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Relaxin has been demonstrated to have regulatory functions on both the smooth muscle and ex-
tracellular matrix (ECM) of blood vessels and fibrotic organs. The diverse mechanisms by which relax-
in acts on small resistance arteries and fibrotic organs, including the bladder, are reviewed here.
Relaxin induces vasodilation by inhibiting the contractility of vascular smooth muscles and by increas-
ing the passive compliance of vessel walls through the reduction of ECM components, such as collagen.
The primary cellular mechanism whereby relaxin induces arterial vasodilation is mediated by the en-
dothelium-dependent production of nitric oxide (NO) through the activation of RXFP1/PI3K, Akt
phosphorylation, and eNOS. In addition, relaxin triggers different alternative pathways to enhance the
vasodilation of renal and mesenteric arteries. In small renal arteries, relaxin stimulates the activation
of the endothelial MMPs and EtB receptors and the production of VEGF and PIGF to inhibit myogenic
contractility and collagen deposition, thereby bringing about vasodilation. Conversely, in small mesen-
teric arteries, relaxin augments bradykinin (BK)-evoked relaxation in a time-dependent manner. Whereas
the rapid enhancement of the BK-mediated relaxation is dependent on IKc, channels and subsequent
EDH induction, the sustained relaxation due to BK depends on COX activation and PGL. The anti-fi-
brotic effects of relaxin are mediated by inhibiting the invasion of inflammatory immune cells, the en-
dothelial-to-mesenchymal transition (EndMT), and the differentiation and activation of myofibroblasts.
Relaxin also activates the NOS/NO/cGMP/PKG-1 pathways in myofibroblasts to suppress the TGF-3
1-induced activation of ERK1/2 and Smad2/3 signaling and deposition of ECM collagen.
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Table 1. Effects of relaxin on vascular adaptation to pregnancy

Effects of relaxin Increase Decrease
SVR / MAP @)
RSA Contraction / Resistance (@)
RBF / GFR )
Plasma Osmolarity (@)
Cardiac Output )
Placenta / Kidney / Mesenteric (@]

Artery Compliance

Abbreviation: SVR, systemic vascular resistance; MAP, mean
arterial pressure; RSA, renal small artery; RBF, renal blood flow;
GFR, glomerular filtration rate.
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Fig. 1. Comparison of the signal transduction pathways of relaxin on vascular dilation between small renal and mesenteric arteries.
The primary common pathway of relaxin for vasodilation in both arteries is mediated by the endothelium-dependent pro-
duction of nitric oxide through the activation of RXFP1/PI3K, Akt phosphorylation and eNOS, to inhibit the smooth muscle
contractility. In small renal arteries, relaxin also stimulates MMP activation in endothelial cells, which leads to both the
breakdown of Et, into Eti3 activating endothelial EtB receptors and the degradation of ECM collagens to increase passive
compliance of the vascular wall. The activated EtB receptors stimulate eNOS to increase NO production which then inhibits
the myogenic contractility for vasodilation. Furthermore, relaxin can also increase the production of angiogenic growth factors
such as VEGF and PIGF to stimulate vascular proliferation and inhibit collagen deposition causing the vascular remodeling.
Conversely, in small mesenteric arteries, relaxin augments bradykinin (BK)-evoked relaxation in a time-dependent manner.
Whereas the rapid enhancement of the BK-mediated relaxation is dependent on IKc, channels and subsequent EDH induction,
the sustained relaxation due to BK depends on COX activation and PGIl,. Relaxin may also act directly on vascular smooth
muscle cells to induce ECM remodeling and vascular compliance. Abbreviation: RSA, renal small artery; MSA, mesenteric
small artery; RXFP1, relaxin family peptide receptor 1; EC, endothelial cell; SMC, smooth muscle cell; MMP, matrix metal-
loproteinase; Et, endothelin; EtBR, endothelin B receptor; VEGF, vascular endothelial growth factor; PIGF, placental growth
factor; NO, nitric oxide; ECM, extracellular matrix; BK, bradykinin; B2R, bradykinin B2 receptor; IKc,, channel, intermediate
conductance Ca"™" activated K* channel; COX, cyclooxygenase; EDH, endothelial dependent hyperpolarization.
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Fig. 2. The anti-fibrotic mechanisms of relaxin. Relaxin inhibits the invasion and migration of inflammatory immune cells into sites
of tissue injury and prevents both the production and release of cytokines such as TGF-B1 and IL-1B from these cells(@).
Relaxin also suppresses the endothelial-to-mesenchymal transition(@), the redifferentiation of mesenchymal cells to myofibro-
blasts(@), the proliferation and trans-differentiation of fibroblasts into myofibroblasts(@), and the activation of myofibroblasts.
In myofibroblasts, relaxin binds RXFP1 receptors and activates the NOS/NO/GC/cGMP/PKG-1 signaling pathways to inhibit
the TGF-B1-induced activation of Notch-1, ERK1/2 and Smad2/3 signalings, the subsequent decrease of MMPs, the increase
of TIMP, and the eventual increase of ECM collagen deposition to cause fibrosis. Abbreviation: BV. blood vessel; IIC, in-
flammatory immune cells; N, neutrophils; B, basophils; M, macrophages; EC, endothelial cell;, ECM, extracellular matrix;
EndMT, endothelial-to-mesenchymal transition; TGF-31, transforming growth factor-31; CK, cytokines; PDGF, platelet derived
growth factor; His, histamine; ST, serotonin; LT, leukotriens; IL-15, interleukin 1§3; MC, mesenchymal cell; FB, fibroblast;
MFB, myofibroblast; Smad, small mothers against decapentaplegic; ERK, extracellular signal regulated kinase; MMP, matrix
metalloproteinase; TIMP, tissue inhibitors of metalloproteinases; RXFP1, relaxin family peptide receptor 1; Gs, stimulatory
G protein; Gi, inhibitory G protein; NOS, nitric oxide synthase; NO, nitric oxide; GC, guanylate cyclase; cGMP, cyclic guanosine

monophosphate; PKG-1, protein kinase G-1.
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