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Macrophages regulate pressor responses to endothelin-1
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Introduction: Macrophage (Mφ) infiltration is a near universal feature of chronic kidney disease (CKD), and Mφ may be involved in both progression and resolution of renal injury. Endothelin-1 (ET-1) is a potent vasoconstrictor with additional pro-inflammatory, pro-fibrotic and mitogenic actions. Its effects are mediated via two receptors, the endothelin-A (ETAR) and the endothelin-B (ETBR) receptor. ET-1 is upregulated in CKD and contributes to its progression. We aimed to assess the effects of ET-1 on human Mφ activation and chemokinesis. We also assessed whether Mφ are involved in regulating ET-1 responses in vivo in mice using a selective Mφ depletion strategy.

Methods: Human peripheral blood monocytes were matured to Mφ for 7d in vitro. Expression of ETAR and ETBR protein was assessed by dual immunofluorescence (IF) and mRNA assessed using RT-PCR. Mφ were exposed to exogenous human ET-1 (0-50ng/ml) for varying time periods (0-24h) and ET-1, interleukin-6 (IL-6), IL-8, IL-10, and tumor necrosis factor (TNFα) production were assessed. Mφ cytokine production in response to LPS/IFNγ were used as positive controls. Expression of cell surface antigen presentation molecules MHC II and CD80/86 were assessed by FACS. Mφ migration towards ET-1 was assessed using a transwell system. Mφ crossing the membrane were counted and expressed per high power field (hpf). MCP-1 was used a positive control. Finally, using CD11b-DTR transgenic mice, in which Mφ are specifically and selectively ablated by diphtheria toxin (DT), we examined the effects of Mφ depletion on the pressor response in vivo to ET-1 (0.01-1 nmol/kg).
Results: Mφ expressed both ETAR and ETBR protein and mRNA. ET-1 did not stimulate Mφ production of ET-1, IL-6, IL-8, IL-10, or TNF-α, or lead to increased expression of MHC II or CD80/86 at any dose. Mφ did not produce ET-1 in response to LPS/IFN-γ. Interestingly, when Mφ were stimulated with ET-1 they reduced the concentration of ET-1 in the media by 70±14% (mean ± SD, n=12) at 24h across the dose range 100pg/ml - 50ng/ml compared to ET-1 in media alone, suggesting ET-1 uptake or breakdown. Mφ also demonstrated chemokinesis in response to ET-1. In the transwell system both MCP-1 and ET-1 increased Mφ migration at 24 hours: no ET-1 vs ET-1 1ng/ml vs MCP-1: 68±8 vs 390±103 vs 158±12 (mean±SD, Mφ/hpf, n=4, p < 0.05). In vivo, ET-1 caused a pressor response in control mice (PBS treated) at the highest ET-1 dose (see Table). By contrast, DT treated mice were more sensitive to the pressor effect of ET-1 and displayed a greater peak change in BP that lasted for a greater duration than controls (expressed as area under curve).

	ET-1 (nmol/kg)
	Maximal (BP (mmHg)
	Duration of Pressor Response (AUC)

	
	Control
	DT
	Control
	DT

	0.01
	-1 ± 4
	+1 ± 4
	+40 ± 69
	+150 ± 131

	0.1
	-1 ± 3
	+10 ± 5
	+294 ± 509
	+2665 ± 2108

	1
	+25 ± 5
	+41 ± 15
	+12287 ± 4234
	+49706 ± 30796*


CD11b-DTR mice BP in response to ET-1. Data are mean ( SD (n=3, *p < 0.05 vs. control)

Conclusions: Human Mφ possess ETAR and ETBR. They are not classically activated by ET-1 but do demonstrate ET-1 mediated chemokinesis. In addition, Mφ remove ET-1 from their environment by either uptake or degradation. Furthermore, in vivo murine Mφ depletion augments the pressor effects of ET-1. Thus, these data suggest a potential role for Mφ in regulating the effects of ET-1 in clinical hypertension, a common problem in renal disease.
