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Despite numerous advances in cell biology, genetics, and developmental biology, cancer origin has been attributed to genetic
mechanisms primarily involving mutations. Embryologists have expressed timidly cancer embryological origin with little success
in leveraging the discussion that cancer could involve a set of conventional cellular processes used to build the embryo during
morphogenesis. Thus, this “cancer process” allows the harmonious and coherent construction of the embryo structural base, and
its implementation as the embryonic process involves joint regulation of differentiation, proliferation, cell invasion, and migration,
enabling the human being recreation of every generation. On the other hand, “cancer disease” is the representation of an abnormal
state of the cell that might happen in the stem cells of an adult person, in which the mechanism for joint gene regulating of

differentiation, proliferation, cell invasion, and migration could be reactivated in an entirely inappropriate context.

1. Cancer and the Environment

The concept of environment is often used with a broad scope
and includes all nongenetic factors such as diet, lifestyle,
and infectious agents. At the current juncture of the XXI
century, cancer disease should not be dissociated from the
environment and external stimuli, which are considered as
the causes of most human cancers [1, 2]. From our point of
view, the environmental stimuli are responsible for reacti-
vating intrinsic mechanisms of gene regulation norms that
could trigger the “cancer process.” Then, such mechanisms
may be set sequentially during the embryonic period and
used in the embryo construction as well as in situations
of particular tissue reconstruction of an adult person. In
countercurrent with this way of thinking, it is strongly
considered that mutations (at random or by chance) [3, 4]
or environmental factors inducing mutations are the leading
causes of cancer over, for example, environmental factors that
can be activating the cell’s normal regulatory mechanisms.

There are “sporadic” and hereditary cancers when they
are considered from the clinical point of view. “Sporadic”

cancers account for over 95% of human cancers. On the other
hand, hereditary cancers (less than 5% of the total population
cancers), such as adenomatous polyposis coli, although they
present DNA mutations and are present in all body cells,
appear only or primarily in one or a few organs [5]. Also, the
epigenetics consolidated a formal theory of carcinogenesis [6]
that could explain cancer predisposition in humans related to
epimutations (an epigenetic hereditary abnormality in gene
expression) transmitted from mother to child [7]. In any case,
the contribution of inherited factors (genetic or epigenetic)
for cancer development is believed to be relatively small [8].
Furthermore, the epidemiological study shows that the
most common cancers in a population are relatively rare in
others and with evident variations over time [9]. For example,
in Brazil, it is possible to find regional differences in the
federation states about the gross rates incidence per one
hundred thousand women concerning breast cancer. Thus, it
shows preponderance in the Southeast states. Furthermore,
the uterine cervix has preponderance in the Northeastern and
Northern regions of Brazil [10]. Then, these data indicate that
lifestyle or environmental stimuli could be the primary causes
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of these types of cancers. Also, the use of statistical models
for data analyses from large samples of twins (monozygotic
and dizygotic) helped to estimate the magnitude of genetic
and environmental effects on cancer susceptibility. They
confirmed that the inherited genetic factors have a minor
contribution to the susceptibility of most types of cancer, and
the “environment” could have a significant role in causing
Sporadic cancer [11, 12].

It is also possible to verify by the recent progress in devel-
opmental biology and cancer biology that human embryonic
cells are very similar in their phenotype to the cancerous
cells. Some differences between normal proliferative cells and
cancer cells are addressed in DeBerardinis et al. [13]. Then, the
authors will refer to the gastrulation process by the name of
“cancer process” to emphasize the process naturalness and its
importance in human embryogenesis. In agreement with that
similarity, the genes involved in carcinogenesis (from now on
referred to as “cancer disease”) are a set of genes activated
simultaneously that effectively recapitulate the embryogen-
esis. In other words, the human embryonic genes are reex-
pressed in cancer cells [14-19]. Therefore, the embryonic ori-
gin discussion of “cancer disease” should have been extended,
and prevention discussion should follow the same pace. It
seems to be obvious, in the current context, in which there
is strong scientific basis of lung cancer being associated with
smoking and its reduction relates to habits changes, and also,
that the hepatocellular carcinoma decreases in vaccinated
populations against hepatitis B virus [9]. Surprisingly, despite
the data shown before, there is no current trend in cancer
research to solve first the issues inherent to the disease origin
and its relation to the environmental stimuli. Then, in the
present article, the authors are going to discuss their ideas
about the embryological genesis of human cancer.

2. Cancer and Genetics

Cancer origin has focused almost exclusively on only one
theory: the somatic mutation theory (SMT). It was first
enunciated, in 1914, by Theodor Boveri in his book The
Origin of Malignant Tumors [20, 21]. Although the author
acknowledges that “I write about this problem as a zoologist
and I have no personal experience worth mentioning in
any of the numerous specialized fields of tumor research,”
he established as essential principles of his proposal that
“a malignant tumor cell is a cell with a specific defect; it
has lost properties that a normal tissue cell retains.” The
specific defect might be a permanent change or “a particular
abnormal composition of the chromatin,” which in the terms
described by Boveri represent “a disorder in certain chro-
mosomes produced by a hereditary condition; destruction of
chromosomes by intracellular parasites; damage of particular
chromosomes by external agents that spare others...”. A
significant aspect of the proposal is that the tumorigenic
primary cell “that harbors a specific faulty assembly of
chromosomes as a consequence of an abnormal event” could
trigger on an unbridled cell proliferation “that the primordial
cell passes to its progeny so long as these continue to
multiply by normal mitotic binary fission.” From our point
of view the so-called “particular abnormal composition of
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the chromatin” was enshrined, in science, by DNA discovery
as genetic material [22] and its chemical structure [23] and,
fundamentally, by a phrase that could change or seal the
fate for the faithful and devout followers of the theory.
“it has not escaped our notice that the specific pairing we
have postulated immediately suggests a possible copying
mechanism for the genetic material” [23]. Thus, “the lesions
within the chromosomes” (which later became mutations, a
word coined by Morgan [24]) that “passes to its progeny”
gained credibility and consolidated as the dominant factor in
the origin of cancer.

Are mutations the real mechanism that causes cancer or
they appear as a result of cancer and become a significant
part of spontaneous neoplasia of biology in vivo? We know
that cancer is a potentiated disease by mutations in somatic
cells, and these mutations are not evenly distributed in the
human genome. On the contrary, they exhibit very com-
plex “mutational landscapes” often characterized by a large
number of single nucleotide substitutions (SNS), which are
found throughout the genome [25-28]. The SNS patterns
seem to depend on the cancer type, number of cell division
leading to the tumor initiation and progression, and, also,
the distinct specific patterns of chromosomal organization
(epigenetic/epigenomics) in different tissues [29-31]. The
epigenomics organization could be a major determinant of
mutational landscape observed in cancer.

Similar to these latest observations, the embryonic devel-
opment is responsible for establishing cell differentiation, in
the final analysis [32]. It also seems that, in embryogenesis,
fundamental epigenetic changes such as alterations in the
chromatin structure and nuclear organization contribute to
defining different patterns of gene expression during cell dif-
ferentiation [33]. We thought that determinants of mutational
landscapes could be defined in the embryogenesis. A compar-
ison of epigenetic regulation mechanisms directly involved
in gene expression between well-characterized populations
of adult stem cells (ASC) and embryonic stem cells (ESC)
revealed that different epigenetic signatures characterize
different populations of stem cells [34]. In other words, the
epigenetics/epigenomics organization should emerge during
embryogenesis and should link directly to cell differentiation
[35, 36]. Therefore, cell differentiation capacity is primarily
ruled by the chromatin structure, which directly affects its
accessibility and the repertoire of available transcription fac-
tors [37]. Thus, to describe the epigenetic signature of a
determined cell type, after differentiation, is a consensus that
we should consider by three aspects in an integrated way:
changes in nuclear organization, replication time, and global
modifications in the chromatin [35]. Accordingly, mutations
distributions in the genome, in several independent samples
and various types of cancer, demonstrated that chromatin
accessibility, their epigenetic modifications (epigenomics
organization), and replication time should explain up to
86% of the rate variance of genome mutation studied in
different types of cancers [38]. Then, mutations are following
a preestablished pattern by cell differentiation standard and,
therefore, they make us think that such changes are, perhaps,
a consequence of initial cancer development and not the other
way around.
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FIGURE 1: Differences between mouse and human embryos. Mouse embryo has the shape of an egg cylinder (showing the apposition the
epiblast and visceral endoderm tissues) and human embryo has the shape of a flat disc with two layers of cells known as epiblast and hypoblast.

VE: visceral endoderm. Adapted from Irie et al., [39].

Thus, the best predictors of local somatic mutation den-
sity or cancer mutation profile are related to the epigenomics
organization associated with the cell type of origin of the
corresponding malignancy. Therefore, the origin cell type
of cancer can be determined accurately by using mutations
distribution throughout its genome as a base [38], and
that observation indicates again strongly that chromosomal
abnormalities or mutations often observed in cancer disease
are the results of epigenomics organization. Then, a genome
mutational landscape associated with a particular type of
cancer includes a source of information on the identity and
epigenetic organization of its origin cell and the responsible
embryonic process of its genesis.

Even though the experimental results open the way
for a critical discussion on embryonic development role in
cancer origin, it is not what we see in practice. Justifications
used by most of the authors relate to the following: (1)
most somatic mutations observed in the studied cancers
may appear before the epigenetic alterations associated with
neoplastic progression. (2) Advanced tumors can undergo
specific epigenetic changes that distinguish them from other
tumors of the same type [38] or (3) more radical arguments
considered that most of the analyzed mutations reside in
noncoding parts of the genome; and therefore, these patterns
could indirectly apply to an understanding of cancer origin,
according to the authors [29]. All these arguments are in
perfect harmony with some assumptions supported by the
SMT. However, they are too far from finding a plausible expla-
nation on why one or two starter mutations of cancer, initially
planned by the SMT, become now in thousands of changes
(mutational landscapes). Thus, it is clear that the SMT initial
premises are changing to search for cancer origin between a
“regular mutational” background as it will be discussed later.
Therefore, it is worth stating that the mutational landscapes
should be a “cancer process” consequence and not its origin.

On the other hand, it was previously identified that a
significant percentage of human tumors recapitulates the
early gene expression of embryogenesis. However, the genes
expressed in cancers should have low tissue specificity, dis-
tinguishing only three groups of them by expression patterns
of different genes during embryogenesis [19]. One group

has an early developmental phenotype and expresses specific
genes of stem cells. From the embryogenesis viewpoint, the
group is very homogenous. According to Naxerova’s vision,
it is even more surprising as it contains cancer types with
complex karyotypes and leads to thinking of a “chaotic” gene
expression. A second more heterogeneous group tends to be
more similar to the later development and is characterized by
an inflammatory gene pattern and, finally, the third group of
small cancers presents a transition phenotype between these
two extremes and exhibits both characteristics.

Anyhow, the results presented lead to a better under-
standing of the human disease when there is a macrobi-
ological approach of transcriptome data shifting the focus
of individual genes to the biology of embryonic processes.
Thus, the transcriptome seems to be useful to establish robust
molecular correlations between apparent and unrelated phe-
notypes of cancer. However, a real macrobiological approach
of transcriptome data must take into account obligatorily
some aspects of the embryological processes involved, and
also, some differences among the animals used in the com-
parison. For obvious reasons and based on the impossibility
of having a human embryo model to study cancer, the mouse
became a primary model organism. Nevertheless, the authors
will develop some comments/criticisms for those who want to
establish a comparison between patterns of gene expression
during the mouse embryogenesis and human origin cancer
[19].

First, it is necessary to consider the significant differences
in embryogenesis (Figure 1 adapted from Irie et al. [39]). The
human embryo, in the gastrulation stage, has the shape of a
flat disc with two layers of cells (bilaminar disk) known as
epiblast and hypoblast (Figure1) [40]. At the beginning of
the third week, the primitive streak appears and gastrulation
begins (day 14 or 15 postfertilization), and the trilaminar
disk will appear as derived exclusively from the epiblast [32].
Nonetheless, in rodents, the embryonic disc has a complex
shape called “egg cylinder” (Figure 1), which forms between
the fourth and seventh day of pregnancy in vivo [41]. The
mouse embryo epiblast organizes initially from a ball of cells
and becomes an epithelial layer in the form of a cup (cup-
shaped) surrounded by visceral endoderm (equivalent to the



humans’ hypoblast). Gastrulation begins with the formation
of the primitive streak (E6.0 and E6.5) in the epiblast (future
embryonic ectoderm) that will give rise to all fetal structures.
Such structure contains the precursors of definitive endo-
derm; however, some visceral endoderm descendants remain
in the prospective foregut and hindgut [42]. Furthermore,
the visceral endoderm interacts with a second thick-walled
and cup-shaped tissue: the extraembryonic ectoderm (ExE)
occupies an opposite position to the epiblast (Figurel),
and, apparently, there is no equivalent structure in humans
(Figure 1). Thus, the visceral endoderm will also contribute
to the formation of pulmonary tissue studied by Naxerova
et al,, and, therefore, gastrulation in mice occurs in a spatial
and temporal configuration that mixes different tissues and
interactions when compared to the humans (Figure 1).

The second aspect that can also derive from embryogen-
esis is that the genetic and genomic differences are recently
confirmed between mice and humans. The two species
diverged substantially in the gene sequence level. Some
research groups had already revealed different patterns of
the binding to DNA for a limited number of transcription
factors, suggesting significant differences in cellular functions
and regulatory mechanisms [43, 44]. Data confirmed by a
recent study of the Mouse ENCODE Consortium found that
the gene expression and its underlying regulatory programs
differed substantially between humans and mice strains. The
control programs divergence between mice and humans
manifests not only in the gain or loss of cis-regulatory
sequences in the mouse genome, but also in the lack of
regulatory activities conservation in different tissues and cells
types [45] and, also, in the exaptation of regulatory sequences
for other distinct functions [46]. The most divergent genes are
involved in the extracellular matrix, cell adhesion, receptors
to intracellular signaling, immune responses, and other
processes related to the cell plasma membrane [45].

Then, when comparisons between humans and mice are
established, they should take into account the vast genetic,
genomic, and embryonic differences. Thus, since we are
discussing the topic below, we agreed that there will be three
cancer groups (established during the embryogenesis). To
define the three groups, the authors do not use reasons sus-
tained in comparisons between mice and humans but the cell
movements during gastrulation leading to a natural result of
the process of cellular differentiation and the establishment of
three distinct lineages of stem cells, during the embryogenesis
period.

3. Cancer as an Embryological Phenomenon

Currently, the developmental biology deals with cells growth
control, their differentiation, morphogenesis, and organo-
genesis, a process that gives rise to the formation of tissues
and organs. Then, cell differentiation is a fundamental issue
of developmental biology [32, 47] as well as cancer. It is
naturally accepted that tumorigenesis derives as a disruption
result of the normal process of cell differentiation [48-
50] that should be controlled by regulatory networks of
developmental genes. Thus, these developmental genes could
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be important determinants in cell differentiation, with a vital
role in tumor initiation and progression [51, 52].

The historical roots of our understanding of the intimate
relationship between tumorigenesis and development pro-
cesses date back to 1859 when Rudolf Virchow called neo-
plasia as “pathological new-formations,” and they appeared
“by the same law that regulated the embryonic development.”
[53]. In 1892, the French biologists Lobstein and Recamier
also speculated with the notion of tumors embryonic origin
[54]. From the authors’ point of view, between the years
1967 and 1974, Pierce proposed a theory that links cancer
to developmental biology [50, 55], noting that tumorigenesis
could have its cause or origin closely related to developmental
biology and cell differentiation: .. .the mechanism of normal
cell differentiation and stabilization apply to the pathological
differentiation and stabilization of cells when they become
cancerous and strongly suggest that concepts of develop-
mental biology will provides new approaches to therapy for
cancer” [55], and he even speculated on cancer stem cells.

Evidence has been presented to support the concept that
malignant tumors are postembryonic differentiations superim-
posed upon the process of tissue maintenance and renewal.
Malignant stem cells are derived from normal stem cells. They
have a capacity for proliferation and differentiation that oper-
ates at a different level of control compared with the normal.
Even so, malignant stem cells are responsive to environmental
control, suggesting that it may be possible to direct their differ-
entiation or at least to control their ability to replicate. A tumor
is a caricature of normal tissue and appears undifferentiated
because of the preponderance of undifferentiated proliferating
stem cells in relationship to the number of cells that have
differentiated and become benign [50].

Moreover, Pierce did not believe that mutations or viral
inserts were the cause of cancer. For him, the phenotypic
traits of malignant cells seemed to be encoded in the genome
of normal cells, favoring the idea that the production of a
neoplasm is probably similar to the production of any normal
tissue [56]. The mechanism of tissue genesis involves cell
division, differentiation, and organization. In other words,
carcinogenesis could be an epigenetic event similar to the
postembryonic differentiation. Therefore, some experimental
results indicated that the formation of cancer cells could
be the result of repressed genes reactivation, during normal
embryonic development [57-59].

A body of evidence confirmed the correlation between
embryo development and tumorigenesis with the advance
of molecular biology, tumor immunology, developmental
biology, and experimental embryology. Similarities between
cancer and development are evident in many microscopic
observation levels. Despite the fact that there are signifi-
cant differences between normal and cancerous cells such
as more metabolic autonomy and the activity increase of
the phosphatidylinositol 3-kinase (PI3K) system (through a
variety of mechanisms) in cancer [13], cancerous tissues
appear as undifferentiated masses, and some types of tumors
even present an embryonic tissue organization. The increased
mobility of malignant cells directly correlates with invasive-
ness, thus producing a metastasis with potential to spread to
distant organs (poor prognosis of cancer). It is also one of the
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main features of the migratory behavior of embryonic cells
during gastrulation and expressed by the invasive capacity
in a faraway location that will help to form the embryonic
endoderm. At the molecular level, common characteristics
between certain malignant tumors and developing tissues
about the transcription factors activity [60], regulation of
chromatin structure [61, 62], and signaling [63] have already
been widely documented. On the other hand, several papers
have suggested that cancer transcriptome represents a “devel-
opment signature,” that is, a set of genes activated simultane-
ously during the embryogenesis [14-16].

Nowadays, we also know that stem cells in adult humans
are really the custodians or remnants of the embryo’s “modus
operandi” to build and leave possibilities of rebuilding, at
different times, in organs and tissues levels. Thus, it is possible
to find transcriptional regulatory mechanisms in stem cells
for the simultaneous control of cell growth, migration,
and differentiation. These regulatory mechanisms could be
extremely crucial for organs maintenance and regeneration,
mainly, because such mechanisms might be reattached again
when they are necessary for the adult context. Also, it is not
surprising, in this context, that, in the so-called “cancer stem
cells,” we may find today one of the main inspirations about
cancer origin [4, 50, 64-71]. The authors speculate that within
these cells the process that triggers cancer disease may begin,
and, probably, it is bound to an anomalous regulation of
cell growth and cell differentiation induced by environmental
stimuli as we are going to see later.

Then, we suggest that cancer types might be associated
with three different groups established coherently during
the embryo gastrulation. Therefore, we propose cancers of
ectodermal, mesodermal, and endodermal origins. The con-
ceptual assumptions of our proposal are the following: (1) the
proliferation is by default state of cells; however, it happens
associated with a specific cellular destination established in
the gastrulation. (2) Cells establish tissues during gastrulation
and create different control mechanisms of their organization
and future reorganization (remodeling process). Thus, the
healing of skin wounds [72] and remodeling of endodermal
lung epithelium in cases of cystic fibrosis, desquamative
interstitial pneumonia [73, 74], or breast remodeling during
puberty or pregnancy [75] are possible by the activation of
these control mechanisms of tissue reorganization. Therefore,
in the context of “cancer disease,” carcinogens break these
control mechanisms or “controlling forces” [76,77] and create
an unnecessary process in an improper context. Such idea is
not new in the biological sciences, and a classification of this
type was proposed by Whitney, in 1901, identifying cancerous
tissues as epiblastic, mesoblastic, and hypoblastic [78].

Then, a fundamental aspect of our hypothesis on cancer
origin is the Epithelial-Mesenchymal Transition (EMT) and
Mesenchymal-Epithelial Transition (MET) that occur during
gastrulation [79, 80]. EMT and MET processes involve a
specific transcriptional regulation (EMT and MET programs)
[81], and they are responsible for simultaneously orches-
trating processes of proliferation, migration, cell differen-
tiation, and invasion (beginnings of the natural ability of
metastasis of human cells). However, these programs are
different depending on the embryonic layer of origin by our

hypothesis (Figure 2). All epiblast cells have the potential
to perform the EMT before starting the gastrulation. But,
only a few epiblast cells will ingress through the primitive
streak and acquire mesenchymal characteristics (Figure 3).
Therefore, these mesenchymal-like cells give origin to the
mesoderm (dermis, muscles (smooth and striated), cartilage
and bone, and other tissues) [82] and the endoderm (intestine
epithelium and associated organs) [83]. On the other hand,
the remaining epiblast layer, formed by those cells that did
not perform EMT, will form the embryonic ectoderm to
differentiate the epidermis [84] and neural plate [85], in
the future (Figure 3). In these ectodermal cells, the EMT
program must be actively suppressed to ensure the proper
differentiation of epidermis and neural tube (Figure 2). In
Figure 3, it is possible to observe that migratory mesenchymal
cells are also proliferating, but, especially, they are interacting
with the embryonic context in a different way. For simplicity
reasons, we emphasize that in the primitive streak region,
where the cells are delaminating, two different types of
interactions are possible: the microenvironment, 1 only with
the hypoblast, exactly, in the middle region of the embryo
(Figure 3) or the microenvironment 2, simultaneously with
the hypoblast and the extraembryonic mesoderm in lateral
ends of the embryonic disc (Figure 3). We think that mes-
enchymal cells interpret these specific microenvironments (1
and 2) in different ways, depending on their developmental
history after the primitive streak delamination. Then, the
result will be different responses in mesenchymal cells, in
microenvironments 1 and 2. Therefore, they will contribute
to producing a change in the epigenetic state [35] and create
different patterns of transcriptional regulation [86, 87] that
will allow the efficient differentiation of mesodermal and
endodermal lineages.

Consistent with the establishment of these lineages dif-
ferences, after delamination by the primitive streak, “preen-
dodermal” mesenchymal cells will acquire some additional
features that will allow triggering the MET. In other words,
they gain an invasiveness displayed only by cells “en route”
to substitute the original hypoblast and form the new
and definitive endodermal epithelium (Figure 3) [88]. It is
noteworthy that the transcriptional regulation should be
initially similar to mesodermal and endodermal cells because
similar processes such as differentiation, proliferation, and
migration are being regulated [89]. However, some significant
molecular differences are established by involving, mainly,
Smad4 and Mixll [90, 91] before starting the MET in both
lineages. Then, it seems to be a causal relationship between
the control mechanisms of differentiation, remodeling capac-
ity of the basement membrane (BM), and migration [90].
That is confirmed because the functional loss of Smad4
produced a defect in the endodermal commitment that can
be directly associated with the inability to break down and
remodel the BM by downregulation of the expression of
matrix metalloproteinase-14 (MMP14) enzyme and matrix
metalloproteinase-9 (MMP9) enzyme. Also, in the Mixll-
null mouse embryos can be confirmed the independence of
migratory movements of embryonic endoderm and meso-
derm [91], suggesting that the establishment of the two lin-
eages could be originated before the hypoblast displacement
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transcriptional regulation and they are responsible for simultaneously orchestrating processes of proliferation, migration, cell differentiation,
and invasion. However, these programs are different depending on the embryonic layer of origin. The arrowhead or arrow indicates the
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(88,90, 91]. These differences in the BM remodeling program
between mesodermal and endodermal lineages constitute
one of the critical aspects of our theoretical framework.
Therefore, in our model, the endodermal cells have an
additional capacity of remodeling the BM that will produce
significant invasiveness difference in cancer of endodermal
origin by triggering a worse prognosis for patients with that
type of disease. Finally, we believe that gastrulation could be
the embryological process that generates different epigenetic
signatures in all three germ layers (ectoderm, mesoderm,
and endoderm), and they manifest immediately in several
different capacities for remodeling the BM as a response
to signals and microenvironmental conditions within the
embryo. In the future, such different capacities will manifest
in various potentialities to develop cancer in the human
population.

Therefore, it is possible to predict that cancers of endo-
dermal and mesodermal origin are always the worst because
their establishment is being reactivated by a lineage-specific
transcriptional mechanism (responsible for the regulation
of differentiation, migration, and invasion) present in the

stem cells of the tissues formed in these embryonic lay-
ers. We also believe that the endodermal cells possess an
additional transcriptional mechanism that finely modulates
the transition between the two processes (EMT and MET),
and, therefore, the prognosis will be worse in cells of
endodermal origin. Mesenchymal cells only perform the
EMT; however, it is worth mentioning that according to the
current epidemiological situation, we must be cautious in
saying that some mesenchymal cells will make the MET. The
ectodermal cells do not require basal lamina breakage to
produce their differentiation and tissue organization. Then,
cancers will always be less aggressive and with lower mortality
as, for example, the nonmelanoma skin cancers (basal cell
carcinoma) [10, 92], however, with a few exceptions as we
shall see.

When there is an analysis of the list of the most common
types of cancer, including those more often diagnosed in
Brazil and excluding the nonmelanoma skin cancer, it is pos-
sible to observe that, among the top ten cancers with the high-
est incidence in men, eight of them are of endodermal origin
(EMT and MET) (Prostate, 22,8; Trachea, bronchus, and lung
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as a result of signals produced by the Spemann organizer or internal determinants. The migratory mesenchymal cells are interacting with
the embryonic context in a different way: microenvironment 1 (MicroE 1), only with the hypoblast, exactly, in the middle region of the
embryo. Microenvironment 2 (MicroE 2), simultaneously with the hypoblast and the extraembryonic mesoderm (EXE M) in lateral ends of

the embryonic disc. Adapted from Micalizzi et al., [79].

5,4%; Colon and Rectal 5,0%; Stomach 4,3%; Oral Cavity
3,7%; Esophagus 2,6%; Bladder 2,2%; and Larynx 2,3%), one
derived from two origins (mesodermal/endodermal or their
interaction) (Leukemia 1,7%) and one of ectodermal origin,
representing only 1.6% of all cases registered in 2014 [10]. For
women, among the top 10 cancers, the highest incidence four
are of endodermal origin (Colon and Rectal 6,4%; Trachea,
bronchus, and lung 4,0%; Thyroid 2,9%; and Stomach 2,7%),
three are of mesodermal origin (Cervical 5,7%; Uterine body
2,2%; and Ovary 2,1%), two are derived from mesodermal-
endodermal interaction (Non-Hodgkin lymphoma 1,8% and
Leukemia 1.6%), and one is from ectodermal-mesodermal
interaction (Female Breast 20,8%;) [10].

The panorama is very similar in the United States with
some regional differences expected, considering environ-
mental and lifestyle influences. Thus, among the ten most
commonly diagnosed cancers in men (excluding basal cell
and squamous cell skin cancers), six are of endodermal origin
(EMT and MET) (Prostate, 26%; Trachea, bronchus, and lung
14%; Colon and Rectal 8,0%; Bladder 7%; Oral Cavity 4%; and
liver and intrahepatic bile duct 3%), one is of mesodermal
origin (EMT) (Kidney 5%), two are derived from two ori-
gins (endodermal-mesodermal interaction) (Non-Hodgkin
lymphoma 5%; Leukemia 4%), and one is of ectodermal
origin (melanoma), representing 5% of all cases registered
in 2015 [92]. For women, among the ten most frequently
diagnosed cancers four are of endodermal origin (Colon and
Rectal 8%; Trachea, bronchus, and lung 13%; Thyroid 6%;
and pancreas 3%), two are of mesodermal origin (Uterine
body 7% and Kidney 3%), two are derived from two ori-
gins or mesodermal-endodermal interaction (Non-Hodgkin

lymphoma 4% and Leukemia 3%), one is derived from
ectodermal-mesodermal interaction (Female Breast 29%),
and one is of ectodermal origin (melanoma 4%) [92]. Finally,
comparing Brazil to the Unites States, stomach cancer is an
important health problem among women and men in Brazil,
and melanoma, pancreas, kidney, and liver cancers are very
incident among women and men in the United States.

Now, considering the leading causes of death from cancer
in Brazil and the United States, it becomes even clearer
the advantage offered by the separation in three groups
of cancer based on embryonic origin (and their different
transcriptional regulation profiles in the EMT/MET). In
Brazil, according to 2010 data and considering the total
number of cancer deaths, 64% of all male cancer deaths and
33% of all female cancer deaths were due to endodermal
origin cancer [93]. In 2015, the estimation is that around
312,150 men will die from cancer in the United States, and
65% of them will die from endodermal origin cancer, thereby
representing 202,897 American men dead. Among women,
endodermal origin cancer will represent 45% of all deaths
[92]. Thus, the aggressiveness and invasive capability could be
present in endodermal cells, and the ability to reactivate their
potentiality in a particular organ or tissue can occur as a result
of a whole range of environmental and lifestyle influences
from different countries such as Brazil and the United States.

The mixed feature of some cancers such as leukemic
and breast ones was supported in the last years. The initial
set of hematopoietic stem cells (HSCs) is initially formed
during embryogenesis in mesoderm and could involve var-
ious anatomical sites (yolk sac, aorta-gonad-mesonephros
region, placenta, and fetal liver), after which the HSCs finally



colonize the bone marrow at birth [94, 95]. Nevertheless,
the specification of hematopoietic destination in the yolk sac
depends on the visceral endoderm and their specific signs
such as Ihh (Indian hedgehog) [96, 97] and BMP4 (bone mor-
phogenetic protein 4) [98], demonstrating the importance of
an appropriate mixed microenvironment for hematopoietic
commitment. Also, the liver (tissue of endodermal origin)
[99] supports the hematopoiesis during fetal life through
mixed cells of mesodermal-endodermal origin derived from
the hepatic stroma [100]. On the other hand, the human
breast consists of parenchyma and stroma, with ectodermal-
mesodermal origin, respectively [101]. We also know that the
breast cancer invasive capacity involves both epithelial and
stromal changes [102-104], and such alterations in different
tissues could play a significant role in the establishment
of abnormal tumor microenvironment. Thereby, it might
contribute to the tumor progression [102, 103].

Finally, it is also necessary to describe cancers of ecto-
dermal origin. Due to their importance in the context of
our theoretical model, we are going to describe some of the
embryological fundamentals of ectoderm differentiation.
Spemann’s experiments, in 1924, suggested that the dorsal
blastopore lip represents a differentiation center from which
the determination process gradually expands toward the
nondetermined ectoderm, in the gastrula stage [47]. In the
current view, neural induction divides the ectoderm into
three destinations: neural crest, neural plate, and epidermis
[105].

The neural crest cells, after differentiation, form many
derivatives prone to malignant transformation, including
melanocytes that can form melanomas and glial cells that
may develop Schwannomas and gliomas. In this context,
melanoma is a type of invasive cancer [70, 106] because the
neural crest cells perform the EMT from the neural tube [107-
109]. Therefore, they acquire, in a different time other than
the suggested by our model, the capacity of simultaneous
regulation of differentiation (multipotency maintenance),
proliferation, and migration [110, 111]. It is worth pointing
out that neural crests are a population induced at the edge
of the neural plate [112] and, in the case of melanoma, these
are ectodermal cells very similar to mesodermal ones of the
model discussed in the present paper [105]. Concerning the
cancer process issues, it is significant to know better the
molecular mechanisms responsible for melanocytes induc-
tion [40, 113]. Furthermore, features and migration routes
[114] could explain the differences between melanomas and
gliomas.

Then, for the comprehension of human cancers of the
central nervous system and epidermis (it may seem contra-
dictory because they are cells that do not perform the EMT), it
is necessary to take into account two fundamental aspects: (1)
conservation/maintenance of the EMT in a suppressed state
in these tissues and (2) evolution of the stem cell concept.
Regarding the first aspect, most neurons are produced in
distant locations from their final ones. Therefore, migration
is a fundamental and common property of newborn neurons.
Recent studies claim that the early neuronal migration can be
regarded as the EMT-like phenomenon, in which cells lose
epithelial characteristics and acquire mesenchymal features
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[115], and, also, the migration control in these cells could be
intimately related to cell differentiation [116]. On the other
hand, it is significant to consider that the spatial organization
of the neocortex also requires the migration of various types
of neuronal cells produced in the ventricular zone and sent to
appropriate layers in the cortical plate, and the EMT concept
could also have an impact on the outer radial glia [115]. In the
case of epidermal epithelial cells and female mammary gland,
it is known that they suppress the EMT actively to ensure
differentiation from the normal epithelium [117, 118]. Thus,
our theoretical model is compatible with the establishment of
amechanism of a different tissue reorganization/organization
in the ectodermal layer that could handle some types of inva-
sive tumors generated by cells with such embryonic origin.

The second important aspect to consider is that the
stem cells biology may be more complicated than originally
planned. The discovery that stem cells can reside first in a
tissue, in adults, and by traveling through the bloodstream
may contribute to the formation of another tissue suggests a
degree of plasticity not previously recognized in the stem cells
function [119]. Then, it seems that the stem cell destination
could change all the time as a natural property of these cells,
thus resulting in a new form of interpreting their involvement
in the physiological repair of tissue damage throughout life
[120, 121]. A “plastic property” of these cells was predicted
at the beginning of experimental biology as we shall see.
However, some embryological inductive studies by Holtfreter
[122], Nieuwkoop [123], Smith [124], Slack [125], and Gurdon
[126] seem to have left the false impression that specific
stem cells of an organ are restricted to produce differentiated
cells types of the tissues in which they reside (developmental
restriction). The papers mentioned before are general studies
to understand the signals involved in cell differentiation
during embryogenesis, and they did not have the purpose
of researching stem cells. In other words, it makes no sense
to assign for these results the variables not established by
the authors as, for example, the stem cells appear to have
irreversibly lost the capacity to generate other cell types in the
body. Embryological classical studies using pieces of isolated
tissue or in vivo tissue verified in a tissue level or at an
organismic level that tissues never lost the integrity and never
turned into other tissues after differentiation.

Therefore, developmental restriction apparently origi-
nates from a misinterpretation of biological processes that
take place on a cellular level from experiments on a tissue
level. Such consideration is so significant that the concept
of developmental restriction of differentiation does not have
any support in the origin of experimental embryology, and
Spemann wrote, in 1924, regarding the “differentiation center”
in the dorsal lip of the blastopore that

the designation ‘organizer” (rather than, perhaps, ‘deter-
miner”) is supposed to express the idea that the effect emanating
from these preferential regions is not determinative in a definite
restricted direction, but that it possesses all those enigmatic
peculiarities which are known to us only from living organism
[47].

Then, in 1924, Spemann seemed to predict the enigmatic
plastic peculiarity of stem cells [120, 121] that may have
important implications in the way of explaining cancers of
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FIGURE 4: Embryonic model of cancer. The normal cell lineage of tissue renewal is at the bottom. The three different tumors are at the top. The
different types of cancer correspond to their different embryonic origins. S: normal stem cell; E: tumor of the endodermic origin; M: tumor
of the mesodermic origin; and EC: tumor of the ectodermic origin. Model adapted from the original idea of Pierce, 1983.

the nervous system and skin. Thus, for example, bone marrow
cells of mesodermal/endodermal origin [100] infiltrate the
brain and differentiate into cells that express neuronal specific
antigens [127, 128]. In the epidermis the presence of pluripo-
tent stem cells with mesenchymal characteristics confirmed
by the expression of specific molecular markers of that tissue
and also by morphological characteristics was found. So far
there is no explanation for its origin [129].

Therefore, our model predicts that epidermal cancers
should not be invasive and could have a very low mortality
rate for their embryonic origin. That is observed in non-
melanoma cancers, particularly, basal cell cancers (basal cell
carcinoma) that are the most prevalent in men and women
and the least aggressive, with a good prognosis [10, 92].
However, epidermoid cancers (squamous cell carcinoma) are
more invasive, and we speculate that could be caused by stem
cells secondarily incorporated into the skin [129], during the
life of the human being. Something similar might also happen
in the central nervous system and could explain that, in the
world, this type of cancer represents approximately 1.9% of all
malignant neoplasms [10, 92].

4. The Embryological Model of Cancer:
Recontextualizing Pierce’s Ideas

Cancer disease could be an altered representation of the nor-
mal process of tissue renewal, following the conceptual defi-
nition of Pierce (Figure 4). The usual process of tissue renewal
is essential for the viability of complex organisms, and,
also, it allows the substitution of a precise number of cells
that become senescent and with different characteristics if
they came from different embryonic layers. Furthermore,
the malignant stem cell derives from the regular stem cell.
It resembles the normal one, and its mechanism of growth
control could allow that cancerous cells to divide faster than
the normal stem cells, resulting in the undifferentiated phe-
notypic aspect of the tumor (Figure 4). The model also fore-
sees that malignant tumors contain cancerous cells from the
beginning, and these cells could be in a number considered as
a subthreshold to express their phenotype, and, thus, tumors
behave in a benign way, at least initially [56]. Consequently,
more than one cell type can be involved in oncogenesis, and
tumors with multiclonal origin could become monoclonal
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FIGURE 5: Differentiation and neoplasia. The normal cell lineage is at the bottom. Carcinogenesis may involve S, A, B, or C cells individually,
giving origin to their corresponding malignant cell types. Their potentials for differentiation are indicated by the arrows. The cancers of
endodermal and mesodermal origin are always the worst (thick arrow) in comparison with the ectodermal cancers (thin arrow) with a few
exceptions as outlined in the article. EC: ectodermal origin; M: Mesodermal origin; and E: endodermal origin. Adapted from Pierce, 1983.

ones over time. The latter should be approached carefully,
with an emphasis in the exact moment of tumor initiation
and without considering three aspects: (1) the long history
of its consolidation, (2) chromosome instabilities resulting
from that history, and (3) the transdifferentiation process that
redirects cells destination in the tumor center, for example,
to produce endothelial cells [130], which are the first ones to
differentiate during embryogenesis.

In other words, such concept could be helpful to under-
stand the origin of benign and malignant tumors because it
predicts that these two types of tumors arise from cells trans-
formation at different stages of differentiation (Figure 5),
which is entirely possible to happen in the cancer formation
context in an adult tissue. Thus, the benign cells could form
by the transformation of cells closer to the final stage of
differentiation and cancerous cells closer to the stem cell stage
(Figure 5). That fits perfectly into our model of three embry-
onic origins of cancer and could be valid in the independent

context of ectodermal, mesodermal, and endodermal tumors,
with the expected differences to the intrinsic transcriptional
regulatory control of each one of these embryonic layers.
By the present proposal, invasiveness and aggressiveness
capacities depend on the embryonic layer of origin. We claim
to only expand the conceptual model presented by Pierce
in 1974 and readjust it to a new form of embryological
interpretation (Figure 4) [50].

Also, it is possible to observe some significant consid-
erations about the differentiation concept as a mechanism
of carcinogenesis by rereading Pierce’s work. At that time,
Pierce acknowledged that it was an idea that “has not been
disproved” and the possible dedifferentiation of C' in S’
(Figure 5) from his point of view “what has been interpreted
as dedifferentiation is, in reality, an abortive attempt of
differentiation.” However, we know today that cells already
differentiated can spontaneously acquire stem cells character-
istics as demonstrated with human mammary epithelial cells
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[131] and mouse spermatogonia [132] and, surprisingly, the
neoplastic transformation improves that simple phenotype
conversion. Moreover, some experimental results from our
laboratory show that the functional block of Kaiso and
pl20ctn in K562 cells, established as a model of chronic
myeloid leukemia in blast crisis, could help in maintaining
an undifferentiated state of these transfected cells. One of the
interesting aspects of Kaisos functional block and p120ctn
with siRNA in K562 is the significant decrease in the CD33
expression on the cell surface since the commitment of
hematopoietic myeloid progenitors is characterized by the
loss of CD34 and gain of CD33, in the plasma membrane.
It was consistent with a more undifferentiated appearance of
the K562 cell, after Kaiso’s block and p120ctn, the significant
decrease in the expression of C/EBP« and a 70% increase in
the expression of C-MyB. On the other hand, Kaiso’s func-
tional block and p120ctn produced an improvement in the
cell proliferation capacity, and, then, the phenotypic aspect of
the plasma membrane and increased survival of cancer cells
K562 transfected with siRNA recall more cancerous stem cell
[133].

At the same time of Pierce’s work consolidation, there was
a discussion about the retrodifferentiation concept, which
appeared as an adaptive process involved in maintaining
the cell integrity against harmful agents of varied etiology,
including physical and chemical aspects and also viruses.
Even preserving all the information encoded in the genome,
cells undergoing retrodifferentiation could lose morphologi-
cal and functional complexity by a process of “self-deletion of
cytoplasmic structures” and a transition to a “more juvenile”
pattern of gene expression [134]. Nowadays, the concept can
be translated as cellular plasticity or dedifferentiation and
represents a profound divergence from the unidirectional
and hierarchical model accepted for cell differentiation. The
connection between that concept and cancer was described
poetically by Uriel, who wrote in 1976 that “cancer may thus
be regarded as the myth of Faust on the cellular level, the cells’
chimeric dream of rejuvenation and immortality, which, in
the end, often turns into a fatal nightmare.” It could have a
significant meaning in the therapeutic implications of cancer
because there would be a smooth and intricate mixture of two
models, the model of stem cells and differentiation and the
retrodifferentiation one, a mixed model with a lot more sense
in the current epigenomics conjuncture of the XXI century
[135-138].

Finally, in an attempt to understand the molecular mech-
anisms of the plasticity found in cancer cells, Dr. Weinberg
suggests the “contextual signals” of the tumor microen-
vironment in vivo are capable of causing the Epithelial-
Mesenchymal Transition (EMT). It sets up an implicit recog-
nition of the close link between the passage through an
EMT and induction of multipotent populations of stem
cells, during gastrulation [135, 139]. Thus, the integration
of control mechanisms of cell differentiation and/or cell
plasticity with embryogenesis could first understand cancer
as a result of reactivation of cells standard processes without
the intermediation of mutations, and, second, they might
represent not only plasticity but also differentiation in an
attempt to explain the cancer origin.

1

5. Concluding Remarks

5.1. The Weakness of Our Experimental Models. 1t is worth
stating that one of the most significant limitations to con-
solidate an embryonic cancer study is the lack of a human
experimental model influenced by distinct ethical aspects
that focused or restricted studies with human embryos [140-
143]. On the other hand, research groups working with hESC
cannot consider the inner cell mass of blastocysts as embryos
but only as a group of cells in which the priority was always
the creation of cell lines and the impact on biomedical
research [142,144,145], and also with a poor attitude of under-
standing what they truly are or represent and their specific
role in the embryonic context. It is a concept mistake with
grave consequences because we are losing the opportunity to
meet some determinants of internal order and internal forces
that might contribute to the understanding of significant
aspects of cell differentiation, human morphogenesis, and
cancer as we shall discuss in a future article. It is worth
noting that perhaps the rebellion presented in chromosomal
instability of hESC in culture is an invitation to consider
these cells a whole inseparable and mutually dependent [146-
150]. Some examples in need to look at are the set of hESC
that comes up with papers on mouse stem cells (mESC). The
mESC, cultivated with serum but without supplementation
of growth factors, differentiate spontaneously in hepatocytes
with similar and comparable functional properties to those
obtained when differentiation was guided by growth factors
[151]. In relation to the progress in mouse embryogenesis, it is
worth highlighting Dr. Zernicka-Goetz’s work that shows and
illuminates the internal determinants in embryo formation
forcefully (about the prospective morphogenetic potency
described by Hans Driesch in 1892 [152]) and, also, the way
to better use human embryos for scientific research to focus
on cell differentiation and cancer [153-159].

Finally, it is worth mentioning, at the end of our reflec-
tion, the words of Joseph Needham who showed, in 1936, the
need to study the embryo as a set of relations, and he also
suggested that in these internal relations, we shall find cancer
control.

Processes by which different parts of an organizer induce the
formation of different organs are called “individuating actions,”
and the organizer has a certain relation to the plan of the whole
body which we may speak of as existence in an “individuation
field”. The main characteristic of an individuation field is that
all tissue lying within it tends to be built up into one complete
embryo, and in any one part of the field all tissue tends to be
built up into the organ corresponding to that part. These parts
of the field are sometimes called are-as or districts (e.g. the fore-
limb area) and they are, as far as we can see, the controlling
forces from which the cancerous growth has escaped. [77].

5.2. The Weakness in the Consolidation of Theoretical Foun-
dations. The authors agree with the statements that most
scientists “make no efforts to find theoretical underpinnings
in their daily bench experience” and that “the overwhelm-
ing majority of biologists either tacitly or explicitly adopt
the ontological position that what actually exists is matter.
Within this materialist stance, the dominant epistemology
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is reductionism” [160]. And both are failures of our day-to-
day work as scientists, and they end up rebounding when
we want to build a plausible explanation of the facts. When
reductionism is big the possibility to reconstruct the whole
in a coherent manner is small. When the number of variables
is large, the uncertainty of interpretations regarding the
complex nature of a phenomenon such as cancer is also
significant, and it is reinforced by the lack of knowledge
on the disease origin, and, thus, it achieves the “possible
limit” in the epistemological reductionism. Therefore, it is
time to change the science construction strategies. Consis-
tent with these arguments, scientists do not make efforts
to recapitulate all the facts and harness the ideas in the
large lines of evidence already present in the literature as
background. Moreover, we usually discard the construction
of explanatory models to understand what we are studying
and, more importantly, to understand why we are studying
it.

Then, “the dilemma of cancer research is exemplified
by the increasing obscurity of much of the writing, by the
extraordinary remoteness, range, and intricacy of the lists of
papers presented at cancer meetings and by their failure to
illuminate the scene. Information accumulates space while
understanding lags behind” [161]. Therefore, half a century
later, it seems that little progress has been developed and the
prevailing theory of somatic mutation was not yet rigorously
tested, and several lines of evidence raise questions that are
not addressed by that theory [162]. For example, mutations
also occur in normal cells and thousands of somatic single
nucleotide variants (SNVs) were identified in the cerebral
cortex neurons of three normal individuals, which seemed
to represent the cell state with somatic mutations. It was
a permanent and durable record of the neuron natural
history from the embryonic development to its postmitotic
functional state [163]. These mutations appear to be part of
the cell’s normal and physiological context. Thus, it could
be important to answer the following question: how do
mutations integrate to the physiological context of a cell?
In the cancer context, it is particularly evident in the study
of acute myeloid leukemia (AML), in which there is a lack
of reliable theoretical models that integrate mutations to
the normal cellular context, “our data suggest that most of
the somatic events in AML genomes appear to be random,
preexisting, background mutations in the hematopoietic cell
that acquired the key initiating mutation” [164]. Therefore,
cancer could not be originated by one or two mutations, but
because one or two mutations were selected from hundreds
or even thousands of them. Thus, a small fraction of the
total mutations in each AML genome should be relevant
to the pathogenesis, and we do not understand what to
do with the vast majority of that mutational background.
We need to highlight two remarkable aspects of this study.
First, the huge distance between results and foundations
established by the theory of somatic mutation [165]. Second,
and not related to the AML, is that these results point out
mutations as neutral, tacit recognition within cancer studies
from Kimura’s theory, whose primary tenet is that the vast
majority of evolutionary changes at the molecular level are
caused by random attachment of alleles selectively neutral
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through random sampling drift under continuous mutational
pressure [166].

Finally, it is worth noting that cancer stem cells hypothesis
has been approached very strongly from the experimental
point of view, and we consider it as one of the great strengths
of current science (very well reviewed about melanoma in
Shakhova and Sommer [106]). Nevertheless, the embryologi-
cal origin of cancer does not have any prominence nor seems
to be in the interest of basic and applied research area from the
theoretical point of view. Despite the theoretical weaknesses,
some efforts were devoted to change the hierarchical level of
cancer and put it correctly on a tissue level of organization.
In that context, it is significant to emphasize the Tissue
Organization Field Theory, an extraordinary theoretical and
conceptual base that helps to resize carcinogenesis as a
problem of tissue organization similar to organogenesis [160,
162]. The authors’ model, in that sense of changes in the
hierarchical level, points out that cell differentiation [48,
55], during embryonic morphogenesis, establishes an array
of different relations in a tissue context (germ layers), and
it influences, for example, the prognosis of cancer disease
in case it happens. Seduced by Pierce ideas, we purposely
focused on cancer phenomenon and the particular occur-
rence in stem cells originated during embryogenesis. How-
ever, it is worth recognizing that any effect on the stem cells
will only make sense if the relations in tissue context, in which
they are inserted, become affected. Finally, it is possible to
maintain by following the experimental embryology tradition
that cancer is a peculiar phenomenon of our embryological
origin. Therefore, it is also intrinsic to our lives as human
beings, and it happens regardless of any genetic mutation
during normal embryogenesis. Thus, cancer disease can be
the awakening of a cellular mechanism in an inappropriate
context and time. Among the forms of awakening of cellular
mechanism, the environmental stimuli seem to manifest
through genetic or epigenetic alterations. It is necessary to
be sure that it is going to be awakened a direct reflection of
our embryological origin, and mutations or epimutations are
just instruments to express the different potential that each
germ layer possesses. At least, we hope our cancer vision helps
to change the experimental models allowing studying the
disease without natural distortions and biases that attribute
the cancer cause to genetic phenomena. It is by recognizing
their embryological origin that studying models of cancer are
going to be reassessed, and, thus, the scientific community
as a whole is going to produce a profound impact on future
cancer therapy.

Conflicts of Interest

The authors declare that there are no conflicts of interest.

Acknowledgments

The present research was supported by the Instituto de
Diagnéstico e Anatomia Patolégica (IDAP Itda) through the
covenant term 2012/0045. The authors offer apologies to
all researchers that they could not mention, in the article,
due to the need to establish some priorities in the article’s



The Scientific World Journal

construction. They especially thank Dr. Kay Saalfeld for her
significant influence on researchers’ training, with reflective,
theoretical, and scientific principles for conducting scientific
practices that significantly inspired the development of this
article.

References

[1] L. Tomatis and A. Aitio, Cancer: Causes, Occurrence and Con-
trol, International Agency for Research on Cancer, Lyon,
France, 1990.

[2] P. Boffetta and F. Nyberg, “Contribution of environmental fac-
tors to cancer risk,” British Medical Bulletin, vol. 68, no. 1, pp.
71-94, 2003.

[3] C. Tomasetti and B. Vogelstein, “Variation in cancer risk among
tissues can be explained by the number of stem cell divisions,”
Science, vol. 347, no. 6217, pp. 78-81, 2015.

[4] C. L. Chaffer and R. A. Weinberg, “How does multistep
tumorigenesis really proceed?” Cancer Discovery, vol. 5, no. 1,
pp. 22-24, 2015.

[5] E.R.Fearon, “Human cancer syndromes: clues to the origin and
nature of cancer;” Science, vol. 278, no. 5340, pp. 1043-1050, 1997.

[6] R.Holliday, “A new theory of carcinogenesis,” British Journal of
Cancer, vol. 40, no. 4, pp- 513-522,1979.

[7] M. P. Hitchins, J. J. L. Wong, G. Suthers et al., “Inheritance
of a cancer-associated MLHI germ-line epimutation,” The New
England Journal of Medicine, vol. 356, no. 7, pp. 697-705, 2007.

[8] E P Li, “The 4th American Cancer Society Award for Research
Excellence in Cancer Epidemiology and Prevention. Pheno-
types, genotypes, and interventions for hereditary cancers,
Cancer Epidemiology Biomarkers & Prevention, vol. 4, no. 6, pp.
579-582,1995.

B. Stewart and C. P. Wild, World Cancer Report 2014, 2016.

[10] Brazil. Ministério da Sadde, Instituto Nacional de Cancer
José Alencar Gomes da Silva, Coordenagdo Geral de Agdes
Estratégicas, and Coordenagdo de Prevencdo e Vigilancia,
Estimativa 2014: Incidéncia de Cancer no Brasil, INCA, Rio de
Janeiro, Brazil, 2014.

=

11

P. Lichtenstein, N. V. Holm, P. K. Verkasalo et al., “Environmen-
tal and heritable factors in the causation of cancer: analyses of
cohorts of twins from Sweden, Denmark, and Finland,” New
England Journal of Medicine, vol. 343, no. 2, pp. 78-85, 2000.

[12] Y. Liu, K. Yoshimura, N. Yamaguchi, K. Shinmura, J. Yokota,
and H. Katai, “Causation of Borrmann type 4 gastric cancer:
heritable factors or environmental factors?” Gastric Cancer, vol.
6, no. 1, pp. 17-23, 2003.

[13] R.J. DeBerardinis, J.]. Lum, G. Hatzivassiliou, and C. B. Thomp-
son, “The biology of cancer: metabolic reprogramming fuels cell
growth and proliferation,” Cell Metabolism, vol. 7, no. 1, pp. 11-
20, 2008.

[14] A. C. Borczuk, L. Gorenstein, K. L. Walter, A. A. Assaad, L.
Wang, and C. A. Powell, “Non-small-cell lung cancer molecu-
lar signatures recapitulate lung developmental pathways,” The
American Journal of Pathology, vol. 163, no. 5, pp. 1949-1960,
2003.

[15] A.T.Kho, Q. Zhao, Z. Cai et al., “Conserved mechanisms across
development and tumorigenesis revealed by a mouse develop-

ment perspective of human cancers,” Genes and Development,
vol. 18, no. 6, pp. 629-640, 2004.

13

[16] M. Hu and R. A. Shivdasani, “Overlapping gene expression
in fetal mouse intestine development and human colorectal
cancer; Cancer Research, vol. 65, no. 19, pp. 8715-8722, 2005.

(17] B. Dekel, S. Metsuyanim, K. M. Schmidt-Ott et al., “Multiple
imprinted and stemness genes provide a link between normal
and tumor progenitor cells of the developing human kidney;’
Cancer Research, vol. 66, no. 12, pp. 6040-6049, 2006.

[18] S. Kaiser, Y.-K. Park, J. L. Franklin et al., “Transcriptional reca-
pitulation and subversion of embryonic colon development by
mouse colon tumor models and human colon cancer,” Genome
Biology, vol. 8, no. 7, article R131, p. 1, 2007.

[19] K. Naxerova, C. J. Bult, A. Peaston et al.,, “Analysis of gene
expression in a developmental context emphasizes distinct bio-
logical leitmotifs in human cancers,” Genome Biology, vol. 9, no.
7, article R108, 2008.

[20] T. Boveri, The Origin of Malignant Tumors, Williams & Wilkins
Company, 1929.

[21] T. Boveri, “Concerning the origin of malignant tumours by
Theodor Boveri. Translated and annotated by Henry Harris,”
Journal of Cell Science, vol. 121, no. 1, pp. 1-84, 2008.

[22] O.T. Avery, C. M. MacLeod, and M. McCarty, “Studies on the
chemical nature of the substance inducing transformation of
pneumococcal types induction of transformation by a desoxyri-
bonucleic acid fraction isolated from pneumococcus type III,
The Journal of Experimental Medicine, vol. 79, no. 2, pp. 137-158,
1944.

[23] J. D. Watson and E. H. C. Crick, “Molecular structure of nucleic
acids: a structure for deoxyribose nucleic acid,” Nature, vol. 171,
no. 4356, pp. 737-738, 1953.

[24] T. H. Morgan, “Sex limited inheritance in drosophila,” Science,
vol. 32, no. 812, pp. 120-122, 1910.

[25] M. S. Lawrence, P. Stojanov, P. Polak et al., “Mutational het-
erogeneity in cancer and the search for new cancer-associated
genes,” Nature, vol. 499, no. 7457, pp. 214-218, 2013.

[26] L. B. Alexandrov, S. Nik-Zainal, D. C. Wedge et al., “Signatures
of mutational processes in human cancer;” Nature, vol. 500, no.
7463, pp. 415-421, 2013.

[27] P.]. Stephens, P. S. Tarpey, H. Davies et al., “The landscape of
cancer genes and mutational processes in breast cancer,” Nature,
vol. 486, no. 7403, pp. 400-404, 2012.

[28] C. Greenman, P. Stephens, R. Smith et al., “Patterns of somatic
mutation in human cancer genomes,” Nature, vol. 446, no. 7132,
pp. 153-158, 2007.

[29] L. Liu, S. De, and E Michor, “DNA replication timing and
higher-order nuclear organization determine single-nucleotide
substitution patterns in cancer genomes,” Nature Communica-
tions, vol. 4, article 1502, 2013.

[30] A. Hodgkinson, Y. Chen, and A. Eyre-Walker, “The large-scale
distribution of somatic mutations in cancer genomes,” Human
Mutation, vol. 33, no. 1, pp. 136-143, 2012.

[31] B. Schuster-Bockler and B. Lehner, “Chromatin organization is
a major influence on regional mutation rates in human cancer
cells,” Nature, vol. 488, no. 7412, pp. 504-507, 2012.

[32] S. E Gilbert, Developmental Biology, Sinauer Associates, Sun-
derland, Mass, USA, 1997.

[33] D. A. Khavari, G. L. Sen, and J. L. Rinn, “DNA methylation and
epigenetic control of cellular differentiation,” Cell Cycle, vol. 9,
no. 19, pp. 3880-3883, 2010.

[34] P. Aranda, X. Agirre, E. Ballestar et al., “Epigenetic signatures
associated with different levels of differentiation potential in
human stem cells,” PLoS ONE, vol. 4, no. 11, Article ID €7809,
20009.



14

[35] K. L. Arney and A. G. Fisher, “Epigenetic aspects of differen-
tiation,” Journal of Cell Science, vol. 117, no. 19, pp. 4355-4363,
2004.

[36] R. K. Ng and J. B. Gurdon, “Epigenetic inheritance of cell
differentiation status,” Cell Cycle, vol. 7, no. 9, pp. 1173-1177, 2008.

[37] T. Kouzarides, “Chromatin modifications and their function,”
Cell, vol. 128, no. 4, pp. 693-705, 2007.

[38] P. Polak, R. Karlic, A. Koren et al., “Cell-of-origin chro-
matin organization shapes the mutational landscape of cancer,”
Nature, vol. 518, no. 7539, pp. 360-364, 2015.

[39] N. Irie, W. W. C. Tang, and M. Azim Surani, “Germ cell
specification and pluripotency in mammals: a perspective from
early embryogenesis,” Reproductive Medicine and Biology, vol.
13, no. 4, pp. 203-215, 2014.

[40] T. W. Sadler, Langmans Medical Embryology, Lippincott
Williams & Wilkins, 2006.

[41] L. M. Wiley and R. A. Pedersen, “Morphology of mouse egg
cylinder development in vitro: a light and electron microscopic
study;” Journal of Experimental Zoology, vol. 200, no. 3, pp. 389-
402, 1977.

[42] P. P. Tam and R. S. Beddington, “Establishment and organiza-
tion of germ layers in the gastrulating mouse embryo,” Ciba
Foundation Symposium, vol. 165, pp. 27-42,1992.

[43] D.T. Odom, R. D. Dowell, E. S. Jacobsen et al., “Tissue-specific
transcriptional regulation has diverged significantly between
human and mouse,” Nature Genetics, vol. 39, no. 6, pp. 730-732,
2007.

[44] W. Zheng, T. A. Gianoulis, K. J. Karczewski, H. Zhao, and
M. Snyder, “Regulatory variation within and between species,”
Annual Review of Genomics and Human Genetics, vol. 12, pp.
327-346, 2011.

[45] E Yue, Y. Cheng, A. Breschi et al., “A comparative encyclopedia
of DNA elements in the mouse genome,” Nature, vol. 515, no.
7527, pp. 355-364, 2014.

[46] O. Denas, R. Sandstrom, Y. Cheng et al., “Genome-wide com-
parative analysis reveals human-mouse regulatory landscape
and evolution,” BMC Genomics, vol. 16, no. 1, article 87, 2015.

[47] H. Spemann and H. Mangold, “Part ten: 1924—induction of
embryonic primordia by implantation of organizers from a
different species,” in Foundations of Experimental Embryology,
pp. 145-184, 1964.

[48] C. L. Markert, “Neoplasia: a disease of cell differentiation,”
Cancer Research, vol. 28, no. 9, pp. 1908-1914, 1968.

[49] G.Barry Pierce and L. D. Johnson, “Differentiation and cancer;,’
In Vitro: Journal of the Tissue Culture Association, vol. 7, no. 3,
pp. 140-145, 1971.

[50] G. B. Pierce, “Neoplasms, differentiations and mutations,”
American Journal of Pathology, vol. 77, no. 1, pp. 103-114, 1974.

[51] D.HanahanandR. A. Weinberg, “The hallmarks of cancer,” Cell,
vol. 100, no. 1, pp. 57-70, 2000.

[52] T.Reya, S.]. Morrison, M. E Clarke, and I. L. Weissman, “Stem
cells, cancer, and cancer stem cells,” Nature, vol. 414, no. 6859,
pp. 105-111, 2001.

[53] R. L. K. Virchow, Cellular Pathology. 1859 Special Ed, 1978.

(54] E. T. Krebs, “Cancer and the embryonal hypothesis,” California
Medicine, vol. 66, no. 4, p. 270, 1947.

[55] G. B. Pierce, “Chapter 8: Teratocarcinoma: model for a devel-
opmental concept of cancer,” Current Topics in Developmental
Biology, vol. 2, pp. 223-246, 1967.

The Scientific World Journal

[56] G. B. Pierce, “The cancer cell and its control by the embryo.
Rous-Whipple Award Lecture;” American Journal of Pathology,
vol. 113, no. 1, pp. 115-124, 1983.

[57] J. H. Coggin Jr. and N. G. Anderson, “Cancer, differentiation
and embryonic antigens: some central problems,” Advances in
Cancer Research, vol. 19, no. 0, pp. 105-165, 1974.

[58] P. Medawar, “Anaplasia rediviva,” Annals of Internal Medicine,
vol. 87, no. 1, pp. 100-102, 1977.

[59] M. Monk and C. Holding, “Human embryonic genes re-
expressed in cancer cells,” Oncogene, vol. 20, no. 56, pp. 8085-
8091, 2001.

[60] M. Slyper, A. Shahar, A. Bar-Ziv et al., “Control of breast cancer
growth and initiation by the stem cell-associated transcription
factor TCF3,” Cancer Research, vol. 72, no. 21, pp. 5613-5624,
2012.

[61] B.Xu, K.D.Konze,]. Jin, and G. G. Wang, “Targeting EZH2 and
PRC2 dependence as novel anticancer therapy;,” Experimental
Hematology, vol. 43, no. 8, pp. 698-712, 2015.

[62] W. Wang, J.-J. Qin, S. Voruganti, S. Nag, J. Zhou, and R.
Zhang, “Polycomb group (PcG) proteins and human cancers:
multifaceted functions and therapeutic implications,” Medicinal
Research Reviews, vol. 35, no. 6, pp. 1220-1267, 2015.

[63] S. Liu, G. Dontu, I. D. Mantle et al., “Hedgehog signaling and
Bmi-1 regulate self-renewal of normal and malignant human
mammary stem cells,” Cancer Research, vol. 66, no. 12, pp. 6063-
6071, 2006.

[64] K.Rycajand D. G. Tang, “Cell-of-origin of cancer versus cancer
stem cells: assays and interpretations,” Cancer Research, vol. 75,
no. 19, pp. 4003-4011, 2015.

[65] A. Albini, A. Bruno, C. Gallo, G. Pajardi, D. M. Noonan, and K.
Dallaglio, “Cancer stem cells and the tumor microenvironment:
interplay in tumor heterogeneity, Connective Tissue Research,
vol. 56, no. 5, pp. 414-425, 2015.

[66] W. Hoffmann, “Current status on stem cells and cancers of the
gastric epithelium,” International Journal of Molecular Sciences,
vol. 16, no. 8, pp. 19153-19169, 2015.

[67] A. G. Schepers, H. J. Snippert, D. E. Stange et al., “Lineage
tracing reveals Lgr5+ stem cell activity in mouse intestinal
adenomas,” Science, vol. 337, no. 6095, pp. 730-735, 2012.

[68] G. Driessens, B. Beck, A. Caauwe, B. D. Simons, and C.
Blanpain, “Defining the mode of tumour growth by clonal
analysis,” Nature, vol. 488, no. 7412, pp. 527-530, 2012.

[69] J. Chen, Y. Li, T.-S. Yu et al, “A restricted cell population
propagates glioblastoma growth after chemotherapy,” Nature,
vol. 488, no. 7412, pp. 522-526, 2012.

[70] C. E. Wong, C. Paratore, M. T. Dours-Zimmermann et al.,
“Neural crest-derived cells with stem cell features can be traced
back to multiple lineages in the adult skin,” Journal of Cell
Biology, vol. 175, no. 6, pp. 1005-1015, 2006.

[71] N. Li, M. Fukunaga-Kalabis, H. Yu et al, “Human dermal
stem cells differentiate into functional epidermal melanocytes,”
Journal of Cell Science, vol. 123, no. 6, pp. 853-860, 2010.

[72] M. Zegers, “Roles of P2l-activated Kinases and associated
proteins in epithelial wound healing,” International Review of
Cell and Molecular Biology, vol. 267, pp. 253-298, 2008.

[73] O. Lesur, K. Arsalane, and D. Lane, “Lung alveolar epithelial
cell migration in vitro: modulators and regulation processes,”
American Journal of Physiology—Lung Cellular and Molecular
Physiology, vol. 270, no. 3, pp. L311-L319, 1996.

[74] J. S. Erjefdlt and C. G. A. Persson, “Airway epithelial repair:
breathtakingly quick and multipotentially pathogenic,” Thorax,
vol. 52, no. 11, pp. 1010-1012, 1997.



The Scientific World Journal

[75]

(76]

[77]

B. Tiede and Y. Kang, “From milk to malignancy: the role of
mammary stem cells in development, pregnancy and breast
cancer;” Cell Research, vol. 21, no. 2, pp. 245-257, 2011.

C. H. Waddington, “Cancer and the theory of organisers,”
Nature, vol. 135, no. 3416, pp. 606-608, 1935.

J. Needham, “New advances in the chemistry and biology of
organized growth: (section of pathology),” Proceedings of the
Royal Society of Medicine, vol. 29, no. 12, p. 1577, 1936.

W. E. Whitney, “Classification of cancer upon and embryologi-
cal basis,” Journal of the Boston Society of Medical Sciences, vol.
5, no. 10, p. 479, 1901.

D. S. Micalizzi, S. M. Farabaugh, and H. L. Ford, “Epithelial-
mesenchymal transition in cancer: parallels between normal
development and tumor progression,” Journal of Mammary
Gland Biology and Neoplasia, vol. 15, no. 2, pp. 117-134, 2010.

Y. Nakaya and G. Sheng, “EMT in developmental morphogen-
esis,” Cancer Letters, vol. 341, no. 1, pp. 9-15, 2013.

J. P. Thiery and J. P. Sleeman, “Complex networks orchestrate
epithelial-mesenchymal transitions,” Nature Reviews Molecular
Cell Biology, vol. 7, no. 2, pp. 131-142, 2006.

R. Kalluri and R. A. Weinberg, “The basics of epithelial-
mesenchymal transition,” Journal of Clinical Investigation, vol.
119, no. 6, pp. 1420-1428, 2009.

K. A. Lawson, J. ]. Meneses, and R. A. Pedersen, “Clonal analysis
of epiblast fate during germ layer formation in the mouse
embryo,” Development, vol. 113, no. 3, pp. 891-911, 1991.

J. M. Wells and D. A. Melton, “Vertebrate endoderm develop-
ment,” Annual Review of Cell and Developmental Biology, vol.
15, pp. 393-410, 1999.

A. Hemmati-Brivanlou and D. Melton, “Vertebrate neural
induction,” Annual Review of Neuroscience, vol. 20, pp. 43-60,
1997.

G. L. Henry and D. A. Melton, “Mixer, a homeobox gene
required for endoderm development,” Science, vol. 281, no. 5373,
pp. 91-96, 1998.

P. Lemaire, S. Darras, D. Caillol, and L. Kodjabachian, “A role
for the vegetally expressed Xenopus gene Mix.l in endoderm
formation and in the restriction of mesoderm to the marginal
zone,” Development, vol. 125, no. 13, pp. 2371-2380, 1998.

P. P. L. Tam, M. Kanai-Azuma, and Y. Kanai, “Early endo-
derm development in vertebrates: lineage differentiation and
morphogenetic function,” Current Opinion in Genetics and
Development, vol. 13, no. 4, pp. 393-400, 2003.

R. M. Warga and C. Niisslein-Volhard, “Origin and develop-
ment of the zebrafish endoderm,” Development, vol. 126, no. 4,
pp. 827-838,1999.

I. Costello, C. A. Biondi, J. M. Taylor, E. K. Bikoff, and E.
J. Robertson, “Smad4-dependent pathways control basement
membrane deposition and endodermal cell migration at early
stages of mouse development,” BMC Developmental Biology, vol.
9, no. 1, article 54, 2009.

P.P. L. Tam, P-L. Khoo, S. L. Lewis et al., “Seqeuential allocation
and global pattern of movement of the definitive endoderm in
the mouse embryo during gastrulation,” Development, vol. 134,
no. 2, pp. 251-260, 2007.

R. L. Siegel, K. D. Miller, and A. Jemal, “Cancer statistics, 2015,
CA Cancer Journal for Clinicians, vol. 65, no. 1, pp. 5-29, 2015.
Brazil. Ministério da Satde, Instituto Nacional de Cancer
José Alencar Gomes da Silva, Coordenagdo Geral de Agdes
Estratégicas, and Coordenagdo de Prevencao e Vigilancia,
Estimativa 2010: Incidéncia de Cancer no Brasil, INCA, Rio de
Janeiro, Brazil, 2010.

[94]

(95]

(98]

[100]

[101

[102]

(103]

(104]

[105]

[106]

[107]

(108]

[109]

[110]

[111]

15

M. Tavian and B. Péault, “The changing cellular environments of
hematopoiesis in human development in utero,” Experimental
Hematology, vol. 33, no. 9, pp. 1062-1069, 2005.

H. K. A. Mikkola and S. H. Orkin, “The journey of developing
hematopoietic stem cells,” Development, vol. 133, no. 19, pp.
3733-3744, 2006.

M. H. Baron, “Induction of embryonic hematopoietic and
endothelial stem/progenitor cells by hedgehog-mediated sig-
nals,” Differentiation, vol. 68, no. 4-5, pp. 175-185, 2001.

M. A. Dyer, S. M. Farrington, D. Mohn, J. R. Munday, and
M. H. Baron, “Indian hedgehog activates hematopoiesis and
vasculogenesis and can respecify prospective neurectodermal
cell fate in the mouse embryo,” Development, vol. 128, no. 10,
pp. 1717-1730, 2001.

T. J. Sadlon, 1. D. Lewis, and R. J. D’Andrea, “BMP4: its role
in development of the hematopoietic system and potential as a
hematopoietic growth factor,” Stem Cells, vol. 22, no. 4, pp. 457-
474, 2004.

R. Gualdi, P. Bossard, M. Zheng, Y. Hamada, J. R. Coleman,
and K. S. Zaret, “Hepatic specification of the gut endoderm
in vitro: cell signaling and transcriptional control,” Genes and
Development, vol. 10, no. 13, pp. 1670-1682, 1996.

J. Chagraoui, A. Lepage-Noll, A. Anjo, G. Uzan, and P. Char-
bord, “Fetal liver stroma consists of cells in epithelial-to-
mesenchymal transition,” Blood, vol. 101, no. 8, pp. 2973-2982,
2003.

A. Javed and A. Lteif, “Development of the human breast,
Seminars in Plastic Surgery, vol. 27, no. 1, pp. 5-12, 2013.

M. Hu, J. Yao, L. Cai et al., “Distinct epigenetic changes in the
stromal cells of breast cancers,” Nature Genetics, vol. 37, no. 8,
Pp. 899-905, 2005.

A. E. Karnoub, A. B. Dash, A. P. Vo et al., “Mesenchymal stem
cells within tumour stroma promote breast cancer metastasis,”
Nature, vol. 449, no. 7162, pp- 557-563, 2007.

T. Casey, J. Bond, S. Tighe et al., “Molecular signatures suggest
a major role for stromal cells in development of invasive breast
cancer; Breast Cancer Research and Treatment, vol. 114, no. 1, pp.
47-62, 2009.

L. Kerosuo and M. Bronner-Fraser, “What is bad in cancer
is good in the embryo: importance of EMT in neural crest
development;” Seminars in Cell and Developmental Biology, vol.
23, no. 3, pp. 320-332, 2012.

O. Shakhova and L. Sommer, “Testing the cancer stem cell
hypothesis in melanoma: the clinics will tell,” Cancer Letters, vol.
338, no. 1, pp. 74-81, 2013.

N. M. L. Douarin, The Neural Crest, Cambridge University
Press, Cambridge, UK, 1982.

N. M. L. Douarin, “A model for cell-line divergence in the
ontogeny of the peripheral nervous system,” in Cellular and
Molecular Biology of Neuronal Development, pp. 3-28, Springer,

New York, NY, USA, 1984.

M. Bronner-Fraser and S. E. Fraser, “Cell lineage analysis reveals
multipotency of some avian neural crest cells,” Nature, vol. 335,
no. 6186, pp. 161-164, 1988.

R. P. Tucker, “Neural crest cells: a model for invasive behavior;”
International Journal of Biochemistry and Cell Biology, vol. 36,
no. 2, pp. 173-177, 2004.

M. A. Nieto, “The ins and outs of the epithelial to mesenchymal
transition in health and disease;” Annual Review of Cell and
Developmental Biology, vol. 27, pp. 347-376, 2011.



16

[112] A. K. Knecht and M. Bronner-Fraser, “Induction of the neural
crest: a multigene process,” Nature Reviews Genetics, vol. 3, no.
6, pp. 453-461, 2002.

[113] D. H. Nichols and J. A. Weston, “Melanogenesis in cultures of
peripheral nervous tissue. I. The origin and prospective fate of
cells giving rise to melanocytes,” Developmental Biology, vol. 60,
no. 1, pp. 217-225, 1977.

[114] N. Le Douarin and C. Kalcheim, The Neural Crest, Cambridge
University Press, Cambridge, UK, 1999.

[115] Y. Itoh, Y. Moriyama, T. Hasegawa, T. A. Endo, T. Toyoda,
and Y. Gotoh, “Scratch regulates neuronal migration onset via
an epithelial-mesenchymal transition-like mechanism,” Nature
Neuroscience, vol. 16, no. 4, pp. 416-425, 2013.

[116] D. L. Rousso, C. A. Pearson, Z. B. Gaber et al., “Foxp-mediated
suppression of N-cadherin regulates neuroepithelial character
and progenitor maintenance in the CNS,” Neuron, vol. 74, no. 2,
pp. 314-330, 2012.

[117] B. Lee, A. Villarreal-Ponce, M. Fallahi et al., “Transcriptional
mechanisms link epithelial plasticity to adhesion and differen-
tiation of epidermal progenitor cells,” Developmental Cell, vol.
29, no. 1, pp. 47-58, 2014.

[118] K. Watanabe, A. Villarreal-Ponce, P. Sun et al., “Mammary mor-
phogenesis and regeneration require the inhibition of EMT at
terminal end buds by ovol2 transcriptional repressor,” Develop-
mental Cell, vol. 29, no. 1, pp. 59-74, 2014.

[119] D.S. Krause, N. D. Theise, M. I. Collector et al., “Multi-organ,
multi-lineage engraftment by a single bone marrow-derived
stem cell,” Cell, vol. 105, no. 3, pp. 369-377, 2001.

(120] H. M. Blau, T. R. Brazelton, and J. M. Weimann, “The evolving
concept of a stem cell: entity or function?” Cell, vol. 105, no. 7,
pp. 829-841, 2001.

[121] D.]J. Anderson, E H. Gage, and I. L. Weissman, “Can stem cells
cross lineage boundaries?” Nature Medicine, vol. 7, no. 4, pp.
393-395, 2001.

[122] J. Holtfreter, “Part eleven: 1939—tissue affinity, a means of
embryonic morphogenesis,” in Foundations of Experimental
Embryology, pp. 186-225, 1964.

[123] P. D. Nieuwkoop, “The Formation of the Mesoderm in Urode-
lean Amphibians—II. The origin of the dorso-ventral polar-
ity of the mesoderm,” Wilhelm Roux Archiv fiir Entwick-
lungsmechanik der Organismen, vol. 163, no. 4, pp. 298-315,1969.

[124] J. C. Smith, “A mesoderm-inducing factor is produced by a
Xenopus cell line,” Development, vol. 99, no. 1, pp. 3-14, 1987.

[125] J. M. W. Slack, B. G. Darlington, J. K. Heath, and S. E. Godsave,
“Mesoderm induction in early xenopus embryos by heparin-
binding growth factors,” Nature, vol. 326, no. 6109, pp. 197-200,
1987.

[126] J. B. Gurdon, “Embryonic induction—molecular prospects,’
Development, vol. 99, no. 3, pp. 285-306, 1987.

[127] E. Mezey, K. J. Chandross, G. Harta, R. A. Maki, and S. R.
McKercher, “Turning blood into brain: cells bearing neuronal
antigens generated in vivo from bone marrow;” Science, vol. 290,
no. 5497, pp. 1779-1782, 2000.

[128] T. R. Brazelton, E M. V. Rossi, G. I. Keshet, and H. M. Blau,
“From marrow to brain: expression of neuronal phenotypes in
adult mice,” Science, vol. 290, no. 5497, pp. 1775-1779, 2000.

[129] B. Huang, K. Li, J. Yu et al,, “Generation of human epidermis-
derived mesenchymal stem cell-like pluripotent cells (hEM-
SCPCs),” Scientific Reports, vol. 3, article 1933, 2013.

[130] M. J. C. Hendrix, E. A. Seftor, A. R. Hess, and R. E. B. Seftor,
“Vasculogenic mimicry and tumour-cell plasticity: lessons from

The Scientific World Journal

melanoma,” Nature Reviews Cancer, vol. 3, no. 6, pp. 411-421,
2003.

[131] C. L. Chaffer, I. Brueckmann, C. Scheel et al., “Normal and
neoplastic nonstem cells can spontaneously convert to a stem-
like state,” Proceedings of the National Academy of Sciences of the
United States of America, vol. 108, no. 19, pp. 7950-7955, 2011.

[132] V.Barroca, B. Lassalle, M. Coureuil et al., “Mouse differentiating
spermatogonia can generate germinal stem cells in vivo,” Nature
Cell Biology, vol. 11, no. 2, pp. 190-196, 2009.

[133] J. Cofre, J. R. L. Menezes, L. Pizzatti, and E. Abdelhay, “Knock-
down of Kaiso induces proliferation and blocks granulocytic
differentiation in blast crisis of chronic myeloid leukemia,’
Cancer Cell International, vol. 12, article 28, 2012.

[134] J. Uriel, “Cancer, retrodifferentiation, and the myth of faust,
Cancer Research, vol. 36, no. 11, part 2, pp. 4269-4275, 1976.

[135] S. A. Mani, W. Guo, M.-]. Liao et al., “The epithelial-mesenchy-
mal transition generates cells with properties of stem cells,” Cell,
vol. 133, no. 4, pp. 704-715, 2008.

[136] P. Scaffidi and T. Misteli, “In vitro generation of human cells
with cancer stem cell properties;,” Nature Cell Biology, vol. 13,
no. 9, pp. 1051-1063, 2011.

[137] D. Friedmann-Morvinski, E. A. Bushong, E. Ke et al., “Dedif-
ferentiation of neurons and astrocytes by oncogenes can induce
gliomas in mice;” Science, vol. 338, no. 6110, pp. 1080-1084, 2012.

[138] S. Schwitalla, A. A. Fingerle, P. Cammareri et al., “Intestinal
tumorigenesis initiated by dedifferentiation and acquisition of
stem-cell-like properties,” Cell, vol. 152, no. 1-2, pp. 25-38, 2013.

[139] C. L. Chaffer and R. A. Weinberg, “A perspective on cancer cell
metastasis,” Science, vol. 331, no. 6024, pp. 1559-1564, 2011.

[140] S. Holm, “Going to the roots of the stem cell controversy,”
Bioethics, vol. 16, no. 6, pp. 493-507, 2002.

[141] W.G.de, R. L. Berghmans, G.J. Boer et al., “Ethical guidance on
human embryonic and fetal tissue transplantation: a European
overview,” Medicine, Health Care, and Philosophy, vol. 5, no. 1,
pp. 79-90, 2002.

[142] G. De Wert and C. Mummery, “Human embryonic stem cells:
research, ethics and policy;” Human Reproduction, vol. 18, no. 4,
pp. 672-682, 2003.

[143] B. Lo and L. Parham, “Ethical issues in stem cell research,”
Endocrine Reviews, vol. 30, no. 3, pp. 204-213, 2009.

[144] J. A. Thomson, J. Itskovitz-Eldor, and S. S. Shapiro, “Embryonic

stem cell lines derived from human blastocysts,” Science, vol.
282, no. 5391, pp. 1145-1147, 1998.

[145] M. E. Pera, B. Reubinoff, and A. Trounson, “Human embryonic
stem cells,” Journal of Cell Science, vol. 113, no. 1, pp. 5-10, 2000.

[146] C. A. Cowan, I. Klimanskaya, J. McMahon et al., “Derivation
of embryonic stem-cell lines from human blastocysts,” New
England Journal of Medicine, vol. 350, no. 13, pp. 1353-1356,
2004.

[147] A. Maitra, D. E. Arking, N. Shivapurkar et al., “Genomic alter-

ations in cultured human embryonic stem cells,” Nature Genet-
ics, vol. 37, no. 10, pp. 1099-1103, 2005.

[148] P.Catalina, R. Montes, G. Ligero et al., “Human ESCs predispo-
sition to karyotypic instability: is a matter of culture adaptation
or differential vulnerability among hESC lines due to inherent
properties?” Molecular Cancer, vol. 7, article 76, 2008.

[149] N. Lefort, M. Feyeux, C. Bas et al., “Human embryonic stem
cells reveal recurrent genomic instability at 20q11.21,” Nature
Biotechnology, vol. 26, no. 12, pp. 1364-1366, 2008.



The Scientific World Journal

[150] C. Spits, I. Mateizel, M. Geens et al., “Recurrent chromosomal
abnormalities in human embryonic stem cells,” Nature Biotech-
nology, vol. 26, no. 12, pp. 1361-1363, 2008.

[151] K. Pauwelyn, P. Roelandt, T. Notelaers, P. Sancho-Bru, J. Fevery,
and C. M. Verfaillie, “Culture of mouse embryonic stem cells
with serum but without exogenous growth factors is sufficient
to generate functional hepatocyte-like cells,” PLoS ONE, vol. 6,
no. 8, Article ID 23096, 2011.

[152] H. Driesch, “Part two: 1892—the potency of the first two
cleavage cells in echinoderm development. Experimental pro-

duction of partial and double formations,” in Foundations of

Experimental Embryology, pp. 38-50, 1964.

K. Piotrowska-Nitsche, A. Perea-Gomez, S. Haraguchi, and

M. Zernicka-Goetz, “Four-cell stage mouse blastomeres have

different developmental properties,” Development, vol. 132, no.

3, pp. 479-490, 2005.

[154] R. J. Weber, R. A. Pedersen, E Wianny, M. J. Evans, and M.
Zernicka-Goetz, “Polarity of the mouse embryo is anticipated
before implantation,” Development, vol. 126, no. 24, pp. 5591-
5598, 1999.

[155] D. Mesnard, M. Filipe, J. A. Belo, and M. Zernicka-Goetz, “The
anterior-posterior axis emerges respecting the morphology of
the mouse embryo that changes and aligns with the uterus
before gastrulation,” Current Biology, vol. 14, no. 3, pp. 184-196,
2004.

[156] M. Zernicka-Goetz, S. A. Morris, and A. W. Bruce, “Making a
firm decision: multifaceted regulation of cell fate in the early
mouse embryo,” Nature Reviews Genetics, vol. 10, no. 7, pp. 467-
477,2009.

[157] M. Zernicka-Goetz and S. Huang, “Stochasticity versus deter-
minism in development: a false dichotomy?” Nature Reviews
Genetics, vol. 11, no. 11, pp. 743-744, 2010.

[158] M. Zernicka-Goetz, “Proclaiming fate in the early mouse
embryo,” Nature Cell Biology, vol. 13, no. 2, pp. 112-114, 2011.

[159] M. Zernicka-Goetz, “Development: do mouse embryos play
dice?” Current Biology, vol. 23, no. 1, pp. R15-R17, 2013.

[160] A. M. Soto and C. Sonnenschein, “Emergentism as a default:
cancer as a problem of tissue organization,” Journal of Bio-
sciences, vol. 30, no. 1, pp. 103-118, 2005.

[161] D. W. Smithers, “Cancer an attack on cytologism,” The Lancet,
vol. 279, no. 7228, pp. 493-499, 1962.

[162] A. M. Soto and C. Sonnenschein, “The tissue organization
field theory of cancer: a testable replacement for the somatic
mutation theory;,” BioEssays, vol. 33, no. 5, pp. 332-340, 2011.

[163] M. A.Lodato, M. B. Woodworth, S. Lee et al., “Somatic mutation
in single human neurons tracks developmental and transcrip-
tional history;,” Science, vol. 350, no. 6256, pp. 94-98, 2015.

[164] J.S. Welch, T.J. Ley, D. C. Link et al., “The origin and evolution
of mutations in acute myeloid leukemia,” Cell, vol. 150, no. 2, pp.
264-278, 2012.

[165] U. D. Akavia, O. Litvin, J. Kim et al., “An integrated approach
to uncover drivers of cancer;” Cell, vol. 143, no. 6, pp. 1005-1017,
2010.

[166] M. Kimura, “The neutral theory of molecular evolution and the

world view of the neutralists,” Genome, vol. 31, no. 1, pp. 24-31,
1989.

[153

17



\nternauonal Journa\ of

Peptide

¢
0“

BioMed Stem CGHS ‘ y International Journal of
Research International International - Genomics

Journal of

Nucleic Acids

(244

Hindawi

Submit your manuscripts at
https://www.hindawi.com

The Scientific
Slgnal Transducnon World Journal

Journal of

Genetics Anatomy International Journal of Biochemistry
Research International Research International Mlcroblology Research International

Enzyme 4 International Journal of Molecular Biology - . alof
Archaea Research g Evolutionary Biology International Marine Biology




