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Geographical heterogeneity In
hepatocellular carcinoma distribution
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Increasing
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HCC incidence/100,000
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Hepatocellular carcinoma is the second leading
cause of death among cancer patients worldwide

Globocan, 2012



Hepatocarcinogenesis is a multistep

Risk Pre-cancerous Malignant
Factors steps Transformation
HCV
HBV Low grade High grade HC’C>Zcr.'n
Alcohol dysplastic =>» dysplastic =2 Early HCC -> :ggan;ed - Mi?;:s's
nodule nodule S£cm th bosi
Hemochromatosis romBosis
Obesity T :
Cirrhosis Hepatocellular carcinoma

Aflatoxin (migrant) (80-90%) 2 t0 5% / year



Hepatocarcinogenesis is a multistep

disease
Risk Pre-cancerous Malignant
Factors steps Transformation
HCV
HCC>2cm
HBV Advanced > Métastasis
Alcohol \ 10-20% / HCC <2 cm Portal
Hemochromatosis Ll
Obesity _
Aflatoxin Hepatocellular carcinoma

Adenoma



Aims of our research in genomics

Cancer is a disease of the Genome

We need to understand HCC genomic
diversity to translate the molecular diversity
in biomarkers to improve clinical care of
patients with

v v v

Prediction of HCC Diagnosis Prognosis Prfetilczl::eOf
occurence & = :

to treatment




International

& =5 ome sequencing in HCC

Non-tumor

Mean of 40 damaging somatic mutations / tumor
Range: 5to 121 /tumor

!

Each tumor result from a unique combination of mutations

Guichard et al, Nature Genetics, 2012



Role of TERT promoter mutation in malignant progression

Carcinogenic

field effect Initiation Malignant transformation Tumor progression

HCC<2cm BCLCO HCCBCLCAtoC
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Mutations in 10 other cancer genes (TP53, CTNNB1, ARID1A....)

Nault et al. Nature Communications 2013

Virtual slides at http://mnd-tert2014.inserm-ul162.fr/
Nault JC, Calderaro J, et al. Hepatology 2014



Landscape
of 161
driver
genes

belong in

11

pathways

No
alteration

Schulze, Tmbeaud,
Letouzé et al, Nature
Genetics, March 30th,

2015
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~1 Percentage of patients harboring at least one
potentially targetable damaging alteration

= FDA-approved drugs: 28 % of patients

= Drugs which are currently being studied |
in phase | to Il clinical trials: 86% of
patients




Next guestions

Tumor sequencing Epidemiological
studies

Spectrum of
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The mutational spectrum of a tumor reflects the
accumulation of several mutational processes
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The mutational spectrum of HCC

= Average mutational spectrum over 243 HCC analyzed by WES:

INSERM series (n=243)
C>A C>G C>T T=A T>C T>G
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C>A mutations enriched in  Spontaneous deamination T>C mutations in an AT[AGT]
a subset of HCC of methylated CpGs context, characteristic of liver
tumors



= Using the Wellcome Trust Sanger Institute method, we identified 8 signatures in our
HCC series:

C>A C>G C>T T>A T>C T>G L ) [ [ T ool

e  Tumor with > 6000 mutations
e Non-cirrhotic liver but with
black mineral deposits

New oncogenic mechanism



= Qverall 8 signatures were found operative in at least one HCC in our series:

Tk Tl C>A C>G C>T T>A T>C T>G

e 5 patients, all from African
countries

e 3/5 patients present the
R249S mutation of TP53

¥

Aflatoxin B1




Virus induced oncogenesis in humans

HCC |
Virus related cancer | HCC
N Lymphoma
/ N
. HBV
4 Burkitt's +1(:\/
lymphoma,
nasopharyng L
carc?r?(ljma EBV ’ I
\ : Cervical,
) Human ypy _ headand
cancer =
viruses |
MCV
s HTLV1
Merckel H HV8
c_eII | \ -
carcinoma

| Adult T
w cell 1
\ ) leukemia -
- Kaposi's / \ y
sarcoma ‘



Hepatitis B virus (HBV) related liver carcinogenesis

Indirect mechanism leading
Chronic hepatitis B to HCC development

(HBV) infection “

Normal a Chronic S Cirrhosis -

liver hepatitis
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Insertional mutagenesis of HBV

Hepatitis B virus integration in a
cyclin A gene in a hepatocellular
carcinoma

Jian Wang®*, Xavier Chenivesse*, Berthold Henglein™
& Christian Bréchot™

NATURE - VOL 343 - 8 FEBRUARY 1990

Oncogene (2003) 22, 3911-3916
© 2003 Nature Publishing Group Al rights reserved 0950-9232/03 $25.00

www.nature.comione

Hepatitis B virus-related insertional mutagenesis occurs frequently in
human liver cancers and recurrently targets human telomerase gene

Patrizia Paterlini-Bréechot™', Kenichi Saigo®, Yoshiki Murakami', Mounia Chami',
Devrim Gozuacik', Claude Mugnier®, David Lagorce, Christian Bréchot'
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A viral sequence in the TERT promoter
of one hepatocellular carcinoma
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Adeno-associated
virus type 2

Nault JC, Datta S, Imbeaud S et al. Nature genetics, In press



Adeno-Associated virus type 2 (AAV2)

e Monostrand DNA virus
e Parvoviridae family

e Defective virus that requires another virus
(adenovirus) to replicate and infect cells

e Described as a non-pathogenic infection (40-60% of
the population)
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Goncalves MF. Virology Journal, 2005



Insertion of AAV2 in the TERT promoter
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Recurrent AAV2 insertion in CCNA2 (Cyclin A)

CCNA2 (Chr4q27)

5UTR J'UTR
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Recurrent AAV2 insertion in CCNE1 (Cyclin E)
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Nault JC, Datta S, Imbeaud S et al. Nature genetics, In press



AAV?2 insertion in KMT2B
(MLL4, trithorax, Lysine (K)-Specific Methyltransferase 2B)

KMT2B (19q13.1)
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Recurrent AAV2 insertion in TNFSF10 (TRAIL)
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TNFSF10 codes for TRAIL
Dual role in cancer: apoptosis VS proliferative signalling

Nault JC, Datta S, Imbeaud S et al. Nature genetics, In press



Recurrent integration of the 3’ITR region of AAV2 in
11 hepatocellular carcinomas
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Nault JC, Datta S, Imbeaud S et al. Nature genetics, In press




AAV?2 insertional mutagenesis in HCC on normal liver

Variable AAV2 insertion No AAV 2 insertion
(number of available data) (n=11) (n=182)
_ 7 (64%, HR=5, 0
Age (n=193) <60 years 0=0.06)* 63 (35%)
Alcohol 4 (36%) 91 (50%)
_ HBV 1 (9%) 21 (12%)
Risk Factor
(n=193) HCV 1 (9%) 35 (19%)
: - 6 (55% , HR=5, 0
Without etiology 0=0.02)* 37 (20%)
FO-F1 8 (73%) 76 (42%)
Metavir Score F2-F3 1 (9%) 45 (25%)
In non-tumor F4 2 (18%) 61 (34%)
liver (n=193) FO-F1 8 (73%, HR=4, 76 (42%)
(versus F2-F4) g=0.05)*

*Significant enrichment using Monte-Carlo test with 2,000 permutations (p<0.05)

AAV2 insertions are more identified in HCC developed on normal liver without etiology
without TERT promoter mutation (0/11 HCC)

Nault JC, Datta S, Imbeaud S et al. Nature genetics, In press



AAV as a vector for gene therapy in humans

The MEW ENGLAND JOURNAL of MEDICINE

The NEW ENGLAND
JOURNAL of MEDICINE

DECEMBER 22, 2011 VOL. 365 NO, 25

“ BRIEF REPORT ”

Safety and Efficacy of Gene Transfer
for Leber’s Congenital Amaurosis

ESTABLISHED TN 1812

Adenovirus-Associated Virus Vector—Mediated Gene Transfer
in Hemophilia B
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Phase I Trial of Intramuscular Injection of a Recombinant
Adeno-Associated Virus Serotype 2 a-Antitrypsin (AAT)
Vector in AAT-Deficient Adults

Safety and tolerability of gene therapy with an
adeno-associated virus (AAV) borne GAD gene for
Parkinson’s disease: an open label, phase | trial
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AAV Vector Integration Sites in Mouse
Hepatocellular Carcinoma

Anthony Donsante,>* Daniel G. Miller,%* Yi Li,>* Carole Vogler,® Elizabeth M. Brunt,”
David W. Russell,>*t Mark S. Sands¢t
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Conclusion

TERT promoter mutation is the earliest recurrent genomic alteration
in hepatocarcinogenesis

160 cancer driver genes in 11 pathways are recurrently mutated in
HCC => new therapeutic opportunities

AAV2 is the fourth virus showing evidence of insertional
mutagenesis in human tumors (after Human Papilloma virus, Merkel
cell polyomavirus and Hepatitis B virus).

Molecular epidemiology is possible thanks to deep sequencing



Genomics could help to better
understand hepatocarcinogenesis
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Hepatocellular carcinoma is the second leading
cause of death among cancer patients worldwide

Globocan, 2012
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