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ABSTRACT
Objective. 7R�LQYHVWLJDWH�VHUXP�OHYHOV�RI�
D�SDQHO�RI�DQJLRJHQLF�LQGXFHUV��9(*)��
)*)���� $QJLRSRLHWLQ� ��� ���� VROXEOH�
9&$0���� DQG� LQKLELWRUV� �DQJLRVWDWLQ��
HQGRVWDWLQ��SHQWUD[LQ����LQ�SDWLHQWV�ZLWK�
JLDQW�FHOO�DUWHULWLV��*&$��DQG�7DND\DVX·V�
DUWHULWLV��7$.���LQ�RUGHU�WR�JDLQ�IXUWKHU�
LQVLJKWV�LQWR�WKH�PROHFXODU�PHFKDQLVPV�
GULYLQJ� DQJLRJHQHVLV� G\VUHJXODWLRQ� LQ�
ODUJH�YHVVHO�YDVFXOLWLV��/99��
Methods. 6HUD� ZHUH� REWDLQHG� IURP�
��� 7$.� SDWLHQWV� DQG� ���*&$� SDWLHQWV�
DQG� IURP� WZR� JURXSV� RI� DJH�PDWFKHG�
QRUPDO�FRQWUROV� �1&���'LVHDVH�DFWLYLW\�
ZDV�DVVHVVHG�XVLQJ���)�)'*�3(7�&7�
DQG�FOLQLFDO�LQGLFHV�LQFOXGLQJ�1,+�.HUU�
FULWHULD�DQG�,7$6��$QJLRJHQLF�DQG�DQWL�
DQJLRJHQLF� IDFWRU� VHUXP� OHYHOV� ZHUH�
HYDOXDWHG�XVLQJ�FRPPHUFLDO�(/,6$�NLWV��
3HQWUD[LQ� �� �37;��� VHUXP� OHYHOV�ZHUH�
HYDOXDWHG�E\�QRQ�FRPPHUFLDO�(/,6$��DV�
DOUHDG\�GHVFULEHG�
Results. $PRQJ�WKH�DQJLRJHQLF�IDFWRUV��
RQO\� 9(*)� VHUXP� OHYHOV� ZHUH� VLJQLÀ-
FDQWO\�KLJKHU�LQ�7$.�SDWLHQWV�FRPSDUHG�
WR� 1&�� 1R� GLIIHUHQFH� ZDV� IRXQG� EH-
WZHHQ�DQJLRJHQLF�IDFWRU�OHYHOV�LQ�*&$�
SDWLHQWV� FRPSDUHG� WR� WKRVH� GHWHFWHG�
LQ�1&��$QWL�DQJLRJHQLF� IDFWRU� �$QJLR-
VWDWLQ��(QGRVWDWLQ��37;���VHUXP�OHYHOV�
ZHUH� VLJQLÀFDQWO\�KLJKHU� LQ�ERWK�*&$�
DQG�7$.�SDWLHQWV�FRPSDUHG�WR�1&��6LJ-
QLÀFDQW�DVVRFLDWLRQV�ZHUH�REVHUYHG�EH-
WZHHQ�9(*)�DQG�37;��OHYHOV�DQG�GLV-
HDVH�DFWLYLW\�HYDOXDWHG�XVLQJ�3(7�VFDQ�
DQG� FOLQLFDO� LQGLFHV�� &OXVWHU� DQDO\VLV�
EDVHG�RQ�3(7�VFDQ�VFRUHV� LQ�7$.�SD-
WLHQWV�VKRZHG�VLJQLÀFDQW�RUGHUHG�GLIIHU-
HQFHV� LQ�9(*)�DQG�DQJLRVWDWLQ�VHUXP�
OHYHOV�� ,QGHHG��ZH�QRWHG�D�SURJUHVVLYH�
LQFUHDVH�RI�9(*)�DQG�DQJLRVWDWLQ�IURP�
1&� WR� WKH� FOXVWHU� LQFOXGLQJ� SDWLHQWV�
ZLWK�WKH�KLJKHVW�DQG�PRUH�GLIIXVH�VFDQ�
SRVLWLYLW\�
Conclusion. 2XU� RYHUDOO� UHVXOWV� GHP-
RQVWUDWH�D�FLUFXODWLQJ�PROHFXODU�SURÀOH�

FKDUDFWHULVHG�E\�D�SUHYDLOLQJ�H[SUHVVLRQ�
RI�DQWL�DQJLRJHQLF�VROXEOH�IDFWRUV�

Introduction
Large-vessel vasculitides (LVV) are im-
mune-mediated vascular diseases that 
typically affect the aorta and its major 
branches. Giant cell arteritis (GCA) and 
Takayasu’s arteritis (TAK) are the two 
major forms of LVV. GCA typically af-
fects the extracranial branches of the 
carotid artery and is almost exclusive-
ly seen in people aged over 50 years, 
while TAK commonly affects subjects 
under the age of 40 (1, 2). 
LVV are characterised by dysfunctional 
DQJLRJHQHVLV�DQG�E\�FKURQLF� LQÁDPPD-
tory lesions within the vessel wall. Vas-
cular remodelling in response to aberrant 
immune response leads to occlusion of 
the lumen and ischaemic damage of me-
dium-sized arteries, whereas in the aorta, 
aneurysm formation, rupture or dissec-
tion are more frequently seen (3-5).
In vasculitis immune-mediated mecha-
nisms, a dual role of angiogenesis has 
been hypothesised. Indeed, angiogen-
esis might be primarily involved in 
SHUSHWXDWLQJ� LQÁDPPDWLRQ� DQG�� VXEVH-
quently, might be considered as a rescue 
mechanism in ischaemic damage (6). 
The role of angiogenesis in LVV is also 
supported by histopathological analyses 
that have shown new capillary forma-
tion in the arterial media and intima, 
normally avascular (7, 8). In addition, a 
marked neoangiogenesis expanding the 
capillary network of the adventitia was 
recognised as a further pathogenic event. 
Adventitial vasa vasorum drive T cells 
and macrophages invasion of the vessel 
wall, and promote their differentiation. 
Recent studies have strengthened the 
role of interplay between tissue invasive 
T-cell and endothelial cells and stromal 
cells in the vessel wall, ultimately lead-
ing to formation of microvessels and  
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expansion of the intimal layer (9, 10).
Angiogenesis is a complex and highly 
G\QDPLF�SURFHVV�WKDW�LV�ÀQHO\�WXQHG�E\�
circulating factors as well as locally 
produced mediators (11, 12).
Physiological formation of new blood 
vessels derives from the net balance 
between angiogenic inducers and in-
hibitors (positive and negative regula-
tors of angiogenesis) (11, 12).
A wide array of factors is involved in this 
process. Vascular endothelial growth 
IDFWRU��9(*)���ÀEUREODVW�JURZWK�IDFWRU�
(FGF), platelet-derived growth factor 
(PDGF), angiopoietins, soluble adhe-
sion molecules (such as soluble vascular 
cellular adhesion molecule sVCAM-1) 
are recognised as positive regulators 
of angiogenesis, whereas the major in-
hibitors include endostatin, angiostatin, 
WKURPERVSRQGLQ����WKH�ÀUVW�HQGRJHQRXV�
SURWHLQ� WR� EH� LGHQWLÀHG� DV� DQ� LQKLELWRU�
of angiogenesis, and thrombospondin-2 
(11-15). 
VEGF, FGF and PDGF are expressed in 
vasculitic lesions (7, 8, 16, 17), as well 
as the up-regulation of circulating levels 
of some proangiogenic factors was ob-
served in patients with LVV (6, 18-20). 
On the other hand, pentraxin (PTX) 
3, the prototypical long PTX that has 
been recognised as an antiangiogenic 
factor by binding to FGF-2 and inhib-
iting FGF-2-dependent endothelial cell 
proliferation and neovascularisation 
(21-23), is to be up-regulated at both 
vascular and circulating levels in LVV 
(19, 24, 25) and also in small-vessel 
vasculitis (26-28) 
In order to gain further insights into the 
molecular mechanisms driving angio-
genesis dysregulation in LVV, we in-
vestigated the serum levels of a panel 
of angiogenic inducers (VEGF, FGF-2, 
soluble vascular cellular adhesion mol-
ecule sVCAM-1, angiopoietin 1, -2,) 
and inhibitors (angiostatin, endosta-
tin, PTX3) in patients with GCA and 
TAK. Furthermore, we analysed the 
soluble factor levels according to dis-
ease activity assessed by means of 18F-
Fluorodeoxyglucose-positron emission 
tomography/computerised tomography 
(18F-FDG PET/CT) and clinical indi-
ces including the National Institutes of 
Health (NIH)/Kerr criteria and the In-
dian Takayasu’s Activity Score (ITAS).

Materials and methods
3DWLHQWV�DQG�FOLQLFDO�DVVHVVPHQW
Between January 2003 and September 
2010, 47 patients with LVV (33 with 
TAK and 14 with GCA) who had been 
referred to the Rheumatology Unit 
at the Arcispedale S. Maria Nuova in 
Reggio Emilia, Italy were enrolled in 
the cross-sectional study. Patients were 
diagnosed according to the ACR classi-
ÀFDWLRQ�FULWHULD�IRU�7$.������DQG�*&$�
(30), as appropriate.
As a tertiary reference centre for vascu-
litis, we admit patients with suspected, 
early, or established LVV for re-evalua-
tion of treatment and/or disease activity.
Among our patients, 36 (11 GCA) 
were on treatment: 19 received steroid 
only (prednisone: 16.07±12.35 mg/
day, mean ± standard deviation), 13 
received immunosoppressive agents 
(methotrexate, azathioprine, mycophe-
nolate, cyclophosphamide) with or 
without steroid, and 4 received biolog-
LF�DJHQWV����LQÁL[LPDE����DGDOLPXPDE��
1 tocilizumab).
Patients with LVV are offered a stand-
DUGLVHG� VFUHHQLQJ� DW� WKH�ÀUVW� YLVLW� DQG�
then yearly in order to obtain a compre-
hensive evaluation of the disease activ-
ity and extension by means of duplex 
sonography, computerised tomography 
(CT), or magnetic resonance (MR), an-
giography (CTA, MRA), and 18F-FDG 
PET/CT. This protocol includes the de-
termination of erythrocyte sedimenta-
tion rate (ESR) and C-reactive protein 
(CRP) at the time of 18F-FDG PET/CT 
evaluation. 
A semi-quantitative clinical evaluation 
ZDV�SHUIRUPHG�GXULQJ�WKHLU�ÀUVW�YLVLW�DW�
the unit (considered as the baseline in 
this study) using the ITAS (31) and the 
NIH/Kerr (32) indices. The ITAS lists 
constitutional and organ manifestations 
with particular emphasis on cardiovas-
FXODU�IHDWXUHV�DV�ZHOO�DV�LQÁDPPDWRU\�
markers (ESR and CRP) and the physi-
cian’s global opinion. A score is gen-
erated on the basis of present (=1) or 
absent (=0) clinical manifestations, and 
disease was considered active if one 
or more organ system scores positive 
(31). The NIH/Kerr index assesses four 
items: constitutional manifestations, 
raised ESR, manifestations of vascular 
ischaemia and angiographic features 

indicative of vasculitis. Disease was 
GHÀQHG�DV�DFWLYH� LQ� WKH�SUHVHQFH�RI�DW�
least two new or worsened items (32). 
For the purpose of this study, due to 
the heterogeneity of the angiographic 
modalities, worsening of angiographic 
ÀQGLQJV�ZDV�UHSUHVHQWHG�E\� WKH�ZRUV-
ening of luminal changes in the affect-
ed vessel or the appearance of new vas-
cular lesions. MRA, CTA and/or colour 
Doppler ultrasound were used to assess 
luminal changes. 
Clinical and 18F-FDG PET/CT data 
from an additional 20 patients (5 with 
TAK and 15 with GCA) were also in-
cluded in the cluster analysis (no serum 
samples were available from the pa-
tients in the latter group).
Written informed consent was obtained 
from all patients according to the Dec-
laration of Helsinky and the study was 
approved by the local ethics committee.

��)�)'*�3(7�&7�SURWRFRO�
DQG�LPDJLQJ�DQDO\VLV
Positron emission tomography scans 
were performed using a hybrid PET/
CT scanner (Discovery, GE) with 3.30 
min-emission scan/bed and CT- attenu-
ation correction. All subjects fasted for 
���KRXUV�EHIRUH�WKH���)�)'*�LQMHFWLRQ�
(37 Mbq of 18F-FDG/13 kilograms of 
patient weight). Mean time from in-
jection to acquisition was 60 minutes. 
Whole-body 18F-FDG PET/CT scan-
ning was performed from mid-femora 
to external auditory meatus. Vascular 
uptake was visually graded using a 
four-point scale (33, 34) ranging from 
0 to 3, where 0 = no uptake, 1 = low-
grade uptake (lower than liver uptake), 
2 = intermediate-grade uptake (similar 
to liver uptake) and 3 = high-grade up-
take (higher than liver uptake).
Four aortic segments (ascending tho-
racic aorta, aortic arch, descending tho-
racic aorta and abdominal aorta) and 
the carotid, subclavian, axillary, iliac 
and femoral arteries were evaluated bi-
laterally and 18F-FDG vascular uptake 
VFRUHV����ZHUH� FRQVLGHUHG� ¶¶SRVLWLYH··�
for vasculitis and scores of 0 and 1 
ZHUH�FRQVLGHUHG�¶¶QHJDWLYH··�
Assessment of the 18F-FDG PET/CT 
data was carried out by two nuclear medi-
cine specialists who were blinded to clini-
FDO�DQG�SDWKRORJLFDO�ÀQGLQJV��$9��0&��
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(YDOXDWLRQ�RI�DQJLRJHQHVLV�UHODWHG�
IDFWRU�OHYHOV�DQG�DFXWH�SKDVH�LQGH[�
DVVHVVPHQW
Two groups of healthy subjects, 
matched for age to the GCA and TAK 
patients, respectively, were evaluated 
as normal controls (NC).
Venous blood was drawn from all the 
patients and all the NC between 8.00 
a.m. and 10.00 a.m. and collected in 
tubes without anticoagulant. Serum 
was separated by centrifugation for 10 
minutes 1000 x g. Samples were ali-
quoted and stored at -80°C until analy-
sis. Serum levels of VEGF, sVCAM-1, 
FGF-2, endostatin, angiopoietin-1, an-
giopoietin-2, angiostatin were evaluat-
ed using commercial sandwich enzyme 
immunoassay following the manufac-
turer’s instructions. We used ELISA 
kits from R&D Systems, Minneapo-
lis, MN, USA for detection of VEGF, 
sVCAM-1, FGF, Angiopoietin-1 An-
giopoietin-2 and endostatin; serum 
angiostatin levels were measured us-
ing ELISA kits from Cusabio College 
Park, MD, USA. 
Serum levels of PTX3 were evaluated 
by means of a sandwich ELISA as pre-
viously described (35).
ESR and CRP levels were measured at 
the same time points of sample collec-
tion for circulating cytokines. 

6WDWLVWLFDO�DQDO\VLV�
Continuous data were expressed as 
median and 25th–75th percentiles or as 
means and standard deviation depend-
ing on the distribution of data, unless 
otherwise indicated. The Kolmogorov 
Smirnov test was performed to test 
normality of continuous variables. The 
Levene test was performed to assess 
the homoscedasticity.
Comparison of angiogenic/anti-angi-
ogenic factor levels between the two 
independent groups was performed 
by non-parametric analysis using the 
Mann-Whitney test, since distribution 
RI�GDWD�GLG�QRW� IXOÀOO� WKH�DVVXPSWLRQV�
of normality and homoscedasticity. 
The Spearman rank correlation was 
used to assess correlations between 
continuous variables. The Fisher Chi 
square test was performed to investi-
gate the relationships between dichoto-
mous variables. 

As already reported in a previous study 
(36), two-step Cluster analysis was 
performed to identify any subgroups of 
LVV patients with peculiar 18F-FDG 
3(7�&7�YDVFXODU�XSWDNH�SURÀOHV��

A SRVW�KRF analysis among clusters was 
performed to identify which variables 
characterised each cluster (36). 
In the present study, comparison of an-
giogenesis-related factor levels among 

Table I. Characteristics of normal controls (NC), giant cell arteritis (GCA) patients and 
Takayasu’s arteritis (TAK) patients at baseline.

 NC GCA NC TAK

No. of subjects 21 14 25 33
Age, mean (SD) 64 (10) 61 (8) 40 (9.0) 42 (14)
Sex, no. female (%) 12 (57)a 8 (57) 17 (68)a 27 (81)
FDG-PET/CT scan, no. positive (%) NA 6 (43) NA 20 (61)
Active disease according to Kerr score NA 7 (50) NA 16 (48) 
    no. positive (%)
Active disease according to ITAS score, NA 7 (50) NA 15 (45) 
    no. positive (%)
ESR, median (range), mm/hr NA 12.5 (2.0-120.0) NA 28.0 (2.0-116.0)
CRP, median (range), mg/dl NA 0.64 (0.08-9.59) NA 0.87 (0.08-13.39)
No. of treated patients (%)b NA 11 (79) NA 25 (74)

18F-FDG PET/CT: 18F-Fluorodeoxyglucose-positron emission tomography/computerised tomography; 
ITAS: Indian Takayasu’s activity score; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; 
NA: not applicable.
a6H[�UDWLR�LQ�1&�JURXSV�ZDV�QRW�VLJQLÀFDQWO\�GLIIHUHQW�FRPSDUHG�WR�UHVSHFWLYH�JURXS�RI�/99�SDWLHQWV�
(using Fisher’s exact test) (NC YV��GCA: S=1.000: NC YV. TAK: S=0.353).
bCorticosteroid with or without immunosuppressive drug (methotrexate/azathioprine/cyclophospha-
mide) /biological drugs.

Fig. 1. Serum concentrations of angiogenic fac-
tors in normal controls (NC) and in patients with 
Takayasu’s arteritis (TAK) and giant cell arteritis 
(GCA).
Boxes show 25th and 75th percentiles. Lines 
within boxes show medians. Vertical lines below 
and above boxes show 10th and 90th percentiles. 
Solid circles indicate outliers. Statistical analysis 
was performed using Mann-Whitney test.
VEGF: vascular endothelial growth factor; FGF-
���ÀEUREODVW�JURZWK�IDFWRU����V9&$0����VROXEOH�
vascular cellular adhesion molecule-1.
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clusters was performed by applying the 
Kruskal-Wallis test followed by the 
Dunn’s post-hoc correction. 
Ordered differences among classes were 
analysed using the Jonckheere Terpstra test.
Statistical analysis was carried out us-
ing SPSS version19.0 (IBM Corp., Ar-
monk, NY, USA) and GraphPad Prism 
for Windows v. 5.0 (CA, USA).

Results
$QJLRJHQHVLV�UHODWHG�IDFWRU�OHYHOV�
LQ�SDWLHQWV�DQG�FRQWUROV�
The baseline characteristics of NC, GCA 
and TAK patients are reported in Table I.
Among the angiogenic factors, only 
9(*)�VHUXP�OHYHOV�ZHUH�VLJQLÀFDQWO\�
higher in TAK patients compared to 
NC (S=0.0029) (Fig. 1). 
No difference was found for angiogen-
ic factor serum levels between GCA 
patients and NC. 
Anti-angiogenic factor (Angiostatin, 
Endostatin, PTX3) serum levels were 
VLJQLÀFDQWO\� KLJKHU� LQ� ERWK� *&$� DQG�
TAK patients compared to NC (Fig. 2).
1R�VLJQLÀFDQW�GLIIHUHQFH�ZDV�IRXQG�EH-
tween GCA and TAK patients. 
,Q� DGGLWLRQ��ZH� GLG� QRW� ÀQG� D� VLJQLÀ-
cant difference between the treated and 
untreated patients in our series (Data in 
6XSSOHPHQWDU\�ÀOH��7DEOH�6����
No correlation was found between 
VEGF and anti-angiogenic factor (An-
giostatin, Endostatin, PTX3) serum 
levels. Furthermore, no correlation 
was observed between angiogenic/ant-
angiogenic factors and either ESR or 
CRP in both LVVs (data not shown). 
Among the angiogenic factors, as only 
9(*)� VHUXP� OHYHOV� ZHUH� VLJQLÀFDQWO\�
PRGLÀHG� LQ� /99�SDWLHQWV� FRPSDUHG� WR�
NC, we also evaluated the VEGF/An-
giostatin, VEGF/endostatin and VEGF/
PTX3 ratios in order to better investi-
JDWH�WKH�UHFLSURFDO�PRGLÀFDWLRQ�EHWZHHQ�
VEGF and the anti-angiogenic factors.
Only the VEGF/endostatin ratio was sig-
QLÀFDQWO\� ORZHU� LQ� *&$� SDWLHQWV� FRP-
pared to NC (S=0.0325) (Suppl. Fig. S1).

$QJLRJHQHVLV�UHODWHG�IDFWRU�OHYHOV�
DQG�GLVHDVH�DFWLYLW\�DW�EDVHOLQH
When stratifying LVV patients accord-
ing to 18F-FDG PET/CT assessment, 
QR�VLJQLÀFDQW� LQFUHDVH� LQ�DOO� WKH� IDFWRU�
levels was observed in patients with an 

active scan, compared to those with an 
inactive scan, except for PTX3 in TAK 
patients (Suppl. Fig. S2). Similar results 
were obtained when considering VEGF/
Angiostatin, VEGF/endostatin and 
VEGF/PTX3 ratios (data not shown).
)XUWKHUPRUH��QR�VLJQLÀFDQW�FRUUHODWLRQ�
was found between soluble factor lev-
els and 18F-FDG PET/CT total score 
in either TAK or GCA patients.
When disease activity was evaluated 
according to NIH/Kerr and ITAS in-
dices, only VEGF serum levels ap-
SHDUHG�WR�EH�VLJQLÀFDQWO\�XS�UHJXODWHG�
in GCA patients with active disease, 
whereas in terms of all the other solu-
ble factors, no difference was found in 
patients with active disease compared 

to those with inactive disease (Suppl. 
)LJ��6���6�����1R�VLJQLÀFDQW�FKDQJHV�RI�
VEGF/Angiostatin, VEGF/endostatin 
and VEGF/PTX3 ratios were found in 
patients with active disease compared 
to those with inactive disease (data not 
shown).

&OXVWHU�DQDO\VLV�RI�
��)�)'*�3(7�&7�YDVFXODU�XSWDNH
As already reported in a previous study 
(36), we analysed 18F-FDG PET/CT 
vascular uptake in four aortic segments 
(ascending thoracic aorta, aortic arch, 
descending thoracic aorta and abdomi-
nal aorta) and the carotid, subclavian, 
axillary, iliac and femoral arteries, bi-
laterally, by cluster analysis to identify 
any subgroups of LVV patients with 
peculiar 18F-FDG PET/CT vascular 
XSWDNH�SURÀOHV��)RU� WKLV�DQDO\VLV��GDWD�
were obtained by 18F-FDG PET/CT 
assessment performed in 67 patients 
with LVV (38 TAK and 29 GCA) and, 
RQ�WKLV�EDVLV����FOXVWHUV�ZHUH�LGHQWLÀHG�
and were characterised as previously 
detailed (36) (Fig. 3). 
:H� VWUDWLÀHG� WKH� DQJLRJHQLF� DQG� DQWL�
angiogenic factor levels of LVV pa-
tients included in each cluster (avail-
able for 47 patients: 33 with TAK and 
14 with GCA) according to diagnosis 
and then we compared the angiogene-
sis-related factors levels in each cluster 
to NC.
Given the small sample size of the 
GCA patient group in Cluster 1 and 
Cluster 2 (36), this analysis was limited 
to TAK patients.
When considering these patients, 
VEGF, angiostatin and PTX3 levels 
DSSHDUHG� WR� EH� VLJQLÀFDQWO\� HOHYDWHG�
only in Cluster 3 compared to the NC 
group (Figs. 4-5), whereas endostatin 
levels were found to be higher in Clus-
ters 1 and 3 (Fig. 5). 
)XUWKHUPRUH��VLJQLÀFDQW�RUGHUHG�GLIIHU-
ences in VEGF and angiostatin serum 
levels among clusters were also ob-
served, with the highest concentration 
corresponding to Cluster 3 (Jonckheere 
Terpstra test: S=0.001 and S<0.0005 
respectively) (Figs. 4-5). 
As already reported, in the three clusters, 
the percentage of patients with positive 
��)�)'*� 3(7�&7� ÀQGLQJV� ZDV� �����
25% and 89%, respectively (36).

Fig. 2. Serum concentrations of anti-angiogenic 
factors in normal controls (NC) and in patients 
with Takayasu’s arteritis (TAK) and giant cell 
arteritis (GCA). 
Boxes show 25th and 75th percentiles. Lines 
within boxes show medians. Vertical lines below 
and above boxes show 10th and 90th percentiles. 
Solid circles indicate outliers
Statistical analysis was performed using Mann-
Whitney test. PTX3: pentraxin 3.
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Discussion
In this study, we performed a paired 
evaluation of circulating levels of a set 
of positive (VEGF, FGF-2, Angiopoi-
etin-1, -2, sVCAM-1) and negative 
(endostatin, angiostatin, PTX3) regu-
lators of angiogenesis in patients with 
GCA and TAK, in order to gain further 
insight into the angiogenesis-driving 
mechanisms in LVV. 
Our overall results demonstrated a cir-
FXODWLQJ�PROHFXODU�SURÀOH�FKDUDFWHULVHG�
by a prevailing expression of anti-angi-
ogenic soluble factors in LVV.
Indeed, among the angiogenic factors, 
RQO\�9(*)�VHUXP�OHYHOV�ZHUH�VLJQLÀFDQW-
ly higher in TA patients compared to NC. 
On the other hand, anti-angiogenic fac-
tor (angiostatin, endostatin, PTX3) serum 
OHYHOV� ZHUH� VLJQLÀFDQWO\� KLJKHU� LQ� ERWK�
GCA and TAK patients compared to NC.
The cluster analysis limited to TAK 
patients and the VEGF/endostatin ra-
WLR� �ZKLFK� ZDV� VLJQLÀFDQWO\� ORZHU� LQ�
GCA patients compared to NC) further 
FRQÀUPV�WKH�LPEDODQFH�WRZDUGV�DQ�DQWL�
angiogenic pattern.
The up-regulation of the anti-angiogenic 
mediators could, on the one hand, coun-
WHUEDODQFH� WKH� LQÁDPPDWLRQ�LQGXFHG�
angiogenesis, but, on the other, it might 
contribute to ischaemic damage.  
Up to now, the modulation of anti-angio-
genic factors has barely been investigated.

Recently, plasma levels of the N-ter-
minal fragment of Chromogranin-A 
(CgA), which have a recognised in-
hibitory effect on angiogenesis, have 
been found markedly increased in TAK 
SDWLHQWV�� FRQÀUPLQJ� DQ� XS�UHJXODWLRQ�
of the anti-angiogenic inducers in this 
LVV (37).
Furthermore, a genome-wide associa-
WLRQ�VWXG\�KDV�LGHQWLÀHG�VHYHUDO�YDULDQWV�
within 3/* gene associated with the 
risk of developing GCA. Interestingly, 
this gene encodes a secreted blood zy-
mogen that can be converted to plasmin 
and angiostatin and, considering the 
opposing role of these factors in the an-
giogenic process, 3/* risk alleles could 
contribute to the imbalance of the angio-
genic mechanism in GCA (38).
It is noteworthy that in other vasculitides 
angiogenic factors are elevated. Indeed, 
in Kawasaki disease (KD), a systemic 
vasculitis that predominantly affects in-
IDQWV� DQG� FKLOGUHQ�� VLJQLÀFDQWO\� KLJKHU�
VEGF levels and lower endostatin lev-
els have been observed (39). 
In small vessel ANCA-associated vas-
culitis, increasing levels of VEGF, 
sVCAM-1, Angiopoietin-2 and PTX3 
have been reported (27, 40-42).
Thus, considering the above-mentioned 
UHVXOWV�� RXU� ÀQGLQJV� PD\� VXSSRUW� WKH�
hypothesis of a distinctive proangio-
JHQLF�DQWL�DQJLRJHQLF�SURÀOH�LQ�/99��

In contrast with our results, high circu-
lating levels of VEGF have been pre-
viously reported in GCA patients (19, 
43, 44).
In these papers, VEGF up-regulation 
in GCA may be due to the inclusion 
of various subgroups of GCA patients 
(H�J. biopsy-proven GCA�YHUVXV clini-
cally diagnosed GCA patients, and 
GCA patients with very recent optic 
nerve ischaemia YHUVXV patients with-
out optic ischaemia), which typically 
showed higher levels of VEGF com-
pared to the other GCA patients. 
It should also be brought to mind that 
the variability of VEGF circulating 
levels is also determined by a func-
tional genetic variant that affects gene 
expression and circulating protein lev-
els (45) and by platelet release in serum 
samples (43, 46, 47).
,Q�7$.�SDWLHQWV��ZH�IRXQG�D�VLJQLÀFDQW�
increase in VEGF circulating levels 
compared to NC. These results may be 
considered in line with those obtained 
by Dogan HW�DO. (20), that showed high-
HU��DOEHLW�ZLWKRXW�VWDWLVWLFDO�VLJQLÀFDQFH��
VEGF levels in TA patients compared 
to NC. In the same study, in contrast 
with our results, the authors reported a 
VLJQLÀFDQW� LQFUHDVH� LQ�9(*)� OHYHOV� LQ�
patients with active disease compared 
to those with inactive disease. These 
FRQÁLFWLQJ�UHVXOWV�VKRXOG�EH�LQWHUSUHWHG�

Fig. 3.���)�)'*�3(7�&7�YDVFXODU�XSWDNH�SURÀOH�FKDUDFWHULVLQJ�WKH�WKUHH�FOXVWHUV��3XOVDWHOOL�HW�DO., &OLQ�([S�5KHXPDWRO 2017; 35 (Suppl. 103): S102-10, with 
permission of &OLQLFDO�DQG�([SHULPHQWDO�5KHXPDWRORJ\���6TXDUHV�WULDQJOHV�FLUFOHV�VKRZ�PHDQV��YHUWLFDO�OLQHV�VKRZ�����&RQÀGHQFH�,QWHUYDO�RI�WKH�PHDQ�
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considering the acknowledged limi-
tation of currently utilised criteria to 
monitor disease activity in LVV (48).
,Q� OLQH� ZLWK� SUHYLRXVO\� UHSRUWHG� ÀQG-
LQJV��ZH�DOVR�FRQÀUP�WKH�HOHYDWHG�OHY-
els of PTX3 in LVV compared to NC.
Currently, the role of PTX3 as a bio-
marker of disease activity in LVV is still 
debated. Indeed, even if several lines of 
HYLGHQFH�KDYH�LGHQWLÀHG�37;��DV�D�SR-
tentially useful molecule for assessing 
disease activity in LVV (49, 50), other 
ÀQGLQJV��LQ�DJUHHPHQW�ZLWK�RXU�UHVXOWV��
GLG�QRW�VKRZ�D�VLJQLÀFDQW�DVVRFLDWLRQ�RI�
PTX3 serum levels and disease activity 
in LVV (24, 25). This discrepancy may 
EH�GXH�WR�WKH�GLIIHUHQW�GHÀQLWLRQV�RI�DF-
tive disease adopted in the studies.
In two previous studies on VEGF (51) 
and on PTX3 (52) serum levels in poly-

myalgia rheumatica (PMR), a disease 
closely related to GCA, we found sig-
QLÀFDQWO\� KLJKHU� 9(*)� OHYHOV� FRP-
pared to NC, whereas no difference in 
PTX3 levels was found between PMR 
and NC, either at disease onset or dur-
ing follow-up.
Since, in this study, opposing results 
have been shown in GCA (no elevation 
of VEGF together with an up-regulation 
RI� 37;�� OHYHOV��� WKHVH� ÀQGLQJV�PLJKW�
suggest a role for combined evaluation 
of VEGF and PTX3 as a potential bio-
PDUNHU� IRU� WKH� LGHQWLÀFDWLRQ�RI� DQ�RF-
cult GCA in patients with polymyalgic 
features. Prompt recognition of GCA 
has a relevant clinical impact leading to 
prompt glucocorticoid treatment, which 
prevents the cranial ischaemic compli-
cations of GCA. A direct comparison 

study on GCA and PMR patients should 
verify this hypothesis.
Two main limitations of this study 
should be addressed.
Firstly, the relatively small sample size 
RI�WKH�*&$�JURXS�ZKLFK�VSHFLÀFDOO\�DI-
fected the statistical power of the analy-
sis of patient subgroups obtained follow-
LQJ� VWUDWLÀFDWLRQ� DFFRUGLQJ� WR� WKH� VSH-
FLÀF�YDULDEOHV��)RU�WKLV�UHDVRQ��WKH�*&$�
group was only partially investigated 
and the analysis performed on pro-an-
giogenic/anti-angiogenic factors levels 

Fig. 4. Angiogenic factor levels in three TAK 
JURXSV�LGHQWLÀHG�E\�FOXVWHU�DQDO\VLV�
Boxes show 25th and 75th percentiles. Hori-
zontal lines within boxes show medians. Verti-
cal lines below and above boxes show 10th and 
90th percentiles. Solid circles indicate outliers.
Comparison of angiogenic factor levels among 
clusters was performed using the Kruskal-
Wallis test followed by the Dunn’s SRVW�KRF 
correction.
�6LJQLÀFDQW� RUGHUHG� GLIIHUHQFHV� DPRQJ� FOXV-
ters (Jonckheere Terpstra test): S=0.001. 
TAK: Takayasu’s arteritis; VEGF: vascular 
HQGRWKHOLDO� JURZWK� IDFWRU�� )*)���� ÀEUREODVW�
growth factor-2; sVCAM-1: soluble vascular 
cellular adhesion molecule-1.

TAK TAK

TAKTAK

TAK

Fig. 5. Anti-angiogenic factor levels in three 
7$.�JURXSV�LGHQWLÀHG�E\�FOXVWHU�DQDO\VLV�
Boxes show 25th and 75th percentiles. Horizon-
tal lines within boxes show medians. Vertical 
lines below and above boxes show 10th and 90th 
percentiles. Solid circles indicate outliers.
Comparison of anti-angiogenic factor lev-
els among clusters was performed using the 
Kruskal-Wallis test followed by the Dunn’s SRVW�
KRF correction.
�6LJQLÀFDQW�RUGHUHG�GLIIHUHQFHV�DPRQJ�FOXVWHUV�
(Jonckheere Terpstra test): S<0.0005.
TAK: Takayasu’s Arteritis; PTX3: pentraxin 3.
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LQ�WKH�WKUHH�JURXSV�LGHQWLÀHG�E\�FOXVWHU�
analysis were limited to TAK patients.
Secondly, since our patients were en-
rolled in a tertiary Rheumatology Cen-
tre with special interest in vasculitis, 
the great majority of LVV patients 
evaluated in the study were already on 
corticosteroid treatment, either with or 
without immunosuppressive drugs/bio-
logic agents (53).
The effect of treatment on angiogenic/
anti-angiogenic factors has been previ-
ously described. Several LQ�YLWUR and LQ�
YLYR studies on cancer and placenta an-
giogenesis reported a down-regulation 
of VEGF expression induced by gluco-
corticoids (54, 55). 
In a recent study, VEGF and angiopoi-
etin-2 serum levels have been showed 
to be lowered in glucocorticoid-treated 
GCA patients compared to baseline lev-
els (56). 
,Q�%HKoHW·V�GLVHDVH�� FRQÁLFWLQJ� UHVXOWV�
were reported concerning serum angi-
RSRLHWLQ�PRGLÀFDWLRQ�E\� WKHUDSLHV�� ,Q-
deed, cyclophosphamide and steroids 
have been shown to increase angiopoi-
etin-1 (57), whereas other observations 
have revealed that several medications, 
such as steroids, cyclosporine, colchi-
cine, did not have any effects on serum 
angiopoietin-1 and angiopoietin-2 (58). 
Among the anti-angiogenic factors, 
increased endostatin levels were ob-
served in RA patients treated with a 
combination of disease-modifying anti-
rheumatic drugs (59). Similarly, PTX-
3 circulating levels were up-regulated 
by glucocorticoids in mouse and hu-
man treated with dexamethasone (60). 
Opposing results were reported by our 
previous study performed on PMR pa-
WLHQWV��,QGHHG��LQ�WKLV�VWXG\�D�VLJQLÀFDQW�
decrease of PTX3 serum levels com-
pared to baseline was observed during 
corticosteroid treatment (52). Similarly, 
tocilizumab (TCZ) has been shown to 
lower circulating levels of PTX3 in 
GCA patients (61).
:H�GLG�QRW�ÀQG�DQ\�GLIIHUHQFH�ZLWK�UH-
gard to angiogenic/anti-angiogenic fac-
tor serum levels between treated and 
untreated LVV patients. However, this 
ÀQGLQJ�VKRXOG�EH�HYDOXDWHG�WDNLQJ�LQWR�
account that the small sample size of 
the untreated group should affect the 
statistical power of the analysis. There-

fore, our main results (L�H� normal lev-
els of angiogenic factors and increased 
anti-angiogenic factor levels) may be a 
consequence of the treatment effects on 
factor serum levels.
&RQVLGHULQJ� WKDW� VSHFLÀF� PHGLFDWLRQV�
may modify serum levels of angiogen-
esis-related factors differently and the 
FRQÁLFWLQJ�ÀQGLQJV�SUHYLRXVO\�UHSRUWHG��
WKH�LQÁXHQFH�RI�GUXJ�UHJLPHQ�RQ�FLUFX-
lating levels of angiogenic/anti-angio-
genic molecules should be investigated 
PRUH�VSHFLÀFDOO\�LQ�IXWXUH�VWXGLHV�
Finally, the main point of interest raised 
by this study lies in the novel and origi-
nal results concerning the imbalance of 
the circulating molecular pattern to-
ZDUGV�DQ�DQWL�DQJLRJHQLF�SURÀOH��7KLV�
pattern of angiogenic/anti-angiogenic 
response should be evaluated in treat-
ment-naive patients in the early phase 
of the disease.
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