Fisiopatologia do Cancer de Origem Infecciosa



Algumas defini¢des iniciais....

Cancer —

Oncogene —

Supressor de tumor —

Fator de Crescimento —

Mutacao —

Inflamacao -

Fator de risco —



Correlacao

Correlacao causal



DIRETOS

Mutacao
Translocacao
Insercao

Oncogenes virais

INDIRETOS

Inflamacao cronica

Imunossupressao
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Agentes infecciosos que causam cancer

Virus
Bactérias
Helmintos
Células

Infeccdes cronicas ou recorrentes

Mecanismos de carcinogénese diretos e/ou indiretos

De 15 a 20% dos casos de cancer em humanos sao associados a infeccoes



Virus

Target Organ

Tumor Type

Virus

Uterine cervix

Squamous cell carcinoma

Adenocarcinoma
High-risk HPVs Head and neck Squamous cell carcinoma
(oropharynx)
Vagina Squamous cell carcinoma
Vulva Squamous cell carcinoma
Penis Squamous cell carcinoma
. Hepatocellular carcinoma
HBV Liver Cholangiocellular carcinoma
Li Hepatocellular carcinoma
HCV Vet Cholangiocellular carcinoma
Hematopoietic system Malignant lymphoma
Stomach Adenocarcinoma
EBV/ Nasopharynx Nasopharyngeal carcinoma
HHV-4 Hematopoietic system See Tables 3 and 4
: EBV-associated smooth muscle
Soft tissue
tumor
KSHV/ Soft tissue Kaposi sarcoma
HHV-8 Hematopoietic system See Table 5
MCV Skin Merkel cell carcinoma
HTLV-1 Hematopoietic system Adult T-cell leukemia/lymphoma
HIV various

Oncogenes

E6/E7

HBX

NS5A/B, core

LMP1 e 2
EBNA1

EBER1 e 2
(laténcia)

LANA, vCyclin
vIL-6

LT, ST

Tax



Virus

Mecanismos de carcinogénese

Diretos — expressao de oncoproteinas virais que regulam o ciclo celular (E6 e E7, Tax, LMP...)
insercdo do genoma viral no genoma da célula hospedeira (contribuicdo menor do que outros mecanismos)

Indiretos —imunossupressao — HIV
inflamacao cronica - HIV, em pacientes em tratamento com HAART, HCV, HBV



HCV EBV

. 50 nm,
10 kb ssRNA (+)

150-200 nm,
172 kb dsDNA

HBV
42 nm,
3.2 kb dsDNA
Microenvironment Phenotypic
tuning modification
Genetic
instability
HPV KSHV

150-200 nm,
145 kb dsDNA

Muller-Coan et al
Trends in Cancer. 2018.

@ 60 nm
8 kb dsDNA



EBNA-LP, 2, 3A, 3B,
3C,vmiRNAs Gene
LANA, vIL6, VIRFs, vmiRNAs  Expression

E2,E6, EZ;

LT, HbX, Tax, HBZ

Epigenetics

EBNA1, EBNAs, vmiRNAs
LANA

E2, E6, E7

LT, Tax

BNRF1, EBNA2, LMP1

VGPCR, ORF75, vmiRNAs  Cellular
E7, E6 metabolism

ST

L]
X
LR
® 00
Ir_'nmu.ne ‘o o
signaling
viL10, EBERs, LMP2
vIRFs,KS, K3, vCCLs, vmiRNAs
E7

HBZ

Genome EBNAIL
Instability LANA
E1l, E2, E6
e LT, HbX
Cell-cycle

EBNA-3C

vCyclin, vmiRNAs
E6,E7

ST, Tax, HBZ

e Microenvironment
RS EBERS, LMP1, LMP2
N 3 K7, vmiRNAs
E7
Apoptosis

BHRF1, BALF1

K7, vFLIP, vmiRNAs

E7, E6

LT, Tax, HBZ



Chronic Hepatitis Cirrhosis HCC

HBV+

Inflammation & Oxidative Stress

HBV HBx |

HBV HBx, viral integration in TERT and MLL4

TP53 & TERT promoter mutation,

HBx related PP'miR602, P miR143, T miR29a, T miR148a,
JmiR-661, L miR-373 ,\ let-7, L miR101, \, miR152

HCV+

Inflammation & Oxidative Stress

| HCV core, NS3, NS5A
MmiR21, PmiR30a, TmiR122, PmiR141, TmiR373,
PLet-7b, T miR758 , TmiR221, L miR27a, I miR181c

PMmiR21, MmiR155, T miR200c,
Y miR449, L, miR107, I miR29

TP53, CTNNB1 & TERT promoter mutation



Mecanismos de carcinogénese - EBV

latency 0

EBNA1 expression
only with the host
cell division

Mormal EBY infected
people

latency |

Noncoding RNA:
EBER1

EBERZ

BART miRNAs

mRNA:
EBNA1

Burkitt lymphoma

Noncoding RNA:
EBER1

EBER2

BART miRNAs

mRNA:
EENA1
LMPZA
BARF1

EBVaGC

latency |l

Noncoding RNA:
EBER1

EEBERZ

BART miRNAs

mRNA.:
EBNA1
LMP1
LMP2A/B
BARF1

Hodgkin lymphoma

Nasopharyngeal carcinoma

T/NK lymphoma

latency lli

Noncoding RNA:
EBER1

EBER2

BART miRNAs
BHRF1 miRNAs

mRNA:
EBNA1
EBNA2
EBNA3A/BIC
LMP1
LMP2A/B

Infectious mononucleosis
Lymphoblastoid cell line

PTLD/DLBCL



Endothelial cell
dothelial cells LANA
vCYC
EFFGF vFLIP
PLGF miRNA
PIGE vGPCR
vIL6
E];GF K15
IL6 Kl
 Z vCCL

Genetic veeL
Instability

Immune
Modulation

PEL
MCD Latently infected Kaposi’s sarcoma cells



Bactérias

Helicobacter pylori — cancer gastrico

Disbiose — variacao na populacao de bactérias, com menor representacao de comensais e predominancia de espécies
patogénicas/inflamatdrias — cancer de coloretal, fator de risco para outros?

Mecanismos de carcinogénese
Indiretos — inflamacao cronica

Diretos — Fatores de viruléncia



Dysbiosis and/or Single Pathogen

Environmental Dietary
Triggers Triggers

Microbial
Translocation

Increase
Permeability

Bacterial
Toxin

Carcinogenesis

Fig. 1. General mechanism used by microbes in the progression of cancer.

CagA — fator de viruléncia H. pylori
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Resisting
cell death
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Cell

Streptococcus anginosus promotes gastric
inflammation, atrophy, and tumorigenesis in mice

S. anginosus S. anginosus
(Short-term infection) (Long-term infection)
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Disbiose/infeccdo e cancer coloretal

Correlacao causal ainda nao é consenso;
Experimentos de transferéncia de fezes de animais com cancer para animais sem cancer, mas com mutacdes iniciadoras

contribuiram para estabelecimento de relacao causal.
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Helmintos

Opisthorchis viverrini and Clonorchis sinensis — colangiocarcinoma

Schistosoma haematobium — carcinoma de bexiga

Metacercariae

) 4

Adult worms
in the biliary
tract

-

Cercariae N

Rediae = Sporocyst <=— Miracidia



Fluke factors

’2. secreted mitogens
@ extracellular vesicles
small molecule, reactive metabolites
mﬁig)jw e.g. catechol estrogen quinones,

oxysterols
biliary/urothelial
epithelia
Secreted parasite mutagens,
mitogens, etc.
Dendritic
cell
chronic

inflammation, fibrosis, recurrent
wound repair, carbonyl stress,
etc., leading to
DNA adducts:
8-oxodG, 8-nitroguanine and lipid
peroxide-DNA, etc.
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Co-factors

endogenous and exogenous
nitrosamines, including fermented fish
dishes such as koi-pla (shown)

ROS, RNS, carbonyl stress
microbiome changes
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others?
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Opistorchiasis induced- Urogential schistosomiasis induced-
bile duct cancer bladder cancer

Excretions/secretions, Liver fluke

eggs of the liver fluke,

including granulin, b 3
thioredoxin, oxysterols

ROS/RNS

Epithelium of bile ducts

Blood flukes

o A Excretions/secretions,
eggs of the schistosome

T Catechol estrogens
0
ROS/RNS

H

Cholangiocarcinoma (bile duct cancer)

Squamous cell carcinoma of the bladder

Trends in Cancer



Clonorchis, Opisthorchis and Schistosome Infections

inflammatory Cells
Cytokines, Chemokines
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Canine transmissible veneral tumor - CTVT

A Devil Facial Tumor Disease Q@

Canis progenitor

Appearance of the

CTVT subtypes

Coyote
(CanIS /atranS) Gray wolf

(Canis lupus) Domestic dog

(Canis familiaris)




Prevencao e tratamento

Prevencao Terapia

: - HCV — DAA —direct acting antivirals
Evitar exposicao

Programas de satde HIV — HAART — highly active antiretroviral therapy

Vacinas terapéuticas

Vacinas
HPV Antibioticos

(amoxicilina 1g + claritromicina 500 mg 14 dias)
HBV

Transplante de fezes
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