Experimental evolutionary game dynamics between
fibroblasts, alectinib-resistant and alectinib-sensitive
non-small lung cancer cells
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Method
• We model the dynamics of ALK+ non-small cell lung cancer as an
evolutionary game between three strategies: (1) alectinibsensitive ALK+ mutant NSCLC cell line H3122, (2) its derivate with
evolved resistance to alectinib, and (3) normal fibroblasts.
• We investigate this system in vitro by culturing these three cell
types, differentially labeled with fluorescent markers, in isolation
and together under differing concentrations of ALK inhibitor
alectinib, and Met ligand HGF.
• Changes in cell numbers are monitored by time-lapse
microscopy, allowing us to infer the evolutionary game by
measuring the fitness of each of the three strategies.

Dynamics of alectinib-sensitive (parental) NSCLC and
fibroblasts under varying concentrations of alectinib:
• Time ranges over 2 days, with microscopy photos every 2 hours.
• Top and bottom panels have differing initial proportions of
fibroblasts, otherwise identical.
• Two-piece linear best fit is in black
Shows and suggests:
• Pronounced effect of Alectinib on parental cells.
• Minimal effect of Alectinib on fibroblasts
• Fibroblast growth might depend on density of parental cells.

Results
• We found that the presence of alectinib-resistant cells provides
partial protection from the cytostatic effects of the drug to the
sensitive cells;
• the sensitivity of both cell types to alectinib is further reduced in
the presence of fibroblasts; and,
• increased concentrations of HGF grants higher drug resistance
to both alectinib-resistant and sensitive cells, with the sensitive
cells receiving a greater fitness boost.

Growth rates of resistant vs. parental NSCLC:
• Blue – without fibroblasts; Magenta – with fibroblasts
• Circles – without alectinib; Squares – with 512 nM of alectinib
• Size of markers increases with initial proportion of parental
cells in 4 sizes for: 20%, 40%, 60%, & 80% parental
Shows and suggests:
• Fibroblasts sig. increase growth rate of parental cells.
• In drug, fibroblasts sig. increase growth rate of resistant cells
• Fibroblasts affect sensitive cells more than resistant
• Higher initial proportion of parental cells results in higher
growth rates for all cells, except in drug without fibroblasts.

• We showed the ability of the non-neoplastic cells in a tumor
microenvironment (fibroblasts) to be coopted by cancer cells to
avoid a commonly used targeted therapy (alectinib).
• Given that addition of HGF can phenocopy the protective effect
of fibroblasts, it is likely that this effect is mediated in part by
the public good of HGF production.
• Since HGF benefits alectinib-sensitive cells more than resistant
ones, the selective pressures between sensitivity and resistance
can reverse depending on HGF concentration.
• This makes our clinically relevant experimental model a rich
source of nonlinear evolutionary game dynamics.

Future directions: spatial statistics and assortment.
• How does the cells local environment differ from the average
global environment?
• How are changes in local environment translated into changes
in growth rate? Can spatial games be measured?
• Is there selection for higher assortment between sensitive and
resistant cells?
• Can the interaction length-scale be inferred from imaging data?

