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Understanding the molecular history of cancer cells
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Study #1: Integrating genomic and clinical data to understand
mutational processes



Risk factors for hepatocellular carcinoma (HCC)
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Mutational signatures
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The mutational spectrum of a tumor reflects the accumulation of several
mutational processes
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Extracting mutational signatures from NGS data

NMF (non-negative matrix factorization) can disentangle mutational signatures and their
contribution to each tumor genome:
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10 mutational signatures identified in liver cancers
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Mutations/Gb

Clock-like mutational signature

C>A C>G C>T T>A T>C T>G
200, M I

o Signature 1

-
wvi

Mutation Type
Probability
o
£
ACG e——————————

UUHRUUBHRAUOHAUUHERUOUHCUUHRQUUBRSUUHRAUUHAODOHCUUOHC UUEH
AU UVUUUOUEHHEHACAQUUUOUUUUHBHEACACUOOUUUOUEHBE

TCT
ATA

. . NH NH; 0
=  C>T mutations at CpG sites 2
S HiC S Y
| — | —> NH
K&rﬁ ylation /&ammanan /&
N 0] N O N
H H H ©
Cytosine 5-methyl Thymine
Cytosine
= Ubiquitous and correlated with age
Stomach Colorectal Glioblastoma Esophagus Pancreas Cervix Head and neck
cancer cancer multiforme cancer Medulloblastoma cancer cancer cancer Glioma, low grade
4,000 Pyalue=2.30 x 10~ | |Pvalue=1.00x 107 P value = 3.40 x 108" P value = 9.00 x 10~ [ P value = 1.00x 10 Pvalue = 0.04 Pvalue=370x10° | | Pvalue=560x 10~ [P value = 1.00x 107
=230x107¢ & =1l =3 =9, | =1, =0 =8 ‘ =5, =1,
3,000
2,000 | | | | e .
‘ o
1,000 | | : | s S o
° % ‘ ° ‘ % # o

a L B o L o ) B oo A e
PEEPOP RS IOP PR POPRRELOPRERLOP R RSP R PP
Age of cancer diagnosis (years)

Alexandrov et al., Nat Genet, 2017



Alcohol-related signature
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Signature 16 may be due to a product of liver metabolism, which production is
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Mutation Type

Aflatoxin Bl-related signature
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How do mutational processes evolve during tumor evolution?

Clonal mutations Subclonal mutations
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Study #2: Multi-omics data integration identifies a new
subtype of liver cancer



Categories of structural rearrangements

ABCDE FGH peetion ABCE FGH
—— (] ]| )
tt

ABCDE FGHDuplicaton ABCBCDE FGH
Cll T XTD——— (717D
S

ABCDE FGH

t t

nversion ADCBE FGH

ABCDE FGH MNOCDE FGH

@ [ [ T 1> Reciproca G [ T XT 1O

t translocation
MNOPQ R

ABPQ R

t



Structural rearrangements in liver cancers

= HCC display heterogeneous patterns of structural rearrangements:
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Structural rearrangement signatures in HCC

NMF reveals 6 rearrangement signatures operative in HCC:
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Extreme structural rearrangement phenotypes

These signatures reveal rare phenotypes of highly rearranged tumors:
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Extreme structural rearrangement phenotypes

= These signatures reveal rare phenotypes of highly rearranged tumors:
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Cyclin activation leads to DNA replication stress
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Cyclin A2/E1 activation defines a homogenous HCC subclass
(CCN-HCC)
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Complex rearrangements result from multiple template switching events

Long molecule optical mapping

Multiple template switching
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Wrap-up: The natural history of CCN-HCC
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Study #3: Multi-omics data integration highlights
chemoresistant cells in hepatoblastoma



Integrated genomic analysis of hepatoblastoma

Cisplatin-based chemotherapy
+ surgery
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Mutational signature of cisplatin-induced mutations

4 mutational signatures identified in hepatoblastoma
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Cisplatin signature is subclonal in primary tumors

Treatment protocol
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'Liver progenitor' cells resist to chemotherapy and give rise to

metastases
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|dentification of targetable genes in chemoresistant cells

Genes overexpressed in liver progenitor cells
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Functional genomics of solid tumors T H A N K YO U ! IIIII !nserm @
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Genetic evolution and molecular plasticity in multiple myeloma

Multi-omics integration
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Genetic evolution and molecular plasticity in multiple myeloma

Diverse molecular
histories
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