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Introduction: Systemic sclerosis (SSc) is an autoimmune connective tissue disorder characterized by
fibroproliferative vasculopathy, immunological abnormalities and progressive fibrosis of multiple organs includ-
ing the skin. In this study, all English speaking articles concerning the role of endothelial cells (ECs) in SSc vascu-
lopathy and representing biomarkers are systematically reviewed and categorized according to endothelial cell
(EC) (dys)function in SSc.
Methods: A sensitive search on behalf of the EULAR study group on microcirculation in Rheumatic Diseases was
developed in Pubmed, The Cochrane Library andWeb of Science to identify articles on SSc vasculopathy and the
role of ECs using the following Mesh terms: (systemic sclerosis OR scleroderma) AND pathogenesis AND (endo-
thelial cells OR marker). All selected papers were read and discussed by two independent reviewers. The selec-
tion process was based on title, abstract and full text level. Additionally, both reviewers further searched the
reference lists of the articles selected for reading on full text level for supplementary papers. These additional ar-
ticles went through the same selection process.
Results: In total 193 resulting articles were selected and the identified biomarkers were categorized according to
description of EC (dys)function in SSc. The most representing and reliable biomarkers described by the selected
articles were adhesion molecules for EC activation, anti-endothelial cell antibodies for EC apoptosis, vascular en-
dothelial growth factor (VEGF), its receptor VEGFR-2 and endostatin for disturbed angiogenesis, endothelial pro-
genitors cells for defective vasculogenesis, endothelin-1 for disturbed vascular tone control, Von Willebrand
factor for coagulopathy and interleukin (IL)-33 for EC-immune system communication. Emerging, relatively
newdiscovered biomarkers described in the selected articles, are VEGF165b, IL-17A and the adipocytokines. Final-
ly, myofibroblasts involved in tissue fibrosis in SSc can derive from ECs or epithelial cells through a process
known as endothelial-to-mesenchymal transition.
Conclusion: This systematic review emphasizes the growing evidence that SSc is primarily a vascular disease
where EC dysfunction is present and prominent in different aspects of cell survival (activation and apoptosis), an-
giogenesis and vasculogenesis and where disturbed interactions between ECs and various other cells contribute
to SSc vasculopathy.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Systemic sclerosis (SSc) is an autoimmune connective tissue disor-
der characterized byfibroproliferative vasculopathy, immunological ab-
normalities and progressive fibrosis of multiple organs such as skin and
lung [1]. Dysregulation of endothelial cell (EC) function within the vas-
cular wall plays an important role in vascular remodeling associated
with the fibroproliferative vasculopathy observed in SSc. Endothelial
cell injury is proposed as a crucial initiating event leading to vascular re-
modeling with intimal proliferation of arterioles and capillary break-
down and finally, blood vessel occlusion [2–4]. Ongoing research
continues to focus on the role of endothelial cells (ECs) in SSc

vasculopathy and on identification of related biomarkers. This study,
performed on behalf of the EULAR study group on microcirculation in
Rheumatic Diseases, gives an overview on the large body of data of cur-
rent research in this domain, obtained after systematically reviewing
the literature.

2. Methods

2.1. Search strategy

A structured search on Pubmed, The Cochrane Library and Web of
Science was performed without limitation on publication date to
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