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Top: Tumor morphologies over time, shaded by oncoprotein expression (blue: p = 0 ; yellow: p = 2)

Bottom: Evolving distribution of the oncoproteinp
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Figure 9. Cancer heterogeneity example. Each cell has an independent
expression of a mutant \oncoprotein” p (dimensionless, bounded in [0,2]), which scales
the oxygen-based rate of cell cycle entry. Blue cells have leagt, and yellow cells have
most. Initially, the population has normally distributed p with mean 1, standard
deviation 0.3, and a \salt and pepper" mixed spatial arrangement. The proliferative
advantage for cells with higherp leads to selection and enrichment of the most yellow
cells. Stochastic effects lead to emergence of fast-growing foci and a loss of tumor
symmetry. A video is available at S7 Video.

Figure 10. Cancer immunology example. In this 3-D example, each tumor cell
secretes an immunostimulatory factor, and its immunogenicity is modeled as
proportional to its mutant oncoprotein expression. (See the previous example in Fig. 9.)
After 14 days, red immune cells perform a biased random walk towards the
immunostimulatory factor, test for contact with cells, form adhesions, and attempt to
induce apoptosis for cells with greater immunogenicity. The immune cells successfully
attack the tumor initially, leading to partial regression; apoptotic cells are cyan. But
strong homing towards gradients of the immunostimulatory factor causes immune cells
to \pass" some cells at the outer edge, leading to tumor regrowth. Eventually, immune
cells leave the necrotic regions and press their attack on the tumor. This highlights the
importance of stochasticity in immune cell movement in mixing with the tumor cells for
a more successful immune response. A video is available at S8 Video.
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