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OHKOreHHble BUpPYChbI

1. PHK-copepxawme (nogcemenctso Oncovirinae
ceM. Retroviridae) * a-Retrovirus (Bupychl
nemnkosa/capkomMel NTuL) * B-Retrovirus (BUpyc paka
MOJIOYHOM Xerne3bl Mbllen 1 ap.) * y-Retrovirus
(BMpYChbI Nnenko3a/CapKoMbl MbilLEUN, KOLLEK,
00e3bsH) * 0-Retrovirus (Bupyc T-KneTo4yHoro
rnemnkosa niogeun, Bupyc bblubero nenkosa) Bupyc
renatuta C (cemenctso Flaviviridae)

2. JHK-conepxalme « cem. Polyomaviridae (SV40
n gp.) « cem. Papillomaviridae (Bupycbl nanunmiom
Yyernoseka u gp. ) * ceMm. Adenoviridae (aneHoBupycChbl
yernioBeka, 0b6e3bsiH, Oblka, NTUL,) * CEM.
Herpesviridae (Bnpychl dnwtenHa-bapp, capkomMebl
Kanowwu n gp.) * cem. Hepadnaviridae (Bupyc
renatuta B, renatuta ytkm un gp.) 1



OHKOreHHble BUPYChbIl YesioBeKa

* Bupyc renatunta B (HBV) Pak neyenu

* Bupyc nanunnomel (HPV) Pak wenku maTtku

* Bupyc SnwtenHa-bapp (EBV) Jlumdoma bepkntra,
PaK HOCO- MMOTKK, NMMdrorpaHynemaros °
['epnecBupyc-8 (HHV-8) Capkoma Kanowwn v gp.
PHK-copepxawme HoBoobpasoBaHUS

 HTLV-1 T-KNeTo4YHbIN NENKO3 B3POCSIbIX

* Bupyc renatnta C (HCV) Pak nedeHn O



B HacToAlee Bpema akcrneptamu MexagyHapogHoro AreHtctea no 3ydeHuto
Paka (MAWUP) cneayolime BupyCobl paccMaTpmuBaloTCA B KaQ4eCTBE OHKOMEHHbIX
Onsa yenoseka:

Bupychbl renatuta B u C (Hepatitis B virus v Hepatitis C virus, HBV/ HCV),
. Bbl3blBaloLLNE paK NeYeHwU;
onpegerneHHble Tunel (16 n 18) nananomaBupycoB 4yenoBeka (Human
papillomavirus, HPV) — aenaiowmxca 3TMONOrM4eCckMm areHToM paka LeWKn
MaTKMU N HEKOTOPLIX OMNyXOnewn aHo-reHnTanbHon cdepbl;

BUpyc dnwtenHa-bapp (Epstein-Barr virus, EBV), npuHumaroLwmm y4actume
B BO3HWUKHOBEHWW LIESNIOro psada 3nokadveCcTBEHHbIX HOBOODpasoBaHUM;
HeaBHO OTKPLITbIN repnecBupyc Yenoseka 8-ro Tmna (Human herpesvirus
type 8, HHV-8), urpaiiumn BaxkHyo pornb B BOSHUKHOBEHUN capKkoMbl Kanowin,
NepBUYHOWN BbINOTHOW NMM@ombl, 6ore3Hn KactenbmaHa n HEKOTOPLIX APYrnx
MaTonoOrM4Yecknx COCTOSAHUMN;

BUpyc T-kneto4yHoro neuko3sa venoBeka (Human T-cell leukemia virus,
HTLV-1), aBnsowmmnca STMonorm4ecknm areHTomMm T-KIIeTOYHOro fienkosa
B3POC/IIbIX, @ TaKke TPONnM4eCcKOoro crnacTtn4ecKkoro napanapesa v psga gpyrmx
HEOHKONOrnyeckmnx 3aboneBaHui;

BUpyc ummyHoaedpuumuta yenoseka (Human immunodeficiency virus,
HIV) — He obnapgatoLero TpaHCOPMUPYOLWMMN rEHaMKU, HO CO34atloLLEro
HeobxogMmble ycroBus (MMMyHoaeUUNT) ANS BO3HUKHOBEHUS pakKa.



B yacTtHoCTK, Ha NyTK K NPUOBPETEHMIO 31TOKAYECTBEHHOCTU KIETKa,
KaK npasuno:

1) camogocTaToyHa B nnaHe curHanos nponudepaunm (4YTo MoXeT
ObITb JOCTUIHYTO aKkTUBaLMEN HEKOTOPbLIX OHKOreHoB, Hanpumep, H-Ras);

2) He4yBCTBUTENbHA K CUrHaram, nogasnsowmm ee pocT (4To
NPOUCXOOANT NPU MHaAKTUBALIMM reHa onyxosieBoro cynpeccopa Rb);

3) cnocobHa ocnabuTtb Unu n3bexartb anonTtosa (4TO NPOUCXoauT B
pesyrnbraTte akTuBaunn reHoB, Koaupyowmx akTopbl pocTta);

4) hbopmMmnpoBaHME ONyXosim CONMPOBOXAAETCS YCUNEHHbIM
aHrMoreHe3oM (4To MOXeT bbITb 0becneyeHo akTnBaunen reHa VEGF,
KOOMPYIOLLEro pOCTOBLIE PaKTOPbl SHAOTENUS COCYOOB;

5) reHeTU4YeCKN HECTAabUNbHA,;

6) He noaBepraeTcs KrnetoyHon andodepeHUNpPoBKe;

/) He noaBepraeTcs CTapeHuIo;

8) xapaktepuayeTtcs n3aMmeHeHnem Mopdorornm n NOKOMOLUNKU, YTO
ConpoBoOXaaeTcsi NpuobpeTeHNEM CBONCTB K MHBA3UU U
METacTa3npoOBaHUIO.



BupycHasa TpaHcdopmMauna KneTok o
N3MeHeHNne BMoNornYecKknX PyHKLNN
KIETKM , KOTOPOE CBA3aHO C TEM, YTO
BUPYCHbIE MeHbl Y4aCTBYIOT B perynsuymu
NPOLIECCOB B KI1IeTKe, TO eCTb nNnpuaaet
MHAOULIMPOBAHHOW KIeTKe onpeaeneHHble
CBOWCTBA, XapaKkrtepuayroLime
Heonnasunk, Te onyxosib. TN N3MEHEHUSA
4yacTo ( HO He Bcerga) ABnATCA
pe3ynsTaToM MHTerpauum BUpPYyCHOro
reHomMa B reHOM KJIETKMN-X034anHa.



OHkoreHHble JHK-copepxawiue
BUpYyChbI * [pynna BUpycoB C pasnnyHbIMU
CTPYKTYpOW, opraHusaumnen reHoma v
cTparterven pennukayuun. « IHayumnpyroT
ONyXonun y NpupoaHbIX Xo3seB — Bupychl
nanunnomel — Bupyc 9nwrtenHa-bapp, —
[ epnecBuUpyc accoUunpoBaHHbIN C
capkomoun Kanowu — Frenatnt B »
MHOyUMPYIOT oNyXonu B
aKCcnepuMeHTaNbHbIX CUCTEMAX: —
AgeHoBupychl — [lonnomasunpychl
,ObesbsaHnm Bupyc -40 (SV40) OHKoreHbl
[HK-cooepxaLinx BUpycoB - UICTUHHbIE
BUPYCHbLIE OHKOrEHHI.




OHK-copepxawme oOHKOreHHble BUPYChb

Tum Bupyca OKOreHHOCTB y KHUBOTHBIX OHKOT€HHOCTbD Y
YEJI0BEKA
AJICHOBHUPYCHI Ja. YUepes pannue rensl EIAu E1IB | Her
I'epniecBupycChI Jla. MexaHnu3M HEU3BECTEH Ha. Bo3MOXHO
4yepe3 reHbl
rpyniel EBNA n
LMP
Bupyc renarura B. a. Uepes TpaHCAKTUBUPYIOLIUA Yepes
reH X TPAHCAKTUBUPYIO
MUY TeH X
Bupyc rpynnsl mnoJiuoMbl Ja. Uepes rensl, konupyromue - Her
AHTUTCH
Bupycsl manujiiiom Jla. MexaHu3M CXOJIEH C BUPYCOM Ia. Uepes
ManuIIOMBbI YEJI0BEKa TpaHCPOPMUPYIO

[I[1€ MEXAHU3MBI
E6 u E7




PAPILLOMAVIRUS -

Bupyc nanunnombl kponukos (LLoyna) « Bupyc
nanunnomsl Yenoseka (HPV) « Bupyc nanunnombl
KPYMNHOro poratoro ckota

Bcero 6onee 50 Buaos

Bce npencrasutenu poga Bbi3biBaloT
0obpokayecTBeHHbIE OMYXOnn Yy eCTECTBEHHbIX
X034€B; MHOr4a 3TU OMyX0nn MOTyT NepepoXxaaTbCH B
3rioKka4yeCcTBeHHbIe

Pak Lwenkn maTku

OHKoOreHbl - benkn E6 n E7



Bupyc nanunomsl

Na3BecTHO 6onee 100 Tnnos HPV, HO NuLb HEDOMNbLLLOE UX YNCIIO CBA3AHO C
Pa3nNUYHbIMUK 3r10Ka4eCTBEHHbIMU nopaeHnaMmu. K rpynne BbICOKOOHKOreHHbIX
HPV pns yenoBeka oTHocAT Tunbl HPV 16 n HPV 18. lNokasaHo, 4yto HPV16
oTBeTCcTBeH 3a 50% cny4aes paka wewnkn matkm (PLUM), HPV18, 31, 33, n45 — 3a
20% cny4aeB 1 gpyrue Tunbl — 3a ocTasbHble Crlydan 3Toro 3aboneBaHus.
NHTepecHOo oTMeTUTb, 4TO Y 90% XeHwunH HPV nHdekumns ncyesaer
CaMOCTOATENBHO Yepes rog nocrie MHUUMpPoOBaHNS No4 Bo34enCcTBUEM UMMYHHOM
CUCTEMbI OpraHn3ma 1 nNuLlb Y HE3HAYNTENBHOIO YMncna NHPULUMPOBAHHbIX
Bo3HMKaeT PLLUM. [Npun 3aTOM CKPUHMHT C NoMOLLbLI0 MeToaa Papanicolaou noneseH
ansa soiasneHna PLUM nuwb y orpaHMYeHHOro Ymcna XxeHwuH. Ha puc. 2a n 28
cXeMaTU4YeCKN npeacTaBrieHa reHeTndeckasa CTpyKkTypa Bupyca B Buae anmcomebl, a
TakKke NIMHENHON POPMbl, MHTEPMPOBAHHOWN B rEHOM KITETKN COOTBETCTBEHHO. Kak
BUOHO, FEHOM BUpYyca coaepXxuT 2 reHa, L7 u L2, kognpyowmx CTPYKTYPHbIE Benku,
y4yacTBylLLMe B POpMNUPOBaAHNM BUPYCHbIX YacTuL, N 7 Tak HasblBAEMbIX PaHHUX
reHoB, E71-E7, kognpyroLmnx 6enku nateHTHON MHAEKUMN. YCTaHOBEHO, YTO
TPaHCOOPMUPYIOLLIMMUN rEeHaMU ABMAKOTCSA B OCHOBHOM reHbl E6 u E7, B MEHbLLEN
ctenenn E5. MexaHnam pyHKUNOHMpPOBaHUA reHoB E6 u E7 cBognTcs K
B3aMMOLEUCTBUIO NPOAYKTOB 3TUX FEHOB C NMPoayKTaMun 2-X reHoB CyrnpeccopoB
p53 1 Rb n nocneaywowen nHaktneaummn nocnegHnx, YTo NPUBOAUT K
HEKOHTPONIMPYEMOMY POCTY MHAOMLUMPOBAHHLIX KNeToKk. Ha puc. 2,6 cxematnyecku
npeacrasneHa aHopmarnbHas anddepeHuUnpoBKa aNUTENNs CrmM3ncTon,
nHpunumpoBaHHoro HPV. CpaBHuBatoTCs HOpMarnbHbIN U UHAOULIMPOBAHHbLIN
anutenun. BuaHo, 4to cuHtes BupycHon [JHK Hanbonee BbipaxeH B 3epHUCTOM
Clioe, B TO BPEMS KaK 3KCnpeccus no3gHux reHoB 1 co3peBaHne BMPYCHbIX YacTull
Hanbonee akTMBHO NPOMUCXOOANT B POrOBOM CINOE 3NUTENUS.



TpancopMUpyIOT KIETKH POLYOMAVIRUS

IyTEeM MHTETpalui paHHUX *O06e3psuui Bupyc 40 Simian
pPEryaaTopHEIX TeHoB ( T- Vacuolating Agent (SV-40)
AHTUTCHBI) B XPOMOCOMBI  supyc BK (uenosek) ¢ Bupyc JC
KJIETKA-XO3IMHA U UX (denoBek) *Bupyc noinmoMsl
AKCIIPECCHUM 0€3 MPOAYKIINH MBIIIICH

BUPYCHBIX CTPYKTYPHBIX Bcero okono 12 BumoB

0enkoB. T-aHTUreH
CBS3bIBAETCA C pS3 U pR

T-aHTUTEH SIBIIACTCS
MCTUHHBIM BHPYCHBIM
OHKOTr¢eHOM. B
HEUH(QUIIMPOBAHHOM KJIETKE HE
IPHUCYTCTBYIOT TOMOJIOTHYHBIC
TeHBI U Oenku; T- aHTUreH
HEOOXOIMM JIJISl MPOYKTUBHOM
MH(PEKINU




Adenoviridae °
Y XUBOTHbIX BbICOKasli OHKOr€HHOCTb *
TpaHCcoOpPMUPYIOT KNETKN MyTEM
NHTErpaunum paHHuUxX perynsiTopHbIX reHoB
E1A n E1B B XpOMOCOMbI KNETKU-
X035IMHAa N SKCNPEeCccUst 3TUX KOHTPOSbHbIX
reHoB 6e3 NpoayKUUN BUPYCHbIX
CTPYKTYPHbIX 6enkoB. * He obHapyxeHo
OHKONOrn4yecknx sabonesaHnn Yeroseka
, KOTOpble onpeaerneHHo CBA3bIBaNnChL Obl
C ageHoBupycamu. « OnmcaHbl cny4yau,
Korga naTtoreHHbIn BUpyc Yyenoseka 12
NHOYUMpPOBAs 3110Ka4eCTBEHHbIE OMyXOsn
Y rPbI3yHOB
E1A — pRb E1B — p53



Herpesviridae

* Bupyc SnwtenHa-bapp (EBV/HHV-8)- JlumdgorpaHynomaros,
Jlnmdpoma bepkutTa, JInmdpoma Mmosra, pak HOCOrMOTKM.
 [epnecBupyc Yenoseka, acCoLUUNPOBAHHLIN C CApPKOMOW
Kanowwn (KSHV/HHV-8)

« OHKOreHbl - benkun, kogupyemeole rpynnamu reHos EBNA u
LMP

Nrpaet ponb B 0O6pasoBaHun onyxornen y niogen, ¢ 60rbLuon
BEPOATHOCTLIO BbI3bIBAET OMNYXOSIN Y XXUBOTHbIX.
[epnecBmpyc NHTErpuUpyeTcs B reHOM KIeTKU no
cneynduyecknm camtam m npuBoauT K HapyLLEHUIO
LLeNOCTHOCTU XPOMOCOM



3aboneBaHUA YenoBeKa, accouMmpoBaHHble C BUpycom dnwTtenHa-bapp

B3b-accorr. ciygaes, %

3a0oneBaHus
JloOpokavecTBeHHbIE peaKTUBHbIE Npoaudepannu
NH(peKk1moHHbII MOHOHYKJIE03 >99
Bonocarokierounas n1edKomiakus MoJIOCTH pTa >99
JInmbpoma Xomxkuna (JIX)
JIX, cMeIaHHO-KJIETOYHbIN BAPUAHT 70

HexomxkuHckue mTuM(pOMBI U APYTUE OMYXOJH, CBI3aHHbIE C UMMYHOIE(DUIIUTOM

Hexomxkunckas mumdoma, CITHI-accorumpoBanHas 40

JIumdpoma mo3sra, CITN/-accounnpoBanHas 95

[TocT-TpancutanTaoHHbIe Tudonponudepanuu 95

Jlumdpoma bepkurra, Adpukanckas >05

Jlumdpoma bepkurra, CeBepo-aMmeprKaHCKas 20

Hazanpras T/NK-kneTounas mumdpoma >05

JIumpounanuelii rpanynemaro3 (B-kieTkn) OOJIBIIMHCTBO
Pak

Pak HOCOIIIOTKH, A3Hs >95

Pak Hocornorku, CIIIA 75

JlumdornuTennoma — moa0OHbBIN pak OpraHoB, OOJILIIMHCTBO

Pa3BUB-XCS U3 MIEPEAHEH KHUIIIKH

Pak xxenynka, SAnonus, CILIA 6%; 16%




Hepadnaviridae
Bupyc renatuta B (HBV)

*PHK TpaHckpubunpyetca Ha [JHK He Tonbko ans
CUHTEe3a OenkoB , HO K Ans pennunkaunum camoro
reHoma

*BnpuroHbl cogepkat obpaTHyo TpaHCcKpunTasy
[ enatouenntonspHas KapumHomMma sABnseTca OgHUM 13
caMblIX pacrnpocTpaHeHHbIX OHKONOrM4yecKnx
3aboneBaHum

* [NpoaykT reHa X -6enok HBx TpaHcakTBupyet
9KCMnpeccuto reHoB, B3auMMOLEUCTBYS C LUMPOKNM
CNEKTPOM BUPYCHLIX U KITETOYHbLIX PErySIATOPHbIX
anemMeHToB (p53).



KNeTo4YHbIN LUK

Gy
(Nongrowing)

DIFFERENTIATION

Eukaryotic Cell
Cycle: Division
versus Differentiation
The cell cyele normally
consists of the four stages
G, 5, G, and M. However,
if the conditions ara right,
rather than going from

5, Into the 5 phase, the
call may differentiate and

enter G,. If the cell does

not differentiate, a signal
iz receied from cyelin

[ and E, and the cell
anters 5 phase and
replicates its DMA. After
about & hours ancther
signal from cyddin A
triggers the cell to enter
G, After cyelin B becomes

active, the cell enters
mitosis and divides.



External growth factors
cause synthesis of
cyclin D

v

Acdvation of
replication genes

FIGURE 18.4 Control of G, to S Transition by
pRB and E2F

At the end of G,, cyclin D must be activated to initiate
transition into S phase. This requires binding of cyelin D to it
partner, CDK4, Once they are together, ATP is hiydrolyzed an
a phosphate s transferred to the cyclinD/CDK4 complex,
This phosphate is then transferred to pRB, which releases
E2F to transcribe genes needed to initiate DNA replication.



OHKOreHbl

DNA Proto-oncogene
MUTATION
DA Oncogens
Mlutaricn

DE-REGULATED CELL DIVISION

FIGURE 18.6 Oncogenes Are Mutant Alleles of
Proto-Oncogenes

Within our DMA are genes called proto-oncogenas, which usualby
control cell division. Whean these proto-oncogenas mutate the cell
no longear regulates cell division, and may ultimataly grow into a
tumor.



BupyCHbIN OHKOreH

Ancesmral rerovirus genome

LT Jar oz £r LTR

DNA FROM HOST CELL INCORPORATED
INTCO VIRLS GENOME

Cmcogenic rerovirus

[ e S
LT Jar iz £r Tone LTR

,f

{viral oncogene)

FIGURE 18.7 Acquisition of Viral Oncogene from
Host Cell

Comparison of an ancastral viral genome with its modem
equivalent shows that new genes have been added. In this
exampla, the virus picked up tha v-one gene, which is a copy
of @ proto-oncogena in the host cell DMA, When the virus
enters a new host, overexpression of the vinus-borne oncogene
deregulates cell division in the host, ultimately causing cancer,



TpaHcopmMauna KNeTok

Normal

K cells

EOEOE

CANCER CELLS NO LONGER INHIBITED

Cancer

cells

Contact Inhibition
Disappears in Cancel
Cells

In culture, nommal cells
grove until they touch
ather cells on all sides.
They then stop dividing.
if mutations are present
that affect cell division
feneas, the cells keep
dividing, forming small
microtumaors in the dish.



Ponb 6enka P53 B TOpMOXeHUN OeNeHNs KNeToK

DNA =
d -
Eack of sl ) P oS FIGURE 18.20
oxygen Central Role of p53
Three possible cues

activate p53 protein: lack
of oxygen, DNA damage,
and low nuclectide pools.
Activated p53 affects
many different targets,

If there is severe damage,
p53 activates Bax protein
and Initlates programmexd
cell death, Otherwise, p53
activates cell cycle arrest
by tuming on p21, which
In turn blocks the cycling,
Active p53 can also

block synthesis by DNA
polymerasa through the
action of GADD45. Active
p53 also binds to arowth
factor receptors to block
any further growth signals.

BAX

Apoptosis




dopmbl paka accoummpoBaHHblie C BUpycamm

16

14
Percentage of

cancers in women 12

10

adult T cell leukaemia

Burkitt's lymphoma

I ]lLI.‘-.[J]JhLI..l'I\']l.\

Percentage of
cancers in men 5

]l'.l.‘:i!]!ll'.l.l'.\']l\

adult T cell leukaemia

Burkitt’s lymphoma

Figure 22.1  Virus-associated cancers in women and
men. Modified from Microbiology Today, August 2005,
with the permission of Professor D.H. Crawford
(University of Edinburgh) and the Society for General
Microbiology.



BI/IpbeI Mnannriombl U NMNOJIMOMbI

® Genome: dsDMNA (covalently closed
circular)

® Capsid svmmetry: icosahedral

Figure 22.2 Vinon characteristics of the families
Papillomaviridae and Polyomaviridae. The virions of
both families consist of icosahedral capsids containing
dsDNA; papillomavirus virions are larger (50-55 nm
diameter) than those of polyomaviruses (40-45 nm

diameter).



dunoreHeTn4eckoe OepeBO BUPYCOB Nanusiombi.
KpacHbIM LIBETOM-BbICOKUN PUCK KaHLUEpOoreHesa

39 70 59

High risk

Low risk
(genital/laryngeal
warts)

High risk

Epidermodysplasia
verruciformis

Verrucae
vulgaris



Bupyc OnwtenHa-bapp (repnecBupychl)

<1.7
1.7-3.0
3.0-35
3.5-10.0
>10.0

Figure 22.4 Incidence rates of nasopharyngeal carcinoma in males. The data (age standardized incidence rates per
100 000) were published by Busson et al. (2004) Trends in Microbiology, 12, 356. The map was drawn by V. Gaborieau
and M. Corbex (Genetic Epidemiology Unit, International Agency for Research on Cancer). Reproduced by permission
of Elsevier Limited and the authors.



MexaHnam KaHueporeHesa. Bupyc nanmnombol

cell
chromosome HPV sequence

- L1 [ URR [ E6E7 [E -
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Figure 22.5 Expression of HPV genes from an integrated virus sequence. The HPV-18 sequence that is integrated into
the Hela cell genome is shown. The E6 and E7 proteins are synthesized and bind to the cell proteins p53 and pRb,
respectively. E: early gene. L: late gene. URR: upstream regulatory region.



eHOM peTpoBMpYyca

o] w0 ] —

luslr] &, mRNA

l
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Figure 16.8 Translation af Gag-Pol by ribosomal frameshifting. Approximately five per cent of nbosomes shift into

a different reading frame before the gag stop codon and translate pa! too.



MexaHn3m KkaHueporeHesa. PeTpoBupyc

cell
chromosome HTLV-1 provirus

-HHI oy ] pot l oMy I tay ]LIN-

uctivation
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cell ~
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factor
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cell protein

gure 22,6 HTLY-1 oncogenesis. The tax gene of the provirus is expressed. The Tax protein, complexed with cell
oteins, activates transcription of the provirus and may also activate cell genes.



OCHOBHbIE nyTn nepenadn OHKOreHblX BUpyCcoB HEJ10OBEKA

Table 22.3  The main modes of transmission of oncogenic human viruses

Virus Transmission mode
Mother to baby Via saliva Sexual Via blood
Before or during birth Breast feeding
HPV v
EBV v v
KSHV v v
HTLV-1 v v v
HBV v v v
HCV v v v




