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Introduction

Cancer cells are known with specific characteristics defined 
as cancer hallmarks [1]. While indisputable, a key question is 
how a cell acquires those numerous changes and remains alive 
to later proliferate and metastasize? More intriguing though, 
how malignant-cells coordinate together those modifications 
for a unique purpose of sustained growth? If the philosophy of 
cancerous behavior is not grasped; it will be difficult to find the 
real therapeutic target(s) needed to stop cancer cells growth and 
division. 

Cancer is a disease in which cellular metabolic activities are 
reorganized in such a manner for a cell to beat death at all costs. 
While the move forward on a normal path of life leads inevitably 
to death; cancer cells specifically and incessantly try to avoid 
that outcome [2] and thus conduct differently all their cellular 
activities. Based on observations of their behavior, cancer cells 
seem to go backwards when they reactivate embryonic features 
or regain normal stem-cell (NSC) markers. Most of the current  

 
cancer stem-cell (CSC) surface markers have been reported to 
derive from known normal embryonic or adult stem cell surface 
markers [3,4]. Such a counterclockwise activity and behavior 
disturb homeostasis in the tissues and organs serving as home 
to these cancerous cells. In the last run and because of cancer 
expansion, natural functions of these tissues and organs become 
gradually difficult to maintain, ending most of the time with organ 
failure and general collapse. 

Decades of research have taught us about cancer metabolism 
however, most treatments so far designed address symptoms of 
cancerous cells [2] which appear after the cells have walked far 
on their path of malignancy. As a result, resistance and recurrence 
became the unwanted fruits harvested today in the fields of 
symptom-oriented cancer therapies. Heterogeneity observed in 
tumor cells tells us that there is nothing repetitive taking place in 
cancer development but once a normal cell switches to malignancy; 
all types of cellular alterations become then possible. Therefore 
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how difficult would it be to trace the different trajectories taken 
by different cancer cells which harbor mutations by hundreds? 
Moreover the emergence of the notion of cancer stem-cells as 
those notorious cells responsible for resistance and recurrence 
[5], makes it worthwhile to decipher their real identity in order to 
specifically target them. 

The walk along the mutational pathway taught us 
tremendously about the genetics of cancer and told us to look 
beyond DNA to localize the cause of malignancy. The cause of 
cancer is here defined as that cellular event which ignites the 
switch from normalcy-to-malignancy. The cause of cancer should 
be separated from cancer risk factors which favor such a switch 
to take place or exacerbate its outcome once it has occurred. At 
the end, curing cancer could simply come to ushering the affected 
tissues to return to their initial homeostatic state once the tool(s) 
responsible for resistance/recurrence is (are) identified and 
neutralized. 

This analysis invites for reflection and discusses the following 
points: (i) Cancer cells are able to resist therapies which are 
based on totally different principles; (ii) Finding the tool used by 
cancer cells to resist these different therapies is key to stopping 
cancer growth; (iii) Understanding how this tool is used at the 
biochemical level is a prerequisite in order to design appropriate 
anti-cancer drugs; (iv) A correct definition of cancer stem-cells 
becomes a critical starting point to both understanding cancer 
genesis and designing appropriate anti-cancer therapies; (v) 
Finally the maintenance of CSCs pool could be related to the 
maintenance of a chronic state of inflammation in the tumor’s 
microenvironment. 

Cancer cells are able to resist therapies that are based 
on totally different principles

Cancer cells can be seen as a group of cells rebelling against 
traditional order governing cell division and growth. Responding 
to such rebellion with toxic chemicals, lethal amounts of radiation 
or aggressive therapeutic regimens may only exacerbate the 
situation rendering some of them more aggressive and thus 
harder to tame. In such cellular uprisings, wisdom rather orients 
to take a different approach and try to understand the malignant 
behavior in order to decipher the real situation at its molecular 
level. This in turn will allow us to take appropriate therapeutic 
measures able to stop cancer growth and bring back the tissue to 
its normal state. To achieve this goal, scientists must first agree on 
how they define stemness in cancer.

Resistance has been reported to all major therapies used up-
till now to treat cancer patients (Reviewed in [6]). Radiation as a 
major form of cancer treatment has been reported to enrich for 
cancer stem-cells and that the outcome of radiation-induced DNA 
damage is tilted toward survival and repair in cancer stem-cells [7]. 
Similarly, other reports have shown resistance to chemotherapy 
and anti-PD-L1 treatments [8,9]. Furthermore when the threats 

are overwhelming; some cancer cells seem to resort to dormancy 
only to reemerge later and stronger [10]. And while literature 
is abundant with reported resistance cases to different types 
of cancer therapies; one recent report using high grade serous 
ovarian cancer demonstrates the continuity of this trend [11]. The 
study showed that platinum chemotherapy while initially effective 
in reducing tumor size; it induces changes in those cells that 
have escaped treatment. The latter recur with a more aggressive 
behavior as the platinum chemotherapy has caused, according to 
the study, an oncogenic RSK1/2-EphA2-GPRC5A signaling switch 
that had helped sustain residual resistant cells [11]. Such studies 
and others (Reviewed in [12]) emphasize the extent of cancer 
cells adaptability and how they succeed to resist treatment in 
almost every situation faced with in their microenvironment. The 
question here is how do they manage, molecularly speaking, to 
conquest various therapeutic threats?

Reporting these therapeutic shortcomings is not aimed to 
negate the positive results achieved with currently existing cancer 
therapies but rather to show what cancer cells are really able to 
accomplish and how such behavior translates their extraordinary 
capacity to adapt to their microenvironment [13]. Moreover 
without pausing to ponder on those resistance/recurrence cases, 
can only lead us in a wrong direction or give us false hopes when 
researching for cancer treatments. 

Finally, what resistance to these different therapies is telling 
us? Three things: (i) Cancer cells are able to detect the threat in 
their microenvironment; (ii) Cancer cells are able to decipher 
the nature of the threat; (iii) Cancer cells are able to respond 
appropriately to each and particular threat. The interesting 
question to ask here is how cancer cells are able to carry out such 
divergent defensive measures? The answer is; only if they possess 
specific tools proper to them through which they devise various 
survival responses.

What could be the nature of the tool used by cancer 
cells to resist different types of therapies?

In cancer we literally assist to three major steps; start, 
development and spread of the disease. Metastases formation 
shows that cancer cells are not content with mere survival but 
are keen to spread the malignant character to other tissues and 
organs through an act of globalization [14]. While metastases can 
be viewed as a strong desire of cancerous cells to spread their 
malignant character at a larger scale and ensure the perpetuity 
of such a trait, the question is how cancer cells escape different 
threats at different stages of their development and succeed to 
overcome immune detection? 

It has been reported that genetic studies have failed to lead to 
a breakthrough in either the diagnosis or the treatment of cancers 
[15]. While distancing the role of DNA mutations in cancer 
initiation is becoming more popular [16,17], this incites to look 
beyond DNA mutational events to characterize cancer biomarkers 
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which shape cancer stem-cells. Knowing that resistance has been 
linked of the persistence of cancer stem-cells and what defines 
cancer stem-cells are certainly biomarkers proper to cancer 
cells. Where do these biomarkers come from and what is their 
biochemical nature are both open questions. 

Cancer specific biomarkers could arise by a stressful 
molecular event that generates biomarkers responsible of cancer 
stemness. Such biomarkers specific to cancer must be absent in 
other types of cells whether normal stem-cells or non-cancer cells. 
This condition once fulfilled makes a clear-cut difference between 
cancerous and normal cells. Literature reports a protein model 
explaining cancer genesis [13] that has the potential to unveil the 
nature of cancer biomarkers shaping and defining stemness in 
cancer. 

What are the arguments in favor of a cancer biomarker 
of protein nature? The following observations are worth 
enumerating (i) failure to directly link transformation to one 
or more DNA mutational events distances the role of markers 
resulting from DNA mutations as biomarkers specific of cancer 
stem-cells ; (ii) the bulk of a tumor being formed of cancer cells 
of different levels of malignancy leads to think that the cancer 
character / biomarker is not evenly distributed among cancer 
cells progeny; (iii) if the cancer character / biomarker is not evenly 
distributed then it has the potential to be of a protein nature; (iv) 
during invasion and metastases formation, cells present in the 
tumor microenvironment are said to be “educated” by cancer cell 
to help support malignancy. Such “education” could be achieved 
if the cancer biomarker is transmitted to different cells present 
in the microenvironment to become “cancer-associated cells”. A 
cancer biomarker of a protein nature has the potential to explain 
such association, between cancer cells and normal cells present 
in the tumor microenvironment, and elucidate cancer “education” 
of different types of cells such as fibroblasts, macrophages and so 
forth. 

How the resistance tool could be used at a molecular 
level in cancer cells?

Before establishing themselves, cancer cells must earn new 
functions through which they become able to keep at command 
the cell’s metabolism which can then be rewired to help them 
survive, grow and respond to different immediate threats around 
them. After establishing themselves, they begin to manipulate 
their microenvironment at a larger scale in order to invade and 
then form distant metastases. Therefore they become able to 
transmit the cancer character / biomarker to neighboring cells 
in order to ensure cancer invasion and distant colony formation. 
Once cancer cells have gained new functions and thus endow 
themselves with markers of stemness, all metabolic routes 
become then possible in transformed cells; from reactivation/
deactivation of an advantageous/disadvantageous pathway, to 
drug destruction/drug efflux, all the way to creating permanent 

DNA and chromosomal modifications. Moreover, these new 
functions which define stemness of cancer cells could be 
transmitted to neighboring cells in forms of exososmes. This may 
explain what scientists refer to as “cancer-education of cells”.

It has been reported that fibroblasts which play a role in normal 
wound-healing are phenotypically distinct from fibroblasts-
associated with cancer (CAFs), and contrary to normal fibroblasts, 
CAFs have increased autocrine signaling ability and proliferation 
tendencies [18]. Compared to normal tissue fibroblasts, CAFs 
have also been shown to have a unique secretome characterized 
by pro-inflammatory proteins, growth factors, angiogenic factors, 
and altered extracellular matrix (ECM) [19]. 

In addition, mesenchymal stem cells (MSCs), known as an 
important source of fibroblast-generation cells, are also reported 
to be influenced by cancer cells. And similar to fibroblasts, MSCs 
found within the tumor stroma are phenotypically distinct from 
normal tissue MSCs and thus referred to as “cancer-educated” or 
cancer-associated MSCs (CA-MSCs) [20]. Moreover, it has been 
reported that after undergoing “cancer education”, normal tissue 
MSCs are converted into CA-MSCs which then increase cancer cell 
proliferation, chemotherapy resistance, metastasis, and immune 
evasion [21]. 

Macrophages are yet another type of cells described as being 
reprogrammed and “educated” through changes in the production 
of cytokines and angiogenic factors to serve as tumor-associated 
macrophages (TAMs); contributing thus to tumor progression 
and metastasis [22]. Recently, in glioblastoma-challenged rats, 
experimental data showed that hypoxic regions displayed an 
elevated number of infiltrating TAMs, where they were re-
educated towards an immunosuppressive M2-like phenotype 
[23]. 

In the light of the protein model for cancer genesis [13]; 
modulation of the microenvironment could be achieved through a 
mechanism involving infiltration of exosomes containing protein 
biomarkers into various types of stromal cells and hence “teach 
them” supporting malignancy instead of these cells playing 
their normal role in wound healing. In this regard, it has been 
reported that cancer cells are able to hijack the host wound-
repair response to promote formation of the tumor stroma 
needed for their progression [24]. Moreover, cancer plasticity is 
reported to be regulated by the tumor microenvironment (TME) 
that is especially heterogeneous and consists of CAFs, TAMs, and 
neutrophils as well as of cancer-associated adipocytes, tumor-
infiltrating lymphocytes, and cancer cells with or without stem 
cell characteristics [25]. 

The speed of cancer development may then depend on the 
nature of the cells in which the gain of cancer stemness marker(s) 
took place and also on the composition of the microenvironment 
specific to each tissue. This could make, as a result, some types 
of cancers more uncompromising than others. For example 
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pancreatic ductal adenocarcinoma (PDAC) known as an aggressive 
type of cancer has been shown to have a very heterogeneous 
stroma [26]. Moreover in melanoma, if transformation occurs 
in the normal skin stem-cells; this could explain the aggressive 
character of this type of cancer as well. As stem cells already 
possess unlimited growth potential, their transformation will 
require only few genomic changes [27] to reach their goals for 
invasion and metastases formation. On the other hand, in vitro 
and in vivo studies showed that liver cancer can originate from 
adult hepatocytes as well as from hepatoblasts and hepatic 
progenitors [28]. 

How cancer stem-cells would be distinguished from 
normal cells without ambiguity? 

It is now acknowledged that CSCs are behind resistance 
to treatment and cancer relapses (Reviewed in [5]). CSCs are 
described with their great abilities to self-renew, resist therapies; 
due to activation of several survival signaling pathways and 
increased immune evasion as well as DNA repair mechanisms 
(Reviewed in [29]). Various reports mention that most of the 
conventional anti-cancer agents currently used are primarily 
acting on rapidly dividing cells that make up the bulk of the tumor, 
resulting in tumor mass reduction but without total eradication 
of the disease. A total eradication of cancer will necessitate the 
eradication of cancer stem-cells, responsible of recurrence and 
disease relapse. 

Currently, biomarkers used to identify CSCs are of different 
types (summarized in [30]) and include: surface CD markers, 
surface not CD markers, intracellular markers and signaling 
pathway markers, which presence varies in different types of 
cancers. On the other hand, literature reports that most markers 
expressed in CSCs can also be found in adult tissue resident stem 
cell populations, human embryonic stem cells (hESC) or adult 
tissues [31]. The fact that markers used today to identify CSCs 
are shared with other non-cancer cells clearly makes it difficult 
to specifically target them with precision. It is therefore of capital 
importance for scientists to be able to correctly identify CSCs, 
single them out in order for clinicians to be able to specifically 
target them. 

More importantly though, the fact that the bulk tumor hosts 
cells of different malignancy-aptitudes points to (a) cancer 
biomarker (s) of protein-nature as transmission of protein 
entities bearing malignancy characters is unlike transmission of 
DNA-borne markers. When cancer cells are endowed with new 
functions to lead them to full malignancy, the protein-model for 
cancer genesis becomes worth considering as it has the potential 
to unlock the mystery of stemness of cancer cells.

Text books define a stem cell, in a normal context, as that cell 
with two distinguished types of cell division; a horizontal division 
(to preserve the pool of stem cells), and a vertical division (to give 
rise to more differentiated cells to carry out specific functions) 

[32]. In the context of cancer, it has also been described that 
cancer stem-cells divide asymmetrically to maintain the CSC pool 
[33]. If the protein model for cancer genesis holds its potential, 
are we not expected in this case, to meet within a tumor different 
cell-populations? Another level of complexity that adds here is the 
fact that cancer cells accumulate DNA mutations as they divide. 
Therefore the resulting heterogeneous cancer cell populations are 
expected to express different levels of vulnerabilities to current 
anti-cancer drugs and treatments. Similarly, when such cells 
are individually transplanted into laboratory animals are also 
expected to express different degrees of malignancy.

In conclusion stemness markers in cancer must be unique to 
cancer cells and not shared with any type of normal cells. While 
it may sound difficult to isolate such biomarker(s) capable of a 
clear-cut discrimination between cancer and non-cancer; opening 
our minds for such a possibility is in itself a step forward in cancer 
research. 

Maintenance of CSCs pool could be related to the 
maintenance of a chronic state of inflammation in the 
tumor’s microenvironment

Inflammation is portrayed as an early event that sets the 
base for later healing to take place and represents an essential 
defense mechanism vital to health [34]. Inflammation is a 
complex mechanism that can be caused by different stimuli 
[35] and scientists today put indisputably chronic inflammation 
at the source of cancer onset; suggesting it to be an obligatory 
event in the genesis of cancer [13,35]. Literature reports that 
the production of pro-inflammatory cytokines, which activate 
transcription factors, such as NF-κB and STAT3 in pre-cancerous 
cells, is the key tumor initiating mechanism [36,37].

While the protein model emphasizes the role of inflammation 
in cancer genesis as well [13] it predicts however an outbreak 
from senescence to be the likely scenario giving rise to malignancy. 
This is because senescent cells secrete senescence-associated 
secretory phenotype factors known as SASPs which have been 
demonstrated to promote inflammation (Reviewed in [38]) and 
thus may favor malignancy in chronic inflammatory conditions. 
In addition, senescent cells are equipped with characteristics of 
the cancer epigenome [39] and cancer hallmark-like phenotypes 
[13] which together could facilitate the survival of the first-born 
cancerous cell that has escaped the confinement of senescence, 
according to the the protein model for cancer genesis. Moreover 
senescence is considered to play a crucial role as a barrier to 
tumor formation [40] and therefore overcoming the barrier of 
senescence can easily lead to cancer.

While a successful resolution of inflammation restores tissue 
homeostasis in a tissue-specific manner [41], the question is how 
malignancy could be favored over healing in chronically inflamed 
tissues? Healing processes are known to follow well characterized 
steps where different immune cells take part in a coordinated 
manner [42]. Moreover fibrosis is described to occur as part of 

http://dx.doi.org/10.19080/CTOIJ.2023.23.556108


005

Cancer Therapy & Oncology International Journal 

How to cite this article:    Adjiri A. Cancer Stem-Cells: The Need for a Correct Definition. Canc Therapy & Oncol Int J. 2023; 23(1): 556108. 
DOI: 10.19080/CTOIJ.2023.23.556108

a wound healing response and plays a role in maintaining organ 
integrity following tissue injury; though it can also contribute 
to a variety of human pathologies such as liver cirrhosis [43]. In 
addition, it has been suggested that persistent inflammation can 
lead to fibrosis, which is thought to be a preliminary stage before 
the formation of the precancerous niche (PCN) [44].

In lungs, fibrosis is considered to be the result of a 
dysregulated wound-repair response to lung injury in 
which accumulation and persistence of activated reparative 
mesenchymal cells (myofibroblasts) are responsible for the 
deposition of excessive extracellular matrix (ECM) [45]. In the 
liver, it has been demonstrated that fibrous scar formation 
disrupts liver architecture while leading to hepatocyte loss and 
deregulation of the organ’s functions [46]. However reversal of 
fibrosis has also been reported in the liver and shown to occur 
through a cascade of events following withdrawal of the causative 
agent [47]. Such reversion involves decrease in cytokine levels, 
the loss of fibrous scars and myofibroblasts through senescence 
and apoptosis, and an increase in the collagenase activity [47]. 
Moreover Krizhanovsky V et al have demonstrated in mice that 
cellular senescence operates to limit the fibrogenic response to 
tissue injury and that senescence represents a mechanism that 
enables the tissue to return to its homeostatic state [48]. Together 
these observations show the interplay between fibrosis and 
senescence and that the balance may tilt to one side or the other 
including cancer development, should cells overcome senescence. 

While empirical findings support the views for both pro- and-
anti-tumorigenic roles of fibrosis in cancer initiation, growth, 
and metastasis [49], the protein model for cancer genesis may 
settle such controversy if we assume that two sub-populations 
of fibroblasts (and other cells playing a role in healing processes) 
co-exist in the same tumor microenvironment: normal fibroblasts 
non-infiltrated with the cancer protein-biomarker and fibroblasts 
infiltrated with the cancer protein-biomarker. These two 
populations of fibroblasts may drive different events and lead 
respectively to fibrosis and to support tumor development. 
Moreover it has been reported in breast cancer that cancer cells 
use the rigid collagen fibers formed during a fibrotic response 
to facilitate their metastasis [50]. These observations show that 
both fibrosis and malignancy can occur as dual events and may 
compete in the same microenvironment. In addition once a cell 
has switched to malignancy, cancer growth may then dominate 
over fibrosis while nullifying healing processes. 

In conclusion, a chronically inflamed microenvironment could 
favor a cellular event that would bring new functions to the cell, 
shifting its state from normalcy-to-malignancy. Survival of such 
a transformed cell demands the manipulation of stromal cells of 
different types in order to; first compete with their interventional 
processes, second overcome their natural healing capabilities. 
Manipulation of stromal cells is a prerequisite for the survival of a 
cell that has become cancerous and could be rendered possible by 

cancer biomarker infiltration, likely of protein nature. Educating 
stromal cells to support malignancy responds to the motto: “to 
survive, keep your enemies closer”, as stated by Senthebane et 
al. [51]. Moreover, maintaining inflammation could be beneficial 
to continue fueling the growing tumor with CSCs. Maintaining 
inflammation could continue to generate the cellular event that 
produces the cancer biomarker(s) which Characterize cancer 
stem-cells. On the other hand, chronic inflammatory conditions 
may overwhelm the immune system and thus let go unchecked a 
cell that has been transformed to become a malignant cell. 

Conclusion

Cancer is a complicated disease because a normal cell subject 
to cell regulation is rewired to function without regulation. 
No regulation means the possibility is open to change any of 
the normal metabolic pathways provided that cancer cell life 
and sustained growth are ensured. On a practical level it is not 
surprising to see then a variety of cellular modifications affecting 
both the cell’s physiology and morphology [52].

The protein model described for cancer genesis links cancer 
onset to a pathological cleavage of a non-mutated protein as the 
likely stimulus in malignancy. The key point in this model is that 
the breakage of such a protein is considered an event occurring 
upstream all deregulation which appears at later stages during 
cancer cell division and development. Moreover, a single protein 
when it loses its own regulation, is not enough to trigger malignancy 
per se; it is the acquisition of the new protein functions asserted 
to the protein entities resulting from the cleavage of the native 
protein which are thought to  practically send a cell on the road to 
malignancy. Without those newly acquired protein functions, the 
difference between normal cells and cancer cells would be hard 
to tell. Moreover, the need to keep fueling the growing tumor with 
CSCs; may oblige the maintenance of a state of inflammation in the 
immediate surroundings of transformed cells.

More importantly, how the protein model for cancer genesis 
would change cancer treatment? Current targeted therapies 
summarize decades of excellent achievements in cancer research 
and therapy and will continue to be an integral part of cancer 
treatment to reduce tumor burden. However what the protein 
model intends to bring as a plus and as a novel clinical intervention 
is to prevent cancer resistance and cancer recurrence which are 
the major setbacks of present cancer therapies including targeted 
therapy. This will become possible through a blockade of the 
new functions earned by cancer cells which define their cancer 
stemness character that is behind resistance and recurrence 
phenomena suffered in clinics today.

In addition, detection in the blood of the protein cancer 
biomarkers before a visible tumor could be formed, will allow 
preventive measures to be taken in an unprecedented manner and 
therefore ensure an effective prophylactic action. Nonetheless and 
if cancer is detected at its metastatic stage, it may be possible to 
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gradually restore tissue homeostasis in a time-space that may be 
longer when compared to non-metastatic cancer disease. Blocking 
cancer biomarkers activities will allow the body’s normal defense 
mechanisms to regain control and recognize cancer cells (and 
their stromal allies of CAFs, TAMs and CA-MSCs) as abnormal 
cells to be eliminated and therefore will reinstate healing as 
designed by Nature. Healing is the natural remedial response 
to inflammation but malignancy goes against Nature by driving 
instead tumor development, growing into metastases formation. 
Anti-cancer stem-cell specific biomarkers drugs are unlikely to 
result in off-target effects because in normal cells such markers 
are not present. 

Moreover while it is clear that malignancy can subvert 
healing processes [24] in a chronically inflamed tissue; the need 
to reestablish healing conditions should be the appropriate 
therapeutic action to take in future cancer therapy. Reinstatement 
of tissues’ homeostasis is possible because in cancer we do not 
assist to a total corruption of the body’s defense mechanisms as 
such general immune corruption would be incompatible with 
life. However immune corruption is seen locally in the tumor 
microenvironment where stromal cells are “educated” or for 
that matter “bribed by cancer character/biomarker-uptake” to 
work for cancer growth. With this understanding and as disease 
progresses, such local corruption when not appropriately 
addressed in its initial stage; grows automatically into a general 
corruption with metastases formation leading to death of the 
entire body system [14]. Moreover, having acknowledged the role 
of inflammation in cancer; it might be important to prescribe anti-
inflammatory drugs for cancer patients with the presently existing 
anti-cancer drugs as well as with the future-to-develop cancer 
drugs. This could ease the burden of inflammatory molecules 
and likely limit the generation and/or the maintenance of cancer 
stem-cells pool, helping positively restore tissue homeostasis.

Novel treatment concepts have to take additional aspects 
into account and address the root cause of transformation with 
a correct definition of cancer stem-cells which will lead to their 
correct identification. The protein model as a new concept for 
cancer genesis has a potential to open new venues never tried 
before in cancer biology and therapy. Sticking to old dogmas 
surrounding cancer genesis and cancer stem-cells identification 
will only translate into more suffering for cancer patients and 
more deaths among human population worldwide. Homeostasis 
of a cell is disturbed in cancer because of acquisition of new 
functions unlikely to start from DNA mutational events per se. 
However and as cancer grows it relies on mutations it creates 
along the way in order to establish itself, invade and metastasize. 

A clear cut difference between cancer and non-cancer cells 
is of capital importance in order to target cancer stem-cells, 
responsible of resistance and recurrence. The biomarker(s) able 
to define such a clear-cut difference is what will help us identify 
cancer stem-cells and target them specifically and effectively. Even 

a repertoire of DNA mutations, which have so far been proven 
unable to explain cancer genesis, is unlikely to lead us into the 
right direction when searching for cancer remedies as resistance 
pops up every now and then. Finally without putting the finger 
on how cancer originates, we won’t be able to come to terms with 
this transfiguring and deadly disease.
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