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ABSTRACT

ARTICLE HISTORY

The relevance of epithelial-to-mesenchymal transition (EMT) in cancer is still under debate. Recently, we
reported that EMT bestows key pericyte properties on cancer cells and may thus represent epithelial-topericyte transition (EPT). Carcinoma cells undergo EPT to stabilize blood vessels and fuel primary tumor
growth. Association of EPT cancer cells with vascular niches may also promote resistance to therapy.
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Epithelial-to-mesenchymal transition (EMT) is a cellular
reprogramming process by which well-knit epithelial cells lose
intercellular adhesion and acquire the increased migratory
capacity of mesenchymal cells.1 The cardinal features of EMT
have led to the popular hypothesis that EMT is a prerequisite
for carcinoma metastasis.1 However, recent studies have shown
that EMT is dispensable for spontaneous metastasis in various
genetically engineered mouse models of breast and pancreatic
cancers.2,3 Therefore, the signiﬁcance of EMT in cancer progression remains to be determined, and the fates and roles of
epithelial tumor cells naturally transitioning to a mesenchymal
state in vivo are largely elusive.
In our study4 we tracked epithelial cancer cells that underwent inducible or spontaneous EMT in tumor transplantation
models. Unlike epithelial cells, the majority of EMT cancer cells
preferentially occupy the perivascular space and are closely
associated with blood vessels, thus simulating pericytes.4 This
intriguing observation prompted us to examine EMT cancer
cells in tumor vascularization. EMT markedly upregulates various pericyte markers in carcinoma cells, including plateletderived growth factor receptor (PDGFR)-b and N-cadherin. In
tumor xenografts, induction of EMT in cancer cells increases
pericyte coverage of tumor vasculature. In tumors that are generated from EMT-prone carcinoma cells, a substantial fraction
of tumor pericytes are derived from naturally occurring EMT
cancer cells. Depletion of these EMT cells reduces the number
of pericytes, destabilizes blood vessels, and attenuates tumor
growth.4 Therefore, EMT cancer cells phenotypically and functionally resemble pericytes and are indispensable for vascular
stabilization and sustained tumor growth. We propose that in
the primary tumor, a small subset of epithelial cancer cells
undergo EMT and the resulting enhanced mobility enables
EMT cancer cells to migrate within the tumor mass. Moreover,
acquisition of PDGFR-b expression by EMT cells allows their
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chemotaxis toward the endothelium, and homodimerization of
N-cadherin on the plasma surface of EMT cells and endothelial
cells (ECs) establishes their intercellular adhesion. Like
pericytes, EMT cancer cells improve vascular support for
growth of the bulk tumor. These ﬁndings suggest that EMT
confers key pericyte attributes on cancer cells and may often
represent epithelial-to-pericyte transition (EPT) (Fig. 1).
EMT consists of a broad spectrum of intermediate
phenotypes between the completely epithelial state and the
completely mesenchymal state. Given the mesenchymal nature
of pericytes, it is likely that EPT cells exhibit a complete EMT
phenotype. Our study also reinforces the importance of tumor
vascularization. Avascular tumors are severely restricted in
their growth due to the lack of a blood supply. Cancer cells are
well known to be able to induce angiogenesis, the formation of
new blood vessels, for expansion of the tumor mass. Furthermore, certain cancer cells may mimic ECs to form de novo perfusable vascular-like networks by themselves, a phenomenon
termed vascular mimicry.5 Pericyte coverage is critical for the
maturation of nascent vasculature. Glioblastoma stem cells can
indeed differentiate into functional pericytes.6 Our study further suggests that EPT may be a general mechanism by which
cancer cells perform pericyte functions.
Our ﬁndings uncover a key role of EPT cancer cells in tumor
growth, but the potential implication of EPT in metastasis
remains to be elucidated. In our study we did not observe evident
distant metastasis by labeled EMT cancer cells. This might be
attributed to the metastatic incompetence of the chosen cancer
cells and/or the relatively short experimental duration that may
be insufﬁcient for the development of metastasis. It has been
suggested that deﬁcient pericyte coverage of tumor vasculature
increases interstitial ﬂuid pressure and facilitates cancer cell intravasation; thus, pericytes may stabilize the vasculature to limit
metastasis.7 As EPT cancer cells function like pericytes to stabilize
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Figure 1. Epithelial-to-pericyte transition (EPT) in tumor vascularization. A small subset of carcinoma cells undergo epithelial-to-mesenchymal transition (EMT) to become
mobile and migrate within the primary tumor. Through the EMT process, these cells also acquire expression of platelet-derived growth factor receptor (PDGFR)-b and
N-cadherin, which enables their chemotaxis toward vasculature in response to an endothelial cell (EC)-secreted PDGF gradient and subsequent adhesion to ECs via N-cadherin homodimerization. EMT cancer cells thus function like pericytes to stabilize the blood vessels and support growth of the bulk tumor. Such EMT represents EPT.

blood vessels, this special EMT program may potentially suppress
blood-borne metastasis. On the other hand, migration of cancer
cells toward blood vessels in the primary tumor is a natural part
of the intravasation process. Association of EPT cancer cells with
ECs may expedite their entry into the circulation. It is possible
that the EMT process may generally enable cancer cells to be
chemo-attracted to and associated with blood vessels, but whether
such cells stabilize the vasculature or intravasate for metastasis
might be determined by their intrinsic malignant properties.
A key contribution of EMT to malignancy is therapy resistance. Recent studies showed that, although it is dispensable for
metastasis, EMT promotes chemoresistance in vivo.2,3 While
the EMT process per se confers resistance to cell death induced
by various cancer therapies,1 the vascular association of EPT
cancer cells observed in our study may further contribute to
therapy resistance. It has been recognized that capillary ECs are
not just passive conduits for delivering blood but also form vascular niches that produce a variety of growth factors and cytokines (e.g., platelet-derived growth factor [PDGF], hepatocyte
growth factor [HGF], stromal cell-derived factor 1 [SDF1]),
Wnts, Notch ligands, and adhesion molecules. These factors
are deﬁned collectively as “angiocrine factors,”8 and act in a
paracrine or juxtacrine manner to promote the survival of cancer cells in the vicinity. It is well established that vascular niches
in the bone marrow provide a sanctuary for subpopulations of
leukemic cells to resist chemotherapy-induced death.9 EMT
rewires signaling pathways in carcinoma cells; for instance,
through the EMT process mouse mammary epithelial tumor
cells downregulate epidermal growth factor receptor (Egfr),
Her2, and Her3, but upregulate Pdgfrs, Axl, nerve growth factor receptor (Ngfr), HGF receptor Met, and C-X-C chemokine
receptor type 4 (Cxcr4).10 Many of these newly acquired receptors can recognize EC-derived angiocrine factors. EPT cancer
cells that reside in proximity to capillary ECs and express

cognate receptors for angiocrine factors are primed to respond
to perivascularly enriched angiocrine signals. In contrast,
non-EMT carcinoma cells do not share the same receptor
repertoire and/or close distance to blood vessels. We thus envision that under chemotherapy EPT cancer cells display a selective survival advantage, in part due to protection by vascular
niches, and are able to withstand the cytotoxic effects of the
treatment. Therefore, the functional interactions of EPT cancer
cells with capillary ECs may promote therapy resistance.
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