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PE3FOME

Bupycsl, npuHagaexalye K ceMedcTBy Papillomaviridae, 6b1aAu BBIIEACHBI OT MAECKOIIMTAIOIINX, IITHUIL U PENITHAHH.
AHaau3 reHOMHO# ITOCAeOBaTEABHOCTU Goaee deM 240 pa3AHYHBIX THUIIOB IIAITMAAOMABUPYCOB II03BOAHA AYHYINlE TIOHATH UX
5BOAIOIIMOHHYIO UCTOpHIO. VMerolrecss faHHbBIE CBUAETEABCTBYIOT O TOM, YTO Ha (PHAOTEHETHYECKOE AEPEBO ITAIlAAOMA-
BHUPYCOB IIOBAHMSIAO MHOXKECTBO PA3AMYHBIX 9BOAIOIIMOHHBIX MexXxaHH3MOB. Ha mpotaxenun 6osee 400 MHAAMOHOB A€T IIa-
ITHAAOMABHUPYCHI 3aHUMAIOT PA3AWYHBbIE SKOAOTHMYECKHE HHIIN. [I0CACHUIIIEBOM COPTHPOBKH CAEIOBAAHM OOIIMPHBIE IIEPHO-
b1 KOOBOAIOIIHY C XO3IHMHOM. AZtanTaius K pa3AndHbIM TKAHIM XO034€B, a TaK¥Ke N3MEHSIOIIMMCS YCAOBHUSIM Cpeabl O0BsIC-
HSIOT HEKOTOpbIEe CBOMCTBA IIpeAcTaBuTeAe ceMeiicTBa Papillomaviridae, ofHUM U3 KOTOPBIX SIBASIETCS BUPYC [ATHAAOMBI
geaoBeka (BITH), nmeromuii BaxkHOe KAMHHUYECKOEe 3HadeHMe. [3ydeHre ABHMXKYIIMX MEXAHU3MOB 3BOAIOIIUM IIOMOXKET HU3-
MEHHUTB IIpeAcTaBAeHHEe O BUpyAeHTHOCTH BITY, xapakTepe ero pacnpocTpaHeHud, SITHAEMHOAOTHH, a TaKxXKe IIaToreHese U
TeYEeHUH OHKOAOTHYECKHUX 3aboAeBaHUi, UM BBI3BaHHBIX. B 1aHHOM 0030pe OCBeIlleHbI MOMEHTHI SBOAIOIIMOHHON UCTOPHUHU
[IaITMAAOMAaBHPYCOB, CTaBIIIHE IIPEATIOCHIAKON 1A (POPMUPOBAHUS OHKOI'€HHBIX CBOHCTB HEKOTOPBIX THUIIOB BITY.
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Phylogenetic features of papillomaviruses and their significance
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ABSTRACT

Viruses belonging to the Papillomaviridae family have been isolated from mammals, birds and reptiles. The analysis
of the genome structure of more than 240 different types of papillomaviruses has made it possible to better understand
their evolutionary path. The existing data indicate that many diverse evolutionary mechanisms have influenced their phy-
logenetic tree. For more than 400 million years, papillomaviruses have occupied various ecological niches. Niche sorting
was followed by extensive periods of host-parasite co-evolution. Adaptation to different host tissues, as well as to changing
environmental conditions can explain some features of the members of the Papillomaviridae family, one of which is human
papillomavirus (HPV), having an important clinical significance. The study of the driving mechanisms of the evolution will
help to change the notions about HPV virulence, character of its spread, epidemiology, as well as the pathogenesis and the
course of oncologic diseases caused by it. This review highlights some moments of the evolutionary history of papilloma-
viruses which created a background for the development of oncogenic features of certain HPV types.
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[ToyTn cTOA€THE HIPOIIAO C MOMEHTa OT-
KPBITHS ITalIMAAOMAaBUPYcOB. Heckoabko me-
CATKOB A€T HCCACOOBAHHUM masu GoraTyroo HH-
dopmaluio 06 UX MOAECKYAIPHOH GHOAOTHH U
9BOAIOITMH, OJIHAKOIIPOMCXOXKICHHE OO CHX
op ocraercd 3araakoii. IlammaromaBHpPYyCHI
(ITB) ocobeHHO XOPOIIO H3y4YEHbI yV AlOAeil B
CBSI3H C UX KaHIIEPOT€HHBIM ITOTeHIIasoMm [1].
Bupycbl mamuAAOMBI  YEeAOBEKa  BBICOKOIO
KaHieporeHHoro pwucka (BIIY BKP) mpen-
CTaBAFIOT CEPBLE3HYI0 IIpobaeMy mad obie-
CTBEHHOTO 3APaBOOXPAHEHUS, [IOCKOABKY OHH
OTBETCTBEHHBI IIPAKTUYECKH 3a BCE CAydaH
paka miefiku mMaTku (6oasee 99 %), GOABIIMH-
CTBO CAy4YaeB paka aHaAbHOTO KaHaaa (88 %),
a TakXKe 3a YacTb CAy4YaeB paKa BAATAAHIIA
(78 %), moaoBoro uaeHa (51 %), POTOTAOTKHU
(13-60 %, B 3aBHCHMOCTH OT reorpaguiecko-
o peruoHa) u ByABBHI (15-48 %, B 3aBHCHMO-
cTu oT Boapacra) [2]. BmepBwle mammasoMma-
BUpPyC OblA oOHapyzKeH y Kpoauka (SfPV1),
craB ImnepBeIM onucaHHeIM JIHK-Bupycom
omyxoau. [1B 3apakaroT OOABIIMHCTBO BUOOB
MAEKOIIUTAIONINX (KaK Ha3eMHBIX, TaK U MOP-
CKHX), HECKOABKO BHJOB IITHII, PEITHAHH U
pei6 [2]. IlocaemoBatearHOcTH IIB MOKHO
HafTH B pasAHMYHBIX 0a3axX AAaHHBIX HYKAEO-
TuaoB: B ENA (European Nucleotide Archive)
umeercsa ~ 25.000 mocaegoBaTeAbHOCTEH, a B
NCBI (National Center for Biotechnology
Information) — 25.189 mocaegoBaTeAbHOCTEN
C TaKCOHOMHYECKUM orpaHwdeHuem Papillo-
maviridae |1, 4, J].

[1B IeMOHCTPUPYIOT OOABIIIOE T€HOTHIIMYE-
CKOe pasHooOpa3ue W NIMpOKUiauaras3oH de-
HOTHUITMYECKOH ITpe3eHTaluu uH(eKuun. B 3a-
BHCHMOCTH OT IIPEAIIOYTHTEABHOTO TPOITH3Ma K
TKaHaM OoabIHHCTBO BITY o0benuHeHb! B TPHU
OCHOBHBIX TPYIIIBI: asbda-, Gera- M raMmma-
[IaITMAAOMABHPYCEI.  AAB(DA-TTAITHAAOMABHUPYCHI
IIOPazKaloT KEPATHHOIIUTHI KOXKH W CAH3H-
CTBIX 00OAOYEK, MIPOSBAIIOTCH B BHIAE A00OpPO-
Ka4deCTBEHHBIX HOBOOOpa3oBaHUi, a TaKkKe
CcrIocoOHBI MHAYLIMPOBATEH KaHIleporeHe3. Be-
Ta-IIAaITHAAOMABHPYCEI  SIBAFIOTCSI 3THOAOTHYE-
CKHMM areHTOM KOXKHBIX MH(PEKITH, KOTOPEIE, B
OCHOBHOM, AQTE€HTHBI B OOIIEH IIOIyASIINH; OX-
HAKO y IAIlUEHTOB C HMMYHOAE(MUIIUTOM OHU
MOIYT BBI3BIBAaTH 0OPOAABYATYIO SIIHAEPMO-
aucriaasuio.  IlpencraBuream poma  ramMma-
[IaITMAAOMABHPYCOB IIPOSIBASIIOTCH, B OCHOBHOM,
KaK KOMMEHCAAbHble HH(EKIINN KOXKH. Boab-
IIMHCTBOOETA- M TraMMa-IIallHuAAOMAaBHPYCOB
BBIIEATIOT U3 KOXKH, OTHAKO ITOCAECIHHUE TaHHBIE
CBHUIETEALCTBYIOT O BBICOKOM pPacCIIpOCTpPaHEH-
HOCTH 3TUX TUIIOB BHUPYycCa B IIOAOCTH pTa [7].

ITo pesyabrataM (PHAOTEHETHYIECKOIO aHa-
AM3a, obuwmii npenok [1B matupoBan 424 mua-
AVIOHAMHU AeT Has3ana. AHAMHUOTHI yKe ObIAM

24

REVIEWS AND LECTURES

mHPUIUPOBaHbI IIpeaKoBeIMU [IB B maaeo-
30€, a TO4YHE€E€, B CHAYPHUHCKHH IIEPHUOL —
BpeMd, KOrfa IOSBHAHWCH KOCTHCTBIE DPBIOHI.
[Tlepron Mexknay ITOCAGOHUM OOIIMM IITPEAKOM
aMHHOT M IIOCA€IHHM OOIINM IIPEOKOM MAe-
KOIIUTAIOUINX COOTBETCTBYET OBOAIOIIMM OC-
HOBHBIX 4YepPT M CTPYKTYP KOXKH, XapakTep-
HBIX JIAS MAE€KOIIHTAIOIINX: BOAOCHI, IIOTOBBIE,
CanbHBIEH MOAOYHBIE XKeAe3bl. IIpenroaozku-
TEeABHO, MOOU(MUKAIINM KOXKHOH Cpeapl IIpo-
TO-MAEKOITUTAIOIIUX [OBBIIIAIOT AOCTYITHOCTh
HOBBIX KAETOYHBIX MUIlleHeH nadg 1B, Tak 4yto
azlarnralnudg K 3TUM HOBBIM HHIIaM IPHUBOAUT
K (popMHEpPOBaAHUIO HOBBIX THUIIOB [IB 1 m3me-
HEHHIO UX CBOHCTB. Bropas BoaHaTpaHcdoOp-
Malmu [1B MaeKomuTalommMx Hadasach OKOAO
120 MuAAMOHOB AeT Ha3zad. OTOT IEPHOL COB-
nasiaeT C IOSBAEHHEM H PaCHpOCTPaHEHHEM
IIAAIIEHTAPHBIX MAEKOITUTAIOIINX. AalTaliys
K HUM Heu30exXHO IIOpoaHAa MHOTOOOpasue
BunoB [1B, HabAlomaeMbIX ceromHs [0].

l'emom BIIY mnpencraBaeH ABYHUTYATOH
JHK, xonupyromieii obaacts URR («Upstream
Regulatory Region»), parnrue reur! («Early» —
pauauii) cogepxkar 6eaku E1, E2, E4, E5, E6,
E7, no3guue rens! («Late» — mo3guuit) — Gea-
ku L1, L2. O6aacte URR comep:KUT y4acTKHU
CB43BbIBaHUSA (PAKTOPOB TPAHCKPHIIIMHU M KOH-
TPOAUPYET OKcIpeccHio TIeHoB. OCHOBHBIE
b6eaku (E1, E2, L1 u L2), Hauboaee KoHCcepBa-
THUBHBIE, HEIIOCPEACTBEHHO Y4acTBYIOT B pe-
navkanuu (E1 u E2) u cbopke Bupyca (L1 u
L2). Bcmomorareabnble Oeaku (E4, ES, E6,
E7) pemMoHCTpuUpyIOT BapuabeABHOCTH IIO
BPEMEHH OSKCIPECCHH H (PYHKIMOHAABHBIM
xapakrepucrukam. beaku E5, E6, E7 3amyc-
KaloT MeXaHHU3M KaHIleporeHesza. beaok ES
y4acTByeT B YKAOHEHHH OT MMMYHHOTO OTBe-
Ta, a TakKXKe HWHAyLUpyeT Ipoaudepalyio
kaeToK. Beakn E6 u E7 HageasroT BUpyC OH-
KOT€HHBIM IIOTEHIIMAAOM, OKa3bIBasl BAUSHUE
Ha OeAKH-CyIpeccopbl omyxoAau: E6 crocoben
BBI3BIBAThE Aerpaganuio pS3; E7 momaBaser
6eaoK peTuHOOAACTOMEI [8, 9, 7, 3]. OmHako B
OIIMCAaHHOY 3aKOHOMEPHOCTH €CTh OeAble
naTHa. HecmoTps Ha To, 9TOo merpagaimg pS3
BCAEZICTBHE BO3IeHcTBUA E6 aBadeTcda ogHUM
U3 [IPHU3HAKOB OHKOI'€HHOTO IIOTEHIIMasa BU-
pyca, CBE3b MEXIY MOAEKYAIPHBIM MeXaHU3-
MOM U (PEHOTUIIOM HH(EKIIUH OCTaeTCd He-
SICHOM: BO-TIEPBBIX, 0eAKM E6 HEOHKOIeHHBIX
BITY (ocob6enno BITY71) Takke MOTYT HHIY-
LHUPOBaTh Aerpaaaliviio pS3; BO-BTOPBIX, Cy-
HIECTBYIOT PEAKHE CAydYaH 3A0Ka4YeCTBEHHBIX
HOBOOOpa3oBaHUil, CBA3aHHBIX C HEOHKOTCH-
HeiMH BIIY, 6eaku E6 KOoTOpBIX He paspyiia-
for pS53. Ilocae TOYHOM KOAWYECTBEHHOH
OLIEHKM Jerpafanuu pS3, CBA3aHHOM C ak-
THUBHOCTEI0O E6, BhIgBAseTcsa 0Ooaee CAOKHAaA
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KapTtuHa. Ha cerogHamHuili [eHb OHKOI'€H-
HbIN ntoTeHIMaa BITY npu pake medkyu MaTKH
HeoOXOONMO OIIeHUBATH LIHNPE, HEKEAH TOAb-
KO depe3MexXaHH3M Jerpafainuu pS3, omocpe-
IIOBAHHBIM AKTUBHOCTHIO E6.Y0eauTeAbLHBIMHU
npuMepaMu aBasiorca BITY16 u BITY18, o6-
AaarIonIie HaubOABIITUM OHKOT€HHBIM IIOTEH-
muasoM, 94pu O0eaku E6 He ocobeHHO 3¢hdek-
THBHBI B OTHOILIEHWH pAerpananmu pS3. [aa
cpaBHeHud: 6eaok E6 BITYS58 tpebyer B 17
pa3 MeHbIIle KOHIIEHTPAIIUK JIAS JOCTHUXKEHUS
Toro ke 3gpdekra pazsoxkeHud pS3, uro u E6
6auzkopoacrBenHoro BIIY16, a E6 BITY59
Tpebyer B 53 pasa MeHbLIEH KOHIIEHTpPAIUH
OAS JOCTHUIKEHHUd TaKoro XKe 3ddekTa aerpa-
pamuu  pS53, kak EO6 poacrBeHHOTO eMy
BIT418 [3, 7].

JaHHble (PHUAOTEHETHYECKHUX HCCAEIOBA-
HUH CBHIOETEABCTBYIOT O TOM, YTO TI€HOM
npenkosoro IIB comepxkaa E1, E2, L1, L2.
Bo3spacT ofuiero npeanka, comepkaiiero E6 u
E7, nacuurniBaer He MeHee 184 MHMAAMOHOB
aet [3]. PunroreHez obaacCTH pPaAHHUX TEHOB
KOPPEAUPYET C OHKOIN€HHOCTBIO: 3BOAIOIIMOH-
HO KaHIIEPOT€HHOCTh c(hopMHpOBasachk y He-
naBHero obmiero npeaka. BzaumonetictBue co
Cpenol X03gMHa SBASETCS OCHOBHOM IBUIKY-
e cuAOM 3BoAOLIMH OeakoB E5, E6 u E7:
HaAW4YHe MOOIIOAHHUTEABHBIX, 0OoAee IIOMaTAH-
BbIX O€AKOB 00ecIiedynBaeT BUPYCYy ABHOE 3BO-
AIOIIMOHHOE ITPEUMYIIECTBO IIepe OCTaAbHBI-
mu. Takxke crouT oTMeTuTh, 4ro BIIY, mepe-
Jarollyecs IOAOBBIM IIyTeM, A€MOHCTPHUPYIOT
CHABHYIO KOPPEASIIHI0 MEXKAY SIIHIAEMHOAO-
THYECKON KAaacCU(pUKAIIUEH U 3BOAIOIHEH HX
OHKOT€HHBIX O€AKOB [7].

ITomuMo Arozedi, caydau paka, CBSI3aHHO-
ro c [IB, peaku: pak IIOAOBOI'O YA€HA y Ke-
pebuoB (Ecab PV2), 6a3zockBaMo3Has Kapilu-
HOMAa y ETHIETCKHX IIAOJOBBIX AETYYHUX MBbI-
mieit (Raeg PV1), HocoryOHas OmyXoAb y Cep-
gl (Rrup PV1). Bupyc manmaaoMbl KPYITHOTO
poraroro ckora (BPV) BbI3BIBaer, B OCHOB-
HOM, A00pPOKadYeCTBEHHEIE OILyXOAM KOKHOIO
HAHM CAM3UCTOI'O 3MUTEAHS KPYIIHOT'O POTaToro
CKOTa, OOHAKO B CAydYae CMEHBI XO3dHHa
BPV1 u BPV2 Ha aomagell HposBAIETCS €TrO
OHKOT'€HHBIHN 1toreHImaa (y aomraneiit BPV1 mo-
JKeT BBI3bIBATh 3A0KA4YeCTBEHHbIE (pubpobaact-
HbIE OIMyXOAM (capkoumnl)). BPV1 takske obHa-
py:KHBaeTCcd B KOXKE€ M KPOBH 3/I0POBBIX AO-
mane#. Ilpennosaraerca TakKe, 4YTO CYyIIe-
CTBYIOT a[alITUPOBAHHbBIE [IAS AOLIaeH IITaM-
mel BPV1 [10, 3, 2, 11].

TpaouIlIOHHOE OIIPEAEA€HHE KO3BOAIO-
IIUH TAQCHUT, YTO IIAapas3uThl OAM3KOPOACTBEH-
HBIX BHIOB XO3€B JIOAXKHBI OBITH TECHO CBS-
3aHBI MeEXKAy CO0OH M IpPyNIHUpPOBATHCH BMe-
cTe B (PHAOT€HETHYECKOM JIEPEBE I1apa3uTOB.
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Kpome Toro, maTel, cBfA3aHHBIE C IUBEPIeH-
e napasuToB, JOAXKHBI COBIIQZaTh C pac-
XOXKIEeHHEM BHIOB X03sgeB. B Ooaee mo3mHeit
BEPCHUH TEOPHH KOIBOAIOIIMH YTBEPKIAETCH,
YTO 3BOAIOIIMS IIapa3sUTOB CAEAYET 3a IBOAIO-
LMEN PECYPCOB XO03dHWHA, a HE 3a 3BOAIOLIUEH
caMHX BHA0B Xo3geB. [locae amanramuu K
Hunle [IBaBoAIOIIMOHUPOBAA BMECTE CO CBOHU-
MU xo3geBaMu. Ha cTpoeHue dHaoreHeTHUe-
ckoro aepesa I1B moBansino MHOXKeCTBO pas-
AUYHBIX JBOAIOIIMOHHBIX MexaHu3MoOB. I[IB
UMEIOT MEIAEHHYIO CKOPOCTBH 3BOAIOILIHUH, YTO
TI03BOASIET IIPEATIOAOXKUTD, YTO IM'eHETHIeCKUH
npeiid (caydaiiHble M3MEHEHUS YacCTOT aAAe-
Ae¥l U TEHOTHIIOB, IIPOUCXOAAINNE B HeOOAB-
IIO¥ TIOAMMOP(HOM IIOIyASIIUHU IIPU CMEHe
IIOKOAE€HHI), B OCHOBHOM, OTBedaeT 3a BH-
pycHoe pasHoobOpasme. IlammasoMaBHPYCHI
BBI3BIBAIOT V CBOHX X03d€B, B OCHOBHOM, J00-
pokadyecTBeHHBIe UHHGeKIHHU. Kpome Toro,
IallHMAAOMAaBHUPYChl OTPaHUYEHBl XO3IHHOM H
BBI3BIBAIOT abOpTHUBHBIE MH(EKIINH Y BHIOB,
KOTOpPble MMM He gBAsIOTCS. KaroueBoil Bo-
IIPOC 3aKAIOYAETCHI B TOM, AaeT AU COOBITHE
peKoMOMHAITNY MeXIy ABYMS POACTBEHHBLIMHU
BUpPyCaMH HOBOMY BHPYCY IIPEHMYIIECTBO
epes BHUpycaMH-IOHOpaMH. B mporiecce
COBMECTHOM 3BOAIOIIMM KasKAbIM OTAEeABHBIH
THUII BHUpyca MaIllMAAOMBI OIITHMHU3NPOBaA
CBOM apceHaa, YTOOBI YCIIEITHO HMH(UIIHPO-
BaTh OIIPENEACHHYIO HHUIIy Ha CBOEM XO3dHHE
B T€YeHHEe MUAAVNOHOB AeT [10].
Feorpacuyueckue Gapbepbl MOTYT H30AH-
poOBaTh IIATOTEHBI, CIIOCOOCTBYsI BO3HHUKHOBE-
HUIO HOBBIX BHOB, IT00yK/1as BUPYC aIaITH-
poBaTbCA K JOCTYIIHBIM XO3s€BaM, CTHMYAH-
pPys B3aWUMHYIO a[anTanuio (KO3BOAIOIHIO).
HoBrie AvHHME 00AafaloT pasaMYHOM BHPY-
A€HTHOCTBIO B 3aBHCHMOCTH OT BHJA XO3dHMHA.
Hanpumep, HaxoAdch B HCXOAHBIX X03deBax,
aToreHsl MOTYT OBITB, B HEPBYIO O4Yepenb,
aBUPYACHTHBIMH, AM00 BHPYAEHTHBIMH TOABKO
B OIIPEIEAEHHBIX YCAOBHAX (MMMYHOCYIIpeC-
cud). 1 Hao6opoT, HEOAATONPUATHBIE MIPOSB-
AEHUSMOTYT IIOSBUTHCS Y HOBBIX X03d€eB [12].
Hawnboaee BepOSTHBIM IIPOHCXOKIEHHEM
ob11ero npeaka IIpoaHaAu3HPOBAHHBIX AMHUH
aBageTca EBporma, 3a kotopod caemyioT Ce-
BepHasg Amepuka M AdprKa, OTKyda OUKUE
nanuasoMaBupych! ([AI1B) mocreneHHO pacxo-
OSTCH OO0 HBIHEITHUX AHMHUH. [laHHble 0 Gec-
CHUMIITOMHBIX HH(EKIIHSIX, B OCHOBHOM, 00-
HapyxKeHbl Ha EBpomeiickoM KOHTHHEHTE.
Pacnipocrpanennocts [IIB mpenmyliiecTBeH-
HO OTMedYeHa B CEeBEpPHOM Ioayluapuu. IIpo-
CTPaHCTBEHHBIN aHaau3 npupoas! [AI1B noka-
3pIBaeT, 4T0 nmHpuIimposauue [JI1B penTuaunii
OOBIYHOHAOAIOJAIOTCH TPH  OIPEOeACHHBIX
YCAOBHSIX OKpYyXKalollled cpeapsl U apeaa pac-
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npocrpaHeHua [IIB 3Ha4YUTEABHO MEHBIIIE
apeasa penTuamii-xosgeB [14]. B To Bpemsa
Kak apeaa pacnpocrpaHenuda [AIIB ntui u
MAEKOIIMTAIOIIMX 3aMeTHO MeHBIIe apeasa
pacIpoCTpaHeHus CBOUX X03g€B. OTO TOBO-
pUT o crmocobHOoCcTH HeKoTophbix [IIB mepe-
KpBIBaTh IIOYTH BCE paclpeleseHHEe XO035€B,
co3maBaTh BO3MOXKHOCTE 3apaxeHua /[IIIB
HOBBIX BH/IOB, 3aHMMas BC€ HOBbIE TEPPHUTO-
puH U OpucrocabAMBasCh K YCAOBUSAM OKPY-
Xxkaronie¥ cpenpl. [AIIB npHcyTCTBYIOT B BOI-
HBIX M Ha3eMHBIX 9KOCHCTeMaxX, a TaKxXe Ha
BcexX KOHTHHEHTaX, BKAlOYas padoHbl AH-
TapKTHKH. [UBepCcUPUKAIIUI X03d€B, HaAPALY
C oJoMalIHHBaHHEM H IIpoAoAKaroleiics
raobaamuszairyeii xo3gen 1B, MOXeT OOBACHUTD
CXOZICTBO T'€HOMOB (C HpPEeaKOBBIMHU), COOpaH-
HBIX Ha pa3HbIX dYacTax 3eMHoro miapa. [AITB
MOXKeT MH(PHUIMPOBATh INHUPOKUH CIEKTP BU-
0B, BKAIOYas MOPCKHX H Ha3€MHBIX MAEKO-
OUTAIOIIMUX, [ITHUIL M PENTHAHMM Ha pasHBIX
KOHTHHEHTaX M B YCAOBHUSX BII€YATASIONINX
aKoAOTHYEeCKuX rpaaueHToB [13]. Heckoabko
AIIB MoryT OZHOBPEMEHHO WHQPUIUPOBATH
OHOTO XO3sIMHAa, a TakxKe omHa auHus [I1B
MOXKeT PacIpPOCTPaHATbCS Ha Pa3HbIX XO35€B,
YTO CIOCOOCTBYyeT 0Opa30BaHUIO HOBBIX AU-
HUH BHpyca U yCIENIHOMY 3aKpPEIIA€HHIO BU-
pyca B HOBOM XO3dHMHe, KaK B CAydae Ilepena-
gy [1B (BPV1) or KpynmHOro poraToro cCKora K
romanaM. Takme coOBITHS HEPEIKO OCTAIOTCS
He3aMe4YeHHBIMH, OJHAaKO CcOodYeTaHHE IIOTEH-
IIHaABbHBIX X034€B (AIOAH, JUKHE *KHUBOTHbBIE U
OOMAaNITHUY CKOT) ¥ IIOAXOASIINNUX YCAOBHH
OKpYy2Kalollel cpeabl MOTYT CIIPOBOLIMPOBATH
IIOSIBA€HME HOBBIX ITaTOreHoB [17, 15].
Huskue TeMIIbl 3BOAIOIIUHU IIPEAIIOAATaIOT,
4TO MyTall¥ (PUKCHUPYIOTCHA B I'€eHOME I1allbA-
AOMaBHpyca C O4€Hb HHU3KOM ckKopoctThio. [1B
HaxoAATCs IOJ CHABHBIM AaBACHHEM OYHIIA-
IOIIEeH CEAEKIIMH, UTO ellle OOABIlle OTPAHHYH-
BaeT (PUKCAIIMIO HOBBIX MyTalluii B BUPYCHOM
reHoMe. Aabda-IanAAOMaBHUPYChl OTAEAM-
AVICH OT CBOETrO IIOCAEIHEro OOIero Ipeaka
OKOAO 75 MHAAWOHOB A€T Ha3az. ITo IIPenro-
AaraeT, 4TOo npenok Alphapapillomavirus mor
CYLIECTBOBAaTh 0 PACXOXKAEHHUHA AWHHUH IIPU-
MaToB (3azoAro 1o IrogBaeHHsS Homosapiens).
daxktuuecku, [1B, 3apaxkaromniie HedeaoBeUe-
CKHX IIPHMAaTOB, II€PEIAeTalOTCHA CO CIIeIlU-
dpHUYECKUMH A8 YeAOBeKa THUIIaMH, 4YTO HAeT
HOANEPXKKY POAH KOIBOAIOLIHH. BOABIIHHCTBO
IT€HOB BHpyca IIallUAAOMBI IIOABEPIalOTCS
CHABHOMY OYHIIAIONIEMY OTOOPY, TEM CaMBIM
orpaHuYNBag U3MEHEHHs B KOAHUPYEMBIX Oea-
Kax. Anaam3 BIIH16 mnokaszaa, 9TO TOABKO
CeEMBb KOIOHOB HaXOAATCHd B IIpollecce AUBEP-
cudukanuy. BrioaHe BeposaATHO, YTO H3-3a
CBOEH KAIOYEBOH POAH Ha IIPOTHAXKEHHUHU KU3-
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HEHHOTO LKaa BHUpyca El1, E2, L2 u L1 He
IIepeHOoCAT MyTalluu. Kpome TOro, HCIIOAb30-
BaHue peakux tPHK orpanm4nBaeT CKOpOCTh
OAS  ONTUMAABHOM  TPAHCAAIIMM  OEAKOB.
[IpenrnoAoKUTEABPHO, ITalIMAAOMAaBUPYCHI 3BO-
AIOITHOHHPOBAAH, YTOOBI HCIIOABL30BAThH PE.I-
KHe KOJIOHBI, OI'paHH4YMBasg JKCIIPECCHIO BU-
PYCHBIX OEAKOB, CBOOAT K MHHUMyMy OOHa-
pyXeHue UMMyHHOM cucreMoii. Korna mpowuc-
XOIUT HYKAEOTHOAHaAs MyTallud, «yCTOHYMBBIE
KOJIOHBI» KOAMPYIOT aMHHOKHCAOTBI CO CXO-
KHMH CBoMcTBaMH. B To BpemMa Kak udeaoBe-
YeCKHe IeHbI IIOYTH HCKAIOYHUTEABHO HCIIOAb-
3yIOT «HalleXKHble KOMIOHBbD», IIOYTH BCE KOIO-
Hbl [IB cMmemieHsI B CTOPOHY «PHCKOBAaHHBIX
KOZIOHOB». OTO MOKET YaCTUYHO OOBSICHUTH
HCKAIOUUTEABPHO HHM3KYI0 YacToTy MyTaluH
[IB. Vcrnioab30BaHUE «PHUCKOBAHHBIX KOIOHOB»
nogpa3yMeBaeT, 4YTO OOABIIMHCTBO MYyTAallui
OKazKeTCd MaryOHbIM OAS BHUPyca H, CAEIOBA-
TEABHO, He OyayT 3adHKCHPOBAHBI B BHPYC-
HOM reHoMe. lcrioab30BaHHE «PHCKOBAaHHBIX
KOOHOB» MOXKET MHUHHUMH3UPOBATH 3(PPeKTHI
MyTaly#, KOTOpble MOIYT H3MEHUTH 0OasaHC
MEXKIy BUPYCOM M XO3SHHOM, JOCTHUTHYTBIH 3a
MHAAHWOHBI A€T OBOAIOIIHH. OTHOAOTHYECKas
CBH3b MEXKAYy IIEePCUCTUPYIOIIEH WHQEKIeH,
BbI3BAHHOH KOHKPETHBIMH OHKOI€HHBIMH TH-
IaMH BHpyca [aIllMAAOMBI, ¥ IIPEeIPaKOBBIMHU
IOpasKeHHUAMHM HIEHKH MaTKH XOPOIIO H3BECT-
Ha. [JocKoABKYy KaeTO4YHad TpaHchopmaluda
CUTHAAM3UPyeT 00 OKOHYAHHH IIPOAYKTHBHOMH
BUPYCHOH HMHQEKIINH, ITallMAAOMaBHUPYChl SB-
HO He 3BOAIOIIMOHHPOBAAW, YTOOBI BBHI3LIBATH
pak. CaemoBaTeAbHO, KOMOHHAITNS BHPYCHBIX
(PEeHOTHIIOB, HEOOXOAMMBIX OAS 3IKHU3HEHHOTO
IIUKAQ BHpycCa, CO3NAI0T KAETOYHYIO Cpeiy,
TIOABEPKEHHYIO PUCKY 3A0KaYE€CTBEHHOI'O IIPO-
rpeccupoBaHud. PuAOTeHEeTHYEeCKUH aHaAH3
pPaHHUX TeHOB OObEeAMHSET BCE THIIBI OHKO-
reHHeIx I[IB B omuy rpynmy. OpgHako He Bce
BHpPYCHI IIAlIMAAOMBI B 3TOH I'pyIllle Ha CaMoOM
JeA€ SBASIIOTCH OHKOT'€HHbIMH. Kpome TorO,
CYILIECTBYET YeTKHH CIIEKTP OHKOIN€HHOT'O PUC-
Ka Cpeau KaHIEPOINeHHBIX TUIIOB BBICOKOI'O
pucka. I[IpITasgch NOHATh Pa3AH4Hs B OHKOI'€H-
HOM IIOTEHIIHaAe, MCCAEIOBATEAN TPaIUIINOH-
HO CpaBHHBaAU BHPYCHbIE (DEHOTHIIBI MEXKIY
IIPOTOTHUIIAMH BBICOKOTO M HHU3KOI'O pPHCKa
(HPV16/HPV18 mnporuB HPV6/HPV11). Og-
HaKO 3TH BHUPYChl IOpakaloT pas3Hble aHaTo-
MHYeCKHe HUIIIM Ha TeAe YeAOBEKa M pasjiese-
HbI DpuMepHO 30 MHAAMOHAMH AET 3BOAIOIIH-
oHHBIX u3MeHeHud [10]. PuaoreHeTHIECKOE
pasuoobpasue [1B, aBasgmoieecss oToOpaXkKeHU-
€M HX 5BOAIOIIMOHHBIX H3MEHEHHH, CII0C00-
CTBOBaAO BBIAEACHHIO OTAEABHOH rpymnmnsl I1B,
0bAaaroIX KAaHIIEPOIeHHBIM IIOTEHIIHAAOM,
YTO IIPUBEAO K BO3HHKHOBEHHIO CBA3aHHBIX C
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HUMHJ OHKOAOTHYECKHX 3a00AeBaHUN y KH-
BOTHBIX U 4YeAoBeKa [10].

ITonnmaHMe 3BOAIOIITMOHHBIX MEXaHHU3MOB

II03BOAUT YCOBEPIIEHCTBOBATH METOABI BBISB-
aeHus BITY. CoBpemeHHBbIE ITOAXOAbI K OAHA-

THOCTHKE

IallMAAOMAaBUPYCHOH HMHQEKINHU

ocHoBaHbI Ha BbigeAeHUH J[IHK kax oTmesb-
#bIX [IB, Tak U (puaoreHeTHYECKHUX I'PYIII IIa-
IIHAAOMAaBHUPYCOB BBICOKOIO M HH3KOIO KaH-
LIepOT€HHOr0 pHCcKa. KpoMme ToOro, CyIiecTBY-
IOT TECTBI, ITO3BOALIONIINE IIPOBECTH KOAWYE-
CTBEHHYIO OII€HKY BHPYCHOM HAarpy3KH, 4YTO
aKTyaAbHO IIPH KOHTPOAE A€YEHHUH.
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