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Origens do Cancer

= AlteracOes hereditarias

= AlteracOes adquiridas:

= [Fatores fisicos
= Quimicos

= InfeccoOes



Virus e Cancer:
um relacionamento de longa data

Key Dates in the History of Tumor Virology (1907—Present)

Epstein-Barr virus (EBV) and its association with Burkitt’s ymphoma discovere
First human tu

"l
Simian virus 40 (SV40) discovered (23

Human adenovirus induces tumors #rhiamsters
_ _ I First human virus having oncogenic flroperties (22)
nRous sarcoma virus (RSV) discovered 05

NTILS (9) e
SV40 induces tumors in hafnsters (24, 25)
Mouse mammary tumor 1962

virus discovered (14)

i ) ‘ , Murine leukemia Mouse polyomavirus
Avian leukem¥ virus discovered (7) 1936 virus discovered (15) discovered (16)
% e en L ot Induction of carcinomas in 1951 1953

Human papillomavirus pap illomfwirus (CRPV) damestic rabbits by CRPV Human adenovirus
(HPV) discovered (6) discovered (12) First DNA Pgnor virus (13) discovered (20, 21)
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AACR Centennial Series
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Virus e Cancer:
um relacionamento de longa data

Link found between HTLV-1 infection and adult T-cell leukemia
wlumor virus in the retrovirus family (94)

Interaction of the Rb tumor suppressor with DNA
tumor virus oncoproteins demonstrated (86, 87)

P Rer-STPPressor

dlqcovered (72,73) 1988-89

1979 Lm
with human

1996-2008

HPV/cervical cancer

vaccine developed (52-55)
1991-93

Cellular origin of
retrowral oncogenes

E2F discovered

N 1986
di P man T-cell |
e leukemia virus type 1 (HTLV-1) found
(65, 66) 1980
1970 Link found between Hepatitis C virus (HCV) and its link to
Hepatitis B HBYV infection and hepatocellular hepatocellular carcinoma discovered
virus (HBV) carcinoma (38) (97, 100) Therapeutic efficacy of oncolytic adenovirus
z e Onyx-015 in treatment for certain human cancers

1975

reat cancer (46-49) demonstrated (114, 115)

een HPV infection and

(34 36) Link found
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Cancer Research
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Virus e Cancer:
Seis familias virais envolvidas (até o momento...)

Virus Familia Genoma | Viade transmisséo “Carga”

Flaviviridae RNA sf+ 70-80:
HIV Retroviridae RNA sf+ SIPIV 40:
HTLV-I Retroviridae RNA sf+ S/P 25:
HBV Hepadnaviridae @ DNA df (p) S/IPIV 250:
HPV Papillomaviridae DNA df S >30% (*)
MCPyV  Polyomaviridae DNA df C >80%
EBV Herpesviridae DNA df O ~90%
KSHV Herpesviridae DNA df O/P 3-50%

C-contato; O- oral (saliva); P- parenteral; S- sexual; V- vertical. *-inf. aguda.

DOI: 10.1002/ijc.31280; DOLI:https://doi.org/10.1016/S2214-109X(19)30488-7; doi: 10.3390/cancers12071774; doi.org/10.1086/598523



Virus e Cancer:
Seis familias e todos os tipos tumorais

EBV, KSHV, HIV ﬂ
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Virus e Cancer:
Mecanismos de carcinogénese

DIRETOS

por Virus

Mecanismos de /
Neoplasia causada \

INDIRETOS




Virus e Cancer:
Mecanismos diretos de carcinogénese

= LicOes aprendidas de retrovirus animais.

Transplante de tumor de segunda geragcao em
galinha.
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Peyton Rous in 1923.

www.pnas.org/cgi/doi/10.1073/pnas.1108655108



Virus e Cancer:

Mecanismos diretos de carcinogénese

= Retrovirus de transformacao aguda transduzem oncogenes.

Genomes of transducing retroviruses

Avian transducing retroviruses

gag pol env

5' Avian leukosis virus

src
Sl T  Rous sarcoma virus

myb
5’ NN Avian myeloblastosis virus BA1

myb ets
5'EHE NN Avian myeloblastosis virus E26

myc
5'ElET I Avian myelocytoma virus MC 29

mil  myc
5'ElNT I Avian myelocytoma virus MH2

yes
5'CHE I Avian sarcoma virus Y73

erbA erbB
5' CI NN Avian erythroblastosis virus ES4

rel
SEHT NN Avian reticuloendotheliosis virus

Virology Lectures 2018 « Prof. Vincent Racaniello - Columbia University

Typical progenitor

Mammalian transducing retroviruses

gag pol env
SEET I Murine leukemia virus

abl
5'CHE N Abelson murine leukemia virus

mos
S'ENT D \Voloney murine sarcoma virus

raf
S'EH Y 3611 murine sarcoma virus
fes

S’ NN Gardner-Arnstein feline sarcoma virus

fms
5'EINT T McDonough feline sarcoma virus

sis
S'CH I Simian sarcoma virus

kit
S N HZ4 feline sarcoma virus

ras
5'ENNC TN Harvey murine sarcoma virus

Principles of Virology, ASM Press



Virus e Cancer:
Mecanismos diretos de carcinogénese

= Retrovirus de transformacéao aguda.

= Carregam oncogenes (até dois) de origem celular.

= Causam tumores em forma rapida e em 100% dos individuos
Infectados.

= Como consequéncia de carregar um gene “celular’” podem perder
a capacidade de replicar.

= Contribuiram na descoberta dos proto-oncogenes celulares e no
surgimento do conceito de cooperacao entre oncogenes.




Virus e Cancer:
Mecanismos diretos de carcinogénese

= Retrovirus de transformacao aguda.

Proto-oncogene celular

Extrace!lular \ :
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Cytoplasm Inactive Actlvated
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Virus e Cancer:
Mecanismos diretos de carcinogénese

= Retrovirus de transformacéao aguda: identificacao de oncogenes

Proto-oncogene vs oncogene

4

Ras proteins :
PDGF receptor (H-rgs) gggF el
EGF receptor (erb5) (N-rvzs) Src protein kinase M-CSF
M-CSF receptor (fms) (K-rus) (s7¢)
r growth factors
/ growth factor receptors GIP-hinding membrane/cytoskeleton-
acting via tyr osine-speecific protems associated tyrosine-specific
protein kinase activity protein kinases
thyroid hormone y %
(fes) receptor (erhA) Rty
- K e
cytoplasmic tyrosine-specific steroid-type growth serine/threonine-

protein kinases factor receptors specific
protein kinases




Virus e Cancer:
Mecanismos diretos de carcinogénese

= Retrovirus de transformacéao aguda: identificacao de oncogenes

Table 2 | Oncogenes first identified in retroviruses as drivers in human cancer

Oncogene  Mechanism of activation Cancer type Refs
MYC Increased transcription Burkitt's lymphoma 64,186
Increased transcription B celllymphoma 187,188
Amplification Neuroblastoma 65,189
Amplification Medulloblastoma 190-192
EGFR Mutation Glioblastoma 128,193
Mutation Non-small-cell lung cancer 130-133
RAS Mutation Pancreatic cancer 194-196
RAF Mutation Melanoma 197

EGFR, epidermal growth factor receptor.

Nature Reviews Cancer 12, 639-648 (September 2012) doi:10.1038/nrc3320



Virus e Cancer:
Mecanismos diretos de carcinogénese

Retrovirus de Transformacao “LENTA”

= NAO carregam oncogenes de origem celular.

= Causam tumores apos longos periodos e numa proporcao
menor dos individuos infectados.

= (Capacidade de replicar inalterada.

= Contribuiram com o surgimento do conceito de mutagénese
Insercional.



Virus e Cancer:
Mecanismos diretos de carcinogénese

Retrovirus de Transformacao “LENTA”

Mutagénese Insercional

Proto-oncogene —

—m— Oncogene —
/
N\

Gag Pol Env

T

LTR LTR

Tumor suppressor —

= |ndepende de proteinas virais. _
—  Tumor suppressor |-

Modificado de Cancer Science, Volume: 96, Issue: 1, Pages: 7-12, DOI: (10.1111/j.1349-7006.2005.00011.x)




Virus e Cancer:
Mecanismos diretos de carcinogénese

Virus animais vs Virus humanos

= Virus humanos nao sao carcindgenos completos.

= O intervalo desde a infeccao até o aparecimento do tumor
pode ser muito grande.

A maioria dos individuos infectados ndao desenvolve cancer
(imunocomprometidos tém risco maior).

= Efeito sinergistico entre alguns virus e cofatores ambientais.



Virus e Cancer:
Mecanismos diretos de carcinogénese

Virus humanos:

= Expressdo de oncogenes virais sem homologos
celulares (HPV, EBV, HTLV-1, MCPyV).

= Mutagénese insercional (HBV, HIV, HTLV-1, HPV).



Virus e Cancer:

Mecanismos diretos de carcinogénese
Virus humanos: oncogenes virais e ciclo celular

Proteinas pequenas pleiotropicas.

= Colaboram para imortalizar queratinocitos

E6 humanos.

S—

= Promovem:

E7 - Replicacao de DNA fora de contexto
- evasao de apoptose

- evasao da resposta imune

p53 |




Virus e Cancer: Mecanismos diretos

Virus humanos: oncogenes virais e ciclo celular

Telomerase activation &
cell Immortalization

e

cell polarity &
transformation

Centrosome &
miR Regulation

https://doi.org/10.1016/j.mrrev.2016.08.001



Virus e Cancer: Mecanismos diretos

L E6. E7 | | E6, E7 |
N ~
= Sosanrg i B
EG6, E7 signaling SUPPressors /

"\ Deregulating Avoiding

Enabling

Resisting
—) cell replicative (—I E6, E7 I
death immortality
Genome Tumqr
instability & : ;:Iromott?g
PR inflammation
| E6,E7 |7 "
Inducing Activating
angiogenesis  invasion & I E6, E7 I

T met?tasis

[Eo.e7]

Adapted from Hanahan & Weinberg, Cell 2011, doi.org/10.1016/j.cell.2011.02.013




Virus e Cancer:
Mecanismos diretos de carcinogénese

HTLV-1
/ | \

Ativacao de fatores Interfere com Impede a parada
envolvidos nareplicagao reparo do DNA do ciclo celular e
de células T apoptose

l l l

Proliferac&o continua e
Instabilidade | TP |
e sem controle —)p Imortalizagao

(mutagénese) gen‘etlca I

| Evolucao tumoral |




Virus e Cancer:

Mecanismos diretos de carcinogénese
Virus humanos: oncogenes virais e ciclo celular

» HPV E7 and HPV E6

» SV40 sT

» EBV LMP1and
LMP2A

» KSHV K1 and vGPCR

» HCV NS5A

» Ad E4-ORF4

- HPV E7

» KSHV LANAT and
vCyclin

» EBV and EBNA2

» HBV and HBX

» SV40 LT

» EIA

* HCV core

 HTLV-I TAX

IFNR

» Protein synthesis
P TOR » Ribosomal
=p |+ AKT |mp| DiOgenesis
. PI3K  Autophagy
regulation /
p300 and CBP

E2—-ARF-MDM2

~
P53 |

N —

CDKI

« HPV E6

» KSHV vIRF, viL-6
and ORF 45

« E1A

o SV40 LT

* HCV core

o« HTLV-I TAX

HPV E6

KSHV LANAI and
LANA?2

EBV LMP1 miRNA
HBV HBX

SV40 LT

EIB (EIBL)

» CV core and
NSS5A

Nature Reviews Cancer 10, 878-889 (December 2010) | do0i:10.1038/nrc2961




Virus e Cancer:
Mecanismos de carcinogénese

DIRETOS

por Virus
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Virus e Cancer:
Mecanismos indiretos de carcinogénese

= Estimulo da proliferacao celular para reposicao do
tecido danificado (HBV, HCV)

= |munodeficiéncia (HTLV-1, HIV)



Virus e Cancer:
Mecanismos indiretos de carcinogénese

= Estimulo da proliferacao celular para reposicao do tecido danificado.

b Hepatitis B (chronically evolving)

| HBEcAg-specific antibodies |

| Serum HBeAg || HBeAg-specific antibodies |

| Serum HEsAg |

100+ Serum

HEV DNA Sl A=
hepatitis

Increase (% of maximum)
N
(]

0

|I.l'|l.l' | .|'.|' | |-.l-.l
0 10 20 21 30 31 4041 50
Time after infection (years)
L |1 |1 |

Immuno-  Immuncactive Low replicative High replicative
tolerance phase phase phase

doi:10.1038/nril573



Virus e Cancer:
Mecanismos indiretos de carcinogénese

= |munodeficiéncia

Virus da Imunodeficiéncia Humana (HIV)

HIV induz o tipo de imunossupressao mais severo conhecido:

Associado a:
= Sarcoma de Kaposi (KSHV ou HHV-8)
= l[infoma n&o-Hodgkin (EBV)

= Cancer do colo do utero (HPV)

Possivel envolvimento de mecanismos Diretos



Virus e Cancer:
Mecanismos indiretos de carcinogénese

INTERACAO HIV e KSHV

= Sarcoma de Kaposi Classico
= Sarcoma de Kaposi endémico

= Sarcoma de Kaposi iatrogénico

= Sarcoma de Kaposi associado ao AIDS



Virus e Cancer:
Mecanismos indiretos de carcinogénese

Interagao HIV e KSHV Sarcoma de Kaposi apés HAART

Nature Reviews | Cancer

Nature Reviews Cancer 2, 373-382 (May 2002) doi:10.1038/nrc797



Virus e Cancer:
Mecanismos indiretos de carcinogénese

Table 1 | HIV-associated malignancies

Tumour type Relative risk*

AIDS-defining$
KS 258
NHL 78.1

Burkitt's (classic form) 103
DLCL, centroblastic NA
DLCL, immunoblastic 134

PCNS 175
PEL NA

Uterine cervix 8.8

(invasive)

Viral co-factors
(prevalence of
viral DNA in tumours)

HHVS (100%)
EBV, HHVS

EBV (30%)
FBV (40%)

FBV LMP1 (90%)
EBV LMP1 (100%)

HHVS (100%), EBV (80%)

HPV (100%)

Reported effects
of HAART*on
incidence

Decreased

Decreased

Unchanged/decreased
Unchanged/decreased
Decreased
Decreased

NA

Unchanged

Reported effects
of HAART* on
outcome

Regression/remission

Improved survival/
regression

Improved survival
Improved survival
Improved survival

Regression (anecdotal
evidence)

Regression (anecdotal
evidence)

Regression (anecdotal
evidence)

DLCL, diffuse large-cell ymphoma; EBV, Epstein—Barr virus; HHV8, human herpesvirus type 8; HPV, human
papillomavirus; KS, Kaposi’s sarcoma; LMP1, latency membrane protein 1; NA, not available; NHL, non-Hodgkin’s
lymphoma; PCNS, primary-nervous-system lymphoma; PEL, primary effusion lymphoma. doi:10.1038/nrc1479



Virus e Cancer:
Mecanismos de carcinogénese

Direto vs Indireto

Muitas vezes fica dificil distinguir...



Virus e Cancer:
Mecanismos de carcinogénese

Linfomma de Burkitt, caracterizado por:

normal Burkitt’s
chromosomes lymphoma
t(8;14)
8 14 8q- 14q+
) A
: IgH
¢ Ll e 9 q32.33 o 'Himyc
I )
I }

heavy-chain immunoglobulin (IgH) gene

+
myc proto-oncogene

—_—
l reciprocal translocation

normal
Chromosome 14

normal
Chromosome 8

IgH myc oncogene

—
+

= Associado a infeccéo pelo Virus Epstein-Barr (EBV)

= Diferencas geograficas e de idade de incidéncia notaveis.



Virus e Cancer:
Mecanismos de carcinogénese

EBV e Linfoma de Burkitt na Africa: Mecanismos complexos

(B) Burkitt’s lymphoma

Equator



Virus e Cancer:
Mecanismos de carcinogénese

EBV e Linfoma de Burkitt na Africa: Mecanismos complexos

Latency Il

= Proliferacéo celular permanente.
= Acumulo de alteracoes.

Regidoes endémicas para
malaria.

Lawrence S. Young & Alan B. Rickinson. 2004, doi:10.1038/nrc1452



Virus e Cancer:

Mecanismos de carcinogénese

“Take home message”

A carcinogénese viral resulta da combinacao de mecanismos
diretos e indiretos.

Os virus oncogénicos em humanos sao carcindbgenos
iIncompletos.

A transformacéao celular ndo faz parte do ciclo viral.

Ha espaco para identificacdo de novos agentes e novas
associacoes.



KSHYV e os “hallmarks of cancer”

| LANA, VGPCR | | LANA, VIRF-1 |
S ini Evadi
prcl)j :ft: rgtri‘\ge grz:;j\:tnhg LANA )
I vGPCR I signaling suppressors VIRF-1

"\ Deregulating Avoiding

Enabling
replicative €«==| L ANA, VGPCR

immortality

Resisting
VFLIP |=> cell

death

Tumor-

G ¢
insgt])(i)lzrye& _ FafomOt'ftTQ
LANA / mutation infliammaton
VIRF-1 Inducing Activating \
angiogenesis invasion & VFLI P, LAN A’
T metistasss Vv G P C R
VFLIP, LANA, [ » |

VG PC R Adaptado de doi.org/10.1016/j.cell.2011.02.013; dx.doi.org/10.1016/j.chom.2014.02.011




Virus e os “hallmarks of cancer”

LMP-2A, EG6, E7, HBX, Core,

NS3, NS5, Tax, HBZ, LANA,
VGPCR \ EBNA-1, E5, HBX,
Core, NS3, NS5, HBZ,
Sustaining Evading VFLIP, LANA, VIRF-1
proliferative growth
signaling suppressors

Deregulating Avoiding

cellular

energetics
EBNA-1, LMP-
1, E6, HBX,
Core, NS3
’ ’ Resisting Enabling
NS5, Tax, HBZ, cell replicative
VFLIP, LANA, death immortality
VGPCR, VIRF-1
Genome Tumor
instability & Rt
mutation inflammation
Inducing Activating \
angiogenesis invasion & LMP-1, E6, HBX,
metastasis Core, NS3, NS5,
LMP-1, LMP-2A, E7, HBX, / VFLIP, LANA,
Core, NS3, NS5, VFLIP, LANA, vGPCR

VGPCR

Adaptado de doi.org/10.1016/j.cell.2011.02.013; dx.doi.org/10.1016/j.chom.2014.02.011




Virus e Cancer:
Seis familias virais envolvidas (até o momento...)

Carcinoma # Linfomas
hepatico

ﬁév AV EBv
Ca. nasofaringeo
HCV

T~V __— |HTL

15-20% dos canceres humanos
estdo associados a infeccao por

Virus:
Car,cinoma de KSHV Carcinoma
células de Cervical, outros
Merkel Sarcoma de

Kaposi carcinomas
DOI: 10.1002/ijc.31280 P genitais e de C&P



Virus e Cancer:
Seis familias virais envolvidas (até o momento...)

Flaviviridae 20% 70-80:
HIV Retroviridae @~ ---——---- 40:
HTLV-I Retroviridae 100% 25:
HBV Hepadnaviridae 56% 250:
HPV Papillomaviridae 2-100% >2000: (*)
MCPyV  Polyomaviridae 80% >80%
EBV Herpesviridae 50-85% 6300:
KSHV Herpesviridae 100% 3-50%

DOI: 10.1002/ijc.31280; DOI:https://doi.org/10.1016/S2214-109X(19)30488-7; doi: 10.3390/cancers12071774; doi.org/10.1086/598523



Virus e Cancer:
InfeccOes virais como fatores de risco.

600

100

20

Risco Relativo

10

Alcool & Fumo & Cancer | HBV & cancer || HPV & céancer
Cancer oral de pulméao de figado cervical

Adaptado de Franco e Harper. https://doi.org/10.1016/].vaccine.2005.01.016



Resumindo, € bom
lembrar que:



E bom lembrar que:

Carcinogenos de tipo 1 em humanos: HBV, HCV, HIV-1,
HTLV-1, EBV, KSHV(HHVS8), HPV(16, 18, 31, 33, 35, 39,
45, 51, 52 ,56, 58, 59).

Carcinogenos de tipo 2A em humanos: MCPyV, HPVGS.

Carcindgenos de tipo 2B em humanos: HIV-2, HPV 5 e 8
(EV) e HPV 26, 30, 34, 53, 66, 67, 69, 70, 73, 82, 85, 97
(por analogia filogenética com tipos o do grupo 1), JCV,
BKV.

= Qutros virus candidatos: SV40, HMTV(?), CMV e infeccoes
esporadicas

« 15-20% dos tumores humanos tem origem viral



E bom lembrar que:

Existem agentes infecciosos nao virais

Bactéria: Helicobacter pylori
(Adenocarcinoma gastrico e Linfoma MALT)

Helmintos: Opisthorchis viverrini (colangiocarcinoma)
Clonorchis sinensis (colangiocarcinoma)

Schistosoma haematobium
(carcinoma epidermoide de bexiga)

Agentes carcinogénicos grupol (IARC/OMS):

Infeccao cronica por estes agentes € a principal causa do
desenvolvimento das neoplasias a eles associadas.



E bom lembrar que:

= A maioria dos tumores associados a agentes
Infecciosos acontece em paises subdesenvolvidos

Attributable fraction
1 <5%

1 5-9%

= 10-19%

B 20-29%

Bl 30-39%

B -40%

doi: 10.1016/S2214-109X(16)30143-7



E bom lembrar que:

Ha amplas oportunidades de intervencao!

= Tumores associados a agentes infecciosos afetam
uma pequena proporc¢ao dos individuos infectados.

= (O cancer acontece varios anos apos a infeccao inicial.

= O agente causal foi identificado. Por tanto, sua acao
pode ser prevenida!!l



Profilaxia contra virus causadores
de Tumor

Vacinas profilaticas disponiveis para
HBV e HPV

Seguras

Bem toleradas

Eficazes
>35 anos de seguimento (HBV)
~15 anos de seguimento (HPV)

= Custo elevado (HPV)...ejem...

= Terapia disponivel para outros virus (HIV, HCV, EBV)






