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Abstract

Objectives: Inflammation has been revealed to be associated with angiogenesis. Granulomatosis 
with polyangiitis (GPA) and immune complex small vessel vasculitis (ICSVV) are forms of systemic 
vasculitides of different pathogenesis. GPA is a necrotizing granulomatosis and ICSVV is associated 
with inflammation of postcapillary venules induced by deposits of immune complexes. The aim of 
the study was to determine serum levels of angiostatin and endostatin, natural angiogenesis inhib-
itors, in patients with GPA and ICSVV as well as healthy individuals.
Material and methods: Two groups of patients with GPA (20 patients) and ICSVV (20 patients) as 
well as 20 controls were investigated. All patients were investigated before initiation of immuno-
suppressive therapy or administration of corticosteroids. Angiostatin and endostatin levels were 
assayed with the ELISA method.
Results: Enhanced serum levels of angiostatin and endostatin were found in patients with GPA but 
not in those suffering from ICSVV. In patients with GPA increased levels of angiogenesis inhibitors 
correlated with the disease activity. A correlation between angiostatin and endostatin levels was 
observed in all groups of investigated individuals.
Conclusions: It is suggested that formation of necrotizing granulation is associated with profound 
activation of angiogenesis and an increase in serum levels of inhibitors is a phenomenon occurring 
during blood vessel formation in the granulation tissue. The obtained results confirm involvement 
of angiogenesis in pathogenesis of at least some forms of vasculitides and suggest the need for 
continuation of investigations in this field. 
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Introduction

The vasculitides are a heterogeneous group of disor-
ders of unknown etiology characterized by inflammation 
located within the blood vessel wall. Specific causes of 
the diseases remain unknown and their classification is 
mostly based on the size of affected vessels and their lo-
cation within the body. The last published classification 
and nomenclature of vasculitides includes, for the first 

time, some etiological aspects. The group of small vessel 
vasculitides consists of diseases associated with occur-
rence in the serum of patients of anti-neutrophil cyto-
plasmic antibodies (ANCAs) and other group of vasculit-
ides that are believed to be associated with deposition 
of immune complexes within the vessel wall. Thus, the 
nomenclature of the diseases included two “etiological” 
subgroups of small vessel vasculitis, ANCA-associated 
small vessel vasculitis and immune complex small vessel 
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vasculitis [1]. Detection of ANCA antibodies is possible 
due to the use of immunofluorescence (IF) on ethanol 
fixed neutrophils, and the use of formalin-fixed neutro-
phils makes it possible to identify types of antibodies, 
including the two most important, cytoplasmic (c-ANCA) 
and perinuclear (p-ANCA).

Granulomatosis with polyangiitis (GPA) is a typical 
representative of the ANCA-associated small and me- 
dium-size vessel vasculitides. GPA is a relatively rare form 
of systemic vasculitis, characterized by necrotizing gran-
ulomatous involvement of the upper and lower airways 
and focal necrotizing glomerulonephritis. Necrotizing 
granulomatosis is a predominant pathological feature 
and is associated in most cases with a high serum level 
of c-ANCA antibodies. These antibodies have been sug-
gested to take part in pathogenesis of the disease [2–6].

Immune complex small vessel vasculitis (ICSVV) is 
a more heterogeneous group of vasculitides. According 
to the proposed definition the group consists of “vas-
culitis with moderate to marked vessel wall deposits 
of immunoglobulins and/or complement components 
predominantly affecting small vessels” [1]. The most 
common diseases of the group are IgA vasculitis (for-
merly known as Henoch-Schönlein purpura) and cryo-
globulinemic vasculitis. Cutaneous involvement (known 
as “palpable purpura”), common in patients with ICSVV, 
is related to the former name of the disease, leukocyto-
clastic vasculitis [6–8].

In vasculitis myointimal proliferation, fibrosis and 
thrombus formation leading to stenosis or occlusion 
of the vascular lumen occur, and it causes tissue isch-
emia. In the case of ischemia angiogenesis becomes 
a compensatory mechanism. Angiogenesis is a pro-
cess of new vessel formation. Angiogenesis in contrast 
to vasculogenesis takes place, for the most part, after 
the fetal period and is involved in several physiological 
and pathological phenomena, including malignancy and 
a number of non-malignant disorders [9]. The mecha-
nism of angiogenesis is very complex and is only par-
tially elucidated. There are several suggestions that fac-
tors regulating inflammation also affect angiogenesis. 
For example, acute-phase serum amyloid A was found 
to be a regulatory factor of angiogenesis [10]. In recent 
years, a number of angiogenesis-stimulating and angio-

genesis-inhibiting factors have been reported. The best-
known natural inhibitors of angiogenesis are angiosta-
tin and endostatin.

Angiostatin is a fragment of plasminogen with a mo-
lecular weight of about 38 kDa. A few forms of angio-
statin express inhibiting activity. They are products of 
different proteolytic degradation of plasminogen. Angio-
statin blocks a few stages of angiogenesis: proliferation, 
migration, differentiation of the endothelial cells and 
tube formation [11, 12]. Endostatin is a 20 kDa fragment 
of collagen type XVIII, a component of the extracellular 
matrix of the connective tissue. It is a strong inhibitor of 
several stages of blood formation, although the detailed 
mechanism of its action is poorly understood [13–15].

The present study was designed to determine the 
serum level of natural angiogenesis inhibitors, angiosta-
tin and endostatin in patients with two different forms 
of vasculitis. In general, the possibility of altered regula-
tion of angiogenesis was evaluated in patients with GPA 
and ICSVV. These specific vasculitides are characterized 
by different pathological features, and different patho-
mechanisms are probably involved in development of 
vascular inflammation.

Material and methods

Twenty patients with the final diagnosis of GPA and 
20 patients with ICSVV were investigated. All patients 
with GPA fulfilled classification criteria of the American 
Rheumatism Association [16]. All patients were c-ANCA 
positive. Patients with ICSVV were diagnosed on the ba-
sis of the clinical picture and in 14 cases with positive 
results of the microscopic evaluation of the skin biopsy. 
In the ICSVV group 17 patients suffered from IgA vas-
culitis and 3 from cryoglobulinemic vasculitis due to 
mixed cryoglobulinemia. The control group consisted of 
10 healthy volunteers. The characteristics of the patients 
and controls are summarized in Table I. Activity of vas-
culitis was determined using the Birmingham Vasculitis 
Activity Score (BVAS) [17]. All patients were investigated 
before initiation of immunosuppressive therapy or ad-
ministration of corticosteroids.

Venous blood samples were obtained in the morning 
after overnight fasting. Angiostatin and endostatin lev-
els were assayed with the ELISA method using commer-
cially available kits (Citimmune Sciences, College Park, 
MD, USA). 

The study obtained a Bioethic Committee agreement. 

Results 

Table II summarizes results of angiostatin and endo-
statin measurements. A significant increase in angiosta-
tin and endostatin levels was found in the GPA patients. 

Table I. Characteristics of patients and controls

Controls
n = 20

GPA
n = 20

ICSVV
n = 20

Age (years) 39 ±5 41 ±7 36 ±8

Gender (M/F) 9/11 9/11 11/9

Disease activity – 22.5 ±6.1 20.0 ±5.2

GPA – granulomatosis with polyangiitis; ICSVV – immune complex 
small vessel vasculitis
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In contrast, the investigated angiogenesis inhibitors 
were only slightly enhanced in the ICSVV patients as 
compared with the controls. An increase in angiostatin 
and endostatin correlates with the disease activity in 
the GPA patients but in the ICSVV patients and controls 
there was no such correlation. A correlation between 
angiostatin and endostatin levels was observed in all 
groups of investigated individuals (Table III).

Discussion

The observation about the difference between GPA 
and ICSVV group is striking. This finding is concomitant 
with earlier suggestions of different pathogenesis of the 
investigated vasculitides. The most important patholog-
ical difference in development of necrotizing granulation 
in GPA patients compared to ICSVV is that this process 
is associated with new vessel formation and granulation 
tissue development and is characterized by growth of 
a dense vascular network. This is a cause of common 
bleedings in GPA patients, while in patients with ICSVV 
inflammation is mostly limited to the vascular wall and 
its surrounding.

Intense vessel formation in patients with GPA is be-
lieved to be associated with high activity of pro-angio-
genic factors. In view of this suggestion, a high level of 
angiogenesis inhibitors can be considered as a homeo-
static mechanism limiting activity of angiogenesis to 
granulation tissue. This hypothesis is supported by the 
correlation of serum levels of both inhibitors with the 
disease activity. It can be assumed that disease activity 
reflects, at least partially, the volume of newly formed 

granulation tissue. The above-described hypothesis 
needs further investigations. 

It should also be mentioned that GPA is generally 
a more serious disorder than ICSVV [6]. GPA is usually 
associated with a higher level of inflammatory indices 
than ICSVV. This may be an additional explanation of 
the difference in angiogenesis inhibitor level between 
patients of the investigated groups.

Studies in other forms of vasculitis revealed that 
the diseases can be associated with altered angiogen-
esis. Keskin et al. [18] observed an increased level of 
angiostatin in patients with Behçet’s disease and the 
elevation of serum angiostatin was associated with the 
disease activity. An imbalance between endostatin and 
an angiogenesis-stimulating factor (vascular endotheli-
al growth factor) was found in patients with Kawasaki 
disease [19].

Conclusions

The obtained results confirm involvement of angio-
genesis in pathogenesis of at least some forms of vas-
culitides and suggest the need for continuation of inves-
tigations in this field.

The study was conducted within the Research Project 
of the Medical University of Silesia, no. KNW-1-167/10.

The authors declare no conflict of interest.
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