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Introduction: Systemic sclerosis (SSc) is achronic connective tissue disease characterized by microangiopathy with
inadequate angiogenesis. Angiostatin (AS) is a potent antiangiogenic factor specifically inhibiting proliferation and

inducing apoptosis of vascular endothelial cells.

Aim: To evaluate the level of angiostatin in the serum of patients with SSc.

Material and methods: Serum levels of AS were measured in 20 SSc patients and 12 healthy controls.

Results: A statistically significant difference in the serum levels of AS in SSc patients was observed compared to the
control group (636.51 vs. 869.20 ng/ml; p = 0.012). Significant correlations between limited and disseminated SSc
(ISSc/dSSc) were not found, however, a difference between [SSc and the control group was demonstrated (620.00
vs. 869.20 ng/ml; p = 0.011). The serum level of AS was not associated positively with organ changes caused by SSc.
However, a statistically significant lower serum level of AS was observed in patients with SSc and no esophageal
(p = 0.008) or pulmonary changes (p = 0.007) compared to the control group.

Conclusions: Our results reveal significant differences in AS level in SSc patients compared to the healthy controls,
and suggest that a low level of AS may occur as a result of impaired angiogenesis.
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Introduction

Angiostatin (AS) is a proteolytic fragment of plasmino-
gen and angiogenesis inhibitor [1]. Angiostatin shows
specific activity towards endothelium vascular cells and
directly stimulates their apoptosis and selectively stimu-
lates their further proliferation [2]. Claesson-Welsh et al.
demonstrated that AS acts through kinases focal adhesion
kinase (FAK) [2]. The mechanism of the anti-angiogenic ef-
fect involves stimulating improper signals, which disturb
proper function of junctions between endothelial cells and
induces apoptosis.

Although the exact mechanisms by which AS inhib-
its angiogenesis remain unclear, Moser el al. found that
AS binds ATP synthase on endothelial cell surface, which
inhibits activity of the enzyme [3]. Thus, the intracellular
concentration of ATP increases. In hypoxia, as observed in
Raynaud’s phenomenon, ATP is responsible for survival of
endothelial cells. However, inhibition of ATP synthesis by
AS leads to metabolic changes followed by reduction in
proliferation and development of apoptosis cascade. An-

giostatin also shows inhibitory activity of proangiogenic
factors — basic fibroblast growth factor (bFGF) and vascu-
lar endothelial growth factor (VEGF) — on target cells by
inducing transient dephosphorylation in endothelial cells
of small blood vessels [4].

Systemic sclerosis (SSc) is a connective tissue disease
characterized by microvascular regression due to endothe-
lial dysfunction with immune system abnormalities [5-7].
Microangiopathy seems to be directly responsible for clini-
cal manifestation.

Aim
The aim of the study was to evaluate the serum level

of angiostatin, which may play a role in the progression
of SSc.

Material and methods

Blood samples were collected from 20 SSc patients
(19 females and 1 male; 16 limited SSc (ISSc), 4 diffuse
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SSc (dSSc) according to the criteria of LeRoy [7]) and
12 healthy individuals. All SSc patients fulfilled the cri-
teria of the American College of Rheumatology [8] and
EULAR [9]. The control group consisted of 12 randomly
selected healthy subjects with no systemic diseases or
on medication. All samples were taken between 7:00
and 9:00 a.m. The samples were centrifuged and the ob-
tained sera were stored in aliquots at —20°C until anal-
yses. Clinical, laboratory and treatment data were col-
lected at the time when the blood samples were drawn.
Drugs, including corticosteroids and immunosuppres-
sants, were authorized but stopped 24 h before blood
collection. The patient characteristics are presented in
Figure 1.

Approval for the study was obtained from the
Medical University of Lodz (approval no. KE/3139/15 &
RNN/218/09/KE).

Clinical assessment

All extensive clinical parameters were established for
each SSc patient. The history and complete physical ex-
amination were obtained from each patient. The patients
were evaluated for the cardiac (diagnosed by Holter, ECG,
echocardiography and cardiological consultation), pulmo-
nary (chest RTG, high-resolution computed tomography
(HRCT) scan of thorax and pulmonary consultation, if nec-
essary), esophageal (esophageal scintigraphy), renal and
hematological (blood test, bone marrow biopsy if needed)
involvement, as described previously [10] (Figure 1).

ELISA for angiostatin

Levels of soluble Angiostatin were determined by Hu-
man Angiostatin ELISA Kit (RayBio®, Norcross, Georgia,
USA,) strictly according to the manufacturer’s instructions.
Serum concentrations were calculated using a standard
curve generated with specific standards provided by the
manufacturer.

Results

A statistically significant difference in the serum level
of AS between SSc patients and the control group was
observed (636.51 vs. 869.20 ng/ml; p = 0.012). Signifi-
cant difference between limited and disseminated SSc
patients (1SSc/dSSc) (620.00 vs. 702.53 ng/ml; p > 0.05)
were not found, however, the group of patients with
dSSc was not representative. Differences between [SSc
patients and the control group were observed (620.00 vs.
869.20 ng/ml; p = 0.011) (Table 1).

In the AS serum level, there was a statistically sig-
nificant difference between SSc patients with esophagus
(p = 0.008) and pulmonary changes (p = 0.007) compared
to the healthy group. There was significant difference (p =
0.013) between the patients with arthritis and the control
group. Interestingly, the presented symptoms also showed
a statistically significant difference between SSc patients
with no headache (p = 0.01), no palpitation (p = 0.01), no
dyspnea at rest (p = 0.01), no dyspnea on exertion (p =
0.01), no telangiectasia (p = 0.01).

[ ] Pulmonary hypertension 20%

[ Renal involvement 10%

[ Hematologic involvement 15%

e, Cardiac involvement 60%
[ ] Cardiac arrhythmia 45%

[ ] Hypertension 40%
I Pulmonary involvement 35%

[ ] Pulmonary fibrosis 35%

I Gastrointestinal tract involvement 50%
[ ] Esophageal dysmotility 50%

] Arthritis 95%

[ ] Telangiectasia 40%

] Pitting scars 65%

[ | Immunosuppressive drugs 50%

Figure 1. Clinical characteristics of SSc patients
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Table 1. Serum level of AS in SSc, ISSc, dSSc and control groups

Angiostatin SSc ISSc dSSc Control group
[ng/ml]
X 636.51* 620.00 702.53* 869.20
Min.—max. 128.66-922.50 128.66-887.24 465.8-922.50 597.81-1176.00
SD 244.28 250.56 238.25 170.46

X —mean, SD — standard deviation, *statistical significance p < 0.05 vs. control group.

Discussion

In systemic sclerosis, inhibition of angiogenesis is of
vital importance. Formation of new blood vessels results
from synchronization of many pathways. Hirigoyen et al.
demonstrated that platelets have an important role in
progression of peripheral microvascular damage and in-
effective vascular repair in patients with SSc [11]. Indeed,
platelets are also active in the process, they release many
angiogenic factors from a-granulocytes, including two
antagonists — VEGF and AS [12]. Although AS, compared
to VEGF, is released with a delayed effect by karyotypes.
Angiostatin is a fragment of plasminogen, inhibits pro-
liferation and migration of epithelial cells, at the same
time, promotes apoptosis of these cells [2].

In patients with SSc, Mulligan-Kehoe et al. found
a significant decrease in plasmin activity and a high level
of angiostatin at the same time, which stays in opposi-
tion to our findings [13]. The authors also focused on the
plasminogen structure. It is known that plasminogen is
produced in two forms, glutamic acid — plasminogen and
lysine — plasminogen. Patients with SSc, compared to the
healthy individuals, showed a significantly higher con-
centration of glutamic acid — plasminogen in plasma as
well as a surprisingly low concentration of lysine — plas-
minogen [14]. Mulligan-Kehoe et al. also demonstrated
that exposure of microvascular endothelial cells from
healthy volunteers to plasma from patients with SSc
showed lower ability in migration and angiogenesis com-
pared to the cells exposed to the plasma from healthy
individuals [14]. Also Almeida et al. observed an elevated
serum level of AS along with endostatin in SSc patients.
Moreover, organ involvement analysis revealed a correla-
tion between osteoarticular involvement and the AS level
[13]. Similar observations were published by Borghini
et al., who observed that levels of the angiostatic media-
tors including angiostatin were all significantly elevated
in sera from SSc patients compared with sera from both
healthy controls and cyclophosphamide-treated SSc pa-
tients [15]. In our analysis, we did not observe any differ-
ence in the serum AS level between patients on immuno-
suppressive therapy and those who were not, however,
we did not divide patients by the drug they take.

On the contrary, our results showed a low serum AS
concentration in patients with SSc, which may be related
to positive feedback between impaired angiogenesis due
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to the disease and AS. Under hypoxic conditions, VEGF
signaling stimulates angiogenesis while the increased
angiostatin level would promote endothelial cell death.
A decreased level of AS, as observed in our SSc patients,
is in accordance with proper response to insufficient an-
giogenesis. It is confirmed by the fact that patients with
a low concentration of AS did not develop esophagus or
pulmonary changes and reported fewer symptoms.

Conclusions

Decreased AS may contribute to inhibition of micro-
angiopathy through normalization of endothelial cell-
matrix interactions, as well as reduction of endothelial
cell apoptosis. Based on the obtained data, we concluded
that low level of angiostatin may play a preventive role in
organ involvement in SSc.
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