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Background: Pulmonary endothelial damage has a negative impact on themaintenance of normal pulmonary vas-
cular function. Such damage results in delayed thrombus dissolution and vascular remodeling in chronic throm-
boembolic pulmonary hypertension (CTEPH). Although endothelial progenitor cells (EPCs)may be incorporated
into neovasculature during vascular repair, their function in CTEPH remains unclarified, especially under the aug-
mentation of soluble guanylate cyclase (sGC) activity.
Methods and results:Weevaluated the effect of EPCs on endothelial function and compared the effect of riociguat,
a sGC stimulator, on the number and function of circulating EPCs in two groups of CTEPH patients. The two
groups consisted 16 CTEPH patients who were treatment naïve (Naïve group), and 14 CTEPH patients who
were being treated with riociguat, a sGC stimulator (Riociguat group). The number of circulating EPCs in the
Riociguat groupwas significantly higher than that in the Naïve group. Gene expression levels associatedwith an-
giogenesiswere significantly higher in EPCs of the Riociguat group. EPC-stimulated tube formation andmigration
of human pulmonarymicrovascular endothelial cell (hPMVEC) in the Riociguat group exceeded that in the Naïve
group. The angiogenic ability of hPMVECs stimulated by EPCs in the Riociguat group was enhanced compared to
that of the sGC stimulator, BAY 41–2272.
Conclusion: These findings indicate that riociguatmay induce EPCs to play a protective role via modulation of en-
dothelial functions associated with CTEPH.
Translation aspect of thework: Endothelial dysfunction exacerbates CTEPH. Riociguat enhanced the protective role
of EPCs via neovascularization, which prevented vascular remodeling and alleviated CTEPH.

© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Chronic thromboembolic pulmonary hypertension (CTEPH) is a
rare and progressive disease. It is characterized by organized
thrombi that obstruct pulmonary arteries and cause small vessel dis-
ease, similar to those present in pulmonary arterial hypertension
(PAH) [1,2]. Medical treatment of CTEPH targets vasodilation. How-
ever, pulmonary vascular remodeling is also an important therapeu-
tic target in CTEPH. Endothelial repair mechanisms including

angiogenesis may play a crucial role in vascular remodeling. There-
fore, detailed investigations of pulmonary endothelial functions,
and their association with vascular injury and repair, may lead to
therapeutic benefits to CTEPH patients.

Endothelial progenitor cells (EPCs), derived from the bone mar-
row, enter peripheral circulation to participate in re-
endothelialization or neovascularization of damaged vessels, either
directly or through paracrine effects [3]. However, controversial
findings, such as EPC dysfunction as well as EPC participation in vas-
cular remodeling, have been reported in PAH [4,5]. Reportedly, the
number of circulating EPCs is elevated in PAH patients treated with
vasodilators [4,6]. However, neither the function of circulating EPCs
nor the effect of treatment on EPCs have been satisfactorily eluci-
dated in PAH or CTEPH.

Pulmonary vasodilators are commonly used in both PAH and CTEPH.
It has been reported that vasodilators including phosphodiesterase 5 in-
hibitor (PDE5i), soluble guanylate cyclase (sGC) stimulator, and the
endothelin receptor antagonist (ERA) have augmented endothelial
function [7], and prevented vascular remodeling in rat PAH models [8].
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