
Th e transition from carcinoma in situ to invasive disease 

is a pivotal event in the natural history of breast cancer 

and has a pronounced eff ect on the prognosis of the 

patient with cancer. Of particular signifi cance is the 

effi  ciency with which the invasive tumor cells disseminate 

locally and to distant sites. It has become clear that, 

though indisputably important, the accumulation of 

mutations in key genes is necessary but not suffi  cient for 

full expression of the malignant phenotype. Th e infl uence 

of colla bor ating microenvironmental factors on this 

transition is an area of intense investigation. A con sider-

able body of work has illuminated the role of the tumor-

associated macrophage in eliciting invasive behavior [1]. 

Less studied has been the impact of the precise 

composition of the local tissue extracellular matrix on 

modulating breast cancer cell motility and dissemination. 

Th e base ment membrane of non-malignant mammary 

epithelium is a thin layer of extracellular matrix 

composed primarily of laminins, collagen IV, nidogen, 

entactin, and proteo glycans [2], whereas the interstitial 

matrix beyond the mammary ducts is composed of 

collagen I. Th e basement membrane acts as a barrier to 

local tissue invasion but, once this barrier is breached, 

does the surrounding microenvironment simply provide 

a passive landscape through which the neoplastic cells 

can rampage, or do factors intrinsic to this micro environ-

ment actively promote the invasive migratory behavior of 

these cells?

Using time-lapse microscopy, Nguyen-Ngoc, Ewald, 

and colleagues [3] recently examined the impact of local 

extracellular matrix composition on regulating protrusive 

migration and cell dissemination. Epithelial fragments 

from either primary human or mouse mammary carci-

nomas cultured in a reconstituted basement membrane 

matrix (Matrigel) either were indolent or only occasion-

ally exhibited a multilayered collective migration. In 

contrast, fragments explanted into collagen I gels showed 

extensive protrusive migration and cell dissemination. 

Dissemination was primarily mesenchymal, although 

amoeboid migration was also frequently observed. 

Collective dissemination of groups of cells was seen in a 

minority of cases. Isolation of organoids from one sub-

strate and regrowth on the reciprocal matrix indicated 

that these changes in invasion mode are reversible. Th e 

inability of the malignant cells in collagen gels to deposit 

a laminin basement membrane, reminiscent of a much 

earlier study [4], was a major distinguishing feature 

between malignant and normal cells in this assay. 

Surprisingly, attempts to defi ne matrix-dependent gene 

expression profi les by microarray analysis revealed 

minimal diff erences between Matrigel- and collagen I-

cultured tumor fragments, suggesting that key mRNA 

diff erences may be restricted to a minority of cells or that 

the important alterations are post-translational.

Several questions arise from this interesting study. 

Although a small number of primary human tumor 

specimens were used, the bulk of the analysis was 

performed with tumor explants from MMTV-PyMT 

mice, and MMTV-PyMT is an oncogene that does not 

have a straightforward parallel in human breast cancer. It 

would be interesting to expand this approach to 
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additional models to determine the extent to which these 

fi ndings can be generalized. Previous work from the 

Pearson laboratory [5] has indicated that fi broblast-

dependent remodeling of collagen is key to inducing 

invasion in mixed cultures of Matrigel/collagen I and that 

basal, but not luminal, breast cancer cell lines prefer-

entially invade under those conditions. In the clinic, cases 

of invasive breast cancer are frequently observed without 

lymph node metastasis. Almost all of the human tumors 

tested in this study were from node-positive patients and 

thus had already demon strated a strong capacity for 

invasive migration in the original patient. Performing 

similar experiments with tumor explants from node-

negative patients would help deter mine whether the 

migratory activity of both node-negative and -positive 

tumors is similarly infl uenced by the local extracellular 

matrix environment.

A signifi cant strength of this study is the extensive body 

of time-lapse imaging following the behavior of the 

explants for several days, and this allowed the 

quantifi cation of disseminating cells and the analysis of 

their modes of invasion. It is striking how rare the 

dissemi nating cells are (only 612 disseminating cells from 

PyMT tumor fragments were observed in a total of 48 

multi-day movies). Th is is consistent with an intravital 

imaging study of MMTV-PyMT tumors, which showed 

that motile cells comprise a very small proportion of the 

tumor bulk [6]. Given the relative rarity of migratory 

cells, it is perhaps not surprising that gene expression 

profi ling of the bulk tumor fragments did not reveal a 

substantial number of diff erentially expressed genes 

between the two matrix environments. Th is issue high-

lights the value of selectively isolating and profi ling the 

invasive tumor cells, an approach recently reported in 

vivo by Patsialou and colleagues [7]. Th e nature of the 

mecha nisms conferring a highly motile phenotype on 

some tumor cells while their neighbors remain indolent 

is another important question that remains to be 

resolved.

Finally, the use of three-dimensional extracellular matrix 

culture models  – usually laminin-rich matrices like 

Matrigel – for mammary gland biology and breast cancer 

research has undergone a rapid expansion over the past 

decade [8-10]. A provocative question raised by this 

study is whether our experimental approaches to study 

invasive breast cancer cells might more appropriately be 

directed toward three-dimensional collagen I cultures.
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