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Short Abstract — We study the ability of stem cells to
produce double-hit mutants (such mutants are often
responsible for cancer initiation). We compare and contrast
symmetric and asymmetric (and mixed) stem cell divisions, and
focus on the rate at which double-hit mutants are generated. It
turns out that symmetrically-dividing cells generate such
mutants at a rate which is significantly lower than that of
asymmetrically-dividing cells. We argue that symmetric stem
cell divisions in mammals could be an adaptation which helps
delay the onset of cancers.

I. PURPOSE

N this work we examine the symmetric and asymmetric

divisions in the context of producing mutations. An
important advance in quantification of symmetric vs
asymmetric divisions became possible with the invention of
inducible genetic labeling [1]. Ref. [2] provides a review of
the recent evidence of symmetric divisions in mammalian
intestinal stem cells, spermatogenesis and epithelial tissues
such as hair follicles [3], [4]. These new findings reveal that
contrary to the previous thinking, adult tissue stem cells are
often lost and replaced in a stochastic manner. This notion
challenges the traditional concept of the stem cell as an
immortal, slow-cycling, asymmetrically dividing cell [1]. In
paper [2], an important question is raised: Why should
mechanisms of tissue maintenance so often lean toward
symmetric self-renewal? One answer comes from
recognizing the ability of symmetrically-dividing stem cells
to respond to injury. It however could be argued that the
symmetric divisions are “switched on” in response to a
sudden stem cell loss, and the asymmetric division strategy
is employed in the course of normal homeostasis.

We explore an alternative hypothesis, which gives an
additional reason for the tissue architecture favoring
symmetric divisions. We consider a stochastic model of two-
hit mutant generation, and we obtain optimal type of
divisions and optimal fraction of stem cells that delays
carcinogenesis. We also compare the rate of double-mutant
production in a hierarchical model with the conventional
homogeneous model has been studied in [5-8]. In order to
obtain analytical insights, we consider a stochastic process
and we present the results for the so-called "tunneling rates"
- the rates at which the stem cell system of a given size
produces double-hit mutants (assuming that one-hit mutants
drift at relatively low levels). This analytical model gives us
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predictions that are in excellent agreement with the results of
the numerical simulations.

II. CONCLUSION

We find that symmetrically dividing stem cells are
producing significantly lower amount of two-hit mutants
compared to asymmetrically-dividing stem cells. This is
especially important in the context of tumor-suppressor gene
inactivation, which is one of the more common patterns of
carcinogenesis. This provides an evolutionary framework for
reasoning about stem cell division patterns. Mammalian
stem cells have been reported to employ both symmetric and
asymmetric divisions to regulate their numbers and tissue
homeostasis [9, 10]. A switch from a symmetric mode of
divisions to the asymmetric model has also been reported to
take place in development [11, 12]. The fact that the rate of
two-hit mutant production is the lowest for symmetric
dividing cells provides an alternative hypothesis for the
observation that in mammalian tissues, symmetric patterns
of stem cell division seem to be common.
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