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2.
Early steps

in a gene 
expression

program
 

« Putting translation 
before 

transcription », 
Cancer Cell, 2004

Post-transcriptional control of gene expression



A Mouse Mammary Tumor Model of Metastasis Development
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• Transcriptome
• Exon content
    (Dutertre, Lacroix-Triki, Driouch  et 

al. Cancer Res. 2010)
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• MicroRNAs
• mRBP
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(N+,M+) (N-,M-)

miR-125b
p=0.0105
(N+,M+) / (N-,M-)=1.87
Mann-Whitney U : 54.0
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mRNA Binding Protein (2/6) Expression
is Associated with Metastatic Relapse

Metastatic relapse probability (Kaplan-Meier)/
Tissue microarray: 277 human breast tumors specimen (ICR) 
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P H É N O T Y P A G E  
M O L É C U L A IR E  D E S  C A N C E R S  
D U  S E IN  E N  C O U R S  D E  
G R O S S E S S E

D r B é n é d ic t e  L e s ie u r
D r A l ic e  T r e fo u x , D r M a r t in e  A n to in e , D r L is e  S e l le r e t , D r S o n ia  
Z i lb e rm a n , 

P r R o m a n  R o u z ie r

H ô p i t a l T E N O N , P a r is  U P R E S  E A  4 0 5 3  P a r is  6



E tu d e  c a s -té m o in

 E tu d e  r é t r o s p e c t iv e
 1 2 1  p a t ie n t e s  â g é e s  d e  < 4 3  a n s
 c a r c in o m e s  in v a s i f s
 3  g r o u p e s

 C S A G : n = 1 7  (1 5 % )
 n u l l ip a r e s : n = 3 2  (2 6 % )
 C S n A G :  n = 7 2  (5 9 % )

 D o n n é e s  c l in iq u e s
 h is t o lo g ie  e t im m u n o h is t o c h im ie  d e  r o u t in e
 t y p e  d e  t r a i t e m e n t
 s u r v ie

 R é a l is a t io n  d ’u n  t is s u e  m ic r o a r r a y  (T M A )
 p a n e l d e  1 7  m a r q u e u r s : R H , c y t o k in e s , m a r q u e u r s  d e  p r o l i f é r a t io n
 m a r q u a g e  H L A -G  (A c  p r im a ir e  M E M -G /0 2 : I g G 1  )
 a n a ly s e  d e  l’in f o rm a t iv i t é  d u  T M A  e t d e s  m a r q u e u r s  u t i l is é s



R é s u l t a t s  c l in iq u e s

CSAG CSnAG Nullipares

T a i l le  a u  d ia g n o s t ic
T 0 -T 1
T 2 -T 4

5  (2 9 % )
1 2  (7 1 % )

2 5  (3 5 % )
4 2  (6 5 % )

N S 1 5  (4 7 % )
1 7  (5 3 % )

N S

T a i l le  h is t o lo g iq u e  
(m m )

2 0  (6 -
1 0 0)

2 2  (0-1 2 0) N S 2 0  (4 -1 8 0) N S

G r a d e  S B R
1 -2
3

5  (2 9 % )
1 2  (7 1 % )

4 1  (5 7 % )
3 1  (4 3 % )

P=0,041 1 7  (5 3 % )
1 5  (4 7 % )

N S

R E
P o s i t i f s
N é g a t i f s

6  (3 5 % )
1 1  (6 5 % )

6 1  (8 5 % )
1 1  (1 5 % )

P<0,01 2 2  (6 9 % )
1 0  (3 1 % )

P=0,024

H e r 2  + 5  (2 9 % ) 9 (1 2 % ) P = 0 ,0 8 1 0  (3 1 % ) N S

T r ip le  N é g a t i f 9  (5 3 % ) 6 8  (1 1 % ) P<0,01 6  (1 9 % ) P=0,01

T T T  R a d ic a l 1 3 (7 6 % ) 4 1 (5 7 % ) N S 1 8  (5 5 % ) N S



N iv e a u  d ’e x p r e s s io n  d e s  m a r q u e u r s  
s u r  T M A

CSAG CSnAG Nullipares

n =  2 5 n = 5 8 n =  2 9

RE 24,1 60,1 0,003 4 9 ,5 N S

RP 16,8 43,2 0,021 3 1 ,8 N S

B c l2 3 5 ,6 5 5 ,1 N S 5 1 ,1 N S

EGFR 22,4 3,6 0,015 1 9 ,6 N S

C K 5 0 ,7 0 ,6 N S 0 ,3 N S

CK18 60,2 79,8 0,033 7 4 ,3 N S

E  C a d h é r in e 4 7 ,2 5 2 ,7 N S 5 4 ,1 N S

P  C a d h é r in e 3 0 ,1 2 0 ,4 N S 3 0 ,3 N S

p 5 3 2 4 ,9 1 3 ,8 N S 1 8 ,9 N S

p 6 3 2 ,1 2 ,5 N S 1 ,6 N S

C -k i t 1 9 ,1 1 0 ,7 N S 1 3 ,6 N S

Vimentine 16,6 7,8 0,028 1 3 ,4 N S

C o x 2 1 4 ,5 1 5 ,8 N S 1 9 ,7 N S

Prolactine R 10,5 49,5 <0,001 38,3 0,024



C o n c lu s io n

 L e s  C S A G  n e  s e m b le n t p a s  p r é s e n te r  u n  
p h é n o t y p e  m o lé c u la i r e  s p é c i f iq u e

 N é c e s s i t é  d ’é tu d e  d e  p r o f i ls  d ’e x p r e s s io n  
g é n iq u e  s u r  d e s  p o p u la t io n s  la r g e s

 U t i l i t é  d u  r é s e a u  C A L G  a f in  d e  c o l l ig e r  le s  c a s  
e t p o u v o i r  m e n e r  u n e  é tu d e  d e  p u is s a n c e  
s u f f is a n t e

 L im i t e s  + +  d e s  m o d è le s  a n im a u x
 s o u r is  m u té e s : p r é d is p o s i t io n  à  u n  s o u s -t y p e  
m o lé c u la i r e



C A L G  : C a n c e r s  A s s o c ié s  à  L a  
G r o s s e s s e

 Coordination d’un réseau national  dans le 
cadre de l’appel d’offre INCA: Structuration 
nationale pour la prise en charge des cancers 
rares de l’adulte

 Réseau national en structuration :
INCA/CNGOF

 But : 
 a id e r  à  u n e  p r is e  e n  c h a r g e  h o m o g è n e  e t o p t im a le  d e s  p a t ie n te s  

s u r  le  te r r i t o i r e  n a t io n a l
 s o u te n i r  le s  t r a v a u x  c o g n i t i f s  d e  r e c h e r c h e  b io lo g iq u e  a u to u r  d e  

la  th é m a t iq u e  d e s  c a n c e r s  a s s o c ié s  à  la  g r o s s e s s e  
(p h a rm a c o c in é t iq u e , o n c o g e n è s e , r e g is t r e s )



Molecular and Cellular Biology of 
Breast Cancer

Marie-Christine RIO & Catherine TOMASETTO 

Emilie BUACHE

32èmes Journées de la Société Française 
de Sénologie et de Pathologie Mammaire

- Strasbourg (03/05 novembre 2010) -

Cancer Cell – Adipocyte Crosstalk: Cancer Cell – Adipocyte Crosstalk: 
Role of Matrix Metalloproteinase-11 Role of Matrix Metalloproteinase-11 

(MMP-11)(MMP-11)



Conclusion : MMP-11 negatively regulates fat homeostasis

Pre-adipocyte Adipocyte
Differentiation

De-differentiation

MMP-11

1. By lowering pre-adipocyte differentiation

1.

MMP-11

2. By favoring adipocyte de-differentiation

2.



X 20

The Co-culture with Breast Cancer Cells leads to a 
Delipidation of Adipocytes

X 10

Oil Red Staining
Differentition status 

of 3T3L1 cells

Numerous Lipid DropletsNumerous Lipid Droplets

Reduced Reduced 

Number and SizeNumber and Size

  of Adipocytesof Adipocytes



The Co-Culture leads to an Increase of Cancer Cell Migration 
& Invasion

Boyden Chamber Assay
Porous filter 8 µm

+/- Matrigel Coating (10 µg)

100 000 cancer cells

24h culture

Crystal violet staining

- Matrigel

= Migration

+ Matrigel

= Invasion

Wound Healing Assay
6 well plates

15h culture

t = 0

t = 15h

Co-
culture 

step

+ Trypsin

or

Migration 
& Invasion 

Assays

Protocol

Breast Cancer 
Cells



Conclusions & Perspectives

Real bidirectional crosstalk between adipocytes & cancer CellsReal bidirectional crosstalk between adipocytes & cancer Cells

Adipocytes Cancer Cells

Invasive phenotypeDelipidation

Morphological changes

MMP-11 overexpression

For the Future…For the Future…

Molecular Mechanisms behind MMP-11 Function
1) Unbiased approach (Proteomic & Transcriptomic levels) 

2) Targeted approach 

3) In vivo analysis of the identified molecules at invasive front of human breast tumor

Co-culture without 
cell/cell contact



Tissu adipeux, lipidome et 
cancer du sein 

de l’alimentation au microenvironnement tumoral

Philippe Bougnoux
INSERM U921

"Nutrition, Croissance et Cancer"
Centre Henry S. Kaplan
CHU Bretonneau

Tours
bougnoux@med.univ-tours.frbougnoux@med.univ-tours.fr



Lipid profile of carcinoma is close –but distinct – 
to that of non tumor, epithelial breast tissue

What are the determinants
of tumor lipid profile ?

 Carcinoma and non tumor fatty acid levels 
are correlated

No 
detectable 
desaturase 
activity in 

the 
carcinoma 

tissues

The similar fatty acid composition indicates that a commun causal factor may be 
operating. Diet is an obvious candidate.

delta-9 delta-6

Chajes et al, Int. J. Cancer, 1995



Case-control study on adipose tissue

Adipose tissue lipids predict breast cancer risk:
Omega-3 PUFA (ALA and DHA) in adipose tissue are inversely 

associated with the risk of breast cancer ….. causality ?

Maillard V. et al, Int J Cancer, 2002

• 241 patients with invasive, non 
metastatic breast cancer (cases)
• 88 patients with benign, non 
proliferative tumor (controls)
• Adipose breast tissue sampled 

at diagnosis during surgery
      fatty acid composition of 
            adipose tissue
• Multivariate analysis



Dietary intervention study in the rat
Initiation
 (NMU)

Tumor 
appearance

4 to 5 weeks 
after NMU

32 weeks0 52 days

Endpoint :
Tumor growth

Dietary intervention
- Experimental group : 18:3n-3

(rapeseed oil)
- Control group :  no 18:3n-3 

(peanut oil)

Cognault et al, 2000; Maillard et al., 2006

No effect of the 18:3 dietary intervention on tumor growth
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Multivariate analysis of prognostic factors

Prognostic factor Relative Risk  CI 95%          p

Tumor size (mm)   < 20 1.0
20 – 50 2.7 (1.4 – 5.6) 0.005 
> 50 2.4 (1.5 – 3.9) < 0.001

Positive nodes  0 1.0
1 - 4 0.7 (0.4 – 1.3) ns 
> 5 3.3 (1.8 – 6.0) < 0.001

1st principal component 0.9 (0.8 – 0.97) 0.014

Lipidomic profile and the risk of metastases

The first principal component is an 
independent covariate associated with a 

low risk of metastases

A protective profile combines low levels of saturates 
with high levels of long chain polyunsaturates

-1.0

-0.5

0.0

0.5

1.0

-1.0 -0.5 0.0 0.5 1.0
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16:0 20:0
17:0

17:1

18:1c

16:1

18:1t

18:1w7

20:1

14:1

18:2

20:3

20:2

22:4

20:4
22:5

18:3
22:6 22:5

20:5

18:3

Saturates
Mono-unsaturates
PUFA omega-6
PUFA omega-3Metastases



Adipose tissue sampled at autopsy
Fatty acids analyzed by GC

Modification of the lipidome
 through decreased dietary ω−6 / ω−3 

ratio (DHA)

•Initiation (NMU)
•7 % peanut/rapeseed
•2 nutritional groups (supplement)

• saturates (8 % palm oil)
• DHA (8 % DHASCO)

 Sprague-Dawley rats

S. Colas, PhD theses, 2004

9.30.7Total

8.20.122:6n-322:6n-3

0.80.618:3n-3

n-3 PUFA

11.312.7Total

11.112.218:2n-6c

n-6 PUFA

48.957.9Total

43.852.718:1n-9c

Monounsaturates

28.927.0Total

3.42.818:0

20.822.916:0

Saturates

Mean (%)Mean (%)

DHA-
supplemented

(n=6)

Control
(n=7)

Fatty acids
(% area)

Adipose tissue TGL

18:3 or DHA supplementation 
do not bring about an 

adequate coordinate change 
in the lipid profile



Stromal cells Cancer cells

Signaling pathways
Proliferation
Death
Migration
Angiogenesis 

Lipidome



Challenge: Challenge: 

DétecterDétecter  uneune cellule tumorale  cellule tumorale 

parmiparmi  1010

55

 – 10 – 10

7 7 

cellules cellules 

hématopoïétiqueshématopoïétiques

Détection des CTCDétection des CTC

EVENEMENTS RARES !EVENEMENTS RARES !
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Marqueurs protéiquesMarqueurs protéiquesCollagen 
Adhesion Matrix 
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MagSweeper

Y
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positive

Enrichissement des CTCEnrichissement des CTC

Pantel & Alix-Panabières, Pantel & Alix-Panabières, Trends Mol MedTrends Mol Med, 2010, 2010



EPISPOT : Culture cellulaire & Détection de EPISPOT : Culture cellulaire & Détection de 
CTC/DTC vivantes sécrétrices de protéines CTC/DTC vivantes sécrétrices de protéines 

D
A
Y 

1
D
A
Y 

2-
3

D
A
Y 

4

Coating antibody
Secreted protein

Fluoroçhrome conjugated 
 antibody

Alix-Panabières, Riethdorf & Pantel, Clin Cancer Res, 2008

Alix-Panabières et al., Clin Cancer Res, 2008Alix-Panabières et al., Clin Cancer Res, 2008



MM
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 (n = 20)  (n = 20) 
MM

00

 (n = 37)  (n = 37) 
Groupe Control (n = 10) Groupe Control (n = 10) 

PatientsPatients Patients Patients 
positifs (%)positifs (%)

5454
9090

00

CK19CK19--/MUC1/MUC1++       CK19       CK19 + +/MUC1/MUC1--      CK19      CK19 + +/MUC1/MUC1 + +

MM

1                   1                   

Total nDTC Total nDTC 

MM

0 0 

            Total nDTC             Total nDTC 

2011                           1395                             1982011                           1395                             198

      90                              597                                290                              597                                2

(p(p = 0.01) = 0.01)
**Gudjonnson Gudjonnson et al.et al.   (Gene & Dev. 2002)(Gene & Dev. 2002)

ont suggéré que les cellules MUC1ont suggéré que les cellules MUC1

--

//

CK19CK19

++

 pourraient avoir des  pourraient avoir des 

propiétés de ‘cellules souches’ dans propiétés de ‘cellules souches’ dans 
un tissu mammaire sain.un tissu mammaire sain.  

597

 CK19

+

/MUC1

-

**  

Potentiel Biologique particulier

Alix-Panabières Alix-Panabières et al.et al., , Clin Chem Clin Chem 20072007

Cancer du sein: Cancer du sein: 
Technique double CK19/MUC1-EPISPOTTechnique double CK19/MUC1-EPISPOT



Release of HER2 by CTC in 121 metastatic breast cancer patients Release of HER2 by CTC in 121 metastatic breast cancer patients 

Alix-Panabières Alix-Panabières et al.et al.

CK19/HER2-EPISPOT assayCK19/HER2-EPISPOT assay
CK19 spots HER2 spots Dual CK19/HER2 spots
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PatientsPatients CTCCTC

n = 121 Mean Median Range Total number

CK19-RC 91 (75%) 84.4 32 2-1266 7681

CK19/HER2-RC   4 (3.3%)   4.8   2 1-14     19

2008

4/91 (4.4%)



31 -Hormonothérapie adjuvante

Cellules tumorales circulantes:
intérêt pronostique

Jean-Yves Pierga
Département d’Oncologie médicale
Institut Curie



32 -Hormonothérapie adjuvante

Sein 
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Time from Baseline (Months)
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Cristofanilli et al
NEJM August 2004
JCO March 2005

Cohen et al 
JCO July 2008
Cohen, Ann Oncol 2009

De Bono et al
CCR October 2008

Technique Cellsearch 
Taux de CTC avant traitement: facteur pronostique 
pour la survie globale au stade métastatique



33 -Hormonothérapie adjuvanteMedian follow-up 32 months

Impact pronostique des CTC avant et après 
une chimiothérapie adjuvante dans le cancer 
du sein : SUCCESS  trial (Rack et al, ASCO 2010 )



34 -Hormonothérapie adjuvante



Lymphopénie TCD4

+

 (N=39)

p=0.011 

Temps  depuis  l’inclus ion (mois )
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La diversité du répertoire TCR est hautement prédictive de 
la survie globale chez les patientes en rechute

 d’un cancer du SEIN

p=2.10-7 

Temps depuis inclusion (mois)
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Divers ité TCR  >20%

Divers ité TCR 
<20%

Diversité du répertoire TCR (N=66)

Brevet “TCR  diversity allows  to identify high risk patient relapsing 
from  breast cancer eligible for innovative therapy”
M Manuel, C Ménétrier-Caux et coll. 



La présence de Treg FoxP3

+

 dans les aggrégats 
lymphoïdes est corrélée à la rechute et au décès des 
patientes porteuses d’une tumeur primaire du SEIN

Gobert M, .., Ménétrier-Caux C Cancer Res 2009
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Les  pDC sont au centre du réseau  immuno-
suppresseur dans  l’environnement tumoral du 

cancer du S EIN
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Ménétrier-Caux C, Cancer Research 2009
S isirak V, Faget J, Bendrss-Vermare N soumis our publication
Faget J, Ménétrier-Caux C en préparation
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