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Moore NM, Nagahara LA. Physical Biology in Cancer. 1. Cellular physics of
cancer metastasis. Am J Physiol Cell Physiol 306: C78–C79, 2014. First published
October 23, 2013; doi:10.1152/ajpcell.00292.2013.—One of the major challenges in
cancer research today is developing new therapeutic strategies to control metastatic
disease, the spread of cancer cells from a primary tumor to seed in a distant site.
Advances in diagnosis and treatment options have increased the survival rate for
most patients with local tumors; however, less progress has been made in treatment
of disseminated disease. According to the SEER Cancer Statistics Review, 1975–
2010, in the case of breast and prostate cancers, only one in four patients diagnosed
with distant metastatic disease will survive more than five years. Current research
efforts largely focus on identifying biological targets, such as specific genes and
signaling pathways that drive two key steps of metastasis, invasion from the
primary tumor and growth in the secondary site. On the other hand, there are
phenotypic traits and dynamics in the metastatic process that are not encoded by
single genes or signaling pathways but, rather, a larger system of events and
biophysical characteristics. Connecting genomic and pathway investigations with
quantitative physical phenotypic characteristics of cells, the physical microenviron-
ment, and the physical spatiotemporal interactions of the metastatic process provides a
stronger complementary understanding of the disease.
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CELLS AND TISSUES TRANSITION through a series of defined
changes in their behaviors and phenotypes that are often
mediated or accompanied by altered physical properties at the
subcellular, cellular, and tissue levels. During metastasis, can-
cer cells encounter several obstacles, such as negotiating ex-
tracellular matrices that vary in topology, invading surrounding
cells and tissues with different stiffness, and traversing into or
out of vasculature and lymphatic vessels with shear and com-
pressive forces (10). To overcome these barriers, cancer cells
undergo transitions that perturb cell processes, such as surface
receptor expression, cytoskeleton reorganization, and direc-
tional polarity, which ultimately contribute to changes in phe-
notype. Being able to detect and measure mechanical or phe-
notypic changes will allow for new understanding of the
disease and the development of possible novel therapeutic and
diagnostic solutions targeted specifically at physical biomark-
ers of cancer cells and the microenvironment. Physical scien-
tists and engineers represent major resources for sophisticated
investigation of these physics-based parameters and can help
us gain a more complete picture of cancer metastasis.

To increase the number of physical scientists and engineers
focused on the problem of cancer metastasis, the National
Cancer Institute started the Physical Sciences-Oncology Cen-
ters (PS-OCs) program. In 2009, 12 PS-OCs were established
to form a PS-OCs Network, bringing together, for the first

time, teams of experts from the physical and biological sci-
ences to study cancer at a fundamental level (9). One of four
thematic areas of the program is dedicated to understanding the
physics of cancer. This includes how forces, diffusion/transport
of molecules and energy, electrical potentials, and thermody-
namic stability, may affect cancerous and normal states at all
length scales and contribute to the spatiotemporal complexity
of cancer and its treatment. Integration of engineered devices
with physics, molecular biology, and imaging techniques has
resulted in new insights into the metastatic process, specifi-
cally, the physical forces and geometry important to tumor cell
adhesion and migration mechanisms.

Research from the PS-OCs associated with the physics of
cancer is highlighted in the review articles in this special
issue.1 Several PS-OCs have used novel technologies to inves-
tigate the physical characteristics of circulating tumor cells
(CTCs), including stiffness, adhesion, rolling, and coagulation,
during the metastatic cascade. At the Cornell University PS-
OC, Mike King and colleagues have used advanced microflu-
idic technology to understand and exploit the physical proper-
ties of CTCs. CTC capture devices were designed based on the
cell volume of CTCs relative to other cells to increase the
contact area with capture microposts and decrease nonspecific
interactions (5). The use of functionalized microtubes has
enabled detailed understanding of physical cell conditions that
increase the probability of cancer cell rolling and adhesion to
the endothelium during extravasation (2). Owen McCarty
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and colleagues at the Scripps Research Institute PS-OC are
using novel light-scattering and microscopy single-cell anal-
ysis techniques to study the unique physical properties of
CTCs, such as volume and density, and correlate these
features to localization and formation of secondary tumors
as well as tumor embolisms (7, 8).

In addition to studying CTCs, several groups have investi-
gated the interplay of physical characteristics of invasive cells
and the surrounding microenvironment. Konstantinos Konstan-
topoulos and colleagues at the Johns Hopkins University
PS-OC employed a confined microchannel system to depict
one-dimensional migration of cancer cells in confined spaces,
representing a more physiological measure of migration in vivo
(4). They found that cells adopt distinct signaling strategies to
modulate cell migration in different geometries. Cynthia
Reinhart-King and colleagues at the Cornell University PS-OC
is investigating how the physical characteristics of tumor cells
contribute to invasion from the primary tumor. Using tech-
niques such as traction force microscopy and tissue-engineered
coculture systems that recapitulate heterogeneous cell-cell in-
teractions, they found that cells with higher traction force
display a higher invasive phenotype and induce the collective
invasion of less invasive cells by creating microchannels (1, 6).
This new knowledge of the complex interplay between the
physical properties of the cells and the microenvironment
complements existing information of signaling networks and
provides a broader picture of the metastatic process.

This special issue of the American Journal of Physiology-
Cell Physiology gathers reviews that examine various aspects
of cancer, incorporating a novel physical/engineering perspec-
tive to understanding cancer metastasis. These reviews cover a
wide range of relevant length scales (molecule to organ) and
highlight new tools and approaches to explore the physical
characteristics of cancer metastasis.
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