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BACKGROUND: Macrophages respond to signals in the microenvironment by changing their functional phenotypes, a
process known as polarization. Depending on the context, they acquire different patterns of transcriptional activation,
cytokine expression and cellular metabolism which collectively constitute a continuous spectrum of phenotypes, of which
the two extremes are denoted as classical (M1) and alternative (M2) activation. To quantitatively decode the underlying
principles governing macrophage phenotypic polarization and thereby harness its therapeutic potential in human diseases,
a systems-level approach is needed given the multitude of signaling pathways and intracellular regulation involved.
METHODS: Here we develop the first set of mechanism-based, multi-pathway computational models (Fig. 1) that
quantitatively describe the integrated signal transduction and macrophage programming under various M1, M2 (IL-1β,
TNFα, IFN-γ, IL-4, IL-10, VEGFA) and cell stress (hypoxia) stimulation, using a two-step approach. The overall
processes of model formulation, calibration, simulation and analyses were implemented using the MATLAB SimBiology
Toolbox (MathWorks, Natick, MA).
RESULTS: The step-1 model (Fig. 1A)
consisting of three major pathways was
formulated to reproduce experimental timecourse observations relating to different
macrophage phenotype perturbations (e.g.
70+ datasets), and it has suggested novel
insights regarding the hierarchical and
temporal control of M1-M2 features
through an integrative analysis of direct
cytokine signaling, hypoxic response,
transcriptional and post-transcriptional
regulation, and autocrine feedbacks1.
Figure 1: Schematic overview of the (A) step-1 and (B) step-2 computational models
Using the step-1 model as a basis, we are
that were developed to characterize macrophage polarization at the systems-level.
currently finalizing our step-2 model (Fig.
1B) which includes 4 additional pathways and is calibrated against 150+ sets of quantitative experimental data derived
from macrophages, plus original data obtained specifically for this project from our collaborators at Augusta University.
CONCLUSIONS: Our computational models were calibrated extensively against experimental data, and by using these
models we mechanistically elucidated a number of signature feedbacks behind the M1-M2 antagonism and investigated
the dynamical shaping of macrophage phenotypes spanning the M1-M2 spectrum. Model sensitivity analysis also revealed
key molecular nodes and interactions as targets with potential therapeutic values for the pathophysiology of peripheral
arterial disease and cancer. In addition, we have also designed and implemented computational strategies that further
incorporated our cell-level macrophage models into mechanistic tissue-level models of ischemia as well as patient-level
immuno-oncology simulation platforms. In summary, through simulations that dynamically capture the signal integration
and phenotypic marker expression in the differential macrophage polarization responses, we believe that our data-driven
models can provide an important computational basis toward a more quantitative and network-centric understanding of
the complex physiology and versatile functions of macrophages in human diseases.
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