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Pheochromocytomas	and	paragangliomas	
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§  Pheochromocytomas	(PCC)	and	paragangliomas	(PGL)	are	rare	tumors	arising	from	neural	crest-derived	3ssues.	

§  PGL/PCC	 are	 neuroendocrine	 tumors	 oEen	 secre3ng	 catecholamines,	 resul3ng	 in	 hypertension,	
headache,	swea3ng,	palpita3ons…	

§  Non-func3oning	tumors	do	not	produce	catecholamines	and	are	difficult	to	diagnose.	
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Gene4c	suscep4bility	to	pheochromocytomas	and	paragangliomas	

Castro-Vega	et	al,	Oncogene	2015		
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Gene4c	suscep4bility	to	pheochromocytomas	and	paragangliomas	

Castro-Vega	et	al,	Oncogene	2015		
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SDHB	muta4ons	and	the	metasta4c	phenotype	

§  PGL/PCC	are	generally	benign	but	10-15%	of	all	cases	develop	metastases.	

§  SDHB	muta3ons	confer	a	19-fold	higher	risk	of	metastasis	and	a	shorter	survival	than	pa3ents	with	malignant	tumors	
but	no	SDHB	muta3on.		
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Malignancy:	10-15%	of	cases	
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OMICS	strategy	

COMETE	Network	
190	pa3ents		

	202	tumor	samples	
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mul4-OMICS	analysis	of	the	COMETE	cohort:	a	major	influence	of	gene4cs	
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Gene	expression	studies	

Snail	Nuclear	transloca3on	 LOXL2	TWIST1				KRT19	
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Loriot	et	al.	J	Clin	Endocrinol	Metab,	2012	

SDHB	

Favier	et	al	PloS	One,	2009	
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Normoxia,	Hypoxia,	Pseudohypoxia	

VEGF,	VEGFR-1	

Hypoxia	
	

Favier	J.	and	Gimenez-Roqueplo	AP.	Best	Prac3ce	&	Research:	Clinical	Endocrinology	&	Metabolism.	2010			
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§  DNA	methyla3on	subgroups	are	highly	associated	with	molecular	subtypes	and	survival:	

DNA	methyla4on-based	classifica4on	of	PGL/PCC	

§  Consensus	clustering	reveals	3	homogeneous	tumor	clusters	

Letouzé,	Mar3nelli	et	al.,	Cancer	Cell.	2013.	23(6):739-52	

SDHx	
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Genes	epigene4cally	silenced	in	SDHx	tumors	

->	Epigene3c	silencing	of	genes	implicated	in	chromaffin	cell	differen3a3on	and	EMT	explains	the	phenotypic	
characteris3cs	of	these	tumors.	

significant	overlap	
P	=	1.5e-7	

11.5%	of	hypermethylated	genes	(beta-
value	difference	>	0.1)	are	down-regulated	
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The	DNA	hypermethylator	phenotype	is	stronger	in	SDHB-mutated	tumors	

§  Comparison	of	DNA	methyla3on	and	gene	expression	changes	in	M1	tumors	with	different	SDHx	muta3ons:	

->	 A	 stronger	 hypermethylator	 phenotype	 and	
associated	gene	silencing	may	explain	the	par3cular	
aggressiveness	of	SDHB-mutated	tumors.	

SDHB	

5             10            15             20

0.25

0.50

0.75

1.00

Time (years)

Su
rv

iv
al

pr
ob

ab
ilit

y

No SDHB mutation

SDHB mutations present

Letouzé	et	al.	Cancer	Cell.	2013	Jun	10;23(6):739-52	



H   E   G  P

P=3.2e-170	

Genera4on	and	valida4on	of	Sdhb-/-	mouse	chromaffin	cells	

Sdhblox/lox Sdhb-/- cells  

Letouzé	et	al.	Cancer	Cell.	2013	

HIF2α	

								WT																Sdhb-/-	c6											Sdhb-/-	c8	

Loriot	et	al.	Oncotarget	2015	
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Metasta4c	hallmarks	of	Sdhb-/-	cells	

Loriot	et	al.	Oncotarget	2015	

WT	 Sdhb-/-	

Individual	migra3on	(Single	cell	tracking)	Invasion	

Collec3ve	migra3on	(wound	scratch)	

WT	 Sdhb-/-	
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From Reymond, Nat Rev Cancer, 2013 

 The different steps of metastatic  dissemination 
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Linking	SDH	to	méthyla4on	:	2-OG	dependent	dioxygenases	
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+	CO2	

HIF-prolylhydroxylases	

DNA	demethylases	(TET)	

Histones	demethylases	(JmjC)	

Collagene	prolyhydroxylases	

From		Shih	et		Levine,	Cancer	Cell	Volume	22,	Issue	3	2012	
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DNA	and	histone	methyla4on	in	Sdhb-/-	mouse	chromaffin	cells	
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Letouzé,	Mar3nelli		et	al.,	Cancer	Cell.	2013.	23(6):739-52	
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Therapeu4c	targets	

Demethyla3ng	agents	
Temozolomide	 An3-angiogenics	

FIRSTMAPPP	
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Reversion	of	the	migratory	phenotype	by	DNA	demethyla4on	
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->	Sdhb-/-	cells	do	not	proliferate	fast	but	display	a	migratory	phenotype.	
->	Reversal	of	this	phenotype	by	DAC	suggests	the	use	of	demethyla3ng	agents	to	treat	these	aggressive	tumors.	

Letouzé	et	al.	Cancer	Cell.	2013	Jun	10;23(6):739-52	
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AllograZ	model	of	Sdhb-/-	imCC	

Sdhblox/lox	
Sdhb-/-	
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Magne4c	resonance	spectroscopy	(1H-MRS)	

Theory	
water& Area&under&the&pic&is&propor1onal&to&

metabolite&concentra1on&&&&&

Lepoutre-Lussey	C*,	Bellucci	A*,	Clin	Cancer	Res	2015	
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SUCCES	in	humans	at	3T:	an	SDHB	muta4on	

Lepoutre-Lussey	C*,	Bellucci	A*,	Clin	Cancer	Res	2015	
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1H-MRS	in	humans	at	3T	

Lepoutre-Lussey	C*,	Bellucci	A*,	Clin	Cancer	Res	2015	

no	SDHx	muta4on	SDHx	muta4ons	



H   E   G  P

Ackowledgements	

	

Les	«	Phéos	»,	Team	13	
	

Anne-Paule	Gimenez-Roqueplo,	PU-PH	
Judith	Favier,	DR2	Inserm	

	
Nelly	Burnichon,	MCU-PH	
Aurélie	Morin,	post-doc	

Luis	Castro-Vega,	post-doc	
Charlote	Lepoutre-Lussey,	PhD	student	

Mélanie	Menara,	PhD	student	
Alexandre	Buffet,	PhD	student	

Maeva	Ruel,	AI	
Estelle	Robidel,	Tech	

Laurence	Amar,	MCU-PH	
Pierre-François	Plouin,	PU-PH	

	
Céline	Loriot,	PhD	

Cosimo	Mar4nelli,	Post-doc	
	

GénéWque	
Panier	“Pheo”	

HTA	
Anatomo-Pathologie	

Cécile	Badoual	
Tchao	Meatchi	

IRM	
Philippe	Halimi	
Laure	Fournier	

Chirurgie	
Franck	Zinzindohoué	

CIT	
Eric	Letouzé	

Aurélien	de	Reyniès	
Laure	Vescovo	

Jacqueline	Métral	
Jacqueline	Godet	

	

INSERM	U1141	
Pierre	RusWn	
Paule	Benit	

INSERM	U567	-	InsWtut	Cochin	
Frédérique	Tissier		

Rosella	Libé	
Jérôme	Bertherat	
Xavier	Bertagna	

INSERM	U1124	
Chris	Obolenghi	
Maxime	Janin	

University	of	Birmingham	
Dan	Tennant	

Kate	Hollinshead	

PARCC,	Team	2	
Bertrand	TaviWan	
Alexandre	Bellucci	

Thomas	Viel	



H   E   G  P

Ackowledgements	

	

Les	«	Phéos	»,	Team	13	
	

Anne-Paule	Gimenez-Roqueplo,	PU-PH	
Judith	Favier,	DR2	Inserm	

	
Nelly	Burnichon,	MCU-PH	
Aurélie	Morin,	post-doc	

Luis	Castro-Vega,	post-doc	
Charlote	Lepoutre-Lussey,	PhD	student	

Mélanie	Menara,	PhD	student	
Alexandre	Buffet,	PhD	student	

Maeva	Ruel,	AI	
Estelle	Robidel,	Tech	

Laurence	Amar,	MCU-PH	
Pierre-François	Plouin,	PU-PH	

	
Céline	Loriot,	PhD	

Cosimo	Mar4nelli,	Post-doc	
	

GénéWque	
Panier	“Pheo”	

HTA	
Anatomo-Pathologie	

Cécile	Badoual	
Tchao	Meatchi	

IRM	
Philippe	Halimi	
Laure	Fournier	

Chirurgie	
Franck	Zinzindohoué	

CIT	
Eric	Letouzé	

Aurélien	de	Reyniès	
Laure	Vescovo	

Jacqueline	Métral	
Jacqueline	Godet	

	

INSERM	U1141	
Pierre	RusWn	
Paule	Benit	

INSERM	U567	-	InsWtut	Cochin	
Frédérique	Tissier		

Rosella	Libé	
Jérôme	Bertherat	
Xavier	Bertagna	

INSERM	U1124	
Chris	Obolenghi	
Maxime	Janin	

University	of	Birmingham	
Dan	Tennant	

Kate	Hollinshead	

PARCC,	Team	2	
Bertrand	TaviWan	
Alexandre	Bellucci	

Thomas	Viel	



H   E   G  P

Fundings	

 
Jeunes 
Chercheurs 
 


