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Abstract 

Complex multicellular organisms require quantitative and qualitative assessments on each of their constitutive cell types to ensure 
coordinated and cooperative behavior towards overall functional proficiency. Cell competition represents one of the operating arms 
of such quality control mechanisms and relies on fitness comparison among individual cells. However, what is exactly included in the 
fitness equation for each cell type is still uncertain. Evidence will be discussed to suggest that the ability of the cell to integrate and 

collaborate within the organismal community represents an integral part of the best fitness phenotype. Thus, under normal conditions, 
cell competition will select against the emergence of altered cells with disruptive behavior towards tissue integrity and/or tissue pattern 

formation. On the other hand, the winner phenotype prevailing as a result of cell competition does not entail, by itself, any degree 
of growth autonomy. While cell competition per se should not be considered as a biological driving force towards the emergence of 
the neoplastic phenotype, it is possible that the molecular machinery involved in the winner/loser interaction could be hijacked by 
evolving cancer cell populations. 
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Transition from unicellularity to multicellularity 

The appearance of multicellular organisms represents a major
evolutionary transition of life on earth. Available evidence indicates
that, in spite of its complex nature, such process has occurred independently
several times in diverse microbial lineages and contexts [1] . In fact, while
the transient, reversible assembly of unicellular organisms in cooperating
groups is of relatively common occurrence, the emergence of a stably
interacting and interdependent cell communities relies on the appearance
of new genotypic/phenotypic traits acting as “ratchets,” i.e., limiting the
possibilities for reversal towards the unicellular status [2] . This process is
typically associated with features reinforcing cohesion and including cell
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pecialization with division of labor and the ability to communicate at the
roup level in order to coordinate and integrate cell behavior at the new
evel of individuality [3] . Mechanisms limiting conflict and favoring mutual
ependence and cooperative interaction must be incorporated in the birth
f the new organismal community [4] . 

he need to count: quantity control mechanisms 

Division of labor entails an additional fundamental requirement in order
or a cell community to be successful: the need to count. If indeed different
ell types perform different essential and complementary tasks towards 
aintaining organismal fitness, it follows that there must be a more or less

xed balance in the quantitative output of different tasks and hence among
ifferent cell types performing those tasks [5] . The ability to control tissue
ass is in fact an essential and defining facet of complexity in multicellular

rganisms, although the underlying biological and molecular mechanisms 
re still largely elusive [ 5 , 6 ]. Regeneration of mammalian liver constitutes
ne of the best examples to illustrate this concept [7] . Within minutes after
artial surgical hepatectomy, a finely orchestrated series of events takes place
n the host (including the residual liver), leading, under normal conditions,
o complete recovery of the original organ mass within days or weeks,
epending on the species; at which point the regenerative process subsides
 7 , 8 ]. Furthermore, such organ mass control also operates in the reverse
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direction. Following hypertrophy and/or hyperplasia, the liver returns to its
reference size through enforcement of regression mechanisms, including cell
deletion by apoptosis [ 9 , 10 ]. These findings point to the existence of fine
rheostats, each specific for a given tissue, that are continuously monitoring
parameters likely related to functional proficiency, be it cell number, size or
a combination thereof [11] . Very little is known about sensors and their
location(s); what appears to be essential for the implementation of these
mechanisms is an extensive connectedness both within and among tissue
types, in order to support survival of the organism as a whole [6] . Conditions
such as the age-associated benign prostatic hyperplasia (BPH) would appear
to challenge the paradigm of tissue mass control. However, for a tissue that
is exquisitely hormone responsive it is not surprising that its steady state
mass may vary according to age-related fluctuations in estrogen and androgen
signalling [12] . 

The need to assess fitness: quality-control 
mechanisms 

Albeit still poorly understood, the ability to control tissue size in
multicellular organisms has long been recognized and intensely investigated
over the past several decades. By contrast, the idea that such multicellular
communities might also be endowed with the capacity to assess qualitative
parameters and, under given conditions, select for the fittest, is relatively
novel. This idea is encompassed in the ever-expanding concept of cell
competition [13] . Almost 50 years ago, Morata and Ripoll reported a
phenomenon that is considered as one of the first documented accounts of
cell competition [14] . While Drosophila homozygous mutants for ribosomal
proteins (Minute) are lethal, heterozygous Minute flies develop normally
into adults, albeit at slower rate compared to WT counterparts. However,
if Minute heterozygous cells are induced in the context of a WT tissue
background, the former are selectively deleted to the advantage of the latter
phenotype [14] . It is important to emphasize that the paradigm indwelled in
cell competition is not simply one of a growth advantages, such as proposed,
for example, during tissue repopulation by transplanted cells [15–17] . The
salient feature is that 1 cell type (the winner) actually outstrips the other (the
loser), leading to its clearance, and this occurs by means of a direct comparison
of their relative fitness. As such, cell competition is now recognized as
a basic biological process of quality control at cellular level that plays a
fundamental role during development and in maintaining tissue integrity
throughout adult life [ 13 , 18 , 19 ]. A notable example is the involvement of
the Hippo pathway in the selection of high-quality pluripotent stem cells in
mouse epiblast. Accumulation of YAP protein and activation of TEAD are in
fact required for a strong expression of factors associated with pluripotency.
Cells displaying low TEAD activity are eliminated through cell competition,
thereby introducing a stringent quality control mechanism over survival of
pluripotent stem cells [20] . Besides TEAD, additional transcription factors
that have been repeatedly implicated in cell competition include MYC, p53,
NF- κB, and STAT; however, their mechanistic role in the process is yet to
be elucidated, if any [21] . On the other hand, the cell metabolic efficiency is
likely to represent a basic parameter for the regulation of cell competition,
as suggested by the Minute mutant phenotype referred to above. In fact,
defects in protein synthesis have been associated to a loser phenotype also
in mammalian systems [22] . Similarly, the winner phenotype displayed by
Myc-overexpressing over wild type cells is dependent on the increased glucose
uptake and increased rate of glycolysis in the former compared to the latter
[23] . Furthermore, decreased mitochondrial function, including the inability
to preserve membrane potential, defective ATP production and reduced
mitophagy, lead to reduced fitness in a cell competition scenario [24] . 
he biological bases of cell competition 

While apparently simple and straightforward, the concept of cell 
ompetition does indeed add a considerable layer of complexity to the 
rganization and functioning of multicellular organisms [25] . A series of basic 
uestions immediately arise and need to be addressed. First and paramount: 
hat is cell fitness? Secondly, how do cells compare their fitness level? 
urthermore, which cell types are involved in the comparison? Does cell 
ompetition in vivo operate within specific tissue boundaries (i.e. only among 
omotypic cells)? In an attempt to define the biological perimeter of this 
henomenon, a series of “hallmarks” have been proposed to characterize 
ell competition [26] . They include: (1) a context-dependency effect, i.e. 
 fitness gradient must exist for the winner vs. loser cell phenotype to
merge; (2) a mechanistic coupling between proliferation of winner and 
learance of loser cells; (3) maintenance of overall tissue size, i.e. cell 
ompetition occurs under homeostatic control mechanisms; (4) importantly, 
he process is enforced within defined developmental compartments [ 26 , 27 ].
 relevant aspect that emerges from the above is that cell competition is
nacted at a high hierarchical level, beyond that of single cells, allowing 
issues and/or organisms to implement quality control strategies in order 
o maintain functional proficiency of their constituent cells. Furthermore, 
f cell competition is based on assessment of relative fitness, then it can
ossibly operate only among homotypic cells, i.e., within the same tissue 
ype, as it would make little biological sense to compare “fitness ” and 
nstigate competition between a glomerular and a tubular epithelial cell in 
he kidney, as an example [ 25 , 28 ]. The latter consideration highlights the
entral theme alluded to earlier and facing any research efforts aimed at 
nravelling the intimate nature of cell competition: what is meant by cell 
tness? In an elegant review, Di Gregorio et al defined fitness as “the ability
f a cell to thrive in a given environment, an ability determined by a number
f parameters, including cell-cycle length, transcriptional output, signaling 
ctivity, and metabolic rate” [29] . This definition undoubtedly addresses 
ain aspects of competition from the perspective of single cell confrontation. 
n the other hand, little or no reference is made (1) to any tissue-specific

unction that might enter the competition battleground or, most critically, 
2) to a fundamental attribute that competing cells must express in a 
ulticellular community, i.e. the ability to cooperate towards the common 

ood [ 3 , 4 , 30 ]. As discussed in the preceding paragraphs, multicellular
rganisms, by definition, require a high degree of intercellular cooperation 
o maintain homeostasis. However, cellular traits selected during evolution 
o multicellularity may represent a fitness cost to the individual cell [31] ,
mplying that any cell that loses such traits would gain a selective advantage 
ver more cooperative counterparts [31] . Thus, cooperative capacity must 
e in position to override, in a cell competition scenario, the emergence
f phenotypic traits that are advantageous to the single cell but would 
e detrimental to organismal fitness [30] ( Fig. 1 ). As an example, non-
ooperative, polarity-deficient and oncogenic cells are eliminated from eye- 
ntennal imaginal epithelium of Drosophila by normal surrounding cells, 
hereby exerting a protective anti-tumor effect via cell competition that favors 
ooperation [32–34] . 

he emergence of cell clones in normal tissues 

The advent of deep targeted and whole-genome sequencing has revealed 
he widespread, pervasive presence of clonal growths in normal adult human 
issues, with increasing frequency as we age [35–38] . They were first reported
n bone marrow-derived cells and referred to as clonal hematopoiesis of 
ndeterminate potential (CHIP), with single clones contributing to a sizeable 
roportion of cells in peripheral blood [ 35 , 39–41 ]. Up to 20% of healthy

ndividuals aged 60 to 69 years were found to harbor such clones, and
his is probably an underestimate [42] ; in 1 study, as many as 18% of
lood cells were found to originate from a single clone [35] . It soon
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Fig. 1. While the unit of selection in unicellular organisms is the single cell [97] , multicellular organisms function as an interdependent community and cell 
competition must therefore be included in a higher-order scenario of cell cooperation. Cooperative capacity and tissue-specific metabolic functions become 
essential components of the fitness equation, although this occur at the expense of basic parameters such as cell cycle length or resistance to toxicity. 
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became clear that this finding is not unique to bone marrow-derived cells.
Phenotypically normal skin also contains a patchwork of genetically altered
clones [36] , whose size and genotype relates to location [37] ; similarly,
human esophageal epithelium is progressively colonized by mutant clonal
populations compatible with a normal tissue architecture [ 43 , 44 ] and clonal
expansions of genetically altered cells were reported to occur in normal
human endometrial epithelium [45] human urinary bladder [ 46 , 47 ], and
colorectal epithelium [ 48 , 49 ]. Furthermore, mutations conferring increased
clonal fitness upon phenotypically normal hepatocytes have been described
during the evolution of human liver cirrhosis [50] . The last, most extreme
and intriguing arrival to the club of clonally populated tissues is the placenta,
which was found to be a mosaic of extensively mutated clones, yet performing
its normal function [51] . 

There is now a general consensus that positive selection, as opposed to
random drift, is the main biological force driving this phenomenon [ 52 , 53 ].
It is also clear that mutant clones expand within the normal tissue boundaries,
implying that their growth is balanced by a corresponding loss of surrounding
counterparts and is therefore well within homeostatic control [53] ( Fig. 2 ).
Accordingly, a mechanism of cell competition is likely to form the bases
for the selective growth of such clones, although a formal demonstration
of its occurrence has been difficult to obtain. Experimental studies in mice
have shed light on the dynamics of clonal selection in a mutagenized
tissue landscape [ 53 , 54 ]. Skin progenitor cells carrying a heterozygous p53
gain-of-function mutation display a competitive advantage over wild type
counterparts, with a reduced tendency to differentiate during migration
to the upper layers of the epidermis; however, the mutant phenotype is
progressively attenuated and the skin remains phenotypically normal [54] .
Similarly, the esophageal mucosa mice treated with a mutagen 1 year earlier
was extensively populated by clones carrying alterations in Notch1, Notch2,
Trp53, Cul3 and Arid1a genes, despite being > 98% histologically normal
[53] . In agreement with previous reports [55] , it was found that cell division
f Notch1 -mutant progenitors is strongly biased towards persistence of the
roliferative phenotype and against differentiation. In addition, expanding 
utant cells induce differentiation of surrounding wild-type counterparts, 

eading to their progressive clearance from the tissue. Ultimately, notch1 -
efective clones reinstate their attitude to differentiate and a seemingly
ew homeostasis is achieved in a phenotypically normal esophageal mucosa
53] . Thus, selection of winner cell phenotypes emerges as a fundamental
echanism shaping the clonal landscape of tissues exposed to mutagenic

vents, either at genetic and/or epigenetic level. 
On the other hand, a similar biological paradigm appears to be at play

uring normal tissue development. When cells expressing high levels of Myc
re induced in mouse epiblast, they expand selectively and cause apoptotic
learance of surrounding cells with lower Myc expression, in the absence
f developmental defects [ 56 , 57 ]. Most critically, endogenous Myc levels
ere reported to be heterogeneous in normal mouse epiblast cells during
evelopment, leading to continuous competition towards selection of cells 
ith highest Myc expression [56] . 

re we at the peak of fitness? Why do “mutant”
lones win over surrounding cells? 

The latter considerations point to a core issue in the field of cell
ompetition and, more specifically, to the central question regarding the
iological significance of clonal proliferations in aged tissues. If indeed
uch clones are positively selected because of a higher fitness compared to
urrounding tissue counterparts, 2 possibilities can be envisioned: (1) winner
ells have improved their fitness above normal level, or (2) surrounding
loser) cells have incurred a decrease in their level of fitness. Although
he prevalent view is that clonal expansions result from a gain-of-function
lteration in the genotype of constituent cells, recent evidence highlights the
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Fig. 2. Upper panels: a single cell with a relatively higher fitness expands at the expense of neighboring homotypic cells (i.e., cells of the same tissue type). The 
higher fitness of the rare cell could result from a relative loss in surrounding counterparts, as it occurs in aging [ 70 , 71 ]. Clones maintain cooperative capacity 
and expand within tissue boundaries. 
Lower panels: a single cell with a relatively higher fitness and loss of cooperative capacity expands forming a focal proliferative lesion with histological alterations. 
These cells display growth autonomy (uncontrolled growth) and revert back to cell-centered competition, fueling clonal evolution. 
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complex dynamics of competition-based cell turnover in normal tissues and
the essential role played by local environmental constraints [58] . 

Both evolutionary and developmental processes converge towards
achieving near-maximum fitness in tissue composition in multicellular
organisms, as exemplified by the above-mentioned selection of highest Myc
expression levels in mouse epiblast [ 56 , 59 ]. This implies that any deviation
from a normal phenotype is likely to result in a relative loss of fitness
in the affected cell, followed by its removal by the surrounding neighbors
[ 60 , 61 ]. However, such interpretation is apparently at odds with the common
finding of mutant cell clones in normal aged tissues referred to above. If
indeed Notch1 -defective progenitors are able to outcompete their normal
counterparts in aged esophageal mucosa [ 43 , 44 ], it is legitimate to ask why
this does not occur earlier during development and, most strikingly, why it did
not occur during evolution. The fact that Notch1 mutants are of so common
occurrence during a single lifetime of any individual [ 43 , 44 ] rules out de
facto the possibility that such genotype has not been available for (positive)
evolutionary selection. Thus, it would appear that genotypes (such as Notch1
mutants) that are positively selected in phenotypically normal tissues of
aged individuals or mutagenized animals [53] are not inherently fitter than
their wild type counterparts; rather, their competitive advantage emerges
under specific tissue environments bearing permissive alterations. Which
highlights a seemingly trivial and therefore often overlooked additional
attribute of cell competition: the winner and loser phenotypes are not related
to absolute features of the confronting cells, but are heavily dependent
on external environmental cues. As a notable example, p53 mutant cells
outcompete normal epithelial cells in the esophagus of mice exposed to
oxidative stress induced by low dose ionizing radiation (LDIR); however, such
competitive advantage is countered when LDIR is coupled with antioxidant
treatment [62] . Similarly, high fat diet-induced inflammation provides a
competitive advantage to intestinal RasV12-mutant cells, which is attenuated
following treatment with aspirin [63] . Moreover, caerulein-induced chronic
nflammation was able to suppress competition-dependent apical elimination 
f RasV12 cells from mouse pancreatic epithelium [64] . These results indicate 
hat a pro-inflammatory microenvironment can affect the outcome of cell 
ompetition to favor accumulation of altered cells over those with a normal 
henotype. Along the same lines, intriguing findings were reported in a recent
tudy analyzing the clonal landscape of normal human bronchial mucosa 
f tobacco smokers. While smoking imposes a high mutational burden on 
he majority of bronchial epithelial cells, a subpopulation of mitotically 
uiescent cells remains relatively free of mutagenic events and is able to 
eplenish large segments of bronchial mucosa upon smoking cessation [65] . It 
s suggested that the expansion of such normal cell population, with a near-
ormal genotype, which remained quiescent during smoking, relates to its 
etter fitness under conditions of smoking cessation. Conversely, mutant cells 
uch as those with aberrant NOTCH or TP53 signaling, which are positively 
elected by smoking, were no longer favored after smoke exposure had 
topped [65] . The fundamental message emerging from this type of studies 
s that selection of specific genotypes, including those with pre-neoplastic 
otential, is context-dependent; moreover, re-normalizing an altered tissue 

andscape might represent a viable strategy to counter the expansion of 
utant clones, including those on the path to neoplastic disease [66–68] . 

t is noteworthy that caloric restriction, which is known to delay aging and
ge-associated chronic diseases, including cancer, was reported to increase 
ompetitiveness of healthy stem cells and decrease retention of mutant cells 
n mouse intestine, thereby improving overall tissue fitness [66–69] . 

Several years ago, we described the increased clonogenic potential of 
he liver microenvironment in aged rats compared to that of the young 
nimal [70] and more recently we reported a cell-autonomous decrease of 
n vivo proliferative potential in hepatocytes isolated from old vs. young 
onor rats [71] . Since proliferative fitness is an important functional attribute 
f the normal hepatocyte (albeit, by no means, the only one!), its age-
elated decline can contribute to the emergence of clones that have gained a
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relative competitive advantage. Interestingly, clonal expansions were reported
during the evolution of human chronic liver disease, and clone size was
directly related to the extent of tissue damage [50] . Furthermore, cell clones
harbored recurrent mutations in critical genes (including PKD1, KMT2D,
and ARID1A) that were related to an increase of hepatocyte proliferative
fitness in vivo [50] . In another study, loss of arid1a function was shown to
accelerate liver regeneration after injury, while its overexpression impaired the
healing process [72] . Once again, it remains an open question why arid1a loss
of function was not selected for during development or evolution, given its
apparent positive effect on hepatocyte proliferative fitness. A similar argument
applies to super-competitor phenotypes that have been described in previous
classical reports, including cells over-expressing dMyc , STAT or Yorki in
the Drosophila wing disc [73–76] : these mutants are all able to proliferate
faster and display a winner phenotype vis a vis their wild type counterparts.
Therefore, as with previous examples, it is intriguing to consider why such
super-competitors were not successfully selected during evolutionary phases
and/or during normal developmental processes. 

Cooperation and the fitness equation 

Functional analysis of clonal dynamics during cell turnover in health
and disease would require a comprehensive understanding of biological
properties included and evaluated in the “fitness phenotype” in any specific
tissue. While the full details of the fitness equation have yet to be resolved,
important hints begin to emerge from the studies referred to above. Along
this line, it is noteworthy that both esophageal progenitor Notch1 mutants
[ 53 , 55 ] and hepatocyte Arid1a mutants [72] express a phenotype that is
relatively refractory towards differentiation and/or functional maturation.
As noted above, Notch1 -defective progenitors are more likely to remain
within the proliferative compartment rather than differentiate and migrate
to the upper layers of the esophageal epithelium [55] ; on the other
hand, Arid1a -mutant hepatocytes display globally attenuated, lineage-specific
transcriptional activities, as exemplified by a generalized decrease in the
expression of cytochrome p450 enzymes [72] . Thus, although these mutants
display a winner phenotype when confronted with neighboring wild type
cells within aged, mutagenized or diseased tissue environments, their overall
fitness does not stand out as highest in a normal developmental context,
possibly as a consequence of defective differentiation/maturation potential
referred to above. The latter processes are indeed central to the assembling
and maintenance of tissues in multicellular organisms, as part of the
mutual dependence and cooperative interactions characterizing such complex
communities [4] . Therefore, it would be expected that such properties,
ultimately related to the ability to contribute to normal tissue pattern
formation, are meticulously screened and positively selected by mechanisms
overlooking the dynamics of cell competition [77] . As already mentioned, in
Drosophila epithelium, cells with mutations in cell polarity genes, such as
scribble (scrib) or discs large (dlg), which are disruptive of tissue architecture
and potentially tumorigenic, are eliminated from the tissue when surrounded
by wild-type cells [78] , through a mechanism that involves cell competition
via secretion of fibroblast growth factor 21 by loser cells [34] . As another
example, anterior-posterior tissue patterning in zebrafish is tightly regulated
via cell competition-mediated elimination of unfit cells upsetting the correct
establishment of morphogen gradients [79] . 

This type of evidence indicates that the ability to communicate, integrate
and cooperate in a complex system represents an integral part of the equation
that defines the operational boundaries of cell competition during normal
tissue development and homeostasis in multicellular organisms [30] . Such
consideration bears obvious relevance to the role of this process in the context
of neoplastic disease. If indeed cell competition is a facet of quality control
mechanisms aimed at achieving and preserving the fittest cell phenotypes in
any tissue, it comes as a corollary that it can act as a powerful barrier against
the emergence and overgrowth of altered/dysfunctional cells, including (pre)-
eoplastic ones [ 77 , 80 ]. A paradigmatic example of such mechanism is
ossibly represented by what has been referred to as EDAC (epithelial defense
gainst cancer): in the words of the proponents, it is a cell competition-
ased “intrinsic anti-tumor activity within the epithelial cell society to
educe the risk of oncogenesis” [81] . Hyperinsulinemia was reported to
nhance epithelial carcinogenesis via inhibition of cell competition [82] .
urthermore, given the constitutive role of cell cooperation in the birth
f multicellular organisms, such process will tend to select against any cell
utonomous phenotype, including growth autonomy of neoplastic cells. 
lthough the presence of super-competitor phenotypes, such as conferred 
y myc overexpression, may suggest otherwise [83] , it is important to point
ut that myc -driven growth of winner cells is still under the constraints of
issue homeostatic mechanisms [ 56 , 73 , 76 ]. Similarly, expansion of Notch1 -
r Arid1a -mutant clones, which are able to out-compete normal surrounding
ounterparts, occurs at the expense of neighboring cells and does not
isrupt overall tissue architecture [ 43 , 44 , 72 ]. This strongly speaks against the
xistence of a direct link between the winner phenotype associated with cell
ompetition per se and uncontrolled neoplastic proliferation [ 54 , 84 ]. On the
ther hand, recent studies describing the behavior of initiated cells in genetic
ouse models of intestinal carcinogenesis are in apparent contrast with the

bove conclusion [85–87] . It was reported that crypt stem cells expressing
utant Kras, Pik3ca or Apc are able to release mediators that increase the

ate of differentiation of wild type stem cells, leading to their gradual and
omplete deletion. Parallel expansion of mutant clones results in adenoma
ormation. Importantly, inhibition of such a paracrine effect prevents both
he loss of wild type stem cells and the competitive outgrowth of mutant cells
85–87] . The latter finding is particularly significant: it indicates that, at least
t the initial stages, the selective expansion of Kras, Pik3ca or Apc mutants
s not cell- autonomous, but it depends on the clearance of neighboring
ild type stem cells, i.e., it still occurs within the boundaries of tissue
omeostatic control mechanisms. In this respect, it is similar to the behavior
f Notch1-mutant progenitors in the esophageal mucosa referred to above:
hey expand selectively by inducing differentiation of surrounding wild- 
ype counterparts [53] . However, while Notch1-defective clones eventually 
ifferentiate forming a seemingly normal esophageal mucosa [53] , Kras,
ik3ca and Apc mutants form discrete focal lesions (adenomas), with altered
issue architecture, that can further progress to overt neoplasia. Thus, growth
attern, rather than growth per se, emerges as a critical differential attribute
f early lesions with pre-neoplastic potential, thereby dissociating the super-
ompetitive phenotype per se from the risk of neoplastic disease [88] . 

On the other hand, the molecular machinery mediating cell competition
ight be hijacked during invasive and metastatic cancer growth, as suggested

y some studies [ 83 , 89–92 ]. For example, cell competition in the context
f cancer cell heterogeneity shapes the dynamics of clonal evolution during
umor progression [ 92 , 93 ] ( Fig. 2 ), a principle that informs the newly
roposed paradigm of adaptive therapy for the treatment of cancer [94] .
eterotypic cell competition between neoplastic cells and surrounding 

tromal cells has also been described as a mechanism supporting invasion:
levated levels of c-Myc and YAP in cancer cells was positively correlated with
aspase-3 positive apoptotic cells in the adjacent stroma [95] . 

oncluding remarks 

Humans have roughly 300 different cell types by histological criteria
96] . Both quantitative and qualitative assessments are required on each cell
ype to ensure their coordinated and cooperative behavior towards functional
roficiency of the organism as a whole. Cell competition represents one of the
perating arms of such quality control mechanisms overseeing fitness level in
ndividual cells. Central to any analysis on its possible role in any process,
ncluding neoplastic development, is therefore a comprehensive and workable 
efinition of cell fitness, the cumulative phenotype encompassing salient 
unctional properties specific for each cell type. We have argued that such
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fitness equation, i.e., the basis for cell competition, must include the ability
of the cell to communicate and integrate in a large community, the society
of cells constituting multicellular organisms. Furthermore, cell competition
operates within defined tissue boundaries dictated by precise developmental
programs. Thus, under normal conditions, it represents an effective barrier
against the emergence of altered cell phenotypes disruptive of tissue integrity
and/or tissue pattern formation. Moreover, cell competition does it entail
per se any degree of growth autonomy, in that the growth of winner cells
is always counterbalanced by clearance of loser neighbors. Based on these
considerations, cell competition does not stand as a biological driving force
fueling the emergence of the neoplastic phenotype, although it is possible
that the molecular machinery involved in the winner/loser interaction could
be hijacked by expanding cancer cell populations. 
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