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Causas do Cancer: Qual o papel dos virus?

Relative risk of cancer

Alcohol & Tobacco & HBV & liver HPV &
oral cancer lung cancer cancer cervical cancer




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 S q Cervical, outros
Merkel arcoma de carcinomas
Kaposi

genitais e de C&P



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

Flaviviridae RNA sf+ 170-200:
HIV Retroviridae RNA sf+ S/P/V 40:
HTLV-I Retroviridae RNA sf+ S/P 25:
HBV Hepadnaviridae DNA df (p) S/P/V 400:
HPV Papillomavirdae DNA df S >2000: (*)
MCPyV Polyomaviridae DNA df c -
EBV Herpesviridae DNA df @) 6300:
KSHV Herpesviridae DNA df op e

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




HERPESVIRUS

= S&0 uma das principais causas de doencas humanas associadas
a virus.

= Quando a infeccao acontece € para a vida toda do individuo.

O termo Herpes vem do grego e significa latente, cronico.




HERPESVIRUS

INFECCAO LATENTE

Latencia - representa um estado transcricional e traducional Gnico do virus. O
ciclo produtivo ndo funciona mas pode ser ativado a qualquer
momento.

(b) Latent infection

reactivation reactivation

INFECTION sl

TIME (years) -



HERPESVIRUS

Virus envelopados, com capsideo icosahédrico.

Particula de diametro entre 180-200nm.

Genomas de DNA dupla fita, linear, grandes (até 235kbp)
Sao virus complexos (virions com ~35 proteinas diferentes)

Codificam uma variedade de enzimas envolvidas no metabolismo
e sintese de DNA e no processamento de proteinas.

Os tipos diferem na sequéncia do seu genoma e suas proteinas,
mas sao semelhantes em termos de estrutura do virion e
organizacao genomica.

Replicacao: Nuclear.

Montagem: Nuclear.



HERPESVIRUS

Envelope

Teguments

Icosahedral

nucleocpasid

Herpesvirus

dsDNA


http://www.med.sc.edu:85/lecture/herpes.gif

HERPESVIRUS

Trés subfamilias:

« Alfaherpesvirus

= Betaherpesvirus

= Gamaherpesvirus

Estabelecem infeccdes latentes e persistentes apds a infeccao
primaria.

A reativacao acontece principalmente em periodos de
Imunossupressao.

A infeccao primaria e a reativacdo sao mais graves em individuos
Imunossuprimidos.



HERPESVIRUS

Patogenicos em humanos

Alfa

Virus Herpes simplex (HSV-1/HSV-2, HHV1/2)
Virus Varicela zoster (VZV/HHV-3)

Beta
Citomegalovirus humano (HCMV/HHV-5)
Herpesvirus humano 6, 7 (HHV-6, HHV-7)

Gama
Virus Epstein Barr (EBV/HHV-4)
Herpesvirus humano 8 (HHV-8/KSHV)




HERPESVIRUS

Table 1| Human herpesviruses

Name  Subfamily Sequence characteristics Cell types infected Pathophysiology
GC content % coding Lytic infection Latent infection
HSV-1 a 68% 79 Epithelial cells Neurons Orofacial infections,
(HHV1) encephalitis
HSV-2 a 70% 79 Epithelial cells Neurons Genital and neonatal
(HHV2) infections
VZV a 46% 89 Epithelial cells Neurons Chickenpox, shingles
(HHV3)
EBV y 59% 68 B cells, B cells Infectious
(HHV4) epithelial cells mononucleosis,
lymphoma, carcinoma
CMV B 57% 79 Macrophages, Macrophages, Congenitalinfection,
(HHV5) lymphocytes, lymphocytes, retinitis, hepatitis
epithelial cells epithelial cells
HHV6 B 42% 79 (subtype A); CD4* Tcells Monocytes, Exanthem subitum
82 (subtype B) macrophages
HHV7 B 36% 79 Tcells Tcells Exanthem subitum
HHVS y 53% 83 Lymphocytes Lymphocytes Kaposi's sarcoma

CMYV, cytomegalovirus; EBV, Epstein—Barr virus; HHV, human herpesvirus; HSV, herpes simplex virus: VZV, varicella-zoster virus.




HERPESVIRUS
= Organizacao do genoma

Pergunta de proval!!!l
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Viruses 2009, 1(3), 420-440; doi:10.3390/v1030420



HERPESVIRUS

= Ciclo viral

= Expresséo dos genes precoces imediatos, precoces e tardios
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HERPESVIRUS REPLICACAO: ADSORCAO E ENTRADA

Binding to the host cell Fusionwith the host cell membrane




CHPSId Tegument proteins

Stimulation of viral
» gene expression and
modulation of host cell

4] O [a)
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Trans-Golgi
network

Viral DNA

YAV,
a=
S %/—»
Nucleus
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Immediate-early genes /
Initial viral transcription YAWAYA ﬁ Late genes

and evasion of the host g Structural
iImmune system prntei ns
T

Early genes
\ Host cell DNA synthesis /

Nature Reviews Immunology 11, 143-154 (February 2011) | doi:10.1038/nri2937




HERPESVIRUS
REPLICA(;AO DO GENOMA

= A replicacao acontece pelo mecanismo de “rolling circle”
formando repeticGes em tandem.

= Finalmente estes repetidos sao clivados.

@

@ Rolling-Circle DNA
Replication

One strand nicked by /‘ \
endonuclease
3 5

5 The free 3' end is extended by DNA
polymerase (reads 5—3’) displacing the
complementary template strand which is
copied in short segments by DNA polymerase
g. Replication proceeds until at least one new copy is made, multiple

copies may results chained together as a concatemer



Herpes simples
(Herpesvirus 1)



Site of Initial Infection

—c @

\ Cold Sores

Periphery Viral Shedding
Epithelial Epithelial Cell Death

Cells

\
LATENCY (2)
Retrograde | Anterograde
Transport ‘ Transport

(3) REACTIVATION
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% ra Trigeminal

viral genome | ,-* Ganglia

Herpes Simplex Encephalitis
Neuronal Cell Death
Multiple Sclerosis

Alzheimer's Disease

Central Nervous System



Virus Epstein-Barr
(Herpesvirus 4)
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http://upload.wikimedia.org/wikipedia/commons/0/07/Epstein_Barr_Virus_virions_EM_10.1371_journal.pbio.0030430.g001-L.JPG

Virus Epstein-Barr (EBV)

Receptor: CD21 (linfocitos B e células epiteliais da naso- e orofaringe)

= Mais de 90% da populacdo mundial
esta infectada por este virus.

= E transmitido pela saliva infectando
as células epiteliais de orofaringe e
linfocitos B.

a EBV genome: latent genes EBER1  £pegps
~
!

Double-stranded DNA episome

= Etiologicamente associado com:
= Mononucleose

= Linfoma de Burkitt,

= Doenca de Hodgkin

= Carcinoma naso-faringeo

‘ Expert Reviews in Molecular Medicine ©2001 Cambridge University Press




Virus Epstein-Barr (EBV)

Os linfécitos B sao semipermissivos para a
replicacao viral. A infeccdo pode ser latente ou as
células podem ser estimuladas e, eventualmente,
transformadas pelo virus.

As células epiteliais permitem o ciclo litico completo.



Virus Epstein-Barr (EBV)

Buccal cavity Oropharyngeal i Lymph node ggrminal centre

Peripheral circulation
mucosa i

= EBNAL ! 5 E EBNA1/LMP2
= EBNA2 | 3 E,?,,“F‘,’;i ; + BARF1

= EBNA3 ! = LMP2

= LMP1 i

= LMP2 |

= BARF1 !

Virus entry

Nature Reviews Clinical Oncology 9, 510-519 doi:10.1038/nrclinonc.2012.111



Virus Epstein-Barr (EBV)
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Virus Epstein-Barr (EBV)

= Mononucleose

— — ——
Py 5

= Faringite e adenopatias...



Virus Epstein-Barr (EBV
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Virus Epstein-Barr (EBV)

Leucoplasia pilosa




Virus Epstein-Barr (EBV)
Leucoplasia pilosa




Virus Epstein-Barr (EBV)
Carcinoma nasofaringeo

Carcinoma da nasofaringe (NPC):
= Tumor maligno do epitélio escamoso da nasofaringe.

= A forma mais indiferenciada esta sempre associada
a infeccao por EBV.

= Copias de EBV podem ser detectadas nas células
malignas de todos os NPC indiferenciados.

= As células malighas expressam EBNA-1 (algumas LMP).

= Linhagens celulares derivadas de NPC produzem
particulas virais infecciosas



Virus Epstein-Barr (EBV)

Normal Low-grade High-grade Nasopharyngeal
epithelium pre-invasive lesion pre-invasive lesion noma

LOH on chromosome 3p and 9p >
inactivation of RASSF1A and COKN2A
EBV latent infection
>

Telomerase dysreguiation BCL2 overexpression

LOH on 14q, 11q, 13g and 16q
Inactivation of EDNRE and TSLC17

Other genstic changes
(for example, in TP53 and E-cacherin)

Carcinoma nasofaringeo

Nature Reviews | Cancer



Virus Epstein-Barr (EBV)
Carcinoma nasofaringeo
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Stage 0 Cancer

© 2005 Amenican Socety of Cinical Oncology

Base
of skull

In situ

Robert Morreale/Vissal Explanations, LLC



Virus Epstein-Barr (EBV)
Carcinoma nasofaringeo

Stage IVC Cancer




Virus Epstein-Barr (EBV)

Carcinoma nasofaringeo
RIGHT NOSTRIL

Right Eustachian e 7 LR Tumor in Vault
ube Orifice ' 2. S Nasopharynx

Floor of Right
Nasal Cavity




EBV: Carcinoma nasofaringeo

whole genome
hypermethylation of
tumour suppressors
or cpG demethylase

promoter methylation of

e
[

activation of DNA
methyltransferases (DNMTs)




Papilomavirus Humano (HPV)

Familia : Papillomaviridae
Género:qa, S...Papillomavirus

Virus pequenos nao envelopados (~50 nm)
DNA circular dupla-fita (~8 kpb)

Célula alvo: queratinoécitos

Tropismo anatdmico evidente!!!



Classificacao dos HPV

Alpha-papillomavirus
mucosal & cutaneous

Mu-papillomavirus
cutaneous

Nu-papillomavirus

AlHEVA —  cutaneous

g10HPV121
9110HPV133A
ofHime 1304

Gamma-
papillomavirus
cutaneous

Beta-papillomavirus
cutaneous

Viruses 2015, 7(7), 3863-3890;



Papilomavirus Humano (HPV)

Controle da_tran~scr|gao € — UR?‘ ________ liferacio celular
replicacao A

Proteina principal
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Classificacao dos HPV

> 200 tipos de HPV

l

~ 40 Infectam a regiao anogenital

Baixo Risco Alto Risco
(HPV 6, 11, 42, 43, 44) (HPV16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59 e 66)
!
LesOes de baixo grau LesOes de alto grau

e verrugas genitais Carcinoma invasivo



Verrugas genitais por HPV de baixo risco oncogénico




HPV de alto risco oncogénico e Cancer Cervical

Fallopian tube

Uterus

Glandular
cells [

Cervix

Squamous =
cells |

Vagina

©Mayo Foundation for Medical Education snd Research. All rights reserved.




HPV: Patologias associadas

100% cancer cervical ~40% cancer de
e lesbes precursoras cabeca e pescoco

(70% 16/18)
/ ~50% Cancer de
/7 pénis

~40% cancer de vagina o __—— H PV
e lesBes precursoras \
80% cancer de anus

.

100% Papilomatose
respiratoria recorrente

~40% cancer de (6/11)
vulva e lesoes o
precursoras 100% verrugas
genitais
(condiloma

acuminata)



HPV: muitos tipos, diversas doencas

= Porém, muito em comum.



HPV: infeccoes comuns gue afetam centenas de milhdes de
Individuos a cada ano

Em torno de 10% das mulheres em todo o Mundo apresentam
Infeccao por algum tipo de HPV, sendo mais frequente entre as
jovens (30-50% positivas).

= Entre os homens, ha relatos de prevaléncia de HPV no pénis de 10
a 70%.

= A probabilidade de contagio é elevada (50-80%) e persiste ao longo
da vida.

= Ha mais de 30 milhGes de casos novos de verrugas genitais a cada
ano e mais de 500000 casos de cancer de colo do utero.



HPV e patologias em mulheres e homens

Estimativa global de novos casos por ano

I Male [iFemale

1. Parkin DM et al. Vaccine. 2006;24(Suppl 3):53/11-83/25. 2. WHO/ICO Information Centre on HPV and Cervical Cancer (HPV Information
Centre). Human Papillomavirus and Related Cancers in World. Summary Report 2010. 3. World Health Organization. Geneva, Switzerland:
World Health Organization; 1999:1-22 4 World Health Organization (WHO). Executive summary: the state of world health. 1995.
http:/Awww who.int/\whr/1995/media_centre/executive_summary 1/en/index3._htmlz. Accessed June 7, 2012.



HPV e cancer

= Mecanismos de tumorigénese.



Ciclo de vida do HPV

HPV de baixo risco HPV de alto risco

Normal cervix  CIN | CIN 2 CIN 3 Invasive cancer

r

Papilloma

HPYV integration

>
— | E6 and E7 expression
Infectious viral particles
Py ..'. L L B AL BN N R

" eee0Bs0B 00
'"“e 0. 00000000000
‘"D e0e 00000000000

AL L L R B R L L L
N e
S s 8 0.0

. 00

Adapted from Herbster et al., 2018, doi: 10.6061/clinics/2018/e551s



Ciclo de vida do HPV

Protein expression profile

L1, L2

E1,E2, E4 v S—5—0° 53
] b

E6, E7

Squamous
epithelium

Superficial zone

Midzone

Basal layer

Basement
membrane

Heparan sulphate

' ; i : teogl
= O ciclo dos HPV esta estritamente ligado ao REarEpgean

programa de diferenciacao do epitelio
doi:10.1038/nrmicro2984



Ciclo de vida do HPV

= O ciclo dos HPV esta estritamente ligado ao programa de diferenciacédo do
epitelio

A Reblicati
. plication
Enhancer origin E6 promoter >

The Open Virology Journal, 2012, 6, (Suppl 2: M3) 173-189



HPV e cancer

= Por que o colo uterino?



Ciclo de vida do HPV: Por que o colo uterino?

endocervix 4
squamous

columnar
junction

ectocervix

E1,E2, E4, E5

mm
N =

5 CH)
N -

Granular layer cells:
Virion assembly

Spinous layer cells:
Viral genome
amplification

Basal layer cells:
Infection and
persistence of
viral DNA




Ciclo de vida do HPV: Por que o colo uterino?

- \ Uterus

Infeccdo "\ 9,
Basariant incial

membrane . -
Replicagao ‘ v
: expressao ml / O
M de genes “E” Descamacao © 7

de células
infectadas

| Expresséao

20-30 anos I de ggnes “L”

\




@ Infected cells proliferate
Malignant cells can disrupt the base-
ment m_emb!ano and invade

Invasive cancer.

basal

:(IE.‘(' ) e .L..r\r. -

(2) HPV enters the epithelium through
High grade Cervical Intraepithelial

Neoplasia, AIS

a microlesion and infects the
(adenocarcinoma in situ).
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@ Normal cervical epithelium

CIN 2

abnormal way, leading to low grade
Cervical Intraepithelial Neoplasia (CIN)
Histological development of cervical cancer

Infected cells can change in an

CIN 1




HPV de alto risco oncogénico e Cancer Cervical




HPV e cancer

= Mecanismos de carcinogénese.



Os HPV de alto risco expressam oncogenes

Controle da transcricéo e
replicacao

Proteina principal

do capsideo .
oo + Regulagdo da
. ! : replicacéo viral
' I
1 ria S Regulacéo da
Proteina secundaria_ ¢ - — gulagéo c
do capsideo 0 | transcricao viral

AR --==7 ¢\ Alteracdo da matriz
Proliferacao celular intracelular



Os HPV de alto risco expressam oncogenes

= A amplificacao do genoma do HPV occure nas camadas diferenciadas do
epitelio. Portanto, o HPV deve induzir a sintese de DNA em células
comprometidas em diferenciacao terminal.

Pequenas proteinas pleiotrépicas.

E 6 *Colaboram para imortalizar queratinocitos humanos.

- aumento do tempo de vida celular
E7 - replicacao de DNA nao programada
- resisténcia a apoptose

— - evasao da resposta imune

pS3 | | PRD

= Existem diferencas funcionais entre E6 e E7 de HPV de alto e
baixo risco oncogénico.

= +Promovem:




E7: manipula o ciclo celular

= A expressdo de E7 induz a sintese nao programada de DNA e
desacopla este processo da diferenciacao celular




E7: manipula o ciclo celular

= Alvos celulares de E7, e sua relevancia funcional

miR203

Proliferacao celular
sintese de DNA
Evaséao de sistema imune
Imortalizagao celular
Instabilidade genémica

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



E6: resisténcia a apoptose

= Alvos celulares de EG6, e sua relevancia funcional

Telomerase activation &
cell Immortalization

cell polarity &
transformation

Resisténcia a apoptose Centrosome &
Instabilidade genémica
Alteracoes em diferenciacao
Imortalizacao

miR Regulation

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



Integracao do HPV estabiliza a expressao dos oncogenes
virais

Opening of the
E1 viral ring molecule
during integration

L1

Frequently
deleted

during DNA |
integration| |

Chimeric transcripts,
increased mRNA

lifespan

Modulation of viral .
transcription by host- Integration
cell promoters

| o 0

27 L1 LCR EB& E7 E1 EZ°
gEEE | | -
EEEE [ [ -
zur Hausen Nat Rev Cancer 2, 342-350 (2002)




HPV e cancer

Normal » Dysplasia » Cancer

HPV >
infection HPV oncogene expressio
y A
7 1
® @ © o o o/ e ®
Altered T BECHE ¢enomic TN BE BEBICAEK I
okine (CEEOMW’ . T AECHEONK BN BK
eSpo c ), ) P @ @ @ ), ), ),
gratio - %,
(), ] .
MMP9 eg
BM

“Malignant switch” i
anglogenesis

MMP-2
MMP-9
MMP-14

2ay | failure to
lymphoid | activate T
organs cell responses

Adapted from Boccardo et al., Carcinogenesis (2010) 31 (11): 1905-1912. doi: 10.1093/carcin/bgql76



Os oncogenes de HPV afetam diversos processos celulares
associados ao desenvolvimento do cancer

L E6. E7 | | E6, E7 |
= o [
E6, E7/ signaling SUPPressors /

"\ Deregulating Avoiding

Enabling
replicative (—I E6, E7 I

immortality

Resisting
- cell

death

Tumor-

Genome ;
e oy
mutation :
| E6,E7 |7
Inducing Activating \
angiogenesis  invasion & I E6, E7 I

T met?stasis
[Eo.7]

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




HPV e Tumores de cabeca e pescoco



Papilomatose de Laringe (HPV-6/11)

http://www.entusa.com/oral_photos.htm



Papilomatose de Laringe (HPV-6/11)

Epiglote

Entrada Papiloma
de ar

Cordas vocais Traquéia



HPV e Tumores de cabeca e pescoco

Common Normal Exophytic (everted) squamous cell Sinonasal Common NA Nasopharyngeal cancer, Oropharyngeal
manifestations nasal papilloma, Inverted papilloma, Cylindric carcinoma, Inverted manifestations squamous cell carcinoma (OPSCC)
mucosa cell papilloma papillomas HPV NA 35.6%
i Types HPV16 (86.7%), 18 (1%), 33 (1.1%), 35, 45,
HPV Rare 36.4% 20-30% NA 59 (0.2-0.4%)
Types NA HPVS, 11, 16,18 HPV16, 18, 6, 11 HPV6 (5.1%), 11 (0.7%)
Paranasal sinus
Nasal Cavity (Frontal sinus)
| (Sphenoid sinus)
Nasopharynx :
. Tongue 1
Oral Cavity Eoor of mouth Oropharynx :
Hypopharynx } Pharynx
Larynx
Thoracic Region
Larynx Normal | Benign Precance | Carcinoma
; 5 p Tumors s
Common Normal oral | Verrucae, Condylomas, | Leukoplakia, Erythroplakia, Oral squamous cell carcinoma(OSCC),
manifestati | mucosa Focal epithelial Oral proliferative verrucous Tongue carcinoma, Tonsillar carcinoma Common Normal Benign Laryngeal | Laryngeal carcinoma
ons hyperplasia and Oral leukoplakia, Intraepithelial manifestat | laryngeal | laryngeal dysplasia
papillomas, Benign neoplasia, Oral lichen ions mucosa | lesion
leukoplakia planus HPV NA NA 3.33% 24%
PV A y :
- L 22.5% 2855 it Types NA NA HPVS, 16 | HPV16 (69.2%), 18
Types HPV16, 18, | HPVS, 11, 2,4, 57, HPV16, 18, HPV16 (68.2%), 18 (8%), 31 (0.2%), (3.9%), 31,42, 51,
31,33,35, | 13,32 HPVS, 11 33 (0.8%), 52 (0.2%-0.3%),
HPV2, 6,7, HPVS (3.1%), 11 (1.6%), 32 (0.2%), HPV6 (2.5%), 11
11,13 35, 44, 53, 56, 58, 68,81 (0.1-0.2%) (0.5%)

Front. Cell. Infect. Microbiol., 02 December 2020 | https://doi.org/10.3389/fcimb.2020.537650



Nasal cavity

Soft plate

Oral cavity Hard plate

HPV OSCC

EBV OSCC g
HCV OSCC | Epiglottis
HBV OSCC | Supraglottis
Larynx (Glottis)

HPV LSCC | Subglottis
e Esophagus
Trachea

Resumao

Paranasal sinuses

/ I_ Nasopharynx
" | EBVNPSCC
Palatmelénsxl HBV NPSCC
\ [ — Oropharynx é
3 - é
s e Lingual tonsil HPV OPSCC
M
L HCV OPSCC
- Hypopharynx |

Microorganisms 2021, 9(5), 1001; https://doi.org/10.3390/microorganisms9051001



Mas, € bom lembrar
gue;



E bom lembrar que:

Carcinogenos de tipo | em humanos: HBV, HCV, HIV-I,
HTLV-l, 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-Il, 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



Além disso,

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 e a principal causa do
desenvolvimento das neoplasias a eles associadas.



Atencao

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

Percentage of
cancer cases
Ntributable to
infection

<5%
O s
. 10-15%
@ 2025%
@ :039%

@ o

doi: 10.1016/S2214-109X(16)30143-7
epi.grants.cancer.gov/infectious-agents/



Importante

Ha amplas oportunidades de intervencao!

= Tumores associados a agentes infecciosos afetam
uma pequena proporcao dos individuos infectados.

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

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



Profilaxia contra virus causadores
de Tumor

Vacinas profilaticas disponiveis para
HBV e HPV

= Seguras

= Bem toleradas

= Eficazes
>40 anos de seguimento (HBV)
~15 anos de seguimento (HPV)

= Custo elevado (HPV)

= Terapia disponivel para outros virus (HIV, HCV, EBYV,
HBV, KSHV)



Obrigado!!!



