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Introduction

Participation of leukocytes in the pathophysiology of 
Behçet’s disease (BD) is supported by studies that show 
increased neutrophil CD64 expression during exacerba-
tion of the disease1 and by increased expressions of CR3 
and cALLa on peripheral blood polymorphonuclear 
(PMN) cells, reflecting phenotypically activated neutro-
phils2. Notably, proinflammatory mediators, including 
interleukin-1 beta (IL-1β), IL-6, IL-8, soluble IL-2 receptor 
(sIL-2R), and tumour necrosis factor-alpha (TNF-α) are 
all elevated in the serum of BD patients3. Once secreted, 
IL-1 and TNF-α activate vascular endothelium, leading to 
increased expression of E-selectin and P-selectin in BD4, 
which function as receptors for leukocyte adhesive pro-
teins. IL-1, TNF-α, and IL-6 also activate hepatocytes to 
synthesize acute-phase proteins, which are also elevated 
in BD patients5,6.

The activation state of neutrophils in BD patients is 
also evident by the expression of several surface antigens 
and levels of circulating proteins released by neutrophils. 

The high-affinity Fc receptor (FcgR1/CD64) is consid-
ered a marker of PMN activation and is strongly posi-
tive in BD patients, especially in patients with active BD 
than in patients with inactive disease7. Another sensitive 
marker of neutrophil activation is decreased surface 
expression of L-selectin (CD62L), which is shed upon 
PMN stimulation via proteolytic cleavage8. The expres-
sion of CD62L is reported to be significantly decreased 
in non-symptomatic BD patients9. Neutrophil activation 
also causes degranulation, leading to increased plasma 
levels of elastase10, which is reported to be significantly 
increased in BD11.

One of the important features of vascular inflam-
mation, the major underlying pathology in BD, is the 
migration of leukocytes from the circulation, across the 
endothelium, into vascular tissue12. In vivo leukocyte–
endothelial interactions are confined to the venu-
lar segments of the microcirculation and are rarely 
observed in arterioles13. The preferential adhesion of 
leukocytes to venular endothelium is not explained by 
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the existence of lower shear rates in venules, compared 
to arterioles, but rather suggests a heterogeneous dis-
tribution of adhesion molecules between arterioles 
and venules14. In fact, intravital confocal microscopy 
and immunofluorescent labelling have shown that 
the spatial distribution and expression levels of adhe-
sion molecules in the microcirculation significantly 
impact on leukocyte adhesion in vivo15. Nitric oxide 
(NO) functions as a potent antagonist of inflammation, 
when its concentration is greater than that of superox-
ide, decreasing cytokine-induced adhesion molecule 
expression and endothelial activation16. Considering 
that cytokine-induced leukocyte–endothelial adhe-
sion predominantly occurs in the microcirculation17, it 
is relevant that compensatory NO release is operative 
in BD to inhibit preferential adhesion of neutrophils to 
the endothelium18.

Physiologic actions of NO are highly dependent on 
steady state concentrations of reactive oxygen species 
and tissue-oxidant defence mechanisms. Oxidases and 
oxygenases are sources of oxygen radical production and 
can lead to an overall impairment of vascular NO signal-
ling, via the metalloprotein and free radical–mediated 
consumption of this vasoactive molecule19. This study 
therefore aimed to determine the activity of enzymes 
that generate vascular oxidants, NADPH oxidase, MPO 
and COX, in neutrophils isolated from BD patients and 
healthy controls. Nitrite (NO

2
−) and nitrate (NO

3
−) levels 

were measured in both plasma and neutrophils to esti-
mate NO production. Erythrocyte sedimentation rate, 
C-reactive protein (CRP) and plasma MPO activity, was 
also analyzed in BD patients as indicators of immune 
system activation.

Materials and methods

Patients
The study group included 20 patients (9 female, 11 male) 
with a mean age of 40 years (age range: 22–56) who 
were admitted to Akdeniz University Physical Medicine 
and Rheumatology Clinic with a diagnosis of BD and 
20 healthy volunteers (9 female, 11 male) with a mean 
age of 36 years (age range: 22–56). The diagnosis of BD 
was made according to the criteria of the International 
Study Group for BD20. Patients and healthy volunteers 
enrolled in the study were free from non-steroidal 
anti-inflammatory drugs for over 14 days and from aza-
thioprine and colchicine for at least 24 h before blood 
collection, respectively. None of the BD patients and 
controls received an irregular diet. All experimental 
protocols were approved by the Institutional Review 
Board for Human Use at Akdeniz University Faculty 
of Medicine, conforms to Helsinki Declaration and all 
patients gave written informed consent. Erythrocyte 
sedimentation rate in participating 18 BD subjects 
were determined by a fully automated analyzer (Test 
1, Alifax SpA. Padova, Italy), while CRP was measured 

on an automated analyzer (Roche/Hitachi Diagnostic 
Systems) via an immunoturbidimetric assay.

Neutrophil isolation
Neutrophils were isolated from whole blood via a 
Histopaque density gradient as described previously21. 
Briefly, fresh heparinised venous blood obtained from BD 
patients and controls were layered over a Ficoll-Hypaque 
gradient (Histopaque 1077 and 1119, Sigma-Aldrich 
Chemie, Steinheim, Germany) having densities of 1.077 
and 1.119, respectively. After 30-min centrifugation (700g) 
at room temperature, the mononuclear cells were removed 
and the granulocyte cell layer was transferred and washed 
twice with phosphate-buffered saline. Purified PMN were 
re-suspended in modified Hank’s balanced salt solution 
containing 137 mM NaCl, 5.4 mM KCl, 5.5 mM glucose, 
0.34 mM KH

2
PO

4
, 0.5 mM Na

2
HPO

4
, 1 mM CaCl

2
, 0.8 mM 

MgSO
4
, 11.9 mM NaHCO

3
, and 10 mM HEPES at pH 7.4. 

Purified cells were found to be > 95% viable by trypan blue 
exclusion and the purity of PMN was found to be > 95% 
by Wright staining. The cells were counted electronically 
via Beckman Coulter LH 750 analyzer (Beckman Coulter, 
Inc. Miami, FL) and the final cell number was adjusted to 
6 × 106 cells/mL in Hank’s balanced salt solution.

Measurement of neutrophil superoxide release
Neutrophils were assayed for superoxide production on 
the same day following isolation. The release of super-
oxide (O

2
•−) was quantified spectrophotometrically by 

CuZn superoxide dismutase (SOD) inhibitable reduc-
tion of cytochrome c at 550 nm (ɛ

M
 = 21 mM−1·cm−1), as 

described previously22. Briefly, neutrophil cell suspen-
sion (6 × 106  cells/mL) was incubated with or without 
SOD (100 U/mL; Sigma-Aldrich Chemie) in the presence 
of cytochrome c (50 mM; Sigma-Aldrich Chemie) for 
1 hour at 37°C. In some experiments, O

2
•− release was 

measured in cells pre-treated with 10 mM N-formyl-
methionyl-leucyl-phenylalanine (fMLP; Fluka, Sigma-
Aldrich Chemie), which induced neutrophil oxidative 
response.

Measurement of myeloperoxidase activity
Cell pellets were sonicated (Branson Sonifier 250, G. 
Heinemann Ultraschall- und Labortechnik, Schwabisch 
Gmund, Germany) in 1 mL ice-cold lysis buffer contain-
ing 0.1 M NaH

2
PO

4
 (Merck, Darmstadt, Germany) at pH 

5.5, 0.1% Triton X-100 (Sigma-Aldrich Chemie) and 10 mL 
protease inhibitor cocktail (Sigma-Aldrich Chemie). 
Myeloperoxidase (MPO) activity was determined by add-
ing an aliquot of cell lysate or plasma to 43 mM NaH

2
PO

4
 

(pH 5.4), 1.2 mM tetramethylbenzidine (TMB; Merck, 
Darmstadt, Germany), and 100 mM H

2
O

2
 (Sigma-Aldrich 

Chemie). Absorbance kinetics was assessed spectropho-
tometrically at 655 nm by H

2
O

2
-dependent oxidation of 

TMB (ɛ
M

 = 3.9 × 104 mM−1.cm−1). One unit of enzyme activ-
ity was defined as the amount of enzyme that caused the 
oxidation of 1 mmol TMB per minute at 25°C.
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Measurement of neutrophil cyclooxygenase activity
Cell pellets were sonicated in 400 mL 0.1 M ice-cold 
Tris-HCl (SERVA, Heidelberg, Germany) buffer at pH 7.8 
containing 1 mM EDTA (Sigma, Sigma-Aldrich Chemie). 
Cell homogenates were centrifuged at 10,000g for 15 min 
at 4°C and supernatants were kept at −80°C until assayed. 
Cyclooxygenase (COX) activity was measured using a 
COX activity assay kit (Cayman Chemical, Ann Arbor, 
MI) according to manufacturer’s instructions. The COX 
activity assay kit measures enzyme activity colorimetri-
cally by monitoring the appearance of oxidized N,N,N’,N-
tetramethyl-p-phenylenediamine at 590 nm. The 
reaction rate was determined by using the N,N,N0,N0-
tetramethylp-phenylenediamine extinction coefficient 
(ɛ

M
 = 8.26 mM−1 cm−1). Activity of COX-2 was differenti-

ated using the COX-1 isoform-specific inhibitor SC-560 
according to manufacturer’s instructions.

Nitrite and nitrate assay
Neutrophil cell suspensions (6 × 106 cells/mL) were 
sonicated on ice and cell lysates were transferred to an 
ultrafiltration unit and centrifuged through a 10-kDa 
molecular mass cut-off filter (Amicon, Millipore 
Corporation, Bedford, MA) to remove protein. The filtrate 
was stored at −80°C until analyses via a colorimetric assay 
kit. Analyses were performed in duplicate via the Greiss 
reaction using a colorimetric assay kit (Calbiochem, 
Darmstadt, Germany). Nitrate reductase was provided 
with the assay kit that was used to measure NO

2
− + NO

3
− 

levels. A 0.01-unit of enzyme was added to each well and 
the plate was incubated for 3 h at room temperature to 
convert NO

3
− into NO

2
−.

Protein measurements
Protein concentrations were measured at 595 nm by a 
modified Bradford assay using Coomassie Plus reagent 
with bovine serum albumin as a standard (Pierce 
Chemical Company, Rockford, IL).

Results

Erythrocyte sedimentation rate and CRP
Erythrocyte sedimentation rate (mean ± SD; n = 18–20) 
was significantly higher (p < 0.05) in BD patients 
(17.90 ± 10.70 mM/h) as compared to the control group 
(10.25 ± 5.17 mM/h). Measured ESR values were above 
the upper limit of the reference interval in 61% of BD 
patients tested (Figure 1A). Likewise, CRP levels were 
significantly elevated (p < 0.05) in BD patients com-
pared to controls with values of 1.01 ± 0.88 mg/dL vs. 
0.33 ± 0.13 mg/dL, respectively. CRP levels were above 
the upper limit of the reference interval in 50% of the 
patients tested (Figure 1B).

Neutrophil superoxide release
Neutrophil superoxide release (mean ± SEM; n = 19–20) 
was significantly increased (p < 0.05) in BD patients com-
pared to controls, both at basal conditions (1.19 ± 0.25 vs. 

2.40 ± 0.51 nmol/mg protein, respectively) and in 
response to 10 µM fMLP stimulation (4.77 ± 0.74 vs. 
3.70 ± 0.68 nmol/mg protein, respectively) (Figure 2A). 
Statistical analysis was by two-way analysis of variance 
with all pair-wise multiple comparison procedures car-
ried out via Tukey’s test.

Plasma and neutrophil MPO activity
Plasma MPO activity (mean ± SD; n = 10–11), as shown 
in Figure 2B, was significantly increased (p < 0.001) in 
BD (4.56 ± 1.2 µU/mg protein) compared to controls 
(2.08 ± 0.7 µU/mg protein). As shown in Figure 2C, neu-
trophil MPO activity was not significantly different in BD 
(3.95 ± 1.5 mU/mg protein) when compared to controls 
(3.61 ± 2.5 mU/mg protein). Statistical analysis was pre-
formed via Student’s t-test.

Neutrophil COX activity
Total COX activity (mean ± SD; n = 8–9) as shown in 
Figure 2D, was significantly increased in BD neutrophils 
(241.6 ± 137.6 nmol/min/mg protein) compared to con-
trols (57.2 ± 22.1 nmol/min/mg protein). COX-2 activity 
measured by using the COX-1 isoform-specific inhibitor 
SC-560 was also significantly increased in BD neutrophils 
(142.3 ± 94.4 nmol/min/mg protein) as compared to con-
trol (27.4 ± 23.1 nmol/min/mg protein). Statistical analy-
sis was performed by Mann–Whitney rank sum test.

Plasma and neutrophil nitrat/nitrite levels
Nitrate and NO

2
− levels, as shown in Table 1, were sig-

nificantly increased in the plasma of BD patients when 
compared to the control group. No significant difference 
could be observed in neutrophil NO

3
− and NO

2
− levels. 

Statistical analysis was by Student’s t-test.

Discussion

Although previous work have demonstrated the pres-
ence of neutrophil activation in BD, to our knowledge, 
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protein in Behçet disease patients.
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this is the first study evaluating COX enzyme activity in 
conjunction with redox enzyme activities and NO pro-
duction in neutrophils isolated from BD patients.

The significant increase in total COX activity observed 
in BD neutrophils was accompanied with elevated COX-2 
activity. The capacity of human neutrophils to induce 
COX-2 expression under inflammatory conditions has 
been demonstrated previously23; however, this report is 
the first to show increased COX-2 activity in circulating 
PMN isolated from BD patients. Expression of COX-2 
is increased, by TNF-α, IL-1, and IL-824,25, which are all 
elevated in the plasma of BD patients3. Prostaglandins 
are potent signalling molecules formed by the activity 
of COX and once synthesized by various inflammatory 
stimuli, prostaglandins lead to many diverse effects, 
some of which include vasoconstriction, platelet aggre-
gation, smooth muscle cell contraction, chemotaxis, 
fever, and pain response26, all of which are associated 
with the pathogenesis of the vascular-inflammation and 
end-organ damage in BD.

Presented data herein also show that ESR and CRP 
were above the upper limit of the reference interval in 61 
and 50% of the patients tested, respectively. These results 
are in agreement with previous work, which report simi-
lar increases in ESR and CRP levels in BD patients5,6.

Superoxide release was significantly increased in BD 
patients compared to controls, both at basal conditions 
and in response to 10 µM fMLP stimulation (Figure 2A). 
These results are also in agreement with previous work, 
which report similar levels of spontaneous, zymosan-
induced and lipopolysaccharide-stimulated superoxide 
release in neutrophils isolated from BD patients27,28.

Plasma MPO levels of BD patients were previously 
evaluated and found to be increased compared to 
healthy controls29; however, this is the first study to 
measure both neutrophil and plasma MPO activity in 
BD patients. Although MPO activity measured in BD 
neutrophils was similar to healthy controls, increased 
levels of circulating plasma MPO is in agreement with 
reported literature29. The initiation of an inflammatory 
response is causally linked to activation and adherence 
of neutrophils. It is known that when neutrophils are 
activated by a proinflammatory signal, the granules fuse 
with the plasma membrane in a simultaneous man-
ner and discharge their contents into the extracellular 
medium30. This process, also called degranulation, is a 
way by which MPO is released into sites of inflammation. 
Neutrophil-derived, haem-containing MPO catalytically 
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Figure 2.  (A) Neutrophil superoxide release in Behçet disease 
patients and controls, both at basal conditions and in response 
to 10 µM formyl-methionyl-leucyl-phenylalanine (fMLP) 
stimulation. Values are mean ± SEM (n = 19–22). *p < 0.05 
compared to basal. (B) Plasma MPO activity and (C) neutrophil 
MPO activity in Behçet disease patients and controls. Values 
are mean ± SD (n = 10–11). *p < 0.001. The boundary of the box 
closest to zero indicates the 25th percentile, a line within the box 
marks the median, and the boundary of the box farthest from 
zero indicates the 75th percentile. Whiskers above and below the 
box indicate the 90th and 10th percentiles. (D) Neutrophil COX 
activity in Behçet disease patients and controls. Values are mean 
± SD (n = 8–9). *p < 0.001.

Table 1.  Plasma and neutrophil nitrite and nitrate levels in 
Behçet disease patients and controls.
Group n Mean ± SD
Control plasma (mM) 8 8.8 ± 3.2
Behçet’s disease plasma (mM) 8 20.6 ± 3.5*
Control PMN (nmol/106 cell) 8 18.3 ± 6.0
Behçet’s disease PMN 
(nmol/106 cell)

8 20.8 ± 4.0

*p < 0.001 compared to control plasma.
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consumes NO directly and via the generation of radical 
intermediates, thereby modulating NO bioactivity and 
adversely impacting on vascular inflammation31. The NO 
metabolite NO

2
−, which is also significantly increased 

in the plasma of BD patients (Table 1), is a substrate for 
MPO and becomes oxidized to the reactive oxidizing and 
nitrating species nitrogen dioxide (•NO

2
31). Importantly, 

the avidity of MPO for endothelial and other cells results 
in its transcytosis into the subcellular matrix32, which can 
further lead to enhancement of tissue inflammation.

Serum NO levels were found to be either significantly 
elevated33 or decreased34 in BD patients compared with 
control subjects. The major metabolic pathway for 
endogenously formed NO in healthy human subjects is 
uptake into the red blood cells and conversion to NO

3
− 

and methemoglobin35. In vivo activation of NO synthesis 
can therefore account for increased plasma levels of NO

2
− 

or NO
3

− in BD patients reported herein. Although earlier 
studies have shown constitutive expression of induc-
ible nitric oxide synthase (NOS-2) in whole cell lysates 
of human neutrophils36, no significant difference was 
observed in neutrophil NO

2
−/NO

3
− levels in BD patients 

as compared to controls. This observation is in accord 
with as previous study which has reported insufficient 
NOS activity in leukocytes37. Nonetheless, transient in 
vivo activation of NOS-2 can lead to the production of 
NO

2
− or NO

3
−, the stable metabolites of NO in neutrophil 

supernatants.
As our understanding of the pathophysiology of BD 

improves, more focused therapy will likely become avail-
able. Topical steroids, colchicine, and anti-inflammatory 
agents remain the basic therapy for mild mucocutaneous 
disease. Ocular disease in BD is improved by immuno-
suppressive therapy, and early aggressive treatment of 
ocular and visceral disease may alter the disease course. 
Thalidomide and interferon have also shown encourag-
ing results in the therapy of BD patients38. Vasculitis is the 
major underlying pathology in BD and arachidonic acid 
metabolites are accepted to be responsible for vasculitis. 
Prostaglandin E2 and leukotriene C4 levels of BD patients 
before and after colchicine therapy were compared, and 
it was found that colchicine inhibits inflammation and 
PMN chemotaxis by inhibiting the COX and lipoxyge-
nase pathways39. It has been established that inhibition 
of COX-1 results in adverse effects such as gastrointes-
tinal irritation and damage, platelet dysfunction and 
bronchospasm40. The potential benefits of COX-2 specific 
inhibitors in the treatment of BD disease are supported 
by reported findings in this study, which show elevated 
COX-2 activity in BD PMN.

In summary, enzymatic sources of reactive inflamma-
tory mediators and NO metabolites were examined in 
neutrophils and plasma isolated from BD patients and 
healthy controls. A major aspect of BD vasculopathy is 
the presence of inflammation. The observed increase in 
plasma MPO levels in addition to elevated neutrophil 
COX-2 and NADPH oxidase activity in BD patients can 
aggravate inflammatory conditions associated with the 

disease. Therapeutic strategies designed to counteract 
inflammatory and oxidative abnormalities present in 
neutrophils of BD patients may reduce tissue injury and 
vascular inflammation related to enhanced leukocyte 
activation observed in BD patients.
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