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Abstract
Activation of macrophages is regulated by immediate signaling molecules downstream of pattern
recognition receptors (PRRs) such as TLRs and RLRs, specific transcription factors and epigenetic
regulation. In this study, we investigated one subset of activated macrophages that are stimulated
with lipopolysaccharide (LPS), in the presence of immune complex (IC) referred to as M(IC). While
LPS-stimulated macrophages (M(LPS)) produce high level of inflammatory cytokines such as IL-12 and
low level of anti-inflammatory IL-10, M(IC) produces high IL-10 and low IL-12. The aims of this study
are to dissect the molecular mechanisms involved in specific phenotypes of M(IC), the plasticity of
M(IC) and the global effect of M(IC) in vivo. We investigated the involvement of Notch signaling in

activation of M(IC). M(IC) exhibited increased the level of cleaved Notch1, while IC stimulation alone

did not. The activation of Notch signaling in M(IC) depended upon NF-KB and MEK/Erk pathway
activation. M(IC) from mice the targeted deletion of Rbpj, which encodes a DNA-binding protein
central to canonical Notch signaling, produced significantly less IL-10 when compared with wild type.

A similar impact on IL-10 production was observed when Notch signaling was inhibited with a gamma-

secretase inhibitor (GSI) which inhibits Notch receptor cleavage. Defects in NF-KB p50 nuclear

localization were observed in GSl-treated M(C) and in Rbpj” M(C), suggesting cross-regulation

between the Notch and NF-KB pathways in M(IC). Transcriptomic analysis revealed that Notch
signaling regulates the transcription of genes involved in the cell cycle, macrophage activation,
leukocyte migration and cytokine production in M(IC). Reversing polarization from M(LPS) to M(IC)
required long resting of 3 days between LPS and LPS/IC, suggesting that plasticity of macrophages is
regulated by durable regulatory mechanisms, similar to that in LPS tolerance. When one of the active
histone marks, trimethylated lysine 4 on histone H3 (H3Kdme3), was investigated by chromatin
immunoprecipitation (ChiP)-sequencing (ChIP-seq) approach, M(IC) and M(LPS) exhibited clear distinct
H3Kdme3 global profiles. Promoter and cis-regulatory elements of M(IC) signature genes were found
to be highly enriched. In particular, the promoter of /(10 in M(IC) exhibited higher level of H3Kdme3
than that of M(LPS), indicating that at least H3Kdme3 plays a role in regulating IL-10 expression in
M(C). Finally, an adoptive transfer of M(IC) in endotoxemia mouse model before LPS administration
were performed to examine the systemic impact of M(IC) in vivo. The cytokine profiles showed
decreased systemic level of IL-12 and IL-1 while no effect was observed with other cytokines.
Taken together, these results reveal the regulatory mechanism governing IL-10 expression in M(IC)
and suggest that the Notch signaling pathway together with histone modification plays an important

role in regulating the functions and plasticity of M(IC), respectively.
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