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Abstract: Despite remaining uncertainties and ongoing research it is possible to draw up a model for the role of (can-
cer) stem cells in both the initiation and progression of cancer towards metastasis. The cancer stem cell of origin
and the cancer stem cell are, despite phenotypic similarities, genotypically different entities. Given the right circum-
stances provided by a combination of genomic changes and biochemical and physical interactions with its microen-
vironment, an epithelial cancer cell may undergo a phenotypic epithelial mesenchymal transition (EMT) towards a
cancer stem cell. This transition conveys upon the cell crucial stem cell-like abilities which facilitate migration into
the blood circulation as an individual circulating tumor cell, survive there, and subsequently seed into organ tissue
where, once more in close interaction with its microenvironment, the process of clonal self renewal may start, lead-
ing to a metastatic tumor. Both in the primary tumor as well as in the metastatic tumor, partial differentiation of the
cancer stem cell progeny leads to phenotypic heterogeneity. Throughout this complex process of cancer metastasis
similarities with the way stem cells function during embryonic development, including the signaling pathways that
mediate these functions, are evident. Deeper insight in the EMT process, plasticity of the resulting cancer stem
cells, and the role of cancer stem cells in the metastatic process is expected to lead to novel anti-metastatic cancer
therapies. Emerging human in vitro cancer models in the form of “organ-on-a-chip” may contribute valuable novel
research tools to achieve this aim.
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Introduction experimental evidence, now merge into a more
consistent picture [1-3] (Figure 1).

Although ideas on the existence of cancer stem

cells as essential contributors to aggressive
cancer growth date back far into the last cen-
tury, the question as to the identity of these
cells has proven to be an extremely difficult
question to answer. Even with the advanced
experimental approaches that we have avail-
able today, controversies arise at scientific
meetings on the topic, and a consensus on the
elusive cancer stem cell is still lacking, although
the concept has by now been widely adopted.
Confusion often arises when talking about the
cancer stem cell of origin versus the cancer
stem cell, the latter presumed to be responsi-
ble for invasion and metastasis. In recent
years, the promise for more effective new can-
cer therapies has proven a powerful driver of
cancer stem cell research, and several theo-
ries, supported by sound and sophisticated

Observations and questions on the behavior of
cancer

Cancer tissue is morphologically heteroge-
neous, not only due to the variety of cell types
present, endothelial, fibroblast and various
immune cells, but cancer cells themselves are
not a homogeneous population either. No two
tumors look exactly the same. From clinical
experience it is evident that a specific type of
cancer can behave in very different ways, for
example metastasize rapidly in one patient,
while not being very aggressive in another
patient, or respond very well to a therapy in the
one, but not in the other patient. In depth under-
standing of the cause of this morphological and
behavioral tumor heterogeneity, is needed for
the development of more effective cancer ther-


http://www.ajcr.us

Conceptual evaluation of cancer stem cells

Cancer cell

microenvironment
=Extracellular matrix
*Fibroblasts
sInflammatory/immune cells
*Endothelial cells

*Physical factors: hypoxia,
pressure, tension, stiffness

l

Activation of
developmental

Activation of EMT EMT

Organ tissue microenvironment (cancer

stem cell niche)

*Extracellular matrix

*Fibroblasts

sInflammatory/immune cells

*Endothelial cells

*Physical factors: hypoxia, pressure, tension,
stiffness

pathway transcription *Self renewal
*Wnt factors *Migration _ Tumor

— —_— . CTCs Seedin o
«TGFbeta *SNAIL Immune =3 —> &= initiation
«Notch TWIST tolerance?

*SLUG *Differentiated

*Hedgehog “ZEBL/2 T
*FGF

T

Genetic changes

Epigenetic changes

v

Heterogeneity

> primary
tumor tumor

Heterogeneity
metastatic

Figure 1. Genetic and epigenetic changes in the cancer cell in interplay with biochemical and physical contextual
signals emanating from the microenvironment of the cell may induce aberrant activation of developmental signal-
ing pathways (e.g. TGFbeta, Hedgehog, Wnt), leading to activation of EMT transcription factors like SNAIL/TWIST.
Through the EMT transcriptional program mesenchymal stem cell characteristics are acquired, enabling (single)
cancer cell migration into the blood stream as part of the circulating tumor cell (CTC) population. After seeding and
survival in an appropriate organ niche, growth of a metastatic tumor is initiated, again in interplay with microenvi-
ronmental factors, e.g. inflammatory cytokines/growth factors.

apies. In general, patients die from metastasis
and not from the primary tumor, and drugs
which prevent or block metastatic growth are
potentially life-saving. The past decade, inter-
esting insights and theories around stem cells
in cancer and their role in cancer metastasis
have emerged, explaining some of the intrigu-
ing findings on tumor heterogeneity.

A darwinian view: evolution of a tumor leading
to genotypic heterogeneity

At least for colon adenoma as an example case,
the concept is by now well accepted that an ini-
tial genetic defect in a multipotent adult stem
cell, which enables the cell to divide more fre-
quently, may give rise to both a larger stem cell
population carrying the same mutation, and a
faster dividing daughter cell population, or
“transit amplifying cells” [4, 5]. This population
of mutated stem cells among the normal stem
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cells may function as reservoir of stem cells of
origin of cancer. During tumor progression,
additional DNA mutations will accumulate in
their progeny due to a high rate of cell division,
stepwise conferring additional growth advan-
tages to cells by activating relevant signaling
pathways. This concept of genetic tumor evolu-
tion was introduced first for colon cancer - and
is in a sense quite analogous to Darwin’s evolu-
tion theory [6-8]. The most rapidly dividing cell
clone is supposed to lead in growth of the -
sofar still benign- tumor. At least in colon can-
cer up to several decades may be needed for a
tumor to become malignant and metastasize.
Arising DNA mutations which interfere with pro-
cesses like DNA repair and apoptosis result in
chromosomal instability, which is invariably
associated with accelerated accumulation of
genetic defects including aneuploidy. This
marks the switch to a genotypically highly het-
erogeneous tumor and rapidly provides cells
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with capabilities needed for tissue invasion and
metastasis: the hallmark of malignancy.
Recently, it was elegantly illustrated using sin-
gle cancer cell sequencing how accumulation
of genetic defects in cancer cells results with
time in multiple genetically different clones co-
existing in cancer tissue [9]. The evolutionary
mechanism underlying tumor heterogeneity
and differences in tumor behavior is well
accepted and part of cancer heterogeneity has
its origin at the genome level, especially in
advanced cancer.

Interaction between cancer cells and their
environment leading to phenotypic heteroge-
neity

Aside from genomic abnormalities that may
directly influence properties, morphology and
behavior of cancer cells, signals emanating
from the microenvironment of a cancer cell can
also modify morphology and behavior [10, 11].
These contextual signals vary depending on the
location of a cancer cell in the tumor. At the
invasive border between cancer tissue and sur-
rounding normal tissue, cancer cells have maxi-
mal interaction with other, non-tumor, cell
types, like fibroblasts, and inflammatory and
immune cells attracted to the tumor, but also
with a variety of extracellular matrix molecules.
Specific mutations acquired by a cancer cell
may co-determine the functional consequenc-
es of interactions with the microenvironment.
In this way, contextual factors contribute to
cancer heterogeneity and may lead to pheno-
typic differences between cancer cells with a
similar clonal genotype. However, in contrast to
genomic heterogeneity, these changes are in
principle reversible as they may depend on the
continuing presence of specific signals [12].

Stem cells and cancer: the cancer cell of ori-
gin versus the cancer stem cell

Where and how do cancer stem cells join the
picture? Initial ideas on the potential existence
of cancer stem cells emerged in the final
decades of the past century, and ran strikingly
parallel with upcoming research on embryonic
stem cells which yielded a wealth of informa-
tion on stem cell characteristics and behavior
[13]. Crucial insights on the cancer stem cell
evolved from research on acute myeloid leuke-
mia (AML) [14]. Leukemic blasts in AML where
shown to derive from precursor cells in the
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bone marrow carrying one specific recognizable
DNA mutation in their genome, designated as
the leukemia initiating mutation, while during
progression of the disease multiple mutations
are added. Investigation of the properties of cir-
culating leukemic cells revealed that the major-
ity had lost the capacity to divide, while only a
small cell population appeared to be capable of
dividing and initiating a novel leukemia in a
mouse. These leukemia-initiating cells closely
resembled normal multipotent blood stem
cells. Normal blood stem cells are rare cells in
the bone marrow which can both self renew
and generate progenitor cells for the various
types of blood cells, supplying these to the
blood. Leukemia initiating cells appeared to be
highly resistant to chemotherapy and have
since been blamed for the nearly unavoidable
recurrence of AML after an initial complete
remission. Following chemotherapy their stem
cell-like nature enables them to self renew and
rapidly replenish the leukemic cell population,
leading to recurrence of the disease. This pro-
cess bears similarities to normal regeneration
of damaged tissue, for example recruitment of
skin stem cells for wound healing [15-17]. The
essential insight obtained from this work was
that a hierarchy exists among leukemic cells.
This hierarchy can be pictured as a pyramid
with rare leukemia initiating stem cells at the
apex, generating a larger population of rapidly
dividing progenitor cells in the middle of the
pyramid. Eventually, the base of the pyramid
consists of the heterogeneous bulk of more dif-
ferentiated heterogeneic leukemic blasts, rep-
resenting immature forms of all blood cell
types. The way the leukemic cell population is
built up actually resembles normal blood, only
completely deregulated and uncontrolled.
Having thus defined leukemia initiating cells, or
leukemic stem cells, this does not yet address
the question as to the origin of these cells. Two
explanations are not necessarily mutually
exclusive. Either these cells represent a bone
marrow-based pool of original blood stem cells
carrying (only) the first leukemia-initiating muta-
tion, or they represent leukemic blood cells
(unable to divide) that have reverted to a cancer
stem cell state, due to specific additional genet-
ic defects and/or interaction with their sur-
rounding environment. In the first case, these
abnormal blood stem cells would represent the
stem cells of origin of the leukemic disease. In
the latter case, they are cancer stem cells
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which contain multiple gene mutations, have
regained the capability to self-renew, and are
responsible for leukemic progression and rapid
recurrence after treatment. As a third, and
maybe not unlikely explanation, the leukemia
stem cell population could consist of an as yet
indistinguishable mixture of both - only to be
resolved by sequencing the genome of of these
cells.

Based on the compelling evidence obtained
from patients with AML, the search was on for
stem cells that could play similar roles in solid
cancers. While early research on the topic of
cancer stem cells was hampered by lack of
appropriate research tools, towards the end of
the century fluorescent activated cell sorting
(FACS) technologies had sufficiently matured to
allow isolation of individual cells from a solid
tumor for further study. By that time a unique
highly immunodeficient mouse model had been
developed, enabling xenotransplantation of
human cancer cells. This model was used to
determine the minimal number of FACS-sorted
cancer cells needed to successfully initiate
growth of a new tumor in the mouse. Successful
tumor growth and recapture of the heterogene-
ity of the cancer tissue of origin implicated that
stem cell properties of both self renewal and
generation of more differentiated progeny had
been present. In general only a varying minority
of the cancer cells succeeded in initiating a
new malignant tumor showing the same mor-
phological heterogeneity as seen in the original
cancer. In analogy with the leukemia-initiating
cells, these successful cells were tentatively
called tumor- initiating cells, which later
became synonymous to cancer stem cells, and
ever since, questions regarding their origin,
identity, and role in the metastatic process in a
human patient have been subject to
controversy.

How to become a cancer stem cell: epithelial
mesenchymal transition (EMT)

According to current thinking, cancer stem cells
result from the switch from a polarized epithe-
lial to a non-polarized mesenchymal cell type
with stem cell properties, including migratory
behavior, self renewal and generation of differ-
entiated progeny, and reduced responsiveness
to conventional cancer therapies [3, 18, 19].
This shows some striking and fascinating simi-
larities to processes taking place during embry-
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onic development when tissues and organ
structures are formed and repeated switching
between epithelial and mesenchymal cell type
is a common phenomenon [20]. Much simpli-
fied, switching to a mesenchymal stem cell
type, called epithelial-mesenchymal- transition
or EMT, may enable cell migration to the right
body location in the developing embryo, where
the reverse process of mesenchymal-epitheli-
al-transition or MET may take place where
needed, allowing differentiation to specialized
“secondary” epithelial cell types of the tissue or
organ [18, 21]. Multiple developmental signal-
ing pathways, especially the TGFbeta and Wnt
pathways, but also FGF, Hedgehog and Notch,
are cooperatively involved in regulating these
developmental processes. During EMT they
converge upon activation of specific EMT tran-
scription factors like SNAIL and TWIST which
subsequently initiate a stem cell transcriptional
program [12]. As a consequence expression of
epithelial genes like E-cadherin, is reduced,
while expression of characteristic mesenchy-
mal (vimentin, metalloproteases, N-cadherin)
and “stemness” genes (e.g. Oct-4, Nanog)
increases [18]. Oct-4 and Nanog typically con-
fer stem cell properties like self renewal [22].
Production of metalloproteases, like MMP-2
and MMP-9, enables basal membrane and
extracellular matrix degradation, while switch-
ing from E-cadherin to N-cadherin results in
loss of cell-cell contacts, together enabling cell
migration [18, 23]. The exact in vivo molecular
mechanism behind EMT in cancer is as yet not
fully known and likely to be complex. However,
available circumstantial evidence points to sim-
ilarities with developmental EMT, with especial-
ly TGFbeta and Wnt pathway activation involved
[3, 24].

How could developmental signal transduction
pathways become active in cancer cells?

As discussed, both genetic changes as well as
location-dependent contextual cues may
induce changes in behavior of cancer cells.
Some DNA mutations may directly lead to
abnormal activation of a signaling pathway in
the cell; one example is loss of APC in colon
cancer leading to constitutive activation of the
Wnt pathway [4, 24]. Alternatively a genetic or
epigenetic change may be associated with
enhanced responsiveness of a signaling path-
way to an otherwise normal presence of a
ligand for its receptor. An example is loss of
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expression of a Wnt antagonist like the DKK
gene, associated with gene promoter methyla-
tion [25, 26]. The cancer cell microenvironment
itself may also be the sole responsible factor
for inducing abnormal signaling pathway activa-
tion, obviously on the premise that necessary
pathway components in the cancer cell consti-
tute a responsive signaling pathway. Both
tumor-invading macrophages and other
immune cells as well as activated fibroblasts
produce a variety of cytokine and growth factor
ligands, normally not present in the tumor tis-
sue of origin, and potentially capable of activat-
ing EMT-inducing signaling pathways like the
Wnt, Hedgehog and TGFbeta pathway [10,
27-29]. The most likely location in the tumor for
initiation of EMT is probably the invasive front
at the border between tumor tissue and normal
tissue, where the likelihood of encountering
such EMT inducing factors is highest. Indeed,
several studies show SNAIL and TWIST
expressed in cells at the invasive border of dif-
ferent cancer types, e.g. breast and colon can-
cer, associated with bad prognosis and
increased risk at metastasis [30-33].

Aside from biochemical cues, physical param-
eters in the tumor may also play a role in the
EMT process and associated metastatic cell
behavior [34]. Hydrostatic pressure has long
been known to be increased in an expanding
tumor, while due to increased stiffness of the
extracellular matrix network cells in the cancer
tissue are exposed to increased shear stress
and tension forces [34]. These types of physi-
cal forces potentially influence phenotype and
function of cells by activation of specific signal-
ing pathways through mechanotransduction,
for example by inducing membrane protein con-
formation changes [35]. Cell membrane-locat-
ed integrin adhesion molecules, as well as
TGFB and Wnt membrane receptors are among
proteins that potentially respond to changes in
these forces. Endothelial cells, macrophages
and lymphocytes express a variety of integrins,
suggesting that it is not only cancer cells which
can be modulated by physical cues. As yet, this
is to a large extent unexplored territory since
controlled introduction of physical cues into
cancer model systems is currently not
possible.

Cancer stem cells as circulating tumor cells

Circulating tumor cells (CTCs) have been
defined as very rare cancer cells in the blood
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circulation, which can originate from both pri-
mary and metastatic lesions, and express the
epithelial cancer markers EPCAM (a cell adhe-
sion molecule) on the cell membrane and cyto-
keratin (@ component of the cytoskeleton) in
the cell. These markers are in general used for
their detection and enrichment or isolation
from the multitude of non-epithelial blood cells.
However, circulating tumors cells are much
more heterogeneous cells than previously
thought [36]. Many circulating tumor cells do
not express epithelial markers (like EPCAM and
cytokeratin) but instead express mesenchymal
and stem cell markers (like vimentin,
N-cadherin, CD44 and ALD-1) suggesting that
they are cancer stem cells which went through
EMT in the tumor tissue [37- 39]. In general dur-
ing the EMT process cell-cell connections are
lost, while elasticity is gained by getting rid of
the relatively rigid epithelial cytoskeleton, facili-
tating passage as single cells through the
endothelial cell layer into the blood - in con-
trast to EPCAM-expressing epithelial CTCs that
are often observed to circulate in cell clusters
[36]. Such a single cell status may be a favor-
able feature to survive (repeated) passage
through capillaries and facilitate subsequent
extravasation and seeding in an organ tissue.
Moreover, this subset of CTCs may have
acquired capabilities to suppress and evade
immune surveillance, similar to normal mesen-
chymal stem cells [40, 41]. Finally, self-renewal
“stemness” properties provide the assets to
establish metastatic growth when seeded in a
favorable tissue-niche, suitable for supporting
survival and capable of providing the right stim-
uli to induce clonal proliferation.

Initiation of metastatic growth

Initiation of the metastatic tumor growth pro-
cess is dependent on appropriate growth sig-
nals from the niche environment where the cell
seeded - in a sense comparable to the normal
stem cell niche [42]. Normal stem cells are
quiet and rarely divide, however are induced to
self renew and start a regenerative “wound-
healing” process upon signals indicating loss of
differentiated organ cells due to disease or
trauma, provided through the associated
infammatory process. Quite analogous, in the
cancer stem cell niche inflammatory cells are
thought to be able to deliver signals required to
initiate tumor growth [43]. Once again key
developmental cell signaling pathways are
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involved in translating these signals towards
initiation of cell division. Although direct seed-
ing of CTCs and clonal outgrowth to form a met-
astatic tumor remains to be demonstrated, at
least in mice CTCs have been shown to migrate
between different tumors, for example between
metastasis and primary tumor or seed a sec-
ond primary tumor in breast tissue, all depend-
ing on favorable local inflammatory conditions:
the “reseeding hypothesis” [9, 44]. Thus circu-
lating tumor cells may hold many clues to both
the identity of cancer stem cells and the pro-
cess of metastasis, and the field urgently
awaits improved methods for isolation of (live)
CTCs, especially EPCAM negative CTCs from
blood.

The plasticity of a cancer stem cell

Recent developments in stem cell research
have convincingly shown that differentiated
cells can be forced to revert to a pluripotent
state in which they can in principle give rise to
all cell types in the body [45]. Would it be pos-
sible for a cancer stem cell to give rise to other
than epithelial cell types, depending on its
microenvironment or niche? Fibroblasts in
tumor tissue are quite different from their nor-
mal counterparts, and can contain somatic
mutations identical to those found in the cor-
responding cancer cells [46]. More recently the
EMT transcription factor SNAIL was reported to
be expressed predominantly in stromal cells in
the tumor [32]. In melanomas specific cancer
markers have been detected in cells with an
endothelial phenotype, a phenomenon called
“vascular mimicry”, suggesting the possibility
that they represent progeny of melanoma can-
cer stem cells, differentiated to an endothelial
cell type under the influence of angiogenetic
factors in the tumor microenvironment [47].
Finally, circulating tumor cells in blood may co-
express specific cancer cell markers like HER2
amplification with the leukocyte marker CD45,
suggesting partial differentiation along the
hematopoietic lineage, for example during tem-
porary residence in the bone marrow niche [36,
48]. The tentative conclusion is that at least
some cancer stem cells may be much more
plastic than originally thought, and give rise to
differentiated progeny along quite separate lin-
eages. DNA sequencing of individual cells in
cancer tissue may reveal more examples in the
near future. If true, this may have major impli-
cations both for diagnostics and for drug devel-
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opment, and implies that some of the microen-
vironment of the cancer cell may be
self-generated.

Is EMT reversible? An opportunity for new
drugs

A drug which would induce a switch back from
mesenchymal cell type to the differentiated
epithelial cell type could potentially block the
metastatic capabilities of cancer [49-51].
Obviously this is an exciting idea, on the prem-
ise that the EMT process is reversible. If we
adopt the concept of a phenotypic switch to a
mesenchymal cell type caused by interaction
with neighboring stroma and non-tumor cells,
this condition may be dependent on continuous
availability of the proper pathway-activating sig-
nals. While signals are initially derived from the
environment, with time autocrine Wnt and
TGFbeta signaling loops may take over to main-
tain the cancer stem cell state. Interference
with activity of these signaling pathways could
conceivably be one therapeutic approach to
induce mesenchymal epithelial transition (MET)
[3]. To obtain in depth molecular understanding
of the complex EMT mechanism, improved EMT
model systems are needed which better mimic
complex in vivo cancer tissue and enable dis-
covery of novel drug targets. They should pref-
erably allow high throughput screening of drug
compound libraries to develop drugs which can
prevent or even reverse the EMT process.

Novel cancer model system: filling a gap

In vitro cancer models are currently limited to
2D or 3D cultures in a culture dish on standard
culture plastic or in a gel matrix (e.g. tumor
spleroids) or scaffold to enable 3D growth with
other cell types potentially mixed in [52-54].
While proven to be of high value for cancer
research, they lack sophistication to answer all
questions regarding the mechanism behind
EMT and cancer stem cells in metastatic dis-
ease, especially with regard to establishing
causal relationships for final proof of the can-
cer stem cell hypothesis.

The recent advent of novel in vitro model sys-
tems approaches to study diseases in the form
of “organs-on-chips” might in the near future
enable development of cancer models which
more closely resemble the in vivo situation, and
allow real time monitoring of cellular and bio-
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Figure 2. Simplified representation of the described concepts. A. Cells within extracellular matrix (ECM), together
form a tissue/organ. Stem cells in a “niche” both self renew and deliver progenitor cells for the differentiated cell
types forming the functional tissue/organ. B. A mutation in a signaling pathway gene may occur and C. lead to
increased cell division resulting in a benign tumor. D. Mutations accumulate, causing genotypic heterogeneity and
initiating transition to invasive cancer. E. Imnmune cells, among which macrophages infiltrate the tumor. F. Interac-
tion between tumor cells, macrophages, abnormal fibroblasts, in combination with physical factors, like stiffer ECM
and increased hydrostatic pressure, induce EMT, resulting in mobile cancer stem cells (CSC). G. CSCs produce
phenotypically heterogeneous cancer cells. Among other cancer cells, CSCs migrate into the blood, and -potentially
protected from immune attack - seed in other tissue/organ sites. H. Given favorable niche conditions, CSCs start to
self renew and produce heterogeneous cancer cells, resulting in a macroscopic metastatic tumor.

G

chemical processes [55, 56]. This promising developments in biocompatible and responsive
new approach, which includes many novel materials, enables 2 or 3D cell culture in a
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microfluidics-based “micro-incubator” in which
in vivo conditions like increased pressure, stro-
ma stiffness, tension forces and tissue hypoxia
can be mimicked. [57]. Interactions between
different cell types can be controlled, for exam-
ple separated in the created tissue structure by
smart biocompatible membranes or by flowing
cells, like immune cells, through microchan-
nels. Membrane substrates can vary in stiff-
ness, may contain pores to enable cell migra-
tion and micro- and nanostructures to align
cells in specific directions. The chips can be
microscope slide-size and compatible with real
time monitoring of for example fluorescent sig-
nals or cell migration using optical techniques,
like a confocal microscope or optical coherence
tomography. Development of such “organ-on-
chip” type cancer models may facilitate investi-
gation of many aspects of the cancer process,
e.g. the intricate interplay between biophysical
and biochemical factors in the EMT process,
interactions between cancer cells and their
microenvironment, including immune cells, and
migratory behavior of cells.

Conclusions and research challenges

In the concept described, cancer stem cells do
not represent the stem cell of origin of the can-
cer, but originate from a cancer cell which lost
its epithelial properties and instead newly
acquired certain stem cell characteristics,
enabling it to contribute to tissue invasion and
metastasis (Figure 2). Combining experimental
evidence from different research areas into a
conceptual view on the role of cancer stem
cells does not mean that the concept itself has
been experimentally proven. Instead, it may
provide useful guidance to future design of
experiments aiming at elucidating the complex
ways in which a cancer metastasizes. Obtaining
such in depth knowledge is key to developing
more effective drugs to tackle metastatic
behavior of cancer - since metastasis causes
death.

Emerging complex human “organ-on-a-chip”
cancer models may contribute valuable novel
research tools to the field. Many questions
need to be answered, here to be named only a
few [2]. How does the genome of a cancer stem
cell relate to the genome of the cancer cell of
origin? Can a metastatic tumor arise from a
single seeded cell? Is cell division of cancer
stem cells indeed driven by other signaling
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pathways than their differentiated counter-
parts? How do microenvironmental factors,
both biochemical and physical, induce EMT? Is
EMT reversible? Which CTCs establish meta-
static tumors, and what are their characteris-
tics? What is the role of the metastatic niche,
and of inflammatory factors and the immune
system? To which extent can we learn from sim-
ilar mechanisms in early embryonic develop-
ment? The ongoing integration between phys-
ics, chemistry, mathematics, engineering, and
biology opens up a highly challenging and mul-
tidisciplinary next level of life sciences research.
This development provides many exciting
opportunities for creative scientists to contrib-
ute to better understanding, and ultimately cur-
ing, this complex and multifaceted disease.
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