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• French scientist
• November 6, 1774- June 28, 1852
• In 1829, he recognized the ability ofIn 1829, he recognized the ability of     

tumors to invade, colonize, and  
destroy distant organs 
H t d thi h• He termed this phenomenon  
metastasis



Metastasis

Definition: the 
sequential cascade 
f hof events that 

results in the 
spread of cells p
from the primary 
tumor site to 
distant organsdistant organs 



Retrospective Analysis of Metastasis

1889: Seed and soil 
hypothesis first 

proposed

1984: Evidence for 
organ specific 

metastasis in ovarian 
cancer

2000s: Targeting host
1929: Mechanical 
forces responsible 

for metastasis

1960s: Host factors 
influence the 
outcome of 
metastasis

2000s: Targeting host 
factors (eg. 

angiogenesis) as 
therapy for metastatic 

disease



Current definition of the ‘seed and soil’ hypothesis 
consists of 3 principles:

(1) Primary neoplasms (and metastases) consist of both tumour and host cells
(2) Metastasis is selective for cells that succeed in invasion, mobilization, survival 

in the circulation, arrest in distant capillaries, and extravasation into and , p ,
multiplication within the organ parenchyma

(3) Metastasis can only develop in certain organs

The outcome of metastasis depends on multiple 
interactions of metastasizing cells with homeostatic 

mechanisms which the tumour cells can usurpmechanisms, which the tumour cells can usurp
Fidler et al, Nature 2002



Tumor type Principle sites of 
metastasis

Breast Bone, lungs, liver and 
brain

Lung 
adenocarcinoma

Brain, bones, adrenal 
gland and liver

Skin melanoma Lungs, brain, skin and 
liver

Colorectal Liver and lungs

Pancreatic Liver and lungs

Prostate Bones

S LSarcoma Lungs
Uveal melanoma Liver

Nguyen et al, 2009
f f / / /www.reference.findtarget.com/search/metastasis/



Not all cancer patients develop metastases 
Not all metastases have a known primary tumor site

It is important to understand the interactions between 
metastatic tumors and the site of metastasis in order tometastatic tumors and the site of metastasis in order to 

be able to treat metastatic malignancies  



Hypothesis

We hypothesize that there are somatic alterations and/or expression changesWe hypothesize that there are somatic alterations and/or expression changes 
unique to a subset of breast tumor cells, the ‘seeds’, that interact with and 
target specific host tissues, the ‘soil’, to form secondary tumors. The unique 
tissue microenvironments or ‘soils’ encountered in each individual, may in part 

l i th diff b i t t ti t i ti texplain the differences we observe in metastatic events in patient groups



Breast cancer is the most common cancer 
among Canadian womenamong Canadian women

M t t i i th iMetastasis is the main 
cause of mortality in breast 

cancer patients



Breast cancer metastasis

Nguyen et al 2009Nguyen et al, 2009



Breast cancer metastasis to the lungs and bones

Horak and Steeg 2005Horak and Steeg, 2005



Overview of experimental plan
1500 tissue biopsies from sites of 

metastasis

Breast cancer cell lines

Transgenic mice
ith th did t i twith the candidate genes signature



Aim 1: Identification of candidate genes involved in the etiology of 
site-specific breast cancer by sequencing of primary and secondary 

b t tbreast tumors

Overexpressed
In secondary tumor

Overexpressedp
In primary tumor



Aim 1: Identification of candidate genes involved in the etiology of 
site-specific breast cancer by sequencing of primary and secondary 

b t tbreast tumors

Tumor specific candidate Host tissue specific 
didgenes candidate genes 

Bone-
specific 

metastasis

Lung-
specific 

metastasismetastasis 
genes

metastasis 
genes

General metastasis genes 



Aim 2: Identification of candidate host genes in patients with 
and without bone and lung metastasis

1500 tissue biopsies from sites of 
metastasis

E i diffExpression differences
Mutation status



Aim 3: Validation of candidate genes as a prognostic factor 
and for the generation of novel cancer therapies targeting 

metastatic cancers in vivometastatic cancers in vivo 

Host signature #2

N Mets to the lungMets to the boneNo mets

Cancer therapy approaches targeting the 
candidate tumor (seed) and corresponding 

candidate host (soil) genescandidate host (soil) genes



Future Directions

• Extension of analysis to other cancer typesExtension of analysis to other cancer types
• Candidate genes as prognostic indicators

C bi d h• Combined therapy 
– Target both primary tumour and metastatic niche

• Prophylactic therapy



“The best work in the pathology of cancer is now done 
by those who…are studying the nature of the seed.  
Th lik i ifi b i d h hThey are like scientific botanists, and he who turns over 
the records of cases of cancer is only the ploughman, 
but his observations of the properties of the soil might p p g
be useful.” 

Stephen Paget (1889)
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