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DK30COMBI — THIT BHEKJIETOYHBIX BE3UKYJI, SIBIISIOLINXCS TIEPEHOCIMKaMHU MOJISKYJISIPHBIX CUTHAJIOB B OpPraHH3Me, a TaKXKe
HECYIMX MapKepbl KIeTOK-NPOAYLEHTOB. Lleb0 TaHHOTO UCCIIEA0BAaHHS SIBUIOCH BBISIBIICHNE 9K30COM B CIE3HON JKHIKOCTH
(CX) 3m0poBbIX JIOAEH, NMOATBEPXKIACHUE UX MPUPOAbI M HU3ydeHHE MOP(OIOrHYECKUX U MOJICKYIIPHO-OMOIOrMYECKUX
xapakrepuctuk. O6pasusl CXK omHokpaTHO cobupanu y 24 3710poBbIX A0HOPOB (45-60 ner), nenTpudyruposaiu
npu 20000 g (15 muH) @I ocaxieHus kietouHoro aeOpuca. CyrnepHaTaHTHl HMCCIEAOBAIM METOJOM HETraTHMBHOTO
KOHTPAaCTHPOBAHUS, a TAKKEe MCIIOIB30BAIM AJISI BBIACICHHUS M OYMCTKH dK30CoM (yabTpaduiasTpanus depe3 mopsl 100 HM,
nBoliHoe ynbsrpaneHTpudyruposanue (90 mun, 100000 g, 4°C). ITonyueHHbIe 00pa3Lbl KCCIEI0BAIN METOIAMH AJIICKTPOHHON
MUKpockonuu ¥ uMMyHouuroxumuu, Beiaesin PHK u JTHK, ompepensnu ux pa3sMep KanUWUIIPHBIM 3J1EKTPOdOpeE3oM,
ompeaensuin KoHUeHTparmio U jokammsanuio JTHK B sk3ocomax. CexsenmpoBanne JIHK mpoBoamnmm Ha cekBeHaTope
MiSeq (Illumina), manHbie anamu3upoBaiu ¢ nomoinsto CLC GW 7.5 (CLC Bio). [TocnenoBareabHOCTH KapTHPOBAIN
Ha reHoMm uesnoBeka (hgl9). Cynepuarant CXK copmepxan kieTouHbll neTpuT, chepuueckue MUKpoudacTHLbl (20-40 HM)
U BE3UKYJBI, 9aCTh KOTOPBIX IO pa3Mepy U MOP(OIOTHH COOTBETCTBOBaNA 3k30coMaM. [Ipemaparsl, morydeHnsie u3 CXK
MyTEM YAbTpaneHTpH(YTHPOBAHUS H YABTPAQHIBTPALNH, CoAepKail MUKpodacTHIb (17%), cheprdeckue u yameodpa3HbIe
Be3ukynsl (40-100 HM, 83%), Ha MOBEPXHOCTH KOTOPHIX MMMYHOLMUTOXMMHYECKH OBUIM BBIBICHBI CIICHH(pHYECKHEe
s 9k3ocoM Mapkepbl (CD63, CD9 u CD24). Ipoenénnoe uccnenoBanue mnokasano, uto B CXK uronmeit copepkarcs
9K30COMBI B BBICOKOH KOHIIEHTpanuu, ¢ koropbiMu ceszanbl PHK (pazmepom menee 200 nap Hykieotunos) u renomuas JJHK
(pasmepom 3-9 Trro.). CexBernnposanue JJHK nokasano, ato okono 92% npourenunii (reads) KapTHPYIOTCS Ha TEHOM YelIOBEKa.

KutoueBble ciioBa: ciné3Has )KUAKOCTh, 3JEKTPOHHAS] MUKPOCKOIHS, BHEKJIETOUHbBIE BE3UKYJIBL, 3k30coMbl, JJHK
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BBEJEHUE

OK30COMBI — BHEKJIETOUHBIE BE3UKYJBI, COACpPIMKAIIHE
B CBOEH MOJIOCTH pa3HooOpasHble kierounsie PHK
u OCmKM W OKpY)KeHHBIE MeMOpaHOW, 00OTamEéHHON
xonecteponoM u chuHronmmnugamu. IloHnManwe pomnwn
9K30COM KaK “BH3UTHOM KapTOYKH KaXIOW KIETKH
U TepeHOCUYHKa MOJEKYISPHBIX CHUTHAJIOB B OpraHHU3Me,
HECOMHEHHO, SBISICTCS BaXXHEHIINM JOCTHXKEHUEM
KJIETOYHOH OHMOJIOTHH TOCIJIEIHUX JIET. DK30COMBI HECYT
YHUKaJbHBIE MapKephl KIETOK-IpoAyneHTtoB [1, 2],
YTO ONpEeAeNseT WHTepec K OTHM CTPYKTypam
Kak K JHarHOCTHYECKOMY cyOcTpary. OK30COMBI
(dopmupyroTcss MyTEM BISYMBAHHUSL BHYTPh MeMOpaHbBI
MyIBTUBE3UKY/SIpHBIX Tenel (MBT, nozaHux snmocom),
3aXBaTbIBasl IPH ATOM YYACTOK LIUTO30JIs, HAKAIINBAFOTCS
B moisocth MBT ¥ BBICBOOOXKIAIOTCS W3 KIETOK
npu causEEE  MemOpansl MBT ¢ mmasmameMMoi.
OK30COMBI HaliIeHbI BO BCEX MCCIIEJOBAHHBIX JKUIKOCTSIX
tena [3, 4], a UX CHOCOOHOCTh K AAPECHON JOCTaBKe
MOJIEKYJISIPDHBIX CHUTHAJOB K KJIETKaM-pEeIUIUEHTaM
CIIy’KUT OCHOBOW JUII MHOTOYHCIICHHBIX HCCIIEJOBAaHHUMH
poru 3K30coM B (PyHKIIMOHHPOBAaHWH OpraHU3Ma
U B TIATOTEHE3€ pa3IM4YHbBIX 3a00JeBaHuii [2, 5].

* aapecar il NeperucCKu

3aboneBaHus opraHa 3pEHHsS TakKe MPHUBICKAIOT
BHUMaHHE  HcclefoBaTeied  IK30CoM:  IOKa3aHO
UX MPUCYTCTBUE B BOJSHUCTOM Biiare [6], a Mccaen0BaHUS
9K30COM, TPOAYIHPYMBIX KJIETKAMH TPaOCKyIIPHOTO
anmapara TJa3a, YCTAaHOBWJIM NPHUCYTCTBHE B 3THX
CTPYKTypax MapKepoB TIJayKoMbl [7]. DK30COMBI
NPOAYLIHUPYIOTCS THUTMEHTHBIMH KIETKAMH CETYaTKU
B KYJIBType, W aBTOPHI IOJAraroT, YTO OHU BOBJICUCHBI
B NATOTE€HE3 BO3pPACTHOW JereHepauuu Makyisl [8].
Cnesnas xugkocts (CXK), B omimyme OT OCTaNBHBIX
KUIKAX W TONYKHIKUX Cpel Iva3a, JETKO JOCTYIHa
JUIsL aHanmmW3a, OJHAKO, wHccieqoBaHus »k3ocoM CXK
JI0 CUX TIOp He OmyONMKoBaHBL. MeEXIy TeM, DK30COMBI
CX wmoryr HectH HHGMOPMANMIO O MATOJIOTHYCCKHX
Ipolieccax Kak Ha MOBEPXHOCTU IM1a3a (KOHBIOKTHBUTHI
Pa3IMYHON MPUPOJBI, CHHAPOM “‘CyXoro” Iiasa W Ip.),
TaK M B €ro “3aKphIThIX’ CTPYKTypax. CBUAECTEIHCTBOM
criocobHoctr CXK OTpaxars COCTOSHHE OpraHa 3peHHS
SBJISIIOTCSI, B YAacTHOCTH, W3MEHEHHUS COJEpKaHUS
LUTOKKUHOB U crierpuyeckux antuten B CIK npu pa3Hbix
0o TaTBEMOJIOrHYECKUX 3a00eBaHusX [9], a Takke pocT
comepxanus ym3onmma B CX npum muabermdueckoit
peruHomaTHH [10].
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Hammu IperBapUTEIbHBIC HCCIIETOBaHUS
YIBTPACTPYKTYphl cymnepHaranTtoB CXK mamueHTOB
C pa3IMYHBIMH O(TATBMOJOTUICCKHUMH 3a00JICBAaHUSIMU
nokazanu, 4yto CX sBasgeTcs MHOTOKOMIIOHEHTHOM
CHCTEMOH, coOmepiKaliedl pBIXJIbIE arperaTsl OCIIKOB
U pa3HOOOpa3HBIe CYOMHKPOCKONHYECKHE CTPYKTYPHI,
BKJIOUasg Be3WKydasl [11], psAa KOTOpPBIX IO CBOUM
pasMepaM COOTBETCTBOBAJ IK30COMaM.

Lenblo maHHOTO HCClleoBaHUS OBIIO BBIAEIICHUE
sk3ocoM u3 CX 310poBBIX nIOAEH, NOATBEpXKAEHUE
WX TIpUPOABI W HU3ydYEeHHE MOP(OIOTHUECKUX U
MOJIEKYIISIPHO-OMOJIOTHIECKUX OCOOEHHOCTEH 3K30COM
U CONYTCTBYIOIIMX CTPYKTYp. MBI HUCCleqoBaiu
CX 310poBbIX JIOfEH C TOMOINBIO 3JIEKTPOHHOU
MuKpockonuu, Bbgenmin u3 CXK  BHekieTOYHBIE
BE3HMKYJbI, SK30COMBl M MMKDPOUYACTHIBI M II0KA3aJIN
npucyrctBue B HuX PHK u ¢pparmentsr renomuoit JJTHK.

METOJUKA

Hecmotpst Ha akTHBHBIC HCCIENOBAaHUS, B HAayYHOH
JUTEpaType OTCYTCTBYIOT OOIIENPHHATHIE KPUTEPHHU
UACHTH()UKANNA W  TEPMUHOJOTHH, Kacalolluecs
BHEKJIETOYHBIX BE3HKYJl, Pa3HOBHUIHOCTBIO KOTOPBIX
SIBIISTIOTCSI AK30COMBI. TepMHH ‘“3K30COMBI” 10 HEIaBHETO
BpEMEHH O3Hauajl Be3HuKyisl pasmepoM 40-100 HM,
BBIJICJICHHBIE C TIOMOIUBIO YIBTpaleHTpH(yrupoBaHus
[12]. WccnenoBanuss TOCIEIHUX JIeT TOKa3aiu,
YTO TIONYYEeHHBIE TaKUM 00pa3oM oOpas3Ibl ComepikaT
HE TONBKO 0JK30COMBI, HO M JpyTrHe CTPYKTYpBHI,
MPUCYTCTBUS KOTOPBIX HEBO3MOXHO u3bexars [13].
TepMuH “BHEKJIETOYHBIE BE3HKYJbI” ObUT BBEAEH
Uit 0003HAUEHUs BCEX BE3HKYJ, BBIACISIEMBIX
3 OHMOJNOTMYECKHX JKMIKOCTEH, a MCII0JIb30BaHNe
TepMUHA “OK30COMBI” TpeOyeT BBINIOJIHEHHS psaa
YCIIOBUH, B YaCTHOCTH, BBISBICHUSA CHEIUPUIESCKUX
OenkoB MeueHbIMH aHTUTenamu [14]. B nHamei
paboTe  HCIIONIB30BaH  TEPMUH  “BHEKJIETOYHBIE
BE3WKYNBI” I ONpEIeNIeHnsT Bcex OOHapyKeHHBIX
C TIOMOIIBIO 3JIEKTPOHHOH MHKPOCKOIHMH BE3UKYII,
u TepMUH “IK30COMBI” TUTS 0003HaYCHUS
BE3MKYJ, MEUEHHBIX MOHOKJIOHAJIbHBIMH AHTHTEIAMH.
TepMuH “MUKpouYacTHULBI” OMNpenensieT KOMIIaKTHBIE
cepruueckue CTPYKTYpBl, HE HMECIOIIHE MEMOpaHbI,
pasmepom 20-40 HM. MuUKpOYacTHUIIBI, BHEKJIETOUYHbBIE
BE3UKYJIBl M DK30COMBI OOBEIMHSIOTCS TEPMHHOM
“CyOMHKPOCKOIIMIECKUE CTPYKTYPHI .

Buioenenue cyomuxpockonuueckux cmpykmyp
U3 CAE3HOU AHCUOKOCMU

Cnésnyro xuakocts (110-340 MkiI) OmHOKpaTHO
cobupanu 'y 24 nonopoB (45-60 ner), He HMEIOLIUX
opTampMOIIOTHYECKUX  3a0onmeBaHmid (8§  MyX4YdH
u 16 sxenmwuH). Bo3pacTHolf amamazoH OBIT BBIOpaH
B COOTBETCTBMM C IEPHOAOM PHCKAa BO3HHKHOBEHUS
rayKoMbl. Mbl MOANGHUINPOBAIH METOIUKY, OITHCAHHYIO
Sack wu komreramum [15], ®  CTHUMyIUpOBajIH
cié300TAeIeHIe opomKoM ankOynuia. Ha necnenoBanne
ObUTO TONyYeHO WH(OPMHUPOBAHHOE COITACHE BCEX
MAIMEHTOB M Pa3peIIeHNEe KOMUTETA 0 OMOMEIUIINHCKOM
JTHKE HoBocubupckoro bmmana MHTK
“Muxpoxupypruss ~ miaza”.  Pabory  mpoBoaunu
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¢ coOmoeHueM TPUHIIMIOB JOOPOBOJBHOCTH U
KOH(I)I/I}ICHHH&HBHOCTI/I, B COOTBCTCTBHU C OCHOBaMH
3aKoHOMaTeIbcTBAa PD 00 0xpaHe 370pOBhS TPaXKIaH.

O6pazusr CXK nenrpudyruposanu (20000 g, 15 mun)
U OCKICHUS KIIETOTHOTO 1edpuca, 20 MK CyTiepHaTaHTa
UCIOIB30BaNIM I 3IEKTPOHHO-MUKPOCKOMUIECKOTO
HCCJICJIOBaHMUS, OCTABIIMKCS — JUIS BBIICIICHUST SK30COM.
WnpuBunyaneHele  oOpasubl  cynepHatantoB  CXK
(80-200 wmxi) pasBommimm 4 Mi QocdaTHO-COIEBOTO
oydepa (®Pb) m dunprpoBasm uepes ¢uasrp Minisart
high flow, 16553-K, Sartorius (amametrp mop 100 HM),
KOTOPBIM  MO3BONSIET  (pUIBTpOBaTH MpPH  HHU3KOM
JIABJIGHUW W HE MOBPEXJaeT CTPYKTyphl. Dunbrpar
nentpudyruposanun (100000 g, 90 wmuH, 4°C),
ocanok pecycnengupoBaiu B 4 mi OB u BHOBB
neHTpudyrupoBanu  IpM  TeX K€  YCIOBHIX.
[omyuenHsnit ocanok pecycreHaupoBaiy B 150 mxn Ob
U HCIONB30Bald I JAIBHEWINIUX HCCIENOBAHUM.
JaHHbId npenapaT B JaJbHEHIIEM  UMEHYETCs
“3K30COMBI”’, B OTIIMUKE OT “‘cymnepHaranTta CXK”.

3Jl€Kmp0HHaﬂ MUKPOCKONUs

Jlis  HeraTMBHOTO KOHTPAaCTHUPOBAaHUS 0OOPa3IIbl
cynepratanTa CJK 1 BeIIEIIEHHBIX 9K30COM COpOUPOBAIH
Ha MeIHbIe CeTKH C (OpPMBApOBOH MOAJIOKKOM,
cTaOMIIM30BaHHOW yriieposoM, B TeueHne 1 MuH u 5-10 ¢
koHTpactupoBaiu 0,5% pacTBOpoM ypaHMJaLeTaTa WId
2% pactBopoM (ocdopHO-BobhpaMoBoii KucroTsl (OPBK).

JIJisi IpUTOTOBIICHUST YNBTPAaTOHKUX CPE30B OCAMKH,
MOJY4YCHHBIE TPH BTOPOM YJIBTPALEHTPUPYTHPOBAHUN
CX, durcuposanu 4% pacTBopoM mapadopmaiibaeruia,
no¢pukcupoBain 1% pacTBOPOM YETHIPEXOKHCH OCMHS,
00e3BOXHMBAJIM B  pacTBOpax OTWJIOBOTO CHHUpTa
W aleToHe, 3aKidYald B CMECh JSIMOH-ApaJIUT.
VYIbTpaToHKHE Cpe3bl TOTOBWIIM Ha yibTpaTtome Leica EM
UCT7 (“Leica”, I'epmanust), KOHTPaCTUPOBAJIH PacTBOPAMHU
ypaHuianerara u nuTpara CBHHIA.

Jlis BBISBIIEHUS cienn(UIecKuX MapkepoB K 10 MK
cycrieH3un sk3ocoM podasmsumi 10 mMxa 0,5% BCA/®DB,
BHOocwIH 1O 3 Mk (100 MKr/mi) MOHOKJIOHAIBHBIX
antuten kK peuenropam CD63, CD24 u CD9 (“Abcam”,
BenukoOpuranus) u WHKyOMpoBanu B TedeHue 18 u
Ha meiikepe Elpan 358S, 3arem copOupoBanyu Ha CETKH.
Hanee cetkum mnpombiBain @b w wHKyOMpoBan
2 9 Cc KOHBIOTaTOM Oelka A W HaHOYACTHI[ 30JI0Ta
BO BJIQ)XKHOM KaMmepe IpU KOMHATHOM TeMIIeparype, 3aTeM
npoMbiBsin @b B TeueHwe 2 MUH U KOHTPACTUPOBAIHU
O®BK B Teuenue 10 c.

[TonroToBieHHbIE pa3HBIMH METOAAMH CETKH H3y4ain
B IIPOCBEYHBAIOIIEM dJIEKTPOHHOM MuKpockorie JEM 1400
(“Jeol”, SAmonns) npu yckopstomieM HanpspkeHnH 80 kB.
H3o0paxeHus mnonydaiud ¢ IOMOIIbIO nu(poBOi
¢dorokameprr Veleta (“Olympus Corporation”, SAmonus).
Pa3smepsl  CTpyKTYp  HW3MepsuIi Ha  MOHHTOpE
1 poBol (QOTOKAMEpHI C MOMOIIBI0 mporpamMmel iTEM
(“Olympus Corporation™).

Buvioenenue HYKJI€UHOBbIX KUCiom

PHK u JHK CX 310poBbIX mroAeil BBIIEISAIH,
KaK PEKOMEHJIOBAaHO IIPOM3BOJHUTENSIMU, C IIOMOIIBIO
HabopoB “mirVana™ miRNA Isolation Kit” (“Ambion”,
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CIIIA) u “DNA Isolation Kit” (“BioSilica Ltd.”, Poccus),
COOTBETCTBEHHO, wucmoib3ys 20-40 wmxn obpasma
sK30coM. Brinenenneie HykienHoBble kucioTel (HK)
KOHIICHTPUPOBAIU TIEPCOCAKICHIUEM C TPUITHIAMHUHOM
Y TITUKOTEHOM, Kak ormicano panee [16]. K 12 mxir o6pasma
nmo6apmsmm 1 M JIHKazwt I (1 ex akr/Mkit, 6e3 PHKaznoit
aktuBHOCcTH, “Fermentas”, CIIIA) u 1,45 mxn 10x0ydepa
s JIHKaser, nu6o 1 mxn PHKaser A (10 ex akt/mki,
0e3 /IHKasuoii aktuBHocTH, “Fermentas”) u 1,45 Mk
10xTE Oydepa. Ilocne wakyOamum B Teuenue 30 MuH
(37°C), AHKa3y warnbupoBamm mnobaeinermem OTA
u iporpeBanneM (65°C, 10 mun), 3atem HK mepeocaxmanu
C TPUATHIIAMHHOM U TIIMKOTCHOM.

OL;eHKa KOHYyeHmpayuu u pazmepa HyKJIeuHo8blxX KUciom

Konnenrpanuto sxzocomuoit JJHK B CXK onpenensiiu
¢ noMousio MynsTamiekcHoi 1P B pexume peansHOro
Bpemern (M-IILP-PB), cnemmduunoit k ¢parmMeHTaMm
noBTOpsAomuxcs mocnenosarenbHocted LINE-1 u
0,-CaTeINIMTHOTO MOBTOpa, Kak OMUCaHo paHee [16].
g moctpoeHus: KaTuOpOBOUYHON KPHUBOI MCIOIH30BAIH
reHomMuyto JIHK nefikonuToB 310pOBBIX JIOHOPOB.
M-IILIP-PB npoBoanin Ha aMIUTU(HUKATOPE C ONTHYECKHM
monyneM iCyclerS (“Bio-Rad”, CIIA), manHbIe
AQHATM3UPOBAIIN C TOMOIIBIO IPOTPAMMHOTO 00EeCTICUCHNUS
iQ5 (“Bio-Rad”). Ilockoiapky B MOJYyYEHHBIX IOCIE
ueHTpudyrupoanuss obOpasuax ObUIO  pazIU4HOE
COOTHOILIEHHE CyNEepHaTaHTa U OcajKa, KOHIEHTpauus
JAHK npuBenena wHa | wmin wucxomnoit CXK.
CratucTideckyto 00pabOTKy pe3yabTaTOB IIPOBOIIIIN
obmenpuaaTeIMH MeTomaMu (Statistica 6.0, MedCalc).
Pesynprarel  mpencTaBieHBl B BHIE  CPEIHETO,
CTaHAAPTHOH OMIMOKH CpPEJHEro W JOBEPUTEIHHOTO
uHTepBana g p<0,05.

Pasmep sx3ocomuoit JHK u PHK onpenensnu
C TOMOIIBIO CHCTEMBI KaIWIISIPHOTO 3JIeKTpodopesa
Agilent 2100 Bioanalyzer (“Agilent Technologies Inc.”,
CIIA) ¢ wucnonszoBanuem High Sensitivity DNA Kit
n RNA 6000 Pico Kit.

JHK 6 00pa3moB 3m0pOBBIX JIOACH SITIOMPOBATH
B COOTBETCTBHH C METOZOM, TPUMEHIEMBIM IS yIaJCHUS
JHK ¢ moBepxnoctu kietok [17] wminm obpabarsiBanu
JIHKaszoii I (1 ex akt/mMki1). DepMeHTaTUBHYIO 00pabOTKY
sk3ocom CXK mpoBOgWIM  CIHCAYIOIIHM 00pa3oM:
K 460 mMxi1 9x30coM mpoo6apnsn 8 M JJHKaser I u 52 Mk
10x6ydepa mms JJHKazer (“Fermentas”), mHKyOupoBanu
B teuenue 30 muH (37°C), m mHrHOMpOBaIM (EepMEeHT,
kak onucano Baimie. [Tociae oopadorku JJHKa3zoii obpaserr
yapTpareHTpudyrupopann. Ocaiok W CynepHaTaHT
cobupamu s Beinenenus JJTHK ¢ mocnemyromeit oneHkon
KOHLIEHTpaluu U pasmepa sk3ocomHoil JJHK mertomom
KaMWULSIPHOTO 3JeKTpodopes3a, KaK OIFCAHO BHIIIE.
ITocne SITIOLAN JHK 3K30COMBI ocaxaaiu
YIBTPALEHTPU(GYTHPOBAHUEM, OCAJAOK W CyNepHATAHT
cobupanu s Beaenenus JJHK ¢ nocienyromeit onenkoi
e€ pazmepa U KOHIICHTpaIUH.

Cexeenuposanue /[HK

JHK, BeimeneHHas w3 00pasmoB  3K30COM,
obuta oOpaborana PHKazoit A (10 em. akt. ¢epmenra,
37°C, 30 MHH), CKOHIICHTPHUPOBAHA TMEPEOCAXKICHUEM

u (parmentupoBaHa ¢ wucnomb3oBanueM Covaris S2
(“Covaris”, Apctpanus). ®parmentHas OudIMOTEKa ObLIA
npuroToBiieHa ¢ nomoibio Low Input Library Prep Kit
(“Clontech”, CIIA). CekBeHHpOBaHHE IPOBOAMIN
B LIKII “Tenomuka” CO PAH (MXB®M CO PAH)
Ha cekBeHarope MiSeq (“Illumina”, CIIIA), ucmoms3ys
Habop Reagent Kit v3 (2x300, “Illumina”). [lomy4uennsie
JaHHble OBUIM MPOAHAIM3UPOBAHBI C  IOMOIIBIO
CLC GW 7.5 (“Qiagen”, CHIA). ITocnenoBarensHOCTH
ObUTH OT(MIIBTPOBAHEI 1O KadecTBY (ambiguous limit = 2,
quality limit = 0,031) m kapTUpoBamuUCh Ha TCHOM
genmoBeka (hgl9) ¢ mapamerpamm, 3agaHHBIMH
mo ymonmuanuio. HekaprupoBasmuecs npoureHus (reads)
ucnonp3oBanu i cOopku de novo, KOHTHTH
C MakCHMaJbHBIM MOKpbITHEM (>19) aHanm3upoBasin
npu noMmomy nporpammsl Blast, wucmonesys 06a3y
nJaHHbiX NCBI. Tpeku pas3IuyHBIX BapHAHTOB MOBTOPOB
OBLTH 3aTpy>KEeHBI ¢ WWWw.genome.ucsc.edu.

PE3VYJIBTATBI 1 OBCYXJIEHUE

Cybmuxpockonuueckue cmpykmypul 6 CynepHamanmax
CILE3HOI AHCUOKOCTU

Hccnenosanne METOAOM HEraTUBHOTO
KOHTPACTHPOBAaHHA BBIIBMIO B cymepHaTaHTax CXK
KJIETOUHBI  JETPUT, MMKPOYACTHUI[Bl,  BE3UKYJBI

(TTy3BIPBKH) M MaKpOMOJICKYJISIpHBIE arperarbl (Oenkn u
mKonpoTrenHsl). CTpyKTypa MOCJIEIHUX HE OTINYaiach
oT onucaHHOH Hamm paHee [11]. KommoHeHTHI
kieTouHoro aerpura (40-250 M) pasHOOOpa3HOH (popMBI
HMEIN OHOPOAHYIO MIIH 3€PHUCTYIO CTPYKTYpY (pHc. 1a).
Oxpymiele Mukpoyactuils! (20-40 HM), IpeaCcTaBIAIOIINE
c00Ol KOMITaKTHBIE IUIOTHBIE arperarbl MakpOMOJEKYI,
coctaBmsin  okoino  20% obpasma  (puc. 10,B).
MHorouncineHHble Be3WKyNbl pasmepoM no 300 HM
(puc. 1B-x) ObITM OOHApY)XEHBI BO BCEX CyIepHATaHTaxX
CX, ux conmepxumoe OBIIO OXHOPOZHO U HMEIO
cpenHiol  (pU  TMOTMaJaHUU  KOHTPACTHUPYIOIIEro
BElIeCTBa BHYTPh) JIMOO HU3KYI0 (IPH COXpaHEHHUH
LEJIOCTHOCTH MEMOpAHBI) 3JIEKTPOHHYIO IUIOTHOCTb.
OcHoBHasg 4acTh Be3WKynl (68%) wumena pa3mepsl
40-100 aM 1 MopdomornIecKne XapaKTepPUCTHKH 3K30COM
(puc. 1r-x). Ha oanexTpoHOTpaMMax 3K30COMBI
cynepHaranToB CJ)K B OCHOBHOM HMMEIOT yalieoOpa3Hyro
¢dopMy, OOYCIIOBICHHYIO CIUTIONIMBAHUEM Iy3bIpbKa
IIPY BBICYIIMBAHUH IIPENIaparToB.

Mopdonoruueckne  XapakTePUCTHKH  BE3HKYI,
BKJIIOYAsT UX  pa3Mep, MOryT ObITb  BaXKHOH
JUArHOCTHYECKOH XapaKTepUCTUKOH, MO3TOMY

B 18 oOpasumax cynepnaranta CXK Mbl u3Mepmin
CIIy4aiiHO BbIOpaHHBIC BE3MKYJIBl W MHKDPOYACTHIIBI
(770 cTpykTyp), m3 HuX 552 crpyktypel (72%)
MPEACTaBIsUIN co00il Be3mkynsl pasMepom 40-100 mM
(puc. 1B-3), 9TO COOTBETCTBYET pa3MepaM HK30COM.
B cBoro ouepens, 62% 3TUX CTPYKTYyp MMEIH pa3Mephl
40-60 HM, 26% — 60-80 HM, a BE3UKyNBl pa3MEPOM
80-100 1M cocrasnsuu Beero 12% (puc. 1m).

Takum o00pa3oM, CyHepHaTaHTbI, IOJTYYCHHBIC
P HU3KOCKOPOCTHOM  IeHTpudyrupoBanun CIK
3[I0POBBIX JIIONIEH, MOTYT OBITH HCCIIETOBaHBl METOIOM
HEraTHBHOTO  KOHTPAaCTUPOBAaHUS B  3JIEKTPOHHOM
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Pucynok 1. CyOMukpockonmuueckue CTpyKTypbl B cynepHarantax CIXK: a - KICTOYHBIH NOETpUT, © - MHUKPOYACTHIIBI;
B - 001Uii BuA Ipenapara, CTpeaKaMy rnokaszansl Be3ukyinsl (40-100 uM); I - kpynHas Be3ukyaa (>100 HM); A-#K - BE3UKYIIbI
(40-100 HM). CrpenkaMu MOKa3aHbl YYacTKH B3aUMOACHCTBHS MAaKPOMOJIEKYJISPHBIX arperaroB W Be3WKYI.
JimHa macmitabHoi uHMK cootBercTByeT 200 HM (a), 50 HM (6), 100 HM (B-K). 3 - pacmpe/elieHHEe pa3MepoB BceX
BE3UKYI U MUKpouacTull B cynepHarantax CX. u - pacnpenenenue pa3mepos Be3ukya 40-100 um. CepbIM 1IBETOM [OKa3aHa
rpymnmna mukpodactun 20-40 HM.

MHKPOCKOIIE € IIeIbl0 BBIABICHUS BE3UKYIl U Yiempacmpykmypa cyOMUKpOCKORUYECKUX CMpyKmyp,
MHUKpPOYACTHL] M HM3YYEHHS HX CTPYKTYpHl M DPa3MEPOB. GblOENEHHbIX U3 CEIHOU ACUOKOCTNU

Busyammzamus Besukyn B cymepHaranTtax —CXK
3aTPyAHIETCS HAIMIMEM MaKPOMOJIEKYIIPHBIX arperaros,
MAaCKUPYIOLIUX BE3UKYJIbI.

Hcnonbs30BaHHBIN HaMu METON MOJIyUCHUA
OK30COM MIHMPOKO HNPUMCHACTCA MJid BBLACICHUA U
KOHOCHTPUPOBAHNA BHCKJICTOYHBIX BE3UKYJI U 3K30COM
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n3  Owmomormueckux kunkocredr  [18].  Amnamms
MOJyYeHHBIX 00pa3loB ¢ momompl DM mokasain,

410  yabTpaduubTpanus oOecrneunBaeT  yAalieHue
MaKpOMOJIEKYJISIPHBIX arperaTos u CTPYKTYp
kpynaee 100 wHM. Oxpyriasle wniau dYameoOpasHbIe

Be3uKynsl pazmepoM 40-100 mM (pmc. 2a), coCTaBsIA
83% Bcex cTpykTyp oOpasma, W ObUIM HACHTHYHBI
o MOp(bOJ'IOFI/IPI AHAJIOTUYHBIM BE3UKYJIaM CyIICpHATaHTa.
dopma M pasMep OTHX BE3UKYJI COOTBETCTBYIOT
XapaKTepUCTUKAaM JK30COM, BBIJCJIICHHBIX M3 JIPYTHX
omonornueckux xuakocreit [18, 19]. Jlons MukpodacTuil
B oOpasme cocrasmsier 17% (puc. 2e). Takum
obpa3zoM, coueTaHWe YIbTpaUIBTpallid M IBOIHOTO
yABTpalEeHTPU(PYyTUpPOBaHUsl O0ECHEeUnIIo IONIy4YCHHE
n3 CX mnpenaparos, coxepxamux 6onee 80% sk30coM
U COXPaHSIOIUX COOTHOLICHHE MEXIY pPa3MEepHBIMHU
TpyIIaMH MHKPOYACTHII W BE3WKYN, HaOIomaeMoe
B cynepHatanTax CXK (puc. 1-2).

BeusiBiieHHe crienuQUYecKuX MapKepoB C HOMOIIbIO
MEUEHBIX  aHTUTeN —  OOIICPUHATHIH  METOoJ
uneHtTuukamuu dk3ocom [18]. Mbl umcmons3oBanu
aHTHTENA K pelienTopaM ceMeiicTa TeTpacnanuHoB CD63
nu CD9, xoropble omocpeayloT aAre3uio HK30COM
Ha TIOBEPXHOCTH KJICTKH-PEIUNIUEHTA, M SBISIIOTCS
00s13aTeNIbHBIM CTPYKTYPHBIM KOMIIOHEHTOM MeMOpaHbI
ak3ocoM [18, 20], a Taxxke anTUTENa K perentopy CD24 —
MapKepy akTHBHO JeJsIuxcs n audepeHInpyIOINXCS
KIIETOK, K KOTOPBIM OTHOCSTCS W JIUTEIHAIbHBIC
kneTky [21]. Dx30combl, BeieneHHbIe 13 CXK, CBSA3BIBAITUCH
¢ aatutenamu k CD3, CD9 u CD24, gactuusl 30510Ta
BBISIBJSUIMCH HA MX MOBepxHOCTH (puc. 36-1). MHTEpecHo,
gto Oosee 80% MedeHHBIX 3K30coM UMenH pasmep 40-60
HM, a pa3Mmep ocrtaBmmxcs cocTtasiasn 60-80 um. HyxHo
OTMETHTH, uTO 0erok CD24 BBIABIAICSA Ha MOBEPXHOCTU
MPAKTHYECKH BCEX JK30COM, Torma kak Oemox CD63
MPHUCYTCTBOBAJ Ha IOBEPXHOCTH IIOJIOBUHBI HK30COM.
OTu pe3ynsTarsl Mokas3biBaioT, yTo: (1) sx3ocomer CXK
MPOAYLHMPYIOTCS AIUTEIHAIBHBIMU KIIETKaMH, (2) KIETKH
HIPOLYLUPYIOT pa3HbIe TUIBI AK30COM, YTO COOTBETCTBYET
HaJUYWIO  Pa3IMYHBIX  MEXaHW3MOB  COPTHPOBKHU

Makpomoiekya B memOpane MBT [22].

AHanu3 yIeTpaTOHKHUX CPE30B OCAIKOB, MOTYUCHHBIX
NpU YABTPaeHTPU(YTMPOBaHUH, BBISIBII B Iperaparax
KJICTKH, KJIETOYHBIA JETPHUT, BOJIOKHHCTBIA MaTepual H
pa3HooOpa3Hble BE3UKYITBl. MHOTOYMCIICHHBIC BE3UKYIIEI,
nmeromue pasmep 40-100 HM, HaOmOmaIHCh B COCTaBe
ckomeHnit (puc. 30-B) WIM B3aWMOJAEHWCTBOBAIH
C DIUTEIHANbHBIMHA KiIeTKaMu (puc. 3a). Besukymnsl
ObUIM OKpYKeHbl 4ETKOW MeMOpaHOH, Ha HapyXHOH
MMOBEPXHOCTH KOTOPOH BHUIHBI TOHKHE (HUIAMEHTHI,
a BHYTPU — OTJCIBHBIC JJICKTPOHHO-IUIOTHBIC TPAHYJIBI
(puc. 3). UsydeHue mpemapaToB, MOJIYYCHHBIX MOCIE
YIBTPaleHTPUPYTHPOBAHNS TOATBEPKIAaeT HaJIUIHe
Be3ukyn (40-100 HM) B 0Opasiax CiI€3HOM KUAKOCTH.

Hymeuﬂoebze Kucjaiombosl 6 npenapame 3K30COM
CNE3HOU IHCUOKOCMU

DK30COMBI coxepxar paznugIHBIe THIIBI
pI/I60HyK.]'IeI/IHOBI)IX KHCJIOT, OpeUMYyHICCTBEHHO
mukpoPHK  [3]. C mnomMomplo  KanuJusipHOTO

aekTpodopesa ObIIO TOKAa3aHO, YTO B IIperapare
sk3ocoM CXK Ttakxke npucyrctByer PHK paszmepom
menee 200 H. (puc. 4a). B 3Tux mpenaparax HaMH Takxke
Obuta oOHapykeHa reHomHas aByuenodeuyHas JIHK,
B KOTOPOH, MO JaHHBIM KamMUIIPHOTO 3JIeKTpodopesa,
npeobnamgana JIHK pasmepom or 3 1m0 9 T.ILH.
(puc. 46). Pacnpenenenue xonueHrtpauun JHK
sk3ocoM CIXK 370pOBBIX JIONCH SBISIETCS HOPMANbHBIM
(xputepmit  y?). IlociaemoBarexpHOCT, L1  OBITA
oOHapyxeHa B 83% ciyuaeB B CpeiHEH KOHICHTpAIMU
1543 ur/mn CXK, a mocneqoBaTenbHOCTh Ol-CATEIIITUTHOTO
moBropa — B 78% 00pa3ioB B CpelHEH KOHIICHTPAIMH
2144 ur/mn CXK (puc. 48).

O6napyxerne JIHK B mpemaparax 3x30coM
MIOCTAaBIJIO BOMPOC O JIOKAIW3AaIUu €€ MOJEKyl, —
BHYTPM BE3UKYJbl, WIM Ha BHEUIHEH IOBEPXHOCTHU
MeMOpanbl. MHKyOarwms npemnapara 3k3ocom ¢ JITHKazoii |
npuBena k paspymenutro JHK, wurto ykassiBaer
Ha e JIOKaJIM3aIHIO Ha BHEITHEH MOBEPXHOCTH MEMOpPaHBI
9K30COM. Y4YHTHIBash INPUCYTCTBHE MHKPOYACTHUIL
B IIperaparax 3K30COM, HeJb3sl HCKIoUNTh cBs3b JJHK
C OJTUMH  CTPYKTypaMu. Jloxanuzanus ~ JTHK
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Pucynok 2. Mopdonoruyeckass XapakTepUCTHKa CTPYKTyp, BbiaeneHHbIX u3 COXK 3mopoBbix mrozeil ynbrpaduibrpanueit

W JABOHHBIM ynbTpauneHTpudyrupoBanueMm. a - chepuueckas W dYameoOpasHas BE3UKYJNbl. DK30COMBI MEUEHHBIE
anTuTenamu K peuentopy CD63 (6), peuentopy CD9 (B, 1), peuentopy CD24 (r). OTMEUEHBI CTpENKaMu M Ha BPE3Kax -
MuKpouactuisl (e). JnuHa macmtabHod ymHMM coorBeTcTBYeT 100 HM, 50 HM - Ha Bpe3Kax. e - paclpeieieHue
pasmepoB Mukpouactun (20-40 HM, TOKa3aHbl CEpPbIM) W 95K30COM, BBIJCICHHBIX YIbTpaQuibTpanueii wu
JIBOWHBIM YIBTPAllCHTPU(YTHPOBAHHEM.
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Pucynok 3. Mopgonoruyeckie XapakTepucTKu cyOMHUKpockonuyeckux cTpykTyp CXK Ha ynbTpaToHKHX cpe3ax OCa/KoOB,
MOJYYEHHBIX HU3KOCKOPOCTHBIM LIEHTPUQYTUpOBaHUEM (a, 6), U yIsTpaneHTpudyrupoBanueM 0e3 ynbrpauisTpaunu (c).
a - BHCKJICTOUYHBIC BE3UKYJbl KOHTAKTUPYIOUIHME C IUIa3MOJIEMMOM SIHUTEINATBHON KICTKH. 0 - CKOIUICHHE BHEKJICTOYHBIX
BE3MKYJ. DK30COMBI 0003HAYCHBI CTPEIKaMH, TOJOBKOW CTpENKH - KpyMHas Be3uKyna. J[nMHa MacmTaOHOW JTHHUW

coorBercTByeT 100 HM.
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Pucynok 4. XapakTepuCTHKY HYKIEHHOBBIX KHCIIOT B oOpasnax CXK. a - pasmep PHK, (Habop RNA 6000 Pico Kit on Agilent
2100 Bioanalyzer). 1 - uaraktHas PHK o06pasuos, 2 - PHK o6pa6orannas JJHKa3oii I, 3 - PHK o6pa6orannas PHKaszoit A.
6 - pasmep IHK (na6op High Sensitivity DNA Kit on Agilent 2100 Bioanalyzer). B - konuentpauus JHK, onpenenénnas
¢ nomompto M-ITLP-PB, cneumduunoir k moBropam o-satellite (1) m L1 (2). r - pacnpenenenue comepxkanust ['L]
B KapTHUpPOBaHHBIX npouTeHusx npenaparos JJHK. 1 - cooTHomeHne pa3nuyHbIx TUIOB MOBTOPOB B npenaparax JJHK.
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noareepxkpaercs u HanuuueMm JHK B cynepnarante
nocine mnposenenus omouun JHK ¢ moBepxHOCTH
BE3WKyln (WIM MHKpoyacTHi). Takum o0Opasom,
MosieKysbl TeHoMHOW JnByunenodeynod JIHK cBszanbl
C TOBEPXHOCTBIO 3K30COM WJIM  MHUKPOYACTHII,
BeeneHHBIX U3 CJK 3m10poBBIX Jiozmed. YUWTEHIBas,
YTO B IIpoLEcCE MOIY4YEHMsI Ipenapara 3TH CTPYKTYpbl
OBUIN IBaXK/IbI TIOIBEPTHYTHI YIIBTPALECHTPU(YTHPOBAHUIO
U HECKOIbKO pa3 npoMmbiBaiuck @b, MoxHO
MPENoN0oXKUTh, 4To cBsA3b MoJekyn1 JAHK ¢ skzocomamu
WM MUKPOYACTULAMH JOCTATOYHO MPOYHA.

CekBenupoBanne JIHK mpemapatoB 3k30c0M
mokazano, uto mnpuMmepHo 92% Bcex mNpoUYTECHUI
KapTHpyeTcs Ha T'eHOM uyenoBeka. HawuOonee

npezcTapiens! Obin poutenus ¢ ['L-conepxanuem 41%,
9TO  COOTBETCTBYeT cpemHeMmy  3HaueHmio [1]
B YEJIOBEYECKOM T€HOME, aCHMMETPHIHOCTH ITHKa (puc. 41)
yKa3plBaeT Ha HEPABHOMEPHYIO MPEICTABICHHOCTH
pa3nMyHBIX yacTed reHoma B oOpasme. Oxoio
3% mpoYTeHU! COOTBETCTBYET SK30HaM, 54% — reHawm,
46% TOPUXOAUTHCA HA MEXICHHOE MPOCTPAHCTBO.
MakcumanbpHOE MTOKPBITHE HaOromaeTcs A
MUTOXOHIPHANBHBIX TEHOB W TeHOB RPI1I-413E6.7,
ROCKIPI, DUX4L13, SDHD 2, CDC27, AC010970.2,
DUX4L19, CTD-2328D6.1, CDC27P1, REXOILIP,
MDGA2 . [lonss TOBTOPOB COCTaBisiia NPUMEPHO
31% oT Bcex HPOYTEHHI, pacHpeneircHUEe MOBTOPOB
pa3IMYHBIX THIIOB ITOKa3aHO Ha pucyHKe 41. YeTspe
turma noropoB (LINE, SINE, LTR wu o-caremtur)
coctaBmsuid 95% OT o00mero KoiaM4YecTBa MPOYTCHHM.
Hexkapruposasmmuecs Ha Te€HOM YyeJIoBeKa
MOCJIEA0BATENILHOCTH OBUIM HCIIONB30BaHbI JJIsI COOPKH
de novo. AHannu3 COOpaHHBIX KOHTHUTOB C IIOMOIUBIO
mporpamMMbel Blast mokasai, 4TO OHH COOTBETCTBYIOT
reaomaM Escherichia coli nu Propionibacterium acnes.

IIpucyrcreue JIHK B 53k30comax  sBusercs
MPEeIMETOM JINCKYCCHH: OMyOJIMKOBAHO HECKOJIBKO
coobmennii o BeisiBneHnu JIHK B sx30comax [23, 24],
OJTHaKO, OOJIBIIIMHCTBO aBTOPOB CYHTAIOT OOHApYy>KCHHE
JHK apredakrom, 0O0yCIOBICHHBIM KOHTaMHHAIHEH
MpemnapaToB MEJIKUMH allONTOTHYESCKUMH TeIbIamMu [25].

Hame HCCIIEI0BaHNE MoKa3ayo MIPUCYTCTBUE
npyuenodeuHoit renomuoi JJHK wa  BHemrHei
MOBEPXHOCTH JK30COM u/minu  mukpouactur CXK

3M0POBBIX TIOmed. MBI mmomaraeM, 49TO HWCCIIEJOBAHUS
MpernapaToB SK30COM JIIOAEH C 0(TaIbMOIOTHYeCKIMU
3200JIeBaHHUSAMH TIO3BOJIAT HPOSCHUTH IUATHOCTUYECKHUH
noreHmwmai 3toi JIHK u eé 6uonornueckoe 3HaYCHUE.

HUccnenoBanus nociefHux JI€T yCTAHOBHIU y4acTUE
BHEKJICTOYHBIX BE3WKYJI M 3K30COM B Ipoleccax
BOCHAJCHNSA, WMMYHHOTO OTBETa, KaHIEPOIeHE3a
U METAacTa3sUpOBaHUs, IaTOT€HEe3a MeETa0O0IMYECKUX
3a0oneBanuit [1, 2]. OTU CTPYKTYpHI B HACTOSIIIEE BpeMs
paccMaTpUBalOTCd B KaueCcTBE  yHHBEPCAJIbHOU
MH(OPMALIMOHHOW CHCTEMBI OpraHu3Ma, 00eCTIeUuNBaIOIIEH
nepeniady MOJICKYJISIPHBIX CHUTHanoB (OeJIKH, pa3indHbIe
PHK, rmukonpoTenHsl, IUIMAIB) MEXKIY €T0 OPTaHHBIMHA H
KJIETOYHBIMH CHCTEMaMH. OK30COMBI HE TOJBKO
oOecreunBaOT aJpPECHYI JOCTAaBKY MOJIEKYISPHBIX
CUTHAJOB  KJETKaM-pelUIUEHTaM, HO U HECyT
YHHKAJIBHBIE MapKepbl KJIETKH-IPOAYLEHTa, 4TO JelaeT
X MHOTOOOEHIAIONINM CyOCTpaToM B AMATHOCTHYECKHX

UCCIIEOBAHUAX, B MEPBYIO OUEpelb, C MCHOJIb30BAHHEM
ux wmaneix PHK wu OenkoB [3, 26]. HenaBuue
HCCIIeI0BaHNA 3K30COM BOASIHUCTOMH BJIary IMasa BBIBUIN
okonmo 10 pasmumusbix  MukpoPHK, cBs3aHHBIX
C TMAaTOreHe30M MIaykoMel [27]. OTum pe3ynbTaTsl
MTO3BOJISTIOT TPEIIONararb, YTo AETAIFHOE HCCICIOBAaHHUE
sk3ocoMm CXK Oymer mONEe3HBIM MAiId TMOHUMAaHUA
natoreHe3a  o(prambMOJIOTHYECKUX  3a00JIEBaHUU,
B YaCTHOCTH, CBSI3aHHBIX C MEpeAHEH MOBEPXHOCTHIO IT1a3a.
Cné3Hast )KUIKOCTh SIBISIETCS TIEPCIIEKTUBHBIM 00BEKTOM
JUISL ICCIIEI0OBAHMH HK30COM M MUKpOUYacTHull. Bo-niepBbIX,
CX comepXHUT 5K30COMBI B BBICOKOW KOHIIEHTPAIIHH,
BO-BTOPBIX, HET APYroro cybcrpara opraHa 3peHus,
JOCTYITHOTO JUIsS aHaju3a 0e3 HapylleHHs IeJIOCTHOCTH
m1a3Horo s6nmoka W, HakoHen, cocrtaB CJK mosBomsier
CpaBHHUBAaTh €€ CTPYKTYpbl B HAaTUBHOM COCTOSHUHU
C TIOJyYSHHBIMH TI0CJI€ KOHLIEHTPHPOBAHMS M OYHCTKH,
YTO HEBO3MOXKHO C/AENATh C APYTUMH KHUIKOCTSIMH Tela.

3AKJIIOYEHUE

IIpoBenénnoe wucciemnoBanue mnokazano, uto CXK
SIBJISIETCS CJIO)KHOU CHUCTEMOH, cojiepKalei
CyOMHKPOCKOTIMYECKUE CTPYKTYPHI, BKITFOUAsT SK30COMBL.
[Ipupona 3x30coM OBIIa IOATBEPKICHA C ITOMOIIBIO
MOHOKJIOHAJIBHBIX aHTHTEN K CHeHU(DHIECKUM MIis
sk3ocoM penentopam CD63, CD9 u CD24. DK30COMBI,
nony4yennsle U3 CX, comepkar PHK u asynenoueunyro
resomuyto JHK, nnas noHuMaHuss poiau  KOTOPBIX
B PpAa3BUTHH IAaTOJIOTHYECKUX MPOLECCOB B OpraHe
3peHHsl HEOOXOAWMBI JallbHEHINIWE WCCICIOBAHUA.
Ha ocHOBaHMU MOITYYEeHHBIX PE3yIFTaTOB MOXKHO CIENaTh
CIIEYIOIIHE BBIBOJIBI:

1. CnésHas KHIKOCTH JIONEH MOXKET OBITh
HCcCleloBaHA METOJAMHU DJIEKTPOHHONM MHUKPOCKONHUU
1 WCTOJTB30BaHa IS BBIJCIICHIS BHEKIICTOUHBIX BE3UKYI,
9K30COM M MHKPOYACTHII.

2. Cné3Hast J>KHIKOCTh COJEPXKHUT IK30COMBI,
nonst  Kotopblx coctaBinseT 80% B mpemaparax,
MOJIYYCHHBIX  COYCTAaHWEM  YIbTpaQUIbTpald |

JBOMHOTO YIbpaleHTpUyrupoBaHusl.

3. [Ilpemaparbl 5Kk30coM cojepxar (parMeHThI
TeHOMHOM JByLIETIOYEYHOU JHK, KOTOpas
JIOKAaJIU3yeTCs Ha HapyKHOM IOBEPXHOCTH 3K30COM
(W/MM MEKpPOYACTHII).

Paboma evinoanena npu @urancosoll nodoepoicke
IIpoepammbi @yHnoamenmanvHvlx uccnedosanuil
Ipesuouyma PAH NS “@ynoamenmanvhvie Hayku —
meouyune” (npoexm Ne 35), Hogocubupckoeo gunuana
MHTK “Muxpoxupypeus enraza um. ak. C.H. @edoposa”,
Medscoucyuniunapno2o UHmMe2ZpayuorHo20 NpPoeKma
CO PAH Ne 84, a maxowce BOP NeVI.62.1.4.
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CHARACTERISTICS OF EXOSOMES AND MICROPARTICLES DISCOVERED IN HUMAN TEARS
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Exosomes represent a sort of extracellular vesicles, which transfer molecular signals in organism and possess
markers of producing cells. Our study was aimed at search of exosomes in the tears of healthy humans, confirmation
of their nature and examination of exosome morphological and molecular-biological characteristics. The tears
(110-340 pl) were collected from 24 healthy donors (aged 46-60 years); individual probes were centrifuged
at 20000 g for 15 min to pellet cell debris. The supernatants were examined in electron microscope using negative
staining; and they were also used for isolation and purification of the exosomes by filtration (100 nm pore-size)
and double ultracentrifugation (90 min at 100000 g, 4°C). The “pellets” were subjected to electron microscopy,
immunolabeling. The RNA and DNA were isolated from the samples, and their sizes were evaluated by capillary
electrophoresis, the concentration and localization of nucleic acids were determined. Sequencing of DNA
was performed using MiSeq (“Illumina”, USA), data were analyzed using CLC GW 7.5 (“Qiagen”, USA). Sequences
were mapped on human genome (hgl9). Electron microscopy revealed in supernatants of the tears cell debris,
spherical microparticles (20-40 nm), membrane vesicles and macromolecular aggregates. The “pellets” obtained
after ultracentrifugation, contained microparticles (17%), spherical and cup-shaped EVs (40-100 nm, 83%),
which were positive for CD63, CD9 and CD24 receptors (specific markers of exosomes). Our study showed presence
of high amount of exosomes in human tears, and relation of the exosomes with RNA (size less than 200 nt)
and DNA (size was 3-9 kb). Sequencing of the DNA showed that about 92% of the reads mapped to human genome.

Key words: tears, electron microscopy, extracellular vesicles, exosomes, DNA
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