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Nowadays, still, the exact etiology of cancer remains to be uncovered. The understanding that cancer results from
uncontrolled proliferation of cells does not provide a solution to curing cancer. Although several irreconciliable
theories on the cause of cancer have been proposed, none explain the overall complexity of the disease. Yet, there
is the remarkable discovery that the Egg Cell’s Genetic Program (ECGP) has the potentiel to produce cancer. Based
on this first and only experimental model created in the mid-20th century where cancer can be observed in statu
nascendi, I hypothesized that cancer arises from a cell reprogrammed with the ECGP as a plausible model that
brings together all the pieces of the cancer puzzle.

Today, the experimental production of induced Pluripotent Stem Cells (iPSC’s) and their differentiated de-
rivatives, together with their risk of cancer formation validated this theory.

This is of prime importance as it opens a non-existing line of research with high potential for the fight against
cancer. We can transpose the knowledge of the ECGP to facilitate the study of a selective treatment for cancer.
Instead of basing therapeutic strategies on the fate of cancer cells, we should consider the potential of the ECGP to
produce cancer as the key factor to devise an effective therapeutic strategy that selectively targets cancer cells. I
then propose a non-toxic metabolic approach to treating cancer which, instead of killing cancer cells, gives them
respiration.

1. Background 2. Furthermore, by the absence of in vivo models where cancer is initi-
ated from a normal cell, cancer retains all its mystery as to its genesis.

Cancer is a complex biological phenomenon with more than a hun-

dred types, depending on the original site of proliferation and cell type.
Regardless of the type of cancer, it is recognized that all cancers follow
the same principles regarding its genesis and its development. Cancerous
cells are defined by two dogmas that postulate that they ignore the sig-
nals and mechanisms that normally control cell proliferation and death
and they are also able to escape the immune system leading to this
aberrant, complex, and efficient autonomous cell proliferation, known as
cancer. This is the model which has been used to describe cancer since
the 1970s, even though research has shown that these dogmas are not
true (Fig. 1). Therefore, the 2 main issues in our understanding of cancer
are:

1. When a spontaneous cancer is clinically detected, we can only focus
on the abnormal cellular characteristics rather than on the causal
mechanism. When diagnosing cancer, it is very difficult to identify
precisely which anomaly or which mutation within a cell can produce
such a biological complex phenomenon.
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The complexity of cancer biology is also reflected in the multiple
theories attempting to explain its origin and development.

The Somatic Mutation Theory (SMT) [11,56,57,108] explains that
cancer occurs due to the accumulation of a series of mutations within
oncogenes or tumor suppressor genes resulting in increased proliferation
and decreased cell death. If modern molecular biology has documented
the many defects of cancer cells, it is hard to imagine that this model of
cancer evolution, simply through the accumulation of mutations in both
oncogenes and tumor suppressor genes, can explain the systematic and
predictable behavior of cancer cells and the hallmarks of cancer [14,79,
134].

Other alternative models, given below, explain cancer based on the
various defective normal processes that underlie cancer.

The Tissue Organization Field Theory (TOFT) considers that prolif-
eration is the default state of all cells and carcinogenesis is a disease of
tissue organization comparable to organogenesis [135].

The Atavistic Theory of Cancer (ATC) postulates that the hallmark
capabilities of cancer pre-exist in normal human cells. They represent a

Received 12 January 2022; Received in revised form 21 February 2022; Accepted 21 February 2022

Available online 25 February 2022

2667-3940/0 2022 The Author. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).


mailto:lunimam944@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.adcanc.2022.100034&domain=pdf
www.sciencedirect.com/science/journal/26673940
www.journals.elsevier.com/advances-in-cancer-biology-metastasis
https://doi.org/10.1016/j.adcanc.2022.100034
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.adcanc.2022.100034

M.-A. Majérus

Normal
cell

The cell of origin:

Cause?

No immune response

Fig. 1. Cancer defined by 2 dogmas:
1st dogma
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cancer cells no longer respond to the mechanisms that regulate cell proliferation. Contrary to the 1st dogma, cancer cells are susceptible to the action of rigorous

regulations and can participate in normal embryogenesis [12,65,100,112].

-2nd dogma: when cancer cells escape the immunological surveillance, a cancer develops. Contrary to the 274 dogma, cancer cells are protected by our immune system
[33] and « in contrast to our expectations, the immune system seems to foster teratocarcinogenesis and to promote the proliferation of undifferentiated cells »

[31,133].

reversion to an ancient program of survival (cell versus organism) trig-
gered by mutations, a reactivation of an ancient genetic toolkit of pre-
programmed behaviors [34].

The Cancer Stem Cell Theory defined a Cancer Stem Cell (CSC) as a
tumor-initiating cell that possesses stem-like characteristics: the capacity
to self-renew and to cause the heterogeneous lineages of cancer cells that
comprise the tumor. It suggests that cancer initiates from tissue stem,
progenitor or dedifferentiated cells that acquired tumor-initiating mu-
tations [128].

Work by Otto Warburg claimed that tumor cells have an altered energy
metabolism on its fundamental statement that insufficient respiration is
responsible for aerobic fermentation and the origin of cancer [161]. Based
on this work, cancer is reconsidered as a metabolism disease in which
mitochondria play a key role in tumorigenesis and cancer [3,129].

Even if these theories, based on the most fundamental and significant
properties of cancer cells, are fundamentally different, they are not
mutually exclusive. I propose a plausible unifying model which in-
tegrates all the pieces of the cancer puzzle based on a forgotten discovery
and in light of the most recent biotechnological advances.

2. Cancer viewed as a reprogrammed cell with the ECGP

Throughout cancer research studies, cancer cells have repeatedly
been compared to embryonic stem cells to describe their growth and
phenotypes. It is the ambiguous status of embryonic stem cells argued by
A.H.Maehle as representing common heritage and normal development
as well as potential sources of cancer [90]. The hypothesis that cancer
originates from a small population of embryonic cells dates to the 19th
century, with the embryonal rest theory of Cohnheim, suggesting that
cancers arise from the activation of dormant embryonic stem cells pre-
sent throughout the human body [90]. In the 20th century, Stevens and
Pierce provided solid evidence to support Cohnheim’s theory. By trans-
planting mouse embryos (ranging from zygote to preterm fetus) to
extrauterine sites, they could experimentally induce benign teratoma
cancers whereas only early embryos could induce malignant teratoma
cancers (teratocarcinomas), similar to the corresponding spontaneous

forms. Grafting embryos were used to identify the population of cells,
e.g., malignant undifferentiated cells that initiate teratomas [115,136,
137]. Futhermore, direct evidence was provided that teratomas devel-
oped in the ovaries arise from oocytes that develop parthenogenetically
[138]. With the insights of these investigations on teratomas, these ma-
lignant undifferentiated cells are now regarded as essentially normal
early embryonic cells which retain their undifferentiated embryonic
phenotype, with the peculiar property of being able to differentiate
following the normal pathways of development. Furthermore, in mice,
the same malignant undifferentiated cells (teratocarcinoma cells) that
produced teratomas in the experimental setting of the teratoma model
created by Stevens, when placed back into the developing blastocyst,
integrate into the embryo and take part in the normal development of the
whole mouse as a chimera contributing to the formation of all tissues
[100]. This reversion to normalcy demonstrates the functional normality
of these cells and illustrates the progression of the autonomous ECGP
program that develops in these cells.

Based on the first in vivo model initiated from normal cells where we
can observe a cancer in statu nascendi, e.g., aberrant teratoma cancer
growths that originate from a group of normal embryonic cells devel-
oping the autonomous ECGP, I hypothesized that cancer originates from
a cell reprogrammed with the ECGP [93]. By showing the ECGP has the
potential to produce cancer, under permissive conditions, the teratoma
model identifies a normal biological event as the causal mechanism of
cancer. That ECGP development takes place is what is most remarkable
about this model. Instead of aborting, the grafted embryo disorganizes
and permissive conditions exist enabling the autonomous proliferation
and development of embryonic stem cells resulting in this aberrant
efficient complex growth known as cancer.

The ECGP contains in its repertoire everything that a cancer cell can
be (Table 1). In summary, a cell reprogrammed with the ECGP supports:

- Firstly, that cancer cells manage to escape immunological control and
develop as the mechanisms at work to induce the immunotolerance
that protects the egg and the embryonic cells [47] are similar to those
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Table 1

Advances in Cancer Biology - Metastasis 4 (2022) 100034

ECGP potential to produce cancer. How the pathogenesis of cancer governed by the ECGP is representative of the complex cancer biology.

1. Teratoma model: the possibility for the 1% and only time of observing a cancer in statu
nascendi initiated from normal cells:

-The ECGP program has the potential to produce cancer

-There are only 2 types of cells capable to transfer cancer after injection into an adult host:
malignant undifferentiated cancer cells, embryonic and induced pluripotent stem cells.

-The site of embryo graft influences the pattern of differentiation and growth.

-With time, on successive transplant generations, there is a selection for cells with rapid
growth with restricted developmental capacities.

- similarities of immunotolerance between cancer and embryo

2. Different factors can condition the transformation of a normal cell into a cancer cell
during any cell’s aggression: physical (radiations), chemical, viral, bacterial ...

The ECGP program is launched the normal way by fertilization and can also be activated by
different means: experimental parthenogenesis

3. The development of cancer is autonomous, independent of the normal processes in the
body
The ECGP program has cellular regulatory circuits operating on a cell-autonomous basis to
produce the autonomous proliferation of embryonic cells.

4. Cancer, whatever the factor conditioning the transformation of a normal cell into a
cancer cell, is always an autonomous proliferation of cells.

The 1% manifestation of the ECGP program is a succession of DNA synthesis and mitoses to
produce an autonomous proliferation of embryonic cells.

5. Cancer is an autonomous proliferation of cells which is progressive, purposeless (with
individual cells exhibiting functions but with no purpose), regardless of surrounding
tissue, not related to the needs of the body, producing unneeded cells, parasitic (cancer
draws its nourishment from the body while contributing nothing to its function, it
induces the body to provide a blood supply and in the case of epithelial cancer, a
supporting stroma ...)

The ECGP program is an autonomous proliferation of cells which is progressive, regardless
of surrounding tissue, not related to the needs of the body, parasitic, induces a blood
supply ...

6. Cancer is a proliferation of cells, which, at any time during its progression, acquire
dangerous biological properties for the host: to self-renew, to proliferate without limits,
different rates of cell division, to resist growth inhibitory signals, to evade apoptosis
(resistance to death), to undergo angiogenesis, to metastasize (new adhesive properties of
their cell membranes that determine their capacity to migrate), biochemical activity
(harmful secretion of metabolites lethal to the host). The ECGP program contains all the
different orderly sequences, all the mechanistic processes to provide cells with all these
new biological capabilities (autonomous proliferation, resistance, vascularization ...)
during normal embryo development.

7. Cancers are commonly classified as benign or malignant. This is the same ECGP
program which gives rise, out of context, to cells fates to contribute to benign cancers
(teratoma) or cells fates to contribute to malignant cancers (teratocarcinoma)

It has been shown that embryonic and metastatic cells share several properties.:

- the requirement of a specific microenvironment to support growth.

-The use of specific fetal pathways for migration to target sites

-Enhanced resistance to cell death

-Increased capacity for drug resistance

8. Cancers contain heterogeneous cell populations with diverse biological characteristics,
capabilities and various degrees of differentiation and growth. The ECGP program is a
source of efficiency, complexity, and heterogeneity as soon as the egg cleaves which gives
rise to differences between the successive generation of blastomeres (cells fixed in
position or migrating with the production of non-adhesive membranes in coupling with
continued cell division)

9. Occasionally, cancers exhibit a remarkable and rare phenomenon in vivo known as
spontaneous regression. Apoptosis might be involved in mediating spontaneous
regression.

The ECGP program contains sequences of cell differentiation during embryonic
development leading to cell death too: the programming for cell death, essential for
normal morphogenesis of the embryo, occurs and plays a fundamental role as early as the
formation of the proamniotic cavity in the mammalian embryo (post-implantation)

10. All these properties acquired by the cancer cells are attributed to an aberrant
programming of gene function but rather than genes coding for cancer per se, it is a gene
activity programmed by epigenetic changes to produce the cancer pattern (turning on/off
genes, modulating synthesis ...)

The epigenetic modifications associated with differentiation play an important role
during normal embryo development by regulating gene expression (activating or silencing
genes ...): in the ECGP program, the gene-specific methylation patterns are established by
epigenetic changes in early embryo by a process that involves genome-wide
demethylation in the morula stage and methylation in the pre-gastrula stage.

that induce an active immunotolerance that protects cancer cells at
the stage of cancer emergence [33,93].

the fundamental characteristics of cancer cells that can vary quanti-
tatively and exist in many different combinations. In particular, the
rate of cell division, the adhesive properties of the cell membrane that
determine the capacity of the cell to migrate or metastasize and
specific patterns of cellular metabolism (Fig. 2).

The aberrant metabolism of cancer cells is often attributed to their
dependence on glycolysis to produce their energy, even in the presence
of oxygen. However, what Otto Warburg has shown is that this glyco-
lytic contribution never exceeded 50% meaning that cancer cells can
also get up to 50% of energy from respiration [114]. Beyond the vari-
ation of the percentage of energy obtained from glycolysis/respiration,
due to the high metabolic diversity of cancer cells [32,50,75,101,144],
we can infer from Warburg’s finding that 2 mitochondrial populations
co-exist within cancer cells, one immature, one mature. These 2 mito-
chondrial populations are at the origin of metabolic heterogeneity,
variability and plasticity of cancer cells and contribute to their adap-
tation to local hypoxic conditions like within embryonic cells during
embryogenesis, where one abundant population of immature mito-
chondria regulates anaerobic metabolism and a reduced population of
mitochondria contributes efficiently to aerobic metabolism [39,97,148,
172]. Such mitochondrial heterogeneity and metabolic variations are
well illustrated when we follow the structural and functional journey of
mitochondria during development [8,99,105]. It shows that mito-
chondrial activity is important for embryonic development and embryo
survival [36], as well as the importance of two mitochondrial sub-
populations contributing to the metabolic changes during ECGP
development [72,154,166] and the involvement of mitochondria

beyond their role in generating ATP [59]. The mitochondrial hetero-
geneity and metabolic variations of cancer cells would agree with the
postulate of a cell reprogrammed with the ECGP as the cause and
development of cancer.

The ECGP potential to produce cancer was rediscovered when sci-
entists produced induced Pluripotent Stem Cells (iPSC) and their differ-
entiated derivatives for the use of pluripotent stem cell-derived tissue for
therapeutic purposes. Through these nuclear and cellular reprogramming
of somatic cells, scientists produced cancers other than teratomas and
like the corresponding spontaneous cancer forms. Therefore, the risk of
cancer formation remains the main concern in the use of such cells for
therapeutic cloning [77,140,170].

Whether generated by the reprogramming of somatic cells or gener-
ated from parthenogenesis (artificial activation of oocytes), iPSCs and
human parthenogenic Embryonic Stem Cells (pESC) show the same
characteristics as Embryonic Stem cells (ESC) [44], including pluripotent
marker expression, self-renew potential and multi-differentiation po-
tential through teratoma formation in mice [58,140]. This supports the
concept that reprogramming of somatic cells to pluripotency corresponds
to the activation of the ECGP and is in good agreement with the postulate
of a cell reprogrammed with the ECGP that initiates cancer.

From these studies on nuclear reprogramming, scientists have
demonstrated that any cell can be reprogrammed into pluripotency in the
artificial environment of the Petri dish, by manipulating only a few fac-
tors. Furthermore, by using the ECGP properties (Table 2), one can derive
various differentiated cells, replicating what any cell may be able to do,
in a much more complex in vivo environment under influences of multiple
factors and variables. The ability to produce such reprogrammed cells
(iPSCs) and their differentiated derivatives validates the mechanism of a
cell reprogrammed with the ECGP that sustains cancer and all types of
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The fate: What cells actually do under specific internal and external influences to direct specific cell differentiation How the pathogenesis of cancers governed by the

ECGP properties can apply to the range of cancers.

1 Studies on nuclear reprogramming have shown:

-A low percentage of successes that make reprogramming difficult to achieve: cancer is a
relatively rare cellular event, e.g., the permissive conditions in vivo potentially leading
to ECGP reprogramming have to be exceptionally gathered

- Any cell from the less to the most differentiated can be reprogrammed to pluripotency:
cancer transformation can occur at any step in cell differentiation, from the less to the
most differentiated cell

- It involves a great number of variables: source of the heterogeneity of cancers

- It often leads to chromosomal defects stably inheritable: source of genetic abnormalities
of cancers

- Even if certain genomic modifications are efficient, most DNA modifications are
aberrantly reprogrammed, resulting in the dysregulation of many genes: source of
chromosomal abnormalities in cancers

-Specific experimental conditions are needed to obtain somatic cell reprogramming to
pluripotency:

. The prior step to induce the donor cells to become quiescent

.and metabolic shifting from oxidative phosphorylation to glycolysis

2. Even if the ECGP has circuits functioning on an autonomous-basis, the teratoma model
and the experimental studies on reprogramming have shown that the ECGP can also be
under influences of factors which can direct the pattern of differentiation.

a. The ECGP can be influenced by intrinsic factors:

-The reprogrammed cell retains the specific DNA characteristics of the cell of origin [61,
62]

Scientists have demonstrated that reprogramming the nucleus of a fully terminally
differentiated cell’s nucleus to pluripotency does not modify the specific-genomic
rearrangements which characterize the terminally differentiated cell, with its specific
DNA-markers being in all tissues of the cloned animal.

The specific DNA markers of a cell -the original potency of the cell of origin- are retained
during the process of reprogramming leading to the co-expression of pluripotency and the
lineage-specific markers of the cell.

b. The ECGP can be influenced by extrinsic factors:

-The differentiation towards a specific cell lineage from iPSC is accompanied in vivo by the
homing capacity of the differentiated cells in the target organ [139]

Scientists have shown that their teratoma system under the influences of specific extrinsic
factors can select and direct the differentiation of the corresponding specific lineage cells,
in addition with homing capacity.

The reprogrammed cells respond to environmental stimuli from their microenvironment
and are subjected to developmental changes and clonal selection.

Consequently, the co-expression of pluripotency combined to the potency of the cell of
origin together with the influences of its microenvironment can be representative of what
any cell can do, in vivo, to produce any types of cancers

cancers. Moreover, it supports that carcinogenesis can occur in any cell
from the less to the most differentiated cell and that the particular stage
in differentiation at which carcinogenesis occurs has an effect on the
specific characteristics of the cancer cells. Additionally, after reprog-
ramming, the cancer cells can be subject to further developmental
changes as they respond to changing environmental stimuli elaborated
by adjacent cancer or normal cells. The consequences of such interaction
affect the path of each cancer cell differentiation, therefore diversifying
the types of cancers.

Studies on nuclear cell reprogramming into pluripotency have also
shown the specific experimental conditions needed to achieve such a
reprogramming, these being induction of quiescence [17,165] and
metabolic shifting from OXPHOS to glycolysis [45,160,167]. It supports
the idea that various cancer-prone situations occur from cells in a growth
arrested state with a shift to a more glycolytic metabolism like senescent
cells [164] or stem cells [131], while any cell aggression (physical,
chemical, viral, bacterial) causes the cells to maintain themselves in a
survival quiescent and glycolytic adaptation state. This is also demon-
strated by the spontaneous transformation of cultured cells [82], where
the commonality shared by any of these cells is the survival state. The
survival state is a decision-making process where the cell can die,
differentiate, repair or rescue itself by anastasis; a process where cells can
recover by reversal of apoptosis, a phenomenon that has the potential of
becoming carcinogenic [52,142].

The complexity of such a reprogramming mechanism at the origin of
cancer also stems from the key part played by mitochondria prior, during
and after the somatic nucleus reprogramming of a cell with the ECGP.
Mitochondria are indeed not only dynamic organelles that display
structural and functional heterogeneity in cells but exist also as hetero-
geneous mitochondria population found not only in different tissues at
one developmental stage [26], but also in the one cell type during
different developmental stages [72,120,130,154].

For example, the numerous studies carried out on rat liver mito-
chondria make it possible to suggest and develop a plausible scenario of
the cancer-causing process which is as follows:

Two mitochondrial populations with different morphological and
functional characteristics have been identified in adult liver and other
tissues representing mature forms of mitochondria that predominate
over immature forms of mitochondria as alternate stages of division and
maturation in a cyclic process of mitochondria biogenesis [85,118].

The mitochondrial maturation process has been shown to be

influenced by hormones [15,16,122] and sex-related differences
existing in mitochondrial morphological features; females contain more
highly differentiated mitochondria compared with males [73]. This
may explain why hormone-dependent cancers exist, but also the role of
hormones in the development and progression of these cancers as well
as their inherent or acquired resistance to hormonal therapy [81].

In rat liver, ethanol has been shown to induce a redistribution of the
immature/mature mitochondrial populations leading to an increase in
immature forms of mitochondria [95] and a reduced OXPHOS capacity
[41]. This supports a common property of cancer, whereby aetiologic
agents target mitochondria demonstrating that it is through functional
alterations of mitochondria, potentially resulting in inducing a metabolic
shift.

Upon removing ethanol, the normal mature/immature ratio is
restored, as the increase in immature mitochondria is reversed by
returning to the normal functional and morphological mature state [95].
The ultimate consequence of chronic alcohol abuse is cancer, in liver and
other organs [10,123], with reversion to a fetal type metabolism
observed in fast-growing and highly glycolytic hepatoma cells [28].

Whether it be after transient treatment with lethal doses of ethanol
[142], or maintained in survival state in long-term primary cultures
without any treatment or even with biliverdin-treated primary culture
that triggers DNA synthesis [82], only a few primary liver cells undergo
cancer transformation. These cells then display DNA damages, chromo-
somal aberrations [82,142]; and high tumorigenicity when injected into
nude mice [82]. It supports that whatever the aetiologic agent is, it leads
to the same effect, carcinogenesis but also that there is only one prime
cause for cancer [162].

One of the earliest manifestations of the effects of chronic ethanol
consumption on the liver is alterations in mitochondrial structure and
function, resulting in a generalized decrease in hepatic mitochondrial
ADP-stimulated respiration and OXPHOS [30,63]. Metabolism shifting
in a cell may possibly occur via a mechanism based on a threshold effect
such as the following: the mature to immature mitochondrial transition
reduces the number of mature mitochondria to a low level but still
sufficient to maintain an efficient OXPHOS activity and increases the
immature mitochondria number. Metabolism shifting would occur only
when a threshold level of mature mitochondria has been passed and
consequently, an appropriate number of immature mitochondria has
been reached that changes the mature/immature distribution ratio in
the cell. Therefore, resulting in shifting from oxidative to glycolytic
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metabolism as the prior step before reprogramming the nuclear genome
of the cell with ECGP.

Anyway, this is the setting replicated in the experimental studies on
somatic cell reprogramming to pluripotency. Therefore, in such a setting,
glycolytic shift in a survival state could also promote in that cell in vivo
ECGP reprogramming. This is like a parthenogenetic activation of the
ECGP program with the difference that both maternal and paternal ge-
nomes are present.

Studies have shown that developmental competence of parthenoge-
netically activated oocyte reflects the one of normal fertilized oocytes as
successful parthenogenetic activation of the ECGP can be induced in
human oocytes, essentially mimicking the activation of ECGP and early
embryo development with normal fertilization [74,110,111]. Even if
parthenogenesis only initiates the early embryonic development in
mammals, some development proceeds as far as the blastocyst stage
[110]. As a source of stem cells, it is sufficient to originate cancer growth
and development as demonstrated by the teratoma model that shows that
disorganised clusters of ESCs and even one of them [76] can lead to both
benign differentiated cells and malignant undifferentiated cells [137].

Other studies have revealed the role of mitochondria in develop-
mental competence and their bioenergetics contribution to the fertilized
oocyte and early embryo development competence. This contribution
stems from two distincts populations of mitochondria; a major low-
polarized immature mitochondria (LPM) and a small fraction of high-
polarized mitochondria (HPM) with responses and characteristics
similar to their fully developed somatic cell counterparts [36,37,103,
152-156].

Nuclear reprogramming into pluripotency in a cell with 2 populations
of mitochondria, one predominantly immature and one small fraction
mature, could then occur through the establishment of the energetic and
dynamic relationship between the nucleus and mitochondria that allows
ECGP to be launched and produce ESC metabolically bivalent. Then, to
produce hESC almost exclusively glycolytic, corresponding to the stage
where metabolic switch occurs during early stem-cell development. The
reversion to a fetal type metabolism observed in fast-growing and highly
glycolytic hepatoma cells [18,28]; and the functional similarity of human
embryonic stem cells (hESC) with the glycolytic phenotype in cancer
[172] concludes my plausible scenario of cancer-causing process.

The uterus constituates a hypoxic environment for the embryo. Prior
to embryo implantation, embryonic cells, in this hypoxic environment,
rely on a bivalent anaerobic/aerobic metabolism to develop the ECGP.
Therefore, carcinogenesis could be like embryogenesis, implying that
glycolysis is not regulated like in aerobic environment. Anaerobic
glycolysis could elucidate the Warburg paradox and better explain the
Warburg effect achieved within cancer cells. Metabolic reprogramming
associated with the development and progression of cancer and its sub-
sequent important role played to attenuate cell death support a cell
reprogrammed with the ECGP as the origin of cancer.

From a re/programmed cell with the ECGP emerges a bivalent
metabolic state: preponderantly anaerobic glycolytic from a predominant
population of immature mitochondria configurated to resist apoptosis
and efficiently oxidative from a reduced number of active mitochondria.
The cancer cells metabolic plasticity to adapt to various microenviron-
ments (such as hypoxic conditions), to promote, under internal and
external influences, cancer progression and metastasis, to benefit from
selective advantages in multiple circumstances (proliferation, survival,
metabolic changes, protection against cell death and toxic drugs), is in
good agreement with the hybrid metabolic remodeling where both
anaerobic and aerobic pathways are active, adapted to hostile hypoxic
conditions that arise during nuclear programming or reprogramming by
ECGP and the early fermentative stages of embryogenesis [39,44,78,83,
97,148,163,171,172].

So, the proposed model of a cell reprogrammed with the ECGP as the
prime cause of cancer:

1. As a source of mutagenesis and chromosomal abnormalities,

Advances in Cancer Biology - Metastasis 4 (2022) 100034

2. As a source of stem cells and tissue-differentiated derivatives,

. As a reversion to a fetal metabolism programming,

4. As involving the multifaceted influence of mitochondrial metabolism
and the role of mitochondrial function before, during and after
reprogramming,

5. As supporting cancer origin, growth, development, and progression,

6. And as a source of autonomously proliferative cells with bivalent
anaerobic/aerobic metabolism is a plausible unifying model as the
“only one prime cause of cancer” [162] which explains the overall
complexity of the disease.

w

3. An anticancer strategy based on a developmental sequence of
the ECGP

Cancer treatments have limited selectivity with risk of therapeutic
toxicity, resistance and/or relapse. The proposed model of carcinogenesis
explains the failure of strategies to force cancer cells into the apoptotic
process [51,66] and the more promising results of strategies that target
the cancer cells metabolism, especially those which can effectively
induce a metabolic switch from glycolysis to oxidative metabolism,
rendering cancer cells sensitive to apoptosis induction [143]. However,
the recurrent problem with anti-glycolytic therapies is the high preva-
lence of dose-limiting toxicities with the class of drugs used, therefore
limiting their clinical use [1].

The proposed model of carcinogenesis identifies the mitochondrial
maturation, such as, the acquisition of the ultrastructural, molecular, and
functional features of adult mitochondria, as the process to be targeted in
cancer cell metabolism. Therefore, a non-toxic metabolic strategy, not
based on glycolysis inhibition but on cancer cell oxidative metabolism
restoring as a strategy for cancer treatment can be designed to target
cancer cell hybrid metabolic phenotype selectively by shifting their pri-
marily anaerobic glycolytic to primarily oxidative (OXPHOS) metabolism
as the main aerobic pathway that provides cell energy. Once a threshold
of fully functional mature mitochondria is restored, cancerous cells could
regain their death-mediating abilities (Fig. 3b).

In the ECGP there are development sequences where metabolism
transitions from anaerobic glycolytic to oxidative (OXPHOS) can occur
[8]. These are early transitions from embryonic stem cells (heart, brain)
in utero or, transitions from stem cells in hypoxic niches and the main
developmental switch at birth, involving profound hormonal, physio-
logical and metabolic changes. Indeed, postnatal switch of glycolytic to
oxidative metabolism is of crucial importance for all mammalian neo-
nates and it is essential for successful adaptation to extra-uterine life. The
shift from fetal to neonate liver provides a good model as the classic
example and the understanding of the process of OXPHOS development
(Fig. 3a).

3.1. Perinatal mitochondrial maturation

The fetal liver is hypoxic and its oxygenation occurs in the first hour
after birth. Despite this, two distinct populations of mitochondria have
also been isolated from fetal rat liver; the predominant population con-
sists of non-functional immature mitochondria that rely on anaerobic
metabolism, owing to hypoxia, and a reduced mature mitochondria
population capable of OXPHOS [86,117,119,124]. Adaptation to the
aerobic extrauterine environment requires an appropriate number and
functional activity of the mitochondria present in neonate and adult liver.
Mitochondrial biogenesis, during development, consists of 2 processes
that differ in time and do not share the same molecular mechanisms: the
increase in the number (proliferation) of mitochondria is a continuous
process throughout the liver development controlled at the level of
transcription/post-transcription and the increase in the functional capa-
bility (maturation) of pre-existing mitochondria is a process that occurs
very rapidly in the first hour after birth and controlled at
post-transcriptional levels of gene expression [28,87].
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Fig. 2. The potential of the ECGP repertoire representative of the complex cancer biology:

ECGP program of differentiation is characterized by the rate of cell division, the adhesive properties of the cell membrane and specific patterns of cellular metabolism;
specific cellular pathways for migration, enhanced resistance to cell death and increased capacity for drug resistance.

Cancer is an autonomous proliferation of cells, with phenotype and proliferative potential heterogeneity, progressive, independent of the surrounding tissues, un-
related to the needs of the organism, parasitic, which can acquire dangerous biological properties for the host; the ability to evade apoptosis, support of angiogenesis,
to invade tissues, to metastasize.

Anaerobic metabaolism Birth Aerobic met
Fetal cells -- — - == — == == == —- — |- —- Meonatal cells -- - - - - - oo o == a= === - == Adult cells
Permfit}al ~ ) Population of predominant
Anaerobic Glycolysis Transition --—---—-—-— Us O . T T

physicl 5
mitochondrial maturation

inner membrane [iMM) alterations
of pre-existing mitochondria

relying on anaerobic glycalysis

Under hypoxia, cells maintain

e potentia

MM FEFFEFE R |

matrix

Population of predominant Population
immature mitochondria mature m

— _— e S Therapeutic strateg

a b

i

Hypoxic fetal liver

Fig. 3. a: Anaerobic/aerobic transitions during development for adaptation to the extrauterin aerobic environment through maturation of inner mitochondrial
membrane (iMM) for the acquisition of fully developed mature mitochondria.

b: Therapeutic strategy: to shift the cancer cell hybrid state to oxidative metabolism by replicating the developmental switch to aerobic metabolism at birth: within cancer cells, the
transition to a threshold mature mitochondria population compatible with aerobic environment as the prior step to shift stemness to cell differentiation, before cancer cells could
restore their death-mediating abilities.

The maturation of pre-existing mitochondria is a mechanism of rapid acquisition of ultrastructural, molecular and functional features of adult
adaption to respiratory demands of a cell during postnatal switch of the mitochondria via changes in the properties of their inner mitochondrial
predominant fetal anaerobic glycolytic to the efficient neonatal oxidative membrane (iMM), such as in permeability [116], in enzymatic activities
metabolism (OXPHOS) that develops ADP-stimulated respiration. It is the by changes in membrane composition as, for example, in the case of
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membrane-bound Hexokinase (In this example, the attachment of
Hexokinase to the mitochondria may not be just a property of the
Hexokinase isoenzyme that changes but may also depend on a specific
property of the mitochondrial membrane that changes its characteristics
during the developmental transition) [21,23,24], in proton conductance
[150,151]; and in calcium flux [122].

As a key process for the acquisition of fully developed mitochondria,
the maturation of pre-existing mitochondria represents a valid approach
in the strategy of shifting cancer cell predominant anaerobic glycolytic to
mainly oxidative metabolism.

3.2. ANTI1 candidate to switch a non-electrogenic to an electrogenic
mitochondrial ATP/ADP exchange

The primary mechanism that controls the pre-existing mitochondria
maturation process is a rapid, sharp redistribution of the adenine nucleo-
tides pool, which are specific to ATP and ADP, from the cytosolic to the
mitochondrial compartment simultaneously with a reduction of the matrix
volume. The rapid intra-mitochondrial enrichment in ATP/ADP is mainly
due to the increase of ADP [106], essential for mitochondrial contraction
and responsible for the ultra-structural changes of iMM [125]. This results
in a stimulating effect on respiration and is a mechanism independent of
protein synthesis [149]. The marked increase of the level of the
intra-mitochondrial ATP/ADP content over a certain range promotes
changes on the mitochondrial ultrastructure (as the transport of these two
large and charged nucleotides through the mitochondrial membrane leads
to modifications of the structure of their protein carriers inducing impor-
tant conformational iMM changes) and when an ATP/ADP threshold effect
is reached from the first hour after birth, it then develops ADP-stimulated
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respiration in about one day in the liver.

Increase and decrease in the mitochondrial adenine nucleotide con-
tent is completely reversible and promotes, through a threshold effect,
the many mitochondrial changes with respect to both their morphology
and their metabolism.

The mechanism requires the presence of 2 specific systems for each
inclusion in the mitochondria capable of discerning ATP from ADP and in
different proportions. Two distinct reversible transport pathways across
the inner mitochondrial membrane allow the net increase or decrease [5,
6] of ATP/ADP in the mitochondrial matrix and are responsible for al-
terations of the matrix adenine nucleotide content (Fig. 4):

The 1st transport is a divalent electroneutral exchange of (ATP-Mg) 2-
for HPO2- [107]. SCaMC is the protein carrier for this ATP-Mg/Pi elec-
troneutral exchange. Under physiological conditions ATP-Mg is the
preferred substrate of this protein.

3 isoforms exist for the ATP-Mg/Pi carrier, SCaMC 1-3 [42]. SCaMC1
and 3 are all co-expressed in early embryonic and postnatal liver.
SCaMC-3 is the major carrier in adult mouse liver [2].

Studies have shown that:

1. In Saccharomyces cerevisiae, the ATP-Mg/Pi mitochondrial carrier is
not necessary for OXPHOS [20].

2. All SCaMC1-3 isoforms have high levels of expression in cancers [89,
146], giving their cells a selective advantage, especially against cell
death.

Therefore, the use of this protein carrier-mediated electroneutral
transport presents no interest to trigger the changes in the properties of
the iMM whereby the fetal to neonatal metabolism switch occurs.

spharylation

Importance of mitoe drial re-e

synthesis for adaptation to the ae

=> Increase of mitochondrial

membrane potential = the

driving force to develop the v
electrogenic ADP/ATP*

exchange of the OXPHOS

Fig. 4. The physiological switch from anaerobic to aerobic metabolism depends on the mitochondrial maturation of pre-existing mitochondria: a key regulatory
process for successful neonatal adaptation to extrauterine aerobic life via a mechanism of ATP/ADP recompartmentalization in the mitochondrial matrix at the origin
of iMM alterations and development of OXPHOS. During the post-natal development of immature mitochondria to fully developed active phosphorylating mito-
chondria, the enrichment of ANT1 contributes mainly to the maturation of mitochondria through the re-energization of their inner membrane, as the electrogenic
nature of the carrier provides a means of injecting ADP3- in the matrix.

Selective metabolic anticancer strategy: At birth, the liver model demonstrates a physiological role for ANT1 in switching from a non-electrogenic to an electrogenic
mitochondrial ATP/ADP exchange, contributing to the metabolic phenotype of aerobic glycolysis/respiration compatible with aerobic environment. As such, ANT1
could be a candidate to trigger the mechanism of acquisition of fully developed active phosphorylating mitochondria within cancer cells (as all the ATP-Mg/Pi
electroneutral mitochondrial carrier isoforms are over expressed in cancer cells with a low ATP/ADP intramitochondrial content whereas ANT1 electrogenic mitochondrial
carrier expression is non-existent in cancer cells).

The maturation of cancer cells mitochondria through their iMM enrichment with ANT1 could shift stemness to differentiation, the prior step before cancer cells could
restore their death-mediating abilities and trigger their spontaneous death, the cancer cells being revealed in excess and eliminated as unneeded cells by the body.
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The 2nd pathway is the transport of ADP. In parallel with the increase
in the matrix adenine content, the Adenine Nucleotide Translocase iso-
form 1 (ANT1) also increases strongly at birth [53,127]. The main
function of ANT1 is to electrogenically exchange cytosolic free ADP3-
with matrix free ATP4- in OXPHOS. The liver model demonstrates that
the increase in ANT1 contributes to the maturation of the pre-existing
mitochondria, but it cannot be through its translocase activity at birth,
at a time even before the mitochondrial OXPHOS can contribute signif-
icantly to cytoplasmic concentration in ATP. An additional indication of
the importance of the ANT1 specific fundamental activity, other than its
translocase activity at birth, comes from the demonstration of a change in
expression of the ANT isoform during perinatal liver development. It is
ANT1, the heart/muscle specific isoform, which is transiently expressed
in the neonatal liver whereas ANT1 is not expressed in the adult liver [43,
53]. This developmental change, in the expression of the ANT1 isoform,
as in its quantity in relation with an increased activity, demonstrates the
physiological key role of ANT1 in maturation of pre-existing mitochon-
dria and in postnatal development of OXPHOS at birth. The iMM
enrichment in ANT1 as a carrier-mediated electrogenic transport at birth
corresponds to an increase of a specific activity for this protein. This
protein mediates a unidirectional ADP electrogenic transport, where the
electrogenic nature of the ANT1 carrier provides a means of injecting
ADP3- in the mitochondrial matrix.

The predominantly distinct transient expression of ANT1, during
postnatal development, followed by the decline in control of this protein
on respiration during the subsequent development of the newborn to the
adult, strongly binds this protein with the acquisition of fully developed
mitochondria. This is done via a mechanism independent of protein
synthesis that triggers a unique and common non-specific iMM matura-
tion mechanism to all cells.

Just like the depletion of ATP/ADP intramitochondrial content,
beyond a certain threshold, affects OXPHOS [4-6], an increase in
ATP/ADP matrix content beyond a certain threshold:

1. Promotes the changes in the mitochondrial ultrastructure with the
consequence that the hexokinase isoform is changed and displaced
and could interact with ANT1 by a direct or indirect mechanism [60].

2. Develops ADP-stimulated respiration: While ATP-Mg/Pi generates an
electroneutral ATP transport, ANT1 can generate an ADP electrogenic
transport, ADP3- versus HPO2- that results in a charge imbalance. It
results in a net import of a negative charge for each molecule of ADP,
acting as an incoming current that re-energizes the iMM [132] in a
negative potential gradient across the iMM that can account for the
increase of mitochondrial membrane potential; the driving force to
develop for the electrogenic ADP3-/ATP4- exchanges of the OXPHOS
[13].

3. Reduces passive conductance to H + protons [150,151].

4. Increases the protomotive force which can increase the F1ATPase
activity by release of the IF1 inhibitor [68,69,80,84,87].

5. And stimulates the synthesis of matrix proteins [71].

Such mobilization of ANT1 has been reported as molecular bases of
the biochemical threshold effect observed in mitochondrial diseases and
could occur through the assembly of inactive ANT1 subunits into active
carriers or conformational changes in the ANT1 [40]. As ANT functions
are related to their conformation in the iMM [7,109,147], we may sup-
pose that the transient overexpression of ANT1 in the liver at birth, which
does not disrupt the iMM, may occur through a specific ADP-induced
conformational change of ANT1 to trigger the iMM changes and devel-
opment of OXPHOS.

The fetal liver at birth highlights ANT1 as the necessary, fundamental,
and essential factor assigned to the development of OXPHOS, with the
appearance of an electrogenic ADP/ATP mitochondrial exchange.

The fetal liver model shows that:
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1. A fundamental function for ANT1 carrier other than its translocase
activity is responsible for the net uptake or efflux of ADP into or from
the mitochondria and hence for the reversible variation in the matrix
adenine nucleotide content which has been found to change in cancer
[9].

2. ANT1 is the isoform expressed, transiently, even in cells where ANT1
is not the expressed isoform, in a compartmentalization regulatory
mechanism that has the effect of developing the structural and
functional abilities of pre-existing mitochondria and of triggering the
development of OXPHOS.

3. The rapid mechanism of mitochondrial maturation requires only non-
functional pre-existing mitochondria and mobilization of ANT1.

4. The mechanism that triggers the conformational changes in fetal iMM
is sufficient to rapidly trigger cell adaptation to oxidative metabolism,
independent of protein synthesis. Such a compartmentalized regula-
tory mechanism allows cells to respond to environmental changes
more rapidly than a transcriptionally controlled biogenesis (prolif-
eration) [121].

The hypoxic fetal liver has many manifestations in common with
highly glycolytic tumor cells [28,29]. Its cells express isoforms of
glycolytic enzymes different from those present in adult liver cells [28,
29]. For instance, the fetal liver [70], like cancer cells [96] shows high
hexokinase activity (I and II). Fetal liver is like cancer, implying that
glycolysis is not regulated as in adult liver. Under hypoxia, their mito-
chondria become de-energized and cells generate mitochondrial mem-
brane potential by glycolytic imported ATP hydrolysis. They rely on
primarily anaerobic metabolism. As such, cancer cell mitochondria, just
like embryonic stem cell mitochondria [19] are configurated to regulate
anaerobic glycolysis and resist apoptosis [30,41,63]. Therefore, they
differ from normal cells mitochondria configured to regulate aerobic
glycolysis [157] and to contribute to apoptosis in immune cells for
instance [48,88,91,92].

Following the transition from the pre-to the postnatal environment,
fetal liver cells undergo a shift from primarily anaerobic glycolytic to
primarily aerobic energy metabolism, where the aerobic glycolysis/
respiration generates the mitochondrial membrane potential required for
the synthesis of ATP.

The liver model, at birth, shows the physiological importance of
mitochondrial re-energization and ATP synthesis for adaptation to the
aerobic environment:

1. ANT1, by injecting ADP3-, demonstrates its role in switching from a
non-electrogenic to an electrogenic mitochondrial ATP/ADP
exchange.

2. The necessary mitochondrial maturation through iMM alterations
which preceds cell differentiation.

3. And the subsequent metabolic shift from a change of a preponderant
immature to mature mitochondrial population compatible with aer-
obic environment.

The liver model at birth shows that the modifications triggered by
ECGP reprogramming within a cell leading to its conversion to cancer,
could be physiologically reversed (Figs. 3b and 4).

Although ANT2 and ANTS3 are overexpressed in many cancers [64],
cancer cells could use the non-electrogenic ATP/Mg-Pi carrier that could
take over exchange of ATP and ADP in cancer cells [94]. While
ATP-Mg/Pi isoforms are over expressed in cancer cells [89,146] with a
low ATP/ADP intramitochondrial content [9], ANT1 expression is
non-existent in cancer cells [94].

The enrichment of ANT1 in the liver contributes mainly to the
maturation of pre-existing mitochondria through the re-energization of
their inner membrane. ANT1 thus appears to be the necessary and suf-
ficient factor to reprogram mitochondria for aerobic metabolism. ANT1
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as such could be of interest as a non-toxic metabolic tool to manipulate
immature mitochondria of cancer cells for therapeutic benefit by
switching from a non-electrogenic to an electrogenic mitochondrial ATP/
ADP exchange. A potential candidate to develop an oxidative metabolism
from a preponderant population of mature mitochondria within cancer
cells that would shift stemness to differentiation, the prior step before
cancer cells could restore their death-mediating abilities [159].

3.3. Implications in designing effective therapies

Despite the enormous efforts to improve cancer treatments, basic
research remains essential, particularly to decipher the tactics of metas-
tasis responsible for most cancer deaths due to intrinsic or acquired
tumor resistances. In the last years, the well recognized metabolic
reprogramming associated with the development, progression and che-
moresistances of cancer, has attracted a boom research to develop
innovative and new avenues [22,25,38,46,49,50,55,67,98,104,113,145,
158,168,169].

With the view of cancer as a cell reprogrammed with the ECGP which
is valuable in understanding cancer transformation, we might be able to
apply ECGP knowledge selectively to devise effective therapies to deal
with such transformation.

In support of this view, computational modelling of cancer meta-
bolism shows that cancer cells can acces a hybrid state with both
glycolytic/OXPHOS metabolic modes coexisting, contributing to meta-
bolic plasticity of cancer [168].

Studies performed by using grafting human p0 tumor cells exemplify
the hybrid metabolic phenotype of cancer cells. The pO tumor cells
devoid of mitochondrial DNA preserve intact immature mitochondria
that localize around the nucleus, can still generate mitochondrial mem-
brane potential, relie on glycolysis and are able to form tumors in athy-
mic nude mice with delayed appearance as compared to the parental
tumor cells ([27,35,141]. It has been shown that delayed tumor growth
was associated with the acquisition of mitochondrial DNA [141] or active
mitochondria [35] from surrounding cells resulting in stepwise recovery
of respiration from primary to metastatic tumor cells. These data strongly
point to respiration recovery as essential for driving efficient tumor
transformation [35,54]. In addition, one other study evaluating the up-
take of active mitochondria by cancer cells has shown that these cells
could receive 5 to up to 16 mitochondria which could represent at most
an increase of 14% of their total mitochondrial mass (mean 124 mito-
chondria per cancer cell) resulting in a very efficient increase in ATP
produced by these active mitochondria [102].

Together, these results demonstrate that, in these recipient cancer
cells, low mature/immature ratios of mitochondria maintain survival,
resistance and progression of these cells supporting the hybrid metabolic
state of cancer cells with both anaerobic glycolytic metabolism from a
predominant immature population of mitochondria configurated to resist
apoptosis and efficient oxidative metabolism from a reduced number of
mature mitochondria coexisting. It also shows the essential role of a
reduced population of functional mitochondria in the tumorigenic po-
tential of cancer cells, in the same way that murine embryonic stem cells
with high mitochondrial membrane potential show an ability to form
teratomas [126]. This transformation resulting in the reversion of the
cellular energy metabolism is indeed reminiscent of the metabolic
properties of pre-implantation embryonic cells fuelled by anaerobic
glycolysis and a reduced efficient mitochondrial oxidative phosphoryla-
tion [39,97,126,148,172].

An efficient anticancer strategy would then be to drive cancer cells
away from the hybrid state [168].

The mitochondrial developmental sequence of the ECGP described, at
birth, in the liver model, could have the potential to target the hybrid
state of cancer cells by changing a low mature/immature mitochondrial
ratio to a high mature/immature mitochondrial ratio. Therefore, iMM
cancer cells appear to be the pertinent target to be altered to devise
specific therapies which would exploit the unique metabolic coupling
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that promotes cancer cells' growth, resistances, and metastasis. There-
fore, it would be of interest to evaluate the ANT1 function described in
the liver model for its therapeutic usefulness in the field of cancer, for its
targeted and limited action which target the specific mechanism of en-
ergy switching at birth. That could restore a high mature/immature ratio
population of mitochondria within cancer cells adapted to aerobic
metabolism, the prior step to reorient the response of cancer cells to-
wards their bioenergetics death. Metabolism’s shifting by forcing the
inactive cancer cells’mitochondria to actively engage in energy produc-
tion by oxidative metabolism using the chemical drug DiChloroAcetate
(DCA), has indeed proved effective in the recovery of the suppressed
mitochondrial Apoptosis in cancer cells [143].

To restore a threshold population of mature mitochondria to achieve
a high mature/immature mitochondria ratio compatible with aerobic
environment within cancer cells could have general applicability:

1. Because decreased aerobic capacity and increased anaerobic glycol-
ysis are universal features of primary and metastatic tumors.

2. Because any type of cancer has the ability to metastasize or develop
death/drug resistances.

3. Because most of normal differentiated cells rely primarily on OXPHOS
to generate their energy therefore alteration of cancer cells iMM
through enrichment in ANT1 could shift stemness to differentiation,
the prior step before cancer cells could reorient their response to-
wards their death-mediating abilities as demonstrated in teratocar-
cinoma where only cancer stem cells with active mitochondrial
metabolism are more susceptible to DCA [159].

4. Conclusion

Depending on the entry point into the cancer cell and the differences
observed with the normal cell, multiple theories on carcinogenesis lead to
different causes without modeling the entire process of carcinogenesis.
Otto Warburg stated: “Cancer, above all other diseases, has countless
secondary causes. But, even for cancer, there is only one prime cause”
[162]. Yet the only prime cause identified so far is the one demonstrated
by the ECGP potential to produce cancer, under permissive conditions,
revealing the similarities between normal cells and cells developing as
cancerous. Although this does not make cancer any less complex, due to
the involvement of such pleiotropic dynamic organelles and mitochondria
all along the process, it opens up the possibility to model and treat cancer
cells from a different perspective and potentially provides a new target in
the battle against cancer; mitochondria reprogramming/remodeling.

This view of cancer as a cell reprogrammed with the ECGP leads to
avenues for treating cancer and identifies a new therapeutic strategy in a
multidisciplinary approach.

Such an etiology of carcinogenesis with the understanding of the
ECGP program of differentiation, only aberrant because developing
inappropriately, has implications for cancer research as we can poten-
tially apply ECGP knowledge selectively to kill cancer cells. O. Warburg
found that a unique metabolism characterizes cancer cells and can
distinguish between cancer and normal cells. The famous Warburg
paradox is resolved if we consider a bivalent anaerobic glycolytic/aero-
bic metabolism. The proposed model highlights that the cancer cell
metabolism modifications are physiologically reversible, as the funda-
mental mechanism switching between anaerobic glycolytic and oxidative
metabolisms occurs through a threshold effect mechanism at least at two
levels. The fundamental first level which triggers the switching metabolic
pathways, is a redistribution of the pool of adenine nucleotides. The
second level is observed in the mitochondrial metabolism because of
increases or decreases of the ratio immature/mature mitochondria.

Metabolic changes are associated with alterations in the mitochon-
drial structure, dynamics, and function. Given the fundamental role of
ANT1 in these iMM alterations and the subsequent metabolic shift
associated with the ADP-stimulated respiration and the development of
OXPHOS in the cell, it would be of great interest to exploit this
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fundamental function of ANT1 to develop a successful anticancer strat-
egy. In that cancer cells restore their death-mediating abilities by repli-
cating, within cancer cells, the mechanism of acquisition of fully
developed mitochondria from pre-existing immature mitochondria.

The ECGP potential to produce cancer is the discovery that should
have shaken our way of understanding cancer and open new ways to fight
it. Today, we can quickly provide an answer to this theory which leads to
a more appropriate and medically sound approach to cancer therapy. The
ANT1 function which triggers the mechanism of acquisition of fully
developed active phosphorylating mitochondria within cancer cells is the
prior step to make it possible to reorient the response of cancer cells
towards their bioenergetic death. Among all the laboratories devoted to
fight cancer, it only takes one to explore and exploit this avenue to bypass
cancer cell resistances.
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