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Behcet’s Disease – Endothelial Function

SUMMARY
Endothelial cells form a multifunctional cell lining that covers all of the inner surface of blood 

vessels and regulates several important physiological and pathological reactions. These include 
inflammation/immune reaction, blood vessel tonus, hemostasis/thrombosis, angiogenesis and 
so on. Behçet’s Disease (BD) is a chronic, relapsing, multisystemic disorder characterized by 
urogenital ulcers and ocular inflammation with cutaneous, musculoskeletal, vascular and nervous 
system manifestations. People from the Far East, the Middle East and the Mediterranean basin 
are more commonly affected than those from other parts of the world. In Northern Europe, 
Central Africa and the United States the disease is infrequent. Affection for all ages with male 
predominance is a well-known clinical entity.

Vasculitis as well as endothelial dysfunction are principal pathological findings in BD although 
the etio-pathogenesis of the disease remains obscure.

In this review, we aimed to cover BD and endothelial function in terms of endothelial 
dysfunction mechanisms.
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Endothelial cells play a wide variety of critical roles in the control of vascular function. Indeed, 
since the early 1980s, the accumulating knowledge of the endothelial cell structure as well as 
of the functional properties of the endothelial cells shifted their role from a passive membrane 
or barrier to a complex tissue with complex functions adaptable to needs specific in time and 
location.
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Endothelial cells form a multifunctional cell lining that covers all of the inner surface of blood 
vessels and regulates several important physiological and pathological reactions. These include 
inflammation/immune reaction, blood vessel tonus, hemostasis/thrombosis, angiogenesis and 
so on. Thus, abnormalities of endothelial function may play crucial roles in the development 
of angitis syndrome, thrombosis/embolism, bleeding Disseminated Intravascular Coagulation 
(DIC), and neovascularization in some pathological states including tumor growth and diabetic 
retinopathy. Research on endothelial cells now forms a new frontier termed ‘‘Endotheliology.’’

The endothelial lining of blood vessels in different organs differs with respect to morphology 
and permeability and is classified as ‘continuous’, ‘fenestrated’ or ‘discontinuous’. The endothelial 
cell is thought to arise from the splanchnopleuric mesoderm. Endothelial cells form the inner 
lining of a blood vessel and provide an anticoagulant barrier between the vessel wall and 
blood. In addition to its role as a selective permeability barrier, the endothelial cell is a unique 
multifunctional cell with critical basal and inducible metabolic and synthetic functions.

The endothelial cell reacts with physical and chemical stimuli within the circulation and 
regulates hemostasis, vasomotor tone, and immune and inflammatory responses. In addition, the 
endothelial cell is pivotal in angiogenesis and vasculogenesis. Endothelial cell injury, activation 
or dysfunction is a hallmark of many pathologic states including atherosclerosis, loss of semi-
permeable membrane function, and thrombosis [1].

Endothelium consists of approximately (1-6) x 10(13) endothelial cells forming an almost 
1 kg organ. [2] They uniquely contain Weibel-Palade bodies, 0.1 microm wide, 3 microm long 
membrane-bound structures that represent the storage organelle for Von Willebrand Factor 
(vWF). [3] The endothelial cell is not only a permeability barrier but also a multifunctional 
paracrine and endocrine organ. It is involved in the immune response, coagulation, growth 
regulation, production of extracellular matrix components, and is a modulator of blood flow and 
blood vessel tone.

Inflammation is a localized protective response elicited by injury or destruction of tissues, 
which serves to destroy, dilute, or wall-off both the injurious agent and the injured tissue. It is 
characterized in the acute form by the classical signs of pain (dolor), heat (color), redness (rubor), 
and swelling (tumor, edema). Inflammation is aimed to be life preserving. However, it needs to 
be tightly tuned since unappropriate, excessive, or chronic inflammation leads to pathological 
situations.

Endothelial cells coordinate the recruitment of inflammatory cells to sites of tissue injury 
or infection and produce and release cytokines and growth factors serving as communication 
signals to leukocytes. The migration of leukocytes from the vascular system to sites of injury 
or pathogenic exposure is a key event in the process of inflammation. The entry of leukocytes 
into sites of injury or infection requires molecular mechanisms, which enable them to recognize 



3Behcet’s Disease - A Compilation of Recent Research and Review Studies  | www.smgebooks.com
Copyright  Sibel E.This book chapter is open access distributed under the Creative Commons Attribution 4.0 
International License, which allows users to download, copy and build upon published articles even for commercial 
purposes, as long as the author and publisher are properly credited. 

such sites from within the vasculature and to establish contact with the endothelium in order 
to exit and migrate through the endothelium of post-capillary venules. Monocytes, lymphocytes, 
and neutrophils all migrate by these similar, sequence-dependent mechanisms but differ in 
their response to chemotactic and inflammatory signals, particularly in their qualitative and 
quantitative expression of adhesion molecules.

Behçet’s Disease (BD) is a chronic, relapsing, multisystemic disorder characterized by 
urogenital ulcers and ocular inflammation with cutaneous, musculoskeletal, vascular and nervous 
system manifestations [4]. The etio-pathogenesis of the disease remains obscure, although genetic 
predisposition, environmental factors and immunological abnormalities have been implicated 
[5,6]. It has recently been proposed that BD is an autoinflammatory disorder, although there is no 
consensus [7,8]. People from the Far East, the Middle East and the Mediterranean basin are more 
commonly affected than those from other parts of the world [9]. In Northern Europe, Central 
Africa and the United States the disease is infrequent [10]. All ages may be affected, although 
the frequency is higher in persons in the 3rd or 4th decade. The sex predominance varies widely 
among the diseased population in different geographical areas [9,10]. Earlier studies suggested a 
male predominance in high prevalence areas, but more recent surveys indicate equal involvement 
of the sexes. In Western countries females predominate. Behçet’s disease is included in the wide 
spectrum of vasculitits [11].

Vasculitis is a principal pathological finding in BD and vessels of all sizes are involved, both in 
arterial and venous systems. Large vessel vasculitis is not a rare manifestation of BD and it was 
proposed that this be one of the diagnostic criteria of the disease [12]. The prevalence of large 
vessel vasculitis varies according to the authors and the population. The vascular involvement 
in BD is predominantly seen in the venous system rather than arterial system.Venous lesions 
of the BD are superficial thromboflebitis,and deep vein thrombosis of the lower extremities; 
arterial lesions consist of true and/or false aneurysms. In general, BD patients with major vessel 
involvement have worse prognosis [13-15].

The etiology of endothelial dysfunction in BD is probably multifactorial and includes high 
homocysteine levels as well as oxidative stress, although all of the mechanisms that underlie this 
dysfunction are not clearly known.

Several markers can be used to evaluate ED and vascular involvement in BD. Mean platelet 
voume,neutrophil-lymphocyte ratio, red cell distrubition width, gamma glutamyl transferase 
activity and uric acid levels. However, these markers can be affected by hypertension (HT), 
diabetes mellitus (DM), thyroid dysfunction, or malignancy [16-21].

ED can also be assessed by hsCRP, tHcy, ADMA, VEGF and endocan levels [19-27].
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VASCULAR ENDOTHELIAL FUNCTION IN BEHÇET’S DISEASE
Mechanisms

Oxidative stress

The mechanisms underlying endothelial dysfunction in Behçet’s syndrome are not known. It 
is previously hypothesized that endothelial dysfunction is mediated by increased oxidative stress 
and are consistent with previous observations of elevated levels of lipid peroxides, as well as 
increased neutrophil production of superoxide, in patients with Behçet’s syndrome [1,2]. Oxidative 
stress is a key factor in vascular injury. Previous studies have shown that oxygen-derived free 
radicals, including superoxide anion, react with nitric oxide, thus reducing its availability [3].

Homocysteine

Hyper-homocysteinemia was reported to be significantly higher in patients with active 
disease than in patients with inactive disease and in control subjects [28]. Moreover, high levels 
of homocysteine were reported in 64% of patients with BD with thrombosis as compared to 9% in 
those without thrombosis [29]. It is previously hypothesized that homocysteine had a deleterious 
effect on endothelial cells, causing endothelial cell damage, smooth muscle cell proliferation, 
and increased oxidative stress. An alternate mechanism for induction of vascular disease and 
thrombosis could be the interference with coagulation mechanisms. Other researchers blame 
the generation of superoxide and hydrogen peroxide by homocysteine for this effect, both of 
which may induce endothelial damage [30]. Homocysteine may have a deleterious effect in BD 
by decreasing NO levels and also through immune system effects. Homocysteine activates T cells 
and increases the interaction of monocytes and T cells with endothelial cells [31]. Homocysteine 
finally does not yield a complete answer to the mechanism underlying endothelial dysfunction in 
BD.

Vascular endothelial growth factor

Higher serum levels of Vascular Endothelial Growth Factor (VEGF) were found in patients with 
BD compared to normal controls, particularly at the active stage of the disease and in patients with 
vascular manifestations and ocular involvement [26, 27, 32, 33]. The production of VEGF may be 
subject to genetic control [27]. The association of VEGF gene polymorphism with BD was studied 
in patients and controls [34]. Carriers of –634C and allele 1 are associated with susceptibility to 
developing BD. VEGF activates endothelial cells and causes the release of vasoactive substances 
inducing vascular thrombosis and inflammation. VEGF also up-regulates NO synthase which 
may induce damage to host cells and tissue symmetric dimethylarginine (ADMA) and NO levels 
may reflect signs of endothelial dysfunction in BD [33,35]. The endothelial NO synthase gene 
polymorphism Glu – 298 Asp of exon 7 is associated with BD when compared to controls [36].
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Anti-endothelial cell antibodies

These antibodies have been found in the serum of BD patients, particularly during the active 
stage of the disease. However, the exact role of these antibodies in the disease has not been 
clarified [37-39]. Endothelial cell antibodies were detected in 18-37% of patients with BD [40,41]. 
However, other investigators have not found any statistically significant difference between 
patients and controls [42].

Cytokines

The serum levels of several cytokines were determined in 94 BD patients, 74 with active disease, 
and 75 healthy individuals matched for age and sex who served as controls. Increased levels in 
the serum of IL-8 were found in patients with active disease with oral ulcers and neurological 
manifestations compared to the patients with inactive disease and controls. IL-8 secretion by 
dermal microvascular endothelial cells is stimulated in the presence of Behçet serum. It is also 
postulated that circulating anti-endothelial cell antibodies may be responsible for this effect [43].

High sensitivity C-reactive protein (hsCRP) hsCRP reflects systemic inflammation and 
is related to ED.

It may contribute to ED in BD [45,46].

Increased plasma asymmetric dimethyarginine (ADMA) levels (which is an endogenous 
inhibitor of NO synthase-NOS) and decreased plasma NO levels have been reported in 
patients with BD [46].

Inhibition of NOS by ADMA and oxidant/antioxidant imbalance may contribute to decreased 
bioavailability of NO in BD [46].

Endocan is a novel human endothelial cell-specific molecule. BD patients also have 
significantly higher levels of endocan  which is an endothelial immunoinflammatory 
marker [47].

Besides these biochemical markers, some nonivasive methods have been developed to assess 
ED. Flow Mediated Dilatation (FMD) is one of these methods. FMD is mainly influenced by nitric 
oxide from edothelial cells [14]. This tecnique utilizes FMD of the brachial artery [15].

Another method is the measurement of carotid intima media thickness. Recent studies have 
demonstrated a significant correlation betweeen increased IMD and ED, which is consistent with 
BD and endothelial dysfunction [48, 49].

In conclusion, BD is a disease of vascular system. Venous system is generally affected rather 
that the arterial system. Endothelial dysfunction plays a major role in the pathogenesis of the 
vasculitis and atherogenesis is an important consequence of this complex clinical entity.
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