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Endothelial cell dysfunction in 
Behc;et' s disease 

E. Kansu 

INTROOUCTION 

Beh<;et's disease (BO) was first described by Hulusi Beh<;et in 1937 with a 
classic triad of uveitis, and recurrent oral and genital ulcerations [1]. 
Since then, the entity has been defined as a multisystem disorder with 
other systemic manifestations including skin lesions, vascular involve
ment of both arteries and veins, arthritis, pulmonary, gastrointestinal 
and central nervous system findings. The dia gnosis can be made using 
the International Study Group Criteria for Beh<;et's Oisease [2]. 

Vascular involvement can be seen at the onset of the disease. There 
have been several studies reporting the frequency and types of the 
vascular involvement in BO [3-5]. The reports on vascular complica
tions in BO have indicated prevalences ranging from 4% to 30%, some of 
which include venous system involvement only. Vascular involvement 
includes superficial or deep vein thrombosis, arterial aneurysms, Budd
Chiari syndrome and arterial occlusions [5]. In recent analysis, we have 
reported on 137 Turkish patients with BO, of whom 38 had vascular 
involvement (a prevalence of 27.7%) with a clear preponderance of 
venous lesions (88%) compared with arterial involvement (12%) (Table 
15.1) [5]. 

The etiology of BO is not known. Viruses, streptococcal infection, 
autoimmune mechanisms and endothelial ceU dysfunction have been 
postulated and to date no definite cause has yet been identified [6, 7]. 
An increased prevalence of HLA-B5 antigen reported in BO from Turkey, 
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Table 15.1 Beh<;et's disease - vascular complications (4-30%) 

Thrombophlebitis 
Budd-Chiari syndrome 
Vena cava obstruction 
Arterial occlusions 
Arterial aneurysms 

Israel and Japan was considered to represent a possible genetic suscept
ibility in this entity [8, 9]. 

Although the exact cause is not known, vasculitis is observed as the 
common pathology in all the systems involved. In our previous studies, 
we demonstrated dense perivascular infiltration of lymphocytes around 
the small venules. Endothelial cells appeared to be normal under light 
microscope. Using appropriate monoclonal antibodies for T lymphocyte 
subpopulations, we demonstrated that the majority of mononuclear cells 
located at the base of the oral ulcers and within the perivascular infil
trates were CD3+-CD4+ T lymphocytes (Figure 15.1) [10]. Our studies 
also showed perivascular HLA-DR+ cells which indicated the presence 
of activated lymphocytes. 

Figure 15.1 Immunoperoxidase staining of CD3+-CD4+ helper T cells in the 
perivascular infiltrate (counterstained with hematoxylin, X 460) [10]. 
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Table 15.2 Functions of endothelium 

• Hemostatic 
procoagulant 
antithrombotic 
fibrinolytic 

• Vascular tone 
• Leukocyte interaction 
• Permeability/leakage 
• Angiogenesis 
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In view of our findings in patients with BD, it appears very likely that 
the inflammatory infiltrate present at the perivascular space could 
represent an 'immune vasculitis' due to T cell mediated cellular immune 
response without significant activation and alteration of peripheral 
blood lymphocyte subpopulations, except natural killer (NK) cells [10]. 

In order to elucidate the pathogenesis of the vascular involvement and 
thrombophlebitis commonly seen in BD, we designed several studies to 
investigate the endothelial cell functions which could enhance and alter 
the thrombus formation within the vascular structures. In this chapter 
we will try to summarize the functional data on the endothelium 
obtained from several laboratories, including our own. 

FUNCTIONS OF VASCULAR ENDOTHELIUM 

Endothelial cells carry out various physiological functions, which are 
briefly summarized in Table 15.2. In this section, functional features of 
the normal vascular endothelium and corresponding findings reported 
to date in patients with Beh\et's disease will be summarized under 
appropriate headings and subtitles. 

HEMOSTATIC FUNCTIONS 

Endothelial cells synthesize various active substances to maintain the 
fluidity of blood and the patency of the blood vessels. Circulating 
unactivated blood does not normally interact with intact vascular 
endothelium. Hemostatic functions of vascular endothelium include 
procoagulant, antithrombotic and fibrinolytic activities. 

Pro coagulant activities 

Molecules synthesized by vascular endothelial cells that exhibit known 
procoagulant effects include: von Willebrand factor (vWF), tissue factor 
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(TF), plasminogen activator-inhibitor-l and 2 (PAl-I, PAI-2), surface 
binding of clotting factors, factor-V and platelet-activating factor (PAF). 

vWF is synthesized by endothelium, stored in multimeric form in 
Weibel-Palade endothelial cell secretory granules and released as 
multimeric molecules of 1-20 million daltons. vWF is an important 
adhesive molecule for both platelet adhesion and aggregation. 
Enhanced release from vascular endothelial cells is induced by throm
bin and increased plasma levels are found in several processes charac
terized by inflammation. 

Increased plasma levels of vWF were detected in patients with BD and 
vascular involvement in 1987 by Yazici and co-workers [12]. Studies 
done in the UK by Chamberlain et al. showed higher levels of 
vWF:antigen in 15 patients with BD compared with patients with 
seronegative arthritis [11]. Pivetti-Pezzi and co-workers found raised 
levels of vWF:antigen in three out of 35 Italian BD patients having 
retinal vasculitis with systemic involvement [13]. Elevated levels of 
vWF were found in seven out of 84 BD patients (8.3%) in the studies 
reported by Aydintug et al. [14], and Direskeneli found significantly high 
levels of Factor VIII antigen in BD patients and in patients with systemic 
vasculitis compared with control subjects [15]. All these results showing 
elevated plasma levels of vWF and vWF:antigen (vWF:Ag) in patients 
with BD and in patients with different types of vasculitis may reflect 
abnormalities or damage to the vascular endothelium due to inflamma
tory processes. 

Vascular homeostasis results from the regulated interaction of the 
coagulation and fibrinolytic systems. Any imbalance in the system may 
lead to an increased risk for thrombosis or tendency to bleeding diathesis. 
The balance between plasminogen activators (PAs) and plasminogen 
activator-inhibitor (PAl-I) appears to have a very critical importance in 
the fibrinolytic activity. PAI-l is a 52 kD protein generated and released by 
endothelial cells to maintain a significant circulating concentration. PAI-l 
is a rapid and specific inhibitor of both tissue-type and urokinase-type 
plasminogen activators. Recent studies using in situ hybridization techni
ques indicate that the primary site of synthesis of PAI-l in the mouse is the 
vascular endothelial cells. Elevated PAI-l during septicemia and athero
sclerosis may inhibit normal fibrin clearance mechanisms and may con
tribute to thrombotic events. Studies performed by Chamberlain and co
workers showed that subjects with Behc;et's disease had depressed plasma 
fibrinolytic activity with reduced plasminogen activator activity due to 
increased tissue plasminogen activator-inhibitor (tPA-I) and PAI:antigen 
[11]. PAl: antigen levels were increased in the acute phase response and 
high levels were detected in BD patients which was considered to be a 
reflection of an inflammatory vasculitis. Similar results were also obtained 
in patients with malignancy, postmyocardial infarction and postoperative 
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situations [11]. Ozcebe and co-workers were not able to demonstrate any 
major abnormalities in prothrombin time, aPTI, tPA-Ag and PAI-1levels 
pre- and post-1-deamino-8-D-arginine vasopressin (DDAVP) infusion in 
14 patients with active BD compared with 10 healthy volunteers [16]. 

Antithrombotic and antiaggregant activities 

Several molecules are synthesized by vascular endothelial cells that 
exhibit antithrombotic activities. Molecules with known antithrombotic 
effects include: prostacyclin (PGI2), nitric oxide (NO), thrombomodulin 
(TBM), heparin-like glycosamino-glycans and tissue plasminogen 
activator (tPA). 

PGI2 is a metabolite of arachidonic acid with very potent antiaggre
gatory and vasodilatory properties. PGh is synthesized by the 
endothelial cells, secreted extracellularly and acts on platelets as well 
as vascular smooth muscle cells. PGI2 is unstable in aqueous solutions of 
neutral pH with half-lives of 2-3 minutes. In contrast, for the balance of 
hemostasis, PGI2 is converted to thromboxane A2(TxA2) in platelets. 
TxA2 induces platelet activation, constricts smooth muscle cells and 
promotes platelet aggregation [17]. 

In our previous studies, we investigated the biosynthesis of PGh by 
vascular endothelium and plasma TxB2 levels in. patients with active BD 
[18]. The plasma 6-keto PGF1w which is a stable metabolite of PGh, was 
measured by a radioimmunoassay and the levels were significantly 
reduced (58.6 ± 10.8 pg/ml) in 37 patients with BD compared with 
normal subjects (110.3 ± 22.4 pg/ml). PGh levels in patients with 
thrombophlebitis were not significantly different from those without 
vascular involvement [18]. 

Plasma TxB2leveis in BD patients averaged 80.6 ± 10.8 pg/ml and in 
the group without vascular thrombosis the average TxB2 value was 
65.4 ± 5.7 pg/ml. These values were significantly increased compared 
with normal control subjects with an average value of 49.7 ± 10.6 pg/ 
ml (range of 20.4-148.3 pg/ml). These data suggested that the cyclo
oxygenase pathway in the platelets was intact and the impairment of 
prostanoid synthesis in patients with BD could be confined to the vessel 
walls or endothelium. 

In order to evaluate the low plasma PGI2 levels and increased TxB2 
values further, we obtained forearm vein segments from the patients and 
markedly impaired PGh biosynthesis was demonstrated in vitro [19]. In 
three patients, no biosynthesiS of PGI2 by the fresh vein segments was 
observed during 30 minutes of incubation, while six normal subjects 
synthesized increasing amounts of PGh during the same period (Fig
ure 15.2). In patients with BD, these data suggested a possible interaction 
between inflammatory perivascular cellular infiltrate secreted cytokines 
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Figure 15.2 Production of prostacyc1in during a 30 minute incubation period by 
venous tissue from normal control subjects (upper) and from patients with 
Beh<;et's disease (lower). 6-keto-prostaglandin Fl-a levels are expressed as 
pg/mm2 of the endothelial surface of the vein segment [18]. 
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and the cells of the vessel wall resulting in significant functional impair
ment or dysfunction of the endothelial cells. In addition, reduced bio
synthesis of PGIz by the vascular endothelial cells could have a 
contributory role in the pathogenesis of thrombotic complications seen 
in BD patients. 

Thrombomodulin (TBM) is a cell-surface 35 kD integral glycoprotein 
mainly present on the luminal surface of endothelial cells. It comprises 
six epidermal growth factor-like domains. TBM acts as a 'thrombin 
receptor' and neutralizes its procoagulant activities. When thrombin is 
produced, it rapidly binds epidermal-growth factor domains in throm
bomodulin and forms a termolecular complex with protein-C facilitated 
by repeats of thrombomodulin. TBM also acts as a co-factor for thrombin 
catalyzed activation of protein-C [20]. Activated protein-C catalytically 
degrades coagulation co-factors Va and VIlla bound to membrane 
surfaces, interrupting subsequent thrombin production. TBM has been 
accepted as a major anticoagulant proteoglycan present on the luminal 
surfaces of the vascular endothelial cells. 

Increased TBM levels had been reported in disseminated intravascular 
coagulation (DIC), adult respiratory distress syndrome (ARDS) and 
pulmonary thromboembolism, thrombotic thrombocytopenic purpura 
and diabetic micro angiopathy [21]. In the recent International Confer
ence on BD, Tribout and co-workers, using a two-site ELISA, reported 
significantly low levels of TBM in patients with BD compared with 
controls, but thrombotic events were not statistically associated with 
lower TBM levels [22]. Ohdama et al. published the plasma TBM con
centrations in patients with systemic lupus erythematosus (SLE), rheu
matoid arthritis, juvenile rheumatoid arthritis, Sjogren's syndrome, 
systemic sclerosis, polymyositis, Wegener's granulomatosis and Beh
<;et's disease [23]. Plasma TBM levels in BD, systemic sclerosis, poly
myositis and Wegener's granulomatosis were significantly higher than 
those in the control group. The mean value of TBM for six active BD 
patients was significantly higher than that of the controls but the 
difference was not remarkable [23]. Two patients with vascular-type 
BD showed the highest plasma TBM among six patients with active 
BD. All the elevated values were decreased along with the amelioration 
of the findings following treatment. The authors suggested that TBM 
could be helpful for evaluating vascular injury in collagen diseases. 

In view of conflicting plasma thrombomodulin results in patients with 
BD, further studies in a large number of patients are needed to clarify 
this issue. 

Fibrinolytic activities 

Hypofibrinolysis leading to decreased removal of fibrin deposits would 
be a prime candidate for a role in the development of atherothrombosis. 
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Recent experimental data have shown that increased plasma PAI-l levels 
do indeed have a prothrombotic effect. Increased PAI-l decreases 
endogenous and exogenous fibrinolysis and increases the extension of 
thrombosis. 

Normal or elevated levels of t-PAI, tPA:antigen and PAI-l as well as 
decreased levels of a-2-plasmin inhibitor had been reported in patients 
with BD. No consistent data is available to date and we need more well
standardized studies to have better information on the fibrinolytic 
system in BD. 

VASCULAR TONE 

Vascular endothelial cells have an important metabolic function with 
respect to vasoactive substances. The outer surface of the endothelial 
cell contains angiotensin-converting enzyme which catalyzes the forma
tion of the vasoconstrictor angiotensin II from its inactive precursor 
angiotensin 1. The same enzyme inactivates bradykinin which is well
known as a potent vasodilator. Endothelial cells can also generate PGIz, 
nitric oxide (NO or EDRF) and endothelin-l for the physiologic regula
tion of the vascular tone and maintaining the liquidity of blood. The 
physiologic role of PGIz and its importance in BD was reviewed above. 

Nitric oxide (NO), formerly known as endothelial derived relaxing 
factor (EDRF), is liberated by the action of nitric oxide synthase on L
arginine in endothelial cells. NO can be generated by various cells and 
by diverse stimuli to cause vasorelaxation [24]. NO is an essential 
modulator of vascular smooth muscle tone, systemic vascular resistance 
and regional blood flow. It has been shown that nitric oxide and 
prostacyclin synergize with each other as inhibitors of platelet aggrega
tion and inducers of disaggregation [25]. Recent studies suggest that 
impaired generation of NO contributes to the vascular and thrombotic 
complications in atherosclerosis [25]. Research on the biology of NO and 
its role in several vascular disorders including hypertension, thrombosis, 
septic shock and atherosclerosis is in progress. To date, no scientific data 
is available in BD, but it holds promise as a very fascinating research 
problem. 

Endothelin (ET) is a novel vasoconstrictor peptide which is synthe
sized by the vascular endothelial cells [26]. It is the most potent vaso
constrictor agent known to date and human ET has the same structure as 
porcine ET. ET is a family consisting of three isopeptides named ET-l, 
ET-2 and ET-3 [26]. We studied plasma levels of ET-l,2 in patients with 
active and inactive BD with and without vascular complications. 
Healthy individuals and patients with systemic lupus erythematosus 
(SLE) and vasculitis in the active and inactive periods of their disease 
were included as the control groups. Plasma ET-l,2 levels were analyzed 
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in 49 patients with BD, 16 patients with vasculitis and in 23 healthy 
subjects. The highest mean concentration of ET-1,2 was found in patients 
with active vascular BD (72.5 ± 17.4 fmoUml) compared with patients 
with inactive BD without vascular involvement (32.3 ± 2.6 fmol/ml) 
and healthy subjects (29.8 ± 2.5 fmol/ml). The mean concentration of 
ET-1,2 was also elevated in patients with active vasculitis including SLE 
[27]. 

Recent studies suggest that ET may serve as a plasma indicator of 
endothelial cell damage due to vascular injury. Increased plasma ET 
levels were reported in patients with pulmonary hypertension, primary 
Raynaud's phenomenon and in those undergoing surgical procedures 
[28]. 

Elevated plasma levels of ET could be a secondary event either due to 
an increased biosynthesis or release of the preformed peptide from the 
damaged endothelium due to vasculitis. Our data may suggest that a 
rise in ET-1,2 levels could reflect the endothelial cell injury induced by 
'immune-cell mediated' vasculitis. In addition, further studies are war
ranted to identify whether ET could serve as a novel parameter in the 
entities characterized with vasculitis. 

LEUKOCYTE INTERACTION 

Vascular endothelium is now recognized as an active participant in a 
variety of pathophysiological processes, including inflammation and 
tumor metastasis. In recent years, intense research projects focused on 
endothelial cell surface molecules that support the adhesion of leuko
cytes. Leukocytes also express specific counter-receptors for one or more 
of the endothelial adhesive glycoproteins [29]. Four families of endothe
lial-leukocyte adhesion molecules have been identified and character
ized. These include selectins, integrins, immunoglobulin-gene 
superfamily and cadherins. 

Selectins are involved in the early, low-affinity binding interactions 
and their lectin-binding sites interact with oligosaccharides presented on 
the surfaces of reactive cells. There are three well-described members of 
the selectins: platelet-selectin (P-selectin), endothelial-selectin (E-selec
tin) and leukocyte-selectin (L-selectin) [30]. Integrins are a family of 
membrane glycoproteins that mediate cell adhesion. Integrins appear 
to be the primary mediators of cell-extracellular matrix adhesion and 
also serve as one of the many families of molecules active in cell-cell 
adhesion. Members of the integrin receptor family include LFA-1 
(CDlla/CD18), Mac-1 (CDllb/CD18), p150,95 and VLA-1 through to 
VLA-6 [30]. Three members of the immunoglobulin gene superfamily are 
well identified: ICAM-1 (CD54), ICAM-2, VCAM-1 and NCAM. 
Endothelial cells also express CD31, an immunoglobulin-like molecule 
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Table 15.3 Families of adhesion molecules and their counter-receptors 

Adhesion molecule 

Ig-superfamily 
CD2 
LFA-3 (CD58) 
ICAM-l (CD54) 
ICAM-2 
VCAM-l 

Integrin family 
LFA-l (CDlla/CDI8) 
Mac-l (CDllb/CD18) 
p150,95 (CDllc/CDI8) 
VLA-l (CD48a/CD29) 
VLA-5 (CD49c/CD29) 

Selectin family 
E-selectin (ELAM-l) 
L-selectin (LECAM -1) 
P-selectin 

Counter-receptor 

LFA-3 
CD2 
LFA-l 
LFA-l 
VLA-4 

ICAM-l 
ICAM-l 
Unknown 
Laminin, collagen 
Fibronectin 

Sialyl-Lewis antigen 
Vascular addressins 
Unknown 

that is concentrated at opposing endothelial cell borders. Endothelial 
cells can also express LFA-3 (CD58), and class-1 and class-2 MHC 
antigens which are immunoglobulin-related molecules. ICAM-1 is 
widely distributed on endothelial cells and its surface expression can 
be increased by exposure of endothelial cells to various cytokines or to 
endotoxin. Families of adhesion molecules and their counter-receptors 
involved in leukocyte-endothelial cell interactions are briefly summar
ized in Table 15.3 [31]. 

Ozgiin and co-workers studied the effect of sera obtained from BD 
patients on the adherence of normal peripheral blood neutrophils to 
human vascular endothelial cells in vitro. Sera from the patients induced 
an increase in surface expression of COlla molecule on normal neutro
phils; however, CDllb molecule did not show any Significant incre
ments. ICAM-1 expression was also found to be increased on the 
human vascular endothelial cells following incubation with the sera of 
patients with BD. The COlla-positive neutrophils were higher (95%) in 
patients with BD compared with healthy control subjects (54%) [32]. 

Inaba and co-workers studied L-selectin-Mac-1 (CDllb/CD18) and 
CD44 expression on the peripheral blood leukocytes in 25 Japanese 
patients with BD who had active ocular lesions. L-selection (LECAM-1) 
and CD44 expression was dramatically reduced from polymorphonuc
lear leukocytes upon ocular attacks and CDllb/CD18 expression was 
not significantly altered [33]. There were no considerable changes on the 
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surfaces of T lymphocytes concerning the expression of these adhesion 
molecules during active ocular inflammation. 

Studies are in progress in several laboratories researching the role of 
the adhesion system to elucidate the pathogenesis of pathergy test, 
chemotaxis of neutrophils to the lesion sites and vasculitis in BD. 

Antibodies to endothelial cells 

Surface molecules on endothelial cells carry epitopes which could serve 
as targets for autoantibodies or alloantibodies. Antiendothelial cell 
antibodies (AECA) have been detected by their ability to bind to cul
tured human vascular endothelial cells in vitro. AECA may damage 
endothelial cells via complement-mediated or antibody-dependent cel
lular cytotoxic mechanisms. AECA have been described in different 
entities characterized by vasculitis and/or thrombosis. Aydintug and 
co-workers showed that circulating antibodies directed against surface 
antigens on human endothelial cells were present in 1B.1 % of patients 
with BD but not in healthy controls [34]. There was no evidence for 
cytotoxicity induced by AECA in BD patients. The prevalance of acute 
thrombotic events and retinal lesions was found to be significantly 
higher in AECA-positive BD patients than in the AECA-negative 
group. Anticardiolipin and antineutrophil cytoplasmic antibodies were 
negative in all. Direskeneli et al. detected AECA in 29% of 70 BD 
patients; arthritis had a positive relationship with the presence of 
AECA [15]. There was no relationship with other organ manifesta
tions, pathergy test, HLA-B5 and AECA levels. 

The role of AECA in the pathogenesis of vascular endothelial damage 
is not well described and the antigenic specificity of AECA is not yet 
clear. These antibodies not being cytotoxic for the endothelial cells may 
not easily explain the changes observed in endothelial cell functions. 
Although the presence of AECA in patients with BD and other rheu
matic diseases has been demonstrated, the findings to date only suggest 
a possible role of AECA rather than a cause-effect relationship. More 
studies are needed to clarify the mechanisms and relationship of 
endothelial cell damage in vasculitis and appearance of AECA. 

Histopathologic and immunohistochemical studies of the biopsy 
lesions obtained from patients with Behc;et's disease reveal typical 
features of 'vasculitis' with very dense perivascular infiltrations of T 
lymphocytes, B lymphocytes and neutrophils. Secretion of inflamma
tory cytokines from these cells including tumor necrosis factor-alpha 
(TNF-a), interleukin-1 (IL-1) and interleukin-6 (IL-6) may have injury, 
derangement and/ or modulating effect on the vascular endothelial cells. 
IL-1 and TNF modulate both qualitative and quantitative changes in the 
secretion and surface expression of many vasoactive and hemostatic 
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mediator molecules. The mechanism of endothelial cell damage in BD 
where vascular thrombosis frequently appears, could be related to direct 
endothelial damage by the cellular infiltrate or indirect cytopathic action 
of the cytokines (notably IL-1 and TNF). 

Increased levels of plasma vWF:antigen [11, 12], impaired biosynthesis 
of PGI2 in the vessel walls [19], increased levels of endothelin-1,2 [27] 
and thrombomodulin [21] and the presence of antiendothelial cell anti
bodies [34] are highly suggestive indicators for endothelial cell dysfunc
tion in patients with BD. These findings may also have a contributory 
role in the pathogenesis of thrombotic vascular complications seen in BD 
patients. The use of some endothelial cell markers in BD or in patients 

Immunogenetically susceptible 
subject (HLA - 851+) 

1 
Viral/microbial peptide antigens 

(HSV, streptococci, HSP) 

1 
Cross-reactive Ag on endothelial cells 

('antigen mimicry') 

1 
Aberrant 

cell-mediated immune response 

1 
Perivascular cellular 

infiltration = vasculitis 

1 
Release of cytokines 

(IL-1, IL-6, IL-8, TNF-a) 

1 
Endothelial cell injury, 

'dysfunction' 

Figure 15.3 Possible mechanisms for endothelial cell dysfunction in Beh~et's 
disease. 
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Figure 15.4 Possible mechanisms for vascular occlusion in Beh<;:et's disease. 

with other forms of vasculitis may also be beneficial in identifying and 
monitoring effective therapy. 

In view of the available information to date, the possible mechanisms 
for endothelial cell dysfunction and vascular occlusions are briefly 
proposed in Figures 15.3 and 15.4. 
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