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O030p MOCBAILCH aHAIM3Y OEJIKOB, OCIKOBBIX KOMIUIEKCOB M MUKpOPHK, yyacTByrOmMX B ManiuIOMOBAPYCHOH HH(EKIHH.
Bupyce! nanumutoMsl oTHOCSTCS K cemeiictBy JIHK-comeprkarux manoBaBupycoB (Papovaviridae) u nabUIHPYOT 0a3aabHbIC
ciou snutenus. Bupycsl nanwoMsl genoBeka (BITU) uMeroT OHKOTeHHBIN MOTEHINA, KOTOPBIH CYIIIECTBEHHO BapbHPYET.
Kompresoit reHom BITH xoampyer 6 paHHuX OenkoB ¥ 2 mo3aHUX (O€IKH 000JIOUKH), a A1 COOCTBEHHOW PEIUTMKAINK HC-
TOJIb3YeT OENIKM KJIETKH X03auHa. J{Jis 3apakeHnss 0c000 BaXKHBI OEITKH 000JI0YKH, CBA3BIBAIOIINECS C MEMOPAHOU KIETKH XO-
3siMHA. YYWTBIBAs, YTO B OOJBIIMHCTBE MPOIECCOB MANMIOMABHPYCHOM MH(EKIUK yJacTBYIOT OCIIKM KIICTKH-XO35IMHA, TIPE/I-
CTaBJISIETCSI MHTEPECHBIM PACCMOTPETh 3TH OCJKU M UX POJIb B Pa3BUTUH MHOpEKIUH. B maHHOW paboTe MBI MIPOBEIM aHATU3
MacCHBOB JIMTEPATYPHBIX JaHHBIX 0 Ocenmkax 1 MUKpOPHK, y4acTByroIMX B CBSI3BIBAHNY, HHTCPHAIU3AIINH, TPAHCIIOPTE BUPUOHOB
BITY, a Taroke pa3MHOXKEHUU BUpYca. AHAIN3 JIMTEPATyPHBIX TaHHBIX IPOBEJEH C MCIONb30BaHueM Iporpammsbl PathwayStudio9 ®
u pedeparuBHoit 6a3bl nanHbIX ResNet13 ® xommnanuu Elsivier (CIIA), a Takxe oHJaiiH cepBrucoB. Beero 06110 BBISIBICHO
69 cBs3aHHBIX ¢ HHEKIHeH O0enkoB 1 0emKoBBIX KoMIutekcoB 1 3 MukpoPHK (Bcero 72 o0bekTa). B pesynbrate mocnemyromnero
JIETATLHOTO aHaik3a JITepaTypbl oToopaHo 17 6enxoB 1 MukpoPHK, y4acTByrOmUX B CIAEAYIOMUX MpoIeccax: MPOHUKHOBEHUE
BHUPYCHBIX YacTHIl B KJIETKY (7 OeIKOB), TPAHCTIOPT BUpyca B IIUTOIUIa3Me KJIETKH Xxo3suHa (5 6enxos), mepenoc JJTHK Bupyca
B AApO KieTkH xo3siuHa (1 6esok) u peryisnus Tpanckpumuu reno BITY (2 6enka u 2 mukpoPHK). Otu 6enkn u mukpoPHK
SIBJISIFOTCSI MOTEHIMATbHBIMUA MUIICHSIMH JUTS TIPENapaToB, CIOCOOHBIX MPEAOTBpAIaTh U NOAABIATh HHpekuno BITY.
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BBEAEHUE

Bupychl manuiioMel OTHOCSATCS K CEMEUCTBY
nanosasupycoB (Papovaviridae) u npeacrapisior
cO00I TpyTITy BUPYCOB, TOPAKAIOIINX KPYITHBIA PO-
raThlil CKOT, IITHI] ¥ YEIOBEKa; OHU CIIOCOOHBI MH(DU-
UPOBATh Oa3aIbHBIE KJIETKH KOXKU M IJIOCKOTO 31U~
tenmus. [lanunnomaBupycel — ojHa U3 Hauboiee
TeTepPOreHHBIX TPYII BUPYCOB, KputepueM nudde-
PEHIIMPOBKH KOTOPOH SIBJISETCS CTENEHb MeHEeTHYe-
CKOT'0 POJICTBA BUPYCOB IO TAHHBIM MOJIEKYJISIPHOM
THOpUIM3AIIN: OHA MOXKET Kosebarbest ot 10 1o 85%.
B nactosimee BpeMs uAeHTHPUIUPOBAHO Ooliee
100 TunoB BUpycoB nanmwiioMsl yenoseka (BITH).

Bupycel manuinomsl ”HQUIUPYIOT O6a3anbHbIE
CJIOM 3TMUTENHS, Haubojee «yI3BUMBIM» Y4acTKOM
SIBJISIETCS 30HA MEPEX0/1a MHOTOCIOMHOTO TIOCKOTO
SMUTENHS B HWIMHIPUYECKHM dmuTenuid. OHKOTeH-
HBIN MTOTEHLIMAJ MaMUUIOMaBUPYCOB CYILIECTBEHHO
Bappupyer. [lo cnocoOHOCTH MHULIIMMPOBATH JIHC-
TUIACTUYECKUE U3MEHEHUS U PaK MalIOMaBHPYCHI
YCJIOBHO pa3/ielieHbl Ha TPYIIIbI «BBICOKOTO» M «HU3-
KOr'0» pHCKa BOSHUKHOBEHUSI OITyXO0JIEBOM TpaHC(op-
Manuu HHGUIMPOBaHHOTO dnuTenus. Tunsl BITY 6,
11, 42, 43, 44 6putn kacCUUIUPOBAHBI KaK TUIIBI
HU3KOTO pUCKa pa3BUTHs paka, Tumbl 16, 18, 31, 33
u 45 n npyrue — BbIcokoro pucka. Tak, BITY 18 nme-
er Oosee BBHICOKUN OHKOT€HHBIA MOTEHIIHAJ, C HUM
CBSI3BIBAIOT OBICTPBINA TEMIT OITYXOJIEBOW MTPOTPECCHH,
HU3KUI ypoBeHb (P QPEepeHITUPOBKN WHPHUIIMPOBAH-
HOT'O JITUTEINHS, HEOIAroNPUSTHBIA IPOTHO3 110 CPaB-
HEHUIO C JIPYTUMH OHKOTEHHBIMU TUmamu [1]. Dmm-
JEMHUOJIOTHS ¥ KiacCU(HKALsl BUPYCOB MaIMILIOMbI
4esIoBeKa MoJpoOHO pacCMOTPEHBI B cTaThix [1, 2].

W3BecTHBIE TUITBI NAMUUIOMABUPYCOB YEJIOBE-
Ka CXOJIHBI 10 CBOE F€HETUYECKON CTpyKType. ['e-
HETUYECKUI MaTeprai BUpyca MPeCcTaBiIeH KoJblie-
BOM JByxuenodeuHoi monekynoi JJHK mmnoit oko-
70 7200—8000 map ocnoBanwmii. Onna Huth JJHK
COZIEPXKHT 8 OTKPBITHIX PAMOK CUMTHIBAHHS, KOTOPHIE
KOJUPYIOT 8 MPOTEUHOB, U PETYJIATOPHBIA y4aCTOK
reHoma (URR — upstream regulatory region). [py-
ras HuTh JIHK He konupyromas. [ coOcTBeHHOM
peITUKAIMY BUPYC UCIONb3yeT KICTOYHBIE Oe-
ku [3].
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OTKpBITBIE PAMKH CUMTHIBAHUS TEHOMA BUpYyca
pazzaeneHsl Ha panHuii (early, E) u mo3nuuii (late, L)
y4acTKH. TPaHCKPUIMIUS SMHCOMAIBHON (HOPMBI
JHK Bupyca nannuupyercst B URR, nponomxaercs
nocnenoBarenbHo uepe3 reusl E6, E7, E1, E2, E4
u E5 (npu 3ToM MokeT popMupoBaTHCS HECKOJIBKO
crutaricupoBanHbIX BapuantoB PHK) u repmunupy-
€TCsl B KOHILIE BCEr0 PaHHEro ydacTKa reHoMa B IO-
nmuA-caiite Ha koHue reda ES. I'ensl E1 u E2 oTBer-
CTBEHHBI 32 PEIUIMKALIAIO BUPYCa, Y4acTBYIOT B pe-
TYJSIUUM TPAHCKPUIILUKM T'€HOB BUPYCA, & TAKXKe
OJIOKMPYIOT arionTo3 B TPaHC(HOPMUPOBAHHBIX KIIET-
kax [4]. [IpoaykT rera E1 Takke oTBeuaeT 3a moj-
Jiep KaHUE MEPCUCTEHIIMY T€HOMa BHpYCa B JIIHMCO-
MaipHOM (opme. I'en E2 konupyer mpoayKThl,
KOTOpBIE MOT'YT KaK TPaHC-aKTUBUPOBATH, TaK U MO-
JABJISITh AKCIIPECCUI0 paHHUX T'€HOB BUpyca [5].
benok E4 ywyacTByeT B mpoiiecce peopranu3zanuu
KepaTHHa U CO3peBaHMsI BUPYCHBIX yactull [6]. Ma-
JIeHbKHiA Oenok Bupyca ES BakeH Ha paHHUX CTau-
sx uHpekiun [7]. benku E6 u E7 B3aumoneiicTBytoT
¢ xierounbiMu Oenkamu (TP53 u RB1 coorBerct-
BEHHO), MOJaBisisa arnonto3 [4,8]. Takke oHU cro-
COOHBI TTO/IABIIATH KJIETOYHBI MIMMYHHTET, HapyIIast
TNFR u TLR cursanuur B MHQUIIMPOBAHHOM KIIET-
ke [9]. [lo3nuuit pparMeHT reHoMa COCTOUT M3 Te-
HOB L1 m L2, xomupyromux CTpyKTypHBIE O€NKH
BUPHUOHA, HEOOXOAUMBIE ISl TPOHUKHOBEHUSI BU-
pyca B KIIETKY U €ro TpaHcnoprt B sapo [10].

[TockosbKy B OOJBLIIMHCTBE MPOLIECCOB MAIUII-
JIOMaBHPYCHOM MH(EKIUN y4acTBYIOT O€NKH KJIeT-
KH-XO035lMHA, UHTEPECHO PACCMOTPETh ATU O€IKU
1 UX POJIb B pa3BUTHH MH(peKmH. L{enpto nanHoi
paboThl ObLT aHAINU3 MACCHBOB JIUTEPATYPHBIX JaH-
HBIX 0 OeJKax, yJacTBYIOIIMX B CBS3bIBAHUU, UHTEP-
HaJlM3anuy, TpaHcnopre BupuoHoB BIIY, a taxxe
Pa3MHOKEHHUH BHpYCa.

MATEPWAJIbl U METOAbI

Jiist cocTaBieHus cucka O€JIKOB MBI UCITIOJIb-
3oBanu nporpammy PathwayStudio9 ® u pedepa-
TUBHYI0 0a3y maHHbIX ResNetl3 ® xommnanuu El-
sivier (CIIIA). baza nanasix ResNetl3 comepxut
MH(QOPMAIHMIO O HAXOASAILIMXCS B UHTEPHET-IOCTYIIE
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ncrouyHnkax Ha MoMeHT 15.01.2017 (maHHBIE KC-
TparupoBaHbl B Ipouecce oopadotku 30,2 MuLIM-
OHOB TOJIHOTEKCTOBBIX CTaTeil u pestome). bpum skc-
TParupoBaHbI CBSI3M OT OEJIKOB, OEITKOBBIX KOMITICK-
coB 1 MukpoPHK Ha manmwmioMaBupycHYIO HH(EK-
mro (Papillomavirus Infections). JlomomHuTeNbHBII
MOMCK OBbUI MPOBEJIEH C UCIOIb30BAaHUEM OHJIAMH-
cepBucoB https://www.ncbi.nlm.nih.gov/pubmed
u https://demo.elseviertextmining.com/.

PE3YJIbTATbl U OBCYXXAEHUE

beuto BeisiBIEHO 69 CBsI3aHHBIX ¢ HHEKITHEH
0eNKOB 1 OCJIKOBBIX KOMIUIEKCOB U 3 MukpoPHK
(Bcero 72 oObekTa). Jlanee BCe CCHUIKHM B CBSA3SX
OBUTH MPOBEPEHBI 0 MIEPBOMCTOYHUKAM U OTOOpaHa

UH(pOpMALHI, HETTOCPE/ICTBEHHO CBSI3aHHASI C UX y4a-
CTHEM B TpaHC(HOpMAIIUH U Pa3BUTUH WH(EKIIUH.
Kputepun BkitoueHus: HHPOpPMAIH: TOIBKO JKC-
MEPUMEHTAIIbHBIE CTaThH, B KOTOPBIX TTOJTBEPKICHO
ydactue Oeika B mpolecce BUPYyCHON HH(eKIuu;
B pabOTe aHAM3UPOBAINCH TKAHW/KJIETKU YETIOBEKa.
Kputepun uckmouerus: nHbGopMaun: 0€IT0K UITH
MuKpoPHK 3aneiicTBOBaHBI B OHKOTE€HE3€, a HE
B IIPOTPECCUU BUPYCHOU MH(EKIIMU; TaK:Ke UCKITIO-
yeHa nH(opmarys o 6enkax uMMmyHurera. Takum 00-
pazoM, Ob110 0TOOpaHo 17 06BEKTOB, HH(OPMAITHS
0 KOTOPBIX MpejcTaBieHa B Tadmn. 1. Ciaemyer otme-
TUTh, YTO OCHOBHBIE paboThI matupyrorcs 2005—
2014 rr.

Tabanuya 1

Benkn n mukpoPHK, yyacTByowue B nanuasioMmaBupycHon nuiekumm

Benok nnu komnnekc [MonHoe HasBaHue

6enkoB, MnkpoPHK

OddexT

ITGA6-ITGB4 anb@ab-6eTasd MHTErpuH (KOMMNIEKC) Komnnekc ITGAG-ITGB4 Heob6x0oaMM Ha paHHE CTaamMn UH-
dekumn ansa Havana aHgoumTosa [11]

DEFA1 nedeHsuH, anbda 1 BnoknpyloT BbIxO4 BUpPYCa U3 9HOOLMTO3HbIX BE3UKYI, HO HE
ONOKNPYIOT CBA3bIBAHNE Y MHTEPHANN3ALIMIO BUPUOHOB [12]

DEFA5 nedeHsvH, anbda 5

gamma-secretase komrinekc 6enkoB (NCSTN, PSENT,

PSEN2, APH1A, APH1B, BACE1)

Pacuiennsaet unu 6enok Bupyca L2 nnm kneTouHbIi peuenTop,
C KOTOPbIM OH CBSI3bIBAETCS, YTO CNOCOOCTBYET [OCTaBKe
JHK Bupyca k spepHoin membpare [13]

HNRNPAB, HNRNPD
A/BuD

reTeporeHHble aaepHble HYKNeonpoTenHbI

MpenaTcTBYIOT CBA3bIBAHMIO TPAHCKPUMLUIMOHHbLIX HGakTOpOB
KJIETKM C MPOMOTOPOM MO34HMX reHoB Bupyca [14]

LTF nakToTpaHcdepuH

MHrnbunpyeTt nanunnomaBmpycHyto Hdekumio, 6noknpys ces-
3blBaHME BMPYCHbIX YaCTUL, C KJIETO4HON MembpaHoii [15, 16]

MIR122 MukpoPHK 122

MHrmbupyeTt BUPYCHYIO NPOAYKLMIO MOCPEACTBOM CBA3bIBAHUS
1 paspyLueHmst MPHK BupycHoro reHa E6 n ctumynsiupm SOCS1-
3aBucumoro IFN curHansHoro nytu [17]

MIR125B1 MukpoPHK 125b-1

Fomonorus mexay 6enkom BMY L2 n microRNA 125b-1, yTo,
BEPOSITHO, BbI3bIBAET MHIMOMPOBaHUE cuHTe3a 6enka L2 (HeT
BO3MOXHOCTM AJisi cOOpKM BUpmoHa) [18]

PML

6e510K NPOMMENOLMTAPHOIO Jieliko3a

BeposTHO, ydacTByeT B TpaHcnopTe komnnekca L2-AHK
Bupyca B aapo [19]

S100A10

S100 kanbumii ces3biBatowmii 6enok A10

CeasbiBaeTcs ¢ 6enkom BMNY L2 n Heobxoaum anst UHTepHa-
nmM3aummn BUPYCHbIx YyacTtuy, [20].

SDC1, SDC4, GPC1

cuHpekaH-1, cuHaekaH-4, ravmnukan-1

enapaHcynbdaT-npoTeornmkaHbl yBENNYNBAIOT BEPOSITHOCTb
NPOHMKHOBEHMS BUPYCHbIX YaCcTuL, B KNeTky. MoryT aBnsitbcsa
peuenTopamu Bupyca [21]

SNX17 COPTUPYIOLLMIA HEKCUH 17

CeasbiBaeTcs ¢ 6enkom BMNY L2 n cnocobcTBYET NOKMAAHMIO
komnnekcom L2-JHK Bupyca no3gHnx aHA0COM/IM30COM
[22]

TRAPPCS8 yacTb Komrniekca 6enka Tpaduka 8

CesisbiBaHve L2 ¢ TRAPPC8 nHrnbupyet ero pyHKUMN, H4TO
npuBOAMT K Aectabunusaunn annapara Fonboxmn n naet
BO3MOXHOCTb JJHK B1pyca noknHyTb ero [23]

TSG101
101

6enok OrnyxoseBon BOCMPUNMHYMBOCTU

B3anmopeicteyeT ¢ 6enkom BMNY L2, Heobxoanm gns ero
BHYTPUKJIETOYHOI O TPAHCNOPTa 1 NOANYOUKBUTUHU3ALUN
[24]
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Table 1

Proteins and microRNA involved in papillomavirus infection

Protein or a complex
of proteins, microRNAs

Full title

Effect

ITGAG-ITGB4 alpha6beta4 integrin (complex) The ITGA6-ITGB4 complex is essential at the early stage of
infection for the initiation of endocytosis [11]

DEFA1 defensin, alpha 1 Block the exit of the virus from endocytotic vesicles, but do
not block the binding and internalization of virions [12]

DEFA5 defensin, alpha 5

gamma-secretase

Complex of proteins (NCSTN, PSEN1,
PSEN2, APH1A, APH1B, BACET1)

Breaks down either the viral protein L2 or the corresponding
cell receptor, thus promoting delivery of the viral DNA to the
cell membrane [13]

HNRNPAB, HNRNPD

heterogeneous nuclear ribonucleopro-
tein A/BuD

Prevent the binding of cellular transcriptional factors to the
promoter of the late viral genes [14]

LTF lactotransferrin Inhibits papillomavirus infection by blocking the binding of
viral particles to the cell membrane [15, 16]

MIR122 microRNA 122 Inhibits viral production by binding and destroying the mRNA
of the viral gene E6 and stimulating the SOCS1-dependent
IFN signaling pathway [17]

MIR125B1 microRNA 125b-1 Homology between the HPV L2 protein and microRNA 125b-
1, which probably leads to inhibited synthesis of the L2 pro-
tein (the virion cannot be assembled) [18].

PML promyelocytic leukemia Probably participates in the transport of the L2-viral DNA
complex into the nucleus [19]

S100A10 S100 calcium binding protein A10 Binds to the HPV L2 protein, required for the internalization of

viral particles [20]

SDC1, SDC4, GPC1

syndecan-1, syndecan-4, glypican-1

Heparan sulfate proteoglycans increase the probability of viral
particles entering the cell. May act as receptors for the virus [21]

SNX17 sorting nexin 17 Binds to the HPV L2 protein and promotes the exit of the L2-DNA
viral complex from the late endosomes / lysosomes [22]

TRAPPCS8 trafficking protein particle complex 8 Binding between L2 and TRAPPCS inhibits its functions, thus
impairing the stability of the Golgi apparatus and promoting
the exit of the viral DNA from the Golgi apparatus [23]

TSG101 tumor susceptibility 101 Interacts with the HPV L2 protein, indispensable for its intra-

cellular transport and polyubiquitination [24]

Takum o6Gpa3zoM, BBIJEIEH CHUCOK OEIKOB,
YUYacTBYIOIIUX B MPOIPECCUU MANMUIOMAaBUPYCHOM
uHdekuuu. B ocHoBHOM 310 Genku u MukpoPHK,
KOTOpBIE YYacTBYIOT B IPOLIECCE MPOHUKHOBEHUS BU-
PYCHBIX YacTuI] B KJIeTKY (7 OeJIKoB), TpaHCIIOpTa
BHpYCa B ITUTOIIa3Me KJIETKH X03UHA (5 OEIKOB),
nepenoca JIHK Bupyca B sSapo KIETKH XO35lMHA
(1 6emox) m perynsinuu TpaHckpuruu reHoB BITY
(2 6enka u 2 mukpoPHK). Ot 6enxu u mukpPHK
ABJISIIOTCA MOTEHUHUAIbHBIMU MULIEHSMU JIJIS TIpe-
1apaToB, CIIOCOOHBIX MPENOTBpAIlaTh U MMOJABIAThH

nHpexmuio BITY.
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Abstract. The review is devoted to the analysis of proteins, protein complexes and microRNAs involved in papillomavirus
infection. The papilloma viruses belong to the family of DNA-containing papovaviruses (Papovaviridae) and infect the basal layers
of the epithelium. Human papillomaviruses (HPV) have an oncogenic potential, which varies significantly. The ring genome HPV
encodes 6 early proteins and 2 later proteins (envelope proteins), and uses the host cell proteins for its own replication. For infection
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the membrane proteins that bind to the host cell membrane are especially important. In this paper we analyzed the arrays of
literature data on proteins and microRNAs involved in binding, internalization, transport of HPV virions, and virus multiplication.
The analysis of literature data was carried out using the program PathwayStudio9 ® and the database ResNetl13 ® of Elsivier (USA),
as well as online services. Total was revealed 69 infection-related proteins and protein complexes and 3 microRNAs (72 in total).
As a result of the subsequent detailed analysis of the literature, 17 proteins and microRNAs involved in the following processes
were selected: penetration of virus particles into the cell (7), transport of the virus in the cytoplasm of the host cell (5), transfer
of the virus DNA into the core of the host cell (1) and regulation of gene transcription HPV (4). These proteins and microRNAs
are potential targets for drugs that can prevent and suppress HPV infection.
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Correspondence Author:
E.A. Klimov, Lomonosov Moscow State University, Faculty of Biology, Moscow, Russia. E-mail: klimov@mail.bio.msu.ru.

Klimov E.A. ORCID: 0000-0003-2674-5783, SPIN: 9866-4830

Sobolev V.V. ORCID: 0000-0003-4779-156X, SPIN-kox: 3035-8570
Perlamutrov Yu.N. ORCID: 0000-0002-4837-8489, SPIN-koz: 2330-2758
Solov’ev A.M. ORCID: 0000-0003-3113-8929, ORCID: 0000-0003-3113-8929
Korsunskaya I.M. ORCID: 0000-0002-6583-0318, SPIN-koza: 3335-2019

REFERENCES 11. Aksoy P, Abban CY, Kiyashka E, Qiang W, Meneses PI.

1. Munoz N, Bosch FX, de Sanjose S, et al. Epidemiologic HPV16 infection of HaCaTs is dependent on beta4 integ-
classification of human papillomavirus types associated rin, and alpha6 integrin processing. Virology. Jan 20 2014;
with cervical cancer. The New England journal of medi- 449:45—52.
cine. Feb 6 2003;348(6):518—527. 12. Buck CB, Day PM, Thompson CD, et al. Human alpha-

2. de Villiers EM, Fauquet C, Broker TR, Bernard HU, defensins block papillomavirus infection. Proceedings of
zur Hausen H. Classification of papillomaviruses. Virology. the National Academy of Sciences of the United States
Jun 20 2004;324(1):17—27. of America. Jan 31 2006;103(5):1516—1521.

3. Stanley MA, Pett MR, Coleman N. HPV: from infection 13. Karanam B, Peng S, Li T, Buck C, Day PM, Roden RB.
to cancer. Biochemical Society transactions. Dec 2007, Papillomavirus infection requires gamma secretase. Jour-
35(Pt 6):1456—1460. nal of virology. Oct 2010;84(20):10661—10670.

4. Cai Q, Lv L, Shao Q, Li X, Dian A. Human papilloma- 14, Wang X, Liu H, Ge H, et al. Viral DNA Replication Ori-
virus early proteins and apoptosis. Archives of gynecology entation and hnRNPs Regulate Transcription of the Human
and obstetrics. Mar 2013;287(3):541—548. Papillomavirus 18 Late Promoter. mBio. May 30 2017;8(3).

5. Bellanger S, Tan CL, Nei W, He PP, Thierry F. The hu- 15. Mistry N, Drobni P, Naslund J, Sunkari VG, Jenssen H,
man papillomavirus type 18 E2 protein is a cell cycle-de- Evander M. The anti-papillomavirus activity of human
pendent target of the SCFSkp2 ubiquitin ligase. Journal

and bovine lactoferricin. Antiviral research. Sep 2007,

6. Doorbar J. The F4 protein; structure, function and patterns 16. Drobni P, Naslund J, Evander M. Lactoferrin inhibits hu-

7 (\)/f exrt)'re;iSI;)’n. lV izjoéogﬁlz. 0.012013;14 4; (IEZ):SO'—%; . man papillomavirus binding and uptake in vitro. Antiviral
. Venuti A, Paolini F, Nasir L, et al. Papillomavirus E5: research. Oct 2004:64(1):63—68.

the smallest oncoprotein with many functions. Molecular 17. He J. Ji Y. Li A, et al. MiR-122 directly inhibits human

cancer. 2011;10:140. . . . . .
8. Chung CH, Gillison ML. Human papillomavirus in head papillomavirus E6 gene and enhances interferon signaling
and neck cancer: its role in pathogenesis and clinical im- ‘.[hr01:1gh blocking suppressor of cytokine signaling 1
in SiHa cells. PloS one. 2014;9(9):e108410.

plications. Clinical cancer research : an official journal - )
of the American Association for Cancer Research. Nov 15 18. Nuovo GJ, Wu X, Volinia S, et al. Strong inverse corre-

2009;15(22):6758—6762. lation between microRNA-125b and human papilloma-

9. Zhou Q, Zhu K, Cheng H. Ubiquitination in host immune virus DNA in productive infection. Diagnostic molecular

response to human papillomavirus infection. Archives of pathology : the American journal of surgical pathology,
dermatological research. May 2011;303(4):217—230. part B. Sep 2010;19(3):135—143.

10. Horvath CA, Boulet GA, Renoux VM, Delvenne PO, 19. Day PM, Baker CC, Lowy DR, Schiller JT. Establishment

Bogers JP. Mechanisms of cell entry by human papilloma- of papillomavirus infection is enhanced by promyelocytic

viruses: an overview // Virology journal. 2010;7:11. leukemia protein (PML) expression. Proceedings of the

48 NUMMVYHOIJIOI'MS. THOEKIMOHHA ITATOJIOT A



Klimov E.A. et al. RUDN Journal of Medicine, 2018, 22 (1), 43—49

20.

21.

National Academy of Sciences of the United States of
America. Sep 28 2004;101(39):14252—14257.
Woodham AW, Da Silva DM, Skeate JG, et al. The
S100A10 subunit of the annexin A2 heterotetramer fa-
cilitates L2-mediated human papillomavirus infection.
PloS one. 2012;7(8):¢43519.

Shafti-Keramat S, Handisurya A, Kriechuber E, Mene-
guzzi G, Slupetzky K, Kirnbauer R. Different heparan
sulfate proteoglycans serve as cellular receptors for human
papillomaviruses. Journal of virology. Dec 2003;77(24):
13125—13135.

22.

23.

24.

Bergant Marusic M, Ozbun MA, Campos SK, Myers MP,
Banks L. Human papillomavirus L2 facilitates viral
escape from late endosomes via sorting nexin 17. Traffic.
Mar 2012;13(3):455—467.

Ishii Y, Nakahara T, Kataoka M, et al. Identification of
TRAPPCS as a host factor required for human papilloma-
virus cell entry. PloS one. 2013;8(11):80297.
Broniarczyk J, Bergant M, Gozdzicka-Jozefiak A, Banks L.
Human papillomavirus infection requires the TSG101
component of the ESCRT machinery. Virology. Jul 2014;
460—461:83—90.

Received 11.01.2018
Accepted 16.03.2018



