Mutant clone growth driven by the death of adjacent normal cells
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The expansion of pre-malignant lesions is often an essential step in carcinogenesis. Tissue architecture may have evolved to constrain clonal expansion to small, replicatively isolated compartments, such as intestinal crypts and epidermal proliferative units. If a mutant cell arises in one of these compartments, its growth may initially be physically confined, minimizing the chances that the clone will acquire more genetic and epigenetic changes. However, when neighboring compartments become empty, whether by normal (homeostatic) cell loss or by cytotoxic exposures such as ionizing radiation or free radicals, the mutant clone has the opportunity to expand by colonizing adjacent compartments. Therefore, the growth of a mutant clone can be driven by the death of adjacent normal cells or cellular units.

We have created a simple model of a structured tissue to explore the rates of mutant clone growth under different conditions. The tissue is represented by a hexagonal lattice where each point on the lattice represents a replicative compartment that can be empty, normal, or mutant. A low background death rate stochastically kills individual units. When a unit is destroyed, neighboring occupied units compete to be the first to colonize the location. In addition to the background death rate, “wounding” events can instantly kill a fraction of all units, representing a brief (acute) exposure to a cytotoxic agent such as radiation or gastric acid. Each simulation begins with a field of normal units and a single mutant unit, which can have a longer lifetime than normal units, a shorter time to colonize empty neighbors, or a lower probability of death during a wounding event. When a mutant colonizes an adjacent location, the new location inherits the properties of the mutant. No mutation occurs during the model – new mutants only appear as descendants of the original mutant seed.

Using this model, we find that the perimeter of mutant clones grow linearly over time; the size of the clone (number of units occupied by the mutant) is proportional to the square of the clone’s perimeter and thus the square of time elapsed; mutants that can colonize empty neighbors faster than normal units have relatively long perimeters, which enables them to grow faster than other clones; and a single wound usually results in smaller mutant clones than a protracted exposure to a cytotoxic agent.

