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Abstract 

Planarians (free-living flatworms) present a fundamental paradox in cell biology: their proliferative 

stem cells (neoblasts) completely lack centrioles, while their post-mitotic, differentiated cells possess 

them. This review synthesizes evidence to resolve this inverse correlation. We demonstrate that 

neoblasts employ a robust, evolutionarily conserved acentrosomal pathway for mitotic spindle 

assembly. This mechanism relies on chromatin-mediated nucleation via a RanGTP gradient and 

motor protein-driven self-organization. This adaptation confers significant advantages, including 

enforced asymmetric division, metabolic economy, and a drastically reduced risk of centrosome 

amplification-driven genomic instability, which may underpin planarians' extensive regenerative 

capabilities and resistance to tumors. Conversely, the quiescence of centriole-bearing somatic cells is 

not caused by the organelles themselves but is a consequence of an irreversible terminal 

differentiation program. These cells epigenetically silence core cell cycle machinery and repurpose 

their centrioles as basal bodies for ciliogenesis. Thus, the presence of centrioles is a marker, not a 

driver, of the differentiated state. This system represents a profound uncoupling of the mitotic 

apparatus from the centriole, offering novel insights into stem cell biology, alternative modes of cell 

division, and providing conceptual frameworks for regenerative medicine and cancer research. 
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1. Introduction 

Planarians are renowned for their phenomenal regenerative capabilities, driven by a population 

of adult somatic stem cells called neoblasts. These cells are the only proliferative cells in the organism 

and are responsible for tissue homeostasis and whole-body regeneration. A deep paradox exists at 

the heart of this system: neoblasts, which undergo constant and precise mitosis, completely lack 

centrioles—the organelles traditionally considered essential for animal cell division. In stark contrast, 

all terminally differentiated planarian cells (e.g., neurons, ciliated epidermal cells) possess centrioles 

but are permanently post-mitotic. 

This review investigates this cellular paradox, exploring the mechanisms enabling faithful 

acentriolar division in neoblasts and the reasons behind the quiescence of centriole-bearing somatic 

cells. Understanding this system challenges conventional cell biological dogma and provides 

profound insights into the evolution of stem cell systems, mechanisms of genomic stability, and the 

potential for novel therapeutic strategies. 

2. The Canonical Role of Centrioles in Mitosis 

In most animal cells, the centrosome, composed of a pair of centrioles surrounded by 

pericentriolar material (PCM), is the primary microtubule-organizing center (MTOC). It duplicates 

during interphase, and the two resultant centrosomes migrate to opposite poles of the cell to nucleate 

microtubules and form the bipolar mitotic spindle. This structure is crucial for accurate chromosome 
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segregation. Centriole dysfunction is linked to severe pathologies, including genomic instability, 

aneuploidy, and cancer, underscoring their perceived indispensability. 

3. Cellular Dichotomy in Planarians 

The planarian body plan is divided into two distinct compartments: 

• Neoblasts: Small, undifferentiated cells characterized by piwi gene expression (e.g., *smedwi-

1*). Ultrastructural and molecular analyses confirm they completely lack centrioles and do not 

express core centriolar components. 

• Differentiated Somatic Cells: Cells forming functional tissues (neurons, ciliated cells, etc.). These 

cells possess canonical centrioles, which serve as basal bodies to nucleate motile cilia. They 

reside in a permanent state of quiescence (G0 phase), with their cell cycle machinery 

epigenetically silenced. 

4. Mechanism of Acentriolar Division in Neoblasts 

Neoblasts utilize a sophisticated acentrosomal pathway for spindle assembly, which is highly 

conserved across eukaryotes: 

• Chromatin-Mediated Nucleation: The small GTPase Ran, activated by RCC1 on chromatin, 

creates a RanGTP gradient around chromosomes. This gradient releases spindle assembly 

factors (SAFs) from importins, promoting microtubule nucleation in the immediate vicinity of 

the chromosomes. 

• Motor-Driven Self-Organization: The initial cloud of microtubules is organized into a bipolar 

spindle by motor proteins. Plus-end-directed kinesins (e.g., kinesin-5/Eg5) push microtubules 

apart, while minus-end-directed dynein (with NuMA/dynactin) focuses microtubule minus 

ends to form stable spindle poles. This self-organizing process is robust enough to form spindles 

around artificial chromosomes in cell-free systems. 

This mechanism is not a planarian oddity but is employed in the female meiosis of many animals 

and the early embryonic divisions of mammals, where cells are also naturally acentriolar. 

5. Advantages of Acentriolar Division for Stem Cells 

The loss of centrioles in neoblasts is likely an adaptive trait that confers several key advantages: 

• Enforced Asymmetry: Without centrioles, which can influence symmetric division, neoblasts 

may rely more heavily on extrinsic niche signals and intrinsic cortical cues to execute asymmetric 

cell division, crucial for maintaining the stem cell pool. 

• Metabolic Economy: The biogenesis and maintenance of centrioles are energetically costly. By 

eliminating this process, neoblasts can reallocate resources towards core stem cell functions like 

pluripotency maintenance and rapid proliferation. 

• Suppression of Oncogenic Potential: Centrosome amplification is a major driver of chromosomal 

instability (CIN) in cancer. Neoblasts are immune to this defect, as they lack the template for 

centriole duplication. Their acentrosomal pathway is inherently constrained to form bipolar 

spindles, safeguarding genomic integrity over the planarian's indefinite lifespan and 

contributing to their noted resistance to tumors. 

6. Why Differentiated Cells with Centrioles Do Not Divide 

The presence of centrioles in somatic cells is a consequence, not a cause, of their post-mitotic 

state. 

• Epigenetic Cell Cycle Silencing: Terminal differentiation involves the epigenetic silencing of core 

cell cycle genes (e.g., cyclins, CDKs) through mechanisms like repressive histone marks 

(H3K27me3) and the sustained activity of the Rb and p53 tumor suppressor pathways. 
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• Centriole Repurposing: The differentiation program activates pathways for centriole biogenesis 

and ciliogenesis (e.g., via FoxJ1). Centrioles are synthesized de novo to function exclusively as 

basal bodies for cilia, essential for locomotion and osmoregulation. They are molecularly 

configured for this role and are not competent to form mitotic centrosomes. 

• Irreversible Quiescence: The post-mitotic state is robustly enforced. Any attempt to force cell 

cycle re-entry likely triggers apoptosis, protecting tissue architecture and function. 

7. Comparison with Other Biological Systems 

The planarian system is not an isolated anomaly but part of a broader biological theme: 

• Early Mammalian Embryogenesis: The first cleavage divisions in mice and humans are 

acentriolar, relying on the same RanGTP/motor protein mechanism. Centrioles appear de novo 

only later, coinciding with differentiation. 

• Cancer Cells: Provide a stark contrast, where centrosome amplification drives the genomic 

instability that planarian neoblasts elegantly avoid. 

• Drosophila Male Germline Stem Cells (GSCs): Asymmetrically inherit the mother centriole, 

leaving the stem cell daughter acentriolar. This demonstrates a convergent evolutionary strategy 

where the stem cell state is associated with acentriolar division. 

8. Biological Significance and Future Perspectives 

The planarian system demonstrates that high-fidelity cell division can be successfully uncoupled 

from centrioles. This adaptation is likely fundamental to their regenerative prowess, allowing for a 

large, stable, and perpetually active stem cell pool without the risk of centriole-related genomic 

instability. 

Future research should focus on: 

1. Identifying the complete genetic repertoire controlling the "acentriolar switch" in neoblasts. 

2. Visualizing the high-fidelity process of chromosome segregation in vivo using advanced live-

cell imaging. 

3. Investigating niche-derived signals that reinforce the post-mitotic state. 

4. Conducting comparative studies with other highly regenerative organisms to determine if 

acentriolar stem cells are a convergent evolutionary strategy. 

9. Conclusion 

The planarian paradox forces a reevaluation of the absolute requirement for centrioles in mitosis. 

Neoblasts utilize an ancient, robust acentrosomal pathway that optimizes them for their role by 

promoting asymmetric division, conserving energy, and eliminating a major source of genomic 

instability. Conversely, centrioles in somatic cells are passive markers of a terminal differentiation 

state that is enforced by deep epigenetic programming. The study of this system provides not only a 

deeper understanding of planarian biology but also offers powerful conceptual frameworks for 

advancing regenerative medicine and developing novel cancer therapies that target centrosome-

related vulnerabilities. 
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