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Background and Aims: The intercellular communication between
hepatocytes and macrophages mediates innate immune responses in
the liver upon challenge. In this context the activation of the p38MAPK;
MK2 signaling pathway by IL-1p is important for the regulation of the
acute phase response as well as for regenerative processes. Little is
known about key characteristics of this pathway in terms of
concentration-dependent signal propagation and cell-type specific
responses. In this study a mathematical model has been developed to
analyse p38MAPX/MK2 mediated signal propagation induced by IL-1B
in hepatocytes and in macrophages. Using this system biological
approach we investigated the different responsiveness of individual
cell types within the liver towards cytokine treatment as for example
in case of IL-1p.

Methods: Data from immunoblot analyses of IL-1p treated murine
primary hepatocytes and bone marrow derived macrophages were
subjected to a system biological analysis.

Results: This study provides evidence that signal transduction from
IL-1B via p38MAPK to MK2 is characterized by a strong signal
amplification. Quantification of the intracellular phosphorylation
level of p38MAPK and MK2 reveals that in hepatocytes at maximum
11.3% of p38MAPX and 36.5% of MK2 molecules are activated by IL-1p.
In contrast to this in macrophages at maximum only 4.5% of p3gMATX
and 17.2% of MK2 molecules are activated upon treatment with IL-18.
In addition, quantification of p38™MAPX and MK2 total protein reveals
that the intracellular concentration in macrophages is approximately
three times higher than in hepatocytes. We conclude that even with a
lower percentage of activated p38™AP and MK2 macrophages display
comparable or even higher phosphorylation levels than hepatocytes.
Furthermore, the prediction following an in silico analyses reveals
that regarding a half maximal effective concentration (EC50)
macrophages need three-times more IL-1p than hepatocytes to
achieve nearly similar phosphorylation levels, which was thereafter
validated by in vitro experiments.

Conclusions: Using the mathematical model presented in this
study we uncover a strong signal amplification of the p38MAP/MK2
pathway to guarantee signal propagation and cellular response.
Moreover, the model-based predictions reveal cell-type-specific
differences between hepatocytes and macrophages concerning the
responsiveness towards the treatment with IL-1p.
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