@ uDh

Facultad de Medicina

Clinica Alemana - Universidad del Desarrollo

Oncogénesis Viral

Annemarie Ziegler B., Ph.D.

Oncologia Molecular
Agosto 2020




Objetivos

Distinguir subtipos de virus oncogénicos

Comprender los mecanismos de
oncogenicidad viral

Conocer ejemplos de enfermedades malignas
con etiologia viral

Conocer datos epidemiologicos de
enfermedades malignas asociadas a
infecciones virales




¢Que es un Virus?

Agente infeccioso pequeno

Replicacidn solo en huésped (parasitos
intracelulares obligados)

Genéticamente simples, genoma ADN o ARN

. . Poteinas de superficie
Capside (contiene T (receptores)
material genético)

N Material genético
Envoltura (ADN 0 ARN)




Clasificacion (Lwoff, Horne, & Tournier)
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Classification criteria

Family name Reo Calici Picorna Flavi Toga Retro Corona Filo Rhabdo Bunya Ortho- Para- Arena Parvo  Papova Adeno Hepadna Herpes Baculo Pox
I S S| S U S| [N I R i l I

Virion : |

% polymerase *) =) =) =) =) (*) -) *) (*) *) *) ("‘) (*) ) ) +) =)
1 | | l I l | l I I I I | | | 1 i

erion 60-80 3540 28-30 40-50 60-70 80-130 80-160 80X 70-  90-120 90-120 150-300 50-300  18-26 45-55 70-50 42 150-200 60X300  170-200
o diameter (nm) 790-14,000 85 X | X 300-450
o ‘ 130-380 { | ‘ l
|

g:;‘;’:‘:;.‘);e 22227 8 7284 10 2 35-9 1621 127 13-16 135-2] 136 1620 10-14 5 5-8  36-38 32 120-200 150-350 100 130-280

Clasificacion jerarquizada (Tipo de acido nucleico; simetria
del capside; presencia/ausencia de envoltorio; dimensiones
del virus y del capside)

International Committee on Taxonomy of Viruses (ICTV)
https://talk.ictvonline.org



https://talk.ictvonline.org/

Clasificacion (Baltimore)
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Uenetic material present in the virion
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http://viralzone.expasy.org/

Mecanismos de Infeccion (1)

 Efectos citopaticos (muerte celular) por
multiplicacion viral: ciclo litico

enveloped
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capsid “@ '
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°y endosome

envelope
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progeny
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Rutas de Entrada

Ingestion
Inhalacion

Heridas

Picaduras

Transmision
sexual

Mucosas
Conjuntivas

Transfusiones
Inoculacion

Transmision
vertical




Encephalitis/
meningitis Common cold Eye infections

- JC virus - Rhinoviruses - Herpes simplex virus
- Measles - Parainfluenza virus ' - Adenovirus

- LCM virus - Respiratory syncytial - Cytomegalovirus

- Arbovirus virus ; '
- Rabies . x _—Parotitis ,Pneumonia

/ GmglvostomatltlsJ - Mumps/ - Influenza virus

types A and B

Pharyngitis

= Adenov s - Herpes simplex type 1 - Parainfluenza
’ -% 2 virus
- Cytomegalovirus s N | =N - Respiratory

f 2 syncytial virus
Cardiovascular — R % - Adenovirus
- Coxsackie B virus R TR - SARS coronavirus

Hepatitis

 Hepatitis virus > > g M !iis_rus

types A, B, C,D,and E

Skin infections :
- Varicella-zoster virus al : Gastroenteritis
- Human herpesvirus 6 e - Adenovirus

- Smallpox el ' - Rotavirus

- Molluscum contagiosum = = . - Norovirus

- Human papillomavirus - Sexually transmitted - Astrovirus

- Parvovirus B19 diseases - Coronavirus

- Rubella - Herpes simplex type 2

- Measles < Human papillomavirus > Pancreatitis
- Coxsackie A virus - HIV - Coxsackie B virus

800+ TOZ/WIM//HEGT 0T:104 HT0C IN wossbbeH



https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.15347/wjm/2014.008

Mecanismos de Infeccion (2)

 En algunos casos: induccion de proliferacion
celular

- D
AN infect with e
RSV particle .
cell monolayer Ir Chicken

|\ ae s e e e e e o) fiboblasts

/
Petri dish

transformation of a cell
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Induccion de tumores por RSV

« Peyton Rous (1911): Los sarcomas aviares
son causados por un agente transmisible

£
y
’ 1
)

N A \
.4

Chicken having Sarcoma was Grind up Filtrate was Filtrate was Observed sarcoma
sarcoma in removed and sarcoma collected injected into in injected chicken
breast muscle  broken up into  with sand through fine new chick
small pieces of pore filter
Gt Lo tissue

laoue) Jo Abojoig ‘biaquispn Y

- Identificacion del Rous sarcoma virus (RSV)
como agente causal de estos tumores




Genoma de Retrovirus y Transformacion

The genome of transformation- . Defective RSV

defective RSV has lost the src gene 'y replicates but does
|, Y not transform cells

gagd pol env

Transformation-defective RSV

The genome of non-defective Non-defective

RSV carries an extra gene, src RSV transforms
cells and replicates

gag pol

MNon-defective
RSV

Vogt 2012. Nature Rev Cancer 12:639-48



Gen v-src Posee un Homologo Aviar
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Interpretacion.

¢Cual es el ADN
aviar y cual el
viral?

(J.M. Bishop)



Origen Celular de Oncogenes Virales

RSV single stranded RNA

Reverse transcribed to DNA

[nsertion into host
genome beside
c-sre gene

Transcription of both
RSV and ¢-sre DNA

After many proliferative cycles,
c-src has been spontaneously
mutated to v-src




Virus Oncogenicos Humanos

Tumor

: Associated cancer(s) / potential
virus

oncogenes*

Cervical cancer, anal cancer, penile
cancer, vaginal cancer, E6, E7
oropharyngeal cancer

MCV Merkel cell carcinoma T antigens
HTLV-1 Adult T-cell lymphoma/leukemia Tax

Burkitt lymphoma, Hodgkin
lymphoma, non-Hodgkin lymphon
nasopharyngeal cancer, T-cell an
NK lymphoma

Kaposi's sarcoma, primary effusio LANA, VvFLIP,
lymphoma, multicentric Castleman vCyclin,vGPCR,
disease vIRF-1, K1

Hepatocellular carcinoma HBXx
ore protein, NS3,

High-risk
HPVs

EBV LMP1

Hepatocellular carcinoma

Ajiro and Zheng 2014. Emerging Microbes & Infections. doi:10.1038/emi.2014.62



Relevancia

WHO IARC: en el ano 2002, 20% de los

canceres humanos fueron causados por agentes
infecciosos

Siete virus son los principales agentes causales
en este subgrupo (10-15%)

Posibilidad para medidas preventivas:
vacunacion (p.ej. HPV)




Cancer Relacionado a Infeccion

Datos globales:

1in 6 cancer diagnhoses were

I Hepatitis B and C viruses attributed to infections

I Human papdlomavirus

I Helicobacter pylon (H. pylon)

Epstein-Barr vinus
- I Human herpes virus type 8 — z million cancer cases

Infe.d'ons B Human T-cell lymphotropic virus type 1 -
Attributed B Optsthorchis ivernini and Clonochis Sinesis
to Cancer Il Schistosoma haematobium

Incidence

* Out of 640,000 new
H pyloni cancer cases attribut-

able to HPVY, 83% were

corvical cancor casod

8 3 2

-
I e

Cavn On hurdood B osnandh )

g X

ey
NUMBER OF NEW CANCER CASES ol . l ol
ATTRIBUTABLE TO INFECTION, BY SEX | N -
Male

® Femide

NCI 2014. https://epi.grants.cancer.gov/blog/archive/2014/10-28.html



https://epi.grants.cancer.gov/blog/archive/2014/10-28.html

Variacion Geografica

Percentage of
cancer cases
Atributable to
infection

<5%
O 9%
@ 10195%
@ 2029
@ 039%

@ o

Plummer 2016. Lancet Glob Health 4:e609-16

NCI. https://epi.grants.cancer.gov/infectious-agents/



https://epi.grants.cancer.gov/infectious-agents/

Variacion Geografica

Women

Helicobacter pylori

Eastern Asia |

South-central Asia

Southeastern Asia

Western Asia and northern Africa
Sub-Saharan Africa

Europe

m=—lp | atin America
Morth America

Oceania

1
|
Human papillomavirus

Eastern Asia

South-central Asia

Southeastern Asia

Western Asia and northern Africa
Sub-Saharan Africa

Europe
=l Latin America

Morth America

Oceania

Incidencia de cancer ajustada por edad (ASIR) 2018, H. pylori y HPV

De Martel et al 2019. DOI:https://doi.org/10.1016/52214-109X(19)30488-7


https://doi.org/10.1016/S2214-109X(19)30488-7

Virus Oncogéenicos: Prevalencia Global

Prevalencia

global alta, virus class
pero baja tasa e large-DNA
de cancer por ® retro-like

infeccion small-DNA

Prevalencia
global baja,
pero alta tasa
de cancer por
infeccion

infection prevalence (%)

2. 5.0 7.5 10.0

normalized cancer cases (x10%)
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http://dx.doi.org/10.1098/rstb.2018.0302

Virus

Epstein—-Barr virus

Hepatitis B virus

Human T-lymphotropic
virus 1

Human papillomavirus

Hepatitis C virus

Kaposi sarcoma-associated
herpesvirus

Merkel cell polyomavirus

Cancer

* 40% of Hodgkin lymphoma

* >05% of endemic Burkitt lymphoma

* 10% gastric carcinoma

* Most (type Il and lll) nasopharyngeal
carcinoma

* Kaposi sarcoma

* Other lymphomas

* 53% of hepatocellular carcinoma

* >00% of adult T cell leukaemia

* >05% of cervical carcinoma
* 70% of oropharyngeal carcinoma
* Other anogenital carcinomas

* 25% of hepatocellular carcinoma
* Non-Hodgkin B cell lymphomas

* >00% of Kaposi sarcoma
* >09% of primary effusion lymphoma

* 80% of Merkel cell carcinoma

Krump 2018. https://doi.org/10.1038/s41579-018-0064-6

Major regions affected

* East Asia
* East Africa
* Regions of the Americas

* Asia
* Sub-Saharan Africa
* Regions of South America

* Japan

» Australia

* Regions of Africa, South
America and the Middle East

* Central America

* South America

* Sub-Saharan Africa
* Regions of Asia

* Regions of Asia, the
Americas, North Africa and
the Mediterranean

* Regions of Europe and sub-
Saharan Africa

* North America
* Australia
* Europe

Refs

140,141

145,146

147,148

19,150



https://doi.org/10.1038/s41579-018-0064-6

RETROVIRUS




Retrovirus: Caracteristicas

Genoma: ARN de hebra simple (ssRNA), 2
copias, aprox 9-10 Kb

Replican su genoma en el nucleo, intermediario
de ADN de dos hebras (dsDNA)

Minimo 3 genes: gag (proteinas estructurales),
pol (enzimas para replicacion), env (proteinas
de reconocimiento células huésped)

Integracion al genoma del huésped




R Weinberg. Biology of Cancer

Retrovirus: Estructura y Genoma

envelope
IIipids proteinsI

diploid
viral RNA
genome

pol
. gag | env
viralRNA |/ o' &:-AAAAAA...B’
genome l

core reverse envelope
proteins  transcriptase protein
and integrase

HIV (HTLV-3)



Ciclo de Vida: Retrovirus

https://www.youtube.com/watch?v=dn1tNIrMPRk host call

chromosomal —
DNA

removal of
association ; viral RNA integration of
of reverse synthesis of and synthesis viral dsDNA
introduction of transcriptase (-) strand of (+) strand into cell
nucleocapsid and integrase viral DNA viral DNA by chromosome
into cell with viral by reverse overse to form
RNA transcriptasy anscriptase provirus

reverse o
transcription of

transcriptase ey = >
and integrase nNe A provirus by host
g cell RNA

polymerase Il

————e—
—
——————

progeny virions

leave cell and :
initiate new -

infectious cycles new viral RNA

assembly of viral

proteins and viral -

RMNA genomes into e MRNA

progeny virions translation of viral RNA to
make new viral proteins

of Cancer cytoplasm nucleus



https://www.youtube.com/watch?v=dn1tNIrMPRk

HTLV-I (Human T-Cell Leukemia Virus 1)

 Primer retrovirus oncogénico identificado (1974,
R. Gallo)

- Areas endémicas, posible efecto fundador
« Diferentes subtipos (4 variantes principales)

Transmision:

« Sexual (principalmente de hombre a mujer)
Madre a hijo: lactancia (menos: transplacentaria)

Componentes celulares sangre (Transfusion,
jeringas contaminadas)

Origen probable: Transmision interespecies a
partir de STLV-1 de primates

https://www.youtube.com/watch?v=hY oV0QPgQU



https://www.youtube.com/watch?v=hY_oV0QPgQU

HTLV-I: Distribucion Geografica

<
"00.,_

\ | \
@

10-20 millones de ‘portadores

Gessain 2012. Frontiers Microbiol. doi: 10.3389/fmicb.2012.00388



HTLV-I en Chile

Virus ancestral, amerindia de Los Andes
Genotipo: Cosmopolita

Seroprevalencia: 0.3-0.73% en donantes de
sangre, 1-9% en pueblos originarios; momia
~1.500 anos

No existe tratamiento efectivo ni vacuna

2010-2014: ISP detecto HTLV-1 en 42.1% de
6.006 muestras recibidas para confirmacion del
virus (2.531 casos)

http://www.ispch.cl/sites/default/files/BOLETIN%%20HTLV.pdf



http://www.ispch.cl/sites/default/files/BOLETIN%20HTLV.pdf

HTLV-I y Condiciones Clinicas

Cuadros asociados:

 Leucemia/linfoma de células T del adulto (ATL)

— lactancia Mal

: ;. : : , ondstico
Paraparesia Espastica Tropical o Mielopatia Sheh

Asociada al HTLV-I (TSP/HAM) — transfusion

Asociado con Sindrome de Sjogren,
polimiositis, broncoalveolitis, tiroiditis,
poliartritis y uveitis «Flower cells»

90% portadores asintomaticos ’

G“i,

Gongalves 2010. Clin Micorbiol Rev 23:577-89



¢Por qué HTLV-I es Transformante?

TR LIR
W R U5 —=8 L EnY PX 1 us [R[us Genoma
LGaz] | Pol HTLV-1

Pro

pl2
pl3

Currer 2012. Frontiers Microbiol 3;_A-rticle 406

s

Centrosomes

Centrosome amplification

Multipol itosi
(RANBP1, TAXIBP2) ultipolar mitosis

Micronucleation

» ©. © -
Loss of spindle = =

assembly checkpoint Aneuploid cell
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¢Por qué HTLV-I es Transformante?

DNA damage

o Cj/ b e

\ e
MMR l

DNA replication
. errors/ breaks
H .
Polp
(BER)

——| DNA repair |——> | Apoptosis

Tax — Dano clasotgénico (quiebres cromosomicos)



Virus ADN




Virus Oncogénicos Humanos: ADN

Herpesviridae

« Human Herpes Virus 8 o virus asociado i
a sarcoma de Kaposi (HHV8 o KSHV) &=

12Q-1‘O nm

» Epstein Barr Virus (HHV4 o EBV)

Papovaviridae . T
 Human Papilloma Virus (HPV) ‘ o

» Merkel Cell Polyoma Virus (MCV) .

l 40-50 nm
Hepadnaviridae )
+Hepatitis B Virus (HBV) §§ '«




HPV (Human Papilloma Virus)

Virus ADN, genoma de doble hebra, ~8 Kb
Infecta piel y células epiteliales

>100 subtipos, solo 13 son agentes causales de
cancer

Infecciones frecuentes, algunas asintomaticas;
persistencia en el tiempo

Lesiones benignas (verrugas)

Transmision:

« Sexual (principalmente de hombre a mujer)
 Vertical (embarazo, lactancia)

https://www.youtube.com/watch?v=h7acwijl6hS8



https://www.youtube.com/watch?v=h7acwjJ6hS8

HPV Ciclo de Vida (Virus dsDNA)

INTRODUCTION OF
NUCLEOCAPSID
INTO CELL

UNCOATING OF
VIRAL DNA

TRANSLOCATION
INTO NUCLEUS

TRANSCRIPTION BY REPLICATION BY
CELLULAR RNA . CELLULAR DNA
POLYMERASE I . POLYMERASES

nucleus

TRANSLATION \ . - .. ENCAPSIDATION
BY CELLULAR Ty OF PROGENY

RIBOSOMES T DNA IN VIRAL
PROTEINS

Jaoue) Jo Abojoig *biaquispp Y




HPV: Genoma e Infeccion

Disruption of
cell growth cycle

ps3 /

Telomerase

Regulation of virus
gene expression
and virus replication

/ DNA replication

E5

Membrane
signalling protein

Gene expression

Assembly
and release

L = Late genes E = Early genes

6-12 weeks 5!

0 weeks

Virus laden cells ready for
desquamation and infection of
nalve individual L1/L2, L1, L2, E4

Viral genomes at 1000's per cell
E6,E7,E1, E2, E5

Viral DNA amplification in
—  non-dividing cells

Virus and cell replicate together
@ E1.E2

Virus infects a primitive
basal keratinocyte
E1,E2,1,ES,EG,E7

Stanley 2012, Clin Microbiol Rev. doi:10.1128/CMR.05028-11
https://www.youtube.com/watch?v=WSL8rBMWW1Y



https://www.youtube.com/watch?v=WSL8rBMWW1Y

HPV: Mecanismos de Oncogéenesis Viral

Senescence and :
M differentiation Mitogens

Leemas 2001. Nature Rev Cancer 11:9-22



HPV y Evolucion Tumoral

Low-grade High-grade
CIN 1 CIN 2/3

Invasive cancer

85-90%
eliminate
HPV

Episomal virus

Mixed (episomal+
integrated virus)

Integrated virus

E2 expression -

E6/E7 expression I I

3g gain 30% 3q gain 60%

Chromosomal _ 1p gain 30% 1p gain 25%
aherrations 3q gain ~2% 1q gain 20% 1q gain 40%
20qg gain 20% 20q gain 30%

2q loss 20% 2qloss 35%

4p loss 20% 4p loss 35%

€59-GPE- ¢ 101qODIN Spuall “HTOC O)usyZInys




Mecanismos de Oncogenicidad Viral

- Induccion de cambios epigenéticos persistentes
Ej: transfeccion de keratinocitos primarios con
HPV16

HPV16 hypermethylation hotspots
HPV16 hypomethylation hotspots

Leonard et al. Carcinogenesis 2012; doi: 10.1093/carcin/bgs157



Cancer Cérvico-Uterino en Chile

A

VIII
Biobio

Crude mortality rates
(per 100,000 women)

0-599 6.00-7.99
W 800-999 M 1000-1199
m 2

']
&

Parkin 2008. Vaccine 26S:L1-L15

A Palses con descenso de la mortalidad

. México

Colombia

Puerto Rico

/\/\/\/\/\/\/ ~_

O R | L . L O L A L. R L L 0 o L R T R | LG |

g g & 8

Almonte 2010. Salud Publ México 52, N°6




HPV en Chile

Prevalencia de la infeccion genital por virus papiloma humano en
hombres universitarios voluntarios de la IX Region, Chile

Estudio en 62 estudiantes (carreras de la salud),
masculinos, asintomaticos, sexualmente activos

50
( 45,0
45\

40 -

- Prevalencia:
" 84%

25

20

Prevalencia (%)

15

1:},1@

34 34 27
' 2,0 1.3 1.3

T |_| T |_| T |_| T I_l T |_| T I_I T :
52 59 45 56 35 66
Genotipos VPH
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Tipos de Cancer Causados por HPV

Cancer probably
caused by HPV type Apd e fL <y fEq Other HPV types

can be prevented by bivalent

and guadrivalent vaccines
S

—
can be prevented by 9-valent vaccine

Sex / Cancer Site

Cervix

Vagina

Vulva

e 2009-2013
fector Casos por ano
Oropharynx FEUU

Penis

Anus

Rectum

Oropharynx I

T T T T T T T T T T T T T 1

1,000 2,000 3,000 4000 5000 6000 7,000 S000 9000 10,000 11,000 12,000 13,000 14,000
Average number of cases per year

sdny
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Periodos de Latencia

Desde que ocurre la infeccion hasta que se
presenta el cancer, pueden pasar décadas

Periodos de latencia

La (re)activcion viral puede involucrar diversos
factores (p.ej. inmunidad disminuida, adquisicion
de mutaciones del virus, dano por inflamacion
cronica)




Merkel Cell Polyoma Virus (MCV)

Descubierto en 2008,
carcinoma cutaneo de Merkel

Virus comun, seroprevalencia
~80% poblacion adulta

Exposicion en la infancia

* Dizscovery of Mobel Prizes
high-risk HFY types * Discovery and cloning FDA approved awarded to
in cervical cancer™T of Hepatitis Cwvirus™ HPFY VLP-basad ZurHauszen,

* |nitial descriptions of * Mobel Prizes awarded to preventive Barré-Sinoussi
HIyae Bizhop and Varmus i and Mantagnier

'Fallicle

1p83 1084 1088 1080 1000 1002 1004 1005 2006 2008

1T N\

EEV gencme Tumour virus Epidemiclogy Description of Isolation of Discovery of N
sequenced’™ targeting of of K5 points herpesvirus E5HV in the Merkel cell
ratinoblastoma to viruz' homalogues primary effusion polyomavirus*
protein and p53 to cellular lymphoma

(REFS 205-207) oncogenes™ callz il

Spurgeon 2013. Virology 435:118-30



Merkel Cell Polyoma Virus (MCV)

Transmision? Fecal-oral, vias respiratorias,
produccion viral cutanea, entre hermanos

ADN viral en ~75% de MCC (rol causal)
MCC: tumor neuroendocrino, piel expuesta

Incidencia en aumento (8% anual), varones,
factor etario y de inmunosupresion

Men Women

White @ 1396
Black

Other 86

Total 2380

£LC—0C L€ |0Uied uein) [ "0T0¢ elpaAees-saloq|y




Merkel Cell Carcinoma (MCC)

Local (N=1,359)
e Regional (N=891)
o Unknown (N=301)

p<0.05 between all staged groups Distant (N=220)

Percent Survival

20 40 60 80 100 120
Survival Months

Albores-Saavedra 2010. J Cutan Pathol 37: 20-27



MCV: Genoma

« Genoma ADN, doble hebra
* Proteinas transformantes: antigenos T (small T, large T)

Hsc70 | Rt?
Binding Binding
(HPDKGG)

CR1
(LXXLL)

Exon 3 Region

Hsc70

Binding
(HPDKGG) PP2A
CR1 Binding

Haf P
7 s
1 91 186
I \PP4CINEMO

LSD Interaction

Coursaget 2013. APMIS DOI 10.1111/apm.12122
€H—8E TT |0JIA UIdQ 14nD *STOT AIzuspn




MCV: Activacion Oncogénica

First
mutation

UW?
Hurnan ori g Second
=|;|7 2 x ) mutation

%
1 —
L]

r
* ll.
H [[Helicase

Large T antigen

Helicase Merkel cell
Inactivation carcinoma

Infection Immunosuppression | — | Integration

Occurs in Occurs in e.g. elderly,
childhood AIDS or transplant patients

68-8/8:0T 490ue) A9y dInjeN "0T0Z 400

MCV presenta mutaciones tumor-especificas —
evolucion viral, activacion




HBV y Hepatocarcinogénesis

Transmision: sangre infectada

~257 millones de personas con infeccion
cronica

887.000 muertes en 2015 (cirrosis, carcinoma
hepatocelular

Prevencion: vacuna

Enfermedad crdnica: exposicion temprana
(infancia)

Tratamiento con agentes antivirales




Ag e-standardized rate per 100,000

HBV y Hepatocarcinogénesis

15%
Hepatitis B
related

HBV: ~23% casos de carcinoma %

Hepatitis C

nepatocelular (paises desarrollados) related
HBV cronico: 20-100x riesgo de HCC

Canada

Malis (incidenci)
AAPCE], TH per yeaar®

Males [mortality)
AAPC=2.5% per year

R N~ -
AAPCELS% peryear®
——— e T Females [mortality)
AAPC=0.5% per year

Year of diagnosis or death
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http://dx.doi.org/10.3747/co.20.1190

Transformacion por HBV

- Integracion del genoma viral, disrupcion génica (MYC)
 Proteina HbX

VDAC3 Cytochrome c

_~7 | Caspases
ifoch v Apoptosis
ras| (HBX protem i

Jak/STAT

O9t-0€9:7 sasniiA "600¢ epusyusg

3 Polll | protein stability | | yiral replication
— o DNA repair

Activation of transcription, cell cycle




Epstein Barr Virus (EBV)

Alta prevalencia de seropositividad (familia herpes)

EBV1 y EBV2: asociados
a mismas patologias

Transmision: saliva

Infecta células linfoides,
epiteliales

/ —&@— Greenland
Mononucleosis - \/ Uganda

— B— Denmark

i nfeCC| Osa : — =— Pennsylvania

EBV antibody positivity (%)

Y =4 1-2 3-5 6-10 11-15 16-20

Infeccion cronica activa
—> "nmea 2 Age (years)

Hjalgrim, Chapter 53. Human Herpesviruses: Biology, Therapy, and Immunoprophylaxis.



EBV vy Enfermedades Malignas

Malignancy

Nasopharyngeal carcinoma ASIA

Lymphomas Burkitt’s lymphoma variants AFRICA

AIDS associated lymphoma [other than Burkitt’ lymphoma

Post-transplant lymphoma
Nasal T/NK lymphoma
Hodgkin’s lymphoma

Gastric adenocarcinoma
Lymphoepithelioma-like carcinoma
Leiomyosarcoma

Lines of evidence
e Elevated anti-EBV antibody titers preceding and at diagnosis
e Elevated levels of free EBV DNA at diagnosis

Correlation between anti-EBV antibodies and free virus DNA in
plasma, and tumor burden and prognosis

e Demonstration of monoclonal EBV in tumor cells

e Elevated anti-EBV antibody titers preceding and at diagnosis
e Demonstration of monoclonal EBV in tumor cells

e Increased occurrence in immune suppressed patients

e Increased occurrence compared with general population

e Overall risk correlates with immune function

e Demonstration of monoclonal EBV in malignant cells

e Increased occurrence compared with general population

e Overall risk correlates with immune function

e Demonstration of monoclonal EBV in malignant cells

e Demonstration of monoclonal EBV in tumor cells

e Increased risk in infectious mononucleosis patients

e Increased risk in immune suppression

e Elevated anti-EBV antibody titres preceding and at diagnosis
e Demonstration of mononclonal EBV in malignant cells

e Elevated anti-EBV antibody titers preceding and at diagnosis
e Demonstration of monoclonal EBV in tumor cells

e Demonstration of monoclonal EBV in malignant cells

e Increased risk with immunosuppression

e Demonstration of mononclonal EBV in malignant cells

Hjalgrim, Chapter 53. Human Herpesviruses: Biology, Therapy, and Immunoprophylaxis.



EBV Genoma
« ADN doble hebra, 180 Kb, >80 productos virales

Angiogenesis EMT induction
T Cell stemness

LMPs

@ o
‘ EBERs
{ ‘ BARTs

Invasion ' T Cell migration
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ECM remodeling




Divergencia en Genoma del EBV

wi O -

Epstein-Barr virus strain Epstein-Barr virus strain

isolated from benign B cells isolated from a carcing Tropismo
epithelial i .
lm!ecuon / mlect:o SelleCtIVO.
@ P celulas
@ o

B cells B cells ® epiteliales

proliferation l l
@

S

virus “
production

Tsai 2013. Cell Reports 5, 458—470,

o |




Kaposi’s Sarcoma Virus

Familia virus Herpes, descubierto 1994

Transmision por contacto homosexual, asociada
a HIV, en menor proporcion por transfusion,
pacientes inmunosuprimidos

Sarcoma de Kaposi, linfoma, sindrome de
Castleman g

—— White Males

Rate per 100,000

I 1 1 I I I
1976 1980 1985 1990 1995 2000 2005 2010 2015 2020

https://www.cdc.gov/cancer/dcpc/research/articles/cancer_2020_incidence.htm



Otros Virus

ARN




Hepatitis C Virus (HCV)

Genoma ARN, virus pequeno

Transmision por productos sanguineos, agujas
contaminadas, transfusiones

~71 millones de personas con infeccion cronica
por HCV

399.000 muertes/ano (cirrosis, cancer
hepatocelular)

Sin vacuna; tratamiento agentes antivirales

Infeccion aguda vs. cronica




HCV y Hepatocarcinogénesis

Acute hepatitis C

Acute
hepatitis C

Chronic hepatitis C

infection

-short-term

- 15-25% will
clear HCV
without
treatment

-75-85% will
develop
chronic HCV

Chronic
hepatitis C
infection

- long-term

-60-70% of
those with
chronic HCV
will develop
chronic liver
disease

steatosis fibrosis/

cirrhosis

5-20% with steatosis or fibrosis

will develop hepatic cirrhosis

AR Hepatic

—

i Cirrhosis

Hepatic
Fibrosis - severe hepatic
fibrosis or

- mild “scarring of the
liver”

Hepatic
Steatosis

“scarring of

- n
the liver - irreversible

-a “chronic -1-5% with

- “fatty liver” liver disease” hepatic cirrhosis

will develop

- a “chronic - reversible, if hepatocellular
liver disease” HCV is cleared carcinoma

—_—_—

Hepatocellular
Carcinoma

- formation of
a malignant
tumor arising
from

hepatocytes




HCV Genoma, Proteinas, Interacciones

=3011 codons

g Structural 2 Nonstructural 1
- 53
% T T
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BO. ° o0
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Core El E2 p7 NS2 4A 4B NSSA NSSB

L
T Glycoproteins Serine protease | LRare
Genome RNA helicase Phosphoprotein
C

encapsidation

ysteine protease Membrane alterations

lon channel Serine protease cofactor

Cyclin E Ros — Fibrosis — Cirrhosis

4 EMT
+
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HCV: ¢éFactor Etiologico en Linfoma?

Nature Rev Gastroenterol Hepatology 2018.

d0i:10.1038/nrgastro.2017.172

B cell

(Frotston) ——

/—' Indirect
transformation
BCR of lymphocytes
by HCV

CcD19
CcD21 / i EZ

Efecto

SHMoflg |€——

Mutations
e p53

= p-Catenin
* BCL-6

NOS

HCV infection

v

(c:m%

Acute hepatitis

} >70%

Recovery

Chronic infection

( Liver disease )
| >95%

( Chronic hepatitis j
¥ >20%

[ Cirrhosis j
!

Hepatocallular
carcinoma

Lymphotropism j

40% l

b

Chronic inflammation

» Neurocognitive disorders

* Cardiovascular,
cerebrovascular or
renovascular disorders

= Diabetes

» Extrahepatic cancers

-

( Cryoglobulinaemia j

ID%J'

( Vasculitis )

) (C tymehome )
~N— —

_ CD81 .
indirecto

(inflamacidn

croénica)

Efecto directo
(infeccion de
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Direct
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of lymphocytes
by HCV
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Resumen

Existen diferentes subtipos de virus
oncogénicos (genomas ADN, ARN)

Los virus oncogenicos alteran vias claves del
control celular (proliferacion, apoptosis,
epigenoma)

Su capacidad transformante se asocia a la
presencia de oncogenes virales

La aparicion de tumores involucra un periodo
de latencia (infeccion en la infancia)




Mecanismos de Oncogenicidad Viral

l-onc —— ooy

X

Tumor su pPpressor genes

Promueven proliferacion celular (v-onc)
Interferencia con genes supresores de tumores
Insercion y disrupcion génica (mutagénesis
insercional)

Mecanismos de inflamacion crdnica




Integracion Viral al Genoma Celular

-

B HPV MCV

/l. Elevated expression of

cellular cancer-related 1. Disruption of E2, resulting
genes, such as TERT, in significantly increased
MLL4, CCNEL. expression of the E6 and

2. Integrated HBV sequences E : 1. Contribution to clonal
encoding HBx and/or /mm expansion of tumor cells.
truncated envelope proliferation, inhibition of
pre= ; apoptosis, and increased

7 Genome instability, cell genomic instability.
cycle deregulation & % \ /

[ HCC } [Cerwcal} [ MCC }
cancer

Chen et al. Cancers 2014; doi:10.3390/cancers6042155



http://dx.doi.org/10.3390/cancers6042155

Resumen

Diferentes proteinas transformantes, blancos
celulares compartidos

* HPV E7 and HPV E5 + Protein synthesis

g ‘ Rimmm%’al « KSHV vIRF, vIL-6

« EBV LMP! and o s
LMP2A gy

« KSHV K1 and vGPCR gl

B e « HCY core

iy Mo o HTLVA TAX

biogenesis
» Autophagy
regulation

« HPY E7 « HFY E&

« KSHY LANAT and « KSHY LARMNAT and
wCyeclin LAMNAZ

« EBV and EBNA2 + EBV LMP1 miRMNA

* HBV and HBX « HEV HBX

« SVA0 LT « SVA0 LT

« EIA « EIB (EIBL)

« HCV core = CV core and

« HTLV-l TAX MSLA

68-8/8:'0T 490ueD ASY aInjeN "0T0Z 400




También miRNAs Virales

KSHV/HHVS8

kshv-miR-K12-10a-3p kshv-miR-K12-4-3p
kshy-miR-K12-10a-5p kshv-miR-K12-4-5p

kshy-miR-K12-10b
kshv-miR-K12-11-3p
kshv-miR-K12-11-5p
kshv-miR-K12-12-3p
kshv-miR-K12-12-5p
kshv-miR-K12-1-3p
kshv-miR-K12-1-5p
kshv-miR-K12-2-3p
kshy-miR-K12-2-5p
kshv-miR-K12-3-3p
kshv-miR-K12-3-5p

Gallo et al. Cancers 2020, 12, 358; doi:10.3390/cancers12020358

kshv-miR-K12-5-3p
kshv-miR-K12-5-5p
kshv-miR-K12-6-3p
kshv-miR-K12-6-5p
kshy-miR-K12-7-3p
kshv-miR-K12-7-5p
kshv-miR-K12-8-3p
kshv-miR-K12-8-5p
kshv-miR-K12-8-3p
kshv-miR-K12-9-5p

KSHV/HHVS8

HPVE-miR-H1

HPVY16-miR-H1
HPWV16-miR-H2
HPV16-miR-H2
HPV16-miR-H5

HBV-miRNA-2
HBV-miRNA-3

-

_—

e@"‘

HPV

HPV16-miR-HE
HPW3B-miR-H1
HPV45-miR-H1
HPV6&8-miR-H1

o

MCV-miR-M1-3p
MCV-miR-M1-5p

ebv-miR-BART10-3p
ebv-miR-BART10-5p
ebv-miR-BART11-3p
ebv-miR-BART11-5p
ebv-miR-BART12
ebv-miR-BART13-3p
ebv-miR-BART13-5p
ebv-miR-BART1-3p
ebv-miR-BART14-3p
ebv-miR-BART14-5p
ebv-miR-BART15
ebv-miR-BART1-5p
ebv-miR-BART16
ebv-miR-BARTL7-3p
ebv-miR-BART17-5p
ebv-miR-BART18-3p
ebv-miR-BART13-5p
ebv-miR-BART19-3p
ebv-miR-BART19-5p
ebv-miR-BART20-3p
ebv-miR-BART20-5p
ebv-miR-BART21-3p

ebv-miR-BART21-5p
ebv-miR-BART22
ebv-miR-BART2-3p
ebv-miR-BART2-5p
ebv-miR-BART3-3p
ebv-miR-BART3-5p
ebv-miR-BART4-3p
ebv-miR-BART4-5p
ebv-miR-BARTS-3p
ebv-miR-BART5-5p
ebv-miR-BARTG-3p
ebv-miR-BART6-5p
ebv-miR-BART7-3p
ebv-miR-BART7-5p
ebv-miR-BARTS-3p
ebv-miR-BARTE-5p
ebv-miR-BARTS-3p
ebv-miR-BART9-5p
ebv-miR-BHRF1-1
ebv-miR-BHRF1-2-3p
ebv-miR-BHRF1-2-5p
ebv-miR-BHRF1-3




miRNAs Virales: Inmuno-Evasion

_ﬁt miR-K12-5 ]
: ‘ miR-K12-9 MYD88 TLR SIGNALING &
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r;@;,fr EBV
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% MCPyV
Bk Y

| miR-BART16 —] TYPE | IFN RESPONSE

ALINNWINT FLYNNT

BARTL, BART2, BEART10,
RIG-1, IL-6R
o i [
—p- | CYTOKINE E CHEMOKINE
miR-K12-3 | C/EBPB
miR-K12-7, miR-K12-10 TWEAKR

it -\

Einif |mm’-miH-'M1-5p — S5P100

»- | REDUCE CXCL8 SECRETION

s, | miR-BART2, miR-BHRF1-2 CTSB, TAP2 ANTIGEN PROCESSING
: BHRF1-3, miR-BART1-5p 075, 1F30 ) Tm—— AND PRESENTATION
miR-BART1, miR-BART2 LGMN ,

— BCL11A, CHD7, ITGAM, RAG1 CEA INHIBIT T CELL ACTIVATION
mj'R_H2_1 , PKNOX1, SP3, XRCC4, JAK2, AND IMMUNE SYSTEM
PKNOX1, SP3, XRCC4, FOXP1 DEVELOPMENT
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Gallo et al. Cancers 2020, 12, 358; doi:10.3390/cancers12020358



“Tumors destroy man in a unique and appalling way, as
flesh of his own flesh which has somehow been rendered
proliferative, rampant, predatory and ungovernable. They
are the most concrete and formidable of human maladies,

yet despite more than 70 years of experimental study they
remain the least understood”.

Peyton Rous, 1966, Nobel Prize Lecture
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