Endotoxin-induced Acute Inflammation in Swine: Insights from Combined Data-driven and Mechanistic Modeling
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In order to gain insights into the interrelation among inflammatory mediators, blood pressure, and lung function during acute inflammation, swine were subjected to endotoxemia. Serial plasma samples were assayed for inflammatory cytokines and NO2-/NO3-, followed by Principal Component Analysis aimed at defining principal drivers of inflammation in this setting. TNF- was produced to a high degree in all animals in response to endotoxin infusion, and appeared to drive the early inflammatory response to endotoxin. However, Principal Component Analysis suggested that IL-1 rather than TNF- may be a main driver of later inflammation. Based on this insight, a two-compartment Ordinary Differential Equation model was constructed, consisting of the lung and the blood (as a surrogate for the rest of the body). A key set of interactions depicted in that model consisted of endotoxin inducing TNF- in the blood, followed by the entry of TNF- into the lung leading to the release of HMGB1, which in turn would stimulate the release of IL-1. Other components of this model included blood pressure, lung functional parameters such as PaO2 and FiO2, and a damage variable that summarizes the health of the animal. This mathematical model could be fit to both inflammatory and physiologic data in individual endotoxemic swine that exhibited very different outcomes with regard to inflammation, blood pressure, lung function, and survival. The modeling approach described herein may aid in elucidating the pathogenesis of various forms of lung injury induced during acute inflammatory states such as sepsis and trauma. 
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