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ABSTRACT
Objective. An erythematous response to
intradermal injection of monosodium
urate crystals (MSU) has been demon -
strated in Behçet’s syndrome (BS). To
f u rther elucidate the pathogenesis of
this response, the effects of MSU on in
vitro oxidative burst reaction of neutro -
phils and monocytes were investigated.
M e t h o d s. Peripheral blood mononu -
clear cells from patients with Behçet’s
s y n d rome (BS), rheumatoid art h r i t i s
(RA), familial Mediterranean fever
(FMF) and healthy controls (HC) were
incubated with 100 ng/ml phorbol my -
ristate acetate (PMA) and MSU at dif -
ferent dosages (25-500 g/ml). Oxida -
tive burst reaction was evaluated in neu -
trophils and monocytes by flow cytome -
try.
Results. In patients with BS, oxidative
burst of neutrophils was significantly
increased compared to HC at 125 g/
ml and 250 g/ml dosages of MSU (p 
0.001 and 0.004 respectively). In pa -
tients with FMF, there was also an in -
creased oxidative burst reaction at 75

g/ml, 250 g/ml and 500 g/ml (p
0.007; 0.001 and 0.004 respectively).
In patients with BS, oxidative burst of
monocytes was increased only at 125
g/ml dosage of MSU (p  0.002). How -
ever, in patients with FMF monocyte
burst response was increased at 25 g/
ml, 75 g/ml and 125 g/ml (p  0.004;
< 0.0001; < 0.0001 and 0.002 respec -
tively). In RA group, stimulation with
P M A resulted in a higher oxidative
burst reaction than FMF and BS (p 
0.000 and p 0.008). No corre l a t i o n
was observed between oxidative burst
of neutrophils or monocytes and intra-
dermal responses to MSU crystals. 
Conclusion. Oxidative burst reaction
with MSU is augmented in neutrophils
and monocytes of BS. However, the
response is not specific and is unasso -
ciated with skin dermal test which has
a high specificity for BS.

Introduction
Behçet’s syndrome (BS) is a multisys-
temic vasculitis characterized by recur-
rent oral aphthae, genital ulcers, muco-
cutaneous lesions and uveitis. The most
prominent immunopathology of BS is
the augmented non-specific inflamma-
tory response of which skin pathergy
reaction is a classical example. A Th1-
type, proinflammatory response results
in increased chemotaxis, superoxide
formation and adhesion molecule ex-
pression in BS (1-5). Stimulation of
neutrophils by formyl-methyl-leucin-
peptide (fMLP) causes an increase in
superoxide formation in comparison to
healthy controls which suggests the
role of in vivo stimulated neutrophils in
the pathogenesis (1, 5). 
In assessing the oxidative burst in neu-
trophils, the most widely used standard
methods measure the extracellular re-
lease of superoxide anion or hydrogen
peroxide by their ability to reduce or
oxidize substrates (ex. dichloroflore-
scin diacetate solution; DCFH) to col-
ored or fluorescent products. Upon
activation, membrane associated
NADPH-oxidase produce superoxide
and hydrogen peroxide which conse-
quently oxidates the substrate to give
green or red fluoresence (6).
In gouty arthritis, phagocytosis is the
main mechanism of inflammation caus-
ed by monosodium urate (MSU) crys-
tals. The type of the cell that phago-
cytes the MSU crystal has a critical role
in this inflammatory process: The en-
counter of MSU crystals with mono-
cytes or neutrophils results in an in-
flammatory reaction, while no such
reaction occurs with macrophages (7,
8, 9). Local and systemic inflammatory
reaction provoked by MSU crystals has
led to the idea of urate skin test in BS.
Cakir et al. has first shown that skin
reaction provoked by intradermal in-
jection of MSU crystals resulted in an
increased erythematous response in
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patients with BS in comparison to heal-
thy and diseased controls and conclud-
ed that the skin test with MSU crystals
is more sensitive than classical pather-
gy reaction in BS (10). Fresko et al.
have recently reported the sensitivity
and the specificity of the urate skin test
as 75% and 76%, respectively (11). In
order to clarify the mechanism of local
dermal reaction of MSU crystals, i n
v i t ro stimulation of neutrophils and
monocytes with MSU crystals was in-
vestigated in this study in BS patients
and controls. 

Materials and methods
Patient and control groups
Thirty patients with BS classified ac-
cording to the International Study Group
Criteria and followed in the multi-dis-
ciplinary Behçet’s out-patient clinic in
Cerrahpasa Medical Faculty were in-
cluded in the study. All BS cases had
clinically mild, mucocutaneous disease,
followed up without medication. Nine-
teen patients with familial Mediterra-
nean fever (FMF), 14 with rheumatoid
arthritis (RA) and 20 healthy controls
(HC) were also studied as control
groups. Patients with FMF were with-
out attacks and patients with RAhad no
active arthritis at the time of the study.
Informed consent was obtained from
all participants and the study was ap-
proved by the local ethical committee.
Characteristics of the patient and con-
trol groups are shown in Table I. 

Preparation of urate crystals
Urate crystals were prepared by a mod-
ification of Seegmiller’s method (12).
Pure uric acid (1.68 g) was added to
400 ml of boiling distilled water and ad-
justed to pH 8 with 0.5 N NaOH. This
supersaturated solution was kept at
room temperature for 24 hours to allow
the crystals to precipitate. The crystals
were then heated at 180°C for 3 hours.
Immediately before use, the required
amount of crystals to be injected was
suspended in 0.2 ml sterile normal
saline, briefly sonicated, and checked
by polarised light microscopy. 

Urate skin test 
2.5 mg of urate crystal suspension was
injected intra-dermally into the flexor

surface of the non-dominant forearm.
At 48 hours the erythema that devel-
oped was marked on a paper and the
area was measured in mm2. Urate skin
test was performed in 8 healthy con-
trols, 13 patients with RAand in all pa-
tients with BS and FMF.

Oxidative burst response
White blood cells were obtained from
heparinized peripheral blood samples
by using erythrocyte lysing solution
(155 mM NH4Cl, 10mM KHCO3, 0.1
nM EDTA). 3-4 x 106 white blood cells
in PBS gel buffer (PBSG; PBS includ-
ing %0.1 gelatin) were incubated with
20 mM dichloroflorescin diacetate sol-
ution (DCFH-DA, Kodak, Eastman),
for 15 minutes at 37°C. After washing
with PBSG, 1/7 part of white blood
cells was immediately evaluated flow
cytometrically in order to determine
basal level of activation (FACSort, Cel-

lQuest software, Becton Dickinson,
Mountain View, CA). The remaining 6/
7 white blood cells were incubated at
37°C with 25 µg/ml, 75 µg/ml, 125 µg/
ml, 250 µg/ml, 500 µg/ml of MSU and
100 ng/ml of phorbol myristate acetate
(PMA). Fluorescence changes in mon-
ocytes and neutrophils were evaluated
by flow cytometry. Due to technical
reasons florescence changes in mono-
cytes were evaluated in 29 patients
with BS, 13 patients with RA, 18 pa-
tients with FMF and 20 healthy con-
trols. The stimulation ratio was calcu-
lated for monocytes and neutrophils
separately as the ratio of chemilumini-
cense before and after stimulation. 

Statistical analysis
All statistical analysis were performed
by SPSS 8.0. Comparisons between
groups were performed by Kruskal Wa l-
lis and Mann-Whitney-U tests. Pearson
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Table I. Mean area of the urate skin test and disease duration in patients with BS and con-
trol groups (± SD).

F/M Age (year) Area of urate skin Disease duration 
± SD years test ± SE mm2 ± SD years

Behçet’s 15/15 35.5 ± 8.3 467.2 ± 105.0* 10±6.2
RA 11/3 45.2 ± 11.9 14.1 ± 9.7 9.5±3.6
FMF 9/11 29.8 ± 8.8 103.5 ± 57.1 16.7±7.2

Healthy control 10/10 33.8 ± 8.3 83.9 ± 69.1 _

*p < 0.001: BS vs control groups.

Fig. 1. Dose response curve in neutrophils in patients with BS and control groups.
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test was performed for the correlation
between the oxidative burst response,
disease duration and the area of erythe-
ma of urate skin test. 

Results
Urate skin test
The area of erythema provoked by
MSU was larger in Behçet’s syndrome
than that of the diseased and healthy
controls (p < 0.001) (Table I).

Oxidative burst response of 
neutrophils
The basal neutrophilic activity did not
differ between Behçet’s syndrome and

control groups (p = 0.26). Oxidative re-
sponse was increased in patients with
BS in comparison to HC at 125 µg/ml
and 500 g/ml concentrations of MSU
(p ≤ 0.001 and 0.004, respectively). In
patients with FMF, oxidative response
was increased in comparison to HC at
75 µg/ml, 250 µg/ml and 500 µg/ml
concentrations of MSU (p ≤ 0.007;
0.001 and 0.004, respectively). No dif-
ference was observed between the pa-
tients with BS, FMF and RA (Fig. 1,
Table II). In RA group, stimulation
with PMA resulted in a higher oxida-
tive burst reaction than FMF and BS (p
≤ 0.000 and p ≤ 0.008). Oxidative burst

reaction with either MSU or PMA did
not correlate with the area of urate skin
test (r= -0.01, -0.08, -0.06, -0.02, -0.00,
0.19 respectively for MSU crystal con-
centrations of 25 µg/ml, 75 µg/ml, 125
µg/ml, 250 µg/ml, 500 µg/ml and 100
ng/mlPMA) or disease duration (r =
–0.03, -0.13, -0.16, -0.08, -0.09, -0.03
respectively for MSU crystal concen-
trations of 25 µg/ml, 75 µg/ml, 125 µg/
ml, 250 µg/ml , 500 µg/ml and 100 ng/
ml PMA). 

Oxidative burst response of monocytes
The basal oxidative burst response of
monocytes was increased in patients
with RA compared to HC (p ≤ 0.004).
In patients with Behçet’s syndrome at
125 µg/ml MSU the oxidative burst re-
sponse was increased in comparison to
HC (p≤0.002) (Fig. 2, Table III). In the
FMF group there was an increased
burst response at 25 µg/ml, 75 µg/ml
and 125 µg/ml concentrations of MSU
(p ≤ 0.004; 0.000; 0.002 respectively).
Stimulation with PMA resulted in an
increased response only in patients with
FMF in comparison to HC (p ≤ 0.003).
Oxidative burst reaction of monocytes
with either MSU or PMA also did not
correlate with the area of urate skin test
(r = 0.06, -0.04, -0.003, –0.004, 0.08,
007 respectively for MSU crystal con-
centrations of 25g/ml, 75 µg/ml, 125
µg/ml, 250 µg/m, 500 µg/ml and 100
ng/ml PMA) or disease duration (r =

Table II. Mean and 95% confidence interval values of stimulation ratios with different concentrations of MSU crystals and 100ng/ml PMAin neutrophils.

25 µgr/ml MSU 75 µgr/ml MSU 125 µgr/ml MSU 250 µgr/ml MSU 500 µgr/ml MSU 100 ng/ml PMA
mean (95%CI) mean (95%CI) mean (95%CI) mean (95%CI) mean (95%CI) mean (95%CI)

Behçet 1.3 (1 – 1.5) 1.7 (0.9 – 2.6) 2.1 (1 – 3.2) 2 (1.6 – 2.6) 2.4 (1.9 – 2.9) 4.8 (3.6 – 6)
FMF 1.2 (0.9 – 1.6) 1.7 (1.3 – 2.1) 1.8 (1.3 – 2.3) 2.5(2 – 3) 3 (2.1 – 3.9) 3.8 (2.1 – 5.5)
RA 1.1 (0.9 – 1.4) 1.3 (1.3 – 1.6) 1.5 (1 – 1.9) 1.8(1.1 – 2.4) 2.3 ( 1.5 – 3) 1.8 (1.2 – 2.5)
Healthy control 1 (0.8 – 1.2) 1 (0.8 – 1.2) 1 (0.9 – 1.3) 1.4(1 – 1.7) 1.6 (1 – 2.3) 3.3 (2.2 – 4.4)

Fig. 2. Dose response curve in monocytes in patients with BS and control groups.

Table III. Mean and 95% confidence interval values of stimulation ratios with different concentrations of MSU crystals and 100ng/ml PMAin monocytes.

25 µgr/ml MSU 75 µgr/ml MSU 125 µgr/ml MSU 250 µgr/ml MSU 500 µgr/ml MSU 100 ng/ml PMA
mean (95%CI) mean (95%CI) mean (95%CI) mean (95%CI) mean (95%CI) mean (95%CI)

Behçet 1.3 (1 – 1.5) 1.4 (1.2 – 1.6) 1.7 (1.3 – 2.1) 2 (1.6 – 2.4) 2.2 (1.8 – 2.7) 2 (1.6 – 2.5)

FMF 1.6 (1.1 – 2) 2.2 (1.6 – 2.8) 2.4 (1.8 – 3) 3 (2.2 – 3.7) 3.4 (2.1 – 4.7) 2.4 (1.7 – 3)

RA 1.2 (0.9 – 1.6) 1.5 (1 – 1.9) 1.7 (1.1 – 2.3) 2 (1.3 – 2.6) 2.5 (1.5 – 3.5) 1.3(1.1 – 1.5)

Healthy control 0.9 (0.8 – 1.1) 1 (0.8 – 1.2) 1 (0.8 – 1.3) 1.5 (1 – 2) 1.7 (1 – 2.4) 1.3(0.9 – 1.8)
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0.08, 0.03, 0.04, 0.02, 0.14, -0.06 re-
spectively for MSU crystal concentra-
tions of 25 µg/ml, 75 µg/ ml, 125 µg/
ml, 250 µg/m, 500 µg/ml and 100
ng/ml PMA)
The monocytic and neutrophilic burst
reactions with MSU correlated with
each other. This correlation was promi-
nent at 25 µg/ml, 250 µg/ml and 500
µg/ml concentrations of MSU (r =
0.71, 0.76, and 0.79 respectively; p val-
ues for the correlations were = 0.00,
0.00, 0.00 respectively). Oxidative burst
response between neutrophils and mo-
nocytes with PMA had a modest corre-
lation (r = 0.58). 

Discussion
In this study oxidative burst response
to MSU in monocytes and neutrophils
in BS compared to healthy and dis-
eased controls was investigated. There
was an increased response to MSU
crystal stimulation in both neutrophils
and monocytes in BS. However this re-
sponse was not specific as similar in-
creases were also observed in patients
with FMF. Our results have shown a
general correlation between in vitro
neutrophilic and monocytic burst reac-
tions, but these responses did not cor-
relate with the urate skin test. Similar
to previous studies, urate skin test was
observed to be highly sensitive for BS
in our study (10, 11). 
Studies of neutrophilic oxidative burst
reaction in BS have shown conflicting
results (3, 1 4 , 15). Enrollment of pa-
tients with different disease activities
or treatment regimens might have in-
fluenced these discrepancies. Colchi-
cine and steroids have been shown to
decrease neutrophilic functions (15,
16). Eksioglu-Demiralp et al . have re-
ported a lower ratio of oxidative burst
in patients with BS and suggested that
the already in vivo stimulated neutro-
phils could not further be stimulated in
vitro. However, BS population in this
study consisted of patients with a vari-
able clinical spectrum and 65% of them
were on colchicine or immunosuppres-
sive drugs (13). In our study, basal oxi-
dative response in both neutrophils and
monocytes of patients with BS has
shown no difference compared to heal-
thy controls. Patients with BS in our

study had mainly mucocutaneous in-
volvement and were followed up with-
out medication. Seven patients had a
history of eye involvement but they
were void of uveitis attacks for a long
time. This milder clinical course may
explain similar basal oxidative burst
reactions in our study in BS compared
to healthy controls.
As it is generally accepted that clinical
activity of BS decreases with disease
duration, one may speculate that the
neutrophilic activity would wane as the
activation of the disease wanes. How-
ever, in our study, oxidative burst re-
sponse in both neutrophils and mono-
cytes did not correlate with disease
duration suggesting that the decrease in
disease activity in BS could be due to
mechanisms other than the activity of
neutrophils and monocytes. 
Although no data is available about the
immunopathology of the urate skin
test, the pathology of the pathergy test
has been well characterized. An exten-
sive infiltration of mononuclear cells
consisting mainly of monocyte/macro-
phages and T cells have been docu-
mented (17-19). There are conflicting
reports about the role of neutrophils in
pathergy reaction, but along with mon-
ocytes, neutrophils play an important
role in the inflammation provoked by
MSU (19). In this study no correlation
could be detected between neutrophil
or monocyte oxidative responses and
the area of erythema of the urate skin
test. The pathophysiology of the urate
skin test in BS may involve a complex
process in which not only neutrophils
and monocytes but other elements of
innate and acquired immunity, such as
macrophages and T-cells might be in-
volved. A generalized immune defect is
suggested in BS by Hirohata et al. in a
pivotal study showing increased inter-
feron-γ response of T-cells to low-dose
superantigens (20). Another possibility
is the role of cytokines such as IL-12
and IL-18, secreted by neutrophils after
stimulation by Th1 cells and further sti-
mulate monocytes. In the study by Sa-
hin et al., CD14, a marker of monocyt-
ic activation, was found to be raised in
patients with BS (21).
Neutrophilic oxidative responses were
also found to be elevated in FMF. An-

ton et al. have reported increased neu-
trophilic oxidative response to fMLPin
FMF patients who are void of attacks
(22). In patients with FMF, the oxida-
tive burst reaction in monocytes was
also more prominent than neutrophils.
The defective expression of pyrin also
in monocytes associated with MEFV
mutations can explain this observation
(23). Although the most prominent cell
type in FMF is neutrophils, the pres-
ence of monocytes has also been de-
tected in the synovial fluid of patients
with arthritic involvement (23). 
In the RA group, although a statistical-
ly higher difference was observed in
basal monocyte response only, both the
neutrophil and monocyte basal respon-
ses were found to be the highest among
study groups. Similarly Crocker et al.
have reported a higher oxidative re-
sponse to fMLF in non-pregnant RA
patients in comparison to healthy con-
trols (24). These findings are not sur-
prising as RA is characterised by an
accumulation and activation of leuco-
cytes, predominantly neutrophils.
In conclusion, MSU crystals provoke
an oxidative burst response in both neu-
trophils and monocytes of BS patients.
Although this burst reaction is not spe-
cific, our findings suggest the promi-
nent role of innate immunity in the
pathogenesis of BS. However, the dis-
crepancy between positivity of the ur-
ate skin test and in vitro innate respons-
es suggests the requirement of addi-
tional factors for urate skin responses,
possibly associated with acquired T-
cell associated immunity. Further stud-
ies on the mechanisms of urate intake
into antigen-presenting cells and the
activation of adaptive immunity in BS
is warranted.

References
1. TAKENO M, KARIYONE AI, YAMASHITA N et

al.: Excessive function of peripheral blood
neutrophils from patients with BD and from
HLAB-51 transgenic mice. Arthritis Rheum
1995; 38: 426-33.

2. SAHIN S, AKOGLU T, DIRESKENELI H, SEN
LS, LAWRENCE R: Neutrophil adhesion to
endothelial cells and factors affecting adhe-
sion in patients with BD. Ann Rheum Dis
1996; 55: 128-33.

3. C A R L E T TO A, PACOR ML, BIASI D et al.:
Changes in neutrophil migration without mo-
dification of in vitro metabolism and adhe-
sion in BD. J Rheumatol 1997; 24: 1332-6.



Oxidative burst response in Behçet’s syndrome / F. Gogus et al.

S-85

4. FORDHAM J, DAVIES PG, KIRK A, CURREY
HLF: Polymorphonuclear function in Behçet’s
syndrome. Ann Rheum Dis 1982; 41: 421-5. 

5. DIRESKENELI H: Behçet’s disease: Review:
Infectious aetiology, new auto-antigens and
HLA-B51. Ann Rheum Dis 2001; 996-1002.

6. EEDEN SF, KLUT ME, WALKER BAM, HOGG
JC: The use of flow cytometry to measure
neutrophil function. J Immunol Methods
1999; 232: 23-43.

7. MCLEAN L: The pathogenesis of gout. I n
HOCHBERG MC, SILMAN AJ, SMOLEN JS,
WIENBLAT ME, WEISMAN MH (Eds) Rheu-
matology. Mosby 2003: 1903-64.

8. YA G N I K DR, HILLY E R P, MARSHALL D e t
al.: Non-inflammatory phagocytosis of MSU
by mouse macrophages. A rthritis Rheum
2000; 43: 1779-89.

9. LANDIS RC, YAGNIK DR, FLOREY O et al.:
Safe disposal of inflammatory MSU by dif-
ferentiated macrophages. A rthritis Rheum
2002; 46: 3026-33.

10. CAKIR N, YAZICI H, CHAMBERLAIN MA et
al.: Response to intradermal injection of mo-
nosodium urate crystals in Behçet’s syn-
drome. Ann Rheum Dis 1991; 50: 634-6.

11. FRESKO I, OZSOY Y, MELIKOGLU M: T h e
response to the intradermal injection of mon-
osodium urate crystals in Behçet’s syndrome
and its comparison to pathergy test. 9th Inter-

national Congress on Behcet’s Disease, Seul,
2000: L68.

12. SEEGMILLER JE, HOWEL RR, MALAW I S TA
SE: The inflammatory reaction to urate.
JAMA 1962; 180: 469-75.

13. E K S I O G L U - D E M I R A L P, DIRESKENELI H,
K I B A R O G L U A, YAVUZ S, ERGUN T, A K O-
GLU T: Neutrophil activation in BD. Clin Exp
Rheumatol 2001; 19 (suppl 24): S19-24.

14. M E G E JL, DILSEN N, SANGUEDOLCE V e t
al.: Overproduction of monocyte derivedT-
NF, IL-6, IL-8 and increased neutrophil su-
peroxide generation in BD comparative study
with FMF. J Rheumatol 1993; 20: 1544-9.

15. PRONAI L, ICHIKAWAY, NAKAZAWA H, ARI-
M O R I S: Enhanced superoxide generation
and decreased superoxide scavenging activiy
of peripheral blood leucocytes in BD, effects
of colchicine. Clin Exp Rhematol 1991; 9:
227-33. 

16. JORIZZO JL, SCHMALSTIEG FC, SOLOMON
AR, TAYLOR RS, CAVALLO T: Studies of cir-
culating immune complexes neutrophils and
effects of oral colchicine or thalidomide in
BD. In: LEHNER T, BARNES CG (Eds.). Re -
cent Advances in BD. Royal Society of Medi-
cine Services, London, 1986: 89-95.

17. GÜL A, ESIN S, DILSEN N, KONICE M, WIG-
ZELL H, BIBERFELD P: Immunohistology of
skin pathergy reaction in BD. Br J Rheumatol

1995; 132: 901-7.
18. ERGUN T, GÜRBÜZ O, HARVELL J, JORIZZO

J, WHITE W: The histopathology of pathergy:
a chronological study of skin hyperreactivity
in Behçet’s disease. Int J Dermatology 1998;
37: 929-33.

19. CHAPMAN PT, HARRISON H, STOCKER AA
et al.: Endothelial activation of MSU induced
inflammation. A rthritis Rheum 1997; 40:
955-65.

20. H I R O H ATA S, HASHIMATO T: Abnormal T
cell responses to bacterial superantigens in
B e h ç e t ’s disease. Clin Exp Immunol 1 9 9 8 ;
112: 317-24.

21. SAHIN S, LAWRENCE R, DIRESKENELI H,
SEN LS, LAWRENCE R: Monocyte activity in
Behçet’s disease. Br J Rheumatology 1996;
35: 424-9.

22. A N TO N PA, TARGAN SR, V I G N A SR, DUR-
HAM M, SCHWABE AD, SHANAHAN F: En-
hanced neutrophil chemiluminescence in
FMF. J Clin Immunol 1988; 8: 148-56.

23. CENTOLA M, WOOD G, FRUCHT DM et al.:
The gene for FMF is expressed in early leuco-
cyte development and is regulated in response
to inflammatory mediators. Blood 2000; 95:
3223-31.

24. CROKER IP, BAKER PN, FLETCHER J: Neu-
trophil function in pregnancy and rheumatoid
arthritis. Ann Rheum Dis 2000; 59: 555-6.


