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[ Abstract | Stem cells use asymmetric and symmetric cell division to
generate progeny. Symmetric cell division is defined as the generation of
daughter cells that are destined to acquire the same fate. Stem cells divide
asymmetrically to generate one daughter with a stem-cell fate and one
daughter with different fate. Disruption of the machinery that regulates
asymmetric division may be a reason for the generation of cancer. The
asymmetric mechanism is maintained by cell polarity factors, cell fate
determinants, and the spindle apparatus. The mutation or dysregulation of
these factors may change stem cells from asymmetric to symmetric cell
division, then leading to tumorigenesis. Therefore, further study is needed on
the mechanisms of stem cell control between asymmetric and symmetric cell
division, as well as the relationships among stem cells, cancer stem cells,
and tumor cells. It may bring us a new approach for the resistance,
recurrence, and metastasis of tumors.
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Figure 1  Asymmetric and symmetric stem-cell division
Three modes of asymmetric division: A, intrinsic asymmetric division
mediated by cell polarity factors; B, intrinsic asymmetric division
mediated by cell fate determinants; C, extrinsic asymmetric division.
Two modes of symmetric division: D, daughter cells both have self-

renewal capacities ( the light green ones); E, daughter cells are both

differentiated cells (the pink ones).
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Figure 2 Drosophila neuroblast asymmetric division and
cancer cell formation
Lgl, DaPKC, Baz, Par6, INSC, Pins, and Gal form a functional apical
complex when wide-type neuroblasts divide. Apical complex formation
then enables asymmetric segregation of the basal components Mira/Brat/
Pros and Pon/Numb and mitotic spindle orientation, resulting in daughter
cell fate determination. The bigger cell has the apical complex and keeps
self-renewal capacity, while the GMC keeping cell fate determinants—
Pros and Brat becomes differentiated. In GMC, Pros suppresses the
transcription of key genes in the cell cycle, leading to a decrease in the
biosynthesis of ribosomes and proteins. In the Brat mutated Drosophila
larva, without Brat and Pros separation into GMCs, the cell cycle did not
arrest, so GMCs became self-renewal cells, which keep dividing but not
differentiating. Either the apical complex or mutations of cell fate
determinants and spindle orientation failure could result in the formation

of cancer-like cells. (Modeled after Caussinus et al., 2007/2))
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