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Adapted from Smid M, et al. Cancer Res 2008; 68: (9)
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“Seed and soil” Theory

“Seed	and	soil”	theory:	

Organ specificity depends on the tumor cell 

(seed) and on the organ microenvironment at 

metastatic sites (soil).

(Paget, 1889, Lancet 1:571)

“	So,	just	landing	in	a	tissue	is	not	
sufficient	for	cancer	cells	to	develop	a	

secondary	tumor;	rather,	some	
property	of	the	tissue	itself	must	

sustain	the	new	growth	”
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Pre-Metastatic Niche
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We aim to disclose the specifically enriched secretome signature associated with breast cancer brain 

metastasis and elucidate the paracrine communication between cancer cells and brain pre-metastatic niche.

AIM

Brain Pre-Metastatic NicheBrain Metastatic Breast Cancer Cells
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Significantly	deregulated	genes	
(DEG)	

231	metastatic	breast	cancer	cells		
vs.		

231	parental	breast	cancer	cells
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Intracardiac 
injection

Tail vein 
injection

Brain-seeking 
MDA-MB-231.Br

Lung-seeking 
MDA-MB-231.LM

Bone-seeking 
MDA-MB-231.BM

Parental Breast cancer cell line 
MDA-MB-231

6cycles
Genes that mediate breast cancer metastasis to the brain. 

Bos Pd et al. Nature. 2009 Jun 18;459(7249 

Genes that mediate breast cancer metastasis to lung. 
Minn AJ, et al Nature. 2005 Jul 28;436(7050):518-24. 

A multigenic program mediating breast cancer metastasis to bone. 
Kang Y et al. Cancer Cell. 2003 Jun;3(6):537-49.

Breast	Cancer	Metastatic	Cell	Model

Specifically enriched genes in Breast Cancer Metastatic Cells

Provided by Massagué J

Gene	ontology	signatures	
Biological	Adhesion	
Cell	proliferation	

Immune	system	process	
Metabolic	process	

Locomotion	
Cell	death	
Cell	cycle	

Signal	transduction	
Matrisome
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MDA-MB-231.LM

MDA-MB-231.BM

MDA-MB-231.BR

Breast cancer metastatic cells 

show an enrichment in genes 

associated with: 

- ADHESION 

- CELL PROLIFERATION 

- MATRISOME 
- IMMUNE SYSTEM 
- LOCOMOTION
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In Silico - Gene Ontology Signature Profile of Breast Cancer Metastatic Cells



REGULATORS

ADAMs

CST	
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ANGPT IFNA

BMP IL
CCL NRG

CRHBP PDGF
CSF S100

CXCL TGF
EGFL TNFSF

FGF VEGF

GDF WNT
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MATRISOME
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BRAIN METASTAIS
SIGNATURE (BrMS)

Matrisome profile and ECM remodelling enrichment in brain metastatic breast cancer cells

MD
A-
MB
-23
1.L
M

MD
A-
MB
-23
1.B
M

MD
A-
MB
-23
1.B
R

Br
MS

0

10

20

30

40

50

%

Collagens
Glycoproteins
Proteoglycans
affiliated
secreted
regulators

Secreted	factors	and	ECM	regulators	are	crucial	for	ECM	remodeling

PART	1
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Protease activity in brain metastatic breast cancer cells

Gelatin and b-casein zymography to detect protease activity in the conditioned medium from parental (231.P) and brain tropic (231.Br) breast cancer cells cultured in collagen type I. 
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Immune system process genes enrichment in metastatic breast cancer cells

Immune System Process
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BRAIN METASTAIS SIGNATURE (BrMS)

%

MD
A-
MB
-23
1.L
M

MD
A-
MB
-23
1.B
M

MD
A-
MB
-23
1.B
R

Br
MS

0

5

10

15

20

Antigen processing and presentation

Leukocyte activation
Somatic diversification of immune receptors

T cell selection

Tolerance induction

Positive Regulation of Immune System
Activation of Immune Response

PART	2



Immune system process enrichment in brain metastatic breast cancer cells 
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Activation	of	Immune	
Response

Positive	Regulation	of	
Immune	System

Immune	Response	–	Activating	
signal	transduction

Positive	regulation	of	
leukocyte	activation

Activation	of	innate	immune	
response 	Positive	Regulation	of	

hemopoiesis	

Brain	metastatic	 breast	 cancer	 cells	 and	 BrMS	 show	 a	 significant	 enrichment	 of	
immune	genes,	which	can	point	for	the	importance	of	microglia	activation	in	the	
early	steps	of	the	brain	metastatic	cascade.

 Positive Regulation of Immune System
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• Brain metastatic cells have an enrichment in matrisome associated regulators, that are crucial for ECM remodeling. 

• The brain metastatic cells show an enrichment in genes associated with immune system, that are involved in the activation 
of microglia and neuroinflammation which occurs in the early steps of the brain metastatic cascade. 

Conclusion

Brain Pre-Metastatic NicheBrain Metastatic Breast Cancer Cells

Brain	tissue	
remodeling

Extracellular	vesicles	or	
soluble	factors?
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