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ABSTRACT

Stress-induced premature cell senescence is well recognized to be accompanied by emerging the senescence-
assoclated secretory phenotype (SASP), Secreted SASP factors can promote the senescence of normal
neighboring cells through autocrine/paracrine pathways and regulate the senescence response, as well.
Regarding human endometrium-derived mesenchymal stem cells (MESCs), the SASP regulation mechanisms as
well as paracrine activity of senescent cells have not been studied yet. Here, we examined the role of insulin-
like growth factor binding protein 3 (IGFBP3) in the paracrine senescence induction in young MESCs. The H,0;-
induced premature senescence of MESCs led to increased IGFBP3 in conditioned media (CM). The inhibitory
analysis of both MAPK and PI3K signaling pathways showed that IGFBP3 releasing from senescent cells is
mainly regulated by PI3K/Akt pathway activity. IGFBP3 appears to be an important senescence-mediating
factor as its immunodepletion from the senescent CM weakened the pro-senescent effect of CM on young
MESCs and promoted their growth. In contrast, young MESCs acquired the senescence phenotype in response
to simultaneous addition of recombinant IGFBP3 (riGFBP3). The mechanism of extracellular IGFBP3
internalization was also revealed. The present study is the first to demonstrate a significant role of extracellular
IGFBP3 in paracrine senescence induction of young MESCs.

INTRODUCTION addition to their ability to suppress or enhance IGF
actions, the IGFBPs arc capable of nfluencing cell

The msulin-like growth factor (IGF) binding proteins proliferation, migration, differentiation, angiogenesis,

(IGFBPs) belong to a superfamily of six high-affinity
IGF-binding proteins [1-3]. The IGFBP family members
display high sequence homology however each of the
IGFBPs has unique structural features [1-3]. Being
secreted into the extracellular environment, the IGFBPs
inhibit or stimulate cell growth by altering an
uccessibility of the extracellulur IGFs to IGF receptors on
the cell surface [3-5]. The IGFs are bound with IGFBPs
cither in a binary complex or a temary complex
contained IGF, IGFBP3 (rarely IGFBPS), and a
glycoprotein called acid labile subunit (ALS) [I]. In

and apoptosis m IGF/IGF-1R independent manner |2, 5.

IGFBP3 is a secreted glycoprotein that has multiple roles
both outside and inside the cell. In the serum, it circulates
as a 150-kDa temary complex with IGF mitogenic
peptides, principally IGF-1, and ALS, protecting them
from rapid degradation, and regulates their bioavailability
[1, 3). Despite of IGFBP3 is known to regulate cell
growth by reversibly sequestering extracellular IGF-1 [1,
3], accumulating evidence demonstrates also  IGF-
independent  effects of IGFBP3 via imteraction with
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BJIMSIHUE JIETEPITEHTOB HA ®@JIYOPECUEHTHBIE CBOUCTBA
KBAHTOBBIX TOYEK B DH/JIOCOMAX

© B. B. Koweseposa,' H. K. Jlumsunos,)-* M. B. Xapuenxo,'
P. C. Kawenyesa,' E. C. Kopnurosa'—

! Uucriryr unronorus PAH, Cauxr-Ilerepbypr, Poceus
E-mail: kosheverova vera@incras.ru;

2 Cauxr-IlerepSypreknit rocysapersenneii yausepenrer, Cankr-TlerepSypr, Poccus
3 Cauxt-TlerepOyprexuit noantexuntecknii yuusepeurer erpa Beauwkoro,
Canxr-llerepGypr, Poccns
4 Caukr-TlerepOyprexkmil HAUMOHANBHBIH HCC/ICIO0BATCILCKHIT YHHBCPCHTCT
HHOOPMAIMOHHBIX TEXHOTOTHH, MEXAHHKH H ONTHKH,
Cankr-Terepbypr, Pocens

HecneoBano BAMAHHE TPeX PaiIHMHBIX HEHOHHLIX AeTepreHToB (aurutonud, Brijse6,
Triton X-100) na dorocrabunsuocts kpaurosux Touex (QDs) B Mmjtocomax HKCHPOBAHHLIX
snerok, QDs Henons30sanu B KavecTse (UIYOPECUEHTHOI METKH /1% SNMHACPMAILHOTO (hakTopa
pocta (IPP), KOTOPLIIT B KOMIUIEKCE CO CBOMM PELCIITOPOM HHTCPHANHYCTCR B KACTKH B COCTA-
Be IHA0coM. OKa1an0cs, 410 nepMeabuanianus Takux KJICTOK, (PHKCHPOBAHHLIX PACTBOPOM
dopmansaerwaa vepes 15 MuH nocac crumynaman dmgounTosn, (0.5%-uwim  pacrsopom
Triton X-100 npusoanaa K HCUCIHOBEHIIO (IyOpeceHTHOrO chnrHana QDs yxe Ha 3-H CyTKH
nocie npurotosienns npenaparos. JloGasnenue x ormusounomy pactsopy 0.1 % Tween 20
Takxe nozasnwio duyopecuenunio QDs. IMpu 31oM npumeHeHme G0ICe MATKHX JACTCPIeHTOB
AUrHTOHIHA # Brij56 He OKa3niBano BHANMOTO BIHAHHA Ha (UIyOpecleHIHI0 KBAHTOBLIX TOYEK
aaxe Ha 14-e cyrkn sxenepumenta. [lonyuennsie pesyasTaTsl YKAILBAIOT B HEOOXOAHMOCTE
yunThIBaTL 3107 3dubexT ereprenton Triton X-100 1 Tween 20 np# #enoib30BaHIN KBAHTOBBIX
TOYEK B HMMYHOGDIYOPECUEHTHRIX METOAAX HCCIeA0BANHS.

Kuouesnie crosa: KBAHTOBBIE TOYKH, HMMYHO(QIYOPECUCHIMA, ACTEPICHTD], IHAOCOMBI,

Poc. dmsnon. xyph. um. H. M. Ceuenosa. T. 104, Ne 6. C. 665—669. 2018

V. V. Kosheverova,! I. K. Litvinov,"* M. V. Kharchenko,' R. S. Kamentseva,' E. S. Korni-
fova.'—* INFLUENCE OF DETERGENTS ON FLUORESCENT PROPERTIES OF QUAN-
TUM DOTS LOCALIZED IN ENDOSOMES. ! Institute of Cytology of the RAS, St. Petersburg,
Russia, e-mail: kosheverova vera@incras.ru; @ Saint Petersburg University, St. Petersburg, Rus-
sia; * Peter the Great Saint Petersburg Polytechnic University, St. Petersburg, Russia; ¥ ITMO
University, St. Petersburg, Russia.

Influence of three nonionic detergents (digitonin, Brij56, Triton X100) on the photostability
of quantum dots (QDs), localized in the endosomes of fixed cells was instigated. QDs were used
as the fluorescent label for the epidermal growth factor (EGF), which is internalized within endo-
somes into the cells in the EGF receptor-bound form. We have shown that the permeabilization
of cells, preliminarily fixed by the formaldehyde solution 15 min after endocytosis stimulation,
by 0.5 % Triton X100, lead to the extinction of the Qds” fluorescent signal on the 3 day after cell
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The quantitative characterization of endocytic vesicles in images acquired with micrcscope &
eritically important for deciphering of endocytosis mechanisma. Image segmentation is the most
impaortant step of quantitative image analysia In spite of availability of many segmentation
methods, the accurate ssgmentation is challenging when the images am heterogeneous with
respect. to object shapes and signal intensities what is typical for images of endocytic vesicles.
We present a Morphological reconstruction and Contrast mapping segrmentation method
(MrComas} for the segmentation of the endocytic vesicle population that copes with the het-
erogeneity In their shape and intensity. The method uses mormphological opening and ckeing by
recorstruction in the vicinity of local minima and maxima respectively thus creating the strong
oontrast between their basins of attraction. As a consequence, the intersity is flattened within
the objects and their edges are enhanced. The method accurately recovered quantitative
characteritics of synthetic images that preserve characteristic features of the endoeytic vesicle
population. In benchmarks and quantitative comparisons with two other popular segmentation
methods, namely manual thresholding and Squash plugin, MrComas shows the hest segmen-
tation results on real biological images of EGFR (Epidermal Growth Factor Receptor)
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Mobility of tethering factor EEA1 on endosomes is decreased upon
stimulation of EGF receptor endocytosis in Hela cells

Vera V. Kosheverova *, Rimma S. Kamentseva " Ilya V. Gonchar |
Marianna V. Kharchenko Elena S. Kornilova abie

'lmmzo/(ynlogyc[m J.likhumxkym Rktmg,lswu Ruxsia
Y

Dewmmo[.ﬂzdmlﬂtyn: krnh:uu.‘x

b 1'99(!34. Russia

v.“, nversity, 29, Polyschm cheskma, St burg, 195251, Bussia

ARTICLE INFO

ABSTRACT

Artide kictory:
Received & Febnary 2016
Accepied 9 March 2016
Avzilzhle online 15 March 2016

Keywords:

Ruorescent recovery after phombleaching
ERAl

ECF

Endasome

Hela cells

Tethering factor EEAL mediating homoty pic fusion of early endasomes, was shown 1o be localized in
memivane-bound state bath in semum-deprived and stimulsted for EGF receptor endocytosis cells
However, it & not known whether dynamics behavior of EEAl & affected by EGF stimulation, 'We
investigated EEAT cytosol-to-memixane exchange rate in interphase Hela cells by FRAP analysis. The
data obtained fitted two-states binding model with the bulk of membrane-associated EEAL protein
represented by the maobile fraction both in serum-starved and EGF-stimulated cells. Fast recovery state
had similar half-times in the two cases: about 165 and 2.8 5, respectively. However, the recovery half-
time of slowly cyded EEAI fraction significantly Increasad in EGF-stimulated comparing 10 ernm-
starved cells (from 21 1o 99 ) We suppose that the retardation of EEA] fluorescence recovery upon
ECF-stimulation may be due to the increase of activated Rab5 on endosomal membranes, the growth of

the number of tethering events between FEA 1-positive vesicles and their chestering

@ 2016 Ekevier Inc, ﬂl rights reserved.

1 Introduction

Homotypic early endosome fusion is one of the main processes
during endosome maturation. Multiple fusions result in increase of
endosome surface, thus creating an “excess”™ of endosomal mem-
brane. This extra membrane provides the possibility to form
invaginations and further fission of numerous vesicles into the
endosome lumen Endosomal membrane domains undergoing this
process are able to concentrate membrane-bound cargo, such as
EGF receptors, thus facilitating the cargo transition inside an en-
dosome and its selective degradation after endosome—lysosome
interaction.

Early endosomal antigen 1 (EEA1 ) protein is known to mediate
tethering of early endosomes, the pmocess which precedes their
fusion |1]. EEA1 molecules form a parallel coil-coiled homodimer,

* Corresponding suthor Institute of Cyblogy of RAS, 4 Tikhoretsky Ave St
Petersburg, 194064 Russia

Emall addrescs: kasheverova_vera@ingasru (VM ¥osheverova),
rk yandexsu (RS, K a), ample®mailry (V. Conchar)
mmnmkhzmmkoﬂgm.um (M.\( Kharchenko), lenkor@mailcytsphrssim,

ez korm b

iLcom (ES K

httyf jdedoia g0 X6/ b re 2N G 03041
0006.291X 2016 Elsevier Inc. All nghts reserved.

composed of two 170 kDa subunits [2]. Cterminal region of each
EEA1 monomer has RBD domain that interacts with GTP-bound
form of small GTPase Rab5 [3] and FYVE domain, which recog-
nizes phasphatidylinositol 3-monophaosphate (PI13P) | 4.5 EEAT has
also zinc finger domain on its N-terminus thatcan bind Rab5 [3]. 1t
was proposed that EEA1 associates with endosomal membrane by
C-terminal region, while its N-terminus is ariented perpendicularly
to the membrane. This configuration allows EEAlL to act as the
tethering factor, by binding Rab 5, localized at the adjacent early
endosome [6).

PI3P was shown to be critical for EEA1 binding and tethering
[7.8], but Rab5 is necessary for fusion [£]. However, the role of Rab5
isdual as in active, GTP-bound form, Rab5 was shown to recruit PI3-
kinase Vps34, which generates PBP-enriched regions on endo-
somal membrane [9] Inits turn, Rab5 activation can be triggered by
exchange factor RIN1 that is stimulated by EGF-receptor (EGFR)
tyrosine kinase upon the formation of EGF-EGFR complexes and
their internalization [10,11 |

Altogether, abovementioned data resulted in cumrent concept,
according to which EEA1 should be recruited to endosomal mem-
brane from cytoplasm upon EGF-receptor endocytosis stimulation
However, immunofluorescent analysis shows mostly vesicular
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MEAMLIMHCKMIT AKAAEMHYECKMIT XVPHAA, 2016 .. TOM 16, No 4

mesrm MRSA ATCC 33591; (5) novnsmona B ¢ aiso-
UHMOM B OTHOWIEHHH TPAMOTPHIATeALHBIX — GaxTepwil
uc hBD-2 s orsomenim Mlutens CIP A270. Taoiw obipa-
30M, HARDOME HACTO cHHepniBy Hafuozarch wescxy AMIT,
OOAAMAINIMH BLPAHEHHMM A0TCTEIEM HA NPOHHILAEMOCTD
GakTepuaibHnx  MemGpan  (Geta-zegencimm, PG-1,
LL-37), w anifuomikavs, BAREKOHMHA Ha CHHTES Geaxa
HHYKACHHOBBIX KHCAOT ( FeHTAMITIH, (IpaMITHIIG) , KOTOpI
TPeGYeTcR NPOHHKHYT: BHYTPH KASTKH. JT0 TOBOPHT B NOMBY
MOJSAH MOBMINEHHE GR020CTYTHOCTH (T.e, ofisertsenna npo-
HHKHOBSH U AHTHOHOTHKA K MOASKYARDHLIM MU HRM €70 1eii-
craan B npacyremsim AMI) xax semosmom ofssaiernn
N020GHOTO CHHePMEMA. ARIAONTHAT MOTEAL TIHMEHIMA AR
COMETAHWA AH30IDIMA H novavikcia B, me nospeserme
AHTHOHOTHROM BHEITHEH AHITHAHON MeMOGpaEnsl TpaMorpiia-
TEABHBIX GAKTE il MOMET OGACITHTL AOCTYTI MYPAMILAan
(To ectn Ansowiva) x nemmiRomKanoRoMy cvolo. Caegyer
TAKAE OTMETHTD, HTO CAHACE AHTANOHHIMA MPOTHROMHRPOO-

HONO ACHCTBHA CPOTH PACCMOTPEHHLIX COMCTAHHI BLARACHO He
OBLAO; ANE HE TOKABABNIX CHHETHIMA FOMOHHAIH Hafiuo-
AANCA AAHTHEHLIH SQeKT.

Baxauouenne. [logrenme fame crizeTeALCTRYIOT
O NEPCTIEKTHEHOCTH MPHMEHEHIE aHTHMHKDOGHEIX NeNTHAOB
H GEAKOB B COMETRHIH ¢ ADYTHMH aHTHOHOTHHECK MK Npena-
paTasm,
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'Uscrsryr mraxarmn PAH, Casxr- nenpﬁypr, Poccna
2Carcr-Tlete pypreranii rocyrapersemmiin yme posmret, Poccrn

Beepenme. Penermop smisepmainioro axtopa pocTa
(M) — omra 13 HA1GONEE HIYHHHBIX PEDPITTOPHBIX THPO-
AIHHAZ, OBPIKCIPECCt KOTOPOIT PETHCTAHPYETCR BO MHO-
X THTAX onyxoad. Jwwimes penenropa DL maaverca
sexamemon, peryanpyioamy D P -sapnonme carEasme
MYTH i B HOPME OBECTETHBAIOIIIM AECeHCHTHAANINO PELEITIo-
pa. [ocre nmepravizass Ha NepRITHNE 3RACCOMBI, BICY-
ume penermap, nprerexkaercs masan | [Waza Rabd — pery-
ARTOP PAHHIX STANOB BHAOMTORA. PaHMT SHAGOMAALHLI
ayroannmen 1 (EEA1), qun s squpexropos Rab3, onocpe-
AYET TOMOTHITHEC KHE € AMEHIA pariix aHaocom. B pespanmame
CAMRHEA TACIIATS MeMGPAH SHI0COMI YBEURHBACTCR, HTO
AEAACT BOIMOMHBIM OPMIPOBAHIE HA TIOJTHHX STAMAX SHAO-
033 BHYTPEHHIX TySHPHKOR MYABTHBEIHKYARJHBIX TeA,
B RoTopiix penentop MNP cTancRHTCR 20 CTYTIHEM AR AEO-
comanax mipanas. Coraacno cymecrsnom npeacane-
wint EEA 1 nprasexaercs ma MemGpaiy sHA000Mb M3 THTO-
TIAA3MI, O88K0, GBI IOKASAHO, T0 B KACTKIX, ACTPHERPO-
BAHHLIX N0 CABOPOTKE, B KOTOPLIX YPOBEHD SHAGLTHT(SA POCTO-
BLIX PaxTopos minanarer, EEAL Tesue mence okavsyercr
Ha MesBpanax ey, Ha octosanm nocaeaosarmm Quika-
PORAHMBIX MPENAPATOR GHIAA NPEAAKEHA THNOTE3A, COTAACHO
kotopal EEAl-nosimismse Besikyas GopMupyior rabpia-
HLe SHAOCOMBI ¢ BEIHKYAAMH, HECYUNDG TPYS, (WHKIHOH-
PYIOT KaK MAZTPOPMA AR CAMAHMH M 3aTeM CETperHpyioT,
1068 BTy B ot wima [ 1], Gasmaenca, wro aokausa-
wian axmisrocTs EEA 1 onpexexmercn navmes 1 sHa000-
se arnisHom Rab3, ommaxo, #a noaymmx sTanax = souimesa
nponcxoAnT Tak  Hamamaeman Rab3-Rab7-xommepcus,

rameasea@yandex.ru

B PeSyATATE KOTOPOH Ha BHAGCOME TORBARETCI PETYARTOP
noaginx smancs sHaommoaa Rab7, a see sqpexropa Rab)
anccompyior. Coraacio ofilenpismoi MTHNoTess, OCHOBAH-
Hoil Ha HeenesorarmH ssaouimasa BSA 1w LDL, kommepenn
NPOHCNDDAT TyTes TocTenessoi aucconnamm Rab) w acco-
uaipi Rab7 na omiom 1 moM e yuacke sesGpanm |2, 3]
Coramio aAbTepHATHEHOH MOAEAR, KOTOpaR GhIAA TIOKA3AHA
npi sEaomose eagyeor, Rabd n Rab7 jeuawavao ceasn-
BAIOTGT € PASHLIMA MeMOPATHLI AOMEHAMH, H PH KOHBEp -
cims Rab3 omenaserca s size seamaoua | 4], Taxing ofpasom,
BONPOC O ToM, Kakorn weamis Rab3-Rab7-xonsepoim
npH sHAoITOSe pentermopa 3 MO, ocraeTer oTRELITEDL

Marepuasst 1 Meroant. s pabor renaassosaai kae-
Tomyio o Hela Coovypnann saoismosa peuentopa
3MP nporopirac nytTem sobarremm IDP, xormiornpo-
manHoro ¢ KEarTorsni Toukasi (Qds). Mocaeaosamie npo-
BOAIOCY € NanoAbaoRaes Mikpockoma Leica TCS SP3.

Peayavrarer u nx obicysenre. Mu ouemiv mimasnxy
sHAomTO3a penerropa DO, B kaeTkax, skenpecaipyio-
mix Rab7-DsRed. Koaokansamn 3P -Qds n EEAL
cmpxarach mexay 30 1 45 min nocae cTHMyATIING 3HAOIDI-
TO33a — HMEHHG B STOT IEPHOR BPEMEHH, TI0- RIGIIMOMY, TipO-
HOXOMAT cMeHa peryaaropin Geakos. Obuagymenn, 1m0
Rab7 npimaexaetcs na mbpranme sH1000MM Yxe Sepes
20 som nocae CTIBMYARIION 3HA0UNHTO3E.

B xoe npracare ol MEKpPOCKOMIH KASTOK, KO-TPaHC-

(peuHpoRaHHNIX Az, kaupyiamnmn EEA1-EGFP
1 Rab3-mChenry, sox norkazawm, w10 EEA1 5 Rab5 ome-
ARIOTCA OT THOPHAHON SHIOCOMN B COCTARS OHON BeFHKYAL,
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BE3HKVYJIbl, HECYUIHE EEAIL, HE SBJIAIOTCH AYTO®ATOCOMAMH B KIETKAX HelLa,
KYJIbTHBHPYEMAIX B YCJIOBHAX CBIBOPOTOYHOI'O INOJIOJAHHSA

© B. B. Koweseposa,-* P. C. Kawenyesa,'* M. B. Xapueuro,' E. C. Kopnunoea'*

t Huemumym yumonocun PAH, Canxm-llemepoype, 194064, u 2 buonoeuwecxuii ghaxyasmem

C.-llemepévpacxoco 20cydape

20 VHUBEDC

Canxm-flemeptype, 199034;

* anexmpownisil adpec: veral7867@mail ru

B cootReTeTRIO ¢ COBpoMeHBON MO JeThI0, cnmy:umu MAoIT0GE FOP-PeLRIIOPHEIX KOMILICKCOR

T K PEEpyTIp Ha | I UWATO. ero Gemea EEAL,
ueoﬁxomuomnm " mm.nemncmcmmmn. Onraxo EEA l-nosirmasne u:nntynu BLUBINKICA I B B CTH-
MYITHPO BAHHEX POCTORLD akTopoM uu:mx, MHKYO MPOBIRIIIOCA B YCIOBHAX INUCHIM Chibop o, Hane-
CTHO TAKKE, WTO AIHTLTLHOR Cl ¢ WHAYINPYET B KNeTRaX 00 paopaHiie ayTodarocos, B
ROTOPOM MOTYT NPHHIMA TS y-mcnu: n mumpnleam momlroznoro nyTi. ErofE MpoRepHTL, Be SRIAKOTCR
mn EEA1-Be3sxynu, BEIMBISCMLE B X B Y HOTO T AyTOdarocos s, Mul
WOCASH OBATH JUTRAMMEY ITIMCHCHI xom!'wcm n qmmux pm.ucpon EEAl- 1 LC3-nonoanTe IEHAX Bewi-
XYL, 3 TAKKS ONCHLTH ®onokamesamo Genka EEAL ¢ Maprepos aytodarocos LC3 8 xnersax Hela, xymumi-
BUPYCMEX B TOUcHC 12—36 w B cpene © AodMUINTOM KOMIORCHTOR CRIBOPO TXH. ORGBA10CH, IO KON HCTRO
aqumooou B OpeHEM mpxuouamnc waicna EEA l-aenkyn B3 knerxy. TTokasano, 4m0 HEIyKIHS Moo/

PHBOTILAA K YRE T ) TG Of 0 PATMEPA SYTOAIGCOM, B TO BPCMI KK KOMINHOCTRO W ope xHn il
:mcp EEA |-aesnxyn se mscsumce. Konokamesawi Genkon EEAL n LC3 8 wnersax, KyILTHBRpY OMEIX B
CCHIBOPOTOMHLIX YCTORARX B Tederne 1 2—I18 w, fhina 04eHE HRIRON I BC3HATHTCIRRO BOGPACTANa K 36 ¢

Baoxnponaine GROCHETETINCCKOTO NYTH ¢ DoMOmE0 Opedemanns A, BEGRBIKANErO pasbopky annapaTa
Ton s, NPHBOAILTO K YMOHLICHI THEIA H YBINTCHINO cpeanero paswepa EEA l-nenmyn, a takke ylc-
THUCHIDO cpeiBero paseps LO3-semkyn 0 yowesnio #x xosokamisanm ¢ EEA L Tmu obpazom, Gons

wmEcTeo EEA |-aesikyn, DpRCyTCTRYIOEEX B KICTRAX, KYTRTHEHPYCMBX B Y © TONO~
AaHN, BE SRINOTCH AyTodaroco st Bonee aupamer i okt mea Ayuammc'r HATO, IO OH,
NO-HHBDEOMY, HRIMTCH (GO0 CHILHEM GIRTOPOM CTPCCH N0 o e Ct K, 4 TAK®KS
MOGRONAST NPSANONAT ITH CY ICCTBSHEYIO POtk GiocimTenieckoro myTh & Gnorersese EEAL-pemnxyn.

Knwuenue cnona EEAL LC3, pannne 3HA0COMEL, CRBOPOTOMHOS NON0 B4R, ayTodarocomnl, Gpe-
frenwmin A, xetcn Hela,

Mpuuatue coxpame vun MC — yuponnomanmeckad eh, I — IMGPHORITEHAL CRIBOPOTKA,
IOP — i pepseank Hull daxtTop pocta, EEA| — early endosomal autoantigen!, LC3 — microtubule-associa-
ted protein | light chain 3, PIP3 — docdam mumposuron-3-hocdar.

Hzeectno, wro Genox EEAL, pafomionmit va nepeoit
cTamm csans paaanx saocos (Christofordis et al., 1999),
HE IMEST TPAHCMEMOPAHHEIX AOMCHOB H CBAIBIBACTCR € MEM-
OPUROT IHADCOMEE 33 CueT BaanmoacicTein ¢ manoit ['Tda-
s0it RabS n mumosm ocharmmmmosnron-3-gocpa-
Tom (PIP3) (Patki etal, 1998; Simonsen et al., 1998). Co-
IJECHO COBPCMCHHBIM  NPGICTARICHANM, HHTCPHLIHIMINA
AWCEHA-PEIRTITOPHOTO KOMILICKCE B KACTKY B NIPOIECCE 3H-
AOUATORE TPHBOIIT K PCKPYTHPOBIHIK W3 THTOILIASME Hi
MOBEPXHOCTE PAHHCH IHADCOME Maaoi I'Tdmum Rabs u ce
axrreamn. OHa B CBOK 0MEpeab TIPHBACKEET ( M-
soanTaa-3-kmaszy Vps34, kotopas cogaaer Ha MmeMOpane pan-
HEl 3HADCOMB yaaeTin, oboramennse PIP3, Taxim obpaszom,
CHHTACTCA, W10 B OTCYTCTEIE B KAcTRaX 3aounToza EEA no-
KUTH30BAH B IITOMESME, B TO BPCME KUK €r0 CTUMYARIIG
IPHEO/BIT K PEKPYTHPOBIHIIO OCAKA HA TOBCPXHOCTE PAHHIX
augocom (Simonsen et al., 1998; Liu et al., 2007).

Epl)

(OAHIKO MBI 38METIUT, 9TO B KACTKAX W A0 CTHMYARIHI
FHAOIITOSA IMACPMATEHEM (hakTopom pocta (FDP) erise-
ageres nomynsuns sesmoyn, Hecynmx EEAL (EEA -semxy-
awt) (3no6uns wap., 2013, 2014), =ro cormcyeres ¢ mabao-
AcHaMu Apyrax astopos (Zoncu et al ., 2009; Verma etal.,
2015).

Moo npemomarats, ato EEAT pexpytupyercs aa 3n-
AOCOME, KOTOPEE (POPMHPYIOTCR IIPH HATITI BN (hax-
TOPOEB POCTA, COACPRANNXCH B CHBOPOTRS. ITH KOMIOHCHTH
CHIBOPOTKH CIOCOOHE TAKACS BANATE HA CHIHANBHEIC TIYTH,
AETHEHPYCMEIE (PaKTopo aanpisep IOP, Jlam un-
HUMIGZAINH 1000YHEIX N’mﬂ KOMIIOHCHTOB CHIBOPOTEN
TIPH HCCACAOBAHNN CHIHATBHEIX TTYTET H CBA3AHHEIX © HIMI
HPOLECCOBs, 3MYC Ix Orp IM CTHMYZOM, HETPH-
sep HDP, HpoKo NPHMEHACTCR V&S JEBHO PaspaboTaHHE it
nporokaa. COrmacHo 3ToMy NPOTOKONY Ky IbTHBHPYCMEC
KICTRH 32 6—24 1 30 100aRACHHA CTHMY I IICPCEOAT BCPe-
Ay €O HAMHTEIBHD CHHACHHEIM COAGAAHICM CHIBOPOTKH




MEMBPAHHAS] JIOKATTM3ALIMS @ AKTOPA JJMCTAHIIMOHHOI'O
B3AUMOJIENCTBHA EEAL B KYJIbTUBHPYEMBIX KJIETKAX HeLa
C MUHUMAJILHON 3HI0IMTO3ZHON AKTUBHOCTRIO

Koueseposa B.B.J_. FKamenyeaa P.C. 3, Taobuna M B. ‘1,
Xapuenwo MB. }_. Koprunosa E. C.”

"DegepanbHoe rocyIapeTBEHHOE BIDKETHOE YIPEAICHHE HAYKH
WacteryT untonorun PAH, CIIG. Pd
*Can kr-TleTepyprekuid rocyaapereennsiil yausepeurer. CIIG6. P

Genox EEA]L (earlv endosomal antigen 1) diyHKUHOHHpPYET B KIETKE B
KavecTse (pakTopa AHCTAHIHOHHOTO B3aHMOIEHCTEHA. obecmedHBas CTaIHIo
JHHHUPHHHIIHH JI.H}"I IHMOCOM. YHTO IIOSEMIHCT MM ]]]]HU’I.'}"I[H'['I: K CIHHAHH.
onocpenosapnoMy SNARE-cucremoi. Hagectrno, uwro Genox EEA] He umeeT
TPaHCMEMOPaHHEIX IOMEHOB H VHKIIHOHHPYET B KIETKE B KAMeCTBE JHMEDA.
necymero FIVE pomenn (fomens cesseisanms ¢ docdarnimn HHO3WTON-3-
docdaramu (PI3P)) u EBD noMensl. B3auMoneicTeyiomBe ¢ Manoid ['Tdasoi
REab 5. Manas I'Tdaza Rab 5 akTHEHpYETCE B KIETKE OPH CTHMYIHPOBAHHH
SHAOIMTOa H NMPHBJICKAeT HA MeMOpaHy dHAOCOMB! GocaTHIHIHHOIHTON-3-
wunazy Vps 34 cospaomyo na membpane ygactid. oboramennse PI3P. B
HACTOAINEE BPEMS CuHTAeTCH OOMIENPHHATEIM, HTO 1IPH  OTCYTCTBHH
sHpoiMToza EEAL nokanH3yeTca NPeHMYILECTBEHHO B IIHTOILIAZME KIETKH. B
0 H'L'“:.‘h'[ﬂ K4K €0 C'['HM}"J[S{[[F[S{ ]]pHHl}:lH'J' K IMOSBICHHKY HA MI:MEIJE.F[I: BHORE
cihopmupoBansoil panHeil aH0COMBL caitros cexsnisanus EEAL — axrusnoi
['Tbasel Fabs u PI3P. B pesvieTare 4ero EEA] NPHRISKAETCH HA YHIOCOMY
[1-2]. Mcxoas W2 9TOro NpeanoloKeHHA. CIeIyeT OXHIaAT, 9T0 B KISTKax ¢
MHHHMAIBHLIM YPOBHEM 3HU0nM 032 accoumanms EEAT ¢ memOpanamu byner
HE3HAYWTEIBHA, TOTIA KAK I0CTe CTHMYISIHH DHIOUHTO38 OHA J0IAHA PE3IKO
VEETHIHBATECH.

Opuako JaHHEle, NOoMyUeHHEe KAK B Hameil, Tagk ®  ApyrEx
naboparopusx  [3-4] NoKAa3LBAKT. YTO W B KICTKAX C© MHHHMAIRHON
CTHMYIHPYEMOH DHIOUHTOHONH AaKTHBHOCTBEIY (KYIBTHBHPYEMBIX B TEHCHHE
12 5wacoe B cpede Oez Jo0apleHHs CEIBOPOTKH. T.€. B VCIOOBHAX JedHIHTA
pocToRex  pakTopor) Oenoxk EEALl  ceszan ¢ nonynsmHedl  BezHEyL
NOKATHIORAHHEIX B OKONOSLCpHOR obnactH. 3107 EaxT OpoTHROPCUHT
HexonuoH  ranmorese.  JlIA  NOHMMAHMS  PONH OTHX  Be3MKYIT B
CTHMVITHPOBAHHOM 2 Nove SHAOIHTO3E MBI NMPOAHATHIHPOBANH JIHHAMHKY
acconmanmn EEAT ¢ pesmryinamu B oxojge angonnrosa EGF-pencnrophnix
KOMIIIEKCOR.

MarepHaasl H MeToael. Rpiemusupeeanne wiemorx. B pabote
HCMONB3IOBANH KISTKH KAPIHHOMBI MIeHKH MaTkH wenoseka Hela-Evoro
(momyuyensl  or BB, benoyeopa,  HMbX  PAH.,  Mockea),  Knerku
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ITAIOB YHIOIMTO3A [103BOJIAET FOBOPHTL 00 AJEKBATHOCTH HCIIOJBL3YEMBIX
NOJXOA0B /Ul BH3YalIH3allHH PaHHHX CTajgui oHjouwMTo3a perentopa DDP.
Cue.uyeT TAKKE HOAYCPKHYTH. YTO BLISBICHHC MCUYCHHOIO JHIanla wiH ero
pelenTopa 1pH  HCCIEAOBAHMM  JIMHAMMKH  OHIOIMTO3a  1103BOJISET
OTCIIEKHBATh PA3IMYHBIE CTOPOHBI DTOTO IpoIlEcca.

PaGora sbimonnena npu  Guuancosoil  nojuepkke  Poceuiickoro
nay4ynoro gonna (rpanr Ne 14-50-00068) u Ilporpammel dyHaaMenTaIbHbIX
ncenenosanui [pesnanyma PAH Ne 24 110 HaHOTeXHOIOTHAM.
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MEXAHM3MbI BUOI'EHE3A EEA1-TIOJIOXKUTEJIbHBIX
BE3HUKYIJI B KIIETKE

Xapuenxo M B, Kavenyesa P.C°. Koweseposa B B, Kopuuroea E.C *?

'DesepanbHOe rOCY1apCTBEHHOE BIOUKETHOE YUPSKICHHE HAYKH
. Hucraryr waronornn PAH. CI16. P®
“Cankr-Ilerepyprekuit rocynapersernsiit yausepeurer. CII6. P®

AytoanTureH paHaux o9HAocom 1 (EEALl. early endosomal
autoantigen 1) — Gesiok. paboTalonMil Ha 1CPBOH CTAAMH IOMOTHITHYCCKOIO
CIIMAHMA H OCYILCCTB/IAIOMIME Y3HABAHHUC M 3aSKOPHBAHMC PAaHHHX DHIOCOM
apyr ¢ apyrom. [Ipuuaro cunuTaTh. 9T0 pekpyrHpopanue EEA1 Ha MemOpany
IHJAOCOMBI  NPOMCXOJUT KAk pa3 3aHOBO M3  UHMTOILIAZMATHYCCKOIO
pacTBopuMoro myna [1.2].

OpHako Kak B Hammx wuccnepoBanusx [3] tak u B apyrux [2]
EEA1-nonokuTenbHeIe  BE3MKYNbl OOHApYXKMBAKOTCA B  KICTKAX M B
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AHAJIH3 CYBNONYIAIHA BE3HKYJ, HECYHIHX AYTOAHTHTEH
PAHHHX DHJI0OCOM EEAl

© M. B. 3n0buna, P. C. Kamenyesa,* E. C. Kopuunosa'* M. B. Xapueuxo' *

 Hucmomym yumonocuu PAH, Cansm-llemepbype, u 2 C-llemepdypecut 20cydapemeaensniii YRusepoumen;
* aaexmponnsii adpec: mariannakharchenko@gmail.com

Kondoxamnmail wsaeys oduryopec nes i ll sramey wwrepdeaarux xvevox Hela nokasan, w10 syvoswrures

parrix 38a00oM EEAL yuactaylonpdt B peryanisoe rosoT I Yeckin X G, SCCOMpOBiR ¢ BEsHKYLa-
ML, KOTOPLIE MOAHO PEGIEINTL B3 the ¢y (Iomyumnn 10 X paasepas, JIORATIEIN I YPOBHIO CRGRIBIHIN ¢
EEAL Krevsu i revenie 124 10 HCCICAOBIHRE BTN K2 CPLR, MIHEHHOR CLIBOPOTKIL LN MIEH IDGLS LTI
JURTEHICTRMYTHPYSMOTO SHAGUNHIOEE POCTORBX CLBOPOTOVELX fakyopos. [epaan ¢ yOnONYANIgN npeacTss-
JIEH3 # OCHOBMOM KDYIHHLIMIE BETMAYIAMIL CILILHO ASKOPH POBAHIHLIMIL EEAL D7 nesuxylinl N0k niionsm
TP VIR CTHE HHO B P W Incnep d nopﬁ(g&e mxpmpyﬁma DOKGRIENT, WT0
Takan SRR TR TYOYIMBOBRIM IITOCKERTOM, y npeact
MEOROWIC IICHHN LIM I MEITKINGE REIHKY ML, KOTOPHIE caalio seTica nmnexmm na EEAI u pacnipegenenit a
OCHOBHOM 130 Tepidepins rranimsnl. Jpois ol Renpusoi uuuyuo@nyopacummuﬂ 2rame GUXCHPORIN -
HEX WICTOK DOKAAL, YT0 OKOACNIepHMe seanxyn, oforamennue EEAL, IYHHCH ¢
Kinoenni Genkom parmix YRa0coM — sanoll MMdxmol RabS, Torss xax oxono 1 cnafio
sanax EEA | nepudepriecn seamxyn seransm 10 RsbS. Ofuapyweno, wro wecno RabS- O3 THEHMIX
BEIHKYN B PACUSTE B2 KRTKY 0 0Mme, 1M BeTkyL, BeCyunX EEAl Taxion oOPEOM, B THIDCHE KX CLIBOPOT -
w xnerxax Hela ¢ meacns ypomses sHI0Wmos & 2 cybuony ey, oboramemmax EEA
i RabS (obosravaesx xax EEAI+++RabS5+), u cybnonynmpin cralo oxpanenmax EEAlnesixyn xoro-
prie soryT Gumh kax RabS-nonomurensinnog 1ax 1 ovpigrent s ( EEA 1 +/RabS+ u EEA1+/RabS-). K, ﬁo-
M€ TOTO, B KNCTRAX NPHCYTCTHYET GPRsnien BeTHkyll, SCCOIRKEPORIHIMIX ToaLi0 ¢ RabS (EEA |-Rabi+),
SYMCHERIC 136 KIS MOTYT CANIR TIRCTBORATY O RINemsoR § YKo LiLRoR po Beex 31X cyGuony i,
Becyune ek, 1pa paccway e e APYT JPYTY MAPKEPLI PIRERX
Knwuenue cnona: pamnie sanocosad, EEAL, RabS, xond e W, KASTRH

W Y

IR,

Hela

AyTtoanmires paaanx 3agocom | (EEAL carly endoso-
mal sutoantigen 1) — Genok, paboTaouniii HA NEPEOIT CTa-
AMH TOMOTHITHYCCKOTO CAMSHEA M OCYNICCTRASIONMI Y3Ha-
BIHHMC M 33MKOPHBAHMC PAHHHX 3HAOCOM APYT C© APYIoM,
EEAT — xpynumii Genok, cogcpmanmit m C-Tepyomans-
nom korne FYVE-aomen, ysnaonmil anenmiireckuii hoc-
hOPHAHPO BAHHEIT TMITHA IHAOCOMHON MeMOpan: "
HmHTIA-3-Mmoso(pochar (PBP), n RBD-gomeH, caismBao-
OnmicH ¢ AKTHBHPOBAHHON (popmoil Manoil [Tdazwm Rab$
(Rab5-GTP). Ha N-xouHne Taxss BRABICH AOMCH, oOcoD-
Rl B3aMoaciicTeoRaTh ¢ RabS. N- n C-nomenn pasaencnnt
AHHCHHBIM CBCPXCKPYSCHHEIM YHACTKOM, YHACTEYIONIIM B
popsupoBarnn romommepos EEAL (Dumas etal, 2001;
Menthew o al., 2003). [lpcanomaraoT, 970 aKTHEHPORAH-
Hutii Rab$, pekpyrnpys Ha memOpany sHA0COME (ochaTi-
AnwanHosNTOR-3-kHHasy Vps3d4, cospacr AoMeHE, oDoramneH-
Hre PI3P, wro npueoanT K accoumamnt ¢ MemOpaHoit pas-
HEHl IHADCOMEE a EEA] 33 cueT CRAMBAIHNA KIK C
ammaoMm, T i ¢ Rabs (Lawe et al, 2002). Hpn 3tom ero
ABOITHON MHHGTHEN] YHACTOK OKIIWEBACTCR OPHCHTHPOBAH-
HEM TNCPUCHTIKY BPHO MEMOPaHE, 1 33 ¢ueT N-KOHICBOro
Rab5-ca A3uBAIONIEro yEICTRA THRO HMED MOKCT 3RRKOPH-
BATH APYTYIO 3IHIOCOMY, HECYMIYH SKTHEHPORAHHKI R
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na paccrosum okano 100 av. Crabnmsams mewbpan asyx
BC3HKYN HANPOTHR JAPYT APYTE NOZBOAKCT ECTYNHTE B HIPY
xomnaemcHTapieM SNARE-Genkam, cimmsaonmy memG-
PEHE HA PACCTOAHNE, AOCTATOMHOC AN PCOPraHmamint Hi-
JAHIHAHEX CAOCE W (POPMIPOBAHHA CAMHOT MemOpans,
Taxnm 0OpazoM, B COBPCMCHHOM NPEACTIRICHITH O PEry-
JRUMA CAMAHHA PAHHIX IHANCOM KIIOHCEAR POIb IPHHATIC
&uT Manoii ['Tdase RabS, koropas accommmpyerca © Memb-
PEHOIl  IHIONNTOIHOTO  My3WpeKL, (hopMupylomerocs de
NOVO YAE NOCAC ST0 OTASICHIR OT MAIMATHEECKOT MeMGpa-
. [lpuusaTo camrams, w@ro w pekpyrupoeanne EEAL na
MeMOPAHY IHIOCOME! TIPOHCXODIT KA® il Pas 3aHOBO 3
IITONAIIMATINECKOTO PACTBOPHMANo yaa (Simonsen et al,,
1998; Rubmo o al., 2000; Zoncu ctal., 2009). B cuay 3toro
# Rab5, n EEA| 5acTo pacoMaTpHBAIOT B KAUCCTEE YHUBCP-
CAMBHEX MAPKCPOB PAHHNX 3HAOCOM, AHEKO KK B HAIIX
necaesosanmx (3nobunan ap., 2013), mk n B pymx (Zon-
cuct al., 2009) EEA ] -nonomnTea BHE € BCINKY T ODHAD YA H-
BAIOTCA B KACTKAX It B OTCYTCTEIE CTHMYAHPOBAHHONO FHA0-
umToza, KpoMe TOro, miTonamMa KAeTok MPaKTHEeckH He
sernmes anrnremamn & EEAL uto cemmeTenscmyer ob
0HCHB HIEKOH KOHICHTPAIIA HE 2CCOUNPOBIHHOID © MeMO-
pasamn Genka. Taxum ofpazom, HecacaoBamme OHOrCHesa






