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Genetic predisposition:
EGF 61*G
MICA, 
PNPLA3, TM6SF2
MPO
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HFE….. Reviewed in Goossens et al, 2015; Nahon, zucman-rossi, J Hepatol 

2013
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Exposure and genetic variant 
cooperation: the AFB1 example

Aflatoxin B1 
exposure
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infection
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HCC

Altered metabolism
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G>T
TP53 R249S mut

Chromosome instability
Insertional mutagenesis
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TERT

TERC

Telomeras
e 

complexe

RNA template

Catalytic 
enzyme

Telomere synthesis

Proliferation, survival and escape of 
replicative senescence

Telomeres are repeated sequences at 
the end of the chromosomes

Calado R, et al. NEJM 2009



Dual role of telomeres 
and telomerase in liver carcinogenesis

Replicative senescence

Tumor 
progression

Adapted from Farazi and DePinho Nature Reviews Cancer  6, 674–687, 2006

No telomerase 
(TERT) expression 

in mature 
hepatocytes



Dual role of telomeres 
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Dual role of telomeres 
and telomerase in liver carcinogenesis

Replicative senescence

Malignant 
transformation

Telomerase 
expression in 
90% of HCC

No telomerase 
(TERT) expression 

in mature 
hepatocytes

Cell 
senescence
Apoptosis

Replicative senescenceTelomere shortening

Telomerase reactivation

Adapted from Farazi and DePinho Nature Reviews Cancer  6, 674–687, 2006



Early HCC
Low grade 
dysplastic 

nodule

High grade 
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nodule
Cirrhosis

Progressed
 HCC < 2 cm

Advanced 
HCC

Metastasis

HCC < 2 cm BCLC 0
HCC BCLC A 

to C

Malignant transformationInitiation Tumor progression
Carcinogenic 

field effect

Nault et al. Nature Communications 2013
Nault JC, Calderaro J, et al. Hepatology 2014

TERT promoter mutation

6%
19%

61%
42%

64%

0%

56%

0% 0% 0%

28%

0%

Mutations in 10 other cancer genes (TP53, CTNNB1, 
ARID1A….)Virtual slides at http://mnd-tert2014.inserm-u1162.fr/ 

Role of TERT promoter mutation in malignant progression

n=172 n=33 n=20 n=26 n=17 n=94



Telomerase promoter mutation is the earliest 
recurrent genomic alteration in HCC

Male
Virus

Alcohol
obesity

Cirrhotic nodules

Benign proliferation Malignant proliferation

TERT promoter 
mutation

CTNNB1 &
molecular 
diversity

Hepatocellular 
carcinoma

Nault et al, Nature Com, 2013
Nault, Calderaro, Hepatology, 2014
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Advanced
 HCC

Hepatitis 
B

Risk factors

Early HCCCirrhosis
Inflammation

Necrosis and regeneration
Oxydative stress

Insertional 
mutagenesis

Chronic 
hepatitis

Viral oncoprotein

Neuveut C, et al. J Hepatol 2010

Chronic HBV infection: direct and 
indirect factors



HBV integration plays an important role to 
induce genome mutagenesis

HCC
Random insertion in non-

tumor liver tissues

Modification of 
expression or 
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gene

HBV
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 DNA

« Cis effect »
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survival

Proliferation

Selective 
advantage

Malignant 
transformation
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HBV integration plays an important role to 
induce genome mutagenesis

HBV 
integration into 

hepatocyte 
genome

Alteration of 
cancer driver 

genes
Cancer



KMT2B/

Sung Wk, et al. Nat Genet. 2012 May 27;44(7):765-9.

HBV clonal integration is more frequent in 
the tumors than in adjacent liver tissues

40% of the breakpoints located near the 
viral enhancer and the gene X and core 

ORFs

Study on Chinese individuals: 81 HBV-positive 
HCCs 399 HBV integration breakpoints



Hepatocarcinogenesis is a multistep 
disease

Risk    Pre-cancerous      Malignant
     Factors    steps           Transformation

Hemochromatosis
Alcohol

HBV
HCV

Aflatoxin (Tropics)
NASH

Cirrhosis
(80-90%)

Early HCC
Low grade 
dysplastic 

nodule

High grade 
dysplastic 

nodule

Small
 HCC < 2 cm

HCC > 2 cm
Métastasis

Portal 
thrombosis

Hepatocellular carcinoma

Progressive accumulation of genetic and epigenetic alterations

401 2 3 …….

Male

Somatic 
oncogenic 

alterations to 
promote 

carcinogenesi
s



The genetic landscape of hepatocellular 
carcinoma

Guichard C, et al. Nat Genetics 2012Schultze K, et al. Nat Genetics 2015
Reviewed in Zucman Rossi J, Villanueva A, Nault JC, Llovet J  Gastroenterology 2015

Nault JC, et al. Nature Com 2013
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• Genomics identified a high heterogeneity in HCC with 

several oncogenes and tumor suppressor genes recurrently 

mutated
● TERT promoter mutation is the earliest recurrent event involved in 

malignant transformation in cirrhosis and adenoma
● Biomarker and target

● Signatures of HBV and genotoxic exposure

=> Molecular epidemiology including somatic and germline 
variants

● Several gene alterations could be targeted by specific 
therapies
● First step to develop genome based clinical trials

Conclusions 
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JOIN US in Seoul!
International and multidisciplinary forum to exchange, debate 

and network around the latest innovations in liver cancer 
research and care

Increase your scientific knowledge 

Attend educational sessions

Get unique networking opportunities 
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Submit your abstract until 31 March 
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