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Abstract: It is not widely known that the human genome retains ancestral emergency programs that 

can be activated in response to germline stress and irreparable DNA damage, freeing affected cells 

from the constraints of multicellularity. The reactivation of unicellular genome modules—via a 

process known as the multicellular-to-unicellular transition (MUT)—represents an ancient 

mechanism rooted in the gradual back and forth transition to multicellularity. MUT modules are 

preserved in a reactivatable state within the genomes of all metazoans and are activated in 

approximately 50% of humans, particularly at advanced stages of life. This inversion to a unicellular 

genome state gives rise to a subpopulation of precancerous cells that proliferate through defective 

symmetric cell division (DSCD). Once DSCD progeny acquire fusibility, they form hyperpolyploid 

genome repair syncytia (MGRS), which work to eliminate genomic defects and establish a unicellular 

cancer stemgermline capable of producing committed, non-proliferative cancer stem cells.  Similar 

to the Ur-germline of unicellular ancestors, the cancer stem-germline—along with its clones and 

sublines—is hypoxic and becomes dysfunctional in tissues with oxygen levels above 6.0% O₂, a 

condition referred to as germline hyperoxia. Together with a somatic helper lineage that does not 

generate cancer stem cells, the stem-germline forms an autonomous cellular system that functions 

according to the principles of unicellular life. The stem-germline and its somatic counterpart work in 

concert to maintain and expand a stable, unicellularized stemgermline genome. 

Keywords: cancer; entamoeba; stemgermline; committed CSCs; multicellular-unicellular transition; 

genome evolution and stability 

 

1.0. Introduction 

Most cancer researchers today still view cancer cells as deregulated, diseased multicellular 

entities that give rise to a chaotic population of plastic successors—both stem cells and non-stem 

cells—all of which are genomically unstable and have lost their genomic integrity. Despite numerous 

indications over the past two decades suggesting that cancer cells may share an ancestral relationship 

with protists, particularly amoebae, or that they rely on ancestral genes, these insights have largely 

been overlooked or unrecognized. Molecular biologists continue to search for the driver genes 

responsible for transforming normal multicellular cells into abnormal multicellular entities—cancer 

cells [1]. As evident, cancer research remains centered around Dollo’s law of evolutionary 

irreversibility, a paradigm established 135 years ago. 

In 1893, Louis Dollo [2] postulated that evolution cannot return to earlier states or to a previously 

realized state in an ancestral lineage [3]. According to this dogma, once a more or less complex trait 

has been lost, it remains lost forever. However, recent studies in phylogenomics and functional 

genomics have shown that this is not the case; evolution can, in fact, revert to conserved genetic and 

developmental ancestral programs [4,5].   

As recently noted by Elmer and Clobertz [6], comprehensive evolutionary reconstructions and 

comparative studies of multiple lineages provide evidence of both loss and regain of traits through 
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Ancestral State Reconstruction (ASR) [7–9]. Several compelling cases of „breaking Dollo’s law” have 

been reported in the recent literature, spanning diverse taxa, from bacteria to plants to animals.   

Cancer is undoubtedly one such case [10–13]. In the post-genomic era, cancer exemplifies a 

reversal in the evolutionary history of a clade, occurring on a functional genomic basis [6].  

Ancestral State Reconstruction (ASR) in cancer is not a transient phenomenon, nor is it merely a 

result of cellular plasticity [14–16]. Cancer demonstrates that ASR enables not only the reversion of 

individual traits and marker expression but also the transformation of entire cellular systems, from 

multicellularity to unicellularity. In this regained ancestral state, intermediate genomic losses and 

gains occur that were absent in the original multicellular system. Further molecular studies are 

required to classify losses and recoveries functionally, genomically, and post-genomically. [6]   

Unfortunately, many cancer researchers still adhere to the outdated theory that viewis cancer 

solely as a disease within the multicellular cell system, rather than recognizing the coexistence of two 

fundamentally different cell systems competing against each other: (1) the unicellularized cancer cell 

system, which arises from irreparably stress-damaged stemgemline cells , and (2) the multicellular 

host cell system. Unicellularization precedes carcinogenesis. It originates from senescent or apoptotic 

stemgermline cells and occurs during a prolonged phase of restorative senescence [13] through an 

evolutionary process of multicellular-to- unicellular transition (MUT).      

MUT is a process of genome inversion that evolved approximately 1000–900 million years ago 

(Mya) during the Tonian period in early multicellular living forms with genomic deficiencies. It 

emerged as a counterpart to the unicellular-to-multicellular transition (UMT) processes. Through the 

reciprocal MUT process, stable unicellular genome networks replace unstable multicellular genome 

networks, allowing non-viable early metazoans to revert to stable unicellular life forms. Additionally, 

MUT facilitated renewed and more successful attempts at multicellularity. MUT mechanisms have 

been evolutionarily conserved in the genomes of all metazoans.   

In this way, dysfunctional stemgermline cells of non-cancerous individuals can restrict their 

genome by downregulating and suppressing multicellular genome repair genes that have been 

damaged by stress factors and have become dysfunctional. MUT mechanisms and genome inversion 

programs persists in all metazoans and can be reactivated when dysfunctional multicellular 

stemgermline cells encounter restorative senescent niches along with appropriate inducers of 

unicellularization [13]. Within these niches, such cells can initiate evolutionarily MUT and repair 

processes, transitioning toward an autonomous unicellular life cycle characterized by the alternating 

ACD and DSCD phenotypes, with and without stemness potential.    

The unicellular system of cancer is neither unstable nor chaotic. Instead, it develops and evolves 

according to the principles of complex unicellular life systems derived from the common AMF.    

Recent advancements by the evolutionary cancer cell biology ECCB [10–13] highlight the deep 

homology between cancer cells and parasitic amoebae, drawing parallels with the common AMF 

ancestor of amoebozoans, metazoans and fungi. This perspective places ancestral state 

reconstruction at a higher explanatory level than mutational genetic changes, which alone have not 

satisfactorily clarified the origin, genome and function of cancer.   

Furthermore, the ECCB has demonstrated that the primary driver of both unicellular cell 

systems - cancer and its Entamoeba model - is the stemgermline, previously referred to as the non-

gametogenic (NG) germline. Stemgermlines are phylogenetically related to the hypoxic Ur-

germline of the AMF ancestor. Ancestral stem- germlines give rise to non-proliferative committed 

stem cells and cancer stem cells (CSCs). In host tissues and the bloodstream, oxygen levels typically 

range from 0.1% to 13% (oxygen gradient), but the unicellular cell systems of cancer and amoebae 

function normoxically (physioxically) only below 6.0% oxygen. Oxygen levels exceeding this 

threshold create a hyperoxic environment for the stemgermline (germline hyperoxia), leading to 

irreversible genome damage. However, both cell systems possess unicellular repair mechanisms, 

such as hyperpolyploidization, to restore functional genomic states.   

According to evolutionary cancer cell biology (ECCB), gaining deeper insight into the 

evolutionary history of the stemgermline, which drives cancer evolution is paramount to 
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understanding cancer [13]. In recent years, significant progress in amoeba cell biology has provided 

a fortunate parallel [17–25], revealing the deep evolutionary homology between these unicellular 

parasites and the cancer cell system. Currently, Entamoeba represents the most evolutionarily relevant 

model for cancer, demonstrating that cancer exploits ancient unicellular mechanisms established by 

the common ancestor of amoebozoans, metazoans, and fungi (AMF).   

Numerous studies in evolutionary cancer cell biology (ECCB) over the last decade have 

demonstrated the deep homology between the native cancer cell system and the life cycle of 

Entamoeba, both of each share a common AMF ancestor. These cell systems possess a unicellular 

oxygen-sensitive stemgermline with two distinct phenotypes. One is the asymmetric cell division (ACD) 

phenotype, which produces committed stem cells. The other is the dysfunctional symmetric cell 

division (DSCD) phenotype, which have lost its stemness potential and proliferates by defective 

DSCDs.  Additionally, there is a somatic oxygen-resistant cell lineage consisting of numerous 

subtypes and clones, which play an essential role in maintaining and expanding the genome.    

Both cancer and Entamoeba stemgermlines share many characteristics of unicellular life cycle, 

including (1) sensitivity to oxygen levels exceding 6.0% O₂ ß (germline hyperoxia), (2) the presence 

of committed stem cells, (3) stemness loss and recovery, (4) hyperpolyploidy, multinucleated giant 

cells (MGRS, PGCC), and other features. These homologies strongly support the unicellular nature 

ty of both cell systems and their shared AMF origin.    

The two autonomous cell systems - cancer and its evolutionarely model, the parasitic Entamoeba 

[10–13] –retain full functionality and stemness in hypoxic niches and tissues with oxygen levels below 

5.7–6.0% O₂ but are severely compromised in environments where oxygen levels exceed germline 

normoxia, (≥ 6.0% O₂). Such hyperoxic germline conditions in tissue and blood flow lead to the loss 

of DNA repair capabilities via homologous recombination (HR), resulting in irreparable double-

strand break (DSB). Both the cancer and protist stemgermlines are vulnerable to oxygen excess, but 

hyperoxic damage can be mitigated through hyperpolyploidy—a specialized repair mechanism of 

unicellular cell systems.  During this repair process, DSCD cells fuse to form specific unicellular 

giant repair structures known as multinucleated giant repair structures (MGRS) or, polyploid giant 

cancer cells (PGCC).   

From an evolutionary perspective, committed non-proliferative human stem cells, such as adult 

stem cells (ASCs), originate from a proliferative stemgermline closely related to the Ur-germline of 

the common AMF ancestor. Understanding the evolutionary roadmap of cancer is essential to guide 

future molecular research toward solving long-standing questions in cancer biology.    

2.0. Stemgermline Vulnerability to Stress  

2.1. Stemgermlines Give Rise to Committed Stem Cells and CSCs 

It has long been known that stem cells are in fact germline cells or germline stem cells (GSC) and 

that the hidden, little-known non-gametogenic NG stemgermline functions as a „proliferative stem 

cell line” in tissues and organs, giving rise to self –renewing cells and committed non-proliferative 

stem cells (CSCs) capable of differentiation [10]. Even today, this stemgermline is mistakenly referred 

to as a proliferating stem cell line, although it is clear that stem cells - committed stem cells - cannot 

proliferate. The stemness potential is manifested by the functional ACD phenotype, which 

proliferates through asymmetric cell division (ACD), producing self- renewing and committed sister 

cells.  Cells in G0 are not committed stem cells; rather, they are non-committed quiescent cells 

capable of re-entering the cell cycle. Committed stem cells, which are primed for differentiation, lack 

the ability to proliferate. However, they can accumulate additional copy cells through 

polyploidization and hyperpolyploidyzation [10–13].   

2.2. Oxygen Sensitivity of Cancerous and Non-Cancerous Stemgermlines 

Stemgermline cells exposed to oxygenic stress switch undergo a shift to defective symmetric cell 

division (DSCD), which lacks stemness. Some cancer researchers interpret the transition from ACD 
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to DSCD as a shift from stem cell to non-stem cells; however, this is not the case. Notably, true committed 

stem cells and CSCs do not proliferate. Both ACD (stemness positive) and DSCD (stemness negative) 

phenotypes are germline phenotypes. Understanding this differentiation within stemgermline cells 

is crucial for unraveling the evolutionary processes underlying cancer.    

Stemgermlines capable of producing stem cells in humans, vertebrates, invertebrates and 

protists, are all related and can be traced back to AMF Urgermline. They all contain the genes and 

modules of the ancestral genome, or at least significant parts of it. In the course of evolution, primitive 

germlines have evolved, but these have often been misclassified as proliferative stem cell lines without 

taking into account the lack of proliferative capacity of true committed stem cells. [10]    

2.3. Aging Stemgermlines; Mitotic Arrest (Senescence) and Apoptosis  

In metazoans and humans, stemgermlines, sublines, and clones tend to undergo apoptotic death 

because the multicellular life has introduced numerous barriers to the restoration of divergent 

genomes. Unlike protists, they cannot survive or proliferate indefinitely.   

Protists do not face such barriers, and surprisingly, some genomically damaged stemgermline 

cells of multicellular organisms can overcome these constraints and adopt a unicelular fate. What are 

these cells, and why does this happen? This phenomenon most often occurs in old age when „spent” 

adult stemgermline cells experience physiological stress, such as germline hyperoxia, which damages 

their repair genes and impairs their functionality. As a result, these cells arrest the cell cycle, enter 

mitotic arrest (senescence) and usually undergo apoptotic cell death.     

Multicellular organisms lack the mechanisms required for genomically damaged stem cells to 

repair DNA DSB (double-strand breaks), whereas unicellular systems, such as protist parasites, 

possess efficient genome repair mechanisms, including hyperpolyploidy. In a recent study, the 

author of this article [13]. demonstrated that irreparable replicative DSB defects in multicellular 

stemgermlines can be repaired through an extended DNA damage response (DDR) process, which 

includes unicellularization and genomic repair via MGRS mechanisms, ultimately restoring a 

functional genomic architecture within unicellular entities.    

2.4. Stressed Stemgermline Cells Capable of MUT and Genome Inversion 

How do individual stemgermline cells find the key to MUT rescue after genomic insults? And 

for what reason?   

Following mitotic arrest, some DNA-damaged stem germline cells may find restorative 

senescence niches and favorable environmental conditions that enable them to bypass apoptotic 

barriers and prepare for the MUT process. But why do these nearly apoptotic cells overcome the 

constraints of multicellularity and revert to a unicellular state?     

First, the intrinsic cellular drive for survival—an ancient, evolutionarily conserved trait—

compels life-threatening cells to seek repair mechanisms and survival opportunities. In this context, 

the transition from multicellularity to unicellularity represents an escape strategy, allowing cells to 

circumvent the structural and functional constraints imposed by a multicellular system and adopt an 

alternative state better suited for repairing severe genomic damage. This shift can be seen as the 

triumph of cellular autonomy over cooperative multicellularity—an individual’s liberation from the 

„planned economy” of multicellular regulation and restrictions.      

But what are the consequences? A fundamental redefinition of „self” and „non-self” emerges. 

The newly formed cellular entity, now distinct from its original tissue community, behaves as a 

separate and autonomous system, potentially acting against the host organism. This mirrors the 

behavior of parasitic amoebae, illustrating a survival strategy that prioritizes individual persistence over 

collective homeostasis.      

In restorative senescence niches, genomically damaged stemgermline cells encounter hyperoxic 

conditions similar to those experienced by mitotically arrested Entamoeba in well-oxygenated host 

tissues. For both multicellular and unicellular stemgermline cells, oxygen levels above 6.0% O₂ are 

considered hyperoxic (germline hyperoxia) [10–13]. Restorative senescence niches activate 
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unicellularity-associated genes that drive senescence exit, induce the DSCD phenotype, promote 

aberrant SCD proliferation, and initiate hyperpolyploidization.     

Through these evolutionary mechanisms, dysfunctional genomes could revert to a unicellular 

genome state (genome inversion). However, this process of Ancestral State Reconstruction ASR 

repair process. Multicellular genome damage caused by stressors cannot be repaired by genome 

inversion or subsequent DSCD proliferation. Instead, repair can be achieved through cell fusion and 

the formation of hyperpolyploid MGRS structures [10–13].   

The author of this work suggests that the MUT overcoming process is the desperate struggle of 

individual cells driven to death by the barriers and programs of multicellularity.  However, some 

cells take up the fight for survival against the control and free themselves through a kind of „Faust-

Mephisto pact”. They are allowed to return to unicellularity, but this fountain of youth is directed 

against the relatives they betray and expose to carcinogenesis 

3.0. Multicellular to Unicellular Transition and Post-MUT Stages - Where Do 

They Occur? 

3.1. Hyperplasia and Dysplasia Are Stages After Unicellularization  

Current cancer knowledge fails to recognize that processes such as prolonged metaplasia, 

hyperplasia, dysplasia, and carcinoma in situ (Figure 1) are stages of an obligatory genome repair 

pathway. In this process, unicellularized dysfunctional hyperplastic DSCD cells undergo genome 

reconstruction, restore stemness, and ultimately give rise to CSCs through productive ACD 

phenotypes. According to current opinion:                                                                                                      

Metaplasia is an adaptive, reversible process in which one well-differentiated cell type is 

replaced by another well-differentiated cell type in response to external stimuli. In most cases, 

metaplasia can revert to its normal state once the stimulus is removed. However, certain metaplastic 

conditions may be precancerous. Additionally, if metaplasia persists for a prolonged period without 

resolution, it can progress to dysplasia, ultimately leading to cancer.        

Hyperplasia. In contrast to metaplasia, hyperplasia is an irreversible cell statehallmark of 

precancerous cellular changes. Pathological hyperplasia often arises from dysregulated cellular 

processes and can increase the risk of certain cancers. For instance, atypical ductal hyperplasia in the 

breast is a known risk factor for breast cancer development. The term ’hyperplasia’ broadly refers to 

the abnormal proliferation of cells within otherwise healthy tissues or organs, such as breast 

hyperplasia, endometrial hyperplasia, or prostate hyperplasia. However, hyperplasia is not always 

indicative of malignancy.     

Dysplasia. In contrast, anatomic pathologists define dysplasia as epithelial disordered growth 

characterized by the loss of cellular uniformity and architectural organization, particularly in 

epithelial tissues. In the past, it was considered a delay in tissue maturation, resulting in the 

expansion of immature cells while reducing the number and proper localization of mature cells 

within the tissue. Consequently, dysplasia is regarded as the earliest form of a precancerous lesion, 

potentially progressing to carcinoma in situ and neoplasia. Neoplasia occurs when the entire 

epithelium becomes dysplastic.   

Carcinoma in situ. Ductal carcinoma in situ (DCIS) as occurring in the lumen of mammary ducts 

is defined as a premalignant proliferation of neoplastic epithelial cells [26] DCIS are lined by an outer 

layer of myoepithelial cells and surrounded by an intact basement membrane [27]. DCIS were 

considered non-malignant lesions and precursors of invasive breast cancer. Numerous older papers 

have shown their genetic similarity and likely common origin [28–31].    

A common theory of progression is that the normal myoepithelium acts as a ‘gatekeeper’, 

exerting tumor-suppressive effects on the in-situ lesion, and that it is the loss of this suppressive 

environment that triggers progression to invasive disease [32–35]. In addition to forming a physical 

barrier to invasion, myoepithelial cells also secrete “various ECM components and protease 
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inhibitors, such as maspin, which have been proposed to inhibit the invasive capacity of DCIS in a 

paracrine manner.“      

In contrast, the ECCB framework interprets precancerous conditions such as hyperplasia (the 

proliferation of a dysfunctional, unicellularized non-hypoxic DSCD cells) and dysplasia (the 

expansion of a hypoxic stemgermline population) as stages that follow genomic inversion. According 

to ECCB, hyperplastic overgrowth occurs through defective symmetric proliferation (DSCD 

phenotype). In contrast, dysplastic subpopulations occurs through progenitors and nascent cancer 

stemgermline cells, which proliferate asymmetrically (ACD phenotype), ultimately leading to the 

formation of primary pCSCs and somatic cancer cells within the protective hyperplastic structure.     

There is substantial evidence suggesting that the “green“cells in the Figure 1 represent DSCD 

cells capable of proliferating under conditions of germline hyperoxia, while the “brown“ cells 

develop hypoxically, giving rise to a transformed unicellular cancer cell system. Both hyperplastic 

and dysplastic cells represent irreversible phenotypes driven by stress and genetic alterations.     

 

Figure 1. From genetical altered epithelial cells to metastases - original legend [36]:  Tumors development 

takes place in different steps. (A) Hyperplasia is the stage where genetically altered or abnormal cells show 

uncontrolled and rapid growth. (B) Dysplasia, stage of tumor development where overgrowing cells changes 

their original form. It consists of more immature cells than mature. (C) In situ cancer represent neoplastic lesion 

where cells do not go into the process of maturation, have lost their tissue identity and grow without regulation. 

(D) With malignant tumor, overgrowing cells invade other areas by rupturing basal membrane (E.) Metastases 

occur when cancer cells reach to the distant parts through lymphatic system and blood circulation. This figure 

is uploaded from the HAL archive for the deposit and dissemination of scientific research documents. These 

documents come from teaching and research institutions in France orabroad, or from public or private research 

centers. It was uploaded by Shahzina Kanwal (see: 36. Effect of O-GlcNAcylation on tamoxifen sensitivity in breast 

cancer derived MCF-7 cells. Agricultural sciences. Universit’e Ren’e Descartes - Paris V, 2013). 

The ECCB disagree with the assumption that dysplastic cells and cells of in- situ- cancer are immature 

multicellularity cells that lost their tissue identity and grow without regulation. According to the ECCB, these 

cell types are mature entities of the unicellularized cancer cell system including the DSCD phenotype 
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(hyperplasia) and the ACD stemgermline phenotype (dysplasia), capable to generate commited pCSCs, 

secondary sCSCs and metastasis 

3.2. Dysplasia and Adenocarcinoma Arising from the Gastric Stemgermline 

In a recent paper 2022 study, Min et al. [37] reported that both cellular plasticity and the 

regulatory mechanisms involved in the neoplastic transformation and dysplasia remain largely 

unknown and poorly understood. According to the authors, gastric dysplasia is the focal neoplastic 

lesion with the highest risk of developing into intestinal-type gastric cancer [38,39]. It is widely 

recognized as the initiating event in the neoplastic transformation of precancerous cells into cancer 

[40]. 

The researchers identified several populations of dysplastic stem cells (DSCs), such as DP-DSCs 

and TP-DSCs, which exhibit highly similar molecular profiles. However, only the DP-DSC 

population demonstrated high dynamic activity and survival capacity, maintaining dysplastic cell 

lineages. This DP-DSC subpopulation clonally evolves into multiple types of gastric 

adenocarcinomas. In other words, it is now recognized that de novo stem cells act as the initial triggers 

of cancer evolution. However, their origin remains unclear to proponents of the multicellular cancer 

concept and is a widely debated topic within the research community.   

From the ECCB perspective, DP-DSC cells may belong to the nascent cancer stemgermline, capable of giving 

rise to both committed primary pCSCs and TP-DSCs with similar molecular characteristics. The latter are 

presumed to belong to a somatic sister cell line without stemness potential. 

Most cancer researchers have not yet recognized that these “de novo stem cells“ are in fact 

proliferative stemgermline cells. They arise when genomically damaged adult stem cells (ASCs) 

bypass apoptosis and the constraints of multicellularity. According to the ECCB, they undergo 

unicellularization (MUT) in restorative senescence niches. After unicellularization, they exit 

senescence, proliferate as a DSCD phenotype, undergo genomic repair by hyperpolyploidization and 

finally form the nascent cancer stemline. The stemgermline in turn gives rise to committed primary 

non-proliferative pCSCs, which are exclusively capable of differentiation. [10,13]   

4.0. ECCB Opens New Perspectives in Cancer Research 

Cancer research today stands at a crossroads between traditional molecular oncology and the 

emerging field of evolutionary oncology [10–13,21]. As Arun Upadhay noted in 2020 [41] „Cancer 

today is still an unknown territory that requires rethinking before moving forward.” This rethinking is 

increasingly driven by evolutionary ECCB [10–13], which offers a fresh perspective beyond the 

molecular oncology framework.     

Molecular and evolutionary oncology differ fundamentally in their understanding of the nature 

and origin of cancer cells. Molecular oncology views cancer cells as divergent multicellular entities 

that retain their multicellular hallmarks. In the absence of a comprehensive biological model to 

explain the initial steps and causes of cancer, molecular oncology adopts a retrospective strategy, 

drawing molecular inferences from final tumors to determine the causes and onset of cancer. In recent 

years, extensive tumor screenings have been conducted to identify specific common genes, known as 

driver genes, under the assumption that these genes are responsible for carcinogenic transformation. 

However, the results, remained modest.        

In contrast, evolutionary cancer cell biology ECCB has found a evolutionarely model that 

essentially corresponds to the cancer cell system. This model comes from parasitic amoebae 

(Entamoeba), which (i) share the same ancient unicellular cell system as cancer and (ii) similarly to the 

cancer cell system, exploit the entire range of the oxygen gradients of the host tissues from 0.1% (gut) 
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to approximately 13% O₂ (bloodstream). Both systems utilize oxygen levels as triggers, stressors, and 

effectors to regulate their behavior.   

Cancer and Entamoeba are both autonomous parasitic cell systems [21] and share a deep 

homology with the unicellular common ancestor of amoebozoans, metazoans and fungi (AMF). They 

follow the rules of the unicellular cell system, not those of the multicellular host organism. Only the 

ECCB can truly explain how cancer arises and what it is. This new evolutionary concept will drive 

cancer research in the future.    

Key discoveries in evolutionary oncology and ECCB include (i) the multicellular-to-unicellular 

transition (MUT) that precedes cancer and (ii) the identification of a low-incidence, stemgermline as 

the driving force of the cancer cell system. This proliferative, self-renewing germline, which gives 

rise to cancer stem cells (CSCs) and is also referred to as the cancer germline, was previously 

misidentified as a proliferating CSC line [10]. The NG germline undergoes transient genomic 

disruption and phenotypic changes in response to stressors; however, it retains the ability to restore 

its functional genomic architecture and integrity through evolutionary mechanisms inherent to 

unicellular life. These repair mechanisms, lost in multicellular systems, remain preserved and 

reactivatable within the ancestral genome compartment of all metazoans, including humans.   

4.1. Hallmarks of Cancer Stemgermlines 

The hallmarks of the stemgermline are summarized as follows: 

Stemness - ability to generate committed (non-proliferative) CSCs under hypoxic growth 

conditions (<5.7–6.0% O₂); 

Sensitivity to Hyperoxia - vulnerability to oxygen levels above 6.0%, resulting in loss of 

asymmetric cell division (ACD) and stemness; 

Stemness cycles: alternation between hypoxic periods of stemness and hyperoxic periods of 

stemness loss; 

Genomic Stability: ability to repair genomic damage via unicellular, cell cycle-independent 

repair mechanisms; 

DSCD Proliferation:  capacity for unrestricted proliferation followed by  homotypic cell 

fusion and repair hyperpolyploidy represent major risk for cancer  

MGRS/PGCC genome repair pathway: restoration (reconstruction) of genomic architecture and 

function.  

Phenotype changing: functional transition from ACD- phenotypes to dysfunctional DSCD 

phenotypes and from GST/MET to SGT/EMT;    

4.2. ECCB and the Unicellular Centric View of Cancer  

The most relevant difference between classical molecular oncology and the more recent 

evolutionary ECCB is their mutual perspective: the molecular cancer research adheres to the 

multicellular-centric view of cancer, while the latter embraces a unicellular-centric paradigm. 

This unicellular-focused framework allows oncology to explain cancer not merely as a genetic 

or molecular aberration through mutations but as the reactivation of ancient unicellular survival 

strategies embedded within the genome of metazoans. Cancer is a biological anomaly and disease in 

which an archaic unicellular cell system develops within a multicellular organism and becomes active 

according to its own rules. It is not subject to regulation by the host organism and cannot be 

effectively combated by it.    

5.0. Cancer Multicellularity Concept Left Many Questions Unanswered 

Until now, cancer has been interpreted as an aberrant multicellular system that bypasses 

multicellular regulatory constraints. The unicellular nature of the cancer cell system, along with its 

genomically stable stem-germlines and clones, has received little attention and has been largely 

overlooked in modern cancer research. The perceived genomic chaos and loss of genomic integrity 
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in cancer are consequences of this oversight. Here are some examples of inconsistencies that arise as 

a result:      

5.1. Current Research Does Not Doubt the Multicellularity of the Cancer Cell System   

Just a decade ago, the prevailing view was that there is no fixed cancer genome. Instead, cancer 

was thought to involve a progressive reorganization of multicellularity genes (MGs), which 

determines and defines the genetic network structure of cancer through a process of genome 

remodeling. Horne in 2015 [42] noted that the early theories of cancer genome remodeling arose on 

assumpsions from dedifferentiation and deprogramming processes [42–45].    

Such theories suggested that the genome acts as an „instruction manual,” guiding the assembly 

of new biological systems. According to this perspective, the genome serves as a blueprint that 

determines how genes and their encoded products combine to form the structure of new genetic and 

protein networks 

Despite similar gene content, changes in genomic topology could drastically alter gene 

interaction networks, with significant consequences for cellular function and phenotype. Changes to 

individual genes could disrupt this organisation, leading to genomic instability and chaos.     

Comparison of sequencing data from primary and metastatic tumors with somatic mutation 

catalogs [46,47] supported an earlier alternative hypothesis that the cancer cell genome is the results 

from multiple genomic aberrations accumulated throughout the tumor’s developmental history and 

even earlier [48–53]. Additionally, a proposed timeline for tumor development suggests that 

significant carcinogenic events may occur decades before diagnosis. Overall, it was suggested, that cancer 

genomes are shaped by a lifelong process of somatic evolution, which blurs the distinction between 

normal aging processes [54,55] and precanceros evolution.        

The evolutionary perspective (ECCB) does not deny that significant carcinogenic events may 

occur long before diagnosis. However, it interprets these events in terms of DSCD risk following 

unicellularization. DSCD cells may remain in a quiescent state within specific niches or slowly 

proliferate over extended periods through defective symmetric proliferation. This process may 

continue until DSCD proliferation is halted by homotypic agglutination and hyperpolyploidization.   

5.2. Current Views on Genome Reprogramming 

But how important are dedifferentiation, reprogramming and redifferentiation of 

multicellularity cells for the development of cancer?  

According to Hanahan [56] dedifferentiation converts adult somatic cells into a pluripotent 

ground state whereas reprogramming or redifferentiation involve the conversion of pluripotent 

cells into a differentiated cell state. In vitro, dedifferentiation is achieved through the overexpression 

of four key reprogramming factors: OCT4, SOX2, KLF4, and C-MYC. These factors induce the 

transformation of a differentiated somatic cell into an induced pluripotent stem cell (iPSC). The 

subsequent step in reprogramming involves re-differentiating these iPSCs into the desired cell type.   

All these processes normally take place within the multicellular cell system and its development. 

Do they also occur during carcinogenesis? Can iPSCs differentiate into true CSCs? And vice versa? 

The results were discouraging. 

Sveral researchers consider that cancer stem cells (CSCs) share many molecular features with 

iPSCs. Malignant cells could be successfully reprogrammed into iPSC-like cancer cells (cancer iPSCs) 

[57] but also normal iPSCs could be transformed into CSC-like cells by genetic manipulation 

involving tumor microenvironment factors. Some cancer-derived iPSCs have been shown to exhibit 

reduced malignancy and can differentiate into benign cancer lineages [58–62].   

Shamsian et al. in 2022 [63] underline that cancer cells are however, largely resistant to 

reprogramming due to several biological barriers, including mutations, accumulated DNA damage, 

epigenetic changes, and the activation of cancer-related genes. Consequently, the reprogramming of 

cancer cells has been largely unsuccessful in regenerative medicine. While the aforementioned 
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barriers typically permit only partial reprogramming into cancer- iPSCs, even fully reprogrammed 

iPSCs often revert to the original cancer cell traits over time [64,65].   

In short, the outcomes of such studies have not very promising, despite researchers’ hopes of 

gaining valuable insights into various oncogenic processes to facilitate their modulation.     

Attempts at transdifferentiation have also been largely unsuccessful. Transdifferentiation is the 

process by which differentiated adult somatic cells are directly converted into cells of a different 

lineage without reverting to a pluripotent state. However, natural transdifferentiation is rare in 

mammals but it is more common in cancer and protists, where germlines undergo 

transdifferentiation through GST processes to form somatic cell lines [10–12]. According to  Graham 

and Sottoriva [66], transdifferentiation have a lower risk for carcinogenesis compared to 

reprogramming as it bypasses the intermediate pluripotent state, which is a significant source of 

tumorigenic potential in iPS cells. Consequently, autologous cells obtained through 

transdifferentiation do not inherently acquire the ability to self-renew and proliferate uncontrollably 

as in reprogramming. Nevertheless, the risk of carcinogenesis cannot be entirely ruled out due to 

potential genetic and epigenetic changes that may occur during the transdifferentiation process.   

5.3. Current Opinions on Tumor Suppressors and Oncogenes (Caretakers, Gatekeepers, and Landscapers)  

In the absence of solid evolutionary insights and a suitable cell biological model to explain cancer 

and the cancer stemgermline, the question of what causes uncontrolled somatic outgrowth in 

multicellular organisms has been debated for years. It was concluded that tumor suppressor genes, 

often referred to as caretaker genes, must play a critical role in preventing somatic outgrowth and, by 

extension, tumor development. These genes were believed to produce specific proteins responsible 

for maintaining genomic stability.   

If these genes became defective due to replication errors („mutations”) and lost their functional 

control, it was thought that the uncontrolled multicellular cell growth would lead to tumor formation. 

There was a strong belief that mutations in tumor suppressor genes were the primary drivers of 

cancer. [67]     

The distinction between „caretakers” and „gatekeepers” was introduced by Kinzler and 

Vogelstein [68]. Unlike caretaker genes, which would maintain genomic integrity, gatekeeper genes 

encode products that actively prevent the growth of potential cancer cells and suppress the 

accumulation of mutations that directly lead to increased cellular proliferation [69,70]. Gatekeeper 

genes would directly regulate tumor growth by encoding dual-function proteins that either stimulate 

or inhibit proliferation, differentiation, or apoptosis in a dose-dependent manner. Key gatekeeper 

and caretaker genes of significant interest include APC, RB1, CDKN2A, TP53, BRCA genes.   

Additionally, Michor et al. [71] introduced the term „landscaper” genes. According to the 

researchers, landscaper genes encode products that, when “mutated“, would contribute to the 

neoplastic growth of cells by fostering a stromal environment that is conducive to unregulated cell 

proliferation. 

Caretaker genes would ensure genomic stability by preventing the accumulation and 

transmission of replication defects (mutations). According to this dogma, the loss of function of 

mutant caretaker genes allows mutations in other genes to arise and persist, potentially driving the 

conversion of a normal cell into a neoplastic one. In this concept, caretaker genes do not directly 

regulate cell proliferation. Instead, they function by slowing the cell division process to allow DNA 

repair to be completed or by initiating apoptosis to eliminate damaged cells. 

This concept also has its limits. Notably, the restoration of a caretaker gene from its mutated 

form to the wild-type version does not appear to significantly limit tumorigenesis, raising questions 

about its role in halting or reversing cancer progression. 

More recently, oncogenes and tumor suppressor genes are considered genes whose alterations, 

including intragenic mutations, chromosomal deletions and loss of expression, are involved in tumor 

processes, including cell cycle progression, differentiation, maintenance of genomic integrity, DNA 
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(deoxyribonucleic acid) damage repair, and even apoptosis. According to Fanale et al. (2017) [72] 

“inactivation of both genes contributes directly to cancer development and progression. 

5.4. Current Views on Genomic Alterations and the Ineffective DNA Damage Response (DDR)  

As early as 1976, Nowell [73] proposed that tumor initiation and progression might result from 

acquired genomic changes within the „original normal cells,” triggered by exogenous DNA damage. 

These changes, and the accumulation and transmission of replication defects, were later interpreted 

as evidence of genomic instability, with tumor cell populations appearing to be genetically more 

unstable and more heterogenous (chaotic) than normal cell populations [74]. From this perspective, 

it was concluded that cancer cells evade the regulatory control of the multicellular organism. 

Additionally, their outgrowth proliferation through shorter cell cycles was considered a significant 

growth advantage. These factors contributed to the development of the concept of genomic instability 

in cancer and tumors, contrasting with the stable genome of normal multicellular cells. This 

discrepancy is considered one of the biggest problems in cancer. but is the assumption of cancer genome 

instability correct?  

DNA damage, if left unchecked, is associated with an increased risk of tumor development. To 

counteract this, cells have evolved several conserved pathways that respond to such errors by 

initiating DNA repair processes or apoptosis. The process of DNA repair is tightly linked to the DNA 

damage response (DDR), which involves the recruitment and localization of DNA damage sensors, 

mediators, transducers, and effector proteins to distinct nuclear foci. [75]  

There is still confusion about the genomic stability and instability of the cancer stemgermline 

(proliferative CSC line). However, several older hypotheses explain the driving force behind tumour 

initiation and progression through the emergence of a “mutator phenotype“. These phenotypes would 

result from the loss of gene function due to DNA replication stress [76–78]. Mutator phenotypes have 

been observed in the early stages of tumour progression and are the result of changes in genes that 

normally maintain genomic stability in multicellular organisms. The ECCB finds such earlier 

considerations enlightening.   

Overall, current cancer research indicates that the transformation of a normal cell into a 

malignant one is driven by genetic, epigenetic, transcriptomic, and metabolic alterations. However, 

the predominant focus on genetic, genomic, and mutational studies - along with the century-old 

dogma of cancer as a purely multicellular phenomenon - has yielded limited success. This approach 

has often led to disappointing statements, leaving many aspects unclear or unresolved, which 

remains a significant challenge.  

5.5. The Dogma of Reversible Cancer Cell Plasticity 

A recent study by Warrier et al. in 2023[79] provides a compelling illustration of this issue. The 

researchers outline three models of tumor heterogeneity: the clonal evolution model, the cancer stem 

cell (CSC) model, and the reversible cellular plasticity model. The first two models aim to explain 

tumor initiation, maintenance, progression, and origin [80], while the plasticity model proposes a 

unified framework that integrates elements of both other proposals.   

The reversible cellular plasticity model focuses on the reversibility of cancer stem cells, which, 

according to ECCB, are irreversible committed CSCs that can not proliferate mitotically or transform 

back a proliferative self-renewing stemgermline cell. According to the ECCB, only stemgermline cells 

exhibit proliferative ACD capacities. Furthermore, the reversible cellular plasticity model does not 

acknowledge that similar processes — including the formation, maintenance, and progression of 

intra-tumoral stem cells (stemgermlines/clones) — also apply to pre-carcinogenic stages and arise 

from MUT and unicellular genome inversion.  

The cancer cell hallmarks - including „CSC and non-CSC, differentiated and stem-like, 

asymmetrically and symmetrically divided, quiescent and proliferative cells, and epithelial and 

mesenchymal reversible transition”- are presented by Warrier et al. [79] in an almost tabular format, 

without addressing the contextual and environmental conditions in which they occur. The specific 
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purposes of these transitions are not individually discussed, nor is it acknowledged that not all 

plasticity processes are directly reversible. However, according to the modern ECCB, most 

reversibilities are systemic, follow complex pathways, and involve multiple indirect reversibility 

pathways (cycles) For example:  

(1) According to the ECCB, the reversible conversion of committed CSCs into self-renewing 

stemgermline cells (Warrier’s “CSC plasticity“) does not occur. Only quiescent, mitotically arrested 

stemgermline cells (non-committed CSCs) have this capacity. Furthermore, when the ACD 

phenotype converts into the DSCD phenotype, the functional stemgermline cell, which is capable of 

producing committed CSCs, loses its functionality. This transition is irreversible: the dysfunctional 

DSCD phenotype (“non-CSC“) represents an intermediate cell state devoid of stemness capacity. It 

is part of a unidirectional, long-lasting stemness recovery cycle and cannot revert into a functional stem-

germline cell (contrary to Warrier’s “non-stem cell plasticity” concept).  

(2)  The epithelial-mesenchymal transition (EMT) is an irreversible soma-to-germ transition 

(SGT). Its primary function is to compensate for the loss of functional ACD stemgermline phenotypes 

and CSC within short-term recovery cycles. Newly formed functional stemgermline clones can 

subsequently generate somatic cell lineages through germ-to-soma transition GST. While these 

somatic lineages cannot produce CSCs, they can generate new functional ACD clones, which, in turn, 

can give rise to new CSCs. 

The reversible cellular plasticity model proposed by Warrier et al. in 2024 [79] fundamentally overlooks the 

evolutionary findings of the ECCB. It primarily focuses on past statements and molecular findings, 

overestimating the role of reversible cancer cell plasticity, which obscures the normal processes involved in the 

evolutionary life cycle of cancer. This overemphasis on plasticity as an umbrella term for carcinogenesis, 

tumorigenesis, and metastasis fails to account for the physiological processes within the cancer life cycle and 

the evolution of the cancer genome.      

5.6. Calling for Non-Genetic Research 

Numerous mutations found in healthy tissues exposed to carcinogens challenge the 

interpretation that cancer often arises solely from premalignant clonal outgrowths. As recently 

reviewed by Nam et al. in 2022 [81], somatic mutations observed in clonal outgrowths sometimes regress or 

overlap with recurrent cancer driver mutations [82–87]. This suggests that genetic mechanisms alone may not 

be sufficient to induce malignant transformation [88].     

According to Nam et al. [81] as malignant populations expand, cells undergo further genetic 

diversification, driving tumour progression, relapse and resistance to therapy [89]. This concept led 

to the assumption that integrating multiple layers of information from individual cancer cells using 

single-cell multi-omics would be essential for a comprehensive understanding of cancer evolution. 

However, clear genetic factors associated with cancer progression, metastasis and therapy resistance 

have been identified in only a limited number of tumors, further suggesting the significant 

involvement of non-genetic factors. Genetic mechanisms alone may not fully capture the complexity 

of intratumoural heterogeneity.     

6.0. Early Findings About the Unicellular Nature of Cancer 

The first consequential evolutionary concepts emerged at the end of the first decade of the 

present century when Pepper et al. in 2009 [90] thought that cancer involves complex evolutionary 

processes. He regards neoplastic progression as a process of somatic evolution through cell cycle 

arrest and senescence.   

Regarding CSCs, the researcher adopted the prevailing view—still widely accepted today—that 

CSCs are proliferative, a notion contradicted by the ECCB. Moreover, the claim that CSC proliferation 

serves “to produce more CSCs“ is doubly incorrect. According to the ECCB, more daughter cells can 

only be produced through accumulative SCD cycling, and only by the stemgermline. However, the 
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SCD progeny of the stem-germline is dysfunctional and consists of DSCD cells, which lack stemness 

potential and cannot generate additional stem cells.   

In 2010, Mark D. Vincent [91] published a paper on cancer speciation, a topic that was becoming 

fashionable at the time. Vincent addresses the somewhat older „“cancer as species“ thesis. He refers 

to Huxley 1956 [92] supposition, which proposed teht “once the neoplastic process has crossed the 

threshold of autonomy, the resultant tumor can be logically regarded as a new biologic species” a 

view largely shared by Greaves [93], Swanton [94] and Duesberg and Rasnick [95]. In contrast, 

Vincent considers tumor cell heterogeneity a real obstacle to the cancer species concept and also 

questions how much certainty exists that cancer cells are indeed genetically heterogeneous.    

For the time, it was unconventional; Vincent [91] mentions cancer as a separate cell system that 

lives off the host in a manner smilar to destructive parasites, as described by Merlo et al. (2006) [96]. 

They view cancer cells as a colony of loosely cooperating yet often competing and independently 

evolving individual cells -  or, at worst, a collection of unicellular eukaryotic organisms that are fully 

capable of existing independently of each other.   

Notably, as early as 2004 Gray et al. [97] and Rivera and Lake [98] saw cancer cells as exhibiting 

colonial attributes, with host organisms “literally being eaten inside out by a very primitive type of 

animal“, primitive in the sense of being minimized due to secondary losses of characteristics.   

Very bold for this time - when no suitable evolutionarily development and the evolution of 

multicellularity are not just opposite processes, but rather the result of bidirectional traffic on the 

same two-way street. One prediction would be that a similar set of genes may be involved, and that 

elucidating one of these phenomena may automatically provide mechanistic insights into the other. 

Vincent believed that the correspondence between the cellular mediators of multicellularity and those 

that “fail” during carcinogenesis strongly supports the notion that these two apparently disparate 

phenomena are actually on the same continuum.   

In 2011, Vincent [99] believed that cancer represents the de-repression of a default survival 

program inherent to all eukaryotic cells. He suggests that cancer arises from the reactivation of an 

ancestral program that prioritizes cellular survival above all else. To describe this phenomenon, he 

introduced the term „adaptive resilience,” referring to an „any-cost cellular survivalism” that is 

independent of identity and cell origin. The author characterizes cancer cells as a protozoan-like 

population with evolutionary roots in the Precambrian era. He argues that through the deconstruction 

of the metazoan phenotype, these cells acquire autonomous, parasitic traits, ultimately becoming 

entities that, while residing within the body, are no longer truly part of it.     

Nevertheless, when molecular cancer research was gaining momentum, such evolutionary 

perspectives were met with little enthusiasm in the cancer research community and were often 

regarded as unconventional. However, over the past three to four years, the ECCB has thoroughly 

validated Vincent’s earlier position, confirming its accuracy.    

In the second decade of this century, evolutionary researchers such as Domazet-Lošo and Tautz 

[100,101], Trigos [102–104] and Lineweaver and Davis [105] extend these ideas and find evidence that 

in cancer, young multicellular genes (MGs) are downregulated and older unicellular genes (UGs) are 

upregulated. They proposed that tumor growth follows a branching evolutionary pattern, tracing 

back to a common ancestor from which cancer cell subclones with different fitness diverge and 

proliferate, supporting the idea that key features of cancer arise from the disruption of molecular 

networks that originally evolved during the transition to multicellularity.  

In a recent review article, Rebolleda-Gomez and Travisano in 2018 [106] investigated whether 

ancestral unicellular wild forms capable of developing multicellular phenotypes could revert from 

multicellularity to unicellularity.  They found that environmental changes and constant agitation of 

Saccaromyces cerevisiae cultures could induce multicellular structures really to revert to a unicellular 

state and demonstrate that the reversible switch from unicellularity to multicellularity and vice versa is 

still possible today.      

Although the transition to multicellularity is believed to be evolutionarily stabilized by traits 

that prevent unicellular reversion [107–110] – this is not the case. MUT events provided a clear 
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survival advantage in the evolutionary past and in cancer. Reverting cells evolved into independent 

populations with evident reproductive benefits. The ability to undergo genomic inversion was a key 

determinant of UMT/MUT reversibility [111].      

The aforementioned researchers recognized that the unicellularized cancer cell system exists 

within the host body but is no longer an integrated part of it. They provided valuable insights, 

particularly the idea that this system resembles a protozoan-like population with evolutionary roots 

in the Precambrian, capable of mimicking processes associated with the transition to multicellularity 

(UMT). 

However, only ECCB research - leveraging the deep homology between the unicellular cancer 

cell system and the Entamoeba model - has been able to clarify the organization and development of 

the cancer cell system [10–13]. ECCB studies have demonstrated that MUT processes begin even in 

non-cancerous individuals, specifically in dysfunctional stem cells with severe DNA DSB that cannot 

be repaired by multicellular mechanisms. The primary function of MUT is to eliminate irreparable 

DSB damage, which can no longer be resolved within a multicellular framework. Evolutionary 

genome inversion facilitates hyperpolyploid MGRS repair.      

MUT processes occur within restorative senescence niches. However, neither MUT nor 

subsequent DSCD proliferation restores genomic- integrity. Furthermore, MUT-derived DSCD cells 

are not yet cancerous. This transformation occurs only when DSCD cells fuse into hyperpolyploid 

MGRS/PGCC structures, characterized by giant nuclei with multiple genome copies. These 

hyperpolyploid giant nuclei eliminate the DSB-damage reduce the nuclear mass into numerous 

haploid buds. These buds serve as precursors genomic integrity and stemness, forming the nascent 

stem-germline and establishing the autonomous unicellular cancer cell system.      

7.0. ECCB Insights into Tumor Development: Oxygen Gradients and the Effect of 

Hypo- and Hyperoxia 

7.1. Genome Dysfunctionality and Genome Reconstruction 

Unicellular cell systems, such as parasitic amoebae and unicellular cancer cell populations, 

possess the ability to survive across the full oxygen gradient within their host organisms. They can 

thrive in both hypoxic conditions (≤ 6.0% O₂) and hyperoxic environments (> 6.0% O₂), the latter of 

which exerts a damaging effect on the stemgermline. The normoxic-physiological range consists of 

mild, decreasing degrees of hypoxia, within which the stemgermline develops its ACD phenotype, 

giving rise to committed CSCs.      

In hyperoxic regions, the germline genome sustains DNA DSB and damage to repair genes, 

leading to a shift from the ACD phenotype to a dysfunctional DSCD phenotype, which no longer 

produces committed CSCs.  However, unicellular cell systems possess intrinsic repair mechanisms 

that recover genomic integrity. These mechanisms include homotypic cell fusion, hyperploidization 

and giant MGRSs/PGCCs, which can restore the ACD phenotype and generate primary pCSCs.      

Additionally, new productive stemgermlines can emerge through soma-to-germ transition 

(SGT/EMT pathway). This process can originate from either homotypic somatic cancer cell lines or 

syncytia formed with non-cancerous cells. All repair and quiescence processes are regulated by 

specific stimuli and inducers from the tumor microenvironment, particularly oxygen supply, which 

governs the unicellular life cycles of both cancer and amoebae.      

As illustrated in Figure 1, dysplastic structures progressively consume oxygen from the 

periphery toward the center. At the periphery, a discontinuous layer of epithelial cells, proliferating 

under germline hyperoxia (≥6.0% O₂), permits hyperplastic DSCD expansion. These cells consume 

oxygen, creating hypoxic conditions in the inner tumor regions, which in turn support dysplastic 

transition and ACD-driven growth. Both tumor layers grow simultaneously, influenced by varying 

oxygen levels and microenvironmental stimuli.       

7.2. The Duality of Angiogenesis: Contradictory Effects, Stemness Cycles and Negative CSC Periods 
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On the other hand, hypoxic ACD proliferation reduces the intra-tumoral oxygen level. The 

resulting state of intra-tumoral hypoxia— which slows ACD growth to the point of quiescence and 

temporarily halts pCSC production—creates a demand for additional oxygen. In response, 

angiogenic signals emanate from the tumor core, reaching the blood vessels and initiating the 

directed growth of angiogenic blood vessels toward the tumor [112] (Figure 2).      

The supply, consumption, and depletion of oxygen within the tumor maintains a continuous 

intra-tumoral stemness cycle, facilitating transitions between DSCD and ACD phenotypes, stemness 

recovery and CSC regeneration.  

 

Figure 2. The progression of the canceration through growth and angiogenesis. The rapid expansion of tumor 

results in a reduction in the oxygen supply. The consequent hypoxic tumor microenvironment stimulates 

excessive angiogenesis via increasing various angiogenic pro-factors including VEGF, PDGF, FGF, and 

angiopoietin. Later, new blood vessels facilitate the transportation of oxygen and nutrients to further support 

the survival, growth and proliferation of tumor cells. When tumor cells develop a more aggressive phenotype, 

they continue to proliferate, spread and induce angiogenesis, with the invasion and metastasis of tumor cells 

into distant tissues through blood circulation. Original caption of Liu et al. [123]  . 

Some oxygen-sensitive, stemness (+) ACD cells near these blood vessels receive excessive oxygen 

exposure. As a result, they experience DNA DSB defects and repair gene malfunctions, leading to a 

shift toward the dysfunctional, oxygen-resistant, stemness (-) DSCD phenotype, which no longer 

produces pCSCs. To counteract the CSC loss, these cells activate the MGRS/PGCC reconstruction 

pathway to generate new functional stemgermlines, sublines, or clones that continue pCSC production 

(Figure 3). A second pathway for germline genome regeneration is the SGT/EMT transition process 

initiated from homotypic somatic cancer cells that are oxygen resistant and preserve the integrity and 

functionality of the germline genome.   
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Figure 3. The life cycle of stemness (stemness cycle) in cancer and protists: alternation  of ACD and DSCD 

phenotypes and repair through the MGRS/PGCC pathway; from Niculescu, 2024 [10]. 

7.3. The UMT-like Evolution of Cancer: Lateral Gene Transfer and Genome Expansion  

The molecular processes driving to genomic expansion are based on ancient gene hijacking 

mechanisms (lateral gene transfer) dating back to the transition period to multicellularity. It can be 

assumed that during the early UMT period, the common AMF ancestor expanded its genome through 

heterotypic cell fusions with genomically distinct competitors. Functionally advantageous genes 

were retained, while non-beneficial ones were eliminated or repurposed.  

Foreign gene hijacking serves as a mechanism for expanding genomic expression and 

functionality within the cancer cell system. This process likely enhances invasiveness and 

pathogenicity in evolutionarily related parasitic amoebae while also contributing to the emergence 

of new strains.    

7.3.1. The Hijacked Genes Are Multicellularity Genes 

Through conserved mechanisms from the transition period, a large number of hybrid genomes 

can be formed in primary tumors. Such heterosyncytia arise from the heterotypic fusion of unicellular 

somatic cancer cells with multicellular somatic host cells. Notably, many host macrophages undergo 

heterotypic fusions with cancer cells. It is hypothesized that some of these UG/MG hybrids remain 

non-proliferative, while others become proliferative and accumulate DNA replication defects 

(mutations).    

As previously described, when stemgermlines lose their stemness and cease producing pCSCs, 

they send distress signals to their environment. These signals reach not only homotypic somatic 

cancer cells - genomically identical to the dysfunctional stemgermline - but also proliferative and 

non-proliferative hybrid UG/MG cells that arise from heterotypic fusion with multicellular host cells 

and also contain multicellular host genes (MGs). In response to loss-of-stemness signaling, hybrid 

cells are also integrated into SGT/EMT processes, leading to the formation of secondary 

stemgermlines clones, and secondary sCSCs.   

7.3.2. Intratumoral Heterogeneity (ITH) Is Due to the Phenotypic and Genomic Heterogeneity of the 

Stemgermline Population 

Each newly formed secondary germline clone differs genomically and phenotypically previous 

formed clones, which arise through fractal or non-fractal SGT/EMT processes [12,13]. Functional 

clones and sublines derived from heterosyncytia exhibit distinct proliferative capacities, forming 
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secondary sCSC pools of varying sizes and potency. Additionally, their genomes may contain genes 

or gene modules associated with tissue-specific and teratoma-like profiles.   

Each new ACD clone and subline arising from heterotypic syncytia is oxygen-sensitive and 

susceptible to intra-tumoral oxygen fluctuations. In response to elevated oxygen levels, these cells 

cease sCSC production and transition into sDSCD cells, which can either activate the MGRS/PGCC 

repair program or stimulate further SGT/EMT processes with other heterosyncytia. Through 

numerous lateral gene transfer events, both the MGRS/PGCC and SGT/EMT processes give rise to 

new stem-germline clones and sublines with expanded genomes and enhanced invasive potential. 

This explains how the primary tumor generates secondary stemgermline clones capable of invading 

additional hypoxic niches and forming metastases (Figure 4, B).   

The cancer-specific genomic expansions described here are rooted in evolutionary mechanisms, 

during transitional periods. Historically, similar genomic acquisitions occurred when the common 

AMF ancestor repeatedly accessed genes from genomically distinct competitors, facilitating its 

evolution toward multicellularity.   

It is conceivable that ITH, following fractal SGT/EMT processes, generates both to functional M-

cell fractions —incorporating multicellular genes—and E-fractions, which remain dysfunctional and 

fail to establish new productive stemgermline clones [12,13].   

All functional secondary clones responsible for sCSC production maintain genomic stability and 

preserve their integrity. If one were to refer to genomic chaos or instability, it would apply solely to 

the numerous somatic cancer cell lines and sublines, which accumulate irreparable replication defects 

(mutations), rather than to the bouquet of stable stem-germline clones.   

At the end of the primary tumor evolution, multiple stemgermline cells of varying invasive 

potential (different sublines and clones) leave the primary tumor structure (Figure 4) and are exposed 

to unfavorable environmental conditions (germline hyperoxia). These stemgermline cells exhibit 

optimal survival when migrating in clusters with oxygen-resistant cells, which enhance their viability 

and functionality under hypoxic conditions. The most favorable hypoxic niches for metastatic 

colonization are found in the bones, where metastases preferentially develop.   
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Figure 4. Hypothetical models of progression from in situ to invasive breast cancer. (A) Progression from DCIS 

to IBC as a convergent phenotype, where several combinations of somatic genetic and/or epigenetic aberrations 

result in the acquisition of the biological properties required for cancer cells to progress from in situ to invasive 

disease (i.e. the genetic/epigenetic aberrations selected for are distinct between patients but all result in the 

progression to invasive disease). (B) Progression from DCIS to IBC as an evolutionary bottleneck. As DCIS 

develops, cells accumulate somatic mutations and copy number aberrations (depicted by color) to generate a 

heterogeneous lesion with distinct subclones harboring private mutations in addition to the founder genetic 

aberrations present in all neoplastic cells. Only subclones harboring a specific repertoire of genetic aberrations 

are selected and pass through the evolutionary bottleneck of progression to IBC. DCIS: ductal carcinoma in situ; 

IBC: invasive breast cancer;  Original Legend.  From Cowell [26] with the permission of Wiley and FEBS (CC By). 

8.0. ECCB Statements on Migrating Tumor Cells; Metastasis and Bone 

Metastasis 

The ECCB framework provides explanations for several unresolved aspects of metastasis, 

including the properties, origin, physiology, and fate of metastatic cells. These can all be explained 

by evolutionary processes that can be traced back to the common ancestor of amoebae, metazoans, 

and fungi (AMF ancestor). This perspective challenges many assumptions of the current mutation 

theory of metastasis.    

In primary tumor sites, cancer cells typically adhere closely to one another and to the 

extracellular matrix.  When these cells detach from the primary tumor, they can enter the peripheral 

blood system as circulating tumor cells (CTCs). However, only a subset of these CTCs possesses the 

ability to adapt to new environments, enabling them to survive, spread, and establish pre-metastasis 

sites or metastases [113,114]. 

8.1. CTCs Are Cells of Stemgermline Origin                                                      

Circulating tumor cells (CTCs) is a collective term first introduced by Ashworth in 1869 [115]. It 

refers to all types of cancer cells that leave the primary tumor and migrate through peripheral blood 

vessels and the bloodstream to secondary sites in various organs [116–119].  

CTCs can exhibit epithelial, mesenchymal, or hybrid phenotypes. Although the majority of CTCs 

are eliminated by the host immune system, a subset possesses high metastatic potential and can evade 

immune surveillance, leading to the formation of microscopic cancer foci, tumor recurrence, and 

metastasis. Notably, these immune-resistant cancer cells often exhibit stem-like properties and are 

sensitive to the hyperoxic germline values (≥6.0% O₂) found in the bloodstream and peripheral tissues 

[120].   

8.1. Intrinsic Properties of CTCs   

According to Gao et al. [121], only a limited number of disseminated tumor cells are capable of 

forming metastatic tumors. This capacity depends on both the intrinsic properties of CTCs and external 

regulatory factors. Previous studies by Lambert et al. [122] and Liu and Cao [123] highlighted 

genotypic and phenotypic characteristics as key determinants of CTC survival, invasion and 

metastatic efficiency.  Gao et al. [121] also refer to the “temporal/spatial secrets” of metastatic tumor 

cells, proposing that “transient and bidirectional CSC differentiation occurs, which is strongly 

influenced by microenvironmental factors”. In other words, it is the plasticity of CSCs and their 

dynamic phenotypic transitions that fundamentally shape tumor progression and metastasis. 

Intermediate phenotypes have been described, though only in the context of fractal SGT/EMT 

processes.     

In the authors’ view, “metastatic cells inherit critical driver mutations from their parental tumors 

allowing the persistence of tumorigenic ability and on the other hand, metastatic cells develop new 

mutations to adapt to emerging challenges during metastasis”. However, this perspective, 

formulated several years ago, does not take into account the current ECCB understanding that 
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transient and bidirectional CTC evolution actually involves cycles of stem cell loss and recovery. CTC 

and metastasis processes involve a switch from the functional state of asymmetric cell division (ACD 

phenotype) to the dysfunctional, CSC-negative DSCD phenotype under oxygen stress.  

Furthermore, the restoration of stemgermline functionality and genomic integrity occurs exclusively 

through the MGRS/PGCC repair pathway. In contrast, SGT/EMT processes aim to replace the 

damaged, CSC-deficient stem germline with new, functional stem germline clones that can resume 

ACD-driven proliferation and generate committed CSCs.  

Additionally, this statement—as with many others concerning the multicellularity of cancer—

suffers from a conceptual conflation of the stemgermline, its clones, and sublines with a non-existent, 

proliferative CSC lineage and the notion of CSC plasticity. According to the ECCB, CSCs are 

committed stem cells that neither proliferate mitotically nor exhibit plasticity. Only undifferentiated, 

self-renewing stem cells possess these capacities. The ECCB further posits that the explanation 

involving inherited driver mutations and newly acquired metastatic mutations is superfluous. It 

argues that only the ancestral mechanisms of the unicellular cancer cell cycle govern CTC behavior 

during migration, invasion, and metastasis.  

From the ECCB’s perspective, the processes underlying cancer cell migration and metastasis do not 

involve driver or adaptive mutations. Rather, they reflect the same conserved ancestral mechanisms 

and pathways of unicellular systems, employed by oxygen-sensitive stem cells during dysplasia and 

primary tumor formation. In contrast, the current multicellular view of cancer can only explain CTC 

events and metastasis in terms of mutations. 

8.2. Migrating CTC Cluster Escapes Hyperoxic Damage   

Cancer cells can detach from the primary tumor either as multicellular aggregates or as single 

cells that subsequently form heterotypic clusters within the peripheral blood circulation [124]. These 

CTC clusters arise through the aggregation of varying numbers of cells mediated by intercellular 

adhesion molecules [125]. Both the size and number of CTC clusters have been shown to correlate 

significantly with metastatic potential and clinical outcomes [126,127].  

CTCs clusters that survive in the bloodstream are capable of initiating metastases. The prevailing 

view is that clustered CTCs exhibit a higher metastatic potential compared to single CTCs. Upon 

entering the circulation, tumor cells lose the protective hypoxic microenvironment of the primary 

tumor. Consequently, only those CTCs that can adapt to the hyperoxic conditions of the circulatory 

system are able to survive, disseminate to distant tissues, and ultimately form metastases [113]. 

According to Chen et al. [114] additional challenges in peripheral blood further threaten CTC 

survival. These include attacks by the host immune system and exposure to apoptotic signals, both 

of which limit the ability of migrating cancer cells to persist and colonize secondary sites.     

Metastasis is a multistage process involving several intermediate steps. During this progression, 

CTC and must adapt to the unfamiliar hyperoxic environment of the bloodstream and distant tissues 

in order to survive, colonize, and ultimately form secondary tumor lesions.  Aggregation and 

clustering is the response of stemgermline cells and CTCs to an oxygen gradient ranges above 6.0%.    

8.3. The Advantage of Collective Migration     

As revealed by Chen et al. [114], only those CTCs capable of adapting to the new 

microenvironment are able to successfully disseminate and establish metastatic lesions. Notably, 

CTC clusters are 50–100 times more likely to facilitate metastasis than individual CTCs [128–130]. As 

cancer progresses, the number of detectable CTC clusters increases, suggesting a strong association 

between cluster formation and metastatic progression [131]. This implies that CTC clusters possess 

significant advantages over single CTCs during migration and invasion.   

This advantage lies in the formation of hypoxic–normoxic gradients within the CTC cluster, 

along with a protective outer layer of surface cells that shields the oxygen-sensitive stem germline 
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cells at the core. This protective architecture enables the stemgermline to maintain and recover 

stemness and ACD potential, thereby allowing the generation of sufficient numbers of non-

proliferative, committed CSCs. The oxygen-buffering and immunosuppressive microenvironment 

within the cluster [132] facilitates the continued progression of the unicellular cancer cell system by 

preserving the genomic integrity and functionality of the stemgermline, clones and subclones.   

8.4. Homotypic and Heterotypic CTC Clusters  

As cancer cells travel through the bloodstream, they are exposed to a variety of external stresses 

until they reach distant organs [133]. The collective migration of hyperoxia-protected clusters has 

been identified as a key mechanism of invasion, whereas the migration of single, unprotected cancer 

cells appears to be largely ineffective or absent [134].  

In recent years, it was observed that CTCs can also aggregate heterotypically with non-tumor 

cells, including neutrophils, platelets, myeloid cells, cancer-associated fibroblasts (CAFs), and tumor-

associated macrophages (TAMs) [120]. These heterotypic associations are widely believed to provide 

CTCs with enhanced protection against the hostile conditions of the circulatory system, enabling 

them to evade immune attack, resist shear stress, and survive transit. Ultimately, such interactions 

facilitate the successful establishment of metastatic lesions at distant sites. Heterotypic clusters show 

greater metastatic capability compared to homotypic clusters [135].     

Gu et al. [120] discussed recently the role of adhesion proteins in homotypic clustering and 

showed that tumor hypoxia can upregulate genes that produce such adhesion proteins [136] and 

improve overexpression of stem-like traits [137,138], survival and self-renewal ability.   
The ECCB suggests that homotypic clustering may be an ancient evolutionary adhesion 

mechanism, also observed in amoebae. In Entamoeba, homotypic cell clustering leads to cluster 

hypoxia, a condition essential for initiating the generation of replacement stemgermlines, through 

processes such as soma-to-genome transition and polyploidization/depolyploidization cycles [24]. 

Ultimately, this sequence gives rise to progenitor cells capable of producing new stemgermline, 

sublines and clones.  In this way, the unicellular cell system resolves DSCD dysfunction and 

recovers new ACD clones and sublines capable of generating new committed, non-proliferative 

stem cells.    

8.5. Fractal EMT Phenotypes and Polyclonal Dissemination                                      

Recent studies reveal that the progression of cancer from the primary tumor to metastasis 

involves polyclonal dissemination and polyclonal transfer, characterized by individual traits related 

to growth [139]. Fractal EMT/SGT phenotypes play an important role in this process. Studies have 

shown that weakly migrating subsets tend to be more epithelial (E) [140], and thus more somatic in 

nature, whereas strongly migrating subsets are more mesenchymal (M) and exhibit more stemness-

like characteristics. Many CTC clusters display a partial EMT phenotype [141], with some cells within 

the cluster acting as “leaders” (initiating migration) and others as “followers.” The alternation 

between mesenchymal “M-leader” phenotypes and epithelial E-followers is considered particularly 

advantageous for tumor progression [142,143]. This phenotypic M- and E-clonal diversity enables 

cells to more effectively adapt to changes in the tumor microenvironment cancer, thereby promoting 

tumor progression [144].   

8.6. Bone Metastases 

Nearly all types of cancer have the potential to spread (metastasize) to the bones. However, 

certain cancers, such as breast and prostate cancer, are particularly prone to bone metastasis. Among 

various metastatic sites, bone is the most frequent target for tumors originating in the breast and 

prostate. Tumor cells can escape from the primary site and colonize hypoxic bone niches [145].   

Depending on the degree of hypoxia within the bone niche, disseminated tumor cells—

including those associated with multiple myeloma—may enter a state of dormancy, remaining 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 April 2025 doi:10.20944/preprints202504.1112.v1

https://doi.org/10.20944/preprints202504.1112.v1


 21 of 31 

 

quiescent for years before reactivating. Upon resuming proliferation, these cells contribute to overt 

metastasis, leading to bone destruction through osteoclast-mediated osteolysis [146].   

9.0. The Genomic Stability (GS) of Stemgermlineages vs. The Dogma of 

Genomic Instability (GI) 

The concept of genomic instability (GI) stems from the dogma that cancer are purely 

multicellular. Current cancer research often compares the multicellular genome of non-cancerous 

host cells genome with the unicellular genome of cancer cells, revealing significant differences—

which are not surprising from an ECCB perspective. Secondly, GI was introduced as hallmark of the 

entire cancer population without distinguishing between stem and non-stem cells. According to the 

researcher, GI refers to an increased tendency for genomic alterations during the cell cycle. It was 

then defined as an abnormally high frequency of errors that may occur in one or both symmetric 

daughter cells.  

In 2011, Zhiyuan Shen [147] identified GI as the main driving force of tumorigenesis. According 

to this concept, the accumulation of genomic alterations - through mutations at specific genes, 

amplifications, deletions or rearrangements of chromosome segments - can lead to dysregulated cell 

division and imbalanced growth, eventually resulting in cancer. In contrast, non-cancerous cells are 

characterized by genomic stability (GS) which is maintained through high fidelity DNA replication 

in S phase, error-free repair of sporadic DNA, and tightly regulated cell cycle progression with 

checkpoint control. 

This view remained dominant and has expanded year by year. In 1991, Loeb [76,77] proposed 

that an early step in tumor progression is the emergence of a mutator phenotype resulting from 

mutations in genes normally responsible for maintaining genetic stability. At that time, it was 

believed that the loss of such genes could lead to GI and thus promote cancer development. 

Consequently, the prevailing assumption was that the functional differences between healthy 

multicellularity and dysfunctional cancer multicellularity could only be explained by mutations, 

genomic instability, and chaos. 

Many researchers supported this perspective. Yao and Dai in 2014 [73] recognized a heightened 

tendency for genome alteration during cancer cell division, attributing this to defects in surveillance 

mechanisms such as DNA damage checkpoints, repair systems, and mitotic checkpoints. They 

concluded that the malfunction these multicellular regulatory mechanisms predisposes cells to 

malignant transformation. Unfortunately, the authors do not acknowledge that the transformation of 

the dysfunctional multicellular unit is actually a MUT process.  

In this vein, Salmaninejad et al. (2021)[148] linked aberrations in DNA repair mechanisms with 

GI and mutation, identifying the activation of oncogenes and/or inactivation of tumor suppressor 

genes as major consequences of this instability. This is why GI genomic instability is frequently 

considered a critical factor in carcinogenesis and a defining feature of many human malignancies.   

Chen et al. (2022) [149] pointed out that GI results from various genomic alterations, including 

germline or somatic defects in DNA repair [130], oncogene-induced replication stress [150], defective 

mitotic chromosome segregation [151], and other genomic impairments [152]. They emphasize that 

cancer-associated GI is driven by multiple processes that regulate DNA replication and repair, 

including  the formation of micronuclei due to defective DNA repair [153].   

8.1. Genomic Stability and GS Maintenance in the Nascent Stemgermline  

Today, however, thanks to ECCB, we understand that the unicellular cancer cell system—like 

all other related unicellular cell systems—has two mechanisms for generating genomically identical 

sublines and clones, with the nascent (primary) stemgermline. One is the MGRS/PGCC genome repair 

pathway; the other is the homotypic SGT/EMT pathway, which ensues the formation of additional clones 

and sublines of the same genomic identitiy. Both mechanisms restore the previously intact genomic 

state that was lost in the irreversible affected stemgermline due to stress and hyperoxia. The newly 
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formed replacement stemgermline has the same genome—this time fully intact. The system is 

therefore highly stable, not chaotic.  

Thus, the previous assumption of instability and loss of genomic integrity is incorrect—at least 

for the overweight stemgermline (1–2% of tumor cells), which regulates cell fate in the remaining 

tumor cell population. Nevertheless, this new and still emerging understanding of ECCB has not yet 

been widely recognized. We continue to speak of genomic instability, loss of integrity, and chaos 

8.2. Heterotypic SGT/EMTs, Expanded Cancer Genome, and Genomic Stability (GS) in Multiple Secondary 

Stemgermlineage  

According to the ECCB, the cancer and tumor cell system operates as a dual unicellular system, 

comprising two distinct lineages: (i) genomically stable stemgermlines,  which include multiple 

sublines and clones (stemgermlineage) capable of repairing genomic defects and maintaining GS in 

all stemgermlines formed through heterotypic SGT from hybrid UG/MG cells, and (ii) secondary 

somatic cell lineages derived from these stemgermlines, which accumulate replicative DNA damage 

(mutations) due to their higher proliferative activity.  Secondary and primary (nascent) cancer 

stemgermlines are both repaired by the same MGRS/PGCCs repair pathway 

8.3. The Genomic Integrity of Committed pCSCs and sCSCs and Accumulation of Progenitor Cells   

For years, the stemgermline has been mistakenly viewed as a proliferative CSC lineage. In 

reality, „proliferative CSCs” are self-renewing stem cells, while „committed CSCs” are differentiated 

and non-proliferative. As long as the two synergistic cell types were not analyzed separately, a 

comprehensive understanding of cancer plasticity, carcinogenesis, and tumorigenesis remained 

elusive.   

Due to this confusion, conventional multicellular cancer research has failed to resolve key 

questions about the origin of CSCs. Their definition remains ambiguous and is still based on the 

foundational assumption by Bonnet and Dick in 1997 [154], who proposed that CSCs are both 

proliferative and capable of differentiation. CSCs were also believed to exhibit phenotypic plasticity, 

enabling them to adapt to the tumor microenvironment and contribute to the genetic heterogeneity 

of tumors [155–157].  

According to the ECCB, committed pCSCs and sCSCs are non-proliferative and only capable of 

differentiation. Only the stemgermline is proliferative, giving rise to committed CSCs. pCSCs and 

sCSCs are genomically identical to their corresponding primary and secondary stemgermlines that 

generated them. The heterogeny observed in the CSC population reflects the heterogeny within in 

the stemgermlineage of cancer, which include various genomically stable stemgermlines, sublines 

and clones. CSC evolution is essentially the evolution of the genomically expanding stemgermlines. 

Non proliferative CSC populations can accumulate stemgermline progenitors with identical 

genome structure through a unicellular process of cyst- like differentiation and polyploidization-

depolyploidization (non-mitotic accumulation), thereby forming homotypic stemgermline clones 

and sublines. This represents the third mechanism by which the unicellular tumor cell system   

expands its homotypic stemgermlineages [10].  

From the perspective of the ECCB, there is no genomic instability in the all-determining, all-

controlling stem cell lineage of cancer. The differences observed between the multicellular genome 

of non-cancerous organisms and the unicellular genome of cancer cells do not signify a loss of 

genomic stability or integrity. Similarly, genomic expansion through intra-tumoral lateral gene 

transfer does not represent chaos. Whether expanded or unexpanded, the stem cell genome remains 

remarkably stable. is repaired by the MGRS/PGCC pathway, which restore the integrity of the 

genome.    
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Conclusions 

Despite the significant efforts devoted to cancer research in recent years, many researchers argue 

that substantial gaps in knowledge persist, and fundamental questions regarding cancer and the 

origin of cancer stem cells remain unanswered. A striking contradiction exists between the vast 

amount of detailed molecular data available and the unresolved fundamental questions to cancer 

development. The emerging field of evolutionary cancer cell biology (ECCB) aims to bridge this gap 

and provide greater clarity.        

For years, cancer research has lacked a suitable model to explain the complexity of the cancer 

cell system. Such an evolutionary model can be found in the protist world—specifically, parasitic 

amoebae that infect humans and other vertebrates. Parasitic amoebae inhabit similar 

microenvironments as cancer cells, thriving in hypoxic niches where they evade excess oxygen 

(germline hyperoxia) in the bloodstream and tissues.      

The challenges and confusion in cancer research to date stem from a fundamental 

misinterpretation of cancer. The vast majority of cancer researchers have assumed—and continue to 

assume—that the cancer cell system is a multicellular system that, upon the disruption of control and 

surveillance genes, descends into organizational chaos. This disruption is believed to ultimately 

result in genomic instability and the loss of multicellular genome integrity.      

This view has persisted for years, largely due to the lack of evolutionary perspectives in cancer 

cell research. It was only with the emergence of Evolutionary Cancer Cell Biology (ECCB) that it 

became clear the cancer cell system does not function as a multicellular system.        

According to ECCB, when multicellular cells experience DNA double-strand breaks—whether 

from intrinsic or extrinsic factors—they are unable to fully reverse the damage. Instead, they resort 

to an evolutionary mechanism from the transition to multicellularity, known as the unicellular 

genome inversion or multicellular-to-unicellular transition (MUT). This mechanism rescues and 

reconstitutes a stable, functional unicellular genome architecture, equipping the cell to make more 

effective attempts at re-establishing a primitive multicellularity.       

The lack of understanding genome inversion has led molecular cancer researchers to compare 

the characteristics of the unicellularized cancer genome with those of the original (healthy) 

multicellular genome. Such comparisons inevitably reveal a variety of divergences that are, however, 

not mutations.   

Evolutionary Cancer Cell Biology (ECCB) reveals that cancer follows a lineage duality of 

ancestral origin. This includes an oxygen-sensitive stemgermline capable of generating committed 

cancer stem cells (CSCs) and a somatic, oxygen-resistant line that does not generate CSCs but 

maintains genomic integrity under germline hyperoxia. Somatic cell lines can also transform into new 

functional stemgermlines (clones), replace the damaged stemgermline, and resume the production 

of much-needed CSCs. In addition, stemgermline clones undergo continuous transitions between a 

proliferative ACD phenotype, which maintains stemness and produces committed non-proliferative 

CSCs, and a stress-damaged DSCD phenotype, which loses stemness potential and CSC-generating 

capacity.  These aspects have not yet been recognized in the previous cancer research. CSCs have 

traditionally been viewed as both proliferative and differentiating, a perspective that diminishes the 

dominant role of the stemgermline along with its sublines and clones.              

ACD-DSCD cycles are stemness loss and recovery cycles. Mechanisms such as the MGRS/PGCC 

genome repair pathway compensate for the frequent stemness lost. These frequently recurring 

stemness cycles have long been misinterpreted as evidence of cancer cell plasticity and genomic 

instability.        

The contributions of polyploidy and hyperpolyploidy to the accumulation of cancer stem cells 

(CSCs) and the role of MGRS/PGCC as a genome repair pathway have only recently been elucidated 

with the help of ECCB, as has the expansion of the unicellularized genome through the integration 

of multicellular host genes. On the other hand, one can assume that Entamoeba not only serves as an 

optimal model for cancer but also that cancer cells provide the best evolutionarely model for 

understanding the processes underlying the early transition to multicellularity.    

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 April 2025 doi:10.20944/preprints202504.1112.v1

https://doi.org/10.20944/preprints202504.1112.v1


 24 of 31 

 

Finally, this work expresses the hope that ECCB findings will contribute to both theoretical and 

practical oncology, expanding the field and improving prospects for vaccines targeting the early risk 

of carcinogenesis, especially the MUT moment. While remarkable therapeutic advances have been 

developed and implemented over the past decades, extending patients’ lives by 20–25 years, the cost 

of these treatments remains immense, posing significant challenges for both healthcare systems and 

patients. Moreover, these therapies often come with numerous adverse effects. A vaccine capable of 

preventing unicellularization and blocking the senescence exit of DNA-DSB-damaged cells would 

represent a major breakthrough for all.       
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