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Early cancer cell dissemination, dormancy and the paradigm of metastasis

The major challenge faced by physicians is the prevention and treatment of metastasis,
the main reason for cancer related deaths. Our understanding of metastasis has lagged
behind that of primary tumor biology and we are far behind grasping its complexities.
Progress has been hampered by the research paradigm itself, which states that metastasis
is an extremely late event in micro-evolutionary and temporal scales. The prevailing idea is
that metastases are aggressive tumor cells linearly derived from detectable primary
tumors. Clinical observations and experimental work has however reshaped the paradigm
of metastasis by showing that cancer cells can disseminate at very early times in cancer
evolution and give rise to metastasis. Our study revealed that during stages when only
non-invasive lesions are detected, a subpopulation of of HER2+ early cancer cells that may
go undetected by conventional pathology, are intermingled with non-invasive cells and
are highly efficient in systemically disseminating from early primary lesions. These early
disseminated cancer cells or eDCCs we define as having a HER2*/P-ATF2"/E-cadherin®
signature, which was found also in a subset of cells in human HER2+ DCIS samples.
Further, the eDCC precursors underwent a Whnt-driven program that resembles an
epithelium to mesenchyme transition (EMT). We used mouse genetics to determine what
components of this EMT-like response were p38- and/or HER2-dependent. In addition, we
used high resolution intra-vital imaging to visualize how these eDCC precursors invade the
local stroma, intravasate and circulate to target organs. This led us to determine that the
interplay between HER2, Wnt and p38 signaling is responsible for regulating anoikis
resistance, invasion and dissemination during a time when such events had never been
observed. Surprisingly, eDCCs can still initiate metastasis albeit after variable dormancy
periods. Importantly, this HER2-driven deregulation of branching morphogenesis appears
to endow early cancer cells with powerful disseminating and metastasis initiating capacity.
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