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In the past decade we have come to appreciate that the
microenvironment has the potential for major influence on
the cancer cell. An extreme case for this occurs when the
cancer cell changes its environment in the context of metas-
tasis 1, where this may in part underpin the altered biology
of cells in metasases. Increasing evidence suggests that
changes in the cellular microenvironment contribute to
tumourigenesis and metastasis, but the molecular basis of
these alterations is not well understood. Reactive stroma
provides oncogenic signals to facilitate tumourigenesis and
metastasis—co-implantation of normal human epithelial
cells in vivo with irradiated 2, carcinogen treated 3, 4, or
cancer derived fibroblasts 5 leads to the enhancement or
formation of malignant tumours 5, 6.

Epithelial mesenchymal plasticity (EMP) is used by nor-
mal cells to migrate through the body and facilitates com-
prehensive tissue remodelling in a non-malignant context7.
Cumulative evidence shows that cancers often employ this
continuum in a mutation free setting, where it exhibits crit-
ical features related to an advanced and lethal cancer pheno-
type. Epithelial mesenchymal transition (EMT) allows
otherwise sessile cells to change their shape, motility,

survival, and colony formation potential, all consistent
with the assignment of EMTas synonymous to Breast Cancer
Stem Cells (BCSC)8. First, through EMT, stationary cells
become highly motile and invasive, and can spread to other
parts of the body to recolonise into new tissues. Second, EMT
endows resistance to therapeutic killing with various insults
such as chemotherapy and radiotherapy 8–10, and improves
survival in the face of a lack of oxygen 11, integrin signaling
12 or adverse mechanical stress—ultimately it promotes sin-
gle cell survival. Pathways activated by EMT are now known
to drive cell cycle regulation, resistance to apoptosis and
avoidance of senescence 13, and may even influence early
stage carcinogenesis 14, with implications far beyond (or
actually before) the deadly steps of invasion and metastasis.
Consequently, EMT is key to the third stage of metastasis,
initiation of nascent colonies, following inoculation with
small cell numbers, which likely happens after chemotherapy
and at the outset of a novel metastatic lesion8.

Consistent with all these features, markers of EMT/
BCSCs biology characterise malignancies with worse prog-
nosis. Moreover, as in some abstract level, tumour initiation
and carcinogenesis could be seen as similar to an emerging
metastatic lesion, dramatically affected by the epithelial
EMP (Dubinett, this issue). Recently, the phenotype of
cancer stem cell was shown to be under dynamic regu-
lation by the microenvironment 15–17. Similarly, a crit-
ical step in the expansion of micrometastatic lesions,
which requires cell proliferation, often involves a re-
verse transition (MET, Wells, this issue). Korpal et al
18 recently showed that major EMT drivers such as the
transcriptional repressors of E-cadherin like Twist 1/2,
Snail 1/2, and Zeb 1/2 are susceptible to cell-cell inter-
action through EMT-related secretion of proteins like
IGFBP4, Tinagl1, and others proteins, which modify
metastatic niche formation. Versican production from
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bone marrow-derived cells can also condition the pre-
metastatic niche by promoting MET 19. Thus in a Ying-
Yan perspective, the grow (epithelial) or go (mesenchy-
mal) dynamics are encompassed in EMP.

Perhaps an objective justification for skepticism of the
physiological relevance of EMP comes from the difficulty in
detecting epithelial mesenchymal transition of the tumour
component in vivo in the context of extensive background of
stromal mesenchymal gene expression. Novel xenograft
analysis tools for Affymetrix all exon arrays (Haviv, Pur-
dom, Thompson, unpublished) or RNA-Seq data20, taking
advantage of species-specific differences in RNA sequence,
will allow such detection. An additional basis for critics of
EMP questioned the way EMP presents itself in vivo—a
stochastic event that would lead to such a coordinated
change in many genes at once seemed unlikely. Two hall-
marks of wound healing were first appreciated as regulating
EMP. First, extracellular remodelling involving proteinases
such as MMP3 that can drive EMT 21 involves acute
change in the extracellular matrix density, and other me-
chanical cues, which we now know also control EMP
(Nelson, this issue). The second appreciated stromal change
is senescent stroma. Consequent to transient proliferative
signal of cytokines in the wound healing tissue, and accen-
tuated in a series of chronic inflammatory challenges, the
stromal cells exhaust their proliferative license. A signifi-
cant illumination on this process is that senescent cells
become secretory of a number of inflammatory chemokines,
which in turn regulate EMP (Desprez, this issue). However,
a deeper appreciation of the role of EMP in normal epithelial
response to wound healing, combined with the long appre-
ciated notion that cancer microenvironment is constantly in
the state of wound healing, suggest that the missing signal
for EMP regulation should be sought in the microenviron-
ment. In this model, changes that EMP provides to cancer
cells per se, such as blocking cell death, increasing migra-
tion, and decreasing adhesion to other cells and the extra-
cellular matrix, are consequences of the famous “wound that
never heals” nature of cancer. Indeed, TGFβ and EGF, the
archetypical regulators of EMT, are major products of the
tumour fibroblast (Fisher, this issue) and macrophages 22,
respectively. The latter is further accentuated by hypoxia
(Pantel, this issue), another feature of the primary and meta-
static cancer microenvironment that can regulate EMT, with
implications for antiangiogenic therapy 11. Another stromal
cell type that could regulate EMP, at least in the context of
melanoma, are adipocytes (Núñez, this issue), which has
implications for malignant phenotype-affecting lifestyles.
Advancing our appreciation of the prevalence of EMP in
cancer, this special issue addresses a collection of cancer-
host interactions, which culminate in EMP regulation. The
cancer-host interaction is bidirectional. For example, both
cancer cells, as well as stromal fibroblasts and mast cells,

control IL-6 effects within the tumor microenvironment
(Hugo, this issue).

In summary, different rate limiting steps of cancer
cell phenotype, such as EMP and metastasis, are shown
here to be intricately linked with the microenvironment.
Considering the remarkable coordinate actions of many
cell types at once, and considering the series of cell-cell
interactions associated with EMP as summarized here,
hopefully the next wave of publications in this field would
highlight the potential therapeutic avenues that could utilize
EMP in the context of microenvironment and in a personal-
ised medicine approach, minimize effect on normal tissue
remodelling, and improve the focus of potential treatment
against cancer per se.

Acknowledgements We gratefully acknowledge support from the
National Breast Cancer Foundation (Australia); National Health and
Medical Research Council (Australia) (EMPathy Breast Cancer Net-
work) and the Victorian Government’s Operational Infrastructure Sup-
port Program.

References

1. Fidler, I.J. Critical determinants of metastasis. Semin Cancer Biol
12, 89–96 (2002).

2. Park, C.C., et al. Ionizing radiation induces heritable disruption of
epithelial cell interactions. Proc Natl Acad Sci U S A 100, 10728–
10733 (2003).

3. Billingham, R.E., Orr, J.W. & Woodhouse, D.L. Transplanta-
tion of skin components during chemical carcinogenesis with 20-
methylcholanthrene. Br J Cancer 5, 417–432 (1951).

4. Maffini,M.V., Soto, A.M., Calabro, J.M., Ucci, A.A. & Sonnenschein,
C. The stroma as a crucial target in rat mammary gland carcinogenesis.
J Cell Sci 117, 1495–1502 (2004).

5. Olumi, A.F., et al. Carcinoma-associated fibroblasts direct tumor
progression of initiated human prostatic epithelium. Cancer Res
59, 5002–5011 (1999).

6. Cunha, G.R., et al. Hormonal, cellular, and molecular regulation of
normal and neoplastic prostatic development. J Steroid BiochemMol
Biol 92, 221–236 (2004).

7. Thiery, J.P., Acloque, H., Huang, R.Y. & Nieto, M.A. Epithelial-
mesenchymal transitions in development and disease. Cell 139, 871–
890 (2009).

8. Mani, S.A., et al. The epithelial-mesenchymal transition generates
cells with properties of stem cells. Cell 133, 704–715 (2008).

9. Al-Hajj, M., Wicha, M.S., Benito-Hernandez, A., Morrison,
S.J. & Clarke, M.F. Prospective identification of tumorigenic
breast cancer cells. Proc Natl Acad Sci U S A 100, 3983–
3988 (2003).

10. Blick, T., et al. Epithelial mesenchymal transition traits in human
breast cancer cell lines parallel the CD44(hi/)CD24 (lo/-) stem cell
phenotype in human breast cancer. J Mammary Gland Biol Neopla-
sia 15, 235–252 (2010).

11. Cooke, V.G., et al. Pericyte depletion results in hypoxia-associated
epithelial-to-mesenchymal transition and metastasis mediated by
met signaling pathway. Cancer Cell 21, 66–81 (2012).

12. Onder, T.T., et al. Loss of E-cadherin promotes metastasis via mul-
tiple downstream transcriptional pathways. Cancer Res 68, 3645–
3654 (2008).

2 I. Haviv, E.W. Thompson



13. Nieto, M.A. The ins and outs of the epithelial to mesenchymal
transition in health and disease. Annu Rev Cell Dev Biol 27, 347–
376 (2011).

14. Ansieau, S., Courtois-Cox, S., Morel, A.P. & Puisieux, A. Failsafe
program escape and EMT: a deleterious partnership. Semin Cancer
Biol 21, 392–396 (2011).

15. Chaffer, C.L., et al. Normal and neoplastic nonstem cells can
spontaneously convert to a stem-like state. Proc Natl Acad Sci U
S A 108, 7950–7955 (2011).

16. Marotta, L.L., et al. The JAK2/STAT3 signaling pathway is required
for growth of CD44CD24 stem cell-like breast cancer cells in human
tumors. J Clin Invest 121, 2723–2735 (2011).

17. Bell, R.E. & Levy, C. The three M’s: melanoma, microphthalmia-
associated transcription factor and microRNA. Pigment Cell Mela-
noma Res 24, 1088–1106 (2011).

18. Korpal, M., et al. Direct targeting of Sec23a by miR-200 s influ-
ences cancer cell secretome and promotes metastatic colonization.
Nat Med 17, 1101–1108 (2011).

19. Gao, D., et al. Myeloid progenitor cells in the premetastatic lung
promote metastases by inducing mesenchymal to epithelial transi-
tion. Cancer Res (2012). doi:10.1158/0008-5472.CAN-11-2905.

20. Conway, T., et al. Xenome - A tool for classifying reads from
xenograft samples. Bioinformatics In Press(2012).

21. Lochter, A., et al. Matrix metalloproteinase stromelysin-1
triggers a cascade of molecular alterations that leads to stable
epithelial-to-mesenchymal conversion and a premalignant phe-
notype in mammary epithelial cells. J Cell Biol. 139, 1861–1872
(1997).

22. Qian, B.Z. & Pollard, J.W. Macrophage diversity enhances tumor
progression and metastasis. Cell 141, 39–51 (2010).

Microenvironment and Epithelial Mesenchymal Plasticity 3

http://dx.doi.org/10.1158/0008-5472.CAN-11-2905

	Soiling the Seed: Microenvironment and Epithelial Mesenchymal Plasticity
	References




