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Fig. 5. RAW 264.7 macrophages are markedly affected by activation state-dependent hysteresis,
which can be overcome using multiple pro-inflammatory inputs. (a) LPS and IFN-y added
simultaneously cause time dependent supra-additive expression of iNOS (color and text display condition
mean; N=4). (b) Prior treatment with IL-4 attenuates LPS induced iNOS expression (24 hr post LPS
treatment) in an IL-4 concentration-dependent manner (mean+=SEM, N=6). (¢) Interpolated attenuation
factor gamma surface plot and (d) fit error. (e) Pretreating macrophages with 1L-4 for 24 hours prior to
LPS stimulation reduced the magnitude of pro-inflammatory polarization measured by iNOS expression
normalized to DAPI (color represents mean, SEM displayed numerically, N=4). (f) Combining 4ng/ml of
IFN-y with LPS stimulates iNOS expression, overcoming the hysteretic effect dependent on the dose of
LPS (color represents mean, SEM displayed numerically, N=4).
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Fig. 6. Global plant consisting of linear and non-linear model elements. Detailed diagram of multiple
input plant model implemented in control system (Fig. 1b). System predicted inputs u; (LPS) and u>
(IFN-y) are fed into respective identified SISO ARX models and supra-additive interaction term A
elements. Terms multiplied by weighting coefficients ¢ (defined by multiple regression estimation) prior
to summation (2) and hysteresis-dependent attenuation (y). Note that u; accounts for IL-4 attenuation

viay.
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Fig. 7. Open-loop control of pro-inflammatory macrophage activity is experimentally achieved using
a nested multiple regression. (a) RAW 264.7 macrophage temporal response to 1pg/ml LPS and 100ng/ml
IFN-y. (b) Model designed inputs u; and u, using hysteresis-free model, which reflects cells beginning in
a naive state. (¢) Hysteresis-free model response to inputs defined in b). (d) Model designed inputs u; and
u, using first generation model accounting for hysteresis, which reflects cells starting from a non-naive
24hr IL-4 primed state. (e) Hysteretic model (red) and non-histeretic model (blue) responses to inputs
defined in d). (f) Experimental delivery of designed inputs in d) reflects predicted control output (e) for
both hysteretic IL-4 primed (red curve, mean=SEM, N=16; interpolated curveRMS CV error) and non-
hysteretic (blue curve, mean+=SEM, N=16; interpolated curvexRMS CV error) RAW 264.7 macrophage
cultures. (g) Representative images of iNOS staining in model predictive control experiments using the
inputs in d). (h) Simulation of updated 2™ generation model with dynamic supra-additivity term in response
to designed inputs (d) captures experimental RAW 264.7 iNOS expression for both hysteretic (red curve)

and non-hysteretic (blue curve) systems.
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