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Serum homocysteine level is increased and correlated
with endothelin-1 and nitric oxide in Behçet’s disease
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Background/aims: Behçet’s disease (BD) is a systemic inflammatory vasculitis of young adults with
unknown aetiology, characterised by endothelial dysfunction and occlusion in both deep venous and
retinal circulation. Ocular involvement occurs in 70% of cases and is characterised by periphlebitis,
periarteritis, vascular occlusion, and thrombosis leading to blindness despite vigorous treatment.
Endothelin-1 (ET-1) is a vasoconstricting peptide while nitric oxide (NO) is a relaxing molecule and
both are released by endothelium for blood flow regulation. Homocysteinaemia is a newly defined term
connected to the increased risk of atherothrombotic and atherosclerotic systemic and retinal vascular
occlusive diseases, and its role in the course of BD has not been previously described. The authors
aimed to detect serum total homocysteine (tHcy), ET-1, and NO in BD and to assess if tHcy, ET-1, and
NO are associated with ocular BD or disease activity.
Methods: 43 consecutive patients with ocular (n = 27) or non-ocular (n = 16) BD (36.95 (SD 9.80)
years, 22 male, 21 female) satisfying international criteria, and 25 age and sex matched healthy con-
trol subjects (37.88 (8.73) years, 13 male, 12 female) without a history of systemic or retinal venous
thrombosis were included in this study. Patients were examined by two ophthalmologists with an inter-
est in BD. Serum tHcy, ET-1, and NO concentrations were measured in both groups. Hyperhomocystei-
naemia was defined as a tHcy level above the 95th percentile in the control group. Patients were
divided into active and inactive period by acute phase reactants including α1 antitrypsin, α2

macroglobulin, erythrocyte sedimentation rate, and neutrophil count.
Results: The overall mean serum tHcy, ET-1, and NO levels were significantly higher in patients with
BD than in control subjects (tHcy = 15.83 (4.44) v 7.96 (2.66) ng/ml, p <0.001; ET-1 = 17.47 (4.33)
v 5.74 (2.34) µmol/ml, p <0.001; NO = 37.60 (10.31) v 27.08 (7.76) µmol/l, p <0.001). Serum
tHcy, ET-1, and NO levels were significantly higher in active patients than in inactive patients and con-
trol subjects. In addition, among patients with ocular BD, the mean tHcy levels were significantly
increased and correlated with ET-1 and NO levels when compared with non-ocular disease and con-
trol subjects. All acute phase reactant levels were significantly higher in active period than in inactive
stage and controls.
Conclusions: Elevated tHcy may be responsible for the endothelial damage in BD and may be an
additional risk factor for the development of retinal vascular occlusive disease, contributing to the poor
visual outcome in these patients. Assessment of tHcy may be important in the investigation and man-
agement of patients with BD, especially with ocular disease.

ehçet’s disease (BD), first described by a Turkish physician
Hulusi Behçet,1 is an immunoinflammatory disorder of
unknown aetiology. It is a multisystem disease affecting
almost every organ without exception.2–4 It is characterised by
retinal occlusive vasculitis and thrombosis, and anterior or
posterior uveitis in association with oral aphthae, genital
ulceration, and cutaneous lesions.5 Ocular inflammatory
disease is generally bilateral and occurs in approximately 70%
of cases. Although patients with predominantly anterior uvei-
tis have a relatively good prognosis, recurrent obliterative reti-
nal vasculitis and thrombosis occur in 30%–40% of patients
and is the major cause of blindness despite vigorous
treatment.6 Systemic venous occlusion also occurs in 40% of
cases.7 However, the certain pathogenic mechanism and the
relation between thrombogenic events and retinal or systemic
vascular complications remain unclear. One of the major fac-
tors responsible for the increased frequency of thrombogen-
esis is thought to be endothelial dysfunction, which is the
characteristic feature of BD.8

Homocysteine (Hcy) is an intermediary amino acid formed
during the conversion of methionine to cysteine. Hyperhomo-
cysteinaemia refers to mild to moderate elevation of Hcy in
blood or serum. High levels of Hcy causes lipid peroxidation,
vascular endothelial injury, impaired vasomotor regulation,

prothrombotic surface, and therefore atherothrombogenesis.9

Furthermore, raised Hcy levels have recently been suggested
as a risk factor for non-arteritic anterior ischaemic optic
neuropathy10 and retinal vascular occlusive disease with
thromboembolism.11 Two recently identified cellular mediators
endothelin-1 (ET-1) and nitric oxide (NO) are released from
endothelium. ET-1 induces vasoconstriction and contributes to
ocular pathological manifestations, promoting retinal capil-
lary non-perfusion and ischaemia.12 On the other hand, NO
induces vasorelaxation and inhibits platelet adhesion.13 The
combination of the paracrine effects of ET-1 along with release
of NO are likely to have a relevant physiological role in the
regulation of systemic and retinal blood flow.14

We have recently reported for the first time that some
vasoregulatory molecules such adrenomedullin15 and NO16
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might participate in the reparatory vessel endothelium
mechanisms during the course of BD. Furthermore, our
results demonstrated that adrenomedullin was correlated
with disease chronicity whereas NO was correlated with
disease activity, suggesting NO as a possible new activity
marker.16 Since homocysteinaemia participates in thromboge-
netic events and retinal vascular occlusive disease by direct
toxic effect on endothelial cells, we considered it as an
interesting target of investigation, and its role in the
aetiopathogenesis of BD has not been previously investigated.
In addition, we assessed whether the Hcy level is associated
with ocular disease and disease activity. We also evaluated if
the Hcy level is correlated with the two endothelium derived
ET-1 and NO levels during the course of the disease. To our
knowledge, this is the first report on Hcy levels during the
course of BD.

MATERIALS AND METHODS
Patients
A total of 43 consecutive patients with ocular (n = 27) or
non-ocular (n = 16) BD (36.95 (SD 9.80) years (range 17–57),
22 male and 21 female) attended our Behçet’s disease clinic
and 25 age and sex matched healthy control subjects (37.88
(8.73) years (19–57), 13 male and 12 female) from a similar
ethnic background were included in the present study. All BD
patients fulfilled the criteria of the International Study Group
for Behçet’s Disease.17

Since there was no clinically acceptable scoring system and
laboratory screening profile to define the severity of BD, clini-
cal and laboratory findings were used to classify the patients
as active or inactive. Erythrocyte sedimentation rate (ESR),
neutrophil count, and acute phase reactants (α1 antitrypsin
and α2 macroglobulin) were determined and constituted the
laboratory findings as described before.15 16 In clinical evalua-
tion, worsening of clinical symptoms at the time of study with
having at least three of the major findings (retinal vaso-
occlusive disorder or anterior/posterior or panuveitis; aph-
thous stomatitis; genital ulcers; papulopustular or pseudofol-
licular cutaneous lesions; pathergy test positivity) were
considered to be in the active stage of the disease. The diagno-
sis of uveitis was made according to the International Uveitis
Study Group.18

Patients’ details were obtained from case notes and ocular
examinations were performed by two experienced ophthal-
mologists using a standard procedure. In particular, a history
of systemic thrombosis and evidence for retinal vascular
occlusion was sought. Where the posterior segment could not
be visualised, patients with an end stage ocular disease
(phthisical or completely blind) were assumed to have
suffered vaso-occlusive disease of the retina.

Control subjects
Twenty five hospital based healthy control subjects from a
similar ethnic background were age and sex matched and had
no history or clinical evidence of any systemic or ocular
disease. Exclusion criteria were hepatic and renal diseases
(chronic renal failure), thyroid disease, diabetes, essential
hypertension, congestive heart disease, psychiatric illness, and
pregnancies. Since drugs (fibrates, carbamazepine, phenytoin,
methotrexate, corticosteroids, cytotoxics, non-steroidals, etc)
could affect the levels of measured parameters, detailed histo-
ries of medication were obtained in both groups and such
patients were not included in the study. None of the subjects
had nutritional deficiency or took vitamin supplementation.

All participants in both groups gave their written informed
consent and approval of the hospital’s institutional ethics
review board was obtained. The laboratory personnel were
maintained masked to the clinical diagnosis and group of the
subjects, matching each blood sample by letter coding, and so

were the clinicians to subsequent Hcy, ET-1, and NO level
determinations until the end of the study.

Blood samples
Whole blood samples (totally 10 ml) were drawn using a 25
gauge needle from a peripheral vein, avoiding haemolysis, into
plain tubes in the morning hours (08:00–10:00) after an over-
night fast and 30 minutes of supine rest. None of the patients
and controls had received any topical or systemic medication
at least 2 weeks before blood collection. Following an immedi-
ate centrifugation of the first three quarters of the blood sam-
ples (7.5 ml) at 800 g for 10 minutes at 4°C, serum was
collected and kept at −70°C until use.

Serum Hcy analysis
Since the concentration of Hcy in serum increases artificially
over time if blood is stored uncooled and uncentrifuged
immediately after sampling, owing to the time and tempera-
ture dependent release of Hcy from erythrocytes, the blood
samples were cooled and centrifuged immediately after
collection and the erythrocytes removed. Serum total homo-
cysteine (tHcy) levels were determined by enzyme linked
immunosorbent assay (ELISA) kit (Homocysteine Enzyme
Immunoassay Kit, Bio-Rad Lab, Oslo, Norway). It is an easy to
use immunoassay for the assessment of tHcy levels in serum.
The tHcy enzyme immunoassay has highly specific enzymatic
sample pretreatment, convenient microplate format, stand-
ardised immunoassay procedure, parallel sample processing,
and wide dynamic range. Test results correlate well with refer-
ence high performance liquid chromatography (HPLC) at a
level of at least 0.98.

In addition to the total mean serum levels for Hcy,11 hyper-
homocysteinaemia was defined as a serum tHcy level above
the 95th percentile in the control group as described before.19

Serum ET-1 analysis
Duplicate serum samples from each subject were assayed for
ET-1 by a commercially available ELISA kit (Endothelin-1
Enzyme Immunoassay Kit, Cayman Chem, Ann Arbor, MI,
USA). It is a sandwich enzyme immunoassay that permits
ET-1 measurements with a detection limit of ∼1.5 µmol/ml.
The intra-assay and interassay coefficients of variance (CV)
were both less than 10%. The assay allows sensitive and
specific (100%) analysis of ET-1 in serum.20

Serum total nitrite (NO2
−+ NO3

−) analysis
NO is a labile compound with a brief half life and is rapidly
converted to the stable end products nitrate (NO3

−) and nitrite
(NO2

−) in typical oxygenated aqueous solutions, and is subse-
quently excreted into urine. Because an excellent and
sensitive colorimetric reagent (the Griess reagent) exists for
the determination of NO2

−, it is a common practice to use
enzymatic or chemical reduction to convert all NO3

− to NO2
−.

This is made by NADP dependent enzyme nitrate reductase in
a sample, followed by spectrophotometric analysis of total
nitrite as an indicator of recent NO production in biological
samples in vivo as described before.16 21 22 In addition to
providing all necessary components in a microtitre format, it
employs affinity purified Zea mays nitrate reductase and NADP,
thereby circumventing some of the potential problems
reported for NO2

− measurement using nicotinamide adenine
dinucleotide phosphate (NADP) dependent nitrate
reductases.16

In short, serum (250 µl) was incubated at room temperature
with 250 µl of substrate buffer (imidazole 0.1 mol/l, reduced
NADP (NADPH) 210 µmol/l, flavine adenine dinucleotide, 3.8
µmol/l: pH 7.6) in the presence of nitrate reductase (Aspergillus
niger, Sigma) for 45 minutes to convert NO3

− to NO2
−. Excess

reduced NADPH, which interferes with the chemical detection
of NO2

−, was oxidised by continuation of the incubation of 5 µg
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(1 ml) of lactate dehydrogenase (LDH, Sigma), 0.2 mmol/l
(120 µl) pyruvate (Sigma), and 79 ml of water. Total nitrite was
then analysed by reacting the samples with Griess reagent (1%
sulphanilamide, 0.1% N-(1-naphthyl)-ethylenediamine dihy-
drochloride in 5% H3PO4 spectroquant: Merck, Darmstadt,
Germany). Reacted samples were treated with 500 µl of
trichloroacetic acid (20%), centrifuged for 15 minutes at 8000
g, and the absorbance at 548 nm was compared with that of
NaNO2 standard (0–100 µmol/l). This method can be used to
accurately measure as little as 1 µmol of NO2

− (final
concentration in the assay). Very little of the sample is
required (5–85 µl for most samples).

Neutrophil count, ESR, and acute phase reactants
analysis
The other part of the blood samples (2.5 ml) with EDTA (1
mg/ml) anticoagulant was used for the neutrophil counting by
an automated blood counter (Coulter-STKS, Luton, UK). The
ESR was determined by the classic Westergren method. The
other acute phase reactant (α1 antitrypsin and α2 macroglobu-
lin) concentrations were measured in the serum by a Behring
nephelometer 100 analyser (Messer Grisheim, Frankfurt,
Germany).15

Statistics
Results were expressed as means (SD) and were analysed sta-
tistically by using Wilcoxon and the Mann-Whitney U test as
indicated. p Values below 0.05 were considered to be
significant. Statistical analysis was performed with Statistical
Package for the Social Sciences for Windows (SPSS Inc,
version 8.0, Chicago, IL, USA).

RESULTS
All BD patients included in the present study fulfilled the
stated diagnostic criteria. Twenty seven of the 43 (62.7%) had
the ocular type of BD23 with chronic intraocular manifesta-
tions of the disease. All patients with BD had oral aphthous

stomatitis. Cutaneous lesions were present in 40 patients
(93.0%). Eighty eight per cent of cases (n = 38) had genital
ulceration and articular symptoms were found in 35 (81.3%).
Pathergy test was positive in 23 (53.4%). Nine patients
(20.9%) complained of neurological symptoms and two
(4.6%) had gastrointestinal complications. Twenty of 43
patients were in the active stage whereas the remaining 23
were in the inactive period.

The overall serum tHcy levels in patients with BD (15.83
(4.44) ng/ml) were higher than healthy control subjects (7.96
(2.66) ng/ml) and the difference was significant (p <0.001).
Serum tHcy levels in active subjects (17.79 (3.90) ng/ml) were
also significantly (p = 0.006) higher than in inactive patients
(14.13 (4.23) ng/ml) and control subjects (p <0.001). In addi-
tion, patients with the ocular type of BD have significantly (p
<0.001) higher tHcy levels compared with non-ocular BD
subjects (18.25 (4.20) versus 13.53 (3.34) ng/ml; Table 1).

The 95th percentile of the tHcy levels in the control group
was 12.40 ng/ml. Of the 43 subjects with BD 34 (79.0%) had
serum tHcy levels above the 95th percentile in the control
group. Hyperhomocysteinaemia was present in 25 (95.5%) of
the 27 subjects with ocular BD and nine (56.2%) of the 16
patients with non-ocular BD. Of the 27 ocular patients, 22
were defined as having retinal vascular occlusive disease. Of
these, vascular narrowing, obliteration, or vein occlusion was
directly observed in 20 patients. The remaining two patients
had phthisis bulbi. Twenty of the 22 (90.9%) subjects with
retinal vascular occlusive disease had serum tHcy levels above
the 95th percentile in the controls.

The overall serum ET-1 levels in patients with BD (17.47
(4.33) µmol/ml) were significantly (p <0.001) higher when
compared with control subjects (5.74 (2.34) µmol/ml). In
addition, active and ocular BD patients also had significantly
higher serum ET-1 concentrations when compared with those
in inactive stage and non-ocular disease (19.17 (3.71) versus
15.99 (4.35) µmol/ml, p = 0.014; and 19.40 (5.02) versus 15.62
(2.48) µmol/ml, p = 0.003, respectively). Overall serum total

Table 1 Serum homocysteine, endothelin-1, and nitric oxide levels in patients with Behçet’s disease and controls with
statistical comparisons

All BD
(n=43)

Active BD
(n=20)

Inactive BD
(n=23)

Ocular BD
(n=27)

Non-ocular BD
(n=16)

Control
(n=25)

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age (years)* 36.95 (9.80) 37.35 (9.39) 36.60 (10.34) 38.80 (9.84) 35.18 (9.65) 37.88 (8.73)
tHcy (ng/ml) 15.83 (4.44)† 17.79 (3.90)‡ 14.13 (4.23) 18.25 (4.20)§ 13.53 (3.34) 7.96 (2.66)
ET-1 (µmol/ml) 17.47 (4.33)† 19.17 (3.71)‡ 15.99 (4.35) 19.40 (5.02)§ 15.62 (2.48) 5.74 (2.34)
NO (µmol/l) 37.60 (10.31)† 41.15 (7.96)‡ 34.52 (10.76) 42.00 (10.62)§ 33.40 (7.48) 27.08 (7.76)

BD, Behçet’s disease; tHcy, total homocysteine; ET-1, endothelin-1; NO, nitric oxide.
*The mean age between the groups was comparable (p>0.05).
†Significantly different from the controls by Mann-Whitney U test (for each, p<0.001).
‡Significantly different from the inactives (Wilcoxon test; for each, p<0.05) and controls (Mann-Whitney U test; for each, p<0.001).
§Significantly different from the non-ocular patients (Wilcoxon test; for each, p<0.01) and controls (Mann-Whitney U test; for each, p<0.001).

Table 2 Neutrophil count, erythrocyte sedimentation rate, and acute phase
reactants (α1 antitrypsin, α2 macroglobulin) in patients with active or inactive Behçet’s
disease and controls

Active BD
(n=20)

Inactive BD
(n=23)

Healthy controls
(n=25)

Mean (SD) Mean (SD) Mean (SD)

Neutrophils (103/ml) 5.64 (1.41)†‡ 3.63 (0.78)‡ 2.81 (0.41)
ESR (mm/h) 32.88 (8.36)†‡ 18.26 (6.15)‡ 7.48 (1.85)
α1 antitrypsin (mg/dl) 219.34 (39.42)†‡ 163.19 (20.42)‡ 121.64 (14.15)
α2 macroglobulin (mg/dl) 269.52 (31.58)†‡ 201.89 (28.54)‡ 165.11 (23.91)

ESR, erythrocyte sedimentation rate.
†Significantly different from the inactive stage by Wilcoxon test (for each, p<0.01).
‡Significantly different from the controls by Mann-Whitney U test (for each, p<0.01).
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nitrite levels in BD patients and control subjects were 37.60
(10.31) and 27.08 (7.76) µmol/l respectively and the difference
was significant (p < 0.001). Serum total nitrite levels for
Behçet’s patients in active and inactive period were 41.15
(7.96) and 34.52 (10.76) µmol/l respectively and the difference
was significant (p = 0.029). Ocular BD patients had also sig-
nificantly (p = 0.004) higher total nitrite levels (42.00 (10.62)
µmol/l) than non-ocular patients (33.40 (7.48) µmol/l).

The measured acute phase reactants α1 antitrypsin and α2

macroglobulin, ESR and neutrophil count were increased sig-
nificantly in active patients when compared with inactive
patients and control subjects (Table 2).

DISCUSSION
The most prominent feature of BD is systemic and retinal vas-
culitis with endothelial dysfunction.8 The mechanism for vas-
cular involvement includes arterial and venous thrombosis.7 24

Although the prevalence of deep venous thrombosis is not
higher in ocular than in non-ocular patients, venous
occlusions are more common than arterial thrombus and pro-
tein S deficiency has been suggested as the pathogenesis for
thrombogenesis.25 Although many hypotheses have been sug-
gested as the cause of obliterative retinal vasculitis and
thrombosis, the exact aetiology is still unknown.

Hyperhomocysteinaemia refers to mild to moderate eleva-
tion of tHcy in blood or serum. Although the Hcy theory was
proposed 25 years ago, only in the last few years has extensive
research linked homocysteinaemia with systemic and retinal
vascular occlusive disease and thrombogenesis during the
course of systemic diseases.9–11 Hcy generates superoxide and
hydrogen peroxide, both of which have been linked to
endothelial damage. It changes coagulation factor levels so as
to encourage blood clot formation with aggregated platelets.26

Elevated tHcy level has been shown to be a risk factor for
myocardial infarction27 and stroke.28 Some limited studies
showed that elevated tHcy may increase the risk of retinal
vascular diseases such as retinal artery and retinal vein
thrombosis and occlusion.10 11 29 Hcy induced vascular prob-
lems may be multifactorial, including direct Hcy damage to
the endothelium, enhanced LDL peroxidation, and increased
platelet aggregation by the effects on the coagulation
system.30

The present study demonstrated an association between
serum tHcy and BD over control subjects. Higher serum tHcy
levels were observed in active patients when compared with
inactive subjects. To the best of our knowledge, this investiga-
tion is the first to demonstrate higher serum tHcy concentra-
tions in BD. Compared with both non-ocular patients and
normal control subjects, ocular patients had significantly
higher tHcy concentrations. This increase in tHcy was associ-
ated and correlated with the increase in serum ET-1 and NO
levels (data not shown). Since it is well known that endothe-
lial damage, venous stasis or occlusion, and thrombogenesis
have been extensively documented in the course of BD,5 7 16 23

these findings raise the intriguing possibility that hypoxia,
venous stasis and thrombogenesis may have had an additive
effect for enhanced tHcy and ET-1 production, and perhaps
account for the differences observed between the clinically
distinct subgroups. Therefore, our results support the sugges-
tion that tHcy may be a risk factor for BD but also identify it
as a risk factor for the development of ocular disease. Further-
more, serum tHcy levels among ocular patients with observed
retinal vaso-occlusion were significantly higher than ocular
patients without such occlusion, suggesting thrombogenetic
tendency for Hcy that is the main feature when present in
excess.9 This supports the hypothesis that Hcy is a risk factor
for the development of ocular vaso-occlusive diseases in BD
patients, especially in the exacerbation period.

We found that both ET-1 and NO are higher in active
disease. In our previous study, we have demonstrated that

serum NO levels are increased in BD and correlated with dis-
ease activity.16 The results of this study for NO confirm our
previous study. Our present findings imply further that higher
NO levels may be another indicator for ocular disease. The lev-
els of ET-1 were also significantly higher among patients with
ocular disease in the active stage, and among patients with
vaso-occlusive disease compared with non-ocular patients.
Whether retinal vascular occlusion in patients with BD is
mainly caused by an obliterative periphlebitis, thrombosis, or
both, remains to be specified.

The main factor responsible for the increased frequency of
thrombosis is thought to be endothelial dysfunction in BD.8

Vascular endothelium regulates vascular tone by the roles of
both vasoconstrictor and vasodilator molecules. In subjects
with endothelial dysfunction, vasodilator responses are lost,
exacerbating the vasoconstrictor response. ET-1 is a potent
vasoconstrictor peptide produced by vascular endothelium
and participates in inflammation, cellular injury, and vascular
events.31 It has been demonstrated that many cytokines and
chemokines induce ET-1 release by endothelium.32 In addition,
elevated ET-1 levels are a well known marker of vascular
endothelial dysfunction and contribute to ocular pathological
manifestations, promoting retinal capillary closure and
ischaemia.31 32 In this respect, Iannaccone et al33 have recently
demonstrated that increased circulating ET-1 levels in patients
with retinal vein occlusion may be a marker of the occlusive
event. They suggested that ET-1 homeostasis might be relevant
to retinal vein occlusion pathogenesis and retinal ischaemic
manifestations. Our findings clearly demonstrated that serum
ET-1 levels were higher in BD, especially in the active period. In
addition, ocular BD patients had significantly higher ET-1 lev-
els than non-ocular subjects. Furthermore, serum tHcy levels
were correlated with ET-1 levels at all comparisons. Therefore,
these findings suggest that ET-1 and tHcy may be interrelated
in endothelial cell activities in BD. On the other hand, NO,
synthesised mainly by the endothelium, is a very important
molecule for the vascular system. Two important functions of
NO are platelet adhesion inhibition and endothelial
vasorelaxation.13 Since large amounts of NO are released as a
response to systemic immunoinflammatory diseases, we think
that the increased NO levels found in our BD patients are a
result of inflammatory stimuli, which are the characteristic
feature of the disease. Some cytokines known to be involved in
the upregulation of endothelial cells may be responsible for
the increased NO production. It is possible that increased ET-1
levels could directly favour vascular retinal occlusions. In this
process, synthesised ET-1 may outweigh the amount of NO.
This observation was possibly caused not only by endothelial
cells, but also by polymorphonuclear leucocytes and macro-
phages found in inflammation since these cells are also known
to be involved in the pathogenesis of BD.34 In addition, since
increased tHcy and ET-1 have vasoconstricting properties with
atherothrombogenic activity, NO may be increased to compen-
sate for these effects with its vasodilatory and adhesion
inhibitory properties.

The mechanism of Hcy associated vascular thrombosis and
endothelial toxicity is not fully understood. Possible mecha-
nisms include promotion of platelet activation and atherogen-
esis by oxidative injury, increased adhesiveness, enhanced
coagulability, and vascular matrix damage.35 Important in this
respect is the prominent features of BD including obliterative
retinal vasculitis and thrombosis, the major cause of
blindness. Likewise, systemic venous occlusion occurs in
30%–40% of all patients.7 It has been demonstrated that
coagulation indices including fibrinogen, von Willebrand fac-
tor, and plasminogen activator activity are increased in BD,36

but the underlying cause of this thrombotic state and the
extent to which it may promote endothelial damage and
perivasculitis remain unknown. Furthermore, the association
of factor V Leiden, an important mediator in thrombogenesis,
has more recently been demonstrated in BD, especially in ocu-
lar disease.37 A prevailing hypothesis is that Hcy promotes the
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clotting cascade via several actions—inactivation of protein C,
activation of coagulation factor V, increased vascular smooth
muscle cell proliferation, and inhibition of thrombomodulin.38

Therefore, it is plausible that there may be an association
between serum tHcy and BD and our results are consistent
with these hypotheses. The high percentage of patients with
bilateral vaso-occlusive disease who manifested hyperhomo-
cysteinaemia will have to be confirmed by other studies. As a
result, tHcy may be another risk factor for the development of
vascular disease in BD patients, especially in retinal vascular
occlusive disease.

In conclusion, we demonstrated for the first time that
serum tHcy levels are increased in BD and correlated with dis-
ease activity. Likewise, tHcy levels were higher among patients
with ocular disease compared with non-ocular disease and
healthy control subjects. In addition, serum tHcy levels are
positively correlated with serum ET-1 and NO levels at all
comparisons. If thrombogenetic events do indeed contribute
to retinal or systemic vaso-occlusion in BD, and if higher tHcy
levels are responsible for this, anticoagulant therapy and the
role of some vitamins, known to affect tHcy levels, may
warrant investigation. The clinical inference is that measure-
ment, treatment, and monitoring of tHcy levels may be
valuable in the management of patients with BD, not only in
active stage but also in those with ocular disease.
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S Doganay, Inonu University Medical Faculty, Turgut Ozal Medical
Centre, Research Hospital, Turkey

The authors have no financial or proprietary interest in any instrument or
products used in this study

REFERENCES
1 Behçet H. Uber residivierende aphthose, durch ein virus verursachte

geschwure am mund, am auge und an den genitalien. Dermatol
Wochenschr 1937;105:1152–7.

2 Gunen H, Evereklioglu C, Kosar F, et al. Thoracic involvement in
Behçet’s disease and its correlation with multiple parameters. Lung
2000;178:161–70.

3 Evereklioglu C, Er H. Increased corneal thickness in active Behçet’s
disease. Eur J Ophthalmol 2002;12:24–9.

4 Evereklioglu C, Cokkeser Y, Doganay S, et al. Audio-vestibular
evaluation in patients with Behçet’s disease. J Laryngol Otol
2001;115:704–8.

5 Chajek T, Fainaru M. Behçet’s disease: report of 41 cases and a review
of the literature. Medicine 1975;54:179–96.

6 Lakhanpal S, Tani K, Lie JT, et al. Pathologic features of Behçet’s
syndrome: a review of Japanese autopsy registry data. Hum Pathol
1985;16:790–5.

7 Lie JT. Vascular involvement in Behçet’s disease: arterial and venous
vessels of all sizes. J Rheumatol 1992;19:341–3.

8 Schmitz-Huebner U, Knop J. Evidence for an endothelial cell
dysfunction in association with Behçet’s disease. Thromb Res
1984;34:277–85.

9 Hankey GJ, Eikelboom JW. Homocysteine and vascular disease. Lancet
1999;354:407–13.

10 Kawasaki A, Purvin VA, Burgett RA. Hyperhomocysteinaemia in young
patients with non-arteritic anterior ischaemic optic neuropathy. Br J
Ophthalmol 1999;83:1287–90.

11 Cahill M, Karabatzaki M, Meleady R, et al. Raised plasma
homocysteine as a risk factor for retinal vascular occlusive disease. Br J
Ophthalmol 2000;84:154–7.

12 Takagi C, Bursell SE, Lin YW, et al. Regulation of retinal hemodynamics
in diabetic rats by increased expression and action of endothelin-1. Invest
Ophthalmol Vis Sci 1996;37:2504–18.

13 Farrell AJ, Blake DR. Nitric oxide. Ann Rheum Dis 1996;55:7–20.
14 Brown SM, Jampol LM. New concepts of regulation of retinal vessel

tone. Arch Ophthalmol 1996;114:199–204.
15 Evereklioglu C, Yurekli M, Er H, et al. Increased plasma adrenomedullin

levels in patients with Behçet’s disease. Dermatology 2000;201:312–5.
16 Evereklioglu C, Turkoz Y, Er H, et al. Increased nitric oxide production

in patients with Behçet’s Disease: Is it a new activity marker? J Am Acad
Dermatol 2002;46:50–4.

17 International Study Group for Behçet’s Disease. Criteria for
diagnosis of Behçet’s disease. Lancet 1990;335:1078–80.

18 Bloch-Michel E, Nussenblatt RB. International Uveitis Study Group
recommendations for the evaluation of intraocular inflammatory disease.
Am J Ophthalmol 1987;103:234–5.

19 Vine AK. Hyperhomocysteinemia: a risk factor for central retinal vein
occlusion. Am J Ophthalmol 2000;129;640–4.

20 Masaki T, Yanagisawa M. Endothelins. Essays Biochem
1992;27:79–89.

21 Granger DL, Taintor RR, Boockvar KS, et al. Measurement of nitrate and
nitrite in biological samples using nitrate reductase and Griess reaction.
Methods Enzymol 1996;268:142–51.

22 Doganay S, Evereklioglu C, Turkoz Y, et al. Decreased nitric oxide
production in primary open-angle glaucoma. Eur J Ophthalmol
2002;12:44–8.

23 BenEzra D, Maftzir G, Kalichman I, et al. Serum levels of interleukin-2
receptor in ocular Behçet’s disease. Am J Ophthalmol 1993;115:26–30.

24 Huong DL, Wechsler B, Papo T, et al. Endomyocardial fibrosis in
Behçet’s disease. Ann Rheum Dis 1997;56:205–8.

25 Guermazi S, Hamza M, Dellagi K. Protein S deficiency and antibodies
to protein S in patients with Behçet’s disease. Thromb Res
1997;86:197–204.

26 Woo KS, Chook P, Lolin YI, et al. Hyperhomocyst(e)inemia is a risk factor
for arterial endothelial dysfunction in humans. Circulation
1997;96:2542–4.

27 Wald NJ, Watt HC, Law MR, et al. Homocysteine and ischemic heart
disease: results of a prospective study with implications regarding
prevention. Arch Intern Med 1998;158:862–7.

28 Perry IJ, Refsum H, Morris RW, et al. Prospective study of serum total
homocysteine concentration and risk of stroke in middle-aged British men.
Lancet 1995;346:1395–8.

29 Wenzler EM, Rademakers AJ, Boers GH, et al. Hyperhomocysteinemia
in retinal artery and retinal vein occlusion. Am J Ophthalmol
1993;115:162–7.

30 Finkelstein JD. The metabolism of homocysteine: pathways and
regulation. Eur J Pediatr 1998;157:40–4.

31 Buckley CH, Hadoke PW, O’Brien CJ. Role of the endothelium in
modulating functional responses of isolated bovine anterior ciliary
arteries to vasoconstrictor agonists. Br J Ophthalmol 1998;82:826–9.

32 Molet S, Furukawa K, Maghazechi A, et al. Chemokine- and
cytokine-induced expression of endothelin 1 and endothelin-converting
enzyme 1 in endothelial cells. J Allergy Clin Immunol 2000;105:333–8.

33 Iannaccone A, Letizia C, Pazzaglia S, et al. Plasma endothelin-1
concentrations in patients with retinal vein occlusions. Br J Ophthalmol
1998;82:498–503.

34 Ghate JV, Jorizzo JL. Behçet’s disease and complex aphthosis. J Am
Acad Dermatol 1999;40:1–18.

35 Welch GN, Loscalzo J. Homocysteine and atherothrombosis. N Engl J
Med 1998;338:1042–50.

36 Hampton KK, Chamberlain MA, Menon DK, et al. Coagulation and
fibrinolytic activity in Behçet’s disease. Thromb Haemost
1991;66:292–4.

37 Verity DH, Vaughan RW, Madanat W, et al. Factor V Leiden mutation is
associated with ocular involvement in Behçet’s disease. Am J Ophthalmol
1999;128:352–6.

38 D’Angelo A, Selhub J. Homocysteine and thrombotic disease. Blood
1997;90:1–11.

Homocysteine, endothelin-1, and nitric oxide in Behçet’s disease 657

www.bjophthalmol.com


