
Background

Metastases account for the vast majority of breast cancer-

related deaths. Recurrence often develops many years 

after treatment. It is speculated that, for the duration of 

this latency, disseminated tumor cells exist in distant 

secondary tissue sites as dormant micrometastases. 

Th ere is very little information about theses metastatic 

cancer cells during their dormant states or about how 

these cells exit from dormancy to re-initiate tumors in 

distant organs. Hypotheses regarding mechanisms 

under pinning dormancy include competition between 

apoptosis and proliferation, due to a lack of a suffi  cient 

blood supply [1], and inhibition of tumor growth by the 

immune system [2]. Molecularly, it was proposed that the 

competition between the FAK-ERK-mediated mitogenic 

signals and the p38-mediated stress signals determines 

the fate of latent cancer cells [3,4]. It is known that 

metastases occur at diff erent frequencies to diff erent 

organs and that bone is the most frequent. Cancer stem 

cells (CSCs) are commonly identifi ed as the culprits of 

metastatic relapse. Th is is due in part to the ability of 

CSCs to self-renew and generate malignant progeny that 

are usually resistant to chemotherapy and other thera-

peutic treatments [5,6]. However, how CSC-associated 

traits are connected to metastasis dormancy remains 

largely elusive.

The article

Gao and colleagues [7] set out to address the question of 

re-activation of latent metastatic breast cancer cells in the 

lungs of mice. Th e authors used a cDNA library generated 

from 4T1 cells, a cell line that effi  ciently colonizes multiple 

organs, to select for genes that mediate metastases. Th ey 

identifi ed, among other candidates, Coco, an antagonist of 

bone morphogenetic protein (BMP) signaling. Over-

expression of Coco acti vates dormant metastatic 4T07 

cells, whereas the knock down of Coco induced the 

majority of 4T1 cells to enter a state of dormancy. 

Interestingly, the activation of dor mant cells is also 

associated with the enhancement of CSC-associated 

traits manifested by in vitro mammo sphere assays and in 

vivo tumorigenesis assays. Th e authors next examined 

the molecular signal ing eff ectors that are infl uenced by 

Coco and validated previous reports that BMP4 

stimulates the phosphory lation of Smad proteins in 4T07 

cells and that Coco hinders this eff ect [8]. In line with this 

fi nding, BMP signaling seemed to inhibit CSC features. 

Extensive experiments were also included to verify the 

roles of Coco and BMP signaling in human cancer cells. 

To determine the clinical relevance of their fi nding, the 

authors derived a 14-gene ‘Coco signature’ and demon-

strated the association with poor prognosis in human 

microarray datasets. Lastly, the authors provide evidence 

for the tissue specifi city of Coco in lung metastasis 

dormancy, arguing that endo ge nous BMP produced by 

epithelial and mesenchymal cells in the lung suppressed 

the outgrowth of metastatic seeding of 4T07 cells. 

Overall, the fi ndings reveal that Coco promotes re-

activation from latency by preventing BMP signaling, 

which in normal cases imposes a dormant state.

Abstract

A recent Cell publication demonstrates that the 

secreted antagonist of transforming growth factor-

beta ligands, Coco, can re-activate previously dormant 

metastatic breast cancer cells specifi cally in the 

lung by inhibiting bone morphogenetic protein 

(BMP) signaling. The authors provided evidence for 

a connection between Coco/BMP signaling and 

molecular and cellular traits of cancer stem cells. 

Their fi ndings represent a signifi cant advance in our 

understanding of metastatic dormancy, an extremely 

important clinical issue that remains understudied. 

Equally as important, this study also opens interesting 

avenues for future research.
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Viewpoint

Th is study convincingly demonstrated that Coco can 

promote the colonization of metastatic breast cancer 

cells in the lung via the inhibition of the BMP signaling 

axis. Specifi c mechanisms involve the re-activation of 

originally quiescent cancer cells as well as the enhance-

ment of CSC traits, both of which signifi cantly enriched 

our understanding of metastasis and related biological 

processes. Moreover, this study raises interesting 

questions that may warrant further investigations.

First, the lack of Coco renders dormant status to cancer 

cells. Forced expression of this protein ‘woke up’ the 

dormant cells, leading to full-fl edged colonization. How-

ever, what could be the mechanisms that drive elevated 

expression of Coco during natural disease progression 

resulting in distant recurrence? Given that dormant 

cancer cells do not constantly proliferate, de novo-

acquired genomic aberrations would be rare and are 

unlikely to be responsible for such an alteration. Th e 

microenvironment factors and epigenetic reprogram-

ming may be more reasonable answers. However, a 

system in which natural exit of dormancy occurs may be 

necessary to investigate this question.

Second, lung specifi city of Coco provides a nice 

example of how dormancy mechanisms may rely on the 

particular microenvironment. Dormancy in other organs 

needs to be attacked independently. A previous study 

demonstrates that prostate cancer cells are turned into a 

reversible senescent state by BMP7 in the bone [9]. BMP2 

is also highly enriched in breast cancer bone metastases 

[10]. Th ese studies raise the possibility that other BMP 

family members mediate dormancy in bone, another 

major target organ of breast cancer metastasis. Given 

that long-latency distant recurrences usually occur to 

bone, the mechanism underlying bone metastatic 

dormancy should also be investigated with great urgency.

Last bu t not least, the authors provided evidence for a 

model in which the CSC traits can be enriched or 

suppressed through microenvironment-induced signal 

transduction events (in this case, suppression of BMP 

signaling). Although the perturbation of BMP signaling 

was done primarily through permanent transduction of 

regulators such as SMAD6 and Coco, the data clearly 

suggested that BMP activity of the lung micro environ-

ment could transiently or permanently suppress ‘CSC-

ness’ of the metastatic seeds. Several interesting ques-

tions can be asked on the basis of this fi nding. Does BMP 

signaling have diff erent eff ects in CSCs and non-CSCs 

defi ned by conventional criteria? If BMP induces 

diff erentiation of CSCs, is such diff erentiation reversible? 

Are the dormant cells activated by Coco the originally 

existing CSCs? Answers to these questions will likely 

further advance our understanding of metastatic 

dormancy.

Abbreviations

BMP, bone morphogenetic protein; CSC, cancer stem cell.
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