OHkoreHHi Bipycu

BinbLicTb BIpPYCIB:

[eHOoM > BIPYCHI Binku
pennikauiga > Ni3nc > 3PINi BIPIOHMU

NTliTnyHvnm xutreBmmn UukKn



Tumor Viruses

JlaTeHTHUN XUTTEBUN LUK
BipycC

KHQI Ha

IHTerpauis &OBSBKOBO)

TpchcﬂpMauiﬂ

Bipyc-cneuundiyHi 6inku ekcnpecyrTbCA —403piBaHHA BipyCcy HeMae

3MiHU Y BNACTUBOCTAX KNiTUHU - TpaHcdopmMalis
2



Tumor Viruses
TpaHcdopmaui:

3HMXXEHUUN KOHTPOSb POCTY

Ability to form tumors - viral genes interfere with
control of cell replication



TRANSFORMATION

Both DNA and RNA tumor viruses can transform cells
Integration occurs (usually)

Similar mechanisms

VIRAL TRANSFORMATION

The changes in the biological functions of a cell that result from
REGULATION

of the cell's metabolism by viral genes and that confer on the
infected cell certain properties characteristic of

NEOPLASIA

These changes often result from the integration of the viral
genome into the host cell DNA




TRANSFORMATION

Among the many altered properties of the
TRANSFORMED CELL are:

e Loss of growth control (loss of contact inhibition in
cultured cells)

e Tumor formation
* Mobility
e Reduced adhesion

 Transformed cells frequently exhibit chromosomal

aberrations
5



[Bi rpynu oHKOBipycCiB
[OHK Bipycu

DNA viral genome

DNA-dependent %
DNA polymerase H‘I)St RNA
(Host or viral) polymerase

Viral mRNA

!

Viral protein



RNA Tumor Viruses
Viral RNA genome

R@erse transcriptase (Virus-encoded)
Viral DNA genome (integrated)

DNA- depen nt RNA polymerase (Host RNA pol
IMPORTANT II)

Viral genomic RNA

Ilcmg (Host splicing enzymes)

mess ger RNA

Important: Use HOST
RNA polymerase

pr°te'" to make its genome

An enzyme that
normally
makes mMRNA




DNA Tumor Viruses

DNA genome

Host RNA
polymerase i

MRNA

Q Host enzymes
protein
V&AS

OR TRANSFORMATION
In transformation usually only EARLY functions are expressed




OHK Bipycu Ta nyxXnuHu
NIOOVHA

Papilloma Viruses

* BUKNMKAE NPUPOAHI NYXSIMHW Y TBAPUH
* BUKITMKae dopmMyBaHHS 6OpogaBoK
 Y>Xe MNOoLUMpPEHI

* eniTenioTPonHi — BINbLWICTb MNYXAWUH NOAUHU NOXOAUTL 3
ManirHi3oBaHuX enitenianbHUX KniTuH



DNA Tumor Viruses In
Human Cancer

Papilloma Viruses

« epidermodysplasia verruciformis

wart mﬂt
squamous’cell carcinoma

10



DNA Tumor Viruses In
Human Cancer

Epidermodysplasia
verruciformis

Papilloma virus

11



DNA Tumor Viruses ('Y
Human Cancer .*’ﬁ # *_}

NManinomaBipycu HPV ';""‘: .
ypOreHiTanbHi NyXrnHn

bopoaaBka chcbopmauiﬂ nyckaToro enitenito KapuymHoma

NManinomaBipycu BuknukaroTb y 91% XiHOK LepBiKanbHUN pak

[TNOCKOKNITUHHNW paK:

[opTaHb
CtpaBoxia BCi CTOMNOriYHoO noaidHi

JlereHi

10% paky y nogmHu moxe oytn HPV-acouinoBaHi 12




DNA Tumor Viruses In
Human Cancer

Papilloma Viruses
» 51 types identified - most common are types 6 and 11

« most cervical, vulvar and penile cancers are ASSOCIATED with
types 16 and 18 (70% of penile cancers)

EPIDEMIOLOGIAL STUDIES BUT:
HPV 16 and HPV 18 do transform human keratinocytes

13



DNA Tumor Viruses In
Human Cancer

MONIOMA Bipycm

e Simian virus 40 — capkoma HOBOHapPoOAXeHNUU XOMSAKIB
 Polyoma — neunkemisi muiuen, in vitro TpaHcopmadis
 JC Ta BK - cakpoma maBn, TpaHcdopmauis

lpoepecusHa mynbmughokasibHa sieukoeHueganonamis PML

lMoniomaesipycu mpaHcgopmMyroms gipycu KJimuHU KOJlu 2eHOM
degheKmHuu

HeobxigpHa PAHHA ginaHka reHomy Benukuu (L) T-aHTUreH

14



ANEHOBIPYCWH

BMCOKOOHKOreHHi y TBapuH

YacTkoBa iHTerpauis

3aryyeHi y petmHobrnactomMy Ta iHWKX PigKnx BUOIB paky
PaHHI doyHKUil
E1A gingHkKa: 2 T aHTUreHu

E1B ninsiHka : 1 T aHTUreH

E1A Ta E1B = OHKOI'EHM

15



OHKOreHm

[eH, Wo Koaye DINOK AKMN NOTEHLINHO NEPETBOPIOE
HOPManbHY KIMITUHU Y 3MOAKICHY

An oncogene may be transmitted by a virus in which case it is
known as a VIRAL ONCOGENE

v=-0NncC

16



[epnecBipycu

Baromi goka3u poni oHkonaTtonoril

NOOUHN

e BipycHi JHK BuaBnsaoTb B 3nosikKicHUX KniTtnHax: “hit and run”

e Epstein-Barr Virus
* nimcpoma bepkiTTa
* HasodpapiHrianbHa KapuMHoMa
* iHpeKLiMHNN MOHOHYKJI1e03

e TpaHccopmye B-nimdountn nrogvHu in
vitro




DNA Tumor Viruses In

Human Cancer

Hepatitis B Virus
1 DNA genome

Rrb polymerase li

Host enzyme

Viral enzyme

18



DNA Tumor Viruses In
Human Cancer

Hepatitis B continued

e CycninbHa 3aranbHa npobremMa oXopoHu 340pPOBA

* 10% nonynsauii B OigHMX KpalHaX MalTb XPOHiYHY iHdeKLito

TpuBana nepcucTeHUIN

19



DNA Tumor Viruses In
Human Cancer

Hepatitis B continued

enigemionoris:
Kopensauia HBV Ta
renaTouernonapHa KapumHoma

Kutan: 500,000 - 1 mnH HoBux BunaakiB MUK
Ha pikK




DNA Tumor Viruses In
Human Cancer

Summary

°* MOXYTb BUKNUKaTU TpaHcdopmMauio KNITUH

*abo niTudHy iH¢ekuiro lytic life cycle

* YaCTO IHTErpyrTbCA B FreHOM KNIiTUHU

 [1pn Tpanccopmadii JIMLLE paHHi reHn TpaHCKpUOyLOTLCA

21



RNA Tumor Viruses

RNA Genome - Retroviruses

RNA-dependent DNA Polymerase encoded by virus
REVERSE TRANSCRIPTASE
RNA genome

Rgerse transcriptase
DNA genome

Integrase
Inte%fates

st RNA polymerase Il
RNAwenome

«=
¢ =
«=

22
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RNA Tumor
Viruses

ticles

ing par
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e
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RNA Tumor Viruses

A normal retrovirus has:

3 genes

GAG : internal proteins

ENV: Envelope glycoproteins
POL: Enzymes

Reverse transcriptase
Integrase

Protease

24



RNA Tumor Viruses

RNA is:
e Diploid Capped and polyadenylated

* Positive sense (same as mRNA)

Viral RNA cannot be read as mRNA
New mMRNA must be made

Virus must make negative sense DNA before proteins are
made

Therefore virus must carry REVERSE TRANSCRIPTASE
into the cell




RNA Tumor Viruses

env
Surface Glycoprotein SU
gp120

env
Transmembrane
Glycoprotein TM

gp4l

gag -
Membrane Associated

(Matrix) Protein M \\‘
pl17 A. .

aag
Capsid CA
(Core Shell)

p24

RNA
(2 molecules)

pol
Protease PR p?
Polymersase RT &
RNAse H RNH péé
Integrase IN p32

26



RNA Tumor Viruses

Groups of Retroviruses

» Oncovirinae M

Tumor viruses and similar

» Lentiviruses @

Long latent period

Progressive chronic disease
Visna HIV

» Spumavirinae

27



Retroviruses MoOXyTb BUKIMKATU Y NIOOUHN paK

e Human T cell lymphotropic virus -1 (HTLV-1)

T-KNITUHHUWN Nenko3 gopocnux, T-KNITUHHUN NEenKo3
Sezary

Adpuka, Kapnocobknm perioH,nesiki octpoBu AMNOHil

« Human T cell lymphotropic virus -2 (HTLV-2)

BonocAHUCTO-KNITUHHA Nenkemis

e HIV? s



RNA Tumor Viruses
Retrovirus XXUTTEBUUN LIUKI

EHoounTO3

8

3nnTTAa MemMopaH

8

3BOPOTHA TPaHCKpUNUiIA B uuTonnasmi

Hépo

29



RNA Tumor Viruses

Parental RNA

Reverse transcriptase

RNA/DNA Hybrid

Reverse
transcrlptase
Llnear DN

[ {1

Circulgf Duplex DNA

Integrase

Integrgﬂon
Trans@rpt?NA genome ? protein

-ICatIO

()

(DNA genome in cell)



RNA Tumor Viruses

Drawback to this lifestyle

Genomic RNA
% Reverse transcriptase
DNA

Host RNA pol I
Genonyic RNA

Pol Il is a host enzyme that, in the uninfected cell, makes mRNA

When making mRNA, pol ll does not copy entire gene to RNA

31



Problem of using RNA pol |l to copy a gene

=9 ‘ Vir_al
primer genomicRNA
Reverse

transcriptase
‘ dsDNA

RNA synthesis
initiation site

promotor ﬂ

RNA pol Il %
RNA synthesis termination

site

Result: New copy of viral RNA is shorter - lacks control sequences




RNA Tumor Viruses

RNA polymerase Il will not copy
Upstream sequences from transcription initiation site

e Promotors /| Enhancers

Down stream sequences from transcription termination site

 Enhancers / Poly A site / termination site

Perhaps virus could integrate downstream of a promotor etc so
that the cell provides sequences

OR
Virus provides its own promotors etc
BUT not copied! 33




RNA Tumor Viruses

Rep_eat Repeat
region . ] _
2 Clue: Difference in the two forms | "€9'°"

ﬁ RNA ﬁ

R Us GAG POL ENV U3 R

DNA

U3 R ud GAG POL ENV U3 R Ud

LTR



R Ub Viral RNA U3 R

Reverse
transcriptase

= 1 @ @

U3 R Ud U3 R U5
Long terminal repeats are formed

promotor

w RNA initiation site ﬂ RNA termination site
35




Retroviruses can have only one
promotor

Contained in U3

LTR LTR

RNA initiation site RNA termination site

Therefore only one long RNA can be made

Therefore mMRNA requires processing Us

Explains why RNA has to be positive sense

36




Some retroviruses have an
extra gene

“TunoBun petposipyc”

U5 GAG POL ENV U3

Bipyc capkomu Payca

ud GAG POL ENV SRC

R

U3

37



IedeKkTHI peTpoBipyCU MalOTb KNITUHHI
reHu

Bipyc mienobnacro3sy
nraxiB

R UbS GAG POL MYB U3 R

Bipyc capkomu koTiB(FSV)

R U5 dcac FMS deNv U3 R

Bipyc mienouyuto3y ntaxis(MC29)

R U5 dcac MYC deEnv U3 R 38



RNA Tumor Viruses

Viral Oncogene

V-onc

Cellular Proto-oncogene

C-onc

39



PHK-reHOMHI OHKOreHHI Bipycu

Proto-oncogene

KniTMHHUM OHKOreH MoXe IHOYKyBaTu
TpaHcdopmauito nicns

e MyTauil

e NesAKUX 3MIH B TreHOMI KNITUHM




PHK-reHOMHI OHKOreHHI Bipycu

BiaKpuTTA roctpotpaHcopMyO4YnX peTpoBIipycCiB
O MaKTb
V-ONC MOSACHIOE SAK paK BUHUKAE B pe3ynbTarTi

iIHbeKuil

Lli BipyCy BUKNUKaIOTb paK y TBapuH B
nadbopaTtoHMX ymoBax NPOTAroMm KOPOTKOro
nepioay 4yacy

41




PHK-reHOMHI OHKOreHHI Bipycu

AJlE:

XpoHi4yHO TpaHcdopmyroui PeTpoBipycu

BUKNUKaoTb NYXSIMHU 3 HU3bKOKO e(heKTUBHICTIO Yepes

TpuBanumn 4yac

Avian Leukosis Virus (Buknukae nimdcgommu)

R US GAG POL ENV U3 R

Hemae oHKkoreHa! — sk BUKnukKae
NyXJINHU?

42



PHK-reHOMHI OHKOreHHI Bipycu

ALV iHTerpyeTbCcsl B KNITUHHUN FEHOM Y
MHOXXWHHI cauTun

Ane NnyxnuHu 3aBXAW BUHUKAIOTb NvLie B
neBHOMY O4HOMY CaWUTI

[MyxnnHa BUHUKAE 3 OAHIEI KNITUHN

* KOPUTUYHA NoAais NOBUHHA OYTU YHIKanNbHOMO

43



PHK-reHOMHI OHKOreHHI Bipycu

Mienouutoma ntaxiB
lHTerpauis 6ing

C-myc!

OHKOreHes 4yepes IHcepLiito npomMoTopa

44



RNA Tumor Viruses

Could C-oncs be involved in NON-VIRAL cancers?

45



PHK-reHOMHI OHKOreHHi Bipycu

'eHun
PO3MILLYHOTbLCH
Ha NeBHUX
cneundivyHnX
mybp Mos XpomMocomMmax
= myc
1 2 3 4 5 &6 5 10 11 12
mos Ta myc :
Xpomocoma 8
S E ifes B fes: xpomocoma 15
13141516171819 20 21 22 X

46



Pak BUHUKaE npu TpaHCnoKauil reHiB

Jlimchoma BepkiTTa

8:14 TpaHcnokauis

Pt

13 14 15 16 17 18 19 20

FocTpun mienoigHMN nemnkos
7:15
9:18
11:15:17




Oncogenesis by rearrangement

nyxsinHa c-onc HOBUU NPOMOTOP
Ilim¢poma BepkitTta myc () Ig Baxkun (8 to 14)

lg nerkuun (8 to 2)

T kn xpoHiyHa nimdoma myc T kn peuenTtop(8 to 14)
nevukemis

B- Kn xpoHiyHa nimdoma bcl-1 Ig Baxxkun (11 to 14)
nevukemis bcl-2 nerknn(18 to 14)

T kn xpoHiyHa nimdoma tcl-1 T kn peuenTtop
nevukemis

(14 inBepcin) 48



RNA Tumor Viruses

?

Binku, Wo 3any4yeHi B KOHTPOJb POCTY Ta AudepeHUialix

@S,s KNiTUH

ERB-B
FMS o
RAS

SRC

ABL
YES dakTop pocTy

FES

e S FMS I_Deu,erlTopM cbaK"ToplB pocty
Il racrons Birnkn curHanbHOI TpaHCcayKL,l
TpaHCKpUnuInHI paktTopu
MOS

49



AHTU-OHKOINeHU =
reHn cynpecopu

MyTauii - BTpaTa (pyHKLUIWN
* peTUHOONacToma pRb
° pd3

50



Proto-oncogenes

Dominant

Heterozygote mutations Homozygote
Allele 1 Allele 2 Allele 1 Allele 2
Normal Mutant Mutant Mutant
(O —-— - wo@ >
Binds under Mutant Mutant Mutant
special always always always
circumstances binds binds binds

— R e G

Function gained Function gained



Anti-Oncogenes

Recessive mutations

Mutatior:*growth
Rb Gene Mutant Rb Mutant Rb Mutant Rb
Rb protein I I I

Heterozygote Homozygote

m Function lost

Binds and controls cell cycle No binding - Growth continues




AHTU-OHKOINeHu

[eH peTMHOOMNacTomu mae
HOpManbHY perynaTopHy (pyHKLUIO B
OaraTboXx TUNax KniTuH

3any4vyeHun B
PeTuHobnacrtomi
KapuuHomMma nereHb

KapunHoma Mono4yHux 3anos

53



AHTU-OHKOINeHu
P53

lHakTUBaUIA yepes
e neneuii
* TOYKOBa MmyTauis
Y BUnagkKax KoropeKktanbHOro paky :
e Anenb 1: yacTtkoBa adbo noBHa geneuyis

e Anenb 2: TouKOBa MyTauUis

94



DNA Tumor Viruses
Oncogenes

* Adenovirus E1A region 2
* SV 40 Large T
 Polyoma Large T

 BK virus Large T
 Lymphotropic virus Large T

e Human papilloma Virus-16 E7

All have a sequence in common

Mutations in this region abolish transformation capacity e



AHTU-OHKOINreHu

PeTnHoOnacrtoma
Rb ren p Rb ApeHosipyc E1A

Rb 6inok A
_RD_JT

4
"

@ KniTUHHUM UKnKn

NPOAOBXEHO 56

Cton pennikauiga



AHTU-OHKOINreHu

P53
P33 reH P53 reH P53 reH
ﬁ [enaTut C nanisioma

o © o

npoTeoni3nuc

oHk oy

CTton pennikauis pennikawis pennikais °’




