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Cells in a clonal population always display 
substantial phenotypic heterogeneity of non-genetic 
origin (Brock, Chang, & Huang 2009). Heterogeneity 
arises from the inherent stochasticity of molecular 
interactions, including gene expression that produces 
a large variety of cell phenotypes. It has been assumed 
that constraints and forces of selection shape this 
heterogeneity (Bizzarri 2018). These forces probably 
arise from interactions between the cells locally and 
at the level of tissues but may be intrinsic, depending 
on the individual life trajectories within the cell 
population. There are also extrinsic forces, such as 
physical parameters and nutrient availability. Together, 
they may act on the diversity of cell phenotypes and 
produce new populational structures and tissue 
organization. This is a typical Darwinian mechanism 
based on random variation and selective stabilization. 
It has been proposed that normal cell differentiation 
and embryonal development but also pathological 
processes such as cancer proceed through a Darwinian 
mechanism (Kupiec 1997; 2020; Paldi 2020). Both 
aspects have been discussed in Organisms.

The fact that the cells proliferate and generate 
a heterogenous population spontaneously without 
the need for external instructions or signals is now 
well known. However, the idea that this represents 
a fundamental feature (Montévil 2016) has some 

difficulty in being accepted. The typical way to frame 
the issue of heterogeneity is to implicitly assume that 
cell populations are homogeneous on their own and 
that diversity is generated by specific mechanisms. 
For example, in the case of normal development, it is 
typically assumed that cells differentiate or divide only 
when they receive an external inducing signal. This 
is a classical deterministic reasoning that has been 
challenged (Sonnenschein & Soto 2021). A corollary of 
this deterministic logic is that cellular diversity found 
in clonal populations of cancer cells must have specific 
cell intrinsic causes. Indeed, if the origin of cancer lays 
in genetic mutations that empower an individual cell 
to proliferate faster than others, as stipulated by the 
somatic mutation theory (SMT), then the emergence 
of more malignant subclones must also result in the 
accumulation of more genetic mutations. Although 
SMT faces a number of conceptual contradictions 
inherent to the theory itself and directly contradicts 
many essential observations (Sonnenschein & Soto 
2020), it still remains hegemonic. Attempts are 
regularly made to update it, typically using ad hoc 
propositions to resolve some of these contradictions. 
They also usually reinforce SMT deterministic nature 
while pretending to introduce some Darwinian logic. 

A recent example of such an ad hoc proposition was 
provided by Khatib and colleagues in a paper entitled 



50

Old Ideas Die Hard, Particularly in Cancer Biology

“Understanding the cause and consequence of tumor 
heterogeneity” (Khatib et al. 2020). The authors 
examine the origin of cancer heterogeneity, and ask 
a typically SMT-inspired question: “Does a common 
mechanism exist that drives cancer heterogeneity 
to achieve the fitness and survival of a given cell 
community?” The question itself—putting aside 
its anthropocentric flavor—is founded on several 
implicit assumptions. First, it postulates the existence 
of specific mechanisms shared by all cancer types 
that generate cell heterogeneity on purpose. Second, 
the cancer cell community is supposed to have its 
own fitness. Unfortunately, these assumptions are 
not made clear, hence no arguments support them. 
The authors favor a superficial analogy involving 
forest fires and cell death. Namely, since natural 
or manmade fires promote biodiversity in natural 
ecosystems, it is proposed that “selective cell death 
within each tumor ecosystem may be one mechanism 
that induces cancer cell heterogeneity thus confers 
a survival advantage on these cells”. In support to 
their proposition, the authors claim that there is 
an association between the apoptotic index in a 
selection of tumor types and the cancer cell diversity 
estimated on the basis of transcriptome analysis and 
patients’ survival. 

Although the correlation between the increased 
cell turnover and the aggressiveness of a tumor could 
be interesting, the authors miss the opportunity 
to propose a more coherent systemic explanation 
based on such a solid theoretical foundation as the 
Darwinian Theory. The superficial analogy with 
the natural ecosystems may give the illusion that 
the authors incorporate a Darwinian logic in their 
explanatory scheme. This is clearly not the case. Their 
proposition that apoptotic cells purposefully “induce” 
heterogeneity in the cancer cell population to promote 
the survival of the fittest sub-clones in the tumor is at 
odd with any Darwinian logic. Rather, this appears 
as a simple deterministic reasoning seeking linear 
causality behind complex phenomena. Such an idea 
might be compelling but, unfortunately, is misleading. 
Indeed, this interpretation is regrettably common in 
biology and it represents a major hindrance for the 
development of a coherent theory of living organisms 
(Soto et al. 2016).
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