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Abstract
Objective

Neutrophils are implicated in the pathogenesis of Behçet’s disease (BD). Various functions of 
neutrophils are studied to clarify this role. 

Methods
The oxidative burst and phagocytic functions of neutrophils and surface molecules associated with 
neutrophil activation (CD10, CD14 and CD16) were investigated in BD patients by flow cytometric
methods. Patients with inflammatory arthropathies, sepsis and healthy controls were also studied. 

Results
In the oxidative burst experiments, after fMLP and PMA stimulation, stimulation index was found to be

significantly decreased in patients both with BD and sepsis compared to healthy controls and 
inflammatory arthropathies (p <  0.001 and p <  0.01, respectively). The phagocytosis of labelled E.coli
particles in patients with BD was not different from that of the healthy controls, while it was decreased
in diseased controls (p < 0.001). The surface density of neutral endopeptidase (CD10) and the mean

percentage of LPS receptor (CD14) was found to be significantly higher in both BD patients and 
diseased controls (p < 0.001). The mean percentage of CD16 expression was only low in patients with
sepsis (p < 0.001), whereas CD16 intensity on cells was found to be lower in patients with BD as well

as in sepsis (p < 0.01).

Conclusion
These findings indicate the presence of in vivo pre-activated neutrophils in BD. A similar activation was

also a feature of severe inflammatory disorders. 

Key words
Behçet’s disease, neutrophils, CD10, CD14, CD16, phagocytosis, oxidative burst.

Clinical and Experimental Rheumatology 2001; 19 (Suppl. 24): S19-S24.



Neutrophil activation in Behçet’s disease / E. Eksioglu-Demiralp et al.

S-20

Emel Eksioglu-Demiralp, MD, PhD, Asso-
ciate Professor in Immunology; Alparslan
Kibaroglu, MsC in Immunology; Haner
Direskeneli, MD, Associate Professor of
Rheumatology; Sule Yavuz, MD, Fellow in
Rheumatology; Tülin Ergun, MD, Associ-
ate Professor of Dermatology; Tevfik
Akoglu, MD, Professor of Hematology-
Immunology. 

Plese address correspondence to: Haner
Direskeneli, Resit Pasa Sok. 36/5, Kizilto-
prak, Kadiköy, Istanbul -Turkey.
E-mail: haner@marun.edu.tr

Received on February 10, 2000; accepted 
in revised form on September 8, 2000.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2001.

Introduction
Behçet’s disease (BD) is a chronic, in-
flammatory vasculitis characterized by
oral and genital ulcerations, ocular and
skin lesions, arthritis and neurological
involvement (1). The etiology and pa-
thogenesis of BD have not been clari-
fied, but various immunological abnor-
malities associated with both humoral
and cellular immune systems have been
defined (2-5). 
Neutrophils play a pivotal role in innate
immune response. They are the most
abundant leucocytes with their short
lifespan and serve as a first line of de-
fense against infectious agents. Neu-
trophils respond rapidly to chemotactic
stimuli, phagocyte and destroy foreign
particles using their oxidative and non-
oxidative destroying mechanisms and
then eliminated. Functional abnormali-
ties in one of these steps may cause
subsequent defective response in im-
mune system. 
Functional status of neutrophils can be
evaluated by various methods. Flow cy-
tometric approach is a fast and simple
method to evaluate some of neutrophil
functions such as phagocytosis and oxi-
d at ive bu rst (6). This method also
e n ables the eva l u ation of neutro p h i l
surface antigens at the same time. 
Cell surface antigens expressed on neu-
t rophils such as CD10, CD14 and
CD16 are associated with certain neu-
trophil functions. CD10 is a neutral en-
dopeptidase that inactivates the chemo-
tactic peptides and thereby preve n t s
chemotaxis of neutrophils (7, 8). CD14
is a receptor for the complex of LPS
and LPS binding protein (9), wh i ch
increases in response to formyl peptide
and LPS in infl a m m at o ry re a c t i o n s
(10). CD16 is an Fc receptor (Fc RIII)
and directly associated with neutrophil
a c t ivation (11). Norm a l ly, CD14 and
CD16 are found together in secretory
vesicles of neutrophils and when neu-
trophils are stimulated, CD14 and CD-
16 co-migrate to the plasma membrane
(12). It has also been shown that reduc-
ed expression of CD16 is a surrogate
m a rker for apoptosis of neutro p h i l s
(13). Therefore, with these cell surface
m a rke rs neutrophil functional pro fi l e
can be evaluated more accurately by
flow cytometry in a short time span. 

Functional alterations of neutrophils of
p atients with BD, s u ch as incre a s e d
ch e m o t a x i s , adhesion and superox i d e
dismutase levels and decreased super-
oxide scavengering activity have been
rep o rted (14-18). In this study we
aimed to investigate functional profile
of neutrophils in patients with BD in
c o m p a rison to infl a m m at o ry art h ro-
pathies, sepsis and healthy control sub-
jects.

Materials and methods
Patients and controls
Oxidative burst, phagocytosis and sur-
face molecules of neutrophils were in-
ve s t i gated in a group of 50 pat i e n t s
(female/male: 19/31, age: 32 ± 9 years)
with BD followed in the Behçet’s Out-
patient Clinic of Marmara Medical Fa-
culty and cl a s s i fied according to the
I n t e rn ational Study Group Cri t e ri a
(19). Sixty-six percent of patients (33/
50) we re HLA-B51 positive. At the
time of the study, 26 out of 50 patients
(52%) had at least one of the classical
symptoms of the disease and classified
as active cases. Twenty-nine pat i e n t s
(58%) were receiving first line (colchi-
cine) and/or second line therapy (cyclo-
phosphamide, azathioprine or thalido-
mide). 
Twenty-nine patients with inflammato-
ry arthropathies including 15 patients
with rheumatoid arthritis (RA, female/
male: 13/2, age: 44  ± 6 years), 14 pa-
tients with ankylosing spondylitis (AS,
female/male: 2/12, age: 43±12 years),
and 15 patients with sepsis (fe m a l e /
male:6/9; age: 36 ± 12 years) were also
i nve s t i gated as infl a m m at o ry disease
controls. A group of 53 healthy con-
trols (female/male: 20/33, age: 31 ± 13
years) were also studied.

Oxidative burst
White blood cells (WBC) were obtain-
ed from heparinized peripheral blood
samples by using ery t h ro cyte ly s i n g
solution (155 mM NH4Cl; 10 mM
K H C O3; 0.1 mM EDTA). Oxidat ive
burst was evaluated using a previously
described method (20). Briefly, 3-4 x
106 WBCs in PBS gel buffer (PBSG;
PBS including %0.1 ge l atin) we re
incubated with 20mM of dichlorofluo-
rescin diacetate solution (DCFH-DA ,



Ko d a k , Eastman) for 15 minutes at
37°C. After washing with PBSG, 1/3
part of WBCs was immediately evalu-
ated flow cytometrically in order to de-
fine basal level of activation. Remain-
ing 2/3s of WBCs were incubated with
either 100 ng/ml of phorbol myristate
acetate (PMA, Sigma) or 1 µg/ml of N-
fo rmy l - m e t hyl-leucin peptide (fMLP,
Sigma) 45 minutes at 37°C. A f t e r
washing with PBSG, fl u o re s c e n c e
alterations were immediately evaluated
by flow cytometry (FACSort equipped
with CellQuest software, Becton Dick-
i n s o n , Mountain Vi ew, CA). Neutro-
phils we re gated on two para m e t e rs
cytogram, forward angle (FSC) vs 90°
light scatter (SSC). DCFH-DA fluores-
cence was analysed on FL1 histogram
with linear scale. Stimulation ratio was
calculated as the ratio of mean value of
fl u o rescence intensity of DCF-DA
l abelled neutrophils befo re and after
stimulation with fMLP or PMA. 

Oxidative burst in previously 
stimulated neutrophils
In order to test the oxidative burst in
p rev i o u s ly stimu l ated neutro p h i l s ,
WBCs from a healthy control were first
stimulated with PMA or fMLP at the
same concentrations for 45 minutes at
37°C. Cells we re then washed with
PBSG and labelled with DCF-DA and
the ab ove mentioned pro c e d u re wa s
followed.

Phagocytosis
Phagocytosis was measured by using a

s t a n d a rd kit containing FITC-lab e l e d
E s h e ri chia coli p a rt i cles (Orp h oge n ,
USA) according to the manufacturer’s
i n s t ructions. Samples we re eva l u at e d
with flow cytometry within 60 minutes.
At least 10,000 cells we re counted.
Neutrophils were gated using two para-
meters (FSC vs SSC) and FL2 cyto-
grams. Phagocytosis was analysed on
FL1 histogram with log scale as a per-
c e n t age of fl u o re s c e n c e. The sample
incubated on ice was used as negative
control.

Neutrophil phenotyping
Antibodies to CD10 (FITC), C D 1 4
( P E ) , CD16 (FITC), CD45 (FITC),
mouse IgG1 (FITC)/IgG2a (PE) iso-
typic controls were obtained from Bec-
ton Dickinson (Mountain View, CA).
Cells were labeled with those antibod-
ies by using standard immunostaining
method and, analysed flow cytometri-
cally within two hours. The neutrophil
population was gated on the two para-
meter, forward angle (FSC) versus 90°
light scatter cytogram (SSC). The per-
c e n t age of cells ex p ressing surfa c e
antigens of interest was determined by
using apropriate isotypic controls. 

Statistical analysis
Statistical analyses were performed by
using SPSS software. Kruskal Wallis
one way analyzes of variance test was
used for comparisons. Mann Whitney-
U test was used for post hoc correc-
tions. All p values given we re two -
tailed.

Results
Oxidative burst
The stimu l ation ratio of neutro p h i l s
following PMA stimulation were 2.1 ±
1.1 in BD, 3.7 ± 2.8 in healthy controls,
4.0 ± 3.1 in inflammatory arthropathies
and, 1.5  ± 0.2 in sepsis (Table I). Fol-
l owing fMLP stimu l at i o n , the rat i o s
were 1.3 ± 0.5 in BD, 2.0 ±1.7 in heal-
thy controls, 1.7 ± 1.0 in inflammatory
arthropathies and, 1.2 ± 0.3 in sepsis
(Table I). The stimulation ratio of neu-
trophils following PMA or fMLP stim-
ulations was found to be significantly
decreased in patients with both BD and
s epsis compared to healthy contro l s
and infl a m m at o ry art h ro p athies (p <
0.001 and p < 0.01, respectively). 
To test whether diminished production
of oxygen radicals might be a conse-
quence of previous stimulation of neu-
trophils, WBCs obtained from a heal-
thy controls were stimulated twice, as
mentioned in Methods, and the stimu-
lation ratio of a second stimulation was
eva l u at e d. The stimu l ation ratios of
previously stimulated neutrophils was
l ower than that of the unstimu l at e d
neutrophils, although the overall chan-
nel values we re similar after PMA
stimulation (Fig. 1). 
When the stimulation ratio of neutro-
phils was evaluated in BD patients re-
ga rding the disease activat i o n , t re at-
ment status and positivity of HLA-B51,
there was no difference between active
and inactive, t re ated and non-tre at e d
cases or according to HLA B51 status
(Table I). 
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Fig. 1. A representative figure showing channel variations in unstimulated and FMLP pre-stimulated neutrophils. The channel value of an unstimulated sam-
ple was 51 in time 0, while this was 87 in fMLP pre-stimulated sample. Following PMA stimulation for 45 minutes, channel values of both sample reached
similar numbers (768 in unstimulated and 780 in pre-stimulated) but stimulation ratios were 15 in unstimulated and 8.9 in pre-stimulated neutrophils.



Phagocytosis
The results of phagocytosis were sum-
m a ri zed in Table II. The perc e n t age
phagocytosis of labelled E. coli partic-
ules in a given time interval was 81 ±
11% in BD, 84 ± 8% in healthy control
subjects and 67 ± 17% in diseased con-

trols. Neutrophil phagocytosis was sig-
nificantly low only in diseased control
subjects (p = 0.001, Table II). 
The intensity of labelled part i cl e s
(mean flourescence intensity, MFI) up-
taken in a given time unit was not dif-
ferent between the three groups. Simi-

l a rly, no effect of disease activat i o n ,
HLA-B51 or treatment was observed
on phagocytosis levels in BD group. 

Phenotypic features of neutrophils
The percentage and the mean floures-
cence intensity values of neutro p h i l
surface molecules were given in Table
III. The surface density of neutra l
endopeptidase (CD10) was found to be
significantly higher in patients with BD
as well as in diseased controls (p <
0.001, Fig 2a). The mean percentage of
CD14 expression, which is known to be
LPS receptor was also higher in pa-
tients both with BD and diseased con-
trols (p < 0.001, Fig 2b). The mean per-
centage of CD16 expression was low
only in patients with sepsis (p < 0.001),
whereas the intensity of CD16 on the
cell surface was found to be low in both
patients with BD and sepsis (p < 0.01,
Fi g. 2c). Increased CD14 ex p re s s i o n
and decreased surface CD16 intensity
was observed in active patients com-
pared to inactives (CD14: active: 25 ±
21% vs inactive: 10 ± 10%, p = 0.02;
CD16: active: MFI: 317 ± 97 vs inac-
tive: 467 ± 180, p = 0.05).

Discussion
In this study, neutrophil functions and
cell surface marke rs we re eva l u at e d
with flow cytometric methods in pa-
tients with BD compared to healthy and
diseased controls. 
Various studies showed increased neu-
trophil chemotaxis, O2 release, enzy-
m atic activity and phago cytosis in
active BD compared to healthy controls
(14-16, 21), but the results are conflict-
ing. Mege et al . have shown increased
basal O2 production, but no differences
in fMLP-stimu l ated neutrophils (14).

Neutrophil activation in Behçet’s disease / E. Eksioglu-Demiralp et al.

S-22

Table II. The mean percentage of phagocytosis and mean fluorescence intensity (MFI) in
patients with Behçet’s disease, healthy and inflammatory control subjects.

N Phagocytosis ± SD MFI ± SD
(%) (CI) (CI)

Behçet’s disease 37 81 ± 11 (77-85) 1226 ± 930  (916-1536)

B51 (+) 15 84 ± 13 (72-86) 1360 ± 802  (866-1728)

B51 (-) 11 91 ± 7  (79-90) 1136 ± 1308 (449-1536)

Healthy Controls 39 84 ± 8(82-87) 1354 ± 858 (1076-1633)

Inflammatory Controls 20 67 ± 17 (57-76) 1220 ± 405  (996-1445)

P* 0.001 NS

MFI:mean fluorescence intensity, CI: 95% confidence interval for mean,NS: non-significant. In Inflamma-
tory control group there were 6 patients with RA, 5 with AS and 9 patients with sepsis. Since there were no
significant differences between inflammatory arthropathies and sepsis these 2 groups were combined.
*:P value given in the table is the result of comparison obtained by Kruskal Wallis,one way analyses of vari-
ance. Mann Whitney-U test showed that the difference was stemmed from diseased controls (all p values
obtained from post-hoc comparisons between diseased controls and others were smaller than 0.01). 

Fig. 2. The mean fluorescence intensities of CD10 and CD16 and mean percentage value of CD14 on neutrophils in patients with BD, healthy control sub-
jects (HC),inflammatory arthropathies (IA) and patients with sepsis (S). Lines that extend from the box show the highest values of 95% of confidence inter -
val of mean.

Table I. The oxidative burst responses to PMA and fMLP stimulations in patients with
Behçet’s disease (BD), healthy controls (HC), inflammatory arthropathies (IA) and sepsis
(SP) patients.

N Stimulation ratio Stimulation ratio
following PMA (CI) following fMLP (CI)

Behçet’s disease 50 2.1 ± 1.1 (1.8-2.4) 1.3 ± 0.5 (1.2-1.5)

B51 (+) 16 2.6 ± 0.6 (1.8-2.4) 1.2 ± 0.4 (1.2-1.5)

B51 (-) 15 2 ± 1 (1.8-2.4) 1.3 ± 0.6 (1.2-1.5)

Healthy Controls 53 3.7 ± 2.8 (2.9-4.5) 2.0 ± 1.7 (1.4-2.5)

Inflammatory Arthropathies 29 4.0 ± 3.1 (2.7-5.4) 1.7 ± 1.0 (1.3-2.1)

Sepsis 10 1.5 ± 0.2 (1.3-1.7) 1.2 ± 0.3 (1.0-1.5)

P* 0.0001 0.01

CI: 95% confidence interval for mean, NS: non-significant.
*:P value given in the table is the result of comparison obtained by Kruskal Wallis,one way analyses of vari-
ance. Mann Whitney-U test:between BD and IA p = 0.001 for PMA,p = 0.02 for fMLP; between BD and HC
p = 0.001 for PMA,p = 0.01 for fMLP; between BD and SP = 0.03 for PMA,NS for fMLP; between IA and
HC NS for both; between IA and SP = 0.001 for PMA,NS for fMLP; between SP and HC p = 0.006 for PMA
and p = 0.01 for fMLP. 
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P ronai et al. observed increased O2

both in stimulated or unstimulated neu-
trophils (15), whereas Takeno et al. ob-
served increased production only after
fMLP stimulation (21). Carletto et al. ,
on the other hand, found no changes in
basal or stimulated O2 production com-
pared to controls (16). Similarly, Tüzün
et al. observed no differences in che-
motaxis compared to controls in both
sexes (22). 
In our study, d e c reased stimu l at i o n
ratio of neutrophils in patients both
with BD and sepsis after fMLP stimu-
lation may indicate that neutrophils in
both diseases were previously stimulat-
ed. As shown by the study of consecu-
t ive stimu l ations of neutro p h i l s , re -
s t i mu l ation of pre - s t i mu l ated neu-
trophils reveals less increase of O2 rad-
icals production, suggesting a state of
“ p re - a c t ivation”. More prominent de-
creases observed in patients with sepsis
following PMA stimulation also sup-
p o rts this observation. An in vivo
“ p ri m e d ” s t ate of neutrophils with a
dual signalling system for activat i n g
neutrophil oxidase is recently suggest-
ed (23). Agents such as fMLP, TNF-
G-CSF or GM-CSF are shown to
increase the tyrosine phosphorylation
of va rious intra-cellular proteins and
prime neutrophils in vivo without full
activation. Levels of some of these pro-
inflammatory cytokines such as TNF-
are shown to be increased in BD sera
and stimu l ated culture supern at a n t s
previously (14, 24). 
In phago cytosis ex p e ri m e n t s , n e u-
trophils from patients with BD had nor-

mal phagocytic function for the phago-
cytosis of labelled E. coli p a rt i cl e s
whereas decreased phagocytosis were
observed in sepsis patients. Exhaustion
of neutrophils with continuous hyper-
stimulation probably caused this neu-
trophil dysfunction in sepsis patients in
the end stage of severe inflammatory
response. 
The eva l u ation of neutrophil surfa c e
a n t i gens also revealed signifi c a n t
changes in surface molecules associat-
ed with neutrophil activation and apop-
tosis in patients with BD and inflam-
m at o ry controls. One of these mole-
cules, CD10, is a neutral endopeptidase
and is associated with neutrophil che-
motaxis and priming of neutrophils for
the release of lysosomal granules and
production of superoxide (8, 25). CD14
is LPS receptor and is associated with
neutrophil activation (9, 10,26). Mono-
cyte CD14 ex p ression and solubl e
CD14 was found to be elevated in BD
sera previously (27). In this study, the
ex p ressions of CD10 and CD14 on
neutrophil surface was also found to be
elevated both in BD patients and in-
fl a m m at o ry controls. Decreased ex-
pression of CD16 on neutrophils was
similarly shown to be associated with
neutrophil activation and apoptosis (28,
29). Morp h o l ogi c a l ly apoptotic cells
exhibit also CD16 low phenotype (13).
In this study, the intensity of CD16 ex-
p ression was also found to be de-
creased in patients with BD, suggesting
a pathway to apoptosis. As expected,
this change on neutophil surface was
more prominent in patients with sepsis

compared to BD.
The cause of neutrophil activation in
BD is still unknown. A constitutional
d e fect of neutrophils in associat i o n
with HLA-B51 is suggested by Takeno
et al., both in HLA-B51 positive BD
patients and healthy controls, similar to
HLA-B51 transgenic mice which have
an increased oxidative burst response
to fMLP (21). We could not confirm
these observations as no diffe re n c e s
were observed in neutrophil functions
in our BD group according to HLA-
B51 status. Alternatively, elevated lev-
els of neutrophil activating cy t o k i n e
and chemokines such as IL-6, IL-8 or
TNF- might be responsible from the
i n fl a m m at o ry mileu wh i ch ke ep BD
patients neutrophils in a pre-activated,
primed state continuously (14, 24, 30). 
In conclusion, our findings strongly in-
dicate that neutrophils in BD are active
in vivo, the intensity of the activation is
similar to some of the well known in-
flammatory conditions such as inflam-
matory arthropathies and sepsis. How-
ever these findings can not answe r
whether the type of activation is differ-
ent from a standard inflammatory re-
sponse seen in other inflammatory con-
ditions such as infection or autoimmu-
nity. 
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