-
pOTE KJIETOUYHBIX KOMIIOHEHTOB, TaK U B OTBETE
Ha CTpeccoBBle cOCTOsHUSA. Bo Bpems ayTtoda-
THUHW YacTh LHUTOIUIA3MBI C MOBPEXAEHHBIMHU O€I-
KaMH WU OpraHeIaMH U30JIMPYETCs ¢ TIOMOLIBIO
JIBYXMEMOpaHHBIX BE3UKYJ (ayTodarocom), KOTo-
pBIe JETPagupyIOT MOCIE CAUSHUSA C TU30COMaMHU
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IS Iocenyomel penupkysiuu [9—12]. Hebna-
TONPUATHBIEC YCIOBHS OKPYKAIOLIEH Cpe/ibl, TaKue
KaK UCTOLICHHE MUTATEIbHBIX BEIIECTB U OKHUC-
JUTEIBHBIA CTpecC, MOTYT BBI3BaTh ayTo(aruto,
aKTUBUPYS OeNku Atg, Takue Kak MUKPOTPyOOU-
koBbIN Oenok 1 LC3, roMoa0r MIEKOIMUTAIOMINX
npoxoxen Atg8 [13-16].

Hucperynsuusa aytoparuu Obia oOHapyKeHa
npHu psze 3abosieBaHUi, BKIIIOYasi ay TOUMMYHHBIE
pacctpoiicTBa [17,18]. B renernueckux uccieno-
BaHUSX BBISIBJICHBI MyTallMU B PETYJIATOpax ay-
toarum [12,19], a Takxke B T-kimeTkax MBINICH,
CKJIOHHBIX K BOJTYaHKE, U Y MMALIUCHTOB C aHOMaJIb-
Hol ayTodarueit npu CKB [18,20].

Tem He MeHee, TOUHAs poiib ayTO(aruu B CyIb-
0e KJIeTOK ocTaéTcsl MPOTUBOPEYMBOM, OTYACTH U3-
3a CJIOKHOTO (PyHKIMOHAJIEHOTO U MOJIEKYJISIPHOTO
nepeceueHus ayTodaruu u anonrosa. Bzanmoneii-
CTBHE MOJICKYJISIPHBIX MyTed MeXIy ayTodarueit
W amonTo30M — CJIOXKHBIN MpoLecc, peryiasiTOpbl
arfornTo3a CIIOCOOHBI aKTUBUPOBATH ayTO(aruio.
K mpumepy, B iuromnazme 6enoxk HMGBI B3aun-
MOZAEHCTBYET C KOMILIEKCOM IBYX OenkoB: Bcl-2—
Beclin1. HMGBI cBsassiBaeTca ¢ 0enkom Bcl-2,
M KOMILIEKC pacnagaercs. [Ipoucxoaut sto Ona-
rojnapsi BHyTPUMOJICKYIISIPHOMY AHCYIb(OUIHO-
MYy MOCTUKY MEXIY IIICTEHHOM B MOJOKEHHUSX 23
u 45 (C23 u C45). Ilocne storo Bcl-2 610kupyet
amomnTo3, a Beclin 1 3amyckaet aytogaruto [21-
23]. OgHako TO, KaK 3TH B3aMMOJACHCTBUS BIIHSI-
10T Ha KJIETKH, OCTa€TCs CIIOPHBIM, H CYILIECTBYET
HEO0OXOAMMOCTD OTpEeNICHUs] POJu ayTodaruu
u aronto3a B T-numdouurtax y namuentos ¢ CKB.
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Heas. [lenpto mpoBeEHHOTO HCCIETOBAHUS
CTaJl aHAJIN3 IKCIPECCUU KITFOUEBHIX OENKOB-pe-
TYJISITOPOB amornTo3a 1 ayrodarnu B T-mumdoru-
Tax nepudepudeckor kposu 60opHEIX CKB. OTH
PE3yNBTaThl AAIOT HOBOE TIOHMMAaHHWE MaTOreHHOM
ponu ayToarnu B HApYUICHUH PETYIISIIHH TOMEO-
cra3a T-mumdonuroB mpu CKB.

MarepuaJ u MeTOAbI MccJieoBaHus. B kaue-
CTBE 00BEKTA UCCIIETOBAHUS OBIITN HCITOb30BAHBI
T-mumdonuTh neprudeprdeckoil KPOBU 3MOPOBEIX
nmoHopoB 1 0opHEIX CKB. O6pa3smnsr nepudepu-
yeckoid kpoBu O0ombHEIX CKB ObImH mOMydeHsb
y 10 nanueHTOB ¢ XpOHUYECKUM, OCTPBIM H IMOJI-
OCTpBIM Te4YeHHEM 3a00JIeBaHUS, MOJYJAIONINX
MMMYHOCYIIPECCUBHYIO TEpanuio: 2 MY>KIHHBI
¥ 8 JKeHIIWH B Bo3pacte oT 22 10 55 neT (cpen-
Hu# Bo3pacT 42+12,41 roma). JJnuTeabHOCTH 3a-
boneBanus coctaBmia ot 1 mo 30 et (B cpen-
HeM 9,14+10,9 roma). Crenens aktuBHOCTH CKB
Ob11a MuHEIMAaNTBHON y 1 (10%) GombHOTO, yMEpeH-
Hoit — y 4 (40%), Bbicokoi — y 5 (50%) uenoBek.
Bcem nanuenTam quarso3 CKB 0Ob11 ycraHOBIEH
B COOTBETCTBUM C KPUTEPUSIMU AMEPUKAHCKOU
peBMaTonornyeckoit acconuanuu (1997). Kiman-
YeCKHe JTaHHbIE, BKIII0Yas BO3PACT, IO, IJTHTENb-
HOCTH 3a00JIeBaHMUs, a TAaK)Ke PE3yNbTaThl UMMY-
HOJIOTHYECKOTO aHalin3a, OBLIM MOJYYEeHBI MPH
OIIpOoCe MAUEeHTOB U U3YUYSHUH MEAUITNHCKON 10~
KYMEHTAITUH.

KonTpoapnyt rpynmny coctaBuinu 10 mpak-
THYECKHU 310pOBBIX denoBek: 3 (30%) myxuu-
Hbl 1 7 (70%) >keHIMH. MUHUMAIBHBIA BO3pPACT
B TPYIIIe JOOPOBOIBIEB COCTABUI 22 TOAA, MaK-
CUMaJIBHBIN — 58 JeT.

KpurtepusMu wuckiIO4YeHHs OBIIN KAJIOOBI
1 O0BEKTHUBHBIE IMPU3HAKU OCTPHIX 3a00JICBAHUIA,
XpoHH4Yeckue 3aboneBaHus B aze 000CTpeHUS,
JAHHBIE O PEBMATOJIOTMYECKUX M Ay TOMMMYHHBIX
3a00JIeBaHHAX B CEMEITHOM aHaAMHE3e€.

UccnenoBanue Ob110 0A00OpEHO JTOKAIBHBIM
stuueckuM komutetoM OI'BOY BO «Kazanckuit
rOCyJapCTBEHHBI MEIUIIMHCKUNA YHUBEPCUTETY.
OT HCOBITYEMBIX OBLIIO TIOTYYeHO HH(POPMUPOBAH-
HOE COTJIaCHE Ha y4acTHe B UCCIIECIOBAHUH.

T-mruMbOIUTHI BEIACISIIN 1T0 CTAaHAAPTHOU Me-
TOAMKE Ha TpajiieHTe IUIOTHOCTH (DUKOII-YPO-
rpadun (p=1,077). ns monydeHUs NOMYIAIUA
T-TUMQOIIUTOB UCTIONB30BAIIA METOIl HMMYHOMAr-
HuTHOM cemapanuu (Dynabeads Untouched Hu-
man T cells, Dynal, Invitrogen). [logcuéT kietok
nposonuiu B kamepe I'opsiea, oxkpamusanu 0,1%
pPacTBOPOM TPUTIAHOBOT'O CHHETO.

[IpoBogunu BecTepH-OJIOT aHANN3 OEIKOB.
K kneTounomy ocanky mobasmsnu 50 mxa RIPA
Oydepa ¢ mobaBmeHHeM WHTHOUTOPOB MpPOTEa3
u ¢pocdarasz (Thermo Scientific). [lonyueHHble

KJICTOYHBIC JIN3aThl 3aMOPaKUBAJIN, XPAHUITU TIPH
temnepatype —20 °C 1 pa3MopaxuBaIu HEMOCPE-
CTBEHHO IIepe] IEKTPOoPope3oM.

Omnpenenenne KOHLEHTpauu Oenka B 00pas-
1[ax MPOBOJUIIN C HUCIONb30BaHUeM Habopa BCA
Protein Assay (Thermo Scientific). Ilepen Hane-
CEHUEeM Ha reib B o0pasubl nodasmsin 0,5 MK
1% 6pomdenonoBoro cunero. OOpasibl JTU3aTOB,
comepxkamue ~20 MKr Oenka, ObLIM pa3aesieHbI
B 4-12% rpanuente SDS-PAAG. Ilocne okon-
YyaHus 3JeKTpodopesa refb NOMEIaid B TPaHe-
¢dep-Oydep (25 MM Tpuc, 192 MM rnuuus, 20%
metanol, pH=8,3) u nepenocunu 6enku na PVDF
MeMOpany (Merck Millipore) B Teuenue 14 nipu
HanpsbxkeHuu 350 B.

[locne Tpancdepa MeMOpaHy MHKYOHpOBAIU
MOCJIEAOBATENBHO C MEPBUYHBIMA U BTOPUYHBIMHU
AHTUTEJIAaMHU ¥ BU3yaJIU3UPOBAJIA C IPUMEHEHU-
em ECL-nabopa Ha OCHOBE XeMHJIIOMUHECIIEHTHO-
ro cyoctpara (Bio-Rad). beutn ucrions3oBaHs! Ta-
KM€ NEPBUYHbBIC aHTHUTEJA, KAK aHTUTENa MBILIN
k Bcl-2 (Cell Signaling Technology), antutena
kponuka Kk LC3 (Cell Signaling Technology), an-
TUTENa KPOoJIKKa K Kacrnase-3 (Invitrogen), anture-
na x p62 (Invitrogen), antuTena kponuka k VPS34,
antutena Meimm K Beclin 1 (Invitrogen), anTHTe-
na k GAPDH (Invitrogen). B xagecTBe BTOpHU-
HBIX OBLIM MCIONB30BaHbl AHTHUTENA, KOHBIOTH-
poBanHble ¢ nepokcuaasoi (Life Technologies).
B kadecTBe OeakoBOoro Mapképa MNpHUMEHSIU
MagicMark XP (Invitrogen, Molecular Probes).

MaTteMaTH4ecKuil aHalu3 MOJYUYECHHBIX pe-
3yJIBTaTOB MPOBEAEH HA MEPCOHAIFHOM KOMIIBIO-
Tepe ¢ MCHOIb30BaHMEM MakeTa mporpamm Excel
(Microsoft office 2007). IlockonbKy MemuaHbI
(Me) BBIOOPOK OTIIMYANIUCH OT UX CPEIHUX 3HAYC-
HUH, 3TO O3HAYajo0, YTO BapbUPOBAaHNUE MHIUBHU-
IyalbHBIX MOKa3aTeJed He MOJUMHSCTCS 3aKOHY
HOPMAJIbHOTO pachpefeicHuss. JTo JIejaeT He-
KOPPEKTHBIM HCIIOJIB30BaHUE JJIsI XapaKTEepPUCTHU-
KM BBIOOPKH TaKMX CTaTUCTUYECKHX MApaMETPOB,
KaK cpeliHee M CTaHJapTHOe oTkJoHeHue. OOpa-
0OTKY pe3yJbTaToOB MPOBOAMIIN B CTATUCTUYECKOI
cpene R. Jlng mpencraBineHus NaHHBIX UCIONb-
30Basid OOKCIUIOTHL. [l cpaBHEHHs TPEX TPy
npuMeHsun kputepuii Kpackena—Yomuca ¢ mo-
CJIEAYIOUIMMH NapHBIMHU CPABHEHHSIMH C IONpaB-
koit bondepponu u bermxxamuan—Xoxoepra. Jlse
CPYIIBI CPAaBHUBAJIN C UCIONL30BAHUEM KpHUTE-
pust Manna—YutHu. CTaTHCTUYECKH 3HAYMMBIMH
CUMTAJU Pa3JIMYusl IPU 3HAYEHHUSIX JIByCTOPOHHE-
ro p <0,05.

PesyabTaThl. Ha mepBoMm sTame uccuenosa-
HUs OBLT MPOBEAEH aHaNU3 IBYX OCHOBHBIX Oe€ll-
KOB-PEryisiTopoB anomnrtosa: Bcl-2 u kacnaszbi-3.
BroxumudeckuM MapképoM aKTHBALMH aronTo3a
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Puc. 2. Ananu3 comepxanust O6enxoB Vps34 u Beclin 1 B nuzarax T-mumdornuTtoB. A. Pempe3eHTaTUBHBIN aHAIU3 Be-

cTepH-6110T conepkanust OenkoB Vps34 u Beclin 1 B nu3arax

T-knerok. Ha mMMyHOrpaMmax mpeicTaBIeHbl KOHTPOJIBHBIE

JIN3aThI KJIETOK, a TaAKXKe 00pa3Ilbl TU3aTOB, MOJYUYECHHBIX M3 KJICTOK OOJBHBIX CHCTEMHON KpacHoit Bomdankoit (CKB). B ka-

YeCTBE «3arpy304HOro» KOHTpouss ucmonb3oBan GAPDH. b.

PC3yJ’II)TaTLI CTAaTUCTUYECKOr'0 aHaJiu3a JaHHBIX 3KCOPECCUU

6enka Beclin 1 (A) u Vps34 (b) B T-numdonnrax, moy4eHHbIX OT 310POBBIX JOHOPOB, a Takxe 6onpHbIXx CKB

B KJIETKaX CIIY>KUT IPOTEOIUTUUECKOE pacIierie-
HHE MpoKacmasbl-3 ¢ o0pa3zoBanueM 3ddexTop-
HOH Kacmasbl-3. AKTUBHOCTH )epMEHTa IPUBOJUT
K JIerpajiallii XpOMOCOMHOM J1e30KCHPHOOHYKJIe-
nHoBOM kucnoTh ([JJHK), BeI3bIBast KOHIEHCAITHIO
xpomatuHa [24]. CpaBHUTEIbHBIH aHATIN3 MEX-
Iy TpyIIaMH TOKa3ajd AOCTOBEPHOE IMOBBIIIE-
HUe cojiepkanus Oenka B rpymme 6onbHBIXx CKB
(p-value=0,03077), 4TO CBUAETEIBCTBYET 00 aK-
THUBAIIMH aIlONITO3a M COTIACYETCs C pe3yIbTaTaMu
IPyTUX HcclienoBanuii (puc. 1).

benok Bcl-2 mHrnbupyetr MHOXECTBEHHBIE
(OpMBI aronTo3a U UTrpaeT KIIFOUEBYIO POIb B €TI0
peryisinuy B pa3HbIX THUMAX KJIETOK, BKIIOYAS
T-nmumponutel. Dxcnpeccust Bel-2 cTporo pery-
JTUpyeTcs B MOHOIMTaX, HeHTpoduiaax u T-kiet-
KaX, 9YTO CBHJIETEIHCTBYET O KPUTHUYECKOW POIU
aToro Oesika B rudeNn KiIeToK. B mpoBenénHoM
WCCIIEZIOBAaHUH MBI YCTAHOBHUJIM, YTO COJAEPKaHUE
Bcl-2 y 3p0poBbix moHopoB u nanueHToB ¢ CKB
HE MMeeT 3Hauumoro pasznuuus (p-value=0,1016;
cM. puc. 1,A).
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Ha cnenyromem 3Ttame mcciieqoBaHUs OBLI
MPOBENIEH aHANN3 COAEPKAHUA KIFOUYEBBIX Oel-
koB ayTtodaruu (Beclin 1, Vps34, p62 u LC3)
B T-mumdorutax 6onpapIX CKB 1 310pOBHIX 10-
HOpoB (puc.2). I'en Beclin 1 (Atg6) urpaet kito-
YeBYI0 poiib B mpoliecce ayTodarun. benok, ko-
IUPYEMBIH 3THM T€HOM, aKTHBHO y4YacTBYET
B HHUIIMAIIMHU ayTO(haruu: MPUCOCIUHSIACH K KOM-
mekcy Vps34-PI3K-CIII, on maér Hawano dop-
MHpOBaHHIO ayTodarocom. OH TakkKe TECHO B3a-
MMOJICHCTBYET C IPYyTUMHU OeiakamMu ayTodaruu,
takumu kKak Ambral, ULKI1, Vpsl5. Ms1 noka3sa-
nu, 94To comepkanue Beclin 1 mocToBepHO 3HAYN-
TeabHO BhINIE B T-kaeTkax 60ibHBIX CKB 1o ot-
HOIIICHHIO K 3JI0POBBIM noHOpaM (p-value=0,1930;
cM. puc.2,b).

Ha cnenyromem sTane Obl1a mocTaBiieHa 3aaqa
OIICHHUTH coneprkanme Oenka Vps34 B 0benx mccie-
JIyeMBIX TpyMmax. Pe3ynprarsl mokasanu, 9To co-
nIeprkaHue JaHHOTO OenKa, Tak e kKak u Beclin-1,
BhITe B rpy1mme 6ompHEIX CKB (p-value=0,2084;
CM. puc.?2).
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Puc. 4. Ananu3 cogepxanus nzogpopm 6enka LC3 (I u II popm), a Takxke X COOTHO-
IIeHHs B JH3aTax T-NTHMQOIUTOB 30POBBIX JOHOPOB M OOJBHBIX CHCTEMHOH Kpac-

Hoit Bomuankoit (CKB)

benok p62 cnyXUT HEHTpaIbHBIM MapKEPOM
ayTodaru4eckoi aerpajaliy 1 UTpaeT poib B UH-
nykuuu aytodaruu. lloteps Atg unu $akTopos,
HEOOXOIUMBIX ISl CUSIHUS ayTO(darocom ¢ JIn3o-
COMaMH, IPUBOJUT K 3HAUUTEIILHOMY yBEITHUYCHHIO
p62-no3uTUBHEIX arperaros. Hamie nccnenosanue
MmoKasajo, 4To 3kcmupeccus p62 y 6onpHbeix CKB
BEIIIE, 4YeM B KoHTpouse (p-value=0,0097; puc.3).
[lockonbky copepxkaHue 3TOro Oeynka Mpu HOP-
MaJIbHOM TE€YECHUH TpoLecca JOJKHO CHIXKATHCS,
3TO MOXET CBUAETEIBCTBOBAThH O OJIOKMPOBKE HU-
KECTOAIIMX YICHOB ceMelcTBa OenkoB ayTtoda-
ruu. 1o 3Tol mpuuMHE Ha 3aKJIIOYUTEIILHOM HTaIe
UCCIIeJOBaHUS OBLI MPOBEIEH aHAIN3 CONEPKAHMS
oenka LC3 — ero uzopopm.

Benox LC3 mpucyTcTByeT B UTO305I€ OOJIb-
IIMHCTBAa THUNOB KJyeToK. llpu 3amycke ayToda-
U OH NMPOTEOJIMTUYECKH Pa3pyIuIaeTcs, o0pasys
¢opmy LC3-I. Otmennénnsiii 6enox LC3-I ak-
TUBUPYETCS U MEpEeHocUuTcs K Oenky Atg3 mo ero
KOHbIoTauuu ¢ ¢pochaTHANIITAHOIAMUHOM U 00-
pazosanust popmsl LC3-11. Benox LC3-1I BoBneka-

eTcs B pactyulyro ¢aropopy u pacmnonaraercs Ha
BHYTpPEHHEH 1 BHEIIHEeH MemOpaHax ayTodaroco-
MBI, IOATOMY €0 KOJIMYECTBO XOPOIIO KOPPEIUPY-
€T ¢ YncJIoM ayTodarocoM. DTy XapaKTEPUCTHKY
npeoOpaszoBanus LC3 MOXHO HCIONB30BaTh IS
MOHUTOPHHTA ayTO(aruu.

B namem uccnepoBanuy Mbl 0OHAPY>KUITH, YTO
coxepxanue nuzopopm 6enka LC3, a Takxke ux co-
OTHOLIeHHE HIKe B rpymnmne 6oapHbIXx CKB mo
CPaBHEHHIO C KOHTPOJBHOU rpynnoi (puc.4). On-
HAaKO B I'pyInIe OOJbHBIX 3aMETHO 3HAYUTEIBHOE
OTKJIOHEHHUE OT cpeAHero 3HadeHus. [1o aToit mpu-
YUHE MBI MPOBENH aHAJIU3 JaHHBIX IOKa3aTesel
B 3aBUCHMOCTH OT XapakTepa TeueHHs 3abosieBa-
HUS — OCTPOro, NOAOCTPOr0 U XPOHUUECKOTO.

AHanu3 mokasaJ, 4To €CTh Pa3IU4Us B COOT-
HomeHuu u3zodpopm Oenka LC3 B 3aBUCHMOCTH
ot teueHuss CKB. B rpymnmne ¢ ocTpsIM TedeHHEM
HauboJjee BHICOKMM OKasaloch 3HaueHue I ¢op-
MBI OeJTKa 10 OTHOIIEHUIO K KOHTpouto. Comepika-
Hue I popmBbl Takske OBLIO BBIIIE IO OTHOILICHHUIO
K KOHTPOJTI0, HO HUKE M0 OTHOIIEHHIO K | dopme.
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Puc. 5. Ananu3s conepxanust uzogpopm 6enka LC3 (I u I pop-
MBI), @ TAK)KE UX COOTHOLIeHHE B T-TMM(ONNTAX 310pPOBBIX J10-
HOPOB U GOJIBHBIX CHCTEMHOM KPAaCHOI BOJTYaHKOH C OCTPBIM,
HOJOCTPBIM U XPOHHYECKUM T€USHHEM 3a00JIeBaHUS

B rpynmne ¢ mogocTphiM TE€YEHHEM COAEpIKaHUE
I u Il popm LC3 Genka ObIIO TPaKTHUECKH OH-
HAaKOBBIM, ¥ OHO OKa3aJI0Ch HHMIKE 110 OTHOILCHHIO
K KOHTPOJII0. B rpyIine ¢ XpoHUYECKUM TeUEHHEM
M3MEHEHHUe B CoAepKaHuU OByX Gopm Oenka LC3
OBIJI0 TPOTUBOIIOIOXXHO 110 OTHOUIEHHIO K I'PYyII-
e C OCTPBIM TE€UEHHEM 3a00ieBaHUs: coaepKa-
Hue Il popmbl OKa3an0Ch 3HAUNTENBHO BHIIIE, YEM
I hopmel. To ecTh MPOMCXOANUT HapacTaHUE COAEP-
skauus 11 popmer 6enka, KOTOPHIH TOKAIM30BaH Ha
meMOpane aytodarocom. CoorHomenune LC3-I/
LC3-II mpu ocTpoM 1 OAOCTPOM T€UEHUH 3a00I1e-
BaHUS CTAaTUCTUYECKH HE OTIMYAJIOCH OT KOHTPO-
ns. W nume B rpyIine ¢ XpOHUYECKUM TEUEHHEM
OBIIIO HUXKE, YeM Y 3I0POBBIX JTIOHOPOB (puc.5).

Oo6cy:xnenue. Ayrodaruss — mporecc, KoTo-
PBI OTBEUAET 3a Jerpajaluio MOBPEXAEHHBIX
nubo moxseKamux ynaneHuto 6enkos. Ecnu stot
npouecc Hed(PPeKTUBEH, TPOUCKOAUT UX HAKO-
njenue. EcTh naHHbBIE, MOATBEPKAAIOIINE B3au-
MOCBSI3b HapyILIEHHS KIMPEHCA alONTOTUYECKUX
0ENKOB C yBEJIMYCHNEM KOJIMYECTBA AICPHBIX aH-
TUT€HOB, MpeACcTaBiIAeMbIX K T-kineTkaM [25], uto
COMPOBOXKIACTCS AyTOUMMYHHBIMHU PEaKLUIMH,
KOTOpbIE MOT'YT IpuBecTH K pa3zButuio CKB.

B mnpencraBieHHoil paGoTe Obl1 mpoBeAéH
aHaJIN3 COAEP)KAHUS HEKOTOPHIX KIIIOYEBBIX Oel-
KOB allONTOTHYECKOTO U ayTO(aruuecKoro myrei
B T-mumdoruTax nepudeprnyeckoid KPOBH OOIBHBIX
CKB. Ilo pe3ynbraTaM UCCIEAOBaHUS IBYX OCHOB-
HBIX alonToTH4eckux OenkoB — Bcl-2 u kacma-
3bI-3 — MbI YCTaHOBHWJIM TTOBBIILICHHOE COAEP)KaHHIE
Kacrnasbl-3 (hepMeHTa, HHAYLUPYIOLIETO KOHICH-
canuro xpomaruaa u ¢parmenranuio JIHK), aro
CBUICTENbCTBYET 00 aKTUBHOW AMONTOTHYECKOM
nesitenbHOCcTH. Kpome Toro, 3To moaTBepkaaeT
OTCYTCTBHE 3HAYMMOT0 U3MEHEHUS B COJACPKaHUU
aHTHANoNnToTHYeCKOTO Oenka Bcel-2 y 60nbHBIX IO
CPaBHEHUIO CO 3/I0POBBIMH JIOHOpamH. Pesyisrat
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COTJIAaCyeTCsl C paHee MOJYy4YCHHBIMH AAHHBIMHU
B pabote Rastin u coaBT., B KOTOpOH conep:kaHue
3TOro OejKa Tak)Ke OCTaBajloCh HA ypOBHE KOH-
Tpons [26]. Takum 00pa3om, MBI YCTAHOBIIIH, YTO
B T-mumdomurtax 6onsabrx CKB amonTo3 Gomnee
WHTEHCUBHBIH, YEM Y 30POBBIX TOHOPOB.

CyuiecTByeT 3HaUMTEIbHOE KOJIMYECTBO JaH-
HBIX O TOM, YTO HapylLICHHUE WJIM 3aJePXKKa K-
peHca anontotuueckux tea npu CKB, npusozs-
IIMe K HAKOIJICHUIO alloNTOTHYECKOr0 «Mycopay,
KOPpEIUpPYyeT ¢ MEPCUCTEHLUHNEH ayTOAaHTUTECHOB
[27]. CBoOOaHEIH ammonTOTHYECKUH nedpuc, mpu-
KPENJIEHHBIA K ACHIAPUTHBIM KJIETKaM, KOTOPbII
NPEICTABIISIET aHTUT€HHbIE CUTHAJBI B-KieTkam,
cnoco0cTByeT ux qudGepeHInpPOBKe B BBICOKOA(-
(GuHHBIEC TIIa3MaTHYECKHE KJIETKH, CEKPETUPYIO-
mye aHTuTeaa. DMOPHOHBI AtgS~— ¢ aedururom
ayTtodaruu UMerT Oosiee BBIpaXKEHHOE BOcCTale-
HUE B TKaHSX, B KOTOPBIX HApYIIEH KIUPEHC aroll-
TOTUYECKUX KJETOK [28]. DTO CBUIAETENBCTBYET
0 TOM, YTO OTCYTCTBHUE 3(P(HEKTUBHOIO KIUPEHCA
AMONTOTHYECKUX KIJIETOK MOXET IPEOA0JIETh TOJIe-
PaHTHOCTH K ayToanTureHam u npusectu k CKB.

Onupascp Ha NOJIyuyeHHblE B Hameld pabote
JaHHbIE, MBI MOXXEM F'OBOPUTH O TOM, YTO HapyLIe-
HUH B CaMOM aIoONTOTHYECKOM IIPOLIECCEe HE BbI-
SBJICHO, U, BEPOSITHO, Ay TOMMMYHHAas OTATOLIEH-
HOCTH BBI3BaHA HEJOCTATOYHON IESITEIBHOCTHIO
Makpogaros.

B3aumMocBa3p anonTo3a u ayTodaruu mnokxa-
3aHa B psje UCCIENOBAHMHI. YCTAHOBJIEHO, YTO
IPU HApYLICHUU B OJHOM M3 HUX MOXKET aKTHBHU-
poBaTbCs ApYrou myTh, JInOO 00a mpouecca Mo-
I'yT IapajjielIbHO MPOTeKaTh B 04HOH KieTke. Ilo
9TOW MPUYMHE Ha CIEAYIOLIEM 3Tale Halei pa-
00THI ObLIIA TTPOBEJIEHA OlIEHKA ayTo(haruu myTeéM
OIpeneNeHUs ColepKaHusl €€ KIIUEBBIX OCJIKOB:
Beclin 1, Vps34, p62 u LC3. CpaBHuTEnbHBIN aHa-
mu3 Beclin 1 u Vps34 moka3an moBBIIIIEHHOE CO-
nepxanne 6enkoB B T-knetkax 6ompHBIX CKB. I'en
Beclin 1 (Atg6) urpaeT Ki1104€BYI0 POJIb B IIPOIIEC-
ce aytodaruu y miuekonutaromux. bemnok, konu-
PYEMBIH 3THM I'€HOM, aKTHBHO Y4acTBYEeT B HHH-
UAIUK ayTOQaruu: NpUCOCTUHSSACH K KOMILJIEKCY
Vps34-PI3K-CIII, on gaét Hauano GopMUPOBAHUIO
aytoarocom. [Tockoiapky 00a 3THX Oenka BXOASAT
B cocTtaB KomIuiekca Beclin 1-Vps34-Atgl4-PI3P,
OTBETCTBEHHOTO 3a AJIOHTALMIO ITpeayTodaroco-
MBI, MOXHO CZIEJIaTh BBIBOJ, 4TO B T-Ki1eTKax O0Jb-
Heix CKB aktuBupyercs aytodarus.

Benok p62 B3aumozaeicTByeT ¢ ayToarndecku-
MU cyOcTpaTaMH M JOCTaBJISET UX B ayTo(aroco-
Mbl 115 gerpanauuu. Ilpu sTom konuvectBo p62
caMo 1o cebe CHUXKaeTcs, U KOT/a HHAYLIHPYETCs
aytodarus, IPOUCXOAUT COOTBETCTBYIOIIEE CHU-
JKEHUE YPOBHs p62. AHanu3 conepkaHus JAHHOTO
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Ocka B TpyIIax MokKasal He CHHKCHHE, a, Ha000-
pOT, 3HAUUTENILHOE YBEJIMYEHHE KonuecTBa pb2
y 6oapHBIX CKB.

HNutepecHo, HO caM p62 cuuTaroT HeoOsA3a-
TEJBHBIM JUISI KaHOHWYECKOU ayTodaruu. B oT-
JMYHE OT IOYTH BCEX OCHOBHBIX OenkoB ATG,
MoTeps KOTOPBIX y MBIMIEH MPUBOAUT K SMOPHO-
HaJIbHOM WJIM HEOHATAJbHOU JIETAJIBHOCTH, €IUH-
CTBEHHBIM HEOJAroNmpUsITHBIM HCXOJOM, IPOSB-
JSAIOMIMMCS y MbIIel p62~~, ObIBaCT OKHPEHHUE
3pesoro Bo3pacta [29]. B psme HemaBHUX myOn-
KaIuii OBLIO TIOKAa3aHo, 9TO p62 MPEACTABIICT CO-
00¥1 MHOTO(DYHKITMOHATBEHBIA KapKacHBIN OEIIOK,
KOTOPBIH B3aUMOACHCTBYET C pa3HBIMHU OCIIKaMu
JUISL PErYJISIHAN Pa3IUIHBIX MMPOIECCOB, BKIIFOUYAS
aronTo3 u Apyrue GopMbl THOETH KIIETOK, TaKMUX
KakK HeKpoIrTo3. belio nokazaHno, 4to p62 B3aumo-
nercteyetr ¢ ERK1 nng perynsuuu agunoreHesa
u ¢ nporenHknHazoi C (PKC zeta) nis perymsamuu
niepenadn curaaiioB NF-kB [30]. ITo sToit mpuanse
Hapsay ¢ olpeaesieHueM coaepkanus p62 HeoOXo-
JIIMMO TIPOBOJUTH MOHUTOPHHT APYrOoro BaKHOTO
Mapk€pHoro Oenka aytodaruun — LC3.

IIpoBenéHHBIN aHANN3 COAEPKAHUSA ABYX HU30-
dhopMm Oenka LC3 mokasall HU3KOE COAepKaHHE
Kak m3odopM, Tak u cootHomenus LC3-I/LC3-11
B rpymnme ¢ CKB. [lockoneky pa3zbpoc mokazare-
JIeH CHITBHO OTIINYAJICS OT CPEIHETO 3HAYCHHU S, MBI
PEIINI TPOAHATN3UPOBATh STH TIOKA3aTENH B 3a-
BHCHMOCTH OT XapaKkTepa TeUeHUs 3a00eBaHuUsl.

B rpymme ¢ ocTpeiM TedeHHEM OBIJIO YCTAaHOB-
JIEHO BBICOKOE conmeprkaHue | m3odopmer Oenka.
Conepxanwue 11 popmbr Ob110 HIKE, HO TIO CpaBHE-
HHIO C KOHTPOJIBHON TPYIITION €ro 3HaYeHHne OBII0
BoItie. CootHomeHne opm Oerka ocTaBajoch Ha
YPOBHE KOHTpOJS. B rpymme ¢ momocTpsIM Tede-
HHEM cofiepkaHne 00enx n30(opM HIDKE TI0 CpaB-
HEHUIO C APYTUMHU HCCIEyeMBIMU TPyTIaMH, HO
cootHomenne LC3-I/LC3-II maxogurcs Ha ypoB-
HE KOHTpous. B rpymnme ¢ XpOHHYEeCKUM TEUCHH-
€M YCTaHOBJICHO 3HAYMTEIIFHOE TOBHIIIEHNE OeTKa
LC3-II mo cpaerenuro ¢ I popmoii. IIpu s3Tom ot-
MEUYEeHO 3HAYHUTEIbHOE CHWIKCHUE OTHOIICHWUS
LC3-I/LC3-II. LC3-II mocToSHHO MPUCYTCTBYET
B ayTo(harocoMe W CUMTAETCS CaMbIM HaJIEKHBIM
Mapképom aytodarnu. OnHaKO HE MeHee 3HAYH-
MO ompenenieHue copepxanus uzopopmbl LC3-1.
VYeenmuuenne ypoHsi LC3-1 cBugerenscTByer 00
YBEIWYEHNU aKTUBHOCTH IIPOIECCOB ayTodaruu,
a "apactanue cootHomenus LC3-I/LC3-II mo-
JKET YKa3bIBaTh HA BRICOKHI YPOBEHb HHUIIUAIIUN
ayTodaruu npyu HOpMaJbHOM MPOTEKAHUH JAJb-
HEUIUX CTagui ITOTO MPOIEcca, TAKUX KaK Be-
3UKYJSIPHBIA TPAHCIOPT, CIHUSHUE C JTU30COMaMU
Y TIPOTEONUTHYECKAs AeTpajallus COACPIKUMOTO
ayTOIM30COM.

© 23. «KazaHckuii Mej. K.», Ne3

Ilosbienue ypoBHsa LC3-I1, a Takke ymeHble-
aue otHomenus: LC3-I/LC3-1I moryT cBumerens-
CTBOBaThb O HApYyILICHHH CIHUSHHS ayTo(parocom
Y JIN30COM H, CJIE€IOBATEIbHO, HE3aBEPILEHHON ay-
Todaruu, NpUBOAALIEH K HAKOILICHUIO OOJIBIIOro
KOIIM4YecTBa ayTodarocoM BHyTpH kieTku [31,32].
[Ipu n3numIHEM HaKOIJIEHHH ayTodarocoMm BHY-
TPH KJIETOK aKTUBHUPYIOTCS MPOLIECCH 00pa3oBa-
HUS 3K30CcOM. B pesynbraTe 3TOrO arperarsl Oen-
KOB, 00J1aIa0IMX IPHOHOTIOIO0HON aKTHBHOCTBHIO,
MOTYT OBITH 3KCKPETHPOBAHBI B MEXKKJIETOUHOE
IPOCTPAHCTBO M 3aXBAaYCHBI 310POBBIMHU KJIETKA-
MH, 4TO CIIOCOOCTBYET JalbHEHIIEMY pacipocTpa-
HEHUIO NATOJIOTMYECKOTO MPOLecca U yBETUUNBACT
CKOPOCTH ITPOTpECCUPOBAHMS 3a00I€BaHUS.

B nameil pabore TeHACHUHS K yBEIUUCHHUIO
ypoBHs LC3-II u camxkenuro nokazarenss LC3-1/
LC3-II ormedeHa y ManueHTOB ¢ XPOHUUYECKOH
¢opmoii. Ha ocHOBaHMM MOJTYyYEHHBIX JAaHHBIX
B rpymnme ¢ ocTpoil Gpopmoii 3a001eBaHUST MOXKHO
TOBOPHUTH O BBHICOKOM YPOBHE MHHIIMALIUU ayTO-
¢darun. A B rpynne ¢ nogoCcTpeIM TE€UCHHEM, I10-
ckoibKy 3HadeHus [ u Il popm Oenka ObLIH HU3KHU-
MHU, ayTodarusi, BEposTHO, MaJIOAKTUBHA.

PesynbraTel mpoBeAEHHOINO HAMHU HCCIEA0BA-
HUS BIEPBBIE BBISIBHIIM, YTO B T-muMdouunTax na-
HUeHTOB ¢ ocTpoit hopmoii CKB ecTh TeHneHIUs
K Oosiee BHICOKOMY YPOBHIO aKTUBHOCTH ayToda-
THH, 4YeM y 3J0POBBIX Jtonel. B rpymnmne ¢ nogo-
cTpoii hopmoii 3aboneBaHus, HAOOOPOT, CTENECHb
AKTHBHOCTH ayTO(aruy okas3anach He3HaUUTEIb-
HoH. B rpymnme ¢ xponuueckoit ¢popmoii 3a601eBa-
HHsI, HECMOTPS Ha BBICOKU yPOBEHb COAEpKaHUsA
6enka LC3-I1, BeposiTHO, ecTh HAPYLICHUS Ha CTa-
OUU CIUSTHUS ayTodarocom ¢ nu3zocomamu. s
MOATBEPXKJACHUS 3TOH T'HIOTE3bI, HEOOXOIUMO
MIPOBEJICHUE JaTbHEUIINX HCCIEIOBaHUM.

BBIBOJ

[NonyyeHHbIe faHHBIE TO3BOJISIOT MPEAJIOKHUTH HC-
M0JIb30BaTh MOHUTOPUHT COAEPKAHUS H30POPM
oenka LC3 nnsa nuddepenunanbHoll AMarHocTu-
K# (POPM CUCTEMHOU KPacHOW BOTYAHKH.

Yuyactue aBtopoB. 10.B.C., 3.1.A. pa3paboranu unc-
CllelOBaHMe, OTBEYAIH 3a 00Iee PyKOBOJACTBO U IUIa-
nuposanue; P.PU., b.P.U. u CH.A. — nogbop nono-
pPOB IJIs BKJIIOYEHHS B HCCIIEIOBaHUE, MOJATOTOBKA
00pa3s1oB, BeiaeneHne T-TUMPOIUTOB U3 mepudepu-
yeckoit kpoBu; H0.B.C.,, A.P.d. — mpoBenenune skc-
NEPUMEHTOB 110 ONPEACICHHUIO COAEp)KaHNsS OENKOB
p62, LC3 metomom Western blot, craTuctuueckas
obpabotka pesynsratoB; b.P.U. u C.H.A. — mpose-
JeHHe JKCIEPHMEHTOB II0 OIPENEeICHUIO0 COxepKa-
Hus 6enkoB Beclin 1 u Vps34 metogom Western blot,
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craTucTudeckas obpaborka pesynpraToB; 3.M.b.,
N.A.A. — mpoBeneHne SKCIIEPUMEHTOB TI0 OIIpeeIie-
HUIO comepkaHus OenkoB Bcl-2, kacmaspl-3 mMeTomom
Western blot, cratuctudeckas obpaboTka pe3yib-
taroB; 10.B.C., A.HM. u 3.1.A. cnocobcTBOBaIH
uHTepupeTanuu pelyiasratroB; H0.B.C. mogrorosmia
PYKOIIMCH C y4acTHEM BCeX aBTOpOB. Bee aBTOpHI mpe-
JOCTaBMJIM KPUTHYECKYIO OOPaTHYIO CBS3b U MOMOTIIH
c(hOopMHPOBATH UCCIIEOBAHNE, AHAJIN3 U PYKOIIHCH.
Hctounuk ¢punHancupoBanusi. Pabora BeImomHEeHA
npu purancoBoil mogaepxke PODU B pamkax Hayy-
Horo mpoekTa Nel§8-34-00739.

Konpauxkr uHTEepecoB. ABTOPH 3agABIAIOT 00 OT-
CYTCTBHH KOH(JINKTAa HHTEPECOB 1O MPEICTABICHHON
CTaTbe.

JINTEPATVYPA

1. Mecusakuna A.A. KiieTouHble U MOJEKYyJIspHBIE
OnomMapképbl U MOTEHIIMAJILHBIE TEPANCBTHYCCKUE MHUILIEC-
HU TIPU CHUCTEMHOM KpacHOil Boiuauke. Hayu.-npakm. pes-
mamon. 2016; 54 (2): 206-218. [Mesnyankina A.A. Cellular
and molecular biomarkers and potential therapeutic targets
in systemic lupus erythematosus. Rheumatology Science
and Practice. 2016; 54 (2): 206-218. (In Russ.)] DOI:
10.14412/1995-4484-2016-206-218.

2. Pesmamonocusi. HaumonanbHoe pykoBonctBo. Ilon
pexn. E.JI. HaconoBa, B.A. Haconosoii. M.: 'DOTAP-Mexnua.
2008; 720 c. [Revmatologiya. Natsional’noe rukovodstvo.
(Rheumatology. National guidelines.) Ed. by E.L. Nasonov,
V.A. Nasonova. M.: GEOTAR-Media. 2008; 720 p.]

3. Ivanova V.V., Khaiboullina S.F., Cherenkova E.E.
et al. Differential immuno-reactivity to genomic DNA,
RNA and mitochondrial DNA is associated with auto-im-
munity. Cell. Physiol. Biochem. 2014; 34 (6): 2200-2208.
DOI: 10.1159/000369663.

4. Katsuyama T., Tsokos G.C., Moulton V.R. Aberrant
T cell signaling and subsets in systemic lupus erythema-
tosus. Front Immunol. 2018; 9: 1088. DOI: 10.3389/fimmu.
2018.01088.

5. Moulton V.R., Tsokos G.C. Abnormalities of T cell
signaling in systemic lupus erythematosus. Arthritis Res.
Ther. 2011; 13: 207. DOI: 10.1186/ar3251.

6. Wang H., Xu J., Ji X. et al. The abnormal apoptosis
of T cell subsets and possible involvement of IL-10 in syste-
mic lupus erythematosus. Cell. Immunol. 2005; 235: 117—
121. DOI: 10.1016/j.cellimm.2005.08.031.

7. Yang F., Yi H., Zhai Z., Sun E. Programmed cell
death pathways in the pathogenesis of systemic lupus
erythematosus. J. Immunol. Res. 2019; (6): 1-13. DOI:
10.1155/2019/3638562.

8. Gaipl U.S., Munoz L.E., Grossmayer G. et al.
Clearance deficiency and systemic lupus erythematosus
(SLE). J. Autoimmun. 2007; 28: 114-121. DOI: 10.1016/j.
jaut.2007.02.005.

9. Pua H.H., He Y.W. Maintaining T lymphocyte ho-
meostasis: another duty of autophagy. Autophagy. 2007; 3:
266-267. DOI: 10.4161/auto.3908.

10. Li C., Capan E., Zhao Y. et al. Autophagy is induced
in CD4" T cells and important for the growth factor-with-
drawal cell death. J. Immunol. 2006; 177: 5163-5168. DOI:
10.4049/jimmunol.177.8.5163.

11. Walsh C.M., Edinger A.L. The complex interplay
between autophagy, apoptosis, and necrotic signals pro-

354

motes T-cell homeostasis. Immunol. Rev. 2010; 236: 95—
109. DOI: 10.1111/§.1600-065X.2010.00919.x.

12. Gerland L.M., Genestier L., Peyrol S. et al. Auto-
lysosomes accumulate during in vitro CD8" T-lymphocyte
aging and may participate in induced death sensitization
of senescent cells. Exp. Gerontol. 2004; 39: 789—-800. DOI:
10.1016/j.exger.2004.01.013.

13. Kuma A., Hatano M., Matsui M. et al. The role of
autophagy during the early neonatal starvation period. Na-
ture. 2004; 432: 1032—1036. DOI: 10.1038/nature03029.

14. Kamada Y., Sekito T., Ohsumi Y. Autophagy in
yeast: aTOR-mediated response to nutrient starvation.
Curr. Top. Microbiol. Immunol. 2004; 279; 73—84. DOI:
10.1007/978-3-642-18930-2_5.

15. Lum J.J., Bauer D.E., Kong M. et al. Growth fac-
tor regulation of autophagy and cell survival in the ab-
sence of apoptosis. Cell. 2005; 120: 237-248. DOI: 10.1016/
j-cell.2004.11.046.

16. Tanida 1., Ueno T., Kominami E. LC3 conjugation
system in mammalian autophagy. Int. J. Biochem. Cell Biol.
2004; 36: 2503-2518. DOLI: 10.1016/j.biocel.2004.05.009.

17. Levine B., Kroemer G. Autophagy in the patho-
genesis of disease. Cell. 2008; 132: 27-42. DOI: 10.1016/
j-cell.2007.12.018.

18. Gros F., Arnold J., Page N. et al. Macroautophagy
is deregulated in murine and human lupus T lymphocytes.
Autophagy. 2012; 8: 1113-1123. DOI: 10.4161/auto.20275.

19. Zhou X.J., Lu X.L., Lv. J.C. et al. Genetic associa-
tion of PRDMI1-ATGS intergenic region and autophagy with
systemic lupus erythematosus in a Chinese population. Ann.
Rheum. Dis.2011;70:1330-1337.DOI: 10.1136/ard.2010.140111.

20. Perl A. Systems biology of lupus: mapping the im-
pact of genomic and environmental factors on gene expres-
sion signatures, cellular signaling, metabolic pathways,
hormonal and cytokine imbalance, and selecting targets for
treatment. Autoimmunity. 2010; 43: 32—47. DOI: 10.3109/
08916930903374774.

21. Debnath J., Baehrecke E.H., Kroemer G. Does auto-
phagy contribute to cell death? Autophagy. 2005; 1: 66—74.
DOI: 10.4161/auto.1.2.1738.

22. Kroemer G., J "a "attel a M. Lysosomes and auto-
phagy in cell death control. Nat. Rev. Cancer. 2005; 5: 886—
897. DOI: 10.1038/nrc1738.

23. Wang Y., Singh R., Massey A.C. et al. J. Loss of mac-
roautophagy promotes or prevents fibroblast apoptosis de-
pending on the death stimulus. J. Biol. Chem. 2008; 283:
4766—4777. DOI: 10.1074/jbc.M706666200.

24. Cxub6o 10.B., ®arxynnuna A.P., Pomanosa E.B.,
JlutBunoB P.M. Bnusinue TpombonutapHoro ¢pakropa 4 Ha
Mopdosoruueckrne 1 OMOXUMHUYECKUE MPOSBICHUS aro-
nro3a T-numdpountos. [ensr u xaremxu. 2014; 9 (3): 118—
124. [Skibo Y.V., Fathullina A.R., Romanova E.V., Litvi-
nov R.I. Effects of platelet factor 4 on morphological and
biochemical signs of apoptosis in T-lymphocytes. Geny
i kletki. 2014; 9 (3): 118—124. (In Russ.)]

25. Xue C., Lan-Lan W., Bei C. et al. Abnormal Fas/
FasL and caspase-3-mediated apoptotic signaling pathway
of T-lymphocyte subset in patients with systemic lupus
erythematosus. Cell. Immunol. 2006; 239: 121-128. DOI:
10.1016/j.cellimm.2006.05.003.

26. Rastin M., Mahmoudi M., Hatef M. et al. T lym-
phocyte apoptosis in systemic lupus erythematosus pa-
tients. [ran J. Basic Med. Sci. 2013; 16 (8): 936—-941. PMID:
24106599.

27.Ren Y., Tang J., Mok M.Y. et al. Increased apopto-
tic neutrophils and macrophages and impaired macrophage
phagocytic clearance of apoptotic neutrophils in systemic


https://www.ncbi.nlm.nih.gov/pubmed/?term=Ivanova VV%5BAuthor%5D&cauthor=true&cauthor_uid=25562166
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khaiboullina SF%5BAuthor%5D&cauthor=true&cauthor_uid=25562166
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cherenkova EE%5BAuthor%5D&cauthor=true&cauthor_uid=25562166
https://www.ncbi.nlm.nih.gov/pubmed/25562166
https://www.ncbi.nlm.nih.gov/pubmed/?term=Katsuyama T%5BAuthor%5D&cauthor=true&cauthor_uid=29868033
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsokos GC%5BAuthor%5D&cauthor=true&cauthor_uid=29868033
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moulton VR%5BAuthor%5D&cauthor=true&cauthor_uid=29868033

Kazan Medical Journal 2020, vol. 101, no.3

Ka3anckuii MeauuuHckuii sxxypuai, 2020 r., tom 101, Ne3

lupus erythematosus. Arthr. Rheum. 2003; 48 (10): 2888—
2897. DOI: 10.1002/art.11237.

28.Qu X., Zou Z., Sun Q. et al. Autophagy gene-
dependent clearance of apoptotic cells during embryonic
development. Cell. 2007; 128 (5): 931-946. DOI: 10.1016/
j-cell.2006.12.044.

29. Kuma A., Komatsu M., Mizushima N. Autopha-
gy-monitoring and autophagy-deficient mice. Autopha-
gy. 2017; 13 (10): 1619-1628. DOI: 10.1080/15548627.2017.
1343770.

30. Sanchez-Martin P., Komatsu M. p62/SQSTM1 —
steering the cell through health and disease. J. Cell Sci.
2018; 131 (21): jes222836. DOI: 10.1242/jcs.222836.

31. Klionsky D.J., Abdelmohsen K., Abe A. et al.
Guidelines for the use and interpretation of assays for mo-
nitoring autophagy (3rd edition). Autophagy. 2016; 12 (1):
1-222. DOI: 10.1080/15548627.2015.1100356.

32. Koueprun U.A., TyxBarynun A.U., Jlorynos /I.1O.,
3axapoBa M.H. AxTtuBanus ayrodaruu B mnepugepude-
CKHX MOHOHYKJICApHBIX KJIETKaX IIpU GOKOBOM aMHOTPO-
(buueckoM ckiepose. AuH. KauH. u skcnepum. Hegpol. 2016;
10 (4): 26-31. [Kochergin 1.A., Tukhvatulin A.l., Logu-
nov D.Yu., Zakharova M.N. Autophagy activation in pe-
ripheral mononuclear cells in amyotrophic lateral sclerosis.
Annaly klinicheskoy i eksperimentalnoy nevrologii. 2016;
10 (4): 26-31. (In Russ.)]

355


https://www.researchgate.net/publication/319180771_Autophagy-monitoring_and_Autophagy-deficient_Mice
https://www.researchgate.net/publication/319180771_Autophagy-monitoring_and_Autophagy-deficient_Mice
https://doi.org/10.1080/15548627.2017.1343770
https://doi.org/10.1080/15548627.2017.1343770
https://www.researchgate.net/publication/328740277_p62SQSTM1_-_steering_the_cell_through_health_and_disease
https://www.researchgate.net/publication/328740277_p62SQSTM1_-_steering_the_cell_through_health_and_disease
https://doi.org/10.1242/jcs.222836

