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Overview

1. Molecular carcinogenesis: Hallmarks of 
cancer

2. Mechanisms that shape genetic cancer 
progression

3. A global view of lung cancer genomes
4. Clinical relevance



Cancer : a progressive disease



Hallmarks of Cancer 2000
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Tumor-cell intrinisic capabilities

Hanahan and Weinberg 2000, Cell



New Hallmarks, 2010
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Tumor-cell extrinsic/cooperative capabilities

Hanahan and Weinberg 2012, Cell



Cell-cell interactions guiding 
tumour progression

6
De Craene and Berckx 2013 Nature Reviews Cancer  13: 97 



Chronic Immuno-inflammation
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Proliferation metabolism
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Reprogramming energy 
metabolism in cancer



Hallmarks of cancer

10



How Many Mutations in Cancer?

• Hundreds to thousands of 
mutations /cancer cell

• Only a few may be 
« drivers », others are 
likely to be « passengers »

Whole-Genome
Sequencing

SCLC

Pleasance et al 2010 Nature 463: 184 



How does a cell accumulate so 
many mutations?
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1.
 

Not any cell can do it: stem/progenitor cells
2.

 
It takes a lifetime (and more)

3.
 

Cancer cells develop a « mutator phenotype
 

»
4.

 
Catastrophic genomic rearrangements may induce 

 many mutations in one step
5.

 
Many genes mutated in cancer are regulating 

 chromatin dynamics and RNA processing/splicing 
 (global alteration of genome expression)

6.
 

TP53
 

(encoding the p53 protein) operates as a 
 critical « master

 
gene »



Cancer Initiating Cells

The « Cancer Stem Cell » Paradigm

Bjerkvigt et al 2005 Nature Cancer Reviews 5:899



Sequential accumulation of genetic 
changes

14Stratton EMBO Mol Med 5:169



High order genome organization
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Chromothrypsis
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Mutations in epigenetic regulators

17

Watson et al 

 Nature Reviews 

 2013 14: 703



p53: integrating the 
« Hallmarks of Cancer »
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Hainaut, « p53 in the clinics »,2012 ; 
Based on Hanahan and Weinberg, 2010



TP53  as « master gene »: 
experimental liver cancer

Xue et al. Nature 445: 656, 2007



Lung Carcinogenesis
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The Clinical Lung Cancer 
Genome Project 

21
Sci Trans Med 2013 5: 209



Global View of Lung Cancer 
Genome

22The Clinical Lung Cancer Genome Project Sci Trans Med 2013 5: 209



Overall Survival in LC patients

23The Clinical Lung Cancer Genome Project Sci Trans Med 2013 5: 209



Histomolecular Classification 
of Lung Cancers

24The Clinical Lung Cancer Genome Project Sci Trans Med 2013 5: 209



Genomic landscape of Lung 
Cancer
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Large Cell Carcinoma: a 
genetically mixed entity
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Redefining Large Cell 
Carcinomas

27The Clinical Lung Cancer Genome Project Sci Trans Med 2013 5: 209



Cellular origin and histological 
differenciation

Squamous
Metaplastic 
Cell

Glandular
Cell

epithelial cell
With N‐E features

Bronchial, 
cilliated Cell

SCC

Atypical
carcinoid

Typical
carcinoid

Precursor?

Commited
Cilliated

ADC

Commited
glandular

Stem Cell

LCC



Somatically altered pathways 
in Squamous Cell Carcinomas
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The Cancer Genome Atlas Network, Nature 2012 489: 519



NRF2 pathway: enhancing 
survival under oxidative stress
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CUL3

Proteosome 

 
degradation

CUL3
mutations



Tissue remodelling: Squamous 
metaplasia



NOTCH: promoting squamous 
differentiation 

Exome Sequencing of Head and Neck Squamous Cell Carcinoma 
Reveals Inactivating Mutations in NOTCH1. Agarawal, Myers et al., 
Science, 2011



Clinically relevant genome 
alterations
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Tumour heterogeneity

34Burell et al. Nature 2013 501:338



Histomolecular plasticity

Initial diagnosis: 

 Adenocarcinoma, 
EGFR mutation (R858L)

Diagnosis after relapse: 

 from TKI treatment
SCLC, 
R858L mutation present

Resistance mutations:
None
EGFR T790M
MET ampl



Off-context gene expression: a new 
epigenetic paradigm

36Sci Trans Med 2013 5 186



Testis and Placenta-specific (TS/PS) 
genes in Lung Cancer

37Rousseaux et al 2013 Sci Trans Med 5 186



TS/PS genes: association with poor 
prognosis of Lung Cancer

38Rousseaux et al 2013 Sci Trans Med 5 186



Thank you
To receive a copy of these slides (pdf) and 
list of key reference papers:
pierre.hainaut@ujf-grenoble.fr

39

mailto:pierre.hainaut@ujf-grenoble.fr

	Molecular Mechanisms of Lung Carcinogenesis
	Overview
	Cancer : a progressive disease
	Hallmarks of Cancer 2000
	New Hallmarks, 2010
	Cell-cell interactions guiding tumour progression
	Chronic Immuno-inflammation
	Proliferation metabolism
	Reprogramming energy metabolism in cancer
	Hallmarks of cancer
	How Many Mutations in Cancer?
	How does a cell accumulate so many mutations?
	Cancer Initiating Cells
	Sequential accumulation of genetic changes
	High order genome organization
	Chromothrypsis
	Mutations in epigenetic regulators
	p53: integrating the �« Hallmarks of Cancer »
	TP53  as « master gene »: experimental liver cancer
	Lung Carcinogenesis
	The Clinical Lung Cancer Genome Project 
	Global View of Lung Cancer Genome
	Overall Survival in LC patients
	Histomolecular Classification of Lung Cancers
	Genomic landscape of Lung Cancer
	Large Cell Carcinoma: a genetically mixed entity
	Redefining Large Cell Carcinomas
	Cellular origin and histological differenciation
	Somatically altered pathways in Squamous Cell Carcinomas
	NRF2 pathway: enhancing survival under oxidative stress
	Tissue remodelling: Squamous metaplasia
	NOTCH: promoting squamous differentiation 
	Clinically relevant genome alterations
	Tumour heterogeneity
	Histomolecular plasticity
	Off-context gene expression: a new epigenetic paradigm
	Testis and Placenta-specific (TS/PS) genes in Lung Cancer
	TS/PS genes: association with poor prognosis of Lung Cancer
	Thank you

