Modeling of irreversible EGFR inhibitor responses in vitro
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Some non-small cell lung cancer (NSCLC) cells exploit epidermal
growth factor receptor (EGFR) autocrine signaling to achieve selfsufficiency in growth factors and consequently inappropriate
proliferation[1,2]. What is required to permanently suppress such
aberrant EGFR signaling in vitro?

We constructed a mechanistic ODE model of EGFR signaling that
encompasses receptor trafficking and autocrine signaling, based on a
published model and reported parameter measurements[3,4].
Figure 4. EGFR exists in
monomer, dimer and ligandbound complex forms in
both plasma membrane and
cytosol. Membrane-bound
EGFR internalise before
either recycling or proteolysis. Active ERK triggers
membrane-bound sheddase
via phosphorylation to
release uncleaved ligands
into ECM. L858R activating
mutation induces receptor
dimerisation and recycling
and inhibits receptor
degradation.
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Figure 1. Aberrant EGFR autocrine signaling enables disregulated proliferation. Adapted
from Wiley et al (2003) Trends Cell Biol. 13(1):43-50

In a washout experiment, an EGFR inhibitor is incubated with H1975
double mutant cells for 2 hours before the medium is replenished by
one without compound.
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• p-Erk induces proliferation, hence indirectly EGFR expression
• p-Erk is assumed to induce EGFR expression – is this reasonable?

Figure 5. Stability analysis.
d(pRaf)/dt is plotted as a
function of pRaf. The user
may drag the slider to
explore how parametric
variation in the exponential
space affects existence of
bistability, with or without
the assumption that p-Erk
induces EGFR expression.
The application is developed
in MATHEMATICA®.
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• The existence of bistability is significantly more robust against singular parametric variation with the assumption that p-Erk induces EGFR
expression than without. This suggests it may be a good assumption.

Figure 2. p-EGFR is quantified using ELISA assay. Samples at 24hr are stained using
3 dyes to show nucleus (Hoechst), p-EGFR (pY1068) and total EGFR.

• Reversible inhibitor: quick recovery in p-EGFR upon washout
• BIBW: p-EGFR is knocked down throughout 24 hr in the majority
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Model simulation suggests durable suppression of EGFR signaling
would require both treatment concentration and incubation time exceed
certain thresholds in an interdependent manner. This predicts a PK
profile that is necessary to achieve durable p-EGFR knock down.
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Figure 6. Bistability plot.
Combinations of incubation
time and drug concentration
that lead to recovery in
pEGFR after the compound
is washed out within 3 days
are in the shaded area.
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Figure 3. p-EGFR is quantified using ELISA assay. Samples at 24hr are stained using
3 dyes to show nucleus (Hoechst), p-EGFR (pY1068) and total EGFR.
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• Reversible inhibitor: no effect
• BIBW: slow recovery in p-EGFR in a cell subpopulation
• EGFR autocrine signaling exhibits bistability upon drug treatment
• A computational model to integrate in-house and published data
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