Understanding Cellular Responses to Improve Wound Healing

Review of “Crosstalk Between Adrenergic and Toll-Like Receptors in Human Mesenchymal Stem Cells and Keratinocytes: A Recipe for Impaired Wound Healing” from Stem Cell Translational Medicine by Stuart P. Atkinson.
Studies have demonstrated that skin wounds generate epinephrine (EPI) that activates -adrenergic receptors (2-ARs) and so impairing healing [1]. Additionally microbial and injury signal-derived activation of Toll-like receptors (TLRs) initiate inflammatory responses which can also impair healing [2]. Bone marrow-derived mesenchymal stem cells (BM-MSCs) are becoming widely used in wound repair and healing, as they function alongside keratinocytes to mediate complete wound closure. Interestingly, these cells constitutively express 2-ARs and TLR2 [3, 4] and so EPI expression and TLR2 activation may impact upon the wound healing process, a hypothesis explored in a recent study in Stem Cells TM by the group of Roslyn R. Isseroff at the University of California, Davis, USA [5], which is fully summarised in the accompanying figure.


Dasu et al first exposed BM-MSCs to EPI in vitro and found significantly induced IL-6 secretion and TLR2 mRNA/protein expression in BM-MSCs, while genes involved in TLR2 activation (MALP2) and subsequent IL-6 expression (MyD88) were also elevated. MALP2-mediated activation of TLR2 in BM-MSCs also led to the induction of 2-AR mRNA/protein to levels similar to EPI treatment, and both led to the phosphorylation of BARK2, a protein downstream of 2-AR signalling. Interestingly, exposure of BM-MSCs to MALP2 and EPI, so activating both signalling pathways, led to a synergistic rise in both 2-AR receptor expression and BARK1 phosphorylation. Furthermore, MSC and neonatal keratinocyte (NHK) migration, required for optimal healing, were both reduced upon EPI and/or MALP2 treatment.

Both receptor-signaling systems were then assessed for their ability to induce IL-6 release from BM-MSCs. Both EPI and MALP2 induced IL-6 expression, with addition of both acting synergistically to further induce IL-6 release. The researchers also observed a similar response in NHKs, although the induction was to a higher level. Heat-killed S. aureus (HKSA) is also known to activate TLR2, and HKSA treatment induced IL-6 secretion in both BM-SCs and NHKs, acting synergistically with EPI treatment while also reducing NHK migratory capabilities. Accompanying IL-6 induction was that of TLR2-MyD88 and 2-AR-pBARK-1 in BM-MSCs suggested by co-immunoprecipitation assays to form physical associations which give rise to a signaling platform within the cell membrane. Interestingly, treatment with the 1/2-AR antagonist, Timolol, or the  2-AR receptor specific inhibitor, ICI, reversed/suppressed the inhibition of migration and IL-6 induction.

The study then moved on to query whether bacterial TLR2 ligands contribute to 2-AR signalling due to catecholamine ligand secretion by wound-resident cells. Indeed, the researchers found that MALP2 treatment of BM-MSCs and NHKs promoted EPI and norepinephrine induction, while the expression of two rate limiting enzymes in catecholamine synthesis (PNMT and TH) were also induced. Scratch wound assays were then used to show that EPI+MALP2 or EPI+HSKA treatment lead to the reduction of NHK scratch wound closure and the induction of IL-6, which could be reversed by addition of the antagonists used previously. Wound healing was then assessed in a pharmacologic model of sustained EPI stress to impair healing in mice, finding that wound closure was inhibited in EPI-stressed mice, while TLR2 expression and IL-6 induction in wound tissue, indicative of prolongation of inflammation, became induced. Again, 2-AR antagonist ICI treatment reversed these deleterious events.

The authors suggests that this furthers the “understanding of the mechanisms controlling the differing susceptibility to infections and immune/inflammatory-related conditions in wounds” through the delineation of hormonal and immunological effects on BM-MSCs and NHKs in the wound-healing process. As bacteria and elevated levels of EPI are hallmarks of chronic wounds, the cross-talk pathway discovered in this study could play a role in impairing wound healing through the exaggeration of the inflamed local environment. However, the better understanding of this pathway may allow us to highlight druggable targets which may interrupt the cross talk between these two systems and allow improved wound healing; a current and future focus of the group behind this report.

