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Objective: The pathophysiology of giant cell arteritis (GCA) and themechanisms underlying vascular remodeling,
are poorly understood.We aimed to compare vascular smoothmuscle cells (VSMCs) from patients with GCA and
controls by a proteomic and gene expression profile approach and to identify the signaling pathways involved in
proliferation.
Methods: VSMCs were cultured from temporal artery biopsies (TABs) from patients with biopsy-proven GCA
(TAB+-GCA), biopsy-negative GCA (TAB−-GCA), and diagnosis other than GCA (GCA-control). VSMCs from nor-
mal human aorta (HAoSMC) were used as controls. 2D-differential in-gel electrophoresis and Affymetrix chips
were used to compare proteomes and gene expression profiles of VSMCs. Proliferation was assessed by BrdU in-
corporation assay. TAB+-GCA and GCA-control TABs underwent immunohistochemistry staining for endothelin-
1 (ET-1) and receptors ETAR and ETBR.
Results: We identified 16, 30 and 2 protein spots differentially expressed between TAB+-GCA and GCA-control
VSMCs, TAB+-GCA and TAB−-GCA VSMCs and TAB−-GCA and GCA-control VSMCs, respectively (fold change
≥1.5 and p ≤ 0.05). Among the 153 proteins differentially expressed between TAB+-GCA and HAoSMC VSMCs,
many were linked with ET-1. Genes differentially expressed between TAB+-GCA and GCA-control VSMCs were
involved in proliferation. ET-1 was identified as a link between genes of interest. Proliferation was reduced for
TAB+-GCA VSMCs on treatment with the endothelin antagonist macitentan and its active metabolite. Patients
showing transmural expression of ET-1 in temporal artery lesions received a significantly higher glucocorticoid
daily dose after 6-month follow-up.
Conclusion: Inhibiting the proliferation with macitentan, combined with glucocorticoids, might be a promising
therapeutic approach for patients with GCA.
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1. Introduction

Giant cell arteritis (GCA) is a primary vasculitis that occurs in pa-
tients older than 50 [1]. It specifically involves the aorta [2] and external
carotid arteries and their branches, with intimal hyperplasia and lumi-
nal obstruction leading to ischemic manifestations (e.g. temporal head-
aches, jaw claudication, scalp tenderness). The initial prognosis is visual
impairment with blurry vision as well as transient or permanent sight
loss in as much as 20% of patients [3,4]. Early diagnosis is required for
initiating glucocorticoid treatment, even though it has a limited efficacy
on vision if already impaired [5].

Pathological features of temporal artery biopsies (TAB) consist of
mononuclear T helper 1 (Th-1) and Th-17 cell infiltrates of the adventi-
tia, internal elastic lamina disruption with macrophages and multinu-
cleated cells and intimal hyperplasia [6]. Macrophages produce
platelet-derived growth factor (PDGF) and vascular endothelial growth
factor (thus leading to vessel wall thickening) [7,8], and high levels of
reactive oxygen species that target vascular smooth muscle cells
(VSMCs) [9]. The imbalance between levels of matrix metalloproteases
(MMPs) and the tissue Inhibitors of MMPs [10] contributes to the re-
modeling of the vessel wall [11]. Endothelin 1 (ET-1), a powerful vaso-
constrictor, and the endothelin receptors ETAR and ETBR, were found
expressed in vascular lesions from GCA patients [12,13] and high plas-
ma levels of ET-1were associatedwith risk of visual impairment [12,14].

We recently described that VSMC protein content and phenotypic
differentiation varies along the arterial tree and during pathological
process [15]. Thus,we performed a proteomic analysis and gene expres-
sion profile of VSMCs isolated from temporal artery biopsies (TABs)
from patients with GCA and controls. We also investigated the implica-
tion of the endothelin receptors ETAR and ETBR in the proliferation of
VSMCs.

2. Patients and methods

2.1. Patients

Between January 2010 and June 2012, we included 122 consecutive
patients with suspected GCA at the time of TAB in two different centers
(Limoges and Paris) (collection dc-2010-1079). VSMCs from patients
with GCA were isolated from sterile, freshly obtained surgical TABs
from patients with suspected GCA. We then selected 12 consecutive

patients with successful VSMCs culture: 4 with TAB-proven GCA
(TAB+-GCA), 4 fulfilling the American College of Rheumatology criteria
for GCA butwithout histological evidence of vasculitis (TAB−-GCA), and
4 with alternate diagnoses (GCA-control). Clinical and biological data
detailed in Additional Table 1 were recorded at the time of TAB and up-
dated with the TAB results and final diagnosis. All patients and controls
gave their written informed consent to participate. The ethics commit-
tee of Cochin hospital approved the study.

2.2. VSMCs

Briefly, temporal arteries were dissected and adventitia and media
were mechanically separated. Media was digested by collagenase and
elastase for 90 min before seeding in cell culture flasks (Falcon, Becton
Dickinson, Franklin Lakes, NJ, USA). SMC originwas assessed by positive
α-SMA staining and negative CD90 staining in indirect immunofluores-
cence experiments. VSMCs from normal human aortas (HAoSMC) from
4 different healthy Caucasian donors older than 50 years were used as
controls (Promocell GmbH, Heidelberg, Germany).

HAoSMCs and VSMCs cultured in SMC growthmedium 2 (Promocell
GmbH) to passage 4 were harvested and proteins were extracted as de-
scribed [16].

2.3. 2D differential in-gel electrophoresis (2D-DIGE) and protein identifica-
tion by mass spectrometry (MS)

VSMC sampleswere labelledwith fluorescent dyes and separated by
2D electrophoresis. Gels were then analysed and protein spots with dif-
ferential expression among VSMC subtypes were excised, in-gel tryp-
sin-digested and identified by MS. 2D-DIGE, in-gel trypsin digestion,
and MS protein identification were adapted from [16] and are detailed
in Additional file 1.

2.4. RNA extraction in culture cells and chip analysis

For chip experiments, RNA was extracted from cells at passage 4 by
the Trizol method [17] as detailed in Additional file 1. After quality con-
trol, pan-genomic Affymetrix genechips (Affymetrix, Santa Clara, CA,
USA) were used according to the manufacturer's instructions. For RNA
analysis, datawere normalized by using the RobustMulti-array Average
(RMA) algorithm in Bioconductorwith the ENSG customCDF vs 15 [18].
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