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ABSTRACT
Objective. Systemic sclerosis (SSc) is 
characterised by microvascular dam-
age due to an impairment of different 
angiogenic and angiostatic factors. 
The aim of this study was to measure 
plasma levels of nine molecules in-
volved in these vascular processes in a 
group of SSc patients, with respect to 
healthy controls (NC).
Methods. Sixty-five patients (M/
F=2/63; mean age=57.29 yrs; mean 
disease duration=9.63 yrs) with estab-
lished SSc according to ARA criteria, 
and sixteen age- and sex- matched NC 
were enrolled. Plasma levels of vascu-
lar endothelial growth factor (VEGF), 
angiopoietin-2 (Ang-2), platelet derived 
growth factor- bb (PDGF-BB), plate-
let endothelial cellular adhesion mole-
cule-1 (PECAM-1), leptin, hepathocyte 
growth factor (HGF), follistatin, granu-
locyte-colony stimulating factor (G-
CSF) and interleukin 8 (IL-8) were 
measured using commercially available 
immunoassay kits (Human Angiogenesis 
9-Plex Panel, Bio-Rad Laboratories).
Results. We detected a significant in-
crease of Ang-2 (median value 1315.4 
pg/ml vs. 538.73 pg/ml; p=0.0292), 
HGF (median value 2886.16 pg/ml vs 
1296.16 pg/ml; p=0.0001), IL-8 (medi-
an value 32.22 pg/ml vs. 16.86 pg/ml; 
p=0.02), leptin (median value 32589.1 
pg/mg vs. 10679.61 pg/ml; p=0.0065), 
PDGF-BB (median value 7258.6 pg/
ml vs. 2913.44 pg/ml; p=0.0005), 
PECAM-1(median value 21681.81 pg/
ml vs. 10354.53 pg/ml; p=0.0003) and 
VEGF (median value 236.72 pg/ml vs. 
122,905 pg/ml; p=0.0073) in patients 
with SSc with respect to NC. 
Higher levels of PDGF-BB (p=0.03) 
and PECAM-1 (p=0.05) were found in 
patients with digital ulcers while lower 
levels of PECAM-1 were found in pa-
tients with pulmonary hypertension 

(PH). Besides, levels of IL-8 were high-
er in patients with PH (p=0.04) and 
lower in those with pulmonary fibrosis 
(p=0.05), while levels of Ang-2 were 
higher in those with a “late” nailfold 
video-capillaroscopy (NVC) pattern 
with respect to those with an “early/ac-
tive” one (p=0.05). 
Moreover, plasma levels of VEGF 
(p=0.02) and PDGF-BB (p=0.04) were 
significantly higher in those patients 
positive for anti-topoisomerase 1 anti-
bodies.
Conclusion. Our findings show sig-
nificantly higher circulating levels of 
seven angiogenic parameters in SSc 
patients, thus reflecting the disregu-
lation of endothelium in this disease. 
Abnormal levels of these molecules 
may be considered an attempt for com-
pensatory although ineffective mecha-
nisms of vascular function, leading to 
the development of the main clinical 
manifestations of SSc. 

Introduction
Systemic sclerosis (SSc) is a connec-
tive tissue disease clearly characterised 
by a vascular involvement. Raynaud’s 
phenomenon is almost always the ear-
liest clinical feature. The involvement 
of both small arteries and microves-
sels leads to chronic tissue hypoxia and 
contributes to tissue fibrosis thus lead-
ing to internal organ damage (1).
Angiogenesis is a complex process reg-
ulated by many different factors with 
angiogenic and angiostatic properties. 
Normally their functions are balanced 
but under certain conditions, such as 
hypoxia and inflammation, angiogenic 
factors are induced, thus initiating an-
giogenesis. 
In SSc, despite the reduced blood flow 
and the presence of a hypoxic condi-
tion, there is paradoxically no evidence 
for a sufficient angiogenetic response, 
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(2) This is clearly demonstrated by 
nailfold capillaroscopy changes during 
the disease evolution, where disturbed 
angiogenesis is related to many dif-
ferent morphological changes such as 
megacapillaries, ramification, bizarries 
of the capillaries. In the later stages, 
disturbed angiogenesis is clearly de-
fined by capillary loss and the presence 
of the so-called avascular areas (3).
These microvascular abnormalities 
seem to be strictly related to an im-
pairment of different angiogenic and 
angiostatic factors, all differently con-
tributing to the development of the dis-
ease lesions, acting as key regulators of 
blood vessel formation (4, 5).
Among the different angiogenesis in-
ducers, vascular endothelial growth 
factors (VEGF), angiopoietin-2 (Ang-
2), platelet derived growth factor-BB 
(PDGF-BB), platelet endothelial cellu-
lar adhesion molecule-1 (PECAM-1), 
hepatocyte growth factor (HGF) and 
leptin seem to be highly involved in 
several steps of physiological and path-
ological angiogenic processes, such as 
proliferation, maturation and survival 
of new blood vessels (4-7).
Some of these molecules have been 
separately examined on SSc sera lead-
ing often to conflicting results and the 
lack of a sufficient response to hypoxia 
and the consequent vascular changes in 
SSc, might be explained by an impair-
ment on those mechanisms differently 
mediated by these angiogenic or angio-
static factors (6-9).
The aim of this study was to measure a 
group of angiogenic molecules, rarely 
investigated in SSc patients, looking 
for any possible correlation with the 
main clinical, demographic and labora-
tory parameters.

Materials and methods
Sixty-five consecutive patients (63 
women and 2 men; mean age = 52.7 
yrs; mean disease duration = 9.63 yrs) 
fulfilling the SSc classification criteria 
proposed by the American College of 
Rheumatology (ACR) (10) were re-
cruited from the Division of Rheuma-
tology, University of Rome “Sapien-
za”, giving their informed consent. The 
study was also approved by the local 
ethics committee. The clinical, and lab-

oratory data reported in this study were 
obtained at the time the blood samples 
were drawn. Control samples were 
obtained from 16 healthy subjects, 
matched for sex and age, who had no 
evidence of Raynaud’s phenomenon.
Patients had a detailed clinical as-
sessment and their organ system in-
volvement was defined as previously 
described (11): lung = bibasilar pul-
monary fibrosis on chest radiography; 
isolated pulmonary hypertension = 
clinical evidence of pulmonary hyper-
tention and increased mean pulmonary 
arterial pressure (>35 mmHg), indi-
rectely assessed by echocardiography, 
in the absence of severe pulmonary in-
terstitial fibrosis; oesophagus = hypo-
motility shown by barium radiography; 
joint = inflammatory polyarthralgias or 
arthritis; heart = pericarditis, conges-
tive heart failure, or arhythmias requir-
ing treatment. HRCT was performed in 
each case showing negative x-ray and 
the diagnosis of pulmonary fibrosis was 
done by a radiologist, blinded reading, 
basing on the presence either of bilater-
al basilar reticulo-nodular changes on 
x-ray or of “ground glass” appearance 
of the lung parenchyma on HRTC.
The cutaneous evaluation included: 
presence/absence of Raynaud’s phe-
nomenon, modified skin score (mSS) 
(12), presence of digital ulcers, defined 
as a loss of ephitelialisation and tissues 
involving the epidermid, the dermis 
and the subcutaneous tissue, teleangec-
taesia, calcinosis, defined as deposits 
of calcium in soft tissues eye visible or 
confirmed by x-ray (13).
All patients underwent a nailfold vide-
ocapillaroscopy (NVC) as previously 
described (14, 15).
All blood samples were stored at -20° C 
till used.
Antinuclear antibodies (ANA) including 
anti-centromere antibodies were detect-
ed by indirect immunofluorescence us-
ing HEp-2 cell line as substrate (Binding 
Site). Antibodies against topoisomerase 
I (anti-Scl70) were measured using en-
zyme-linked immunosorbent assays 
(ELISA) (Diamedix, Miami, FL).
Plasma levels of vascular endothelial 
growth factor (VEGF), angiopoietin-2 
(Ang-2), platelet derived growth fac-
tor- bb (PDGF-BB), platelet endothelial 

cellular adhesion molecule-1 (PECAM-
1), leptin, hepathocyte growth factor 
(HGF), follistatin, granulocyte-colony 
stimulating factor (G-CSF) and in-
terleukin 8 (IL-8) were measured us-
ing commercially available multiplex 
bead-based sandwich immunoassay 
kits (Human Angiogenesis 9-Plex Pan-
el, Bio-Rad Laboratories).
Assays were performed following the 
manufacturer’s instructions. The sys-
tem allows simultaneous identification 
of different molecules in a 96-well filter 
plate. Briefly, 9 distinct sets of fluores-
cently dyed beads loaded with capture 
monoclonal antibodies specific for each 
molecule to be tested, were used. The 
appropriate molecule standards (50 μl/
well) and samples diluted (50 μl/well) 
in plasma diluents were added to a 96-
well filter plate and incubated for 30 
min at room temperature. After three 
washes, premixed streptavidin/phyco-
erythrin was added to each well and 
incubated for 10 min followed by three 
more washes. Then beads were resus-
pended with 125 μl of assay buffer, 
and the molecule reaction mixture was 
quantified using the Bio-Plex protein 
array reader. Data were analysed using 
the Bio-Plex Manager software version 
4.1.1. (Bio-Rad Laboratories). Values 
presenting a coefficient of variation 
beyond 12% were discarded before the 
final data analysis. Samples concentra-
tion (pg/mL) of different analytes in the 
plasma samples were determined by us-
ing the standard curves generated in the 
multiplex assays. Minimum levels of 
detection (pg/mL) were: 3.27 for VEGF, 
11.32 for Ang-2, 5.15 for PDGF-BB, 
33.29 for PECAM-1, 100.05 for leptin, 
3.08 for HGF, 8.41 for follistatin, 6.66 
for G-CSF, 1.6 for IL-8.

Statistical analysis
Data are presented as median (range) 
and the two-tailed Mann-Whitney U-test 
and χ2 (or Fisher’s exact test when ap-
propriate) test were performed. Among 
the scleroderma subjects, Spearman’s 
rank correlation, simple and multivariate 
analysis (linear regression and ordered 
logistic regression) was used to analyse 
correlations between angiogenic factors 
and clinical manifestations. Statistical 
significance was set at p<0.05.
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Results
The main clinical-demographic and 
laboratory parameters of our 65 SSc 
patients are shown in Table I.
Thirty-two (49.23%) of them had a dif-
fuse cutaneous form of SSc (dcSSc) 
and 33 (50.77%) had a limited cutane-
ous SSc (lcSSc). All the patients com-
plained of Raynaud’s phenomenon. No 
patient was an active smoker. Twenty-
two patients (33.85%) had a modified 
skin score (mSS) ≥15 while pulmonary 
fibrosis was found in 31 cases (47.69%) 
and isolated pulmonary hypertension 
(PH) in 22 (33.85%), confirmed by 
right heart catheterisation in 12 cases. 
The mean sPAP in echocardiography 
was 41.3 mmHg with a SD of 5.8. Dig-
ital ulcers were present in 33 (50.77%). 
Anti-topoisomerase I antibodies were 
present in 25 cases (38.46%), anti-cen-
tromere antibodies in 29 (44.61%). An 
“early” NVC pattern was observed in 
22 SSc patients (33.85%), an “active” 
pattern was found in 26 patients (40%) 
and a “late” pattern was recognised in 
17 cases (26.15%).
We detected a significant increase of 
VEGF (median value 236.72 pg/ml 
vs. 122.905 pg/ml; p=0.0073), Ang-2 
(median value 1315,4 pg/ml vs. 538.73 
pg/ml; p=0.0292), PDGF-BB (median 
value 7258.6 pg/ml vs. 2913.44 pg/ml; 
p=0.0005), PECAM-1(median value 
21681.81 pg/ml vs. 10354.53 pg/ml; 
p=0.0003), leptin (median value 32589.1 

pg/mg vs. 10679.61 pg/ml; p=0.0065), 
HGF (median value 2886.16 pg/ml vs. 
1296.16 pg/ml; p=0.0001), and IL-8 
(median value 32.22 pg/ml vs. 16.86 
pg/ml; p=0.02), in the 65 SSc patients 
with respect to NC (Table II, Fig. 1).
Clinical parameters of the scleroderma 
patients were examined to see if any 
specific disease manifestations cor-
related with any of the measured fac-
tors. We did not find any association 
between the clinical parameter and the 
measured factors with univariate and 
multivariate analysis. But when clini-
cal characteristics were dichotomised 
and the two groups were compared 
with Mann-Whitney test, we found sig-
nificantly higher levels of PDGF-BB 
(p=0.03) and PECAM-1 (p=0.05) in 
those patients with digital ulcers (Fig. 
2a and 2b). Moreover, plasma levels of 
IL-8 were higher in patients with PH 
(p=0.04) (Fig. 2c) and lower in those 
with pulmonary fibrosis (p=0.05) (Fig. 
2d). Lower levels of PECAM-1 were 
found in patients with PH (p=0.04) (Fig. 
2e) while plasma levels of Ang-2 were 
significantly higher in patients with 
a “late” NVC pattern respect to those 
with an “early/active” NVC pattern 
(p=0.05) (Fig. 2f). Moreover plasma 
levels of VEGF (p=0.02) and PDGF-
BB (p=0.04) were significantly higher 
in those patients positive for anti-topoi-
somerase 1 antibodies (Fig. 2g and 2h).
We did not find any significant associa-
tion concerning age, disease duration, 
cutaneous form, mSS or treatments.
 
Discussion 
The presence of abnormal vascularity 
is a well-known feature of SSc. The 

significant progressive loss of capil-
laries, as noted by NVC, is probably 
due to a defect of vascular repair with 
a decrease of vascular growth. Many 
pro- and anti-angiogenetic factors have 
been extensively studied in ScS dem-
onstrating their different involvement 
in the disease (7, 16).
We investigated 9 different molecules, 
most of which are rarely investigated in 
SSc, and we clearly demonstrated ab-
normal plasma levels of several of them. 
The elevated levels of three different 
growth factors such as VEGF, PDGF-
BB and HGF, of other angiogenic mole-
cules, Ang-2, leptin, PECAM-1 and of 
IL-8 cytokine, seem to be an attempt 
for compensatory although uneffective 
mechanisms to improve vascular func-
tion and to prevent the tissue damage in 
our SSc patients.
Looking separately at the literature, 
many of these factors seem to have a 
role as marker of endothelial cell activ-
ity or injury. Some of them have already 
been found to be raised in patients with 
SSc and their levels seem to correlate 
with disease activity, being regulated 
by therapy in some cases (8, 17). 
In fact VEGF is a well-known endo-
thelial stimulating molecule, show-
ing higher levels mainly at the earliest 
stages of the disease in the absence 
of digital ulcers (6, 17). The different 
expression of VEGF in the different 
stages of SSc may be related to com-
pensatory mechanisms and may have 
deleterious effects on the vascular net-
work as shown by the inverse associa-
tion of higher serum VEGF levels with 
the capillary density on NVC (18, 19).
Moreover, PDGF-BB expression is 

Table I. Main clinical-demografic and lab-
oratory parameters of 65 SSc patients.

Parameter Value

Sex (M/F) 2/63
Mean age (yrs)(range) 57.3 (20–81)
Mean disease duration  93 (2–696)
   (months) (range) 
Form (lcSSc - dcSSc )(n / %) 33/51–32/49
Raynaud’s phenomenon (n / %) 65/100
Digital ulcers (n / %) 33/51
Telangectasias (n / %) 14/45
mRSS≥14 (n / %) 22/34
Pulmonary fibrosis (n / %) 31/48
Pulmonary hypertension (n / %) 22/33.8
NVC pattern: early (n / %) 22/34
                      active (n / %) 26/40
                      late (n / %) 17/26
Anti-centromere antibodies  29/44.61 
  +ve (n / %) 
Anti-Topoisomerase 1  25/38.46 
   antibodies +ve (n / %) 

Table II. Comparison of the median (range) plasma levels of 9 different angiogenic mole-
cules in 65 SSc patiens and in 16 NC.

Angiogenetic Median (range) Median (range) p<
Factors  Plasma levels (SSC) Plasma levels (NC)
 (pg/ml)  (pg/ml) 

VEGF  236.72 (30.71–1028.66) 122.905 (32.84–546.7) 0.0073
ANG-2  1315.4 (57–9198.16) 538.73 (229.33–2201.99) 0.0292
PDGF-BB  7258.6 (679.88–33210.16) 2913.44 (76.57–16301.8) 0.0005
PECAM-1  21681.81 (3639.57–105306.7) 10354.53 (3337.14–25641.17) 0.0003
Leptin 32589.1 (943.45–82240.69) 10679.61 (1296.96–70272.74) 0.0065
HGF  2886.16 (668.99–9630.09) 1296.16 (645.11–3535.02) 0.0001
IL-8  32.22 (4.6–10943.6) 16.86 (2.37–858.7) 0.02
Follistatin  540.78 (37.64–3140.76) 595.255 (129.16–1342.67) N.S.
G-CSF  32.055 (6.64–376.82) 50.305 (2.94–467.34) N.S.
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regulated by VEGF, it acts in concert 
with Ang-2 and is essential for capil-
lary stabilisation during the angiogenic 
process (20, 21).

Higher HGF levels seem to reduce the 
expression of pro-fibrotic substances 
such as type I collagen and matrix 
metalloproteinase-I in SSc dermal fi-

broblasts while HGF production by the 
same SSc fibroblasts seems to be in-
creased in an attempt of an anti-fibrotic 
response (22, 23).

Fig. 1. Box–whisker plot of angiogenetic factors in SSc and controls. 
Significantly higher plasma levels of VEGF (median value 236.72 (30.71-
1028.66) pg/ml vs. 122.905 (32.84-546.7) pg/ml; p=0.0073), Ang-2 (me-
dian value1315.4 (57-9198.16) pg/ml vs. 538.73 (229.33-2201.99) pg/ml; 
p=0.0292), PDGF-BB (median value 7258.6 (679.88-33210.16) pg/ml 
vs. 2913.44 (76.57-16301.8) pg/ml; p=0.0005), PECAM-1(median value 
21681.81 (3639.57-105306.7) pg/ml vs. 10354.53 (3337.14-25641.17) pg/
ml; p=0.0003), leptin (median value 32589.1 (943.45-282240.69) pg/mg 
vs. 10679.61 (1296.96-70272.74) pg/ml; p=0.0065), HGF (median value 
2886.16 (668.99-9630.09) pg/ml vs. 1296.16 (645.11-3535.02) pg/ml; 
p=0.0001), and IL-8 (median value 32.22 (4.6-10943.6) pg/ml vs. 16.86 
(2.37-858.7) pg/ml; p=0.02), in the 65 SSc patients respect to NC.
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Fig. 2. a-b. Significantly higher plasma levels of PDGF-BB (p=0.03) and PECAM-1 (p=0.05) in patients with digital ulcers.
c. Significantly higher plasma levels of IL-8 in patients with PH (p=0.04).
d. Significantly lower plasma levels of IL-8 in patients with pulmonary fibrosis (p=0.05).
e. Significantly lower levels of PECAM-1 in patients with PH (p=0.04).
f. Significantly higher plasma levels of Ang-2 in patients with a “late” NVC pattern respect to those with an “early/active” (p=0.05).

a           b

c           d

e           f
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ANG-2 is an essential factor for the 
vascular formation and is normally ex-
pressed in the endothelial remodelling 
tissues, while it is higher expressed 
during hypoxic processes (5). 
Leptine is a polypeptide mainly pro-
duced by white fat tissue and its recep-
tors are expressed on the endothelial 
cells. In fact leptine is able to induce 
the endothelial cell proliferation and to 
stimulate neovascularisation (24).
PECAM-1 is overexpressed on the ac-
tivated endothelial layer and sPECAM-
1 levels were higher in SSc sera felling 
to normal values after anti-endothelin 
antagonist therapy (17).
Finally, IL-8 is one of the main inflam-
matory cytokines able to stimulate 
angiogenesis, and it has been already 
found elevated in SSc sera, associating 
with internal organ involvement, main-
ly with pulmonary fibrosis (25, 26).
In the present study we also found that 
circulating levels of some angiogenic 
molecules were associated with more 
severe vascular manifestations, such 
as digital ulcers, PH and a “late” capil-
laroscopy pattern or with the presence 
of an important marker of more diffuse 
SSc form, such as anti-topoisomerase 1 
antibody. 
These findings may implicate a future 
role for these factors as possible useful 
prognostic markers of SSc. In particular 
the association with more severe capil-
laroscopy abnormalities, as revealed by 
a “late” NVC pattern is also of interest, 

considering that this instrumental tool 
has not been used in so much studies 
measuring different vascular molecules 
(6, 18, 27), whereas other authors con-
firm our findings of advanced capillary 
changes in those patients presenting 
higher levels of other vascular markers 
such as endothelin-1 (27). 
The present scarcity of data on the dif-
ferent SSc vascular subtypes does not 
allow a conclusion on the possible role 
for pro and anti angiogenic markers in 
the progression of the endothelial dam-
age. We can only suggest that different 
molecules act in many different ways 
for the development and maintenance 
of this vascular damage in SSc. The co-
operation among these angiogenic fac-
tors may be essential for the control of 
all the vascular processes, suggesting 
that these molecules can be considered 
as important indicators of endothelial 
impairment.
To conclude, the abnormal process 
leading to vascular injury and repair 
in SSc is presumably due to many dif-
ferently involved molecules, including 
those examined in the present study. 
These molecules are known to act phys-
iologically stimulating vasculogenesis, 
accelerating maturation and differentia-
tion of endothelial cells, fibroblasts and 
smooth muscle cells, having a critical 
role in the maintenance of a stable vas-
cularity. We only described their statis-
tically significant differences in SSc pa-
tients versus normal subjects, thus hy-

pothesizing that in SSc there may be an 
imbalance of their regulation and func-
tion that leads to vascular injury and to 
consequent clinical manifestations.
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